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Forewor '
| Ifyou have a cornputer, then you are almost certain o have )

~ played a Space [nvaders game cf one kind or another. In this

e e ' 1 book, vou'll find & prograrm that allows you to crcate an v
: "Invaders” game of your own, in full ¢color. The program is

=1 given for the Apple lle and Cormodore 54 computers.

An mvaders garne relies npon moving graphics (o be
effectve The principle 1s similar to those used in cartoons -
1 old characters are erased from the screen before being «
printed in a new nosition, giving the impression of

| " mavement The prograrm has been broken down 1o its =
_ | logical stages, and :here is & running tex! wich explains i
; i R how each section works. You will find, for example, ust how
; ' 1 111sthat the computer "knows" when an invader has been o
Ve 3 | shot by one of your missiles. Writing a prograrm in this way , i
i ~ . not only makes it easier for you and other pecple to
j ’ A~ 4 understand, 1t a’so makes 1t run more quickly and reduces s

the possibility of errors. At various staces you can test the

1 sections of program that you've keyved in — even the smaliest
error can mean that the program ceesn't work. If something
does go wrong check back through the listing very carefally.
4 Looking for "bugs” in a program is like playing a detective .
game - the clues are lhere for you to spot them.
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Introducing animation

One of the simplest forms of compuier animation 13 achleved
by printing a figure on the screen, erasing it and then
quickly printing the same fiqure again in a shightly different
position. Hepeating this action 4 nurmber of imes gives the
illusion of the figure moving rapidiy acrass the screen This
short program demonsitaies the effect

The letter X 1s moved across the screenusiaga FOR . ..

. NEXT loop, with Tas its vatiable — the changing valus of I

gives different screen coordinates for priniing "X, Notice the
space either side of the X When the letter 1s moved one
space along o the right. the spaces either side move with i,
The blank space on the left will overprint the old X and
effectively erase i from the screen.

In line 40 a short delay loop 1s imtroduced making the
computar count to 10C (Apple lle) or 200 {Commodore)
before it prints the next "X'. Without the delay loop. the
computer wowd perform the whole opearation so gquickly it
would be impossible to follow, Delete line 40 and see what
happrens.

|

| SPACE OVERPRINTS
ORIGINAL ‘X'

DIRECTION OF ‘X’
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Commodore Sprites

In addition to the move-and-blank techigue described
opposite, the Commodore has its own special moving
graplucs celled spriies.

Spriies do not have to be blanked out and reprinted many
times to make them appear to move Instead, vou will have 1o
1ge the specia: registers in the table helow. Later ir the
boox you will see how, by POKEing numbers into these
registers, sprites for missiles and explosions can be created
and controlled.

Sprites are a complex, but very flexible feature of the
Commodore and there are many more spaoial sprite
registers. Unfortunately. in this book there 1877t room to much
more than show vou a small percentage of the possikilities
open to you, but with practise, you will be able (o create
stunming anrmsted graphics

I Memory
Location Name
832 7 | startofspriie data area
53248 X location register
53248 | Y location register N
.. 53258 sprite enabling register
| 53264 Xregister in VIC (videc) chip
53265 Y reqgister in VIC (ndeo} chip
53287 color regisier - sprite one
53288 color register - sprite twWo
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User defirv{énc‘:hl characters

Games can be made to look far more exciting and
vrofessicnal by delining your own user aefined graphics,
which can be animated using the techniques you will see
later in the book. In the Commeodore program you wil be
12Ing sprites.

APPLE Ile

Defimng graphics on the Apple 1nvoives using shape fables.
These can be very difficult to usc unt:l you become familiar
with them. 'The screen 1s made up of many dots (or pixals),
and you can instruct your Apple to draw shapes by joming
these dots together. There are eight instructions, nmbered
n binary 300 to L1 1. Insiructions 000 to 011 are called move
only owerations, which tell the cormpiater to move a pointer
elther up, down, left or right one pixel on the screcn.

SHAPE THBLES

MOVE ONLY PLOT NG MOVE 70 MAKE R SHHFE
(00005000) (00066100) g’ffr ——— @orioio)
7 s (o100 000} v e sl
f"“tgord ao;oooagfaooaom ooo0atol)
6 s e
(ooaaozo.rq) (o0000110) ©orioNo)

TR G L R AR

With a move cnly instruction you can move an Umaginary
poirier around the screen without drawmng anything.
Instructiorns 100 to 111 are piot and move cperations — these
draw as well as move. Starting from a defined point o the
sCreen, you use the move only instructions to meve the
vointer 1o where you wish ‘o commence drawing, before
using the plot and move Instructions to draw it.

The computer doesn't understand these nstructions as they
stand as 3-bit (binary dig.t) numbers. They first need o be
collected taogether into 8-bit numbers, and then converted to
decimal niarmbers (the kind of numbers humans count inj.
tach 8-bit numlxer coniains two shape tab.e operations,
usually preceded by two zeroes. You ¢an convert rom
binary to decimal by imagining each bit as a column
representing a decunal number — starting from the right, the
colurrrs represent 1, 2,4, 8, 16, 64, and 128 - and adding the
columns together




COMMODORE

Computer graphics screens consist of many small dots {or
plxels). Design your sprite on graph paper using a 24- by
21-pixel grid. You candraw any shape you like, shading
squares that you want the computer to cclor. It understands
that each dot cain have the value of Dor 1. ifthe dotisset to 1,
then the compier mterprets this as a filied dot. I the dot 15
set to 0, the computer takes the dot as blank These 1s and Js
are knowil as binary digits (or bits). There are sight bitsto a
by.e, and the computer stores 2ach byte inamemory
location. Sprites are defined by POKEing 63 bytes mto a
speclal area of memory. POKE tells the computer to put a
namber Into a specific memery location.

sSprites can be any size up tc 24 by 21 pixels. The diagram
fbelow shows how the missile sprite used later on in the book
15 drawn and how the DATA 15 calculated,
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Setting up a spriie invclves a number of steps, using some
special 1egisters in the Commodore First, DATA must be
POKEd into an area of memory starting at location 832, The
DATA has ‘o be cenveried from the eight kit binary
numbers imto decirmal numbers (the numbers that humans
understand, and programs use) before it can be nuaiinto a
program. You can do this by adding up the nurmbers at the
top of the colurnns in the diagram above. Up o ewght sprites
can be sel up at the same time. each needing thelr own
sprite pointer so the computer xnows which sprite you want
to use. Next, the aprite needs to be turned on using the sprife
enabiing regus:er (location 83248+ 21}, 'The computer needs
1o know what color to meake the sprite, 50 a color code must
be POKEd into the color register (location 53248439 for
sprite 1, location 53248+ 40 for sprite 2, and so on). rinally,
the sprite needs to ce positioned on screen, using X and Y
location registers. You will see how the sprites for the missile
andd explosion used 1n the game ate set up m this prograin
leter in the book,
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The flowchart

To plan tne Invaders game, it's a good idea to diaw up a
flowchart. This 1s a convenient way of sefting out the series of
logical steps that define your program. It consists of different
shaped hoxes, representing decigions, actions and so on,
connected by "flowlnes” The flowchart 1s used to create a
CONTROL PROGRAM. This 18 the core of the program,

which calls up other sections of the program whenever they
are required.
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THE CONTROL PROGRAM
AND INITIALIZATION

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.

i H O aRE A LONE SP0 if..:il“
F 1«’!! FE LT ] i THE PLAMNE 1
5] E 3 . P E Y N l X HI:
Y 'ﬁﬁi ' k TLTEMS FRUOM THE _
UakRGas
CREARE  BAE SO TN ES T PREWEBMT Ak
P i LHIEF FROM Léami g M,

W .Jlliﬂ-"l LT E & ﬂ‘l“ Y

SrTak EGHITER RIGHT

FPACE T FIRE MIGEHE LLE

CPRESZS AMY KEW T EMGatGh R MEMY
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By follcwing the flowchart on page 12 and breaking the
program 1nto suproutines piacea in a logical order, you can
arrive at the main pregram [cr the game, as shown kelow.
Once you have a main program like thig, all you have 1o do 1s
wilte each subrcutine in turn,

[~ E pE INVADERS
10 BDEUE 8000 REM  INITIALLZE
B AUV IR Adh e | REM SREE
T GUSLE 1000 BEF i T

e

430 FOGUE 20000 REM L@y

BEOSLE &0 REM .=k
b1

IF WIeE = O LOEsT = U THER L0700 Fi
GO B0
PEO W = L THER GlsbIE el R

'I'ng frat line of a program uscally gives its fitle, by way of a
REMark — see line 5 REMarks help anyone see what is
happening in a progran. At the beginning of a game you
should give the tlayer instructions, ard sel all the variables
o give the player msiructions, and set all the vanables to
their initial values, Line 10 does this. The colon (3) allows
separate statements to be placec on the same line. The
subroutine which plots the stars and prins the score 1s called
by line 20.

The next four l.nes, 30 to 60, form a repeated loop waichis
the heart of the program. A randomly selected allen 1s
moved one pogition down the screer n hine 30. Line 40
allows the player to move and fire a rocket at the aliens. Next
comes an IF . .. THEN test i Line 50. IF either of these
conditions are true, THEN the computer jumps out of the
loop 1o line 70, Otherwise, line 60 sends the computer back
to hine 30, ready to repeat the movesiire process. WIN and
LOST are simoly 'flags” which can be set miz or false (1 or 0)
to tell the computer how the game has ended. Line 70 tests if
the WIN flag isse:. IF it 1s, THEN the WIN subroutine is
called, using the instruction GOSUB 5000, The comrputer
GQes TO line 20 for a fresh screen cf aliens, and a new
game. If WIN 1sn't set, the program calls te LOSE
subroutine starting at line 6003, All the subroutines follow
later in the book.

The END staement may be placed anywhere taat is
convenlent. However, 1t 1s good practice to place the END at
the end of the control program. This gives a nieat fiinish and
makes the program more readable,

14
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BEFORE YOU START |
IT IS A GOOD IDEA |
To PLAN HOW YOUR |
SCREEN WILL LooK
ON GRAPH PAPER.

The first subroutine czlled is INITIALIZE (see below). It has
been put at line 8020 because, every time the computer
locks for a subroutine 1t startz at line 1, looxing at each line in
turn. Subroutines which you use frequently should oe put at
the start of the pregram. In line 8010 we clear the text
screen, and bring the cursor to the home positicn (to the top
left hand cormer of the screen) using call TEXT. VTAB means
vertical 1al, or move down a certain number of text lines on
screen HTAB is exactly the same hut for honzontal
moverent. I line 8020, the computer 18 instructed to start
PRINTIng down two lines, and across seven characters.

TRIT ALY ZE
b4
ERREL

FRIMT Y00 G
FEIET EROTECT [
FETRT e FEW MERE
FEIMT “ATTEOK BY
BT O aE G0N
FELMT "YOLR MISET0N I8
TEIMT CUARGEON T AR SHTE
HTAE Fr RRIMT 7 Pl

B
T
HT F3k

ek s

VUG LTy HTeR T PIRIMT " KT MDD

LA M TR FleTiRT UIRRESS
18 HTARE Sy PRIMNT VFRESDS

il
£k TERE

iy L.

Tz kT EaRTH. I
' W LWL

1)
FROM
WS
YES

SF A0

Gy

FROF THE PogfeT!

CHMED B AlE

BE LiNDER"

FREVERNT Ay
LApDTNG.,
BTARF TGHTER
STARE T GHTER
E TO FIRE

FEY 10 ENEAGE

9060006 6

DO 00606808 (
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As the player is reading the instructions, the computer can
be getting on with initializing the variables used in the game
In line £140 a number of flags are set. LOST and WIN are set
to zero since the game has vet 1o begin. SC representstne
numbcr of alicns that have been shot down AHIT (alion Lit)
and HITSTAR are two flags which check if a missile has
collided with analien or a star. XP 15 the position of the
player's spaceship along the screen's X-axis. HEIGHT 1s the
Y position of the space invaders when they start towards ‘he
top of the screen. [n Line €150 the number of ALIENS 1s set
by INVADERS. ~his extra variable .s used to make 1t very
easy to change the number of space invaders at the start of
the game. COnce INVADERS has been altered the initial
value of ALIENS will autormalucally aller throughout the
program. Fach space invader 1s given its own label by
DIMensioning two one-dimensional arrays in line 8150,
DIMX(INVADERS) reserves memary space for the column
position of each space invader, and DIMY{INVADERS) does
the same for the row position. For example, X(2) refers to
the second space invader working from the lefi of the
screen GD% is an integer (whaole number) array which
lclds the location of 2l the characiers Line 817C starts a loon
which sets the imitial positions of the INVADERS. Line §180
enters the ¥ and Y position of cach invader. The X pesition is
determined by multiplying the alien's number by three, anc
the Y position by HEIGHT.

S v hio 109 o

e [y vl [
S oGy e e

B9 A8 e 455 285 219 e oAy

$ 86, 0,770,169 67,46,

fo VOB P S
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Five shapes are defined for the game the missile, the
rlaver's spaceship, the alien, the star and the exvlosion. The
DATA in lines 9040 and 905 is POKEd into memory by the
FOR...NEXT loop between lines 000 and 9030. In the
DATA the first two numbers indicate how many shapes are
heing defined (in this case five). The foliowing ten numbers
fcrm five pairs, telling the computer where the dae for each
shape hegins.

The SCREEN suproutine DRAWSs a random background of 20 ggggofgg”éjgggi“
stars before the game begins or when the player s skilful FOR THE STARS,
enough to shoot all the aliens. Line 7010 clears the screen WHW‘L&{‘E Pz__s’?rﬁg"w
and se:s the screen to Page | of high resclution graphics fﬁ_ !éﬁ MOVES INTO

(HGR). In line 7020, POKE - 16301,0 allows vou to use the THIS BLOCK IT WiLL
bottom four lines of the sereen for text. POKEing locations NOT DELETE THE GTAR.
232 and 233 tells the computer where to find the shape table
information for the stars and SCALE sets their size.

AR 10 FRIKY "ALEERS DEGTROYED="; &5C @
U D1 T R S 5 S Y I T "

[ e’ e
5 PR
: MG ™ B
= o [ POEE 252,99:
TIY )
BREID (1) = TEYsGH o= TRT O RMD (1) =
; @
o } o
- Oftiaid & T & & OF & = GH
-;:

Thereisa FOR ... NEXT loop hetween hines 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 ume the computer goes throughthe FOR. ..
NEXT loop an X and a ¥ coordinate are chosen. Line 7050
swores a1 value one In the element in GD% which
corresponds 10 the star positicn. Line 7090 DRAWS the
spacecralt at the bottom of the screen, ready to start firing.

17




By following the flowchart on page 12 and breaking -he
program into subroutines placed in & logical order, you can
arrive at the main program r the game. as shown below,
Once you have a main program like this, all you have to do 1s
wrlte each subroutine 1n turn,

s pEM INVADERS

10 EO5UR 2000: REM IMITIAL IIE

2 GUSUR 7000 REM SCRERM

20 GOSUER 1000 REM ALIEM

S0 GRS Z000n REM FLAYER

SO IR WIn=1 0RO LOST=1 THEM GOTD 7o

A 20T0O 20
AT G

FOOIE W=l THERM BUSEE S0000 e

80 GOSUR A000r REM LOGE

30 END

G 6 6

© g

The first line of a program usually gives its title, by way of a
REMark — see line 5. REMarks help anyonc see what is
happening in a prograrm,

At the beginning of a game you shou d give the player
instructions, and set all the variables to their initial valuss.
Line 10 does this. The colon (i) allows separate statetrients to
be placed on the same line. The subroutine which plots the
stars and prints the score 1s cglled by line 20 The next four
lines, 30 to 60, form a repeated loop which 1 the heart of the
prograrm.

A randomly selected alien is moved one position down the
screen n line 33, Line 40 calls a sabroutine allowing the
player to move and fire a rocket at the elieng Next comes ar
IF ... THEN test in Line 50. IF either of these conditions are
true, THEN the compter jumps out of the loop to line 70,
Othervise, line 60 sends the computer back to line 3C, ready
to repeat the move/iire process. WIN and LOST are simply
“flags" which can be set true or false (1 0r 0) to tell the
computer how the game has ended. Line 70 tests if the WIN
flag is set. [F it 15, THEN the WIN subroutine i1s ca'led, using
the instruction GOSUB 5000. The computer immediately
GOes TO line 23 for a fresh screen of aliens, and a new
game. If WIN 1s'l set, the program calls the LOSE
saproutine, startirg at line 8000,

The END statement may be placed anywhere that i1s
convenlent. However, it 18 good practice to place the END at
tha ena of the control program. 'T'his gives a neat finish and
makes the program more readable.

18
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¢ The first subroutine is INITIALIZE. Linc 80.0 sets the screen

colors by POKEIng locaticns 53280 (the barder) and 53281
- {the background) with zerc (black). POKE 650,255 sets the
i keyhoard to autc-repeat so the spacecrat moves smoothly,

and the heart-shaped control character clears the screen. Lines
& BO20 to 8120 contaln SPC (SPaCe) commands, o position the
display. The control characters used determine the text color.

[
-
FOKE 53281,0: POKE &50,255:
-
B FC e e YO ARE @ LOHE SPACE PILOTY
¥ BUI0 FRINTGFCOCD “PROTECT EMG (HE PLAMET
1 ERRTH, 1w
B4 PRIFTSEC A '@ FEW MOMEMTS YOU WILL
¢ FEE IR E R
GOE0 PRINTEFC () "#T TACK #Y AL LTEMS FRaM
. WHE B ME T
B PRINTEFC 037 " LRG0 e
2070 PRI COA) Wi MISSIOM T8 To
", KR A E BT
: Py BRG PRENTERD (G " SARGONLAM SHLFP FROM
. LR §
BOGL FRINTSFO(S "BUESE 2 © MOUE 4 STARFIGHTER
- B0 FRINTSFCOG) " R < MOVES STARFIGHTER REGHT
B0 FRIM (D UAPRESS SPACE YO FIRE LASER"
& RIZ0 IRINTSFC (50 "REFWPRESS AMY KEY T ENGAGE
ELME P
- =z -’T'EE':;,'-;%\“ AP
- L
&
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Do AT =0 HITSTAR=0r AP =0

ba DI GRIDW (40,

€

R

© 6 G

@

As the player is reacing the instructions, the computer can
be getting on with 1nitial zing variables. Inline 8130 a
number of flags are set. LOST and WIN are set to 7er0 since
tr.c game has vet to begin. SC represents the numoer of
aliens that have been shot down. AHIT 1 a flag which s usec
to check f a missile has collided wita an alien XPisthe
position cf the player's spaceship along the screen's X-axis.
HEIGHT is the Y position of the space invaders. In line 8149
the number of ALIENS is set by INVADERS. If you alter the
value of INVADERS, the initial value of ALIENS w'll
automatically elter throughout the program. Each invader s
given its own label by DIMensioning two arrays in line 8150.
DIMX (INVADERS) reserves memory spacc for the column
position of each space invader, and DIMY (INVADERS) does
the same “or the row position Line 8.60 staztsaFOR . ...
NEXT loop which sets the inizial positions of the INVADERS.
Linc 8170 enters the X and ¥ positior: of eact. imvader,

ST A
Herl (B FOEE RIZ4AM, 0 MEXT:

RGO G FOE 89800, 0 NMEXT:

® 6 &

senen srese Ges . -
AT Lryacd v 7 [

g 50 R, L LI O O 2 L

B 8

el U, A, 1 0 RS, 1A, 165,88, 13,

G ey
SO I = P =Pl S

@

& 6 6 6
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VIR TR, 1A%, 19,

9 e ST, TR0,

Cn pages 9 and 1| you zaw how Commoaore sprites are
created and used in theory. This routine sets up the missile
and explosion sprites nceded for the game usimng the
Commodore's special registers. Line 8510 POKEs the 63
bytes Into mermory, starting at location 832. Line 8530 makes
V=53248 — this is the lowest nuinbered memory location and
every higher numbkered location only needs be numbered
as V plus e small mumber. T'he sprite pomters are set up in
lines 8340 and 8550, Next, the spnte reeds to be turned on
1sing the sprite enabling registor (location V+21).

The computer needs lo know wha' color to make the sprite,
50 line 856C POKEs a coler coce into a color regisier
(location V+38 lor sprite one, location V+40 for sprite 2, and
50 on). In this case the code 1s 2, which 1s the equivalent to
red sprite graghics.

EACH STAR I5
PRINTED AS A FULL
STOP(.) TEXT
CHARBCTER IN A
RANDOMLY CHOSEN
Ot LVIN AND ROV
POSITION.

PRLT "

A7

LT TR LX) i L

YT ORRMG O et

© g

FRIMT 3 e

O O

PESTROYEDR="y5C

Line 20 of the control pregram irstructs the computer to
GQSUB 7000. This subroutine draws a random background of
stars. Line 7011 clears the screen, reacy for the background.
There 1sa FOR . .. NEXT lcop between lines 7020 and 7050
which plots 40 stars on the screen. Line 7030 uses your
machine's random number generator to decide where to put
tf.e stars. Each separate part of an array 15 called an element,
and a two-dimensional array such as GRID% can be used to
represent a map by making each element correspond 0 a
grid square on the map. Tana 7040 stores the value one in the
clement in GRID% which ccrresponds to the star position
that has just been chosen.
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Testing your program

Atthis point it 18 a good 1dea 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 secend screen, [f
the program doessn't work, or scmething peculiar happens
check through your work very carcfully. Even tiny errors
can cause the whole program 1o crash.

APPLEle ! TYPE A DUMMY LINE 25 END AND MHIT RETURN &7
2. TYPE RUN AND HIT RETURN [&Z]

YOU SHOULD NOW SEE THE TITLE SCREEN SHOWN LEFT. PRESSING ANY KEY WILL
ALLOW THE PROGRAM TO CONTINUVE, AND THE STAR BACKGRQUND WiLlL BUILD UF,
SHOWN RIGHT. DELETE THE DUMMY LINE 2§ BEFORE PROCEEDING TO THE NEXT
SECTION.

~ roli Wl BE
Il T IL LemklE T

LTYPE A DUMMY LINE 25 END THEN HIT
COMMODORE 3 rvrpg RUN THEN iyr e
YOU SHOULD NOW SEE THE TITLE SCREEN SHOWN LEFT. PRESSING ANY KEY WILL
ALLOW THE PROGRAM TO CONTINUE, AND THE STAR BACKGROUND WILL BUILD UF,
SHOWN RiIGHT. DELETE THE DUMMY LINE 25 BEFORE PROCEEDING TO THE NEXT
SECTION.

oo HLGLE Sl gRETGHLELE TET
T T STLKE NI LER K1

LRVl B P R LM EId B 4Rk Pl HLIILE

PPESS Ay KES 100 % Mgt | NI PR
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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 allens. It works by chocsing an
alien at random, and kblanking it out by DRAWIing the
character in black on the screen.

The alien remains inv.sible until the alien's next position has
been calculated by the computer. Once the new position has
been calculated, the alien i1s DRAWN on the screen in
vellow. All this haspens very quickly and gives the
umpression of smooth -movement, and works a little like a
cartoon fiilm.
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Line 1010 selects a random whole nuinber between one and
the value of INVADERS. The value of R 1dentifies a particular
alien. Line 1010 alsc checks the alien’s vertical coordinate. If
1it1s 22 then itis off-screen, and 1s "dead" — the subroutine
ends with a RETURN — see the HIT sukrouine lateron. If 5
‘living" alien has been chosen, line 1030 DRAWSs an alien in
black at Y(R), X(R) making 1t disappear. New coordinates
are calculated 1 lines 1040 and 1050, using the RND functicn.
A random number — either minus one, zero or one -- s added
to the current value of X(R) to alter the column position, and
the value of Y(R) is increasea by cne. The effect of thisis te
move the alien’s new position one space left and down, cr
one space cowt, o1 one space right ana down. Lines 1060
and 1070 limit the value of X(R), and rmake sure that the alien
can never be off the screen. The next line, 1080, tests the
value of Y(R). If 1t is equal to 15, then the alien has reached
the bottom of the screen, and the player haslost. The LOST
flag is therefore set. In line 1090 the alien 1s DRAWR I
yellow al its new positon. Finally, GD% is updated by
adding 2 to the value in the element corresponding to the
alien's X and Y coorcinates.

1O MOVE LEFT
INT(RND (D3}~ 1= —1
NOT TO MOVE
iNTLRND (VX3 =1=0
To MOVE RIGHT
INTRND()ES) -} =+

THE ALIEN MOVES DOWN
BECRUSE | 15 RODED TO
ITS Y(R) VALUE.




TOOD RN PR
010 L o= FEEE (- 16384): IF T o T8 THEM 2070
207 DHEE (T - 128D

- FOEE - 1&3EHE O
S0 HUOEHLCHR= O Dl 57T gt o A, 1 % B

. LRI T O = @ O TdE = ey el A = Tk W

LOGD TE DT = "t PR TE == fa ) @ity w0 -0 33 THIDY B

G

e SR e P L R R e

oo DRAW POAT B o KF, 15
TE L o= 150 THEM  [OIELE 200
ET LR

906 8

-]
]
mwm St

The first of the next twe subroutines allows you to control the
player 8 spacecralt, and to fire missiles. The seccnd
subroutine animates missles 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 1t to the night.

Line 2040 DRAWSs the spacecralt in black. Lines 2050 and
2060 contrel the movement of the spacecrafl. IF the 7 key has
been pressed AND the spacecraft's position 1s greater than
onie, THEN the value of XP i1s decreased by one character
position. Using the < (greater than) and the > (less than)
operatcrs in this way ensures that the spacecraft can never
be off screen. The expression XP—-XP-1 is commom in
computer programming — 211 1t Means 1s that the vanable 13
alterec by the amount specified. Inthis case, XP 1s
decreased by onc. The spacecratis held in shape number
two and 1s reDRAWN 1n purple by line 2070 - this happens
even if the spacecraft hasn't moved. Line 2080 checks if the
plaver has pressed the space bar (in which case I1=160), ard
calls the fire routine If appropr.ate. Finally, line 2090
RETURNSs control to the main program.

™~
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NUMBER OF Pixgs S

THE Z KEY MOVES THE THE X KEY MOVES THE
SPACESHIP(A) TO THE SPACESHIP (A) To THE
LEFT AS FAR AS COLUMN 1 RIGHT AS FAR AS COLUMN 7.
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This routine animates the missile. There isaFOR . .. NEXT
loop berween lines 3020 and 3070, whicn is ger up with
STEP-1. This ig a I'tle different from a normal FOR . . . NEXT
loon because, instead of counting up, the loop counts down
in steps of one. Whenever you use a FOR .. NEXT loog you
can specify whichever STEP suits your program best. [n this
case starling at YM=17, the missile 1s moved up the screen
in steps of one line unhl it reaches the top line (YM=0). The
missile 1s DRAWN in purple by (ine 3030 - HCOLOR=2
means DRAW the shape in purple. Inthe next ine there 1sa
check to gsee if that position is already occupled by an glien —
is there a hit? [f the value held in GD% for that location 13
greater than one, ‘he HIT routine starting at line 40C0 i3
called. The missile is blanked out in line 30%C by DRAWIing it
in black at the same screen position. GD% 15 cnecked again
n line 2060, but this time the check 1s for a star, If the rmissile
has gone ovor a star, the s:z2r will not reappear unless it 1s
DRAWnRN back on screen. Line 3060 takes the star's
cocrdinates and DRAWS it in again in white,

THE MisSILE T MOVES
UPWARDS AS SHOWN

ON THE LEFT.
(D THE ¥ i5 PRINTED. THE MISSILE WiLL

@ THE REVERSE [ Yy & CARRY ON UP THE
IS PRINTED SO THAT SCREEN UNTIL (T
iT DISAPPEARS. HAS HIT AN ALIEN

(3 THE [ IS PRINTED OR HAS REACHED
AT THE NEXT a THE TOFP OF THE
POSITION ABOVE. SCREEN.

YOU WiLL NOT BE
ABLE TO MOVE THE
SPACESHIP OR FIRE
ANOTHER MISSILE
UNTIL THE MISSILE
HAS DISAPPEARED.
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The FOR .. . NEXT loop betweer lines 4010 and 4080 checks
each of the invaders in turn o see which one has been hit.
The alien which has been it 1s DRAWN 1n plack in line 4030,
and the missile 1s DRAWN in black in line 4040, In line 4080
an exp.csion is DRAW™NM in the position where the alien has
been hit. Having destroyved the alien, ine 4060 updates
GD% . The alien's position 15 set to 22 sa that it will be

skipped over inline 1010. The locp 18 exitec by satting A
equal o INVADERS One 1s subtracted from the number of
ALIENs 1n line 40590, and the score (5C) increased 1o give youl
a running score display. The AHIT flag 18 reset to zero, If line
4100 finds that no more ALIENs remrain, the WIN flag 1z set,
The score is displayed by line 4110, and finaily the exgplosion
18 DRAWnN over in black i ine 4120,

THE MISFILE MOVES P
THE SCREEN AND [~ /T

M DETECTS AN ALIEN ABovE
ITIT REGISTERS A HIT.
THE MISSILE AND THE
RLIEN BRE THEN ERASED
BY REDRAW/NG THE

CHRRALTERS IN BLACK.

AN EXBLOSION 76 DREWN
N AND THE ALEN THEN
HEAS /TS VERTICHL
CONDRHNTTE S MOVEDOSE
SCREEN T BEVOVErT
FRONE Fr Ay

THE EXFLASION 1S THEN
REMOVED BY KREORFAIVE
IN BLACK




The ALIEN subrouiine given below has a lcw number
because it iz the most froequently used of the subroutines
The subrontine moves the aliens — represented by a pl sign.
it works by choosing an alien at random, and then blanking 1t
out by printing the character in black on the screen The
alien remains invisidle un-i. the alien's nex: position hasg been
calculated by the computer. Once the new position has been
calculated, the alien s printed bacx on the screen in yellow,
All this happens very quickly and gives the impression of

the figure moving rapidly across the screen, and works a
Iitile like a cartoon film.
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Line 1010 selects a randorn whole number between one and

the value of INVADERS. The value of Ridentifies a particular

alien. Line 1010 checks the vertical coordinate ¢f the alien. If

itis 22, then it is off-screen, and 1s 'dead” — -he subrontine

ends with a RETURN instruction.. What is heppening here

will become rrere clear when the HIT subrowiine is

described later on. If a "living” alien has been chosen, line

1020 prints a space 111 black at Y(R), X(R). New coordinates

are calculated in line 1050, using the RND function. A random

number - either minus one, zero or one - 1s added to the

current value of X(R) to alter the column position, arnd the 0 MOVE LEFT:
value of Y(R) is increased by one, The effect of this is to INT ( RNOU#® 3) -1 =~
move the alien's now position one space left anc down, or NOT TO MOVE:
one space down, or cne space right and down. Lines 1070 T ( RNW:‘E;:_O
and 1080 set limits 1o the value of X(R), and make sure that T:T?::gk f:')-f =4
the column position can rever be of the screen. The next THE ALIEN MOVES
line, 1090, tests the value of Y(R). I 1t is equal to 21, then the DOWN SINCE 1 1§
alien has reached the bottom of the screen, and the player ?ggggfngEHE ¥R
has lost The LOST flag 1s therefore set. In line 1100 the alien

is printed 111 vellow at its new position. Finally, GRID% 1s

updated py adding 2 to the alien's X and Y coordinatas.
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The first of the next two sukrouunes allows you to control the
player's siup, and tc fire missiles The player's ship can move
left and right across the botiom of the screer. The second
subroutine animates missiles and checks for hits.

In real-ime games such as this one the player needs to be
ahle to 1nteract with what 1s happening on the screen. [t1s

quite easy to wrlte a rouiine which allows the plaver (© use
the keyboard fo control graphics,

In line 2010 GET locks at the xeybeard to see ifa key has
been pressed, and stores the result in L$. Now you shoulc
test for the kevs you are interested 1. The next line tests L§,
and IF 1t 1s a space (the player has pressed the space par),
THEN the mstruction 1s to GOSUB 3000, whict. is the missile
firing subroutine — defined below. Lines 2030 and 2040
control the movement of the spacecraft. IF LE1s Z (ihe Z key
has been pressed) AND the spacecrafi s position 1s greater
than one, THEN the value of XP is decressed by one. Using
tke > (greater than) and the < (less than) operaiors 1 this
way ensures that the spacecraft can never be off screen. The
expression XP=XP—1 Is cominon I Computer prograimming
—all it means 1s that the variable 18 altered by the amount
specified In this case, XP 1s decreased by one. The player's
goaceship 1s represented by the letter A, which is PRINTed
on soreen i a string of characters (¢ A}"), between two klank
spaces. The spaces over-print and hence erase the old
character A when the spaceship is moved left or right,

353537732905 32 B 34355

THE Z KEY MOVES THE  THE X KEY MOVES
SPACESHIF (A) TO THE  THE SPACESHIF (A)
LEFT As FAR AS TO THE RIGHT A5 FAR
COLUMN 1. AS cotLumn 37
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The subroutine above 13 the FIRE routine, which animates
the missile. There isa FOR ... NEXT loop with STEP —1
betweean l'res 3020 and 3080, which moves the missile from
the bottom of the screen 1o the t1op. The sprite 1s displayed
on screen using the Xand Y location regisiers and regisiers
in the VIC (video) chip. In the program these registers are
referred ioas V., V+1, V+ 16 and V+ 21 Unfortunately, you
cannot POKE the screen coordinates directly into these
registers. The value lor the X location register Is calculaied
In line 3010 1f X is less than 256 it 1s POKEd directly into V.
along with zero into V+ 16, in line 3040, If X 1s greatcr than
255 (the largest value a simngle memory location can contain)
line 3050 subtracts 255 from X. Line 3030 calculates a new
value for “he Y location reg:ster. Line 3060 POKEs the ¥
locarion register, and switches on the sprite using the sprite
enable register (V+21). A hiton an alien by the missile 15
derected 1in line 3070 and the program is directed to the HIT
subrovtine by GOSUB 4000

WHEN A MISSILE (T)
HITS A CHARACTER
WITH A STAR, THE
BTARK |5 BLOTTED
OuT(i). AFTER THE
MISSILE HAS BEEN
DPELETEDR {2) THE
STAR /S REPRINTED
N THE SAME
FOSITION (3).

THE MISSILE WitL
CARRY ON UF THE
SCREEN UNTIL IT
HAS HIT AN ALIEN
Or REACHES THE
TOP OF THE SCREEN.
YoU Wil NOT BE
ABLE TO MOVE THE
SPACESHIP OR FIRE
ANOTHER MISSILE
ONTIHL. THE M/SSiLE
HAS DISAPPEARED.
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The routine above displavs the explosion sprite on screern
after a direct hit has oeenscoredcenanalien "he Xand Y
location recasters and the two registers o7 the VIC chip are
used to as they were in the last subroutine. In line 4030,
though, sprite number two 1s cnablea by POKEing V-+ 16
with 2.

After a hit, line 4070 adjusts the alien’s position so that it 1s off
screen - by altering 11s YV cnordinate e 22, Line 4330 alters
the score, and the number of ALIENs remaring, and then
resets the AHIT flag. The alizn 1s Blanked out by calling <he
subroutine at line 3000 which gositions the curser over the
alien and control RETURNS to the mains program.

THE MiISSILE MOVES
| VP AND IF 17 DETECTS
AN RLIEN IT REAISTERS
R HIT. THE BLIENS NEW
CO-ORDINATES ARE
REMOVED OFF THE
SCREEN THE CLRSOR
I8 POSIT/IONED TO
OVERPRINT THE RILIEN
BND THE EXBLOSION
SPRITE /5 TLEARNED OM
WHEN THE PROGRANVI
RETLRNS FROM 7HE
e S St e
SPRYTES
TURNED OFF,




Testing your program

You can test the moving zr.d finng sections of the drogram at
this point belcre going or: to the final chapter of the book
Follow -he instructions given in the boxes kelow. You should
ke able to move your spaceship and attack the oncoming
invacers. Ag belfore, if you rece.ve an error message, check
kack through your work with the listings aiven.

APPLE e

l. TYPE RUN AND HIT

IF EVERYTHING |5 CORRECT,
YOoU SHOULD BE ABLE TO
SHOOT THE ALIENS AS THEY
ADVANCE DOWN THE SCREEN.
THE PROGRAM WILL STOFP
IF YOU KLt THEM ALL, OR
ONE OF THEM REACHES
THE BOTTOM OF THE SCREEN.
DPELETE THE DUMMY LINE

| AL IENS DESTROYED =0 BEFORE PROCEEDING.
IGNORE THE ERROR MESSAGE
PRINTED AT THIS S7TAGE

COMMODORE
1. TYPE_RUN AND HIT

EErvAn]

Al IENMS DESTROYLED=
i_ - [ o

.

IF EVERY THING |5 CORRECT,
YOoUu SHOULD BE ABLE TO
SHOOT THE ALIENS AS THEY
ADVANCE DOWN THE SCREEN.
THE PROGRAM WIilLL STOP
IE ONE OF THEM REACHES
THE BOTTOM OF THE SCREEN
DELETE THE DUMMY LINE
BEFORE PROCEEDING .
IGNORE THE ERROR MESSAGE
PRINTED AT THLS STHEE.
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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.

MO DESTY
(25 I ;




If the player is skilful enough to destroy all the aliens in a
wave, then the WIN flag 15 set 1 the HIT subroutine, and the
control program calls the WIN subroutine, 1 the player lets
the aliens through, then the LOSE subrouiine is called
mstead.
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Line 5019 clears the screen and sets the cursor to the HOME
position {(the tor left hand corner of the screen) and
switches to TEXT mece. Lines 5020, 5030 and 5040 PRINT a
"Well Done" message in the top half of the screen, telling the

player that another wave of aliens 1s cn its way. No'ice that
sach message line 15 preceded by HTAB so that the
complete message is arrangec in the correct placen the
center of the screen. AFOR ... NEXT loop at line 5060
inroduces a time delay so the player can read the message.

This kind of delay asks the compuater to couni froim one to 1500
—while: it 18 counting it cannat get on with the next part af the
program. lf 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 compuier could ke askea to count
to a larger number (a longer delay).

Tte number ¢f ALIENs is reset to the number of INVADERS
in hine 5C70 and the WIN flag is switched "off '— L& becomes
zero — ready {or the next wave of aliens. The valus of
HEIGHT is1increased by 2, making the next wave of aliens
appear lower down the screen, and increasing the level of
difficulty. The FOR ... NEXT loop between Iine 5080 and line
5100 calculates the X and Y pesitions of each alien, by
worxing out the X position from the alien nurmber (&), and
raking the Y position frem the HEIGHT value. This is just the
sarme as was done earlier in the INITIALIZE subroutine. This
latest subroutine can be tested as befare, by following the
wstructions in the bex on the facing page.
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When the aliens land the LOSE subrouting (above) 18 called.
The high resolullor screen 1s replaced by the text screen for
the messag=.

'The screen s cleared and a message s PRINTed on the
TEXT screen, telling the player that the invaders have
landed. Nex:, lines 6060 to 6080 tell the player his or her
score. The semi colon (;) 1n line 6070 ensures that

the score appears alongside the "YOU ARE DESTEOYLED
message. After a pause, the player 1s given tae option of
playing again. If the response 1sa Y, then the program RUNs
again, otherwise the orogram RETURNS to the control
program, and ENDs af line 30,

APPLE ITe YOU CAN NOw RUN THE PROGRAM IN
FULL., WHEN THE INVADERS ARE ALL S5HOT DOWN, THE
MESSAGE SHOWN LEFT 15 DISPLAYED, AND THE GAME
CONTINUES WITH THE ALIENS ADVANCING FROM A
POSITION LOWER DOWN THE GCREEN. IF AN INVADER
REACHES THE BOTTOM OF THE SCREEN, YOU HAVE LOST
AND THE SCREEN WILL DISPLAY THE MESSAGE ON THE RIGHT.

|0kl EFAFE FORE
fIUF NEXT ~TTALH

Al IENMS DESFRLIYED= 10
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FIGHT

ABALIN™
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If the plaver 1s skilful enough to destroy all the aliens in a
wave, then the WIN flag 1s sel in the HIT subroutine, and the
control program calls the WIN subroutine, If the player lets
the aliens throagh, then the LOSE subroutine 15 called
instead.
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Lines 5010, 5023 and 5030 PRINT a "Well Done” message in
the top half of the screcn, telling the player that anctner
wave oi allens is on its way. Notice that each message line 1s
preceded hy SPC so that the complete message 1s arranged
in the correct place 1n the center of the screen. AFOR . ..
NEXT loop at line 5060 intraduces a ume delay so the player
ca1l read the message. This kind of delay asks the computer
to count from one ¢ 1500 — while 17 1s counting it cannot get on
with the nexi part of the program. If the message was
shorter, the computer could be asked to count to 2 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),

Tre number of ALIENs 15 reset to the numbier of INVADERS
in line 507, and tne WIN fag 1s switched "off' - L e. becomes
zoro  ready for the next wave of aliens. The value or
HEIGHT iz 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
repostions the X and Y positions of each alien, by working
out the X position from the alien number (A} and taking the
Y posiion from the HEIGHT value. This Is just the same as
wae done earlier in the INITIALIZE suoroutine. This latest
subroutine can be tested as before, by kllowing the
instructions in the box on the facing page.
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The final soction to be defined 1s the LOSE subroutine.
starting at line 5000. The screen is cleared and a message is
PRINTed, telling the player that the invadsrshave landed.
Next, lines 6060 to 6020 tell the plaver his or har score. The
ser: eelon (3) at the end of line 8070 ensures that thie score of
the number of aliens killed (8C) appears alongside the "YOU
DESTROYED" message.

The player 1z given the option of playing the game again
after a patlise. Anything the player types 15 given the labe!
A% Ifthe respense 15 any word which starte with a Y, line
6130 RUNs the program egain, otherwise the program
RETURNE: o the control program, and stops at the END
statement n line 980

COMMODORE  you CAN NOW RUN THE PROGRAM IN FULL.
WHEN THE INVADERS ARE ALL SHOT DOWN, THE MESSAGE
SHOWN LEFT I5 DISPLAYED, AND THE GAME CONTINUES
WITH THE ALIENS ADVANCING FROM A POSITION LOWER
DOWN THE SCREEN. IF AN INVAPER REACHES THE
BOTTOM OF THE SCREEN, YOU HAVE LOS5ST AND THE
SCREEN WILL DISPLAY THE MESSAGE ON THE RIGHT.
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Improve your program

As it stands, the Inveders game 1s fun and chaleng:ng to
play. It 1s difficult to shoot down all the aliens and they
appear to move as i they had a will of their own! However, it
nacomes much more ke an arcade-gyle game if yo add
some simple sound effects for firing the missiles and alerting
an alen attack. Civen below are some hints on how you can
add to the program to get a really professional-locking game
that you and your friencs can enjoy.

Adding sound

Add these lines to your program to give sound effects —a
movernent blip. an explosion nolse, and a battle siren.

Boll. the Apple and the Commodore generate sound effects
whern you POKE values into special memory ‘ccations. The
Eople program has a special machine code routine which
plays the sound effects, stored as DATA 1n line 8070 Every
time a sound effect isneeded, a value 15 POKEd intc memary
locations 776 and 777 to set piich and note length before the
machine code routine 1s called. The Commodore POKEs
values into registers in a special sound synthesizer chipto
praduce its sounds

APPLE lle

B

LA
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Extra Graphics

The graphics adcifions to the program are used after the
aliens have landed. The Apple program uses the FLASH
command in hne 6015 to highlighl the message printed in
lines 6020 to 8050, 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 I
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The compleie listing

Now that you have the complete program keyed in, vou
should store it on tape for future use. The instructions for
savlng programrs vary slightly between cifferent mackines,
and you should consult your user's manual for detailed
nstructions. The [ull listing for the Space Invacers prograln
15 given below, for hoth mach're versions, The additional
maternal suggested on the previous page has been included.

APPLE Ile ==+ COMMODORE

5 FREM INVADERS 2 5 REM TRAMVADERS
1 GOSUE S00c0: ROCM o [RITIALTZE GASUB S000: KEF TMIT LAl T F
20 GISUE Fouo: REM SCREENM L SRSUR, 2R00-: BEN: HOREEN
GOSLE 1000 FEM Gl 1ER 3 OBOEUE fdud: RIM Al IFh
GOSUR : REM  FLAYER GOSLE Zuni: KEM 2| AYER
IF WIN = 1 Ux LOST = { THEM GOIO 70 i IF WIN-1 OR LOST=1 THEN GOTI 7.
GOTO 20 GOLOTD
TF WIN = 1 THEW GOSUR SO00: GOTO 20 DOLE WIRE] THEN GOSLE Soon: GOTH
LOSJE &000: REM  LOSE D OBOSUB &000: REM LSk
0 END END
1200 REM HLLER toon REM AL LEM
1010 B = INT ( BMD (1! ®» INVADERS) + L: [F ¥(R) = 22 LOLG B=INT (RMD 01 ) «INVADEIRTS 52 TR wafed =20 LW [ LI
THEM  RETURK 1020 (Rl X : GOGUR Somu: BRINTBEL ol o
1020 FNE8ERY YIRS = GDRAXKIRI Y IRYY = 2 LOZE GRODL Y, ¥ —HRIDL 0% o=
1070 HOOLOR= 0 DEAW 5 AT B * Y(RI 8 % YR LogC IF GRIDA ¢ (R, YW ORI P21 THEN GOSIHE 2o
1940 ¥ (RP = XeRd £ IM1 ¢ KML (1) % 5r - 1 ERIMT SRR
Tt R s T iy v 1050 KR =X AR« THT CRpin Lo v o) o1
tasn  1F XiRY THEM ¥ (RI = 37 1060 W ERy=Y LR =)
1070 IF %R} - 1 THEW %R = i 70 0F (R Te THEM 1(R)=T4
1080 IF ¥Ry = 19 THEM LOST = | ORI L UTRENL IR =
1950 HCOLOR= S: DRAW T AT B = X¢R), 8 & ¥ (F) LoRs, DhcudRnsely THER LIS .
1100 GD%OXCRY ¥ (R1 G = GDZIX IR YR + o LIy Rerons. ESNURT s DOBUR FO00:. PRINIERS (31 s
1105 FORE 77&,136: POME F77,30: CaLL F78: REM  BLIF LbeSi Bl e RO BLIP.
m e e LOIu GRIDG N, ¥ ) =EBHITE 0y ¥ el
LI “RETRN 1120 RETURM
TROn REM FLAYER SEB HER BLAGES
1 = PEEK [ - 1aTB&): IF 1 . 128 THEM 2070 SR i0GET L
I;DLF Lﬁﬁfd;La_ﬂl*a’ 2020 IF LF=" * THEM GOSUE 3000: REM F1R
2040 MUOLOR= U: DRAW 2 AT 8 » %F,19 & 8 Bise Bl The th Tk
2-‘05(-?' T i (:‘;JD e PSR :bao I’Fq:ss b S8 X?-'- ks THl'_rjl ;.r—- .”.. .
i - : :g:g ;E;jéNaosuE Fuo: PRINTSFCONF |1 Fd @ "
2060 IF (I$ = "y OR I4 = "'} AND XP < I3 THEHM XP S
¥E o+ 1 TOLOD = Falty e 04
2070 HOOLOR= 2: DRAW 2 H *» ¥P, 1% » 8 TO20 FOR YM-Z1 TO 1 STER —J
20BC IF I = 160 THEN GOSLE 000 TOTO Yo (YMEE] S0
2090 RETURM 3040 IF X<2S& THEM POKE W, X: POFC Y4 e
§Q?g xﬁEH XPFLH; TOS0C [F (255 THEM PCKE W X-25F: FORE Yol
01U = * I060 POKE W+l,¥: FOKE U+2 1
3020 FOR YM = 17 TO o HA?P _Y; 5 TG TF GRIDY CEF,YHY 00 THEM GOSUE 4o
DOI0G HOOLOR= 2: UHAW 1 ®M, . TORG MEX
3040 [T GDECEF,YMI 5 1 THeEN  BOSUB 8000 5;28 EEQ! Vel
OGO HCOLUK= G: DRAW L AT XM,¥M » 82 100 BETURM
S060 LF GDEAEP.YM) = 1 THEN HIMEOR= 71 DRAW 4 &) ®r, 4o0n REM HIT
tHo% B A0to ¥=x-A
INTG MEXT 070 IF ¥ 7S& THEW FOLE Y+, %
I0A0 RETURN 407N TF %085 THEM POKE W+2,%-
:f?? ﬁgg . 1H#g T U0 FOKE W+3,¥: MOLE Y421, 2
T i 4045 GOSUE 97000: REF EXPLUSIOM HOLSE
AO20  IF xim) - > WP OR YGRS X » ¥M OTHEM  GOTHD 4080 A0S0 FOR =1 TO 1NVEDERS
4030 HCOLOR= 0: DRAW 3 AT B * XiA),8 = Y0A) 2040 IF x(AYCCXP OF Y81 ¥H THEH GOT0 &ago
4040 HEOLOR= O: DEAW L AT 8 = XiAl B * ¥ia) A0T0 ¥ AI-DTr A= TVEDERS
AOS0 HCO.OR= T: DKAW 5 AT B * X(A1,8 & ¥id) 4080 MEXT &
4USS  PLKE 776..54: POKE 777,10G: CALL 778 AO0 Gl IENS=ALLEMS- 15 SU=5041: Al b=
40460 GREOXIS: Y A = BRRIN A Yaaly = 2 #1001+ BLIENS=0 THERN WIk=]
J0T0 ¥ = 9mid = [NVADERS 4010 v=yM: GOGUE F000: PRINISEC (YF
4UB0 MEXT & 4120 HRIDE (1P, Y =BRIDE AP, YMy- 2
4090 ALIEN — &LIEN — 1:5C = SC - 4050 PIIMU R sFRINTSPC 27 "2 S0
4100 IF Al TFN = O THEM WIM = 1 o s
4110 MTAB T2: HTAE 27: FRINT SC F13% RETURN
4120 HCOLOR- 0: DRak 5 AT & » %5, d Sooo REM WIN
e 010 PRINT LY
5140  RETLURHN SOZ0 PRIMISPL (00 "DRRLRRIMELL DONE | ARTHL 1THG
oo e Wil SO0 PRINTSFCOL1I"MTHIS TIHE wOUu W1H
g e R 5060 FRINTSPC(1Y) "LIESNDMW PREPARE FUR
SORG MTAE 12: HTAE 18: PIIND "WELL OONF RARTHLING. 2070 TRINTSERLEL HONE BEST ATTARE
i i i honels . & S0at FOR D=1 TO [50a: MEX. U
TOSC  HTAE L3: PRINT UTHIS TIME YOU WIN SO70 LET AL 1ENS=TNYANERS: HE D [H1=—8 1T s =3
5040 RTAR 14; PRINT "MOW FREPARE FOR Y : = L IEnE SIRREE JHESGE TR TR
s Mk cadmarsa Ay SOB0 FOR A=1 TO IMYADERS
5050 HTAR 314:; FRIMNT "OUR MEXT ATTaCk S0%0 LET fiai=Ar’: Yifr= HEIGHT
60 FDOR D o= 1 70 1%00: Mex™ D S100 BRIDY (8D L7 ifl )=t
S5070 ALIEN = INUADERS:HEIGHT = HEIGHT + Z:WIM = O S110 NEXT B : -
SO80 FOR o= 1 10 TMVADERS 51700 RE UMM
SO0 X (A A % v lAl = HEIGHT
S100 0 MEXT @
5110 RETURN




COMMODORE continued | APPLE Ile continned

ol L iy REM L. OSE
ERIHAY LS AUl TEXT 53 HOFE
PROOMT SR : o A1E FLASE
PR L LA JoOMIAE S5 HTAR 15: FRIMT "T H E"
FROMESE bas " @ W F A030 HTABR 12: PRINT "& L I E N 5"
FRINIGEL (142" A B I © 1 A4 ATAR 14 PRINT "H & ¥ E
PRl it e "R RO U R HIT HT&BE 120 PRINT "L & H D E DY

e PRIHISEC 1y " Sl BESTROYLD Vs : ORI
FEIHT=FO 4" Ak EV B CRAL T Gl J1A3 12 HTAB 1d4: PRINT 'HOIWEVER™
Flik A=x i 1" a0 T HEAER Jo: FRIMNY "vUOU RQESTRO¥VED " &L
FOEFSe-y 2 FoIn] = HATha 1Z: PRIWNT "ALIEM CRAFT"

FOR T L BOFE NTAER La: WTAD 4; PRIMT "DO YOU WISH T0 FIGHT
L

FEOLRIT b i L 0 WEIEE BTGB DA F Dt
G M TRIRIT s
Al [F LEFTE(AT, 1i="%" [HER PLI
FIS R 1 RN ST
oy RE Sl REE
7010 FORE #+201 0 PTOINT L
FOF S=1 TO &
A= R CRMIV O] Eaday sy = ENTORMD b e Db B IHT
GOSLIES T FRINTTARH @ V(9"
GRIDS Y =]

[SR RUIR) W E - letdB.ur GET A4
HLLGD 1F = "Y' R AaE o= """ THER  RLUM
&1 RETLRN
Tiwa HEM SUCREER
A0 HGR : HOME
FOkE - 1lad0l .0 POKE 702,257 ZRT.29

FOR & = 1 TD 2
D= = 1T | RHND 4y & 351 3GH =1MT { RND (1)
LBAXA0F , BHE = ]

PIE£1 5 o ) N Foet HMCOLOR= 7: DRAW 4 AT 8 » DF .5 # GH
FRIMT B s PRITSET (1 AL TE NS DES TROYE D= "5 S AT

rr?HF”ﬁtun: RERM BaTILE GIREM FAED  MTAR D HTak 10z PRINT "ALIEMS DESTROTED="jS5C
-

k> ] TOP0 HCOLOR= 2: DRAW 2 AT 8 ¢ YP,B8 # 19

:EHEIMIIIHL[ Bk LB i ; £ UL FOR D = L TO Dor FURE SSs Yo PURKE TFT O30 DAL
= ] 4 SRERI 0. R -

PRINT L T78: NEXI

P g M WHIED ARE A& LUOME HSRPACE P LI OL 714 RETUEY
: }-HTHT%FCH'-? - ; ? S E oy REH [MITIALLZE
B FRIJISFC (A" PROTTECT THG THE FloAML | 3L TEXT = HOME
EARTH. IH° Saey DEn, : n e = ;
Hodo FRINISFC (dr i FE M O MOPIE HES YU MEL L HE Sdgd IRE-Rd BIeB T3 FRIMT el erB-n- L INE-sPRLe

FILOT"
GNDE R ot I . -
. : A . . . . SO0 HTAD S FRIMTD "PROTEZTING THE PLANET EARTH. LMY
Lol F?L?;:?:fq‘ ATTACE BY AL 1TLHS FRON THE HTAE S: PRINT "A TCW MOMCNTS YOU WILL KE UNDCR®
gL, R 5 HTAR S5 PRIMIT "ATTACH BY AL 1EWS FROM THE FLAMET"
}t.r:'f.ll'-ll'bi._‘.ullIIUﬂI-fL-iIH gEne i 3 LITAD 1&: TURIWHT "WARGOM. "
;:ﬁyJEFL\QJ YOIR HMISSTUR 1S 70 PREUEMNI BO7% HIAR i FRINC “VOUR MISSTON 18 TD PREVENT ANy
Bean PRINTEER (AL AR BN AN ST FROM S0BO HIAH FRINT "VARGOMIAN SHIF FROM LANDING. "
LANDING " B WIAE 103 HIAH 73 PRINT "'7° MOVES STARF IGHTER
AN PRTINTSFC (40 "DReFE 7 7 MOUE 5 STARF IGHTER LERY . )
B o RIOL WTAE 12: HTAH ¥: PRINT " K MOVES STARF IGHT
Blo0 PHIETSPC (600 “X ¢ MOVES STARFIGHIER RIGHT" RIBHT"
AL10 PRIKTS TITWPRESS SPaCE 10 FIRE LASER" BLle YIAK 14: H1Ak /@ FREIYWT "PRESS SPACE RGRIN F)RE
AL PRINTS PULBLEIRE GG ANY KEY TO FMGAGE MI=SELE™
e BL2% UTAR 18: HTAR S: PRINT "PRESS aNY KEY 70 EMSAGE
LOAT=0: MIMzu: SE=0r AHIT=0r [ STARSU: AP =00 ENEMY ™
HE T r JHVADERE=10 Bize GOSUE Foog
gl 40 Al LED [ RIS L B13S FOR £ = 778 0D 798: READ H: FORE E,B: HMEXT
AlA0 BIH o THYETERS 1 ULH v JHYADE RS ) - 140 LOST = G3WIH = 0:50 = 0:AFlT = (eHITSTAR = 0:ap =
D™ R D (a0 LATHEIGHT = 02 THWADERS = L0osaLlel = IWVADERS
Alon FOR a=1 T [HUADE RS 2150 ALIENS = [NVADERS
Bl ipr=aed- o v =HE TIEHT Btao  OIM WOINVADERS) « DIM Y (IRNVACERS) : LIM GDE(ES,19)
HER R IO i o) G A7 FOR A& = 1 10 IMNVADERS
S MEX) B HI18D Xiar = & & T:2¥ial = HEIGAHT
A GISHE S50 2190 MEXT &
b= SET At
BET KE: IF RE="Y HEM R32T0 = HETURM
Rk TR Gl TOR ¥ = 24674 TO SGo4
FEP S5R1TE DEF 1M TION w10 READ A
FOR Moy 10 o: READ e FORC 850,00 ME 3 2 SOKE X,A
FEM MISGLLE ; MEYT %
FEIR: W= 10 &t FEAD D POEE HR&+Mi HEAT DATR  5,0,12,0,28,0,55,0,80,0,95,0, 147,673,456,
E xR GE 10N 5 53,63,22,45,5,00, 71,45, 1C7, 58, 225,27,55, 109, 7
Gk . 109 75,53, 60,563,43.55,54,37,108, 73,53,
RU=E TR, | JI45,59 &5, 159,45, 45, 45,255,21 7,55, 45,
POEE 2aal 4
FOFE Y+m9, 7
FOFE w4ah0
» DT s, (e = R 1 T T == O PO -8 e TS e = B v T

BEHL O, Tk &7 LU iy QL F2F 5050

5

S AT, 18, 44,108, 77,853 63,00, T3, 185,58

182,58,222,36,220, 147,456,581 ,22,109, 1

LAEL S, OE 5, T,
13,835,100, 87 4, 195, 00,8, 193,172 Yy il g ST L HEE, S
1 150 LA IR L B2 LB 1B 8] s8F 3 | Tl R B IS 1, D0

B R Fusr BETLERM

Qo7 DATA 255, whh, L7 S aH, 1w s LS, POE P T, DAL T
L0, o, P45, 178,835, Th T, F, Ph

DETH Ty Ny Dyt 1 0 G O 0 B e e
O 0, [P A PN
Dl E vy P e Y L R ] = P I F
T, i, L3 LG PR 1B, 185, 72
DRTa 10 (90,98, 18, | - i 5 DU R Fo TSI F
S8, i, )
DATA F2,1eS, 18,132 i 290, 1EP. B, [65) 1y,
B Ly e L DAL W S
v RETIFR
FEINT B FOK 1= FRIMT "] s MEXT: FETLIRN
Slon BEF BoF
110 FORESS (RN S S P70t FORESA 272 ;0
120 PORESA 29, ¥ iy F! .6l b r
100 PCEESATT N, s kEFES40 T,
Ao BETLRR
NI HEM FEERL HSTHIN 4015E
: Bk e TR PO ESACEA 15 POKESAZ
FDOR P=15 TR o STEF LEPOKE S329E
FrFESATAT., O
ME TURM
REH B&TTILE
Pk sE=1 T
FORESAZ VAL,
IR E S g 7t
FORESQZ73, S0 PORESAZTD 4
noMEXT
0 RETLIEN




Array

DELAY

DIM

DRAW

flag

GOSUB

GOTO

IF ... THEN

Glossary

Anarray s a setof data, held together and idenified by one
variable name {(sce also the entry for variable). Cne way of
IMAgLIng an array 1s as a series of boxes within the
compater's memory, with each separate piece of data held
111 & separate Do,

Delays are sometimes :ncluded in computer programs when
1t 13 necessary to slow tne computer dowrn. '['hey ars usually
partofaFOR. .. NEXT loop (see below) and look ke thisin
a program;

FOR DE = 1 TO 1000: NEXT DE.

Thig wold cause the computer to count to 1000 belfore going
on to the next stage of the program.

The BASIC instruction for opening an array. 1t 1s iollowed by
a numkbker 11 bracke s whict. tells the computer how big the
array should be.

Is an APPLE BASIC instruction to DRAW a shape on the
soreen It takes the form DRAW N AT XY where N isthe
shape table number and X and Y are the screen co
ordirates where the shape 1s to be drawn.

A flag is an operator within a programn that can be "set" to
either "on" or "of", dependiag on certan conditions. These
are often used 1n games to determine wneher or nota game
1g won or lost — if the game 1s won, then a "win flag® can be set
from 'off", 10 "on" and the aporopriate action 1s then taken.
Flags are given the values of either 0 or 1, corrasponding to
"off' and "on” respectively.

GOSUB XX¥X serds control of the program to a subroutine
starting at line XXXX. The search for line X XXX starts &t line
0 — g0 the program wiil run faster if sukroutines that are
called most often are puacea near the start of the listing.

This instruction tells the computer 1o go to the specifled line,
missing out any lines in-between. - 1s used with IF . . . THEN
(zee below). Be carsful when using GOTOs, asit's easy to
have the program juinping nac<wards and forwards so mach
that it is imoossible o read,

"hig 1s used as a way of telling the cotnputer to co someathing
anly when certain condifions are lrue. This instruction often
looks something ke this; IF score=10 THEN PRINT "W ITLL
DONE, YOU'VE WONI"
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INPUT

INT

LET

LIST

PEEK

POKE

RETURN

This instruction allows the computer to be given infermation
while a program 18 runnuing. When the computer comes to an
INPUT instructicn it prints a question mark (o1, for some
computers, a different synbol) 1o prompt the user, ana waits
for the input to be given

INT 1s short for integer, and instructs the computer to make a
whole number of a figure with decimal places in 1t [t 12 often
used i conjuncticn with the RND comimand which instructs
the computer to generate a vandom number (see below),

This 13 cne way of giving the computer information. In some
wrograms there may be statements such as X=10

Thiz simply means that the number ten 1s stored under the
label X. It 1s oftcn clearer to write:

LET X=10

The LET statemert also gives rise to something that at first
sight seems illogical, if not impossible. In many programs
vou will see things like;

LET X=X+1

Cr course, 1 mathematical terms X can't equal X+ 1. All this
type of sietement means 1s "Increase the value of whatever 13
storec in X by one.”

This niakes the cecmputer disp.ay whatever prograrm is has in
s memaory. You can LIST single lines, or parts of a program
by following the LIST command with the appropriate line
numpers,

I= an instruction to look at the nunber which is contamed
within a specific memory location given in brackets, For
example PEEK (123435 would lock into memeory location 12348,

This insiructs the compuier to store a plece of mformaiion at
a particular memeoery location. For example, the instruction:
POKE a,b tells the cornputer 1o place “he information b in
memory location a.

This is the signal to ena a sukroutine. RETURN causes
control of the brogram to go back o the stazement following
the most recently executed GOSUB.

This instriction ma<es the computer generale a randor
number, The precise instruchion varies between different
models of computer. Both the Appie lle ana the Commodore
64 cenerate rarndom cecimal numbers between Jana | To
make whole numbers between a desired range thizis
multipied by a sutable figure and made a whele number
using INT.




SPRITE

SHAPE TABLE

Index

A
animatcii 8
array 13, 20, 21, 42

B
bt 10, 1]
byte 1], 2l

C

celors 19, 21, 24, 25, 39
cordrol program 12, 13 21, 34,
3535 37

coordinates 7, 24, 27 28, 30,
31 43

cursor 15, 31, 4

D
delay 8, 34, 36

E

firineg 23, 33

flags 14, 16, 18, 20, 24, 27, &8, 3.,
34, 36, 42

fiowchart 12, 13

In COMMODORE BASIC a sprite 15 a high resolution
prograrimakle olject that can ke made inlo any shapc and
moved about the scrocn using BASIZ instructions. They are
extremely useful for creating s:noota animation - you can tell
vour sprite to move kehind or in frent of anything else on lthe
screen Even collisions between other spries can oe
deteced

In AP>LE BASIC a shape table 1s a sequence cf numbers
that iz stored 1: the computer's memory. These numbers can
be used by a short routine that creates graphic figures on the
screen by interpreting the numbers as "move only” or "olot
and move" Instructions. You can draw the shape anywhere
on the screen using the DRAW Instruction.

FOR  NEXT loops. 1521 25, R

27 34, 36 random numbers 17, 24, 28, 47
registers 9, 11, 21, 20. 31, 38

G 2FEM 14, 18

graphics 3, 11, 14, 1Y, 24, 725, 39 END 24, 42
graphics gnia 16, 4l
5
I saving program 40
[F..'THEW 14, 18, 29, 42 SEOTE P LA 3T
Integer 16, 42, 43 shape tables 10
sound 38
L SPC cormmands 19, 36

loup 16, 25, 27
losing 33

sprites 9, 10, 11, 21, 30, 31
subroutine 13

M '
menory location 11, 21, 30, 38 testng 22, 32
[roviIng 23 text soreen |5, 30

P i}
pixels 10, 24, 28 user-defined characlers 10, 1
procrar, Improving 38

\%

variables 8, 11 16, 18, 29 43
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