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Beginning with an explanation -
of the principles used to.
translate high-level languages
into machine code, John
Dawson continues his series
by outlining the structure of a
control-orientated interpretér.
IN THE SERIES so far, we have looked at the
general prmcnples of closed-loop feedback
systems and the similarities between control
systems in biological and computer
applications. -

Ini the first article, -I showed how a radio
transmitter could be used to send one form of
control information from a .computer to a
remote device, In the second article, I
presented some ideas for interfacing the signal
from a radic-control receiver to a hefty DC
motor.

I used a common-or-garden car windscreen
wiper motor and 2 comparatively simple
electronic, circuit to show how an effect —
regulating the speed of ] DC motor — can be
achieved with the minimum cost and time
spent in construction,

The extent to which you may wish to go
beyond the ideas in the article to a finished,
definitively-engineered product is entirely up
to you — there are many reference works on
control electronics which will Help you to
improve, say,. the pulse- -width modulation
circuit. You might, for example, include feed-
back control of the motor speed to make it
independent of the load on the motor,

Bxhausted by analogue electronics and
metalwork, this month we shall examine the
foundations of a control-orientated interpreter
for the Microtan. I .shall indicate which
sections of the machine code are specific to the
Microtan so that those with access to other
machines with 6502 CPUs may meodify the
code accordingly.

Some form of go- ‘between is required to
cross the no man’s land between the language
of humans and the internal machine-code
instructions obeyed by a computer, People
recognise and understand the relationships
between numerals, characters and symbols;
the internal store of the computer, the various
electronic circuits and logic elements are able
to respond only to binary patterns of on or off
electrical impulses.

The binary machine-code instructions used
by a computer are known general[y as ob]ect
code, while a series of instructions written ina
high-level language is known as source code.

The purpose of every lariguage other than
machine code is to create a bridge between
instructions we ¢an write and recognise and
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Figure {, The minimum elemenfs fora hrgh -fevel mterpreter.

the binary machine code Wh[Ch will achieve

the desired effect. A program wriltten in Basic-

will calculate results through a series of
machine-code instructions Wthh are 1nv1s1bie
or transparent (o the user,”

There is a hierachy of computer languages
ranging from fundamental machine code; in
which each instruction entered by the operator
produces one instruction to be executed by the
computer, to high-level languages where a
spoken command may initiate sustained
computing activity.

For example, reports ﬁ'om the States already
suggest that intelligent microwave ovens are a
distinet p0351b111ty The oven would contain a
program to allow it to respond to the instrzc-
tion sequence: .. :

“Cook the pork cassero]é for 10 }'ninutas or until

the thetrmometer probe has reached 110
degrees for three minutes: Tell me when It's
dene — I'm in the sitting room’”:

“Cook” is a reserved word in this instruction
sequence and “‘pork casserole” a variable.
“thermometer probe” i§ an input device and
the alert at the end of the process is to be
routed to an output device in the sitting room.

There are many high-level coimputer
languages and it is possible to debate endiessly
and fruitlessly which is.the best language.
There is no best computer language —
computers exist to solve problems and a
computer language is purposeless until put to
some task, Certain languages are more success-
ful for some applications than others,

[ commercial

Cobol or COnimon Business- Or;entated
Language, was designed for general
use, originally under the
sponsorship - of the 1.8, Department of

“Defense. Progrant steps in Cobol are specified

by means of instructions expressed in stylised

- English statements which can be recognised

by the compiler afid translated into a sequence
of machiné-code instructions.

The program statements consist of reseryed,
words which have a special significance,
enabling the compiler o generate the
appropriate. machine instructions for the
particular operation required, and identifying
labels iised by the programmer to refer to units
of data, For example, the Cobol statemetit:

. Add London-weighting To Salary
uses the reserved words “Add” and “To” to
generate the machine coding which will
perform an additien® in. which & quantity,
London weighting, .is added to another
quantity, Salary. s

Specialised, hlgh -fevel Ianguages have been
written for many purposes such as engineering
design tasks, medical information storage and
retrieval, the control of British Telecom’s new
automatic- telephone exchanges, and scientific
and industrial control applications.

High-level languages fall into two groups;
interpreters and compilers. Some languages
may be available in both forms, I have used
the word “compiler” already and there is an
important distinction between the two types of
high-level languages.

The way in which an interpreter works is
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Nevertheless, the work on Cogent has been

valuable if it showed you that writing a
language for a defined area of computing need
not be difficult and can produce usefil results
in apphcanons where you want to be able to
arrange a_series of high-level instructions t&
carry out a particulf set of tasks.-
Although I have not ‘touched on if in the
SBI‘iES, you might decide, for example, 1o write
13 fast special-purpose interpreter using single-
letter ‘high-level commands for handling
nothlng but machine-code graphlcs routines
Lo ammatmg games programs. You shoutd
“also have discovered that there are many mare
wiys’ of in- and outputting information than
by using a simple keyboard and VDU, .
The. EPROM version of Forth will coexxst
~ with Basic in the language board from Micro-
_ tani¢. The single-sided printed-circuit board
shown in the photograph measures about 4in.
by 2.5in. and has sockets for five 4K
. EPROMS. It allows you to switch, manually
0T by software commands, between Forth,
¢ “Microtanic two-pass assembler, or Basic. It tan
3 “he uséd eithier by plupgging it directly into the
.12 socket on the Tanex board and allowing it
to ride the board piggy-back fashion, or by
bringing a 24-way cable with DIL connectors
o at either end from the Tariex bodrd 1o the

) language board. The langudge board would

: then be mounted in another part of the coin-

" puter system.

" Intfa-system bus
Microtanic Sofiware does not give definite.
informatiori abour the maximum length of |-
cable which can be used before you can expect
problems from reflections up and down what
:is essentially an intra-system bus and piggy-
back boards are never mechanically desirable
.- although the one in my system has worked

" consistently and without fult from ‘the
moment of its installation.

One problem is that the language board
increases the width of the Tanex io the extent
that it is 1mposs1ble to plug zihother card into
the first expansion slot on the motherboard,
My motherboard had four cohnectors rather
than the fuil 12, and it seems that sockets for
the back plane are now as scarce as buffers and
meémory chips were a year ago.

However, your problems.do not end when
you have found the socket, for you can expect
problems with the paging logic.. The instruct-
ions issued by Tangetine Compiuter did not
work with the motherboard in my system. In
the end I cut the beard-select line which stayed
stubberniy at +4V and wired the select line
permanently low to ground.

The Tangerine documentation has slipped
in the past few months and although the
manual for the new Tanbug is available, T have

rot seen 4 copy. I hope Tangerine will be able
to regain the position it had of excellent
support for a goed computer.

Overall Forth is 4 fascinating, sophlsncated
easy-to-use software tool with a multitude of

fposmble applications. If you are prepared to
.mvesg in & book-stch as Starting Forth or to

write to a Forth interest group, I think you can

acquire a significant addition to your system_
which will allow you a new flexibility in pro--

gramming. In particular; | think Forth should
be a good way of approaching subjects closely
related to the theme uriderlying this series of
articles.

1982 is Information chhnology Year and
one of the purposes of the Health Section of
the IT82 Committee is to encotirage volume
production and marketmg of mlcroeleC{romc
aids for the disabled and to reduce prices to a
level where disabled people will be prepared to
buy the devices or tools,

, Many disabled people cannot. type because
they have insufficient strength in their hands.
Alternative Input devices have been developed
for example a suck/blow sw1tch cah be con-
nected to 2 single-bit input on the, computer
afid that single binary input can be used 1o
control 2 woid processor or a computer system
which will - coritrol - the heatmg, hghtmg,
telephone and other eléctrical équipment in a

disabled person’s home.

Forth is an ideal Jangugzge in which to write
routines to . take information from special-
purposé switches — perh'aps by bouncing
infra-red light off the operator’s eye to pick up
eye movements and blinks — ta contral both
physical devices and the operation of ordinary
comrmercial software in a microcomputer.

switch or device for use by somebody who is
less able than an ordinary person, a number of

“factors emerge which you will have to take

intg account. A switch should give some feed-
back to the user to indicate that the sw1tchmg
action has taken place

For example, some keyboards require an
increasing pressure on the key until the switch
has occurred and then there is a sudden give t0

let you know that this has happened. Other

keyboards provide en ‘audible fe¢dback by
bleepmg when a key has been pressed, .

- It is importarit that opérating 4 key repeat-
edly should not make the operator tired and
shioiild not cause cramp-if a pérson is using
one finger or a toe or even a-stick attached to
their forehead to operate the keys: Remember
that this is even more important to the dis-
abled because théy “are less able than an

_ordibiary person to-switch tasks to another part

of their body. You can open a door with your-
foot if your arms are fufl.

-Consistent response

Abave all, the machine must be conststent in
its response for there is nothing morg frust-
ratirg to someone who is absclutely dependent
on a machine than to have an inconsistent and
arbitrary response. Good tools are always. pre~
dictable in their actiors and it is this quality
that allows fine control by craftsmen and
skilled workers. . )

You cannot iron clothes with the flat of yout
hand — you need a tool to do the job. In the
same way, 2 disabled person may require a
special telephone or a word processor to com-
muricate, These aids should be available at
ordmary retail outlets wheré you might buy dn
electric fron,

The combmanon of For{h given some add
itional words in the dictionary for feal-time
control, with some inventive thinking and
clever production engineering could generate
a set of tools for the disabled. For the first
time, it would be possible t¢ build machines
which could be extended and adapted by a
person to perform = specific job or task.

Comparatively low-cost machines colild be
sold for disabled people with the capacity to
carry out & wide range of jobs. The user could
mould the furictions of the machine to suit
their own purposes.

If you start thinking about designing a
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feontinued from previous page)

shows the eniry point to the command table
labelled “Start™. The first task an interpreter
should perform is to clear-the screen and then
display a message to tell the-user that control
has been passed from the system monitor to
the high-level language and that the
interpreter program is running.

After removing any previous information
from the screen, the interpreter could then call
up the subroutine set out in figure 3 which will
display a message at the top of the Microtan
screen.

A flowchart for the operations is set out next
to the listing in figure 3. With the aid of the
Microtan manual, you should be able to trace
through the machine-code instructions,
working out the ‘purpose of each and its
relationship to the whole. |

The address of the line on the screen along
which the cuzsor is located is stored in the zero-
page locations 0A Hex and OB Hex and the
position of the cursor along that line is stored
in. zero-page location 03 Hex. The monitor
subroutine at FE75 Hex loads a character into
the next sequential position along the VDU
line from the CPU register A.

The message to be displayed on the screen is
stored in memory locations pointed to by
locations 48 and 49 Hex plus the contents of
index register Y. For example, the first
message put on the scregn is stored at 0F00
Hex and locations 48 and 49 contain 00 Hex
and OF Hex — remember that the low-order
byte is stored first.

If Y contains 00 Hex when the subroutine is
entered, that message will be displayed byte by
byte until a null value — 00 Hex — is
encountered. The second message in the
program from which this is taken is stored at
0F20 Hex and Y must be loaded with 20 Hex
before the SR is called.

List 2 is a subroutine to clear a section of
metnory frem 1010 Hex to 2000 Hex. You can
use it to set a part of the computer RAM o a
ktown state before a new program or text is
written into it.

List' 3 is the start of a word-processing
program called Asimov I am writing at
present. Interpreters need editors, and there
are marked similarities between word-
processing programs and the more primitive
text editors used to alter program lines and
insert new instructions. You can tell that the:
program is still in an experimental phase from
the untidy way in which reference values are
loaded into zero-page locations,

However, two of .the subroutines I have
mentioned are called in the first few lines and
the program continues to fetch a character
from the Microtan keyboard, 0D33, and then
seeks for a match between the character and a

number of stored command letters, If a match

is found, the program jumps to one of the
functions set out in the command table of
figure 1; if not, the program is re-started.

Finally, you may find the chart illustrated in

figure 4 useful for keeping track of zero-page
locations when developing your own special-

purpose interpreter or any other low-level

program, The best book I have found on 6502
-assembler programuning is the extraordinarily
lucid, well-written 6302 Sofrware Design by
Leo Scanlon. B
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Flgure 3. Subroutine to display a message on screen.

Figure 4. Chart for zero-page locations.

6502 Zeropage chart _ Tanbug
O 1 2 3 4 8 6 7 8 g A B c D E F
T d i - o
1js
2E
3
4
5]
&
7
8
9
A
B
c
D
E
F
program date
isti @585 C54F  CHP $004F Gheh B591  BTA 30841
Listing 1. . @G5SR DEFZ  ENE $867F opef ASEE  LDA #$866E
G58G. 48 FHA eS8 68 FLA ) oDyl 854E  §TA §0a48
es@l ef THA GESE FE TRy @033 ZEFRFD JSR $FDFA
g382 48 £HA BERF £2 FLA 0036 RS9I LIA 40081
BEG3 fEE0  LIA #6020 Bien B TR
@505 f20E  LDX #6000 g891 63 ELE 0138 €957  CHMF #50BS7
B5a7 opgEE? STH $6200, K G602 68 . RTE OD3A DeBE=  ENE $BOSF
BoeR SDEHE3 STFt #0308, X o OD3C 405304 JMP #2453
B350l CH Listing 3. OD3F £945 CHP 840045
GSOE DEF? SNE $E5ET 1000 Ok41 POB3  EBHE $0D46
8518 EA HO2 0ngG D& CLD DI43 4CEAD4 JHF $84E0
e5i1 &g FLA 000§ A2FF  LDX #$00FF 0046 (853  CHP #30833
esiz pr TAX 8083 oA 188 OI48 D93  ENE $014D
esie 68 ELA 0DO4 26ARGS JSR$500 OD4F 4Ceaen JHF 30100
6514 6@ RTS ODO7 ASBF  LDA $#300@F 004D C952 CMP B$PGS2
" 0003 §549  STA #0042 OD4F D883  EBHE $0DS4
Listing 2. ODOB ASEE  LDA #5069 0051 4C0egD -JHP $6D00
pa7e 48 FHA ODOD 8548  5TH $0048 0054 €956 CMP #$0659
BE7L BA THA ODOF ROES LDV #4000 0D56 D9G3  BHE $0DSE
B&72 49 PRA OB11 Z840a5 JoR $0840
G573 95 TYA D014 A9BE  LIA #50060 0D58 406604 JMP $@45R
BE74 43 PHA OIi6 854A STA $004A OD5E (958 -CHP #$GESE
G675 A91G  LDR #4010 Orig 8544  STA $8P44 OOSD D963 ENE #8062
B&77 854E  STA $084E ODIR &545 &TR $68435 OISF 4CEEAD JMP $0DSE
8579 Aol@  LDA #5eaie 0D62 4C806T JHP $0000
B67E 854F  STA $804F anic 6568  STA $6068 On&S g8 BRK
6670 REGE  LDY.#$pand GRIE A9BD  LDA #36660 CDES 88 BRK
867F 98 TYA D35 6561 STA $0861 OD&7 66 ERK
G650 914E  STA <$9Q¢4E);‘r 0022 RZ26  LDX #4026 OD6E 68 BRK
6582 CR INY 0024 865t  STX $0931 opss 0o ERK
8683 DEFB  BME %8650 0D26 CH LEX OD6A 68 BRK
apz7 8652 ST $8652 ObSB 64 BRK
G685 £64F  INC $204F @Dzs A91@  LDA #3001@ ODeC 06 BRK
G657 A9Z2G  LLA #9620 OLZB 8548 STA $9840 OD5D 69 BRK




