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SECTION DESCRIPTIONS

SECTION 1—COMPUTERS, PROGRAMS AND THE MONITOR :
[ntroduction of elementary computer terminology and concepts. Tells you what the Mm_li_lﬂr Is.

SECTION 2—EXPLORING SPACE WITH THE MONITOR
An explanation of memory and how to examine and change your computer’s memory with the
Monitor. . : :

SECTION 3—CREATING A GOOD LISTENER
You encounter your first *‘machine code™ program, **Good Listener,” in this section and get an
introduction to flowcharts. '

SECTION 4—THE MIGHTY BIT
Binary and the ASCII code are introduced and “*Good Listener™ is expanded.

SECTION 5—THE UGLY TRUTH ABOUT BINARY
More binary, the introduction of BCD and hex.

SECTION 6—HEXABURGER HELPER
Arithmetic in the world of hex.

SECTION 7—-MAKING UP ORDERS FROM HEADQUARTERS
Introduction of registers, flowchart explanation of ““Good Listener.”” Introduction of opcodes,
addressing modes, mnemonics and assembly language.

SECTION 8—-MAKING YOUR MOVE
Data moving instructions and associated addressing modes.

SECTION 9—FETCH AND STEP IT
The Program Counter, Instruction Register, branch and jump instructions and zero page are intro-
duced. “"Execute-in-a-Box’’ program.

SECTION 10=START WAVING YOUR FLAG
Flags, compare instructions are covered.

SECTION 11—A TOTAL MYSTERY
' A “‘mystery program’’ presented, flow charted and explained. Two’s complement introduced.

SECTION 12—=A LOOP YOU CAN COUNT ON
Loops are discussed along with increment and decrement instructions.

SECTION 13—A STACK OF LETTERS i
Stack, push, pull and stack pointers are examined. “*Execute-in-a-Box™" is reviewed.

SECTION 14-I1T'S THE SAME OLD ROUTINE
Disassembly table and subroutine concepts are covered.

SECTION 15—EXTENDING THE MYSTERY .
“Total Mystery’” is explained. Add and subtract instructions and carry flag introduced.

SECTION 16—BIT BY BIT
Arithmetic and logical shifts and rotate instructions.

SECTION 17—IT’S VERY LOGICAL
Masking bits, logical operation (AND, ORA and EOR) discussed. -

SECTION 18—HARDWORKING SUBROUTINES
Some handy subroutines.

SECTION 19—TWO-WAY ARITHMETIC
Decimal ‘'mode and relocatable code.

SECTION 20—A SPARKLING FINISH
Indexed Indirect Addressing Mode and a sparkling program.




6502 INSTRUCTION SUMMARY TABLES

DESCRIPTION

Data Moving
LDS, STA, LDX, STX, LDY, STY
TAX, TAY, TXA, TYA '
Branch and Compare
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Increment and Decrement
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Stack Operations _
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- Add, Subtract and Carry
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Shift
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INTRODUCTION

Your Ohio Scientific microcomputer is in many ways like the computers that write company paychecks and run
factories, control space missions and predict the weather. This manual is to show how your microcomputer and its
big brothers work.

It is not assumed that you know anything about computers already, just that you want to know the inside story.
You will be discovering how to use your computer at a very direct level, one that permits you to control every capa-
bility that it has. Convenient access to this level is available through a part of your system known as the 65V Ma-
chine Monitor. The 65V Monitor is present in all Ohio Scientific personal computers. The first section will tell what
the Monitor is. The remainder of the manual will guide you in using the Monitor to explore and control your com-
- puter. There will be twenty sections. Each section will discuss a new topic and will suggest something new for you to
do with your system that will help you to understand computers. B

Take your time and play around with the new elements introduced in each section before gmng into the next sec-
tion. Enjoy yourself.



SECTION 1
COMPUTERS, PROGRAMS AND THE MONITOR

Computers are information processing devices. That is their thing! They accept input information and transforms
- it into output data that we can read and interpret, or inlo sequences of actions which we find useful or pleasing.

Mot all information processing takes place in computers. One drives a car by giving it the necessary input through
the ignition, steering wheel, accelerator, etc. The result is a mechanical amplification of the input information. But,
a car is not a computer. There is bul one way to process information through a car and that is to drive it. Social
benefits aside, it is a single-purpose device. '

A computer can be redirected easily to different information processing tasks. It is a general-purpose device.
Switching tasks is easy because the description of a task is itsell information, the natural food for a computer. OF
course, the computer is a machine without intelligence, so the input must be put into a completely prescribed form,
leaving nothing to be figured out on the basis of previous experience.

Computer input is of two kinds: the information to be processed and the directions for the processing. Informa-
tion to be processed is called input data. Several kinds of input data will be introduced later. The directions for proc-
essing take the form of a sequence of actions called a program. The actions to complete a task may be called an
algorithm. Expressing the algorithm in a form suitable for computer input, we have a program. The algorithm must
be described in a language that can be “*understood™ by the computer, in the sense that the computer takes the right
action.

Languages developed for this purpose are called compuler languages. One type of computer language spells out
the precise way in which each part of the computer is to participate in processing the data. This is the machine lan-
guage of the computer. Since the parts of different computers are arranged differently, their machine languages are
different.

When carrying out a task by execuling the program which describes it, a computer is actually processing a ma-
chine language program. This does not mean that people who develop programs (programmers) always write their
programs in machine language. After all, the translation of a program from another computer language into ma-
chine language is just another information processing task for the computer. When a translation is being done, the
input computer language is called the source language or source code. The source language is translated by the com-
puter into the object language. Since the objective of the translation is usually machine language, the term object
language or object code is often used for machine language.

The 65V Machine Monitor is a machine language program. We will refer to it by using just the term Monitor. It
does not have to be fed into your computer as input because it is built-in. Built-in programs control your computer
from the time it is switched on or reset (see your operator’s manual for specific directions), until the control of the
computer is given to a program you have entered as inpul information. The program in control at start-up places a
“prompling’’ message on the video display requesting that you select which built-in program should be executed
next. One of the options in the prompting message is an **M.”” The program is reading the keyboard for input over
and over, just waiting for you to type something.

As you depress the **M™” key, control of the computer is turned over to the 65V Machine Monitor. The transfer to
the Monitor program occurs before you can release the “*M" key. The Monilor writes a message on the video dis-
play, to be explained in the next section, and begins to read the keyboard, searching for your next input,

Make sure the *SHIFT LOCK’ key on your keyvboard is depressed. Reset the computer (this method varies be-
tween different OS1 computers—consult your operator’s manual). Type **M™" in response 10 the displayed message.
This starts execution of the 65V Machine Monitor.

Observe the display while depressing various keys and try to determine which keys the Monitor interprets as com-
mands. You'll find the answer as you.read on. Two commands ‘G’ and ‘L’ terminate the execution of the Monitor.
Avoid them until you are finished playing hide and seek. Soon you will be entering the executing machine language
programs with the aid of your humble and ever present servant, the 653V Machine Monitor.

The appendix contains a listing of the Meonitor. This manual will teach you how to read and understand that
listing.




SECTION 2
EXPLORING SPACE WITH THE MONITOR

Your computer is a system consisting of physical machinery controlled by stored information in the form of pro-
grams and data. The physical configuration does not change as programs execute. That part of the system is called
hardware—the circuit boards, metal cases, etc. Computer programs are frequently changed and are collectively re-
ferred to as software. The hardware components of your system are represented in Figure 2.1.

REGISTERS S
| I nnTAi

DISPLAY

AREA

ROM

INSTRUCTION MONITOR
PROCESS “—
PORTS
PROCESSOR MEMORY
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Figure 2.1 Major Hardware Components '

The programs in control of the system are stored in the memory. A memory consists of a large number of cells.
The contents of a cell are made available to other components by means of its address, a unique number associated
only with that cell. One cell contains a piece of information we call a byte. The byte is defined in Section 4. Cells are
also called memory locations., '

The *"action™ component that processes data from the memory is the processor. In your system, the processorisa
65!’:{3 microprocessor. Information storage locations and processing stations within the processor are called registers.
A single action that a processor can take with some register is called an instruction. A machine la Nguage programisa
series of instructions. When one of the processor’s registers, the program counter (PC), is set to the address of the
beginning cell of a program, the processor begins to read and execute the machine language instruction contained in
those cells. The resulting execution of the program causes some memory cells to be altered and exchan ges of infor-
mation to take place between the memory and input/output (1/0) devices. The result is the activity of the computer
system that you can observe, from a loan calculation to video animation.

Memory cells are not all alike. Some portions of memory hold fixed information that cannot be altered as pro-
grams are executed or when the computer is turned off. This portion is called Read Only Memory (ROM). The 65V
Mac_hme ‘Mnnimr and other built-in programs are located in ROM. Other parts of memory are for temporary infor-
mation, like the data being processed by executing programs, or programs which are brought into memory to pro-
duce a desired behavior at a particular time. This kind of memory is known as Random Access Memory (RAM) or
read/write memory. - N -

fﬂts you start the execution of the 65V Machine Monitor, the processor clears the CRT screen (video display) and
writes a four-digit number and a two-digit on a small portion of the display. This is done by transferring characters
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into the RAM display area as shown in Figure 2.1. Contents of this RAM display area are regularly transmitted to
the CRT display screen. S

The characters appearing on the screen represent two numbers written in a number system called hexadecimal or
base sixteen. In a section to follow you will learn how these numbers are constructed. The left number is the address
(location) of a memory cell and the right number shows the information contained in that cell. Two hex digits are
enough to express the contents of any 8-bit) memory cell. Addresses or memory cell numbers are. two bytes long
and are represented by four hex digits or represented by four hexadecimal digits. For reasons we can appreciate
shortly, the Monitor ignores most keys reacting only to the decimal digits -9, the letters A-G and L, the special
symbols: “‘/” (slash), *." (period), and the ‘RETURN’ key. ' _

The decimal digits §-9, along with the letters A-F are hexadecimal digits. The Monitor has two ways to react to
keyed in hexadecimal digits. In the Monitor address mode, digits are rolled into the address value (left or four-digit
number) displayed. This changes the right value too, since the new address designates a different memory cell. In
the Monitor data mode, digits are rolled into the data value (right or two—digit number). Actually, the addressed
memory cell is being altered and the display change reflects the alteration.

The Monitor starts in the address mode. Depressing */° changes it to data mode. When . is depressed, the Moni-
tor returns to address mode. The *RETURN’ key advances the address by one, changing the data value. You can use
it to move through memory, reading or writing into cells.

The 65V Machine Monitor program starts at a location whose address is SFE@@ (read F, E, zero, zero—the $ indi-
cates that this is a hex value). See if you can get that number (without the $) into the address side of the display.
This displays the first instruction of the Monitor on the data side. It should be ‘A2’. Now depress ‘/* and the ‘RE-
TURN? key several times. What is happening? You are counting up on the address side and getting a display of the
contents of successive memory cells on the data side. Wherever you stop, write down the address and write ‘22 into
that cell using the data mode. Now return to address mode (*.") and key-in the address over itself. Disappointed?
The *22’ is not there because you are addressing ROM, where the contents of cells cannot be changed.

Can you enter data and see the result immediately? Yes, in the display area. Each character position of the CRT
screen has a RAM cell associated with it which you can alter in data mode. Most of them now contain the ‘blank’
character. Given the address of a cell in the display area, (see the user’s manual for specific video display locations
for your computer) you can place non-blank characters in nearby cells to create a pattern on the screen. When you
learn how to count in hexadecimal, you can systematically explore the display area and find out exactly where screen
positions are recorded in the display memory. A starting location for some preliminary exploration is the hex-
adecimal number $D14@, a strange looking number if I ever saw one. :




'SEC_TION 3 I
CREATING A GOOD LISTENER

it may be that good listeners are born, not made. But your computer can be programmed to pay strict attention to
every character you type. It cannot nod its head in agreement but it can repeat or echo each character on the televi-
SI0N SCreen. .

Let's think about the program which describes the “‘good listener™ task. In order to write a program we have to
specify the desired behavior completely, leaving nothing unspecified. The computer understands nothing and must
be told everything. For starters, exactly where on the screen do we want the input to be echoed? Where the Monitor
prompt message was? Okay. When our program is executing, the Monitor will be asleep, having no processor to ex-
ecute it, so these display locations are available for display. Let’s extend the display across the screen so we can read
the glorious stuff we shall be entering. What happens when we reach the right of the screen? Later you can imple-
ment other choices, but for now, let’s start pushing characters to the left making room for new input to the right,
just as the Monitor does to its address and contents display. Will there be any keys which will be used to cause the
“zood listener”’ to alter its behavior, like the *.” and */" commands affect the Monitor? No, not in the *first pass’ ver-
sion. How will the good listening end? We can’t tell it to stop so let it go on forever! **Forever’ means as long as the
program has control of the processor. The best way to see what the program does is to try it. The sequence of steps in
the flowchart (See Figure 3.1) must be expressed in computer language. This programming step is called coding.
Coding in machine language requires the programmer to express the required processing in terms of operations
which the processor can do with its registers. Using techniques you will be learning in this manual, a machine lan-
guage version of the *‘good listener” was created in hexadecimal numbers, so that you can load it from the
keyboard. It should be loaded starting at location PP@9, as shown. All key-in’s for loading, using the Monitor, are
shown below., We use the symbol **’ to represent the ‘RETURN’ key. Some locations are shown to the left for
checking during loading.

LOCATION (HEX) WHAT YOU SHOULD KEY-IN ' :
000 2000/A2*'00* 20"ED*FE"9D"46"D1"

Pp@8 ES*ED*14*D@*F5*20*ED*FE*

0010 AB'A2'0Q"BD*47*D1"9D" 46"

0218 D1*EB*E@*13*D@*F5*98*8D"

0020 59°D1*4C"QD* 00

Before executing the program let’s check the loading. One key-in error can make a big difference. How do we
check it? Type “*.0008/"" —this resets the Monitor to the data mode and resets the display to the beginning of the
program ($8@09). Repeated use of the ‘RETURN" key allows you to *‘step’ through the program examining each
location. If you find a mistake, enter the correction.



Computers do one thing at a time, so a program
must be organized that way. An important tool for
planning or showing the sequence of steps in a
program is a flowchart, a diagram such as the one
to the right. Arrows in a flowchart mark the path of
the processor, boxes represent the processing
" that it does along the way. Box shapes have mean-
ing to programmers. Rectangular boxes stand for
processing steps. Slanted sides signal an input or
“an output. Diamonds are decision boxes, repre-
senting tests which select paths for the processor.
In the program a decision step is called a branch.
Branches allow sets of steps to be repeated and
decisions to be made. A set of repeated steps is
cajled a loop. The six-sided box near the top
denotes preparation for a loop. Ovals show the
start and termination points of the program.

You probably have realized that the flowchar{
represents the “good listener.,” There are two
loops, one to fill the display line and another to add
characters to a full line. The lower loop has no
decision box, therefore, there is no way for it to
end. There is usually one start point and there can
be several termination-points.

Figure 3.1 A Flowchart
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For example, suppose you type “*.0000/"" and depress the ‘RETURN’ key three times. Suppose the display reads
“@@a3 DD, this is wrong, it should be “‘@@@3 ED."” To enter the correction, simply type the correct contents, E fol-
lowed by D. Note that the display now reads ‘0093 ED"" which is correct. Your correction is now entered. Continue
with the ‘RETURN" key to check the code. Repeat the above process as necessary until the code on Page 5 is entire-
ly correct.

Now that the program is loaded and checked, it can be executed. The ‘G’ command tells the Monitor to load the
displayed location into the program counter, thus, starting the execution of the program beginning at the displayed
cell. So, .BPPAG will start the ““good listener.” Is it listening?




SECTION 4
THE MIGHTY BIT

Information comes into the computer system through its input/output (1/0) devices and is stored in memory. It
moves around inside the processor. Output information appears on the display as numbers, words or pictures. But if
we were inside the computer watching the information go by, we would see it in a strange internal Form.

A computer is made of electrical circuits and connecting paths which hold, transmit or process the smallest parti-
cle of computer information there is, the bit. A bit is a simple yes or no, a true or false, one of two possible values.
Internally, this is seen as a one or a zero. It is the universal measure of the amount of information content in any
message. A set of bits taken together is a binary code. Just as a bicycle has two wheels, a binary code is based on two
values. Like the parallel rails of a railroad track, sets of electrical paths carry binary codes around inside the com-
puter. , :

Anything that can be said, can be said in a binary code, provided there are enough bits and the bit values have
been assigned a meaning. The bits themselves do not carry the meaning. Sitting there in the computer, we would
not get any message by reading a passing binary code unless we knew the meaning assigned to the bit values by the
sender and receiver of the code.

To represent a binary code on paper, we write it as a string of characters in which each bit is represented by one of
two possible characters. Bit values are traditionally represented by the symbols ‘0’ (zero) and ‘1’ (one).

A byte is a binary code composed of eight bits. In your computer each memory cell contains one byte. A
character, such as a letter, digit, or punctuation mark, is the type of information which is (forgive the pun) byte size.
When reading the keyboard, the processor loads a byte from the keyboard into one of its registers. This byte indi-
cates which key is being depressed. *‘Good listener'* stores each byte it obtaines in memory cells in the display area.
A byte in the display area directs the display subsystem to a pattern for the character which is to be seen at that posi-
tion. . )

Somebody had to decide what bit pattern should represent each character. Many computer manufacturers use the
same code, so that computers can transmit character information to each other. The common code used in almost
all small computers is the American Standard Code for Information Interchange or ASCII code.

You can look up the ASCII code for any keyboard character in the table in the appendix at the rear of this manual.
We have another way to determine the ASCII value—we can execute a program which reads the keyboard, converts
and displays the bit values it is receiving. The load and execute Monitor commands for this conversion program are:

PO00/20*ED*FE*85"FP*AS*18*A2"
@7*9D*D2'DP*66"F@*3E*D2"
D@*CA*1@*"F5*3D*EA
PO00G
As you examine ASCII codes, go through the sequence of digit characters 8,1, . . . ,9 and note what you see.
If it is convenient to leave your computer on while reading the next section, it will save time. The next section

suggests a small change in the binary display program, which can be made without keying in the program again, pro-
vided the computer has not been turned off or used for any other purposes.



SECTION 5
THE UGLY TRUTH ABOUT BINARY

Numbers are important to computers. Addresses of memory cells are numbers. The contents of registers and
memory cells often represent numbers. Computers spend a lot of their working time counting and calculating with
numbers. So, numbers have to be represented in binary codes, don’t they? One way of doing it could be seen in the
ASCII codes for digits §-9. Ignoring the left four bits which remain fixed at @11, the digits are represented this way:

0—0000  5—0101
1—-0001 6—0110
2—0@10 7—0111
3—0011 8—1000
4—0100 9—10@1

To represent a number like 6502, we can string these codes lﬂgﬂlhﬂt_‘, packing two-digit codes to a byte like this:
6502 = 91190101 PP000010
6 5 0 2

This is a frequently used code for numbers. It is called Binary Coded Decimal or BCD. Can you write the four-bit
codes that are not used in BCD for digits? There are six of them. (The unused codes are: 1010, 1911, 1199, 1181,
111@ and 1111). These unused codes are the reason why BCD is not the most efficient way to represent numbers in a
computer. A memory cell containing a BCD byte is storing only 5/8 of the information it could, because its bits are
not free to express all of their values. Also, the processor circuits which carry out such pleasing operations as addi-
tion and subtraction are complicated by the need to avoid the codes that do not represent digits.

So what is a “*natural”’ number system for computers? One that will allow them to do their thing? We humans are
partial to tens. We write the digits 6502 to mean:

(6 x 1000) + (5 x 100) + @ x 10) + (2x 1)
or(6x 10% + (5 x 109 + (@ x 10") + (2 x 109

4
The decimal digits 8,1, . . . .9 express numbers in the decimal number system based on the number ten. What’s
50 great about ten? Take off your mittens.
If you are a computer, how many fingers do you have? Two. The characters @ and *1" stand for vour digits and
the natural way for you to express the above number is 1100110819119, meaning:

(1x29+(1x2M+@x2%+(@x 2%+
(Mx2%+(1x2)+(@x 25+ (@x 25+
Ax29+@x 2+ (1 x2+ (1 x2)+ (@ x 2%

This is the binary number system based on the number two. The BCD codes for numbers up to ten are the binary
representations of these numbers.

In the binary number system every bit pattern is used and stands for a unique number, but only a computer could
love a number like 110@11901@110. The ugly truth about binary is that it scrambles human brain waves. We lose our
place in its maze of zeros and ones. The human brain deals best with a few things at a time. We even put commas in
long decimal numbers to mark the place. What we need to deal with binary is something to group those bits into a
shorter, more readable pattern.

The answer lies in those six missing four-bit codes in BCD. If we had digits to represent those extra codes, we
could write binary compactly because every four-bit group could be replaced by the corresponding digit. A digit is
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