


ATOM 8 BBC 
NUMBER 

FUlBT nnE £100 CASH 
ZODIAC 

Following the success of our first Adventure Competition A & F are launching "Adventure Competition II". 
The £100 Fi rst Pr ize will be in the winners hands in time for Christmas. 

Find your way through the Houses of the Zodiac, beware the demons and monsters, survival is not easy but the answers can 
be found! Can you gain Immorta lity? 

Requires 12K RAM 
Price £6.00 

Closing date 30th November 1982 

ATOM GAMES AT £4.95 
CYLON ATTACK 
A FAST MOVING 3D SPACE BATTLE 
As you s it in you r starfighter looK ing out into the void of space 
remember the CYLON race only want Mankind for food!! You 
glance up al your long range scanner the CVLON fleet is In 
range. Quickly you select a target and turn to meet it ready 10 
defend Earth 10 the end!! 
SK Text 6K Graphics 
(An excellent screen . nice sound and a fast moving game. Y.C. 
July 82) 

MISSILE COMMAND A fas t moving version 01 the popula r arcade game 
You have th ree bases from which to fire your defence missiles , protecti ng 
your c iti es and bases from Ihe missiles and aircraft att acking you lll 
SCORE/ HI SCORE/MULTIPLE LEVELS/ SOUND 
5K Text 6K Graphics 

MINEFIELD A fast moving all action game that requires skill and quick 
reaction l You must shoot the supermines with your ki ller tank before their 
time fuse runs out, or risk bemg destroyed when they explodel!! 
SCORE/HI SCORE - FUELI AMMO COUNTERS - SOUND 
SK Text 1 /2K Graphics 

EARLY WARNING Using radar contro lled delence systems you must 
destroy the waves of ICBM s attack ing your ci ty, if one gets th rough, you 're 
DEAD !! 
HI RES DISPLAY - 48 LEVELS - SOUND 
5K Text 6K Graphics 

POLECAT Avoiding the hungry POLECAT can you find the way through 
the rabbi! warren onto the surtace and return to the salety 01 the burrow with 
the food you have collected? Millions of mazes Just as you get used to the 
maze it changes!! 
SK Text 6K Graphics 

ATOMIC CUBE Our version of the popular AUB le CUBE. A 3D front and 
rear view of the cube is displayed in high resolution colour ' graphics. Mixed 
and ready tor you to solve. THIS IS NOT AN AID TO CUBE SOLVING BUT A 
PUZZLE WHICH YOU HAVE TO SOLVE I!! If you think RUBie is easy try our 
challengelll 
"LOOKS GREA T IN MONOCHROME AS WELL! 
SK Texi 6K Graphics + FP, AOM 

DEATH SATELLITE 
AN ADVENTURE PROGRAMME 
Your Time Capsule has materialized on a deseoed satellite. The only way to 
escape is 10 find a fuel source 10 recharge your capsules energy cells 
Can you so lve the mystery and avoid the traps on the "DEATH SATELLITE" 
or will you tail? 
Requi res 12K RAM 

A ***************** 
:: A & F SOFTWARE :: 
~~~~~~~~~~~~~~~ F 

ATOM GAMES AT £3.95 
ROBOT NtM 
An animated version of this popular puzzle. Watch the antics of Ihe 
control robot as you struggle with the ATOM tor control of the game. 
The writer has incorporated a fine touch to the animation and 
maiched with Ihe sound effects makes It a challenging puzzle wIth a 
touch 01 humour making ROBOT NIM fun to play or watch. 
5K Text 1/2K Graphics 
(Even if you l ind NIM boring you will be entranced by this gorgeous 
verSion Your Computer July 1982) 

POLARIS 
Your submarine is ordered to sink an enemy convoy , By using skill, cu nn ing 
and strategy can you aVOid the es corting wa rShips and dangerous shallows 
to succeed with your miSSion? 
5K Text 6K Graphics 

ATOM UTILITY PROGRAMME 
ATOM SUPERCOS 

Tired of waiting for your programs 10 load? SUPERCOS IS a low cost HIGH 
SPEED (1200 baud) COS you will be able 10 save/load 5 times faster than 
normal. In addition SUPEACOS provides visible load, program lesl verifying. 
plus 8 other commands. AeQ's t.2SRAM Only £5.95 

BBC GAMES 
MODEL A & B 
BBC A popular game !romour Atom range converted and enhanced to run 
on the BBC Micro 

POLECAT Find your way through the warren onto the surface and return 
to your burrow Wi th winter supplies. Easy!! - Beware the Polecats. £6.00 

MODEL B ONLY 
EARLY WARNING Destroy the attacking waves of ICBMs using a radar 
traCking system and intercept missiles. High resolut ion colour graphics. 

£6.00 

ROADRUNNER The oppos ition will stop to gel you. In this arcade style 
ca r chase: dodge th rough the Sunday traffic, weave to avoid their wire asthe 
black cars try to shoot you 011 the road! Beware the hells angels who assist 
Ihem! Can you survive? 
Excellent sound and graphics Introductory Offer £6.00 

MANCHESTER SHOWROOM NOW OPEN · 
830 HYDE ROAD, GORTON, MANCHESTER 

Orders to: 
A & F SOFTWARE (Dept. AC1) 
10 Wilpshire Ave., longsight, Manchester M12 STL 
Access/Visa orders on (061) 320 5482. 
All prices as stated, no hidden extras. 
Send sae for catalogue 
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Graphics. What are they 
and what can you do with 
them? Those two 

questions are not quite as silly 
as they may at first sound, 
because there are many types of 
graphics and even more ways of 
using them. The first use that 
springs to most people's minds 
is games such as Space 
Invaders , Pacman , arcade 
games and the like. Certainly, 
these are valid and attractive 
uses of the graphics facilities of 
small computers bu t they are 
not the only use. 

In this, the second issue of 
Personal Software, I have tried 
to assemble a complete , across ­
the-board package of features , 
information and programs to do 
with things graphical. All the 
features and program material 
has been previously published 
in Computing Today over the 
last three years and has been 
thoroughly tested by you, the 
readership. The information 
section at the back of the 
magazine is intended to provide 
the maximum amount of 
assistance for people converting 
programs which incorporate 
graphics from one system to 
another. The Graphics Details 
charts have been added to over 
the years and this is the first 
time the whole collection has 
been published as one . . . we've 
even added in a couple of new 
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ones tool The Graphics 
Directory, however, is a totally 
new compilation of information 
and sets out to p rovide a quick 
reference to the sort of graphics 
facilities available on virtually 
every common micro under 
£1,0C'0. 

The main area of interest for 
many readers will , of course, be 
the collections of programs. 
These have been split into two 
sections; Games and Utilities. 
The first section is really fairly 
self-explanatory and provides a 
reasonable cross -section of the 
sort of games which can be 
brightened up by the clever use 
of graphics. The second , and 
more serious, section provides a 
wide range of ready-made 
utility programs which can be 
used either on their own or as 
part of an existing program. 

All the programs have been 
reformatted into the CT 
standard format and all known 
errors found in the originally 
printed versions have been 
corrected. The range of 
machines covered is wide and 
there should be something for 
almost everybody, even if it is 
an idea rather than an piece of 
code. 

After the problems we 
encountered with the first issue 
of Personal Software over the 
sizes of programs for the BBC 
Micro, we have slightly altered 

our way of indicating the size 01 
memory required for the 
programs to operaie . Unless 
specified to the contrary, all 
programs presented here should 
run in the standard size of 
machine; a Tandy Level II 
BASIC program will, for 
example, assume a 16K 
machine . This may seem a 
somewhat negative method of 
approaching the problem but it 
should prove more reliable. 

Having covered the contents 
of the book from the back to the 
middle, what about the front? 
The first main feature is 
Interactive Graphics and this 
was fi rst seen as a three-part 
series in Computing Today. The 
reason for iis inclusion is 
simple , it is virtually the only 
complete introduction to the use 
of simple graphics techniques 
which has ever been published I 
If you have just bought a 
machine which has graphics 
facilities or you are looking for 
new and different ideas on how 
to get more out of your graphics 
system, then this is the logical 
starting point. If you already 
feel that you know all there is to 
know about computer graphics, 
then it is still probabl y a good 
place to refer to as it is unlikely 
that you know everything. After 
all, the answer to Life, The 
Universe and . . . well, 
Everything is only an asterisk I 
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=_ ~-,, " y published in Computing Today (November, December 1900 and January 1981) as 
=. =es·part series, Interactive Graphics introduces the concept of creating moving 
:;:=.::-·. iCS on your micro and how to utilise them within. existing programs. 

C:::= .. e te with a full explanation of the use of POKEs and PEEKs, the feature continues 
--= ::'e:ails on how to make cursor control work for you. The last part of the article looks at 

== -:-:...:ous characters a micro can display and how to use them to your best advantage .. 
=-_::x:rrams contained within the feature include simple movemeJil routines, demonstrations 

:::: ?-:-:-~ and POKE in use, examples of how cursor controls can be utilised and ways ·that 
-,,-~ ;.,e code can be made to speed everything up. 



Trevor Lusty 

INTERACTIVE 
GRAPHICS 

Getting things to move on a 
video display is not so 
very difficult when you 

think about it. It's surprising 
that we ever manage to keep 
anything stationary. After all, 
you're actually watching a 
moving spot which crosses the 
screen 625 times every 1/25 of a 
second. Now, if your display is 
12" wide, that's 625x25 ftlsec -
which is ave 21,CXJO mph! 

Memory mapped video is a 
display system in which each 
character position on the screen 
is actually a memory location . A 
unique function of this block of 
memory is that it is accessed by 
both the processor and the 
video circuitry. The memory 
assigned to video is constantly 
scanned to refresh and update 
the screen, and consequently, 
any change in the location 
value is immediately visible. We 
shall be using the PEEK 
function to look at the values in 
these memory locations and the 
POKE function to change them. 

Any video display which 
uses a memory mapped 
technique is capable of 
producing simple graphiCS, and 
the programs contained in this 
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article are examples of various 
possibilities. They should work 
with any computer which has 
PEEK and POKE statements and 
uses this type of display. 

A Random Start 
Before we actually begin, it is 
important to realise some of the 
dangers. Indiscriminate 
POKEing is likely to spell 
instant disaster! Find out the 
value, base 10, of the memory 
address of the top left-hand 
corner of your screen, the 
number of characters per line 
and the number of lines per 
screen. I have assigned the 
!cllowing variables to these 
values: 

SP = Screen Pointer 
(PET= 32768, TRS-80= 15360, 
etc) 
LL = Line Length 
(PET = 40, RML 380Z=64, 
etc) 
PL = Page Length 
(PET = 25, TRS-80= 16, etc) 

Set up these values according 
to your system and you should 
have few problems . The value 
of the address for a position X 

A programmed 
course in making 
things move around 
your screens. 

spaces across and Y lines down 
may be calculated as SP + Y' LL 
+ X. Okay - enter and run the 
following program. (Remember, 
my values are for a PET.) 
10 SP=32768:LL=40 : PL=2S 
20 FOR J=0 1'0 255 
30 POKE SP , J 
40 NEXT J 

All the characters available 
should have appeared in quick 
succession in the top left-hand 
corner of the screen. If this does 
not happen check on the value 
for SP. Now, that wasn't very 
helpful, so let's try to space the 
characters out a bit. Change 
line 30 to POKE SP + J,J and re­
run the program. The 
characters shoul<;l appear on the 
top few lines of the screen, but 
the RML 380Z will not display 
all the characters using this 
method as there is some 
addressing conflict at the right­
hand edge of the screen. 

We are now ready for our 
first 'mind-b lower'. The 
following program POKEs 
random characters to random 
positions on the screen - try it 
and see: 

10 SP=32768 : LL = 40 : PL=25 
2~ FOR 1 = 1 TO 1~~~ 
30 RL: INT(PL*RND(l» 
40 RP==INT(LL * RND(l» 
51:1 POKE SP+RL*LL+RP,INT(256* 

RND (1» 
60 NEXT I 

You should now have characters 
splattered all over the screen. 
What we need now is to bring 
some order to this apparent 
chaos. 

A New Kind Of Art 
The first thing to do is to choose 
a character from those 
available. I have found the 
reverse of the Space key to be 
the most suitable, this has a 
POKE code of 160 on the PET. 
(Your value may be different.) 
Enter the follOWing program 
with a POKE code number 
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which works for you : 

1000 SP=32768:LL=40 :PL=25 
1 0 20 PRINT CHR$(147 ) 
11 00 POKE SP+4*LL+4,160 

The CHR$( 147) is to clear the 
screen , and when you run this 
program the result should be a 

. single white blob in the top left· 
hand quadrant. Add the 
following lines of code and reo 
run the program: 

1120 POKE SP+4 *LL+(LL - S) , 160 
1140 POKE SP+(PL-S) "'LL+4 , 160 
1160 POKE SP+ (PL-5) * 1..1..+ (LL-5) ,1 60 

The result this time should be 
four blobs symmetrically placed 
on the screen. Figure I shows 
how the addresses are 
calculated in order to achieve 
this effect. Remember that the 
top line of the screen is line 
zero and the left ·hand column is 
column zero. Adding four blank 
lines at the top of the screen 
therefore puts us on the fifth 
line down. This explains why 
five must be subtracted from the 
page and line lengths in order 
to obtain a symmetrical result. 

You are now ready for 
'BLOTCH' which is listed 
below. This program POKEs a 
symmetrical pattern to the 
screen and then, aHer a short 
pause , continues with a new 
display. Lines 1200 to 1260 
show how to POKE a string of 
characters to the screen. The 
+ 64 in line 1240 produces 
reverse video on the PET - you 
might have to leave it out. 

5 POSITION 
ACROSS 

5 LINES 
DOWN 

PAGE 
LENGTH - 5 

LINE LENGTH -6 

1000 S P=32768:L L=40 :PL =25 
1020 HL=INT (LL/2) :H P=INT (PL/2): PR INT 

CHR${l47) 
1040 FOR 1=1 TO 150 
1060 X=INT(RNO(I) * (HL+2Jl : 

'i =I NT (RNo ( 1 ) '" (H P+2 }) 
1080 X:INT (RNO(l ) *X ) : Y=INT{R ND{l) *Y) 
110 0 POK~ SP+Y*LL+X , 160 
11 20 rOKE SP+Y*LL+(L~-X-l) , 160 
114C PO KE SP+(2* I! P- Y}*LL+X , 160 
1160 POKE SP+(Z * fIP - Y)*LL+(L L-

:<-1 ) , 16!il 
118 0 NEXT I 
12 01:1 W$;"BLOT CH " 
1220 FOR X"'1 'ro Lt:N('o'l$} 
12 40 POKE SP+HP *LL+HL - l +X-Lt:N( W$)/2 , 

ASC{MIDS(WS,X,l) )+64 
12 60 NEx'r x 
1 28 ~ ~OR 1"'1 'ro 50IHl : NEx'r r 
1300 flUN 

'BLOTCH' weights the address 
numbers towards the corners 
using lines 1060 and 1080. 
However, if the result is still too 
random for you, try the 
follOwing program. This has a 
much more mathematical 
flavour and produces a real 
piece of modern art. Line 1050 
may be omitted by non ·PET 
users, it merely demonstrates 
another way of getting the title 
onto the screen. 
1000 SP=32 768:LL~40 : PL = 25 

1010 ~OR I=SP TO SP +PL*LL:POKE 
1 ,160:N EXT I 

,H120 FOR Ll=0 TO PL-l 
1030 POKE SP+Ll*LL+(INT(6*RND (1) +1 )* 

INT(6*RND(1)+1») , 32 
1 040 NEXT Ll 
1 050 PRINT" [Hal'll [REV)CU6I SM[CDI 

[ 6 CRI U [CD) [CLI B (COl [C LI I [CD) 
(CLjS[CD] [CLjM[OFFjH 

1060 FOR Pl,,0 TO LL-l 
1070 POKE SP+LL*(INT(S*RND(I )+l) * 

INT(4*RND( 1)+1) )+Pl,32 
1080 NEXT PI 
1090 GOTO 1020 

Getting Things Moving 
So far, so good - we can now 
make patterns appear before 
our eyes, but as yet, we have no 
illusion of movement. Think of 
the Blackpool illuminations, and 

SP+ (PL-5) -LL 
+(LL-5) 

FEATURE 

the way they make a static line 
of bulbs appear to move. Let's 
try to emulate that effect. For 
each bulb we will use an 
asterisk ( ' ) for which the POKE 
code is 42. Enter and run the 
following program: 
1 50 SP=3 2768 : LL=40;PL=2S ' PRINT 

CHR$ ( 14 7 ) 
160 FOR J =10 TO LL- 10 
170 POK E SP+J , 42 
180 Ni:: XT J 

Well, there's our line of bulbs 
- not very exciting yet. Add 
the following code to your 
program and re·run it. 
190 FOR J =10 TO LL - 10 STEP 2 
200 POKE SP+J , 32 
210 Nl;:xT J 

The last piece of code has 
switched some of the lights off 
because 32 is the POKE code 
for a space. Now we will try to 
be clever. We will work our 
way along the line of bulbs, 
moving the pattern one position 
to the right. Add this coding 
and reo run the program: 
220 T2"PEEK(SP+LL -IU) 
2 30 FUR J"'10 TO LL - 10 
240 'r l =PEEK(SP+J) 
25 0 POK E SP+J , T2 
260 'r2=Tl 
270 ru::<.T J 

Can you see the way variable 
T2 is used to make the pattern 
loop back on itself? All we have 
to do now is add: 
280 GO'ro 2)1;1 

and the trick is complete - try 
it and see. 

The following program 
incorporates the above 
techniques to illustrate how they 
might be used to bring the 

Fig . 1. How to calculate character posHlons on the screen. 
A symmetrically placed grid Is used as the pla y area In 
the game ot Wumpus. 
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INTERACTIVE GRAPHICS 

screen to life . I thought of the 
name 'ENTOMB' as I was 
writing it - I think you'll agree 
that it's quite apt. Here is the 
complete listing, and the 
explanation follows: 
200 SP=3276 8:LL=40:PL=25 :PRINT 

CHR$(147) 
210 FOR J=0 TO PL- l 
22fl POKE: SP+J*LL,1 60 
230 POKe S P+J*LL+L L- l,160 
240 NI::XT J 
250 Fok J=0 TO LLal 
26 0 POKE SP +J , 160 
270 POKE S P+24*LL+J,1 60 
280 N!::XT J 
290 RI::M " SI::T STAR'rING POSI'fION 
300 HEM " AND DIREC'rrON VECTORS 
310 X=INT (LL/2); 'i::oINT (PL/2) 
320 P=SP+Y*LL +X; Xl=l : 'i!=LL 
331:1 RI::M .... CHANG!:: DIlll::c'rlON IF 
310 REM *. WE ARI:: ilLOCKED 
350 H' PEEK( P+Yl) =160 THEN Yl:-l'l 
360 IF PEE K(P+X!) = 160 TIIEN Xl=-Xl 
370 P=P+Xl+Yl : POKI:: P,4 2 
380 IF' (P:P6) AND ( P= P 2) THEN END 
390 RI::M '" ADJUST Lt::NGTII AND 
400 IH::M .... POKE TH E O~STACLIc:S 

410 P7 =P6;P6= P5:PS=P4:P4= P) : P) =P2: 
P2=P!:P! =P 

421:) POKI:: P7 , 32 
430 POKI:: SP + HHH,*IWI)( l) , 1611 
44':1 POKJ:: SP +LL* {I+IN'f{(PL-2 ) * 

"NO (I») + (LL*RND (1» , 32 
4 50 GO'ro 35 ~ 

'ENTOMB' may be entered and 
run in stages . Let's start wi th 
lines 200 to 280. These lines 
clear the screen and set up the 
border. Type in the program up 
to this point and run it to ensure 
that it works correctly. This is 
most important as we will be 
using the border to keep our 
asterisk snake confined ... and if 
it gets loose you might be 
POKEing in some unfortunate 
places. 

Make sure you understand 
the following piece of arithmetic 
gymnastics before you proceed 
further. In order to give the 
illusion of movement we must 
be able to move vertically, 
diagonally or horizontally from 
any position on the screen, but 
our only reference to our 
present position will be a POKE 
number P. What values must be 
added or subtracted to this 
number for the required 
movement? The solution is fairly 
easy: to move right one position 
add one and to move left 
subtract one. To move vertically 
down,we add a whole line 
length and to move up, we 
subtract this value. Diagonal 
movement requ ires a 
combination of these two 
movements, as Fig. 2 shows. 
The variables , Xl and Yl, are 
used to store the required 
increments, and direction may 
be changed by changing the 
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AnQther old favourite, Chase, uses a f.lxed play area In which you move 
around avoiding unpleasant death. 

sign of one or both of these. 
Lines 350 and 300 show how we 
can look ahead in the direction 
of motion and change direction 
if we hit the border. Type in the 
program up to line 370, add 
line 450 and run the program 
again. 

The result should be an 
ever-increasing string of 
asterisks wbich appear to 
bounce off the border 
surrounding the screen. Use the 
Break key to stop ·the program 
as it is in an infinite loop. You 
would be well advised to store 
temporary copies of your 
program as you go along, just 
in case the ravenous, expanding 
monster which you have just 
created escapes and plonks 
asterisks through main memory! 

Some limit on the length of 
our snake is required, and thi s 
is achieved by lines 410 and 
420. These lines store previous 
positions for the head and 
POKE a space when the head 
has moved seven steps . Insert 
these lines into your program 
and you'll see what I mean. 

The program is completed 
by line 430 which adds extra 
obstacles to the screen, line 440 
which gives the snake a chance 
to escape and line 380 which 
stops the program when the 
snake is in danger of 
disappearing up its own 
posterior. The program 

continues until the poor snake is 
entombed in a mass of white 
blobs. 

Making It Faster 
As you add more coding and 
try to make more things move at 
the same ime, things gradually 
ge: slower. This can be 
overcome in h'lo ways,. either by 
impco'Jlng your BASIC coding 
or by using machine code . The 
follOwing program is an 
example ! how a li ttle thought 
will sPeed up your BASIC . 

100 SP= 32820 : LL =~ 3 

110 FOR K: l i O 5 
120 FOR L,. 1 'ro 29 
1 30 POKJ:: SP~ K * LL~L - l , 32 

140 POKE S P+K *LL+ L-l,4 G 
150 POi'.E S P ... K*LL -L,4 2 
160 NEXT L 
170 POKE SP ... K * LL~L - 2 , 32 

180 POKE SP+K *LL+L-l , 32 
191'1 NEXT K 
201'1 REM ** rHE SAME BUT 
210 REM ** MUC H FASTER 
220 FOR K"l TO 5 : '{ =SP+ K*LL : FOR L=1 

·ro 2{l :X ='{H. 
23 0 POKE X- 2 , 32 : POKE X-l ,46: 

POKE X,1l 2 
24 0 NEXi:POKE X- l , 3 2 POKE X,32:NJ::XT 

The POKEing techniques should 
now be fami liar to you, but note 
how the second section is 
condensed and how 
unnecessary calculations are 
removed. When you run this 
program you will see just how 
much faster the second version 
is. The coding for the second 
section is much more difficult to 
understand, so I suggest that 
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P-LL 

P-LL+l 

P-l~4~------------- P ---------....... ~ P+l 

P+LL+1 
NLL-l 

P+LL 

Fig. 2. Movement dlrecHon from any given point can be calculated quite simply. 

you only use this technique to 033A 1 REVERSE SCREEN ROUTINE 

speed up an already working :n~ i 6502 A::>:"::::MHLt:I> I.I STrNG 

program. 033A 4 f' OR THE P';I' 

There are times, however, :~~1 ~ SCR EEN "' l 

when BASIC just isn't fast 033A 7 

h I . th t 033A A2 " 8 enoug . maglne a you are 03)C 86 02 9 STX 
on the Enterprise when the 0 33E A9 "' lU LDA 

LOX 

Klingons attack, POKEing a few :~:~ ~~ 01 g LOOPA ~~~ 
LOY b lobs on the screen is just not 0343 AO 0013 

h h 0345 131 0114 LOOPt! LDA dramatic enoug . W at we €l347 49 8U 15 EOR 

would like to do is to reverse 0349 91 0116 

I f 0348 CB 17 the whole screen a coup e 0 034 C D. F718 

times to simulate an explosion. 03" '6 0219 
03 50 1::0 7C 20 

This requires a machine code 0352 DO ,,21 

routine. My problem here is 0354 6. 22 
\l 355 23 

that not all machines use the 

STA 
INY 
BNE 
INC 
CPX 
BNI:': 
H'fS 
.END 

fStHI 
SCRt::eN+l 
IS00 
SCRJ::E N 

I" 
(SCREEN) ,Y 
~ $8 " 
( SC Ht:I:::N) , Y 

LOO PS 
02 
IS7e 
l.OOPA 

same processor or have the 
same memory map, but the 
following routine shows how this 
effect can be achieved on a 
PET. 

The code resides in the PET's 
second cassette buffer, but it is 
relocatable. The routine may be 
called using a SYS(826) 

j ! ! ! 

i- -I 

l~'i k-- ..l.......L-L-L...J.-Ll..-

l ' .*' 7,' r;:;' r * . "" - '" - ~ 
' ~ I , t, .• 
1 ~ I. 

,. .... 

Fig. 3. An open and shut ca .... 
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! I ! I 

f-- -! 

.~ 

FEATURE 

statement, and may be easily 
incorporated into a BASIC 
program using the follOwing 
loader. 

lUW FOR 1=826 TO 8S2 ; R~AD J:POKe 
I , J :N cXT I 

110 DATA IG2 / 12 8 , 134 , 2 ,169,~,1 33 , 1 , 
202 ,1 6>1 , 0,1 77 ,1, 73 ,128 

120 DATA 145,1, 2~0 ,20 8 , 247 , 2)U,2, 

22 4,1 24 , 208 , 238 , 96 

Having POKEd about inside the 
video RAM and moved things 
around the screen, it might 
seem that all has been covered. 
This is not so, for, if your 
computer has cursor control, 
you have an alternative method 
for creating the illusion of 
movement. Indeed, some VDUs 
only have this method available. 
'If you have a choice, however, 
you might well be asking why 
you need to bother with a 
second method. The answer to 
that question is in two parts: 
i) Cursor control can be 

quicker than POKEing -
and this is important when a 
large number of characters 
have to be moved . 

ii ) It's easier to assemble a 
cursor controlled PRINT 
statement because you may 
be able to use the keyboard 
graphics symbols directly. 
There's no need to calculate 
all the correct ASCII or 
POKE numbers. 

A Cursor String 
Cursor control characters need 
not always be contained in 
quotes in PRINT statements . It's 
easy to build up a string which 
contains the necessary 'ups', 
'downs' or 'sideways'. Perhaps 
the simplest example is as 
follows: 
10 A$= "* [CL] [SPC!-
20 FOR I =1 TO 6 
30 A$ : AS+A$ 
HI NEXT I 
521 PRINT AS 

Note that line 30 doubles the 
length of the string every time it 
is executed and the final string 
is 192 characters long . When 
A$ is PRINTed the sequence is 
as follows : 

i) Print an asterisk. 
ii ) Move the cursor one space 

to'ihe left so that the next 
character will be printed 
over the asterisk. 

iii ) Print a space, thus removing 
the asterisk. ~ 
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REM ** CLEAR SCREEN, SET UP 
REM ** CQRSOR STRINGS AND 
REM ** PRINT THE BACKGROUND 
PRIN'f" [CLS] ": Lz=20 

1920 8$=B$+ " [-Z] [SPC] [- %) [SPC] [ - WI [3 SPC] [-WI [SPCj [- ' I 
[SPC] [-Z] "+C$+ " [CL] " 

11130 
1120 
1140 
1160 
11813 FOR I-I TO 50 : POKE 32768+INT{700*RND(1)) ,46: 

1940 8$=8$+ " [-Z][-%][3 SPC][ - A][3 SPC)[- ' )[-Z] " +C$ 
1960 B$=B$+ " [SPC] [ - %1 [ 2 SPCj [3-$] [2 SPC] [A , ] [SPC) " +C$ 
1980 B$=8$+ " [SPC] [ - %1 [2 SPC] [-%] [A ,, ) [A ' ) [2 SPC] [ -' I 

NEXT I [SPC1 " -'-C$ 
p$=" [HOM) [5 CD] [13 CRJ II 2 000 B$"'8$+ " [SPC] [-%1 [2 SPC) [-L] [-$] [- : ] [2 SPC ] [A , ] 121313 

1220 
1240 
1260 
1280 
1300 
1320 
1340 
1360 
1380 
1400 
1420 
1440 
1460 
1480 
1500 
1520 
1540 

C$= " [CD) [11 eLl" : D$ =" [CD] [6 eL l " : GOSUB 1640 
PRINT " [HOM] [2 CRj " +E$ : PRINT " [HOM] [29 CR) "+E$ 
REM ** GET A CHARACTER 

[SPC) " +C$ 
2020 8$=8$+ " [SPC1 [ - M] [7-$] [-N] [SPCj " +C$ 
20 4 0 B$=8$+ " [4- " ] [All [-5) [- ~] [r " ) " +C$ 
2060 REM ** E$=BACKGROUND FACE PRINT P$+A$ 

GET Q$ : IF QS= "" THEN 1280 
REM ** CHECK FOR A DIGI'r 

2080 13$=13$+ " [AU] [4-1) (-I) "+0$ 

IF ASC{QS)<48 OR ASC(Q$»57 THEN 1280 
REM ** WORK THROUGH DIGITS 

2100 13$=13$+ " [ ~ 11 [ - @1 [2 SPC] [ - @] [ - I] "+0$ 
2120 E$"'E$+ " [-Z] . [ -' ](-%] . [-Z) " +D$ 
Z1 4 0 13$=13$+ " [ - I] (SPCj [-<) [ - >] [SPC] [ All "+0$ 
Z1 60 E$=E$+ " [-j] [SPCj [Z-@] [SPC] [ - 1] " +0$ 
2180 E$=E$+ " [--I (-@] [r2] [ - @] [ - =] "+ D$ 

FOR XZ - 0 TO VAL(QS) 
POKE 0 , 120 : POKE 1 , 255-11*VAL(Q$) 
IF XZ<l AND VAL(Q$)-0 THEN GOSUB 1580:GOTO 1500 
IF XZ<l AND VAL(Q$»0 THEN 1500 

22130 E$"'E$ +" [2- " ] [A) J [-~l [2- " ] " +D$ 
2220 REM ** MACHINE CODE ROUTINE 

REM ** OPEN MOUTH AND MAKE A NOISE 2240 REM ** FOR THE SOUNDBOX 
PRINT P$+B$ : GOSUB 1580 ; SYS 826 : PRINT P$+A$ 
NEXT XZ : PRINT P$+A$:FOR 1=1 TO 500 : NEXT I 
REM ** CLEAR THE NUMBERS 

22613 POKE 59459 , 255 
2280 FOR HB =826 TO 870 
23130 READ B:POKE HB,B : NEXT HB 

PRINT " [3 CD)":FOR I~ l TO 20 : PRINT " (6 SPC) "i: 2320 DATA 165,1 , 162 , 215 , 142,64,232 ,1 70 
2340 DATA 202 , 208 , 253 , 240,O,240,O , 240 , 0 
2360 DATA 240 , O,240 , O, 162,223 ,1 42 , 6.4 , 232 
2380 DATA 170 , 202,208 , 253,198 , O, 208 , 5 
2400 DATA 234,234 , 234 , 234 , 96 , 240 , 0 

NEXT I : POKE 158 , 0 : GOTQ 13013 
REM ** PLOTTING ROUTINE 1560 

1580 
16!Hl 
1620 
1640 
1660 
1680 

PZ = 18 : IF VAL(Q$»l THEN PZ=4*XZ+15 - 2*VAL(Q$) 
PRINT LEFT$( LZ$,LZ+l) i TAB(PZ)iNZ$(XZ):RETURN 
REM ** A$=fACE WITH SHUT MOUTH 2420 DATA 240,13 , 208 , 213 
A$=A$+" [SPC) [~U) [rl] ( ~ I ] [SPC) "+C$ 2440 REM ** SET NUMBERS 
A$=A$+" [SPC) [~)) [7 SPC) [ ~ )) [SPC) "+C$ 2460 LZ$=: " [HOM] (23 CD ] " 
A$=A$+" [~J J [~O) [-0) (( ~ @) [~. J [SPC) _l -0) [-@) [~.J [-P) 
[ All "+C$+" [CL]" 

2480 NZ$(0)="[REV] ( - , ] [ -i1 [OFF1 [CD] [ 2 CL] [-1] [REV] [-I] 
[Off] [CD] ( 2 CL] [REV ) [2A" 1 [OFf] " : NZ$ (1) = " [S PC] (- 1] 
[CDJ[2 CL ] (SPC ] [A!J[CD][2 CL) [SPC][->J" M =A$+" [~C] [-Z] [~%) [SPC] [-Q] [3 SPC] [-Q] [SPC) [~ ' I 

[-zJ [-C] "+C$+ " [CL)" 2500 NZ$(2)= "[ REV] [ - " 1 [A i 1[OFf] [ CD1 [ 2 CL J [REVJ[-,)(~"] 

[Off] {CD ] {2 CLl (REV ) {2- n ] [OFf]" : NZ$ (3) = " [REV1 [A ,, ] 
[- ; 1 [OfF) [CD] (2 CL l [-<] [REV) [-;J [OFF] [CD] [2 CLj 
[REV1 [2-"J [OFF]" 

1720 
1740 
1760 
1780 
1800 
1820 
1840 
1860 
1880 
19 0 0 

A$=A$+" [-]1 [-%1 [3 S PC ] [~]) [3 SPC1 [- I 1 [ - 11 " +C$ 
A$=A$+ " [SPC] [-%1 [ 3 SPC j [ - A] [3 SPC] [- . ] [SPC} "+C$ 
A$ =A$+ " [SPC) [-%] [2 SPC] [r"] [2 SPCJ [ -. ] [SPC] "+c$ 
A$=A$+" [SPC] [ - L] [r$] [ -: ] [SPC] " +C$ 
A$=A$+ " [4 SPC] [-I] [ SPC] [-I] [4 SPC] "+C$ 

2520 NZ$ (4)=" [-!] [ SPC j [CD1 [2 CL J [ REV] ( 2~<J [OFf] (CD] 
[2 CL] [SPC] [-> J": NZ$ (5) =" [REV ) [A , J [ -" J [Off] [CD] 

A$=A$+ " [4- " ] [-)] [-5] [- ~] [4 -" J " +C$ [2 CL] [REV] [_" ] [ -; ) (OFF ] [ CD] [2 CLI [REV] [2-"] [Off]" 
REM * * 8$ =FACE WITH OPEN MOUTH 
8$ =:8$ + " [SPC] [AU] [7 - 1] [-IJ [SPCj " +C$ 
8$"'8$+ " [SPC) [-JJ [7 SPC] [All [ SPC] " +C$ 

2540 NZ$(6)=" ( -!] {SPCl[CD ] [2 CL] [ REV] ( - , ][- ; ] [ OFf ) [CD] 
[2 CL) [ REV] [ r"] [Off) ": NZ$ (7 ) = " [RI::VJ [A" j [- ; 1 [OfF] 
[CD] [2 CL] [ SPCJ [ REV] [-! J [OFfJ [ CD] [2 CL1 [OFf] [SPC' 
[ A <] " 8$=8$+ " [- Z ] [-01 [ - 01 [[ - @] [-.J [SPC] [-0] [-@] [-.) [-P) 

[ - Z] " +C$+ " [CL] " 
The Rob ot listing. 

iv) Repeat the above steps until 
the end of the string 

Animation 
So fa r we have always restricted 
ourselves to moving the odd one 
or two characters on the screen. 
This often leads to an 
impression of movement, but 
animation requires that we 
move large blocks of characters 
simultaneously. After all, solid 
objects move as a whole, not 
one piece at a time . 

If some of my examples 
make you wonder whether I'm 
in my second childhood, 
perhaps I should explain that I 
have a three year old son who 
considers Daddy's 'blooter' the 
best toy he's ever seen. He 'll 
only leave me to work (play?) in 
peace if he gets his fair share of 
button pushing . I found I could 
either curse or cursor! 

Figure 3 shows two screen 
prints from one of his programs. 
He pushes a number, the robot 
opens its mouth, burps the 
required number of times (the 
program uses a Pets oft 
soundbox) and for every 
burp,displays the correct digit. 

10 

The reason for its inclusion in 
this article is that both the robot 
animation and the digits are 
produced under cursor control. 
The only POKEing required is 
for the starry background on 
which the robots appear. Apart 
from being enjoyable to watch, 
it has also been very effective in 
teaching him the digits 0 to 9. 

In the program, A$ holds a 
string of characters which print 
the robot with its mouth shut 
and B$ holds the string for the 
mouth open picture. By printing 
these alternately in quick 
succession it gives the 
appearance of a talking robot. 
The place at which the robot is 
printed is also governed by 
cursor control characters, the 
string variable P$, which when 
printed, positions the cursor at 
the correct point. Similarly, line 
1600 uses a chunk of LZ$ to find 
the correct line on which to 
print the numbers . This number 
printing routine may be 
extracted and used as a 
subroutine in other programs. 

Pu tting It Togethe r 
So far we have looked mainly at 

techniques and how they may 
be used. You will not normally 
be writing a program to 
illustrate a technique, you are 
much more likely to be 
interested in how you might 
best implement some bright 
idea . Let's look at a simple 
game and how it might be 
programmed . 

Consider a railway yard 
with three sidings . What is the 
best way to sort a set of goods 
trucks into order using those 
sidings? As most of us don't 
have a good s yard, can we write 
a program to simulate the 
problem? 

Obviously, we're not goi ng 
to be satisfied with just the 
printout of an answer - where's 
the fun in that? What we want is 
to see the engine chugging 
backwards and 
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MAIN LINE 

RUN TIME 
PRINT OUT 

SIDINGS 

BEST TIME 
PRINT OUT 

INPUT AND 
ERROR MESSAGES 

Fig. 4. The general screen layout. 

forwards,depositing and 
collecting trucks. If we want to 
find the best way, we must have 
some method of making 
comparisons of different 
solutions. Where do we start? 

The first thing to consider is 
the general screen layout. 
Figure 4 shows a possible 
solution. 

Now, how are we going to 
simulate train movement? 
Cursor control is difficult 
because the pattern to be 
printed will vary with every 
shunting action . This leaves 
POKEing - but how do we 
know where and what to POKE? 

I'll work through the 
program a bit at a time to show 
how the two methods may be 
mixed to produce a final 
working program . 
1 20 0 011'1 Pl(55) , P2(55) , P3(55) 
122e SP=32768:LL:40 
1240 GOSUB 3340 : 1111$ =" [3 S PC] . (J ell : 

B1'$= "999999 " 
1260 RE~I fill SET UP CURSOR 
1280 REM ** CONTIWL STRING S 
1300 CD$=" { HO~l]" : FOR J= l TO 40 
1320 CD$"'CO$+ " (CD] " ; CR$ =CR$+ " [ef< J " 
1 340 CU$=CU$+" [CUI ":C L$=CL$+ " [ell " 
IJG~ 8Ls=aLS+ " {2 SPC]" 
1380 NEXT J 
1400 BLS=8L$+CL$+CL$ 
1420 PRIN T " [7 SPC) {REV]PRES5 A KEY 

TO CONTINU!:': [OFF] " 
1440 GET A$ : IF AS= "" THEN 1440 
1460 PRINT "(CLS]" ;: POKE 59468 ,1 2 

The main function of this 
portion of the program is to set 
up the cursor control strings. 
The four C?$ strings are filled 
with sets of cursor control 
characters for each of the four 
directions. We can then position 
the cursor using these strings 
and the string functions. To 
move the cu rsor to the 20th 
position along the 10th line 
down, for example, would 
require that we PRINT 
LEFT$(CD$, lO);LEFT$(CR$, 19) 
IN$ is a string used to pOSition a 
dot under the cu rsor when 
using INPUT and BL$ is a string 
containing 80 blanks and 80 
cursor lefts which is used to 
clear garbage from two lines of 
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the screen without altering the 
cursor position. 

The rest of the coding is 
fa irly standard. GOSUB 3340 
calls the instructions and lines 
1420 and 1440 halve the 
program while we read. BT$ is 
used in the clock routine to 
hold the 'Best Time' and is set 
initially to a false value. 
1480 REM ·· SET UP THE MAIN LINE 
15~0 FOR J= O TO 39 
1520 Pl(J)='SP +J : P2(J)= SP+J: 

P3 (J) =SP+J 
1540 POKE PI (J) , 61 
1560 NEXT J 
1580 RE~l H SET UP Aim POKE S IDINGS 
1600 FOR J=1 TO 16 
1620 PI (J+1 9)=SP+1 9+L L*J 
16 40 POKE PI (J+19) , 34 
1660 P2(J +29)sSP+29+LI 
1680 POKE P2 (J+29), 34 
1700 P3 (J+39) sSP+39+I!. -_ 
172 0 POKE P3 (J+39) , 34 
1740 NEXT J 
1760 REM ** POKE THE :~DINGS 
1780 POKE P1(35)+2*LL 17 7 
180U POKE P2(45)+2*LL , 178 
1 820 POKE P3(55)+2~L ,1 79 

The screen POKE numbers of 
the main line and sidings are 
held in arrays, one for each 
siding . This section of the 
program sets up those arrays 
and POKEs the lines onto the 
screen . Note that if your line 
length is less than 40 characters 
you will have to change line 
1500, and the numbers in lines 
1780 to 1820 are peculiar to the 
PET. 
"1840 REM ** SET UP I NIT I AL 

CONDITIONS 
1860 Tl=35 : S1=0 : T2=45 : S2 s 0:T3=55 : 

S3 =0: LT=15 
1880 TI$="~00000":PRINT LEFT$(CO$,8) 

;" [REV)RUN TIME [O FF ] " 
1900 PRINT" [H OM]=[RE V) [~)] ( ~; ] (OFF] 

[~ : ) - (REV] FEHACDBKJGI" 
1920 REM ** INPUT ROUTINE 
1940 PRINT LEFT$(CO$ ,21 );BL$+"SIDI NG 

"+IN$ ;: INPUT S 
1960 IF S<1 OR 5>3 THEN PRINT " [CU) 

(R EV ] "; : GOTO 1940 
1980 PRINT L£FT$(CD$ ,22 ) ; BL$+"NUMBER 

"+IN$;: INPUT S X 
2000 IF LT - SX<4 'rHE N PRINT" [CU) 

(REV]"; : GOTO 1980 
2020 ON S GOSU8 2340 , 2680,3020 
2040 REM ** RUN-TIME ROUTINE 
2060 ST$"'TI$ 
2080 PRINT LEFTS(CDS , 10);MID$(ST$ , 3 , 

2) ;H MIN S ~ ; MIDS(STS , 5 , 2) ; 

" SECS " 
2100 FOR 1~1 TO 11:IF PEEK( 32772 +1) 

<>128+1 THEN I=12 : N£XT I: 
GOTO 1940 

2120 NEXT I 

Here we have the guts of the 
program. Moves are input and 
checked , the appropriate 
subroutine is selected and the 
running time is updated at the 
end of each move. The run time 
could be continuously updated 
but this slows down the train 
movement too much. 
21 40 REM ** BEST TIME ROUTINE 
2 160 IF ST$<BT$ THEN 8T$=STS 
2180 PRINT LEFTS (CD$ , 14}; " (REY] BEST 

TIJigjCD1" 

FEATURE 

220": PRI NT MI O$(8TS , 3 ,2):" MIN S H; 
MIO${BT$,5,2); H SECS" 

2220 PRINT LEFT$(CD$,21) ; BL$ 
2240 PRINT n [CU] [REV]ANOTH£R GO? 

(OFF j ": FOR Izl TO 100:NEXT I 
2260 GET A$ : IF A$ "' ''· THEN PRINT 

"[CUjAN OTHER GO? " : FOR 1=1 TO 
10 0 : NEXT I:GOTO 22 40 

2280 IF A$= " Y" THEN TI$= "0000 00 ": 
GOTO 1900 

2300 STOP 

Once the train has been 
properly sorted, this routine 
checks whether or not the 
previous best time has been 
beaten. The 'Another Go' 
routine shows how cursor 
control may be used to flash the 
question on and off using 
reverse video. The 
FOR. . NEXT loops in this part 
of the program are for timing 
purposes. 

2320 REM ** PUT 1 
2340 IF SI+SX<0 THEN PRINT " (CU) 

[REVj "; : GOTO 1980 
2360 FOR J=1 TO TI-LT-Sl 
2380 FOR K=J+LT TO J ST EP- l 
2400 POKE Pl(K) , PEEK(Pl(K - l)) 
2420 NEXT K 
2440 NEXT J 
2460 Sl=Sl+SX : LT=LT-SX 
2480 REM ** TAKE 1 
2500 FOR J=TI-LT - S l TO 1 STEP-l 
2520 FOR K=J TO J+LT-l 
2540 POKE Pl(K) , PEEK(Pl(K+l)) 
2560 NEXT K 
2580 IF P1(K»32808 THEN POKE Pl(K) , 

34 :GOTO 2620 
2600 POKE Pl(K) , 61 
2620 NEXT J 
2640 RETUR N 

This subroutine moves the train 
to and from siding one. Line 
2340 is testing for a legitimate 
move as trying to remove non­
existent trucks could result in 
one of the sidings disappearing 
completely! The movement is 
produced by the caterpillar 
method described earlier. 

2660 
2680 

2700 
2720 
2740 
2760 
278~ 

2800 
2820 
2840 
2860 
2880 
2900 
2920 

2940 
296~ 

2980 
3000 
3020 

30 40 
3060 
3080 
3Hl0 
3120 
3140 
3160 
318 0 
3200 
3220 

REI'l ** PUT 2 
IF S2 +SX<0 THEN PRINT " [CU} 
[REY ] "; : GOTO 1980 
FOR J= 1 TO T2-L'r-S2 
FOR K=J+LT TO J ST EP-1 
raKE P2(K ) ,PEEK(P2(K - l)) 
NEXT K 
NE XT J 
S2 =S2+SX:LT: LT - S X 
REM ** TAKE 2 
FOR J=T2 - LT - S2 TO 1 STEP - l 
FOR K=J TO J+LT-l 
POKE P2 (K) , PEEK (P2 (K+l)) 
NEXT K 
IF P2(K»32808 'rHEN POKE P2{K) 
3 4:GOTO 2960 
POKE P2{K) , 61 
N~XT J 
RETU RN 
REM ** PUT 3 
IF SHSX<f.l THEN PRIN T " (CU) 
[REY ! "; : GOTO 1980 
FOR J =1 TO T3-LT-S3 
FOR K=J+L'r TO J STEP - l 
POKE p3 (K) , PEEK,>(P3 (K-IJ) 
NEXT K I 
NEx'r J 
S3=S HSX: L'J'::;L'f -S X 
!lEi"! ** TAKE 3 
t·'v, " j'} "ro i ;JTi:.i' -1 
FOR ~. , " , rLr-l 
POKE P~ ( ;': : , \'(;£ I«P3(1<+1 ») 

II 
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3240 NEXT i\ 
3260 IF PJ(K») )2808 THEN POK8 P3{K ) , 

34 : GOTO 33 00 
328 £1 POKE PJ{K) , 61 
331"'3 NEXT J 
33 20 RETURN 

This section. is similar to the one 
above but is for the other two 
sidings. 
334£1 
3360 

3389 

34£1 13 

34 2£1 
3 44£1 

3460 

348£1 

350 £1 

352 £1 
35 40 

3560 

REM •• INSTRUCTIONS 
POKE 59468 , 14 :PRINT M[C LS ) ft; 'rAS 
(15) ;" [REV]SHUNTING [Of f] [3 CD] " 
PRINT" [2 5PC]S HUNTING IS A 
RAILWAY S IMULATION GAME" 
PRINT "WH ERE YOU HAVE TO SHUNT 
A SET OF GOODS " 
PRINT "WAGONS I NTO ORDER [3 CD)" 
PRINT " YOU MU s'r SPECIFY A 
SIDING ( 1-3) AND" 
PR INT "TH E NUMBER OF WAGONS TO 
BE MOVED . I F YOU "; 
PRINT -TYP E A POSITIVE NUMBE R 
WAGONS WILL BE " 
PRINT "ADDED TO THE SIDING, A 
NEGATIVE NUMBER" 
PRINT " REMOVE S THEM [3 C;)] " 
PRINT" [2 SPC )THE AIM IS TO 
SORT THE TRAIN HI THE" 
PRINT "SHORTEST POSSIBLE TIME 
[3 CD]" :RETURN 

Here are the instructions. 
Although they appear every 
time the program is run, they 
do serve the purpose of having 
something on the screen while 
the setting up is taking place. 

As we progress deeper into 
the graphics jungle so we move 
further away from any pretence 
at common standards. To write 
a general article on PEEK and 
POKE is relatively easy because 
most modern micros have a 
memory mapped display and 
their BASICs support these 
statements. Cursor control is 
more difficult because not all 
machines have it, and those that 
do have different methods of 
implementing it. We are now 
going to look at the actual 
characters which a micro may 
display and this depends not 
only on the hardware and 
software, but also on the 
manufacturer's philosophy 
towards graphics. 

Shades Of Definition 
Let's start by considering each 
character pOSition on the screen 
as a rectangle which may be 
either on (white) or off (black). 
On the RML 3802 this would 
give us a basic resolution of 40 
across by 24 down, on the 
TRS-80 it would be 64 by 16 
and on the PET it would be 40 
by 25. If we only had this 
definition to work with, all 
pictures would be very crude 
and difficult to decipher. 
However, each character 
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position is itself made up of a 
matrix of dots. The size of this 
matrix varies from machine to 
machine but let's take the RML 
3802 standard of six dots wide 
by nine dots high as an 
example . If we could switch 
each of these dots on and off 
individually, our resolution 
would leap from 40 by 24 to 240 
by 216 and we would have what 
is know as high resolution 
graphics . The snag is that you 
require more memory and 
additional hardware. 

Manufacturers have solved 
this problem in a variety of 
ways, but most use the fact that 
normal characters (ABC ... , 
abc ... ,1" + - . . ,etc) need 
onl y half of the 256 
combinations available in a 
single eight-bit byte. They use 
the remaining codes to define 
new characters which may be 
specailly designed a la PET and 
Sharp M2-80K, or chunky for 
use on the TRS-80 and RML 
3802. 

Pixel Characters 
The chunky graphics referred to 
above are known as Pixel 
characters and this type of 
graphics is similar to that used 
in Teletext transmissions on 
BBC and lTV. Each character is 
about three times as high as it is 
wide and includes six blocks, 

1 2 
Fig_ 5. How Ihe 
pixel character 
can be encoded. 

4 8 
I 

16 132 
I 

each of which may be thought 
of as having a speCific value. 
Each character has an ASCII 
code and these are all allocated 
as if the six positions had values 
1,2,4,8, 16 and 32 as shown in 
Fig. 5. Using this method we 
can consider the TRS-80 screen 
as an 128 by 48 grid, and the 
RML 3802 screen as an 80 by 72 
grid; both machines have 
statements which allow you to 
switch individual pixels 'on' or 
'off. However, these statements 
differ from machine to machine, 
and each of the manufacturers 
has numbered the screen in a 

different way. The TRS-80 uses 
SET and RESET with the grid 
numbered across and down, 
RML 3802 uses PLOT with the 
grid numbered across and up. 
By way of an explanation here 
are two programs, one for each 
machine, which produce an 
ever-changing pattern over 
the complete screen. 
10 REM ** TRS- 80 
15 CLS 
2!/l X-RND(128)-1 
25 Y=RN D(48)-1 
39 SET(X,Y) 
35 X=RND(128)-1 
40 ¥=RND (48) - 1 
45 RESET(X , Y) 
59 GOTa 20 

The X and Y coordinates are 
selected randomly using the 
TRS-80's random number 
generator, which is able to 
select integers within a given 
range . SET (X, Y) switches the 
required pixel 'on' and RESET 
(X, Y) switches the pixel 'off'. 

1!/l REM ** RML 38!/lZ 
15 GRAPH1 : PRINT CHR$(12) 
2!/l X=80*RND{l) 
25 Y=611*RND(1) 
39 PLOT X,Y,2 
35 X=8 !/l*RND(1 ) 
411 Y:60*RND(1) 
45 PLOT X,Y , 0 
50 GOTO 20 

The GRAPH I statement 
switches on the graphics 
'window' of the RML 380Z, which 
does not cover the complete 
area of the screen. This is why 
60, rather than 72, is required 
in lines 20 and 40. The machine 
also has the capability of 
plotting both grey and white 
pixels; all that is required is a 
change from 2 to 1 in line 30 (ie 
o for off, 1 for grey and 2 for 
white). 

Shape Reduction 
The SET or PLOT statements 
are fine for producing graphs, 
but the method becomes ted ious 
if large shapes are required on 
the screen . However, it is 
possible to save time and 
energy by printing the ASCII 
character which corresponds to 
a given 3 by 2 shape. Let's 
imagine that we wish to print a 
reduced version of the domino 
shown in Fig. 6. You will see 
that the grid has a 3 by 2 
pattern marked over it, and the 
top left-hand portion of the 
domino has the shape shown in 
Fig 7. The total of the 'on' 
squares is 23 and the pixel 
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Right: Here we have Ranin the Warrior 
about to enter the woods surrounding 

the dread Vounlm 's Lair. Will he manage 
to find the Helm of Evonna before being 

zapped by a Ring Wraith or eaten by the 
Kraken? The Valley is a program 
originally published in our sister 

magazine, Computing Today, April 1982, 
and is now sold on cassette for many 

popular micros by CT Software. 
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FEATURE 

l eft: This graphic display was produced 
by the HewleH·Packard 9845 system 
shown on the front cover of this 
magazine. The computer fi rst displays 
the bare surface and background, then 
builds the walls and places a roof on 
the building. The three-dimensional 
simulation can then be rotated as if you 
were actually walking around the 
building. 
Photographic facilities courtesy of 
Hewlett-Packard. 

left; This is a screen display o f the 
Sinclair ZX81 Flight Simulation program 
from Psion. This real time simulation 
provides the parameters of flight 
d isplaying a mock Instrument panel with 
navigation instructions as well as a view 
of where your 'plane Is at any time. 
Taking off is relatively easy, but 
landing ... 

/ 
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graphics have ASCII codes 
starting at 128. The ASCII code 
for our character is 128 + 23 
151, and therefore , the 
statement PRINT CHR$ (151) 
will print it on the screen at the 
current cursor position. 

Pseudo-Chunkies 
As stated earlier, not all 
machines have graphics of this 
type, but it is often possible to 
write a routine to accomplish 
the same function. Providing 
the machine has a complete set 
of quarter square graphics, it is 
possible to PEEK the screen to 
see what is already there and 
then POKE back the updated 
character. This is possible with 
the PET and the technique is 
usually referred to as double 
density graphics 

Being, by natu re, a lazy 
person, I searched for an easy 
way to incorporate double 
density shapes into my 
programs. The following 
program allows me to design a 
shape using full size blocks and 
then, when I press Return, it 
automatically produces a string 
(SH$) which represents the 
half-size picture . 

100 ~EM ** SHAPE REDUCER 
110 REM·* FOR HALF SIZE PICTURE S 
1 20 DIM SH{9 , 1l) ,SY S(15} 
130 CDS-"[HOM] [ 1 5 CD) " :CR$ -

" (2 5 CR I " 
140 FOR I:U TO 15 : READ SY$(I) : 

NEXT I 
151::1 DATA " (SPCJ ", [ -> l "," (~<l ·, 

" [REV ] [~"J (OFF1 ", " [~ ;J "," [ - 1 1 ", 
" { REV] [ -? J [OFF I " f" (REV ] [ A , I 
[Off) " 

160 DATA " [- , j "," [ -? ) "," [REV]{-!] 
[OFF} "," [RJ::V j (-; 1 (O fF ] ", " (- " ] ". 
" [REV ] (-<] IOFF ] "," [R I::V] [ - >] 
[OFf ]", " [REV] ISPC) [OFF) " 

17() L=(l : M=0 
180 PRINT " [CLSj "; RT$; " [2U-&) " 
19 0 FOR 1=1 TO 10 
200 PRINT RTS; " [ 4 -& ] [ 12 SPC ] [4-&) " 
210 NEXT I 
220 PR I NT HT$;" [20 - &J" 
23 ~ GOTO 3G~ 

24" PRINT" [SPC) [C LI ": a'Ot<. I= 1 'ro 
50 ; GET A$ : IF p~,> "" THEN 270 

251} NEXT I ; PRINT • [REV] [SPCJ [O fF ] 
(C L] ";;FJ t<. 1=1 TO 50 :GET AS ;I ~ 
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",Flg . 7. One 
segment showing 
the pixel value. 

<II Fig . 6. A double 
domino generated 
trom pixel 
characters, 

A$<> "" THEN 27\,) 
260 NEXT I:GOTO 240 
270 IF SH (L , M) ==0 THEN PRINT· [SPC] 

[CL]" ; 
280 IF SH(L,M):l THEN PRINT " [REV) 

[SPC) [OFF] [CL] "i 
290 IF AS=CHR$(13) THEN 480 
300 IF AS= " [SPC] " OR A$:" [R EV]" 

THEN 380 
310 U' AS"'- [CRj " THEN 1'1=1'1+1 
320 IF A$="[ CL] " THEN M=M- l 
330 IF AS= " (CUI " THEN L=L-l 
340 IF AS- " [CDI " THEN L=L+l 
350 GOSUB 430 
360 PRINT LEFT$(CDS , L+2);LEFT$(cas , 

M+4) ; 
370 GOTO 240 
380 IF .'\.$=" [SPC] " THEN PRINT 

" [S PC] .;: SH (L , M) "'0: M=M+ l 
390 IF AS -" [REV] " THEN PRINT 

"(REV ] [SPC j [OFF] " ;: SH{L , M) = l: 
I'\:M+1 

40 (' GOSUB 430:PRINT LEFT$(CD$ , L+2); 
LEFT$(CR$,M+4) ;: GOTO 240 

41 0 REM " ADJUST POSI 'rION 
4 20 REM ** OF IMAGE 
430 IF 11'1<0 THEN M=ll : L=L-l : IF L<0 

THEN L=9 
440 IF M>11 THEN M=0 : L=L+l : IF L>9 

THEN L=0 
4 50 IF L<0 THEN L=9 : M=M-1 : IF M<0 

THEN M=ll 
460 IF L>9 THEN L=0 : M=M+l:IF M)11 

THEN M=0 
470 RETURN 
480 SH$ =" ": FOR Ll=0 TO 8 STE:P 2 : 

FOR Ml=0 TO 10 STE:P 2 
49~ VX:SH{Ll , Ml)+2 *SH(Ll, Ml+ l)+4 * 

SH (Ll+1 , I'll) +8*SH (Ll+1 ,1'11+1) : 
SH$=SH$+SY$ (VX) 

500 NEXT Ml : SH$=SH$ +" [CD) [6 eL] " 
510 NEXT Ll:SH$=SH$ +" (2 CU] " 
520 PMINT "[HOM) "; TAB(2S) ; SH$ ; 

"[11 CD]" 
530 GO'ro 360 

The 16 quarter square patterns 
are stored in SY$ and READ 
from DATA statements in lines 
150 and 160. Lines 240 to 260 
are an INPUT routine which 
shows the position of the cursor 
on the screen, and the cursor 
position may be altered using 
the usual cursor control buttons. 
The RVS button will produce a 
white square and the Space bar 
provides a black square. 

The conversion routine, 
which reduces the size of the 
shape, takes place in lines 480 
to 510. Once the reduced shape 
has been printed, control 
returns to the main program so 
that the original pattern may be 
altered. When you are satisfied 
with the result, the string SH$ 
contains the required characters 

and may be inserted in another 
program. 

A Final Breakthrough 
Well , if you've managed to get 
this far with this article, you are 
more than likely ready for a bit 
of relaxation. So the final 
program is designed to show 
how all we have covered so far 
may be put together to form a 
complete working program, in 
this case the game of 
Breakthrough. For those of 
you who are unfamiliar with it, 
the game consists of bouncing a 
ball off a bat so that it rebounds 
to knock pieces out of a barrier. 
You r score increases with each 
piece removed, and if you 
obtain enough points within the 
time limit, you win a replay. 

When I started to 
expe riment with the component 
subroutines for the program, it 
soon became clear that a 
version written entirely in 
BASIC would be far too slow. 
So I looked for a frequently 
used routine which could be 
easily translated into machine 
code. I wanted this section to be 
self-contained , as access to 
variables used in the BASIC 
part of the program 'would be 
difficult. I finally chose the bat 
moving routine, for it is called 
more often than any other and 
is almost independent from the 
rest of the coding. It also had 
the advantage that it could be 
tested without the BASIC 
program, thus speeding up the 
usual debugging. Here is 6502 
assembler listing of the final 
version: 
f133A 1 BAT MOVE ROUTINE 
f1J3A 2 
0J3A AS 97 3 LOA 151 
033C C9 2' , eM' ." 0 33E F0 " 5 BEQ VALl 
0340 C9 2A 6 eM' "2 
0342 f0 10 7 8 1:: Q VAL2 
0344 ,e 5E .3 8 JM' PLOT 
0347 AD 7B " , VALl LOA POSI'r 
0HA C9 23 10 eM' 135 
034C B0 10 11 Bes PLOT 
ID4E EE 7B " 12 I NC POSIT 
0351 ,e sE " 13 JM' PLo'r 
0354 AD 7. " " VAt.2 LOA POSIT 
0357 C9 .2 15 eMP 12 
0359 90 .3 16 Bee PLOT 
0358 C£ 7. 03 17 DEC POSIT 
f135E 20 70 .3 18 PL01' JSR tlLAt'l K 
0361 AE 7B " " LOX PO::; IT 
0364 A0 04 2. LOY " 0366 A9 £2 21 LOA %226 
0368 9D 98 B3 22 BAT STA SCREEN,X 
036B £8 23 INX 
036C 88 24 D8Y 
036 0 00 F9 25 8 NE 8AT 
036F 60 2' RTS 
0370 27 8LANK A BLOCK 
0370 A2 26 28 BLANK LOX 138 
0372 A9 20 29 LOA ,32 
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FEATURE 

0374 90 98 83 3. NEX'Tl STA 33688 ,X 
0377 CA 31 DEX 
0378 0' FA 32 8NE NE:XTl 
037A 6' 33 RTS 
1'1378 34 POSIT= * 
8398 35 SCREE N=33 688 
0 376 36 • END 

The Hex coding was then 
changed into decimal and 
incorporated into the BASIC 
p rogram as DATA statements . 
When the program is run, it 
loads the routine into the PET's 
second cassette buffer and calls 
it with the SYS(826) statement. 
Below is a complete listing of 
the final program with the 
machine code routine starting 
in line 850. 

I hope tha t the REMark 
statements will enable you to 
follow the program, but here is 
a general description . The ball 
is moved under POKE con trol 
and variable S holds the screen 
address position it will move to. 
The move is make by POKEing 
a ball symbol (POKE code ~ 
81) to location S and a space 
(POKE code ~ 32) to the 
current position. 

Photographic facilities 
courtesy of Hewlett- Packard. 

in lines 510 to 540, and a jump 
is executed to the appropriate 
position. 

The program is fairly fast, 
with most of the time being 
spent in the loop from line 450 
to 490. If you want to speed it 
up still further, change the last 
statement in line 490 to GOTO 
480. The only adverse effect of 
this is that the clock will not be 
updated continuously. 

The informa tion abou t the 
current state of play is found by 
PEEKing the screen location S. 
The values obtained are tested 

The time elapsed, score and 
ball number are all printed onto 
the screen under cursor control. 
The instructions, the results 
rou tine and other messages also 
use this this method of display . 

150 POKE 59<l68 , 14 : PRINT • [C LS] (7 SPC] [RE V}THIS IS T HE 
BREAKTHR OUGH GAME " 

160 PRI NT "[ 2 CD]THE OBJECT OF THE GAME IS TO KNOCK AS· 
170 PRINT "MAN Y BRICKS FROM THE WALL AS POSSIBLE . " 
180 PRIN'r " [2 CDlTO DO THI S YOU MUST BOUNCE THE BALL 

OFF " ; 
190 PRI NT· THE BAT AT THE BOTTOM OF TH E SCREEN ." 
200 PRINT " [2 CDjTHERE I S '" TIME LI MIT OF SEVEN 

MINUTES · 
210 PRINT " FOR EACH GAME BUT YOU EARN A REP LAY IP 
220 PRINT ·YOU SCORE MORE THAN 750 POINTS ." 
23" PRINT " \2 CD]TO l'10V£ THE BAT TO THE LEFT PRESS THE " 
240 PRINT "4 KEY ." 
250 PRINT" [CD]TO MOVE T HE BAT TO THE RIGHT PRESS THE " 
260 PRINT "6 KEY . " 
270 GOSU8 870 : PRINT " (3 C01(8 S PC] [REV]PRESS ANY KE Y TO 

BEGIN . {OFF ] ", 
280 GET A$ : IF A$:"" T HEN 280 
290 REM ·· SET UP SCREEN 
3~Hl PRINT " [C LS j ", : S:330Stl+I NT (RND (1) · 37) : TI $:"000000 " : 

J"I ; PO"'0 
3 10 POK!:: 59468 ,1 2 ; PRINT " ( HOM}[REV](40~t ] [O FF )" 
320 PRINT n (CO] [39~&J" 
330 PRIN'r " [R EV] [39 ~ Zl" 
340 PRINT" (REV] (39~V] " 
350 fOR 1'1.=32808 TO 33728 STEP 40 :POK E M, 229:POKI:: M+39 , 

231 : NEXT M 
360 PRINT " [ HOMI{CD]129 CRIBALL , " , J 
3H PRINT "[HOM ] [ 2 CD)[15 CRjSCORE " ,PO 
38 0 M=INT(RNO(I) . 2) : B=39 : I f 1'1.=1 T HEN B=41 
390 POKE S , 81 : S=S+B:I F 5>3281 0 TH EN 440 
400 REM · · CHECK TH!:: CORNERS 
410 If 5-327 68 THEN S=32809 : B-41 : GOTO 390 
420 IF 5=J2807 THEN S=32846 : B=39 : GOTO 390 
430 REI'! ·· TIME ROU'fINE 
440 IF TI$> " 000700 " THEN 700 
450 PRINT " [ HOMj [CD) (CRj 'rIME " ;MIO$(11$ , 4 , 1)," : "; 

RIGH'fS(T IS , 2) 
460 REM ·· MOVE TI1E BAT AND BALL 
4 70 R£M ·. WHEN THE PATH IS CLEAR 
480 SYS 826 ;IF 5>33768 THEN 590 
490 IF PEEK(5) =32 THEN POKE 5 , 8 1 : POKE S - 8 , 32 : 

S-S+S : S YS 826 : GOTO 4Si} 
SilO Rt:I"l · · WHAT HAVE WE BUMPED INTO? 
510 IF PEEK( S)~2 29 THEN 560 
520 IF PEEK(S)=231 THEN 570 
530 IF PEEK( S)=226 THEN 620 

The Breakthrough IIsttng. 
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540 IF PEEK (S) 0227 'l'Ht:N 650 
550 S=S-B ; POKE S , 32 : B:;8tl-A~S{B) : S-S + 13 ; GO'l"O 440 
560 S=S -~ : PuKE S , 32 : 1j:;~+2: S =S+i3 : GO'l'O 44 0 
570 S;S-8 : POKK s,32;B:~-2 : S=S+B ; GOTO 440 
58~ 11£101 •• BALL Lo s'r !WUT IN!:: 
590 POKE (S-I3) , 32 ; F OR 2-1 TO 5 0:FOR Zl= 1 T O 10: 

NEXT ZI : SYS 826: NJ:;X'I' :t 
601;1 J-J+l : S:33075+I NT(HNU(1) · S) : GOTO 36~J 

610 REf" ** 80UNCE BALL Off I3A'r 
62e S;S- B ; POKE S , 32 : B=U-80:S=S +B : G010 440 
630 REM· * UPDATE SCOH.I:: AN D 
640 REM •• DELETE TARGET 
650 POKE (S-S) , 32 : IF PEEK(S)=102 T HEN PO=PO+5 ; 

J.F S>J THEN B=B-80:GOTO 670 
660 l~ B<0 THEN 8-80+8 
670 rO-PO + 5 : IF PO>= 750 THEN 700 
G80 t'OKE S ,8 1 : PRINT II [HOM] {2 CD] [15 CRjSCORE "; PO : 

S=S+8 : GOTO 4 4 0 
690 :~EM •• RES ULTS ROUTINE 
700 Tr·I-60 · VAL ( LEFT$ (TI S , 4) ) +VAL (RIG HTS (T I $ , 2) ) 
710 FOR Ms32768 TO 33767 ; POKE M, 1 60 ; NEXT M 
720 POKE 59468 , 14 : PRINT " (CLS) (CD)BAL LS USED ",J 
730 PRINT -[CD)TIME TAKEN "; TM ;" SECONDS" 
740 PRIN'r "(CD]SCORE IS ";PO 
750 8F-INT«(PO+1 00 )/J)*HI)/10 
760 PRINT " [CDjYOUR 8REAKTHROUGH FACTOR IS ", SF 
770 IF PO>=750 OR BF>20 THEN 830 
780 REM *. REPLAY ROUTINE 
790 POKE 158,0 : INPUT "[ 2 CD] [REV)DO YOU WAN'f A REPLAY 

[OFF] ";A$ 
800 IF LEFT$(A$ ,l): " Y" THEN 300 
81'" IF LEFT$(A$ , I)O IN" THEN PRINT " [CD] [REV]ANSWER ' Y ' 

OH ' N ' [5 CU]" : GOTO 790 
821' POKE 58468 , 12 :PRINT " [CLS] (3 CD] [3 5PCjTHANKS ~'OR 

PLAYING ": END 
8313 PRIN'f " [HOM] {14 CO] [11 CR] (REV]YOU WIN A REPL.AY~ 
840 FOR RR-O TO 3~00 , NEXT RR : GOTO 30~ 

85~ REM"" l1ACHINE CODE ROUTINE 
86~ REM ·* TO MOVE THE BAT 
870 FOR l 'r=0 TO 65:R EAD DA : POKE 826 +IT,OA:NI::XT I 'r : 

RETURN I 
88", DA'rA 165 ,1 51 , 2~ 1 , 4 1 , 2 4 0 , 7 , 201 , 42 ,24~ ,1 6 , 76 , 94 
890 DATA 3 ,1 73 , 123, 3 , 201 , 35 , 176 , 1 6 , 238,123,3,76 
900 DATA 94 , 3 ,173 , 1 23 ,3, 201 , 2 , 1 44,3 , 2"'6 , 123,3 
9113 DA'rA 32 , 112 ,3, 17 4 , 123 , 3 ,1 60 , 4 ,169 , 226,157,1 52 
920 DATA 131 ,2 32 ,1 36 , 2 08 , 249 ,9 6 , 162 , 38 , 169 , 32 , 157 , 152 
930 DATA 131 , 202 , 208 , 250 , 96 , 20 

15 



Are you looking for a more personal approach to computing? You 
are ... then Computing Today is the magazine for you! Packed full of 
feature articles, projects, general topics, news and reviews, Computing 
Today is aimed at readers who want to get more out of their 
microcomputer. 

The latest ABC circulation figures show Computing Today has 
increased its readership by 85% over the previous year - great news 
for us at CT. However, the ever increasing demand for Computing 
Today has meant that, despite our printing more each month, some 
readers seem to be missing out on their regular copy. 

If you would like to ensure a regular supply for the next twelve months, 
each issue lovingly wrapped and posted to you, nothing could be 
simpler . Just fill in the form below, cut it out and send it with your 
cheque or Postal Order (made payable to ASP Ltd) to: 

Computing Today Subscriptions. 
513 London Road. 
Thornton Heath. 
Surrey CR4 SAR. 

Alternatively you can pay by Access or Barclaycard in which case 
simply fill in your card number, sign the form and send it off. Do NOT 
send your card. 

Do yourself a favour, make 1982 the year you start to take Computing 
Today every month and we'll give you a truly 

Personal Approach To Microcomputing. 

~------------------------------------, I SUBSCRIPTION ORDER I am ene/osing my (delete as necessary) ~ I 
I Cheque/PO:~~r 7::£:'I~~~r~~~i.o.nal Money ~ 
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I THORNTON HEATH. [ I I I I I I I I I I I I I I I OJ I 
I E~~D. Please use BLOCK CAPITALS and include post codes . : 

I Please commence my personal subscription to Computing Name (M,./Mrs/ Miss) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 
I Tod 'th th' delete accordingly ay WI e ... ... .... Issue. 

Address... . ............. .... . . ...... . . ........ . ... . I 
; SUBSCRIPTION ~IJ·I0 for 12 issues
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NASCOM Life - The game of Life, as played by John Horton Conway . .. and other 
intellectuals! 
Originally published in Computing Today, December 1979. 

Moonbase Alert - PEEKing and POKEing can be fun as you try to stop the spaceship 
land on your planet. 
Originally published in Computing Today, March 1900. 

Snakes - Try to steer your snake home before its tail gets too long and trips you up. 
Originally published in Computing Today, April 1981. 

Holocaust - A tactical thermonuclear wargame you can fight out in your own living 
room. 
Originally published in Computing Today, July 1981. 

Ambush - First published as an electronic game project in our sister magazine, 
Electronics Today International, here is the software version. 
Originally published in Computing Today, April 1979. 

Ski Run - No chance of breaking a leg with this program! 
Originally published in Computing Today, July 1900. 

NAS Wars - An enjoyable space game utilising high speed graphics. 
Originally published in Computing Today, March 1981. 

Labyrinth - The program first constructs a two-dimensional maze and then allows you 
to wander around inside. Not one for those of you who are claustrophobic. 
Originally published in Computing Today, January 1981. 

Pinball - Ever fancied being a Pinball Wizard? Now's your chance. 
Originally published in Computing Today, April 1900. 

Stomper - The object of this sensitive little game is to chase an insect around the 
screen ... and then stamp on it! 
Originally published in Computing Today, March 1979. 

Kirk vs The Cursor - An enterprising game for all you Commodores out there. 
Originally published in Computing Today, June 1900. 

Patterns - Here's a program to show off the graphics capabilities of your machine . 
Originally published in Computing Today, December 1980. 



Marek Kuczynski 

Many of you owning a 
NASCOM 1 will, no 
doubt, be tired of 

playing Mastermind or 
Hangman, and would welcome 
a more interesting game to 
play. This article is about the 
game of Life, and includes a 
fully assembled program listing 
to run on a minimum 
NASCOM I. 

Life was developed by John 
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Horton Conway, a 
mathematician from Cambridge 
University. Its name comes from 
its resemblance to changing 
societies of living organisms 
which alter in position and 
number from generation to 
generation. 

What Is Life? 
Life can be described as a 

A famous game on a 
popular system, what 
more could you ask? 

mathematical game, played on 
a two-dimensional board, 
similar to a chess board with all 
white squares. An initial pattern 
is entered on the board, and 
then the computer applies the 
basic laws of life to the pattern: 
Birth, Survival or Death. 

Rules Of The Game 
Imagine a large board 
containing a gridwork of 
squares. Each square is called a 
cell and all cells are identical. 
Ideally, the board is infinite, 
bu t for practical purposes, it is 
bounded on all four sides by a 
border, which confines the 
pattern to a particular area. 

Each cell can be either dead 
or alive, and can sense the state 
of its eight neighbouring cells. 

After each generation, the 
board changes. Some cells die, 
some are born and some remain 
the same, according to these 
simple laws of life: 
(I) Any cell (dead or alive) 
which has exact! y three live 
neighbouring cells will. be alive 
in the next generation. 
(2) Any cell with exactly two 
live neighbouring cells will 
remain in the same state in the 
next generation . 
(3) If a cell has less than two 
neighbours, it will die in the 
next generation from loneliness; 
if it has more than three 
neighbours, it will die from 
over-crowding. 
The above rules are applied 
simultaneously to each cell on 
the board. Every cell is 
checked, along with its 
neighbours, and the fate of that 
cell in the next generation is 
decided. This involves many 
thousands of checks per 
generation - a task ideally 
suited to a computer, which can 
compute a new generation in a 
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fraction of a second. It would 
take an average person with a 
pen and paper at least an hour 
to check through the entire 
board once. 

TECHNICAL DETAILS 
The program was wri tten to run 
on a minimum NASCOM 1, 
utilising almost all of the 
available user RAM from OC50 
to OFFF Hex. The program can 
be split into various parts. 

Routines INIT to BOTTOM 
generate a playing board or 
buffer starling at location OE3D 
Hex. A grid of cells, 24 x 15, is 
produced surrounded by a 
border, which limits the growth 
of any pattern to a fixed area. 

Routines SCAN to QUIT 
enable a pattern to be written 
onto the screen via the 
keyboard. 

Routines CPYVDU to 
BLANK transfer the screen 
contents to the buffer in RAM. 
For each live cell on the screen, 
a '1' is written into the 
corresponding cell in the 
buffer. A '0' is written for each 
dead cell. 

The heart of the program 
begins at LOOP. Each cell is 
selected in turn and routine 
CHECK is called for each of its 
eight neighbours. CHECK tests 
bi t 0 of each cell in the buffer. 
Bit 0 is the 'current generation' 
bit in each cell. Border cells 
and dead cells are ignored, and 
the 'neighbour counter' in 
register B is incremented for 
each live neighbouring cell 
found. 

After testing the cell, the 
number of neighbours is 
determined. If three neighbours 
are found, bit 1 is set in the 
buffer cell, this being the 'next 
generation' bit. If two 
neighbours are found, bit 0 is 
tested and copied into bit I; if 
neither three nor two live 
neighbouring cells are found, 
bit 1 is reset. These operations 
satisfy the laws of life. 

After the complete buffer 
has been tested, its entire 
contents are shifted, cell by 
cell, one bit to the right by 
routine REGEN. The -'next 
generation' now becomes the 
'current generation'. 

After regenerating each 
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cell, bit 0 is tested, and if it is a 
'1', a 0 is written into the 
corresponding screen position, 
by routines DEAD to LDSCRN. 
A blank is written if bi t 0 is 
zero . 

GEN and COUNTR deal 
with the generation counter. 
The method employed here may 
seem rather odd, ie 
incrementing the ASCII code 
for the appropriate numbers -
but it works, and also takes less 
byies than the conventional 
means of using the DECIMAL 
ADJUST ACCUMULATOR 
(DAA) instruction. 

Routines MANUAL and 
AUTO deal with the two 
selectable run modes of the 
program, while CHOICE 
decides on action to be taken 
when the run has been 
terminated. Routine KEY is used 
extensively throughout the 
program, scanning the 
keyboard until a key is pressed. 

At the end of the program 
are strings of ASCII text which 

. are written into the top line of 
the screen. This line is non­
scrolling, so it is ideal for 
headings and comments. 

The memory from OE3D to 
OFE6 Hex is reserved for the 
bufier , while the remaining 
RAM is used by the program 
stack. Extensive use had been 
made of labels in the program; 
this not only makes the listing 
more understandable, but 
allows straightforward re­
assembly for those fortunate 
enough to have an assembler to 
run on their NASCOM and who 
would like to relocate the 
program. All labels external to 
the program, ie monitor 
routines for the loader, are 
listed at the end of the program. 

The program has been 
written using standard Z80 
mnemonics on a Z80 assembler. 
All hexadecimal constants are 
prefixed by a '0', if the first 
digit is A to F, and suffixed by 
an 'H'. All other constants are 
decimal, and are converted to 
the appropriate hexadecimal 
object code by the assembler. 

DEFB 18H assigns the value 
18 (Hex) to that particular 
byte. 
DEFS 1 reserves one byte in 
RAM for a variable. 
DEFM 'GAME' stores the 
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ASCII equivalent of a string 
of text in quotes in RAM. 
EQU assigns a numeric value 
to a label. 

HOW TO PLAY 
Once the program has been 
loaded into RAM (and saved on 
cassette), enter EC50 
'NEWLINE' to start the program. 
The screen should clear and the 
text 'GAME OF LIFE New 
Pattern' should appear on the 
top line; the cursor will be 
positioned at the bottom left of 
the screen. A pattern can now 
be entered via the keyboard, 
using any key with the 
exception of 'Space', 'B/S' and 
'Newline' which provide the 
normal functions, 'R' which 
restarts the loader if a mess has 
been made of the pattern, or 'Q' 
which quits input mode and 
awaits further instructions. 

HaVing entered the pattern 
(and making sure that it is as 
near to the centre of the screen 
as possible), press 'Q' and the 
text on the top line should 
change to 'Manual/Auto', to 
which the reply can either be 
'A' which immediately enters 
auto mode, or 'M' for manual 
mode. In auto mode, the 
generations are computed one 
after another. Due to the large 
amount of cell testing involved 
in the program, it takes 
approximately 0.2 seconds to 
compute and display a new 
generation so in auto mode, the 
pattern changes five times a 
second. This fortunately 
happens to be fast enough to 
give a continuously changing 
display, yet slow enough to be 
able to observe the individual 
steps without having to 
introduce any extra delay loops 
into the program. This mode is 
ideal for tried and tested 
patterns, however, for new 
patterns it is always best to use 
manual mode. In this mode, 
pressing any key (except 'A' or 
'Q') will Single-step the program 
a generation at a time, enabling 
easy analysis of users' patterns . 

During au to mode, if 'M' is 
pressed, manual mode is 
selected; likewise during 
manual mode, control can be 
transferred to auto mode by 
pressing 'A'. During both ~ 
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NASCOM LIFE 

oc!'o 
oe50 
OCS3 
oes,', 
oe57 
OC5R 
OC59 
oc!';!; 
0(5F 
OC,',2 
OC6 4 
OCI\/ 
0(;1,'/ 
OCO!! 
OC6D 
OChE 
OC 70 
oen 
(Ie':; 
()f:ni 
(len 
OC7£1 
OC7A 
OC78 
O(71) 
OC?,' 
ocst 
OC82 
')C84 
OC87 
OCSfI 
OCSf' 
oeaF 
or.?:' 
l)e94 
OC96 
0(99 
OC98 
OC9 [1 
OC9F 
OCA~ 
OCll5 
OC fl ~ 

OCA9 
DeAD 
oc"'£ 
Oe ftl 
OC " ;1: 
OCB5 
(lCB? 
OC R" 
1)(. I'<n 

OeDF-' 
,)(;CII 
OI:C J 
OC~4 

OCt:!, 
0 1;1:9 
flr:r'r: 
ocn 
De lli 
or:ft ~ 

oeD" 
0 1: 1'8 
oeD •• 
O(;(J C 
')e m 
oa:o 
or:1 :> 
m:F::; 
Of~a 

0,:1 r: 
OO:Er 
OtTO 
ocr .1 
ocr" 
ocr '~ 
OCf" 1I 
'lcr e 
OC1'I) 
"\U{'V 
0 (l.)1 
,""C!.\ 
<)1104 
1l),1)7 
ODOl1 
(1)119 
I)D(>', 
(l00r: 
ODI'E 
0 1110 
0 01 7. 
,n'I J 
1'T<1 4 
Olil ~, 

\lD1 6 
(11 '1 8 
M'l '" 
Oll tl\ 

t' l'Jf 
Ol'?:! 
{)\)7. 1 

OD:> 8 
';'O:>A 
') 0 ;0 11 
',)I' ,lv 
" 1> ,,3 
') ["J,'; 

' ) 1' :<"" 
0 " ,1, 
',l l '.W 
ul,"':' 
" 1) 1', 
" ",1 11 

:?n030 
2~1 4 (lI: 

£OF 

" " 1111000 
21n'OD 
010eoo 
E DIl O 
2131)0F. 
0619 
DEn/" 
36.1' 

" lOF Il 
361'1' 
'23 
0611'1 
3600 

" 1 0 1'1) 

'" ~OfJ 
06 1A 
J6FF 

" tOFf) 
llE40ft 
21160E 
010110 0 
EDBO 
CDF?O/) 
1'I::1F 
2005 
CD 4007 
181'4 
rE I I' 
2008 
CIlJIJO I 
r. OJB<ll 
l eES 
F( 2 0 
: '008 
ClJ3CO:: 
C[l3C02 
HIDe 
FES t 
280. 
FE:>::! 
2 fl9 5 
:.!fl!E10C 
J bElO 
n 
2:.:' I R01 : 
1£1£0 
I I C40r, 
21 23 rl{': 
01 0 1,1)') 
EDI'O 
r:r<r 7 (H, 
FE~r< 

2004 
3EOO 
1906 
fTH 
:::>01'1 
~F() 1'0 

Z21otlOn 
11[4 01) 
210'}""1o 
0 1 0 /.11)<) 
nwo 
:::>n I HOi.: 
J,~,,'() 

:" IOAOIl 
1 15701 

" ,c 
r:AIICOIJ ,,. 

l 1lO00 ,0 
hi 

" I SEf 
CB6f' 
7.009 
3LOI 

" 
" U 
19";\ 

" 1111" " 
MI ~ l S"' nr 

:!IN,(' I 
.)6 ,)0 
(ll ,CIJOOIi 
:" H !5 
f!li 7rr {, 
CIII ~"Il 
m ,/(r ' 
CII(F0 1' 
1:' 1'7 "1 ~, 
Cl)I.FOIl 
TI ll:>!'! r 
Cm ' F OI, 
DO, rO I 
r: 1I[/ (ID 
[lU? 1 I r: 
('Un!,:, 

1 *H GAHF.: OF L Tn: , Url t t".-. ~' " h, I" , ,_. _-, ,··1, 
2 [JRG 0('",011 
:I t.TIlRT : 1 r, lit · ' •• ~ 3 (\H ' .'.0;<) ;,~:C I I ' ,I'" 

U, (NII,lIlr:R' ,HL :Rrm I " ',mn R 
'~S l ,h' , CLrm< III'" ::I"(,fl II , , , , 
DU-!) 11' 11 ' Ir ,.. ,, ' I [or,I<' clu,r 
"U-I) 0 , (\0 nm It'" RO:Ji' f1!r 
III [1£ · 01" 11011 ; HIP t WI "I :;n ,n I i 

.. 
12 HHt'! 

" " 

I II HL.lJlU' 
L U I1C . I Z 
UJI R 

I n D. 2~ 

LO C. I ~ 
L D (HI.) , (),.., II 
INC HL 
DJNZ rop 

111 I "/, T: L O (!IU . OF"" , 
19 INC Ht. 
20 L D B. 24 
21 rww : l D (HI. ),;) 
:::>:::> INr: HL 
:>3 ToJNZ RO(.l 
2 4 lI£C C 
2~ JR NZ . LEF I 
26 L O B.26 
27 DOITOH: U i OlU . 0FFfI 
20 
29 

INC HL 
Il . INZ I:lOT'rUH 

30 I.OADER: Lii ToE , Or.r. ~H 

" 3~ 
" 34 St.iN : 

" " " " 39 liS : 

•• 
" " " '14 SF'CF : 

" " 47 s peEI: 

•• 49 nUll : 

" " ~i2 

~;3 

" " 

LD HL.NEur- rN 
I.D IIC. 1 3 
L1HR 
CALL KEY 
CP I FIl 
IR NZoI; 'l 

CALI. r:RLF 
,IR SCAN 
CP IIlH 
JR NZ . SPCF. 
CALI. ltIlCI<SP 
CALL IJACKSf' 
J R SCAN 
r;p 2011 
J R NZ .OU I T 
CALL SPIlr: l; 
CALL SPAt !'. 
JR SCAli 
CP 5 1H 
J R Z.'WN 
CP :>2H 
Jfl z.STMiT 
LIl HL.(CIIRSnR) 
L Il OIL) .. 11'l1l 
INC HL 
I n U:UR:;OR) . IlL 
JR SPC£1 

; ' r,,\H[ or I lI f' 
;NlII1,lrN ,"'r'LLTTn?,: 
;WRHF. I ITI f' 
: STARl (I I I'lUl-WFfI 
I[T U .:; !II TOP fl[IHI,rfl 
: NUnBE[, II/ ROIJ,~ 

; ;.JldlE I IJP BORr'E!? 
:NEXT eu.!. 
;REPEIIT UlIlIL END 
; WR ITt • Err IWflllCR 
; NE XT Crt.L 
:CE'L LS PER ROW 
: .mr TE III (INK CEl l 
,NE n Cf U . 
H<EPF.A'r Ull1 II. f:N\) 
, L A" T Rltlol .. 
an::n RrnI 
; (TLLS IN BOTTOM [:O/W(;I? 
: WRIl'F.: DOT IOH "ORDER 
: NI"XT GEL I. 
: REI'EA T UNTIL END 
;MlnDI I: Ill' TOP I INC 
, ' NEW PATTERN" 
; NUNBEN OF LETTERS 
:WRITE COtiHENT 
; KEY PflE S!>E[t .. 
;UF.!01 L IllI:" 
;T£ ~J'T nil? '[</S ' 
: seflOt, L P(lGE 
, NE XT CIlAflll,TEl1 
; J)ACKSPAe l: ? 
; 'r EST FOR ' Sf'ACE ' 
' BACI<SPACF. CURSOR 
: BACKSPA-CE CIIRSOR 
; NEXT CIUIRACTER 
; "PAC£ ? 
;TEST FOR 'nil f'I" 
; AI"!VIlNr:E CURSOR 
; M,W1NC£ CURS OR 
""EXl r.HI'IRAC TER 
awn .. 
I GO '[ 0 RUN HnflE 
, REsrART 7 
, RETURN 'T O STI'IR'T 
; CURSOR r05Il' ION 
, FILL 11-1 r:J:I, L 
awXT CFI.L 
; SAVE ClIRsnR POSI TI ON 
; NEX r CIIARAr:TER 

~," r.!JN~ L D DE. 0 \l£4H ;H( lim . !:' OF TOP UNE 

5~' L f ' HL. CHOOSE l'I1MIUAL/AUTO"" 
l.O LD Fl C .I J INIJM9:ER OF LETTERS 
61 UJI" ;WRITE COIiHEI-IT 
62 AOAl 'l : CALI. KEY ;KEY PRESSED 
63 rF' 4T111 IHANUAL ? 
6 4 JR N7 ,AUJ :IF NOT,THEN AUTO 
(,~ ItANRI:F : LD A, HANUAL- JUHP - l 
-S6 J R LDJUMP ' CALCULATE [tISPLACEMEI-IJ 
6 7 Ilut: CP 4111 ,AUTO? 
68 ,JI< N l .o::t t;o::tIN , IF NOT.RECHECK 
69 III' TI~ I:: F : Lii A.llurO- JUHp-l 
70 LIIJUHp : t.O ( ,HJHr ) .A ; WRITE DISJ'LACf:M £NT 
7 1 GE/I!: I .D ['E.OOEoIl1 ;H l11DI.E OF TOP UNE 
72 LD III.. RUNSTR ,"GENERATI ON XX ' 
73 LO I.IC. t 3 ;NlltlI.IER OF LETTERS 
7 '1 L111 R ;URIT E COMMENT 
-/~ f: I'YVDU: LI1 ilL. (CURD-OR) 
76 L fl 011.1. 2 011 
77 UI HL. OBOAI! 
7H L[, OE.J:IOARD 
79 flA CK : ,. 
"' ., 
"' " 8~; 
"' ., 
" " 90 WRCTE l 

" " 93 CELl, I: 

" 9~ 
" " 98 OI.ANI~ : 

" 100 I N I 'I :' : 

'" 10~! OOP: 

10 :-1 

'" '"' lOb 

'"' '"" '"' tI(' 

'" .II :! 

, " , " us 
! 1 (, 

L O A . (HL) 
INC 1'1 
JP Z.REFL 
flEC A , 
JR NZ . WRITE 
pliSH OF. 
LD OE . 16 
ADD HI.. DE 
POP DE 
INC DC 
JR DACK 
lIIT 5 . (Ill) 
JR NZ .8LAN~: 

LD 1'1.1 
l.D (1)£ I.A 
INC 111. 
HIC Ill. 
INC DoG: 
JR BACI< 
XOII A 
JR CELLI 
1.0 IX.»OI'lIH' 
L1I HI. . J7 4 
LT< 1),0 
OIT 7,( IXI I») 
JR tl l .NEX1 
L O A.(IX-26) 
CALL CHECK 
LII A. (IX - 2~H 

CI\U. CIIECt{ 
Ln A,(I X,· :::> 4) 
CALL CHFCK 
LJ! A '(I~ ' I ) 

CI'II.L CHI::CK 
11> A.(I X II) 
(_'ALL CIlt:CI' 
LD A.(I .H24J 
CALL l'lIECK 

;CURSOR ADDRESS 
, REHOVE CURSOR 
; TOP OF SCREEN 
; START OF DOARD 
;rEST CEtL 
; E1m OF SCREEN ? 
; GO TO RUN HODE 
; TEST CELL 
;REPEAT IF NOT END 
; SAVE REG I STERS 
I LINE O"I'SE T 
'ADO OFFSET TO LI NE 
,REST ORE REGISTERS 
,NEXT r:ELL 
,REPEAT TO ENO OF UNE 
;LI VE CELL? 
: RETEST I F DEAD 
;'1' • L IVE CELL 
; WR ITE CELL ON BOARD 

NEXT SCREEN POSITION 
NEXT !:lOARO POSITION 
NEXT CELL 
'0 ' • DEAl) CELL 
(.IRrTE CELL ON 1I0ARD 
STAR1' 01' flOnRO 
NUHBER 1)1' CELLS 
CLE(lR NEI GllllOIJR COUNTER 
BORnER CELL .. 
IGilORE IT 
TEST CELL TO NDRTH- IoI F.:S T 
CHECK Ir I'ILIVE 
TEST CELL TO NORTH 
CIlECI' IF ALIVE 
TEST CELL TO NORTI/ - EAST 
Clli-'CK II' AI.IVE 
TE ST CELL TO WE ST 
CHrO: I F I'IUVE 
TEST CEI.L TO EAST 
CNECt{ IF ALIVE 
TESI CELL TO SOUTH- WEST 
CIlECt( IF AL IVE 

O[''' C 
01l~1 

on~4 

ODS7 
OD5A 
ODSD 
OD~[O 

(111 50= 
OD6J 
0[165 
0[167 
0[069 
0060 
0061' 
Or' 7 1 
0 0 72 
OD7J 
Of174 
0076 
0079 
oon: 
Or'7F 
OD81 
0 1193 
ODS4 
0 065 
OOSB 
onS9 
O[08A 
ODSll 
ooaD 
OD9F 
0 09 1 
0093 
0095 
0f'9 7 
0098 
0099 
0091'1 
00911 

''"'C 
0 090 
00910 
001'10 
OOAI 
ODI'I4 
ODAS 
0 0A6 
0 0A8 
OOAA 
001\(' 
OOIl\) 
OOAE 
(lOAf' 
0['1'11 
'}I'tr3 
OOD~ 
Ol:D{: 

001111 
ODDC 
ODDD 
ODlIE 
ODC l 
00C3 _ 
00C6 
ODC8 
ODCB 
ODCO 
ODOO 
OD02 
0005 
oDoa 
OOOB 
OOOE 
00100 
ODEl 
ODE5 
00E8 
ODEA 
ODED 
ODEI' 
001"1 
ODF2 
ODF~ 

0[lF5 
ODF6 
001"7 
ODFA 
OOFC 
OOFD 
'01001 
0100 :"; 
0100';' 
OEOO 
0 10 1 1 
OEl'1 
01016 
OE tA 
OE I E 
OE22 
OE2J 
OE27 
OE2B 
OE2F 
OEJO 
DEl" 
DEJa 
OEJC 
OEJIJ 
01057 

DD7E1 9 
CDEFI">O 
Dn7t l!I 
CIJEFOD ,. 
FE!}3 
:::>006 
DOCAOOCE 
180A 
1'1002 
200(' 
I"!OC1)00'l 6 
20FO 
nfl2:1 

'" " " 2 0AC 
0 168 01 
1100'10-'1 
215701: 
CB7E 
2909 

" E5 
2 11 000 

" lOB 

" CflJE 
Cll~6 
2004 
J £20 
190~ 
3Eao 

" J:\ 

" " ., 
" " 2 00F 
1:5 
ZI FOOH 

" " FE3A 
200fl 
3630 

" " i'I: 
FEJA 
200::' 
36;':(\ 
2 AEFOB 
2:'1 'lO~ 

" " 
COF700 
FE41 
CAEOOC 
190B 
CD"OOC 
FE4D 
CADBOC 
FES! 
C21BOD 
lIE"OO 
21)0010 
OIODOO 
10000 
CDF70D 
FE4J 
CAESOC 
FE~E 

CI'ISOOC 
18Ft 
CD7F 
co 
CD47 

" " " C!)'1DO{; 
30FB 

" "7~14045 
204F4620 
4C49464~ 

476~6E6 :S 

72617'169 
6F6E20 

4E6~7720 

~06t74 74 
6~n6E20 

" "0616E75 
6 16C2F'11 
'~7~6FJF ,. 
4E6S772F 
~]bF6E7~ 

6 96107565 

" 

", 
tHI 

L O A.(IX+25) 
CI'ILL CHECK 

119 LD A.(IX+26) 
120 CALL CIIECK 
1 21 NETBRS: L D A.fI 
I :!=' CP 3 
1 2 J 
12~ I'ILJVE: 

'" 1 26 SAHE: 
127 
1 2 B 
12 9 
130 NEXT: 

'" 132 

'" '" IJS GEN2 : 

'" '" 139 TEST: 

'" 

JR NZ.SAHl: 
SET I. ( I X-I-O) 
J R NEXT 

" 2 
JR Nl. NEXT 
DIT o,(rXtO) 
JR NZ .AL IVI: 
I NC IX 
DEC HL 
LO A . H 

'" JR HZ.LOOp 
LO BC . J60 
Lfl DC. OSOAH 
L D IIL .flOARI) 
OIT 7 . (,Ill) 
JR Z.REGEN 

1 40 NEWLIN: IN!; HL 
1"1 PUSH HL 
1 4 2 L O 111..1 6 

'" , .. 
'" 146 REGEN: 

" , ". 
149 DEAD : 

'" 1 ~1 LIVE: 
1~2 LflSCRN: 

ADD IIL .m: 
EX DE .HL 
POP HI. 
SRI. ( tIL) 
BIT 0 '(111.) 
JR NZ . LIVE 
LO 1'1 .2011 
JR LDSCRN 
1. 0 A . BOH 
! 0 (DE) ; A 
INC DE 
JNr. DE 

153 

'" 1 ~5 

". 
NXTCEI 1 J NC HL 

DEr: DC 

'" ". 
'" '" 
'" '" '" , .. 
'" '" 11>7 

". 
'" ". ", 
172 
In 

L D A,B 
O. C 
.!R NZ . TE51 

r,EI-I: pHSH HI. 

LO HL , OflFOH 
r NC (Ill.) 
LD A,j HU 
CP 3 1'1H 
JR NZ , COIJN1R 
t. n ( HLl . 30H 
DEC ilL 
rNC fIlp 
LD A . (Hl.) 

Cf' 3 M. 
JR NZ. COUN1R 
l.n ( HL)'30H 

COUlHR : LD HL, (OOEFIO 

I TEST CELL TO SOUTII 
I CHECK IF ALI VE 
,TES'[ CELl. TO SO!JTft-EI'IST 
I C!lEC" IF AI.1VE 
ILOI'ID NElGH/)OUR COUNTER 
ITI/REE NElml~OURS ? 
IJI' NOT. TEST F OR T (.IO 
'CELL WILL DE ALIVE 
INEXT CELL 
,TWO NEIGHBOliRS .,. 
il F NOl' ,TEST NEXT CEL L 
,IS CELL AI, IVE .. 
: CELL WILL STAY I'ILTVf: 
;NEXT CELL 
;DECREHENT CELL COUNTER 
;ARE ALL CEL L S TESTED 1 

I I F NOT. TES T NEXT CELL 
INUtiBER OF CEl.LS 
; TOP OF SCREEN 
I START OF ElOARr! 
'POR!)ER CELL 1 
! IF NOT.REGENEnATE 
INEXT CELL 
'SAVE REGI STERS 
'LINE OFI'SET 
11'1 00 OFf'SET TO LI NE 
JEXCHANGE REGISTERS 
I !~ ESTORE REGI STERS 
, REGENERATE 
O'I'ES'r CELL 
,IS CELL LlVE .. 
I DEAD CELL • 9l.ANK 
:FILL IN SPACE ON SCRI:EH 
; LI VE CEL l. .. S[WAR£ 
II' Il.1. I N SPACE ON SCIU:EN 

I NEXl SCR!i:l,N SPACE 
INEXT CEL L 
I DECREHENT CELL COU/HER 
;ALL CELLS r:OPIED ? 

Il f' NOT , COPY NEXT CEl,L 
' SAVE REGISTF.:RS 
"UNITS ' CIJUN 'I'ER 
IlNCREHENT UNJTS 
I TEST UNlTS 
;GREATER THI'IN 9 .. 
il l' NOT.STORE IN RAH 
: CLEAR UIH TS 
: ' TENS ' COUNTER 
, INr:RFHENT TENr. 
,TEST TENS 
: GREATER Tf II'lN 9 
: I F NOT. STaRt: IN RAN 
JCLEAR TENS 
l LOAD SCREEN COUNTER 

'" LlJ (NUI1BEF) .HL I STORE t N RAH 

1 75 
176 REFL 
1 77 JUHp 
17R HANUI'IL: 

'" , .. ,., 
IB2 MITO: 

I.' , .. 
lS:S ENDRUNl ,., 
187 CHOICE: , .. 
'" ". 
1 9 1 CALLKlI l 

'" In 

'" 19:; 

'" 197 CHECK: 
lOB 

'" '" 20 1 
202 
203 kEY: 

'"' 20~ 
206 TITLE 
207 
209 
209 RUNSTR 
2 10 

'" 2 1 2 NUHBE!? 
2 13 NEWPTN 

' " 2 1 S 
2 16 
2 1 7 CHOO SE ". 
'" ". 
22 1 NEWCON 
222 

'" '" 225 BORDER 
22t. B[JARD 
227 BACI'SP 
229 CRI.F 
229 CURSOR 
230 I' lID 

I' OP HL 
DEFB 18H 
OEFr. 1 
CALL KEY 
CP 4 HI 
JP Z . AUTREF 
JR ENDRUN 
CALI. I'flO 
CP 4DH 
JP Z . HANREF 
CP ~ lH 

JP NldNJT 2 
L D DE . OBE4H 
L D HL.NEur;ON 
L D !lC.13 
L I1I R 
CALL KEY 
CP '1JIl 
Jp Z ,GENt 
CP 4EIf 
JP Z. STAR'r 
JR CALLI'B 
flIT 7 . 1'1 

RET NZ 
BIT O, A 
/lET Z 
IN C 9 

'" CALL KflO 
J R NC .I'EY 

'" OEFH 'GAHE· 
DEFH ' OF ' 
DEFH 'LIFE' 
OEFM 'r,en" , 
OEFH,' rilti' 
DEFM ·on 
OEFS 2 
DEFH 'N .... ' 
DEf' tI ' P<ltt ' 
DEFH 'ern' 
DEFI1 
DEl' tI 'H.In"" 
DEI'H 'aI/A' 
nEFH 'uto'!" 
OEFH 
OEFH 'N" .. /' 
DEFH 'Cant ' 
DEFH 'jnu .. ' 
N , FH 
J)EFr. 25t l 
IlEF'S 4 00 
( OU 0 1 3 9H 
EOU 02 '10H 
EOIJ Oe1BIl 
EOU OC ~[l1l 

? Jl SPACE t OU 023CII 

: R[STORE RFr;lSlI RS 
~t 8 ~ " JUHP flEL,H l 'Jf' 
:r. I SPLACEHr:IIT GOEr: flf'RL 
'KEY pR I.: ~~r:1I .. 
~ AUIO .. 
; lin TO AUTO minI.: 
,rea FOR • o· 
I "EY F'RESSctr " 
:HANIJI'IL .. 
; GO TO HANIlAI. HODE 
;nUIT ., 
, C[JNIINliE I F' NE ITIlER 
: HI DDLE OF TO" Ll NE 
; " NEW/C[JNTf NUt:? ' 
,NUHBER OF LETTERS 
l WRIlE COMMENl 
IKEY PRESSEl"! 7 
, c nNTINU£ 1 
; 11" " C", CARRY ON 
iNEW .. 
!IF ' N ' .RESTfII!T 
'RECf/ECI' IF NEITHf:R 
i 1I0R!)ER CEI.L ? 
, TEST NEXT CF.:I .L 
,DEA T< CELL? 
;rEST NEXT CELL 
; ADO ANOTHER NEIGIIBOUR 
IMolD RElURN 
, KEY PRESSED ? 
; 11" NOT. TEST AGI'IIN 
lAND RETURN 
; 'GAME OF LIFE ' 

;'GENERI'ITI ON XX ' 

;COUNTER !lOES HERE 
, ; 'NEW PATTERN 

I 'HANliAL / f1Ur01 • 

, ' NEW/CONTINUE"" 

, 26 BYTES FUR TO" IJORI)O~ 

1 ~OO DY1'ES FOR r'OARD 
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NASCOM 1 

modes, the generation number 
is updated at the top of the 
screen, which is a very useful 
feature for keeping track of new 
patterns. Pressing 'Q' quits run 
mode, and the text 
'New/Continue?' is written on 
the top line. The user then has 
the choice of 'C' to continue the 
run, or 'N' to clear the screen 
and enter a new pattern. 

When entering large 
patterns, make sure that they 
are as centrally positioned on 
the screen as possible. If you do 
not take this precaution, one 
edge of the growing pattern 
may hit the border before the 
other edge, and either 
symmetry will be lost or the 
pattern will take a totally 
different course and maybe 
even die out completely. 

I would be interested to 
hear from readers who have 
tried this program and have 
discovered some new and 
interesting patterns, or ideas on 
improving the program. 

Life is a very addictive 
game. Once hooked, it is all too 
easy to stay up to the early 

hours of the morning trying to 
invent the 'ultimate pattern'. 

Britain's Biggest Magazine For The Sinclair User 

Cut out and SEND TO : 

Please use BLOCK CAPITALS and include post codes. 

Name (Mr/MrslMiss) . 
delete accordingly 

Address . 

Signature 

Date. 

82 Autumn 

Plea!'le commence my subscription to ZX Computing with 
the . .issue. 

SUBSCRIPTION (tick ' as 
RATES appropriate) 

£13 for 6 issues £23.80 for 6 issues 
£11.50 for 6 issues overseas surface overseas 
UK 0 mail 0 airmail 0 

I am enclosing my (deiete as necessary) 
Cheque /Postal Order/International Money 

Order for £ 
(made payable to ASP Ltd) 

OR 
Debit my AccesslBarclaycord' 

( "delete as necessary) 

IDMn omd DO. ~1__'_I__'I____'I_'_.1.I__'I____'I_I'_.1.I __'_I____'_..JL....I 

.. ------------------------------------------------
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J Consadine 

MOONBASE· 
ALERT 

PROGRAM STRUCTURE 

Statement Func ti on Action 

Lines 280- 400 Set Up Generate Moon surface 
and base . 

Li nes 410-470 Background Generate star background. 
Lines 520-570 Flight Path Generate flight path of the 

ship . 
Li n es 580-630 Ship Position POKE ship on the screen . 
Line 680 Shell Position PEEKs next position of 

shell so the following lines 
print a shell or, if a ship is 
hit, print an explosion. 

Line 760 Speed This line can be altered to 
slow the present rate of 
POKEing on and off the 
screen if desired. 

Lines 770-820 IOff Screen POKE the ship and shell of 
the screen . 

Line 850 Ship Hit Strikes the ship off the 
screen if hit. 

22 

The aliens are 
coming . .. 

ThiS program was originally 
wri tten as part of a trilogy I 

published in March 1980. 
The game is a variant on the old 
theme of judging where your 
target will be when the shell 
arrives. . not always as easy as 
it looks. 

Written for the Commodore 
PET and easily transferred to 
any system using a memory 
mapped screen supporting 
PEEK and POKE statements, the 
program can be altered to suit 
the player. 

HOW TO PLAY 
Actually using the program is 
simplicity itself, all you have to 
do is judge when to press the 
fire button I The alien ships can 
cross at a number of different 
heights above your gun; these 
are determined randomly within 
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PET 

, .. 
"' 120 
130 

'" 150 
16 ~ 
170 
18 . 
19' 
200 
21 . 
220 
2 30 24, 
25. 
26 . 
27 ~ 

280 
29. 
300 
310 
320 
33' 
34' 
350 
360 
37. 
38' 
390 4., 41, 
". 
43' ". ". 
46. 
470 
480 
49' 
50 ' 
>1 . 
52 . 
530 

". 
55' 
56. 
57. 
58. 

PRIN'r " [CLS) M 

PRIN'f " [13 SPCj-------- - ----- - " 
PRINT ~ [13 S PCIMOON~AS~ ALERT !" 
PRINT ~ [13 SPCj---- - --------- - " 
PR[NT : PRINT : PRINT 
PIUN'r M MOON~ASE IS UNDER A"fTAC K fROM ALII:::N" ; PRINT 
PRINT MINVADERS !! ,{OU HAVE: JUST ONE LASER" : PRINl' 
PRINT " CANNON TO DEFE:ND 'CHE BASE AND 'fHE:RE" ; PRINT 
PRINT " ARE J UST 15 SHOTS U : F, " : PRINT 
PRINT " ••• KE Y 1 -1'0 F I RE ••• " ; PRINT 
PRINT " IF 'tOU HIT T EN SH I PS t3EFORE" : PRINT 
PRINT " THE MII'to RU'NS OUT TH E ATTACK "; PRINT 
PRINT " HAS Bl::J::N DE ~'t:AT E D ."; P R I N T 

f'RI N'C : PHI NT 
PRI N'!' " ••. KiY 2 T,O S'fAR'I' •.. " 
GE T A: If A=Q TH EN 25 0 
ON A GO'CO 27 0, 2:H! 
PRI NT " [CLSI " : GO'r O 2 4 0 
REM .. I'IOON SUR FAC E A ND BASE 
P RINT " [CLS] " 
POKE 32768+(4~ * 2e)+34 , 77 

POKE 32768+(40 * 21)+35 , 160 
fOR X=l TO 3 
POKE 32768+(4e * 22)+33+X , 1 6 0 
Nl:':XT X 
FOR ,{=1 'ro 5 
POKl:': 32768+{4D * 23)+32+Y , 160 
N!::x'r Y 
FOR 2=1 'ro 38 
POKl:': 327G8+(40 * 24)+z , 102 
:~ EX'l' Z 
~l:':1'1 .. BACKGROUND STARS 
DA'fA 45,234 , 252 , 320 , 389 , 474 , 577 , 632 , 641 , 707 , 727 , 735 
FOR X=O T O 11 
READ A 
POKE 32768+A , 43 
NEXT X 
FOR A=1 TO 1000 : NEX'f A 
'r"'O : 1'\"'0 : REM ** TOTALS , SH o'r s AND HITS 
N=U : S= l): R£r·\ ** SHELL HEIGH T AND S HI PS 
S$= " S HOTS= " 
H$= " HI 'r S= " 
R£M ** HEIG llT OF S HI P 
D"'IN T (10 * RNO (1 ) +0 , 5 ) : N=0 :W =0 
S=S+1 
IF 0>=7 THEN C=4 : GOT O 580 
IF 0<=3 'fHEN C=7 : GOT O 58 0 
IF 3<0<7 THEN C-13 
FOR X=" TO 35 

590 
600 
610 
620 
63. 
640 
65. 
66. 

67. 
68. 
69. 7,. 
71. n. 
7" 
7 40 
750 
760 
77' 
78. 
790 
s •• 
810 
S2. .3. ". 85. 
S.' 
S70 
SS. .9. 
9" 
910 
920 
93. 
940 
9" 
96 . 
97 ' 
9S , 
99 ' 

HHHl 
H1l0 

102~ 
103 0 
U!40 
10Sk! 

POKS 32768+ (40 *C)+X , 85 
POKE 32768+(40*C)+X+l , 60 
POKS 32768 + {40 *C)+X+2 , 87 
POKE 32768+ (40*C)+X+3 , 62 
POKE 32768+ (4U * C)+X+4 , 73 
IF NOO T HEN 670 
GET S : IF 8 =0 THEN 760 
IF B>0 THEN T =T+l : PRINT "[18 SPC1" ; S$ ; T : 
PRINT " [2 CUj " 
N:N+l 
W=PEE K (327 6 8 + (40 * (19 - N))+33 - N) 
I I.,' \'''=8 5 OR W=6 " OR W=87 OR W=62 OR W=73 T HEN 71 0 
G(rro 75 0 
POKE 3 276 8 + ( 4 0 * {1 9 - N))+33 - N, 4 2 
M=~I+ l : PR I NT "[30 SPC] "; H$ ; r-l : PRI NT " [2 CUj " 
I F ['\ ; Hl THEN 87 0 
GOT O 76 0 
POKE 32768+(40 · (19-N) ) + 33-N , 46 
POKE 3 2768 + ( 40 *C)+ X, 32 
POKE 3 276 8 +( 4 0 . C) +X+ 1 , 32 
POKI': 3 2 768+( 40 *C)+X+2 , 32 
POKE 3276 8 + (4 0*C )+ X+3 , 32 
POK E 32768 + ( 40 * C) +X +4 , 32 
POKE 327 6 8 + (4 0 * (19- N))+33 - N, 32 
I F N=21 THEN N=O: GOTO 850 
IF T = 15 T HE N 980 
IF W=85 OR W; 60 OR W=87 OR W=62 OR W=73 THEN 530 
NEXT X 
GOTO 530 
PRINT " [CLSj M: PRINT : PR I N'f 
PRINT " CONGRA'rULATIONS! ! YOU HAVE SAVED " : PRINT 
PRINT " rIOON8ASE FROM THI': ATTACK ! ~ : PRIN'f : PRIN'r 
PRINT " THE CONFEDE:RATION IS PROuD OF' YOU ": PRIN 'r 
PRIN'r "TYP E ' RUN ' IF YOU WANT TO P LAY AGAIN " 
PRIN'r : PRINT 
PR I NT " NUMBER OF SHI PS 'fHA'r A'fTACKEo", -; S 
PIHN T "YOUR SCORE !" 
PH I N'f " [ 11 SPCj S HOTS 'fAKEN= "; T 
P RI NT " [11 SPC 1 HfT S MAD£ = "; 1'1 
END 
P RI N'r "[CLS j " : P RIN 'r : PRI NT 
PR I NT " YOU HAVI': JU ST RLiN OUT OF AMMO !": PRI NT 
PR IN 'r " 'Nil': MOON8 AS I': HAS I3E I':N Oe:S'fROY £ O" 
PIH NT : PR I NT :PRIN'r " TYP e: ' RU N ' IF YO U WAN'f T O TRY 
AGAIN " 
PIHN T 
P RIN "r " [1 1 SPC] S HIPS ATTACK80 " : PRINT 
PR I NT "Y OU HI T "; 1'1 ; " WITH "; T ; " SHO'fS " 
t:: l-fD 

the program . It would be a 
fairly trivial task to allow the 
elevation of the gun barrel to be 
altered under program control 
and so make the game even 
more interesting . 

the alien c raft can be 
slowed down , if you need 

The of the fl ight of 

it , but speeding up is a 
different matte r and would 
probably need the inclusion 
of a machine code routine . 

• I 

Photograph courtesy of Twentieth Century Fox. 
2& . 

I 
I 
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T G Royle 

This program was written on 
a Tangerine Micron and 
plays a slightly unusual 

graphics game. The object is to 
steer your 'snake', represented 
by * * * >, around the screen. 
At random time intervals and in 
random locations, blocks will 
appear and the ob ject is to get 
the head of your snake into the 
block. If you do this before the 
block disappears then you are 
awarded a score. This score is 
added to your total and is then 
'counted-down'. When it 
reaches zero you can roam off 
in search of another block. As 
time progresses you r snake gets 
longer and the risk of crossing 
your previous path increases. If 
this happens , or if you hit the 
outer wall, you will lose one of 
your th ree Ii ves. 

G arne Alterations 
Changes can be made by 
adjusting the value of R in lines 
82-86, a smaller value making 
the snake move faster . RedUcing 
the value of W in line 253 
increases the speed at which the 

24 

snake gets longer. 
The random number seed in 

line 800 controls the time 
between each block being 
generated. The seed in line 710 
controls the time for which each 
block is displayed. 

Some of the other lines are 
of note for non-Micron owners. 
Line 2 performs a 'Clear 
Screen ' function and line 26 
deletes the character on the 
screen after a GET; this is 
needed owing to a fault in the 
original Microsoft BASIC. The 
PEEK in line 255 returns the 
Hex value of the last key 
pressed. 

TECHNICAL DETAILS 
The Micron screen is based on 
a 32 character line with 16 lines 
on the screen at anyone time. 
Memory locations between 512 
and 1023 are used for PEEKing 
and POKEing to the display. In 
general, the character set for 
graphics is the same as that 
used by the NASCOM (see our 
'Graphic Details' article) . 

Here's a game to 
tempt you - wriggle 
out of this one if you 
can! 

Personal Software Autumn '82 



2 FOR 1 =1 TO 16 : PRINT : NEXT I 
4 A=544 : B = 575 : C=1~23 : D=992 : E=0 
6 FOR I =A '1'0 B : POKE I , 42 : NEXT I 
8 FOR 1 =8 TO C STEP 3 2: POK£ I , 42 : N£X'I' I 

10 FOR I =C TO D 5TEP-l: POKE I , 42 : NEXT I 
12 FOR I=D TO A+ 32 S'I'E P-32 : POKE I ,4 2 : NEXT 
14 A=A+32 :B =B+31 : C=C- 33 :D =D-31 : E=E+l 
16 IF £=6 GOTO 2~ 
18 GOTO 6 
20 POKE 781,83 : POKE 782,78 : POKE 783 , 65 :POKE 784 , 75 : 

POKE 785 , 69 : POKE 786,83 
24 PRINT " DO YOU WANT INS'rRUCTIONS " : PRINT "P RESS ' 'I ' 

FOA YES , ' N ' FOR NO· 
26 GET A$ : POKE 3 , f:) : IF A$ =" N" 'fH BN FOR 1=1 '1'0 8 : PRIN'I' : 

NEXT I : GO'fO 713 
313 PRIN'f : l'IHN'f : PRI N'f : PRINT "A SNAKE OF ' < * * ' WI LL 

MOVE " 
32 PRINT " AROUND 'fHE SCREEN UNDER YOU I-l" 
34 PRINT "CONTROL. YOU CAN CHANGE ITS " 
36 PRIN'f "DIREC 'rrON BY PRESSl t~G : - " 

38 PRINT· [2 SPCj 2 TO l'lAKE IT MOVE DOWN " 
413 PRINT "[2 SPCj8 TO MAKE IT MOVIi: UP" 
4 2 PRINT" [2 SPCj 4 T O MAKIi: 1 '1' MOVE LEFT" 
44 PRINT" [2 SPCj 6 TO I<lAKE IT MOVE RIGHT" 
45 PRII~T "PRESS ' SPACE ' 'ro CONTINUE " :GET A$ 
4 6 FOR 1=1 TO 4 ; PRINT : NEXT I : PRIN 'f "YOU HAVE 3 LIVES 

(NU~lBER TOP RIGHT) " 
48 PRINT " YOU i>JILL LOSE ONE IF YOU : -" 
5 III PI-lINT " [2 SPC j 1) HIT AN GU'rEI< \'iALL" 
52 PRINT " [2 SPC j 2) DOUBl.E BACK ON YOURSELf' '' 
5 4 PRINT "[2 SPCj3) CROSS OVER YOUR PATH" : fOR 1= 1 TO 

G: PRINT : NE XT I 
55 PRIN'r " PRESS ' SPACE ' TO CONTINUI;;" : GE"j' A$ 
56 PRINT : PRINT : PRIN'r : PRIt'JT " TH E OBJEc'r IS Tu RUN INTO 

TH E" 
58 P IHN'f n BLOCKS WHICH APPEAR RANDO,o1LY BU"!''' ; 
60 P RINT " ONl.Y STAY FOil. A Si-WR'r 'I'I ME SO 8 E" ; 
62 P RINT "Q UICK " 
64 PR I NT " THe SNAKE GE 'f S LO!~GER AS THE GAME GuES ON ." 
7~ PRINT ; PRINT ; PRIt'JT ; fiRINT "ENTER YOUR RATING : - " 
72 PRINT " [2 SPCjBEGINNER[4 SPCj=!3 " 
7 4 PR I NT fl [2 SPCjNOVICE[6 SPC j =N" 
76 !">RINT " [2 SPCjEXPE!<T[6 SPCj=E " 
78 GE "r A$ :POKE 3,1ll 
82 IF A$= " I3 " THEN R=12;) : GOTO H10 
84 IF A$= " N" THEN R=100:GOTO l~O 
86 IF A$ = " E" TH3N R=60 : GOTO laa 
88 GO"l'O 70 

11313 FOI-l 1 = 1 TO 16 : PRIl~ T : NEXT I 
120 J = PEEK( 4 9136) ; FOR 1 = 545 TO 574 : POKE I ,1 92 : POKE 

I +44 8 , 3 ; NEXT 1 
130 FOR 1=576 TO 960 STE P 32 : PQKE 1 , 170 : POKE 1+31 , 85 : 

NE XT I : POKE 49139 , 0 
135 DIM P(HHI) 
140 X= 1 : Y=32 : l. =3 : l.l. =3 : T = O; Tl = 1+I NT(9 * RND(1)) : SC = 0 : 
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16' 
250 
252 
253 
255 
260 
270 
280 
29' 
410 
420 
430 

4" 
600 
610 
620 
625 
630 
"0 

705 
71 [) 

suo 
900 
910 
92~1 

9 3~J 
"'0 
9 511 
900 
') 7 <:l 
98 ~) 

UHHI 
hllO 

1200 
12HJ 

1 5!HI 
I. 51 II 
1520 
1530 
1540 
1600 
1610 
1620 

MICRON/MICROTAN 65 

POKE 538 , 48+l. 
S2 = 48 : S3 = 48 : S4=48 : S5=48 : POKE 5 1 6 , s5 : POKE S17 , S4 ; 
POKE 518 , S3 : POKE 5 1 9 , 52 
P = INT{ (69S-( 77 ) *RND{l)+677) ; 8=INT (5*",~D(lj) ; 

P = P+{B*32) 
A=2*Ii'lT( (28 - 25) * RND{l)+ 2 5) : GOTO 260 
T I-Tl=l : IF T l =T THEN 7 13 0 
T2 =T2-1 : IF '1'2='1' THEN 8130 
W=W+ l : IF W= 50 THEN 1600 
A= PEEK(l) 
I F A= 50 TH EN M= Y: Dl =86 : GOT O 4HJ 
IF A=52 THE!>. M=- X: Dl = 61ll : GOTO 4HJ 
IF A= 54 THEN M=X: Dl =62 : GO'l'O 4 1 0 
IF A= 56 THEN M=- Y: Dl=94 
P =P+M : IF PEE K (Pj<>32 THEN 6RIll 
POKE: P,D l : FOR 1 = 1 TO R:NEXT I 
FOR l.A=l.L TO 1 ST EP-l: P(LA)=P(LA-l) : NEXT LA : 
P(l}=P : POKE P(l.L) , 32 : POKE P(I) , 42 
GOTO 25;) 
I F PEEK(P) = 255 THEN 90lll 
L=L - l : POKE 538 , 48 + L 
It=" l.=0 TH EN Hl00 
FOR L8=1 TO Ll. : POKe: P(LB) , 32 : !~EXT Ltl : POKE t: , 32 
FOR I = l 'fa 21ll~0 : NEXT I : GOTO 150 
E=INT «607 - 577) *kND ( 1 ) + 577) : F = I NT (13 * RND (1)) : 
E=c+{F*J2) 
IF Pli:li:K(E) <> 32 THli:N 700 
J = PHK (49136) : POKE £ , 255 : POKE 49139 , 0 : 
r2=IN'I'{ i60- 1G} * RND(i)+HJ) : Go'ro 255 
POKE E , 32 : T l=1 + INT(9 *RN D (I ) ) : GOTO 255 
SI=INT( (58-49) * RND(I)+49} 
POKE P,Sl:SC=SC + l : FOR 1=1 '1'0 200;NE XT 
S2=S 2 + 1 : [f 52>57 THEN 5 3=53 + 1 : S2=48 
IF 53 >57 TH~N 54=S4+1 : 53=48 
IF 5 4 >57 r rll::N S5 =5:;+1 : S4=48 
IF 55>57 'f riiN 12 u O 
rOKE 51G , ~5 : PJKE 517 , ~4 : POK~ 51B , S3 : POKE 51 ~ , ~2 
SI =51 - 1 :1 1-' SI>47 GlH,] 910 
GO'f O (lO<) 

FOll 1= 1 'r o (l : Pt<. [ l'o!"j' : NEX"l' i. : i',i\l'" "[12 SPC j GA"j" ~, ",:,,-,<" 

I'Il.(N"j' " t tl S PC 1YOU k SC()I~!:: IS" ; SC : FOR 1= 1 'fO 6 : f'ti. " ;~ : 

Nl.CX"1' [ : GO'CO I S lI lI 
FOk r = 1 "I'U <l:PHl!'J"I' : N£x'r 1. :~HI N j' "[ 13 SPC1""OU wI:1" 
PRIN'I' "[4 SI'CjY00k SCUIIE [S OVEH 999~· : FJR 1 = 1 : ~ 

6 ;PRIN '1'::"l!::XT [ 
PRII~"1' " D0 YOU & [S il '1'0 Pl.I\Y AGAIN " 
PRIN'r · Pj{ES~) ' Y ' FIJH Y!::S , 'N ' FOR 1,0" 
t:;l:: "l' 1\$ : PUK~; 3, 0 
IF n$= " y tl "rl l l::N 1~0 

PII.IN 'i' " [3 ~~I'C1TIIAI,K YUU " ;EI.JO 
l.L=LL+l : W= O: H= H- Z 
IF R< = 10 THEN k =I U 
GOTO 255 
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Simon N Goodwin 

HOLOCAUST 
Holocaust is a jolly game, 

giving you a chance to 
press the red button and 

start a nuclear war! If that 
seems rather morbid, think that 
at least when your computer is 
in charge nobody gets hurt . . 

The program puts you in 
control of an arsenal of atomic 
bombs, featuring old-fashioned 
A bombs, bigger and better 
H bombs and everyone's 
favourite, the N or neutron 
bomb, which ki lls everything 
but doesn't damage the valuable 
factories that you will need 
when the war is over (to build 
some more missiles naturally). 

The End Is Nigh? 
You are faced with an invasion 
from the East. As the attacking 
tanks come rolling over the 
horizon, your radar scanners 
help you to target on them and 
protect your cities from capture. 
This is not one of the common 
games where you have to enter 
the Cartesian coordinates that 
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you want to shoot at. In this 
game, your radar sights scan 
back and forth horizontally and 
vertically across the display. 
You select your bomb when 
they are pointing in the right 
direction and the missile comes 
whistling down on to the chosen 
target - you hope! 

Of course, it is all too easy 
to make a slight miscalculation 
and blow up one of your 
favourite cities instead of an 
enemy infantry division. There 
again, if you'd used an H 
bomb you would possibly have 
zapped two or three cities as 
well as the enemy unit you were 
aiming at. 

HOW TO PLAY 
The aim of the game is to blow 
up each of the 12 attacking 
units before they are able to 
cross the display. They are 
continually mOving in a semi­
random manner, generally from 
east to west across the screen. 
Your success is measured in 
terms of your Devastation Rating 

A tactical 
thermonuclear 
wargame that you 
can fight out in your 
living room. 

- the 'score' printed on the 
left -hand edge of the s.creen . 
The lower this rating at the end 
of the game, the better. It 
increases whenever you fire a 
bomb, especially if it lands on 
one of your cities. The more 
damage your missile does, the 
greater its effect on your score. 
Your rating falls when you 
manage to hit one of the enemy 
units. 

A continuous display of the 
number of missiles of each kind 
remaining is maintained on the 
left -hand side of the screen as 
the battle takes place. The 
explosion of the bombs is 
marked by a flashing haze on 
the screen . This will destroy any 
enemy troops or friendly cities 
caught beneath it, and varies in 
size according to the type of 
bomb that has been launched. 
H bombs and A bombs leave 

an area of permanent damage 
(the footprint) after they have 
exploded - if an enemy unit 
moves into one of these areas it 
is killed by radiation poisoning. 

At the start of the game you 
are asked to enter your skill 
rating. This governs the number 
of missiles you have at the start 
of play - remember that the 
invaders will win automatically 
if you run out of missiles before 
they have all been destroyed. If 
you press any key other than 
0-9, the machine will ignore you 
and wait for you to specify a 
valid rating. When you have 
done so the screen is cleared 
and split into two areas - a 
column on the left for 
information such as score and 
ammunition supplies, and a 
larger square area upon which 
the battle will take place. 

The 12 arrow heads on the 
right of the display are the 
attacking forces - as soon as 
the screen has been fully set up 
they will begin to move. The 14 
random asterisk ,., symbols 
represent your cities and 
industries. Two small cursors 
will flash along the side and top 
of the screen - these are your 
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radar scanners. As they move 
you can stop them by pressing 
either A, H or N. As soon as 
both vertical and horizontal 
target lines have been set the 
missile will be launched to the 
appropriate point on the screen 
- H will launch an H bomb 
and so forth. There is no need 
to press New Line or Enter 
when launching missiles. If you 
try to fire a type of missile that 
you have run out of, a message 
will appear at the bottom left of 
the screen and the invaders will 
take advantage of the chance to 
move unmolested. 

SCORING 
Rating + 15: Neutron bomb 

dropped. 
Rating + 50: Hydrogen bomb 

dropped. 
Rating + 20: Atom bomb 

dropped. 
Rating 30: Enemy unit. 

destroyed. 
Rating + 100: For each city 

blasted. 
Rating + 40: For each city 

captured. 

TECHNICAL DETAILS 
The listing may seem quite short 
in relation to the description of 
the program's facilities. This is 
for two main reasons - first, 
the requirement that it should 
run fairly qUickly. The more 
variables or lines in a BASIC 
program, the more time it will 
take the interpreter to find each 
one. To make the program run 
as qUickly as possible the most 
often used subroutine, the one 
that moves the attackers, has 
been put at the start so that 
BASIC can find it quickly when 
it searches through memory for 
a given line. The program has 
been written in a number of 
small subroutines. This slows it 
down slightly but makes it much 
easier to test or to modify for a 
different type of computer since 
the writing can be done piece 
by piece and the routines can 
be tested one at a time. 
Unfortunately, as it is a game 
using graphics it will not be 
possible to enter it straight onto 
other machines, except a 
TRS-80 level II, which should 
run it without changes. 
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Whenever possible, sensible 
names have been chosen for 
variables to make debugging 
the program easier - for 
example, temporary variables 
start with T , V and H contain 
vertical and horizontal co­
ordinates, and so forth. The X 
coordinate of an attacker is set 
to zero when it is destroyed. 

Particular statements which 
may seem odd are as follows : 
CLS The command to clear the 
display. 
DEFINT A-Z Makes all variables 
other than K$ be stored as 
integers (whole numbers only), 
to speed up the program. 
SET(X,Y) Turns on (white) a 

TRS-SO LEVEL II 

point on the screen. X is a value 
between 0 and 127 and Y can 
be between 0-47. SET(O,O) turns 
on the point in the top left-hand 
corner of the screen. 
RESET(X, Y) The reverse of SET 
- it turns a point on a 
0-127,0-47 matrix black. If the 
point is black already RESET 
has no effect. 
PRINT @ X, Moves the printing 
cursor to position X on the 
screen. As it is made up of 16 
lines of 64 characters, X can be 
any value between 0 (top left) 
and 1023 (bottom right). 
(PEEK(P) < > 42) This 
expression lets you look into the 
screen memory. P is the place 

PROGRAM STRUCTURE 
Statement Function Action 

Lines 120-280 Move Attackers Compute and position 
attackers after move. 

Lines 290-430 Bomb Hit Check all attackers to see if 
bomb has hit. 

Lines 440-470 Keyboard Scan Look at the keyboard and 
see if an y key has been 
pressed. If valid key 
pressed bringing it back, 
otherwise clear K $ 

Lines 480-580 Vertical Scan Move the sights up the 
screen waiting for a key to 
be pressed. 

Lines 590-660 Horizontal Scan As above but across the 
screen instead of up. 

Lines 670-850 A Bombing Select weapon and drop it 
on the selected co-
ordinates. 

Lines 660-920 Out Of Ammo You don't have any of the 
selected bombs left. 

Lines 930-970 Bombs Dropped Go and move the enemy. 
Lines 980-1240 H Bombing As with A bomb but make 

more of a mess! 
Lines 1250-1410 N Bombing Much neater, kills attackers 

but leaves your cities safe. 
Lines 1420-1440 Conversion Change a SET function to a 

POKE. 
Lines 1450-1510 All Dead? Check to see if you killed 

all the attackers. 
Lines 1520-1620 Control Look after the various 

subroutines. 
Lines 1630-1690 Scores Update and look after the 

scoring. 
Lines 1700-1920 Instructions Display the game rules and 

instructions. 
Lines 1930-2200 Set Up Create the battlefield on 

the screen with the cities, 
attackers and initial scores 
displayed. 

Lines 2210-2290 You Lose Too bad, you were 
overrun. 

Lines 2300- 2410 End Game Final messages. 
Lines 2420-2470 You Win Well done message . 



HOLOCAUST 

in memory; P-1536O would tell 
you where to PRINT @ if you 
wanted to print a character 
there. The function returns 0 if 
the memory cell at P contains 
42 or - 1 if it does not. (42 is 
the character code for'·'.) 
POKE P, 191 This expression 
pu ts a character code 191 at 
location P in memory. This can 
be the same as a PRINT @ 
P-1536O, except that it allows 
you to display characters that 
can't be typed directly on the 
Video Genie keyboard - code 
191 is an all -white block. 
K$~ INKEY$ This statement 
reads in the current key being 
pressed on the keyboard - it 
returns a Null (empty) string if 
no keys are down. On a PET 
use the GET statement - GET 
on an Apple does a different 
thing so use: 

"K$~ CHR$(PEEK( - 16384)) 
;POKE - 16368,0" . 

RND(N) This expression returns 
a random whole number 
between 1 and N. RANDOM at 
the start of the program will 
make sure that each game has a 
different sequence of random 
numbers. An RND ;tatement is 
also used in one oj he 
keyboard loops to v'lry the 
sequence. 

TACTICS 
To conclude, a few tips on how 
to succeed when p laying the 
game. It is sometimes useful to 
lay down a barrage of missiles 
across the screen to act as a net 

T,Tl,T2 
CT 
CA 
P 
XL,YL 
K$ 
AB 
NB 
HB 
SC 
CH 
SK 
VA 

XP,YP 
AX( ),AY( ) 

V,H 

FL 

VARIABLES 

Temporary results. 
Number of cities remaining . 
Attacker move count. 
Position on screen . 
Range of bomb blast. 
Last character from keyboard. 
Atom bombs remaining . 
Neutron bombs remaining . 
Hydrogen bomb stocks. 
Score (Devastation Rating). 
Explosion character. 
Skill rating. 
The constant 15360 - address of the start of 
screen memory. 
Top left X and Y coordinates hit by a missle . 
Attackers X and Y coordinates (X positions 
0-63, Y 1-15). 
Vertical and Horizontal aiming coordinates (V 
0-47, H 0-127) 
A 'flag' set to zero when only one attacker is to 
be moved . 

to stop the advancing forces. As 
H bombs and A bombs leave 
some areas permanently 
'radioactive' , they can be used 
like landmines (!) in the hope 
that the attackers will walk into 
them . This will filter out some of 
them, leaving the rest to be 
individually blasted with the N 
bombs. At the higher 'Skill 
Ratings' you may not be able to 
do this as you will not have 
enough weapons. The main 
weakness of that strategy is that 
it increases your score since you 
will have to blast large areas to 
make a reasonable net, but it 
can save cities in the long run. 

The targeting system 
generates one of the standard 
military problems - by the time 
you've taken aim, the enemy 
have moved somewhere else l If 
after you have set a horizontal 
line of fire the enemy move out 
of range, you can abort the 
launching of your missile by not 
pressing any key during the 
vertical radar scan. The 
horizontal scan will restart 
without any missile being 
launched. 'Deflection shooting' 
will make it easier to hit the 
targets - try to judge how often 
and how far they move and aim 
ahead of them accordingly. 

100 REM ** PRINT RULES AND SET UP SCREEN 
110 GOTO 1700 

390 NI':XT T 
41;10 NEXT X 
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120 REM ** MOVE ATTACKERS 
1 30 T"'0 
14 0 CA=(CA<12)* - CA 
150 IF AX(CA) = 0 THEN 260 
150 POKE VA+AX(CA) +AY(CA)*64,32 
170 AX{CA) =AX(CA)-RND(3)+1 
180 AY(CA)=AY(CA)+RND(3)-2 
190 IF AY(CA)<l THEN AY(CA)=l 
200 IF AY(CA»15 THEN AY(CA)=14 
210 Tl=PEEK(VA+AX(CA)+A¥(CA}*64) 
220 IF Tl = 42 THEN C'r"'CT-l ;5C=5C+40 
230 IF Tl>127 THEN AX(CA)=0:GOTO 260 
240 IF AX (CA) ><£1 THEN POKE VA+AX (CA)+ AY (CAl *64,60 
250 IFAX(CA)(18 THEN 222~ 

26i) Ck=CA+1 ;T=oT+1 
270 IF T(4 AND FL THEN 140 
28i) RE'rURN 
29~ REI'l * * 51::1:: IF tWMtI STRUCK AT"J'ACKI::H 
3 ,HJ P=P-VA 
31~ YP =P/64 
32 0 XP=OP - YP*64 
330 IF K$= " H" THI::N XL=2 ; 'iL =l; GOTO 35 0 
34£1 XL =o I ; 'i L=(') 
350 FOR Y=YP TO YP +YL 
360 FOR X=XP TO XP+XL 
370 FOR T =o£! TO 11 
380 If A'i{Tj=Y AND AX{T)=oX "rHEN AX{"f)=kl;SC=SC-30 

410 NI::X"j' Y 
420 RETURN 
430 REM ** SCAN THI:: KI::YBOARD 
440 K$ : INKE'i$ 
450 IF K$:'''' OR K$ =o "N" OR K$="H" OR K$= " A" THEN HI::"I'UH l~ 

46£1 K$= "";RETURN 
470 HEi" ** VERT ICAL DISPLAY SCAN 
480 V=o 4 
4':1U SET(3Z ,V+l) ;S ET 32,V) 
500 GOSUB 440 
511) fL=o 0 
520 GOSU8 140 
53i1 FL"' l 
540 IF K$O "" OR Y>42 THEN RETURN 
550 HESET(32 , V+l);HESKT(32 , Y) 
560 V"'Y+3 
570 GOTO 490 
580 HE"l ** HOHIZONTAL DISPLAY 
5':10 11.=32 
6~H) SET(H , l):SET(H+l , t) 
610 GOSUtl 440 
62(,) IF K$(> "" OR H> ll':l "fHEN RETURN 
630 RESET( H,l) : KeSET(tl+l ,l ) 
6 4(.) 11.=11. +2 
650 GO 600 
660 REI" ** DHOP AN I A ' tlOMtl 
67i) If Atl(l "fHEN 86(.) 
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680 
698 

"0 
710 
728 
730 
740 
750 
760 
770 
780 
79S 
800 
81S 
820 
83S 
840 
850 
86S 
870 
880 
8" 
9" 
910 
920 
930 

'" 950 
960 
97 ' 
98S 
990 

lee" 
113113 
11"20 
1030 
1040 
HIS'" 
1 0613 
HI70 
UI80 
Hlge 
1100 
l IB' 
11213 
1130 
114 1'l 
11 50 
11613 
11713 
1180 
11 90 
12~HI 

12Hl 
1221'1 
12313 
1240 
1250 
1260 
12713 
1280 
1290 
13~Hl 

1310 
1320 
1330 
1340 
1350 
136 0 
1370 
1380 
1390 
1<:'-'0 
14h 

1 420 
1430 
1440 
1450 
1460 
1470 
1480 
149 0 
1500 
ISH} 
1520 
1 5 30 
1540 
15 50 
1560 
157 0 
1580 
1590 
1 600 
16HJ 
1620 

SC =SC+20 
Atl =Atl-l 
GOSUB 1420 
T= (PEEK (F) =42 ) OR (PEEK (P+l) =42) 
IF T THEN SC=SC+l~0 
c 'r=CT+T 
FOR 'f"'0 'fO 3 
IF T =0 OR T=2 THEN CH= l~~ . '0 770 
CH=32 
POKE P,CH 
POKE P+l,CH 
GOSUB 1450 
NEXT T 
PO KE P ,162 
POKE P+l , 145 
GOSUB 3013 
RETURN 
REM ** NONE OF THO SE BOMBS 
PRINT @960 , "OUT OF "; K$;" BOMBS";' 
IF AB+H~+N8C 1 THE N 2260 
GOSUB 130 
GOSUB 130 
GOSUB 13 0 
PRIN'; @960 , " [15 SPC1 " ; 
REM ** BOMB DROPPED, MOVE ENEMY 
RESE'C(H,l) 
RESE'C(32,V+l) 
GOSUB 260 
RETURN 
REM * * DROP AN ' H' BOMB 
IF HB<l THEN 860 
sc:sc+50 
HB=HB-1 
GOSUB 1420 
T=(PEBK(P)=42) OR (PEEK(P+l)=42) 
T =(PEEK( P +"2}=42) OR (PEEK(P+64):42) OH T 
T = (PEEK(P+65) = 42) OR (PEEK(P+66)=42) OR T 
IF T THE N SC=SC-10 .,*T 
C'r=C'f+T 
FOR 'f:0 'CO 3 

IF '1' :0 OR T=2 THEN CH=155 : GOTO 1100 
CH:128 
POKE P,CH 
POKE P+2,CH 
POKE P+ 65 , CH 
POK E P+1 ,CH 
POKE P+ 64 , CH 
POKE P+66,CH 
GOSU8 1450 
NEXT T 
POKE P,188 
POKE P+66,143 
POKE P+ 2,188 
PO KE P+64,143 
GOSUB 300 
RE'rURN 
REM ** DROP AN ' N ' BOMB 
IF NBC 1 THE N 860 
SC = SC+15 
NB=Nd-1 
GOSUB 14213 
T=(PEEK(P}:42} OR (PEEK( P+1) = 42 

IF '1' THEN SC=SC+100 
CT=CT+1 
FOR '1'=0 TO 3 
IF '1'=0 OR '1'=2 THEN CH=191 : GOTO 1350 
CH=32 
POKE P , CH 
POKE P+1, CH 
GOSUB 14 5 0 
NEX'f T 
GOSlIB 3\Hl 
RETURN 
REl'1 ** CONVERT A SET TO A POKE : 
PASS H, V - RETURN P 
P:VA+H/2+INT (V!3) *64 
RETURN 
REM ** SEE IF ALL ENEMIES ARE DEAD (DELAY) 
T1=0 
FOR T2 = 0 TO 11 
'rl =T1+AX(T2) 
NEXT T2 
IF '1'1:0 THEN 2430 
RETURN 
REM ** l'1AIN CONTROL LOOP 
GOSUB 130 
GOSUB 590 
GOSUB 13 0 
GOS UB 480 
GOSUB 14 50 
IF K$ = "N" THE N 
IF K$="A" THEN 
IF K$="H" THEN 
GOSUB 1 630 
GOTO 1 52 0 

GOSUS 
GOSUB 
GOSUB 

1250 
670 
980 

I<.El'1 ** UPDATE T HE SCORES 
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1 6 30 
164", 
1 65 0 
1660 
167fJ 
1680 
1690 
1 71Hl 
171fl 
17213 
1 730 
174'" 
1750 
1760 

1770 

1 730 

1 790 

180(,) 
1810 

1820 

11>30 

1840 

1850 

1860 
1870 

1880 
1890 
1900 
1910 
192 0 
1930 
1940 
1950 
19 60 
1970 
1980 
1 990 
200(.1 
2010 
2020 
2030 
2040 
2050 
2060 
2070 
2080 
2090 
2100 
2110 
2120 
2130 
2140 
2150 
2160 
2170 
2180 
21 90 
2200 
2210 
222(') 
2230 
2240 
2250 
2260 
2270 
2280 
2290 
2300 
2 31 0 
2320 
23 30 
2340 
2350 
2360 
2370 
2380 
2390 
2400 
2410 
2420 
2430 
2440 
2 4 50 
2460 
2 47 0 

IRS-SO LEVEL II 

PRINT @135 , HB ; 
PRI NT @199 , AI:3; 
PRI NT @263 , N8 ; 
PR I NT @391 , SC ; 
PRINT @S19 f C'r ; 
RE 'rURN 
REpl *'" DISPLAY INSTRUCT IONS 
RANDOM 
DEFINT A-Z 
DIM AX(12 ) ,AY (12) 
CLS 
PRINT ~ H 0 L 0 C A U 5 T" 
PR INT : PRINT 
pR I NT "Y OU l'IA'i DROP ' N ' BOM~S, 'H ' BOMBS & GOOD OLD 
fASHIONED ' A ' BOMBS " 
PRIN'C " ON THE CI'rIt:S OF YOUR BELOVIW COUNTRY , 
HOPING TO l'1ISS 'CHEM & Hrc" 
PR INT "TtlE MOVING ARROW S REPRESENTING ENEi'lY 
I rNADI':RS. " 
PRINT "H 1301'1135 D8S 'l'R OY THE LARGEST AREA AND N 801'1B S 
'I'H8 L8AS'j'" 
PR INT " AS Ti-IEY DO NO'C Lt:AVE PER~IANt. L"I' OM1AGE." 
PRINT " YOU MUST DESTROY ALL T HE .£NI:: ,1ISS , WI 'CHOUT 
LET'rING 'fH<:M CROSS 'fHt:" 
PR INT " COUNTRY F ROI>\ EAST TO WEST - BLOWI NG UP AS 
LITTLE OF YOUR CQ UNTRY" 
PRIN'j' " AS POSSIBLE. 'CO F Iil.E A dOHd PI{t::SS "C.U: 
APPROPRIATE: LE:TTER WH EN YOUR" 
PRINT "HORIZ ONTA L AN D VERTICAL SIGH'l'S INDICATE TH E: 
CORRECT CO-ORDINATES" 
PRINT "PRE:SS THE KEY WHILE THE SIGHT S ARE MOVING T O 
CHOOSE WHE:RE TO ST OP " 
PRINT 
PRINT " ENTER YOUR SKILL RATING WH EN YOU WANT 'CO 

STAR'r - BETWEEN 0 AND 9 " 
K$ : I NKEY$ 
'C : RND (10) 
IF K$= "" THEN 1880 
IF K$C"O · OR K$> " 9 " THEN 1880 
SK:VAL(K$} 
REI'I ** SET UP BATTLEFIELD 
T=0 
HB=4 - SK/3:A8= 14 - SK:NB = 18-SK 
SC:0 : CT=14 
CLS 
CA=0:VA=15360;FL=1 
F OR Y=0 TO 47 
SE 'C (30 , Y) 
SET(127 ,Y} 
NEXT Y 
PRI NT @l ,"HOL OCAUST !!"; 
PR INT @128 , " H BOMBS "; HB ; 
PRIN "C @192 ," A BOMBS" ; AB; 
PRINT @256 ,"N BOMBS " ; NB; 
PRINT @384 ," SCORE :";SC ; 
FOR V=l TO 14 
POKE VA+V*64+17+RND(40} , 42 
NEXT V 
PR INT @512 , "CITIES ~ ; CT ; 

FOR V=fl TO 5 
AX(V) = 62 
AY (V) =V 
AY (V+6)=11 - V 
A X (V+6) =6 2 
NEXT V 
GOSUB 130 
GOSUt3 130 
GOSUB 1520 
REI'! ** ATTACKERS WIN 
SC=SC+1000 
GOSUI3 2310 
PRINT @640 , "C OUNTRY OVERRUN"; 
GOTO 2450 
SC=SC+HJ00 
GOSUB 231\:1 
PHIN'C @640 ," OUT OF MISSILES ' 
GOTO 2450 
RE,'l ** END OF GAr-a: 
FOR T:0 TO 5 
FOR T 1 =~ TO 200 : Nt::XT 'C1 
PRINT @768 , "C BATT LE OVER>" ; 
PRINT @39 1 ,"[7 SPC]" ; 
FOR T1 =0 TO 260;NEX T T1 
K$=INKEY$ 
PRINT @768,"[13 SPC 1"; 
PRI NT @3 9 1 ,SC ; 
FOR '1'1=0 'CO 201) :N t::XT T1 
NEXT T 
RETURN 
REM ** DEFENDERS WIN 
GOSUB 2310 
PRINT @640 , " E:NE MY SURRENDER" ; 
K$=INKEY$ : IF K$: " " TH EN 2450 
REM ** THAT'S ALL 

'ND 
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Pete Howells 

PROGRAM STRUCTURE 

Statement Function Action 

Lines 110- 160 Set Up The table is set r, in a 
matrix uSinl1 DA A read 
from line 1 O. 

Lines 170- 190 Game Speed Control the speed at which , 

Lines 200-450 Game Display 
the game is played. 
Print the game display on 
the screen. The semi-colon 
at the end of line 450 is 
necessary to prevent losing 
the top line of the displah as the cursor returns to t e 
start of a new line after 
having written the entire 
screen. 

Lines 460-470 Counters Initialise the counters, 'H' 
for attacks sustained and 
'AA' for ammunition used. 

Lines 480- 490 Delay Introduce a suitable 
random delay between 
attacks by looping until a 
high enough value is 
taken. 

Lines 500- 550 Direction 'AX' stores the direction of 
fire and is reset to zero 
from the previous 
direction . 

Line 700 Attacker Test Tests if the attacker has 

Line 710 Player Test 
been destroyed . 
Tests if the player has been 

Lines 720-740 Next Attacker 
destroyed. 
POKE a blank to the 
current position of the 
attacker on the screen, 
alter the current position 
according to the direction 
of travel and POKE the 
attacker into the next 
pOSition. 

Line 750 Speed Delay rovides speed delay. 
Lines 790-830 Explosion POKE a minor explosion to 

the pOSition of the attacker. 
The attacks sustained 
counter is incremented, the 
screen display is updated 
and the explosion is 
cleared from the screen for 
the next attack. 

Lines 840-890 Player Hit Display a 'KERB LAM' 
explosion on the screen 
should the attacker hit the 
player. The display is held 
on screen for a while, then 

Lines 900-1000 Congratulations 
the game is restarted . 
Print a congratulatory 
message on the screen and 
the game either restarts 
from scratch or is stopped 
according to player's 
response. 

Keep looking over 
your shoulder for that 
surprise attack! 

The original Ambush was 
published as a project in 
our sister magazine, 

ElectroniCS Today International, 
and this game represents a 
computerised simulation of its 
features. 

Because the original game 
used flashing lights and a 
number of buttons to select the 
direction of fire, we have tried 
to preserve these in this piece of 
software. However, the sound 
effects are missing; the PET 
doesn't have an integral sound 
generator so if you want to 
expand the program, this could 
be one area of interest. 

In the original version, the 
number of shots fired at an 
incoming attacker was 
determined by the length of 
time you held the button down. 
As the GET command will only 
input one character, the 
ammunition provided is just 
sufficient to beat off the 100 
attacks. 

HOW TO PLAY 
Attacks from the rear and sides 
are heralded by a warning 
message on the screen, attacks 
from the front are 'silent' . The 
missiles must be fired by 
pressing the key corresponding 
to the direction of the attack; 8 
for a frontal attack, 4 for the left 
side, 6 for the right side and 2 
for the rear. 

PROGRAM 
CONVERSION 
The game is written for the 
Commodore PET, although it 
uses none of the special features 
other than the memory mapped 
screen and PEEK and POKE 
statements . Conversion to other 
systems should be relatively 
simple prOvided they possess 
both these features . The cursor 
controls are used simply to 
provide the PET with a pseudo 
PRINT AT function and can be 
replaced on many other systems 
by that command (Sharp owners 
can use the CURSOR function). 
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10' 
1lO 
12(J 
130 
140 
15. 
168 
170 
188 
19~ 

'2~Hl 

21' 
220 
230 
240 
258 
26 (1 

270 
280 
29' 
3~0 

318 

360 
370 
38'<1 
390 

"" 41' 
42' 
438 
448 
OS, 
"8 
478 
488 
498 
500 
510 
520 
538 
SO, 
558 
568 
578 

Al'lMUNITION 0 
INDICATOR • 0 
• lee • • 80 0 

• 0 • .0 
• • 40 0 

• 2. • o Q 000 0 0 •• 0 0 0 0 

• • • 0 

foITTACKS 0 
SUSTA WED 
ee 0 

SPEED 0 
1 o· 

ATU'ICK 
IoJARNING~ 0 

0 

AI'lf'lUNITJON 0 
INDICATOR 

0 o 1ee 
g 80 0 

• • •• 0 

• • 40 0 

• • 2. o 0 0 0 0 0 0 o 0 o 0 0 0 

• • • 0 0 
ATTACKS 0. 
SUSTAINED 

8 0 

SPEED 0 
1 

0 

0 

0 

DIM 1'1(4,3) 
DATA 32793 , ~ ,HH1. 33205 , (J , -2,33753,1:1 , -lHI, 3318 1 , 1:1 , +2 
FOR 1"'1 'fO 4 
FOR J=1 TO 3 
READ M{I , J) 
NEXT J 
NEX'f I 
INPUT "[CLSjSET SP~ED (1 TO 9)";5 
IF 5<1 OR 5>9 THI!:N 17" 
SS=IN'I' (HO/S) 
PIUNT "[ CLSj" 
PRINT "AMMUNl'I'[QN [15 3PC]l~WI " 

P1UNT "INDICATOf.l" 
Pf.lINT "[ AQ J HHI [20 SPC] l Ai"]" 
PRINT" [~Ql" 
PRIN'f ,, [AQ] 80[2 1 SPCJ[AltJj" 
PIUNT "[ AQJ" 
PRINT " [ ~ Qj 60 [ 21 SPCI[-ItI ]" 
PIUN'!' "[ AQI" 
PRIN'f "[~ Ql 4\:J[21 S PCll-w l " 
PRINT " [ ~Q) " 
PRINT " [-Q ] 2\:J [9 SPC] [I3-Wj [SPC]" 
Ow,'' ',' " [ ' 'Jl " 
?flINT " [-0] 0[22 SPC][ -\~j" 

PH.Il~T 

PRINT "ATTACKS [Ul SPC] [-vIJ" 
PR I NT "SUSTAINED" 
PRINT "0 0 [2) SPCj [ ~WJ" 

PRINT 
PHINT " SPEED[20 3PC] [A W]" 
PRIN 'f S 
PRINT" [25 SPCj [-W I " 
PRINT 
PRIN'r " [25 SPC] [~WJ " 

PRINT 
PRINT" [25 Spe] [~W)"; 
H=\'l 
AA=\'l 
IF RND(TI»~.994 THEN 500 
GOTO 480 

X=HNO(TI) 
IF X<=0.25 THEN 0= 1 
IF X>'<1 . 25 AND X< -0 . 5 THEN D= 2 
IF X>0.5 AND X<=0.75 THE N 0=3 
IF X>=0,75 THEN D~4 
POKE !'l(D , I} ,81 
IF D> 1 THEN PRINT "[HOM ] [ 21 CDIATTACK[CD) [6 CLI 
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PET 

AMf'lUNITION 0 
INDICATOR 0 
• lee 
: S9 0 

• • •• 0 

• " 1/ • 48 
• '2. -KERBLAM-• o 000 o 0 0 0 

• 
• 0 

/ 1, 

ATTACKS 0 
SUSTAINED .. ' 0 

SPEED 0 
1 

0 

0 

0 

Above left: The game has just begun and already an 
attacker approaches from your left. The message 'ATTACK 
WARNINGI' appears at the bottom left-hand corner of the 
screen - take care though, you won't get this message for 
frontal attacks! 

Above: Too late, the attacker has reached its target and the 
game is lost. 

Left: Well ,done, you have sustained eight attackers so for. 
Notice that the Ammunition Indicator at the top left of the 
screen has been decremented. 

58' 
598 
68' 
610 
628 
630 
648 
650 
668 
678 
688 
690 
7" 
710 
728 
738 
740 
758 
768 
77' 
78' 
79. 
880 
81' 
820 
838 
840 

850 
8GO 

88 " 
898 
900 
910 
92\:J 
938 
948 
950 
960 
978 
980 
99 0 

HHH.J 

WARNING!"; 
r-1 (0 , 2) == 1-1 (D,l) 
IF AA=100 THEN 710 
GET AS 
IF AS"''''' TH EN 710 
IF AS="8" THEN AX= l 
I ,F A$="6" THEN AX=2 
IF AS="2" THEN AX=) 
IF A$="4" THEN AX=4 
AA =AA+l 
PRINT" (HOM ]" 
FOR AB=1 TO l+INT (AA/Hl) : PRINT " [CD] ";: NEXT AB 

PRINT " [ -WI"; 
IF AX =O THEN 770 
IF 1'1(0,2)=33193 THEN 8 4@ 
POKE 1'1(0 ,2 ) ,87 
POKE 1'\(0,2)+M(D,3) ,81 
1'1(0, 2) =~l(D, 2}+M (D,3) 
FOR SA=l TO SS: NEXT SA 
GOTO 61Hl 
POKE 1'1(D,2) ,42 
H= H+l 
PRIN'r "[J-IOHI [16 CO ] J"; H; 
POKE M(D,2) , 87 
IF H~100 THEN 900 
PRINT "[HOl'l ) [ 21 CDj [ 6 SPC] [CD] [6 CLl [7 SPCI"; 
GOTO 480 
POKE 33190, 1 1 :POKE 33191,5 :POKE 33192,18 : 
POKE 33193,2:POK£ 33194 ,12 
POKE 33 1 95,l:POKE 33196,13 
POKE 33111,77:POKE 33 1 13 ,93:POK E 33115,78: 
POKE 33 1 89 , 64 
f>OKC 33197 ,64:POKE 33271 ,78: POKE 33273,93 : 
POKE 33275,77 
FOR XX = 1 oro lI.HJ\:J : [~EXT XX 
Go'ro 1 70 
FOR 1=1 TO SI:HJ :Nt::XT I 
PRINT" [CLSjCONGkA"J"ULA"J"lONS! - '{QU HAVE IHf>t::D OU'!, " 
PRINT " 1' HI-: ENTlIU: ,{APPANlr: SUICIOE SQUAD AND" 
P Il.lN!' "SAVt::O THE CEETEE FRO!-l DESTRUCTI ON " 
PR I NT 
PHIN"!' " AHE ,{OU Ft::ELING FI "i' i::!~OUGJ-I FOR" 
PH I NT "ANOT HER ~llSSION?" 

GET A$ 
IF A$ = "" TH EN 97() 
IF AS-""" 'fHEN 2 00 
SND 
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Christopher Hales. 

KIRU Learn to ski, the UK101 
way! 

Ski Run is an interactive 
graphics game for the 
UK IOI. However, as the 

program is written in BASIC,it 
should be ea sily adaptable to 
other machines. 

PROGRAM STRUCTURE 

The VD U screen is dotted 
with numerous trees and the 
pla yer moves a skier from the 
top left to the bottom right of 
the screen towards his 'house'. 
The screen represents a snowy 
slope and so if the player does 
not press any buttons the skier 
will move downwards . The 
player has two keys, the 'Q' and 
'P' keys , which will move the 
skier left or right - but 
whenever no key is pressed the 
ski er will move down the 
screen. The player has to 
manoeuvre the skier through 
the gaps in the trees to the 
character space occupied by his 
house in the lower right corner. 

If the skier hi ts a tree he has 
an accident, of course, so you 
must start again. Before the run 
starts the player chooses the 
speed the skier moves at -
from 5 (very slow) to 0 (very 
fast), with any value in be tween 
being available (ie not just 
integer values). If the skier goes 
off the bottom of the screen he 
reappears the same distance 
across at the top of the screen 
and then makes his second 
'run'. When the skier reaches 
the space occupied by the 
house, a flag goes up on the 
house and the number of runs 
and the speed is given. 

TECHNICAL DETAILS 
This version works for a 
portable TV screen giving a 
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Statement 

Lines 10·40 

Line 50 

Lines 00-90 

Lines 100-120 

Line 130 
Line 140 

Lines 150-190 

Lines 200-210 

Line 220 
Line 230 
Line 240 

Lines 330-340 

Lines 400-460 

Lines 470-480 
Line 490 

Lines 500-530 

Lines 000-750 
Line 700 

Function 

Inputs 

Clears 
Screen 
Position 
Trees 
Position Skier 

Delay 
Disables 
Control C 
Position Store 

Hit Routines 

Movement 
Delay 
Routine Jump 

Crash 

Home Flag 

Re-Start 
Enables 
Control C 
Off Screen 
Routine 

Instructions 
End 

Action 

Instructions and skiing speed 
inputs. 
Clears the screen. 

Put tree characters on 125 random 
screen character slots. 
Put skier in top left corner and 
clear the space under him, put 
house in lower right corner and 
ini tialise runs variable to 1. 
Slight delay before skier moves. 
Disables 'Control C' - necessary 
for disabling polled keyboard. 
Store previous skier position, 
disable normal keyboard polling 
routine and test for P or Q keys 
being pressed. Change skier's 
screen reference. 
Go to routines for if skier hits a tree 
or reaches the house. 
Moves skier. 
Gives the delay which alters speed. 
If skier goes off screen at bottom, 
goes to routine to put him back. 
Skier hits tree: puts up a crash 
character and gi ves relevant 
comments. 
Skier reaches home: puts a flag 
above house and gives relevant 
comments. 
Ask for another game. 
Enables 'Control C', end. 

If skier goes off bottom, returns him 
directly above on top line screen, 
removing a tree if this puts him on 
top of one. 
Game instructions. 
Ends. 
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width of 47 characters and a 
depth of 16 lines. The RAM 
values given with the POKE 
function refer to the screen 
positions illustrated in the 
diagram on the right. (NB 54278 
comes after the last line on the 
screen and is used to check if 
the skier goes off the bottom.) 

The ASCII characters used 
are: 

4 

13 

15 
32 

143, 151 

240 

an explosion-type 
character 
tree (but on my 
computer this was not 
accessible by the 
CHR$ function) 
house 
space 
a horizontal rectangle 
and vertical line to 
give a flag 
a man 

Here are some other notes on 
the UK !OI BASIC: 
POKE 530, I and POKE 530,0 

UK 101iSuperboard II 

iI" 53324 

I" SKIER START 
53390 

disable and enable the 'Control 
C' key so that it will not intrude 
on a region, enabling control of 
the keyboard to be obtained. 

POKE 57088,HA and IF PEEK 
(57088) ~ CA THEN ... are used 
to alter key functions given the 
row address (RA) and column 
address (CA) of the keys 
involved. The polling routine 
will respond to only one key 
being down at any time, given 
the same row address. 

RND(X) for any argument 
always returns a random 
number between 0 and 1 -
spaces are not necessary. 

FLAG AT 5401 & 54262; 

" 
HOUSE AT 54265 ., 

The best result yet seen is a 
success at level O. 15 in one run 
(after hours of trying). This is a 
suggested classification of the 
levels: 

5 EASY 
4 QUITE EASY 
3 AVERAGE 
2 QUITE HARD 
1 HARD 
o ALMOST IMPOSSIBLE 

But, of course, you can have 
any intermediate level. 

Possible modifications are to 
have only one key, moving 
right; to alter the range of 
speeds; to allow only one run. 

lU INPur " DO YOU Ni~D INS 'rRJ~TrO~~";l~ 

20 IF L~F'rS(lS , l) ="i" 'rH~ ~ GIJ 
410 POKE PRE,31 
420 POKE 54201 ,14 3 :POKE 54202,151 

31::1 INPUT "'~rlA'f IS i0IJK SKIING ;;;PI~ ~L' {,~ - , .' I" 

40 If K<O OR K>S THEN 30 
50 FOR LIN E"'l TO 16 :p~I~'r : ~EX: Ll~E 

60 FOR TREE:l 'ro 125 
70 ?=53324+IN't (5J * f{l\!D (l) ) + Gti * .it'~ I' {I: +. {i<'-";": l';' 
80 POKE P , l3 
9J NeXT TRLt: 

HHI R=5339U:J =1 
1 10 POKE R,241::l:POKE 1'1+64,32 
1 20 POKE 5 426 5 , 15 
130 FOR T=l 'fa 700:NEXTr 
1 41::1 POKE 530 ,1 
150 ?I;U;=R 
160 POKE 571::l88,253:,1=PEEK( 5 7Ud3} 
17 0 IF ,'1=127 THEN R=H-l :GOTO 2Jl\ 
18U IF 11=253 THEN R;R+ l : GOTJ 2UU 
19~ R;j-H64 
2~O IF PL£K(~) =lJ THEN 31~ 

2 1 0 IF PEEK(R) =15 THgN 41~ 

220 POKE PH~ , 32 : POKE R,240 
23~ FOR Y=1 TO K*l~U :NEx'r Y 
240 IF K>54278 'rHEN POKE R, J2 :GOTJ SI ~ 

250 GOTO 150 
300 REM ** CRASH ROUTINE 
310 POKE PRE,J2:POKE R,4 
320 PRIN'r " 'lOU HAVE JUST HAD AN ACCIDENT .. " 
330 PRINT "WHEN YOU RE:COVEH WOULD YOU LIK£" 
340 GOTO 470 
41Hl RE I'l ** WIl>J RQUTINt: 
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430 PRINT "WELL DONE .•• YOU JUST MADE I'r IN " 
440 PRINT "TIt'lE FOR YOUR TEA! 1" 
450 PRINT "IT TOOK YOU "J" RUNS DOWN THE SLOPE" 
460 PRINT "Arm YOUR SPEED LEVEL WAS "K 
470 INPUT "ANOTHER GAME .•. "jA$ 
480 IF LEF'l'${A$,I)O"N" THEN 30 
49£1 POKE 530,0:£1'10 
5£10 REM ** NEW RUN 
51£1 R=R-960:J=J+l 
52£1 IF PEEK(R)=13 THEN POKE R,32 
53£1 GOTO 221:1 
61:1£1 REI'i U I NSTRUCTIONS 
6H! PRINT "(9 SPCj** SKI RUN **":PRIN'l' 
620 PRINT "YOU ARE AT THE TOP OF A SNOWY HILL" 
630 PRINT "WHICH IS DOTTED WITH TREES" 
640 PRINT "YOU START AT THE TOP LEI:'T CORNER OF" 
650 PRINT "THE SCREEN AND 'fOU HAVE TO GET TO" 
660 PRINT "'fOUR HOI'lE AT THE BOTTOM RIGH'r" 
670 PRINT 
680 PRINT "TO GO LEFT PRESS THE 'Q' KEY" 
690 PRINT "TO GO RIGHT PRESS THE 'P' KEY" 
700 PRINT 
710 PRINT "IF NO KEY IS PRESSED 'fOU WILL MOVE" 
720 PRINT "VERTICALLY DOWNWARDS •.. " 
730 PRINT "PRESS ONLY ONE KEy AT A T!J.1E" 
740 INPUT "PRESS 'y' AND RETURN TO CONTINUE";BS 
750 IF LEFT$(d$,1)="Y" THEN 30 
760 GOTO 490 
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S Battle 

HAS 

This program was written for 
an 8K NASCOM I using 
the T 4 monitor with the 8K 

ROM BASIC and the NAS­
GRA-V3 graphics ROM. With 
suitable modification it would 
be possible to run this program 
under NAS-SYS. 

You sit at the controls of 

34 

a rebel Star-fighter. Your 
mission is to seek out and 
destroy as many rogue Eti­
fighters as possible within the 
confines of the energy reserves 
available. 

To steer your fighter the 
following four keys on the 
NASCOM keyboard are used: 

Raid the stars with 
your NASCOM 1 . 

@ 
BACKSPACE 

NEWLINE 

.. . UP 
.LEFT 

.. . RIGHT 

.. . DOWN 

Only one key may be pressed at 
anyone time until you fire the 
LASER which is activated by 
depressing all four keys at once. 
l! must be remembered that you 
are steering towards the Eti­
fighter and it may seem, at first, 
to be back to front! 

A double bar at each end of 
the sight indicates that a target 
is present within the sight, or 
that the LASER is recharging 
Angled brackets signify that the 
target is central within the sight. 

Mission Control 
You start out on your mission 
with 5CX) units of energy, on 
each burst of LASER fire you 
consume 10 units of energy. 

A score of 10 points is 
awarded for a hit on the main 
hull of the Eli-fighter, 
whereupon a hopefully 
satisfying explosion will ensue. 
To gain additional marks, a 
point is given for every 
stabilising fin which is shot off. 
There are four fins in all, two 
per wing, giving a possible 
score of 14. 

When your energy has been 
exhausted, an appropriate 
comment will be printed, this 
being dependent on your 
performance. If your score has 
exceeded the best recorded 
score, the program will invite 
you to enter your name which 
will be displayed beside your 
score until this, in turn, is 
exceeded. 

SCOPE FOR 
IMPROVEMENT 
With only minor 
modifications to the subroutine 
at line 7fXfJ onwards, it would 
be possible to use this program 
with a Joystick interface, 
perhaps even with a trigger to 
fire the LASER (Line 170). 
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Photograph courtesy ot Cotumbla Pictures Industries, Inc. 

" " " 90 

'" 11' 
12. 
130 
140 
150 
160 
170 
18. 
190 
20' 
210 

22' 
23' 
24. 
250 
26. 
270 
280 
290 
300 
3H} 
320 

HHHl 
1010 
2000 
20HI 
3000 
30U.l 
)020 
3 030 
3040 
3050 
3060 
3071:\ 
3080 
3090 
4000 
4010 
4020 
4030 
404':) 
4050 
4060 
4070 
4 080 
40ge 
410 0 
5000 
5010 

WIO'fH 255 
INPUT "Enter p r evioLls highest score "; BEST 
INPUT " By whom ";NAMES 
COSUS 30 00: HEM ** CONVE~'f NAME TO LOWEH CASe 
MARK=O:ENERGY=500:CLS 
L£fT=149:RIGrl'f=lSl 
GaSUS 1000 :H EM ~* PRINT OUT SEST SCORE 
Gasus 2000 : REM ** PRINT OUT SCORE AND ENERGY 
X:INT(RNO(1)*46+2) : Y=INT{RND{1)*lS+1) 
GOSU~ 4000 : REM ** DRAW SIGHT 
GaSUS 5000 : R~M .* DRAW fIGHT£H 
IF INP(0)=152 THEN GaSUB 6000 : REM ** FIRE LASER 
IF ENERGY 20 THEN 220 
IF 1::=1 'fHEN £:0 : GO'fO 110 
GaS US 7"00 : REM ** MOVE FIGHTER 
GO'fa 150 
F"'0: I F ~IARK>8EST THEN BEST =MARK : F"'l 
If MARK>l00 THEN MARK=10 " 
RESTORE: SCREEN 1,15 
fOR C~l TO MARK/20:READ COMM~NTS : NEXT C 
PRINT COMM~N'rS 
If F=l THEN INPUT "What i s your name ";NAMES 
INPUT "Another game? "; COMMENTS 
IF LEf'rs (COI'!MENTS , l)= " N" THEN END 
If f=l THEN GOSUB 30 00:REM ** LOWER CASE 
IF 1:'=1 'J'H I::N PRINT "May the Force be with you " 
FOR C=l TO 2000 : N~XT C:GOTO 100 
SCREEN 24 , 16 
PRINT "8est "BES'f " by "NAME$ ; : RETURN 
SCREEN l , 16 
PRINT "Score "MARK " Ene rgy"ENERG'f"; : RETURN 
IF LEN(NAME$)<2 THEN RETU RN 
TEMP$=MID${NAME$ , 2 , 1) 
IF TEMPS< "A" OR TEMP$>"Z " TH EN RETURN 
'fEMP$ =L EFT$ (NAME$ , l) 
FOR L=2 TO LEN (NAME~) 
IF MIDS(NAMES , L,l)"' '' [SPCj '' THEN 3080 
TEMP$='fEMPS+CHRS {32+ASC (MID$ (NAMES , L, 1) ) ) 
NI::XT L 
NA~IES=TEMPS 
RETURN 
REM ** DRAW SIGH'f 
POKE 2402 , 154 : POKE 2658 , 153 
POKE 2533 , 151 : POKE 2527 , 149 
M=PEEK(2530) : IF M=210 OR E"'l THEN 4070 
IF PEEK(2661)=147 THEN POKE 2661,32 
POKE 2399 , 32 : POKE 2405 , 32 : POKE 2655 , 32 
GO'fO 4090 
IF PEEK(2661)<>130 THEN POKE 266 1 , 147 
POKE 2655 , 146 : POKE 2399 , 144 :POKE 2405 , 145 
IF M<>32 'rHEN M=148 
POKE 2526 , M:POKE 2534 , M:RETURN 
REM ** DRAW FIGHTER 
POKE Z-1 , 32 :POKE Z+1,32 : POKE Z , 32 

Personal Software Autumn '82 

5020 
5030 
5040 
505'3 
5060 
5070 
5080 
5090 
5100 
6000 
6010 
6020 
6030 
6040 
6050 
6060 

6070 

6080 
6090 
6100 
6110 
6120 
6130 
6140 
6 150 
6 160 
6170 
6180 
6190 
6200 
6210 
6220 
6230 
6240 
6250 
6260 
6270 
6280 
7000 
7010 
7020 
7030 
7040 
7050 
7060 
7070 
8001:) 
8010 
8021:) 
8030 
8040 

NASCOM 1 

X~X+Xl : Y=Y +Yl : X l=0 : Yl=0 

REI'! * * KEEP fiGHTER ON THE SCREEN 
IF X>47 THEN X=4 7 
:F X<2 THEN X=2 
I;:' Y<l THE N Y= l 
IF Y>15 THEN Y= lS 
Z-1993+X+64*Y 
POKE Z, 210 : POKE Z-l,LEFT:POKE Z+l , RIGHT 
RETURN 
REM ** FIRE LASER 
M=PEEK(2530) :ENERGY=ENERGY-10 
E=0 : IF M= 210 THEN E=l 
REM ** DAMAGE FIGHTER 
IF M=146 OR ~1=144 THEN LEF'f=152 : MARK~MARK+l 
IF M·1 47 OR M=145 THEN RIGHT=15Z : MARK=MARK+l 
IF M=I49 THEN MARK=MARK+1 :LEFT =146 : IF RND(1)<0 . 5 
THEN LEFT=144 
IF M=I51 THEN MARK=MARK+1: RIGHT=147:IF RND(1)<0 . 5 
THEN RIGHT=14 5 
FOR L=l TO 2 : C=2986 
FOR R=2971 TO 2530 STEP-6) 
POKE R, 32 : IF L=l THEN POKE R, 13l 
PO KE C , 32:IF L=l THEN POKE C, 130 
C=C-6S : NEXT R 
GOSUB 4000:REM ** ORAl" SIGHT 
IF E=0 THEN GOSU8 7000 : GOSUS 5000 
NEXT L 
GOSU8 4000:REM ** DRAW SIGHT 
IF E=0 THEN GOSUB 2000 : RETURN 
MARK=MARK+10 
REM ** EXPLOSION 
GOSUB 5000 : REM ** DRAW FIGHTEH 
GOSUB 20'30 : REM ** PRINT SCORE 
fOR L=l TO 2 
FOR R=l TO 4 
fOR C=0 TO 6 . 28 STEP 0 . 78 
X=49+R*SIN{C) : Y=22+H *COS{C) 
RESt-:'r(X , 'f) : IF L=l THI':N SET(X , y) 
NEXT C: GOSUB 4000 : REM ** DRAW SIGH'f 
NExT R: NEXT L: RETURN 
REM ** MOVE FIGHTER 
I=INP(0) 
X1=IN'r (RND (1) *3-1) : 'il=INT (RND (1) *3-1) 
IF 1=159 THEN XI=l : REM ** LEFT 
IF 1=190 THEN X1 =- 1 : REM ** RIGHT 
IF 1=187 THEN YI=l:REM ** TOP 
IF 1=189 'fHEN Yl =- l : REM ** 80TTOM 
RETURN 
DATA You have faile d you miserable dog •• • 
DA'rA Your humble attack was of little consequence . 
DATA The Empire continues its reign of terro r. 
DATA Well done ... You shot down an entire squadron . 
DATA Congratulations ... You hav e defeated the 
I:::mpi re . 
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Don Scales 

LABYRINTH 

J \. 't 't. If, 'ti-

L-YL.~ ___ ' _I _l ....JI\ ' \ 

L abyrinth is a fairly large 
program written in Tiny 
BASIC. Each time the 

program is run, it will construct 
a different two-dimensional 
maze and then allow the player 
to explore a three-dimensional 
projection of this maze. 

The program is divided 
roughly into two halves. The 
first half randomly builds a 
maze with a single route 
through it. A 2D plot of the 
maze is available at the end of 
this stage for those who suffer 
from claustrophobia. The 
second half of the program 
produces 3D projections as the 
player wanders along the 
corridors of the maze. 

36 

Building The Maze 
The basic maze is a 'simple 
connected' maze (one which has 
no closed circuits ). It is 
constructed using two two­
dimensional arrays. The first 
array holds an indication of 
which cells of the maze have 
been used and the order in 
which they have been allocated. 
The second array holds the 
description of the topology of 
the maze. 

The maze construction starts 
by randomly selecting an 
entrance a long the width of the 
maze. This location is saved in a 
spare element of the array. 

From this start location the 

The original 3D maze 
game from 
Computing Today. 

maze is constructed. At each 
cell, the program scans the 
adjacent cells to see which are 
available to use. Having 
dec;ided which are available, 
the program then selects one 
cell randoml y. 

Consider the foll owing 
examples . In each of these four 
there are three possible choices, 
A, Band C: 

B c 

A 

Hence the route can be chosen 
from the three possibilities. Next 
there are six combinations of 
two choices: 

AT 
B 

B 

-:LA 
1-" 
A 

A 

"--1 
B 

• A 
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65 2 

129 3 

193 4 

257 5 

321 6 

385 7 

44. 8 

513 9 

577 

641 

705 

76. 

833 14 

897 15 

961 

5 10 

To arrive at these choices, 
the program must first scan the 
adjacent cells. As the program 
knows the direction it has just 
come from, it only needs to 
check the other three 
directions. 

15 

The program continues its 
random route through the maze 
until it hits a dead end. A 
branch is then made from the 
first route at this point and 
continued until the next dead 
end. This procedure is 
continued until the maze is 
complete. 

At this point, the player can 
obtain a two-dimensional 
display of the maze. Each 
element of the second array 
contains information about one 
cell of the maze. This 
information is incomplete as it is 
only for the top and right-hand 
wall: 

0;':-' 1=:1 2=":": 3=" 

The Third Dimension 
To produce a three-dimensional 
picture, it is necessary to 
complete the cell information 
and organize it in such a 
manner that it can be rotated. 
Thebinary system fu lfils both 
these requirements. A bit is 
used to indicated a wall. 

• • • I. • • • • • • 2 3 

• • L C 
8 • I. 11 
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To turn left, the cell 
information is cyclically shifted 
right one bit. 2 becomes 4, 3 
becomes 6 and 8 becomes 1. To 
turn right, the cell information 
is cyclically shifted left one bit. 
2 becomes 1,1 becomes 8and 
10 becomes 5. 

The information for the 2D 
maze is therefore translated and 
the information completed by 
inspecting the neighbouring 
cells. The 3D pictures are 
produced using memory 
mapping and the graphics 
available on the Triton. 

The display is constructed 
simply with horizontal, vertical 
and diagonal lines. A 
reasonable display would be 
possible with 1 - and/ \. To 
move in the maze, the player 
can turn left or right or move 
forward . The player's current 
position can also be obtained. 

Giving The Picture 
To produce the 3D picture, the 
program starts with the cell 
corresponding to the player's 
current position. This cell is 
then rotated, as described 
earlier, until it faces the same 
way as the player. The program 
then decodes the cell . 
information and checks for the 
walls left, right and in front of 

• 
I I I :l n • • 5 6 7 
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the player. At the first depth, 
ei ther a blank wall or two 
columns are produced. If a 
blank wall is produced, no 
further information is available. 
If looking out of the maze, no 
further information is produced 
and if outside the maze and 
looking away from it, a blank 
screen is all you get. 

If, on the other hand, a 
passage exists to the next cell, 
the program obtains the 
information about the next cell 
by making the appropriate 
index and rotates and decodes 
this cell. At the second depth, it 
is possible to have walls or 
passages to the left, right and 
straight ahead. 

Each depth has its own 
display routine which checks for 
and plots the three walls or 
passages. Each depth produces 
a display continuing from the 
previous and maintains the 
perspective. The display stops 
either with a blank wall or when 
depth 5 has been reached. 

The program listing 
follOwing contains the full Tiny 
BASIC commands and is 
commented to make it easier to 
follow and to translate. If using 
a floating point BASIC, take 
great care in the rotate and 
decode routines as they rely on 
integer rounding effects. A 
large number of INT commands 
will be required! 

The program will fit on a 
Triton with mother board and 
an extra 8K of RAM but the 
Tiny BASIC commands should 
be abbreviated for size and 
speed reasons. ~ 

37 



PROGRAM STRUCTURE 

Statement 
Lines 5-40 
Lines 45·70 
Lines 95· 120 

Lines 125· 150 
Lines 155· 1295 
Lines 155·200 

Action 

Clear Screen and print heading . 
Ask for size of maze. 
Clear arrays used to construct the maze and 
initiali ze va riables . Obtain random entry point. 
Save entry point and start the maze. 
Maze build routine. 
Find the next starting point when a roule comes 
to a dead end. 

Lines 210·270 Do an initial check on the number of allowable 
routes from the current position in the maze. 

Lines 275-310 Randomly select Left, Down or Right as the 

Lines 320- 350 
Lines 355-300 
Lines 395-4 10 

Lines 420- 470 
Lines 475·510 
Lines 515-530 
Lines 540-570 
Lines 575·f(() 
Lines 610·680 
Lines 685· 72fJ 
Lines 725· 740 
Lines 750-700 
Lines 785-810 
Lines 82Q.870 
Lines 875-9:X} 
Lines 910·950 

next route . 
More route checking. Z= 1 when an exit exists. 
Randomly select Left, Down or Up. 
Use when exit al ready exists or no way up. 
Randomly select Left or Down. 
Move route checking. 
Randomly select Left , Right or Up. 
No way up. Randomly select Left or Right. 
Move route checking, 
Randomly select Left or Up . 
Move route chec king. 
Randomly select Down, Right or Up. 
No way up, select Down or Right. 
Yet more route checking. 
Just Down or Up. 
Not much more route to check. 
Right or Up. 
Last bit of route checking . 

Lines 955-99) Set up maze for route to go Left. Check if maze 
finished, if not, see where it goes next. 

Lines 995·1030 Route goes Down. 
Lines 1035-1 100 Route goes Right 
Lines 1105-1100 Route goes Up. Checks if exit made. 
Lines 1165-12CO Make exit at top, loop back if maze not 

comple te. 
Lines 1205-1210 Make sure maze has an exit. 
Lines 13CXJ 1320 Keyboard scan to see if 2D print required. . 

READ 0, I scans a byte from the keyboard on 
the Triton . Substitute INPUT if necessary. 

Lines 1330-1570 20 print routine. 
Lines 1330-1335 C lear screen and print 'CHEAT'. 
Line 1340 Loop for height of maze. 
Lines 1350-1420 Print the top of a line of cells checking to see if 

wall or gap required. To use Triton graphics 
change + to wand - to s. 

Lines 1430- 15(X) Print the sides of a line of cells, checking to see 
if wall or gap required, To use Triton graphics 
change I to t. 

Line 1510 End 01 heigh t loop. 
Lines 1520-1570 Print bottom of last row of cells, leaving an 

entrance . 
Lines 1595-1620 Reset cursor to top of sc reen and loop on the 

keyboard until a key is pressed. Again , INPUT 
can be substituted. 

Lines 1625-1 630 Call the instruction p rint routine. 
Lines 1635-1870 Translate the maze into binary cell information 

and then give each cell the information about 
qll its walls. 

Lines 1635-1670 'Trans1ate maze to convenient notation and 
move into other buffer. 

Lines 1710-1870 Take each cell in turn and check with adjacent 
cells to obtain information about all the walls . 

Lines 1875-189:) Set up start parameters and go display entrance 
to maze in 3D . 

Lines 1895- 1950 Print instruction for wandering in maze. 
Lines 1995-2100 Print helpful information when lost. 
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Note the A } and I\ J which perform a Carriage 
Return without clearing the screen and a Line Feed. 

Lines 2195·2270 Another keyboard scan routine. Routine loops 
scanning the keyboard until L, R, For Hare 
pressed. When pressed it jumps to the appropriate 
routine. No real problem to substitute INPUT. 

Lines 2295-2320 Turn Left, then go display new view. 

Lines 2345-2370 Turn Right, and go display new view. 
Lines 2395-2440 Clear screen and wail while it is cleared. VOU 0, 

is the Clear Screen command for a Triton. 
Lines 2445-2460 Reset cursor to top of screen and wait. VD U 0, 28 is 

the reset cursor command. 
Lines 2495-2540 Routine to space cursor and erase messages . 
Lines 2595-2790 Rotate routine . 
Lines 2595-2630 Check current posi tion (A,B) and extract cell 

information if inside maze. 
Lines 2635-2660 Rotate the cell infomation if not facing North until 

lacing right direction. 
Lines 2670·2700 Decode the cel l information into C, D and E. Cis 

Left wall , D is Righi wall and E is front wal l. If zero 
no wall and if one, a wall. 

Lines 2705-2750 Set up if outside maze but lacing retaining wan 
Lines 2755-2700 Set up if in no mans land . 
Lines 2795-2850 Index the display to the next cell according to 

direction faced . 
Lines 2855-2920 Position cursor lor messages. A J and A I perform 

Line Feed and cursor right commands on the Triton. 
Lines 2930-298:) Print error messages when you hit a dead end or no 

mans land. 
Lines 2995·3)4() Routine to move the player forward 10 the next cell. 
Lines 3045-4900 3D display routines 
Lines 3045-3(6) Set up start position, rotale and look from fi rsl celL 
Lines 3:)65..3::)9:} Set up loop lor up to 5 depths and call display 

rouline. 
Lines 3085-31 40 Check if possible 10 see into nexl cell. If so, index 

to and rotate next cell. Loop 10 a depth of live 
unless wall in way. Retu rn to keyboard routine . 

Lines 3195·32(X) Jump to appropriate depth routine , 
Lines 3205·33(X) Clea r screen and check if facing no mans land. If 

yes, nothing to display - otherwise display fi rst 
depth. 

Lines 3240-3270 l-43.p vertical lines of walls. Triton screen is 64 wide 
by 16 high . The screen is numbered left to right, 
top to bottom from 1 10 1024. VDU 1, 116 maps 
graphic 116 [D at the location in I. 

Lines 328:).3330 Check lor oS wall ahead and if so, map top and 
bottom. G raphic 107 is O and 108 is l;J . 

Lines 36C:0·3940 Dtsplay second depth . 
Lines 36Oil-3720 Check lor left wall or passage and map projection. 

Graphic 11 4 is \, 113 is /. 
Lines 3730-3840 Check for right wall or passage and map. 
Lines 3850·3880 Map end walls. 
Lines 389:).3940 Check for end wall and return if no wall -otherwise 

map top and bottom. 
Lines 40»·4300 Display third depth . 
Lines 44CXJ.4620 Display fourth depth. 
Lines 48:X).4980 Display fifth depth . G raphic 100 is [] and lOS is[] . 
Lines 4995·5030 Clear screen and display WAY OUT. End of game. 
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S REM-CLEHR SCREEN AJ;r, FP HH HEADI NC, 
10 GCJ3UB 240C< 
20 PRINT -f+"*+-+,;t,'II,H'++i-
30 PF:INT *LAB'IF' I ~ITH* 
40 PF~ U.JT -¥--f+i-;jo-+i-***"*++ 
45 REI'I-GET "1A~E r 'HIENSJolNS 
50 PF, rNT 'ENTER SEE ,)' t1A1'E 
60 HIPUT ' WIDTH H, ' HE I GHT V 
7121 PF· [t>lT ' THIf'.A< l"~:; 
9S REI1- CLEAR MH~E ARF'HI' 

1013 A=H*V+1 
110 FOR [= 1 TO A+f-t : @(I l =l~ ; ~'£:<T 
120 Q= I~.:::=13, :<= R~JDIH ) 

125 REI'l-oA\!E "AZE Elm'( FOINT 
1:::0 6HA ) =;:< 
140 @OO= l,C=2 
15121 R: ~< , $= 1; (;(IT(1 220 
155 REI1- STAF:T OF m ZE BUILD RC"JTIiIE 
160 I F R"H GOTO 2~1i1 
170 IF s-v GOTO 190 
18121 R= 1, "5= 1; GOTO 21e) 
190 R= 1, '3=S+1; GOT(I 210 
200 R=R+1 
210 IF c,i(F~+(S-lH';H )= ~1 GCIT(I 113121 
220 I F 1=:: - 1= ~1 O)TO '3 1~) 
2::.13 IF eJ CP- l + I '3-1:1 -fH ) .13 I:;OT(I t·lt21 
240 IF ::'-1=121 O) TO -42~1 
2513 IF @(RHS- Z) -fH) . 0 G(ITO -i2€1 
2610 IF P=H GOTO 320 
2't0 IF Ql(P+l+ I '3- U -fH ) _0 (;(ITCI ::-2i(1 
275 REI1-LEFT/ [ II).JN, 'RIGHT 
280 X=RND ( 3) 
290 IF ):= 1 GOTO 9811 
300 IF >;=2 GOT(i 11(1110 
3113 G(ITel 104l?! 
320 IF S·tV GOTO 3:.(~ 
3:::·13 IF L= 1 GOT!) 4t211~ 
3413 ~~= 1; GOT(I ::; t:~l 
350 IF cJ(R+S .... H) . 0 ,:;OT(I .. h~0 
35'5 REI1- LEFT/ [ n).JN/ I)F' 
3613 X= RflJD f 3 ) 
37121 IF >~= 1 GOTO '3€-11 
380 IF X;:2 GOTO 1(£ll10 
390 0)T0 lI1(~ 
395 REI1-LEFT/ [tt)l,_IN 
400 X=RND(2,1 
410 G:ITO 37121 
420 I F R=H GI)TI) 5411 
.. r::@ IF cJ(R+1H'3-1) +'H I.0 I; (!T(! :.-i€1 
44121 IF S~V GOTO -i70 
-4:01~ I F !:= 1 (,I)TI) 521~ 

4130 Q= 1; ';C'TC' 4,"' 
-4'70 IF ol ( j: '+: -o;H )-- 121 l:;elT(1 :'2~1 

-4;:5 REI1-LEFT./F·IGHT ' lIF· 
-1c.'0 X=RND I :; ' 
-1 8121 IF >-:= 1 C,I)T(l jE·\~ 

500 IF >:=2 GI)TI) 1~14i(1 

510 COTel l l i l!1 
SIS REI1- LEFT 'He·HT 
52~1 ;<=Rt,JDI 2 ' 
530 I:;(IT( I -i'jEl 
5413 IF ::' '' \'! G')T·) 570 
550 IF z:= 1 GOTI) 3E·0 
560 IJ: 1: G(IT(I : .. 31(1 
5, 0 IF c:-, f F·+::·+H ) " l~ I:;(IT(I ~lt~1 

575 REJ'I- LEFT -'l1P 
5;::0 ;;o;=RNDI2,1 
5~10 IF ><= 1 Gl)TO 'jE,11 
60121 GOTel 11 1l2J 
6 1121 I F ::;-1= (~1 GOTt) .321~ 
62121 IF 6J( F'+ ( 3- 2 1 -+'H l .l~ (;(ITCI £2t21 
630 IF F~=H GOTI) 7:·11 
6411 IF 01 ( j: '+1+1 3-U +'HI.0 I;(ITO 75l(l 
6:.0 IF S_V GOTI) ;3E;I~ 

6f.0 IF ~= 1 GI)TI) 7:·0 
670 0= 1; GCtT(1 E:~t0 
680 IF @( j:·+::·-fH ). 0 I:;(IT(I 7:'El 
685 REI1- D(lt.JN/F' [ GHT "UF' 
690 X=Pt'J[l 13 1 
r0~) I F X= 1 GI:ITI) 100(2\ 
7 HI IF )<=2' GI)TO 112q(~1 
720 G:no 1 I 1t!1 

Personal Software Autumn '82 

TRITON 

725 RE11- [(~Jj\J/F"IGHT 

730 X=RNDI2 :1 
740 G0T(I 70~1 

'150 IF S*V ('OT I) tSt~ 
7E'·0 IF ~= 1 GOE' 1~11~'El 
770 0= 1; I;(ITCI t'3El 
780 IF Q(I='+:·+HJ_0 GelTel ll?l00 
785 REt1- 00JN 11iP 
790 X=RND(Z! 
300 IF X= 1 GOT!) 1~101(1 

31EJ G(ITO 111\~ 
320 IF R=H GI)TO ",:)1(1 
331(J IF @(~'+1+ 1 "3- U +HI . ,1 I;(IT(I ~llEl 

340 IF S_Y' O)TO 37l~1 

3SE) I F 2= 1 O)TO 104E' 
360 Q= l; GOT(1 SSEI 
3r0 IF ,@ (P+:.+H) *,0 I) )T(I 10-10 
375 REM-RIGHT,'IJf ' 
:3i:~J :-<:= Rf\JD l 2 
~r~ IF ~:= 1 (_I)T,) lEql!l 
'3~\0 (;(ITO 1111, 
-31(?I IF S-V GOTI) :Wl'l 
'320 IF l= 1 GI)TI) If·11 
9::·(1 I;l= 1; ';OT(I ~!'5El 
';'411 IF ol( P+::·+H 'I.E) I:;(IT(I 1 1;~1 

'j 5" I:;OT(I 11111 
')55 REI'I- LEF T 
'jf0 .ill R- ! +( ::·-!' :'H 1=( 
:J70 C=I:+ 1. ,il1 I"i+P- 1+ 1:.- 11 +H 1=2.1='=1='-1 
':;::::0 IF ( =14 ('OT(i 1211(1 
":r.;:n' ';)=0 : (;('T(I 221(1 
'j9S REI'I- [('Jr'1 

1\?JL~0 .i!1j:'+I::·-2 i +H I=r:: 
1010 (=(+1 
1l~2(!1 Oil A+P+ (-:._;: 1 +H ' = 1· :.=:.- 1: IF I:=H ';CITC I 12 11!) 
1 1~ ::·0 1) =0 : GOTe' 22~1 
11~::·5 REI'l-RIt;HT 
11~4~1 0l I R+1+ 1::·-l )+H 'I =C 
11~:,0 (=(+1 : IF ci ff-l+F'+ 1 3- 1 1+H 1=0 I:,( ITCI 107~1 

113f0 .;,)fH+P+ I-:·-l l +H:I=::.: (,I)T') 11(:13121 
113713 ailH+P+I ': - !)+H:I =2 
113£1..1 R=R+ 1 
113~1l~ IF C=f-I GOTI ) 1;: lEI 
11~11~ G(ITCI f 10 
11~15 REf1-IJF' 
1 111~ IF 0= 1 I:")TI:I 11 "?'~I 
1121~ 51(R+'3+H I=C .C=(+ I : IF , )) l rl+R+ v:, - lt+H :.I = (~l GOTI) 114~1 
lE~) ,;HH+R+ I -:·-I -I+H I=::: : C.I)T,) 115€1 
1140 0lIA+R+ C: ·-l1 +H'I= 1 
1150 5=5+1.: IF ( =H GOTI) 121~1 

11(:;0 GOTO 22€1 
llf.5 RE.r·i- E.UT HT T(IF' IX ::.I:FEEN 
l1t0 ~= 1 
1180 IF &I (8+j:'+I 3- U -fH I=11 GOTO 12013 
1 190 @IH+R+I:,-I :I+H_I=::.,(I=EI;GOT(1 lE·0 
1200 .))1 H+R+ ( S- 1) .H, = 1, ( 1=1(1 . j: '= 1, :.= 1; (.I)Ti) 211~ 

1205 REI1- j'lf1t:E E:<IT IF !\JOT THERE. 
i21~) IF !:* 1 ) := f1+j: 'r\J[l l H) + (V-i l +H, ,~ I :0 =c.l 0: ,I + 1 
12:95 REr-I-END I)F I'IH!:E BUILD 
1300 Pj:' INT [Ii) '/(11) IJf1[I!T TI) ::E.E THE l'lH2:E :> . 
1310 REA[I 0. I: IF 1< 12:3 I;(IT(I 13111 
1320 IF 1-2""<;1 GI)TI) 1f.3el 
13311 G(611B 240eI : FRIHT t:HEf-IT!! ! ! 
13::·5 REI1- 2[1 [ II-:-PLA', ' j:l :tITINE 
1340 FOR J =V TC' 1 "TEP - 1 
13511 FOR 1= 1 T(I H 
1360 IF OJ(f1+I+IJ-11 -+'HJ = ~1 I:;(IT(I !--t1(10 
13713 I F oll f-t+ I +IJ-1 'I-+'H)=Z I;(IT(I 1-4i(11~1 

13tS REI'I-PRI NT TOP OF CELLS 
i 3SI~ Pj:: INT <' + 
13~111 I))T(I 14113 
1 4~1i2J F1=·U.JT ' +-- '. 
1410 NEXT I 
1420 F'PINT ' + ' 
14~,0 PPINT ' I ' , 
1440 FOR 1= 1 TC' H 
1450 IF 6J Cf1+I+ I J- i) -¥-H) <- 2 GOTO 1480 
14:,5 REn-PF'INT SIDES OF CELL::· 
14E".0 PUNT ' 
1-rt~) GeIT( 1 14~j0 
148" PPINT ' I ' , 
1490 I\JE:-<:T I 
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15(?J0 PRlt-JT 
. 1510 NEXT J 

40 

1520 FOR [=1 TO H 
1530 IF I=&.CA l GOTO 1550 
1535 REM-PPHJT BOTTO~I OF I'IAZE 
154~1 PF:Hn ' +- - ' ,: GOTO 1560 
15S~1 PUt··IT ' + 
1560 ND<T I 
15711 p~'n.JT ' + ' 
lS~IS F:Et1-PAUSE FOR '..JIEWING 
16\21lv GC6UB 2450 
161l~ pF::I r\JT -' F::EADY 
16ZI~ REAlI l!l , I ; IF 1<: 128 GOTO 1620 
11325 REI1-PF:WT INSTRUCTION 
1133l?J IX6UB 1901!1 
1635 REM-TRANSLATE ROUTINE 
11340 FOR 1= 1 TO A-1 
1650 J=I+A 
16E:0 @( I)=(3-@lJ:JH'Z 
1670 fIlEi<T I 
1710 tJ=;;J (A) 
1715 REll-CC'I1PLETE CELL INFORIIATION 
1,20 FOR J= 1 TO y' 
Tr30 K=(J-1)*H 
1740 FOR 1= 1 TO H 
175~) L=I+K 
1760 IF J*l GOTO 17:30 
177(1 IF I=W GOlO 1820 
1780 M==l;GOTO 1810 
179l~ ~1=C\I(L-H )/2 

1300 !1=1'1- (1'1/2 )*2 
1810 ~1(U =@(U +M*8 

1>320 IF 1=1 11=I ;GOTO 12:50 
1830 11=@(L- 1.)/4 
1340 M=/'1-(t'V2) *2 
1850 @(U=@(l)+M 
1:360 foJ[:, T I 
1870 (··E" T J 
1375 REM-SET UP :::TART F'Ah:t1S 
1380 )<=W, Y=0, Z= 1 
139(1) G(ITO :::1~~50 
1895 REI1- INSTRUCTIOI'~ PF'INTOUT 
1300 GOSUE\ 24(~El 

1910 PRIm 'ENTER L T') TlIRN LEFT C 

1920 PF;:H.JT ,.. F' Ti) TURr··J F:IGHT ' 
1330 PF'INT ? F TI) Gel FOF'I,IfiRD' 
1340 PF:INT ' H "FOP HELP 
13::,(~ RE TURt··j 
19:J5 REM-HELP FJ)UT II'-JE 
20€1!?I F'RH.JT '~iOU ARE f-iT ,~ J, -'J . 
2010 PRH·jT *1. >: , EAST , ~]'-'J , 
2€120 PRI f'.jT * 1, \' , f'.JOF:TH·c , ~] , -J , 
21~313 PRH.JT "lOU ARE FACH,JG , ~] , ~J , 

2040 IF 2:::1 PRINT ~ r~ORTH 

2050 IF 2:::2 PRINT "EAST 
2060 IF 2:::3 PRINT ' SOI)TH 
20"10 IF 2=4 PRINT ' WEST 
;20813 PRINT ~ ],'J , 

2090 GOSUB 24S€l 
2100 GOTCI 220(.-) 
2E15 REI'1-kEY80AR[1 FD UTINE 
22(2111 IF \' >\.! GOTO 500€1 
2210 REALI El.A 
2220 IF A< 128 GOTI) 221121 
22~0 IF A=236 GOTI) 2-:·1?l(21. 
2240 IF A=242 GOTi) 2350 
2250 IF A= 230 GOTO 3€1(?l0 
226(:1 IF A=232 GOTO 2€1(?lEl 
227(1 COTO 22113 
22~iS REr'1- LEF T TUPN 
2312)0 ~==:-1 

23 113 IF 2<1 2=2+4 
23211 GOTO 30511 
2345 REM-RIGHT TURN 
23513 2=2+1 
23613 IF 2 >4 2==-4 
23;:0 GOTO 3050 
2395 REI-I- CLEAR SCREE~·J AND WAIT 
24(~0 1=12 
24 10 VDU 0, I 
2420 FOR 1= 1 TO 6012) 
2430 NE><T I 

2440 RETURN 
2445 REM-RESET CURSOR AND WAIT 
2450 1=28 
2460 Go.TO 2410 
2495 REM-EF:ALE MES5AGE ROUTU·JE 
2500 GOSUB 28130 
2510 PF,INT ' 
2520 GOSUB 2450 
253(~ S;;:0 
2540 RETURN 
2595 REI1- RCITATE AI\j[l LOCK ROUTH·JE 
2600 IF 8=0 GOTO 271El 
2610 IF B>V E=2 ; P:ETUPN 
2620 F=i:HA+(E.-l L+H) 
2630 IF Z= 1 GI)TO 2870 
2635 REM-ROTATE 
2640 FOR 1=2 TO Z 
2650 F=F / 2+ (F-I F/Z) " 2) +8 
2W~ NEXT I 
2670 C=F-(F/2h·2 
2680 D=F / 4- (F/ E:)+2 
2690 E=F/ 2-(F / 4 )*2 
2,00 RETURN 
2705 RE~I-OLITSIDE I1AlE 
2710 C=0 . D=(~, t =-1 
2720 IF ;::* 1 GOTO 27130 
2730 E= 1 
2740 IF A=l<1 E=0 
2750 RETURN 
2755 REi1-NCI nAt·.J:3 LANll 
US0 IF 2:=-:. E=2 
2770 IF 2=2 IF A=H E=2 
2780 IF 2=4 IF A;;: 1 E=2 
2790 RETURN 
2,95 REM- INDEX TO ~V:T CELL 
2800 IF E>E) GOTO 2930 
2810 IF 2= 1 B=£.+ 1 
2320 IF 2=2 A=A+l 
2830 I F 2=3 8=B-l 
2840 IF ,=4 A=A-l 
2850 RETURN 
2855 REM- MESSAGE ROUTINE 
2860 FOR 1= 1 TO 8 
2870 PRWT ~J , 

2880 NEXT I 
2890 FOR 1= 1 TO 23 
2900 PRJf'JT - I, ' 
2910 NEXT I 
2920 RETURN 
2930 GOSUB 2860 
2940 IF E= 1 PRmT DEAD EI,[' 
2950 IF E=2 PRINT cNO 1'1ANS LAND', 
2960 GOSUB 2450 
29,0 s= 1 
2'981~ RETURN 
2995 REM-FORWflRD RCIUTINE. 
30€10 A=X, B=Y 
3010 GOSUB 2600 
3020 GOSUB 2800 
3030 X=A, Y== B 
3i~40 IF E>0 GOTO 220i(1 
3045 REI1-3D DISPLAY F:OUTINE. 
::;050 A= X, B='-( 
3060 GO$l..JB 2600 
3065 REM-5 DEPTH5: 
3i~70 FOR T= 1 TCI 5 
3080 GOSUB 3200 
3085 REM-CHECK FC'R NE:, T [UTH 
3090 I F E.0 GOTO 2200 
3 100 GOSUB 2800 
3110 GOSUB 2600 
3120 IF E=2 GOTO 220i() 
3130 NEXT T 
3140 GOTO 2200 
3195 REM-JUMP TO DI3FLA'/ DEPTH 
3Zi()0 GOTO T*400+23i0 
3205 REf1-DISPLA'1 DEPTH 1 
3210 GOSUB 2400 
3220 IF E <0 RETUFIJ 
3230 IF E> 1 RETI)l:j'.j 
3240 FOR 1=80 TO 37!3 3TEF' fA 
3250 VDU I, 116 
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3260 VDU 1+23· liE· 
3210 (\£><1 I 
3280 IF E= ~l ~ETU~ 'f\1 
329~) FCIR 1=81 TI) Wi" 
330~) VDI) I, 11(17 
33 10 V[~J 1+396.11(13 
3320 NE:><:T I 
3330 RE TlI"'N 
3600 REI1-DI5F'LfN DEPTH 2 
361121 IF (=0 ("OTO 3E:3121 
3620 V[rtJ 81 , 114 
3630 V[rtJ 141,114 
3640 VDI) 213 , 114 
3650 VDI) '3rr , 113 
3&·(9 VDU 915 , 113 
36"11~ VDU 353 , 113 
3680 GOTO 373121 
36919 FOR 1=27=3 TO 2ft 
37!2J(~ V[JU I , 11217 
371121 VDU 1+512 , 103 
3720 NEXT I 
3130 I F D=0 GOT!) x: 10 
3740 VDU 11217, 113 
37519 !')OU 1€9 . 113 
376121 VDU 23 1, 113 
3770 VOl) 1121(~3, 114 
3780 VDU 937, 114 
3190 VDI) 871 , 11-.t 
33i!J0 GOTO : .. 35121 
33 1121 FOR [=295 T(I 2·):;; 
3320 VDlI J, 107 
333121 VDU 1+512 ·1121;3 
3340 NEXT I 
385121 FOR [:::278 TCI ? 3121 STEP 134-
3:360 VDU J, 111; 
3370 VDI) 1+ 16 , llE 
3380 NEXT I 
3:390 IF E=" RET'J'N 
3:300 FOR 1=279 TCI 2':1':. 
391121 VDU I , 10t 
392121 VDl) 1+512,lEt3 
3930 NEXT I 
3940 RETURN 
4000 REI'I- DI5PLH'1 DEPTH 5 
4121 10 IF C=!21 GOTI) 40?,~1 
4020 VDU 273, 11--+ 
403121 VDU 345 . 114 
41214121 VDU 791, 113 
4050 VDU 729, 113 
406121 GOTO 411~1 
41217121 FOR 1=407 TCI 41!~t 
4080 VDU !. 10, 
4090 VW 1+256 . 11213 . 
4100 r,E)<T I 
411121 IF D=0 GOTf) -t 1 ?,v.1 

4 120 VDU 293 , 113 
4 131!) VDU 355 , 113 
414<' \1[,,) 805,114 
4150 VOU '139, 114 
4160 GOTO 421 '~ 
4170 FOR 1=419 TO 421 
4180 VOl) j, 107 
4190 VlOJ 1+25;3,103 
4200 NEXT I 
4210 FOR 1=410 TO 666 STEP 64 
4220 VDU I, 1113 
4230 VDU 1+8 , 116 
4240 NEXT I 
4250 IF E=0 RETUFN 
4260 FOR 1=411 TO 4 1, 
4210 VOU I. 112f t 
4280 VDU 1+256, 103 
4290 NEXT I 
4300 RETURN 
4400 REM-DISFLAY DEPTH 4 
4410 IF C=0 GOTO 4450 
4420 \,JDU 411, 114 
4430 VOU 667, 113 
4440 GOTO 44"1" 
4450 VDI! 4,5 , 107 
4460 VDU 603 , 108 
44'/0 IF 0=0 GOTO 4510 
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4480 'IOU 41'/, 113 
44!j(~ VDU 673 ,11--+ 
45((1121 GOTO 4530 
4510 V[rtJ 481,1,., 
4520 VDU 609 , 1((13 
4530 FW 1=4'76 TO 61214 STEP 64 
4540 VlJU r. 116 
4550 VlJU 1+4 ,116 
4560 NEXT I 
4570 IF E=0 RETUFN 
4580 FOR 1=477 TO 479 
4590 'IOU I, 107 
4600 VDU 1+123.11218 
4610 NEXT I 
41320 RETUR~I 
430,. REI1-DISPLAY OCPTH 5 
4810 IF C=0 G,l T» 4850 
4320 VlJU 417 , 114 
4830 VlJU 605, 113 
4840 GOTO 4870 
4850 VlJU 477 , 103 
4860 VW 605 , 107 
4870 IF D=0 GOTO 49 10 
4880 VDU 4"19 , 113 
4890 VDU 607,114 
49(()(~ GOTO 4930 
4910 VOU 4"19 , 108 
4920 VOU 60" 10'1 
4930 VOU 541,106 
4940 VlJU 543 , 105 
4950 IF E=0 RETIPN 
4960 VOU 418,108 
4970 VOU 606,101 
4980 RETURN 
4995 REM-i¥lY W T F~D 
5,'00 GOSUB 2400 
5010 GOSUB 2860 
5020 PRINT ' WA), OUT 
5030 STOP 

TRITON 
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S Hueber 

PINBALL 

Photograph courtesy 01 Hemdale International Films Ltd. 
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Sure plays a 
mean pinball . .. 
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PET 

Ever since I was a young boy, 
I played the silver ball, 

From Soho down to Brighton, 

PROGRAM STRUCTURE 
" . 

I must have played them all. 

Pete Townshend 
excerpt from the rock 
opera, Tommy. 

R emember a time when 
amusement arcades were 
filled with row upon row 

of pinball machines instead of 
the brightly flashing screens of 
the Space Invader kind. Well 
now you can bring the thrills 
and spills of the pinball game 
into your own living room with 
this program. 

9 CR:l 

Statement 

Line 9 
Lines 10-100 
Lines 110-196 
Lines 197-205 

Lines 210-215 
Lines 220-300 

Lines 320-330 
Lines 340-360 

Line 362 
Lines 363-365 
Lines 367-370 
Lines 449-530 
Lines 449-459 
Line 500 
Lines 511 -512 

Lines 513-519 

10 PRINT "00 YOU WANT INSTRUCTIONS (Y OR N) " 
20 GOSUB 520 
30 IF A$"'"N" 'fHEN 110 
3S PRINT :PRINT 
40 PRINT " 3 SALLS PER GAME. PRESSING ' 1 ' MOVES " 
50 P RINT " BAT 1 SPACE TO LEFT, ' 2' MOVES IT TO " 
60 PRINT " RIGHT. BAT DETERMINES NEW orREe'flON OF " 
70 PRINT " BA LL ACCORDING TO WHERE ON BAT BALL-
80 PRINT "LANDS." 
81 PRINT "COMPLETING DROP TARGET SCORES· 
82 PRINT " EXTRA BALL. M.AXIMUM 1 EXTRA BALL" 
83 PRINT "PER BALL IN PLAY ." 
84 PRINT "1 REPLAY AWARDED WHEN 50 POI NTS· 
85 PRhl'r " SCORED . 1 REPLAY FOR EACH " 
86 PRINT "ADDITIONAL SCORE OF 20 POINTS . " 
B7 PRINT " TO GET EACH 8ALL INTO PLAY PRESS" 
BB PRINT "ANY KEY. " 

100 PRIN'r:PRINT :PRINT " PRESS ANY KEY TO CO NTINUE " 
105 GOSU8 520 
IHI CR=CR-1 
120 PRINT" [2 SPCj "; :FOR N=328HI TO 32820:POKE N, lIH:l : 

NEXT N: POKE 328 49,7B:POKE 3286 1, 77 
130 FOR N=32 8B8 TO 33408 STE P 4~: POKE N,103:NEx'r N 
140 FOR N=32902 TO 33422 STEP 4~:POKE N,101:NEXT N 
150 ~=33415 : POKE 8 - 1 , 233 :POKE B ,1 60 : POKE 6 +1 , 223 
160 N-32809:POKE N, 78:POKE N+39 , 78:POKE N+12,77: 

POKE N+53 , 77 
170 X=33135 
175 POKE X-123 ,1 5 :POKE X- 117,15 
180 POKE X- 2,1 5 :POKE x+2 ,1 5 
185 POKE X+78 , 15:POKE X+82 , 15 
190 PRINT TAB(20); " BALL IN PLAY OM 
193 PRI NT - (CD I M;TA~{20) ; ·CREDIT-
19 4 GOSUB ,518 
195 5 =0 
196 N=1 
197 IY=- I : !X=2 : GOSUB 490 
198 P=32855 :xl =7 +IX : Yl =21 
199 T=32895 +IX 
200 POKE 32801 , N+48 
201 X=32852 : FOR Y=X TO X+2 
202 POKE Y, 90 : NEXT Y: FOR Y=X+4 TO_X+6 
203 POKt: Y , 90 :N EXT Y 
204 £=0 
205 51=5 
210 GOSUd 520 
215 POKE P , Sl 
220 Q= PEEK(T) 
230 IF Q=32 OR G=96 THEN POKB P,32:P=T:PDKE P , Bl : 

X"'Xl : Y=Yl 
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Action 

Player starts off with one game. 
Instructions. 
Set up pin-table. 
Give ball initial position and direction. Reset 
drop targets. 
Put ball into play. 
Process selected depending upon contents of 
next location in ball's path. 
Bat control. 
Calcu late next location and test for ball out of 
play. 
Same ball again if no points scored. 
Test for final ball. 
End of game messages. 
Subroutines. 
Limits of bat movement. 
Prevents ball standing still! 
Count drop targets hit . If all hit extra ball 
awarded. 
Print score, test for replays and print replays. 

235 U' 0=90 THEN G05U~ 511 
2 4 1:J IF 0,=103 OR Q=Hll THEN IX= - IX:IY=IY-IY 
250 IF Q=100 THEN H=- I\' 
260 IF Q=15 'rHEN G05US 513 : G05UB 470 
270 IF 0=77 OR 0=78 T HEN I X=- IX :IY =- IY 
280 IF 0=233 THEN IX=-l : IY=l 
290 IF 0=160 THEN IX =0 : I'1'= 1 
300 IF Q=223 THEN IX=I:IY=l 
31 0 F OR 0=1 T O 50 : NEXT D 
320 GET 0 
330 ON n G05UB 449 , 459 
340 Xl=X+IX : '1'l =Y+IY;T= 33728+X l-4 0 *Yl 
350 IF T<33768 THEN 220 
360 POKE P , 32 
362 IF SI=S THEN N=N-l 
363 N=N+l 
365 IF N<4 THEN 197 
367 PRINT " [17 CD]" 
368 IF CR=O THEN 533 
370 PRINT " PRESS ' R ' FOR NEXT GAME " 
38C GOSU8 52a 
390 IF A$- " R" THE N 110 
440 STOP 
449 IF 6><33411 THEN RETURN 
45~ POKE B+l ,32:POKE B, 223:POK£ B-l , 160:POKE 8 -2 , 223 ; 

6=8-1 
452 RETURN 
459 IF B=33419 THEN RETURN 
460 POKE rl-l , 32 ; POK£ ~,233:POKE B+l , 16 0:POKE d +2,223: 

8"'6 + 1 
463 RETURN 
470 D=INT ( RND{ I) *3 - 1) : IF D=I'1' THEN 470 
480 1'1'-0 
490 0=INT(~ND{1) *3 - 1) ; lF D"'IX TUEN 4Y0 
5'H) IX= O: IF IX =U AND IY=U TIlEN 49{l 
5Hl RE'rU~N 

511 POKE T,3 2 : £ =E+l 
512 IF E=6 THEN N=N-l 
513 S=S+l:PIHNT "S";S;IF 5<5IJ 'rHBN I4.E'I'URN 
514 IF 5=50 THEN 517 
515 IF ' INT«(S - 5IJ) /2 0 ) = (S-SU)/21:l rHt::N ~17 

516 HETUHN 
517 CH=CIHI 
518 IF CR<Hl 'rHEN POKE 32U76 , CH+4U:llJ:: 'J'U14.N 
519 D=IN'I'(CI4./1U) : POKB 3287S , D+4U;POKE 3287G , Cll-D*IIJ+48 ; 

HE'rUIHl 
52 0 GE'I' A$ : IF A$=" " TrlEN 520 
531:J fl l;':TUR N 
533 PRINT " 1-'014. ANu'J'Hl::ll GA.-'ll:: LNSI::Il']' HlP Cu lN " 
534 Ptl.IN'f " (ul4. I4.UN 'rm: PHuGI1AI'l AGAIN)" 
~4\:J EN!) . 
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Pete Howells 

STOMPER 
THE OBJECT OF THE GAME IS TO 'STOMP' 
ON THE INSECT. TO DO THIS YOU MUST 
MOVE YOURSELF (WHITE) OVER THE INSECT'S 
BODY AND. ONCE OVER IT6 PRESS THE 's' KEY. THE INSECT. H WEVER. DOES 
NOT STAY STILL: THE SPEED IS SET AT 
THE START OF THE GAME TO A VALUE OF 
BETWEEN 1 AND 10. TO MOVE YOURSELF 
USE THE NUMBER KEYS (1 - 9. BUT NOT S) 
'N' RESTARTS THE GAME AT ANY TIME 

PRESS ANY KEY TO START 

SET SPEED (1 TO 18) ? • 

PROGRAM STRUCTURE 

Statement Function Action 

Lines 100-210 Set Up Move to the instruction 
routine, set up graphics 
characters for the target 
and set the delay for the 
speed. 

Line 220 Clear Screen Clears the screen. 
Lines 300-320 Move Cursor Position the cursor by 

means of various key 
presses . 

Lines 330-340 Screen Limits Stop the cursor going off 
the top and bottom of the 
screen. 

Line 3ED Speed Delay Controls the speed of the 
target. 

Lines 380-470 Blank Target The target is blanked . 
Lines 480- 530 Movement Control the movement of 

the target. 
Lines 540- 620 Restore Image Restore the image on the 

screen. 
Line 630 Hit Test If the position of the cursor 

and the target coincide, a 
test for a 'hit' is made. 

Lines 650-680 Miss Print a 'missed' message if 
you did not stomp on the 
insect. 

Line 740 Hit Prints a 'hit' message if 
insect has been stomped 
on . 

Lines 800-950 Instructions Print rules of the game. 
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A game which should 
appeal to the meaner 
side of your nature! 

Stomper was one of the first 
moving graphics games 
and shows some of the 

weaknesses of the early systems 
that it was written for. 
Originally written to fit on the 
8K Old ROM PETs, it is 
presented here as a source of 
inspiration rather than as an 
example of excellent 
programming technique! 

HOW TO PLAY 
The basic object of the game is 
given in the instructions and is 
quite simple - you must 
position the cursor and 'stomp' 
on the randoml y moving insect. 

There are numerous ways in 
which the game could be 
improved: sound, more than 
one insect and slowing the 
insect down if you 'stomp' a leg 
off are just a few of the options. 
None of the statements included 
in the program should cause 
any trouble to the avid 
converter, the only requirement 
is for a memory mapped screen 
and PEEK and POKE 
statements. The choice of 
graphics characters to make up 
the insect are fairly arbitrary 
(they work on the PET). 
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PET 

1I:J0 PRIN'r "{ C LSjOO YOU WAN'r INSTRUCTIONS ('I' OK N)" 55. 
56. 
57. 
58' 
59' 
6 •• 
61. 
62. 
6)' 
6 •• 
650 
66' 
67. 

POKE 1-41 , 77 
POKE 1-40 ,66 
POKE 1-39 , 78' 
POKE 1-1 , 87 

110 GE'f A$ 
120 IF A$=·~ THEN 110 
130 IF A$3~'I'~ T HEN 80~ 

140 DIM 6S(8) , C{8) 
150 '1''1'3160:1'11'1=10 2 : 55= 46:5'1'=32 

POKE l+l , 64 : POKE I+2, 64 : POKE 1+3 , 6 4 
POKE 1+39 , 78 ;POK E 1+40,66 

16" DA'fA " 7 " , - 41,"8 ", - 40 , "9 ", -39,"4" , -1 ," 6" , 1,"1" , 39 , POKE 1+41 , 77 
GOTO 250 • "2" , 40," 3 " ,41 . 

170 FOR K- l TO 8 :MEAD 8$(K) , C(K) ;N EXT K 
180 INPUT " [-CL5 ]SET SREED (1 '1'0 UI)";DF 
190 IF OF>10 OM OFel THEN 18~ 
20 ~ OF - OF/ 50 
21 0 J -32768 
220 PRINT " [C L5) " 
230 1 -33267 
240 POKE J , 'I''I' 
250 GE'f A$ 
260 I F A$- "" THEN 350 
270 IF A$-" S " THEN 63 0 
280 IF A$ ="N" THE N 94 ~ 
290 POKE J , SS 
300 F OM K- l T O 8 
310 IF A$"' 8$ (K) T HEN J =J+C (K) 
320 NEx'r K 
330 IF J>33 767 T HEN J=J -40 
340 IF J0 27 68 'r HEN J=J+4i1 
350 POKE J, YY 
360 IF RNO e rI ) >D F 'f HI::N 25iJ 
37 0 X"'HND (Tt) 
380 POKE 1 - 4 1 , 32 
390 POKE 1-40 , 32 
400 POKE 1 - 3 9 , 32 
410 POKE 1-1 , 32 
420 POKE I, S 'I' 
4 30 POKE 1 +1, 32 
440 POKE 1+2 , 32:'POKI:: 1+3 , 32 
45 0 POKE 1+39 , 32 
4 60 POKE 1 +40,32 
470 POKE 1+4',32 
4 80 IF X( J . 2S THEN 1 :1-40 
490 i f X>0 . 25 AN D XCD . S THE N 1 =1-1 
Sa D I F X>0 . S AND XCiI. 7S THEN 1:1+1 
51 0 IF X>0 . 7S T HEN 1=1+ 40 
520 IF 1>33767 T HEN 1=1-40 
530 IF IC32768 THEN 1=1+40 
540 POKE I, I'1f'1 

68. 
69. 
7" 
71' 
72. 

73 . 
7 •• 
75' 

76. 
77. 
78. 
7 9. 
8 •• 
810 
82. 

83. 
84. 
85' 
86. 
87. 
88. 
89. 
9 •• 
910 
92. 
93. 
9 40 
950 

IF r::J THEN 7Hl 
POKE J , YY : POKE I,MM 
PRINT" (HOM] [16 CR)MISSEO" 
MX::I'IX+l 
PRINT " [ HOi'll [2 CD){10 CR] n; 100*(N/(N+I'IX ~l E - 3 0)); 
.. , HITS" 
FOR KK:l TO 1000:NEXT KK 
PRINT " [C LS]" 
GOTO 370 
N=N+l 
POKE I-2 , 19 :POKE I-l,1 6 :POKE 1 , 12:POKE 1 +1 ,1 : 
POKE 1+2 , 20 
P OI<!:: 1-3 , 6 4 
PRINT " {HOM.] [19 CR] HIT " ; N 
PR INT -[HOf'lj [2 CO] (10 CR] M; 100*(N/ ( N+MX+IE -3 D»; 
- , HITS" 
FOR KK=1 TO 1 000: NEXT KK 
P RI NT - {CLS] -
J:z32768 
GOTO 250 
PRIN'f "[CLS]THE OBJECT OF T HE GA M.E I S TO ' STOrolP 'M 
PRINT " ON THE I NSECT . TO DO THI S YOU MU ST " 
PRINT "MOVE YOURSELF ( WHI"rE BLOCK) OVE R TH!:: 
INSECT ' S " 
PRINT "BODY AND , ONCE OVER I'r , PRESS 'rHE " 
PRI NT II' 5 ' KEY . 'rHE I NSEc'r , HOWEVER , DOES " 
PRINT "N OT STAY STILL : THE S PEED I S S ET AT" 
PRINT " TH!:: s'rART OF THE GAi"Il:: ." 
PRIN'f ~TO MOVE YOURSELF US!:: THE NUMBER KEY S " 
PRINT II (1 - 9 BUT No'r 5) . " 
PRIN'f "'1'1' RESTARTS 'rHE GA i"I E AT ANY TIM!:: ." 
PRINT " [2 CO ] PRr:SS ANY KEY 'ro S'rART" 
GE'r A$ 
IF AS"' '''' THEN 910 
GOTO 140 
N=0:MX=0 
Go'ro 180 

What are you.. Barbarion or Wizard? 
Choose your character type carefuUy . . . Barbarians 
recover quicldy but their magic doesn't come easily. A 
Wizard? Slow on the draw and slow to mature ... but 
Bve long enough and grow wise enough and your 
Ughtning bolts iIre almost unstoppable. : . 

The Valley is a reaI·tlme game of adventure and survival. You may choose one of five character types to 
be your personal 'extension of self' to battle and pit your wits against a number of monsters. FOld 
lrea$ure, flabt a Thunder·Ihard in the arid deserts of the Valley, conquer a Kraken in the lakes 
sulTOundin& the dread Temples of Y'Nagioth or cauterise a Wraith in the Black Tower. In fact live out 
the fantasies you've only dared dream about. BUf BEWARE ... more die than live to teU thetaIe! 

You've read the program (Computing Today - April '82) ... Now buy the tape. PET and 
'fRS.8O, BBC and Sbarp tapes are available at £9.95 per tape plus SOp postage and packing. 
16K minimum .•• Commodore PET (New ROMs), 'fRS.8O Modell, Level 2, BBC Model Band Sbarp 
Mz.80K. 

FlUiin thcreC°Soupof n and ~----"";':d:~.:'pe(.).inev ... , 0 ;-ET O-:;';"'-;; 5 .... 0 ~.,;,.95;._ ----1 
return t to tware, I . . pI .. !Gp ....... an. ........ I 

ASP UtI., I I eltCiow., ClMquelPOItai Ordtr/ l.te .... Uo •• 1 Money Order 'or: (delete as .enaary) I 
145 Ouuing Cross Road, I ~ •..... (Mad. '1J.~1e I. ASP LId) lZl I 

London WC2H OEE I OR Debll .. , A"" .. ' ...... ,"'"' I 
d beco f th (delete as necesury) . 

an m:;::,n:~y .. ~ Ip_ .... LOCkCAPITALS I I I I I I I I I I I I I I I I I 
The VaJIey . .. I N ... (M.IM"""Iu) .... ..... .... ' .......... .... .............. ...... ........... ' ... . . .. .. ...... . ........ I 

Computing 1 Add""········ ····· ······ ·· ······ ···· ······· ····· ··········· ···· ···· ····· ············· ······ ··········1 
Today I .. ··· ........ .. · ...... ···· .... .. ···· .... ····· .... · .. ···· .... · .. ··· ...... · .. ·· ·· .... · P."e.de.. .... . I 

I _ .. tilre ••..••••• •. ....•.•. , ., .• • • . •. , .• , .•••.•. , .. ... Dale ........ " ..... ~ ..•• ........ •......... , Software L ________ :.... ________ c.. ______________ _ 
Autumn '82 
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Trevor Lusty 

KIRKvsTHE 

< ~~----------------------------------------~--~ 

Wm ieplaying an old 
version of Startrek 
recently, I wondered 

what the real thing would be 
like. I could not help feeling 
that the real James T Kirk would 
have been zapped by a Klingon 
long before the short-range scan 
was halfway up the screen . 

The Failings of VDUs 
The reason for most games 
behaving like a piece of 
electronic paper scrolling 
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slowly with a vertical motion is 
largel y historical. Most of the 
software used at present is 
adapted from the time when 
your interface with a computer 
was either a set of punched 
cards or a printer connected to 
a mainframe at the other end of 
a telephone line. Unfortunately, 
for many people, those 'good 
old days' are still with us. There 
were compensations, 32K 
BASIC interpreters and 64K 
Startreks being just two of the 

advantages I What I wanted was 
to be able to print output to 
selected areas of the screen 
without disturbing material 
already present. There 
appeared to be two basic 
methods. 
1) I could POKE everything to 
my memory mapped screen, but 
this was going to be time 
consuming to program when 
text had to be printed. 
2) I could use the cursor 
movements provided by the 
manufacturer to signal the start 
positions of a print statement, 
but when a given ou tput might 
appear anywhere on the screen 
this method might prove 
difficult too. 

Are there other methods? 
After a little thought I decided 
that it must be possible to refine 
each of the above methods as 
follows:-
la) I could write a machine 
code subroutine to be called by 
the main program. This meant 
that I could get my assembler 
program to do the decoding of 
text for me. 
2a) I could delve into page zero 
of memory, find where the 
machine stored the cursor 
position and see if I could use 
this to simplify the movement 
required. 

The Final Solution 
In the end I decided to use all 
the above methods except for 
machine code. Each method 
was used where it seemed most 
appropriate and the final 
division was : 

Method 1: used to simulate 
the final detonation . This 
always occurred in the same 
p lace and therefore it was 
easy to store the exact 
locations and characters in a 
data statement. 
Method 2: used for 
instructions and messages . 
There is little point in being 
clever just for the sake of it. 
Method 2a: used to plot the 
alien spacecraft. Here we 
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have a string of characters 
representing the craft which 
wander about the screen . 
Because they are always the 
same they fit nicely into a 
print statement, but normal 
cursor control would have 
been messy . 

What I wanted to be able to do 
was specify the starting position 
of the spacecraft string using 
the two co-ordinates XC and YC 
which save the displacements 
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PET 

captain Kirk never 
had it so good! Liven 
up any ~raphics 
game with our simple 
fechniques. 

--...,~. 
across and down from the top 
left -hand corner of the screen. I 
found that locations 196 and 197 
(Old ROMs 224, 225) of my PET 
hold the exact positi on of the 
cursor in HelL The decimal 
value is always between 32K 
and 33K and may be found 
using the function 256· PEEK 
(197) + PEEK(l96) In the 
program we require the inverse 
function and this is coded in 
lines 2860 to 2920 of the listing. 

I won't claim that this is the 
greatest p rogram I have ever 
written, but I did learn a great 
deal about cursor control while 
writing it. It is an enjoyable 
game by itself, but I feel that it 
will really come into its own as 
a subrou tine to my Startrek 
program. 

After all, James T Kirk 
ought to have something extra 
now that they have made him a 
Commodore I .. 
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KIRK VB THE CURSOR 

1180 
1200 
1 22 0 
1240 
1260 
1280 
1300 
1320 
1340 
1360 
1380 
1400 
1420 
1440 
1460 
1480 
150 0 
1520 
1540 
1560 
1580 
16iHl 
1 620 
16 4 0 
1660 
168<1 
1 700 
172 0 
17HI 
1760 
1780 
1800 
1820 
1840 
1860 
1880 
191HJ 
1920 
19<H1 
1960 
1980 
2000 
2020 
2040 
2060 
20 813 
21 00 
2120 
2140 
2160 
2180 
22 00 
222 0 
2240 
226 ~ 
2280 
230 " 
2320 
2340 
2360 
238 0 
241H'I 
2 4 20 
2440 
2460 
2480 
2500 
2520 
2540 
2560 
258 " 
2600 
262 0 
26411 
266 0 
268\1 
27 110 
2720 
2741:1 
276.., 
278 0 
2tHJ0 
2820 
28 4 0 
2860 
2880 
29~HI 

4B 

PRINT " (CLSj {8 CD) M 

PRINT " [11 S PC ) (RE V] [13 SPC] [OFF)" 
PRItH " [ 11 S PC] (R I::V ] SPACE A'f'fAC K [OFF] " 
PRINT" [11 SPC] [ REV ] [13 SPCj [Off) M 

FOR 1=1 TO 1000 ;NI::XT I 
POKE 59468 , 14 
PRINT· (CLS j SIX ALIEN INVADERS HAVE P£NE'rRATED " 
PRINT • EAR'rH ' 5 OUTE R DEFENCES." 
PRHIT:PRINT 
PRINT " AS COMMANDER OF THE LAST FIGHTER DEFENCE" ; 
PRINT " SHIP , YOUR MISS I ON IS T O DEs'rROY THEM ." 
PRINT : PRINT 
PRI NT "Y OU MUST POSITION YOUR PHASER SIG HT " 
PRIN T " SO 'rHAT THE ALIEN CRAFT IS IN r ttE CE N'rRE " ; 
PRINT "AND 'rHE N FIRE YOUR WEAPONS ." 
PRINT; PRINT 
PRINT "P RESS 
PRINT "PRESS 
PRIl'olT "P RJ:::SS 
PRIl'olT "PR ESS 
PRINT "PR ESS 
PRINT:PRIN T 

5 
8 
2 , 
G 

TO 
TO 
TO 
TO 
TO 

fIRE" 
MOVE YOUR 
MOVE 'lOUH 
~IOVE YOUR 
MOVR YOUR 

SIG H'r 
SIG H'r 
SIGH'r 
SIGHT R I GHT" 

PRINT " DAMAGE F ROM THE ENEMY ATTAC K WILL GHADUALLY" 
PRINT " DESTROY YOUR AIM --- SO DON " r DJ:::LAY " 
PRI NT 
PRINT "PR ESS SPACE 13AR WHJ:::N RJ:::AD'{ " 
GET Q$ ; IF Q$<> "[ SPCJ " THEN 1 701:1 
POKB 59468,12 
PRINT" [CLSjRATII'IGS ; 13 BEGINNER " 
PRINT " [8 SPC] ; N NOViCE" 
PRINT" [8 SPC] : V VE"rERAN-
INPUT "[5 CD] (9 S PCJRATING "iR$ 
IF R$-" B" T HE N RA"'350 : GOTO 1880 
IF R$ =" N" THEN RA=200 ; GOT O 1880 
IF R$= " V" THEN RA"'50 
PRINT" [CLS]" 
YC=10 : XC =8 : GOS UB 2 860 
PRINT "TALLY HO AND GOOD LUCK " 
FOR N=l TO 500 : NEXT N 
MI=I : HI =I ;PRI NT " [CLS] " 
GOSU13 4l1:J0: REM .* FIND AND PRINT RA"fING 
GOSUB 238{) : REI'I •• PR INT PHASt: R SIG HT 
YC= INT (8 *RlIl D (l) + 10) 
XC-INT(20*RlIlD(1)+5} 
GOSUB 2861:1 : REM POSITION CUH$OR 
GOSUB 2740 ; REM •• PRINT ALIEN CR AF T 
PRINT "[ HOI'l] " 
G05U13 3780 : R£M .* INCREMENT TIME AND "rEST 
GET DS : IF DS-"· THEN 2120 
GO S US 28 6 1:1;R!::M .* POSITION CUR SOR 
I f 0$="4" T HEN XC:XC+l 
I f DS="6~ TH EN XC=XC - l 
IF DS:~8" THE N YC"'YC + l 
If D$="2" THEN 'lC -YC- l 
IF D$=K5 " T HE N 3000 
GOSUS 36"";RE,'1 •• REMOV E OLD POSITION 
GOSUB 2860:REM •• SET NEW POSITI ON 
GOSUB 2740 : REM •• PRINT ALIEN CRAFT 
GOTO 21 00 
FOR I-I TO 2~00 :NEXT I:END 
PRINT " [HOMj[4 CD} " :PRINT P [10 S PC} [20-~j {Of F J" 
P RINT " (19 S PC j [ 2-'J " 
PRINT ~ [19 S PC1 !2-'j " 
PRINT " (19 S PC] [2

A'J " 
PRINT " [RE V}{A , ] 10FFJ [38 SPCJ(- ' jM 
PRINT "[ REVJ [A ' J [OFF) [38 SPCj [- ' }M 
PRINT "(R£V)(-' ] (OFF){5-t ) [28 S PCI[5 -t ll - ' I-
PRIN'r " [HEV ) [- ' IIOFFJ[5- 'J[13 S PC}[-[1{l4 sPCJ[- ' )" 
PR INT "{REVj[- ' j[OFF][38 spe)l- ' }" 
PRIN'r M [REV} [A , I [OFFJ [ 38 SPCj [ - ' ) N 
PRINT " {19 SPCj [2 A'J II 
PRIN'r M{1 9 SPCj{2 - 'J " 
PRINT" (l9 SPCj [2 -,] " 
PRINT " [10 SPCj [R EV) [20- " J [OFF] " 
RETURN 
RE i'l • • 
REM. .* PRIN'r ALI EN CRAfT 
REM .* 
PRINT N [ -Z) -[-Q)-{ -ZJ " 
P - YC : Q-XC 
RETURN 
REM •• 
REM·· SET CURSOR 
REM ** 
SI-32768+40*YC+XC 
53-IN'r (SI/256) 
52=51-256*53 

292il 
29 40 
2960 
2980 
3000 
302 0 
30 4 0 
3060 
3080 
3Hl0 
312 il 
3140 
3160 
318 0 
3200 
3220 
3240 
32G0 
3280 
3301:.) 
3320 
3340 
3360 
3380 
3400 
3420 
3 440 

3461:1 

3480 
35\J0 
3520 
35~0 
3560 
3580 
3600 
3620 
364~ 
3660 
3680 
3700 
3720 
37 40 
3760 
3780 
3800 
382 0 
3840 
3860 
3880 
39 ~1:1 
3920 
39 4~ 

386~ 
3980 

4000 

4020 
4040 
4kl6~ 
40 80 
4100 

41 2~ 
4140 
4160 
4180 
4200 
4220 
4 24 e 
4 26 0 
4280 
4300 
432~ 
4 3 40 
4360 
4380 
4400 
4420 
444 0 
44 60 
4480 
4500 
~~2'" 

POKE 196, S2 ; POKE 197 , S3:RETURN 
REM . * 
HEM ** TEST FOR HIT 
HEM. •• 
IF YC-12 THEN 306 0 
CaSUB 3220 
Go'ro 20611 
I F XC-17 THEN 312 0 
GOSU8 3220 
GOTO 206 0 
YC - 12 : xC=16 : GOSU~ 2860 : GOSUB 4320 : GOSUB 2380 
YC-21 ;XC- 1 0 : GOSUB 2860 
PRINT " ENEMY DESTROYED = "; HI 
HI =HI+l : IF HI =7 THEN 336 0 
GOTO 2020 
P=yc :Q=XC:\,C -22 : XC =10 : GOSU B 2860 
PRINT " NUMBER MISSED - - ; MI:M I=loU +1 
YC-P:xC=Q: GOSUB 2860 
RETURN 
REi'! * * 
REM * * PRI NT RESUt.'rS 
RE,'1 .* 
YC =22:XC=IU : GQSUB 2860 
1'11=1'1 1 - 1 
PHINT "[HOI"-] ": YC=I : XC= 0 : GOSU8 2860 
PRINT " [ 8 SPCJ PLANE"r I-: ARTH HAS ~~£N SAVED" 

PET 

PRINT "[CLS][8 SPC JpERFORI'IANC~ -"iIN'r(6/(6+I"II)·1~"') ; ., . 
U ' 6/ ( 6+MI ) * HI" > 75 'rH~N RA=RA-75: IF RA<15 THEN 
RA=25 
! F 6 /{ 6+MI ) *10{) <51 'rHE N RA""RA+50 
CaSUB 41~0 : YC=24 :XC:0;GOSUB 2860 
PRINT " {6 SPC] [REVIOO YO U WArn AN o'r H~R MI SS I ON ?" 
GET Q$ : IF Q$_ .... THEN 35 4 0 
IF Q$<>·t~ THEN END 
GOTO 1960 
Sl=32768+40* P+Q 
S3"'I NT (SI/256) 
52=5 1-256*53 
?OK~ 196 , 52:POKE 197 , 53 
?RINT "[ 5 S?CJ " 
RETURN 
REM •• 
REM •• INCREMENT T I ME 
Rt:::i"I ** 
"T=T+l 
IF T>RA THEN 3900 
RETURN 
REI'! *. 
REM *. MOVI:: AND TI::ST ALIEN 
REM ** 
IF XC>36 THEN 3980 
IF YC<12 THEN 3980 
XC=XC-l : ¥C=YC+ l : GOSU8 3600 : GOSUB 2860:GOSUB 2740 : 
PR I NT" [HOMJ " 
Go"ro 4000 
XC=XC+l;YC-YC-l : GOSUB 3600;GOSUB 286 0: GOSU6 27 4 0 : 
PRINT" [HOMJ" 
IF Y018 OR YC< 5 THEN PRIrn " [C LSi [7 CD] [HI S?CJ 
T HEy GOTCtiA " :GOT Q 2360 
'r:0 ; RE"rURN 
REI'! •• 
RBi'! •• SET HAT I ~G S 
REM •• 
If RA<:51,l "rHi::N Q$="RATING = Vt:TERAN PILUT " : GOTO 
4160 
If ~A> -35~ THEN Q$;MRA'rIr.lG ;; I:IJ:::GINNt:I-I" : Go"ro 4160 
Q$-" RA'rING = NOVICE PIl.O'r " 
'lC=2:XC=8 ; G05UB 2860 
PRINT ~ [26 SPCj" 
'lC - 2:XC=8 : GOSUB 2860 
PRINT Q$ 
RETURN 
REM • • 
REM *. SIMULATE HIT 
REM . * 
RESTORE 
FOR J;;I TO 15 
READ L , M 
POKE L ,M 
NJ::XT J 
RETURN 
DATA 33267 , 42 , 33266 , 42 , 33268 ,42 
DATA 33227,42,33307 , 42 , 33267 ,32 
DATA 33265 , 42 , 33269 , 4 2 , 3326 6 , 32 
DATA 33268 , 32, 33 227 , 32 , 33307 , 32 
h ATA 33269 , 32 , 33265,32 , 33267 , 91 
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P A F arrester NASCOM 1 

NASCOM 
PATTERNS 

A graphic illustration 
of lhe NASCOM 
Graphics ROM's 
functions. 

This program generates a 
random, but highly 
symmetrical, pattern which 

gradually builds up, stays a 
while and is then replaced by a 
new sequence . Typical 
examples of the patterns 
produced are shown in the 
illustration. They have 
reflectional symmetry about the 
diagonals and about the vertical 
and horizontal axes passing 
through the centre. The 
program produces a (nearly) 
square array of 48 by 48 points 
using the SET(x, y) function and 
so can only be used when the 
Graphics ROM is available. The 
patterns produced are quite 

5 J K ~ 0: CLS : OX ~ ~ ; 01~U 

pleasing in black and white , but 
would be fabulous if adapted for 
use with a colour board. 

Logical Progression 
The logic flow is as follows. A 
random number pair (x, y) is 
generated in the range (1 , I) to 
(24,24), corresponding to the 
upper left -hand quadrant of the 
pattern . The program makes 
sure that x>y, so that the point 
lies in the upper half of the 
quadrant. The subroutine at line 
2CXXl cen tres the pattern and 
reflects the point about the 
horizontal and vertical axes 
passing through the centre of 

3,,"'1 GUS ut3 2"" 

the screen . The original values 
of x and yare interchanged 
(line 250) to give reflection 
about the diagonals, and the 
subroutine is called again. The 
values of x and yare then 
incremented by ± I 01 0; the 
program checks that the point is 
not already set and that it still 
lies within the starting segment. 
Each point thus grows as a 
randomly shaped blob until 
these conditions fail and then a 
new random point is started. A 
more disconnected pattern can 
be produced by removing li ne 
320 and setting K in line 350 to 
75. The two photographs were 
actually taken with line 320 
removed. 

The patterns are generated 
with x and y values lying 
between I and 48; the SET 
function has x values from 0 to 
95 and y from 0 to 47. The x 
values are all incremented by 
22 to bring the pattern into the 
centre of the screen before 
SETting . The unscrolled line 16 
in the NASCOM is printed as 
the top line above lines I to 15, 
and has to be unscrambled to 
produce a symmetrical pattern. 
This is taken care of in the 
subroutine, which decreases 
each y value by four (you would 
expect it to be three since SET 
divides each character into 
three verticall y as well as two 
horizontally, but x values start 
at one while SET runs from 0) 
but if y< 4 it is increased by 48 
to produce the top line. 

I~J X ~ IN'r{R~O(~ .5)~24 +1) : Y - IN'r(H~0 (U . IJ~24+1) 

12U IF XCi ' rM~M Y=25 - Y 
32U Z=X:X =Y: "f =Z 
329 HEM ** CrlANGB X AtW f tMCK AG,'\ll~ 

140 J~= IN~IHNO{ U . 3)~J-l) :DY=IN~(RN0(U . 2) · J- l) 
150J X",X+OX :Y =Y +OY 
16t:l IF ,«l5 .\~,) x>~ A~L) Y<25 A!II O 1>iJ .'\Ni.l 1<=X I'rli;.! 18:) 
1"IU GO'ra Ul3 
18U IF ~:')ijHIX , Y)"";' "fdEN 203 
139 li C: M " '( ·JiJ NOli HAoJl:; A S TAM:I'I N::; POI:>I"f IN COR~gCI' 

SEGMEl~l' 

lY~ G0"fO l:JJ 
2G..J G:)~u6 ll.lJ'J 
250 Z=X:~=Y ; f;Z 

2~9 ~EP1 *. Il'I l'Et1(;rlANGt: x AN,) Y , RSFLEc rs A!hhJ"f ' J~HE 

DIAG0NALS 
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J51l K=K+l : lf KC175 "fHE:N 120 
359 ,H;,~ *. D'::'I'!:':R~INl :> riU,'1BE~ Of PU[N 'j' S SE·r 
4ihJ f ;)H r=1 '1'0 sa;'O :Nt:x'j' T ;G0I'O Si.l 
I!U9 Lt!:': .'! •• 'f i)':': ·i'':':~.llrH:S O~LAY d!::"fw.;;t;:;l'I PA"f"ff:tl.l'IS 

1993 iH;,"I *'" 3UdRLllJi'!Ni::; REFLECTS !\d ·)U'I' Cii:rI"fRt\L .... X L::> . 
CI::N',' ,H:S PAT-rlR,~ A~:) pu 'rs LIN::; 16 Ar 'fdE ti.JTNM 

2J"~ A=x +22:LF YC4 rrlE;oj 3=Y+44 : GO'j'O 22J'J 
2UJ;) a .Y - 4 
22~~ ~E"f(A , ~) : S~T (7 U -X . ~) 

2J~ ~ P~~ + 22 : J=44-Y 

24a~ jI::T{P , U) : ~~T(7~-X,J) 

25.1u t"l. t:f;J:{!II 

49 



" (l 

THE NEW MAGAZINE THAT 
, WI LL PROBABLY B'E OF ' 
LITTLE I NTERESTTO YOU!, 0'0'_ 

- BUT -, ' 
" ., .' . . . . . . . . " 

FIRST ISSUE AT ALL GOOD NEWSAGENTS 
NOW! 

GREAT VALUE WITH 100 PAGES FOR 
ONLY 65p! 

ON SALE THE FIRST FRIDAY OF EVERY 
MONTH 

• • • • • .FOR ALL OF THOSE CONSIDERING BUYING 
THEIR FIRST MICROCOMPUTER AND 
FORTHOSE SEEKING TO EXPAND 
OR UPGRADE THEIR EXISTING MACHINE 
OR WHO ARE DECIDING UPON THE NEXT 
MICROCOMPUTER THEY WILL BUY 

WILL BECOME 
,ESSENTIAL 

,READING! 

TELL YOUR FRIENDS ABOUT­
IT! OR EVEN HAVE A LOOK 

YOURSELF! 
Personal Software Autumn '82 



'Scope Simulation - A full simulation of that most versatile of research tools, the 
digital storage 'scope, for the classroom. 
Originally published in Computing Today, December 1981. 

Screen Print - Adding a direct screen copy facility to the Sorcerer/MX80 
combination. 
Originally published in Computing Today, December 1981. 

Line Plotter - Using the Microtan's chunky graphics to your advantage. 
Originally published in Computing Today, October 1981. 

PET Lister - Convert those awkward graphics characters to the standard codes from 
those awfully nice CT people. 
Originally published in Computing Today, September 1981. 

Graph Plotter - An excellent routine to give you neat and tidy graphical output. 
Originally published in Computing Today, November 19a:>. 

Cross Hatcher - Check out your TV with the DAI's colour graphics. 
Originally published in Computing Today, December 1981. 

Double Density - Double your plotting capacity with this routine. 
Originally published in Computing Today, December 19a:>. 

Fast Plotter - Speed up the plotting of all those complex functions with this superbly 
documented program. 
Originally published in Computing Today, April 1981. 



Len Topple 

'SCOPE 
SIMULt.TION 

A normal oscilloscope is a 
very versatile piece of test 
equipment and is one of 

the basic tools to be found in 
most development laboratories 
and service workshops. While it 
has the fast response times 
necessary for studying the 
operations of modern digital 
ICs, it keeps no permanent 
record of the signal. Once the 
screen phosphorescence has 
died away you have lost the 
information, unless you use 
photographic techniques. 

So, why not use an ultra­
violet recorder? For slow 
response systems this may be 
adequate, although the 
recording paper is expensive. 
However, the speed of a UV 
recorder is about as slow 
compared to a 'scope as a bus is 
to Concorde I Perhaps we can 
use the oscilloscope in a 
dHferent way? 

The Digital Oscilloscope 
One of the ways in which an 
oscilloscope can be enhanced is 
by fi tting a 'storage' tube. This 
is very expensive, does not 
provide a permanent picture 
and can be damaged by misuse. 

The logical alternative is to 
use computer technology and 
convert the analogue' signal into 
a digital one with an A to D 
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converter, store the resulting 
digital signal in RAM and then 
convert back through a D to A 
for di splay. The information 
stored can then be captured, 
replayed, or otherwise 
inspected ad infin i tum on a 
standard 'scope tube. We can 
even take small parts of the 
stored signal and expand them 
- something no other storage 
system can do . 

All this sounds too good to 
be true - there has to be a 
catch somewhere. That catch is 
a phenomenon called aliasing. 
Consider what happens when 
you increase the frequency of a 
sinusoidal input; to make things 
simple, let's assume that the A 
to D is sampling every 
microsecond. If the frequency 
of the input signal is 10 kHz, 
then each cycle on the display 
will consist of some 1m dots 
and the waveform will appear 
smooth and undistorted. If we 
now increase the input 
frequency to 1m kHz, we 
reduce the number of samples 
per cycle to 10 and the nature 
of the trace will become 
obvious. Worse still, if the input 
signal is greater than half that 
of the sampling frequency, the 
display will actually appear to 
be of a lower frequency! 

The main purpose of 

A full simulation of 
that most useful of 
research tools, the 
digital storage 'scope. 
Ideal for the 
classroom. 

producing this program for 
classroom demonstration was to 
show this together with the 
effects of limi ted resolution on a 
display system. 

The Program Criteria 
As well as demonstrating the 
effects of resolution and 
aliasing , the program was also 
designed to show the modes of 
oscilloscope operation: single or 
dual trace, chopped or a lternate 
sampling and to show the effects 
of dot-joining on the displayed 
waveform. 

The entire program is menu 
driven and the user can select 
any of the modes of operation 
from this main display (see the 
accompanying photographs). 

For an y of the chosen modes 
of operation, test data 
concerning the frequency of the 
input and its relative phase can 
be input together with joined or 
un-joined traces . The main 
flowchart for the program is 
given in Fig.!. 

It can be seen immediately 
from the photographs that the 
resolution of the demonstration 
is poor; it uses the equivalent of 
a four-bit A to D (five-bit in the 
case of single trace) as 
compared to at least eight-bit 
converters in a digi tal 'scope . 

TECHNICAL DETAILS 
The p rogram listed is written 
speCifically for the Commodore 
PET computer fitted with the 
PIC CHIP available from Insel 
Computers. Routines are 
available which will perform the 
double density graphics facility 
of the PIC CHIP, both in 
BASIC and machine code , but 
this method is somewhat easier! 

The PIC CHIP is enabled by 
the SYS 36864 command at the 
start of the program, line 350, 
and the follOwing four functions 
are used at various points in the 
program. 
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PET 

I WP This plots a pixel (V. sized 
b lock) at a screen position 
of X, Y relative to the 
chosen origin. 

~ Fig. 1. Main system lIowchart showing 
the relationships 01 each main section. 

IWL This draws a line of pixel 
points between Xl, Yl and 
the chosen X2, Y2 position. 

IWCAs IWL but in second and 
subsequent calls, the new 
value of Xl, Yl is 
automatically set as the old 
value of X2, Y2. 

ICWThis positions the cursor so 
that normal PRI NT 

• commands can be 
combined with traces 
produced by PIC CHIP . 

Although the resolution is 
limited to a q uarter sized b lock, 
the cost of fi tting a high 
resolution graphics option to the 
PET is excessive enough to 
make the existing situation 
acceptable. 

The main flowchart shown in 
Fig. 1 indicates the main areas 
of the p rogram and the 
functions that they can be 
expected to perform. The 
second flowchart in Fig. 2 is an 
expanded detail of the section 
between points 'a' and 'b' on 
Fig. 1. 

All the main system 
va riables a re declared at the 
start of the program and the 
various routines are a ll 
commented. 

,,,, OR 

'"' 

SllfGl~ TIIACE S 
"'lUalE T~"'CE I> 
CHome TRACE C 
A lTERNATETII ACE A 
~ND E 
TEST DEMO T 

"'" S"', SIIS, Slit C$.E' on AIL I 

Fig. 2. Expanded detail between 'a' 
and 'b' 01 Fig. 1 .... 

1) The resolution of the A to 
D converter controls the 
resolution of the Y axis. 

2) The amount of memory 
available for signal storage 
determines the X axis 
resolution. . 

HOW TO USE THE 
PROGRAM 

storage 'scope in most respects, 
you cannot alter the sampling 
rate of the A to D converter. 
This, however , is of little 
importance in a simulation such 
as this because the display 
obtained is unchanged if both 
input frequency and sampling 
frequency are changed by the 
same factor. 

. 3) The D to A converter must 
have the same resolution as 
the A to D. 

One way or another, you should 
now be ready to test the 
program. Although the program 
behaves exactly like a digital 

It is worth outlining the 
component parts of a digital 
storage 'scope and the effect 
each has on the overall 
performance. 

PROGRAM STRUCTURE 

Subroutine Function Starts at Line 

SRI Single trace data input 1 COO 
SR2 Dual trace data input 1070 
SR3 Single trace p lot 1170 
SR4 Dual trace plot 1290 
SR5 Chopped trace plot 1440 
SR6 Alternate trace p lot 1620 
SR7 Exit routines 1950 
SR8 Demonstration 2080 
SR9 Delay 2410 
SRlOlll Temporary store 1820/1890 

Personal Software Autumn '82 

4) The clock for each of the 
converters should be 
capable of independent 
adjustment to give control 
over sampling rate and 
allow a clean display. 

The problem of aliaSing is 
common to all sampling 
methods and should be borne in 
mind whenever connecting your 
micro to the outside world. 
Shannon's sampling theorem 
states that the minimum 
sampling frequency should be 
twice the frequency of the input 
frequency. 

Doubtless the problem can 
be expanded and improved 
upon but in its current form it 
proVides a useful and 
demonstrable system which 
contains all the major features 
of a true digital storage 'scope. ~ 
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'SCOPE SIMULATION 
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170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 

310 

320 
330 
340 
350 
360 
370 
380 

390 
400 
410 

420 

430 

440 

450 
46 0 

470 

480 
490 

500 

510 
520 

530 
540 

550 

560 

570 

580 
590 
600 
610 
620 
630 
640 
650 
660 
670 
680 

690 
700 
710 
720 
730 

740 
750 

RE r" ** VARIABLES AND FUNC'rrONS 
A=0:REM ** AMPLITUDE OF WAVEFORN 
C=0:H£M ** MODE SELECTION CONTROL 
O=0:REM ** DOT JOINING CONTROL 
H=0:REM ** X AXIS HEIGHT 
K=PI/40 : REM ** CONSTANT USED IN DEF 
Fl =O:REM. ** FReQUENCY OF UPPER TRACE 
F2=0:REM ** FREQUENCY OF LOWER TRACE 
Pl=i2I:REM ** PHAS.E OF UPPER TRACE IN RADS 
P2=0 : H£ro1 ** PHASE OF· LOWER TRACE IN RAPS 
X0 =0 :Y0=U:REM ** USER ORIGIN 
Xl=0:Yl=0:REM ** USED FOR DOT JOINING 
X2 = 0 : Y2=O : REM ** USE D WITH !WL AND !WC 
X3=0:Y3=0:REM ** TEMP STORE FOR XI ,i I 
UPPER TRACE 
X4=0 : Y4=0:REM ** TEMP STORE FOR XI,YI 
LOWER TRACE 
DEF FNA(X)=A*SIN(K*Fl*X+Pl) 
DEF FN8(X)=A*SIN(K*F2*X+P2) 
DEF FNC(Y9)=INT(Y9+ . 5)+H 
SYS 36864 : REM ** TURN ON PIC CHIP 
REM ** TITLE AND MODE CHOICE 
PRINT" [C LS1 " 
PRINT:PRIN'r " [3 SPC)DIGI TAL STORAGE 
OSCILLOSCOPE " 
PRINT " [11 SPC)SIMULATION " 
PRINT:PRINT 
PRINT "ALL THE INPUTS USED IN THIS 
PR OGRAM HAVE SINE WAVEFORMS" 
PRINT "YOU WILL BE ASKED 'ro SELECT THE 
TYPE OF TRACE REQUIRED" 
PRINT "Y OU MAY CHOOSE THE INPUT 
FREQUENCIES AND PHASES " 
PRINT "Y OU !"lA Y ALSO CHOOSE BETWEEN DOT 
AND CO NT INUOUS PLOTS" 
PRINT 
PRINT "FI RST TIME USERS ARE ADVISED TO 
SELECT 'T' AT THE FIRST HUN" 
PRIN'f "THIS DEMO WILL GIVE YOU AN IDEA 
OF THE FACILITIES AVAILABLE " 
PRINT 
PR INT "U SE YOUR OWN TEST DATA TO 
EXAMINE" 
PR INT "SAMPLING DISTORTION AND 
ALIAS ING" 
GOSUB 2400 :GOSUB 2400:REM ** DELAY 
PRINT:PRINT " [2 SPC)CODE[3 SPC) 
DESCRIPTION[6 SPC)SAMPLI NG FREQ." 
PRINT " [4 SPC)'r[4 SPC)DEMO TEST PROG ." 
PRINT " [4 SPC)S[4 SPC)SINGLE TRACE 
[8 SPC)40" 
PRINT " [4 SPC)D[4 SPC)DOUBLE TRACE 
[8 SPC) 40 " 
PRINT " [4 SPC)C[4 SPC)CHOPPED TRACE 
[7 SPC) 20 " 
PRINT " [4 SPC)A[4 SPC)ALTERNATE TRACE 
[5 SPC)40 " 
PRINT" [4 SPC) E [4 SPC) END OF PR OGRAW' 
PR INT :PRINT 
PRINT "SELEC'f FROM T , S ,D, C , A, OR E" 
GET AS : IF AS= "" THEN 610 
C=0 
I F AS= "S" THEN C=1 
IF A$= "D" TH~N C=2 
IF AS =" C" THEN C=3 
IF AS="A" THEN C=4 
IF AS= "T" THEN C=6 
IF AS= "E" THEN GOSU8 195~:REM ** END 
ROUTINE, SR7 
IF C=5 THEN 2440:REM ** END 
IF C=6 THEN GOSUB 2070:GOTO 910 
RE M ** WRONG ENTRY 
PRINT 
IF C=0 'rIiEN PRINT "INCORRECT RESPONSE ": 
GOTO 590 
REM ** ONE TRACE OR 'rwo 
PRINT 

760 

7B0 
790 
800 
810 
820 
830 
840 
850 
860 

870 

880 

890 

900 
910 
920 
930 
9 40 
950 
960 

970 
980 

990 
1000 

1010 
1020 
1 030 
1040 
1050 
1060 
1070 

10 B0 
1090 
1100 
1110 
1120 
1130 
1140 
1150 
1160 
11 70 
1180 
1190 
1200 
1210 

1220 
1230 

1240 
1250 
126 0 

1270 
1280 
1290 
1300 

1310 
1320 
1330 
1340 
1350 
1360 
1370 
1380 

IF C=l THEN GOSUB 990:REM ** SINGLE TRAC 
INPUT DATA 
IF C<>1 THEN GOSUB 1060:REM ** DUAL 'fRAC 
INPUT DA'fA 
PRINT 
REM ** DO'f JOINING 
0=0 
PRIN'f "DO YOU REQUIRE DOT JOINING "; 
INPUT BS:IF LEFTS(BS,l)="Y" THEN 0=1 
REM ** MAIN PROGRAM 
PRINT " [CLS] n 

REM ** MODE SELECTION 
IF C=l THEN GOSUB 116~ : REM ** SING LE 
TRACE l"l ODE, SR3 
IF C=2 THEN GOSUB 1280 : REM ** DOUBLE 
TRACE MODE , SR4 
IF C=3 THEN GOSUB 1430:REM ** CHOPP ED 
TRACE MODE , SRS 
IF C=4 THEN GOS UB 161~:REM ** ALTERNATE 
TRAC E MODE, SRG 
RE!'1 ** DO IT AGAIN 
PRIN'f "DO YOU REQ UI RE AN OT HER TEST?"; 
GET AS : IF AS="" TH EN 920 
PRINT "[ CLS ]" 
REM ** YES OR NO 
IF LEFTS(AS,l)="Y" THEN 520 
IF LEFTS (AS ,I) = "N" THEN GOS UB 195~: 

REM ** SR7 
IF C=S THEN 2440 
PRINT n INCORRECT RESPONSE. PLEASE TYPE 
Y OR N": PRINT:GOTO 910 
REM ** SINGLE TRACE INPUT DATA, SRI 
PRINT :PRINT " INPUT FREQUENC Y AND PHASE 
DATA " 
PRINT 
INPUT "F= "; Fl 
INPUT "P=";P I 
l{E 'f URN 
REM 
REM ** DUAL TRACE INPUT DATA , SR2 
PRINT:PRINT "UPPER TRACE FREQUENCY AND 
PHASE DATA " 
PRINT 
INPUT "F=" ;F l 
INPUT "P=" ; Pl 
PtUNT : PRINT "LOWER TRACE DATA " 
PRINT 
INPUT "F= ";F 2 
INPU'f "P= " i p2 
RETURN 
REM ** SINGLE TRACE PLOT, SR3 
A=16 :H= 23 :X l=0:Yl =FNC(FNA(0)) 
PRINT:PRINT "Fl= "; FI ," PI=" ;P I 
FOR X=0 TO 8~ STEP 2 
Y=FNC(Fl<A(X) ) 
IF D=0 THEN D=~: !WP:REf'1 ** TRACE WITHOUT 
DOT JOINING 
REM ** D= 0 IS A DUMMY INSTRUCTION 
IF D=1 THE X2 =X:Y2=Y: !WC: REM ** !~C IS 
THE AUTO LINE JOINING FUNCT I O~ 

NEXT X 
X=0:Y=I: ! CW 
PRINT "CHOICE 5[3 SPC } SINGLE TRACE 
[3 SPC)FS=40" 
RETURN 
REI'iJ ** DOUBLE TRACE PLO'fS , SR4 
A=8 :H=37:X3=0 :Y3=FNC(FNA(O) ) 
PRINT "Fl=":Fl,"Pl=";PI, 
"F2= ";F 2, "P2 = ";P2 
FOR X=0 TO 80 STEP 2 
H=37 
Y=FNC(FNA(X) ) 
IF D=0 THEN D=0:!WP 
IF 0=1 THEN GOSUB 1810 
H=13 
Y=FNC (FN8 (X)) 

!WP 

Personal Software Autumn '82 



1390 
1400 

1410 

1420 
1430 
1440 
1450 
1460 
1470 
1480 

1490 
1500 
1510 
1520 
1530 
1540 
1550 
1560 
1570 
1580 
1590 

1600 
1610 
1620 
1630 
1640 
1650 
1660 

1670 
1680 
1690 
1700 
1710 
1720 
1730 
1740 
1750 
1760 
1770 
1780 
1790 

1800 
1810 

1820 
1830 
1840 
1850 
1860 
1870 
1880 

1890 
1900 
1910 
1920 
1930 
1940 
1950 
1960 
1970 
1980 

1990 

2010 

2020 
2030 

NEXT X 
X~0:Y=1:!CW:REM ** lew POSITIONS THE 
CURSOR 
PRINT "CHOICE D[3 SPCjDOUBLE TRACE 
[3 SPCjFS=40" 
RETURN 
REM ** CHOPPED TRACE PLOTS, SRS 
A=8:X3=0 
H=37:Y3=FNC(FNA(0}} 
X4=2 
H=13:Y4=FNC(FNB(2}} 
PRINT "Fl=~;Fl,"Pl=";Pl, 
"F2=";F2,"P2= ";P 2 
FOR X=0 TO 80 STEP 2 
H=37:Y=FNC(FNA(X}} 
IF 0=0 THEN D=0:!WP 
IF 0=1 THEN GOSUB 1810 
X=X+2 
H=13:Y=FNC(FNB(X}} 
IF 0=0 THEN D=0:!WP 
IF 0=1 THEN GOSUB 1880 
NEXT X 
X=0:Y=1: !ew 
PRINT "CHOICE C[3 SPC]CHOPPED TRACE 
[3 SPC]FS =20" 
RETURN 
REM ** ALTERNATE TRACE PLOTS, SR6 
A=8:X3=0 
H=37:Y3=FNC(FNA(0}} 
H=13:Y4=FNC(FNB(0}} 
X4=0 
PRINT "Fl=";Fl,"Pl=";Pl, 
"F2=";F2,"P2=";P2 
FOR X=0 T6 80 STEP 2 
H=37:Y=FNC(FNA(X}} 
IF 0=0 THEN D=0:!WP 
IF 0=1 THEN GOSUB 1810 
NEXT X 
REM 
FOR X=0 TO 80 STEP 2 
H=13:Y=FNC(FNB(X}} 
IF 0=0 THEN D=0:!WP 
IF D=l THEN GOSUB 1880 
NEx'r x 
X=0:Y=I: lew 
PRINT "CHOICE A(3 SPC]ALTERNATE TRACE 
[3 SPCjFS=40" 
RETURN 
REM ** TEMP STORE, SRI0, USED WITH SR4, 
SR5, SR6 
Xl=X3:Yl=Y3 
X2=X:Y2=Y 
l WL 
X3=X2 
n=Y2 
RETURN 
REM ** TEMP STORE, SRII, USED WITH SR5 
AND SR6 
Xl=X4:Yl=Y4 
X2=X:Y2=Y 
!WL 
X4=X2:Y4=Y2 
RETURN 
REM ** END SUBROUTINE, SR7 
PRINT" [CLS]" 
PRINT "END OF PROGRAM" 
C=S:REM ** CONTROL FOR END 
PRINT:PRINT "YOU SHOULD BY NOW 
UNDERSTAND THE FOLLOWING" 
PRINT:.PRINT "1 . CHOPPED AND ALTERNATE 
TRACE MODES OF OPERATION" 
PRINT "2. THE EFFECT OF LIMI'fATIONS IN 
X & Y RESOLUTION" 
PRINT "3. DISTORTION EFFEc'rs DUE TO A 
SMALL NO OF SAMPLES PER CYCLE" 
PRINT "4. WHAT IS MEANT BY 'ALIASING'" 
PRINT:PRINT:PRINT "IF NECESSARY REPEAT 
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2040 
2050 
2060 
2070 
2080 
2090 
2100 
2110 
2120 
2130 
2140 
2150 
2160 
2170 
2180 
2190 
2200 
2210 
2220 
2230 
2240 
2250 
2260 
2270 
2280 
2290 
2300 
2310 

2320 
2330 
2340 
2350 
2360 
2370 
2380 
2390 
2400 
2410 

2420 
2430 
2440 
2450 
2460 
2470 
2480 

SOME OF THE TESTS USING NEW DATA " 
PRINT:PRINT 
PRIN'f "GOODBYE" 
RETURN 
REM ** TEST DEMO, SRa 
PRINT "(CLS]" 
PRINT "DEMO TES'f PROGRAM 11 

C=1:D=0 
READ FI,PI 
GOSUB 1160:REM ** SR3 
GOSUB 2400:REM ** SR9 
REI'1 
C=2:D=1 
READ Fl,Pl,F2,P2 
PRINT" [CLS]" 
GOSUB 1280:REM ** SR4 
Gosua 2400 
REI'1 
C=3 
READ Fl,Pl,F2,P2 
PRINT It [CLS]" 
GOSua 1430:REM ** SRS 
GOSUB 2400 
REM 
C=4 
READ Fl,P1,F2,P2 
PRINT 11 [CLS]" 
GOSua 1610:REM ** SR6 
GOSUB 2400:GOSUB2400:REM ** DOUBLE NORMA 
DELAY 
PRINT 11 [CLS] " 
RESTORE 
REI'1 ** DATA FOR DEI'10 
DATA 5,2 
DATA 12,0,12,0 
DATA 8,0,12,0 
DATA 37,1,53,1 
RETURN 
REM ** DELAY SUBROUTINE, SR9 
T1=TI:REM ** TI IS PET'S INTERNAL CLOCK 
COUNTER 
IF TI-Tl<420 THEN 2420 
RETURN 
REI'1 ** RESTORE .NORMAL FUNCTIONS 
lCO:REM ** PIC CHIP OFF 
SYS 45056:REM ** TOOLKIT ON 
REM ** THAT'S IT! 
END 

A single trace plot with dot joining. The sampling 
frequency is 40Hz and the highly distorted display is a 
result of beating between the alias frequency of 22Hz and 
the Input frequency of 18Hz, To avoid this kind of 
distortion, a sampling frequency of some five times that of 
the highest Input component must be used. 
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Don Thomasson 

N ot so very long ago I wrote 
a short arti cle called 
'Ge tting .Into Print' .In this 

I stated that it was not possible 
to transfer the contents of the 
Sorcerer screen on to the MXOO 
printer. As statements of this 
kind seem to have a habit of 
turning on one I was not 
surprised, some few days before 
the article appeared, to find 
that there is, indeed, a method 
of getting· the Sorcerer to print 
its screen onto the MXOO! 

So, in an attempt to put 
things right, here is the 
necessary information and a 
shbrfroutine so that you can all 
benefit from the discovery. 

Inside The Epson 
The Epson MXOO printer 

56 

employs a pair of 
microprocessors to control its 
actions, an 8049 and an 004 l. 
The program for the 8049 is 
quite large, extending to 6K, 
and the behaviour of the printer 
can be varied extensively by 
using different programs. 

The original program 
provided a number of type 
styles, vertical and horizontal 
tabulation, variable line pitch 
and a number of other facilities. 
A later version dropped some of 
these facilities, but added 'Bit 
Mode', of which more anon. 
The most recent version seen at 
the time of writing covers most 
of the features offered by either 
of its predecessors, plus italic 
type and reverse video types. 
Since none of these programs 
appear to have identifying 

Add a screen copy 
facility to your Exidy 
Sorcerer/Epson printer 
system. 

references, it is necessary to be 
specific when enquiring about 
them. 

It should be added that 
some of the programs are 
available in three-ROM form, 
and to use these it is necessary 
to cut a link on the main circuit 
board to disable the program 
held in the 8049 
microprocessor. Others are 
supplied as a 4K ROM and a 
specially programmed 8049. A 
little confUSing, until you get the 
main idea. 

Bit Mode 
The most interesting faCility 
offered by these programs is 'Bi t 
Mode', which allows every dot 
position in the whole printout 
area to be defined as black and 
white. The only snag is that this 
can involve quite a lot of dots, 
up to about 7,400 per square 
inch . An A4 page could 
accommodate 650,1XXl dots, and 
storing that would involve more 
than OOK of storage! 

For some types of work, 
such as graph plotting, the 
amount of data can be cut down 
by specifying the position of 
black dots and counting off the 
whi te dots from the left-hand 
margin, but even that can 
involve some complex 
programming. 

F or those who find 
themselves frustrated by their 
inability to make adequate use 
of Bit Mode, Screenprint may 
provide an answer. 

HOW TO USE THE 
PROGRAM 
Screenprint is a machine code 
program for the ZOO, and 
though described here for the 

Personal Software Autumn '82 



Sorcerer it can be adap ted quite 
easily for other computers with 
memory mapped displays. 

The Sorcerer stores its screen 
data in 1,920 bytes of RAM, 
each byte relating to a given 
character position on the 3O-line 
by 64-character screen. Each 
byte holds an ASCII code , 
which is translated into a 
pattern of 64 dots by reference 
to the standard character RAM 
or the graphics RAM. The latter 
can be set by software to any 
desired pattern, though the 
lower half of the graphics range 
is reset to standard forms when 
Clear Screen is called. 

Screenprint begins by 
setting IX to F080 Hex, the start 
of screen RAM, this being the 
screen pointer. An output 
sequence lB, 41 , 08 is then sent 
to the printer to set up a line 
spacing of 8/72 '~ . Some, but not 
all , MX80 programs require this 
to be followed by the sequence 
IB,32 to confirm the setting. 

Bit Mode with 512 
characters per line is then set 
by the sequence IB,4C,OO,02. 
This has to be done afresh for 
every line. 

HL is now set to F800 Hex, 
the start of the character 

PAIH.O'j' t: QU <l U l2l 
OiHl8 C5 SC Ii PH PUSH OC 
"HI>.! " D5 t>U5H Dr: 
iHHJA 1::5 PUSH tiL 
<>UUB FS PUSH Af 
1"':lrK DO £5 PUSH IX 

definition area , and the first 
character is read into A. The 
result is multiplied by eight and 
added to HL to form a pointer, 
each character definition 
occupying eight bytes. 

The next operation involves 
storing the eight bytes defi ning 
thf' character , after which the 
first bi t of each of the eight 
bytes is assembled in A to form 
the first data output to the 
printer. This process is 
necessary because the bytes 
define eight horizontal dots , 
whe reas the printer requires 
eight vertical dots. 

When A has been se t, a 
NOP byte is provided; 
changing this to 2F·reverses the 
print action to white on black, 
like the sc reen image, but black 
on white is clearer. 

The byte is then output, and 
the program loops to 14 to 
assemble the next output byte. 
When eight bytes have been 
transferred, a jump is made to 
)2 to obtain the next character. 

When the line is complete, 
IX AND 3F = 0 being used to 
induce a jump back to Jl to 
start a fresh line , unless IX has 
reached F800 Hex which is one 
location beyond the end of 

; PARLer/' (lO SE 13 
; must b. used iHlSF I' FA 
; buc')use ,11 00 61 " " ; eight bit!;; 0 0 63 21 ., o. 
; must b, 0066 C5 
;outputs IH, 67 ., ,. 

IHIUE DO 21 .. FO LD IX . Of"8~ 0069 C6 16 
0012 JE 1" LD A , 27 ; t:SC 006S 17 
£1014 CD 21 E0 CAL L PAR LOT D06e 2J 
0017 J£ 41 LD A , 65 , A 0060 1. FA 
0 0 19 CD 21 EO CA LL PAI-I.LOT 0 06F " ':HllC 3E " LD A,8 00 7 0 CD 21 " 00 1£ CD 21 ,. CALL PARL OT U0 73 Cl 
0021 3E 10 LD A,27 ; t::5C 0074 1. 00 
~H12 3 co 21 " CA LL PAHLOT 0"' 76 DO £5 
~H1 2 6 3E J2 L D A, 5 0 , 2 '> 0 78 '1 
~HJ 28 co 21 ,. CA LL PAR LOT 0079 70 
1:102 8 " 10 Jl LD A ,2 7 ; ESC 0 0 7A E6 J F 
0020 CD 21 •• CALL PARLo'r l1Ll 7C III CO 
,:an0 J. 'C LD A , 76 , L U1l7t:: J. UO 
0032 CD 21 E. CAL L PAHLOT 01lS.) CD 21 EO 
0035 AF XOR A ~h18J lE UA 
>1036 CD 21 EO CAL L PARLO'r uu85 CD 21 EO 
0 0 39 J£ "' L D A , 2 lllHl8 7C 
0 0 38 CD 21 E' CA L L PAR LOT IHJt!~ FI:: F8 
003E 21 " F8 J2 L D HL , 0F8fHl loHJ 8t:l 2U 'E 
0(141 DO 7£ 00 L O A, (IX ) IHJ 8D 3E I S 
0044 DO 2 3 I NC I X 0 08 1" CD 21 EO 
004 6 SF LD 1:: ,/\ 0092 JE 41 
0047 16 •• LD D , e 1.hl94 CD 21 EO 
00 49 CB 13 tiL £ 1)1'97 3E " 0 0 4B CB 1 2 HL 0 0099 CD 21 " 0040 CB 13 RL I:: 0 09C " IS 
00 4 f CB 12 RL 0 009!:: CO 21 EO 
005 1 CS 13 RL E ,HJA i JE J2 
0 0 5 3 CS 12 RL 0 UUA3 CD 21 E' 
0055 19 ADD HL,DE (10A6 DO £1 
0056 ., •• LD B , 8 0 0A 8 Fl 
0058 11 " •• LD DE , 0 ~HJA9 £ 1 
0058 7E J J LD A , (HL) "HJAt>. 0 1 
D0 5C 12 LD (DE) ,A QUAB C l 
0050 23 INC HL OUAC C9 
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screen RAM. 
Finally, a sequence IB,41 ,9 

is output to restore the line 
spacing to the normal 1/6" 
pitch. Here again, some 
programs may require the 
sequence lB ,32 to confirm the 
new setting. 

TECHNICAL DETAILS 
The time taken to print a screen 
is about one minute. The print 
quali ty produced is good . There 
is a sligh t discrepancy between 
the vertical width of a line and 
the nearest vertical spacing, but 
this is not too obvious. 

An important conside ration 
is that a manual call to 
Screenprint will show up on the 
screen and thus on the p rinted 
copy, so it is usually wise to 
arrange for an automatic call at 
an appropriate point in the 
program which creates the 
display. If this is not possible, 
then the intruding text can be 
covered by using cursor left to 
regain the start of the line, 
spacing forward to erase the 
text , and then pressing Retu rn . 
The Monitor does not object, 
and ignores the redundant part 
of the input. 

I NC D' 
OJN Z J3 - S 
LD at 8 

J 4 LD HL , 0 
PUSH Be 
LO 6 , 8 

JS RL (HL) 
ti L A 
INC tiL 
DJ NZ JS - $ 
HOP ; To all o ... fo , 
CALL PARLo'r ; i nversio n 
POP I;\C 
DJNZ J4 - S 
PUS H I X 
POP HL 
LD A , L 
AN D 63 
JH (IIZ , J2-S 
LD A , 13 ,CH 
CALL PAHLOT 
LD A , 11) ; Lr' 
CALL PAllLOT 
LD A , H 
CP "" J H NZ, Jl-S 
LD A , 2. 7 
CAI.L PARI.OT 
LD A , 65 
CALL PAR LOT 
LO A , 9 
CALL PARLOT 
LD A , 27 
CAI.L PAHLOT 
LD A , 50 
CALL PAHLOT 
POP IX 
POP AF 
POP HL 
POP 01:: 
POI-' BC 
RJ::'I' 
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Paul B~Kaufman 

LINE 
PLOTTER 

ThiS pair of machine code 
routines allows lines to be 
drawn on the Microtan 

screen at high speed between 
any two points and at any 
angle. Both routines are directly 
accessible from BASIC using 
the USR command. 

Listing I is an extended 
version of the Microtan manual's 
graphics routine. XCOORD and 
YCOORD are set up with the x 
and y co-ordinates respectively. 
MODE is set to one of three 
values: 

I)$FF - Erases graphics dot 
at position 
XCOORD, YCOORD 

2)$01 - Sets graphics dot at 
position XCOORD, 
YCOORD 

3)$00 - Tests graphics dot at 
position XCOORD, 
YCOORD 

Mode is returned as l.if bit is 
set, 0 if not set. 

This routine may be called 
independently of the program 
in Listing 2. 

Drawing Lines 
There are several ways of 

ordinates to be plotted, XO and 
YO are start co-ordinates of the 
line, X I and Y I are end co­
ordinates of the line and I is the 
increment which varies from 0 
to 1. 

This may be considered as 
the fraction of the whole line 
which is to be plotted at any 
one time. Although this method 
is reasonably simple to code in 
BASI C, problems arise for the 
machine-code programmer in 
handling fractional numbers 
which are needed to represent 
1. 

Another method, which is 
the one used here, is to 
repeatedl y divide the line in 
half, saving the results of each 
division until division cannot go 
any further. The resulting co­
ordinates are a single point. 
This point is then plotted and 
the division process then starts 
again and continues until the 
end of the line is reached . The 
most efficient method of storing 
the intermediate points is to 
push them onto the stack. This 
makes for faster processing and 
economy of memory usage. 

drawing lines on a HOW TO USE THE 
microcomputer. One way would · PROGRAMS 
be to start at orie end of the line 
and continually increment the x . . Enter the code from Listings I 
and y co-ordinates while and 2. If you are usirig BASIC, 
plotting uniil the end of the line answer 'MEMORY SIZE'· with 
is reached. This may be simply 7670 to protect the machine 
expressed as: code area. Listings 3 and 4 are 

the same routines expressed as . 
X = XO+ I «X 1- XO) . data statements which may be 
Y = YO+ I «Y)- YO) easier for the BASIC 

where X and Y are new co- programmer. 'For convenience a 

58 

Making more out of 
the Microtan's chunky 
graphics. 

'clear-screen' routine is 
included in the listings. The 
follOwing steps are then 
followed to run the routines. 

I) To clear screen: JSR$IF94 or 
in BASIC: 

POKE 34,148 : POKE 35,31 : Dur-t=USR(DUr-t) 

2) Set, Clear or Test graphics 
bit: Enter x and yeo-ordinates 
at $40 and $41 with values 
between $O-$3F. Enter the 
MODE value at $3F as above 
and JSR$IF40. If testing a bit, 
checking $3F will tell you if the 
bit is set or not. In BASIC use: 

POKE 63 ,x co-or d i nate:POKE 65, 
yeo-ordinate (0-63) 

POKE 63,mode( 0=test bit,l=set 

bit,255=clear b it) 

POKE 34,64: POKE 35, 31:DUf.l=USR(DU ~1l 

3) Draw or Delete line: Set 
MODE ($3F) to required value_ 
Set $40 and $41 with x and y 
co-ordinates of the start of the 
line and $42 and $43 with co­
ordinates of the end of the line 
then JSR$IE OO. In BASIC do: 

POKE 53,modc:POKE 54,start 
x: POKE 55,start y 

POKE 66 ,end x: POKE 57,end y 

POKE 34,0 0 : POKE 35 ,30: OUf.l=USR (DUf.1) 

These routines are a useful tool 
for the BASIC and machine­
code programmer alike and 
could be the basis of many 
interesting games or 
demonstration programs. They 
also show what can be done 
with the limited (64 by 64) 
definition of Tangerine's chunky 
graphics. · 

References And Further 
Reading 
The Mathematics of Computer 
GraphiCS, Byte, September 

. I 978and July 1979. 

Vector Graphics for Raster 
Displays, Byte, October 1980. 
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MICROTAN 65/MICRON 

003F " MODE BYTE 0040 •• STARTX BYTE 
0040 •• XCOQRD BYTE 0041 ., STARTY BYTE 
0041 •• YCOQRD BYTE: 0042 •• ENDX BYTE 
IHJ42 •• VDULO BYTE 0043 •• £NDY BYTE 
0043 •• VDU HI BYTE 

lE00 A9 FF ENTRY LOA i$FF PREPARE STACK 
IF4 9 AD F, BF START LOA SBFF e TURN GRAPHICS 1E02 4B PHA 
IF43 1>.9 3F LOA 'S3 F ON lEID 48 PHA 
IF45 C5 4. CMP $4. 1£04 A5 4. LOA $4. IF START>END 
IF47 30 4. BMI SlF89 CO-ORDINATES 1£06 C5 42 CM P $42 THEN CHANGE 
IF49 EA NOP OUT OF RANGE 1£08 30 ,. BMI $1£lA 
IF4A 38 SEC CALCULATE 1£0A AB TAY 
IF4B £5 41 SBC $41 SCREEN 1£08 AS 42 LOA $42 
IF4D EA NOP ADDRESS 1E 0D 85 " STA $4. 
IF4E 48 PHA IE0 F 9B TYA 
IF4F 29 .3 AND ,$03 lEU' B5 42 STA $42 
IF S1 AA TAX lEl2 A4 43 LOY $43 
IF52 68 PLA H14 AS 41 LOA $41 
lFS) EA NOP 1£16 8 4 41 STY $41 
IF54 29 3C AND IS3e 11::18 85 43 STA $43 
IF56 " ASL A lElA AS 42 LOOP LOA $42 STARTX= ENDX ? 
lFS 7 ,A ASL A lEle C5 4, CM P $4' IFsa 'A ASL A lE IE F. 2B BEQ $IE48 YE S 
IF59 85 42 STA $42 1E 20 48 PHA NO 
H's8 A9 .2 LOA ,S02 lE21 18 CLC 
IFSO 85 43 STA $43 1£22 65 " ADC $4' FIND CENTRE X IFSF 9. '2 BCC $lF63 1£24 4A LSR A CO-ORDINATE 
IF61 E6 43 INC $43 1£25 8 5 42 STA $42 SAVE IT 
IF63 A5 4, LOA $4' 1E27 AA TAX 
IF6 5 4A LSR A CALCU LATE lE2a E8 INX 
IF66 A8 TAY GRAPHICS BY'r e: lE29 AS 43 LOA $43 
I F67 A9 01 LOA 1$01 lE2B 48 PHA 
H'69 90 01 BCC $lF6C l.E:2C AS 41 LOA $41 STAR'j''{=ENDY ? 
IF68 'A ASL A 1£2£ C5 43 CM P $43 
IF6C CA OEX lE31:l F. 11 BEQ $1£43 
IF6D 3' "' BMI Sln) lE32 18 CLC NO 
IF6F ' A ASL A 1£33 65 43 ADC $43 FIND Cerl'TRE Y 
lF7" ,A ASL A 1E:35 4A LSR A CO- ORDINATE 
I F7l D' F9 BN' SlF6C 1£36 B' 43 STA S43 SAVE IT 
IF7 ) AA TAX lE:38 C5 41 CM P $41 
IF74 A5 3F LOA $3F CHECK MODE 1£31'. B, "' BCS $le40 
I F76 3. ,8 8MI SlFS0 CLEAR PIXEL ? lE3C E6 43 INC $43 
IF7S F. ,. BEQ SH8A TEST PIXEL ? 1£3£ 5. .3 BVC $1£43 
IF7A 8A TXA 1E40 18 CLC 
IF7B 11 42 ORA ($42) , Y U4l 69 01 ADC '$01 ADJUST CEWCRE 
IF7D 91 42 STA ($42) , Y 'rURN PIXEL ON lE4) A8 TAY SAVE CO-ORO 
IF7F 6. R'rs 1£44 8A TXA 
HS0 8A CLEAR TXA DELETE PIXEL !e4S 48 PHA 
!FBI 31 42 AND ($42) , Y 1E46 98 TYA 
!FS) F8 ,4 BEQ SH89 1E47 48 PHA 
IF8S 51 42 EOR ($42) , Y 1E48 4C lA IE OM P $IE1A START AGAIN 
IF87 91 42 S'fA ($ 42 ) , Y 1E:4B A' 41 LOA $41 
lF89 6. RTS 1£40 C5 43 CMP $43 
lP SA 8A 'fEST TXA 'fEST PI XE L lE4F F, '0 8EQ $1£5£ 
IF8B 31 42 AND ($42) , Y 1£51 A' 4 2 LOA $42 SAVE Y CO- ORO 
l PSO F. ,4 t3EQ $lF93 l E53 48 PHA 
lFaF A9 81 LOA 1$01 l E54 AS 43 LOA $43 
IF91 8' 3F STA $3F 1£56 48 PHA 
IF93 6. RTS 1£57 A6 " LOX $40 
IP9 4 A9 " CLBAR LOA ,S00 CL!:':AR SCREEN lE59 AS 41 LOA $41 
I F96 AA TAX lESS 4C 32 IE OMP SlE32 
I F9 7 90 ,. 1'~ 2 STA S2 1l1 0 , X lESE SA TXA 
l F9A 90 •• "' STA $300 ,X lES F 48 PHA 
I F9D E8 INX lE60 2. 4. IF OSR $I F40 PLOT CO - OROS 
lF9E D, F7 BNE SlF9 7 lE63 68 PLA BRING BACK 
IFAQ' 6. RTS lE64 AA TAX 

lE65 6S PLA 
Listing 1. lE66 8' 41 STA $41 

lE68 68 PLA 
lE69 85 40 STA S4. 
1E6B C9 FF CMP ,SH NO MORE: ? 
1E60 DB B! BNE SIE70 
lE6F 6' RTS 
l.r:71i1 68 PLA 
lE7l 8' 43 STA $43 
lE73 68 PLA 
lE74 85 4 2 STA $42 
1E76 4C lA " OMP SlEIA CONTINUE 

201i100 FOR 1 ""8000 TO 8 096:R EAD V:POKE I,V:N~x'r I Listing 2. 
210gB DATA 173 , 240 , 191 , 169,63 , 197,64 , 48 , 64 , 234 40000 FOR 1:7680 TO 78 UU:READ V:POK.r: I , V: NE:XT 1 
215{1!,! DATA 56 , 229 , 65,234 , 72 ,4 1 , 3 , 170 , 104 , 234 , 41 , 60 41000 OA'fA 169 , 255 , 72 , 72 , 165,64,197 , 66 , 48 , 16,168,165 , 66 
2200111 DATA 10,10,10,133 , 66 , 169 , 2 , 133 , 67 , 14 4 , 2 , 23U,67 41501::1 DATA 133 , 64 , 152 , 133 , 66,164,67 , 165 , 65,132 , 65,133 
22500 DATA 165 , 64 , 74,168 , 169 , 1 , 144, 1 , lU , 2H2 , 48 , 4 , 10 , l{l 42000 DA'fA 67 , 165 , 66 , 197 , 64 , 240 , 43,72 , 24 , IUl , 6 4, 74 
23000 DATA 208,249 , 170,165,63 ,4 8 , 8 , 24{1 , 16 , 138 , 17 , 66 42500 DATA 133,6 6,1 70 , 232 ,1 65 , 67 , 72 , 165 , 65 , 197 , 67 , 240 
23500 DATA 145 , 66 ,96 , 138 , 49,66 , 240 , 4 , 81 , 66 , 145 , 66 43000 DATA 17 , 24 , 101 , 67 , 74 , 133 , 67 ,1 97 , 65 , 176,4 , 23U 
24000 DA'rA 96;138,49,66,240 , 4 , 169 ,1, 133 , 63 43500 DATA 67 , 80,3,24 , 105 , 1, 168 , 138 , 72 , 152 , 72 , 76 , 26 
2 4 50B DATA 96 , 169,0,170 , 157 , 0 , 2 , 157 , 0 , 3 44000 DA'rA 30 ,165,6S ,19 7 , 67 , 24U,13,165 , 66 , 72 , 165 , 67 
25000 OA'rA 232 , 208 , 247 , 96 44500 OA'rA 72 , 166,64,165 , 65,7&, 50 , 30 , 138 , 72 , 32 , 64 , 3 1 

45000 OA'rA 104 , 170 , 104 , 133 , 65 , 104,133 , 64 , 201 , 255 , 208 , 1 
Listing 3. 45500 DATA 96 , 104,1 33 , 67 ,104 , 133 , 66 ,76, 26 , 30 

Listing 4. 
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Paul Williams 

PET 
LI TER 

-
••• 

, ']-. . . 
.: .: -
; : . 

pO • 

W hen PET BASIC 
programs are listed on a 
printer, the cursor 

controls and shifted characters 
are printed as cryptic symbols 
which are often difficult to 
decipher. This machine code 
program lists BASIC programs 
on paper, spacing out the 
statements (if necessary) and 
shoWing cursor control and 
shifted characters as more easily 
identifiable characters; these 
generally correspond to the CT 
Standards. 

A Clear Screen (normally 
0 ') is printed as ' [C LS ], 

A Cursor Oown (normally 
'pn is printed as ' [ CO ]' 

Shifted characters are printed 
as their un -shifted versions but 
in square brackets ( [ ]). 

HOW TO USE THE 
PROGRAM 
To list a BASIC program in this 
way, load the lister, type NEW 

60 

and then load the BASIC 
program. If SYS 3CXXX) is now 
typed, the program will be 
listed in this special way on the 
printer, as fast as a normal 
listing. After one SYS 3CXXX), 
the area of memory used for the 
lister program will be protected 
from being overwritten by 
strings, as the top of memory 
pointers are set by the machine 
code program. 

The lister can be entered 
using an assembler , or using 
TIM. If you are using an 
assembler on an 8K machine, 
change BEGIN ~ $7530 to 
BEG IN ~ $IEOC and execute 
the program with a SYS 7g:JJ 
instead. Because a number of 
zero-page and ROM addresses 
are used by the program, it will 
not work without considerable 
alteration on the Old ROM 
machines. 

TECHNICAL DETAILS 
As BASIC statements in a 
program are stored as single 

Convert the PET's 
graphic symbols into 
CT's standard codes 
for a more readable 
listing. 

bytes called 'tokens' (eg 128 for 
ENO and 153 for PRINT) to save 
memory and speed up the 
in terpreter, reference has to be 
made to the ROM table of 
statements to print the correct 
characters for each command. If 
the lister finds a BASIC token 
byte while listing on the printer , 
it does not directly print it but 
finds the correct word in the 
ROM string starting at $C092. 

At $7580 in the lister , if the 
LOA #D is changed to LOA 1F32 
(A9 CO Hex to A9 20 Hex), a 
space will. automatically be 
p rinted after each keyword (eg 
PRINT, GOTO,l, - ,etc). This 
amendment can make program 
listings even clearer, but often it 
is better to leave $ 7580 as LOA 
#D. 

The actual method used by 
the lister_ is explained in the 
assembler listing, and the 
program takes just over 256 
bytes . 

The changes made to the 
cursor control characters in the 
ou tput of the lister are shown in 
Table 1. All shifted graphics 
symbols are printed as unshifted 
characters in square brackets. 

N EW 
S YM BOL MEANING CHARACTERS 

Q DOWN CURSOR [CO] 

II CURSOR RIGHT [CR] 

(] CURSOR UP [CUI 

I. CURSOR LEFT [Cl] 

S HOME CURSOR [HOME] 

C CLEAR SCREEN [ClS] 

R REVERSE FIELD [RVS] 

!I Off REVERSE FIELD [OFF] 

Table 1. The changes to the cursor 
control characters In the lister output. 
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PET 

QUOTE S S'O 7 5CS CA DE X 
NEXTLN SOl 75C6 DO F7 BHE CYCLE 
PTR SOF 7sea C8 FOUND IH Y 
TXTST S28 7SC 9 8 9 92 C0 LOA 8ASIC, '{ 
Hlf'1EM. S34 7sec 08 PHP 
LENFN SOl 7seD 29 7F AHD iS7F 
LOGFL SD2 75CF 20 02 FF JSR PRINT 
SEeAD SD3 7502 28 PLP 
DEVIce SO, 7 503 I. F3 BPL FOUND 
BEGIN $75)1'1 7 50 5 'C 80 75 J"P EX'fRA 
PRTLN $DCD9 7 5 08 C9 22 Il'IQU O'f C"P " M , 

OPEN SFS24 7 5 DA F. H3 BEQ PR'r 
SETOUT $ F7BC 7 SDC C9 8. C"P it $8~ 
RESTOR $F272 7 5 0£ B. " 8CS CiiBCK ;SHIFT ED? 
CLOSE $F2AC 7Sf0 C9 '" CM P '$ 20 
STOP SF3el 75E2 •• AB 8CS PRT 
SPACE $fDC D 75£4 A9 5B CHECK LOA ,. [ , ; PRINT I 
CRLF SFODa 75£6 20 02 Ff JSR PRINT 
PRINT $F F02 75 £ 9 2. 7. 75 JSR LAST 
BASI C $C 092 75J::C A0 " LOY 17 

75£1:: 09 13 7' SEARCH C" P KEY CHR ,'i 
7530 AS 30 LOA <BEGIN SE 'f 'rop OF 7 5Fl Fa 00 Bt::Q YES 
7532 B5 34 sn HIMEM MEM.ORY T O 7SF) 88 DEY 
7534 AS 75 LOA >BEGIN PROTECT 7S F4 I . F8 BPL SEARC H 
7536 85 J5 STA HI MEM+l PROGRAM 7 5 F6 29 7F AND j$7F 
7538 A9 .. LOA " 7 51:" 8 " 02 FF JSR PRINT 
753A 85 01 5TA LENFN 75FtI A9 50 SQCLOS LOA ~ , J ' ; PRINT 
753C 85 OJ STA SECAD 7 SFI,.) 'C SF 75 JMP PRT 
753E A9 ., LOA " 7600 BE ,. 76 YES LOX OFFSET , Y 
754 D 85 02 STA LOGFL 76133 E8 M.oR4ee I NX 
7542 85 0 ' S'fA DEVICE 7604 BD 2J 7' LOA NEWCHR,X 
7544 2. 24 F 5 JSR OPEN ; OPEN FIl.l:: TO 760 7 .8 PHP 
7547 A6 02 LOX LOG FL ;PR I NTJ:;H 7608 29 7F AND i$ 7F 
7549 20 Be F7 JSR SETOUT 761:lA 2B 02 FF JS R PRINT 
754C AS 28 LOA TXT ST 76130 28 PLP 
754E A' 29 LOA TXTST+ 1 76eE 10 FJ BPL MOR4ee 
75513 85 .F NEWl.IN STA PTR ; SET LISTE H 76113 'C FB 7 5 JMP SQCLOS 
7552 86 ,. STA PTR+ 1 ; POINTERS 7613 11 K£YCHR . BYT $11,$10 , $91,$90 
7554 20 7. 75 JSR LAST 7614 10 ;TABLE OF 
7557 85 ., S'fA NEXTLN 76 15 91 ;CONTROL 
7559 2. 6A 75 JSR NEXT 7616 90 ; CHARACTERS 
755C 85 .2 STA NEXT LN +1 76 17 93 . BYT $93 , $13 , $12 , $92 
755E D. 1 5 BHE MO RHHI 7618 13 
75613 2. D. FD f INISH JSR CRLF 761 9 12 
7563 2. 72 F2 J SR RESTOR 761A 92 
7566 2. AC F 2 JSR CLOSE 7618 FF OF FSET . BYT $FE' , $01 , $03 , $eS 
7569 6. RTS 761C or ;OFFSETS TO 
756A E6 OF NEXT INC PTR 761D .3 ; ' NEWCHR ' 
756C DO . 2 8Nt: LAST 76 1£ . 5 ;TABLE 
756£ E6 ,. IN C PTR+ 1 76 1F . 7 . BYT $e7 , $0A ,se£, S11 
7510 A. B. LAST LOY 10 762 0 BA 
7572 Bl OF LOA (PTR) , 'I 762 1 BE 
7574 6B IrfS 76 22 11 
7575 2. " FJ !,,\OIU00 JSR S'fOP ; 'ft:S'f Fo n 7623 43 NEWCHR .BYT ' c ' , $C4 
7578 C. E6 SEQ FI NI SH ; STOP KI:':Y 762 4 C4 ; CURSOR DOWN 
757A A9 O' LOA ,. 7625 43 . 8 YT ' C ' , $02 
757C 85 •• STA QUOTES 7626 0 2 ;CURSOR RiGHT 
757£ 2. 6A 75 JSH NEXT 7627 43 , BY'f ' C ' , $05 
7581 AA TAX 762(1 05 ; CURSOH UP 
758 2 20 6A 75 JSR NEXT 7629 43 , BYT ' C ' , $CC 
7585 EA Na p 762 A ce ; CURSOR LEFT 
7S86 EA Nap 7620 ' 3 4C . BYT ' CL ' , S03 
7587 20 09 DC JSR PRTL.N 7620 0 3 ; CLEAR SCRt: EN 
758A 2. CD FD JS R SPACE 762£ 48 4F 4 0 , ciYT 'HOr\ ', $C5 
7580 A9 ,. EXTRA LOA ,. ; PUT IN SPACE 76 31 C5 ;HOME CUkSOR 
75 8F " 02 PC PRT JS R PRINT 76 32 52 56 .BY'f 'RV ' , $03 
7592 2. 6A 75 JSR NEXT 763 4 0 3 ; REVEHS£ 
7595 D. 'A BNE MOR 20e 76 35 ' f 46 , ciYT ' OF ' , SC6 
7597 " D. FD JSR CRLF 7637 C6 ; REVEI'l~1:: OFC 
759A AS ., LOA NEXTLN 7638 . 0 . 8YT SIHJ , S00 , $fJO 
759C A6 " LOX NEXTLN +1 76 39 •• ;END OF TABLr: 
759E 4C 50 75 JM P N8WL IN 76 3A 00 
75A1 C9 22 MOR200 CMP if ' . , 76 38 , t:ND 

7:'A3 D. .8 BHE NOTQUT 
7SAS AS •• LOA QUOTES -75A7 49 ., 'DR 11 
75M 85 " STA QUOTES 
75A8 A9 22 LOA j "" 

£F" 75AO A6 0. NOTQUT LOX QUOT ES 4-'''' ~C\.( 1'(M . 
75AF DO 27 BHE INQUOT ~._'S1''r\E.\.n 4 . 50 {T'r\E. BLi-\" 44C!0 
7581 AA TAX 144"" 11"':-" 1\\£>' Hi , "'>I'l'l':J'!fI£';(O~\" rV 1.00101 -
7552 ,. 08 BPL PRT 10;:" '::.>:=0 ,, · ~1 · ' . -If:" ". . " 
7584 C9 FC CMP i$FF ; IS I T PI? \ 4410 • 1t\1'''';\ '. l~'.'\ I.: fLOO~ '.\1 1·\/ $.- 45f)0 
7586 co 07 BEQ PRT 1442~ ~~lH1Rlt ' "'101,:»,,1\10'"'' ',/OU',.", Glf~~." 
75B8 29 7F AND '$7F 1443" p~'lH1~1 ~:'SV ; ">1\' Lfll~£ 11'.1'\1''1; -
75BA A' FF LOY '$FF \~~~~t ~~\\~\R~·~>.~!~:~~:'.1;:·'1!~~~G10''r\ ~ 758C AA TAX 
75BO F. 09 S EQ FOUN D ; END OF BAS IC 1 44§.~ PR1t\1"" ;\ . '; " t."" , \JRH -
758F C8 CYCLE INY 144{~ PR1\11RI~f' ( fU+P " 0,1 \\£\1R£ PI:111. let. 
75C0 B9 92 e, LOA BASIC , Y \44~~~1 ? { r\... ... l!~~.R~\1IC1;n(.'.:l · ~ \15\1"0 the 
75C3 ,. CA SPL CYC LE 144'j \: i ffL ( 41) · f1\ \\sU1"O 

\4,:,0\) • f 0 pfoQtO 
Ie e --p::" exe"'P 
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D J Stephenson 

GRAPH 
PLOTTER 
Many programs already 

exist which take 
advantage of the high 

resolution graphics capability of 
the ITT 2020 and Apple series 
of microcomputers. Those which 
produce a graph plot of a 
mathematical function usually 
split the x and y axes into n 
equal parts and display the 
value which each scale division 
represents. This procedure 
invariably results in an ugly 
string of mixed digits spreading 
half way across the screen, 
requiring tedious mental 
approximations before points on 
the curve can be evaluated. 

Solving The Problem 
The problem is overcome in this 
program by positioning the axis 
divisions according to a 

straightforward power of 10 
rule. For example, if the x axis 
limits for a particular equation 
are entered as - 50 and + 50, 
the program will accurately 
place five division 'pips' in each 
direction from the zero intercept 
and produce a text ou tput: 

X AXI S *lO 

The y axis is processed in a 
similar manner. If the x axis 
limits are entered as - 30 and 
+ 63 (or similar unruly figures ) 
the division 'pips' are still 
presented in simple powers of 
ten. 

Existing programs appear to 
use the DEF FN statements for 
placing the equations into 
specific line numbers. Thus, to 
plot the graphs of X squared 
and X cubed on the same axes, 

PROGRAM STRUCTURE 

62 

Statement 

Lines 10-00 
Line 102 

Lines 
Lines 
Lines 
Lines 
Lines 

110-125 
130-145 
147-100 
165-185 
197-200 

Action 

Instructions for use, enter equations. 
Sets max HPLOT co-ordinates (depending on 
machine). 
Input and order x axis limits. 
Input options, .find plotting increment. 
Initialise y axis limits (auto mode). 
Input and order y axis limits (manual mode). 
Fill arrays with y and z values and process y 
axis limits (auto mode). 

Lines 267-270 Set graphics and text mode. 
Lines 277-300 Find origin and draw axes. 
Lines 307-300 Find and draw axes division. 
Lines 367-370 Label axes. 
Lines 377-410 Label axes for offset origin. 
Lines 417-420 Plot 1st graph. 
Lines 427-430 Plot 2nd graph. 
Lines 437-450 Press any key to continue routine. 
Lines 510-570 Input option . 
Lines 997-1070 Scaling subroutine. 
Lines 1997-5000 Equations subroutine. 
Lines 6997-7040 Division of axes subroutine. 
Lines 7997-8040 Division by zero error -handling subroutine. 

A utility program to 
make all your graphs 
neat and tidy. 

it is necessary to type out: 
DEF F NF (Xl ""X .... 2 

DEF FNG (xl =oX " 3 

This method was found tedious 
and it was decided to ditch it in 
favour of a subroutine. This 
allows a simpler and less error­
prone entry as follows: 

There appears to be no 
appreciable difference in 
execution time as a result. 

A further advantage is that 
either one or two functions can 
be plotted at each RUN without 
the dreaded 'UNDEF'D 
FUNCTION ERROR' polluting 
the screen and halting 
execution. An error-handling 
subroutine is provided to deal 
with division-by-zero errors 
which can occur when 
attempting to plot curves of the 
!IX or T AN(X) forms. Apart 
from this, the program inc! udes 
the usual mundane features 
such as auto scaling and 
computing the y axis limits. Two 
equations can be processed 
simultaneously by finding the 
highest and lowest y co­
ordinates of both equations and 
then setting y axis limits 
according I y. 

HOW TO USE THE 
PROGRAM 
The program is written in 
'PALSOFT' BASIC for the ITT 
2020 but should also run on an 
Apple II (Applesoft) providing 
line 102 is amended to: 

102 \','=279 : H=15 9 

(This is necessary to compensate 
for the reduced resolution of the 
Apple.) 

The display invites you to 
enter the equations in line 
numbers 3000 andlor 4000 
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according to the following 
example format: 

3000 y",SIN(X) 

4000 z=cos (xl 

the odd harmonics according to 
the Fourier series. The program 
will run in a 16K machine 
providing the REM sta tements 
are omitted'. 

For convenience, constants can 
be defined in line 104, using 
any spare variables. You will be 
asked for x axis limits but it is 
unimportant in which order 
these are entered because they 
are automatically arranged 
correct! y by the program. The 
number of plotting points (the 
plotting density) can be chosen 
within the range 100-300 per 
graph although it will be 
appreCiated that execution time 
increases with plotting density. 

Graphs with offset origins can 
be plotted in any quadrant 
since the relevant values X 
max, X min , Y max and Y min 
are always displayed. 

For those who are 
interested, the particular 
equations shown in the listing 
plots a simple sine wave and 
superimposes a second curve 
portraying the fundamental, 
third and fifth harmonic. This 
shows how a 
be built up 

I! is also a wise move to set 
HIMEM to 8 192. However, if the 
REM statements are typed in , 
the program will overspill into 
the high resolution graphics 
page one of memory. If the 
machine is 32K or over, set 
LOWMEM to 16384 to avoid this 

I! may a lso be obvious that 
the au to y axis limits feature 
must be overridden for g raphs 
with inherent discontinuities 
such as I/X and TAN(X). 

HI TEXT:HOI'1 E :PRI NT TAB(14 } " GRAPH PLOTN : PR INT : PRIN T 
2 0 PRIN T "PROVI S I ON OF Y AXIS LI MI TS IS MANDAT ORY"; 

PR I NT "FOR NON CONTINUOUS GRAPHS ON LY" 
30 PR I NT:PRINT "EW-r ER EQUATI ONS IN LI NES 3000 AN D/OR ": 

PR I NT "4000 IN THE FORM: - " 
40 PRI NT: PRINT " 3 01Hi Y= FUNCT I ON (X) ": PRIN T " 41Hl " z .. 

FUNCTI ON (X) " : PR I NT 
5 0 PR I NT " ENTER EQ UATIONS THEN TYPE RUN H H'I " 
60 PRI NT: END 

1 00 DIM. Y ( 3 01) , Z(301 ) , AS (1) 
le I REM'" SET MAX HI-R E. 5 P LOT CO- ORDI NAT ES 

IN LINE le2 
le2 W=)59 : HslS9 
10 5 HOI'IE:IIIlPUT "LABEL X AXIS LIM I'f (1) "; A:PR{t>IT 
11 0 I NP UT " LABEL X AX I S LIMIT (2) "; .B : P RINT 
115 IF A(S THEN XL=A:XR~ B : GOTO 130 
12 0 IF A>B THEN XL=8 : XR-A : GOTO 130 
1 25 GOTO 1 05 
130 INP UT " ENTER P LOTTING DENSITY (1 - 3) ·; A : PRINT 
135 IF A>3 OR A<l THEN 130 
137 REM ·· F I ND PLOTTING I NCREMENT 
1 40 K=A · 100 : INC~(XR-XL)/K 

1 4 S INP UT "y AXIS LI MI TI NG (YIN) [8 SPC ) "i A$ : PRINT : 
PRI NT 

14 7 RE M "'''' INITIALISE Y AXIS LI MIT S VIA LAs'r X , Y 
lS 0 IF A$.M N~ THE N X~XR : GOSU8 2 0 0 0 : YT= Y : Y8=Y : GOTO 190 
I SS IF A$ =" Y" THEN 1 6S 
160 GOTO 14 5 
1 6 5 I NPUT " LA~EL Y AX IS LIM I T (I) "; A : PRI NT 
1 70 INP UT "LABEL Y AXIS L I MI T (2) "; 8 
1 7 5 IF A<B THE N YB=A:YT =B : GOT O 190 
1 8 0 IF A>B T HEN YB=B :Y T=A : GOT O 19 0 
1 85 GO'f O 165 
1 90 HO f'1 E : VTAB 21 : HTAB 8 :PRI NT " TABu LNrION IS 

PROC EED ING " 
197 REM " FIND 'lAND Z VA LUES PLUS Y ;'_XIS LIMITS 
200 N= 0: FO R X = ~L TO XR STE P I NC : N=N+l : GOSUB 2000 : 

Y(N) : Y: Z(N)"'Z : I F A$= " Y" T HEN NEXT : GCTO 261:1 
210 IF '(T< Y T HEN y'r='i 
22 0 IF 'i6> Y T HEN YB:,{ 
230 IF YT<Z THEN YT:Z 
240 IF Y8>Z THEN YS=Z 
250 NEXT 
260 XX={XR-XL) : 'iYz( YT-YB) 
267 REM " SET GRAPHICS PLUS TEXT MODE 
270 HGR :HCOLOR=3 : POKE 3 4 , 20 : CALL - 935 
277 REM .'" FI ND ORIGIN/DRAW AXE S 
28 0 X=0 : Y"'0 : GOSU8 1 000 : Yl=('l 2 -S) : Xl = (X2+S) : HPLOT X2 , 0 

TO X2 ,H :HPLOT 0 ,Y 2 T O W, 'l 2 
290 IF Yl<10 THEN '/ 1=( '/ 2+5) 
300 I F X1>W- 10 T HEN X1=( X2 - S ) 
3 0 7 REM · · FI ND AND DRAW SCALE AXES DIVISIONS 
310 IF ABS(XL» : ABS( XR) TH EN B=XL : GOS UB 7000 : P=B "' 1~-E : 

Q= XR : R:10-E : GOTO 33 0 
32 0 B= XR : GOSUB 700 0:P =B *1 0-E : Q= XL : R=-1* 1 0-E 
3 3 0 FOR X:P TO Q ST EP R:GOS UI3 HI00 :H PLOT X2 , Y2 TO 

X2 ,Y1: NEXT 
3 40 IF ASS( YT»aABS( '/ B) THEN B=YT: GOSUB 7 000: P = B"' 10 -E: 

Q= '/ B : S=-1* 10 - E : GOTO 360 
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350 

'" 
367 
370 

377 

'" 390 

'" 410 
417 

'" 
427 

'" 
43 7 

'" ''" 510 

520 
53' 
540 
550 
560 

57' 
580 
997 

1 0 00 
10 1 0 
1020 
Ul3 0 
Ul 4 0 
10Skl 
1060 
un0 
1997 
2000 
3000 
4003 
S000 
6997 
7000 
7010 
7"20 

7030 
70 4 0 
7997 
8000 
8010 
8020 
8 0 30 
8040 

B-YB : GOS UB 7 000 : P=B "' 1 0 - E : Q~YT : S 5 10 - E 

X=O : FOR Y= P TO Q S TEP S : GoSUB 1000 : HPLOT X2 ,Y 2 'ro 
x 1 ,Y 2 ; NE XT 
Rl:: l"l * * LABELS 
CALL - 9 36 ; PR I NT : PR I NT " X AX IS "' '' ;A~S(R) ; TAB (21) ; 
" Y AXIS * " ;AI3S( S) 
REI" ** LAclEL AX ES f OR AN OFFSET, ORIGIN' 
IF ya>0 T HEN VTAB 23 : P RI NT TAB(21) ;"'/ (M IN ) = - " iY B 
If YT<O TH EN VTAB 23 : PR I NT 'fAB(21) ; ~Y(MAX)'" " -: '/ 'f 
If XL>0 THE N VTAB 23 : PIHN1' "X (MIN)'. "; XL 
If XR<0 THEN VTAB 23 : PRINT " X(MAX) ", " ; XR 
RE I-l . * PLOT f I RST GRAPH 
N=0 : fO~ X=X L TO XR STI::P INC : N-N+1:Y"Y(N): 
GOS UB H HH' : HP LOT X2 , Y2 : NEXT 
RE,'! * * PLOT SECOND GRAPH 
N=O : FOR X=XL TO X~ STEP INC : N"N+l:Y - Z(N) ; 
GOSUI3 1000 : HP LOT X2 , '/2 ; NEXT 
REM . * ANY KEY TO CONTINUE 
X=PEEK( - 16384) : IF X< 127 T HEN 440 
POKE -16368 , 0 ; TEXT ; HOME 
V'r A8 ( HI ) ; PRINT " THE FOLLOWING OPTIONS ARE 
AVAI LABLE : - M : PAL NT ; PRIN'r 
PRINT " (1) RE P LOT (S AME AXE S ) N 

PR I N'r " ( 2) RE P £AT (DIFFERt::NT AXE S) " 
PRINT" (3) ENTER NE W EQUATIONS H 

PRIN'r " ( 4 ) END P ROGRAM" 
PRINT : PRI NT ; INP UT " ENTER OPTION "; A : IF A>4 OR A<1 
THEN S6 0 
ON A GOT O 270,HI S , lO , S8 0 
HOME ; END 
REll ** S CALING SUBROU TINt:: 
X 2~I NT { W* (X - XL) /XX) 

I F Y<YS OR Y>YT 'rHEN Y=0 
'f2 =INT ( H* ('IT - Y) / 'iY ) 
If 12< 0 T HEN Y2=0 
IF >: 2<0 TH EN X2 =0 
I F ~/:;:>H T HEN Y2 =H 
If ; , ' ~ :'i THE N X2 =W 
RE .. ':'L:r.~: 
RI - -;, EQUATIONS S UBROUT INE 
O ~l :- :,~ GOTo 8000 
Y" _ ~ .qX) 

Z · SIN(X)+(1/3 *S I N ( 3 · X»+{1/S "'SI N( S *X)) 
Rr:' iJRN 
Rt. r·l "'''' DIVIS I ON OF AXES 
E~0 : BB=B : B=ABS(B) 

I F S>"'HI T HEN 13 =8/10 ; E=E+l :GOTO 70B, 
IF 8> "' 1 AND 8<10 THEN 8"INT(8) : IF 88<0 'r ti EN 8.:-8 : 
GOTO 7 040 
IF B<1 T HEN B=cl "' 10 : E=E-1 : GOTO 7010 
RET URN 
REM " DEAL WIT H DIVISION i;lY lERO 
AsP~EK(2 02 ) : POK 8 2 1 6 , 0 
IF A= 1 3 3 TH EN 8~ 30 

RES UME 
IF X"' XR THEN- XRoOXR+INC/l 0 : GOTO lS ~ 

v 'rAB 2 3 ; PR I N'r -'''r RYING TO RECTIFY DI VISIO N BY ZERO 
ERROR" : XL=XL- IN C/l0: GO'r o 2 " 0. 
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K Davies DAI 

CROSS 
HATCHER Use the DAl's colour 

graphics to set up 
your colour TV. 

64 

10 PRIN 'r C tl~$ (12 ) : CJ~S~~ 14 ,2 3 : p~IN r ~ CULOU~ 
'rEL~VISI:JN -rES'f PiWGRArI ~ 

12 S~U~D ~ 1 IS ~ f~EQ(40d.UJ 
15 PHII~'f: PIUN'f 
16 t>~rN'r gCKUS~ H.'wen PA'f'!'J::R ,~{J SPCj 'fik>t: A" 
2~ I'RI","f: PRINT 
21 ~Jn (H Hp1C'j'UtU: G::O!~i::'l'J~t[G ;jPCP''lPE oj " 

3i! PIUNf: PRINT 
31 i>H IN'f " CULOI..I~ dAI{S(10 5PC}T iPE C" 
4.:1 PHllII f : PiHN'r 
4 1 Prl.f rH "P U,U'I' l {15 S t>C]Ti J?E 0" 
5<1 PRr l~T: PRll~ I': PRIN'f : P~IlH 
5 1 PKIN'I''' rJ iu,;'rUrl.N r'R'),", .'I. ,~'t RJU'j·1Nr.: P)( t:S5 1'<1': ~t>.\:::L 

BAI{ H 

6 ::i p=GE 'r~ 

61 I f P:GS.o I'rl~ N 3UJ 
62 IF p s 66 . U ' rH E~ 1~a 
~j If P = G7 . ~ rd€~ 5~~ 
64 IF P"68 .il 'j" HiN 7:)0 
G5 GJ'N 6<1 

IJJ .'tU LlE G 
2i:1\:} 1"01{ X=lr.O 'rw PI* 2. 1:l ::iT E? :'£-2 
2U ~uT 17\HlHl*CQS(X*2.1:l) ,I ,Hl+3:J*Sllll(.(* 2 .1:l ) 
22 i:l Nix-r ... 
2 30) ORAW XMAX/..!,{l .(!'\IIX/2,'l,,\AX IS 
24il iJR,\W O,'iM.!\X/2 ..(MAX,'l.-lAX/2 15 
2S~ GJS-Jd 2lhH.I 
]0;) ,..,ODt: 5 
]1 J A=X,IIlAX: o"''i ''IAX : C"2iJ •• ) : D=il . 1.1 
]20 iJ ~AW C ,D c , ~ IS 
]]U C == C+20 . U 
HU IF' ':) '" 33 5. ~ meN C:2 ... . U:Guro )0;.1 ~ 
3SU GO'r,) 32<J 
J60 DI{A'H D ,C A,C 1 5 
370 c "'c+2~.a 
lSY I F' C)a2 S:'.U ~rl~~ 4bJ 
39~ Gu'fO 3:) ;) 
4u'J GO::; ,J ~ 21hHl 
S\J :3 MuD!:: 5 
Sill FILL I) , I:! 4 0 ,'i .'tAX I S 
S2~ FILL 40, 0 ~S ,t~AX 12 
S 3~ fIl.L t>S , U 12S , ·{t"'IAX 14 
54~ F(LL 125,U 17U,YMAX :. 

55. 
5:>0 
570 
5.' 
G~Hl 
7:.l<l 
710 
720 
730 
]4'<1 

7S t! 
76u 

2UJJ 
2:101 
2fh:l2 

This program may prove of 
practical use to television 
enginee.rs like myself. It is 

written for the DAr Personal 
Computer and is fairly self-
explanatory. 

The CHR$(l2) in line 10 
clears the screen and line 12 
generates a 400 Hz test tone 
from one of the three internal 
oscillators. 

There are four test options; 
a straight crosshatch (300-400), 
a large circle (200-240), a 
colour bar pattern (5CXl-6CO) 
and a raster scan in primary 
colours (700-7ffJ). 

The graphics commands are 
only transferrable to a system 
with equally high resolution 
colour graphics. 

fILL _17U , IJ 21S ,U,AX 2 
F Il.L 215 , " 26v ,t;>l.'\X ] 
fILL 26J ,1:! JUS,'iM!\X 1 
fILl. ]U S ,IJ X~AX,{MAX U 
GOSud 2J~" 
MuiH:: 5:A=l.U 
fILL a,..! Ki'l.'\X,'l MAX A 
?"'G€TC 
IF '>= 32 . U Trt t:coI 75<1 
GOTO 72ll 
A=A+2 .u: IF A> S .0 Trl~~ GUSU~ 2ilJJ 
GU'ra 7UI 
?G~·rC :H· P=0.l! ~ d e!ll 2.Hll:l 
IF 1'=]2 . 0 T ti i::N MODI:: ll : GOTO 1;) 

GOTO 2e ',Hi 

• 
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Paul Williams PET 

DOUBLE 
DENSITY Double your PET's 

plotting capacity with 
this routine. 

The following simple 
program listing allows 
plotting of characters on an 

80 by 50 grid on the PET 
screen, thus enabling more 
precise graphs and pictures to 
be drawn . The first two lines of 
the program (lines 1 and 2) 
should be included at the 
beginning of the program which 
is to use the double-density 
feature; they initialise the two 
arrays required. The plotting 
section (the laller two lines) can 
be called by a GOSUB lOOJ 
during the program run, after 
an x and y value has been 
specified. The x value should 
be between - 39 and 39, and 
the y value between - 24 
and 24. 

Where To Go 
Assigning 0 to both x and y will 
produce a dot in the centre of 
the screen, - 39 for x and 24 for 
y will produce a dot in the top 
left-hand position of the screen, 
and 39 for x and - 24 for y will 
be in the bollom right-hand 
corner of the screen. Thus, the 
pOSitions radiate as for a normal 
graph from the centre of the 
screen. 
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The program works by 
arranging the codes for the 
sixteen different double-density POSITION BINARY DECODED CHARACTER 

IN AFIRAY POSIT ION 
graphics in such a way that if 

0 0000 D SPACE the position of the code already 
on the screen is ORed in binary 

~ with the position in the array of 0001 SH IFTED; 

the code that you want to put on 
the screen, the resulting 0010 ~ SHIFTED > 

position will give the code 2 

containing both the characters 

IJ that you want to plot. 3 0011 SHIFTED 1 

Array S contains the list of 
all sixteen codes, and array T is 4 0 100 ~ SH IFlED, 

used for decoding the PEEK 
code from the screen into a 0101 .- SH IFTED " 
position for use with array S. 
This method is best explained 

~ by looking at the array S. 6 0110 SHIFTED? 

Table 1 shows the contents in 
graphical form. For example, if 0 11 1 .. RVS SHIFTED <: 

the character Ii] was on the 
7 

screen, and you required the 

~ 
SHlfTED < character I"\iI to be added, the 8 1000 

pOSition of the first character, 
OOJl, is ORed with the position 

9 1001 ~ RVS SHIFTED? 

of the second character, 0 110. 
The result obtained is Oi l ) 

~ which, in the table , is the 10 
1010 RVSSHIFTED" 

character .. , which is the one 
required to POKE on to the 11 lOll ~ RVS SHIFTED, 

screen . Line 10 10 of the 
subroutine does this, as well as 

12 1100 [) RVS SHIFTED! calculating which character 
needs to be added to the 
screen, 13 1101 .. RVS SH IFTE D > 

Right: The block 
~raphics 

1110 ~ RVSSHIFTED; charac ers and 14 

their binary and 
character key • designations for 15 1111 RVSSPACE. 

producing the 
double denSI~ 

effec . 

1 J IM S( l j ) , T (2SS) : FU~ f= U ru l S :~~AD SI r) : 
i ( ~(r ) )=~;N ~XT r :T: ~ 

2 UATA J2 , 1~J , 12 6 , 9 1 , l U J , YJ , ll 7 , 2 5 2, 12 4,2 55 ,22 6 , 

lJ6 , 2~5 , 2 ~ 4,2 5 1, 1~ 0 

l~~J 3=3j 2 G7+(X/2)-[N~(Y/2) A4~ 

1 0 1 ~ POK € S , s(r{p~€K{ S ) O~ (2ft({ ~/2-rN 'r(X/ 2 )) A 4+ 
«'lj2 - INT (:i/2)) *2 ) ~ 2 » ) ) ; Hi::TU =, , ~ 

65 



A Lacy 

FAST 
PLOTTER 

3COO H 

VA LU E OF Be 
~ •• ____ ~IN~L~IN~E~«~O~ ______ • (HL ) AT 

LINE 410 

THI S DISTANCE I 
CORRESPONDS 
TO BC IN LINE 380 

Above: This diagram shows how the byte position is calculated In the plotter 
routine OIne numbers refer to the assembly listing). In this example, graphics 
characters Band C are shown turned on - this means that b its 1, 2 and 7 are 
logic '1' In that location. The byte will look like that shown above. 

Right: This represents a Hex value of 86 
Hex (134 Dec). 

I n the dim and distant past I 
remember gazing at micro­
computer advertisements 

showing (apparently) all manner 
of graphs and mathematical 
symbols flowing across the 
screen. When I finally got my 
hands on a machine I soon 
fou nd out the sad truth . The 
TRS-80 certainly has graphics 
capabili ty in the form of SET 
and RESET functions, but ever 
so slow! 

POKE and PEEK also give 
access to the display but the 
speed is not much better, The 
fastest method of all in BASIC is 
to PRINT a string containing 
graphics characters. This last 
method is very succesful when 
small areas of the display are to 
be moved, but I still wanted to 
see those sine waves rippling 
across the screen! 

The method shown here is a 
machine code program which 
sometimes needs to be slowed 
down to give a viewable 

66 
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display. I shall first describe the 
machine code program itself, 
then show you how to interface 
such a program to a BASIC 
language program. 

One For The Code 
This is for your information 
only, don't worry, you don't 
have to type in any assembly 
code to use the graph plotter, 
All of the references to line 
numbers in this section are for 
the assembly code listing. Lines 
10· 120 are the eqUivalent of 
REM statements in BASIC; I 
include these in my 'library' of 
source programs because I find 
assembly code very 'opaque', 
that is , the program itself does 
not suggest how it works. This is 
also the reason for all the 
comments down the right-hand 
side of the listing. 

The CALL on line 170 is 
used to get information from the 
BASIC program. After this call 
has been made, the HL register 

Let your TRS-80 take 
the strain for plotting 
all those complex 
functions with this 
superbly documented 
program, 

pair contains a value 
corresponding to the value V in 
the BASIC statement : 

10 X~USR(V) 

Lines 200-260 are mainly 
concerned with setting up loop 
parameters, the equivalent of 
the FOR . , ,NEXT statement. As 
in any program, the input 
variables need to be tested and 
the appropriate action taken if 
they are out of the desired 
range. This is done in lines 
230-240; if the variable is 
greater than 40 then the loop 
contents will be skipped and the 
next variable will be processed. 
I chose a value of 40 because 
the screen is 48 graphics 
characters high and space 
might be needed for axis and 
other information. The values in 
the program will give one free 
line at the top and three at the 
bottom . Similarly 'XAXIS' 
defines the display width as 
numbers of graphics characters. 
The maximum is 128, and I 
chose 120 giving some free 
space at the screen edges. 

If the check in line 240 is 
not made then values could be 
input which cause memory 
locations other than screen 
memory to be loaded, possibly 
in the areas of RAM used by the 
TRS·8O's housekeeping routines. 
Most likely you would have to 
reset the machine to get any 
more sense out of it! 

At this point you need to 
know how TRS-80 graphics are 
accessed from machine 
language. In the TRS-80, there 
are two video graphics chips, 
one contains all the information 
required for the ASCII 
character set (and more if you 
know how to get it out) and the 
other is really a bit of TTL 
which switches on graphics 
blocks at the right instant of 
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arne in the screen scan. If bit 7 
in the screen memory location 
being accessed is set, at logic 
'1' , then the graphics generator 
will turn on, otherwise the 
ASCII generator will be 
enabled. So we know that we 
must turn on bit 7 at the 
required location. 

But what is that location? 
Well, a bit of arithmetic is 
needed to calculate it and this 
calculation is what comprises 
the bulk of the program. Each 
graphics block corresponds to a 
byte of memory and is three 
graphics characters high and 
two wide. The characters 
themselves correspond to bits in 
the memory byte as shown in 
Table 1. We must determine the 
bit to be set as well as the 
correct location, the procedure 
used is listed: 

1) Di vide the variable 
by three. 260-290 

2) Save the remainder. 3(X) 
3) Multiply quotient by 

64. 350-360 
4) Subtract it from 

baseline . 410 
5) Get the horizontal 

position. 420 
6) If odd then add 1 to 

remainder. 450-460 
7) Subtract position 

from origin. 500 
8) Convert remainder 

to a bit position. 520-5BO 
9) Is it already a 

graphics location? 590 
10) If not then set bit 7 610 
11) And reset bit 5. 620 
12) Put the information 

on th e screen. 640 
13) Check to see if 

finished. 690 
14) G et the next 

variable 200 
15) And carryon! 

Most 01 the other operations in 
the program are concerned with 
setting up registers prior to the 
above or with loop counting. In 
the TRS-BO, if a machine code 
routine has been called from 
BASIC then a RET instruction 
will return control to the next 
BASIC statement. 

The information for the 
graph plot is stored in an 
integer array as a set of values 
between 0 and 40. This is rather 
wasteful of space since each 
element of the array is 
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contained in two bytes and only 
the least significant byte is 
being used. It does make life 
easier though when filling such 
an array in BASIC. 

The code shown is 
relocatable, that is, it doesn 't 
mind where it is loaded in 
memory. This is achieved by 
avoiding references to absolute 
addresses within the program, 
in other words, any jumps or 
branches are specified as 

TRS-80 LEVEL II 

forwards or backwards relative 
to the current position in the 
program. 

HOW TO USE THE 
PROGRAM 
Type in the BASIC listing and 
RUN it ! This will give you an 
idea of the speed of plotting as 
each frame seems to appear 
instantly. Now try various 
functions on line 220. 

PROGRAM STRUCTURE 

Statement Function Action 

Line 40 Arrays Contains GG % (N), an 
array that stores the 
machine code subroutine 
and DD %(n,m), the 'target' 

I 
array. The program treats 
the latter as a list of m 
arrays , each of single 
directions, and displays 
them in quick succession 
giving the impression of 
movement. 

Lines 50-100 DATA The DATA values 
represent the subroutine. 

Line 110 READ All DATA statements start 
with a 255 and end with a 
series of Os. This avoids 
having to be too precise 
about the number of 
READs. The first number in 
line 50 then, is a dummy 
number - take it out if you 
are not going to use line 
110. 

Lines 140-160 Array Input A way of getting the right 
bytes in place in the 
integer array. If you are 
POKEing the subroutine 
then you don't need this. 

Line 190 Message Prints a message to let you 
know that all is going 

Lines 200-230 Delay 
according to plan. 
Causes a delay while the 
array, DD %, fills with the 
1200 values. 

Line 260 Subroutine Tells the computer where 
Directory to go to start the machine 

code subroutine. The 
statement USR passes the 
location of the start of the 
array not the plotting 
routine, so that it knows 
where to get the rei evan t 
values. 

Line 300 Moving Display Loops back to give a 
continuously moving 
display. 

f5] 



FAST PLOTTER I RS-SO LEVEL II 

GRAPHIC CHARACTER BIT POSITION EQUIVALENT VALUE 

Remember , you have two 
independant variables to play 
with , 12 and 11. Line 260 can 
appear anywhere in your own 
program as many times as you 
wish, so there is plenty of scope 
for experiment. 

DISPLAYED (HEX) 

A B 
A 0 1 
B 1 2 

For example , a program 
could be written to alter a few 
of the target array elements 
while it is running , maybe 
under keyboard control. This 
could give a moving display 
which a lso changes over a 
longer ti me period. 

C 
D 
E 

2 
3 
4 

4 

C D 8 
10 

68 

F 5 20 
NOT USED 6 40 
ALWAYS 1 FOR 7 80 E F GRAPHICS 

Table 1. This shows the relationship between display memory bytes and the 
character displayed on the screen. 

0 1H~ 

01'120 FAST PLOTTER 
01'130 T HI S PROGRAM IS I N'rENDED FOR us !:: AS A 
1'11'141'1 USR CAL L. F ROM BAS I C. rr WILL RE S P OND 
1'11'150 TO 0<=A<40 , VAL UES OUTS I DE THI S RANG~ 
IHl60 WI LL No'r CAUSE A CRA SH BUT WI LL BE 
01'170 I GNO RED . HL MU ST POINT 'fO T HE FIRST 
00 8 0 ELEMENT OF A 121'1 £L£MEN'r I NTBGER 
01'1 9 1'1 ARRAY . Y=0 CHR POSI TION 4 
011'10 Y=119 C~R POSI TIO N 63 
BIle X=0 IS ON LINE 13 
1'1121'1 X=39 IS ON LI NE 2 

BFe0 1'1131'1 ORG BFe0 HEX 
0A7F 1'1141:1 GETHL EQU BAH' HEX 
1'1 1'1 78 1'1151'1 XAX IS BQU 120 
3F7F 0161'1 ORI GIN EQU 3F7F HEX 
d F0 0 CD 7~ 0A 1'117 1'1 START CA L L GETH L 
BFa 3 1'16 7e 0 181'1 LD d , XAX IS 
8F05 I'll 0e ~190 LD C , 0 
dF~7 7E 0 200 LOOP0 LD A, (HL} 
dF08 85 a210 PUSH HL 
dF09 C5 ~220 PUSH dC 
BF0A FE 28 0~30 CP 40 
3F0C 3~ 3C ~~40 JR NC , LOOP 4 
BF0 E 06 FF 0250 LD B, FF HEX 
BF 1e 0~ 0260 LOOP1 INC 8 
aF 11 06 03 0270 SUB 3 
BF13 F~ 28 0280 CP 40 
BF15 38 F9 0290 JR C, LOOP1 
BF17 2F 0300 CPL 
BF18 68 0310 LO 
BF19 26 00 0320 LO 
BF 1S CB 27 0330 SLA 
BF10 06 06 03 ~ 0 LO 
BF 1F 29 035 0 LOOP2 ADD 
BF20 10 FO 0360 DJNZ 
BF22 £5 0370 PUSH 
BF23 C1 0380 POP 
BF24 21 7F 3F 0390 LD 
Bf27 67 04~0 OR 
BF28 ED 42 0 410 sac 
BF2A C1 042 ~ POP 
BF 2B C5 043 0 PUS H 
BF2C CB 38 0440 SRL 
BF2E 38 01 0450 JR 
BF30 3C 046 0 INC 
d F31 48 0470 ~00P 3 LD 
BF32 06 00 0480 LD 
BF34 B7 0490 OR 
BF3 5 ED 42 0500 sec 
SF 37 47 0 510 LD 
SF 38 0 4 0520 I NC 
BF 39 AF 0 530 XOR 
BF3A 37 0540 SC F 
BF3B 17 0550 LOO P5 RLA 

L, B 
H, ' 
A 
B,6 
HL , HL 
LOOP2 
HL 
Be 
HL, ORIGIN 
A 
HL , BC 
BC 
Be 
B 
C , LOO P] 
A 
C , B 
B,' 
A 
HL , BC 
B, A 
B 
A 

BF3C 10 FD 0560 DJN Z LOO PS 
BF3£ 47 0570 LD a , A 
BF 3F 7E 05 80 LD A, (HL ) 
8F4 Q Cd 7F 0590 BI T 
dF42 20 04 0600 JH 
BF 44 Cd FF 0610 SET 
BF 46 ca AF 0620 RES 
BF48 d0 0630 SET OR 

7 ,A 
NZ, SET 
7 . A 
5 , A 
B 

dF49 77 064 0 LO (HL} , A 
BF4A C1 0650 LOOP4 POP BC 
BF4B £1 0660 POP HL 
BF4C 23 0670 INC HL 
dF40 23 ~680 I NC HL 
BF4 E 10 87 0690 OJ NZ LOOP0 
BF50 C9 0700 RET 

The machine code listing for Fast Plotter. 

'0 
50 

60 
70 

B. 
9. 

100 
11. 
120 
'::'3 0 14. 
150 
160 
17' 
lB. 
190 
20 . 
21 0 
'20 
'30 
240 
25. 
26 . 
27' 
2B, 
'90 
300 

DIl'l GG%(41) , DD%(120 , 10} 
DATA 255 , 2"5 , 1 27 , 10 , 6 , 1 211 , 14 , 0 , 126 , 229 , 19 7 , 25 4 ,-40 . 
48 , 6Q , 6 ,255 , 
DATA 4 , 214 , 3 , 25 4,4", 56 , 249 , 47 , 104 , 38 , 0 , 203 , 39 , 6 
DATA 6 , 41 , 16 , 253 , 229 ,1 9 3 , 3 3 , 1 27 ,6 3 , 183 , 237, 66 ,1 9 3 , 
197 , 203 , 56 
DATA 56 , 1 , 60 , 72 , 6 , 0 , 18 3,2 37 , 66 , 71,4, 175,55 , 23 
DATA 16 , 253 , 71 , 126 , 203 , 127 , 32 , 4 , 20 3 , 255 , 203 , 175 , 
176 , 119 , 19 3 
DATA 225 , 35 , 35 , 16 , 183 ,20 1 , 0 , 0 , 0 , 0 ,0 
READ G9 : I F G9<>255 TH EN 110 
FOR X9"'0 TO 41 
READ Y9 : READ Z9 
X8:256 *Z9+Y9 
IF X8>32768 THEN XS : XS- 655 36 
GGt(X9J"' X8 
NEXT X9 
RE~ ** END OF DATA READ 
Ct S : PRINT@512 ," DATA READ COMPLETE , FILL I NG ARRAY" 
FOR 11 =0 TO HI 
FOR 12= 0 TO 1 20 
DD%( I2 , I1J - SIN{ I2/20+I1/1 . 57 J *1 9+20 
NEXT 12 , 1 1 
CLS : INP UT .. PR ESS ENTI':R FOR DISP LAY"; D 
FOR 12"'1 TO 10 
DEF USR3 "'VARP'rR (GG% (0) ) : X9= US R3 (VAR PTR ( 0 0 \ ( 0, I 2) } ) 
REM ** FO R X= l TO 50: NE XT X;R EM ** I F YOU WANT I T 
SLOWED DOWN 
eLS 
NEXT ! 2 
GO'fO 25 " The BASIC program listing. 
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Graphic Details 
Most personal microcomputers possess memory mapped screens and graphics character 
sets allowing the user to produce all kinds of graphics displays. However, few machines are 
equipped with compatible graphics character sets making program conversion from one 
machine to another quite a difficult task. . 

Until now that is. For the first time, we are publishing all the Graphic Details features 
from past issues of Computing Today as well as a few extra ones we thought you couldn't do 
without. All you have to do now is to look up the code used in a particular machine's 
program, cross reference to your machine and select a suitable graphic and its code. 
Couldn't be simpler, could it? 

Graphics Directory 
This is an entirely new feature detailing the complete graphics capabilities of over 30 
micros. 

Full of facts on the type of graphics, resolution, memory required, screen format, address 
range and commands, there is also a section explaining the eccentricities of each machine 
as well as the extras available. 

How have you managed without this information up until now, we ask ourselves! 
" 

~I 

... 



Henry Budgelt 

GRAPHIC 
DETAILS 

Before you get too engrossed 
in this fea ture, it might be 
useful to those newcomers 

amongst you to introduce 
yourselves to the standard codes 
for graphics and other non­
printable graphics used in our 
sister publication, Computing 
Today. 

All standards tend to be 
irksome to adhere to but the 
ones laid out here are fairl y 
simple and tend to make 
software easier to maintain by 
the programmer and simpler to 
understand for others. 

Controlling That Cursor 
The original standards 
published In CT have most 
certainly stood the test of time. 
Machir.es such as the 
Commodore VIC which have a 
dua l Shift capabili ty can now be 
incorporated , as can those 
systems which use Control key 
functions. 

The recently introduced BBC 
system offers pre-programmed 
function keys which, we are 
glad to say, can also be 
handled by our original coding 
system. It 's nice to see just how 
well adapted the original 
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standards have become over the 
last two years I (Indeed, a whole 
seri es of books is using them as 
its de facto standard). The 
standards for the cursor controls 
are given in Fig.!. To indicaie 
more than one of these an 
optional number can be placed 
within the brackets , for example 
(4 CL), etc. 

The use of square brackets 
has raised one or two queries. 
The reason for this choice is 
that m ost of the common 
microcomputer BASICs don't 
use them for specific functions. 
In fact, at least one machine 
provides an added bon us by 
returning a Syntax Error if they 
a re found - a useful check in 
case you type them in by 
mistake. 

The code [SPC I was added 
to the list of cursor control 
codes to get over the problem 
of indicating just how many 
spaces are contained in the gap 
in the printout. The other 
common variant of the code for 
spaces is used by the ZX 
people. Their choice was '-"-' 
and this crops up in the various 
newsletters they publish. 

The code IRVS I has caused a 

The graphics 
character sets of the 
most popular systems 
- makes program 
conversion that much 
simpler. 

few headaches. This is really 
specific to the PET, where the 
character set can be di splayed 
in reversed video. On machines 
which don't have this 
facility, you should either find a 
character in the set which is the 
reversed image of the one you 
want and use that or simply 
ignore it and use anyth ing else 
you fancy! Don't forget you may 
have to look up and alter the 
values used elsewhere in the 
program. 

The Graphic Solution 
It soon became obvious that the 
techniques applied to the 
confusing cursor controls could 
also be appl ied to the graphics 
symbols . The follOwing standard 
is now in general use in 
programs published in 
Computing Today. 

If a graphics character or 
characters are to be displayed 
in a listing (as opposed to 
POKE codes or CHR$() codes) 
then they are indicated by the 
method shown in Fig. 2. 

Several people have asked 
what the relationship between 
the POKE value for a character 
and that of its shifted graphic 
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I 
'llight be. In general, the 
shifted version of any character 
will be 64 greater than the value 
of that character. This applies to 
both PET and MZ-OOK systems 
in all cases. 

This can be taken further to 
include machines which use a 
pixel graphics set rather than 
pre-programmed PET-style 
characters and the series of 
codes for these is given in Fig . 
3. As is nearly always the 
case, there is one machine to 
which the standard shown in 
Fig. 3 does not apply -
Tangerine's Microtan /Micron. 
This machine uses a four by two 
cell structure for its pixel 
graphics instead of the 
PresteliTeletext three by two 
cell. The method for calculating 
the value to assign to 'P' is 
shown in Fig. 4, and is 
fortunately nice and simple. 

Making REMarks 
Man y people scorn the use of 
REMs within programs but, 
during the development at least, 
they are extremely useful. One 
of the documentation methods 
that we use is to keep our back­
up copy of our programs on a 
3CX) Baud CUTS tape with all 
the REMs in place; the working 
c0l-i, be it on tape or disc, is 
REMless in order to save space . 

It is also good programming 
'manners' to give your REMs 
odd line numbers: 
3999 REM" CRASH PROOF INPUT 
4(0) INPUT "THE NUMBER OF 
ENTRIES ";A$ 
A remarkable number of 
submi tted programs have jumps 
that go not to the relevant point 
in the program, but to the REM 
statement. This can cause 
severe problems when re-numb­
ering after removing the REMs. 

CLear Screen 
HO~le CLU'50r 

Cursol' Le·f t 
Cu .... sor- Right 
Cur:sor Up 
Cursor Do>m 
F:EVerse v ideo 
Turn it OFF 
SF'aCe 
CDnTrDL ke!;t 

on 

[ CLS] 
[HmlJ 
[CL] 

[CF{] 

[CUJ 
[CD) 
[F:E')] 
[OFF] 
[SPC) 
[ CTL :J 
[fro) 

[G< J 
[ G» 

Funct i o n ke'd (BBC i 

00 
00 
00 

Graphi c left (VIC / MZ-BOA) 
Gr aphi~ right (VIC / MZ -80Ai 

Fig. 1. The extended set of cursor control standards Includes four new 
functions. 

. 0 O . •• 00 . 0 O . • • 00 . 0 O . •• 00 . 0 O . 
00 00 00 • 0 . 0 . 0 • 0 O . O . O • O • • • • • • • 
00 00 00 00 00 00 00 00 00 00 00 00 00 00 

• • • • 
00 

[PO! IPll IP21 [P31 IP4) [P51 IP61 IP7! IPsl IP9) IP10) [Pl1) IPI2) [P131 IP141 IPI5! 

00 . 0 o . •• 00 . 0 o . •• 0 0 • 0 o • • • 00 . 0 o . • • 
00 00 00 00 • 0 . 0 . 0 . 0 o • o . O . o . •• • • • • • • 
. 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 

IPI6liPI7) IP1S! IP191lP20) IP21! [P22)[P231 IP24liP25liP26)[P27! IP2S1 IP29! IP30IlP31! 

00 . 0 0 ••• DO a D 0 ••• 00 a D 0 ••• DO a D 0 ••• 
DO DO 00 00 8 D . O 8 0 8 0 O . o . o . 0 ••••••••• 

o . o . o . o . o . o . o . o . o . o . o . o . o . o . o . o . 
IP321 [P33) IP34! IP35) [P361 IP371 [P38! IP39) IP40! IP411 IP421 IP43) [P44) IP451 IP461 [P47! 

00 a D 0 ••• nO . D 0 ••• 00 a D 0 ••• DO 8 0 0 ••• 
DO 00 DO 00 . 0 . 0 . 0 a D o . o . o . 0 ••••••••• 
•• •• •• •• •• •• •• •• •• •• •• •• •• •• •• •• 
IP4S1 [P49) IP50! IP51! [P5211P531IP54) IP55! IP561 IP57) [P5S1 IP591 IP60! IP611 IP621 IP63! 

. Fig. 3. The standard pixel codes; they will work on most computers which 
employ this technique as well as for Teletext and Prestel. 
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INFORMATION 

Documentitis 

Ideally, program documentation 
(both for high level and 
machine code) should consist of 
a general description of the 
program's function, a detailed 
explanation of any parts that are 
speCific to your computer or 
that do clever things, and 
suggestions as to how the 
program might be implemented 
on another machme. 

As essential ingredient of 
any documentation is a list of 
any special characters, for 
example POKE codes, and 
variables used within the 
program and the functions they 
perform . The inclusion of a 
flowchart within your 
documentation can also p rove 
an invaluable asset when you 
come to look at your program at 
a later date. 

ALPHA KEY TO BE SHIFTED 

INDICATES 'SHIFT' KEY 

NUMBER OF TIMES IT OCCURS 

Fig. 2. The way block graphics are 
indicated on machines like the PET 
and Sharp; Ihe VIC and Sharp MZ-aOA 
systems ot Shill Lell and Shill Right are 
shown In Fig. 1. 

1 2 

4 8 

16 32 

64 128 

Fig. 4. To convert a Tangerine pixel 
code Into Its blocks, simply decode 
the number Into Its binary or Hex 
value and fill In the relevant squares. L-__________________ ~~ 
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GRAPHIC DETAILS 

ASCII 
'Many currently available 
personal microcomputers are 
equipped with memory mapped 
screens and graphics character 
sets . These facilities allow the 
'user to produce pictorial and 
graphic displays (the resolution 
generally being somewhat 
crude) and play all those 
interesting games. But what if 
you want to translate a program 
written for another machine 
which uses another g raphics set 
and has a d ifferent screen 
memory area? 

Now, if you had a series of 
charts shnwing all the standard 
codes ar.::l screen positions, you 
could look up a character on 
the appropriate chart, cross· 
reference to your machine and 
select the correct graphics 
character and its code . Here we 
give a selection of graphics sets 
belonging to some of the more 
popular machi nes along WIth a 
variety of usefu l notes. 

The ASCII Set 
The standard character code set 
for computers is known as 
ASCII, the acronym for 
American Standard Code for 
Information Interchange. 

It is based around a seven 
bit natural binary sequence thus 
providing a total of 127 different 
alphanumeric and control 
codes. Although 'l' = 128, we 
usually regard 'all zeroes' and 
'all ones' as NULL codes hence 
the figure of 127 unique codes . 
In many systems an eight bit 
code is used with the extra bit 
fu nctioning as a parity check. 

The first table gives the 
complete ASCII character set. 
The ASCII codes from I to 32 
have special control functions. 
The ones of most use to the 
general programmer are as 
follows: 7·Bell , to·Line Feed, 
12·Form Feed (can be used as a 
Clear Screen), 13·Carriage 
Return , 32·Space , On some 
machines code 35 will be a # 
(hash) symbol. 

Character Codes 
All the alphagraphic code sets 
are similar in a number of ways 
to the ASCII set in ,that their 
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alphanumeric codes follow the 
same sort of pattern, for 
example, code E being a 
number four qreater than code 
A. In general , the fi rst 31 codes 
are used for graphics as are the 
extra 127 codes not used by the 
ASCII set. It should be noted at 
this point that these numbers 
are not replacements for the 
ASCII code but numbers to be 
used in coni unction with the 

SYM- SYM-CODE BOL CODE BOL 

0 NUL 32 SP 

1 SOH 33 , 
2 STX 34 " 
3 EXT 35 £ 
4 EOT 36 $ 
5 ENQ 37 % 
6 ACK 38 & 
7 BEL 39 I 

8 BS 40 ( 

9 HT 41 ) 

10 LF 42 * 
11 VT 43 + 
12 FF 44 

, 
13 CR 45 -
14 SO 46 • 
15 SI 47 / 
16 DLE 48 0 
17 DC1 49 1 
18 DC2 50 2 
19 DC3 51 3 
20 DC4 52 4 
21 NAK 53 5 
22 SYN 54 6 
23 ETB 55 7 
24 CAN 56 8 
25 EM 57 9 
26 SUB 58 • 

• 
59 • 27 ESC , 

28 FS 60 < 
29 61 -GS -
30 RS 62 > 
31 US 63 ? 

BASIC PEEK and POKE 
commands which access a 
referenced location in memory. 
If you wish to use the ASCII set 
then the BASIC function 
CHR($) should be used, for 
example, PRINT CHR$ (12) 
clears the screen by using the 
appropriate ASCII control 
code, whereas POKEing code 
12 would output the respective 
graphic character . 

CODE SYM- CODE SYM-
BOL BOL 

64 @ 96 

65 A 97 a 
66 B 98 b 
67 C 99 C 
68 0 100 d 
69 E 101 e 
70 F 102 f 
71 G 103 9 
72 H 104 h 
73 I 105 i 
74 J 106 J 
75 K 107 k 
76 L 108 I 
77 M 109 m 
78 N 110 n 
79 0 11 1 0 
80 P 112 P 
81 Q 113 q 
82 R 114 r 
83 S 115 S 
84 T 116 t 
85 U 117 U 
86 V 118 V 

87 W 119 W 
88 X 120 X 
89 Y 121 Y 
90 Z 122 Z 
91 [ 123 { 

92 \ 124 I , 
93 ] 125 } 
94 1- 126 "V 

95 +- 127 DEL 
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Commodore PET 
--~ 

Screen memory:- 32768-33767 
8C(X)- 83E7 
Hex 

Formal: 25 lines of 40 
characters 

Noles : Graphics characters 
may be converted to lower case 
alphabetics with POKE 59468, 14 
and back with POKE 59468,12. 

CHR$ (147) clears the screen . 
Note that when outputting 
screen based information, the 
PET uses an absolute TAB 
rather than spaces which can 

INFORMATION 

apparently neat formats. 
F or full and well explained 
details on the PET see the 'PET 
Revealed' from Computabits , 
price £10. 

CODE SYM- CODE SYM - CODE SYM- CODE SYM - CODE SYM- CODE SYM - CODE SYM - CODE SYM-
BOL BOL BO L BOL BOL BOL BOL BOL 

o 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

@ 

A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
o 
P 
Q 
R 
S 
T 
U 
V 
W 
X 
Y 
Z 
[ 

\ 
] 

l' 
~ 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

" 
# 
$ 
% 
& 

) 

* + , 
• 

I 
o 
1 
2 
3 
4 
5 
6 
7 

8 
9 
• 
• 
• , 
< 

> 
? 
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64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

E3 
• r 

rl 

• Ie 
[LJ 
X 
r.+l ... 
[] 

• EB 
m 
OJ 
7[ 

~ 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

124 

125 

126 

127 

--
, , 
.R 

!!I"J 
::J 
H 

~ 
a: 

Cd 
HJ 
[J 

r::: 
:1 -LJ 

~ 

• o 
II..., -. 

128 

129 

130 

131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

143 

144 

145 

146 

147 

148 

149 

150 

151 

152 

153 

154 

155 

156 

157 

158 

159 

~ 
m 
[;] 
(fJ 

00 
GI 
[;lI 

~ 
(;J 

D 
II 
[3 

01 
~ 
~ 
(e] 
Jj 
[t] 
[;l 
~ 
U 
III 
~ 
~ 
~ 
n 
~ 
(I 

U 
II 
~ 

160 

161 

162 

163 

164 

165 

166 

167 

168 

169 

170 

171 

172 

173 

174 

175 

176 

177 

178 

179 

180 

181 

182 

183 

184 

185 

186 

187 

188 

189 

190 

191 
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GRAPHIC DETAILS 

Apple II 
Screen memory: As shown 
opposite . 

Format-Text: 24 lines of 40 
characters (characters of 5 by 7 
dots) 

Low-Res: 48 rows of 40 
characters 

High-Res: 192 by 280 dots 
(each dot is the size 
of a character dot 
from the text mode) 

Notes: The Apple also has the 
facili ty to mix text and graphics 
modes giving four 40 character 
text lines below the graphics 
area. The locations qiven here 
act as toggle switches 
so POKE 49232,0 would set 
GRAPHICS mode and POKE 
49233,0 would reset to TEXT 
mode . Apple can support 
colour operation with the 
addition of a colour card but it 

should be noted that it is not 
possible to display two High-Res 
dots of different colours next to 
one another. Both block and 
line graphics commands are 
supported by Applesoft BASIC 
and because of the two display 
areas, it is possible to switch 
rapidly between two separate 
pictures producing a silI1ple 
animated display. 

CODE SYM- SYM- SYM- CODE SYM- CODE SYM- CODE SYM-CODE BO L CODE BOL CODE BOL BOL BOL BOL 
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o 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

OJ 
2 
:I: 
(I) 

<0: 
-' 
"­
I­
::J 

'" 
2 
:;; 
::J 
-' o 
<.l 

~ 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

124 

125 

126 

127 

OJ 
2 
:I: 
(I) 

<0: 
-' 
"­
I­
::J 

'" N 
2 
:;; 
::J 
-' o 
<.l 
(I) 

<0: 

128 

129 

130 

131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

143 

144 

145 

146 

147 

148 

149 

150 

151 

152 

153 

154 

155 

156 

157 

158 

159 

@ 

A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
o 
P 
Q 
R 
S 
T 
U 
V 
W 
X 
Y 
Z 
[ 

\ 
] 

160 

161 

162 

163 

164 

165 

166 

167 

168 

169 

170 

171 

172 

173 

174 

175 

176 

177 

178 

179 

180 

181 

182 

183 

184 

185 

186 

187 

188 

189 

190 

191 

11 

# 
$ 
0/0 
& 

( 

) 

* + , 
• 
/ 
o 
1 
2 
3 
4 
5 
6 
7 
8 
9 
• 
• 
; 
< 

> 
? 

192 

193 

194 

195 

196 

197 

198 

199 

200 

201 

202 

203 

204 

205 

206 

207 

208 

209 

210 

211 

212 

213 

214 

215 

216 

217 

218 

219 

220 

221 

222 

223 

224 

225 

226 

227 

228 

229 

230 

231 

232 

233 

234 

235 

236 

237 

238 

239 

240 

241 

242 

243 

244 

245 

246 

247 

248 

249 

250 

251 

252 

253 

254 

255 
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Mode 
Text 

Page 1 Page 2 
1024-2047 2048-3071 
(0400-07FF) (0800-0BFF) 

Low-Res As Text As Text 

High-Res 8192-16383 16384-24575 
(2000-3FFF) (4000-5FFF) 

The three 'pure' modes and their 
corresponding screen addressing. 

Dec Hex Colour 

0 0 Black 
I I Magenta 
2 2 Dark Blue 
3 3 Purple 
4 4 Dark Green 
5 5 Grey I 
6 6 Medium Blue 
7 7 Light Blue 
8 8 Brown 
9 9 Orange 

10 A Grey 2 
I I B Pink 
12 C Light Green 
13 D Yellow 
14 E Aquamarine 
15 F While 

The available colours and their eodes 
lor Low-r.s grophlcs. 

Sharp MZ- SDK 
Screen memory: 53248-54247 

DOCO-D3E7 
Hex 

Format: 25 lines of 40 characters 

Notes: Taking the top left-hand 
corner of the screen as 
coordinate 0,0 the commands 
SET and RESET can be used to 
turn on or off any cell on a 50 
by 80 grid thus allowing limited 
double density plotting. Normal 
graphic codes are accessed by 
POKE; CHR$(l98) performs a 
ICLS I. 

Personal Software Autumn '82 

INFORMATION 

Three examples of 
the kind 01 
graphics display 
achieved using 
the Hlgh..-es 
capabilities 01 the 
Apple II. 

75 



GRAPHIC DETAILS 

Sharp MZ-80K (cont) 

CODE SYM-
CODE SYM- CODE SYM- CODE SYM- CODE SYM- CODE SYM- CODE SYM- SYM-

BOL BOl BOl BOl BOl BOl BOl CODE BOl 

0 ~ 32 raJ 64 ~ 96 ern 128 ~ 160 ~ 192 ~ 224 [d 
1 ~ 33 rn 65 [1]1 97 OJ 129 a 161 g 193 0 225 [] 
2 [8J 34 [2] 66 ~ I 98 ~.!J 130 b 162 iJ]] 194 0 226 g 
3 lCl l 35 [3J 67 • 99 lit] 131 C 163 ~ 195 m 227 E;l 
4 [1]1 36 [1J 68 ~ 100 ~ 132 d 164 ~ 196 CI 228 ~ 
5 [E] 37 [5J 69 [!] 101 l%l 133 e 165 ~ 197 I:l 229 U 
6 [E] 38 r61 L"'-J 70 ~ 102 [&J 134 f 166 ~ 198 [j] 230 ~ 
7 [GJ 39 [Z] 71 • 103 QJ 135 9 167 ~ 199 ~ 231 m 
8 [8] 40 [8J 72 0 ' 104 [] 136 h 168 E:J 200 18 232 ~ 
9 OJ 41 [!] 73 [2] 105 [lJ 137 I 169 El 201 I%l 233 Kl 

10 [J] 42 El 74 (] 106 rn 138 J 170 B 202 [±] 234 KJ 
11 [K] 43 El 75 [2 107 ~ 139 k 171 U 203 ~ 235 B 
12 [[] 44 rn 76 ~ 108 'r.~ 140 I 172 b 204 ~ 236 [iJ 
13 M 45 [ZJ 77 ~ 109 X 141 m 173 U 205 00 237 ~ 
14 [fJ] 46 0 78 I..iIII 110 f' 142 n 174 A 206 ~ 238 [SJ 

15 C1 47 [!] 79 [!] 111 r~ 143 0 175 0 207 [Q] 239 ~ 
16 [E] 48 Ll 80 i1-, J 112 0 144 P 176 [] 208 ~ 240 ~ 
17 [Q] 49 D 81 KJ 113 D 145 q 177 ~ 209 rn 241 [] 
18 [13] 50 D 82 [C 114 0 146 r 178 ~ 210 ~ 242 ~ 
19 [SJ 51 D 83 ~ 115 D 147 S 179 [] 211 ~ 243 ~ 
20 I [I] 52 B 84 [] 116 El 148 t 180 D 212 ~ 244 [;] 

21 [0] 53 []] 85 [@J 117 []] 149 U 181 ~ 213 ~ 245 [[] 

22 ~ 54 Ll 86 '~ 118 IZl 150 V 182 ~ 214 ~ 246 ~ 
23 fljJ 55 D 87 [2J 119 ISl 151 W 183 0 215 ~ 247 ~ 
24 [Z] 56 Q 88 ~ 120 El 152 X 184 CSl 216 ~ 248 GJ 
25 [Y] 57 [] 89 [S] 121 rn 153 y 185 bl 217 ~ 249 ~ 
26 [Z] 58 .. 90 ~ 122 ~ 154 Z 186 Q 218 ~ 250 []] 

27 ~ 59 [J 91 .' ,. 123 IJ 155 a 187 ~ 219 @] 251 ~ 
28 [g 60 0 92 Cd 124 bd 156 eLl 188 ~ 220 ~ 252 [;;l 

29 EIJ 61 0 93 ELl 125 0 157 Ll 189 tIl 221 [] 253 [;;] 

30 [E 62 ~ 94 Ell 126 ~ 158 CJ 190 ~ 222 [J 254 [d] 

31 E9 63 0 95 I , Ea 127 [) 159 EJ 191 I r~ 223 Ii/i:l 255 [;;] •• 
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INF'ORMATION 

harp MZ-80A 
,"creen memory: 53248- 55296 

DCXXl- DFFF 
Hex 

?orma!: 25 li nes of 40 characters 

_ otes: The screen area is a 2K 
:>Iock memory which scrolls 
ower the lK window of 
iisplayed information; Control 

CODE SYM- CODE SYM- CODE BOL BOL 

0 SP 32 a 64 

1 ~ 33 1 65 

2 fB 34 ~~ 66 
--3 ~ 35 .~ 67 

4 ~ 36 
' -'-

~ 68 

[[ 37 
~-

5 ~ 69 

6 [B 38 [§j 70 

7 &J 39 
_ . 
:1.. 71 

8 IEJ 40 ffiJ 72 

9 OJ 41 @J 73 

10 Q] 42 8 74 

11 [EJ 43 § 75 

12 [g 44 [J 76 

13 ili1! 45 ~ 77 

IN' r-14 " - 46 ~ 78 

15 cQ. 47 Q 79 
Fi 16 P 48 '-' 80 

17 .9 49 ID 81 

18 IR 50 0 82 

19 -~ 51 0 83 

20 1-' .l 52 '::J 84 

21 r~ 53 [lJ 85 

22 [£ 54 D 86 

23 ~ 55 0 87 

24 [8J 56 g 88 

25 iIJ 57 []] 89 

26 ~ 58 ~ 90 

27 :£ 59 CI 91 

28 '" 60 92 c. ~ 

29 :r-
- 61 :J 93 

30 :r 62 - 94 -
31 :.r: - 63 _I 95 

Personal Software Autumn '82 

------- . , 
E scrolls the memory do~-~_ 
and Control 0 scrolls it up. The~ 
entire screen area can be - [(this provides 
reversed by Control @' It is a static lK screen from 53248) 
also possible to simulate the and you can revert back to the 
screen configuration of the MZ· 'A' format with Controll. 

SYM- CODE SYM- CODE SYM- SYM- SYM- SYM-
BOL BOL BOL CODE BOL CODE BOL CODE BOL 

J 96 Jr 128 J 160 [:J 192 ! 224 -< 
-

~ 97 ! 129 .E 161 § 193 0 225 1. 
:"l1lI 98 " 130 -" - 162 [J] 194 11 226 ~ 

• 99 :If 131 ,c 163 iII! 195 = 227 'V 

~J 100 '$ 132 -a 164 --
CI ' " 196 228 ~ c~ 

r-' 
~ 

. - '., 
'~ 101 133 ~ 165 - , 197 I:l 229 ~ -" 
~ 102 [§!J 134 Li1 166 !8! 198 ~ 230 /'-.- 103 f"1i 

~ 
135 ~ 167 c::I 199 .. 231 ~ 

IQ 104 IT! 136 llil 168 E:l 200 H 232 -I<l 
T 
,~ 

105 CD 137 ITJ 169 B 201 :c 233 K 
(] 106 EEl 138 [L 170 

-. 
eli! 202 * 234 Ie 

~ 107 II] 139 'I< 171 ill] 203 oK 235 >-
SJ 108 ~ 140 [Il 172 @'j 204 >I- 236 H 

Ii..: 109 ~ 141 r,-
.!)1 173 

' ."7""'1 
205 ¥ 237 

... 
J.L .,.. 

-
::oil 110 ~ 142 _r:!..l 174 ~ 206 • 238 S 
C c: . -'7"' Q .... 111 143 i_O_ 175 ,a 207 239 ~'" 

~ 

P 0 ;::a 0 t . 112 :~ 144 176 208 240 

3J 11 3 0 145 q 177 \I"J 209 J; 241 ;' 

LL 0 ' -
178 C'Y 210 ~ .' 114 146 r 242 

~ 

115 0 147 179 [] 211 ~ 243 ~.~ ,,-, 5 L...J 

:1 116 A 148 t 180 0 212 ~ 244 .• __ . 

~: 117 IIJ 149 .u 181 ~ 213 0 245 [l ] 

~ 118 IZJ 150 ,v] 182 ~ 214 I'] 246 [;"] 
, 
> 119 rsJ 151 i~ 183 0 215 &J 247 [;"1 

, -
c±" 120 B 152 ~ 184 ~ 216 ~ 248 GJ 

1"- 121 IT 153 'X 185 6J 217 :sJ 249 r~~] 
~ 122 ~ 154 i zl 186 Cd 218 LJ 250 [J] 
~ . 

~ lil;" ~ 123 t:: 155 a 187 219 0 ' 251 
r- 124 

- , 156 ca 188 .L 220 13J 252 l~_.; J: = 
-- :J: 157 P" 189 EB 221 Ul 253 -
tL 125 ~ ~=~~ 

8J - 158 c: 190 A 222 !ZJ 254 ---!l 126 - I!I~ 

--- - : •• 1 :r: 127 ~1 159 '- 191 223 111.- 255 ,.~; 
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GRAPHIC DETAILS · 

NASCOM 
Screen memory: 2048-3071 

08C0- OBFF 
Hex 

Format: 16 lines of 48 characters 

Notes: A total of 256 bytes of 
video RAM are lost in the 

CODE SYM- SYM- CODE BOL CODE BOL 

0 Ii 32 SP 64 

1 . 33 I 65 

2 34 II 66 

3 35 :j:t: 67 

4 36 $ 68 

5 37 % 69 

6 38 & 70 

7 39 I 71 

8 ~: 
i 40 ( 72 

9 41 ) 73 

10 42 * 74 

11 43 + 75 

12 44 
, 

76 

13 45 - 77 

14 46 • 78 

15 47 / 79 

16 48 0 80 

17 49 1 81 

18 50 2 82 

19 51 3 83 

20 52 4 84 

21 53 5 85 

22 54 6 86 

23 55 7 87 

24 56 8 88 

25 57 9 89 

26 
... -. 

58 • 
• 90 

27 '. 59 • , 91 

28 60 < 92 

29 

I!::; 
61 - 93 -

30 62 > 94 

31 I i'l 63 ? 95 

78 

margins and should not be 
accessed by the user . These are 
the ini tial ten locations 
(08CO-0809 Hex) and the last six 
(OBF A-OBFF Hex) as well as 15 
groups of 16 bytes between 
each line. The top line of the 
display is not scrolled and may 

SYM- CODE SYM- SYM- CODE BOL BO L CODE BOL 

@ 96 128 W' 
160 

A 97 a 129 :::: 161 

B 98 b 130 \ 162 '-. 

C 99 C 131 -' 163 i 

0 100 d 132 , 164 

E 101 e 133 r 165 

F f 102 134 ~ 166 

9 G 103 135 ~ 167 

h H 104 136 168 

I 105 I 137 169 

J 106 J 138 
" 

170 

K 107 k 139 / 171 

L 108 I 140 II 172 

M 109 m 141 = 173 

N 110 n 142 ~ 174 

0 111 0 143 ~ 175 

P 112 P 144 r 176 

Q 113 q 145 1 177 

R 114 r 146 L 178 

S 115 S 147 J 179 

T 116 t 148 I 180 

U 117 U 149 f 181 

V 118 V 150 + 182 

W 119 W 151 1 183 

X 120 X 152 - 184 

Y 121 Y 153 J. 185 

Z 122 Z 154 T 186 

[ 123 { 155 S 187 

\ 124 I 156 1. 188 
I 

] 125 }- 157 - . ' 189 

l' 126 - 158 # 190 

- 127 
~ 

159 ,.) 191 

be used for titles , etc. The top 
line addresses follow on from 
those of the bottom line which 
can cause problems for the 
unwary. The NASCOM 2 offers 
an opti onal on-board graphics 
set whose codes are from 128 
up. 

SYM- CODE SYM- CODE 
SYM-

BOL BOL BOL 

SP 192 224 

, 193 225 , 

" 194 226 

195 227 -. 
196 228 

( o{ 

197 229 
~ 

198 230 
t 

199 231 
:; 

200 232 
p 

201 233 
y 

202 234 
~ 

I 
203 235 

204 236 
~ 

205 237 
o·~ en en 

206 " 238 " w w ± ... ... 
207 (J 239 (J 

" « « 
" " » 208 « 240 « 
J: J: 

209 (J 241 (J 

« ... ... 
w w 

~ 
210 X 242 X 

0:: ;;: 
A 

211 243 

¥ 
212 244 

:1; 
213 245 

,: 214 246 

215 247 
~ 

216 248 
Co 

217 249 
• 
0 

218 250 

i;J 219 251 

~ 
220 252 

., 221 253 

• 222 254 

t 
223 255 
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RML 380Z 
Screen memory: 61440-62209 

FOOO - F5FF 
Hex 

Formal: 24 lines of 40 characters 
wi th a 25 character (19 Hex) 
margin on the right -hand side 
of the screen. These positions 
will display but in a non­
ordered fashion. 

CODE SYM- CODE SYM - CODE BOL BOL 

0 32 SP 64 

1 33 I 65 

2 34 " 66 

3 35 £ 67 

4 :'1 36 $ 68 

5 37 % 69 

6 38 & 70 

7 39 , 71 

8 40 ( 72 

9 ":",:' 41 
) 73 

10 42 

* 
74 

11 :+ 43 + 75 

12 44 , 76 

13 .:::,. 45 - 77 

14 46 0 78 

15 47 / 79 

16 48 0 80 

17 49 1 81 

18 50 2 82 

19 51 3 83 

20 52 
4 84 

21 53 5 . 85 

22 54 6 86 

23 55 7 87 

24 56 8 88 

25 57 9 89 

26 58 • 90 
• 

27 59 • 91 , 
28 60 < 92 

29 61 - 93 -
30 62 > 94 

31 i'i 63 ? 95 

Personal Software Autumn '82 

Noles: Apart from the usual 
PEEK and POKE commands, 
the RML Extended BASIC offers 
several graphics commands as 
follows: GRAPH-sets the top 
20 lines to graphics mode, 
leavinq the bottom four for 
scrolled text; TEXT -resets the 
screen to full scrolling; 
PLOT -used for plotting points, 
characters or strings in the top 

SYM- CODE SYM- CODE SYM- CODE BOL BOL BOL 

@ 96 - 128 160 

A 97 a 129 161 

8 98 b 130 162 

C 99 C 131 163 

0 100 d 132 164 

E 101 e 133 165 

F 102 f 134 166 

G 103 9 135 167 

H 104 h 136 168 

I 105 I 137 169 

J 106 J 138 170 

K 107 k 139 171 

L 108 I 140 172 

M 109 III 141 173 

N 111) n 142 174 

0 111 0 143 175 
(I) 

P 112 P 144 cc 176 

q w 
Q 113 145 I- 177 

U 

R 114 r 146 « 
CC 

178 

S « 179 115 S 147 J: 

T 116 t 148 U 180 
...J 
W 

U 117 U 149 X 181 

V 118 V 150 "- 182 

W 119 W 151 183 

X 120 X 152 184 

Y 121 Y 153 185 

Z 122 Z 154 186 

+- 123 Y. 155 187 

Y, 124 II 156 188 

-+ 125 % 157 189 

l' 126 158 190 

'"' 
127 • 159 191 

INFORMATION 

20 lines with the bottom left­
hand corner being referenced 
0,0 and the top right being 
79,59. LINE - draws a straight 
line from the last coordinates to 
the specified position, and 
POINT -returns the character 
val ue stored at the given 
location. All the graphics 
characters can be plotted in two 
'shades' of white. 

SYM- CODE SYM- CODE SYM-
BOL BOL BOL 

192 224 

HI3 225 

194 226 

195 227 

196 228 

197 229 

198 230 

199 231 

200 232 

201 233 

202 234 

203 235 

204 236 

205 237 

206 238 

207 239 
(I) 

cc 208 240 
w 
I- 209 241 U « 210 242 CC « 

211 243 J: 
U 
...J 212 244 
w 
X 213 245 
"- 214 246 

215 247 

216 248 

217 249 

218 250 

219 251 

220 252 

221 253 

222 254 

223 255 

79 
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GRAPHIC DETAILS 

PC-8001B 
Screen memory: 62208-65207 

F3CXJ-FEB7 
Hex 

Format: 20 lines of 40 
characters (default) 
25 lines of 80 
characters 

Notes: Although 3K of RAM is 
provided, only 2K is actually 
used for the display. The extra 

CODE SYM- CODE SYM- CODE BOL BOL 

0 0 32 0 64 

1 ~ 33 0 65 

2 ~ 34 G 66 

3 ~ 35 00 67 

4 B 36 D 68 

5 §] 37 ['] 69 

6 5] 38 ['] 70 

7 ~ 39 ['J 71 

8 rBsI 40 0 72 

9 2!l 41 GJ 73 

10 B 42 0 74 

11 G 43 G 75 

12 51 44 0 76 

13 [C;;j 45 B 77 

14 §) 46 il 78 

15 [-;;] 47 IZJ 79 

16 §] 48 D 80 

17 §] 49 GJ 81 

18 §] 50 [] 82 

19 §] 51 [] 83 

20 B 52 GJ 84 

21 5J 53 L:. 85 

22 [g 54 D 86 

23 6J 55 GJ 87 

24 [§J 56 GJ 88 

25 ~ 57 G 89 

26 [';j 58 0 90 

27 ~ 59 0 91 

28 El 60 [SJ 92 

29 El 61 G 93 

30 rn 62 G 94 

31 ITl 63 0 95 

00 

IK is arranged as a fu rther 40 
columns on the right- hand side 
of the screen and stores the 
display attributes. A d ot 
resolution of 16Ox80 dots is 
possible and there are seven 
colours plus black . 

SYM- CODE SYM- CODE SYM- CODE BOL BOL BOL 

[;;] 96 iJ 128 D 160 

D 97 0 129 D 161 

D 98 G 130 ~ 162 

['] 99 0 131 ~ 163 

G 100 0 132 .. 164 

G 101 0 133 • 165 

['J 102 GJ 134 .. 166 

[GJ 103 GJ 135 • 167 

["] 104 [;;] 136 0 168 

GJ 105 0 137 0 169 

GJ 106 CJ 138 [] 170 
~ 107 0 139 Il 171 L'J 

['] 108 GJ 140 III 172 

G 109 G:l 141 III 173 

["] 110 D 142 III 174 

[GJ 111 [J 143 EE 175 

0 112 D 144 E9 176 

[GJ 113 GJ 145 53 177 

["] 114 0 146 8J 178 

["] 115 0 147 [] 179 

['J 116 0 148 El 180 

0 117 [J 149 [.::J . 181 

[J 118 [J 150 rn 182 

G 119 [J 151 [] 183 

[;;] 120 [J 152 ca 184 

0 121 GJ 153 5J 185 

0 122 0 154 [lj 186 

[] 123 D 155 t'J 187 

lSI 124 CJ 156 Cd 188 

[] 125 [JJ 157 El 189 

~l 126 G 158 ['3 190 

L:"J 127 0 159 El 191 

SYM- COOE SYM- CODE SYM-
BOL BOL BOL 

0 192 8 224 § 

~ 193 GJ 225 rn 
GJ 194 D 226 ffi 
0 195 W 227 §] 

~ 196 0 228 COiiI 

l'] 197 0 229 ~ 
0 198 D 230 ["'III 

rn 199 0 231 Il"'l 
["] 200 [!] 232 [1] 

rn 201 [l 233 [!] 
El 202 0 234 [1] 

B 203 ~ 235 [1] 

I.:l 204 I..:J 236 ~ 
[<] 205 ~ 237 [Q] 

[<] 206 ~ 238 0 
[J 207 0 239 [SJ 

B 208 III 240 ~ 
[<] 209 G 241 El 
GJ 210 G 242 [I] 

0 211 G?J 243 El 
['] 212 0 244 El 
['] 213 ['] 245 8J 
0 214 ['] 246 [] 

0 215 [] 247 D 
0 216 [] 248 

0 217 [§J 249 

GJ 218 0 250 

0 219 D 251 

D 220 ['J 252 

GJ 221 0 253 

0 222 0 254 

I'l 223 W 255 
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Sorcerer 
Screen memory: 61568-63487 

F08O-F7FF 
Hex 

Format: 30 lines of 64 characters 

Notes: The Sorcerer supports 
128 fi xed characters and 128 
p rogrammable characters - the 
first user defined characters a re 
defi ned at switch -on but may be 

CODE SYM-
CODE SYM - CODE BOL BOL 

0 0 32 64 

1 r 33 I 65 

2 1 34 II 66 

3 J 35 t4 67 

4 ''\. , 36 $ 68 

5 B 37 ~.~ 69 
, , 38 ~. 6 ',' '-', 70 

7 0 39 
, 

71 

8 '\ 40 ... 72 , 
~ ) 9 "7 41 73 
-

* 10 - 42 74 -
11 '.' 43 + 75 

12 ~f. 44 ) 76 

13 if 45 - 77 

14 @ 46 78 

15 0 47 "or' 79 

16 8 48 ~3 80 

17 ~ 49 1 81 

18 iii 50 2 82 

iii ~ 

19 51 ,j 83 

20 , '!I 52 4 84 , 
5 21 ,,t 53 85 

22 n 54 6 86 

23 1 55 7 87 
0::- 8 24 56 88 .::. 

25 t 57 q 
89 -' 

26 
,~ 

58 : 90 , 
27 8 59 

) 91 

28 ~ 60 < 92 

29 iii 61 - 93 -
30 iii 62 ':. 94 

" 

31 ~ 63 ,-, 
95 ~ 

Personal Software Autumn '82 

changed. These reside between 
128 and 191, the remaining 64 
are left blank. The characters 
are defined on an eight by eight 
grid and can be saved on tape 

SYM - CODE SYM- CODE SYM- CODE BOL BOL BOL 

I~ 96 "- 128 I 160 

A 97 a 129 I 161 

B 98 b 130 I 162 

C 99 C 131 I 163 

D 100 d 132 • 164 

E 101 e 133 I 165 

F 102 f 134 I 166 

G 103 ';I 135 I 167 

H 104 h 136 () 168 '-" 

I 105 1 137 - 169 

.] 106 J 138 - 170 

K 107 k 139 - 171 

L 108 1 140 172 -
r'1 109 m 141 1'T' 173 

t~ 110 n 142 X 174 

0 111 0 143 ;' 175 

P 112 P 144 --, 176 

Q r 113 q 145 177 

R 114 r 146 -, 178 

S c ,. 179 115 147 -' 

T 116 t 148 .., 180 

U 117 U 149 • 181 

' , 118 V 150 182 V • l},J 119 w 151 183 -' , >:: 152 • 184 " 120 ."1 

V 121 '::,I 153 .. 185 

Z 122 Z 154 '., 186 

[ 123 { 155 .. ' 187 

...... 124 
, 

156 L 188 , 
] 125 } 157 -.J 189 

..... 126 .--' 158 ~ 190 

127 i 159 ~ 191 -

INFORMATION 

and re- loaded, useful for 
simulating other machines. 

SYM - CODE SYM- CODE SYM-
BOL BOL BOL 

• 192 224 

• 193 225 

I 194 226 

• 195 227 

'I- 196 228 .. 197 229 

•• 198 230 

I 199 231 

I 200 232 - 201 233 - 202 234 

/' 
,,' 

203 235 

' .... 204 236 
" 

+ 205 237 

206 238 -
207 239 -
208 240 

-m 209 241 

..L. 210 242 - 211 243 

~ 212 244 
u 
:>; 213 245 . ... 
I 214 246 

I 215 247 

:::::::: 216 248 

-l 217 249 

218 250 -
"T 

219 251 

r 220 252 

., 221 253 

L 222 254 

.J 223 255 

81 



GRAPHIC DETAILS 

CODE SYM- CODE SYM-
BOL BOL 

0 ~ 32 I' 

1 § 33 I 
2 mr 34 " 
3 ~ 35 1+ 
4 tJ 36 $ 
5 D 37 % .... 

6 Pl 38 & u 

7 g 39 I 

8 g 40 ( 

9 :::w 41 ) 
10 0 42 

* 11 ~ 43 + 
12 B 44 , 
13 ~ 45 -
14 0 46 • 
15 ~ '-' 

47 / 
16 ~ 48 0 
17 a 49 1 
18 G 50 2 
19 II 51 3 
20 ~ 52 4 
21 ~ 53 5 
22 ~ 54 6 
23 ~ 55 7 
24 ~ 56 8 
25 CJ 57 9 
26 B 58 • 

• 
27 ~ 59 • , 
28 ~ 60 < 
29 ~ 61 --
30 ~ 

62 > 
31 

~ 
63 ? 

82 

CODE SYM- CODE BOL 

64 @ 96 

65 A 97 

66 B 98 

67 C 99 

68 0 100 

69 E 101 

70 F 102 

71 G 103 

72 H 104 

73 I 105 

74 J 106 

75 K 107 

76 L 108 

77 M 109 

78 N 110 

79 0 111 

80 P 112 

81 Q 113 

82 R 114 

83 S 115 

84 T 116 

85 U 117 

86 V 118 

87 W 119 

88 X 120 

89 Y 121 

90 Z 122 

91 [ 123 

92 \ 124 

93 ] 125 

94 ... 126 

95 127 

SYM-
BOL 

....... 

~i 
!+ 

• 
+ 
~ 
C 
;;;] 
~ 
r 
I .... 

- --r: 
:I 
I; 
~ 
/' 
-- " 

" c~ 
~ -L--.l 

1 -• 
D 
~ 
~ 
~ • m 
l!J 
EJ 
B .' 

m 

TRITON 
Screen memory: 4096-5119 

1cx:xJ - 13FF 
Hex 

Format: 16 lines of 54 'characters 

Notes: Direct access is available 
to the VDU control chip with 
the VDU O,n command in 
BASIC where n is one of a 
number of control codes. Some 
useful ones are: 8- Backspace, 
9-Cursor Right, lO- Line 
Feed, II - Cursor Up, 
12-Clear Screen, 13- Carriage 
Return erasing remainder of 
line, 27- Sc rollinq Line Feed, 
28- Home C ursor and 29-non­
destructive Carriage Return. 
Normal screen access is by the 
VDU x, y format where x is the 
position and y is the selected 
character. On some early 
versions of the TRITO N you 
must have a delay after clearing 
the screen; a 150 FOR . .. NEXT 
loop normally suffices. 

~~~~~iJ 
5 6 7 8 9 10 

~~~~6~ 
11 12 24 28 94 179 

~~w~~~ 
180 181 182 211 212 213 

~~I~~~ 
214 230 232 241 242 243 

~~~~i[i 
244 245 246 247 248 249 

~~~~~~ 
250 251 252 253 254 255 

The following 36 characters are from 
the Superboard " and should be 
Inserted In the table opposite when 
using that system. 
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INFORMATION 

UK 1011 Superboard II 
similar but they do have 
differences both in their graphic 
sets and the iayout of the screen 
memory. 

UKlOl 
Screen memory: 53248-54271 
(visib le screen 53259-54269) 

DCXXl - D3FF 
Hex 

(visible screen DOOB-D3FD Hex) 

Formal: 16 lines of 64 characters 
(visible screen - 16 lines of 51 
characters) 

CODE SYM-
CODE SYM- CODE BOL BOl 

0 ~: 32 64 

1 I~i 33 
I 

65 

)~ 
Ir 

2 34 66 

3 
v 

" 
35 # ~ 67 

4 >i! 36 ~ 68 

5 " 37 ~ 69 , 
6 C 38 & 70 

-- I 
7 

1.1 
39 71 

8 B 40 ( 72 
) 9 !;! 41 73 

10 42 

* 74 

11 A 43 + 75 

12 44 - I 76 

13 • 45 - 77 

14 ~ 
46 78 

15 

* 
47 ! 79 

16 t 48 0 80 

17 ." 49 1 81 

18 

'" 
50 2 82 

19 , 51 3 83 

20 l 52 4 84 

21 " 53 ~ 85 

22 ~ 54 6 86 

7 23 \ 55 87 

24 £ 56 8 88 

25 ... 57 9 89 

26 II 58 : 90 

27 0 59 I 91 

28 ~ 60 < 92 

29 ~ 61 = 93 

30 ? 62 
> 94 

31 \I 
\I 

63 ? 95 
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Supe rboard II 
Screen memory: 5337954171 

D083-D39B 
Hex 

Format: 25 lines of 25 characters 

Notes: Among the more popular 
single board machines 
equipped with graphics are the 
Superboard II and its UK 
competitor, the UK !O J. The two 
systems are basically very 

SYM- CODE SYM- CODE SYM-
BOl BOl BOl CODE 

~ 96 128 - 160 

R 97 a 129 - 161 

~: 98 b 130 - 162 

r 99 c 131 - 163 

0 100 d 132 - 164 

E 101 e 133 - 165 

F f 134 - 166 102 

IG 103 g -135 167 

H 104 h 136 I 168 

I 105 1 137 I 169 

J 106 J 138 I 170 

K 107 k 139 I 171 

L 108 1 140 I 172 

M 109 m 141 I 173 

N 110 n 142 I 174 

0 111 0 143 I 175 

P 112 P 144 - 176 -Q 113 q 145 177 

R 114 r 146 I 178 

S 115 S 147 I 179 

T 116 t 148 - 180 

U 117 U 149 I 181 

U 118 V 150 182 • 
W 

• 119 W 151 183 

X 120 X 152 I 184 

Y 121 Y 153 I 185 

Z 122 Z 154 • 186 

[ 123 { 155 • 187 

\ 124 ;' 156 I 188 

] 
I 

125 , 157 I 189 

1 126 - 158 • 190 

127 ,- 159 • 191 -

The 'non-printing ' functions for the 
various monitors. 

FUNCTION MON 01 MON 02 CEGMON 
Carriage 
Return 
Cursor Left 
Cursor Right 
Cu rsor Up 

13 

Cursor Down 10 
Home 
Clear Screen 
Clear 
W indow 

SYM-
BOl CODE 

• 192 

I 193 

• 194 

• 195 

• 196 

• 197 

I 198 

• 199 

• 200 

.. 201 

I 202 

• 203 

• 204 

• 205 

• 206 

r 207 

j 208 , 
209 

~ 210 

'* 
211 

{: 212 

{i 213 

i:,. 214 
!i\ 

215 

!i\ 216 

~ 217 

" ~ 218 
'If. if!( 219 

X " 220 

/ 221 
\ , 222 
" , 
" 223 

SYM-
BOl 

( 
i\ 

) 
,,-

,,-
.... 

.... 
\ 
\ 
I 
I 
L 

r , 
J 

l 
J 
L 
I 
! 
J 
, 

" " 
.I. 

~ 
T 
i 
+ 

"-

( 

" 

J 

13 
08 
09 
11 
10 

12 

CODE 

224 

225 

226 

227 

228 

229 

230 

231 

232 

233 

234 

235 

236 

237 

238 

239 

240 

241 

242 

243 

244 

245 

246 

247 

248 

249 

250 

251 

252 

253 

254 

255 

13 

11 

10 
12 
26 

30 

SYM-
BOl 

( 
) 
0 
C 
) , 
+ 
+ • " " ~ 
~ 
+ + 
t 
+ 
1 
[ 

B 
Q 

S 
t 
Ji 
~ 

ff 
I 
\ 
, ~ 

8 
\ 

V 
r 

B3 



GRAPHIC DETAILS 

Tandy TRS - 80 Model 1 
Screen memory: 15360-16383 

3Ccx)- 3FFF 
Hex 

Formal: 16 lines of 64 
charaders, seledable to 32 
charaders 

Notes: Charader codes from 0 
to 31 are control codes. 
Notable ones are: 14- Cursor 
on, IS- Cursor off, 23-32/64 

charader select, 29- Reset 
cursor to start of line, 30- Erase 
to end of line , 31-Erase to end 
of frame. Pixel graphics are 
accessed by codes 129 to 191 
inclusive and the remaining 64 
are used as TAB generators 
from 0 spaces to 63 spaces for 
space commission in programs. 

INFORMATION 

SYM- SYM- SYM- SYM- SYM- SYM- SYM- SYM-
CODE BOL CODE BOL CODE BOL CODE BOL CODE BOL CODE BOL CODE BOL CODE BOL 

B4 

o 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 
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Dr G J Marshalt INFORMATlON 

GRAPHICS 
DIRECTORY 

All the facts and 
figures about 
most popular 
micros 

T his article presents a 
survey of the graphics 
facilities available on 

personal computers. The 
computers covered range from 
the cheapest single board 
systems through the established 
machines to the most recently 
available offerings, including 
the Sinclair Spectrum and 
NEe's personal computer. The 
graphics facilities themselves 
vary from the crudest pixel 
graphics to highl y sophisticated 
colour systems with commands 
which, for example, permit a 
shape to be filled with a 
specified colour. 

The classification of the 
graphics facilities, devised by 
the Editor, seems qui te 
straightforward , and is designed 
to show what kind of facilities 
are possessed by each machine 
and how they are provided . 
However, some machines 
manage to defy classification. In 
each case a classification is 
given, but it is a good idea to 
read the 'Comments' section 

Type of graphics: Line 

where an explanation or a 
qualification of a particu lar 
categorisation may appear. 

The section 'Type of 
Graphics' shows if a system 
provides colour or monochrome 
displays, and also if the 
graphics system operates with 
line, block or pixel graphics. In 
the latter case, several systems 
possess more than one of the 
types and , for the purpose of 
categorisation, line takes 
precedence over block, which, 
in turn, takes p recedence over 
pixel. 

Under 'Resolution', the 
highest available resolution 
using a standard machine is 
given. It would seem to be 
straightforward to give the size 
and address range of the screen 
memory, but even here there 
are exceptions, and , to give an 
example, the Sinclair ZXBl has 
a variable size screen memory 
that does not occupy a fi xed 
position . 

The 'Commands' section 
should give a good idea of the 

Resolution: 
Black and white 
256 x 192 

Memory required: 6K 

power of a graphics system from 
the user's point of view. It 
includes only those commands 
that are exclusively for 
graphiCS, so that PEEK and 
POKE , for instance, 
are not included 
because this is not their 
exclusive purpose. 

Under 'Extras Available', 
only those items supplied by the 
manufacturer of the micro in 
question are considered. Even 
here, only those items that are 
known to be available (as 
opposed to being promised) are 
listed. For this reason the 
number of extras mentioned 
may be on the conservative 
side. 

This survey is intended as an 
aid to evaluating the graphics 
capabilities of the personal 
computers that are covered in 
the survey. It should also permit 
comparisons to be made and, 
finally, it does reveal the 
increasing sophistication of the 
graphics faciliti es that are now 
readi ly available. 

Acorn ATOM 

Screen format: 
Address range: 

Columns ° to 255, rows ° to 191 , cell (0,0) a t bottom left 
32768 to 38911 (8CXJO to 97FF Hex) 

Commands: CLEAR, PLOT, MOVE, DRAW 

Comments: The ATOM has nine graphics modes. To obtain the highest resolution of 256 x 192, it is 
necessary to have the full memory complement of 12K of ROM and 12K of RAM installed. The 16 forms 
of the PLOT command permit moving and drawing to pOSitions speci fied either as absolute posItions on 
the screen or given relative position; plotting a pomt at an absolute or a relative position; drawing or 
plotting in black and white; and erasing lines or points. The MOVE and DRAW commands give the same 
effect as particular cases of PLOT. Graphic displays cannot contain letters or numbers (unless they are 
designed by the programmer and plotted on the display). The ATOM also supplies for low resolution 
graphics the full complement of pixel graphics characters on a 
2 x 3 mosaic : 64 in black and white and 64 in black and grey. 

Extras available: For colour graphics, Acorn provide a PAL UHF colour encoder. A colour graphics 
extension ROM provides the extra COLOUR command. The hIghest resoluti on for colour graphics is 128 

~Et~x 192 with four colours available . 
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GRAPHICS DIRECTORY 

Type of graphics: 

Resolution: 
Memory required: 
Screen format: 
Address range: 
Commands: 

Line 
Colour 
280 x 192 
8K 

Apple II 

Columns 0 to 279, rows 0 to 191, cell (0,0) at top left . 
16384 to 24575 (4CXlO to 5FFF Hex) 
For low-resolution graphics: GR, COLOR, PLOT, HUN, VUN, 
SCRN 
For high-resolution graphics: HGR, HGR2, HCOLOR, HPLOT 
For mobile graphics SHLOAD, DRAW, XDRAW, ROT, SCALE 

Comments: HGR2 selects the highest resolution of 280 x 192 and clears the screen. HGR gives a 
resolution of 280 x 160 with, below the graphics area, four lines available for text, but using a different 
memory address range (8192 to 16383). HCOLOR can set one of eight colours for plotting, but two of 
them are white and two more are black l Further, when individual dots are plotted they do not appear in 
the specified colour unless the adjacent horizontal dot is a lso plotted. HPLOT will plot a point (HPLOT 
10, 10), a line (HPLOT 10, 10, TO 20,20) or a sequence of linked lwe segments (HPLOT 10, 10 TO 20,20 
TO 20,30). The commands for mobile graphics permit a table g iving a binary representation of a shape 
to be loaded from tape . Once loaded it can be drawn, erased, rota ted and scaled. These commands 
permit the generation of realistic, rapidly moving displays from BASIC. 

Extras available : Apple provide a number of utility packages to assist in the use of high-resolution 
graphics. The Apple Graphics Tablet consists of a stylus, an II " square digitising surface and an 
interface card. It permits the direct input of images to the Apple, giving a resolution of 167 points to the 
inch. Also Apple Pascal incorporates Turtle graphics which provide the commands PENCOLOR, 
TURNTO, TURN and MO\T 

Type of graphics: 

Resolution: 
Memory required: 
Screen format: 
Address range: 
Commands: 

Line 
Colour 
320 x 192 
8K 

Atari 400 

Columns 0 to 319, rows 0 to 191, cell (0,0) at top left 
Memory is scattered and depends on the configuration in use 
GRAPHICS, SETCOLOR, COLOR, POSITION, PLOT, 
DRAWTO, XlO 

Comments: As Atari 800. The main differences from the Atari 800 are in the keyboard and the size of 
the RAM. This only affects the graphics in so far as there is less RAM available to the user. 

Extras available : As Atari 800. 

Type of graphics: 

Resolution: 
Memory required: 
Screen format: 
Address range: 
Commands: 

Line 
Colour 
320 x 192 
8K 

Atari 800 

Columns 0 to 319, rows 0 to 191, cell (0,0) at top left 
Memory is scattered and depends on the system configuration 
GRAPHICS, SETCOLOR, COLOR, POSITION, PLOT, 
DRAWTO, XlO 

Comments: There are nine graphics modes; some of them give a four line text area below the plotting 
area. The colour and colour inten sity of the background and of the p lotting colour can be changed using 
SETCOLOR. COLOR selects the plotting colour. XIO will fill a shape with a speCified colour prOvided 
that the shape has preViously been properly described for it. The background and plotting colours can 
each be any of 16 colours and can have any of 16 intensities. The combination of resolution, colour 
variety and colour intensity range allow remarkable colour displays to be generated; this is exhibited as 
well as anything by a remarkable aircraft landing simulation program. 

Extras available: Atari provide a range of graphics program utili ties for many applications including 
the generation of three-dimensional displays. The Versawnter is a digitiser for the direct input of images 
to the Atari . Its digihsing surface has an active area of 8" x 12. V2 " and gives a resolution exceeding 
3/100. Atari Pilot incorporates Turtle graphics and includes the commands TURN and DRAW. 



Type of graphics: 

Resolution: 
Memory required: 
Screen format: 
Address range: 
Commands: 

Line 
Colour 
320 x 256 
10K 

INFORMATION 

BBC Model A 

Columns ° to 319, rows ° to 255, cell (0,0) at top left 
22528 to 32767 (58CX) to 7FFF Hex) 
CLG, GCOL, MODE, POINT, PLOT, MOVE, DRAW 

Comments: There are 16 colours available and four graphiCS modes. Model A has Insufficient memory 
to get the othe r four modes of the Model B. Only two colours can be used In the highest resolu ti on 
mode, although four are available wi th a resolution of 160 x 256, and when used in Teletext mode (with 
pixels on a 2 x 3 mosaic), all 16 colours are available. CLG clears the graphics screen, GCOL is used 
to select the colours for both foreground and background In plotting, and MODE sets the graphics 
mode. The colour at any point on the screen can be determined with POINT. PLOT can be used in very 
flexible fashion for moving and drawing, and MOVE and DRA Ware both equivalent to partIcular cases 
of PLOT. When using PLOT, coordinates can be given in absolute or relative form, the plotting colour 
can be specified, contInuous or broken lines can be drawn and filled triangles can be plotted. The 
significance of the triangle is that it can be used to construct drawings of solid objects. Finally, block 
graphics can be defined by the user on an 8 x 8 dot matrix, so that the displays of other micros can be 
simulated . 

Extras available : Extras? Have you got a decent manual yet? 

Type of graphics: 

Resolution: 
Memory required: 
Screen format: 
Address range: 
Commands: 

Line 
Colour 
640 x 256 
20K 

BBC Model B 

Columns ° to 639, rows ° to 255, cell (0,0) at top left 
12288 to 32767 (3CXXl to 7FF F Hex) 
CLG, GCOL, MODE, POINT, PLOT, MOVE, DRAW 

Comments: There are 16 colours available and eight graphics modes. Only two colou rs can be used in 
the highest resolutIon mode, although four are available with a resolutIon of 320 x 256 and a ll 16 at the 
160 x 256 resolutIon. CLG clears the graphics screen, GCOL is used to select the colours for both 
foreground and background in plotting, and MODE sets the graphics mode. The colour at any point on 
the screen can be determined wi th POINT. PLOT can be used in very fl exible fashion for moving and 
drawing, and MOVE and DRAW are both equival ent to particular cases of PLOT. When using PLOT, 
coordinates can be given in absolute or relative form, the plotting colour can be specified, continuou s or 
broken lines can be drawn and filled triangles can be plotted. The significance of the triangle is that it 
can be used to construct drawings of solid objects. Block graphics can a lso be defined by the user on an 
8 x 8 dot matrix, so that the displays of other micros can be simulated. 

Extras available : See this section for the Model A Machine . the same applies! 

Type of graphics: 

Resolution: 
Memory required: 
Screen format: 
Address range: 
Commands: 

Block 
Black & white 
BO x 50 
lK 
25 lines of 40 characters 

Commodore 2001, 
3000 & 4000 

32768 to 33767 (8CXXJ to 83EF Hex) 
None 

Comments: There is a reper tOire of 62 pixel graphics characters . Each one is designed on an 8 x 8 dot 
matrix . Pseudo high -resolution graphics can therefore be obtained to a resolution of 320 x 200 by using 
them ingeniously because, for example, there are eight different horizontal line, and vertical line, 
graphics characters. The PET's graphi cs characters are the original set on which all others have been 
more or less closely based. However, shapes tend to be typically either rectangu lar approximatIons or of 
the 'stick man' variety. Since no graphics commands are prOvided, the graphics characters are placed 
on the screen by using the PRINT command or a POKE to screen memory. In this way, letters and 
numbers can appear anywhere on graphic displays . For plotting lines or curves, quartered (2 x 2 ) pixel 
graphics characters can be used to obtain a resolution of 80 x 50. 

Extras available : Graphics packages are available, for example, to give pseudo high-resolution line 
drawing . 'PET graphics' by Nick Hampshire gives many routines for generating graphics as well as 
giving a design for a light pen . 



GRAPHICS DIRECTORY 

Type of graphics: 

Resolution: 
Memory required: 
Screen format: 
Address range: 

Commands: 

Block 
Colour 
44 x 46 
IK 
23 lines of 22 characters 

Commodore VIC-20 

7680 to 8185 and 38400 to 38905 (IEOO to IFF9 Hex and 9600 to 
97F9 Hex) 
None 

Comments; The VIC has 62 block graphics characters on an 8 x 8 dot matrix which are identical to 
those of the PET. Pseudo high-resolu ti on graphics can be obtained to a resolution of 176 x 184 because, 
as with the PET, there are eight different horizontal line graphics characters. The memory area from 
768fJ to 8185 is used to hold the codes for the characters displayed on the screen while the area from 
384CXJ to 38905 stores the colour information. Characters can be plotted in any of eight colours, while 
the background can be in any of 16 and the border around the plotting area of any eight. Thus, a 
character can be placed on the screen by using two POKE commands - one for the character and one 
for its colour. Alternatively, this can be done with a PRINT command with the colour specification 
included in it. The resolution of 44 x 46 is obtained using the quarter (2 x 2) pixel graphics characters. 

Extras available; A cartridge is available to give high-resolution graphics to a resolution of 176 x 158. 
It provides commands that include PAINT, POINT, DRAW, COLOUR, CIRCLE and REGION. Joysticks 
and paddles are available and a light pen is reputed to be on the way . 

Type of graphics: 

Resolution: 
Memory required: 
Screen format: 
Address range: 
Commands: 

Block 
Black and white 
48 x 16 
IK 
16 lines of 48 characters 

Compukit UK 101 

53248 to 54271 (DOOO to D3FF Hex) 
None 

Comments: A wide range of graphics characters is available on an 8 x 8 dot matrix. The inclusion of 
eight horizontal line characters and eight vertical line characters make possible pseudo high-resolution 
graphics to a resolution of 384 x 128. The characters can be placed in the screen using PRINT. The use 
of POKE is less convenient since the memory is mapped in lines of 64 characters of which up to 48 per 
line can be displayed. Although the UK 101 possesses a number of pixel characters, II has no complete 
set on any mosaic . 

Extras available: None . 

Type of graphics: 

Resolution: 
Memory required: 
Screen format: 
Address range: 
Commands: 

Line 
Colour 
336 x 256 
23K 
Columns ° to 335, rows ° to 255, cell (0,0) at bottom left 
25600 to 49151 (6400 to BFFF Hex) 

DAI 

MODE, COLORT, COLORG, DOT, DRAW, FILL, SCRN 

Comments; Any of 12 graphics modes can be set with MODE; there are three different resolutions and 
the option to have a text window below the plotting area with each . In some modes 16 different colours 
can be used, while in others any four of the 16 are available. However, when using all 16 colours there 
are restrictions on how many of them can be used in each eight columns-wide band. This means that 
plots have to be carefully planned, but there IS an 'ANIMATE' facibty which takes advantage of the 
restriction and works by making colours appear or disappear against the background so that animation 
effects result. COLORG sets the colours in a four colour mode, COLORT sets up background and 
plotting colours, DOT plots a point, DRAW draws a bne and FILL fills a rectangle when two of its 
corners are specified. 

Extras available: None. I 



Type of graphics: 

Resolution: 
Memory required: 
Screen format: 
Address range: 
Commands: 

Block 
Black and white 
128 x 60 
2K 
30 lines of 64 characters 
- 3968 to - 2058 (F080 to F7FF Hex) 
None 

INFORMATION 

Exidy Sorcerer 

Comments: The Sorcerer provides the capability for 128 block graphics characters on an 8 x 8 dot 
matrix. All 128 characters can be designed by the user, although 64 of them are set at swi tch -on. The 
definitions of the graphics characters are held in locations FCOO to FFFF Hex. The default characters 
include the quarter (2 x 2) pixel graphics to give a resolution of 128 x 60. A judicious choice of graphics 
characters can give a pseudo high-resolution capability of 512 x 240. The ability to define up to 128 
graphics characters means , for example, that other alphabets such as Greek or Arabic can be defined 
and used, or that all pixel graphics on a 2 x 3 mosaic can be defined, so increasing the resolution. 

Exlras available: None. 

Type of graphics: 

Resolution: 
Memory required: 
Screen format: 
Address range: 
Commands: 

g~l~ur Grundy NewBrain 
640 x 250 
Information not provided 
30 lines of 80 characters 
Information not provided 
MOVE, MOVEBY, TURN, TURNBY, PLACE , BACKGROUND, 
COLOUR, WIPE, DRAW, DRAWBY, DOT, CENTRE, FILL, 
RANGE, AXES, PEN 

Comments: The plotting commands are given in the form 'PLOT plotlis!' , so that a typical command 
might appear as PLOT MOVEBY(5), TURNBY(90). WIPE clears the screen. The MOVE command, unlike 
that on any other micro, permits a line to be drawn; DRAW allows a line to be drawn in a specified 
colour. TURN causes the direction in which the drawing 'pen' faces to turn to a specified directi on. 
MOVEBY, DRA WBY and TURNBY all operate as MOVE, DRAW and TURN, bu t relative to the current 
position . PLACE moves the pen to a speCified position and DOT marks a single dot in a specified colou r. 
BACKGROUND sets the background colour and COLOUR the plotting colour. With CENTRE, the origin 
can be relocated, RANGE sets the horizontal and vertical ranges, and two labelled axes can be drawn 
with AXES. PEN is used to find the position, orientation and other states of the pen. There are many 
options for configuring the screen to mix areas displaYing high-resolution graphics and text. The 
resolutions can also be set to any of several alternatives. A wide range of characters is prOvided 
including a complete set of pixels on a 2 x 3 mosaic and the Greek alphabet. 

Extras available : It is not clear that all the facil! ties implied by the speCification are yet available, 
including in particular, the colour capability. 

Type of graphics: 

Resolution: 
Memory required: 
Screen format: 
Address range: 
Commands: 

Pixel 
Black and white 
96 x 48 
lK 
16 lines of 48 characters 
2048 to 3071 (800 to BFF Hex) 
None 

NASCOM 1 

Comments: The NASCOM 1 is programmed in machine code and so has no special commands for 
graphics. The resolution is obtained by placing pixels with a 2 x 3 mosaic on the screen. The locations 
in memory to whi ch the screen is mapped are awkwardly arranged in lines of 64 characters of which 
only 48 are displayed. The addresses start at the second line down, and the addresses for the top line 
follow those of the bottom line! The top line of the screen is static and does not scroll . 

Exlras available: None. 



GRAPHICS DIRECTORY 

Type of graphics: 

Resolution: 
Memory required: 
Screen format: 
Address range: 
Commands: 

Pixel 
Black and white 
96 x 48 
lK 
16 lines of 48 characters 
2048 to 3071 (800 to BFF Hex) 
CLS, SET, RESET, POINT 

NASCOM 2 

Comments: The resolution is obtained by using pixels with a 2 x 3 mosaic . CLS clears the screen, SET 
plots a point and RESET can erase a point. With POINT, it is possible to determine if a point is plotted at 
a particular place . When using these commands, the coordinates are a little awkward. The top three 
rows on the screen are rows 45 to 47. The remaining rows are rows 0 to 44, the columns are columns 0 to 
95 and so for this part of the screen the cell (0,0) is at the left of the fourth line down from the top of the 
screen. 

Extras available: None. 

Type of graphics: 

Resolution: 
Memory required: 
Screen format: 
Address range: 
Commands: 

Pixel 
Black and white 
96 x 48 
lK 
16 lines of 48 characters 
2048 to 3071 (800 to BFF Hex) 
CLS, SET, RESET, POINT 

NASCOM 3 

Comments: The resolution is obtained using pixels with a 2 x 3 mosaic. CLS clears the screen, SET 
plots a point and RESET can erase a point. POINT can be used to determine if a point is plotted at a 
particular place. 

Extras available: An Advanced Video Controller card gives high-resolution colour graphics. A 
resolution of 800 x 256 can be obtained with two colours. A resolution of 400 x 256 is also available with 
eight foreground and eight background colours . 

Type of graphics: 

Resolution: 
Memory re"quired: 
Screen format: 
Address range: 
Commands: 

Line 
Colour 
160 x 100 
3K 
25 lines of 80 characters 
62208 to 65159 (F300 to FE87 Hex) 

NEC PC-SOOI 

COLOR, LINE, PSET, PRESET, POINT, WIDTH 

Comments: The memory is mapped in lines of 120 characters of which up to 80 can be displayed . The 
number of characters per line, and the number of lines, can be set using WIDTH. The highest resolution 
is obtained USIng a 2 x 4 pixel characters . One of the eight colours can be set using COLOR. The 
undisplayed part of the screen memory holds the colour information for the display. With PSET a point is 
plotted and PRESET can erase one; POINT is used to examIne any point. The LINE command can be 
used in several ways : it can cause a line to be drawn with the two points as its corners and, optionally, 
to fill it wi th a specified colour. There are also 56 graphics characters on an 8 x 8 dot matrix for use in 
block graphics . 

Extras available: The PC-8023 dot matrix printer can print block and dot graphics. 



b 

Type of graphics: 

Resolution: 
Memory required: 
Screen format: 
Address range: 
Commands: 

INFORMATION 

Block 
Black and while 
25 x 25 

OSI Superboard II 
O.8K 
25 lines of 25 characters 
53379 to 54]7] (DOS3 to D39B Hex) 
None 

Comments: A wide range of graphics characters is available on an 8 x 8 dot matrix. The characters 
include eight horizontal line characters and eight vertical line characters, so that pseudo high -resolution 
graphics to a resolution of 200 x 200 can be obtained. The characters can be placed on the screen using 
PRINT or POKE, but the use of POKE is somewhat awkward as the memory is mapped in lines of 32 
characters of which only 25 are displayed. Although there is a group of 36 unusual block graphics 
characters, there is no complete set of pixel characters on any mosaic with which a consistent resolution 
exceeding 25 x 25 could be achieved. 

Extras available: None. 

Type of graphics: 

Resolution: 
Memory required: 
Screen format: 
Address range: 
Commands: 

~:~~ and while Research Machines 380Z 
80 x 72 
1.7K 
24 lines of 40 characters 
6] 440 to 62209 (FOOO to F30] Hex) 
None 

Comments: 32 graphics characters are provided as well as all the pixel characters with the 2 x 3 
mosaic. These pixels give the 80 x 72 resolution. The other graphics characters give little scope for 
accessing the full dot resolution with pseudo high-resolution plots. RML Extended BASIC provides the 
commands GRAPH, which gives an 80 x 60 resolution area for graphics with the origin at the bottom left 
and four -line text window below it; PLOT, to plot a point; LINE, to draw a line and POINT, to determine 
if a point is plotted a t a particular place. 

Ex tras available : A high-resolution graphics board gives a highest resolution of 320 x 192 with four 
colours. It has its own memory on the board and so makes no call on the system's memory. The 
commands RESOLUTION, CLEAR, PLOT, LINE, COLOUR, FILL (to fill a rectangle), SETCOL (to set 
colours for later display - invoked by VIEW ) are among those prOVided . The graphics package GINO-F 
is also available; this package is a library of subroutines which can be called from a FORTRAN program 
for the easy generation of two- and three -dimensional drawings . 

Type of graphics: 

Resolution: 
Memory required: 
Screen format: 
Address range: 
Commands: 

Block 
Black and while 
8O x 50 
2K 
25 lines of 40 characters 
53248 to 55295 (DOOO to D7FF Hex) 
SET, RESET 

Sharp MZ-80A 

Comments: Because 2K of memory is reserved for a display which itself requires only 1,000 locations, 
the screen can be scrolled either up or down. Control + D causes the display to scroll up and Control 
+ E causes it to scroll down. The block graphics symbols, on an 8 x 8 dot matrix, are modelled fai rly 
loosely on those of the PET and are the same as those of the MZ-80K. Pseudo high-resolution graphics to 
a resolution of 320 x 200 can be obtained because the repertoire of graphics characters includes eight 
different verti cal line, and honzontal line, characters. Cleverly designed graphics characters make it 
possible to draw lines in directions other than the vertical and horizontal , to draw curves, to plot circuits 
with symbols which include transistors and capacitors, and, in contrast, to make faces with nose and eye 
symbols. With SET and RESET, any point can be turned on or off using quartered (2 x 2) pixels. 

Extras available: None. 



GRAPHICS DIRECTORY 

Type of graphics: 

Resolution: 
Memory required: 
Screen format: 
Address range: 

Commands: 

Line 
Black and white 
320 x 200 
8K 

Sharp MZ-80B 

Columns ° to 329, rows ° to 199, cell (O,O) at top left. 
57344 to 65535 or 24576 to 32767 (Eooo to FFFF Hex or 6000 to 
7FFF Hex) 
GRAPH, SET, RESET, LINE, BLINE, POSITION, PATTERN, 
POINT, POSH, POSV 

Comments: The BK memory area for the screen graphics is in a special area rather than in the user 
RAM. When a graphic display is required the graphi cs RAM is treated like ordinary RAM, but the 
addresses assigned to it depend on how the main RAM is being used. GRAPH indicates the graphic 
display mode and automatically selects the graphics RAM in the appropriate way. SET plots a point and 
RESET can erase it. LINE draws a line or connected line segments while BLINE can erase them. 
POSITION is equivalent to 'MOVE' and with PATTERN, any pattern of dots can be drawn as specified in 
the command. The screen can be examined by using POINT, POSH and POSV. 

Extras available: A second graphics RAM can be installed and used in the same way as the first one, 
g iving the capability, for example, to create mobile graphics by swi tching between the two screens. The 
Pascal available for the MZ-80B includes the graphics commands g raph, gset, grset, line, bline, 
position, pattern, point, posh and posv, all of which correspond to the similarly named BASIC 
commands. 

Type of graphics: 

Resolution: 
Memory required: 
Screen format: 
Address range: 
Commands: 

Block 
Black and white 
80x 50 
lK 
25 lines of 40 characters 
53248 to 54247 (Dooo to D3E7 Hex) 
SET, RESET 

Sharp MZ-80K 

Comments: The block graphics symbols of the MZ-80K are based on an B x B dot matrix and are 
modelled fairly loosely on those of the PET. Pseudo high-resolution graphics to a resolution of 320 x 200 
can be obtained because the repertoire of graphics characters includes eight different horizontal line, 
and vertical line, characters. Cleverly designed graphics characters make it possible to draw lines in 
directions other than the vertical and horizontal, to draw curves, to plot circuits with symbols which 
incl ude transistors and capacitors, and, in contrast, to make faces with nose and eye symbols. With SET 
and RESET, any point can be turned on or off using quartered (2 x 2) pixels. Other graphics symbols are 
placed on the screen by using PRINT or with a POKE to the screen memory. 

Ex tras available : None. 

Type of graphics: 

Resolution: 
Memory required: 
Screen format: 
Address range: 
Commands: 

Block 
Black and white 
7 x 156 
Input buffer 
One line of 26 characters 
N/A 

Sharp PC-lSOO 

For one-line display: GLS, GPRINT, GCURSOR, POINT 
For printer/plotter CSIZE, ROTATE, COLOR, LF, LPRINT, 

LCURSOR, SORGN, GLCURSOR, LINE, RLINE 

Comments: The one-line display possessed by the PC-lSOO can display 26 characters, each on a S x 7 
dot matrix. However, every dot in the display is accessible. CLS clears the display, GCURSOR permits 
the cursor to be positioned on any column of the display and POINT reveals what is displayed in any 
column. With GPRINT any character can be created and then plotted on the display. The printer/plotter 
which can be attached to the PC-1500 can create plots in four colours using the ball-point pens mounted 
in its pen-holder. When c reating plots on this device, COLOR selects the colour to be used, SORGN 
establishes the origin of coordinates, GLCURSOR positions the pen and LINE causes a line to be 
plotted . RUNE also causes lines to be drawn, but uses co-ordinates relative to the current pen position 
rather than absolute ones . For plotting characters, CSIZE establishes their size, LCURSOR positions 
them and LPRINT causes them to be drawn. They can be drawn in anyone of four directions established 
with ROTATE. 

Extras available : The printer/plotter is correctly known as the printerfcassette interface . 



Type of graphics: 

Resolution: . 
Memory required: 
Screen format: 
Address range: 
Commands: 

Line 
Colour 
256 x 176 
6K 

INFORMATION 

Sinclair ZX Spectrum 

Columns 0 to 255, rows 0 to 175, cell (0,0) at bottom left 
16348 to 22528 (3FDC to 5800 Hex) 
PLOT, DRAW, CIRCLE, POINT, INK, PAPER, FLASH, BRIGHT, 
INVERSE, OVER 

Com'mellts: The same ~creen arrangement is used as with the ZXBl : 22 usable rows each. with 32 
character pOSitions and B x B dot pixels combine to give the Spectrum's resolution of 256 x 176. The 
cleverly named INK and PAPER give plotting and background colou rs respectively; both can be chosen 
from eight colours . BRIGHT permits lwo levels of brightness to be obtained and with FLASH, parts of 
-the screen can be made to flash. INVERSE permits foreground and plotting colours to be interchanged, 
while OVER allows what would be called overprinting when using paper . With PLOT, any point can be 
plotted and DRAW no! only permits lines to be drawn, but also arcs and circles. CIRCLE gives a CIrcle 
when the centre and radius are speci fied. . . 

Extras available: First, get your Spectrum! 

Type of graphics: 

Resolution: 
Memory required: 
Screen format: 
Address range: 
Commands: 

Pixel 
Black and white 
64x44 
Up to 0,8K 

SinclairZX81 

Columns 0 to 63, rows 0 to 41, cell (0,0) at bottom left 
Not fixed 
PLOT, UNPLOT 

Comments: The screen representation held in memory can vary in size, since each screen line is 
terminated by a Newline and spaces a t the end of a line need not be included. This is to economIse on 
memory usage in the small RAM area provided with the standard ZXBl. The screen memory resides 
above the area where a program is stored, and that begins at 16509. Thus, the screen memory occupies 
different locations when different programs are entered, implying that it is not feasible to use POKE 
commands to generate displays although clever software allows it. PLOT causes a point to be plotted 
while UNPLOT erases one. There are six graphics characters besides the 16 pixel graphics characters. 
They are placed on the screen by using PRINT. 

Extras available: The ZX pnnter can reproduce graphics. Wi th a COpy command, the screen contents 
are reproduced on the printer. 

Type of graphics: 

Resolution: 
Memory required: 
Screen format: 
Address range: 
Commands: 

Pixel 
Black and white 
128 x 48 
lK 

Tandy TRS-80 Model 1 

16 lines of 64 characters 
15360 to 16383 (3COO to 3FFF Hex) 
CLS, SET, RESET, POINT 

Comments: The screen is cleared with CLS, SET causes a point to be plotted and RESET can erase a 
point. With POINT, it can be determined if a point has been plotted at a particular place . Thus, the 
facilities provided by the TRS-80 Modell for graphics are quite primihve. Nevertheless, the drawing of 
lines and curves is not at all difficult. 

Extras available: None. 



GRAPHICS DIRECTORY 

Type of graphics: 

Resolution: 
Memory required: 
Screen format: 
Address range: 
Commands: 

~l~~k and white Tandy TRS-SO Model 3 
128 x 48 
lK 
16 lines of 64 characters 
15360 to 16383 (3COO to 3FFF Hex) 
CLS, SET, RESET, POINT 

Comments: The screen is cleared with CLS, SET causes a point to be plotted and RESET Gan erase a 
point. WI th POINT, it is possible to determine if a point has been plotted at a particular place. These · 
qUIte primItive facihties a re identical to those of the TRS-80 Model I, but additionally the Model 3 
possesses 96 characters on an 8 x 8 dot matrix which can be placed on the screen with a POKE to the 
screen memory or with a PRINT command. 

Extras available : None. 

Type of graphics: 

Resolution: 
Memory required: 
Screen format: 
Address range: 

Commands: 

Line 
Colour 
256 x 192 
6K 

Tandy Color Computer 

Columns ° to 255, rows ° to 191, with cell (0,0) at top left 
Selectable by the user in 1. 5K blocks between 1536 and 13823 
(6(X) and 35FF Hex) 
SCREEN, PMODE, PCLS, PCLEAR, PSET, PRESET, COLOR, 
LINE, CIRCLE, DRAW, PAINT , PUT, GET 

Comments: On the Tandy Color Computer with Extended BASIC, the graphics screen and choice of 
colours are re-se t with SCREEN, and PMODE selects the resolution. The highest resolution mode permits 
the use of two colours, while other modes permit four; foreground and background colours a re selected 
with COLOR. PCLS clears the screen, PSET plots a point and PRESET can erase a point. With PCLEAR, 
the section of the graphI CS memory whI ch IS required can be nominated. The LINE, CIRCLE, DRAW and 
PAINT commands are all very powerful and flexible. LINE allows a hne to be drawn between two paints 
or to be erased, but with an additional parameter, a rectangle with two points as corners can be drawn 
and, if required , fil led with a specified colour. With CIRCLE, a circle, ellipse or any part of either can 
be drawn in any colour . DRAW permits a shape to be drawn according to commands given with it in a 
styhsed fashion. PAINT lets the screen be painted in a given colour from a speCified point to a speCified 
boundary. For mobi le graohics, GET a ll ows a shape to be transferred from the screen to an array in 
memory, and with PUT it can subsequently be placed somewhere e lse on the screen. 

Extras available: None. 

Type of graphics: 

Resolution: 
Memory required: 
Screen format: 
Address range: 
Commands: 

Pixel 
Black and white 
64x64 
0.5K , 
16 lines of 32 characters 
512 to 1023 (200 to 3FF Hex) 
None 

Tangerine Micronl 
Microtan 65 

Comments: The resolution is obtained by POKEing to the screen memory the codes for the 'chunky' 
pixel graphics. These are on a 2 x 4 mosaic, which on the 32 character by 16 hne screen gives a 64 x 64 
resolution . In putting, say, one dot on the screen at this resoluti on , some bit manipulation is necessary to 
find the required character and a knowledge of the memory map is also reqUIred to place it correctly. If 
plotting a point is awkward, drawing a hne is correspondingly more difficult. The graphics facilities of 
the Tangerine must be said to be primitive (at least they are no more sophisticated than many other 
block graphics based systems). 

Extras available: There is a graphics board giving a resolution of 256 x 256, carryIng BK of static RAM 
and permitting text and graphICS to be mixed. 



Type of graphics: 

Resolution: 
Memory required: 
Screen formal: 
Address range: 
Commands: 

, INFORMATION 

Block 
Colour 
24 x 32 

Texas Instruments TI-99/4A 
Information not provided 
24 lines of 32 characters 
Information not provided 
CLEAR, COLOR,GCHAR, HCHAR, VCHAR,SCREEN 

Comm ents: The graphics fac ilities in TI BASIC are p rovided by subroutines, so that the form of the 
program statement tor clearing the screen is CALL C LEAR. To cre"te graphic di splays, users can defi ne 
thei r own block charaders on an 8 x 8 dot matflx (32 at them) . In this way, judIcIous charader design 
can give pseudo high-resolution displays to a resolution of 192 x 256. CALL CHAR is used for defining 
charaders. There are 16 colours available, CALL SCREEN sets the colour of the screen, and CALL 
COLOR IS used to set the for eground and background colou rs at a charac ter to be disp layed on the 
screen . CALL HCHAR permits a charader to be displayed at a given location on the screen and then to 
be repeated horizontally as specified. CALL VCHAR works si milarly and permits repetition vertically 
With CALL G CHAR, the screen can be interrogated. 

Ex tras available: II Extended BASIC contains extra commands , including DISPLAY AT and DISPLAY 
USING. It also permits 'sprites' composed of up to four graphics charaders to be created and then 
moved rapidl y a round the screen using Jls full 192 x 256 resolu ti on . II Logo is also available. 

Type of graphics: 

Resolulion: 
Memory required: 
Screen formal: 
Address range: 
Commands: 

Block 
Black and white 
16 x 64 
lK x 7 bits 
16 lines of 64 characters 

Transam Tuscan 

The screen memory does not intrude on the system memory map 
None 

Comments: The Tuscan has 22 graphics charaders each situated on an 8 x 12 dot matrix . The 
characters themselves, however, cannot freely occupy any dots within the matr ix, being subject to 
certain restrictions, particularly that the top row and bottom four rows are always identical. In this way , 
these charaders are not entirely suitable for (and nor are they really intended tor) generating lines and 
curves. It is possible to customise the 128 characters in the character generator for particular 
applications. 

Extras available : There is a memory mapped VDU system to plug into the SIOO bus. 

Type of graphics: 

Resolution: 
Memory required: 
Screen formal: 
Address range: 
Commands: 

Pixel 
Black and white 
128 x 48 
lK 

Video Genie 1 and 2 

Columns ° to 127, rows ° to 47, cell (0,0) at top left 
15360 to 16383 (3COO to 3FFF Hex) 
CLS , SET, RESET, POINT 

Comm en ts: The screen is cleared with CLS, SET causes a point to be plotted and RESET can erase a 
point. With POINT, JI can be determined if a point has been plotted at a particular place. Thus, the 
faciliti es provided for graphics by the Video Genie are quite primitive. Nevertheless, the drawing of 
lines and cu rves is not at all difficult. 

Extras available: None. 



CORREC 
I t appears that in our last issue 

of Personal Software, despite 
using listings produced by 

the BBC Micro itself, errors 
have still crept into several of 
the programs. We know that all 
the programs worked at one 
point because we ran them to 
take the photographs which 
appear in the book l 

However, there appears to 
be a somewhat more serious 
problem . Owners of Model A 
systems found that they could 
not load programs which, 
according to their 
understanding of the machine, 
ought to fit into the 16K of 
memory. The fact is that the 
BBC Model A only posesses 
16K of user RAM when it is 
swi tched off. If you consult page 
225 of the Provisional User 
Guide you wilL see that an area 
of some 3300 bytes is taken 
away from you fdt· various 
system variables and 
workspace. Your 16K system 
has now become a 13K system 
to all intents and purposes. (The 
new User Guide gives details of 
this as well and the figures it 
quotes are even larger - less 
room for you. ) We included the 
sizes of each program to the 
nearest 500 bytes on the 
contents page of each section of 
the magazine but, sadly, it 
seems that this was not enough 
to help many of you sort the 
problems out. 

When using MODE 4 
graphics on the Model A, as 
many of the programs in the 
book did, the user is left with 
around 3K to fit the program 
and variables into - not an 
easy task. Some readers have 
found that removing the text 
and any REMs from the 
program made it small enough 
to run but this also brought 
another problem to light. 
Several enterprising 
programmers started to remove 
spaces from the programs to 
squash them in and then rang 
us to ask why they had an even 
bigger problem than when they 

started. The answer to this is 
that the BBC Micro allows long 
variable names. For example, if 
you remove the spaces in : 

IF HAND D =2 OR P AND 
S = 6 THEN 200 

you create several new 
variables: 

IF HAND = 2 OR PANDS = 6 
THEN 200 

The following represents all the 
errors we know of in the last 
issue: 
SURROUND p14 

Line 60 should read: 

MODE 4:CLS:VDU 
19,1,0,0, 0,0: 
VDU 19,0,3,0,0,0 

FOX & HOUNDS p36 

The SOUND commands in lines 
870 and 880 are missing their 
fina l parameter. This is 15 and 
must be separated from the 
previous value by a comma. 

There also appears to be a 
quirk in the algorithm which 
shows up as the machine 
refUSing to admit that it has 
been beaten . This can be cured 
by changing the jump at the 
end of line 1040 to 690 and the 
jump at the end of line 1060 to 
660. There also appears to be a 
rather obscure occurence of a 
fox occupying the same square 
as a hound. This can be 
resolved by changing line 740 
to read : 

740 IF A(X+ I,Y +C)=O AND 
X < 8 AND Y + C > ° AND 
Y + C < 9 THEN E = X + 1: 
F=Y+C:GOTO 790 

THE WHITE BARROWS p40 

Line 30 should read : 

N = 42 @ % = &CXXlOO303 

The substitution of 1 for the % 
symbol also occurs in Meter 
Minder . 

LEAPFROG p61 

The contents of lines 1020 and 
1030 should be exchanged. 

Line 1850 should read : 

PRINT TAB (5,23); "PRESS 
ANY KEY'; 

HOME FINANCE p70,71 

Two of the arrays DIMensioned 
in line 50, M 1 and S 1, should 
be M% and S%. They also 
appear in lines 360, 1310, 1320, 
1670, 2500, 2510, 2770 and 2790 
and the appropriate M% or S % 
should be substi tu ted. 

Due to a layout error lines 
2200 to 2360 appear in the 
wrong place . No lines are 
missing and the BASIC will 
accept them if typed in as 
p rinted. 

In some copies it appears 
that Line 3070 is somewhat 
faint. It should read: 

IF R$= "Y" THEN 2930 

It also appears that there are 
faults in the original versions of 
Calendar and Morse Trainer 
which have been brought across 
into the BBC versions during 
translation. Both these p rograms 
are being extensively re-written 
and if it proves practical, we 
will re -publish them in a later 
issue. 
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Personal Software is a quarterly publication dedicated to 
all aspects of software for the most popular micros. 

Forthcoming issues will contain everything you ever 
wanted to know about machine code, utility 
programs and simple software techniques. 

Personal Software can be ordered directly 
from us at £7.80 per annum or £1.95 per copy. 
To ensure a single copy or a complete 
year's supply, fill in the form below, cut it 
out and send it with your cheque or 
postal order (made payable to ASP 
Ltd) to: 
Personal Software 
Subscriptions, 
513 London Road, 
Thornton Heath, 
Surrey CR4 6AR. 

- you can even spread the load with 
your credit card! 

Don't miss out - subscribe now. 

Please use BLOCK CA PITALS and include post codes. 

Name (MriMrsIMiss) 
dele!'! acco,eino ly 

Address 

Signature 

Dote 

Please commence my subscription 10 Personal Software with 
the . . . Issue . 

SUBSCRIPTION 
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£7.00 for 4 Issues 
UK 0 

(tick 0 as 
appropriate) 

£1.95 for a smgle 
copy 01 the Lssue 0 
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Dr G J Marshall 

BIBLIOGIMPHY 
There is undoubtedly a need 

for some good books on 
graphics because although 

the micro manuals usually 
include one or two programs 
designed to show the machine's 
capabilities to good effect, they 
are usually rather limited in the 
help that they offer to the user 
in mastering the full potential of 
the graphics. The four books 
under review are among the few 
available about graphics on 
micros. 

PET Graphics: This publication 
is clearly specific to the PET, 
explaining how to generate 
displays using the PET's block 
graphics. 

The book starts from absolute 
basics by explaining how 
displays can be produced using 
first PRINT and then POKE 
commands. While programs 
written in BASIC are presented 
throughout the book, attention 
quickly moves to machine code 
programs. 

There are chapters on screen 
and block scrolling, double 
density plotting and the 
displaying and moving of large 
characters. 

My only real quibbles, and 
they are minor, are that in such 
a good book the quality of the 
English and the spelling are in 
places so poor as to be 
distracting, and the table 
showing the block graphics 
characters is nowhere near the 
quali ty of the ones printed 
elsewhere in this publication. 

PET Graphics by Nick 
Hampshire is published by 
Computations Ltd 
at £10.00 for 21S pages. 

Computer Graphics Primer: 
Mitchell Waite's book contains 
three chapters and two short 
appendices. The first chapter is 
a truly dire general 
introduction . It begins : 'Rod 
leaned slightly forward, his eyes 
intently fixed on the screen 
before him.' Enough said, I 
should think. I would 

recommend that nobody waste 
any time reading this chapter. 
Do, however, look at the 
pictures as they include some 
fine examples, in colour, of 
what computer graphics can 
achieve. 

The second chapter deals 
mainly with the hardware 
techniques used by computer 
graphics equipment. The third 
chapter, called 'Graphics 
programming', deals with 
programming the Apple II in 
high resolution graphics mode. 
It covers general plotting, shape 
tables, transformations and 
animation. 

Some of the material covers 
the same ground as Apple's 
Applesoft manual, but the book 
does complement and extend 
the treatment given in the 
manual. To me, though, this 
book is a pretty expensive way 
of obtaining a minor extension 
of the Apple manual which, as 
it happens, is rather good. 

Computer Graphics Primer by 
Mitchell Waite is published by 
Sams at £10.45 for 184 pages. 
ISBN 0-672-21650-7 

Graphics on Microcomputers: 
This book is another in the 
NCe's 'Computing in 80's' 
series. It claims to review 'the 
current trends in graphics on 
low-cosl microprocessor-based 
systems' and to provide 
'information on a number of 
commercially available systems'. 

Well it does - but it 
contains very little that could 
not be found in an IS-month old 
copy of Computing Today. The 
book presents the specifications 
of the PET, Apple and Acorn 
Atom, among others, but it 
makes no mention of the BBC 
Microcomputer, the Atari 
machines or of 
Hewlett-Packard's micro­
computer-based graphics 
equipment. 

A look at 'picture building' 
techniques is also promised, 
and this would have been 
interesting and valuable. 

INFORMATION 

However, what is presented is a 
copy of two magazine articles 
which have been re-written 
sufficiently to avoid violating 
copyrigh ts. 

I found this book very 
disappointing. 

Graphics on Microcomputers by 
J E Lane is published by NCC 
at £4.00 for 59 pages. 
ISBN 0-85012-333-X 

A Practical Introduction to 
Computer Graphics: This is not 
really aimed at micro users at 
all. Its programs are written in 
FORTRAN: the graphics 
commands are based on the 
Calcomp library, which is a 
library of FORTRAN 
subroutines providing graphics 
facilities originally intended for 
use with Calcomp graphic 
p lotters. If this does not sound 
promising, do not despair. The 
programs presented in this book 
can all be readily translated to 
BASIC, and the graphics 
routines either have familiar 
names and purposes or can be 
readily related to the commands 
available for graphics on any 
micro. 

Besides providing a practical 
introduction to graphics (as 
promised in its title) the book 
also gives the best introduction 
to the underlying principles of 
computer graphics that I have 
read. It deals with two­
dimensional geometry in a 
painless fashion, followed by 
two-dimensional transformation. 

The book then moves on to 
deal with three-dimensional 
objects, showing how to model, 
transform and generate 
perspective views of them. This 
leads on to a treatment of some 
rather advanced topics 
including the removal of hidden 
lines and surfaces in three­
dimensional scenes and 
animatiom. Throughout the 
book there are many superb 
examples of computer­
generated images. 

A Practical Introduction to 
Computer Graphics by 10 
Angell is published by 
MacMillan at £5.50 for 146 
pages. 
ISBN 0-333-31083-7 
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GAMES PACK An ESSENTIAL addition to your 
16K RAMZX81 

Beat this for value! Five 16K 
programs Plus two 1Kprograms TOOLKIT 
3.0 Battle (M/code . 1 K) (written by Paul Holmes) 
City Bomb (M/code - 1 K) Provides the following additional 
Warp Wars (Basic & Mlcode -16K) facilities:-
Snake (Basic 16K) 
Sweet Tooth (Basic & Mlcode -16K) Line renumber· you state starting 
Slalom (Basic 16K) number and increment value, 
Black Holes (Basic 16K) GOTO's and GOSUB's included in 
-:-;-;-="-::=.."..,,,,..,.======1 line renumber. 

Search and List - searches for and 
~:!.!::.~.=t.:.:~~!:.:!':!L _____ llists every line containing 

specified character. ,.----------1 Search and replace - changes 

GRAPHICS 
TOOLKIT 

(another masterpiece by Paul Holmes) 

22 exciting MACHINE CODE 
routines that give you control over 
your screen as never before I 

(ZX81 . 16K RAM ONLY) 

Draw/Undraw draws or deletes 
your multi·character shape which 
is defined in a REM statement. 
Foreground OnlOll use this to 
'protect ' existing characters on 
your screen, 
Border/Unborder draws a border 
round the edges of your screen 
area, Edit lines can be used if 
required, 
Fill fills any number of lines you 
specify , starting at any line you 
specify , by your chosen 
character. 
Reverse converts all charactlers 
to their inverse video, control as 
in FILl. 
Print Position Controls 
UP, DOWN, LEFT, RIGHT, Alter 
your next PRINT position in the 
direction indicated, 
Editprint moves next PRI NT 
position to first edit line, 
Scroll Facilities 
UPSCROLL, DOWNSCROLL, 
RIGHTSCROLL, LEFTSCROLl. 
Scroll your screen in the direction 
indicated, 
OnscreenlOllscreen turns your 
screen on or off. 

Background OnlOff fi lis your 
screen by your specified 
character. 

every occurance of a character as 
you require, 
Free space - tells you how many 
free bytes you have left. 

BATTLESHIPS & 
CRUISERS GAME 

(16K· ZX81) 
First computer vers ion of this 
popular game of strategy and 
tactics, Both grids on view 
together. Establish the position of 
your fleet then locate and destroy 
the computer's fleet. Visual 
display shows hits and misses 
made and gives running score, 

ONLY £4,95 ($9,90) 

Search and Replace will search 
the screen for every occurrence of 
the character you specify and 
replace it with your new 
character. 
Square draws a square or 
rectangle from your spec ified co­
ordinates, 
All these routines are in machine 
code for SUPER-FAST response l 
GRAPHICS TOOLKIT uses only 
2K of your RAM and that includes 
space to load the programmers 
TOOLKIT described above, 

ALL FOR ONLY £5,95 ($11,90) 

This includes a cassette with 2 
copies of the program, 2 copies of 
a demonstration program plus a 
comprehensive instruction 
booklet with examples, 
All prices are fully inclusive, 

SPECIAL GRAPHICS 
ROUTINES 
Hyper graphics mode· graphics 
never seen on a ZX81 before, 
Fill - fills your screen instantly 
with your specified character, 
Reverse· changes each character 
on your screen to its inverse 
video, 

TAPE ROUTINE -provides a 
system WAIT condition until a 
Signal is received in the cassette 
ear jack, 
All these routines are written in 
machine code and together take 
up only 1 K of your precious RAM 
·an incredible achievement!! 

FOR 16K ONLY £4,95($9,90) 

As reviewedin 'Your Computer' 
March 1982 

16KRAMPACK 
ONLY £26.50($49.95) 
Quite simply the best available 
plus FREE 'Alien Attack' 
(7K·M/code) on cassette · 
Value £5.75 ($11.00). 

",J R I 16K RAM PACK "'" 

Fully built tested and guaranteed, 
Uses existing power supply (min. 
600 m.a.) 
Compatible with printer. 
No wobble problems, 
Gold plated edge connector for 
perfect contact with your ZX81, 
Normally despatched within 10 
days of receipt of your order. 

With advances in microtech· 
no logy we are now able to oller 

the 64K RAM PACK. 
Same quality as the 16K but 
giving massive memory to your 
ZX81 , with external dimensions 
no larger than the 16K Ram Pack 
(above), 

ONLY £62.95 ($119.95). 

OVERSEAS CUSTOMERS PLEASE NOTE: ALL PRICES ARE APPLICABLE FOR EXPORT, INCLUDING AIRMAIL POSTAGE. 
PAYMENT MAY BE MADE IN STERLING (MONEY ORDER AVAILABLE AT YOUR BANK) OR YOUR OWN U,S, $CHEQUE, 

MADE PAYABLE TO JRS SOFTWARE DESPATCH NORMALLY 7 DAYS FROM RECEI PT OF ORDER, 



THE BOOK YOU'VE 
BEEN 

WAITING 
FOR! 

Examines and explains 

every function 

on the ZX Spectrum 

Just £6.95 

Try this program from the book : 

5 PRPER 21 : CLS : 80RDER 0 
~0 FOR X=0 TO 255 
221 PLOT X,0 
30 DRAW OVER 1. ,- 255-Xr2 .• 175 
4.21 NEXT X 
50 FOR Y =0 T O 1 75 
60 PLOT ~ .. Y 
70 DRRW OVER 1 .: 255 .. 175 -V .. 2 
60 NEXT Y : REt-I @ J . Ru :;; ton 

Takes you through programming your ZX Spectrum from first principles 
right through to such things as defining your own graphics, MERGE, 
READ / DATA, SCREEN$, POINT and DRAW. 

ZX Spectrum 

Interface, 
Dept . PS . 
44-46 Earls Court Road, 
London we 6EJ . 

Please send me the following : 
I ) PROGRAMMING YOUR ZX SPECTRUM - £6 .95 
I ) GETTING ACQUAINTED WITH YOUR ZX81 - £5.95 
I ) 39 TESTED PROGRAMS FOR THE ACORN ATOM - £6-.45 
I ) LET YOUR BBC MICRO TEACH YOU TO PROGRAM - £6.45 
I ) THE BBC MICRO REVEALED - £7.95 
( ) PASCAL FOR HUMAN BEINGS - £4.95 
( )A sample issue of INTERFACE, the monthly ZX magazine published 

by the National ZX Users' Club - £1.00 

I enclose a total of f'--_ _ _ 

Name ___ ________ _ _ ___ _ 

THIS BOOK IS TOTALLY 
.ORIGINAL. IT IS NOT 
BASED ON ANY OTHER 
BOOK) & THE PROGRAMS 

ARE ALL NEW 

Add,ess BBC Micro 
User-defined graphics 
chapter tells you how 

t o create your own 
DOTMAN game~ 


