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PREFACE 

In this, the fourth of the PRACTICAL MICROCOMPUTER 
P]lOGRAKltHmTG series, the detailed assembly level 
programming characteristics of the 6502 microprocessor 
are examined. The purpose of the book is to provide a 
means by which th e 6502 user can, ei ther by se If 
instruction or formal classroom discipline, acquire the 
skills necessary to program the machine at assembly 
level. 

Though the above stated purpose is congruent with 
the purpose of any textbook, a special situation exists 
with respect to assembly level instruction for the 6502 
and some other microprocessors. Computer programming, 
like any skill, is acquired by experience, by doing. 
This experience may be guided by a book or teacher but 
the ultimate result in terms of the skill of the 
student depends most heavily on actually performing 
meaningful tasks with the machine. In the case of 
computer programming doing means actually running 
programs, verifying that they produce the required 
result, and understanding why this result is produced. 
This implies the existence of a language processor to 
support the language used in the textbook. 

Though the 6502 is one of the oldest extant 
microprocessors, it is the remarkable fact that no 
generally available resident assembly system of a 
quality suitable for instruction has appeared for it. 
This is all the more remarkable in view of the large 
numbers of these devices which have been used as the 
base of machines like the Apple. 

In the absence of a suitable language processor, 
then, a textbook would seem to be only a paper exercise 
which, if not devoid of worth, is of only theoretical 
value so far as providing a valid instruction vehicle 
is concerned. It would seem that a language processor 
must be part of any attempt at creating a teaching 
vehicle. To meet this obvious need, therefore, an 
editor/assembler system has been created specially for 
this book. The direct reason for the existence of this 
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programming system is to provide a means by which the 
examples in the book can be assembled, loaded into the 
user's 6502 system, and executed. Because of this 
primary purpose the greatest single emphasis in the 
design of the programming system has been simplicity of 
operation. The entire operation of the system is 
controlled by only nine primary keyboard commands. 
Since the text editor is to manipulate assembly 
language text only, rather than general text, it is the 
simples t line oriented editor which could be devised. 
The design emphasis in the assembler itself has also 
been simplicity. While the system will accept all 6502 
machine mnemonics as well as a number of new compound 
and pseudo-operations, all line formatting is automatic 
and blank is used as the most natural field delimiter 
rather than semicolon or other special character 
sometimes used. 

Where the requirements of a general purpose 
assembler do not conflict with the primary educational 
purpose of the system all reasonable efforts have been 
expended to make the system serviceable for these 
needs, but never at the expense of simplicity of 
operation. There may be users who wish to modify the 
system by adding special purpose functions or features. 
The needs of these users are recognized and to allow 
these modifications and additions to be made the entire 
source text of the editor/assembler is included in an 
appendix. The object code for the system is supplied 
to the book purchaser without charge on either Apple II 
cassette or paper tape when the licensing agreement at 
the back of the book is returned to the publisher. 
Apple disk is available for a moderate surcharge. 

A large part of current assembly and machine level 
activity on the 6502 is now performed using mnemonic 
loaders, sometimes called "mini-as sembI ers", and 
mnemonic disas sembI ers. Whi le thes e methods can be 
made to produce results, they are terribly error prone 
and properly belong to a pas t and more primitive era. 
Many thousands of potentially productive man-hours are 
wasted in this way, and it is to the elimination of 
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this waste that part of the thrust of this effort has 
been directed. The existence of a cheap, reliable 
assembly programming system for the 6502 will do much 
to allow the full usefulness of this device to be 
exploited, and the state of the programming craft will 
therefore be advanced. Economic forces have, in the 
pas t, worked agai ns t the availabil i ty of this kind of 
utility software, the need to recover the great cost of 
software development dictating that software be kept 
secret. Those competitive forces which usually work to 
enhance technological progress have the effect of 
retarding it in an arena such as software where it is 
difficult or impossible to protect the product from 
duplication. 

Situations like this are not unknown in preV10US 
history. The Medici of renaissance Italy, for example, 
discovered the obstetrical forceps and kept it a family 
secret for many years, resulting in a handsome profit 
for the Medici. Progress can hardly be said to have 
been served in this case, many thousands of women dying 
in agony while the means for their preservation existed 
only as a trade secret. The corresponding dilemma with 
respect to software must be resolved in some way if we 
are to enjoy the benefits of computer technology with 
any time lines s. 

With regard to the 6502 itself, the device has 
been called the "overlooked" and "neglected" 
microprocessor in some circles, and it is worthwhile to 
examine some of the reasons for this oversight and 
neglect. Whether correctly or not, the 6502 has come 
to be viewed as more difficult to program at assembly 
level than other contemporary microprocessors, which 
has resulted in a near vacuum in the literature for 
this machine. The current literature for the 6502 
consists largely of rehashes of the manufacturer's 
manual which explain what the instructions do rather 
than how to put the instructions together to perform 
useful work. 

This condition is partly the result of the extreme 
terseness and brevity of the 6502 instruction set which 
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makes it necessary to write two, three, or four 
mnemonic instructions to accomplish what can be done on 
other machines, e.g., the 8080, with a single 
instruction. The sheer tedium of writing the resulting 
volume of instructions has caused the software 
fraternity to turn its efforts elsewhere. This problem 
of verbosity can be greatly reduced by a thoughtfully 
constructed programming system which reduces common 
operations such as pointer creation to a single written 
line. Creation of such a programming system, however, 
is in itself a tedious and prosaic task and it has in 
consequence not been done to date. The problem is a 
circular one. The machine is too tedious to be 
properly programmed wi thout the programming system, and 
the programming system is not created because of the 
sheer tedium of creating it. We of the software 
fraternity find ourselves in a situation which 
parallels that of the Antarcic penguins who mill and 
jostle around a hole in the ice waiting for one of 
their number to fall into the water. If the 
unfortunate one reappears the rest know that no walrus 
is lurking below, and it is safe to dive in and fish. 
The programming system presented here represents a 
voluntary "dive into the hole in the ice". 

The verbosity problem of the 6502 is largely due 
to a few characteristics of its instructions set, i.e., 
that carry must be cleared before addition and set 
before subtraction, that it requires four instructions 
to create an address pointer and three to increment it. 
Further objections to the instruction set have been 
that there is no single instruction means for 
incrementing or decrementing the accumulator or 
performing ones or twos complementation on it. These 
objections have all been dealt with in the programming 
system presented here. All of the above objections 
have been met by providing pseudo-operations which 
perform the indicated functions with a single written 
line. 

Yet another body of criticism of the machine comes 
from a group who would not be happy with anything. 

xiii 



Their attitude was best described in a remark by the 
sometimes populist philosopher Leo Durocher, who is 
alleged to have said: "There is a kind of man who could 
sit on a keg of rum in a harem and still complain". 

It is not the writer's intention that this book be 
a stand alone source of programming information for the 
6502. Like any book it is limited in scope and there 
are topics which are omitted or treated with less 
emphasis than might be desireable. This is the result 
of the finite size of books. If the book and its 
attendant programming system allow beginning assembly 
level programmers to get far enough into the subject to 
begin to feel comfortable with it its purpose will have 
been well served. It is intended that the book be used 
in conjunction with the 6502 machine manual. 

The entire manuscript of the book has been 
prepared using the WordS tar word processing system from 
MicroPro International of San Rafael, California. This 
system has contributed greatly to accuracy by 
eliminating the manual typesetting process entirely, 
thereby omitting a maj or source of error in the 
rekeying of the entire manuscript. WordS tar represents 
a very great advance in both efficiency and 
convenience. It is a spendid job, one of the best 
software efforts this writer has ever seen, and its 
creators are to be commended. 

Each of the example programs in the book has been 
re-entered directly from the final page proofs as 
insurance against error. However careful the writer 
and however good the word processing system, though, 
mistakes do slip through undetected in every book. The 
writer would be greatly indebted to any reader who 
would notify him of errors or oversights in either the 
text or software so that these may be corrected in 
later printings. 

A number of individuals and organizations have 
contributed to the preparation of this book, either by 
supplying materials, or by discussion and consultation. 
They are, alphabetically: 
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Apple Computer, Inc. 
Mr. Marvin Clavey 
Mr. Charles Faso 
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Mr. Harvey Nice 
Mr. William Powers 
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Mr. Harold Scoblow 
Mr. Ted Singer 
Mr. Gene Sullivan 
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Mr. Karl Weller 
Mrs. Ruth Weller 
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March 1980 

Apple and Apple II are trademarks of Apple Computer, 
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CHAPTER lI. 

STRUCTWRE O~ THE 6502 COMPUTER 

The purpose of this first chapter is to present 
the logical structure of the 6502 from the programmer's 
point of view, as distinct from that of the hardware 
designer. This will involve viewing some computer 
elements as logically separate which are not in fact 
physically separate. 

The 6502 and other computers consist of three 
logical elements: a memory, an arithmetic and logic 
unit, and a control element. We will describe these 
elements in turn. Kemory is a device for holding 
information. It comes in many physical forms but has 
the common property that information contained in it 
can be repeatedly retrieved, i.e., read, without 
destroying memory contents. Further, placing 
information into memory destroys the former contents. 
It is the exact analog of erasing a blackboard to write 
new information on it. 

Memory is said to be volatill.e if its contents are 
lost when power is removed and nonvolatile if its 
contents are retained. Memory devices like magnetic 
cores which rely on ferromagnetism to hold information 
are in general nonvolatile. Semiconductor memory with 
battery or other power backup is also nonvolatile. 
Memory is organized into groups of digits known as 
words. The number of digits which form a word is known 
as the wordlength. The wordlength is fixed in the 
hardware design and cannot be changed by the 
programmer. The word is the fundamental addressable 
unit of memory. The wordlength of the 6502 is eight 
binary digits or bits. The fact that this length 
happens to coincide with that of a communications unit 
known as a byte has caused some confusion. We will use 
the term word throughout this book except when actually 
dealing with communications data. The eight bits of a 
6502 word are numbered from zero through seven 
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STRUCTWRE OF TEE 6502 COHP~TER 

beginning at the right, making bit number seven the 
highest or most significant numerical bit. 

With each memory word is associated a unique 
numerical identifier known as its address. Addresses 
usually, but not always, begin with zero and extend 
without gaps to the highest physical memory word in the 
machineo The contents of memory are stored and 
retrieved by reference to the addres s of the required 
memory word, not by its content so The system of 
addresses greatly resembles the system of box numbers 
in a post officeo In the post office system it is not 
possible to answer a question like: What is the number 
of the box which contains the largest IRS refund check? 
To find this information all of the boxes must be 
searchedo A similar situation exists with computer 
memory and the system of addresseso Communication with 
memory is al ways done by ref erring to th e addres s of 
the required memory wordo To answer a question like: 
which memory word contains the largest number, just as 
in the post office box analogy, the entire memory must 
be searchedo 

Memory can be further categorized as being Randoa 
Access Kemory (RAK) or Read Only Memory (ROM)o The 
term random access has recently come to have a 
meaning different from its original oneo The term 
originally meant a memory in which all parts could be 
accessed in the same timeo It has come to mean memory 
in tow hi c h d a t a c an be w r itt en a s well as rea doTh e 
term read only means memory from which data can be read 
but whose contents are fixed and not alterable by the 
normal program processes of the computero ROM memory 
is normally nonvolatile and is commonly used to hold 
information which must not be lost when power is 
removed from the systemo 

The arithmetic and logical unit, or ALU, resembles 
a hand calculator in its simplest functionso It 
contains a register or set of registers each capable of 
temporarily holding a single computer wordo Data are 
transferred between the registers of the computer and 
memory under control of the computer programo Data 
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STRUCTURE OF TOOE 6502 C@tiPWTER 

which are moved from computer memory to a register are 
said to be loaded into the register. Data moved from a 
register to memory are said to be stored into memory. 
The meanings of these two terms are quite specific and 
imply the direction of data movement, load meaning 
movement from memory to a register and store meaning 
movement from a register to memory. 

The principal register of the ALU is known as the 
accumulator or A register. I t is in th e accumula tor 
that most of the computational work is done. There may 
be more than one accumulator in a computer but this is 
not the case with the 6502. The 6502 contains a single 
accumula tor in which almos tall computa tion is done. 
The exceptions to this are certain simple operations 
which can be performed directly on data contained in 
memory. In addition to the transfer of data by loading 
and storing, data from memory may be added to or 
subtracted from the contents of the accumulator. 
Likewise certain logical operations may be performed 
between data in the accumulator and data contained in 
memory. In any of these arithmetic operations between 
accumulator and memory the result always appears in the 
accumulator with the contents of the memory word being 
undisturbed. 

The ALU also maintains certain flags or indicators 
which reflect the outcome of arithmetic and logical 
operations. If a result is generated, for example, 
which is too large to be held in a single computer word 
an indicator known as oYerflo¥ is set. This indicator 
can then be tested by the program and the future course 
of the program modified as required. Other indicators 
reflect a variety of conditions. They will be 
discussed as the conditions arise in the text. 

The third logical computer element is the control 
unit or cpu. The CPU also contains registers which are 
used to direct and control the activities of memory and 
the arithmetic unit. The principal registers of the 
CPU are known as the illD.str1\llcltion or I register and the 
program counter, also called the P register or pc. The 
6502 CPU also contains a pair of auxiliary registers 
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STRUCTURE OF THE 6502 COKPUTER 

known as X and Y which participa te in certain special 
memory access modes. The uses of X and Y will be 
covered in a later chapter. 

The program counter or P register is a double 
length, i.e., 16 bit, register which contains the 
address of a memory word. The 16 bit length of the P 
register allows it to hold a number as large as 65,535. 
It can thus hold the address of any memory word in the 
6502. The P register is said to function as a pointer, 
i.e., the number contained in it "points to" a location 
in memory. This concept of a pointer is probably the 
single most important notion required to program a 
computer at this level. Do not let this slip by 
without understanding it. If you are at all fuzzy 
about this idea stop now and go back over it until you 
understand it. The remainder of this book will be 
gibberish if you don't grasp the concept of a pointer. 
The function of the CPU's instruction or I register 
will be made clear in just a moment. 

A coaputer program is a series of coded 
ins truc ti ons, th e succ es s i ve execution of which 
perf orms s om e meaningfu 1 tas k. Thes e coded 
instructions are held in computer memory. They are 
simply numbers just like the data upon which the 
program operates. Having said this, we can put the 
concepts discussed in this chapter together to define 
the fundamental computer execution cycle. What follows 
applies to any computer wha tever, no t jus t th e 6502. 
By a means not yet specified, a series of coded 
instructions is entered into computer memory beginning 
at some address, the successive instructions occupying 
successively higher numbered memory addresses. The 
address of the first instruction is entered into the 
program counter, the 16 bit pointer discussed above. 
The machine is then started with this value in the 
program counter. The following events then occur: 

1) The contents of the memory word pointed to by the 
program counter are read from memory by the CPU and 
loaded into the I or instruction register. 
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STRucrURE OF THE 6502 COKPU~ER 

2) The number just loaded into I is interpreted by 
the CPU as a command to perform some action. If the 
action implied by the coded command requires more 
information than is contained in the command in the I 
register, one or more additional words may be fetched 
from memory. 

3) An amount is added to the program counter 
sufficient to make it point to the next instruction. 

4) The action implied by the coded command 
interpreted in 2) above is carried out. This may be 
any of a large number of different actions. It is 
especially importan t to note that this execution of 
the command takes place only after the program 
counter has been updated to point to the next 
instruction. 

5) The entire sequence of steps is repeated 
beginning with 1) above. 

If you have followed this through you now 
understand the fundamental cycle of computer 
instruction execution. It is especially important to 
come away from this with one fact about the cycle 
firmly in mind, i.e., that at the time the instruction 
is being executed the program counter points to the 
next instruction, the one which follows the instruction 
currently in progress. 

We have not up to this point been specific about 
what kinds of operations are performed by the 
instructions. The instruction set will be treated in 
detail in the coming chapters. For now it will suffice 
to know something about the broad classifications of 
instructions. 

The instruction set can be divided in a number of 
ways but the most meaningful from the point of view of 
the programmer is by function. The principal class of 
instructions, the one in which the real power of the 
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STRUCTWRE OF TEE 6502 CONPUTER 

computer is resident is known as the memory reference 
class. Broadly speaking, these instructions require 
that a memory location be accessed to perform their 
functions, e.g., the addition of a pair of numbers 
requires that the addend be fetched from a memory 
location and added to an augend held in the machine's 
accumulator. The memory address of the word to be 
fetched is contained in the instruction in this case. 
A subclass of memory reference instructions is the 
control transfer clas s, instructions which modify the 
flow of the program by changing the program counter, 
either conditional upon some computational event or 
unconditionally. 

A second distinct instruction class contains the 
register operate instructions. These instructions 
perform operations directly on quantities held in the 
6502's registers and do not require that memory be 
referenced. 

Yet a third class is concerned with the transfer 
of information between the computer and the outside 
wor ld. Thes e ar e normally known as the input/ output 
instructions. The 6502 has no distinct input/output 
instructions, these functions being handled as a 
special case of memory reference. 

If you are at all uncertain about any of the 
material in this chapter you are urged not to continue 
until the uncertainty is cleared up. All of these 
ideas are fundamental programming concepts and there is 
no possibility of understanding the remainder of this 
book without mastering them. 
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ClBI.AP'IER 2 

As creatures who have evolved with ten fingers we 
tend to think of the decimal system of computation as 
being somehow a "natural" one, and experience a feeling 
of discomfort when required to deal with another 
system. This has not been true at all times in 
history, and our languages show abundant evidence of 
this. The English words dozen and gross are the 
remnants of the widespread use of twelve as a number 
bas e in th e Middle Ages in Europe. Twe I ve has a good 
deal to recommend it for computation, being divisible 
by 2, 3, 4, and 6. Words like score testify to early 
use of twenty as a number base in climates in which the 
wea ther perm it ted people to go barefoot or wear open 
sandals. Becoming proficient with another number base 
is simply a matter of getting used to it. 

Computers are built of components which have two 
possible stable states, on and off. Information to be 
processed by a computer must therefore be represented 
in some way capable of being represented by these 
devices. This is the base two or bilDlary system. When 
dealing with numerical information the on and off 
states are usually called 1 and O. With information 
which is not numerical they are sometimes referred to 
as set and reset. 

While the idea of representing information in this 
form may seem strange, it is not so odd after a little 
thought. You have already seen information represented 
by two state codes many times. The red-green system of 
traffic signals is one example. The yellow is not a 
state at all, but a warning that a change of state is 
about to take place. The telegrapher's dot-dash code 
is another example. 

Information is handled by the 6502 in groups of 
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eight binary digits or bits. with the exception of 
certain testing operations these eight bit groups are 
moved and manipulated in parallel. All of the 
operations so performed can be reduced to a small 
number of fundamental operations involving comparison 
of bits. The simplest of these are called the logical 
operations. In a logical operation a pair of bits is 
compared and the result set to reflect the outcome of 
the comparison. The commonest of these operations is 
known as the inclusive OR, also sometimes called the 
lLogical SUlL 

In an inclusive OR operation two bits are compared 
and the result set to one if either or both bits are 
ones. If and only if both bits are zero is the result 
zero. This is shown in tabular form below. 

o V 0 = 0 
o VII 
1 VOl 
1 V 1 = 1 

The "V" is the inclusive OR operator, originating from 
the Latin word vel, meaning or. It is used in the same 
sense that we use "+" as an addition operator. The 
inclusive OR function is used to merge two binary 
quantities. The inclusive OR operation is shown 
applied to eight bit quantities in example 2-1. 

EXAMPLE 2-1 

Perform the inclusive OR operation on the binary 
words 10111101 and 00101010. 

First we write the two operands, one beneath the 
other, just as we would for an arithmetic 
operation. 
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10111101 
V 00101010 

It makes no difference whether we perform the OR 
from right to left or left to right, but for the 
sake of consistency with arithmetic practice we 
will begin on the right. Recall from the last 
chapter that the bits of the 6502 word are 
numbered from 0 through 7 from right to left. In 
the 0 bit position we have 1 V 0 = 1. In the bit 
1 pos ition is 0 V 1 = 1. For bi t 2, 1 V 0 = 1 and 
in the bit 3 position 1 V 1 = 1. In the 4 and 5 
bit positions are 1 V 0 = 1 and 1 V 1 = 1. In the 
bit 6 position is 0 V 0 = 0 and in the leftmost 
bit 7 we have 1 V 0 = 1. The inclusive OR or 
logical sum of the two binary quantities is 
therefore: 

10111101 
V 00101010 

10111111 

Another important logical function is called the 
AIIJI) function, also sometimes known as the logical 
product. In the AND function the result is a one if 
and only if both of the bits being ANDed are ones. If 
either or both are zeros the result is a zero. This is 
shown in table form below: 

o A 0 = 0 
o A 1 = 0 
1 A 0 0 
1 A 1 = 1 

the AND operation being indicated by the inverted V. 
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It may help your memory to think of the AND as a bit by 
bit product, a one appearing if both bits are ones and 
a zero if either of the multiplier bits is zero. 

The AND operation performs a very important 
func tion called Il!!lasking. This us e of AND is shown in 
example 2-2. 

EXAMPLE 2-2 

The ASCII code for the decimal digit 6 is 
10110110. Use the AND function to isolate the low 
four bits by masking out the high four bits. 

To do this a mask must be constructed with ones in 
the positions we want to preserve and zeros in the 
positions to be cleared. Since the high four bits 
are to be cleared and the low four preserved this 
mask is 00001111. Therefore: 

10110110 the ASCII code 
A 00001111 the mask 

00000110 the result 

The reader already familiar with the binary number 
system may notice that the low four bits of the 
result, 0110, are the binary representation of the 
decimal number 6. 

A logical operation which is performed on a single 
binary quantity is conplementation, also known as the 
NOT function and ones complementation. It is extremely 
simple. Each bit of the number to be complemented is 
simply inverted. All ones are changed to zeros and all 
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zeros are changed to ones. The operation is shown in 
example 2-3. 

EXAMPLE 2-3 

Find the complement (ones complement) of 10101010. 

The complement is found by inverting every bit, 
i.e., ones change to zeros and zeros change to 
ones. The complement of 10101010 is therefore 
01010101. 

An extremely useful logical function is the 
exclusive OR. Exclusive OR is not a fundamental 
operation since its effect can be achieved with AND, 
inclusive OR and complementation. The function is so 
useful, however, that we define it separately. The 
exclusive OR is sometimes called the logical 
differenc~. The result of exclusive OR is a one if and 
only if the operand bits are different. If they are 
both ones or both zeros the result is a zero. An easy 
way to remember it is to think of the way in which the 
sign of a product or quotient is fixed in algebra. If 
the signs of th e operands are th e sam e the resul t 1S 

positive. If they are different the result is 
negative. This function is one of the uses of 
exclusive OR in computers. The signs of multiplier and 
multiplicand or dividend and divisor can be exclusive 
ORed together to find the sign of the product or 
quotient without ever performing the mUltiplication or 
division. The exclusive OR operator is v. The 
exclusive OR is shown in table form below. 
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o 11 0 = 0 
o ¥ 1 = 1 
1 ¥ 0 = 1 
1 11 1 0 

Note again that the result is a one only when the 
operand bits are different. The exclusive OR function 
is illustrated in example 2-4 below. 

EXAMPLE 2-4 

Find the logical difference (exclusive OR) of the 
two binary quantities 10111011 and 10100101. 

10111011 
¥ 10100101 

0001111 0 

The operand bits in each column are exclusive ORed 
and the result written below. Before leaving this 
example notice that it follows from the rules for 
the exclusive OR function that the exclusive OR of 
two quantities will be all zeros if and only if 
they are identical. This has an application in 
the comparison of data. Suppose an eight bit word 
in computer memory contains the last status of a 
switch register read from an external device. 
When the new reading is taken exclusive ORing it 
with the old reading will yield a nonzero result 
if any of the eight switches has changed status. 
Further, the switch or switches which changed 
status will be indicated by ones in the result 
word. 
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We must now deal with arithmetic in the binary 
system. As in decimal, the successive leftward digits 
of a binary number have place values. These place 
values, again like decimal, represent higher and higher 
powers of the number base. In decimal these are 10 0 , 
101 ,102, etc. In binary they are 20 ,21 ,22, and so 
forth. A table of the first few powers of 2 is shown 
below. 

20 1 
21 = 2 
22 = 4 
23 = 8 
24 = 16 
25 = 32 
26 = 64 
27 = 128 
28 = 256 
29 = 512 

210 = 1024 
211 = 2048 
212 = 4096 
213 = 8192 
214 = 16384 
215 = 32768 
216 = 65536 

Conversion of a binary number to its decimal 
equivalent is straightforward using the above table. 
Wherever a one occurs in the binary number the 
appropriate power of two is added. Thus the binary 
number 00001101 has the decimal value 13 since it 
contains ones in the 20 , 22 and 23 columns. 
Its value is therefore the sum of these powers of two, 
i.e., 1 + 4 + 8. 

The number 00001111 has the decimal value 15, the 
sum of the first four powers of two, as indicated by 
ones in the low four positions. This number shows a 
special cas e of a very useful general rule. Since it 
contains an unbroken chain of ones in its low four 
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positions, the low four bits represent the largest 
number which can be held in four bits. Adding one to 
this number would result in a carry into the 24 
position. This leads to a very useful general rule, 
namely: 

The largest number wfuich can be 
held in N bits is 2E-l. 

Thus the larges t number which can be held in ten bits 
is 210_1 or 1023. This rule is useful when estimating 
the length of binary precision necessary to achieve a 
given decimal precision. An approximate form of this 
rule is a Iso very useful. Not e tha t 210 above is jus t 
a little greater than 103 or 1000. The following rule 
of thumb thus emerges: 

Each ten bits of binary preC1S10n corresponds 
to about three decimal orders of magnitudeo 

We are used to thinking about the proces s of 
addition as being a serial one, beginning at the right 
and adding column after column until the leftmost 
column has been processed. A binary addition of this 
type is shown in example 2-5. 

EXAMPLE 2-5 

Perform the binary addition: 

00001001 
+ 00001100 

Beginning at the bit 0 position at the right we 
add the units digits to get: 
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o 
00001001 

+ 00001100 
1 

The sum of the units column being one. The zero 
written above the twos column represents the carry 
from the units to the twos column. It is useful 
to think of the carry as always being present, 
even if its value is zero. The twos column is 
next added to yield: 

o 
00001001 

+ 00001100 
01 

the zero carry from the twos to the fours column 
again being indicated above. Adding the fours 
column we have: 

o 
00001001 

+ 00001100 
101 

Adding the eights column gives: 

1 
00001001 

+ 00001100 
0101 

with the carry being a one this time since the 
binary sum 0 + 1 + 1 = 10, i.e., the 0 is 
written into the sum and the one carried into the 
sixteens column. 
column we get: 

Proceeding to the sixteens 
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o 
00001001 

+ 00001100 
10101 

The sum of the carry from the eights column and 
the two sixteens column bits is 1 + 0 + 0 = 1. 
Since the carry is a zero and there are no more 
significant bits to the left the addition is 
finished, the final sum being 00010101. 

Subtraction can also be done in a manner parallel 
to decimal pencil and paper subtraction but a problem 
occurs when this is attempted. Consider the 
subtraction: 

00001000 
- 00000001 

In subtraction the upper number is called the minuend 
while the lower one is called the subtrahend. 
Attempting to subtract the units digit of the 
subtrahend from the units digit of the minuend shows 
the problem immediately. Since the minuend digit is a 
zero a borrow must be made from the subtrahend column 
to the left. Both this column and the next ones are 
zero, however, and no signifiant subtrahend digit 
occurs until the eights column. To get around this we 
modify the subtraction process a bit. The operation we 
call borrowing amounts to decrementing, i.e., 
decreasing by one, the minuend column to the left of 
the current one. The same thing can be accomplished by 
incrementing the subtrahend column to the left of the 
current one. This gets around the problem of the 
borrow completely and is much more attractive from the 
hardware p~int of view. A subtraction done by this 
process is shown in example 2-6. 
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EXAMPLE 2-6 

Perform the binary subtraction 00001000 - 00000001 
by the method of subtrahend incrementation. 

00001000 
- 00000001 

Attempting to subtract the units digits requires a 
borrow. Instead of attempting the borrow we 
increment the twos digit of the subtrahend. This 
allows the units digit of the minuend to be 
considered a binary 10 for computational purposes. 
The subtraction of the units digits can now be 
performed and the result looks like this: 

00001000 
- 00000011 

1 

Attempting to subtract the twos digits we 
encounter the same problem, so the subtrahend 
fours digit is incremented and the twos digit 
subtracted from 10 as before. The result is: 

00001000 
- 00000111 

11 

Subtracting the fours digit involves the same 
process, whose result is: 

00001000 
- 00001111 

III 

The subtraction of the eights column involves no 
borrowing, being a simple 1 - 1 = O. The 0 is 
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written in the result. Since there are no more 
significant bits to the left of the eights column 
the subtraction is finished and the result is: 

00001000 
- 00001111 

00000111 

Yet another method of subtraction is by the 
addition of negatives. This presents us with the 
problem of how to represent a negative number. 

The 6502 represents negative numbers by means of a 
system known as the 1:1I10S c01ll1plement system. To form 
the negative of a number in the twos complement system, 
the ones complement, as defined earlier in this 
chapter, is first found, and then one is added to it. 
To find the twos complement of 00001000, first write 
out the ones complement which is formed by inverting 
every bit as shown in example 2-3, i.e.: 

Now add one to this: 

11110111 

11110111 
+ 00000001 

11111000 

This result, 11111000, represents -8 in the twos 
complement system. If this seems doubtful it can 
easily be tested. If 11111000 is really -8 then adding 
+8 to it ough t to give zero, Le.: 

11111000 
+ 00001000 

00000000 

The reader who has actually gone through the above 
addi tion may find something troubl es ome about it. 
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While the eight bit result is correct the addition of 
the two high bits resulted in a carry which would have 
gone into the ninth bit if there were one. 
Fortunately, there is a ninth bit specifically for this 
purpose. The 6502 catches and preserves carries out of 
the high bit of a sum in an indicator known as the 
carry bit. This carry bit also functions as a borrow 
indicator, Le., after a subtraction the state of this 
bit tells whether a borrow would have been necessary 
from a ninth bit if it existed. More will be said 
about this in chapter 6. 

When the twos complement of the number in the 
example above was formed the leftmost bit became a one. 
When dealing with signed numbers this leftmost bit is 
known as the sigm bit. If the sign bit is zero the 
number is positive, if a one the number is negative. 
This is a convenient way to view signed numbers, but 
there is more to it than this, which will become 
apparent when we deal with arithmetic shifts later in 
this chapter. 

Before leaving the subject of the twos complement 
system, there is one point which must be made. In any 
twos complement system, whatever the wordlength, there 
is always one more number available in the negative 
direction than in the positive. The largest possible 
positive eight bit number is: 

01111111 

or +127 decimal. The largest possible negative number 
is: 

10000000 

or -128 decimal. This is not peculiar to the 6502 or 
any other computer. It is a characteristic of twos 
complement systems that must be kept in mind when 
working with them. It is instructive to attempt to 
find the negative of the largest negative number, i.e., 
its positive counterpart. Following the procedure for 
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twos complementation, we begin by finding its ones 
complement, i.e.: 

01111111 

which is formed by simply inverting every bit. Adding 
one to this ones complement: 

01111111 
+ 00000001 

10000000 

In other words, attempting to find the negative of the 
largest negative number yields the largest negative 
number as a result. We have negated a negative number 
and gotten a negative number as a result. This is 
algebraic nonsense, of course, and the programmer must 
be on guard lest this occur. The computer hardware 
offers some assistance here by maintaining a facility 
known as the overflow bit. The overflow bit is set 
automatically by the computer hardware if an attempt is 
made to generate a result too large to be held in a 
single computer word. Attempting to negate the largest 
negative number is a special case of this error. More 
will be said of the overflow bit in chapter 5. 

The final logical functions to be considered in 
this chapter are the shifts. To understand what a 
shift is imagine a conveyor with eight spaces on it. 
This conveyor can be moved to the right or left, only 
in units of a whole space, not part of a space. A one 
is represented by a box in a space and a zero by the 
absence of a box. Now move the conveyor one space left 
in your imagination. If there was a box in the 
leftmost space it fell off the end of the conveyor, 
while an empty space entered from the right. Now load 
up your imaginary conveyor again and move it one space 
to the right. If there was a box in the rightmost 
position it fell off the end of the conveyor, and an 
empty space entered from the left. This is the most 
fundamental kind of shift and is known as a logical 
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slbiiftl:. Let's examine the consequences of shifting a 
number in this way. Take the number: 

00010101 

which is a decimal 21. Shift this number left one 
place and we have: 

00101010 

a decimal 42. The effect of shifting a number left is 
to mul tiply its value by two. If we shift left again 
we have: 

01010100 

a decimal 84. This rule only applies, of course, as 
long as you don't shift a significant bit out the left 
end of th e word. A logical right shift has jus t th e 
opposite effect, it divides by two, but the effect is a 
little more complicated than that. Starting with the 
same number, a decimal 21: 

00010101 

we shift right once,and get: 

00001010 

a decimal 10. A significant bit was shifted out the 
right end and lost, having the effect of dividing by 
two and discarding the remainder. The exact 
description of what happens in the general cas e is a 
little more complicated than this, i.e., the effect of 
a right shift is to divide by two and round the result 
toward the next more negative number. 

When the right shift above was performed a one was 
shifted out and lost. Strictly speaking, it is not 
lost beyond retrieval, since bits shifted out of either 
end of a word are preserved momentarily in the carry 
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bit. This is a property of the carry bit which is much 
exploited by programmers, since it offers a way of 
testing bits in a word by testing the status of the 
carry bit after a shift. 

A second kind of shift, and the one most commonly 
available on microprocessors is the rotary shif~. 

In a rotary shift bits shifted out one end of a 
word re-enter through the other end after being held in 
carry. The eight bi t word and the carry bi t together 
thus form a nine bit register. The effect of a rotary 
shift with carry is easily shown. Suppose the word 
contains all ones and carry is a zero, i.e. 

o 11111111 

the carry being shown as detached at the left. 
Executing a rotary left shift yields: 

1 11111110 

and a second shift gives: 

1 11111101 

and so forth. Right shifts simply rotate in the 
opposite direction. Note here that any rotary shift is 
the same thing as a logical shift in the same direction 
if the carry bit is cleared to zero before each shift. 

The final type of shift, and the most complex, is 
the arithmetic shift. In an arithmetic shift only the 
rightmost seven bits of the 6502 word are shifted. The 
sign bit is undisturbed. In an arithmetic right shift 
the sign bit value is copied into the vacated space to 
its right. Take the number: 

10000000 

a decimal -128. If this number is shifted right we 
get: 

11000000 
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a -64. The negative sign bit has been filled into the 
vacated space. Shifting right again we get: 

11100000 

a -32. If we continue to shift right in this way, 
after 5 more shifts we have: 

11111111 

which is a -I. If you are in doubt about this try 
finding its twos complement as an exercise. If we 
shift this number again we get: 

11111111 

the same thing, a -1 Now think back to the 
definition of the effect of a right shift. Shifting 
right divides the number by two and rounds toward the 
next most negative number. Minus one divided by two 
should give -.5, bu t when this is rounded down we get 
the minus one again. 

An arithmetic left shift simply moves the 
rightmost seven bits of the word to the left. The sign 
bit does not participate in the shift. The effect of 
such a shift is to multiply the number by two except 
when a significant bit is shifted out of bit 6 and 
lost. The 6502 hardware provides no warning that this 
has happened. It is the programmer's responsibility to 
check for this condition. 

The specific types of shifts available vary from 
machine to machine. On the 6502 both logical and 
rotary shifts are available. There are no arithmetic 
shifts on the 6502. 

The final topic for this chapter is hexadecimal 
notation. Writing or reading long strings of binary 
digits is a tedious and error prone process. For this 
reason shorthand methods for writing binary data have 
been developed, the oc1tal and llnexa«lieeimal systems. We 
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will have no need for octal here, but understanding 
hexadecimal is necessary for working with the 6502. 

The hexadecimal, or base 16, system is used as a 
shorthand for binary because of the ease of conversion 
between the two systems. In base 16 or any number 
system which uses an integral power of two as a base 
the conversion between that number base and binary is a 
simple matter of substituting a symbol for a bit group 
and vice versa. To convert a binary number to 
hexadecimal the number is divided into four bit groups 
and the hexadecimal equivalent symbols substituted for 
the groups. For numbers less than ten the hexadecimal 
symbols used are simply the decimal numbers. A four 
bi t group, however, can contain a number as large as 
fifteen, and the decimal system has no single symbols 
for these numbers. Arbitrarily we use the first six 
letters of the alphabet for this purpose. The binary 
equivalents of the hexadecimal symbols are shown in the 
table below. 

Binary Hex 

0000 0 
0001 1 
0010 2 
0011 3 
0100 4 
0101 5 
0110 6 
0111 7 
1000 8 
1001 9 
1010 A 
1011 B 
1100 C 
1101 D 
1110 E 
1111 F 

Using this table, conversion from binary to 
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hexadecimal is easy. Take the binary number 11100111. 
First it is divided into two groups of four bits, like 
this: 

1110 0111 

and then the hexadecimal equivalent of each group is 
read from the table. The left group has value E and 
right group value 7. The hexadecimal equivalent of the 
binary number 11100111 is therefore E7. Another such 
conversion is shown in example 2-7. 

EXAMPLE 2-7 

During programming of microprocessors a structure 
called a pointer is commonly encountered. A 
pointer is a 16 bit number which contains the 
address of a memory word. Pointer values are 
usua lly expr es sed in hexadecimal. Find the 
hexadecimal value of the 16 bit binary pointer 
value 

1010111000111011 

The number is first divided into four bit groups: 

1010 1110 0011 1011 

and the hexadecimal equivalent of each group read 
from the table. The left group is a binary ten 
whose symbol is A. The next group is a binary 
fourteen, symbol E. The last two groups, a three 
and an eleven, have symbols 3 and B. The 
hexadecimal value of the number is therefore AE3B. 
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Conversion from hexadecimal to binary is equally 
simple. The appropriate four bit binary value from the 
table is substituted for the hexadecimal digit. Such a 
conversion is shown in example 2-8. 

EXAMPLE 2-8 

Convert the hexadecimal number D7F9 to binary. 

Read the binary values of the successive digits 
directly from the table. The D has value 1101, 
the 7 value is 0111, the F value is 1111 and the 9 
has value 1001. The binary equivalent of D7F9 is 
therefore: 

1101 0111 1111 1001 
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CilLAPTER 3 

HACHIME AEID ASSEMBLY LAmGUAGES 

Since computer instructions are simply numbers 
which occupy computer memory along with the numbers and 
other data upon which they operate, it ought to be 
possible to construct a purely numerical program, enter 
the program into memory and cause it to be executed. 
This is indeed possible and is sometimes done. Such a 
program is shown below. It compares the three numbers 
in hexadecimal locations 319, 31A and 31B, finds the 
greatest of the three and places it into location 31C. 

location contents 

300 AD 
301 19 
302 03 
303 CD 
304 1A 
305 03 
306 BO 
307 03 
308 AD 
309 1A 
30A 03 
30B CD 
30C 1B 
30D 03 
30E BO 
30F 03 
310 AD 
311 1B 
312 03 
313 8D 
314 1C 
315 03 

The program above is certainly valid and will 

27 



UACHI~E AWD ASSEMBLY LAEGUAGES 

produce the results quoted if executed. The problem is 
its form. This program certainly talks to the machine 
in its own language, but the language is largely 
gibberish to the human programmer. Being wri t ten in 
hexadecimal, it is a bit easier to view than if it were 
written directly in binary, but there is still nothing 
about AD that suggests loading the 6502's A register, 
which is what AD does. Likewise there is nothing about 
CD and 8D which suggests what their functions might be. 
It is certainly possible to write programs this way but 
the process is so inefficient that a project of any 
size is impossible. Programmers have recognized this 
difficu1 ty since very early in the programming craft, 
of course, and did something about it very quickly. 

Wha t is obvious 1y required is some means of 
representing computer instructions in a form more 
meaningful to human programmers. Since AD represents 
an instruction which causes the 6502's A register to be 
loaded from a memory location, why not construct a 
program which will accept some abbreviated form of 
"load Ail and translate it automatically to AD or 
whatever other machine instruction is appropriate? 
This is exactly what was done in the early days. 
Programs were constructed which recognized 
abbreviations of the meanings of instructions and 
trans 1a ted (or trans 1i tera ted) th em to th e binary 
machine form. Thus we have LDA for Load A register, 
CMP for Compare A register and STA for Store A 
register. There is such an abbreviation for every 
instruction in the 6502. These abbreviations are known 
as mEemonic imstruc~ions or just mmemonics (pronounced 
ni-monic, with a silent m). 

A program which could translate mnemonics into 
machine instructions was called a mnemonic loa~er. 
Using a mnemonic loader the programmer was allowed to 
write a program which looked something like this: 

LDA $319 
CMP $31A 
BGE $30B 
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LDA $3lA 
CMP $3lB 
BGE $313 
LDA $3lB 
STA $3lC 

This is certainly a very large improvement over 
programming in hexadecimal or binary in that it frees 
the programmer from having to remember the numerical 
form of each instruction. It still requires that the 
programmer keep exact track of the location of 
everything in memory. To understand what a problem 
this can be consider the first BGE instruction in the 
above program. BGE means branch if greater than or 
equal. It is a synonym for another instruction and is 
used to alter the program flow based on the results of 
comparison of two program quantities. The BGE must 
specify the address of the next instruction to be 
executed, however, and since the jump goes toward a 
higher memory address, i.e., one which has not been 
filled in by th e programmer at th e time th e BGE is 
written, the programmer must either anticipate the 
exact distance to be jumped or go back and fill in the 
operand of the BGE after the jump point has been 
located. This is worse than a nuisance. It is so 
burdensome that developing a program of any size with a 
mnemonic loader is impractical. 

Mnemonic loaders have been revived recently under 
names like "mini-assembler" and such. This is pure 
verbal inflation. A mnemonic loader is no more an 
assembler than a barnacle is a ship. 

What is required here is a system in which most or 
all of the housekeeping chores are done by the machine. 
Ideally such a system would allow names to be given to 
memory locations with subsequent references to these 
names rather than the numerical locations. The program 
would be written purely in symbols, with the 
programming system translating these symbols into the 
appropriate machine instructions and addresses. 
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A program capable of doing this is known as an 
assembler or assembly program. 

Perhaps it is best to start the subject by showing 
you the same program we have been considering, but 
written in the symbolic language of the assembly 
program, called the assembly langunage. The program is 
shown below: 

TEST 

T2 

T3 
T4 
N1 
N2 
N3 
MAX 

ORG 
LDA 
CMP 
BGE 
LDA 
CMP 
BGE 
LDA 
STA 
JMP 
*** 
*** 
*** 
*** 
END 

$300 
N1 
N2 
T2 
N2 
N3 
T3 
N3 
MAX 
T4 

START AT $300 
GET 1ST NUMBER 
COMPARE TO 2ND 
SKIP IF 1ST GREATER 
LOAD 2ND NUMB ER 
& COMPARE TO 3RD 
SKIP IF GREATER 
LOAD 3RD NUMBER 
SAVE RESULT 
AND WAIT HERE 
1ST NUMBER 
2ND NUMBER 
3RD NUMBER 
BIGGEST OF 3 

It is not important to understand just what all of 
this means at this point. Do note that there are no 
references in the above program to absolute numerical 
addresses. The numerical addresses are handled 
entirely by the assembler. The assembler keeps 
automatic track of the location of T3, for example, and 
adjusts the BGE instruction to jump to the correct 
memory loca tion. 

It is important to realize just how large a step 
has been taken here. When programming in absolute 
numeric or with the mnemonic loader we were dealing 
directly with the machine. Each instruction written in 
these systems corresponds exactly to a memory word or 
small group of words whose size is known exactly. In 
using an assembler we are not dealing directly with the 
machine but with an intermediate program which 
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interprets our symbolic commands. Unlike an 
instruction written for a mnemonic loader, an assembly 
language instruction may generate a number of program 
words unknown to the programmer, or no words at all. A 
case in point is the ORG in the program above. ORG 
generates no program words. It is an instruction to 
the assembler rather than to the machine. It instructs 
the assembler to translate the symbolic instructions 
which follow as if they were to be loaded and executed 
starting at hexadecimal address 300. The dollar sign 
($) specifies that the 300 which follows it is to be 
considered hexadecimal. It must be kept crystal clear 
in your mind that you are dealing with an intermediate 
translator rather than the computer itself. 

Each line of an assembly language program has four 
possible fields, only three of which are shown in the 
program above. The leftmost field, containing the 
symbols TEST, T2, etc., is known as the label field. 
The label field may be blank or may contain a symbol. 
If it contains a symbol the effect is to name the 
memory location with which it is associated. This 
gives the symbol in the label field a value. Since the 
program above starts at location $300 and the TEST 
label is attached to the first instruction of the 
program, the LDA N1, the value of the symbol TEST is 
$300. Labels have other uses as well, which will be 
explained as the need arises. The use of a symbol in 
the label field of a line is said to define that 
symbol. 

The second field, the one containing LDA, eMP, 
BGE, etc., is known as the instruction field. It 
contains the symbolic specification of the instruction 
itself. It may alternately contain a command to the 
assembler, as in the case of the ORG. Note the 
instruction fields near the end of the program which 
contain ***. This is not an instruction but a command 
to the assembler to reserve a memory location in this 
place under whatever name may be in the label field. 

The third field, containing N1, N2, T2, etc., is 
called the operand field. It mayor may not contain 
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anything, depending on the instruction. While all of 
the instruction operand fields are occupied in the 
program shown, there are instructions which require no 
operand. In these cases the operand field is left 
blank. Note that the operand fields contain no symbols 
which have not been defined in a label field. The 
final field occupies the space to the right of the 
operand field. It is called the CCDment field and 
plays no part whatever in the program itself. It is 
simply a place for the programmer to makes notes about 
the instructions he is writing. This field is the 
primary documentation space for the program being 
created. 

To use an assembler the programmer must first 
create the program to be assembled. He writes the 
string of assembly language lines required to solve the 
problem at hand and then puts them into machine 
readable form. The symbolic program so created is 
known as the source program. The source program can be 
punched onto Hollerith cards or paper tape or, as is 
the case with our assembler, keyed directly into the 
computer. The assembly program then scans the source 
and produces one of three possible results. Probably 
the most important from the programmer's point of view 
is the assembly listing. This is a side by side 
listing of the symbolic source program created by the 
programmer and the numerical result produced by the 
assembly program, i.e., the actual machine language 
program. This side by side listing is followed by an 
alphabetic list of the symbols used by the programmer 
in the source program. This alphabetic list of symbols 
is called the symbol table. The full assembly listing 
of the sample program is shown in example 3-1. 

Let's look at this assembly listing in a little more 
detail. The leftmost column is the line number. This 
plays no part in the assembly process. It is simply 
for editing convenience when the program is to be 
changed. Program editing will be taken up in the next 
chapter. The next column is the memory location where 
the first word of the instruction on this line is 
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located. The line which reads: TEST LDA Nl, for 
example, generates three words, the first of which is 
in location $300, the second in $301 and the last in 
$302. The next instruction thus begins in $303, as 
shown by the location column of the next line. The 
third column from the left shows the actual machine 
language result of the processing of this line, AD, 19, 
and 03 in this case. This column of the listing may 
show from one to four words, which accounts for its 
ragged appearance. 

EXAMPLE 3-1 

Sample Assembly Listing 

PAGE 001 

001 0300 ORG $300 START AT $300 
002 0300 AD1903 TEST LDA III GET 1ST NUMBER 
003 0303 CD1A03 CMP N2 COMPARE TO 2ND 
004 0306 B003 BGE T2 SKIP IF 1ST GREATER 
005 0308 ADlA03 LDA H2 LOAD 2ND HUMB ER 
006 030B CD1B03 T2 CMP H3 & COMPARE TO 3RD 
007 030E B003 BGE T3 SKIP IF GREATER 
008 0310 AD1B03 LDA 113 LOAD 3RD HUMBER 
009 0313 8D1C03 T3 STA MAX SAVE IlESULT 
010 0316 4C1603 T4 JMP T4 AHD WAIT HEIlE 
011 0319 00 H1 *** 1ST HUMBER 
012 03lA 00 H2 *** 211D HUMBER 
013 0318 00 H3 *** 3RD NUMBER 
014 031C 00 MAX *** BIGGEST OF 3 
015 031D EHD 

.**************************** 
* S Y M B 0 L TAB L E .. 
***************************** 

HAX 031 C Nl 0319 H2 03lA 83 03lB T2 030B T3 0313 
T4 0316 TEST 0300 

A secondary output of the assembly program, but 
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very important from the point of view of programmer 
convenience and efficiency is the error listing. As 
will become apparent in the chapters to come, the 
assembly language has a "grammar" all its own, and 
violations of the laws of this grammar are considered 
to be errors, and are so treated by th e as s embly 
program. The assembler is capable of performing a scan 
of the source program for such errors, printing only 
lines which contain errors. This allows for efficient 
editing of the program being developed. After an error 
scan the problems can be corrected by the editor 
program and another scan executed, this process being 
repeated until all errors have been eliminated. 

Last, but most important from the operational 
point of view, the assembler produces an objec1t 
lnrogram. The obj ect program is the machine language 
version of the source program in machine readable form. 
The object program may punched onto cards or paper tape 
or written onto magnetic tape, depending on the 
peripheral devices available to the computer. 

The assembler we will be using for the examples in 
the chapters will follow was created especially for 
this book. It adheres, within the limits of good sense 
and design, to previously established language 
conventions for the 6502. A number of features have 
been added to the language to enhance clarity and 
reduce the great volume of writing required which have 
hobbled this processor in the past. 

While this assembler will run on any 6502 based 
computer, the specific configuration supplied here is 
for the Apple II. Detailed instructions for installing 
it on other 6502 machines are given in an appendix. If 
you have a machine other than the Apple II it is 
suggested that you install the assembler on your 
machine now. The remainder of the book is written on 
the presumption that you are able to run the example 
programs on an actual computer and observe what 
happens. While you can certainly learn something from 
just reading the text, nothing can replace the 
experience of actually running programs. It is only in 
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this experience that any real learning takes place. 
Good programmers are made, not born, and they are made 
by the same process that produces good brain surgeons, 
baseball players and engineers - plenty of experience. 
Only by actually performing a task do you know anything 
about it. 

In the next chapter we will take up the actual 
mechanics of using the editor/assembler. If you need 
to install your assembler in a non-Apple II machine do 
it now! 
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CHAPTER 4 

In this chapter we will study the actual mechanics 
of creating and· editing a source program and assembling 
it for listing and object program. If you have not 
heeded the advice at the end of chapter 3 and installed 
the editor/assembler this chapter and the remainder of 
the book are likely to be of limited value to you. 
Turn to the appendix and install the editor/assembler 
now! Do itt 

The editor/assembler system is operated by a set 
of eleven simple commands, six of which control 
editing, three are associated with assembly functions, 
and two with memory and peripheral management. The 
system indicates its readiness to accept a keyboard 
command by displaying a caret or "greater than" symbol 
(». All system commands are terminated by a period. 
If the command is to be aborted before the period is 
hit, just type any illegal character. In the Apple II 
version of the system the screen position of the next 
command character is indicated by a flashing period. 

The programmer enters his source program into the 
6502 system by typing at the system terminal device. 
In the Apple II this is the keyboard. The source 
program is held in an area of memory known as the 
source buffer. This source buffer begins immediately 
after the end of the editor/assembler and its 
associated input/output routines and continues to the 
end of high available memory. Since the programmer may 
have utility programs of his own located in high memory 
the system offers him a way of preventing the source 
buffer from overlaying thes e uti li ties. Set ting the 
upper memory limit for the source buffer is 
accomplished by the M command, i.e., type: 
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and the system will respond with: 

ddddd LEFT, EOB = hhhh. 

The ddddd is a decimal number indicating the number of 
memory words left in the buffer. For a 48K Apple II 
this number is about 25,000, enough to accomodate a 
huge program. The EOB means end of buffer. The hhhh 
is the hexadecimal address of the last available source 
buffer word. The system will pause with the period at 
the end of the line flashing. If a hexadecimal number 
is typed followed by a period, its value will replace 
the one shown. If th e upper buf fer I imi t is no t to be 
changed type a period and the prompt character will 
reappear, meaning that the system is waiting for 
another command. 

The system is initialized and the buffer cleared 
by the slash (f) command. This function is performed 
automatically on cold start. Just type: 

>/ " 

to initialize. DO NOT do this if there is a program in 
buffer that you want. Initializing clears the buffer 
and your program will be lost. 

The basic source buffer unit is the line. Text is 
added to and deleted from the buffer in whole lines or 
groups of lines. It may help to think of the buffer 
being organized something like a stack of old fashioned 
printer's type slugs. Each slug represents one line of 
type. Imagine that there are twenty of these slugs in a 
stack and tha t s lug number 17 is removed. The former 
slug 18 now becomes 17, the former 19 becomes the new 
18 and the former 20 becomes 19. Now imagine a new 
slug being added after the third one in the stack. The 
old number 4 slug becomes the new number 5, the old 
number 5 is the new number 6 and so forth, each slug 
after the one added being renumbered to reflect its new 
position. The text editor works in an exactly 
analogous way. 
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After you have given the slash (f.) command there 
is nothing in the source buffer. Just to see how it is 
done, let's enter the program from chapter 3 into the 
buffer. In response to the system prompt we type: 

>A. 
ORG $300 START AT $300~ 

TEST LDA N1 GET 1ST NUMBER~ 
CMP N2 COMPARE TO 2ND~ 
BGE T2 SKIP IF 1ST GREATER~ 
BGE T2 SKIP IF 1ST GREATER~ 
LDA N2 LOAD 2ND NUMB ER~ 

T2 CMP N3 & COMPARE TO 3RD~ 
BGE T3 SKIP IF GREATER~ 
LDA N3 LOAD 3RD NUMBER~ 

T3 STA MAX SAVE RESULT~ 
T4 JMP T4 AND WAIT HERE~ 
N1 *** 1ST NUMBER~ 
N2 *** 2ND NUMBER.@. 
MAX *** BIGGEST OF 3.@. 

END.@. 

> 

1n which the character .@. means the RETURN or ENTER key 
on the keyboard. The editor knew we were finished 
entering text when it saw a line which began with a 
period (.), and responded with the prompt character, 
meaning it is ready to accept a new command. Notice 
that what we typed in doesn't match exactly with the 
listing in chapter 3. We didn't type the program in 
all neatly spaced as it appeared there. Where there 
was a blank field, like empty label fields, we left 
just one blank. Don't let this worry you. The system 
has enough intelligence to know that a blank in the 
first space of a field implies that the field is all 
blank. 

After typing the program in we'd like to see what 
we've typed. This is done by the L command. The L 
command needs to know how much of the program we want 

38 



USI~G THE ASSEMBLY PROGRAM 

to see, so we have to provide the numbers of the first 
and las t lines to be listed. If you've forgotten how 
many lines you typed in, don't go back and count them. 
Using the symbol F instead of a line number means the 
final buffer line, whatever it is. To list the entire 
buffer we type: 

>L1 F. 

and the system responds with: 

001 ORG $300 START AT $300 
002 TEST LDA N1 GET 1ST NUMBER 
003 CMP N2 COMPARE TO 2ND 
004 BGE T2 SKIP IF 1ST GREATER 
005 BGE T2 SKIP IF 1ST GREATER 
006 LDA N2 LOAD 2ND NUMB ER 
007 T2 CMP N3 & COMPARE TO 3RD 
008 BGE T3 SKIP IF GREATER 
009 LDA N3 LOAD 3RD NUMBER 
010 T3 STA MAX SAVE RESULT 
011 T4 JMP T4 AND WAIT HERE 
012 N1 *** 1ST NUMBER 
013 N2 *** 2ND NUMBER 
014 MAX *** BIGGEST OF 3 
015 END 
> 

and we can examine what we have done. The first thing 
we notice is that the line with label N3 got lost 
somewhere, i.e., we forgot to type it in. This is easy 
to fix. The line should go after the current line 13, 
so we type: 

>A13 • 
N3 *** 3RD NUMBER.@. 

> 

and this inserts the missing line. The effect of 
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insertion of a line after line 13 is to renumber all of 
the lines which follow it in the buffer, i.e., the line 
beginning with MAX becomes line 15 and th e line 
containing END becomes the new line 16. 

Now we notice something else wrong. We somehow 
managed to type the BGE T2 SKIP IF FIRST GREATER line 
twice, a common enough typing mistake. Lines 4 and 5 
are duplicates. This is easy enough to fix. We can 
get rid of either line with the D command. Just 
typing: 

>D4. 

does the job. Now we have only one copy of the 
duplicate line. Note that after deleting this line all 
of the lines following the deleted one are renumbered. 

If an entire block of lines were to be deleted the 
D command would be used with two line numbers after 
it. If we wanted to delete lines 7 through 13 
inclusive, it could be done with: 

>D7 13. 

Remember that you can use F for a line number if 
you want to specify the final line of the buffer. The 
command: 

>Dl F. 

does the same thing as a slash (f.) command. It clears 
the entire buffer. 

Now tha t you've gone to all th e troub Ie to type 
this program in, it would be a good idea to save it in 
case there is a power failure or somebody plugs in the 
toaster, rotisserie, and electric iron all at the same 
time and blows the fuse. The source program can be 
saved on an external medium with the W (write) command. 
W works just like L except that the writing takes place 
to cassette or other medium instead of the listing 
device. To save the program, type: 
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>Wl F. 

The system will respond with a message telling you to 
turn on the tape machine or whatever you are using to 
hold source externally. After that just tap the space 
bar and the writing will begin. When it is finished 
the system will issue a prompt, and it is ready for 
another command. 

When you want to read the program back from the 
external medium, use the R command, i.e., type: 

>R. 

The system will display a message telling you to turn 
the cassette or other device on. Press the space bar 
and the reading begins. When the program has been read 
the system issues another prompt, and you are ready to 
go on to other things. Note that text read in this way 
is added to any text that may already be in the buffer. 
This is an easy way to put two or more segments of a 
long program together. If you want just the program 
you are reading from the external medium use a slash 
command to clear the buffer first. 

The actual assembly functions of the system are 
controlled by 4; command. The 4; command is always used 
with a modifier, E, 0, or L. Typing: 

>4;E. 

results in an error scan of the program. What kinds of 
errors can be detected will be discussed later in this 
chapter. The #E mode of assembly saves substantial 
amounts of time during program development in that it 
performs very rapid scans of the program under 
development, displaying only those lines which contain 
assembler detectable errors. This saves generating a 
listing of the entire program. 

The 4;0 (Oh, not zero) mode of assembly generates 
the object program and writes it onto an external 
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medium like cassette. The object program is later 
reread from the external medium by a program known as a 
loader. The loader loads the object program into 6502 
memory in preparation for its trial execution. The 
loader program is part of the debugging monitor which 
will be discussed in a later chapter. 

The #L mode of assembly performs assembly of the 
program and produces the assembly listing, the 
fundamental document which describes the program. It 
requires that the beginning and ending lines to be 
1i s ted be spec ified. This is to allow par t of an 
assembly listing to be generated, a real convenience 
when something has to be changed toward the end of a 
long program, since it saves the redundant listing of 
the correct early portion. To generate an assembly 
listing of the entire program type: 

>4frLl F. 

the line numbers having th e sam e meaning as ~n th e L 
command. 

Finally, it is a convenience to be able to switch 
peripherals and for this purpose the U (use) command is 
provided. The U command requires two modifiers. The 
first of these is L, 0, R, or W. The second modifier 
is a number. The scheme works like this. Typing: 

>ULl • 

switches all listing, whether originating from an L or 
#L command to the primary listing device, while: 

>UL2. 

switches it to the secondary listing device. In the 
case of the Apple II implementation of the system the 
primary listing device is the screen and the secondary 
device a parallel printer. A full listing of all of 
the standard devices is given at the end of this 
chapter. 
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The UOn command switches the device to which the 
object output of the assembler is to be written, the n 
again being the device number, while UWn and URn 
control the device to which the source buffer is 
written with a W command and from which source text is 
read into the buffer with an R command. Do not take 
this idea of "standard" devices too serious 1y. The 
system is flexible enough to accomodate almost any set 
of peripherals. A full specification of the procedures 
necessary to accomodate "nonstandard" peripherals is 
given in appendix B. The Apple II user can operate 
with the system as provided. 

The assembler is capable of detecting certain 
kinds of clerical programming errors. These are 
flagged in the assembly listing with a one character 
error code on the line immediately below the offending 
one. These codes are: 

U 

The operand field of the line contains some element 
which has not been defined by appearance in a label 
field, or a numerical element contains a nonsense 
character. 

M 

The label field of this line contains a symbol which is 
defined more than once. The symbol is said to be 
mUltiply define<dl. The ambiguity which results must be 
resolved be removing one of the definitions. 

L 

The operand field of the line contains some element 
which cannot be held in the specified space, e.g., 
attempting to specify the decimal number 500 in eight 
bits, or the number 100,000 in sixteen bits. 
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o 

The operation specified in the instruction field is not 
a standard 6502 instruction or one of the compound or 
pseudo-instructions of the system. Typing nonsense in 
the instruction field produces this error. 

R 

An attempt has been made to specify a branch target 
address for one of the 6502's conditional branches 
which is out of range of the branch. 

I 

An improper indexing character has been specified in 
the operand, e.g., the instruction: 

ASL SYM, Y 

will produce this error, since ASL cannot be indexed by 
Y. 
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STANDARD INPUT/OUTPUT DEVICE ASSIGMENTS 

11 - Apple II screen. 
L2 - Parallel printer in slot 3. 
13 - Writer's TTY. 

01 - Apple II cassette. 
02 - Writer's TTY. 

WI - Apple II cassette. 
W2 - Writer's TTY. 

R1 - Apple II cassette. 
R2 - Writer's TTY. 
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CHAPTER 5 

HEMORY REWEREN~IgG ON TEE 6502 

In this chapter we will be concerned with the 
various methods used by the 6502 memory reference 
instruction set to access computer memory. Not all of 
these methods, known as addressing modes, are available 
to all instructions, nor would this be appropriate. 
The specific 1 imitations upon each instruction c las s 
will be noted as the class comes up in the text. 

The 6502 may be thought of as having two different 
kinds of memory, addressable by two parallel memory 
reference instruction sets. This is true of the 
machine instructions, though the assembler frees the 
programmer from having to keep track of this. The same 
mnemonic is used in both cases. 

One block of memory consists of the first 256 
locations, addresses 0 through $FF. This block is 
called page zero or scratchpad and references to it 
generate a different type of binary instruction than 
references to any other part of memory, this difference 
being one of both form and length. The term page zero 
is not entirely appropriate here since the 6502 does 
not have what is commonly regarded as a true paged 
memory, at leas t as far as the programmer is concerned. 
The term scrstcllnpaall will be used through the remainder 
of this book. Memory reference instructions which 
refer to scratchpad are two words long, the first word 
being the instruction itself and the second the 
scratchpad address. Memory reference instructions 
which refer to memory other than scratchpad, which we 
will call general memory, are three words long, the 
first again being the instruction, and the last two 
being the addres s. The mnemonic used by the programmer 
is the same in both cases, but the binary machine 
instructions are different. A reference to general 
memory is also known as an absolute reference. 
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These two addressing modes have the common feature 
that the address of the memory operand is directly 
specified by the instruction. Memory references made 
in this way are called direc~ references. Direct 
addressing is specified in the assembly language by the 
sole appearance of the operand address, either symbolic 
or numeric, in the operand field of the instruction, 
e.g. : 

LDA SYMBOL 
or 

LDA $3AF7 

which load the A register with the contents of the word 
whose label is SYMBOL and the contents of memory 
address $3AF7 respectively. 

In the imme<llliate mode of addressing the operand 
itself, rather than an address, is contained in the 
instruction. In the 6502 immediate mode instructions 
are always two words long, the first word specifying 
the instruction and the second being the operand 
itself. This mode provides a very useful way to 
generate small program constants. The immediate mode 
is specified by the appearance of the pound sign (#) as 
the first character of the operand. The operand itself 
may be either a number, a symbol with value less than 
256, or a ''half symbol" specification. The half symbol 
specification will be discussed later in this chapter. 
Examples of instructions using the immediate addressing 
mode are: 

LDY ~fo-l 

which loads the Y register with the binary value of the 
decimal constant -1, and: 

LDX ~fo's' 

which loads the X register with the ASCII code for the 
letter S. Immediate mode addressing is available only 
for load type instructions. Now let's put these 
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addressing modes together into something tangible. An 
application of the direct and immediate addressing 
modes is shown in example 5-1. 

EXAMPLE 5-1 

Use the direct and immediate addressing modes to 
place the constant $F3 into memory location $3C9. 

label inst operand 

LD& #$F3 

STA $3C9 

this loads the constant 
$F3 into the accumulator 
and this stores the 
accumulator into memory 
location $3C9. 

The immediate addressing mode was specified by the 
appearance of the pound sign (#) in the operand 
field of the LDA. The constant $F3 is contained 
in the instruction itself in this case. The 
direct mode of addressing was specified by the 
absence of # or other special symbol in the 
operand field of the ST~ Remember that prefixing 
a number with a dollar sign ($) specifies that 
number to be hexadecimal. 

A slightly more complex situation LS shown in 
example 5-2. 

EXAMPLE 5-2 

Use immediate and direct addressing to place the 
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binary constant 10111101 into location BCON and 
th e AS CI I code for th e charac t er n+" (p 1 us) in to 
the location following BCON. 

label inst operand 

STA 
I.DA 

1%10111101 the pound sign causes 
immediate addressing and 
the percent prefix means 
that the number is binary. 

BOON store it in BCON. 
1 9 + 9 enclosing the character 

in apostrophes means that 
it is ASCII. 

S'fA BOON+l BCON+1 means the next word 
in memory after BCON. 

A memory addres sing mode which becomes very 
important in handling tables of data is the indexed 
mode. Indexed addressing resembles direct addressing 
in that an address is given in the instruction. It 
differs from direct addressing in that the addres s in 
the instruction is modified by the addition of the 
contents of one of two eight bit registers, the X and Y 
registers. The memory address which is finally 
accessed by an instruction using this mode is the sum 
of the address given in the instruction and the 
contents of the X or Y register. The final address 
which resul ts from this computation is known as the 
effec~ive address. 

Indexed addressing provides a powerful method for 
accessing arrays and tables of data in the 6502, as 
will become clear in the chapters to come. It is 
specified by appending the character X or Y, separated 
by a comma, to the operand, e.g.: 

LDA BERT,X 
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or 

LDA ERNIE,Y 

When the X and Y registers are used in this way they 
are known as indexing registers or index registers. 
Only a simple example of indexed addressing will given 
here. It is shown in example 5-3. 

EXAMPLE 5-3 

Use indexed addressing to move the third word 
after location GROVER to the seventh location 
following OSCAR. This done by first loading the 
required displacements into the index registers X 
and Y, then using these indices to load A with the 
required word and store it into the target 
location. 

label inst operand 

LOX #3 loads X with 3 
LDY 17 loads Y with 7 
LD& GROVER,X accumulator is loaded 

with the third word 
following GROVER 

StA OSCAR,Y and stored into the 
seventh word following 
OSCAR 

The power of indexed addressing lies in its 
ability to address an entire block of data with the 
same instruction by simply modifying the index 
register. It will appear many times in the chapters to 
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come. 
The 6502 is unusual among current microprocessors 

in having facilities for performing fumdirec~ addressiDg 
through pointers held in memory. As discussed 
previously, a pointer is a sixteen bit number which is 
the address of a memory location. Since a 6502 memory 
word is eight bits long, a sixteen bit pointer is held 
in two successive memory words, the low significance 
half in the word with the lower address. Memory 
pointers in the 6502 are restricted to scratchpad, 
i.e., they must be contained entirely within the first 
256 words of memory. To illustrate the use of a 
pointer in scratchpad, suppose locations $50 and $51 
contained $A6 and $3B respectively. These two words 
are said to contain a pointer to location $3BA6. An 
indirect access to location $50 accesses location 
$3BA6. 

The only 6502 instruction which is capable of pure 
indirect addressing is JMP, meaning jump, an 
unconditional program branch. For all other memory 
reference instructions the indirect and indexed modes 
are combined. The combined addressing mode works in 
one of two ways, depending on which of the index 
registers, X or Y, is being used. This is of necessity 
somewhat complex, so bear with it as it is necessary to 
understand these addressing modes. 

Recall that the X and Y index registers perform 
exactly the same function when using simple indexed 
addressing. Their functions in that case were 
interchangeable. This is not so when the compound 
indexed-indirect mode is used. We will take up the use 
of X as the first case. 

When X is used as the index in an indirect access, 
an event known as pl'CeillldexilDlg takes place. In 
preindexing the value contained in the index register 
is added to the nominal address given in the 
instruction. This sum, the instruction address plus 
the value in the X register, forms the addres s of the 
indirect pointer. Recalling that a pointer is two 
words long, this generated address and the one 
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following it are used as a pointer. The contents of 
the memory location pointed to by this pair of words is 
then accessed. This kind of addressing is of strictly 
limited usefulnes s. 

A far more useful compound mode, using the Y 
register, is known as postindexing. In postindexing, 
the addres s given in the instruction is taken as the 
address of a pointer to whose contents the number in 
the Y register is added to form the final effective 
address. This postindexing capability is one of the 
6502's most powerful assets. It allows a pointer to be 
created in the scratchpad area which points to the base 
of a table. The successive entries in the table can 
then be accessed by manipulating the value in the Y 
register. The 6502 would be a significantly more 
powerful device than it is if both of its index 
registers functioned in the postindex mode. 

With regard to the assembly language format of 
indirectly addressed instructions, there has in the 
past been a practice of using parentheses to indicate 
indirection, e.g.: 

LDA (PTR,X) 

indicating the preindexed mode with X, and: 

LDA (PTR) ,Y 

indicating the postindex mode with Y. 
This notation has been rejected here as a piece of 

fundamentally bad language design. The pre or post 
index condition is specified completely by the X or the 
Y, given that indirection has already been specified by 
the first parenthesis. The second parenthesis is 
therefore superfluous. What is worse, it imposes the 
duty upon the programmer of remembering where the 
second parenthesis goes. The programmer is thus, in a 
way, obliged to prove to the assembly program that he 
knows the difference each time he attempts to use 
indirect addressing. This is, of course, a hideous 
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nuisance and an unnecessary and unreasonable burden on 
the user. 

To clear this obstacle out of the way, therefore, 
another method of specifying indirect addressing, much 
used in the past, has been resorted to. In the 
examples in this book indirect addressing will be 
indicated by prefixing an asterisk to the operand field 
for both pre and post indexing, e.g.: 

LDA *PTR,X 

indicates indirect preindexed, while: 

LDA *PTR,Y 

indicates indirect postindexed, the pre or post 
condition being completely specified by the X or Y. 
For those who need to use the parenthesis notation, the 
assembler will accept and correctly assemble this 
notation. It processes only the left parenthesis and 
the actual index character X or Y however. No note is 
taken of the right parenthesis. It may be placed 
anywhere or omitted. 
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6502 ARITE~ETIC AND LOGICAL OP~RATIONS 

The 6502 is a binary twos complement computer. It 
has a limited decimal arithmetic capability as well, 
which will be examined in chapter 12. This chapter 
will examine its arithmetic and logical operations as 
applied to binary quanti ties. 

The principal arithmetic register of the 6502 is 
the A register, or accumulator. Addition, subtraction 
and various logical operations are performed in the A 
register. Unlike most microprocessors the 6502 is also 
capable of some limited manipulation of data held in 
memory. The accumula tor operations will be examined 
first. 

Addition in the 6502 is performed by adding a 
number in memory to one which is already contained in 
the A register. The mnemonic for addition is ADC, 
meaning ADd with Carry. The contents of the 6502's 
carry bit are automatically added to the sum. This 
means that if a simple addition is to be performed the 
carry bit must be cleared to zero before the addition. 
Simple addition of two numbers is shown in example 6-10 

EXAMPLE 6:"'1 

Two numbers are in LOCI and LOC2. Find their sum 
and store it in location TOTAL. 

label inst operand 

LOCJI. load first number into A 
this clears the carry bit to 
zero. This instruction needs 
no operand. 
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AlOC 1OC2 form the sum in the A 
register. Note that LOC2 in 
memory is not disturbed. 

STA TOTAL stor e th e sum in TOTAL. The 
sum is now in the A register 
and in location TOTAL. 

Note that it was necessary to clear the carry bit 
before addition. Failing to do so would have done no 
harm if carry had been zero before the addition, but 
would have resulted in a sum too large by one if carry 
had been a one. This kind of simple addition is an 
extremely common operation in a program of any size, so 
the requirement for clearing carry before any addition 
can become a burdensome clerical duty. This very 
feature and its counterpart in subtraction have been 
the basis of some considerable criticism of the 6502 in 
popular literatureo The assembly program can provide 
easy relief from this nuisanceo If the mnemonic ADD is 
written instead of ADC the assembler will automatically 
include the necessary CLC instructiono The use of ADD 
is shown in example 6-20 

EXAMPLE 6-2 

Find the sum of the numbers in LOCI and LOC2 as in 
example 6-1, but use the ADD instruction instead 
of CLC and ADC. Leave the sum in TOTALo 

label inst operand 

LDA 
DD 
STA 

Ull(C1 
UBC2 
TOTAl. 

get first number from LOCI 
form sum 
save result in TOTAL 
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It is important to understand here that ADD does 
not do anything that you could not do for yourself. It 
is not a 6502 machine instruction, but a convenience 
provided by the assembly system. It assembles to 
exactly the same thing as: 

CLC 
ABC LOC2 

Subtraction is accomplished by the SBC 
instruction, meaning SuBtract with Carry. In the case 
of sub traction th e carry bi t is used as a borrow bi to 
For simple subtraction, the nature of 6502 arithmetic 
requires tha t th e carry bit be se t to one bef ore the 
subtraction takes place. If the carry bit is zero the 
difference will be too small by one. In sub traction 
the number to be subtracted is known as the sub~rahend 
and the number from which the subtrahend is to be 
subtracted is known as the minuend. The result of a 
subtraction is called the difference. A simple 6502 
subtraction is shown in example 6-30 

EXAMPLE 6-3 

Two numbers are in locations BOYS and GIRLS 
respectively. Using BOYS as the minuend, find the 
difference between BOYS and GIRLS. Save the diff-
erence in VIVE. I 

label inst operand 

I.DA 
SEC 
SBC GID.S 

minuend to A register 
SEC sets the carry bit to 1 
form difference 
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STA VIVE save difference 

The location named VIVE must, of course, be 
defined elsewhere in the program by its appearance 
as a label. A space can be reserved in a number 
of ways. For ease of reading of the program, the 
assembler provides a pseudo-instruction mnemonic 
consisting of three asterisks. This assembles to 
a word of all zeros. It provides a convenient way 
to flag locations whose contents will be changed 
during program execution. Location VIVE may thus 
be defined by: 

VIVE *** 1a difference 

As with ADC the need to set carry before an 
ordinary subtraction imposes an uncommon writing burden 
on the programmer. The assembler therefore provides a 
means of avoiding this. Use of the mnemonic SUB causes 
the assembler to produce both SEC and SBC. The use of 
SUB is shown in example 6-4. 

EXAMPLE 6-4 

Solve the same problem as in example 6-3, but use 
the assrmb1er instruction SUB instead of the SEC -
SBC sequ~nce. 

label inst operand 

JI.D.A 
SUB 
STA 

BOYS 
GID.S 
VIVE 

minuend to A register 
form difference 
save result 
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As with ADD, SUB does nothing for you that you 
could not do for yourself, it simply saves writing. As 
you become more familiar with the 6502 you will come to 
appreciate the convenience. A number of these compound 
instructions will be introduced as the need arises, 
each of them representing a commonly used standard 
series of machine instructions. 

We have briefly discussed the carry bit in this 
and earlier chapters. The 6502 maintains a register 
each of whose bits represents some CPU condition. The 
carry bit is one of these. The register is known as 
the Plroccessor statuns'l!for«ll. The bits of the processor 
sta tus word have th e individual des igna tions N, V, B, 
D, I, Z, and C, the eighth bit being unused. The 
meaning of the individual bits is as follows: 

N - Set to one if the result of the last operation left 
a one bit in the high position of the affected 
register or memory word. This is the case when a 
numerical operation produces a negative result. 
The N bit is also known as the sign flag. 

V - Set to one if the result of the last operation was 
a number too large to be held in a signed 6502 
word, i.e., a result greater than decimal 127 or 
1 es s than decimal -128. The exact mechanics of 
this operation are disussed later in this chapter. 
The V bit is also called the owcerfl~ flag. 

B - Deferred to later discussion. 

D - This flag is set by the SED and CLD instructions of 
the 6502. It is associated with the performance of 
decimal arithmetic and will be covered in chapter 
12. 
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I - This flag is associated with the interrupt system. 
It will be discussed in chapter 18. 

Z - This flag is set to a one if the previous operation 
produced a zero result, and to zero if the 
operation produced a nonzero result. Don't let 
this apparent contradiction bother you. You 
will very seldom have to deal directly with the 
Z flag. It will be interpreted for you by the 
6502's branch instructions. 

C - The carry bit as previously discussed. 

The bits of the processor status word are set by 
the outcome of arithmetic, logical and other 
operations. They may be tested and the flow of the 
program altered by the conditional brancb instructions. 
To this point we have discussed program execution as a 
serial execution of instructions located one after the 
other in ever higher memory addresses. This serial 
execution caI.l be modified by means of a class of 
instructions known as ]U~~S or branches. Though this 
class of instruction does not transfer data in the way 
that normal memory reference instructions do, they are 
considered to be par't of the memory reference class. 
In this context it may help to think of this 
instruction group as being a sort of load instruction. 
The program counter is what is loaded with a new value 
rather than one of the operating registers. 

The 6502 has only one jump instruction, JMP. The 
JMP occupies three words of memory, one for the 
instruction and two for the address specificationo 
With a full 16 bit address the JMP instruction can 
reach anywhere in 6502 memory. JMP uses a full 16 bit 
address even if its target is in scratchpad. Its form 
1.s: 

JMP TARGET 
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where TARGET is the addres s to which control is to be 
transferred. JMP can also be indirectly addressed, but 
without indexing. It is the only 6502 instruction 
that can do this. The indirect form of JMP looks like 
this: 

JMP *TPTR 

~n which TPTR is a 16 bit pointer in memory which 
contains the address of the location to which control 
is to be transferred. Note that this pointer can be 
held anywhere in memory, unlike the pointers for other 
memory reference instructions which can be held only in 
scratchpad. We have said nothing so far about how 
these pointers come into existence. This will be 
covered a little later in this chapter. 

The 6502 branch instructions form their target 
addresses in a completely different way. The branch 
instructions are two words long. The first word 
specifies the instruction and the second a signed twos 
complement displacement. The addressing scheme works 
like this. Remember the heavy stres s laid upon the 
value of the program counter during instruction 
execution in chapter 1. The pro~ram counter always 
points to the instruction following the one being 
executed. The displacement portion of a branch is 
comput ed by sub tracting th e value of th e program 
counter during the branch execution from the target 
address. Since the target address may be either higher 
or lower than the value of the program counter, the 
result of the subtraction may be either positive or 
negative, a number between -128 and +127 inclusive. 
The range of a branch instruction is therefore limited 
to these values. At attempt to branch out of range 
will be flagged by the assembler as an error. Suppose 
you wrote: 
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ORG $3000 
BCC $4000 

When you attempt to assemble the program which 
contained this the assembler would list the line like 
this: 

ddd 3000 9000 
A 

Bce $4000 

where ddd is the decimal line number. The A is the 
error flag, meaning addressing range error. 

The branch instructions of the 6502 are all 
conditional, i.e., the branch is only executed if some 
specified condition is met. If the condition is not 
met the branch is ignored and control passes to the 
instruction which follows the branch. The condition 
for the branch is specified in the 6502 program status 
word. Each of the branch instructions tests one of the 
status word bits. The 6502's branch instructions and 
their conditions are: 

BCC - Branch if the carry bit is zero (Carry Clear). 

BCS - Branch if the carry bit is one (Carry Set). 

BEQ - Branch if equal. The branch occurs if the last 
opera tion se t th e Z bi t to one. The Z bi t is se t 
to one when th e result is zero. 

BNE - Branch if not equal. The branch occurs if the 
last operation set the Z bit to zero, i.e., if 
the result of the las t operation was not zero. 

BPL - Branch if positive. The branch occurs if the 
last operation produced a positive result. This 
branch is used after operations with signed 
numbers. 

BMI - Branch if negative. The branch occurs if the 
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las t operation produced a negative result, i.e., 
a one in the sign bit. This branch is used after 
operations with signed numbers. 

BVS - Branch if overflow set. The branch is taken if 
the last operation produced a result too large to 
be held in a signed word. 

BVC - Branch if overflow clear. The branch is taken if 
the last operation produced a result which can be 
represented in a signed eight bit word. 

As a convenience, a number of synonyms are 
provided for the above branches. As we will see later 
in the chapter, branch instructions are used after 
comparison operations as well as after arithmetic and 
logical operations. After arithmetic and logical 
operations it is more natural to think of testing for 
the zero or nonzero condition rather than equality or 
nonequality. The following synonyms are therefore 
recognized by the assembly program: 

BZ - Branch if the result was zero. This assembles as 
BEQ. 

BNZ - Branch if the result was nonzero. This assembles 
as BNE. 

The above mnemonics will be used hereafter for tests 
after arithmetic operations. 

The comparison of two quantities is a very common 
operation in computer programs. It can be done by 
subtracting one quantity from the other and examining 
the sign and magnitude of the result via the condition 
bits. This kind of comparison is necessary in some 
small computers without hardware to help. The method 
is clumsy in that it destroys the minuend in the A 
register, requiring reloading if any further operation 
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with the minuend 1S required. It is shown in example 
6-5. 

EXAMPLE 6-5 

Two signed eight bit numbers are located in JIMMY 
and FRITZ. Compare the two numbers by subtraction 
and send control to JBGR if JIMMY is larger, to 
FBGR if FRITZ is larger, and to EQUAL if JIMMY and 
FRITZ are equal. 

label inst operand 

CMP ARE 1.DA 
SUB 
HZ 

BP][' 

linn 

JIMMY 
FUTZ 
EQWAL 

JBGIl 

FBGll 

load JIMMY into A 
find JIMMY - FRITZ 
if JIMMY and FRITZ were 
equal the result of the 
subtraction is zero. 
if JIMMY was greater than 
FRITZ the difference 1S 

positive. 
if FRITZ was greater than 
JIMMY the result is negative. 

Comparison of eight bit unsigned magnitudes is a 
bit different, in that different flags must be tested 
to determine the outcome. Such a comparison is shown 
in example 6-6. 

EXAMPLE 6-6 

A pair of eight bit unsigned numbers is in 
locations ALPHA and BETA. Compare the two by 
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subtraction, sending control to ALFGTR if ALPHA is 
greater, BETGTR if BETA is greater and SAME if 
ALPHA and BETA are equal. 

label inst operand 

LlDA ALPHA ALPHA to A register 
SUB BETA form ALPHA - BETA 
BEQ SAME this tests the Z bit 
BCS AJI.FG'D. carry/borrow is one if the 

minuend was greater 
BCC BlItTG'lR carry/borrow is zero if the 

subtrahend was greater 

If this seems confusing, it is, but don't let it 
discourage you. A better way to do this will emerge in 
a moment. 

The 6502 and most other modern computers provide 
an a1 terna te and much mor e convenient way to do 
comparison, a hardware compare instruction. When a 
compare instruction is executed the operation performed 
is identical to the one shown in examples 6-5 and 6-6, 
i.e., a subtraction is done, with a difference being 
generated and the status bits set to reflect the 
ou tcome. The only difference between compari son and 
subtraction is that the machine's A register is not 
disturbed. To relieve the programmer of the clerical 
nuisance of memorizing the settings of the bits in the 
status word the assembler has been written to include 
branch synomyms for use after comparison operations. 
After comparison of signed numbers the branch mnemonics 
are: 

B>= - Branch if greater than or equal. The branch is 
executed if the number held in the register was 
greater than or equal to the one in memory. B>= 
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assembles as BPL. 

B< - Branch if less. The branch is executed if the 
number in the register was les s than the one in 
memory. B< assembles as BMI. 

After comparison of unsigned magnitudes the branch 
mnemonics are: 

BGE - Branch if greater than or equal. The branch is 
executed if the unsigned magnitude held in the 
register was greater than or equal to the one 
held in memory. Assembles as BCS. 

BLS - Branch if less. The branch is executed if the 
unsigned magnitude in the register is less than 
the one in memory. Assembles as Bce. 

Remember that an unsigned magnitude does not mean that 
the sign bit is vacant or zero. It only means that the 
highest bit is regarded as simply an eighth magnitude 
bit instead of an algebraic sign. 

Using these branch mnemonics and the compare 
instruction, whose mnemonic is eMP, the comparison of 
example 6-5 is shown in example 6-7. 

EXAMPLE 6-7 

The signed numbers of example 6-5 are to be 
compared using the eMP instruction and control 
transferred using the branch mnemonics described 
above. 
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label inst operand 

CMP ARE I.DA. JIMMY JIMMY to A register 
CMP FHTZ compare to FRITZ 
BEQ EQUM. JIMMY = FRITZ 
1$< nGIl JIMMY < FRITZ 
:8>= JBGli JIMMY > FRITZ 

Before leaving this example, there is something 
important to note about it. The BEQ test was done 
fir s tan d the rei s are a son for t his. Th e n u m b e r 0, 
while it has no sign in the algebraic sense, is 
considered to be positive by the computer because its 
leftmost bit is a zero. The test for zero had to come 
before the test for greater than or equal to zero. The 
case of the unsigned numbers of example 6-6 is shown in 
example 6-8. 

EXAMPLE 6-8 

Solve the problem posed in example 6-6, but use 
the eMP instruction and the branch synonyms for 
unsigned comparison. 

label inst operand 

I.M 
CMP 
J8lKQ 
1$GE 
lRLS 

ALPU. 
BETA 
SAME 
ALFG'I'R 
BlKTG'IR 

ALPHA to A register 
compare to BETA 
ALPHA BETA 
ALPHA> BETA 
ALPHA < BETA 
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BEQ and BNE are used after both signed and 
unsigned comparisons. The branch synonyms used after a 
signed comparison contain algebraic symbols, <, >, and 
= Branch synonyms used after unsigned comparisons 
contain only alphabetic characters. 

The contents of the X and Y registers may be 
compared to memory with the CPX and CPY instructions. 
These instructions work exactly the same way that CMP 
does, but the contents of X or Yare compared rather 
than those of A. While the compare instructions as a 
group perform an actual subtraction, carry/borrow is 
not included as in a normal subtraction, so it is not 
necessary to set carry before a compare. Also, compare 
instructions never affect the overflow bit. Only the 
N, Z and C flags are changed. 

Besides the ADC and SBC instructions of the 6502 
and their assembler enhancements ADD and SUB, the 6502 
has instructions for performing logical operations 
between memory and the A register. They are: 

ORA - Forms the inclusive OR (V) of the contents of the 
A register and the contents of the memory 
location named in the operand field. The result 
is left in A. Memory is not disturbed. 

EOR - Forms the exclusive OR (V) of the contents of the 
A register and the contents of the memory 
location named in the operand field. The result 
is left in A. Memory is not disturbed. 

AND - Forms the AND or logical product (A) of the 
contents of the A register and the memory 
location named in the operand, the result being 
left in A. Memory is not disturbed. 
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The use of ORA is shown in example 6-9. 

EXAMPLE 6-9 

A number les s than ten is in loca tion BCD. This 
number is to have its high four bits set to 1101, 
The result being stored in ASCII. 

label inst operand 

LOA BCD get BCD number 
ORA 1%10110000 OR on the ASCII code bits 
STA ASCII save the result 

The ORA #%10110000 performed the inclusive OR 
operation (logical sum) on the contents of A and 
the binary number 10110000. The pound sign (#) 
specified immediate mode addressing and the 
percent sign (%) specified that the number which 
followed was binary. The operand could as easily 
been specified as hexadecimal, i.e.: 

ORA 1F$BO 

or octal: 

ORA 1F@260 

or decimal: 

ORA 11176 

or ASCII: 

ORA iF'O ' 

with the same effect. The assembler will process 
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all of these forms to the same thing. Use of the 
prefixes $ and @ for hexadecimal and octal, and 
the apostrophes for ASCII allow the programmer to 
choose the most convenient form. If there is no 
prefix the assembler assumes that the operand is 
decimal. 

Another very common use of ORA 1.S shown in example 
6-10. 

EXAMPLE 6-10 

Four signed numbers are in locations UN, DEUX, 
TROIS and QUATRE. If any of these numbers is 
negative control is to be sent to NEG. Otherwise 
send control to ALLPOS. 

label inst operand 

PTEST LM UN get first number 
ORA DE!JIX OR with second 
ORA TROIS OR with third 
ORA Q1ID'ATRE OR with last number 
BMI NEG if any of th e numbers was 

negative the sign of the A 
register will be one here. 

BPL ALLroS otherwise go to ALLPOS 

A procedure like the one in example 6-10 could be 
used for any bit position, not just the sign. For 
example, a binary number is odd if its low bit position 
is a one. The procedure above could be used to test 
whether any of th e numbers was odd by tes ting the low 
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bit after ORing them all together. There are a number 
of ways to do this. Perhaps the simplest way to do 
this is to move the bit to be tested into the carry bit 
and then tes t for a one in th e carry with a BCS 
instruction. The low bit can be moved into carry with 
a Rotate Right A instruction, i.e.: 

RORA 

To test for odd the BMI instruction would be replaced 
with: 

RORA 
BCS ODD 

The use of EOR is shown in example 6-11. 

EXAMPLE 6-11 

Two readings of an eight bit switch register are 
in locations OLD and NEW. Determine whether any 
of the switch values has changed, either from one 
to zero or zero to one. If none has changed send 
control to RETURN. If any change has taken place 
determine which bit position changed, leaving this 
number, zero through seven, in the Y register. 

label inst operand 

crEST LDA 
EOR 

BZ 

OLD 
KEIiI 

RETIIlRN 

get old register value 
form logical difference 
with new register value. At 
this point the A register is 
zero if and only if NEW and 
OLD were identical. This can 
be tested by BZ. 
control goes to RETURN if NEW 
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lLDY #0 
MOVEIT RORA 

Bes FOOND 

DIY 
JMP lIDWEIT 

and OLD are identical. If 
not we must find out which 
bit position changed. This 
bit position will contain a 
one. 
clear the Y register 
and rotate a bit into carry. 
if carry is a one this is the 
bit. If carry is a zero we 
increment the count in Y and 
try again. 
this adds one to Y 
go back and try again 

There are two things about example 6-11 which must 
be noted before going on. First, if more than one of 
the bit positions had changed only the rightmost would 
have been detected. Second, the JMP is a three word 
instruction. While it works, the thoughtful programmer 
will take advantage of an economy possible here. The Y 
register was originally loaded with zero (LDY #0). 
Incremen ting Y wi th th e INY instruction caused it to 
become nonzero. Like addition and subtraction, 
incrementation causes the flags to be set in the 6502's 
processor status word. Since the Y register is now 
nonzero and the flags reflect this fact, the two word 
BNZ instruction could have been used instead of the 
JMP. 

The AND instruction has many uses, one of the 
simplest of which is shown in example 6-12. 

EXAMPLE 6-12 

A numeric ASCII character is in location CODE. 
In ASCII code the low four bits of the numeric 

71 



6502 ARITEMETIC AND LOGICAL OPERATIONS 

digits contain the binary value of the decimal 
digit that the ASCII character represents. 
Isolate the low four bits by masking with an AND 
and leave the result in location BIN. 

label inst operand 

I.DA 
AlIID 
STA 

OOJl)lE 
I$F 
BDT 

get ASCII character 
mask out high four bits 
and save result. 

Immediate mode addressing was used with the AND to 
form the logical product of the contents of A with the 
constant. The constant itself was expressed in 
hexadecimal here, though any of the other forms could 
have been used. Note that it was not necessary to 
specify the constant as $OF, though it would have done 
no harm to do so. In general it is never necessary to 
include leading zeros when dealing with the assembly 
language. Another common use of the AND function 
depends upon the fact that if any of a string of bits 
ANDed together is a zero, the result will be a zero. 
This finds use in situations like that shown in example 
6-13 • 

EXAMPLE 6-13 

Signed binary numbers are in memory locations 
ERSTE, ZWEITE, DRITTE, und VIERTE. Use the AND 
function to determine whether any of them is 
positive. If one or more is positive send control 
to PLOC. 
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label inst operand 

PTEST LDA ERSTE load first number 
Aim ZWITE AND wi th second 
MID DRITTE AND with third 
MID VIERTE AND with fourth 
BPL PI..OC control to PLOC if positive 

The instruction INY, meaning INcrement Y, was 
introduced in example 6-11 as a means of keeping a 
count of shifts. INY is one of four 6502 instructions 
which increment and decrement the X and Y registers. 
While these instructions perform arithmetic functions 
they differ from addition and subtraction in that they 
never affect the carry and overflow bits. The register 
increments and decrements set only the N bit (sign 
flag) and the Z bit. The four instructions are: 

INY - Increment the Y register 

DEY - Decrement the Y register 

INX - Increment the X register 

DEX - Decrement the X register 

Remember that it is only possible to test the status 
word for the zero or negative condition, and only 
immediately after one of these instructions. Execution 
of other instructions before the test may alter the Z 
or N flags. 

Much of the information presented in this chapter 
must of necessity seem fragmentary and unrelated. 
There is no way to avoid this, since some elementary 

73 



6502 ARITHMETIC AND LOGICAL OPERATIONS 

material must be presented in pieces before it can be 
integrated into something meaningful. The time has now 
come to bring these fragments together, particularly 
tbe contents of this chapter and chapter 5. The two 
examples which follow will be somewha t difficult to 
follow, but understanding them will serve as a good 
test of comprehension of what has gone before. 

EXAMPLE 6 -14 

A series of twenty numbers is located ~n a block 
of memory whose lowest address has the label 
BLOCK. Using indexed addressing, find the sum of 
the twenty numbers. If an overflow occurs send 
control to location TOOBIG, otherwise store the 
sum in location BSUM. 

This exercise will require that you understand the 
role of an index register in the determination of 
the effective indexed address and the use of a 
counter to control the number of executions of a 
block of instructions. This las t technique is 
known as lcopi1lllg. Understanding loops is a 
fundamental part of programming. A block of 
memory is reserved by the assembly program by the 
use of the RES pseudo operation. A pseudo 
operation is written in the instruction field of 
the source program, but is not a machine 
instruction. It is a directive to the assembly 
program. The block of twenty locations required 
above can be reserved by: 

BLOCK RES 20 

the RES in the instruction field meaning REServe. 
The size of the block is specified in the operand 
field. The symbol in the label field, BLOCK in 
this case, has as its value the lowest memory 
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address of the block. The twenty word block thus 
occupies memory from BLOCK to BLOCK+19. The 
program to find the sum looks like this: 

label inst operand 

BTaTAL LDY 

WOP 
elLA 
AJl)D 

#19 Y is loaded with 19 so that 
the sum of the contents of Y 
and the nominal address given 
in the memory reference inst­
ruction will result in an 
effective address of BLOCK+19, 
i.e., the address of the 20th 
member of the block. 
set A to zero 

BLOCK~Y following the operand BLOCK 
with Y separated by a comma 
specifies that the contents of 
the Y register are added to 
the address BLOCK. This sum 
forms the effective address. 

BVS TOOmIG check for overflow! 

HPJ[. WOP 

decrement Y. This means that 
th e next time th e ADD is 
executed the effective 
address will be BLOCK+18. Y 
also serves as a counter to 
control the number of times 
the loop is executed. When 
Y becomes negative the loop 
has been executed 20 times, 
i.e., all 20 numbers have 
been added. Since DEY sets 
the N flag we can test for 
this condition with the BPL 
instruction. 
when the 20th execution of 
the DEY causes Y to become 
negative the BPL will not 
branch, instead sending 
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STA BSUI!!I 
control to the STA below. 
save result 

While example 6-14 used Y as the index, X could 
have been used in exactly the same way. If indirect 
addressing is not used X and Y may be used 
interchangeably. 

Indirect addressing was introduced in chapter 5 
and the need for pointers held in scratchpad discussed. 
No means for creating these pointers was specified, 
however, and this gap must be filled before the next 
example can be undertaken. 

A pointer is a 16 bit quantity held in two 
adjacent memory words, the low significance half of the 
pointer in the lower memory address. We speak of a 
pointer held, for example, in location $68. It must be 
understood that this pointer actually occupies both 
locations $68 and $69. The 6502 contains no facility 
for handling any kind of 16 bit quantity except in two 
8 bit halves. The assembler provides a facility to 
allow this. Prefixing the operand of an immediate mode 
instruction with "<" or ">" allows a number or symbol 
to be treated in halves. The number -587 is too large 
to be held in 8 bits, but such a constant can be 
created and stored into memory by the use of these 
operators. Four instructions are required to do this, 
i 0 eo: 

LDA 
STA 
LDA 
STA 

/1<-587 
DBLCON 
/1>-587 
DBLCON+1 

get low half of value 
save in low constant 
get high half of value 
save in high constant 

The use of this method is not limited to constants. A 
symbol may be used as the operand to create double 
length pointers, i.e.: 
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LDA 4ft<SYMVAL 
STA SPDLOC 
LDA 4ft>SYMVAL 
STA SPDLOC+1 

in which SYMVAL is the address of any memory location 
and SPDLOC is any memory locationo In doing this we 
have created a pointer at SPDLOC and SPDLOC+1 which 
points to location SYMVALo 

In application programs creation of pointers is 
one of the most frequently performed operationso 
Requiring, as it does, four instructions, the repeated 
creation of pointers becomes very tedious because of 
the amount of writing involvedo The assembly program, 
therefore, provides a shorthand means for doing thiso 
As with all of the compound instructions, this one does 
nothing for you that you could not do for yourself - it 
just saves writingo A constant or pointer can be 
created by the CDB (Create Double) pseudo operation, 
with two operands separated by commaso To create the 
constant -587 at location DBLCON, write: 

CDB DBLCON,-587 

To create a pointer at SPDLOC pointing to SYMVAL, 
write: 

CDB SPDLOC,SYMVAL 

CDB assembles to exactly the sequence shown aboveo 
Pointers and constants may be created anywhere in 
memory, not just scratchpado The only exception to 
this is that no pointer or constant may be created 
acros s the scratchpad boundary, ioeo, with the low half 
in $FF and the high half in $1000 Attempting to do 
this will result in a B (Boundary) error flag from the 
assemblero Note here that since CDB uses the A 
register to load and store the created constant or 
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pointer, the contents of A are destroyed. If the A 
contents are required they may be saved with an STA and 
reloaded with an LDA after the CDB. There is a much 
better way to do this, as we shall see when we study 
the stack pointer. With this information in hand we 
can go on to example 6-15. 

EXAMPLE 6-15 

Solve the problem of example 6-14 using indirect 
addressing through a scratchpad pointer. Index Y 
is to be used, and perform the addition from 
lowes t to highes t addres s instead of highes t to 
lowest. 

label inst operand 

BTALLY CDR 

LOOP 

CU 
TAY 

ADD 

BVS 
DIY 
CPY 
BilE 

PTR»BLOCK this creates a pointer to 
BLOCK at scratchpad location 
PTR, as just described 

*PTR,Y 

l'OOlUC 

#20 
WOP 

zero A, as before 
Transfer A to Y. This is a 
one word instruction which 
copies the contents of A into 
Y. LDY #0 will also work, but 
requires two words. TYA 
performs the inverse 
operation. 
the asterisk specifies indir­
ect addressing. The effective 
address equals the contents 
of pointer PTR plus those of 
the Y register. 
check for overflow 
increment the index 
index 20 yet? 
if not do it again 
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~ STA BSUH save result 'I 
1~~~====-=-=====lIJ 

Unlike the simple indexed program in example 6-14, 
X and Yare not interchangeable when indirect 
addressing is involved. Use of X in this case would 
not have worked, since X preindexes rather than post­
indexes as Y does. Preindexing is an addressing mode 
of very limited use. An example of its use will appear 
later in the text. 

The 6502 also allows memory to be incremented and 
decremented directly, an unusual feature in current 
microprocessors. This feature opens the possibility of 
an almost unlimited number of counters, a powerful plus 
for this computer in some situations. Like their X and 
Y register counterparts, these instructions set only 
the Nand Z flags of the status word, never carry or 
overflow. Memory incrementation and decrementation are 
done by: 

INC - Increment the memory location named in the 
operand. INC is two words long if the 
operand is in scratchpad, otherwise it is 
three words long. 

DEC - Decrement the memory location named in the 
operand. DEC occupies two or three words as 
for INC above. 

The 6502 has no native hardware instructions for 
incrementing and decrementing the A register. A can be 
incremented by: 

CLC 
ADC 1H 
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and decremented by: 

SEC 
SBC 4tl 

The lack of single hardware instructions to increment 
and decrement A seems to have caused distress in some 
circles, particularly among trade magazine editors and 
other priestly persons. To alleviate this distress and 
to address a number of other complaints from this 
source, the assembler has been written to include the 
compound instructions: 

INA - Increment the A register 

DEA - Decrement the A register 

These mnemonics assemble to the sequences shown above. 
Note that, unlike the X and Y register increments and 
decrements, INA and DEA will set overflow and carry, as 
well as Nand Z. In response to complaints that the 
6502 has no instructions for clearing A or taking the 
ones or twos complement of A, the assembler also 
supports the following compound instructions: 

CLA - Clears A to zero. Assembles as: 

LDA 4FO 

CMA- Ones complements A. Ass embles as: 

EOR 4F$FF 

TCA - Twos complements A. Assembles as: 

EOR 4F$FF 
CLC 
ADC 4F1 
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CLA and CMA will affect only the Nand Z bits, but 
TCA involves an addition which sets all of the 
arithmetic condition bits. 

The final topic of this chapter is 6502 shifts. 
We have already introduced the RORA instruction in 
examples in this chapter. Shifts may be performed on 
the A register or memory. Right and left A register 
shifts are performed by: 

RORA right rotate with carry 

and 

ROLA left rotate with carry 

In both cases the bit rotated out enters the carry bit 
and the former contents of the carry bit enter the 
position vacated by the shift. Shifts of data held in 
memory are done by: 

ROR LOC rotate memory right with carry 

and 

ROL LOC rotate memory left with carry 

where LOC is a memory address. Logical shifts are 
performed in A by: 

ASLA logical left shift A 

and 

LSRA logical right shift A 
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and in memory by: 

ASL LOC logical left shift memory 

and 

LSR LOC logical right shift memory 

where LOC is an operand addres s. Not e tha t th e shift 
instructions alter the contents of carry, as well as 
the Nand Z flags. The 6502 has no arithmetic shift 
instructions. 
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DOUBLE ARD MULTIPLE PRECISION METHODS 

Like most current microprocessors, the 6502 has an 
eight bit word length, capable of representing data to 
a precision of about .4 percent. This precision is 
unusable for any but the most primitive computational 
tasks and will certainly not serve general application 
needs. Ways must therefore be found to extend the 
range and precision of 6502 arithmetic. 

This is done by representing numbers in two or 
more words. Numbers so represented are called aultiple 
precision nuabers. When th e number require s exact ly 
two words it is said to be double precision. The 
purpose of this chapter is to examine methods by which 
arithmetic may be performed on mUltiple precision 
numbers. 

Multiple precision numbers are represented in the 
6502 as a series of words, the least significant 
occupy ing th e lowes t memory addres s. The double 
precision constant 1025 in binary is: 

00000100 00000001 

it being the usual practice to write the high 
significance half on the left. In the computer, 
however, we usually represent a string of words from 
lowest to highest address causing this representation 
to be reversed to: 

00000001 00000100 

The instruction JMP 1025 thus assembles to the three 
words: 

01001100 00000001 00000100 

or 4C 01 04 in hexadecimal, the 4C being the JMP 
instruction. This rule holds for all multiple 
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prec1s1on quantities, whether constants or addresses. 
A signed multiple precision number uses only the 

high bit of the highest order word for the sign bit. 
The seven low bits of the high order word and all eight 
bits of all lower order words represent the magnitude 
of the number. In double precision this means a sign 
and fifteen magnitude bits, giving a range of +32767 to 
-32768. 

Double precision constants can be created in the 
source program with the DBL pseudo-op, e.g.: 

DELTA DBL 1023 

creates the 16 bit number 00000011 11111111, the low 
order 11111111 being stored at DELTA and the high order 
00000011 at DELTA+l. DB L will accep t all of the da ta 
forms noted in example 6-9 with prefixes $ for 
hexadecimal, @ for octal and % for binary. DBL will 
also accept a symbol as an operand, allowing it to be 
used to create pointers, e.g.: 

JPNTR DBL JTABLE 

will create a pointer at locations JPNTR and JPNTR+1 
which points to JTABLE. DBL will also accept multiple 
operands separated by commas, e.g.: 

DSTRNG DBL -1,$43E7,@7734,RLOC-I 

creates four double precision quantities. The label 
attached to the DBL, if any, is associated with the low 
order half of the first double precision quantity in 
the string of operands. 

In performing multiple precision arithmetic it is 
useful to think of each word in the mUltiple precision 
number as a kind of digit in base 256. Just as we 
generate a carry into the next higher order column when 
the sum of two decimal digits exceeds 9, we generate a 
carry into the next higher order "digit" of the 
mul tiple precision number when the sum exceeds 255. 
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This carry must be included when the higher orders are 
added. There is no carry into the lowest order column, 
there having been no previous addition to create one. 
The two low order words of the sum are thus generated 
by simple addition, the second and all higher orders 
being added to include carry from the orders previously 
added. A simple double precision addition is shown in 
example 7-1. 

EXAMPLE 7-1 

Two double precision numbers are located at TINKER 
and EVERS. Find their double precision sum and 
leave it in CHANCE. 

label inst operand 

DBLSUII LDA 
ADD 
STA 

STA 

TIlIKER 
EVERS 
CBMCE 

get low order TINKER 
form low order sum 
save low order result. At 
this point the carry bit is a 
one if the low order sum was 
greater than 255. 

TDIKKR+l get high order TINKER 
EYKRS+l form high order sum 

plus carry from low sum 
CBlmCE+l save high order result 

The low order addition was done with ADD because 
we didn't want the accidental contents of carry to 
be included. After the low order sum had been 
formed, however, carry contained the actual value 
of carry out of the low order. Since this must be 
included in the high order sum ADC was used to 
form the high order sum. 

85 



DOUBLE AND MULTIPLE P~ECI$ION METHODS 

The double word CHANCE in example 7-1 was left 
undefined in the example, presuming it to have been 
defined elsewhere in the program. CHANCE is a program 
location which is altered during the course of program 
execution. Room for CHANCE could be created with the 
DBL pseudo-op, i.e.: 

CHANCE DBL 0 

which will do the job, but leaves an ambiguity. When 
the program you have written is re-examined six months 
afterward you may well wonder whether the DBL 0 means a 
real zero constant or a temporary working location as 
we have in example 7-1. The assembler furnishes a 
convenient way around this, the double analog of the 
*** operation described in example 6-3. Writing: 

CHANCE $$$ 

creates the necessary doubleword and flags CHANCE as a 
temporary location whose contents will change during 
execution. 

Double precision subtraction is equally simple. 
The low order subtrahend is subtracted from the low 
order minuend, ignoring the previous state of 
carry/borrow. The higher orders are then subtracted 
including any borrow generated by the low order. On 
the 6502 the borrow state is zero, not one. This is 
the opposite of the convention for most computers. 
This is why it is necessary to set carry before a 
simple subtraction. If you are used to another 
computer keep this inversion in mind or it will cause 
trouble. A simple double precision subtraction is 
shown in example 7-2. 

EXAMPLE 7-2 

A double precision minuend is located at DARTH and 
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a double precision subtrahend at VADER. Find the 
double precision difference and save it at EMPIRE. 

label inst operand 

])SUB IJlA IWtTilll load low order minuend 
SUB VAJl)ntR form low order difference 
STA EMPIRE save low difference 
:n:..DA DARTIlIl+! load high order minuend 
SBC VAll»ER+! the high order subtraction 

is done with SBC to include 
any borrow from the low order 

STA EMPIRE+! save the high order 
difference 

Triple and higher prec1s1ons are a simple matter 
of extension of the methods used for double precision. 
The higher orders are all added and subtracted to 
include the carry or borrow from the lower orders. A 
triple precision subtraction is shown in example 7-3. 

EXAMPLE 7-3 

Triple preC1S10n numbers are located at LISA and 
PAUL, LISA being the minuend and PAUL the 
subtrahend. Find the triple precision difference 
and store it at RUTH. 

label inst operand 

'mIFF LM ][.J[$A low minuend to A 
SUB PAWL form low difference 
STA RmrIBl save low result 
]['DA I.BA+l get 2nd order minuend 
SliC PAlU1L+ JI. form 2nd order difference 
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STA 
LDA 
SBC 
STA 

R1J'lilII[+1 
LISA+-2 
PAm.+2 
RmIiIIl.+2 

save 2nd order result 
get 3rd order minuend 
form 3rd order difference 
save 3rd order result 

The assembler provides no triple preC1S1on analog 
of *** or $$ $. The bes t way to reserve space for 
a triple precision result like RUTH above is: 

RES 

which reserves the necessary space. 

A generalized N-precision addition or subtraction 
is easily done with a simple program loop. The case of 
addition is shown in example 7-4. 

EXAMPLE 7-4 

Two numbers of unknown but equal precision are 
loca ted in memory beginning at BIGNI and B IGN2. 
The number of orders which comprises BIGNl and 
BIGN2 is in a memory location named N. Find the 
N-precision sum of BIGNl and BIGN2 and leave it at 
BIGN3. 

label inst operand 

BlGAIDlD JLDY 
CLC 

AJIl)WOP lL.IlA 
AJOC 
STA 
DIY 

#0 clear Y for use as an index 
clear carry before add loop 

BIGIffi,Y load augend order BIGNl+Y 
BIGR2,Y add addend order BIGN2+Y 
BIGIl,Y save sum order BIGN3+Y 

increment Y to point to next 
order 
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DEC N decrement order count. When 
N is zero all orders have 
been added. 

BBZ ADLOOP test for zero and repeat if 
necessary 

N-precision subtraction will be left to the reader 
to try as an exercise. It is substantially the same as 
the N-precision addition above, and trying it will be a 
good tes t of your understanding of multiple precision. 
Remember that carry/borrow must be set to one before 
the first subtraction. 

It is often necessary to add a one word addend to 
a multiword augend. The addition is simple enough, 
jus t add th e one word addend to th e low word of the 
augend and propagate any carry to the higher orders. A 
simple way to do this is shown in example 7-5. 

EXAMPLE 7-5 

A single precision addend is located at KARL and a 
double precision augend a t ERIC. Find their sum 
and leave it at ERIC. 

label inst operand 

I.M l!WU.. get single addend 
DD ERIC form sum 
STA ERIC save low result. The carry 

produced by this sum must 
now be added to the high 
order of the. double 
precision. number ERIC. One 
way to do this is with INC. 

BCC NX'lt' skip if carry zero 
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EMC ERXC+l otherwise increment high 
order ERIC 
program continues 

An alternate way to propagate the carry in the 
example just above is load the high operand into A and 
execute: 

ADC 410 

This has the effect of adding the immediate operand, a 
zero, plus the current value of carry to A. The high 
augend must then be stored back into memory. 

The examples up to this point have involved loops 
in which the count was a small number. This will often 
not be the case, however, and for loop counts greater 
than 255 it becomes necessary to use double precision 
counts. This can be done either by incrementing a 
negative number toward zero or decrementing a positive 
number toward zero. Incrementing a negative double 
precision number toward zero is by far the simpler of 
the two. The process is shown in example 7-6. 

EXAMPLE 7-6 

A double preC1S1on number is in locations DBLCNT 
and DBLCNT+1. Increment the number. 

label inst operand 

DUC 

DDfC2 

DBLCIT this increments the low order 
half of DBLCNT. 

BWZ DIDmC2 explained below 
IDIC DBLCIT+l increment high half if 

necessary 
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After the INC DBLCNT we need some means of telling 
whether a carry should be propagated into the high 
half in DBLCNT+lo Since INC does not affect carry 
we would seem to be at a dead end, but there is a 
solution. There is one, and only one, 
circumstance in which incrementing could produce a 
carryo This is when the number was 11111111 to 
begin witho If, and only if, this was the case 
would adding 1 to it produce a carryo This is 
easy enough to see. If there were a zero anywhere 
in the word adding one to the word would produce 
carries only up until the zeroo The chain of 
carries would then be broken and no carry out of 
the high bit would result. If the previous 
content of the word was 11111111 incrementing it 
would produce 000000000 Testing whether the 
incremented number is zero is therefore the same 
as testing for carry in this caseo The BNZ 
instruction makes this test and skips over the 
second increment if the result of the first was 
not zero. 

Further, after this double increment the zero 
flag of the status word reflects the outcome of 
the double increment in every caseo If, and only 
if, both halves of the number are zero after the 
double increment is the Z flag set. It can then 
be tes ted by BNZ or BZ 0 

The operation in example 7-6 is so common that the 
assembler provides a compound instruction to allow it 
to be written on one line instead of threeo A double 
precision number or pointer may be incremented by 
writing: 

IDB LOC 

where LOC ~s the addres s of the low order half of the 
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quantity to be incremented, i.e., the one with the 
lower memory addres s. The operand of th e IDB may be 
anywhere 1n memory except across the scratchpad 
boundary. 

Decremen ting a double precis ion quan ti ty is no t 
nearly so simp Ie. The problem is tha t th e high hal f 
must be decremented when the low half is decremented to 
11111111, and there is no way to test for this 
condi tion in memory. The tes t mus t be perf ormed in a 
register. The process is shown in example 7-7. 

EXAMPLE 7-7 

A double preC1S10n number is located at BIGNUM and 
BIGNUM+1. Decrement the number. 

label inst operand 

DBLD:JmC LDY 
DlKY 
CPY 
BmHE 
DEC 

DD2 STY 

BIGmUH get low half 
decrement it 

I$FF test for 11111111 
DD2 skip if low half = 11111111 
BIGIUH+l otherwise decrement high 

half 
BIGHUH replace decremented low half 

in memory 

Shifting of mUltiple precision numbers is required 
in multiplication by constants, as we will shortly see. 
To shift right we begin with a logical shift of the 
leftmost word. This brings a zero into the vacated bit 
position and puts the bit shifted out of the leftmost 
word into carry. This bit is in its turn rotated into 
the next word to the right, the rotation bringing the 
bit from the leftmost word into the second and rotating 
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a bi t ou t of the second word. This proces s continues 
for as many orders as are required. A double precision 
right logical shift is shown in example 7-8. 

EXAMPLE 7-8 

A double precision number is in HARVEY and 
HARVEY+l. Perform a double logical right shift on 
the number. 

label inst operand 

DRSHF LSR HARVEY+l shift high order right. 

ROR MRVlI« 

This puts a zero in the high 
bit and the former low bit 
into carry. 
the content of carry is 
rotated into the high bit of 
the low order word. The bit 
rotated out of the low order 
word enters carry. 

The effect of this is to shift both halves to the 
right with the former low bit of the high half 
being transferred to the high bit of the low half. 

A double logical left shift is as simple as its 
right shift counterpart in example 7-8. This shift is 
shown in example 7-9. 

EXAMPLE 7-9 

A double precision number is in RALPH and RALPH+l. 
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Perform a logical left shift on this number. 

label inst operand 

ASL RALlE shift low half. This brings 
in a zero on the right and 
puts the high bit into carry. 

ROL RALPE+l rotate high half. This 
brings carry into the low bit 
and puts the former high bit 
into carry. 
shift completed. 

Double precision arithmetic shifts are another 
matter entirely. The 6502 has no arithmetic shift 
instructions at all. There is the problem, therefore, 
of propagating the sign into the vacated space for a 
right shift and preserving the sign in a left shift. 
The right shift is fairly simple. It is shown in 
example 7-10. 

EXAMPLE 7-10 

A signed double prec1s10n number is at locations 
DBLNUM and DBLNUM+1. Perform an arithmetic right 
shift on this number. 

label inst operand 

RORA 

DBLN~+l get high order 
move sign into carry bit 

DBLNun+l get high order again. The 
sign of A and the carry bit 
now agree. 
rotate carry into sign and 
low bit of high order into 
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carry. 
ROR DBLNUU rotate carry into high bit 

of low order and low bit of 
low order into carry. 

STA DBLN~l restore high order in memory 

Note that the bit which was shifted out of the low 
order enters carry, wher e it is avai 1 ab 1 e for 
rounding if required. 

An arithmetic left shift is more difficult in that 
the sign must be preserved. This is done by keeping a 
copy of the original sign and forcing the sign of the 
result to agree with it. The process is shown in 
example 7-11. 

EXAMPLE 7-11 

A signed double precision number is in memory at X 
and X+l. Perform an arithmetic left shift on the 
number. 

label inst operand 

MLSHF I.DA X+l get high order 
AIm #$80 isolate sign. This masks out 

everything but the sign bit. 
STA SI<GI8f save sign 
LDA X+l get high order again 
AS!. X shift low order 
ROU rotate carry into high order 
AmID #$7W mask out high order bit 
ORA SUII and force sign to original 

value 
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This will perform the double left shift according 
to the specification, but something important is 
missing and must be addressed. If the bit shifted 
from the high magnitude position of the high order 
word into the sign bit was different from the 
original sign the highest significant bit was 
lost, a numerical catastrophe. Some computers 
provide hardware to guard agains t this very 
problem. The M6800, for example, sets overflow if 
this occurs. It would be an excellent exercise 
for the reader to modify this example to include a 
check for this condition. There are a number of 
ways to do this. Perhaps the easiest is to form 
the exclusive OR (V) of the saved sign with the 
shifted high order word before the masking 
operation. If the A register is negative 
immediately after this exclusive OR, then the bit 
shifted into the sign was different from the bit 
shif ted out. 

Before leaving this example, note the use of the 
symbol X as the operand of a memory reference 
instruction. This is prohibited by most 6502 
assemblers, since X is the name of a machine register. 
A, Y, S, and P are also usually forbidden. This 
assembler contains no such reserved symbols. If you 
use the name of a machine register as a symbol it will 
be interpreted correctly. Within the rules for symbol 
formation you may use any name at all as a label. 

Mention was made earlier in this chapter about 
incrementing a negative double length counter toward 
zero rather decrementing a positive counter toward 
zero. This presumes that we know how to negate a 
double precision number. This is nota difficult 
process if we remember the definition of twos 
complementation. The number is first ones complemented 
and then incremented. The process is shown in example 
7-12. 
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EXAMPLE 7-12 

A double precision number is located at JEKYLL. 
I ts twos comp lemen t is to be stored a t HYDE, but 
the contents of JEKYLL are not to be disturbed. 

label inst operand 

LDA JlKYlL.L get low order JEKYLL 
ICMA ones complement it 
STA HYDE move to low order HYDE 
I.DA JlKYJL.L+ll. get high order JEKYLL 
CMA. ones com.plement it 
STA HYDE .. l move tp high order HYDE 
IDB HYDE double 'increment HYDE 

Before leaving this example it is worth noting 
what the use of the pseudo-ops CMA and IDB saved. 
If the above had been written with only native 
6502 machine instructions it would have looked 
like this: 

LDA JIlXYLL 
EOR 1$" 
STA HYDE 
1.DA JJm[Y][.L+ 1 
EOR #$JFF 
STA HYDE+l 
DlC HYDE 
BIllE we 
DC HYDE+l 

I.OC 000 program continues 

The pseudo ops allow considerable saving in the 
writing that must be done. 
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At various points in the discussion of memory 
reference instructions in this and previous chapters, 
mention has been made of different length requirements 
of these instruction. The point has been reached where 
we must be more specific about this. Memory reference 
instructions which address operands in scratchpad 
require, in general, only two words. Those which 
address operands in general memory require three words. 
The two word scratchpad addressing format is not only 
shorter but faster than the three word general memory 
format. The location of the operands can have a gross 
effect on both the space required by a program and the 
speed with which it executes. This becomes 
particularly important in a machine like the 6502 which 
is used so widely as a controller. It is thus 
necessary for a programmer to know how the assembler 
processes operands and determines the required 
addressing mode. 

From the point of view of the assembler the source 
program is a series of statements, only one of which 
can be seen by ita t any time. The program is scanned 
beginning with the first line and proceeding until a 
line containing "END" in its instruction field is 
encountered. This means that when the assembler 
encounters a memory reference instruction whose operand 
has not yet been defined it must make an assumption 
about the location of the operand, either scratchpad or 
general memory. The practice in the past has been to 
as sume tha t th e operand is in general memory and us e 
the three word form of the instruction. If the 
eventual definition of the operand shows it to be in 
scratchpad the high order address of the instruction is 
set to zero. This results in an instruction which will 
work but which wastes one word of memory and is slower. 

The problem has been solved in most previous 6502 
assembly systems by forcing the programmer to define 
all of his scratchpad references at the beginning of 
the program, before any instructions. This allows the 
assembler to assume that any operand not defined by the 
time a reference to it occurs is a general memory 
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reference. 
Some unknown philosopher is supposed to have 

remarked that "There is no problem so big that it can't 
be run away from", and this seems to have been the case 
with 6502 assemblers to date. The purpose of a 
programming system is to spare the programmer the 
clerical work of keeping track of details like this. 
The assembler in use here, therefore, has been 
constructed to do this clerical work automatically. 

The ORG pseudo op has already been introduced. It 
is a means of telling the assembler where the 
instructions and other data which follow are eventually 
to be located in memory. Writing: 

ORG $2BOO 
LDA TIGER 

insures that the first word of the LDA instruction will 
be located exactly at $2BOO. The ORG furnishes a means 
of precisely locating instructions or data in memory. 

Scratchpad data are similarly located using the 
SPD (ScratchPad Data) pseudo op. SPD and its companion 
pseudo op ESP (End ScratchPad) are used to bracket data 
which are to be located in scratchpad. Data so located 
will always be addressed by the shorter, faster two 
word scratchpad instruction format. SPD is written 
with an operand whose value is less than 256. 
Following the SPD and before the ESP are the data 
definitions which are to be considered scratchpad for 
addressing purposes. The SPD-ESP pair may occur 
anywhere in the program, and any number of of SPD-ESP 
pairs may be used. No instructions are allowed between 
an ESP and an SPD, only data reserving operations. 
Some of these operations have been introduced earlier. 
The full set of data reserving pseudo ops is: 

RES - Reserves a memory block whose size is specified 
by the operand. If a label is used with RES the 
label identi fie s th e lowes t memory addres s of 
the block. 

99 



DOUBLE AlIiD KlIJL'1rIPLE PIltEC'ISION METHODS 

FRENCH RES $14 

reserves a twenty word block. The label 
FRENCH is associated with the lowest address 
of the block. 

DATA - Generates a single data word for each of its 
operands. DATA may have multiple operands 
separated by commas, e.g.: 

PIERRE DATA 1,$E3,@376,%11000001,iA' 

generates five words in the object program, 
decimal 1, hexadecimal E3, octal 376, binary 
11000001, and the ASCII code for the letter A. 
If the operand string runs into the comment 
field the comment field will be moved right to 
accomodate it automatically. 

DBL - Generates a doubleword for each of its operands. 
DBL may have multiple operands separated by 
commas as for DATA above. In addition it may 
have symbols as operands, e.g.: 

MARIE DBL PROG1,PROG2,PROG3,PROG4 

generates a table of pointers to PROG1, PROG2, 
etc. The comment field will be moved as for 
DATA above. 

ASC - Generates a string of ASCII character codes for 
its single operand, a string of characters 
enclosed in apostrophes, e.g.: 

BMSG ASC "i FREE BEERI i 
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generates 10 words, with the label value equal 
to the location of the F in the string. The 
s t ring may no t con tain apo strophe s. An 
apostrophe code can be generated by: 

DATA $A7 

ASCII data generated in this way have the high 
bits set to one. The comment field is adjusted 
as for DATA above. 

*** - Generates one word of zero in the object program 
under the name given in the label, if any. The 
line: 

AGNES *** 

generates one word of zero under the name AGNES. 

$$$ - Generates one doubleword of zero under the label 
given, if any. Writing: 

PAUL $$$ 

generates two words of zero under the label 
PAUL. 

EQU - Sets the value of the symbol in the label field 
to the value of the operand field. Anything in 
the operand field of an EQU must either be 
numeric or ASCII, or a symbol previously defined 
in an SPD-ESP range. The line: 

RPAREN EQU I) I 
sets the value of RPAREN to the ASCII value of 
the character Vi) ", allowing future references to 
take the form: 
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LDA 41RPAREN 

which loads th e AS CI I code for ")" in to A. EQU 
is a powerful programming aid and we will be 
studying more of its many uses in the chapters 
to come. 

REM - A documentation device to allow alignment of 
comments. If the comment field of an 
instruction or pseudo op line is not large 
enough to contain the necessary text, following 
the line with a REM allows the comment to 
continue on the next line with its left border 
aligned with the comment field of the 
instruction. Using REMs makes a neat legible 
listing. The REM in the instruction field does 
not appear. 

TITL - If TITL is used anywhere in a program its 
operand fie ld will appear as a page heading in 
the assembly listing, appearing just to the 
right of the page number. 

In addition, any line which begins with an 
asterisk (*) as the first character of the label field 
will be considered to be all comment. It is printed in 
the assembly listing but has no effect whatever on the 
assembly. 

The above data defining pseudo ops may appear 
anywhere in a program, but only these pseudo ops may 
appear within the range of an SPD, i.e., bracketed by 
an SPD-ESP pair. Appearance of a label in the range of 
an SPD insures that references to that label will 
generate the optimal two word instruction type. This 
is extremely important in applications which are 
critical with respect to memory size or speed. The 
greatest performance can be gotten from the 6502 only 
by the skillful use of scratchpad memory. 
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Obviously the greatest economies can be made by 
placing the data locations most often referred to in 
scratchpad. Just which data items are most frequently 
referred to is often unknown when a large programming 
project is begun. This is only a temporary nuisance. 
The reference frequencies can be easily estimated after 
the program is finished and the data most often 
referred to moved into scratchpad. One caution needs 
to be observed when doing this. Moving an item to 
scratchpad not only shortens the instructions which 
refer to it, it makes those references faster. It 
follows then that data which are referred to as part of 
a timing loop should be moved only with great care. 
The timing loop may have to be rewritten after the 
move. 
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SOF~ARE KUL~IPLICATION ADD DIVISION 

Like most microprocessors, the 6502 has no 
hardware facility for performance of multiplication and 
division. The responsibility for these functions falls 
on the programmer. The purpose of this chapter is to 
present methods for performing multiplication and 
division for a number of special cases and the general 
case. 

We begin with what is certainly one of the oldest 
tricks in the programmer's book, a multiplication by 
ten performed by shifting and adding. The need for 
multiplication by ten or some other special constant 
mul tiplier is very common. The proces s is shown in 
example 8-1. 

EXAMPLE 8-1 

A binary number is contained in the low four bits 
of the A register, the high four bits being zero. 
Multiply the number by ten leaving the result in 
the A register 

label inst operand 

BY'I'EN ASIA mUltiply by two 
STA TEMP save intermediate result 
ASI..A mUltiply by two again. The 

original number has now been 
multiplied by four. 

ASIA and again. The original 
number has now been multi-
plied by eight. 

1IDD TEMP now add the intermediate 
result 
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This works because for any number N: 

ION = 8N + 2N 

The sharp-eyed reader may have noticed an economy 
that could have been made in this example. Since 
the upper four bits of A were guaranteed zero by 
the conditions of the problem, carry is guaranteed 
to be zero after the third ASLA. It is therefore 
unnecessary to clear it again as the ADD 
instruction does. One program word could have 
been saved by using ADC instead of ADD. 

Multiplication by a constant ten arises in the 
conversion of decimal data to binary as we shall see in 
chapter 14. 

It is possible to construct a sequence of shifts 
and adds or subtracts to mUltiply by any constant 
number. Consider the multiplication by thirteen in 
example 8-2. 

EXAMPLE 8-2 

The number in memory location FRIDAY is to be 
multiplied by thirteen. Return the result to 
location FRIDAY. Since l3N = l6N - 2N - N, the 
procedure is straightforward. We find 2N with a 
single shift and store it. The number is then 
shifted three more times for a total of four 
shifts. Four shifts multiplies by sixteen. 2N and 
the original number N are then subtracted from 
this to yield 13N, Le.: 

label inst operand 

TIMZ13 LDA. F~Y get number 
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ASI..A multiply by two 
STA TEMP save it 
ASI..A times four ••• 
ASIA. times eight ••• 
ASLA times sixteen 
sum TEMP subtract 2N saved above 
SUB FlIrnl»AY subtract N, the original 

number 
STA FIIl.IDAY and save result 

Note that in this case SBC could not have been 
used in place of SUB. Since the bits shifted out are 
zeros and carry must be set before simple subtraction 
there is no way around using SUB or the SEC-SBC 
sequence. 

This process 1S easily extended to multiple 
precision. The exact mechanics are a bit different 
since the shifting is done in memory, but the principle 
is the same. A double precision multiply by a constant 
is shown in example 8-3. 

EXAMPLE 8-3 

The number in ALPHA and ALPHA+I is to be 
multiplied by 35. Perform the multiplication and 
leave the result at ALPHA and ALPHA+l. 

label inst 

LDA. 
STA 
I.M 
STA 
If..DA 
ASIA 

operand 

AI.PlIHA 
TEM! 
AJL.PJlIlb;\+ ll. 
TEMJI.+1 
AJt.lPlJIIIA 

save original number 

multiply original number 
by two and save it 
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STA TEM2 
LDA AJ..PBA+l 
ROJ.A roll 1n low order bit 
STA TEM2+J1. 
AS!. .AlL.PJIIIA the original number is now 
ROI. AlLJlDIIIIA.+ ll. shifted left five times to 
ASL AJLJlVII!!A multiply by 32 
1.0][, AJI.PJIII.A+ 1 
ASL AI.PmIA 
ROL ALPD.+1 
ASL ALPHA 
1.01. AI.PlU.+l 
ASL ALPHA 
K.01a A1L.lPIlILl+ 11. 

LM A1I.FlIII!\ now add original number 
DD TOO 
STA Alf..FIlIA 
LDA AlLJPJI!JA+ ], 
ABC TEMl+l propagate carry 
STA AJ.PBA+ll. 
LDA ALPIIIA now add original number 
ADD TEM2 times two 
STA ALPlU. 
I.DA Alf..JFllIIA+ .11. 

DC TEM2+! propagate carry 
STA AUllIIA:iI-], 

Where TEM1 and TEM2 are defined elsewhere as: 

TEMl $$$ 
TEM2 $$$ 

While this process is tedious and long, it is 
faster, if not shorter, than a full mUltiply. The 
method of shifting and adding or subtracting can be 
extended to cover multiplication by numbers which 
contain fractional parts like pi, 3.141592653 ••• and 
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the base of natural logarithms e, 2.7182818 ••• To do 
this you must first decide how much precision you need 
and then select a fractional approximation to the 
constant which has a denominator that is an exact power 
of two. In the case of pi there are a number of 
choices. For fairly low precision work the fraction: 

201/64 = 3.140625 

will work. If more precision is needed the fraction: 

3217/1024 = 3.1416015 

is available. The point here is that the indicated 
division need never be done. By keeping the 
denominators of the fractions exact powers of two the 
division is reduced to a shift. For 201/64 the number 
is mu1 tiplied by 201 by th e shift and add proces sand 
then shifted six places right to divide by 64. For the 
3217/1024 approximation the number is mu1 tiplied by 
3217 and the result shifted right ten places to divide 
by 1024. For the number e the approximations: 

87/32 = 2.71875 

and 

5567/2048 = 2.718261719 

will serve. This will give you the idea of how it is 
done. A few minutes with a ca1cu1at.or will yield a 
satisfactory approximation to any required constant. 

In general multiplication the two numbers to be 
multiplied are known as the m1lll1ttiplier and 
multiplicand. The single precision multiplicand is 
multiplied by the single precision multiplier to yield 
a double precision result known as the ]plt'oductt. The 
product of two single precision numbers is a double 
precision number since in general the product of an N 
bit number and an M bit number is N + M bits in length. 

108 



SOFTVARE MULTIPLICATION AMD DIVISION 

For an unders tanding of wha t goes on in machine 
mUltiplication it is instructive to multiply a pair of 
binary numbers on paper by the common rules of 
arithmetic. Consider the multiplication of 7 times 5 
or 0111 times 0101 in binary. Begin by writing one 
number below the other as in decimal multiplication: 

0111 
0101 

the multiplicand 
the multiplier 

Just as in decimal multiplication the digits of the 
multiplier are successively tested and the multiplicand 
mUltiplied by the digit value, this partial product 
being written below, indented so that the lowest digit 
of the partial product is aligned with the multiplier 
digit which produced it. This is much simpler in 
binary than in decimal since there is no multiplication 
table to memorize. If the multiplier bit is a zero it 
is ignored. If the multiplier bit is a one the 
multiplicand is simply copied into the partial product 
line, suitably indented. The firs t step of our binary 
multiplication looks like this: 

0111 
0101 
0111 

the 0111 being copied into the partial product because 
the rightmost multiplier bit was a one. The next 
multiplier bit is tested and the result is: 

0111 
0101 
0111 

0000 
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this line of the partial product being zero because the 
twos bit of the multiplier was zero. The fours bit of 
the multiplier is now tested with the result: 

0111 
0101 
0111 

0000 
0111 

Finally, the eights bit of the multiplier 1S now tested 
and the result is: 

0111 
0101 
0111 

0000 
0111 

0000 
0100011 

Machine multiplication is the exact analog of this 
process. The multiplier in memory is shifted to place 
successive multiplier bits into carry where they can be 
tested. If the mUltiplier bit is a one the 
mul tiplicand is added to the low product. The double 
precision product is then shifted, this shifting 
performing the same function as the indentation of the 
partial product lines in the paper multiplication 
above. 

In the multiplication exercise above we began 
testing multiplier bits on the right, proceeding from 
right to left as is conventional. There is no 
particular reason for this. The process could be 
carried out from left to right beginning with the high 
multiplier bit. The partial product lines would then 
be indented to the right. You can easily verify this 
on paper by executing the same multiplication as above. 
A 6502 program to perform multiplication of two eight 
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bit unsigned numbers is shown in example 8-4. 

EXAMPLE 8-4 

Two numbers are in locations MPLR and MCND. Find 
their product and leave the low half of the 
product in LOPROD and the high half in HIPROD. 

label inst operand 

MPY LDY 18 number of multiplier bits 
CJL.A. clear A to hold low product 

MPYl ASIA shift double product left 
ROL H][PliO~ 

ASL MPlI.li mUltiplier bit to carry 
BCC MPY2 skip if mUltiplier bit zero 
ADD MClID add multiplicand to low 

product 
BCC MPY2 check carry from low to 

high product 
IIIe BIPROD increment high product 

MPY2 DB decrement multiplier bit 
count 

BlIZ MPYlI. and repeat if not zero 
STA L(())N.O~ save low product 

There are a couple of things to be noted about this 
example before passing on to another topic. First, 
notice that the low product held in A was cleared 
befor e the loop beginning at MPY1 was entered bu t the 
high product held in memory was not. This is because 
the eight successive left shifts of the double product 
clear the former contents of HIPROD. The clearing of 
HIPROD was therefore unnecessary. 

Second, a significant saving in time could have 
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been made by placing MPLR, MeND and the product in 
scratchpad. While the precise execution time of the 
program in example 8-4 depends on the number of one 
bits in the multiplier, for any given bit configuration 
the program will execute about 11% faster with the 
operands in scratchpad than in general memory. This is 
done by placing the definitions of the four memory 
operands in the range of an SPD-ESP pseudo op pair, 
like this: 

SPD 
MPLR *** 
MeND *** 
LOPROD *** 
HIPROD *** 

ESP 

$80 set scratchpad location 

Multiplication of signed numbers is only a little 
more elaborate than this. The simplest way to mUltiply 
signed numbers is to first determine the sign of the 
product by exclusive ORing the multiplier and 
multiplicand as described on page 11. This result is 
saved and both mUltiplier and multiplicand are then 
forced positive. The mUltiplication is performed on 
these positive operands. When the product is found the 
saved sign indicator is tested and the double precision 
product negated if necessary. The mUltiplication of 
two signed numbers is shown in example 8-5. 

EXAMPLE 8-5 

A pair of signed twos complement binary numbers 
are in locations MPLR and MeND. Find their double 
precision product and leave it, properly signed, 
in LOPROD and HIPROD. 
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label inst operand 

I.DA 
EOR 

STA 
I.Di. 
BPlI. 
TeA 
STA 
I.DA 
BPI. 
'reA 
STA 
LDY 
CJL.A 
ASIA 
ROI.. 
ASL 
BCC 
AlllID 
BeC 
DlC 
DB 
BIIZ 
STA 
LlI>A. 
BPL 
][J)A. 

CMA 
STA 
I..lM 
CMA 
STA 
ID:S 

MCIIID 
:fi8 

HIPROD 
MPJI.Ii 
SDtI5 
MCliD 
SIII5 
JB[][PlI.OD 

SIGlIJ 
SltH6 

get multiplier 
logical difference with 
multiplicand. The sign bit 
of this result is the same as 
the sign bit of the product. 
save sign 
get multiplier 
skip if already positive 
otherwise force positive 
save positive multiplier 
get multiplicand 
skip if already positive 
otherwise force positive 
save positive multiplicand 
get mUltiply step count 
clear low product 
shift low product 
and high product 
multiplier bit to carry 
skip if zero 
otherwise add multiplicand 
skip if no carry to HIPROD 
otherwise propagate carry 
decrement loop count 
repeat if not zero 
save low product 
test for negative product 

LOPROD must negate. Ones complement 
low order 

wn.OD 
HIPllOD ones complement high order 

HIPllOD 
LOPROD increment the double 

precision result 
SR6 program continues 
Notice that though the twos complement operation, 
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TCA, appeared twice in this example, in neither 
case was any check made for overflow afterward, 
even though the number being twos complemented 
could very well have been the maximum negative 
numbero This can do no harm in this cas e, bu tit 
would be instructive for the reader to figure out 
why this was permissible hereo Clue: the 
mUltiplication itself is done on unsigned eight 
bit magnitudeso Also note that the program assumes 
that HIPROD is in the memory location immediately 
following LOPRODo This can be assured by defining 
them as follows: 

LOPROD *** 
HIPROD *** 

either in scratchpad or general memory 0 The same 
speed considerations apply as in example 8-40 

Another way to accomplish the necessary 
definition is with the EQU pseudo op, like this: 

LOPROD $$$ 
HIPROD EQU LOPROD+l 

The use of $$$ in the instruction field saves the 
necessary doublewordo The EQU generates no 
program words but simply defines the symbol HIPROD 
to mean the loca tion following LOPROD, wherever 
LOPROD happens to be locatedo The only caution in 
the use of EQU is that anything in its operand 
field must be either self defining, i.e., numeric 
or ASCII, or be defined at a point in the program 
previous to its use as the operand of an EQUo We 
will see much more of this useful pseudo op as the 
book proceedso 

Multiplication of double precision requires that 
the mUltiplier and mUltiplicand be considered as the 
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sum of their respective high and low orders. If the 
mUltiplier is A+B and the multipliand C+D, then the 
product of these is: 

(A+B)(C+D) = AC + AD + BC + BD 

Each of these products is, however, a double preC1S10n 
number itself and the result of multiplying 16 bits by 
16 bits is a 32 bit product, i.e., a quadruple 
precision number. If the high and low hal ves of each 
of the products is represented by prefixing it with H 
or L, then the four orders of the quadruple precisiQn 
product are found by adding the partial products like 
this: 

4th order 3rd order 2nd order 1st order 
HAC LAC 

HAD LAD 
HBC LBC 

HBD LBD 

This sum is formed beginning with the first or lowest 
order, the carries from each order being propagated 
into the next higher order. If we were to attempt an 
example of this using only the tools developed so far 
in the book the example would run for several pages. 
For this reason an example of double precision 
mUltiplication will be deferred until chapter 9 when 
the required techniques for reducing its size have been 
developed. 

Division is the process by which all possible 
multiples of a number called the divisor are removed 
from a number called the dividend. The number of times 
the divisor can be removed from the dividend without 
the result crossing zero is known as the iIJluotient. The 
residual result, i.e., the number left after all 
possible multiples of the divisor have been removed 
from the dividend, is called the remainder. 

In pencil and paper division there is no 
restriction on the sizes of the numbers involved, e.g., 
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if more quotient digits are required one can, if 
necessary, simply tape an extra piece of paper to the 
edge of the current one and keep going. In computer 
division, however, there are restrictions on the sizes 
of the numbers involved. 

The dividend, tha t number which is to be divided 
by the divisor, is considered to be a double precision 
number, and the divisor a single precision number. 
Further, dividend and divisor are required to be of 
such relative magnitude that the resulting quotient 
will be containable in a single computer word. If this 
is not the case a divide fault condition is said to 
exist. This does not mean that the division cannot be 
done. It only means that it cannot be done with a 
single divide operation. 

To understand how machine division works, consider 
a division on an imaginary four bit machine: 

0110 )00100011 

i.e. 35/6. In pencil and paper division we do not 
automatically select any particular number of digits of 
the dividend for our first divide attempt, but scan to 
the right until we have a group of digits at least as 
large as the divisor. In this case the group would be 
the leftmost six bits of the dividend which form 
001000. In machine division no such such scanning is 
possible. The number of digits selected for the first 
trial is fixed, in this case at four bits, the word 
length of our imaginary demonstration machine. Given 
that we are forced to do this the outcome is: 

o 
0110 )00100011 

0000 
10 

The zero product of quotient bit and divisor is then 
subtracted from the high four bits of the dividend. In 
conventional division a new bit would be "brought down" 
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from the dividend and the divide attempted again, with 
a result that looks like this: 

00 
0110 )00100011 

0000 
100 

Again a digit is "brought down" and the divide again 
attempted, this time successfully: 

001 
0110 )00100011 

0000 
1000 
0110 

101 

the difference, 1000 - 0110 being 10. ''Bringing down" 
another bit makes the new partial dividend 101. This 
generates another zero quotient bit and the result, 
with the final bit "brought down" a: 

0010 
0110 )00100011 

0000 
1000 
0110 

1011 

This generates a one bit Ln the quotient and the result 
is: 

00101 
0110 )00100011 

0000 
1000 
0110 

1011 
0110 

101 
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Since there are no more bits to be "brought down" the 
division is finished. The resulting quotient above 
being 5 and the remainder also being 5. 

Most of this excess transcription is dispensed 
with in computer division. Rather than write the 
product of a quotient digit and the divisor below the 
partial dividend and then subtract, the subtraction is 
done directly from the partial dividend. The "bringing 
down" of digits is eliminated by shifting the dividend 
left. As the dividend is shifted left vacant bits 
appear on its right. It is into these vacated dividend 
bits that the successively developed quotient bits are 
written so that the developing quotient gradually 
replaces the low dividend. With the subtraction being 
done directly from the high dividend the remainder is 
the high dividend after the final subtraction. 

This process is, admittedly, sore tedious. It is 
much easier to follow on a machine like the Z80 which 
has 16 bit registers in which the entire dividend can 
be shifted as a single entity. In our example, the 
high dividend is held in the A register and the low 
dividend in memory. This requires that the shift of 
the dividend occur in halves, which clouds the issue 
somewhat. The process is presented in example 8-6. If 
you have the fortitude to get through this example you 
will have a good understanding of the division process. 

Before undertaking this labor there is one more 
facet of division to be understood, the divide fault 
problem mentioned before. If the division would 
generate a quotient larger than one computer word the 
divide cannot be done. This condition is 
arithmetically the same as the high half of the 
dividend being greater than or equal to the divisor. 
It is the comparison of the high dividend with the 
divisor in memory that constitutes the divide fault 
check here. You may wish to verify with a few trial 
dividends and divisors that this is indeed the case. 
It is very tempting to gloss over and skip an example 
like 8-6. Don't do it. If you conquer example 8-6 you 
have nothing to fear from the remainder of this book. 
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EXAMPLE 8-6 

A sixteen bit dividend less than 32768 is in 
LODVND and HIDVND. An eight bit divisor is at 
DVSR. Find the quotient and remainder, leaving 
the quotient in LODVND and the remainder in REM. 
If a divide fault condition occurs send control to 
location DVDFLT. 

label inst operand 

DIVIDE I.DA 
HZ 
LDA 
eMP 
IGlK 
I.DY 
CLC 

DVm. ROll. 

DVD2 

ROU 
eMP 
ILS 
SBC 

]l)E!{ 

BJn 
ROL 
STA 

DVSR 
DVIDFI.'I.' 
HIDVlM1IJ) 
DVSR 
DVIDFL'I.' 
#8 

DVSR 
DVD2 
DVSR 

get divisor 
cannot divide by zero! Now 
check that high dividend is 
less than the divisor. 
divide fault if DVSR ~s less 
divide step count to Y 
clear carry to start 
shift dividend 

greater than divisor? 
skip if not 
otherwise subtract divisor 
from high dividend. SBC was 
used here because carry ~s 

guaranteed to be a one. The 
BLS instruction, remember, 
assembles as BCC. 
decrement count 
repeat until zero 
bring in last quotient bit 
save remainder 

The quotient need not be moved as it has replaced 
the low dividend. The high dividend is 
undisturbed. As with the multiplication examples, 
a considerable economy of time is possible by 
locating the various operands in scratchpad. When 
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assigning operands to scratchpad, it is most 
important to get the ones most frequently 
referred to into the scratchpad area. This means 
the memory references which occur within loops 
such as the divide loop above. 

As with multiplication, the simplest way to divide 
signed numbers is to determine the sign of the quotient 
by the exclusive OR process shown in example 8-5, then 
force both divisor and dividend positive. Keep in mind 
tha t the divisor is, by def ini tion, a seven bi t 
magnitude and the dividend a fifteen bit magnitude. 
The divide fault check must now compare the high eight 
bits of the dividend to the seven bit divisor to assure 
that the quotient magnitude will fit into seven bits. 
When the divide fault test has been passed proceed with 
the divide, adjusting the sign of the quotient to agree 
with the result of the earlier exclusive OR. The sign 
of the remainder must agree with the sign of the 
original dividend. 

Division in double precision is probably best done 
on the 6502 by simply doubling the dimensions of the 
single precision divide process. The dividend is a 
quadruple precision number, and the divisor double 
preC1S10n. The divide fault check and the test for 
divisibility during division must be made in double 
precision and the dividend shift in quadruple 
preC1S10n. The result will be long, slow and ponderous 
and only good to 16 bits. 

MUltiple precision division is quite often 
associated with the manipulation of high precision 
fractions, such as arise in applications in astronomy 
and crystalography. In these applications only the 
quotient is required, the remainder being discarded. 
In these cases an approximation is usually used which 
gives a result accurate to almost 30 bits in quadruple 
preC1S10n. These applications deal with extremely 
precise angles, and since 21 bits will resolve an angle 

120 



SO¥TVARE M~LTIP~ICATION ~~ DIVISIOB 

to less than one second of arc, the approximation is 
adequate. It is based on the expansion of the 
expression: 

(A + B) 
(C + D) 

in which A and B are the double prec1S10n halves of the 
quadruple precision dividend, and C and D are the 
corresponding parts of the divisor. This kind of a 
division is well beyond the scope of a book like this. 
If you require further information about it consult 
more advanced sources, e.g., Assembly Level Programming 
for Small Compu ters by W. J. Weller (Lexing ton Books, 
1975) • 
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In several of the previous chapters the use of 
poin ters in addres sing memory has been discus sed and 
ill u s t rat e d. Th is c hap t e r t a k e sup the use 0 f a very 
special pointer which is implemented in the 6502 
hardware. This hardware feature plays a central role 
in 6502 programming. It is known as the stack pointer. 

The pointers used in the earlier text, e.g., 
example 6-15, were 16 bits in length and held in a pair 
of adjacent scratchpad memory locations. In the case 
of example 6-15 the pointer was used to access a block 
of memory locations for the purpose of finding their 
sum. After each access the effective pointer was 
incremented by incrementing the Y register which 
modified the pointer, in this way accessing higher and 
higher memory addresses. 

In contrast to the 16 bit pointers held in memory 
in the earlier examples, the stack pointer is an eight 
bit hardware register which holds the low eight bits of 
a memory add res s. The high eigh t bit s ar e se t by the 
hardware to 00000001. Since the hardware stack pointer 
containing the low eight bits of the address is eight 
bits long and the upper eight bits of the address are 
''hardwired'' to 00000001, the stack pointer can contain 
an effective address of $100 to $lFF, i.e., it can 
point to any of the 256 locations which immediately 
follow the scratchpad. We will call this 256 word 
memory block the stack area or the stack. Data entered 
into the stack are said to be pushed onto the stack. 
Data extracted from the stack are said to be pulled or 
popped from the stack. 

Besides having its high eight bits fixed by the 
6502 hardware, the stack pointer is different in one 
important feature from the other pointers we have 
encountered in that it is self incrementing and 
decrementing. Pushing a datum onto the stack causes 
that datum to be stored into the memory location 
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pointed to by the stack, and then causes the stack 
pointer to be decremented, i.eo, to point to the next 
lower memory location. A subsequent push stores the 
datum into this next lower memory location and 
decrements the stack pointer to point to the one next 
lower than this, and so forth. 

Pulling a datum from the stack first increments 
the stack pointer to point to the next higher memory 
location, then accesses that location. The system of 
pushes and pulls exactly parallels the operation of the 
serving tray stacks found in cafeterias. Imagine the 
tray dispensing device empty. Now drop a tray onto the 
dispenser, then another, then another. The firs t tray 
dropped on is on the bottom, and the last one dropped 
on is on the top. Accessing this stack of trays one at 
a time, the las t tray dropped onto the stack (pushed) 
is the first tray available from the stack, the first 
to be pulled. Accessing the stack through the stack 
pointer works exactly the same way. Data are 
withdrawn, i.e., pulled, from the stack in exactly the 
opposite order from that in which they were pushed. 
Such a structure has a formal name, a LIFO stack, 
meaning Last In First Out. There are other types of 
stacks but only the LIFO stack will concern us here. 

The stack pointer is loaded by transferring the 
desired contents from the X register by means of the 
TXS (Trans fer X to S) instruction. Examp Ie 9-1 shows 
this operation. 

EXAMPLE 9-1 

The stack pointer is to be loaded in such a way 
that it contains the highest possible stack 
address. 

label inst operand 

STDJ) LDX #$lFF X 1S loaded with the largest 
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number containable in 8 bits. 
move X contents to stack 
pointer 

The 6502 allows the contents of the A register and 
the processor status word to be pushed and pulled. 
This is in sharp contras t to other microprocessors in 
which most machine registers can be pushed and pulled. 
The instructions which push and pull A and PSW are: 

PHA - Causes the contents of the A register to be 
pushed onto th e s tack at th e 1 oca tion current 1y 
pointed to by the stack pointer (SP). SP is then 
decremented to point to the next lower addres s. 
The contents of A are not changed. 

PLA - Causes the stack pointer to be incremented and 
the contents of the location now pointed to by SP 
to be loaded into A. The contents of memory are 
not changed. 

PHP - Causes the contents of the processor status word 
(PSW) to be pushed onto the stack at the location 
currently pointed to by SP. SP is then 
decremented to point to the next lower addres s. 
The contents of PSW are not changed. 

PLP - Causes SP to be incremented and the contents of 
the location now pointed to by SP to be loaded 
into the processor status word, PSW. The 
contents of memory are not changed. 

The meanings of the bits of the processor status 
word were detailed on pages 58 and 59. Their actual 
physical locations within the PSW is occasionally 
important, as we will see in example 9-7. The PSW 
layout is shown below. 
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PSW Bit Locations 

position Iii !± 1 1. 1. Q. 

contents N V * B D I Z C 

the bit 5 position being unused. 
The transfer of data from A to the PSW ~s shown in 

example 9-2. 

EXAMPLE 9-2 

The contents of the A register are to be copied 
into the PSW. Perform this operation using the 
stack. 

label inst operand 

ACOFY FHA contents of A to stack, decrement 
stack pointer. 

PLr contents of stack location to PSW 
then increment stack pointer. 

The contents of the A register and the PSW may 
be swapped by pushing them onto the stack, then pulling 
them back in the opposite order. This operation is 
shown in example 9-3. 

EXAMPLE 9-3 

The contents of the A register and PSW are to be 
exchanged by pushing and pulling from the stack. 
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label inst operand 

RSWAP ~ A contents to stack, 
decrement SP 

PU 

PSW contents to stack, 
decrement SP 
increment SP, stack 
contents to A register 
increment SP, stack 
contents to PSW 

The swap will not work in the opposite order, 
i.e., pushing the PSW first, then A and pulling 
PSW and then A. It would be a very good exercise 
for the reader to read the descriptions of the 
instructions in the 6502 reference manual and find 
out why. 

The stack can be used as a very efficient means 
for addressing blocks of memory to be scanned. This 
works very well since it eliminates incrementing and 
decrementing, but you must never use this technique in 
a system in which an interrupt can occur. The reason 
for this warning will be clear when interrupts have 
been discussed. Use of the stack to scan a memory 
block is shown in example 9-4. 

EXAMPLE 9-4 

A 72 element character string is located beginning 
at $100. Using the stack to "pop" successive 
characters into A, count the numbers of left and 
right parentheses in the string. If the numbers 
are unequal send control to location TILT. If 
they are equal control should go to OK. 
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label inst operand 

SCM ]['DX 
TIS 
lLDX 
I..lDY 
][.])A 

STA 
SCJJLP PM 

CMP 
BIlE 
IIIX 

TanT CMF 
BmE 
DIY 

EOL DE 
BIMZ 
STX 
TYA 
S1m 
BO 
HZ 

#$lFF 

#0 
#0 
#72 
OOlUNT 

OO1lJJNT 
S«:JILlF 
CflDUNT 

C«J)UNT 
TILT 
OK: 

load stack pointer 

X will count "(" 
Y will count Ii)" 
set string length 
in memory 
get character from stack 
is it "("? 
skip if not 
if yes, increment "( II count 
try ")" 
skip if not ")" 
otherwise bump ")" count 
decrement character count 
and repeat if count not zero 
move "(" count to memory 
and ")" to A register 
form difference 
go to TILT if not equal 
otherwise OK 

There are some important things about this example 
which should be understood before passing on. 
First, the stack pointer was loaded with $FF, but 
the bloc k began at $100. Recall tha t SP is 
incremented before pUlling. Incrementing $FF 
yields $00 and the first number to be pulled from 
the stack will come from this location. It is 
impor tan t to unders tand this property of the 
stack, i.e., that it "wraps" around when 
incremented or decremented through zero. Second, 
when the scan loop was finished we stored X into 
COUNT. This saved a memory location since COUNT 
was no longer needed to hold the loop count. 
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In example 8-4 a single preC1S10n multiplication 
program was given, multiplying an eight bit 
multiplicand by an eight bit multiplier to give a 
sixteen bit result. Multiplication is a very commonly 
required func tion, likely to be needed a t a number of 
points in a large program. Up to this point in the 
book, if some function such as multiplication were 
required at, say, four points, as for the double 
precision mUltiplication scheme on page 115, there 
would be no alternative to writing out the program in 
example 8-4 four times. This would certainly do the 
job but would be terribly wasteful of memory space. 

What is needed here is some means by which we can 
have the multiplication or other program in memory only 
once. At the point in the program where a 
multiplication was needed the program could load 
multiplier and mUltiplicand into A and X and jump to 
this single program for the product. Jumping to the 
program is certainly no problem since the JMP 
instruction with its 16 bit address can reach anywhere 
in memory. The problem is how to get back to the 
proper place in the program after the product is found. 

This can be done in several ways. The simplest 
would be for the program that required the product to 
leave a pointer in scratchpad. The pointer would 
contain the address of the point in the program to 
which control was to be transferred after the product 
was found. The part of the program which required the 
product would then look something like this: 

CDB RTP,HERE create return pointer at RTP 
LDA MPLR get multiplier 
LDX MCND get multiplicand 
JMP MPY execute the mUltiply program 

HERE 

and the multiply program would begin by storing A in 
MPLR and X in MCND. The program would then proceed 
exactly as in example 8-4. When the product had been 
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found control would be returned to location HERE by: 

JMP *RTP 

While the above will certainly work it is clumsy 
and long winded, particularly when one remembers that 
CDB requires 8 words of instructions to create the 
return pointer in scratchpad. There has to be a better 
way, and there is. 

What we require here is a kind of jump instruction 
that will somehow remember where it jumped from, 
marking the p lace so tha t a return can be made to th e 
instruction which followed the jump. Such an 
instruction exists on the 6502. It is the JSR, Le., 
Jump to SubRoutine instruction. JSR is a three word 
instruction which specifies a full 16 bit address. It 
can therefore reach anywhere in memory. It "marks the 
spot" by pushing both halves of the 16 bit program 
counter onto the stack. This means that the stack 
contains the updated program counter. This updated 
program counter can be retrieved from the stack and 
used as a jump pointer to return to the proper place. 
Again, it is possible to access the stack locations 
which contain the return pointer through the normal 
instruction set of the 6502, but this is not necessary. 

A companion instruction to JSR is RTS. RTS pulls 
the 16 bi t number a t the top of th e s tack and loads it 
into the program counter, effectively transferring 
control to the instruction at that location. The whole 
picture is a little more complicated than this, but 
this will give you the general idea of how it works. 
Using this scheme a single copy of the mUltiply or 
other program can be kept in memory and at every point 
where multiplication is required a JSR to the 
multiplication program is used. The multiplication 
program, in its turn, always ends with an RTS 
instruction which transfers control to the instruction 
following the JSR. Now let's try to apply this to the 
case of double precision multiplication mentioned on 
pages 114-115. The multiplication program of example 
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8-4 requires a little modification. The modified 
version is shown in example 9-5. 

EXAMPLE 9-5 

Modify the multiplication program of example 8-4 
so that it can be invoked by a JSR instruction and 
will return control to the instruction following 
the JSR with the low product in A and the high 
product in X. Upon entry to the MPY program the 
multiplier will be in A and the multiplicand in X. 

label inst operand 

MPY STA MPJL.R. save multiplier 
S'lX MClIJD save multiplicand 
LDY #8 set mUltiply step count 
CIA. clear low product 

MPYl .ASIA. shift double product left 
ROL HIPIOD 
.ASL MPI.R. multiplier bit to carry 
Bce JII1PY2 skip if multiplier bit zero 
ADD MCMJ][ll otherwise add multiplicand 
Bee MPY2 check for carry 
DC lUPllOD propagate carry 

MPY2 Jl)EY decrement step count 
BBZ MPYl repeat if necessary 
LDX KInOJl) get high product 
RTS return to calling point 

MPLR. *** multiplier storage 
MCIID *** multiplicand storage 
HIPliO]l) *** high product storage 

A program written in this form, so that it can be 
invoked by other programs is known as a subprogram or 
subroutine. A subroutine can be viewed as an extension 
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of the machine's instruction set in the sense that a 
block of instructions can be created to perform any 
required task and invoked by using a JSR addres sed to 
the location at which the block begins. Creation of a 
subroutine means that the function which it performs 
need only be written once and not repeated at each 
point at which the function is needed. With this in 
hand we can now address the double precision 
multiplication requirement. The example below uses the 
notation detailed on page 115 for the high and low 
order parts of the various partial products. 

EXAMPLE 9-6 

A double precision multiplier is in memory 
locations A and B, high order in A, and a double 
precision multiplicand is in memory locations C 
and D, high order in C. Crea te a subroutine named 
DMPY to find the quadruple precision product of 
these numbers using the MPY subroutine of example 
9-5. Leave the product at locations BIGPRD 
through BIGPRD+3, lowest order at BIGPRD. 

label inst operand 

DMPY LDA A find product of two 
LDX C high orders 
.JSR MPY A times C 
STA lAC save product 
S'l'X BAC 
JI.DA A find A times D 
][J)X D 
.JSR MPY 
STA I..IJIl) save product 
S'l'X lID 
][,])A B find B times C 
lIJ)X C 
.JSR MPY 
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STA 
S'l'X 
LDA. 
LDX 
JSR 
STA 

'UA 
LDY 
AJIllD 
BCC 
DIY 
aD 
BCC 
DIIY 
STA 
'lU 
lL.DY 
ADD 
BCC 
DIY 
ADD 
BCC 
DIY 
AlllID 
BCC 
:JDin' 
STA 
'lYA 
DD 
STA 

liTS 

LBC save product 
DC 
B find B times D 
D 
MPY 
BIGPRD low order BD is low order 

product. The remaining three 
high orders must now be 
added to form the final 
quadruple precision product. 
move HBD to A and 

#0 clear Y to receive carries. 
DC HBD + LBC 
DMl skip if no carry 

bump carry word 
:um HBD + LBC + LAD 
DMl skip if no carry 

bump carry word 
BIGPlm+l save 2nd order product 

move carries to A 
#0 and clear carry word again 
HiC carries + HBC 
DM3 skip if no carry 

bump carry word 
RiD carries + HBC + HAD 
DM4 skip if no carry 

bump carry word 
~ carries + HBC + HAD + LAC 
DMS skip if no carry 

bump carry word 
BIGPmD+2 save 3rd order 

move carries to A 
~C form carries + HAC 
BIG~3 save high (4th order) 

product 
return control to calling 
program. 
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As clumsy as this task is, think of trying to do 
it without the MPY subroutine. The MPY program of 
example 8-4 would have had to be written four times in 
line. The effect of the existence of the MPY 
subroutine is to increase the 6502's instruction set to 
include multiplication. 

A subroutine may be written to fulfill any special 
need, e.g., to check whether a character is legitimate 
decimal or not. Such checks are known as validity 
checks. A validity check is shown in example 9-7. 

EXAMPLE 9-7 

A subroutine is to be written to check the 
validity of the ASCII character in A. If the 
character is a valid numeric digit 0 - 9, return 
with carry off. If it is not a valid decimal 
digi t return with carryon. In nei ther cas e 
should the A register be disturbed. 

label inst operand 

D~ CMP 
:lLS 
CMP 

BGE 
CLC 
RTS 

HaGOOD SEC 
RTS 

HOGOOD 

~s it > or = to ASCII zero? 
not if less 
check for less than ASCII 
character after nine 
skip if > or = to $BA 
carry off for valid decimal 
return with carry off 
carryon for garbage 
return with carry on 

A kind of validity check which can save a great 
deal of space in a large program like an assembler 
involves testing a character for several conditions and 
setting the flags of the PSW to reflect those 

133 



SUBROUTI~ES AOOD TEE STACK POI~TER 

conditions. This kind of subroutine is usually called 
from a great many points within a large program and 
setting the flags in this way saves considerable 
testing after each call. With the known flag settings 
the calling program can do its testing briefly with BZ, 
BMI, etc. This kind of validity check is shown in 
example 9-8. 

EXAMPLE 9-8 

A validity check subroutine is to be written which 
will examine the character in A and return with 
the flags set as follows: 

N flag on if the character 1S a period 
V flag on if the character is a carriage return 
Z flag on if the character is a blank 
C flag on if the character is a comma 

This exercise will be considerably aided by use of 
the EQU pseudo op. If the symbols N, V, Z, and C 
ar e def ined : 

label inst operand 

N EQlIU $00 
V EQU $4() 
z EQU 2 
C EQUJ 1 

they may be referred to symbolically, without 
having to specifically memorize the bit position 
table given earlier in this chapter. Having done 
this the validity check subroutine looks like 
this: 

VCBK LDY 
CMP 

IN 
II D D 

period code to Y 
was it period? 
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BEQ 
LDY 
CMP 
BlK,Q 
IDY 
CMP 
BEQ 
LDY 
CMP 
BEQ 
LDY 

STA 
'l'YA 
PlIHA. 
LDA 
PLP 
RTS 

ftTH 
Iv 
#$8D 
Vli'lB 
IJ:z 
IJ: 0 0 

VRm 
Ie 
I' iii 0 

VRTR 
#4 

T 

T 

yes 
C.R. code to Y 
was it carriage return? 
yes 
blank code to Y 
was it blank? 
yes 
comma code to Y 
was it comma? 
yes 
character was not period, 
carriage return, blank or 
comma. Clear Y except for 
bit 2. Bit 2 is explained 
in chapter 18. 
save character in A 
move pseudo PSW to A 
pseudo PSW to stack 
retrieve character 
pseudo PSW to real PSW 
return to calling program. 

In the discussion a bit earlier in this chapter it 
was mentioned that the JSR-RTS operation was not quite 
as simple as it looked, and now we must face the 
complication before taking up the next topic. 

JSR is an exc eption to th e rule tha t th e program 
counter always points to the instruction following the 
one being executed. JSR is a three word instruction 
which should, it would be supposed, increment PC by 
three to point to the instruction following the JSR. 
This is not quite true. JSR increments by two instead 
of three and the result is that the address pushed onto 
the stack by JSR is the address of the last word of the 
JSR instruction i tse If rather than tha t of th e firs t 
word of the following instruction. 

This causes no problem when JSR is used in 
conjunction with RTS, since RTS compensates for the 

135 



SUBRourI~ES ARD TEE STACK P@IBTER 

strange behavior of JSR by incrementing the addres s 
pulled into PC before the actual transfer of control 
takes place. Control then actually passes to the 
proper point, the first word of the instruction which 
follows the JSR and no damage is done. If JSR or RTS 
is to be used out of this context however, this 
peculiarity must be dealt with. 

A frequent requirement in 6502 application 
programs is a computed jump address. This arises where 
some piece of data is evaluated with the next program 
action being determined by the result of the 
evaluation. A table of addresses of the point to be 
jumped to is kept and, on the basis of the data 
evaluation, an address is selected from the table. 
There are several ways to do this. The simplest is to 
assemble a dummy jump instruction like this: 

CJMP JMP 0 

When the address has been selected from the table it is 
simply filled into the second and third words of this 
dummy jump instruction. When control passes to the JMP 
a jump to the address which has been filled in will 
occur. This is simple and very easy to do but it has 
some disadvantages, the most serious of which is that 
the technique will not work in ROM because the address 
cannot be written into memory. This is an instance of 
a group of techniques which go by the name of self 
modifying codeo Besides not working in ROM, the use of 
self modifying code offends some programming purists. 

Another way to acomplish the same thing is to fill 
in a scratchpad pointer and then jump indirectly to 
this pointer. This still modifies memory but in a data 
area rather than a program area. A better way is to 
push th e des ired addres s onto th e stack and then 
execute an RTS, which pulls the address just pushed 
onto the stack into pc. The address pushed onto the 
stack, however, must be one less than the actual 
desired target point because RTS will increment it 
before the actual transfer of control, thinking to 
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compensate for the oddity of the JSR instructiono The 
entries in the jump table must thus have the form: 

DBL TGT-l 

A computed jump of this kind is shown in example 9-90 

EXAMPLE 9-9 

An ASCII character is in Ao It is to be examined 
for one of the five values Q, W, E, R, or To If 
it is a Q control is to be transferred to QPR, if 
a W control should go to WPR, etco If the 
character is none of the above control should be 
transferred to NGo 

This problem could be attacked by the brute force 
method of comparing the character in A 
successively to all of the possible legal values 
and branching to a special block of instructions 
to handle that caseo We will use a more elegant 
solution, a table lookupo The tables are defined 
as: 

label inst operand 

B0VERTD 
QPll-l j \iln.-l ,EPll-l ,Ift-l , TPJl-lI. 

and the program to search CTABLE and look up the 
corresponding address in JTABLE is: 

LDY #~~LB-CTABLE this loads a value into 
Y equivalent to the differ­
ence of the symbols JTABLE 
and CTABLE, ioeo, a 50 

STlL CMP CTABLm-l,Y remember that the actual 
table runs from CTABLE to 
CTABLE+4 so that the effect-
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REQ 
DEY 
RITZ 
HZ 

ASU\. 
TAT 

ST2 

STl 
RIG 

ive address of this instruc­
tion is CTABLE-1+5 or 
CTABLE+4 on the first pass. 
branch out of loop if equal 
otherwise bump index 
and do it again 
a jump would do as well here 
but since we know the Z flag 
is set we can take advantage 
of the shorter brancho 
Y contains the address of 
the character relative 1& the 
beginning of CTABLE, ioeo, it 
is a displacement. Since the 
entries in JTABLE are each 
two words long we must double 
the displacemento 
AR = AR times 2 
move back to Y. Y now 
contains a number from two 
to ten. 

J~LE-l,Y if the character was a Q 
Y contains a two. The effec­
tive address of this LDA LS 

therefore JTABLE-1+2 or 
JTABLE+1, the address of the 
high order QPR-l. 

FHA push onto stack high order 
first 

LOA J~LE-2,Y fetch low order jump 
address 

PEA and push it onto the stack 
RTS now pull the top two stack 

words into PC and increment. 
This takes you where you 
want to go. 

This bus ines s of table lookup LS very imp or tan t 
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and will be covered in greater detail in chapter 11. 
Subroutine operations are not limited to a single 

depth, i.e., a subroutine can call other subroutines 
and these call still lower level subroutines. The case 
of a subroutine calling another subroutine is shown in 
example 9-10. 

EXAMPLE 9-10 

A subroutine is required which will convert the 
binary contents of the A register to two ASCII­
hexadecimal digits, the high order to be returned 
in X and the low order in A. 

The conversion itself is fairly straightforward. 
Each four bit group is isolated and tested. If 
the value of the group is less than ten the high 
bits 1011 are attached to it and the conversion is 
complete. Since there is a gap of 7 characters 
between "9" and "A" in the ASCII sequence, a 7 
must be added to the four bit group if its value 
is ten or greater. To avoid dup Ii ca ting th e 
actual conversion part of the program we relegate 
it to another subroutine. 

label inst 

CJn'2lH!X PlIIIA 
LSRA 
LSRA 
LSRA 
LSRA 
J'SR 
TAX 
PU 
J'SR 
JUS 

crnJI AJID 

operand 

CBIIJ 

CJWlI 

#$Jtl' 

save binary A register 
shift right four bits 
very, 
very 
slowly 
convert high four bits 
save high character in X 
retrieve original number 
convert low four bits 
return to calling program 
clear high four bits 
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CMP 
BLS 
ADD 

CDJI2 DD 

RTS 

#$A 
CDII2 
#7 
l$lIW 

less than 10? 
skip if less than 10 
otherwise bias up by 7 
if the four bit value was 
less than 10 this ADD has 
the same effect as an OR. If 
the value was 10 or more the 
upper four bits of the char­
acter become 1100, resulting 
in an alphabetic character 
A through F. 
this RTS returns control to 
a point in the CNV2HX sub­
routine, not to the point 
which called CNV2HX. 

The actual mechanics of the conversion are not 
important here. What is important is that you 
understand the techniques used. First the stack was 
used to save the binary A register. A STA would have 
done as well, followed by an LDA when the number was to 
be retrieved, but the PHA-PLA sequence is shorter. 
Second, the subroutine CNV2HX, itself called by some 
other program, in its turn called a yet lower level 
subroutine, CNVN. This may go on to any reasonable 
depth within the limits of stack capacity. 

In the examples given so far the numbers upon 
which the subroutine operated and the results it 
produced were transmitted between the calling program 
and the subroutine in the 6502's registers. The number 
or numbers supplied to the subroutine by the calling 
program are known as th e arguments. The resul ts 
returned from the subroutine to the calling program are 
called functions. If the subroutine is simple and 
requires three or fewer arguments or functions to be 
transmitted, then the 6502's registers will suffice. 
If there are more than three some other means of 
transmitting the arguments and functions must be found. 
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The simplest way to do this is through scratchpad. The 
calling program leaves its arguments in a specified 
scratchpad area, and the subroutine expects to find 
them there. The subroutine then operates on the 
numbers in these locations and places its results in 
the scratchpad, where the calling program expects to 
find them. This kind of argument transmission is shown 
in example 9-11. 

EXAMPLE 9-11 

A subroutine is required which will find the sum 
of a variable number, less than 21, of single 
precision unsigned magnitudes. These numbers are 
in a block of memory labeled VECTOR. The number 
of numbers is in a scratchpad location named N. 
The calling program places the addres s of VECTOR 
into scratchpad location PTR. The double 
precision sum of the numbers is to be found and 
left in scratchpad location VSUM. The calling 
program has defined the required scratchpad 
locations by: 

label inst operand 

SPD $5A 
PTR $$$ filled in by program. This 

is an address pointer to the 
block to be added. 

*** also filled in by program. 
This is the number of 
numbers to be added. 

VSlJH $$$ the double precision sum is 
to be left here. 

The calling program has filled in th e poin ter at 
PTR with: 
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CDB PTR,V!CTOR 

The subroutine is: 

DBLSm!! 1L.DY «J) clear index 
'l'YA clear A for low sum 
TAX clear X for carries 

ADWOP ADD *PTR,'Y add number from VECTOR 
BCC ADL2 skip if no carry 
In propagate carry to X 

ABL2 DIY bump index 
DEC N and decrement count 
BB ADLOOP repeat until N = 0 
STA VSUK save low sum 
STX VSUI!l+l save high sum 
RTS return to calling pro~ram 

Before leaving example 9-11, notice that a pointer 
to the block to be added was kept in scratchpad, not 
the block itself. Scratchpad space is too precious to 
waste on large blocks of data. 

The final method for argument and function 
transmission which will be considered here is that in 
which a block of addresses is held in scratchpad. Each 
address so held functions as a pointer to an argument 
held elsewhere in memory. This method of transmission 
illustrates one of the very few uses of preindexed 
indirect addressing. It is shown in example 9-12. 

EXAMPLE 9-12 

A calling program has left the addresses of three 
numbers whose sum is to be found at scratchpad 
locations NPTR1, NPTR1+2, and NPTR1+4. Write a 
subroutine to find the required sum and return it 
in the A register. Overflow may be ignored. 
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label ins t operand 

SUBSlJl!![LJI)X 
LlDA 

10 clear index 
*~,x the effective address of 

this LDA is formed by adding 
the contents of X to those of 
NPTRI and NPTRl+l. The 
contents of this address is 
then loaded into A. 

IDIX bump index to point to next 
mIX address pointer. 
ADD *NPTRl,X now add second element 
IDIX bump index to point to 
ImX third address pointer 
~D *NPTRl,X add the third element 
RTS return to calling program. 

Finally, it should be noted that the usual method 
for transmitting arguments in microprocessors and 
minicomputers is to have the addresses of the arguments 
follow the calling instruction. On the 6502, such a 
subroutine call would look like this: 

JSR SUBR 
DBL ARGI 
DBL ARG2 
DBL ARG3 

and so forth for as many arguments as exist. This can 
be done on the 6502 and it would be an excellent 
programming exercise to attempt it. As a practical 
matter, however, the 6502's facilities for handling 
argument transmission in this form are such that the 
programming overhead involved becomes very burdensome. 
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Several references have been made in the earlier 
chapters to the addressing of blocks of memory. The 
purpose of this chapter is to detail more formal 
methods for addressing such memory units and to develop 
these methods for the 6502. 

A series of memory locations with sequential 
addresses which contain data which are related in some 
way is known as an array. Such a structure is under 
some circumstances known as a vector. The way in which 
the items in the array are related is specific to the 
problem to be solved. There might, for example, exist 
a series of doublewords which contained the addresses 
of subroutines to be called, as in the assembler 
listing at the back of the book. In this circumstance 
the structure is referred to as a transfer vec~or. The 
array might contain successive values of some 
mathematical function like logarithms or trigonometric 
functions to be looked up by some indexing argument. 
An array like this is known as a table. 

In the assembly language space is reserved for an 
array by means of the RES pseudo-oPe To reserve 57 
words of memory under the label FLIGHT, we write: 

FLIGHT RES 57 

The label FLIGHT applies to the member of the array 
with the lowest memory address. The use of RES in the 
source program causes a special record to be generated 
in the object program which, when encountered by the 
loader program, will skip 57 words in memory. Note 
that the 57 words are not set to zero or any other 
specific value, only skipped. If the array is supposed 
to have some initial value, then ei ther th e program 
must actively store this value into it or the array 
should be created by a different means, e.g., a DATA or 
ASe pseudo-op. NEVER assume that an uninitialized 
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memory location or group of locations contains a 
particular value or values when program execution 
begins. An assumption like this can lead to some 
mysterious errors. If the program initializes the 
memory word or words a t the end of its execution, i.e., 
a re-initialization, the program will produce correct 
results the second and succeeding times but not the 
first. This kind of problem can be awkward to find. 

Using the DATA or ASC pseudo-ops to fill a block 
is simple. To get a block which contains the first ten 
integers under the label TRIXIE write: 

TRIXIE DATA 1,2,3,4,5,6,7,8,9,10 

The label TRIXIE refers to the location containing the 
1. The operand field of this pseudo-op is longer than 
normal and runs into what is normally the comment 
field. Don't let this bother you as the assembler has 
enough sense to push the comment field over to the 
right to compensate. To use the ASC pseudo-op to 
generate a block containing text under the label KENOBI 
write: 

KENOBI ASC 'MAY THE FORCE BE WITH YOU' 

Again, the label KENOBI refers to the first word of the 
block, in this case the one containing the ASCII code 
for the letter M. As with DATA above, the comment 
field of an ASC will be moved to the right to 
accomodate a long operand field like the one above. 

Short data arrays are usually handled in the 6502 
by means of the index registers. In simple indexed 
addressing the effective address of the memory 
reference instruction is formed by adding the contents 
of X or Y to the address given in the instruction. 
Since the index registers are limited to eight bits 
this method will not work for arrays which are more 
than 256 words long. This limitation is one of the 
principal reasons for the awkwardness of array 
addressing on the 6502. A use of this simple method of 
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array addressing is shown in example 10-1. 

EXAMPLE 10-1 

A 50 word block begins at location RECORD. This 
block contains data which are to be written onto 
an external medium. It is the common practice in 
such writing to include with the record being 
written some kind of error detection code. The 
simplest of such codes is known as a checksuB. 
The checksum of a block of data is simply the raw 
sum of all of its words, ignoring carry and 
overflow. This checksum is included with the 
record being written. When the external record is 
read back into the computer, the program which 
reads it, known as a l@acdler, computes an 
independent checksum and, when the entire record 
has been read, compares its computed checksum to 
the one included with the record read. If the two 
are not identical an error has occurred and the 
loader program notifies the operator that the 
loaded data are not to be relied upon. Write a 
program to compute the simple checksum of the 50 
words beginning a t RECORD, stor ing th e resu 1 tat 
CKSM. 

label inst operand 

DlID'l 

#50 number of words in block to Y 
clear A to receive sum 

REOOlID-Ji. ,Y the block runs from RECORD 
to RECORD+49. The effective 
address of this instruction 
is therefore RECORD-l +50 or 
RECORD+49, the highest 
addres s of the block. 
decrement index. The next 
time through the add loop the 
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effective address of the ADD 
will be RECORD+48. 

BRZ CEKS~ the last time through the 
loop Y will contain a 1, so 
that the effective address 
of the ADD is RECORD-1+1 or 
just plain RECORD. When Y 
becomes zero the loop is 
finished. 

STA CKSH save computed checksum 
program continues 

The coincidence of the two computed checksums in 
example 10-1 does not insure that no error has taken 
place, it only makes it less probable. This kind of 
error check is the minimum which must be performed. No 
data should ever be transmitted outside the computer 
and reread without at least a checksum error check. 

It is often necessary to handle two or more arrays 
at once. The case of two short arrays is fairly simple 
on the 6502, since two index registers are available. 
This case is shown in example 10-2. 

EXAMPLE 10-2 

A bidirectional printer is to be driven using a 
6502 as the "intelligent" element. To achieve 
correct printing in the reverse direction the 
computer must, among other tasks, reverse the 
image of the line to be printed, i.e., the first 
character is swapped with the last and so forth 
until the entire line has been reversed. The line 
length is 80 characters. Such applications as 
this require great economy in the use of memory, 
since no t jus tone printer is invo 1 ved. The 
program will typically be used in thousands of 
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printers, and a waste of memory of only a few 
words becomes very expensive when mul tiplied by 
the number of units involved. The problem, 
therefore, must be solved by reversing the array 
"in place", i.e., without using an auxiliary array 
for workspace. This is accomplished by dividing 
the array into halves and treating it as two 
arrays. The array begins at location LINE. 

label inst operand 

STA 
LDY 
LDX 

REnRS I.D& 
PBA 
LDA 
STA 
PM 
STA 
DIY 
DB 
DEC 
BU 

#40 

SCCln' 
#0 
179 
LDE,'!' 

LIIIE,X 
LDJE,Y 

LDE,X 

S«:Jn' 
RE'nRS 

the number of swaps which 
must be made is half of the 
array size. 
save count in memory 
index to low half of array 
index to high half of array 
get low array member 
save on stack 
get high array member 
save in low array position 
retrieve low array member 
save in high array position 
increment low index 
and decrement high index 
decrement swap count 
swap again if not zero 
program continues 

Perhaps the most common of all array processing 
tasks is sorting, i.e., the rearrangement of the 
members of an array in ascending or descending order. 
Since this task is so common, particularly in 
commercial data processing environments, a very great 
deal of effort has been expended in finding methods for 
doing it efficiently. A full treatment of this subject 
is well beyond the scope of a book like this. If the 
reader has an interest in this subject he would be 
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advised to consult the specialized literature, e.g., 
Computer Sorting by Flores (Prentice-Hall, 1969). 

The simplest of all sorting methods is known as a 
bubble sort. Suppose an array is to be sorted so that 
the numerically smallest member is to occupy the lowest 
memory addres s. The bubble sor t does this by comparing 
each member of the array to the one in the next higher 
memory addres s, i.e., member N is compared to member 
N+1. If member N is greater than member N+l the two 
are swapped. This process is continued until an entire 
comparison pass over the array can be made with no 
swaps. On each pass through the array a larger number 
moves one space closer to the top. The number of 
necessary passes is obviously indefinite, only one pass 
being necessary if the array is already in order, the 
number of passes required increasing as the disorder of 
the array increases, the worst case being that in which 
the array is in exactly the opposite of the required 
order. 

In an array which contains N elements N-l 
comparisons are necessary on the first pass. Further, 
since the largest element is ilfloated" to the top on 
the first pass it need not be recompared, and the 
second pass need only make N-2 comparisons beginning at 
the bottom. On this second pass the second largest 
number is "floated il to the second highes t position and 
ne ed not be recompa red on sub s equen t pas se s. The 
number of required comparisons on the third pass, 
theref or e, becomes N-3. Thi s continue s f or as many 
passes as are necessary, the number of required 
comparisons for each pass becoming one less. This 
process continues until the number of required 
comparisons becomes zero, or a pas s is made which 
requires no swapping of array elements. 

The case of two equal array elements requires 
special attention. If two array elements are identical 
they must not be swapped. This would result in the 
number of swaps per pass being nonzero under all 
conditions. In this situation the sort can never end 
since the number of swaps cannot be zero. 
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Sorting an array with multiple length members is a 
good deal messier mechanically but the principle is the 
sameo The comparison must be carried out in mUltiple 
precisiono If the multiple precision numbers are 
signed remember that all but the highest orders are 
compared as simple magnitudeso A simple single 
precision bubble sort is shown in example 10-30 

EXAMPLE 10-3 

An array begins at loca tion VCTRo The number of 
array elements is in location VSIZE. Sort the 
array into ascending order using the bubble sort 
methodo 

label inst operand 

IJ)X VSIZE get array size 
HZ EOSORT skip out if array empty 

SRTA nlEX number of compares is one 
less than array size 

HZ EOSORT finished if only one element 
S'IX PCIIT number of compares/pass 
SIX DCIn' number of compares this pass 
I.DX #0 index to point to element N 
I.DY 11 and to element N+l 
SIX NSWAPS clear swap counter for pass 

SRTC I.DA VCTR»J: get element N 
CMP VCTR,Y compare to element N+l 
Bl&Q SRTIll don't swap if equal 
lBI.S SRTlI» or less 
FlU. otherwise save element N 
JL.DA VCTR,Y get element N+l 
STA VC1'R.,J: place in element N 
PM retrieve old element N 
STA VCTR»Y place in element N+l 
DC WS'6lAPS increment swap counter 

SRTJll) mx increment index 
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IliWY 
mM:: JI)CIIT finished with this pass? 
BlIZ SRTe not if still nonzero 
LDX PCIIT compares/pass to X 
JL.DA. NSWAPS any swaps this pass? 
BZ EOSORT not if NSWAPS = zero 
BRZ SRTA otherwise set up next pass 

EOSORT program continues 

The bubble sort method of example 10-3 will work 
for an array of any length if modifica tion is made to 
eliminate the use of the short eight bit index 
registers. The reader should be aware, however, that 
the execution time for the sort increases very sharply 
with the length of the list. 

Table lookups are divided into two broad types, 
the first being that in which some incoming argument 
can be used directly as an index to locate the required 
item in the table. This technique is often used even 
when the the table item could be computed because of 
the great speed of the technique. A simple example of 
a fast table lookup is shown in example 10-4. 

EXAMPLE 10-4 

A subroutine is required which will return the 
square of the unsigned integer in A on entry. 
This integer will normally be in the range 0 - 13 
inc 1 us i ve. If th e incoming integer is in this 
range return its square with the carry flag off. 
If the integer is out of the 0 - 13 range return 
with A unchanged and the carry flag on. 

label inst operand 

SQUBE eMP 
BGE 

#14 
SQRm 

check argument for range 
abort if illegal argument 
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TAT 
)[.])A 

RTS 
DATA 
DATA 

move argument to index 
SQIBL5'f get square from table 

return to calling program 
O,I,4~9»16,25,36,49 table of 
64»81,100,121,144»169 squares 

This program requires a bit of explanation. Even 
though the program specification above required 
that the carry bit be set off if the argument was 
legal and on if it was illegal the program 
contains no reference wha tever to the carry bi t, 
yet it does work. Advantage has been taken her e 
of one of those time, labor and space saving 
coincidences which sometimes occurs. The BGE 
which follows the CMP assembles as BCS, i.e., 
branch if carry is set. Thus there is no need for 
an SEC instruction since the compare set carry. 
The RTS is thus executed with the carry bit on, as 
specified. If the BGE was not taken the carry bit 
was off. Since neither TAY nor LDA changes the 
carry bit it is still set properly when control 
reaches the RTS. The result is thus proper in 
both cases. 

If you use a trick like this in a program, be sure 
to note the fact in the documentation. The poor 
devil who has to read the program a year from now 
after you've gone will appreciate it. 

Example 10-3 showed a simple table lookup in which 
both argument and function were single length. Very 
often this is not the case, however. If, for example, 
the required range were not 0 - 13 but 0 - 255, the 
table entries would need to be of double length to 
accomodate the squares of the single length arguments. 
This requires that the indexing argument be doubled to 
form the displacement which is then added in double 
precision to the address of the origin of the table. 
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This case is shown in example 10-5. 

EXAMPLE 10-5 

A subroutine is required which will return the 
square of the magnitude in A. The number in A may 
be any value from 0 to 255 inclusive. The double 
length square of the argument is to be returned 
with the high half in X and the low half in A. 

label inst operand 

BIGSQR LDY #0 clear Y tQ receive bit 
shifted out of A 
mUltiply A by 2 

BSQ2 

ASLA 
Bee BSQ2 
DIY 

skip if nothing shifted out 
high bit of A to Y 

DD 
STA 
'lYA 
.ABC 
STA 
LDY 

#<SQRTBL form low table address 
DlDPTR save in scratchpad pointer 

move high bit to A 
I>SQRTBL form high table address 
DlDPTR+X save high table pointer 
#0 clear Y for indirect 

postindexed table access 
Ln& *IDIDPTR,Y get low half of square 
PBA save it on the stack 
IKY Y = Y+l to access high half 
LDA *ElDPTR,Y get high half of square 
TAX move high half to X 
PLl retrieve low half from stack 
RTS and return 

The double length table is generated by means of 
the DBL pseudo-op, 1.e.: 

SQRTBI. DBL 
DBL 
DBL 

0,1,4»9»16,25»36,49,64»81,100 
121,144»169»196,225,256,289 
324,361,400,441,484,529,576 
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and so forth up to: 

DBL 65025 

When selecting a problem solution like this, keep 
in mind that a very large table is required, in 
this case 512 words long. If space is not at a 
premium, all well and good, but if there are 
constraints on the use of memory take a long look 
to see whether you really need the speed that this 
method offers. Very often a trade of speed for 
space can be made. The need for speed is quite 
often the least critically analyzed factor in 
program design. 

Example 10-5 also illustrates the use of the ''half 
symbol" handlers, < and > to perform the double 
precision addition necessary to form the correct 
address in SQRTBL. 

The second type of table lookup arises when it is 
not possible to use the argument to generate an index 
with which to compute the table address of the required 
function. In this case two tables are required, one 
for the argument and one for the function. The entries 
in the two tables may be of equal or unequal length. 
In either case the argument table is searched for the 
required value. When the argument value is found the 
address of the beginning of the argument table is 
subtracted from the table address at which the argument 
was found, yielding a displa~ement. This displacement 
1.S then applied to the beginning addres s of the 
function table in such a way as to generate the 
function table address of the required entry. The 
function table entry is then picked out of the table. 
A simple case of such a table lookup is shown in 
example 10-6. 
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EXAMPLE 10-6 
An automatic telephone dialing system requires 
that a subroutine accept a three character 
identifier and from this identifier look up the 
seven digit phone number corresponding to it. If 
the identifier is found the seven digit phone 
number is to be copied into locations NUMBER 
through NUMBER+6. If the identifier is not in the 
table of legal identifiers the subroutine is to 
call a subroutine which will display an error 
message. This display subroutine expects to find 
the memory address of the ASCII string to be 
displayed in A and X, low half in A. The mes sage 
must end with an ASCII carriage return (8D). The 
identifier is in loca tions CHARI, CHAR2, and 
CHAR3. 

label inst operand 

PRONBK LDY 
LDX 

MABELL ][.])A 

CMP 
BlU 
DIY 
I.D&. 
CMP 
BIlE 
DIY 
LDA. 
CMP 
BilE 

#0 clear Y for index 
#0 and X for counter 
NAMTlL,Y get 1st name character 
CR&Il compare to 1st ID character 
IDIYl failed if not equal 

1st character OK, try next 
NAMTlL~Y get 2nd name character 
CBAR2 compare to 2nd ID character 
DlY2 failed if not equal 

1st and 2nd equal, try third 
NAMTBL,Y get 3rd name character 
CBAR3 compare to 3rd ID character 
DmY3 if control gets past this BNE 

the 3 character identifier 
exactly matched a table 
entry. The number of this 
entry, beginning with 0, is 
in X. 
entry number to A. Since the 
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STA 
ASU\. 
ASIA 
ASLA 
SUB 

TAl' 
LDX 
LIlA 
STA 
DrY 
DEY 
BIlTZ 
RTS 
DIY 
IllY 
DIY 
DIX 
en 
BlIfE 
I.DA 
LDX 
JSR 
RTS 

entries in the phone number 
table are seven words long 
the displacement is computed 
by mUltiplying the entry 
number by seven. Methods for 
multiplication by constants 
were developed in chapter 8. 

TEMP first save the number 
then mUltiply by 8 by 
shifting left three times 

TEMP then subtract the original 
number, i.e., 7N = 8N - N 
move back to Y for use as 

#7 index, move count to X 
NUHTBL,Y transmit digit 
NUDlKR, l' to NUMBER area 

bump index 
and count 

XOOT and do it again if not zero 
finished, return 

#10 

increment index three times 
or twice 
or once 
increment count 
end of table yet? 
if not do it again 
get low message address 
get high message address 
send to message display 
subroutine and return 

The tables and the message look like this: 

a~lHB 

8CIA9 

8 IOlNR 9 

BHJ!mil9 

BlNfSC e 

BGP1Il1 9 
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ASC 
ASC 
ASC 
Me 

NUllTBL ASC 
MC 
ASC 
ASC 
ASC 
ASe 
ASC 
ASC 
ASe 
ASC 

MSG ASC 
DATA 
ASC 
DATA 
ASC 
DATA 

BRUDO 

8AFL O 

sCIO I 

8FDllB 

11375960 • 
°5548765° 
83387556 9 

89671714' 
84462521° 
17291396 • 
83923250 D 

84924669 0 

84809240 D 

118694008° 
ID' YOO CARo 
$A7 
8 T SPELL DON 0 

$A7 
m'l BL&Ml& i!IA :lEL ° 
$8D carriage return 

The message IF YOU CAN'T SPELL DON'T BLAME MA BELL 
was chosen to illustrate how apostrophes are inserted 
into an ASCII string. Since the delimiter for an ASCII 
string is an apostrophe the apostrophe may not be used 
as a character within a string. If an apostrophe is 
required in a character string the string must be 
terminated and the numerical code for apostrophe, $A7 
or its equivalent created with a DATA pseudo-op. The 
string is then resumed with another ASC as shown above. 

The examples thus far have involved arrays short 
enough tha t th e index registers could be used to 
address any member. Arrays are often, however, much 
longer, and techniques for handling arrays longer than 
256 words must be developed. There are three basic 
methods for doing this. The first involves creating a 
pointer in the scratchpad and incrementing Y to reach 
successive array members via indirect postindexed 
addressing. When Y reaches zero the upper half of the 
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scratchpad pointer is incremented, bringing the next 
256 words wi thin add res sing range. The program then 
proceeds to address higher memory by incrementing Y 
alone until Y reaches zero again, at which time the 
high half of the scratchpad pointer is again 
incremented. This process continues until the entire 
array has been covered. This method has the advantage 
of speed since a memory word is only incremented once 
for each 256 accesses. Memory incrementation is much 
slower than register incrementation. It is in general 
much faster to perform any operation in a register than 
in memory. An array search which uses this type of 
incrementation is shown in example 10-7. 

EXAMPLE 10-7 

An array named LETERZ is located in upper memory. 
It is to be searched and the number of appearances 
of the letter E is to be counted, the count being 
kept in locations ECOUNT and ECOUNT+I. LETERZ is 
3987 words long. 

label inst operand 

CDB EC@UNT~O clear count cells 
CDB 8RmT,-3987 negative of array size 

for loop count 
CDB PTR,LETERZ create array pointer 

SEARCE LDA *HR,'Y get array character 
CMP :fDEe check for E 
lElIE 82 skip if not E 
IDB l&QO)UNT increment count of Es 

82 IlH increment index 
BlMZ 83 skip if Y not zero 
IlIC PTR+l increment high pointer 

S3 IDB 8Rarr increment count 
BlIZ SEARCIII. repeat if not zero 
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The use of CDB and IDB in example 10-7 highlights 
the usefulnes s of thes e pseudo-ops. CDB allows four 
lines to be replaced by one and IDB replaces three 
lines with one. Had the instruction sequences which 
CDB and IDB represent been written out the example 
would have been eleven lines longer. It must be 
reiterated here that these pseudo or compound 
instructions do nothing that the programmer could not 
do for himself. They only save writing. 

A second method for dealing with the addressing of 
larger arrays is to dispense with the use of the index 
register entirely. Y is se t to zero and the scratchpad 
pointer incremented after each access. This process is 
slower than the one shown in example 10-7 but is a 
little easier to understand. 

EXAMPLE 10-8 

The problem posed in example 10-7 ~s to be solved 
but without the use of the index register. The 
scratchpad pointer is to be incremented directly. 

label inst operand 

CDB 
CD:S 
CDB 

I.DY 
SEARa I.DA 

CMP 
BBE 
IDB 

82 IDB 

IDB 
18l1Z 

F.Cf!»UNT,O 
SRaIT,-3GJ81 
PTR,LETERZ 

clear count cells 
set loop count 
create scratchpad 

10 
*pm»'lr 
1 0 18: 0 

82 
ECOUNT 
pm 

SRCliYJT 
8EARm 

pointer 
clear index 
get character 
check for E 
skip if not E 
increment E count 
increment double address 
pointer in scratchpad 
increment loop count 
repeat if not zero 
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program continues 

Remember that this only looks shorter because the 
IDB performed on the address in scratchpad is 
written as a single operationo While it is 
simpler to understand than the operation in 
example 10-7, this method is slower because memory 
is being incremented after every access instead of 
every 256th accesso 

A third method for addressing large arrays 
involves the use of a technique called self 
mo~ificationo This is normally the least desirable 
method since it canno t be emp loyed in programs which 
are to be located in ROMo It is employed only as a 
method of last resort to satisfy special conditions, 
eogo, a constraint that the program may not use 
scratchpad to hold a pointero In this case the self 
modification involves the direct incrementation of the 
addres s of th e memory reference instructiono Memory 
reference instructions which do not address scratchpad 
are three words long, the first word being the binary 
instruction, complete with addressing mode, and the 
last two words the direct address expressed as a double 
precision binary numbero An LDA addressed to location 
$C37A, for example, consists of the following three 
words: 

AD 7A C3 

the AD being the LDA instruction for a non scratchpad 
loado The 7A is the low half of the address and the C3 
is the high half in the normal double precision order 
with the low half occupying the lower memory addresso 
Performing a double increment on the addres s occupied 
by the 7A, as with an IDB pseudo-op, yields the 
following result: 

AD 7B C3 
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i.e., the address of the LDA has been changed to $C37B. 
This technique will yield correct results, of course, 
but should be used only when there is no other way out. 
It will not be illustrated further here. It is used in 
the debug program at the back of the book for the 
reason that the debug uses no scratchpad memory 
whatever to avoid interaction with the program being 
debugged. 
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CHAPTER. 11 

PR.OGRAMMED I.Pur/OUTPUT 

If a computer program is to perform any meaningful 
task it must at some point present its results to the 
outside world. This presentation may take the form of 
a CRT screen display or a printed page for human 
inspec tion, or it may take th e form of a contro lling 
signal for some external machine being operated by the 
computer. Except for theoretical computations which 
are to be executed only once with fixed data a program 
also requires some starting data. The problem in both 
cases is communication between the computer and the 
outside world. 

Most computers transfer data to and from the 
outside world by means of special instructions known as 
i1lllput/outPU1!: instructions, a set of special 
instruc tions which trans fer data between machine and 
operating environment, usually via the machine's A 
register. Each of the devices with which the computer 
is to communicate has a unique number known as a dewice 
address associated with it, and data are routed to and 
from the proper device by means of this number. 

The 6502 is one of a small number of computers 
which uses a different method for data transfer. It 
has no instructions specifically devoted to 
input/output nor is any device address scheme used. 
Communication with external devices, or peripherals, is 
accomplished through computer memory. Each peripheral 
device has one or more memory addresses associated with 
it. Data are transmitted to a peripheral device from 
the 6502 by storing into the appropriate address. 
Transmission of data from a peripheral device to the 
6502 is accomplished by loading a register from the 
appropriate memory location. We will take up the 
problem of input first. 

In the case of the keyboard of the Apple II 
getting the input is no problem. The ASCII code 
associated with the key appears in memory location 
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$COOO, i.e., when the "A" key is struck on the Apple 
keyboard the contents of location $COOO become $C1, the 
ASCII code for the letter A. The contents of $COOO may 
then be loaded into A with an LDA and examined. The 
problem is how the program knows that a key has been 
struck at all. 

In the case of the Apple keyboard only ASCII codes 
will be transmitted. A table of these codes is given 
at the end of this chapter. Each of these eight bit 
codes has its most significant bit set to one, meaning 
that this bit contains no information about the code at 
all. In fact these codes would function as well if all 
of the high bits were set to zero. Since the high bit 
is irrelevant the Apple people have decided to use it 
for something else, namely as a flag to tell the 
program when a key has been struck. If no key has been 
struck the high bit of location $COOO is a zero. When 
a key is struck the high bit of $COOO is set to one and 
th e low seven bi t s of this memory word ar e se t to the 
ASCII code for the key. Before the keystroke location 
$COOO looks like this: 

Oxxxxxx 

the x's meaning irrelevant contents. After the "A" key 
is struck the contents of $COOO look like this: 

11000001 

or $CI, the ASCII code for the letter A. The high bit 
is thus used as a kind of flag indicating keyboard 
activity. The flag can be tested by the program to 
determine when data are to be transmitted from the 
keyboard. There are several ways to do this. Since 
the flag is the high bit of $COOO this word can be 
loaded into a register and tested for negative. If a 
key has been struck, thus turning on the high bit, the 
register will tes t negative. If the register is 
positive no key has been struck. Since it is commonly 
the situation that the program must wait for input, the 
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usual practice is to simply keep loading the contents 
of $COOO into a register and testing until a key is 
struck. After the code is read from $COOO it must be 
"reprimed" for the next keystroke by setting the high 
bit back to the zero or "not ready" condition. One 
might think that this would be done by clearing $COOO 
but this is not the case. In the Apple the ready flag 
is cleared by storing into location $COlO. The 
operation is shown in example 11-1. 

EXAMPLE 11-1 

Using the data given above, write a subroutine 
which will wait until a key is struck on the Apple 
keyboard, then return with the ASCII code for the 
key in the A register. The subroutine should have 
entry point name RKB. 

label inst operand 

In I.J>A $C(J)OO get contents of $COOO 
BPL -10 test high bit. If the high 

bit is zero no key has been 
struck. In this case branch 
back and try again until a 
a keystroke makes $COOO 
negative. 

STA $CmO clear this keystroke 
llTS and return. 

The scheme shown in example 11-1 will work, of 
course, but the the use of absolute memory addresses is 
a nuisance and in many cases a source of error. 
Consider what might happen if a keyboard read sequence 
like the above were written at a number of different 
points in the program. References to the data location 
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$COOO and the "clearing" location $COI0 would be 
scattered over the program. If the locations were ever 
to change for some reason, e.g., the installation of an 
auxiliary keyboard, every one of the references would 
have to be changed. This would not be difficult for 
one short sequence like example 11-1, but if there were 
10 or 20, it would be very easy to miss one and chaos 
would ensue. 

This is a case where good programming practice 
would dictate that the programmer force the programming 
system to do the housekeeping work for him. To do this 
we have the EQU pseudo-op. EQU allows the symbol in 
its label field to be given the value in its operand 
field. To give the symbol HANS the value $B300 and 
FRITZ the value $B302, we write: 

HANS EQU 
FRITZ EQU 

$B300 
$B302 

EQU may have symbols or sums of symbols and numbers in 
its operand field but no symbol may appear in the 
operand of an EQU which has not appeared in a label 
field at a point previous in the program, 1..e.: 

1.S legal, but: 

HANS EQU $B300 
FRITZ EQU HANS+2 

FRITZ 
HANS 

EQU HANS+2 
EQU $B300 

is not and will result in an error message and the 
assembly will be aborted. EQUs which define scratchpad 
loca tions mus t appear wi thin th e range of an SPD 
pseudo-op, and those which define general memory 
locations must be outside the range of an SPD. Using 
EQUs to define the keyboard data location and 
"clearing" location (known as the keyboard strobe) the 
Apple keyboard input subroutine looks like this: 
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The problem of example 11-1 is to be solved 
without reference to absolute memory addresses. 
The keyboard data location KB and the keyboard 
strobe location KES are to be defined using EQUs. 

label inst operand 

I.DA n get flag and data 
HPJ[. HI test ready 
STA OS clear strobe 
RTS return to calling program 
EQ1li $COOO define KE 
EQU KIIH$lO define KES 

The Apple-keyboard arrangement in which the ready 
flag and the data share the same word is an unusual 
one. Most commonly there are two words associated with 
each peripheral device, one being the data word and the 
other containing the ready flag as well as other 
indicators of the status of the peripheral. This 
second word is known at the status \Word. We will see 
this usual arrangement when we examine the parallel 
printer. 

Output of data to be displayed on a screen or 
printed on a page takes two general forms. In the 
simplest form the successive characters are simply put 
out in a string with the peripheral device 
automatically advancing the position for the appearance 
of the next character. This is the case with such 
devices as teletypewriters. Once a character has been 
sent out it cannot be recalled or changed since the 
print carriage has already physically moved in 
anticipation of the next character. In simple devices 
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like teletypewriters the characters are printed as they 
are received, i.e., no facility exists for assembling 
an entire line before print is initiated. 

Printers most often contain a buffer in which an 
entire line is assembled, with the actual printing 
being initiated by the appearance of a special 
character, usually carriage return ($8D). The Apple 
parallel print interface presents a fairly typical 
situation in this respect. We will study a specific 
case here, that of the parallel printer located in slot 
3 of the Apple chassis. The data location in this 
arrangement is $COBO, i.e., data sent to the printer 
are stored into $COBO. In most situations the ready 
flag location is in the next higher or lower memory 
address, but the Apple people have not done this for 
some reason which is not apparent to this writer. The 
ready flag is located at $C3Cl. Further, the interface 
is so arranged that the memory reference instruction 
which stores data into $COBO or loads the flag from 
$C3Bl mus t be indexed by x. This se ems an odd bi t of 
design, but we will pas s on without further comment. 

Data to be sent to the printer are stored into 
location $COBO by an instruction of the form: 

STA PRTR,X 

X having been previously set to zero and the symbol 
PRTR having been defined elsewhere by: 

PRTR EQU $COBO 

The printer status word is defined: 

PRFLAG EQU $C3Cl 

As with the keyboard, the ready flag for the printer is 
the high bit of $C3Cl, so it can be tested in A by 
testing the sign bit. A string of characters is sent 
to the printer ending with carriage return. A parallel 
printer driver subroutine is shown in example 11-3. 
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EXAMPLE 11-3 

A subroutine is required which will print a line 
on the Apple parallel printer. The address of the 
first character of the string to be printed will 
be in A and X on entry, low half in A. The string 
is to terminate when a carriage return is 
encountered. When the carriage return is sent out 
the subroutine is to send out a line feed ($8A) 
and return control to the calling program. A 
previously defined scratchpad pointer named IOPTR 
is to be used to hold the string address. 

label inst operand 

PI.PlI.T STA 
sn 
][J)X 

LDY 
PLPJiT2 LDA 

STA 
PM 

PlI.PIi'l'3 I.DA. 
:8MI 
PIA 
IlH 
CMP 
BEE 
Jr.J>.A 
STA 

PLPliT4 LDA 
BMI 
RTS 

llOJPlTR 
lIOJPlTR+l 
#@ 

save string pointer 

clear X to address 
printer location 
clear index for access 

*IOJPlTR,Y get string character 
PRTR,X send to printer 

save character on stack 
~»X get status word 
PJI.PJi'l'3 branch back if not ready 

retrieve character 
increment index 

1$8D was it a carriage return? 
PLPliT2 no, get .next character 
1$8A yes, generate line feed 
~TR,X send out line feed 
PBFLAG,X get print ready flag 
P~T4 wait for line feed to clear 

and return 
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In brief resume, a character is sent to the 
printer and the ready flag is tested until the printer 
is ready to accept another character. This effectively 
"hangs" the computer while waiting for the output 
operation to be completed, i.e., the computer can do 
nothing else but wait for the ready flag. This is the 
reverse of the order used in reading the keyboard, 
i.e., the ready flag is tested until it indicates that 
a key has been struck and the data are then 
transmitted. 

One might wonder in passing here what consequences 
might occur in some program situations where ''hanging'' 
the computer like this might not be tolerable. Suppose 
that your 6502 were monitoring the core temperature of 
a reactor, reading this temperature once per second or 
so and attending to certain auxiliary tasks like 
keeping a record of the name of the current reactor 
operator. Now imagine that a shift change at the 
reactor is taking place, and the new operator is typing 
in his name at the keyboard. Suppose further that the 
new operator, like this writer, were a two finger 
typist, and that he had a name like Lambros Alexios 
Papatriantaphilopolous. About the end of the Lambros 
part the reactor core begins to overheat. The 
computer, however, notices nothing since it is 
completely tied up waiting for the keyboard ready flag. 
Poor Lambros is pecking away at the keyboard, doing his 
noble best, but the reactor core is beginning to melt. 
About the time Lambros gets to the first letter of 
Papa trian taphil opo lou s th e en ti re scene, computer, 
reactor, building, Harrisburg, and, of course, poor 
Lambros depart to meet the Great Neutron Moderator in 
the sky. Get the idea? There are times when you jus t 
can't wait for the ready flag. 

Since the reader already knows that computers are 
used for such tasks, he may well be beginning to get an 
uncomfortable feeling about being only five miles 
downwind of th e B igb las t Nuc lear Power S ta tion. Be 
consoled, therefore, by the thought that when you gotta 
glow, you gotta glow. 
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After the Three Mile Island incident such a 
hypothetical sketch might be viewed by some readers as 
being in poor taste, but it was necessary to bring this 
limitation of programmed input/output methods into 
sharp focus. Obviously, there must be some way around 
this difficulty and just as obviously, the reactor 
people have thought of the problem and solved it. 

What is required here is some means of freeing the 
computer from the chore of waiting for the ready flag. 
The entire problem could be solved if there were some 
hardware means for monitoring it automatically which 
did not require the attention of the computer. If some 
kind of automatic ready flag monitor could be devised 
which was capable of watching the keyboard ready flag 
and notifying the computer in some way that a key had 
been struck, then the computer could go about its 
temperature monitoring task continuous ly, taking only 
the few microseconds necessary to actually read the 
data from the keyboard when a key was struck. If this 
were the case we could look forward to actually being 
notified in time to see the message: 

THAT'S ALL FOLKS 

appear on the CRT before we shuffle off Mr. 
Shakespeare's mortal coil. 

Such a facility exists in modern computers. It is 
known as the i~terr~pt system. Using the interrupt 
system of the computer any number of data sources 
and/or destinations can be automatically monitored 
while allowing the computer to perform useful work 
without waiting for ready flags. The interrupt system 
will be discussed in detail in chapter 18. While the 
6502 has interrupt capability, the Apple II allows the 
programmer no access to it without hardware 
modification. 

Yet another form of output involves the direct 
projection of the contents of a block of memory onto a 
CRT. To make something appear on the screen it is 
simply placed into the appropriate area of memory. 
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Such an arrangement is known as memory mapped I/O and 
the Apple II screen works this way. Lest this begin to 
sound too simple, the Apple designers, for reasons 
known only to them, have not made this task so easy 
that the fun and challenge are all missing. The Apple 
has two areas of memory from which text can be 
projected onto the CRT. One of these begins at $400 
and the other at $800. The mechanics are identical for 
both screens. We'll choose the higher one. Which 
screen is displayed at anyone time is determined by a 
sequence of instructions detailed in the Apple manual. 

The text contents of the top line of the screen 
are determined by the contents of memory locations $800 
through $827. The screen width is 40 characters. The 
leftmost displayed character is the one in memory 
location $800. Suppose we filled the $800 - $827 block 
with hexadecimal $AA, the ASClI code for an asterisk. 
The top line of the screen would look like this: 

**************************************** 

Thinking to begin the second line we put $AA into 
location $828, as a reasonable person might suppose 
that the second line would begin where the first line 
left off. Surprise! The asterisk appears in the first 
position of line 9! Something is not obvious about 
this process. 

After some experimenting we compile the following 
table of line numbers and the hexadecimal and binary 
addresses of their leftmost characters. 
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Line il.. Hex Address Binary Address 

0 800 1000 0000 0000 
1 880 1000 1000 0000 
2 900 1001 0000 0000 
3 980 1001 1000 0000 
4 AOO 1010 0000 0000 
5 A80 1010 1000 0000 
6 BOO 1011 0000 0000 
7 B80 1011 1000 0000 
8 828 1000 0010 1000 
9 8A8 1000 1010 1000 

10 928 1001 0010 1000 
11 9A8 1001 1010 1000 
12 A28 1010 0010 1000 
13 AA8 1010 1010 1000 
14 B28 1011 0010 1000 
15 BA8 1011 1010 1000 
16 850 1000 0101 0000 
17 8DO 1000 1101 0000 
18 950 1001 0101 0000 
19 9DO 1001 1101 0000 
20 A50 1010 0101 0000 
21 ADO 1010 1101 0000 
22 B50 1011 0101 0000 
23 BDO 1011 1101 0000 

the lines being numbered 0 through 23. At first glance 
this might look hopeless but there is a some 
regularity. In all but two cases the address of the 
next line can be gotten by adding $80 to the address of 
the one befor e it. In the binary co lumn a coup Ie of 
things become obvious almost at once. First, the 
leftmost two bits and the rightmost three bits are 
always the same. All of the variation occurs in the 
bits in between. If we rewrite the binary address 
table spaced a little differently the addressing scheme 
becomes a little clearer. 
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Binary Address 

o 10 000 00 00 000 
1 10 001 00 00 000 
2 10 010 00 00 000 
3 10 011 00 00 000 
4 10 100 00 00 000 
5 10 101 00 00 000 
6 10 110 00 00 000 
7 10 111 00 00 000 

8 10 000 01 01 000 
9 10 001 01 01 000 

10 10 010 01 01 000 
11 10 011 01 01 000 
12 10 100 01 01 000 
13 10 101 01 01 000 
14 10 110 01 01 000 
15 10 111 01 01 000 

16 10 000 10 10 000 
17 10 001 10 10 000 
18 10 010 10 10 000 
19 10 011 10 10 000 
20 10 100 10 10 000 
21 10 101 10 10 000 
22 10 110 10 10 000 
23 10 111 10 10 000 

Now the order begins to emerge. The second and 
third co 1umns from th e righ t, each two bi t s wide 
contain the identical information in every case. 
Further, in the topmost group these bits are 00, in the 
second group they are 01 and in the third group they 
are 10, i.e., 0, 1, and 2. The Apple screen appears to 
be split into three subscreens with these bit groups 
identifying the subscreen. 

Looking now at the second column from the left, ~n 

each group this three bit column contains 000, 001, 
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010,011,100,101,110, and 111, the integers from 0 
through 7. This three bit group apparently identifies 
the line number within the subscreen. With this 
information it will be possible to concoct a screen 
addressing scheme that will allow the Apple screen to 
be addressed in a somewhat orderly way. 

The first task is to create a means by which we 
can generate the address of the first character of a 
line from the line number. The binary line numbers run 
from 00000 to 10111. If we split the binary line 
number like this into two groups of bits the course to 
be followed becomes obvious. Write the line number 
like this: 

10 111 

and it is immediately apparent that the left two bits 
are the subscreen number and the right three are the 
line number within the subscreen. Using this 
information we can write a subroutine to generate the 
address of the first character of each line from its 
line number. Given this address the address of the 
following characters of the line are found by simply 
adding the character number 0 through $27 to the 
address of the leftmost character. The subroutine is 
shown in example 11-4. 

EXAMPLE 11-4 

A subroutine is required to compute the address of 
the leftmost character of the line whose number is 
in A on entry. The number will be in the 0 - 23 
range. The address is to be returned in A and X. 
low order in A. 

label inst operand 

~R TAX save line number in X 
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ORA 

STA 
'JIXA 
AI8ID 
STA 
ASIA 
ASJI..A 
ORA 
ASIA 
STA 

LSR 
lOR 

JL.DA 
J[J)X 

RTS 
$$$ 

17 

1$10 

T+Jl. 

1$18 
T 

T 

T 

T+Jl. 
T 

T 
T+Jl. 

isolate line number 
within subscreen 
this creates the leftmost 
five bits of the address 
but displaced left one bit 
save high five bits 
retrieve line number 
isolate subscreen number 
save it 
shift left to make copy 

form low seven bits 
displace one bit left 
at this point the full 
address of the line has been 
computed and is in T and T+l 
but displaced left one bit. 
This is remedied by a 
double shift. 
shift high half, low bit to 
carry, then shift low half 
and roll carry in. 
low address to A 
high address to X 
return with address in A & X 
temporary doubleword 

The address of any character on the screen can now 
be generated by adding the horizontal character 
position, beginning at zero, to the address generated 
by the LNADR subroutine of example 11-4. 

In most circumstances not involving graphics the 
screen is most conveniently treated as if it were a 
piece of rolled paper which scrolls upward 
automatically each time a new line is to be written. 
The new line is then wri t ten in th e vaca ted space at 
the bottom of the screen. The problem is how to make 
the screen scroll up one line. Obviously, the second 

175 



PROGRAMMED I~pur/oUTPUr 

line from the top must be copied into the top line, the 
third line into the second and so forth, with the 
bottom line being set to blank to receive the new text. 
A method for doing this is shown in example 11-5. 

EXAMPLE 11-5 

A subroutine is to be created which will scro 11 
the Apple screen up one line and blank the bottom 
line. Use the method of direct modification of 
addresses detailed in chapter 10. 

label inst operand 

SCKAlI»V LDA 
PlIIIA 
JSR 
STA 
S'l'X 

SCU LDA 

SCR.4 
SCK5 

STA 
LDA 
STA 
PlLA 
DllA 
CMP 
BEQ 
P1lU. 
JSR 
STA 
STX 
IJ)Y 
LDA 
STA 

LNAIIllI. 
FRAIDlI. 
FRAJI)Il+lI. 
FlAlllIli 
TOADR 
FRA1I»Il+ 1I. 
TOAJl)Ii.+ 1 

#24 
SCli.D1 

LNDIi. 
FRAllllR. 
FRAIDlllHJl. 
#23 
Sa.4 3 Y 
SCliS,Y 

set line number to zero 
save on stack 
generate address of line 
save in "from" addres s 

move "from" address 
to "to" addres s 

retrieve line number 
increment it 
last line moved? 
yes if equal 
save line number again 
compute line address 
save new "from" address 

load index for move 
get character and move 
to new line. The actual 
addresses of these last two 
instructions are not SCR4 
and SCR5. The addresses 
have been overwritten by the 
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results returned by the 
LNADR subroutine. 

"HADR. EQU SCli.4+1 this EQU allows direct 
modification of the address 
of SCR4 above. 

TOAIDII. EQU S«:II5+1 and this one does the same 
for SCR5 

DEY decrement index 
BPL SCli.4 and repeat if still plus 
BMI sen otherwise see if any more 

lines are to be moved 
SeRD LDY 123 blank out bottom line 

LDA " 8 blank to A 
SC!i6 STA LiST,Y blank out character 

DlK'lf decrement index 
lBPl. SCI1.6 repeat if still plus 
RTS and return 

LAST EQU $BOO address of first character 
of last screen line 

It is to be reiterated here that this addressing 
technique is the one of last resort. It will not run 
in ROM and should only be used if no space is available 
for a scratchpad pointer to allow indirect addressing. 
Understanding how it works does, however, make an 
excellent test of your understanding of the programming 
concepts involved. 

In summary, programmed input/output is the 
transfer of data to or from the external world under 
control of a ready flag, this ready flag becoming 
"true" when the peripheral device is prepared to 
transmit data. Note here that in the case of input the 
ready flag only becomes true when data are ready to be 
transmi t ted, i.e., th e normal s ta te of th e flag when 
the device is inactive is false. With output, however, 
the flag is true when the device is inactive, meaning 
that it is ready to accept data whether or not the 
computer is ready to transmit. This distinction has 
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important ramifications for input/output done under 
interrupt control, as we shall see. 

Finally, there is the matter of defining the ASCII 
codes. An ASCII character is an eight bit unit which 
represents a letter of the alphabet, a decimal digit, 
or other special character. The assembler generates 
ASCII codes with the high bit set to one. 

The two highest bits of ASCII characters have a 
special significance in the Apple computer. If they 
are set as the assembler generates them, then the ASCII 
characters they represent will appear normal on the 
Apple screen, i.e., white on black background. If 
these two bits are set to zeros the character will 
appear inverse, i.e., black on a white rectangular 
background. If the two high bits are set to 01 the 
character will appear as inverse, but flashing. The 
ASCII characters and their hexadecimal representations 
are tabulated on the next page. 
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Symbol Hex Symbol Hex 

@ CO blank AO 
A C1 I Al 
B C2 " A2 
C C3 41 A3 
D C4 $ A4 
E C5 % A5 
F C6 & A8 
G C7 A7 
H C8 ( A8 
I C9 ) A9 
J CA * AA 
K CB + AB 
L CC AC 
M CD AD 
N CE AE 
0 CF I AF 
p DO 0 BO 
Q D1 1 Bl 
R D2 2 B2 
S D3 3 B3 
T D4 4 B4 
U D5 5 B5 
V D6 6 B6 
W D7 7 B7 
X D8 8 B8 
Y D9 9 B9 
Z DA BA 
[ DB ; BB 

" DC < BC 
] DD = BD 
t DE > BE 
• DF ? BF 

carriage return 8D 
line feed 8A 
bell 87 
rubout FF 
null 00 
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CHAPTER 12 

6502 DECIMAL ARITHMETIC 

Brief mention has been made earlier of BCD 
numbers, i.e., four bit quantities whose value is less 
than ten which represent decimal digits. BCD means 
lbilmary coaie& dlecimall.. Since BCD digits are only four 
bits long, two of them can be packed into a single 6502 
word. The 6502 has some limited ability to operate on 
such decimal numbers and it is the purpose of this 
chapter to describe this ability in detail and the 
programming methods necessary to exploit it. 

Mos t microproces sors have some I imited decimal 
arithmetic capability, confined to addition or to 
addition and subtraction at the most. BCD numbers are 
operated upon by the same instructions as binary 
numbers. In mos t microprocessors a special "adjus til 
instruction is provided to correct the binary result to 
represent the BCD sum or difference. 

The 6502 is unique among current microprocessors 
in possessing the ability to perform BCD addition and 
subtraction directly, with no special action required 
of the programmer to correct the sum or difference. It 
does this by entering a decimall. mode in which all 
addition and subtraction is treated as decimal. The 
decimal mode is entered on the 6502 by executing the 
SED (SEt Decimal) instruction. The decimal mode 1S 

cleared, i.e., normal binary mode is re-entered by 
executing the CLD (CLear Decimal) instruction. 

Decimal arithmetic is performed on unsigned BCD 
numbers, two digits at a time. The carry bit functions 
in a manner analogous to the way in which it functions 
for normal binary arithmetic. If a decimal sum greater 
than 99 is formed the carry bit is set to one. This 
carry may thus be propagated to higher orders allowing 
mul tiple precision decimal addition to be done. The 
ADD and ADC instructions may be used jus t as they are 
in binary. 

BCD subtraction follows the same rules as binary 
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subtraction. If a situation arises in which the 
subtrahend is greater than the minuend the carry bit is 
set just as it is for binary subtraction. Note again 
that zero in carry means a borrow and one means no 
borrow. This convention is different from that of 
every other current microprocessor. The addition of 
two BCD numbers is shown in example 12-1. 

EXAMPLE 12-1 

Two BCD numbers are located at D1 and D2. Find 
their sum and save it in location DSUM. If the 
sum exceeds 99 transfer control to location TOOBIG 
after saving the sum. 

label inst operand 

SED set decimal mode 
LDA Dl get addend 
ADD D2 form BCD sum 
STA DSUB save result 
ClIJ) restore binary mode 
BCS TOO1UG check for overflow 

program continues 

The process is really very simple. The presence 
of a one in carry in example 12-1 simply means that the 
Sum was greater than decimal 99, i.e., another word is 
required to hold it. Performance of BCD addition in 
double precision is equally simple. Just as in 
multiple precision binary addition, the low order sum 
is formed first, with the second and higher orders 
including carries out of the lower orders. This can be 
carried out to any required precision whatever with the 
general case being very similar to the N precision 
binary addition of example 7-4 on pages 88-89. A 
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double precision BCD addition is shown in example 12-2. 

EXAMPLE 12-2 

Two four digits BCD numbers are located at N1 and 
N1 +1, and at N2 and N2+1. Find thei r BCD sum and 
leave it at DSUM and DSUM+1. If the sum exceeds 
9999 transfer control to location TOOBIG. 

label inst operand 

SD set decimal mode 
LDA. HI get low augend 
ADD H2 add low addend 
STA DSlJIrI! save low sum 
I.DA 111+1 get high augend 
DC N2+1 add high addend. Note that 

the ADC propagates the 
carry from the low order 

STA lDSUlBl save high sum 
CLD restore binary mode 
Des TOOBIG check for overflow 

program continues 

It is important to understand what decimal mode 
will not do as well as what it will do. Setting the 
6502 into decimal mode does not convert the contents of 
the A register to decimal. This seems to be widely 
misunderstood. Further, the operation of decimal mode 
is confined to the A register. Incrementing a memory 
location which contains a BCD number will not, in 
general, produce a correct BCD result. 

BCD arithmetic is not strictly limited to decimal 
manipulation. The sharp-eyed programmer can sometimes 
find a use for it elsewhere. Consider the problem of 
converting a four bit number 0 - 15 to an ASCII digit 
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which represents its value. Values 0 - 9 present no 
problem since the ASCII codes for 0 - 9 are $BO - $B9. 
I f the digi t is grea ter than 9, however, we mus t come 
to grips with the fact that there is a gap in the ASCII 
sequence between 9 and A. A trick using decimal 
arithmetic solves this in example 12-3. 

EXAMPLE 12-3 

A four bi t binary number 0000 through 1111 is in 
the low four bits of A, the upper four bits being 
zeros. Convert this number to its ASCII­
hexadecimal equivalent. 

label inst operand 

sm 
ADD 00 

CLD 
CMP I$A 

set decimal mode 
this ADD seems to do nothing 
since its operand is zero. 
If the low four bits of A are 
a number greater than 9, 
however, it changes the 
number to its BCD equivalent, 
i.e., 00001100 becomes 
00010010. If the low four 
bits are 9 or less nothing 
happens. 
re-enter binary mode 
this compare has the effect 
of setting carry to 1 if A 
is greater than 00001001, 
i.e., if the decimal ADD 
caused a carry into the upper 
four bits of A. If A is 9 or 
less carry is cleared. 
this ADC simply adds the 
carry bit to A. If the orig­
inal number in A was 00001010 
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I$BO 
A now contains 00010001. 
if A contains 00001001 or 
less this simply generates 
10110000 through 10111001, 
the ASCII digits for 0 - 9. 
If A originally contained a 
number greater than 00001001 
it now contains an alphabetic 
character in the range A-F. 
program continues. 

Decimal subtraction is performed in much the same 
way as binary subtraction. A simple decimal difference 
is computed in example 12-4. 

EXAMPLE 12-4 

Two BCD numbers are in locations Sand T. Perform 
the BCD subtraction S - T and leave the difference 
in U. 

label inst operand 

SEll) 
][J)A 
SUB 
STA 
CLD 

S 
T 
U 

set decimal mode 
get minuend 
subtract subtrahend 
save BCD difference 
restore binary mode 
program continues 

It must be understood here that BCD arithmetic is 
performed on unsigned BCD magnitudes. This leads to an 
unexpected result if the subtrahend is larger than the 
minuend. Subtracting 2 from 1 gives a difference of 
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99. Since decimal arithmetic cannot form a negative 
result it does the next best thing and "wraps around". 
Readers familiar with old fashioned mechanical 
calculators may recognize this phenomenon. BCD 
arithmetic uses what is called a tens ccm.pIeaent scheme 
for subtraction. The tens complement result of 
subtraction when the subtrahend is larger than the 
minuend is a string of nines filling the nonsignificant 
leading digits. This is the exact decimal analog of 
the ones which fill leading nonsignificant bits in a 
negative binary result. 

Double precision binary subtraction is equally 
straightforward if one keeps in mind the inverted sense 
of carry during sub traction. The proces s is shown in 
example 12-5. 

EXAMPLE 12-5 

A double precision BCD minuend is loca ted a t Xl 
and Xl+1, and a double precision BCD subtrahend is 
at Y1 and Y1+1. Find their difference and leave 
it at DIFF and DIFF+1. 

label inst operand 

sm set decimal mode 
LDA n get low minuend 
SUB YI subtract low subtrahend 
STA DD'F save low difference 
:rr.DA U+l get high minuend 
SBC Yl+l subtract high subtrahend 
Sf A DD'F+l save high difference 
CIJ) res tor e binary mode 

program continues 

A common programming error when using BCD 
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arithmetic is forgetting to return to binary mode when 
the decimal computation is finished. The program goes 
on attempting to compute binary results and getting 
nonsense. This can be quite mysterious since it can 
cause a previously checked out and debugged section of 
the program to behave strangely. Remember to turn 
decimal mode off when you have finished. 

It is possible to perform decimal multiplication 
and division on the 6502, but the question of whether 
it is worthwhile must be raised. Multiplication is 
performed by the same shift and add process as in 
binary, but the digit shifted out cannot be held in 
carry, since it is four bits long. Further, the test 
of the shifted out multiplier digit is not a simple 
zero-one test, but a test for zero and nonzero. If the 
digit is nonzero the multiplicand must be added to the 
partial product a number of times equal to the shifted 
out digit. 

BCD division is similarly grim. The decimal 
dividend must be compared to the decimal divisor for 
the divide fault condition. The division proceeds as 
in binary with the dividend being shifted left, the 
high half compared to the divisor and, if subtraction 
is possible, the divisor is subtracted from the high 
dividend until zero is crossed. The number of such 
successful subtractions becomes the BCD quotient digit. 

As to the question of whether this is worth the 
trouble, the answer must be a resounding no. If 
multiplication or division must be done it will be much 
faster and shorter to convert the BCD numbers to 
binary, perform the required operations via the methods 
described in chapter 8, and then convert the binary 
resul ts back to decimal. This will be faster and 
cleaner in all cases. 

While there is no doubt whatever that BCD 
multiplication and division can be programmed on a 
6502, the execution of such a task must be an academic 
exercise. The resul t will be of marginal usefu1nes s 
because of glacially slow execution times and the size 
of the program required to accomplish the task. 
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What would be required to speed the process up to 
the point of feasibility would be decimal shifts, i.e., 
shifts which moved four bits at a time between memory 
and the A register. The Z80 is unique among current 
microprocessors in having such shifts. Full four 
function decimal arithmetic is developed in the 
writer's earlier PlIACl'ICAL KICltOCOHPUTER PllOCRAMMIlIIG: 
TIlE Z80 (Nor thern Techno logy Books, 1978). Even wi th 
this most powerful of eight bit microprocessors the 
result is of marginal usefulness because of lengthy 
execution times. 
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CHAPTER 13 

FLOATI.G POIST ARITBKETIC 

The discussion of arithmetic operations thus far 
has centered around situations in which the ranges of 
the numbers to be handled were strictly limited and of 
a known precision, being confined in most cases to 
integers. Such arithmetic is known as fixed point 
arithmetic. Fixed point arithmetic remains the method 
of choice for all situations in which the the range of 
intermediate and final results can be known exactly. 

Situations do arise, however, particularly 1n 
scientific and engineering environments, in which it is 
difficult or impossible to predict the ranges of 
intermediate and final results, these ranges being 
dependent upon the range of data input to the problem. 

In such situations the programmer must resort to 
an alternate means of arithmetic, one which will keep 
automatic track of the magnitudes of results. This 
scheme of computation is known as floating point 
arithmetic. The purpose of this chapter is to acquaint 
the reader with the methods by which such arithmetic is 
done to enable him to apply floating point methods 
intelligently and be aware of the limitations of these 
methods. The examples here will be given in decimal 
for clarity until the basic principles have been worked 
out. 

The representation of floating point numbers is 
very similar to that used in scientific notation. In 
scientific notation a number is represented as a 
magnitude with a single integer digit accompanied by an 
exponen t, i.e., a power of ten by which the magni tude 
is to be multiplied to yield the true value of the 
number. The number 384.7 is thus represented in 
scientific notation as: 

+3.847 x 10+2 

This number has four basic parts: the algebraic sign, 
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the magnitude, the sign of the exponent and the 
exponent itself. A floating point number is similarly 
composed, though there is a difference in the way the 
exponent and its sign are represented. We will come to 
this difference shortly. Some floating point systems 
represent numbers with a single integer digit to the 
left of the point as in the example above, e.g., the 
system which Intel Corporation has proposed as an 
industry standard uses this format. Most, however, 
represent numbers using a magnitude which is pure 
fraction. In this system the number above would be 
written: 

+.3847 x 10+3 

This amounts only to shifting the decimal fraction 
right one digit and incrementing the exponent to 
compensate for the shift. Further, since the number 
base does not change, it is unnecessary to write the 
exponent in explicit form. We represent the exponent 
as a pair of digits separated from the fraction, like 
this: 

+3847 03 

the decimal point being implicitly always at the 
extreme left end of the magnitude. 

The addition and subtraction of floating point 
numbers exactly parallel those operations on numbers in 
scientific notation. In either case numbers with 
different exponents cannot be added or subtracted 
directly. Before addition or subtraction of the 
magnitudes can take place the exponents must be 
equalized. Thus the pair of floating point numbers: 

+3847 03 
+8275 02 

or 384.7 
or 82.75 

cannot be added directly, as the exponents are unequal. 
We have two ways to equalize the exponents here. 
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Either the magnitude of the larger number can be 
shifted left and its exponent decremented, like this: 

+3.847 02 

or we can shift the magnitude of the smaller number to 
the right, introducing a nonsignificant leading zero to 
its fraction, and increment its exponent, like this: 

+0.0827 03 

In pencil and paper operations it makes no difference 
which we do, as the result of the addition or 
subtraction will be the same. One magnitude or the 
other must be shifted a number of places equal to the 
difference of the exponents. Unlike pencil and paper 
operation, however, performing this operation in a 
computer runs into some hardware constraints. If the 
magnitude of the larger number were to be shifted left 
the floating point processor would have to leave room 
for a shift of the maximum possible exponent 
difference. To leave less room than this would risk a 
high significance digit or digits being lost in the 
shift. The choice, therefore, must be to shift the 
fraction of the smaller number to the right a number of 
places equal to the difference of the exponents. Since 
the length of a floating point magnitude is fixed and 
limited this involves the risk of losing significant 
digits on the right end. Indeed the sharp-eyed reader 
may have noticed that this is exactly what happened 
when +8275 02 was shifted to +0827 03 above. The 
magnitude being confined in this case to four digits, 
the 5 was lost in the shift. 

Such losses are in the nature of floating point 
arithmetic. The obvious answer to this problem is to 
carry more significant digits, and this solution has 
been applied. Another solution is to build a "guard 
digit" into the system which "catches" the digit 
shifted out and restores it if possible when the 
operation is finished. This will be discussed in 
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somewhat greater detail later in the chapter. A case 
of simple addition of floating point numbers is shown 
in example 13-1. 

EXAMPLE 13-1 

Convert the numbers 445.1 and 16.74 into floating 
point format and perform the floating point 
addition. 

It is necessary to shift 445.1 three places to the 
right to make it a pure fraction, .4451. This 
three place shift means tha t an exponen t of 3 is 
attached to the floating point number. 445.1 in 
floating point is therefore: 

+4451 03 

16.74 must be shifted two places right to make it 
a fraction. The exponent is therefore 2 and the 
floating point form of 16.74 is: 

+1674 02 

To add these numbers write one below the other as 
for ordinary addition, i.e.: 

+4451 03 
+1674 02 

since the exponents are not equal the fraction of 
the smaller number, +1674 02, must be shifted 
right a number of places equal to the difference 
of the exponents, in this case one. The addition 
now becomes: 

+4451 03 
+0167 03 
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Note that the low order digit of the shifted 
number was los t in this proces s. Since the 
exponents are now equal the magnitudes can be 
added: 

+4451 03 
+0167 03 
+4618 03 

yielding a sum of 461.8, different by .04 from the 
true sum of 461.84. 

We will get back to this "erosion" of preC1S10n a 
little later in the chapter. Yet another case of 
floating point addition is shown in example 13-2. 

EXAMPLE 13-2 

Convert the numbers 9.945 and 1.341 to floating 
point and find their sum. 

9.945 must be shifted one place to the right to 
become a fraction. Its exponent is therefor e 1 
and the floating point number 1S: 

+9945 01 

A similar operation is performed on 1.341 to 
yield: 

+1341 01 

Since the exponents are identical the addition can 
proceed without shifting either magnitude, i.e.: 
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+9945 01 
+1341 01 

+11286 01 

The sum is correct, but there is something wrong 
here. Adding the two fractions gave a result 
which is not a fraction. In effect we have 
generated 1.1286 in the fraction. Since the 
magnitude of a floating point number is pure 
fraction this is not a proper result. We must 
force this result into fractional form by shifting 
the magnitude right and incrementing the exponent, 
which yields: 

+1128 02 

which is a proper floating point number, but 
notice that the rightmost digit of the result, the 
6, has been lost in the shift. More "erosion". 

Yet a third case arises when the numbers to be 
added have different signs, or when a floating point 
subtraction is to be done. In this case the 
subtraction may generate a result which has a zero in 
the most significant fraction position. This is said 
to be an unnormalized floating point number. A 
normalized number must have a significant digit in its 
highes t fraction pos i tion. This cas e is shown in 
example 13-3. 

EXAMPLE 13-3 

Convert the numbers 11.77 and 2.24 to floating 
point and perform the subtration 11.77 - 2.24. 

11.77 is shifted two places right and the floating 
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point result is: 

+1177 02 

2.24 needs only a single shift, with the result: 

+2240 01 

The subtraction is thus: 

+1177 02 
-2240 01 

Since the exponents are unequal the fraction of 
the smaller number must be shifted right by the 
difference, in this case 1. This gives: 

+1177 02 
-0224 02 
+0953 02 

Since this result is not normalized it must be 
made normal by shifting the fraction left and 
decrementing the exponent. The result of this is: 

+9530 01 

While this difference is exact, the exactness is 
due only to the fact that the low digit of the 
smaller number, the subtrahend, was a zero to 
begin with, and no significance was lost when the 
zero was shifted out. 

You may be beginning by this time to notice that a 
heavy emphasis is being laid on the loss of precision 
inherent in floating point methods. This is 
deliberate. A friend of the writer's once made the 
remark that if he were a novice and had listened to the 
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writer discourse on floating point in this vein he 
would be afraid to us e floating point a t all. I t is 
not the intention here to scare the reader away from 
these methods. On the contrary, floating point serves 
a valid need and is a valuable tool when properly used. 
The intention here is to convey a heal thy respect for 
the limitations of the method and cause the reader to 
examine results gotten by floating point methods more 
critically than might otherwise be the case. 

The extreme precision loss in the examples above 
is due, of course, to the small number of digits in the 
fraction. Increasing the size of the fraction cuts the 
loss greatly but the loss still exists, and even more 
important, it compounds as the number of operations 
increases. If you are tired of all of this talk of 
precision loss, there is only one more trial to endure 
and the subject will be dropped. This is the case of 
the addition of three numbers. Consider the three 
numbers: 

+5135 01 
+4074 01 
+6381 01 

or 5.135 
or 4.074 
or 6.381 

We will add these numbers in two different orders and 
observe the results. Begin by adding the top pair, 
ioe.! 

+5135 01 
+4074 01 
+9209 01 

Since the exponents were equal the two fractions could 
be added directly. Now take this result and add the 
third number to it, i.e.: 

+9209 01 
+6381 01 

+15590 01 
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but this result is not proper since an integer digit 
has been generated. Shifting the magnitude right and 
incrementing the exponent to compensate yields: 

+1559 02 

or 150590 Now let's add the numbers another wayo 
First add the bottom pair: 

+4074 01 
+6381 01 

+10455 01 

Since the result contains an integer digit it must be 
adjusted to: 

+1045 02 

Now take the first number and add it to this sumo 

+1045 02 
+5135 01 

Since the exponents are unequal the magnitude of the 
smaller number must be shifted right by the differenceo 
The addition now looks like this: 

+1045 02 
+0513 02 
+1558 02 

or 15058. In other words, adding in different orders 
produces different sums! 

When this material is being taught in a classroom 
it is always amusing to look around the room as the 
above result sinks ino It is easy to identify the 
students who handle money with computers by the 
horrified expressions on their faces. There is one 
very obvious moral to the above example. DON'T, DON'T 
USE FLOATING POINT ON NUMBERS TIlAT REPRESENT MONEY! 
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What has happened here is that, in the second 
case, the first addition resulted in an exponent of 2. 
When the third number was added a pre-addition shift 
was necessary, which lost enough precision to produce 
the difference. In the first case the addition produced 
a sum which had an exponent of 1. When the third 
number was added no pre-addition shift was necessary 
and the sum was, in this case, precise. It was the 
generation of the larger exponent on the addition of 
the first pair of numbers in the second case which 
caused the trouble. 

While there is no way around some precision loss 
in floating point addition and subtraction, the loss 
can be minimized by intelligent planning. The idea is 
to have the exponent of the current augend as nearly as 
possible equal to the exponent of the next addend. 
This will minimize the amount of pre-addition shifting 
necessary to perform the addition. This simply means 
that if there is a way to do it, perform the addition 
of an array of numbers from smallest to largest rather 
than largest to smallest or in a random order. In 
extreme cases this may require the sorting of the 
numbers to be added before the addition takes place. 

The floating point representation disussed so far 
has allowed numbers from +1000 00 or 1/10 to +9999 99 
to be represented. The problem of the negative 
exponent must now be addressed. Recall that the 
scientific notation number consisted of four parts, one 
of which was the sign of the exponent. Nowhere in this 
discussion has an exponent sign appeared and this 
problem must now be remedied. 

The problem of the exponent sign is solved by 
dividing the range of the exponent in half, using the 
lower half for negative exponents and the higher half 
for positive exponents. This amounts to placing a 
"bias" on the exponent. In a real decimal floating 
point system the number pi (3.141 ••• ) looks like this: 

+3141 51 
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The true value of the exponent is found by subtracting 
the bias, 50 in this case, from the given value. The 
number .7819 looks like this in the biased exponent 
system: 

+7819 50 

the real exponen t value being the given one minus 50, 
or zero. The number .01547 looks like this: 

+1547 49 

Again, the real value of the exponent is the given one 
minus 50, in this case -1. 

Real floating point is, of course, almost always 
done in binary, and binary floating point is the exact 
analog of the decimal floating point which has been 
discussed here. The most common arrangement is to 
allow 32 bits for the floating point number, four words 
in the case of eight bit machines like the 6502. One 
bit of the 32 represents the algebraic sign, eight are 
usually used for the exponent and 23 are allotted to 
the fraction. Since the high bit of the fraction is 
always a one it is usually omitted in the packed 
representation of the number and appended to the 
fraction when the number is to be operated upon. This 
artifice allows one more bit of precision to be 
squeezed from the scheme. It is usually referred to as 
the ''hidden'' bit or the "invisible" bit. 

The eight bit binary exponent is divided into two 
ranges 10000000 to 11111111 representing positive 
exponents and 00000001 to 01111111 representing 
negative ranges. A number with exponent 00000000 is 
considered to be identically zero. 

A binary floating point addition proceeds along 
exactly the same lines as the decimal examples shown 
before. The difference of the exponents is found and 
the fraction of the number with the smaller exponent is 
shif ted righ t a number of bi t pos i tions equal to the 
difference of the exponents. The two fractions are 
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then added and renormalized if a carry occurs out of 
the high fraction position. A simple software floating 
point addition procedure for the 6502 is shown in 
example 13-4. It should be understood that this 
example is written for clarity of principle and 
understanding rather than efficiency. It does not 
represent methods that would be used in creating a real 
floating point addition. 

EXAMPLE 13-4 

Two positive floating point numbers are at EXP1, 
FR1 through FR1 +2 and at EXP2, FR2 through FR2+2. 
The exponents are at the EXP prefixed locations 
and the fractions are at the FR prefixed location, 
lowest order at the lowest memory address. These 
locations have been defined as follows: 

label inst operand 

EXPl *** first exponent 
FBll RES 3 first fraction 
EXP2 *** second exponent 
11'112 RES 3 second fraction 
UP *** result exponent 
Fit RES 3 result fraction 

Perform the floating point addition of these two 
numbers and leave the result at EXP and FR through 
FR+2. 

LDA 
SUB 
BZ 

BCS SM 

get first exponent 
form exponent difference 
if the exponents are the same 
no shifting is necessary. 
if carry is a 1 here EXP1 was 
larger and the fraction of 
the smaller number at EXP2, 
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SiJAP 

SHF 
SHF2 

FJWIID 

LDY 

LDA 
PBA 
LDA 
STA 
PLA. 
STA 
DB 
BJlIZ 
LDA 
SUB 
TA'Y 
LSR 
ROR 
ROR 
DEY 
BIIZ 
LDA 
STA 
LDA 
aD 
STA 
LDA 
ABC 
STA 
LDA 
ADC 
STA 
Bec 

ROR 

WLOATIEC POIMT ARITBRETIC 

FR2 through FR2+2 must be 
shifted right by the amount 
of the differenceo 

14 otherwise the two numbers 
must be swapped to put the 
larger one in EXPl, FRl 
through FRl +2 

KlPl-l,'Y swap the four words 
beginning at EXPI with the 

EXP2-I,Y four beginning at EXP20 
EXPI-l,Y 

EXP2-1,Y 

FR2+2 
FR2+1 
FR2 

SHF2 
Enl 
EU 
FRl 
FlU 
Fll 
FlU +1 
FR2+1 
FI.+l 
FRl+2 
FR2+2 
Fli+2 
EOAmlD 

FR.+2 

compute shift count 

move shift count to Y 
shift high order fraction 
then middle order and carry 
then low order and carry 
last shift? 
repeat if necessary 
larger exponent becomes 
exponent of result 
now add the fractions 
first the low orders 
save result 
then the middle orders 
using ADC to propagate carry 
save result 
then th e high orders 
again using ADC for carry 
propagation, save result 
was there a carry out of the 
high fraction bit? If so the 
result fraction must be 
shifted one bit right and the 
result exponent incrementedo 
ROR is used to bring the 
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1'1.+1 
Fll 
laP 

carry back into the high 
order word. 
shift middle order 
and low order 
increment result exponent 
program continues 

Computer designers have, of course, been aware of 
the problem of loss of precision in floating point 
operations and have taken various steps to solve the 
problem. The simplest remedy is to use a longer 
fraction, thus beginning with more precision and 
carrying a relatively greater precision throughout the 
computa tion. This works very we 11, but greatly 
increases the amount of memory required to hold 
floating point arrays. This development reached its 
extreme a number of years ago with the introduction of 
the IBM 7030, the legendary STRETCH machine. STRETCH 
had a 64 bit wordlength which accomodated both a very 
large exponent and fraction. It also incorporated a 
very interesting technique for estimating how much 
precision was being lost in a given computational 
situation. This innovation was called "noisy mode" 
ari thmetic. 

When a floating point operation results in a 
fraction which has one or mor e zero s in th e high 
significance bits the fraction must be shifted left to 
normalize the number, incrementing the result exponent 
one for each shift. In this process, however, zeros 
are introduced into the lower bit positions of the 
fraction. STRETCH's "noisy" mode was a software switch 
which introduced ones instead. The problem could then 
be run both ways and an estimate of the precision loss 
made by comparing the two resul ts. 

Floating point multiplication is a reasonably 
straightforward process which does not involve the 
precision loss difficulties encountered in addition and 
subtraction. The exponent of the result is simply the 
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sum of the true exponents of multiplier and 
multiplicand with the exponent bias added. The actual 
computation involves only the multiplication of the two 
normalized fractions, the product being another 
fraction. This fraction may have one zero bit in its 
high position. If this happens the result fraction is 
shifted left once and the result exponent decremented. 

Floating point division is equally simple in 
theory, but somewhat more troublesome when it must be 
implemented in software on a short word machine like 
the 6502. The exponent of the result is found by 
subtracting the true exponent of the divisor from that 
of the dividend and adding the exponent bias. The 
dividend fraction is then divided by the divisor 
fraction. A divide fault condition is possible here, 
but it can be avoided by shifting the dividend fraction 
right one bit and incrementing the result exponent. 

The range of floating point numbers which can be 
held in a system like the one described here with an 
8 bit exponent and a 23 bit fraction is approximately 

+ 10.±.38.4 

In an effort to increase this range without increasing 
word length IBM introduced a form of floating point 
arithmetic on its 360 series machines in April of 1964 
which is different from that described here in a 
fundamental way. To understand what this change meant 
consider the following binary floating point number: 

exponent fraction 

10000001 100000000000000000000111 

The true exponent value of this number is 1, obtained 
when the bias 10000000 is subtracted from the given 
exponent. The actual binary value of the number is 
therefore: 
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1.00000000000000000000111 2 

or about 1.0000008345 in decimal. 
In an attempt to increase the range of floating 

point numbers the exponent was cut from eight bits to 
seven and given a new interpretation. Instead of the 
true exponent being a power of two by which the 
fraction was to be multiplied it was considered to be a 
power of sixtee~ This did in fact increase the range 
of floating point numbers to about~1~76. 

There is another effect on floating point numbers, 
however. In this system a number must be represented 
by a fraction times a power of sixteen. The number 1 
is thus written: 

exponent fraction 

1000001 000100000000000000000000 

i.e., the true value of the exponent is 1 but this now 
represents a power of sixteen; and the floating point 
number 1 must be written as: 

1/16 x 161 

The consequence is that floating point numbers cannot 
be normalized and that there may be as many as three 
nons ignifican t leading zero s. The real precision of 
this representation is not 24 bits but as little as 21 
in the worst case. The number 1.0000008345 written in 
pure binary floating point above cannot be represented 
in this system. The inability to normalize numbers 
crowds the rightmost three bits out of existence. 

Floating point systems for microprocessors are 
implemented in software. No existing machine has 
floating point hardware capability except via the 
addition of one of the special chips made for this 
purpose. These functions must therefore be implemented 
in software and the quality of the product is severely 
dependent upon the skill and experience of the 
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programmer putting it together. It has been this 
writer's experience with some of these packaged 
floating point systems that they leave much to be 
desired and in some cases produce results that are 
simply wrong. In a number of other cases insufficent 
attention was devoted to conservation of precision in 
the design, the result being a much greater erosion of 
precision than is necessary. If you intend to use one 
of these systems for important work you would be well 
advised to test it thoroughly before relying on the 
results. Caveat Emptor, as the Romans said. 
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While the fundamental internal processes of the 
6502 and other computers are binary, the operating 
programs written for the machine must interface with 
the human world, a world whose inhabitants' mental 
processes are captive to a ten fingered anatomy. It is 
necessary, therefore, to be able to convert numbers 
between the binary and decimal systems. The purpose of 
this chapter is to study the methods by which this is 
commonly done. 

Consider the problem of conversion of BCD to 
binary. Suppose we have the three BCD digits: 

00000010 00000101 00000101 

in memory, their values being 2, 5, and 5. The 
leftmost is the hundreds digit, the next the tens 
digit, and the rightmost the units digit, so that the 
value of the decimal number is 255. Our problem is to 
take these three BCD digits and handle them in such a 
way that the final result is binary 11111111. A very 
simple way to do this is to multiply the hundreds digit 
by 100 and the tens digit by 10. The sum of these two 
products plus the units digit will give the desired 
result. 

The mul tiplication is no problem. As we saw in 
chapter 8 it is possible to construct a shift-add 
sequence to multiply by any number. The decimal number 
100 is in binary: 

01100100 

The multiplication is done by shifting left twice, 
saving the result, shifting left three times more, 
saving this result, shifting left once more and then 
adding both of th e previous ly saved resul ts. A 
multiplication by ten was shown in example 8-1. A 
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program to accomplish this conversion is shown in 
example 14-1. 

EXAMPLE 14-1 

Three BCD digits are in memory locations RUNDIG, 
TENDIG, and UNDIG. They represent the hundreds, 
tens and units digits of a decimal number. Create 
the program to convert these digits to a binary 
number. 

label 
SClW 

inst 
LM. 
ASU 
ASU 
STA 
ASLA 
ASIA 
ASLi. 
STA 
ASLA. 

ADD 
ADD 

STA 
LDA 
ASLA 
STA 
ASLA 
ASLA. 
ADD 
A1l»D 
ADD 

operand 
BUNDIG get hundreds digit 

times 2 
times 4 

T save result 
shift left three 
more times 

T+l save this result 
one final shift gives the 
original number times 64 

T+l add original number times 32 
T and original number times 4 

to get 64N + 32N + 4N = lOON 
T+2 save lOON 
TERDIG get tens digit 

times 2 
T save this 

times 4 
times 8 

T ION = 8N + 2N 
T+2 
UNDIG 

add the hundreds portion 
add units digit 
program continues 
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This method will convert the number properly as 
long as no attempt is made to convert a number greater 
than 255. Attempting to convert 257 would yield a 
result of 00000001 and no warning that something had 
gone amiss. The problem with example 14-1 is that 
there is no check for overflow. 

Further, a special mUltiplication is required for 
each decimal digi t pos ition. This would become very 
tedious if large decimal numbers were to be converted. 
Rather than multiply by a special constant at each 
stage it would be more efficient to simply mUltiply by 
ten and add the next lower significance digit. This 
amounts to computing: 

10(TENDIG+10(HUNDIG»+UNDIG 

A subroutine can be created to multiply the A register 
by ten and check to see whether overflow occurred. 
This is a simple modification of the program in example 
8-1. It is shown in example 14-2. 

EXAMPLE 14-2 

A subroutine with entry point name TMZTEN is to be 
written. This subroutine is to multiply the 
contents of A on entry by ten, returning this 
result in A with the carry bit off. If the result 
is too large to be held in A return with carryon. 

label inst operand 

TMZTER ASIA 
:ReS TTR'DlI 

STA TT 
ASLA 

mUltiply by 2 
if a one bit enters carry at 
any time during this process 
the result cannot be held 
in the A register. 
save intermediate result 
mUltiply by 4 
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BCS TTRTII and check for overflow 
ASLA one las t shift 
BCS TTRTB check for overflow 
ADD TT add saved result 

TTR'IB RTS and return 
TT *** temporary cell 

With this subroutine in hand the conversion of 
example 14-1 becomes much shorter and simpler. The new 
conversion is shown in example 14-3. 

EXAMPLE 14-3 

Using the subroutine in example 14-2 write a 
program to convert the BCD digits of example 14-1. 
If an overflow occurs send control to location 
TILT. 

label inst operand 

LDA lBlUNDJIG get hundreds digit 
J'SR TMZTER mUltiply it by ten 
lBCS TILT check for overflow 
ADD TENlDJIG now add tens digit 
.JSR TMZTER and mUltiply by ten again 
BCS TILT check for overflow 
ADD UNDIG and add units digit 
BCS TILl' final check for overflow 

program continues 

The examples above show the simple conversion 
process, but there is a little more to it than this. 
The data input to a conversion come, presumably, from 
the outside world. More than likely they are being 
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typed by an operator. Even worse, they might be typed 
by somebody passing by on coffee break when the 
operator is absent. This might be serious if the typed 
in data were being used for setting the operating 
temperature of the reactor core mentioned in chapter 
11. Poor Lambros steps out for just a minute because 
of a hydraulic urgency and the cleaning person decides 
it might be fun to peck at a few keys on that fancy 
keyboard! Yet another way to get to meet the Great 
Fuel Rod Maker in the sky! 

The answer, of course, is that ALL. input must be 
checked for errors and plausibility. There are no 
exceptions, nor can there be any exceptions to this 
rule. NEVER, NEVER assume that incoming data are 
correct, and after checking that they are at least 
correct in form, make a further check for plausibility. 
20,000 degrees is a correct, all numeric data entry but 
hardly a plausible operating temperature for the 
reactor core. 

What is plausible will vary, of course, from 
situation to situation. An automotive control computer 
might ask the driver if he really wants to set cruise 
control at 85 m.p.h. What we can show here is only the 
check for correctness of form. The data input to a 
decimal-binary conversion must all be numeric. A check 
of this kind is known as a validity cllD.eck. The process 
is shown in example 14-4. 

EXAMPLE 14-4 

A subroutine is to be written which will check the 
ASCII character in A on input. If the character 
is numeric, i.e., in the range $BO - $B9, the high 
four bits are to be masked off and the result 
returned with carry off. If the character is not 
in this range it is to be returned unchanged with 
the carry bit on. 
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label inst operand 

DCMLCK CMP #$BO 1es s than ASCI I zero? 
BLS BDJIC branch if so 
CMP I$BA greater than or equal to 

character after ASCII nine? 
:1GB BmIlC branch if so. If control 

gets past this BGE the 
character was valid numeric. 

A1ID I$F strip off high four bits 
CLC set carry to zero 
1.1'8 and return 

ImIlC SEC not numeric, set carry to 1 
1.1'8 and return 

Note, by the way, that the operand of the AND 
instruction was written as $F, not $OF. It is 
never neces sary to wri te nons ignifican t 1 eading 
zeros with this assembler. 

The conversions thus far have been for numbers 
less than 255, not a very useful range. With the short 
word of the 6502 any useful conversion must be at least 
double precision. The principle of such a conversion 
is the same as that for single precision. The 
mechanical details are a little longer, however. A 
double precision conversion with validity check is 
shown in example 14-5. 

EXAMPLE 14-5 

A program is required to convert a series of ASCII 
digits from the system keyboard to a number 
between 0 and 65535, the maximum capacity of 16 
bits. A subroutine which reads the keyboard and 
returns with the ASCII code for the key struck is 
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available under the entry point name RKB (see 
example 11-1, page 164). The conversion is to 
stop if any non-numeric character is received from 
the keyboard. If an overflow occurs send control 
to location OFLOW. The result is to be left in 
normal double precision format in locations Nand 
N+1. 

label inst operand 

DCDT CIA clear result cells 
STA N 
STA 11+1 
.JSR ltD get character from keyboard 
.JSR DCMLCK validity check using sub-

routine of example 14-4. 
:Res EOCD skip out if not numeric 
STA REliT save new digit 
.JSR DB'rEN subroutine below mUltiplies 

N, N+l by ten 
:ReS OlP'I.Oi1 DBTEN turns carry on if 

product > 65535 
BCC en' since we know that carry is 

off we can use the two word 
BCC instead of the three 
word JMP. 
program continues 

And the subroutine for multiplication of N, N+l by 
ten is: 

DBTEl' liSL N mUltiply by two 
ROI. N+1 
BCS EOKP check for overflow 
I.D.A N save partial result 
LDX N+1 
AS!. N mUltiply by two again 
ROlL. N+l 
Bes EOMP check for overflow 
ASL N mUltiply by two again 
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ROlL. N+l 
BOS EOJllP check for overf low 
ADD B form double sum of. 2N and 8N 
STA B save in N, N+l 
Tn high order 2N to A 
ADC N+l form high order sum 
BCS EOiIIP check for overflow 
TAX save high s.um in X 
STA N+l and in result 
LDA If get low order ION 
OD lSMT and add new digit 
STA N save low final result 
Tn get high order ION 
DC #@ propagate carry from low 
STA H+l order, save high result 

EOHP RTS program continues 

The conversion method shown in example 14-5 can be 
extended to any necessary mUltiple precision. 

Conversion of decimal fractions to binary can be 
treated in several ways. The simplest is to convert 
the successive digits as an integer, all the while 
keeping count of the number of digits, including 
leading zeros, which have been processed since the 
decimal point was encountered. The number of converted 
digits is the power of ten by which the integer must be 
divided, or the number of times it mus t be divided by 
ten. This division is done by using the highest order 
of the converted integer as the low order dividend to 
begin, the high order dividend being zero. This is 
guaranteed to be divisible, i.e., no divide fault 
condition can arise. When this division has been done 
the quotient is stored into the high order result. The 
second highest integer order is then used as the low 
order dividend with the remainder from the previous 
division being used as the high order dividend. This 
continues through all orders of the integer, the 
quotient each time replacing the integer order 
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involved. This process is repeated as many times as 
required to divide by the proper power of ten. The 
result is the binary fraction equivalent of the decimal 
fraction. 

Conversions of binary integers to decimal can be 
done in one of two ways. If the integer is divided by 
ten the resulting remainder will be the low BCD digit 
of the decimal result. Successive divisions of the 
resulting quotient give the higher BCD digits. This 
process, while simple looking, produces the digits of 
the result from lowest to highest, an inconvenient 
order when the digits are being printed as they are 
converted. One way around this problem is to push the 
successive BCD digits onto the stack as they are 
produced. When the conversion is complete the digits 
can be pulled from the stack in the reverse order, 
i.e., from highest to lowest order. 

A simpler method for converting binary integers to 
decimal is by subtraction of successive powers of ten 
beginning with the highest possible power. The number 
of subtractions possible before zero is crossed, as 
indicated by the carry bit, is the BCD result for that 
order. This conversion is shown in example 14-6. 

EXAMPLE 14-6 

A program is required which will convert the 
unsigned integer magnitude in A to three ASCII 
digits to be left in RUNDIG, TENDIG, and UNDIG, 
whose meanings are as given in example 14-1. 

label inst operand 

WY IB(J)D ASCII code for zero to Y 
Sl SUI IlOO subtract 100 from number 

Bec S2 did it c ro s s zero? 
DJY no, increment ASCII result 
BIlZ S11. and do it again 
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S2 ABC #100 yes, restore number. Note 
that we can use ADC instead 
of ADD here. Carry is known 
to be zero because control 
reached here via the BCC 
instruction above. 

SlY IIIUNlDIG save ASCII hundreds digit 
LDY 1 80 u get ASCII zero for tens digit 

S3 SOB #10 subtract 10 
BCC S4 did it cross zero? 
DrY no, increment tens digit 
BJIZ 83 and do it again 

S4 AD<: #10 and restore number 
8'l"f TERDIG save ASCII tens digit 
ORA #D([)D form ASCII units digit 
8TA UNDIG save units digit 

program continues 

The sharp-eyed reader may have noticed that an 
economy can be made here. Both of the 
instructions: 

84 110 

and 

could be replaced by the single instruction: 

84 #$BA 

If you didn't notice this and don't understand it 
it would be worth your while to stop and examine 
it for a moment. 

Conversion of signed numbers is best done by 
forcing the number positive and converting the 
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magnitude by the methods already developed here. A 
signed single precision conversion is shown in example 
14-7. 

EXAMPLE 14-7 

A signed number is in the A register. It is to be 
converted to signed ASCII-decimal, with the ASCII 
code for the sign, + or -, left in location SIGN 
and the decimal magnitude left in HUNDIG, TENDIG 
and UNDIG as before. 

label inst operand 

ClBS I.])X #u+u ASCII plus sign to X 
PlI!IA this PHA-PLA sequence sets 
PlA the flags to reflect the 

contents of A. The flags were 
destroyed by the LDX. 

BPI. ClIIWS2 skip if number positive 
IJ)X :ffU-B get ASCII minus sign 
'rCA and force number positive. 

No check is made here for 
overflow, yet the number 
could be 10000000, the 
maximum negative number. Why? 

ClfiS2 sn S:IGlI save ASCII sign character 
][J)X 1°«)0 ASCII zero to X 

cmvS3 SUB 1100 subtract 100 
BKI CDS4 why BMI instead of BeC? 
IIIX. increment ASCII hundreds 
BWZ CMlWSJ digit and repeat. We can use 

a two word BNZ instead of a 
three word JMP here because 
we know that the INX set the 
zero flag to show nonzero. 

cnS4 JIDD 100 restore number 
sn HUNlI>IG save hundreds digit 
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JLJ)X IUO e get ASCII zero again for tens 
SUB #10 subtract ten 
IMI cnS6 skip if zero crossed 
IlIX increment tens digit 
Be cnS5 and repeat 

CJn'S6 ADD #$BA if you didn't figure this one 
out at the end of example 
14-6, you'd better do it now! 

STX n:NlDIIG save tens digit 
STA UNlDIIG save units digit 

program continues 

Since single preC1.S1.on results are not often 
useful on an eight bit computer the need for double 
precision conversions arises quite often. Such a 
conversion works, of course, on the same principles as 
the single precision conversions already shown. The 
mechanics of the conversion, however, become quite 
messy. Example 14-8 shows such a conversion. You may 
find that working through this example is fairly heavy 
going, but don't abandon it without working it all the 
way through. Quite aside from what it can teach you 
about the conversion process itself, it draws together 
a number of skills which you should have mas tered by 
now. It involves indexed addressing, indirect 
addres sing, double prec is ion ari thmetic and table 
access. Working through example 14-8 will be an 
excellent test of your mastery of these topics. 

EXAMPLE 14-8 

A double precision unsigned magnitude 1.S in 
loca tions Nand N+1. Convert this magnitude to 
AS CI I-dec ima1, leaving th e resul t in DNUMBR 
through DNUMBR+4, highes t order digit in DNUMBR. 
A scratchpad pointer is available for use at RPTR. 
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label inst 

lDOON LDA 

DCI 

De2 

DCl 

STA 

CDB 

1LJllIY 

I.M. 
STA 
][J)A 

SO 

Bec 
STA 
STX 
DlC 
BU 
lJ)X 

STA 
lJll)B 

IllY 
DIY 
DIIC 
BIIZ 

operand 

15 
CJn' 

generate digit count. The 
largest number which can be 
held in 16 bits is 65535, 
Le., 5 digits. 

RFT.R,DRUMB~ create scratchpad pointer 
to result area at DNUMBR 
clear index for decimal power 

lPT,Y 

N+l 
PT+lI.,Y 

DCl 
N+lI. 
II 
D][GIT 
DC2 
10 

ClII'r 
Dell. 

table access 
set initial digit value 
to zero 
get low order number 
subtract low order power 
of ten from table 
this is saved in X but not 
stored in memory, in case 
this subtraction caused the 
result to cross zero 
get high order number 
and subtract high order power 
of ten from table 
was zero crossed? 
no, store the result of 
the double subtraction 
and increment result digit 
and repeat 
clear X for indirect access 
store result digit in string 
increment store pointer 
increment index to point to 
next power of ten in table 
las t digit? 
not if CNT still nonzero 
program continues 

The table of powers of ten is defined elsewhere by 
the DBL pseudo-op, Le.: 

PT DBI. 10000,1000,100,10,1 
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This conversion could be made faster by finding 
only the first four digits by the double precision 
subtraction method, since after all of the tens 
have been subtracted out the residual binary 
number is less than ten, ioe., it is the BCD low 
order digit. This can be converted to ASCII by 
simply ORing $BO with it. This makes a special 
case out the low order digit, however, and 
lengthens the program. Since conversion usually 
takes place as part of output, and the process is 
bound by the speed of the output device rather 
than computational speed, we choose to make the 
program shorter rather than faster. 

The conversion of a binary fraction to a decimal 
fraction is probably the simplest conversion of all. 
If a fraction is mUltiplied by ten the result must be 
an integer less than ten and possibly a nonzero 
fraction. Imagine a fixed point number with the point 
in the middle of the 6502 word, like this: 

0000.1100 

This is the binary fraction 3/4, a one in the halves 
bit and a one in the quarters bit. This can be 
multiplied by ten by the simple procedure shown in 
example 8-1 to give: 

0111.1000 

The integer portion of this number, 0111, is the high 
order BCD result, a 7. Saving the 7 and clearing the 
high four bits we have: 

0000.1000 

MUltiplying this result by ten gives: 
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0101.0000 

the integer portion, 0101, being the second BCD digit, 
a 5. We have thus generated the digits 7 and 5 of the 
decimal fraction .75. Since the remaining fraction is 
zero there is nothing more to convert. 

The process is shown in the above form to avoid 
grappling with double precision, since mUltiplying a 
single precision fraction with the point all the way at 
the left generates a double precision product. Now 
that you understand the principle involved you can work 
through the real single precision conversion. It is 
shown in example 14-9. 

EXAMPLE 14-9 

A single precision fraction is in memory at 
location FRACT. Convert it to an ASCII-decimal 
character string which represents the decimal 
fraction beginning at loca tion STRING. Continue 
the conversion as long as the remaining fraction 
is nonzero. 

label inst operand 

CBYFR. LDY :fI:O clear index to store results 
CllYFRl CIA clear integer space 

STA T 
ASL FRACT fraction times 2 
R.OJ.. T with bit shifted out going 

to integer word 
LDA FMCT save doubled result 
LDX T in A and X 
A$L FlUeT fraction times 2 again 
ROJ. T 
ASL FMCT and again 
ROJI. T 
ADD FUel' now form double precision sum 
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STA 
'li'U. 
ADC 
ORA 
STA 
IlH 
Jr...DA 

BIIiIZ 

BUKBER BASE CONYKRSIO~ 

save for next pass 
get high order back 
form high order sum 
make ASCII from BCD 

STRIDmC»Y save character in string 
increment index for next 

FRAC~ now test the remaining 
fraction. If nonzero 

ClWFI1 generate another digit 

pass 

Conversion between decimal and binary floating 
point is another matter entirely and programs to 
perform this task are well beyond the scope of a book 
like this. The general principle involved will be 
illustrated here but no program examples given. 

Consider the binary floating point number: 

exponent fraction 

00001000 111111110000000000000000 

The value of the fraction is 255/256. The true 
exponent is shown here, the bias being omitted for 
clarity. The value of the exponent is 8. The value of 
the floating point number 1S therefore: 

255/256 x 28 or 255/256 x 256 

or simply 255. LetUs rewrite this in decimal and 
create a new quantity which weill call DX. BX means 
binary exponent. 

BX 
8 

Fraction 
255/256 

DX 
o 

We begin by subtracting 3 from the binary exponent, BX 
and multiplying the binary fraction by 4/5. Each time 
we are able to do this with the exponent value crossing 
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zero we increment the decimal exponent DX. After one 
pass the result looks like this: 

BX 
5 

Fraction 
255/256 x 4/5 

DX 
1 

The effect of subtracting 3 
to divide th e number by 8. 
the fraction by 4/5, the 
floating point number is to 

from the binary exponent is 
If we concurrently multiply 
net effect on the binary 
divide it by ten. i.e.,: 

1/8 x 4/5 = 4/40 = 1/10 

We therefore increment the decimal exponent. One more 
pass yields: 

BX Fraction DX 
2 255/256 x 4/5 x 4/5 2 

At this point we can no longer subtract three from the 
binary exponent BX. When the fraction is consolidated 
we have: 

BX 
2 

Fraction 
51/80 

DX 
2 

The remaLnLng binary exponent can be reduced to zero if 
we mUltiply the fraction by four to compensate. We 
then have: 

BX 
o 

Fraction 
51/20 

DX 
2 

The value of 51/20 LS 2.55. This result can be gotten 
from the integer and fraction convers ion methods 
illustrated in this chapter. The decimal value of the 
binary floating point number is, therefore: 

2.55 x 10 2 
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and the conversion 1S complete. Binary floating point 
numbers with effective negative exponents are converted 
by adding 3 to the binary exponent and mUltiplying the 
fraction by 5/4, decrementing the decimal exponent each 
time this is done. 

This method is known by the name radix deflation 
and while it is simp Ie in princ iple it is a veri table 
minefield of precision loss dangers for the unwary. 
The mUltiplication by 4/5, for example, is inexact, 
since 4/5 cannot be represented exactly in binary. 
This is for the same reason that 1/3 cannot be 
represented in a finite number of decimal digits. The 
purpose of this exercise has been to acquaint you with 
the principle involved in floating point conversion, 
not to encourage you to try it. This is a task best 
left to the professionals. The conversions are easily 
the most difficult part of the entire floating point 
process. 
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GEBERATIOB AOOD USE OF RABDOH NU~BERS 

It is sometimes difficult for a beginning 
programmer to conceive of any use for randomness. In 
the well ordered world of a computer program the very 
notion of randomness would seem to be contradictory to 
the purpos e of programming. Random numbers are, 
nevertheless, extremely useful and situations exist in 
which no other approach will yield a result. 

It must be understood from the beginning that what 
are called random numbers in a computer are not random 
at all, but pseudo random. A computer is an automaton 
with a finite number of states. The numbers which it 
generates are of some finite length and, therefore, of 
finite range. If, as in the case of so-called random 
number generation, the output from a previous execution 
of the generator is used as the determining input to a 
later execution, the program will eventually duplicate 
one of its previous resu1 ts and the cyc 1e will start 
anew. What we mean by a random number in a computer is 
a member of a series of numbers of fixed range, each of 
which bears no obvious relation to its predecessor or 
successor and which, if a sufficiently large number are 
generated, will be uniformly distributed along the 
permissible range. Suppose random numbers were to be 
generated on the interval 0 - 1. In your imagination 
you can divide this range into some number of 
subranges, say ten. The firs t interval runs from 0 to 
1/10, the second from 1/10 to 2/10, etc. Rule the 
subranges onto a piece of graph paper and generate a 
number. If the number is between 0 and .1 fill in the 
lowest box of the leftmost column representing the 0 to 
1/10 range. If the number is between .5 and .6 fill in 
the lowest box of the appropriate column and so forth. 
If you generate enough numbers in this way, filling in 
the appropriate column for each, the columns should be 
approximately the same height for all the subranges. 
Numbers which behave in this way are said to be 
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uniformly distribu~eL 
To understand how such numbers may be useful, 

consider the following experiment in your imagination. 
Imagine that the value of pi, 3.14159 ••• , were unknown 
and tha tit was imposs ib1e in consequence to compute 
the area of a circle. Now cut a square from plywood 
which is exactly ten feet on each side. The area of 
this square is 100 square feet. Within the plywood 
square inscribe a circle centered a t the exact center 
of the square with radius 5 feet so that the circle is 
tangent to the sides of the square at four points. Now 
we must find a means of hurling a baseball at the 
square in such a way that the impact point cannot be 
previously determined and that it is as likely to hit 
any given point in the ten foot square as any other on 
any given pitch. We might use a blindfolded individual 
to throw the ball. Any of the starters on the current 
Chicago Cubs pitching staff would do nicely, and we 
could dispense with the blindfold. In this case, 
however, we would have to add the rule that any pitch 
which missed the ten foot square altogether wouldn't 
count and that as a safety measure spectators would be 
confined to the area behind second base. We now get a 
supply of baseballs and India ink. Each baseball is 
dipped in the India ink and hurled at the ten foot 
square. Each pitch would leave an ink mark on the 
plywood. After some large number of pitches we stop 
this nonsense and count all of the marks on the 
plywood. A second count is done of all of the marks 
which fell in or on the circle. The ratio of the total 
number of marks on the plywood to the number which fell 
in or on the circle is the approximate ratio of the 
area of the square to that of the circle, and we have 
determined the value of pi. A further social benefit 
of such an experiment would be to bolster the self 
esteem of the pitching staff by proving that even our 
local heroes are capable of making a contribution. 
Some good can be found in anything, even if it takes 
another 35 years to find it. It would seem the humane 
thing to do in any case. We return now to serious 
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discussion. 
Random numbers are useful in a grea t variety of 

situations in which it is impossible to predict the 
behavior of a system by analytical means, either 
because no analytical solution exists or because the 
system is too complex for practical analytical 
solution. The behavior of such structures as 
expres sways is in general impos sible to predict 
exactly, particularly under full load conditions. It 
is important to know something of this behavior before 
commi t ting hundreds of millions of do 11ars to a plan 
which may cause a rush hour traffic gridlock 
unexpectedly. A mathematical model of such a system is 
therefore built within the computer and the inputs and 
outputs to the expressway system, i.e., cars entering 
and exiting, are simulated by routing traffic to on and 
off ramps randomly but in keeping with known demand. A 
very good idea can be gotten by this means of how the 
eventual system will work. An entire group of 
programming techniques has sprung up around the use of 
random numbers for such purposes. These techniques are 
known by the name of Monte Carlo methods. 

The generation of numbers which exhibi t the 
required pseudorandom traits is surprisingly difficult. 
Some whimsical programmers are fond of referring to 
their less than successful programming efforts as 
"random number generators" but this is really far from 
the case, indeed it is the nonrandom character of these 
results which allows the error producing the 
misbehavior to be traced. The theory of pseudorandom 
number generation is far beyond the scope of this book. 
What we will attempt to show here is a fixed procedure 
for generating pseudorandom numbers by a technique 
known as th e pover residue method. Those readers who 
have an interest in the method itself can find it 
described in numerical analysis texts. R. W. Hamming's 
Numerical Methods for Scientists and Engineers (McGraw­
Hill, 1962) is a good place to start. Since any 
pseudorandom number generator will eventually repeat 
the sequence of numbers it produces, the idea is to 
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make this cycle of repetition, known as the period of 
the generator, as long as possible. For the power 
residue method the period of the generator is: 

where N is the length in bits of the numbers being 
generated. For the 6502 we will work in double 
preC1S10n, since generating numbers with an eight bit 
word would yield only 64 numbers before the sequence 
began to repeat. The method of generation is as 
follows: 

1. A constant mu1 tiplier is chosen, as close to 2N/2 
as possible, of the form 8i±3, in which i is an 
in teger. For 16 bi t numbers we wan t a number of 
this form as close to 2 8 or 256 as possible. The 
value of i is in this case 16. The seed number may 
therefore be 253 or 259. We will use 253 here. 

2. A "seed" number is chosen. This number may be any 
odd integer, but it must be odd. This seed number 
is the starting value for the generator. 

3. The 32 bit product of the 16 bit constant 
mUltiplier and the 16 bit seed is found. The high 
order 16 bits of this product are discarded. The 
low order 16 bits of the product form the generated 
random number 

4. The seed number or starting value is replaced by 
the genera ted random number. This rep 1acemen t 
occurs on each pass through the generator, so that 
each pass uses a different "seed" or starting value 
from the one which preceded it. 

This procedure will produce 16,384 numbers before 
a repeat. A random number generator which uses the 
power residue method as outlined above is shown in 
example 15-1. 
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EXAMPLE 15-1 

A subroutine is required to generate random 16 bit 
unsigned integers by the power residue method just 
described. The multiplication may be done by the 
DMPY subroutine of example 9-6, page 131-132. The 
result is to be left at RNMBR and RNMBR+1. 

label inst operand 

RAIIDCM LD.A CMPLIt move constant multiplier 
STA lB to DMPY multiplier area 
LIlA CMPI.li.+l 
STA A 
I.DA SEg move SEED/previous result 
STA D to DMPY multiplicand area 
LDA SEED+l 
STA C 
JSR DHPY execute the multiplication 
LDA BIGPU save low order half of 
STA SEED product as new SEED and 
STA mmBlil random number resu1 to 
I.DA. BIGPlID+l ... 
STA SEEJI)+l 
STA lRNlI!lIBli+ 1 
RTS return to calling program 

CMPLIt DBL 253 value of constant 
multiplier is 253 or 259 

SEED DBL 3 starting value of SEED is 
any odd integer 

Rmm1l $$$ result appears here 

When using a new random number generator it is 
good practice to find out something about the 
uniformity of distribution of the generated results. 
This need not be an elaborate check, but it should be 
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done. I t is a fairly easy task and makes a good 
example, since it pulls together a number of different 
programming conc ept s from th e previous chapters. To 
make this check a large number of random numbers is 
generated. As each number comes from the generator its 
high half is used as in index to increment a count in a 
frequency distribution tabte, this table having been 
previously set to all zeros. The resulting frequency 
table may then be examined. A good generator should 
produce no cells containing counts which deviate from 
the mean by more than 10% to 15%. The creation of a 
frequency table for the generator in example 15-1 is 
shown in example 15-2. 

EXAMPLE 15-2 

The frequency distribution of the numbers 
generated by the subroutine RANDOM of example 15-1 
is to be constructed. Clear an array area of 
memory to receive the distribution and construct 
it. 

label inst operand 

CDR OOUNT,-15000 th'e number of random 
numbers to be generated for 
this tes t is 15,000 

I.DY f«JJ clear index to zero array 
'lYA set A to zero. This is 

shorter than CLA or LDA 4foO 
CLEAR STA ARRAY,Y clear array member 

:my bump index 
RJIZ CLEAR and do it again until done 

CM JSR iWlOOH generate a number 
LDX RmlBR+l use high half as 8 bit index 
IIIC ARRAY,X this must be done using X, 

since INC cannot be indexed 
by Y. 
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mB 
BlIIZ 

001lJJN'I' 
CD 

increment count 
and do it again until all 
15,000 have been done. 

If 15,000 numbers are generated the average count 
in each cell of the array should be 15,000/256 or 
58.59. When the above program is run and the resulting 
frequency distribution examined in memory there are 
more cells with value 58 than any other value. 2/3 of 
all cells contain values between 55 and 60 inclusive, 
4/5 have values between 54 and 61. In no case did any 
cell contain a value 1es s than 52 or greater than 64. 
The generator thus passes the test. 

The 6502, of course, is indifferent to the 
imaginary radix point implied by our specification of 
integer results. We could as well consider that the 
radix point is all the way at the left end of the word, 
thus making our results pure fraction, distributed on 
the interval 0 - 1. This raises a couple of 
interesting possibilities. The first is the generation 
of random decimal or BCD digits. 

Random decimal or BCD digits are often required in 
game applications and in programs which generate 
educ a tiona1 dri 11s, e.g., programs whi ch genera t e 
arithmetic problems for school children or choose a 
word from a list for foreign language vocabulary drill. 
Random BCD digits are generated by first generating a 
random binary number and treating it as a pure 
fraction. This fraction may have a value approaching 
zero on the low end or approaching one on the high end. 
Since the binary or radix point is all the way at the 
left there are no integer bits and the generated number 
can only approach the value one, not achieve it. If 
the number so generated is multiplied by ten the 
result, by definition, is a number composed of one 
integer BCD digit plus a fraction. This integer part 
of this number has a value, by definition, less than 
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ten and greater than or equal to zero. This is our 
random BCD digi t. Once it has been genera ted in this 
way it can be converted to ASCII easily by ORing on the 
numeric ASCII bits, 10110000. The generation of random 
BCD digits is shown in example 15-3. 

EXAMPLE 15-3 

A subroutine is required to generate random ASCII 
numeric digits for use in an elementary school 
arithmetic drill. The RANDOM subroutine of 
example 15-1 is to be used and the generated ASCII 
result is to be returned in the A register. 

label inst operand 

lIDGIT JiSR RA1l!J00l.tI generate binary random 
fraction 

CLA and clear result cell 
STA BCDGT 
ASL RmilBIi+l mUltiply the random 
ROJ[. BCDGT binary fraction by ten 
LDX BCDGT 
I..DA JIrnOOBli+l 
ASL RmmBt+lI. 
1.0][, BCDGT 
ASL RNmlBR+JI. 
1.0][. BCDGT 
OD RNIrmJi+JI. form low sum to get carry 
TXA 
DC BCDGT form high sum plus carry 

from low sum 
ORA :fPO U change BCD to ASCII 
RTS return to calling program 

BCDGT *** temporary storage 
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One parenthetical note should be made about 
example 15-3 before leaving it. The generator shown 
will produce a reasonably uniform distribution of 
random decimal digits, about one digit in ten being a 
zero. For the arithmetic drill application quoted in 
the example it turns out that this is an undesirable 
situation. One zero in each ten digits is much too 
frequent for this purpose. We are, after all, 
attempting to teach children arithmetic skills and a 
zero operand in an arithmetic problem is the trivial 
case. This writer has found that in implementing such 
systems zero should be treated as a special case. One 
zero in forty decimal digits is about right for this 
application. This requires that a sor t of "fil ter" be 
built into the generator which discards three zeros out 
of each four generated. Discarding a zero simply means 
going back and generating another digit. Wri ting the 
program to perform this "fil tering" would be an 
instructive exercise for the reader. 

At the beginning of this chapter a random number 
experiment was proposed which involved ink dipped 
baseballs and a pitcher who could be relied upon to 
exhibi t perf ec t randomnes s of direction. Candidate s 
for the' po sit ion we r e eve n s u g g est e d • A san 
afterthought, the writer realizes that he may have 
proposed an experiment which would compromise the 
safety of the observing public. Further, getting a 
reasonably accurate result would involve several 
thousand pitches, a feat well beyond the capability of 
even a winning pitching staff, not to mention the 
proposed candidates. It has been decided, therefore, 
to conduct the experiment within the 6502, using random 
binary fractions rather than baseballs. The Cartesian 
equation of a circle of unit radius centered at the 
origin is: 

x 2 + y2 = 1 

The condition that a point (x,y) fall within the circle 
is: 
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Rather than throwing baseballs with random impact 
coordinates on a wooden board we can generate random 
coordinates within the computer. A pair of generated 
random fractions may be viewed as the coordinates of a 
point within the square whose corners are at (0,0), 
(1,0), (1,1) and (0,1). This square represents the 
first quadrant of the square board proposed in the 
physical experiment. If we generate only unsigned, and 
therefore positive, pairs of random numbers, these 
pairs will represent points within this first quadrant. 
The inequality test shown above will detect points 
which are within the quarter circle contained in this 
first quadrant. The ratio of the area of the full 
square to the full circle in the physical experiment 
will be the same as the ratio of the small square to 
the quarter circle contained in the first quadrant. If 
we determine this ratio we need only multiply it by 4 
to find our statistically determined value of pi. The 
determination of pi by this method is shown in example 
15-4. 

EXAMPLE 15-4 

The value of the constant pi is to be determined 
by the statistical method outlined above using the 
pseudorandom number generator RANDOM and the 
double length multiply routine DMPY. Create the 
program to perform the necessary computation. 

label inst operand 

PI CDR TOTAL,-8192 This is the total 
number of coordinate pairs 
to be generated. The period 
of the generator is 16,384 
but we are accessing it twice 

232 



lPI2 

GXBERATION AWD USE OF RAOODOK NUKBERS 

eD:e 

JSR 
I.DA 
STA 
STA 
I.DA 
STA 
STA 
JSR 
][.])A 

STA 
][.])A 

STA 
JSR 
LDA 
STA 
STA 
][J)A 

STA 
STA 
JSR 
LDA 
DD 
I.DA 
ABC 
BCS 
m:e 

IlIDB 
BIIZ 

OOlIDNT,O 

C 

for each, co.ordinate pair. To 
go beyond this number would 
only duplicate the result of 
the first 8192 pairs. 
this is to be the count of 
points which fall inside the 
circle. 
generate X coordinate 
move X coordinate from 
generator to multiplier and 
mUltiplicand fields of 
double multiply routine 

DMPY now square the X coordinate 
BIGPmD+2 and save the square 
XSQ 
BIGPlD+3 ••• 
XSQ+l 
MlIW~ 

BlNI!mli 
B 
D 
RNOOBll+l 
A 
C 

generate Y coordinate 
move Y coordinate from 
generator to multiplier 
multiplicand fields of 
double mUltiply routine 

and 

DMPY square the Y coordinate 
BIGPmD+2 now add the squares of the 
XSQ X and Y coordinates. If the 
XSQ+l sum is 1 or greater, i.e., 
XSQ+l not a fraction, a carry will 
NEXT occur out of the high sum. 
COONT this point was within the 

TOTAlL. 
lPI2 

circle so we increment COUNT 
increment loop count 
and do it again if necessary 
program continues 

This program takes a number of seconds to execute, 
since a considerable amount of computation is 
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involved. When it is executed and locations COUNT 
and COUNT+l are examined, they are found to 
contain $1927, or 6439 decimal. This is the 
number of points out of 8192 that fell within the 
circle. The ratio of the area of the quarter 
circle to that of the square is therefore: 

6439 
8192 

or .78601074. MUltiplying this by four to find 
the value of pi we get: 

pi = 3.14404297 

a value quite close to the true one, 3.141592653. 

The above example was intended to illustrate a 
method rather than to present a serious attempt to find 
the value of pi. As in all statistical determinations 
a given increase of precision requires that larger and 
larger numbers of sample points be generated. 
Nevertheless, example 15-4 nicely illustrates a family 
of methods which depend upon the generation of 
pseudorandom numbers for their operation. 

The last exercise of this chapter will be 
concerned with yet another application of random 
decimal digits. Most people have seen a species of 
humor which propagates by means of anonymously authored 
single sheets which mysteriously appear in offices and 
laboratories. These sheets of paper, looking usually 
like th e 15 th Xerox copy, pres en t a variety of humor 
topics, most of which are too outrageous to appear in 
normal print. One of these has recently come into the 
writer's posession and its topic is unusual in being 
fit to print, funny and germane to the topic of this 
chapter. The sheet bears no marks of authorship or 
copyright and was probably generated by one of the army 
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of amateur humorists who supply city transit stations 
with the abundant graffiti which are a mark of our 
time. The sheet is titled: 

POCKET FOG GENERATOR 

and contains three columns of computer "buzzwords", 
to wit: 

integrated 
total 
systematized 
parallel 
functional 
responsive 
optical 
synchronized 
compa tible 
balanced 

managenent 
organizational 
monitored 
reciprocal 
digital 
logic 
transitional 
incremental 
third-generation 
policy 

options 
flexibility 
capability 
mobility 
programming 
concept 
time-phase 
projection 
hardware 
contingency 

The idea is that the reader of the sheet pick one 
of the buzzwords from each column to form a sort of 
"superbuzzword". The intended humor of the piece is 
resident in the fact that no matter which words are 
picked, or in what order, the result is a plausible 
sounding term, of the sort which is heard in the aisles 
of any technology oriented trade show. 

Now, it seems to this writer that some reader 
could perform a service by applying the random BCD 
digi t generation methods described in this chapter to 
the automation of the choice of buzzwords from this 
list. It would be an excellent programming exercise 
which would hammer home a number of the techniques 
developed in this and earlier chapters. The simplest 
approach would be to assign a constant length to each 
of the buzzwords equal to tha t of the longes t one in 
any of the three lists. This would make the address 
computation for the table lookup as simple as possible. 
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Terms shorter than this maximum length would be padded 
with blanks to fill the space. 

A word would be chosen from each of the lists by 
generating a random BCD digit, multiplying it by the 
number of characters in the longest term and using the 
resulting number as an index for the table lookup. The 
three words chosen in this way could then be displayed 
on a single line of the CRT or print device. All 
possible permutations could be generated and printed. 

To carry this idea one step further, the existence 
of the new electronic speech devices would make it 
unneces sary to print th e generated buz zwords. They 
could be directly vocalized for all to enjoy. The 
result might be recorded on cassette for distribution. 
To take the idea to its conclusion, the sounds of 
breaking glass and female shrieks might be merged with 
the buzzword soundtrack to produce an extremely 
convincing simulation of one of the working sessions of 
a data processing executive's convention. 

The writer sincerely hopes that some reader will 
find the time and energy to fill in this glaring gap in 
our technology and culture. 
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SIMPLE GRAPHIC OUTPUT 

The display of data in literal numeric form has 
the advantage of precision for small amounts of data, 
i.e., the exact values are known by examination. For 
large amounts of data, however, the meaning of the data 
tends to be obscured by its very mass. The effect is 
literally being "unable to see the forest for the 
trees". The display of data as a graph lacks the same 
precision, but allows the meaning of the data, if any, 
to be grasped by the visual sense rather than the 
analytical. This greatly enhances the intuitive 
understanding of some kinds of data. 

Preparation of data for graphic display requires 
that each datum be used to compute a pair of X-Y or 
other coordinates which fix the location in the display 
at which the point appropriate to this datum is to 
appear. This involves setting aside a block of memory 
to receive th e digi tal "image" of th e graph to be 
displayed. When the image has been built in this 
memory area, called the image region, it is copied line 
by line to some external device to produce hard copy. 
Alternately, if the machine is equipped with a hardware 
assist to enable the image region to be displayed 
directly on a CRT or other display device, the image 
will appear point by point as it is built. The Apple 
II has such a hardware feature which allows four areas 
of memory to be displayed. Two of these are of very 
low resolution, 24 by 40 positions. The other two are 
of much higher resolution, being capable of displaying 
an image 280 by 192 points. It is of these high 
resolution displays that we will speak in this chapter. 
The examples given here will be specific to the Apple 
II but with sufficent generality to allow them to be 
modified easily for other types of displays. 

In chapter 11 the SCreen addressing scheme for the 
Apple was described and methods for computing the 
sc reen addres s of any poin t given in th e examp 1es, in 
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particular, example 11-4 on page 174. The addressing 
scheme for the high resolution screen is very similar. 
The screen is 280 points wide and 192 points deep. 
Like the text screen desribed in chapter 11, it is 
divided into three major pages. Each of these major 
pages displays 64 lines. Each major page is further 
divided into eight minor pages, each minor page 
consisting of eight lines. If the memory address of the 
leftmost word of a line is considered as a 16 bit 
number with the bits being numbered 0 - 15 beginning at 
the right, the addressing scheme is as follows: 

bits 0 - 2 

bits 3 - 4 

bits 5 - 6 

bits 7 - 9 

bits 10-12 

bits 13-15 

Always zero 

Major page number, 00, 01, or 10 

Duplicate major page number 

Subpage number within major page, 000-111 

Line number within subpage, 000-111 

Constant, 001 for first screen and 
010 for second screen. 

As with the text screen in chapter 11, it is 
possible to compute the address of the leftmost word of 
a screen line directly from the line number, and by a 
very similar process. The binary line number, 0 - 191, 
1S picked apart and the pieces used to fill in the bits 
of the screen line address. This computation is shown 
in example 16-1. 

EXAMPLE 16-1 

Create a subroutine which will accept a line 
number in A and return the screen addres s of the 
leftmost word of the line in A and X, high order 
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in x. If carry is off on entry the address should 
be in the number 1 high resolution screen which 
begins at $2000. If carry is on the address 
should be computed for screen number 2, which 
begins at $4000. 

label inst operand 

lIlII..NDR nIP save carry 
FlU. save line number 
PD twice 
MID #$CO isolate major page number 
STA L'lr and save it 
LSRA move it over two bits 
LSRA for duplicate 
ORA L'I' merge with first copy 
STA ][''ll' and save partial result 
PlI.A retrieve line number 
AIm #@70 isolate minor page number 
LSRA move to position 
LSRA very, 
LSRA very, 
JI.SRA slowly 
RDR L'I' roll low bit to high word 
STA ][,'1'+1 save partial high result 
PtA retrieve line number again 
Am> #7 get line # within minor page 
ORA L'I'+ll. merge partial high result 
ORA #$20 set address for #1 screen 
PlLP get original carry back 
BeC lBlLN2 skip if if! screen 
AJl)D #$20 increment for #2 screen 

HI.N2 JI.DA ][,'1' load result into A and X 
LDX ][''I'+ll. 
RTS return to calling program 

L'I' $$$ temporary storage 

The line whose addres s is returned by subroutine 
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HLNADR in examp Ie 16-1 runs from this addres s to this 
address plus 39, each line being 40 words wide. Only 
the low seven of the eight bits in each word are used 
in th e b lack and whi t e graphics we w ill do here. The 
eighth bit is concerned with color control and will not 
enter this discussion. 

A point is plotted on the Apple II screen by 
setting the bit which represents that point to one. 
The easiest way to do this is to store the address 
returned by HLNADR into a scratchpad pointer, then 
access the required word in the line using indirect 
addressing indexed by Y. Don't try to use X for this; 
it won't work. Y must contain the necessary 
displacement from the left side of the plot to access 
the word which contains the desired point. Since there 
are seven points per word the actual X coordinate must 
be divided by seven to find this displacement. The 

. remainder which resul ts from this division represents 
the bit displacement within the selected word. The 
bits in the display word are numbered left !Q right 
rather than right to left as is done with numeric data. 
The bit plotting scheme within the word looks like 
this: 

Memory Contents Almears ~ 
1234567 

1 * 
2 * 
4 * 
8 * 

16 * 
32 * 
64 * 

If more than one bit in a word is set to 1 the 
corresponding points will appear as brigh t points on 
the screen. Setting a word to $7F will cause all seven 
points represented by that word to appear bright. 
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We must now face the problem of how to compute the 
word displacement on the line and the bit displacement 
within the word. The word displacement is computed 
eas i ly enough by si mp Ie divi s ion, i.e. , divide th e X 
coordinate by seven. The quotient is the displacement 
and the remainder is the bit displacement within the 
word. This is simple enough but very, very slow and 
speed does become a major consideration in some types 
of graphics problems. Some means mus t therefor e be 
found for dividing rapidly by seven. The problem is 
complicated by the fact that the dividend can be double 
precision, since the X coordinate may be greater than 
255. This is taken care of as a special case. The 
division is accomplished by successive subtraction, but 
a special kind of successive subtraction. Since it is 
equally likely that the point to be plotted will be on 
the left half of the screen as on the right we begin by 
subtracting 140. If this subtraction does not cause a 
zero crossing we may increment our quotient by 20, 
since we now know that the point lies on the right half 
of the screen. If the subtraction causes a zero 
crossing we know that the point is on the left half of 
the screen and add the 140 back, leaving the 
provisional quotient zero. Having established which 
half of the screen the point lies in, we subtract 70 in 
the same manner to narrow the area to the nearest 
quarter of the screen. This process continues until we 
have located the word within four words. Seven is then 
subtracted successively until zero is crossed, the 
quotient being incremented by one for each successful 
subtraction. After zero is crossed the last seven is 
added back. This results in what would be the 
remainder in a normal division. This remainder 
represents the bit position of the point within the 
word to be indexed by the quotient. This remainder may 
then be used as a shift count to move a bit into the 
proper position, but this is slower than we would like, 
so the proper bit is looked up directly in a table 
using the remainder as an index. The process is shown 
in example 16-2. This example is a tedious and complex 
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exercise, but working it through will help hone your 
6502 arithmetic skills. 

EXAMPLE 16-2 

Create a subroutine which will accept a binary X 
coordinate 0 - 279 in A and X, high order in X 
and return the word displacement of the point to 
be plotted in Y. A should return containing a 
single one bit in the position to be plotted. 

label inst operand 

xc 

XC2 

XC3 

X«:4 

I.DY #0 
DllIX 

BlIZ Xl 
SUB 1252 

I.DY 136 
BlIZ XCS 

SUB 1140 
BCC XC3 
LDY #20 
1HZ XC4 
AJlJlC #140 

SUB 170 
Bes xes 

clear Y to receive quotient 
if the X coordinate is 
greater than 255 the X 
register will contain a 1. 
The special case can thus be 
tested for by decrementing X. 
If the result is zero the X 
coordinate was greater than 
255. 
test for special case 
this subtracts out the 
largest multiple of 7 in 255, 
i.e., 36 times 7. 
set provisional quotient 
use BNZ instead of JMP 
because the LDY above cleared 
the zero flag 
left or right half? 
check result 
right half, set quotient 
skip restoring ADD 
ADC can be used because 
carry is guaranteed to be o. 
now identify quarter 
test result 
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ABC 170 restore dividend 
JMP XC6 skip to 8ths stage 

XC5 PBA. save accumulator 
n:A get quotient 
AllllD #10 increment for quarter 
TAY restore quotient to Y 
PlLA get accumulator back 

xe6 SUB #35 identify 8th of screen 
Bes XC7 test result 
ABC #35 restore dividend 
JMP xes and go to final subtract 

XC7 PHA. save accumulator 
TYA get quotient 
ADD 15 increment for eighth 
TAY restore quotient 
PLA get accumulator back 

xes SUB 17 now keep subtracting 7 
Bec XC, until zero is crossed 
DIY incrementing the quotient 
BIIZ XCS each time 

XC9 AJl)C #7 restore to get remainder 
TAX remainder to index 
LDA BTTBL~X get bit from table 
RTS return to calling program 

B TTBLlIt MTA 1,2,4~S~16,32,64 bit position table 

By using the HLNADR routine of example 16-1 and 
the XC routine of example 16-2 we can now address any 
point on the Apple screen. 

The line numbers on the Apple screen begin at the 
top, forcing the user to think of the screen as 
representing the third quadrant of a four quadrant 
system. This is awkward but very easy to fix. We 
would like the logical first line, i.e., line 0, to be 
at the bottom so that the screen represents the first 
quadrant rather than the fourth. This is a very simple 
operation, shown in example 16-3. It consists of 
subtracting 191, the highest possible line number from 
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the number of the line to be operated upon. This 
result is then simply twos complemented to achieve the 
required result. 

EXAMPLE 16-3 

Create a subroutine named INVERT which will invert 
the line numbers on the LOWER Apple screen which 
begins at $2000, making the bottom line zero and 
the top line 191. Return with the address of the 
leftmost character of the line in A and X, high 
order in X. 

label inst operand 

DlVERT SUB 

"l"CA 
CLC 

1191 

.JSR HLNDR. 
RTS 

subtract largest possible 
line number. We now have a 
number between 0 and -191. 
twos complement 
clear carry for lower screen 
and get the address 
return to calling program 

We can now draw all of this together 
to plot a point anywhere on the screen. 
all of the groundwork, this is an easy 
shown in example 16-4. 

into a scheme 
Having laid 

task. I t is 

EXAMPLE 16-4 

Using the subroutines developed in the first three 
examples of this chapter, write a subroutine which 
will take a Y coordinate from a memory location 
named Y and an X coordinate from a double memory 
location X, X+l and plot the point on the screen. 
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label inst operand 

PLOT 

PL2 

PLR.TIiI 

LDA. 
CMP 
BGE 
J'SR 
STA 
STX 
][.])A 

LDX 

BZ 
CMP 

lSGlK 
J'SR 
ORA 

STA 
RTS 

y 
1192 
PLltTil 
DVERT 
Si'TR 
Si'TR+l 
X 
X+l 

PL2 
124 

PlL.R.DJ 
XC 
*SPTR,'Y 

*snR,'Y 

get Y coordinate 
is it on the screen at a111 
test 
Y OK, get the address 
save in scratchpad pointer 

get X coordinate 
if X+l is zero the point is 
on the screen. If X+l 1S not 
zero the low half must be 
tested 
is the X coordinate greater 
than or equal to 256+241 If 
so it is not on the screen. 
test 
compute word and bit location 
OR with existing contents of 
this word. To simply store 
the bit into this word would 
clear any bits that had been 
previously plotted in it. 
store the merged result 
return to calling program 

The scratchpad pointer is defined by: 

SPTR 
SPD 
$$$ 

set scratchpad location 
reserve pointer space 

Just as important as the plot function itself is 
the need to erase points. This need arises when the 
plotted display is to change with time in such a way as 
to show a progression of states, the old image then 
being erased before the new one is displayed. The 
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erase function involves the same address computation as 
the plot function. It is shown in example 16-5. 

EXAMPLE 16-5 

Construct an ERASE subroutine to clear a screen 
point whose location is in memory at X, X+l and Y 
as in example 16-4. 

label inst operand 

lImASE 

ER2 

LDA 
CMP 
BGm: 
JSR 
STA 
SIX 
][J)A 
LDX 
HZ 
CMP 
BGJB: 
JSR 
CMA 

y 
1192 
nm 
IlilIWERT 
SnR 
SPTR+l 
X 
1:+1 
ER2 
124 
nm 
xcc 

get coordinate as before 
check range 
skip if not in range 
compute line address 
save in scratchpad pointer 

get X coordinate and check 
for range as before 

compute word and bit position 
invert the contents of A for 
us e as a mask to "AND" ou t 
the bit to be erased. 

ABD *SPTR,Y AND memory word with mask. 
this preserves all bits in 
the word except the one to 
be obliterated. 

STA *SFTR,Y now put the word back 
into memory 

RTS and return 

SPTR ~s defined as in example 16-4. 
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The consideration of speed in plotting was raised 
during the discussion of the computation of the word 
and bit displacements for the X coordinate. In some 
kinds of graphic applications which display motion such 
great speed is required that even more extreme measures 
are necessary than those shown in the X coordinate 
computation. The simulation of the appearance of stars 
flashing by is one of these situations, since a 
cons iderable amount of trigonometric computation is 
required to determine the moment to moment position of 
each star on the screen. The time overhead involved in 
the computation of the line addresses by HLNADR or 
INVERT can thus become the limiting factor in such a 
display. Think for a moment about the complications 
involved in such a display. 

Suppose you were attempting to simulate motion 
toward the constellation of Orion. The center of the 
screen would be occupied by the four stars in the 
shoulders and knees of Orion, plus the three in his 
belt and perhaps a couple of stars to represent the 
sword and scabbard hanging from his belt. Coping with 
this situation might not be too difficult but just 
expanding Orion outward toward the edges of the screen 
would not be a very realistic display. The brightes t 
object in the entire sky, Sirius, is just to Orion's 
left and could hardy be omitted. Just above Sirius is 
Canis Minor, also containing a first magnitude star, 
Procyon, and just to Orion's right is the constellation 
of Taurus containing Aldebaran, another first magnitude 
star, and the two galactic clusters, the Pleiades and 
Hyades. As the forward motion proceeded the fainter 
stars in all of these constellations would have to 
become visible, as well as the Orion nebula and the 
individual members of the two galactic clusters. All 
in all, this is a very tall graphics order which 
requires very fast manipulation of the moving points on 
the screen. Remember also that for each new position 
plotted the old one must be erased. 

Situations like this require that there be an 
absolute minimum of computation associated with the 
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placement of each point, and computing overhead that 
can be done away with must be avoided. In computing, 
as elsewhere, one very seldom gets anything for 
nothing, and this is a typical situation in which a 
tradeoff mus t be made. In this cas e space is traded 
for speed. What can be eliminated here is the 
execution of the HLNADR or INVERT routines which 
compute the beginning address of the line. These 
addresses can be precomputed in a few milliseconds 
before the plot is started and looked up in a table as 
required. This table lookup is much faster than 
computation, but the table requires space, two words 
for each of th e 192 add res se s, or 384 words. The 
generation of such an address table is shown in example 
16-6. 

EXAMPLE 16-6 

Cons truc t a subroutine to comput e th e beginning 
addresses of all 192 lines on the Apple screen, 
assembling these addresses in two tables. The 
LOADR table should contain the least significant 
words and the HIADR table the most significant. 
The table should allow addressing of the Apple 
screen as a first quadrant rather than a third 
quadrant. 

label inst operand 

GJn'ABI. LDY 
GT2 1"fA. 

.JSR 
STA 
'I'D. 

#@ running line number to Y 
copy line number to A 

nmwKRT compute address 
LOADK,Y place low address in table 

move high address to A. This 
is necessary because the STX 
instruction cannot be indexed 
by Y in general memory, only 
in scratchpad. 
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IlIff 
ICPY 
BlIE 
RTS 

#192 
en 

place high address in table 
increment count/index 
finished yet? 
do it again if not 
return to calling program 

The two tables LOADR and HIADR are defined: 

LOADR RES 192 
HIADR. RES 192 

As tedious as this might seem, it completely 
eliminates the need to compute addresses in real timeo 
The required addresses are fetched from the table with 
only four instructions, as contrasted with the 36 
instructions required by INVERT, including the calling 
JSRo The appearance of the PLOT routine in example 16-
4 changes only slightly, but its speed is greatly 
enhancedo The plot function done by this technique is 
shown in example 16-70 

EXAMPLE 16-7 

Perform the plotting function defined in example 
16-4 by th e table lookup method jus t des crib ed, 
using the tables previously generated by GNTABL o 

label inst operand 

PIDT lLDY y the Y coordinate now goes 
directly to the Y register 
for use as an index rather 
than as an input argument to 
INVER T or HLNADR 

LD& LOADK,Y get low address 
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STA SPTR place in scratchpad pointer 
LOA EIADI,Y get high address 
STA SPTRl place in scratchpad pointer 
LDA X get low X coordinate 
LDX X+l and high X coordinate 
JSR XC compute word and bit 

positions as before 
ORA *SPTR,Y OR with previous contents 
STA *SPTR,Y and plot the new point 
RTS return to calling program 

The ERASE routine changes in an identical way, so 
it will not be repeated here. Table lookup techniques 
can also be applied to the determination of the X 
coordinate for even greater speed, but this is a messy 
affair requiring indexing in a double precision table. 
This would make a good exercise for any interested 
reader who has really stringent speed requirements. 

A CRT display is a volatile thing which vanishes 
when power is removed or the screen is used to display 
something else. It can be saved on disk but this 
requires that the disk operating system be invoked 
every time the display is to be examined. Clearly some 
means of hard copy is desirable. 

There has emerged in the market recently a species 
of printer which is capable of printing graphics as 
collections of dots, much as they are represented on a 
CRT. One of these is the Victor 5080, manufactured by 
the Victor Data Products Division of Victor Business 
Produc ts. This printer behaves as any normal printer 
would as long as ASCII codes are sent to it. Sending 
certain non-ASCII codes to it, however, allows it to 
escape into an operating mode in which every dot on a 
line can be struck in groups of five lines. Thus a 
five line dot matrix can be printed all across the 
page. A special line feed mechanism is provided which 
allows a partial line feed which positions the paper in 
such a way that the top row of dots of the following 
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line is immediately adjacent to the bottom row of dots 
of the line above it. A plot of any length whatever 
may thus be made in groups of five lines. The printer 
has 480 poss ib1 e do t pos itions, cons iderab1y mor e 
horizontal resolution than the Apple screen. 

This printer has a number of standard interfaces 
bui1 t in. The one used here is the parallel interface 
used with the standard Apple parallel interface card in 
slot number 3. The examples which follow will contain 
this assumption. Changing slots will amount only to 
changing the EQU's which define the data and sense 
locations and reassembling. 

The graphics mode is entered on this printer by 
sending the word $18 to the interface. For the 
duration of the line in progress all data sent to the 
printer are interpreted as graphic unless a non graphic 
word is received. A graphic word sent to the printer 
has the following format: 

bit number 
contents 

I .§. 2. it 1 l. 1. Q. 
x 1 x d d d d d 

in which x means irrelevant and d means a data bit. 
The number 6 bit must be a one as shown. The 0 bit 
position corresponds to the top row of dots and the 4 
bit position to the bottom. After sending the graphics 
code $18, as noted above, sending out the five words: 

x1x00001 
xlx00011 
x1xOOll1 
xlxOll 11 
x1xll1l1 

followed by a normal ASCII carriage return, $D or $8D 
will result in the following dot display in the 
leftmost five columns of the paper: 
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***** 
**** 
*** 
** 
* 

xlxOOOOI 
xlxOOOIO 
xlxOOIOO 
xlxOlOOO 
xlxlOOOO 
xlxOlOOO 
xlxOOlOO 
xlxOOOlO 
xlxOOOOl 

followed by carriage return results in: 

* * 
* * 
* * 
* * 
* 

Up to 480 fram es of data may be sent in this way 
to form one graphic lineo The printing is initiated by 
receipt of either a carriage return or the 480th frame 
of datao The remainder of this chapter will be taken 
up with the development of means of copying the 
contents of the Apple high resolution graphics screen 
to this printero This task is necessarily somewhat 
complicated, made more so by the nonsequential 
addres sing of th e lines of th e App Ie sc reeno In many 
ways this is the most complicated single example in the 
book, but you are urged not to abandon ito If you can 
get through this example you will significantly improve 
your understanding of 6502 assembly level programmingo 
This will also serve as an excellent test of your 
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mastery of the material from the previous chapters. It 
draws many skills together and forces you to understand 
all of the component skills in order to understand the 
whole. Don't give up now, this is the main part of the 
show. 

In the example which follows we begin copying the 
screen to the printer from the top. To do this we need 
to generate the addresses of the first five Apple 
screen lines in scratchpad pointers. The pointers are 
used successively to access a single bit from each of 
the five lines. The five bits so collected form one 
vertical print frame. The 280 print frames, preceded 
by the graphics escape character, $18, and followed by 
the carriage return, $D or $8D, and the special line 
feed character $lA are assembled into a buffer. The 
buffer is then sent, frame by frame, to the printer. 
The process is then repeated for the next five screen 
lines. This continues until the bottom of the screen 
is reached. Copying the Apple screen to the Victor 
5080 graphics printer is shown in example 16-8. 

EXAMPLE 16-8 

Create a subroutine RCOPY to print a hard copy of 
the contents of the Apple High resolution graphics 
screen number 2 on the Victor 5080 as per the 
above specification. 

label inst operand 

ROOlFY CIA SCNT is the number of the 
top line of the group of 5 
currently being processed 

STA SCI!T for printing 
RCl LDY :fJ:O clear index for scratchpad 

pointer storage 
RC3 I.DA sarr get top line number 

SEC HLNADR will return 412 screen 
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JSR 
DIY 
STX 
DE!' 
'fAX 
STX 
DIY 
DIY 
DlC 
CPY 
BLS 

RC4 LDY 
SlY 
CDR 

CDlR 

][J)A 

JSR 
Res I.I>A 

S'fA 
LDA 
STA 
I.DA 
STA 
LDA 
STA 
][.])A 

STA 
][J)A 
STA 
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addresses if carry is on 
~R get line address 

this sequence is necessary 
SPTRl,Y because the 6502 cannot store 

direct indexed by Y into a 
scratchpad location 

SPTR!,Y save low pointer 
move index to point to 
next scratchpad pointer 

SCBT increment line number 
#10 all 5 pointers generated 
RC3 yet? 
10 yes, clear word index to 
WIDmDEX point to leftmost word 
SPTR6,lRUFFER this creates a scratch-

pad pointer to the buffer 
C@UN'f,-281 this is the total count 

of frames to be output to the 
printer; graphics escape 
code, 280 data frames, 
carriage return and line feed 

18 graphics escape code to 
STORE buffer 
17 this is the bit count within 
lRnmDEX the word being processed. 
*SPTRl,Y get word from 1st line 
Tn save it 
*SPTR2,Y get word from 2nd line 
W2 and save it 
*SP'fRJ,Y and so forth for all 
WJ five words 
*SFrR4~Y 
W4 
*SP'I'Rj,Y 
W5 at this point the first word 

of each of five lines has 
been fetched. On succeeding 
passes the second, third, etc. 
will be fetched until all 40 
words on the five lines are 
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RC6 eM 
ROR U5 
ROM 
ROR W4 
ROU 
ROR WJ 
ROM 
ROR \12 
ROM 
ROR 
ROLA 

ORA 

JSR 

DEC 
BEZ 
mc 
I.DY 
CPY 
BWE 
I.J1! 
JSR 
I.DA 
JSR 
JSR 
I.DA. 
CMP 
BI.S 
RTS 

1$40 

STORE 

BIMfDEX 
RC6 
WIli1IDlllX 
\li'IDlDlKX 
140 
Re5 
I$D 
STORE 
l$lA 
STORE 
P.II.T 
saT 
#190 
RC2 

exhausted. 
clear A to receive data frame 
get bit from bottom line 
and roll into A. Remember 
that the leftmost point of 
the screen displayed word 
is the rightmost bit of the 
word in screen memory 

at this point one data frame 
has been assembled in the low 
five bits of A. 
now force the #6 bit on as 
required by the 5080 printer 
and store the frame in the 
buffer 
done with these five words? 
if not do it again 
done, go to next 5 words 
check for end of line 
done with this five line 
group? 
yes, add carriage return 
to buffer 
and special half line feed 

now print the line 
end of screen? 

if not do 5 more lines 
return to calling program 

The STORE subroutine which assembles the data and 
special control characters into BUFFER is: 

STORE LDY 
STA 
I])) 

10 clear index for store 
*SFTR6,Y store data frame 
SPTR6 increment pointer 
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lUS and return 

And the actual physical output routine is: 

PIT CDR 

LDX 

I.DY 
LDA 
STA 

LDA 
RM! 

IDR 

IDR 
RU 
RTS 

PRTR EQU 
PliFLAG lEQiIf 

SPTR6,BUFFER set pointer for 
buffer access 

10 clear both index registers 
Y will be used to access the 
buffer and X to access the 

10 printer locations. 
*SPTR6,Y get data frame from buffer 
PRTR,X indexing by X is required by 

the Apple hardware 
PRFLAG»X get ready flag, also by X 
PI] high bit of this word ~s 

SPTR6 

$COBO 
$C3Cl 

printer ready flag 
increment buffer access 
pointer 
increment frame count 
do it again if not zero 
return 
printer in slot 3 

The data buffer definition is: 

RUFFER RES 283 

The pointers and data words ~n scratchpad are 
defined: 

SPD $00 
SP'TIU $$$ 
SFJ1:'R2 $$$ 
SFrR.3 $$$ 
SPTR4 $$$ 
SPTR5 $$$ 
SPTR6 $$$ 
m *** 
1i'2 *** 
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VJ *** 
W4 *** 
liS *** 
SCfIiT *** 
BIIIDEX *** 
VDmU *** 

SI~PLE G~APEIC OUTPUT 

A printer having the capability of printing 
individual dots opens up a large number of 
possibilities. It can, for example, be made to print 
any typeface whatever, however exotic. In an earlier 
volume in this series, PRACTICAL MICROCOMPUTER 
PROGRAMMING: THE INTEL 8080 a dot matrix printer was 
used to print the Cyrillic (Russian) type face by means 
of selection of the matrix representation of the 
Cyrillic character to be printed. That effort was 
limited by the fact that the printer could only execute 
a full line feed, leaving a gap between lines which 
were seven dots high. The added capability present in 
the 5080 removes all of the previous res trictions. 

It would be an instructive exercise for the reader 
to pursue methods for the generation of tables to 
assemble and print an exotic typeface. A great deal of 
experience with table lookup methods is generated in 
this way. 

One of the most beautiful of all scripts was the 
tomb writing of ancient Egypt, known as the 
hieroglyphs. A sample of this writing is shown on the 
next page. This image was created manually using an 
Apple Graphics Tablet and copied to the printer with 
the program shown in example 16-9. It represents what 
is called the "cartouche" of King Ptolemy, one of the 
kings of ancient Egypt. The word cartouche is a French 
term for the oval which encloses the symbols. It was 
the custom in hieroglyphic writing to so enclose the 
names of royal persons. This cartouche, along with 
that of Queen Cleopatra, was one of the keys which 
allowed this ancient writing to be deciphered with the 

257 



SIMPLE GRAPHIC OUTPUT 

aid of the famous Rosetta StoneD The writing had long 
defied efforts to decipher it because it was assumed 
that the symbols were literal pictograms, each symbol 
standing for an obj ect or conceptD The Rosetta Stone, 
found by Napoleon's soldiers in 1799 during the French 
expedition to Egypt, contained the same text in three 
different language forms, two of which were Greek and 
HieroglyphicD The corresponding positions of the 
proper names Ptolemy and Cleopatra in the Greek and 
Hieroglyphic led to the identification of some of the 
Hieroglyphic symbo Is as having alphabetic valueD The 
square in the cartouche is a p, the half circle a t and 
the lion an 1, for exampleD The complete decipherment 
of the tomb writing followed rapidly after thisD The 
individual credited with the major part of the work was 
a young Frenchman named Jean ChampollionD 

It would be a formidable programming challenge to 
create a graphics scheme to print text in this ancient 
language. Any reader interested in following up on 
this idea should consult Egyptian Grammar by Sir Alan 
Gardiner (Griffith Institute, Ashmolean Museum, 
Oxford), from which the Ptolemy cartouche was taken. 

{ 
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CHAPTER 111 

ELEMENTARY CIYPTOG~PHY 

The word cryptography comes from two Greek words 
which mean secret writing, and the notion of secret 
writing has fired men's imaginations since ancient 
times. Many methods of concealing the content of a 
message have been used, some even concealing the fact 
that a message exists. One ancient method was to wrap 
the writing medium in a spiral around a cylinder and 
write the message on it. When the material was unwound 
from the cylinder it appeared as hash. Only by 
wrapping it around a cylinder of the same diameter 
could the message be read by its receiver. Alexander 
the Great is reputed to have sent messages by shaving 
the head of a slave, tatooing the message on his scalp, 
waiting for the hair to regrow and sending the slave on 
his way disguised as an ordinary traveler. The 
receding hairline which accompanies middle age 
eventually unmasked the spy, but by the time this 
happened, presumably, the information would be of no 
use to an enemy. Readers who have an interest in this 
subject should acquire a copy of a marvelous book by 
David Kahn, The Codebreakers. It is long but so well 
researched and detailed that it is difficult to put 
down. 

Modern cryptography is done by means of codes and 
ciphers. A message is encoded by transliterating it 
word for word from a code book. The receiver of the 
message simply performs the reverse process to retrieve 
the original message. This requires that both sender 
and receiver have copies of a rather large reference 
book, making the method unsuitable for surreptitious 
operation. In particular, if the code book falls into 
an opponent's hands the whole game is over. Further if 
the code book is in the 0Rponents hands and you don't 
know it, he can now read all of your communications in 
the clear and by applying some leverage to one of your 
operatives feed false information to you. So much for 
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bulky code books. The next time you see a man in a 
trench coat carrying a large book and leaning against a 
lamppost reading a newspaper with two holes cut in it, 
he's probably not a KGB agent. We won't get into the 
question of the meaning of the trench coat here. 

Modern cryptography also uses a method of message 
concealment known as a cipllaer. The process of 
transforming a message to its concealed form is known 
as encipllnerment, that of retrieving the mes sage from 
its enciphered form is known as decipherment. The 
message in its original readable form is known as the 
plaintext and the enciphered form is called the 
ciphertext. 

The principal form of modern ciphers is known as a 
sub$titu~ion cipher, and it is this form that will 
concern us in this chapter. A message is enciphered by 
substitution for each of its characters another 
character, according to some rule known to both sender 
and receiver. The receiver deciphers the message by 
performing the inverse substitution. This sounds very 
simple and, in principle, it is. Children everywhere 
love the idea of "secret messages" and use a simple 
substitution cipher to write them. Typically this 
involves turning the alphabet end for end resulting in 
the substitution of Z for A, Y for B, X for C, and so 
forth. The note is then passed around the classroom to 
the sender's cronies and, until intercepted by the 
disapproving teacher, is the cause of great excitement 
to the receivers as they enjoy being the sole 
possessors of the "secret" information. An imaginative 
teacher could create a real learning opportunity by 
showing how to decipher such messages rather than 
simply throwing them into the wastebasket with a stern 
admonition, as is the usual case. This should be done 
with some judgment as there may be some embarrassment 
caused if the message says something like "Johnny loves 
Susie". 

A scheme like this in which a constant 
substitution of one character for another is done is 
known as a mallnoa:n.pJlaall»etic cipllaer. Such cipher schemes 
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have been used in fairly modern timeso In the time of 
Queen Elizabeth I, when Elizabeth held her cousin Mary 
Stuart (Queen of Scots) prisoner, Mary used a 
monoalphabetic cipher to send and receive messages from 
her forces in Scotland, who were planning to depose 
and, it was alleged, assassinate Queen Elizabetho 
Monoalphabetic encipherment is extremely easy to do and 
it may have been this tha tIed Mary to use i to A 6502 
program for monoalphabetic encipherment is shown in 
example 17-10 

EXAMPLE 17-1 

Create a program to perform monoalphabetic 
enciphermen t on a string of characters from the 
Apple keyboardo The plaintext should be displayed 
on the lowest line of the Apple screen and the 
ciphertext on the line just above ito When the 
line has been filled begin again at the left after 
clearing both lineso Ignore all characters except 
A through Zo 

labe 1 ins t operand 

MACFR LDY 
I.DA. 

MAl STA 
S'fA 
DB 
BP)[' 
][J)X 

JSR 
CMP 
B)['S 

CMP 
BGE 
STA 
AJIJD 

llW. 
#«) 

RD 
IBAB 
MAl 
I$D:8 
MAl 
1.I&ST ,X 
#$lF 

set index to clear screen 
lines to blank 
clear last line 
clear next to last line 

clear index for line pointer 
get character from keyboard 
check for alphabetic 

$DB follows 'z' in ASCII 

store plaintext character 
when the top 3 bits of an 

261 



TAT 
WA­
STA 
nn 
CPX 
lln.S 
BGlIt 

lL.A$ T EQU 
NTI. EQ1IJJ 
ClBlRTIU. ASC 

ELEKEBTARY CRYPTOGRAPWY 

ASCII alphabetic character 
are set to zero the result 
is a number 1 - 26, the 
position of that letter in 
the alphabet. 
move number to index 

ClBlRTBL-l,Y get ciphertext character 
NIL»X display it on next to last 

line, increment index 
#40 last character? 
MA2 not yet 
MACFR yes, clear and start over 
$BDO last screen line 
$B50 next to last screen line 
m MZlIUCPNC«DAlLSWHR(QJIl[J[$lIJlKJIV'JOO' U 

CHRTBL is the hashed alphabet to be substituted, M 
being substituted for A, Z for B, U for C and so 
forth. 

Using the program of example 17-1 the text: 

DO YOU KNOW MY BEARD IS MADE OF YAK HAIR 
NO BUT HUM A FEW BARS AND I'LL FAKE IT 

becomes: 

CRXRKBERVYXZPMICASYMCPRGXMBOMAI 
ERZKDOKYMGPVZMISMECAWWGMBPAD 

which would seem to be such total chaos that it could 
never be deciphered by somebody not having the cipher 
alphabet as a key. But things are not as they seem. 

Returning now to the saga of Mary Stuart, the 
poli tical disagreement which had made her Elizabeth's 
prisoner was over a religious question. Mary was 
Catholic and Elizabeth and England were Protestant, 
England having been made Protestant by Elizabeth's 
father, Henry VIII. Mary was sending these 
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monoalphabetic enciphered messages to her allies in 
Scotland by means of a Catholic courier, a man named 
Gifford who was allowed to visit her. The messages 
were smuggled out, so the story goes, in a beer barrel. 
Gifford was then sending the messages on their way by 
means of intermediaries, who also brought -the replies. 
This would have worked out if Gifford had not already 
been compromised by Elizabeth's security chief, Sir 
Francis Walsingham, one of the less pleasant people in 
English history. Instead of sending and receiving 
Mary's messages directly, as Mary thought he was doing, 
both outgoing and incoming messages were first passed 
to Walsingham. Walsingham was a fanatical anti­
Catholic whose ideas on security and prisoner 
interrogation would make a KGB agent blanch, but he was 
also a very clever man. He deciphered Mary's 
correspondence almost instantly. From that point on 
Mary's fate was sea led. Walsingham allowed th e 
correspondence to continue for about two years, copying 
and deciphering all of it. He then presented the 
evidence to Elizabeth who, after a star chamber trial, 
signed the warran t f or Mary's execution by beheading. 
Politics was a rough game in those days. 

If Mary Stuart were alive to talk she would, I am 
sure, testify most eloquently to the inadequacy of the 
monoalphabetic cipher. Walsingham had had no trouble 
whatever breaking her cipher, and it cost Mary her 
head. Let's see how Walsingham broke the cipher so 
easily, and then construct a 6502 program to do the 
same thing. 

If a large sample of English text is examined and 
the frequency of appearance of the letters of the 
alphabet determined, a curious thing appears. About 
one letter in seven is an E. About one letter in ten 
is a T, one in twelve an A or 0, and about one in 
fifteen an N or R. It does not matter what kind of 
text is involved. Whether the frequency determination 
is performed on a Shakespeare sonnet, a technical book 
like this one, or Lady Chatterly's Lover, the result is 
the same if enough text is involved. This means that 
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for a message of any length, and political conspiracy 
is verb os e even if unsucc es s fu1, thes e "na tura1" 
frequencies of the letters will emerge. A table of 
these "natural" frequencies is shown in example 17-20 

EXAMPLE 17-2 

Frequency of appearance of letters in English 
text. 

Letter Freg./1000 letters 
E 131 
T 105 
A 82 
0 80 
N 71 
R 68 
I 63 
S 61 
H 53 
D 38 
L 34 
F 29 
C 28 
M 25 
U 25 
G 20 
Y 20 
p 20 
W 15 
B 14 
V 9 
K 4 
X 2 
J 1 
Q 1 
Z 1 
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The first step in "breaking" a monoalphabetic 
cipher is to determine the frequencies of appearance of 
all the letters and symbols which appear in it. The 
one which appears most frequently is tentatively E, and 
the second most frequent is tentatively T. The process 
from this point on becomes somewhat intuitive. If you 
see the combination: 

T@E 

where @ is an unknown letter, you might strongly 
suspect that the unknown symbol @ stands for H. This 
suspicion would be reenforced if this combination 
appeared very many times in the message. It could 
still be 0 for TOE or I for TIE. When a few letters 
have been identified this way the rest fall into place 
very rapidly. This was the scheme used by Walsingham 
to break Mary Stuart's simple cipher. A program to 
determine the frequency of appearance of the characters 
in a ciphertext is shown in example 17-3. 

EXAMPLE 17-3 

A one thousand word buffer begins at location 
CIPHER. Clear a 26 word memory block beginning at 
FREQ, and determine the frequency of appearance of 
the ASCII characters in the CIPHER array. Ignore 
any non-alphabetic characters. 

label inst operand 

FREQ LDY #0 clear index to clear array 
TIrA and accumulator 

F2 STA FARRAT»Y clear frequency array cells 
:mY bump index 
CPY 126 finished? 
RLS F2 not yet 
CDR C@UNT,-lOOO set CIPHER array count 

265 



ELEMENTARY C~YPTOGRAPHY 

CDD SPTR,CIPmIR create scratchpad 
pointer to CIPHER 

LOY #0 clear index for indirect 

F3 

F4 

lI:.D.& 
CMP 
lUS 
CMP 
BGlI!: 
all) 
TAX 
DlC 
IDB 
IDB 
BIIZ 

reference 
*SPTR,Y get character from CIPHER 
IVAu is it alphabetic? 
F4 
I$DB 
1'4 
I$lF clear high three bits 

move to index 
I'BRAY-l,X increment FARRAY member 
SFTR increment scratchpad pointer 
omuNT and count 
1'3 loop until finished 

program continues 

COUNT, FARRAY, and SPTR are defined by: 

COllDNT $$$ 
I'MRAY RES 

SPD 
SPTR $$$ 

26 
$. 

main loop control count 
frequency array 

scratchpad pointer 

Should the reader be interested in verifying the 
frequency table in example 17-2, if the line: 

F3 Lnl *SPTR,Y 

in example 17-3 is replaced by the line: 

F3 JSR RD 

the text can be typed in directly via the RKB routine 
given in example 11-2, and the frequency table built. 

The reason that the monoa1phabetic cipher is 
broken so easily is that the natural frequency of the 
letters emerges so quickly, even in a moderate sized 
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message. In a short message the frequency analysis 
method can fail if the plaintext reads something like: 

or: 

The pooped purple parrot pensively poured peas 
on a poorly painted plastic pepper plate. 

The nattering nabobs of negativism nudged 
Nancy nonchalantly northward. 

but this kind of artificial disturbance of the natural 
frequencies will diminish with the length of the 
message and in the end the cipher must be broken. 
Clearly, there is no way that this method can be used 
for anything more serious than notes passed around a 
grammar school classroom, as someone should have 
advised poor Mary. 

The problem, clearly, ~s how to obscure the 
natural frequencies of the letters of the message. To 
this end another kind of substitution cipher was 
devised, which, if properly implemented, is 
unbreakable. This new frequency obscuring scheme is 
known as a poUyaUphabetic cipher. A message is 
enciphered in this system with the aid of a lItey. The 
plaintext message and the key are laid out side by 
side, like this: 

message: HAPPINESS IS HOWARD COSELL WITH LOCKJAW 

key: FPENWKDVW SI NFGOTG MFGSLS THSV PQLNEBJ 

The key should be incoherent like the one shown. 
The message is enciphered like this. The first 

character of the plaintext message is H, the eighth 
letter. The first key character is F, the sixth 
letter. The eight and the six are added to form 
fourteen. The fourteenth letter of the alphabet is N 
and this forms the first ciphertext character. The 
second plaintext letter is A, the first letter of the 
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alphabet, and the second key letter is N, the 
fourteenth. The second ciphertext letter is, 
therefore, the sum of these, the fifteenth letter, O. 
The third ciphertext letter is U, the sum of the 
sixteenth letter P and the fifth letter E. 

The fourth ciphertext letter is the sum of P and 
N, the sixteenth and fourteenth letterse But this sum 
is thirty, and there are only 26 letters to the 
alphabete The character is selected by subtracting 26 
from 30 to get 4, and the ciphertext letter is a D, the 
fourth letter of the alphabete This process continues 
until the entire plaintext has been enciphered. This 
completely obscures the natural frequency and renders 
frequency analysis useless. It sounds too good to be 
true, and it is. 

The problem with this system is that both sender 
and receiver must have copies of the key, and a 
physical copy of the key in the receiver's hands is a 
dead giveaway if your man in the enemy camp is caught. 
The key, therefore, must be some common public document 
which is available to both sender and receiver without 
any special arrangements. A daily newspaper available 
in both places will serve nicely. The published 
shipping tonnages in the daily papers of a seacost city 
or the stock exchange quotes can be used. Alternately, 
both sender and receiver can keep copies of a given 
edition and printing of a common book, Mil ton's 
Paradise Lost, for example. Sender and receiver agree 
on which section of the book is to be used and when, 
perhaps with a chapter and paragraph number which 
depend on the date the message is sente 

The use of a commonly available document like a 
book or newspaper creates the problem that the key is 
not incoherent, and if your man is caught, the nasties 
on the other side will regard anything like a book in 
his posession with great suspicion and immediately go 
to work to discover the key systeme If they employ 
methods like Sir Francis Walsingham's they are likely 
to be aided by your man who, after all, is susceptible 
to paine 
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It is tempting here to think of using a key based 
on a random number generator like the ones described 
earlier in the book, but remember that these generators 
produce only a pseudorandom sequence of numbers and if 
the seed and constant multiplier are ever compromised 
the entire cipher system falls apart. Remember that 
what can be done by computer can generally be undone by 
computer. 

A program to perform polyalphabetic encipherment 
is shown in example 17-4. 

EXAMPLE 17-4 

Using the polyalphabetic encipherment scheme just 
described, construct a 6502 program to encipher 
the 100 character message beginning at PLNTXT, 
using the key beginning at KEYTXT, leaving the 
resulting ciphertext in the array beginning at 
CFRTXT. Assume that all blanks, punctation, 
control and other superfluous characters have 
already been edited out of the plaintext and key 
strings. 

label 

BaR 
NCFRl 

LDY 
LDA. 
ABD 
STA 
LIlA. 
AJI]) 

DD 
CMP 
:1][.8 

sma 
ORA 

STA 

operand 

Ie clear index 
PLNTXT,y get plaintext character 
l$lF strip ASCII code bits 
T save intermediate result 
KM~IXI,Y get key character 
#$lF clear code bits 
T add character values 
121 greater than 26? 
Ban no 
126 yes, subtract 26 
1$00 merge with ASCII alphabetic 

prefix bits 
CFRTXT,Y save ciphertext character 
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DIY 
ICPY 
BLS 

1100 
NCFlU 

bump index/count 
end of loop? 
do it again if necessary 
program continues 

In view of the simplicity of this process the 
security it affords is surprising. Remember that 
security is a relative term. The information only 
needs to be secure until it would not be of any further 
use to the opponent. Thus a routine field cipher which 
will be changed in 12 hours need not be as secure as 
one which is protecting the plans for the continental 
defense. 

The decipherment of the po1ya1phabetic cipher is 
equally simple, being the simple inverse of the 
encipherment process. Each key character is subtracted 
from the corresponding ciphertext character. if the 
result is negative, 26 is added to it. This forms the 
final deciphered plaintext character. The process is 
shown in example 17-5. 

EXAMPLE 17-5 

Create the program required to decipher the text 
which was enciphered by the program in the 
previous example. 

label 

OCFli 
DCFJIU 

LDY 
JI.J>A 
A1ID 
STA 
LDA 
SUB 
BPL 

operand 

Ie clear index/count 
~~,Y get key character 
#$1F clear ASCII bits 
T save 
CFR~,Y get ciphertext character 
T form difference 
DCFR2 skip if positive 
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DD 
DCF1R2 ORA 

STA 
DIY 
CPY 
BI.S 

ELEMENTARY C~YPTOG~pmY 

#26 bias up by 26 
#$CO merge ASCII bits 
PLNtxT,Y save plaintext character 

#100 
DCFti 

bump index/count 
end of loop? 
do it again if required 
program continues 

We have enciphered and deciphered by the 
po1ya1phabetic method, a simple, elegant and secure 
system. 

There are a number of approaches to breaking a 
po1ya1phabetic cipher, all described in detail in 
Kahn's fascinating book. One possible entry point into 
one of these ciphers is to know the standard form of 
greeting of the people sending the messages. If the 
cipher is used by diplomats, the messages might all 
begin with "Honored Ambassador" or "My Dear 
Ambassador", or some such salutation. 

A broken Japanese cipher was used by the Americans 
to discover the object of the Japanese MidPacific 
attack early in 1942. The Japanese, having been so 
meticulous about so many aspects of their preparations, 
were curiously careless about communication security. 
The Americans knew the attack was coming but had no 
idea of its target, since the target was never 
mentioned by name in the Japanese radio traffic. 
Opinion was divided between Midway Island and the 
Hawaiian Islands. A false message was broadcast in the 
clear from Midway, therefore, to the effect that the 
garrison there was experiencing difficulty with its 
water distillation equipment. Sure enough, a short 
time later the Japanese radio carried the announcement 
that the target had reported difficulty with its water 
distillation equipment, and Midway was confirmed as the 
target. A broken cipher had been used to elicit 
information from the opponent, allowing the Americans 
to prepare th e def ens e of Midway, which proved to be 
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the turning point of the Pacific war. 
There are many other instances in which ciphers 

have played a pivotal role in historic events, the 
famous Zimmerman telegram, for example, or the Yamamoto 
incident. This makes fascinating reading and the 
interested reader is again referred to Kahn's book. We 
can go no further in a book which is supposed to be 
about computer programming. 
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CHAPTER 18 

IBTERRUPT DRIVEN PROCESSES 

Probably no single area of programming causes so 
much trouble as interrupts. There are two main reasons 
for this. The first is that the dimension of time is 
introduced into the programming process. Time is 
something that programmers have had to consider little 
if at all during their previous activities. Until 
interrupts are considered a program may be thought of 
a s a s e r i e s of s t e p s , on e f 0 110 wing the 0 the r 
inexorably, leading to a predetermined result. The 
only place time is considered is that in which the 
program must pause waiting for a response from an 
operator, like poor Lambros in chapter 11. 

The second difficulty follows from the first. If 
a random event can occur causing program execution to 
be suspended, and perhaps disrupted, there is no way to 
trace directly the source of the disruption since the 
exact circumstances under which it happened cannot, in 
general, be recreated. 

Let's try to get over thes e difficu1 ti es by 
beginning with a def ini tion which will spe 11 out 
exactly what an interrupt is and what it is not. An 
interrupt is a suspension of the activity of one 
program so that another program, whose results are 
presumed to be more urgent, may be executed. The 
suspension need not be disruptive, indeed if it is 
properly handled it will be impossible to determine 
after the fact the program point at which the 
suspension occurred. The concept of suspended activity 
is not as strange as might initially appear. Consider 
the case of someone in an office, sitting at a desk 
typing. On the desk are a cup of coffee and a 
telephone. Every few lines the typist pauses for a sip 
of coffee, presumably driven by a randomly occurring 
urge for caffeine. There is no way of telling when 
such an urge will arise, as all coffee drinkers know. 
It is very likely, though, that the typist will finish 
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the current sentence before picking up the cup. There 
is at least some elasticity in this demand for caffeine 
which will allow an orderly suspension of the typing 
before the coffee cup is picked up. Now suppose that 
in the middle of a sip of coffee the telephone on the 
desk rings. The ringing telephone represents an 
immediate demand for attention which occurs at random. 
There is no way of telling in advance when it will 
ring. Here too there is elasticity in the demand for 
attention. It is permitted to put the coffee cup down 
on the desk before picking up the phone. The demand 
represented by the ringing phone is not so urgent as to 
require letting go of the coffee cup in midair to grab 
the phone. This would result in disruption of the 
ongoing activity, i.e., coffee would go allover 
everything, possible ruining the letter being typed and 
shorting out the electric typewriter, preventing any 
more work getting done until a mop and a new typewriter 
had been procured. This illustrates the first 
necessary characteristic of an interrupt, i.e., that 
the task suspension must be orderly. In the computer 
this means that: the instruction in progress is always 
finished before the interrupt is recognized. This is 
the simple analog of putting the coffee cup down before 
grabbing the telephone. The hardware in this case 
prevents the instruction in progress from being 
disrupted. 

Recall the heavy emphasis laid in the early 
chapters of this book upon the fact tha t the program 
counter always points to the instruction after the one 
currently being executed. This being the case, and 
since the interrupt will not be recognized until the 
current instruction is finished, it follows that when 
the interrupt is finally recognized, the program 
counter is pointing to the first word of the 
instruction which would have been fetched next if the 
interrupt had not occurred. 

In order for any interrupt from any source to 
occur the interrupt system of the computer must be 
enabled. In the 6502 this means that the I bit in the 
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processor status word must be set to zero by means of 
the CLI instruction, which is supposed to mean clear 
interrupt disable. CLI and its companion instruction 
SEI, which is supposed to mean set interrupt disable 
are two of the most atrocious pieces of nomenclature 
that this writer has ever seen. They will not be used 
further here. The assembler will assemble these forms, 
along with all other defined 6502 mnemonics, but we 
will us e a 1 terna t e forms her e, i.e., EI and DI, meaning 
enable interrupts and disable interrupts respectively. 
This is in keeping with the practice in the rest of the 
computer industry. 

The meanings of the terms enable and disable are 
quite specific. They have nothing to do with any 
particular device which may be a source of interrupt. 
The condition of being enabled or disabled 1S a 
condition of the 6502 CPU itself. 

Individual devices which may be capable of causing 
interrupts are said to armed and disarmed. The system 
may operate with some devices armed and others 
disarmed, i.e., devices may be armed selectively, 
allowing some to generate interrupts while others 
cannot. The arming procedures for individual devices 
are peculiar to those devices and no general procedure 
is possible. Again, the armed or disarmed state is a 
condition of the interrupting device and its interface 
and has nothing to do with the 6502 CPU state. 

In order for an interrupt to occur, three 
conditions must be met. These are: 

1. The interrupt system of the 6502 must be 
enabled by the EI instruction or other means 
which will be discussed later in this chapter. 

2. The device which is to generate the interrupt 
must be armed, by whatever procedure is 
required for the individual device. 

3. The interrupting event must occur, setting the 
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ready flag of the interrupting device to the 
true state. This event will be different from 
one device to another. For a real time clock 
the event will be the expiration of a time 
delay which causes a pulse to set the ready 
flag true. For a keyboard the event will be 
the striking of a key. For a printer it will 
mean that a character or line has finished 
printing. 

When all three of these conditions are met the 
interrupt occurs. When the instruction in progress is 
finished the CPU refrains from fetching the next 
instruction as it normally would. Instead, it pushes 
the program counter onto the stack, just as a JSR 
would. In addition, however, the processor status word 
is also pushed onto the stack after the program counter 
just as a PHP instruction would do. When the PSW has 
been pushed onto the stack, thus saving all of the 
status bits including I, the I bit of the status word 
is set to L This disables the interrupt system just 
as if a DI instruction had been executed. An indirect 
jump is then performed through a pointer located at 
$FFFE and $FFFF, i.e., control is transferred to the 
location named in this pointer. The pointer must 
contain the address of the program which is to respond 
to the interrupt. This program is known as the 
ilDlternllpt service routine. In the Apple II $FFFE and 
$FFFF contain an addres s wi thin th e ROM moni tor. 
Control is sent to this address, where some processing 
is done to see whether the interrupt is real or simply 
the result of a BRK instruction. If the interrupt was 
real the Apple performs another indirect jump through 
location $3FE and $3FF. In the Apple, then, $3FE and 
$3FF should contain a pointer to the interrupt service 
routine. In other 6502 configurations the procedure by 
which the interrupt service routine is reached will be 
different. 

The Apple II has no normal interrupt capability ~n 
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the hardware. The writer's machine was therefore 
modified to add this capability. The device arming and 
disarming sequences shown in this chapter should in 
consequence be considered as examples only. They are 
peculiar to the special hardware added to allow 
interrupt capability. Other than the arming and 
disarming sequences the examples are valid for any 
Apple. If the procedure by which the interrupt service 
routine is reached is also generalized the examples are 
valid for any 6502 based computer. The principles of 
interrupt service illustrated are perfectly general and 
apply to computers in general. With this in mind, we 
will proceed. 

When control reaches the interrupt service routine 
there are two things which must be done in addition to 
whatever computational action is implied by the 
interrupt. First the ultimate source of the interrupt 
must be removed. This ultimate source, the event which 
finally, in concert with the enab1ement of the 
interrupt system and the arming of the device, caused 
the interrupt was the transition of the device ready 
flag to the true state. How this flag is cleared 
varies from device to device. Particulars will be 
taken up a little later. If it is not done another 
interrupt, the second from the same source, will occur 
immediately when the interrupt system is re-enab1ed at 
the end of the interrupt service routine. Second, 
since the interrupt service routine uses the same 
registers and PSW as the program which was interrupted, 
these must be saved and restored before returning to 
the interrupted program. Failure to do so causes chaos 
in the interrupted program. In the 6502 the PSW is 
automatically pushed onto the stack when the interrupt 
occurs, so the flags are safe, but the programmer MUST, 
repeat, MUST save and restore any registers used in the 
interrupt service. Failure to do this is the single 
most frequent error in interrupt service programming. 
The consequence of this disaster is that control is 
returned to the interrupted program with the registers 
changed. The interrupted program, unaware that the 
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interrupt has taken place, uses these changed registers 
as if they were the same as before the interrupt. The 
result: DISASTER. 

The interrupt service routine ends with the 
execution of an RTI, i.e., return from interrupt 
instruction. RTI is different from RTS in that it 
loads the PSW as well as the program counter. Since 
the interrupt system was, by definition, enabled at the 
time the interrupt occurred, the PSW which was pushed 
onto the stack contains an I bit set to enable 
interrupts. This insures that the interrupt system is 
automatically reenabled, a positive feature of the 
6502. On most other microprocessors the programmer 
must remember to re-enable, introducing another 
possible source of error. 

Perhaps the simples t type of interrupting device 
is known as a real time clock or RTC. A real time 
clock is really not a clock at all, but a generator of 
a series of synchronous pulses which generate 
interrupts. If there is any timekeeping to be done it 
must be done by the interrupt service routine. A 
simple application of a real time clock is shown in 
examp Ie 18-1. Pleas e keep in mind tha t th e in terrupt 
clearing and arming functions are peculiar to the 
writer's system. This example might seem almost 
insultingly simple, but work through it until you 
understand it. Better yet, if your machine is capable 
of interrupts or can be made so, try it out. This may 
seem tedious, but you have to learn to walk before 
trying to run. 

EXAMPLE 18-1 

A teletypewriter is attached to the 6502. Data 
may sent to it by storing into location $Cl02. In 
particular, the TTY bell may be rung by storing 
$87 into this location. An RTC has been 
constructed which will interrupt at the line 
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frequency, i.e., 60 times per second. Construct 
an RTC interrupt service routine which will keep 
count of the RTC interrupts and a wait loop which 
will monitor this count and ring the TTY bell when 
the count reaches 60, i.eo, each secondo 

label inst operand 

BIGBER CLA 
STA 
JSR 

BI 

WAIT LDA 
CMP 
BI.S 
eM 
STA 
LDA. 
STA 
.JMP 

TIX 
#60 
WAIT 

TIX 
#$81 
T'lY 
WAIT 

clear interrupt count 
location 
this clears any waiting 
interrupt and arms the RTC 
interrupt 
enable the 6502 interrupt 
system. Unless this is done 
no interrupt from the RTC or 
any other source can occur. 
get interrupt count 
one second passed yet? 
no 
yes, first clear the count 

and then ring this guy's 
teletype chimes 
and wait for next second 

The interrupt service routine itself is: 

TICK 

Tnt 

PD 
DlC 
JSR 
PLA 
liTI 

*** 

save the A register 
bump interrupt count 
clear the interrupt 
restore A 
and return 
interrupt count cell 

The following routine clears the flag which caused 
the interrupt and rearms the RTC which was 
disarmed by the clearing proces s. Note that this 
is shown for completeness only. It is peculiar to 
the writer's system and will not run on the 
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standard Apple II. 

CIJlTe eM 
STA 
I.DA 
STA 
lUS 

store zero into arming 
location to clear interrupt 
now rearm the RTC by setting 
bits 2 and 3 
return 

The required pointer to the interrupt service 
routine is created by: 

ORG $3FE 
DB!. TICK 

The TTY data and RTC arming ports 1n the writer's 
system are defined: 

TTIr EQlIlI 
AlmJUlllC EQlIlI 

$CI02 
$COA«» 

Example 18-1 is a kind of "stunt" program. It 
doesn't really do anything useful, but it does prove 
that the RTC interrupt works if the bell rings. A real 
interrupt service routine has something else to contend 
with. Unlike the situation in example 18-1, the 
program being interrupted is not a simple wait loop. 
The program which is interrupted will be doing actual 
useful work. In fact, it may be doing decimal 
ari thmetic. If the interrupt service routine needs to 
do binary ari thmetic it will be neces sary to set the 
CPU into the binary arithmetic mode with a CLD 
instruction. The decimal state will, in this case, be 
restored automatically when the PSW is reloaded by the 
RTI instruction at the end of the service routine. 
With this understood we can proceed to do something 
really useful, construct an interrupt driven software 
clock which will really keep time. This clock is shown 
in example 18-2. 
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A software elapsed time clock is to be constructed 
which will display elapsed hours, minutes and 
seconds on the Apple primary text screen screen, 
which begins at location $400. This display is to 
be updated every second. The RTC initialization 
routine is to be written in subroutine form so it 
can be called by any program resident in memory. 
The clock should be set to all zero upon 
initialization, and the binary time kept in cells 
HOUR, MINUTE and SECOND, accessible to any other 
resident program. 

The initialization for the software clock is: 

label inst operand 

-rICTOC CLA 
STA 
STA 
STA 
STA 
.]'SR 

HI 
RTS 

SEOOND 
MDIDTE 
HOft 
TDI 
CLli're 

clear count cells 

and RTC interrupt counter 
clear pending interrupt and 
arm the RTC 
enable the interrupts 
return to calling program 

And the interrupt service routine is: 

TOCK CJI.D don't forget this. The 
service routine does binary 
arithmetic and the program 
that was interrupted may 
have been using decimal mode 
save A 

save X 
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CVM 

evs 

DC 
LDA 
CMP 
BI.S 
CIA 
STA 
Die 
][J)A 

CMP 
BLS 
CLA 
STA 
mc 
I.DA 
CMP 
BI.S 
CIA 
STA 
mc 
LDA 
CMP 
BLS 

CIA 
STA 
I.DA 
.JSR 
STX 
STA 
LDA 
J'SR 
STX 
STA 
LDA 
.JSR 
STX 
STA 
JSR 
PLA. 
TAX 
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TIX 
TIX 
160 
TR'IIf 

'.IrIX 
SEOOND 
SEOOND 
160 
CVS 

SEOOND 
MIJIU'i'E 
MIlIl1J1rE 
160 
CVM: 

MIlIU'X'E 
HOUR 
HOUR 
124 
em 

HOUR 
HOUR 
CVD 
lIU..OC 
HLOC+ll. 
MIll 
em 
MlLOC 
MWC+ll. 
SEOOND 
CVD 
SLOe 
SU»C+l 
CUTe 

increment interrupt count 
fetch count 
one second gone yet 
no, reload and return 
yes, clear the 
interrupt count 
increment seconds 
get seconds 
minute gone yet? 
no, convert new seconds 
yes, clear 
seconds count 
and increment minutes 
get minutes 
hour gone yet? 
no, convert minutes & seconds 
yes, clear 
minutes count 
and increment hours 
get hours 
day gone yet? 
no, convert new hours, 
minutes and seconds 
yes, clear hours 

get hours 
convert to decimal 
store into screen 

get minutes 
convert to decimal 
store into screen 

get seconds 
convert to decimal 
stor e into screen 

clear interrupt and rearm 
retrieve old X 
move it there 
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PU 
RTI 

restore A 
return to interrupted 
program. 

The binary-decimal converter is: 

I.DX 
SUB 
BMI 
DIX 
BIIZ 

CVJD2 UD 
RTS 

4P«P 
1]1.0 
CVD2 

CVJDl 
I$BA 

ASCII zero to X 
convert by subtraction 

restore units 
and return 

The various working locations are defined: 

1II0UR. *** 
MIIIlU'rE *** 
SEOOND *** 
TIX and CLRTC ar e def ined as in example 
screen locations are defined by: 

OR«; $400 
lB!IAIlC Me 800 n 

MJ[.OC Me 800 9 

SLOe MC 800 8 

The pointer to the interrupt service 
defined by: 

ORe $31'1& 
DBL TOCK 

18-1. 

routine 

The 

1S 

It should be noted before leaving example 18-2 
that the A and X registers were saved by pushing onto 
the stack, rather than with STA-STX. There is a reason 
for this. In some situations it is desirable to re-
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enable the interrupt system with an EI instruction 
before the processing of the current interrupt is 
compl ete. This opens th e poss ibil i ty tha t another 
interrupt from the same source may arrive before the 
current one is finished processing. This cannot occur 
with the simple clock of example 18-2 interrupting only 
60 times per second. There are high speed ''burs t mode" 
data transfer devices which can do this, however, and 
if it happens the saved A and X registers from the 
earlier interrupt are destroyed by being overlaid by 
the new ones if they are saved in memory rather than on 
the stack. The result is catastrophe for the 
interrupted program and no clue whatever to what caused 
ito Interrupt programming is difficult enough that it 
is prudent to lock out potential sources of error like 
this when possible. Save registers on the stack. You 
don't need this kind of grief. 

The clock of example 18-2 interrupted 60 times per 
second, which raises another interesting problem. 
Suppose the program which the RTC interrupted was 
transferring data from disk at the time of the 
interrupt. The servicing of the interrupt took only a 
few dozen microseconds, but what happened to the disk 
data in the meantime? Disk transfer rates are fast 
enough that it is very likely that data will be lost if 
an interrupt occurs, so don't expect reliable disk 
operation in an environment where interrupts from any 
source can occur. 

If a process must be protected from interruption, 
a problem arises in that simply executing a DI 
instruction not only disables interrupts but destroys 
knowledge of the previous state of enablement. If the 
interrupt system was enabled it is now disabled. If it 
was disabled it is still disabled. The problem is how 
to restore the system to its state previous to the 
disablement. There is a clean solution to this 
problem. If the PSW is pushed onto the stack before 
the DI instruction is executed, it can be pulled back 
into PSW after the section of program to be protected 
has been finished. Remember, when PLP is executed, all 
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of the status bits are loaded from the stack.. Whatever 
value is in bit 2 of the top word on the stack becomes 
the enablement status. This will work in all cases. 

Now we must consider a somewhat different 
interrupt situation, that in which data are transferred 
under interrupt control. Again, special hardware is 
required to use this function on the Apple II. The 
writer's machine has been modified to allow interrupts 
for both input and output function of an ASR-33 
Teletype, and this will be used as the device for which 
these functions will be illustrated. 

There are two principal advantages to the transfer 
of data under interrupt control. The first of these is 
the obvious one that the processor is not tied up 
waiting for a ready flag. It can go about its other 
essential business, e.g., monitoring reactor core 
temperature, and when data are ready for transfer, take 
only the few dozen or so microseconds required to 
actually transfer the data. It is never necessary to 
wai t for a flag. The second is tha t this kind of 
transfer allows the most efficient use of computer 
resources, i.e., time is never wasted. 

We will consider the input and output processes 
separately here, input first. The terminal input and 
output interrupts may be armed separately so that input 
may interrupt while output may not, and vice versa. 
Let's go back to the case of our duty officer in the 
reactor room. Wha t we need for him is a scheme for 
handling his input which won't stop the core 
tempera ture monitor ing while he's typing. The main 
temperature monitoring program should be able to 
execute an initialization sequence for the duty 
officer's term inal and then go abou t the bus ines s of 
monitoring without interference from chance disasters 
like slow typists with long names. When a key is 
struck only the time required to transfer the character 
should be taken from the main task. The sequence 
necessary to do this with the writer's teletype is 
shown in example 18-3. As with the earlier examples, 
the arming sequences shown are peculiar to the writer's 
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system. Other than these and the location of the 
pointer to the interrupt service routine, which is 
peculiar to the Apple II, the techniques shown are 
applicable for any 6502 based computer. 

EXAMPLE 18-3 

An initialization subroutine and an interrupt 
service subroutine ar e to be wri t ten which will 
allow the transfer of a ten character string from 
the terminal keyboard to a buffer area beginning 
at location STRING. The initialization sequence 
should clear a flag. When the tenth character has 
been read by the service routine this flag should 
be set to one as a signal to the main operating 
program that the string is complete. 

The initialization subroutine LS: 

label inst operand 

DrI LDA. TTIrD! this clears the terminal 
ready flag. See note below 

LDA- 11 arm input interrupt 
STA AllmUIIC 
CIA clear character index 
STA mDEX 
STA JOF][.,jM; clear message ready flag 
HI enable the interrupt system 
RTS and return to main operating 

program which called INI. 

The interrupt service routine is: 

just in case 
save A and Y 
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LOY EmIDEX get character index 
LDA ~ this loads the character 

just typed into A and clears 
the input ready flag which 
was the cause of the 

STA 
JOllY 
CPY 
BLS 
C1A 
STA 
DIC 
PU 
'lAY 
PU 
I.T1 

interrupt. 
STRElG5 Y save new character Ln string 

increment index 
#10 10th character? 

no 
yes, clear index for next 
message 
set "message ready" flag 
restore the registers 

and return 

The TTY input and armLng locations are defined: 

AUIlL.OC EQlII 
T'lYDJ EQlII 

$COM 
$C:H.OO 

This procedure will allow a ten character string 
to be input through the terminal, but since the input 
and output functions are separate, the characters typed 
do not appear on the terminal. This is sometimes 
desirable in cases where the typed input is to remain 
secure. 

If the typed material is to appear on the terminal 
display it must be sent there by the interrupt service 
routine. The best way to do this is to keep the output 
interrupt disarmed and "echo" each typed character back 
to the terminal as it is received. 

In the first line of the initialization routine 
INI above there is something not obvious which must be 
expanded. Recall that clearing the flag which caused 
the RTC interrupt required special action, the storing 
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of zero into ARMLOC. No such action was necessary here 
because the act of reading the data clears the flag. 
You will find that this is usually the case with 
terminal devices, but find out precisely how any new 
one works. Don't assume that the flag is automatically 
cleared as it is here. 

It can be said in general that the ready flag is 
true when the terminal device is ready to transmit data 
in either direction. In the input case this means that 
the flag is false until a key has been struck, meaning 
that the flag is false most of the time. In the case 
of output, however, the flag is true whenever no output 
is being done, i.e., the output ready flag is true 
whenever the terminal is idle. This means that if 
interrupts are enabled and the output interrupt armed 
there will always be an output interrupt waiting. 

This results in different arming procedures for 
input and output. While the input interrupt must be 
kept always armed, the output interrupt must be kept 
disarmed until output is actually ready to be done. 
When the last item is sent out, the output interrupt 
must be again disarmed to prevent a continuous output 
interrupt from happening. It is a prudent practice to 
disable the interrupt system while arming the output 
interrupt. The transfer of a character string under 
interrupt control is shown in example 18-4. 

EXAMPLE 18-4 

A character string has been assembled by the main 
operating program beginning in location MSG. 
Write the string onto the TTY under interrupt 
control, stopping when a carriage return code 
($8D) is encountered in the string. 

The initialization sequence is: 

label inst operand 
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and the debug will respond with: 

OBJECT READY, SPACE 

Push the PLAY key on the tape machine and tap the space 
bar. The word LOAD will appear at the right hand side 
of the screen. About 7 seconds later the character 
below the L in LOAD will begin to flash rapidly. This 
is just a visual indicator that the debug has found the 
object program on the tape. The flashing will stop for 
shor t periods and then res ume. When it fina lly stop s 
the flashing character will go blank and a number will 
appear below the word LOAD. This is the number of 
object records that were loaded and needn't concern us 
now. If the load was not successful the word CKSM 
appears beneath the word LOAD. This means that a 
checksum error has occurred and that the material 
loaded cannot be relied upon. If this happens rewind 
the tape and try the load again. If it happens the 
second time the tape is probably bad. Go back to the 
assembler and generate another object program on a 
different cassette. 

When you get a successful load you will want to 
verify at least a few program locations in memory. To 
do this type an M followed by a hexadecimal memory 
address and a period. All debug commands end with a 
period. The command line at the bottom of the screen 
will look something like this: 

41M5000. 

This is immediately changed to read: 

41M5000 BO 0 

with the period flashing. The BO is the hexadecimal 
content of 5000. The 0 to its right is the ASCII value 
of BO. If you want to change the contents of 5000 to 
something else, say AO, just type AO. The line now 
looks like this: 
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#M5000 BO 0 AOo 

again with the period flashingo If you make a mistake 
and type A2 there is no damage doneo Just type the 
correct value so the line looks like this: 

#M5000 BO 0 A2AOo 

Only the last two typed characters counto This is 
generally true of debug typeinso If you type in 
something that is not hexadecimal the entire command 
line will fill with question marks like this: 

???????????????????????? 

This will persist for about a second and the prompt 
character # will reappear, meaning debug is waiting for 
another commando 

Let's return now to our examination of location 
50000 We had seen the content of 5000 to be BO and 
indicated that it should be changed to AO o Now we must 
type a terminating character that will enter the 
changeo There are three choices here, depending on 
what we want to do nexto The first is the familiar 
periodo If you type a period here the contents of 5000 
will be changed to AO and the line will disappearo If 
you had not typed the AO no change would have been made 
in memoryo The flashing period at the left will 
reappear, indicating that debug is awaiting another 
commando If a space is typed the next higher memory 
location will be examined, the display now looking like 
this: 

ifM5001 AB +. 

If 5001 is to be changed, just type the new contentso 
I f a term ina ting charact er is typed wi thou t any 
indicated change the contents of the location are 
unchangedo The third possibility is to type commao If 
comma is used as the terminator the next lower memory 
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location is examined. You'll get the feel of this best 
by trying it. 

At the lower right corner of the screen you will 
see the characters SCR, meaning screen. The debug uses 
the primary text screen but since you may want to look 
at other Apple screens the debug provides a way to do 
this. It is done by typing V followed by one of the 
following combinations, plus period. 

T1 Text screen 1 
T2 Text screen 2 
11 LORES screen 1 
L2 LORES screen 2 
13 Mixed LORES screen 1 
L4 Mixed LORES screen 2 
H1 HIRES screen 1 
H2 HIRES screen 2 
H3 Mixed HIRES screen 1 
H4 Mixed HIRES screen 2 

When this is done the screen will change immediately to 
the indicated one. To go back to the normal debug 
screen type VN. The debug screen will reappear, but 
something will have changed. Look below the SCR at the 
lower right. This space will contain the 
identification of the screen you just examined. 
Something more has happened here than meets the eye, 
and we will return to this screen business a little 
later. 

If you want to examine a large block of memory and 
have a parallel printer debug provides a means of 
dumping memory in blocks to the printer. Type the D 
command followed by the inclusive dump limits and the 
block will be printed out. To dump 100 through 1FF 
inclusive type: 

1foD100 1FF. 

The result looks like this: 
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EXAMPLE 19-2 

Memory Dump to Printer 

0100 FF FF 00 00 FF FF 00 00 FF FF 00 00 FF FF 00 00 FF FF 00 00 FF FF 00 00 
0118 FF FF 06 12 BI A4 10 7E 10 FF 00 00 FF FF 00 00 FF FF 00 60 BE 57 BE B9 
0130 33 BE B9 B7 B4 9B B7 3A B7 69 FD 6F FF FF 00 00 FF FF 00 00 FF FF 00 00 
0148 FF FF 00 00 FF FF 00 00 FF FF 00 00 FF FF 00 00 FF FF 00 00 FF FF 00 00 
0160 FF FF 00 00 FF FF 00 00 FF FF 00 00 FF FF 00 00 FF FF 00 00 FF FF 00 00 
0178 FF FF 00 00 FF FF 00 00 FF FF 00 00 FF FF 00 00 FF FF 00 00 FF FF 00 00 
0190 FF FF 00 00 FF FF 00 00 FF FF 00 00 FF FF 00 00 FF FF 00 00 FF FF 00 00 
0lA8 FF FF 00 00 FF FF 00 00 FF FF 00 00 FF FF 00 00 FF FF 00 00 FF FF 00 00 
01 co FF FF 00 00 FF FF 00 00 FF FF 00 00 FF FF 00 00 FF FF 00 00 FF 60 BE 57 
0108 BE6ABAS7 60 60 BE 57 60 BE 60 BE 57 BE B 9 33 BE B9 B7 B4 92 80 AE 80 
OIFO AE 90 B3 36 70 A 7 F 3 A2 93 A3 7 C Al 02 E3 06 E2 

Now that we know something about examining and 
changing memory, lees get to the business of actually 
debugging. A debug program allows you to execute small 
sections of a program at a time to verify the function 
of these sections. It does this by a process known as 
breakpoimtimg. Breakpointing is the most powerful 
single debugging technique you have at your disposal, 
at least in conventional programming systems. It 
operates by replacing three memory words of the program 
being debugged with a JMP instruction whose target is 
in the debug program. The addres s at which this 
substitution is made is known as the lbrealkpoimt 
£Iudldress. Another add res s, tha t of the beginning word 
of the first program instruction to be executed, is 
given. This address is known as the transfer a~dress. 
The breakpoint works by replacing the three words at 
the breakpoint address with a JMP instruction back to 
the debug and transferring control to the transfer 
address. Execution of the program being tested is then 
begun at th e trans fer addres s. When th e program 
reaches the breakpoint address control returns to a 
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special location within debug. 
When control reaches debug from the breakpoint the 

first thing done is to restore the three program words 
at the breakpoint address to their original values. 
These three words were saved by debug when the 
breakpoint was set. The values of the machine 
registers upon return from the breakpoint are stored 
and converted for display in the line so labeled on the 
screen. To execute a section of program which runs 
from $300 to $32E, for example, we type: 

#B300 32E. 

If the breakpoint ~s successful the message: 

BKPT REACHED 

will be briefly displayed and the top line of registers 
will show the values of the machine registers when the 
return from the breakpoint occurred. The former values 
of the registers, i.e., those resul ting from a previous 
breakpoint, are moved down to the second register 
display line. 

Some other things have happened here too. Under 
the BKPT on the right side of the screen an address has 
appeared, th e addres sat which th e breakpoint was 
reached. Each time a breakpoint is succes s fully 
executed this display will be moved down one line and 
the new breakpoint address displayed at the top. A 
history of the breakpoints is thus created. 

You migh t be wondering a t this poin t wha t all of 
this is worth, since the execution of the program began 
with registers of unknown value. The values of the 
registers are right in front of you! Before the jump 
took place to the transfer address the real machine 
registers were loaded with the values displayed in the 
top display line. Since these are mostly zeros, let's 
find out how to set them to the values we want. To set 
the A register to 3 we type: 
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4foRA3. 

and the register display will reflect the change. Now, 
when th e next breakpoin t is execut ed A will be loaded 
with 3 before the jump to the transfer address. 
Registers X, Y and S are changed in a similar way. The 
D in the display is not a register at all. It means 
difference, and it indicates the arithmetic difference 
between the stack pointer S before and after the 
breakpoint. 

The procedure for changing the P register is a 
little different. Here we are interested in the 
individual bits of the register and debug provides a 
way to change them individually. Suppose you wanted to 
force the Nand Z bits to ones. Just type: 

4foRPN1Z1. 

The top register display line will change immediately 
to show the new values. Any or all of the bits may be 
changed with a single RP command. Note, by the way, 
that the I bit is set to one initially. This insures 
that the interrupts are disabled at the jump to the 
transfer address. If you want them enabled type: 

4foRPIO. 

Let's dispose of the las t unexplained item on the 
screen now, the stack display. The initial value of 
debug's stack pointer is set to FF. You can change 
this easily with an RS command followed by the value 
you want. If you do this the display will change to 
accomodate. Under the word STACK are displayed the 
addresses and contents of the highest eight locations 
in your stack. The section of the stack shown will not 
change unless you change the stack pointer with RS. 
When you return from a breakpoint, however, the stack 
pointer may be different. If this is so the little ">" 
between the address and contents columns will point to 
the current value of the stack pointer. 
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Finally, there is that mysterious looking RTS at 
the right side of the screen. The number displayed 
under the RTS is the location to which control would go 
if the next executed program instruction were an RTS. 
This is very handy when debugging subroutines which 
manipulate the stack. If the subroutine makes an error 
like one too many pushes or pulls, setting a breakpoint 
just before the subroutine's RTS will let you see where 
control will go when the RTS is executed. This lets 
you avoid those situations in which a wrong value is 
pulled from the stack to the program counter, with the 
result that the program counter points to someplace in 
the Arizona desert or Soviet Central Asia. The program 
then ping-pongs allover the inside of the machine, 
destroying memory randomly, probably including all 
evidence of the error that caused the disaster. 

A little bit back we promised to return to the 
subject of the screen specification. The screen that 
you selected with the V command will also be turned on 
when any breakpoint is executed so that that screen 
will be visible during the program execution. This is 
especially valuable when debugging graphics routines on 
the Apple. 

Now let's try to pull all of this together by 
applying it to a real debugging situation. The program 
whose assembly listing is shown on the next page 
contains a deliberate error which we will find using 
debug. It is a validity check routine which is 
supposed to examine the ASCII character in A and set 
the N flag if the character is period, V if carriage 
return ($8D), Z if blank, and C if comma. The routine 
fails to properly detect carriage return. Let's run 
through some of the valid cases first, just to verify 
that they work. The A register is first set to the 
period code, $AE, and a breakpoint executed from the 
beginning of the VCHK routine, $301, to the RTS at 
$324. Note that the instruction at the breakpoint 
address, the RTS, is not executed. Execution goes from 
the transfer address up to, but not including, the 
breakpoint addres s. The A register is se t to the 

299 



period code by: 

1FRAAE. 

and the screen now looks like example 19-4. 

EXAMPLE 19-3 

PAGE 001 VALIDITY CHECK 

002 0300 N EQU 128 
003 0300 V EQU 32 
004 0300 Z EQU 2 
005 0300 C EQU 1 
006 0300 00 T *** 
007 0301 AO 80 VCHK LDY #N 
008 0303 C9AE CNP 11 ' • I 

009 0305 F014 BEQ VRTN 
010 0307 A020 LDY 11v 
011 0309 C98D CHP 11 $8D 
012 030B FOOE BEQ VRTN 
013 030D A002 LDY if Z 
014 030F c9AO CMP if I i 

015 0311 FOO 8 BEQ VRTN 
016 0313 AOOI LDY #C 
017 0315 C9AC CNP 1f I , I 

018 0317 F002 BEQ VRTN 
01 9 0319 AOOO LDY 110 
020 031B 8DOO03 VRTN STA T 
021 031E 98 TYA 
022 031F 48 PHA 
023 0320 ADOO03 LDA T 
024 0323 28 PLP 
025 0324 60 RTS 
026 0325 END 
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EXAMPLE 19-4 

A X Y S D NVBDIZC STACK BKPT RTS 
AE 00 00 FF 00 0000100 1FF>04 0000 

1FE 44 
00 00 00 00 00 0000000 1FD 20 LOAD 

1FC F2 01 
00 00 00 00 00 0000000 1FB BE 

1FA 41 
1F9 17 SCR 

4fo • 1F8 FF 

The breakpoint 1S now executed by: 

4foB301 324. 

and the screen now looks like this: 

EXAMPLE 19-5 

A X Y S D NVBDIZC STACK BKPT RTS 
AE 00 80 FF 00 1010000 1FF>BO 0324 0000 

1FE 44 
AE 00 00 FF 00 0000100 1FD 20 LOAD 

1FC F2 01 
00 00 00 00 00 0000000 1 FB BE 

1FA 41 
1F9 17 SCR 

:/F. 1F8 FF 
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The N bit is a one as it should be. Next we try the 
blank code. A is set to $AO by: 

iffoRMO. 

and the breakpoint executed again by: 

iffoB301 324. 

with this result: 

EXAMPLE 19-6 

A X Y S D N VB Dr ZC STACK BKPT RTS 
AO 00 02 FF 00 0010010 1FF>32 0324 0000 

lFE 44 0324 
AO 00 80 FF 00 1010000 1FD 20 LOAD 

1FC F2 01 
AE 00 00 FF 00 0000100 1FB BE 

1FA 41 
1F9 17 SCR 

iff 0 1F8 FF 

The Z bi t is properly se t. The reader may verify the 
remaining case of the comma for himself. 

Now let's try the failing case, that of carriage 
return. A is set to the carriage return code by: 

iffoRA8D. 

and same breakpoint executed, with this result: 
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A X Y S D NVBDIZC STACK BKPT RTS 
SD 00 20 FF 00 0010000 1FF>30 0324 0000 

1FE 44 0324 
SD 00 02 FF 00 0010010 1FD 20 0324 LOAD 

1FC F2 01 
AO 00 SO FF 00 1010000 1FB BE 

1 FA 41 
1F9 17 SCR 

#. 1FS FF 

The misfunction is verified. The overflow bit is still 
zero when the carriage return code should have caused 
itt 0 be set to 1 • The Are g is t e r iss till set tot he 
carriage return code, so let's try to isolate the error 
by executing a part of the routine. In particular, it 
would be interesting to know exactly what is in the Y 
register when the comparison of A to the carriage 
return code is done. This comparison is at $309. The 
section of code to be executed is, therefore, from $301 
to $309. This breakpoint is executed by: 

#B301 309. 

At the return from the breakpoint the screen looks like 
example 19-5. 
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EXAMPLE 19-8 

A X Y S D NVBDIZC STACK BKPT RTS 
8D 00 20 FF 00 0010000 1FF>30 0309 0000 

1FE 44 0324 
8D 00 20 FF 00 0010000 1FD 20 0324 LOAD 

1FC F2 0324 01 
8D 00 02 FF 00 0010010 1FB BE 

1FA 41 
1F9 17 SCR 

4ft • 1F8 FF 

The Y register contains the number $20. Referring 
to the layout of the PSW at the top of page 125, the 
problem becomes immediately apparent. What is being 
set to 1 is the unused PSW bit, not overflow. Looking 
now at the definitions at the top of the program, it 
can be seen that the line: 

V EQU 32 

is incorrect. It should read: 

V EQU 64 

One way to correct this is to go back to the assembler 
and change the source. This will have to be done 
ultimately, of course, but it would be nice to know 
that this will really fix the problem. What about 
changing the binary program in memory? 

We would like to change the LDY instruction at 
location $307 to A040 from its present A020. Nothing 
could be simpler. The offending word is at $308. The 
M command can be used to change it, thus typing M308. 
yields: 
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#M0308 20 @ 

where @ is actually an inverse blank which can't be 
printed here. The debug waits for you to type in the 
correct value followed by a period, i.e.: 

#M0308 20 @ 40. 

This ought to fix the problem. Let's try another 
breakpoint to see if it did. Typing: 

#B30l 324. 

yields the following result: 

EXAMPLE 19-9 

A X Y S D NVBDIZC STACK BKPT RTS 
8D 00 40 FF 00 0110000 1FF>70 0324 0000 

1FE 44 0309 
8D 00 20 FF 00 0010000 1FD 20 0324 LOAD 

1FC F2 0324 01 
8D 00 20 FF 00 0010000 1FB BE 0324 

1FA 41 
1F9 17 SCR 

# • 1F8 FF 

This result is correct and we have fixed the 
problem. Make a note of this in the assembly listing 
so you don't forget to change the source the next time 
you assemble. It is the dumbest feeling in the world 
to have to chase down the same mistake twice. 

There is one other possible source of trouble in 
this program. It will be left to the reader to 
identify it. It shouldn't be too difficult if you read 
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chapter 18 carefully. 
The kind of error tha t this program contained is 

quite often the result of attempting to use decimal to 
specify a bit or bit pattern, as was done here. Use 
binary or, better yet, hexadecimal to specify bits and 
bit patterns. You won't make so many mistakes. 

The changing of an instruction in memory is called 
patching. The patch we made here was an easy one, 
involving only the replacement of one word with 
another. There are two other cases to be covered, the 
extra instruction and the missing instruction. If you 
find an instruction that simply doesn't belong there it 
is easy to get rid of. Use the M command to replace 
each word of the instruction with $EA. This is a NOP 
instruction on the 6502, an instruction which does 
nothing but occupy space and waste two machine cycles. 
The function is similar to that of certain Federal 
bureaucrats. 

The missing instruction is much tougher to fix, 
but the technique is worth learning for all the time it 
saves. If an instruction is missing and needs to be 
inserted there is no way to lever the program up to put 
it in where it belongs, so we have to be a little 
devious. Find an unused area of memory. At the point 
where the instruction is to be inserted use the M 
command to replace three words with the number $4C and 
the two word address of the first word of the unused 
memory area. Remember that this address must be 
specified with the low order word in the low memory 
addres s. Wha t you have jus t done is overlay one, two 
or three program instructions with a JMP to the 
location in unused memory. The functions of the 
instruction which were destroyed must be duplicated as 
part of the patch. First put in the binary instruction 
which was to be inserted. Then put in instructions to 
duplicate the functions of those you overlaid. 
Finally, the patch must transfer control back to the 
program being debugged. This jump must go to the first 
word of the first instruction which was not overlaid by 
the jump to the patch. You can now proceed with the 
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remainder of your debugging. 
This technique is admittedly complex. Its value 

lies in the fact that it allows more than one error to 
be found before going back to source corrections. It 
takes a bit of practice to get it right but it's worth 
it. 

A few more notes about breakpointing are necessary 
before going on. Since the breakpoint instruction, a 
JMP, is three words long there must be space in the 
program to accomodate it. This means that you can 
always breakpoint to a three word instruction, but you 
mus t be careful abou t one and two word instructions. 
If there are data words immediately following an RTS, 
for example, you cannot breakpoint to the RTS, since 
the second and third word of the JMP will overlay the 
data. NEVER attempt to breakpoint to an instruction 
whose address is modified by the program, since the 
modification will destroy the breakpoint return 
instruction. 

The debug program allows you to save a little 
typing with the second and successive breakpoints. If 
a previous breakpoint has been successfully executed, 
and if you type only one addres s after the B command, 
the debug will assume that you want to start where the 
previous breakpoint left off and breakpoint to the 
location named. 

If the program runs wild and never reaches the 
breakpoint, stop it and get control back to the first 
location of debug. Debug will display the message: 

BKPT FAILED 

and restore the program instructions at the failed 
breakpoint. If the wild program destroyed the debug 
you are out of luck. Restart things from scratch and 
breakpoint up to your last successful breakpoint. Then 
breakpoint small sections until you locate the point 
where things go out of control. 

Some more sophisticated readers may entertain a 
ques tion abou t th e breakpoin ting technique used here. 
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The 6502 has a single word instruction, BRK, which 
simulates the effect of an interrupt in many ways. The 
single word BRK could be used instead of the three word 
JMP, allowing the user greater freedom in the location 
of his breakpoints. There were two reasons tha t BRK 
was not used. The first is that executing BRK 
obliterates part of the user stack, an unhealthy 
interaction between the debug and the program being 
debugged. The second reason is tha t BRK is not 
available to many Apple users. In the standard version 
of the Apple II BRK sends control to the ROM monitor. 
It was with these things in mind that the JMP approach 
to breakpointing was decided upon. 

A final note on breakpointing before we take up 
other topics, including that big blank space at the top 
of the screen. When a breakpoint is executed the debug 
will switch to whatever screen you last specified with 
a V command. When control returns to debug the normal 
debug screen will again be displayed. This is to allow 
you to watch the results of text or graphic writing 
operations during the breakpoint period. 

There are two other debug functions dealing with 
memory, the fill and search operations. It is very 
often convenient to be able to set a block of memory to 
a value. The F command allows you to do this easily. 
By typing: 

4FFbbbb eeee hh. 

the block beginning at bbbb and ending at eeee is 
filled with the hexadecimal value hh. A block of 
memory may be searched for some value in a similar way. 
Type: 

#Sbbbb eeee hh. 

and debug will search bbbb through eeee inclusive for 
the value hh, stopping to display each location found 
to contain hh. Pressing the space bar continues the 
search. The command ends when eeee has been reached 
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and tested. 
Now let's talk about all that wasted real estate 

at the top of the Apple screen. It's not really wasted 
since we can use it in a rather unusual way. It is 
used for something called _eMOry wimd~. 

The most frequent single operation performed in 
debugging is the examination of memory. Up until now 
we have used the M command to do this. This is fine 
for looking at the contents of scattered memory 
locations. Very frequently, however, you will be 
interested in the contents of the same location or 
locations throughout the debugging process. It then 
becomes a nuisance to have to type all those MiS and 
numerical addres se s af ter every breakpoint. Memory 
windowing allows a line on the upper portion of the 
debug screen to constantly display a location or group 
of locations automatically. The address need only be 
typed in once and may be accompanied by a name which is 
six charact ers or les s. This nam e w ill appear in the 
window chosen beside the memory address it represents. 
The obvious use of the name is to give the window the 
same name as that location has in the assembly listing. 
This saves the constant looking up of addresses in 
the listing. The contents of each window are updated 
by debug after every operation in which memory 
modification can occur. 

The debug program maintains 15 windows, numbered 1 
through F. A window may be one of five different 
types. Perhaps the simplest to understand is a hex 
window so we will begin there. A hex window with the 
name of ALBERT is specified like this: 

#Wl,H,300,ALBERT. 

The 1 is the window number. Window 1 is at the top of 
the screen. The H is the hex specification. The 300 
is the beginning location of the window, and ALBERT is 
the name which is to appear in the window. When this 
is typed the top line of the screen changes to: 
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0300 ALBERT 99 B9 00 08 OA OA OA 99 

This represents the contents of the eight memory 
locations beginning at $300. ALBERT, presumably, was 
the label which appeared at this point in the assembly 
listing. This will be updated after every operation 
which might cause memory to be modified. 

The next window type is ASCII. An ASCII window is 
specified by typing A as the window type, i.e.: 

#W3,A,350,HARVEY. 

and the third screen line becomes: 

0350 HARVEY ABCDEFGHIJKLMNOPQRSTUVWXYZ12 

The block of 28 characters beginning at $350 is 
displayed as ASCII. 

The third window type is single precision decimal. 
It is specified by S as the window type, i.e.: 

4FW5 , S , FE, LITTLE. 

and the fifth line from the top of the screen becomes: 

OOFE LITTLE 131 -125 

The 131 represents the contents of $FE interpreted as 
an unsigned magnitude. The -125 is the signed value of 
the number. If the sign bit of the number is zero only 
the magnitude is displayed. 

A window may also display a double precision 
decimal number beginning at a specified address in the 
standard double precision format. This is a D type 
window. It is specified: 

#W9,D,3AF7,DOUBLE. 

The result, in the ninth screen line is: 
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3AF7 DOUBLE 65280-00256 

The first number is the value of the unsigned double 
precision magnitude. The second is the value of the 
double precision signed number. 

The final window type is a pointer window, 
specified by P. The command: 

4FWB ,P ,FO ,PTR. 

results in the following in the eleventh screen line: 

OOFO PTR 01FF >E2 ,X>oO ,Y>D5 

The OOFO is the location of the pointer PTR. The 01FF 
is the contents of the pointer at FO and Fl. The E2 is 
the contents of the cell to which PTR is pointing, the 
number following ",X>" is the content of the location 
whose address would be given by adding the debug X 
register to the pointer, and the number which follows 
the ",Y>" is the content of the location whose address 
is the sum of debug's Y register and the pointer. 

Any memory window may be cleared, i.e., set to 
blank by using the letter C in plae of the window type, 
e.g., window 7 is cleared by: 

4FW7,C. 

This system of memory windows provides a very 
convenient and efficient means of keeping track of what 
is happening in memory during the program's trial 
execution under debug's control. 

This chapter can only cover the rudiments of the 
debugging process. There are those who claim that 
debugging is more of a black art than a set of 
techniques. Whatever it is, you get much better at it 
with practice. It can be a very, very frustrating 
task. When a program error eludes you for a long time 
it is very tempting to begin to blame the hardware. 
This is most probably not the case. This writer has 
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been programming now for twenty years. In this twenty 
years he has had only one error which he could directly 
trace back to machine malfunction. It may prop up the 
ego a bit to blame the computer, but it's almost never 
true. 

When reading a program listing one tends to see in 
that listing what he wants to see, what he intended 
should be there in the first place. It is easy to read 
over and over the same error without seeing it, 
including the dumb ones like writing LDA instead of 
LDX. In cases like this there are two possible 
remedies, both involving a fresh pair of eyes. The 
first is to go to a movie or take a walk. Forget the 
problem and come back to it when your anger and 
frustration have died down. The second is harder on 
the ego, since it involves admitting that you need 
help. Let somebody else look at the listing. Very 
often a bonehead error will leap right up off the page 
for somebody seeing the program for the first time. 

Take courage. I t does get eas ier wi th time and 
practice but however long you work at this craft you 
will still make errors, some of them awfully stupid. 
If the number of copies of this book sold equals or 
exceeds the number of programming errors that the 
writer has made in twenty years it will be very 
lucrative. 

GOOD LUCK!! ! 
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CHAPTER 2«) 

STRUCTURE OF TEE ASSEMBLY PROGRAM 

It is a fair bet that anyone who has purchased a 
book like this, not to mention having read this far 
into it, is probably serious about the business of 
programming. At some stage in your programming career, 
perhaps not now but later, you will begin to be curious 
about how the programming vehicle itself works. That 
is what this chapter is about, how the assembler works. 
It is also the reason that the full source of the 
system has been published in appendix A. Only with the 
source available can you actually study how the system 
works in any but a theoretical way. 

This assembler was written especially for this 
book. Its purpose is to serve as a learning vehicle 
for prospective 6502 assembly language programmers. It 
is not intended to serve as a development system for 
very large scale software efforts. Where there is no 
conflict between the needs of development and the 
primary educational purpose of the system all 
reasonable efforts have been expended to accomodate 
those needs. The reason for the existence of the 
system is educational, however, and this should be kept 
in mind by those who might apply it to other areas. 

The key element of the system is simplicity. The 
methods used in creating the assembler are the simplest 
which would serve the purpose. It was intended that at 
some stage the reader of the book would be able to read 
and understand the assembly listing of the assembler. 
Speed and efficiency have both been sacrificed to 
simplicity of function. The system is not particularly 
fast, assembling about 2,000 lines per minute. It is 
not particularly compact, occupying about 8K before the 
I/O drivers are added. To have emphasized either speed 
or compactness would have meant sacrificing simplicity. 

The text editor has the minimum command set 
required for line by line editing. It is not a general 
purpose editor, but one which is explicitly intended 
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for editing assembly language text on a line by line 
basis. Those wishing to augment the function of either 
the text editor or assembler have the means to do so at 
their disposal with the source listings in the 
appendices. 

The assembly language itself is an extension of 
that found in the machine manual. The extensions have 
been made with an eye to education. There is no 
learning value whatever in having to write: 

CLC 
ADC *** 

or 

LDA # <SYMBOL 
STA PTR 
LDA #>SYMBOL 
STA PTR+1 

over and over again, since the concepts of addition and 
pointer creation are nuclear to assembly language 
programming. Constructions like: 

LDA (PTR,X) 

and 

LDA (PTR) ,Y 

serve no cause other than confusion. The pre or post 
index condition is implicit in the X or Y, and the 
indirection is decided by the first parenthesis. A 
scheme like this may have some value in formal language 
design notation, but it requires the users of the 
system to prove to the inanimate programming system 
that they know the difference between the pre and post 
condition every time they write an indirectly addressed 
ins truc tion. ad infinitum, an enormous unreasonable 
demand that this writer personally finds maddening. It 
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is partly this approach to programming language design 
that has given the 6502 the reputation of being 
difficult to program. 

An assembler performs its translation task by 
scanning the program to be as sembled a t leas t twice. 
It is important to understand that the source program 
is examined one line at a time. Look at example 11-4 
on pages 174-175. In particular, consider the fourth 
line of the example, i.e.: 

STA T+1 

While the binary value of the STA instruction can be 
looked up in a table, the value of the symbol T 1S 

unknown, since the definition of T occurs at the end of 
the program. Further, the binary instruction cannot be 
fixed at this point because the assembler does not yet 
know whether the symbol T corresponds to a scratchpad 
or general memory location. It seems that we will need 
to know the values of all the symbols first. Since the 
6502 generates a two word instruction for a scratchpad 
reference and a three word instruction for a general 
memory reference, we w ill also need to know whether 
each symbol used represents a scratchpad or general 
memory location. It is the need for this prior 
knowledge of symbol values which shapes our attack on 
the problem. In particular, the need to treat 
scratchpad symbols differently requires that we make an 
extra pass over the source program to define them 
separately. The alternative to this is to require that 
the user of the system define all scratchpad references 
at the beginning of the program. Which of these 
approaches is taken is a matter of choice. It is the 
writer's opinion that all possible clerical tasks be 
done by the programming system, and that imposing the 
extra burden of pre-definition of scratchpad symbols on 
the programmer is unacceptable. 

The assembly of 6502 programs must, therefore, be 
composed of three logical subtasks, each accomplished 
in a separate scan of the source program. The sub tasks 
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are: 

1) Determine the values of all scratchpad symbols. 

2) Determine the values of all general memory symbols. 

3) Using the table of symbol values defined in the 
first two scans, generate the binary value of each 
source program line. 

In the first pass over the source program the 
values of the scratchpad symbols must be determined. 
Since scratchpad symbols are only defined by inclusion 
within an SPD-ESP pseudo-op pair, this first pass 
ignores all lines which are not so included. A special 
counter, known as a location counter is initialized to 
zero. The program is scanned until an SPD is found. 
The value of the SPD's operand field is determined and 
placed in the location counter. The data defining 
pseudo-ops which follow mayor may not have labels. 
Consider the following case: 

M 
BLOCK 
SAM 

SPD $80 
DATA 'A' ,-1 
RES 3 
$$$ 
ESP 

The value of the symbol M is $80. At this point we are 
not interested in the individual items in the operand 
field of the DATA, only their number. This number is 
one greater than the number of commas in the field 
which are outside apostrophes. This is to allow the 
case in which the comma occurs in an ASCII context. 
The number of data items is 2 above, so 2 is added to 
the location counter. Its value is now $82. The next 
symbol, BLOCK, assumes this value. The operand field 
of the RES indicates a length of three, which is added 
to the location counter, whose value now becomes $85. 
The next symbol, SAM, thus assumes the value $85. The 
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scan term ina tes when the ESP is encountered, and the 
assembler scans forward until the next SPD is found, or 
END is encountered. 

As each scratchpad symbol is defined it is entered 
into a table of symbols along with its value. This 
table is printed in alphabetical order at the end of 
the assembly listing. It is the usual practice to sort 
the symbol table just prior to the final assembly pass. 
In this system the symbol table is built alphabetically 
so the sort is omitted. Scratchpad symbols are 
specially marked in the symbol table so that when they 
are subsequently looked up their scratchpad identity 
can be determined. 

On the second pass over the source program all 
lines which are outside SPD-ESP pairs are scrutinized. 
The location counter is now set, not to zero, but to 
$300 as a default value. This is in recognition of the 
special character of the memory from 0 through $lFF. 
The App 1e II also use s the area beginning at $200 for 
special purposes. If no ORG is given the program will 
thus be assembled beginning at $300. If an ORG is 
encountered the value in its operand field replaces the 
curren t location counter. Not e tha t any thing which 
appears in the field of an ORG or SPD must be numeric 
or have been previously defined if it is not numeric. 
An undefined operand in either of these cases makes it 
impossible to continue with the assembly and the 
terminal pas s 1 error mes sage is generated. This is 
also true of EQU and RES. To understand this consider 
this situation: 

AREA RES $3G 

The $3G is nonsense, so the length of the block being 
defined by the RES is unknown. This means that the 
assembler has no value to add to the current location 
counter, i.e., the value of any symbol which follows 
the bad RES canno t be known. In the cas e of EQU 
consider this: 
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IOPORT EQU $COBL 

The operand is nonsense and the value of IOPORT 1S 
unknown. A subsequent instruction like: 

PRINT STA IOPORT 

has an indeterminate length, since it is not known 
whether IOPORT is a scratchpad symbol or not. 

To see what goes on during the second pass, 
consider the following program: 

ORG $IDOO 
START LDA #5 

STA LOC 
INIT LDY Nl 

STY D 
RTS 

LOC *** 
SPD $AO 

D *** 
END 

The ORG is processed and the location counter set 
to $IDOO. This is its value at the time the START 
label is encountered and, therefore, becomes the value 
of START in the symbol table. The LDA operation is 
looked up in the operation code table and, based on a 
type code contained in that table along with the binary 
skeleton of the LDA operation, is found to be of length 
2 or 3, depending on the addressing mode. The presence 
of the "fF" in the operand sets the length at 2, the 
length for all immediate mode instructions. The 2 is 
added to the location counter and the next instruction, 
STA LOC is examined. There is no label to be 
processed so no symbol table entry is made. The STA 
may also be of length 2 or 3, length 2 being the 
scratchpad addressing case. The symbol LOC is not in 
the symbol table, not yet having been processed, so it 
cannot be a scratchpad symbol. The length is, 
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therefore, 3. The 3 is added to the location counter, 
making its value $ID05 when the INIT label is 
encountered. INIT is assigned the value $ID05. LDY 
has length 2 or 3. Since the symbol Nl cannot be found 
in the symbol table it cannot represent a scratchpad 
value. Nl is, of course, undefined, but there is no 
way to know that a t this point. This w ill be caught 
during the final assembly pass. The 3 is added to the 
location counter, whose value becomes $ID08. The STY 
instruction is now processed. It too can have length 2 
or 3. The length is fixed at 2 because the operand of 
the STY, D, is found to be a scratchpad symbol, already 
defined during the previous pass. The 2 is added to 
the location counter to make its value $IDOA. The RTS 
is now processed. This instruction takes no operand 
and is of fixed length 1 in all circumstances. The 
location counter now becomes $lDOB. Since the location 
counter has this value when the label LOC is 
encountered, $IDOB is entered into the symbol table as 
the value of LOC. The pseudo operation *** is found 
from its type to require no operand and be of fixed 
length 1. The 1 is added to the location counter to 
make its value $IDOC. 

Since the next line contains an SPD it is ignored 
as the assembler scans forward looking for an ESP or 
END. The END is encountered and the symbol defining 
passes are finished. 

In the third and final pass over the source 
program each line is examined again. Whether the 
as sembly is made as an error scan UIE.) , an obj ec t 
generation assembly UIo.) or a full assembly with 
assembly listing UILn m.), the procedure in the third 
pass is fundamentally the same. Each reformatted 
source line is copied into a buffer since it may be 
necessary to print the line if an error occurs. The 
line number is converted to decimal and placed at the 
left end of the print line. 

The location counter, set by default to $300, is 
immediately changed by the ORC to $lDOO. In the second 
line the symbol START is looked up in the symbol table 
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to se e if it was def ined mor e than once. If it was an 
M error flag is entered against this line. The LDA is 
now looked up and its basic binary skeleton found. 
This skeleton is modified to reflect the addressing 
mode used, immediate, and the binary word so generated 
entered into an object buffer. At this point the 
operand itself must be examined. If the operand to the 
right of the "4ft" is a legal immediate operand its value 
is entered as the second word of the object buffer. If 
it is not legal a U error is entered against the line. 
For each line the length it represents is computed and 
added to the location counter, just as was done in pass 
2. After each line is so processed control is 
transferred to a program section which converts the 
location counter to hexadecimal and places it just to 
the right of the decimal line number in the print area. 
The obj ect words genera ted by this line are a1 so 
converted and placed in the print area. If the 
assembly is an error scan the error flags are examined 
and the line printed if any error was generated. The 
next line is then processed. During an object 
generation assembly the object code is sent to an 
object buffer where it is held until 127 or more words 
have been generated, then written to the external 
object medium. Any generated errors are also printed. 
The next line is then processed. In a listing assembly 
the line is printed unconditionally, along with any 
error flags associated with it. The only exception to 
this is when the listing limits have been specified as 
something other than 1 F. In this case the listing 
limits control the printing. 

When all lines have been processed in a listing 
assembly the symbol table 1S printed and the assembly 
is finished. 

The detailed working of the assembly program is, 
of cours e, a good deal mor e comp lex than this simp 1e 
synopsis would indicate. 

The text editor is a very simple program in 
concept, if not in actual form. Text is typed in at 
the system keyboard and added to a memory buffer which 
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begins at the first word available after the assembler 
input/output package. The assembler begins the symbol 
table at the first word above the source buffer. 

Lines are added by finding the place in the source 
buffer where they are to be inserted and moving the 
entire buffer above this point up by the necessary 
amount, adjusting the line count. 

Lines are deleted by moving the entire source 
buffer above the deleted lines down by the amount of 
space generated by the deletion. There are no line 
numbers kept internally. These are generated as needed 
for listing and search purposes by counting carriage 
return characters beginning at the source buffer 
origin. 

Text lines are kept in memory exactly as they were 
typed in, without superfluous blanks. Source text 
written to an external medium like cassette is also in 
this form. The automatic formatting observed on the 
screen and print devices is done at the time the line 
is extracted from the source buffer for processing or 
listing. 
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002 ************************** 
003 * * 
004 * RESIDERT ASSEKBLER FOR * 
005 * 6502 BASED COKPUTERS * 006 * * 007 * COPyaIGBT V.J. VEL LEa * 008 * DECEMBER 1979 * 009 * * 010 ************************** 
011 * 012 oaG $2000 
013 * 014 2000 AnF KOR LDX #$FF 
015 2002 9A TXS 
016 2003 D8 CLD JUST IH CASE ••• 
017 2004 209B20 Jsa IHITLZ 
018 2007 AD1024 LDA CLFLAG 
019 200A F019 BZ KOHl 
020 200C ADC520 CLEAa LDA BFa 
021 200F 8D0£24 STA BFA 
022 2012 857A STA HXTCBa 
023 2014 ADC620 LDA BFU1 
024 2017 8DOF24 STA BFA+1 
025 20lA 857B STA HXTCBa+1 
026 201C A900 LDA #0 
027 201 E 8578 STA LHCHT 
028 2020 8579 STA LHCHT+1 
029 2022 8D1024 STA CLFLAG 
030 2025 AUF KOHl LDX #$FF 
031 2027 9A TIS 
032 2028 4COC26 JKP CSPACE 
033 202B A9258560 KOH1A CDB KOHPTa,KOHl 
034 2033 A94F8562 CDB !aPTa,Eaa 
035 203B A999 KOH2 LDA #<PROMPT 
036 203D A220 LDX #>PROMPT 
037 20n 20D420 JSR DISP 
038 2042 20BA20 JSR RU 
039 2045 AOOD LDY #JTABLE-CTABLE-1 
040 2047 D96F20 MOH3 CMP CTABLE,Y 
041 204A FOOB BEQ MOH4 
042 204C 88 DEY 
043 204D 10rs BPL MOH3 
044 20U A9BF ERa LDA #'? ' 
045 2051 20A120 Jsa OUT 
046 2054 4C3B20 JMP MOH2 
047 2057 98 MOH4 TYA 
048 2058 OA ASLA 
049 2059 A8 TAY 
050 205A B97E20 LDA JTABLE+1,Y 
051 205D 48 PBA 
052 205E B97D20 LDA JTABLE,Y 
053 2061 48 PBA 
054 2062 60 US 
055 2063 US 12 ,0 
056 * 057 206F AFCCC4C1 CTABLE ASC '/ LDAaV#KU' 
058 2078 aES 5,0 
059 207D C8202424 JTABLE DBL CL1-1,LIST-1,DELETE-1 
060 2083 95221F26 DBL ADD-1,aEAD-1,vaITE-1,ASKBL-1 
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061 2081 51241220 DIL MEMORY-1,CIICT-1 
062 20ar RES 10,0 
063 * 064 2099 IE8D PROMPT DATA '>' ,$8D 
065 * 066 ****************** 
067 * I/O JUMP TAILE * 
068 ****************** 
069 IIIITIALIZE ALL DEVICES 
070 2091 60 IIIITLZ US 
071 209C 0000 DIL 0 
072 ADVAIICE TERMIIIAL LIIIE 
073 209E 60 TCRLl US 
074 209F 0000 DIL 0 
075 OUTPUT CHAR. IN A TO TERM INA 
076 20A1 60 OUT US 
077 20A2 0000 DIL 0 
078 FETCH CHAR. FROM TERMINAL KE 
079 20A4 60 FKCH US 
080 20A5 0000 DIL 0 
081 SKIP HEADER ON INPUT MEDIUM 
082 20A7 60 RHDR US 
083 20AS 0000 DIL 0 
084 READ ONE IYTE FROM INPUT MED 
085 20AA 60 RDIYTE US 
086 20AI 0000 DIL 0 
087 WRITE RECORD TO OUTPUT MEDIU 
088 20AD 60 WRTAPE US 
089 20A! 0000 DIL 0 
090 
091 PRINT LINE ON SYSTEM PRIIITER 
092 2010 60 PaT US 
093 2011 0000 DIL 0 
094 CONNECT LOGICAL I/O 
095 2013 60 CNCT US 
096 2014 0000 DIL 0 
097 DETECT CONTROL-C 
098 2016 60 DTCC RTS 
099 2017 0000 DIL 0 
100 WAIT FOR SPACE ON TERMINAL 
101 2019 60 SB RTS 
102 20lA 0000 DIL 0 
103 WRITE OIJECT LEADER 
104 20lC 60 WOIL US 
105 2'OBD 0000 DIL 0 
106 WRITE OIJECT RECORD 
107 20BF 60 wOln US 
108 20CO 0000 DIL 0 
109 WRITE OIJECT nAILER 
110 20C2 60 wOln RTS 
111 20C3 0000 DIL 0 
112 
113 20C5 0000 IFR DIL 0 SOURCE IUFFER ADDRESS *** 114 20C7 FFIF EOB DIL $I"F EIID OF SOURCE IUFFER 
115 * 116 * 
117 20C9 20BA20 CL1 JSR Rltl WAIT FOR PERIOD 
118 20CC 1003 IPL CLEaR 
119 20CE 4COC20 JMP CLEAR 
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120 20D1 4C41720 
121 
122 
123 
124 
125 
126 
127 
128 20D4 8574 
129 20D6 8675 
130 20D8 209120 
131 20DB AOOO 
132 20DD 1174 
133 20Dr C98D 
134 20E1 F006 
135 20E3 20A120 
136 20E6 C8 
137 20E7 D0174 
138 201!9 60 
139 
140 
141 
142 
143 
144 
145 
146 
147 20U 8E2921 
148 20llD 8C2A21 
149 20ro 20A420 
150 201'3 0980 
151 20r5 8D2821 
152 20r8 AGOO 
153 20lA C910 
154 20rc 9007 
155 20Fll C9BA 
156 2100 1003 
157 2102 C8 
158 2103 D016 
159 2105 C9AO 
160 2107 D004 
161 2109 A002 
162 210B DOOE 
163 210D C9AE 
164 21017 D004 
165 2111 A080 
166 2113 D006 
167 2115 C98D 
168 2117 D002 
16 9 211 9 A040 
170 2111 98 
171 211C 48 
172 211 D AD2821 
17 3 2120 Al2921 
174 2123 AC2A21 
175 2126 28 
176 2127 60 
177 2128 00 
178 2129 00 

CLERR JMP ERR 

* 
* DISPLAY LIRE WHOSE BEGINNING ADDRESS IS IR 
* A'X OR ENTRY ON TERMINAL. LOW ADDRIlSS IS 
* EXPECTED IN A, HIGH IN X. DISPLAY TERMINATES 
* WHER CARRIAGE RETURN IS rOUND IN OUTPUT 
* nRING ($8D). 

* 
DISP STA 

srx 
JSR 
LDY 

DSP1 LDA 
CliP 
SEQ 
JSR 
INY 
BRZ 

DSPRTH ITS 

* 

UPTR8 SAVE ADDRESS 
UPTR8+1 
TCRLP ADVANCE TERMINAL LIRE 
#0 CLEAR IRDEX 
*UPTR8,Y 
#$8D TERMINATOR? 
DSPRTH 
OUT NO, DISPLAY IT 

DSP1 
RETURN 

* READ CHAR PROM KEYBOARD, RETURR WITH I7LAGS: 

* 
* BCS - LEGAL DECIMAL 
* BZ - BLARK 
* IMI - PERIOD 
* BVS - CARRIAGE RETURR 

* 
IlKB STX 

STY 
JSR 
ORA 
STA 

IlKB2 LDY 
CliP 
BLS 
CMP 
BGE 
INY 
BRZ 

Iln3 CMP 
BNE 
LDY 
BHZ 

IlKB4 CliP 
BRE 
LDY 
BIIZ 

1l1ti5 CliP 
BRE 
LDY 

IlltSRTH TYA 
PHA 
LDA 
LDX 
LDY 
PLP 
arB 

RKBT *** 
IlItSX *** 

UBX 
IlKBY 
I7KCH 
4$80 
RUT 
#0 
#'0 ' 
US3 
#$BA 
US3 

RURTR 
I' , 
US4 
#2 
USRTH 
#' .' 
UB5 
#$80 
RKBRTR 
#$8D 
RKBRTH 
#$40 

RUT 
IlUX 
RUY 
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179 212A 00 IlIIIIY ...... 
180 .. 
181 .. GilT HIlX CHAR 1'1.011 KEYBOARD, SilT FLAGS OB RIITURB: 
182 .. 
183 .. DCS - L8GAL HEX 
184 .. IiIZ - BLAliK 
185 .. 11111 - P8D.lOD 
186 .. DVS - CAIRIAGE II!TUIII 
187 .. 
188 21211 201!A20 FHEX JSIl llKll 
189 2128 08 PHP 
190 212F BOOII BCS FREX2 
191 2131 C9Cl CMP I'A' 
192 2133 900C BLS FREX3 
193 2135 C9C7 CMP I'G' 
194 2137 B008 BGE FHEX3 
195 2139 381!907 SUB iJ7 
196 213C 2901' FHI!X2 AlID 1$1' 
197 2138 28 PLP 
198 21lF 38 SEC 
199 2140 60 ITS 
200 2141 28 FRI!X3 PLP 
201 2142 18 CLC 
202 2143 60 ITS 
203 .. 
204 .. GET DI!CIMAL PARAHI!TER FROM KEYBOARD, SET FLAGS 
205 .. 
206 .. ICS - AT LEAST 0118 DIGIT TYP8D 
207 .. BZ - TEIM. VAS A BLARK 
208 .. BMI - TEB.II. VAS PERIOD 
209 .. BVS - TERM WAS C.R • 
210 .. 
211 .. 
212 2144 A900 IDC LDA 10 
213 2146 857C STA UTI 
214 2148 857D STA UTI +l 
215 214A 857E STA UT2 
216 214C 208A20 IDCl JSR RU 
217 2141' B020 DCS IDC2 
218 2151 08 PHP 
219 2152 3055 Bill EOIDC 
220 2154 F053 BZ EOIDC 
221 2156 C9C6 CMP #'F' 
222 2158 D014 BilE JM2 
223 215A 68 PLA 
224 215B 20 1!A20 JSR RU GET TERHIIiATOR 
225 2158 1001! BPL JH2 TERIIIIIATOR AFTER I' HUST BE. 
226 2160 08 PHP 
227 2161 857E STA UT2 
228 2163 A578 LDA LlIcn 
229 2165 857C STA UTI 
230 2167 A579 LDA LIiCIIT+1 
231 2169 857D STA UT1+l 
232 21611 4CA921 JMP EOIDC 
233 216E 4C4V20 JM2 JMP ERR 
234 2171 29011 IDC2 AIID iJ$F 
235 2173 48 PHA SAVI! III!V DIGIT. MULTIPLY 
236 2174 067C ASL UTI PREVIOUS RESULT BY 10 
237 2176 267D ROL UTI +1 
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238 2178 BOF4 BCS JM2 
239 217A AnD LDA UTI +1 
240 217C 48 PHA 
241 217D A57C LDA UTI 
242 217F 067C ASL UTI 
243 2181 267D ROL UTl +1 
244 2183 BOE9 BCS JM2 CHECK FOR O'FLOW 
245 2185 067C ASL UTI 
246 2187 267D ROL UTl+l 
247 2189 BOE3 BCS JM2 
248 218B 18657C ADD UTI 
249 218E 857C STA UTI 
250 2190 68 PLA 
251 2191 657D ADC UTl+l 
252 2193 BOD9 BCS JM2 
253 2195 857D STA UTI +1 
254 2197 68 PLA 
255 ADD IIEW DIGIT 
256 2198 18657C ADD UTI 
257 219B 857C STA UTI 
258 219D A57D LDA UTI +1 
259 219F 6900 ADC #0 
260 21 Al BOCB BCS JM2 
261 2lA3 857D STA UTI +1 
262 2lA5 E67E IIiC UT2 
263 2lA7 90A3 BCC IDCl 
264 2lA9 68 EOIDC PLA SET FLAGS 
265 21AA 29FE AIID #$FE 
266 2lAC A67E LDX UT2 
267 21AE F002 BZ EOIDCl 
268 2180 0901 ORA #l 
269 2182 48 EOIDCl PHA 
270 2183 A57C LDA UTI 
271 2185 A67D LDX UTl+l 
272 2187 28 PLP 
273 2lB8 60 RTS 
274 .. 
275 .. GET OIiE OR TWO DECIMAL IIUMBERS FROM 
276 .. KEYBOARD, SECOIID # > FIRST #. COMPUTE 
277 .. THEIR IIiCLUSIVE IIEGATIVE DIFFEREIICE, 
278 .. LEAVE III IDIFF,+l. ADDRESSES OF LIliES 
279 .. CORRESPOIIDING TO THESE IIUMBERS ARE 
280 .. LEFT III BADRl, EADRI AIID BADR2, EADR2. 
281 .. BADR IS ADDRESS OF BEGIIIIIIIIG OF LINE, 
282 .. EADR IS ADDRESS OF TERMIIiATIIiG C.R. 
283 .. 
284 2lB9 204421 FPRM JSR IDC 
285 21BC 9015 BCC BCCFPE 
286 218E 08 PHP 
287 21BF 867E STX UT2 
288 21 Cl 48 PHA 
289 21C2 057E ORA UT2 
290 21C4 F05B BZ FPERR 
291 21C6 68 PLA 
292 21C7 8591 STA FIiST 
293 21C9 8692 STX FlRST+l 
294 21CB 28 PLP 
295 21CC 3009 BMI FPRM2 
296 21CE D051 BIZ FPERR 
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297 21DO 204421 JSR IDC 
298 21D3 904C BCC!!'PE BCC !!'PERR 
299 21D5 104A BPL !!'PI!R! 
300 21D7 8593 !!'PRM2 STA SECOND 
301 21D9 8694 STX SECORD+1 
302 21 Dil 48 PBA !!'ORM ORE'S COMPLEMERT 
303 21DC 8A TXA 
304 21DD 49!!'!!' CMA 
305 2lD!!' AA TAX 
306 211!0 68 PLA 
307 21El 49!!'!!' CMA 
308 21E3 186591 ADD I!'I!ST 
309 211!6 859D STA IDII!'!!' 
310 211!8 8A TXA 
311 21E9 6592 ADC !!'IlST+1 
312 21ED 8591! STA ID II!'!!'+ 1 
313 21ED 1032 BPL !!'PERR 
314 211!!!' A578 LDA LRCNT 
315 211!'l 3 8E5 93 SUB SECORD 
316 2l1!' 4 A579 LDA LRCRT+1 
317 2l1!'6 E594 SBC SECORD+1 
318 21!!'8 3027 BMI !!'PERR 
319 21!!'A A591 LDA I!'IUT 
320 2l1!'C A692 LDX !!'IRST+1 
321 21!!'E 203322 JSR I!'BA 
322 2201 8595 STA ilADRl 
323 2203 8696 STX BADRl+1 
324 2205 A566 LDA UPTRl 
325 2207 8597 STA EADRl 
326 2209 A567 LDA UPTRl +1 
327 220B 8598 STA EADRl +1 
328 220D A593 LDA SECORD 
329 220!!' A694 LDX SECORD+1 
330 2211 203322 JSR !!'BA 
331 2214 8599 STA BADR2 
332 2216 869A STX BADR2+1 
333 2218 A566 LDA UPTRl 
334 22lA 859B STA !!ADR2 
335 221C A567 LDA UPTRl +1 
336 2211! 859C STA EADR2+1 
337 2220 60 IlTS 
338 2221 4C4!!'20 !!'PEIlIL JMP EIlIL 
339 .. 
340 .. TWO'S COMPLEMENT DOUBLE PIlECISIOR RUMBER 
341 .. LOW ORDEIL IR A, BIGB ORDEIL IR X. RETURR 
342 .. WITB TRUE ZERO !!'LAG 
343 .. 
344 2224 48 rCD PBA 
345 2225 SA TXA 
346 2226 49!!'!!' CMA 
347 2228 AA TAX 
348 2229 68 PLA 
349 222A 49!!'1!'l869 TCA 
350 222r D001 BRZ TCDR 
351 2231 118 INX 
352 2232 60 TCDR US 
353 .. 
354 .. GET ADDRESS O!!' LINE "'BOSl! IIUIIB ER 
355 .. IS IN A & X ON IIHTRY, LOW OIlDEIl III A. 

329 



PAGE 07 6502 RESIDENT ASSEMBLER 5/5/80 

356 * BEGINNING ADDRESS IN A-X, ADDRESS OF 
357 .. TERMINATING C.R • IN UPTR1, UPTR1+1 
358 .. 
359 2233 202422 FBA JSR TCD 
360 2236 F048 BZ FBA7 
361 2238 8568 STA UPTR2 
362 223A 8669 STX UPTR2+1 
363 223C ADC520 LDA BFR 
364 223F 8566 STA UPTU 
365 2241 ADC620 LDA BFR+1 
366 2244 8567 STA UPTU +1 
367 2246 E668D002 IDB UPTR2 
368 224C F018 BZ FBA4 
369 224E AOOO LDY 10 
370 2250 8166 FBA2 LDA *UPTU, Y 
371 2252 E666D002 IDB UPTU 
372 2258 C98D CMP #$8D 
373 225A F002 BEQ FBA3 
374 225C DOF2 BNZ FBA2 
375 225E E668D002 FBA3 IDB UPTR2 
376 2264 DOEA BNZ FBA2 
377 2266 A566 FBA4 LDA UPTU 
378 2268 48 PHA 
379 2269 A567 LDA UPTR1 +1 
380 226B 48 PHA 
381 226C AOOO FBA5 LDY 10 
382 226E 8166 LDA *UPTR1,Y 
383 2270 C98D CMP #$8D 
384 2272 F008 BEQ FBA6 
385 2274 E666D002 IDB UPTU 
386 227A DOFO BNZ FBA5 
387 227C 68 FBA6 PLA 
388 227D AA TAX 
389 227E 68 PLA 
390 227F 60 RTS 
391 2280 ADC520 FBA7 LDA BFR 
392 2283 38E90 1 SUB #1 
393 2286 8566 STA UPTU 
394 2288 ADC620 LDA BFR+1 
395 228B E900 SBC 10 
396 228D 8567 STA UPTU +1 
397 228F ADC520 LDA BFR 
398 2292 AEC620 LDX BFR+1 
399 2295 60 ITS 
400 .. 
401 .. ADD FUNCTION 
402 .. 
403 2296 A900 ADD LDA 10 
404 2298 8580 STA UT3 
405 229A 204421 JSR IDC GET LINE # 
406 229D 106C BPL ADERR 
407 229F 8591 STA FIRST 
408 22A1 8692 STX FIRST+1 
409 22A3 3 8E5 78 SUB LNCNT CHECK LEGAL LINE # 
410 22A6 857E STA UT2 
411 22A8 8A TXA 
412 22A9 E579 SBC LNCNT+l 
413 22AB 3006 BMI ADDO 
414 22AD 05"7E ORA UT2 LINE # ~ LINE COUNT? 

330 
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651 24Cl A566 
652 24C3 8DC720 
653 24C6 A567 
654 24C8 8DC820 
655 24CB 4COC26 
656 24CE 
657 24D3 AOCCC5C6 
658 24DA AOC5CFC2 
659 24El 
660 24E5 AO 
661 24E6 8D 
662 
663 
664 
665 
666 24E7 857C 
667 24E9 867D 
668 24EB A936856C 
669 24F3 AOOO 
670 24F5 A904 
671 24F7 857E 
672 24F9 B16C 
673 24FB 8D3425 
674 24FE C8 
675 24FF B16C 
676 2501 8D3525 
677 2504 C8 
678 2505 A2BO 
679 2507 A57C 
680 2509 38ED3425 
681 250D 48 
682 250E A57D 
683 2510 ED3525 
684 2513 9008 
685 2515 857D 
686 2517 68 
687 2518 857C 
688 251A E8 
689 25lB DOEC 
690 251 D 68 
691 251E 8A 
692 251F A200 
693 2521 816A 
694 2523 E66AD002 
695 2529 C67E 
696 252B DOCC 
697 252D A57C 
698 252F 09BO 
699 2531 816A 
700 2533 60 
701 2534 0000 
702 2536 1027E803 
703 253E 
704 
705 
706 
707 258E 209E20 
708 2591 ADOO 
'09 2593 20EA20 

MEM4 

MLIMIT 

BFE 

* 

LDA 
STA 
LDA 
STA 
JMP 
RES 
ASC 
ASC 
RES 
DATA 
DATA 

UPTRI 
EOB 
UPTRl+l 
EOB+l 
CSPACE 
5 
, LEFT 
, EOB 
4 

$8D 

YES, SET NEW MEMORY LIMIT 

UPDATE MEMORY DATA 

* CONVERT NUMBER IN A-X TO DECIMAL. LEAVE 
* RESULT IN CUPTR3). CUPTRJ)+4 

* 
CNVLNO STA 

STX 
CDB 
LDY 
LDA 
STA 

UTI 
UTI +1 
UPTR4.DTAB 
#0 
114 
UT2 
*UPTR4.Y 
SUBTRA 

CNV2 LDA 
STA 
INY 
LDA 
STA 
INY 

*UPTR4.Y 
SUBTRA+l 

CNV3 LDX /I' 0' 
UTI 
SUBTRA 

LDA 
CNV4 SUB 

CNV5 

PHA 
LDA UTl+I 
SBC SUBTRA+I 
BCC CNV5 
STA UTl+I 
PLA 
STA UTI 
INX 
BNZ 
PLA 
TXA 

CNV4 

LDX liD 
STA *UPTR3,X 
IDB UPTR3 
DEC UT2 
BNZ CNV2 
LDA UTI 
ORA 11'0' 
STA *UPTR3.X 
RTS 

SUB TRA DBL 
DTAB DBL 
KBFR RES 

a 
10000.1000.100.10 
80 

* * GET INPUT TEXT LINE FROM KEYBOARD 

* 
GLINE 

GLI 

JSR 
LDY 
JSR 

TCRLF 
110 
RKB 

335 

ADVANCE TERMINAL LINE 

GET CHAR 
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710 2596 7022 
711 2598 c9AE 
712 259A D004 
713 259C cooo 
714 259E F06C 
715 25AO C988 
716 25A2 D009 
717 25A4 8DD425 
718 25A7 88 
719 25A8 10E9 
720 25AA C8 
721 25AB 10E6 
722 25AD C04F 
723 25AF B024 
724 25B1 993 E25 
725 25B4 8DD425 
726 25B7 C8 
727 25B8 DOD9 
728 25BA 993E25 
729 25BD ADD425 
730 25CO C988 
731 25C2 FOCA 
732 25C4 C8 
733 25C5 AD3E25 
734 25C8 C9AE 
735 25CA F040 
736 25CC AD2821 
737 25CF COOO 
738 25D1 FOCO 
739 25D3 60 
740 25D4 00 
741 25D5 A9DF 
742 25D7 A225 

CMP88 

GL2 

EOL 

GLCHR 
TULONG 

BVS 
CMP 
BNE 
CPY 
BEQ 
CMP 
BNE 
STA 
DEY 
BPL 
INY 
BPL 
CPY 
BGE 
STA 
STA 
INY 
BNZ 
STA 
LDA 
CMP 
BEQ 
INY 
LDA 
CMP 
BEQ 
LDA 
CPY 
BEQ 
RTS 

""""* LDA 

EOL 
#'. ' 
CMP88 
#0 
CSPACE 
#$88 
GL2 
GLCHR 

GLI 

GLI 
#79 
TULONG 
KBFR,Y 
GLCHR 

GL1 
KBFR, Y 
GLCHR 
#$88 
GLINE 

KBFR 
# I.' 
CSPACE 
RKBT 
#0 
GL1 

OV ON IF CARRIAGE RETURN 

BACKSPACE 

YES, BUMP POINTER BACK 
CHECK FOR BEG. OF LINE 
WHOOPS! 

CHECK RECORD LENGTH 
TOO BIG 
STORE CHAR IN STRING 

BUMP INDEX 
AND GET NEXT CHAR. 
STORE C.R. 

BUMP COUNT 
CHECK FOR INITIAL PERIOD 

NULL LINE IF ZERO COUNT 

DISPLAY TOO LONG MESSAGE 
743 25D9 20D420 
744 25DC 4C2520 
745 25DF CCC9CEC5 
746 25ED 8D 

TL2 
TLM 

LDX 
JSR 
JMP 
ASC 
DATA 

iI<TLM 
#>TLM 
DISP 
MONI 
'LINE 
$8D 

> 80 CHAR' 

747 
748 
749 
750 25EE 20B921 
751 25F1 A59B 
752 25F3 49FF 
753 25F5 186595 
754 25F8 859D 
755 25FA A59C 
756 25FC 49FF 
757 25FE 6596 
758 2600 859E 
759 2602 A595 
760 2604 A696 
761 2606 20AD20 
762 2609 4C2520 
763 
764 260C ADC720 
765 260F 38E57A 
766 2612 8Dl324 
767 2615 ADC820 
768 2618 E57B 

"" * WRITE TO OUTPUT MEDIUM .. 
WRITE JSR FPRM 

LDA EADR2 
CMA 
ADD BADRI 
STA IDIFF 
LDA EADR2+1 
CMA 
ADC BADR1+l 
STA IDIFF+1 
LDA BADRI 
LDX BADRI +1 
JSR WRTAPE 
JMP MON1 

CSPACE LDA 
SUB 
STA 
LDA 
SBC 

EOB 
NXTCHR 
MSPACE 
EOB+1 
NXTCHR+l 

336 

GET WRITE LIMITS 
COMPUTE # OF CHAR'S 

WRITE THE RECORD 

COMPUTE REMAINING BUFFER SPA 
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769 261A 8D1424 
77 0 261 D 4C2B20 
771 
772 
773 
774 
775 
776 
777 
778 
779 
780 2620 A900 
781 2622 856C 
782 2624 856D 
783 2626 A5H 
784 2628 8566 
785 262A 38EDC720 
786 262E 8568 
787 2630 A57B 
788 2632 8567 
789 2634 EDC820 
790 2637 8569 
791 2639 20EA20 
792 263C 1057 
793 263E 20A720 
794 2641 20AA20 
795 2644 B02B 
796 2646 AOOO 
797 2648 9166 
798 264A E666D002 
799 2650 C98D 
800 2652 DOOE 
801 2654 E66CD002 
802 265A A566 
803 265C 857C 
804 265E A567 
805 2660 857D 
806 2662 E668D002 
807 2668 DOD7 
808 266A A989 
809 266C A226 
810 266E 20D420 
811 2671 A57C 
812 2673 857A 
813 2675 A57D 
814 2677 857B 
815 2679 A578 
816 267B 18656C 
817 267E 8578 
818 2680 A579 
819 2682 656D 
820 2684 8579 
821 2686 4COC26 
822 2689 C2D5C6C6 
823 2694 8D 
824 2695 4C4F20 
825 
826 
827 

* 

STA MSPACE+1 
JMP MON1A 

* READ RECORDS FROM INPUT MEDIUM AND APPEND 
* TO EXISTING BUFFER TEXT 

* * UPTR4 g # OF LINES READ 
.. UPTR1 g STORE POINTER 
* UPTR2 REMAINING AVAILABLE MEMORY 
* UTI g NEW NXTCHR .. 
READ 

READ2 

READ3 

READ4 

READS 

BFM 

RERR 

* 

LDA 
STA 
STA 
LDA 
STA 
SUB 
STA 
LDA 
STA 
SBC 
STA 
JSR 
BPL 
JSR 
JSR 
BCS 
LDY 
STA 
IDB 
CMP 
BNE 
IDB 
LDA 
STA 
LDA 
STA 
IDB 
BNZ 
LDA 
LDX 
JSR 
LDA 
STA 
LDA 
STA 
LDA 
ADD 
STA 
LDA 
ADC 
STA 
JMP 
ASC 
DATA 
JMP 

#0 
UPTR4 
UPTR4+1 
NXTCHR 
UPTR1 
EOB 
UPTR2 
NXTCHR+1 
UPTRl +1 
EOB+1 
UPTR2+1 
RKB 
RERR 
RHDR 
RDBYTE 
READ5 
#0 
*UPTR1,Y 
UPTR1 
#$8D 
READ4 
UPTR4 
UPTR1 
UTI 
UPTR1 +1 
UTI +1 
UPTR2 
READ3 
#<BFM 
#>BFM 
DISP 
UTI 
NXTCHR 
UTI +1 
NXTCHR+1 
LNCNT 
UPTR4 
LNCNT 
LNCNT+1 
UPTR4+1 
LNCNT+1 
CSPACE 
'BUFFER 
$8D 
ERR 

CLEAR LINES READ 

INITIALIZE STORE POINTER 

AND SPACE COUNTER 

WAIT FOR PERIOD 

SKIP OVER TAPE HEADER 
GET TEXT BYTE 
CARRY ON IF END OF FILE 

STORE NEW CHARACTER 
BUMP STORE POINTER 
CARRIAGE RETURN? 

YES, BUMP LINE COUNT 
AND SAVE NEW NXTCHR 

GET NEXT CHAR 
BUFFER FULL 
TELL HIM SO 

UPDATE NXTCHR 

UPDATE EDITOR LINE COUNT 

FULL' 

* CONVERT A DATA TO HEX/ASCII, LEAVE RESULT 
* IN (UPTR3), (UPTR3)+1 

337 



PAGE 15 6502 RESIDENT ASSEIIBLER 5/5/80 

828 * 
829 2698 A200 CNV2HX LDX 10 
830 269A 48 PHA SAVE CHAR 
831 269B 6A RORA 
832 269C 6A RORA 
833 269D 6A RORA SHIFT 4 BITS RIGHT 
834 269E 6A RORA VERY SLOWLY 
835 269F 20A726 JSR CNVN CONVERT 4 BITS 
836 26A2 68 PLA 
837 26A3 20A726 JSR CNVN CONVERT RIGHT FOUR BITS 
838 26A6 60 RTS 
839 26A7 290F CNVN AND #$F 
840 26A9 C90A CliP I$A 
841 26AB 9003 BLS CNVN2 
842 26AD 186907 ADD 17 
843 26BO 1869BO CNVN2 ADD #$BO 
844 26B3 816A STA *UPTR3,X 
845 26B5 E66AD002 IDB UPTR3 
846 26BB 60 RTS 
847 * 
848 * XIIIT FIELD FROII (UPTR5) TO (UPTR6). END ON 
849 * BLANK OR CR. IIINUS ON IF CR. UPDATES UPTR5 TO 
850 * NEXT NONBLANK FIELD. BLANKS PERIIITTED BETWEEN 
851 * APOSTROPHES. HIGH BIT OF A AND UTI ON FOR CR. 
852 * Y AND UT2 CONTAIN # OF CHAR'S IN STRING. 
853 * NUIIBER OF COIIIIAS IN FIELD NOT IN ASCII 
854 * STRINGS IS LEFT IN UTl+l. 
855 * 
856 26BC AOOO FSCAN LDY 10 
857 26BE 847C STY UTI 
858 26CO 8470 STY UTI +1 
859 26C2 8480 STY UTJ CLEAR COIIIIA COUNT 
860 26C4 B16E FSI LDA *UPTR5,Y 
861 26C6 C98D CliP #$80 
862 26C8 F03F BEQ FS5 
863 26CA C9A7 CliP #$A7 
864 26CC D008 BNE FS2 
865 26CE 48 PHA 
866 26CF AHC LDA UTI 
867 26Dl 4940 EOR #$40 
868 26D3 8HC STA UTI 
869 26D5 68 PLA 
870 26D6 C9AO FS2 CliP I)' 

, 
871 26D8 D004 BNE FS3 
872 26DA 247C BIT UTI 
873 26DC 5011 BVC FS4 
874 26DE C9AC FS3 CliP II I.' 
875 26EO D006 BNE FS3A 
876 26E2 247C BIT UTI 
877 26E4 7002 BVS FS3A 
878 26E6 E67D INC UTI +1 BUIIP COIIIIA COUNT 
879 26E8 9170 FS3A STA *UPTR6,Y 
880 26EA C8 INY 
881 26EB 847E STY UT2 
882 26ED DOD5 BNZ FSI 
883 26EF C8 FS4 INY 
884 26FO B16E LDA *UPTR5,Y 
885 26F2 C9AO CliP I)' 

, 
886 26F4 FOF9 BEQ FS4 

338 
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887 26F6 C98D CMP #$8D 
888 26F8 FOOF SEQ FS5 
889 26FA 98 FS4B TYA 
890 26FB 186561 ADD UPTR5 
891 261!E 856E STA UPTR5 
892 2700 9002 BCC FS4C 
893 2702 E66F INC UPTR5+1 
894 2704 A47E FS4C LDY UT2 
895 2706 A57C LDA UTI 
896 2708 60 RTS 
897 2709 A57C FS5 LDA UTI 
898 270B 0980 ORA #$80 
899 270D 857C STA un 
900 270F C8 IllY 
901 2710 DOE8 BNZ FS4B 
902 * 903 * FORMAT RECORD FROM SOURCE BUFFER LOCATION 
904 * POINTED TO BY UPTR5. RESULT LEFT III LABEL, 
905 * INST, OPND, CMT 
906 * 
907 2712 A27A FORMAT LDX #EOCMT-LIIO-l 
908 2714 A9AO LDA I' , 
909 2716 9D362A FM1 STA LIIO,X 
910 2719 CA DEX 
911 271A 10FA BPL FM1 
912 271C A94A8570 CDB UPTR6,LABEL 
913 2724 A9FF LDA #-1 
914 2726 858F STA SKEL 
915 2728 8590 STA CLASS 
916 272A AOOO LDY #0 
917 272C B16E LDA *UPTR5,Y 
918 272E C9AA CMP ,I *' 
919 2730 P060 BEQ XCL 
920 2732 20BC26 JSR FSCAN 
921 2735 1006 BPL XHTOP 
922 2737 A98D LDA 1$8D 
923 2739 8D502A STA LABEL+6 
924 273C 60 RTS 
925 273D A9528570 IMTOP CDB UPTR6,INST 
926 2745 20BC26 JSR PSCAN 
927 2748 20B027 JSR SRCOP 
928 274B 247C BIT un 
929 274D 1007 BPL OPTST 
930 274P A98D LDA #$8D 
931 2751 8D562A STA INST+4 
932 2754 D056 BIIZ FHTEND 
933 2756 B023 OPTST BCS CLY 
934 2758 A9578570 CDB UPTR6,OPND 
935 2760 A590 LDA CLASS LOOK POR "TITL" 
936 2762 D006 BIIZ OPT2 
937 2764 A58P LDA SKEL 
938 2766 C903 CHP #3 
939 2768 P026 BEQ IHTC3 
940 276A 20BC26 OPT2 JSR PSCAN 
941 276D 08 PHP 
942 276E A57D LDA UTl+1 
943 2770 8580 STA UT3 
944 2772 28 PLP 
945 2773 1008 BPL IHTCMT 

339 
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946 2775 A98D LDA #$8D 
947 2777 9170 STA *UPTR6,Y 
948 277 9 D031 BNZ FHTEND 
949 277B AOOO CLY LDY #0 
950 277D 98 XMTCHT TYA 
951 277E 3 8E90 9 SUB ICMT-OPND-l ADJUST COMMENT FIELD 
952 2781 1002 BPL XMTC2 
953 2783 A900 LDA #0 
954 2785 186961 XMTC2 ADD I<CMT 
955 2788 8570 STA UPTR6 
956 278A A92A LDA #>CMT 
957 278C 6900 ADC #0 
958 278E 8571 STA OPTR6+1 
959 2790 AOOO XMTC3 LDY #0 
960 XMIT COHMENT FIELD 
961 2792 B16E XCL LDA *UPTR5,Y 
962 2794 9170 STA *OPTR6,Y 
963 2796 C8 INY 
964 2797 C98D CMP #$8D 
965 2799 DOF7 BNE XCL 
966 279B A98D LDA 1I$8D 
967 279D 8D852A STA LNO+79 
968 27 AO 847E STY UT2 
969 27A2 98 TYA 
970 27 A3 18656 E ADD UPTR5 
971 27A6 856 E STA UPTR5 
972 27A8 9002 BCC FMTEND 
973 27AA E66F IN C UPTR5 +1 
974 27 AC A590 FHTEND LDA CLASS 
975 27AE 60 RTS 
976 27AF 60 RTS 
977 '" 
978 * SEARCH OPCODE TABLE FOR INSTRUCTION AT INST 
979 * CARRY RETURNS ON IF INST. REQUIRES OPERAND 
980 * 
981 27BO A9FF SRCOP LDA 11-1 
982 27B2 858F STA SKEL CLEAR INST. SKELETON 
983 27B4 A9068572 CDB OPTR7,OPTBL 
984 27BC A25D LDX #93 
985 27BE AOOO SRCOP1 LDY #0 
986 27CO AD522A LDA INST 
987 27C3 D172 CMP *UPTR7,Y 
988 27C5 F002 BEQ SRI 
989 27C7 D02A BNE SRCOP3 
990 27C9 C8 SRI INY 
991 27CA AD532A LDA INST+1 
992 27CD D172 CMP *UPTR7,Y 
993 27CF F002 BEQ SR2 
994 27D1 D020 BNE SRCOP3 
995 27D3 C8 SR2 INY 
996 27D4 AD542A LDA INST+2 
997 27D7 D172 CMP *OPTR7,Y 
998 27D9 D018 BNE SRCOP3 
999 27DB C8 SR3 INY 
000 27DC AD552A LDA INST+3 
001 27DF D172 CMP *UPTR7,Y 
002 27 E1 DOlO BNE SRCOP3 
003 27 E3 C8 INY 
004 27 E4 B172 LDA *UPTR7,Y 

340 
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005 27 E6 858' STA SKEL 
006 27E8 C8 INY 
007 27E9 B172 LDA "UPTR7,Y 
008 27EB 48 PHA 
009 27EC 297' AIID #$7F 
010 27EE 8590 SRCOP2 STA CLASS 
011 27l'0 68 PLA 
012 27Fl OA ASLA 
013 2H2 60 US 
014 2H3 A572 SRCOP3 LDA UPTR7 
015 27l'5 186906 ADD #6 
016 27l'8 8572 STA UPTR7 
017 27l'A 9002 BCC SRCOP4 
018 2HC E673 INC UPTR7+1 
019 2HE CA SRCOP4 DEX 
020 27FF DOBD BNZ SRCOP1 
021 2801 A9l'F !LOP LDA #-1 
022 2803 48 PHA 
023 2804 30E8 BMI SRCOP2 
024 " 025 2806 A4A4A4AO OPTBL Ase '$$$ 

, 
026 280A OC80 DBL $800C 
027 280C AAAAAAAO Ase 1*** , 
028 2810 OA80 DBL $800A 
029 2812 C1C4C3AO ASC 'ADC , 
030 2816 6101 DBL $161 
031 2818 C1C4C4AO Ase 'ADD' 
032 281C 610D DBL $D61 
033 28U C1CEC4AO Ase 'AND' 
034 2822 2101 DBL $121 
035 2824 C1D3C3AO ASC 'ASC , 
036 2828 0900 DBL 9 
037 282A C1D3CCAO ASC 'ASL , 
038 28ZE 0602 DBL $206 
039 2830 C1D3CCCl Ase 'ASLA' 
040 2834 OA83 DBL $830A 
041 2836 C2BCAOAO ASC 'B< 
042 283A 3004 DBL $430 
043 283C C2BEBDAO ASC 'B)g 
044 2840 1004 DBL $410 
045 2842 C2C3C3AO ASC 'BCC 
046 2846 9004 DBL $490 
047 2848 C2C3D3AO ASC 'BCS 
048 284C B004 DBL $4BO 
049 284E C2C5AOAO ASC 'BE 
050 2852 F004 DBL $4FO 
051 2854 C2C5DlAO ASC 'BEQ 
052 2858 F004 DBL $4FO 
053 285A C2C7C5AO ASC ' BGE 
054 285E B004 DBL $4BO 
055 2860 C2C9D4AO ASC 'BIT 
056 2864 2405 DBL $524 
057 2866 C2CCD3AO ASC 'BLS 
058 28U 9004 DBL $490 
059 286C C2CDAOAO ASC 'BM 
060 2870 3004 DBL $430 
061 2872 C2CDC9AO ASC 'BMI 
062 2876 3004 DBL $430 
063 2878 C2CEC5AO ASC 'BilE 

341 
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064 287C D004 DBL $4DO 
065 287E C2CEDAAO ASC 'BNZ ' 
066 2882 D004 DBL $4DO 
067 2884 C2DOAOAO ASC 'BP 
068 2888 1004 DBL $410 
069 288A C2DOCCAO ASC 'BPL ' 
070 288E 1004 DBL $410 
071 2890 C2D2CBAO ASC 'BRK ' 
072 2894 0083 DBL $8300 
073 2896 C2D6C3AO ASC 'BVC ' 
074 289A 5004 DBL $450 
075 289C C2D6D3AO ASC 'BVS ' 
076 28AO 7004 DBL $470 
077 28A2 C2DAAOAO ASC 'BZ 
078 28A6 F004 DBL $4FO 
079 28A8 C3C4C2AO ASC 'CDB ' 
080 28AC 050D DBL $D05 
081 28AE C3CCClAO ASC 'CLA ' 
082 28B2 028D DBL $8D02 
083 28B4 C3CCC3AO ASC 'CLC ' 
084 28B8 1883 DBL $8318 
085 28BA C3CCC4AO ASC 'CLD ' 
086 28BE D883 DBL $83D8 
087 28CO C3CCC9AO ASC 'CLI ' 
088 28c4 5883 DBL $8358 
089 28C6 C3CCD6AO ASC 'CLV ' 
090 28CA B883 DBL $83B8 
091 28CC C3CDClAO ASC 'CMA ' 
092 28DO 038D DBL $8D03 
093 28D2 C3CDDOAO ASC 'CMP , 
094 28D6 C101 DBL $lC1 
095 28D8 C3DOD8AO ASC 'CPX ' 
096 28DC E006 DBL $6EO 
097 28DE C3DOD9AO ASC 'CPY , 
098 28E2 C006 DBL $6CO 
099 28E4 C4C1D4C1 ASC 'DATA' 
100 28E8 0700 DBL 7 
101 28EA C4C2CCAO ASC 'DBL ' 
102 28 I!! 0800 DBL 8 
103 28FO C4C5ClAO ASC 'DEA ' 
104 28F4 008D DBL $8DOO 
105 28F6 C4C5C3AO ASC 'DEC ' 
106 28FA C602 DBL $2C6 
107 28FC C4C5D8AO ASC 'DEX ' 
108 2900 CA83 DBL $83CA 
109 2902 C4C5D9AO ASC 'DEY , 
110 2906 8883 DBL $8388 
111 2908 C4C9AOAO ASC 'DI 
112 290C 7883 DBL $8378 
113 290E C5C9AOAO ASC 'EI 

, 
114 2912 5883 DBL $8358 
115 2914 C5CEC4AO ASC 'END' 
116 2918 0280 DBL $8002 
117 291A C5CFD2AO ASC 'EOR ' 
118 291E 4101 DBL $141 
119 2920 C5D1D5AO ASC 'EQU ' 
120 2924 0400 DBL 4 
121 2926 C5D3DOAO ASC 'ESP' 
122 292A OB80 DBL $800B 

342 
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123 292C C9C4C2AO Ase 'IDB , 
124 2930 060D DBL $D06 
125 2932 C9CEC1AO ASC 'INA , 
126 2936 018D DBL $8D01 
127 2938 C9CEC3AO ASC ' INC , 
128 293C E602 DBL $2E6 
129 293E C9CED8AO ASC 'INX , 
130 2942 E883 DBL $83 E8 
131 2944 C9CED9AO ASC ' INY 

, 
132 2948 C883 DBL $83C8 
133 294A CACDDOAO ASC 'JMP , 
134 294E 4C07 DBL $74C 
135 2950 CAD3D2AO ASC 'JSR ' 
136 2954 2008 DBL $820 
137 2956 CCC4C1AO ASC 'LDA , 
138 295A A101 DBL $lAl 
139 295C CCC4D8AO ASC 'LDX , 
140 2960 A209 DBL $9A2 
141 2962 CCC4D9AO Ase 'LDY , 
142 2966 AOOA DBL $AAO 
143 2968 CCD3D2AO ASC 'LSR ' 
144 296C 4602 DBL $246 
145 296E CCD3D2C1 ASC 'LSRA' 
146 2972 4A83 DBL $834A 
147 2974 CECFDOAO ASC 'NOP , 
148 2978 EA83 DBL $83 EA 
149 297A CFD2ClAO ASC 'ORA , 
150 297E 0101 DBL $101 
151 2980 CFD2C7 AO ASC 'ORG , 
152 2984 0000 DBL 0 
153 2986 DOC8ClAO ASC 'PHA ' 
154 298A 4883 DBL $8348 
155 298C DOC8DOAO ASC 'PHP , 
156 2990 0883 DBL $8308 
157 2992 DOCCCUO ASC 'PLA ' 
158 2996 6883 DBL $8368 
159 2998 DOCCDOAO ASC 'PLP , 
160 299C 2883 DBL $8328 
161 299E D2C5CDAO ASC 'REM , 
162 29A2 0580 DBL $8005 
163 29A4 D2C5D3AO ASC 'RES , 
164 29A8 0600 DBL 6 
165 29AA D2CFCCAO ASC 'ROL ' 
166 29AE 2602 DBL $226 
167 29BO D2CFCCCl ASC 'ROLA' 
168 29B4 2A83 DBL $832A 
169 29B6 D2CFD2AO ASC 'ROR ' 
170 29BA 6602 DBL $266 
171 29BC D2CFD2C1 ASC 'RORA' 
172 29CO 6A83 DBL $836A 
173 29C2 D2D4C9AO ASC 'RTI , 
174 29C6 4083 DBL $8340 
175 29C8 D2D4D3AO ASC 'RTS , 
176 29cC 6083 DBL $8360 
177 29CE D3C2C3AO ASC 'SBC , 
178 29D2 BlOl DBL $1E1 
179 29D4 D3C5C3AO ASC 'SEC , 
180 29D8 3883 DBL $8338 
181 29DA D3C5C4AO ASC 'SED , 
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182 29DE F883 DBL $83F8 
183 29EO D3C5C9AO ASC 'SEI , 
184 29£4 7883 DBL $8378 
185 29E6 D3DOc4AO ASC 'SPD , 
186 29U 0100 D8L 1 
187 29EC D3D4ClAO ASC 'STA ' 
188 29FO 8101 DBL $181 
189 29F2 D3D4D8AO ASC 'STX ' 
190 29F6 860B DBL $B86 
191 29F8 D3D4D9AO ASC ' STY 

, 
192 29FC 840C DBL $C84 
193 29FE D3D5C2AO ASC 'SUB , 
194 2A02 E10D DBL $DEl 
195 lAO 4 D4C1D8AO ASC 'TAX , 
196 2A08 AA83 DBL $83AA 
197 2AOA D4c1D9AO ASC 'TAY , 
198 2AOE A883 DBL $83A8 
199 2A10 D4C3ClAO ASC 'TCA ' 
200 2A14 048D DBL $8D04 
201 2Al6 D4C9D4CC ASC 'TITL' 
202 2A1A 0300 DBL 3 
203 2A1C D4D3D8AO ASC 'TSX , 
204 lA20 BA83 DBL $83BA 
205 2A22 D4D8C1AO ASC 'TXA ' 
206 2A26 8A83 DBL $838A 
207 2A28 D4D8D3AO ASC 'TXS , 
208 2A2C 9A83 DBL $839A 
209 2A2E D4D9C1AO ASC 'TYA , 
210 2A32 9883 DBL $8398 
211 * 212 * LISTING BUFFER 
213 * 
214 2A34 0000 DBL 0 
215 2A36 LNO RES 4 
216 2A3A LOC RES 5 
217 2AlF CONT RES 11 
218 lA4A LABEL RES 8, , , 
219 2A52 INST RES 5 
220 2A57 OPND RES 10, , , 
221 2A61 CMT RES 80 
222 2AB1 8D EOCMT DATA $8D 
223 * SYMBOL TABLE HANDLERS 
224 * 225 * ENTER SYMBOL AT LOCATION "LABEL" INTO SYMBOL 
226 * TABLE WITH VALUE FOUND AT UTI, UT1+1. 
227 * 228 2AB2 A9FF ESYMTB LDA #-1 
229 2AB4 8581 STA UT3+1 SET MOVE FLAG 
230 2AB6 A59F LDA NSYMS 
231 2AB8 8568 STA UPTR2 
232 2ABA 49FF CMA 
233 2ABC 85Al STA SYMCNT SYMCNT m -(NSYMS+1) 
234 2ABE A5AO LDA NSYMS+1 
235 2ACO 8569 STA UPTR2+1 
236 lAC 2 49FF CMA 
237 2AC4 85A2 STA SYMCNT+1 
238 2AC6 A5A5 LDA SYMTAB SET SYMBOL POINTER 
239 2AC8 85A3 STA SYMPTR 
240 2ACA A5A6 LDA SYMTAB+l 
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241 2ACC 85M SlA SYMPTR+1 
242 2ACE E6A1D002 ESTO IDB STMCIIT BUMP SYMBOL COUIITER 
243 2AD4 P022 BZ ESYMO 
244 lAD6 AGOO ESTl LDY 10 
245 lAD 8 A206 LDX #6 
246 2ADA B1A3 EST2 LDA *SYMPTR,Y COMPARE SYMBOLS 
247 2ADC 0980 ORA #$80 PORCE CODE BIT 011 
248 2ADE D94A2A CMP LABEL, Y 
249 2AB1 9008 BLS EST4 
250 2AE3 P002 BEQ EST3 
251 2AE5 B013 BGE ESTM 
252 2AB7 C8 EST3 IllY 
253 2AE8 CA DEX 
254 2AE9 DOEl BIIZ EST2 
255 2AEB A5A3 EST4 LDA SYMPTR 
256 2AED 186908 ADD #8 PORM ADDRESS OP HEXT 
257 lAPO 85A3 STA SYMPTR SYMBOL IH TABLE 
258 2AP2 90DA BCC ESTO 
259 2AP4 E6A4 IIiC SYMPTR+1 
260 2AP6 DOD6 BIIZ ESTO 
261 2AFB E681 ESYMO IIiC UT3+1 
262 2ArA A568 ESYM LDA UPTI!2 
263 2APC OA ASLA 
264 2APD 2669 ROL UPTI!2 +1 
265 2APP OA ASLA 
266 2BOO 2669 ROL UPTI!2 +1 
267 2B02 OA ASLA 
268 2B03 2669 ROL UPTI!2+1 
269 2B05 0907 ORA #7 
270 2B07 1865A5 ADD SYMTAB 
271 2BOA 8568 STA UPTI!2 
272 2BOC A569 LDA UPTR2+1 
273 2BOE 65A6 ADC SYMTAB+1 
274 2110 8569 STA UPTR2+1 
275 2B12 CDC820 CMP EOB+1 
276 2B15 900B BLS ESTM3 
277 2117 P002 BEQ ESTM2 
278 2119 B052 BGE STono 
279 2B1I A568 ESYM2 LDA UPTI!2 
280 2B1D CDC720 CMP EOB 
281 2120 B04B BGE STono 
282 2B22 E681 ESYM3 IIiC UT3+1 
283 2B24 D02A BIIZ EHTSTH 
284 2B26 A568 LDA UPTI!2 
285 2B28 38E908 SUB #8 
286 212B 856C STA UPTI!4 
287 212D A569 LDA UPTR2+1 
288 2B2F 1900 SBC #0 
289 2B31 856D STA UPTR4+1 
290 2133 AGOO LDY #0 
291 2B35 A208 ESYH3A LDX 18 
292 2137 116C ESYH4 LDA *UPTR4,Y 
293 2139 9168 STA *UPTI!2, Y 
294 2131 88 DEY 
295 213C 98 TYA 
296 213D C9FF CliP #$FF 
297 213P D004 BilE ESYH5 
298 2141 C66D DEC UPTR4+1 
299 2143 C669 DEC UPTI!2+1 
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300 2B45 CA 
301 2146 DOIF 
302 2B48 16A1D002 
303 2B41 DOl5 
304 2B50 A206 
305 2B52 AOOO 
306 2B54 B94A2A 
307 2B57 91A3 
308 2B59 C8 
309 2B5A CA 
310 2B5B DOF7 
311 2B5D A57C 
312 2B5F 91A3 
313 2B61 C8 
314 2B62 A57D 
315 2B64 91A3 
316 2B66 U9r 
317 2B68 D002 
318 2B6A IUO 
319 2B6C 60 
320 2B6D A977 
321 2Bn AUB 
322 2B7l 20B020 
323 2B74 6C0020 
324 2B77 D3D9CDC2 
325 2B8C 8D 
326 
327 
328 
329 
330 
331 
332 
333 
334 
335 
336 
337 
338 
339 
340 
341 
342 
343 2B8D A59F 
344 2IBF 49FF 
345 2B91 85A1 
346 2193 A5AO 
347 2B95 49FF 
348 2B97 85A2 
349 2B99 A006 
350 2B9B A9AO 
351 2B9D 99522C 
352 2BAO 88 
353 2BA1 DOFA 
354 2BA3 A5A5 
355 2BA5 85A3 
356 2BA7 A5A6 
357 2BA9 85A4 
358 

ESYM5 

ENTSYM 

ENTSM2 

ENTSM3 
STOFLO 

STOFM 

* 

DEX 
1HZ 
IDB 
BHZ 
LDX 
LDY 
LDA 
STA 
IllY 
DIX 
BNZ 
LDA 
STA 
IRY 
LDA 
STA 
IRC 
BNZ 
IRC 
RTS 
LDA 
LDX 
JSR 
JMP 
ASC 
DATA 

ESYM4 
SYMCNT 
ESYM3A 
16 
10 
LABEL, Y 
*SYMPTR,Y 

ENTSM2 
UTI 
*SYMPTR,Y 

UTl+l 
*SYMPTR,Y 
NSYMS 
ENTSM3 
NSYMS+l 

I<STorM 
#>STorM 
PRT 
*MON 

XMIT SYMBOL VALUE 

'SYMBOL TABLE OVERFLOW' 
$8D 

* SEARCH SYMBOL TABLE FOR SYMBOL POINTED TO BY 
* UPTRI. RETURN WITH CARRY ON IF SYMBOL FOUND. 
* VALUE OF SYMBOL IS LEFT IN UTI, UTl+l. HIGH 
* 6 BITS OF A ARE CODE BITS. 
* UPTRI IS UPDATED TO POINT TO THE SYMBOL 
* DELIMITER. 
* HIGH BITS ARE NORMALLY 011 FOR ALL 
* SIX CHAR'S. BITS orr HAVE FOLLOWING 
* MEANIRGS: 

* 
'if BIT 7 - SCRATCHPAD SYMBOL 

* 
* BIT 6 - MULTIPLY DEFINED SYMBOL 

* BIT 5 - SYMBOL HAS ASCII DEFINITION 
'if 

BRCSTB LDA 
CMA 
STA 
LDA 
CMA 
STA 
LDY 
LDA 

BRCST2 STA 
DEY 
BNZ 
LDA 
STA 
LDA 
STA 

NSYMS 

SYMCn 
NSYMS+l 

SYMCNT+l 
16 

SET UP COUNT 

I' , CLEAR SYMBOL ARIA 
SYMBOL-l,Y 

BRCST2 
SYMTAB SET UP SYMBOL TABLI 
SYMPTR ADDRESS FOR SEARCH 
SYMTAB+l 
SYMPTR+l 

TRAIISFER SYMBOL 
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359 2BAB AOOO LDY 10 
360 2BAD A206 LDX #6 
361 2BAr B166 SECST] LDA *UPTBl. Y 
362 2BBl 20U2C JSE DLMTB CHECK FOR EIID OF FIELD 
363 2BB4 B022 BCS SVPTR FOUIID IT, SEARCH TABLE 
364 2BB6 D003 BIIZ SEST3A 
365 2BB8 C8 lilY 
366 2119 DOr4 IIIZ SRCST3 WASTE RIGHT PAREIITHESIS 
367 2BBI 99532C SEST3A STA SYMBOL, Y 
368 211E C8 lilY 
369 21BF CA DEX 
370 2BCO DOED BIIZ SECST3 
371 SYMIOL 6 CHAR'S. IIEXT CHAR 
372 MUST BE DELIMITER. 
373 2BC2 B166 LDA *UPTBl, Y 
374 2BC4 20U2C JSR DLMTB 
375 2BC7 100F BCS SVPTR OK, SEARCH TABLE 
376 21C9 C8 SECST4 IllY SYMBOL TOO LOIIG 
377 21CA 1166 LDA *UPTBl, Y SCAli FOR DELIMITER 
378 2BCC 201F2C JSR DLMTR 
379 2BCF 90ra BCC SRCST4 
380 2BD1 847E STY UT2 
381 21D3 20472C 1I0FIID JSR UPDPTR 
382 2BD6 18 CLC 
383 2BD7 60 ITS 
384 2BD8 847E SVPTR STY UT2 
385 21DA E6AID002 SRCST5 IDB SYMCIIT 
386 2 lEO Fon BZ 1I0FIID 
387 21E2 A206 LDX #6 
388 2BE4 AOOO LDY #0 
389 21E6 8C592C STY CIITS CLEAR CODE BITS 
390 2IE9 BlA3 SRCST6 LDA *SYMPTR,Y 
391 21EB 0980 ORA #$80 
392 2BED D9532C CMP SYMBOL.Y 
393 2BFO D020 BilE IIXTSYM TRY IIEXT SYMBOL 
394 2BF2 BlA3 LDA *SYMPTIl.Y GET CODE BIT 
395 2BF4 2A ROLA 
396 21F5 2E592C 1l0L CIITS 
397 211F8 C8 lilY 
398 2BF9 CA DEX 
399 211FA DOED BIIZ SECST6 
400 2BFC BlA3 LDA *SYMPTIl.Y GET SYMBOL VALUE 
401 2BFE 857C STA UTI 
402 2COO C8 lilY 
403 2C01 BlA3 LDA *SYMPTR.Y 
404 2C03 857D STA UTI+I 
405 2C05 20472C JSB UPDPTR 
406 2C08 AD592C LDA CBITS GET CODE IITS 
407 2COII OA ASLA LEFT JUSTIFY 
408 2COC OA ASLA 
409 2COD 8D592C STA CIITS 
410 2CIO 38 SEC 
411 2Cll 60 IlTS 
412 2Cl2 A5A3 IIXTSYM LDA SYMPTIl UPDATE POIIiTER 
413 2CI4 186908 ADD #8 TO GET IIEXT SYMIOL 
414 2C17 85A3 STA SYMPTR 
415 2cn 90lF IICC SBCST5 
416 2ClII E6A4 IIiC SYMPTB+I 
417 2CID Don III1Z SRCBT5 
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418 
419 
420 
421 
422 
423 2Cll C9AA 
424 2C21 F01B 
425 2C23 C9AF 
426 2C25 FOlA 
427 2C27 C9AO 
428 2C29 F016 
429 2C2B C98D 
430 2C2D F012 
431 2C2F C9A9 
432 2C31 F010 
433 2C33 C9AC 
434 2C35 FOOA 
435 2C37 C9AB 
436 2C39 F006 
437 2C3B C9AD 
438 2C3D F002 
439 2C3F 18 
440 2C40 60 
441 2C41 38 
442 2c42 60 
443 2C43 A900 
444 2C45 18 
445 2C46 60 
446 
447 
448 
449 2C47 A566 
450 2C49 18657B 
451 2C4C 8566 
452 2C4B 9002 
453 2C50 B667 
454 2C52 60 
455 2C53 
456 2C59 00 
457 
458 
459 
460 
461 
462 
463 
464 
465 
466 
467 
468 
469 
470 
471 
472 
473 
474 
475 2C5A A900 
476 2C5C 8582 

* * SEARCH FOR LEGAL DELIMITER 
* RETURN WITH CARRY OFF IF NOT 
* DELIMITER. A~O FOR RIGHT PAREN. 
* 
DLMTR 

EOS 

RP 

* 

CMP 
BEQ 
CMP 
BEQ 
CMP 
BEQ 
CMP 
BEQ 
CMP 
BEQ 
CMP 
BEQ 
CMP 
BEQ 
CMP 
BEQ 
CLC 
RTS 
SEC 
RTS 
LDA 
CLC 
RTS 

1'*' 
BOS 
I' /' 
BOS 
I' , 
EOS 
1$8D 
EOS 
I') , 
RP 
II. I 
lOS 
1'+' 
EOS 
1'-' 
EOS 

10 

* UPDATE UPTR1 TO POINT TO DELIMITER 
* 
UPDPTR LDA 

ADD 
STA 
BCC 
INC 

UPDRTN RTS 
SYMBOL RES 
CBITS *** 
* 

UPTR1 
UT2 
UPTRl 
UPDRTN 
UPTRl +1 

6 

* FIELD POINTED TO BY UPTR1 IS SCANNED. 
* ITS VALUB IS RETURNED IN UT4, UT4+1. THE 
* A REGISTER BITS RETURN SET TO THE FOLLOWING 
* VALUES: 

* * BIT 7 - ON IF UNDEFINED OR OVERFLOW 
* BIT 6 - ON IF LEGAL SCRATCHPAD ADDRESS 
* BIT 5 - ON IF LEGAL GEN. MBM. ADDRESS 
* BIT 4 - ON IF LEGAL IMMEDIATB ADDRESS 
* BIT 3 - UNUSED 
* BIT 2 - ON IF TERMINATOR WAS A COMMA 
* BIT 1 - ON IF FIELD WAS ASCII 
* BIT 0 - ON IF OPERAND WAS HALF SYMBOL 

* * UPTR1 IS UPDATED TO POINT TO CHARACTER AFTBR 
* THE ONE WHICH CAUSED TERMINATION OF THE SCAN. 

* OPDSCN LDA 10 
STA UT4 
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477 2C5E 8583 STA UT4+1 CLEAR FLAGS AND RESULT 
478 2c60 85AB STA NTERMS 
479 2C62 A900 LDA 10 
480 2c64 858E STA OPSTAT 
481 2C66 A9FF LDA I$FF 
482 2c68 858B STA HMASK AND HALF SYMBOL MASKS 
483 2c6A 858A STA LMASK 
484 2C6C A9AB LDA #'+' INITIAL OPERATOR '+ ' 
485 2C6E 858C OPSC2 STA OPR8R 
486 2C70 AOOO OPSC3 LDY Uo 
487 2C72 8485 STY TVAL CLEAR TEMP SPACE 
488 2C74 8486 STY TVAL+1 
489 2C76 B166 LDA *UPTR1,Y GET CHAR 
490 2C78 D9A42C TSRC CMP CHTBL,Y SEARCH TABLE 
491 2C7B 9008 BLS TSRC1 
492 2C7D C8 INY 
493 2C7E D9A42C CMP CHTBL,Y 
494 2C81 B003 BGE TSRC2 
495 2C83 9009 BLS CHFND 
496 2C85 C8 TSRC1 INY 
497 2C86 C8 TSRC2 INY 
498 2C87 COlA CPY #FJTBL-CHTBL 
499 2C89 90ED BLS TSRC 
500 2C8B 4C7E2E JMP UNDFT 
501 2C8E B9BE2C CHFND LDA FJTBL,Y 
502 2C91 48 PHA 
503 2C92 88 DEY FORCE TARGET 
504 2C93 B9BE2C LDA FJTBL,Y ADDRESS ONTO STACK 
505 2C96 48 PHA 
506 2C97 AOOO LDY 10 CLEAR Y FOR SCAN 
507 2C99 60 RTS GO SCAN FIELD 
508 2C9A E666D002 SVOP IDB UPTR1 BUMP PAST + OR -
509 2CAO A58D LDA TMN8R 
510 2CA2 DOCA BNZ OPSC2 
511 CHARACTER TABLE 
512 2CA4 ABACADAE CHTBL ASC r + ,_. t 

513 2CA8 AOA1ACAD ASC , t ,- t 

514 2CAC 8D8EA7A8 DATA $8D,$8E,$A7,$A8 
515 2CBO BEBFBCBD ASC • >1 <CIt 

516 2CB4 A5A6COC1 ASC '%&@A' 
517 2CB8 A4A5BOBA ASC '$%0: ' 
518 2CBC C1DB ASC 'A! ' 
519 JUMP TABLE 
520 2CBE 992C FJTBL DBL SVOP-1 + 
521 2CCO 992C DBL SVOP-1 
522 2CC2 A32E DBL EOSCAN-1 BLANK 
523 2CC4 A32E DBL EOSCAN-1 , 
524 2CC6 A32E DBL EOSCAN-1 C.R. 
525 2CC8 802D DBL FASC-1 APOSTROPHE 
526 2CCA 822E DBL HSH-1 > 
527 2CCC 9B2E DBL HSL-1 < 
528 2CCE F32D DBL FBIN-1 % 
529 2CDO 432E DBL FOCT-1 @ 
530 2CD2 4F2E DBL FHXDC-1 $ 
531 2CD4 OC2D DBL FDCML-1 0-9 
532 2CD6 5F2E DBL FSYM-1 A-Z 
533 * 
534 * END OF TERM PROCEDURE. CONTROL REACHES 
535 * HERE WHEN ANY TERMINATING CHARACTER IS 
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536 * ENCOUNTERED DURING A SCAN 
537 * 
538 2CD8 A58C EOTERM LDA OPUR GET LEADING OPERATOR 
539 2CDA E6AB INC NTERMS 
540 2CDC C9AB CMP 1'+' ADDI TIVE TERH 
541 2CDE F013 BEQ EOT2 
542 2CEO A586 LDA TVAL+1 NO, TWO'S COMPLEMENT 
543 2cn 49" CMA THE TERM BEFORE 
544 2CE4 8586 STA TVAL+1 ADDING 
545 2CE6 A585 LDA TVAL 
546 2CE8 49"1869 TCA 
547 2CED 8585 STA TVAL 
548 2CEr D002 BNZ EOT2 
:;49 2Cn E686 INC TVAL+1 PROPAGATE CARRY 
550 2Cn A582 EOT2 LDA UT4 
551 2CF5 186585 ADD TVAL 
552 2CF8 8582 STA UT4 
553 2CFA A583 LDA UT4+1 ADD NEW TERM 
554 2CFC 6586 ADC TVAL+1 
555 2CFE 8583 STA UT4+1 
556 2DOO 98 TYA UPDATE UPTU 
557 2D01 186566 ADD UPTU 
558 2D04 8566 STA UPTU 
559 2D06 9002 BCC EOT3 
560 2D08 E667 INC UPTRl +1 
561 2DOA 4C702C EOT3 JHP OPSC3 AND SCAN NEXT TERM 
562 * 
563 * DECIMAL TERM PROCESSOR 
564 * 
565 2DOD 8166 FDCML LDA *UPTU ,Y 
566 2DOF C9BO CMP 1'0 ' CHECK FOR LEGAL DIGIT 
567 2Dll 9039 BLS EODEC 
568 2D13 C9BA CMP I$BA 
569 2D15 B035 BGE EODEC 
570 2D17 290F AND I$F CLEAR ASCII CONTROL BITS 
571 2D19 8584 STA ECODE SAVE NEW DIGIT 
572 2D18 20EF2D JSR TSHF OLD RESULT TIMES 10 
573 2DU B02F BCS NOrLO FIELD OVERFLOW 
574 2D20 A585 LDA TVAL 
575 2D22 A686 LDX TVAL+1 
576 2D24 20EF2D JSR TSHF 
577 2D27 B026 BCS NOFLO 
578 2D29 20EF2D JSR TSHF 
579 2D2C B021 BCS NOFLO 
580 2D2E 186585 ADD TVAL 
581 2D31 8585 STA TVAL 
582 2D33 8A TXA 
583 2D34 6586 ADC TVAL+1 
584 2D36 B017 BCS NOrLO 
585 2D38 8586 STA TVAL+1 
586 2D3A A584 LDA ECODE NOW ADD NEW DIGIT 
587 2D3C 186585 ADD TVAL 
588 2D3F 8585 STA TVAL 
589 2D41 A586 LDA TVAL+1 
590 2D43 6900 ADC 10 
591 2D45 B008 BCS NOFLO 
592 2D47 8586 STA TVAL+1 
593 2D49 C8 INY 
594 2D4A DOC1 BNZ FDCML 
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595 2D4c 4C302E EODEC JMP EONUM 
596 * 
597 * OVERFLOW WHILE SCANNING NUMERIC FIELD 
598 * OR ZERO LENGTH ASCII FIELD 
599 * 
600 2D4F A9CC NOFLO LDA #'L' 
601 2D51 8584 NOFL01 STA ECODE 
602 2D53 A980 LDA #$80 
603 2D55 858E STA OPSTAT 
604 2D57 B166 NOFL02 LDA *UPTRl • Y SCAN FOR TERMINATOR 
605 2D59 C9AO CMP # ' . 
606 2D5B F013 BEQ NFl 
607 2D5D C98D CMP 1$8D 
608 2D5F FOOF BEQ NFl 
609 2D61 C9AC CMP It J t 

610 2D63 F003 BEQ NFO 
611 2D65 c8 INY 
612 2D66 DOEF BNZ NOFL02 
613 2D68 48 NFO PHA 
614 2D69 A904 LDA #4 
615 2D6B 058E ORA OPSTAT 
616 2D6D 858E STA OPSTAT 
617 2D6F 68 PLA 
618 2D70 858D Nfl STA THN8R 
619 2D72 98 TYA 
620 2D73 186566 ADD UPTR1 
621 2D76 8566 STA UPTRl 
622 2D78 9002 BCC NF2 
623 2D7A E667 INC UPTR1+1 
624 2D7C A68E NF2 LDX OPSTAT 
625 2D7E 4CF42E JHP EOSCS 
626 * 
627 * ASCII FIELD SCAN. VALUE RETURNED IN 
628 * UT4 IS NUHBER OF CHARACTERS IN STRING 
629 * 
630 2D81 A5AB FASC LDA NTERMS 
631 2D83 D067 BNZ UNDFTP 
632 2D85 A902 LDA 12 
633 2D87 858E STA OPSTAT 
634 2D89 E666D002 IDB UPTRl 
635 2D8F A566 LDA UPTRl SAVE STRING POINTER 
636 2D91 85AC STA ASCPTR 
637 2D93 A567 LDA UPTRl +1 
638 2D95 85AD STA ASCPTR+1 
639 2D97 B166 FASC1 LDA *UPTRl • Y 
640 2D99 C9A7 CMP I$A7 APOSTROPHE? 
641 2D9B F007 BEQ FASC2 
642 2D9D C98D CMP #$8D C.R.? 
643 2D9F F01F BEQ FASc4 
644 2DA1 C8 INY 
645 2DA2 DOF3 BNZ FASC1 
646 2DA4 E666D002 FASC2 IDB UPTRl GET PAST APOSTROPHE 
647 2DAA B166 FASC3 LDA *UPTRl • Y EXAMINE TERMINATOR 
648 2DAC 858D STA TMN8R 
649 2DA! C9AO CHP # ' 

, MUST BE BLANK 
650 2DBO FOOE BEQ FASC4 
651 2DB2 C9AC CMP #'. I OR COMMA 
652 2DB4 F004 BEQ FASC3A 
653 2DB6 C98D CMP 1$8D OR C.R. 
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654 2DB8 D032 BRE URDFTP 
655 2DBA A581! FASC3A LDA OPSTAT 
656 2DBC 0904 ORA #4 MARK COMMA 
657 2DBE 858E STA OPSTAT 
658 2DCO COOO FASC4 CPY 10 
659 2DC2 F08B BEQ ROrLO 
660 2DC4 84B8 STY ALRTH 
661 2DC6 COOl CPY 11 SUITABLE IMM.? 
662 2DC8 DOll BRE FASC4A 
663 2DCA 88 DEY 
664 2DCB BlAC LDA *ASCPTR,Y FILL IR IMM. 
665 2DCD 85B9 STA IMVAL 
666 2Dcr 8582 STA UT4 
667 2DDl 8483 STY UT4+1 
668 2DD3 A581! LDA OPSTAT 
669 2DD5 0910 ORA 1$10 
670 2DD7 8581! STA OPSTAT 
671 2DD9 DOOE BRZ FASC5 
672 2DDB C002 FASC4A CPY 12 
673 2DDD DOOA BRE FASC5 
674 2DDF 88 DEY 
675 2DEO B1AC LDA *ASCPTR,Y 
676 2DE2 8582 STA UT4 
677 2DE4 88 DEY 
678 2DE5 BlAC LDA *ASCPTR, Y 
679 2DE7 8583 STA UT4+1 
680 2DE9 A58E FASC5 LDA OPSTAT 
681 2DEB 60 RTS 
682 2DEC 4C7E2E URDFTP JMP URDFT 
683 * 
684 * RUMERIC SHIFT 
685 * 
686 2DEF 0685 TSHF ASL TVAL 
687 2DFl 2686 ROL TVAL+1 
688 2DF3 60 RTS 
689 * 
690 * ROR-DECIMAL RUMERIC FIELD PROCESSOR 
691 * 692 2Dr4 A90l FBIR LDA #1 
693 2Dr6 85A7 STA SCOURT SET SHIFT COURT 
694 2DrB Ano LDA # '0' ARD COMPARE LIMITS 
695 2DFA 8587 STA rL02 
696 2Drc UB2 LDA 1'2 ' 
697 2DrE 8588 nUM1 STA FHIl 
698 2800 8589 nUM1A STA FHI2 
699 2802 E666D002 IDB UPTRl 
700 2808 B166 nUM3 LDA *UPTRl,Y 
701 2EOA cno CMP 1'0' 
702 2EOC 9022 BLS EORUM 
703 2EOE C588 CMP FHIl 
704 2E10 900B BLS FRUM4 
705 2E12 C587 CMP FL02 
706 2814 90lA BLS EORUM 
707 2816 C589 CMP FBI2 
708 2818 B016 BGE EORUM 
709 28lA 38E907 SUB #7 
710 2ElD 290r FRUM4 ARD I$F CLEAR GARBAGE BITS 
711 2ElJ' A6A7 LDX SCOURT READY TO SHIFT 
712 2821 20 El2D rRUM5 JSR TSHF 
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713 2£24 B01B BCS FRono 
714 2£26 CA DE! 
715 2£27 DOF8 BNZ FRUM5 
716 2£29 0585 ORA TVAL 
717 2E2B 8585 STA TVAL 
718 2E2D C8 INY 
719 2E2E DOD8 BNZ FNUM3 
720 2£30 858D EONUM STA TMN8R 
721 2E32 A586 LDA TVAL+1 
722 2E34 D007 BNZ EONUM3 
723 2E36 A940 LDA 1$40 
724 2E38 858E EONUM2 STA OPSTAT 
725 2£3A 4CD82C JMP EOTERM 
726 2E3D A920 EONUM3 LDA 1$20 
727 2E3F DOF7 BNZ EONUM2 
728 2E41 4C4F2D FNOFLO JMP Nono 
729 * 
730 * OCTAL FIELD 
731 * 
732 2E44 A903 FOCT LDA #3 SET SHIFT COUNT 
733 2E46 85A7 STA SCOUNT 
734 2E48 A9BO LDA 1'0' AND COMPARE LIMITS 
735 2E4A 8587 STA FL02 
736 2E4c A9B8 LDA 1'8' 
737 2E4E DOAE BNZ FNUM1 
738 * 
739 * HEXADECIMAL FIELD 
740 * 
741 2E50 A904 FHXDC LDA #4 SET SHUT COUNT 
742 2E52 85A7 STA scoun 
743 2E54 A9C1 LDA I'A' AND COMPARE LIMITS 
744 2E56 8587 STA FL02 
745 2E58 A9BA LDA UBA 
746 2E5A 8588 STA FHIl 
747 2E5C A9C7 LDA I'G' 
748 2E5E DOAO BNZ FNUM1A 
749 * 
750 * SYMBOLIC FIELD 
751 * 
752 2E60 208D2B FSYM JSR nCSTB 
753 2E63 9019 BCC UNDFT CARRY OFF FOR UNDEFINED 
754 2E65 1006 BPL FSYM2 
755 2£67 A58E LDA OPSTAT 
756 2£69 0920 ORA #$20 GEM. MEM. SYMBOL 
757 2E6B 858E STA OPSTAT 
758 2E6D A57C FSYM2 LDA UT1 
759 2E6F 8585 STA TVAL 
760 2E71 A57D LDA UTl +1 
761 2E73 8586 STA TVAL+1 
762 2E75 AOOO LDY 10 
763 2E77 B166 LDA *UPTRl. Y 
764 2E79 858D STA TMN8R 
765 2E7B 4CD82C EOFSYM JMP EOTERM 
766 * 
~67 * UNDEFINED TERM 

68 * 
769 2E7E A9D5 UNDFT LDA I'U' 
770 2E80 4C512D JMP NOFL01 
771 2E83 A900 BSB LDA 10 
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772 2E8S 85BA STA LMASK 
773 2E87 A9FF LDA # $l'l' 
774 2E89 858B HSBl STA HMASK 
775 2ESB E6AB IRC IITERKS 
776 2E8D E666D002 IDB UPTIll 
777 2E93 A58E LDA OPSTAT 
778 2E95 0901 ORA #1 
779 2E97 85SE STA OPSTAT 
780 2E99 4C702C JKP OPSC3 
781 2E9C A 9l'l' HSL LDA # $l'l' 
782 2EU 858A STA LMASK 
783 2EAO A900 LDA #0 
784 2EA2 FOES BZ HSH1 
785 • 
786 • EIID OF SCAli 
787 .. 
788 2EA4 A58A EOSCAII LDA LMASK CHECK HALF SYMBOL 
789 2BA6 2588 AIID HKASK 
790 2EA8 DOOC BIIZ EOSC2 
791 2EAA A58B LDA HMASK 
792 2EAC F006 BZ EOSC1 
793 2EAB AS83 LDA UT4+1 
794 2EBO 8582 STA UT4 
795 2EB2 A900 CLA 
796 2EB4 8583 EOSC1 STA UT4+1 
797 2EB6 AOOO EOSC2 LDY #0 
798 2EB8 B166 LDA ·UPTal ,Y GET TERMIIiATOR 
799 2EBA 8S8D STA TMN8R 
800 2EBC A68E LDX OPSTAT 
801 2EBE 8A TXA 
802 2EBF 3033 BMI EOSCS 
803 2EC1 8A EOSC2A TXA CHECK FOR HALF SYMBOL 
804 2EC2 6A RORA 
805 2EC3 B008 BCS MLTRL 
806 2EC5 A583 LDA UT4+1 COIISTANT < 2S6? 
807 2EC7 F004 BZ MLTRL 
808 2EC9 C 9l'l' CMP # $l'l' 
809 2ECS D008 BRE EOSC3 
810 2ECD 8A MLTRL TXA 
811 2ECE 0910 ORA #$10 
812 2EDO AA TAX 
813 2ED1 A582 LDA UT4 
814 2ED3 85S9 STA IMVAL 
815 2ED5 8A EOSC3 TXA GEN. MEK. SYMBOL,? 
816 2ED6 2920 AND 1$20 
817 2ED8 DOlO BNZ EOSC4 
818 2EDA A583 LDA UT4+l 
819 2EDC D006 BNZ EOSC3A 
820 2EDE 8A TXA 
821 2EDF 0940 OItA 1$40 HARK SCRATCHPAD 
822 2EE1 AA TAX 
823 2EE2 D006 BHZ EOSC4 
824 2EE4 8A EOSC3A TXA 
825 2EE5 2911' AIID #$Bl' 
826 2EE7 0920 ORA #$20 
827 2EE9 AA TAX 
828 2EEA A58D EOSC4 LDA TKII8R 
829 2EEC C9AC CKP I' It' 
830 2EEE D004 BilE EOSCS 
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831 2EFO 8A TXA 
832 2EF1 0904 ORA 14 
833 2EF3 AA TAX 
834 2EF4 E666D002 EOSC5 IDB UPTRl 
835 2ElA 868E EOSC6 STX OPSTAT 
836 2EFC 8A TXA 
837 2EFD 60 RTS AND RETURN 
838 * 
839 * ASSEMBLY MONITOR 
840 * 841 2ErE A900 ASMBL CLA 
842 2F00 85A8 STA PAGE CLEAR PAGE # 
843 2F02 85A9 STA LFLAG LIST FLAG 
844 2F04 85AA STA OBFLAG OBJECT FLAG 
845 2F06 8591 STA FIRST PRINT LIMIT FLAGS 
846 2F08 8592 STA FIRST+1 
847 2FOA 8593 STA SECOND 
848 2FOC 8594 STA SECOND+1 
849 2FOE 20EA20 JSR RKB SEE WHAT HE WANTS 
850 2F11 C9CC CMP I'L' LISTING PASS? 
851 2Fl3 F018 BEQ STLIST 
852 2F15 48 PHA SAVE CHAR 
853 21'16 20EA20 JSR UB GET TERMINATOR 
854 2F19 C9AE CMP # t. I 

855 2FlB DOOD BNE ASMERR MUST BE PERIOD 
856 21'1D 68 PLA RETRIEVE CHAR 
857 21'1 E C9C5 CMP #' E' ERROR PASS 
858 2F20 Fon BEQ STL4 
859 2F22 C9CF CMP 1'0' OBJECT PASS 
860 2F24 D004 BNE ASMERR GARBAGE 
861 2F26 85AA STA OBFLAG 
862 2F28 F033 BEQ STL4 
863 2F2A 4C4F20 ASMERR JMP ERR 
864 2F2D 20B921 STLIST JSR FPRM GET PRINT LIMITS 
865 2F30 A592 LDA FIRST+1 FORM NEGATIVE 
866 2F32 49FF CMA 
867 2F34 AA TAX 
868 2F35 A591 LDA FIRST 
869 2F37 49FFl869 TCA 
870 2F3C D001 BNZ STL2 
871 2F3E E8 INX 
872 2F3F 8591 STL2 STA FIRST 
873 2F41 8692 STX FIRST+l 
874 2F43 E691D002 IDB FIRST 
875 2F49 D002 BNZ STL2A 
876 2F4B E6A9 INC LFLAG 
877 2F4D 8591 STL2A STA FIRST 
878 2F4F 8692 STX FIRST+l 
879 2F51 A593 LDA SECOND ONES COMPLEMENT 
880 2F53 49FF CMA 
881 2F55 8593 STA SECOND FOR INCLUSIVE 
882 2F57 A594 LDA SECOND+l 
883 2F59 49FF CMA DIFFERENCE 
884 215B 8594 STA SECOND+l 
885 2F5D A578 STL4 LDA LNCNT CHECK FOR NO PROGRAM 
886 215F 0579 ORA LNCNT+l 
887 2161 F044 BZ NOPROG 
888 2163 A578 LDA LNCNT 
889 2165 A679 LDX LNCNT+l CHECK FOR "END" 
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890 2F67 203322 
891 21'6A 856X 
892 2F6C 866F 
893 21'61 201227 
894 21'71 DOlE 
895 21'73 A58F 
896 2F75 C902 
897 21'77 D038 
898 21'79 A57 A 
899 2F7B 85A5 
900 2F7D A57B 
901 2F7F 85A6 
902 2F81 20962F 
903 2F84 20CC2F 
904 21'87 209621' 
905 2F8A 203832 
906 2F8D 209621' 
907 21'90 206234 
908 21'93 4C2520 
909 21' 96 ADC520 
910 21'99 8561 
911 2F9B ADC620 
912 2F9E 856F 
913 2FAO A900 
914 2FA2 85AE 
915 2FA4 85AF 
916 2FA6 60 
917 2FA7 A9B8 
918 2FA9 A22F 
919 2FAB 20D420 
920 HAE 4C2520 
921 21'Bl A9C3 
922 2FB3 A221' 
923 2FB5 4CAB2F 
924 2FB8 CECFAODO 
925 2FC2 8D 
926 2FC3 CECFAOA2 
927 2FCB 8D 
928 
929 
930 
931 
932 2FCC A900 
933 2FCE 85BO 
934 2FDO 859F 
935 2FD2 85AO 
936 2FD4 85Bl 
937 2FD6 85B5 
938 2FD8 85B2 
939 2FDA 857D 
940 2FDC A98D 
941 2FDE 8DC831 
942 2FEI 201227 
943 21'E4 A934856A 
944 2FEC E6AED002 
945 2FF2 A5AE 
946 2FF4 A6AF 
947 2FF6 20 E7 2 4 
948 2FF9 A900 

JSR 
STA 
STX 
JSR 
BNZ 
LDA 
CMP 
BNE 
LDA 
STA 
LDA 
STA 
JSR 
JSR 
JSR 
JSR 
JSR 
JSR 
JMP 

STSPTR LDA 
STA 
LDA 
STA 
CLA 
STA 
STA 
RTS 

NOPROG 

NP2 

NOEND 

LDA 
LDX 
JSR 
JMP 
LDA 
LDX 
JMP 

FBA 
UPTR5 
UPTR5 +1 
FORMAT 
NOEND 
SUL 
#2 
NOEND 
NXTCHR 
SYMTAB 
NXTCHR+l 
SYMTAB+l 
STSPTR 
PASSI 
STSPTR 
PASS2 
STSPTR 
PASS3 
MOHl 
BFR 
UPTR5 
BFR+l 
UPTR5 +1 

SRCLNO 
SRCLNO+1 

#<NPMSG 
#>NPMSG 
DISP 
MON1 
#<NEMSG 
#>NEMSG 
NP2 

GET ADDRESS OF LAST LINE 

GET LAST LINE 

SET SYMBOL TABLE 
ORIGIN 

SET SOURCE POINTER FOR PASS 
EXECUTE PASS 
DITTO 
LIKEWISE 
DITTO 
LIKEWISE 

SET SOURCE POINTER 

NPMSG ASC 
DATA 

I NO PROGRAM I 

$8D 
NEMSG 

* 

ASC 
DATA 

rNO nERD'" 
$8D 

* ASSEMBLER PASS 1 
* THIS PASS DEFINES ALL SCRATCHPAD SYMBOLS 

* 
PASS1 

PlB 

CLA 
STA SPLC 
STA NSYMS 
STA NSYMS+1 
STA TLFLAG 
STA P1ERFL 
STA SPDFLG 
STA UTl +1 
LDA #$8D 

TITLE 

CLEAR FLAGS & INDICATORS 
LOCATION COUNTER 
SYMBOL COUNT 

TITLE FLAG 
PASS1 ERROR FLAG 
SCRATCH PAD FLAG 
HIGH RESULT 

STA 
JSR 
CDB 
IDB 
LDA 
LDX 
JSR 
LDA 

FORMAT GET SOURCE RECORD 
UPTR3,LNO-2 PTR FOR LINE # CONVERT 
SRCLNO 
SRCLNO 
SRCLNO+1 
CNVLNO AND CONVERT IT 
#0 
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949 UFB 85B3 STA LEIIGTH CLEAR LEIIGTH 
950 2FPD 857D STA UT1+l 
951 2FPF A5BO LDA SPLC SET TEIITATIVE LABEL VLUE 
952 3001 857C STA UTI 
953 3003 AD4A2A LDA LABEL COMMEIIT LIIIE? 
954 3006 C9AA CMP 1'*' 
955 3008 FOD7 SEQ PlB YES, SUP IT 
956 300A A590 LDA CLASS CHECK CLASS 
957 300C 303B BMI P1JUNK GARBAGE 
958 300E F006 BZ P1D SKIP IF PSEUDO-OP 
959 3010 A900 PIC CLA 
960 3012 8512 STA SPDFLG CLEAR SPD FLAG 
961 3014 FOCB BZ PlB AND GET NEXT LINE 
962 3016 A58F P1D LDA SKEL GET INST. SKELETON 
963 3018 OA ASLA TIMES 2 
964 3019 AA TAX MOVE TO INDEX 
965 30lA E8 IHX BUMP 
966 30lB BD2F30 LDA P1JTBL,X GET HIGH JUMP ADDRESS 
967 30lE 48 PHA SAVE ON STACK 
968 30n CA DEX 
969 3020 BD2F30 LDA P1JTBL,X GET LOW JUMP ADDRESS 
970 3023 48 PHA 
971 3024 A9578566 CDB UPTR1,OPND SET OPERAND SCAN POINTER 
972 302C A5B2 LDA SPDFLG 
973 302E 60 RTS POP JUMP ADDRESS TO P.C. 
974 
975 PSEUDO-OP JUMP TABLE 
976 
977 302F 6A307030 P1JTBL DBL P10RG-1,P1SPD-1 
978 3033 88309730 DBL PlEND-1 ,PI TTL-1 
979 3037 AE30C230 DBL PlEQU-1,PlREM-1 
980 303B D630E730 DBL PlRES-1,P1DTA-1 
981 30n F530FD30 DBL P1DBL-1,P1ASC-1 
982 3043 1D318230 DBL P1AST-1,P1ESP-1,P1$-1 
983 * 984 3049 A904 P1JUlIK LDA 14 
985 304B 85B3 STA LENGTH DEFAULT LENGTH a 4 
986 304D A5B3 P1SUM LDA LEIIGTH 
987 304F 1865BO ADD SPLC FORM IIEW L.C. 
988 3052 85BO STA SPLC SAVE 
989 3054 908B BCC PlB DID IT OVERFLOW? 
990 3056 A9FP LDA I$FF YES 
991 3058 85BO STA SPLC 
992 305A A936 LDA I<LNO 
993 305C A22A LDX #>LHO PRINT LINE 
994 305E 20B020 JSR PRT 
995 3061 A948 LDA I<SPOMS AND OVERFLOW MESSAGE 
996 3063 A231 LDX #>SPOMS 
997 3065 20B020 JSR PHT 
998 3068 4CEl2F JMP PlB 
999 * 000 ORG 
001 306B A900 P10RG LDA 10 
002 306D 85B2 STA SPDFLG 
003 306F FOOF BZ JPlB 
004 SPD 
005 3071 A901 P1SPD LDA II 
006 3073 85B2 STA SPDFLG SET SPD FLAG 
007 3075 205A2C JSR OPDSCN 
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008 3078 2940 AND #$40 
009 307A F004 BZ JPIB 
010 307C A582 LDA UT4 
011 307 E 85BO STA SPLC 
012 3080 4CE12F JPIB JMP PIB 
013 '" 014 3083 A900 PlESP LDA #0 
015 3085 85B2 STA SPDFLG 
016 3087 FOF7 BZ JPIB 
017 '" 018 3089 A5B5 PI END LDA PIERFL 
019 308B DOOI BNZ PI EN D2 
020 308D 60 RTS 
021 308E A911 PlEND2 LDA #<TEMS 
022 3090 A232 LDX #>TEMS 
023 3092 20D420 JSR DISP 
024 3095 4C2520 JMP MONI 
025 '" 026 3098 A5Bl PITTL LDA TLFLAG 
027 309A DOE4 BNZ JPIB 
028 309C A229 LDX 141 
029 309E A98D LDA #$8D 
030 30AO D003 BNZ PITTL2 
031 30A2 BD572A PI TTLI LDA OPND,X 
032 30A5 9DC831 PITTL2 STA TITLE,X 
033 30A8 CA DEX 
034 30A9 10F7 BPL PI TTLI 
035 30AB 86Bl STX TLFLAG 
036 30AD DODI BNZ JPIB 
037 '" 
038 30AF FOCF PIEQU BZ JPIB 
039 30Bl 205A2C JSR OPDSCN 
040 30B4 3010 BMI PIERR 
041 30B6 A582 LDA UT4 
042 30B8 857C STA UTI 
043 30BA A583 LDA UT4+1 
044 30BC 857D STA UTI +1 
045 30BE 203031 JSR PICKL 
046 30Cl B003 BCS PIERR 
047 30C3 4CE12F PIREM JMP PIB 
048 30C6 A936 PIERR LDA #<LNO 
049 30C8 A22A LDX II>LNO 
050 30CA 20D420 JSR DISP 
051 30CD A9F2 LDA #<ONPD 
052 30CF A231 LDX #>ONPD 
053 30Dl 20D420 JSR DISP 
054 30D4 4CE12F JMP PIB 
055 '" 
056 30D7 FOEA PIRES BZ PIREM 
057 30D9 205A2C JSR OPDSCN 
058 30DC 30E8 BMI PIERR 
059 30DE A582 LDA UT4 
060 30EO 85B3 STA LENGTH 
061 30E2 203031 JSR PICKL 
062 30E5 4C4D30 JMP PI SUM 
063 * 
064 30E8 FOD9 PIDTA BZ PlREM 
065 30EA E680 INC UT3 
066 30EC A580 PIDTA2 LDA UT3 

358 



PAGE 36 6502 RESIDENT ASSEIIBLER 5/5/80 

067 30E! 85B3 STA LENGTH 
068 30rO 203031 JSR PI CII:L 
069 30r3 4C4D30 JIIP P1SUM 
070 .,. 
071 30r6 rOCB P1DBL BZ P1REM 
072 30r8 E680 INC UT3 
073 30rA 0680 ASL UT3 
074 30rc DOEE BNZ P1DTA2 
075 .,. 
076 30PE rOC3 PlASC BZ P1REM 
077 3100 203031 JSR P1CKL 
078 3103 A9578566 CDB UPTRl ,OPND 
079 310B 205A2C JSR OPDSCN 
080 310E 1003 BPL PlAS C3 
081 3110 4C4930 P1ASC2 JMP P1JUNK 
082 3113 2902 PlASC3 AND #2 
083 3115 ror9 BZ PlASC2 
084 3117 A5B8 LDA ALNTH 
085 3119 85B3 PlASC4 STA LENGTH 
086 311B 4C4D30 JIIP P1SUM 
087 '" 
088 311E rOA3 P1AST BZ PIREM 
089 3120 203031 JSR P1CKL 
090 3123 A901 LDA #1 
091 3125 DOF2 BNZ P1AS C4 
092 * 
093 3127 F09A P1$ BZ PIREH 
094 3129 203031 JSR P1CKL 
095 312C A902 LDA #2 
096 312E DOE9 BNZ PlASC4 
097 * 
098 3130 20SC31 P1CKL JSR CKLBL 
099 3133 D001 BNZ PI CKL1 
100 3135 60 RTS LABEL BLANK OR ILLEGAL 
101 3136 9009 P1CKL1 BCC P1CKL3 
102 3138 AD01 LDY 11 LABEL IS HULTIPLY 
103 313A B1 A3 P1CKL2 LDA *SYHPTR,Y DEFINED 
104 313C 297F AND IJ $ 7F HARK IT 
105 313 E 9IA3 STA *SYHPTR,Y 
106 3140 60 RTS 
107 3141 20B22A P1CKL3 JSR ESYHTB OK, ENTER SYHBOL 
108 3144 AOOO LDY 10 INTO TABLE, HARK AS 
109 3146 FOF2 BZ PI CKL2 SCRATCH PAD 
110 .,. 
111 3148 D3C3D2C1 SPOHS ASC 'SCRATCHPAD OVERFLOW' 
112 315B 8D DATA $8D 
113 '" 114 315C A980 CKLBL LDA #$80 
115 315E 8DB831 STA IIDW 
116 3161 AD4A2A LDA LABEL 
117 3164 C9AO CMP #' , 
118 3166 D002 BNE CKL2 
119 3168 B8 CLV 
120 3169 60 RTS NO LABEL 
121 316A C9C1 CKL2 CliP I'A' 1ST CHAR ALPHABETIC? 
122 316C 9043 BLS ILBL 
123 316E C9DB CMP I' [' 
124 3170 B03r BGE ILBL 
125 3172 A200 LDX 10 
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126 3174 BD4B2A 
127 3177 C9AO 
128 3179 F021 
129 317B C9AB 
130 317D F032 
131 317F C9AD 
132 3181 F02E 
133 3183 C9AA 
134 3185 F02A 
135 3187 C9AF 
136 3189 F026 
137 318B C9A8 
138 318D F022 
139 318F C9A9 
140 3191 FOlE 
141 3193 C9AC 
142 3195 FOlA 
143 3197 E8 
144 3198 E005 
145 319A DOD8 
146 319C A94A8566 
147 31A4 208D2B 
148 31A7 AOOI 
149 3lA9 BIA3 
150 31AB 8DB831 
151 31AE A901 
152 31BO 60 
153 31Bl A980 
154 31 B3 1 86 980 
155 31B6 18 
156 3lB7 60 
157 31B8 00 
158 31B9 DOCIC7C5 
159 3IBE 
160 31Cl AOAOAOAO 
161 31C8 
162 31F2 CFDOC5D2 
163 3210 8D 
164 3211 D4C5D2CD 
165 3228 C3CICECE 
166 3237 8D 
167 
168 
169 
170 
171 3238 A900 
172 323A 85B2 
173 323C 85B6 
174 323E A903 
175 3240 85B7 
176 3242 201227 
177 3245 A934856A 
178 324D E6AED002 
179 3253 A5AE 
180 3255 A6AF 
181 3257 20E724 
182 325A A900 
183 325C 85B3 
184 325E 85B4 

CKL3 

EOCK 

ILBL 

MDW 
HDNG 
DPCNO 

TITLE 
ONPD 

TEMS 

* 

LDA 
CMP 
BEQ 
CMP 
BEQ 
CMP 
BEQ 
CMP 
BEQ 
CMP 
BEQ 
CMP 
BEQ 
CMP 
BEQ 
CMP 
BEQ 
INX 
CPX 
BNE 
CDB 
JSR 
LDY 
LDA 
STA 
LDA 
RTS 
LDA 
ADD 
CLC 
RTS 

*** 
ASC 
RES 
ASC 
RES 
ASC 
DATA 
ASC 
ASC 
DATA 

LABEL+l,X 
I' , END OF LABEL? 
EOCK 
#'+' 
lLBL 
1'-' 
lLBL 
1'*' 
lLBL 
I' /' 
lLBL 
I' ( , 
lLBL 
II') , 
lLBL 
I)' t I 

lLBL 

115 
CKL3 
UPTRl,LABEL 
SRCSTB 
III 
*SYMPTR,Y 
MDW 
III 

RETURN WITH CARRY 1/0 
11$80 BUM LABEL, SET ZERO 
11$80 AND OVERFLOW 

'PAGE ' 
3 

42 
'OPERAND NOT PREVIOUSLY DEFINED' 
$8D 
'TERMINAL PASS 1 ERROR, ' 
'CANNOT CONTINUE' 
$8D 

* ASSEMBLER PASS2. THIS PASS DEFINES ALL NON 
* SCRATCHPAD SYMBOLS. 

* 
PASS2 

P2B 

CLA 
STA 
STA 
LDA 
STA 
JSR 
CDB 
IDB 
LDA 
LDX 
JSR 
LDA 
STA 
STA 

SPDFLG 
ILC 
113 
lLC+l 

CLEAR SCRATCHPAD FLAG 
SET L.C. TO $300 
AS DEFAULT LOCATION 

FORMAT GET SOURCE RECORD 
UPTR3,LNO-2 PTR FOR LINE I CONVERT 
SRCLNO 
SRCLNO 
SRCLNO+l 
CNVLNO 
110 
LENGTH CLEAR LENGTH 
LENGTH+l 

360 
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185 3260 A5B6 LDA ILC SET NOMINAL LABEL 
186 3262 857C STA UTI TO L.C. 
187 3264 A5B7 LDA ILC+l 
188 3266 857D STA UTI +1 
189 3268 AD4A2A LDA LABEL CHECK FOR COMMENT 
190 326B C9AA CMP #' '* I 

191 326D FOD3 BEQ P2B 
192 326F A590 LDA CLASS CHECK CLASS 
193 3271 3065 BMI P2JUNK 
194 3273 DOOD BNZ P2C NOT A PSEUDO-OP 
195 3275 A9A48566 CDB UPTRl,P2PSTB SET PTR TO PSEUDO 
196 327D A58F LDA SKEL OP TABLE 
197 327F 4C8F32 JMP P2D 
198 3282 A9BE8566 P2C CDB UPTRl,P2JTBL SET PTR TO INST. 
199 328A AS 90 LDA CLAS S JUMP TABLE 
200 328C 1869FF DEA 
201 328F OA P2D ASLA 
202 3290 A8 TAY 
203 3291 C8 INY 
204 3292 BI66 LDA "'UPTRl,Y 
205 3294 48 PHA SAVE ADDRESS ON STACK 
206 3295 88 DEY 
207 3296 B166 LDA "'UPTRl,Y 
208 3298 48 PHA 
209 3299 A9578566 CDB UPTRI,OPND SET PTR TO OPND FIELD 
210 32AI A5B2 LDA SPDFLG 
211 32A3 60 RTS JUMP TO PROCESSOR 
212 '" 213 '" PSEUDO-OP JUMP TABLE 
214 * 
215 32A4 EF320533 P2 PSTB DBL P20RG-I,P2SPD-I 
216 32A8 OB331933 DBL P2END-I,P2TITL-I 
21) 32AC 30334433 DBL P2EQU-l,P2REM-l 
218 32BO 5B337033 DBL P2RES-l,P2DTA-l 
219 32B4 7E338633 DBL P2DBL-l,P2ASC-1 
220 32B8 A6331333 DBL P2AST-l,P2ESP-l 
221 32BC AF33 DBL P2$-1 
222 * 
223 .. IN STRUCTION JUMP TABLE 
224 .. 
225 32BE CD33F933 P2JTBL DBL P2CI-l,P2C2-1 
226 32C2 01340934 DBL P2C3-1,P2C4-1 
227 32C6 F9330F34 DBL P2C5-1,P2C6-1 
228 32CA lA34lA34 DBL P2C7-1,P2C8-1 
229 32CE OF340F34 DBL P2C9-1,P2CA-l 
230 32D2 F 93 3F93 3 DBL P2CB-l,P2CC-l 
231 32D6 2234 DBL P2CD-l 
232 .. 
233 32D8 A5B2 P2JUNK LDA SPDFLG 
234 32DA D027 BNZ JP2B 
235 32DC A904 LDA #4 
236 32DE 85B3 STA LENGTS 
237 3280 A5B3 P2SUM LDA LENGTH 
238 3282 1865B6 ADD ILC 
239 3285 85B6 STA ILC 
240 3287 A5B4 LDA LENGTH+l 
241 3289 65B7 ADC ILC+l 
242 328B 85B7 STA ILC+l 
243 328D 4C4232 JKP P2B 

361 
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244 * 
245 32FO A900 P20RG LDA #0 CLEAR SPO FLAG 
246 32F2 85B2 STA SPOFLG 
247 32F4 205A2C JSR OPOSCN 
248 32F7 2960 AND #$60 
249 32F9 F04D BZ P2ERR 
250 32FB A582 LOA UT4 SET NEW ORIG IN 
251 32FD 85B6 STA ILC 
252 32FF A583 LOA UT4+1 
253 3301 85B7 STA ILC+1 
254 3303 4C4232 JP2B JMP P2B 
255 * 
256 3306 A901 P2SPO LDA U 
257 3308 85B2 STA SPOFLG 
258 330A DOF7 BNZ JP2B 
259 * 
260 330C A5B5 P2ENO LDA PI ERFL 
261 330E D001 BNZ P2END2 
262 3310 60 RTS 
263 3311 4C8E30 PHN 02 JMP P1END2 
264 * 
265 3314 A900 P2ESP LDA 110 
266 3316 85B2 STA SPOFLG 
267 3318 FOE9 BZ JP2B 
268 * 
269 331A A5B1 P2 TITL LOA TLFLAG 
270 331C DOES BNZ JP2B 
271 331E A229 LOX 1141 
272 3320 A980 LDA 11$8D 
273 3322 D003 BNZ P2TTL2 
274 3324 BD572A P2 TTL1 LDA OPND, X 
275 3327 9DC831 P2 TTL2 STA TITLE,X 
276 332A CA DEX 
277 332B 10F] BPL P2TTL1 
278 332D 86B1 STX TLFLAG 
279 332F DOD2 BNZ JP2B 
280 * 
281 3331 DODO P2EQU BNZ JP2B 
282 3333 205A2C JSR OPDSCN 
283 3336 3010 BMI P2ERR 
284 3338 A582 LDA UT4 
285 333A 857C STA UTl 
286 333C A583 LDA UT4+1 
287 333E 857 D STA UTl +1 
288 3340 20B933 JSR P2CKL 
289 3343 B003 BCS P2ERR 
290 3345 4C4232 P2REM JMP P2B 
291 3348 A936 P2ERR LOA I1<LNO 
292 334A A22A LDX II>LNO 
293 334C 20D420 JSR DISP 
294 334F A9F2 LDA II<ONPO 
295 3351 A23l LDX I1>ONPD 
296 3353 20D420 JSR DISP 
297 3356 A901 LDA III 
298 3358 85B5 STA PI ERFL 
299 335A DOE9 BHZ P2REM 
300 * 
301 335C DOE7 P2RES BNZ P2REM 
302 335E 205A2C JSR OPDSCN 

362 
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303 3361 30E5 BMI P2ERR 
304 3363 A582 LDA UT4 
305 3365 85B3 STA LENGTH 
306 3367 A583 LDA UT4+1 
307 3369 85B4 STA LENGTH+l 
308 336B 20B 933 JSR P2CKL 
309 336E 4CE032 JHP P2SUH 
310 * 
311 3371 DOD2 P2DTA BNZ P2REM 
312 3373 E680 INC UT3 
313 3375 A580 P2DTA2 LDA UT3 
314 3377 85B3 STA LENGTH 
315 3379 20B933 JSR P2CKL 
316 337C 4CE032 JHP P2SUH 
317 * 
318 337F DOC4 P2DBL BNZ P2REM 
319 3381 E680 INC UT3 
320 3383 0680 ASL UT3 
321 3385 DOEE BNZ P2DTA2 
322 * 
323 3387 DOBC P2ASC BNZ P2REM 
324 3389 20B933 JSR P2CKL 
325 338C A9578566 CDB UPTRl,OPND 
326 3394 205A2C JSR OPDSCN 
327 3397 1003 BPL P2ASC3 
328 3399 4CD832 P2AS C2 JHP P2JUNK 
329 339C 2902 P2ASC3 AND 112 
330 339E FOF9 BZ P2AS C2 
331 33AO A5B8 LDA ALNTH 
332 33A2 85B3 P2ASC4 STA LENGTH 
333 33A4 4CE032 JMP P2SUH 
334 * 
335 33A7 D09C P2AST BNZ P2REH 
336 33A9 20B933 JSR P2CKL 
337 33AC A901 LDA 11 
338 33AE DOF2 BNZ P2AS C4 
339 * 
340 33BO DOF5 P2$ BNZ P2AST 
341 33B2 20 B 93 3 JSR P2CKL 
342 33B5 A902 LDA #2 
343 33B7 DOE9 BNZ P2ASC4 
344 33B9 205C31 P2CKL JSR CKLBL 
345 33BC DOOI BNZ P2CKLI 
346 33BE 60 RTS 
347 33BF 9009 P2CKLI BCC P2CKL2 
348 33 Cl AOOI LDY #1 
349 33C3 Bl A3 LDA *SYMPTR,Y 
350 33C5 297F AND 1i$7F 
351 33C7 91A3 STA *SYMPTR,Y 
352 33C9 60 RTS 
353 33CA 20B22A P2CKL2 JSR ESYHTB 
354 BCD 60 RTS 
355 * 
356 * INSTRUCTION PROCESSORS 
357 * 
358 33CE DOEO P2Cl BNZ P2$ 
359 33DO A902 LDA #2 
360 33D2 85B3 STA LENGTH 
361 33D4 AD572A P2ClS LDA OPND CHK FOR IND. OR IMH. 

363 
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362 33D7 C9A8 CMP #' ( , 
363 33D9 FOll BEQ P2ClB 
364 33DB C9AA CMP ,1*' 
365 33DD FOOD BEQ P2CIB 
366 33DF C9A3 P2cI0 CMP 1'1' 
367 33El F009 BEQ P2CIB 
368 33E3 205A2C P2ClA JSR OPDSCN 
369 33E6 2940 AND #$40 
370 33E8 D002 BNZ P2ClB 
371 33EA E6B3 INC LENGTH 
372 33EC A5B6 P2CIB LDA lLC 
373 33EE 857C STA UIl 
374 33FO A5B7 LDA ILC+l 
375 33F2 857D STA UTI +1 
376 33F4 20B933 JSR P2CKL 
377 33F7 4CE032 P2CIC JMP P2SUM 
378 " 379 33FA DOD2 P2C2 BNZ P2Cl 
380 33FC A902 P2C2A LDA #2 
381 33FE 85B3 STA LENGTH 
382 3400 DOEI BNZ P2ClA 
383 " 384 3402 DOCA P2C3 BNZ P2Cl 
385 3404 A901 LDA #l 
386 3406 85B3 P2C3A STA LENGTH 
387 3408 DOE2 BNZ P2CIB 
388 * 
389 340A DOC2 P2C4 BNZ P2Cl 
390 340C A902 LDA #2 
391 340E DOF6 BNZ P2C3A 
392 " 393 P2C5 EQU P2C2 
394 " 395 3410 DOBC P2C6 BNZ P2Cl 
396 3412 A902 LDA 12 
397 3414 85B3 STA LENGTH 
398 3416 AD572A LDA OPND 
399 3419 DOC4 BNZ P2CI0 
400 * 
401 3418 DOBI P2C7 BNZ P2Cl 
402 341 D A903 LDA #3 
403 341 F 85B3 STA LENGTH 
404 3421 DOC9 BNZ P2ClB 
405 " 406 P2C8 EQU P2C7 
407 " 408 P2C9 EQU P2C6 
409 " 410 P2CA EQU P2C6 
411 " 412 P2CB EQU P2C2 
413 " 414 P2CC EQU P2C2 
415 " 416 3423 DOEB P2CD BNZ P2C6 
417 3425 A903 LDA #3 
418 3427 85B3 STA LENGTH 
419 3429 A58F LDA SKEL SCAN FOR PSEUDO-OP 
420 342B F017 BZ P2CDB DEA 
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421 342D C901 CliP #1 
422 342F F013 BEQ P2CDB INA 
423 3431 C904 CliP #4 
424 3433 900D BLS P2CDA CLA, CMA 
425 3435 F010 BEQ P2CD5 TCA 
426 3437 C905 CliP #5 
427 3439 F012 BEQ P2CDC CDB 
428 343B C906 CliP #6 
429 343D F01F BEQ P2CDD IDB 
430 343F 4CD433 JIIP P2C1S 
431 3442 C6B3 P2CDA DEC LENGTH 
432 3444 4CEC33 P2CDB JIIP P2ClB 
433 3447 A905 P2CD5 LDA 15 
434 3449 85B3 STA LENGTH 
435 344B DOF7 BNZ P2CDB 
436 344D A908 P2CDC LDA #8 
437 344F 85B3 P2CDC1 STA LENGTH 
438 3451 205A2C JSR OPDSCN 
439 3454 2940 AND #$40 
440 3456 DOEC BNZ P2CDB 
441 3458 E6B3 INC LENGTH 
442 345A E6B3 INC LENGTH 
443 345C DOE6 BNZ P2CDB 
444 345E A906 P2CDD LDA #6 
445 3460 DOED BNZ P2CDC1 
446 * 
447 * ASSEMBLER PASS 3 
448 * 
449 3462 A903 PASS3 LDA #3 SET DEFAULT 
450 3464 85B7 STA ILC+1 LOCATION COUNTER 
451 3466 8DE93 E STA RCDORG+1 
452 3469 A900 CLA 
453 346B 85B6 STA ILC 
454 346D 8DE83E STA RCDORG 
455 3470 85BO STA SPLC AND SP LOC. CTR. 
456 3472 85B2 STA SPDFLG CLEAR S.P. FLAG 
457 3474 8D3 7 3 D STA BPGNO 
458 3477 A901 LDA II 
459 3479 8D383D STA LPPCNT 
460 347C A5BC LDA PAUSCT 
461 347E 8D393D STA PSCT 
462 3481 20CF3! JSR WLDR WRITE OBJECT LEADER 
463 START PAGINATION 
464 3484 A978 LDA # (BLKLIN 
465 3486 A23F LDX #>BLKLIN 
466 3488 20AC3C JSR LPNT 
467 348B 20B620 P3A JSR DTCC WAliT TO STOP?? 
468 348E 9003 BCC P3AO 
469 3490 4C2520 JMP 1I0N1 YES 
470 3493 201227 P3AO JSR FORIIAT GET SOURCE LINE 
471 3496 A934856A CDB UPTR3,LNO-2 SET CONVERT PTR. 
472 349E E6AED002 IDB SRCLNO BUMP LINE NUMBER 
473 34M A5AE LDA SRCLNO 
474 34A6 A6AF LDX SRCLNO+1 
475 34A8 20E724 JSR CNVLNO CONVERT LINE # 
476 34AB A900 CLA 
477 34AD A026 LDY IERCDLN-OCODE-1 
478 34AF 99B13D P3A2 STA OCODE,Y CLEAR OBJECT AREA 
479 34B2 88 DEY 
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480 34B3 10FA 
481 34B5 A007 
482 34B7 A 9AO 
483 34B9 99DC3D 
484 34BC 88 
485 34BD 10FA 
486 34BF A9B18576 
487 34C7 AD4A2A 
488 34CA C9AA 
489 34CC D003 
490 34CE 4C9D3A 
491 34Dl 205C31 
492 34D4 700C 
493 34D6 2EB831 
494 34D9 BOOC 
495 34DB A9CD 
496 34DD 206036 
497 34EO D005 
498 34E2 A9D3 
499 34E4 206036 
500 34E7 A590 
501 34E9 1008 
502 34EB A9CF 
503 34ED 206036 
504 34FO 4C2835 
505 34F3 DOOD 
506 34F5 A9308566 
507 34FD A58F 
508 34FF 4C1335 
509 3502 A94A8566 
510 350A A900 
511 350C 85B2 
512 350E A590 
513 3510 186 9FF 
514 3513 OA 
515 3514 A8 
516 3515 C8 
517 3516 B166 
518 3518 48 
519351988 
520 351A Bl66 
521 351C 48 
522 351D A9578566 
523 3525 A5B2 
524 3527 60 
525 3528 A904 
526 352A 8DD43D 
527 352D 4C9D3A 
528 
529 
530 
531 3530 63357E35 
532 3534 A9358A34 
533 3538 A135B235 
534 353C BF35D535 
535 3540 FA353636 
536 3544 4C369735 
537 3548 5336 
538 

BPL P3A2 
LDY #7 

P3A3 

P3A4 

BMLBL 

P3A5 

P3A6 

P3A7 

P3A8 

LDA 
STA 
DEY 
BPL 
CDB 
LDA 
CMP 
BNE 
JMP 
JSR 
BVS 
ROL 
BCS 
LDA 
JSR 
BNZ 
LDA 
JSR 
LDA 
BPL 
LDA 
JSR 
JMP 
8NZ 
CDB 
LDA 
JMP 
CDB 
LDA 
STA 
LDA 
DEA 
ASLA 
TAY 
INY 
LDA 

ii' , 
ECA,Y 

P3A3 

CLEAR ERROR FLAGS 

OBJPTR,OCODE SET OBJ. PTR. 
LABEL COMMENT? 
1'*' 
P3A4 
P3PRT 
CKLBL 
BMLBL 
MDW 
P3AS 

" 'M' STERCH 
P3A5 
ii's' 
STERCH 
CLASS 
P3A6 
iI'o' 
STERCH 
P3JUNK 
P3A7 

YES, SKIP THE FOLDEROL 

CHECK LABEL VALIDITY 

MARK MULTIPLE 

MARK BAD SYMBOL 

MARK BAD INST. 

SKIP IF INST. 
UPTRl,P3PSTB 
SKEL SELECT PSEUDO-OP TABLE 
P3A8 
UPTRl,P3JTBL 
/10 
SPDFLG 
CLASS SELECT INST. TABLE 

*UPTRl,Y 
PHA GET ADDRESS FROM TABLE 
DEY 
LDA *UPTRl, Y 
PHA 
CDB UPTRl,OPND SET PTR. FOR SCAN 
LDA SPDFLG 
RTS 

P3JUNK LDA 

* 

STA P3LNTH 
JMP P3PRT 

JUMP TO SERVICE ROUTINE 

* PSEUDO-OP TABLE 

* 
P3PSTB DBL 

DBL 
DBL 
DBL 
DBL 
DBL 
DBL 

* 

P30RG-l,P3SPD-l 
P3END-l,P3TITL-l 
P3EQU-l,P3REM-l 
P3RES-l,P3DTA-l 
P3DBL-l,P3ASC-l 
P3AST-l,P3ESP-l 
P3$-1 
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539 * INSTRUCTION TABLE 
540 * 
541 354A 72361937 P3JTBL DBL P3Cl-l,P3C2-1 
542 354E 56376337 DBL P3C3-1,P3C4-1 
543 3552 A637D937 DBL P3C5-1,P3C6-1 
544 3556 133 84B3 8 DBL P3C7-1,P3C8-1 
545 355A 5238A138 DBL P3C9-1,P3CA-l 
546 355E A53 8E53 8 DBL P3CB-l,P3CC-l 
547 3562 E938 DBL P3CD-l 
548 * 549 * PSEUDO-OP PROCESSORS 
550 * 
551 3564 20283E P30RG JSR DPOBJ 
552 3567 A900 CLA 
553 3569 85B2 STA SPDFLG 
554 356B 205A2C JSR OPDSCN 
555 356E A582 LDA UT4 
556 3570 85B6 STA ILC 
557 3572 8DE83E STA RCDORG 
558 3575 A583 LDA UT4+1 
559 3577 85B7 STA ILC+l 
560 3579 8DE93E STA RCDORG+l 
561 357C 4C9D3A P30RG3 JMP P3PRT 
562 * 
563 357F 20283E P3SPD JSR DPOBJ DUMP BUFFER 
564 3582 A901 LDA #1 
565 3584 85B2 STA SPDFLG 
566 3586 205A2C JSR OPDSCN 
567 3589 A582 LDA UT4 
568 358B 85BO STA SPLC 
569 358D 8DE83E STA RCDORG 
570 3590 A900 CLA 
571 3592 8DE93E STA RCDORG+1 
572 3595 4C9D3A JMP P3PRT 
573 * 
574 3598 A900 P3ESP CLA 
575 359A 85B2 STA SPDFLG CLEAR SPD FLAG 
576 359C 20283E JSR DPOBJ 
577 359F 4C9D3A JMP P3PRT 
578 * 
579 P3TITL EQU P3A DEFAULT 
580 * 
581 35A2 205A2C P3EQU JSR OPDSCN SCAN OPERAND 
582 35A5 10D5 BPL P30RG3 
583 35A7 4C5836 JMP UERR 
584 * 
585 35AA CECF3D P3END DEC ENDFLG SET FLAG 
586 35AD 20283E JSR DPOBJ CLEAR OBJECT BUFFER 
587 35BO 4C9D3A JMP P3PRT 
588 * 
589 35B3 A9AO P3REM LDA #' I 

590 35B5 8D522A STA INST CLEAR INST. FIELD 
591 35B8 8D532A STA INST+l 
592 35BB 8D542A STA INST+2 
593 35BE DOBC BNZ P30RG3 
594 * 
595 35CO 205A2C P3RES JSR OPDSCN GET RES VALUE 
596 35C3 A582 LDA UT4 
597 35C5 8DD63D STA RSLNTD 
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598 35C8 A583 LDA UT4+1 
599 35CA 8DD73D BTA ULRTR+l 
600 35CD 202831. JSI. DPOBJ CLEAt. OBJECT BUPPEI. 
601 35DO 20723 I. JSI. PCHI.ES OUTPUT "I.ES" TYPE I.ECOI.D 
602 35D3 4C9D3A JMP P3P1.T 
603 * 
604 35D6 1.680 P3DTA IRC UT3 
605 35D8 A580 LDA UT3 GET PIELD COURT 
606 35DA 8DD43D STA P3UTH 
607 35DD 205A2C P3DTA2 JSI. OPDSCR 
608 351.0 3076 BMI UK Ill. 
609 351.2 2951 ARD 1$51 
610 351.4 D003 BRZ P3DTA3 
611 35E6 206A36 JSI. CTEU 
612 351.9 A582 P3DTA3 LDA UT4 
613 35EB AOOO LDY 10 
614 35KD 9176 BTA *OBJPTIl,Y 
615 35EP E676D002 IDB OBJPTIl 
616 35P5 C680 DEC UT3 
617 35P7 DOE4 BRZ P3DTA2 
618 35P9 pon BZ P3DBLA 
619 * 
620 35PB 1.680 P3DBL IRC UT3 
621 35m A580 LDA UT3 GET PIELD COURT 
622 35Pr OA ABLA TIMES 2 
623 3600 8DD43D STA P3LRTH 
624 3603 205A2C P3DaL2 JSIl OPDSCR GET DBL VALUE 
625 3606 3050 BMI UEIlIl 
626 3608 2960 ARD 1$60 
627 360A D003 aNZ P3DaLa 
628 360C 206A36 JSIl CTEU 
629 360P ADOO P3DBLB LDY 10 
630 3611 A582 LDA UT4 
631 3613 9176 STA *OBJPTIl,Y 
632 3615 E676D002 IDB OBJPTIl 
633 3618 A583 LDA UT4+1 
634 361D 9176 STA *OBJPTI.,Y 
635 361P E676D002 IDB OBJPTIl 
636 3625 C680 DEC UT3 
637 3627 DODA BRZ P3DBL2 
638 3629 ADD03D P3DBLA LDA P3T 
639 362C D003 BRZ P3DBL4 
640 362E 4C9D3A P3DBL3 JMP P3P1.T 
641 3631 ADD13D P3DBL4 LDA P3T+l 
642 3634 4CDE36 JMP P3ClE 
643 * 
644 3637 205A2C P3ASC JSI. OPDSCR 
645 363A ASB8 LDA ALRTH 
646 363C 8DD43D STA P3LRTB 
647 363P AOOO LDY 10 
648 3641 BlAC P3ASC2 LDA *ABCPTI.,Y TI.ARPEI. ASCII STI.IRG 
649 3643 9176 STA *OBJPTIl,Y TO OBJECT BUPPEIl 
650 3645 c8 IRY 
651 3646 C6B8 DEC ALRTH 
652 3648 Don BRZ P3ABC2 
653 3640\ 4C9D3A JMP P3P1. T 
654 * 
655 364D UOI P3AST LDA II 
656 364P 8DD43D P3AST2 STA P3LRTB 

368 
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657 3652 DODA BNZ P3DBL3 
658 '" 659 3654 A902 P3$ LDA #2 
660 3656 DOn BNZ P3AS T2 
661 '" 662 3658 A9D5 UERR LDA II'U' 
663 365A 206036 JSR STERCH 
664 365D 4C9D3A JMP P3PRT 
665 3660 ACD33D STERCH LDY ERCNT 
666 3663 99DC3D STA ECA,Y 
667 3666 EED33D INC ERCNT 
668 3669 60 RTS 
669 366A EED03D CTERR INC P3T 
670 366D A584 LDA ECODE 
671 366F 8DD13D STA P3T+1 
672 3672 60 RTS 
673 '" 674 * INSTRUCTION PROCESSORS 
675 '" 676 MEMORY REFERENCE CLAS S 1 
677 3673 A902 P3C1 LDA iJ2 
678 3675 8DD43 D P3C1N STA P3LNTH SET LENGTH 
679 3678 AD572A LDA OPND 
680 367B C9A3 CMP 11'#' CHECK FOR IMMEDIATE 
681 367D F065 BEQ P3C1IM 
682 367F C9AA CMP ,1*' OR INDIRECT 
683 3681 F078 BEQ P3C1IN 
684 3683 C9A8 CMP II' ( , 
685 3685 F074 BEQ P3C1IN 
686 3687 205A2C JSR OPDSCN GET ADDRESS 
687 368A 304D BMI P3C1C 
688 368C AOOO LDY 110 
689 368E 2940 AND 11$40 SCRATCH PAD ADDRESS? 
690 3690 F024 BZ P3C1B NO 
691 3692 A204 LDX 114 
692 3694 A58E LDA OPSTAT 
693 3696 2904 AND #4 
694 3698 FOOA BZ P3ClA 
695 369A 9008 BCC P3ClA 
696 369C A214 LDX 1$14 
697 369E Bl66 LDA *UPTRl, Y CHECK VALID INDEX CHAR. 
698 36AO C9D8 CMP I'x' 
699 36A2 D035 BNE P3C1C 
700 36A4 8A P3ClA TXA 
701 36A5 058F ORA SKEL MERGE ADDRESSING MODE 
702 WITH INST. SKELETOII 
703 36A7 9176 STA "'OBJPTR,Y 
704 36A9 A582 LDA UT4 
705 36AB c8 INY 
706 36AC 9176 STA "'OBJPTR,Y 
707 36AE A583 LDA UT4+1 
708 36BO C8 INY 
709 36B1 9176 STA "'OBJPTR,Y 
710 36B3 4C9D3A JMP P3PRT 
711 36B6 EED43D P3ClB INC P3UTH 
712 36B9 AS8E LDA OPSTAT 
713 36BB 2920 AND 11$20 
714 36BD FOlD BZ P3ClD 
715 36BF A20C LDX I$C 
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716 36Cl A58E LDA OPSTAT 
717 36C3 2904 AIID 14 
718 36C5 FODD BZ P3ClA 
719 36C7 A2lC LDX l$lC 
720 36C9 B166 LDA *UPTRl, Y CHECK VALID IIIDEX CHAR. 
721 36CB C9D8 CMP I'X' 
722 36CD FOD5 BEQ P3ClA 
723 36CF A2l8 LDX 1$18 
724 36Dl C9D9 CMP I 'y' 
725 36D3 FOCF BEQ P3ClA 
726 36D5 A9C9 LDA 1'1' 
727 36D7 D005 BilE P3ClE 
728 36D9 EED43D P3ClC IIIC P3LIITH 
729 36:lC A9D5 P3ClD LDA #'U' MARK UNDEFINED SYMBOL 
730 36DE 206036 P3ClE JSR STERCH 
731 36!l 4C9D3A JMP P3PRT 
732 36!4 A58F P3ClIM LDA SKEL CHECK FOR STA # 
733 36E6 C98l CMP #$81 
734 36E8 FOF2 BEQ P3ClD 
735 36EA E666D002 IDB UPTRl SKIP # CHARACTER 
736 36FO 205A2C JSR OPDSCN 
737 36F3 2910 AND #$10 VALID IMMEDIATE OPERAIID? 
738 36F5 FOE5 BZ P3ClD 
739 36F7 A208 LDX #$8 
740 36F9 DOA9 BNZ P3ClA 
741 36FB E666D002 P3ClIN IDB UPTRI SKI P * OR ( 
742 3701 205A2C JSR OPDSCN 
743 3704 2940 AND #$40 VALID ADDRESS? 
744 3706 FOD4 BZ P3ClD NO 
745 3708 AOOO LDY #0 
746 370A A200 LDX #0 
747 370C B166 LDA *UPTRl • Y 
748 370E C9D8 CMP # 'X, VALID INDEX CHAR.? 
749 3710 F092 P3ClJ BEQ P3ClA 
750 3712 A2l0 LDX #$10 
751 3714 C9D9 CMP #'Y' 
752 3716 F08C BEQ P3ClA 
753 3718 DOC2 BNE P3ClD 
754 * 
755 ." SHIFTS, III C/ DEC 
756 * 
757 371A A902 P3C2 LDA #2 
758 371C 8DD43D STA P3UTH 
759 371F 205A2C JSR OPDSCII GET OPERAND 
760 3722 30B5 BMI P3ClC 
761 3724 AOOO LDY #0 
762 3726 2940 AND 1$40 VALID SCRATCHPAD ADDRESS? 
763 3728 F012 BZ P3e2B 
764 372A A200 LDX #0 
765 372C A58E LDA OPSTAT 
766 372E 2904 AIID #4 EN D IN COMMA? 
767 3730 FODE P3C2A BZ P3ClJ 
768 3732 AHO LDX 1$10 
769 3734 B166 LDA *UPTRl ,Y 
770 3736 C9D8 CMP I'X' 
771 3738 DOA2 BRE P3ClD 
772 373A FOF4 BEQ P3C2A 
773 373C EED43D P3C2B IIIC P3UTH 
774 373F A58E LDA OPSTAT 

370 



PAGE 48 6502 RESIDENT ASSEMBLER 5/5/80 

775 3741 2920 AND 1$20 VALID ADORES S AT ALL? 
776 3743 F097 BZ P3C1D NO, TILT 
777 3745 A208 LDX 18 
778 3747 A58E LDA OPSTAT 
779 3749 2904 AND 14 CHECK FOR COMMA 
780 374B FOE3 BZ P3C2A 
781 374D A218 LDX 1$18 
782 374F 8166 LOA *UPTR1,Y 
783 3751 C9D8 CMP I 'X' 
784 3753 0087 P3C2J BNE P3C1D 
785 3755 FOD9 BEQ P3C2A 
786 ,.. 
787 * SINGLE BYTE, NO OPERAND 
788 ,.. 
789 3757 A901 P3C3 LDA 11 
790 3759 8DD43D STA P3LNTH 
791 375C A58F LDA SKEL MOVE SKELETON TO 
792 375E 8DB13D STA OCODE OBJECT BUFFER 
793 3761 4C9D3A JMP P3PRT 
794 * 
795 * RELATIVE JUMPS 
796 * 
797 3764 A902 P3C4 LDA 12 
798 3766 8DD43 D STA P3LNTH SET LENGTH 
799 3769 A58F LDA SKEL 
800 376B 8D813 D STA OCODE OP CODE TO OBJ BFR. 
801 376E 205A2C JSR OPDSCN 
802 3771 30EO BMI P3C2J 
803 3773 A582 LOA UT4 
804 3775 A683 LDX UT4+1 GET TARGET ADDRESS 
80S 3777 38E902 SUB #2 
806 377A BOOI BCS P3C4A 
807 377C CA DEX 
808 377D 3 8E5 B6 P3C4A SUB ILC CAN WE REACH IT? 
809 3780 48 PHA 
810 3781 8A TXA 
811 3782 E5B7 SBC ILC+l 
812 3784 F008 BZ P3C4B 
813 3786 C9FF CMP #$FF 
814 3788 F004 BEQ P3C4B 
815 378A 68 P3C4E PLA NO 
816 378B 4CA237 JMP AERR 
817 378E 8582 P3C4B STA UT4 
818 3790 68 PLA 
819 3791 48 PHA 
820 3792 4582 EOR UT4 
821 3794 30F4 BMI P3C4E 
822 3796 68 PLA 
823 3797 8DB23D STA OCODE+l OK 
824 379A A58F LDA SKEL 
825 379C 8D813D STA OCODE 
826 379F 4C9D3A JMP P3PRT 
827 37A2 A9C1 AERR LDA I'A' 
828 37A4 4CDE36 JMP P3CIE 
829 * 
830 37A7 A902 P3C5 LDA 12 
831 37A9 8DD43D STA P3111TH SET LENGTH 
832 37AC 205A2C JSR OPDSCN 
833 37AF 1006 BPL P3C5A 
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834 37Bl EED43D P3C5E INC P3UTH 
835 37B4 4C5836 P3C5F JMP UEiR 
836 37B7 2940 P3C5A AND #$40 
837 37B9 F012 BZ P3C5C 
838 37BB A924 LDA #$24 
839 37BD 8DBl3D P3C5B STA OCODE 
840 37CO A582 LDA UT4 
841 37C2 8DB23D STA OCODE+1 
842 37C5 A583 LDA UT4+1 
843 37C7 8DB33D STA OCODE+2 
844 37CA 4C9D3A JMP P3PRT 
845 37CD A58E P3C5C LDA OPSTAT 
846 37CF 2920 AND #$20 
847 37D1 FODE BZ P3C5E 
848 37D3 EED43D INC P3UTH 
849 37D6 A92C LDA 1$2C 
850 37D8 DOE3 BNZ P3C5B 
851 * 
852 * INDEX COMPARES 
853 * 
854 37DA A902 P3C6 LDA #2 
855 37DC 8DD43D STA P3UTH 
856 37DF AD572A LDA OPND 
857 37E2 C9A3 CMP # '#' CHECK IMMEDIATE 
858 37E4 FOlD BEQ P3C6IM 
859 37E6 205A2C JSR OPDSCN 
860 37E9 30c6 P3C6E BMI P3c5E 
861 37EB A58F LDA SKEL 
862 37ED 186904 ADD #4 
863 37FO AA TAX 
864 37F1 A58E LDA OPSTAT 
865 37F3 2940 AND #$40 
866 37F5 D009 BNZ P3C6A 
867 37F7 A58F LDA SKIL 
868 37F9 18690C ADD #$C 
869 37FC AA TAX 
870 37FD EED43D INC P3UTH 
871 3800 8A P3CU TXA 
872 3801 DOBA BNZ P3C5B 
873 3803 E666D002 P3C6IM IDB UPTll 
874 3809 205A2C JSR OPDSCN 
875 380C 2910 AND #$10 
876 380E FOAl BZ P3c5E 
877 3810 A58F LDA SKIL 
878 3812 DOA9 BNZ P3C5B 
879 * 
880 * UNCONDITIONAL JUMP 
881 * 
882 3814 A903 P3C7 LDA #3 
883 3816 8DD43D STA P3UTH 
884 3819 AD572A LDA OPND 
885 381C C9AA CMP #'* , CHECK FOR INDIRECT 
886 381£ FOlF BEQ P3C7IN 
887 3820 C9A8 CMP #' (' 
888 3822 FOlB BEQ P3C7IN 
889 3824 205A2C P3C7A JSR OPDSCN 
890 3827 308B BMI P3C5F 
891 3829 2960 AND #$60 
892 382B F087 BZ P3c5F 
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893 382D A58F P3C7B LDA SKEL 
894 382F 8DB 13 D STA OCODE 
895 3832 A582 LDA UT4 
896 3834 8DB23 D STA OCODE+l 
897 3837 A583 LDA UT4+1 
898 3839 8DB33D STA OCODE+2 
899 383C 4C9D3A JMP P3PRT 
900 383F A96C P3C7IN LDA 1$6C 
901 3841 858F STA SKEL 
902 3843 E666D002 IDB UPTRl 
903 3849 4C2438 JMP P3C7A 
904 * 
905 * SUBROUTINE CALL 
906 * 
907 384C A903 P3C8 LDA 13 
908 384E 8DD43D STA P3LNTH 
909 3851 DODl BNZ P3C7A 
910 * 
911 * LOAD X 
912 * 
913 3853 A9D9 P3C9 LDA lI'y' 
914 3855 8DD23 D P3C9A STA CMPND 
915 3858 A902 LDA 12 
916 385A 8DD43D STA P3LNTH 
917 385D AD572A LDA OPND 
918 3860 C9A3 CMP I'll' 
919 3862 F02C BEQ P3C9IM 
920 3864 205A2C JSR OPDSCN 
921 3867 2940 AND lI$40 
922 3869 F018 BZ P3C9C 
923 386B A204 LDX #4 
924 386D A58E P3C9B LDA OPSTAT 
925 386F 2904 AND #4 
926 3871 FOOD BZ P3C9R 
927 3873 AOOO LDY flO 

928 3875 Bl66 LDA *UPTR1. Y 
929 3877 CDD23D CMP CMPND 
930 387A D004 BNE P3C9R 
931 387C 8A TXA 
932 387D 0910 ORA #$10 
933 387F AA TAX 
934 3880 4CA436 P3C9R JMP P3C1A 
935 3883 EED43D P3C9C INC P3LNTH 
936 3886 A20C LDX #$C 
937 3888 A58E LDA OPSTAT 
938 388A 2920 AND #$20 
939 388C DODF BNZ P3c9B 
940 388E FOOF BZ P3C9E 
941 3890 E666D002 P3C9IM IDB UPTRl 
942 3896 205A2C JSR OPDSCN 
943 3899 A200 LDX #0 
944 389B 2910 AND #$10 
945 389D DOEl BNZ P3C9R 
946 389F 4C5836 P3C9E JMP UERR 
947 * 
948 * LOAD Y 
949 * 
950 38A2 A9D8 P3CA LDA lI'x' 
951 38A4 DOAF BNZ P3C9A 
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952 * 
953 * STORE X 
954 * 
955 3SA6 A9D9 P3CB LDA #'y' 
956 3SAS 8DD23D P3CBA STA CMPRD 
957 38AB A902 LDA #2 
958 3BAD 8DD43D STA P3UTH 
959 3810 205A2C JSR OPDSCR 
960 3SB3 1006 BPL P3CBB 
961 3SB5 EED43D IRC P3LNTH 
962 38B8 4CI137 P3CB Ell JMP P3C5E 
963 38BB 2940 P3CBB AND #$40 
964 38BD rOlA BZ P3CBD 
965 38ar A200 LDX #0 
966 38C1 A5U LDA OPSTAT 
967 38C3 2904 AND #4 
968 l8C5 roor BZ PlCBC 
969 38C7 2481! BIT OPSTAT 
970 l8C9 50ED BVC PlCBEIl 
971 38CB AOOO LDY #0 
972 l8CD 1166 LDA *UPTRl • Y 
97l l8cr CDD23 D CMP CMPND 
974 l8D2 DOE4 BNE PlCBEI 
975 l8D4 A210 LDX #$10 
976 l8D6 4CA4l6 PlCBC JMP P3ClA 
977 l8D9 EED4lD PlCBD INC PlLNTH 
978 l8DC A58E LDA OPSTAT 
979 l8DE 2920 AND #$20 
980 l8EO rOD6 BZ P3CBEIl 
981 3U2 A208 LDX #8 
982 lU4 DOFO BNZ PlCBC 
983 * 984 * STOlE Y 
985 * 986 lU6 A9D8 PlCC LDA #'x' 
987 lU8 DOBE BNZ PlCBA 
988 * 
989 * PSEUDO INSTRUCTIONS 
990 * 
991 38U A58F PlCD LDA SltEt 
992 lUC rOl6 BZ DEA 
993 3UE C901 CMP #1 
994 38ro r049 BEQ IRA 
995 38F2 C902 CMP #2 
996 38U F04E BEQ CLA 
997 38r6 C903 CMP #l 
998 38ra r058 BEQ CMA 
999 38rA C904 CMP #4 
000 38FC DOOl BHE PlCD1 
001 38PE 4C6039 JMP TCA 
002 3901 C905 P3CD1 CMP #5 
003 3903 r078 BEQ CDB 
004 3905 C906 CMP #6 
005 3907 D003 BHE P3CD2 
006 3909 4C343A JMP IDB 
007 390C C961 P3CD2 CMP #$61 
008 390E r010 BEQ ADDI 
009 3910 A938 LDA #$38 MUST BI SUBTRACT 
010 3912 8DB13D P3CDA BTA OCODE 
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011 3915 E676D002 IDB OBJPTR 
012 391B A903 LDA #3 
013 391D 4C7536 JMP P3C1N 
014 3920 A918 ADDI LDA #$18 
015 3922 DOEE BNZ P3CDA 
016 3924 A938 DEA LDA #$38 
017 3926 8DBl3D STA OCODE 
018 3929 A9E9 LDA #$E9 
019 392B 8DB23D DEA2 STA OCODE+1 
020 392E A901 LDA 11 
021 3930 8DB33D STA OCODE+2 
022 3933 A903 LDA 13 
023 3935 8DD43D DEA3 STA P3LNTB 
024 3938 4C9D3A JMP P3PRT 
025 393B A918 INA LDA #$18 
026 393D 8DBl3D STA OCODE 
027 3940 A969 LDA #$69 
028 3942 DOE7 BNZ DEA2 
029 3944 A9A9 CLA LDA I$A9 
030 3946 8DBl3D STA OCODE 
031 3949 A900 LDA #0 
032 394B 8DB23D STA OCODE+1 
033 394E A902 LDA 12 
034 3950 DOE3 BHZ DEA3 
035 3952 A949 CMA LDA #$49 
036 3954 8DBl3D STA OCODE 
037 3957 A9FF LDA #$FF 
038 3959 8DB23D STA OCODE+1 
039 395c A902 LDA #2 
040 395E DOD5 BHZ DEA3 
041 3960 A918 TCA LDA #$18 
042 3962 8DB13D STA OCODE 
043 3965 A949 LDA #$49 
044 3967 8DB23D STA OCODE+1 
045 396A A9FF LDA #$FF 
046 396C 8DB33D STA OCODE+2 
047 396F A969 LDA #$69 
048 3971 8DB43D STA OCODE+3 
049 3974 A901 LDA #1 
050 3976 8DB53 D STA OCODE+4 
051 3979 A905 LDA #5 
052 397B DOB8 BHZ DEA3 
053 397D A908 CDB LDA #8 
054 397F 8DD43 D STA P3LNTB 
055 3982 205A2C JSR OPDSCN 
056 3985 3043 BMI CDUERR 
057 3987 2904 AND #4 
058 3989 F03F BZ CDUERR 
059 398B A58E LDA OPSTAT 
060 398D 2940 AND #$40 
061 398F F050 BZ CDBMM 
062 3991 A582 LDA UT4 
063 3993 C9FF CMP #$FF 
064 3995 F03c SEQ CDPERR 
065 3997 859D STA IDIFF 
066 3999 205A2C JSR OPDSCN 
067 399C 302C BMI CDUERR 
068 399E 2960 AND #$60 
069 39AO F028 BZ CDUERR 
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070 39A2 A9A9 LDA I$A9 
071 39A4 8DBl3D STA OCODE 
072 39A7 8DB53D STA OCODE+4 
073 39AA A985 LDA 1$85 
074 39AC 8DB33D STA OCODE+2 
075 3 9A-F ,ItDB 7 3D STA OCODE+6 
076 39B2 A59D LDA IDIFF 
077 39B4 8DB43D STA OCODE+3 
078 39B7 186901 INA 
079 39BA 8DB83D STA OCODE+7 
080 39BD A582 LDA UT4 
081 39BF 8DB23D STA OCODE+1 
082 39C2 A583 LDA UT4+1 
083 39C4 8DB63D STA OCODE+5 
084 39C7 4C9D3A JHP P3PRT 
085 39CA EED43 D CDUERR INC P3LNTH 
086 39CD EED43 D INC P3LNTH 
087 39DO 4C5836 JHP UERR 
088 39D3 EED43D CDPERR INC P3LNTH 
089 39D6 EED43D INC P3LNTH 
090 39D9 A9C2 LDA # I B I 
091 39DB 206036 JSR STERCH 
092 39DE 4C9D3A JHP P3PRT 
093 39El A58E CDBMH LDA OPSTAT 
094 39E3 2920 AND 5$20 
095 39E5 FOE3 BZ CDUERR 
096 39E7 A582 LDA UT4 
097 39E9 859D STA IDIFF 
098 39EB A583 LDA UT4+1 
099 39ED 859E STA IDIFF+l 
100 39EF 205A2C JSR OPDSCN 
101 39F2 30D6 BHI CDUERR 
102 39F4 2960 AND 11$60 
103 39F6 FOD2 CDBHHJ BZ CDUERR 
104 39F8 A90A LDA #10 
105 39FA 8DD43D STA P3LNTH 
106 39FD A9A9 LDA #$A9 
107 39FF 8DBl3D STA OCODE 
108 3A02 8DB63D STA OCODE+5 
109 JA05 A98D LDA 1I$8D 
110 JA07 8DBJ3D STA OCODE+2 
III JAOA 8DB8JD STA OCODE+7 
112 3AOD A59D LDA IDIFF 
11J JAOF 8DB43 D STA OCODE+3 
114 JA12 A59E LDA IDIFF+1 
115 3A14 8DB53 D STA OCODE+4 
116 3A17 E69DD002 IDB IDIFF 
117 3AID A59D LDA IDIFF 
118 3AlF 8DB 93D STA OCODE+8 
119 3A22 A59E LDA IDIFF+l 
120 3A24 8DBA3D STA OCODE+ 9 
121 3A27 A582 LDA UT4 
122 3A29 8DB23 D STA OCODE+l 
123 3A2C A583 LDA UT4+1 
124 3A2E 8DB73D STA OCODE+6 
125 3A31 4C9D3A JMP P3PRT 
126 3A34 A906 IDB LDA #6 
127 3A36 8DD43D STA P3LNTH 
128 3A39 205A2C JSR OPDSCN 
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129 lAlC l08C BMI CDUEIlIl 
ll0 lAlE 2940 AIID #$40 
III lA40 F024 BZ IDBMM 
ll2 lA42 A582 LDA UT4 
13l lA44 C9FF CMP #$FF 
134 lA46 FOBB BlQ CDPlIlIl 
135 lA48 8DB2lD STA OCODE+l 
ll6 lA4B 186901 IlIA 
137 lA4E 8DB6lD STA OCODE+5 
138 lA51 A9E6 LDA #$E6 
ll9 lA5l 8DBllD STA OCODE 
140 lA56 8DB5lD STA OCODE+4 
141 lA59 A9DO LDA #$DO 
142 lA5B 8DBllD STA OCODE+2 
14l lA5E A902 LDA #2 
144 lA60 8DB4lD STA OCODE+l 
145 lA6l 4C9DlA JMP PlPIlT 
146 lA66 A908 IDBMM LDA #8 
147 lA68 8DD4lD STA PlUTH 
148 lA6B A5S! LDA OPSTAT 
149 lA6D 2920 AIID 1$20 
150 lA6F F085 BZ CDBMMJ 
151 JA7l A582 LDA UT4 
152 lA73 8DB2lD STA OCODE+1 
15l lA76 A58l LDA UT4+1 
154 lA78 8DBllD STA OCODE+2 
155 lA7B E682D002 IDB UT4 
156 lASl A582 LDA UT4 
157 lA8l 8DB73D STA OCODE+6 
158 lA86 A58l LDA UT4+1 
159 lA88 8DB 8lD STA OCODE+7 
160 lA8B A9DO LDA I$DO 
161 lA8D 8DB4lD STA OCODE+l 
162 lA90 A90l LDA Il 
16l lA92 8DB5lD STA OCODE+4 
164 lA95 A9EE LDA #$11 
165 lA97 8DBllD STA OCODE 
166 lA9A 8DB6lD STA OCODE+5 
167 lA9D 20E5lD PlPRT JSR PCBOBJ 
168 lAAO A5B2 LDA SPDFLG 
169 lAA2 F010 BZ PlPIlTB 
170 lAA4 A9lB856A CDB UPTlll,LOC+l 
171 lAAC A5BO LDA SPLC 
172 lAAE 209826 JSIl CIIV2BX 
17l lAB! 4CC63A JMP PlPll TC 
174 lAB4 A9lA856A PlPllTB CDB UPTlll,LOC 
175 lABC A5B7 LDA ILC+1 
176 lAB! 209826 JSIl CIIV2BX 
177 lACl A5B6 LDA ILC 
178 lACl 209826 JSIl CIIV2BX 
179 lAC6 A9lF856A PlPIlTC CDB UPTIl3,COIIT 
180 lACE ADD4lD LDA PlUTB 
181 lADl F021 BZ PlIIXT 
182 lADl C905 CMP #5 
18l lAD5 9002 BLS PlPllTZ 
184 lAD7 A904 LDA #4 
185 lAD9 859D PlPllTZ STA IDIFF 
186 lADB A9B18585 CDB TVAL,OCODE 
187 lAil AOOO PlPll TD LDY #0 

377 



PAGE 55 6502 RESIDERT ASSEM8LER 5/5/80 

188 3AB5 8185 LDA *TVAL,Y 
189 3AB7 E685D002 IDB TVAL 
190 3ABD 209826 JSR CIIV2HX 
191 3ArO C69D DEC IDIll 
192 3A12 DOll BIIZ P3PRTD 
193 3Ar4 ADD33D P311XT LDA EllCIiT 
i 94 3Ar7 1010 BZ P3PRTE 
195 3Ar9 A936 LDA I <LIIO 
196 3AlI A22A LDX I>LIIO 
197 3ArD 20D420 JSR DISP 
198 3100 A9D8 LDA I<ERCDLII 
199 lI02 A23D LDX I>ERCDLII 
200 3B04 20D420 JSR DISP 
201 3107 A22A LDX I>LIIO 
202 3109 E691D002 P3PRTE IDB lIRST 
203 3BOl D004 BIIZ MPTRA 
204 3111 A901 LDA 11 
205 3113 85A9 STA LFLAG 
206 3115 E693D002 MPTRA IDB SECOIID 
207 3111 D004 BIIZ LDA 
208 311D A900 CLA 
209 31U 85A9 STA LFLAG 
210 3B21 A936 LDA LDA I <LIIO 
211 3B23 Al2A LDX I>LIIO 
212 3B25 20AC3C JSR LPIIT 
213 3B28 ADD33D LDA ERCIIT 
214 3128 F007 BZ P3PRTF 
215 382D A9D8 LDA I<ERCDLII 
216 3B2F A23D LDX I>ERCDLII 
217 3B31 20AC3C JSR LPIIT 
218 3B34 A5B2 P3PRTF LDA SPDFLG 
219 3B36 F016 BZ P3PRTG 
220 3838 A5BO LDA SPLC 
221 3B3A 186DD43D ADD P3Ll1TH 
222 3111 B006 BCS SPUFR 
223 3140 186DD63D ADD RSLIITH 
224 3144 9003 BCC PCRLC1 
225 3146 4C8A3D SPVXFR JMP SPOV3 
226 3B49 8510 PCRLC1 STA SPLC 
227 3141 4C6A3B JMP P3PRTX 
228 314E A5B6 P3PR TG LDA ILC 
229 3150 186DD43D ADD P3Ll1TR 
230 3154 9002 BCC P3PRTH 
231 3156 E687 IIiC ILC+1 
232 3158 186DD63D P3PRTH ADD RSLIITR 
233 315C 9002 BCC P3PRT! 
234 liSE E6B7 IIiC ILC+1 
235 3160 85B6 P3PRT! STA ILC 
236 3B62 A5B7 LDA ILC+1 
237 3164 186DD73D ADD RSLIITH+1 
238 3B68 8587 STA ILC+1 
239 386A EBCF3D P3PRTX IIiC EIIDFLG 
240 3B6D F003 BZ P3PRTJ 
241 3861 4C8B34 JMP P3A 
242 3172 20D93E P3PRTJ JSR WTRLR 
243 3175 A5A9 LDA LFLAG 
244 3B77 D001 BIIZ PSYMU 
245 3179 60 ITS 
246 3B7A A59F PSYMU LDA IISYMS 
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247 3B7C 49FF CHA 
248 3B7E 85A1 STA SYMCNT 
249 3B80 A5AO LDA NSYMS+1 
250 3B 82 49FF CHA 
251 3B84 85A2 STA SYHCNT+1 
252 3B86 AS AS LDA SYMTAB 
253 3B88 85A3 STA SYMPTR 
254 3B8A A5A6 LDA SYHTAB+1 
255 3B8C 85A4 STA SYMPTR+1 
256 3B8E AOOO LDY 1i0 
257 3 B90 A5BB LDA PW 
258 3 B 92 3 8E90 D PSYM1 SUB il13 FIND SYMBOL WIDTH 
259 3B95 3003 BMI PSYM1A 
260 3B97 C8 INY 
261 3B98 DOF8 BNZ Psnll 
262 3B9A 8CAA3C PSYH1A STY SYHWD SYMBOLS/LINE 
263 3B9D E6A1D002 IDB SYMCNT ANY SYMBOLS? 
264 3BA3 D003 BNZ PSYM1B 
265 3BA5 4C6C3C JMP EOSYM 
266 3BA8 A5BA PSYM1B LDA LPP 
267 3BAA F015 BZ PSYH1C 
268 3BAC AD383D LDA LPPCNT 
269 3BAF C 90 5 CMP #5 
270 3BB1 BOOE BGE PSYM1C 
271 3BB3 A978 PIAS LDA iI <BLKL IN 
272 3BB5 A23F LDX Ii>BLKLIN 
273 3BB7 20AC3C JSR LPNT 
274 3BBA AD383D LDA LPPCNT 
275 3BBD C5BA CMP LPP 
276 3BBF DOF2 BNE PIAS 
277 3BC1 A978 PSYM1C LDA II <BLKL IN 
278 3BC3 A23F LDX Ii>BLKLIN 
279 3BC5 20AC3C JSR LPNT 
280 3BC8 A97B LDA II <AS TL IN 
281 3BCA A23F LDX II>ASTLIN 
282 3BCC 20AC3C JSR LPNT 
283 3BCF A999 LDA II <STL INE 
284 3BD1 A23F LDX II>STLINE 
285 3BD3 20AC3C JSR LPNT 
286 3BD6 A97B LDA Ii<ASTLIN 
287 3BD8 A23F LDX Ii >AS TL IN 
288 3BDA 20AC3C JSR LPNT 
289 3BDD A978 LDA IJ<BLKLIN 
290 3BDF A23F LDX IJ>BLKLIN 
291 3B E1 20AC3C JSR LPNT 
292 3BE4 ADAA3C PSYH2 LDA SYMWD 
293 3BE7 8DAB3C STA WCNT 
294 3BEA A9368566 CDB UPTR1,LNO SET OUTPUT BUFFER PTR. 
295 3BF2 A200 PSYH2A LDX 1i0 
296 3BF4 AOOO LDY 110 
297 3BF6 A1A3 PSYM3 LDA *SYMPTR,X 
298 3BF8 E6A3D002 IDB SYHPTR 
299 3BFE 9166 STA *UPTR1,Y 
300 3COO C8 INY 
301 3C01 C006 CPY 116 
302 3C03 90Fl BLS PSYM3 
303 3COS A9AO LDA II' I 

304 3C07 9166 STA *UPTR1,Y BLANK BETW. SYMBOL & VALUE 
305 3C09 C8 INY 
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306 3COA A1A3 LDA *SYMPTR.X GET LOW VALUE 
307 3COC 48 PHA SAVE ON STACK 
308 3COD E6A3D002 IDB SYMPTR 
309 3C13 A1A3 LDA *SYMPTR.X 
310 3C15 E6A3D002 IDB SYMPTR 
311 3C1B 208F3C JSR HXCNV 
312 3C1E 9166 STA *UPTR1.Y 
313 3C20 C8 INY 
314 3C21 8A TXA 
315 3C22 9166 STA *UPTR1.Y 
316 3C24 C8 INY 
317 3C25 68 PLA 
318 3C26 208F3C JSR HXCNV 
319 3C29 9166 STA *UPTR1 • Y 
320 3C2B C8 INY 
321 3C2C 8A TXA 
322 3C2D 9166 STA *UPTR1.Y 
323 3C2F C8 INY 
324 3C30 A9AO LDA D' , BLANKS BETW. SYMBOLS 
325 3C32 9166 STA *UPTRl.Y 
326 3C34 C8 INY 
327 3C35 9166 STA *UPTR1.Y 
328 3C37 E6A1D002 IDB SYMCNT FINISHED?? 
329 3C3D F022 BZ PSYM6 
330 3C3F A566 LDA UPTR1 
331 3C41 18690 D ADD 1F13 
332 3C44 8566 STA UPTR1 
333 3C46 9002 BCC PSYM4 
334 3C48 E667 INC UPTRI +1 
335 3C4A CEAB3C PSYM4 DEC WCNT LINE FILLED?? 
336 3C4D DOA3 BNZ PSYM2A 
337 3C4F A98D PSYM5 LDA 1!$8D 
338 3 C 51 9166 STA *UPTR1.Y 
339 3C53 A936 LDA I!<LNO 
340 3C55 A22A LDX IJ>LNO 
341 3C57 857C STA UTI 
342 3C59 20AC3C JSR LPNT 
343 3C5C A57C LDA UTI 
344 3C5E 4CE43B JMP PSYM2 
345 3C61 A98D PSYM6 LDA 1!$8D 
346 3C63 9166 STA *UPTRl.Y 
347 3C65 A936 LDA #<LNO 
348 3C67 A22A LDX I!>LNO 
349 3C69 20AC3C JSR LPNT 
350 3C6C AD383D EOSYM LDA LPPCNT 
351 3C6F C5BA CMP LPP 
352 3C7l F019 BEQ EOSYM3 
353 3C73 EE383D INC LPPCNT 
354 3C76 EE383D INC LPPCNT 
355 3C79 20233D EOSYM2 JSR PRBLN 
356 3C7C CE383D DEC LPPCNT 
357 3C7F DOF8 BNZ EOSYM2 
358 3C81 A5BD LDA DSHFLG 
359 3C83 F007 BZ EOSYM3 
360 3C85 A93A LDA I<DASHES 
361 3C87 A23D LDX IF>DASHES 
362 3C89 202B3 D JSR MPRT 
363 3C8C 4C2520 EOSYM3 JMP MONI FINISHED 
364 3C8F 48 HXCNV PHA SAVE INPUT 
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365 3C90 209D3C JSR NXCNV 
366 3C93 AA TAX 
367 3C94 68 PLA 
368 3C95 6A RORA 
369 3C96 6A RORA 
370 3C97 6A RORA 
371 3c98 6A RORA 
372 3C99 209D3C JSR NXCNV 
373 3C9C 60 RTS 
374 3C9D 290F NXCNV AND ii$F 
375 3C9F C90A CMP U$A 
376 3CA1 9003 BLS NXCNV2 
377 3CA3 186907 ADD n 
378 3CA6 1869BO NXCNV2 ADD #$BO 
379 3CA9 60 RTS 
380 3CAA 00 SYMWD *** 
381 3CAB 00 WCNT *** 
382 3CAC 202B3 D LPNT JSR MPRT 
383 3CAF A5BA LDA LPP 
384 3CB! D01A BNZ LPNT2 
385 3CB3 A5A9 LPNTl LDA LFLAG 
386 3CB5 F004 BZ LPRTS 
387 3CB7 A5BC LDA PAUSCT 
388 3CB9 D001 BNZ LPNT1A 
389 3CBB 60 LPRTS RTS 
390 3CBC CE3 93 D LPNT1A DEC PSCT 
391 3CBF DOFA BNZ LPRTS 
392 3CC1 SD393D STA PSCT 
393 3CC4 20B620 JSR DTCC 
394 3CC7 20B920 JSR SB 
395 3CCA 4 CB B3 C JHP LPRTS 
396 3CCD CE3 83 D LPNT2 DEC LPPCNT 
397 3CDO DOE9 BHZ LPRTS 
398 3CD2 8D383D STA LPPCNT 
399 3CD5 20233D JSR PRBLN 
400 3CD8 20233D JSR PRBLN 
401 3CDB A5BD LDA DSHFLG 
402 3CDD FOOA BZ LPNT3 
403 3CDF A93A LDA #<DASHES 
404 3CE1 A23D LDX iI>DASHES 
405 3CE3 20283 D JSR MPRT 
406 3CE6 4CEC3C JMP LPNT4 
407 3CE9 20233D LPNT3 JSR PRBLN 
408 3CEC 20233D LPNT4 JSR PRBLN 
409 3CEF EE373D INC BPGNO 
410 3CF2 AD373D LDA BPGNO 
411 3CF5 A2BO LDX I$BO 
412 3CF7 38E964 LPCNV1 SUB 4100 
413 lCFA 9003 BCC LPCNV2 
414 3CFC E8 INX 
415 3CFD DOF8 BNZ I.PCNV1 
416 3CFF 186964 LPCNV2 ADD il100 
417 3D02 8EB E31 STX DPGNO 
418 3D05 A280 LDX D$BO 
419 3D07 38E90A LPCNVl SUB #10 
420 lDOA 9003 BCC LPCNV4 
421 3DOC E8 INX 
422 3DOD DOF8 BNZ LPCNV3 
423 3DOF 1869BA LPCNV4 ADD iI$BA 
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424 3D12 8EBFll STX DPGNO+1 
425 3D15 8DC031 STA DPGNO+2 
426 3D18 A9B9 LDA # <HDNG 
427 3D1A A231 LDX # >HDNG 
428 3D1C 202B3D JSR MPRT 
429 3DlF 20233D JSR PRBLN 
430 3D22 60 RTS 
431 3D23 A978 PRBLN LDA #<BLKLIN 
432 3D25 A23F LDX #>BLKLIN 
433 3D27 202B3D JSR MPRT 
434 3D2A 60 RTS 
435 3D2B 48 MPRT PHA 
436 3D2C A5A9 MPRTB LDA LFLAG 
437 3D2E F005 BZ MPRT2 
438 3D30 68 PLA 
439 3D31 48 PHA 
440 3D32 20B020 JSR PRT 
441 3D35 68 MPRT2 PLA 
442 3D36 60 RTS 
443 3D37 00 BPGNO *** 
444 3D38 00 LPPCNT *** 445 3D39 00 PSCT *** 
446 3D3A ADADADAD DASHES ASC ,--------------------, 
447 3D4E ADADADAD ASC 

1 ____________________ , 

448 3D62 ADADADAD ASC ,--------------------, 
449 3 D76 ADADADAD ASC ,-------------------, 
450 3D89 8D DATA $8D 
451 3D8A A936 SPOV3 LDA if<LNO 
452 3D8C A22A LDX #>LNO 
453 3D8E 20D420 JSR DISP 
454 3D91 A99D LDA # <SPOVMS 
455 3D93 A23D LDX II>SPOVMS 
456 3D95 20AC3C JSR LPNT 
457 3D98 A900 LDA #0 
458 3D9A 4C493B JMP PCHLC1 
459 3D9D D3C3D2C1 SPOVMS ASC 'SCRATCHPAD OVERFLOW' 
460 3DBO 8D DATA $8D 
461 3DBl OCODE RES 30 
462 3DCF 00 ENDFLG *** 
4ii3 3DDO 0000 P3T DBL 0 
464 3DD2 00 CMPND *** 
465 3DD3 00 ERCNT *** 
466 3DD4 0000 P3LNTH DBL 0 
467 3DD6 0000 RSLNTH DBL 0 
468 3DD8 AOAOAOAO ERCDLN ASC 
469 3DDC ECA RES 8 
470 3DE4 8D DATA $8D 
471 * 
472 3DE5 A5AA PCHOBJ LDA OBFLAG 
473 3DE7 D001 BNZ PCHOB2 
474 3DE9 60 PCHOBl RTS 
475 3DEA ADD43 D PCHOB2 LDA P3LNTH 
476 3DED FOFA BZ PCHOB1 
477 3DEF 8DE43 E STA OCNT 
478 3DF2 186DE53 E ADD OBJCNT 
479 3DF6 1006 BPL PCHOB3 
480 3DF8 20283E JSR DPOBJ 
481 3DFB 4CEA3D JMP PCHOB2 
482 3DFE 8DE53 E PCHOB3 STA OBJCNT 
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483 3E01 8DEB3 E STA RCDLNT 
484 3E04 A9Bl8576 CDB OBJPTR,OCODE 
485 3EOC AOOO LDY #0 
486 3EOE A200 LDX #0 
487 3E10 B176 PCHOB4 LDA *OBJPTR,Y MOVE OBJECT CODE 
488 3El2 8164 STA *OBFPTR,X FROM PASS 3 BUFFER TO 
489 3El4 186DE63E ADD CKSM 
490 3E18 8DE63E STA CKSM 
491 3E1B E664D002 IDB OBFPTR OBJECT OUTPUT BUFFER 
492 3E21 C8 INY 
493 3E22 CEE43 E DEC OCNT 
494 3E25 DOE9 BNZ PCHOB4 
495 3E27 60 RTS 
496 * 
497 3E28 ACE53 E DPOBJ LDY OBJCNT DUMP OBJECT BUFFER 
498 3E2B F031 BZ DPOBJ2 
499 3E2D ADE63E LDA CKSM 
500 3E30 186DE73E ADD RMO 
501 3E34 186DE83 E ADD RCDORG 
502 3E38 186DE93E ADD RCDORG+1 
503 3E3C 186DEB3 E ADD RCDLNT 
504 3E40 99EC3E STA OBFR,Y 
505 3E43 98 TYA 
506 3E44 186906 ADD #6 
507 3 E47 A8 TAY 
508 3E48 A9E7 LDA #<RMO 
509 3E4A A23E LDX #>RMO 
510 3E4C 20BF20 JSR WOBJR WRITE OBJECT RECORD 
511 3E4F ADE53E LDA OBJCNT 
512 3E52 186DE83E ADD RCDORG 
513 3E56 8DE83E STA RCDORG 
514 3E59 9003 BCC DPOBJ2 
515 3E5B EEE93E INC RCDORG+1 
516 3E5E A900 DPOBJ2 CLA 
517 3E60 8DE53 E STA OBJCNT 
518 3E63 8DE63E STA CKSM 
519 3E66 8DEB3E STA RCDLNT 
520 3E69 A9EC8564 CDB OBFPTR,OBFR 
521 3E71 60 RTS 
522 ,. 
523 3E72 A5AA PCHRES LDA OBFLAG 
524 3E74 F058 BZ PCHRS5 
525 3E76 20283 E JSR DPOBJ 
526 FIRST CLEAR OUT 
527 NORMAL OBJECT BUFFER 
528 3E79 A5B2 LDA SPDFLG 
529 3E7B FOOC BZ PCHRS2 
530 3E7D A5BO LDA SPLC 
531 3E7F 8D703F STA T10RG 
532 3E82 A900 CLA 
533 3E84 8D713F STA T10RG+1 
534 3E87 FOOA BZ PCHRS3 
535 3E89 A5B6 PCHRS2 LDA ILC 
536 3E8B 8D703F STA TlORG 
537 3E8E A5B7 LDA ILC+1 
538 3E90 8D713F STA Tl ORG+1 
539 3E93 ADD63D PCHRS3 LDA RSLNTH 
540 3E96 8D753F STA TlLNTH 
541 3E99 ADD73D LDA RSLNTH+1 
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542 3E9C 8D76lF STA TlLRTR+1 
543 3E9F A900 CLA 
544 3EA1 8D733F STA FLFLAG 
545 3EA4 A007 LDY IT1CKSM-RM1-1 
546 3EA6 A900 CLA 
547 3EA8 18796FlF PCRRS4 ADD RM1,Y 
548 3EAC 88 DEY 
549 3EAD 10F9 BPL PCRRS4 
550 3EAF A009 LDY IT1 CKSM-RM1 +l 
551 lEll 8D773F STA TlcKSM 
552 3EB4 A96F LDA I<RM1 
553 3EB6 A23F LDX I>RM1 
554 lEBB 20BF20 JSR WOBJR 
555 3 EBB ADE83E LDA RCDORG 
556 3EBE 186DD63D ADD RSLRTR 
557 3EC2 8DE83 E STA RCDORG 
558 3EC5 ADE93E LDA RCDORG+1 
559 3EC8 6DD73D ADC RSLRTR+1 
560 3ECB 8DE93E STA RCDORG+1 
561 3ECE 60 PCRRS5 RTS 
562 * 
563 3ECF A5AA WLDR LDA OBFLAG 
564 3ED1 FOFB IZ PCRRS5 
565 3ED3 20lC20 JSR WOIL 
566 3ED6 4C5E3 E JMP DPOBJ2 
567 * 
568 3ED9 A5AA WTRLR LDA OBFLAG 
569 3EDI FOrl IZ PCRRS5 
570 3EDD 20283E JSR DPOBJ 
571 3EEO 20C220 JSR WOBTR WRITE OBJECT TRAILER 
572 3EE3 60 RTS 
573 3EU 00 OCRT *** 
574 3EE5 00 OIJCRT *** 
575 * 
576 '* TYPE o RECORD 
577 * 
578 3EE6 00 CKSM *** 
579 3EE7 FF RMO DATA $FF 
580 3EE8 0000 RCDORG DIL 0 
581 3EEA 00 TYPE DATA 0 
582 3EEI 00 RCDLRT DATA 0 
583 3EEC OBFR RES 131 
584 • 
585 • TYPE 1 (RES) RECORD 
586 • 
587 3F6F FF RM1 DATA $FF 
588 3F70 0000 T10RG DIL 0 
589 3F72 01 TYPE! DATA 1 
590 3F73 00 FLFLAG *** 
591 3F74 00 FLCRR *** 
592 3F75 0000 T1LRTH DBL 0 
593 3F77 00 T1CKSM *** 
594 3F78 AOAO ILItLIR ASC 
595 3F7A 8D DATA $8D 
596 3Fn AAAAAAAA ASTLIR ASC '*****************************' 
597 3F98 8D DATA $8D 
598 3F99 AAAOAOD3 STLIRE ASC '* S Y M I 0 L T A I L E .' 599 3FB6 8D DATA $8D 
600 SPD $60 
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601 0060 2520 MONPTR DBL MON1 
602 0062 4F20 ERPTR DBL ERR 
603 0064 0000 OBFPTR DBL 0 
604 0066 0000 UPTK! DBL 0 
605 006B 0000 UPTR2 DBL 0 
606 006A 0000 UPTR3 DBL 0 
607 006C 0000 UPTR4 DBL 0 
60B 006E 0000 UPTR5 DBL 0 
609 0070 0000 UPTR6 DBL 0 
610 0072 0000 UPTR7 DBL a 
611 0074 0000 UPTRB DBL 0 
612 0076 0000 OBJPTR DBL a 
613 007B 0000 LNCNT DBL 0 
614 007A C520 NXTCHR DBL BFR 
615 007C 0000 UTI DBL 0 
616 007E 0000 UT2 DBL 0 
617 OOBO 0000 UT3 DBL 0 
618 00B2 0000 UT4 DBL a 
619 00B4 00 ECODE *** 
620 0085 0000 TVAL DBL a 
621 0087 00 FL02 *** 
622 008B 00 FHIl *** 
623 0089 00 FHI2 *** 
624 008A 00 LMASK *** 
625 008B 00 HMASK *** 
626 008C 00 OPRBR *** 
627 008D 00 TMN8R *** 
628 008E 00 OPSTAT *** 
629 008F 00 SKEL *** 
630 0090 00 CLASS *** 
631 0091 0000 FIRST DBL 0 
632 0093 0000 SECOND DBL 0 
633 0095 0000 BADK! DBL 0 
634 0097 0000 EADK! DBL 0 
635 0099 0000 BADR2 DBL 0 
636 009B 0000 EADR2 DBL 0 
637 009D 0000 IDIFF DBL 0 
638 009F 0000 HSYMS DBL 0 
639 OOAl 0000 SYMCNT DBL 0 
640 00A3 0000 SYMPTR DBL a 
641 00A5 0000 SYMTAB DBL 0 
642 00A7 00 SCOUNT *** 
643 OOAB 00 PAGE *** 
644 00A9 00 LFLAG *** 
645 OOAA 00 OBFLAG *** 
646 OOAB 00 NTERMS *** 
647 OOAC 0000 ASCPTR DBL 0 
648 OOAE 0000 SRCLNO DBL 0 
649 OOBO 00 SPLC *** 
650 OOBI 00 TLFLAG *** 
651 00B2 00 SPDFLG *** 
652 00B3 0000 LENGTH DBL 0 
653 00B5 00 PI ERFL *** 
654 00B6 0000 ILC DBL a 
655 00B8 00 ALNTH *** 
656 00B9 00 IMVAL *** 
657 OOBA 00 LPP *** LINES/PRINTED PAGE 
65B OOBB 00 PW *** PRINTER WIDTH 
659 OOBC 00 PAUSC'E- *** LINES BETW. PAUSES ON CRT 
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660 OOBD 00 DSHFLG *** PAGE SEPARATOR FLAG 
661 OOBE END 

*************************** 
* S Y M B 0 L TABLE* 
*************************** 

ACHT 2411 ADD 2296 ADDO 22B3 ADDOI 22CO 
ADDI 22DD ADDIO 2360 ADD2 22E8 ADD3 2304 
ADD4 230E ADD4A 2313 ADD5 231 D ADD6 2323 
ADD7 2331 ADD8 233B ADD9 2343 ADD9A 2350 
ADD9B 2354 ADDF 236C ADDFl 237B ADDF2 2382 
ADDF3 2385 ADDF4 238A ADDI 3920 ADERR 230B 
AERR 37A2 ALNTH 00B8 APTR 2412 ASCPTR OOAC 
ASMBL 2EFE ASMERR 2F2A AS TLIN 3F7B BADRI 0095 
BADR2 0099 BCCFPE 21D3 BFA 240E BFE 24El 
BFM 2689 BFOMS 2415 BFR 20C5 BULIN 3F78 
BMLBL 34E2 BPGNO 3 D3 7 CB ITS 2C59 CDB 397D 
CDBMM 39EI CDBMMJ 39F6 CDPERR 39D3 CDUERR 39CA 
CHFND 2C8E CHTBL 2CA4 CKL2 316A CKL3 3174 
CKLBL 315C CKSM 3EE6 CLI 20C9 CLA 3944 
CLASS 0090 CLEAR 200C CLERR 20DI CLFLAG 2410 
CLY 277B CMA 3952 CMP88 25AO CMPND 3DD2 
CMT 2A61 eNCT 20B3 CNV2 24F9 CNV2HX 2698 
CNV3 2505 CNV4 2509 CNV5 251D CNVLNO 24E7 
CNVN 26A7 CHVN2 26BO CONT 2A3F CSPACE 260C 
CTABLE 206F CTERR 366A DASHES 3D3A DEA 3924 
DEA2 392 B DEA3 3935 DELETE 2391 DISP 20D4 
DL2 23F3 DL3 240B DLMTR 2CIF DPGNO 31BE 
DPOBJ 3 E28 DPOBJ2 3 E5 E DSHFLG OOBD DSPI 20DD 
DSPR TN 20E9 DTAB 2536 DTCC 20B6 EADRI 0097 
EADR2 009B ECA 3DDC ECODE 0084 ENDFLG 3DCF 
ENTSM2 2B54 ENTSM3 2B6C ENTSYM 2B50 EOB 20C7 
EOCK 319C EOCMT 2ABI EODEC 2D4C EOFSYM 2E7B 
EOIDC 21A9 EOIDCI 21B2 EOL 25BA EONUM 2E30 
EONUM2 2E38 EONUM3 2E3D EOS 2C41 EOSCI 2EB4 
EOSC2 2EB6 EOSC2A 2ECI EOSC3 2ED5 EOSC3A 2EE4 
EOSC4 2EEA EOSC5 2EF4 EOSC6 2EFA EOSCAN 2EA4 
EOSYM 3C6C EOSYM2 3C79 EOSYM3 3C8C EOT2 2CF3 
EOT3 2DOA EOTERM 2CD8 ERCDLN 3DD8 ERCNT 3DD3 
ERPTR 0062 ERR 204F ESTO 2ACE ESTI 2AD6 
EST2 2ADA EST3 2AE7 EST4 2AEB ESYM 2AFA 
ESYMO 2AF8 ESYM2 2BIB ESYM3 2B22 ESYM3A 2B35 
ESYM4 2B37 ESYM5 2B45 ESYMTB 2AB2 FASC 2D81 
FASCI 2D97 FASC2 2DA4 FASC3 2DAA FASC3A 2DBA 
FASC4 2DCO FASC4A 2DDB FASC5 2DE9 FBA 2233 
FBA2 2250 FBA3 225E FBA4 2266 FBA5 226C 
FBA6 227C FBA7 2280 FBIN 2DF4 FDCML 2DOD 
FHEX 212B FHEX2 213C FHEX3 2141 FHll 0088 
FHI2 0089 FHXDC 2E50 FIRST 0091 FJTBL 2CBE 
FKCH 20A4 FLCHR 3F74 FLFLAG 3F73 FL02 0087 
FMI 2716 FMTEND 27AC FHOFLO 2E41 FNUMI 2DFE 
FNUMIA 2EOO FNUM3 a08 FHUH4 2EID FRUM5 2E21 
FOCT 2E44 FORMAT 2712 FPERR 2221 FPRM 2lB9 
FPRM2 21 D7 FSI 26C4 FS2 26D6 FS3 26DE 
FS3A 26E8 FS4 26EF FS4B 26FA FS4C 2704 
FS5 2709 FSCAN 26BC FSYM 2E60 FSYM2 2E6D 
GLl 2593 GL2 25AD GLCHR 25D4 GLINE 258E 
HDNG 3lB9 HMASK 008B HSH 2E83 HSHI 2E89 
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HSL 2E9C HXCNV 3C8F IDI 3A34 IDIMM 3A66 
IDC 2144 IDC1 214C IDC2 2171 IDlFF 009D 
ILIL 3111 ILC 0016 ILOP 2801 IMVAL 0019 
INA 3931 INITLZ 2091 INST 2A52 JM2 21U 
JPlB 3080 JP21 3303 JTAILE 207D XBFR 253E 
LAIIL 2A4A LDA 3121 LENGTH 0013 LFLAG 00A9 
LIST 2425 LISTl 2430 LIST3 245C LMASIt 008A 
LNCNT 0078 LNO 2A36 LOC 2A3A LPCNV1 3CF7 
LPCNV2 3CFF LPCNV3 3D07 LPCNV4 3DOF LPNT 3CAC 
LPNTl 3CI3 LPNTlA 3CIC LPNT2 3CCD LPNT3 3CU 
LPNT4 3CIC LPP OOIA LPPCNT 3D38 LPIlTS 3CII 
MDW 3lB8 MIMI 2498 MEM2 24A2 MIM3 241A 
MEM4 24C1 MEMOIlY 245F MEIlIl 249F MLIMIT 24CE 
MLTIlL 2ECD MON 2000 MOHl 2025 MON1A 2021 
MON2 2031 MON3 2047 MON4 2057 MONPTIl 0060 
MPIlT 3D21 MPIlT2 3D35 MPIlTI 3D2C MPTIlA 3115 
MSPACE 2413 NEMSG 2FC3 NFO 2D68 Nfl 2D70 
NFl 2D7C NOIND 2FI1 NOFLO 2D4F NOFL01 2D51 
NOFL02 2D57 NOnD 21D3 NOPIlOG 2FA7 NP2 2FAI 
NPMSG 2FB8 NSYMS 009F NTERMS OOAI NXCNV 3C9D 
NXCNV2 3CA6 NXTCHIl 007A NXTSYM 2C12 OBFLAG OOAA 
OIFPTIl 0064 OBFR 31EC OBJCNT 3EE5 OBJPTIl 0076 
OCNT 3EE4 OCODE 3DB1 ONPD 3IF2 OPDSCN 2C5A 
OPND 2A57 OPIl81l 008C OPSC2 2CU OPSC3 2C70 
OPSTAT 008E OPT2 276A OPTBL 2806 OPTST 2756 
OUT 20A! P1$ 3127 PlASC 30FE PlASC2 3110 
PlASC3 3113 PlASC4 3119 PlAST 3111 PlB 2FE1 
PIC 3010 P1CKL 3130 PICKL1 3136 P1CKL2 313A 
PI CKL3 3141 P1D 3016 P1DBL 30F6 P1DTA 30E8 
P1DTA2 30EC P1END 3089 PI END2 30BE PlEQU 30AF 
PI ERFL 00B5 PUIlIl 30C6 PlESP 3083 P1JTBL 302F 
P1JUNK 3049 P10llG 306B P11lEM 30C3 PInS 30D7 
P1SPD 3071 P1SUM 304D PI TTL 3098 PI TTLl 30A2 
PI TTL2 30A5 P2$ 33BO P2ASC 3387 P2ASC2 3399 
P2ASC3 339C P2ASC4 33A2 P2AST 33A7 P2B 3242 
P2C 3282 P2C1 33CE P2C10 33DF P2ClA 3313 
P2ClB 33EC P2C1C 33F7 P2ClS 33D4 P2C2 33FA 
P2C2A 33FC P2C3 3402 P2C3A 3406 P2c4 340A 
P2C5 33FA P2C6 3410 P2C7 3411 P2C8 3411 
P2C9 3410 P2CA 3410 P2CB 33FA P2CC 33FA 
P2CD 3423 P2CD5 3447 P2CDA 3442 P2CDB 3444 
P2CDC 344D P2CDC1 344F P2CDD 3451 P2CKL 33B9 
P2CKLl 33BF P2CKL2 33CA P2D 328F P2DBL 337F 
P2DTA 3371 P2DTA2 3375 P2END 330C P2END2 3311 
P21QU 3331 P2E1lll 3348 P2ESP 3314 P2JTBL 32BE 
P2JUNK 32D8 P20llG 32F0 P2PSTI 32A4 P2UM 3345 
PUES 335C P2SPD 3306 P2SUII 3210 P2T1TL 33lA 
P2TTL1 3324 P2TTL2 3327 P3$ 3654 P3A 348B 
P3AO 3493 P3A2 34AF P3A3 34B9 P3A4 34D1 
P3A5 34E7 P3A6 34F3 P3A7 3502 P3A8 3513 
P3ASC 3637 P3ASC2 3641 P3AST 364D P3AST2 364F 
P3C1 3673 P3ClA 36A4 P3ClB 36B6 P3C1C 36D9 
P3C1D 36DC P3ClE 36DE P3ClIM 3U4 P3ClIN 36FB 
P3C1J 3710 P3ClN 3675 P3C2 37lA P3C2A 3730 
P3C2B 373C P3C2J 3753 P3C3 3757 P3C4 3764 
P3C4A 377D P3C41 3781 P3C4E 378A P3C5 37A7 
P3C5A 3717 P3C51 371D P3C5C 37CD P3C5E 3711 
P3C5F 3714 P3C6 37DA P3C6A 3800 P3C6E 3719 
P3C6IM 3803 P3C7 3814 P3C7A 3824 P3C71 382D 
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P3C7IR 383P P3C8 384C P3C9 3853 P3C9A 3855 
P3C9B 386D P3C9C 3883 P3Cn 389F P3C9IM 3890 
P3Cn 3880 P3CA 38A2 P3CB 38A6 P3CBA 3U8 
P3CBB 38BB P3CBC 38D6 P3CBD 38D9 P3CBn 38B8 
P3CC 38E6 P3CD 38EA P3CDl 3901 P3CD2 390C 
P3CDA 3912 P3DBL 35FB P3DBL2 3603 P3DBL3 362E 
P3DBL4 3631 P3DBLA 3629 P3DBLB 360F P3DTA 35D6 
P3DTA2 35DD P3DTA3 35E9 P3EHD 35AA P3EQU 35A2 
P3ESP 3598 P3lTBL 354A P3lUHK 3528 P3UTR 3DD4 
P3RXT 3Ar4 P30RG 3564 P30RG3 357C P3UT 3A9D 
P3PRTB 3AB4 P3UTC 3AC6 P3UTD 3AE3 P3UTE 3B09 
P3PRTF 3B34 P3UTG 3B4E P3UTH 3B58 P3UTI 3B60 
P3PRTJ 3B72 P3PRTX 3B6A P3UTZ 3AD9 P3PSTB 3530 
P3UM 35B3 PJaES 3SCO P3SPD 357F P3T 3DDO 
P3TITL 348B PAGE OOAB PASSI ncc PASS2 3238 
PASS3 3462 PAUSCT OOBC PCRLCI 3B49 PCROBl 3DE9 
PCROB2 3DEA PCROB3 3DFE PCROB4 3ElO PCROBl 3DE5 
PCRRES 3E72 PCRU2 3E89 PCRU3 3E93 PCRU4 3EA8 
PCRU5 3ECE PIAS 3BB3 PULR 3D23 UOMPT 2099 
UT 20BO PSCT 3D39 PSYMI 3B92 PSYMlA 3B9A 
PSYMlB 3BA8 PSYMI C 3BCl PSYM2 3BE4 PSYM2A 3BF2 
PSYM3 3BF6 PSYM4 3C4A PSYM5 3C4F PSYM6 3C6l 
PSYMTB 3B7A PW OOBB RCDLRT 3EEB RCDORG 3EE8 
RDBYTE 20AA READ 2620 UAD2 2639 UAD3 2641 
UAD4 2662 UAD5 2671 RERR 2695 RRDR 20A7 
RltB 20EA RRB2 20F8 RltB3 2105 RltB4 210D 
RltB5 2115 RltBRTR 211B RltBT 2128 RltBX 2129 
RltBY 2l2A RMO 3EE7 RMI 3F6F RP 2C43 
ULRTR 3DD6 SB 20B9 scoun 00A7 SECORD 0093 
SKEL 008F SPDFLG 00B2 SPLC OOBO SPOMS 3148 
SPOV3 3D8A SPOVMS 3D9D spvxn 3B46 SIl 27C9 
SU 27D3 sa3 27DB SRCLRO OOAE SRCOP 27BO 
SRCOPI 27BE saCOP2 27EE SRCOP3 27F3 SRCOP4 27FE 
SRCST2 2B9D saCST3 2BAF saCST4 2BC9 saCST5 2BDA 
SRCST6 2BE9 SRCSTB 2B8D SUT3A 2BBB STERCR 3660 
STL2 2F3F STL2A 2F4D STL4 2F5D STLIRE 3F99 
STLIST 2F2D STOFLO 2B6D STOFM 2B77 STSPTR 2F96 
suaTRA 2534 SVOP 2C9A SVPTR 2BD8 SYMBOL 2C53 
SYMCRT OOAI SYMPTR OOA3 SYMTAB 00A5 SYMWD 3CAA 
TlCKSM 3F77 TlLHTR 3F75 TlORG 3F70 TCA 3960 
TCD 2224 TCDR 2232 TCRtF 20n TEMS 3211 
TITLE 3lC8 TL2 25DC TLFLAG OOBI TLM 25DF 
TMR8R 008D TSRF 2DEF TSRC 2C78 TSRCI 2C85 
TSRC2 2C86 TULORG 25D5 TVAL 0085 TYPE 3EEA 
TYPEl 3F72 unR 3658 URDFT 2E7E URDFTP 2DEC 
UPDPTR 2C47 UPDRTH 2C52 UPTIl 0066 UPTU 0068 
UPTRl 006A UPTU 006c UPTR5 0061 UPTR6 0070 
UPTR7 0072 UPTU 0074 UTI 007C UT2 007E 
UT3 0080 UT4 0082 WCRT 3CAB WLDR 3ECF 
WOBn 20Bi WOBL 20BC WOBn 20C2 WRITE 25EE 
WRTAPE 20AD WTIlLR 3ED9 XCL 2792 XMTC2 2785 
XMTC3 2790 XMTCMT 277D XMTOP 273D 
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002 COMMAND TABLE PATCH TO ALLOW 
003 TRANSFER TO DEBUG 
004 ORG $2078 
005 2078 A4 DATA ' $' 
006 ORG $208F 
007 208F FFOF DBL $FFF 
008 
009 JUMP TABLE PATCH 
010 
011 ORG $209B 
012 209B 4C0040 Jl JMP INITLZ 
013 209E 4C3C40 J2 JMP TCRLF 
014 20Al 4C4340 J3 JMP OUT 
015 20A4 4C5940 J4 JMP FKCH 
016 20A7 4C9A43 J5 JMP RHDR 
017 20AA 4CCF43 J6 JMP RDBYTE 
018 20AD 4CB342 J7 JMP WRTAPE 
019 20BO 4C0341 J8 JMP PRDVCl 
020 20B3 4C8D41 J9 JMP CNCT 
021 20B6 4C5643 J10 JMP DTCC 
022 20B9 4C6643 Jl1 JMP SB 
023 20BC 4C9044 J12 JMP CSTLDR 
024 20BF 4C9C44 J13 JMP CSTWRT 
025 20C2 4CB844 J14 JMP CSTTRL 
026 20C5 EF44 DBL EOIO+1 BUFFER ORIGIN 
027 
028 ORG $4000 
029 INITIALIZE APPLE 
030 4000 8D54CO INI TLZ STA $C054 SET PRIMARY SCREEN 
031 4003 8D51CO STA $C051 SET TEXT MODE 
032 4006 A90085E3 CDB IOPTR1,SCREEN 
033 400E A204 LDX 14 
034 4010 A9AO LDA # ' 

, 
035 4012 AOOO LDY #0 
036 4014 84BA STY LPP 
037 4016 84BD STY DSHFLG 
038 4018 84EC STY LPTR INITIALIZE LINE POINTER 
039 40lA 91 E3 INT2 STA *IOPTR1,Y CLEAR SCREEN 
040 401 C C8 INY 
041 401 D DOFB BNZ INT2 
042 401F E6E4 INC IOPTRl+1 
043 4021 CA DEX 
044 4022 DOF6 BNZ INT2 
045 4024 A9FF LDA I$FF 
046 4026 8D02C1 STA TTYOUT 
047 4029 A9038DB1 CDB J8+1,PRDVC1 SET TO SCREEN 
048 4033 A928 LDA #40 
0411 4035 8588 STA PW 
050 4037 A90C LDA 112 
051 4039 85BC STA PAUSCT 
052 4038 60 RTS 
053 
054 SCROLL SCREEN 2 LINES 
055 403C 20B840 TCRLF JSR SCRADV 
056 403F 20B840 JSR SCRADV 
057 4042 60 RTS 
058 
059 OUTPUT CHAR IN A TO SCREEN 
060 4043 84EO OUT STY lOTI 
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061 4045 48 PHA 
062 4046 A4EC LDY LPTR 
063 4048 995007 STA NTLINE,Y CHARACTER TO SCREEN 
064 404B C8 INY 
065 404C C028 CPY #40 CHECK END OF LINE 
066 404E D002 SNE OUT2 
067 4050 A080 LDY 1$80 
068 4052 84EC OUT2 STY LPTR SAVE POINTER 
069 4054 18 CLC 
070 4055 A4EO OUT3 LDY lOTI 
071 4057 68 PLA 
072 4058 60 RTS 
073 
074 GET CHARACTER FROM KEYS OARD 
075 ECHO TO SCREEN 
076 4059 84EB FKCH STY KBY SAVE Y 
077 405B A9AO LDA ii' , SET UP CURSOR 
078 405D A4EC LDY LPTR 
079 40 SF 995007 STA NTLINE,Y 
080 4062 A9CO FKCHO LDA II$CO CURSOR TIME CONSTANT 
081 4064 85 EO STA lOT! 
082 4066 85 E1 STA JOT2 SET CURSOR TIMEOUT 
083 4068 B95007 LDA NTLINE,Y INVERT CURSOR 
084 4068 490E EOR II$E 
085 406D 995007 FKCH1 STA NTLINE,Y 
086 4070 ADOOCO FKCH2 LDA KB 
087 4073 300A BMI FKCH3 
088 4075 E6EO INC lOT! 
089 4077 DOF7 BNZ FKCH2 
090 4079 E6E1 INC IOT2 
091 407B DOF3 BNZ FKCH2 
092 407D FOE3 BZ FRCHO 
093 407F 8D10CO FKCH3 STA KBS CLEAR STROBE 
094 4082 85 E1 STA IOT2 
095 4084 C988 CMP 11$88 BACKSPACE? 
096 4086 F017 BEQ FRCHB 
097 4088 C98D CMP 1I$8D 
098 408A D002 BNE FKCH3A 
099 408C A9AO LDA I' , 
100 408E 995007 FKCH3A STA NTLINE,Y 
101 4091 C8 INY 
102 4092 C028 CPY #40 END OF LINE 
103 4094 D002 BNE FKCH4 
104 4096 A080 LDY iI$80 YES, SET TO BOTTOM LINE 
105 4098 84EC FKCH4 STY LPTR SAVE POINTER 
106 409A A4EB LDY RBY RESTORE Y 
107 409C A5El LDA IOT2 
108 409E 60 RTS AND RETURN 
109 409F A9AO FKCHB LDA II' , 
110 40A1 995007 STA NTLINE,Y CLEAR CURSOR 
III 40A4 88 DEY BACK UP POINTER 
112 40A5 COFF CPY I-I OVER START OF LINE? 
113 40A7 D003 BNE FKCHB1 
114 40A9 C8 INY YES, RESET 
115 40AA FOEC BZ FKCH4 
116 40AC C07F FKCHBl CPY 1$7F FROM 2ND LINE TO 1ST? 
117 40AE D002 BNE FKCHB2 
118 40BO A027 LDY #39 YES, RESET POINTER 
119 40B2 995007 FKCHB2 STA NTLINE,Y 
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120 40B5 4C9840 JMP FltCH4 
121 
122 SCIOLL SCIEEN ONE LINE 
123 40B8 A900 SCIADV LDA #0 
124 40BA 48 PHA 
125 40BB 20EC40 JS8. LNADI 
126 40B! A5!3 SClAD2 LDA 10PT8.1 
127 40CO 85E5 STA 10PT8.2 
128 40C2 A5E4 LDA 10PT8.1 +1 
129 40c4 85E6 STA IOPT8.2+1 
130 40C6 68 PLA 
131 40C7 186901 INA 
132 40CA C918 CMP #24 
133 40CC FOOF BEQ SCITN 
134 40CE 48 PHA 
135 40CF 20EC40 JS8. LNADI 
136 40D2 A027 LDY #39 
137 40D4 B1 E3 SClAD3 LDA *IOPT8.1 ,Y 
138 40D6 9115 STA *IOPTR2,Y 
139 40D8 88 DEY 
140 40D9 10F9 BPL SClAD3 
141 40 DB 30E1 BMI SClAD2 
142 40DD A027 SCITN LDY #39 
143 40DF A9AO LDA # ' 

, 
144 4011 99D007 SClAD4 STA BLINE,Y BLANK BOTTOM LINE 
145 40E4 88 DEY 
146 40E5 lOrA BPL SClAD4 
147 40E7 A900 LOA #0 
148 40E9 85EC STA LPTR 
149 40EB 60 ITS 
150 
151 COMPUTE BEGINNING ADDRESS 
152 OF LINE WHOSE NUMBER, 
153 0-23 IS IN A ON ENTRY 
154 40EC 48 LNADR PHA 
155 40ED 2907 AND #7 
156 40EF 0908 ORA #8 
157 40Fl 85E4 STA 10PT8.1 +1 
158 40F3 68 PLA 
159 40F4 2918 AND #$18 
160 40F6 85E3 STA 10PT8.1 
161 40F8 OA ASLA 
162 40F9 OA ASLA 
163 40FA 05E3 OIA 10 PT 8.1 
164 40FC OA ASLA 
165 40FD 6614 ROR 10PT8.1 +1 
166 40FF 6A RORA 
167 4100 85E3 STA 10PT8.1 
168 4102 60 RTS 
169 scnEN EQU $400 
170 NTLINE EQU $750 
171 BLINE EQU $700 
172 KB EQU $COOO 
173 KBS EQU $C010 
174 ... 
175 ... PRINT LINE WHOSE ADDRESS IS IN A-X ON ENTRY 
176 ... ON ASSIGNED OUTPUT DEVICE. 
177 ... 
178 APPLE SCI!!N OUTPUT 
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179 4103 85E7 PIDVC1 STA IOPTI3 
180 4105 86£8 BTX IOPTI3+1 SAVE ADDRESS 
181 4107 84E2 STY IOT3 
182 4109 20B840 JSI SCUDV lOLL SCIEEII 
183 410C AOOO LDY #0 CLEAI IIiDEX 
184 410E Bl E7 PIDV1A LDA *IOPTI3,Y 
185 4110 C98D CMP #$8D 
186 4112 F052 BEQ BEQEOP 
187 4114 204340 JSI OUT 
188 4117 C8 IllY 
189 4118 DOF4 BIIZ PlDV1A 
190 LIIiE PIIIITEI OUTPUT 
191 41lA 85E7 PRDVC2 STA IOPTR3 
192 411 C 86E8 STX IOPTR3+1 
193 411E 84E2 STY IOT3 
194 4120 ADOO LDY 10 
195 4122 A200 LDX 10 
196 4124 Bl E7 PRDV2A LDA *IOPTR3, Y 
197 4126 9DBOCO STA PRTR,X 
198 4129 48 PHA 
199 412A BDC1C3 PRDV2B LDA PRFLAG,X 
200 412D 30FB BMI PRDV2B 
201 412F 68 PLA 
202 4130 C8 IllY 
203 4131 C98D CMP #$8D 
204 4133 DOH BilE PRDV2A 
205 4135 A98A LDA #$8A 
206 4137 9DBOCO STA PRTR,X 
207 413A BDC1C3 PRDV2C LDA PRFLAG,X 
208 413D 30FB BMI PRDV2C 
209 413F 1032 BPL EOPRT 
210 4141 0000 TC DBL 0 
211 TELETYPE OUTPUT 
212 4143 85E7 PRDVC3 STA IOPTR3 
213 4145 86E8 STX IOPTR3+1 
214 4147 84E2 STY IOT3 
215 4149 A048 LDY 1172 
216 414B 8C7641 STY CHCNT 
217 414E AOOO LDY #0 
218 4150 8C02C1 STY TTYOUT 
219 4153 A98D LDA #$8D 
220 4155 207741 JSR OU-TTTY 
221 4158 A98A LDA 1$8A 
222 415A 207741 JSR OUTTTY 
223 415D U" LDA 1$" 
224 41H 207741 JSI OUTTTY 
225 4162 Bl E7 PIDV3A LDA *IOPTI3, Y 
226 4164 C98D CMP #$8D 
227 4166 FOOB BEQEOP BEQ EOPIT 
228 4168 207741 JSI OUTTTY 
229 416B CE7641 DEC CHCIIT 
230 416E F003 BZ EOPIT 
231 4170 C8 IllY 
232 4171 DOEr BIIZ PRDV3A 
233 4173 A4E2 EOPIT LDY IOT3 
234 4175 60 RTS 
235 PlTI EQU $COBO 
236 PIFLAG EQU $C3Cl PRIll TEl IEADY FLAG 
237 4176 00 CHCNT *** 
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238 $27 IF READY 
239 $F! IF 1I0T READY 
240 TTYST EQU $CI0l 
241 TTYOUT EQU $CI02 
242 TTYDTA EQU $CI00 
243 MOil EQU $60 
244 ERR EQU $62 
245 4177 8D02Cl OUTTTY STA TTYOUT 
246 417A ADOICI OTTY2 LDA TTYST 
247 417D 6A RORA 
248 417E 90FA BCC OTTY2 
249 4180 60 RTS 
250 4181 A98A PR2LF LDA 1$8A SUPPLY LIIiE FEED 
251 4183 9DBOCO STA PRTR.X TO PRlIITER 
252 4186 BDCIC3 PRnF2 LDA PRFLAG.X 
253 4189 30F8 BMI PRnF2 
254 418B 10E6 BPL EonT 
255 * 256 * DEVICE COIINECT 
257 * 
258 418D 205940 CNCT JSR FKCH GET L. R OR W 
259 4190 AA TAX SAVE 
260 4191 205940 JSR FKCH GET DEVICE # 
261 4194 48 PHA SAVE ON STACK 
262 4195 8A TXA SAVE 011 STACK 
263 4196 48 PHA 
264 4197 205940 JSR FKCH GET PERIOD 
265 419A C9AE CMP #' .' 
266 419C DO 17 BNE CERR TILT 
267 419E 68 PLA GET DEVICE CODE 
268 419F C9CF CMP #'0' OBJECT DEVICE? 
269 41 A1 D003 BNE CIiCTI 
270 41A3 4C6842 JMP CNOBJ 
271 41 A6 c9cC CNCTI CMP I'L' 
272 41A8 FOOE BEQ CIILIST 
273 41AA C9D2 CMP # 'R' TAPE READ DEVICE 
274 41AC F060 BEQ CIiREAD 
275 41AE C9D7 CMP I'W' TAPE IlRI TE DEVICE 
276 4lBO D003 BNE CERR 
277 4lB2 4C4542 JMP CIIWRT 
278 4lB5 6C6200 CERR JMP *ERR 
279 SET LISTING DEVICE 
280 4lB8 68 CNLIST PLA 
281 4lB9 C9Bl CMP 1'1' 
282 41BB DOn BilE CIIL2 
283 4lBD A9038DBl CDB J8+1.PRDVC1 APPLE SCREEII 
284 41 C7 A928 LDA 140 SET SCREEN WIDTH 
285 41 C9 85BB CNLI STA PW 
286 41 CB A900 LDA #0 
287 41 CD 85BD STA DSBFLG 
288 41CF 8SBA STA LPP 
289 41 D1 A90C LDA #12 
290 41D3 85BC STA PAUSCT 
291 41 DS 6C6000 JMP *MOII 
292 41D8 C9B2 CIIL2 CMP # '2' 
293 41DA D01D BilE CIIL3 
294 41DC A91A8DBl CDB J8+1.PRDVC2 LIIiE PRINTER 
295 41 E6 A950 LDA #80 SET PRIIiTER WIDTH 
296 41E8 858B CIIL2A STA PII 
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297 41EA A93C LDA #60 
298 41EC 85BA STA LPP 
299 4lEE A900 LDA #0 
300 4IFO 85BD STA DSHFLG 
301 4IF2 A900 LDA #0 
302 4IF4 85BC STA PAUSCT 
303 41 F6 6C6000 JMP *MOR 
304 41 F9 C9B3 CRL3 CMP #' 3' 
305 4IFB DOB8 BRE CERR 
306 41 FD A9438DBl CDB J8+1,PRDVC3 TTY 
307 4207 A948 LDA #72 SET TTY WIDTH 
308 4209 DODD BRZ CRL2A 
309 420B 6C6000 JMP *MOR RETURR TO MORITOR 
310 SET TAPE READ DEVICE 
311 420E 68 CRREAD PLA 
312 420F C9Bl CMP #' 1 ' 
313 4211 D017 BRE CRR2 
314 4213 A99A8DA8 CDB J5+1,RHDR 
315 421D A9CF8DAB CDB J6+1,RDBYTE 
316 4227 6C6000 JMP *MOR 
317 422A C9B2 CRR2 CMP #' 2' 
318 422C D087 CRR3 BRE CERR 
319 422E A9018DA8 CDB J5+1,RTHDR TTY TAPE IRPUT 
320 4238 A9068DAB CDB J6+1,RTBYTE 
321 4242 6C6000 JMP *MOR 
322 SET TAPE WRITE DEVICE 
323 4245 68 CRWRT PLA 
324 4246 C9Bl CMP #' 1 ' 
325 4248 DOOD BRE CRW2 
326 424A A9B38DAE CDB J7+1,WRTAPE CAS SETTE OUTPUT 
327 4254 6C6000 JMP *MOR 
328 4257 C9B2 CRW2 CMP #'2' 
329 4259 DODI BRE CRR3 
330 425B A9288DAE CDB J7+1,WRTTY TTY OUTPUT 
331 4265 6C6000 JMP *MOR 
332 CORRECT OBJECT DEVICE 
333 4268 68 CROBJ PLA 
334 4269 C9Bl CMP #' 1 ' 
335 426B F025 BEQ CRCSTE 
336 426D C9B2 CMP I' 2' 
337 426F DOBB BRE CRR3 
338 4271 A95C8DBD COB J12 +1 ,TTYLDR 
339 427B A96A8DCO CDB JI3+1,TTYPCH 
340 4285 A98C8DC3 CDB Jl4+1, TTYTR 
341 428F 6C6000 JMP *MOR 
342 4292 A9908DBD CRCSTE CDB Jl2+1,CSTLDR 
343 429C A99C8DCO CDB Jl3+1,CSTWRT 
344 42A6 A9B88DC3 CDB J14+1, CSTTRL 
345 42BO 6C6000 JMP *MOR 
346 * 
347 42B3 85E7 WRTAPE STA IOPTR3 
348 42B5 8U8 STX IOPTR3+1 
349 42B7 A9A885E9 CDB IOPTR4,-7000 
350 42BF 20B840 JSR SCRADV 
351 42C2 A200 LDX #0 
352 42C4 BD4743 WITPI LDA TORM,X 
353 42C7 E8 IRX 
354 42C8 C98D CMP #$8D 
355 42CA F006 BEQ WRTP2 
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356 42CC 204340 JSR OUT 
351 42CF 4CC442 JMP WRTP1 
358 42D2 206643 WRTP2 JSR SB 
359 42D5 38 WRCD SEC 
360 42D6 201143 JSR WRBlT 
361 42D9 208143 JSR ICIIT 
362 42DC B005 BCS WZEROS 
363 42DI A22C LDX #44 
364 42EO 4CD542 JMP WRCD 
365 42E3 AOOO WZEROS LDY #0 
366 4215 18 CLC 
361 4216 A225 LDX #31 
368 42E8 201143 JSR WRBIT 
369 42EB A222 WDATA LDX #34 
310 42ED A59D LDA IDIFF 
311 42EF 85E9 STA IOPTR4 
312 42Fl A59E LDA IDIFF+1 
313 42F3 85EA STA IOPTR4+1 
314 42F5 206 E43 WDATA1 JSR FETCH 
315 42F8 A008 LDY 18 
316 42FA EA 1I0P 
311 42FB EA 1I0P 
318 42FC EA 1I0P 
319 42FD 2A WDATA2 ROLA 
380 42FE 201143 JSR WRBIT 
381 4301 A22C LDX 144 
382 4303 88 DEY 
383 4304 DOF1 BIIZ WDATA2 
384 4306 208143 JSR ICIIT 
385 4309 B008 BCS WRCEIID 
386 430B A218 LDX #24 
381 430D EA 1I0P 
388 430E EA 1I0P 
389 430F EA 1I0P 
390 4310 4CF542 JMP WDATA1 
391 4313 88 WRCEIID DEY 
392 4314 DOFD BIIZ WRCEIID 
393 4316 60 RTS 
394 * 395 * WRITE BIT 
396 ... 
391 4311 B015 WRBIT BCS WROIIE 
398 4319 CA WR1 DEX 
399 431A DOFD BIIZ WR1 
400 431C EA 1I0P 
401 431D EA 1I0P 
402 431 E AE20CO LDX TPOUT 
403 4321 A230 LDX #48 
404 4323 CA WR3 DEX 
405 4324 DOFD BIIZ WR3 
406 4326 EA 1I0P 
401 4321 4C2A43 JMP WR4 
408 432A AE20CO WR4 LDX TPOUT 
409 432D 60 RTS 
410 432E CA WROIIE DEX 
411 432F DOFD BIIZ WROIIE 
412 4331 EA 1I0P 
413 4332 EA 1I0P 
414 4333 4C3643 JMP WROIIEl 

396 



PAGE 08 ASSEMBLER I/O FOR APPLE II 5/5/80 

415 4336 A231 IlRON El LDX #49 
416 4338 CA WRONE2 DEX 
417 4339 DOFD BNZ IlRONE2 
418 433B AE20CO LDX TPOUT 
419 433E A263 LDX #99 
420 4340 CA WRONE3 DEX 
421 4341 DOFD BNZ IlRON E3 
422 4343 AE20CO LDX TPOUT 
423 4346 60 RTS 
424 * 425 4347 D4CIDOC5 TONM ASC 'TAPE ON, SPACE' 
426 4355 8D DATA $8D 
427 * 
428 * DETECT CONTROL-
429 * 
430 4356 ADOOCO DTCC LDA KB 
431 4359 3002 BMI DTCC2 
432 435B 18 DTCCl CLC 
433 435C 60 RTS 
434 435D 8DI0CO DTCC2 STA KBS CLEAR STROBE 
435 4360 C983 CMP 1$83 
436 4362 DOF7 BNE DTCCl 
437 4364 38 SEC 
438 4365 60 RTS 
439 * 
440 * WAlT FOR SPACE BAR 
441 * 
442 4366 205940 SB JSR FKCH 
443 4369 C9AO CMP I' , 
444 436B DOF9 BNE SB 
445 436D 60 RTS 
446 * 
447 * FETCH MEMORY WORD - CONSTANT 35 US 
448 * TIME INCLUDING CALLING JSR 
449 * 
450 436E Bl E7 FETCH LDA *IOPTR3,Y 
451 4370 E6E7 INC IOPTR3 
452 4372 D006 BNZ Fl 
453 4374 E6E8 INC IOPTR3 +1 
454 4376 EA NOP 
455 4377 EA NOP 
456 4378 EA FRTN NOP 
457 4379 60 RTS 
458 437 A 18 Fl CLC 
459 437B 4C7E43 JMP F2 
460 437E 4C7843 F2 JMP FRTN 
461 * 
462 * INCREMENT COUNT IN IOPTR4 
463 * CONSTANT 35 US TIME INCLUDING CALLING 
464 * JSR. CARRY RETURNS ON IF RESULT ZERO 
465 * 
466 4381 18 ICNT CLC 
467 4382 E6E9 INC IOPTR4 
468 4384 D009 BNZ ICl 
469 4386 E6EA INC IOPTR4+1 
470 4388 FOOC BZ ICEND 
471 438A 9000 BCC IC2 
472 438C EA IC2 NOP 
473 438D EA NOP 
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474 4381 60 RTS 
475 438r 9000 ICI BCC IC3 
476 4391 9000 IC3 BCC IC4 
477 4393 48 IC4 PHA 
478 4394 68 PLA 
479 4395 60 RTS 
480 4396 EA ICEND NOP 
481 4397 EA Nap 
482 4398 38 SEC 
483 4399 60 RTS 
484 TPOUT EQU $C020 
485 TPIN EQU $C060 
486 * 487 * PASS TAPE HEADER 
488 * 489 439A 20B840 RHDR JSR SCRADV 
490 439D A200 LDX #0 
491 439r BD4743 RHr LDA TONM,X 
492 43A2 18 INX 
493 43A3 C98D CMP #$8D 
494 43A5 r006 BEQ RHW 
495 43A7 204340 JSR OUT 
496 43AA 4C9F43 JMP RHF 
497 43AD 206643 RHW JSR SB WAIT FOR SPACE 
498 43BO AGOO RHO LDY #0 
499 43B2 20EA43 RHI JSR RTRANS GET TRANSITION 
500 43B5 70FB BVS RHl 
501 43B7 EOIB CPX ITTIME 
502 43B9 90F5 BLS RHO 
503 43BB C8 INY 
504 43BC C050 CPY 180 
505 43BE 90F2 BLS RHI 
506 43CO 20EA43 RH2 JSR RTRANS 
507 43C3 EOlB CPX #TTIME 
508 43C5 Bor9 BGE RH2 
509 43C7 20 EA43 JSR RTRANS GET TWO SHORT 
510 43CA EOlB CPX #TTIME 
511 43CC BOF2 BGE RH2 
512 43CI 60 RTS 
513 * 
514 * READ TAPE BYTE 
515 * 
516 43cr A008 RDBYTE LDY #8 
517 43Dl A900 LDA #0 
518 43D3 48 PHA 
519 43D4 20 E7 43 RDB2 JSR RDBIT 
520 43D7 700B BVS RDB4 
521 43D9 68 PLA 
522 43DA EOlB CPX ITTIME 
523 43DC 2A ROLA 
524 43DD 48 PHA 
525 43DE 88 DEY 
526 43Dr Dor3 BNZ RDB2 
527 4311 68 PLA 
528 43E2 18 CLC 
529 43E3 60 RDB3 RTS 
530 4314 68 RDB4 PLA 
531 43E5 38 SEC 
532 43E6 60 RTS 
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533 * 
534 * READ BIT FROM TAPE 
535 * 
536 43E7 20EA43 RDBIT JSR RTRANS 
537 43EA A200 RTRANS LDX 10 
538 43EC E8 RT2 INX 
539 43 ED FOOD BZ RT3 SKIP OUT ON BLANK TAPE 
540 43EF AD60CO LDA TPIN 
541 43F2 45ED EOR B4 
542 43F4 10F6 BPL RT2 
543 43F6 45ED EOR B4 
544 43F8 85ED STA B4 
545 43FA B8 CLV 
546 43FB 60 RTS 
547 43FC A980 RT3 LDA 1$80 
548 43FE 6980 ADC #$80 SET OVERFLOW 
549 4400 60 RTS 
550 TTIME EQU 27 
551 * 552 * TELETYPE PAPER TAPE I/O 
553 * 554 4401 A900 RTHDR LDA #0 
555 4403 85 EO STA lOTI 
556 4405 60 RTS 
557 4406 AD01C1 RTBYTE LDA TTYST 
558 4409 10FB BPL RTBYTE 
559 440B ADOOC1 LDA TTYDTA 
560 440E C98A CMP #$8A 
561 4410 FOF4 BEQ RTBYTE 
562 4412 C900 CMP 10 
563 4414 D006 BNE RTB2 
564 4416 E6EO INC lOTI 
565 4418 DOEC BNZ RTBYTE 
566 441A 38 SEC 
567 441B 60 RTS 
568 441 C 48 RTB2 PHA 
569 441 D A9F6 LDA #-10 
570 441 F 85EO STA lOTI 
571 4421 68 PLA 
572 4422 0980 ORA 1$80 FORCE HIGH BIT ON II 
573 4424 85E1 STA IOT2 
574 4426 18 CLC 
575 4427 60 RTS 
576 4428 85E7 WRTTY STA IOPTR3 
577 442A 86E8 STX IOPTR3+1 
578 442C A59D LDA IDIFF 
579 442E 85E9 STA IOPTR4 
580 4430 A59E LDA IDIFF+1 
581 4432 85EA STA IOPTR4+1 
582 4434 A03C LDY #60 HEADER LEHGTH 
583 4436 A900 WRTl LDA #0 
584 4438 207741 JSR OUTTTY 
585 443B 88 DEY 
586 443C DOF8 BHZ WRT1 
587 443E B1 E7 WRT2 LDA *IOPTR3. Y 
588 4440 207741 JSR OUTTTY 
589 4443 E6E7D002 IDB IOPTR3 
590 4449 E6E91l.002 IDB IOPTR4 
591 444F DOED BHZ WRT2 
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592 4451 A03C LDY 1f60 
593 4453 A900 WRT3 LDA If 0 
594 4455 207741 JSR OUTTTY 
595 4458 88 DEY 
596 4459 DOF8 BNZ WRT3 
597 445B 60 RTS 
598 * 
599 * TTY OBJECT DRIVERS 
600 * 
601 445C 20DB44 TTYLDR JSR OBMSG 
602 445F A03C TTYLDO LDY #60 
603 4461 A900 TTYLDI LDA #0 
604 4463 2077 41 JSR OUTTTY 
605 4466 88 DEY 
606 4467 DOF8 BNZ TTYLDI 
607 4469 60 RTS 
608 446A 85E7 TTYPCH STA IOPTR3 
609 446C 86E8 STX IOPTR3 +1 
610 446E 84EO STY lOTI 
611 4470 AOOO LDY 110 
612 4472 Bl E7 TTPCHI LDA *IOPTR3,Y 
613 4474 E6E7D002 IDB IOPTR3 
614 447A 2077 41 JSR OUTTTY 
615 447D C6EO DEC lOTI 
616 447F DOFl BNZ TTPCHI 
617 4481 A900 LDA If 0 
618 4483 2077 41 JSR OUTTTY 
619 4486 A900 LDA If 0 
620 4488 207741 JSR OUTTTY 
621 448B 60 RTS 
622 448C A046 TTYTR LDY no 7" TRAILER 
623 448E DODI BNZ TTYLDI 
624 * 
625 * CASSETTE OBJECT DRIVERS 
626 * 
627 4490 20DB44 CSTLDR JSR OBMSG 
628 4493 A9A885E9 CDB IOPTR4,-7000 SET LONG LEADER 
629 449B 60 RTS FOR FIRST RECORD 
630 449C 85E7 CSTWRT STA IOPTR3 
631 449E 86E8 STX IOPTR3+1 
632 44AO 98 TYA 
633 44Al 49FF1869 TCA 
634 44A6 859D STA IDIFF 
635 44A8 A9FF LDA #$FF 
636 44AA 859E STA IDIFF+1 
637 44AC 20D542 JSR WRCD 
638 44AF A93885E9 CDB IOPTR4,-200 SET SHORT LEADER FOR 
639 44B7 60 RTS SUCCEEDING RECORDS 
640 44B8 A9CO CSTTRL LDA #<EOF WRITE END OF FILE 
641 44BA A244 LOX iI>EOF 
642 44BC A004 LOY 114 
643 44BE DODC BNZ CSTWRT 
644 44CO FFOOOOFF EOF DATA $FF,O,O,$FF 
645 44C4 CFC2CAC5 RDYMSG ASC 'OBJECT DEVICE ON, SPACE' 
646 44DB 20B840 OBMSG JSR SCRADV ROLL SCREEN 
647 44DE AOOO LDY #0 
648 44EO B9C444 OBMSGI LOA RDYMSG,Y 
649 44E3 204340 JSR OUT 
650 44E6 C8 INY 
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651 44!7 C017 CPY #23 
652 44E9 DOF5 BR! OBMSG1 
653 441!B 206643 JSIl SB IIAIT FOil SPACE 
654 44 !I! 60 EOIO IlTS 
655 SPD $EO 
656 IDIH EQU $9D 
657 LPP EQU $BA LIRES/PAGE 
658 PII EQU LPP+1 Pili II TEll IIIDTH 
659 PAUSCT EQU PII+1 
660 DSHrLG EQU PAUSCT+1 
661 OOEO 00 lOTi *** 
662 00E1 00 IOT2 *** 
663 00E2 00 IOT3 **. 
664 00E3 0000 10PTlll DBL 0 
665 00E5 0000 IOPTR2 DBL 0 
666 00E7 0000 IOPTR3 DBL 0 
667 00E9 0000 IOPTR4 DBL 0 
668 OOEB 00 KBY * ... 
669 OOEC 00 LPTIl .. ** 
670 OOED 00 B4 *** 
671 OOEE EIID 

*************************** 
* S Y M B 0 L TABLE* 
*************************** 

B4 OOED BEQEOP 4166 BLIRE 07DO CERR 4185 
CHCIIT 4176 CIICSTE 4292 CIICT 418D CIICT1 41A6 
CIIU 41C9 CIIL2 41 D8 CIIL2A 41 E8 CIIL3 41 F9 
CIiLlST 41 B8 CIIOBJ 4268 CRR2 422A CRR3 422C 
CIIIlEAD 420E CII1I2 4257 CRIIRT 4245 CSTLDR 4490 
CSTTRL 44B8 CSTIiRT 449c DSBrLG 0080 OTCC 4356 
DTCC1 435B OTCC2 4350 EOF 44CO EOIO 44EE 
EOPIlT 4173 ERR 0062 Fl 437A r2 437E 
FETCH 436E FItCB 4059 FKCBO 4062 FKCB1 4060 
FKCH2 4070 FltCH3 407F FKCB3A 408E FKCB4 4098 
FKCHB 409F FKCHB1 40AC FKCBB2 40B2 FRTN 4378 
IC1 438F IC2 438C IC3 4391 IC4 4393 
ICERD 4396 ICNT 4381 10UF 0090 IRITLZ 4000 
INn 40lA 10PTlll 00E3 IOPTR2 00E5 IOPTR3 00E7 
IOPTIl4 00E9 lOTI OOEO IOT2 OOEl IOT3 00E2 
J1 209B J10 20B6 Jll 20B9 J12 20BC 
J13 20BF J14 20C2 J2 209E J3 20A1 
J4 20M J5 20A7 J6 20AA J7 20AO 
J8 20BO J9 20B3 KB COOO KBS COlO 
KlY OOEB LRADR 40EC LPP OOBA LPTR OOEC 
HOII 0060 RTLIRE 0750 OBMSG 44DB OBMSG1 44EO 
OTTY2 417A OUT 4043 OUT2 4052 OUT3 4055 
OUTTTY 4177 PAUSCT OOBC PlllLF 4181 PR2LF2 4186 
PIlDV1A 410E PIlDV2A 4124 PRDV2B 412A PROV2C 413A 
PIlDV3A 4162 PIlOVC1 4103 PRDVC2 41lA PROVC3 4143 
PIlFLAG C3C1 PIlTR COBO PII OOBB 1l0B2 4304 
IlDB3 43E3 IlDB4 43E4 IlDBlT 43E7 IlDBYTE 43CF 
IlDYMSG 44C4 IlHO 43BO RBI 43B2 IlH2 43CO 
IlBDIl 439A IlBF 439F IlBIi 43AD 1lT2 43EC 
IlT3 43FC llTB2 441C IlTBYTE 4406 IlTBDR 4401 
llTllAIiS 43EA S8 4366 SCIlAD2 40BE SCllAD3 40D4 
SCIlAD4 40E1 SCUDV 40B8 SCREEN 0400 SCIlTR 40DD 
IC 4141 TCIlLl 403C TORM 4347 TPIN C060 
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TPOUT C020 TTIME OOlB TTPCRl 4472 TTYDTA C100 
TTYLDO 445P TTYLDl 4461 TTYLDIl 445C TTYOUT C102 
TTYPCR 446A TTYST C10l TTYTIl 448C WDATA 42EB 
WDATAl 42P5 WDATA2 42PD Will 4319 WIl3 4323 
wll4 432A WIlBIT 4317 WIlCD 42D5 WRCEND 4313 
WIlOIlE 432E VROIlEl 4336 WROIIE2 4338 WRONE3 4340 
WilT 1 4436 WRT2 443E WRT3 4453 WRTAPE 42B3 
WIlTPl 42C4 VRTP2 42D2 WRTTY 4428 WZEROS 42E3 

402 



APPENDIX C 

USING THE ASSEMBLER WITH 
OTHER 6502 BASED COMPUTERS 

403 



CUSTOM INPUT/OUTPUT 

The assembler whose listing appears in appendix A 
is entirely free of specific input/output references. 
All input/output is done through a jump table which 
begins at location $209B. To use the assembler with a 
specific peripheral configuration this jump table must 
be filled in with jump instructions leading to a set of 
user supplied input/output routines. There are 14 
rou tine s to be supp lied. Not all of th em may be 
appropriate to your system. If the routine is 
unnecessary its position in the jump table must be 
filled with: 

RTS 
DBL 0 

Each of these routines must be in subroutine form and 
must end with an RTS instruction. Before undertaking 
the task of creating your custom I/O package study the 
Apple II I/O package in appendix B. The input/output 
routines and their functions are: 

INITLZ $209B 

This routine is a catch-all initialization routine 
which will be called whenever the assembler is entered 
at $2000. It should be used as an opportunity to 
initialize peripheral interfaces, clear terminal 
screens, etc. All registers may be used. 

TCRLF $209E 

TCRLF should advance the terminal one line. For 
teletype-like devices this means a carriage return/line 
feed sequence, plus whatever padding characters are 
need for delay or other control purposes. For CRT 
terminals this routine should scroll the screen up one 

404 



CUSTOM INPUT/OUTPUT 

line. The A and Y registers may be used. 

OUT $20Al 

OUT should output the character in the A register 
to the system terminal device. The registers must 
return unchanged. 

FKCH $20A4 

FKCH reads one character from the terminal 
keyboard and returns it in the A register. Only the A 
register should be changed. Note that if the typed 
character is a backspace ($88) the FKCH routine is 
responsible for erasing the character so deleted from 
the screen, but the backspace must still be returned to 
the assembler so that the proper deletion may be made 
in the source line buffer. Only the A register may be 
changed. 

RHDR $20A7 

RHDR scans the source input medium, returning 
control to the assembler when the blank space or coded 
record information has been passed over, and data are 
about to be read. This is necessary for cassette input 
but can be dispensed with for media like paper tape in 
w hi c h tim i ng is not c r it i caL In t his I a t t e rca s e i t 
will probably be easier to build a fixed count into the 
paper tape inpu t routine which w ill allow it to scan 
over blank input medium for some reasonable length. 
This kind of arrangemen t is shown in the App Ie II I/O 
package in appendix B, line 545. 

RDBYTE $20AA 
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This routine gets one byte from the source input 
medium and returns control immediately to the 
assembler. Carry must return off unless RDBYTE detects 
an end-of-file condition. In this case carry 
must return on. The RDBYTE and RTBYTE routines in the 
Apple II I/O are examples of this process for cassette 
and teletype. 

WRTAPE $20AD 

WRTAPE writes a source block onto the system 
source medium. The address of the first character of 
the block to be written is in A and X on entry, low 
order in A. The number of bytes to be written is in 
scratchpad locations IDIFF and IDIFF+I ($9D, $9E). 
This is negative twos complement double precision 
count. WRTAPE must supply both leader and trailer if 
appropriate. 

PRT $20BO 

PRT prints the character string whose beginning 
address is in A and X on entry on the system listing 
device. The PRT routine has responsibility for 
detecting lines which are too long for the device. The 
end of the string is signaled by the appearance of 
carriage return. PRT must supply carriage return 
and line feed as required by the device. 

CNCT $20B3 

CNCT is entered whenever a U command is typed. 
CNCT may be used for any necessary purpose, but was 
intended as a means of switching peripheral device 
assignments. The ability to do this is becomes 
valuable in a mul tiperipheral system when peripherals 
are down and being able to switch to an auxiliary 
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device means the difference between working and waiting 
until the peripheral is fixed. There are a number of 
ways to accomplish peripheral switches. The Apple II 
I/O in appendix B shows one of them. 

The device connect routines which deal with 
assembly listing output must supply four pieces of 
information to the assembler. In scratchpad locations 
$BA through $BD the following data must be supplied: 

$BA LPP 

$BA contains the number of lines per printed page. If 
this location contains zero there will be no 
pagination. This would be the case when assembling to 
a CRT as listing device. 

$BB PW 

$BB contains the printer width in characters. This 
mus t be properly filled in. The as sembI er use s this 
number to determine how many symbols can be printed 
across the page when printing the symbol table. 

$BC PAUSCT 

This is the count of the number of lines to be advanced 
before pausing when assembling to a screen. In the 
Apple II I/O this is set at 12. This location should be 
set to zero for hard copy devices. 

$BD DSHFLG 

If $BD is not zero a line of dashes will be printed as 
a page separator. This is a handy option when printing 
assembly listings on devices like teletypes whose paper 
comes from a continuous unperforated roll. 

DTCC $20B6 
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This routine tests whether a key has been struck 
on the system terminal device. If no key has been 
struck it returns immediately to the assembler with 
carry off. If a key has been struck the character must 
be examined. If the character typed was not control-C, 
$83, control returns to the assembler with carry off. 
If the key struck was control-C, return with carryon. 
In no cas e should DTCC wai t in a loop for a key to be 
struck. 

SB $20B9 

SB should wait in an I/O test loop until a key is 
struck. If the key struck was blank, $AO, return 
control to the assembler. If the key was not blank 
ignore it and re-enter the wait loop. Don't return 
until you get a blank. 

WOBL $20BC 

WOBL writes whatever prefix information is 
required for object records. For paper tape devices 
this amounts to nothing more than a 10 or 20 
centimeters of blank tape. Other media like cassette 
tape may requiring tha t sychronizing information be 
written. The CSTLDR routine in the Apple II I/O will 
show how this is done. 

WOBJR $20BF 

WOBJR writes a binary object record onto the 
object output medium. The address of the record to be 
written is in A and X, low order in A. The count, a 
positive single precision number is in Y on entry. All 
formatting has already been done by the assembler. 
WOBJR should simply transfer the block beginning at the 
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given A & X address to the output medium. The CSTWRT 
routine in the Apple II I/O will give you the idea of 
how this is done. 

WOBTR $20C2 

WOBTR writes whatever record suffix information 
may be required for object records, e.g., an end of 
file mark. CSTTRL in the Apple I/O performs this 
function. 

The double word which immediately follows the jump 
to your WOBTR routine specifies the beginning of the 
assembler source buffer. You may locate the source 
buffer anywhere you please, of course, but maximum 
utilization of memory is achieved by beginning it at 
the first available word after the I/O package. There 
is a very easy way to do this as part of th e I/O 
package. Create a label like EOIO for the last word of 
your I/O package. Then make the line which follows the 
JMP WOBTR read: 

DBL EOIO+l 

This will insure that no space is was ted between the 
assembler and the source buffer. 
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PAGE 001 DEBUG FOR APPLE II 

002 1000 ORG $1000 
003 1000 A220 DBG LDX #DBS 
004 1002 9A TXS LOAD STACK 
005 1003 20B410 JSR CLSCR YES 
006 1006 AD51CO DBG2 LDA $C051 SET MAIN SCREEN 
007 1009 AD52CO LDA $C052 
008 100C AD54CO LDA $C054 
009 100F 204C11 JSR URD UPDATE REGIS TER DISPLAY 
010 1012 205818 DBG2A JSR UPDW AND WINDOW DISPLAY 
011 1015 20C511 JSR UDSD STACK DISPLAY 
012 1018 208612 JSR URTS AND "RTS" DISPLAY 
013 10lB ADFA14 DBG3 LDA BPFLAG EXIT ON BREAKPOINT? 
014 101 E F003 BZ RCL 
015 1020 4C4816 JMP BPFAIL YES DISASTER 
016 1023 A017 RCL LDY #23 CLEAR COMMAND LINE 
017 1025 A9AO LDA # ' 

, 
018 1027 99CF07 RCL2 STA CMLINE-1,Y 
019 102A 88 DEY 
020 102B DO FA BNZ RCL2 
021 102D A9A3 LDA #'1' Itlll TO COMMAND LINE 
022 102F 8DD007 STA CMLINE 
023 1032 C8 INY 
024 1033 8CDFl2 STY CLPTR 
025 1036 20 E312 RCL3 JSR RKB GET CHARACTER 
026 1039 B024 BCS RCL6 CHECK FOR PERIOD 
027 103B COl7 CPY #23 OVERFLOW LINE? 
028 103D DOF7 BNE RCL3 
029 103F A9BF RCL3A LDA I'? ' FILL WITH "?" 
030 1 041 A017 LDY 123 
031 1043 99CF07 RCL4 STA CMLINE-l,Y 
032 1046 88 DEY 
033 1047 DOFA BNZ RCL4 
034 1049 8CA614 RCL4A STY CFLASH DELAY 
035 104C 8CA 714 STY CFLASH+l 
036 104F EEA614 RCL5 INC CFLASH 
037 1052 DOFB BNZ RCL5 
038 1054 EEA 714 INC CFLAS H+ 1 
039 1057 DOF6 BNZ RCL5 
040 1059 A220 LDX IDBS 
041 105B 9A TXS 
042 105C 4C2310 JMP RCL 
043 105F ADDI07 RCL6 LDA CMLINE+l CHECK FOR LEGAL COMMAND 
044 1062 AOOF LDY #JTBL-CTBL 
045 1064 D98610 RCL7 CMP CTBL-l,Y 
046 1067 F005 BEQ RCL8 
047 1069 88 DEY 
048 106A DOF8 BNZ RCL7 
049 106C FODI BZ RCL3A COMMAND NOT IN LIST 
050 106E 98 RCL8 TYA COMPUTE JUMP TABLE 
051 106F OA ASLA DISPLACEMENT 
052 1070 A8 TAY 
053 1071 B99510 LDA J TBL-l ,Y 
054 1074 48 PHA GET ADDRESS AND SAVE 
055 1075 B99410 LDA JTBL-2,Y ON STACK 
056 1078 48 PHA 
057 1079 A002 LDY 12 SET C.L. POINTER 
058 107B 8CDF12 STY CLPTR 
059 107 E A900 CLA 
060 1080 8DA814 STA RESULT CLEAR RESULT AREA 
061 1083 8DA914 STA RESULT+1 
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062 1086 60 itS 
063 1087 CDD2C2CA CTBL ASC 'MRBJFSWLVD' 
064 1091 00000000 DATA 0,0,0,0,0 EXPARSIOR CONMARDS 
065 1096 9313 JTBL DBL MEMORY-1 
066 1098 4414 DBL REG-1 
067 109A 2A15 DBL BKPT-1 
068 109C FA14 DBL JUMP-1 
069 109E AC1C DBL FILL-1 
070 10AO D61C DBL SEARCB-1 
071 10A2 0717 DBL WIRDOW-1 
072 10A4 D41A DBL LOAD-1 
073 10A6 6216 DBL VIEW-1 
074 10A8 411D DBL DUMP-1 
075 10AA RES 10 SPACE FOR JUMP ADDRESSES 
076 10B4 CLEAR DEBUG SCREER 
077 10B4 A9008DCB CLSCR CDB CLADR,SCREER 
078 lOBE A9008D21 CDB DCRT,-1024 
079 10C8 A9AO LDA # ' 

, 
080 10CA 8DCA10 CLS2 STA CLS2 
081 10CD CLADR EQU CLS2+1 
082 10CD EECBl ODO IDB CLADR 
083 10D5 EE2111 DO IDB DCRT 
084 10DD DOEB BNZ CLS2 
085 10DF A028 LDY '40 TRANSMIT REGISTER BANNER 
086 10E1 B92211 SFMT LDA BARNER-1,Y 
087 10£4 99A707 STA SBLIRE-1,Y 
088 10E7 88 DEY 
089 10E8 Don BRZ SFMT 
090 10EA A9D3 LDA , 's' 
091 10EC 8D7407 STA NTL+36 
092 10EF A9C3 LDA #' C' 
093 Ion 8D7507 STA NTL+37 
094 10F4 A9D2 LDA # 'R' 
095 10F6 8D7607 STA RTL+38 
096 10F9 60 RTS 
097 10FA ADVANCE REGISTER FILE 
098 10FA A206 ADVR LDX #6 
099 10FC AOOO LDY 10 
100 10FE B 91511 ADVR2 LDA RVCTR+6, Y 
101 1101 991811 STA RVCTR+12, Y 
102 1104 B90F11 LDA RVCTR,Y 
103 1107 991511 STA RVCTR+6,Y 
104 110A C8 INY 
105 110B CA DEX 
106 110C DOro BNZ ADVR2 
107 110E 60 RTS 
108 110F REGISTER FILE 
109 110F 
110 110F 00 A *** PSEUDO A 
111 1110 00 X *** PSEUDO X 
112 1111 00 Y *** PSEUDO Y 
113 1112 FF S DATA $FF PSEUDO STACK 
114 1113 00 D *** STACK DIFFERERCE 
115 1114 04 PSW DATA 4 PSEUDO PSW, IRT'S OFF 
116 1115 0000 $$$ 
117 1117 0000 $$$ 
118 1119 0000 $$$ 
119 111B 0000 $$$ 
120 111D 0000 $$$ 
121 111F 0000 $$$ 
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122 1121 RVCTR EQU A 
123 1121 0000 DCNT $$$ 
124 1123 ClAOAOD8 BANNER ASC 'A X Y S D NVBDIZC' 
125 1139 AOAOD3D4 ASC STACK BKPT RTS 

, 
126 114C 
127 114C SCREEN DEFINITIONS 
128 114C 
129 114C SCREEN EQU $400 
130 114C SBLINE EQU SCREEN+$3A8 
131 114C RLl EQU SCREEN+$50 
132 114C NTL EQU SCREEN+$350 
133 114C FLN EQU SCREEN+$3DO 
134 114C 
135 114C UPDATE REGISTER DISPLAY 
136 114C 
137 114C A903 URD LDA #3 
138 114E 8D2412 STA HCNT 
139 1151 A9508DBA CDB DSPADR,RLl 
140 115B A90F8DAE CDB RADR,RVCTR 
141 1165 A905 URDO LDA #5 
142 1167 8D2512 STA RCNT 
143 116A 20ADII URDI JSR FCH GET REG VALUE 
144 116D 20C212 JSR CNV2HX 
145 1170 20B911 JSR STCH 
146 1173 8A TXA 
147 1174 20B 911 JSR STCH 
148 1177 A9AO LDA /I' 

, 
149 1179 20B911 JSR STCH 
150 117C CE2512 DEC RCNT 
151 117F DOE9 BNZ URD1 
152 1181 A907 LDA #7 
153 1183 802512 STA RCNT 
154 1186 A003 LOY /13 
ISS 1188 20ADll JSR FCH 
156 118B 802712 STA URDT 
157 118E A958 URD2 LDA /I $58 
158 1190 2 E2 712 ROL URDT 
159 1193 2A ROLA 
160 1194 88 DEY 
161 1195 FOF7 BZ URD2 
162 1197 20 B 911 JSR STCH 
163 119A CE2512 DEC RCNT 
164 119D DOEF BNZ URD2 
165 119F A950 LDA #$50 
166 11A1 8DBA11 STA DSPADR 
167 11A4 EEBBll INC DSPADR+1 
168 11A7 CE2412 DEC HCNT 
169 llAA DOB9 BNZ URDO 
170 11AC 60 RTS 
171 11AD FETCH CHARACTER 
172 11 AD ADAD11 FCH LDA FCH 
173 11BO RADR EQU FCR+1 
174 11BO EEAE11 DO lDB RADR 
175 I1B8 60 RTS 
176 11B9 STORE CHARACTER 
177 I1B9 8DB 911 STCH STA STCH 
178 11BC DSPADR EQU STCH+l 
179 11BC EEBAI1DO IDB DSPADR 
180 11C4 60 RTS 
181 11C5 
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182 11C5 UPDATE STACK DISPLAY 
183 11C5 
184 11 C5 A9688DBA UDSD CDB DSPADR,RLl +24 
185 11CF AD2612 LDA TUSTK 
186 11D2 8DFD11 STA STItADR 
187 11D5 A908 LDA #8 
188 11D7 8D2412 STA HCNT 
189 11DA A9B1 UDSD1 LDA 1'1' 
190 11DC 20B911 JSR STCH 
191 11DF ADFD11 LDA STItADR 
192 11 E2 20C212 JSR CNV2HX 
193 11 E5 20B911 JSR STCH 
194 11 E8 8A TXA 
195 1U9 20B911 JSR STCH 
196 1UC AOAO LDY # ' 

, 
197 11EE ADFD11 LDA STltADR 
198 11Fl CD1211 CHP US TIt 
199 11F4 D002 BNE UDSD2 
200 11F6 AOHE LDY #' >' SET ">" TO HARK 
201 11F8 STACK POSITION 
202 11F8 98 UDSD2 TYA 
203 11 F9 20B 911 JSR STCH 
204 11FC ADOOOI UDSD3 LDA $100 
205 11FF STltADR EQU UDSD3+1 
206 11FF 20C212 JSR CNV2HX 
207 1202 20B 911 JSR STCH 
208 1205 8A TXA 
209 1206 20B911 JSR STCH 
210 1209 CErD11 DEC STItADR 
211 120C ADBA11 LDA DSPADR 
212 120F 2980 AND #$80 
213 1211 0968 ORA #$68 
214 1213 186980 ADD #$80 
215 1216 8DBA11 STA DSPADR 
216 1219 9003 BCC UDSD4 
217 1218 EEBB11 INC DSPADR+1 
218 121 E CE2412 UDSD4 DEC HCNT 
219 1221 DOB7 BNZ UDSD1 
220 1223 60 RTS 
221 1224 00 HCNT *** 
222 1225 00 RCNT *** 
223 1226 USTK EQU S 
224 1226 FF TUSTK DATA $FF 
225 1227 00 URDT *** 
226 1228 
227 1228 UPDATE BREAKPOINT HISTORY 
228 1228 
229 1228 A96E8D44 UBPD CDB UBA1,NTL+30 
230 1232 A9EE8D47 CDB UBA2,FLN+30 
231 123C A907 LDA 17 
232 123E 8D2412 STA HCNT 
233 1241 A004 UBPO LDY 14 
234 1243 B94312 UBPI LDA UBP1,Y 
235 1246 UBA1 EQU UBP1 +1 
236 1246 994612 UBP2 STA UBP2,Y 
237 1249 UBA2 EQU UBP2+1 
238 1249 88 DEY 
239 124A DOn BHZ UBP1 
240 124C AD4412 LDA UBA1 
241 124F 38E980 SUB #$80 
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242 1252 8D4412 STA UBA1 
243 1255 B003 BCS UBP3 
244 1257 CE4512 DEC UBAl +1 
245 125A AD4712 UBP3 LDA UBU 
246 125D 381980 SUB #$80 
247 1260 8D4712 STA UBA2 
248 1263 B003 BCS UBP4 
249 1265 CE4812 DEC UBA2+1 
250 1268 CE2412 UBP4 DEC MCIIT 
251 126B DOD4 BIIZ UBPO 
252 126D AD7B15 LDA BPA+1 
253 1270 20C212 JSI CIIV2HX 
254 1273 8D6'04 STA ILl +31 
255 1276 8E7004 STX ILl +32 
256 1279 AD7A15 LDA BPA 
257 127C 20C212 JSI CIIV2HX 
258 127' 8D7104 STA ILl +33 
259 1282 8E7204 STX ILl +34 
260 1285 60 ITS 
261 1286 
262 1286 UPDATE "ITS" DISPLAY 
263 1286 
264 1286 AD1211 UITS LDA usn 
265 1289 186901 IliA 
266 128C 8D9612 STA FST1+1 
267 128F 186901 INA 
268 1292 8D9C12 STA FST2+1 
269 1295 ADO 001 FST1 LDA $100 
270 1298 8D2111 STA DCIIT 
271 129B ADO 001 FST2 LDA $100 
272 129E 8D2211 STA DCIIT+1 
273 12A1 EE2111 DO IDB DCIIT 
274 12A9 AD2211 LDA DCIIT+1 
275 12AC 20C212 JSI CIIV2HX 
276 12A' 8D7404 STA ILl +36 
277 12B2 8E7504 STX ILl +37 
278 12B5 AD2111 LDA DCIIT 
279 12B8 20C212 JSI CIIV2HX 
280 12BB 8D7604 STA ILl+38 
281 12BE 8E7704 STX ILl +39 
282 12C1 60 RTS 
283 12C2 
284 12C2 COIIVERT A TO 2 HEX DIGITS, 
285 12C2 BIGB III A, LOW III X 
286 12C2 
287 12C2 AA CIIV2BX TAX 
288 12C3 4A LSRA 
289 12C4 4A LSRA 
290 12C5 4A LSIA 
291 12C6 4A LSRA 
292 12C7 20D212 JSI CVBXDG 
293 12CA 48 PBA 
294 12CB 8A TXA 
295 12CC 20D212 JSI. CVBXDG 
296 12CF AA TAX 
297 12DO 68 PLA 
298 12D1 60 I.TS 
299 12D2 290F CVBXDG AIID #$F 
300 12D4 C90A CMP #10 
301 12D6 9003 BLS CVBX2 
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302 12D8 186907 ADD #7 
303 12DB 1869BO CVHX2 ADD #$BO 
304 12DE 60 aTS 
305 12DF CHLINE EQU $7DO 
306 12DF 00 CLPTa *** 
307 12EO 4C3F10 aTILT JHP IlCL3A 
308 12E3 ItEYBOAIlD IlEAD 
309 12E3 A9AO RltB LDA I' , 
310 12E5 C018 cn 124 
311 12E7 Fon BlQ UILT 
312 1219 99D007 STA CMLINE, Y 
313 12EC A940 IlItBl LDA #$40 
314 12EE 8DA614 STA CFLASH 
315 12F1 8DA714 STA CFLASH+1 
316 12F4 B9D007 LDA CMLIME, Y 
317 12F7 490E EOIl I$E 
318 12F9 99D007 STA CMLINE,Y FLASH CURSOR 
319 12FC ADOOCO 1l1tB2 LDA ItB 
320 12" 300C BMI RltB4 
321 1301 EEA614 RltB3 INC CFLASH 
322 1304 Don BNZ RltB3 
323 1306 EEA714 IMC CFLASH+1 
324 1309 DOFl BNZ RltB2 
325 130B FODF BZ RltBl 
326 130D 8D10CO RltB4 STA ItBS CLEAR STROBE 
327 1310 C988 CMP 1$88 
328 1312 F010 BEQ RltB7 BACK UP CURsoa 
329 1314 C9AE CMP " .. END OF LIME 
330 1316 D009 BNE RKB6 
331 1318 38 SEC 
332 1319 99D007 RKB5 STA CMLINE,Y 
333 131c C8 INY 
334 131D 8CDF12 STY CLPTR 
335 1320 60 RTS 
336 1321 18 RKB6 CLC 
337 1322 90F5 BCC RltB5 
338 1324 A9AO RItB 7 LDA iJ' , 
339 1326 99D007 STA CMLIHE,Y 
340 1329 88 DEY 
341 132A 8CDFl2 STY CLPTR 
342 132D C002 CPY #2 
343 132F BOB2 BGE RItB 
344 1331 A002 LDY 12 
345 1333 8CDFl2 STY CLPTR 
346 1336 DOAB BNZ RItB 
347 1338 GET HEXADECIMAL 
348 1338 HUMBER FROM KEYBOARD 
349 1338 A200 FPRM LDX 10 
350 133A 8EA814 STX RESULT 
351 133D 8EA914 STX RESULT+1 
352 1340 B9D007 FPRM2 LDA CMLINE,Y 
353 1343 cno CMP 1'0' CHECK VALIDITY 
354 1345 9033 BLS PNG 
355 1347 C9BA CMP #': ' 
356 1349 900B BLS DOK 
357 134B C9C1 CHP I'A' 
358 134D 902B BLS PNG 
359 134F C9C7 CMP I'G' 
360 1351 B027 BGE PHG 
361 1353 38£907 SUB #7 
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362 1356 290F DOK AND '"$F 
363 1358 OEA814 ASL RESULT 
364 135B 2EA914 ROL RESULT+1 
365 135E OEA814 ASL RESULT 
366 1361 2EA914 ROL RESULT+1 
367 1364 OEA814 ASL RESULT 
368 1367 2EA914 ROL RESULT+1 
369 136A OEA814 ASL RESULT 
370 136D 2EA914 ROL RESULT+1 
371 1370 ODA814 ORA RESULT 
372 1373 8DA814 STA RESULT 
373 1376 C8 lNY 
374 1377 E8 INX 
375 1378 DOC6 BNZ FPRM2 
376 137A C9AE PNG CMP # I.' CHECK FOR TERMINATOR 
377 137C FOOB BEQ POK 
378 137E C9AO CMP # ' 

, 
379 1380 F007 BEQ POK 
380 1382 C9AC CMP II J I 

381 1384 F003 BEQ POK 
382 1386 A900 LDA 10 
383 1388 60 RTS 
384 1389 8DAAl4 POK STA LAST 
385 138C 6A RORA 
386 138D 6A RORA 
387 138E C8 INY 
388 138F 8A TXA 
389 1390 60 RTS 
390 1391 4C3FlO TILT JMP RCL3A 
391 1394 INSPECT/MODIFY MEMORY 
392 1394 A002 MEMORY LDY #2 
393 1396 203813 JSR FPRM 
394 1399 FOF6 BZ TILT 
395 139B 90F4 BCC TILT 
396 139D ADA814 LDA RESULT 
397 13AO 8DD613 STA MADR 
398 13A3 8D0214 STA RPADR INITIALIZE ADDRESSES 
399 13A6 ADA914 LDA RESULT+1 
400 13A9 8DD713 STA MADR+1 
401 13AC 8D0314 STA RPADR+1 
402 13AF A9AO MO LDA #' , 
403 13B1 AOOO LDY #0 
404 13B3 99D207 MOA STA CMLINE+2, Y 
405 13B6 C8 INY 
406 13B7 C015 CPY #21 
407 13B9 DOF8 BNE MOA 
408 13BB A002 LDY #2 
409 13BD ADD713 LDA MADR+1 
410 13CO 20C212 JSR CNV2HX 
411 13C3 8DD207 STA CMLINE+2 
412 13C6 8ED307 STX CMLINE+3 
413 13C9 ADD613 LDA MADR 
414 13CC 20C212 JSR CNV2HX 
415 13CF 8DD407 STA CMLINE+4 
416 13D2 8ED507 STX CMLlNE+5 
417 13D5 ADD513 M1 LDA M1 
418 13D8 MADR EQU M1+1 
419 13D8 48 PHA 
420 13D9 20C212 JSR CNV2HX 
421 13DC 8DD707 STA CMLINE+7 
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422 13DF 8ED80 7 STX CMLINE+8 
423 13E2 68 PLA 
424 13E3 8DDB07 STA CMLlNE+ll 
425 13E6 AOOD LDY #13 
426 13E8 20E312 MlA JSR RlB 
427 l3EB C9AE CMP # I. I 
428 l3ED F008 BEQ M1B 
429 13EF C9AO CMP I' , 
430 13F1 F004 BEQ MlB 
431 13F3 C9AC CMP # I, I 
432 13F5 DOFl BNE MIA 
433 13F7 AOOD M1B LDY #13 
434 13F9 203813 JSR FPRM 
435 13FC F006 8Z M2A 
436 13FE ADA814 LDA RESULT 
437 1401 8D01l4 M2 STA M2 
438 1404 RPADR EQU M2+1 
439 1404 ADAA14 M2A LDA LAST 
440 1407 C9AE CMP 

"'. I 441 1409 D003 8NE M3 
442 140B 4C1210 JMP D8G2A 
443 140E C9AO M3 CMP I' , 
444 1410 D013 8NE M4 
445 1412 EED613DO ID8 MADR INCREMENT FOR NEXT 
446 141A EE0214DO ID8 RPADR ACCESS 
447 1422 4CAF13 M3A JMP MO 
448 1425 C9AC M4 CMP DI, I 

449 1427 F003 8EQ M5 
450 1429 4C3FI0 JMP RCL3A 
451 142C ADD613 M5 LDA MADR DECREMENT FOR NEXT 
452 142F 38E901 DEA ACCESS 
453 1432 8DD613 STA MADR 
454 1435 8D0214 STA RPADR 
455 1438 C9FF CMP il$FF 
456 143A DOE6 8NE M3A 
457 143C CED713 DEC MADR+1 
458 143F CE0314 DEC RPADR+l 
459 1442 4CAF13 JMP MO 
460 1445 MODIFY PSEUDO REGISTER 
461 1445 A90F8D90 REG CD8 REGADR.RVCTR 
462 144F ADD207 LDA CMLINE+2 
463 1452 AOOO LDY 10 
464 1454 8CAB14 STY STULG 
465 1457 C9Cl CMP I'A' 
466 1459 FOlB 8EQ RGI 
467 145B C8 INY 
468 145C C9D8 CMF , 'X' 
469 145E F016 8EQ RGI 
470 1460 C8 tNY 
471 1461 C9D9 CMP I'Y' 
472 1463 FOll 8EQ RGI 
473 1465 C8 INY 
474 1466 C9D3 CMP I's' 
475 1468 DOO5 8NE RGO 
476 146A EEA814 INC STKFLG 
477 146D DOO7 8NZ RGI 
478 146.F C9DO RGO CMP I'p' 
479 1471 F039 BEQ RP 
480 1473 4C3FlO RGE JMP RCL3A 
481 1476 98 RGI TYA 
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482 1477 186D9014 ADD REGAD! COIIPUTE PSEUDO REGISTER 
483 147B 8D9014 STA UGADI ADDIESS 
484 147E 9003 BCC IG1 
485 1480 EE9114 IIIC IEGADI+1 
486 1483 A003 IG1 LDY 13 
487 1485 203813 IG2 JSI "III 
488 1488 90£9 BCC IGI 
489 148A '017 BZ IGI 
490 148C ADA814 LDA IISOLT 
491 148' 8D8'14 IG3 STA IG3 OVEILAID ADDIISS 
492 1492 IIGADI IQU IG3+1 
493 1492 ClAB14 DIC STULG 
494 1495 D003 BHZ IG3A 
495 1497 8D2612 STA TUSTI: 
496 149A 20C511 IGlA JSI UDSD 
497 149D 204cll IG4 JSI OlD 
498 14AO 205818 JSI UPDW 
499 14A3 4C2310 JIIP ICL 
500 14A6 KB IQU $COOO 
501 14A6 KBS IQU $C010 
502 14A6 0000 C'LASB $$$ 
503 14A8 0000 RESULT $$$ 
504 14AA 00 LAST *** 505 1UB 00 STULG *** 506 14AC SET PSW BITS 
507 14AC A003 IP LDY 13 
508 14A! B9D007 IPO LDA CIILIRI,Y 
509 14B1 C8 IllY 
510 14B2 C9A! CliP " .. 
511 14B4 '017 BEQ IG4 
512 14B6 A207 LDX 17 
513 1418 DDIB14 IP1 CliP PBTlL-1,X 
514 14BB '006 BEQ IP2 
515 14BD CA DIX 
516 UBI lOra BPL IPl 
517 14CO 4C3PlO JIIP ICL3A 
518 14C3 BDP214 IP2 LDA BTlL-1,X 
519 14C6 8DA814 STA RESULT 
520 14C9 B9D007 LDA CIILIRI, Y 
521 14CC C8 IRY 
522 14CD C9B1 CliP 1'1' 
523 14C' F012 BEQ IP4 
524 14D1 cno CliP 1'0' 
525 14D3 DOn IRI IGI 
526 14D5 ADA814 LDA RESULT 
527 14D8 49rP CIIA 
528 14DA 2D1411 AID PSW 
529 14DD 8D1411 IP3 STA PSW 
530 14EO 4CAEl4 JIIP IPO 
531 1413 ADA814 IP4 LDA IESULT 
532 14E6 OD1411 OIA PSW 
533 1419 4CDD14 JIIP 1P3 
534 14EC CED6C2C4 PBTBL ASC 'RVBDIZC' 
535 14'3 80401008 BTiL DATA $80,$40,$10,8,4,2,1 
536 14PA 00 B"LAG *** 537 Un JUIIP 'ACILITY 
538 un 
539 14n 203813 JUIIP JSI "III GIT JUIIP ADDIESS 
540 14P1 '028 BZ JTlLT 
541 1500 9026 BCC JTlLT 
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542 1502 ADA814 LDA RESULT 
543 1505 8D2615 STA JADR 
544 1508 ADA914 LDA RESULT+1 
545 150B 8D2715 STA JADR+1 
546 150E 20D116 J2 JSR STSCRR SET JUMP SCREER 
547 1511 AEl211 LDX S LOAD PSEUDO REGISTERS 
548 1514 9A TXS 
549 1515 AD 1411 LDA PSII 
550 1518 48 PHA 
551 1519 ADOF11 LDA A 
552 151C AElO11 LDX X 
553 151F AC1111 LDY Y 
554 1522 28 PLP SET JUMP FLAGS 
555 1523 6C2615 J3 JMP *JADR 
556 1526 0000 JADR $$$ JUMP ADDRESS 
557 1528 4C3F!0 JTILT JMP RCL3A 
558 152B 
559 152B BREAKPOIRT FACILITY 
560 152B 
561 152B 203813 BKPT JSR FPRM 
562 1521 B058 BCS BCRT 
563 1530 ADAA14 LDA LAST 
564 1533 C9AO CMP I' I 

565 1535 DOF! BRE JTILT 
566 1537 ADA814 LDA RESULT 
567 153A 8D2615 STA JADR 
568 153D ADA914 LDA RESULT+1 
569 1540 8D2715 STA JADR+1 
570 1543 203813 BKPT1 JSR FPRM 
571 1546 90EO BCC JTILT 
572 1548 ADA814 BKPT1A LDA RESULT 
573 154B 8D7A15 STA BPA 
574 154E 8D7E15 STA BPA2 
575 1551 ADA914 LDA RESULT+1 
576 1554 8D7815 STA BPA+1 
577 1557 8D7F15 ST'A BPA2+1 
578 155A AOOO LDY 10 MOVE PROGRAM WORDS 
579 155C 207915 BKPT2 JSR FlW 
580 155F 998115 STA SAVE, Y 
581 1562 C8 INY 
582 1563 C003 CPY 13 
583 1565 DOF5 BRE BKPT2 
584 1567 AOOO LDY 10 SET BREAKPOINT 
585 1569 B98415 BKPT3 LDA BPI,Y 
586 156C 207D15 JSR SBW 
587 156F C8 INY 
588 1570 C003 cn #3 
589 1572 DOF5 BRE UPT3 
590 1574 EEFA14 IRC BPFLAG 
591 1577 D095 BRZ J2 ARD JOIR JUMP CODE 
592 1579 B97915 FlW LDA FBW,Y 
593 157C BPA EQU FlW+1 
594 157C 60 RTS 
595 157D 997D15 SBW STA SBW,Y 
·596 1580 BPA2 EQU SBW+1 
597 1580 60 ITS 
598 1581 SAVE RES 3 
599 1584 4CAC15 BPI JMP BRTR 
600 1587 00 PBKF *** PREVIOUS BKPT FLAG 
601 1588 AD8715 BCRT LDA PBU WAS THBRB A PRBVIOUS BKPT? 
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602 158B DOlO BNZ BCNT2 
603 158D B92Fl6 BCNT1 LDA NPB, Y 
604 1590 99D007 STA CMLINE,Y SET NO PREVo BKPT MESSAGE 
605 1593 C8 INY 
606 1594 C9D4 CMP # 'T' 
607 1596 DOF5 BNE BCNT1 
608 1598 AOOO LDY 110 
609 159A 4c4910 JMP RCL4A 
610 159D AD7A15 BCNT2 LDA BPA MOVE PREVIOUS BKPT ADDR 
611 15AO 8D2615 STA JADR TO JUMP ADDRESS 
612 15A3 AD7B15 LDA BPA+1 
613 15A6 8D2715 STA JADR+1 
614 15A9 4C4815 JMP BKPTlA 
615 15AC 
616 15AC BREAKPOINT RETURN FACILITY 
617 15AC 
618 15AC 8D2916 BRTN STA TA SAVE REG'S 
619 15AF 8E2A16 STX TX 
620 15B2 8C2B16 STY TY 
621 15B5 08 PHP 
622 15B6 68 PLA 
623 15B7 8D2E16 STA TPSW 
624 15BA BA TSX 
625 15BB 8E2C16 STX TS 
626 15BE 78 DI KILL INTERRUPTS 
627 15BF A220 LDX IIDBS 
628 15C1 9A TXS LOAD DEBUG STACK 
629 15C2 8E8715 STX PBKF 
630 15C5 20FA10 JSR ADVR ADVANCE REG FILE 
631 15C8 AOOO LDY 110 MOVE IN NEW PSEUDO REG'S 
632 15CA B 92 916 BRTN2 LDA TA,Y 
633 15CD 990F11 STA A,Y 
634 15DO C8 INY 
635 15D1 C006 CPY 116 
636 15D3 DOF5 BNE BRTN2 
637 15D5 AD1211 LDA S COMPUTE STACK DIFF. 
638 15D8 38ED1811 SUB S+6 
639 15DC 8D1311 STA D 
640 15DF 202812 JSR UBPD AND BREAKPOINT DISPLAY 
641 15E2 AOOO LDY 10 
642 15E4 B93C16 BRTN3 LDA BPRM,Y DISPLAY BKPT MESSAGE 
643 15E7 99D007 STA CMLINE,Y 
644 15EA C8 INY 
645 15 EB C9C4 CMP II'D' 
646 15ED DOF5 BNE BRTN3 
647 15EF A900 BRTN4 CLA CLEAR BKPT FLAG 
648 15F1 8DFA14 STA BPFLAG 
649 15F4 8DA614 STA CFLASH 
650 15F7 8DA714 STA CFLASH+1 SET DELAY 
651 15FA 204C11 JSR URD UPDATE ALL DISPLAYS 
652 15FD 20C511 JSR UDSD 
653 1600 208612 JSR URTS 
654 1603 205818 JSR UPDW 
655 1606 AOOO LDY 110 RESTORE BKPT INST'S 
656 1608 B98115 BRTN5 LDA SAVE, Y 
657 160B 207D15 JSR SBW 
658 160E C8 INY 
659 160F C003 CPY #3 
660 1611 DOF5 BNE BRTN5 
661 1613 EEA614 BRTN6 INC CFLASH 
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662 1616 DOFB BNZ BRTN6 
663 1618 EEA714 INC CFLASH+1 
664 161B DOF6 BNZ BRTN6 
665 161 D AD51CO LDA $C051 TURN ON NORMAL 
666 1620 AD52CO LDA $C052 DEBUG SCREEN 
667 1623 AD54CO LDA $C054 
668 1626 4C2310 JMP RCL 
669 1629 00 TA *** 
670 162A 00 TX *** 
671 162B 00 TY *** 
672 162C 00 TS *** 
673 162D 00 TD *** 
674 162E 00 TPSW *** 
675 162F CECFAODO NPB ASC 'NO PREY. BKPT' 
676 163C C2CBDOD4 BPRM ASC 'BKPT REACHED' 
677 1648 DBS EQU $20 
678 1648 AOOO BPFAIL LDY #0 
679 164A B95816 BPF2 LDA BPFM,Y 
680 164D 99D007 STA CMLINE,Y 
681 1650 C8 INY 
682 1651 C9C4 CMP # 'D' 
683 1653 DOF5 BNE BPF2 
684 1655 4CEFl5 JMP BRTN4 
685 1658 C2CBDOD4 BPrM ASC 'BKPT FAILED' 
686 1663 
687 1663 SET JUMP SCREEN 
688 1663 
689 1663 AED207 VIEW LDX CMLINE+2 
690 1666 A900 LDA #0 
691 1668 EOD4 CPX # 'T' 
692 166'A D004 BNE V2 
693 166C A2B3 LDX #'3' 
694 166E D025 BNZ V7 
695 1670 EOCC V2 CPX #'L' 
696 1672 D006 BNE V4 
697 1674 A908 LDA #8 
698 1676 A2B5 V3 LDX # '5' 
699 1678 D01B BNZ V7 
700 167A EOC8 V4 CPX #'11.' 
701 167C D004 BNE V5 
702 167E A918 LDA #24 
703 1680 DOF4 BNZ V3 
704 1682 EOCE V5 CPX # 'N' 
705 1684 DOOC BNE VE 
706 1686 AD51CO LDA $C051 SWITCH TO 
707 1689 AD52CO LDA $C052 NORMAL DEBUG 
708 168C AD54CO LDA $C054 SCREEN 
709 168r 4C2310 JMP RCL 
710 1692 4C3F10 VE JMP RCL3A 
711 1695 8E2111 V7 STX DCNT 
712 1698 8D2211 STA DCNT+1 
713 169B ADD307 LDA CMLINE+3 
714 169E C9Bl CMP # 'I' 
715 16AO 90rO BLS VE 
716 16A2 CD2111 CMP DCNT 
717 16A5 BOEB BGE VE 
718 16A7 290' AND #$' 
719 16A9 3 SE901 DEA 
720 16AC OA ASLA 
721 IUD OA ASLA 
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722 lUI! 186D2211 ADD DCRT+1 
723 1682 18691!0 V8 ADD #<SCRADI. 
724 16B5 8DD416 STA JSCI. 
725 16B8 A916 LDA #>SCRADI. 
726 16BA 6900 ADC #0 
727 16BC 8DD516 STA JSCI.+1 
728 16Br 20D116 JSI. STSCI.R 
729 16C2 ADD207 LDA CMLIRI!+2 
730 16C5 8Dr507 STA rLII+37 
731 16C8 ADD307 LDA CMLIRE+3 
732 16CB 8D)'607 STA FLII+38 
733 16CE 4C2310 JMP I.CL 
734 16D1 A203 STSCI.II LDX #3 
735 16D3 BDE016 STSC2 LDA SCI.ADI.,X OVERLAID ADDRESS 
736 16D6 JSCK EQU STSC2+1 
737 16D6 8DDA16 STA STSC3+1 
738 16D9 ADOOCO STSC3 LDA $COOO 
739 16DC CA DEI 
740 16DD 10)'4 BPL STSC2 
741 16Dr 60 ITS 
742 16£0 00515254 SCRADI. DATA 0,$51,$52,$54 TEXT 1 
743 16£4 00515255 DATA 0,$51,$52,$55 TEXT 2 
744 16E8 50525456 DATA $50,$52,$54,$56 LORES 1 
745 16EC 50525556 DATA $50,$52,$55,$56 LORES 2 
746 16rO 50535456 DATA $50,$53,$54,$56 MIXED LORES 1 
747 16r4 50535556 DATA $50,$53,$55,$56 MIXED LORES 2 
748 16ra 50525457 DATA $50,$52,$54,$57 HUES 1 
749 16rC 50525557 DATA $50,$52,$55,$57 HUES 2 
750 1700 50535457 DATA $50,$53,$54,$57 
751 1704 50535557 DATA $50,$53,$55,$57 
752 1708 
753 1708 II IR DOli ASSIGIIMERT 
754 1708 
755 1708 ADD207 IIIRDOIl LDA CMLIME+2 GET IIIRDOII # 
756 170B C9B1 CMP #' l' 1 THROUGH r 
757 170D 902B BLS IITlLT 
758 170r C9BA CMP ": I 

759 1711 900B BLS 11112 
760 1713 C9C1 CMP I'A' 
761 1715 9023 BLS IITlLT 
762 1717 C9C7 CMP I 'G' 
763 1719 BOlF BGE IIIlLT 
764 1718 38E907 SUB #7 
765 171E 290r 11M2 AIID #$r 
766 1720 38£901 DEA 
767 1723 8D5718 STA liMO SAVE II III DOli #, 0-14 
768 1726 ADD307 LDA CMLIIIE+3 
769 1729 C9AC CMP II •• CHECK rol. COMMA 
770 172B DOOD Bill! IITlLT 
771 172D ADD407 LDA CMLIIIE+4 
772 1730 Al05 LDX #5 
773 1732 DD5118 lIB 3 CMP IITBL ,X 
774 1735 r006 B1!Q IIM4 
775 1737 CA DI!X 
776 1738 lOra BPL 11113 
777 173A 4C3FlO IIIlLT JMP I.CL3A lLLEGAL TYPE 
778 173D 814818 lIB 4 STI II TYPE 
779 1740 E005 CPX 15 CLEAR? 
780 1742 r06A B1!Q CLI!AR YES, DO IT 
781 1744 A9AO LDA I' , 
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782 1746 A200 LDX 10 
783 1748 9D4B18 WB5 STA VRAMI,X CLIAR RAMI SPACI 
784 174B 18 IRX 
785 174C 1006 CPX #6 
786 1741 Dor8 BRB VR5 
787 1750 A006 LDY 16 
788 1752 203813 JSB. FrB.M GIT VIRDOV ADDB.ISS 
789 1755 rOil BZ VTILT 
790 17 57 B019 BCS VR7 
791 1759 A200 LDX 10 
792 175B B9D007 VB6 LDA CMLIRI,Y TB.AIISMIT RAMI 
793 1751 C9AI CMP ".' 7 94 1760 r010 BlQ VB7 
795 1762 9D4B18 STA IIRAMI,X 
796 1765 CS IRY 
797 1766 18 II!X 
798 1767 1006 CPX 16 
799 1769 Doro Bill VII 6 
800 176B B9D007 LDA CIILIIII,Y CRICK roB. TlD.IIIIIAL 
801 1761 C9AB CliP I' .' COMMA 
802 1770 DOC8 Bill IlTILT 
803 1772 AD5718 VB7 LDA VII 0 
804 177 5 OA ASLA VIIiDOV RUMBED. 
805 1776 OA ASLA TIlliS 9 
806 1777 OA ASLA 
807 1778 186D5718 ADD 11110 
808 177C 1869C1 ADD # <IIDTBL 
809 177r 8DB617 STA IIPTB. 
810 1782 A917 LDA #>VDTBL 
811 1784 6900 ADC 10 
812 1786 8DB717 STA IIPTB.+1 
813 1789 AD4818 LDA IITYPI GET TYPI 
814 178C 20B517 JSB. IVTBL lilTED. IIIIIDOV TYPE 
815 178r ADA814 LDA USULT ARD ADDD.ESS 
816 1792 20B517 JSB. IIITBL 
817 1795 ADA914 LDA B.ISULT+1 
818 17 98 20B517 JSB. IVUL 
819 179B A200 LDX 10 UAIISMIT IIAME 
820 179D BD4B18 VB8 LDA VIIAIII,X 
821 17AO 20B517 JSB. EIITBL 
822 17A3 18 IIiX 
823 17A4 E006 cn 16 
824 17A6 Dor5 IRB VB8 
825 17A8 205818 JSB. UPDV 
826 17AB 4C2310 JMP B.CL 
827 17AB A9rr CLIAB. LDA Iur 
828 17BO 8D4818 STA IITYPE 
829 17B3 DOBD BIIZ VR7 
830 17B5 8DB517 EIITBL STA IIITBL 
831 17B8 IIPTB. IQU IVTBL+1 
832 17B8 EIB617DO IDB IIPTB. 
833 17CO 60 B.TS 
834 17C1 rr IIDTBL DATA 255 
835 17C2 RES 8 
836 17CA rr V2 DATA 255 
837 17CB US 8 
838 17D3 rr 113 DATA 255 
839 17D4 RES 8 
840 17DC rr 114 DATA 255 
841 17DD US 8 
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842 17E5 FF W5 DATA 255 
843 17E6 RES 8 
844 17EE FF W6 DATA 255 
845 17EF RES 8 
846 17F7 FF W7 DATA 255 
847 17F8 RES 8 
848 1800 FF W8 DATA 255 
849 1801 RES 8 
850 1809 FF W9 DATA 255 
851 180A RES 8 
852 1812 FF WA DATA 255 
853 1813 RES 8 
854 18lB FF WB DATA 255 
855 181 C RES 8 
856 1824 FF WC DATA 255 
857 1825 RES 8 
858 182D FF WD DATA 255 
859 182E RES 8 
860 1836 FF WE DATA 255 
861 1837 RES 8 
862 183F FF WF DATA 255 
863 1840 RES 8 
864 1848 00 WTYPE *** 865 1849 0000 WADR $$$ 
866 184B WNAME RES 6 
867 1851 C1D3C4DO WTBL ASC 'ASDPHC' 
868 1857 00 WNO *** 869 1858 
870 1858 UPDATE WINDOW DISPLAY 
871 1858 
872 1858 A9C18D6A UPDW CDB WUPTR.WDTBL CREATE TABLE POINTER 
873 1862 A900 CLA 
874 1864 8D5718 STA WNO 
875 1867 AOOO UPDW2 LDY #0 
876 1869 B 96 918 UPDW2A LDA UPDW2A.Y 
877 186C WUPTR EQU UPDW2A+1 
878 186C 994818 STA WTYPE. Y MOVE WINDOW FILE 
879 186F C8 INY 
880 1870 C009 CPY #9 
881 1872 DOF5 BNE UPDW2A 
882 1874 AD6A18 LDA WUPTR UPDATE POINTER 
883 1877 186909 ADD #9 
884 187A 8D6A18 STA WUPTR 
885 187D AD6B18 LDA WUPTR+1 
886 1880 6900 ADC #0 
887 1882 8D6B18 STA WUPTR+1 
888 1885 AD5718 UPDW2B LDA WNO GET WINDOW NUMBER 
889 1888 AA TAX COMPUTE SCREEN ADDRESS 
890 1889 2907 AND 17 
891 188B 0908 ORA #8 
892 188D 8D2719 STA WFADR+1 
893 1890 8A TXA 
894 1891 2918 AND #$18 
895 1893 8D2619 STA WFADR 
896 1896 OA ASLA 
897 1897 OA ASLA 
898 1898 OD2619 ORA WFADR 
899 189B OA ASLA 
900 189C 8D2619 STA WFADR 
901 189F 6E2719 ROR WFADR+1 
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902 18A2 6E2619 R.OR. vrADR. 
903 18A5 AD2619 LDA VrADR. 
904 18A8 8DB618 STA VUPTR.Z 
905 18AB AD2719 LDA WrADR.+1 
906 18A! 8D17l8 STA WUPTR.Z+1 
907 18B1 A027 LDY 139 
908 18B3 A9AO LDA I' 

, 
909 18B5 99B518 UPDW3 STA UPDV3,Y CLEAR. LIHE 
910 18B8 WUPTR.Z EQU UPDW3+1 
911 18B8 88 DEY 
912 18B9 lOrA BPL UPDW3 
913 18BB AD4818 LDA WTYPE 
914 18B! 1003 BPL UPDW3A 
915 18CO 4C2E1A JMP EOW 
916 18C3 AD4A18 UPDW3A LDA WADR.+1 
917 18C6 20C212 JSR CHV2RX 
918 18C9 202519 JSR STWHD 
919 18CC 8A TXA 
920 18CD 202519 JSR. STWHD 
921 18DO AD4918 LDA WADI. 
922 18D3 20C2lZ JSR. CHV2RX 
923 18D6 202519 JSR STWHD 
924 18D9 8A TXA 
925 18DA 202519 JSR. STWHD 
926 18DD A9AO LDA # ' 

, 
927 18Dr 202519 JSR STWHD 
928 1BE2 AD4.918 LDA WADR. 
929 18E5 8D3219 STA ACSPTR. 
930 18E8 AD4A18 LDA WADR+1 
931 18EB 8D3319 STA ACSPTIl+1 
932 18EE A200 LDI 10 
933 18ro BD4B18 UPDW4 LDA WHAME,I MOVE HAME TO WIHDOW 
934 18F3 202519 JSR. STWHD 
935 18r6 E8 IHX 
936 18F7 E006 CPX 16 
937 18r9 Dor5 BIfE UPDW4 
938 18FB A9AO LDA I' , 
939 18rD 202519 .lSR. STWHD 
940 1900 AD4818 LDA WTYPE JUMP TO APPIlOPIlIATE 
941 1903 r038 BZ ASCW PROCESSOR. 
942 1905 38U01 DEA 
943 1908 r043 BZ SHGLW 
944 190A 38E901 D·EA 
945 190D D003 BHZ TPTR 
946 190" 4C·9819 JMP DBLW 
947 1912 38..:901 UTR. DEA 
948 19B D003 BHZ TREX 
949 1917 4C3rlA JMP PTIlW 
950 191A 38E901 THEX DEA 
951 191D D003 BHZ JMP 
952 19lF 4ClZ1A JMP REIW 
953 1922 4C2219 JMP JMP JMP 
954 1925 8D2519 STVHD STA STWHD 
955 1928 vrADR. EQU STVHD+1 
956 1928 EE2619DO IDB vrADIl 
957 1930 60 IlTS 
958 1931 AD3119 rWD LDA rWD 
959 1934 ACSPTR. EQU rWD+1 
960 1934'EE3219DO IDB ACSPTIl 
961; 193C' 60 IlTS 
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962 193D 
963 193D ASCII IIUDOW 
964 193D 
965 193D AOOO ASCII LDY #0 
966 193F 203119 ASCW2 JSIl FIID 
967 1942 202519 JSR STWIID MOVE ASCII DATA 
968 1945 C8 IllY 
969 1946 C01C CPY #28 
970 1948 DOF5 BilE ASCW2 
971 194A 4C2ElA ASClI3 JMP EOll 
972 194D 
973 194D SIIIGLE PRECIS 1011 DECIMAL 
974 194D 
975 194D 203119 SIIGLlI JSR FlID GET IIUMBER 
976 1950 8D2111 STA Dcn SAVE IT 
977 1953 A2BO SIIWO LDX # '0' 
978 1955 38E964 SIIW1 SUB #100 COIIVERT TO ABSOLUTE 
979 1958 9003 BCC SlIII2 DECIMAL 
980 195A ES IIIX 
981 195B DOF8 BIIZ SlIlIl 
982 195D 6964 SlIII2 ADC #100 
983 195F 48 PHA 
984 1960 8A TXA 
985 1961 202519 JSR STlIIID SAVE DIGIT 
986 1964 68 PLA 
987 1965 A2BO LDX #'0 ' 
988 1967 38E90A SWII3 SUB 110 
989 196A 9003 BCC SlIII4 
990 196C E8 IIIX 
991 196D DOF8 BIIZ SlIII3 
992 196F 69BA SlIII4 ADC I$BA 
993 1971 48 PHA 
994 1972 8A TXA 
995 1973 202519 JSR STWIID 
996 1976 68 PLA 
997 1977 202519 JSR STWIID 
998 197A A9AO LDA # ' 

, 
999 197C 202519 JSR STWIID SPACE BETlIEElI FIELDS 
000 197F AD2111 LDA DCIIT 
001 1982 10C6 SlIII4A BPL ASClI3 FIIIISHED IF POSITIVE 
002 1984 A9AD LDA 1'-' 
003 1986 202519 JSR STlIIID SET MIliUS SlGII 
004 1989 AD2111 LDA DCIIT 
005 198C 1849rr69 TCA FORCE ARGUMEIIT POSITIVE 
006 1991 AOOO LDY 10 
007 1993 8e2111 STY DCIIT 
008 1996 10BB SlIII5 BPL SlIlIO 
009 1998 
010 1998 DOUBLE PRECIS 1011 DECIMAL 
011 1998 
012 1998 203119 DBLlI JSR FWD GET DOUBLE IIUMBER 
013 1991 8D2111 STA DCIIT 
014 199£ 8D2916 STA TA 
015 19A1 203119 JSR FlID 
016 19A4 8D2211 STA DCIIT+1 
017 19A7 8D2A16 STA TA+1 
018 19AA A905 DBLlIO LDA #5 
019 19AC 8D101A STA IICIIT 
020 19AF AOOO LDY 10 POWER TABLE POIIITER 
021 19B1 A9B0 DBLlIl LDA # '0' 
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022 19B3 BD11lA STA DIGIT 
023 19B6 AD2111 DBLW2 LDA DCRT 
024 19B9 3Br906lA SUB PT,Y 
025 19BD AA TAX 
026 19B! AD2211 LDA DCRT+l 
027 19C1 r907lA SBC PT+1,Y 
02B 19C4 900B BCC DBLW3 
029 19C6 BD2211 STA DCRT+1 
030 19C9 BE2111 STX DCRT 
031 19CC EE111A IRC DIGIT 
032 19cr DOE5 BNZ DBLV2 
033 19D1 AD111A DBLV3 LDA DIGIT 
034 19D4 202519 JSR STWND 
035 19D7 CB INY REXT POWER or TER 
036 19DB CB INY 
037 19D9 CElOlA DEC VCNT 
038 19DC DOD3 BNZ DBLV1 
039 19DE AD2Al6 LDA TA+1 
040 19E1 109r BPL SWN4A 
041 1913 A9AD LDA 11'-' 
042 19E5 202519 JSR STWIID 
043 19E8 AD2Al6 LDA TA+l 
044 19EB 49" CMA 
045 19ED BD2211 STA DCNT+1 
046 19ro 8D2Al6 STA TA+1 
047 19r3 AD2916 LDA TA 
048 19r6 1849"69 TCA 
049 19FB BD2111 STA DCRT 
050 19rE 90AA BCC DBLVO 
051 1AOO EE2211 INC DCRT+1 
052 lA03 4CAA19 JMP DBLVO 
053 1A06 1027E803 PT DBL 10000,1000,100,10,1 
054 lAID 00 WCIIT *** 
055 lA11 00 DIGIT *** 
056 1A12 
057 lA12 BEX WINDOW 
05B 1Al2 
059 lAl2 A908 BEXW LDA #8 
060 lAl4 BD2111 STA DCRT 
061 lA17 203119 BEXW1 JSR rWD 
062 1AlA 20C212 JSR CIIV2BX 
063 lAID 202519 JSR STWRD 
064 lA20 BA TXA 
065 1A21 202519 JSR STWND 
066 lA24 A9AO LDA I' 

, 
067 lA26 202519 JSR STWRD 
06B lA29 CE2111 DEC DCRT 
069 lA2C DOE9 BRZ BUW1 
070 1A2E AD5718 EOW LDA WRO 
071 lA31 186901 IRA 
072 1A34 8D5718 STA WRO 
073 1A37 C90r CMP 115 
074 lA39 D001 BRE EOL2 
075 1A3B 60 ITS 
076 1A3C 4C6718 EOL2 JMP UPDW2 
077 1A3r 
07B 1A3r POIRTER WIN.DOV 
079 1A3r 
080 1A3r 203119 PTRW JSR FWD 
OBI lA42 8D79lA STA PTRADR IRITIALIZE ADDRESSES 
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082 lA45 8D9DlA STA PTRAD2 
083 lA48 8DC11A STA PTRAD3 
084 1A4B 203119 JSR FWD 
085 1A4E 8D7AlA STA PTRADR+1 
086 lA51 8D9ElA STA PTRAD2+1 
087 1A54 8DC2lA STA PTRAD3+1 
088 lA57 20C212 JSR CRV2HX CORVERT PTR VALUE 
089 1A5A 202519 JSR STWRD 
090 1A5D 8A TXA 
091 lA5E 202519 JSR STWRD 
092 1A61 AD791A LDA PTRADR 
093 lA64 20C212 JSR CRV2HX 
094 1A67 202519 JSR STWRD 
095 1A6A 8A TXA 
096 1A6B 202519 JSR STWRD 
097 lA6E A9AO LDA I' , 
098 1A70 202519 JSR STWRD 
099 lA73 A9BE LDA I'>' 
100 1A75 202519 JSR STWRD 
101 1A78 ACCESS DIRECT THROUGH PTR 
102 1A78 AD781A PTRW1 LDA PTRW1 
103 1A7B PTRADR EQU PTRW1 +1 
104 1A7B 20C212 JSR CRV2HX CORVERT DIRECT OBJECT 
105 1A7E 202519 JSR STWRD 
106 1A81 8A TXA 
107 1A82 202519 JSR STWRD 
108 lA85 A9AO LDA I' , 
109 1A87 202519 JSR STWRD 
110 lA8A A9AC LDA ,I t' 
111 1A8C 202519 JSR STWRD 
112 1A8F A9D8 LDA I 'X' 
113 1A91 202519 JSR STWRD 
114 1A94 A9BE LDA I' >' 
115 1A96 202519 JSR STWRD 
116 lA99 AElO11 LDX X 
117 1A9C BD9ClA PTRW2 LDA PTRW2.X IRDEXED BY X 
118 1A9F PTRAD2 EQU PTRW2+1 
119 1A9F 20C212 JSR CRV2HX 
120 1AA2 202519 JSR STWRD 
121 1AA5 8A TXA 
122 1AA6 202519 JSR STWRD 
123 1AA9 A9AO LDA I' 

, 
124 1AAB 202519 JSR STWRD 
125 1AAE A9AC LDA I' t I 

126 1ABO 202519 JSR STWRD 
127 1AB3 A9D9 LDA "Y' 
128 1AB5 202519 JSR STWRD 
129 1AB8 A9BE LDA I'>' 
130 1ABA 202519 JSR STWRD 
131 1ABD AC1111 LDY Y 
132 1ACO B9C01A PTRW3 LDA PTRW3.Y IRDEXED BY Y 
133 1AC3 PTRAD3 EQU PTRW3 +1 
134 1AC3 20C212 JSR CRV2BX 
135 1AC6 202519 JSR STIIRD 
136 1AC9 8A TXA 
137 1ACA 202519 JSR STIiRD 
138 1ACD A9AO LDA I' , 
139 1ACF 202519 JSR STl/RD 
140 1AD2 4C2ElA EPTRII JKP EOIi 
141 lAD5 
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142 lAD 5 LOAD OBJICT PROH CASSBTTI 
143 lAD5 
144 lAD 5 AOOO LOAD LDY 10 
145 lAD7 B9201C LOAD1 LDA OTHSG,Y 
146 lADA 99D007 STA CHLlBI,Y 
147 lADD CS lBY 
148 1ADI C013 CrY 119 
149 1A10 DOP5 BBB LOAD1 
150 lAU 201312 JSR 11ItB 
151 lAI5 C9AO CHP I' , 
152 lAU P003 BBQ LOAD3 
153 lAU 4C3PlO JIIP IlCL3A 
154 lABC A9CC LOAD3 LDA I'L' 
155 lABI 8D7405 STA SCIlBII+$174 
156 lAPl A9CP LDA 1'0' 
157 lAU 8D7505 STA SCIlBIB+$175 
158 lAP 6 A9C1 LDA I'A' 
159 lAP 8 8D7605 STA SCIlBIB+$l76 
160 1ArB A9C4 LDA f'D' 
161 lAPD 8D7705 STA SCRBBB+$177 
162 1100 AUP LDA f-1 
163 1102 8D4BlC STA AUG 
164 1105 .6.900 CLA 
165 1107 SD091C STA BIlCDS 
166 1I0A AOOO IlBO LDY 10 
167 1I0C 20BDli IlB1 JSIl IlUAIS 
168 1I0P 70PB BVS 1lB1 
169 1111 1011 CPK #rTlIIB 
170 1113 90P5 ILS IlBO 
171 lB15 C8 lBY 
172 li16 C050 CrY 180 
173 1118 90n BLS IlB1 
174 lilA 201DlB IlB2 JSIl RUABB 
175 lilD 1011 CPK IUIIII 
176 lIU Ion BGI IlB2 
177 li21 20BDli JSR IlTRARS 
178 1124 BOll CPK IUIHI 
179 1126 Bon BGB 1lB2 
180 li28 A900 RU CLA 
181 li2A SD451C STA CKSH CLBAR CBICKSUH 
182 1I2D 20C911 JSR RDIYTI GBT IlBCOIlD KARK 
183 1130 C9Pr CHP I$n POll IlIAL? 
184 1132 D06A BII IlMIIlIl BO, IIlROIl 
185 1134 20C911 JSIl IlDBYTB GIT IlICORD ORIGIR 
186 li37 8D6211 STA RORG 
187 lB3A 20C911 JSR IlDBYTB 
188 li3D 8D6311 STA 1l0RG+1 
189 lB40 Bl4B1C IBC AUG 
190 lB43 D009 BBZ IlUA 
191 lB45 8D491C STA PORG+1 SAVI PIlOGRAH ORIGIR 
192 1148 AD6211 LDA 1l0RG 
193 lB41 SD4S1C STA .ORG 
194 1141 20C911 RU A JSR RDBYTE GIT IlICOIlD TYPI 
195 1151 SDU1C STA IlTYPB 
196 1154 3034 Bill I lor IlBCORD TYPI $Pr HIARS 
197 lB56 BBD OP PILB 
198 1156 D056 IRZ RnYlB RRIS" GBRlRATBD RBCORD 
199 1158 20C911 J8B. IlDIYTE RORKAL DATA IlICORD 
200 1I5B ID071C STA RCDLRT SAVB IlBCORD LIIIG1'II 
201 1151 20C91B RU JaR RDIIYTE GIT DATA/IRST WORD 
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202 lB61 8D611 B RR3 STA U3 1I0DIFIED ADDRESS 
203 lB64 RORG IQU RR3+1 
204 lB64 II62lBDO IDB RORG 
205 lB6C 8DF405 STA SCREEII+$lF4 
206 lB6F CI071 C DIC RCDLIIT 
207 lB72 DOBA BIIZ RU 
208 lB74 AD451C U.4 LDA CKSM SAVI COMPUTID CHICKSUM 
209 lB77 8DOA1C STA BCHK 
210 lB7A 20C918 JSR auBYT! GIT TAPI CHICK SUM 
211 lB7D 4DOA1C lOR BCHK VIRIFY CHICKSUMS 
212 1B80 F003 BZ U5 
213 1882 4COBlC JMP CSnR 
214 1885 EE091C RR5 IIIC IIRCDS 
215 1888 D080 BIIZ aBO GIT IIIXT RICORD 
216 188A AD091C lOF LDA IIRCDS 
217 lB8D 20C212 JBa CIIV2BX 
218 lB90 8DF505 STA SCRIEII+$1F5 
219 lB93 8EF605 STX SCREEII+$1F6 
220 lB96 A9AO LDA I' I 

221 lB98 8DF405 STA SCREEII+$lF4 
222 lB9B 4C2310 JMP RCL 
223 lB9I AGOO RMIU LDY 10 
224 lBAO B9331 C RMEl LDA RMIMSG,Y 
225 lBA3 99D007 STA CMLIIII,Y 
226 lBA6 C8 IllY 
227 lBA7 C012 CPY 118 
228 lBA9 DOF5 Bill RMEl 
229 lBAB 4C4910 JMP RCL4A 
230 lBAI 
231 lUI "RIS" GEIIIRATID RICOau 
232 18AI 
233 lBAI 20C9lB aBTYPE JSR RDBYT! GET FILL FLAG 
234 lBB1 8D461C STA FLFLAG 
235 lBB4 20C9lB JSR RDBYT! GET FILL CHARACTIR 
236 lBB7 8D471C STA FLCHR 
237 lBBA 20C918 JSR RDBYTI 
238 18BD 8D071C STA RCDLIIT 
239 lBCO 20C91 B JSR RDBYTI GIT RICORD LIIIGTB 
240 lBC3 8D081C STA RCDLIIT+1 
241 lBC6 4C74lB JMP RU 
242 lBC9 A008 RDBYTE LDY 18 
243 lBCB A900 LDA 10 
244 lBCD 48 PHA 
245 18CI 20BA18 RDB2 JSR RDBIT 
246 lBD1 7014 BVS RDB4 
247 lBD3 68 PLA 
248 18D4 lOlB CPX ITTIMI 
249 lBD6 2A ROLA 
250 18D7 48 PHA 
251 lBD8 88 DEY 
252 18D9 DOn BIIZ RDB2 
253 18DB 68 PLA 
254 lBDC 48 PHA 
255 18DD 186D451C ADD CKSM 
256 1811 8D451C STA CUM 
257 lBI4 68 PLA 
258 lBI5 18 CLC 
259 lBI6 60 RDB3 iTS 
260 lBI7 68 RDB4 PLA 
261 1818 3S SEC 
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262 18B9 60 US 
263 18BA 20BD18 IlDB IT JSIl IlTllABS 
264 18BD A200 IlTllARS LDX #0 
265 18BF B8 IlT2 IRX 
266 18PO POlO BZ U3 
267 18P2 AD60CO LDA UIR 
268 18P5 4DUlC BOil B4 
269 18P8 10P5 BPL U2 
270 18PA 4DUlC EOIl B4 
271 lBPD 8D1Fl C STA B4 
272 lCOO B8 CLV 
273 lCOl 60 US 
274 lC02 U80 IlT3 LDA 1$80 SET OVERFLOW 
275 lC04 6980 ADC #$80 
276 lC06 60 IlTS 
277 lC07 TTIME BQU 27 
278 lC07 0000 BCDLRT $$$ 
279 lC09 00 RIlCDS *** 
280 lCOA TPIR EQU $C060 
281 1 COA 00 BCIlX *** 
282 lCOB AOOO CSBIlIl LDY #0 
283 lCOD 1I9lBlC CSE2 LDA CKSKSG, Y 
284 lClO 99F405 STA SCIlBER+$U4, Y 
285 1 C13 C8 IRY 
286 lC14 C004 CPY #4 
287 lC16 DOPS BRB CSB2 
288 lC18 4C23l0 JMP IlCL 
289 lClI C3ClID3CD CKSMSG ASC 'CKSM' 
290 lCU 00 B4 *** 
291 lC20 CPC2CACS OTMSG ASC 'OBJECT IlBADY, SPACE' 
292 lC33 C3clcBCE IlMEMSG ASC 'CARROT PIR D RBCOIlD' 
293 lC45 00 CKSM *** 
294 lC46 00 PLPLAG *** 
295 lC47 00 PLCIlR *** 
296 lC48 0000 POIlG $$$ 
297 lC4A 00 IlTYPB *** 
298 lC4B 00 ATIlG *** 
299 lC4C SUPPOIlT 1l0UTIRES POll 
300 lC4C FILL, SEAIlCIl ABD DUMP 
301 lC4C 
302 lC4C GET LIMITS 
303 lC4C 
304 lC4C A002 GBT2 LDY 12 
305 lC4E 203813 JSIl "IlM 
306 lC5l P057 BZ PTILT 
307 lC53 ADAA14 LDA LAST 
308 lC56 C9AO CMP #' , 
309 lC58 D050 BHE PTILT 
310 lC5A ADA8l4 LDA IlESULT 
311 lC5D 8D3ClD STA FIIlST 
312 lC60 ADA9l4 LDA RESULT+l 
313 1C63 8D3D1D STA FIIlST+1 
314 1C66 203813 JSIl "IlM 
315 1C69 POlF BZ PTILT 
316 1C6B ADA8l4 LDA BESULT 
317 1CU 8D311l D STA SECORD 
318 1C7l ADA9l4 LDA BESULT+1 
319 lC74 8D3FlD STA SBCORD+l 
320 lC77 BB3111 DDO IDB SBCORD POIlM IRCLUSIVE COURT 
321 lC7P AD3ClD LDA PUST 
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322 lC82 38BDlBID SUI nCORD 
323 lC86 8D40ID STA Dirr 
324 lC89 AD3DID LDA FIIlST+l 
325 lC8C ID3llD SIC nCOBD+l 
326 lcar 8D41lD STA Dur+l 
327 lCU IOU ICS rTILT Dirr. IIUST IE BEGATIYE 
328 lC94 ADAA14 LDA LAST 
329 lcn 60 IlTS 
330 lC98 
331 lC98 GET LIIIITS ARD COIlPAIl 
332 lC98 Oil FILL YALUE 
333 lC98 
334 lC98 204CIC GET3 Jill GET2 
335 lcn CtAO CliP I' I 

336 lC9D DOOI 1.1 )'TILT 
337 lC9F 203813 Jill )'pllll 
338 lCA2 ADAA14 LDA LAST 
339 lCA5 CtAE CliP I'. I NUST EBD I. PEIlIOD 
340 1 CAl DOOI I.E rTILT 
341 lCA9 60 IlTS 
342 lCAA 4C3ll0 rTILT JIIP IlCL3A 
343 lCAD 
344 lCAD FILL rUBCTIOB 
345 lCAD 
346 lCAD 20981C FILL Jn GET3 
347 lCIO AD3CID LDA rIllST 
348 lCIl 8DCOIC STA rLADIl 
349 lCI6 AD3DID LDA nllST+l 
350 lCU SDCllC STA FLADIl+l 
351 lCIC ADA814 LDA IlESULT 
352 lCIl 8DIllC rL2 STA IL2 OYEIlLAID ADDIlESS 
353 lCC2 FLADIl IlQU IL2+1 
354 lCC2 BBCOICDO IDI ILADIl 
355 lCCA 1140IDDO IDI Dirr 
356 lCD2 Don 1HZ FL2 
357 lCD4 4C2310 FL3 JIIP IlCL 
358 lCD7 
359 lCD7 SIAIlCB IUBCTIOB 
360 lCD7 
361 lCD7 20981C SEAIlCB Jill GET3 
362 lCDA AD3CID LDA IIllST 
363 lCDD 8DlllC STA IIlCADIl 
364 lCIO AD3DID LDA IIllST+l 
365 lCI3 8DI2lC BTA BIlCADIl+l 
366 lCE6 1.016 LDY 122 
367 lCI8 AtAO LDA I' I 

368 lCIA 99D007 BCC STA CIILIRE,Y 
369 lCID 88 DEY 
370 lC11 lOrA IPL SCC 
371 lCIO ADIOIC SIlC2 LDA IIlC2 
372 lcr3 IIlCADIl EQU IIlC2+1 
373 lcr3 CDAS14 CliP IlBSULT 
374 lC" D030 IBE saC4 
375 lCl8 ADF2lC LDA SIlCADIl+l 
376 lCII 20C2l2 Jill CBY2BX 
377 lcrE 8DDI07 STA CIlLIRI+l 
378 IDOl 8BD207 STX CIILIRI+2 
379 IDOIt ADFllC LDA saCADIl 
380 ID07 20C212 JSR CBY2BX 
381 IDOl. 8DD307 BTA CIILIRI+3 
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382 IDOD 81D407 Btl!: CMLIIIIII+4 
383 IDI0 ADA814 LDA RilBULT 
384 ID13 20C212 J81l CBV2Blt 
385 ID16 8DD607 SU CMLIRII+6 
386 ID19 81D707 STl!: CMLIRI+7 
387 IDIC ADOOCO SIlC3 LDA n 
388 IDlF Ion IPL SIlC3 
389 ID21 8DI0CO STA ns 
390 ID24 CUI CMP " • I 
391 ID26 POAC BBQ PL3 
392 ID28 IIBPllCDO SIlC4 IDB SIlCAD! 
393 ID30 EB401 DDO IDB DIU 
394 ID38 DOB6 1HZ SIlC2 
395 lDlA P098 BZ PL3 
396 ID3C 0000 PI!ST $$$ 
397 ID31 0000 SICaRD $$$ 
398 ID40 0000 DUP $$$ 
399 ID42 
400 ID42 DUMP TO PUR TIl. 
401 ID42 
402 ID42 204CIC DUMP JSIl GBT2 
403 ID45 CUI CMP I' .' 
404 ID47 P003 BBQ DMP2 
405 ID49 4ClPI0 JMP IlCL3A 
406 ID4C AD3CID DMP2 LDA PIIlST 
407 ID4P 8D711D STA DMPADIl 
408 ID52 AD3DID LDA PIIln+l 
409 ID55 8D721D STA DMPADIl+l 
410 ID58 AD721D DUIIP2 LDA DMPAD!+1 
411 ID5B AOOO LDY 10 
412 ID5D 20991D J81. CVP 
413 ID60 88 DIIY 
414 ID61 AD711D LDA DIlPADII. 
415 lD64 20991D JSIl CVP 
416 lD67 99D41 D STA DMPLII,Y 
417 ID6A C8 IllY 
418 ID61 AU8 LDA 124 
419 ID6D 8D2111 STA DCRT 
420 lD70 AD701D DUMP3 LDA DUIIP3 OVIIlLAID ADD!IS8 
421 ID73 DMPADIl IIQU DUltP3+1 
422 ID73 20991 D JSB. CVP 
423 ID76 11711DDO IDB DMPADIl 
424 ID71 EB401DDO IDB DUP 
425 ID86 POOB BZ DLL 
426 lD88 CB2111 DIC DCIIT 
427 ID8I DOl3 BIIZ DUXP3 
428 ID8D 20ACID J81. PLIIIII 
429 ID90 4C581D JIIP DUXP2 
430 ID93 20ACID DLL J81. PLIII 
431 ID96 4C2310 JMP I.CL 
432 ID99 20C212 CVP J81. CRV2BX 
433 ID9C 99D41D STA DMPLB,Y 
434 ID9F C8 lliIY 
435 IDAO SA TXA 
436 IDAl 99D41D STA DMPLli, Y 
437 IDA4 C8 I1Y 
438 IDA5 A9AO LDA I' , 
439 UlA7 99D41D STA DMPLB,Y 
440 IDAA C8 IRY 
441 IDAI 60 1tT8 
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442 1DAC A98D PLINE LDA #$8D 
443 1DAE 99D41 D STA DKPLII, Y 
444 1DBl AOOO LDY #0 
445 1DB3 A200 LDX #0 
446 1DB5 B9D41D PL2 LDA DKPLII,Y 
447 1DB8 48 PBA 
448 1DB9 9DBOCO STA PRTR,X 
449 1DBC BDC1C3 PL3 LDA PRFLAG,X 
450 1DBF 30n BKI PL3 
451 1 DC1 68 PLA 
452 1DC2 C98D CKP #$8D 
453 1DC4 F003 SEQ PL4 
454 1DC6 C8 IllY 
455 1DC7 DOEC BIIZ PL2 
456 1DC9 A98A PL4 LDA #$8A 
457 1DCB 9DBOCO STA PRTR,X 
458 1DCE BDC1C3 PL5 LDA PRFLAG,X 
459 1 DD1 30n BKI PL5 
460 1DD3 60 US 
461 1DD4 UU EQU $COBO 
462 1DD4 PRFLAG EQU $C3C1 
463 1DD4 DKPLII RES 80 
464 lE24 8D DATA $8D 
465 1 E25 EIID 

***************************** 
* SYKBOL TAB L E * ***************************** 

A 110F ACSPTR 1932 ADVR 10PA ADVR2 lOPE ASCW 193D ASCW2 19lP 
ASCW3 194A AUG 1C4B B4 1CU BAliIlER 1123 BCBK 1COA BCIIT 1588 
BCIiTl 158D BCIIU 159D BUT 152.B BltPTl 1543 BKPT1A 1548 BUT2 155C 
BKPT3 1569 BPA 157A BPA2 157E BPF2 164A BPPAIL 1648 BPFLAG 14PA 
BPFK 1658 BPI 1584 BUK 163C BRTII 15AC BRTII2 15CA BRTII3 15E4 
BRTII4 15EF BRTII5 1608 BRTII6 1613 BTSL 14F3 CFLASB 14A6 CKSK 1C45 
CKSKSG 1C18 CLADR 10CB CLEAR 17AE CLPTR 12DP CLS2 10CA CLSCK 10B4 
CKLIIiE 07DO CIIV2BX 12C2 CSE2 1COD CSRRR 1 COB CTSL 1087 CVBX2 12DB 
CVBXDG 12D2 CVP 1D99 D 1113 DBG 1000 DBG2 1006 DBG2A 1012 
DBG3 1018 DBLW 1998 DBLWO 19AA DBLW1 19B1 DBLW2 19B6 DBLW3 19D1 
DBS 0020 DCIIT 1121 DIPP 1D40 DIGIT lAll DLL 1D93 DKP2 1D4C 
DKPADR 1D71 DKPLII 1DD4 DOK 1356 DSPADR 11BA DUKP 1D42 DUKP2 1D58 
DUKP3 1D70 EOP 188A EOL2 1A3C EOW 1AlE EPTRW lAD 2 EWTSL 17B5 
FBW 1579 PCB 11 AD FILL 1CAD FIRST 1D3C PL2 1Cn PL3 1CD4 
PLADR 1 CCO PLCBR 1 C47 PLFLAG 1C46 PLII 07DO PPRK 1338 PrRK2 1340 
PST1 1295 FBT2 129B PTILT 1CAA PWD 1931 GET2 1C4C GET3 1C98 
BEXW 1A12 BEXW1 1A17 J2 150E J3 1523 JADR 1526 JKP 1922 
JSCR 16D4 JTSL 1096 JTILT 1528 JUKP un KB COOO ItBS COlO 
LAST 14AA LOAD 1AD5 LOAD 1 1AD7 LOAD3 1AEC KO 13AP KOA 13B3 
K1 13D5 KIA 1lE8 K18 13F7 K2 1401 K2A 1404 K3 140B 
K3A 1422 K4 1425 K5 142C KADR 13D6 KCIIT 1224 KEKOKY 1394 
IIPB 162F IIRCDS 1 C09 IITt 0750 OTKSG 1C20 PBKP 1587 PBTSL 14EC 
PL2 1DB5 PL3 1DBC PL4 1DC9 PL5 1DCE PLIIiE 1DAC PIIG 137A 
POK 1389 PORG 1c48 PRFLAG C3C1 PRU COBO PSW 1114 PT 1A06 
PTRAD2 IUD PTRAD3 1AC1 PTUDR lA79 PTRW 1AlP PTRW1 lA78 PTRW2 1A9C 
PTRW3 1ACO RADR llAE KCDLIIT 1C07 RCL 1023 RCL2 1027 RCL3 1036 
RCL3A 103F RCL4 1043 RCL4A 1049 RCL5 1041 KCL6 105F RCL7 1064 
RCL8 106E RCIIT 1225 RDB2 18CE RDB3 18E6 RDB4 18E7 RDBIT lBEA 
RDBYTE lBC9 REG 1445 REGADR 1490 RESULT 14A8 RGO 146P KG1 1483 
RG2 1485 RG3 148P RG3A 149A RG4 149D KGE 1473 RGI 1476 
RBO 180A RBI 180C RB2 18lA RKB 12E3 IlltBl 12EC RKB2 12FC 
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UB3 1301 1lB:B4 130D IlKB5 1319 IlKB6 1321 IlKB7 1324 IlLl 0450 
IlME2 18AO IlMEMSG 1C33 IlMEIlIl 189E 1l0llG 1862 RP 14AC RPO 14AE 
IlPl 14B8 1lP2 14C3 IlP3 14DD IlP4 14E3 IlPADIl 1402 Illll 1828 
IlIllA 1B4E IlU 185E 1lIl3 1861 1lIl4 1874 1l1l5 1885 IlSTYPE 18AE 
IlT2 18El Il T3 1C02 IlTILT 12£0 IlTllARS 1BED IlTYPE 1C4A IlVCTIl 110F 
S 1112 SAVE 1581 SBLIRE 07A8 SBII 157D SCC 1CEA SCIlADIl 1UO 
SCIlBER 0400 SEAIlCB 1CD7 SI!CORD 1D3E SFMT 10El SRGLI! 194D SRWO 1953 
SRW1 1955 SIlC2 1 CFO SIlC3 1D1C SIlC4 1D28 SRCADIl 1cn STCB 11B9 
STKADIl 11FD STKFLG 14AB STSC2 16D3 STSC3 16D9 STScur 16D1 STWRD 1925 
SWR2 195D SIIR3 1967 SWR4 196F SIIR4A 1982 SWII5 1996 TA 1629 
TD 162D TBEX 191A TILT 1391 TPIR C060 TPSII 1621! TPTIl 1912 
TS 162C TTIMI! 0018 TUSTK 1226 TX 162A TY 162B UBA1 1244 
UBA2 1247 UBPO 1241 UBP1 1243 UBP2 1246 UBP3 125A UBP4 1268 
UBPD 1228 UDSD 11C5 UDSD1 11DA UDSD2 1U8 UDSD3 11FC UDSD4 121E 
UPDW 1858 UPDII2 1867 UPDW2A 1869 UPDW2B 1885 UPDW3 18B5 UPDw3A 18C3 
UPDW4 18FO UIlD 114C UIlDO 1165 UIlDl 116A UIlD2 1181! URDT 1227 
UIlTS 1286 USTK 1112 V2 1670 V3 1676 V4 167A V5 1682 
V7 1695 V8 16B2 VI! 1692 VIEW 1663 112 17CA W3 17D3 
W4 l7DC W5 1L5 116 171!E W7 17F7 W8 1800 w9 1809 
IIA 1812 WADIl 1849 liB 1818 IIC 1824 WCRT lAI0 WD 182D 
IIDTBL 17Cl WI! 1836 WF 183F IIFADIl 1926 11111 DOW 1708 IIR2 17l1! 
WR3 1732 WN4 173D WII5 1748 WII6 175B WN7 1772 WR8 179D 
WRAME 184B WIIO 1857 WPTIl 17B6 IITBL 1851 WTILT 173A WTYPE 1848 
IIUPTIl 1 ~6A I!UPTR2 18B6 X 1110 Y 1111 
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The assembly program operates under control of 9 
keyboard commands which direct its operations. The 
system indicates its readiness to accept a command by 
displaying the prompt character ">" at the left end of 
the terminal device line. All system commands are 
termina ted by period (.). The commands, shown here 
with the prompt character, are: 

>/. Initialize the system. Any program 1n the 
source buffer is lost. 

>1-1. Set memory limits. The}l command displays the 
decimal number of memory words available in 
the source buffer and the hexadecimal address 
of the highest available word. The system is 
configured originally for 48K and the M 
command will result in the initial display: 

>Ufn. 

>An. 

31504 LEFT EOB = BFFF 

The cursor period will remain at the right end 
of this displayed line waiting for a response 
from the user. If a period is typed nothing 
changes. If a hexadecimal number terminated 
by a period is typed the upper memory liinit 
will b e chang edt 0 t hat va 1 u e. Th i s will be 
necessary for systems having less than 48K 
memory. 

Use peripheral n for function f. The 
operation of this command is described in 
detail on pages 42 through 45. 

Add text to source buffer after line n. If N 
is omitted or zero the text which follows will 
be inserted before any that may be in the 
buffer currently. Using the symbol F in place 
of a line number adds text after the last 
cu rren t line. The addi t ion of tex t is 
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terminated when a period is used as the first 
character of a line. The system will respond 
with a prompt, ready to accept another 
command. During typing of a line characters 
may be eliminated by backspacing. If 
backspace ($88) appears as the last character 
of a line the entire line is ignored. Lines 
above the ones added are renumbered. 

>Dn. or >Dn m. Delete text. Line n or lines n through 
m inclusive are deleted from the source 
buffer. Lines above the deleted ones are 
renumbered. >Dn F. deletes from line n 
through the end of the buffer. 

>Ln. or >Ln m. List text. Line n or lines n through m 
inclusive are listed on the system list device 
which was specified by the U command. The 
lines are listed in formatted form with line 
numbers. 

>Wn. or >Wn m. Write text to external storage medium. 
Line n or lines n through m inclusive are 
written to the external medium specified by 
the U commando The text so written is in 
exactly the form in which it was typed, with 
no superfluous blanks. 

>R. Read source text into buffer from external 
medium. Text lines are read from the device 
specified by the U command. The text which is 
read is added to any which may already be in 
the source buffer. If this is not desired 
clear the buffer first with a I command. 

>#E. Error scan. A full assembly of the program in 
the buffer is performed. Nothing is listed 
except lines which contain errors detectable 
by the assembler. This is a fast way to 
eliminate clerical errors like misspelled 
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labels and mnemonics. 

>#0. Assemble for object code. A full assembly of 
the program in the source buffer is performed 
and the object code sent to the device 
specified by the U command. 

>#Ln m. Assemble for listing. The program in the 
source buffer is assembled and listed, 
including symbol table, on the listing device 
specified by the U command. >#L1 F. produces 
the entire listing. The line limit option is 
provided to allow partial listing of programs 
for which significant sections of an earlier 
listing are still valid. This can save a lot 
of printing time if used carefully. Assembly 
to the Apple screen produces 12 lines at a 
time. The next 12 are viewed by tapping the 
space bar. To change this number see appendix 
c. 
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ASSEMBLER PSEUDo-OPS AND SYNONYMS 

The assembler provides a number of convenience 
features designed to save writing and cut down the 
amount of meaningless detail and repetition required of 
the programmer. Some of these include compound 
operations which assemble as two or more instructions. 
These operations are: 

ADD - Assembles as CtC + ADC. ADD accepts all of the 
addressing modes accepted by ADC. 

SUB - Assembles as SEC + SBC. SUB accepts all of the 
addressing modes accepted by SBC. 

INA - Increment A. Assembles as CtC + ADC #1. Note 
that, unlike INX and INY, INA changes the V and 
C flags. 

DEA - Decrement A. Assembles as SEC + SBC #1. Unlike 
DEX and DEY, DEA changes the V and C flags. 

CtA - Clear A. Assembles as tDA #0. 

aLA - Ones complement A. Assembles as EOR IFF. 

TCA - Twos complement A. Assembles as CtC + EOR IFF + 
ADC #10 Note that this will set overflow if the 
operand is $80, the maximum negative numbero 
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To aid in the creation and manipulation of 
pointers and double precision counts the assembly 
system provides two compound operations. They are: 

CDB PTR,ADR 
and 

IDB LOC 

CDB creates a double prec1s10n constant at location PTR 
and PTR+l. The value of this constant is ADR. To 
create a pointer in scratchpad location BPTR to a 
location named BENNY elsewhere in memory write: 

CDB BPTR,BENNY 

The contents of BENNY may now be accessed indirectly 
by: 

LDA *BPTR,Y 

providing Y has been set to zero. The pointer BPTR 
need not be in scratchpad. It may not straddle the 
scratchpad boundary, i.e., the low half in $FF and the 
high half in $100. This will draw an error message 
from the assembler. The above use of CDB assembles as: 

LDA :fF<BENNY 
STA BPTR 
LDA :fF>BENNY 
STA BPTR+l 

CDB assembles to either 8 or 10 words, depending on the 
location of the pointer being created. It may also be 
used to create numeric constants, e.g.: 

CDB GROVER,-5000 

will create the constant -5000 in GROVER and GROVER+l 
in proper double precision form. The above assembles 
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as: 

LDA 11<-5000 
STA GROVER 
LDA #>-5000 
STA GROVER+l 

The IDB operation performs a double precision 
incrementation of the number named in its operand. The 
constant GROVER created above can be incremented by: 

IDB GROVER 

which assembles to: 

INC GROVER 
BNZ loc 
INC GROVER+l 

loc ... 
When control reaches location loc above the zero flag 
reflects the true result of the double incrementation. 
Z is set if and only if both halves are zero, i.e., if 
the number was $FFFF, or -1, before the incrementationo 
IDB can thus be used for loop control with large counts 
as well as for control of pointers. 
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BRANeH SYNONYMS 

As a convenience for use after compare 
instructions the assembler supports a number of 
synonyms. For use after comparison of eight bit 
unsigned magnitudes are the following: 

BGE - Branch if A greater than or equal to memory. BGE 
assembles as Bes. 

BLS - Branch if A less than memory. BLS assembles as 
Bee. 

For use after comparison of signed numbers are: 

B>= - Branch if A greater than or equal to memory. B>= 
assembles as BP. 

B< - Branch if A less than memory. B< assembles as 
BMI. 

The assembler also supports the following synonyms: 

BZ - Branch if zero. BZ assembles as BEQ. 

BNZ - Branch if nonzero. Assembles as BNE. 
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LOCATION COUNTER CONTROL 

The system supports the ORG pseudo-op with its 
standard meaningo END and EQU are also supported with 
their standard meaningso 

Scratchpad data allocation is controlled by a pair 
of pseudo-ops, SPD and ESP. These pseudo-ops must 
bracket all definitions of scratchpad data locations. 
No instruction may appear within the range of an SPD, 
only data defining operations. There may be any number 
of SPD-ESP pairs in a program. 

The data defining pseudo-ops and their meanings 
are: 

DATA -1,'A' ,@77,%lOlOOlOl,$B5 

The word DATA in the instruction field causes the 
contents of the operand field to be assembled as a 
string of constants occupying successively higher 
memory addresses. The data types are shown above. No 
prefix is taken to means decimal, as in the -1. 
Enclosure between apostrophes means ASCII. Prefix @ 
means octal. Prefix % specifies binary and prefix $ 
means hexadecimalo 

ASCII strings may be created with the ABC pseudo­
op, i.e.: 

ASC 'THIS IS AN ASCII STRING' 

The string must be enclosed by apostrophes as shown. 

Double precision data are specified by the DBL 
pseudo-op, as in: 

DBL -l,LOCl,$FFFE 

In addition to supporting the data types supported by 
DATA above, DBL allows symbolic data like the LOCI item 
above. A constant is created in this case which is a 
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pointer to LOCI. 

Besides allowing the use of asterisk in the first 
column to denote a line of all commentary, the system 
supports a REM pseudo-oPe REM is a documentation 
device which aligns its own operand field with the 
comment field of normal instructions. Thus, if a 
comment following an instruction is too long to fit in 
the comment field it can be continued as the field of a 
REM. This aligns the commentary in a neat readable 
form. 

To aid in identifying locations which are to 
change during program execution the assembler supports 
2 data defining operations, *** and $$$. When *** is 
used in the instruction field a word of zero is created 
in the obj ect program. When $$ $ is used two words of 
zero are created. These are logically no different 
from: 

DATA 0 
and 

DBL 0 

but allows a visual means of detecting "don't care" 
cells while scanning the program listing. Labels may 
be appended to *** and $$$ in the normal way. 

Finally, a banner can be printed at the top of 
each page of the assembly listing by the TITL pseudo­
OPe The operand field of this pseudo-op will be used as 
a page heading, being printed just to the right of the 
page number 
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The debug program operates under the control of 
ten commands, all but one of these followed by a 
hexadecimal number or numbers. The terminating 
character for all commands is period (.). 

In the discuss ion which follows a number of 
symbols will be used. Their values are: 

aaaa or bbbb - A 4 digit hexadecimal number which 
represents a memory address. 

hh - A two digit hexadecimal number typed by debug. 

xx - A two digit hexadecimal number typed by the user. 

@ - The debug cursor, a flashing period. 

Leading zeros need never be typed in, though they 
will do no harm if they are typed. As far as debug is 
concerned 0003 and 3 are the same. Further, leading 
hexadecimal digi t s beyond th e number called for are 
ignored, e.g., in a place requiring a two digit 
response from the user only the last two digits typed 
count. Thus, if an error is made in hexadecimal input 
it can be corrected by jus t typing th e correct value. 
The same rule is true for 4 digit addresses. Only the 
last four typed digits count. 

MEMORY MODIFICATION 

Memory may be modified by th e M and F commands. 
The M command allows inspection of memory one word a t a 
time. The form of the command is: 

1fMaaaa. 
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The debug responds with the following display ~n the 
command line: 

#Maaaa hh * @ 

where hh is the content of the memory location aaaa and 
* is the ASCII value of the number hh. Debug then 
waits for a response from the user. If a hexadecimal 
number is typed, followed by a terminating character 
the typed number replaces hh as the content of location 
aaaa. If the content of aaaa is to be changed to xx 
the line looks like this: 

#Maaaa hh * xx@ 

If location aaaa is not to be changed the xx is 
omitted. A terminating character must now be typed. 
There are three choices: period, space and comma. If a 
period is typed the M command is terminated. If a 
space is typed the value of aaaa+1 is displayed for 
inspection and possible modification. A series of 
higher and higher addresses can thus be inspected and 
modified by using space as a terminating character. 
The inspection can be ended at any time by using period 
as a terminator. 

If comma is used instead of space th e conten t of 
aaaa-1 is displayed for inspection. The comma works 
exactly as does the space except for the direction of 
advance. A series of lower and lower addresses can be 
inspec ted/ modified by us ing th e comma as terminator. 
As before, the inspection is ended by using period. 

The F command is used to fill a block of memory 
with a constant value. Its form is: 

#Faaaa bbbb xx. 

Address bbbb must be greater than aaaa. These 
addresses are the inclusive limits of the fill and xx 
is the value that is to be stored into memory. 
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MEMORY SEARCHES 

Blocks of memory may be searched for a value by 
the S command. Its form is: 

41Saaaa bbbb xx. 

where aaaa and bbbb are the inclusive limits, 
aaaa<bbbb. The block will be searched beginning at 
aaaa. If the value xx is found the search is suspended 
with the display looking like this: 

nnnn xx@ 

where nnnn is the addres sat which the number xx was 
found. typing space continues the search. 

TRANSFER OF CONTROL 

Control is transferred to a program in memory by 
the J command, whose form is: 

4lJaaaa. 

All machine registers are loaded from the debug's 
registers before the jump and the screen is set as per 
the V command specification. 

BREAKPOINTING 

Breakpointing is done by the B command, whose form 
is: 

41Baaaa bbbb. 

This causes a breakpoint to be set at bbbb and control 
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To receive object code of the editor/assembler and 
debug programs fill out both parts of the coupon on the 
next page, including signature, and send it to: 

Northern Technology Books 
Box 62 
Evanston, IL 60204 

Please print or type all information. The lower part 
of the coupon will be used as your mailing label. 

DISCLAIMER AND LICENSING AGREEMENT 

Though the cassettes and paper tapes are prepared 
under stringent quality control, the great variability 
of physical parameters such as read head alignment 
makes it impossible to guarantee that they will be 
readable on any particular computer system, and the 
user so agrees by his signature on the coupo~ 

While the software and examples in the text have 
been prepared with all prudent caution and care and 
have been subjected to extensive testing, neither they 
nor any other computer program can be certified to be 
completely error free. Nor thern Technology Books and 
the author assume no liability for either the function 
of the programs or any direct or indirect damage which 
may occur as a consequence of their use, and the user 
so agrees by the purchase of this book. 

By completing and returning the coupon on the 
facing page the purchaser of this book is granted 
license for his individual use of the programs 
supplied. This individual use includes the making of a 
reasonable number of duplicates for backup purposes, 
but excludes the transmission of the programs to any 
other person or corporate or business entity, and, for 
value received, the user so agrees by his signature on 
the coupo~ 



COUPON 

Send this coupon only. No copies will be accepted. Both 
parts and the signature must be completed. Please allow 
45 days for delivery. 

_ Apple II cassette 

_ Paper Tape 

_ Apple II disk 

The disk can be run on an Apple II with 32K or more of 
RAM. If the disk is selected include check or money 
order for $7.50. U.S. Funds only. 

6502-0 Name. ________________________________________________ _ 

Street~ ____________________________________________ _ 

City/State/Zip ____________________________________ __ 

System (Apple, Pet, etc) ____________________________ __ 

Memory S iz e (RAM) __________________________________ _ 

Signature~ ________________________________________ ___ 

6502-0 
Name. ________________________________________________ _ 

Street. ______________________________________________ _ 

City/State/Zip ____________________________________ __ 
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