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Super Expander commands 

Auto — displays and increments line num-
bers automatically. The user can specify 
the starting line number and the interval 
between lines, if not then the starting line 
defaults to 100 and the interval to 10. 

Renumber — automatically renumbers all 
the program lines including the Goto and 
Gosub references, starting at the line 
number specified and at the increment set 
by the user. 

Delete — can delete a single line, or all the 
lines specified between a starting and 
finishing point, or all the lines from a 
starting point to the end of the program. 

Find — searches the program for a specified 
Basic command, character, or character 
string, and displays all the lines in which it 
appears. 

Change — searches for a Basic command or 
character string and replaces it with a new 
command or string. 

Edit — changes from program mode to edit 
mode, which alters the function key 
commands. 

Key — allows the user to alter the commands 
assigned to the function keys. The 
information assigned to any one key must 
be 10 characters long or less, and an 
automatic carriage return can be included 
in the function. 

Help — displays the line in which an error 
has occurred during program execution 
and highlights the error in reverse 
characters. 

Dump — displays all the variables and their 
values in the order in which they were 
defined, except those in arrays. The value 
of a variable can then be changed by 
over-writing it. 

Trace — displays the program line number as 
it is being executed in a small window at 
the top right-hand corner of the screen. 
The Shift or Ctrl keys slow down the 
display if it is too fast. This is useful for 
finding infinite loops within a program. 

Step — halts the program after each pro-
gram instruction, displays the line numbers 
associated with that instruction and the 
first line number of the next instruction. 
The Shift or Ctrl keys cause the next 
instruction to be executed. 

Off — cancels the Trace and Step modes. 
Prog — changes the assignments of the 

function keys to normal Basic commands. 
Merge — loads a previously stored program 

or subroutine from disc or cassette and 
incorporates it into the program already in 
the Vic's memory. 

Kill — cancels the functions of the 
cartridge, but leaves the assignment of 
the function keys unaltered. It is 
necessary to inhibit the cartridge during 
normal program operation because mem-
orising information for diagnostic mes-
sages such as Help increases execution 
time. 

Ctrl A — scrolls up a listing. 
Ctrl Q — scrolls down a listing. 
Ctrl L — blocks out all the characters to the 

right of the cursor on a line. 
Ctrl N — blocks out all the characters on the 

screen after the cursor. 
Ctrl U — blanks out the line on which the 

character is positioned. 
Ctrl E — inserts information between quot-

ation marks on a program line. 

I F Y O U W A N T to upgrade your Vic-20, expand-
ing the memory must be a priority. A screen 
expansion and some aids to p rogramming in 
Basic and machine code are also often near the 
top of Vic-owners ' shopping lists once they 
have tired of cartridge games. 

W i t h the C o m m o d o r e expansion system a 
3K , 8 K or 16K memory pack can be plugged 
directly into the back of the Vic to give a 
max imum on-board memory of 2 I K , 19.5K of 
which is available for Basic programs. In order 
to expand to 32K a motherboard with six 
expansion slots can be plugged into the back of 
Vic allowing the 3K , 8 K and 16K cartr idges to 
be used together. T h i s leaves three slots avail-
able for utility cartridges such as the pro-
g rammer ' s aid, machine-code moni tor , and 
games packs. 

W h e n the Vic has been fully expanded to 
32K only 27.5 is available for Basic programs 
because the area of memory occupied by the 
3K R A M pack is no longer used. However , it 
is still available for storage of machine-code 
programs, and for Peeking and Poking values 
to, so you could store an alternative character 
set or several screens of information there. 

One of the main criticisms of the Vic is its 
22 x 23 screen display, and a 40-column option 
has been long awaited. T h e Beebox was one of 
the first a t tempts , but was expensive and the 
manufac turer has now gone out of business. 
Stack Compu te r Services has s tepped into the 
breech with a 40/80 column x 25 row mono-
chrome card. 

As soon as Commodore ' s Super Expander 
cartridge is plugged in you have 3K of extra 
R A M . T h e funct ion keys assume eight single 
keystroke commands , which you can redefine 
if necessary. Nine new Basic commands are 

How much should 
you spend 
upgrading your Vic? 
Ken Ryder reviews 
the possibilities. 

available for plot t ing and colour control . 
Eighteen commands become available for the 
product ion of sound and music, and seven for 
reading values of sound and colour registers, 
including inputs f rom devices connected to the 
games port such as joysticks and light-pens. 

T h e pre-assigned function-key command s 
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colour of register 0 and any of the 16 colours 
can be entered in each register. Thus four 
colours can appear on the screen at one time. 

In high-resolution mode plotting can only be 
performed in the character colour registers, 
and only the eight keyboard colours can be 
used. During a program the character colour 
can be changed using the Region command, 
but if two points of different colours try to 
occupy the same colour block such as two lines 
intersecting, some interference will occur. 
With careful programming it is possible to use 
all eight colours on the screen at one time. 

In high-resolution mixed mode only regis-
ters 0 and 2 can be used for plotting, and all 16 
colours can be specified. If the colour set in 
register 2 is one of the keyboard colours, all 
points will be in high resolution. If it is one of 
the other colours, plotting will be in medium 
resolution. Again if points of different colours 
or resolutions try to occupy the same colour 
block some interference may be produced, but 
with care it is possible to use all 16 colours on 
the screen at one time. 

The music capabilities of the Vic are greatly 
enhanced by the Super Expander cartridge. 
The Sound command controls four voices and 
their volume, and can be used to produce two 
or three note chords. Each voice is allocated a 
three-octave range, which at first sight appears 
to give nine octaves. However some of the 
octaves overlap giving a five-octave range. 

Entering Music Mode with the Ctrl and 
G keys, converts keys A, B, C, D, E, F, G, 
# , $, P, Q, V, S, O, R. into musical 
commands. Keys A-G play the natural notes 
A-G. If # is pressed before the note a sharp is 
played, if $ is pressed before the note then the 
note is flat. V controls the volume of the note 
and R is a rest or silent period. The duration 
of the note or rest is determined by tempo, T. 
Any of the four "voices" can be chosen with S, 
and any of the three octaves in its range with 
0. S302V5T9# A, plays A sharp of voice 3 in 
octave 2 at volume 5 for time 9; approximately 
4 seconds. 

All of the musical commands can be dis-
played on the screen by entering P, and this 
can be cancelled by Q. These commands can 
be entered directly at the keyboard, or they 
can be combined in a string and executed by a 
Print statement within a program. 

There are also several commands which can 
be used to read the colour and sound registers, 
or test the condition of various peripherals 

(continued on next page) 
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are Graphic, Color, Draw, Sound, Circle, 
Point, Paint and List. These may be changed 
using the Key command to any 128-character 
string, including a carriage return if required. 
If you do not want to use those graphics 
commands in a program, the function keys 
could be used to enter standard Basic com-
mands instead such as Next, Goto, Print, and 
Gosub. 

Unfortunately, the cartridge does not use 
the highest resolution available on the Vic, 176 
x 184, but reduces the screen area slightly to 
20 rows by 20 columns, giving a maximum 
resolution of 160 x 160. Presumably 
Commodore did this to reduce the screen 
memory overhead. Then for some reason they 
divided the screen into a 1024 x 1024 co-
ordinate system with its origin in the top left-
hand corner of the screen. As there are only 
160 x 160 possible plotting positions this 
means that several co-ordinates occupy the 
same pixel. 

Graphic selects one of the four graphics 
modes. These are: normal text, medium 
resolution, 80 x 160, multi-colour graphics 
allowing any of the 15 colours on the Vic to 
be used, high-resolution mode, 160 x 160, 
allowing only the eight keyboard colours to be 
used, and high-resolution multi-colour mode 
which allows the mixing of the high-resolution 
and medium-resolution multi-colour options. 
All of the modes except normal text require 
3K RAM for the screen. 

There are four colour registers available and 
a number from 0-15 can be stored in each, 

specifying a colour. Register 0 holds the 
screen colour, register 1 holds the border 
colour, register 2 holds the character colour 
used for plotting points and register 3 holds 
the auxiliary colour which also can be used for 
plotting, but only in multi-colour mode. The 
Color command sets the values for these 
registers. 

Point plots a point on the screen at specified 
co-ordinates. Several points can be plotted us-
ing a single Point command, but all will be the 
same colour. The colours available and 
resolution depend upon the graphics mode 
selected. Region changes the character colour, 
register 2, to any of the eight keyboard colours 
in high-resolution mode, or any of the 16 
colours in multi-colour mode. 

Draw plots a straight line from one set of co-
ordinates to another, for as many points as can 
be specified in an 88 character line. It can also 
be used to plot lines from the finishing points 
of previously drawn shapes and circles. Circle 
is an extremely powerful command allowing 
the user to draw circles, ellipses and arcs on 
the screen. 

Paint fills an enclosed area with a colour 
starting at specified co-ordinates within the 
area. If the co-ordinates arc outside the area, or 
the area is not fully closed then the whole 

n - . w -

screen will be painted. Again the colours 
available depend upon the graphics modes. 

Char permits strings of text to be displayed 
on the screen whilst in high-resolution or 
mixed mode. This facility is not available in 
medium-resolution multi-colour mode. ScnClr 
— clears the graphics screen. 

The number and range of colours available 
in each graphics mode is a little complicated. 
The screen consists of 20 x 10 double-height 
blank characters, and there is a colour block 
associated with each character. In multi-colour 
mode medium-resolution plotting can be 
performed in any of the colours specified in 
registers 1, 2 and 3 against the background 
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(continued from previous page) 
that can be plugged into the games port. Rgr 
reads the mode set by the Graphic command 
and Rcolr reads the values of the registers set 
by the Colour command. Rdot reads the 
colour of any point on the screen and Rsnd 
reads the values of the four voice registers and 
their volume as set by the Sound command. 

Rpot reads the values of any paddles or 
potentiometers connected to the user port and 
returns a number in the range 0-255. Rpen 
reads the X, Y, position of a light-pen on the 
screen and Rjoy reads the position of a switch-
type joystick and its fire button. 

Documentation consists of a 22-page booklet 
which describes each command complete with 
a small programming example. If you are 
thinking of buying a 3K expansion pack and 
want to use your Vic for graphics and sound, 
spend an extra £5 and buy the Super Expander 
cartridge — it is well worth it. 

T h e Vic-20 Programmer's Aid Cartridge is a 
useful tool for writing, editing and debugging 
Basic programs. When first plugged into 
the Vic or expansion board it has no effect and 
must be initialised to gain access to the extra 
commands. This is achieved by Typing 
SYS28681 followed by the Return key. Those 
of you familar with the Vic memory map will 
realise that the area starting at location 28681 
normally resides in an 8K block of RAM, if 
fitted. If you have a fully expanded Vic the 
last 8K block of RAM will be unavailable 
when using the Aid cartridge, allowing only 
Basic programs of 19.5K or less to benefit 
from it. 

After initialisation the cartridge is in 
program mode and the function keys are 
assigned 12 useful Basic commands such as 
Goto and Gosub. Normally only eight 
function keys are available, the other four, 
F9-F12 are obtained by holding down the 
C T R L key and pressing the function keys. 
The Edit mode is entered by typing Edit, or 
by pressing the Ctrl and F1 keys together. In 
this mode the function keys are assigned 
special editing commands, which cannot be 
included in Basic programs such as Delete, 
Find and Step. 

T h e function keys simply allow single-
keystroke entry of commands and do not limit 

the commands available. The user can even as 
sign his own commands to the function keys if 
desired using the Key command. 

The cartridge comes complete with a 15 
page instruction book describing each new 
command, together with a short programming 
example. The final section uses a dice-
throwing program as an example of how to 
write and debug a Basic program using the 
features of the cartridge. 

Anyone writing long complicated Basic pro-
grams of 19.5K or less will find this cartridge 
invaluable. The time and effort saved in 
program development could soon cover the 
cost. 

Vicmon as the cartridge is affectionately 
referred to in the documentation, is similar to 
the Programmer's Aid, except that it simpli-
fies the writing and debugging of assembly 
language programs rather than Basic. Typing 
SYS24576 followed by a Return initialises the 
cartridge, again the last 8K RAM block is 
occupied by Vicmon. 

The function keys are not assigned any 
values. Upon initialisation the screen displays 
the contents of the 6502 registers, that is the 
program counter, status register, accumulator, 
index register X, index register Y and stack 
pointer. The commands offered are single 
characters followed by various parameters 
such as start or finish addresses, op-codes, 
operands and hex values. In fact all operands 
must be preceded by $. 

Vicmon should not be confused or com-
pared with a full assembler/editor. It is a 
simple aid for the production of short machine-
code programs or subroutines. For anyone 
who has tried hand assembly and a Basic 
loader for machine code this cartridge is 
heaven sent, reducing nervous breakdowns to 
a minimum. Although as all operands must be 
entered in hex, a decimal to hex conversion 
command would have been welcome, but I 
suppose you can't have everything. 

At £35 this cartridge appears expensive 
when compared with some cassette-based 
assemblers, however, you are paying for the 
reliability of quality firmware. Also the 
cartridge can be plugged directly into your Vic 
and is immediately ready for use, leaving 3.5K 
RAM for your program. In contrast a 16K 

RAM pack may be required to load a good 
software assembler. 

The documentation assumes the same layout 
as the previous cartridges. It is aimed at the 
reader who is familar with 6502 assembly 
language, but not an expert. The cartridge 
commands are presented in alphabetical order, 
leading to some page flicking, as some of the 
earlier commands refer to others further on in 
the text. Some important information, 
although obvious, is missing. For instance the 
M command can be used to create word tables 
or blocks of data as well as editing them; an 
example of the format required for each form 
of addressing would be beneficial; for con-
ditional branching only the address to be 
branched to need be specified, this is only 
implied in an example; all two-bit addresses 
are entered MSB,LSB rather than LSB,MSB 
as in some assemblers. 

Stack's 40-column card plugs directly into 
the back of the Vic or any expansion-board 
slot, and comes complete with its own video 
chip to control the display, 2K RAM for the 
screen memory, and the normal Vic/Pet 
character set in ROM. The card uses the 
Autostart facility of the Vic and if no action is 
taken at power-up the display is automatically 
in 40-column mode. Various key combinations 
during power-up will obtain the SO-column or 
normal Vic configurations. The display can be 
changed at any time, either directly from the 
keyboard or under program control. 

The card comes complete with monitor and 
U H F output sockets, either of these together 
with the Vic's normal U H F output can be 
used to drive two separate televisions or 
monitors. For example a program listing or 
a table of results can be displayed on the 40/80-
column screen whilst a graph is plotted on the 
other. 

The card also offers a couple of other useful 
features. The screen can be set to give 
automatic line spacing, and if the normal Vic 
screen is not required the 1.5K memory 
normally allocated can be used for Basic 
program storage, also the lower 3K of RAM 
can be used for Basic giving the Vic a true 32K 
expansion potential. Obvious uses are word 
processing, communications, business appli-
cations and education. 

C O N C L U S I O N S 
• Commodore's cartridges are well pre-

sented and constructed, the firm-
ware is professional and bug-free. 

• The approach of the documentation 
is far superior to that of the Vic-20 
user manual, including contents, 
introduction, examples, summary 
and indices, but the demonstration 
programs could be better. 

• The Super Expander Cartridge offers 
good value for money and should be 
purchased in preference to a plain 3K 
RAM pack. It would be a great ad-
vantage if the Super Expander func-
tions could be included with 16K 
RAM instead. 

• The Programmer's Aid offers many 
usefu l ed i t i ng and debugg ing 
features, but can only be used to 
develop programs up to 19.5K in 

length. This limitation may well 
restrict its market. 

• The Machine Code Monitor will 
appeal to anyone wanting to develop 
short assembly language programs. 
It falls nicely between the two 
extremes of hand assembly/Basic 
loader, and a full assembler/editor. 
The cartridge limits the maximum 
possible program RAM to 22.5K but 
this should be no real restriction to 
assembly language programs. 

• Stack's 40/80-column board is a 
welcome addition to the Vic range of 
accessories. However, the cost, 
monochrome display and inability to 
give high-resolution graphics, 320 x 
192, may fail to appeal to the home 
user market. 

• Vic owners should consider their 
expansion plans carefully. If you are 

only interested in Basic programming 
and do not require high-resolution 
graphics, it seems pointless to buy a 
3K RAM pack as it will not be 
available for Basic when expanding 
above 6.5K. 

• Expanding above 19.5K may be a 
waste of money and RAM if you 
want to use the Programmer's Aid, 
because the top 8K of expansion area 
is occupied by this cartridge when in 
use. If you are only interested in 
assembly language then Vicmon may 
be all you need, plugged directly into 
the back of your Vic the 3.5K on 
board will go a long way. 

• The Programmer's Aid, Super Ex-
pander and Machine Code Monitor 
each cost £34.95, 3K of RAM costs 
£29.95 and the Stack 40/80-column 
card costs £115. 
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SPAC 
Flee through the cosmos 
in this engrossing game of 
pursuit written by David 
Browne. Malignant alien 
beings seek tirelessly to 
destroy your vessel. 

a FORI=7552T07671 -RERDfl;POKEI,R:NEXT 
1 B R T A 1 2 6 , 1 2 6 , 1 0 2 , 1 0 2 , 1 0 2 , 1 9 2 , 1 2 6 , 1 2 6 , 5 6 , 5 6 , 2 4 , 2 4 , 2 4 , 2 4 , 6 0 , 6 0 
2 D A T A 1 2 6 , 1 2 6 , 6 , 1 2 6 , 1 2 6 , 9 6 , 1 2 6 , 1 2 6 , 1 2 6 , 1 2 6 , 6 , 1 2 6 , 1 2 6 , 6 , 1 2 6 , 1 2 6 
3 D f lT f t 96 ,96 f 1 0 8 , 1 0 8 , 1 2 6 , 1 2 6 , 1 2 , 1 2 , 1 2 6 , 1 2 6 , 9 6 , 1 2 6 , 1 2 6 , 6 , 1 2 6 , 1 2 6 
4 B A T R 1 2 6 , 1 2 6 , 9 6 , 1 2 6 , 1 2 6 , 1 0 2 , 1 2 6 , 1 2 6 , 1 2 6 , 1 2 6 , 1 0 2 , 1 2 , 2 4 , 4 8 , 4 8 , 4 3 
5 DRTR126,126,102,126 , 1 2 6 , 1 0 2 , 1 2 6 , 1 2 6 , 1 2 6 - 1 2 6 , 1 0 2 , 1 2 6 , 1 2 6 , 6 , 1 2 6 , 1 2 6 
6 B A T A 2 4 , 2 4 , 6 0 , 6 0 , 6 0 , 1 2 6 , 1 2 6 , 6 6 , 6 6 , 1 2 6 , 1 2 6 , 6 0 , 6 0 , 6 0 , 2 4 , 2 4 
? D R T R O , 7 , 6 2 , 2 5 4 , 2 5 4 , 6 2 , 7 , 0 , O , 2 2 4 , 1 2 4 , 1 2 ? , 1 2 ? , 1 2 4 , 2 2 4 . 0 
8 D R T R O , 6 0 , 1 2 6 , 1 7 1 , 2 1 3 , 1 2 6 , 6 0 ,0 
10 PR I NT" MSJ 
11 PRINT" SJ 
12 F0RT=1T02Q 
13 PR I NT" Si I i 
14 HEXTT 
15 PRINT" " ; 
16 P0KE36879> 8 : T I " 0 0 0 O O O " 
17 P0KE36369,255 
13 POKES135,160 
19 PR I NT" a a " " T l f ' d 
20 GRAPHIC=209:R=7900 
21 MINE=l60 B=11 
22 V=8142 
23 2=5 
24 CL=0•POKE36378,15 
25 X=8142:S0UND=36876 
2 6 Y = 1 5 
27 LC=0 
23 C=0 
30 KEVS-PEEK<197) 
41 I FKEYS'=47THENC= 1 •GRRPHIC=59 
42 I FKEVS-39THENC-2 : GRAPH I C=53 
43 IFKEVS=33THENC=3:GRAPHIC=60 
44 I FKEVS=26THENC=4 GRAPH I C=61 
45 I FC=1THENA=A+22 •' P0KER-22+B, 160 
46- fFC=2THENA=A-22-P0KEA+22+£,150 
47 I'FC=3THENB=B-1 :R0KEfi+B+l • 160 
43 IFC=4THENB=B+1"FOKER+B-l,160 
50 IFR=7702THENC=1 GRAPHIC=59:H=A+22 
51 IFA=3164THENC=2:GRAPHIC=53 = A=A-22 

T H I S P R O G R A M for the unexpanded Vic makes 
economical use of the user-defined character 
facility. Fif teen characters are def ined in data 
s tatements and 10 of these redesign the 
numbers 0 to 9. It would be easier to read the 
defini t ions for numera ls f rom the character set 
in R O M into R A M — but less pleasing to the 
eye. 

In hot pursuit 
T h e object of the game is to manoeuvre your 

ship a round the screen avoiding two saucers in 
hot pursui t . Use the keys Z and X to tu rn left 
and right, the funct ion keys F1 and F 3 for u p 
and down. Watch out for the deep-space mines 
laid by the pursu ing alien hostiles. 
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One problem with redefining a limited 
character set is that if the program crashes you 
will not be able to read the error message to 
find out at which line an error has occurred. 

The solution here is to key in 

POKE 36869,240 

and then press return. This will send the Vic 
back to the standard character set in ROM and 
turn the garbage on the screen into letters. Be 
careful to key it in correctly since the letters 
you type will not appear as such on the screen. 

In line 16 the border and screen colours are 
set by Poking the value 8 into 36879. 
Changing this value will set up other colour 
combinations. _ 

2 2 0 

, 2 2 5 

, 2 3 0 

5 2 I F B = 0 T H E N C = 4 G R A P H I C = 6 1 : B ' = B + 1 

5 3 I F £ = 2 1 T H E N C - 3 • G R A P H I C = 6 0 : B = £ - 1 

5 4 I F F E E K < A + B > = 1 7 4 T N E N P 0 K E A + B , 2 1 5 : G O T O 8 0 6 

5 5 P O K E A + B , G R A P H I C 

5 0 C L = C L + 1 

6 5 L C = L C + 1 

7 0 I F C L = 2 T H E N G O S U B 2 0 0 

7 1 I F L C = 3 T H E N G O S U B 5 0 0 

7 5 P R I N T " ® S " T I $ " S 

76 I F P E E K < A + B > = 1 7 4 T H E N 8 6 0 

8 0 G O T O 3 u 

2 0 0 K M = I N T < 2 $ R N D £ 1 > > 

2 0 5 I F K M = 0 T H E N M I N E = 1 7 4 

2 1 0 1 F B > V T H E N V = V + 1 P O K E X + V - 1 , M I H E P O K E S O U N D , 

2 2 0 1 F A > X T H E N X = X + 2 2 : P D K E X - 2 2 + V , 1 6 0 • P O K E S O U N D 

2 3 8 I F f l < X T H E N X = X - 2 2 • P 0 K E X + 2 2 + V , 1 6 0 : P O K E S O U N D 

2 4 0 I F B < V T H E N V = V - 1 • P 0 K E X + V + 1 , 1 6 0 : P O K E S O U N D , 2 : 

2 5 8 P O K E X + V , 6 2 

2 5 5 C L = 0 • P O K E S O U N D , 0 

2 6 0 M I N E = 1 6 0 

2 6 5 I F X = A A N D V = B T H E N 8 0 0 

2 8 0 R E T U R N 

5 0 0 K M = I N T < 2 * R N D < 1 > > 

5 0 5 I F K M = 0 T H E N M I N E = 1 7 4 

5 1 0 I F B > Z T H E N Z = Z + 1 •• P O K E V + Z - i , 1 6 0 

5 2 0 I F A > V T H E N V = V + 2 2 P O K E V - 2 2 + Z , 1 6 0 

5 3 0 I F A < V T H E N V = V - 2 2 • P O K E V + 2 2 + 2 , 1 6 0 

5 4 0 I F B < Z T H E N Z = Z - 1 P 0 K E V + Z + 1 , M I N E 

5 5 0 P O K E V + Z , 6 2 

5 5 5 L C = 0 

5 6 0 f ' l I N E = 1 6 0 

5 6 5 I F V = A A H D Z = B T H E N 8 0 0 

5 5 0 R E T U R N 

3 0 9 P O K E V + Z , 2 0 9 : P O K E X + V , 2 0 3 

8 0 1 P O K E A + B , 2 0 9 

3 0 2 P R I N T " s m m m m m w m i t t m E O V E R " 

3 0 3 P R I N T " A B M M M M d P U S H - F 7 " " 

3 0 4 G E T A $ : I F f i $ = " l i , , T H E N R U N 

3 0 5 r O K E A + B . - 2 1 5 

3 0 6 F 0 R T = 1 T O 1 0 • H E X T T 

3 0 7 3 0 T 0 8 0 1 
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Special effects, user-
defined graphics, Martin 
Howse opens up the Vic 
colour vista with his 
illuminating guide to high-
resolution graphics. 

Figure 1. 

M U L T I - C O L O U R GRAPHICS is a f o r m o f h i g h -
resoiuiion graphics, and that is graphics 
defined on an eight by eight matrix o f dots. 
However, it is different in that, unlike the 
high-resolution graphics which only have two 
colours for a dot on the matrix being lit or not 
l i t , multi-colour characters have four colours. 

There are a few l imitations, in that the 
horizontal resolution is halved w i t h mult i-
colour characters. That means that characters 
w i l l be made on a four by eight matrix. Also, 
only four colours can be used; the border 
colour, the auxil iary colour, the character 
colour and the screen colour. 

You cannot have many different characters 
wi th other colours because i f you change the 
border, screen and auxiliary colours for a new 
character, the old character's colour w i l l 
change. However, this may be used to produce 
special effects where many colours are 
changed very quickly. 

T o start defining a mult i-colour character 
we must first decide on the colours. Since we 
can change the screen, border, character and 
auxil iary colours, we have a choice o f four 
different colours which can be anything in the 
range o f the Vic's first eight colours — except 
the border and auxil iary colours which may 
have 16 colours. 

These colours are Poked into the Vic in the 
registers shown in table 1. 

The codes o f the character colours are found 
using the fol lowing table:— 

0 Black 
1 White 
2 Red 
3 Cyan 
4 Purple 
5 Green 
6 Blue 
7 Yellow 

When the colours have been chosen and 
Poked into their appropriate memory location, 
you must start to design the character on a 
four by eight matrix. See Figure 1. 

Once the colours have been put on the 
matrix where you want them, using, for 
example, A for auxil iary colour, B for border 
colour, C for character colour, you can set 
about coding the image. Each line o f the 

matrix w i l l become a binary number which 
w i l l be put into memory in decimal. You must 
go through each o f the eight lines o f the 
character matrix to do this. 

T o convert the line to a binary number you 
must start at the left-hand side o f the line and 
work your way to the right. I f you come to a 
position where you want a screen colour, wr i te 
down 00; for a place w i t h a character colour, 
10; for a place wi th a border colour, 01; and 
for a place w i th an auxil iary colour, wri te 
down 11. You should end up w i t h an eight-
digit binary number, for example 00011100. 
Repeat this for all eight lines on the matrix. 
When you have finished coding the design, 
convert all your number to decimal and put 
them into memory using the fol lowing 
routine: 
DATA 8 decimal numbers. 
FOR F = 7168 to 7175: READ A: POKE F, A: 
NEXT 

N o w that it is i n memory, we have to 
prevent it from being overwritten. Poke 52,28 
is sufficient to do this. T o use the character in 

11101011 = 235 
11101011 - 235 
11111111 255 

Then we Poke them into memory. 
40 DATA 255.235.235.235.235,235.235,255 
50 for F = 7168 TO 7175: READ 1: POKE F.A: 
NEXT 
Next we must protect the character. 

60 POKE 52,28 
And last we must make use of the character 
and Print it: 
70 POKE 36869,255: PRINT"(shift clr-home>@" 

T o prevent the screen being messed up by 
"Ready" appearing in multi-colour lettering 
the fol lowing line may be added: 

80 GOTO 80 
When the program is Run a mult i-colour 

box w i l l appear on the screen. You w i l l be able 
to define your own character as easily as this. 

T o end wi th , here is a program to 
demonstrate what happens when one colour 
code is changed. 

10 PRINT "(shift clr-home)" 
20 DATA 0.10.10,42.42,130,142.142 
30 DATA 0.160,160,168.168.130,142,142 

MULTI-COLOUR 
VIC GRAFHICS 

Poke 
Poke 36879, screen and border colours 

Comments 
See Vic manual for combination of screen and 
border colours 

Poke 36878, code of auxiliary colours (0-15) x 
16 
Poke 646, code of character colour (0-7) + 8 Used to change the character colour for a 

PRINT statement. 
Poke 30/20 + address of point, code of If you are poking onto the screen use this, 
character colour. Table 1. 

memory you must change the value o f 
36869,255 to use the characters. You may 
have more than 1 character in memory. T o do 
this add more data in the Data statement in the 
routine and increase the value of F, that is, 
increase 7175 in the previous routine. Here is 
an example program going through the steps 
required to generate a mult icolour character. 

First we choose the colours: white, black, 
red, blue and Poke them into memorv. 
10 POKE 36879,24 put white and black 

into memory 
20 POKE 36878,2 x 16 put red into memory 
30 POKE 646,14 put blue into memory 

Then we design the character, which w i l l be 
a simple mult icolour box, see figure 2. Now 
convert it to binary. 

A A A A = 11111111 
A C C A = 11101011 
A C C A - 11101011 
A C C A = 11101011 
A C C A = 11101011 
A C C A = 11101011 
A C C A - 11101011 
A A A A = 11111111 

Then we convert the binary numbers to 
decimal: 

11111111 = 255 
11101011 = 235 
11101011 = 235 
11101011 = 235 
11101011 = 235 

40 DATA 170.170,170,170,170.170.170.160 
50 DATA 170,170,170,170,170,170,170,130 
70 FOR F = 7168 to 7199 
80 READ A 
90 POKE F,A 

100 NEXT 
110 FOR F = 7424 TO 7431: POKE F, PEEK 

(25600 + F): NEXT 
120 POKE 36869,255: POKE 52,28 
130 FOR F = 1 TO 11 
140 POKE 646,INT(RND(TI) x 5) + 10 
150 PRINT "@A @A @A <3>A @A <3>A @ A " 
160 PRINT "BC BC BC BC BC BC BC" 
170 NEXT 
180 POKE 36878,(INT(RND(TI) x 15) -f 1)x 16 
190 GOTO 180 • 

Figure 2. 

A A A A 
A C A 
A c Q A 
A Q c A 
A C c A 
A C c A 
A C c A 
A A A A 
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SOFTWARE FILE 
(continued from page 107) M U f l S I " 
7 7 0 I F N > 2 5 S T H E N L E T N = N - 2 5 S 8 1 0 G O T O 6 3 0 
7 © 0 X F N < > 6 S T H E N G O T O 7 5 0 1 0 0 0 R E M H i R U T O M R T I C R U N W M 
7 9 0 P O K E G P . 0 1 0 1 0 5 R U E 11 M R Z § " 
3 0 0 P R I N T R T 2 3 , 0 ; 1 0 2 0 R U N 

Slide show 
Stewart Stall worthy, 
Rickmansworth, 
Hertfordshire. 

T H I S R O U T I N E can be used to Poke t o t he 
screen any pre-defined picture or pictures. 
Whi lst a Basic program would take approxi-
mately 60 seconds, this routine takes less than 
one second, and can therefore be usefully 
incorporated in Basic program. First draw a 
picture on the screen, then save it on tape — 

SAVE "Picture" SCREEN 
10 CLEAR 39997 

20 FOR f = 40000 TO 40048 
30 INPUT a 
40 POKE f,a 
50 PRINT f,a 
60 NEXT f 

Run the program entering the appropriate 
decimal codes, and then Save on tape 

SAVE "Slide" CODE 40000,48 
The next step is to load the picture bytes into 
memory. The routine is writ ten to look for 
them at memory address 40100. 
CLEAR 39997 
LOAD "Slide" CODE 40000,48 
LOAD "Picture" CODE 40100,6912 
Now type 

RANDOMISE USR 40000 
and all should be revealed. Each picture takes 
6912 bytes, and additional pictures may be 
located at other memory addresses, for ex-
ample 47013 and 53926. I f these are used, it 
w i l l be necessary to make the routine look at 
the correct starting address, and this is done as 
follows. For picture starting at memory 
address 47013, 

POKE 40008,165 
POKE 40009,183 

For picture starting at memory address 53926, 
POKE 40008,166 
POKE 40009,210 

RBBRESS MfiCHIN 
CODE 

bMNEMONIC COMMENT ADDRESS MACHINE 
CODE 

MNEMONIC COMMENT 

49808 38 LD H N 5 38 LD<NN>fi POKE 39998,ft 
1 eLO 5 —1 d 
2 J-6 LD L N 6912 i n t o HL i 156 

1 X 3 24 JR DIS Jump t o 48013 
4 24 LB<NN>HL HL i n t o memory 9 233 
5 O i a t 3 9 9 9 8 & 39999 40930 3 3 LD fk'NN> ft=PEEK 39999 
r. 156 i 53 
7 17 LD DE NN 16384 i n t o HL 156 

J * 
j 71 LD B ft B=fi 

3 156 A 51 DEC ft 
40810 33 LD HL NN 16384 i n t o HL 5 j DEC £ 
i • 0 6 48 JRZ BIS Jump t o 48048 i f 
2 •54 18 

i 26 l b fi ode; »ft=PEEK DE 3 50 LBCNN)ft Poke 39999,ft 
.4 119 LD (HL)fi POKE HL..ft 9 53 
J 35 INC HL 40040 156 
o 19 INC DE 1 LD ft N 255 i n t o ft 

58 LD aCNN) ri=FEEK 39998 255 
w' O i l 

• - i _> 50 LD \NN)f t Poke 39998,ft 
9 156 4 62 
40828 7 1 LD B ft B=fl 5 156 
» i 61 DEC H 6 24 JR DIS Jump t o 48013 

ST DEC B f 221 
3 48 JRZ DIS Jump t o 40030 3 281 RET Back t o B a s i c 
4 "3T i + B=0 

Sounds familiar 
David Rees, 
Weybridge, 
Surrey. 

mmv 

IF YOU HAVE been gazing enviously all year at 
the BBC's Envelope command and have come 
home to the flat tones of a Vic-20, this 
program should cheer you up. It creates 
sounds at machine-code speed and gives an 
extra 11 registers for sound control. 

Program 1 Pokes the machine code into 
memory, as the basic Vic has no assembler. 
Care must be taken when you type in the 
program, as one error in the code can cause the 
computer to stay in machine-code mode unt i l 
you switch it off. The best method for dealing 
wi th this is to Save the program before you 
Run it. Then, i f there is a mistake, you can 
load the program and check it through. 

After running program 1, you can New it as 

the machine code is all that is needed. It is 
located in the 256 bytes between 7424 and 
7679, and the R A M t o p has been moved down 
by this amount so that variables do not erase 
the program. 

T o use the command, you must first set the 
registers. There are 11 registers which have :o 
be Poked to, and program 2 shows a convenient 
way o f doing this. 

The registers are as follows: 
DATA S,FRI1 ),FR(2),FR(3),T(1 ),T(2),T(3), 

V(1),V(2),V(3),DT 
S is the voice chosen, 0 is the low sound, 1 is 

the medium sound, 2 is the highest sound and 
3 is the white noise generator. 
* FR(1), FR(2) and FR(3) are the numbers 

that are added to the frequency of the voice 
chosen each cycle. I f the number o f the 
frequency rises above 255, the command 
wraps it around so that the value becomes 
128 plus the value by which it exceeded 255. 
This means that i f you want the command to 
play several scales o f notes there w i l l be no gap 

in sound once the top of the scale is reached. 
The number that can be stored in these 
registers lies between 0 and 255. 

T ( l ) , T(2) and T(3) arc the number o f cycles 
through which the registers o f each o f the 
three parts are added to the sound and volume 
chosen. Again, the range of values lies between 
0 and 255. 

V ( l ) , V(2) and V(3) are the numbers which 
change the volume of the sound each cycle. I f 
16 is Poked in here, volume does not change. 
A number lower than 16 lowers the volume, 
and a number greater than 16 raises it. The 
effective number can be calculated using 
16-V(n). 

D T is the delay time after each cycle is 
completed and can be between 0 and 255, w i th 
0 having a delay time o f 0.1ms. and the other 
numbers are measured in the computer in 
increments of 0.5ms. 

I f this seems complicated, program 3 gives 
the Basic equivalent of the main routine. You 

(continued on next page) 
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(continued from previous page) 
can also use this rout ine to demonstra te how 
much faster machine code is compared with 
Basic. N o w all you have to do is type in SYS 
7424 and the command will start. T h e registers 
will not change so SYS 7424 can be used any-

SOFTWARE FILE. 
where and as many times as you want in a pro-
gram. Registers can also be Poked individually 
so you can change a sound quickly. 

You are now ready to create your own sound 
effects. T h e main advantage of this command 
is its speed. Basic cannot run faster than when 

30 is Poked into the D T register. Lower 
number s down to 5 can create fast, smooth 
sounds. W h e n D T is 4 or less, sounds merge. 
These speeds are the most useful as you can 
mix tones and volume to create your own wave 
forms. 

5 REM*###PROGRRM 1 W W 
10 POKE 5 1 » 2 5 5 : P O K E 5 2 , 2 8 : P O K E 55,255=POKE 

FOR N=0 TO 132 
READ A 

7 4 2 4 + N , f l 

,28 
170 NEXT 
130 NEXT 

20 
39 
* 0 
50 
60 
79 
3 0 
90 
•90 
i '10 
120 
130 
140 
150 
160 
170 
130 
139 
200 
210 
220 
2 3 0 

T A B L E 1 
P O K E 
NEXT 
D R T F . 
D A T A 
D A T A 
D A T A 

D A T A 
D A T A 
W T R 
D A T A 
D R T R 
D A T A 
D A T A 
D R T R 
D A T A 
D R T R 
D A T A 
D R T H 
D R T H 
D R T R 

2 4 , 1 7 3 , 2 5 2 , 2 9 , 4 1 , 3 1 , 1 4 1 , 2 5 2 , 2 9 
1 7 3 , 2 5 3 , 2 9 , 4 1 , 3 1 , 1 4 1 , 2 5 3 , 2 9 
1 7 3 , 2 5 4 , 2 9 , 4 1 , 3 1 , 1 4 1 , 2 5 4 , 2 9 
1 7 3 , 2 4 5 , 2 9 , 4 1 , 3 , 1 4 1 , 2 4 5 , 2 9 

1 6 9 , 1 0 , 1 3 3 , 1 , 1 6 9 , 1 4 4 , 1 3 3 , 2 , 1 6 9 , 0 
1 4 1 , 2 4 1 , 2 9 , 1 4 1 , 2 4 2 , 2 9 , 1 6 9 , 2 4 6 
1 3 3 , 2 5 1 , 1 6 9 , 2 9 , 1 3 3 , 2 5 2 
1 7 2 , 2 4 5 , 2 9 , 1 7 7 , 1 , 1 7 2 , 2 4 1 , 2 9 , 2 4 , 1 1 3 , 2 5 1 
1 4 4 , 3 , 2 4 , 1 0 5 , 1 2 8 , 2 4 , 1 7 2 , 2 4 5 , 2 9 
1 4 5 , 1 , 1 7 2 , 2 4 1 , 2 9 , 2 0 0 , 2 0 0 , 2 0 0 
2 3 3 , 2 4 2 , 2 9 , 2 0 0 , 2 0 0 , 2 0 0 , 1 7 7 , 2 5 1 
2 4 , 1 0 9 , 1 4 , 1 4 4 , 2 3 3 , 1 5 , 2 4 , 1 8 4 
1 4 1 , 1 4 , 1 4 4 , 1 7 2 , 2 5 5 , 2 9 , 1 9 2 , 6 , 2 4 0 , 8 
1 6 2 , 1 2 0 , 2 0 2 , 2 0 8 , 2 5 3 , 1 3 6 , 2 0 8 , 2 4 8 
1 7 2 , 2 4 1 , 2 9 , 2 0 0 , 2 0 0 , 2 0 0 , 1 7 7 , 2 5 1 
2 0 5 , 2 4 2 , 2 9 , 2 0 8 , 1 3 1 , 2 3 8 , 2 4 1 , 2 9 
1 6 9 , 5 , 2 0 5 , 2 4 1 , 2 9 , 2 0 8 , 6 , 1 6 9 , 0 
1 4 1 , 2 4 1 , 2 9 , 9 6 , 1 6 9 , & , 7 6 , 4 6 , 2 9 

p o s i t i o n v a r i sb l e ran-ae • f u n c t i o n 
7669 0 - 3 V o i c e c h o i c e < 3 6 8 7 4 + S ) 
7670 FR< 1 > --re-Huency + FR<n) 
^ 6 7 1 FR<2> 0 - 2 5 5 e a c h e y e l e 
7 6 7 2 FRC3) 
7673 T K 1 Number 
7674 T<2> 0 - 2 5 5 _ A u'T 
7675 T<3> e y e l e s 
7676 Vv 1 > Vo lur r ie-16+v<r i> 
7677 v<2> 0 - 3 1 e a c h 
7673 V<3> e y e l e 
7679 DT 0 - 2 5 5 D e l a y t i m e e a c h e y e l e 

EXAMPLES" 
He l i c o r - t e r 
1010 DRTR 0 , 2 , 4 . 1 , 8 , 8 , 2 0 6 , 3 0 , 1 5 , 1 5 , 1 
1320 FOR N=0 TO 70:POKE 3 6 8 7 4 , 2 4 0 - N • S V S 
NEXT:POKE 3 6 8 7 4 , 0 

7 4 2 4 = 

9 9 9 R E M * * # # P R O G R A M 2 # * # # 
1 0 0 0 F O R N = 0 T O 1 0 : R E A D A ^ P O K E 7 6 6 9 + H , R : N E X T N 
1 0 1 0 D R T R 2 , 2 , 0 , 1 9 1 , 1 , 2 1 1 , 2 2 4 , 3 0 , 1 6 , 2 4 , 2 
1 0 2 0 S V S 7 4 2 4 : P O K E 3 6 8 7 6 , 0 

9 9 R E M * # # # P R O G R F L N 
1 0 0 F O R ft = 1 T O 3 
1 1 0 F O R B = 1 T O T ( F L > 
1 2 0 F = P E E K < 3 6 8 7 4 + S > + F R < F L ) 
1 3 9 P O K E 3 6 8 7 4 + S , < F R N D 1 2 7 > + 1 2 8 
« 4 0 V ' = P E E K < 3 6 8 7 8 > - 1 6 + V < F L ) 
1 5 0 P O K E 3 6 3 7 8 , V R N D 2 5 5 
1 6 0 F O R T = 0 T O D T - N E X T 

-•sser- Uuf j 
1010 DATA 2 , 2 , 4 , 1 , 8 , 8 , 2 0 0 , 3 0 , 1 6 , 0 / 2 
1020 POKE 3 6 8 7 6 , 99 •• POKE 3 6 8 7 3 , 1 5 : SVS 7424 

" o o t s t e ^ s < wa Ik i fi-y > 
1010 DRTR 2 , 6 , 0 , 0 , 8 , 8 , 2 0 0 , 1 8 , 1 5 , 1 6 , 2 
1S20 POKE 3 6 3 7 8 , 0 : F O R N=0 t o 10 :SYS 7424 :NEXT 
- o r r L inn ins? ,use 1 a s l a s t n u m b e r i n d a t a 

Echo 
1010 DATA 2 , 0 , 1 2 7 , 1 , 0 , 8 . , 9 , 1 6 , 1 5 , 1 6 , 0 
1020 FOR H=0 t o 9:POKE 3 6 8 7 6 , 2 2 5 
1030 -OR R=0 t o 28 :SVS 7424 
1940 NEXT fl,N 

Field-gun 
B Pearce, 
Bath, 
Avon. 

T H I S P R O G R A M has been wri t ten for the BBC 
Model A Micro and uses almost all the avail-
able memory . Al though it uses procedures 
which are, I believe, peculiar to the B B C 
Micro, there is no reason why it should not be 
adapted for Basic on other micros. 

T h e game is for two players. T h e r e are two 
horizontal blocks representing a plain and a 
plateau, separated by mounta ins . T h e form of 
the mounta ins and the height of the plateau 
are both random, and the plateau may be right 
or left of the screen. Sited at a random position 
on the plain is a gun position, and another on 
the plateau. At the top of the screen a cross 
wind is specified, r andom left or r ight , random 
st rength five to 40 m p h in s teps of 5 m p h . 

Player to start is specified, random left or 
r ight. T h e player is required to enter the gun 
elevation angle, which will be any angle 
between one to 90° , followed by muzzle 
velocity — any n u m b e r f rom 1 to 20. O n the 
second Return his gun fires a shell along the 
correct trajectory taking account of the effect 
of the wind . Each player fires in tu rn until one 
hits the others gun , when there is a flash and a 
bang. D u r i n g the exchange, previous elevation 
and velocity settings are listed at each side of 
the screen for reference. 

> L . L . 
1 ORE CI "FIELD-GUN' 1 b y B . P e a r c e 
2 0 * T V 2 5 5 . 1 
3 0 C L E A R : C L S J M 0 D E 4 : V D U 1 9 , 1 , 3 : 0 : :DIMA1 < 4 ) : A7.<=32*4»RND(96) :SjC*332+4*RNl>C96> :C7.=256+4*RNE>(32> 
40D'/.= !NT ( 1 6 * <RND(1) - 0 . 5 > ) * 3 : IFD7.^0THEN40 
SOE7.=2: F7 .=2 : GX«RND < 2 ) : HX» 1 : IX=SGN <RND ( 1 ) - 0 . 5 > : I F I 7 . = 17HEN80 
60RR0CFLAT < 0 , 9 6 , i 2 3 , 4 4 0 ) : PROCSLORE < 4 4 8 , 1 . 9 3 2 > : PROCFLAT < 3 3 2 . 9 6 . CX, ! 2 3 0 ) 
70M0VEAX, 1 2 8 : PROCFGRT: M0VEB7., CX: PROCFQRT: GOTO 1 0 0 
30PR0CF LAT ( 1 2 8 0 , 9 6 . 1 2 8 , 3 3 2 ) : PROCSLOPE ( 8 3 2 , - 1 . 4 4 8 ) : PROCFL AT < 4 4 8 . 9 6 , C X, 0 ) 
90M0VEAV., C X: PROCFQRT: MOVE 67., 1 2 3 : PROCFQRT 

l O O P R I N T T A B d , 1 > ; " E V " : P R I N T T A B ( 3 3 , 1 ) ; " E V" : IFD7 .MTHEN12 0 
1 1 0 P R I N T T A B < 1 2 , 1 ) : " < - W i n d " j - U D 1 / . ; " m p h " : G 0 T 0 1 3 0 
1 2 0 P R I N T T A B ( 1 2 , 1 > ; " W i n d " ; D X j " mph - > " 
1 3 0 6 X " 3 - G 7 . : IFG7.^2THEN150 
140EX=EX+1:GOTO160 
150FX=F7.+ 1 
160H7.=H7.+ 1 : IFH7 .^2TH=N170ELSE18 0 
170IFG7.=2THEMPf\INTTA6 ( 3 5 , 1 0 ) : " R I G H T " ; T A B ( 3 5 , 1 1 ) ; " F I R E S " ; T A B ( 3 5 , 1 2 ) : " F I R 3 T " E L S E P R 1 N T T A B < 0 , 1 0 ) : " 

L E F T " " F I R E S ' " " F I R S T " 
1801FH7.=3THENPRINTTAB(0. 1 0 ) ; " N 
1 9 0 I N P U T T A B ( 3 . 4 } " E l e v a t i o n ( 1 - 9 0 ) = " J X : I F J X < 1 0 R J X > 9 0 T H E N 1 9 0 
2 0 0 I F G 7 . = 2 T H E N 2 2 0 
2 1 0 P f t I N T T A B ( 0 , E X > ; J 7 . : G 9 T 0 2 3 0 
220PR1NTTAB ( 3 2 . F X ) ; J 7. 
2 3 0 P R I N T T A B ( 8 . 4 ) ; " 
2 4 0 1 N P U T T A B ( 8 , S ) " V e l o c i t y ( 1 - 2 0 ) = "K: I F K < I O R K > 2 0 T H £ N 2 4 0 
2 5 0 I F G 7 . = 2 T H E N 2 7 0 
2 6 0 P R I N T T A B < 3 , E X ) ; K : G O T 0 2 3 0 
2 7 0 P R 1 N T T A B ( 3 5 , F X ) ; K 
2 8 0 P R I N T T A B ( 3 , 8 ) ; " 
2 9 0 ! F G 7 . = 2 T H E N 3 3 0 
3 0 0 I F 1 X = 1 T H E N 3 2 0 
310M0VEAX, 1 2 8 : PROCSHOT ( 1 , A7., 1 2 8 ) 
320M0VEAX, C7. :PR0CSK0T ( 1 . AX, CX) 
3301FIX-1THEN3SO 
340M0VEBX,CX: PROCSHOT ( - 1 , B7..CX) 
3 5 0 M 0 V E B X , 1 2 3 : P R O C S H O T ( - 1 , B X , 1 2 8 ) 
3 6 0 t F G X = 2 T H E N 3 8 0 
3 7 0 1 F a X >BX-16ANDaX< B7.+16THEN390ELSE130 
3 3 0 1 F a X >AX-16ANDc>X< AX+16THEN390ELSE13 0 
3 9 0 P R 0 C S 0 U N D : P R 0 C B A . N G : T I M E = 0 : R E P E A T : U N T 1 L T I M E = 2 0 0 : P R I N T T A B ( 4 , 3 0 ) ; " P r e s s SPACE BAR f o r a n o t h e r 

g a o e " : c » G E T : I F c - ' 3 2 T H E N 3 0 
4 0 0 D E F P R 0 C F L A T < K , L , H , N ) i K O V E K , L : P L O T S , K , M : P L 0 T 8 5 , N , L : P L 0 T 3 5 . N , M : E N D P R O C 
410DEFPR0CSLQPE ( O . P . Q ) : F 0 R R o l T 0 5 : S X = 0 * 6 4 « P * R : T 7 . = 1 2 8 + ( C X - 1 2 8 > * R / 5 + ( R f l D ( 1 2 8 > - 6 4 > * R / 2 : P L 0 T 3 5 , S 7 . . 9 
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SOFTWARE FILE 
4 9 0 I N P U T " I N P U T D E S T R U C T L E V E L / . 1 T O 2 > " , D L 
5 0 0 I F D L < 1 OR D L > 2 T H E N 4 9 0 
5 1 0 I N P U T " I N P U T D I F F I C U L T Y L E V E L C i T O 5 > % C 
5 2 8 I F C < 1 OR C > 5 T H E N 5 1 8 
5 3 0 P R I N T T R B < 5 , 2 1 > ; " P R E S S f 0 T O R E S T R R T " 
5 4 0 P R I N T T R B < 5 , 2 2 >.» " P R E S S ANY KEY T O S T R R T " •• S T $ = G E T $ 
5 5 © E N D P R O C 
5 6 0 D E F P R O C C R A S H •• S O U N D © , - 1 5 , 1 0 0 , I S 
5 7 0 F O R C R A S H ® 1 T O 1 0 
5 8 0 F O R R I G H T = 1 T O 10•• V D U 2 3 . ; 1 3 , R I G H T , 0 . ; 0 . ; 0 ; •• N E X T R I G H T 
5 9 0 F O R L E F T = 1 0 T O 1 S T E P - 1 : V D U 2 3 J 1 3 , L E F T , © ; 0 J 8 ; : N E X T L E F T 
6 0 0 N E X T C R A S H = E N D P R O C 
6 1 0 D E F P R O C B O M B 
6 2 0 F I R E = 1 : X B - X + 2 : Y B = Y : I F X B > = 2 0 T H E N P R O C D E S T R U C T 
6 3 0 E N D P R O C 
6 4 0 D E F F ' R O C D E S T R U C T 
6 5 0 S O U N D 1 , 1 , 1 0 O , 2 = F I . R E = 0 = P R I N T T A B < X B , Y B > D E S T R U C T 5 •• S O U N D S , - 5 , 1 0 0 , 2 
6 6 0 E N D P R O C 
6 7 0 D E F P R O C I N I T X = 1 = Y = 3 = F I R E = 0 
6 S 0 B O M B S - " " + C H R $ 1 0 + C H R $ 8 + C H R . $ 2 3 2 
6 9 0 A E R O $ = " " + " " + C H R $ 2 3 @ + C H R $ 2 3 1 
7 0 0 D R O P $ = " " + C H R $ 1 0 + C H R $ 8 + C H R $ 2 3 3 
7 1 0 D R O P T $ = " " + C H R $ 1 0 + C H R $ 3 + C H R $ 2 3 4 
7 2 0 E N D P R O C 
7 3 0 D E F P R O C M O V E • X = X + 1 : I F X > = 2 0 T H E N X = 0 : Y = Y + 1 
7 4 0 E N D P R O C 
7 5 0 D E F P R O C L R N D 
7 6 0 P R I N T T A B < 1 , 2 " W E L L D O N E " = R E S T O R E 7 S 0 = F O R M U S I C « i T O 1 0 : R E A D A , B 
7 7 0 S Q U N D 2 , ~ 1 0 , A , B = N E X T M U S I C = E N D = E N D P R O C 
7 3 0 D R T R 1 2 9 , 1 0 , 1 1 7 , 5 , 1 2 1 , 5 , 1 2 9 , 1 8 , 1 0 1 , 1 0 
7 9 0 D R T R 1 2 1 , 5 , 1 2 9 , 5 , 1 3 7 , 5 , 1 4 5 , 5 , 1 4 9 , 5 
8 0 0 D E F P R O C D R O P : X D = X + 2 •• X D T = X + 3 = Y D = Y ~ 2 = Y D T - Y - 2 
8 1 0 F O R D E L R Y = 1 T O 3 0 0 : N E X T D E L R Y 
8 2 0 Y D = Y D + 1 : P R I N T T R E K X D , Y D > ; D R O P ® 
3 3 0 V D U 2 6 
8 4 0 I F P O I N T < X D * S 4 + 3 2 , < 2 9 - Y D > # 3 2 > = 0 OR Y D > - 2 8 T H E N 8 5 © E L S E 3 2 8 
S 5 0 Y D T = Y D T + 1 P R I N T T R B C X D T , Y DT >.; D R O P T $ 
S 6 0 V D U 2 6 
8 7 0 I F P O I N T C X D T * 6 4 + 3 2 , < 2 9 ~ Y D T > * 3 2 > 0 OR Y D T > - 2 3 T H E N E N D E L S E 8 5 0 : E N D P R O C 

Make a note of this number because to prime 
the code you must type: SYS, then the start 
address, then press Return . Pressing Stop/ 
Restore will stop the effect of Ctr lP . 

You can alter the pr int ing parameters — 
normally double-width and min imum line 
feed — by the follwing Pokes: 

P O K E ( S T A R T ) + 9 9 , 1 5 : 

P O K E ( S T A R T ) + 1 7 6 , 1 5 

for single-width print ing and 
P O K E ( S T A R T ) + 1 6 1 , 1 5 

for normal line feeds, useful when dealing 
only with screens of text. T h e machine-code 
routine will automatically print in upper or 
lower case as set by the shift keys. 

Once you have the program working you 
may take out the data checks — remove the 
ninth data byte of each line and change lines as 
follows. 3 1 0 to 460 replaced by: 

3 1 0 F O R J = 0 T O 2 0 7 

3 2 0 R E A D D A : P O K E P O + J , D A 

3 3 0 N E X T J 

Lines 540 to 570 would be deleted. 

10 REM** VIC SCREEN DUMP ** 110 PRINT "»1 - TOP-OF-MEMORY" 
20 REM** BV ** 120 PRINT "K2 - SOMEWHERE ELSE" 
30 REM** P. HINTJENS ** 130 PRINT "KCH0ICE ?" 
40 REM 140 GET A$:IF flS = "2" GOTO 240 
50 REM 150 IF fl* O "1" GOTO 140 
60 Ml = PEEK <56>: M2 = PEEK <55): REM** INITIAL MEMORY POINTERS 160 REM 
70 REM 170 REM** DEALLOCATE TOP OF MEMORY BV 256 BVTES 
80 REM** GET CODE STRRT 1S0 REM 
S0 REM 190 P0 = 256 * Ml + M2 - 256= POKE 56, Ml - 1'- POKE 52, Ml - 1 
100 PRINT "rW-JHERE SHOULD THE CODE RESIDE ?" 200 PRINT \T;: GOTO 270 (continued on page 117) 
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Quick copy 
Peter Hint/ens, 
Edinburgh. y j ^ ' j 
T H I S BASIC program will load into a chosen 
area of memory a routine that, whenever Ctrl 
P is pressed, will produce a quick copy of the 
Vic screen. 

T h e machine-code routine becomes part of 
the system interrupt — I R Q — and is called 60 
times a second when it can look at the key-
board and take whatever action is necessary. 

Enter , check and Save the program, then 
Run it. At the start you will be asked where 
the code should go. Normal ly this will be at 
the top of memory, but in some cases, for 
example when using machine code that needs 
this area, you will want to specify somewhere 
else. In the first case the program will lower 
the memory pointers to protect the code, but if 
you specify a location you must protect it as 
necessary. A useful free area of memory is the 

3K expansion block, if both a 3K and 8 K or 
16K expansion are fitted. 

As the program loads the machine-code data, 
you may get a number of error messages of the 
form 

? D A T A E R R O R IN 

showing that that data line has been incorrectly 
entered. If the check sum at the end of each 
data line fails to pick up the error, the total 
count — T T — should catch it. W h e n any data 
error is found, a flag E R is set and the 
program continues, perhaps to find more 
errors. After the load, if E R is set then the run 
is aborted and the memory pointers restored to 
their initial value, line 570. 

As the program is relocatable, certain values 
must be altered to suit its start — specifically 
the start of the I R Q wedge. T h e screen page is 
also Poked into the routine so that the code 
will run in any memory size. 

When the data has been loaded and 
assuming that there have been no errors, you 
will be told the actual start of the routine. 


