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Foreword 
If you have a computer, then you are almost certam to have 
played a Space Invaders game of one kmd or another. In thIS 
book, you'll find a program that allows you to create an 
"invaders" game of your own, m full color. The program is 
given for the Apple lIe and Commodore 64 computers 

An mvaders game relles upon moving graphIcs to be 
effective. The pnnclple is simIlar to those used m cartoons
old characters are erased from the screen before bemg 
printed in a new POSItIon, giving the impression of 
movement. The program has been broken down to ItS 
logIcal stages, and there IS a runmng text WhIch explains 
how each section works. You will find, for example, just how 
It IS that the computer "knows" when an invader has been 
shot by one of your mIssiles. Wnting a program m thIS way 
not only makes It easier for you and other people to 
understand, it also makes it run more qUIckly and reduces 
the possibIlity of errors. At vanous stages you can test the 
sections of program that you've keyed in - even the smallest 
error can mean that the program doesn't work. If something 
does go wrong check back through the llstmg very carefully 
Looking for "bugs" in a program IS llke playing a detectIve 
game - the clues are there for you to spot them 
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Introducing animation 
One of the simplest forms of computer animation IS achieved 
by printing a figure on the screen, erasmg it and then 
qUIckly printing the same figure agam in a sl!ghtly different 
position Repeating this action a number of times gives the 
lllusion of the figure moving rapldly across the screen. This 
short program demonstrates the effect. 
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The letter X is moved across the screen using a FOR, , . 
NEXT loop, With I as ItS variable - the changmg value of I 
gives different screen coordmates for printmg "X". Notice the 
space either Side of the X. When the letter is moved one 
space along to the right, the spaces either side move With It. 
The blank space on the left wlll overprint the old X and 
effectively erase It from the screen. 

In line 40 a short delay loop is mtroduced, makmg the 
computer count to 100 (Apple lIe) or 200 (Commodore) 
before it prints the next "X". Without the delay loop, the 
computer would perform the whole operation so quickly it 
would be impossible to follow. Delete Ime 40 and see what 
happens. 
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Commodore Sprites 
In addition to the move-and-blank technique described 
Opposite, the Commodore has ItS own special moving 
graphics called sprites, 

Sprites do not have to be blanked out and reprinted many 
limes to make them appear to move, Instead, you will have to 
use the special registers in the table below. Later in the 
book you w ill see how, by POKEing numbers into these 
registers, sprites for missiles and explosions can be created 
and controlled, 

Spntes are a complex, but very flexible feature of the 
Commodore, and there are many more special sprite 
registers Unfortunately, in this book there isn' t room to much 
more than show you a small percentage of the posslbillties 
open to you, but w ith practise, you w ill be able to create 
stunning animated graphics, 

Memory 
Location Name 

832 start of sprite data area 
53248 X location register 
53249 Y location register 
53259 spnte enabling register 
53264 X register in VIC (video) chip 
53269 Y register in VIC (v!deo) chip 
53287 color register - sprite one 
53289 color register - spnte two 
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User defined characters 
Games can be made to look far more excIting and 
professional by deflning your own user defmed graphics, 
whIch can be animated usmg the techniques you wIll see 
later m the book In the Commodore program you will be 
usmg sprites. 

APPLE lie 
Defming graphics on the Apple involves using shape tables. 
These can be very difflcult to use until you become famIliar 
with them The screen IS made up of many dots (or pixels), 
and you can instruct your Apple to draw shapes by joining 
these dots together. There are eight instructions, numbered 
in binary 000 to 111. InstructIons 000 to 011 are called move 
only operatIons, WhIch tell the computer to move a pomter 
either up, down, left or right one pixel on the screen. 

SHflPE if/BLEE PL oTRNf) MOVE TO MFIKE t:I SHflP£' 
MOVEONI.Y' o 4- smllF- o. 0 00 0 0 00 0 0 .0 . , 

(00000000) (oo()(j()/oo) j Qgi(OOIIOIOI) 

+ + S 
(01000100) : ,Yo 0 0 0 000 0: ,\ 

I 7 ; '(00/10101; 
3 ~ooo~~ ~ i 

00000011) oooooooi){oOOOOIIl 6 \ < .... .. .... 0 • o ........ . l 
2 (00000/10) (00/101/0) 

(00000010) 

WIth a move only mstruction you can move an Imaginary 
pointer around the screen without drawing anything. 
Instructlons 100 to 111 are plot and move operations - these 
draw as well as move. Starting from a defined point on the 
screen, you use the move only mstructions to move the 
pointer to where you wIsh to commence drawing, before 
using the plot and move instructions to draw It. 

The computer doesn't understand these instructions as they 
stand, as 3-bit (binary dIgIt) numbers. They first need to be 
collected together into 8-blt numbers, and then converted to 
decimal numbers (the kind of numbers humans count in) 
Each 8-bit number contains two shape table operations, 
usually preceded by two zeroes. You can convert from 
binary to decimal by Imaginmg each bit as a column 
representing a decimal number - starting from the right, the 
columns represent 1, 2, 4, 8, 16,64, and 128 - and addirlg the 
columns together. 
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COMMODORE 
Computer graphics screens consist of many small dots (or 
pixels) Design your sprite on graph paper using a 24- by 
21-pixel grid. You can draw any shape you Eke, shadmg 
squares that you want the computer to color. It understands 
that each dot can have the value of 0 or 1. If the dot is set to 1, 
then the computer mterprets this as a filled dot. If the dot is 
set to 0, the computer takes the dot as blank. These Is and Os 
are known as binary digits (or bits). There are eight bits to a 
byte, and the computer stores each byte m a memory 
location. Sprites are defined by POKEing 63 bytes into a 
special area of memory. POKE tells the computer to put a 
number into a specific memory location 

Spntes can be any size up to 24 by 21 pixels The diagram 
'" below shows how the missile sprite used later on in the book 

is drawn and how the DATA is calcula ted. 
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Setting up a spnte involves a number of steps, usmg some 
special registers m the Commodore. First, DATA must be 
POKEd into an area of memory startmg at location 832. The 
DAT A has to be converted from the eight bit binary 
numbers into decimal numbers (the numbers that humans 
understand, and programs use) before it can be put mto a 
program. You can do thiS by adding up the numbers at the 
top of the columns in the diagram above. Up to eight sprites 
can be set up at the same time, each needing their own 
spnte pointer so the computer knows which sprite you want 
to use. Next, the sprite needs to be turned on usmg the sprite 
enabling register (location 53248+21) The computer needs 
to know what color to make the sprite, so a color code must 
be POKEd mto the color register (location 53248+39 for 
sprite 1, location 53248+40 for sprite 2, and so on) Fmally, 
the sprite needs to be positioned on screen, usmg X and Y 
location registers. You will see how the spntes for the miSSIle 
and explosion used in the game are set up in this program 
later in the book. 
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The flowchart 
To plan the Invaders game, it's a good idea to draw up a 

flowchart. This is a convenient way of setting out the series of 

logical steps that define your program. It consists of different 

shaped boxes, representing decisIons, actions and so on, 

connected by "flowlines". The flowchart is used to create a 

CONTROL PROGRAM This is the core of the program, 

which calls up other sectIons of the program whenever they 

are required. 
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" , 
, THECONTROLPROGRAM 
'" , AND INITIALIZATION 

\ . 

I .. 

The control program shows how the 
program is structured, using a series of logical 

steps called subroutines on the Apple 
and Commodore machines. These are grouped together 
on the flowchart to show how the control program has 

been constructed. The first section 
of the program then displays instructions 

for the game on the screen. 
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R~r------------------------------------------------. 
~ By followmg the flowchart on page 12 and breakmg the 

program into subroutines placed in a logical order , you can 
arnve at the main program for the game, as shown below. 
Once you have a main program hke thIS, all you have to do IS 
wnte each subroutine m turn. 

1.:..:.
... J 1:;:f~t'1 II\I')(iDEF':; 

r3U~)U8 HOOO:: Ht:~ I'1 

C3U::3t.JB700U: F:;:E I'1 
I r,j I T I (1l_ I Z E 
::-)CF:;:I:::EI·j 

30 GOSUS 1000: REM ALIEN 
(£) LI·O (3Cl~) UB.?U(;O: REI'1 F:·L.{:jiEH 

50 IF WIN = 1 OR L.OS T = 1 THEN GOrO 70 
C:;(J 'ICl50 

IF [)J J 1\1:: 111--11::1\1 
(3ClSUE{ 6'j'i'i : h:FI'i 
f] \JD 

[; c) F; l...l.F( ~.:.; () U () ~ C::CITIJ . ~:.:() 
L .. I] ~~:;E 

The first lme of a program usually gives ItS htle, by way of a 
REMark - see line 5. REMarks help anyone see what IS 
happening m a program At the beginnmg of a game you 
should give the player instructions, and set all the vanables 
to give the player mstructions, and set all the variables to 
thelr initial values. Line 10 does this. The colon (:) allows 
separate statements to be placed on the same lme. The 
subroutme WhICh plots the stars and pnnts the score IS called 
by line 20. 

The next four hnes, 30 to 60, form a repeated loop which IS 
the heart of the program A randomly selected alien IS 
moved one position down the screen in line 30. Line 40 
allows the player to move and fire a rocket at the aliens. Next 
comes an IF .. . THEN test in Line 50. IF either of these 
conditions are true, THEN the computer Jumps out of the 
loop to line 70. OtherwIse, lme 60 sends the computer back 
to lme 30, ready to repeat the move/flre process. WIN and 
LOST are simply "flags" which can be set true or false (l or 0) 
to tell the computer how the game has ended. Line 70 tests If 
the WIN flag is set. IF it IS, THEN the WIN subroutine is 
called, using the mstruction GOSUB 5000. The computer 
GOes TO line 20 for a fresh screen of aliens, and a new 
game. If WIN isn't set, the program calls the LOSE 
subroutine, starting at lme 6000. All the subroutines follow 
later in the book 

The END statement may be placed anyvvhere that is 
convenient. However, it IS good practice to place the END at 
the end of the control program This gives a neat finish and 
makes the program more readable. 
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T he first subroutme called is INITIALIZE see below . It has ) 
been put at Ime 8000 because, every time the computer 
looks for a subroutine it starts at line 1. looking at each Ime in 
turn. Subroutines whlch you use frequently should be put at 
the start of the program In line 8010 we clear the text 
screen, and bring the cursor to the home position (to the top 
left hand corner of the screen) usmg call TEXT. VT AB means 
vertical tab, or move down a certain number of text lines on 
screen. HT AB is exactly the same but for horizontal 
movement. In line 8020, the computer is instructed to start 
PRINTing down two Imes, and across seven characters. 

REM INITIAL IZ E 
T F X T HLII'IF 
uTAD l : HTAD 7: PRINT 

i ' J L.l l l · " 

BEFORE YOU START 
IT IS A GOOD IDEA 
TO P~AN HOW YOUR 
5CR~EN WILL LOOK 
ON GRAPH PAPER. 

~ 
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Q) 
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12 : HTAFi 7 : PRINT /, 'X' MUVES STARFIGHTEH 
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I.'II(~I",II: ·::)()U() 

Hie!,,) " CJ hi () :,: I,d I (\1= U::~:; [ = u:AHIT = u:HI1SrAR = O:XP 
10:ALIEN = INVADERS =L6:HEIGHT = 0: INVADERS 

8150 ALIENh = INVADERS 
DIM j(lNVADERS): DIM Y(INVADERS): D 11'1 CiD~'~ ( :::::::5 ~ 19) Q) 

:31,/0 FOR A = 1 TO INVADERS 

U J I);, 
liA' = A * 3:Y(Al = HEIGHT 
I\IF\T (1 

[, I:: 'I H :1': 

U",? J () li['ILII;,:I\1 

As the player is reading the instructions, the computer can 
be gettmg on with mitializmg the variables used m the game. 
In line 8140 a number of flags are set. LOST and WIN are set 
to zero smce the game has yet to begin. SC represents the 
number of aliens that have been shot down. AHIT (alien h1t) 
and HITST AR are two flags which check if a m1ssile has 
colllded w1th an alien or a star. XP 1S the posit1on of the 
player's spaceship along the screen's X-ax1s. HEIGHT 1S the 
Y position of the space invaders when they start towards the 
top of the screen. In Line 8150 the number of ALIENS is set 
by INVADERS. This extra vanable is used to make it very 
easy to change the number of space mvaders at the start of 
the game. Once INVADERS has been altered, the m1tial 
value of ALIENS w1ll automatically alter throughout the 
program. Each space invader 1S given its own label by 
DIMens10ning two one-d1mens1onal arrays in line 8160. 
DIMX(lNV ADERS) reserves memory space for the column 
position of each space invader, and DIMY(INV ADERS) does 
the same for the row position. For example, X(2) refers to 
the second space mvader working from the left of the 
screen. GD% 1S an integer (whole number) array Wh1Ch 
holds the location of all the characters. Lme 8170 starts a loop 
Wh1Ch sets the imtial pos1tions of the INVADERS. Lme 8180 
enters the X and Y positiori of each invader. The X position is 
determined by multiplying the alien's number by three, and 
the Y position by HEIGHT. 

'fU,)O r:I)H >: 76/ (, TC)/UU4 
'i l '1 () PEriL> (:i 

~) () :",? () r· 1 CJ r< F~ X,.! (i 

€) 

([) 

c;;():;c) I\J[ X T ;< 

'hiel , ) LhHr:; :'j " 0" J,) " I) " 2:=; ~ 0 'I ~::;~ " 0" 80 , () ',I 86 'I ° 'J T::: '! 169 ~ 6:::::,46, Q) 
53,63.46.53,63.22,45,5,00,73.45,109,58,223,27,55,109,7 

',:; ,~'; :~'~~ I;'~:: ,~:); ,:': ::';: ~, (::i~;;,>~:; ;;, ,: '.~: :~) ;3~: ~~) ~~:; !:.~;~; i~);I~ ~j ,~;,,:; ,;, ~; :~;~. ~ ~j~. ~~ ~~ ~ :~; ~~ :; ~; ~) ~ ,; ~'~ : .::~; : ® 
'1 :=, ,<'I·~; 
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Five shapes are defined for the game - the missile, the 
player's spaceship, the allen, the star and the explosIOn. The 
DATA in lines 9040 and 9050 is POKEd into memory by the 
FOR ... NEXT loop between lines 9000 and 9030. In the 
DATA the fIrst two numbers indicate how many shapes are 
being defined (in this case fIve) . The following ten numbers 
form five pairs, telling the computer where the data for each 
shape begins 

The SCREEN subroutine DRAWs a random background of 
stars before the game begins or when the player is skilful 
enough to shoot all the allens. Line 7010 clears the screen 
and sets the screen to Page I of hIgh resolution graphics 
(HGR). In line 7020, POKE - 16301,0 allows you to use the 
bottom four lines of the screen for text. POKEing locations 
232 and 233 tells the computer where to find the shape table 
information for the stars, and SCALE sets their size. 

Q) 

@) 

(£) 

")."()()() 

i t:) 1 Ii 
Hel"i hCRFLI\1 
He,I;: HUI"IE 

F'UI<F 
hLP,i.L ..... 1 

"/" (J ~:.:.:.; () 

")." C) (:~ () 

F DF: 0:::;IC1 >: 0 

OF - lNT RND (Il * 35) :GH = INT 

C;[)'X, (Iii ',' hH): 1 

HCOLOR= 7: DRAW 4 AT B * DF,8 * GH 

~o RANDOM CHARACTER 
BLOCKS ARe CHOSEN 
FOR THe 5-rAR~, 
WH ICH AR~ POSITIONEI) 
AS SHOWN . IF THE 
ALI~N MOV/iS INTO 
THIS BLOCK IT WILL 
NOT D£LETE THe 5TAR. 

"/ () (;i() 

"/" 1 ()(i 

\!lfiD ': ~::? :: HI(:i!J 1 U:: F'r;: I I\IT "{,;1 . 1 FN~:; D[:'~:;TH[)YED::::"; t:,C 
HCULUF(c., ::': DF:I:~l,\1 ::~ 1:;[ El it' X F' ,El~ 19 
r;: CT \1 j=;: Ii 

There is a FOR ... NEXT loop between lines 7030 and 7070 
which plots 20 stars on the screen. Line 7040 uses your 
machine's random number generator to deCIde where to put 
the stars. Each time the computer goes through the FOR ... 
NEXT loop an X and a Y coordinate are chosen. Line 7050 
stores the value one in the element in GD% which 
corresponds to the star position. Line 7090 DRAWs the 
spacecraft at the bottom of the screen, ready to start firing. 
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By following the flowchart on page 12 and breaking the 
program into subroutines placed m a logical order, you can 
arrive at the main program for the game, as shown below. 
Once you have a main program like this, all you nave to do is 
iNIite each subroutine in turn. 

CO 

ED 

ED 

CV 

5 REI'l I N'v'ADEF:S 
1 ( -) -
~,21: 

" 
) -

:::; 0 
40 
5C) 

(~( ) 

7' ( -) -
8 \: ) 

eru 

GoSUS 8000: REM INITIALI ZE 
GOSUE 7 000: REM SCREEN 
GOSUB 1000~ REM ALIEN 
GOSUB 2000: REM PLAYER 
IF WIN=1 OR LoST=l THEN GOrD 70 
(:iCJTD:» 
IF WIN=l THEN BoSUS 5000: Goro 20 
BoSUB 6000: REM LOSE 
[: 1\1 D 

The first lme ofa program usually gives its title, by way ofa 
REMark - see line 5. REMarks help anyone see what is 
happening in a program. 

At the beginning of a game you should glve the player 
instructions, and set all the variables to their imt1al values. 
Line 10 does this. The colon (:) allows separate statements to 
be placed on the same lme. The subroutine which plots the 
stars and prints the score 1S called by line 20. The next four 
lines, 30 to 60, form a repeated loop which is the heart of the 
program. 

A randomly selected alien is moved one position down the 
screen in line 30. Line 40 calls a subroutine allowing the 
player to move and fire a rocket at the aliens. Next comes an 
IF ... THEN test in Line 50. IF either of these cond1tions are 
true, THEN the computer jumps out of the loop to line 70. 
Otherwise, line 60 sends the computer back to line 30, ready 
to repeat the move/fire process. WIN and LOST are simply 
"flags" which can be set true or false (l or 0) to tell the 
computer how the game has ended. Line 70 tests if the WIN 
flag is set. IF it is, THEN the WIN subroutine 18 called, using 
the instruction GOSUB 5000. The computer immediately 
GOes TO line 20 for a fresh screen of aliens, and a new 
game. If WIN isn't set, the program calls the LOSE 
subroutine, starting at line 6000, 

The END statement may be placed anywhere that 1S 
convenient. However, it is good practice to place the END at 
the end of the control program. This gives a neat finish and 
makes the program more readable. 
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The flISt subroutme IS INITIALIZE. Lme 8010 sets the screen 
colors by POKEing locations 53280 (the border) and 53281 

U 
(the background) with zero (black). POKE 650,255 sets the 
keyboard to auto-repeat so the spacecraft moves smoothly, 
and the heart-shaped control character clears the screen. Lines 
8020 to 8120 contain SPC (SPaCe) commands, to position the 
display. The control characters used determine the text color. 

([) 

() 

H"'\ 
V 

€J 
([) 

8000 REM INITIALI ZE 

HO·.:j·(j 

POKE 532 80,0 : POKE 53281.0: POKE 650 ,255: 
F'r;: I j\IT l! ~",;" 
FR II\IT~:;F'C:: (,::) :) "lib ... ':,,'Ifjtll flR IE A L . 0 HE SPA CE PI LOT" 
F' F;: 1 hi T~:; PC'; .q) " po n;;~ 0 TEe T ] 6'ri fii lr I-I E P LA .... E T 
[n:n IR1f H-i.. J[ R"II II 

F' F: I N T ~~.; F' C ( £1· ) "i"u IF IE IW 1'110 II'U HI 11 S Y tit U W ILL 
BE ijJla'~ft)IFft;;t'1 

F'P I I\IT:~::;F'C (it) II d11 Tl fh C!( H:~ '~, j!b t . ": IF IJ'rlI S FRO M'1l 
ii i-II iE. IF L "11 fi'~ Elf ' , 

bU(;U F'r;:Ii\IT:::;F'[: ( .y. ) "ij.Plfi~;~GOI"li" 
lS TO 

IF~!R F U E 1M lr IAI M~' II 
E~ ()E~ () F'F;~ I 1\.!-f::;F'C: (.it ) II ~JI d~.If;t (,OM 1: f1 r.1 S H 1. .-jr f" ROM 
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i i Tii X I T!\i'j(rLILI;: ~:::i): UII>I \.; II\I'.)(:rI)r::I:;::~;):: 

FOR A=1fO INVADERS 
X (A)~A*4~2: Y(A)=HEIGHT 
c:; F':;~ J L) 'X", ( >< ( ("i) '.1 •..• ( ( (I) ) :=:: :":":": 

i:r,? 1') I: J:Co:; " " 

H :,;:: :';::: () C·:j [: r F:;: :j:: :, I r::' r:;.' t: ;;; " " 
H.,?::: 0 I:! [ T L.i F:;: II 

AB the player IS reading the mstructlons, the computer can 
be getting on wIth initializing variables. In lme 8130 a 
number of flags are set. LOST and WIN are set to zero since 
the game has yet to begin. SC represents the number of 
aliens that have been shot down. AHIT is a flag whIch is used 
to check if a mIssile has collided with an allen. XP IS the 
position of the player's spaceship along the screen's X -axis. 
HEIGHT IS the Y position of the space invaders. In line 8140 
the number of ALIENS is set by INVADERS. If you alter the 
value of INVADERS, the initial value of ALIENS will 
automatic:ally alter throughout the program Each invader is 
given its own label by DIMenslomng two arrays in line 8150. 
DIMX (INVADERS) reserves memory space for the column 
position of each space invader, and DIMY (INVADERS) does 
the same for the row position. Line 8160 starts a FOR . .. 
NEXT loop which sets the mitlal positions of the INVADERS. 
Line 8170 enters the X and Y position of each invader. 

€V 
(£) 

(V 

([) 

tD 

ED 

8500 REM S PRITE DEFINITION 
85 10 FOR N=O TO 62: 

Fa~YI 1'1 I ~:; ~:; I U =: 
852 0 FOR N=O TO 6 2 : 

1(1.1'1 F >: r'L . C1 ~; I Cil ·j 

854 0 POKE 2 040,13 
8550 P OKE 2041,14 
8560 POKE V+39,2 
85 7 0 POKE V+40,7 

POKE 832 +N,O: NEXT: 

POKE 896 +N.O: NEXT: 

8 580 DATA 8,0.0,28,0,0,28,0,0,62 ,0,0,93,0,0,28,0,0, 
2 8,0.0.62,0.0,127,0,0,127 .0,0 

859 0 DATA 0,0,0,0.0,0.0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 
0,0,0,0,0,0,0,0,0,0,0,0 

8600 DATA 0,0.0,136,0,17,2,0,64,1,0,1 2 8,16,165,8,129, 
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DA1A 12, 9 0 , 48.18,165,72,0,9 2 ,0,0,02.0, 72 ,165,18, 
l l· ~:: ~ ~ ':j () '.1 .1. :'~':': 

DAT A 72 , 165.18 , 132 , 0,33,1 29 , 0 ,1 2 9,8 , 16 5,16,128, 
0 , 1, 6 4, 0 , 2 ,1 7,0 ,136 

H6:::" F:ETUhl'l 
90C)(j r: l : J I' IT" I ~~; ::I":: FTlF;: J ' I. TTl ,,, F'F;: 1I\lr" I;,.uJ" ,: hiE Xl: RETURN 

On pages 9 and 11 you saw how Commodore sprites are 
created and used in theory. This routine sets up the mISSIle 
and explosion sprites needed for the game using the 
Commodore's speCIal registers Line 8510 POKEs the 63 
bytes mto memory, starting at locatIon 832. Lme 8530 makes 
V = 53248 - this is the lowest numbered memory locatIon and 
every hIgher numbered locatIon only needs be numbered 
as V plus a small number. The spnte pomters are set up in 
lines 8540 and 8550. Next, the sprite needs to be turned on 
usmg the spnte enablmg register (locatIOn V +21). 

The computer needs to know what color to make the sprite, 
so line 8560 POKEs a color code mto a color reglster 
(locatIon V + 39 for sprite one, location V + 40 for sprite 2, and 
so on) In thIS case the code is 2, which is the equivalent to 
red spnte graphics. 

/0 I. ':) F'CilOF ')+;? 1 'j (j:: r:'p J r,ll" I~",~" 

7020 FOR S=l TO 40 
7030 X=JNT(RND ( 1)*40): Y= Il'lT(PI'ID( 2 l*21): 

hCi:::;I.iF~ ')0')0:: ef;: 11\ITTAH ( X l "U~ " " 
)'O'l() 

":.?" (; ~.:~:.; (j 

Lme 20 of the control program instructs the computer to 
GOSUB 7000. ThIS subroutme draws a random background of 
stars. Line 7010 clears the screen, ready for the background. 
There is a FOR ... NEXT loop between lmes 7020 and 7050 
which plots 40 stars on the screen. Line 7030 uses your 
machine's random number generator to decide where to put 
the stars. Each separate part of an array is called an element, 
and a two-dimensional array such as GRID% can be used to 
represent a map by making each element correspond to a 
grid square on the map. Lme 7040 stores the value one in the 
element in GRID% which corresponds to the star position 
that has just been chosen. 
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Testing your program 

At this point it is a good idea to test the program. Follow the 
instructions in the box below and you should see the title 
screen. Pressing any key will bring up the second screen. If 
the program doesn't work or something peculiar happens, 
check through your work very carefully. Even tiny errors 
can cause the whole program to crash. 

I1PPLE JIe I . TYPe A DUMMY LINE. 25 ENI> AND HIT R.ETURN CiZ:J 
2. TYPe RUN AND HIT AETUAN c;;;z:; 

'tOU SHOUL D NOW SEE THE TITL.E SCREEN SHOWN LEFT. PR.ESSING ANY K E Y WILL 
ALLOW THE PROGRA M TO CONTINUE I AND THE STAR BA CKGROUN D WILL BUILD Up, 
SHOWN P- IGHT. OEL E T E THE {)UMMY LINE 2S BEFORE PROCEE{)ING TO T HE NEXT 
SECTION . 

COMMODORE I . -rYPE A {)UMMY LINE 25 END THEN HIT JR£1T/H.v' 
::2 . TYPE RVN THEN HIT ~ 

'tOU SHOULD NOW SEE THE TITLE SCREEN SHOWN Lt:FT. PRESSING ANY KEY Wlt-t
ALLOW T HE PROGR.AM TO CONTINUE I AND THE STAR. BACKGROUNO Wlt-t- SUIt-O UP, 
SHOWN RIGHT. DELETE THE DUMMY t- INE 2S BEFORE PROCE EOING TO THE NEXT 
SECTION . 
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The ALIEN subroutine given below has a low number 
because it is the most frequently used of the subroutines. 
The subroutine moves the aliens. It works by choosing an 
alien at random, and blanking it out by DRAWing the 
character in black on the screen. 

The alien remains invisible until the alien's next positIon has 
been calculated by the computer. Once the new position has 
been calculated, the alien is DRAWn on the screen in 
yellow. All this happens very quickly and gives the 
impression of smooth movement, and works a little like a 
cartoon film. 

1000 REI'l ?iL I I:::I '~ 

€) 1010 R = INT ( RND 
THEN F:E:~TUr':;:I\J 

+ 1: 

r") .. : .. lfP\.t:... 1 020 GD!~ ( X (F;:) , Y (H)) :== rJD~':'::;':' r;: ) " V l F:;:) ) 

~ 1030 HCOLOR= 0: DRAW 3 AT 8 * X(Rl,8 * VCR) 
1040 XIR) = XlRl + lNT ( RND (1) * 3) 1 

(f) 10~jO 'II (F<) == \" (F<) + 1. 
1060 IF X(R) 33 THEN X(PI = 33 

(l) 107 0 I F X ( F:) 1 THEN X (h)::: 1 (f) 

:~==~:~t~~~~~~~h%_*~: J 
Line 1010 selects a random whole number between one and 
the value of INVADERS. The value of R identifies a particular 
alien. Line 1010 also checks the alien's vertIcal coordmate. If 
it is 22, then it is off-screen, and is "dead" - the subroutine 
ends with a RETURN - see the HIT subroutme later on. If a 
"living" alien has been chosen, line 1030 DRAWs an alien in 
black at Y(R), X(R) making it disappear. New coordinates 
are calculated in lines 1040 and 1050, using the RND function. 
A random number - either minus one, zero or one - is added 
to the current value of X(R) to alter the column position, and 
the value of Y(R) is increased by one. The effect of this is to 
move the alien's new position one space left and down, or 
one space down, or one space right and down. Lines 1060 
and 1070 limit the value of X(R), and make sure that the alien 
can never be off the screen. The next line, 1080, tests the 
value ofY(R). If it is equal to 19, then the alien has reached 
the bottom of the screen, and the player has lost. The LOST 
flag is therefore set. In line 1090 the alien is DRAWn in 
yellow at its new positIon. Finally, GD% is updated by 
adding 2 to the value in the element corresponding to the 
alien's X and Y coordinates. 

TOMOVEL£FT 
fNr(RNO(I)*3)'-/:: -/ 

Nor TO MovE 
fNT(IWD{') 1:. 3) -/ =0 
TO frfOV& RIGHI 
/IIIT(~N/)(I)r3)-1 .. +/ 

(HE IU.lcN MOV£S OOWN 
BECRlI,5£ I IS ROPE!> ,0 
ITS Y(R) vflt.{JE> 



The first of the next two subroutmes allows you to control the 
player's spacecraft, and to fire mlssiles. The second 
subroutine animates missiles and checks for hits. 

In line 2010, PEEKing (- 16384) looks at the keyboard. The 
key press is stored in 1$. The Z key will move the player's 
spacecraft left and the X key moves it to the right. 

Lme 2040 DRAWs the spacecraft in black. Lines 2050 and 
2060 control the movement of the spacecraft. IF the Z key has 
been pressed AND the spacecraft's posltlon is greater than 
one, THEN the value of XP lS decreased by one character 
position. Using the < (greater than) and the> (less than) 
operators in this way ensures that the spacecraft can never 
be off screen. The expression XP=XP-l is common in 
computer programming - all it means is that the variable is 
altered by the amount speclfied. In this case, XP is 
decreased by one. The spacecraft is held in shape number 
two and is reDRAWn in purple by line 2070 - this happens 
even if the spacecraft hasn't moved. Line 2080 checks if the 
player has pressed the space bar (in which case 1= 160), and 
calls the fIre routine if appropriate. Fmally, hne 2090 
RETURNs control to the mam program 

o 

THE Z KEY MOVES THE 
SPACESHIP (A) TO THE 
LEFT AS FAil .AS COLUMN 1. 

8PI'XELS 
r, 

A 

THE X KEY MOVES THE 
SPACESHIP(A) TO THE 
~/GHT AS FAil .AS COL()MN 17. 
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3U20 FOR YM = 17 TO 0 STEP 1 
3U3U HCOLOR = 2 : DRAW 1 AT XM,VM * 8 
:::0 4 0 IF LiD:"; 0: XF' '! 'i l' l ) I. TIIE:I ,j L;Cl~;LIE( 4.,U' ) 
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::0 70 
::::; () ~3 () 

I\IEXT 
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This routine animates the missile. There is a FOR, , , NEXT 
loop between lines 3020 and 3070, which is set up with 
STEP- I. This is a li tt le different from a normal FOR, , ,NEXT 
loop because, instead of counting up, the loop counts down 
in steps of one. Whenever you use a FOR, , , NEXT loop you 
can specify whichever STEP SUltS your program best. In this 
case, starting at YM= 17, the missile is moved up the screen 
in steps of one line until it reaches the top line (YM= O). The 
missile is DRAWn in purple by line 3030 - HCOLOR= 2 
means DRAW the shape in purple. In the next line there is a 
check to see if that position is already occupied by an alien -
is there a hit? If the value held m GD% for that location is 
greater than one, the HIT routine starting at line 4000 is 
called. The missile is blanked out in line 3050 by DRAWmg it 
in b lack at the same screen position. GD% is checked agam 
in line 3060, but this time the check is for a star. If the missile 
has gone over a star, the star will not reappear unless it is 
DRAWn back on screen. Line 3060 takes the star's 
coordinates and DRAWs it in again in white. 
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THE MISSILE! MOVES 
UPWARDS AS SHOWN 
ON THE LEFT. 
(!) THE! IS PRINTED. 
€> TH~ REV~R.SE g 

IS PR.INT~D SO THAT 
IT DISAPPEARS. 

THE! IS PRINTED 
AT THE NEXT 

POSITION ABOVE . 

THE MISSILE WILL 
CARRY ON UP THE 
SCREEN UNTIL IT 
HAS HIT AN ALIEN 
OR HAS REACHED 
THE TOP OF THE 
SCREEN. 
YOu WILL NOT 8E 
ABLE TO MOVE THE 
SPACESHIP OR, FIRE 
ANOTHER MISSILE 
UNTIL THE MISSILE 
HAS {)ISAPPEAREP . 
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The FOR ... NEXT loop between lines 4010 and 4080 checks 
each of the invaders in turn to see which one has been hit. 
The alien which has been hit is DRAWn in black in line 4030, 
and the mIssIle is DRAWn in black in line 4040. In line 4050 
an explosion is DRAWn m the position where the allen has 
been hit. Having destroyed the alien, line 4060 updates 
GD%. The alien's positIOn is set to 22 so that it will be 
skipped over in line 1010. The loop is exited by setting A 
equal to INVADERS. One is subtracted from the number of 
ALIENs in line 4090, and the score eSC) increased to gIve you 
a running score display. The AHIT flag IS reset to zero. If line 
4100 finds that no more ALIENs remain, the WIN flag IS set. 
Th~ score is displayed by line 4110, and finally the explosion 
is DRAWn over in black in line 4120. 
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The ALIEN subroutme given below has a low number 
because it is the most frequently used of the subroutines. 
The subroutine moves the aliens - represented by a pi sign. 
It works by choosmg an alien at random, and then blanking it 
out by printmg the character in black on the screen. The 
alien remains invisible untll the alien's next pOSition has been 
calculated by the computer. Once the new position has been 
calculated, the alien is pnnted back on the screen in yellow. 
All this happens very qUlckly and gives the impression of 
the figure moving rapidly across the screen , and works a 
little like a cartoon film. 

J UOO HE:I"I (:;L., I I:::N 
10 j 0 r~= J I ,.IT (HI.ID ( j )~c I t,.I\J(.;m'I<:;) +- J: I I:: Y (F;:) =2~:?THI:::I~ F<[: Tln:;:hl t>1 10~;:~O V='{(Fi) ~ X=:: X (F:): FiU;:3I.JE~ qoou~ F:'HII'·.IT~3F'[;(X)" 

1030 GRID%(X,V)=GRID % (X ! Y)~2 

I! n 

~ 

€) \\\\\l 1040 IF GRID% (X (R ) , Y (H » =l THEN GOSUB 9000: 
F'I=< I hi TbF'C ( X ) "L~ " " ; 

1050 X(R)= X (H)+-INT ( RND(1)*3)-1 
1060 '/ ( r=;:) :=: 'y" (F;:) +:1 

107 0 IF X(R » 36 THE N X(R ) =36 
1,)ClU IF>: (r:;:) <:i. ·TH EI·· .1 ;( (r:;:) :c:: 1 
10qo IF Y(P)=21 THEN LUSf=1 
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Line 1010 selects a random whole number between one and 
the value of INVADERS. The value of R identifies a particular 
alien, Line 10 10 checks the vertical coordinate of the allen. If 
it is 22, then it is off-screen, and is "dead" - the subroutme 
ends with a RETURN mstruction. What is happening here 
will become more clear when the HIT subroutine is 
described later on. If a "livmg" alien has been chosen, line 
1020 prints a space in black at Y(R), X(R). New coordinates 
are calculated in line 1050, usmg the RND function. A random 
nwnber - either minus one, zero or one - is added to the 
current value of X(R) to alter the colwnn position, and the 
value ofY(R) is increased by one. The effect of this is to 
move the alien's new position one space left and down, or 
one space down, or one space right and down. Lines 1070 
and 1080 set limits to the value ofX(R), and make sure that 
the colwnn position can never be off the screen. The next 
line, 1090, tests the value ofY(R). If it is equal to 21, then the 
alien has reached the bottom of the screen, and the player 
has lost. The LOST flag is therefore set. In line 1100 the alien 
is printed m yellow at its new position. Fmally, GRID% is 
updated by addmg 2 to the allen's X and Y coordinates. 

TD MOVE L~~T: 
INT (~N~~ 3)-1 =-1 
HOT TO MOVE: 
INT (RNo(lj# 3)-1;::0 

TO ""OVE #tIGHT": 
tNT (RNoIl)It 3)-1 =+1 

THE ALIEN MOVES 
OOWN SINCE 1 IS 
APOEO TO TI-IE y(~ 
COOROINAT= 
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The first of the next two subroutmes allows you to control the 
player's ship, and to fire missiles. The player's ship can move 
left and right across the bottom of the screen. The second 
subroutine animates missiles and checks for hits. 

In real-time games such as this one the player needs to be 
able to interact with what 1S happening on the screen. It is 
quite easy to write a rout me Wh1Ch allows the player to use 
the keyboard to control graphics. 

In line 2010 GET looks at the keyboard to see if a key has 
been pressed, and stores the result m 1$. Now you should 
test for the keys you are interested in. The next line tests L$, 
and IF it 1S a space (the player has pressed the space bar). 
THEN the mstruction is to GO SUB 3000, which is the missile 
firing subroutine - defined below. Lines 2030 and 2040 
control the movement of the spacecraft. IF L$ is Z (the Z key 
has been pressed) AND the spacecraft's position is greater 
than one, THEN the value of XP is decreased by one. Using 
the> (greater than) and the < (less than) operators in this 
way ensures that the spacecraft can never be off screen. The 
expression XP=XP-l is common in computer programming 
- all it means is that the variable is altered by the amount 
specified. In this case, XP is decreased by one. The player's 
spaceship'is represented by the letter A, which is PRINTed 
on screen in a string of characters (" A\") , between two blank 
spaces. The spaces over-print and hence erase the old 
character A when the spaceship is moved left or right. 

I11111III1 \ IIIII111 U II i ~ 1III11IIIIIIII1 
Q I :l 3 4- S 6 7 g 9 10 1/ IlIJ '4-,G' 16I71119.1DZl22.13 2&2627212.9 JtJ!II!IZ 3.13f!J&J6:Jl~~ 

THE Z KEY MOVES THE 
SPAC.SHIP (A) TO TUE 
LEFT AS FAR AS 
COL.UMN 1. 

THE X Key MOVES 
THE SPAceSHIP (A) 
TO THE ((16MT AS FA~ 
AS COLUMN 37 



3020 FOR YM=21 TO 1 S TEP - 1 
:::::O:::::U \ i o::,-;; Y!'I,: ;:) +:::.;() 

ED 
co 
CD 

CD 

::~(i4U I F ' ,;" "j,: , TI-I[:I\ ! F'CIi :T ') , / ~ F'CO' I F '). 11 ( ' " (:0 
3050 IF X>255 THEN POkE V,X-255: ~OKE V+1 6 ,1 
~~~O !,::., U PClI :1: '/+. J '.' \(:: i:'U I :I: \/+:,:: 1 " :I 
307U IF GRID%( XP,YM)) :I THEN GCl S UB 4UOO 

': C:O 8') I' j F <r 
3090 POKE V+ 2 1, 0 
~::: :1.:00 HEILJ h: l\ i 

The subroutme above is the FIRE routine, which animates 
the mIsSIle. The re is a FOR .. . NEXT loop wIth STEP -1 
between lmes 3020 and 3080, which moves the missIle from 
the bottom of the screen to the top. The sprite is displayed 
on screen using the X and Y location regis ters and registe rs 
in the VIC (video) chip In the program these registe rs are 
re fe rred to as V, V + 1, V + 16 and V + 21. Unfortunate ly, you 
cannot POKE the screen coordinates directly into these 
re gisters. The value fo r the X location register is calculated 
mime 30 I 0 If X is less than 256 it is POKEd directly into V, 
along wIth zero mto V + 16, in line 3040. If X is greater than 
255 (the largest value a single me mory location can contam) 
lme 3050 subtracts 255 from X. Line 3030 calculates a new 
value for the Y location registe r. Line 3060 POKEs the Y 
locatIon registe r, and switches on the sprite using the sprite 
enable register (V + 21) A hIt on an alien by the mIssile is 
detected in line 3070 and the program is dIrected to the HIT 
subroutine by GOSUB 4000. 

• t • 

WHEN A MISSILE (!) 
HITS A CHARACTER 
WITH A STAR) THE 
STAR IS BLOTTED 
OUT(I). AFTER THE 
MISSILE HAS BEEN 
OELE.TEO (2) THE 
STAR IS 
IN THE SAME. 
POSITION (iJ). 

THE M1551L£ WILL 
CARRY ON UP THE 
SCREEN UNTIL IT 
HAS Hlr AN Ai-lEN 
OR REACHES THE 
TOP OF THE SCREEN. 
YOu W/~L NOT BE 
ABLE TO MOVE THE 
SPACESHIP OR FIRE 
ANOTHER MISSILE 
UNTIL THE MISSILE 
HAS; DISAPPEARED. 

€J 

€J 
Q) 

([) 



x=::x·····~J CD 
@) 

4010 
4 U::;:: () 
·~l () ::::; () 

IF n(256 THEN POKE V+2,X: POKE V+16,U 

·QU·LjU 

IF /)255 THEN POKE V4 2,Y-255: POkEV+16,2 
POKE V+3,Y: POKE V~21,2 
FOR A=l TO INVADERS 

® 

® 
@) 

j~. () ~:-; () 

.!l()L~() IF X(AI<)XP OR Y(A)~~YMIHEN GO TO 4080 

ED 

€V 

4070 Y(A)=22: A=1NVADERS 
/j.l) 8 U r.1 E Xl (i 

4090 (iL..1 EI\I~~=:~il ... I Eli~::;""'l, '3(:~;[+ J:: (\,Ii J T:U 
4100 IF ALIENS=O THEN WIN=l 
/I. 1. J (i'/ = \/ 1'1: bCI~; 1 . .lEl '~)C'UO:: "1:< I 1·11 ~3F' C ( X 1-) " 
4120 GRIDX(XP,YMl=GRIDX(XP,YMI-2 
,'i· I. ::: 0 F' F: I 1,1 T " I~~:l" :: 1'1) J I'll ~W' C ,',:?i "!:;;<I" :: :, L~: 
;:1140/l'i"': 1. 
.q :I. :"j U Fi [I LJ I;.: i\1 

The routine above displays the explosIon sprite on screen 
after a direct hit has been scored on an allen. The X and Y 
locatIon regIsters and the two registers on the VIC chip are 
used to as they were in the last subroutme. In line 4030, 
though, spnte number two is enabled by POKEing V + 16 
with 2. 

After a hit, line 4070 adjusts the allen's position so that It is off 
screen - by altering its Y coordmate to 22. Lme 4090 alters 
the score, and the number of ALIENs remaining, and then 
resets the AHIT flag. The allen IS blanked out by calling the 
subroutine at lme 9000 which positions the cursor over the 
alien and control RETURNs to the mains program. 

t ........ .... ;: .. \' 

THE MISSILE MOVES 
fJP fiND IF IT DETECTS 
fW RUEN IT REGISTERS 
11 HIT. rUE ALlENs'NEW 
CO-ORf)INI1TES fiRE 
REMOVED OFF THE 
SCREEN. THE CVRSOR 
IS POSITIONEP TO 
OyERPR/NT TffE RLIEN 
fiN!) THE EXPLOSION 
Sf>Rlr£ IS rVRNEP ON. 
WHEN THE PRoGRflM 
RETVRNS !=ROH THE 
Hlr S(/BROlffINC", 
fiLL. rHE SPRlrES IJR£ 
T(/R/Y£l> ~ 

€) 

CD 

® 
€) 

@) 

€) 

® 



r r ,. 

Testing your program 

You can test the movmg and firing sections of the program at 
thIS point before going on to the fmal chapter of the book 
Follow the mstructlons gIven m the boxes below, You should 
be able to move your spaceship and attack the oncoming 
invaders, As before, If you receive an error message, check 
back through your work wIth the llstmgs given 

32 

APfJLEUe 
I. TYPE RUN AND HIT 

I~ETU/cNI 

IF EVERYTHING IS CORRECT, 
YOU SHOU/...P BE ABLE TO 
SHOOT THE ALIENS AS THEY 
ADVANCE DOWN THE 5CR,EEN. 
THE PROGRAM WILL STOP 
IF YOU KILL THEM ALL, OR 
ONS OF THSM RSACHES 
THE BOTTOM OF THE SCREEN. 
DEL5TE THE DUMMY L-INE 
BEFORE PRoCEEDING. 
IGN ORE THE ERP.OR M ESSAGE 
PRINTC/) AT THIS ST/JG£'. 

COMMOOOR£' 
1. TYPE RUN ANO HIT 
(~;TVANJ 

IF EVERYTHING IS CORRECT, 
YOU SHOUL-D BE ABLE TO 
SHOOT THE ALIENS AS THEY 
ADVANCE DOWN TI-IE SCREEN. 
THE PROGRAM WILL STOP 
IF ON£; OF THEM R EACHES 
THE BOTTOM OF THE 5CKEEN 
PELETE tHE DUMMY LINE 
B£FO!<E PROCEEDING. 
IGNORE THE £I<ROR. M£S5flGE 
PRlNTBJ) RT THIS ST/?G£. 

"'Ii 
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WINNING 
AND LOSING 

The winning and losing section is all that remains to make the 
game complete. If the player succeeds in shooting all ten 
aliens, another wave of attack appears, beginning lower 

down the screen and giving the player less time to deal with 
the attack. At the end of this section there are some tips to 
make the program even more effective, and the program 

listing is given in full. 
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R~r-----------------------------------------------~ 
~ If the player is skIlful enough to destroy all the aliens m a 

wave, then the WIN flag IS set m the HIT subroutme, and the 
control program calls the WIN subroutine. If the player lets 
the aliens through, then the LOSE subroutme is called 
instead. 

® 

GJ 
Q) 

([) 

® 

5000 REM WIN 
",,;OlO 

~.~~ () ~~:.; IJ 

~.:.; () '~:I () 

~:.~.; () EJ () 
~.~ () ~)i () 

~.~; :L ~)(J 
~:; 11 0 

TEXI !-I (I !'I !: 
I/TfiH 1:':: ~ HT r,E> I. ';' : PH 11 ·) I "LdEL,L, U(111E' [(,F;: lill J ! ,11:" 
H'r(~B 1 :;: F'I;: I I\IT "TH J ::; 'I I !'"1F{UtJ [!J III" 
1'-IT(iH 1. 4; F'I:.; J !,J r "I' I(JV,I F'HFF'I·,HF F CIF;: " 
H T I,j EJI <+ : F:' f;: 11'1 I "ClLlf~: I'II: ;< T HI T l:iCI< " 
FUI;: Ol II'I 1 ;;(;0: 11E XI [, 

?iL, I Fi'l e: 11,1')(~Dli;:~; ~ 1-1[: 1:<1-1 r ,,: ilt: J Cdl I' >,; Cd T I \~ , , 
I:' U I;: (j '" 1 TTl 1 1,1 ',,' (, U I T;,: ~ ::; 

X(A) = A ~ 3:Y(AI = HFJGHl 
hlr X T I::; 
r;: FI 1,1 r;: hi 

Lme 50 10 clears the screen and sets the cursor to the HOME 
POSItion (the top left hand corner of the screen) and 
switches to TEXT mode. Lmes 5020, 5030 and 5040 PRINT a 
"Well Done" message in the top half of the screen, tellmg the 
player that another wave of aliens IS on ItS way. Notice that 
each message Ime is preceded by HT AB so that the 
complete message is arranged in the correct place in the 
center of the screen. A FOR, .. NEXT loop at line 5060 
mtroduces a time delay so the player can read the message. 

This kmd of delay asks the computer to count from one to 1500 
- while it IS counting it cannot get on With the next part of the 
program. If the message was shorter, the computer could be 
asked to count to a smaller number (a shorter delay), or if the 
message was longer, the computer could be asked to count 
to a larger number (a longer delay) 

The number of ALIENs is reset to the number oflNV ADERS 
in Ime 5070, and the WIN flag IS sWItched "off' - i.e. becomes 
zero - ready for the next wave of aliens, The value of 
HEIGHT is increased by 2, making the next wave of ahens 
appear lower down the screen, and increasmg the level of 
difficulty. The FOR . .. NEXT loop between lme 5080 and lme 
5100 calculates the X and Y positions of each alien, by 
workmg out the X position from the alien number (A), and 
taking the Y position from the HEIGHT value. This is just the 
same as was done earller in the INITIALIZE subroutine. ThIS 
latest subroutme can be tested as before, by followmg the 
instructions in the box on the facing page. 
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~e 

~ ~~--------------------------------------------------~ <}.~ .. ~ 

J-

Q) 

® 

® 
(V 

@) 

{:~ () "I. () 

.:":"-:, <> :"? () 

I;: I::. 1'1 L_ (]~::; [~~ 
Tf:n ~ IIUi'IE 
\/ T (; D ;':': III f~ .0 J:~: I::' I~~ I I'ji "T HE' , 
I-H ~i EI L ? : F' F: HIT "i~ J J [ hi S" 
liT AE, 1 if:: i~'F;: I ",jT "H i~ './ E " 
lui T (, \~, J:?: f' h: ll\j T "l... ('; 1\1 D E Ii" 
') 1 (.:,B J,e: HII~;H !. 4:: I~'H ll'ri "1-iUI,'][')[,:I:':(" 
HII;L( J ,): f'r;' JilT "'yelL.1 Dl":~~;TTdT{I=D "; SL 
H T p, Ii J,' :: I:' j;.: I Ij r " Iii T 11·1 ( fU,I~ I " 
',.I ! f1 Fl' (, : II r f1 t3 'I:: ,. f;: I II I "D [1/ U 1...1 I;J J ~3 H T U F I r3 H T 

/,1 J U IF (:·;1-- " ' j' " !) I ;: ,:;:$ ::: "\/ " 11·11:: 1\1 h:LIN 

® ie, , •.•• U 1~: FTLIF;: lj 

When the aliens land the LOSE subroutine (above) is called. 
The hIgh resolullon screen is replaced by the text screen for 
the message. 

The screen is cleared and a message is PRINTed on the 
TEXT screen, telling the player that the invaders have 
landed. Next, lines 6060 to 6080 tell the player hIS or her 
score. The semi colon (;) in line 6070 ensures that 
the score appears alongsIde the "YOU ARE DESTROYED" 
message. Aiter a pause, the player is gIven the option of 
playing again. If the response is a Y, then the program RUNs 
again, otherwise the program RETURNs to the control 
program, and ENDs at line 90. 

flPPLE lIe YOU CAN NOW RUN THE PROGRAM IN 
FULL , WHEN TH£ INVADERS ARE ALL SHOT DOWN, THE 
MESSAGE SHOWN LeFT IS DISPL AYED, AND THE GAME 
CONTiNUES WITH THE ALIENS ADVANCING FROM A 
PoSITION LOWER DOWN THE SCR~EN. IF AN INVADeR 
I<EACHES THE BOTTOM OF THE 5CREEN/ YOU HAVE LOST 
AND THE SCREEN WILL OISPLAY THE MESSA ON THE RIGHT. 

I--~"" 
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If the player is skilful enough to destroy all the aliens in a 
wave, then the WIN flag is set in the HIT subroutine, and the 
control program calls the WIN subroutine. If the player lets 
the aliens through, then the LOSE subroutIne is called 
instead. 

Q) 

@) 

V 

1'1;: I I'i T " I;",.;" 
I' F;: I 1\1 T (~I' C ( 1 0;' " 1;~ .];,!IR;,~l~l~K~i ii,"« U • II. II. H) (Ii IHI r !i H::II "~!: II iHlli. Ii ii"l1 n;; " 
F' H I !,IT:; F' C~ ( 1 1 ) !, I;,~ . i" H !! :!:i;lIH i!"jl !F. 'II:' ijj i/j ~',!I I !I'll!' 

5040 F' I;: 1 !o! T ~:; 1=' C .; ! :;, ) !, 1;,~ . n;,!iW:::i! ~," II] II"," P 1I;;t il • III' fn U;;: iF IF II" II? ! , 

I' F;: 1 1\1 T ~:; j' C ( 1 ~:') /I !,,~I!n 0 i;;!: M'N [ ::'{W "~MH!i H~" C !K " 

FOR D=! TO 1500: NEXT D 
L_ ET (i L. I E t,j :=; :: 1 1'.1', ' j: iU r: I;.' :~ :: He I (:; II! ••••• i·1 F I I; HI +,: ~ Vi J i\ I': " 

5080 FOR A=1 TO INVADERS 

:::,:[ OCi [iF;: I iY:':, .: X.( ,:;) , 'y (PI > , :::' , 
;'; 1 I (j "1 EXT PI 

::;:[ :,:0 HFTLJF;:I\! 

i·!F I hHT 

LInes 5010, 5020 and 5030 PRINT a "Well Done" message in 
the top half of the screen, telling the player that another 
wave of aliens IS on its way. Notice that each message lIne IS 
preceded by SPC so that the complete message is arranged 
In the correct place In the center of the screen. A FOR, , , 
NEXT loop at line 5060 introduces a time delay so the player 
can read the message. This kind of delay asks the computer 
to count from one to 1500 - while It is counting it cannot get on 
with the next part of the program If the message was 
shorter, the computer could be asked to count to a smaller 
number (a shorter delay), or if the message was longer, the 
computer could be asked to count to a larger number (a 
longer delay). 

The number of ALIENs is reset to the number of INVADERS 
In line 5070, and the WIN flag is switched "off' - i.e. becomes 
zero - ready for the next wave of aliens. The value of 
HEIGHT is increased by 2, making the next wave of aliens 
appear lower down the screen, and increasing the level of 
difficulty. 

The FOR, , . NEXT loop between line 5080 and line 5110 
repositions the X and Y positions of each alien, by working 
out the X position from the allen number (A), and taking the 
Y position from the HEIGHT value. This is just the same as 
was done earller in the INITIALIZE subroutIne. ThIS latest 
subroutIne can be tested as before, by following the 
Instructions In the box on the facing page. 
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(,C,(:.)() 

1::.:. 1 .• -'(:::.' .•.• 1 

F' F: T 1\11' " !~",;" 

F' I;: J 1··Jf ~:; I' C .: 1 /;. "W~H'H Il-M F ' , 

I' H I i\ll' ~3 f' c: .: I:::':;' "W W'! 11.11 fll K) E R S " 
F'FJI.IT~:;F'C'I(.)"i{f fk U F" 
F'I;: J ilf!:;F'C <: 11.1) "L. n U"ll H) E D)" 

1"" H J iTT (:~ p C: <: 1 6) "I;,~";.~];.~"~!K;;:I D-H 0 ft...11 F q) n: !R,. " 
F'P I 1,.11:'::;1>[; ( 1 2) " V 0 U U) H sir ft:;: (I 41~ E ft) "" sc 
F'r:: 1 i\lf!::F'C .; i. ':f) " "11 L. ] E H'II C ~;~ fi F 1" 
F' H I l .. iT !:: !' C 'i) "L::Ji!;.!'l~R;.~K~J I) 0 V (" ijj U",il ] :[~i: B'D 0 
fll iG fh H: 11"lI " :; : J I\.J r::' I...! 'I' (:"::1' 

IF 1.. .. E:Fr,l: (1:'1::1:: 'J j ;. :::::" "K' "THEr.1 hUI·.1 

The final section to be defined IS the LOSE subroutine, 
starting at line 6000, The screen is cleared and a message IS 
PRINTed, telling the player that the invaders'have landed, 
Next, lines 6060 to 6080 tell the player his or her score. The 
semi colon (;) at the end of line 6070 ensures that the score of 
the number of aliens killed (SC) appears alongsIde the "YOU 
DESTROYED" message, 

The player IS given the option of playing the game again 
after a pause, Anything the player types is given the label 
A$, If the response is any word which starts with a Y, line 
6100 RUNs the program again, otherwIse the program 
RETURNs to the control program, and stops at the END 
statement in line 90. 

YOU CAN NOW RUN THe PROGRAM IN FULL. 
WHEN THE INVADt=RS ARE ALL SHOT DOWN, THE MES5AG£ 
SHOWN LEFT IS DISPLAY£C>, AND THE GAME CONTINUES 
WITH THE ALIENS ADVANCING FROM A P051TION LOWER 
DOWN THE SCRGEN. IF AN INVAPER R£.ACHES TH£ 
BOTTOM OF THE SCREEN, YOU HAVE: LOST AND THE 
SCRE£N WII-L DISPLAY THE MES£AGE ON THE RIGHT. 
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Improve your program 

As It stands. the Invaders game is fun and challenging to 
play. It IS difflcult to shoot down all the aliens and they 
appear to move as If they had a will of their ownl However. It 
becomes much more like an arcade-style game if you add 
some simple sound effects for firing the missiles and alertmg 
an alien attack. Given below are some hints on how you can 
add to the program to get a really professional-looking game 
that you and your friends can enJoy. 

'-____ ~ Addmgsound 

Add these lines to your program to gIve sound effects - a 
movement blip. an explosion noise, and a battle siren 
Both the Apple and the Commodore generate sound effects 
when you POKE values into specIal memory locations. The 
Apple program has a special machine code routine whIch 
plays the sound effects, stored as DATA mIme 9070. Every 
time a sound effect is needed, a value IS POKEd into memory 
locations 776 and 777 to set pitch and note length before the 
machine code routine is called. The Commodore POKEs 
values into registers in a special sound synthesizer chip to 
produce its sounds. 
APPLE lIe 

J 10:-; 
ii- () :.':~.; ~ .... :.; 
·/· t)(:"T·~.~.:.; 

F'Ui<Y:// f.:", J,: (, ~ F'CHT ... , " .::, •.. • : [:('" . 1. 7)b:: r:.T:! '! Ct... I I' 
POKE 770.254: P UKE 777, 100: CAI.L 778 
FOR I = i TO 2 0: POKE 776 l

0 0 : POKE 777,30: CALL 
FOR E 77610 708: READ 8: POKE E~B: NEXT .. 
() ( :'1'"1" ('~ :', ':':'~ ~,::; ~,:,::'.' ' .j ~::': '~ :. ~.:.; ~.~.:.; ',I :I. ';:7 :~:; '.' ·,1 ~J '.' J '~) ~,? '.I :I. :~::. (:. '.1 :":? (j f3 '.1 ~.:.:.:.; '.r :",? () (:' '.1 '=.;; ~ ::::: ' I :',~':'~ l l· c~ ',I ~:? ® 

,202,20B.245, 17 4.8 l 3.76,10.3,96 

COMMODORE 

1 1 O ~.:. ! C;Ur; IJ Ei C) 1 (j\): 
·(lU ' i::'; L;UhLJ(l ()~,? OO:: 

I;:[i"i FiL. I!' 
REM EXPLOSIUN NOISE 
j:': E I'i i:< {iTT L. E ~:; I F;~ F hi 
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i) i .il ,:) 

':7' ~:: ') U 

i)'.?:I. () 

·:;; :,?il·O:::O 
C? ::::~ (; ( ) 

! Ii J liT .! !:;:!"" ! i! I:' :1 '.:: I . ! 1.li :: ! ' I:;.: I i'iT !, i!!J" :; ~ i'I' 'I :: 
Fd r '! r d ... l F' 
PO KE 5 4 2 7 6, 0: POKE5 427 7. 0 :POKE54 27?,O 
F' (J r::: E,' ~5 ::l :',?.::) :;',) ',1 :l ~.:.~.; :: r::' C) 1< 1:::: ~.:.;.q :.,? .:.:.:. ? '.' :I. '.::.:' ~ FJ ;; F' U i :. C· ~'.::.; / j . .'::.:.: .:./ (.: ~ '.1 .. :, •.. :,. 

POKP5~ 27 ~"30 :POKPj42]2" /~ 

F;~ F I'! E:/ F' i i }3 r LIl'..i !.' L! I (J: 

!=" f J! : I::::,e':l:!· ,?H:;" :I ':?9 ~ F'UI T,ejll· '?H'l '; :L :::.;:: [>ii ! T: ~e;i!· : : F;') , ,~ ;) 

!.: (:) F;: I~:' " .: J '.'.: .. : r (i () ~::; 'r I:. !'_. J :: r::' L.lI< F: '.:.'-, ··l. ' '.::) (; '.! F:' :: 1'1 \:::< T 

F;:[TI . .Ji <I'· 1 
I;: f: I'! I:: (', I f L .. f. ~:; I I :! •• i\1 

93 10 FOR S~ l 10,n 
C?··::;~?() F' L}~<L:~::.:.; / I.:,?·:./{~ '.1 ( .1 :: F'(J l .:I. :~·~. :.;il· ··, ·:·:·:·::7 ; '.1 () :; F:iJ!<F::.:.::;/! .. ,: ..... :./ ... ;::: '.t ( ) 

''/ :.::; ::::; () r ' (I I : i=: :: ; ii .: :) () ...1 ::5 : F' [ II :., :. ~::. ; / 1. '. :: '7 '.' (, /! :: ! ' '., J:. C "; .-:'·1· :,:: i c '· '! ." 

:::) :::';'l () F' C! i< F. ::.':.; i l· : :' .;,; ') "; '.' :: F' U I : F ::.':.;.::j .: , ,' ~ :.: :' .• ? 

()::::: ~:.:.:.;C ) f ..... jC: r 
') ::;(.0 F;: [ ' i LII ;:!\1 

~~lIW Extra Graphics 

The graphics additions to the program are used after the 
aliens have landed. The Apple program uses the FLASH 
command in line 601 5 to highlight the message printed in 
lines 6020 to 6050. NORMAL in line 6055 stops the following 
text from flashing In the Commodore program the border is 
flashed by POKEing the border color location with a range of 
color codes. 

APPLE 'lie 

i ;·:F : rl.li:;~I·'.1 

EO 
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EO 
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t .-:". (", j oc:; I:::' I ..... li'1' ::.:.:.;1",1 ::J ...... ... . ..... . . 
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COMMODORE 

6085 FOR C~l 10 15 
() () :::3 /, I·::' (J 1< f : ~.:.~.; :~:; :.,~.:.: fJ () '.1 c:: 
60 B7 FOR 0=1 TO 3 00:NE XT 
b ' )El') 1\11:: X I 

.-.. ... ...,.. . 
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The complete listing 
Now that you have the complete program keyed in, you 
should store it on tape for future use. The mstructions for 
saving programs vary slightly between different machines, 
and you should consult your user's manual for detailed 
mstructions. The full listing for the Space Invaders program 
IS given below, for both machme versions. The additional 
material suggested on the prevIous page has been included. 

5 
1 (1 
~ t.) 

30 
4 0 
5 0 
6(1 
7(> 
8(1 

91) 

APPLE lIe 

REM INVA DERS 
GOSUB 800(1 : REM 
GoSUB 
GoSUB 
GoSUB 

7i)(I(l : 

11)(lU : 

~(l(l() : 

I NIT I ALI ZE 
SCREE N 
AL I EN 
PLAYER 

I F WIN = 1 DR LOST = 1 T~EN 
GOlD 30 
IF WI N = 1 THEN 
GOSUB 600(1 : RE "" 
END 

GoSUB 
LOSE 

10 (1) RHI ALIEN 

GOTO 7(l 

GOTO ~I) 

lOI(l R = I NT ( RND (1) * I NVADERS) • 1 : I F "(RI 
THEN RETURN 
11)20 GO Z(X( R) , YCR» = GD·.': (X(R) .Y (R» - '} 
10 3 0 HCOLOR= 0 : DRAW 3 AT 8 .. X(R ) , 8 .. V CR) 
1 (J 4 (l X(R) = X(R) + Jr-n ( KNU I I ) .. :q -- 1 

10 5(} Y CR) = Y CR) ... 1 
10 60 IF X( R ) 33 THEN X(R) = 33 
t 070 IF X(R ) . 1 THEN X( R) = 1 

IF YIR ) = 19 THEN LoS l = I 
HCOLOR = 5 : DRA W 3 AT 8 .jI: X( R) , 8 ~ y ( .) 

GD % ( 'X (R) ,Y CR) = GD Z(X (R) , Y(R» + :' 

10 8 ( 1 
1(19(1 

1100 
1 105 
1 1 1 0 
2 (100 
2 (1 1 0 

20 2 0 
2030 
2(141) 

205() 

POfE 7 7 6 , 136 : POfE 777 , 30 : C ALL 778 : REM 
RE1URN 

F'LAYER REl'l 

I = PEEl-" ( - 16: .84) : If' I J 28 THEN 2070 
IS = CHR 5 ( I - 1 :8) 

POI< E - 16368 , (I 
~ lCOLOR= 0 : DRAW 2 AT 8 * X~,1 9 * 8 
IF (1' 1' liZ " OR IX " ::,") (~NO xP 1 THEN X,,> = X 

P - I 
206(1 
XP + 

2(1 70 
2 080 
21)90 

3000 

IF 
1 

(11' "X" OR I j: ",,") AND XF' 3 '3 THEN XF' = 

HeOLOR= 2 : DRAW :2 AT 8 .jI: XP . 19 ~ 8 
I F I = 161) THEN GOSU 8 3001- , 

RE1URN 
REM F I RE 

30 1 0 XM = XP ~ 8 
.3(21) F OR YM :: 17 TO 0 STEP - l 
.3030 HeOLOR= 2 : DRAW 1 AT XM. YM .. 8 
3040 IF GO'/' ( XP , YM ) 1 THEN GOSUB 40('11) 

305(1 HCOLOR= I) : DRAW 1 AT XM.Y M * 8 
3060 IF GD;: (XP , Y~ll 1 THEN HCoLoF:= 7: DRAW 4 Af ,"I, 

YM * 8 
NEXT 
RETURN 
RE~l 

FOR A = 
I F X IA) 

Hl l 
1 TO INVADERS 

XP OF, Y (A) Y ,..1 THEN 

3(170 
.308 0 
4 (100 
4 0 10 
4(1 20 
4 (1 3 0 
4(140 

4050 
4055 
4 060 
407 (1 
4080 

HCOLOR:: I) : DRAW 3 AT 8 !I' X(A) , 8 ~ Y(A) 
HCOlOR= 0 : DRAW 1 AT 8 • X( A) . 8 * Y(A) 
H COlOR= 7 . DRAW 5 Af 8 * teA) . 8 • YCA) 
PO~E 77 6 . 254 : porE 777 , 10U: CALL 778 

GD/'. ( X (A) , Y(A » = GD~I.( 'I; U') , Y(A) - ::: 
Y(A) = : ! ~ : A = rNVAD~RS 

NEXT A 
40 90 ALI EN = ALIEN - l : SC :: SC + l : A H IT 
41 0 0 IF ALI EN = ( I THEN WI N = I 
4 1 10 VTAB ?~ : HTAB 27 : PRJNl SC 
4 120 HCOLOR= (I : DRf.'W 5 AT 8 • XP, 8 ~ YI' I 
4 130 YM :: 0 
414 0 RET URN 

(.I 

GOlD tl'.l8(1 

COMMODORE 

,-----------------------------------------------
5 REI'1 TNr,.IADER~ 

10 GOSU8 80(".1 : HE,..) INl T r~1 r 71-
20 GOSUB 7':'(11) : REt·) SLF-:EEN 
3 0 GOSUB 1 (1')0 : REI'1 AL) f-_ t~ 

4 0 GOSUB :,~)ntl: REl'l PLAYEH 
50 IF WIN:-l O~ LOST=1 THE:.N C~llTO 7,.' 

7 (1 1 F WIN": 1 THEN GOSUI;i ~'''I.I! '): GCl II I .'" 

80 GOSU8 60(11) : REt-! LOS£:-
90 END 
1 (I(u) REl"l AL J EN 

101(1 R=IN1(Rt'JD( 1 ) ~ l NVADfJ,S)"I : i F ''f ~rn = .' . IfUII 1,1 IllI ... : fJ 
102(1 Y=Y<R) : X=X<R) : GOSU8 9(1(,11) : r-' RJfff ~.lf l ,.,," 
1030 GR ID~ (X , Y) =GRID~ ( X . Y ) _ 
1040 IF GRID :;( X (F:) . Y\R) )::-1 !HEN hUC,lllc t,.'/I) \I: 

P RIN1Sf-'C \ X) "L.!I. "; 
1 (51) >: (R)-::: X (R) + lNr(RND(l) ~ -.:. ) - \ 

1 (16(1 YCR)='y(R' * l 
107c) IF X ( R) ~~ THE N X(RJ = : b 
l OBO IF X(R) 1 THEN )' (F:) = l 
1090 IF Y(F:)=:':l THEN LOS1=1 
1 100 Y= 'r' IR) ; x = x \ I-O : GOSlI8 9(1l) U : I-'h:JNI~',I'1 I ),} "r:",P": 
11 1)5 GOSlIB c:;l 10 u : HFM BL IF' 
1 11 t) GR I Di: ( X , y) :::GR 1 D Ol. ( X , Y) t :: 
1 120 REl lJRN 
2()()O REl'l PI AVEr::: 
2 0lC, GET L .r 
:2020 IF L f =" " THEN GOSUI::' ::::.lHll) : Rbl'l , I r·:[ 
20:::;·(l I F L .f=" Z " AND XP J tHEN XI-':: YP - I 
2 0 4 0 IF L .f=" X" ~~ND XP :.7 THEN .XF··-::),I-· j I 

2 050 Y="22 : GOSU 8 9(100 : PRJ r sr-'C( XP"" '· r;.) .:. 
2060 RETURN 
3000 REl'l FiRE 
30 1 ( 1 X=( XP .jI: 8 ) + :':: 4 
3020 FOP YM=:;? J TO } STEP - 1 
3 0 30 Y=( YM* B) + S(l 
3 0 40 I F X ~56 1 HEN Pot E V, x ~ pnl L- \ ,' 1 I r~, \ I 
3050 IF x 255 THEN POI<E V , X-755 : (-·(II.L \1116 , I 
3060 PO~ E v ·+- 1 , Y : pm'c V+-2. l . 1 
307(1 I F GR 1 OY. (X P ~ YI'D 1 THEN G(lSUB 4 ".)1) 
30S() NE X.T 
3090 Pot~ E V'+- 2 1 ,0 
3 100 RETURN 
4 000 REM HI T 
4(1 10 X=X-8 
4020 iF X ~56 THEN f "m ' E ',)"' :-' ,X : POll:· () 4Ir • . " 

4 0::.1) IF X ':'55 THEN POfE V+- :; ! X -':"~~; : r·fll l-\..'+! .· • • :? 
4(140 POI'E V+:,Y : PO~E V+~1 . 7 

40 4 5 GOSU8 92,)(1 : REM EXFtUSrON Nfl)SI 
4 050 FOR A=1 TO TNVADERS 
406(1 IF x(A) '~ XP OR Y(A) . YI'I THFN (jfllfl 4\IL-ld 
4 (171: ' v (H ) ='2~' : A= I NVADEF .. S 
4 080 NEXT A 
4u91) I-lllI::.N~=AI. l E::.I\lS- l : S("=Sl.~ I.: .:.11111 -1.1 
41 00 IF ALIENS=(1 THEN WIN~l 
4 11 0 y=y ,..,: GOSU8 9(11)0 : PkIN15PC( Y. f ·)" 
4 12() GR I D %(XP ,Y M) ~GRI D% ( X P . YM) - ~ 

4 1::.1) PRI N T" ~": PRJNrSF"C\'27) "1 ~" ; SC 

4 140 YM=l 
4 150 RE TURN 
5000 RE,..j WIN 
50 l U PRINT" '"-.," 

:::: 5 1)2(l PR INTSPC(10) " C!..L-~JWE..LL OOHI- E. AR r HI. I HI-:'" 
:::: 5(13(1 PRINTSF"C (11) " L!JTH J S T I N F ',o1 ' L.J J H " 

50 1(1 TE XT HOME ( 504(1 PRINTSPC( 1 ~)" l'..l.'''..3 HO'''''' P R FP AR E .. OR" 

5()20 V T A B 1 2 : H1AB J 2 : PR}Nr " WELL dUNE E~'R1Hllr>Jri " { ;:~~:~: :6~N~:7C~~:?~~~_~ U:EX7.~XT f~ I I A Ct( " 

5000 RE "'l WIN 

5030 HTAB 13 : PRINT "THIS TIl'l£ 'lOU vnN' t ::;: :::: 
5 0 4 0 HTA8 14 : PR I NT " NOW PRFF'ARE FOR" :::: 51)7(. LET ALIENS=INVADERS : HEIGHT-=Hb.l(;li'l ,; : WIfJ :: '1 :::: 

5 050 HT A 8 14 : PRINT "OUR NE XT AT1ACf " { 5080 FOR A= l fO I NVADEkS r 
~::~~: A~~~ND==I~V~~E~'~~'~~ I ~~~T=DHEIGHT + : , ~I I N ,) 1.1 ~E~ ~:r~~l~:~~ ~~ ~ A~';:;= Hcl'iHl ••.•••••• ~ 
5080 FOR A :: I 10 rNI,,'ADERS 5 12(1 RETURN 

~fi~~: X~~~T=AA !I' 3 : Y(A) = HEfGHT L L 
511 0 RE TURN ....................... : .. :.:::::::.m.::.:.~:::::::::.:j~; l,..-:.~'0'!~~w.""'~«::;%:~~8~%%%~~o/:%~w«<'~r-:"::.»'~d~r'.' ..... ,., .... , ..... ,., ... ,.,.,.,., ... " .............. , .. ,.,." .. ,., .. ,.~,.,'.,','.,., .......•.. '.' .. '.'.' .... , ..•. ,.,.,.,."." .,.,....... . ... ,., .. . 
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_ COMMODORE continued 

I d 1-1 I 11:-.1 

.. . "1 0 1 I "HI III "L .. ·· 
" , '.',) I H (I'll '-.1'( , I . I "r:.4 1 I I I 

<,' I ',1 I 1'1, 11 J r '-.1 '{ , I ,' I H IJ (" r. I ~ ~~" 

" "'~I " I 1-.' 1111 ,I I ' 1,'1 ' " It f:. U I " 
1)0) '=,1:' F-f.:J 111,1 I I! ,I, " I fl H I> t I) " 

I'I ,INI .I I-( I I , '''L· l."L· L· ' ~ I-tO~U- . V I- R , 
." : " 1\ 'Jlll ,[ '1 '1 .',< ' vou D I ~) J "~ flV I I> ·' : ·....; 1 

..... ,.,t'1') I-'h rtJl~-,I--'1 '1 <1 I " ,~ I • • ,.. r ~ ftl I" 
:-.' If , .. , ~ (1\" I I I I I " , 

I ) II r - '- , . .. ~ \' I • I 

to' 1 ~1,1 I Ilk 1, - I J II ",I I" : Of • I 

':-,' 'H '( I J~ J: I 

,-, 1 ':", If I I r r i 'h I , J 1-" Y " i ill \J 1,' 111 1 

,',1 I'" RL 1111.:1·' 

lIJ J II I fH- I 'J I : ' 1 .') : I 'rn r I r" L. .. " 
" ,'""" ! rrlF' ~--:- J Tll 4· I 

' ,,-.1, ... - 1111 'kNI)1 1).4,) 1: T -1 111 ,j;·IJrrl. i,.., 1\ : I '1-]111 "~:j" : 

l,n",[ 18 '-1 ')':,' I : f'h: lhlll HH' ' , ! 1=- . " 
,t. ! !.I" (-,~" In· ... \ 't , \ I -= I 
\I~I! III-) I '-:l 

.. ,!,~,II f'hl lJ r" r:-i " : r'I"<I"II ~H \}II)" OI I I H S 1)£'..;i. I I-( OY t ' I) ,-" : SI 

"" 'D~-' h[ l ~)I [8 9 ,'.'1' : 1-0'1-- 1"'1 lll ... 1 [ 1 ~ S J f.ir 1,1 
: ,-)1 1' 1-'1- 1111.1'1 

(~' IIII 1-'011:: =.:-,:-'8'1 ,'_1 : [-'I If I ~ , ~ , :' H l ." : [- (I[ l" ,"':-"' " ~ , r', : 

1-'R1[1 [" L.. .. " 
tFC" l 'kINTSPCu-,, " .. Yn u (-t Jot I- I~ I OH I" ~;'PALI- PII III" 
80 '" I I-'F~ I N [ SF'C (4) " P P. n I lei I H G I HI P I I~ H I I 

I: AR T~I_ 1 M " 
H, 14t I I- r, I t"J I SF r (4) "A r r U N O t 1l: H -I S .... n U W I I L B I 

1J t4 I> FR " 
HI'~Jl .l PF~ II\I1 Sf.'C(lIi" AI I '1. I : ~. HY .:iI I.H ~ Fk"Ot-1 "f Hf" 

PII~ H r T " 

~-l '!h'.' Fr-':It'ITSPC'41" U fl~t." IN" 
f"3t):I_' r'F--:lloJf SPC ... l) " V O U ..... HI ~ ~ 'S I OH IS 1 I) PRI, u r H'I 

A N Y" 
8,')(-31, F'RINrSP[I~I)" UI'R(j '-' HlllH ~ ~ lll f·' I:R O N 

LAH I> I H G ." 
8,)9t , f'f, r N TSf'C t ,I..,) " l!l.' 121 .7' N O U f ~~ S T 11 W' I. ; H r I- to? 

I F I- I " 
[oj: J ':!l I f'RTt l[ :;f-'1 (/d" " x" N O VI- '!:) SI 'l to? F ltjlll l- R Rl f Oi I ) " 
8 11" F'F': INr ~, F' l~ (7 ) " L-JP Rr- S S SP ,1, :F 1 0 r I l< r 1,1 S I; R " 

1-11.:',1 f ' f-<INr~""a·'r',L,i " LL.L." ~" R l- S~ ; A N Y Kf"Y T O f H(~A'-;I 
E H Ft1'Y" 

HI :01' I uS l " : li-Iln - ,, ! St" " : ,~Hll -= ') : l-i[ IS[?\R=II : "~J-'-=.'\! : 

HI'" JhHI=I; JIJl,,}~HH f-.: I~=I" 

i 1\ 4' I ;,1 If NS ·- [N'H1[)r-I':~; 

:-l J ::-,1 , I) (['I ~ ( I tJ')flnJ--I -< S) : J) 11'1 '( \ J N'h)PH'\~ ) : 

['1 1"'1 I ~~I 1 0',: \ 41 I • • .' I ) 
A ) ') " 11 1[-.: , ,::-) PI ItJ',.',' <iH I~~~ 

B 1 / " 1, 'H I -= ~\'J.l .': 'r ' ,i ' -=IH II,H I 
HI f h I 1 d~' 11 )-'. I, ~ i 1\' • ' ' t') ) .. --: , ' 

H J 'i.) hl[~, [ , \ 

:-I,'"" l ,rl";1 18 F-("-" !' I 

' ,'I' ht- I h l : I [ 1-..; 1 -= " " [In- I! H_' .. .' '' 
Ii._' ', I' HI: 111F,: t"J 

: ~' .(1'" I-d 1'1 '=:if'H 1 I ~ 1)1- FIt I 1 r I f IN 
00:::,1 I! I rlH hl:::'J I II r) ,' : Hf:-?HJ 1\: r-'(I I c H-, ;' +-N,O: rJI.l:1: 

h'I-J'1 I'll t.i ;, I I 1-
rIG,~'" I-fll-.: hl";';l! [fJ ~" : HI "n II : l- ' rll F H4h~I J ,I.l: j lF ,T: 

1,:\ 1'1 I: XI-'J i JS I \1].1 

H!jll,l 1-'01 r ,'l,4'),1 

:-I'-, ~,'! 1' 111 [ . " I .. ' 1 • I '--I 

8~-'hl ' r 'rn 1- '/ . :,q, :~ 
8~," I 1'01 I: '.'t '111, i 
H~8' I IJ~)TI~ M , ,'J , 1.1 •• 'H , ' l,l! , , '1:1, II , " , ("> ... ' , ll , '!, q:::, , l J, ll , :'8 , I 1 ,') , 

,·' 8. t l .I) , t';> ,' , ~),ll, I.' / .I!.l! , 1 :-'/.I'~'1 

H~,rjlll Dt't [,"; ' ), ' ,. , 1 , 11 , ,:1.': ' , fl,l' , c'l , (1." , II , "' , (), ,1 ,.1 .'1, 'J,", 'I,' " 
1-1,",II , l l , '·I,II ." . ' ·I," , II,,','.' 

t4,"".!I' l), "\ ) ~'\ " . ' " ' 1. I - ,',.", I 7 ,.', II. 64 , I . '-I , ) :'8 , 10 . J b~"R , 

1 .... ·9 .11.1. "~ , :', " " ' , I',,' , JH. 10~_, 7 . ' 

',I:,I<l fln 'llI 1:-' , '''' '','--18 , IJ:I , I .. )~' , ; ,.1 1."1', ' ," ," , 9.'," , ",: , l b~" I ::! , 
<18 , '7, ') , 1 :' 

(1(-.'.''' D(\lr .... ''' .',It,O:::, , I R , I',:" , " , '7" 1,"/. ", 1 . 'f~.H , It,~-" 1("> , 

J . ' 1:-1 , ' I. I .t,-t , fl , .. , 17 , ' I , I ',0 

H,.., ',( , F;j [ [ Ih~.J 

' .... I·I\"! 1'f-.:llll"I;..""j " : J 1'1[ ( I"J III "( : l-'h'INr"~I". : ~W~I: I""'FJ'tlf.: l\1 

' 11 11' I 'll! I ":,4 .·' " "II : ~ ' lll [r,Y . ' ' -1 , 11 : 1'1,1 1:-"'",4 . ' "..,: , l l 
.,..t~',·, F'(JI [ ":14:: ..... (1 , j"J: J '! It r~',,,,::-'.' ,1, J :-'f-l : r'U I f =,<l:;-' Jb . ' • 

' J 1 -',11 I-' Ll l 1- ' ,.:a.' -' '" , Il : j'ru I ' -,'1.', , I':;, 
'-i \-1') f:':1: I IIRhl 
')~'d,i "'/-1 ' [ 1-l.. F" 11 ~", 1IHI [JUl t,1 

'7-:' 1 11 F'DI F-".A.;:'8 ", I . 9:r'Uf ~ ·;:)il'.'8 4, l ~, : f-'DI E~4:"8,! , 4" 
r~ ~ .' t, 1-IJR P=-- I L , 1n I ! SHJ l : PfifF <,4.:46,f"·; 1'11:.)' 1 
l?2-',11 1-01 !::C:",4":8~,,' l 

' .... ' 41! /-'1::. II Ir-.:I~ 
L,:"", HI _I"'I 8A l lLF 51 k!:I'1 
'r",! I'(IR S= I r o ~,) 

q:-,:_'II l 'Of E"S 4 ::'/6JI:Pllf 1-:54, '7 
q-, :., ) 1-'(11 E~<1 ~.'l76~ 15 : POI E::' .. l,' 

9>1-'1 f-'Of E54:,r~ , :'-"I:I--'LH E:.~,4~' 

'/ '. :,",\1 t-IF>: r 

,'J : r 'OI E::, 4 2/~ , () 
7 , b4 : POIE5 4 ~/ o , ~~ 

~------~.------ ---------~~ 
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illl(l,") R F:. I" I .OSE 

6,)! . , TEXl : HOI'IE 

6 " :'1-' 1.'1AB ~! : H rtHt l ~ : Pk l t·l [ " T H E " 
hU~,j: ) HTA8 I :::" : P f-:IJ".ll "A I J ENS" 
6.)411 HIAl-t 1 -1 : PF.JIJl "H t:. v E 

6('=," l-I'fAEt 1 _' : PR r NT "I AND E 0" 
6.,:.'.:, r.JLlkl~IA I _ 

!-," .... ' ,., V 'l 14~ I: ' : H1I"ll-1 1,1 : ""P IN 1 " H D li-JE: VE I.;" 

6.)7 1 1 H1"":'8 1') : PHINr "'(DU DrSTF:OYED " ;5C 
0, '18', HIIIH J . ': 1-'1--<1/,11 "'~rl TFN [.Rt~Fr" 

lJ, ',QI I .... 'lAl~ 16 : H l,:";8 ,1 : PPIt,l r "DO YOU WISH TO FIGHT 
(~GA 1 N ~ ' " 

itl , )' .. f"'fl~E. l Q:::,b~J , u: GET t"d 
6 110 II· .l l " V" nl--: I~ .l = "y" THEN F:UN 
,~~ I :"' , F\I:. TURN 
7'1\'11 I hE!"l S["kF EN 
il> 1 ( I HGF: : HOI'l E-
-11)'.":"1 pm t"" 16~,1 ) 1 , I) : PD~'E" '. '--;7 . :-'5:-' : pm E ... ~, ~ . :?9 : seAL 
E= 1 

711 '"' I-OF: ~-i 1 T(1 '" 
70:'40 OF = JNT (RI.JD i ll "" -,5) : GH =lNT ( PND ( 1 ) ... 1 9 ) 
7 '-, ::,! ! GD·I..(OF , GH ) ~ 1 
7()6( ' HCDLOR== 7 : nf,:AW 4 AT Col • DF ,I:l '" GH 
71)7(1 NE"Xl S 
7('8') Vl'l(t :-0:' : Hl{.l-t I I) : PRINI "AL I ENS DESTROY ED= " :SC 
7091_) HCOLOR=~ : ORAW = Ar 8 • XP , 8 * 19 
7(l9~, FDR 1 =-: 1 1U :'0 : P OI E 77b , 9t) : POI E 777 , 3(1: C AL L 
778 : NEXI 
-/ I '-)I ! RE rURt,J 

l-3')I II ! F:EI"'J 
81Jj II TE X 1 

TNI r J AL I 7E 
HOI"'IE 

80:'0 VT{"\8 
P1LOT" 

~ . HTA~ / : PR1Nl " tOU AR E A LONE SPACE 

8t)3n HTAE:t 5 : F'RHlT "PROTErlING THE PL ANE T EARTH . I N " 
8()'11) HTA8 ~, : F-'RINl " A FEW !"101"'IENTS YOU WIL L 8E UNDER" 
811~' ) HrA8 5 : PR T ~I [ " A1TACt BY ALI ENS FROM THE P L A NET" 
8"6" HTA8 16 : PRIN I' "I...'ARGON , " 
Fl')7'-) HTAB ~J : PRIN1 "YOUR I'/I SS I ON 15 TO PREVEN T ANY " 
8uBu Hr "~8 ~" : PI=.: I JlJ l " 'JARGON IAN SHI P FROI"'I LAND[ NG . " 
Eh J9(! VTAf-f J'I: HIA8 / ; PRINT ' Z ' MOVES S TARFIGH TER 
LCFT " 
81')I ! VTl~B I:: : HTA8 7 : PRIN-' ' X ' MOVES S T ARFTGHTER 
I< TGH1 " 

~11u VI14H 14 : HIA~ /: ~k l r~T "PRESS SPAC~ BAR IIJ F IRE 
t'lf SS llE" 
81;~'- ' ' .. nAB 18 : HI?',8 :" : PRIN T "PRESS ANY f' E Y TO ENGA GE 
E j\IEM'l " 
81.31) GOS UB 9 ':ll) ( ' 
8135 FOR ~ = 776 [0 798 : READ B : PO~E E , B : NE XT 
8 1 40 LOSl =- ( J: WIN = O : SC ; O : AH IT = I) : HTTSr AR = O : XP 

16 : HEIGHl =- (I : INVADFRS = 111: ('LIEH :111 INVADEF:S 
81~,u 

8 16n 
8 J 7(1 

8 tB() 
8190 
8 '~ (ltJ 

8:'1'") 

ALIENS = I NVi~OFRS 

011'1 X ( 1 NI.'ADEF'S) : 0 I 11 Y ( INVADERS ) : 

FOR A = 1 TO INVADERS 
X(,~ ) = A * ~ : Y(A) = HE I GH l 

NEXT ('. 
GE r Fa 
RETURN 

q ,-'II -) RE t~D A 
q , e{) pm' E 'i . A 
9u"":t , NEXT X 

DI M 5 D"I..( 3 5 .19) 

QI ,4 ( ) DAl A 5 . 0 , 1 .L· ")' ~" ~J, () , ~:" () , 81) , ') , 86. 1) , 73 ,1 6 9 . 6::., 4 6, 
5~ , 6--; , 46 , 5~ , 6~ , 2~ ,45.5 , O'-' , 7--; . 45 ,1 ('9 , 58 , 2~3 , ~7 . 55, l 09 , 7 
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Glossary ,. 

r 

Array An array IS a set of data, held together and identifled by one 
variable name (see also the entry for variable) One way of 
imagining an array is as a series of boxes within the 
computer's memory, with each separate piece of data held 
m a separate box. 

DELAY Delays are sometimes included m computer programs when 
It is necessary to slow the computer down. They are usually 
part of a FOR ... NEXT loop (see below) and look like this in .. 
a program: ,.. 
FOR DE = 1 TO 1000: NEXT DE. .<. 

This would cause the computer to count to 1000 before going 
on to the next stage of the program 

DIM The BASIC instruction for opemng an array. It is followed by 
a number in brackets which tells the computer how bIg the 
array should be. 

DRAW Is an APPLE BASIC instruction to DRAW a shape on the 
screen It takes the form DRAWN AT X,Y where N IS the 
shape table number and X and Yare the screen co - ~ 

ordmates where the shape IS to be drawn. 

flag A flag IS an operator within a program that can be "set" to ... 
either "on" or "off', depending on certam conditions. These 
are often used in games to determine whether or not a game 
IS won or lost - if the game IS won, then a "win flag" can be set 
from "off', to "on" and the appropriate action is then taken. 
Flags are given the values of either 0 or 1, corresponding to • 
"off' and "on" respectIvely. 

GOSUB GOSUB XXXX sends control of the program to a subroutine 
starting at lme XXXX. The search for line XXXX starts at line 
0- so the program will run faster if subroutmes that are 
called most often are placed near the start of the listing. 

GOTO This instruction tells the computer to go to the specified line, .., 
missmg out any lines in-between It IS used with IF ... THEN 
(see below) Be careful when using GaTOs, as it's easy to .. 
have the program Jumping backwards and forwards so much .. 
that it is impossible to read. 

IF ... THEN This is used as a way of telling the computer to do something 
only when certain conditions are true. This instruction often 
looks somethmg like this: IF score = 10 THEN PRINT "WELL 
DONE, YOU'VE WONII!" 

.. 
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I,.- INPUT This instructlon allows the computer to be given informatIon 
while a program is runmng. When the computer comes to an 

., INPUT instruction it pnnts a questIon mark (or, for some 

'. computers, a different symbol) to prompt the user, and walts 
for the input to be given. 

INT INT is short for integer, and instructs the computer to make a 
whole number of a figure with decimal places in It. It is often 
used in conjunction with the RND command whIch instructs 
the computer to generate a random number (see below). 

LET ThIs IS one way of giving the computer information. In some 
l' 

programs there may be statements such as X= 10 • 
~ This simply means that the number ten is stored under the 

label X. It IS often clearer to write: 
LET X= 10 

-.' 
The LET statement also gives rise to something that at flrst 
sight seems illogIcal, if not impossIble. In many programs 
you wIll see things like 
LET X=X+l 
Of course, in mathematlcal terms X can't equal X + 1. All this 

Lo type of statement means is "increase the value of whatever is 
stored in X by one." 

, 
~ 

I LIST This makes the computer display whatever program IS has in 
~ 

ItS memory. You can LIST single lines, or parts of a program 
~ by following the LIST command with the appropriate line 

numbers. 
,.. 

PEEK Is an instruction to look at the number which is contained 
within a specific memory location given in brackets. For 

"- example PEEK (12345) would look into memory location 12345. 

POKE This instructs the computer to store a piece of information at 

y 
a particular memory location. For example, the instructIOn: 
POKE a,b tells the computer to place the information b in 

.. memory location a . 

~ RETURN ThIS IS the signal to end a subroutine. RETURN causes 

't control of the program to go back to the statement following 
.. the most recently executed GQSUB, 

" 
RND This instructIon makes the computer generate a random 

r , number. The precise instruction vanes between dIfferent 
models of computer, Both the Apple lIe and the Commodore 
64 generate random decimal numbers between 0 and 1, To 

" make whole numbers between a desired range this is 
multiplied by a suitable figure and made a whole number 
using INT . 

• 
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SPRITE In COMMODORE BASIC a sprite IS a high resolution II 
programmable object that can be made mto any shape and II 
moved about the screen using BASIC instructions. They are Ii 
extremely useful for creating smooth animation - you can tell II 
your spnte to move behmd or 10 front of anythmg else on the I 

screen. Even collisions between other spntes can be Il 
detected. 

SHAPE TABLE In APPLE BASIC a shape table is a sequence of numbers 
that IS stored in the computer's memory. These numbers can 
be used by a short routine that creates graphic figures on the 
screen by mterpreting the numbers as "move only" or "plot 
and move" mstructions. You can draw the shape anywhere 
on the screen using the DRAW instruction. 

1· 
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