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SUMMARY

A small lathe has been modified to work under microprocessor
control to enhance the facilities which the lathe offers and
provide a wider operating range with relevant economic gains.
The result of these modifications give better operating system
characteristics. '

A system of electronic circuits have been developed, utilising
the latest technology, to replace the pegboard with the
associated obsolete electrical components.

Software for the system includes control programmes for the
implementation of the original pegboard operation and several
sample machine code programmes are included, covering a wide
spectrum of applications, including diagnostic testing of
the control system.

It is concluded that it is possible to carry out a low cost
retrofit on existing machine tools to enhance their range
of capabilities.
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CHAPTER 1.

INTRODUCTION.

The work is mainly concerned with the investigating the
retrofitting of a microprocessor based controlling device to an
existing , pegboard operated capstan lathe and to investigate new
interfacing techniques, so as to enable the microprocessor to be

coupled to various external devices.

The research work utilises a British made Ward
capstan lathe, which is still used in industry and to update the
control system by replacing the pegboard, the programming of
which required a time consuming effort by the operator. Utilising
existing machines minimises the cost, because to purchase and fit
a small microprocessor controller is minimal, costing only in the
region of a £1000 , which is far below the cost of totally
replacing a working machine with a modern counterpart. Most
working machines still have a very useful 1life span left and

also existing tools could be used, reducing the cost further.

If further control capabilities were required then

additional features could be controlled by simply updating
the programmes and adding further microprocessor memory. The

lathe was examined in detall and several points were noticed,

these are detajled as follows,
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The electronics involved gas filled thermionic tubes which are
now obsolete and difficult to replace. This fact required that

a replacement design be made, to modify the circuits with a solid

state device, which could easily be obtained.

Normal operation of the lathe was controlled by.an
operator placing pegs into a matrix panel, but this was time
consuming and prone to errors. The pegboard configuration was
ideally suited to microprocessor control and so a self latching
control interface was designed, to be simply connected to one of
the control columns of the pegboard. This control being
automatically taken over by the microprocessor , by pressing one
operator control key. Control programmes could be pre-written
and fed to the processor via a standard cassette tape recorder,

or a plug in EPROM memory.

The next step was to investigate which processor
chip to utilise in the design and the project contains a critical
appraisal of the main types of micropiocessors available during

the early part of the research. A final choice was made to use

the Zilog 280 chip, which has since become an industrial standard
quickly taking over the predecessor, the 8080, because of the

powerful instruction set , ideally suited to numerical control.
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The Z80 microprocessor chip design is intended to drive the
interface components connected to the.first column of the
pegboard, with an electronic latch configured to return to

the first column and then to read each new set of instructions
presented by the microprocessor. The system should give
excellent flexibility with a set task loaded directly from

the keyboard or more efficiently from a standard cassette
tape. The section on improvements also suggests a better

method, by obtaining routines from a pre-programmed EPROM.

The work contains several programmes, proposals
and designs for additional improvements to the system, these
include a memory expansion unit, enabling better control

programmes to be written, without the restricted memory space.

Most of the control programmes are written in
machine code language, which has the important advantage of
speed of operation, which is required in any control system
and it allows a limited memory section to be utilised to
the maximum efficiency. Many sample machine code programmes
are given in the text and many more may be found in the
(1)

author's own publication.

Page 4



A further design is included to programme UV EPROMS , with

either a control programme , or an improved monitor system . These
EPROMS give an excellent facility for simply plugging in a
control programme for a complete task. This has cost saving
advantages to industry and a design is included to reprogramme

these EPROMS , thus saving replacement costs,

The modified lathe has been extensively tested and
after initial modifications has been found to give excellent
flexibility . Sample programmes are provided , to enable a new

operator to gain confidence,

The project was slightly extended by interfacing
the processor to a VDU graphics unit and sample programmes are

included to enable simple graphics to be produced.

Provision has been made to store programmes
externally , by the addition of two further interfaces , to
a standard tape recorder and to any printer , operating on the
EIA RS232 voltage sensing system , or the 20 mA current loop

configuration.
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A section is included involving a further microprocessor
should it be deemed advantageous , to control other aspects
of the lathe , this facility would open up a great many more
possibilities for further research work. There then follows
a discussion of the relatively new fibre optic technology
which could be utilised to transmit video signals from the
machine tool tip to a visual display unit , so tracking the
tool contour at the actual work face. The theory of fibre
optic technology is detailed and ends with a typical design

circuit for fibre optic light transmission.
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WARD CAPSTAN LATHE,

C HAPTER2.
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CHAPTER 2.

THE WARD CAPSTAN LATHE.

2.1. Retrofitting a Microprocessor Controller.

Several factors were taken into cqnsideration when

attempting to change the control mechanism of the capstan lathe.

a) Compatibility between the lathe and controller with respect
to signal and voltage levels. Investigation of the existing
electronics highlighted the fact that electronic technology

had advanced in rapid leaps since the lathe was initially
developed making some of the components obsolete. These could
only be replaced by stocks held in a rapidly diminishing store,
not only were they difficult to replace but the components also
operated on voltages between 90 and 220 volts dc. This voltage
range is incompatible with modern electronic standards which

generally utilise a 5§ volt TTL level.

It was decided to replace these units with a modern
counterpart which could easily be obtained and which would
operate on the required standard voltage level. The transfer
signals in the lathe operated at approximately 90 volts with a
pulse duration of 1 millisecond and a further modification was
made to the pulse, by changing it to a 5 volt , 1 millisecond

transfer pulse at TTL level with a latched input.



b) Removal of the pegboard.

The original pegboard consisted of columns of holes in which
an operator pushed in diode pegs to complete a circuilt, to
control a sequence of operations. This type of configuration
was ideally suited for microprocessor control and so an
interface board was developed at standard 5 volt level to
make the task of connecting the controller possible. The
following photograph shows the original pegboard before

modification. ( Figure 2.1 )

2.2, Control Details.

The microprocessor's address and data lines were used to control
a data latching system allowing a preset sequence of events to
occur, this was previously set up on the pegboard. When a
sequence is completed a transfer pulse from the lathe is
communicated from a latch to the peripheral port of the processor,
the pulse is taken as a signal to output the next set of
instructions through the address and data lines. A continuous
sequence of events is thus possible by a pre-written programme
entered from the keyboard, or EPROM memory, or a tape cassette. All
these control signals are confirmed visually on the screen of the
television monitor or VIU. Figure 2.2 shows an overall picture

of the control layout.
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2.3, The Ward Capstan lathe.

The lathe used for the research work is the 2DS AutoWard
Capstan.lathe , manufactured by H W Ward of Birmingham and

consists of two controlled sections (a) and (b) as follows:-

a) Originally the turret was controlled manually, but previous
work was undertaken to operate this section electronically by

using operational amplifiers with logic control (2),

b) Most of the other operations were controlled by the use of

a diode pegboard arrangement consisting of a matrix of 31 rows
and 24 columns as shown in figure 2.1. Lathe control was

achieved by an operator using a set of pegboard diode insertions
into this matrix, each diode controlled a circuit to move certain

parts of the lathe. The main operational movements consisted of t=-
i) A moving slide.
ii) Chuck speed and rotation.

iii) Turret movement , forward and backward.

iv) Chuck opening and closing.

This lathe has been used in British industry for many years but
unfortunately, due to the advancement of technology, suffers

from many disadvantages as highlighted below.
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2.3.1. Iathe Disadvantages.,

a) The time required to set up the pegboard is very expensive
because today, labour is one of the most costly items in the
manufacturing process.

b) Some of the electronic components are obsolete and once stocks
are depleted their replacement will become very difficult.

c) Flexibility of manufacturing suffers due to the lack of
precision control with no feedback between the lathe and the

operator or controlling device.

These disadvantages were investigated and several changes were
considered, such as to update the obsolete components with
modern easily obtainable parts. Control would be passed

to a Z80 microprocessor system which has a very powerful
instruction set, allowing greater flexibility of manufacturing
techniques. The performance could also be improved by fitting

stepping motors to lead screws giving more flexibility when

cutting components.

Further possibilities include tool monitoring by
the use of microprocessor controlled fibre optic feedback. An
important factor in any improvement is cost and with technology
leaping ahead British industry has a difficult time with replacem-
ent of existing machines, retrofitting the proposed microprocessor

controller gives an excellent compromise.
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Existing equipment can be utilised thus reducing the costs to
an absolute mimimum. Any cost incurred would come mainly from
the purchase of a microprocessor system and there are now

available some small Z80 units.

These minimal systems could be pressed into service
and would certainly be sufficient for many small factories

utilising this type of lathe.

Costs would be in the region of £1000 which is a
small outlay considering the advantages to be gained and a minute
outlay if balanced against the cost of replacing the whole

machine,

An added microprocessor controller does not of
course solve all industrial problems, but it does offer a
relatively cheap way of at least progressing in the correct

direction with a minimum outlay.
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2.4, Pegboard Control Modifications.

The original method of controlling the lathe was to enter

some diode pegs into a column of holes , on an external pegboard
as detailed in figure 2.1. As the diode peg was inserted a
circuit was completed via the diode, connecting a voltage
derived from the counter unit with two or more appropriate

control flip flops. These flip flops utilised glass tubes.

The circuit shown in figure 2.3 details the
~original method of triggering the two thermionic glass tube
devices, but unfortunately these tubes are now obsolete and
future replacement even during fair wear and tear could
become very difficult., The glass tubes used are of the Neon
type, operating on a voltage source of 180 volts and direct
current, It is also necessary for some of these devices to
have a light source operating within the cabinet for reliable
operation and if this light source is removed, by possibly
just normal bulb faillure, then the operation of the flip
flops could be drastically changed unknown to the operator,
because there is no feedback or warning device fitted to

allow for this hazard.
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2.5. The New Trigger Unit.

Now a replacement device was required to roughly approximate
the dynamic characteristics and operation of the old Neon
trigger tubes. Albeit these new devices operate at low

voltages it was decided to temporarily stay with the original
voltage so that each trigger could be replaced and tested in
turn, without interruption to the normal lathe operation. This
method proved invaluable when some design problems were met
when testing the system, the reason being that the Neon tubes
were utilised somewhat differently in some of the control units

and required a different approach.

The design was carefully contrived so that the
system could be changed over to a lower working voltage when
all the modifications were completed, the arrangement resulted
in the necessity to simply remove load resistors in each
module when the change over was required. Figure 2.4 shows
the method of replacement with the circuit changes. Further

details of the new component C106 may be found in ( 3).
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2.6. Transfer Unit.

When a lathe operation is completed a transfer pulse is provided

by the system, to switch a transfer unit flip flop.

The unit derives a 90 volt pulse with a duration of
between 1 and 3 mseconds. This pulse is sent to a counter unit,
which steps control on from a previous ceclumn of diode pegs, to
the next column in sequence. The new column contains the

information required to perform the next lathe cperation.

The following diagram shows the details of the
electronics required to generate the 90 volt, 1 to 3 msecond

transfer pulse. ( See figure 2.5 )

This pulse must also be reduced, before it can be
utilised in a modern control circuit, due to the incompatibility

of the two voltage systems.
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2.7. The Pegboard Interface.

It was decided to replace the operation of the pegboard by
a microprocessor as the next step towards controlling the
AutoWard capstan lathe. This had been made possible by the
changes made to the flip flop and transfer units to a lower
operating voltage. The full advantages of this modification
would become apparent later when all the lathe operations

were microprocessor controlled.

The initial steps consisted of designing ,
building and testing an interface board between the
microvrocessor's peripheral ports , address and data lines
and the pegboard diode assembly. The diode insertion action
of the overator would be mimicked under microprocessor
programme control from the keyboard directly or from a
programme entered previously into an EPROM memory , OT
from data held on a tape cassette. Figure 2.6 shows the
physical layout of the interface board and indicates the
position of the buffers , drivers and latches utilised in

the matching process,
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2.8. The Interface Board.

The interface board consists of a set of 741S86 , see (5
for further details, these are quad exclusive OR logic
integrated circuits that connect to the microprocessor's
address bus. Their outputs are inverted and then buffered by
7406 type integrated circuits (3 ). All the address lines
A, to A act as outputs and are coupled together and held at
the 5 volt logic level by a common resistor . This logic

level is connected as one input to two triple input 741S10 (3)
NAND logic gates. The other two inputs consist of the Aj
address line together with the WR write pulse, from the CPU.

The common address line for Al to A, is also controlled by the

?
microprocessor's ICRQ Trequest line.

At any particular time only one of the P4LS10
gates give an output, because the Ao address line is fed to
one gate directly and inverted to the other. This facility
allows a choice to be made, to activate either of the bank of
two, eight 741LS175 latches. The sixteen latches are connected
in two groups of eight, one group beeing selected by the
appropriate 741510 gate. The latches are connected directly to
the CPU data bus but only pass data when clocked, by their

respectlive gate,
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The output from the 74LS175 quad D type flip flops

are fed to a bank of 7406 inverters utilised as buffers , to
control a set of reed relays as shown in figure 2.7. The

reed relays mimic the action of the operator inserting a

reg into the diode matrix board. The relay outputs are
connected in series with diodes and each output is then
connected in parallel with the appropriate feg position on

the matrix board. Figure 2.8 shows the reed interface board
connected to the address lines and routed to an edge connector

ready for coupling into the microprocessor output socket.

Only one column is utilised on the pegboard,
by the microprocessor, because this allows the microprocessor
to set up the instructions for each operation as though the
pegs had been inserted by the original operator. When the
lathe is activated, action is taken on each instruction by
reading the same column continually , this column being
controlled by the microprocessor software and the lathe
electronics is fooled into returning to reread the same

column continually.
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2.9. Pegboard Modifications.

Eight lines were connected to the pegboard enabling eight
separate control functions to occur , however the full set

of 16 latches were connected to the address lines , giving

a further eight possibilities for future expansion and control
of alternative devices. Each line is connected to the peg
diode matrix board as detailed in figure 2.9. The diodes

were required in the interconnections so as to steer the
signals correctly to mimic the original action of each diode

peg inserted by the operator.

When one column of instructions were completed
by the lathe an automatically generated transfer pulse of
90 volts, with a width of between 1 and 3 milliseconds was
obtained from the lathe‘'s control system. This pulse was
required by the microprocessor's system, but required some
modification to tailor it to the standard 5 volt TTL level,
before it could be utilised. Figure 2.1 shows where the
control lines were connected on the lathe behind the

original pegboard.
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- 2.10. The Transfer Pulse.

The 90 volt transfer pulse required reducing to the standard TTL
voltage level of 5 volts and a latch was used to hold the pulse,
giving the system further flexibility, so that if required at a
later date, the microprocessor need not be held up in an
interrogating loop, until it had completed some other more

important task.

When the transfer pulse is received by the
processor, the next set of instructions is communicated to the

pegboard column.

This pulse results in further action by the lathe

and the process continues as before.

Details of the transfer pulse modifications

and latching circults are shown in the following diagram,

figure 2.11.
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2.11. Counter Unit Modifications.

The original system utilised a string of "GDR 120W"™ counters
in a ring loop configuration and as each counter was triggered
in turn, the output was used to activate each of the peg

columns individually.

Due to the nature of the microprocessor controller
only one of the columns is used, hence a modification was
required to the counter unit so that in effect it returned to

the first column automatically, after each step.

The following diagram shows the details of how
the counter is forced to return to continually activate the

first column, see figure 2,12,
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2.12. The Microprocessor Controller.

The previous modifications enabled the microprocessor to
communicate with the lathe via the interface and latch system.

The following events are typical of a control sequence, when

operating the lathe,
a) Switch on the lathe.
b) Switch on the microprocessor.

¢) Tvpe in, or feed in a prerecorded programme.

d) Initialise the programme sequence.

The events that now follow are directly under the control of

the microprocessor =

l) The transfer pulse latch is reset, ready for the next

transfer pulse input.

2) An event sequence is sent out, on the address and data
lines, into the interface latch system. A visual confirmation

is then given on the monitor screen.

The event data is obtained from a prewritten event

table, contained within the machine code programme.

Page 34



3)

i)

5)

The latched information is fed directly to the rear of the

pegboard where the signal is interpreted as a lathe event.

A transfer pulse 1s accepted from the lathe and latched

ready for reading by the microprocessor.

In fact , in the original sequence , the processor initialises
the interrogation of the latch as soon as the pulse is
received.

The processor performs four operations.

a) The transfer latch is reset , ready to accept the

next transfer pulse,

b) A predetermined delay sequence is entered , between
each event . This delay is adjustable under software

control.

c) A new set of instructions is sent out to the data latch
interface board and the instruction is confirmed by a

visual display on the monitor screen.
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d) The processor enters a further interrogation loop waiting

for the next transfer pulse, the software could also be changed

to generate an interrupt.

6) This sequence continues until the processor finds the code
"FF" at the end of the event table, this stop code will then

initiate a separate set of operations as follows:=

a) The transfer latch is reset,

b) The chuck rotation is stopped for additional safety,

c) The end of programme sequencing is indicated on the
video monitor screen.

The complete cycle could then be repeated with a new work
piece, or a new control programme entered from the keyboard,

from EPROM memory or from a tape cassette.

The author has written some sample test
programmes, but have not been included at this point because
of the necessity for the operator to gain at least some
familiarisation with the machine code language before using
those programmes. A chapter is included later ( chapter 8 )
as an introduction to the machine code language with sample
test programmes inserted at the end of that section. For

¢33 )

further programmes see » the authors own book on

machine code programmes for the 280 microprocessor.
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2.13, Choice of Controller.

During the period of design, construction and fitting, of the
previously stated modifications, thoughts were obviously being
given to the type of microprocessor to be utilised, when the

modifications were completed.

Unfortunately, at that time, small inexpensive
readily made available systems, were very few and far between
and even the available ones were not found suitable for the

control task in hand.

t was therefore necessaxry to build up a custom
designed csystem, from the microprocessor chips and boards,

available at that time.

Tven then the choice was made difficult, by lack
of availability and it was therefore found necessary to produce
a critical appraisal of microprocessor chips and units, before

progressing further.
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As the time progressed and an understanding of the situation
was obtained , more microprocessor units became available,

so relieving the situation a little.

The following chapter will take the reader
through the steps taken by the author, from searching for units
to choosing the final microprocessor. The choice of microprocessor

was found to be far more important than was first envisaged.

The experience gained was found to be invaluable
as an aid in further industrial projects and designs . In fact
the author now acts as a microprocessor consultant to several
large industrial companies within his area and they are turning
more and more to microprocessor control, but as yet do not
have the nesessary background experience, when deciding on

which microprocessor system to utilise for a specific task.
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CHAPTER 3.

THE HISTORY OF THE MICROPROCESSOR.

3.1. Electronic Changes.

Radical changes in electronics began as early as the 1960°'s
with the first electronic calculators, which were products of
the transistor era which eventually resulted in the integrated

circuit.

The early 1970's brought a faster change due to the
technical innovations as designers found a method of cramming
more elements into tiny micro size electronic circuits, resulting
in pocket size calculators at a substantially reduced price. The
1980's gave a microelectronics era which is a combination of
new semiconductors and a totally new design technique , resulting
in an unique technological progression, which was brought about
by a system called ™ large Scale Integration”. The system
enabled thousands of transistors to be placed on a tiny silicon

wafer, enabling the computer to shrink both in size and cost.

In essence a microprocessor can replace some units that
a mere decade ago would have cost many thousands of pounds. In
the past logic design was mainly hardware oriented, system
changes were difficult to implement , because a specific logic

block would consist of a combination of many logic elements.
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Changes were made either by redesign or by wiring in external
components for entire circuits or even minor changes . Both were

expensive in time and engineering resources.

For many years logic designers had hypothesised 3=
"Why not replace gates and logic elements with a stored
programme , thus performing all of the logic functions”.

An interesting concept which was only feasible

for large and expensive computers.

Eventually a convenient merging of "LSI" and the
stored programme concept became a reality , resulting in the
microprocessor . The microprocessor system stores the programme
in a special LSI device called a memory chip . This chip is
connected to the processor supplying control instructions,

enadbling conventional logic systems to be simulated.

Microprocessor based design is a totally new
concept giving an unique mixture of hardware ( ie with
electronic blocks )and software (ie with programmes ), which
promises to revolutionise the designer®s task . Hardwgre is
greatly simplified as all functions are centered around a

general purpose processor.
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Usually the hardware system design consists of interconnections
and interfacing or matching of various LSI chips. These generally
appear as a family of general purpose elements producing a chip

marriage that significantly reduces the interfacing requirements.

In microprocessor based systems there are less
circuit elements, so naturally less hardware design time is
necessary. In essence the brunt of microprocessor design is the
developement of software, consisting of flowcharts and programmes,
these are written by the designer and then loaded into special
memory chips, the programme then has the power to produce functions
previously reserved for logical elements., Hence memory replaces

random logic by storing programming sequences.

Generally one word of memory replaces one logic gate
and many thousands can be stored in one memory chip, thus reducing
the chip count drastically. This significant reduction in hardware
complexity results in reduced design time and cost.Fewer parts
means increased reliability giving a further overall efficiency
to a cost effective design. In fact microprocessors used in

industry have now become well known for their dependability.

A further advantage of the microprocessor system is
that changes in environmental parameters can easily be

implemented by a change in software.
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3.2. Evaluation and Chip Selection.

There are various microprocessors available but the selection is
far toc important to be left to chance, or a hasty decision. The
se'ection depends to a large degree on the application.

Processors are structured differently but they do
have similarities or elements which are the same, their names
may be different and they may have some unique factor. The subtle
differences must be examined carefully during selection as they
can scmetimes indicate vrogramming problems and solutions.

Microprocessor analysis often begins with the
investigation of the manufacturer’'s data sheets, which can
sometimes assist to remove misfits at an early stage.

The following items are generally recognised as an
indication tc the most important factors in the selection

cf a system.

3.3. ¥Yord Size.
This feature is a means of classifying processors into major
groups. It is important from the standpoint of resolution,
computational accuracy and ease of programming.

Eg ¢+ A 4 bit machine will act as an 8 bit device but
requires two lots of data bursts. This is not usually time

efficient and can complicate programming.
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3.4, Addressing Modes.

The number of modes offered is very important and as a general rule
more addressing modes mean more potential power, however some
modes may be of little use, or be just a rehash of another

inherent mode.

3.5. Address Capabilities.

This is the amount of memory that is directly addressable, eg :-
A 16 bit device may have a combination addresss:data bus
to select 64 K of memory, by applying three bursts of
four bit multiplexed information. The disadvantage is

that more time is required to address each location.

3.6. Input and Output Capabilities.

The inputsoutput structure may be of paramount importance to a
particular application, such as control applications, because
the processor takes data from the outside world, processes it

and sometimes returns a result to the sender.

** 1K of memory consists of 1024 bits of information, the
number results from using the "Binary" system and

1024 is 2 raised to the power of 10.



Basically there are two types of inputsoutput structure -
a2) The Dedicated Input and Output.
This system has a linited number of ports and

requires special instructions before it can be implemented.

b) Memory Mapped.

This system treats the input 3 output data just
like another memory and is usually a more versatile method. A
further advantage is that any portion of the memory may be

allocated to input and output.

3.7. Intermal Registers.

All microprocessors have the standard registers, such as a

programme counter and accumulator.

The important aspects to look for are extra user
accessible internal registers, like extra accumulators, index
or general purpose registers.

These additional registers can mean programming
economy and as a general rule, more registers lead to a more or

less flexible systen.
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3.8. The Instruction Set.

The instruction set should be carefully examined to find out just
how flexible the registers are. This set is one of the most
important selection criteria and should be well organised, easy
to learn and powerful, so that fewer instructions can perform the
more complex tasks, It must also be memory efficient and this
efficiency will be reflected by the number of memory cycles

required to complete a task,

3.9. Execution Speed.

A very important criteria if real time executions are envisaged,
in the past the clock frequency was used as a standard, but that
led to misleading results. Today the most popular standard is the

register to register addition time.

3.10. Interrupt Structures.

a) The simple single line interrupt.
This method ties all interrupts to a common line and the
processor must poll to locate the initiating device.

b) The multilevel interrupt.
This system has more than one hardware interrupt line and the
device is immediately identified without the necessity for

polling.

Page 46



c) Vectored Interrupt.

A very fast system that requests service and then branches
automatically to the interrupt service routine.
It is often found that various interrupt methods are combined

one microprocessor system.

3.11. Interfacing Complexibility.

Interfacing is a major problem for all processors, especially
buffering, however there is an inbuilt strength in the
microprocessor family, because a family chip can usually be
connected directly without buffering. TTL compatibility and

voltage levels are also important.

3.12, Power Supply Requirements.

Single power supplies give good economy with reduced design
time, it is important to use family device peripherals because

they are always voltage compatible.

3.13. Manufacturer's Hardware Support.

This is a direct measure of difficulty in obtaining information
and the manufacturer's commitment to servicing the user's
needs. It is important when choosing to look for simulators

or emulators in development systems.
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3.14. Software Support.

This includes documentation such as programming manuals,
application notes and other technical literature. Also look for
monitor programmes for assembly, simulation, diagnostics and
debugging.

If the microprocessor data sheets have been
carefully scanned with the above features in mind then the field
of choice should be more or less defined and narrowed down

considerably.

The final choice is to choose from the microprocessor
chips that do fulfil most of the designer's requirements. It is
not possible to satisfy them all and this is where careful
thought must be given to the advantages and disadvantages of the

final choices.

There now follows a critical appraisal of the
microprocessor chips and literature available at the time of

initial research.
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CHAPTER A4,

A CRITICAL APPRATSAL OF MICROPROCESSOR CHIPS

AND A LITERARY SURVEY.

4.1. The 4 Bit Group of Microprocessors.

There were many 4 bit microprocessor devices , but the
appraisal is restricted to two of the most popular types, it
became immediately evident that the others were unsuitable to
the task in hand.

4,2, 'The 4040 Tyve of Microprocessor.

The important hardware features include an address stack
that has designated seven levels of subroutine nesting, with
each level being 12 bits wide. The system also contains index
registers that can be used as either twelve 8 bit address

registers , or as twenty four 4 bit storage locations.

This processor can directly address 4 K words and the
typical register to register addition time is lO.fo seconds.
There i1s also a vectored interrupt capability and an instruction

set with decimal arithmetic capability, having sixty operating
instructions.
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4.3. ‘The Rockwell PPS 4 CPU.

This processor has an 8 bit instruction data bus and a separate
12 bit address bus.

An internal stack is provided which can also be
expanded to RAM.

Conditional branching is provided by two control
flip flops.

An x register is provided for temporary storage of

either the accumulator , or the BM register.

Other important features include a 5Psec instruction
time, directly addressing sixteen input output circuits, with an
instruction set having decimal arithmetic capability with 50

instructions.

The single level interrupt has the capability of

being expanded to 15 levels.
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4.4, The 8 Bit Microprocessor Group.

The 8 bit microprocessors are by far the most popular at the
moment. Seven various types are appraised and the final choice

was in fact taken from this important and very resourceful group.

L.4.1. The Motorola 6800 CPU.

This processor has six addressing modes, an excellent 2 rsec
register to register addition time with 72 instructions.

It has a maskable vectored interrupt structure and
a non maskable interrupt capability.

The system also has decimal arithmetic capabilities
and the processor can directly access &4k bytes of memory.

The 6800 system requires only one 5 volt power
supply and can drive up to ten family support chips without the

need for bus extension.

4.4,2, The Intel 8080A CPU.

The 8080 group and the descendants are very widely used in
British industry because it is admirably suited to the field of
numerical control.

The 8080 A architecture consists of only one
accumulator,but has six 8 bit scratch pad registers and may be

used as such,or as three 16 bit registers.
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There are also two other register pairs not accessable to the
programmer. Other important features include four addressing
modes, by an instruction set having decimal arithmetic
capabilities with 78 instructions. It boasts an excellent 2 rsec
register to register addition time and can address a massive set
of 256 input output ports, with a multilevel vectored interrupt

structure.

The processor can directly address 64k bytes of
memory and these advantages made the 8080A a strong contender

for the proiect in hand.

4.4,3, The Zilog 280 CPU.

This chip is an enhancement of the 8080 and the major hardware

‘ differences consist of the large number of inﬁuilt internal
processor registers.The main registers are all duplicated and the
processor has four additional special purpose registers, an
interrupt vector register, a dynamic RAM refresh register and
two 16 bit index registers, which together with three other

pairs makes this so called 8 bit system into virtually a 16 bit

microprocessor.

The processor can directly address 64k bytes of

memorv with ten addressing modes.
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The system is controlled by a massive 158 instructions, which if
the alternatives were counted singly, as done by some
manufacturers, then the number is near to 7?00 very powerful
instructions, which are also upward compatible with the 8080 and
only take 1.6 rsec per register to register instruction.

Other important features are the single phase clock,

TTT. compatibility and the single 5 volt power supply.

4,44, fThe Fairchild F8 CPU.

This is an input output oriented processor and has two 8 bit

ports with an onboard clock circuit. The chip contains 64 internal
registers which serve as a workspace, making RAM unnecessary for
simple applications,

The programme counter and stack registers are
unfortunately not on the microprocessor chip and must be provided
by a special external ROM. The system has eight addressing modes,
with a 2 rsec register to register addition time with 60
instructions. Decimal arithmetic capabilities are provided and

a single level vectored interrupt system.

4,4,5, The Sismetics 2650 CPU.

This special processor has eight level stack registers with an

address adder that calculates relative and indexed addresses.
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The most unique feature of this processor is the set of seven
general purpose registers. Register zero is thought of as an
accumulator and the remaining six secondary registers form two,

three register banks,

The system can only address 32k bytes because the
programme counter is only 15 bits wide. There are six addressing
modes with 72 instructions having a 4.8 Psec register to register
addition time, The interrupt system is vectored and the processor

has decimal arithmetic capability.

L. 4 6, The MOS Technology Inc 6502 CPU.

There are many models of the 6500 series, some contain onboard
clocks such as the 6502 and the chip comes in two package sizes,
28 pin and 40 pin. Albeit the 6500 series is frequently thought of
as an enhanced 6800, careful investigation of the architecture

soon disproves this supposition.

The system has only one accumulator , the 6800 has
two, the index register has to be made up of two 8 bit registers
and the stack pointer is also only 8 bits wide. The reduced number
of instructions, 56 as compared to 72 in the 6800, is complemented
by an extra seven addressing modes, making 13 in total. In high
speed applications the short 1.0 Fsec register to register time

can be used to advantage.
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4,4,7. The RCA CDP Cosmac 1802 CFU.

The hardware appointments are 16 general purpose 16 bit registers,
all can be designated as the programme counter by using the "P"
register . The N, P and X point to a register using a 4 bit select
line, the "D" register functions as the primary accumulator. This
system supports one interrupt level and a distinctive feature is
the fabrication by CMOS technology, with high noise immunity. The
processor has a single phase clock and 4 addressing modes with 91

instructions , but a long 6 Fsec register to register add time,

4,5, The 12 Bit Microprocessor Group.

When investigating there were very few available 12 bit processors,
information was scarce and this consideration itself made the

group unsatisfactory.

4.5,1. The Intersil 6100 CPU.

A popular processor because it is software compatible with the
"PDP 8E" minicomputer . The architecture is clear as all the

main registers have 12 bits which can address 4K words , each 12
bits wide . There are 69 instructions with 4 addressing modes , a
single level vectored interrupt with a register to register

time of 2.5 rsac . The fabrication is by CMOS technology.
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4,6, The 16 Bit Microprocessor Group.

4,6.1. The National Semiconductor IPC 16 Pace CFU.

A system with four 16 bit accumulators with zero as the primary,
one as the secondary and accumulators 2 and 3 double as
secondaries and the index registers. An onboard stack is 16 bits

wide and 10 words deep addressing 65k words, each 16 bits.

The processor has 45 instructions with five
addressing modes and the register to register time is 8 Fsec,

there is a multilevel interrupt structure.

b g.2. The Texas Instruments TMS 9900 CPU.

The 16 bit processor approaches the level of performance of a
minicomputer but has only 3 user accessible registers. The
workspace is a most unique and powerful programming feature and
identifies the first of 16 general purpose registers located in
RAM, they can be used as either accumulators, index registers,
temporary stores or for buffers, however the drawback is that it

cannot operate without a supporting RAM chunk.,

This architecture gives the unique feature of
variable hardware and software with 64 instructions, which can
directly address 32k words each 16 bits. There is a built in
multiply divide capability with a register to register time of
L,7 Fsec with 15 levels of external interrupts and also a

vectored interrupt system.
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4,7. Availability and the Final Choice of Processor.

The final choice after removing the obviously unsuitable and the
unavailable, depends mainly on the application and also on a

good general knowledge of the particular microprocessor. The
designer selects to suit his own requirements and also if possible

to simplify the design.

Innovations take place dally and a choice can only
be made at the actual time into the types readily available, it
is not possible to wait too long for further developements, as
this produces a vicious circle, leading to time wasting frustration.
There were unfortunately not many good systems avallable, when the
choice had to be made and the following were the considerations

taken into account when making the difficult decision.

A.7.1. Industrial Standards.

The most widely used processor in British industry at the time
was the 8080 family, making this family compatibility almost

a must, but future developement was also strongly considered.
Further research along these lines showed that some industrial
thoughts were being given, but not yet implemented, to the Z80
a far more powexrful tool, not only superior but completely
software compatible with the 8080 industrial standard. Hence the
ZBO was considered to be short listed, from the point of view

of industrial standards.
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Lk.7.2. Processing Speed and Power Requirements,

The main processor application was for machine control making
execution speed and sampling rate important factors. The speeds
ranged from the slow Cosmac at 6 rsec to the fast 6502 at 1 rsec,
however the 6502 was sadly lacking in the necessary machine
control instructions and the 8 bit index register facility
finally placed this chip out of the running.

The Z80 was the next fastest at 1.6 rsec with a
massive and powerful set of 158, or 700 expanded, instructions
with the majority ideally suited to machine control, with a 16
bit index register pair, The 6800 was next at 2 rsec and a clear
set of 72 instructions, giving a choice of two processors in this

group.

4.7.3. The Interrupt Structure.

Any serious work in machine control must rely heavily on the
interrupt structure, unless the processor is to be completely
tied up with servicing., Processors should be free to perform
other tasks without waiting for a signal, such as an emergency
stop, vet obey it when it occurs, the interrupt routine takes

care of both of these conditions.
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Some applications require various interrupts of varying
importance, answering each in the correct order, this is called
a priority queueing system. Investigation of the various processors

regarding interrupts was found to be very disappointing.

The Cosmac and F8 types had only a single level of
interrupt structure, the 2650 had only a vectored intexrrupt, the
8080 had only a multi level vectored interrupt, but the 6800 and
the 6502 both had a vector interrupt and a non maskable system,
all of these processors were sadly lacking, from the point of
view of interrupt structure, the only processor having all the

required interrupt attributes was the 280.

The ZBO processor has the non maskable interrupt of
the 6800 and 6502, the vector interrupts of the 6800, 6502 and
8080 and also an unique vector system for polling many interrupts

of varying importance.

4,7.4, Indexing and Registers.

By now the choice had been made to use an 8 bit processor, due
to cost, availability, documentation and other factors, hence a
careful investigation was required of the 8 bit types, to ensure
that at least some of the advantages of the 16 bit machines

could be utilised.
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A pleasant surprise was found when investigating one of the 8 bit
processors. The 6502 was the worst having only an 8 bit stack
pointer and even the index registers were made up from two 8 bit
registers. On the other hand the Cosmac had an unique hardware

appointment of 16 general purpose 16 bit registers , hence it was

jdeally suited for this task. Unfortunately the Cosmac failed on

too many other requirements , such as interrupts and time.

The next best was the Z80 which scored heavily in
this section due to the unique advantages , which included two 16
bit index registers , a 16 bit stack pointer and a very unusual
arrangement of 8 bit register pairing. Three pairs of registers
could be combined to produce three 16 bit registers. These six
registers have individual opcode instructions , allowing them to
be fully utilised as six 8 bit registers and also another set of
instructions to control them in the 16 bit mode. There are also

a full set of duplicate registers with equal control.

This large amount of 16 bit facilities make this
8 bit processor virtually into a 16 bit machine , for

many applications.
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4,8, Literary Survey.

When this research work began, it was soon realised that the
amount of literature on the open market, was very limited
indeed and because the development had originated in the
United States of America, obtaining literature required
contacting importers or United Kingddm representatives, who
at that time were very few and far between. There was also a
scarcity of books on the subject and in fact the book
situation has only improved during the 1980°'s. All the
books stated in the bibliography were obtained during the
very late stages of this research work. Luckily any one now
following this work will find a good selection of quality

books on the subject.

The poor state of available literature greatly
affected the choice of microprocessor chip and is also
reflected by the author's own attempt to slightly rectify the
situation by even writing articles and publishing his own
book on the subject (1 ), this venture being very successful
and resulting in an international second edition due to
many requests from Germany and Holland for copies of the
publication.

Details now follow of the Z80 microprocessor

which was the author's final choice of controlling device.
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Z80 MICROPROCESSOR

CHAPTER 5.
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CHAPTER

THE Z 80 MICROPROCESSOR SYSTEM.

5.1. The Final Choice.

After appralsing the advantages and disadvantages of the
various types of microprocessors , the correct system to use
became quite clear and the final choice was made to utilise the
Zilog Z 80 microprocessor chip , this system consists of three

main components -

A) The Central Processing Unit.
B) The RAM and ROM Memories.

C) The Interface circuits to the Peripheral devices.

5.1.1. The Central Processing Unit.

Tis is the heart of the microprocessor based systenm,
the function of which is to obtain instructions from a memory
section and perform the preprogrammed operations. The memory
is utilised to hold the data and imstructions until they are
processed.

Figure 5.1. indicates the internal structure of the Z 80
central processing unit and shows the major elements and

registers , these registers will be explained in turm.
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5.2. The ZBC Special purpose Registers.

5.2.1. The Programme Counter.

The programme counter holds the 16 bit address of the current
instruction being fetched from the memory , it is automatically
incremented after the contents have been transferred to the
appropriate address lines, however a programme jump will
overwrite the value stored in this counter and execution then

continues from the new value stored in the counter.

5.2.2. T™e Stack Pointer.

The stack pointer holds the 16 bit address of the current
position of the top of the stack memory , this location is
within the system's own Random Access Memory. This external
stack memory is organised as a last in and first out or
LIFO data file. The data can be pushed onto the stack
memory from a specific central processor register and
popped off again from the stack back into the register
when required for further use. The data popped off is

always the last data that was pushed on.
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The stack allows simple implementation of multi level interrupts
with unlimited subroutine nesting and the simplification of many

types of data manipulation.

5.2.3. Two Index Registers. IX and TY.

These are two independent index registers that hold a 16 bit
address, used for indexed addressing modes.

The index register is used as a base to point to
a region in memory, from which data can be retrieved.

An additional byte is included in the indexed

instruction to specify the displacement from this base.

5.2.4. Interrupt Page Address Register. I.

The Z80 CPU can be operated in a mode, where an indirect call
to any memory location can be achieved in response to
an interrupt.

The I register is used to this end, it stores the
high order 8 bits of the indirect address, while the

interrupting device provides the lower 8 bits of the address.
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5,2.5, Memory Refresh Register R.

The Z80 CPU contains a memory refresh counter, to enable
dynamic memories to be used, with the same ease as static type
memories. This 7 bit register is automatically incremented after

each instruction fetch.

The data in the refresh counter is sent out on
the lower portion of the address bus together with a refresh
control signal, while the CPU is decoding and executing the
fetched instruction. This mode of refresh is totally transparent

to the programmer and does not slow down the CPU operation.

5.2.6. Accumulator and Flag Registers.

The CPU includes two independent 8 bit accumulators, with their

associated 8 bit flag registers.

The accumulator holds the result of 8 bit
arithmetic or logical operations, while the flag register
indicates specific conditions for 8 or 16 bit operations, such

as indicating if the result of an operation was equal to zero.
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5¢3. CPU Internal Registers.

5.3.1. General Purpose Registers.

There are two sets of general purpose registers, BC, HL, and DE
with their complementaries BC', HL', and DE'. Fach set contain
six R bit registers that may be used individually as 8 bit

registers, or as three 16 bit register pairs.

At any one time the programmer can select either
set of registers to work with, through single exchange commands,

wvhich transfers the entire set.

In svstems where fast interrupt response is
required, one set of general purpose registers and an accumulator
with a flag register may be reserved for handling the fast
routine and another set may be utilised in the main programme.
Only one simple exchange command need be executed to exchange all

the registers.

This facility greatly reduces the interrupt service
time bv eliminating the requirement for saving and retrieving
the register contents in the external stack during the interrupt

or subroutine processing.
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5.3,2, Arithmetic and logic Unit. (AIU).

The arithmetic and logical instructions of the CPU are

executed in the AlLU.

Internally the AIU communicates with the registers
and the internal or extermal data bus. The functions performed

by the AIU include :-

ADD SUBTRACT LOGICAL AND
INCREMENT COMPARE TOGICAL CR
DECREMENT SET BIT LOGICAL EXC OR
RCTATES RESET BIT TEST BIT

LEFT SHIFT RIGHT SHIFT

5.3.3. Instruction Rexister and CPU Control.

As each instruction is fetched from the memory it is placed
in the instruction register and then decoded. The control
section performs this function and then generates and supplies
all the necessary control signals to read or write data to

and from the registers.
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5.4, 780 CPU Pin Description.

e B srean,

The 280 CPU (&) is packaged in the industrial standard
40 pin dual in line package. Figure 5.2 shows the input
and output pin configuration and the function of each pin

is described below :=

5.4.1. The Address Bus. ( A  to As Y

The pins are designated by A  to AIS and the chip constitutes
a 16 bit tristate active high output, making up the 16 bit
address bus. This bus provides addresses for memory up to

64 Kbytes ( where 1Kbyte = 1024 ) . The bus also provides

for data exchange within the system and for input and output

data exchange with an external peripheral.

The input , output addresses use the lower
eight address bits to allow the user to directly select up
to 256 input or output ports. A is the least significant
address bit and during the refresh time the seven lower bits

contain a valid refresh address.
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5.4.2. The Data Bus. ( D, to D? )
The data bus is used for data exchanges with the memory or
any input output device.
It constitutes of an 8 bit bidirectional tristate

set of input output lines, which are active high.

5.4.3. Machine Cycle. ( ﬁ{ )

This is an output line which is active low and indicates that
the current machine cycle is the "Op Code Fetch Cycle®, of
an instruction execution.

The Ml signal is generated for a two byte opcode
as each opcode is fetched.

M, also occurs with the * TORQ " signal to

indicate an interrupt acknowledge cycle.

5.4.4, Memory Request. ( MREQ )

The memory request signal "MREQ" is a tristate active low
output, which indicates that the address bus holds a valid

address for a memory read or write operation.
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5.4.5. Input , Output Request.. ( MREQ )

The IORQ signal is a tristate output, active low, which indicates
that the lower half of the address bus holds a valid I/0 address

for an input/output read or write operation.

An IORQ signal is also generated with an Ml
signal, when an interrupt is being acﬁnowledged, to indicate

that an interrupt response vector can be placed on the data bus.

Interrupt acknowledge operations occur during ML
time, while the input/output operations never occur during the

M1 time.

5.4.6. Memory Write. ( WR )

The signal is a tristate, active low output, indicating that the
CPU data bus holds valid data, to be stored in the addressed

memory, or input/output device.
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5.4.7. Memory Read. ( RD )

The signal is a tristate active low indicating a CPU request for
data from memory or an input output device, it is used to gate

data on to the CPU data bus.

5.4,8. Refresh. ( RFSH )

The signal is an active low output indicating that the lower 7 bits
of the address bus contains a refresh address for dynamic memories,

the "MREQ" signal is used to refresh read the memories.

5.4.9, Halt State. ( HALT )

The signal is an active low output indicating that the CPU has
executed a software "HALT" and is awaiting either a non-maskable
or a maskable interrupt with mask enabled. While halted the CPU

executes "NCPS" to maintain the refresh activity.

5.4.10. wait. ( WAIT )

Thls actlve low input signal indicates that the addressed memory
or input output devices are not ready for data transfer. The CPU
continues to enter "Wait" states as long as this signal is
active, to allow devices of any speed to be synchronised. No

refreshing occurs.
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5.4.11. Interrupt Request. ( INT )

This is an active low input generated by an external device, the
request is honoured at the end of a current instruction if the
internal software controlled interrupt enable flip flop [IFF] is

enabled and if the "BUSRQ" is not active.

When the CPU accepts the interrupt, an acknowledge
signal "IORQ during Ml time", is sent out at the beginning of the
next instruction cycle. The CPU can respond to an interrupt in

three different modes.

5.4.12. Non Maskable Interrupt. ( NMI )

The signal is a negative edge triggered input. The "NMI" request
line has a higher priority than the "INT" signal and is always
recognised at the end of a current instruction independent of the
status of the interrupt enable flip flop. The "NMI" is received
and automatically forces the 280 CPU to restart to memory location

0066 hexadecimal.

The programme counter is also automatically saved
in the external stack so that the user can return to the programme
that was interrupted. Continuous "WAIT" cycles can prevent the
current intruction from ending and a "“BUSRQ" signal will override

the "NMI" signal.
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5.4,13, Reset. ( RESET )

This signal is an active low input which forces the programme
counter to zero and initialises the CPU by:=

a) Disabling the interrupt enable flip flop.

b) Setting the I register to address 0000.

c) Setting the R register to 0000.

d) Setting the "Mode 0* interrupt.

Note however that the PI0O is NOT reset. During the reset time the

address and data buses go to a high impedance state and all
output control signals go to the inactive state with no memory

refreshing.

5.4.14. Bus Request. ( BUSRQ )

The bus request signal is an active low input and is used to
request the CPU address bus, data bus and the tristate output
control signals, to go to a high impedance state so that other

devices can control these buses.

When "BUSRQ" is activated the CPU will set these
buses to a high impedance state, as soon as the current CPU

machine cycle is terminated.
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5.4,15, Bus Acknowledge. ( BUSAK )

The bus acknowledge signal is an active low output used to
indicate to the requesting device that the CPU address, data
and tristate control bus signals have all been set to their
high impedance state and that the external device can be used
to control those signals. No memory refreshing occurs and the
CPU requires communicating devices to assist in this operation
and control, it also requires an oscillator or clock to keep

all the operations under strict time control.

Figure 5.3 shows the oscillator that is utilised
to clock the central processor unit at the frequency of 2 MHz
and this oscillator consists of two invertors in a P4SO4 (3)
hex inverter integrated circuit, driven by and controlled
with a 16 MHz quartz crystal for frequency stability. The
output drives a 74LS163 (3) synchronous binary counter chip
that provides outputs at 1 MHz , 2 MHz and 4 MHz which may
be selected to drive the central processor at the desired
frequency. In this design the 2 MHz oscillator output was

selected because this matched the speed capabilities of the

available support memory devices.
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5.5. The CPU Peripherals.

Immediately after being reset the 280 central processor fetches
the first instruction from memory location 0000 , hence there
must be some Read Only Memory at this location so that the
contents can be preprogrammed but not corrupted by any error

on the part of the operator. It is thus usual to position

the monitor or administration programme at locations OoooﬁpOOI
etc . This system has the firmware located in two 1 K EPROMS
at addresses 0000 to O3FF hexadecimal and at O400 to O7FF

hexadecimal.

Figure 5.4 shows the circuit which is connected
directly external to the central processing unit , this circuit

controls the data, address and all other lines.

Figure 5.5 shows the monitor EPROMS connected
to the address and data bus. These EPROMS (5)(6) are
selected by a combined signal derived from the RD and MREQ

signals and the address lines of Ao and All .
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5.6, Visual Display.

A microprqcessor system of this type requires that the operator
be presented with visual data feedback as programme develoPemént
may require the presentation of several thousands of characters,
also the cost of displaying these alpha numeric characters
should be minimized. Hard paper copies are not always required
but only confirmation of correct typing, or the verification of

a particular memory location.

The method chosen for this research work is a
"Memory Plane Peripheral” and is not sited at the ports as in
conventional input output methods. It consists of integrated
circuit logic blocks which share a section of the system memory,
this block is designed to present a radio frequency modulated
composite video signal to a standard domestic television set,
in such a way that the contents of the memory section, is
presented and interpreted as standard characters. The CPU is
given absolute priority and this prevents any possible access

conflict . The screen is blanked off during the CPU access time.

The system operates by mapping a section of memory
onto the visible screen plane, the position of the symbol is
a function of the address in memory. The symbol itself is a
function of the least significant 7 bits of data at that

particular memory location.
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This section of screen memory is called the "Video RAM" and
is operated by switching the memory chip address lines
between the CPU address bus and a.counter divider chain so
that the hardware continucusly cycles the address lines to
the memory. Jamming is prevented by placing a transmission

gate between the data bus and the output pins.

Being able to utilise a standard domestic
television set reduces the cost from at least £600 for a VDU,
down to about £80 for a small screen television set. Figure
5.6 indicates the layout of a typical RAM and gate connection

utilised in this design to control the flow of video data.
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5.7. The Character Generator.

Fach address for the video RAM is latched and used to address

a large ROM called the “Character Generator".

The output of this ROM has been pre-programmed to
provide the video dot pattern, of part of a character, depending

on the particular television raster row, or the character.

A composite video output is available consisting
of video blanking pulses, frame and line synchronising pulses

and the data from the character generator.
Details of the electronic input and output to the

character generator are given in the following diagram.

figure 5.7.
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5.8. The Keyboard.

The keyboard is arranged to look like a standard set of "QWERTY"
characters, however no switches are used to obtain key closures.
The action occurs by using the magnetic saturation of a pulse
transformer in each key, thus avoiding mechanical contacts,

giving virtually unlimited life without contact bounce.

Flectronically the keyboard is arranged as a
single port peripheral with a pert address of "O". Hardware
realisation is by utilising two integrated circuit packages
to obtain latched outputs with gated inputs, thus 14 lines are
available to port "0". The 14 lines consist of 8 input and 6

output lines.

Further use has been made of the.output lines by
choosing a 6 bit latch and using only two of them for the
keyboard, these two lines drive the clock and reset inputs of
a counter decode package, whose outputs are connected to columns

of keys,

Kevboard details follow in the next diagram,
figure 5.8, and figure 5.9 shows the reverse side of the

electronics of the keyboard and microprocessor controller.
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The columns of keyboard keys form a matrix, which is completed
by the € row pulse sensing lines, each driving a transistor
amplifier, which is connected via the output flip flops and the

keyboard cable to the port input transmission gate.

The output command signals to port "0" cause the
data bus to be latched, while the input commands, cause the key-

board row lines to drive the data bus.

The CPU thus has the opportunity to determine the
kev that was pressed and the software in the monitor programme
performs the function of contact bounce elimination, albeit with
this particular keyboard, the problem is already eliminated. The
CPU also has the task of determining the change of state and the
hexadecimal code assignment of each key, according to the position

in the effective Bx6 matrix, which it simulates.

The next two diagrams give details of the keyboard
decode and timing in figures 5.10, 5.11 and details of the

monitoring characteristics are now considered.
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CHAPTER 6.

THE MONITOR SYSTEM.

6.1. The Memory Search or Modify Key. ( M ).

The monitor system or administration programme has been
inserted into two 1K byte EPROMS of the 2708 type ( ¥ ) (5
which reside at memory locations @#¢@@ to O7FF hexadecimal. Their

programme execution is controlled from the keyboard as follows t=

To operate the microprocessor s~

1, First press the RESET key, this initialises the system. Note
however that if the VDU is used to replace the TV monitor then
extra instructions are required, these may be found in section 10.6.3
2. Next press the M key and the spacebar which is the large bar
across the bottom of the keyboard.

3. Now type (¢C8) ensuring that ZERO is used, it lies on the top
right of the keyboard and has a stroke through the ¢.

4, Next press the special NEWLINE key on the middle right.
The Screen should now show i= gc8p 43 (or some other pair)
The #C8P is the memory location being M (Modified) and the 43, or

some other pair, is the contents of that location, which may be

any pair of hexadecimal digits. From now on every "O" found in

the programme should be understood to mean " # " on the keyboard.
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If two hexadecimal digits such as "2A" are typed followed by the
"Newline" key, then the system will automatically insert the "2A"
into memory "0C80" and overwrite the previous contents. The screen
should then show:-

0CB1 A3 (The A3 may be any pair of hex digits)
if another pair of hexadecimal digits such as "“B2" are typed
followed by the "Newline" key , then again the contents of memory

location "0C81" will be changed to "B2".

This procedure may be continued until all the
required memories have been changed, to terminate the procedure
a2 @ (Full stop) must be pressed followed by the "Newline" key,
the system would respond and terminate the memory changing
procedure, It is then possible to check on the memory entries
as followss~

Press RESET (The hidden key)

Press M space bar 0C80 Newline

The screen showst-

0C80 2A Press Newline
ocB81 B2 Press Newline
0CR2 == Press Newline
nc83 .. Press Newline

where =~ and .. are the previously entered hexadecimal digits.

To terminate press ¢ Newline
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i (Tabulate or Type command.)

The previous block of memory may be listed in one operation
by using the “T* command, however the memories can only be

looked at with this command, they cannot be changed.

Press RESET

Press T spacebar OCBO spacebar 0C90 Newline

The screen should showt=
OC80 2A B2 CC 34 5D AA 76 98
OCBR 34 F5 66 23 87 53 CB 5A
ncoo EAM56?86#2£+DF‘FA

The first four numbers of each line are the memory locations

and the hexadecimal pairs following are the contents of the

memories, eg O0C80 contains 2A, 0C81 contains B2, 0CB2 contains CC.
The numbers on the screen may differ because these

are only examples.

A final reminder, the "T" key can only look at

the memories, the "M" key must be used to modify them.
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E. (Execute the programme command.)

An inserted programme may be executed (ruN] as follows, a sample

programme is included in the chapter on machine code.

Press E spacebar 0CB0 Newline

The programme will now execute starting with the first instruction
written at memory "OC80", or any other location following the
"E" command.

On this particular machine it i1s possible to start
from any address in the range "0C80 to about OFEO", the last address
depends on how much of the system stack has been used. The programme

must also be terminated correctly, here are some examples:~-

a) ' 76 Halt.

t ) DF 5B Return to the system monitor.
c) ¢C7 Reset.

d) E7 Breakpoint.

The best method is to end with "DF 5B", this

gives a safe return to the monitor system.



B._ ( Breakpoint command )
If a programme is executed by the "E" command , it may be stopped
by one of the correct terminations or by the "B", ureakpoint
command as follows.,

Press B spacebar O0D20 Newline

Press E spacebar OCB0 Newline
If a correct programme has been inserted starting at location
OC8B0 then the system will execute that programme, but will stop
automatically at location 0OD20.

Note that the breakpoint address MUST be the start
address of an instruction.

Eg 0D20 C3 40 OF
It would NOT be possible to stop at OD21 or OD22, because they are

both in the middle of the three part instruction "C3 40 OF",

The screen would then show the contents of all the
registers, when execution stops, of the instructions from 0C80 up
to but not including the step at 0D20.

The meaning of the screen display can be found

under the details for the "S" command.
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"

S. The Single Step Command.

The "S" or single step command allows the operator to step

through a programme by one instruction at a time.

To operate the command ¢~

Press S Spacebar NCBO Newline

The processor would execute only the instructions written at
location NCRO, which could be 1, 2, 3 or &4 opcodes long. It
would then stop automatically at either 0C81, 0C82, 9C83 or
nCR%4, depending on how many opcodes there were in that particular

instruction.

The display would show the contents of the CPU
registers at that point in the programme and further executions
would be obtained by simply pressing the "Newline" key, for

every required operation.

The screen display is an important monitor feature
because it allows the user to examine the contents of the CPU
registers after each step and if an error occurs, then it
becomes apparent at that stage before continuing. The error is
corrected by using the memory medify "M" key as explained

previously.
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6.2. Monitor Routines.

The monitor system EPROMS have been programmed to allow the
user access to the inbuilt system commands. These subroutines

can save the user writing many standard programmes of his own.

The command system subroutines fall into two

main categories s-

6.2.1. Restart Instructions.

The “Restart" instructions may be obtained by calling a routine
with one of the Z80 one byte "RST" codes, as shown on the following
page. To use the subroutines it is simply required to enter:-

Egr  C7 as a programme instruction, the system will

recognise this code and call the correct subroutine automatically.

The monitor would interpret this particular coded
instruction " C7 " as a restart to location " 0000 ", in the
monitor EPROM and would thus reset the CPU to reinitialise

the command system.

There now follows a list of available ™ RST "

restart command codes.
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Monitor Restart Instructions.

Opcode, Assembler. Name.

Cc?7 RST OH START

CF RST 8H RIN

D7 RST 1CH RCAL
[ Eg D7 25]

DF RST 18H SCAL
[ Eg DF 65 ]

E7 RST 20H BRKPT

EF RST 28H PRS
[Eg EF 54 48 45 00]

= the
F? RST 30H ROUT
FF RST 38H RDEL

Function.

To reset the CPU.

Wait for a keyboard input.

A relative subroutine call, which
will call the subroutine at the

displacement following the D7.

A direct subroutine call, which
must be followed by the code number
of the required subroutine.

If E7 is placed at a programme
location, then a hreakpoint occurs
at that programme step [It stops]
All characters following the EF
will be printed on the screen, a
"00" will terminate the instruction.
The character in the accumulator
will be displayed on the screen.

A walt period will occur,

depending on the contents of A.
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6.2.2. Subroutines.

The routines may be called by inserting the appropriate machine

code following the "DF" call instruction.

The actual monitor system commands such as " E "
for ™ Execute " or " T ™ for * Tabulate ", may also be called,
by placing the equivalent ASCII code figures following the “DF"
call.

Egt1 To call the execute "E" command DF 45,
The ASCII code for "E" is 45 and when the programme comes to
the command " DF * , it will automatically look up the meaning
of the command letter code " 45 " and obey the command " E "

to execute,

The following pages list the other calls that can
be used without writing the routine, simply by utilising one

of the automatic bank of calls.
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Monitor Subroutines.

Code. Name. Function.

DF 5B MRET Used to end a programme,

DF 5C SCALJ To call a routine, the address must be at
location OCOA.

DF 5D TDEL Wait for about 1 second.

DF SE FFLP Flip bits in port 0.

DF 5F MFLP Turn the tape drive on or off.

DF 60  ARGS Load the registers., HL = ARG 1

DE = ARG 2
BC = ARG 3

DF 62 1IN Scans the keyboard for an input, but does not
wait, sets the carry flag if there was an input.

DF 63 INLIN Obtain an input line and "Blink".

DF 64 NUM Examine the input line and convert a
hexadecimal value to a binary value.

DF 66 TBCD3 Output the value in the HL registers in ASCII
followed by a space.

DF 67 TBCD2 Output the value in accumulator A in ASCII
and add A into the register C.

DF 68 ROHEX Output the value in the accumulator in ASCIT.
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Monitor Subroutines,

Code.

DF 69

DF 6A

DF 6B

DF 6C

DF 6D

DF 79

DF 7A

DF 7B

DF 7C

Name.

SPACE

~ CRLF

ERRM
TXI

SouT

RLIN

BIHEX

BLINK

CPOS

Function.
Output one space.
Output a Carriage returntLine feed.
Output an “Error™ message.
Output the contents of the HL registers in
ASCII, then a space, then the contents of
the DE registers, then a space.
Send a string of characters directly to
the RS 232 serial port.
Examine an input line and convert up to
ten hexadecimal values, from ASCII to
Binary.
Output the least half of the contents of
accumulator A in ASCII.
Blink the “Cursor" and wait for an input
from the keyboard.
If HL are set to a position on the screen,
then HL will be set to the address of the

first character, on that line.
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Table Changing Commands.

Code. Name. Function.

DF 71 NOM If the HL registers are set to the address
of the new output table, then the table
is automatically changed for output
routines.

DF 72 NIM If the HL registers are set to the address
of the new input table, then the table is
automatically changed for input routines.

DF 77 NNOM This call resets the output table back to
the normal call address.

DF 72 NNIM This call resets the input table back to

to place at these tables.

" DFH R

the normal call address.

It is also necessary to know the routine numbers

All routine numbers must be placed after the code

The input and output routine numbers follow.
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6.3. Input Routine Numbers.

CODE. NAME FUNCTION.

DF 61 KBD Scans the input keyboard.

DF 70 SRLIN Scans the serial input port.

DF 74 XXBD Scans the extermal ASCII
keyboard.

See also the "X" commands.

DF 76 UIN User specified input routine.

The above can be placed in your own table, or used

after the DF code.
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6.4. Output Routine Numbers.

Code. Name. Function.

DF 65 CRT To display on the monitor screen.
DF 6F SRIX Gives an output to the serial port.
DF 6E XouT Gives an output to an external

ASCII device.
DF 75 ucuT An output to the user'sspecified

output routine.

It is also possible to call routines that are

actually command routines themselves,

For example, the "W" command is to "VWrite" to
the cassette recei?er tape. This command can be called within
a programme by calling the "ASCII" equivalent code for "W",
which is "57", hence to call the “¥" command in a programme,

the instruction "DF 57" is used.
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6.4, Output Routine Numbers.

Code. Name. Function.

DF 65 CRT To display on the monitor screen.
DF 6F SRIX Gives an output to the serial port.
DF 6E XOUT Gives an output to an external

ASCII device.
DF 75 ucuT An output to the user's specified

output routine.

It is also possible to call routines that are

actually command routines themselves.

For example, the "W" command is to “"Write" to
the cassette receiﬁer tape. This command can be called within
a programme by calling the "ASCII" equivalent code for "W",
which is “57", hence to call the "W" command in a programme,

the instruction "DF 57" is used.
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6.5. System Workspace.

The area of memory from " 0COO to OC7F " is utilised by the
system monitor, as a workspace area, thus giving location
" 0CBO " as the first free available RAM location for user

operation.

The memory locations * 0CO0 to OC6A " are
initialised by the system monitor to contain ™ 00 * , after
the reset command. The second section from ® 0C6B to OC7D "
is initialised from a table of values kept within the system

monitor EPROM.

Locations "™ OC7E and OC?7D " are also initialised
- and the following tables indicate the function of each location,

within the workspace area.

The user may choose to make use of, or even

alter certain values within the workspace table, to good

advantage.
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System Workspace.

Address. ILength. Name.
0con 1 Port 0
0Co1 9 KMAP
NCCA 1 ARG C
nCNB 1 ARG N
alolaly 2 ARG 1
NCoR 2 ARG 2
~CIn 2 ARG °
nC12 12 ARG L-9
nCIE 2 ARG 17
Ac2n 1 NUM N
oe21 2 NUM V
nC27 2 BRK ADR
nc25 1 BRK VAL
nc2é 1 CON F°G
ne27 1 SK OPT
nC2R 1 SX OPT
nC29 2 CURSOR
nc238 1 ARG X
nczc 52 MON STK
~cé1 2 R BC

Function.

Copy of the current port O.
Map of the keyboard state.
last processed command.
Number of values in input line.
First entered value.

SJecond entered value.

Third Value,

Fourth to ninth values.

Tenth value.

Number of characters examined.
Value returned by NUM.
Breakpoint address.

Stored value from BRK ADR.
Zero, or =1 fer "E" command.
Xevboard option.

X option.

Position of the cursor.

last command letter.

Monitor stack.

Restore area for BC registers.
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System Workspace, [Continued.]

Address. Length. Name, Function.

0C63 2 R DE Register save area for DE.
0C65 2 R HL Register save area for HL.
0cé7 2 R AF Register save area for AF.
0C69 2 R PC Programme counter save area.

The workspace is table initialised from here on.

0CéB 2 R SP Stack pointer area.

0C6ED 2 SK TABL length of keyboard table.
OC6F 2 SK TAB Start of keyboard table.
0C71 2 SS Tab Start of routine addresses.,

[ ™ey actually start at 82H

beyond this point.]

0Cc73 2 S out Start of the output routines.
0C75 2 S IN Start of the input routines.
0C77 3 SU ouT Jump to user's specified

input routine.

0C7D 3 S NMI Jump to the NMI routine.
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6.6. "X" or External Command.

This command provides comprehensive capabilities for
communicating with an external device, through the serial
input and output ports.

Options are chosen simply by typing in "X" followed
by one of the code letters shown below. The option is then
automatically configured by the monitor system. It is also
possible to configure "0dd or Even Parity" with the same command.

If the number after "X" ends in zero, the parity is

even and if the number ends in one, then the parity is odd.

The “ptions -

Fven. 0dd. Function.

X0 X1 Support a terminal in full duplex with every
typed character sent back. Line feed is automatic
after carriage return.

X 10 X 11 The same but with no line feed.

X 20 X 21 Support a terminal in half duplex, but no
characters sent back. Iine feed is automatic
after carriage return.

X 30 X 31 The same but with no line feed, giving the option

of a half duplex terminal.
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6.7. The 280 Controller.

The interface boards must be directly accessed by the CPU which
is under the operator's control.However it is first necessary to
understand the architecture of this particular design, before

contemplating writing any of the control programmes.

The processor must be operated in "Machine Code" only,
the assembly language mnemonics are only used for convenience,to
help to explain the system, but can not be used by this machine,

due to the limited memory.

The assembly mnemonics used are those of "Zilog UK",
who are manufacturers of the 2780 chip. The full list of mnemonics
and machine codes may be found in the appendixland are reproduced

by kind permission of Zilog.
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6.8. Memory Map of the System.

It is important for the operator to know exactly where the
various memories of the operating system lie and which is RAM,
ROM or EPROM. The following diagram shows the structure of the

memory. ( Figure 6.2.)

Programmes may be written into the hexadecimal
memory locations of RAM, from " OC80 to about OFFF ", but care
must be taken at the top end, because the monitor system uses
some of the memories from " OFFF " downwards, for the operating

stack memory.

Under mormal conditions it is safe to use the
locations " 0C80 to OFEO * , leaving " OFEl to OFFF ™ free for
the stack. However a stricter check must be kept if the programme
is used with many nested subroutines, or if the instruction

" PUSH " is used many times.

Nested subroutines and " PUSH " will place more
data onto the stack and it is possible for the stack area to

come down below " OFEO " and thus run into the programme.
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THE SYSTEM MEMORY MAP,

s —————
SI1ZE LOCATION DETATLS UTILISATION
1k 0000 to Contained in the MONITOR
O3FF 2708 EPROM and ROM
_ used by the system *
1k o400 to monitor control.
O7FF
1k 0800 to Used to display VIDEO
OBFPF the system monitor RAM
commands and screen *
programme output.
0C00 to Shared by the SYSTEM
OC7F system for tables
1k and reflections. RAM.
0050 to Shared memory to be AND
OFFF used for programmes
tables. The top part SYSTEN
is used by the system STACK.
for the stack.
60k 1000 to The locations may be MEMORY
FFFF used er Remory EXPANSION.
expansion.
Memory is NOT FITTED NOT YET
in this location, in FITTED.

the original unit.

rg. ( 6.2.)
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6.9. ASCII Characters.

All the screen characters used in this system are formed by the
standard internmational "ASCII" set, as shown in the next diagram,
there is also a set of special symbols.
ASCII is the acronym for :-
A American.
S Standard.
C Code. (for )
I Information.

I Interchange.

The system has been interfaced to operate s-
a) A standard cassette recorder, as a cheap method of storage.
b) A standard UHF domestic TV, for visual display of data.
c) An ASR 133 printer, for a hard paper copy.
d) A VDU, for better displays and graphics.
e) The RS 232 voltage level serial input and output system.

f) Te 20 mA current loop system.

All the above systems utilise the following ASCII set.

The following diagram is taken from( 1 L figure 6.3.
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6.10. The Memory Mapped Television Screen Display.

The system has been interfaced to operate a standard unmodified
UHF domestic television set, to enable the monitor commands to

be displayed, it may also produce simple graphics.

The monitor will display one unscrolled title line
with 15 lines of 48 characters below the title. This has been
achieved by utilising the television screen as a mapping of a

configured memory plane peripheral.

The position of each symbol on the screen is a
function of the address contained in the video RAM, the symbol
itself is formed by the least significant 7 bits of data, placed

into that particular memory location.

The screen locations are controlled from video RAM
at memory locations "080A to OBF9" , as shown by the following
diagram. Further details may be found in the chapter on "Sample
Test Routines", where examples may be found on how to display
the screen characters.

The following diagram is taken from( 1 ), figure 6.4,
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6.11. Interfaces to the VDU and Television Set.

The 280 system as designed and built allows for the connection
of many peripherals, but each must be operated under the existing

standards of communication. The standards used in the design are:=-

a ) RS 232 voltage level serial output and input data streams.
t )20 mA current loop serial output and input data streams.
c)A composite video output at 1 volt level.

d ) The UHF modulated output to British TV standards.

e ) The UART device operating on 244,14 bits per second.

f ) A cassette output consisting of a 1.95 KHz modulated tone,

conveying serial data.
g ) A cassette input, tone detector.

h')A parallel input and output PIO device.
The micrbproceasor control of the Ward lathe

was envisaged as a part of a Direct Numerical Control system

and the availability of existing units are now given.
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MICROPROCESSORS IN

A DNC CELL,

CHAPTER 7,
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CHAPTER 7.

THE MICROPROCESSOR IN A DNC CELL.

7.1. Equipment Standards.
When starting the work on the microprocessor control system it

was decided to investigate the availability of laboratory
electronic equipment and their standards with a view to building
up a Direct Numerical Control Cell with interconnected units,

the new devices could then be built to match these standards.

The investigation showed that each subunit within
the laboratory had been constructed as a complete system, but as
yet no attempt had been made to interface one plece of equipment
to another, hence no common standard existed. The first task
was to decide on the electronic standard to utilise and obtain
interface cable sets to this format. The next diagram, figure
7.1 shows the cable sets thus obtained with their connections
to the double standard of the RS 232 and the current loop
systems. Where possible each interconnection between two types
of equipment was made utilising these cable sets. There then
follows a list of available equipment in the laboratory for

interconnecting into the proposed cell.
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7.1.1, Availability of Equipment.

a) ASR 33 teletypes.

b) Type 43 teletype.

¢) A Mini Nova computer.

d) A miero Nova computer.

e) A standard domestic television set.
£) A standard cassette recorder.

g) An experimental Z80 constructed microprocessor.

Some of the above equipment had been purchased

and built specifically for the project in hand.

A start was made to interface each system into an

integral layout, by connecting two of the ASR 33 terminals as

follows.

a) ASR 33 terminal to the Mini Nova computer.

This interface consisted of simply wiring two of the standard
connectors into the output block of the ASR 23 teletype and
into the backpanel wiring of the Mini Nova. The following

diagram ', figure 7.2, shows details of the interconnection.
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b) ASR 33 Terminal to the Z80 Microprocessor.

The standard cable set was used to connect the output block
of the ASR 33 .terminal , however the 280 microprocessor side
required an interface circuit to be constructed so as to match

the serial output from the 280 device to the ASR 33 terminal.

The circuit shown in figure 7.3 ensures that
all inputs and outputs conform to the RS 232 voltage operating
standard. The input side consists of a voltage clipper , two
diodes, with a 7406 integrated circuit buffer inverter that
gives the correct level of serial output to the UART . The
UART 's serial output is passed through a 7406 buffer inverter
vhich drives two dc coupled transistors giving the necessary
RS 232 output levels. Figure 7.3 illustrates these points
and shows the electrical connections between the Z80 device

and the ASR 33 terminal.
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7.1.2. Teleterminal to the Micro Nova.

This interface consisted of interconnecting cables between
the teletype output socket and the backpanel wiring slot

of the Micro Nova computer. The first three interfaces were
not directly connected to the Z80 microprocessor work in the
control system but enabled valuable expverience to be obtained,
regarding voltage levels and various system requirements. This
knowledge was found to be invaluable later and enabled the
laboratory equipment to be compatible with a larger cell of
control devices . Figure 7.4 shows the connections for the

teleterminal and Micro Nova computer,
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Zale Z80 Microprocessor to the VDU.

A later part of the developement of the proposed system
requires that a device is connected for a better graphic
display and so it was decided to interface the Z80 micro-
processor to an existing VDU , which could either be utilised
for monitoring the programme development or for true graphic
displays. The VDU had the facility to be set to the RS 232
standard at various baud rates and advantage was taken of the
interface already developed for the ASR 33 terminal , this

interface was within the Z80 microprocessor system .

Utilising the existing interface, originally
designed for the ASR 33 terminal enabled a large reduction
in component cost to be made. The resultihg interconnecting

system with the system wires are detailed in figure 7.5.
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7.3. 280 to a Domestic Television Set.

Due to the fact that the developed Z80 system had a memory
mapped plane display capability, it was decided to interface the
unit to a domestic UHF television set. This gave the system

several important advantages, as detailed below:~

a) The VDU could be released for more important tasks, when

the system only required simple monitoring facilities.

b) The cost of the UHF television was only in the region of

£70, as compared to about £700 for another VDU.

c) The monitor system could utilise the memory plane to

display the contents of the accumulators or registers,

when debugging a programme.
d) A video monitor could be used later, by using the

standard 1 volt video signal available from the systenm.

Figure 7.6 gives electronic. details of the Video Modulator.
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s The Video Modulator.

Figure 7.6 showed details of the video and UHF modulation
system. The clock frequency of 16 MHz was divided down to
provide signals for the correct cycling of the memory address
lines and to control the video shifting . The resulting
waveforms which generate the video blanking , frame
synchronising and line frequency pulses are all combined by

the two logical AND gates , 74 1S 11 .

Compatibility with a domestic television set
is further assured by utilising the UHF oscillator built
around the transistor . The 82 Ohm resistor is utilised to
develop a composite video signal at the emitter of the transistor
and the signal lies within the frequency range of any UHF

domestic television set, which may be used without modification.
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7.4, Cassette and PIO Interfaces.

Albeit possible to provide internal memories within any
microprocessor system , it is always good practice to keep
programme copies in some form external to the machine. The
cassette recorder gives an excellent cheap , yet efficient
way of storing these programmes , which can be reloaded into
the internal memory when they are required. Cassette storage
also gives the advantage of reutilising the internal memory
for many programmes , without the cost associated with an
EPROM only system . It also gives the flexibility for an
EPROM to be dedicated to regularly used programmes such as

the system monitor .

A communicating device exists that enables a
domestic cassette recorder to be utilised for this task
without modification . The device is called the UART or
universal assynchronous receiver and transmitter and figure

7.7 shows the physical layout of a typical IM 6402 UART (7 ).
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7.4,1. UART Interface.

Figure 7.8, . shows the intermal interface required to
operate the UART, so that it may communicate with the extermal
devices. The serial data is modified by the associated gates to

provide several important standard output signals.

a ) Cassette Output.

The output is available to drive any domestic tape
recorder or cassette unit and consists of groups of serial data,

compatible with industrial recording practices.

b) RS 232 Output,

This controlled output voltage is available to feed a
printer, or a VDU, or a teletype and has been set up to

operate on the intermational "™ RS 232 " standard.

c) 20 mA Output.
Flexibility is provided by a second alternative to the

" RS 232 " standard, this is known as the ™ 20 mA current loop”,
which can drive any system configured to operate on this loop

standaxd,
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d) A third oscillator is provided internally and consists
of a 555 type of integrated circuit chip (3) with
associated circuitry which may be adjusted in frequency by
utilising a variable resistor. To comply with the data format
of teletypes operating at their standard rate of 110 bits per
second ,it is necessary to set the oscillator frequency to

1760 KHz and use two stop bits after the data stream.

Further improvement is possible as shown in
figure 7.9 , this enables a faster rate of 300 Baud to be
obtained . Modern equipment are generally adjustable and their
next fastest rate above 110 Baud is 300 Baud. The required
modification consists of inserting a change over switch and
an extra resistor allowing the new Baud rate to be accurately
tuned. This rate must be set accurately to match the speed of

the communicating device.
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7.4.2. UART Timing.,

A T T W S S e

The rate at which data is shifted is determined by applying a

correctly generated clock pulse, to the receiver and transmitter
inputs. The source of the clock can be provided by one of three

types of generatorst-

a) The main microprocessor system has a 16 Miz
crystal oscillator with dividers to bring the fundamental
frequency down to 3.90625 KHz , so that it may operate the UART

at 244,14 bits per second., The UART always divides the clock

i = - 48 A+ Tl SN S Y Ty v T b

frequency by 16, to obtain the bit rate.
A stop and start bit is added to each byte resulting

in 10 bits, for every transmitted word. If pin 36 of the UART

is connected to the +5 volt rail, then an extra stop bit is

added by the UART, this is required by some systems.

b) An external oscillator may be applied to pins

: 17 and 40 of the UART, this extermal clock would then control

the transfer rate.
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7.5. Cassette Demodulator.

It is necessary to provide a tone detector circuit when
receiving data from a cassette recorder because the playback
signals consist of a series of tone bursts corresponding

to the incoming data stream. Figure 7.10 shows such a

tone detector which receives the recorder tone burst by way

of two emitter coupled transistors.

The circuit output is first fed into a dc
coupled amplifier and the bursts are processed by the 555 type
integrated circuit (3) and the associated components, to
recover the conventional logic levels from the tone signal. The
serial output is then fed into the UART at pin 20 for further
processing and converting from the serial form to parallel

data suitable for the CPU bus and control system.
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7.6. The PIO.

It is not possible generally to connect the microprocessor
CPU directly to the outside world or electronic peripherals

for several reasons :-

a) The incompatibility of voltage and logic levels.

b) The incompatibility of digital and analogue signals.

¢) Power , driving , sinking and sourcing requirements.

d) The lack of buffering, resulting in a catastrophic CPU
and thus system failure should a fault occur or a design

error be produced in the external device.

All these problems may be overcome by fitting
family devices such as the input output parallel controller
known as the PIO . The required conversions to signals and
levels generally occur within the family chip. Figure 7.11
shows the physical layout of the PIO integrated circuit chip.
The chip is numbered MK 3881 and is manufactured mainly by the

Zilog and Mostek companies (8 ).
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7.6.1, The PIO Output Ports.

The MK 3881 controller chip is an LSI package from the Z80
microprocessor family set (8) and requires connection to
the CPU for control signals to and from the outside world ,
via two sockets or ports designated Port A and B. The PIO
has the register addresses defined by hardware select logic,
but each function is programmable by the controlling CPU. The
device interfaces to the CPU and to the user circuits by
providing 16 lines , 8 via Port A and the other 8 via Port B,
the lines may be defined , by the PIO , to be inputs, outputs
or a mixture of both. The PIO can also provide additional
handshake signals to enable two way communication with a

further external device.

Figure 7.12 shows how the circuit was
implemented in this particular design , data is sent from
the CPU along data lines DBC to DB7 inclusive . The input
and output signals for both ports enter and leave on the

data lines BO to B7 and AO to A7 inclusive. Handshake

lines are provided by signals BSTB and ASTB with their
associated signals BRDY and ARDY . The PIO also has
interrupt control logic so that it can deviate from the

programme execution by a change of externmal logic state.

The following chapter deals with how the
interfaces may be controlled and gives example routines.
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INTERFACE CONTROL

ROUTINES.

CHAPTERS.
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CHAPTER 8.

INTERFACE CONTROL ROUTINES.

8.1. Communicatineg in Machine Code.

fhere has been a communications problem in history, even back
to the time of "Adam and Eve®, the inablility to communicate
resulting in disastrous results. But no matter how complex was
early man's problems, they seem minor compared to the barrier
confronted today in attempting to communicate with a computer
or microprocessor.

Our language consists of words such as "Add or
Store" and albeit easily understood by the modern person, they
still mean absolutely nothing to a microprocessor; a machine
understands only machine language which today is in the form
of "Binary Bits", with "O" representing the electrical "OFF"

condition and "1" representing the electrical “ON" condition.

A simple instruction such as "Add quantity A to
quantity B" would look like "1000 0000" in machine code, it is
then a simple matter for the microprocessor to deal with such
an instruction, but a very arduous task for a human to follow
and understand such numbers, especially when attempting to

decode a full page of machine code such as :-

Eg 0110 0111, 1101 1110, 1110 0001, 1100 0010, etc.
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Nevertheless when computers were in their infancy, this was
exactly the way man communicated with them. Programmes were
entered with binary switches, which was very slow and errors

became prevalent.

The introduction of the keyboard greatly simplified
data entry, machines could then be instructed by easier numbers
externally, such as "Octal or Hexadecimal" numbers. An "Octal"”
number is one expressed to the base of "8", a “Hexadeciﬁal"
number is one expresséd to the base of "16" and a "Denary"
number is one expressed to the base of "10", which is the one

we use in everyv day life,

When a number is written to a different base, the
number itself does not change, but only the way in which it is

expressed.

For example, the "Denary" number 159 , ( One
hundred and fifty nine. ), can be expressed in various ways

as shown belowt-

Denary = 159 Base 10.
Binary = 10011111 Base 2.
Cctal = 237 Base 8.
Hexadecimal = OF Base 16.
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A number is now entered via a keyboard control system that
converts the "Hexadecimal" number into the correct "Binary"
bit patterns, so that the microprocessor can deal with them.
This method ensures that less key closures are required by the
operator , enabling faster and more accurate programming

to occur,

Albeit the keyboard is a big step forward, it
still has drawbacks, because the human mind finds “"Hexadecimal®
numbers difficult to comprehend, unless the operator is trained.
If a programme is to be inserted it must first be converted
into the "Hexadecimal™ system, this requires the use of a

special table or chart called the "Op Code Table".

For example, the previous operation of "Add quantity
A to gquantity B", had a binary equivalent of "1000 000C", which
when converted into "Hexadecimal" gives the code "80", to
compound the problem, an opcode table may have several hundred

entries to look at, before finding the correct code.
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To review the problems
To write a programme for keyboard entry

it is necessary to i~

a ) Wwrite the programme in terms of human understanding.
b ) Look up the appropriate ™ Opcode " in a special table.
¢ ) Rewrite the programme in " Hexadecimal " form.

d ) Enter the hexadecimal codes via the keyboard.

e ) Decode the hexadecimal codes to the " Binary " machine

code language.

There is however a new step that has been inserted,
above the machine code hexadecimal language, which is called
the "Assembly Language".

This language has two distinct advantages over

machine code:-

i) Each instruction is represented by a " Mnemonic " or
memory aid.

The mnemonic for the previous " Add quantity A to quantity B "

is simply ™ ADD A, B ".
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Each mnemonic can be easily identified with the associated

instruction and with regular use become very easy to remember.

11) Addresses may be symbolic.
This means that a jump or call may be identified by a
label such as i~ DEL (For delay)

PROG (For programme )

The mnemonics and symbolic addresses are alpha-
numeric, a combination of letters and numbers and cannot be
entered with the " Octal " or "Hexadecimal " keyboard. This
is not in fact a large disadvantage because they can be
entered with a standard " QWERTY " typewriter keyboard, making
the data access even easier and the office typist could be

utilised to enter the programmes without further training.

The use of a standard typewriter also means that
the operator need only be able to type, not understand the
mnemonics. This fact enables programmers to share the task
of writing and the normally laborious, to the programmer,

entering of the programme into the computer.
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There are two popular alphanumerical input and output devices
used today, these are the "Teletypewriter™ and the "Video

Terminal®™, or VDU as it is commonly called.

The teletypewriter enables programmes to be
typed into the microprocessor and the input and output is then
printed on paper, giving the operator a permanent record of

the work in hand.

The video terminal or VDU has a television
like monitor replacing the paper printer, the data is displayed
on the screen and video graphics can be obtained under the

microprocessor control, however no hard paper copy is possible.

These codes and their assembly equivalents

may be found in appendix 1.
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8.1.1, Test Routines and the Screen Display.

The system has been designed to interface into a

standard type of domestic UHF television set , by using the
television screen as a memory plane peripheral video monitor.
This means that not only can the television monitor be used
to display the memory contents by using the M command key,
or to display the register contents , by using the R command
key , but also to act as a simple low resolution 16 by 48

character display area.

There now follows a simple example programme
to illustrate the display principle, by indicating how a number
or symbol may be displayed on the video monitor screen at a
set position. It is also possible to obtain moving displays
and further details may be found in the authors book on

(1)

machine code programme examples .
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8. 1.2-

Screen Disglax.

This programme will display " A5 ? " on the video screen.

Memory.

0c80

0C83

0CRS
nCcR6
NCRY

nCRA

0CRA
0CeB
ncec

0C8D

NCRF

NCA0

Opcode.

21 A0 09

E 1

77

23

22

3E 35

3E 3F

77
DF 5B

Mnemonic.

LD HL, 09A0

LD A, 41

o (KL) , A
INC HL
INC HL

D A, 35

LD (HL) , A
INC HL
INC HL

LD A, 3F

LD (HL) , A

MRET
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Meaning.
Set the HL register to

point to the screen centre.
load A with the ASCII code
for the letter A.

Display the letter A.

Move the screen pointer.
Move the screen pcinter.
Load A with the ASCII code
for the number 5.

Display the number 5.

Move the screen pointer.
FKove the screen pointer.
Ioad A with the ASCII code
for the symbol ? .

Display the symbol ? .
Return to the system

monitor.



The previous programme may be executed by following the sequence
below, note that "Spacebar" is the large long bar on the bottom
of the keyboard and that "Newline" is a special key on the right

of the keyboard. "Reset” is the hidden key on the right.

Press RESET ( This will clear the screen )

Type E Spacebar 0C80 Newline

The programme will now execute starting from memory location
0C8B0 and will display s=
AS?
The display should be near the screen centre, the coded instruction
"DF 5B" will allow the system to automatically return correctly

to the monitor system, which will wait for further commands.
The message may be moved in screen position by

changing the address “09A0" at location OC81 and 0C82 , try

09BN, note that the address is entered in reverse order as BO 09.
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8.2. Interface Test Programme.

The system has been designed to operate two banks of 8

control lines via 741S86 TTL address gates (9) (10 ), the
gates are connected to address lines A2 to A? inclusive .
Address lines A, and A, are also used , Aj being

utilised to gate in either of the two banks of 7418175 latches,
a bank of latches can only be selected if all of the inputs

to the P4IS10 gates are at high logic , ie at the + 5 volt
level. The gating signals are completed by utilising the WR
and TORQ signals from the CPU , a bank is considered by the

system to be an output port.

A test board was built and used to confirm the
operation of the initial tests on the lathe , in binary ,
by showing the logic levels on two banks of red and green leds
connected to the data lines (3 ). Figure 8.1 shows the test
board layout and there then follows example programmes showing
how the signals are obtained to operate the appropriate output

line.
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8:.2.1.

Green IED Bank Test Programme.

Memory. Opcode.
0C80 OE 02
0C82 3E 81
ocsk ED 79
0c86 DF 5B

Mpemonic.

b Cc, 02

LD A, 81

our [c], A
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Meaning.
Load register C with 02,
the port number of the

"Green” bank of leds.

load accumulator A with a
signal to light the two end

baxrs of the "Creen" leds.

Send out the signal pattern
in accumulator A, to the
port number contained in

register C. ie the “Green".

Return control to the

monitor systen.



8.2.2. Red and Green IED Bank Test Programme.

Memcry., Cpcode. Mnemonic. Meaning.

NCRN 102 Db C,02 Toad register C with 02, the port
number of the "Green" bank.

0CR2 3 FF 1D A,FF Load accumulator A with a signal

to light all the green LED.

nofl ED 70 OUT (C),A Send the signal to the port number

contained in register C. [Green]

nCRs nc INC C Increment C from 2 to 3, the port

number of the "Red" bank.

0CR? E A1 1D A, 81 load accumulator A with a signal to
light the two end "ED of the red

bank of LED,

NcRY ED 72 ouT (C),A Send out the signal to the port

number contained in register C.[ Red]

NCAR3Z DF 538 MRET Return control to the

monitor system.
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8.2.3. A Scanning Test Programme.

The routine will scan the output lines and light the “Red” and
"Creen™ leds, one at a time. This is a very useful routine
which may be utilised to test any further device connected to

any of the output lines.

Memory. Opcode. Mnaemonic. Meaning.

0c80 3E 00 LD A, OO Load accumulator A with a signal
to clear all the lines.
0CR2 0g 02 pc, 02 load C with the port number
of the "Green" bank of leds,
ie 2.
0c% ED 79 our (c] , A Send the signal out to the
port number in C.
0c86 oc INC C Increment the pumber 2 in C,
to 3, which is the port number
of the "Red" bank of leds.
0c87 ED 79 ouT [C¢] , A  Send the signal out from A to

the port number in C.
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4 Scanning Test Programme, [ContinuEd]

¥emory. Opcode,
NC8&9 aCc

~CRA s}

~"CAB nR

CoC & &
AEPy 3F FF
ncan FF

O 17 ¥y
ngcon tate]

"C £ AL NQ

Mnemonic,

Meaning.

INC A

DEC C

EX AF',AF

™D B, 50

IDA, FF

DINZ

EX AF', AF

JP , NCR4
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Increment the signal value

in accumulator A.

Change the port number [3] in
register C back to 2, to operate
the “Green" bank.

Copv the signal value.

‘oad register B with a loop
value of 5" hexadecimal, ie 80,
Load accumulator A with FF.
wait for a period dependent on
the value in accumulator A.
Reduce the loop value in B, if
not zero then jump back to NCBE.
Reclaim the signal value stored
at OC8B.

Jump back to location CC24,

to continue.



SCANNING TEST PROGRAMME

Clear all the signal lines to
initialise the system.

-

Select the Green bank of leds.

g

Cutput a control signal to the

port previously selected.

Select the Red bank of leds.

Cutput a control signal to

the selected port.

Increment the signal value

and store for use later.

Reselect the Green bank of leds.

Initialise a delay loop value.

Y

Initiate a delay sequence.

Loop.

Reclaim the signal value.

1

Recycle and repeat the sequence.

’__
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8.2.4., Alternative Red and Green Bank Test.

Memory.

0c80

0c82

0CR3

0C8R5

NCR?

0c&9

0c88

0C8D

Opcode. Mnemonic.
OE 01 Lbc , 01
oc INC C

CB 51 BIT 2,0

20 F9 JR N2

3E 0N LDA , 70
37 17 RLA SCF
ED 79 ouT (C), A
38 M3 JR C
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Meaning.

Load register C with 0l.

Increment the value in register
C to 02, the port number of

the "Green" bank of leds.
Test bit 2 of register C.

If bit 2 of register C was zero

jump back to 0C80.
Cleaxr accumulator A.

Rotate the contents of accumulator
A to the left, through the carry
flag, after setting the carry

flag to 1.

Send the signal out to the port

number contained in register C.

When the value in A has been
completely rotated so that the
1 in the carry is back in the

carry flag, then jump back to

location 0C82.



Alternative Bank Test Continued.

Memory. Opcode. Mnemonic.
oc8r 06 00 LDB , 00
0Co1 C5 PUSH BC
nCcez2 10 FE DJINZ
OC%4 Cl POP BC
0Cc9s5 10 FA DJINZ
0C97 18 F1 JR
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Meaning.

Load register B with a delay

variable of 256.

Save this value on the systenm

stack.

Reduce the value in register B by
1, if not zero jump back to

location 0C92, if B=0 then continue,.

Recall the value that was saved,

into register B, from the stack.

Reduce this wvalue in register C,
if not zero jump back to location

0C91l, if zero continue.

Jump back to OC8BA and continue.



RED AND GREEN BANK TESTING

Iload register with a control signal.

A Increment the signal and select
the Green bank of leds.

Test bit 2 o
the register

Clear the accumulator.

Set the carry flag.
|

1
Rotate the accumulator contents

to_the left.

A Output a signal to the ‘
selected led bank.

Loop until the carry
flag is reset.

Set up a delay constant.

ol

Delay loop.

Recycle and repeat the sequence.
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8.3. An Example of Peghoard Control.

An examination of the " Behind the Pegboard " diagram will
show that 8 lines have been utilised in the original control
system. The table , on the diagram, shows where each line,
from the PIO, is connected.
This table must be interpreted correctly before
a control sequence can be initiated and therefore an example is

now provided, to clarify the table.

Example Sequence.

a) Rotate slowly anticlockwise,
b) Stop the rotation.

c) Rotate slowly clockwise.

d) Stop the rotation.

e) Rotate quickly anticlockwise.
f) Stop the rotation.

g) Rotate quickly clockwise.

T'akirlg ﬁach 111 tum S'iVeB $= secvcvsveasssssses
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The two following

Speed Control.

tables should assist to clarify the example.

Peg Number. X ROTATIONAL SPEED.
-— 28 158

10 In In

13 In Out

Bit Values of Each Peg.

Peg 4 13
Bit 7 6

‘value B0 40

8 2 1 7 110 15
5 4 3 2 1 o0

20 10 08 O4 02 01

Action Anti Rot Tool Tur Tur Tool Rot Clock
Out In In In

Sequence a.

Anticlockwise rotation requires Peg 14 to be activated.

A slow rotation of 28 revolutions requires that Pegs 10

and Pegs 13 be activated.

ies Peg 14 = Bit 7 = 80
Peg 10 = Bit 1 = 02
Peg 13 = Bit 6 = 40
Total Value = 2 ( Hexadecimal )

Hence it would require that bit value " C2 " in hexadecimal

form be sent out via the PIO output port.
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Sequence b,

To stops the rotation pegs are required in, for speed and out,
for direction.

ies Peg 10 = Bit 1 = 02

Peg 13 = Bit 6 = 40

Total Value = 42 (Hexadecimal )
Sequence c.
Clockwise.
Peg 15 = Bit 0 = 01
Peg 10 = Bit 1 = O2
Peg 13 = Bit 6 = 40
Total Value = U3
Sequence d.

Peg 10 = Bit 1 = O2

Peg 13 = Bit 6 = &0

Total Value = N2

Sequence e,
To rotate quickly at 158 revolutions : requires Peg 10 to

be in and Peg 13 to be out, with Peg 14 giving anticlockwise
rotation,
ies Peg 14 = Bit 7 = 80

Peg 10 = Bit 1 = 02

Total Value = 82
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Sequence f,

To stop the rotation requires the speed peg, but not the rotation

peg. jes- Peg 10 = Bit 1 = 02.

I

Total value 02 Hexadecimal,

Sequence g,

Clockwise. Peg 15 = Bit O

]
Q
fur
-

Peg 10 = Bit 1

L}

02,

Total value

1l

03. Hexadecimal,

The above sequence can be carried out by sending out each
hexadecimal code in turn, to the output port of the PIO. It is
more convenient to save all the required codes for the complete

rrogramme in a table:-
ie. C2 .42, 43,42 ,82 .02, 03. (Hexadecimal).

A monitor programme is then required to send
the codes out from the table at the correct time, the programme
would require handshaking, with the lathe, so that the pegs could

be activated in step with the lathe operation.
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8.3.1. WARD lathe Control.

Call subroutine INITIALISE. e INITIALISE

—

Obtain the required signal code.

Is it the

stop code? — — P> —{ | STOP SPINDIE

| Send out the control signal. B

Increment the data pointer.

|

Test the latch. — — = —| [TEST LATCH

Obtain counter value and
increment,

Change the stored value
to be displayed.

Display the latest value

of the programme step
number.

Recycle to obtain the
next data signal.
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8.3.2. Pegboard Control Flowcharts.

INITTALIGSE

Call the RESET LATCH RESET LATCH
_.._...’_

subroutine.

Y

Set a pointer to the
start of the data
table.

Initialise the routine
number counter

to zero.

Store this number at
the printer buffer.

Return from this

subroutine.
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STOP SPINDILE

Ioad the accumulator with the
ASCIT code 42 , the spindle
stop code.

Output the code via port 2.

Display the end of
programme signal.

Terminate the programme
and return control to
the monitor system.
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RESET LATCH

load the accumulator with
the code OF.

Output the code to ports

6 and 7 to set the PIO
lines as outputs.

Load the accumulator with
the code 00.

Y

Output the code to port

4 to reset the latch.

Load the accumulator with
the code 03.

Cutput the code to port
4 and terminate the

reset pulse.

Return from this
subroutine.
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TE ST LATCH

Call the RESET LATCH — RESET LATCH
subroutine,.

load the accumulator with
the code 4F,

Cutput the code to port
6 to initialise the PIO

lines as inputs,

Read the latch condition.

Test the latch condition. A

Is the latch
set?

|
Wait for a keyboard input.

Call the DELAY subroutine. | = 3™ || DELAY

|

Return from this

subroutine.
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DELAY

Display the word
DELAY on the VDU.

Set the delay loop
constants.

Call the monitor
DELAY routine.

Reduce the loop

constants.

Test the constants.

Constants
Zero?

Return from this
subroutine,
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8.4, System Tests.

(Wwithout the lathe operating)

When operating a new system, for the first time it is much
safer to operate with the lathe non activated. The following

procedure gives such a test:=-

1. Place a peg into hole 4, if the toolpost is in and hole 7,
if the toolpost is out.

2. If required the "CF" at location OD7E may be replaced by "00",
in the test programme, this will prevent the system waiting
for a keyboard command.

3. Connect a "Test" switch from pin 9 of the latch IC (74 LS 175)
to the + 5 volt rail . See figure2.1l for details.

4, Enter the test programme and execute by typing E ODOO and

pressing Newline.
No screen response.

The green test bar will indicate C2 (1100 0010)

which is the first control character from the table.
The latch reset light will be on.

5. Momentarily close the "Test" switch.
The latch set light will come on.
The screen will indicate “"Delay Step 1 “.
The green bar will indicate the next control
character, 42 (0100 0010 )

The latch reset light will come on.
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6. Momentarily close the "TEST" switch againi-

The "LATCH SET" 1light will come on.

The écreen will indicate "Delay Step 2" .

The Green bar will indicate 43 , ie 0100 0011.
The "LATCH RESET" light will come on.

7. Repeat by operating the "TEST" switch momentarily until
the system responds with s
Step 8
END

HOPSYSTEM

There now follows a listing of the above test programme

as indicated in section 8.4.1.
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8.4.1, System Test Programme.

aEEl sWARD LATHE COMTROL
515 PO

SE8T fPssembled bw J HOFTOM. 1322,

alss GRS START  ORG GDeEH
a0EE CREEE0 BE1S CALL aDaeH sCall Initizlize.

S0AT T

m
M|
[yl
—
i

-
0

Fis CHL tFick ur character.

abed FEFF BE17 CF 225 fThe Storp Code?

Sls CRZaal ARl E JF 2. 80b36H tStor Srindle IT =0
afuys LZR2 Al oUT SBZH . H $2end out =i1anal.
plasp 23 HAzE IMNC HL flncrement Folinter,

Abac ChFeah G501 Chll 8bvaH :Te=t the Latch.

AbEF Iaz1ah gaaz LE Fac8D2iHY 162t counter wvalue,
a1z 30 51 DR IHC A sIlncrement counter,

Jh1I Z2Z1al ez LE CafZIHY A fChanas Frint valus.

Aldle EF 5] 5 Y] FST  2eH sbi=Fplaq "STEFRF H M.

=
L
e
=4
Ll
(Y]

AL HAZE DEFE 8CH.abH there M 1= the
G132 22026853 AEST CEFM -~ = slatest =ter number,

Al 54455020 0022 LEFM ~TEF - :

l'-
e
=

ol
[,
4

Bt (55 DR LEFM |- 3

)
)
r-J
b
]
D)

DaE ETE AL DEFE &0H. aaH H

a4 CIEIE0  BET1 IF BDETH tLoor from GLE3.
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andg

511
(2] IR
SIERES
5] BORST

B0IE

36 454E44

30 B

S1RE 15

SE42

[3Ez

E

ac

F

(5 (SR

WARD LATHE COHTEOL.

BacI 5

Hez4

SHZRZEZE B4

LF
E

=

-t

fHssembled ba T HOFTOH.

n
a

& STOF ORG

L
ouT
ST
LEFE

B0 ZEH

L SSTOF SFINDLE

H:42H
CEEHY.H
25H

HCH

CEFM &

LEFM
['EFE
RET

LEFE
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<EMD
ELH > B
15H

SEH

1982

-

iZtoRp the sFrindle.

shiselaa "EHDM.

SEnd of Froaran.



HLSE

i

1 Cheoan
RS § =155
6 SE3@

 S221al

(91 ]

sWARD LATHE

COMTROL

sHs=embled bw J HOFTOM. 1922,

-
3

INIT ORG

FIMITIARLIZE

CALL
LL
LD

RET

Page

abSEH

aheEH iCall Reset Latch.
HL-8alBgH sFoint to the table.

Ha J8H sZara routine counter,

i

CBDZIHY A tat the erint line.
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qEce WARD LATHE COMTROL
HES T 5

tH=zembled be J HOFTOM, 1932,

[}
=
i
]

Lacn]
Y]
AN
v

-
a

AL FESET ORG &lcoH

i~
"

[ax]
-
Lot
i,
A

-

3 q -
L b

v
'
—
Y

B97E SRESET LATCH

BETI S

o
-
Y
=l
el

Ghei ZEEF BE7S LD Fs BFH ttat the FIC

BLEZ D3IET 7 E OUT  C@7FH»)» & fas outPuts,
dled DIde ey QUT  CBEH ./ 3

Bles ZEGH HE TS L[ H > B6H ‘Re=ss=t the latch:

LZe4 S5 OUT  cB4HI.f& fwith a FPulse.
BheR ZEBS aEsd L. A»B3H fEnd the Ppulse.
afel D3I649 S1SICH] CUT  C84H» ./ 3

absE CF 512 Eoy FET

=
=
DX
.
A

KoL
ln]
L]
Ja
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g5 sWARD LATHE COMTROL.
aEse s

shszembled by J HOPTOM. 1962

P} P
fax(] [
0 [xn}
[xn] =}

[hx]
ko
=
=
o

[xx]
o0
0

2 TEST ORE aldaH

A ]
[icn ]
e
A

(o]
o]
i
—_

PTEST LATCH

L]

I L
L

| o]

=
Do

A0
L

[}
o
5, .l:‘
Ju

Bhrg Cheasl sCall Resst Latch

=
Ly
.
[ ]

CAaLL abesH

aLvys IE4F Lh Hs9FH ioet FIO lines

o
i

=
-
!
DY
T

a7 L3I0e 5lCi ouT  C@sH A tas inFuts.

G077 DEG

acn]
A
]
(n ]

IH Ho DBEGH iRead Latch.

ab7e FEEI 39 CF (S5 tlatch zet?
abive Czyvalb a18a JF MZ, alv? $IF not walt,
apvE CF a1e1 F=T ©&H ilait for kesbd inFut.

BOVF COaal aigz CRLL ab9oH sCall Delay.

apes .9 B1a3 FET
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@185 sWARD LATHE COMTREOL.

@187 iAzsembled bwe J HOFTOM., 1922,

A3 gl1o2 LELAY ORG GlooH

g111 sDELAY

ab2e EF @115 EST  2EH ili=srlay "DELAY".
@21 alhar @11e CEFE @DH. 50H
aLes 2Ee2eze44 a11v DEFM »  [v
BDaT 45404159 @118 DEFM ~ELAY-
H9E ahed #11= CEFE G&DH. BEH
alal BeAB a12u L B, 1ed 1Set Delay tim=.
Bl3F ZEFF g121 LD Ha 255 . . ;
abAl FF H122 FZT ZEH thelas Looe,
BiRz 18FE A123 [ THE @DeFH L "
albmd C9 g1a4 EET

55 DS

H12e §
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G127 fWARD LATHE COMTROL.
8128 3
B12% fAszembled bwe J HOPTOM. 19S2.
a13a
shEG @131 TRELE ORG 60EGH
G132 #

@137 :THELE OF MOUEMEHTE.

gl3ivy 02 = Slow anticlock rotaticon.
i3S 142 = Stor rotation
8132 143 = Slow clockuwi=ze rotation.

an]
)
I
[
o N
[ )
I
Xy}

Stor rotation.

a141 :82 = Fa=t anticlock rotaticon.
gid4z 182 = Stor rotation.

jex]
[y
Ja
4
&
Ll
!
n
I
-+

a=t clockwi=e rotation.

[xn]
[
i CA
B
g
n
()]

Stor rotation

]
m

8145 :FF = End eof table code.

A142 :These codes zhould be entersd 1nto meemcrd

A14e s=tartinzg at location GLES
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8.,4,2, lathe Testing Under Microprocessor Control.

When the previous test is completed the lathe may then be
operated directly from the microprocessor. If keyboard control
is required to force a stop after every operation, then the
code "CF” must be inserted at memory location "OD7E" manually
in the teset programme. Pressing any key would restart the
programme. However if continuous operation is desired then

the codes "00” must be left in memory location “OD7E".

During the previous test two pegs were entered
in diode holes 4 and 7 for safety so that the system could
be tested without moving the lathe components, these pegs
nust now be removed, however the peg action is now under
microprocessor control and so codes "o or “20" must be

added to each table entry, except FF the stop code.

These new codes are required so that the slide
position may be controlled, code “O4" or 0000 0100 is required
to either send the tool post in, or when it has come to rest
in the "In " position. Code “20" or 0010 0000 is required to
either send the tool post out, or when it has come to rest
in the "Out" position. There now follows a table of movements
to control rotation and toolpost movement together, the table

must end with the stop code "FF".
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0
El

fWARL LATHE CONTEOL.

'Assembled

Y J HOFTOH.

13982

=
L=

themonstration Table of Movemsnts.

tThese codes

t=tarting at

"
]

am

-

aw

am

aa

s

IE=EI+2E
AZ=8I+28
Se=gi+i4
E= 246
FF

should be entersd

location abEo.

End

- Fotation

Hrtl=-rot

Anti—-rot

- Rotatiaon

Clock=rt
Clock-rt
Fotation
Anti-rot

Fnti=rot

- Rotation

= nd

with
with
Wwith
with
with
with
with
with
with
with

oT Table Code.
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w1tk FF.
Tool Out.
Tool Cuot.
Tool Ine
Tool Ir.
Tool In.
Tool CQut.
Tool Cut.
Tool Cut.
Texl Ine
Tool In.
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CHAPTER 9,
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CHAPTER 9.

CONCLUSIONS

9.1. The Industrial Advantages of the System.

British industry has never before faced so much competitive
production and so contributions towards microprocessor control
especially in a Direct Numerical Control system, is essential

to achieve or maintain competitiveness in a technological era.

The microprocessor system developed in this work
utilises up to the minute technology and can thus bring
considerable economical and technical benifits, particularly
to the small and medium sized industries, using the old
generation of Numerical Control machines. These industries
are lagging behind their competitors,who utilise improved
production techniques brought about mainly by microprocessor

control and computer aided manufacture.

This system is an inexpensive and highly cost
effective method of retrofitting a microprocessor controller
to an existing machine, without the necessity to change or
purchase any special new machine tools. The costing schedule

which is minimal, is detailed in the next sectlon.
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9.2, Cost Schedule.

The retrofitting costs of a microprocessor system are minimal,
compared to the cost of replacing a machine with the modern
counterpart. This also gives a chance to spread the cost of
replacement over several years.,

The following list gives the approximate value
of materials required to implement a small control system, it

does not include labour.

ITEM. PURPOSE. COST.
Z80 16X Systen. To hold the monitor programme £ 500.00

and control all peripherals.

Television Set. To act as a Video Monitor, £ ©0.00
Cassette. To act as an external memory. £ 50.00
EPROM Programmer. To enable custom design of £ 100.00

extra programmes.

EPROM Eraser. To clean and prepare EPROMS. £ 100.00

Hardware. To connect the system to an £ 200.00
external machine. Cost will

depend very much on the application, an example is

quoted and the prices are typical in 1981.

Approximate Total. £1000.00
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9.3. System Development.

The developed system utilises the versatile Zilog Z80
ﬁicroprocessor chip which is fast becoming one of the British
industry standards. It is backed up with a powerful custom
built 2K machine code in two EPROMS. The use of machine code
gives several advantages which include the very efficient use
of Random Access Memory , a fast response time which is
essential in any machine control application. Machine code is
admirably suited to this task and the Z80 microprocessor chip
has many advantages over its rivals when operating in the

field of machine control.

The monitor or administrative control programme
is situated 1in two 1K EPROMS giving further flexibility
because they may be easily replaced at any time, should the
routines require further customising to suit some particular
application. Further economy of memory is provided by the
inbuilt subroutines which are prewritten for input and output
control and these may be called by a programme with an
overhead of only 3 memory Bytes , thus saving vast amounts of
RAM , with the convenience of having ready made control
subroutines as and when required. A full listing of the Monitor

machine code system can be found in Appendix 3.
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9.4. Interface Control Details,

The Z80 microprocessor controller was connected to the lathe
Pegboard by means of an interface control box containing
electronic latches connected to the address and data bus of
the microprocessor. These latches which act as temporary
memories enable the Central Processing Unit to present data
to the lathe and then continue with another task, until the
lathe has completed the alloted task. Use was also made of
a peripheral input output chip MK 3881, to allow the lathe
electronics to be interrogated by the microprocessor . This
glves a handshaking facility enabling the lathe to request
further information or commands from the CPU if and when

required,

The two way communication method provides a
far more versatile control mode than was ever possible with
the original pegboard, with the added advantage of eliminating
the time consuming effort of setting up the pegs in the
pegboard whilst the lathe stood idle, with loss of actual

production time.
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9.5. Details of the Main Controller.

The main controller which consists of a Z80 microprocessor

has been augmented by several additional devices, such as an
Universal Assynchronous Receiver Transmitter, a Parallel

Input Output Adapter and a Video Modulator. Thus the unit

has the possibility of communicating with many devices, such
as a Cassette recorder which may store further routines for a
particular production task; a standard domestic television set,

thus reducing the necessity to purchase an expensive VDU and

a serial or parallel printer so that a hard copy may be obtained
to record any programme or results of a test run. The parallel
printer capability allows the system to produce three dimensional

high resolution graphics.

The system boasts two peripheral ports and the UART
supports two serial methods of communication, RS 232 and the 20mA
current loop. Cassette and serial Baud rates are variable leading
to an extremely powerful and versatile compact low cost unit. The
system monitor has been configured to operate a memory plane
peripheral, such as a domestic television set and the serial
output simultaneously, thus enabling the operator to follow
control sequence instructions on the TV screen and graphics,
such as following tool contours on a graphics VDU, this dual

mode visual output is quite unique in microprocessor control

applications.
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9.6, System Tests and Results.

Test sequencies were developed to allow the system to be assessed
and these sequencies are given in Chapter 8. The routines were
used to cut some components and the results showed a great
improvement in operating ease and manufacturing versatility

over the original method. The interface box was improved later
by placing an IED test readout connected to its control lines,
this enables the lathe control operation to be monitored at the
binary level and will be very useful should the system be
expanded as proposed later. Figure 9.1 illustrates the layout

of the interface network .

Due to the fact that the equipment in the laboratory
were modified to a common communication standard, it is now
possible for this 280 controller to be interfaced into a
Diect Numerical Control cell,thus opening up many other possi-
bilities and facilities. Further work would be greatly

facilitated by system expansion as detailed in the next section.
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9.7. System Expansion,

Albeit the system memory was adequate for this limited budget
project, it could be greatly improved by the addition of
buffering and further memory. This would add further versatility
giving the possibility of running an Assembler and other high
level languages such as FORTRAN or BASIC, the cost of course
would be in excess of that possible within a project budget. An
expanded system would also allow the central processor to be

utilised as an executive monitor within a DNC cell as indicated

in figure 9.2.

The Author has utilised his experience in this work
and now acts as a consultant to several local industries in his
locality, some of which have financed some private research at
the author's own home laboratory. This emabled the author to try
out some of the improvements and example designs are included in
the next chapter of some of the working prototypes, such as an
EPROM programmer and some high level language software to enable
tool contours to be shown visually in simulated three dimensions.
Examples of this three dimensional capability 1is included in
Appendix 5. A section now follows indicating some of the future

proposale for expanding the system.
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FUTURE WOREZK,

CHAPTER 10.
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CHAPTER 10.
FUTURE WORK.

10.1. System Developments.

If the system is to be improved by further development, then

some fundamental extras are required and these could include

some of the following :-

a ) Added memory, so that larger and better control programmes

could be written and monitored.

b ) The ability to store set programmes in EPROMS and then simply
plug in a specific routine as and when required, to perform a

certain task.

¢ ) The ability to programme these specific tasks into the EPROMS

so that a library of routines could be built up.

d' ) The visual display of tool movement, or contouring of the

provosed workpiece.
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10.1.1. Memory Expansion.

The single 280 microprocessor board is not buffered in the
original form , hence the first task in any memory expansion
developement is to ensure that the CPU is adequately
buffered from the additional components. There are two main

areas that require treatment as detailed below :-

10.1,2. Data Lines.

Figure 10,1 shows a proposed circuit indicating that the
data lines be connected to a 74LS245 (9) integrated
circuit octal bus transceiver,giving eight non-inverting
‘three state outputs. The package provides bidirectional

data transfer with full CPU buffering. The enable gate of
the 7415245 3is on pin 19 and is permanently enabled by
grounding it to the zero volts level. It is also necessary
to provide directional control and this is provided on pin 1
by an acurately timed pulse which will be dealt with in

greater detail later.
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10.1.3. Address Line Buffering.

The address lines only require buffering in one direction
because the address sequence is always sent out from the
CPU to the other devices , this makes the buffering task

a little easier to implement.

Figure 10.2 shows the address lines connected
to a 7415244 (9) integrated circuit octal buffer and
line driver which has three state outputs . These octal
buffers and line drivers are designed to specifically
improve the performance and density of the three state
memory address drivers . There is a selection of combinations
of inverting and non-inverting outputs available to the user.
The 741S244 device features a high fan out with inproved fan
in and a2 very low noise margin of 400 mV. The gates have been
permanently enabled by grounding pins 1 and 19 to the zerc

volts level as shown in figure 10.2.
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10.2. EPROM Decoding.

Extreme care must be taken when extending any memory system

to ensure that no address or data line conflict occurs ,

such as two memories being read simultaneously. To avoid

such conflicts strictly timed address decoding and timing
pulses are required. Figurel0.3 illustrates an example in which
the three adress lins Alz i AlB and A14 are connected

into a ?ﬂlBB( 9) three line to eight line decoder de-~

multiplexer.

Figure10.4 gives the truth table of the 74138
device and examination of the table shows that the output on
pin 7 will be low only when ail three of the address lines
are at a high logic level . This means that the output from
pin 7 can be utilised as a signal to Enable an EPROM located
at address location 7000 hexadecimal . This will occur
because the number 7 in the address has a binary equivalent
of 0111 and each one in the binary number is represented by

one of the address lines being at logic level 1.
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741,5138  TRUTH TABLE.
INFUTS

ENABIE  SEIECT OUTPUTS
GL G2 C B A YO Yl Y2 Y3 Y4
6 4/5 3 2 1 15 1% 13 12 11
X H X X X HH H H H
L X X X X HH H H H
"H L L L L L H H H H
H L L L H H L H H
H L L H L HH L H H
H L L H H HH H L H
H L H L L HH H H L
H L H L H HH H H H
H L H H L HH H H H
H L H H H HH H H H

H = High Level logic.

L = low Iavel Logic.

X = Irrelevant.

Fig. (10.4.)
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Tt is also necessary for pins 4 ( G2A ) and 5 ( G2B ) to be
connected to the zero volts level and pin 6 ( Gl ) to be
connected to the logic 1 level . This requirement follows

from the truth table in figurelO.4.

Simply decoding the address lines to give a chip
select at address 7000 hexadecimal is not enough to prevent
bus conflict , it is also necessary to time the select signals
accurately. The RD and MREQ pulses are used to facilitate
the decoding and timing by feeding both signals through a
7432 (9) two input logic OR gate. The composite output
is then fed together with the address decode signal into a
second OR gate , the output of which is used as the chip
select pulse C5 for the EPROM at location 7000 hexadecimal.
This C5 signal will only be active when the RD and MREQ
signals are both at the low logic level and the three
address lines AlZ ’ AIB and Ay are all at the high logic
level, The resulting signal gives correct address decoding

at the correct time thus preventing any possible data conflict.
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10.3. Direction Pulse to the Data Buffer.

A similar problem to the EPROM decoding exists regarding
the timing of the direction pulse to the bidirectional |
741524 5 (9) bus transeiver, It is not only important
to time the data correctly but to ensure that the data is
steered in the correct direction , at precisely the correct
time. Figurel0.5 shows the necessary timing requirements

with the direction decoding.

The RD and ﬁﬁﬁﬁ pulses are combined through
the two input 7&32( 9 ) logic OR gate and as previously,
the same combined output signal can be utilised ,removing
the necessity for circuit duplication. The four higher
address lines Alz ’ A13 ' A14 . A15 are all combined
through the 7432 OR gate to provide the composite MEXT
signal. It is necessary for this signal to be injected into
the system by changing the position of link IK5 on the board,
the MEXT signal is then fed through an inverter before joining
the other RD : ﬁﬁﬁﬁ composite pulse to a further OR gate. The
final DIR pulse becomes active low only when both the'ﬁﬁfa and
KD signals are low and also either of the address lines are

at the high logic level.
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10.4, EPROM Programming and Timing.

Another requirement for system improvement is the ability

to write a custom designed programme into a permanent memory
cell such as an EPROM. An EPROM programmer design was developed
together with the necessary software , the design is included
later , see figuresl0.7 and10.8 and together with the previous
memory expansion design , could form an excellent subject

for future developement work . The first task in the design was
to decide on which type of EPROM to use and the choice was made
of the popular,easy to obtain 2708 type L ). The design was
later modified to encompass the 2716 and 2704 types ( 5) as

well, giving greater flexibility.

The next consideration for programming EPROMS is
the very strict timing pulses that are required, figure 10.6
shows the timing requirements which must be met for successful
programming. The 2708 EPROM (6) is electrically
programmable and Ultra Violet erasable by illuminating the
chip through a transparent window , this exposure induces a
flow of photo current from the floating gate to the substrate,

thereby discharging the gate to the initial state.
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10.5. EPROM Erasure: Pulsing.

An Ultra Violet source of light at 2357 i yielding a total
dosage of 10 Wsec / cn® is required for correct erasure with
an exposure time of about 20 mins. Programming occurs by
raising the CE / WE 3input on pin 20 to the + 12 volt level
and the data should be presented as 8 parallel bits to the
data output lines on pins 9 to 11 and pins 13 to 17. In this
mode the ouput pins serve as input lines. Caution should be
observed regarding the end of a programme sequence as the

CS / WE pulse falling edge transition must occur before the
first address transition , when changing from a programme
cycle to a read cycle. The programme pin should also be pulled
down to the Virp level with an active rather than a passive
device, as the pin will source a small current IIPL when the

CS / WE pin is at the Vg, 1level of + 12 volts and the programme

pulse is at the Vitp level,

Figures 10.7and 10.8 show a proposed circuit design
for the programmer which could be utilised for future development.
When erased all the bits of the 2708 EPROM will be at logic
level 1 and each location will contain FF hexadecimal, hence
information is introduced by selectively programming O into the
bit locations. One programme pulse per address is applied to pin

18 when the address and data lines are correctly set up.
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One pass through the addresses is defined as a programme loop

and the number of loops required [N] is a function of the

programme pulse width [ tpH] according to the equation i-
Nxt = 100 msec,
Pw

The width of the programme pulse lies between -
N.1 msec and 1.0 msec,

This indicates that the number of programme loops [ N| lies between

100 when t is 1 msec and
W

1000 when t is 0.1 msec.
W

It should be noted that there must be "N" successive loops
through all the " 1K " addresses, it is not permitted to apply

"N" programming pulses to an address and then change to the

next address to be programmed.

Note that ™ 1K " is 1024 decimal, 1024 = 210.
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10.5.1. Frogrammer Design Circuit.

The heart of the design is a 741SO4 integrated circuit
(9)

oscillator which drives an inverter to produce the 26

volt power source, which can be utilised as the programming
pulse. The pulse must be timed and gated by signals from the

CPU and then applied to the programming pin 18 on the 2708
EPROM. Control is ensured by feeding pulses from the CPU through
Port B of the PIO as shown in figure 10.8. These pulses ensure
two conditions :-

a) Correct timing of the CS voltage pulse to pin 20.

b) Correct timing of the PROG pulse with 26 volts to pin 18.

Address decoding is achieved by the use of a
Cosmos CD 4040 (3 €.5 2 twelve stage ripple carry binary
counter divider chip,vwhich consists of an input pulse shaping
circuit and a twelve stage ripple carry binary counter stage.
The counter may be reset to the zero state by placing a high
logic level on the reset line. A master slave flip flop is used
for each counter stage and the state of the counter is binary
stepped by the negative transition of the buffered input. All
derived signals from the decoder with the CS and PROG pulses
are fed to the EPROM socket. Data lines from the socket are
taken from Port A of the PI0 , which has address 06 for control

and address O4 for data transference. Port B uses address 7 and 5.
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10.5.2. EPROM Programmer Control Sequence.

A suggested programme to control this design of EPROM
programmer is included in appendix 7 , the unit is used

at home by the author and is well tried and tested.

The only point to note is that the sequence
has been written to operate with the CPU running ;t a clock
rate of 4 MHz . It is possible to either select this faster
rate on the ZBO system or to change the timing of the
programme to run at 2 MHz . The first method would be

easier for the reader , albeit the second is not too difficult

with a knowledge of machine code.

The programme is in several sections and

executing from location "0OCBO" gives three options i1-

a) To programme an EPROM.

b) To reprogramme.

c) To copy the contents of an EPROM from the programmer
into the system memory.
This last facility can only be used if the system's

memory has been expanded.
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10.6. Gravhics on the VDU.

Some of the topics for future development include the visual
display of tool movement by utilising the graphics mode
capability of the VDU (12) and the visual contouring of the
proposed workpiece. These aims were furthered by interfacing
the RG 512 lear Siegler ADM 3A VDU terminal directly to the 280

RS 232 port. The VDU has both vector and point mode capability.

10.6.1. Vector Mode.

This mode performs automatically giving vector generation from
vector endpoints and the terminal uses 512 points horizontally,
with 250 points vertically. The X10 option scales the graphics
grid,giving 1024 by 780 points and thus the two versions require
different vector endpoint coordinates. The vector mode may be
entered in two ways:-

a) Manually , by pressing CTR. and | simultaneously.

b) By programme , by sending out the hexadecimal code 1D.

10,6,2, Point Mode and Clear Screen.

The screen may be cleared in two ways :-

a) Manually , by pressing CTRL and y simultaneously.
b) Bv programme , by sending out the hexadecimal code 19.
Point Mode is activated also in two ways:-

a) Manually , by pressing CTRL and \\\\simultaneously.

b) By programme , by sending out the hexadecimal code 1C.
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10.6.3. Connecting the VDU to the 280 System.

The VDU must be connected to the RS 232 output port of the Z80
and the "TTI : TAPE " switch moved to the "TTI", up position,

with the Baud select switch set to 300 Baud, down. The switches

are on the Z80 rear panel.

To operate the VDU enter " X20 Newline " on the
2P0 keyboard, the VDU will then respond, however if the 280 reset
button is pressed for any reason, control is lost and "X20 Newline"
must again be entered to reinitialise the systems, before two
way communication is possible. Note that "Newline" is a special
key on the right of the Z80 keyboard, it is not necessary to typé

in the word.

Control signals may be sent from the Z80 by two ways.,

a )Direct Transfer.
If the correct hexadecimal codes are entered,
in a table starting at some convenient location eg OEOO , then

the entries may be sent directly to the VDU as followsi=

Type in X20 Newline
Type in T OEOO OECH Newline
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Each entry will be sent out automatically to the VDU from
locations "OEOO to OECO™ by the system monitor, the VDU will

respond on receipt of the control or coordinate characters.

The Z80 system will terminate the output routine

when the table pointer reaches location OECO.

ie T OEOO OECO Newline

means type out or transfer data from the starting location of

OEOO to the terminating location of OECO.

b) Programme Transfer.

If transfer and control is required within a programme, then
the following code entries will control the output, if the

same data is entered in a table, from locations OEOO to OECO.
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10.6.4., Sample Data.

There now follows a data table for use by the previous programme,

which will control the output characteristics of the VDU.

Note.
There are three control characteristics used in the table.
a) "19" Hexadecimal = Clear the screen.
b) "1C" Hexadecimal = Set the "Point Mode”.

c) "1D" Hexadecimal = Set the “"Vector Mode”.

All the other characters in the table are used as vector

coordinates, The data is in three sections.

a ) Locations OEOO to OE1S5.
These characters are used to send out control
symbols to draw a plane rectangle on the screen,

in the vector mode.

The data starts with code "19" hexadecimal, which clears

the screen,
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The next code "1D" hexadecimal sets the vector mode, there then
follows the "Y" coordinate pair of "23 , 64" which are the "Y"
coordinates of the left hand bottom corner of the rectangle. The
next pair "23 , 58" are the "X" coordinates of the left hand

bottom corner of the rectangle.

b )locations OE16 to OE7A.
This section holds the control data characters
required to draw a circle inside the rectangle.
Data starts with the "1C" code which forces the VDU into the
"Point Mode™ , there then follows the hexadecimal pairs "31 , 70"
and "2F , 94" which are the first "Y" and "X" coordinates

respectively.

¢ ) Locations OE7B to OEA9.
This section starts by sending the code "19" which
clears the screen, it then sends out the code "1D"

to force entry to the "Vector Mode™.

Data is then sent out which will draw a three dimensional cube.
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10.6.5. Typical Output.

Plane Rectansgle and Circle.

Three Dimensional Cube.

mg. (10.9')
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Sample Data.

OE00
OE08
CE10

OE16
OE18
0E20
OE28
0E30
OE3R
OF4O
OF48
OE50
OE5R
OR60
OE68
OE70
OE78

OE7B
OEB0
OE88
OE90
OE98
OEAO
OEAS

19 1D 23 64 23 58 34 74
23 58 34 74 3B 50 23 64
3B 50 23 64 23 58

70 2F 4
78 32 4E
76 34 50
7C 35 48
62 34 50
60 32 LE
68 2F sk
60 2C 5A
62 2A 58
7C 2A 4o
76 2A 58
78 2C 5A
70 2F 54

5A 2D 62
Lo 29 62
5A 29 62
5A 2D 62
Lo 2F 72
54 1C

31 6A
2F 7B
2D 6B
2A 6D
27 7D
26 6E
26 6F
27 7D
2A 6D
2D 6B
2F 7B
31 6A

19 1D
2C 5A
6 Lo
22 5A
2C 5K
2E 4o

1D 31
31 43 30
33 53 2E
35 42 2B
35 42 29
33 53 27
71 43 26
2E 45 27
2B 55 29
2A 46 2B
2A 46 2E

2B 55 30
2E 45 31

26 68 2¢C
2F 62 36

26 68 2cC
2E 72 22
2F 62 36
25 72 22
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10.6.6. Obtaining Vector Coordinates.

The screen size is assumed to be t=

X =0 to X = 1024 Horizontal.

Y=0to Y=780 Vertical.

Each vector point " X , Y " must be broken down into four
hexadecimal coordinate data numbersi-

Y

High * ¥

Iow * XHigh * *row °

Example:

Consider the coordinate points "X , Y =123 , 633 "

It is required to define the number system that will be used,

before finding these points.

Denary numbers (To the base 10) will be denoted thus 123D.

Hexadecimal numbers (To the base 1€) thus 2FH.

As an examplet
The denary number 67 D , has the equivalent
hexadecimal number of 43 H.

The following page gives a table of equivalents.

Note:
The largest X and Y values are Xh =13F , X, = 5F.

( In Hexadecimal ) Y, = 38 , Y, = 6C.
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Table of Denary to Hexadecimal eguivalents.

Denary. Hexadecimal. Denary. Hexadecimal.
00 00 16 10
01 01 32 20
02 02 48 30
03 03 64 4o
ol ol 80 50
05 05 96 60
06 06 112 70
07 07 128 80
08 08 144 90
09 09 160 AO
10 0A 176 BO
11 OB 192 co
12 oc 208 DO
13 0D 224 EO
14 OE 240 FO
15 OF 256 100
16 10 512 200
17 11 1024 400
18 12 4096 1000
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a ) To convert the "Y" coordinate of "633D". ( Denary. )

Yiigh = é%% = 19 D. ( Integer part only)

Yiw = 633 - (19 x 32) = 25D. ( Fractional part. )
Note:

Y, can range'from "00D to 31D" or from "20H to 3FH", hence

High
a weighting factor must be added, because the ranges are not
direct equivalents, the factor is "20H".

Continuing the example:

YHigh = 19D = 13H and adding the weight of "“20H" gives

YHigh = 33H.

Y can range from 00D to 31D" or from "60H to 7FH", which

Low
requires a weighting factor of "60H" to be added, hence
Yiw = 25D = 16H and adding the weight of “60H" gives

YLOH = 7M.

The "Y" coordinate of "633D" now transforms to 1=

633D = Yﬁigh ¢+ 33H.

YLOH s 79H.

The programme would be required to output the two hexadecimal

numbers of "33H and 79H" to force the VDU to move to Y = 633D,
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b )To convert the "X" coordinate "123" D.

“yign = 1 = - ( Integer part only. )

Xio9 = 123 - (3% 32) = 27 D. ( Fractional part. )

Note.
xHigh can range from "00D to 31D" or from "20H to 3FH",
hence as previously, the weighting factor is "20H".
X can range from "00D to 31D" or from "4OH to 5FH", with

Low
a weighting factor of "4OH™.

Continuing the example t=
XHigh = 03D = 03H and adding the factor, XHigh = 23H.

X = 27D = 1BH and adding the factor, X

Low = SHil.

Low
The programme would be required to output the two hexadecimal
numbers "23H and 5BH"™ to force the VDU to X = 123D.

The order of data transfer is very important, to
force movement to 1~

X, Y = 123D, 633D .

the data must be transferred in the order 33H , 79H , 23H ,
5BH, 3ie with the "Y" coordinate first and the "X" coordinate
last.

The coordinate transformation formulae are collected

overleaf for easy reference.
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10.6.7. Coordinate Transformation Formulae.

[ 320 + Int ( Y oord ) ]

32D

a) Y, 3

= [ 96D + Fract ( Y ) x 2D ]

coord
32D

rm

32D + Int ( X Y 7

32D

) Xuigh.p

™

d) X - 32D ]

Tow.D 64D + Fract ( ¥

‘coord ) X
132D

Each of the above coordinates must then be converted into a

"Hexadecimal” number, as follows:=

e) Nyox = Int [ Ny, 1, Fract [ Ny 7.
16D IED
Examples 67D = L , 7 or
L 7 Y4,
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10.7. Tool Contour Simulation Programme.

Appendix 4 gives a programme which simulates the trajectory

of a machine tool in real time on a VDU. “The programme

contains all the routines necessary to process the incoming

data from the tool interface. Because the interface has not

yet been developed, the keyboard is used as the input device

for demonstration purposes, finally the input would come

from two A/D convertors connected to sensors on the actual

tool, at the machine workface.

The display unit used was the RG 512 lear

Siegler ADM 3A visual display unit, with inputs from the

7R0 keyboard processed by the microprocessor and sent out

through the IM 6402 UART to the ADM 3A interface. The

control programme waits for the operator to press any of

the four keys :-
R
L
U

D

for move to the right.
for move to the left.
for move upwards.

for move downwards.

If another key is pressed the system cycles,

waiting for a legal key entry. As the keys are pressed the

display unit indicates a moving dot on the screen as directed.
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10.8. Surface Generation.

If this control system is developed further as proposed then

it should be possible to control movement in three dimensions,
enabling machining of complicated surfaces to be performed. The
hardware from the microprocessor is simply duplicated for each
required axis, however the software necessary to control the
hardware would increase greatly in complexity and some form

of surface definition is required. The following section shows
one method of defining the surface by the use of Bezier curves
and the results were tested by forcing a printer to produce

three dimensional representations of the required article.

10.8.1, The Bezier Surface. (13) (1)

The Bezier surface is represented in the form of a Cartesian
product surface as shown in figure 10.10. In the Bezier
formulation only the corner points are actually on the surface,
these are denoted by A , B , C and D. The point Bl,z defines the
slope vector from the first to the second point on the first
Bezier polygon in the U direction and the point B 2,1 defines
the slope vector from the first to the second point on the first

Bezier polygon in the W direction. The points By 3 By v By
L] L] -

By 30 By o B, , are utilised in a similar manner. The points
| - " v
32'2, BZ,B' B3'3 and 33'2 interior to the defining polygonal

surface define the twist vectors at A,B,C and D respectively.
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Fig. (10.10.) Bezier Surface.
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The Bezigr surface is completely defined by a net of design
points on the polygonal surface and these points serve to
define a two parameter family of Bezier curves on the design
surface. To generate the parametric curves on the surface

it is necessary to scan the surface by 0 << U < 1.0
and O s W< 1.0 , the surface may then be represented
in the form of a Cartesian product surface given by the

equations -

m
q(u,w)=tz Biyy, a1 ¢ In,i U e Kp, 5
i=0 j=0
_ /s n i _ n-i
Where Jn'i —(i)cu 0(1 U)
¢ m 3 _ m=J
and 1(m'_j (j).w.(l V)

¥ith m and n being one less than the number of polygon
vertices in the W and U directions respectively. The term

at the front of each eguation is given by :-

~
E |
~—
1
= |

('
-

—

=] ;
]

-

~—r

. -—
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The previous surface may be generated by feeding the

coordinate data points through the RS 232 interface, or to

the Port output of the PIO, to a three dimensional forming
machine, the data beeing presented in ASCII format. A programme
has been developed for this task and is given in Appendix 5,
the procedure is demonstrated by sending the information

to a printer in such a way that it appears to print in three
dimensions. The administration routines may be written in a
high level language such as BASIC , but it is essential that
the machine control ( or printer in this simulation ) be
controlled at machine code level, due to the speed requirement
for the tool printhead control, in fact one of the simulations
took 25 minutes to simulate one of the three dimensional objects

in the BASIC language.

The programme given in Appendix 5 is ideal in this
respect because machine code routines are automatically entered
into RAM at steps 1220 to 1440, by the administration programme
and called automatically when speed is required, such as at
steps 605, 1280, 1320, 1340. This unique trick gives an ideal
match between high and low level languages. The machine code data
is stored at steps 1500 to 1880 at high level and at locations
BEOO to BF70 hexadecimal at low level. Two examples follow of

the printout with further examples in Appendix 5.
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10. 8.2.

"

Example Printouts.

=2 FRINT"32 Inp Cond":N=2:M=2:p=7
Ok
LISTI000

-
i

J000 DATA 150,110,0,150,200,
2010 DATA 100,110,0,100, 200,
3020 DATA '

Ok

50,150,290,0
¢ ¢ 250, 100,290,0
50,110,0, 50,200,250, S50,290,0

o
.,.-‘-l‘ - ~ "h,\ | '.,.
'|I't£-' " 1‘\# a0
R Sre, oo
i 2 . ."I. e - -,_' "a..‘ T, "'n__‘.
O S noo
oy '-""'-*1|.,‘_ ~, R o
L i | ‘h“il Ay *, " e "l,
."}':' T, %, ”1."
| |.<'.|’ ‘|_' '-.‘ L] I '|I \ .I’
4 i:lf."' I'. "._. "\‘ "“I ) 'll
f::'l ".' .l"-;l" l'l Il‘l I“ "‘n
oy IRARRNY
vl N
} L} H L] ] 1 " I
) I‘. ", .Il I'i .Il
g |'I |II Ill\ 'lI!'
N WY
W
/ Y
) W
v

Fig. (10.11.)
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Three Dimensional Printout.

32 PRINT"Z2 Inp Cond":N=3:M=3Z:P=7

Ok
LISTIOO0
Z000 DATA 120,120, 0,120,120,120, 120,
3010 DATA 120, ©, 0, 80, B8O, 40, 80,
3020 DATA 80, 40, BO, B0, 40, 40, 40,
3030 DATA 40, 80, 80, 40, 40, 80, 40,
040 DATA 0,120, O, 0,120,120, O,
I050 DATA  ©, 0, O ' ' ’
Ok
A l' A
.-“.I | f "lil
£ _..--"1"-'--..__ A
ll‘\ ... __._.‘-"‘*"'--.L t’( B % ',.-"- I".
| I"l' ."‘ l |;\' tl I'u
I I'i s ‘IL" . I'I "ﬁ I" "
IE ! *'J:Ew'*.# e s g \ '

Fig. (10.12.)
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10.9. “Additional Peripherals.

If the system were expanded as proposed in the section on
future developement , then it would be possible to add further
control facilities to the Ward Capstan lathe , in fact a second
small microprocessor system could be utilised to control the
turret block , or lead screws could be incorporated to control
the slide movements , enabling complicated shapes to be machined

on the same lathe.

The chapter includes a design for a stepper motor
control system , via a microprocessor and a section on the use of
opto-isclators , to improve the isolation of the controlling

device from noise pulses , obtained by operating high current

components on the lathe.

A further possibility is to use the relatively
new fibre optic devices to transmit the information to a video
output device . The fibre optic theory is discussed and a typical
test circuit is included so that an idea can be gained , of

how to proceed in this direction.
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10.10. The Stepper Motor.

As it stanis, the slide movement on the Ward lathe cannot be
controlled directly by a microprocessor unless a stepper

motor was fitted to a lead screw. Figure 10.13 shows a
Mullard 3AA 1027 (15 ) stepper motor drive integrated circuit
chip which is intended to drive a four phase two stator

stepper motor.

The circuit consists of four output stages , a
logic stage and three input stages, the logic stage is driven
by three inputs :=-

1) A trigeger input stage.
2) A stage that can change the sequence of the logic to give
clockwise or anticlockwise rotation.

1) 4 set input stage which sets the four outputs.

The three inputs are compatible with high

noise immunity logic to ensure that the circuit operates
correctly even in a noisy environment . The output is
capable of delivering 350 mA of output current to each

of the four phases of the stepper motor.

Page 241



=] eI~

+12
-

[h—"l

o

ljy@”ﬁfﬁ%+
] — il

—] -
\

CE B e HE A
e

—
b2y
If requifec
R load

l-

SAA 1027
2-07005, MBO5-4679
(:ijjjjjii:)

1

Ol

9

Eg
9

7407

THH @ T

-

— ‘
i
i = " 3 "ll
]
-y P ¢ - 3 |
=

L‘— Page 242

STEPPER MOTOR DRIVE CIRCUIT.

I

Fig. (10.13.)




The SAA 1027 stepper motor drive chip requires two signals
from the microprocessor -
a )A direction bit, fed to pin 3, which sets the direction of
rotation. The output is either 00" or ™01" and need only

be a pulse, because the signal will toggle a latch.

b )A pulsed voltage fed to pin 15, the mark to space ratio of
the pulse must be adjusted to vary the rotational speed of
the stepper motor. Each pulse will step the motor forward
or back a specific angle, depending on the motor characteristic,

in general 7.50.

The 7407 integrated circuit chip shown in the diagram utilises
the buffer capability of the chip to act as a simple buffer,

between the CPU and the motor driving chip.

Appendix 6 gives example programmes to demonstrate
how the proposed design could be controlled, by the microprocessor.
It is assumed that the control pulses are sent out in the
following standard -

a )Direction pulse to Port A bit O,

t )Stepping pulse to Port B bit 0.
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10.11. Opto Isolators.

When operating a microprocessor in workshop or factory conditionms,
noise pulses from heavy current switching may cause problems,
causing random or spurious signals to be generated , within the

processor.

Noise source isolation is possible by utilising
opto isolating devices., These allow signal transfer from one
device to another, by means of an infra red beam of light

within a sealed package.

The only connection is via the light beam and
hence noise isolation is very high, however it is important that
no connection whatsoever is made on the power line or common

line between the two devices.

Infra red light is used because it is not affected

by the ambient light.

The following circuit shows a typical design

indicating how the isolation is obtained practicallya

by utilising light as the communication media, see figure 10.14.
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If the rays pass from a dense medium [Nlj to a less dense medium
[sz , then at a certain angle &) the resulting angle ©, could be
90°, the critical angle ©; required to give this unique result

is called ﬁb and "Snell's law" gives the relationship 1=

Sin eb = N

If a fibre optic cable is used, then the rays rebound along the
length of the fibre and exit only at the far end, due to

internal reflection.

There is a maximum angle O at which the incident
ray can enter the core and experience total internal reflection,
6, is called the "Acceptance Angle" and Sin Ga is known as the

"Numerical Aperture”, hence by "Snell's Law™ t=

Numerical Aperture = Sin Oa
o
N,. Sin®, = sin [ 90 -ec].nl
= Nl . Cos Ob

2 1/2
= N .[1-sin o, ]

Where No is the index of refraction of the external medium.
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N1 is the refraction index of the core.
N2 is the refraction index of the outer cladding.

Sin ﬁa is the numerical aperture.

If the external medium is air then No =1,
Since Sin©, = N, / N; then

N, . Sin®, = Ny.[L1=- (N/ KN )‘?]1/2

sine, = N [ ﬁ - N% 12/2
NO
Ny
Sing, = 1 Ni _ Ng ]1/2
N

and substituting the value of Ho = 1 for alr gives i=

Numerical Aperture = Sin o = C Nf - Ng ]1/2

The light rays in a fibre may be classified as meridional or
skew, Meridional rays are those that pass through the axis of
a fibre after each rebound, while skew rays never intersect the
fibre axis. There are also parallel rays which travel down the
fibre, never being reflected. Basic fibre optic theory is
concerned with meridional rays which fall into two categories,

low order modes and high order modes.
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Low order modes are rays that are launched at small angles,
within the acceptance angle, while high order modes occur when
the rays are launched at large angles. Single mode fibres
result when the core area and the numerical aperture are so

small that only one mode can propagate.

Two types of fibre construction are commonly used,
a step index fibtre which consists of a cylindrical core of glass,
silica or plastic, of refractive index N , covered by a thin
cladding of a lower refractive index Nz.The second type is a
graded fibhre whose refractive index changes gradually from a

high order index at the centre, to a low index at the perimeter,

Fibres encounter two types of light dispersion,
which 1limits achievable bandwidths. Material dispersion results
from the fact that different wavelengths travel at different
velocities in the same medium, consequently the various
wavelengths launched simultaneously within the flux, will not
arrive at the receiver together but will suffer time diﬁperﬁionf
due to differences in travel time. The effect can be reduced by
using an emitter with a narrow spectrum of emission, such as

( 17 )

a laser.
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Modal dispersion is caused by the difference in path lengths
between low order modes and high order modes . The high orders
have a longer travel time and simultaneously launched rays will
suffer dispersion on arrival . Modal dispersion can be reduced
in step index fibres by decreasing the numerical aperture,to
allow only the lower modes to propagate . There are four main

causes of transmission loss in optical fibres.

1) Material absorption caused by molecular impurities within the
core of the fibre , which absorb certain wavelengths . The
problem can be limited by choosing a suitable emitter whose
peak wavelength corresponds approximately to the spectral

region of maximum transmission of the fibre.

2) Material scattering is caused by particle impurities and by

fluctuations in temperature and composition.

3) Further scattering is caused by irregularities at the core
to cladding interface , which results in transmission into

the cladding and subsequent loss of energy on reflection.

4) It is also possible for the curvature of the fibre to cause

some transmission loss.
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If the curvature is too great then some rays will strike the
boundary at angles less than the critical angle and partial
transmission, into the cladding will occur with the resultant

loss of reflection.

Coupling losses must be considered, when designing

a fibre optic 1ink, the three main loss mechanisms are -

a) Fitre to fibre. ( Inline. )
b) Fibre to filre. | ( Bulkhead. )

c) Fitre to emitter detector unit.

The loss is due to a number of factors,but in
particular, reflections at the mating faces, slight misalignment
due to manufacturing tolerances and separation between the
mating surfaces. (12) (19)

If the reader is inexperienced in the use of fibre
optics then the author suggests a simple test circuit , which could

be built to gain some practical experience on the subject.

The following circuit shows how a simple fitre optic
1ink may be used to transmit an audio signal, such as the input
from a microphone or pickup stylus and then fed into an audio

amplifier.
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APPENDICES.
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Appendix 1. 280 CPU INSTRUCTION SET.

The following is a 1ist of the Op-codes and Mnemonics used

on the Z80 microprocessor system.

All the codes are standard and are reproduced

by kind permission of Zilog Ttd.

The system as it stands must be operated by
using the CBJ CODE column, however if the memory expansion is
fitted then it would be possible to write in Assembly or the

Source Statement column.
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280—CPU INSTRUCTION SET

oBJ SOURCE
CODE STATEMENT PEERATION
BE ADC A (HL) Add with Carry Oper-
DDBEDS ADC A1 X+d) and to Acc.
FDBEDS ADC ALIY +d)
BF ADC ALA
B8 ADC AB
B89 ADC AC
BA ADC AD
88 ADC AE
BC ADC AH
BD ADC AL
CE20 ADC An
ED4A ADC HL.BC Add with Carry Reg.
ED5A ADC HL,DE Pair 10 HL
EDGA ADC HL,HL
ED7A ADC HL,5P
86 ADD A HL) Add Operand to Acc.
DD860S ADD A (1X+d)
FDBE0S ADD A 1Y +d)
87 ADD ALA
80 ADD AB
Bl ADD AC
82 ADD AD
83 ADD AE
B84 ADD AH
85 ADD AL
Cc620 ADD A.n
o9 ADD HL.BC Add Reg. Pair to HL
19 ADD HL.DE
29 ADD HL HL
39 ADD HL,5P
oDo9 ADD IX,BC Add Reg. Pair to IX
DD19 ADD I1X DE
DD29 ADD 1%, 1%
DD39 ADD IX.SP
FDO9 ADD 1Y, BC Add Reg. Pmir to LY
FD19 ADD 1Y,DE
FD29 ADD 1Y,y
FD39 ADD Y 5P
AB AND IHL) Logical "AND’ of
DDAG0S AND (1X+d) Operand and Acc,
FOAB05 AND (1Y +d)
AT AND A
AD AND B
Al AND c
A2 AND D
Al AND E
A4 AND H
A5 AND L
E620 AND n
CB46 BIT 0.(HL) Test Bit b of Location
DDCB0O546 BIT 0,{1X+d) or Reg.
FDCB0546 BIT 0,11Y+d)
cB47 BIT 0.A
CB40 BT 0.8
ce41 BIT o.c
cB42 BIT 0.0
CR43 BIT 0.E
CB44 BIT 0OH
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oBd

SOURCE

OPERATION

CODE STATEMENT
cea4s BIT o.L Test Bit b of Locanon
CB4E BIT 1 (HL) or Reg.
DDCBOS4E BIT 1,01X+d)
FDCBOSAE BIT 1,{1Y+d)
CB4F BIT 1.A
cB48 BIT 1.8
CB49 8IT 1.
CB4A 8IT 1.0
CB4B BIT 1E
ce4ac BIT 1.H
CB4D BIT 1.L
cBS6 BIT 2.(HL}
DDCBO0556 BIT 2.(1%+d)
FDCBOS56 BIT 2.(1Y+d)
cBS57 BIT 2,A
cBS50 BIT 28
CBS1 BIT 2cC
cas2 BIT 2.0
CB53 BIT 2E
CcB54 8IT 2.H
CBS5 BIT 2L
CBSE BIT 3.(HL)
DDCBOSSE BIT 3,(1X+d)
FDCBOSSE BIT 3,01¥+d)
CcBsF :Thy 3.A
cas8 BIT 3,8
CB59 BIT a.c
CBSA BIT 3D
CB58 BIT 3.E
CBSC BIT IH
CBSD BIT 3L
CBE6 BIT 4,(HL)
DDCBO566 BIT 4, (1%+d)
FDCBOS66 BIT 4,(1Y+d)
CB6&7 BIT 4.A
CB&0 BIT 4.8
cBe1 BIT 4c
CB62 BIT 40
CB63 BIT 4E
cesd BIT 4.H
CBES BIT 4L
CBGE BIT 5, (HL)
DDCBOSEE BIT 5.(1X+d)
FDCBOSEE BIT 5,(1Y+d)
CB6F BT 5.A
CB68 BIT 5.8
CB62 BIT 5C
CBEA alT 5.0
CB6B BIT 5,E
CB6C T 5H
CBED BIT 5L
cB76 BIT 6.(HL)
DDCBO576 BIT 6,(1X+d)
FDCBO576 BIT 6,(1Y+d)
cB77 BIT 6.A
cB70 T 6.8
CB71 BIT 6.C
ca72 BIT 6,0
cB873 8IT 6.E
cera BIT 6.H
ca7s BIT 6.L
CBTE BIT 7.(HL)
DDCBOSTE BIT 701X +d)
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oBJ SOURCE OPERATION
CODE STATEMENT
FDCBOS7E BIT 7.00Y +d) Test 8it b Location
CB7F BIT 7.A or Reg.
cB78 BIT 7B
CcB79 BIT 1.c
CB7A BIT 7.0
CB878 BIT 1.E
CB7C BIT 7H
CB7D BIT 7.L
DC8405 caLL Con Cal! Subroutine at
FCB405 caLL  Mon Location nn +f Condi-
D4B405 caLL NCopn tion True
C48405 CALL  NZnn
F48405 CALL P.nn
ECBa05 CALL PE.nn
EA4ABA0S caLL FO.nn
CC8405 CALL Z.nn
CDB405 CALL nn Uncondinional Call to
Subroutine at nn
3F CCF Complement Carry
Flag
BE cp (HL} Compare Operand
DDBEQS cep {iX+d} with Acc.
FDBEOS cP (1Y +d)
BF cpP A
BB CcP B
B9 cp c
BA cP »]
BB CcP E
BC cP H
BD ce L
FE20 ce n
EDAS CPD Compare Location
{HL} and Acc.
Decrement HL and BC
EDBS CPDR Compare Location
{HL) and Ace, Decre-
ment HL and BC,
Repeat untl BC = 0
EDAY cPl Compare Location
(HL) and Acc., Incre-
ment HL and Decre-
ment BC
EDB1 CPIR Compare Location
{HL} and Acc. Incre-
ment HL, Decrament
BC. Repeat until
BC =0
2F CPL Complement Acc. (13
Compl
27 DAA Oecimal Adjust Acc.
a5 DEC (HLI] Decrement Operand
DD3s0s DEC {1X+d)
FD3505 DEC (Y +di
kls} DEC A
05 DEC B
o DEC BC
oD DEC c
15 DEC D
18 DEC DE
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SOURCE

OPERATION
CODE STATEMENT
1D DEC E Decrement Operand
25 DEC H
2B DEC HL
DD28 DEC X
FD2B DEC 1Y
2D DEC L
38 DEC SP
F3 a]] Disable Interrupts
102€ DINZ e Decrement B and
Jump Relative it B =0
FB El Enable Interrupts
E3 EX (SPI.HL Exchange Location
DDE3 EX ISP)IX and (SP)
FDE3 EX {5P)1Y
08 EX AF AF’ Exchange the Con-
tents of AF and AF’
EB EX DEHL Exchange the Con-
tents of DE and HL
D9 EXX Exchange the Can-
tents of BC,DE HL
with Contents of
BC',DE’ HL Respec-
Tively
76 HALT HALT (Wait for Inter-
rupt or Reset)
ED46 I 0 Set Interrupt Mode
EDS6 M 1
EDSE M 2
ED78 IN ALlC) Load Reg. with Input
ED40 N B.IC) trom Device (C)
ED48 IN Cc.ic)
EDSO IN D.icy
EDSB N E.C)
EDGO L] H.IC)
ED&8 N L.IC)
34 INC HL) Increment Operand
DD3405 INC {I1X+d)
FD340% INC (1Y +d)
3C INC A
04 INC B
03 INC BC
oc INC C
14 INC D
13 INC DE
ic INC E
24 INC H
22 INC HL
DD23 INC X
FD23 INC Y
2C INC L
33 INC SP
DB20 N A.ln) Load Acc. with
Input from Device n
EDAA IND Load Location (HL]

with Input from Port
[C), Decrement HL
and B
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oa) SOURCE
cooe STATEMENT OPERATION
EDBA INDR Load Location (HL)
with input from Port
(C}, Decrement HL
and Decrement B,
Repeat until B -0
EDA2 1ML Load Location (HL)
with Input from Port
(Cl: Increment
HL and Decrement 8
EDR2 INIR Load Location (HL)
with tnput from Port
(C}, Increment HL
and Decrement B,
Repeatunti B = 0
C38405 JP nn Unconditional Jump
E9 JP {HL) 1o Location
DDE9 J» ux)
FDE9 JP [{h 4}
DABA0S JP C.nn Jump to Location if
FAB40S JP M,nn Condimion True
D28405 JP NC,nn
C28405 JP NZ,nn
F2B405 JP P.nn
EABAQDS il PE,nn
E2B405 Je PO,nn
CAB405 Jp Znn
382E JR Ce Jump Relatuve 1o
302E JR NC.e PC+e i Condinion
202E JR NZ e True
282E JR Ze
182€ JR e Unconditional Jump
Relative 10 PC+e
02 LD 8C).A Load Source to Des-
12 LD {DE}.A tnation
77 LD (HL)L A
70 LD {HL)B
7 LD {HL)L.C
72 LD (HL),D
73 LD {HL)E
74 LD (HL) M
75 LD {HL).L
3670 LD (HL),n
0D7705 LD HX+d) A
DD700% LD {iX+d) B
DD7105 LD (IX+d) C
DD7205 LD {IX+d},D
DD7305 LD (IX+d} E
DD7405 LD (IX+d) H
DD7505 LD (IX+d),L
DD360520 LD (IX+d),n
FD7705 LD {ry+di,A
FD7005 LD {IY+d) 8
FD7105 LD {iy+d.C
FD7205 LD (1¥+d),D
FD7305 LD {IY+d) E
FD7405 LD (1Y +dl H
FD7505 LD UY+d) L
FD3I60520 LD Y +din
328405 LD {nn), A
ED43B405 LD {nn) BC
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oBJ SOURCE
CODE STATEMENT DFERATION

ED538405 LD (nn) ,DE Load Source 1o Des-
228405 LD {nn) HL tination
DD228405% LD (nnd 1X
FD228405 LD Innd 1Y
ED73B405 LD {nn) 5P
0A LD A.lBC)
1A LD A(DE)
TE LD A HLI
DDT7ED5 LD A1 X+d)
FD7€E05 LD A (LY +d)
IABADS LD A.(nn)
7F LD AA
78 LD AB
79 LD ALC
TA LD AD
78 LD AE
7c LD AH
EDS7 LD Al
70 LD AL
3E20 LD An
EDSF LD AR
46 LD B.{HL)
DD4805 LD B (1X+d}
FD4605 LD BilY+d)
47 LD B.A
40 LD BB
41 LD B.C
42 LD B.D
43 LD B.E
44 LD B.H
45 LD B.L
0620 LD B.n
ED4BB40S LD BC.(nn}
018405 LD BC.nn
4E LD C.(HL)
DD4EQS LD C,(I1X+d}
FD4EDS LD C.l1Y+d)
4F LD C.A
48 LD c.Be
49 LD ce
4A LD c.D
4B LD C.E
ac LD C.H
4D LD c.L
0E20 LD Cn
85 Lo D,(HL)
DD5805 LD D1 X+d}
FD5605 LD DAY +d)
57 LD D.A
50 LD DB
51 LD D.c
52 Lo p.D
53 LD D.E
54 LD D.H
55 LD DL
1620 LD D.n
ED588405 LD DE,{na}
118408 LD DE.an
5E LD E.{HL)
DDSEONS LD E(1X+d)
FD5EQS LD E.(1Y+d)
5F LD E.A
58 LD E.B
53 LD EC

Page 259




SOURCE

CODE STATEMENT orEhaTion

5A LD E.D Load Source to Des-

58 LD E.E tination

sC LD EH

5D LD E.L

1E20 LD En

66 LD H.(HL}

DD6605 LD H {1 X+d)

FD6605 LD H, (1Y +d)

67 LD H.A

60 LD HB

61 LD H.C

82 LD H.D

63 LD H.E

64 LD HH

65 LD H.L

2620 LD H.n

2AB405 LD HL . {nn}

218405 LD HL.nn

EDA47 LD LA

DD2AB405 LD IX.(nn}

DD218405 LD 1X,nn

FD2AB405 LD 1Y (nnl

FD218405 LD 1¥.nn

6E LD L. IHL}

DDGEOS LD L {1X+d)

FDBEQS LD LY +d}

6F LD L.A

68 LD L.B

69 LD LC

BA LD L.D

68 LD E

6C LD LH

6D LD 19 14

2E20 LD L.n

EDAF LD R.A

EDTRB405 LD SP.(nn}

F9 LD SP.HL

DDF9 LD SPIX

FDF9 LD SPIY

318405 LD SP.nn

EDAB LDD Load Locaton [DE}
with Location (HL),
Decrement DE HL
and BC

EDBB LDDR Load Location (DE)
with Locauion (HL),
Repeat until BC =0

EDAD LO1 Load Locauon (DE}
with Location (HLIJ,
Increment DE HL,
Decrement BC

EDBO LODIR Load Locauon (DE)
with Location [HL},
Increment DE HL,
Decrement BC and
Repeat until BC =0

ED44 NEG Negate Acc. (25
Complement)

00 NOP No Operation

86 OR (HL) Logical "OR" of

DDB605S OR (1 +d) Operand and Acc.
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OBJ

SOURCE

OPERATION
CODE STATEMENT

FDB60S -OR (1Y +d) Logical "OR" of

B7 OR A Operand and Acc.

80 OR B

B1 OR Cc

B2 OR o]

83 OR E

B4 OR H.

BS OR L

F620 OR n

EDE8R OTDR Load Output Port (C)
with Location (HL}
Decrement Hi_ and 8,
Repeat until B = 0

EDB3 OTIR Load Qutput Port (C)
with Location (HL),
Increment HL, Decre-
ment 8, Repeat until
B=0

ED79 ouT CLA Load Output Port (C)

EDA4Y ouT icrs with Reg.

ED49 ouT ic)c

EDS1 ouT iC),.D

EDS9 ouT (CLE

EDB6Y ouT (CHLH

ED&9 ouT IChL

D320 ouT {n),A Load Qutput Port (n)
with Acc.

EDAB ouTD Load Output Port (C)
with Location (HL],
Decrement HL ond B

EDA3 ouTH Load Output Port (C}
with Location (HLJ,
Incrament HL and
Decrement B

F1 POP AF Lood Desunation

c1 POP BC with Top of Stack

D1 POP DE

E1 POP HL

DDEY POP X

FDE1 POP 1Y

F5 PUSH AF Load Source 10 Stack

Ccs PUSH BC

Ds PUSH DE

€5 PUSH HL

DDES PUSH 1%

FDES PUSH 1Y

CBas RES 0,(HL) Reset Bit b of

DODCBO586 RES 0,11X+d) Operand

FDCBO5B6 RES 0,(1Y +d}

cBeg? RES 0.A

CBBO RES 0.B

cas1 RES 0.Cc

cBB2 ARES 0.0

CBB3 RES 0,E

cB84 RES 0H

CBas RES oL

CBBE RES 1.(HL)

DDCBOSSE RES 10X+ d)

FDCBOSBE RES 1.01¥+ g}

CB8F RES 1.A
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o8J SOURCE OPERATION

CODE STATEMENT
cB8s RES 18 Reset Bit b of
casg RES 1.C Operand
CBBA RES 1D
CB88 RES 1.E
CB8C RES 1.H
CB8D RES 1L
CB96 RES 2.(HL)
DDCBO596 RES 2{1X+d)
FDCB0596 RES 2.(1Y+d)
Ceg7 RES 2,A
CBS0 RES 28
cag1 RES 2,.C
ce92 RES 2,0
cBg3 RES 2.
cB94 RES 2.4
CBas RES 2L
c89E RES 3,(HL)
DDCBO59E RES 31 X+d)
FDCBOS9E RES 3,01¥+d)
CB9F RES 3.A
cess RES 3B
cas9 RES 3c
CB9A RES 3.0
cBgSB RES 3.E
cesc RES  3H
CB9D RES 3L
CBAB ‘RES 4 (HL)
DDCBOSAB RES 4.(1X+d}
FDCBOSA6 RES 4,11Y+d)
CBA7 RES 4.4
CBAO RES 4.8
cBAl RES 4.C
cBA2 RES 4.0
DBA3 RES 4.E
CBA4 RES 4 H
CBAS RES 4L
CBAE RES 5,{HL}
DDCBOSAE  RES 5.(1X+d)
FDCBOSAE  RES 5.{1¥+d)
CBAF RES 5,A
CBAB RES 5.8
CBAS RES 5.C
CBAA RES 5,0
CBAB RES 5.E
CBAC RES 5.H
CBAD RES 5L
[ad:1:15) RES 6,(HL]
DDCBO58B6 RES 6,{1X+d)
FDCBO5B6 RES 6,(1Y+d)
ceg7 RES 6,.A
CcBBO RES 6.B
CcBB1 RES 6.C
CBB2? RES 6.0
cB8B3l RES 6,E
CBB4 RES 6.H
cB8s RES 6.L
cBBE . RES 7.0HL}
DDCBOSBE RES 7.01X+d)
FOCBOSBE RES 7A1¥+d)
CBEF RES 7.A
ceBs RES 7.8
cBaBg RES 7.Cc
cBBA RES 7.0
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BOURCE

os) OPERATION
CODE STATEMENT

CANB HES 1E Raeet Bit b ot .

CRBC HES TH Operand

CUHD RES 7.L

9 neY Reurn from
Subroutine

18 RET C Return trom

Y RET M Subroutine il Condi-

[=v] HET NC tron True

co neT nNZ

ro RLT P

[ 2:] RET PE

[114] RET )

ca ary z

£D4n i T Heturn from interrupt

ES RETN Return from Nen-
Makable Interrupt

cnie HL (HL} Rotare Lelt Through

DOCRUSIG AL LYl Carny

FOUBOUSTL AL LUARY. ]

iy AL A

cuin RL B

CHI L c

CaY HL o

cny (1N E

CH4 HL H

CH1% K1 L

17 HLA RAotate Lelt Acc.
Through Carry

CHoG HLC IHL) Rotate Loty Circular

DLCHOH HLC (1X+d)

P LDUROSDG RLC 1y e}

cChor HLC A

CHOU HLC -]

o HLE Cc

€o02 ALC (5]

oy ne E

CHOq RLC H

(_‘;_l‘-l_)‘.'r L L

a7 HLCA Hotete Lelt Cucutar
Y-

F oLk HLD Hotste Dwpit Letr and
Auoht berween Acc. end
ond Locstion (HLI

CH1E Fibe iHL Aotate Right Through

DOCAMBIT n\ (IXNee) Carry

rDCcaokil (11} 1Y +di

car AX A

celg Kl [}

ca nu C

CHiAa AH o

cark i L

caw L1 M

(w214 Ml !

Ll A Hotate Right Acc
Ttrough Carry

wuof HILC ML) Aotste Rught Circular

DOCADHOE HRC [{3.€71]

FLOCROGOP nic Hyed)

Unor nAC A
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SOURCE

osJ
CODE STATEMENT ORERATION
cBOB RRC : Rotste Right Circular
CH09 RRC c
CcBOA RRC D
cuo8 RRC E
CRocC RRC H
CROD ARC L
QOF RRCA Rotate Right Circular
Acc.
EDG7 RRD Rotate Diait Riaht and Left
Beiween Acc. and Location [HL)
c? AsST 0OH Restart 1o Lotation
CF RET QeH
o7 AST 10H
DF RST 18H
E7 nsT 204
EF AST 28H
F7 RST J0H
FF RET IRH
QEX SHC An Subtract Operand
14 5BC A IHL) from Acc. with Carry
DOYEOS SBC A% d)
FOOEDS SBC ALY +d)
gr suc ALA
9 SBC AR
99 SBC ALC
94 S8C AD
98 SBC AE
a9c SBC AH
a0 S8C AL
EDa? SBC HL BC
EDS2? SHC HL ,DE
L2 S8C HL.HL
L2 sac HL.SP
17 SCF Ser Carry FlaglIC - 1)
CRCE SET 0.4} Set Bt b o! Locauon
DOCROSCY SLY Otixed)
FDCROLCE SET 0.01¥d}
cucy SFY LE0
CRCO SET .1
CHC1 SET u.C
cuc? SET 0.0
CHC SET 0.k
cBCca SET oH
cacs SET o.L
CHCL SET 1.(HL}
DRCBOSCE SET 101X+ d)
FDCNOSCE SET 1.0iY+d)
CHCF SET 1.4
cnecs SCT 1.8
cuco SET 1.C
caca SET 1.0
cHCB SET 1E
coCcC SET 1.
cncon SET 1L
CRD6 SET 2.4HL)
onCRNsSoe SET 201X d)
FOCY050D6 SET pATA LT}
ceny SET 2.A
copo SE1 20
cemMm SET 2.C
CRD? SET 2.0
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SOURCE

08l OPERATION

CODE STATEMENT
cBoa SET 2,E Set Bit b ol Location
[of: 190 ] SET 2,H
CcBDS SET 2.L
cBDB SET 38
CHBDE SET 3.(HLI
DDCBOSDE SET 3,11X+d)
FOCHBOSDE SET 3.(1Y+d)
CHDF SET 3.A
cBaD9 SET 3cC
CBDA SET 30
cabe SET 2.E
c8DC SET aH
CBDO SET aL
CBEG SET 4.(HL)
DDCBOSES SET a(I1x+g)
FDCBO5EG SET ally+d)
CRE? SET 4.4
CREOQ SET 4.8
CBE1 SET 4.c
CBE2 SET 4.0
CRE3 SET 4
CBF4 SET a.H
CHES SET 4.L
CBEE SET 5.(HL)
DOCBOSEE SET 5.(1X+d}
FUOCHOSEE SET 5,017 +d)
CHEF SET 5.A
CRES SET 5.8
CBE9 SET 5.C
CAEA SET 5.0
CHEB SET 5.E
CREC SET SH
CBED SET 5L
CHFG SET 6,[HL)
DOCNOSFE SET B.lI1Xsd)
FDCHOSF6 SET 6.(1Y+d)
Cuf? SET 6.A
CBFO SET 6.8
coFt SET 6.C
cur2 SET 6.0
cBri SFT G.E
CBF4 SET 6.H
CHFS SCT 6.1
[o:124 SET 7.AHL)
DDCROSFE SET 701X d)
FOCHBOSFE SET 7.01¥+d)
CHFF SET 1.A
CRFB SET 1.8
CHF9 SET b N o
CHFA SET 1.0
CHFH SET 1.E
CAFC SET 7.H
CBFD SET 7.L
CB2G SLA tHL) Shilt Opecand Left
UDCAOS26 SLA (1} +d) Arithmetic
FDCHBO526 SLA Hy+di
cy27 SLA A
CB20 SLA B
cu1 SLA c
cB22 SLA o
cB23 SLA E
c84 SLA H
ca2s SLA L
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oeJ SOURCE

CODE STATEMENT OFERATION
CB2E SRA tHL} Shift Operand Right
DDCBOS2E SAA liXed) Arithmetic
FOCBOS2E SRA 1Y +d)
CB2F SRA A
cezs SRA B
ce29 SRA C
CB2A SAA o]
ce28 SRA E
cezc SAA H
CB82D SAA L
CH3E SRARL (HL] Shilt Operand Right
DDCBOSIE SAL {iX-d) Logieal
FODCBOS3E SAL 1Y +g)
CBaF SAL A
cBis SHL <]
cEx SAL Cc
CB3A SAL o]
cBae SRL E
CBac SAL H
CHID SAL L
96 sus IHL] Subtrect Operand
DOB605 sun (1 Xed) from Acc.
FDaG05 sus (1Y +d)
297 s5uB A
20 suB -]
a sug c
a2 sus D
93 sus E
94 sus H
a5 sus L
D620 sus n
AE XOR HL) Exclutive "OR"
DOAEDS XO0R (IX+a} Operand and Acc.
FDAEDS XOR (1Y +d)
AF XOR A
Al XOR B
A9 XOR c
AA X0R D
AR XOR E
AC XOR H
AD XxOR L
EE20 XOR n
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Appendix 2. CHIP COMPARISON,

¥hen investigating the various attributes of each microprocessor
chip, an attempt was made to compare each chip against the other

on a points basis, so that a clearer over view could be obtained.

Each chip was given a mark out of 10, after each
sectirn was considered fully. It should be noted that these are
caxrect onlvy in the author's view for the particular application
in question and may differ greatly for another project, at

annther time,

A table follows of the results obtained.
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SYSTEM MCNITCR LISTING.

QOO0 Q800

APPENDIX 13.
EC400
QOO0 321 00
000 D7
Qo04 08
Q005 C3 B2
0008 DF
0009 62
000A D8
OO0OR 18 FER
Q00D CZ 9A
o010 ES
0011 El
QOOi2 E1l
Q01 23
0o0il4 ES
oblog: L& 70
0018 ES
0019  E1
O01A El
O01B 23
001C ES
001D C3I RO
QL20 EX
0021 2B
Q022 E3
QO2Z3F > 1A
Q026 OO0
0027 Q0
0028 =
0029 7E
Q0O2A 2%
QOB R7
OO2C 20 06
QO02E a
QO2F C9
000 ES
0031 C3 SA
QO34 F7
0035 18 F2
QOZE7 QO
Qo= =D
oQxe CB
00ZA FS
QO3B F1
QOZEC 18 FA
QOZE AF
4

10

Q3

Z
)

04

Qa7

LD
RST
DEFR
JP
RST
DEFR
RET
IR
Jp
PUSH
FOF
FOF
INC
FUSH
JF
FUSH
FOF
FOF
INC
FUSH
JP
EX
DEC
EX
JP
NOF
NOF
EX
LD
INC
OR
JR
EX
RET
PUSH
JF
RST
IR
NOF
DEC
RET
FUSH
FOF
IR
XOR
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SP, £1000

£10
£08B
E£EOTR2
£18
£62

C
£0008
£0T9A
HL

HL

HL
HL

HL
£0570
HL

HL

HL

HL

HL
£0580
(SF) .HL
ML
(SP)  HL
£041A

(SF) HL
A, (HL)
HL

A

NZ,£0034

(SF) HL

HL
£0735A
£30
£0029

A

s
AF
AF
£0038
a

3Cas

0

b 1 o T 1

» T 0OOM =N
5 N

nc L f§e

‘SN caw EE AN CEW cam RS af A8 ‘g AN ‘As 8% ‘ag &% -E} A Ay CaF -3 CEm
13}

b



QOZF
Q040
0041
Q042
0044
0045
Q044
o049
004/
Q04C
Q04D
OQ4F
QOS50
Q051
OOS=
0S4
QO57
Q0S8
Q059
QOSR
OOSC
O0SE
0OO&0
0062
0064
DO6S
0066
00&9
QO&R
00&C
0Q&D
O06E
QO&F
0nO71
Q072
0075
0076
0078
Q079
Q07A
QO7R
QO7C
Q07D
OQ7E
0O80
0081
0083

47
FF
FF
10
co
ES
21
AE
7E
D3
El
oL
SE
ES
AE
77
18

FS

DR
CR
28
Fi
ce
Cx
1E
DF
&2
D8
iD
20
ce
2A
ob
36
D7
EF

e
“

DB
D7
EE
I0
ce
DE
17

01
02
77
FA

7D
cCo

0C

Qc

OcC

LD
RST
RST
DINZ
RET
FUSH
LD
XOR
ouT
LD
ouT
FOP
RET
LD
PUSH
LD
XOR
LD
IR
FUSH
ouT
IN
EIT
JR
FOF
RET
JF
LD
RST
DEFE
RET
DEC
JR
RET
LD
LD
LD
RST
DEFE
LD
RET
RST
DEFE
IR
RET
IN
RLA
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B.A
£38
£38
£0040

HL

HL , £0C00
(HL)
(£00) (A
A, (HL)
(£00) (A
HL.

A £10
HL
HL, £0C00
(HL)
(HL) , A
£004D
AF

(£01) ,A
A, (£02)
6.A

Z, £O0SE
AF

£QC7D
E, £CO
£18
£62
»
£
NZ . £006R

HL, (EOC29)
D, (HL)
(HL) , £3F
£10

£EF

(HL) ,D

C
£10
£ER
NC, £0072

A, (£02)

0}

.-.m [

=L 2Ww*"

R || Y

b
a1 L]

* x Tl * =D ~TNE
@ o H F =

g}

—

=)

T EXTODEDLC 2 H

.";i'

L o B SS |
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Q084
0085
0og7
0088
QOBA
Q8D
000
o092
Q093
QQ94
0096
0098
OOYR
o09C
OQ%E
QO9F
DOAO
O0AL
QOAS
QOAS
ODAL
QOA7
00AB
OOAS
OQAR
QOAC
O0AD
OOAE
QOAF
OOR1
QORI
OOR4
QOR&
QOR7
O0ORB
OORA
OOQORER
QOEC
OOQRD
QORE
DORF
OOCO
oocz
QQCS3
QOC4a
QOCS
ODCs
QOC7

DO
DE
EZ
JE
CD
21
DE
2F
77
Qb6

-
o}

CD
23
DE
oF

[ —
ad

AE
20
10
B7
co
AF
FF
DE
2F
SF
7A
AE
OE
16
=7
CE
oC
1F
30
7A
AT
SF
7E
AZ
BE
28
7E
AA
77
7E
E7

=8

01
02
45

01
00

08
01
45

0o

04
=1

FF
Qo

FA

E1l

DA

QO
oc

QO

RET
IN
RET
LD

CALL

LD
IN
CPL
LD
LD
LD

CALL

INC
IN
CFL
LD
X0OR
JR

DINZ

OR
RET
X0OR
RST
IN
CPL
LD
LD
XOR
LD
LD
SCF
RL
INC
RRA
JR
LD
AND
LD
LD
AND
CFr
JR
LD
XOR
LD
LD
OR
JR
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NC
A, (£01)

A, £02
£0045
HL, £0C01
A, (£00)

(HL) . A
B, £08
A, £01
£0045
HL

A, (£00)

D.A
(HL)
NZ,E£00A7
£0096

A

A
£38
AL (£00)

E.A
A.D
(HL)
C.£FF
D, £00

D
C

NC, £00E4
A,D

A
» (HLD

moDmm

Z,£00AT
A. (HL)
D
(HL) . A
ALE
o
Z,£00AF

s s

TN -y m T

m
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QOCo
QOCC
QOCE
QOCF
00DO
00OD1
QOD2
OODE
QOD4
ooDns
OOD7
0oDe
0ODA
QODRE
OODD
QODE
QOEQ
0O0OE1
OOETX
QOES
QQE7
OOEY
QOOQEC
QOEE
O0F1
OOF3
QOFS
OOF7
OOF9
QOFE
QOFD
QOFF
0101
0103
0106
0108
01048
010Cc
010E
0110
0112
0114
0116
0118
Q11A
011C
O11F

ZA
E&
EBO
87
87
87
B1
D7
SR
Eé&
D7

99

20
37
ED
7D
FE
38
FE
30
CE
21
20
CE
28
Cé
i8
Cé
CE
28
D6
21
EE
20
CE
28
18
CE
28
EE
CE
28
EE
21

CR

01 OC

10

06
7F

40

Q2
40
06
76

w

oc

oC
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LD
AND
OR
ADD
ADD
ADD
OR
RST
DEFB
JR
AND
RST
DEFE
JR
SEF
SEC
LD
CP
JR
CF
JR
LD
BIT
LD
JR
BIT
JR
ADD
JR
ADD
BIT
JR
SUR
LD
CF
JR
RIT
JR
JR
RIT
JR
XOR
BIT
JR
X0OR
LD
BIT

A, (£0C01)

£5H
Z,£00DD

£7F

£10

£55

NZ, £Q0AS

HL, DE

AL

£41
C,£0103
£5H

NG, £0103
HL, £0CO1

4, (HL)
HL, £0C27

NZ, £00FE

O, (HL)
7,£0103

A.£20

£0103

A, £20

O, (HL)
1.£0103

£20

HL. £0CO1

£40

NZ,£0110

4, (HL)
7., E£0O0AS

£0116

S5, (HL)
Z,£0116

£40

T (HL)
Z.£011C

£40

HL, £0C06

6, (HL)
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0121
Q123
0125
0128
012A
Q12C
Q12E
012F
0130
Q133
0174
0135
Q179
Q138
01ZC
013D
0173

0140
0141
0142
0144
0145
0146
0147
0148
014E
014E
0151
0152
0154
0156
0158
015A
015D
0O15E
0160
0162
0163
0165
D167
0169
D1&6A
016C
01&D
0O16E
016F
172
0174

28
EE
21

Ch

how )
4

EE
37
c2
2R
o4
D
ED
ED
CY
Q0
10
(6]8]
PE
05
06
7F
Q7
82
Q7

Y

C=
FS
FE
28
FE
20
21
ES
Q6
36

23

10
(812
b
23
10
ER
El
ES
01
ED
El

02
80
27
o6
02

80

6F

4R
E1

60

Q7

2F
2F

R7

0a
24
Qc

ﬁ
22

OA

30

20

FE
10
QO

FE

RO
BO

oC

oc

6D oC

00

o0

c8

Q8

]

A

IR
XOR
LD
EIT
JR
XOR
SCF
RET
LD
LD
LD
LD
CPIR
RET
NOF
DINZ
NOF
SBC
DEC
LD
LD
RLCA
ADD
RLCA
JF
Jp
JP
FUSH
CP
JR
CF
IR
LD
PUSH
LD
LD .
INC
DINZ
LD
LD
INC
DINZ
EX
FOF
FUSH
LD
LDIR
FOP
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Z,£0125
£80
HL,£0C27
2. (HL)

Z,E012E
£80

HL, (£0C&F)

D.H
E.L

EC, (£0C&D)

£019F

A, (HL)

£OO2F
£OORF
£C8E7

AF

£0A
Z,£017A
£0C

NZ,£017C
HL , £080A

HL

B,£30
(HL) . £20
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£0160

B, £10
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01735
0176
0177
Q17A
017k
017C
Q17F
0181
Q183
0184
0185
0186
Q187
0189
Q18A
018C
018E
0190
0191
0192
0194
0196
0198
D19A
019C
Q19E
0O1A0
01iAl
01A2
01A4
01A6
01A7
01A9
0O1AR
01AD
O1AF
0ipl
O1iR=
0184
D1ES
O1ER6
Q1R7
O1EB
Q1ERA
O1ER
O1ERD

DF
7C
22
F1
ce
2A
FE
20
FS

7E
B7
28
i3

FE
28
I6
D7
63
18
FE

EE
28
FE
20
DF
7C
0&
36
10
18
FE
=8
FE
20
ES
DF
7C
D1
R7
ED
19
28
18

29 oC

29 0oC
08
11

FE

11
02

20

Eé6
11
ER
17
D9
1k
OR

30

20

FR
CA
oD
&6
18
OC

EA
56
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RST
DEFE
LD
FOF
RET
LD
cr
JR
FUSH
DEC
LD
OR
JK
FOF
CF
JR
LD
RST
DEFE
JR
CF
JR
CFP
JR
CF
JR
RST
DEFR
LD
LD
INC
DINZ
JR
CF
JR
CF
JR
FUSH
RST
DEFR
FOF
OR
SEC
ADD
JR
JR

£18

£7C
(£0C29) ,HL
AF

HL, (£0C29)
£08

NZ,£0194

AF

HL

A, (HL)

A
Z,£0184

AF

£14
Z,.£0190
(HL) , £20

£10

£632

£017A
£14
Z,£018%

E17
2.£0175

£1R

NZ,£01AR
£18

£7C

B, £30
{HL) vE20

HL

£01A4

£0175

£0D
Z,£0215
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QO1BF
01C1
Q1C3
01Cs6
01C7
01C8
01C?
0O1CE
01CD
Q1CF
01D2
01D4
01D&
01D8
01D9
O1DA
O1DE
01DC
01DE
D1IEOD
Q1E2
O1EX
O1E4
01ESL
Ql1ES
D1EA
O1EC
O1ED
O1EE
0O1F0O
O1F1
0OIF2
D1F3
O1FS
O1F8
D1F9
O1FE
Q1FC
Q1FD
0200
Q201
QZ0Z
QZ04
0205
Q206
0209

.FE

.
Lo

11
19
D7

~
-~

i8
FE
20
11
18
FE

20
7E
2R
B7
20
36
i8
77
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o}

18
FE
20
06
7E
R7
28
70
47

18
11
B7
ED
19
D8,
11
B7
ED
19
DO
Fi
C=
FE

13
08
CoO FF

AF
14
Q5
40 00
F2
15
OE

04
20

98

F2
16
1F

a
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8aA

oA 08

BA OR

77 Q1

12

Page 275

CP
JR
LD
ADD
RST
DEFE
JR
cP
JR
LD
IR
CP
IR
INC
LD
DEC
OR
JR
LD
JR
LD
INC
JR
CP
IR
LD
LD
OR
IR
LD
LD
INC
JR
LD
OR
SEC
ADD
RET
LD
OR
SEC
ADD
RET
FOP
JP
cP

£12
NZ,£01CR
DE, £FFCO
HL, DE
£10

£2C
£017A
£14
NZ,£01D4
DE, £0040
£01C6
£15
NZ,£01E6
HL

A (HL)
HL

(&)
NZ,£01E2
(HL) , £20
£017A
(HL) . A
HL

£01D8
£16
NZ,£0209
B, £20

A, (HL)

A

Z.£017A

(HL)  E
E.A

HL

£0O1EC
DE, £080A
A

HL, DE
HL,DE

C

DE, £OREA
A

HL.DE
HL, DE

NC

AF

£0177
£12
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020R 28 01 JR Z,E020E I
020D 77 LD (HL) . A W
020E 23 INC HL - 3%
Q20F 7E LD A, (HL) i
0210 B7 OR A 17
0211 28 FR JR Z,.£020E R
0213 D7 RST £10 W
0214 EO DEFE £EO 3"
0215 DF RET £18B 8
0216 7C DEFR £7C H
0217 11 40 00 LD DE. £0040 1.,
021A 19 ADD HL.DE =
021 D7 RST £10 s W
21C D8 DEFR £D8& s X
021D 11 ©0A 08B LD DE ., £080A -
0220 21 44 08 LD HL . £084A side
Q227 01 70 OF LD BC,£0T70 S . T
QZ26 ED RO LDIR §moO
Q228 046 IO LD BL£30 1l
0224 2B DEC HL H
0228 346 20 LD (HL) . £20 H
022D 10 FR DJINZ £022 g
022 21 8A OR LD HL , £0EB8A gilie
02Z2 18 D2 JR £0206 5w
0234 7D LD AL i)
0275 D& 40 SUR £40 VD
023 30 FC JR NC, E£Q23T5 ;01
02ZE9 Cbé& T6 ADD A,£36 sF6
Q2ZF SF LD E.A T
02ZC 7D LD AL 58
023D ©= SUE E i
02FE 6F LD L.A 10
023F C9 RET 31
0240 DF RST £18 P
0241 &0 DEFE £60 -
0242 22 0OC 0OC LD (EQCOC) ,HL  3"..
0245 DF RST £18 5
0246 66 DEFR £6&6 s f
0247 TE LD A, (HL) g
0248 DF RST £18 -
0249 48 DEFE £68 sh
024A EF RST £28 ;0
Q24 20 DEFM -/ 8
024C 11 11 A1 DEFR £11:£11:F£11 3w
O24F 00 DEFEB £00 -
0250 D7 RST £10 P W
0251 5S4 DEFE £54 -1
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0252
0255
0254
02546

257
0258

25A
025E
025C
025D
025E
Q25F
Q260
0261
0263
0264
0265
0266
Q267
0268

26A
O26ER
026C
024D
O26E
QO2&F
Q270
0271
0272
0273
0275
0276
0278
D27A
QO27ER
Q27C
027D
Q27F
0280
0281
0283
0284
0285
0287
0289
028A
028E8

DF
64
8
7E
B7
28
23
DS
SE
23
S6
ER
D1
Qb6
ES
DF
64
7E
E7
28
23
7E
E1l
77
04
23
ES
El
1A
FE

c8

FE 2

20
13
iA
13
i8
78
B7
20
23
1A
FE
20
2R
2B
18

4AC

48

QO

07

EE

01

A
04

ES

RST

DEFE

JR
LD
OR
JR
INC

FUSH

LD

INC

LD
EX
FOF
LD

FUSH

RST

DEFR

LD
OR
JR
INC
LD
FOF
LD
INC
INC

FUSH

FOF
LD
CF
RET
Cr
JR
INC
LD
INC
JR
LD
OR
JR
INC
L.D
Cp
JR
DEC
DEC
JR
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£18

£64
C.£02A2
A, (HL)

A
Z,.£02A2
HL

DE

E. (HL)
HL

D, (HL)
DE . HL

DE

B. £00

HL

£18

£64

A, (HL)

[AY
Z,£0271

HL

A, (HL)

HL
(HL) A

B

HL

HL

HL

A, (DE)
£2E

Z

£2C

NZ,£027F
DE

A. (DE)
DE

£02&6D

AR
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28D
028F
0291
0292
Q293
0294
Q296
0299
Q29EB
029C
Q29E

2R/0
Q2A2
O2AZ
Q2A4
02AQ6
02A/7
QZ2AA
O2AE
0O2AE
0O2E1
Q2R4
Q2RSS
O2R6
Q2p7
O2EB
Q2R9
0O2BR
O2RBD
02C0
Q2C3
02C4
Q2CS
Q2C6
Q2C7
Q2C8
Q2CA
O2CE
QO2CD
Q2CE
0OZD0
02D1
Q2D2
02D3
Q2D5

02D6

FE
20
13
DF
64
38
2A
18
R7
28
FE

-
Pt

DF
bR
i8
ES
CD
AF

=
S ol

21
e

L

El
ES
DF
7H
F7
FE
20
2A
11
e
ER
El
ce
CS
iB
B7
ED
19
a8
C1
Ef
2E
oD
cCo
78

Z2F

0A

oC

2
“

A7

A4
20

C1

A

8A

26
1A
ZE

oD
Fo

~
<

co

OC

Q3
QC

04
OC

(]
FF

CF
JR
INC
RST
DEFR
IR
LD
IR
OR
JR
CF
IR
RST
DEFE
IR
FUSH
CALL
XOR
LD
L.D
LD
FOP
FUSH
RST
DEFE
RST
CP
JR
LD
LD
ADD
EX
FOP
RET
FUSH
IR
OR
SBC
ADD
JR
FOP
RST
DEFM
DEFE
RET
LD
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£2F
NZ,£029R
DE
£18
£64
C, £02A2
HL, (£0C21)
£0242
A
Z,£0242
£20
Z,£0263
£18
£6R
£0240
HL
£0T8A
A
(EOC26) (A
HL,£041A

(£0C7E) HL

HL

HL

£18

£7H

£30

£0D
NZ,£02E6
HL, (£0C29)
DE, £FFCO
HL . DE
DE, HL
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£02E1
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02D7
0208
QO2DA
02DR
02DD
Q2DF
O2EQ
0O2E1
Q2E2
O2EZ
O2ES
0Z2E6
O2E8
O2EQ
02EA
OZEB
OZED
Q2ZEE
Q2EF
Q2F0
02F1
02F2
Q2F 3
Q2FS
02F &6
Q2F7
02F8
QZ2F9
Q2FC
Q2FD
02FE
QI00
Q301
0302
OZ03
0304
QX058
Q306
0708
0309
OJ0A
QOI0OH
QIOF
0OZI10
Q311

Bl
20
CF
FE
28
Cc1
CS
OR
CS
OE
EF
20
Q0
DF
66
06
7E
DF
&7

2

.

DF
6P
10
79
DF
68

08
0o
C1
18
7C
DF
&7
7D
DF
a7
SE
F7
ce
EF
45
72
0o
SE

Q7

1R
F1

Qo0

08

08

cAa

QD

oD

~
3]

6F

OR
JR
RST
CF
JR
FOP

FUSH

DEC

PUSH

LD
RST

DEFM
DEFE

RST

DEFR

LD
LD
RST

DEFE

INC
RST

DEFR
DJINZ

LD
RST

DEFR

RST

DEFER
DEFR

FOFP
JR
LD
RST

DEFR

LD
RST

DEFE

LD

RST
RET
RST

DEFM
DEFM
DEFE

LD
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C

NZ.£02E1

£08

£1R
Z,£02D0O

RC

BC

EC

RC

C.£00
£28

/7

€00

£18

£66

K, £08

A, (HL)

£18

£67

HL

£18

£69

£0ZED

A.C

£18

£68

£28

£08, £08, £0D

£00
BC
£02CA
AdH
£18
£67
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£18
£67
A, £20
£30
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0313
0x14
015
0316
Q317
0Z=18
0319
OZ1A
QO3I1R
031C
Q31D
OZ1E
31F
QI20
032
Q323
Q325
0327
Q32
Q32R
0O32C
032D
OI2E
OI2F
Q3F3Z0
0331
0F32
Q33
0=
Q336
Q3T7
Q379
Q33A
O3IZD
Q340
0341
0344
0345
Q34646
Q=47
0348
0Z44
0O34R
OZ4D
OZ4E
O350

F7
C9
FS
81
4F
Fi1
FS
1F
iF
1F
iF
D7
01
F1
E6
Cé
FE
38
Cé
F7
o
D7
00
DF
66
EE
CY
1A
FE
17
28
1K
21

=
22

AF
21
rid
1A
BR7
c8
FE
c8
D6
D8
FE
38

OF
30
A
02

07

FA

0Q

21

20

20

0

OA
OB

0o
oC

oc

RST
RET
FUSH
ADD
LD
FOP
PUSH
RRA
RRA
RRA
RRA
RST
DEFE
FOP
AND
ADD
CF
IR
ADD
RST
RET
RST
DEFE
RST
DEFE
EX
RET
LD
CP
INC
JR
DEC
LD
LD
XOR
LD
LD
LD
OR
RET
CP
RET
SUE
RET
CP
IR
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£3I0

AF
A,C
ol
AF
AF

£10

£01

AF

£OF

A, £30

£3A
C.£03T2

A, £07

£30

£10
£00
£18
£66
DE, HL

A, (DE)
£20

DE

2, £0333
DE
HL , £0000

(£0C21) ,HL

A
HL, £0C20
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A, (DE)
A
z
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]

0ZS
0354
0356
Q357
QIS
QIR
Q3Z5C
QZED
Q3ISE
QISF
Q360
Q362

363
OZ65
0366
Q267
0369
0Z6A
Q3&E
Q36C
Q3I6F
OZ70
0371
0OZ72
Q373
Q274
OZ7S
QIZ76
Q=77
Q=78
0=79
QZ=7A
037R
QI7C
Q37D
OZ7E
Q37F
0382
0ZB3
0Z84
0386
0388
Q89
Q38A
0Z8D
038E
0Z91

D&
FE
D8
FE
8
=7
ce
13
4
23
ED
23
ED
2B
2B
=28
iR
37
ce
01
AF
02
DF
&4
D8
7E
R7
ca

2T
e et
Q=
7E
02
23
QO3
7E

a2

x4
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i

Co

07

0A

10
02

6F

&F

DC

OB

QR

OR
EQ

23 oC

r
a

o]
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SUR
CF

RET
CF

JR

SCF
RET
INC
INC
INC
RLD
INC
RLD
DEC
DEC
JR

DEC
SCF
RET
LD

XOR
LD

RST

DEFE

RET
LD
OR
RET
INC
INC
LD
LD
INC
INC
LD
LD
LD
INC
LD
CF
JR
SCF
RET
LD
LD
LD
RET

£07
£0A
C
£10
C.£035D

DE
(HL)
HL

HL

HL

HL
Z,E£0345

DE

EC, £OCOE
A

(BC) , A
£18

£64

C
A, (HL)
A

z
HL

BC
AL (HL)
(BC) . A
HL
BC
A, (HL)
(EC) (A
ML , £QCOR
(HL)
A, (HL)
£OR
C.E£0T71

HL, (EQC23)
A, (HL)
(£QC25) . A
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0E92
0395
0=98
O399
QZ9A
03I9R
Q3I9C
QZ9F
03A1
Q3IAZ
OZTA3
03A4
0ZA6
Q3RAT
O3AC
O3ZAE
OZAF
OZB1
0ZB2
03RS
OZEB
OZRE
OZRC
QZC0o
QZC4
ICS
0ZC7
0ZC8
OxCe
0ZCC
OZCF
OZDO
O=D2
Q3D4
QOZEDS
0ZD7
0ZD9
OZDR
OZEDD
OZDF
0ZFE1
OZE2
QIES
QIE&
QTE7
DZEB

2A
A
77
ce
D7
Fé&
11
06

AF

13
10
21
01
ED
EF
oC
ce

21
-
“

22

£l
48
59
4D
0D
D7
ce
CcD
o1

iA
FE
20
QA
FE
20
FE
38
FE
30

02

=
e

13
DF
79
30

(SN

o oid

Qo
6B

FC
3C
15
BO

(6]e]

61
ZC
&H

4F

= -
p P

A6
2k

20
05
93
FO
41
0D
SR

09

OA

Q4

QC
oc

o,

01
el

oC
01
oC

S0

54

02

(8]

Qc

B
w4

LD
LD
LD
RET
RST
DEFR
LD
LD
XOR
LD
INC
DJINZ
LD
LD
LDIR
RGT
DEFE
RET
LD
LD
LD
RST
DEFM
DEFM
DEFM
DEFR
RST
DEFE
CALL
LD
LD
cP
JK
LD
CF
JR
cr
JR
CF
JR
LD
LD
INC
RST
DEFE
JR
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HL. (£0C273)
A, (EOC25)
(HL) . A

£10

£F6

DE , £0CO0
E,£6R

A

(DE) . A
DE

£03IA2
HL,£013C
EC,£0015

£28
£0C, £00

SF, £0C61
HL, (£013C)
(£EOC6R)  HL
£28

/HOFS/
/YSTE/

M/

£0D, £00
£10

£C9

£02A6

EC, £OC2R
A, (DE)

£20
NZ,£0TD9

A. (BC)

£53

NZ,£03CT
£41
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O3EA
OZER
Q3EC
Q3EE
OZEF
O3FO
0OZF1
O3F2
O3IF4
O3F6
OZIF9
O3ZFA
OZFD
OZIFE
0400
0403
0404
0405
0406
0407
040A
Q40R
QO40E
Q40F
0412
04172
0415
0417
0418
041A
O41R
041C
O41F
04221
0424
Q425
Q427
O42A
Q42C
042D
0430
04731
04322
0434
04375
0436
0439

DF
bR
18
DF
&0
DF
aC
18
=E
=
A
R7
28
22
Ci1
D1
Fi
F1

=2
L

Fo
2A
ES
2A

[ =
oJ

SE
D3
F1
ED
FS
ES
IA
D3
zA
B7
28
CD
36
AF

7
32

E1
Fi
ED
D5
CE
21

39

DE

D5
FF

3
s

QR

03X
69

6R

&9

QO
Q0
0D
8A
EZ

QO

oc

Qc

oC

oC

ocC

oC

0c

(%)

QC

QQ

RST
DEFE
JR
RST
DEFE
RST
DEFE
JR
LD
LD
POF
LD
OR
JR
LD
FOF
FOF
FOF
FOP
LD
LD
LD
PUSH
LD
FUSH
LD
ouT
FOF
RETN
FUSH
FUSH
LD
ouT
LD
OR
JR
CALL
LD
XOR
LD
FOF
FOF
RETN
FUSH
FUSH
LD
ADD
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£18
£6R
£0O3C
£18
£60
£18
£5C
£0ZICY
A, £FF

(£0C26) ,A
AF
A, (EQCOR)
[a)

Z,£0403
(£0C69) . HL
BC
DE
AF
AF
HL . (EQC6R)
SF.HL
HL, (£0C69)
HL
HL . (£0C6S)
AF
A, £08
(£00) A
AF

AF

HL

A, (£0CO0)
(£00) A

A, (£E0C26)

A
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043A
043D
0440
04473
0445
0444
0447
0448
0449
044D
0450
0451
0453
Q456
0458
0459
Q45A
045R
0450
045D
Q45E
Q45F
0460
0461
0462
0464
0466
04867
0468
0469
046A
0446C
046D
Q46E
D46F
0471
G472
0473
Q474
0477
Q47A
047C
047D
O47E
047F
0480
0482

1
11
01
ED
ok
23
S6
23
ED

EF
18

.
-

0O&

~
“

7E
DF
68
2B
1B
DF
&8
DF
69
10
ED
DF
68
DF
69
DD
E1l
DF
66
FD
El
DF
b6
ZA
11
06

-
t

17
FS
iA
JT0

F7

61
61
08
RO

Q0
6D
Q&

Fa

a7

&7
8E
08

01

Qc
0C
Qo

&9
oc

0C

oC

LD
LD
LD
LDIR
LD
INC
LD
INC
LD
LD
RST
DEFE
LD
LD
DEC
LD
RET
DEFE
DEC
LD
RST
DEFE
RST
DEFE
DJINZ
LD
RST
DEFE
RST
DEFE
FUSH
FOF
RST
DEFE
FUSH
POP
RST
DEFE
LD
LD
LD
INC
RLA
FUSH
LD
JR
RST
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SP, £0C61
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BC, £0008

E, (HL)
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D. (HL)
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(EQCHE) , HL
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£18, £00
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B, £06
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£18
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0733
Q734
0735
Q736
0738
Q739
0O73A
073D
Q73ZE
0741
Q742
0745
0746
0747
07447
0748
QO74E
QO74F
0732
0753
0754
Q7595
0758

CE
cC
CE
Fii
ce
D7
08
FE
co
Cr
co
IE
B7
c8
FS
EA
EE
Cr

2

EE
DF
6F
F1
c9
DF
7R
7
18
DF
78
21
ES
2A
EZ

-
22

Eil
ce

2
‘e

ES
2A
E3

-~
L

E1l
ce
ES
21

18

ZE
17
EE

b6

0A

29
80
44
02

80

Q7

o7

Q7

i o

oC

oCc
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EIT
CALL
RES
FOP
RET
RST
DEFE
CP
RET
BIT
RET
LD
OR
RET
FUSH
JP
XOR
BIT
JR
XOR
RST
DEFR
FOP
RET
RST
DEFR
RST
JR
RST
DEFR
LD
FUSH
LD
EX
LD
FOF
RET
LD
FUSH
LD
EX
LD
FOP
RET
PUSH
LD
JR

7. (HL)

2. £0717
7. (HL)
AF

£10

£08

£0D

NZ

4, (HL)

NZ

A, £0A

a
p

AF

PE, £0729
£80

O, (HL)
Z,£072F

£80

£18

£6F

AF

£18
£7B

£30

£0733

£18

£78

HL, £077F
HL

HL, (£0C73)
(SP) .HL
(£QC73) (HL
HL

HL, £0782
HL

HL,. (EOC75)
(SF) , HL
(£0C75) L HL
HL

HL
HL, £0C75
£QO75D

Y

i

Ll
N
W

E -

-+

‘AR ma St -mg E¥ -aw A8 Ay AV -aa
M« ~ L]
L]

J AFITLeo TNV RE 2

—=O O}

b3

"
™y

X |

n 20
n
=

‘ms 'A% 'as 'E8 'z °EW -z ‘Ef ‘s ‘2% -am ‘ER 33 A -mm S -me ‘A4 gy ‘=21 mg
B Fal

mn
-

-

- =D =N ¥
c e

mw ‘AE -gs "EE caw



O75A
0750
O7aE
O78F
0760
Q761
7462
O76%
0764
Q765
0766
0768
G7 &R
Q76eC
O7&D
07 6E
0771
0772
0774

a77E

0776
0777
0778
0779

SUIERCHLITT I

21 73

DS
Ca

[
=

23

56
FS
1A
1z
E7

2 oD
T2 O0A OC

1

pDE .

BY

CD 9

Di

20 EE

Fa
Fl
C1
D1
E1
G

0788 47
0790 F4
0798 ES
076/0 40
G7A8 OC
07RO CF
Q788 OA
0720 3E
G708 8eg
O7Dh0 4F
07D 06
Q7EGQ g2
O7E8 ID
O7F0 77
O7F8 &C

OUTFWLT

0781 74 61 70 00 74 &1 00

05
LIRS
05
02
06
06
Q5
O
QO
01
QZ
0
Q7
oc
QO

oc

Q3
(B TAY
Fé&
a8
SE
SE
FD
45
o4
QC
11

0OR
4/
7A

21

RN ] =

O&
0=
Fr
07
(8]
Qb
FF
Q)
07
(%
O
07
Q7
(W]
0=

44
21
FE
07
Fo
ES
B2
=31
BS
15
0A
SE
SD
A
72

LD  HL,£0C73 1le.
FUSH DE U
FUSH EC P E
LD E, (HL) -
INC HL i £
LD Dy (HL) 3V
FUSH AF U
LD A, (DE) P .
INC DE 2.
OR A i7
JR Z.£077S s (.
LD (£0C0A) A L
FOF  AF i g
FUSH DE U
OR ~ i/
CalLL £0595 i
FOF DE ; &
JR NG, £07&2 3 On
FUSH AF U
FOF AF H
FOF EC P
FOF DE 2 0
FOF  HL I a
RET s 1

TENEL = .

O
0O&
05
08
Q=
4
05
nle}
02
X
07
(RI%]
Qa7
07
00

Ga

e

4
[T
c7
DA
Q=
15

e
P

19
D
81
E9
47
4

O35 EA
07 FOC
04 &0
O7F 42
02 EA
s RO
05 15
Q&4 Bé
0= 9F
0% SE
0= I
Q0 2C
& D7
07 8F
02

%;#ﬁtéLﬁEzgg:T—hﬁ'_”—“"_- .
Q??ﬁ 65 6F 00 &E 7S &% 0OQ
IMNFLIT TEaEsl EsS .
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APPENDIX 4, TOOL CONTOUR DISPLAY.

MAIN CONTROL SECTION.

Obtain the X coordinate and
Call the COORDINATE MAKER

subroutine,

Call the TIMES THREE

subroutine.

Call the X and X

high
maker subroutine.

low

Obtain the Y coordinate and
call the COCRDINATE MAKER
subroutine,

Call the TIMES THREE

subroutine.

Call the Yhigh and Ylow
maker subroutine.

Y

Call the SEND OUT
subroutine.

Return from this section.
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START OF MAIN PROGRAMME.

Initialisation.

Set a pointer to the
start of a data table
at location OF10,

Set the table length

counter.

Output the initialisation
codes in ASCII format to
the VDU interface unit.

Return to the main

control programme.
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@113 UL GRAFHICS COMTROL PROGRAM.
ai14
8115 ;Assembled bw J HOFTOM 19E2.
8lle =

aby e a11v INIT OrRG  abycH

=
—t
e
oo
KT

81172 :START OF MAIH PROGREAM.

1750
-
k.0
(]
c 1]

abPt 21186F 8123 L+  HL.8FIBH :Foint to data table,
S0VF Beas a124 L» E.8&H iTable lenath counter. ”
afsy DF @125 FST  18H :Send out initial
abss al 81ze DEFE &lH sdata to UL

gbel JE9S 8127 LL H s GiEH sInitial coordinates,
D35S IZOTOF B1za L[ (EFEFH A sStore as Y coord.
HDEE IZesaF Bl LD CEFBEHY A $Store az M coord.

abek C3I8EaE 8124 JF aEaEaH tContinue from BEGO.

[ax(]
—
L
[y
el |

=
—
4
b2

Page 299



KEYBOARD AND DIRECTION CONTROLIER

—

- f
Scan the keyboard and wait Send out the X code in
for an input. ASCII format.

Was R

Was L

Was U

Yes

pressed ?

No

pressed ?

No

pressed ?

No

Recall the value of X
and increment then store.

A
Yes - ®
A
Yes -
Yes

Recall the value of Y

and increment then store.

Default and recycle.

Send out the Y code in
ASCII format.
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abed

JhBcar

Croeaaly

Qg CcDS2aD

5I8]=10]

alEd

Chacal

+UDU GREFHICS COMTROL FROGREAM.

tgzzembled bw J HOFTOH 19€%.

an

sMEIM CONTROL SECTIOM.

L By CAFEEHY $G2t ¥ coord.

Call abaoH :Call Coord Maker.
CaLL ebasH :Call Mult b .
CALL @DICH :Call ¥ hish-w law.

LD Ge CBFBTHY 1Get ¥ coord.

CaLlL sheaH iCall Coord Maker.
CAaLL ahogH tCall mULT by
CALL abhzeH Call ¢ hishsY low.
caLLl abviH sCall VDU out,

FEET = tReturn from =ub.
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B2EY VDL GRAFHICS COMTROL FROGREAM.

]
)
m
0J

269 fAssembled by J HOPTOH 1582,

27e 3
BF 9 8271 KEYED ORG  6FZEH
H2T2 5

@273 SEEYEOARD CONTROLLER.

QFz2e DF 8275 RET 18H :Check for Kbd inFut.
BFZ1 B2 AzTE CEFE e2H sSat carrd if =a.
BF22 D2ZEGF 277 JF MC,8FZBH :If no input .umr.
BFZS 3ZeSaF geva Lo (BFacH A $Store Kbd Fress=.
gF28 C3838E 5 )= JP BEQZH $Jume to BEEC,

gF 2B aa [S)ees] ) MOF % Mo creration.

aFzC a8 Bzal MOF &

BF2Z0 B8 g2a2 NOF

@FZE boedl QEEs LD E.&1H 1St ur a delaw loor.
@F38 ZEFF gzed LD H» 255 sDelay loor constant.
8FZ2 FF g285 FEET 3I8H sCall monitor delay.
BF32 16FE 5 i) DJINZ BFZaH iLoor until E=8 .
@F3I5 ZIagsaF ezar LD A, (BFBSHY :1Get Kbd rress.

aF3& CIa38E azae JF BEGSH sContinue from GE&Z.

[hx]
(]
o
¥ ]
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SE&S

8 CI2eaF

FESZ

3 CRIARGBE

FE4C

CAZEBE

< FE4¢

CRIEQE
Cr2aaF

g17e sUDU GERPHICS COMTEQOL PROGRAM.

8177 3

@178 Aazsembled by J HOFTOM 13982,

@1ve 3

9188 DIRCT ORG GE&8GH

a1e1

@182 sDIRECTION COMTROLLER.

@183

g1ad 3

g1e5

812¢ JF BFZEH Jume to BFZE.

a1av CF SZH 'F Fresssd 7

g1ae JF ZLBEIRH PIF =0 dume to RIGHT.
a1as CF 4CH iL Fressed 7

@196 JF 2. BEZVH sIfF =0 Jdume to LEFT.
a191 CF S5H U Fressed ¥

@132 JF Z.BEZEH 3IF =0 JdumF to UR,
@133 CF 44H 0 Fressed 7

8199 JF &, BEIEH sIf so dume to DOWH.
@195 JF @FZEH tJumr to BFZE.

g1

81 -
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BE3IE

BE3E
BEZE
BEIF

-

1=

JARTEF

£
Ly

JHETVEF

=

ChO=2580

 CIR08E

SHETEF
ki
C3326E

@221
Cee
Bz23
Bzd

8225

0L GRAFHICS COMTROL FROGREAM.

n
.

tHs=embled by

UuF

ORS5  GEZEH

*MOUE UPLRRDE.

e [OWH

q23a

Lo Fi- CEFEVHY
IMC A
L A (EFE7FHY

CALL EDSH
JF @EMEH

OFi5  GEZEH

FMOUE DOWUNWARDE.

-
»

LD R, CEHFETH2
LEC A
JF  BE3IZH
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J HOFTON 1982,

et Kew presse

tMove urwards.

'jl

15tore latest rosi

sCall Control.

sJume to BEGQ,

sGet kKew Fraszse

d.

tMove dounwards.

sJumre to BESZ.



HE1R

BE2E

SREeEF

-
T B

SABEEF
CLesal

CIaaoE

F 3AHESEF

2F EE'

CZ1EBGE

8213

.
x

posUDU GRAFHICE COMTROL FROGRAM.

ftAszembled by J HOFTON 198%.

RIGHT

ORG  @E1AH

SMOUE TO THE RIGHT.

LEFT

gz1d 3

BZ15
Hle
@217
gz1s

g219
(5 eyels

Lo Ay CBFBEH )
IMCZ A

LD A. CBFEEHD
CaLl abeSH

JF gEGGH

OFi5  BEZFH

SMOVE TOQ THE LEFT

"
x

LD A CEFEEH
LEC A

JF HE1EH
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tGet Key pressed.

tMowe to riahbt.

1Store latest poziticn.

iCall Control.

yJume to BEGH,

iGet Kea pressed.

Move to the 1=ttt

yJume to BELE.



COORDINATE MAKER

Store the X (or Y ) coordinate.

Load a counter with 5.

Loop to divide
by 32.

Store the coordinate/32
as X or ¥ ).

Y

load a counter with 5.

high (

Toop to multiply
by 32.

Recall original coordinate and
subtract the latest value.

]
Store as Xy (ory)

1
Return from this routine.
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gEc] sUDD GRAPHICS COMTROL FPROGRAM.
aoes s

Beas sassembled by J HOFTOM 13€2,
gaad 3

ahaa aaes COORD ORS  8DeaH

™
=
o)
r

A

AE67 s COORDIMATE MREER.

ahas FS gEe2 FLIZH AF tEave value of A
ahal Beas qE18 LD E. BSH sLoop for & ba IZ2,
aras ey el R Fi sClear flaas.

G0Ed 1F B 2 FF Divide b 2.

am

ahas 18FC ae1z [JHE |abesH iboor 1T B 5 &
gDEy IZasaF ael1d L CEFEEH . A fStore oY hish,

Lone for * 3Z.

BDBH HEGT G015 LD E.@SH
ET

mac G le OF: H

dw

Clear flas=.

alal 17 a1y FLa MultirFls bw 2,

an

80eE 168FC aa1s DINZ aDaCH iLoor If B <3 A,
anig 47 Ba1e L Esw

Flac= in E.

a1l F1 R FOF  AF skRecall orizinal
a1z we (5150 | SUE E tSub CA=HR-BD.
a3 IZeloF eect LL CEFEIHY A 1Store B8 low,
alle C¥ (5[5 JER RET tReturn from =ub.
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Y ((High ) AND Y ( Iow ) MAKER

Recall the value of Yhigh and
add a weight of 20 hexadecimal.

Store the value in register B.

Recall the value of Y and

low
add a weight of 60 hexadecimal.
‘l el n
Increment the value
v of Y high.
Subtract 20 hexadecimal
from Yl

oW’

Is Y h\"o
low -

equal to 80.7

Yes

Store Ylo“ at location OFO03.

Recall the value of Yhigh and
store at location OF02.

Return from this routine.
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AEsd sUDU GRAFHICS COHTROL FROGREAM.
(55 ESI
BEZe fAssembled by J HOFTON 1982,
(515 M

ahze gazs YH:YL ORG  aDZoH
(515 =

gase % (HIGH:» % (LOW» MAKER.

abLza IREEEF (5[5 IR LD H» CBFEEHY  :iRecall % hish,
ab23s Ceza BEE3 AOD Fe 28H sAdd weiaht of Z6H,

apzs 47 G634 Lb E-f sCopd 1nto E.
Bh2e JA16F BEIS L s CBFA1HY  Recall Y low.
aha? Céeed HRZE ADD AL &8H $Add weiaht of &6H.

802 FESQ Beaz? CF SEH sI= % low =7 S@H 7

a2l 3285 BEAZE JR Cos B0 249H sJume 1T not.
HOZF Dezd SIS SUE  ZaH iSubtract ZoH.

Bh31 59 aedE IMC E sInc % hiah
ap3Iz 18F7 G941 | JE abzEH s JJume to BLEE,
Q034 IIAIOF  AR4Z L $@FEIHI.A  :S5tore 4 low.
5] IRAT e 515k X L H.E tRecal % hizh,
BL3IE IZOZEF G644 LD C@F8ZHI.A  :Store Y hish

ab3Ie o9 ged s FET iFeturn from =sub.
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X ( High ) AND X (low ) MAKER

Recall the value of xhigh and
add a weight of 20 hexadecimal.

Store the value in register B.

Recall the value of Xlow

add a weight of 60 hexadecimal.

and

Is Xlow less or No

el 1

Increment the value

of Xhigh'

|

Subtract 20 hexadecimal

from xlow.

equal to 60. 7

Store X

1low at location OFO05.

Recall the value of xhigh and
store at location OFO4.

Return from this routine.
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8030 36

abDIF

@041 47

Sl R
a5
a7
a4
ah4E

BDA0 G

ahdE
ebaa
ans3
ansd
5] R

(1]

¥y

DU GRAFHICS COMTEOL FROGEAM.

o] -
»

tAaszenblad by J HOFTON 1322,

1 ¥H:€L ORG  B03CH

L 3x CHIGHX & CLOWY MAKER.

LD Hs CBFEEHY  SFecall & hiah.

At &.268H sfadd weiaht of ZEH.
L E-:rA iCory inta E.

LI Hx (BFELHY  sFRecall & low

ADL H-eBH tfAdd welaht of cE8H.
CP B iI= ¥ low =< &EH.
JE Ca80SEH tJump 1F not.

SUE  ZeH tSubtract 26H.

INC E slncrement X high.
JE: ahd7H s JJump to G097,

L CEFESHY R iStore & low.

L[ H.E tRecal K hish.

LD (EFEad4H». 1 s=tore ¥ hiah.

FET : tReturn from =ub.

an
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MULTIPLICATION BY THREE

Recall the high part of the coordinate
and store on the system stack.

Y

Rotate the contents of the accumulator
to the left to multiply by two.

Add the original value from the stack
to give the coordinate times three.

Store as the high part at OFOO.

Recall the low part of the coordinate

and store on the system stack.

Rotate the contents of the accumulator
to the left to multiply by two.

!

Add the original value from the stack
to give the coordinate times three,

Store as the high part at OFOl.

Return from this routine.
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goe7E UDL GRAFHICS COMTREOL FROGEAM.
(55 Il B

Ga7s ifssembled bs J HOFTOH 1282,

]
o]
—‘bj
A

apss gavd MAG: 3

A
(]
A
o

arSeH

=
=
=]
n

GOTE MEGMIFY BY ® FACTOR OF 3.

gavy
a0Ss IADBEF  @ETS LL . (BF@BH»  iRecall ¥-Y hish.
aLse F3o aare FLIZH AF tStore XY hiahb
apsc BY 5 15 RS oFr A 1Clear flass.
apsi 17 aerzil FELa * tMult by &
anSE 47 5T FE L  E:A iCory into E.
ApSF F1 |ea FOF  AF sRecall =% hiah,
(5] T Rt aasd Fpbl ASE siadd 2y and Net
apel IZeoaF Ba8s LD CBFEEHY A 1Store MY hishe
a0ad IHE16F QEsiE LL G. CBFE1IHY  Recall B4 low.
apey Fo aasy FLSH AF 1Stare BV o
apeg BV agas Or A iClear flazs.
ghe? 17 aags RLA ¢ tMult b 2.
abern 47 el pels) LD EsH iCore into E.

abek F1 ga FOF  AF tRecall N4 low.

gheC &0 (5[Eh=p RO RSB 1dd ZHeN and st
gbel JZB168F ga33 LL CEFBIHY B 1Store HoV Low
a7a Cv9 ae=d RET 3 iReturn from =sub.
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OUTPUT CHARACTER

T O

Set a pointer to the
start of the data
table at OF02.

Load register B with
the length of the
table.

Obtain four characters
from the table and
send them out via

the UART to the

VDU.

Return from this

routine,
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B

[ax]
Pl
l£;
=1

35

[x(}
Do
W

=
]
Y5
L

a1aa
G161
a1es
8218z
H1i4
g1e3
a1as
a1av
alas

VLU GRAFHICE COMTROL FEOGEAM.
iAszembled by J HOFTOW 1922,
ouT ORG  a0F1H

-
2

FSEND CHARACTER TO UDU,

.

LC HL,8F82H :Faoint to table.
LD E.84H iTable lensth.
FEET 15H iSend out to UDL,
CEFE &0H :

RET 3 | sEaturn from =suhb.
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READ THE TNTERFACE BOARD

Load the accumulator with the ASCII
code 4F hexadecimal.

Send the code to the PIO to set
the lines as inputs.

Read the data in port A of
the PIO.

Store the value as the X
coordinate at OFO06.

Read the data in port B of
the PIO.

Store the value as the Y
coordinate at OFO07.

Jump to the main programme.
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=1
Lo
I
=

alCa
5] K e,
abCq

abCe

acch
SRR

apha

JE4F
Lagv
[Z0e

DEaY

b I2E6EF

LEaS
I2E@reF
coesan

CaCeah

@1v4

a1va

sUDU GRRPHICE COMTROL FROGEAM.

3 A mbled

i
i
i

am

READ ORG

-
=

s RERD INTERFARCE EOREL.

"
2

-
1A

LD
ouT
ouT
IM

Page 317

be T HOFTOM 13232,

abCaH

H»4FH
CETHY A
CEEH A
As (E4H
CHFEEHY s A
Fis CESHD
CEHFETHY . A
abREH

abceH

sSet FIO lines

tStore ¥ coord.
tFRzad Fort E.
fStare Y ocoarD.
fCall main Fros.

1 Jume to BDCE.



g244 ;UDU GRAFHICS COMTROL FPROGRRM.
g245 3
g24¢€ ifssembled by J HOFPTOH 1%€L.
az47 3

BFag 8242 ZTORE ORG @F&oH
g4 3
G256 $SYSTEM STORAGE LOCATIONE.
gz251 s

BISZ OFEE TO BFOS iz used by the suztem for
G253 istorin® Frosram variables.
g2a4
@255 3

aF1a gz2%¢ VECT 0ORG OF16H
@rav 3
BzSEs sUDU INITIALISATION UVECTORE.
gzo8 s

g8zelg 1% Clear =creen.

I

gzel 10 = Uactor Mode,
AZEZ 138 78 = 4 Coordinates.
B2EZ 138 36 = ¥ Coordinates.
8254 10 = Usctor Mode.

b3
T
n
:
L
]

Ulgctar Mode.
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APPENDIX 5. BEZIER SURFACE GENERATION,

MON
HOP

SYSTEM

10
11
15
20
0
32
40
S0
60
&2
&6
70
=
80
S0
110
120
130
140
150
160
170
185
190
200
210
230
240
250
270
280
290
300
460
470
480
490
S00
S20
530
S50
570
290
&L£05
610
612
614

REMREZ IERSURFMEZFULLMEM
CLEAR: D=3330: E=3328
GOSUER1220: REMINMC/BORDER
GOTOSZ0: REMMAIN
REM: INFUT"NEBYM" : N, M
FRINT"Z2 Inp Cond":N=3:M=3:P=7
REMINPUT"GRIDS";: P
A=PXP: R=(P-1) "2
DIM S(Z,A) ,PX(BPF) ,PY(B,P) ,PZ(EP).FPC(R,2)
DIMX(A,R),Y(A,B),Z(A.B) : RESTORE3QQO
FRINT"66 Coord Inp"
FORA=1TON+1:FORB=1TOM+1
READX (A, R) . Y(A.B) . Z(AR)
REM: INFUT"CordsX,Y,Z": X (A.B) ., Y(A,B) ,Z(AE)
NEXT: NEXT
FORC=1TO3:F=0: 0ONCGOTO120, 140,140
FRINT"120 X Cords":FORA=1TON+1:FORE=1TOM+1
B(A,B)=X(A,B) :NEXT:NEXT:G0T0O18S
FRINT"140 Y Cords":FORA=1TON+1:FOREB=1TOM+1
B(AB)=Y(AR):NEXT:NEXT: GOTD18S
FRINT"160 Z Cords":FORA=1TON+1
FOREB=1TOM+1:B(A.B)=Z(A.R) :NEXT:NEXT
FRINT"185 Step C=":C
FORU=0TO1STEF1/ (P-1) : FORW=0TO1STEP1/ (P-1)
F=F+1:FORI=0TON: X=N: GOSUB440: 5=A
X=1:GOSUR460: H=A: X=N—-1: GOSUR460: L=A
Z=(G/ (H¥L) ) ¥U™I%x (1-U)““(N-I) : FORI=0OTOM
X=M: GOSUR440: G=A: X=J: GOSUR460: H=A: X=M-J
GOSUER460: L=A
E=(G/ (HXL) ) XW™JI% (1—W) ~ (M-J)
REMSTOREVERTS
S(C.,F)=8(C,F)+B(I+1,J+1)XZ%K
NEXTsNEXTI:NEXTW: NEXTU: NEXTC: RETURN
IFX=0THENA=1: RETURN
A=1
A=AXX: X=X~1
IFX=0THENRETURN
GOTO480
GOSURZQ
FRINT"S530Fin Surf Gen'":GOSUER&LZ0
FRINT"SS50Fin Foly Def":GDSUR740
FRINT"S70Fin Friority Order":GOSUERSZO
FRINT"S920Fin Dispy"
DOKE4100,-16872: A=USR (1) : REMFrintBuffer
END
REM
REM
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616 REM

&18 REM

6H20 PRINT"420Def Folys!

L3I0 C=0:2=0:FORA=1TOF-1:FOREB=1TOF-1
640 Z=Z+1:FX(Z.1)=5(1,C+R):FY(Z,1)=6(2,C+R)
650 PZ(Z,1)=8(3,C+B):1PX(Z,2)=5(1,C+B+1)
660 PY(Z,2)=5(2,C+B+1):FZ(Z,2)=5(5,C+R+1)
670 PX(Z,3)=8(1,C+EB+1+P):PY(Z,3)=8(2,C+E+1+F)
680 FZ(Z,3)=S(3,C+B+1+F):FX(Z,4)=5(1,C+EB+F)
690 FPY(Z,4)=8(2,C+E+FP):FZ(Z,4)=8(T,C+RB+F)
700 F=1000:FORK=1T04

710 IFPZ(Z.K)<FTHENF=PZ(Z,k) ::NEXT

720 PC(Z,1)=F:FC(Z,2)=Z:NEXTE: C=C+PF:NEXTA
730 RETURN
740 PRINT"740Sort Vert"

750 FORE=1T0Z—-1:A=0:FORC=1TOZI-E

760 IFPC(C+1,1)«<=FC(C,1) THEN720
770 F=PC(C,1):k=FC(C.2):FC(C,1)=FC(C+1,1)
780 PC(C,2)=PC(C+1,2):PC(C+1,1)=F:PC(C+1,2)=K:A
=1
790 NEXT: IFA=0THENRETURN

801 NEXT:RETURN
820 FRINT"810Disp Surf C=":GOSUR4QQO

825 FORC=1TOZ:FPRINTC;"of"3;Z:F=PC(C,2)
B30 I=PX(F,1):U=FY(F.1):FORJ=2TD4:kK=FX (F.J)
850 W=FY(F,J):608UE1910: I=FX(F,J) :U=PY(F.J)
870 NEXT:kE=FX(F,1):W=FY(F,1):608UR1910
875 NEXT:RETURN
Q00 REM

210 REM
220 REM

S0 REM

1210 REM M/C INS

1220 IFDEEK (—168946)=3902THENGOTO1270Q

1230 PRINT"Ent M/C at BEOOH"

1260 FORA=0TO188: READH: DOKE—-168%6+2%A, Bz NEXT
1270 FRINT:PRINT"M/C ENTERED"

1280 DOKEA4100,-168%96:A=USR(1):REM INIT PIO
1290 DOKE4100,—-16813:REM Markers in Buffer
1200 FORA=20TOZ220STEF20: DOKED,.A: DOKEE, 4
1320 B=USR (1) : DOKED,.,Z: DOKEE.A:B=USR (1)

1330 DOKED, A: DOKEE,223: B=USR (1) : DOKED, 219
1740 DOKEE.A: B=USR(1) :NEXT

1350 POEEZ7267,1:FPOKER74B3, 1: RETURN

1400 REM

1410 REM
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1420
1430
1500
1510
1530
1540
1350
1560
1580
1590
1610
1620
1630
1650
1660
1670
1680
1690
1700
1710
1720
1730
1750
1760
1770
1780
1790
1810
1820
1830
1840
1850
1860
1870
1880
1889
1RAR

REM

REM

DATA 3902,2003,-194,1747,1235,-1730, 1747
DATA-18399,8894, 3192, -4659, ~12890, 8454, 33
DATA4S12,-243753, 16162, 4673, 16979, -14913
DATA16077,1727,16127,-13056,-16712,-1776
DATAR7075, 10943, —16577 , 8729, —16577 . 16938
DATALSF1, 16930, -15937, -8432, 3390, —18227
DATA16062,~13046,-16712, -B759, 33,4352, 224
DATAZS, —4864, 75, 2829, 2827, 2827, 2827, 9181
DATAT0745, 28926, -3784, 11229, —4681, -5294 , 33
DATA-18500, 21229, 23533, 3330, -B935, 1058
DATA-8947,-8919,-8919, -8919,1570,8717, 3336
DATA1578,-4851,1115, -18675, 21229, 23533
DATA3Z28,~18453,21229, 15741, -13385, 13529
DATA-13529,-14809, 12998, ~16714, 2090
DATA-13I555, -13866, -13323, 10367, ~13538
DATASS11,15876,6176, -10730, 202546, 7910
DATA16331, 18961, ~29824, 31327 ,206,6743
DATAS1063, =770, ~11742, ~9467 , -13564
DATABZ63,16122,~11267,15876,-11265, -3836
DATA16073, 12800, ~24352, -8159, 4512, —24251
DATAB193Z, —4837, 16048, 12896, ~24576 , 33
DATA4S512,-24575, ~8447, —4864, 16048, 12807
DATA-17408,33,4540,-17407, ~8447 , ~4864
DATA1712,15905,8575, ~24576, -B431, 30464
DATAZ0499,4121, 1786, 15905, 8575, ~24355
DATA-B8431, 20464, 30499, 4121, ~13830, I3
DATA4S1Z, 24095, 6974, —18227, 16062
DATA-13005,-16712, 4158, 18227, 16062
DATA-13029,~16712, 13886,~18227, 32446
DATA-13021,-16712,-4681, 6482, 6352, 1780
DATA15875, 17056, -16712,~-1776

DATA-B175, ~15616,-16841,0, 255

REM

REM

RFM
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1889
1900
1910
1930
1935
19240
1980
1990
2000
2010
2020
2030
2040
Z000
2010
I020
J030
J040
J050
2090
3095
J096
097
4000
4010
4012
4014
4025
4026
4030
4040
4050
40460
410%
4110
4112
4120
4122
4175
4150
4160
4210
Ok

REM

REM HFLOT(St Line I,U to K,W)
X=K—-1:Y=W-U: L=ABS (X) : G=ARS (Y)
IFG*LTHENL=G

IFL=0THENRE TURN

X=X/L:Y=Y/L:V=I+0.5-X: H=U+0.5-Y
FORA=0TOL : V=V+X: H=H+Y

DOKED, INT (V) : DOKEE, INT (H) : B=USR (1)

NEXT: RETURN

REM

REM

REM

REM

DATA 120, 0,120,120,120,120, 0,120,120
DATA ©, 0,120, 80, 40, BO, 80, 80, 80
paTA 40, B0, B0, 40, 40, 80, 80, 40, 40
DATA B8O, B0, 40, 40, 80, 40, 40, 40, 40
DATA 120, 0O, 0,120,120, 0, 0,120, (o)
DATA O, O, O

REM

REM

REM

REM

F=0: W=0:V=0:FORA=1T0Z: FOREB=1TOF

IFFX (A, B) *FTHENF=FX (A, &)

IFFY (A, B) *WTHENW=FY (A, K)

IFFZ (A R) >VTHENV=PZ (A, R)
NEXT:NEXT:U=F: IFW>F THENU=W

IFV >UTHENU=V

FORA=1TOZ: FORE=1TOF

C=(UX (2+N) +PZ (A.B) /2-PX (A.B) X0. 866026) /2
FXA.B)=(PX(A,R) /2+FZ (A, R) X0.866026) %xU/C
PY (A B) =224+ (FY(ALB) ~1.5%U) XU/C: NEXTsNEXT
F=03: X=9003 W=0: Y=900: FORA=1TOZ: FORE=1TOP
IFPX (A, B) *FTHENF=FX (A, B)

IFPX (A, R) < XTHENX=PX (A, B)

IFFY (A, B) >WTHENW=PY (A, B)

IFFPY (A, B) < YTHENY=FY (A, R)

NEXT:NEXT: I=F—X:J=W-Y: FORA=1TOZ
FORE=1TOF:PX (A B) =146+ (PX (A R) =X)X192/1
PY (A, B) =16+ (FY(A,B)=Y)X192/J
NEXT:NEXT:PRINTX:;F,Y:W: RETURN
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4E0Q0

4EQOQ

4EQO
4EQZ
4EQ4
4E0QS
4EQS
4EQA

4EO0C

0Cc78

QoO1
0002
0003
Q004
QQQS
Q004
QOO7
Q008
Q009
0010
Q011
0012
Q013
Q014
QO1S
Q016
QQ17
0018
Q019
Q020
0021
0022
Q023
0024

Q0ZES

START ORG 4EOO0H

iAssembled by J HOFTON. Aug 82..
:NOTE The program runs at BEOOQOH.
tBut is assembled at 4ECQOH.

sx¥ I NI TIALISE F I 0 xx

-
"

LOC78 EQU £0C78

LD  A,£0F :Set FIO lines
OUT  (£07) .A :for Printer,
LD A,£FF

DUT  (£0&),A

OUT  (£04),A

LD  ALEF9

OUT  (£06).A

L]
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4EOQE

411

4E14

4E17

4E18

4E1A

4E1A

Q621

EBEERS8

BEED

0026

QQZ7

00zZ8

Q029

QOZ0

QOZ1

0O32

QO33

0034

QO3S

00Z6

an

e 1

LD HL « LREES

LD (LOC78) (HL

CALL LEBREED

RET

LD E,£21

an

LERERB8 EQU <£BERSB

LEEED EGQU £REED
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sLoad Frint
; address.
:Clear Ruffer

:Retn from Sub



4E18

4E18

4E18

4E18

4E1A

4E1D

4E28

4E2D

AOOO
ACDF
0621
2100A/0
11DFAQ

22IFEF

CDZEERF
D&6FF

SEQQ

QOO1
Q002
0003
o004
QO0S5
0OO0s
QOO7
olulels
Q009
Q010
Qo111
Qo012
Q013
anl4
0015
QO1é
0017
0018
Q019
Q020
Qo021
Q022
QO23
Q024

Q025

START ORG A4E18H

:Assembled by J HOFTON.

:NOTE the Frogram

:But is assembled

‘as

Xxx F R

LAOCOO EGU

LAODF EQU

LD

LD

LD

LD

LD

LBE2Y7 FUSH

CALL

LD

LEE2D LD

L)
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AUG B2.

runs at BRE18H.

at 4E18H.

INT EUFFER X%xx

£A000
£AODF

B, £21

HL, LAOOO
DE , LAODF
(LBF3F)  HL
(LEF42) ,DE
EC

LEF3E

B, £FF

A, £00

oo Lines.
;:Buff Start.
sBuff Right.

s:Line Space.

iLine Space.

sBuff Nulls.



4EZ7

4EZR

4ESE

4E41

4E42

4EAS

4E46

4E48

4E4A

4E4D

4E4F

CDHEBRE

1TOESY

C369BF

2ATFRF

15

223FRF

2A42BF

19

2242FF

C1

10DF

ZEOD

CDEBERE

ZEQA

CDEBEE

Q026

QQZ7

-

0028

‘an

QU229

0030
Q0=1
QO3Z
QOZEE
Q0354
QO0ZE
Q036
QO0ZE7
Q0=8
0OZ9
Q040
0041
0042
0043
0044
Q045
00446 LEREEB
0047 LEBF3E
Q048 LBF3F
Q049 LEF42

QOS50 LBF69

CALL
DJINZ
JP
LD
ADD
LD
LD
ADD
LD
FOP
DJINZ
LD
CALL
LD
CALL
RET
EQU
EQU
EQU
EQU

EQU
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LLEERS8 sFrint
LBEZD
LBF&69

HL, (LEBF3F)
HL.DE
(LBF3F) (HL
HL . (LBF42)
HL . DE
(LBF42) (HL
BC

LBE27

AL £0D
LREES tLF
ALOA :Retn.

LREEB

£BERB
£RFZE
£BF3F
£BF42

£BF 69

and

Out.

sCarriage



4ES3 0001 START ORG 4ES3IH
Q002 3
Q003 ;Assembled by J HOFTON. Aug 82.
0004 j
0005 ;NOTE The program runs at BESIH. |
Q006 ;But is assembled at 4ESTEH.
Q007 3

Q08 3%xx D O T I N BEUFF ER %X

OO0 3
4ESE 0000 0010 LOOOO EGU  £0000
4ESE OQOEO 0011 LOOEO EEU  £00EQ
4ESZE 0ODOO Q012 LODOO EQU £0DO0O
4ESE ODbO2 Q017 LODOZ EQU  £0DOZ
4ESI 0DO4 Q014 LODO4 EQU £0D04
4ETZE ODOS 0015 LODOD& EQU  £0D0O6
4ESZ 0DOB 0016 LODO8 EQU £0DOSB
4ESTE RCOO 0017 LBRCOO EQU £RCOO
4ESS DDZ10000 0018 LD IX,LOD0O

0019 ;

0020 3

0021 3

0022 ;

QO2T 3

0024
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4ES7

AESA

4ESD

4E61

4E62

4ELZ

4E64

4E6S

4ELSL

4EL7

4E68

4E6A

4E&ER

4E6C

4E6E

{4E7O

4E72

4E7S

4E7S

11EQO0Q

210000

ED4EOOOQD

OR

OR

OH

OR

OR

OR

OR

DD2Z

19

78

FE70O

ZB8F1

0029
Q0Z0
Q031
Q032

OOZ3

003

QOZE7
Q0Z8
QOIS
0040
Q041
0042
QO47Z

0044

0047
0048
Q049

QOS50

L]

LD

LD

LD

LEE&1  DEC

DEC
DEC
DEC
DEC
DEC
DEC
INC
ADD
LD

Ce

JR

DEC
OR

SEC

EX
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DE , LOOEQ
HL , LOOOO
BC, (LODOO)
BC

BC

EC

BC

EC

BC

EC

IX

HL., DE

£70
C.LRE61
1X

A
HL , DE

DE , HL

sBuff Width.



0058

Q059 3
4E76 2100RC 0060 ) LD HL 4 LBCOO sLast line of
4E79 R7 Q061 OR A :Buffer.
4E7A EDSZ2 Q062 SEC HL,DE
4E7C EDSEBOZOD QOQ&3 LD DE, (LODOZ)
4EB0 19 0064 ADD HL.DE
4EB1 DDZZ040D 0Q0&5 LD (LODO4) , IX
4E85 DD29 Q066 ADD IX,IX
4E87 DDZ29 Q067 ADD IX,IX
4E£89 DD29 0068 ADD IX.IX
4E8E DD22060D Q069 LD (LODOK) , IX
4EQF 2Z2080D Q070 LD (LOoDo8) . HL
4E9Z ZA0N6OD QO71 LD HL, (LODO&)
4EFS EDSRO40D 0072 LD DE, (LODOQ4)
4E9? R7 Q073 OR A
4E9A EDSZ2 0074 SBRC HL.DE
4EQC EDSEOOOD 0075 LD DE, (LODOO)
4EAQC ER 0076 EX DE,HL
4EAL1 B7 0077 OR &
4EAZ EDSZ2 0078 SEC HL,DE

Qo779 3
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4ER4

4EASD

4EAL

4EA7

4EARS

4EAR

4EAD

AEAF

4ERZ2

4ERS

4ER7

4ER7

7D.

3D

E7
CER27
CR27
CB27
CeCé
SZ2B&AE
2A080D
CRC6
4ER6

ce

o0Bs

Q087

QO8s

0089

0090

0091

Q092

QO3

0094

0095

Q06

Q097

0098

009

0100

0101

0102

0103

0104

0105

0106

LD

DEC

OR

SLA

SLA

SLA

ADD

LD

LD

SET

LEER&S EQU

m.

an

‘aw

RET
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Al L

A

A

A 1 Set Correct
A shEE IR

A sdisplay

A, £C6 :Buffer.
(LEERS) « A

HL . (LODOSB)
0, (HL) sAuto Set.
$—1

sReturn.



4EERB8

4EE8

4EERB8

4ER9

4EERE

4EED

4ERF

4EC1

4ECS

4ECS

4EC7

4ECS

B0O4A
FS

CB7F
281E
CE77
2004
JE20
1816
D&20O
4F

E6LE

0001

Q002

Q00%

0004

Q005

(IeTaYY

Q07

0008

OO0

0010

Q011

0012

OO1=

0014

00135

Q016

Qo17

o018

aoile

0020

DO

Q024

START ORG

iAssembled by J HOFTON.

=
]

4ER8H

Aug B82.

s:NOTE The program runs at BERBH.

sBut is assembled at 4ERB8H.

-
L

xx% P R I

“xn

Le04A EQU
FUSH
BIT
JR
BIT
JR
LD
JR
LEECS GSUR
LD

AND

‘-
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NT OUT %xx
£804A

AF

7.4

Z,LREDE

6.A

NZ,LEBECS

£1F



4ECA
4ECC
4ECF
4EDO
4ED1
4ED2
4ED4
4EDS
4ED6
4ED7
4EDS
4EDA
4EDE
4EDD
AEDF
4EE1
4EEZ
4EES
4EE7
- 4EE9
AEEH

4EEC

CE3ZF

114A80

8k

SF

7A

CEQO

a7

1A

DZ04

JEFF

DI04

F1

ce

0029
0OF0

0031

QO
Q040
Q041
0042 LRBEDH
004% LRBEDD
0044
0045
Q044
Q047
0048
0049
GOS0
0051

QOS2 3

o)
o
a
4

SRL

LD

ADC

LD

LD

ADC

LD

LD

LD

LD

AND

OR

ouT

BIT

JR

LD

ouT

LD

ouT

FOP

RET

a
DE,LBO4A

E.A

(£05) ,A
A. (£04)
0O.A
NZ,LBEDD
A, £FD
(£04) . A
A, £FF
(£04) A

AF



4EED Q001 QTQRT ORG 4EEDH
0O02 ;
Q00T j;Assembled by J HOFTON. Aug 82.
QoO04 j
Q005 ;NOTE The program runs at BEEDH.
0006 ;But is asaembléd at 4EEDH.
QOO7 3

0008 :¥C L E AR RBRUF F E R (Rorder)X

0009 3
4EED OQODF 0010 LOODF EGU £00DF
4EED 1ER20 0011 L1R20 EGQU £1E20
4EED AQOO 0012 LADOO  EQU £A000
4EED A0O1 Q013 LAOOL ERU £A001
4EED ACQDD 0014 LAODD EQU £A0DD
4EED AOEOD QO1s LACED ERU £A0OEQ
4EED AOEL 0016 LAODEL EQU  £ACEL
4EED ERCOO 0017 LRBCOO EQU £RCOO
4EED ERCO1 0018 LERCO1L  EQU  £BRCOL
4EED ZEOOQ Q019 LD A, £00
4EEF IZEOAO Q020 LD (LAOCEQ) (A

0021 3

Q022 3

QO2T 3

0024
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4EF2
4EFS
4EF8
4EFER
4EFD
4EFF
4AF02
4F 0S5
4F 08
4FOR
4F0OD
4FQF
4F12
4F15
4F18
4F 1B
4F 1D

4F1F

21E0A0
11E1A0
01201E
EDRO
IE&O
S200AR0
2100A0
1101A0
O1DFOO
EDERO
R i 0 B
IZ00RC
2100RC
1101RC
Q1DFOO
EDRO
0621
ZE7F
2100A0
11DFOO

77

0029 3
0030
0031

QOOZ2

00ES
0040
0041
0042
QQ47=
0044
Q045
Q44
0047
0048
Q049
Q050 LBFZ27

0051 3

LD
LD
LD
LDIR
LD
LD
LD
LD
LD
LDIR
LD
LD
LD
LD
LD
LDIR
LD
LD
LD
LD

LD
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HL ,LAQEQ
DE,LACE1

BRC,L1BZ20

A, £60
(LAOOO) , A
HL . LAOOO
DE.LAOOL

EC, LOODF

Ay L0
(LERCOO) A
HL ., LECOO
DE.LERCO1

BC,LOODF

B.£21
A, E£7F
HL, LADOO
DE, LOODF

(HL) . A

s Buffer

sline.

sStart of

s Buffer.

sWidth of

s Buffer.

iEnd of

s Butfer.

sWidth of
s Buffer.

. T
B et et

lines
s:border

spattern.

2nd

of



4F28
4F29
aF2A

4F 2R

4F 2F
4F31

4F34

4F 38

4FZA

4F R

AFZD

77

1%
10FA
0621
JE7F
21DDAO
11DFOO

77

77
19
10FA

co

0O0&0

0061

0062

QQ63S

Q064

0065

a0bde

Q067

0068

0069

QO70

0071

Q72

007=

0074

Q073

Q076

QQ77

0o78

il

INC

LD

ADD

DJINZ

LD

LD

LD

LD

LEFZ7 LD

s

Ll

INC
LD
ADD
DJINZ

RET
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HL

(HL) . A

HL . DE

LEBF27 sLoop.

R, £21 133 lines OF
AE7F sborder

HL . LAQDD ipattern.
DE,LOODF

(HL) 4 A

HL

(HL) « A

HL., DE

LEFZ7 ;Loop.

:Return.



4F3E

4F3E

4FZE

4F3E

4F41

4F44

4F 44

4F 4%

4F4R

4F4E

4F30

AQODO
AlE1
EEES8
210040
11IE1A1
ZE1R
CDRBERE
SEZS
CDEBEE
ZE10

CDEBERE

0001

Q02

0O0Z

0004

Q005

0006

QQO7

QOO08

OO0

0010

Qo1ll

Q012

Q013

0014

0015

Q016

Q17

Q18

0019

START ORG 4F3EH

:Assembled by J HOPTON. Aug B8Z2.
:

:NOTE The program runs at BFIEH.
;But is assembled at 4FZEH.

ix FROG LINEGSBSPFACE X
LAOQO ERU £A000

LAIEL EGQU £A1EL

LBEE8 ERU £BEES
LD HL, LAOOO 1Auto
LD DE.LAIE1 :Chanaged.
LD A, L£1R 1B 33 10
CALL LBEESB zare print
LD A, £33 ;codes for
CALL LRBEEBB s PRINTOUT
LD ALELQ sroutines.
CALL LEREERB
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4FSZ

4F 62

4F 6T

4F 65

4F &6

4F&7

JELIR
CDEBEE
IET6
CDEBERE

7E

L 3c 4
]

CDEBERE
B7
EDE2
19

DO

1BF4

0025

QOZ6

QO27

Q028

0031
Q032
OOZIE
QOZ4
QO35
0036
Q037
Q038
O0OZ9
0040
0041
0042
QO4%
Q44
Q045
Q046

QOQ47

Ll

-

LD A,£1B
CALL LEEES
LD A.£36

CALL LEBERS

LBFSD LD A, (HL)

E 1

1l

-

INC HL

CALL LEBEES

OR A

SRC HL.DE

ADD HL.DE

RET NC: sReturn.
JR LEBFSD :Loop.
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Z2 FPRINT"32 Inp Cond":N=2:M=2:F=7
Ok
LISTZO0O0O

3000 DATA 150,110,0, 150,200,100, 150,290,0
3010 DATA 100,110,0,100,200,100,100,290,0
020 DATA 50,110,0, S0,200,100, 50,290,0
Ok

-_”_].b".
— l "y
- ..\*. L}
i -'II: “‘-.\I" ",
. \'\._ ':\. \
'- iy % I
— ."-._ "l‘ .
g ‘i' ’c.,“ " I
-, 1 LY "
Ty \"-.,f e N H]'|
il -i \ 1",‘ r". \ll
L
i %
".... " "\I
D
5
N
% 1
Bl
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32 FRINT"3Z Inp Cond":N=4:M=2:P=7

Ok
LISTIOQO

Z000 DATA
I010 DATA
I020 DATA
Z0ZX0 DATA
3040 DATA
Ot

39,11,0,39,20, 5,39,25,0
30, 3.0,30,20.17,%0,37,0
20, 0,0,20,20,20,20,40,0
10, X,0,10,20,17,10,37.0

1,11,0, 1,20, S5, 1,25,0

o e
T T-‘H"‘;
o g
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I2 PRINT"32 Inp Cond":N=J:M=3:F=7
Ok
LISTZO0OOQ

000 DATA 0,120,120,120,120,120,120, 0,120
3010 DATA o, 0,120, 40, 80O, 80, BO, 80O, BGQ
J020 DATA 80, 40, BO, 40, 40, BO, 40, 80, 40
3030 DATA 80, 80, 40, B8O, 40, 40, 40, 40, 40
2040 DATA 0,120, 0,120,120, 0,120, O, O
3030 DATA 0, ©, 0O

Ok
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-
&.\FJ

2 PRINT"

st

T2 Inp Cond":N=3:M=3:F=7

Ok :
LISTZO000
JQ00 DATA 0,120,120,120,120,120, 120,120,
3010 DATA 0,120, 0, 40, 80, 80, 80, 80,
Z020 DATA 80, 80, 40, 40, BO, 40, 40, 40,
030 DATA 80, 40, 80, B0, 40, 40, 40, 40,
Z040 DATA 0, 0,120,120, 0,120,120, O,
T0S0 DATA O, O, O -
Ok

S

.....--J_"—"&“""'"'L-_.- ."_-'—'\-..
S
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Z2 PRINT"I2 Inp Cond":N=3iM=G:F=7
Ok
LISTZ000
I000 DATA 120, 0,120,120,120,120, 0,120,120
J010 DATA o, 0,120, 80, 40, 80, BO, 8O, 8O
020 DATA 40, 80, 80, 40, 40, 80, B0, 40, 40
IOZ0 DATA 80, B8O, 40, 40, 80, 40, 40, 40, 40
Z040 DATA 120, 0O, 0,120,120, 0, 0,120, O
Z0S50 DATA Gy O, £
Ok
.
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MON

HOFSYSTEM

10
i1
15
20
25
0
53]
40
45
S0
oSS
Q0
605
610
700
710
720
730

REM = DIMENSIONAL FIGURE.

CLEAR: D=E330: E=3528

GOSUR1220: REMINMC/RORDER

DOKE4100,-16813:REMDOT IN RUFFER

FORX=0TQ10Q0:E=X%¥X: RBR=-50: A=80R (10000-E)

FORI=—ATOASTEFZ.S5: R=20XSOR(E+IXI) /100

IFR=0THENZOOQ

F=SIN(R) /R: Y=1/3+F%X50: IFY<=RTHENZIOQO

R=Y:Y=(50-Y) ¥x1.Z3: DOKETZZZ0, (INT (100-X)+20Q)

DOKEZZ28, (INT(Y)+70) : A=UBR (1)

DOKEZZZ0, (INT (100+X) +20) : A=USR (1)
NEXTI:NEXTX
DOKE4100,-16872: A=USR (1) : REMFrintEuffer
END
REM
REM
REM
REM

1210 REM M/C INS

122

O IFDEEK (—146896)=29202THENGOTOL1270

1270 PRINT"Ent M/C at EBEOOH"

126

O FORA=0TD188:READR: DOKE-16896+2XxA, E: NEXT

1270 PRINT:FRINT"M/C ENTERED"

128

O DOKE4100,-168926: A=USR(1):REM INIT FIO

1290 DOKE4100,-148175:REM Markers in Buffer

1Z0

O FORA=Z20TOZ20STERPZ0: DOKED, A: DOFEE, 4

1320 B=USR(1):DOKED,3: DOKEE,A: B=USRK (1)
1370 DOKED,A: DOKEE, 223: B=USK (1) : DOKED, 219
1740 DOKEE,A:B=USR (1) : NEXT

1350 POKE27267,1:FOKE27487, 1: RETURN

1400 REM

1410 REM
147N REM
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1430
1500
1510
1530
1540
1550
1560
1580
1590
1610
1620
1670
1650
1660
1670
1680
1690
1700
1710
1720
1730
1730
1760
1770
1780
1790
1810
1820
18320
1840
1850
1860
1870
Ok

IR

REM

DATA I902,200%,-194,1747,1235,-1730,1747
DATA-18399,8894, 7192, -4659, —~1 3890, 8454 , 33
DATA4512,-24353, 16162,-4673,16979,-14913
DATAL16077,1727,16127,-13056,-16712,~-17764
DATAZ7075, 10943, -16577,8729, 16577, 16938
DATALS91, 16930, —15937, -B4Z2, 3390, ~1822
DATA16062,—13046,-16712,~8759,33, 4352, 224
DATATZ, 4864, 75, 2829, 2827, 2827, 2827, 9181
DATATO745,28926,-7784,11229,-4681 , ~5294 , 33
DATA-18500, 21229, 23533, 3530, -8935, 1058
DATA-8947,-8919,-8919,-8919, 1570,8717, 3356
DATA1578,-46851,1115,-18675, 21229, 23532
DATAZZ28,-18453,21229,15741, -13385, ~13529
DATA-17529,-14809, 12998, —16714, 2090
DATA-13555, ~13866, -1 3323, 10367, ~1353
DATABI11, 15876, 6176, 10730, 20256, 7910
DATA16371, 18961, -29824,31327,206,6743
DATAZ1063,~770b,~11342, ~9467 , ~13564
DATABR6T, 16122, -11267, 15876, 11265, -3836
DATA16073, 12800, ~24352, -8159, 4512, -24751
DATAB19Z, —4837, 16048, 12896, 24576, 33
DATA4512, 24575, ~8447,~4864, 16048, 12803
DATA-17408,37,4540,-17407 ,~8447 , —4864
DATA1712, 15905,9575, -24576, -B431 , 0464
DATAZ0499,4121, 1786, 15905, 8575, —24355
DATA-B431,T0464,T0499, 4121, —13830, 35
DATA4S12, —24095, 6974, ~18227, 16062
DATA-13005,-16712,4158, —18227, 16062
DATA-1T029,-16712, 13886, -18227 , 32446
DATA-13021,-16712,-4681, 6482, 6352, 1780
DATA1587S,-13056,-16712,-1776
DATA-B8175,-15616,-16841,0, 255
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10
20
20
40
S0
&0
70
80
20
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
Z00
210
[=1=1%]
690
700
710
720
70
740
730
760
770
780

- 790

BOO
810
820
820
840
g50
Ok

REM CURIC SFLINES.J HOFTON. AUG 82.
CLEAR: D=3330: E=33528

GOSUR10: REMINMC/RORDER
DOKE4100,-16B13:REMDOT IN RUFFEK
X(Q)=0:X(1)=1:X(2)=2: X(Z)=3:X(4)=4
Y(O)=1:Y(1)=5:1Y(2)=0.8:¥(3)=1:Y(4)=0Q.6
FORJ=1T010: FORW=0TO4

Y W)=Y (W)-0,125

NEXTW

GOSUEBE700

NEXTJ
DOKE410Q,—16872: A=USR (1) :REMFrintBuffer
END

REM

REM

REM

REM

REM M/C INS

IFDEEE (-168%96)=7902THENGOTO220
FRINT"Ent M/C at BEOOH"
FORA=0TO188: READH: DOKE=-16B896+2%A, R NEXT
PRINT: PRINT"M/C ENTERED"
DOKE4100,-16896:A=USR (1) :REM INIT FIO
DOKE4100,~-168153:REM Markers 1n Buffer
FORA=Z20TOZZ20STEF20: DOFED.A: DOKEE. 4
BE=USR (1) : DOKED, 3: DOKEE, A: B=USR (1)
DOKED.A: DOKEE, 223: B=USR (1) : DOKED. 219
DOEEE, A: B=USRKR (1) : NEXT
FOKEZ7267.1:FOEEZ748Z, 1 : RETURN

REM

REM

REM

REM

REM CURIC SFLINE SUEBRDUTINE.
E=50:P=1/0:GOSUERB1O
FORI=0TO3:FORS=ITO1+ISTEPF

A==Y(I) ¥ (S=X(I+1))+Y(I+1)x(S5-X(I))
B==D(I)%X((S~-X(I+1)}))"3—(5-X(I+1)))/&
C=D({I+1)X((B5-X(I))"3—=(S=X(1))) /6
S(I)=A+B+C: XI=5%0Q
YI=INT(ZOXS(I)+0Q.5)+50

DOKEZZZ0, X1 :DOKEZZEB8.YI: A=USKR (1)
NEXTS:NEXTI: RETURN

REM MATRIX ELEMENTS.
FORZ=0TAOZ2:V(Z)=Y(Z)=2%XY (Z+1)+Y (Z+2):NEXTZ
D(1)=(15xV(Q)—4x%xV (1) +V(2)) X3/28
D(2)=(-V () +4%xV(1)=-V(2))XZ/7
D(Z)=(V(O)=4xV (1) +1SxV(2))) X /2

RETURN
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%40 DATA I902,2003,-194,1747,123S, -1730, 1747
350 DATA-18399,8894,3192,-4659, 13890, 8454 , 33
360 DATAGS12, —24353, 16162, -8673, 16979, ~14913
370 DATAL6O77,1727,16127,-13056,-16712,-1776
380 DATAR7075,10943,-16577,8729,.-16577 . 1693
90 DATALS91, 16930, ~15937, -8432, TI00, 18227
400 DATA16062,-17046,-16712,-B759, 33, 4352, 22
410 DATASS,-4864,75,2829.2827,2827,2827, 9181
420 DATAZ0745,28926,-3784, 11229, -4681,-5294, 33
470 DATA-18500,21229,23533, 3330, -B935, 1058
440 DATA-8947,-8919,-8919,-8919,1570,8717, 3336
450 DATA1S78,-4851,1115,-18675,21229, 23533
460 DATAZZ28,-18453,21229,15741, -13385, ~13529
470 DATA-13529,-14809, 12998, -16714,2090

480 DATA-13555,~13866, ~13323, 10367, -13538

490 DATABZ11, 15876.6176,-10730,20256,7910

500 DATAL6I31, 18961, -29824, 31327, 206, 6743

S10 DATAZI106I, 7706, 11342, ~9467 , —13564

S20 DATABR6T, 16122,-11267, 15876, -11265, ~3836
570 DATA16073, 12800, ~24752, -8159, 4512, ~24351
S40 DATAB193, 4837, 16048, 12896, -24576 ., 3%

S50 DATAASIZ, —24575, ~B447, 4864, 16048, 12803
S60 DATA-17408,3353,4540,-17407,-8B447, —48B64

570 DATA1712, 15905, 8575, -24576, -8431, 30464
580 DATAZ0499,4121,1786, 15905, 8575, -24755

590 DATA-B431,30464,30499,4121,-13830, I3

600 DATAAS1Z, —24095, 6974, —18227 « 160672

610 DATA-1700S5,-16712,4158, ~18227, 16062

620 DATA-13029,-16712, 13886, -18227. 32446

630 DATA-13021,~16712, 4681, 6482, 6352, 1780
640 DATALSB7S,-13056,-16712.-1776

650 DATA-8175,-15616,-16841,0,255

FEE A U o L ]
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APPENDIX 6. STEPPER MOTOR CONTROL.

A Single Step.

Memory. Opcode. Meaning, and Mnemonics.

0Cc80 3E OF LD A, OF Set both input ports.

oc8z2 D3 06 our(Port 6),A Port A.

0C84 D3 07 ouUT(Poxrt 7),A Port B.

0c86 3E 00 LD A, 00 Set motor to run.

0cas D3 O4 OUT(Port 4),A

0C8A 3E 01 LD A, O1

0CAC D3 05 OUT(Port 5),A

OCSE 06 OA LD B, OA Set a delay.

0C90 10 FE DJNZ Delay loop.

0C92 3E 00 b A, 00 End of pulse.

0Co4 D3 05 OUT(Port 5),A

0C96 DF 5B STOP Return to the system
monitor.

This programme will step the motor once, in the direction set

at location OC8B.

Enter 00 at OCBB to set clockwise rotation.

Enter 01 at OC8B to set anticlockwise rotation.
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Continuous Stepping.

Memory. Opcode. Mnemonic. Meaning.

0c80 3E OF LD A, OF Set both Ports.
082 v3 07 oUT (Port 6),A Port A.

oc84 D3 06 OUT (Port 7),A Port B.

0c86 3E 00 LD A, 00 Set the direction.
0cs8 D3 O4 OUT (Port 4),A

0Cc8A 3E 01 1D A, 01

oc8c D3 05 OUT (Port 5),A

OCEE 06 0A LD B, OA Set a delay.

0C%0 10 FE DINZ Loop.

ocoz 3E 00 LD A, 0O End the pulse,

0Co4 D3 05 oUtr (Port 5),A

0C9% 01 00 20 LD BC , 2000 Loop constant.

0Cc99 0] DEC B Heduce the constant.
OC9A 78 LDA, B

0L9B Bl OR C Test constant (=0)
ococ 20 ¥y JHNZ If not return (0L99)
0C9E 18 EA JH 1f so return (OCBA)

The direction can be changed at location O0C87 and the stepping

rate changed at locations 0C97 and 0C98.
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More than one step.

Memory.

0c8o
0cs2
ocsk
0c8é
oces
0CBA
0c8D
OCBE
OC8F

0C92

0C93
0C95
0C97?
0C99
0C9B
0C9D

OC9F

Opeode.
3E OF

D3 07

D3 06

3E 00

D3 O4

11 30 00
7A

B3

CA 89 oC

1B

3E 01
D3 05
06 OA
10 FE
3E 00
D3 05
01 00 20

Mnemonic.

ID A , OF
oUT (Port 7),A
OUT (Port 6),A
ID A , 00

OUT (Port 4),A
LD DE , 30
IDA,D

OR E

JP Z

DEC IE

ID A, O1

OUT (Port 5),A
LD B, OA

DINZ

1D A , 00

oUT (Port 5),A

LD BC , 2000

Page 350

Meaning.

Set both Ports.
Port B.
Port A.

Set direction.

Set number of steps.

Check for end.

If so jump to OCB9,
If not decrement the
number of steps.
Delay.

Port A.

Delay counter,

Loop to 0C99.

End of pulse.

Set a time constant.



Continued. [ More than one step. )

Memory. Opcode. Mnemonic. Meaning.

OCA2 0B DEC BC Reduce the time constant.,

OCA3 78 ILDA, B

OCA% Bl OR C Is the constant 0 ?

OCA5 20 FB JRNZ If not return to OCAZ2.

OCA7 18 E1 JR If so go to OCBA.

0OCA9 DF 5B STOP Return to the monitor
system.

The duration of the pulse stepping rate can be changed

at locations 0C30 and OCGl.

The direction of rotation can be changed at location 0C87.

The number of pulses can be changed at locations OCBB and 0C8C.
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APPENDIX 7.

EPROM PROGRAMMER CONTROL SEQUENCE.

Memory.
0c80

OC8E

0C9D

0CBO
OCR
OCBY4
0CBb
0CB9
OCBB
OCBD
OCBF
occl
0ce3
0ccH
oceh

0CC?

label.

Opcode.

Start

EF 20 31 2C 20 50 52
4F 47 52 41 4D OD 20
32 2C 20 52 45 2D 50
52 4F 52 41 45 4D OD
20

33 2C 20 43 4F 50 59
20 54 4F 20 4D 45 4D
LF 52 59 OD

DF 63
DF 79

38 CA

3A OB OC

FE 02
20 OD

DF 60
EB 1D
28 09

1D 28 26

28 26

1D

CA 61 0D
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Mnemonic.

RST Prs

[1. Program]

(2, Re-Progran]

(3, Copy to memory |
RST SCAL DEFB Inlin

RST SCAL DEFB Rlin
JR C Start

LD A (Argn)

CP 2

JR NZ Return

RST SCAL DEFB Args
EX DE HL. Dec E
JR Z Erchk

DEC C. JR Z Exchk
JR Z Prog

Dec E

JP Copy.



Memory. Label. Opcode. Mnemonics.

OCCA  Return DF 5B RST SCAL DEFB MRET.
0CCC  Erchk 06 0A b B, 10

OCCE Er1l CD 6C 0D CALL Setr

0OCD1 Er 2 DB O4 IN A(4)

0CD3 3C INC A

OCD4 28 OF JRZ Er3

0CD6 EF 4E 4P 54 RST Prs

20 45 52 43 [Not Erased]

53 45 44
OCE1l 00 0D Newline
OCE3 DF 5B RST SCAL DEFB MRET
OCES5 Er 3 CD 8D 0D CALL Incp
OCE8 28 E7 JR Z Exr 2
OCEA 10 E2 DJNZ Er 1

OCEC Prog EF 50 52 4F [ Prog]

47 3a 00
OCF3 01 01 90 LD BC , 9001 H
OCF6 P1 CD 6E OD Call Setw
OCF9 P2 7E LD A, (HL)
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Memory. Cpcode, Mnemonics.

OCFA D3 Ok ouT (&) , A

OCFC 3E 02 DA, 2

OCFE FF | RST RIEL

OCFF 3F 03 ID A, O3

0DOY D3 05 ouT (5) , A

nDo3 3E 02 DA, O2

nnos FF RST RDEL

nDNé 79 DA, C

nDN7 D3 N5 cuT (5) , A

oDNg 15! DB 05 IN A, (5)

ODOB E6 20 AND 20H

CDOD 28 FA JR Z P3

ODOF CD 8D OD CALL INCP

oD12 28 ES JR Z P2

OD14 10 EO DJNZ P1

0D16 D7 4 RST SCAL DEFB SETR
0D1R OF OA ID C, 10

OD1IA P4 DF 5D RST SCAL DEFB TDEL
nD1C 0D DEC C
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Memogy.

OD1D
OD1F
on24
0D27
0D28
OD2A
nD2C
OD2E
0D2F
0D31
0D33
0D35
0D37
0oD3C
OD3E
OD40
OD47
ODYE
0OD50
ODS4

V1

V2

V3

ERR1

code.

20 FB

EF 56 45 52 49

46 59 00

oD

06 14

D7 49

DB O4

BE

20 OF

D7 5A

28 F7?

10 F3

EF 44 4P 4F U5

0D 00

DF 5B

EF 42 Lo s4 20 46 41
55 bc 54 59 20 41 4
20 00

ED 5B OE OC

AF
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Mnemonics.

JR NZ P4

RST PRS

[ VERIFY ]

NEWLINE

LD b, 20

RST RCAL DEFB SETR
IN A (&)

CP (HL)

JR NZ ERR1

RST RSCAL DEFB INCP
JR Z V2

DJNZ V1

RST PRS

[ poNe ]

RST SCAK DEFB MRET
RST PRS

[(BIT FAULTY AT]

LD DE , (ARG2)

XOR A



Memory.

0D55
0D57
0D58
OD5A
OD5B
OD5D

ND5F

COPY

COPY1

SETR

SETW

DF 7A

DF 68
DF 6A
DF 5B
D7 09
DB O4
77

D7 25
28 F9
18 CB
OE 00
3E CF
F5

D3 06
79

3D

D3 06
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Mnemonics.

SBC HL, DE

IDA,H

RST SCAL DEFB BIHEX
ID A, L

RST SCAL DEFB B2HEX
RST SCAL DEFB CRLF
RST SCAL DEFB MRET
RST RCAL DEFB SETR
IN A, (4)

LD (HL) , A

RST RCAL DEFB INCP
JR COPY1

JR V3

D C, 00

LD A , CF

PUSH AF

our (6) , A
waAa,C

DEC A

our (6) , A



Memory.

0D77?7
0D78
OD7A
0D7C
OD7E
OD7F
0D81
0DR3
0DR5
0D86
nD87
0DR9
OD8C
0D8D
ODEE
0D90
0D92
0D
0on95

0D96
ODOR

0D99
ND9B
0DSC
ODSE

ODAO

INCP

Opcode.

F1
D3
3E
D3
79

D3
3E
FF
79
D3
2A
co
79
cé
D3
3E
FF
79

D3
23

3E

FF

07
30
07

08

05
02

05
OE

05
02

05

02

DB 05

E6

(6°)

10

oc
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Mnemonics.
POP AF

our (7) , A
LD A, 30
outr (7) , A
DA, C
ADD A , 8
ouT (5) , A
LD A, 02
RST RDEL
IDA, C
OUT (5) , A
LD HL , (ARG2)
RET

ID A, C
ADD A , 4
ouT (5) , A
LD A, 02
RST RDEL
IDA, C
ouT (5) , A
INC HL

ID A, 02
RST RDEL

IN A, (5)
AND 10

RET
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