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Any warranty that may exist on any TRS-
80 computer hardware product that has

been modified, altered, or has the seal
broken is VOID.

Any software or computer hardware modi-
fications are done at your own risk.

Neither the PUBLISHER nor the
AUTHOR assumes any responsibility or
liability for loss or damages caused or
alleged to be caused directly or indirectly
by applying any modification or alteration
to software or hardware described in this
book, including but not limited to any
interruption of service, loss of business,
anticipatory profits or consequential

damages resulting from the use or opera-
tion of such modified or altered computer

hardware or software. Also, no patent
liability is assumed with respect to the use
of the information contained herein.

While every precaution has been taken in
the preparation of this book, the
PUBLISHER and the AUTHOR assume

no responsibility for errors or omissions.

The reader is the sole judge of his or her
own skill and ability to perform the modi-
fications and/or alterations contained in
this book.

IMPORTANT
Read This Notice

The below statement is the apparent
policy of the TANDY CORP. and its
subsidiary RADIO SHACK as under-
stood by the publisher. The following
statement is not endorsed by the TANDY
CORP., but is presented for the reader’s
information and as a warning regarding
the consequences of modifying or altering
the TRS-80 computer hardware in any
way. IJG, Inc., assumes no responsibility
for the accuracy of the following statement.

The reader is warned that it is the apparent
policy of the TANDY CORP. and its
subsidiary RADIO SHACK to refuse re-
pair service on any TRS-80 computer
product that has been modified or altered
in any way whatsoever.

However, a Radio Shack Computer
Service Center, at the discretion of the
individual Service Center, may repair an
altered or modified TRS-80 computer
upon the customer’s prior agreement to
pay any additional charges that may be
incurred to remove or repair any and all
alterations or modifications that may
exist and thereby return the computer
hardware to factory specifications.
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Preface

The Cus

Preface

A few years ago, when CB was king, a company
riding high with those 10-4’s hesitantly
announced a very expensive new product. A few
typed sheets with hand drawings were all store
sales personnel had to explain this small ‘home
and business computer’. Neither Tandy nor we
few first customers had any idea that the TRS-80
would become the first true home computer, the
Model T of the microprocessor age.

There’s no question that the “T'rash-80’ carries
the burden of some weak engineering and
corner-cutting decisions made at the time of the
CB decline, when this personal computer could
have been Radio Shack’s Waterloo instead of its
new Wunderkind. But, like Rabelais’s
Gargantua, the new child soon outgrew its
expectations — as well as its clothes.

And so everyone from the inner sanctum of the
Tandy Corporation to the cluttered backrooms
of a thousand hobbyists began the attempt to
keep this new child content and amused. Thus
was born the custom TRS-80. From the very
beginning, and from seemingly nowhere, came
forth educated hordes who would prod, poke,
paint, primp, and prime this humble computer
into becoming more than itself - a
five-hundred-dollar supercomputer.

The machine couldn’t always do it. Tandy
took the rap, but also took the cash. Bruised and
broken 80’s littered the electronic landscape, yet
also unrecognizably modified TRS-things took
on tasks as diverse as business accounting,
industrial control, and music making.

In this book, pathways to creating your own
customized TRS-80 will be explored. The
machine will be added to, opened and altered, its
software patched, its uses expanded, and its
breakdowns cured. If you expect that your
personal computer can do more than a fancy
game of video violence, then I hope you will join
me in these explorations.

As this book was completed, Tandy announced
that the TRS-80 — now called the Model I - is
history. Production has ended, and that’s a good

thing. The pressure is now off; there is no more
Trash-80 to defend, but there still is a TRS-80 to
put to use.

This book has been put together to please
everyone. Of course it will not. AlthoughI can’t
expect to help lead each of you through the
intricacies of a TRS-80, I hope that, whether your
wish is to jump right in and solder every wire or to
learn slowly and deliberately the theory and
practice of the machine, you can gain some
insight from this volume.

Chapters have been arranged with basic theory
and concepts toward the front. Special sections
discussing the computer’s software have been
included to add some dimension to the concepts,
and some of my own opinions, thoughts and
tirades have been boxed throughout the text.

I have seen and used nearly all the commercial
products presented in this book; comments,
therefore, are based on first-hand knowledge,
unless otherwise noted.

I have attempted in the appendices to present
lists of those suppliers, publishers, terms, etc.,
that every TRS-80 user might want to know and
not know how to find.

As the TRS-80 joins the computer museum
along with the ENIAC, UNIVAC, IBM 370, and
others, it still holds a more special place than
many of those — with possibly half of million of its
kin in use in the United States, Canada, Great
Britain, Australia, Germany, and other
countries. With that in mind, this book may need
an occasional update.

I would appreciate receiving updated

information, corrections, suggestions and
criticism. Though I cannot promise a personal
answer, those suggestions will be reflected in
future printings of this book.

Dennis Bathory Kitsz
Roxbury, Vermont
February 1981

tom TRS-80
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The Tools You Will Need

Introduction

The Tools You Will Need

Your basic TRS-80, with some attachments
and software, is a thousand-dollar item. So I'll
not encourage you to use dime-store tools. Buy
the best you can afford, keep them clean, and
reserve them just for use on the ’80. Don’t double
up tools with the family auto. You may not need
them all, but here is my customizer’s toolbox:

A medium-sized flat-blade screwdriver
and Phillips blade screwdriver (a
reversible combination is ideal). With
these you open cases and remove cabinets.

A jeweler’s set of flat and Phillips blade
screwdrivers; hex nut drivers are optional.
These drivers can be used to align tape
heads, help make delicate wire bends,
adjust trimmer controls and even repair
watches.

One very thin screwdriver for lifting
integrated circuits out of sockets. This will
be its only purpose, but the first time you
break the pins off a $10 jumper cable, you’ll
wish you’d used it!

Small scissor-type cutters (manicuring
types are excellent). These will be used for
snipping leads in tight spots.

Small diagonal wire cutters and/or front-
cutting ‘nippers’. Your general purpose
cutters. They are fast and easy to use, but
not to be used for heavy wire around the
house.

Needlenose pliers (two pairs, normal and
90-degree types). You’ll need these for
bending leads, also extracting bits and pieces
you’ve dropped into a nest of wiring.

Introduction

An X-acto type knife, with a strong blade
and handle you feel comfortable with. Since
this will be used to cut delicate solder traces,
you should be able to handle it deftly. I use
a single edged razor blade, but have leather
fingers!

A scalpel, if you can get one. For very
delicate trimming and scraping; a dental
pick for pulling off solder balls or lifting
parts off a board (get this item from an
obliging dentist — they are often discarded
when worn); tweezers and needlepoint
hooks. The latter come in handy for
tracing incorrect wire-wrapped
connections.

Rat-tail, triangular, and flat files. These
are only for sprucing up the cosmetics, so if
you don’t care how it looks, save a few
bucks.

A wire-wrapping tool. The decision on
this can be tough. If you can afford it, get
one of the electrically operated slit-and-
wrap types. Stay away from ‘just wrap’
tools, since they depend on the sharpness
and quality of the sockets; also they are
useless for wrapping capacitors or resistors.
I use a simple double-ended tool sold by
Radio Shack for about $5. It wears out
after a thousand or so connections, but it
fits my hand well, and is not clumsy like
some electric units.

A soldering iron. The decision is not easy.
Should you spend top dollar and get an

expensive one or buy a cheap unit that can
be discarded when it wears out? I use a $5



The Tools You Will Need

To help you prepare for each project, the
following graphic symbols have been used as a
key to the tools needed for each project:

@ Phillips screwdriver
WE ﬁ? i Flat-blade screwdriver

Sockets

Various files

Wire wrapping tool

Soldering iron

X-acto knife or blade

Thin lifting tool

Scissors type cutters

Solder

N
\W Wire cutters

Needlenose pliers

soldering iron which can be junked when it
gets beat, but my editor uses the best he
canget (a $30 temperature-controlled one).

I file a set of $1 tips to my satisfaction, and
lubricate the threads with white heat sink
grease. This way I have a few different tips
at my disposal; with plated bits you never
file the tips.

A Multimeter. The voltage regulators in
your TRS-80 are very good, so any
problems will usually show up as gross
errors. This offers you a way out of buying
an expensive multimeter; for most of these
projects, the $10 pocket variety will suffice.
However, for lots of repair work a better
meter is in order; I use a $40 type (not
digital!) for my work.

An oscilloscope. For the projects, no. But
for repairs, yes. Don’t panic thinking of a
thousand dollars for a digital scope,
because an old color television scope will do
perfectly well; they can be found in the
bargain bins for $50 to $100. If it saves you

Solder wick

Multimeter

Oscilloscope

Drill

a $100 repair bill, you’ve paid for it. Mine
is an old RCA type W0-90Q, built for early
color TV, and just fine for the bulk of TRS-
80 work.

You will also need supplies in the tool box.
Among these are:

Solder. Get the best you can afford.
There’s nothing so unpleasant as a great
glob of the stuff between two traces on a
board. Order the multicore rosin flux type,
and stay away from most the off-the-shelf
stuff. Remember, multicore rosin type
only, and the finer the gauge the better.
Never use acid flux solder, as used by
plumbers and electricians.

Soldering wick. Marketed under the
names Spirig, Solder Up and Solder Wick,
it’s a copper braid impregnated with
soldering flux. When heated with the
soldering iron it absorbs Solder off the
board, thus freeing components. Don’t do
without this stuff unless you like fried
circuit boards and burnt fingers.

The Custom TRS-80
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Schematics

Wirewrap wire. Also called by the trade
name Kynar, this is 28- or 30-gauge single-
strand wire used to interconnect the pins of
wire wrap sockets. It comes in an
assortment of colors; get them all, so you
can keep data, address, power and ground
lines separate.

Multiconductor cable. The more flexible
wire is easier on the coordination, but also
the most expensive. Best buy is Spectra
Twist, and its kin, from surplus houses. If
you need jumper cables, buy them; Making
a two-ended, 40-pin jumper cable can be
three hours of maddening work.

Bus wire. This is solid, uninsulated stuff.
A small roll will do for a lifetime. I use it
for wiring, securing bulky capacitors to
circuit boards, holding bundles of things
together and for making special tools.

Miscellaneous. Sockets, perforated board,
mounting hardware, and such will always
be needed.

Details about supplies needed for each project
in this book will be presented with the project.
Except for integrated circuits, most of the items
are available right off the shelf at a local Radio
Shack or other electronics supply house.

Schematics

Schematic drawings of electronic circuits are
identical to maps. They show routes, direction,
junctions, relative importance and functions of
locales, two-way and one-way streets, traffic flow
and congestion and so forth. At first, the symbols
may seem like the mysterious hieroglyphics of a
secret society, but their symbolism can soon
become as familiar as a roadmap. Even strange
places can be assessed from afar.

First, the symbols. A line is a wire running
from some point in the circuit to another.
Consider the sketches below:

A @ —
|

B @— —y

C 0= MPH— s

0 —

E @ Aglr ity

10 Introduction

The first drawing is a simple wire. The
electrical path moves from one point to another,
in either direction. By following the path of a
wire through a circuit, the pattern of connections
can be discovered. When wires are forced to cross
one another, but not to connect with each other,
it must be made clear. On a roadmap,
non-intersecting roads are shown either by a
break in one of the intersecting lines, or in
showing interstate highways, merely by crossing
one ‘below’ the other in a different color.

Sketches b, ¢ and d are the three ways of
drawing wires which do not connect to each
other. The first, simply crossing them, is the
most common. The second method places a
semicircular bump in the crossing path, and is
used by Sams Publications in this country and
commonly in Europe. Occasionally the broken
path crossing shown in sketch d is used.

When wires connect, a dot is used to clarify
that a connection is to be made. Occasionally,
you may come across earlier schematics which
use the ‘bump’ method of showing unconnected
wires. On these schematics, the lack of a bump
indicates wires are connected.

The wires (or patterns of copper etched on
circuit boards) connect electronic components.
Some of them are:

RESISTOR CAPACITORS

4 +1

A~
@ T TPOLARIZED
e

DIODE

FET TRANSISTOR

Since this is a lesson in reading schematics and
not electronic theory, I recommend that you turn
to an excellent book by Forrest Mims,
‘Engineer’s Notebook’, sold by Radio Shack, for
an introduction to what each of these parts does.
Briefly, the symbol for a resistor has the flavor of
a long wire being compressed, meaning the
electrical flow is somehow being resisted. The
innards of a capacitor generally consist of metal
foil separated by a non-conducting paper or
plastic, and the capacitor’s schematic symbol is
fairly representative, with two plates facing each
other but not joining.



Some capacitors are designed to fit into a
circuit in only one direction; the positive (+) sign
identifies that direction. These capacitors are
identified on their bodies by a positive or
negative sign. Another one direction (polarized)
device is the diode. It consists of an arrowhead
striking a barrier, implying that current may flow
in the direction of the arrowhead, but not back
across the plate. The body of a diode may have
the diode symbol imprinted on it, or a band to
indicate the ‘barrier’ end.

The transistor usually has three connections
(such connections are called ‘leads’ on small
parts such as these). These leads are identified as
collector, base and emitter or source, gate and
drain, depending on the transistor type. This will
be shown on the diagram, and the transistor will
be imprinted with the information, or it will be
provided on the package in which the transistor
is sold.

A few other symbols are:

TRANSFORMER l

VARIABLE RESISTORS

=[]+

CRYSTAL

VARIABLE CAPACITORS

The first is a transformer, whose job it is to
take current fed into one coil and induce that
current, into a second coil. An iron or ferrite
center (the parallel lines in the symbol) aids in
efficient transfer of that current.

The next three symbols look like resistors and
capacitors, which they are. The added arrows
show that their values may be varied; hence, they
are called variable resistors and variable
capacitors. The variable resistor is best known as
the volume control on a television, and the
variable capacitor is found as the tuning control
on a table radio.

The last symbol is a crystal, a piece of cut
quartz capable of vibrating (resonating) under
certain electrical conditions. Because a crystal is
a very accurate, fixed, molecular device, it is
capable of resonating (also called oscillating) at

Schematics

precise intervals. It is used for the master control
of all pulses in the TRS-80.

A few directional symbols are now in order:

GROUNDS
EARTH  CHASSIS  COMMON
POWER —

The first are known as grounds, and they are
used to indicate a potential of zero or neutral
voltage. The first of the trio is an earth ground,
commonly used in radio, television and hi-fi
schematics, but purists use it only to describe an
actual connection to a ground spike or cold water
pipe. The second is a chassis ground, indicating
an electrical connection to the metal case which
encloses the circuit. It is often (though
incorrectly) interchanged with the earth ground.

The last of the three grounds is a ‘common’ or
neutral ground, and the one which is used to
indicate the zero voltage line in the computer.
All other voltages within the computer system
are described in terms of their relation to this
ground.

The next quartet of symbols indicate power.
The up arrow generally points to an actual
voltage value (such as +5 or +12).The horizontal
line indicates merely a ‘high’ level, that is, a
connection is made to the normal positive power
supply for the circuits in the system (+5 volts in
the TRS-80).

Non-positive voltages have no standard
symbols. Negative (or below ground) voltages
can have either a horizontal arrow or a down
arrow, pointing to the voltage desired at that
point. The schematics tells you that a connection
is made to the voltage level shown:

Another use of a horizontal arrow is to point to
important connections to be made elsewhere on
the schematic or on other sheets of the schematic.
In the former case, the arrow is used because
actually drawing the wire may clutter the
schematic, making it illegible. When you see an
arrow, be sure to find the other end of the
connection described (indicating words such as
‘clock’, ‘mem’ or ‘port FF’ may be used as guides
to where the connection is made).

The Custom TRS-80 11
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Introduction

Another useful symbol is the last of the group
above, the pad. It indicates a significant
connection, usually to another device or circuit
board. Using this symbol makes it clear that the
connection is to be made somewhere off the
board on which you are working. In this book, I
have not used these symbols where indicating a
connection to the TRS-80; instead, the cable to
the TRS-80 is shown with the connecting wires
striking a wide vertical band marked ‘TRS-80
Edge Connector’. Other types of off-board
connections, however, are shown with the pads.

The most common families of parts found in
computer circuits, however, are shown below:

— AN
— L
AND OR
- —D
NAND NOR
— >
|7
BUFFER (a) (b)
P
1/'
INVERTER

These symbols represent integrated circuits,
those multiple lead, buglike packages that
handle the bulk of the work in the computer.
Briefly, these are logical building blocks.
Sometimes there are several blocks in one
integrated circuit, and these various blocks may
be scattered throughout the circuit diagram.
This can be confusing when actually building a
circuit, but since pin (lead) numbers are given,
you only have to remember where you put the
part.

You should know that the TRS-80 Technical
Reference Handbook uses what are called
‘functional’ schematic elements, meaning
identical parts are not necessarily drawn the
same throughout the schematic. I have chosen
not to use this method, which, although it makes
circuit operation less evident, is clearer when
doing actual wiring.

Complete logical and physical diagrams of
every circuit used in this book are give in an
appendix. Those diagrams will help give you an
idea of how these logical blocks are packaged
inside 8-, 14-, 16-, 18-, 20-, 24-, 28- and 40-pin
cases.

Basically, that covers reading a schematic
roadmap. Below is a section of circuit. See how
the logic elements are connected to each other as
well as to two resistors, a capacitor and a crystal.
Notice also that the logic elements are all marked
‘Z19’, since they are separate blocks within a
single component. An arrowhead indicates a wire
leading off the board, and power and ground
connections are shown. The numbers on the logic
elements are the pin numbers for the component
connections:

4.7K
R69
13311'11 TOGGLE
2 +5V
910 219
R63
42 Yi a2 AR
,_1_[5014,_“]*_4 3 a4 0 i3
741804 10.6445 74L804 PRE CLR 9
¢ CLK 2 D 1/2 Q
A 741874

12
ca3 [ 8
CLK
47pF 242 270 Rp=
74L804

b 4

CLOCK o

Be Tolerant

Every electronic component is manufactured
to work within specific limits, whether they be
accuracy, temperature, speed, power use or other
limit. These are the components parameters or
tolerances. The circuits in this book have been
designed to use the most commonly available
parts, so the matter of tolerances is rarely
important. However, sometimes those
tolerances are important, such as when talking
about memory speed or power supply voltages.

Power supply should be within five percent of
the voltage specified; a supply indicated at five
volts may vary only from 4.5 volts to 5.5 volts. By
using the power supply regulators shown in the
schematics, these voltages should not be of
concern. Unless you are familiar with power
supply design, do not attempt to use other
methods of regulation.

Very few of the resistors have tolerances noted
on the schematics. The rule of thumb is one
quarter watt at five percent, but if you can only
obtain half watt units, or 10 or 20 percent
resistors, don’t be concerned. The quarter watt



resistors are a bit less costly and are a bit more
aesthetically appealing. Consider also that if a
resistor is specified as 1,000 ohms, a 20 percent
deviation gives a range of 800 ohms to 1,200
ohms. Thus, the standard values of 910 ohms or
1,200 ohms should do as well.

Capacitors are notoriously sloppy in their
tolerances, especially electrolytic types (those
whose polarity is marked on the schematics).
These normally vary from 20 percent low to more
than 100 percent high - thus, when a 500
microfarad capacitor is noted, it can range from
400 to 1,000 microfarads. Also, there is some
revision in the standard numbering method used
for parts values: 470 microfarads is now being
called 500 microfarads, for example. So when
you try to obtain a capacitor value marked in the
parts list, remember that a nearby higher value is
fine.

Voltage parameters for polarized (electrolytic)
capacitors are important. Never get an
electrolytic capacitor with a value less than that
specified, but do not hesitate to take one with a
higher voltage parameter. That is, a capacitor
specified at 47 microfarads, 16 volts, can be
replaced with one specified at 50 microfarads, 35
volts. It may be physically larger, but it will work
equally well.

If you walk into a store and hand the sales clerk
a parts list, don’t be surprised if you are asked a
few more questions. You might be faced with
chosing between parts which are identical as far
as the parts list in this book is concerned, but
which include other parameters.

Resistors can be carbon composition, carbon
film, glass or wire wound. These days, carbon
film is common and cheap, and that’s your first
choice. Carbon composition is the next choice at
a lower quality, and glass is excellent but at a
higher cost. Forget wire wound, because they can
contribute unwanted side effects.

Ordinary capacitors are manufactured in
many ways: ceramic, polystyrene, polyester,
silver mica, polycarbonate and paper. For the
bypass capacitors necessary for all the circuits in
this book, ceramic types are your choice. Cheap.
If you get silver mica, so much the better, but
you’ll pay a price. Watch out for polystryrenes or
polyesters if you plan to solder, because they are
delicate and you can damage them with too much
heat. Otherwise they are excellent, but quality
overkill. Polycarbonates are slick types, and you
might consider using these if you build the
8-track mass storage system. Run the other way
if you see paper capacitors.

Building a Power Supply

Electrolytic capacitors come in two basic types
— metal cans (covered with plastic), and those
manufactured using tantalum (an expensive
metal of great strength and purity). For most
digital projects, choose the ordinary cans.
Tantalums of the same value, although smaller,
high quality, and very pert looking, are costly and
not required here.

Digital integrated circuit part numbers are
generic, which means that a 74LS00 circuit might
be sold as an SN74LS00 or an NEC-74LS00. The
prefix characters refer to manufacturers. On the
other hand, those parts whose numbers contain
‘LS’ may not be substituted by parts marked ‘S’
or ‘C’ or by those with no markings. 74L.S00 may
not be replaced by 7400, 74500, or 74C00, nor
may they be exchanged for each other. When
integrated circuits are specified, try not to
substitute with other circuit ‘families’.

This section will not make you a master
schematic reader; only practice will do that. Pick
up copies of the Engineer’s Notebook mentioned
above, as well as various of the project books sold
by Radio Shack and others.

Building a Power Supply

All the projects presented in this book will
either be modifications to the TRS-80, in which
case they will draw power from the computer
itself, or outboard devices which will need power.
There are several ways to get this power:

1. Build a power supply from scratch for
each device, including transformer, rectifiers,
capacitors and regulators.

2. Build a main power supply providing
substantial current at between 7.5 and 15
volts, and put a voltage regulator and a
capacitor on board each project.

3. Use an assembled power supply providing
a 7.5 to 9 volt output for each project, and
use a voltage regulator and a capacitor on
each board.

4. Use an assembled power supply providing
5 volts and feed all boards from it.

My recommendation? Probably an assembled
power supply of 7.5 to 9 volts feeding each
project. Power supplies are important to
projects, and they should be well regulated, free
of residual 60 Hz (Hertz equals ‘cycles per
second)’ ripple, and should not tend to transmit
signals between projects. Some things to
consider include:
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1. Building a power supply is not very
time-consuming, but it is probably going to
be bulkier than the project being
constructed. Then there’s the question of
where do you put it? If it’s in the project,
you have to be very careful to shield the AC
primary and secondary leads. Also, you have
to be sure it’s working properly before you
can begin to test your project.

2. Small, assembled power supplies are
inexpensive. They are normally sold as
‘battery eliminators’, with their current
capabilities specified. The AC leads are
encapsulated in plastic with the rest of the
supply. Although you need a separate
house-current outlet for each of these
supplies, the work you do (both building and
testing) is lessened and the safety to you and
your project is increased.

3. Larger power supplies are expensive to
buy and complicated to build. Unless they
and each project being fed contain plenty of
transient suppression (in other words, lots of
extra capacitors), the actions of one device
may affect another. But they do tend to be
more immune to house current fluctuations
than small homemade or purchased power
supplies. With regulators on each project,
moreover, you can provide more immunity to
spikes and fluctuations. They are truly
‘brute force’ circuits.

4. Large regulated power supplies are highly
stable, but expensive. They are capable of
feeding a whole range of boards, less house
current outlets are needed, and the level of
regulation is usually substantial enough to
prevent fluctuations at the board level.
However, onboard filtering is still necessary
to prevent interaction among external
devices.

The circuit diagrams that follow present a
simple, unregulated, positive power supply; a
simple, unregulated, bipolar power supply; a
regulated five-volt power supply; a regulated
dual-voltage (+5 and +12 volts) power supply; a
regulated bipolar (+5 and -5 volts) power supply;
a regulated four-voltage (+12, +5, -5 and -12
volts) supply, and last (but by no means least)
the design of the power supply (+12, +5, and -5
volts) used in the TRS-80. All these supplies can
use the transformer / rectifier ‘power supply’ sold
for the TRS-80 as their source.



Box/ Power Supplies

Power Suppies

Digital electronic circuits constructed by hand
can perform as well as neatly-laid-out
commercial circuits. In some ways, though,
these circuits have to be designed better than
commercial ones, because professionally etched
boards are usually designed with careful
consideration given to signal paths. Wire-
wrapping or soldering, on the other hand, can
look like a rat’s nest and sometimes act that
way.

Most important: always use bypass
capacitors in your projects. These are capacitors
with a value of about 100 nanofarads (0.1
microfarads), ceramic discs or dipped mylar,
attached between +5 volts and ground. These
are physically placed near their respective
integrated circuits. When I finish wire wrapping
a circuit, I give it a quick test to make sure the
wires are connected properly and the circuit
behaves normally (barring occasional crashes).
Then I attach a 100-nanofarad bypass capacitor
between the positive power supply and ground,
directly between the wire-wrap pins carrying the
power.

Secondly: add termination resistors to the
data lines whenever more than one project is
connected to the computer. Termination
resistors act as electronic clamps, holding the

lines steady as the signals sweep through. These
eliminate random noise, as well as signal
‘overshoot’, caused by capacitance introduced
by the wires themselves. If you have an
expansion interface of the new breed (no
buffered cable), termination resistors are
already in place. They are also standard with
the LNW and Microtek interfaces (though I
recommend doubling the value suggested by
LNW, to at least 470 ohms and 1,000 ohms).

The simplest addition of termination resistors
involves connecting a 1,000 ohm resistor from
each data line to ground. To ensure even better
signal clarity (and also to maintain the ‘high’
level the computer normally sees on its lines),
also attach a 470 ohm resistor from each data
line to +5 volts. In all, then, eight resistors will
be needed for each project you add.

Finally, do not skimp on the power supply.
Generally you will see a 2,200-microfarad
capacitor followed by a regulator, a 470-
microfarad capacitor and a 100-nanofarad
capacitor. This is the absolute minimum
configuration for a working power supply. If you
have the room, increase the value of the first
capacitor to 4,700 or 10,000 microfarads, and
place a 100-nanofarad capacitor between input
and ground physically near the voltage
regulator.
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Box / Those Colors

Those Colors: What They Mean and
How to Read Them

The color codes used for resistors,
capacitors, and other parts are brought to
you by the same folks that brought you
phrases like 10W-40 and RS-232C: the
standards-setting powers of the engineer-
ing industry. It becomes an international
shorthand.

The colors are black, brown, red, orange,
yellow, green, blue, purple, grey and white.
If you can’t immediately remember that,
then pick up a piece of multi-conductor
‘rainbow’ cable. The colors are all there in
the same order. The table below presents
the color codes and how they can be read
on the bodies of resistors, capacitors, and
diodes.

———————————————————————————— — ————————— ——

FIRST AND SECOND
COLOR BANDS

—————————————————————————— — ——— — — .t ———

BLACK 0 BLACK 0

BROWN 1 BROWN X 10

RED 2 RED X 100
ORANGE 3 ORANGE X 1000
YELLOW 4 YELLOW X 10,000
GREEN 5 GREEN X 100,000
BLUE 6 BLUE X 1,000,000
VIOLET 7 SILVER 100

GRAY 8 GOLD 10

WHITE 9

FORTH COLOR BAND IS THE TOLERANCE
GOLD = 5%

SILVER = 10% NONE = 20%

What do these values mean? Resistance
is a kind of objection to electron flow,
measured in ohms (pronounced with a
long O). The abbreviation is a Greek
omega ( @ ). Thousands of ohms are kilo-
ohms, or just kilohms, and abbreviated K
(k in Europe). Millions of ohms are
megohms, abbreviated simple M. The
ability of a resistor to withstand electrical
current is measured in Watts (W). Most

computer work is done with 1/4 Watt
resistors.

For resistors without color bands, the
values are stamped on using R (instead of
omega) for ohms, K and M.

Capacitance is the inclination of a non-
conducting object to store an electrical
charge, measured in Farads. The abbrevi-
ation is a capital F. Since this is a very
large amount of capacitance, real work is
generally done in millionths of Farads, or
microfarads (mF), and millionths of
millionths of Farads, called picofarads
(pF). Since many of the more popular
capacitance ranges for computer work fall
between these two figures, the abbrevia-
Otion for thousandths of millionths of
Farads, or nanofarads (nF) is common in
Europe. The ability of a capacitor to
withstand voltage is measured in voltage
tolerance (V).

Capacitance is usually printed on the
capacitor in mF; color bands are rare.
Picofarads are marked “p’; the absence of
an abbreviation indicates microfarads.
Note that these capacitor 'base values’
are equivalent: 18=20, 27=30, 39=40,

47=50.
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Abbreviations and Conventions

Abbreviations and Conventions Used
in this Book

AD-A15
C

CLK

SceH0IPP
o

N<XXs=

#*

ov
+5V

-5V
+12V
117V

Computer address Llines,

A capacitor, specified in the parts
list; positive and negative sides
are marked,

Clock, usually a flip—flop input.

Clear, usually to flip—flop or Llatch.

A diode, Radio Shack schematic reference.

A diode, specified in the parts list,

Computer data lines,

Farad; used only as part of mF, uF, pF.

Common computer ground.

A relay, specified in the parts list,

Resistance value suffix = x 1000,

A light-emitting diode, specified in the

parts lList,

Capacitance prefix for x 0.000 001,

A motor, specified in the parts list,

Resistance value suffix = x 1,000,000.

Megahertz (million cycles per second].

Capacitance prefix = x 0,000 000 000 001

Piggybacked integrated circuit.

Preset, usually to flip—flop or latch,

Transistor, specified in the parts list,

Flip—flop or Latch output.

A resistor, specified in the parts Llist,

A switch, specified in the parts Llist.

Transformer, specified in the parts list.

Capacitance prefix for x 0,000 001.

Integrated circuit (LNW references only).

Collector-supply voltage, that is, the
'five—volt supply'.

Watt; resistor power reference,

DIP shunt or jumper, R/Shack reference,

Crystal oscillator.

Demultiplexer output signal.

An integrated circuit, specified in thse
parts Llist.

Used in text references for 'not', in
place of a horizontal bar across the
top of the abbreviation,

Ground, zero-level, or center—ground,

Five-volt positive regulated power
supply, the 'Five volt supply'.

5-volt negative regulated power supply.

12-volt positive regulated power supply.

House current, 105-120 volts AC.

BASIC commands; Z-80 mnemonics and
opcodes; CPU and other schematic signals
are printed in UPPER CASE letters.
Hexadecimal numbering is printed in
BOLD letters.




Getting Inside

Getting Inside

A TRS-80 is the proverbial black box. It’s the
first mass-marketed personal computer that was
intended for simple home and business use. As
far as retail sales are concerned — whether it’s a
car, a hi fi, or instant pudding — thinking of it as
a black box is just fine. “Yes, it’s a complete
computer with a keyboard unit, video display,
and cassette storage.”

To have this small computer work to even a
fraction of its potential, though, you’ve got to
have the power to control it. As with driving a
fine automobile, that power comes with
understanding, comes with being able to look
through and into the box, comes with keeping it
carefully tuned and customized so that it can
respond to your wishes.

In this Chapter we’ll open the electronic black
box a little at a time. If this is all new to you,
prepare for some exciting finds inside this box; if
not, then follow along and discover just how
much you've learned about microprocessors in
their own age.

What You See

The main computer unit is in a small case
looking something like a typewriter that has lost
its carriage. There are 53 keys in a typewriter
style layout, and perhaps on your unit a numeric
keypad to the right. Connections on the back are
marked Power, Video, and Tape, along with an
on/off switch.

The unit is entirely silent. It is electronic in
conception and execution.

A power supply lowers and isolates the

120-volt household supply to approximately
one-seventh that value, and that feeds the

keyboard unit. An ordinary cassette player is
cabled in, and a partly disemboweled television
set plugs in place, serving as a crude video
monitor.

The designers of the TRS-80 struggled with,
and won, the battle of familiarity. Televisions,
cassette recorders, and typewriters are among
the most ordinary of home or office appliances.
But by winning this battle of familiarity, the
designers also clearly set themselves up to lose
the battle of reliability (more on that later).

Let’s first take a look at some of the things the
computer does, and then very generally try to
discover how and with what the machine does
them.

When you power up your computer, you expect
to be able to communicate with it. Unlike a
television, it does not entertain, but rather
evaluates and responds with an electronic
psyche. If it were not capable of using a
human-like language, we would be forced to use
the machine’s language. But since it will be asked
to accomplish human tasks, we will demand that
it speak a human sort of language — BASIC
(Beginners’ All-purpose Symbolic Instruction
Code). BASIC has grown since its humble but
inspired beginnings at Dartmouth College into a
formidable tool capable of rocking other
standard languages off their computational
pedestals. If you have been using your TRS-80’s
BASIC, you know its fluidity. But it does not
work alone.

The BASIC that is in the TRS-80 works
hand-in-hand with the electronics to produce a
video display for us to read, and to examine a
keyboard for us to type on. The keyboard gives
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Chapter1

input to the computer, the video display shows
output from the computer. Input and output are
grouped together in computer terms, and are
collectively called I/0. The tape recorder, which
saves and loads computer programs, would also
be called I/0.

Forget the claims that the TRS-80 computer
can do what this-or-that state-of-the-art
computer could do five years ago. Maybe so,
but it really can’t. Because it isn’t built like a
piece of office furniture. Because it doesn’t act,
work, or ‘think’ the same. No matter how you
paint it or pad it, a four cylinder sportscar will
never be a luxury V-8 sedan. And Burger King
is not a candidate for the four-star list. But
they can do what they can do as well or better
because of the simple, direct, streamlined
nature of their operation and conception. Turn
away the question of value judgment, and you
discover that — considering portability, cost,
ease of maintenance, accessibility and vastness
of the software domain — the TRS-80 is
probably a dimension better than that recently
demised state-of-the-art dinosaur.

That about covers what we can say about the
minimal TRS-80 setup — a keyboard computer
unit with I/O. Before popping off the cover, let’s
name some of the rest of the I/O devices that can
be hooked up to the machine. Those might
include:

An Expansion Box.

This attachment expands not only the
internal capacity of the computer, but also
forms an electronic saddle, permitting other
devices to ride on the back of the keyboard
unit.

A Printer.
Obviously, an attachment to provide a

permanent record of the machinations of the
TRS-80.

A Diskette Drive.

A place to store information and programs
when the computer is turned off; it is very like
the cassette player, except that it is speedier
and can be accessed differently. More on that
later.

Voice Input/Output.
An ability to speak and be spoken to on the
part of the computer. This is one of the
experimental options.

Telephone Communications.
Communications with other computers,

similar or different, nearby or across the
world.

Control Centers.

The power to change, activate or extinguish
electrically-powered equipment throughout a
home or office.

There are more devices which might be
considered, including clocks to tell the time of
day, little circuits to create sound effects and
music, even other computers used as ‘slaves’. In
fact, where electrically controlled equipment is
involved, almost anything can be attached
directly or indirectly to the TRS-80.

Hesitation

When you open the computer’s case, you’ll see
an enormous amount of electronic circuitry.
Before you open it though, you should have an
idea why there are so many integrated circuits
and circuit board traces connecting them.

We live in an analog world. We judge size or
volume or loudness not by how big or full or loud
it is, but by how big or full or loud it seems in
relation to something else, even if that
‘something else’ is merely what we are used to
hearing in our normal world.

In other words, all our evaluations are made by
analogy. ‘““How big is it?” ‘“As big as a
basketball!” “Is she pretty?” ‘“Pretty as a
picture!” “Is it far?” “About a stone’s throw
from the corner.” Our cliches are built on
comparison or analogy. Ideally, then, we might
like to build a machine that work for us in our
own terms. . .

“Machine!”
“Duh, yessir, sir.”
“Add fourteen and thirty-seven, machine!”

“Yup, yup. Lessee. Hmmm, fourteen is
this big. And thirty-seven is this big.
That makes a number this big. . . . .
Sir?”

“Yes, machine?”

“That’s as much as thirty-seven and
fourteen, sir! Looks just like fifty-one,
sir.”

“Thank you, machine.”

This computer has a rather limited voice
capacity, but what it did inside itself was
electronically quite sophisticated. It took in a
value and transformed it into an electrical
voltage of fourteen units, stored it, accepted a



second value and transformed it into a voltage of
thirty-seven units. Then it added the voltages
together; the resulting voltage worked out to be
equivalent to a value the size of fifty-one voltage
units.

The manufacturers of the real world might be
able to create electronic parts with this kind of
accuracy, but chances are that these parts
wouldn’t be cheap. A TRS-80 made with them
would be worth more than the previously
mentioned V-8 auto.

So in the stone age of computer activity, it was
decided that the simplest level of evaluations
would have to be made. A low voltage or ‘off’
condition would be made equivalent to zero; a
high voltage or ‘on’ condition would be set equal
to one. That was it. All calculations would have
to be done with ones and zeros — the binary
system.

You’ve probably heard of, and perhaps used,
binary numbers and there will be more on this
system later in the book. But the point is that
you can well imagine that doing work with real,
human numbers means quite a basketful of the
individual ones and zeros. Which means,
consequently, many separate signal lines to carry
those groups of numbers.

PR Sl S S

Photo 1-1. The TRS-80 opened and spread out.

So Open It Already!

So Open it Already!

Turn the power off to your TRS-80 keyboard
unit and flip over on its front. Carefully undo the
cabinet, noting the different sizes of screws used
to fasten it together. Holding the entire
computer firmly together, again flip it on its
back. Remove the top cover. Gently lift the
keyboard forward and remove the five or six
plastic spacers underneath it; in later 80’s, one of
these will be solid and the rest flexible. Note
their positions. Now set the keyboard back, lift
the electronics out of the case and place it on a
spacious work surface.

Time out. As you make changes to your
TRS-80, add memory and the like, you will be
opening the case many times. Two things might
happen. First, the keyboard grommets will get
lost. Their purpose is twofold: to prevent the
keyboard from shorting against the main circuit
card, and to cushion delicate parts against a
constant onslaught of none too gentle typing. If
you lose them, cut new ones out of bottle corks.
They’ll work just fine.

Another more difficult problem is the
keyboard cable itself. This is a band of springy
copper leads covered with white plastic located
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So Open It Already!

Photo 1-2. Closeup of keyboard cable area.

Complete TRS-80 spread out for cable replacement. Other
visible changes include Level I/II switch on keyboard (bottom
right of keyboard), new Level II interconnect cable (center),
additional keyboard socket (top left), and external reset switch
connector (bottom left).

at the bottom left of the keyboard. It electrically,
and physically, attaches the keyboard to the
main circuit board. Very subtle cracks can occur
in the copper after about a half-dozen flexes.
Symptoms can be lost letters or odd
combinations of letters, a system constantly
crashing or otherwise acting up, constantly
repeating letters, or complete lockup of the
keyboard. Avoid flexing this cable quickly or
bending it sharply. Later we’ll replace this cable
with something better, but for the moment be
gentle with it.

Now back to the machine. Spread the two
sections connected by the keyboard cable out in
front of you. The keyboard and the top of the
circuit card will now be visible. The Central
Processing Unit is a single integrated circuit, the
Z-80; it is to the far left in the photograph on this
page. The power supply is the block of ‘heavy
equipment’ at the back; the two small
potentiometers regulate the voltage to within
five percent, so keep clear of these controls. The
eight memory circuits are in a row near the power
section, and the language memory (Level I and
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newer Level II BASIC) is located in the center of
the circuit card. On most Level II units, this
language required three integrated circuits, and
so these were placed on a separate
two-by-three-inch card taped to the main board
and connected with a 24-conductor cable. Don’t
be tempted to remove that cable, yet!

A group of circuits to the bottom left in the
photograph hold the video image. Two
important parts are socketed on the board; these
are marked Z3 and Z71, and they are
programmable shorting jumpers. What makes
them programmable is the fact that with a
gouging tool you can break the connections; not
very subtle, but it works. Their purposes are
different — one selects the amount of memory
available in the keyboard unit, and the other
selects which of the standard languages (Level I
or Level II BASIC) is in use.

At the top left, the video and cassette output is
controlled. Two small potentiometers on that
side of the board position the video image on the
screen, so if you received a TRS with its image off
center, twiddling these will straighten it out. The
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Figure 1-1. Z-80 block diagram from Zilog.

remainder of the board is dedicated to
controlling the complex electronic traffic.

One last item is the edge card connector, which
can be viewed at the top right hand side of the
photograph. Through this connector, the
TRS-80 may speak to the outside world. Much
more on that connector later in this book.

On the keyboard itself there are a few circuits.
Their job is to assist the Central Processing Unit
(CPU) in determining which key is pressed.
These circuits are sometimes remarkably

sensitive; there will be more about these later.

Put it Back

Become familiar with the layout of this board,
as it will assist you in locating work or repair
areas. Functions of the computer parts are
generally grouped together, so modifications will
usually be restricted to a compact area of the
board. Once you have a good idea of where
everything is, put the keyboard unit back
together carefully.

To really get to understand your machine you
will want to obtain, either off the shelf at Radio
Shack, from a Repair Center, or ‘National Parts’,
the following manuals:

TRS-80 Micro Computer Technical
Reference Handbook. Catalog No. 26-2103.
TRSDOS & Disk BASIC Reference Manual.
Catalog No. 26-2104.

Printer Cable Service/Installation Manual
(Order).

Expansion Interface Service Manual (Order).
Make sure this includes the FD1771 disk
controller appendix from Western Digital.

Put It Back

16K RAM Expansion Service Manual and
Addenda (Order).

TTL Databook (National Semiconductor).
Catalog No. 62-1370. This may not be
stocked anymore; if so you can order it from
National Semiconductor direct.

And finally, a Z80-CPU / Z80A-CPU
Technical Manual should be ordered from
Zilog, Inc., 10340 Bubb Road, Cupertino, CA
95014. It costs $7.50.

These references will not only help you to
make the modifications suggested in this book,
but also to understand the operation of the
computer, bend it to your wishes, and repair it if
it fails. Additional references which you will find
valuable are listed in Appendix II.

The Hidden Insides

It’s not much of a mystery to TRS-80 users
that all that hardware is controlled by software.
That’s one of the first things you learn. But it’s
also as simplistic as saying that the driver makes
the car go, and just as misleading. Complete
computers are called ‘turnkey’ systems because
they imply simple, appliance-level setup and use.
But a customized TRS-80 suggests something
more, and with that ‘something more’ comes a
requirement to have a better handle on hardware
and software.

Let’s define some terms. The TRS-80 is a
personal computer, which is a popular way of
saying a small, microprocessor-controlled,
turnkey computer. The microprocessor, a Z-80,
is a complicated, general-purpose, electronic
switching center capable of accepting, changing,
sending, and re-routing a complex array of
electronic signals.

Both the TRS-80 as a whole, and the Z-80 in
microcosm, have something called architecture.
Architecture is the overall dimension by which
these devices define their electronic space. Put
simply, it is ‘how they work’. As with all human
work, this involves defining tasks and their order,
executing those tasks, and producing a result.

In the Z-80, the architecture involves
accepting electronic signal groups called
instructions, decoding them into internal
activities, and executing those activities. An
arithmetic logic unit (ALU) performs simple
mathematical functions, internal memory cells
called registers hold signal information to be
acted upon, and an internal bus controls the flow
of electronic traffic. The order of entering signals
is identified by means of an address, which
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identifies a fixed numbered slot in the Z-80’s
electronic universe.

In the block diagram of this activity, shown
opposite, note the terms ‘8-bit data bus’ and
‘16-bit address bus’. The Z-80 is an integrated
circuit with 40 external connections. The
number 40 is arbitrary, chosen because
manufacturing precision is currently limited to a
physical ‘package’ of that size. That precision is
also central to why the binary system is used, as
mentioned earlier.

From the viewpoint of ten-fingered humans, it
would be simpler to do our computing in familiar
decimal form. As with the uninspired
conversation between human and computer
presented earlier, different levels of voltage
could be used. But such levels of precision are
difficult to produce commercially and impossible
to diagnose when they fail.

That is the practical origin of the simple
one/zero, on/off, true-false system of numbering
used by the computer. To discover how these
signals are arranged, we now turn back to the
Z-80 itself and the 40 external pin connections.
Information put into and called for out of the
processor is called data, with a simple small
value of zero. Any reasonable number of pins
could have been dedicated to accepting data, but,
based on the amount of work the processor had to
do, eight of the 40 pins were assigned. This is the
8-bit (binary digit) data bus.

0000 1K ROM 1/0 DRIVERS AND BOOTSTRAP
0400
11 K ROM LEVEL 11 BASIC/DISK BASIC
3000
o MEMORY MAPPED 1/0
4000 BASIC VECTORS
4200
Dos
5200 DISK BASIC
16 K RAM DOS UTILITIES
USER MEMORY
7000
FREE MEMORY
8000) R
16 K RAM
€000 L E MEMORY
16 K RAM
FFFF D,

Figure 1-2. TRS-80 memory map.
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Likewise, there is the need to determine the
order in which the processor is to do its work. In
order to move from command to command, it
identifies the order of those commands by their
position, or address. Sixteen of the Z-80’s pins
are used to specify a number from 0000 0000 0000
0000 to 1111 1111 1111 1111.

When the power is turned on, this address bus
switches to all zeros. The computer fetches its
first command along the data bus from that
all-zero location. It executes the instruction,
fetches the next, and the next, and the next.

There’s certainly more to this, but very
basically that’s the architecture of a
microprocessor. Address lines for locations and
order, and data lines for information. Now we’ll
turn to the TRS-80 and its architecture.

The TRS-80 contains the microprocessor,
which is the Central Processing Unit (CPU) of
the computer. Along its address bus is found the
computer’s internal information and instruction
storage block — its memory. Also along this bus
will be found video memory, a block which is
reserved to display information to us on the
screen; a keyboard, which is given its own set of
addresses; the BASIC language; some unused
areas; and single memory slots in which are
housed windows to the cassette recorder, disk
drives, printer and so forth.

This hardware is already familiar, so let’s look
at the hidden insides, the software. The BASIC
system is found in permanent, Read-Only
Memory (ROM). It consists of several major
sections:

® A keyboard scanning routine to discover
and interpret activities at the keyboard.

® A video processing routine which
presents and updates the monitor
information.

® Input/output controls for saving and
loading program material and operating a
printer.

® An interpreter capable of transforming
the ‘English’ words which make up the
BASIC we know, and determining what
computational actions should be taken.

® Memory-management systems which
apportion the computer’s available memory
into blocks which will not conflict.

® Arithmetic- and text-processing
subroutines which can perform calculations
and operations on numbers and
alphanumeric characters.



Overall, the Level II BASIC language requires
more than 12,000 separate 8-bit groups, known as
bytes, to perform its work.

At the end of this Chapter is a detailed look at
how the software operates from the time the
machine is switched on to the time you read
MEMORY SIZE? on the screen. In summary,
that software disables any signals which might
interrupt its operation, turns off the cassette
relay and clears data from that output, restores
the video screen to 64 characters per line, and
sets up a block of memory for use by BASIC
programs. A disk drive is searched for, and if one
is found, a group of procedures are initiated in
order that the disk program may take control of
the TRS-80.

If no disk drive is found, the screen is cleared
with blanks, the MEMORY SIZE? prompt is
displayed, and a keyboard scanning process is
begun. A valid response to that question is
accepted, and, if necessary the entire bank of
memory is tested. Error messages are updated on
the video screen as needed. Finally, the memory
size and available room for text strings is created,
the READY prompt is displayed, and control of
the TRS-80 is given to the user.

Power-Up Routines

The initialization routine of the TRS-80 is a
complicated and very interesting aspect of the
computer. It must, of course, set up all the
parameters that will be used by BASIC
programs, but it also conducts a series of tests
and makes hardware adjustments to the device.

It double checks to assure the proper operation
of memory, and to be certain that the parameters
needed for proper operation of programs will be
present. This section will take a look at the
initialization process.

Here are the first few instructions:

0000 ORG 0000H
0000 F3 DI

0001 AF XOR A
ooo2 C3 74 08 JP 0674H

At power-up, the Z-80 chip ‘homes in’ on
address 0000, and begins its execution there. The
first action is significant: DI (Disable Interrupt)
keeps the clock ‘heartbeat’, generated by the
expansion interface, from disturbing any actions
of the computer — especially important, since the
necessary software for handling that interrupt
request is not in ROM, but rather a part of the
disk BASIC, or what is also offered as ‘Level III’
BASIC.

So the interrupt is masked out. XOR A is the
process of ‘exclusive-ORing’ the accumulator.

Power-Up Routines

Exclusive OR is a logical operation which states:
of two elements, either may be zero or one, but
not both. Thus, whatever is present in the
accumulator is XORed with itself. Since each bit
is identical with its exclusive-OR partner, each
bit will be set to zero. This effectively clears the
accumulator, readying it for processes to come.

The final instruction of the group, JP 0674, gets
out of the way of the Z-80’s low memory, for it is
in this area that the chip’s restart codes — very
frequently used subroutines — are found. Going

on:

0674 D3 FF ouT (OFFH) ,A
0676 21 D2 08 LD HL,06D2H
0679 11 00 40 LD DE, 4000H
067C 01 36 00 LD BC,0036H
067F ED BO LDIR

0681 3D DEC A

oss2 3D DEC A

0683 20 F1 JR NZ,0876H

After the jump to 0674, the routine resets the
output flip-flop at port FF (255 decimal). This
flip-flop controls both cassette functions and the
32/64 character video, and by outputting the
value in A (0, since it was exclusive-ORed
earlier), the cassette will be off, no data will be
present at its input, and video will come up
normally.

Following this is an interesting (and
encouraging) piece of code. Using the Z-80’s
powerful block move command LDIR, 54 bytes
stored at address 06D2 are transferred to the
RAM address area starting at 4000. These are the
most important pieces of information the
TRS-80 must have, so the writers of this program
took great care to assure that this transfer would
be certain. The LDIR instruction itself takes
data stored at an address specified by register
pair HL (in this case, 06D2), and moves a block
whose length is specified by register pair BC (36
hex, or 54 decimal), to the location indicated by
register pair DE (4000).

The interesting part is found just below. The
value in A (0) is decremented twice (to FE), and
the identical transfer instruction is repeated.
This goes on until it reaches zero again, a total of
128 times! We may draw the conclusion that the
Z-80 chip probably reaches full power and begins
operating before memory gets to the point where
it can reliably accept data . . . therefore, the
instruction is repeated for a period of
approximately 15 milliseconds.

Now a portion of RAM is cleared to zero with
the following few commands:

0685 06 27 LD B,27H
0687 12 LD (DE) ,A
0688 13 INC DE
0688 10 FC DJNZ 0687H
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Recall that after the previous setup process,
the accumulator again contains zero. Here a
block of RAM specified by the DE register
(essentially where we left off) is loaded with zero.
Using the fast DJNZ (decrement B, branch if not
zero) instruction, 39 bytes are fixed at zero.

A few instructions follow that are very
significant at power-up. Address 3840 contains
the keyboard row where the BREAK key sits. It
is connected to data line 4; thus the instruction
AND 04 checks to see if it is held down. If it is not
being held down, the result of the AND
instruction will not be zero. . . and a jump to
address 0075 will be made. This is why expansion
interface owners without disks must press the
break key at power-up:

068B 3A 40 38 LD A,(3840H)
06BE E6 04 AND 04
0680 c2 75 00 JP NZ,0075H

How does the TRS-80 find out that a disk drive
is in fact connected to the interface? The answer
to that — and the reason that the computer ‘hangs
up’ when an expansion interface is connected
without a disk — is found in the next few bytes of
code:

0683 31 7D 40 LD SP,407DH

0686 3A EC 37 LD A, (37ECH)
0688 3ac INC A

068A FE 02 cP 02

068cC DA 75 00 JP C,0075H

The stack pointer is set at 407D for use by
potential future programs; it is out of the way of
all the BASIC pointers set up in the first data
transfer, an obvious but important action.

The accumulator is then loaded with the
contents of memory location 37EC. There is no
‘memory’ per se at address 37EG; it is instead an
instance of ‘memory mapping’. That is, when
this memory cell is read, a signal is sent to the
expansion interface. This signal strobes
information from the Floppy Disk Controller
(FDC) to the TRS-80. What will it find?

If no expansion interface is connected, there is
no signal to strobe. Hence, the value will be
floating, not pulled to ground (zero) on any bit.
The computer sees all bits apparently ‘high’ at
this location, and interprets it as binary 1111
1111, that is, hex FF.

The next instruction increments the
accumulator, in this case resulting in FF plus 1, or
00. In the following intruction this value is
compared to 2. A compare (in effect a
subtraction, with no ‘result’) will cause the carry
flag to be set, since 0 minus 2 is negative. (Note:
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Why compare with 02? Why not just 01, as a carry
would still be generated? My suspicion is that it
is possible for those data lines to ‘float’ in the low
state. In that case the CPU would ‘see’ 0000 0000,
with the INC A instruction resulting in a value of
01 — which is still incorrect. So a compare with 02
guarantees the presence or absence of the disk
controller.)

Once the carry flag has been set, the
instruction JP C,0075 would be executed, sending
the program to address 0075. For the moment,
however, let’s assume that an expansion
interface is connected to the TRS-80.

The FDC, when queried by the command LD
A,(37TECH), will respond with 80. Incremented by
one it becomes 81, and comparing it with 02
generates no carry. The JP C,0075H is thus
ignored, and the program simply goes on to find:

068F 3E 01 LD A,1

06A1 32 E1 37 LD (37E1H) ,A
06A4 21 EC 37 LD HL,37ECH
06A7 11 EF 37 LD DE,37EFH
06AA 36 03 LD (HL),3

The accumulator is set to 1, and address 37E1
is made to accept the contents of the
accumulator. Again, 37El is a location memory
mapped in the expansion interface. This code
starts the disk drives rotating (or keeps them
rotating), and selects drive zero.

That done, it loads HL with the disk controller
address (37EC) and sends out a ‘restore’
command, which tells the controller to move to
track zero. Thus, the data will come from drive
zero and track zero. Register DE is prepared by
loading it with the disk’s data address, 37EF.
Now:

0BAC 01 00 00 LD BC,0000
0BAF CD 80 00 CALL 0060H
0060 ORG 0060H
0080 0B DEC BC

0061 78 LD A,B

0062 B1 OR c

0063 20 FB JR NZ,0060H
0065 cs RET

This is a short but very useful subroutine. You
may in fact want to call this yourself from time to
time. Found at address 0060 is a simple delay
loop; load the BC register pair (as is done just
before the CALL instruction), and it is
decremented and tested until it reaches zero.
When it finally reaches zero, a return instruction
sends the Z-80 back to the main program flow.

Why a delay? Merely to give the disk drive
time to come up to speed, obvious but very



important. Moving ahead with this branch of the
program:

06B2 ORG 06B2H
06B2 CB 46 BIT 0, (HL)
06B4 20 FC JR NZ,06B2H

This is a loop which waits until the disk control
chip says, “Okay, disk is up to speed and
everything looks pretty good”, and sends along a
zero. The program loop tests this bit until it
receives a zero. It is this loop which is maddening
to you expansion interface owners who have no
disk drive. Like all the previous
memory-mapped addresses, 37EC will never
have that zero. If a disk is present and all is well,
the loop will have found the acknowledging zero
sent by the FDC:

06B6 AF XOR A

06B7 32 EE 37 LD (37EEH) ,A
06BA 01 00 42 LD BC,4200H
06BD 3E 8C LD A,BCH
06BF 77 LD (HL) ,A
06CO CB 4E BIT 1, (HL)
06Cc2 28 FC JR NZ,06COH
06C4 1A LD A, (DE)
0BC5 02 LD (BC),A
06C6 oc INC c

06C7 20 F7 JR NZ,06COH

The accumulator is cleared again, and the BC
register is set to 4200. This will be an area of
RAM set aside for disk use. 37EE is loaded with
0, and 37EC is loaded with byte 8C. This selects
sector 0, and sets the read condition. Thus,
having previously been set to drive zero, track
zero, it will now read sector zero. The
accumulator will look for the incoming bytes in
the memory location specified by the DE register
pair (37EF). This is the memory-mapped
location through which the actual data will flow.

The accumulator picks up the data from DE,
stores it in the RAM memory location indicated
by BC (4200); the next instruction increments
register C so that location 4201 is ready. The
program loops back, waits for another message
from the FDC, picks up another byte, and stores
it. When register C finally reaches zero, the
pointer will again contain 4200, and the loop
terminates. Then:

06C9 C3 00 42 JP 4200H

Here the disk system takes over completely.
As you recall, starting at 4200, data from the disk
has been stored. By jumping to that location, the
program direction is wrested from ROM and
given to the first 256 bytes of the disk system
bootstrap program.

Here, then, is a quick review of the activity so
far: Interrupts are disabled, cassette is turned off

Power-Up Routines

and data are cleared from that output, video is
restored to normal, and significant pointers for
BASIC program operation are set up. A disk
drive is searched for and if one is found, a group
of procedures is initiated in order to transfer
control of the TRS-80 to these disk instructions.

A series of control signals and
acknowledgments is exchanged between the
floppy disk controller and the CPU, a page (256
bytes) of data is poured into a RAM buffer area,
and program control is given over to this new
series of commands.

If a disk drive is not found, or if the break key
is held down during power-up, control is
transferred to address 0075. At this point it
should be noted that the ‘reset’ button on the
TRS-80 is a non-maskable interrupt, that is, the
only interrupt which the DI (Disable Interrupt)
command first executed by the TRS-80 cannot
mask out. When pressed, the reset button goes
directly to address 0066, following a much shorter
series of instructions reminiscent of the
power-up routine. °

Because it is likely most important RAM
pointers are still intact, this sequence does not
reset them:

00686 ORG 0066H
0066 31 00 08 LD SP,0600H
0068 3A EC 37 LD A, (37ECH)
00BC 3C INC A

006D FE 02 CP 02

00BF D2 00 00 JP NC,0000
0072 c2 cC o0s JP 06CCH

This group of instructions sets up the stack
pointer, checks for the presence of a disk drive,
and jumps to the complete initialization routine
(reboot) if it finds one. If none is present, it goes
to the READY sequence beginning at address
06CC.

Now let us return to the initialization program
flow we have been following, which is found at
9075:

0075 ORG 007 5H
0075 11 B0 40 LD DE,4080H
o078 21 F7 18 LD HL,18F7H
0078 01 27 00 LD BC,0027H
007E ED BO LDIR

Using the LDIR instruction described earlier,
a block of information located at 18F7 is
transferred to RAM beginning at 4080. These
bytes describe ports in use, error storage,
INKEY$ information, and so forth, as needed in
the general operation of Level II BASIC (see
Chapter 2).
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A few specific addresses are delineated, and a
large group of RAM bytes is then prepared.
These jump to the familiar ‘?L3 ERROR’
message because they are disk commands not
available to Level II, yet patch points are
prepared for them. The result of the following
program statements is to fill addresses 4152 to
41A5 with the direction JP 012D. s

=
008E 11 2D 01 LD DE,012DH
0081 06 1C LD B,1CH
0083 21 52 41 LD HL,4152H
0086 36 C3 LD (HL) ,0C3H
oosse 23 INC HL
0088 73 LD (HL) ,E
008A 23 INC HL
008B 72 LD (HL),D
oosc 23 INC HL
oosD 10 F7 DJNZ 008EH

Chapter 1

Another group of ROM ‘breakout’ points
follows; they all become returns to the main
program flow. But notice something interesting
about them — three bytes are set aside, but only
one is filled with the return instruction (C9).
This means that a jump command could be
placed there. Let’s first look at the series of
instructions, then examine the possible benefits
of changing them:

D0SF 06 15 LD B,15H

00A1 36 C8 LD (HL) ,0C8H
0DA3 23 INC HL

00A4 23 INC HL

00AS 23 INC HL

00AB 10 F8 DJUNZ ODA1H

If we wanted to break into the BASIC
operating system, this area of RAM is one place
in which we could do it. Most of these are error
codes of one kind or another. We could ‘rescue’ a
program from displaying an error message, and
halting, by patching in one of our own routines.
If our routine were located at 5000, for example,
the C9 instruction (followed by two unused
bytes) could be replaced with a JP 5000
command, which needs all three byte positions:
C3 00 50. Essentially, the authors of Level II
BASIC provided many areas for expansion.

Now let’s move on. BASIC programs begin at
address 42E9. A pointer to that beginning is

found as a zero at address 42E8. The next
instruction sets that in place:
00A8 21 EB 42 LD HL,42EBH
00AB 70 LD (HL),B

The stack pointer is delineated, and a call is
made to 1B8F, a subroutine to turn off or reset
various devices, including the printer and
cassette player. It is in part redundant, but a
double-check is often worthwhile.

00AC 31 F8 41 LD SP,41F8H
00AF CD BF 1B CALL 1BBFH
ooB2 cb Cs 01 CALL 01CSH

The call to 01C9 results in the screen being
cleared and the cursor being placed at position 0.
Finally, MEMORY SIZE?’ appears:

00B5 21 05 01 LD HL,0105H
ooBs CD A7 28 CALL 2BA7H
00BB CD B3 1B CALL 1BB3H

At address 0105 is a block of ASCII bytes which
spell out MEMORY SIZE. The subroutine
starting at 28A7 displays the string of data at the
present location of the cursor, a byte at a time,
until it finds a byte in the message whose value is
00. This terminates the display and advances the
cursor. The call to 1BB3 is identical to the
BASIC INPUT command, in that it displays the
question mark and cursor, and halts for keyboard
input.

If the keyboard input is the BREAK key, a
carry is generated, and the program skips back to
MEMORY SIZE and displays it again, waiting
for keyboard input. The instruction RST 10
(ReSTart at 0010) follows, which is the quickest
way of calling a routine to locate the first
character of an input. If one is found, the result
of an OR instruction will not be zero. Here are
the instructions that perform those functions:

00BE 38 F5 JR C,00B5H
ooco D7 RST 10H

ooc1 B7 OR A

oocz2 20 12 JR NZ ,00D6H

What if, on the other hand, there was no entry
other than the ENTER key? You have no doubt
noticed a slight pause in the action when you do
not specifically set the memory size. Here’s a
look at that code:

ooca 21 4C 43 LD HL,434CH
oocz 23 INC HL

oocse 7C LD A,H
oocs B5 OR L

00CcA 28 1B JR Z,00E7H
oocc 7E LD A, (HL)
ooco 47 LD B,A
00CE 2F CPL

00CF 77 LD (HL) ,A
o0oDo BE cpP (HL)
0oD1 70 LD (HL) ,B
oobp2 28 F3 JR Z,00C7H
00D4 18 11 JR 00E7H

For the moment we will start at the instruction
LD A,(HL). HL contains the address of a byte of
RAM memory, the contents of which are placed
in the accumulator. From the accumulator, they
are also saved in the B register. The accumulator
is complemented, which inverts all the ones to
zeros and all the zeros to ones. This
complemented value is then placed in the



memory location still specified by HL. The
accumulator is compared with what has been
placed in HL.

What, you ask? But this value was just placed
in memory, why compare it? Because — and this is
a very elegant piece of writing — if it does not
compare:

1. The memory location is bad and only the
block of memory below it should be used to
be safe.

2. Or, this is the end of memory.

If this is good memory, then, the test for zero
passes, the contents saved in register B are
returned to memory, and the program loops
back, incrementing HL to the next potential
memory location.

We did skip a few instructions back there.
They become important only after the first loop
is complete. These commands OR the contents
of H and L; when the result is zero, we are at
address 0000 — full 48k memory has been found,
and the test is complete.

Here’s what we would find, alternatively, if we

—entered some value (or other characters) in
response to MEMORY SIZE?:

00D8 CD 5A 1E CALL 1E5AH
0008 87 oR A

00DA c2 87 18 JP NZ,1997H
00DD EB EX DE,HL
00DE 28 DEC HL

00DF 3E BF LD A,BFH
00E1 48 LD B, (HL)
00E2 77 LD (HL) ,A
00E3 BE cP (HL)
00E4 70 LD (HL),B
0QES 20 CE JR NZ,00B5H

The call to 1E5A checks for numeric input, and
jumps to 1997 (‘SN ERROR’), if it is not
numeric. If the input is properly numeric, then
registers DE and HL are exchanged; this action
puts DE (left off at the lowest usable memory
location above pre-set RAM needed by BASIC)
in HL, where it can be manipulated conveniently.

Memory size minus one is usable; memory size
and above is protected. So HL is decremented
before being tested, then it is tested (in a manner
similar, but not identical, to that done earlier). If
the memory test fails, it’s back to displaying
MEMORY SIZE? again.

We're not quite there yet, however, as the
figure entered for memory size may be too small.
BASIC needs a bit of room to work with, so DE is
set to 4414, and the subtraction subroutine at
RST 18 is called. If a carry is generated, we're
shipped off to the ‘?0M ERROR’ message found
at 197A. Here’s what it all looks like:

Power-Up Routines

00E7 2B DEC HL
00EB 11 14 44 LD DE,4414H
00EB DF RST 18H
DDEC DA 7A 18 JP C,187AH

A little more work is left to do. Recall that a
value for available string space is set aside, and it
is 50 bytes. Here is how it is done:

00EF 11 CE FF LD DE,OFFCEH
DDF2 22 B1 40 LD [4DB1H) ,HL
00F5 18 ADD HL,DE

00F8 22 AD 40 LD (40AQH) ,HL

Register pair DE is set up with FFCE, which, if
you are not yet weary of manipulation of hex
numbers, is the two’s complement of 50 decimal.
That is, when FFCE is added to 0000, the result is
FFCE hex, or 50 decimal less than the original
figure. Try it to see that it works. This bit of code
saves the value for top of available memory in
40B1, adds register DE to it, and saves that result
(memory size minus 50 bytes for string space) in
address 40A0.

There follows:

DOF8 CD 4D 1B CALL 1B4DH

Here let me quote Roger Fuller, whose TRS-80
Supermap identifies this subroutine this way:
Revelation 21:5-“And behold . . . He shall make
all things new.”

This subroutine identifies and sets up all
pointers necessary for the start of a BASIC
program: Variables reset, previous program
deleted, etc.

And now, the moment you’ve all been waiting
for. Here it is:

00FC 21 11 01 LD HL,0111H
00FF CD A7 28 CALL 2BA7H
0102 C3 19 1A JP 1A18H

The call to 28A7, you may recall, displays a
string of ASCII characters. The string displayed
in this case is . . .

RADIO SHACK LEVEL II BASIC

The final instruction is a jump to 1A19, the
address of the ‘READY’ display.

To summarize this last portion of the
initialization routine: all BASIC pointers, disk
error codes, and ROM return codes are set up,
the screen is cleared, and the MEMORY SIZE
prompt is displayed. A valid response to that
question is accepted, and, if necessary, the entire
bank of memory is tested. Error messages are
generated as needed. Finally, the memory size
and available room for strings is recorded, the
READY prompt is displayed, and control of the
TRS-80 is given to the user.
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Copacetic Comprehension

Copacetic Comprehension

There will doubtless be a day when books like
this will be unnecessary. Personal computers will
probably develop into the appliance area, with
programmers, hobbyists, hardware designers
and language specialists present only in the
distant background of the market. But between
now and then we are all faced with being either
frustated users or solderer-programmers,
tailoring machines according to our personal
demands.

To do this, certain skills are inevitably
required. Among these are an understanding of
non-decimal number systems, digital logic
devices, machine-level languages, and a
smattering of diagnostic sense. There are some
fine books that cover all these topics (see
Appendix II), so this chapter will only deal with

them as far as needed to put this book to work.
Among them are:

® Binary, decimal and hexadecimal
number systems, how they arose, how and
why they can be used, and where
understanding them is essential.

® Common digital logic devices that
appear in the TRS-80 and these projects,
and how and where to use them.

® Some of the basic elements of machine
language, and a few personal considerations
on where it is best applied, and when BASIC
is a better choice. A

® A look inside the TRS-80, with an eye to
diagnosing where troubles might lie and
where changes might be in order.

® The basics of creating a workable power
supply for the projects in this book.

Number Systems

Numbering is the single most overrated
problem in computer programming. The answer
(posed before the question) is this: numbers are
merely counting names. That is, it makes no
difference whether we think in tenths of a mile or
eighths of an inch. Nor does it bother us that a
day is made up of 24 hours, while an hour is 60
mirutes. That a year is 365 days frightens us not,
nor that months are a motley collection of sizes.

In parking lots, does it bother us that our
vehicle may be parked in Row N as opposed to
Row 14? There is no mystery when we mark off
points with four scratches and a crosshatch. And
does a dozen always conjure up ‘twelve’, or is a
dozen something we have understood since
youth?

Names are sizes are numbers; so it is with the
number systems that we arbitrarily assign for the
convenience of working with computers. When
we are talking about electrical signals, it is
clearest and easiest to think about ons and offs.
Ons look pretty much like ones, and offs look like
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Box / Converting Binary to Decimal

Chapter 2

zeros. It’s a nice, clean concept, and one that
illuminates the way we can refer to the
machinery.

There’s more convenience to naming a
computer data condition 10110100 than to
calling it an on off on on off on off off. Were data
the only consideration, the binary one and zero
method might have been satisfactory, without
resorting to other means or stroking our
memories.

Finding a location in a computer’s memory is a
much more difficult task. Although a memory
location called . . .

11101000100110101
. might be easier to think about than . . .

onononoffonoffoffoffonoffoffononoffonoffon

it could use another step forward. In
music, a long string of sixteenth notes like this —

— F—
] S
Figure 2-1. Illustration of illegible musical notation.

— is broken up to make it legible, so it looks
instead like this —

Figure 2-2. [llustration of legible musical notation.

Likewise, that long binary string can be broken
up from 1101000100110101 into convenient
groups. . .

Converting Binary to Decimal

In the grade school years, students used to
learn that a number like 5,163 contained a 3 in
the ones place, a 6 in the tens place, a 1 in the
hundreds place, and a 5 in the thousands place.
It was to remind them that 5,163 was really 3
plus 60 (6 x 10) plus 100 (1 x 10 x 10) plus 5,000
(5x10x 10 x 10).

The way other number systems are written
follows this same pattern for their own bases.
In base eight the number 5,163 would have a 3
in the ones place, a 6 in the eights place, a 1 in
the sixty-fours place, and a 5 in the
five-hundred-twelves place. That means that
5,163 is really 3 plus 48 (6 x 8) plus 64 (1 x 8 x
8) plus 2,560 (5 x 8 x 8 x 8). But notice how
that’s decimal thinking! Really in base eight
there could be no ‘8’. . . it would have to be
called ‘10! 1, 2, 3, 4, 5,6, 7, 10, 11, 12, 13, 14,
15, 16, 17, 20, and so on. So 5,163 in base eight
is still 3 plus 60 plus 100 plus 5,000!

The binary system sneaks in the same way.
A number like 1101 0001 0001 0011 turns into a
1 in the ones place, a 1 in the twos place, a 0 in
the fours place, a 0 in the eights place, all the
way up to a 1 in the
thirty-two-thousand-seven-hundred-sixty-sevens
place. In binary, the one on the far left is still a
1 in the quadrillions place, don’t forget. But
the message is how to convert all this to
decimal. And here it is:

32768 16384 B192 4096 2048 1024 512 256 128 64 32 16 8 4 2
1 0 1 0 0 0 1 0 100 1 001

-

Just add the numbers: 1x1 + 1x2 + 0x4 + 0x8
+1x16. . . + 1 times 32,768 = 41,619. Voila.
No matter how long the number is, and in
whatever base:

1. Start at the left and produce a chart of
the base number’s powers, starting with 0
(X to the 0 power is always 1).

2. Lay the number to be converted
underneath the base number chart.

3. Multiply each base number power by the|
digit in its place.

4. Sum the resulting numbers.

Does it work? Certainly. What is 163,341 in
base 9?7 And in base 7? And in base 10?

Base 89 powers: 5 4 3 2 1 0
9 to that power: 58049 6561 728 81 9 1
Number to convert: 1 6 3 3 4 1

Multiplication: 1x59049 6x6561 3x728  3x81 4x8 1x1

Subtotals: 59048 +38366 +2187 +243 +36 #1
Converted result: 100882, base 10

Base 7 powers: 5 4 3 2 1 0
7 to that power: 16807 2401 343 48 7 1
Number to convert: 1 ] 3 3 4 1

1x16807 6x2401 3x343 3x48 4x7 1x1
16807 +14406 +1028 +147 +28 +1
32418, base 10

Multiplication:
Subtotals:
Converted result:

Base 10 powers: 5 4 3 2 1 0
10 to that power: 100000 10000 1000 100 10 1
Number to convert: 1 6 3 3 4

1x100000 6x10000 3x1000 3x100 4x10 1x1
100000+60000 +3000 +300 +40 #1
163341, base 10

Multiplication:
Subtotals:
Converted result:




1101 0001 0011 0101

. although the legibility is improved, the
human spark, the ability to look and recognize
(that aha!) is not there. So the next step is to set
about naming the sections. Since these on-off
conditions can be written down as binary
numbers, why not write them down in their
decimal eauivalents?

The question is rhetorical, of course, because
not only can it be done, it is done. The only
question is how to do it. Were a computer
capable of swallowing all sixteen of those binary
digits (bits) in one gulp, that question might be
easily answered by calculating the conversion of
1101 0001 0011 0101 using a binary-to-decimal
conversion table. The result, we find, is 53557.

Box / Reading the Pins

But the computer, alas, cannot swallow all
those bits in one bite . . . it can only swallow one
byte full of bits (pardon). In other words, though
a computer may need numbers sixteen bits long,
only eight data lines exist to carry that data.

The component parts of the number
1101000100110101 are needed, eight bits at a
time: 11010001 00110101.

There’s the mathematical rub. 11010001 is 209
decimal, and 00110101 is 54 decimal. This seems
hardly related to 53,557. Another solution is
necessary, and it is a naming system as much as a

numbering system. It names each of the sixteen
possible combinations of four binary digits:

Reading the Pins

Finding your way through digital circuits is
much easier than finding your way through an
ordinary table radio. Industry standards have
made the process simple. Consumer integrated
circuits are packaged in small, rectangular,
plastic or ceramic cases with anywhere from 8
to 40 external connections known as pins.

Earlier integrated circuits — and many of the
audio types currently being produced — were
packaged in small metal cans and looked like
transistors, with many wires protruding from
the bottom. The wires were arranged around a
keying tab on the edge of the can, and
numbered like so:

Figure 2-3. Can-type IC pin numbering.

As such circuits developed into more
sophisticated and powerful devices, more pins
were needed for input and output. A
rectangular package was developed, but it was
still numbered in a circle, starting (when
looking down from the top) from the left of the
notch, so: nlalolol

T TE
Figure 2-4. Dip-type IC pin number (8 pins).

All modern integrated circuits can be read
from the top in this same way. 14- and 16-pin
types start from the top left and read around:

pEnEDEDEnDEOED|

ngogBgOEngoga

nDEoEoEoEDEDEDND

T OO OO
Figure 2-5. 14- and 16-pin Dip IC pin numbering.

You can read the pinouts of 18-, 20-, 24-, 28-
and 40-pin circuits in the same manner. The
highest numbered pin sits just opposite the
lowest numbered pin. In the beginning this
practice may seem confusing; it is. But after
using the circuits — and counting their pins over
and again — you will probably feel comfortable
with the pin arrangement.

Just one thing: when you assemble TRS-80
add-ons, most of your work will be done from
the bottom . . . which means reading
backwards!
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Digital Logic Devices

Chapter 2

0000 is named 0 and is equal to decimal O
0001 is named 1 and is equal to decimal 1
0010 is named 2 end is equal to decimal 2
0011 is named 3 and is equal to decimal 3
0100 is named 4 and is equal to decimal 4
0101 is named 5 and is equal to decimal 5
0110 is named ] and is equal to decimal 6
011 is named 7 and is equal to decimal 7
1000 is named 8 and is equal to decimal 8
1001 is named 9 and is equal to decimal 8
1010 is named A and is equal to decimal 10
1011 is named B and is equal to decimal 11
1100 is named c and is equal to decimal 12
1101 is named D and is equal to decimal 13
1110 is named E and is equal to decimal 14
1111 is nemed F and is equal to decimal 15

This may seem overdone; but A, B,C, D, E, and
F are darn good names for binary values which
exceed the number nine. If you don’t have a
name, make one up. For practical purposes, keep
it within the symbols everyone has on the Royal
typewriter.

Back to the number 1101000100110101. Crack
it into those four legible pieces (1101 0001 0011
0101), and it can be named D135. To convert it to
decimal, remember the old rule: the 5 is in the
ones place, the 3 is this time in the sixteens place,
the 1 is in the two-hunded-fifty-sixes place, and
the D is in the four-thousand-ninety-sixes place.
Thus, D135 is 5 plus 3 x 16 plus 1 x 256 plus (see
the chart) 13 x 4,096, or . . . 53,557!

So, that long binary number can actually be
digested by the computer as a byte of D1 and a
byte of 35. After a while, the number system
comes easily. My personal recommendation:
work in it. Convert to decimal only when you
absolutely must. Think in hexadecimal and
binary. They are the tools with which you can
speak to the computer.

Throughout this book, numbers in
hexadecimal are printed in BOLD.

Digital Logic Devices

The binary number system and digital logic
devices were developed together as a way of
solving a practical dilemma: how to mass produce
computers which could work quickly and
accurately, and yet be inexpensive. As noted in
Chapter 1, the problems of creating consistently
accurate circuits, working with many different
voltages levels, are formidable. Thus, simple
yes-no, on-off logic was developed.

The intimidating term Boolean algebra is
being used for the first, and last, time in this book
—right in this sentence. You'’ll probably hear the
phrase from time to time, but no matter — it’s a
professional’s buzzword to keep the masses out.
Forget it.

Back to digital logic devices. The essence of
digital logic is to evaluate binary, on-off input;
sometimes to determine a pattern of similarity or
difference, sometimes to sense a change and
sometimes to search for a signal. An appropriate
result is produced as a result of the logical
operation.

One of the logic building blocks is called a gate.
A gate electronically evaluates its input to
determine the pattern of similarity and
difference of signals, and produces a specific
output. A simple gate is shown below:

_)___

Figure 2-6. Simple AND gate.

Its job is to determine if the first AND second
inputs are both at the one (high) level. Only
under that condition will its output produce a
high (one) signal. The table below shows how
this AND gate works.

AND Gate

If input #1 is If input #2 is - The output result is

0

1
0
1

A0 O
00O

Table 2-1. AND gate action.

The table is called a truth table, and its
purpose is to present every possible input and
output condition for a given gate. Below is an OR
gate. Stated in words, if either the first OR the
second input is high, the output will be high.
Examine the OR gate truth table; it really is quite
logical.

Figure 2-7. Simple OR gate.

OR Gate

Input 1 Input 2 Output

0

so-s0
=200

1
1
1
Table 2-2. OR gate action.

Given a huge set of interconnected gates and
their known inputs, the final output of the group
can be determined by using truth tables like



these. Gates may have more inputs than two
(some have sixteen), and may produce the
opposite results from the two described above
(NOT-AND and NOT-OR gates, known as
NAND and NOR gates). Truth tables reveal how
the integrated circuit’s design engineer specified
the pattern of binary logic inside the circuit.

In this way, given a desired output and a
known number of input signals, it is possible to
determine what set of input values will trigger
the desired output.

There are a number of other types of digital
circuits. Most are created out of gates like those
described above, but their features are unique
enough to think about them separately. Among
these other digital logic circuits are buffers,
flip-flops, counters, latches, multiplexers and
shift registers.

A buffer can be thought of as a two-input gate
with both inputs tied together, like this:

—

Figure 2-8. Buffer as (a) two-input gate and (b) buffer.

Its truth table is much simpler than that for
two-input gates, because there are now only two
input conditions. Either both inputs are high, or
both inputs are low. Gates with ‘true’ outputs
(AND, OR) will merely follow the input
condition. When the inputs are high, the output
is high; if the inputs go low, the output becomes
low. Separate logic devices are manufactured
that perform this ‘follow-the-leader’ function,
and they are called buffers. They serve to isolate
sections of a circuit, or rejuvenate a signal so it
can feed many dozens of inputs in a large
machine.

When a buffer reverses the condition of its
input, (a high input is output low, and vice versa),
the device is called an inverter. This kind of
circuit can save the day in some cases, as when
trying to locate a given binary number. Assume
a circuit needs the binary number 1110 to turn on
a pilot light. It is possible to choose four separate
gates, each of which would provide an output

Digital Logic Devices

matching the desired number. These would be
connected through more gates, and eventually
the number could be discovered when the final
signal was triggered properly. One way of
detecting 1110 is shown below:

D
Figure 2-9. Bad decoding scheme for 1110.

But, although this circuit works, economy of
cost and space and simple clarity dictate another
solution. The last input could be inverted before
it is evaluated, resulting in a pattern (1111)
which could be quickly recognized by a
multiple-input gate. The result is electronic
simplicity and legibility; an improved decoding
circuit is shown below. The ultimate result is the
same.

__{>.J'_

Figure 2-10. Good decoding scheme for 1110.

A flip-flop is a ‘black box’ which provides two
outputs. When an input value is high (one), the
first output will be high, and the second will be
low. When the input value switches low (zero),
the outputs will reverse. In other words, two
opposite outputs for the price of one. But there is
another significant use of the flip-flop.

Flip-flops also have an important input called
a clock trigger, which is triggered only when its
input returns to a given level. Only then will the
outputs of the flip-flop reverse. That is, a given
flip-flop clock may receive a ‘zero’ pulse. Its
outputs will reverse. Then the zero pulse changes
to a ‘one’ pulse. Nothing happens, but the trap is
set to spring. When the one pulse changes back
to a zero, the outputs reverse again. For every
two changes at the clock, there will be but one
change at the output. It takes four clock changes
to produce two output changes.
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Into Machine Language

Why is this useful? Because it is electronic,
binary division. The truth table here shows how
it works.

Binary Division with a Flip—Flop

Output of First Flip—Flop Connected to Clock of Second
Flip—Flops Change State Each Time Input Returns Low

Clock Flip—Flop Second Clock Second FLlip-Flop
Input Output Input Output

0 0 0 0

1 0 0 0

0 1 1 0

1 1 1 0

0 0 0 1

1 0 0 1

0 1 7] 1

1 1 1 1
(Input) (Input/2) (Input/4)

Table 2-3. Binary division with a flip-flop.

Digital logic devices known as counters are
combinations of gates and flip-flops that allow
certain patterns to be counted: Binary, Binary
Coded Decimal (BCD, where the highest number
is decimal 10), Gray code and others.

Latches are very much like flip-flops, except
that the input is ‘captured’ at the output by a
trigger signal called an enable, a select, or a
gating pulse. The input may change
continuously, but the output only reflects the
input when the enable is activated. Latches are
very useful when hundreds of thousands of
signals are flying around on one set of lines, and
the computer must select only certain groups of
signals. The cassette output of data is a latch;
only the 500-baud (bits per second) pulses of
data reach the cassette output, even though
many different signals reach its input.

Multiplexers are sometimes misunderstood,
but mostly because of their formidable name. A
traffic light is a multiplexer — it allows several
streams of traffic to meet at one intersection, but
only one stream to proceed. The multiplexer is
the electronic equivalent, having several inputs.

Gating signals select which of the inputs may
reach the output. In a computer, this allows
several devices to share a circuit (like the video,
which must be sent to the screen, but also sends
and receives characters from the rest of the
computer).

Finally, shift registers treat bits of data like a
bucket brigade sends up water: it goes in one end,
and at each electronic ‘go!’, the bucket is sent
along one position. The dots which make up the
video display are produced by circuits which shift
them out to the screen one bit at a time, in
synchronization with the monitor’s sweeping
electron beam.

Chapter 2

Into Machine Language

If we put faith in etymologists, then ‘language’
— which comes from the Latin meaning whole or
part of a tongue — is an inappropriate word to put
after ‘machine’. Better to call it code, or blurms,
or bingo chips even. Whatever it is, it becomes a
tool for providing the user with all the power
inside the TRS-80.

With a knowledge of binary and hexadecimal
numbers, this language seems more fluid, and
with a similar understanding of its electronic
effects, it becomes the true ‘lingua franca’ of the
computer.

In Chapter 1, I pointed out that BASIC is
really just a disguised form of machine language.
It is disguised because it presents itself in
English-looking words, and has a large store of
safety valves, error traps and messages — to
prevent it from falling down an electronic rabbit
hole.

For the moment I’ll turn away from the
metaphors, and present a practical simulation of
that statement. The simulation can be familiarly
written as follows:

CLS

When you command CLS (clear screen),
BASIC enters a machine language subroutine to
clear the screen. It automatically returns to a
BASIC command-level ‘READY’ condition.
Now I happen to know that CLS is located at
memory address 01C9 (457 decimal), and that
(non-disk system) ‘READY’ is found at 06CC
(1740 decimal).

As an experiment, type . . .

SYSTEM (ENTER)
/1740 (ENTER)

. .. and you will be presented with the familiar
‘READY’, exactly as if you had pressed the Reset
button. You’ve executed a machine-language
GOTO, jumping directly to the ' READY’ routine
in ROM. As a second experiment, type . . .

SYSTEM (ENTER)
/1457 (ENTER)

Momentarily, the screen clears, but quickly
crashes to MEMORY SIZE? Why did that
happen? Notice that I said CLS was a
subroutine. In other words, the routine must be
called via some sort of GOSUB. The crash back
to ‘MEMORY SIZE?’ occurred because there are
no error messages in machine language unless
you create them!

There are two ways to simulate the required
GOSUB. The first is to POKE the starting



address of the clear-screen subroutine into the
USR(0) command. The USR(0) command is
identical to the SYSTEM command, except that
it is the equivalent of GOSUB, where SYSTEM
is the equivalent of GOTO.

So 01C9 (clear screen address) is the USR
entry point; it must be split in two pieces (01 and
C9), converted to decimal (1 and 201), and
POKEd into USR addresses 16,527 and 16,526.
So. ..

POKE 16527,1

POKE 16526,201
M=USR(0)

There. A screen clear without crashing to
‘MEMORY SIZE?’. But there is another way.
The machine language command for GOTO is
called ‘JUMP’, and its hexadecimal code is C3.
The machine language command for GOSUB is
named ‘CALL’, and its code is CD. So here is the
solution: CALL 01C9. JUMP 06CC.

Various hardware has its peculiarities. In the
7-80 microprocessor, addresses are always
specified in reverse order. So CALL 01C3 is
written CD (CALL) C9 (least significant byte of
address) 01 (most significant byte of address).
And JUMP 06CC is written C3 CC 06.

The whole process to clear the screen and jump
to ‘READY’ is coded:

CD C9 01 C3 CC 06

Quite simple. CLS equals GOSUB 01C9,
GOTO 06CC, which equals CALL 01C9, JUMP
06CC, which equals CD C9 01 C3 CC 06. The
nice part of this little process is that it can be put
anywhere in memory you like. Let’s put it
arbitrarily at 5000 to 5005 (20480 to 20485

decimal).

POKE 20480,205 : POKE 20481,201 :
POKE 20482,1

POKE 20483,195 : POKE 20484,204 :
POKE 20485,6

Convert the six hexadecimal bytes to decimal
as shown earlier, and POKE them in place. Now
you have the program completely under control.
It is ensconced in memory, it calls the
clear-screen routine, and jumps to ‘READY’. Do
you believe it? Just try it, entering the program
at 5000. . .

SYSTEM (ENTER)
/20480 (ENTER)

There. A complete machine language program
that functions from BASIC command level.

Into Machine Language

If you're new to this, take a break. The next
step is to write an elementary screen-clearing
routine, instead of calling one already in ROM.

I want to introduce a dilemma early on in the
process of learning machine language. There is
always discussion in computer programming
about ‘reinventing the wheel’, and there is much
truth to the suggestion that one should not do
programming when the work has already been
done. In the case of the screen-clearing program,
the subroutine to do the work has already been
created, and it is right there in Level II ROM

waiting to be used.
Why, then, write another one? Why, in fact,

even call the routine via machine language when
the BASIC CLS command works so well? Indeed,
with a BASIC as powerful as Level II, machine
language should probably be reserved for doing
things that cannot be done in BASIC at all.
Among these things are upper/lower case drivers,
programs to send characters to a serial printer,
music-making and sound effects,
telecommunications and so on. Furthermore,
where machine language seems required, it often
makes sense to call as many Level II ROM
subroutines as possible.

Slick as this may be, it has two disadvantages:
much of programming and customizing the
TRS-80 requires an intense element of learning
and understanding. Re-inventing the wheel is
what everyone who learns must do, from the
child who is forced through the memorization of
‘times-tables’, to the adult who has lost a job
after 25 years and must learn new skills.

I can only present this from a highly personal
point of view, as one who could not have learned
machine language with any fluidity had I
depended upon the software black boxes of
others. I suggest that if you want a program to
perform a certain action, try to write it in
machine language. Try to make it do the same
sort of error-trapping and other housekeeping
that Level II’s subroutines do. Take the Level II
code apart and have a look. But don’t deny
yourself the opportunity to learn, rather than run
a personal software assembly line. End of
sermon. Back to clearing the screen.

The Z-80 microprocessor has internal holding
latches called registers. Some are capable of
holding eight bits, others sixteen. Some eight-bit
registers may be paired up with others to create a
single sixteen-bit register. These might be
thought of as your only Z-80 machine code
variables. In this screen-clearing routine, several
registers will be used. The registers to be used in
this experiment are: B, paired with C; H, paired
with L; and A.
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What’s In the Memory Map

The last of these is the accumulator, a
sophisticated register capable of doing simple
arithmetic. Indirectly, the ‘condition code’
register (called the ‘flags’) will also be needed,
and will be described when it is used.

First, the program in its entirety:

21 00 3C START—LD HL,3C00H
01 00 04 LD BC,0400H
36 20 LOOP—LD (HL) ,20H
2 INC HL

0D DEC BC

. LD A,B

. OR c

C3 XX XX JP NZ,LO0P

Listing 2-1. Simple CLS demonstration.

In the first line, the H and L register pair is
prepared with the values 3C and 00. As a pair,
they are capable, then, of pointing to memory
position 3C00. This is the memory location of the
first position at the top left of the video display.
The next line prepares the B and C registers with
04 and 00. Although they are pointing to memory
location 0400, they are going to be used as a
counter in this program, 400 is 1024 decimal, the
number of places on the screen.

In the next line, the parentheses around HL
mean ‘the memory location defined by’. That is,
the command is saying ‘store the value 20 in the
memory contents defined by the H and L register
pair’ — in this case, 3C00. So LD (HL),20 stores a
blank space (20 is the ASCII value for such a
space) at the first place on the screen. Whatever

was on the screen before is turned into a space.

Notice that this has the name ‘LOOP’ next to
it. This ‘label’ is for the programmer’s eyes, not
for the program’s use. In the next two lines, the
HL pair is incremented. That is, 3C00 is
incremented to 3C01. Correspondingly, the BC
pair is decremented, from 0400 to 03FF. You
may see the pattern emerging — BC is being used
in a kind of machine language FOR-NEXT loop.

In BASIC, a FOR-NEXT loop is sort of
self-testing. The programmer doesn’t have to
put in anything that checks the value of the loop
variable; BASIC does it automatically. But in
machine language, a test has to be made. The
next two lines of the program make that test.
The accumulator is prepared not with an
absolute numerical value, but rather with
whatever the B register reads at the moment.
After one pass through, it will be 03.

Then the accumulator is asked to make a
logical judgment. Recall that earlier in this
Chapter, logical OR gates were discussed. If
either of two inputs were high (one), the output
would be high (one). In this case, there are eight
inputs, one for each bit in the byte. So the
accumulator has been loaded with 03, thus . . .

00000011

. and it is being asked for the logical OR
with whatever register C is now set to. In the first
loop, that is FF —

11111111

What’s in the Memory Map

The memory map of the TRS-80 has been
designed for convenient, immediate use. It
consists of seven major sections:

1. The BASIC language in
read-only-memory (ROM).

2. An unassigned blank area for future
expansion.

3. Special locations for cassette and disk.

4. A keyboard matrix, appearing in four
locations.

5. A video memory.

6. A reserved block of RAM for BASIC use.

7. User-programmable RAM for programs,
data, and variables.

The onboard jumper, X3, selects which of the
various language possibilities is active in the
TRS-80 (see section on electronic organization

Chapter 2

below). Level I BASIC uses only 4,096 bytes from
address 0000 to OFFF, but Level II uses from 0000
to 2FFF. Because of hardware shortcuts, the
cassette, disk and keyboard locations are
incompletely decoded, appearing in ‘phantom’
areas beyond those strictly assigned to them.
Using incompletely decoded locations in the
cassette/disk area can result in unexpected
results. But the phantom keyboards can be used
interchangeably with the actual keyboard
address.

The possible memory configurations of the
TRS-80 Model I, together with reserved RAM
areas, are shown below.

Figure 2-39. TRS-80 memory map in detail
Address Function RAM Pointer

Beginning of all ROMs

0000 Power-Up Position

OFFF End of Level I ROM

2FFF End of Level II ROM

3000 Beginning of unassigned area
3700 End of unassigned area

37DE

Disc Status Address




370DF Disc Data Address

37E0 Interrupt FlLip—Flop

37E1 Disc Drive Select

37E4 Cassette Select

37E8 Line Printer Data

37EC Disc Controller Chip

3800 —— Beginning of Keyboard

38FF End of Keyboard

3900 Phantom Keyboard

3A00 Phantom Keyboard

380 Phantom Keyboard

3C0L ———— Beginning of Video

3FFF End of Video

4000 —— Beginning Reserved RAM

4000 Restart #0 Patch (RST 8)
4003 Restart #1 Patch (RST 10)
4008 Restart #2 Patch (RST 18)
4008 Restart #3 Patch (RST 20)
400C Restart #4 Patch (RST 28)
400F Restart #5 Patch (RST 30)
4012 Restart #6 Patch (RST 38)
4015 ——— Keyboard Control Block

4015 Keyboard Device Type (01)
4016 Driver Entry Address (2 bytes)
1018 Three Reserved Bytes

4018 Two Bytes Reading "KI"

4010 ——— Video Control Block

4010 Video Device Type (07)

401E Driver Entry Address (2 bytes)
4020 Location of Cursor (2 bytes)
4022 Cursor Character

4023 Two Bytes Reading "DO"

4025 ————— Line Printer Control Block
4025 Printer Device Type (06)
4026 Driver Entry Address (2 bytes)
4028 Total Lines Per Page

4028 Current Line Being Printed
402A Reserved Byte

4028 Two Bytes Reading "PR"

4020 ——— Level II Workspace

4020 —— Unassigned RAM

4035 End Unassigned RAM

4036 ———— Beginning Keystroke Storage
403C End Keystroke Storage

4030 Video Size / Cassette Latch
403E Reserved for DOS Use (2 bytes)
4040 ——  Storage Area for TIMES

4047 End of TIMES Storage Ares
4048 ————— Reserved for DOS Use

407F End of DOS Reserved Area
4080 ———— Storage Area for Division
408D End of Division Storage Area
408E USR Entry Point (2 bytes)
4080 RAND Storage Area (3 bytes)
4093 INP Storage Area

4084 INPut Port Number (2 bytes)
4086 OUTput Storage Area

4097 OUTput Port Number (2 bytes)
4089 INKEY$ Storage Area

408A ERROR Code Storage

4088 Line Printer Position

408C Output Device Indicator
408D Video Line Length (32 or 64)
408E Video TAB area

408F Reserved

What’s In the Memory Map

40A0 *q String Space Pointer (2 bytes)
40A2 Current Line in Use (2 bytes)
40A4 *2 Start of BASIC Program (2 bytes)
40A6 TAB Position Value
40A7 *3 Input Buffer Pointer (2 bytes)
40A8 Input #-1 Indicator
40AA Seed Number for RND (3 bytes)
40AD Reserved
40AE LET and DIM Scratchpad
40AF Number Type Flag
4080 "Fleg Byte for Encoder"
4081 4 Top of BASIC Memory (2 bytes)
4083 String Scratchpad Pointer |
40B5 String Workspace (30 bytes)
4003 Length of String in Use
4004 Address of String in Use (2 bytes)
4006 Next Aveilable String Space (2 bytes)
4008 State of Print Using (2 bytes)
40DA Current DATA Line in Use (2 bytes)
400C DIM Scratchpad (2 bytes)
40DE Print Using Scratchpad
40DF SYSTEM Loading Entry Point (2 bytes)
40E1 AUTO On/Off Indicator
40E2 Current Line in Use (2 bytes)
40E4 Size of AUTO Increment (2 bytes)
40E6 Location of BASIC Commend in Use (2 bytes)
40E8B *5 BASIC Stack Pointer (2 bytes)
40EA ERROR Line Number for RESUME (2 bytes)
40EC EDIT Line Number in Use (2 bytes)
40EE Line Number before RESUME (2 bytes)
40F0 ON ERROR GOTO Line Number (2 bytes)
40F2 Reserved (3 bytes)
40F5 Line Number Completed (see also 40E2)
40F7 CONTINUE Line Number (2 bytes)
40FS *g Simple Variables Pointer
40FB 7 Arrays Pointer
40FD *g Free Memory Space (FRE(A))
40FF Pointer to DATA in Memory
4101 Variable Type Workspace (27 bytes)
4118 TRON/TROFF Indicator
411cC Arithmetic Workspace (20 bytes)
4130 Line/Print Using Buffer (33 bytes)
4152 —— Disc Patch Points (see Chapter <?>
41A4 End Disc Patch Points
41A5 ———— DOS Linking Patch Points
4E7 End Linking Patch Points
<*3> ——— Keyboard/Edit Input Buffer
4288 Z-80 Stack During Running Program
42E8B End Input Buffer
{*2> —— Beginning of BASIC Program
End of BASIC Program
{*¥6> —————— Simple Variable Storage
End of Variable Storage
<{*7> ————— Array Storage Area
End of Array Storage
<*8> —————— Free Memory Area
End of Free Memory Area
<*5> —————— BASIC Stack for NEXT, GOSUB, etc.
Top of BASIC Stack (works downward)
<*1> —————— String Storage Area
Top of String Storage (works downward)
<*4> ——————— Top of BASIC Memory
4FFF End of 4K RAM
7FFF End of 16K RAM
BFFF End of 32K RAM
FFFF End of 48K RAM

— each bit in the accumulator is ORed with its
corresponding bit in register C. If any pair of bits
is 1, the accumulator’s bit will be set to 1. When
the ORing process is finished, the accumulator
will contain the results, and the condition code
register will reflect the meaning of those results.

Listing 2-2. Complete CLS demonstration.

00100 5 LEELHPEHIEHIEIESEERBIREREEREVERIREERBEM R LR R 1011

00110 } SIMPLE CLEAR-SCREEN DEMONSTRATION IN ASSEMBLER FORMAT

gggg R T T N e A

’

00140 ORG 5000H ; BEGIN ROUTINE AT 20400

5000 00150 LD HL,3CO0H i VIDEO SCREEN, AT 15360
03 01FFO3 00160 LD BC ) 3FFH i1 SPACES ' ON_SCREEN

0 00170 LOOP LD (HL), 20H i SPACE (DEC 32) IN PLAC
5008 00180 INC HL ; NEXT S OC'N
5009 0B 00150 DEC BC ! DROP SPACES LEFT BY ONE
500A 78 00200 LD A,B ; GET CURRENT COU
5008 B1 00210 OR i OR WITH COUNT LEFT IN C
500C 20F8 00220 JR NZ,LOOP H NOT YET DON
500E C8 00230 RET i BACK TO MAIN ROUTINE
06CC 00240 END 0B8CCH i READY AFTER TAPE LCAD
00000 TOTAL ERRORS

On the first pass, the accumulator will end up
containing 11111111, and the condition code
register’s ‘zero’ flag will read ‘not zero’. The last
line of the program says ‘jump if the result is not
zero’. It jumps back to the part of the program
marked LOOP, where it will store a 20 (space) in
the new value pointed to by HL, increment HL
again, decrement BC again, and go through the
logical OR test once more.

If you carry the process through by hand, you
will discover that only when B and C are both
zero will the zero flag confirm a zero result. At
that point, the program can shake loose from its
loop.
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Details of storage areas and their use can be
found in Microsoft BASIC Decoded, Supermap,
Inside Level II, and the Level II BASIC
Reference Manual.

Setting MEMORY SIZE?

Because machine language programmers have
devised many unique ways of storing their
programs, the purpose of responding to
‘MEMORY SIZE?’ has been the cause of some
confusion. A look at the summary of the full
memory map may help clarify the reasoning.

Reserved Memory (not available)
BASIC Program Text (fills upward)
Simple Variables (fill upward)
Array Variables (fill upward)
*EEEES FREE DEHJRY SPACE SXERSRESS
BASIC Stack (fills downward)
String Storage (fills downward)
MEMORY SIZE Value [(above reserved)

Table 2-4. Memory map summary.

This table points out two important facts:
array variables grow upward into the free
memory space. The BASIC stack (which stores
GOSUB return addresses, levels of parentheses,
FOR-NEXT information, etc.) grows downward
into the free memory space.

Simple variables can also bump the array
variables upward; string storage space is set
ahead of time with the CLEAR statement. So
you can see that the free memory area is
impinged upon from both sides while a program
is running. Although BASIC might have been
designed to bump everything upward in memory
(leaving the top area of memory unmolested), it
would have resulted in considerably longer
running time. This is because many changes in
memory would have to be made when new
variables, strings, parentheses, GOSUBs, etc.,
were discovered during a program’s run.

If any machine language program is to be used,
it certainly must be stored out of the way of this
frantic activity, MEMORY SIZE therefore is
used as a sacred boundary, above it is ‘terra
incognita’ as far as the BASIC program is
concerned. For example, if MEMORY SIZE in a
16K machine is set to 20480, the computer acts
precisely as if it were a 4K machine!

To make maximum memory available for a
running BASIC program, this boundary should
be set only just low enough so that the machine
language program will fit above it. Most program
authors will write these programs to fit as high as
possible in memory, and so you will normally see
memory sizes (for a 16K machine) above 30000.

Why in a 16K machine would there be a
‘memory size’ of about 30000 and not 16000 or
so? It’s simply that the prompt ‘MEMORY

SIZE?’ is a bad question. The memory size value
is really not a size at all, but the address of a
memory location above which the BASIC
program and its variables must not go.

Why then are there machine language
programs which do not require memory size to be
set? That is because clever programmers write
machine language programs that . . .

— may be written for Level II BASIC, and
thus can reside in one of the DOS reserved
areas (see memory map).

- may automatically reset the memory size
value before returning to BASIC.

- may be packed into strings where they are
safely protected in a program text line (see
Chapter 3).

— may be short enough to reside in part of
the input buffer and change its pointer.

In all of these cases, something is sacrificed for
the convenience of not setting ‘MEMORY
SIZE?’. In the first case, DOS-like expansion
programs, such as Level III BASIC, will conflict.
In the second case, programs which also require
the memory size to be set may be damaged when
the loading program automatically resets it.
Thirdly, string-packed lines may not be edited
without calamitous results. And finally, a
reduced input buffer makes editing long lines
impossible, as they will probably run into the
BASIC program text.

Sothe MEMORY SIZE?’ boundary is a useful
feature of BASIC, serving to protect machine
language programs from the expansionist
tendencies of a running BASIC program.

Comparing The Levels

Another source of confusion to a lot of users
was the switch from Level I to Level II. How did
this simple change of language alter the
hardware? How did double-width characters,
500-baud tape loading, and key rollover suddenly
appear? Why did the convenient abbreviations
(P., N., M., F., etc.) suddenly go? Why were
machine language programs happy with CLOAD
in Level I, but needed SYSTEM with Level I1?

The 4K BASIC in Level I is a compact, limited
language with a few capabilities. Level Il is three
times as long, and much more powerful. Their
authors, and hence their approaches, are
different. The single hardware change in going
from Level I to Level II is the installation of one
ROM set in favor of another, and a minor change
to allow 12K instead of 4K ROM to be accessed.



The 32-character mode hardware was already
in place. The tape load speed and key rollover are
all software controlled (see supplement to this
Chapter). The abbreviations disappeared
because Level II handled its keywords in a
different manner from Level I, and such
abbreviations would have increased execution
time. Likewise, tape loading formats were a
matter of design philosophy rather than any
formal software requirements.

Level I has the advantage of being a simple,
easily learned first language for computer
beginners, and many TRS-80 owners learned by
using that language. Level III is not a language
distinct and apart from Level II, but rather an
extension of the existing one. (In this sense it is
much like Extended Color BASIC on the new
TRS Color Computer, which does not supplant
the original 8K BASIC, but merely adds another
8K to it). i

What are the differences between the three
levels? A command list for the three languages,
with differences highlighted, follows:

Table 2-5. Comparison of Level I, II and III commands.

Command Level I Level II Level III

€ X X
A. (ABS) X
ABS X
ASC

AT X
ATN X
C. (CONT) X

CDBL

CHRS

CINT

CL. (CLOAD) X

CLEAR

CLOAD X .
CLOSE

CLs X

CMD

CONT X

cos

CS. (CSAVE) X

CSAVE X *
CSNG

CvD

CvI

Cvs

D. (DATA) X

DATA X

DEFDBL

DEFFN

DEFINT

DEFSNG

DEFUSR

DEFSTR

DELETE

DIM

E. (END) X

EDIT

ELSE

END X

ERL

ERR

ERROR

xX X X x X xX X X x X
XX X X X XX X X X x XX

x X
X X X X X

XXX XX XX

MMM X XANXX XXXXXXXXX

XK XXX XXX

EXP

F. (FOR) X
FIELD

FIX

FOR X

FRE
G. (6OTO) X
GET

X X X
X XX XX

Comparing the Levels

GOs. (GOsuB)

GOsuB

GOTO

I. (INT)

IF

INKEYS

IN. (INPUT) X

INP

INPUT X
X

X X X X X
x X

INSTR

INT

KILL

L. (LIST) X

LEFTS

LET X

LSET

LEN

LINE

LIST X

LOAD

Loc

LOF

LOG

LPRINT

M. (MEM) X

MEM X

MERGE

MIDS

MKD$

MKIS

MKS$

N. (NEXT,NEW)

NAME

NEW

NEXT

NOT

ON

OPEN

out

P.(PRINT,POINT) X

P.A. (PRINT AT) X

PEEK X

POINT X

POKE

POS

PRINT X

PUT

R. (RESET,
AND, RUN)

RANDOM

REA. (READ)

READ

REM

RESET

REST. (RESTORE)

RESTORE

RESUME

RET. (RETURN)

RETURN

RIGHTS

AND

RUN

S. (SET,STEP)

SAVE

SET

SGN

SIN

SQR

ST. (STOP)

STEP

STOP

STRINGS

STRS

T. (THEN,TAB) X

xX X XX X XX x X

x X x
xX X XX

X X X X

x
MM KK NN N MM XXX HEXXXXXXXXXX XXXXX XX XX

x

x
x X X
XX XX X

x

XXX XX XXX XX
X XXX XX xX X X
XXX X

—oN |+ #l ANV <

>

-
XX XXX XXXX xX X X >
HKXXXXXXXXXXXXX xX X X xX X X X X X X X
HMUXXXXXXXXXXXXXXNXX XXXX X X X X X X XXX XX

* indicates that Level I and Level II operations
differ for this command.
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Hardware Reflects Software

You are probably familiar with the general
operating characteristics of your TRS-80,
including BASIC commands and how the
machine responds to them. These responses are
characteristics of how the software treats the

hardware, and also of how aspects of the
hardware act independently of the software.

The hardware inside the TRS computer can be
broken into seven major sections:

1. CPU Hardware

A. Central Processing Unit (Z-80), its clock,
power-up, and reset circuitry.

B. Decoding of CPU status signals into
memory/peripheral access signals such as
read, write, input, output.

C. Buffering of address and data signals to
and from the CPU.

2. Program RAM Control

A. Refresh signals to maintain memory in
dynamic RAMs.

B. Address decoding able to distinguish 4K
and 16K RAMs.

C. Address multiplexing for dynamic RAM

address lines.

D. Read/Write signals to RAMs.

3. Video RAM Control
A. Address decoding for video RAM.
B. Read/Write signals to video RAM.

C. Input to character generator, timing,
blanking signals so characters do not run off
the screen.

D. Access management between display and
CPU.

E. Alphanumeric/graphic switching and
graphics character circuitry.

4. Keyboard
A. Address decoding for keyboard.
B. Address/data buffering and read signals.

5. ROM Control

A. Address decoding for 4K and 12K ROMs
(Level I or Level II).

B. Outboard decoding for three 4K Level II
ROMs or two Level I ROMs.

C. Read signals.

6. Output Controls

A. Parallel-to-serial conversion from
character generator.

B. Horizontal and vertical video sync
circuits, video output circuit.

C. Cassette motor, cassette data, and 32
character video output control.

D. Cassette audio output circuitry.

7. Power Supply

A. Three regulated voltage outputs.
B. Short-circuit protection.

Each of these sections plays a major role in the
operation of the TRS-80, and few could be
trimmed or eliminated without completely
changing the character of the computer. The rest
of this Chapter will be devoted to detailing those
aspects of the TRS which are significant to
customizing the hardware or software of the
machine. For a more comprehensive
examination, including timing diagrams and
discussion of each signal line, turn to the
Technical Reference Handbook.

CPU Hardware

The master clock is produced by the
oscillations of a 10.6445 MHz (million cycles per
second, or Megahertz) crystal. A countdown
circuit (Z56) divides this by 6, producing the
running frequency of the Z-80, 1,774,083 clock
cycles per second. This is generally called the
TRS-80’s 1.77-MHz clock.

Figure 2-40. Clock circuit area of TRS-80.

It’s interesting to note that there are several
other clocks on the computer’s board, some
already wired in place, and others which can be
created by interconnections. At pins 11 and 9 of
756, 3.548 MHz is available, twice the normal
TRS-80 speed. Pin 2 of Z43 clocks at 5.322 MHz,
faster than the Z-80 can run, but when connected
to pin 14 of Z56, a 2.661-MHz clock is available.
This is 1.5 times the normal clock speed. Both
the 2.661 MHz and 3.548 MHz clock rates will be
used in Chapter 4.
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Figure 2-41. Power-up reset circuit area of TRS-80.

8 oene [276 T T “|ass | 7ais|ser

,g:v!.s s

CPU Hardware

Upon power-up, the processor’s RESET input,
which sets the program counter running at 0000,
is triggered by Z53 in combination with Z52. The
capacitor C42 takes time to charge completely, so
the RESET line is held down for a few
milliseconds after the rest of the system comes up
and is stable. This power-on reset is a
convenience so the user doesn’t have to press a
special reset button just to get the system going.
Other computers, such as the Ohio Scientific
series, demand that inconvenient action.

The TRS-80 design creates Read (RD), Write
(WR), Input (IN) and Output (OUT) signals
from the Z-80’s Memory Use Request (MREQ),
Input/Output Use Request (IORQ), Write (WR),
and Read (RD) signals.These are combined by
723, in the correct order to do that. The four Z-80
signals are not wired to the edge card connector,
so certain functions (such as mode 0 and mode 2
interrupts — see supplement to Chapter 5) cannot
be used.

74L8[367

i

B e = - 5

pe it &

2]

4L i
T )| e T
Figure 2-42. Read/write status, multiplexer of TRS-80.
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Program RAM Control

A TEST line is provided to ‘float the bus’ — in
other words, the Z-80 becomes invisible, allowing
another device to take over operation of the
computer. Some outboard devices which speed
up the TRS-80 use this feature, essentially taking
control of the memory and peripheral devices by
bringing the TEST line to ground. Z52 goes high
in response, electronically disconnecting the
Z-80’s address and data bus from the circuitry.
(Note that using the TEST line without
memory-refresh backup circuitry on the outside
of the computer will result in loss of memory
contents).

+5V
RS58
47K
> = ENABLES
TEST®
1l
25/505RQ

Figure 2-43. Test line circuit of TRS-80.

In normal operation, the Z-80 lines are active
and buffered by Z38, Z39, Z22 and part of Z55
(address), Z75, Z76 and the remainder of Z55
(data). Except when the TEST line is used, the
address buffers are always active. The data
buffers are active under any circumstances,
either in their READ or WRITE configuration:

Except for the memory refresh information,
this completes the role of the Z-80 CPU circuitry
in the TRS-80.

Program RAM Control

The CPU is also used in the creation of the
signals needed to refresh the dynamic memories.
Since the TRS-80 uses dynamic RAMs, (see
Chapter 5 for details on this), the normal refresh
(RFSH) output of the Z-80 is less than useful, at
least in the minds of the computer’s design
engineers. That RFSH signal, which is output
when the computer is not using the memory, is
ignored in the TRS-80.

Instead, the processor’s MREQ line, when
buffered, serves as a memory address row signal.
The master clock is used in conjunction with the
Z-80’s RD and WR lines to produce a memory
address column signal (column-address strobe,
CAS) and a multiplex signal (MUX) to switch
from row to column. This serves a very useful
double purpose: not only does it refresh memory
when the processor is not specifically using the
memory in the program, but it serves as the
address-select lines when the Z-80 processor is
using memory. Refer to the Z-80 Technical
Manual for details on the timing of these signals.

A0 ZA00
a2 ZAOI
a2i32 A02
S 403
A4 AQ4
AS 35 A0S
A6 AD6
A7I3Z A07 19
A8 A0
a9 AO9 13 )
P A0
Al All I N
a2 ZAI2
A ZAI3
Al ZAl4
a8 ZAIS
Iﬁ—” o [TTiz
TS Yo | s

 —— - S
272, ’_
4

74L8367

1 7 o) 6 5 9 4 I |

RAS® AI5S | A4 | AI3 A2 Al AlIO A9 A8 A7 A6 AS

; B AR

A4 A3 A2 Al A0 IN® | OUT*| WR® RD® p7

Figure 2-44. Address/data buffers of TRS-80.
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Needless to say, should any of these signals fail
or operate inconsistently, the memory will not
retain its contents for very long nor will a
program even run which uses dynamic memory,
because its address may not be selected.

The next subject is memory management.
This is basically the means by which the
processor gets to the memory it wants to use. The
heart of this sequence is found in Z35 and Z51, a
pair of multiplexers which send the low bits of
the memory address to the dynamic memories;
flip from low bits to high bits according to the
incoming multiplex (MUX) signal; and send the
high bits to the memory. The memory, upon
receiving these addresses together with the
previously mentioned RAS and CAS signals,
knows which address is being selected, and
responds accordingly.

The DIP (Dual Inline Package) shunt Z71
plays an important role here. Specifically, it

Figure 2-45. Memory select/refresh of TRS-80.
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Figure 2-46. Memory multiplex, CAS, RAS & memory.

Video RAM

routes the signals to the multiplexers in such a
manner that the computer can distinguish
between 4K and 16K RAMs. Stated simply,
what is a memory-chip select line for 4K RAMs is
a complete address line for 16K RAMs, and a
partial address line for 8K RAMs (which the
TRS-80 was designed to use also). Thus, the
higher address lines must be prevented from
appearing at the CE (chip enable) input of the 4K
RAMs. If this were to happen, phantom memory
would appear, and a running BASIC program
(and the power-up memory test) might try to use
those phantom bytes:

231-2
23._5} SHT2 .
5 7"
11]0 i
14 &
— 235
X7
8aeis! V) )
[Pak %
©
10] |
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— s G
- e ' 1S
9| X71
- 2 a

Figure 2-47. X71 and decoding scheme of TRS-80.

Only a WR signal is used to trigger these
RAMs, as a high signal on their WR lines
prepares them to read data. The CE (Chip
Enable) determines if data should be placed on
the data bus, where it is buffered by Z67 and Z68.

Video RAM

Video memory is used in three ways: it is
written to by the processor, read from by the
processor and read from by the video display
circuitry. In fact, it is constantly being read by
the video display circuitry except when the
processor demands attention.

The circuitry is complicated, and if you are
interested in details, turn to the Technical
Reference Handbook. In brief, memory is
accessed by the processor using the Read (RD)
and Write (WR) lines in conjunction with the
decoded video area address-select line (VID).
The display circuitry uses the video memory ina
more complex manner: characters are output to
727 and Z28, and these in turn are fed to Z29 (a
character generator) and Z8 (a multiplexer). The
characters, whether alphanumeric or graphic, are
fed to Z10 (a shift register), where they are fed, a

bit at a time, to the video output circuitry
(beginning at the input of Z30).

The Custom TRS-80
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The character generation process is
complicated by several factors. The dots that
make up each letter must be fed to the video
output circuitry only when the video monitor’s
electron beam is sweeping the visible part of the
screen. The visible part of the screen does not
include the upper, lower, left or right borders.
The timing process must continue correctly even
when the CPU is using the video memory.

Because each letter is made up of twelve vertical
dots, and each line is made up of 64 characters
with six vertical dots each, different parts of the
characters must be output to the screen at
different times.

Again, the Technical Reference Handbook
covers this in detail, but a few decoded signals are
important. The output of Z30, pin 10, is the final
BLANK signal; no characters are output when
this signal is active. Presence of characters or
graphics in the border areas points to problems
with this line.

The signal to shift video bits out to the video
circuit is provided by Z26. Pin 8 controls
alphanumeric bits, pin 6 controls graphics bits.
Mangled screen characters may be traced to here,
or to any of the seven chips that select characters:
765,250,712, 7232, 764, Z49, and Z31. This is one
of the most unpleasant areas to attempt to

The 32/64 character mode select (MODESEL)
is provided by Z59, pin 9, and changes the speed
of the video clock at Z43. Failures in either Z59 or
Z43 will show up as a lockup in one mode or the
other.

The presence of bit 7 determines if the
computer is to output graphics or alphanumerics,
and that signal (DLY BIT 7) is output in normal
and inverted forms from Z27 pins 2 and 3.
Failure in either mode can be examined here, or
at the outputs of Z26, pins 6 and 8.

Keyboard

The keyboard is very different from the video;
it’s just a simple key matrix. When the keyboard
address area is read, the KYBD line from Z36 pin
11 triggers the keyboard integrated circuits (Z3
and Z4 on most keyboards) into action,
outputting information to the data bus.

The data to be output is determined by the low
eight bits of the address requested. The specific
address requested is inverted, and a low signal is
detected whenever a key in that matrix row is
pressed. The inverting buffers to the data line
provide the appropriate row information. For
details on how the software interprets this
switching matrix, see the supplement to this
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Figure 2-48. Character generator and shift register.
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An interesting aspect to this is how the
depression of any key may be detected. If
address 387F is sought, all the address lines
(except SHIFT) will become active, and the
presence of any depressed key (except SHIFT)
will appear on the address bus. Requesting the
data at address 38FF will return the presence of
any key including SHIFT. This is useful in
creating a keyboard buffer, which is built from
characters detected whenever the INTerrupt
line is triggered.

In other words, the interrupt line triggers, and
the program moves to the interrupt service
routine. This routine reads address 387F, and
the presence of any depressed key can be sensed.
If one is pressed, it can be accepted and
evaluated. Otherwise, the interrupt routine
promptly returns to the program in progress.

This is also a valuable addition to INKEY$ in
some situations; see ‘Peeking the Keyboard’ in
Chapter 3.

ON KEYBOARD PCB

By
R8 RS R3 R2 R7 RI R4 R6
47K 47K 47K 47K 47K 4.7K 47K 47K

741505 ”
(0 (-

74LS05

ROM Control

ROM Control

Selecting the ROMs is the biggest sticking
point in the Model I. This selection is
accomplished by Z3, another DIP jumper shunt,
in conjunction with Z21, a 74LS156
demultiplexer. Z21 joins various address lines to
produce VID, KYBD, and MEM for the video,
keyboard, and dynamic RAMs and to produce
variants on the ROM line.

Two-chip Level I sets were selected by a
combination of methods, all of which are detailed
in the Technical Reference Handbook. Each
ROM was 2K bytes in size. Three different
versions of the board were publicly released,
marked ‘A’, ‘D’ and ‘G’. Each had a different
hard wired method of decoding ROM. An
occasional ‘B’ or ‘F’ board has been reported to
me, but I have never seen one. Follow Technical
Reference Manual descriptions carefully to
make sense of these Level I lines.

Some of these ROMs were EPROMs with
identical pinouts, soa ‘ROM A’ and ‘ROM B’ pair
of lines were needed so these memories would not
conflict.

Later Level I ROMs had the selecting circuitry
masked right onto the chips, which removed that
conflict. Finally, a single 4K ROM was
introduced to eliminate these difficulties
completely.
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Figure 2-49. Keyboard matrix of TRS-80.
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Figure 2-50. 74LS42 Level II demultiplexer of TRS-80.
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Figure 2-51. INSIG and OUTSIG area of TRS-80.
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74532

The Level I ROMs were for a long time quite
consistent as a three-chip set, 4K bytes of
memory in each one. A separate, piggybacked
board was used. The decoded ROM line, in
conjunction with address lines 11, 12 and 13, feed
a 741.S42 wired as a demultiplexer. Each ROM
selects a bit differently, and the combination of
signals allows the memory areas from 0000 to
OFFF, 1000 to 1FFF, and 2000 to 2FFF to be
selected.

In later Model I's, the three-chip set was
reduced to two masked ROMs with different
select characteristics. The piggyback board
disappeared, and the two ROM sockets, once
used for Level I, were now used for Level II. A
modification to remove the two-chip ROM set,
and make room for the addition of Level I, is
presented elsewhere.

Output Controls

Some of the output controls have already been
pointed out, including the parallel-to-serial
conversion of video characters and the 32
character video control. The latter is part of a
latch which is activated by information sent to
port FF. 754, Z36 and Z52 together decode port
FF, and this is brought together with the
computer’s IN and OUT signals. The result is a
pair of lines marked INSIG and OUTSIG, which
are used to activate the input/output circuitry.

A latch, Z59, holds the cassette motor on or off,
and also locks the video into 32- or 64-character
mode. It is also latched on and off to create the
500-baud pulse rate of data to the cassette player.
This output signal is purely digital, as opposed to
the input signal (discussed below).
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MODESEL | Figure 2-52. Qutput data latch area of TRS-80.




It would have been possible to have used Z54 to
decode port FF directly, without using Z52 or
7.36. Whether or not this was a design expansion
consideration, you can use it as such since ports
FF (255 decimal) and FE (254 decimal) are
created by Z54 and the separate low-bit data line.
In Chapter 4 port FE will be used for video and
speed changes.

Cassette input is provided via a low-pass filter,
through parts of Z4, where it is turned from low
grade audio into a reasonable digital signal.

Output Controls

When INSIG is activated, whatever data is
present at the cassette input is switched onto the
data bus, and the CPU can read it. Then
OUTSIG may reset the flip-flop created by Z24,
when the program is ready to read the next piece
of data from the cassette input. Note that the
input can be any audio signal. The cassette port
is not limited merely to taped data, but can be
used to decode communications, shortwave, and
ham transmissions, or test for the rise of voltage
to a triggering level.
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Figure 2-53. Cassette data shaping circuit of TRS-80.
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Power Supply

The complex video divider chain provides
HDRV and VDRV (horizontal and vertical
drive) signals for television monitor
synchronization. These signals are fed into a
group of digital phase-shifting circuits which
permit the signal to be adjusted on the video

screen.

—

Cc26
0.047uF
Figure 2-54. Horizontal and vertical phase circuitry.
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The signals are mixed together at Z5 to provide
a complete syncronization signal, and this sync
signal is mixed with the video signal by Z41, Q1
and Q2. The result is a composite video signal
which is capable of running a standard television
monitor, or an RF modulator. The RF modulator
signal can then drive an ordinary television.

SYNC

74802

Figure 2-55. Video mixing circuit of TRS-80.
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Refer to the Technical Reference Handbook
for an excellent description of this circuitry.
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1. Insert strippec wire.

2. Slip over pin.
Hulc wire firmly,
ano slioce fully uown.

$. Spin wire - wrep tool.

Wire rises alung pin,

~Lal[

4, Finisheu connection
has no bare wire
protruding.

Wire-Wrapping Technique

It’s not without a bit of hesitation that I
attacked many of the hardware projects
presented in this book. Some are simple, but
many, particularly those using memory circuits,
need many connections. The wiring is not
complicated, just.tedious.

If you work carefully, all is likely to be well;
but even a touch of haste will encourage
confused connections. It is in these cases
especially that wire-wrapping is the technique
to use.

Wire-wrapping is not only easier than
soldering, it is secure, simple, easier for
correcting mistakes — and less costly. For
wire-wrapping, you will need wire-wrap sockets,
which are sold by most hobbyist supply houses
including Radio Shack. Likewise, wire-wrap
wire and a simple hand tool are used for the
process. Here are the steps:

1. The wire, still connected to the spool, is
inserted in the V-shaped stripping slot.
Insert between one half and one inch of wire.

Pull downward from the V, and the wire will
slip out, leaving a piece of insulation in the
stripper, where it can be shaken out.

2. Look carefully at the end of the
wire-wrap tool. There is a small hole, meant
to fit over the pins of a wire-wrap socket.
Next to it is a half-circle, into which you
must slide the stripped wire. The stripped
portion will slide up a groove in the side of
the tool, stopping where the insulation
begins.

3. When the wire is in place, pull it
sharply but gently upward, and slide the tool
on the wire-wrap socket. Holding the wire
firmly, spin the tool in your hand. The wire
will wind up on the socket pin, freeing itself
from the tool. Remove the tool. The
wire-wrapping is complete for that end of
the connection.

4. Cut the wire to a length that will
comfortably reach its destination, and then
some. Strip the end of it, and repeat the
process above. The connection is complete.
Don’t forget to use different colors (white,
yellow, red and blue are generally
available).This will help you distinguish your
connection patterns if changes become
necessary.

Box / Wire-Wrapping Technique

Peripheral Addressing

The bulk of the external devices attached to
the TRS-80 do their own address decoding work.
Some have become standardized by conventions
of their use, and others have been used somewhat
haphazardly by various manufacturers.

Teble 2 - 6

Addresses reserved:

3000-37CF Exatron Stringy—Floppy
Personal Microcomputer Fastload
Personal Microcomputer REX-80

Peripheral People Memory Sidecar

37DE
37DF
37E0
371
374
37e8

Communications Status (Expansion)
Communications Data (Expansion)
Interrupt Flip—Flop (Expansion)
Disk Drive Select Latch (Expansion)
Cassette Drive Select (Expansion)
Line Printer I1/0 (Expansion)
Percom Electric Crayon 1/0

Percom Speak—2-Me-2
Microcompatible Printer Buffer
Floppy Disc Controller (Expansion)
Electronic Systems Serial I/0

87EC
37F8

Teble 2 - 7

Output Ports Reserved:

(Selectable) Alpha Product Interface Devices
(Selectable) Alpha Product Interface Devices
(Selectable) Alpha Product Interfece Devices
(Selectable) Alpha Product Interface Devices
JPC Poor Men's Floppy System
Electronic Systems Serial I/0
Microperipheral Microconnection
Microperipheral Microconnection
Lynx Modem
Radio Shack RS-232 Board
233 Lynx Modem
Redio Shack RS-232 Board
234 Lynx Modem
Radio Shack RS-232 Board
25 Lynx Modem
Radio Shack RS-232 Board
254 Archbold High Speed Board
Mumford Micro Speed Mod Board
Most Internal User Modifications
255 Cessette Date I/0 (Internal)
BO-Grafix (Progremma)
Cassette Motor Switch (Internal)
Video Character Size Latch (Internal)
Simutek T-Beep Addition
Mullen Computer M-80 Interface
Quant Systems PPI-80 I/0 Port
Orion Instruments In-Circuit Emulator
Optimal Technology EPROM Programmer

Adaressable

Teble 2 - B
Other Peripheral Device Uses

Unaddressed (using bus control signals):

Cecdat Software/Hardware Extension, The Patch
Microyramma Programmeble Graphics, Grafix-80
Microcompatible Company, The 225% Solution
Alpha Product Stick-80 Joysticks

SEL IEEE-488 to TRS-B0 Interface

Xitek STD Bus I/0 Cerd System

Unaddressed (usiny cessette 1/0 signals):

Most evailable Light Pens, including
Most evaeilable Cassette Data Digitizers, including
Acu-Data, Data Dubber, E-Z Loader

Unconnected (using RFI interference pickup):

Micro-Mega CPU Monitor

The Custom TRS-80
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Soldering Technique

For projects from scratch, soldering should
be considered the final process, the actions of a
self-assured, confident hobbyist. For
modifications, it is a necessity. In either case,
and whether you are a micro-acrobat or
distinctively clumsy like me, you can solder
well. The requirements are patience and good
solder.

To start, make sure you are using an iron in
the 25 to 40 watt range, never a soldering gun.
The solder should be high quality, multicore
solder. It is expensive, but will save many grief
stricken hours tracing ‘cold solder joints’, or
removing globs of dull solder from between and
under integrated circuits.

1. Clean the soldering iron tip, and heat
the iron. Flow fresh solder on the tip to ‘tin’
the tip, which will help the solder flow from
the tip of the iron to the part to be soldered.
If the iron has been used, clean any
encrusted material from the tip, and use
coarse emery paper to shine the solder. If
the tip gets deformed, bent, or very
corroded, file it sharp with a fine file, and
re-tin the tip.

1. Tin the tip.

2. Keep an old sponge handy, slightly
damp. Run the tip of the iron quickly over it
as you solder to remove the excess flux.
Always use a soldering iron holder (usually
provided with an iron); if you don’t, you’ll
wish you had the first time you burn a large
hole in your imitation walnut, vinyl-topped
desk.

4. Finisheu 5. Bau soloer connectiun -
soluer connection. no contsct with boaru
(siceview).

3. In the olden days, the rule was ‘heat the
parts, not the solder’. Forget it. Make sure
the iron is no hotter than 40 watts (and
remember never to use a soldering gun) and
that the parts you are about to solder are
very clean. Place the iron against the part,
making as much contact with it as possible
along the angled tip of the iron. Place the
end of the solder at the juncture of the iron
and the part, and flow just enough solder to
make a clean, shiny, flowing connection.

D)=

2. Briny solcer, parts ana
iron into contact.

4. Remove the iron immediately and let
the part cool. If a wire is being soldered,
hold it still until the solder becomes cloudy
and cool, or else an imcomplete connection
may result.

{
VLR Il i it d Ll ddddi iy

3. Lift iroun and
soluer simultaneously.

5. If solder bridges develop between
connections that are very close together,
don’t try to suck up the solder with the iron;
you can only overheat the parts that way,
and end up with blobs of solder and flux.
Instead, use solder wick or solder-up to
remove the excess solder, and start again.
Let the parts cool before soldering again (a
half minute should be enough).

6. Bau soluer connection —
no contact with pin
(BA siveview) (6B topview).
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On the Keyboard Scan

Arrows? Control codes? Autorepeat?
Whatever it is you would like, that has to do with
the keyboard, you can do with the TRS-80. The
designers of the machine chose not to use an
ASCII (Amercan Standard Code for Information
Interchange) keyboard . . . one that outputs a
code for each key pressed; instead, the keyboard
is a matrix of switches. Because of this decision,
the TRS-80 keyboard can be extremely versatile
with a minimal body of software.

First let’s take a look at the keyboard matrix
itself. If you have been programming in machine
language, or even relatively sophisticated
BASIC, this map will be familiar:

.........................................................

Addresses Keys
3801 e A B c D E F G
3802 H I J K L M N 0
3804 P Q R S T u v W
3808 X Y Z  esseees RESERVED......
3810 0 1 .2 3 4 5 6 7 .
3820 8 8 L S R - T &
3840 ENT CLR BRK UPAR DNAR LFAR RTAR SPC .
3880 SHIFT cececncscccoce RESERVED...ccv0aeas S
Data 01 02 04 08 10 20 40 80

.........................................................

At first, the arrangement of the address lines
and data information may seem unappealing.
What is the use of having address and data
information that doubles at each change? Why
not just use 3801, 3802, 3803 and so on? The
reasons will eventually become apparent — in the
ease and speed of the keyboard scan (and in the
low cost of the hardware), but consider this
binary for a moment . . .

00000001
00010000

00000010
00100000

ooooo100
01000000

00001000
10000000

... and there you have it. The bit is bumped
along for each keyboard row and column, so that
the presence of a single active bit instantly
identifies any of the (potential) 64 keys.

The entrance to the keyboard scan is made
with a jump from address 4016 in the ROM’s
RAM switchboard. Normally at power up, the
jump address 03E3 is put in place, and the
keyboard scan is entered at that point. Registers
BC, DE, HL, and A are used in the scanning
process:

03E3 21 36 40 LD
03E6 01 01 38 LD

HL,4036
BC,3801

The HL register pair points to the first RAM
location at which the keystrokes will be stored.
BC is set to look at the first row of the keyboard,
whose memory map is 3801 to 3880 as noted
earlier. Register D is set to zero, and it will
become a ‘row counter’; the process begins at

On the Keyboard Scan

address 03EB:
03EB 0A LD A, (BC)
03EC 5F LD E,A

The accumulator reads the data at BC (recall
at the outset it is pointing to the first keyboard
row, 3801). The information it finds is stored in
the memory location pointed to by HL (4036).

Okay so far. Now comes some of the
interesting stuff that distinguishes this scan as
an excellent piece of writing:

03ED AE XOR (HL)

U3EE 73 LD (HL) ,E
O3EF A3 AND E
03F0 20 08 JR NZ,03FA

This short segment is responsible for the
‘rollover’ capabilities of Level II. The contents of
the accumulator (the keystroke, if found) is
XORed with the previous contents of 4036.
Recalling how the XOR function works, we
discover that if the key pressed was the same as
the previous one at this row, the accumulator will
be ‘toggled’ to zero. In any case, the current
keystroke, whatever it is, is now saved in 4036 (so
that the next time 'round, it knows if a key is still
pressed).

If the key was the same, AND E will be the
result of A-toggled-to-zero AND the found
keystroke . . or zero. If there was no key
pressed, the result will be A XORed with HL
(which is essentially irrelevant) AND
E-which-is-zero . . . or zero. The test at 03F0 is
for not zero. Under these conditions, it fails, so
the program continues:

03F2 14 INC D
03F3 2C INC L
03F4 cB 01 RLC c
U3F6 F2 EB 03 JP P,03EB
03F8 cs RET

The ‘row counter’ (D register) is incremented,
and the low-order byte of HL is incremented (to
storage address 4037), and the low-order byte of
BCisrotated. Recalling the keyboard matrix, we
can see that this command to rotate moves us
from 01 to 02, from 02 to 04 from 04 to 08, from 08
to 10 and so on. That keeps track of the row that
the scan is looking at, and as long as the result of
the rotate is positive (bit 7 low), the loop will
travel back to 03EB, where the next row will
undergo the same testing as each previous one.

When RLC C shifts the row pointer to 3880,
then bit 7 will be high (10000000); this is
‘negative’ in Z-80 architecture, and the loop falls
through. Why does it fall through before
checking the contents of address 38807 Because
the only thing in this row is the shift key; it does
not offer a decipherable code by itself, but merely
modifies the information found when some other
key is depressed. This explains why, among
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other peculiarities, INKEY$ does not
acknowledge SHIFT alone.

When the loop falls through, the program
encounters a RETurn from subroutine, which
directs it immediately back to the rest of BASIC.
The routine is remarkable, looping through just
over 100 bytes when the keyboard is clear.
Although not as time-efficient as obtaining input
from a memory-mapped ASCII keyboard, it is
quite speedy, and offers considerably better
‘rollover’ than many encoded keyboards.

When a key is pressed, the program jumps to
03FA, and is able to provide upper/lower case
ASCII codes, special functions, and, incredibly
enough, all of the ‘missing’ ASCII control codes
(form feed, ring bell, etc.). Let us now follow it
through:

O3FA 5F LD E,A
03FB 7A LD A,D
03FC 07 RLCA
03FD 07 RLCA
O3FE 07 RLCA
03FF 57 LD D,A

The position of the keystroke found has been
stored in register E — recall that this is the
‘column’ of the keystroke. The row itself is not
yet accessible, but the row counter (register D) is
crucial to determining it. After E is saved, the
accumulator is loaded with the value in this row
counter, and rotaied to the left three times. For
those shaky in their binary arithmetic, this is the
effect: if a decimal number is 045, a left rotation
makes it 450. This is multiplication by ten. If a
binary number is 010 (decimal 2), a left rotation
gives 100 (decimal 4) . in other words,
multiplication by two. Therefore, three left
rotates gives us 2 x 2 x 2, or multiplication by
eight. That result is saved back in register D.

The purpose of this clever ploy will soon
become clear:

0400 0E 01 LD c,01
o402 78. - LD A,C
0403 A3 AND E

0404 20 05 JR NZ,0408

Here the C register is set to 1, sucked up by the
accumulator, and ANDed with E (remember E
still contains that keystroke column byte). If the
result is not zero (that is, if E equals 1), then the
loop falls through and the program moves on.
But have a look at what follows:

0406 14 INC D
0407 cB 01 RLC c
0408 18 F7 JR 0402

What is this about? Well, the D register, which
contains 8 times the row value, is being
incremented each time C is being rotated . . .
making the lower three bits of D serve now as a
column counter! Whoa, you say, back up there.

Chapter 2

Okay, here it is: the original value in D could have
been 0 through 6, depending on the row in use.

When shifted three times, the possible values
become 00, 08, 10, 18, 20, 28 and 30. Each of these
possible values, when incremented through all
seven possible columns, might contain 00 to 07,
08 to OF, 10 to 17, etc., up to 37. This gives us a
complete, distinct value to represent each key.

Now a fairly crude process of hunt-’n-peck
begins. The status of the SHIFT key is checked,
and set aside in register B. The demultiplexed
keystroke value in register D is snapped back
into the accumulator, and the comparisons take
off:

0408 3A 80 38 LD A, (3880)
040E 47 LD B,A
040F 7A LD A,D

The character search can be followed through
several branches; we will start with the most
straightforward, and progress through some of
the unique (and little publicized) aspects of the
TRS-80 keyboard output.

The program adds 40 to the character value

(address 0410), and checks if the result is greater
than or equal to 60 (0412).

...........................................................

. CHAR + 40 is e A B C D E F 6
Less than B0 H I J K L M N 0
(40 + 00 to 1F) P @ R 8 T U V W

X Y z

. CHAR + 40 is 0 1 2 3 4 5 6 7

. B0 or greater 8 8 %+ K = D> /2
(40 + 20 to 37) ENT CLR BRK UPA DNA LFA RTA SPC

...........................................................

If the compare finds a value less than 60, the
routine rotates the SHIFT key value — which had
been saved in the B register (0416). If SHIFT is
released, the value in B is zero, and hence the
rotate resets the carry flag (0418). The program
moves directly to the terminal steps at 044B (to
be discussed later). At this point, the character
contained in A would be in the range 00+40 to
1F+40, the ASCII values for upper case (@, A-Z,
left bracket, separator, right bracket, carat, and
cursor). This is the software routine that causes
the bizarre ‘inverted’ shift pattern on the
TRS-80. . . no shift for upper case!

If the character test at 0412 returns a value
greater than or equal to 60, then 70 is subtracted
(0429). No carry is generated if the test value was
greater than or equal to 70, so this further
separates the keyboard. See the diagram below:

..........................................................

. B0 to 6F minus 70 a4 1 2 9 4 5 § 7:

. carries; result B § 2% # & = 5 [t
is FO to FF

. 70 to 77 minus 70
. does not carry;
. result is 00 to 07

..........................................................

ENT CLR BRK UPA DNA LFA RTA SPC .



At address 043D, the value in the accumulator
(00 to 07) is rotated left, producing the even
values from 00 to OE. The SHIFT byte in B is
rotated right into the carry flag; if a carry is
generated, the accumulator value is incremented
(0442), providing the values 0+1,2+1, 4+1 and so
on - in other words, the odd values from 01 to OF.

On the Keyboard Scan

Alright, we have upper case ASCII and TRS-80
control functions. How about the rest? Back up
now to the test for SHIFT, at 0416. If such a shift
is present, the value in A (40 to 5F) is increased by
20 (60 to 7F). These are the ASCII codes for lower
case (@, a-z, left brace, separator, right brace,
delete). The resultant code, as usual, is saved in

the D register.
What follows is a classic example of machine

language table look-up. HL is set to 0050, the
address of the table in ROM; BC will be used as
an offset, with B set to 0 and C made equal to A.

But what follows is curious:

When BC is added to HL, a resultant address aey e K. L
(0050 to 005F) is produced, and the contents of 0422 28 28 JR Z,044C

that address is loaded up by the accumulator.
Here is a look: The keyboard is tested again, this time at row

3840, data position 10 — the down arrow. If that

0443 21 50 00 Lo HL,0050 key is not depressed, the program skitters right
0448 4aF LD C,A . . . .

0447 D6 0O D B0 to the termination routine at 044C, with the
0448 09 ADD HL,BC i

R AD e low.er case ASCII code ensconced in the D
U448 57 Lo D,A register.

Why the SHIFT/down arrow combination? If
the down arrow is depressed, the value in D is
retrieved and placed in the accumulator (60 to
7F), then reduced by 60, becoming . . . aha! . .
. 00 to 1F. The program jumps to the end
sequence, with the accumulator clutching one of
the complete set of 32 ASCII control codes!

What do we find at 0050 to 005F? ASCII
control codes. That result is stored in the D
register (044B) before the termination sequence.

Table 2 - 8

Address Contents TRS-80 Action ASCII Description Keyboard Entry

ggso gg ar riage Ret. garr: sge Ret. gﬂ?} - (There is an anomoly in earlier Level Il ROMs:
51 arriage Ret. arriage Ret. .
0052 1F  Clear Screen Unit Sepsrator  CLEAR the code for the down arrow at 0059 is returned
0053 1F Clear Screen Unit Separator SHIFT CLEAR
s A 4 et o fercing BREAK before the conFrol code.. Later ROMs placed a 00
0055 01  Breek S TR L e at 0059, resulting only in the return of a control
0056 5B Up Arrow Left Bracket Up Arrow .
0067 4B Eit Esosps  Escepe sitr up arrow  code if SHIFT/down arrow was depressed.)
0058 0A Line Feed Line Feed Down Arrow
0859 1A (00) *See text Substitute SHIFT Down Arrow
o5EA e Backspace ot t Anow So where are we now? Upper and lower case,
0058 18 Backspace Line Cancel sHIFT Left Arrow  TRS-80 and ASCII control codes. We need
085C 08 Horizontal Tab Horizontal Tab Right Arrow =
0850 19 32-Char. Mode End of Medium SHIFT Right Arrow NUmbers and figures, and so we shall have them.
005E 20 Space Space Space Recall the second dl s
agram: at 042B, the
085k 20 Space Space SHIFT Space ’
00100 ; ###¢£288888488RR0888880RRRREEEERIREEEEEERIEIEEIERIRIEE command row was separated from the numbers,
00110 ; SIMPLE ACTIVE KEYBGARD DISPLAY ROUTINE TO SHOW THE USE which were left at FO to FF. At 042D, 40 is added,
gg}g‘; i AND PHANTOMING OF KEYS AS THEY ARE PRESSED BY THE USER resulting in possible values of 30 to 3F. A further
[ ] . . . . -
00140 ;  DENNIS BATHORY KITSZ, ROXBURY, VERMONT 05669 separation is made via a comparison with 3C:
00150 ; ####48435048 40004808 ERRRREERERIRIEEEERRIEEEIERIRIEIEE
00160 ;
5000 00170 ORG S5000H e, e — — et aaaeaaaan
00180 ;
00190 ; #F#E#seeesetteaiesiteitstitttissestittsstetesssssesoss 30 to 3B 0 1 2 3 4 5 6 7
00200 ; CLEAR SCREEN, DISABLE INTERRUPTS, CLEAR ACCUMULATOR, (CP 3C result) B 8 : ; ,< —= .> /? .
00210 ; GET "0" CHARACTER, SCREEN POSITIONS, SCREEN OFFSET,
00220 ; AND BEGINNING OF KEYBOARD FOR TEST; ALL ARE SET UP ONCE I R e
00230 ; ###¢EFEeReeitieeesetetieettsstteiieittsstieetittisees
00240 ;
%gg g‘m‘“ gg:gg ENTER %LL 01C8H i %E‘t“i"“ﬁ‘aﬁgaﬂgg If the comparison is less than 3C, a carry is
3 H L .
5004 AF 00270 XOR A ; CLEAR ALL FLAGS generated. The usual SHIFT test is made (at
5005 OE3D 00280 START LD ¢,30H ; THIS IS THE "O" CHAR. o iy s . -
5007 21103D 00280 LD HL ,3D10H ; ADDRESS NEAR SCREEN CTR 0435), and if it fails, the value in A (30 tthB) 13
500A 112400 00300 LD DE, 0024H ; DISTANCE BETWEEN LINES i am moves into the en
5000 DS 00310 PUSH  DE ; SAVE LINE ADDER VALUE malr?talned as the progr o
500E 110138 00320 LD DE,3801H ; DEFINE FIRST KEYBOARD routine. These are the ASCII codes for numbers
5011 0808 00330 LD B, DBH ; NUMBER OF LOOPS TO DO 0169, colon and semicalon
00340 ; ) .
00350 ; #####isissibssssiititssibitsitttitstattitititissitie
00360 ; TEST EACH ROW OF THE KEYBOARD, COLUMN BY COLUMN i
00370 ; e#E#EE#eaeeddiaesssittseieetiasssstiisssitsiiissites If the test value is 3C, 3D, 3E or 3F, no-carxy
00380 ; e - would be generated at 042F, and these values are
5013 1A 00380 LOOP LD A, (DE ; FIRST ROW OF KEYB . : . .
5014 CB47 00400 BIT 0,A : CHECK FIRST KEY COLUMN XORed Wlth 10. ThlS toggles the hlgh nlbble
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5016
5017
5018
501A
5018
501C
5010
S01E
5020
5021
5028
5024
5026
5026
5027
5028
5024
5028
5020
502E
502F
5030
5031
5032
5034
6035
5037
5038
5038
503A
5038
503C
S03E
503F
5041
5042
5043
5044
5045
5048
5048
5048
5048
504C
5040
504E
504F
5050
5062
5053
5055
5056
5057
5058
5058
505A
505C
505D
505F
5060
5061
50863
5064
5065
5066
5068
5068
5068

5060
S06E
5071
5074

5000

n
2801
34
23
23
23
<]
CB4F
Al
2801
34
23
23
<]

23
CcB57

2801
34
23
23
23
2
CBSF
Al
2801
34
23
2
23
23
CB67
71
2801
34
23
<]
23
2
CB6F
71
2801
34
23
<]
23
2
cB77
71
2801
34
<]
2
23
23
CB7F

2801
34
D5
DDE1
D1
18
D5
DDES

CcB13
10A8

D1
010008
CDsooo
188F

00000 TOTAL

On the Keyboard Scan

00410
00420
00430
00440
00450
00460
00470
00480
00480
00500
00510
00520
00530
00540
00550
00560
00570
00se0
00580
00600
00610
00620
00630
00640
00650
00660
00670
00680
00680
00700
00710
00720
00730
00740
00750
00760
00770
00780
00780
00800
oos10
00820
00830
00840
00850
00860
00870
ooss0
00890
00800
00810
00820
00830
00840
00950
00860
00870
0osso
00880
01000
01010
01020
01030
01040
01050
01060
01070
01080
01080
01100
01110
01120
01130
01140
01150
01160
01170

JuMP1

JUMP2

JUMP3

JUMP4

JUMPE

JUMP7

JuMPB

01180 ;
; KEREERERERRRRRERRRERERRRE RN IR

01180
01200
ERRORS

LD
JR
INC
INC
INC
INC
INC
BIT
LD
JR
INC
INC
INC
INC
INC
BIT
LD
JR
INC
INC
INC
INC
INC
BIT
LD
JR
INC
INC
INC
INC
INC
BIT
LD
JR
INC
INC
INC
INC
INC
BIT
LD
JR
INC
INC
INC
INC
INC
BIT
LD
JR
INC
INC
INC
INC
INC
BIT
LD
JR
INC
PUSH
POP
POP
ADD
PUSH
PUSH
POP
RL
DJUNZ

POP
LD
CALL
JR

END

(HL),C
Z,JuMP1
(HL)

HL

HL

HL

HL

1,A
(HL),C
Z,JumMP2
(HL)

HL
HL

HL

2,A
(HL),C
Z,JuMP3
(HL)

HL

HL

HL

HL

3,A
(HL),C
Z,JuMP4
(HL)

HL

HL

HL

HL

4,A
(HL),C
Z,JUMPS
(HL)

HL

HL

HL

HL

5,A
{HL),C
Z,JUMPE
(HL)

HL

HL

HL

HL

6,A
(HL),C
Z,JuMP7
(HL)

HL

HL

HL

HL

7,A
(HL),C
Z,JuMes
(HL)

DE

X

DE
HL,DE
DE

X

DE

E

LooP

DE
BC,BOOH
0OBOH
START

ENTER

i
H
i
i
H
i
i
i
i
H
i
i
H
H
H
H
H
H
i
i
H
i
H
H
H
H
H
H
i
i
H
i
H
H
H
H
H
i
i
H
H
H
H
i
H
i
i
H
i
H
H
i
i
H
i
H
H
H
i
H
H
H
i
H
i
H
H
H

FIRST DISPLAY A "O"

; DON'T CHANGE IF NO KEY
i MAKE IT A ™" IF A KEY

NEXT SCREEN LOCATION
...PLUS TWO

...PLUS THREE

...PLUS FOUR

SECOND KEYBOARD COLUMN

; FIRST DISPLAY A "O"
; DON'T CHANGE IF NO KEY

MAKE IT A "1" IF A KEY
NEXT SCREEN LOCATION
...PLUS TWO

; ...PLUS THREE

...PLUS FOUR

; THIRD KEYBOARD COLUMN

FIRST DISPLAY A "Q"

; DON'T CHANGE IF NO KEY

MAKE IT A "" IF A KEY
NEXT SCREEN LOCATION
...PLUS TWO

...PLUS THREE

i ...PLUS FOUR

FOURTH KEYBOARD COLUMN
FIRST DISPLAY A "Q"

; DON'T CHANGE IF NO KEY

MAKE IT A "" IF A KEY
NEXT SCREEN LOCATION
...PLUS TWO

i »..PLUS THREE
i .-..PLUS FOUR

FIFTH KEYBOARD COLUMN

; FIRST DISPLAY A "O"
7 DON'T CHANGE IF NO KEY

MAKE IT A ™" IF A KEY

; NEXT SCREEN LOCATION

...PLUS TwO

i ...PLUS THREE

...PLUS FOUR

7 SIXTH KEYBOARD COLUMN

FIRST DISPLAY A "O"
DON'T CHANGE IF NO KEY

; MAKE IT A "" IF A KEY
7 NEXT SCREEN LOCATION

...PLUS TwO
...PLUS THREE

i +..PLUS FOUR

SEVENTH KEYBOARD COLUMN

i FIRST DISPLAY A "O"

DON'T CHANGE IF NO KEY

; MAKE IT A "" IF A KEY

NEXT SCREEN LOCATION
...PLUS TWO

i «..PLUS THREE

...PLUS FOUR

EIGHTH KEYBOARD COLUMN
FIRST DISPLAY A "QO"
DON'T CHANGE IF NO KEY
MAKE IT A "" IF A KEY
SAVE THIS VALUE

PUT IT IN IX FOR A BIT
GET ORIGINAL DE VALUE
NOW START NEXT LINE

; SAVE SAME VALUE AGAIN

STASH IT BRIEFLY
AND BACK INTO DE INTACT
DEFINE NEXT KEYERD ROW

; DO IT FOR EIGHT ROWS

FERRREEFREPREERERRERETERRERRNEVREROIRRTRERVEIRIIRERINS
CLEAR UP POINTERS AND DELAY SO SCREEN DOES NOT JITTER
FREEERRERRRRREERRVER RN R AR R I IR TR R IR IR I I NI

CLEAR THE STACK

DELAY VALUE

DELAY SUBROUTINE IN ROM
START THE ROUTINE AGAIN

BEGIN IT ALL HERE

from 3 to 2, resulting in values from 2C to 2F (, -
. /). If a shift key was noted at 0437, the same
toggle procedure is followed, changing values 30
to 3B into 20 to 2B (these would become space !
“#8()* =etc.).

0420 Cé 40 ADD A,40
042F FE 3C cpP ac

0431 38 02 JR C,0435
0433 EE 10 XOR 10
0435 Cs 08 RRC B

0437 30 12 JR NC,0448
0438 EE 10 XOR 10
0438 18 OE JR 0448

Thus, the coding is complete: control codes (00
to 1F), punctuation (20 to 2F), numbers and
figures (30 to 3F), upper case (40 to 5F) and lower
case (60 to 7F). Just as an aside, the terms lower
and upper case are sometimes written small and
large case; old-time printers would chuckle at
that. The case referred to is a printers case,
which, when two were stacked one above the
other, contained the capital and small letters.
Thought you might like to know that.

Back to the routine, starting at the termination
sequence (044C); the decoded character is saved
in D, and that is the only information we need to
preserve, since the bulk of the work is done.

044C 01 AC 0D LD BC,0DAC
044F CD 60 00 CALL 0060
0452 7A LD A,D

A delay at 0060 is called, which was intended to
wait through the bounce present with normal
mechanical switch contacts — but the easily
dirtied switches on the TRS-80 are abnormal!
This delay uses the accumulator, and when it is
free, the value in D is restored to it. This value is
compared to 01 (the BREAK code), and returns
directly to the main routine (0455) with any code
other than BREAK.

If BREAK is discovered, the program executes
a call to 0028 (RST 28), returning to Level II.

The routine is quite efficient, and is capable of
returning 128 different values at a rate of better

than 100 per second - ten times the speed of the
world’s fastest typist!

31044 TEXT AREA BYTES LEFT
ENTER 5000 00250 01200
JUMP1 501A 00440 00420
JUMPZ 5024 00520 00500
JUMP3 502E 00600 00580
JUMP4 5038 00680 00660
JUMPS 5042 00760 00740
JUMPE 504C 00840 00820
JUMP7 5056 00820 00800
JUMP8 5060 01000 00880
LooP 5013 00380 01080
START 5005 00280 01170
56 Chapter 2



Software Modifications

Software Modifications

Software makes the computer. With that in
mind, it’s not hard to understand the popularity
of the TRS-80. Its BASIC is simple to use and
immediately accessible. It reports back errors
and provides clear screens and graphics with easy
commands. At first, it was hard to imagine how
such an elegant BASIC could be improved.

Such illusions could not last long, especially
when weakly designed hardware started to
exhibit keybounce, when machine language
software was so fast but so difficult to access,
when putting a program aside meant losing all
variables, and so forth.

In this Chapter, several simple but very
important software modifications will be
presented :

Keyboard debounce with repeating keys,
audible beep tone, and an upper/lower case
driver.

Two methods of intercepting the BASIC
interpreter in order to create your own
commands.

Packing machine language programs in
simple BASIC strings, where they can be
moved about and accessed easily.

Sound and sound-effects generation
routines.

Creating somewhat unlistable BASIC
programs.

Auto-execution of SYSTEM programs,
including an auto-load BASIC module.

A simple machine language monitor
accessible directly from BASIC.

BASIC is not an incomprehensible,
immutable, indivisible whole, but rather a pliant,
carefully sewn, patchwork quilt of useful
subroutines. These routines are accessed singly
or as groups, not only whenever one of this
BASIC’s English-language commands is entered,
but even while waiting for commands to be
entered or programs to be run.

Chapter 1 contained an overview of the
structures that BASIC is composed of; below is a
more detailed look at the building blocks out of
which Level II is created.

1. A power-up sequence: including
preparation of blocks of reserved memory,
clearing of internal hardware systems, and
total memory examination.

2. Numeric conversion routines: single
precision to integer and vice versa, numeric
to string and vice versa, assignment of levels
of precision. :

3. Simple arithmetic operations: addition,
subtraction, multiplication, division,
comparison, and raising to a power
(exponentiation); integer, single, and
double-precision calculations.
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Sophisticated Debouncing

4. Mathematical functions: activities based
on the sine function, as well as logrithms,
square roots, absolute value and truncation,
and random number generation.

5. String operations: concatenation and
truncation of strings, direct keyboard scan
conversions (INKEY$), alphabetic
comparisons.

6. Variables: assignment of numeric, string,
and array variable names, variable
assignments (LET), updating of values,
searching for variable names. Partly
integrated with NEW routines.

7. Keyboard input: polling of the keyboard
matrix, conversion to characters, searching
for carriage return, building a keyboard
buffer.

8. Cassette input/output: motor relay
control, assembly of parallel data into serial
form, timing of output pulses, timing of
input, reassembly of data from serial to
parallel form.

Listing 3-1. Custom BASIC interpreter patch routine.

40186
40186
3000

06CC
4038
3801
401A
4088
0080

3000
3001

3004
3007
3008

3008
300E
3011
3013
3014
3015
3016
3018
3018
301A
3018
301D
301E
3020

0030

ES
210B30
221640
E1
c3ccos

2138640
010138
1600
DA

5F

A3
2018
77

14

2C
CcBO1
78
D680
20F1

Chapter 3

00100
oo110

00120 ;
00130 ;

00140

00150 ;
00160 ;
00170 ;
00180 ;
00180 ;
00200 ;

00210
00220
00230
00240
00250
00260
00270
00280
oo2s0
00300
00310
00320
00330
00340

i
i
i
H
H
i
i
i
i
H
H

FEREPEARREREEREPERREERIERERIRERIRERIREIERIRIRIIIITING
DEBOUNCE, AUTO-REPEAT, AND BEEP KEYBOARD PATCH ROUTINE.
THIS ROUTINE AS WRITTEN PATCHES INTO 4016. TO USE
OTHER DRIVERS SUCH AS LOWERCASE, GRAPHICS, ETC., THE
RETURN ADDRESS (NORMALLY 03E3) MUST BE REPLACED BY THE
ADDRESS OF THE OTHER DRIVER. ALSO, TO USE THIS ROUTINE
WITH THE CUSTOM INTERPRETER /ON AND /OUT COMMANDS BY
PATCHING THIS DRIVER IN PLACE WITH /ON AND THE NORMAL
(OR UPPER/LOWER, ETC.) DRIVER IN PLACE WITH /OUT.
FEREFERERAPREREREPREPRREFRRERRRIRIRRESERIRIRRRRIRIERE}

ORG 4016H ; KEYBOARD SCAN PATCH
DEFW ENTREE ; START OF DEBOUNCE ROUT.
ORG 3000H ; NOTE THAT THIS UTILITY
; IS CURRENTLY SET UP FOR
; USE WITH A MEMORY ADD'N
; AT 3000H. IT CAN BE
; RE-ORGED AT ANY LOC'N.
BASIC2 EQU 06CCH ; BASIC "READY" DISPLAY
KEYHLD EQU 4036H ; NORMAL KEYSTROKE STORE
KEYBRD EQU 3801H ; FIRST KEYBOARD ADDRESS
HOLDER EQU 401AH ; RESERVED BYTE FOR DELAY
INKEYS EQU 40898H ; INKEY$ STORAGE BYTE
EQU 0060H ; ROM DELAY SUBROUTINE

DELAYS

i
00350 ;

00360 ;

00370
00380
00380
oo400
00410
oon420
00430
00440
00450
00460
00470
00480
00480
00500
00510
oos520
00530
00540
00550
00560
00570
00580
00580
ooso00
00610
oos20

ENTREE

FEREREREREERRERIRFEPRERERERRERRRIRCI IR R IR RRRRR RS
ROUTINE BEGINS HERE, PATCHING ITSELF INTO PLACE AT 4018
FERERRER R PR RRPRRERNR IR RN RRRRRRR R R iRt

PUSH HL ; SAVE HL IF TRANSPARENT
LD HL,START ; GET START OF ROUTINE

LD (4016H) ,HL ; PUT INTO KEYBOARD PATCH
POP HL ; RESTORE HL VALUE

JP BASIC2 ; AND GO BACK TO "READY"™

FEFRFEFEPEHRER PP E R E PR AR PR PERRRRIRRR BRI BRI
THIS AREA MAKES THE PRELIMINARY CHECK OF KEYBOARD ROWS
FEEFRERFERERERRRRERARAERRRIRR PRI RRERRIREIRIRRRREREG

TART LD HL,KEYHLD ; SET UP STORAGE AREA
LD BC,KEYBRD ; SET UP FIRST KBD ROW
LD D,0 ; SET UP COUNTER OF ROWS

CHKKEY LD A,(BC) ; FIND IF A KEY PRESSED
LD E,A ; SAVE VALUE IN E REG.
AND E ; TEST IF KEY WAS PRESSED
JR NZ ,CKPREV ; IF YES, SEE IF SAME ONE
LD (HL) ,A ; SAVE VALUE IN STORAGE

INCD INC D ; INCREMENT ROW COUNTER
INC L ; INCREMENT STORAGE AREA
RLC c ; SHIFT TO NEXT KBD ROW
LD A,C ; GET VALUE OF KBD ROW
SuB BOH ; CHECK IF SHIFT KEY ROW
JR NZ ,CHKKEY ; IF NOT THEN CONTINUE

00630 ;

00840

|

FREEEEEEAEREREPERRRRRRERRRRRRRERERRRRERRERIRERIRIRIINY
Listing Continued . . .

9. Video input/output and display
management: screen clear, scrolling,
tabbing, character display including line
feed, carriage return, backspace, set/reset,
POS, POINT, cursor control, characters per
line.

10. Printer control: lines per page, top of
form, output of characters, waiting for
handshake.

11. A command interpreter for organizing
the entry points and order of chosen
subroutines.

12. Error reporting routines.

13. Program line management routines.
Partly integrated with NEW routines.

14. Editing functions: Insert, delete, kill,
exit, etc. Integrated in part with program
line managment routines.

15. Run-time management: Integrated with
most of the above functions, but including
subroutine handling, loop handling, etc.

A more complete rundown on the TRS-80
Level II ROM memory map can be found in
Inside Level II, Supermap, Microsoft BASIC
Decoded, and TRS-80 Disassembled Handbook
(see Appendix II for details).

Sophisticated Debouncing

The first few hundred thousand TRS-80s
were afflicted with serious keybounce problems —
the appearance of double letters when only a
single letter was typed. Full-scale preventive
maintenance is presented in the following
chapter; but there are software solutions as well.
If debounce were the only criterion, though,
maintenance would be the ideal solution.

But the software designers made no provision
for repeating keys, nor did the hardware
designers include access to lower case characters.
Furthermore, the silent keyboard remains a
frustration to touch-typists and others who do
not refer constantly to the screen for feedback.

Thus, some sort of audible reinforcement (as
with the Apple’s entry-error beep) would be a
thoughtful addition to the keying process.

Listing 3-1 is a complete debounce, audible
beep, key repeat, and upper/lower case driver
routine. The program is written as three
independent subroutines, each of which may be
disabled or removed before assembly.



Continued Listing

3022
3024
3025
3026
3028
3028
3028
3pac
302F

3030
3031
3033
3036
3037
3038
303C
303D
3040
3042

3044
3045
3047
3048
304A
3048
304D
304€E
3051
3052

3083
3054
3057
305A
3058
305C
30560

305E
305F
3060
3061
3063
3066
3068
3068
3068
308C
308D
306F
3070
3072
3073
3075
3077
3078
307A
3078
3o7c
3070

o0sccC

0607
20

86
10FC
A7
3EO0D
co
321A40
cs

AB
281F
3A8940
A7
20E0
3A1A40
ac
321A40
FEFF
2809

cs
0BFF
00
10FD
c1
18cC
3D
321A40
78

73

c5
010002
CD600D
c1
0A
A3
ce

C3FBO3

BASIC2 O6CC
CHKKEY 3013
CKPREV 3030
DECA 304D
DECL 3024
DELAYS 0060
ENTREE 3000
HOLDER 401A
INCDO 3018
INKEYS 4088
KEYERD 3801
KEYHLD 4036
LOOP  306C
START 300B
STCRE 3052
TMWSTE 3047

00650
00660
00670
00680
00680
00700
00710
00720
00730
00740
00750
00760
00770
00780

00780 ;
00800 ;

00810
00820
00836
00840
00850
00860
oos70
00880
00880
00800
00810
o0s20
00830
00840
00850
00860
00870
00880
oosso
01000
01010
01020
01030
01040
01050
01060
01070
01080
01080
01100
01110
01120
01130
01140
01150
01160
01170
01180

01180 ;
01200 ;

01210

01220 ;
01230 ;

01240
01250
01260
01270
01280
01280
01300
01310
01320
01330
01340
01350
01360
01370
01380
01380
01400
01410
01420
01430
01440
01450
01460
01470
01480
0c0z80
00520
00820
01030
00680
00330
00380
o310
Gus70
00320
00300
00280
01330
0u4s80
01060
0osso

i CHECKING IS DONE - NOW SEE IF PREVIOUS KEYS HELD DOWN
R A E R e AR A R e
; .
LD B,7 ;7 ELSE GET NUMBER OF ROWS
DECL DEC L ;i MOVE BACK THRU STORAGE
ADD A, (HL) i AND MAKE TOTAL OF KEYS
DJNZ DECL i AND DO IT FOR ALL ROWS
AND A i TEST IF ANY KEYS STORED
LD A,0 ; A=0, FLAGS REMAIN SAME
RET NZ ; BACK IF KEY IN STORAGE
LD (HOLDER) ,A ; SAVE NEW VALUE IN CTR.
RET ; AND BACK TO MAIN ROUT.
R E R R R R N ]
i NEXT TEST IS FOR STATUS OF INKEYS$, IF IT IS IN USE
R R R R T ]
CKPREV AND (HL) i SEE IF VALUE IS SAME
JR Z,STORE ; STORE VALUE IF ZERO
LD A, (INKEYS) ; FIND VALUE AT INKEYS
AND A i SEE IF SOMETHING THERE
JR NZ,INCD ;7 IF SO THEN GO AWAY
LD A, (HOLDER) ; GET DELAY COUNTER VALUE
INC A ; INCREMENT THE COUNTER
LD (HOLDER) ,A ; AND SAVE VALUE BACK
cpP OFFH ; IS COUNTER AT END YET?
JR Z,DECA ; IF 80, THEN REPEAT
i
I i e Ry R R T T
i REPEATING-KEY TIME-WASTE VALUE (FF) MAY BE VARIED
R R R e R TR E A Y ]
i
PUSH BC i SAVE BC FOR LATER
LD B, 0FFH i GET DELAY VALUE
TMWSTE NOP ; WASTE SOME TIME
DJNZ TMWSTE ; AND DO IT FF TIMES
POP BC ; RESTORE BC VALUE
JR INCD ; AND GO BACK TO SCANNING
DECA DEC A 7 MAKE A BECOME FE
LD (HOLDER) ,A 3 AND SAVE IT IN DELAY
LD A,E 7 GET KEYSTROKE FOUND
STORE LD (HL) ,E 7 AND PUT IT IN STORAGE
i
R R R R R e R e 2 2
; DEBOUNCE BELOW MAY BE ELIMINATED BECAUSE BEEP USES TIME
R R R R R R T X
i

PUSH BC ;i SAVE VALUE IN BC

LD BC,200H ; GET DEBOUNCE DELAY
CALL DELAYS ; AND CALL ROM DELAY

POP BC ; AND GET VALUE TO BC

LD A,(BC) ; GET VALUE AT KEYBOARD
AND E ;7 AND TEST IF IT'S THERE
RET p 4 ;7 IF NOT IT WAS BOUNCE

H
R i e R R R e R R R ] ]
i BEEP ROUTINE PRODUCES VERY SOFT (NOT ANNOYING) SOUND
i
i

FEPEPERRRRRR R R R R R R R BB PR E R EEEERRRRREREERIRRERERES
PUSH BC ; ELSE SAVE THE VALUE
PUSH HL ; AND SAVE THE LOCATION
PUSH AF ; AND SAVE THE KEYSTROKE
LD B, 40H ; AND KEY BEEP DURATION
LD A, (403DH) ; AND GET SCREEN STATUS
AND OFDH ; AND MASK OUT ALL BITS
LD H,A ; SAVE WAVE "0O" MASK IN H
OR 2 ; CREATE A WAVE "1" MASK
LD L,A ; SAVE WAVE "1" MASK IN L
LooP LD A,L ; GET THE WAVE "1" MASK
ouT (OFFH) ,A ; AND CREATE WAVEFORM 1
LD A,H ; GET THE WAVE "O" MASK
ouT (OFFH) ,A ; AND CREATE WAVEFORM O
PUSH BC ; SAVE THE DURATION VALUE
LD B, 40H ; GET THE PITCH VALUE
DJUNZ $+0 ; AND WAIT THRU WAVEFORM
POP BC ; RESTORE THE DURATION
DJINZ LooP ; AND DO FOR FULL BEEP
POP AF ; RESTORE KEYSTROKE VALUE
POP HL ; RESTORE STORAGE VALUE
POP BC ; RESTORE COUNTER VALUE
JP 03FBH ; AND RETURN TO KEYSCAN
;
Ry N e as i
END BASIC2
00430 01480
00620
00550
00810
00710
01140
oo220
00750 UOB70 0OBYC 01040
00860 01020
00840°*
00500
00480
01410
00400
00830
01000

Upper/Lower Case Driver

This routine patches into the keyboard control
block driver address at 4016, leading the program
to its own entry point instead of 03E3 (see the
Supplement to Chapter 2 for details on the
operation of the TRS keyboard scan).

At START, the keyboard scan begins with HL.
pointing to the first position in a keystroke
storage buffer (4036). BC points to the first
keyboard row (3801). The program proceeds
similarly to the normal Level II scan, except that
a location (401A) has been set aside to ‘count
down’ the time a key remains pressed. If any key
or combination of keys remain pressed for the
duration of the loop, the character (normally
rejected by Level II’s rollover capabilities) is
accepted again. This is the start of the repeating
process. The INKEYS$ storage area is checked
(so that programs using INKEY$ are not delayed
by an unusable character acceptance), and a
short debounce-delay loop is entered.

If a legitimate key is found, a different
debounce-delay loop is entered, and a
rapidly-fluctuating one-zero pattern is sent to
the cassette port (FF). This sounds as a beep if
an amplifier and speaker are connected. The
routine can be exited before the beep, so only the
debounce-repeat options are present; it can also
be exited after the beep, returning to the main
routine with the keystroke.

The final portion of the program is an
upper/lower case driver program. This driver is
irrelevant unless you have a lower case
modification in place, and should be disabled (or
not assembled) if you have not made the
modification. It merely strips the conversion to
upper case normally made by the Level II
software, and returns to the running program
with the actual key depressed instead of an upper
case converted version.

Upper/Lower Case Driver

When the TRS-80 keyboard is used, all
characters are automatically converted to upper
case before being displayed. The keyboard itself,
however, returns a full upper/lower case value
(albeit inverted — shift for lower case) to the
display routine. The display routine then sends
this information to the screen. The screen always
displays upper case because the hardware to
provide lower case was not a part of the TRS-80
as sold. The addition of a single integrated
circuit (see Chapter 4) provides this access.

The lower-case driver patches into the display
routine just as the character to be displayed is
returned in the accumulator. Control is taken
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7F00

7F00
7F03

DDBEOD3
DDE6O04
7F06 DASAD4
7F08 DD7EO0S
7F0C B7

7F0D
7FOF
7F10
7F11
7F13
7F16
7F18
7F1B
7F1D
7F1F
7F21
7F23
7F25
7F27
7F28
7F2B
7F20D
7F2F
7F31

FE20
DADBOS
FEBOD
D2AB04
FESB
3008
FEA40
3B0E
Cs20
180A
FE7B
30086
FEBO
3802
D620
C37D004

401E
401E 0O07F

oscC
00000 TOTAL

Listing 3-13.
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00100
00110
00120

00130 ;

00140
00150
001860
00170
00180
00180
00200
oo210
00220
00230
00240
oo250
00260
oo270
00280
oo2s0
00300
00310
oo320
00330
00340
00350
00360
00370
00380
00380
00400
00410
oo420
00430
00440
00450
00460
00470
oo4s0
00480
00500

FEEERERREPRRRRRERFR R IERRERREERRERRRERRERIIERRTRIRIIE}
SIMPLE LOWER-CASE DRIVER ROUTINE FOR BASIC AND DOS
FERERETRRFRRRERAPEORIRR PRI PRI ER RN RN IR RRRRRRRRERIES
ORG 07FO00H ; NEAR TOP OF BASIC
s R s aiisdd
GET CONTROL BLOCK FOR SCREEN AND CHANGE CHARACTERS
FEFERERPRERRREREAPRIRIRRRIRRRR R R RRRERRRIREIRIRIRIES

CDRIV LD L, [IX+3) ; IX POINTS TO DEVICE
LD H, [IX+4) H CONTROL BLOCK (VIDEO)
JP C,048AH ; BACK TO SCREEN DRIVER
LD A, [IX+5) ; GET CURSOR CHARACTER
OR A ; CHECK IF CURSOR IS ON
JR Z,GETCHR ; GET ONE IF CURSOR OFF
LD (HL) ,A ; PUT CURSOR INTO POSN.
GETCHR LD A,C ; GET CHARACTER TO SHOW
CcP 20H ; SEE IF A CONTROL CODE
JP C,0506H ; BACK TO DRIVER IF C.C.
cpP B80H ; SEE IF GRAPHIC CHAR.
JP NC,04A6H ; BACK TO DRIVER IF SO
CP 05BH ; CHECK UPPER/LOWER CASE
JR NC,CHECK1 ; IF >5B, CHECK FURTHER
cpP 40H ; CHECK UPPER CASE
JR C,GOAWAY ; IF<40, CHECK NO FURTHER
ADD A,20H ; IF 40-5B, MAKE UPPER
JR GOAWAY ; DONE - BACK TO DRIVER
CHECK1 CP 7BH i SEE IF ALPHABETIC
JR NC,GOAWAY ; NO FURTHER IF NOT ALPHA
cp 60H ; SEE IF ALPHABETIC
JR C,GOAWAY ; NO FURTHER IF NOT ALPHA
SuB 20H ; PLAY SWITCH TO LOWER
JP 047DH ; OUT TO DRIVER NOW

GOAWAY

i

00510 ;

00520
00530
ERRORS

FEEERRPEERRRAIPHRPRRI R RRRNIREAERERREBNRERRRRARRRR N
PUT VIDEO PATCH INTO PLACE UPON LOAD
Ry e et

ORG
DEFW

401EH
LCDRIV

; THIS IS VIDEO PATCH
; PUT LCDRIV ROUTINE IN

R et i iidl
END 06CCH ; BACK TO BASIC READY

Upper/lower case driver.

from the convert-to-upper-case display function
in ROM. Ideally, this ROM routine could just be
entered after its convert-to-upper case code;
unfortunately, this would result in the famous
inverted display . . . normal upper case, shifted
lower case.

To avoid this, the character is tested and
converted to its proper case before being
returned to the ongoing display driver routine in
ROM. Notice something interesting: when
programs are listed with this driver, the letters
appear in lower case. That is because when the
programs are entered, they are in fact being
entered with the keyboard unshifted. Because
this can be a bit disconcerting (and also quite
illegible, since we all are used to upper case lists),
an upper case on/off software patch is provided.

Using The Editor/Assembler

The Editor/Assembler is one of the most
powerful tools available to the TRS-80
customizer. It is a fast, high-level compiler
which produces a block of Z-80 machine code.
Its job is to provide an easily accessible
substitute for the tedious creation of bytes of
Z-80 coded information.

The Z-80 microprocessor is capable of
responding to many hundreds of combinations
of ones and zeros. Each pattern causes the
Z-80 to follow a unique pattern of electronic
activity, and many thousands of those activities
in concert create a sophisticated language like

BASIC.

Using these patterns can be very tricky and
time-consuming. Long ago, computer designers
learned that it was easier to remember an
action like ‘load the accumulator with the
contents of byte counter register’ as ‘Load A
with B’, abbreviated LD A,B. This is much
handier than trying to recall 01111000. These
abbreviations are called mnemonics, which are
what you will find in all the program listings in
this book.

You will also find that, instead of specific
locations in memory (such as 3C00), there may
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be a ‘label’ (such as VIDEO). Once VIDEO has
been defined as 3C00 to the Editor/Assembler,

it will always interpret the label as the number
that was assigned to that label.

Line numbers are provided to keep things in
order and to insert or edit pieces of code, and
there is space on every line for comments.

Load the Editor/Assembler tape under the
SYSTEM command. Its name is EDTASM.
When the loading is complete, enter a slash (/),
and you will be presented with the prompt:

IRS—BD EDITOR/ASSEMBLER 1.1

This is EDTASM'’s equivalent of the BASIC
prompt:

RADIO SHACK LEVEL II BASIC
READY
2.

You are being asked for input. Unlike
BASIC, EDTASM has only a few commands.
They are (in the order you are likely to use
them):

I

This command inserts numbered program
lines almost exactly like the BASIC command
AUTO. When I is entered alone, numbering
starts with line 100 in increments of 10 line
numbers. On the other hand, 115,15 will start
with line 15 in increments of 15.

P

The equivalent of a list. A single P lists the
next sixteen lines of the program. P10:100
lists 10 to 100. P# is the first line, P. is the
current line, and P* is the last line.

N
Here is the renumber command. All lines are




automatically renumbered in increments of 10
starting with line 100. Again, specific lines
and increments may be specified: N300,50
will renumber all lines in increments of 50,
with the first line being 300.

L

Loads a source tape, but not an object tape.
Up to a six-character name may be specified.

w
Writes a source tape (the program listing). Up
to a six-character name may be specified.

D

Deletes the specified line or lines. D# deletes
the first line, D. deletes the current line, and
D* deletes the last line. Groups of lines are
specified with a colon, as D40:170 or D#:90.

E

The edit function. The pound (#), period (.),
and asterisk (*) represent the first, current,
and last lines. A line number (as E400) may be
specified.The editing functions are identical
to BASIC’s editing functions — except that
characters to be deleted are not deliniated by
exclamation points.

R

Replaces the indicated line. The line number
is presented, and new information may be
entered.

F

This command finds a text string. It is not
followed by a space. To search for the phrase
‘ENTRY’, type FENTRY (ENTER). The
entire line containing the phrase will be
printed. To find the next identical phrase,
merely type F (ENTER).

H

This sends the source listing, unassembled, to
the printer. The complete source listing,
including line numbers, is printed. As usual,
(#), (.) and (*) may be used to indicate first,
current, and last line, and groups of lines may
be printed (as H55:3000).

T

The poor person’s text editor. The source code
is sent to the printer without line numbers.
Thus, text may be entered a line at a time, and
the numberless result printed. The same
functions provided with H are available.

B

The exit to BASIC. Assold, EDTASM returns
only to MEMORY SIZE?, and all programs
and information, including EDTASM itself,

are lost. Patches are available to re-route this
exit.

Using the Editor/Assembler

A

This command directs EDTASM to compile
your source code into object code, make a list
of all the labels (symbols) used, and check for
errors. The A command may be followed by a
six-letter name, as well as the ‘switches’ /NL
(no listing), /NS (no symbol table), /NO (no
object code), or /WE (wait upon error). The
switches may be used in any combination, and
are useful in shaking the errors out of an
assembly program.

Lines are always entered into EDTASM
under the I (insert) or R (replace) commands.
A line number is presented, so:

00010*_

Several columns are then available,
consisting respectively of an optional label, the
mnemonic instruction, the ‘operand’ (if any),
and any comments (always following a
semicolon). A complete group of lines would
look like this:

00010 VIDEO EQU 3C00H ;SCREEN TOP

00020 ORG 5000H ;START PROGRM
00030 ENTRY LD A,B ;GET B INTO A
00040 LD HL,VIDEO ;HL AT SCREEN

This excerpt gives this information: the label
VIDEQO is an ‘equate’ (is defined as) location
3C00. The program starts (has its origin —
ORG) at 5000. The label ENTRY is assigned
to the start of the program, and that program’s
first action is to load the accumulator with
register B. Next, the HL register is pointed to
VIDEO (3C00), the start of the screen memory.

When told to assemble this (using the A
command), the results will look like the

following:

3Cco00 00010 VIDEO EQU 3COOH ;SCREEN TOP
5000 00020 ORG 5000H ;START PROGRM
5000 78 00030 ENTRY LD A,B jGET B INTO A
5001 21003C 00040 LD HL,VIDED ;HL AT SCREEN

The EDTASM program evaluated all the
information in the source code and created the
columns at the left. The first column specifies
the current address, and the second column
specifies the machine language code, if any, for
that particular line. Note the correct
assignment of 3C00 to VIDEO in line 00040. 78
is the machine code for LD A,B and 21 is the
machine code for LD HL,NNNN. In this case,
NNNN is VIDEO is 3C00.

For detailed instructions, refer to the
EDTASM instruction manual. One thing to
note: you can conserve source code memory
space by using the right arrow (tab) instead of
spacing between program lines, labels,
commands, operands, and comments. Each tab
is a single character, but spaces are counted
separately.
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1078

0000
0001
0002
0004
0008
0007
0008
000A

000D
0010
0011
0013
0015
00186
0017

001A
0018
001E
0020

o023
0026
0027
oozs
oo2c
002E
0031
0033
0036
oo3s
0038
003D
0040
0042
0045
0047
004A

oo4c
004F
0061

0054
0056
ooss

oooo

Patching the BASIC Interpreter

E3
70
FESB
2003
7C
FE1D
E3
c27810D

cDb781D
F6 -
FEDO
2805
F1

2B
C3781D

F1
cp781D
2003
c3s71s

117810
D5
FEAD
CADO000
FEBB
CADDDD
FEA2
CA0000
FECC
CA0O000
FEC8
CADO000
FEEA
CADOO0D
FEA1
CADOOD
FEAD

CADOOD
FEA4
CADOODOD
FEAS
CAOOO00
Cc32000

00100 ;
00110 ;
00120 ;
00130 ;
00140 ;
00150 ;
00160 ;
; THIS CUSTOM INTERPRETER ROUTINE.
; ABLE WITH THIS INTERPETER ARE:

00170
00180

00180 ;
00200 ;

00210
oo220
00230

00240 ;
00250 ;
00260 ;
00270 ;

00280
00280

00300 ;
00310 ;
00320 ;
00330 ;

00340
00350
00360
00370
00380
00380
00400
00410
00420
00430
00440

00450 ;
00460 ;

00470
00480
00480
00500
00510
00520
00530
00540
00550
00560
00570
00580
00580
00800
00810
00820
00830
00640
00650
00660

00870 ;

00680

00880 ;

00700
00710
00720
00730
00740
00750
00780
00770
00780
00780
oos00
00810
00820
oos30
ooe4o
00850
00860
00870

o0oeso
oosso
oosoo
00810
o0s20
00830
00840
00850
00860

00870 ;
00880 ;

00880
01000
01010
01020
01030

00010 TOTAL ERRORS

62

H
i
i
H
i
i
i
H
i
i
i
H
i
H
i
i
i
i

; AND OTHER USER-DEFINED
; THIS ROUTINE HAS PUSHED THE RETURN ADDRESS (1D78) ON

YTE

FELLECER ORI R IR RIRRRER PR RRRE RSN RN ERNRRRRIIRII G
CUSTOM BASIC INTERPRETER PATCH FOR USE WITH ALL OF THE
ROUTINES PRESENTED IN CUSTOM TRS-80 WHICH ARE TRANS-
PARENT TO BASIC. THESE ROUTINES ARE CALLED BY THIS
ROUTINE, WHICH HAS ALREADY PLACED A RETURN VALUE ON THE
STACK. ALL TRANSPARENT ROUTINES MUST EXECUTE A RETURN
INSTRUCTION AS THEIR FINAL INSTRUCTION TO WORK WITH

THE COMMANDS AVAIL-

/OPEN
/PUT

/LOAD
/0N
/STEP

/SAVE
/OFF
/MEM

/NEW
/GET

"/" COMMANDS AND ROUTINES.

THE STACK. THE ROUTINE JUMPED TO IS A PSEUDO-CALL

IN THAT IT EXECUTES A "RET", THUS RETURNING TO 1D78.
FEERFERRERRRPRRR RN R ER R R PR R PR RRERRRRRERRERRRRENY

EQU 1D78H ;ROM READ KEYS & TOKENIZE

R R e R R s a ]

H
i
; CHECK THAT THE BASIC STACK IS IN INTERPRETATION MODE
; FEFERRRFRRRRORRRRERRRRNRERIIRRRR IR IR IRRRRIIN I
i
BEGIN EX (SP) ,HL ; GET SP INTO HL FOR TEST
LD A,L ; GET L INTO A FOR TEST
cp 5BH ; IS LSB OF STACK 5B?
JR NZ ,NOTRDY ; NOT INTERPRETING IF NZ
LD A,H ; GET H INTO A FOR TEST
cp 1DH ; I8 MSB OF STACK 1D?
NOTRDY EX (SP) ,HL ; RESTORE STACK TO SP
JP NZ,BYTE ; IF NOT 1DH THEN TO ROM

0

R R R s i iitiit]
MUST HAVE BEEN AT 1D5B FOR INTERPRETATION; THEREFORE,

CHECK TO SEE IF SPECIAL SLASH (/) COMMAND THAT IS NEXT
R R e e g ]

CALL BYTE ; READ CHAR. & TOKENIZE
PUSH AF i SAVE VALUE READ

cpP ODOH ; IS IT "/" COMMAND?

JR Z,0KSLSH ; IF SO, THEN CONTINUE
POP AF ; ELSE RESTORE AF VALUE
DEC HL ; PUT POINTER BACK ONE
JP 1D78H ; AND BACK TO NORMAL ROM

R R a st
SLASH (/) HAS BEEN FOUND, THEREFORE MUST BE COMMAND
FRESFECEFRPPRIRRRRRIRRERERRRRRI IR R IRRI RIS RN

KSLSH POP AF ; RESTORE VALUE TO AF
CALL BYTE ; NEXT COMMAND IN LINE
JR NZ ,SAVE ; GO IF ONE IS IN PLACE
SYNERR JP 1887H ; ?SN ERROR IF LINE END

i
i
i
i
i
H
i
8,

FREREFRESRRPRRRRRERRRR IR R NRRIRR R ORI IR IR IO}
SINCE SLASH & NEXT CHARACTER HAS BEEN FOUND, NOW NEXT
CHARACTER IN LINE MUST BE TESTED FOR VALIDITY AS USER-
DEFINED COMMAND. SEE ABOVE FOR THOSE AVAILABLE HERE.
FRFERERRRFRERRRRRNIINNIRRIRIRERIIIIOIIIM I I I I I

AVE LD DE,1D78H ; GET RETURN ADDRESS
PUSH DE ; PLACE IT ON STACK
cP OADH § ==== BAVE =——
JP Z,SAVER ; GO TO SAVE ROUTINE
cP 0BBH § ==== NEW ~—==
JP Z,RENEW ; 60 TO RENEW ROUTINE
cP 0A2H ; =—== OPEN ———-
JP Z,0PENER ; G0 TO OPEN ROUTINE
cP 0CCH i —--— STEP --—-
JP Z,STPSET ; 80 TO STEPPING ROUTINE
cP 0CBH g === NEW ===
JpP Z,MEMSET ; 60 TO MEMORY SET ROUT.
cp OEAH § =w== L0C ==r=
JP Z,RELOC ; 60 TO RELOCATION ROUT.
cp OA1TH § === ON —~——
JP Z,KEYON ; G0 TO DEBOUNCE ON ROUT.
cP OAOH j§ - ——
JpP Z,KEYOFF ; KILL DEBOUNCE ROUTINE
cp 0A4H 3 ———— BET ———=
JP Z,COPYIN ; G0 TO READ TAPE ROUTINE
cp OASH § == [PUY ~=—
JP Z,DUBBER ; 60 TO WRITE TAPE ROUT.
JpP SYNERR ; ?SN ERROR IF UNDEFINED

i R R s s E
THIS ROUTINE WILL NOT ASSEMBLE AS IT STANDS. IT MUST
BE APPENDED TO THE OTHER ROUTINES WHICH WILL BE USED

IN CONJUNCTION WITH BASIC. ALL THE TERMS LISTED ABOVE
MUST BE DEFINED, OR ELSE THEY MUST BE DELETED FROM THE
ASSEMBLY LISTING.

R e R R R R R R e E T

END
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Patching the BASIC Interpreter

Each time a BASIC command is entered or a
program line is being run, a section of ROM
evaluates each of these commands in order,
jumping to internal subroutines that will
produce the desired result. This section of ROM
is called the interpreter, an area which translates
the commands into program action.

At address 4003, the machine language
instruction C3 78 1D can be found, which means
‘jump to address 1D78’. 1D78 is the main entry
point to the BASIC interpreter. But the routine
can be intercepted before going to 1D78, by
patching a different jump into addresses 4004
and 4005.

This intercept is very important, because every
BASIC - transparent software modificationin
this book will be patched into this location,
leading to the master custom interpreter
program below (Listing 3-2). When a command
line is entered, the program in Listing 3-2
intercepts the routine at 4003, and first examines
the status of the stack pointer; if it points to
1D5B, then the intercept program knows BASIC
is in the interpretation mode.

Its next step is to CALL 1D78. By calling 1D78
instead of jumping to it, a ‘tokenized’ version of
the next command in line is returned to the
master custom interpreter. Tokenizing is an
important, specialized process which allows the
BASIC listings to use very little memory and
allows the interpreter to evaluate commands at
high speed.

When the token is returned to the custom
interpreter, it can then be evaluated to see if it is
a specially designated indicator command.

If the slash command indicator is found by the
custom interpreter, it moves on to a lookup table
to search for one of the specialized commands.
All these commands will be tokens as well, so only
a single byte comparison need be made.

There is another method of patching into the
BASIC interpreter. If you are a Level II user,
merely enter the command OPEN. Very
promptly the computer will respond with ‘7L3
ERROR’. What is an ‘?LL3 ERROR’? It refers to
a ‘Level III Error’, the extended BASIC that is
available as a part of the TRS-80 disk system.

Now enter the statement OPNE. This time a
‘?SN ERROR’ is produced. How does the
machine know that OPEN is a disk command
and that OPNE is just garbage?



4098
403D
401A
4018

4016
4016 3830
401E
401E 2A31

3038

3038 213640

303C 010138
303F 1600

3041 DA
3042 SF
3043 A3
3044 2018
3048 77

3047 14
3048 2C
3048 CBO1
3048 78

304C D680
304E 20F1

3050 0607
3052 20
3053 86
3054 10FC
3056 A7
3057 3E00
3058 CO

305A 321A40
306D C8

305E As
305F 281E
3061 3A8840
3064 A7
3085 20E0
3067 3A1A40
306A 3C

00100
00110
00120
00130
00140
00150
00160
00170

00180 ;
00180 ;

00200
00210

00220 ;

00230

00240 ;

00250
00260
00270
00280
00280
00300
00310
00320
00330
00340
00350
00360
00370
00380
00380
00400
00410
00420
00430
00440
00450
00460
00470
00480
00480
00500
00510
00520
00530
00540
00550
00560
00570
00580
00580
00600
00610
00620
00630
00640
00650
00660
00670
00680
00650
00700
00710
00720
00730
00740
00750
00760
00770
00780
00780
00800
00810
00820
00830
00840
00850

00860 ;
00870 ;

00880
00880

00800 ;

00910
00920
00830
00840
00850
00960
00870
00980
00880
01000
01010
01020
01030
01040

H

I i
; FULL-FEATURED KEY/SCREEN DRIVER - DENNIS BATHORY KITSZ
7 THIS ROUTINE IS A LEVEL II KEYBOARD REPLACEMENT ROUTINE
7 CAPABLE OF PROVIDING: AUTOREPEAT AFTER SELECTED DELAY
; (FOUND IN B REGISTER IN DELAY SECTION); BEEP WITH ANY

; CHOICE OF PITCH; RESULTANT DEBOUNCE; CORRECTED SHIFT-

; DOWN ARROW CONTROL CODE FOR EARLIER LEVEL II ROMS; A

; SHIFT-0 SELECTABLE UPPER/LOWER CASE DRIVER AND DISPLAY.
; NOTE THAT THIS ROUTINE IS SET UP FOR USE AT 3038 HEX

; (12345 DECIMAL) FOR ENTRY IN THE MEMORY SIDECAR WHICH

; IS ADDRESSED FROM 3000 TO 37D0 HEX. IT MAY BE SET TO

i ANY ORIGIN OF THE USER'S CHOICE, SUCH AS USUAL HIGH MEM
i PRI TR R R R R R R R R E R 0

INKEYS EQU 4088H  ;INKEYS$ BYTE STORAGE AREA
PORTFF  EQU 403DH  ;CASSETTE OUTPUT PORT
KPLACE EQU 401AH  ;1-BYTE KEYSTROKE STORE
SHIFTR EQU 4018H  ;STORAGE FOR LC DRIVER

FERFERERERERRRRRRRROEERRRARE AR RORRRRRSRRREGIRIENNY
PATCH KEYBOARD ROUTINE INTO 4016 AND DISPLAY INTO 401E
#ErprrI RN IR R R IR R R R R I R IR R

ORG 4016H i START OF KEYBOARD SCAN
DEFW KBPFIX ; PATCH KEYBOARD ROUTINE
ORG 401EH ; START OF DISPLAY SWEEP
DEFW LOWER ; PATCH UPPR/LOWR ROUTINE
i
ORG 3038H ; START AT MEMORY SIDECAR
H
i MR RN R RN
; SET STORAGE #1, ROW #1, COUNTER #0 PARAMETERS FOR SCAN
IR g ad i it iiiisiiiiiid
i
KBPFIX LD HL,4036H ; STORAGE FOR KEYSTROKE
LD BC,3B801H ; FIRST ROW OF KEYS
LD D,0 ; COUNTER FOR COLUMS

EERERRRERERRERRIER IR RRIRERIRSERIREIR IR ORNRRRNIIIES
CHECK EACH ROW OF KEYS IN SEARCH OF ONE THAT IS PRESSED
Rt IR R R R R

KEYPRS LD A, (BC) ; RETRIEVE ROW CONTENTS

LD E,A ; SAVE IT TEMPORARILY

AND E ; SET FLAGS FOR TEST

JR NZ,STROKE ; NOT ZERO IF KEY PRESSED
H

LD (HL) ,A ; SAVE CURRENT VALUE

A it iiiiiil
INCREMENT AND ROTATE PATTERN CHECKS EACH ROW IN TURN
FHEEFRFRERRRERETREPRHEERRRRRRRIEERRRIRRRERRRRIRR IR IINE

ECHEK INC D INCREMENT ROW COUNTER

i
INC L ; INCREMENT STORAGE AREA
ALC c 7 GET NEXT KEYBRD COLUMN
LD A,C ; GET VALUE INTO ACCUM.

PRI R R
CHECK IF LAST VALID ROW (I.E., NOT INCLUDING SHIFT KEY)
#HEsiirridtirrir i RN R R

SuB BOH ; LAST ROW IS 3880 HEX
JR NZ,KEYPRS ; NEXT CHECK IF NOT DONE

i

I i iidiiiiidiis
i AUTOREPEAT STATUS TEST ... CHECK IF KEYBOARD IS CLEAR

i HEFRRRRRRRERHE AR IR RN ER R RV R R R R RO
i

LD B,7 ; COUNTER OF KBRD ROWS
CLRMEM DEC L ; START COUNTING BACK
ADD A, (HL) ; AND ADD IT UP IN ACCUM
DJNZ CLRMEM 7 AND DO IT FOR 7 ROWS
AND A ; TEST FOR ANY KEY DOWN
LD A,0 ; A=0, FLAGS ARE INTACT
RET NZ ; BACK IF KEYS IN USE

’

3 MR R RHT R RTRRRRRTFHTR HR H
; RESET AUTOREPEAT DELAY TO ZERO IF THE KEYBOARD IS CLEAR
R i i iiiiiiiiiiiii]
H

LD (KPLACE) ,A
RET

; ELSE DELAY GETS RESET
; AND GO BACK ANYWAY

i g adiiiiaiiiiiiiiiid
; IF KEYSTROKE IS FOUND, CHECK STATUS OF AUTOREPEAT LOOP
I i i didiidiiiid]

éTROKE AND

(HL) ; CHECK KEYSTROKE STORAGE
JR Z,FOUND ; NEW KEY IF NOT SAME
LD A, [INKEYS) ; CHECK STATUS OF INKEYS
AND A ; TEST IF SOMETHING THERE
JR NZ, RECHEK ; IF THERE IS, LOOP BACK
LD A, (KPLACE) ; NOW CHECK SPECIAL STORE
INC A ; LET STORE = STORE + 1

Listing Continued . . .

Creating BASIC Tokens

It is in this distinction that the other patch can
be made into the BASIC interpreter. All the
DOS (disk operating system) commands already
exist in Level II BASIC! A patch point
(sometimes called a ‘vector’, other times a ‘hook’)
is provided for each of these commands in RAM.
When the disk system is added to the TRS-80,
each of these patch points is filled with a jump to
a DOS parameter.

Table 3-(?) presents a list of the DOS
commands and their patch points in RAM. If you
are not (and do not plan to be) a disk user, and if
your programs will not be sold to potential disk
users, then these patch points are for you. Each
one can be used for your own set of commands,

and every one will be accepted by a running
BASIC program.

List of DOS Patch Points

Dos REPLACEMENT REPLACEMENT
COMMAND PATCH POINTS (HEX) PATCH POINTS (DECIMAL)
CvIi 4183 - 4154 16723 - 16724
FN 4156 - 4157 16726 - 16727
cvs 4158 - 415A 16728 - 16730
DEF 415C - 415D 16732 - 16733
CcvD 415F - 4180 16735 - 16736
EOF 4162 - 4183 16738 - 16738
Loc 4165 - 4166 16741 - 16742
LOF 4168 - 4169 16744 - 16745
MKI$ 416B - 416C 16747 - 16748
MKS$ H4BE - 416F 16750 - 16751
MKD$ 71 - 4172 16753 - 16754
CMD 4174 - 4175 16756 - 16757
TIMES 4177 - 4178 16758 - 16760
OPEN 417A - 417B 16762 - 16763
FIELD 417D - 417E 16765 — 16766
GET 4180 - 4181 16768 - 16768
PUT 4183 - 4184 16771 - 16772
CLOSE 4186 - 4187 16774 - 16775
LOAD 4188 - 418BA 16777 - 16778
MERGE 418C - 418D 16780 - 16781
NAME 418F - 4180 16783 - 16784
KILL 4182 - 4183 16786 — 16787
& 4185 - 41886 16788 - 16780
LSET 4188 - 4188 16782 - 16783
RSET 418B - 418C 16786 - 16796
INSTR 418E - 419F 16788 - 1679)
SAVE MA1 - 4142 16801 - 18802
LINE 41A4 - 41A5 16804 — 16805
Creating BASIC Tokens
Here’s a program to start this discussion:
10 CLS : REM X00000000000KX
20 Y = 15360

30 FOR X = 17129 TO 17300

40 POKE Y, PEEK (X)

50 Y=Y+ 1 : NEXT X

80 PRINT "END OF PROGRAM"

70 PRINT "LIST OF PROGRAM"

80 LIST : REM 222222277277

On the screen you now have two versions of

the identical information — the BASIC
program. The lines of X’s and Z’s are there to
help you locate the program amidst some of
what looks like garbage. You will also see that
there are some familiar elements missing: the
line numbers (which have been converted to

hexadecimal), and all the BASIC commands

The Custom TRS-80
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Creating BASIC Tokens

Continued Listing

(KPLACE) ,A ;
OFFH 5
Z,DECA i
BC H
B,0FFH 5
TMWSTE H
BC H
RECHEK H
A H
(KPLACE) ,A H

AND PUT IT BACK THERE
CHECK IF IT IS AT END

; IF 80, THEN HOLD THERE
; SAVE ROW COUNTER REG.
; GET DELAY VALUE INTO B

AND DELAY JUST A BIT
AND RESTORE ROW COUNTER
AND BACK TO CHECK NEXT

; LET A = A - 1 [STORAGE)

AND PUT IT IN STORAGE

i it iidii]
GET KEYBOARD BYTE BACK, STORE AND PREPARE TO MANIPULATE
B i iidii]
FIRST CONVERT D FROM COUNTER TO PSEUDO ASCII EQUIVALENT
sEEERR R ERFRRREERERR IR IR IR R IR AR IR RN BRI

AE ;
(HL) ,E i
A'D '
i
;

D,A

GET KEYBOARD BYTE BACK
STORE IT IN STROKE AREA

; GET ROW COUNTER FROM D

AND BEGIN A PROCESS...
...0F CONVERTING IT...

; «..TO AN OFFSET VALUE.
; AND PUT IT BACK IN D

st dadiiiiiiiid
NOW PREPARE ROW COUNTER C TO COMPLETE ASCII CONVERSION
HEEERREEERRERRRE IR BRI IR R IR R AR A R 0

c,1
A,C

E

NZ, ARQUND
D

c

BACKUP

GET NUMBER ONE READY
ACCUM. HAS C FOR MATH
TEST IF C = KEYSTROKE
IF NOT, THEN GO AROUND
ELSE D = ROW + COLUMN
C SET TO NEXT COLUMN
GO BACK AND TEST AGAIN

e i tiiiiiitid
SHIFT ROW IS TESTED TO DETERMINE UPPER/LOWER STATUS
FEEEERERP IR R R RN

A, (3880H)
B,A

A,D

A, 40H

60H
NC,Z0429H
D,A

GET SHIFT ROW FOR TEST
AND SAVE IT IN B

GET ROW COUNTER BACK
AND CONVERT TO ASCII

IS IT UP/LW/GRAFIX/ETC
60 OUT IF GRAPHICS MODE
SAVE PARTLY CONVERTED

et it HHI MR R R R AR R IR NG
SHIFT/DOWN ARROW CHECKED FOR CONVERSION TO CONTROL CODE
FERPRRERRRRIPRRSRRRIRSRISRIIREIIEIIIRIIEFIRERIIIEIIINEG

A, (3840H)
10H
NZ,CNTROL
A,D

B
C,GOAWAY

GET VALUE FOUND 7TH ROW
CHECK IF DOWN ARROW
IF SO, PRODUCE CONTROL
ELSE GET VALUE BACK
B BUMPS INTO CARRY FLAG
IF CARRY, THEN SHIFT

i i ittt
LOWER CASE CONVERSION, MASK STRIPPING, FINAL TOUCHES
i i diiidiiidii]

A,20H
GOAWAY
A,D

a0H
GOAWAY
70H
NC,Z043DH
A, 40H

3CH
C,20435H
10H

8

NC, GOAWAY
10H
GOAWAY

B
NC,Z0443H
A

HL, TABLET
C,A

B,0

HL,BC

A, (HL)
GOAWAY

IF NOT THEN LOWER CASE
AND GET OUT OF ROUTINE
IF CONTROL CODE, GET IT
GET RID DF ASCII MASK
AND GET OUT OF ROUTINE
THE BALANCE OF THE
ROUTINE BELOW UP TO
THE BEEP SECTION IS
VIRTUALLY IDENTICAL
TO THE KEYBOARD
DETERMINATION SUB-—
ROUTINE FOUND IN
ROM. A COMPLETE
DESCRIPTION OF THIS
SECTION OF THE KEY-
BOARD SCAN IS FOUND
IN THE CHAPTER
SUPPLEMENT ON THE
ROM KEYBOARD SCAN.
THIS TABLE IS CHANGED
FROM THE ONE FOUND
N EARLIER ROMS, BUT
THE ROUTINE USED TO
ACCESS IT IS THE
SAME.

HHEeseedit IR RI IR RRR IR IR RE AR IR R R ER R E
TABLE BELOW DETERMINES TRS-B0 (NOT ASCII) CONTROL CODES
SEE SUPPLEMENT ON KEYBOARD SCAN FOR DETAILS ON CODES

L e it diiiiiid

3068 321440 01050 Lo
306E FEFF 01060 cpP
3070 2808 01070 JR
3072 C5 01080 PUSH
3073 O6FF 01080 Lo
3075 10FE 01100 TMWSTE DJNZ
3077 ¢1 01110 POP
3078 18CD 01120 JR
307A 30 01130 DECA DEC
3078 321A40 01140 LD

01150 ;

01160 ;

01170 ;

01180 ;

01180 ;

01200 ;

01210 ;
307E 78 01220 LD
307F 73 01230 FOUND LD
3080 7A 01240 LD
3081 07 01250 RLCA
3082 07 01260 RLCA
3083 07 01270 RLCA
3084 57 01280 LD

01290 ;

01300 ;

01310 ;

01320 ;

01330 ;
3085 OED1 01340 LD
3087 79 01350 BACKUP LD
3088 A3 01360 AND
3088 2005 01370 JR
3088 14 01380 INC
308C CBO1 01380 RLC
308E 18F7 01400 JR

01410 ;

01420 ;

01430 ;

01440 ;

01450 ;
3080 3AB038 01460 ARQUND LD
3083 47 01470 LD
3084 7A 01480 LD
3085 Cs40 01480 ADD
3087 FESO 01500 cP
3089 3016 01510 JR
3088 57 01520 LD

01830 ;

01540 ;

01550 ;

D1560 ;

01570 ;
308C 3A4038 01580 LD
308F EB10 01580 AND
30A1 2008 01600 JR
30A3 7A 01610 LD
30A4 CBOB 01620 RRC
30A6 383D 01630 JR

01640 ;

01650 ;

01660 ;

01670 ;

01680 ;
30A8 C620 01690 ADD
30AA 1838 01700 JR
30AC 7A - 01710 CNTROL LD
30AD D640 01720 suB
30AF 1834 01730 JR
30B1 D670 01740 Z0428H SuB
3083 3010 01750 JR
3085 C640 01760 ADD
30B7 FE3C 01770 cP
30B8 3802 01780 JR
30BB EE10 01780 XOR
3080 CBO8 01800 Z0435H RRAC
30BF 3024 01810 JR
30C1 EE10 01820 XOR
30C3 1820 01830 JR
30Cs 07 01840 Z043DH RLCA
30Ce cBOB 01850 RRC
30C8 3001 01860 JR
30CA 3C 01870 INC
30CB 210530 01880 Z0D443H LD
30CE 4F 01880 LD
30CF 0600 01900 Lo
3001 08 01810 ADD
3002 7E 01820 LD
3003 1810 01830 JR

01940 ;

01850 ;

01960 ;

01870 ;

01980 ;

01880 ;

Chapter 3

Listing Continued . . .

(CLS, FOR, TO, POKE, PEEK, NEXT,
PRINT, and LIST). What has happened to
them?

For two purposes — economy of memory and
speed of execution - legitimate BASIC
commands are converted to single-byte keys
called ‘tokens’. When you enter a BASIC
command line, a subroutine evaluates each
character group in that line, searching through
all the keywords in ROM until it finds a match.

When it finds a match, it replaces the original
group of characters (PRINT, for example,
which is five characters) with a single byte (178
in this case). Four bytes are saved, and the
lengthy process of looking up the word PRINT
is eliminated at run time.

Evaluating for tokens is indeed a
time-consuming process. If you type 255
characters of garbage and press (ENTER), the
computer will spend nearly two seconds
attempting to tokenize that line before
reporting a 7SN ERROR. A line which uses
the command CHR$() very often also takes
time to tokenize. You can imagine the speed
difference if this process were left to be done at
RUN time.

The presence of tokens in a complicated
program can make the difference between a
running program and an 70M ERROR. As an
experiment, return to MEMORY SIZE? and
respond with 17250. This gives you about 50
bytes of program space (at least 83 are needed
to run any program). Enter these lines:

10 PRINT"THIS IS A TEST TO FIND OUT"

20 PRINT"HOW MUCH MEMORY SPACE IS IN HERE"

In attempting to run this program, you will
get an 70M ERROR. Now remove the word
‘IN’ and one space from the second line. The
program will run fine. Finally, insert PRINT:
on line 10. In spite of the fact that it looks like
you have inserted 6 new characters
(P-R-1I-N-T-:), you have really only inserted
two — the PRINT token (178) and a colon.

There is a lesson in this. If your program is
running quite close to the end of your system’s
available memory, try cutting down the lines of
text within the program. Many more BASIC
commands will then open up for use.

Another interesting trick opens up. You may
have a BASIC program which you would like to
convert for use on a printer. This can take up
quite a bit of time. As a quick fix, you might
just leaf through your program, replacing all
PRINTS with LPRINTSs. This won’t work
every time (I'll explain later), but it’s a useful




Continued Listing

3005 0DOD 02000 TABLET DEFW ODODH ; CARR. RET. / CARR. RET.
3007 1F1F 02010 DEFW 1F1FH ; CLEAR SCRN / CLEAR SCRN
3008 0101 02020 DEFW 0101H ; BREAK KEY / BREAK KEY
30DB 5B1B 02030 DEFW 1B5BH 7 EDIT ESCAPE / UP ARROW
3000 0A0Q 02040 DEFW O0DAH ; NOP [CHANGE) / LINEFEED
30DF 0818 02050 DEFW 1808H ; BACKSP. LINE / BACKSP.
30E1 D918 02060 DEFW 1808H ; 32-CHAR MODE / HOR. TAB
30E3 2020 02070 DEFW 2020H i SPACE / SPACE

02080 ;

02080 ; b dddddaddd iz L T T Y T ey eTyee)

02100 ; FINAL VALUE IS SAVED IN D; STATUS OF SHIFT-0 TESTED

gg‘lzg H MMMM"MMMM"MMMM‘MHMMM‘MMHM"MIMM

’
30E5 57 02130 GOAWAY LD D,A ; SAVE VALUE IN D REG.
30E6 3A1038 02140 BEEEEP LD A, [3B10H) ; GET 0 KEYBOARD ROW
30ES FEO1 02150 cP 1 ; SEE IF IT IS ZERO (D)
30EB 2016 02160 JR NZ ,BLEEEP ; GO OUT IF NOT ZERO
30ED 3AB0O38 02170 LD A, (3880H) i IF 0, CHECK SHIFT ROW
30F0 FED1 02180 cP 1 ; CHECK IF SHIFT KEY
30F2 200F 02180 JR NZ ,BLEEEP i IF NOT GO OUT TO BEEP
30F4 3A1840 02200 LD A, [SHIFTR) ; ELSE GET SHIFTLOCK
30F7 EED1 02210 XOR 1 ; AND SWITCH 1-0 OR 0-1
30F9 321840 02220 LD (SHIFTR) ,A ; AND PUT IN SHIFTLOCK
30FC 010005 02230 LD BC, 500H ; GET LONGER DELAY
30FF CDBODD 02240 CALL 0060H ; CALL ROM DELAY SUBR.
3102 c8 02250 RET i AND GO BACK, NO BEEP

02260 ;

02270 ; ####4#443840 0840844008480 080080HE0008H0RERREE200044

02280 ; DEBOUNCE IS ADDED; ALTERNATE: BEEP MAY BE LENGTHENED

02280 ; ###FERREIEPREIIFHEHIREEESHRREEHEIRIREREEREREEE

02300 ;

3103 018001 02310 BLEEEP LD BC,180H ; DEBOUNCE VALUE AND
3106 CDEO0D0 02320 CALL 0060H ; DELAY CALL TO ROM
3108 7A 02330 LD A,D ; GET STORED VALUE BACK
310A C5 02340 PUSH BC ; SAVE BC REGISTER
310B F5 02350 PUSH AF ; SAVE ACCUM AND FLAGS
310C 0640 02360 LD B, 40H ; GET NOTE LENGTH VALUE
310E 3A3D40 02370 LD A, (PORTFF) ; GET STATUS OF SCREEN
3111 EBFD 02380 AND OFDH i MASK SCREEN CHANGE OUT
3113 67 02380 LD H,A ; STORE MSB IN H REG.
3114 Feo02 02400 OR 2 ; SET BIT 1 TO BE ON
3116 6F 02410 LD L,A ; STORE ALT, MSB IN L REG
3117 70 02420 BEEPER LD A, Ll ; GET ALT. MSB TO QUTPUT
3118 D3FF 02430 T (OFFH) ,A ; AND OUTPUT RISING WAVE
311A 7C 02440 LD AH ; NOW GET NORMAL MSB
3118 D3FF 02450 wT (OFFH) ,A ; AND OUTPUT FALLING WAVE
311D C5 02460 PUSH BC i SAVE NOTE LENGTH REG.
311E 0640 02470 LD B, 40H ; GET FREQUENCY DELAY
3120 10FE 02480 FREQCY DJNZ FREQCY 3 AND WAIT A LITTLE WHILE
3122 C1 02480 POP BC ; NOW RESTORE LENGTH VAL.
3128 10F2 02500 DJUNZ BEEPER ; AND GO BACK THAT LENGTH
3125 F1 02510 POP AF ; RESTORE ORIGINAL CHAR.
3126 1 02520 POP BC ; AND RESTORE ORIGINAL BC
3127 C35204 (02530 JP 0452H ; BACK TO ROM IN PROGRESS
/ 02540 ;

02550 ; ####ebddissddddtiessst it sssssasibsissssstissssssssine

02560 ; THIS IS LOWER CASE DETERMINATION FROM STORED INFO

02570 ; #¥#E##88880 00888040 0RERRPRERREIRIRRREETEIREEIRREBEEIS

02580 ;
312A F5 02580 LOWER PUSH AF ; SAVE NEEDED REGISTER
3128 3A1840 02600 LD A, [SHIFTR) ; GET STATUS OF SHIFTLOCK
312E FED1 02610 cP 1 ; CHECK IF STATUS = 1
3130 2804 02620 JR Z, LOWER1 i IF SO THEN GO TO L.C.
3132 1 02630 POP AF ; ELSE GET ORIGINAL VALUE
3133 C35804 026840 JP 0458H i LEAVE TO NORMAL DISPLAY
3136 F1 02650 LOWER1 POP AF ; ELSE GET ORIGINAL VALUE
3137 DDBEO3 02660 LD L, (IX+3) ; GET CURSOR LSB INTO L
313A DDE60D4 02670 LD H, (IX+4) ; GET CURSOR MSB INTO H
3130 DASAC4 02880 JP C,048AH ; BACK TO ROM IF CARRY
3140 DD7ED5 02690 LD A, (IX+5) ; GET CURSOR CHARACTER
3143 B7 02700 OR A ; TEST IF CURSOR IS ON
3144 2801 02710 JR Z,GETCHR ; IF NOT THEN GO DO IT
3148 77 02720 LD (HL) ,A ; ELSE PUT IT BACK
3147 78 02730 GETCHA LD A,C ; GET VALUE TO DISPLAY
3148 FE20 02740 cP 20H ; IS IT A SPACE OR CNTRL?
314A DADBOS 02750 JP C,0506H ; OUT IF SPACE OR CONTROL
314D FEBO 02760 cpP BOH 7 IS IT GRAPHICS OR TAB?
314F D2AB0D4 02770 JP NC,D4A8H ; OUT IF GRAPHICS OR TAB
3152 C37D004 02780 JP D47DH ; DO UNCONVERTED DISPLAY

02790 ;

02800 ; #####F3440888800008R4RFERFFRIRIIRRIRREREIERRIRELIROEES
oscc 02810 END 06CCH ; BACK TO BASIC READY
00000 TOTAL ERRORS
24285 TEXT AREA BYTES LEFT

AROUND 3080 01460 01370
BACKUP 3087 01350 01400
BEEEEP 30E6 02140

BEEPER 3117 02420 02500
BLEEEP 3103 02310 02160 02180
CLRMEM 3052 00800 00820
CNTROL 30AC 01710 01600
DECA 307A 01130 01070
FOUND 307F 01230 00880
FREQCY 3120 02480 02480
GETCHR 3147 02730 02710

Listing Continued . . .

Creating BASIC Tokens

crude first pass; enter this line from command
level (no line number):

FOR X=17130 TO 32767 : IF PEEK(X)=178 THEN POKE X,175 : NEXT

ELSE next
This line will search through all of memory
(in a 16K machine), looking for the PRINT
token (via PEEK), and replacing it wherever it
finds it with the LPRINT token (via POKE).

There are occasional risks with this kind of
POKEing. Occasionally, a line number or part
of the BASIC line organization addresses may
have the same value as the PRINT token and
get changed with this process. You might end
up with a line like 37549 in the middle of a
nicely ordered sequence of 1000, 1010, 1020,
etc. Another possible flaw is that the value
stored as a pointer to the next BASIC line may
also correspond to the PRINT token, and get
changed. You may get into a LIST-loop or
‘lose’ some lines (at least to the eye — they are
still in there).

If a line number is wrong, merely delete the
incorrect line number and retype a new line
with the correct number. If some lines seem
lost or the LIST command keeps looping, then
temporarily reverse the process . . .

FOR X=17130 TO 32767 :

IF PEEK(X)=175 THEN POKE X,178 : NEXT

...and add a few REM statements in a line
before the error occurred. Adding statements
will alter the position of program lines in
memory, and you will probably be able to
perform the original conversion again safely.

As you can see, the tokenizing process has a
lot of distinct advantages. As a postscript,
consider the program that opened this section.
The tokens were displayed as graphics
characters. Why is this so?

Since there are only 256 possible
combinations of bits in a byte, many times they
have to serve multiple masters. In a machine
language program, these bytes can be
instructions. In a BASIC program, they are
tokenized commands. On screen — which
means in video memory — they appear as
graphics. The 26 letters of our alphabet can be
combined and recombined to form words,
sentences, paragraphs, etc., and many words
can sound alike or be spelled alike and still
have different meanings. Context changes how
words are understood.

Douglas Hofstadter played on this most
dramatically when he wrote, “This sentence no
verb”.
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Packing BASIC With Machine Code

Continued Listing
01630 01700 01730 01810 01830 01830

01050 01140

02600

R i iiiiiiiid
ADDING DEBOUNCE/BEEP/AUTOREPEAT TO EDITOR/ASSEMBLER 1.1
HEtHE IR R I R IR R R R VR R R R I
NEW EDTASM SCAN PATCH WILL USE ROM ROUTINE IN ITS PLACE
FEEEFEEERERREIEEERRI IR IR IR R R IR E IR IV ARG

4016H
068H

05DH
5DBBH
HL,4016H
(HL) ,DE3H
HL

(HL) ,03H
488AH

KEYBOARD PATCH POINT
LSB OF NEW START

MSB OF NEW START

NEW PARTIAL KBD DRIVER
FORMER KBD PATCH POINT
LSB OF ADDRESS IN ROM
GET NEXT POSITION READY
MSB OF ADDRESS IN ROM
JUMP TO EDTASM PROGRAM

FHEEEEEREIRREIEHERERI R IR ERRERI ORI RIS R RHE IR ERREE
NEW KEYBOARD SCAN IS PLACED AT FORMER SOURCE CODE START
FEFF PP R MR R EH R RR R R R BRI R ER IR IRV IR AR R T R RS

GOAWAY 30E5 02130
INKEYS 4098 00250 01000
KBPFIX 3038 00450 00350
KEYPRS 3041 00530 00730
KPLACE 401A 00270 00810 01030
LOWER 312A 02580 00370
LOWER1 3136 02650 02620
PORTFF 403D 00260 02370
RECHEK 3047 00630 01020 01120
SHIFTR 4018 00280 02200 02220
STROKE 305E 00880 00560
TABLET 30D5 02000 01880
TMWSTE 3075 01100 01100
Z0428H 30B1 01740 01510
Z0435H 308D 01800 01780
Z043DH 30C5 01840 01750
Z0443H 30CB 01880 01860
00100 ;
00110 ;
00120 ;
00130 ;
00140 ;
00150 ;
4016 00160 ORG
4016 68 00170 DEFB
4017 5D 00180 DEFB
5068 00180 ORG
5D68 211640 00200 LD
5D6B 36E3 00210 LD
5D6D 23 00220 INC
5DBE 3603 00230 LD
5D70 C3BA46 00240 JP
00250 ;
002860 ;
00270 ;
00280 ;
00280 ;
5000 00300 ORG
5000 212140 00310 LD
5D03 010138 00320 LD
5006 1600 00330 LD
5008 OA 00340 LOOPX LD
5008 SF 00350 LD
5D0A A3 00360 AND
5D0B 2018 00370 JR
500D 77 00380 LD
5DOE 14 00380 REDOIT INC
5DOF 2C 00400 INC
5D10 CBO1 00410 RLC
5D12 78 00420 LD
5D13 D680 00430 SuB
5D15 20F1 00440 JR
5D17 0807 00450 LD
5D18 2D 00460 LOOPY DEC
5D1A B6 00470 ADD
5D1B 10FC 00480 DJNZ
5D1D FEOO 00480 cpP
5D1F 3E00 00500 LD
5021 CO 00510 RET
5D22 321A40 00520 LD
5D25 C8 00530 RET
5D26 A6 00540 FOUND  AND
5D27 2810 00550 JR
5D29 3A1A40 00880 LD
sbeC 3C 00570 INC
5D2D 321A40 00580 LD
5D30 FEFF 00580 cP
5032 20DA 00600 JR
5D34 3D 00610 DEC
5D35 321A40 00620 LD
5038 7B 00630 LD
5038 73 00640 SAME LD
5D3A C5 00650 PUSH
65D3B 010002 00660 LD
S5D3E CDBO00 00670 CALL
5041 C1 00680 POP
5D42 DA 00690 LD
5043 A3 00700 AND
5044 C8 00710 RET
5D45 C5 00720 PUSH
5046 ES 00730 PUSH
5D47 Fb 00740 PUSH
5D48 0640 00750 LD
5D4A 3A3D40 00760 LD
5D4D EBFD 00770 AND
B5D4F 67 00780 LD
5050 Fe02 00796 OR
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5DO0OH
HL, 4021H
BC,3801H
D,0

BC)

(
A

,FOUND
L),A

N

WZOPOrFoO—mZmMm>
=
§

>POEPrrogal
o %; N ITO
T

NZ
(401AH) ,A

(HL)
Z,SAME

A, (401AH)
A

(401AH) ,A
OFFH
NZ,REDOIT
A

(401AH) ,A

B, 40H

A, (403DH)
OFDH

H,A

02

NEW BLOCK OF CODE

GET REPEAT STORAGE BYTE
GET FIRST ROW OF KEYBRD
ROW COUNTER REGISTER
FIND KEY PRESSED IN ROW
SAVE VALUE IN E REG.
TEST FOR PRESSED KEY
JUMP QUT IF KEY PRESSED
SAVE CURRENT KEY IN HL
INCREMENT ROW COUNTER
INCREMENT KEY STORAGE
GET NEXT ROW INTO BC
GET VALUE OF C FOR TEST
BOH IS SHIFT KEY ROW
LOOP BACK IF NOT SHIFT
NUMBER OF BUMPS TO DO
DECREMENT BYTE STORAGE
ADD TOTAL VALUE STORED
LOOP BACK FOR 7 TIMES
WERE NO KEYS PRESSED?
CLEAR ACC., NOT FLAGS
BACK TO MAIN ROUTINE
SAVE VALUE IF ZERO
BACK TO MAIN ROUTINE
TEST IF SAME CHARACTER
IF SAME, JUMP OUT ...
GET COUNTER BYTE INTO A
INCREMENT IT EACH TIME
SAVE IT AGAIN FOR NEXT
IS IT PAST FULL DELAY?
IF NOT GO BACK FOR MORE
DEC A TO OFE FOR REPEAT
SAVE THAT VALUE IN CNTR
GET ORIGINAL CHARACTER
SAVE THAT VALUE IN HL
SAVE ROW COUNTER

GET DELAY VALUE READY
CALL ROM DELAY SUBROUT.
RESTORE ROW COUNTER

GET VALUE AT ROW CNTR.
TEST IF STILL PRESSED
IF NOT THEN IT'S BOUNCE
SAVE ROW COUNTER AGAIN
SAVE STORAGE AREA

SAVE CURRENT KEYSTROKE
GET DURATION VALUE

GET STATUS OF SCREEN
CLEAR THE DATA OUTPUT

H BECOMES OUTPUT MASK
READY ACC. FOR BIT-SET

Listing Continued . . .

Packing BASIC With Machine Code

One of the most attractive aspects of
interpreted code like Level II BASIC ‘is the
hide-n-seek game you can play with it. One of the
most fruitful games is called ‘string packing’, a
technique that allows machine language
programs to be hidden inside ordinary program
lines.

It is convenient and efficient, but once it’s part
of a program, it looks very obscure. There are
three ways of creating machine-coded programs
through BASIC strings, but all depend on the
code being relocatable (see Supplement to
Chapter 4 regarding relocatable code). The three
ways are:

1. Packing the machine code into a string
on a program line, one character at a time.
This is done when the program is created.

2. Packing the machine code into a string
on a program line, one character at a time,
reading data on other program lines. This is
done each time the program is run. The
read/data lines containing the packing
information are then automatically deleted.

3. Building a string in the string variable
area from in-line CHR$() commands. The
strings are built each time the program is
run.

First, some background on strings and how to
find them. In the TRS-80, all variables can be
located with a Level II command known as
VARPTR (VARiable PoinTeR). The variable
pointer can find out a lot about variables — their
type, location, and length. In the case of string
variables, VARPTR returns a memory location
in which the length of the string is stored.

Assume AS$ is a string variable in a program
line. The statement X=VARPTR(A$) assigns
the address of the first part of the A$ story to X.
Here’s what X can reveal:

PEEK (X) ...the Length of AS
PEEK (X+1) ...the Least significant byte of where A$ is found
PEEK (X+2) ...the most significant byte of where A$ is found

These values are returned in decimal form,
because Level II doesn’t provide a hexadecimal
numbering option. To find where A$ is actually
located, then, use this formula:

AD = PEEK (X#1) + * PEEK (X+2)

Do you see what is happening here? And what
can be done with it? If you know, for example,
that A$=“XXXXXXXXXX” then you can
actually change A$ by POKEing values into the
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5052 6F 00800
5083 7D

5054 D3FF 00820
5056 7C 00830
5D57 D3FF 00840
5D58 C5 00850

5D5A 0640 00860
5D5C 10FE 00870

SDSE C1 0osso
SDSF 10F2 0o8so
5061 F1 00800
5062 E1 00810
5063 C1 00820
5D64 C30744 00830
00840 ;

LD
00810 SQUND LD

T
LD
T
PUSH
LD
DJNZ
POP
DJNZ
POP
POP
POP
JP

LA
AL
(OFFH) ,A
AH
(OFFH) ,A
BC
B, 40H
$

BC
SQUND
AF

HL

BC
4407H

7 L BECOMES QUTPUT MASK
GET BIT-SET MASK
OUTPUT IT (WAVEFORM HI)
GET BIT-RESET MASK
OUTPUT IT (WAVEFORM LO)
SAVE DURATION VALUE
GET PITCH VALUE

DELAY FOR AUDIBLE TONE
RESTORE BEEP DURATION
LOOP FOR FULL DURATION
RESTORE KEYSTROKE VALUE
RESTORE STORAGE VALUE
RESTORE ROW COUNTER
JUMP INTO EDTASM...!

00850 ; ##édedaeeisaideidibdidaddetsiseisibaititesieisetssss
00860 ; FOLLOWING PATCH NEW SOURCE CODE START & KEYBOARD SCAN
FRERFREREIRIE AR RERA R R RE AR IR IR R R R H 00080008414

00870 ;

00seo ;
46BA 00880
468A 210056 01000
4710 01010
471C 11005E 01020
4A07 01030
4A07 11005E 01040
4ADB 01050
4ADB 21005E 01060
4B50 01070
4B50 21005 01080
4038 01080
4D39 21005E 01100
4080 01110
4080 21005E 01120
5227 01130
5227 21005E 01140
43EF 01150
43EF C30050 01160

01170
5000 01180

00000 TOTAL ERRORS

#5858653685868686]

JP

30835 TEXT AREA BYTES LEFT

FOUND 5D26 00540 00370
LOOPX 5008 00340 00440
LOOPY 5D18 00460 00480
REDOIT 5DOE 00380 00600
SAME  5D38 00640 00550
SOUND 5053 00810 00880

46BAH
HL, SEOOH
4710H
DE, 5E00H
4A07H
DE, SEOOH
4ADBH
HL, 5E00H
4BS0H
HL, 5E00H
4D38H
HL, 5EO00H
4D80H
HL, SEOOH
5227H
HL,5E00H
43EFH
5DO0H

i PLACE TO PATCH END
7 NEW END OF EDTASM
; PLACE TO PATCH END
i NEW END OF EDTASM
; PLACE TO PATCH END
i NEW END OF EDTASM
; PLACE TO PATCH END
i NEW END OF EDTASM
3 PLACE TO PATCH END
i NEW END OF EDTASM
i PLACE TO PLACE END
; NEW END OF EDTASM
7 PLACE TO PATCH END
7 NEW END OF EDTASM
i PLACE TO PATCH END
i NEW END OF EDTASM
; PLACE TO PATCH KBD SCAN
; NEW KEYBOARD SCAN

01180 ; ###de##ie#ddd 880030 REREREREIERERIERERERERIRERIENE
END 5DO0H

Packing BASIC With Machine Code

address you have calculated.
Run the following demonstration program:

10 CLs

20 A$ = "MO00000000™
30 X = VARPTR(AS)

40 Q = PEEK (X)

50 AD = PEEK (X+1) + * PEEK (X+2)
60 PRINTAS

70 L = 65

B0 FOR N =1 TO0 Q
80 POKE AD,L

100 L=1L+1

110 AD = AD + 1

120 PRINT A$

130 NEXT N

140 LIST 20

A$ is created in line 20, and its information
storage area is found by X in line 30. Its length is
discovered in line 30 and assigned to variable Q;
its location is determined in line 50 (assigned to
variable AD), and it is printed in its original form
in line 60. Line 70 assigns the value 65 (an ASCII
‘A’) to variable L, and a Q-character loop is
created in line 80. The first character in A$ is
POKEd with L, i.e., changed to letter ‘A’. L is
incremented (to letter ‘B’), AD is incremented
(to the next character in A$), and the new A$ is
printed. When all characters in A$ have been
changed, it is listed. You can see that the list
itself is changed because A$ is defined and stored
right there in line 20!

As a further experiment, change the value of L
in line 70 to 129 and watch what happens (see
Box on Tokenizing for details).

Here is the point: you can create a dummy
string like A$ which will become the residence of
a machine language program. By finding A$ and
POKEing your program into it, it can be
CLOADed and CSAVEJ at will.

Now we turn to the three string-packing
methods themselves. For the sample program,
the following 20-byte routine will be used:

21 01 3C LD HL,3CO1H
ES PUSH HL

D1 POP DE

28 DEC HL

01 FF 03 LD BC,03FFH
36 20 LD (HL) ,20H
ED BO LDIR

2111 01 LD HL,0111H
CD A7 28 CALL 2BA7H
cs RET

This routine clears the screen, prepares the
message ‘RADIO SHACK LEVEL II BASIC’,
and displays it.

The first and second string-packing methods
are essentially identical, except that in the first
method, A$ is created and the program saved for
later use. The second method creates A$ at every
program run. Here is a simple BASIC program
using the routine above packed into A$:

The Custom TRS-80 67
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4FB0
4F60
4F64

4F87
AFB68
4FE6B
4FBE
4F6F
4F72
4F75
4F78

4F7B
4F7C
4F7E
AF7F
4F80
4F83
4F 85
4F 86
AFB7
4FBA
4FBC
4F80
4FBE
4F 81
4F 93
4F94
4F85
4F 88
4FSA

4F 8B
4F8C
4F 8D
4FAD
4FA2
4FAS
4FAB
4FAA
4FAC

4FAE
4FAF
4FB2
4FB4
4FB7
4FBA
4FBC
4FBE

4FCO
4FC1
4FC4
4FCE
4FC8
4FCC
4FCE

Packing BASIC With Machine Code

00210050
01FF4F

o8

DD4600
DD4ED1
D8

DDe602
DDBED3
DD5604
DDSEDS

0A

25
C2ABA4F
EED1
DDEB02
C3AE4F
FDES
FDE1
E6FF

20
C2BA4F
EED2
DDBED3
C3C04F
FDES
FDE1
ESFF

15
Caccar
EED4
DDS5604
C3D24F
FDES
FDE1

00100 ; ##FE#EEFEFREFRRRRFRERERIRERRRIREEREERIRERTIIERIRIRITIE!
00110 ; ELEMENTARY (AND SLOW) FOUR~VOICE MUSIC SUBROUTINE.
00120 ; THIS ROUTINE IS CURRENTLY SET UP FOR FOUR INDEPENDENT
00130 ; VOICES. BECAUSE OF TIMING CONSTRAINTS, VOICES ARE VERY
00140 ; LOW IN PITCH. BY USING THE FOUR SUBROUTINES ALTERNATE-
00150 ; LY FOR SOUND EFFECTS, A HIGHER SPEED CAN BE OBTAINED.
00160 ; A TEST-AND-JUMP LOOP CAN BE INSERTED FOR THIS PURPOSE.
00170 ; ALSO, AS LONG AS LABELS ARE CHANGED, VOICES CAN BE
00180 ; DROPPED FROM THE SEQUENCE, RESULTING A 50%, 100% AND
00180 ; 150% SPEED INCREASE, RESPECTIVELY. SQUARE WAVE OUTPUT.
00200 ; NOTICE ALSO THAT, WHEN VOICES ARE DROPPED, OTHER REG-
00210 ; ISTERS MAY BE SUBSTITUTED FOR IX, FOR A SPEED INCREASE.
00220 ; FURTHERMORE, CHANGING THE SPEED OF THE PROCESSOR WILL
00230 ; PROVIDE AN IDENTICAL INCREASE IN THE OUTPUT PITCH.
00240 ; ##F74#4F 4804080 RR0RiRaiiiddiiitaiiediinsibinesitineitd
00250 ;

00260 ORG 4FBOH ; :NEAR TOP OF MEMORY
00270 Lo IX,5600H ; :START PITCH & RHYTHM
00280 LD BC, 4FFFH ;  :MEMORY-MAPPED SOUND
00290 ;

00300 ; ##EFF4F4344 804400 RERFRRRRRRRIERERIRRRRIEEIRERIIINEIEE
00310 ; OUTER (INTER-NOTE) LOOP BEGINS HERE; T-STATES 212 ~ 244
00320 ; #FE4FF#4FERResodestineioiiiasiistisiiiesisstastoteneits
00330 ;

00340 LOOP1  EXX ;04:READY DURATION REGS.
00350 LD B, (IX+0) ;18:MSB OF NOTE DURATION
00360 LD C,(IX+1) ;19:LSB OF NOTE DURATION
00370 EXX ;04:STASH REGISTER AWAY
00380 LD H, (IX+2) ;18:FIRST PITCH INTO H
00380 LD L, (IX+3) ;189:SECOND PITCH INTO L
00400 LD D, (IX+4) ;19:THIRD PITCH INTO D
00410 LD E, [IX+5) ;19:FOURTH PITCH INTO E
00420

00430 ; ##4FFFFFEFRseiasiiiiasiiisiditeisiesdineediteesiisesies
00440 ; EACH VALUE ACOUIRED FROM IX IS TESTED TO SEE IF IT IS 0
00450 ; AND THE VOICE IS TURNED OFF IF IT IS (DEFINING A REST].
00460 ; #E####4044 030440000 0aRitiiiiitioiiiiteisiiessiisesess
00470 ;

00480 LD A, (BC) ;07 :READY TO TWEAK MEM
00480 AND OFH ;04:TURN ALL VOICES ON
00500 INC H ;04:BUMP VALUE; REST TEST
00510 DEC H ;04:BUMP VALUE; REST TEST
00520 JpP NZ ,REST1 ;10:0NLY 00 DEFINES REST
00530 SET 4,A ;08:SILENCE VOICE IF REST
00540 REST1  INC L ;04:BUMP VALUE; REST TEST
00550 DEC L ;04:BUMP VALUE; REST TEST
00560 JP NZ ,REST2 ;10:0NLY 00 DEFINES REST
00570 SET 5,A ;0B:SILENCE VOICE IF REST
00580 REST2  INC D ;04:BUMP VALUE; REST TEST
00580 DEC D ;04:BUMP VALUE; REST TEST
00600 JpP NZ,REST3 ;10:0NLY 00 DEFINES REST
00610 SET 6,A ;08:SILENCE VOICE IF REST
00620 REST3  INC E ;04:BUMP VALUE; REST TEST
00630 DEC 3 ;04:BUMP VALUE; REST TEST
00640 JP NZ ,REST4 ;10:ONLY 00 DEFINES REST
00650 SET 7,A ;08:SILENCE VOICE IF REST
D0BE0 REST4 LD [BC) ,A ;07 :SET VOICES ON OR OFF
00670 ;

00680 ; #F#FFFEFEFFERERsseiieeisiieis it oo saibiasisiisssiineins
00690 ; DECREMENT H,L,D,E (WAVEFORM DURATION FOR EACH VOICE)...
00700 ; NEEDED EACH TIME THE WAVEFORM IS TOGGLED DURING LOOPS..
00710 ; ...INNER LOOP BEGINS HERE. T-STATES STRICTLY EQUAL 246
00720 ; MEANING MAXIMUM FREQUENCY IS APPROXIMATELY 1770000/246
00730 ; OR 7195.1 HZ. USEFUL FREQUENCIES ARE CONSIDERABLY LESS.
00740 ; ##4#4# 4848 isdbiiiibaadiitapiiiiediaseiseiesseiieesss
00750 ; BEGIN PITCH AND RHYTHM COUNTDOWN LOOPS

00760 ; FEEeedesesssseeasstiasidsaeiintoeiisiiesaseissstisettss
00770 ; COUNT DOWN THE PITCH LOOP FOR VOICE NUMBER ONE
00780 ; ##FEFEE#E#aaarobrtibassitseseoibsssisaetieesinesteeess
00790 ;

00800 LOOP2 LD A, (BC) ;07 :WHAT WAVE IS LURKING
00810 DEC H ;04:COUNTDOWN FREGUENCY 1
00820 JpP NZ,EXIT1 ;10:SAME WAVE IF NOT O
00830 XOR 1 ;07 :TOGGLE WAVEFORM BIT 1
00840 LD H,[IX+2) ;19:RESTORE PITCH VALUE
00850 JP EXIT1A ;10:JUMP PAST TIMEWASTERS
00860 EXIT1  PUSH 1Y ;15:WASTE 15 T~STATES
00870 POP Iy ;14:WASTE 14 T-STATES
00880 AND OFFH ;07 :WASTE 7 MORE' T-STATES
00890 ;

O0S00 ; ##E#FR#¢EFFRF0C0RFIURRRPRPRRRERBUORPRRUBOeeROREestoseid
00910 ; COUNT DOWN THE PITCH LOOP FOR VOICE NUMBER TWO
00920 ; F#FE#Fesiedbddssdsiereissiiesssdbeiviniesessdodesiinstss
00830 ;

00840 EXIT1A DEC L ;04:COUNTDOWN FREQUENCY 2
00950 JP NZ,EXIT2 ;10:SAME WAVE IF NOT O
00960 XOR 2 ;07:TOGGLE WAVEFORM BIT 2
00870 LD L, (IX+3) ;19:RESTORE PITCH VALUE
00880 JP EXIT2A ;10:JUMP PAST TIMEWASTERS
00880 EXIT2  PUSH 1Y ;15:WASTE 15 BANANAS
01000 POP 1Y ;14:DRUM FINGERS ON 14
01010 AND OFFH ;07 :USELESS ARITHMETIC
01020 ;

01030 ; FFE#FEFEERFEEaastiarerassisbesiiassbiiootisesssedesnss
01040 ; COUNT DOWN THE PITCH LOOP FOR VOICE NUMBER THREE
010:0 R oo
01060 ;

01070 EXIT2A DEC D ;04:COUNTDOWN EREQUENCY 3
01080 JP NZ ,EXIT3 ;10:SAME WAVE IF NOT O
01080 XOR 4 ;07 :TOGGLE WAVEFORM BIT 3
01100 LD D, (IX+4) ;19:RESTORE PITCH VALUE
01110 JP EXIT3A ;10:JUMP PAST TIMEWASTERS
01120 EXIT3  PUSH 1y ;15:SCRATCH LEFT HAND
01130 POP 1Y ;14:SCRATCH RIGHT HAND

Listing Continued . . .
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5 POKE 16553,255 : REM OPTIONAL LINE
10 PRINT"THE PROGRAM IS RUNNING"

20 A$ = "12345678801234567890"

30 X = VARPTR (AS) : Q = PEEK (X)

40 AD = PEEK (X+1) + 256 * PEEK (X+2)
50 FOR N =1 TO @ : READ A

60 POKE AD,A : AD = AD + 1 : NEXT

70 HB = PEEK (X+1) : POKE 16526 ,HB

80 LB = PEEK (X+2) : POKE 16527,LB

80 INPUT"ENTER TO RUN M/L";Z

100 M$ = USR (0)

110 DATA 33,1,60,228,208,43,1,255,3,54
120 DATA 32,237,176,33,17,1,205,167,40,201

Line 5 is optional if you have an early ROM set,
where data reads could RESTORE after every
READ. Line 20 contains the string to be packed,
and, as before, lines 30 and 40 identify the
string’s length and location. The data is read and
POKEAd into place sequentially by lines 50 and
60.

Finally, lines 70 and 80 identify the beginning
of the string and place it in the USR(X) entry
points at 16526 and 16527. The program pauses
for user input in line 90, and then jumps to the
packed routine.

After the program has been run, list it. Note
that A$ is now packed with new information
replacing the string ‘12345678901234567890’.
The first string-packing method saves space by
deleting lines 40 through 60, 110 and 120, which
have done their work. The program is then
CSAVE(, and can be loaded and run at any time.
The second string-packing method leaves all
lines intact so that any future users may modify
them as necessary.

There are a few disadvantages to this method
of string packing. First of all, two machine
language instructions or pieces of data may not
be used directly: 00 and 22. 00 tells a BASIC
program it has found the end of a program line;
two 00’s in a row indicate the end of the program.
22 is the quotation mark symbol, and will inform
the program that the string has ended; a 7SN
ERROR will then be produced in the rest of the
line.

A second difficulty is that the line containing
A$ may not be edited. This is because when a line
is edited, it is placed from the LIST into a buffer
that acts exactly like the keyboard buffer; the
bytes within the quotes are then converted into
the individual letters. For example, code (178) is
a machine command which also is the BASIC
token for PRINT; when listed, it comes up on the
screen as PRINT. Editing the line puts
P-R-I-N-T in the edit buffer; but since it is
within the quotation marks, it is not tokenized.
The result? The string now contains five ASCII
characters where it once contained a machine
language instruction!
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4FDO0 EGBFF 01140
01150
011860
01170
01180
01180
4FD2 1D 01200
4FD3 C2DEA4F 01210
4FD6 EEOB 01220
4FD8 DD5SEODS 01230
4FDB C3EA44F 01240
4FDE FDES 01250
4FEOQ FDE1 01260
4FE2 EGBFF 01270
01289
01280
01300
01310
01320
4FE4 D2 01330
4FES DS 01340
4FE6 0B 01350
4FE7 78 01360
4FE8 B1 01370
4FES DS 01380
4FEA C28B4F 01380
01400
01410
01420
01430
01440
01450
01460
01470
4FED 110600 01480
4FF0 DD18 01480
01500
01510
01520
01530
01540
4FF2 DD7EOD 01550
4FFS B7 01560
4FF6 CB 01570
4FF7 3A4038 01580
4FFA B7 01580
4FFB CAB74F 01600
4FFE C8 01610
01620
01630
01640
osccC 01650

00000 TOTAL ERRORS

M =e v we we we

AND OFFH ;07 :CHECK KITCHEN CLOCK
L R e R e ]

COUNT DOWN THE PITCH LOOP FOR VODICE NUMBER FOUR

LR e s s R R s E T
XIT3A DEC E ;04:COUNTDOWN FREQUENCY 4
JP NZ ,EXIT4 ;10:SAME WAVE IF NOT O
XOR 8 ;07 :TOGGLE WAVEFORM BIT 4
LD E,(IX+5) 719:RESTORE PITCH VALUE
JP EXIT4A ;10:JUMP PAST TIMEWASTERS
EXIT4 PUSH Iy 715 :WATER NASTURTIUMS
POP 1y . 714:PICK 14 ZUCCHINI
AND OFFH ;07 :MIX APPLES AND ORANGE

i
i
i
i

i
EXIT4A LD

FEFERFEARRERERRPAERER NI IRERI IR IR IR
CHECK FOR END OF NOTE DURATION; GET MORE NOTES IF DONE
FERREEAERRERRERRERR PRI RN PR ER R IR bR RRRER iR bR IiNd

(BC) ,A ;07 :0UTPUT NEW WAVEFORMS
EXX ;04:GET STASHED DURATION
DEC BC ;06 :COUNT DOWN DURATION
LD A,B ;04:SET UP B FOR TEST
OR Cc ;04:CHECK AGAINST C
EXX ;04:STASH DURATION AGAIN
JP NZ,LO00P2 ;10:60 BACK TIL NOTE END

R R e R e sl
MOVE ALL POINTERS PAST CURRENT BATCH OF NOTES/DURATIONS
...THIS IS THE REMAINDER OF OUTER LOOP, T-STATES = 80,
TOTAL T-STATES OF QUTER LOOP = BO + 244 = 324, WHICH IS
ABOUT 2 OF THE MAXIMUM CYCLE FREQUENCIES (.0002 USEC).
PEERREFRRERRRSR RN IR IR I IR

LD DE,6
ADD IX,DE

;10 :MEMORY POS'NS TO MOVE
;15:MOVE 8 PLACES FORWARD

FERRRRERRRRRRR PR RRAR IR RN PR AR R PRI
CHECK FOR END OF PROGRAM CODE (00) OR DEPRESSED BREAK
FERPFERPERIRE IR I PR R RRERRRR R R IR R AR RNy

LD A, (IX+0) ;19 :NEXT NOTE DURATION

OR A ;04:SET END-OF-MUSIC FLAG
RET z ;05:BACK TO BASIC IF DONE
LD A,(3840H) ;13:TEST BREAK KYBD ROW
OR A ;04:SET FLAG FOR KEY TEST
JP Z,L00P1 ;10:CONTINUE PIECE IF OK
RET ; :TO BASIC IF BREAK

R R R e R A R ]

END 06CCH ;i :READY AFTER SLASH

The last method of string packing is capable of
overcoming both these flaws.
listing below:

10 PRINT"THE PROGRAM IS RUNNING"

20 A$ = CHR$(33) + CHR$(1) + CHR$(60) +
CHR$ (229) + CHR$(208) + CHR$(43) +
CHR$ (1) + CHR$(255) + CHR$(3) +
CHR$ (54) + CHR$(32) + CHR$(237) +
CHR$ (176) + CHR$(33) + CHR$(17) +
CHR$ (1) + CHR$(205) + CHR$(167) +
CHR$(40) + CHR$(201)

Examine the

Packing BASIC With Machine Code

30 X = VARPTR (AS)

40 POKE 16526, PEEK (X+1)

50 POKE 16527, PEEK (X+2)

60 INPUT "ENTER TO RUN M/L";Z
70 Ms = USR(D)

This time, A$ has been defined in the BASIC
variable area using CHR$(). In other words,
because A$ is no longer defined within the
program line, any value may be used in the
machine language program. Hybrid strings can
also be used, as:

A$ = "1234567890" + CHR$(0) + "12345" + CHR$(34)

This method uses both the POKEing via
READ-DATA statments, plus concatenation
with 00 and 22 where necessary. Once again, A$
is stored in the variable area, and none of the 00’s
or 22’s affect the BASIC program. As a final
amusement, RUN listing 3-(?) above, then
PRINT AS$. The A$ in listing 3-(?) and the A$ in
this listing both contain identical machine code.
RUN listing 3-(?) again. LIST line 20. Now
PRINT AS$. The answer is up to you.

String-packing will likely become a very
important addition to your library of BASIC
tools. Here, then, is a summary of the
string-packing technique:

1. Write the BASIC program.

2. Create a dummy string of any unused

variable name (for example,
A$=“LOONIETUNES”

3. Make the string the exact length of your
machine language program.

4. Write a program line that sets another
variable to point to the string’s variable
information.

For example, X = VARPTR(AS$).

5. Find the starting address of the string by
converting the decimal bytes into a single
decimal value.
AD = PEEK(X+1) + 256 * PEEK (X+2).
6. Create a set of READ and DATA lines in
your BASIC program which will POKE the
machine language program into place in the
dummy string. (For example:

Line # FOR N = AD TO AD+3 :

Line # DATA 33, 16, 16, 204
7. Set the USR(0) entry point at 16526 and
16527 to the beginning of the string variable
storage address (for example, PEEK (X+1)
and PEEK (X+2), respectively.

8. If you wish, delete the READ, DATA and
POKE loop lines used for that routine.
CSAVE the program.

READ L : POKE N,L : NEXT
)
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0000
0003
0004
0005
00086
0007
ooos
oooc
000E
0010
0011
0013
0015
0017
0018
001A

0000

CD7F0DA

Sound-Effects Generation

00100
00110
00120

00130 ;
00140 ;

00150
00160
00170
00180
00180
00200
oo210
00220
00230
00240
00250
00260
00270
00280
00280
00300
00310
o0o32o0
00330

00000 TOTAL ERRORS

LooP

70

0005 00180

Sound-Effects Generation

The essence of sound generation has already
been sneaked in: the audible beep in the
keyboard routine at the beginning of this
Chapter. Sound has been something of a
mystery, but there could hardly been a simpler
machine language program. Try this
experimental program with the tape recorder
running in record mode (the motor plug
removed), and a cassette in place:

10 FORX=1T02000:0UT255,0:0UT255,255 :NEXT

In order that this program can operate at top
speed, make sure you do not use spaces, and keep
the program on one line. You’'ll hear the tape
relay clatter and see the screen jitter. Now play
back the short segment of tape you recorded.
There is a buzzing on that tape, similar in pitch to
the buzzing of the cassette relay. What does all
this mean?

It is quite simple. There is an electronic switch
inside the TRS-80 which controls several
activities: whether the screen is in 64 or 32
character mode, whether the cassette relay is on
or off, and whether the cassette data output is
‘on’ or ‘off’.

I've put on and off in quotation marks for a
reason: which video mode is used and whether
the cassette motor is on or off are examples of
states or conditions. But in audio terms, the
latter output represents very swift sound wave
transitions, not on or off conditions. In other
words, the transition from on to off or from off to
on can be heard as only a slight click; but many of
them in quick succession sound like a buzz; in
even faster succession, they become actual
pitches.

 FRERRERRRRRRR AR R RRRE RN ERRR RN R R iR Rt R R R0 R e
; SINGLE-VOICE MUSIC SUBROUTINE FOR USE WITH CASSETTE
i OUTPUT PORT CAN BE EMBEDDED DIRECTLY IN A BASIC STRING
R R R R R R R R R AT 2 ]
CALL 0A7FH ; ACCEPT BASIC VARIABLE
PUSH HL i STASH BASIC VARIABLE
POP BC ; TRANSFER VAR. TO BC
LooP PUSH BC ; SAVE OUTER LOOP VAR.
LD 8,C i GET MSB FOR TONE
DJNZ $-0 i AND DELAY THAT TIME
LD A, (403DH) ; GET SCREEN STATUS
OR 2 ; AND SET BIT ONE
ouT (OFFH) ,A ; OUTPUT PART OF WAVE
LD B,C i GET VARIABLE AGAIN
DJNZ $-0 ; DELAY WHILE WAVE HIGH
AND OF DH ; AND SET OTHER BIT HIGH
ouT (OFFH) ,A ; TO DO OTHER WAVE HALF
POP BC ; RESTORE OUTSIDE VALUE
DJNZ LoopP ; AND LOOP BACK FOR FREQ.
RET i 60 BACK TO BASIC
i
H 0'Illl;:s'll'"0Ollllll'l"0'llOllllllilllllll"'lllll!

00280

Chapter 3

The single-line BASIC program, short though
it may be, cannot move fast enough to produce
pleasant tones or dramatic sound effects. For
that you must turn to machine language for its
speed. Listing 3-(?) presents a complete sound
subroutine with ten sample sounds built in.

Listing 3-(?) presents a different sound
subroutine which accepts values passed from
BASIC.

Again, each program has an advantage. The
first allows you to tailor specific sounds and their
durations and repetitions with care; the second
lets you develop many different sounds easily,
directly from BASIC, without altering the
machine subroutine already in place.

What’s in a List?

Often it’s reassuring to be able to give your
program to others without having to worry about
gratuitous examination of your code, and finding
your own, carefully developed techniques in
someone else’s product. The easiest thing to do,
then, is UN-LIST the program.

Actually, the program still LISTS, but can’t be
seen; and the program still LLISTSs, but uses a
whole sheet of paper for each line. In either case,
it’s a discouragement if you’ve got some code you
like. And protecting just a few lines might give
the impression that’s all there is to your program
— a psychological ploy.

The trick is to add two bytes to the end of the
program: the command to ‘Home Cursor’, and
the command to ‘Form-Feed’. Here are a few
normal program lines:

0 REM&&

1 CLS:PRINT:PRINT:PRINT"CHANGING...":X=17128 :REM&&
2 X=PEEK(X)+256*PEEK(X+1) :PRINTX"... ";:REM&&

3 IFX=0THEN10ELSEPOKEX-2,28 :POKEX-3,12:60T02:REM&&
10 PRINT:PRINT"THIS IS A TEST ";:REM&&

20 PRINT"OF A TECHNIQUE TO KILL";:REM&&

30 PRINT"THE FEATURE THAT LISTS";:REM&&

40 PRINT"OR LLISTS THE PROGRAM.":REM&&

50 PRINT"THE PROGRAM HAS NOW BEEN CHANGED":REM&&
60 PRINT"A COMPLETE LIST FOLLOWS....":REM&&

70 LIST:REM&&

B0 REM&&

This process uses four bytes per line (colon,
REM, two ampersands), and diminishes the
usable characters per line by six, but if you have
the memory and think you need a little
protection, this is a way to go. Delete lines 1, 2
and 3, and save the program. When LIST is
commanded, nothing will list on the screen but
two REM lines (0 and 80). The program will
require nine sheets of paper to LLIST.



Autoexecute BASIC Programs

U0100 ; ##6##E##58444E0RREEFEEERIREEFIRREREREERIREEIIEREEEEEE

00110 ; BASIC AUTOEXECUTION ROUTINE PATCH FOR LEVEL II BASIC Autoexecute BASIC Programs

00120 ; #####EEEE4EEEEEREEEEEREREEIEIEREIEEEIRERERIEEERIIIIINE . .

1078 00140 BYTE ~ EQU  1D78H ; INTERPRETER CALL ADDR. One of the pleasures of disk operating systems

00150 ; . s

00160 ; FEHHHHEEHEREHB IR ) is the ability to load agd dl'un pr.olfr:ms

a0 i N i n be done with tape
7F00 00180 ORG  7FOOH ; RELOCATE IF DESIRED automatically Thls ca p
7F00 2A0440 00180 START LD HL, (4004H) ; GET INTERPRETER PATCH systems as well, simply because all the Level II
7F03 22587F 00200 LD (RETURN) , HL ; CHAINING PROCESS HERE 5 . .
7F06 210F7F 00210 LD HL,ENTRY ; ENTRY OF AuToa(Ecu;ng BASIC operations are organized as subroutlm’els‘;.
7F08 220440 00220 LD (4004H) ,HL ; PATCH INTO INTERPR 1 it ane e, -
7FOC C3CCO6 00230 JP 06CCH ; RETURN TO BASIC READY Ar;y one tmay be cal te}i’:n y

00240 ; autoexecute a program :

00250 ; FHERHEHEREEHIEIBEREIEEREREHIREREEHEREIEEIERERE RIS p 2

00260 ; CHECK FOR STATUS OF INTERPRETER (MUST BE AT 1DS5BH) 1. The SYSTEM command must be entered

00270 ; #éé#ssssseddissssiditsptssttiisttedtiiasseaiiisstssins : .

00280 ; and the load begun in this mode.
7FOF E3 00280 ENTRY  EX (SP),HL ; GET RETURN ADDRESS )
7F10 70 00300 LD A,L § EET oo JWlg & . 2. The SYSTEM tape must load over its
7F11 FESB 00310 cP 5BH ; CHECK LSB OF 1D5 . . .
7F13 2003 00320 JR NZ,NOTRDY ; 60 OUT n; Ng:m AT [1; D5B own return point so that it can begin
7F15 7C 00330 LD A ; GET MSB INTO A REG. . .
7F18 FE1D 00340 cP 10H ; CHECK MSB gF 102?:10" execution automatically.
7F18 E3 00350 NOTRDY EX (SP),HL ; RETURN STACK PO
7F18 C2577F 00360 JP NZ,AWAY ; BEGONE IF NOT IDSBH 3. The SYS}:EXIDprOgr?m l(;.aded must‘

00370 3 routine, first preparin

00380 ; #####4#eoedetiessttttisesssttssssststsssssssittststisss CALL the C : 24 prep g

00390 ; COMPARE PRESENT LINE POSITION WITH CLOAD (TOKEN BS) 5 the stack to return to itself instead of

; # FEEEREEREEERRERRIEERERERREEERRREEIIENE

gg:ﬁ)g ; FEEEREEREEERREEE cormand level.
7F1C CD7810 00420 CALL  BYTE ; GET NEXT BUFFER CHAR.
7F1F F§ 00430 PUSH  AF i g‘é‘E’Elgﬁgiag #gﬁg“- 4. Upon return, the SYSTEM program must
7F20 FEB9 00440 cP 0BSH ; .
7F22 2804 00450 JR Z,CLOAD i SPECIAL ROUTINE IF 50 prepare the stack once again for return t(})1
7F24 F1 00480 POP AF ; RESTORE PRESENT ACCUM. : nil fimb Lo the
7F25 28 00470 DEC HL ; RESTORE HL POINTER normal Leyel IT operation, and jump
7F26 182F 00480 JR AWAY ; OUT TO NORMAL MODE RUN routine.

00490 ;

00500 ; ####e#sedidiessstdeeiasssitidsseiitissssiiaitsssssoiss rocess is straizhtforward with one

00510 ; IF CLOAD TOKEN IS FOUND, EXECUTE CLOAD PROCESS, BUT The' P BULIOL .

00520 ; FIRST INTERCEPT KEYBOARD SCAN (CRUDE WAY OF DOING IT) exception: the CLOAD routine is terminal. That

00530 ; TO GRAB PROGRAM ON ITS WAY BACK TO A READY CONDITION i 3

00540 § #EEHEEEHIHEHIIEIEREREREMERERERERIRERIRIRERERERERERES 1s, 1t forcesba ll'etum to C(;Immand le(;’:;l upon

00850, ; mpletion by clearing out the return address on
7F28 F1 00560 CLOAD POP  AF ; CLEAR STACK OF AF REG. comp. y g ) S h
7F29 21640 00570 LD HL, (4016H) i GET m;:ﬁgg; :E:HB;TESMN the stack. It means that a program which might
7F2C 22557F 00580 LD (STORE) ,HL ; SAVE g o =5
7F2F 21427F 00590 LD HL,BYP?SS ; gﬂc:MfuN-?OD:Em;I:EACE :ave been -“’l'ltteg l;’l llttle more thar;! a dOieE
JESR C10A0  -D060d LD LAeaH]HL 4 es must instead play some memory hopscotc
7F35 21E941 00610 LD HL, 41ESH ; POINT TO BUFFER LOC'N .yt play y hop
7F38 3600 00620 LD (HL) ,00 ; PLACE END OF LINE CMD. first.
7F3A 2B 00630 DEC HL ; BUMP HL BACK TO START ‘ ) ) o
Jrap seas D084 Ly 470881 i- SEL CLOAY VALLE Before turning to this loading routine itself,
7F3D D8O 00650 SUB 80H ; STRIP OFFSET VALUE ; heh fthe aut
7F3F C3651D 00660 JP 1D65H ; BACK TO EXECUTION ROUT. here is a look at the heart of the autorun sequence

o i = i ! Enter any short

O0BBO ; ####eE#EREREREEEREREREREREIMERERERERERERERERERERERERERE itself — a mere thfrteen bytes! E te y

00690 ; CLDAD ABOVE WILL EXECUTE, RESET THE STACK, AND ATTEMPT BASIC program first, then the routine below:

00700 ; TO RETURN TO A READY CONDITION. AT THIS POINT, THE

00710 ; KEYBOARD DRIVER INTERCEPT WILL REDIRECT THE PROCESSOR

00720 ; TO THE BYPASS ROUTINE BELOW, WHICH WILL AGAIN SET UP 5000 21 EB 41 LD HL,41EB

00730 ; THE BUFFER, REPATCH THE KEYBOARD DRIVER, AND RUN. 5003 36 BE LD }EEL) ,BE

00740 ; ####E#EREEEREEEEEEEEEREREREREERIEEEIIRERERIIRRERIERIRE 5005 23 INC )

00750 ; 5006 36 00 LD ;HL ,00
7F42 2A557F 00760 BYPASS LD HL, (STORE) ; GET BACK KEYBRD SCAN 5008 gﬂ g:g nt
7F45 221640 00770 LD (4016H) ,HL ; PUT BACK INTO PLACE 5008 B o e e
7F48 21EB41 00780 LD HL,41EBH ; GET BUFFER LOCATION 500A c3
7F4B 36BE 00780 LD (HL) ,BEH ; GET RUN COMMAND TOKEN ) )
e s bl 3 BN U DU Koe From BASIC, you can put this program in
7F4E 3600 00810 LD (HL) ,00 ; CLOSE OFF THE BUFFER . ¢ :
7F50 28 00820 DEC  HL j BUMP BACK IN BUFFER... place with the following lines from command
7F51 2B 00830 DEC HL i ...TO THE RUN COMMAND level:
7F52 C35A1D 00840 JP 1D5AH ; AND THEN EXECUTE IT evel:

00850 ;

00BE0 ; #####ssestd#asiesettsesssatiteeisiitssietttissssines _ . o & \POKERE. 380 % PokEeiE 1

00870 ; THE FOLLOWING FOUR BYTES ARE TEMPORARY KEYBOARD STORAGE ’go?ggg 64"?"3.‘%“;'241 : POKEX+S,38 & POKEX"S, 54 :

D0BBO ; #######eee#44040E4E4EERERMIEREREEIIREEREEEEERIIERIREE '

00880 ; POKEX+7,0 : POKEX+8,43 : POKEX+8,43 : POKEX+10,185 :
7F55 0000 00300 STORE DEFW 000D ; TEMPORARY TWO-BYTE AREA POKEX#11,80 : POKEX+12,29 ENTERS.
7F57 €3 00910 AWAY  DEFB  OC3H ; JUMP COMMAND IN PLACE
7F58 781D 00820 RETURN DEFW  1D78H ; ORIGINAL VALUE CHANGES o . )

00830 ; - Savial v TTnd 5T FENT This simple routine sets the HL register to
7F00 00840 END ; . i
00000 TOTAL ERRORS point to the usual beginning of the keyboard
W i) ool input buffer, puts an 8E (the RUN command

AVAY  7F57 00810  UD360 00480 , X

il 3 Lo value) into that place, bumps the register one
BYTE 1078 00140 00420

CLOAD 7F28 00560  U04S0 place forward, and puts a zero .there. The HL
iy ok e e register is bumped back to just before the
RETURN 7F58 00S20 00200 beginning of the keyboard buffer, and the
START 7FOU 00180 00840 . ; :

STORE 7F55 00800 00580 00760 execution routine at 1D5A is entered.
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06CC
1078
1897

o000
0003
0005
ooos
ooos
ooos
000E
0011

0013
0014
0017
0018
oo1cC
001D
001F
oo22
oo23
o024
0025
ooa27
002A
oo2s
0020
0030
0031
0034

0036
0037
0038
003C
003D
003F
0042
0043
0044
0045
0048

0048
004A
0048
oo4c
004E
004F
0052
0053
0054
0055
0056
0057
0058
005A
0058
00sC
00SE

005F

0062
0065
0067
0068
0068
o0osC
006F
0071
o073
0075
0078
o078
007A
oo7cC
007E
0080
oost
0083
0085
o087
ooss
008BA
oosc
00BE
0080
0081

72

Machine Language Monitor

cD7810
FE22
c28718
ES
FDE1
CDFBOO
cbDCcso1
184C

7A
21403C
EBFO
CDE200
7A
E6O0F
copsoo
77

23

7B
E6FO
CDE200
78
EBOF
copsoo
77
21803C
0610

0610

18
10FD
a1
21C03C
1A

77

cD1300

3A4038
FEO4
2006
FDES
E1
C3CCcos
FE10
2007
0610
18
10FD
1848
FEOB
2007
0610
13
10FD
1840
FE20
2003
1B
1838
FE40D
2003
13
1832

00100

00110 ;

op120
00130
00140
00150
00160

00170 ;

0p180
00180
oo200
ooz210
00220
00230
00240
00250
00260
00270
00280
00280
oo3oo
00310
00320
00330
00340
00350
00360
00370
00380
00380
00400
00410
oo420
00430
00440
00450
004860

00470 ;

00480
00480
oosoo
00510
00520
00530
00540
00550
00560
00570
00580
00580
00600
00610
oos20
00630
00640
00650
00660
00670
00680
00880
00700
00710
00720
00730
00740
uo750
00760
00770
00780
00780
ooso0

00810 ;
00820 ;

00830
ooB4o
00850
00860
oos70
ooss0
ooeso
oosoo
00810
00820
00830
00840
00850
00860
00870
00980
00980
01000
01010
01020
01030
01040
01050
01060
01070
01080
01080
01100

P A A R A A A d e
MINIATURE MACHINE-LANGUAGE MONITOR DISPLAYING HEX/ASCII
R R s iidd

READY EQU O0BCCH ; RETURN TO READY INTACT
BYTE EQU 1D78H ; ROM READ KEY & TOKENIZE
SYNERR EQU 1987H ; ENTRY POINT TO SN ERROR

; BERERREAERRER PR ERRE IR PR ERR RN R RIRRRRRRRERIERRRERE}
GET REST OF DATA AND CONVERT

OPENER CALL BYTE ; NEXT CHARACTER IN LINE
cP 22H ; I8 IT A QUOTE MARK?
JP NZ ,SYNERR ; OUT TO ERROR IF NOT
PUSH HL ; SAVE LINE POINTER
POP 1Y ; STASH POINTER IN IY
CALL XX88 ; CONVERT CHARS TO HEX
CALL 01C8H ; CLEAR SCREEN (ROM CALL)

JR NEXTS8 JUMP PAST SUBROUTINES
H 00l'l'l##00000lOlllO"lllll’!"lliil"!lll"i'llill‘lll
; GET 16 SCREEN POSITIONS READY (10H)

CONTNT LD A,D ; GET ADDRESS LOW BYTE
LD HL,3C40H ; GET SECOND SCREEN LINE
AND OFOH ; MASK OUT LOW BITS
CALL RRRRS ; ROTATE/DISPLAY ROUTINE
LD A,D ; GET ADDRESS LOW BYTE
AND OFH ; MASK OUT HIGH BITS
CALL HEXASC ; CONVERT WORKS TO ASCII
LD (HL) ,A ; DISPLAY THE CHARACTER
INC HL ; NEXT SCREEN POSITION
LD A,E ; GET HIGH BYTE
AND OFOH ; MASK OUT LOW BITS
CALL RRRRS ; ROTATE/DISPLAY ROUTINE
LD AE 7 GET HIGH BYTE AGAIN
AND OFH ; MASK OUT LOW BITS
CALL HEXASC ; CONVERT HEX TO ASCII
LD (HL) ,A ; DISPLAY THE CHARACTER
LD HL,3CBOH ; GET NEXT SCREEN ROW
LD B, 1UH GET 16 VALUE INTO B

H lil'Iil'l'l!lll‘lOllllllllitllll'lll!lfll0"00'0!'00'00
DISPLAY CONTENTS OF ADDRESS CHOSEN

CONTO2 LD A, (DE) 7 GET VALUE AT ADDRESS
AND OFOH 7 MASK OUT HIGH BITS
CALL RRRRS ; CONVERT/DISPLAY ROUTINE
LD A, [(DE) ; BET VALUE AT ADDRESS
AND OFH ; MASK OUT LOW BITS
CALL HEXASC ; CONVERT CHAR TO ASCII
LD (HL) ,A ; DISPLAY THE CHARACTER
INC HL 7 GET NEXT SCREEN POSN.
INC HL ; GO ONE PLACE MORE
INC DE ; GET NEXT ADDRESS LOCN.
DJ CONTO2 FULL 16 BYTES DISPLAYED

H ’lfll'l'llllll'!'l'llllllil"l"lf!"'ll'lllll!"llll"
; DISPLAY ASCII VALUES TO0O

LD B,10H ; GET 168 TIMES IN B REG.
LD c,B ; SAVE IT IN C FOR USE
DEC DE ; GET NEXT LOWEST ADDRESS
DJNZ $-1 ; DECREMENT BACK TO START
LD 8,C ; BET 16 TIMES IN B AGAIN
LD HL,3CCOH ; GET NEXT LINE OF SCREEN
BBBA LD A, (DE) ; GET CONTENTS OF ADDRESS
LD (HL) ,A ; DISPLAY EXACTLY A8 IS
INC HL i GET NEXT SCREEN LOCN.
INC HL 7 BET NEXT AFTER THAT
INC HL ; VISUALLY MATCHES HEX
INC DE ; GET NEXT ADDRESS TO SEE
DJNZ BBBA ; DO IT FOR 16 ADDRESSES
LD B,C ; GET 16 INTO B AGAIN
DEC DE ; 60 BACK TO PREVIOUS
DJNZ $-1 ; AND BACK TO BEGINNING
RET DONE WITH DISPLAY ROUT.

H ll"l'l!'lll!'lllflilllllIl'llll"l'lllll'lll"l‘ll'l'l
; SCAN KEYBOARD FOR EDIT SEQUENCE

NEXTS88 CALL CONTNT ; FIND WHICH KEYS PRESSED
FEEEREPEERRRRRERRRIERRRERRRARISISIRIEIR IR IRIRII I IS

SCAN KEYBOARD FOR BREAK, ARROWS

EDITOR LD A, (3B40H) ; GET BREAK, ARROWS ROW
cP 4 ; I8 IT BREAK KEY?
JR NZ ,ARROW ; IF NOT TEST FOR ARROW
PUSH 1y ; ELSE RETRIEVE LINE PTR.
POP HL ; SWITCH BACK INTO HL
JP READY ; BACK TO BASIC READY

ARROW CcP 10H ; BEGIN ARROW COMPARES
JR NZ ,AAAA ; 60 IF NOT DOWN ARROW
LD B,10H ; GET B READY WITH 16
DEC DE ; G0 BACK IN MEMORY
DJNZ $-1 ; DO IT FOR 16 TIMES
JR STNDRD ; DONE NOW; 60 OuT

AAAA cp 8 ; CHECK IF UP ARROW
JR NZ ,AAAB ; G0 OUT IF NOT UP ARROW
LD B,10H ; GET 16 PLACES READY
INC DE i GET NEXT MEMORY LOCN.
DJUNZ $-1 ; DO IT 18 TIMES IN ALL
JR STNDRD ; DONE NOW; GO OUT

AAAB cp 20H ; CHECK IF LEFT ARROW
JR NZ ,AAAC ; 60 OUT IF NOT LEFT
DEC DE ; GET PREVIOUS MEM. LOCN.
JR STNDRD ; DONE NOW; G0 OUT

AAAC cP 40H ; CHECK IF RIGHT ARROW
JR NZ ,AAAD ;7 GO OUT IF NOT RIGHT
INC DE ; GET NEXT MEMORY LOCN.
JR STNDRD DONE NOW; GO OUT

H ll'llll'lll"lll'llllllflllllll!lllll"'lllll'lllll"l'
i GET FIFTH LINE OF SCREEN AND DISPLAY CHOSEN EDITING

Listing Continued . . .

Chapter 3

The routine at 1D5A bumps the HL register
forward, evaluates the byte (finding 8E = RUN),
then looks for a possible line number to execute.
Finding a zero means the command ends there,
and so a simple RUN routine is entered. Here’s
how to try it out once you have it in place:

<ENTER>
<ENTER>

SYSTEM

/20480

The BASIC program you had entered earlier

should now run just as any other BASIC program

might. So the idea is to make this autorun

routine the heart of the area that the CLOAD
might make its way back to.

Listing 3-(?) presents a machine language
program which must precede any program to be
autoexecuted. It follows the rules above by
taking over control of the computer, placing a
patch into the keyboard scan in order to
intercept the terminal CLOAD routine’s return
to BASIC, and directing the computer to the
usual CLOAD routine. When CLOAD gets back
into BASIC, it will present a ‘READY’ and begin
to scan the keyboard. It will, however, never get
there.

Instead, the intercept now patched in place
will redirect the computer to a short routine also
present in the keyboard input buffer area. This
routine restores the original plundered keyboard
return address, and executes the automatic RUN
routine. The autoload remnants in the keyboard
buffer are no longer needed, and will be wiped
out at the next keyboard input of any kind.

To use this program, assemble it and save it at
the beginning of each in a batch of tapes. Use
these tapes to CSAVE any programs you wish to
autoexecute. Whenever you wish to run one of
these programs, type. ..

<ENTER>
<ENTER>

>SYSTEM
*? AUTO

. .. and the program will load, acting as if a
normal CLOAD were in action, but immediately
beginning execution of the BASIC routine.

Machine Language Monitor

It-can be very frustrating when you need to
make some quick alterations to memory, or when
you need to install a short machine language
program. The options are few: load a
decimal-to-hex conversion program and enter
the code; convert the values to hex by hand and
POKE them in place; write the code into a short



Continued Listing

0083 21003D 01110 AAAD LD HL,3D00H ;7 FIFTH LINE ON SCREEN
0086 365F 01120 LD (HL) ,5FH ; GET CURSOR CHARACTER
00ss 23 01130 INC HL ; NEXT SCREEN LOCATION
0088 365F 01140 LD (HL) ,5FH i GET CURSOR CHARACTER
008B 2B 01150 DEC HL ; BACK TO FIRST LOCN.
008C 0602 01160 LD B,2 ; GET 2 TRIES INTO B
008E D5 01170 AAAE PUSH DE ; SAVE MEMORY LOCATION
008F ES 01180 PUSH HL ; SAVE SCREEN LOCATION
00AO CD4800 01180 CALL 0048H ; BASIC'S KEYBOARD SCAN
00A3 E1 01200 POP HL ; RESTORE SCREEN LOCN.
00A4 D1 01210 POP DE ; RESTORE MEMORY LOCN.
00A5 FE47 01220 cP 47H ; CHECK IF ALPHA HEX
00A7 3089 01230 JR NC,EDITOR ; GO OUT IF NOT ALPHA HEX
00A8 FE30 01240 CcP 30H ; CHECK IF NUMERIC HEX
00AB 38B5 01250 JR C,EDITOR ; OUT IF NOT NUMERIC HEX
00AD FE3A 01260 cP 3AH ; CHECK IF OV NUMERIC
00AF 3804 01270 JR C,AAAF ; CHECK NEXT IF IN RANGE
00B1 FE40 01280 cpP 40H ; CHECK IF OV ALPHAHEX
00B3 3BAD 01280 JR C,EDITOR ; OUT IF OV ALPHA HEX
00BS 77 01300 AAAF LD (HL) ,A ; PLACE CHAR ON SCREEN
00BE 23 01310 INC HL ; GET NEXT SCREEN LOCN.
00B7 10ES 01320 DJNZ AAAE ; B0 GET ANOTHER CHAR.
01330 ; #FFFF4FFEFFFFFFasaediisaind sttt iesiisiisiviininieiess
01340 ; CONVERT CHOSEN DATA TO HEX
00BS 2B 01350 DEC HL
00BA CDCDOO 01360 CALL ASCHEX
00BD 4F 01370 LD C,A
00BE 2B 01380 DEC HL
00BF CDECOO 01380 CALL LLLLS
oocz 81 01400 ADD A,C
01410 ;
01420 ; PUT NEW BYTE IN PLACE
oocs 12 01430 L (DE),A
00c4 13 01440 INC DE
01450 ;
01460 ; DISPLAY REVISED LINE OF DATA
00C5 CD1300 01470 STNDRD CALL CONTNT
oocs CDF400 01480 CALL DELAY
0oCcB 1885 01480 JR EDITOR
01500 ;
01510 ; ASCII TO HEXADECIMAL CONVERSION
00CD 7E 01520 ASCHEX LD A, (HL)
00CE FEA4D 01530 cP 40H
00D0 3003 01540 JR NC,NEXTS8
00D2 DBE30 01550 SuB 30H
0oD4 C8 01560 RET
00D5 DB37 01570 NEXT88 SUB 37H
00D7 c8 01580 RET
01580 ;
01600 ; HEXADECIMAL TO ASCII CONVERSION
00D8 FEDA 01610 HEXASC CP OAH
OODA 3003 01620 JR NC, NEXTS8
00DC C830 01630 ADD A,30H
00DE CS8 01640 RET
00DF CB37 01650 NEXTS6 ADD A,37H
00E1 C8 01660 RET
01670 ;
01680 ; RIGHT ROTATES FOR CONVERSIONS
00E2 OF 01680 RRRRS RRCA
00E3 OF 01700 RRCA
00E4 OF 01710 RRCA
00E5 OF 01720 RRCA
00E6 CDDBOO 01730 CALL HEXASC
00ES 77 01740 LD (HL) ,A
00EA 23 01750 INC HL
00EB C8 01760 RET
01770 ;
01780 ; LEFT ROTATES FOR CONVERSION
O0EC CDCDOO 01780 LLLLS CALL ASCHEX
00EF 07 01800 RLCA
00F0 07 01810 RLCA
00F1 07 01820 RLCA
00F2 07 01830 RLCA
00F3 C8 01840 RET
01850 ;
01860 ; DELAY FOR SCREEN DISPLAYS
00F4 010020 01870 DELAY LD BC,2000H
00F7 cCDsOO0O 01880 CALL 0080H
00FA C8 01880 RET
01800 ;
01910 ; GET/CONVERT ASCII FROM BUFFER
01820 ; TO HEXADECIMAL ADDRESS
00FB 0604 01830 Xx88 LD B,4
00FD CD781D 01940 SSSS CALL BYTE
0100 F5 01850 PUSH AF
0101 10FA 01860 DJNZ §888
0103 F1 01870 POP AF
0104 77 01880 LD (HL) ,A
0105 cbcoboo 01880 CALL ASCHEX
0108 S5F 02000 LD E,A
0108 F1 02010 POP AF
010A 77 o2020 LD (HL) ,A
010B CDECOO 02030 CALL LLLLS
010E 83 02040 ADD AE
010F 5F 02050 LD E,A
0110 F1 02060 POP AF
0111 77 02070 LD (HL) ,A
0112 cDCDOO 02080 CALL ASCHEX
0115 57 02080 LD D,A
0116 F1 02100 POP AF
0117 77 02110 LD (HL) ,A

Listing Continued . . .

Undoing NEW

BASIC program that does the work. None of
these are satisfactory. Ideally, a machine
language monitor is the tool to use.

But there are disadvantages to the monitors
currently available. Many are too long, and are
part of other, lengthier programs. Others overlap
resident BASIC programs. And none make
available ASCII representations as well as
BASIC graphics characters. The short monitor
presented in this section provides the latter, can
be executed from BASIC (using the patch table
presented earlier), and sits wherever in memory
you would like.

It consists of a few major sections: The first
clears the display, presents the requested
address, displays the hex contents of that
address and the sixteen following, displays the
ASCII or graphics values of that address and the
sixteen following, and presents a cursor for hex
code entry. The second section searches the
keyboard for a valid hex character, displays the
character, waits for another, displays that, and
advances the address and display.

The second section also searches the keyboard
for the arrows, and advances the display (a) one
place forward on a right arrow; (b) one place back
on a left arrow; (c) sixteen places forward on an
up arrow; and (d) sixteen places back on a down
arrow. Last of all it searches for the (BREAK)
key, which returns it to BASIC.

This monitor, as with all the BASIC-transparent
programs presented in this book, must be
executed by using the special command patch
table (see Listing (?)-(?)). The command used in
this table is /OPEN“NNNN", where NNNN is the

address to be opened for examination (in hex).

Undoing NEW

This is a much easier task than the Level II
manual would have you believe. When the NEW
command is entered, the program remains in
place, completely unchanged! The only
alteration is that the end-of-BASIC-program
pointer in memory has been changed to the
beginning of the program. Hence, the computer
believes that the program has a total length of
zZero.

But the old end-of-program information is still
intact elsewhere, and can be found very easily. In
fact, to restore a program you have actually
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Resetting MEMORY SIZE?

Continued Listing

0118 CDECO0 02120
0118 82 02130
011C 57 02140
011D C8 02150
oscc 02160
00000 TOTAL ERRORS
AAAA  DO7A 00950
AAAB 0085 01010
AAAC  0OBC 01050
AAAD 0083 01110
AAAE  OOSE 01170
AAAF  UDB5 01300
ARROW UO6F 00880
ASCHEX 00CD 01520
BBBA 0052 00670
BYTE  1D78 00140
CONTO2 0036 00480
CONTNT 0013 00280
DELAY OOF4 01870
EDITOR 0062 00830
HEXASC 0OD8 01610
LLLLS OUEC 01790
NEXTS6 OODF 01650
NEXTS8 00DS 01570
NEXTSY 0O5F 00800
OPENER 0000 00180
READY _06CC 00130
RRRRS OOE2 01690
§86  0OFD 01940
STNDRD 0OC5 01470
SYNERR 1897 00150
XX98  OOFB 01830
00100
00110
00120 ;
00130
00140
00150 ;
00160 ;
00170
00180
00180
00200
00210
0000 ED5BA440 00220
0004 3EFF 00230
0006 12 00240
0007 CDFC1A 00250
00260
000A 23 00270
0008 22F840 00280
000E ED7BEB40 00280
0012 CDCS01 00300
0015 CD611B 00310
0018 C3CCO6 00320
00330
00340
0000 00350

00000 TOTAL ERRORS
RENEW 0000 00220

00100
00110
00120
00130
00140
00150
00160
00170
00180
00180
00200
00210
00220
00230
00240
00250
00260
00270
00280
00280
oo3o0
00310
00320
00330
00340
00350

5000

5000
5003
5008
5008
5008

21003C
11013C
01FFO3
3620
EDBO

i
i
i
i
i
i
i
i
i
’
i
i
R
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CALL LLLLS
ADD A,D
LD D,A
RET
END READY
00800
00960
01020
01060
01320
01270
00850
01360 01780 01990 02080
00730
00180 01540
00580
00800 01470
01480
01230 01250 01280 01480
00340 00420 00530 01730
01380 02030 02120
01620
01540
00250
00880 02160
00310 00380 00500
01860
00840 01000 01040 01080
00200
00230
FEEEREREEEREERRERREIRERRERRIRRRRERRRRERIERRREREREERIENE
ONLY A SHORT ROUTINE IS NECESSARY TO DETERMINE WHERE
A BASIC PROGRAM WAS BEFORE ITS POINTERS WERE RESET. THE
BEGINNING OF PROGRAM POINTER MUST BE RESET, THE LINE
NUMBERS RUN THOUGH, THE END OF PROGRAM POINTER RESET,
THE STACK POINTER RESET, THE SCREEN CLEARED, AND THE
CLEAR (RESET VARIABLES AND PROGRAM CONDITIONS) EXECUTED
FEEEEEEERRRERERRERRRIRREERERERIRRERERRIRIRERERRERIiiiES
; NOTE THAT THIS ROUTINE IS ALSO CALLED FROM BASIC USING
; THE FORMAT /NEW. THE CUSTOM INTERPRETER IS EMPLOYED.
R R R R R R A R R R A R R R RS S R R X
ENEW LD DE, (40A4H) ; GET START OF PRGRM PTR
LD A,OFFH ; GET FF RESETTING CODE
LD (DE) ,A ; PLACE AT PROGRAM START
CALL 1AFCH ; G0 THRU ALL LINES TILL
; END OF PRGRM 00 FOUND
INC HL ; HL MOVED JUST PAST PRGM
LD (40F8H) ,HL ; SIMPLE VARIABLE POINTER
LD SP, (40EBH) ; RESET STACK TO NORMAL
CALL 01C8H ; CLEAR THE SCREEN NOW
CALL 1BB1H ; CLEAR ALL THE POINTERS
JP 06CCH ; BACK TO BASIC "READY"
FEEEEERR PR R R R R R IR R R R R EE R IR RRR PRI R ITRTERIRIREEEE

FRERERERFRIFRENTREP TR RR PR RO PR PR PR R RO RETRERRIRERERES
RAM CHECKING PROGRAM - FIRST VERSION WITHOUT DISPLAY -
EXHAUSTIVELY CHECKS EACH TRID OF RAM LOCATIONS WITHOUT
DISPLAYING CURRENT ADDRESS; BAD ADDRESSES ONLY SHOWN.
A A R A e Y
NOTE THAT THIS PROGRAM IS * SELF-RELOCATING * AND MUST
BE ASSEMBLED AT THE ORIGIN ADDRESS SPECIFIED BELOW.
L R Ry Y
ORG 5000H i DO NOT CHANGE ORIGIN!
i R A e R e e T
SUBROUTINE TO CLEAR THE SCREEN WITH NORMAL SPACES
L R e R e e Y]

LD HL,3CO0H ; BEGINNING OF VIDEO
LD DE,3CO1H ; DESTINATION OF SPACE
LD BC,03FFH ; SPACES ON SCREEN

LD (HL) ,204 ; DISPLAY BLANK SPACE
LDIR i CLEAR THE SCREEN

A R R R R R e L]
SET UP MIDDLE OF PROGRAM POINTER, DISPLAY STAR TO SHOW
PROGRAM IS WORKING, SET UP THE STACK POINTER IN RELA-

TIONSHIP TO THE IX REGISTER, AND SPECIFY START OF TEST
LA Ay T e e d]

Listing Continued . . .

wiped out, you need to invoke a few ROM
routines and restore the beginning-of-program
pointer.

Although variables are cleared in this process,
the program is totally restored. If you wish to
make this a part of a transparent operating system
using the interpreter patch presented earlier in
this chapter, Listing 3-(?) presents a complete
routine. Enter /NEW, and the lost program
reappears.

One warning is in order: if before restoring the
program you cause a 7SN ERROR, the computer
will jumble up the first part of the program, mess
around with some other memory pointers, and
the program will really be lost.

Resetting MEMORY SIZE?

The size of BASIC memory available can also
be changed from BASIC itself, because it too is
simply stored in a two-byte pointer in the RAM
patch area. New values may be POKEd into
place, so long as they meet two conditions:

1. The new value must be within the range
of actual memory available.

2. It must not dip below the top of an
existing BASIC program already in memory.

3. If no program is in memory, it must not
dip below address 4414.

Here’s how to do it. Convert the desired new
memory size to split decimal with this formula:

X = NNNNN <ENTER>
Y = FIX (X/256) <ENTER>
Z=X-Y* 286 <ENTER>
PRINT Z,Y <ENTER>

The value of Z is the least significant byte of
the new memory size, Y is the most significant
byte. Now:

POKE 16561,Z : POKE 16562,Y : CLEARS0

The new memory size has been set, and 50
bytes are cleared for string space, as usual. If you
haven’t followed the rules about legitimate
memory sizes, expect a fast system crash.



Continued Listing

5000
5011
5014
5016
5018
5018
5010
501E
5020

5023
5024
5025
5026
5027
5028
5028
502A
5028

5020
502F
5030
5082
5033
5034
5038
5037
5038
5038
S503A
5038
503C
503D
S503E
508F
5041

5043
5044
5046
5047
5048
5048
504A
504C
504E
504F
5051

5052
5053
5054
5055
5056
5058
505A
5058
5050
505F

5061
5082
5064
5065
50686
5067
5068
S50BA
506C
508D
508F
5071
5073
5074
50786
5077
5078
5078
507A
507C
507E
507F
5081
5083
5085
5088

DD218050
3AFE3F
EEOA
32FE3F
DDF8
067F

33

10FD
210060

00360
00370
00380
00380
00400
00410
00420
00430
00440
00450
00460
00470
00480
00480
ooso0

00510 ;

00520

00530 ;

00540
00550
0o0s60
00570
00580
00580
ooso00
00810
00620
00630
00640
00650
00660
00670
00680
00680
00700
00710
00720
00730
00740
00750
00760
00770
00780
00780
00800
00810
oos20
00830
0oB40
00850
ooeso
00870
ooss0
00880
oosoo
oos10
00820
oosso
00840
00850
00860
00870
ooseo
00880
01000
01010
01020
01030
01040
01050
01060
01070
01080
01080
01100
01110
01120
01130
01140
01150
01160
01170
01180
01180
01200
01210
01220
01230
01240
01250
01260
01270
01280
01280
01300
01310
01320
01330
01340
01350
01360
01370

LD IX,5080H ; MIDDLE OF TEST PROGRAM
LD A, (3FFEH) ; BOTTOM RIGHT OF SCREEN
XOR OAH ; ALTERNATE SPACE & STAR
LD (3FFEH) ,A ; DISPLAY IT ON SCREEN
LD SP, IX 7 START STACK POINTER

LD B,7FH ; NUMBER OF MOVES FOR SP
INC 8P ; SP = SP + 1

DJNZ $-1 ;7 DO IT 127 TIMES

LD HL,6000H ; BEGINNING OF TEST AREA

R R R e R i il
; TEST BEGINS WITH THE VALUE OF ZERO, AND PROCEEDS TO
i VALUE FF.

EACH VALUE IS WRITTEN IN TURN TO EACH OF A
TRIO OF MEMORY LOCATIONS IN ORDER TO DETERMINE THEIR
EFFECT ON EACH OTHER AS VALID ELECTRONIC STORAGE CELLS.
FEESFEEREREPER PR AR PLRRPR RN PR RERER I RRIR RO RERRIRRIREY

XOR A ; CLEAR ACCUMULATOR
LD (HL) ,A ; PLACE VALUE IN MEMORY
LD C,A ; PLACE VALUE IN C
PUSH AF ; SAVE VALUE IN ACCUM.
LD A,C ; GET VALUE FROM C
LD (HL) ,A ; PLACE VALUE IN MEMORY
INC HL ; INCREMENT TO NEXT MEM
LD AH_— ; GET MSB OF ADDRESS
—TP———giH___ ; IS MEM AT 8000 YET?

; NOTE THAT THE VALUE
c? ooH ; ABOVE IS FOR_16K;

; CO FOR 32K,
JR Z,8+32H ; IF S0, THEN RELOCATE
PUSH HL ; SAVE MEMORY VALUE
PUSH X ; SAVE MIDDLE OF PROGRAM
POP HL ; GET POSITION INTO HL
cp H ; CHECK AGAINST 80 VALUE
JR Z,8+2BH ; RELOCATE IF DONE
POP HL ; RESTORE ORIGINAL VALUE
POP AF ; RESTORE ORIGINAL TEST
LD (HL) ,A ; PUT VALUE INTO MEMORY
DEC HL ; BACK TO ORIGINAL LOC'N
DEC HL ; BACK TO ONE BEFORE IT
LD (HL) ,A ; PUT VALUE INTO MEMORY
LD 8,A ; SAVE VALUE IN B REG.
LD A, (HL) ; GET VALUE AT 'LOC'N HL
cP B ; CHECK AGAINST B VALUE
JR Z,847 ; 60 ON IF IT CHECKS OKAY
LD D,1BH ; GET VALUE OF REL. SUB.
PUSH DE ; SAVE VALUE ON STACK
JR $+1DH ; JUMP TO SUBROUTINE
INC HL ; GET ORIGINAL TEST POS'N
INC HL ; GO ONE BEYOND IT
LD A, (HL) ; GET VALUE AT THAT POS'N
cp B ; CHECK AGAINST B REG.
JR Z,8+7 ; G0 ON IF MEMORY OKAY
LD D,10H ; GET JUMP FOR REL. SUB.
PUSH DE ; SAVE VALUE ON STACK
JR $+12H ; JUMP TO SUBROUTINE
DEC HL ; BACK TO ORIGINAL POS'N
INC (HL) ; INCREMENT VALUE IN MEM
INC c ; INCREMENT TEST VALUE
LD A, (HL) ; GET VALUE IN MEMORY
LD B,A ; SAVE VALUE IN B REG.
cP 00 ; CHECK IF 256 BYTES DONE
JR NZ,$-32H ; LOOP BACK AND CONTINUE
INC HL ; GET NEXT MEMORY VALUE
LD c,0 ; RESET TEST VALUE TO 0
JR $-37H ; LOOP BACK FOR NEXT TEST
JR $+86H ; REL.SUB. STEPPING STONE

R R R R R R R s R R A R R R d ]
SUBROUTINE BELOW IS ENTERED WHEN A BAD MEMORY LOCATION
HAS BEEN DETERMINED. IT CONVERTS HEX VALUES TO ASCII
AND DISPLAYS THEM ON THE SCREEN. NOTE THE RELATIVE
SUBROUTINE ENTRY AND EXIT METHOD USING THE D REGISTER.
FEEFTEEEPPREREERRER AR ER PR RRNRIRRRIRRREIRRRRIREEIEY

LD A,H ; GET VALUE FROM H REG.
AND OFOH ; MASK OFF LOW BITS

RRCA ; ROTATE RIGHT FOR CONV.
RRCA i +e++ SOME MORE ....
RRCA i «+«. AND SOME MORE ....
RRCA 7 ..+ UNTIL IT'S DONE.
LD D,22H ; GET VALUE FOR REL. SUB.
JR $+24H i AND JUMP TO SUBROUTINE
LD A,H ; GET VALUE FROM H REG.
AND OFH ; MASK OUT HIGH BITS

LD D,1BH ; GET VALUE FOR REL. SUB.
JR $+1DH ; AND JUMP TO SUBROUTINE
LD A,L ; GET VALUE FROM L. REG.
AND OFOH ; MASK OUT LOW BITS

RRCA ; ROTATE FOR CONVERSION
RRCA i ««s. SOME MORE ....
RRCA i ««++ SOME MORE ....
RRCA ; ««.. AND IT'S DONE.

LD D,10H ; GET VALUE FOR REL. SUB.
JR $+12H ; AND JUMP TO SUBROUTINE
LD A,L ; GET VALUE FROM L REG.
AND OFH ; MASK OUT HIGH BITS

LD D,s ; GET VALUE FOR REL. SUB.
JR $+0BH ; AND JUMP TO SUBROUTINE
POP DE ; RESTORE VALUE TO DE
LD A,0D3H ; GET RETURN POS'N VALUE

Listing Continued . . .

Peek That Keyboard

Peek that Keyboard

One of the handiest functions for fast-running,
convenient BASIC programs is the INKEY$
command. This allows the latest keystroke to be
transferred to a program variable, where it can
then be evaluated.

For action games, BASIC word processors and
other speed-conscious programs, INKEY$ can
be too long because it requires considerable
evaluation and juggling of memory space. There
is a faster way, and it involves examining the
keyboard’s memory contents directly. Below is
the keyboard matrix:

You can see that various memory locations
refer to various rows of keys. Depending on the
key pressed, different values will be discovered
by PEEKing. For example, A=PEEK (14400)
returns a value of 1 if ENTER is pressed, and a
value of 2 if CLEAR is pressed, 4 if BREAK is
pressed, 8 for down arrow, 16 for up arrow, 32 for
left arrow, 64 for right arrow, and 128 for a space.
If only a few keys are being sought — perhaps the
arrow in an action game — a very tight loop can be
constructed that is many times faster than
INKEYS$:

10 A = PEEK(14400) :
20
30

IF A=0 THEN 10
IF A=8 THEN 100 : IF A=168 THEN 200
IF A=32 THEN 300 IF A=84 THEN 400

40 6

For top-speed operation, this should all appear
on one line; try it in comparison with testing for
CHR$(8) or CHR$(9), etc., etc., to determine the
arrows.
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Continued Listing

5088
5088
508C
508E
508F
5080
5083
5094
5086
5088
5088
508B
508C
508E
50A0
50A2
S50A3
50A4
50AS
50A6
S50A7
50A8
50AS
50AA
50AB
S50AD
S50AF
5081
5083
50B5

50B6
5087
50B8
50BB
50BC
50BD
50BF
50C0
50C3

50C5
50C7
50C8
50CA
50CB
s0CC
50CE
50CF
5000
50D2
5003
5004
50086
50D8
5008
500D
50DF
50E2
50ES

50E7
SO0EA
S50ED
B50EF
S50F0
50F2

5000

92
DD770D
18FF
D5

F5
11008C
1A
FE20
2803
13
18F8
78
FEO4
200A
3E20
18

12

1B

12

18

12

18

12

F1
FEOA
3004
€630
1802
c637
12

DDES
DDES
E1

D1

7A
EE20
57

D5
0680
2B

1B
10FC
01FFOO
EDBO
DDE1
3E20
DDAEA2
DD77A2
3EFOD

DDAEAC
DD77AC
DDES
E1
2E11
ES

01380
01390
01400
01410
01420
01430
01440
01450
01460
01470
01480
01490
01500
01510
01520
01530
01540
01550
01560
01570
01580
01580
01600
01610
01620
01630
01640
01650
01660
01670
01680
01690
01700
01710
01720
01730
01740
01750
01760
01770
01780
01780
01800
01810
01820 ;
01830 ;
01840 ;
01850 ;
01860 ;

;

;

;

01870 ;
01880
01890
01900 ;
01810
01920
01930
01940
01950
01960
01870
01980
01990
02000
02010
02020
02030
02040
02050
02060
02070
02080
02080
02100
02110
02120
02130
02140
02150
02160
02170
02180
02190 ;
02200 ;
02210

00000 TOTAL ERRORS
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; PROGRAM RELOCATION ROUTINE.

; CAN BE MODIFIED,
HIR S 2 2 e A e R A e R R E g

SuB D ; SUBTRACT RETURN DIFF.
LD (IX+0DH) ,A i AND MAKE JR OPERAND

JR $+1 ; IRRELEVANT OPERAND

PUSH DE ; SAVE VALUE ON STACK
PUSH AF ; SAVE VALUE ON STACK

LD DE,3CO0H ; GET TOP LEFT OF SCREEN
LD A, (DE) ;7 GET VALUE ON SCREEN

cP 20H ;7 IS IT A SPACE NOW?

JR Z,8+5 ; IF SO, GO AHEAD SOME
INC DE ; INCREMENT SCREEN POS'N
JR $-6 ; AND GO AHEAD PAST TEST
LD AE i GET VALUE OF SCREEN

CcP 04 ; IS IT 4 POS'NS OVER?

JR NZ,$+0CH ; IF NOT, GO ON AHEAD

LD A,20H ; IF SO GET A SPACE READY
DEC DE ; 60 BACK SOME....

LD (DE) ,A ; AND FILL WITH A SPACE
DEC DE ; AND BACK SOME MORE....
LD (DE) ,A ; AND INSERT ANOTHER ONE
DEC DE ; AND BACK A BIT MORE....
LD (DE) ,A ; AND STASH ANOTHER SPACE
DEC DE i AND BACK ONE MORE TIME
LD (DE) ,A ; AND STUFF A SPACE THERE
POP AF ; RESTORE VALUE TO AF

cpP OAH ; IS VALUE LESS THAN 10?
JR NC, $+6 ; IF LESSER, THEN JUMP
ADD A,30H ; CONVERT HEX TO ASCII

JR $+4 ; AND GO ON PAST THE REST
ADD A,37H ; CONVERT HEX TO ASCII

LD (DEJ) ,A ; AND STASH ON THE SCREEN

FEFREERRERERR PR RERAR IR AR BRI RN RERRRRR IR RRER IR0 9
SHORT ROUTINE BELOW USED AS DELAY AFTER LOC'N DISPLAY.
HERRFRRRRRR IR A IE NIRRT

PUSH BC ; SAVE VALUE IN BC REG

LD B, 0FFH ; GET DELAY VALUE

DJNZ $-0 ; AND DELAY JUST A LITTLE
POP BC ; RESTORE BC VALUE

POP DE i RESTORE DE VALUE

LD A,0CSH ;7 GET VALUE TO RETURN

SuB D ; SUBTRACT JUMP OFFSET

LD (IX+44H) ,A ; PLACE AS JR OPERAND

JR $+1 ; IRRELEVANT OPERAND

FEEEFPECERRFERRRRRRER IR RRERAR IR RRRRRRRRR IR0
HL AND DE REGISTERS ARE
LOADED FROM THE IX REGISTER, AND MODIFIED BY EXCLUSIVE-
ORING WITH A KNOWN VALUE IN A. THUS, A NEW PROGRAM
BEGINNING CAN BE DETERMINED, INTERNAL TEST POSITIONS
AND THE IX AND SP POINTERS RESET.

PUSH I ; SAVE PROGRAM POSITION
PUSH  IX : SAVE PROGRAM POSITION
POP HL : TRANSFER TO HL REG.

POP DE : TRANSFER TO DE REG.

LD A,D ; GET VALUE FROM D REG.

XOR 20H i TRANSFER TO HIGH MEM.

LD D,A . PUT BACK IN D REG.

PUSH  DE : AND STASH ON STACK

LD 8, BOH : DEC. TO PROGRAM START

DEC HL i AND BEGIN DECREMENTING

DEC DE ; FOR BOTH THE REGISTERS

DUNZ  s-2 : UNTIL IT'S ALL DONE

LD BC, 00FFH : AND GET READY TRANSFER

LDIR ; AND THEN DO ITI

POP IX ; RESTORE NEW VALUE

LD A, 20H : VALUE TO MOD. ADDRESSES

XOR (IX+0A2H) ; MODIFY IX+A2 ADDRESS

LD (IX+0A2H) ,A : AND STORE IT IN PLACE

Lo ADEBH  po— ! VALUE TO MOD. ADDRESSES
PN ; CHANGE OPERAND ABOVE TO

o ! “ ; BO,FOR 32K MEM AND
XOR (IX+DACH) ; MODIFY IXFAC ADDRES
LD (IX+0ACH) , A ; AND STORE IT IN PLACE
PUSH  IX ; STORE THE PROGRAM PTR.
POP HL ; AND TRANSFER IT TO HL
LD L, 11H ! SET LSB OF HL REGISTER
JP (HL) ; JUMP TO PROGRAM STARTI

FEFEFEPEFRPRERERR IR R R PR R BRI RRR IR
END 5000H

There is yet another use for this PEEK
function. As noted in Chapter 2, location 387F
reveals if any key is pressed at all. This can be
used in a BASIC text editor, for example, and is
much faster than INKEY$ to check for
keypressing:

10 A = PEEK(14483) : IF A=0 THEN 10

This is one of the fastest keystroke-detectors
in BASIC, and from there a group of PEEKs
could be done, checking the most-used rows of
characters first. It’s both a matter of taste and
programming skill whether INKEY$ or PEEK is
used for keyboard input, but in some situations
(such as testing for carriage returns and other
control codes), PEEK is the winner.

KEYBOARD PEEK POSITIONS

DATA: 1 2 4 8 16 32 64

ADDRESS :

14337 ] A

14338 H I

14340 P Q
X Y
0

128
c D E F G
K L M N 0
S i i u v W
14344
14352
14368

14400
14464

4% 5%
+ < -=

’ ’
UPAR DNAR LFTAR

6& 7!
wd IR
RTAR SPACE

1 2% 3%

Figure 3-(?) is a chart of all the characters and
their respective PEEK positions and data
returned. Remember, when more than one key is
depressed at a time, the row of the data at that
address is returned. For example, if PEEK
(14400) returns 129, then both ENTER and
SPACE are being held down. This is significant
because INKEYS$ returns only the last character
pressed, and there is no real way of getting to
multiple characters. Try this:

10 A = PEEK (14400)

20 IF A = 128 THEN 100

30 PRINT "PRESS ENTER AND CLEAR™
40 60TO 10

100 PRINT"DONEI"

Simple as this may appear, it offers an ‘out’ for
programs that need special, unusual input for
some functions. It can be used as the sort of
double-interlock protection switch found on
industrial machinery to keep both hands out of
blades and moving parts.

Furthermore, when the keyboard is PEEKed,
the values returned can be changed and mutated
at will - for example, a BASIC letter-writer could
have two easily written routines to make the
keyboard the standard ‘QWERTY’ type or
changing it to the faster Dvorak type. Of course,
even with PEEK statements, BASIC is not likely
to keep up with that sort of speed typing!



Make-’Em-Sweat Memory Test

Many memory tests are available for testing
the dynamic memory in the TRS-80 and
expansion interface, including the simple test
done by the computer itself on power-up (see
Supplement to Chapter 1). Most have a
significant disadvantage: they are software tests
rather than electrical tests. Certainly, since
memory involves operating software, a software
test seems to be a logical solution.

On the other hand, memories are electronic
devices, run by electricity and influenced in their
failings by electrical and physical forces. Barring
removing each memory and running
sophisticated electrical tests on it, then, there is
only one serious memory test option: test each
bit in combination with each and every other bit
in the device. Unfortunately, that is impractical,
since there are 393,216 bits in a 48K system, and
testing every one would result in over
150,000,000,000 separate tests — a task that
would take nearly a solid month running at the
TRS-80’s 1.77 MHz clock rate!

The remaining option, then, is to make
reasonable electrical tests that exercise the
neighboring bits in a memory chip, and read and
write to them about as fast as the TRS-80 is likely
to do it in real time. The process I have chosen is
twentyfold:

1. Write a value to memory.

2. Read the stored value and check its
accuracy.

3. Change the surrounding bits from zeros to
ones.

4. Change the surrounding bits from ones to
ZEros.

5. Read the stored value and check its
accuracy.

6. Change the surrounding bits from zeros to
ones.

7. Change the surrounding bits from ones to
ZEros.

8. Write the value to memory again.

9. Read the stored value and check its
accuracy.

Make-’Em-Sweat Memory Test

10. Change the surrounding bits from zeros to
ones.

11. Read the stored value and check its
accuracy.

12. Change the surrounding bits from ones to
ZEeros.

13. Read the stored value and check its
accuracy.

14. Change the surrounding bits from zeros to
ones.

15. Write the value to memory again.

16. Read the stored value and check its
accuracy.

17. Change the surrounding bits from ones to
ZEros.

18. Write the value to memory again.

19. Read the stored value and check its
accuracy.

20. Increment the value to be written and
repeat.

This process is repeated 256 times, writing
values from 00 to FF, and producing the electrical
switches noted above. The program then moves
itself to another area of memory, and checks the
area in which it was just residing.

The entire memory test is still very
time-consuming, since the address under test is
displayed while the process is continuing.

In the program presented in Listing 3-(?), the
test displays the memory location under test; any
failed memory location is displayed on the
screen, along with the bits which have failed. The
test is presented in a 16K version with changes
for 32K and 48K systems.
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Cassette I/0

Chapter 3

Cassette I/0

One of the most maligned aspects of the
TRS-80 is its cassette loading procedure.
Interestingly, it is a lengthy and skillfully
designed piece of coding, a victim of a
combination of poor hardware (an inexpensive
cassette recorder), the inclination personal
computer owners have to purchase the least
expensive tapes they can find, and the lack of
foresight on the part of the engineers designing
the routines. But there’s no question that with a
good tape recorder and reasonable tape, it works
well. Here’s how.

The routine to read and accept serial
information is fairly convoluted, collapsed to
about a dozen major subroutine CALLs. We will
start with the SYSTEM command; since BASIC
programs have other bytes to juggle (looking for
out-of-memory errors, etc.), we won’t tackle its
major routines.

The SYSTEM module
The SYSTEM command is evaluated by the

BASIC interpreter, and its control routine is
entered at 02B2. If you don’t want to know how
this command gets to work, then skip right to the
tape loading routine two paragraphs below. An
initial CALL is executed to DOS link 41E2, which
in Level Il merely executes a RETurn. The stack
is set up at 4288, and another CALL executed to
20FE, which checks the DOS link at 41C1, picks
up the ‘device type’ — video, tape, or printer —
(video at this time), displays a carriage return,
checks and saves port FF status (32 or 64
character mode and cassette state), clears the
accumulator, and returns. This is preparatory
housekeeping.

The accumulator is set up with a star, it is
displayed (with more housekeeping), and the
INPUT routine is CALLed from location 1BB3.
This is the same routine used for INPUT
statements, and it displays a question mark,
evaluates the input line, discards everything
after certain punctuation, and returns the
evaluated line to the CALLing program. If a
BREAK is discovered, the program returns to
READY. Spaces, line feeds, tabs, etc., are
cleaned out, and a syntax error is declared if no
alphanumeric characters are found. If a slash (/)
is found, the SYSTEM program jumps past its
loading routines, picks up the start address from
40DF (more about that later), cleans out blanks

again, and evaluates the string after the slash as
an interger (a CALL to 1E5A). The whole
business starts over if a non-numeric string is
found. If, at last, the program does discover that
a number was input, the SYSTEM module is
executed from the starting address stored at
40DF.

Build-a-Byte

The first major loading call is to 0293, which
searches for a synchronization byte. Since this
will eventually call the ‘build-a-byte’ routine,
let’s move there first. It begins at 0241; BC and
AF registers are saved. Then:

0243 DB FF IN A, (FF)
0245 17 ALA

0248 30 FB JR NC,0243
0248 06 41 LD B,#
024A 10 FE DJNZ 024A

Port FF is checked repeatedly by inputting the
value to the accumulator and rotating that value
into the carry flag. If no carry is found - i.e., no
‘one’ bit has yet triggered port FF — the program
loops back to 0243. Once a bit is found, the B
register is loading with 41, and a ‘waste time’ loop
is executed at 024A (a total of just under 500
microseconds). A CALL is then executed to
021E. Let’s have a look at that:

021E 21 00 FF LD HL,FFOO
0221 3A 3D 40 LD A, (403D)
0224 A4 AND H

0225 BS OR L

0228 D3 FF T (FF) ,A
0228 32 3D 4 LD (403D) ,A
0228 ce RET

This curious subroutine seems to stumble
through checking port FF for its video state, then
resetting the OUTSIG flip-flop (see the
Technical Reference Handbook for details on
this circuitry). Isn’t a byte ANDed with FF and
ORed with 00 merely itself? True enough, but
since this is also called as a subroutine entering at
0221, with a different value for HL, the complex
AND/OR strategy makes sense.

So at this point we have picked up a bit from
tape, delayed, and reset the flip-flop, readying it
for the next bit to trigger it. Another delay loop
follows (over 850 microseconds), and a byte is
input to A from port FF:

0283 DB FF N A, (FF)
0255 47 LD B,A
0256  F1 POP  AF
0257 C8 10 AL B

0258 17 RLA

025A  F5 PUSH  AF



The input byte is saved in the B register, and
the previously saved value of A is restored from
the stack. Here is a wonderful piece of
serial-to-parallel conversion — a sort of software
shift register. Bit 7 of port FF was input to A and
saved in B, and is then rctated left into the carry
flag. Then the accumulator is rotated left,
bringing the state of the carry flag into bit 0 of A.
The accumulator is then saved once more on the
stack. Another CALL to 021E resets the port FF
flip-flop, both registers are restored, and the
subroutine returns to the calling program.

You'll notice that at this point we have only
one bit saved in the accumulator. An
eight-iteration loop would be necessary to create
a whole byte . . . and it will be done. But for the
moment let’s see how this routine is used in the
initial syncing program, which we were about to
enter at 0293.

The routine’s first action is to CALL 01FE.
This is a detailed routine to determine the drive
number and other parts of the syntax, the state of
port FF (again), select the drive and get it
moving. Examining the code will show that it
also uses the routine entered at 0221, but with a
value of FF04 in HL; this routine won’t be
covered here, but it is worth looking at.

The find-sync-byte routine thus turns on the
tape, saves the HL register, clears the
accumulator, and calls the ‘build-a-byte’ routine
at 0241. Since this is the synchronization process,
no loop value is specified:

0287 AF XOR A

0288 CD 41 02 CALL 0241
0298 FE AS cP A5

028D 20 F8 JR NZ,0298

It continually seeks bits, endlessly rotating the
accumulator until it assembles a serial stream
which matches A5 (i.e., binary 10100101 — nice
and symmetrical). This routine is so accurate, in
fact, that whenever tape motor start-up is not a
consideration, the leader consisting of zero bytes
would be unnecessary. The leading ‘1’ of A5
serves as a kind of serial ‘start bit’ — and the
routine at 0241 handles it from there.

Any kind of match to sync byte A5 might be
found, tough, since the serial stream coming in
from the tape does not distinguish start and end
of byte. For example, the byte pattern DD 28
also contains an A5 embedded in it. As a serial
stream, DD 28 is

1101110100101000
..... 10100101.. ..

Loading the Code

- with the A5 appearing at the junction of DD
and 28. So once the matching A5 is found, a
return is executed to the main SYSTEM loading
module. That module then CALLs a subroutine
at 0235, which is a gussied-up bit reader. BC and
HL are saved, then:

0237 06 08 LD B,08
0238 CD 41 02 CALL 0241
023C 10 FB DJNZ 0238

There’s the byte read . . . read a bit with eight
iterations. HL and BC registers are restored, and
the subroutine returns to the main program.

Loading the Code

The SYSTEM module now compares the byte
it created with the value 55, the code assigned to
machine language programs. It loops until it
finds that code, then proceeds:

0208 06 06 LD B,6
02DA 7E LD A, (HL)
0208 B7 OR A

o20C 28 08 JR Z,02e6
02DE CD 35 02 CALL 0235
02E1 BE cP (HL)
022 20 ED JR NZ,02C1

Above, the B register is loaded with the
number of characters to be found in the
SYSTEM program’s name. The accumulator is
set up with the first character of the name as
entered on the *? command line. The
accumulator is tested for zero, and skips out of
the loop when the end of the entered name is
found. Each character following the name is read
into the accumulator (CALL 0235) and compared
with each letter of the entered name. If at any
point the entered name does not match the name
on tape, the program goes back to searching for
55 (machine program indicator) and the name
search begins again.

There is a minor flaw in this process. Let’s look
at the succeeding lines of code:

02E4 23 INC HL
02E5 10 F3 DJNZ 020A

This coding increments the HL register to the
next character and loops back, looking for a total
of six letters in the name. But what if the
machine program code (55) is found, and one or
more characters of the name match, but the rest
do not match? There is no provision in this
routine to decrement the HL register pair . .
which means that, if only part of a correct name
has been found,the program will begin its search
anew until it finds a program that matches only
the last part of the entered name! This is the
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Curious Checksum

Chapter 3

reason the SYSTEM routine is not always able to
search until it finds the correct program, the way
the BASIC load does.

Let’s assume the best — that a machine
program was found with the name as entered
from the keyboard. A CALL is then made to
022C, where the star or space at 3C3F is toggled
(XORed) with 0A. Star XOR 0A is a space, and
space XOR 0A is a star; easily done.

The SYSTEM Module Continues —

02EA CD 35 02 CALL 0235
02ED FE 78 cP 78
02EF 28 B8 JR Z,02A8
02F1 FE 3C cp ac

02F3 20 F§ JR NZ,02EA

—searching for either 78 (end of program code) or
3C (beginning of data block code). If 78 is found,
the program skips back to 02A9, where a CALL is
executed to 0314. This subroutine merely reads
the last two bytes on tape into the HL register,
preparing the start address. This is saved at
40DF, the cassette recorder is turned off (CALL
01F8), and the SYSTEM module is re-entered
from the start at 02B2. This module is a
continuous loop, allowing a group of
machine-language programs to be entered
sequentially. Only the presence of the slash-start
address combination will break out of the loop.

If a 3C is found, the beginning of a block of
machine code is assumed. (If neither is found,
the program loops until it finds one or the other).
Here’s a snippet of code:

02F5  CD 35 02 CALL 0235
02F8 47 LD B,A
02F8 CD 14 03 CALL 0314
02FC 85 ADD AL
02FD  4F LD C,A

A byte is read and saved in B. At 0314, two
bytes are read and saved, respectively, in the HL
register pair. These three bytes are, first, the
number of bytes to read, and second, the
two-byte starting address of the block. The 0314
subroutine leaves the value transferred to H in
the accumulator; to it is added the value in L, and
this number, sans carry value, is saved in the C
register. The C register will be used to calculate
the checksum for the block being read.

Curious Checksum

Each succeeding byte is read from tape and
placed at the address now specified by HL. That
byte is also added to the C register to update the
simple checksum. HL is incremented to the next
contiguous address, and the loop is iterated until
B (the number of bytes to read in the block)
reaches zero.

When the block is fully read, another byte is
read from tape. This is the checksum byte, and
should match the last updated value in the C
register. If it does match, the program loops
back, toggles the star, and begins anew the search
for end-of-program (78) or block header (3C).

A correct checksum byte, curiously enough, is
not a necessary element of the SYSTEM module.
If the checksum is incorrect, the program will
display a ‘C’ at video location 3C3E, and loop
back regardless to continue reading the program
from tape. I first noticed this action when a
gentleman from New Hampshire called; he had
been using a tape duplication routine to make a
corrected copy of a machine language program.
He had loaded the tape, returned to BASIC, then
POKEd in a few byte changes. He then
continued with the duplication. When he loaded
the tape later on, he got a ‘C’ error message on the
screen . .. but the program continued to load and
did execute properly. The checksum was wrong
because of the byte changes he had made, but the
program, checksum notwithstanding, was read
and loaded completely.

Let’s take a look at that final portion of code:

‘02FE  CD 35 02 CALL 0235
0301 77 LD (HL) ,A
0302 23 INC HL

0303 81 ADD A,C

0304  4F LD C,A

0305 10 F7 DUNZ  O2FE
0307  CD 35 02 CALL 0285
030A B8 cP €

030B 28 DA JR Z,02E7
030D  3E 43 LD A,43
030F 32 3E 3C LD (3C3E) ,A
0312 18 D6 JR 02EA

Overall, these routines give the appearance of
being reasonable and reliable, and they should
be. What, then, gives rise to the tape problems?
Mostly the timing loop in the 0235/0241
subroutine. The values placed in the B register at
0248 and 024F are too short for low-grade audio
processing. Simply stated, the audio waveform
coming in from tape ‘rises’ too slowly for the fast
bit-check loop at 0251 to catch. A ‘one’ might
come through, but it comes through too laggardly
for port FF to have flipped into place.



4300

oscC
4300
4301
4304
4307

4308
430C
430E
4310
4312
4314
43186
4318

4318
431E
4321
4324
4325

4328
432A

432E
4330
4331
4334
4336

4348
4348
434E
4351

4353
4354
4357
435A
4350
435E
4361
4383
4365
4367
4368
436C
436F

F3
CDCs01
3A3D40
D3FF

3A4038
FED1
2808
FED2
2850

CACCO8
1BEE

21A343
CDA728
3A3D40
4F

210044

1608

cB17
cB13
78
3A4038
FEBO
C25343

0604
10FE
D3FF

C22A43
73

7C
FEOO

C22843
210743
CDA728
1886

ES
CDAFOF
213944
CDA728
E1
3A4038
FEBO
28C3
FEO4
20F5
21C743
CDA728
1898

00100 ;
00110 ;
00120 ;

00130

00140 ;
00150 ;
00160 ;

00170

00180 ;

00180
00200
00210
00220
00230
00240
00250
00260
00270

00280 ;
00280 ;

00300
00310
00320
00330
00340
00350
00360
00370
00380
00380
00400
00410
00420
00430
00440
00450
00460
00470
00480
00480
00500
00510
00520
00530
00540
00550
00560

00570 ;
00580 ;
00580 ;
00600 ;
00610 ;

00620

00630 ;
00640 ;
00650 ;
00660 ;
00670 ;

00680
00680
00700
00710
00720
00730
00740
00750
00760
00770
00780
00790
00800
0os10
00820
00830
00840
00850
00860

00870 ;

00880
00890
00800
00810
00820
00830
00840
00850
00860
00870
00880
00880
01000
01010

i HRRRERRIHE AR R R R R R R E R R R 00 00000800844
7 VOICE INPUT/OUTPUT ROUTINE USING THE CASSETTE PORT AND
; AMPLIFICATION. CAN BE USED WITH CTR TAPE RECORDERS AND
7 BUILT-IN MICROPHONES OR PREFERABLY EXTERNAL CRYSTAL

; MICS. SMALL SPEAKER OUTPUT INCREASES INTELLIGIBILITY.
IR i diiiiiiididly
’

ORG 4300H ; LOW POINT IN MEMORY
H ORG 6500H 7 USE WITH DISK BASIC
MONITR EQU 06€CH ; BASIC EXIT (OR OTHER)
START DI ; NO BOTHERSOME STUFF
CALL 01C8H ; CLEAR THE SCREEN
LD A, (403DH) ; START BY RESETTING PORT
T (OFFH) ,A ; TO CLEAR INCOMING BITS

RN RN R R R R
KEYBOARD ROUTINE FOR ENTER (INPUT), CLEAR (OUTPUT), OR
UP-ARROW (BASIC). UP-ARROW GOES TO EXIT IF NOT BASIC.
#irrriii IR R R

KEYTST LD A, (3B40H) ; GET ENTER/CLEAR ROW
cP 1 ; CHECK IF ENTER PRESSED
JR Z,INPUT ; GO TO INPUT ROUTINE
cpP 2 ; CHECK IF CLEAR PRESSED
JR Z,0uUTPUT ; GO TO OUTPUT ROUTINE
cpP 8 ; CHECK FOR UP-ARROW
JP Z,MONITR ; OUT TO BASIC OR MONITOR
JR KEYTST ; BACK FOR A VALID KEY

it iiiiiiii]
INPUT FROM PORT FF (255 DECIMAL) AND STORAGE IN MEMORY
FHEREFHERHERRR IR EIRE IR RV IR ERE TV E R R R I R IR

Pt 0 we we we we

#### LIKEWISE, A DECREASE IN THE DELAY VALUE MAY ####

#### INCREASE FIDELITY AT A SACRIFICE OF MEMORY. ####

NPUT LD HL ,MSGO01 3 BET THE "INPUT" MESSAGE
CALL 28A7H ; AND DISPLAY ON SCREEN
LD A, (403DH) ; GET VALUE FOR PORT MASK
LD C,A ; SAVE MASK IN C REGISTER
LD HL,4400H ; BEGIN VOICE STORAGE

; LD HL,6700H ; BEGIN STORAGE (DISK)

LOOP1A LD n,8 ; NUMBER OF BITS IN BYTE

LooP2  IN A, (OFFH) 7 GET VALUE AT THE PORT
RL A ; STASH IT IN CARRY BIT
AL E ; BUMP IT INTO E REGISTER
LD A,C ; GET VALUE OF PORT MASK
LD A, (3840H) ; CHECK ENTER/CLEAR ROW
ce 80H ; CHECK IF SPACE PRESSED
JP NZ, ESCAPE ; OUT IF KEYBOARD CLEAR

i

; #### NOTE: DELAY VALUE USED IN THE B REGISTER IS ####

; #### CHOSEN FOR OPTIMUM INTELLIGIBILITY.WITH THE ####

; #### CTR TAPE RECORDER AND HARDWARE MODIFICATION. ####

; #### A LONGER VALUE CAN BE USED IF HIGH-FIDELITY ####

; #### INPUT IS PROVIDED. FOR EACH INCREASE IN THE ####

; #### B-REGISTER DELAY VALUE, ALSO INCREASE THE B- ####

; #### REGISTER BY THE SAME AMOUNT FOR PLAYBACK. #i#d

i

i

H

LD B,4 ; GET SHORT DELAY VALUE
DELAY1 DJNZ DELAY1 7 AND DELAY A WHILE
ouT (OFFH) ,A ; MUST RESET PORT INPUT
DEC D ; DECREMENT TOTAL BITS
JP NZ,L00P2 ; CONTINUE IF MORE TO DO
LD (HL) ,E ; SAVE FULL BYTE IN MEM.
INC HL ; GO ON TC NEXT BYTE
LD A,H ; GET VALUE OF M.S. BYTE
cp 00H ; USE FOR 4BK MACHINE
H ce 0OCOH ; USE FOR 32K MACHINE
H cP 080H ; USE FOR 16K MACHINE
JP NZ,LOOP1A ; IF NOT DONE THEN MORE
LD HL,MSG02 ; GET "INPUT COMPLETE"
CALL 2BA7H ; AND DISPLAY THE MESSAGE
JR KEYTST ; DONE - BACK TO KEY TEST

H

R i i dddd]
; PAUSE CHECK DURING ENTRY; SPACEBAR = GO, OTHERWISE STOP
PR i iiiiiii]
i

ESCAPE PUSH HL SAVE CURRENT POINTER

i

CALL OFAFH ; DISPLAY CURRENT MEM.

LD HL,MS605 ; GET "WORD START" MESS.

CALL 2BA7H ; AND DISPLAY THE MESSAGE

POP HL ; RESTORE MEMORY PTR.
RECHEK LD A, (3B40H) ; ENTER/CLEAR KEYBRD ROW

cpP B0H ; CHECK IF SPACE AGAIN

JR Z,L00P1A ; BACK TO MAIN LOOP

cP 4 ; CHECK IF BREAK KEY

JR NZ, RECHEK ; KEEP LOOKING ENT OR BRK

LD HL,MSG02 ; GET "INPUT COMPLETE"

CALL 2B8A7H ; AND DISPLAY THE MESSAGE

JR KEYTST ; AND BACK TO KEY MENU

Listing Continued . . .

Special Loaders

Special Loaders

This was initially one of the mysteries of
TRS-80 operations. Microchess was produced
with a loader, then others quickly followed,
mysteriously taking control of the machine and
locking it up completely.

Let’s now take a look at some of these special
loaders, which will be designated Loaders A, B,
C, and D in order to help them continue to do the
job they were supposed to — protect software.

Loader A sets up a stack at 5000, clears the
accumulator, and calls ROM to turn on the tape
recorder and find the sync byte. It places a star
on the bottom of the screen, sets up the HL
register to receive the program, and prepares
register C to perform simple checksum. A byte is
read, it is saved in memory, and the checksum is
created as in the SYSTEM mode. Then:

ap25  7C LD AH
4D2%6  1F RRA

47 23 INC HL
4D28  3E 2A LD A,2A
4D2A DA 2F 4D JP C,4D2F
4p20  3E 20 LD A,20
4D2F 32 FD 3F LD (3FFD) ,A
4p32  3E 4C LD A,4C
4p3a  BC cP H

4D35  C2 1F 4D JP NZ,4D1F
4p38  3E FF LD A,FF
4D3A  BD cP L

4D3B  C2 1F 4D JP NZ,4D1F
4D3E  BS cp c

4D3F  C2 00 00 JP NZ,0000
4pa2  CD F8 01 CALL  01F8
4pas  Cc3 80 47 JP 4780

The strange appearance of RRA has nothing to
do with rotating incoming bits. Rather, since the
accumulator contains the H register value, each
page (256 bytes) of information will change the
high page value by one. Consequently, the high
page will alternate between odd and even values,
and the least significant bit, rotated into the
carry flag, will trigger the display-star or
display-space routines at 4D2F.

Finally, this somewhat awkward loader does a
pair of compares to see if it has yet reached 4CFF,
the end of the program load. If not, it loops back
and continues; if so, it examines the checksum in
C. Amazingly enough, it goes back to MEMORY
SIZE? if there is a checksum error! There’s no
tampering with this program. A successful load
is followed by a jump to the program’s beginning
at 4780.

Loader B is virtually identical to Loader A,

except that the beginning of the program is found
at 41FD instead of 4780.

Loader C is of a more interesting variety. It is
written entirely without calls to ROM, because it

The Custom TRS-80
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Special Loaders

Continued Listing

4371
4374
4377
437A
4378
437E
4380
438%
4382
4383
4385
4387
4388

438BA
438C
438E

4380
4388
4384
4385

4397
438A
4380
43A0

43A3
43C5
43C8
43C7
43E5
43E8
43E7
440C
4400
440E
4437
4438
4439
4452
4453

4300

21E743
CDA728
3A3D40
4F
210044
1608
7E

cB13
cB17

D3FF

0606
10FE
AF

15
c28343

7C
FEDO

C27E43
210E44
COA728
C30843

0D
ac
48
oD
00
42
0D
00

0D
00
20
1]1]
00

00000 TOTAL

28121

DELAY
DELAY1

TEXT

438C
4338

ESCAPE 4353

INPUT

4318

KEYTST 4308
LDOP1A 4328

LooP2

432A

LOOP3A 437E

LooP4

4383

MONITR 06CC

MSGOD1
MSG02
MSGO3
MSG04
MSGOS

43A3
43C7
43E7
440E
4439

QUTPUT 4371
REEHEK 435E

START

4300

01020 ;
01030 ;

01040

01050 ;

01060
01070
01080
01080
01100
01110
01120
01130
01140
01150
01160
01170
01180
01180
01200
01210
01220
01230
01240
01250
01280
01270
01280
01280
01300
01310
01320
01330
01340
01350
01360
01370
01380
01380
01400
01410
01420
01430
01440
01450
01460
01470
01480
01480
01500
01510
01520
01530
01540
01550
01560
01570
01580
01580
01600
01610
ERRORS

LooP4

#HEd
#H#d
#Hid
#Hid
#Hid
#Hi
#id
#Hid

e wa we we we we ws we we ws

DELAY

I:SG(H
MSG02
MSGO3
MSG04

MSG05

; EEEERRERREERERERESERRRERREEORRRRRIIRIRRRERRRIRERINNS
; OUTPUT FROM MEMORY OF RECORDED VOICE TO CASSETTE PORT

H it
’

LD HL,MSG03 ; GET "BEGIN OUTPUT"
CALL 2BA7H ; AND DISPLAY THE MESSAGE
LD A, (403DH) ; PORT FF OUTPUT MASK

Lo C,A ; SAVE OUTPUT MASK IN C
LD HL, 4400H ; START VOICE STORAGE (*)
LD n,s ; NUMBER OF BITS IN BYTE
LD A, (HL) ; GET VALUE FROM MEMORY
LD E, ; SAVE IT IN E REGISTER
XOR A ; CLEAR ACCUMULATOR TO O
AL E ; SEND BIT TO CARRY FLAG
RL A ; AND ROTATE 'ROUND TO A
OR c ; USE THE PORT FF MASK
T (OFFH) ,A ; AND SEND OUT THE VALUE
NOTE: PLAYBACK VALUE BELOW MUST BE CHANGED ####
TO MATCH SAMPLING DELAY IN THE INPUT SECTION ####
OF THIS I/0 PROGRAM. THIS VALUE IS ROUGHLY ####
TWO TIMES THAT IN THE B-REGISTER DURING THE ####
INPUT SAMPLING. VARIOUS DUMMY OPCODES MAY  ####
BE INSERTED WHERE NECESSARY TO KEEP VOICE it

AT THE PROPER PITCH AND QUALITY. USING THIS ####

PROGRAM, THERE IS A QUARTER-TONE DIFFERENCE.

LD B,6

DJUNZ DELAY
XOR A

DEC D

JP NZ,L00P4
INC HL

LD A,H

cp 00H

cP OCOH

cP 080H

JP NZ, LOOP3A
LD HL,MSG04
CALL 28A7H

JP KEYTST
DEFM

DEFB ODH

DEFB 00H

DEFM

DEFB ODH

DEFB OOH

DEFM

DEFB ODH

DEFB O0H

DEFM

DEFB ODH

DEFB 00H

DEFM

DEFB ODH

DEFB O0H

e ws we ws we ws We ws ws ws we ws we we

s

GET SHORT DELAY VALUE
AND DELAY SHORT WHILE
CLEAR ACCUM. BACK TO 0
BITS = BITS MINUS ONE
AND BACK FOR SOME MORE
GET NEXT BYTE FROM MEM.
GET VALUE OF M.S. BYTE
FOR 48K MACHINE

FOR 32K MACHINE

FOR 16K MACHINE

AND GO BACK FOR MORE
GET "OUTPUT COMPLETE"
AND DISPLAY THE MESSAGE
AND BACK WHEN DONE

'HOLD SPACE BAR AND BEGIN SPEAKING.'

"INPUT COMPLETE OR MEMORY FULL.'

'BEGINNING PLAYBACK; BREAK IS IGNORED.'

'PLAYBACK COMPLETE; PRESS CLEAR TO REPEAT.'

' = WORD SEPARATION PDINT.'

H
3 HEEEEEREEREREREEIERIRRE I I I IR
START

END

AREA BYTES LEFT

01300
00680
00880
00430
00300
00480
00500
01110
01150
00180
01440
01470
01500
01530
01560
01060
00830
00200

Chapter 3

01300
00680
00560
00320
00370
00780
00720
01380
01330
00360
00430
00800
01060
01400
00800
00340
00870
01610

00820 01000 01420
00850

00880

is capable of loading into a Level I or Level II
TRS-80. Less fortunately, the ROM timing
errors are not corrected, so the chances of loading
this program on a marginal machine are not at all
improved. The stack is prepared, and a block of
memory is cleared from 5800 to the end of
potential RAM at FFFF. My only guess as to the
reason for this is that the authors wish to wipe
out any programs such as monitors or
disassemblers, as the clearing byte (A5) does not
strike me as otherwise meaningful.

The tape is then turned on, and a pattern of
three asymmetrical and two symmetrical sync
bytes is found (B1, 83, 79, 5A, 00). Again, the
choice strikes me as arbitrary, and may be the
authors’ way of identifying their own code. If
these bytes are found, the program continues; if
not, the entire five-byte pattern is sought again.

As in the other loaders, register C is set to zero
for use as a checksum byte. The program load
point is set high in memory (747F), and a byte is
read. Here is a part of the code:

433D CD BF 43 CALL 438F
4340 77 LD (HL) ,A
4341 32 3F 3C LD (3C3F) ,A
4344 81 ADD A,C
4345 & LD C,A
43486 2B DEC HL
4347 70 LD AL
4348 ac INC A

4348 c2 43 JP NZ,4353
434C CD 8F 43 CALL 438F
434F BS cP c

4350 C2 66 43 JP NZ,4368

The secret to this portion of code rests in
address 4346. Unlike most other loaders, this one
loads (and displays) the last byte of code first,
moving backwards through memory. (438F is the
location of the byte-read subroutine). When the
page is crossed (4346-4348), the checksum is
evaluated; if the checksum is incorrect the
program jumps to 4366, where an error message is
displayed and the machine locks up.

The user’s display is worth noting:

4353 7C LD
4354 32 3E 3C Lo

AH
(3C3E) ,A

This loader actually displays the ASCII
equivalent of the page of memory being loaded
with data . . . and it looks like an alphanumeric
countdown as the program is fit into place.

Finally, Loader C does a comparison for the
end of the first major load block, changes the
value of H, and loads the next block. It then
overwrites critical portions of the load routine,
effectively obscuring the loading and entry point
of the program. Interrupts are disabled, and the



process moves out of the loader into the main
program. Interestingly, the authors forgot to
turn the tape recorder off.

Finally, Loader D is of an entirely different
sort. First, some code:

BEFE  3E 04 LD A4
BFOD D3 FF wT (FF),A
BFO2 DB FF N A, (FF)
BFO4 17 RLA

BFO5 30 FB JR NC,BF02
BFO7 06 XX LD B, XX
BFOS 10 FE DINZ  BFDS
BFOB 06 08 LD B,9
BFOD  3E 04 LD A4
BFOF D3 FF T (FF),A
BF11 DB FF IN A, (FF)
BF13 17 RLA

BF14 00 NOP

BF15 38 OC JR C,BF23
BF17 2 INC HL
BF18 28 DEC HL
BF18 10 F6 DUNZ  BF11

This remarkable loader is written for
high-speed operation, setting up the output ports

BEFE and BFOD), clocking itself with start bits
(BFOD), and then reading a nine-bit serial
stream. Careful timing and self-clocking are
essential in high-speed data I/0, and this routine
is capable of reading and writing on ordinary
audio cassettes, with excellent reliability, at
better than 2000 baud. The only point to the
instructions at BF17 and BF18, for example, is
the delay introduced by executing them; yet that
timing is very important. The actual timing
value at BF07 has been dropped for a measure of
protection of this author’s fine software.

Conclusions

In sum, the tape read/write routines of the
TRS-80 are efficient and, especially now with
special loaders and a corrected ROM, quite
reliable. Different levels of user prompts,
particularly those used by the reverse-loading
module described above, are probably more
satisfactory than flashing stars. A checksum
process for BASIC similar to the SYSTEM
module would have been valuable. Finally, by
careful attention to clocking details, a reliable,
higher speed loader could have been included in
the TRS-80.

For those especially interested in high-speed
loaders, I recommend examining the Exatron
Stringy-Floppy operating system, which shows
what can be done with equipment designed for
digital operation. It is capable of reliable loading
and saving at rates exceeding 11,000 baud.
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Fig. 2. Full schematic for the Model | cassette modification for speech input. It should
be switched out when cassette programs are being loaded (see Fig. 4).
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Simple Modifications

Simple Modifications

Why hardware modifications? Simply
because they help a limited computer broaden
its ability to serve our needs. Looking at glowing
blue-white letters on a dark screen is
comfortable for only a limited time . . . waiting
through many minutes for the computer to make
a game play is frustrating . . . attempting to
imagine which characters are upper case and
which are lower case is nearly impossible . . .
emphasizing individual words and characters is
only possible with arrows and stars . . . and so
forth.

In this chapter, eleven simple modifications to

the standard TRS-80 will be presented:

Installing 16K memory to the keyboard unit,
and to the expansion interface.

A change to enable recovering Resets when
there is an expansion interface attached.

Moving the Reset button to a more accessible
position.

Adding both an extra keyboard and an extra
video output for extending the computer’s
portability.

Adding an RF modulator to further increase
the TRS-80’s portability.

Installing a modification to increase the
computer’s computational speed.

Installing a modification to reverse the video
display for black letters on a white
background, more in keeping with real text.

Adding the feature of dual-language
operation: Level I and Level II in the same
computer.

Accessing the lower case capabilities built
into the TRS-80 by adding a single circuit.

Reversing individual characters on the
screen for emphasis.

Adding a hexadecimal keypad for faste