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PREFACE 

W elcome: to this, the. 
fourth Issue of 
Personal Software 

Following the success of our 
first issue, dedicated to the BBC 
Micro, we have decided to 
repeat the formula again. 
However, unlike the previous 
offering, you will now find 
many completely new programs 
and features, not jus! re-written 
and converted software. What 
we have attempted to do is to 
take the best material available 
for the BBC Micro that we have 
published in Computing Today 
and to add new, specially 
commissioned features and 
programs to produce a 
complete package. 

The material included in this 
issue ranges from the 
elementary level right up to 
sophisticated graphics and 
sound techniques and even 
extends to the disc user in 
offering an alternative to the 
·CAT command. So, no matter 
whether you have just bought 
your BBC Micro or are a well 
established user, you should 
find more than enough to try 
out. Much of the feature 
material is orientated towards 
software techniques and, rather 
than presenting complete 
listings, provides food for 

thought. Hopefully you, the 
user, will be able to take and 
adapt these ideas for use in 
your own programs. Once you 
have done that why not send 
them back to us so we can pass 
your knowledge on? Both 
Computing Today and Personal 
Software are always on the look 
out for good, weB written 
material and we'll even pay you 
for anything that we use. 
_ Quite apart from the useful 

software like the disassembler 
and the joystick calibrator we've 
included some more 
lighthearted material. As 
computer games go the 'lander' 
variants must be among the 
oldest bu t we make no apology 
at all for including our version . 
The graphics are superb and 
the apparent simplicity is soon 
found to be just that . 
apparent! If you've always 
thought that chess was rather 
dull why not try Ultima, our 
computerised alternative? The 
strategy is sub tle and the 
displays really show the BBC 
Micro's graphics off at their 
best. For pure fun try rescuing 
the villagers from the wrath of 
the fire breathing dragon in St 
George and the Dragon. 
Finally, in the games section at 
least. may we draw your 

attention to Maze. Such an 
unassuming name for a game 
that presents a greater 
challenge to man than the Total 
Perspective Vortex! Once inside 
this three dimensional, three 
dimensional labyrinth you will 
need all your faculties just to 
remember which way is up, let 
alone find the object you seek at 
the heart 01 the complex. 

For the dabbler in BBC 
BASIC we have collected a 
whole host of hints, tips, short 
routines and ideas to enable 
you to write better, faster 
programs that make more use of 
the many and powerful facilities 
the BBC Micro has to offer. 

For those who wish to delve 
yet further into the machine we 
have provided a complete User 
Report on the hardware, a list of 
all the various clubs and 
alliliated groups that are 
springing up around the 
country and a collection of 
books on and about the 
machine. So, there should be 
something for everybody! 

Our first venture into the 
world of the BBC Micro was 
slightly fraught with problems, 
to put not too fine a point on it 
many of the listings, despite 
being machine generated, 
contained errors. In this issue 
we have run all the programs 
and listed them directly from 
the BBC Micro that they were 
running on. This should mean 
that they are free from errors 
bu t . . If, and we sincerel y 
hope there aren't any, errors do 
seem to be occurring in your 
program please check it very 
carefully before contacting us, a 
lot of the problems we found 
last time were caused by the 
omission of spaces next to 
variables which results in the 
now familiar No Such Variable 
message. 

Future issues of Personal 
So ftware will tend to follow the 
format of this issue rather than 
concentrate on single subjects 
as we have for the past two 
issues. Among the machines we 
are currently planning special 
issues for are the Dragon 32, 
the various Commodore 
machines and the Apple. So, if 
you are a user of one of these 
and you have some suggestions 
to make why not drop us a line? 
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ULTIMA 

U ltima is a board game 
played between two 
human players on an 

eight by eight board (much like 
a chess board). I was taught the 
game at college where we played 
it with a chess set (since there is, 
as far as I know, no such thing as 
an Ultima set) . This was found to 
be very confus ing so I decided 
10 write a program which wou ld 
use completely new pieces (to 
avoid confusion with the types of 
moves that chess pieces make), 
and which would check all moves 
lor legality (no mean task as you 
shall see!) . 

The rules of the game are 
rather complicated and from now 
on I shall refer 10 the diagram of 
the starting position (Fig. 1). 
Starting from the square A8 and 
going along the 8th rank the 
pieces are as follows: 

A8 - The Coordinator - by 
moving this piece to a new 
square any enemy piece caught 
on the intersection of the 
coordinator's new rank 
(horizontal line) and your King's 
file (verlicalline) will be taken 
off. The coordinator moves like a 
Queen in chess. 

B8 - The Leaper - this also 
moves like a Queen but can jump 
over enemies and in doing so 
takes them off. However it cannot 
jump over two adjacent pieces 
and must finish its move 
immediately after a jump unless 
there is another piece to jump 
immediately beyond this square. 
Note that all pieces jumped in 
anyone move must lie in a 
straight line. 

C8 - The Amoeba - th is 
also moves like a Queen, but , as 
its name and shape imply it can 

You may have played 
Ultima before but 
probably not on a 
micro. 

change 10 meet circumstances­
that is to say it takes pieces off in 
the way that piece would have to 
take another, ie it leaps Leapers, 
coordinates Coordinators, 
immobilizes Immobilizers (see 
later), etc. 

08 - The Withdrawer - yet 
another piece that moves like a 
Queen . This one's method of 
capture is entirely different 
however. Being timid creatures 
Withdrawers poison their 
enemies as they leave - a piece 
is taken off by a Withdrawer 
when it moves directly away from 
it after being next to it (enemy 
pieces only of course). 

E8 - The King - this is the 
most important p iece in the 
entire game. The whole object of 
the game is to capture your 
opponent's King . Unlike most of 
the other pieces the King does 
not move like a chess queen, but 
like a chess king (well. it seems 
logical don't you think). It also 
captures like a chess king, ie by 
moving on top of the piece to be 
taken off. Note that in Ultima 
there is no check. 

H8 - The Immobilizer - this 
is another piece wh ich moves like 
a queen. It cannot take pieces off 
but is none-the-less very 
important since it immobilizes all 
enemy pieces adjacent to it 
(including diagonally). and so 
holds them for capture by your 
other pieces. Note that an 
Amoeba can immobilize an 
Immobilizer . 

The 7th file - all of these 
pieces are Rollers. They move 
like rooks in chess (ie as far as you 
like without jumping anything 
horizontally or vertically). They 
capture by moving vertically or 
horizontally adjacent to on 
enemy when there is one of your 
own pieces on the opposite side 
of the piece to be captured ie by 
sandWiching it. 

Note that in all cases only the 
piece that is actually moving can 
take an enemy off . 

If you do not fully understand 
all the rules from the above (yes I 
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_____________________ ~3:.2K MODEL A AND MODEL B 

e.g ree ~ they are rather 
complicated) then I suggest you 
enter the program and play with 
someone ~ the computer won't 

allow you to make illegal moves 
and will perform all captures 
automatically, so you can soon 
learn what's going on . 

PROGRAM STRUCTURE 

Statement Function 
Lines 10-50 etup 
Lines 60-170 Title 

Lines 180-220 Setup 

Line 230-260 Next player 

~ines 270-330 Get move 

Lines 340-430 Legality 

Lines 440-620 Leap 

Line 630 Branch 

Lines 640-690 Roller 

Lines 700-720 Coordinate 

Lines 730-820 Amoeba 

Lines 830-850 King 

Li ne 860 Update 
Li ne 870 Loopend 

Lines 880-900 Won 

Lines 920-1 100 Drawpiece 

Lines 11 10-1310 Data 
Lines 1320-1520 Board 

Lines 1530-1580 Out 

Lines 1590-1620 Lines 

U~es 1630-1710 Illegal 

~ c_es 1720-1740 Cursor 

Personal Sof tware Spring '83 

Action 
Sets up arrays and data. 
C lears to Mode 7 and draws the 
title in double width coloured 
characters, then waits for a 
keypress. 
Sets Mode 1, draws the initia l 
position and g ives player I the 
move. 
Changes whose move it is and 
prints the prompt in the relevant 
colour . 
Inputs the player's move and 
checks that the chosen square is 
on the board . 
Check legality of move and get 
another if illegal. 
Check to see what piece has 
jumped, and goto 
PROCILLEGAL if the leap is not 
allowable, otherwise remove the 
leapt pieces. 
Goto a separate check 
depending on what piece has 
been moved . 
Check for capture by a roller and 
remove any captured pieces. 
Check for p iece capture by 
Coordinator . 
Check for p iece capture by 
Amoeba. 
Check for piece captured by King 
and update King's position. 
Updates the board . 
Returns to the beginning of the 
main loop un less someone's King 
has been taken. 
Congratulates the winner and 
starts another game after a short 
delay. 
Draws a specified type and 
colour piece at a specified 
position (see text). 
Data for the graphics . 
Sets up the board in its initial 
position and d isplays it. 
Removes a piece from the d isplay 
at a specified position. 
Draws the border around a 
specified square . 
Prints a message to tell the p layer 
that he is trying to make an 
illegal move. 
Removes the flash ing cursor. 

When the program is run it will 
draw the board with the in itia l 
position set up on i t. The colours 
are red and yellow with a white 
boa rd since these give 
reasonable contrast on a b lack 
and white set. Initially the re will 
be a yellow prompt saying 
'Player I your move:?' at the 
bottom of the screen;'This is to 
tell the player with the yellow 
pieces that the computer is ready 
for his move . When the first 
player has moved, by typing the 
numbers of the square from 
which he Wishes to move a p iece 
followed by the square to which 
he wishes to move it (eg G2G4), 
the yellow prompt will be 
replaced by a red prompt for the 
second player, and so on until 
the game is over . 

TECHNICAL DETAILS 

There is really very little 
worth saying here ~ the 
program is long but contains 
noth ing particularly unusual in 
it , save perhaps the way in which 
the p ieces are drawn . With the 
0. 1 operating system it is not 
possible to define more than 32 
user defined graphics characters 
and this is clearly not enoug h 
since each piece uses nine . As a 
result all of the graphics data is 
kept in DATA statements until it 
is needed . It is the n read into just 
nine user defined graphics (224-
232), and these nine are used for 
all the pieces, being redefined 
every time a piece is drawn. This 
method is slow but it has the 
advantage of being easy to follow 
unli ke the faster POKEing or 
mach ine code methods . 

Table 1. Program structure. 



ULTIMA 

>lIST 
~ DIM £<0111'<0(9,9), Tl'P[(]) ,LEAPT('II ,KINFILE( 1) 

10 DATAZ,! .1 . ~.6.'1.1 ,3 
ZOFORLOOP .. or07 
30 REAOlYPE(LOOP) 
10 HEXILOOP 
501'100[7 
:51 PRINT'" 
:52PROCREI'IOVECURSOR 
:i:5FORTITLE" 1TOZ 
60 PRINTCHR$(I'Il);SPC<lJ); 
70 VQU13101 57 ,13Z 
80 PIUtH"ULTII'IA " : CHRS(1:56) 
90 NEKTTITLE 
92 PRINT"'" lhiai,.tn"boilrd\l.".ULTII'IAfor" 
9JPFtlNT"lwoplil':!e .. ,. ," " 
'i'1 VOU I36,1 :H:PRINT"Pr ..... space to be\lin,";CHRt<137J 
'i'5DUI'II'IY" C£:1 

1101'100£1 
l1:5PROCREI1QVECURSOR 

i~~ :~~~~:~~~OARD 
1'10rURN_TRUE 
1:50 REPEAT 
155 TURN--TURN 
157 COLOUROURN.J)12 
160 PRItHTAB(O,Z9):SPC<J9J:1AB(O,Z9J:"Ph':!" .. ":{J-1UR 

Nl/2:"':!ov,. .. OY,,:?"; 
170 VDU8 
\80 INPUTTURtU' 
\110 XI " ASC(LEFUOURNt.l)J - 6'1 
200 XZ " ASCOHOHTURNt.J, 1»-61 
210 Yt .. ASC(t1IOI(TURNf.Z,I»-'18 
no Y2-ASCCMIO.truRN.,~,1»-'1El 
230 IFXI >80RX2 >80R~I >80R~2>80R~I ( 10RX2(10RYI < IOR~ 2< 1 

THEM PROCILLECALlCOTOI60 
235 IiIT _SOAROC ~I. Y1 l 
2'10 IFBIT-O DR SCI'HBIT1 <>SCHCTURMl THEM PROCILLECALlC 

OTOt60 
250 IFXI-X20 0 ANO Yi -Y2<>B AMO ABSIXI-X2) <>ABS t~ I -~2 

) THEM PROCILLECAL:GOTOI60 
260 tFAGSC8ITl"6I1NOtIlSStXI -XZI>1 OR ABseYl - YZ » t) THE 

MPROCILLECAL:GOTOI60 

270 IFXI_X2 AND yt-~2 THEN PROCILLECAL:GOTOI60 
2BO IF BOAROCX2,Y2)<>0 AND ABS(BITl <>6ANOtA8St80ARO(X 

2.Y2»<>60RABS(BIT)<>5)THENPROCIllECAL I COTOI60 
2Bl FOROElTAX __ ITOI 
282 FOROELTAY __ 1TOI 
2B3 IF80ARO(X l +0£LTAX.Yl+0£LTAY) _ _ SGNtBIT1"'IOR( 

I\BStBIT1,,1AN080AROtXI+OElTAX , Yl+0ELTAY1 __ SGNt8ITl"51THE 
I'I)[LTAY " I:O£LTAX"I IHEXTOELTAY,OELTAX I PROCILLEGAl:GOTOI60 

281 H£XTO£LTAY,OELTAX 
285 LEAP_1RUEILEAPCOUHTER"0 
286 X_XI_SGHtX2_Xl) 
287 Y_Y1_SCMtH_Yl) 

;~~ :~!~:~o 
IF AFTER THENAF1ER- AFTER+1 

292 IFAFTER > JTH£HUNTILTRUE:PROCILLEGAL:GOT0160 
300 Y_Y+SCNtv2_Yll 
305 X"X+SCNtX2-Xl1 
310 IFX _XIANOY" YITHEN3BO 
319 IFSOAROtx.n " OANDAFTER"3TNENPROCILLEGAllCDT016 

I ELSE IF BOARocx.n .. o THENLEAP- TRUE : GOT0380 
330 IFABStSITl <> Z AND ABStBITl <>6 A"'O(ABStBITl <>5 OR 

9OAROtX.Y) <> -SGNC9IT).Z)THE"'U"'TILTRUEIPROCILLEGALI GOTOI60 
310IFLEAP_ FALSETHE"'U"'ULTRUEIPROCILLECALICOTOI60 
350 LEAP _ NOT LEIIP 
355AFT£R_ I 
360LEAPTtLEAPCOU",1ER) _ X+8_Y 
370LEAPCOU"'TER_LEAPCOUN1ER+1 
3BOUNTILX_X2A"'OY " Y2 
390 IFLEAPCOUMIERO O1HEN FORI.OOP- ' TO LEAPCOUN1ER-I:PRO 

COUTtI..£AP1 tLOOP) H008.LEAP1(LOOP) DIV8) :80AROtLEAPTtLOOP) 
M008,LEAP1tLOOP) 01v8l - e:NEX11.00P 

100 ON A8StBI0 100101 10,17 0,'150,'170 , 500,700.600 
110FORXS1EP" - ITOISTEP2 
120 IFSGNteOARO(XZ+)(STEP,YZ» " -TURN THE'" If' SCNtBOAFIO 

lXZ+ZJ[XSTEP.Y2» _ TURN THEN PROCOUT(XZ .. XSTEf>,YZ):BOARO(XZ + 
X~lT Ef> • YZ ) .. ° 

'130 NEnXSTEP 
135FORYSTEP __ IT01STEPZ 
137 IFSGNCBOAROtXZ,YZ+YSl'EP) _ _ TURN THE'" IF SC"'CSOARO 

t)(Z .Y2+2. YSTEP»"1URN THEN PROCOU1tX2.Y2+YSTEP):SOAROtXZ. 
lZ+YST[p) " e 

13B HEXTYSTEP:COTOBOO 
150 TARCET_BOARO(KIMFILEtt1URl'hl)/2),Y2) 
160IFSGN(TARCE1)"-TUR",THEH PROCOUTtKINFILEtC1URN+I)/2 

). YZ) :SOARO (KI"'FILE( tTUR"'~1 )/2) ,YZ )_O 
170 GOT0800 
':;00TARGETX _ Xl'SGNtXI_X2):1ARGETY _ YI+SGNCYl_Y2) 
510IFBOAROCTARCETX.TARCETY) .. - TURN_7THENPROCOUTtTARGET 

X,TARGETY):eOAROCTARGETX.1AR!OETY) ,,0 

520FORXS1 EP __ I T0 1S1EPZ 
530 I fSOAROtX2+XS1 EP.YZ1"-TURN THEN IF SCNCSOARO(XZ+Z 

ilXST[P,YZ1)-TURN THENPROCOUT(X2 +XSTEP.Y2l:80AROtXZ+XSTEP 
'.Y2 )-' 

5 31 NEXTXSTEf' 
533 FORYSTEf' __ IT0 1STEP2 
5'10 IF80AROUZ . Y2+YSTEP) --TURN THE'" IF SGNC80AROIX2,Y 

2+Z.YSTEP» "TURN THEN PROCOUTtX2,YZ+YSTEP):80AROCX2,YZ+Y S 
TEPl " O 

550 NEXTYSTEP 
560IFBOAROCKI",FIlE( t TURN"11/Z).Y2) --TURN"3THE"'PROCOU 

HKIHFIl[tt1URMH)/2.),Y2) : SO AROCKI"'FIl[(t1URN+1)/Z).Y2) " 0 
570COT0800 
600TARCETX-XI+SCNtXI-X2):TARGETy_ yt+SGNtYI_YZ) 
61OIFSG",tSOAROt1ARCET X.TARCE1Y» __ TURHTHENPROCOUHTAR 

GETX.TARCETY):BOAROC TAR!OETX.TARCETY) " O 
700KIHFILE(tTURN+Il/2) " XZ 
800 BOAROeXl,Yl1_0:PROCOUTtU.YI):PROCORAWPIECE(XZ_I,YZ 

.A8St8IT)-I.t1URN+l)/2):80AROt)(Z,Y2)_811 
8lGUNTILWIN 
8Z0 f'RINTTA8tO , 2V):SPC(39):TAfHO,Z91:"Con<;lratvl.tion. P 

l;o~." ": t3-TURNI/2:" , • b~i.lll .nt'" "win' '" 
830PROCWAl1t2001 
8'10 RUN 

5000£1'10 
89990EFPROCORAWPIECE(X.Y.TYPE,PLAYERI 
9&02Y" 8-Y 
9005COlOURPI.AYER+1 
9t10RES10RE9500 
9BlIIFTYPE-OTHENV020 
9112 FOROUHMYREAO- IT072"TYPE 
9U3 READ A 
9011 NEXTOUHHYREAO 
9020 FORCHARACTER_22.1 TO 232 
9025 VOU23,CHARAC1 ER 
9030 FORROW" OT07 
90'10 REAOINFORHATION 
9150 VOUINFORtlATION 
9060 NEXTFi:OW.CHARACTER 
9070 PRINTTAB(3J[X+8,3"Y+3) : :VOUZ2'1 , Z27 ,230 
9080 PRINTTA8(3_X+8,3"Y+'I):IVOU225,Z28 , 231 
9090 PRI"'TTA8(3_X+8.3 . Y+5): IVDU226,229 ,232 
VI96 PROCLINES(X.Y) 
9100 E"'OPROC 
9500 OATAO,0,6.7,7,3,0,0.0,0,0,63,63,56,21,21,28,60, 

5;5~DO, O. ~~~A 0,0,56,2'18,218,2'1,2'1.21,21,21,21,255,255,2'1 
.21.2'1,2'1.21,21.31 ,31.28,0.0 
9520 OA1AO.O,0,0 , 0 , 2B,60,56,18,18,28,252,25Z,0.0,0,0 

,0,192,2Z1.221,96,0.0 
10.00 OATAO.O , 0,I .Z,'I,8, 28,2D.28 . 0.D,O ,3,I, e,0 . O,0 ,0,1 
,3.0.0 
10010 OATAO,O.0.129,66 ,36,60.126.126,466,&5A ,&7C.IFC.4 
EF , &Cl.IEO,131,431.163,IC'I,&81,0,0.O 
lOG:! ' OATAO,0,0,IC O,120.11D,B,11C.20,41C,O,0,0.O.IZ8.1 
21),128. 126 ,0, 0,0 ,0,0.0 
IOOJO OAT A 0,0,0,0,0 . 3.3.7.7.7.7 . 7.3,1.7,1,'1,1,12.0.0 . 
3.0,0 
100'10 OATAO,0,0 , 12'1 .Z55 .255.255 .&99.499,255.255 .2.55,2. 
55,255,IC?,252 ,25Z.121,IZ1.&6C , &C6 . &C7,0,0 
lO tSt DATA 0,O,O.0 , 0, I ZB .1 28 . 192 ,192,192,192.192 ,IZ8 ,2'1 
'. 16,2'1.8,0.0.0.0,128,0,0 
10060 OATAO.0.l , 7,'I7 ,63,1 5 .63 .15,15,63,'I7,17, 15 ,15.1 5. 
15 ,31,63,63,25.2':;.0,0 
10070 OA1AO.O.&C3,466,4E7 .255.255.255 ,4E7,&E 7 , lC3,255 . 
2:;5,&5:1,&AA,2':;5.255,Z55,Z55,Z55.151,153,0,0 
WOBD DATA O.0.IZB,&E'I,Z1'1, 2~8,210 ,252 , 21'1,Z10 ,2'18,25Z, 
2'I1,2'10,210,210.2'10.2'1B,252,2':;2,152,152,0 , 0 
J{)090 OA1~ 0,0.0, 0, 0, 0,1,1 5.31 ,63,63,63,31.7.7.3,7,7 , 1:1 
.,11,1 5.1.0.0 
10100 OATAO.0.30 ,63,62,1 26 ,251 ,25'1,255 ,255 . ICF.&87,ICF 
,2-55.25:; ,255 .255 .255 . Z52,189,56,18,0.0 
10110 DATA 0.0.0 , !I,O, n. 0, 0.19Z,2Z'I,Z'IO,2'10,22'1.2~0.218, 
2'18.25Z.218.211.0.0.0 , 0 , 0 
10120 OATil 0,0,6.6 , 7 , 3.3,3,1,1,1,31,17 , 1 , 1 , 0 , 0 . 0.0.0.0. 

~ ~ ~;~ DATA 0,0,0,0. Z'I, Z'I. 255, 2':;':;. 255, &08,255,255, 199, IC 
3,255,255 , 126.466,66,&C3,66.&C3,Q,O 
101'lO OATAO.0,96,96,22'1,192,192.192 ,1 28 , 128.136,218 , 12 
8,128,128,0.0.0,0.0,0,128.0,0 
101 50 OATAO,0,0,0,0,0,0.0,0.1.3,3,6 , 6,6.7.15.7,3 , 1.1.1 
,~, ° 
10160 OATAO.0.126,<;'6,32,32.96,192 , 19Z.IZ8.I.l.0.0 , 'I,11 
,I9F,255.Z55,255.36,6B ,0,0 
1017' OATA'.0.O,O,0,0.I,e,111.56,IEC.25'1.2'10.56.2S.Z'I,2 
8.25Z,218.2'11.490.4':;0.0.0 
11000 OEFPROCORAW80ARO 
11010 FOf'(ROW_OT09 
11.20 MOVE256,9Z9-V6_ROW:ORAIl10Z'I.928_V6_ROW 
11030 NEXT!iOW 
11010 FOf'(COL UMN _ QT08 
11150 MOVE256+-96"COLUHN,928 : 0RAII256+96_COLU~N, 160 
11160 NEXTCOlUI1N 
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11 161 FIJRCOLUI1NNUHBER- lTOB 
11062 PRUITT AB(3"'COLUHNNUI'IBER+6,1)ICHR'CCOLUi'lNNUI'IBER+ 
6'1) 
11063 PRINTTAB(6.COLUI'INNUMBER,,3+!):CHR,(57-COLUMNNUI1B 

", 
11061 NEXTCOLUMNNUMBER 
11070 FORPIECE_ OT07 
11080 TY PE"'TYP[(f'IECE) 
~;~;! 1 f'ROCCRAIoIPIECE (PIECE, 1 . TYPE. 1) : BOARD (PIECE+ 1. I) " 

11 091 Iff>IECE,.30RPIECE" " THEN TYP["' l1-TY PE 
~i~~~-1 PROCORA fl PIEC[( PIECE.e. TYPE, 0) ISOARO(PIEC[+l ,8 ) _ 

11096 
11197 
ll. I DD 
1110::; 
11110 
15000 
15 1 01 
1510:1 

f'ROCOR AWPIECE(PIECE,2.0.1)!SOARO(PIECE+I.2) " 1 
~~~~~~~~~IECE( PIECE . 7.0.0) : BO ARO( PIECE+l, 7 ) z-l 

~~~~~~~ (0) z5 !KINFILE ( 1) .. 4 

OEFPROC OUT()(,Y) 

~~~~~: ~~~~~()(. Y) )~6THEN"IN"TURN 

150 10 PRINT1AO(31)(+8,3"'Y+3):" ":TAIHJ.X.a. J >< Y+1»)" 
" :TAS(J><X+8.3"'Y+5 ); " " 
15115 PROCLINES(X,Yl 
151Z0 EHDPROC 
15 999 DEFf'ROCLIHEse)(,Y) 
160 20 HllV[n"'H256.928-96JOY 
16 030 ORAH96:O;)(+256, 8:'2-96,.'( :ORAI<I9 61<)(+352,832_96"'Y:OR",",9 
6ll X+352,928- '16"YIO RA I< 96:1X +251'> , 92S-96"Y 
j 60 ~ O EN DPROC 
2000n OEFPROCI LL EGAL 
20010 PRHHTAB(O , 29) ;"You ., a n't do that" 
21l 01:'i t'ROC WAlT(2 00) 
2() 11 7 HUNTTAB(O , 29) ;SPC(39 ) 
2() 020 END PROC 
30000 DEFf'RDCWAlT(f) 
30010 TIME .. O 
3 0020 REf'EATUNlILTIME _ T 
30 030 ENOf'ROC 
31000 DEF PRDCRE MOV ECU Fo:SDR 
32 0 j 0 ~ &FE 0 0 ~41 020 OA 
32120 ENDPROC 

Listing 1. The program fot playing Ultimo. 

32K MODEL A AND MODEL B 

Fig . 1. The starling position for Ultimo. 

- III _ MYSTERIOUS III =g= ADVENTURES =g= 
,-----------~--. 

FOR BBC MICROCOMPUTER 
MODELS A & B· 

1. THE GOLDE N BATO N _ Ven ture mto a 
strange prO~Ince 01 Sorcery and EVIl MagIC 10 
reco~er the Golden Balon. a p"celass arl lfact 
whose powers are saId to brmg great Heall h 
and Prosperily tothe Land 

2. THE TIME MACHINE - As a Newspaper reo 
porter you are senl to invesl rgale the eccentr ic 
prolessor who I,ves ,n the old house on the 
Moors. Whal 's h,s secrel and why IS his house 
now deserted? 

3. ARROW OF DEATH (PI. I ) - A bhght has 
fa llen on your homelands. Ihe Baton has be· 
come tarnished and now radlales a malavolent 
aura of Evil. YOUI miss ion IS clear - tracelhe 
source 0 1 this Evil and destloy or be 
deslroyed . ThIS is Ihe frrs t pari 01 an EpIc 

:~~!~~U~~o~~h~~~~a~,~Ch pari can i)e played as 

4 ARROW OF DEATH (PI 2) - You now have 
the means 10 destroy your enemy bu t you 
arc lar lrom home and thi s land is strange 10 
you CanyOll cope with Ihe deadly P81i1S which 
approach you and have youlhe slrength to see 
your m,ss,on th rough 10 the lonal conflict ? 

Avai lable soon for 
ZX SPECTRUM. ZX81 (16K). APPLE II. ATAR I400 800 

EACH ADVE NTURE COMES ATTRACTIVELY 
PACKAGED FOR JUST £8.95 INC. 
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CEMIN 
It can do a powerful job for yo 

SPECIAL LIMITED 
OFFER 

Buy just any two programs at £19.95 
and take one at £19.95 

FREE! 

CASH BOOKS ACCOU~TS 
PROGRAM FOR 
BBC MICRO ••• £95.00 

~ 
One of the most innovative business ta..leN'f programs on the market Most ~erious 

l"" accountancy packages are wntten and 
coded by professiona l and competent 
pr?Srammers, TJ:1e Gemini Cashbook Accounting 

program was wntten by practiSing Chartered Accountants and 
coded by professional and competent programmers. This is a 
fundamental difference 

This practical program is simple to use and will replace your 
manual cash and bank records and by giving you instant 
management information, it may even put your accountant out 
of job! 

tech~~~1 ~~~~~~~~ ;~~~~~i~~~~ ~~j~~h~~;~~~ra~l~jl l 
increase the efficiency and profitability of your business. Take a 
look at the information this program will provide. 
* summary of VAT information to enable you to complete your 
VAT retums 
* cumlJative receipts and payments report analysed over the 
standard profit and loss and balance sheet heading. 
* option for departmental analysis of sales and purchases 
* print out of all transactions * journal routine for entering transfers between accounts and 
year end adjustment for debtors, creditors etc. 
* year end trial balance 
* profit and loss account and balance sheet. 

These statements can be p roduced at what ever interval 
you require e.g. monthly, quarterly or annually. 

Coming soon:- Integrated Sales + Purchase Ledgers 

" ... the systems worked immaculately 
when tested .. : 

"Mailist is a very professional piece of software. 
(WhiehMieroa. Softw~rc Rf;Yiew febal) 

Here's a range of software for the independent 
businessman that's designed to harness the power of your 
micro to deliver the vital information you need in all key areas 
of your business. A breakthrough on both price and 
perfonnance, each program is fully tested and comes with all 
the documentation back up you need. 

"Gemini's range of software is in the vanguard of 
the releases for 'serious' micro users ... " 

g SPREADSHEET At-W.YSIS 
BEEBCALC £19.95 
DRAGO~CALC £19.95 

~ 
FOR BBC AND DRAGON 32. Spreadsheet 
processors have proved to be important ""e:W tools f?r using micros !n b.usin.ess, scientific 

and domestic financial applications 
Without any programming knowledge at all, you may:­

.. Set up a computerised spreadsheet, with chosen raw and column names 
* Specify formulae relat ing any row or column to any other 
* Enter your sourcl'; data and MYI'; thl'; results calcul<'1tl';d 
* 5av1'; the re~lts on tape (or disk - SBC) for l<'1ter rl'; lO<'Iding and m;:mipulation 
* Printthl';tabulatl';drl';sults inan l';legantrl';portformat 
* Experienced users may acCI';SS S/lved fi les and ....nte their C'Nn reporting or 
gMphics presentation programs for the results 

Some typical applications:-
'" Small business accounting applications, e.g. profit and loss statements and 
cashflow projections, break·eVi:n o!Inalyses etc 
'" Investment project appraisal- anything from double glazing to oil rigs! 
.. COmPo!lring rentlleo!lSe/buy options 
.. Processing the results of scientific experiments Of fie ld studies 
.. Engineering co!l lculo!ltion models 
.. In fact, anything that involve5 repeated re-Clilcul<'1tion of re~ lts presented in 
taoolo!lr or spreadsheet format. 

Program Availability Chart :-

- ~. 
_ .. "'- -~. "'- "'-

;:~ • • • • • ~~'''' • • • ,,,,., • • • • • • ... • 
.~~ • 
T"""~ • • ~ • • • • • • 
~~ • • • • • • 
~~ • • • • • • ~~:K • • • • • • • • • 



'SNEW 
SOFTWARE 

ur business at petty cash prices. 
eE IHVOICESANDSTATtMEtmi ••• £19.95 

:II!' Compatibl~ with most micros. Se~ tabl~. lde.!1 for the small 
busiMSS. A complete suite of Pfosr"ms together w ith 

, generated customer file for producing crisp and efficient 
business invoices and monthly s~tements on your line printer. AJI 
cltlwletions include VAT .!Iutomaticalty, and the program allows your 
awn meSStlges on the form produced. This progrllm gives you superb 
Pfesentation and ~ves time on one of the most tedious tasks in the 
office. 

....... Compatible with most micros. Se:e table. A gem of " I] COMMERCIAL ACCOUtmi ••• £19.95 

:: :: program, "II fOf cllssette, with the fOllowing fe"tures:- O" ily .. £.. Journal. Credit Sales. CMh Sales. Credit Purchases. Purch"ses 
- other. Sales Ledger. Purchase Ledger. Bank Account. Yellr to d"te 
summery. A fully inter"ctive progr"m suitable for "II businesses. Files 
can be s.wed and 1000ded and totals from one file c"rried forw"rd to 
"nether on c"ssette. p"rticularty useful from" cllSh flow point of view, 
with an immediate ~cessibil ity to toUils for debtors and creditors. Bank 
totally supported with entries for cheQue numbers, credits "nd, of 
course, running bcllat""ICe 

~ 
MAILING LIST ••• £19.95 

- . Compatible with most micros. Se:e table. A superb 
4 d edic"ted database to allow for menipuilltions of nllmes 

- lind addresses lind other dlltt!l. Gemini 's unique 'sellrchkey' 
system gives you II further ten 'user-defined par"meters ' to mtlke your 
ov.n selections. Fe"tures include the fllcility to find" name or det"iI 
When only part: of the detail is kn~, it will print I"bels in" vllriety of 
user specified formats. 

[] 

DATABASE . • • £19.95 
Compatible with most micros. See tabk. The program tNl t 
everyone needs, the most valuable "nd ve~tile in your 
collectioo. Facilities include sort searCh, list print if required 

Can be used in pilice of eny card indu applico!Ition; once purchllsed 
you can write your 0".,.,., dedicated dota~se to suit your ptJrticular 
needs with a limitless number of entries on separate c~settes. 

m ~~Kbl~~~L~ds.~!ia~.~dicl!ted 
softwllre with ell that's neCf!ss.!Iry to keep Cllntl'ol of stock 
This progr"m will Uike the tedium out of stock control "nd 

~ve time "nd money. Routines include stock set up, user reference 
number, minimum stock level, financ~1 SUI'l'"llTlMy, li~ print records, 
Quick stock summery, add stOCk, deletelchllnge record "nd more. 

~ 
HOME ACCOUtmi ••• £19.95 

~ ~~~c::C:'s~~~~~~~r;;=:~ 
:E :E for keeping" tI'~k of regul"r "nd other expenses, bank 

-'Ccount rnortgege, H.P. etc. This progr"m "ISo " IIO'NS you to plot 
gr"phic,,11y by Ustograms your monthly outgoings. 

[18' WORD PROCESSOR ••• £19.95 
• Compatible with most micros. See tablf: . This progrem · 

te"tures routines found in much IlIrger end more expensive I pa<:keges with " typical word length of 5-6 letters it lIlIO'NS 
for "round 1000 words in memOf)' lit one time. Ide,,\ for the user Who 
reQuires" simple progrllm to write letters on his computer. Fe"tures 
include, block delete, block insert, se"rch "nd replece, edit text., displ"Y 
text lind more . 

DealerfTrade enquiries invited - generous trade discounts for quantity 

Special ACCESS card Instant sales hotllne '9'&1. 0395" 5165 
for GUARAHTtED despatch within 24 hours • • • I ~ • ~-

24 hr Ansaphone Service. 
All enquiries o1her than credit card sales to 03952-5832 

Gemini. Functional Software Specialists. 9, Saltcrton Road, Exmouth, Dc¥on. 



H Roberts 

GEORGE AND 
THE DRAGON 

Fight the dragons 
and save the people 
of Sleepy Vale as 
they hide In the castle, 
by playing George 
and the Dragon. 

O nce upon a time there 
was a little valley called 
Sleepy Vale . All the 

ha~~~~ :~d ~~veeydct;~~~w~~etheir 
dai ly life in peace a nd ha rmony . 

Then one day a la rge pride 
(herd?) of dragons came to the 
valley and drove all the people 
out, killing and burning as they 
wenl. Some of the townsfolk 
managed to stay in the valley, 
living in the large castle owned 
by the lord, but they lived in 
terror of the dragons that now 
roamed the ir desecrated 
homeland. 

You take the role of St George, 
called by the people of the valley 
to liberate thei r home from the 
dragon menace. You have no 
sword, but a trusty bow and 
arrow to shoot the dragons, but 
remember to keep away from 
their vicious teeth and roaring 
flame, as these are deadly. Once 
you have slain a d ragon, head for 
the castle as the people raise the 
d rawbridge to g ive you food and 
rest before you set out once more 
on your d ifficult task. 

Use keys '2' a nd 'X' to rotate 

12 

X%(D),Y%(D) 
FL 
LOOP 
TITLE 

SCORE 
SP 
A%,B% 
V%. W% 
X%,Y% 
0% 
H% 
F%,G% 
K% 
1%,1% 

DR 

FLAG 

FINISHED 

E% 
DX%,DY% 
TE 
NTES 
P.D 
C $ 
Table 1. The use 01 

left and right respectively, 
'Return' to move in the 
direction you a re facing I and 
space ba r to shoot an arrow. You 
cannot fi re aga in until the first 
ar row has found a mark. Be 
careful at the b ridge ove r the 
river as the d ragons often guard 
it ferociously I a lso beware of the 
magical fo rests in which you 
move at quarter speed, and can 
be driven back if you stop. 

Good luck on your difficult 
task, no-one can help you now. 

~~~ = 
~-.............. .. 

Direction arrays 
Counter for du ration of dragon's flame 
General loop variable 
Loop variab le for double heig ht printi ng on 
title 
Score 
Speed of dragon's movement 
Position 01 arrow 
Direction vector of arrow 
Position of 51. George 
Direction 51. George is facing 
Temporary store for 51. George's di rection 
Position of Dragon 
Direction Dragon is facing 
Tempora ry storage for 51. George's a nd the 
Dragon's positions 
= TRU E If Dragon is alive 
= FALSE If Dragon is dead 
Space bar flag I to ma ke sure only one arrow 
is fired for each press of the space bar 
A flag set by various procedures, to tell the 
main routine when the frame is finished 
ASCII code for current Dragon graphic 
Position of castle door 
Time bonus awa rded a t end of frame 
Number of notes 10 be played in the tune 
Pitch and du ration 01 current note 
Rep ly to "Another Game?" 
variables In the program. 
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Statement 

10-60 
70-150 
160 
170-220 
230 
240-270 

280 
290-330 
340 
350-360 
370-430 
440-490 
500-510 
520-660 

670-790 
680 
690-700 

710-720 
730 
740-760 
770 
780 

800-1020 
830-860 
870-950 
960-1010 

1030-1220 
1040-1130 

11.40 
1150-1170 
11 80-1220 

1230- 1350 
1240 

1250-1270 
1280 
1290 

1300-1 320 
1330 
1340 
1360-1380 
1390-1440 

1430 
1450-1490 
1460 
1470-1480 
1500-1520 

PROGRAM STRUCTURE 

Action 

Initialise arrays and envelopes 
Print ti tle and instructions 
Set score to zero and set speed of dragon 
Set up screen etc for the start of the frame 
Initialise a ll variables 
Place the dragon randomly on the far side of 
the river 
Reset time to calculate time bonus 
Main movement loop 
Calculate time bonus 
Select the correct tune and play it 
Add up new score 
Ask whether p layer wants another game 
Data for tunes 
Define graphics for 5 1. George and the 
Dragon 
MOVE ST_ GEORGE 
Save o ld pos ition 
Scan keyboard, and rotate 51. George if 
necessary 
Calculate new position 
Rub out old position 
Check whether or not he can move 
Plot 5t. George in new position 
Check to see jf he has entered the castle 

DRAW SCREEN 
Draw forests 
Draw river and bridge 
Draw castle 

MOVE ARROW 
Check whether space bar has been pressed . 
If it has, and he can shoot an arrow, then 
initialise arrow variab les 
Don't move the arrow if he hasn't shot it 
Move arrow 
Arrow has hit something - find out what, kill 
dragon if necessary 

MOVE DRAGON 
If the dragon is breathing fire, then continue 
todoso 
Rub out dragon from old position 
Change the d irection he is facing randomly 
Move dragon depending on the direction he 
is facing, and the position of 51. George 
Check whether the dragon can move 
Plot the dragon in its new position 
Check if dragon has h it 51. George 
Procedure to plot the dragon 
Procedure to breathe fire from the dragon's 
mouth 
Check whether SI. George is engulfed in fire 
Procedure executed when the dragon is killed 
Open castle gate 
Rub out dragon and flame 
Procedure execu ted when the human is killed 

Table 2. Explanation of the lines of the program. 
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GEORGE AND THE DRAGON 32K MODEL A AND MODEL B 

to IIDDE7 xx+e,YX- Z1) ORPIlIHTO:X-tZ 'I,YX.S ) 
20 ENVELOPE 1.1,0,0 , 0.0,0.0,10.0.-'1,-2.100.100 7:10 IF C-l XX"%X-XXCD;O _3/'1:YX_YX _ YX(OX)_3/'1 
:3Q ENUELOPE2,1.:Z.-Z,2,2 ... ,2.10e, - I,-l,-1.100.20 760 XFC> 10RC- -! X;t - ll::YX" JX 
'IOOIM)(l:(9J,YX!SJ:FQRLOOP- 1 TOB:REAOXX(LOOP),YX(LDD 770 MQV[XX,Y;:: : VDUZZ3'O)'; 

PJ:HEXTLOOP TEIO InX>OXX-ZO AND XX<OX%""0 ANO YX <OYX AND 1%>0'1%-30 
:50 OATAI2,0.9 . 9,O,12,-9.9.-12.0.-9.-9,O,-12.9.-9 FlJiXSI'lEO- TR U£ 
5::1 HISC_O 790 EHOPROC 
60 PROCOEf'CHARS eoo OEFPROCSCREEN 
70 PRINT'" 810 VOU 5 
80 FD RTI TLE '" T02 920 VOUI9,1,2.0. 0 ,O,19.2,6,O,O,O 
.,,0 PRIHTTAS(3J:CHR'(1'I1):CHRt!1311:CtlRt(1:S7J:CHR'(1 830 !OCOlO ,l 

32~~~St . ~~:~~~I~~~ the Orlll\lOn ";CHRH1:56 J :;: FO~~:~~g~~~~~::~QOm:"RNO(IOOO ) .IOD1FORA_1~TORNO(3 
liD f'RINT" A ,.. ... of s l<.i11 and d e xt.e rit':!o:' . ~l+I ::I :110VEXX .RNO(200) - IOO,YX'RNO(20D) - I001VOU236:NE)(TA 
120 PRI NT ' Th . drallo", that has been t. . rrOrlunlithe 960 NEXT 2 

li t tl. "aU.':Iof.l •• p':l ".1 . , 1 •• 1. 1 •• 1. about to b. " .... 970 Al:. - RNO(400).400 
.ui.h.d ," 99DOX-RN0(600)+200 

130 PRIN1 " Wlth hi . tru. t ':lbowand.rrow, StG.orlle • • t . a90 FORe" ID23 10 o STEP- 50 
out to ~, i 11th. a w" .. orl" c r eatur.," 900 110VEAl:. , e : 110VEA;:.70, EI 

1 4 0 PRI lfT'''U ....... ':1 1 ""2"" & ""X"" t.o rota t e l.~t .nd 910 IF EI < .. OX AN D EI> OX-!iD GCOLO,O:GOT0930 ELSE GCOLO.2 
ri 9ht, "" RETURN "" t o "0"", a nd ""SPACE ElAR""to fl •• an a 920 CX"AX +RNO (100)-SO:IFCX<100 OR CX >600 CX"AX 

I ~ G f'RI NT '" Once the dr .Qon i . d.ad, .nt .. r the 
tl ..... ulel<. l':1 b.for .. t t,. tl .. " bon .... . 

160 SCORE_OlSP_ , 41FL_FALSE 
170 PRINT ""Pr",ss.n'::lI<. .. ':!t.ost ... t," 
190 *FX15 ,1 
190 C-CET 
2001'l00E l 
210 PROCSCREEN 
220 VOO23:9202 ;0;0:0: 
2::10 AX-0 :OX" I : )(X- 6lYX-::I 121 CCOL3 , 3 :1'I0 VE)( X,YX1 VOUO h 223 
210 FX"RNO(20 0) +9DD1CX_RNO (600)+200 1FORU_FXTO FX+64 

STEP1:FORJX-CX-3Z TO ex STEP11JF POINT(IX, ,)X) " O NE~TJX,IX 
1~OT0260 

250 12:_F X+M1JX_CXlNEXTJX,IXlCOT02 4 0 
260 KX_5 l0R_ TRUE1FINISHEO_FALS£ 
;~~ ~i~~~o I lPROCPLOTORACON: CCOL3 , 3 

"" '" ". no ". ". '" ES~13 

REF'EAT 
f'ROC I'IOV£HU I1AN 
f'ROCSHOOT 
IF OR THEN f'ROCI'IOVEORACON 
UNTILF:rNISHEO 

16'" INf((TII1E-12000)/ 1 0) · (TI I1E < 12000) 
IFDRTHENRESTORE500lNTES"l1ELSERESTORE:5101NT 

360 FOF'<LOOP_ lTONTES1F'<EAoP,OlSOUN01, _ IO,P,O:SOUN01,O , O. 
1 :NE~ TLOOP 

370 HOOE7:PRIHTTA9{5,10>:"SCOF'<El":SPC(II):SCORE 
360 IF OR THEN 435 
391 P1H NTHtB {5> ; "oRACON IULLEOl ":INT (500_SP) 
400 PRINTTAEI(5);"TXI1EBONUS: "IT9 
'110 SCORE_SCORE.INH50D><SPl+T8 
'120 f'RINT'TAB(5);"TOTALl":SPC{11)ISCORE 

~~~ ~~"~~~~;~~~~I~~EN HISC-SCORE 
136 f'RIHTTA8(5);"HI - SCOREI"lSPC(S);HISC 
'1"0 f'RINT'CHR'(129):''Toobad, ':IOU died!!"'" 
450 PRINT'''lIould':!ou like angth ... 'Uri.?": 
460 _F )(15,1 
'170 CI - CEUIIFC._"T" ORC._,,'::I" THEN 160 
'ISO IFC'<> "N" ANO CI <>"n" THEN 470 

'" 500 DATA 53,6,53,9, 53 ,2. 53 ,6,65,8,61,2,61 ,6,53,2,53,9 , 
53,2 ,53,9 

5 10oATA53,2,53,2.53,1.69.2,69,2,69,1,81.2,69,2,9I,2,6 
9 , 2,53,2,53,2.53.'1 

520oEFPROCOEFCHARS 
5 30 VOU23.2 2 4,O,&74,&FA,&FF.&FA •• 74 , O, O 
540 VOU23,225 ,O,UA,4,&7A. 4FA,4F9,&FS. &70 
550 VOU23,22:6,16,&3S ,&54 ,a3S,&7C,&7C,&7C,a 38 
~60 VOU23,227,O , &5 S,&20 , &5E,45 F, UF ,UF,&E 
570 VoU23,226,O,&2E,&:5F,&FF,.5 F,42E,O,O 
590 VoU23,229.&E,U F ,UF,&5F,.5E ,&20,&59 , O 

930 f'LOTEI!i,C;:,EI-!iOlf'LOT9::1,CX+70,6-::I0 
940 flX "C )(. 
9 5 0 NE)(TEI 
960 XX .. RNO(IOO)+900:YX"RNO(900).50 
970 GCOLO,O:1'I0VEXX , YX: ORA WXX+I 00 ,YX:PL0195 ,XX.YX+1110lP 

L0185 .XX+IOO , YX +I 00 l CCOLO ,3 
990 FORA _ OTO 12STEf' 'l 
990 1'I0VE~l:.+fI, YX"AloRAIIXX+IOO- A, YX+A 10RAIIXX.IOO -A , YX+ 

I OO-A l ORA IIX X+A , YX+ )OO-A 10RAII)(X+A,YX"A 
!fOD NE)(TA 
1010 0~X-)(X+35:oYX_YX+IOO 

1020 ENOPROC 
1030DEFPROCSHOOT 
10'10 C'" INKEY(-99) 
1950 IF N01CFLAC- FALSElC0101140 
1060IFFLAC"TRUECOTOI140 
1070 FLAG-TRUE 
iD90 lFA X<>OGOT01150 
1090 SOUNO.U , 2,40.20 
1100 AX -XX+12 :ElX_YX_12 
1110 VX-)(X{0:t:).2:1I:t:_Y X{O X)_2 
11201'l0VEAX ,BX:f'LOTI .VX,IoIX 
1130COT01l50 
11'10 IF AX_O ENOf'ROC 
11::10 HOVEAX.8XloRAWAX+VX , 9X. WX 
11 60 AX - AX.VX1BX .. BX.WX 
1170IFPOINT(AX,BX)_0110V£AX.BX : PLOTl ,VX,IIXlENOPROC 
1180 IFPOINT(Al:.,8X )(> 1 T"'£)<l1210 
1190 IF AX<FXOR AX>FX+64 OR 8X<t;X-32 OR8X>CX COT01210 

:~~~ :~~~ORACONDEAO 
1220 ENDPF'<O C 
IZ30 oEFPROCI'IOVEDRACON 
1240 IF FL <> O f'ROCFLAIIE:CCOL3,3 : ENOPROC 
1250CCOL3.1 

: ~~~ ~~~~~~~~~~~CON 
IZ90 KX.{)(X+RNO(3).5) 1'I00El+1 
1290 n:"FX+{)(X{)(X).5 _SCN()(X_F%» . SP :CX_CX+( Y%{KX)+5_SGN 

(YX-tX» _ Sf' 
1300 C- PO.1NT( FX,C X) OR POINT(FX+M,CX) OR POI NTCFX,CX-3 

2) OR f'OINHn+6'1,CX-32> 
1310 IFC" - I ORC> I FX .. IXlCX_JX 
13;>'0 IrC-IOR RNO(10)_IPROCFLAI1EICCOL3,1 
1330 f'ROCPLOTORAC ON 

:;6~yo~6E:~~~~~:~0~NO ~X<FX·52 AND YX >CX-20 ANO YX <CX+2D 

:~~~ g~~~~o~~~~~~:~gON 
1370 IFKX >3 AND )(Xa EX_232 ELSE EX _Z 34 

i~: ~ gg~;~~c;C~~~UEX. EX+I 1 ENOPROC 

I~OO FL _FL .I :IF FL_I CCOLO ,3 : S0UN016, 1,6,10 :COTOI420 
IF FL_5 CCOLO,O : FL- O ELSE ENDPROC 590 VOU23.230.&3B,&7C,&7C,&7C,.39,4::14,&39,16 1420 

600 VOU23,23I,470 ,& FS,&FS,.FA,&7A,4,UA , O 39 IFK X>3 A~O I:X <7 LX - F)(' -6'1 1EX-237 ELSE LX - FX+-641EX'" 2 

610 VOU2~.232,&20,&F9,&F9,&B,7,3,,,,B,23,233,O.o,a92,a c: 1'1::10 I F )(X >LX-20 I'INO )(X <L X"':S2 ANO YX >CX-20 ANO YX <CX.20 
l,aE2.'F4,&~9,a 2 0 PROCYOUOEAo 

9F ~~~o.~E~~~~~!~:;~~::~::;:::;: ::::::~:::::3' 235 ' 4,a1F.. :~~: ~~~~~~cg~~~g~~~A~X+~ : ENOPROC , 

6 '1 0 VOU23, 237 , &29 . &'11'1 , &22 , &19 , &1'16, &59, &22. 14,23 . 238, &e I~ ;~~OT~;~~:~~i~~~~~~~ Z OYX ,110VEOn+-30, on,PLOT95, on .OYX-
G .&5E,&BF ,l7E,lAB,&50,.AO.&~O 1'170 PROCf'LOTORACON 

650 VOU23 ,239 ,&O,&7A,IFO.&7£ ,U5 ,&A,&5,.2. 23 , 240,&1~,& 1480 REPEAT PROCFLAI'IElUNTIL FL- FALSE 
S2,&4'1,.98,&65,19A,&2D 1490oR .. FALSE 1CCOL3,3 1ENOPROC 

14 

660 ENOPROC 1500oEFPROCYOUOEAo 

::: ~~~~~~~~;~!~~~~~!OX.llIFOX~Y OX _1 : ;~~ ~~~~:~~O,"TRUE 
700 IF I NKEY{-67)OX" OX-I:IFOX_OOX_9 
710IFNOTINKEY( -7 4)COT0730 
720 XX ~XX.~~{OX) lYx .. YX+YJ(W)(.) 
7::10 110V[Il:. • .JX:VOU223 .H~ 
740 C_ POINTtXX+-9,Yh8 ) OR POIHl{XX"24 ,YX -2 4) OR POINT( 
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Practical Programs for Atom & BBC £5.95 
£135 

(+£3.50p+p) 
(+£1 p+p) 

BASIC Programming on the BBC Micro 
ColourAtom £199 
Completewith4soltwarecassettes Programming the 6502 £5.95 (+£~ftfJ 

(+£3p+p) 
Atom Disk Pack £335 

(+£2.50p+p) 

(+£1 p+ p) 
All the products are the oHiclal versions, 
bewara of Imitations, they will Invalidate 
your guarantee. 

BBC Machine. 
Model' A' £299 
16K RAM 32K ROM Full colour, high 

~:~t,ig~3g2~P~~~ 32K ROM (+ £7 ~;fJ 

i!· ~O~O~~~~~~~~nilor (as used ~~f:ePB+ld 
Computer programme) £279 

(+£9.50 courier) 

Atom Software 
All the latest Acomsoh sohware in stock. 
Atomcalc. electronic spread sheet. FORTH. 
LISP, Adventure etc. 

Accessories tor BBC Computers 
Cassettesl?er10 £4(-1:£1 p:+p) 
Verbatim Single sided double denSity diSks, 
ooxoflO £19.99 

GP80andGP lOOribbon (+£1 f4~fJ 
Prlntera 

12" Green Monitor [95 
(+£6.S0courier) 

Cassette Player. Includes DIN 10 DIN lead 
£28 

~~~~~i~:OPl iOf\ £13P.palrl!~f~!~! 

(+£1 p+p) 
PrinterCable(parallel) £15 

~T~~:J:~~~SSelteleadS £4.75~!~l f3~~ 
Acorn GP BOA Printer 
Lowest ever price! 
Acorn GP l00A Printer 

£199 
(+£4.5Op+p) 

£228 
(+£4.50p+p) 

BBCSottware 
Snapper, Planetoid, Monst~r,G raphs, 
Charts and Creative GraphICs. All at £9.95 
Arcade Action £1'.90 

BBC Machineduslcovers (+£1 f3~CJ 
(+£1 p+p) 

Books 
BBC 30 hour BASIC £5.50 

(+£1 p+p) 

Lynq Wordprocessor 
An FDS Product for professional use. 
Full support and service 

, NEW SHOWROOM' 

ALL PRICES INCLUDE VAT FOR FURTHER G T M 
DETAILS AND MAIL ORDER LIST 864 Y kR d L "d 

SEND LARGE SA E TEt 053~'865"'~ s. 

"...---SOFTWARE FROM ASP---...... 
THE WHITE BARROWS Program approximately 8K 
Somew here amid this male of burial chambers lurks an Evil Sorcerer whom you need to trap . Trouble is, he's protected 
by Tro lls, Dwa rves, Serpents and t he occasio nal Dragon or two! Your magic stafrwill b lock the IUnnel to prevent him 
escapi ng ... unless, that is, he ou twits you . 

A real brai n twiste r, Whi te Barrows requ ires both b rains and b rawn fro m its p layers. It' s no good just hacking your way 
through the Bar rows and hoping to fall over the So rcerer. Eventually you'll meet a Dragon" and they don't hack easily! 
You'll need all your cunning and strength to survive this one for long. 
CONQUERING EVEREST Program approximately 11K 
So, you think climbing mounta ins is all about scrambling over rocks? T his superb piece of programming will soon change 
all that! 

You are in charge of an expedition compriSing 18 climbers, 34 Sherpas and 40 Porters. T here is food, tents and 
equipment for all, including the oxygen you'll need as you ncar the summit. T rouble is, it all starts at the BOTTOM of 
the mountain and you have to get it all to the TOP ! Each route upward must be forced and any camp you make mu st 
be properly suppl ied, otherwise the expedition members will reueat down the mountain. 

The mo nsters in this game arc avalanches , starvation, storms and, worst of all, bad planning! A real, thinking man's 
adventure, Everest will test your skill and forward planning to t he lim it. 

f1II in the coupon and 1_",!~_~A~~~':.~~V!.t-I:':.~R!~.":.~':..J~~~t:..J!.:~_A'!:-~~~~IJS.!.~E.!._l 
return it to: I PltllW stnd mt lapc(s) of While Barrows I endoSt' my chel.lllt/ Postal Orderl I 

I p .. ;r 0 VIC.20D ~nd EvereSI Inlernalional Mont)' Ord~r (drlrte as ne<:tssa ry) for: I 

ASP~{~7;d,1 ~:~M~KB~ M5'80A D ~£~~ '~~~r~~:r~i~~E:!:~:~c;t:)= I 
145 Charing Crm5 Road, I AI (11.45 I n clu~lvt. I I I I I I I I I I I I I I I I 1 : 

London WC2H DEE I Pltut UK BLOCK CAPITALS I 
I NAME(Mr/ Mrs/ Miss) .. . 1 

Computing 1 AOORIiSS. ... ... ...... .............. • . : 

Toda I······ ··· · ....... ... ......... .. . l'OSTCOI)<' . 1 
Softwar! L~::U.: ___ ~.~~~.~ ~.~~.~ ___ ~~~~~ ________ _ 
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H Roberts 

GOMOKU 
The traditional 
Chinese board game 
makes the transition to 
the small screen of 
your BBC Micro. 

of the biases of all the lines 
running through it, and the 
square with the highest bias is 
the one on which the computer 
plays . 

T his is the traditional Chinese 
game where two players 
compete to make a line of 

five stones horizontally, 
vertically or diagonally. It is 
normally played on a 19 by 19 GO 
board, but has been known 
under the name of 'connect five' 
or 'five in a row' on an infinite 
board. 

The method used to 
determine the computer's move 
is a simple but effective one. 

Each possible line of five stones is 
given a bias depending on the 
number of stones of each type in 
the line . A line including stones 
of both types is worthless, because 
it is impossible for either player 
to win using that line. Lines with 
three or four stones of one type 
are important, and thus have a 
high bias, and lines with only one 
or two stones have very small 
biases. Each square on the board 
is given a bias which is the sum 

• Calculating the bios for every 
square on a 19 by 19 board would 
be very time consuming so a 
running total of the biases for 
every square is stored In the table 
BIAS%. The entries in this table 
are altered after every move by 
the procedure 
PROCUPDATEBOARD, but only 
the entries in the immediate 
vicinity of the move need to be 
altered, so this is quicker. 

This method has also been 
used effectively in programs for 
three dimensional noughts and 
crosses, and 'connect four' . 

To make your move, use the 
cursor controls to pOSition the 
cursor where you want to play 
your piece, then press Return. 
The computer takes about 10 
seconds to make its move, and 
plays reasonably well. 

VARIABLES PROGRAM STRUCTURE 
BOARD%(X,Y) BOdrd orroy: 0 = EMPTY 

1 = HUMAN'S PIECE Statement Action -1 = COMPUTER'S PIECE 
BIAS%(X,Y) Running tot",1 of bios on etl.ch $Quore 
H%(N) Bios for N humon pieces in 0 row 10 DimenSIon orrays 
C%(N) Bias for N compute r pieces in '" row 20·40 Disploy the title and Instructions 
X%(A),Y%(A) Di rection vectors for eoch possible li ne 50· ]00 Read in date and clear board a rra ys 

through a square 110-160 Determine who has thc first turn 
LOOP Generolloop varioble 170-200 Set up variables and displ",y lo r moin 
HUMAN human::: 1 for reodability program loop 
COMPUTER computer = -1 for re(l.dobility 210 Mdke computer's fLrst lurn 
X%, Y% Current squore on the board 220·260 Moin loop 
TURN = 1 during the human's turn 270-320 Ask human whether he wdnts another gome 

= -I during the computer's turn 330-350 Plot boo rri 
FINISHED Is seltrue when the gome is over 360·510 HUMAN'S TURN 
GO Holds the number of the present turn 370-390 Set up cu rsor 
C$ Si ngle cho racter reply to v1!rious questions 400-470 Move cursor 
C ASCII chorocte r input during human's turn 480-500 Check the squOTe is empty and update the 
BIG% The biggest bios currently found on the boo,d 

boo,d 
1%,1% it: ~~~~t:/~~i~ks ~~te~~; bias (The one 520-590 COMPUTER'S TU RN 

START 
530 "My move" 

The start of the current line 540-570 Find the square with the highest bi o!l s 
XL%, YL% The current position in tho! line 580 Ploy on that sqUOTe 
LONE% Counter (1 -5) through thotline 
I%,J% Direction vector for th"'lline 600·910 UPDATE THE BOARD 
H,C The number 01 humon and computer 610-670 Flosh square and ploce counter there 

counters in thotline 680-700 For each line funning through the squa re 
BIAS% The bios 10 be added to the squares in that where Ihe counter wos ployeci : 

line 7l0-790 Find out how mony hum",n ond computer 
D1SP Loop for noshing the computer's winning cou nte rs it contoins 

line 
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MODEL A AND 3 

800·810 

820·830 

840·880 

890·900 

920·940 

950 
960·990 

IQCK)·I06O 
1070·)090 
1100·1110 
1120·1160 

Check whether it is a winning line for either 
player 
Calculate the difference in bias caused by 
this counter being played 
And adjust the bias on each square in the 
line 
Do this lor al l the lines running throug h the 
square 
Returns the bios from a li ne of H human 
counters ond C computer counters 
Check whether X%, Y% is off the bo<!Ird 
Human has won 
Computer hos won, so lIosh winning line 
Disploy condescending message 
Wait for TI I 00 seconds 
The gome is 0 drow (somewha t unlikely) 

X(,:O OIII9DAROX(!9,191 .9IASX(19.191.HX(:\),CX<5),XX('I).Y 

21 MOOE7:PRIHT·"' I FORLOOP·IT02IPRINTTAB(13);CHRHI 
~~~~~~~.< 1571ICHRt( 132) ;CHRt( IH) ; "GOIIO)(U " : CHRt(156):N 

30 PRINT"'" Th.tr . dltlo".l'la.,.wh.r.t .. o p 
I . ~.r . QO.,P.t. to 'l.t fiy. Qo ... "t.r. II'> • ro.. . You pl .~ a 

S70 NEXTYl: : NEXTXl: 
;~~ ~~g;~ri~ATE80ARO( Il:, Jl:, TURN I 

6000EFPROCUPOATE80ARO(Xl:,n:,TURNI 
61080AROl:()(X,Yl:I-TURN 
620 fORLOOP- l TO 15 
630 PIUNTTAB(Xl:+9,YXI:"." 
6'10 PIWC NA!T I'I) ::;g: ~;~~:~:~;:~;;~:;!:t w~;~· ~~: :~:~~~:~~~t;~~~.~\~~~ 8(!!~9' YX!k~g~::~;~~AN PRINTTABIXX+9, YXI; ..... ELSE PRI NTTA 

50 liUMAtI" l: CO MP UTER"- l 670 )<IEXTI..OOP 
60 FORLOOP" OT05 : REAOHl:(LOOP),CX(LOOPI:NEXTLOOP 680 FOR LOOP- I TO 'I 
70 FORLOOP" ITO'lIREAOXX(LODPI ,v:ttl.DDP): )<IEXTLOOP 690 U " XX(LOOP) I JX" YX(LOOP) 
80 DATA 0 . 0 .1, '1,8, 10, :30,200,1000, 50 00,0,0 700 FOR STAR T_ O TO 'I 

1:~ ~~~~X!; 0 ~~.!;~ ~~R;~:: TO 19: 80ARDX (XX, YX) .. O I 8IASX (~~~ ~~;7~:;IUSTART IY LX_n:_JXaSTART 
XX.YX) " OINEXTYXlliEKTXX 730 FORLD NEX_ IT05 

liD a FX'I.1 7'10 IF FNOFB(XU(,YLX) TliEN LONEX _5 1t1EXTLONEX:COT 

120 PRl tfT ' .. Do':lo ...... "t. to 110 f lr.t?" : Da90 
130 TURtf - HUnI'lH 750 CX .. BOAROX(XLX.YLX) 

HO Ct-CETf :IFC.-"N" THEH TURtI_COHPUTERIGOTDI70 760 
150 IFCt<>" Y" THEN 1'10 770 

IF C)( .. HUMAtITHENH-H+I 
If CX_COMPUTERTHEH C"C+l 
XI..X·XL X+IX:YLX-YUC:+JX 
NEXT LOtlEX ":;~i ";:~i~;;!:~~~7:~!:::~~~~~:~:~~~!ui~~ .,..,'t -" ...... I ~:~ I FTURN_HUMAtlAtlOH .. 5THEHPRDCHUI'IANWON:EHOPROC 

180 PROCPLOTBOARO 810 IF TURH_COMPUTER ANO C_~ THEtlPROCCDIIPUTERWON:END 
190 FINISHEO- FALSE PROC 
200 GO"1 820 BIASX-FN9IASOI , CI 
210 IF TURN.CD MPUTERTtlENPROCUPOATEBOARD(10.10.COMPUT 930 IFTUR)<I _tlUI1AtlTliEtl9IASX _BII'ISX_FtlBIAS(tI_1 . C)ELS 

ERIIGO _2 ITURtI" HUIII'IN E9l:ASX_BIASX_FtlBIAS(H ,C_ 11 
:;:20 REf'EAT 6'10 XLX .. XX-I X.STARTIYLX· YX-JxaSTART 
230 IF TURN_ HUMAHPROCHUI'IANI'IOVEELSEPROCCOI'lf'UTERI'IDV 8 5 0 FORLOtlEX_1TO:\ 

~~~ ;~~~~:~~i~ GO_370 PROCORAN 

260 UHrIL FIHISHEO 
270 PIU NT ''' Oa ':IOU .. . .,t ."oth.r 'l.".?" : 
280 a FX 15,I 
290 Ct_<;ETt:IFCt _ "Y"THEHRUH 
'JIIO IF Ct<> "NM THEH290 
31 0 PRINT"" 
320 ENO 
3300EFPROCPLOTBOI'IRO 
335 CLS:PRINT 
~;~ ~~~~~~~.I TO 19:PRIHTTA9<t0);STRIHGHI9 ,". 

3600EFPROCHUMAtlMOVE 

~~~ ~~~~~~~~~;o22wYaUr "oy. " 

!~~ ~g~~;g~o~; 'o:o:o: 

H~ RE~;~i~:::tI:::::::::;:::~ XX.I9 
t'lO IFC- 137 XX_XX+1:IFX X.20 XX"1 
t 5D If'C- 139 YX_YX+1:IFYX .. 20 YX" I 
'1 61 IFC_139YX" YX_l : IFYX_OYX_19 
'17 1 UNTIL C-13 
180 UNTIL BOARDX(XX,YXI-O 
'190 VOU2 3 : 8202 :01 0;O; 
~~~ ~:g~~~~ATEBOARO( XX , YX, TURN) 

520DEFPRDCCDMPUTERMOVE 
530 PRIHTTAB(5.22) : "M':I"Q .... 
5'1 0 ilIGX" O 
55 0 FORXX-l TO 19IFOf;:n: _ 1 TO 19 
5 60 IFBII'ISX(X)(,YX»BI!:XTHEHIFBDAROX(XX,YX) _OT 

)£NIX_ XXI.JX_YXIBIG)( _BIAS)()(X,YXI 
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B60 BIASX(XL?:.YLX) .9IASX( XL X,YLX)+8IAS)( 
870 XLX-XL)(+IX:YLX- YLX+JX 

::: HE~~x~T~g~E)( 
900 NEXT LOOP 
910 ENOPROC 

;;: ~~F~~~!A:~~·~~>o .. o 
9'10 _HX(H)+CX(C) 
9~0 OEFFHOFB(XX,Y;O-XX>190R XX< I OR YX >19OR YX < l 
9600EFPROCHUI'IAtlNOtl 
970 CLS:PRINTTA9(10,~ll"On blow . You b •• t " • ••• 
990 PROCWAIT(5001 : PRINT'TAB(5):"I ".y.r IH •• d thi . 'la" 

990 FINISHED_TRUE : EtlOPROC 
10000EFPROCC0l1PUTERHOtl 
1005 Gt .. "," 
1010 FOROISP"l TO 100 

! :i~ ~~~~~~~i:~~~~RT: YL)(" YX-JX a START 

10'10 PRIHTTAB(XL%+9,YLX)IG' 
1050 XLX_XLX+IX:YLX_YLX+JXltlEXTLONEX 

!:;; !~~~-~i;p C . .. .. O" ELSE Gt _" . " 

1170 CLSIPRIHTTI'IB(IO.:\) 
;~~~ ! .. ~~~~~OP- I T02 : PRINTTA9( 9); CHR' (I'l l) : " HI!. 

~ ~~: ~i~;:~~e;~~~~~ ~NOPRDC 
! ~ ~~ ~~~~~~~~~:~ATUHTIL TIME _Tl lENOPROC 

1130 REM UTHIS IS RATHERUNLIKELya. 
11'10 CLSIPRltlTTI'I8(IO, :\ ):"IdQn'tb.li ..... lt . .. 
1150 PRIHT'TAEHI2>;"IT'S A OF/AN!' !!! " 
1160 FINISHEO- TRUE:ENOPRDC 
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SDr(lper 

MARS­

Mars-Lander is a flight 
simulation program in 
which you must land your 

craft under control at one of 
three Mars bases. Unfortunately 
you only have a limited amount 
of fuel which soon goes on the 
higher grav ities . Points are 
scored for a safe landing in the 
least possible time. There is also 
a bonus available depending on 
the amount of fuel you have left 
over after landing. 

The player may choose what 
gravity he Wishes to land under 
(0-10), and higher points are 
scored for h igh gravity landings 
(if you manage to pull it off). The 
program contains instructions, 
and so is easy to use without 

18 

R 

further explanation - just 
beware the horizontal drift. 

TEC HNICAL DETAILS 
In order to make Mars-Lander fi t 
in a model A I have split it up into 
two programs, the fi rst of which 
sets up the sound envelopes and 
prints out the instructions whilst 
the second is the game itself . The 
first program contains nothing 
special but note the use of double 
quotes in line 220 - this is called 
a quote image and is the way we 
make the computer print A ' " , in 
a pr int statement. 

In the main program I have 
used XOR graphics for the 
lander (see previously), and OR 

Landing your spaceship 
on Mars can be tricky. 
but you can prepare 
for It by using this flight 
simulation program. 

graphics for the stars. The reason 
for using OR graphics here was 
to stop stars appearing over the 
landscape (the land is colour 3, 
the stars colour 1) . 

Most landscape creation 
programs produce their 
landscapes by randomly altering 
the angle of the slope as they go 
along. However this technique 
tends to give angular and jerky 
terrain which does not look very 
realistic, and so I have odopted a 
slightly different technique­
that of modifying the rate of 
change of the angle of the slope. 
This gives smoother curves and , I 
think, looks far more rea li stic . 

Mars-Lander will just fit in a 
modelA. 
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PROGRAM STRUCTURE 

Statement 

Lines 10·50 
Lines 60·90 

Lines 120·130 
Lines 150·190 

Lines 200·260 
Line 270 

Line 277 
Line 360 

Line 370 
Line 395 

Lines 420·440 
Lines 445·510 
Lines 520, 530 

Lines 535·630 

Lines 640·770 

Lines 780·810 

Function 

Setup 
Bases 

Input 
Initialize 

Landscape 
Border 

Stars 
Instruments 1 

Preflight 
Loop 

Controls 
Action 
Loopend 

Results 

Instruments 2 

Lander 

Lines820·910 Bonus 

Lines 920-960 Crash 

Lines 970-990 Flat 

Line 1000.1010 Wait 

Action 

Sets up arrays and constants. 
Produces the positions of the 
three bases. 
Finds out what gravity to use. 
Selects the correct palete, re­
moves the cursor and sets a 
few variables. 
Draws in the planet's surface. 
Draws the border around the 
landscape. 
Draws in the stars . 
Sets up a text window and 
prints the instrument headings. 
Sets up altitude , speed, etc. 
Starts timing your landing and 
commences the flight. 
Gets the keyboard controls. 
Acts on the controls. 
Updates your instruments and 
goes back to the start of the 
main loop if you haven't 
landed. or crashed. 
Prints out the results of your 
effort and the current high 
score then hnds out if you want 
another go. 
Defines a procedure to draw 
your instruments. 
Plots your vehicle on the 
screen. 
Works out your landing and 
fuel bonuses with appropriate 
effects. 
Performs all the special effects 
when you crash . 
Defines a function to check 
whether or not you have landed 
on one of the landing pads. 
Delays for a speCified time. 

10ENYEI..OPEl.1.1,1.1.100. 1 0D.lDO.3D.0.O.-',110.11D 
12 ENVEI..OPE2.2 . 0,O.-I,I,I,2~' , O. O .O , o.o.o 

lOOll'IH(3),1..(3 ) 
201..(3)-100110114(3'-1..13'1141(;14-0 
301100[1 ~! ~~~i;OPE3.3.0, 0, 0, 0 , 0, 0. 126.-2. - 1. -1 .126.100 

30 PRINT'" 
H FORI_IT02 
'0 PRINTSPC(12) ::YOU131 , l"11.1'1.132 
~~ :~;~T""ARS-LANOER "ICHRIIl'6) 

BO PRINT"" l1ar.-Iano.r 1. a (li.llht ., .. ulation­
'i'OPRINT"ln .. hi"h.du.toafu.ll.ak.':Iou .. u.t" 

100PRINT".af.l\llanda pa ••• n'l!.r.hlpaton.of" 
110PRINT"thr .... arti.nb •••• lth.landin'llp.d." 
1!!~l:R;~!~~~ whl"h ProJ.ct aboy. the .urfa".) with y ... ,;! 

120 PRINT" lour "ontrol ..... a.follow.:" 
130 PRINT" Z ••• A"".l."lt.left." 
110 PRINT" X, •• A""ele"lt.e r lllht , " 
l~O PRINT"RETURN •• Thruil t." 

, Youhaye yio.ooi.ple\lanOfour " 
1.fttori'l!htth • • I " 

"lrti"ll"elO" i t "" fU ll, .nd 

:iOVOU28,O,l"1,39.11 
6O X- l'i'21 P-0 1FORI-OT02 
BD I..(U_X+RNO(300)llfLII)900THENBO 
90 HII)_L!l ).801X_HIl)INEXT 

120 CLSIINPUT'" What. 1;Ira".t':l .. ould ':IOU like (0-10)". 

130IFAeSIC-:i)"HEN I 20 
l:iO I'IOOE:i l VOU19.3.1;O.O.I'i' . 1.3:0.0.19.2 .6.0;O 

!~ : ~~~~:~~:!!~~g~!~~~;~O~-OH: T- O 10K-TRUE 
210FORI-192T01272STEPB1I'IOYEI.0 10RAWI, H 

EX~lO IFI>I..IPIANOI <:H(P)TH[NCCOI..O.Z1PLOT69 . I.H1CCOLO ,3:N 

220IFI>I..(PI-"IOTHENHR-HR-3·RNO tl) 
230IFI>"H(PITHENP-Po-l1HR-RNOtl) 'lZ 
2"0 HR - HR.RNO(1 I H -2 1H-Ho-HR1IFH<:"IOTH ENHR- lELSEIFH) :iO 

--HR 
260NEXTlH-200 
210CCOLO.Z1I'IOVEl'2,Q10RAW1'i'2.1 020 :0RAWI272.IOZ010RAW1 2 

12.0 10RAWIS'2.0 
,&66,60 . 66, 12S', 23 . 2Z~ . 0,3" . &:i2 O( ~~~ 0 ~~~7~E~~COLOURl I FORI" OTO:iO 0: PLOT69 . 200o-RNO( 1 070) .RN 

Fm;l:l'g:!,~r:it!;::,~:~:;:::: '::: ,.",' ''' , ' , 2 3 ,227 , 0 , &A 2 , i~ ~ "",' "'" ,'".",:::' i~;;: j: i~~:::;;~:;:~;: :; ::;::':~ 
•••• '01'.' , •• d prlnflnglnstructlon,. 395 
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MARS LANDER MODEL A 

130 rFINKEY( -67)THENH' .. .. HV~. 8 820 DEFPROCSONUS 
~ 1 0 IFII'IKEY(-71) ANOf THENT .. T +( ~-T) ,.. 2ELSET. O 825 52" 100,.( (600-HT+ G'"lOO lOIV I OO) 

:1~ ;~~~~~ 7~;~~g~~~~~~~:~ ~~~) ~~~ ~~~~O~~E~E~O~~~~' 23 : B20Z I 0: 0 I 0 leLS 
170 IFJI) l ZIOT HENX - ZQO an F'RI NT"fu.l 80nV5 : " ) 
190 IFT>:iTHENT -!'.i SaOREPE FII TSDUH01 . - 10 , l !'.iD . Z : SOUN02 . -B . 19B,Z:SDUN03, -6 .21 
190 VV"VV-COJ2 . :",i+T:HT.oHT+VV:r_F_T :lF VV(_!'.iBTHENVV __ '!iOEL6 ,2:r .. f-!iO 

___ -. SE~~~V>!'.i ~:~:~~~~:.o ::~ ~~~~;:~~~~::~~~~~~~!~:( IZ,O l lBONUS 
!'.i1ll SQVNO I6, -3n. !'.i,20 910 ENOPROC 
520 PROCINSTRUI1ENTS 9ZDDEFPROCCRASH 
53 0 UNHLCRASH 930S0UNOI7 . 2 . 200 ,I O: SOU NDli> . 3 , 7 ,I O 
5 3 5 r " TIME+!'.i OO : BONUS_ O: SZ" O 9 ~ O f'ORr .. nO OSTEP- l : uau}'>' . 0,1 , 0; 0 ;PROCNAIT( Z ) :NEXT 
!i~ O IF ...... >-~ANDFNFLAT THENPR DC ElD NU5 ELSEPRDCCRAal~ 9!10 PROCI.I ,UT (ZOII ) 
!I~ C I'IOD E7 960 ENOPROC 
!I~:5 5 1"5 0.112E5/Tl OIV:50) 9700HTNFLAl 
5 60 f'IUN1""li ... BDnu • • landin, Bonu$ . 1" .... 1 90n ... $" 9BO FORIX" OT02 : IFX;>U l):. )A NOX ( HIIXI-1BTHENIX- ZINI';XT : - TRU 

NU!:: ::::': .s:~~::::131 ~CHRt1 36 ~ 5 1; TAB I IB ) ; a2; TABI 33) ~BO E 1 ::: ~~:!~~~~;~~ I t I 

~:~ ~:!~6~~~~~a~H~~~~~~":~~OO ~~;I~"~I;~;~:;~~;;~';~~;~~~.~~E;~ROC 
587 f'RINT'''Hilih .. " ; CHRt134 ; CHRt136 ~ HIGH 11'81f. 
!l90 a FXI:5 , 0 
6 0 0 f'RINTTA!HO , 18) :" H" ... l d ~o ... U k . to tr ~ a9,.in?": :A_GE 

610IFA- 78E NO 
620IFA(>89THEN600 
630 G01030 
6400EFf'ROCINSTRUI'IEHT 5 
6S01'l0VEZ4 ,960 : GCOLO,O:ORAIIZ4. 512 
M.O IFf'OIHT(X.3Z .H I_3THENREf'EATH,"H.1: UHTILPOINT(X" 32.K) 

_ OELSEREPEATH_H_"': UNTILPOINTtX.3Z , Hl ,,3 
670AL" HT - H:IFAL;> JSOTKENAL _350 
660 GCOLO,I:0RAWZ .... SIZ .. AL 
6<;10lfAL( JZ THENC RASH _1RUE 
700 GCOLO.O :MOVE72 . 200:0RAW 7Z .90 0 
710 GCOLD .l: PLOT6<;1 .72. S 1210RAH7Z. 5 12 ..... V:rS 
7Z0GCOLO.O:MOVE120 ,<;IOOI ORAHI20 . S 12 
7JOGCOLO.I:ORAHIZO , S I2.F . 21S 
710 GCOLO.O: MOO E168.Z00:0RAHI68. 90C 
750 GCOLD .l I PLOT69 .1bB. 5 1210RAHI68,512 .. HV.l 0 
~~~ ~~~~~g~lHEHGCOLJ . 2 I 1'l 00E64 , 70 : VOU70 : SOUNOZ. 1,50, I 0 

7BOOEFPROCLANOER 
~:~ ~~~i~O~;~~VEX' HT : VOU22~: I'IOVEOX . OK : VOU22 4 

B1D ENOPROC 

---..-OFFICIAL REGISTERED DEALERS 
FOR ACORN/BBC 

ON DISPLAY IN OUR SHOWROOM 

.. BBC MODEL A. 
1\, BBC MODEL B. 
1\, BBC MODEL B WITH DISC INTERFACE 
1\, PRINTERS - NEC 8023 BE - C 

DOT MARTIX 80 COLUMN 
1\, ANALOGUE SIGNAL ANALYSER 
1\, DISC DRIVES - SHUGART 5W' lOOK 

METAL CASED - BBCCOMPATIBLE 

£260.00 
£365.94 
£409.00 
£320.00 

£299.00 
£147.00 

.. MICROV ITEC COLOUR MONITOR, R.G.B. £249.00 
INPUT (AS USED IN THE BBC PROGRAMME) 

.. HITACH I 12" GREEN HIGH RES. MONITOR £89 .07 

IN STOCK 

1\, ALL THE ABOVE ARE IN STOCK, PLUS­
.. SOFTWARE 
1\, SCREEN D UMP SOFfWARE 
1\, LEADS 
.. EPROMS 

WE CONSIDER OUR DISC DRIVES 
TO BE INCREDIBLY LOW PRICED 

A ALL PR ICES EXCLUDE CARR IAGE & VAT 

Geophysical Systems Limited 
2 North Way Andover Hanls SP1 0 SAZ 

T8lephone Andover (0264) 58744 Telex 47166 GSLG 

EXTENDED COLOUR-FILL GRAPHICS 
E.C.F.G. GIVES YOU A CHOICE OF 

" 4 BILLION + " 
SHADES FOR TRIANGLE FILLING 

IN BBC MODES 0,1, 2 ,4 & 5 

• PLOT a 1 and 85 commands for triongle-filling 
have been odopted to use the ECFG fill-shade 
currently selected by new ECFG user- friendly 
comma nd s. GCOL is still used for line colou r. 

• Easy choice of 17, 289 & 6561 subset colours 
between those normally available in 2. 4 & 16 
colour MODEs. Further options include colours. 
ongles. spacings & widths of cross-hatch etc . 

• ECFr. commands can be used in BASIC. typed 
from the keyboard. accessed in Assem ble r. or 
in f l..tu re BBC Micra languages . ECFG is MOS­
adoptive. and proven with versions 0 .1 to 1.2 

• Bootstrop from cossette rapidly builds on ECFG 
module at 0 RAM oddress pre -defined by PAGE • 

which is then automatically increased 512 bytes 
to all ow immediate LOADing of programs etc . 

Price : i1 0 inc : Mail Order only 

GAELSETT Software 
44 EXETER CLOSE . STEVENAGE, HERTS. SG I 4P1f. 

(Tel. Slevenale 51224) 
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SDrllper 

MAZE 
W~~T SIZE MAZE WOULD YOU LIKEC1-e)~_ 

S 
upermaze is a 3-D maze 
game with a difference. 
Most 3-D maze games 

simply create an ordinary maze 
and display it to you in three 
dimensions as if you were inside 
it. Supermaze creates a three· 
dimensional 3-D maze and 
displays that to you as if you 
were inside it. This means that 
not only can you go forwards, 
backwards left and right, but also 
upand down! 

PLAYING THE GAME 
When the program is run the first 
thing to do is choose the size of 
maze you want - size 2 is a two 
by two by two maze, size 3 a 
three by three by three, and so 
on. When you have entered your 
choice the program will create 
the maze - the amount of time 
this takes depends on the size of 
the maze: from a few seconds for 
a size two up to a few minutes for 
a size eight. 

When the maze has been 
made your location will be 
displayed on the screen. Floors 
and ceilings are shown in white 
and walls in yellow - this is 

Personal Software Spring'83 

important to enable you to keep 
track of where you are since if 
you are moving up a vertical 
passage and then turn right into 
a side tunnel you will find not the 
floor, but a wall under your feet 
with the floor and ceiling to the 
sides! 
Your controls are as follows: 
•... Move in the direction you 

are facing - note that this is the 
only control that actually moves 
you, all the others just turn you to 
face in a d ifferent direction. 

.. Turn to your right. 

U.· . ' l~:~\~ f~~~rul;~~rds . 
D. Turn to face down. 
• .. Turn right around. 

The object of the game is to reach 
a target hidden deep within the 
maze - this is a huge globe and 
you'll know it when you see it! 

To aid you in your search you 
are given two instruments - one 
gives a continuous read out of 
your height within the maze (ie 
- the floor you're on), the other 
tells you how far you are from the 
target. 

Good luck - you'll need it! 

MODELB 

It has to be an amazing 
game when you are 
trying to reach a 
target In a 
three·dlmenslonal 
maze! 

TECHNICAL DETAILS 
There is nothing very special in 
the actual programming of 
Supermaze, but the algorithm 
used is of interest. Firstly the way 
cells are represented in the 
computer. Each cell can have six 
exits - one to each adjacent cell 
- north, south, east, west, up, 
and down . Since each of these 
exits can either be open or closed 
I have used one bit to represent 
the state of each exit. Hence the 
maze is kept in one large array 
(MAZE%) with each entry giving 
the states of all six entrances to 
the corresponding cell. Notice 
that I have used an integer array 
here in order to save memory 
(Supermaze just fits in a model 
Bli 

The other point of interest is the 
way in which the maze is created. 
This is done by starting at the 
target point (to ensure that the 
target lies within the maze) and 
lengthening the tunnel from 
there in a random direction until 
there is nowhere new to go (Ie­
the present cell is totally 
surrounded by cells which we 
have already visited). At this 
point the program simply 
backtracks by one cell and tries 
again . The process finishes when 
we have backtracked all the way 
back to the target. The byte 
vectors (see manual for an 
explanation of this term) LOCL 
and LOCH are used to store the 
positions of the cells which we 
have visited (so that we can tell 
where to backtrack to). It would 
have been simpler to have 
replaced both of these with one 
array, but that would use twice as 
much memory (even with an 
integer array) which explains 
why I decided to do it this way. 

On the whole the program is 
self-explanatory since I have 
used descriptive procedure 
names and long variable names 
where possible. Anyway as a 
fu rther aid, here is a table 
showing what does what: 
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Ah, the world's on Its side agolnl 

l obi. 1. Explanation 01 the line, 01 the 
maze program. 

Statement Func tion Action 
Lines 10·I SO Set up and Set up constants and input 

get size size of maze- FX4. 1 online * 
40 allows the cursor control 
keys to be used 

Lines 190·330 Crealemaze Sets up the maze in the array 
MAZE% in the manner 
described above 

Lines 340·370 Place player Sets up the p layer' s di rection 
and places him in an empty 
celJ 

Line 380.390 Selscreen Chooses Model and defines 
text and g raphics window s. 

Line 440 Draw sta rt Dr.e.ws the view from you r 
inihal posihon. 

Lines410·480 Controls Inputs from keyboard .e.nd 
turns you 10 f/'lce In the desired 
d irection 

Lines 490·530 Move Moves you and checks the 
legality of the move. 

Lino540 Drawview Draws what you can see. 
Line 550 Loopend Goes back to the beginning 01 

the loop unless you have 
reached lhe ta rget. 

Lines 590·690 Draw Draws view from position 
X, Y. 2 - starts with lhe nearest 

Dead ahead but mind the shaHI 

cell and works away from you 
until a b lank wa ll IS 
encountered 

Lines 700·720 Instruments Updates your instru ments and 
draws Ihe target if in view. 

Lines 740·810 Distance Works out the screen 
co-ordina tes of the corners of 
the cell taking perspective into 
account. 

Lines820·960 Drawcell Draws in the walls, floor and 
ceiling of the cell 
together with any entrances . 

Lines 980·1030 Ta rget Draws in the ta rget g lobe 
taking perspective into 
account 

Lines 1050-1 110 Block Defines a function of posit ion 
which returns lhe value 'true' 
if there are no new exits to be 
made and 'false' otherwise. 

Lines 1120-1 140 Cellchange Defines a procedure to a lter 
one bit of a cell's entry in 
MA2E% in order to create a 
new exit 

Lines 1150- 1190 Backtrack Defines a procedure to 
backtrack along the path 
created (see text}. 

Lines 1200- 1250 Da ta Data fo r making turns (see 
below) 

On examining the program you 
may wonder why I have not used 
a simple formula to work out what 
direction you are facing in after 
turning right or left. Unlike a 2-D 
maze the answer is that there isn't 
one - there are 24 different 

orientations you can be in within 
a cell - and these are connected 
by no simple formula ! As a result 
five arrays are used - LEFT, 
RIGHT, UP, DOWN, and 
REVERSE. These give the new 
direction in which you are facing 

after turning from the previous 
one, eg, suppose you tu rn left 
from facing in direction 10, your 
new direction will then be 
LE FT? 10 - hence all the data at 
the end of the program. 
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} LI5T 
5 (u:- o 

10WON_FA!..SE 
15 FOUNO" FALS£ 

~~ :~~:~~ALSE 
10 HOOE7 
50 PRINT"" 

~: i~:~~~~~~~T~i~~/1AZ£ wou!..o YOU LIKE <I-B)",N 

BODII1MAZE:l::U.7,7>.LOCL3:50 ,LOCI13:50,XINCC:5),YINC(:5) . Z 
INC( :5 ). SWAP ( :5I,UP23 

1 ~~ ~;~~~~~ N ~:;~~~:R~~; ~~:l;~ Ti~R~~~~~:~ 23 ,co!..( 5) 

IIA~~~o~~~i~~~~~~g~; ~~~~~INC (LOOP). YINC (LOOP), ZINC(!..OOP), 5 

130 REAORIGI1T?I,LEFT?I,UF'?I ,OOIlN?I ,REVERS£?I 

! ~~ PO~~~~R- D: X" TX: Y" n: Z" TZ 
l<!>OFINISHEO _FA!..SE 
170REF'EATLDCL?F'0INTER _ 2 :1.0CH?POlNTER _ S"Y+X 
l S0 POINTER"POI1HER+1 

~~~ ~~~i~i;~i~A~~~~~; ~'Z' 12S) 

210 IFFNBLOCK(X,Y,Z) _ OTHENPROCBACKTRACK:GOTD200 
220 kOT _RHO<b)_1 : Xl _ X+XlNC(ROT1:Yl " Y.,.YINC(ROT ):H " Z+Z 

INC (ROT) 
230 IFX1<O OR X1>"N OR Y!<O OR Y1 >-HOR Z1 <O OR 21>,' N 

THEN220 
2~0 IFROT>3AHO(tlAZEX(Xl,l1,Z1)ANO~B ORMAZEX ( X,Y ,ZiM:O 

~81 TI1ENPROCBACKTRACK:GOT0200 
2 50 IF(MAZ(;>;(Xl. Yl. Z1 )A~!)12BI ~ OTHEN210 
260 IFRNO(2) _ IORROT _5 1Hr.N2Z 0ELSEBACK" TRUE 
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210 F'ROCCELLCHANGE IX,Y,Z,Z"Roro-1 Z91 

~;: ~~~~~~l~~~~~~~~!~A~~E~~O~~~~:P( ROT) +128) 

JOD X" X1:Y"Y1:2-2 1 

~~: DI~~~!7~~:!;HEO 
33GR[PEATX "RHDC HI-l : Y_RNO ( N)_1 : Z_RNO(N)_1 

~~: XS~~!~:X~~;~!~~:~;i~~~~~:~ 
360 1100£1 
36IYOU28 . 0,D.39,O.1't.O;O;1Z79:991: 

~~: =;~~~~ANVIEW (X.Y.Z) 
390 C:ON .. CET 
"00 IFCON" S2THENOIRI -O :Z - STARTZ:X .. START)( lY-STIIRTY:PRO 

CO:~~V ~~~~~~! 3~ ~~~~6~~~ ~~~~T ?OIR 1 

:i: i~~::~~~~~~~~i:!::~~~!;~~~~Rl 
~"O IFCON-68THEHOIRl_[)()t.IN"?DIRl 
"'OIFCON'"S:!THENDIRI_UP?DIRI 
4600IR-OIRlrl006 

C (~~: )i~~~~~!~~~~;~~~;=?INC(DIIi"): '1' 1"'1', VINCe OIFI) : 2t " Z+ZIN 

HE:~t~~:!~i:~~9 ~~~~~ H~~E~~ ~ D Y o! )~7~~~"~~R~: ~ ~r~~N~i~.N T 
:500X_)(1 :1 _Y1: Z_11 

!H ~~~F~~~I~~~~:~rZ!NDZ"Tl 
~~; ;:~NT'" '''CONGRATULATIONS - YOU'VE DONE IT!'" 

:5~O OEFPROCORAWVIE WIX . Y. Z) 
:5:50 CLIO 
:5M 0 - - 1 
:570U_XlY1 _Y : ZI _ Z 
:5BOREPEAT 
:5<;>0 0"[1 +1 
600 PROCORf.I,fCt. :"LIX1,Y1.Z1 ,0) 

~0610 IF01Ah"IXI.Yl , l\JANO Z~OIR) _ OTNENU'Hll.TRUE :COT06 

·,ZOXI _ )(! "XllvCIOIRJ:0 " YI+YINCI0IR1: Z1 · ZI+ZlNCI0IRI .. 3. IF)(I < ~ OR KI>." OR 0 ( 0 OR 0 )- '" OR ZI < O OR Z1 )-N T 
NE~U~1111RUE ELSEUNTILtlAZEX(KI. YI. Z1 )" 0 

.. ~O GCOL O.COLIC:5) :tlOVEPX'I+'I.PY~-~ltlOVr.P X:5 -~.PY5-" I Pl.DT8 

~. PK7~~ . PY7 +~ I PI.OTB:5. PX"-'1.PY6+-~ 

1 1:::Q:~~;~;~~~~~7 ;~;~ ;I;~~ !~;~~!~~~~~~ . ~RO~ . TARCET I" ~ INT 

6~'i' lFFOUN O THENPROCTARGE1{DI) 
.. :51ENOPROC 

:::-- ~~~::~~~;~~~~~i!~; ~ P;~~;~Z+-60UF 1 01_1) 
.. eo PKl"6~ 0+7:50/(OI'I) :PY1 - :51Z+-601 / 101_1) 
.. 90 PKZ"6~h7:50/IOI+-I):PYZ":51Z-6'OFIOI'I) 
700PX3 .... ".-7:50FIOI .. 1 1 1PY3 .. :5IZ-.. 00 / ' ,'-.:·I) 
7IDPX'I .. .. U-750FIOI·Z)lPY1 .. :5.Z+-.. 00F(01 .. Z) 
720 PX:5 - 61O+-l:5G/lOI"ZI:PY:5"':512 +- .. 00F(OI_2) 
730 PX .... 61O+-7:50/10I+-21:PY .. .. :51Z-600/(01+2 ) 
7'10PX7 .. .. '10-7:50FlOI+-ZI : PY7 .. 512-.. 00/<01+-2) 
7:50 Cl oo RICHT ? OIRI t100 .. 1CZOoLE FT?OIRI tl OD6:C3"UP?OIRl tlllO 

6:C1 .. 0IlWN?OIRIt100 .. 
7 .. 0 C5-RE VERSE?OIRl tlOO .. 
77GGCOLO . COLlCI):t1IlVEPX:5.PY5 :tlOVEPX".PY6:PLIlT8:5 . PX1 . PY 

11PLOT8S.PX2.PYZ 
Y0781t10VEPX7 .PY7:1I0VEPXi.?Y'IlPLOT!l5.PX3.PY31PLOl8:5.PXO.P 

790CCOLO .COL(C311I'lOVEPX'I.PY1 :1I0VEpX:5.PY5 :pLOT85.PXO . PT 
IIPLOTB:5.PX1.PYI 
Y3B00t10VEPX ... PYI.o : 1I0VEPX7.PY7 : p LOT85,PXZ.PYZ : PLOTB5 , PX3.P 

BID IFt1AZE;:'A . 8 . C)ANO'2~CI )THENGCOLD. COL(C5) I 1'I0 VEPX:5.PY 
Sl tlQVEP XI ,PY'S:PLOl0:5 . P~".PY" : PL018:5 , P)( 1, P1" : GCOLO , COL lC3) 

~~~~ ~~R:~;X ~~;~~~~~0~~;C:~ ~~ :~~~:~~ X~ ~;~ :LOfB:5 • PX:5 • 1"1:5 : CC 

OZOIFI'IAZE1:1A.B.CIANO(Z"C'IITHENGCOLO.CQLIC:5)II'lOVEp)(".PT 
":I1IWEPX6.pYZ:PLOT8:5.pX7,PY7:PLOl8:5,P)(7,PT3:GCOLO,COUC I ) 
lPLOT0:5 . PX3.PY3:IIOVEPXZ.PYZltlIWEPX6.PYZ1PLOTB:5.p)(6,PT .. I GC 
OLO.O I ORAWpX6 . PT211'l0VEP~7 ,PY710RAWPK7 .PY Z 

B30IFtlAZE X( A.B.C1 ANOI2"CZITtlENGCot.O.COLlC:5l 1I'lOVEPX'I.PT 
11MOUEP)(O . PY'I 1PLOT8'S.PK7.PY7 1PLOT8:5. PXO . PY7 1GCOLO.COL(C'II 
lPLOT85.PX3.PT3:HOVEPXO.PYO ltlOVEpXO . PT~ lpLOTB5 .PX~, PY~ I GC 
OLO .0IORAWPXO .PY~:t10VEP~7 .PT7:0RAWPXO . PT7 

B~O IF tlAZEX(A.8. CI ANO(Z"C3IftlENI'IOVEPX :5 .PY:5 1CCOLO;COLICS 
1 :tlOVEP~:5 ,PYI lPLOlB5 . P~1.PY'I 1PLOT8:5 .PX1 .PYO : GCOLO.COLlC1 1 
I f'LDl8S .PXO .PT01"OVEPXI,PT I :"OVEPXS .PT:51PLOT8S .pX~ .pyO IC C 
0l.1 . 0 : ORAWPX:5.pYSIt10VEP~~.PY'I10RAWPX'I. pTO 

B:50 GCOLO . 0 :tlOVEPXO ,pY' :DRAWp~~. PY'I:ORAWP)(7 .pY7 :0RAWPX" 
PY610RAWPX:5.PY:5 

B600RAWPXl.PYllORAWP)(2.PYZ 10RAWpx3.pT3 : 0RAWPKO.PTO:I1QV 
EP~2.PY2 : 0RAWPX"'py .. 

B70I'lOVEPX3.PY3 : 0RAWPX7.PY7 :"OVEPX1.PT110RAWPK5 .PY:5 :t10V 
[PXI.PYO:ORAWPXI.PYl 

::~ ~~~:~~C ANQlY .. 8 ANOrz -C lHENFOUNQ-T RUE:Ot .. O 

8860EFPROCTAR CETIOEPT HI 
090 GCOLO .l: XO_ 200/(OEPTH tl) 
900FORANC-OTOI.BSTEP.2 
910 1'I0VE .. U.5IZtXO_COSANC 

P'IKlnal Soltware Spring '83 

MODEL B 

920 FORROU!oIO" OTO 7STEP .J 
930 QRAWI.o~O"XO.SINROUNO. 5 I Zt)(0.COSANG.COSROUNO 

:~: EH~~~~~OUNO.ANC 

:~: ~i~~~~:::::'8.C) 
990 IFAtXIHCCLOOf'I ( 1 OR A .. XIHClLOOP».N OR BtYINCIL 

001") ( 0 OR B"TINC (LOOPI ),, !01 OR C+- 2INCI LOOPHI OR C+-ZINC(LOO 
PI)·N 1NEH1010 

) ~!~~2B 1" 0 I~~~:~~G~~~~~~g~~~~:! i B+-YINClLOOP1. C"ZIHC(LOOP) 

10ID NEXTLOOP 
10ZO _COUN TER 
1030 OEFPROCCELLCHA NGE (X .Y.Z, B[T) 

::~~ =:~~~~~.Y'Z) . tlA ZE1:1X .Y. l)OR 8IT 

1060 OEFPROCEACICTRACK 

R::~B ;:~::~::::::::~::ILOCH?POIHfERIOIU9 : X-LOCH?POIHTE 

~~:: ~:~~~~~ER('THENFINISHEO_TRUE 

1110 DATAI . O.O.2.Z , O. - 1.0.3.2. - 1.0.0.0.2.0,I,O.I. 2 .0,0 
, - 1.5.3.0. O.I.~.3 

12Z0 DATA I. 3.:; .~. 2 . 2. 0.11 .10, 3.3 .1. 11, I .. . O. 6.2.23.22.1 
, 13.21 . 0 .B.1 7 

1:;30 OATA7 .1 :5 . B.0.16.10 . Z3,7.ZI.l'1.1".5 . 20 . 6.15.19.9, 
1.:5.1Z.8.12,IO . 11.19 
12~0 OATA1'1.6.1.9. 23.20 .18.9.1.22.9 . 19.16, 17 . 8.17 . '1.19 

,11,21.23.10.13 . 1:5 ... 
lZ'O OAlA::'.I'" 1~.18, 7 .1'.7 .2.12.5.21.13,12.2.'1.11.22.1 

~,13.zn.IZ.8.ZZ.23 . 9 
12 .. 0 OATA2Z .11.210'7.18."1.1 7 .6.10 . 13.IB.2D .3.19.11 . .. . 11 

. 19.3 010 

Lilting 1. The program for the gam. of 
$uperma:r: • . 
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, 
Software Savers 

WORD PROCESSOR 
PACKAGE 

ONLY 

£25.50 
(including VAT and Delivery) 

BUSINESS PROGRAMS 

Sales Ledger 
Filing 
Purchase Ledger 
Payroll 
Invoicing 
Home Accounts 
Stock Control 
Directory / enquiries 

£10.00 
£10.00 
£10.00 
£10.00 
£10.00 
£10.00 
£10.00 
£10.00 

The most advanced word processing 
program written in machine code and 
permanently stored on a R OM which 
plugs into your BBC computer board, 
(Model B only). This program contains 
many advanced features including 
access to existing programs, and is 
undoubtedly the best value for money . 
If you are not convinced, we 
guarantee to refund your money and 
postal expenses. 

GAMES 

Backgammon 
Space Invaders 
Pucman 
Space City 
Gambling Video 
Star Trek 

£10.00 
£700 
£7.00 
£7.00 
£7.00 

£10.00 

FREE Program with any order over £45.00 in value 
Send S.A.E. for catalogue. To order send cheque 

All prices include VAT and delivery 

SOFTWARE SAVERS 
Temple House, 45-48 New street, Birmingham B2 4LH 

Telephone 021 643 4577 Telex 337045 
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Personal Software is a quarterly publication dedicated to 
all aspectS of software for the most popular micros. 

~arrying on the trend of our system oriented 
Issues the Summer edition of Personal Software 
will contain a veritable host of material for the 
various Commodore systems from the VIC-20 right up 
t~ the ocx::o series. If you've got a Commodore you 
slmply can't afford to miss it! 

Personal Software can be ordered directly 
from us at £7.80 per annwn or £1.95 per copy. 
To ensure a single copy or a complete 
year's supply. fill in the fonn below, cut it 
out and send it with your cheque or 
postal order (made payable to ASP 
Ltd) to: 
Personal Software 
Subscriptions, 
513LondonRoad, 
ThomtonHeath, 
Surrey CR4 GAR. 

- you can even spread the load with 
your credit card! 

Don't miss out -subscribe now, 

Please use BLOCK CAPITALS and include post codes. 

Name (MriMrs/Miss) 
d.I. ' • • ccor~'n91y 

Address 

Signature 

Dot, 

Spring '63 

Person!!l Software Spring '63 

Please commence my subscription to Personal Software with 
th, 

SUBSCRIPTION (hck 0 ". 
RATES ~ ppropr i"t e) 

£1.95 lor a li ng le f:1. 00lor4 ~uM 
U K 0 copyollhe i .. ueD 

I am enclosing my (dele te as necessary) 
Cheque/Postal Older/International Money 

Older/or£. .. 
(mode payable to ASP Ltd) 

~ DebitmYAcc~:/BorclaYCord ' ~ 
('delete asnecessolY) 

I I I I 
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JeNOlmyRuston 

DISASSEMBLER 
=11=1 

A disassembler is a 
valuable tool (in the right 
hands) since it allows 

users of a computer to decode the 
mysteries of the ROMs which at 
first seem forbidden territory. 
This article describes my 
Rustonian disassembler, together 
with a tu torial on using it. 

PROGRAM 
DESCRIPTION 
The complete program appears 
in Listing 1, which may give you 
cause to wonder why similar 
programs are sold for anything 
up to £ 7 on cassette 

The operation of the program 
revolves around the DATA 
statements towards the 
beginning . These contain an 
entry for each of the 256 possible 
6502 instructions (even though 
some of these are in fact illegal). 
Each entry takes the form of the 
number of bytes in the 
instruction, the instruction 
mnemonic and the addressing 
mode employed. The addressing 
mode is encoded in the following 
way: 

Code & Mode 
o - immediate 
I - absolute 
2 -implied 
3 - accumulator 

addressing mode information 
(lines 600 to 700 - line 620 is not 
an error) . 

The program behaves 
correctly with the BRK 
instruction (used for fault 
handling). 

To use the program, type 
RUN, enter the start address for 
disassembly and take out a 
notebook and pen if you have no 
printer. After each instruction is 
printed, the computer will await 
a keypress before continuing -
paged mode is not terribly useful 
here. Line 710 follows each 
mnemonic with a series of 
underline characters, which 
make it easier to add notes to a 
printed listing . If you are 
disassembling tothe screen, you 
may prefer to replace this line 
with 'PRINT' 

Typing in the program is 
rather difficult, tha.nks to the 
repetitive nature of the DATA 
statements, but they have been 
arranged to make the job 
easier. Once you have the 
program completed, check it 
very carefully before committing 
it to cassette. 

Example 
LDA"14 
LDA &358 
PLA 
ROLA 

4 - pre-indexed indirect 
5 - post-indexed indirect 
6-X indexed 

LDA (&103,X) 
LDA(&80),Y 
LDA&7COO,X 

7 - Y indexed 
8- indirect 
9 -relative 

Thus th is table does virtually 
all the work involved in the 
program. 

All the program need do is 
interrogate the current location, 
ensure it conta ins a legal op­
code (line 570), print the 
mnemonic (line 550) and add the 

LDA&COOO,Y 
IMP (&20A) 
BNE LOOP 

USING THE PROGRAM 
(The follOWing is only directly 
applicable to OS 1.00, because 
that happens to be the MOS my 
computer is fitted with at the 
moment, users of other operating 
systems will have to employ a 
little more thought. ) 

A disassembler can 
be an invaluable aid 
to unravelling the BBC 
Micro's ROMs, 

For the sake of illustration, we 
will disassemble the part of the 
operating system concerned with 
handling * FX calls - this is 
illuminating from the point of 
view of demonstrating the 
program, and it reveals several 
calls not detailed in the User 
Guide. 

At the simplest level, * FX 
follows the general form : 

*FX A,X,Y 
If the X or Y parameters are 
omitted they are assumed to be 
zero, which is why statements 
like * FX4 are legal. 

If you wish to use * FX calls 
from assembly language, you 
load the 6502 registers indicated 
above and do a JSR to &FFF4. 
Thus the first p lace to start 
disassembling is &FFF4. The 
instruction at &FFF4 is JMP 
(&20A). Locations &20A and 
&20B normally contain the 
address &£786, so disassembly 
must be switched to this address. 

A commented disassembly 
from address &E786 appears in 
Fig . I. With my comments, the 
listing should be self explanatory 
for most readers. 

The * FX routine revolves 
around a jump table a.t &E56E 
which contains the start address 
of each routine associated with 
each * FX call. However, as 
some call s are illegal, the table 
has had to be coded in an 
unusual way. For various values 
of 'A' (the call identifier), the 
routine's action is shown in 
Fig . 2 opposite. 

This information is a 
combination of the contents of 
the jump table and the 
disassembly. 

Thus we can now write a 
program to print out the start 
address of any * FX call we 
wish and listing to achieve this 
is given over the page in 
listing 2. 
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MODELAANDB 

50 DATA Ibrk2,2ora4.0 ..... 0,O ... *O.O ...... O,2or.t.2.s 11.0 ... -'O 
60 OATA Iphp2. 2Df'".O.1 • • 13,O ••• O.O ...... O.3or.t.3 ... 11.0 •• "O 
70 OATA 2bp19.2" .. .. S,0*.-.Q.O ..... O.04 •• 0.2or. b.2 • • 1b,O'.-o 
eo DATA Icl<:2.:so..- . 7 ,O ... -o.O ...... O.O ..... O.3or. b . :s ... l.!.,O •• -o 
90 OATA lj'M"i .2. nd4,O ••• O.O ...... O. 2bitt,2.ndl.2roll ,0."*0 

100 OATA Ipip2,2a ndO,lrDI3.0 ...... 0,3bitl.3.ndl.3 .. "'II.O .... O 
110 DATA 2b .. i9.2.nd5.0 .... 0.0 ..... o,o-... O.2.ndb.2 .. o1b.O' •• O 
120 OATA 1 .... c 2 . 3 . nd7,O ...... O. O.**O.O***O.3.ndb . 3.-016.0 .... 0 
130 OATA IrtI2,2..,..4.0 ..... 0.0 ..... 0.0 ...... 0.2 .. or-i,21....-1.0 ...... 0 
1 .. 0 DATA Ipha2, 2..,..O.11 . r J.O .... O.3jmp l. :s.orl, 31 .... 1,0 ••• 0 
150 OATA 2bvc:9.2....-5.0 .... 0 , O •• -O. O .... O,2 .. Of'"b.2)sr b .O ..... O 
Ib() DATA l cii2,3.or7 . 0 ..... 0,O •• IOQ.O .... O.3eor6.3!srb.O •• 'O'O 
170 OATA \r- t . 2.2ado::" . 0""-O.0 •• -O.0"""0 . 2 .. do::l.2ror-l.0".-o 
190 DATA Ipl .2.2.d,,0. Irc .. 3 . 0 .... 0.3jmp8. 3.do:: l .3 .. or-l.0 •• -o 
Iq(I DATA 2bv. 9.2. dc:5.0 .... iOQ.0 ••• 0.0 .... 0.2 .. do::o.2 .. cr-6.0 •• iOQ 
200 DATA 1 ... 12. 3.d0:::7 . 0 ..... 0. 0 ••• 0. 0 ..... 0. :J.a<lco. 3 .. cr-6, 0 •• 100 
2 10 DATA ~.iOQ.2.t.".0I0.iOQ.O ...... 0.2.t'lt.2. t . I ,2.b.I,0I0.iOQ 
220 DATA 1<I. '12.0 ..... 0 ,lt" .2.0 ...... 0,3. tyl.3. t a l .3.b.l.0 ••• 0 
230 DATA 2bcc9. 2 .. t . :5, 0."100. 0 ...... 0 , 2 . tyo. 2 . t . 6. 2 .. t .. 7. 0 ••• 0 
2"0 DATA Ity. 2.3. t . 7, lt~ .2.0 ...... 0,0 ••• 0.3 .. t .. 6.0 ••• 0.0 ••• 0 
2:50 DATA 2IdyO,2I<1 .. 4, 2Id~0.0 .... 0.21d'lI.21d. l .21d"t.0 ...... 0 
260 DATA It .. y2.21<l.0.lt .. "2.0 ..... 0.3 I <1yt.3I<1. 1.3I<1~1.0 .... 0 
270 DATA 2bo:: . 9,2I<1 .. :5.0 ...... 0.0 ••• 0.2I<1y6.21 <1.6.21d"7. 0 ••• 0 
280 DATA 1o::lv2,3I<1 .. 7.lt. "2.0 .... 0.3Id'l6.3I<1 .. 6.3I<1~7.0 ..... 0 
290 DATA 20:::pyO,2c""'4.0 ...... 0 .0 ••• 0.2cpyl. 20::"",1. 2<1.0:: 1 .0 .... 0 
300 DATA 11ny2.2cmpO.ld.x2.0 ••• 0.3c:py l. 3o::onpl.3<1 . .. 1.0 •• "0 
310 DATA 2bn .. 9,2o::-,p:5.0 ...... 0.~ •• 0 . 0 .... 0.2O::1IIP6,2d .. o::6.0 ••• 0 
320 ~TA lo::l<12.3c:onp7.0 .... 0.0 ••• 0.0 .... 0.3O::"'P6.3d.o::6.0 .... 0 
330 DATA 2cpxO, 2sbc4. 0 ..... 0. 0."100, 2cpx I . 2sbcl, 2; nc 1.0 ••• 0 
3 40 DATA I jn~2,2sbo:::O. Inop2,0 .... iOQ . 3cpxl , 3 sbci.3Incl ,0 ••• 0 
3:'K> DATA :o!b .. <fi. 2sbc:5, 0 .... 0.0 ...... 0. 0 ...... 0. 2sbco. 21 nc6, 0 •• 100 
i~ DATA 1 . .. d2.3. bc7. 0 ...... 0 ,0 ... iOQ.0 ...... 0,3. bco.3In0:::6.0 .... 0 

;:DII1A7.2:5:5.D%2:5:5.C%=,D%2:5:5.E7.2:5:5 

400 FOR T7._0 TO 2:5:5 
4tO READ A. . 
420 AX7TX_ VALII1ID$IA •• l.l)) 
430 DX7TX _ASCII1ID$ IA$ .2)) 
440 CX?T'I._ ASCII1IOSIA$,3)) 
4~ DX?T""I.- ASCII1ID$(A$.4)) 
460 EX?T'I." VALII1IOSIA$.:5.I)) 

470 NEXT T'I. 
." 
.90 INPUT "Ent .. r .t .... t .dd .. ...... ,·A. 
500 P'I.-£VAL I AS) ,,, 
!520 REPEAT 
:530 17.- ?P""I. 
540 LX_ AX?I""I. 
~ PRINT , .... PX'", "ICHR$IB%?I;I; I;CHR$(C%?tX) 

, CHRs(D7.?IY.I I " "' 
:560 M""I.-£Y.?I;I; 
:570 IF LX-O THEN ffilNT "Unknc,"," in.truction".END 
:590 IF L;I;"2 THEN F%-P;I;?l 
:590 IF L JI." 3 Tl£N FX_PX! I AND S,FFFF 
600 IF 11'1._0 THEN PRINT ".S,"' .... FJI.' 

:;~ ~~ ::; = PRINT "S,"' .... FX' 

630 IF tn- 3 THEN PRINT "A" ' 
640 IF 11'1._ " THEN PRINT "(S,"I"FX'·.~J"I 
65() IF M""I.-!5 THEN PRINT "U, .. ' .... FX'·J.y", 
660 IF I1X_ 6 THEN PRINT "s, .. , ....... l/.I·,X"I 
670 IF m -7 THEN PRINT "S,"I .... F7.:I",Y··' 
68(1 IF I1X- 8 THEN PRINT " ( S, "' .... FXI HI "I 
690 IF 11%_9 AND FX<I28 THEN PRINT "S," I"'"f'"JI.+FX+21 
700 IF I1X_ 9 AND FX>127 THEN PRINT "S," I"'1'";I;-2:5"+FXI 
710 PRINT" ",STR1NG$(69-POS." HI 
720 IF 1;1;" 0 THEN PROCbr ... k ELSE P7.-PX+LX 
730 L%aGET,"FX 1:5, I 
;~ UNTIL FALSE 

760 OEF PROCbr •• k 
770 PRINT "E .... o .. nuOlb .... "IP7.·'1 

;:~ :~~~~ .. ;Er .. or- m."'.Q. ' "I 

800 REPEAT 
810 YOU ?P;I; 
820 P'I.- PX+l 
830 UNTIL ? (P%- IJ - O 
8"0 PRINT 

Lisllng 1. Complete program for a disassembler. 

Fig. 1. A commented disassembly from address &.E786. 

1'.<&17 
1'.>=&17 and 1'.<&74 
1'.>=&74 and 1'.<&Ml 
1'.> "' &1'.0 and 1'.<&1'.6 
1'.> = &1'.6 and 1'.<&FF 

JSR ?(&E 5 6E+1'.*2 ) +{?&E56F+1'.*2) "256 
Bad command 

When RUN, the program 
produces results like those 
shown in Fig. 3 

JSR ?(& E56E:t (1'.-93) *2)+?(& E5 6F+ (A- 9 3) *2 ) *2 5 6 
Bad command 
JSR &E9AF 

Fig . 2. The operation of the Jump table. 
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You may like to try 
disassembling from &FOCB, 
since that particular section of 
code is quite opaque. 
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DISASSEMBLER # I MODEL A AND B 

10 RIO" .FX s t ... " .ddr ••• ,. 
30 REI'1 (e) 1982 J .... .-y Ru .. t .... E REI'1 (On l y testord on OS 1 . 00 - .. y ...,..-k on oth..-sl 

~ ~~T~;~ ~:!e!:5~RIKT · <IF. " I T1.I" ___ )""I~!("E5bE"TX*2) AND "FF FF 
~O I F TX >-O llb THEN PR INT ·.n "In.I "---)&' " '''! (I<E:5b E+(TX-93) . 2) AND "FFFF 

~fo =~!/;.n 1&6 to .. n ~--->l.€qAP ~~~~~Jd~fsr~~~an~ ~~~~W :~~:~~ . 

,.... 
~J( O->W"OC9 
·F. I-)~8 

~X2-)'-E693 

"'X3--~AA 
*I"".4-)I<E'I'AA 
..... :5--)~ ... eq 
* F.o-- )1o£998 
..... '---) I<E648 
IIFX 8--)10£046 
..... 't---)- loEb'4 
""X IG--}lo£heC 

"'. II-'''E9Ae 
. FX 12-->&.E9'9F 
*F.13-->&.Eb" 
. FX 14--->&'E6DA 
*F. 1:5---)W'OBA 

.. F. 1 10--->&£719 
.FX 17--)&<0E90 
"". I B->&.E9DF 
. FX t9-- -)"E904 
_I'll 20-->1£008 
. F. 21---)"FOC6 
"FX22---)&'FAF8 
."_ 116--->""910 
"I'll 117--).EB7:5 
. FX IIB->t,£9FO 
. F. 11'I'-->1o£6C7 
<IF. 120-- ) W"0:17 
*F. 1 2 1--- )."OED 
_F. 122--->."0£8 
"FXI2J->M::IBB 
*FX 124-)&.Elo30 
*FX 12S-)&.Elo31 

. FX 1 2lo--->&'EOl~ 
. FX 127---)&,£02'1 

::~ : ~:=;:g~; 
*FX I 30---)&.E73C 
. FlI 131--)&'F0"7 
.Fl I 32---)&'O'l' 24 
*FX 133--->&'0'1'27 
.F.t::54 ---)&.Olo4B 
...... I~-)&.D7C3 
*Fl l 30--)lItEloI4 
..... l 137---)lItElo:SC 

:~ :~:=;~~~ 
* FX 140--)&'E~C'l' 
* F l 1 41 ---)&.E~C~ 

* F . 142---)&.OBE D 

• FX 143---)I<F17B 
* FX 144--- )IItEAFA "')1 14:S--)&,£426 "')1 140-)IoFFA7 
<>FlI I 47->IoFFAB 
<>FlI 14B-)""FBO 
Wl J49-)""FB4 
<>f<1I 150-)&'EBOB 

::: :;i=;::~ 
ItFX 1 ~3---)1ItE4BO 

<>FX1:14-)"£A l lo 
*FlIl~)&'£A27 
* FlI 1:50-)1ItE170 
*FlI 1S7--)I<FF8'f 
*Fl 1~--)&'EE79 

<>FX 1 ~'I'---)IItEEeB 

ItFl 1M to * FX 2:5~--)&'E'l'AF 

Fig. 3. The result 01 running the program In Listing 2. 

CONCLUSION 
task for the beginner, but anyone 
with 0 modicum of knowledge of 
6502 assembly language should 

have no trouble using this 
program to gain a useful insight 
into the ROMs of the BBC Micro. Disassembling the ROM is not a 

Windsor Computer Centre 
FOR ACORN/BBC IN BERKSHIRE 

IN STOCK AND ON DISPLAY IN OUR SHOWROOMS 
• The amazing new MPF II 
• 64K memory, Applesoft compatible, Basic ONLY • Ram packs available for assembly, Forth, Pascal 
• BBG Model A & B 

£255.96 • BBG Disk Drives, Games, paddles etc. 
+ VAT • Acorn Atom 

Before you buy a Seikosha Printer why not come and 
STOCKISTS FOR see the best value printer on the market 

ACORN/ BBG SOFTWARE - EDOUEST THE MICROLINE 80 
SOFTWARE - TANDY BUSINESS SOFTWARE • 80 CPS • Pin or Friction Feed • 
EPSON PRINTERS - MICRVLl NE PRINTERS 

ONLY * £235 • VAT MICROVITEC MONITORS - PHOENIX ~ II!I MONITORS - CABEL MONITORS 'FREE BBC CABLE SUPPLIED IF 
YOU BAING ALONG THIS AD 

Open Weekday. 9.30am-6pm 1 Thames Avenue, Windsor, Berkshire. Telephone (07535) 58077 
Saturday 10am-Spm 
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QUALITY SOFTWARE 

FOR THE BBC COMPUTER 

from DAVANSOFT 
WIN THE POOLS? With the latest version of D S Pecken's well·known 

:~~~ct~:r~l~td~~~~o~~ft~bl;~~n~s~~ge~~~;g ~~~t i ~~~a~~~hniques to 

Program and instructions ........................ £4.95 
Database tape (optional, but holds 

~~~r~m o;~~ ~8Brx;;;~~:re.~).: ............ g~:~~ 
DISASSEMBLER Now - a fu ll-feature 6502 disassembler. wilh 
automatic labellirl\l . and with the ability to avoid data areas. 6502 mnemonic 
and ASC I.I output. with optional dumps to printer andior tape lor la t erstudy 
modijicatronand LOADing 

Disassembler... . .......... ...... . .... £5.95 

CHARACTER BUILDER Makes It easy to Ie-define characters for the 
Becb'sVDU 23, .. commalld. Crea tes characters onlhescreen alldsav es 
them direct ly as lines 01 program - essential to Ihe keen BBC programmer 

Character Builder... . •.. ... .. .. ... £4.95 

TAPE-COPY Worried that you cannot make safety copies of valuable 
BBC machine·code tapos? This program will back-up any standard format 
tape. complete with load and start addresses. elc 

Tape·Copy(32Konly) ... 

~OU~~~~i~~~~~ng T;r~~~'~~~~yd:,a~~t~I:~~:6u~~;rr~8bE:;SEt~ap~ 
and SOUNO parameters. along wilh graphs of the pilch and amplitude 
envelopes. Change any or all pHrameter(s) and see and hear the effect 
rmmedrately. Saves hours of Iyprng and experiment 

So~nd Edilor (32K only)... . £5.95 
~BC TURTLEGRAPHICS A sel of PROCedures for any Beeb. wh ichadd 
LOGO" 's amazrng Turtle 10 BBC BASIC.g,v'ng youthe choice of2.comple­

mentary, graphiCS systems. Complete with demo programs 
TurtieGraph ics. .. £5.95 

These fully·lnclusiv", price~ ~r", lor casseHe·based programs only, 
DAVANSOFT,1 DeltrpOtrr Drive, Haverlordw"I, Dyfed 511.61 1HX. 

Up to 30% royalties pard for top·quality programs. Contact us for d eta ils 

BBe SOFTWARE 

Games casset tes for the Model'S' (or Model 'A' plus 32K) 

•• NEW" 

30 ICE HOCKEY £5.50 

Exciting act ion On the rink. Gametorone or two players using mac hine 
code for tast. smooth action. Play the computer or atriend. Dribbl ing, 
interceptions shooting from var ious angles with rebounding olf the 
boards. All achon game. 

•• NEW' 

OIL £5.50 

A challenging simulation of oil production in the troubled walers 
surrounding a t rop ica l island. Rig purchase, weather problems 
financing the operation with loans and paying stafl al l provide a 
reaiistic sett ing. Coiour graphics 01 the rig locations on reef , Shallow 
and deep,water setti ngs 

GOLF £5.50 

Play th is wooded course as ifit were rea l. A ll theskillofclubsel ect ion, 
strength 01 Shot. analys is 01 problem lies and your own tendency to 
sl ice or miss those short putts. Colour maps 01 the fairway, rough, 
bunker and green (yesandthe flagl). Stroke by stroke mapsofthef light 
of lhe ball. Each hole IS dilferen l wilh scores recorded againsl p arwith 
a summary 01 the (ound. 

NOTE: All prices are fully inclusive (postage, 'packing etc) within the U.K 
(Overseas customers please add £1 .00 per cassette Max. £3.00). Rememberto 

inc lude your name and address. Make cheque or Posta l Orderpayab Ie to' 

COMPUTERSMITH 
40 Greenflelds Avenue, Bromborough, Wlrral, Merley.lde 162 6DD 
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A & F SOFTWARE 
(MICRO-LINK) 

BBC MODEL B (32K) PROGRAMMES 
Frogger £8.00 Planes £8.00 
Pa inter £8.00 Lunar Lander £6.90 

These programmes are available from the 
following dealers: 

MANSFIELD COMPUTER & ELECTRONICS 
79 Ratcl ifle Gate, Mansfield. 

BEC COMPUTER WORLD 
66 Lym Street, Liverpoo l 

MICROWARE 
5 Peters Lane, Leicester 

CAMBRIDGE COMPUTER STORES 
7 Emmanual St reet, Cambr idge. 

THE COVENTRY MICRO CENTRE 
33 Far Gosford Street, Coventry. 

KAYDE ELECTRONICS 
The Conge, Great Yarmouth . 

BUSCOM LTD 
18 Mansell St reet, Swansea. 

BRAINWARE MICRO COMPS 
24 Crown St reet, Ipswich 

STATACOM LTD 
234 High Street, Sutton 

MICRO-LINK 
830 Hyde Road, Manchester. 

ELECTRONEIQUE 
36-38 West St reet, Fareham 

WEST COAST PERSONAL COMPUTERS 
20 Wel lington Square, Ayr. 

BUFFER MICRO LTD 
310 St realham High Road, SW16, London. 

SIR COMPUTERS LTD 
38 Dan-y·Coed Road, Cyncoed, Cardiff 

GREENFIELD ELECTRONICS LTD 
43 Mi llbrook Road, Southampton 

MICROMART 
Unit A, Greenhil l Industrial Estate. Kidderminster. 

MICRO MANAGEMENT 
32 Princess St reet, Ipswich. 

RDS (COMPUTER DIVISION) 
157 -161 Kington Road, Portsmouth. 

Q TEK SYSTEMS LTD 
2 Daltry Close, Old Town, Stevenage 

DISTRIBUTORS 
LONDON AREA 

Micro Marketing, 92-94 Carnwath Road, London SW6 
Tel: 01-736 1683 

NORTHERN AREA 
Tiger Dis!., 78 Victo ria Road, Widnes WAS 7RA 

Te l: 051 4203333 

A ll prices quoted InClude VAT. Also available by Mall order, 
Send Cheque or Postal Order 10: 

A & F SOFTWARE 
830 Hyde Road, Gorton, ~ 

Manchester M18 7JD 
Tel: 061 223 6206 ... _-

FURTHER DEALER ENQUIRIES WELCOME 
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JllnNicholls 

MULTIPLE 
GRAPHICS 
DEMO 

If you want to amaze 
your friends with the 
graphics capabilities 
of your BBe Micro Just 
read on. 

O ne of the things the proud 
owner of a BBC 
Microcomputer often 

wants to do is to impress his or 
her friends with the graphics 
capabilities of the new machine. 
We have produced Listing 1 to 
provide you with a ready-made 
demonstration for just such an 
occasion. Careful scrutiny of 
the procedures contained in it 
will also yield a number of 
useful ideas which you can put 
into your file of valuable tips. 
The program will only run on a 
Model B or 32K Model A. It is 
written as a series of calls to 
procedures which are selected 

~: fh:s~~~raa~u~ae~~c :i~?: ~ to 
menu display in Mode 7 of the 
demonstrations available; 
during any demonstration 
pressing a numeric key from 1 
to 8 will change to another 
demonstration, pressing key 9 
will return to the menu (as will 
pressing the Escape key). The 
various p rocedures are as 
follows: 

PROCINSTR (Press key 9) 
This is the procedure which 
displays the menu of available 
choices. 

PROCDRAW(Z%) (Press 
keys 1 or 2) This procedure is 
used by two demonstrations, I 
- which draws a moire-type 
pattern using solid straight 
li nes, and 2 - which does the 
same using dotted straight lines. 
The second demonstration is a 
good test of your TV monitor's 
ability to show fine detail. Most 
TVs will show very bad 
interference with certain colour 

1'1"-~. IS. o...o,.., .. t,..llOf"1 D"~~." ... hIC!'-
111<....., ~.t.s so"'. of th. ~".-pr.1C. 
f.c.lltl.S of 0". B8C ~IC"OCa-opt..,~ ... 

P~"SS 0"'. oj 11'-•• Io:~~ 0·9 to obt.lr 
.. ~"'O,...~t ... tlO"" To obt.l ..... .....-.c~r-. .. 
c,,"'o""S~~.tlor. P".S. <!I c:ff.".r~ ;.: .... 

c~ .... 'S cont lr'1l.l()<")'S I i.""'1i 
d ........ dot t.-d 11 ...... 
C:ct. t .. I • ......,I ... Ir 11' ............ . 
plot. "'.-ct ....... l ... I"" e colO<..J~. 
C".w ... Illp .. .. 
0 ........ lllp •• " .no::: till. t .... _ 
T.)<t ...-.d 'W".-phIC. ~Ir-dot.o. 
".-.dam p.t t.",.., ... t 1&Q*256 pl)<.l. 
dl.pl ...... I,,",S'T'RUCT[QNS aQ-IIlr 

combinati ons, such as magenta 
and green. This is a by-product 
of the limited bandwidth 
available in the PAL colour 
encoding system. Monitors will 
not show this type of problem. 

BK t~::f~~t ~s~ufh~ lh~~;rc~n 
NTSC colour encoding system 
(NTSC - Never Twice Same 
Colour!). This is the reason for 
the familiar yellowy-green 
features of American politicians 
on satellite TV broadcasts. 

PROCFILL (Press key 3) 
This is a demonstration of 
triangle-filling in black and 
white. The unusual feature is 
that the triangles are plotted in 
inverse mode (using PLOT 
86,x,y) . After a few seconds the 
picture is filled with a random 
pattern of black and white dots, 
and the triangles disappear as 
soon as they are drawn. 

Triangle fill is the only fill 
routine available with version 
O. 1 of the machine operati ng 
system, one that most readers 
will have (type ·FXO to find out 
which you have). 

PROCRECTANGLES (Press 
key 4) This is a development of 
the previous procedure, where 
two triangles are plotted next to 
each other to give a rectangle. 
It uses Mode 2 to give eight 
colours plus eight flashing 
colours. It also draws the 
rectangles using the first three 
actions available in the first 
GCOL parameter, normal 
plotting, OR,AND. Use of 
EXOR and inverse plotting 
causes diagonal lines in the 
rectang les where the two 
triangles overlap. This is a 
result of the particular 
algorithm used by Acorn's 
BASIC programmers. 
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PROCELLIPSE(FILL %) 
(Press key 5 or 6) The automatic 
drawing of curves is a feature 
hinted at by Acorn in a yet to 
be released graphics extension 

ROM. Until details of this are 
available we must make do with 
BASIC (or assembler) routines 
to draw curves. This procedure 
draws ellipses wi th random 

a'" SEMI-MAJOR AXIS 
b = SEMI-MINOR AXIS 
0- INCLINATION 

More Inverse triangles produced by Demo 3. 

Per8Qnel Software Spring- '83 

32K MODEL A OR MODEL B 

values for semi-major and semi­
minor axes, inclination, and co­
ordinates of the centre 

NB If a - b, then we have a 
circle , and the value of e has no 
effect. 

The particular routine shown 
is of interest because it avoids 
the repetitive calculation of sine 
and cosine values. These are 
very slow processes in BASIC, 
since they involve a substantial 
number of multiplications using 
polynomial expansions. Most 
circle and ellipse drawing 
routines use the polar co­
ordinate system: 

POLAR COORDINATES - r,8 
CARTESIAN COORDINATES - x,v 

and vary the angle 8 from 0 to 
360 degrees in a number of 
steps, usually 2O·or more, 
calculati ng a new poin t on the 
c urve at each step, then joining 
it to the previous pOint with a 
straight line. At each step the 
cosine and sine of the angle e 
have to be calculated. 

The routine given uses 
recursion to determine each 
point by manipulating the co­
ordinates of the previous point. 
The method is more easil y 
described for a circle. We first 
of all decide how many points 
we want to use to define the 
circle. Since they wi ll be joined 
by straight lines, the more 
points we use the smoother will 
be the outline of the circle, but 
the longer it will take to draw. 
Suppose we decide on 50 
points, then the co-ordinates of 
each point will be (Xj,Xl), 
(hY2) .... (X50, Y50)· 

If de is the ang le that we 
move through to get from one 
point on the circle to the next: 
(in our case this will be 
de~ 3fJ)"I50) 
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MULTIPLE GRAPHICS DEMO 

then two consecutive points 
(Xn,Yn) and (Xn+ ],Yn+ 1) are 
defined by: 
Xn ~ RCOS8 ; Y n ~ RSIN8 
Xn+ 1 ~ RCOS(8+ d8) 
Yn+ 1~RSIN(8+d8) 

Demo 4 draws solid rectangles In Mode 2 giving all eight 
colours. 

Demo 5 produces ellipses, see the text for more detail on this. 

32 

The tri gonometry that we learnt 
at school, and have now 
forgotten, gives us formulae to 
convert COS(8+ de) and 
SIN(8+ dB) in to expressions 
involving on ly case, SINe, 
cos d8 and SINd8 ; 
Xn+ 1~RCOS(8+d8) 
~ RCOS8COSd8 - RSIN8SINd8 
~ XnCOSd8 - Y nSINd8 
Yn+ 1 ~ RSIN(8+ d8) 
~ RSIN8COSd8+ RCOSOSINd8 
~ Y nCOSd8 + XnSINd8 

So, we only need to calculate 
COSd8 and SINd8 once and set 
initial values for X l and Y I, and 
we have a method which only 
uses repetitive multiplications 
rather than trigonometric 
calculations. Did you follow all 
that? Good, you can now 
extend the principle to an 
ellipse with an inc lination to the 
x-axis! Well, you cannot expect 
us to do everything for you, can 
you? 

Anyway the procedure will 
draw random ellipses in three 
colours or, if you have pressed 
key 6, will fiJl them in as well. 

PROCWINDOWS (Press key 
7) One of the impressive, a nd 
useful, features of BBC BASIC 
is the abi lity to limit writing and 
drawing on the screen to 
restricted sections, known as 
text and graphics Windows. The 
drawing program described 
elsewhere in this issue uses 
these fea tures. This procedure 
provides another illustration 
having two separate windows. 
In the left-hand one, random 
triangles are drawn in four 
colours, and every so often the 
graphics Window is cleared to a 
new background colour. On the 
right-hand side of the screen is 
a scrolling text window. 
Admittedly, the sc rolling does 
hesitate slightly when the 
graphics window is cleared, but 
the procedure e ffectively 
demonstrates how text and 
graphics windows can both be 
active at (nearly) the same time. 

PROCTRIANGLES (Press 
key 8) If you have friends with ... 
epileptic tendencies then this 
demonstration is probably not 
for them. It uses Mode 2 and all 
16 colour effects to show the 
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speed with which triangles can 
be used to fill large areas of the 
screen with everchanging 
patterns. In addition, it uses 
values for the first parameter of 
the GCOL statement which are 
ou tside the defined limit (ie 
values of 5, 6 and 7) . The result 
of this is to draw striped 
triangles: there is a whole new 
area for experimentation here. 
There are rumours that this 
feature is actually a fault on the 
video ULA chip. Certainly, the 
Torch microcomputer (the 
business version of the BEC 
micro) does not draw striped 
triang les when running this 
routine. 

The apparently striped triangles 
of Demo a ore coosed by using on 

out-ol.fOnge GCOL statement. 
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100 t<lH !.ra~hlcs lIe.onstr a llon 
1l0l<UI b'ol 
120l<UI I (; thcholl, V'I: 1~8:Z 
l JO RI:.t1 
140 RI:I'I !i~e te ): l for d,taih 01 
I~O 1<t:.t1 t.he differl'nt dl!lllon ~ lralionf. 
1601<[11 
170 1<1:.11 i'nnttlt)l'l"iI!ilII' .. ,nu' 
1E101<£11 
190 ONERI<(lk GOT0360 
2Q0110IlE7 
210 PkOCCURSE 
220 PROCIHS1R 
230 GOI0260 
2~0 F=IHKEYlIO l 
250 f::F-~8 
260 IF F< I OR f)~ [;oT0240 
2700NFGOT0280,290 ,JOO,310,J20.330.340.J50,J60 
280110tlll:PROCCURSE:PROCDRAWI5l:COT0260 
~OIlODE 1:PROCCURSE:PROCORAW(21):GOT0260 
JOO/lOtiE 1:PROCCURSE:PROCFIlL:GOT0260 
310 110[lE2:PROCCURSE:PROCRECTANGlES:COT0260 
320110DE1:PROCCURSE:PROCELlIPSE(0) :GOT0260 
330 110DEl:PROCCURSE:PROCElLJPSECI ):GOT0260 
140 HODE.l:PROCCURSE:PROCWIHDOWS:COT0260 
350110IlE2:PRQCCURSE:PROCTRIAHCLES:GOT0260 
360110[JE7:PROCCURSE:PROCINSTR:COT0260 
J70REH 
3801<EI1 Lines and doll,d Hn.~ 
390REI'I 
400 DEF PROCDRAW<ZX) 
410 REPEAT 
420 ClC 
430 XI"RND(1279):YX"RND<102J1 
4~0 AI=RNO( 7) 
450 BX=RHQ(l) 
460 IFAI=fjX GOT0450 
470 VDU19.0,AI.O,0.0 
480 VDUI9t1.8X.0.0.0:CCOL 0.1 
490 fOf( UI:: 010 127~ STEP20 
500 "OV£ UZ.O 
510 PlOTZZ.XZ.YX 
520 PlOT Z%.(1279-U%hl023 
530 NEXT 
540 FORIIX=OTOI023STEP20 
550 110VE 127'1,11% 
500 PLOT n.xz.Y% 
570 PLOT ZI,O.( i02J~WI) 

5110 HEXT 
590 F=INKEY(Ol 
600 UNTIL F) l 
610F=F-48 
620ENDf'ROC 
630 RE" 
640 R£11 Trian!!i" 
65OREI1 
660 DEFPROCFlll 
670 ClI; 
680 REPEAT 
6'10 AI=RND(1279):fjl"RHD( 102J) 
700 CI=RNO(1279) !OX::RNO( 102J) 
710 [l::RNO(1279):FI"I<N[I(1023) 
720 HOVE AI.BX 
730 I'IOVECI.DX 
740 F1..0T86.EX.fX 
750 FOR IIX:: 0 TO 1000:HEXl 
760 F=INKEy(O l 
no UNTIL f ) l 
780F=F-48 
790 EHDPROC 
aoo REt. 
810 R'EI'I Rpclan!iin in 16 colour ,rhct.s 
820REI1 
8JODEFPROCRECTANGlES 
840Cli; 
850 REPEAT 
860 ZI=RNQ(2) 
870 AI=RHD(15) 
880 RI%"RHDI 400 H 20 

"'0 R2%:RHD<"OOH20 
~ XX=Ii:NtI(1279-li:IX) 
'nO YZ=RHD(102l-R2X) 
920 (;COLlX.AX 
930 VDU29.XXiYU 
940 "OUER Il,O 
9!.O tIOVEO,O 
960 f'LOT85.RIX,R2X 
970 PLOTB5.0.R2X 
980 fORO!i"01ll1000:H£Xl ". 1000 1I1HIlf>J 

IOIOr"F-48 
1020 ENDPROC 
1030 1([" 
1040 R[t\ [lli»se5 - ou~llfw lind ~olid 
1050 REt! 
1060 liEF I'I<OCELLlf'!;U I II.L Z) 
1070 IF FJlLJ.::O lIKtl n~::; ELSE ZX::BS 
JOSOtle 
I090f([P[Al 
1100 WX"ktW(]) 
IliO C;COLQ .Il:': 
1120 AX"fm!)(200)!nX"F'1 111(~OO) 

IJlO XX:RNI)(BBO)f200 : n:~r(H[I(624H200 

1140 IH(>RHU<lSQI 
1150 111"100 
1160 P=2tP I/(HY.-I) 
1170 Cl=C(JStIHC ):SI" SIN(IHC) 
1180 C2=CU~(P ) ;$~""S lH( 1') 
1190 (3=1:53=0 
1200 VDU29,XnYX, 
1210 f'IOVl(Al::tCIlt(AUS\1 
1220 FOR IIX" 110H~ 
1230 IF FILLZO O 1110-1 HOVE 0,0 
1:t40 Xt=AUCJ:Y1:Ij)::t.SJ 
12~O I'LOlZl,O:UCI - YUSl),(XltSltYUCl1 
121.0 Tl=C3tC2-SltS2 
l;aO 53=S3*C2tCJt:S2 
12t10 C3=T1 
12'10 HEXT 
1300 fOR U=-OTO ;OOO:N[XT 
1310 f" IH~[y(O ) 

lJ~O UIHllDl 
1330F=f-4U 
1340 EHDPfWC 
IJ!iOkEH 
lJ60 Rf.H !<'t.pjd PilHllrn C'hdnlif!" 
1370"Erl 
1380 VEf PROCTRIAllGL[!; 
1 3~0 ClIO 
1400f(EPEAT 
1110 GCOU,tW(7), RII[I( 7J 
1420 X=RHflIMO ): Y=RHO I SI 2) 
1430 PlOT8:',,640U.SI~ -Y 
IHO P'LOIU:; ,b40-X.~ I :! l r 
1450 P'LOT85,640tX.512 IY 
1460 PlOT85,640- X.51 2-Y 
1470 f=lNI(EnO) 
1480 UHTllF)1 
H~O r:F- 48 
lSOOENDPRUC 
1510RErI 
15201([1'1 In .. lrllt:t.l on •• enu 
1:)30 REH 
1540 IJEF PROCINSTk 
155<l ClS 
1560PRIHT"OThisisiideloonst.r il lionl'rosra.whiC'h O 
1570 PRINT "illust.rile5 50 ... of lhe *,al'hiC's · 
1580 PRINT - hdlit.in of lhIPB8C"icrOCOlll'uler ," 
1590 PRUIT"·Press one 01 th. MIPY!'. 0-9 to obt.ain· 
1600 PRINT - a dl'.onslration. To obt.;tin another " 
1610 PRIHT - dt!.on5lrillun. I'f'IPU i dif1ffl'I'Il Mpy , " 
1620PRINT"' " I-drawsC'onlinuQUsiinl!s· 
1630 PRINT"2 - draws doll~ lirl lPS· 
1640 PRIHT"3-l'iot5lrian!tlesin inyerse" 
1650 PRIHl-4 - I'lols rlKlinli.5 il\ 8 C'olours' 
1660 PRIN1"~ - draws "UiPill'" 
1670 PRINT"6 ~ draws f!lIi~us and fills t.hen." 
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1680f'RIHT"7-l('lCt,ndsr.phieswilldows· 
16'10 f'RIN1"8 - undO. l'ilt.lK'n, ill 160.256 pi xi'ls ' 
1700 f'RINT"'1 - d i$plill:l' INSTRUCTIONS '!lil i n" 
1710 F"G£T- 48 
1720 ENnPROC 
1730 reEK 
1]401l'E" /(11.ow eurf,or 
1750 R[tI 
1760 OCF f'kOCCUIfS[ 
1770 u.r[OO" lO:UFEOI " l? 
1780 [NDf'ROC 
1790ROI 
1800 J(EH l,"i ~d 'r ill'r.lC' windoll !> 
letORE" 
1820 [lEF PI(QCWIHlIOW5 
1830 tJlJU28.20131tJ9.2~ 
1840 COlOUJU:I'RINT"lHl S EX AIWLE lAS1S.,°AlIOur :w S[COtW5 

185<1\10024.50150;500;'1001 
1860\10028.20,20.3'1.5 
1870VooI9.0.2,O,O,0.19,2,4.0,O,O.19.3.3,O,0,O,19,1.6.0. 

0.0 
1880COLOUR129 
18'10 COLOUR2 
1900 GCOlOo}30 
1910ClS:CL' 
1920 Kl-o:U:. O 
1930 FOR NX-nOlOO 
1940 IlX- PlX+l:JF MX( 10 TKEN!;OTOI990 
1or.i0 MZ_0:PRI"IrIT;JNT(NX/I0U - Eu .. ,.ll of' llxl"'"and !trot 

I'hi<.'~ window~·; 

1960 LX- LX+lllF LX<5:~TOl990 
1970 ~OlOol28tRND(4HtLC 

..... u.D 
1990 (;c0l0.kll[ll7) 

2000 PlOT8~.RN\)( ~ )'RHDe 900) 
2010 F" INKEY(O):IF F) l f - f-4S:HX"'I000 
2020 NEXT 
2030 IF F<l OR F) '1 f " 9 
2040 [NDPROC 

L1sHng 1. Th. graphic. demon.tratlon program. 

THE What are yOU ••• &ubarian or Wizard?---'" 

~
. , LE~ Choose your character type carefully .. . Barbarians 

I. . : recover quickly but their magic doesn't come easily. A 
~ r -:-: " "","I,lD. ~izard? Slow on the draw a~d slow to mature ... but 

; - hve long enough and grow Wise enough and your 
lightning bolts are almost unstoppable ... 

The VaDey Is a real-time game of adventuft and sunivaJ. You may choose one of tlve chanlcter types 
to be yoW' personal 'extension of self' 10 battle and pit yoW' wits agaIrtg a number of monsters. Flnd 
treasure, ft&ht I Thunder·lizard in the arid deserts of the Valley, conquer a Knlken In the lakes 
sunoundin& the dread Temples of Y'Naaioth or awterise I Wraith In the Black Tower. In fact, live out 
Iht fll1t&<lies you've only dared dream about. Bur BEWARE ... more die than Bve to tell the tale. 

buy the·tape. Tape versions (£11.45 
and 800 (31lO. Tandy TI!S'!O 

K (18K), VIelO (",ith 16K 
n (£13.95 each inc P&P and 

VAn lvailable for: Apple D (DOS 3.3), Sharp ML8OA, and PET *lJ2 (8050 drives). 
Fulinstructions art included Vrith the aame, but if you wanl more detail on the prognun, a 16 page 

rtPrinl of the ori&inaI 'Computing Today' article ls 1l-1liIab1e II £1.95 .. indush-e. 

Fill in the =ita~ r;'-~~~~~~;:~';:-.. ~;-v~~n-:-;;; -----~r:'~~-IIl~:r:~;::s:,-:'~n~----l 
• I T hr Vallr) Tapr.. . .@£J1.4Sall Inlrrnafionll Monr, Ordrr (ddrlr IS nt«5Slr,) for: I 

ASP Software, I Disc . i.~f.I~~i .. :r.~£~~.~5M:~ 1~:~~iH 'If ~ £~; ·lk~r;:·~; ~I:f:~~~r~~~<.'~rl:) ~ \ 
ASP Ltd, I P&'P Mnd VAT. c=J (drlrtr IS n«r5SMr)) ~ I 

145 Charing Crass Road, I PIrue 11K BLOCK CAPITALS I I I I I I I I I I I I 1 I I I I \ 
London WC2H OEE I NAME(Mr/Mrs/Mi55)... . I 

and become one I ADDRESS.. .. .. . . ....... . ... ... ..• . ..... . .. . .. . .. .. . .. .. . .... 1 

of the many to play. .. I ... . ...... POSTCODE:. ... I 

The Valley .. . I Si,nllurr . . . ... . •. .... ........•.... .. .. Oll lr..... . .. . .. .. ................... .. I 
I£L~!E~~ __________ _ ________ ~I~~'~"":'~~~~~f)~ 
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SDraper 

ENVELOPE 
DESIGN 

T he program given here is 
intended as an aid to 
designing ENVELOPEs for 

complex sound effects, or for the 
simula.tion of musical 
instruments. In use it presents a 
time graph of the envelope's 
amplitude and pitch, all 
parameters being alterable in 
real time, and the present 
envelope being p layed on 
demand. When the user is 
satisfied with one envelope he 
may either go on to design 
another (up to twenty at one time 
may be stored)' or get a printout 
of the ENVELOPE and SOUND 
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commands needed to use the 
envelope in a program. 

USING THE PROGRAM 
When the program is run an 
initial graph will appear on the 
screen. To the right of it is a 
menu, and the parameter to be 
altered may be chosen by 
moving a pOinter on this menu . 
This is done by means of the 
cursor up and down keys, and 
the present choice will be shown 
in the menu in reverse g raphics. 

When the desired parameter 
has been chosen it can be altered 

Utilising the BBC 
Micro's SOUND 
capability Is 
facilitated by this 
program for designing 
ENVELOPEs for 
complex sound effects. 

by means of the 'I' and '0' keys: 
'I' increments the currently 

selected parameter, and 'D' 
decrements it. The other controls 
are as follows : 

1\ ... Raise pitch of sound 
produced, 

Shift (/""oJ ) , ,Lower p itch of 
sound produced. 

T.. Change type of sound 
produced (sound, pulse, noise). 
R . . Change pitch envelope 
from auto-repeat to non· 
repeating or vice versa. 
N. . go on to ne xt envelope. 
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32K MODEL A OR MODEL B 

PROGRAM STRUCTURE TECHNICAL DETAILS 
The only things that fa ll Statement Function 

Lines 10·60 Setup 

Lines 70-125 Constants 

Line 140 First 

Lines 150-200 Envset 

Lines 210,220 Screen 

Lines 230,240 Initialize 

Lines 250,260 Init d isplay 
Line 270 Start loop 

Lines 280-365 Controls 
Line 380 Display 

Lioe400 Loopend 

Lines 410-465 Array p lace 

Line 470 Loopend 

Lines 480-590 Printout 

Lines 600-860 Display 

Lines 870-950 Rangecheck 

Lines 960-1050 Placemenu 

Lines 1060-1 160 Pointer move 

Lines 1170-1200 Playnote 

Lines 12 10, 1220 FNINC 

Lines 1230 , 1240 FNDEC 

Lines 1250-1320 Frequency 

Lines 1330-1360 Repeat 

Lines 2000-2020 Type 
Lines 5000-5030 Noise 

Q ... Qui t. The program wi ll 
then print out the ENVELOPE 
and SOUND commands needed 
for all the envelopes previously 
defined. 
P .. Plays p resent sound once . 

Since the use of long variable 
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Action 

Sets up arrays for the va rious 
envelope parameters. 
Reads constant values into 
their respective arrays . 
Sets the envelope no. to the 
f irst one. 
Sets up constants for a new 
envelope. 
Clears to Mode 4, and defines 
text and graphics windows. 
Puts initial values into the 
present envelope parameters 
array. 
Displays the initial envelope. 
Beginning of the envelope 
defining loop . 
Get input from keyboard. 
Draw a new graph if some 
parameter has been changed. 
Terminate inner loop if the 
control used was either N or Q. 
Place the values finally decided 
on in the parameter arrays. 
Terminate outer loop if control 
usedwasQ. 
Output the ENVELOPE and 
SOUND commands needed 
for the envelopes which have 
been defined. 
Defines a procedure to draw 
auto scaled graphs of volume 
and p itch against time. 
Checks that no parameters 
have been altered to a value 
outside their legal range . 
Prints the menu out onto the 
text window. 
Moves the pointer on the 
menu. 
Plays the presently defined 
sound . 
Defines a function to 
increment a parameter. 
Defines a function to 
decrement a parameter. 
Prints out the frequency of the 
present sound. 
Alters the display after pitch 
envelope has been changed to 
or from auto repeat. 
Prints out type of sound. 
Defines envelopes for noise 
pulse type sounds. 

and PROCedure names 
in the program makes it fair ly 
readable there is really not much 
to be said here . For those who 
have not used the BBe for long 
though it might be worthwhile 
pointing out what a few of the 

under this heading are, I th ink , 
the *FX4,1 statement on line 130 
and the *FX15, I on li ne 390 . 
*FX4,1 simply allows the cursor 
keys to be accessed by the GET 
statement (cursor up returning 
the value 139, and cursor down 
giving 138). "FX I5, I clears the 

keyboard type ahead buffer -
th is is necessary to ensure that the 
controls only operate when 
actually being pressed and do 
not continue to do so for a whi le 
afterwards, as would otherwise 
be the case. 

The only other th ing is the use 
of the variable DIS as a logical 
variable on li ne 380 . Here the 
statement IF DIS is short for IF 
DIS -= TRUE - this has been used 
in several places . 

Unfortunately the program is 
too long to fit into a model A 
although a stripped down version 
handling only one envelope at a 
time might Just do so . 
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ENVELOPE DESIGN 32K MODEL A OR MODEL B 

1011%"0 
20011'1 PlTCHSTEP1(ZO),P'1TCHS1EPZ(20),f'ITCHSTEP3<ZO) 680 VDtJ4 
3001I1PITCHTII'IE1<ZO).i"lTCHTII'IE2(20),f'lTCHTlI'IE3(ZO) 690 HOVE10D.l00 
10 DIM PE~IOD(20) .STPTJ:I1E(20) ,RPT(20) 7GO DRAW HUNDREDTHS.AllZI/lfl(8)+100. IOO+VOLSCALE >< AlIZ) 
:;0 DIM I'ITTACK(ZO),OECAYCZO),SUSTAIN(;!.O ) ,RElEASE( ;!.D) , FR 710 PLOTi , ( 1\(1 3'-A(JZ)J><MUHDREOTHS/A(9J,(A(13)-I'I(lZ,).V 

EO(20),lYPE(ZO) DLSCALE 
60DIMrlAXVDL(ZO ),TARGETVDL(ZO) ,I'I (13),MIN(13) ,MA)«13), 7Z0DIFFTIME .. :5 ><A (6)-(A(13)-A(I;!»/A(9)-A(lZ)/A(S) 

MESSAGE.(13I,TYPE.(;!.) 730PLOT I,HUNOR EOTHS><OIFFTIME,A(lOJo<VOLSCAlE_OIFFTIME 
70 FORLOOP-OTOI3 740 DRAW 950 ,1 00 
80 READ I'IIN(LOOP),HAXO .. DDPJ 7:50 1'I0VEIOG.5;!.5 
90 HElllOOf' 760X-0 

100 FORI'tE55AGE-OTOI3 770 REPEAT 

~~~ :~~~tI~~~!~~E' (MESSAGE) ;:: ~tg~!; :~~~g::g~~:::: ~:::: ~: ::: ~: :~ 
125 TYPU{O)'""SOUND":TYPEt(1)-"PULSE":TYPE'(2)-"NOISE" 800 PLDTI7.HUNOREOTHS_1(5).A(Z)_A(5)_'1 
138_FX'I.l 810 X_X+A(3) .. A('1 ) .. A(5) 
1'10H __ l 820 UNTILNOTPlTCHREPEATORX)-TTALTII'IE 

!;: RE~i~~HREPEAT"FALSE :~: ~[0~~;~~~~~~:6T~:_~~;!~:i~~~i) ~~EH EHDPROC 
170 PARAtlETER" O 850EHOPROC 
175 T'fPE" O 860EHDPROC 
180 DIS- fALSE 8'00EFPROCRANC;ECHECK 
190 f '" 100 880fORCHECKLOOP-0 TO 13 
~~~ ~~~~~ II:I~7gHt:C~[O~~;HECKLOOP)<I1IN(CHECKLOOP) THEN "(C!lECKLOOP1-

220 VOU2'1.0~0;1056~1011~28.3J.31,39.0 900 IF IHCHEC)(LOOP»IIA~(CHECKlOOP) THEN A(CHECKLOOP) -
2JO A(0) . 0:A(I) _O :A(2) _O :1H3) _ 0:A(")mO :A (5)·O:At6)_5: IIAXt CHECKLOOP) 

A(7) _ I:A(8)_20:A(9) __ 5 910 NEXTCHEC)(lOOP 
2'10 AtIO) _0 :A(11) __ 2 : 1H12) _ IOO:A(13) .. 50 9201r1H9l<) OTHEN9'tO 
250 PROCPLACEIIEHU 930IfCON_ASC ("I"ITHENAI \I ;· JIoI .. SEA(9) __ 1 
260 PROCDISPlAY 9'tO If(At131 ) A{12) ANOA (9) <0)OR(A(I:i) <A<12) AHOA(9»O 
2'0 REPEAT )THEHAt9J"-A{9 ) 
280 CON" C;£T 950 ENOPROC 
290 IfCON"'139THENPARAI'I£TER_(PARAI1ETER+1311'l001'l:PROC 9600EfPROCPLACEI1ENU 

POIHTER(l) 9?nClS 
3 00 IfCON"138THENPARAI1ETER_(PARAI'IETER+1) 11 0D1'I:PROCP 980 PRlt.jf'·PITCH"· 

OI~~~R( 13) IFCON- ASC("P" )THEHPROCPLAYNOTE 99.~ PRINI"REP :OffPI/STEPPI/STEPPI/STEPT/STEPIT/STEP2T/S 

320 IfCON-ASC("I" lTHENA(PARAI1ETER)_fHI(A(PARAI1E1ERl 1~~~0 PRINT ' "TIMIHC;'" 
):OIS_TRUE 101QPRINT"PERIOOSTEP-T'" 

.330 IfCON_ASC("O")THENA(PARAI1ETER)_fNO(A(PARAiIETER) 10ZQPRIN1 '"VOlUME''' 

> . ~~~_TRUE IfCON-ASC( "~"JTHEHf"fNI(f) 'PROCF 1030 PR:rNT"AlTACK DECAY . SUSTAIHRELEASEMAXVOL.SUSVOl." 
3S0 IFCON .. ASC("~" JTHEHf" fNO(F) :PROCf IO~O PRIHT'" PITCH OF NOTE _ "If 

t 2~t;RDCRE~FCDN.ASC ("R") THEH PITCHR£PEAT_PITCHREPEAT EOR ~ :;: ~~~~:~~POINTER (CHANGE) 

365 IfCON_ASC("T")THENT'fPE" (TYPE+l)I'IOo31PROCTYPE IO'OPR£VIOUS _(PARA METER+CHANGE)11001'1 
370 PROCRANG£CHECK 10BOOOJ/N_PREVIoUS·3 
381 :lFOISTHEHPROCOISPlAY:OIS"fALSE 10110 If PREVIOUS> ' THEH OOWH-OoWN+8 ELSE If PREVIOUS) 500 
390 _FXI5 1 liN_DOWN' 'I 

:~: PI~~~~~~~7:~:~;:;~P~~C~~~;~~~!:~:; 1) :PITCHsTEP3( !!H ~~~~~:~~*~~~~~;~~:E::::::~::::I:~:~ IF PARMEtER) 5 
H) _A(2 ) ooWN-DO)«H"" 
) LIST'IZO. 11 30COlOURI29:COLOURO 

't20PITCHTlME1(N) " A{3) I PltCHTIME2(N) _ A('t):PITCHTII'I£3{N> 11'10PRIHTTAS(O.DO)«N):MESSAGE.(PARAMETER) 
" A(5) IISOCOLOUR1:COLOURIZa 

't30PERIOO(N) " A(6)lSTPTlME(N) _ A(7) 1160EHOPROC 
'1'10 ATTAC)(OIl - A(8):OECAY(H) _ A(9):SUSTAIH(N)"A(10)IRELEA 11700EfPROCPLAYNOTE 

SE(N)"A<1I) I1' S IfTYPE) OT HEN50QQ 
't50MAXVOltH)-A(12):TARGETVOLtN)_A<13) : fREO(N)_F 1190ENVELOPEI.A(7)"PITCHREPEATEORI28,A(O),A( I).At 2),A( 
't60RPTtN)"PITCHREPEATEORIZ8 3) . A('1),A(5),A(8) . A(9).A(10),A(I1),A(12),A(13> 
'165T'fPE{N) "T'fPE 1190S0UNOI,l.f , A(6) 
170UHTIlCOH_ASCC"O") lZ00ENDPROC 
180 FDREHV _O TO N 1210 OEffHI(~) 
'In 110DE7 1220 -x.. INT(A8S(X/1O)"1) 
500 PRINT'"SOUND NO,"; EHV" l 1231 OEFfHO(X) 
510 PRINT'''ENVElOPE N,";STPTIHE(ENVHRPT{ENV);",";PIT 12'10 _X_INHA8S(XIIOl+1l 

eH8 TEP 1 (ENV) ; ... " ~ 1250 DATA -127. 127. -121 • 127 • - 1 27 • 127 • 0 • 255 . 0 • 2:55 , 0 , 255 , I 
520 PRIHTPlTCHS TEI'"2 (ENV > ; " • " ~ PI TCHSTEPJ ( ENV ) ; " • " I PI TC .2:55 , 1 , 127 , 1 • 127 

H1IME1{ENV);·· ... ; 12600ATA-127.127,-121,O,-121.-1,O.126.0.126 
530 PRI NTPITCHTlME2 ( EHV > ~" , " ; PlTCHTIME3 ( ENV) ~ 121 0 DATA PI/STEP. PI/STEP • PI/S TEP , T ISTEPI , TIS TEP2 • T IStEP 
S'IO IfTYPE(ENV1)OTHENPRIHT".O,O,o.O.O,O"ELSEPRIHT"."1 3.I'"ERIOO.STEP-T 

... TT AC)( ( ENV) ~ ... " ; DECAY ( EHV ) ; " , " ; SUSTAIN (ENV) ;" , " ~ RELEASE (E 1280 DATA ATTACK, DECAY. SUSt AIH • RELEASE .I'IAXVDL , , SUS VOL , 
NV) ~ ... " I MAXVOL ( ENV) ; ... " ; T ARCE TVOl t EHV ) I;:.,. U OEFPROCF 

~I.(,~?~~~~:~;, E~~f~: ~7~rr::;li~~r:~~~:N~; ~:, ~:, ~R~L~'A:E ; ' i~0If ~~~: ~~i~i~~:: =?~;;t .. .... I f ~" 
S50 IF TYPE ) 0 THEHPRINT' "SOUNDll 0 1 , N , " ~ FREO (ENV ) ; " , " ; 1330 OEfPROCREP 

PERIOD (ENV) : PRINT"SOUHDll 0 0 , 11 , .. ; 'I_TYPE ( ENV ) -1 . " ... PERIOD ( 13'10 PRI NTT AS ( G • :z ) ~ "REP: .. I : IfPITCHREPEA T PRINT"OH 
EH'V) ELSE PRIHT' "SOUHO 1. N • " ~ fREO (EHV) I " , " ~ PERIOD; EHV ) PRIHT "Off" 

560 PRIHT '''PRESSAHY)((YTOCDNTlHUE.'' 135GPROCDISPLAY 
5'0 DUI'II1Y _CET 136GENDPRDC 
5S1 NEXTEHV 20000EfPROCTYPE 
590 END 2010 PRIHTTA8(0 . 31l;TYPE.<TYPE): 
601 OEfPROCDISPlAY 2020 ENDPROC 
610TTALTIME KA(6)_5_A(7)_A(13)1A{U) 5000ENVElOPEl,A(7)+PITCNREPEATEORI28.A(O), A(I),A(t). A( 
628 HUND(,(EDTHS .. 850/lTALlll'l£ 3).A('1) .A<5 ),O,O,o.o .o.o 
630 . IfA(12)A(13) THEHVOLSCALE-850/A(121ELSEVOLSCALE SOIGENVELOf"EZ .A (7).PlTCHREPEATEORI 28.0,O,O.O,O,O,A(8J, 

-850/A(13) A(9),A(10). A(II ).A(12). A(1 3) 
610CLC 5020S0UNDllOl,l,f,A( 6) : SOUN0l100,2.TYPE_'1_1,A (6) 
650 MOVE I 00.950:DRAIHOO . IOO:ORA)«950,100 S03 0 ENDPRDC 
66eVOU5 :MOVE900,90:PRIHTINT(TTAlTIII E) 

t1~~0 110VE5,965:lFA(13»A02) THEN PRINTA(13) ELSE PRIHTA ~:e~~C:p:.~!:~~c:;,=:::~~'::..".ct •. 
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The word processor lor the SBC machine. 
This ROM based word processor has 
received superb reviews. 
Supplied with full spiral bound manual and 
cassette containing an example 
document and free typing tutor program. 
Now available from stock.. Quantity 
Discounts. 
£39.00 + £1.50 pap + VAT. 

Dept P51 

Beeb·calc 
A ROM based spread 
sheet program. 

Debugging Program 
2 machine code debugging programs - one 
in ROM, one on tape. Essential for the 
machine code programmer. An ideal 
complement to the assembler built into the 
BBC machine. 

Disk Doctor 
A ROM containing useful 
disk utility programs. _"",",ceo" •.• 
Enables the recovery of 
any data off the disk 
including deleted files etc. 

rxl 16 Wayside,Chipperfield, ~ 
III!!!IIJ Herts, WD49JJ.tel(09277)69727 lIiIJ 
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Ian Nicholls 

JOYSTICKS 
ONTRE 

BBC Software to help you 
use your Joysticks on 
the BBC Micro 

M any people have bought 
the joysti ck offered by 
Acorn as part of the 

BBC Microcomputer system, or 
an equivalent product, plugged 
them in, and then found that 
their favourite programs refuse 
to take any notice of them. To 
be able to use the joysticks you 
must include in you r program 
the instructions which will read 
values from them. This 
instruction is the BASIC word 
ADV AL. In this article we will 
explore the use of ADV AL and 
see how to produce a drawing 
program which uses the 
joysticks, but not the keyboard 
al all. 

HOW JOYSTICKS 
WORK 
Let's begin by looking at how 
the joysti cks actually work. 
Inside they are very simple 
consisting of just two 

potentiometers (variable 
resistors) and an onloff push 
button. If you move the joystick 
vertically, then only one 
potentiometer moves, and if you 
move it horizontally, then only 
the other moves. Moving in any 
other direction, both 
potentiometers move. Figure 1 
shows this diag rammati cally. 

As the joystick is moved the 
sliders move inside the 
potentiometers, and the voltages 

1~8t~~I~~~th! BB8ej!~~~c~st~re 
arranged as in Fig. 1. Holding 
the joystick with the Fire bu tton 
pointing away from you, the 
following 'horizontal' and 
'vertical' voltages are obtained: 

Joystick Position 

The voltages are fed to the 
analogue to digital converter 
lADe) chip, the uPD7002, 
where they are converted into 
numbers between 0 and 4005 
which the machine operating 
system then multiplies by 16 to 
give numbers between 0 and 
65520, as shown in the column 
labelled 'A DC reading' These 
readings thus change in units of 
16. The chip used has a 
resolution of 12 bits giving 
numbers between 0 and 4005. 
The software can cope with 
future chips which have 
resolutions up to 16 bits; in this 
case the readings would change 
in steps of 1 between 0 and 
65535. 

Extreme left - horizontal voltage, 1.8 volts 
Extreme right - horizontal voltage, ° volts 
Top - vertical voltage, 1.8 volts 

ADC reading 
65520 

o 
65520 

o Bottom - vertical voltage, 0 volts 

+l .BVO LTS DRA WING FIRE! 
We have progressed far enough 
to write a short program to draw 
on the screen. If we were to use 
the values produced by the 
ADC chip directly then any 

",*,=====~_ S VERTICAL points we plotted would rapidly 
POTENTIOMETER disappear off the screen, since 

40 

+1.8 
VOLTS 

~======1j'<;' we would be trying to plot 
values from ° to 65520, but we 
can only plot values up to 1279 
horizontally and 1023 vertically, 
so we must scale the values 
accordingly. We must multiply 
the vertical, Y, values by 10231 
65520 and the horizontal, X, 
values by 1279165520. Also, we 
want the value X = 0, Y = 0 to be 
in the left hand corner of the 

HORIZONTAL II VOLTS screen so we will have to modify 
POTENTIOMETER the X value by subtracting it 

Fig. t. The arrangement of the aBC JoystIcks. from 65520. 
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The ADV AL function usually 
takes the five positive val ues 
ADVAL(O) to ADVAL(4); it can 
also take the values 
ADVAL( - I) to ADVAL( - 9)' 
their use will be explained later . 
The four positive values 1 to 4 
are the channel numbers. 

What is happening is that the 
joysti ck cannot simultaneously 
reach the limits of travel of both 
potentiometers at the same time, 
which would be necessary to 
plot right into all four corners. 
You will find that it possibly can 
reach one or two corners, but 

ADV AL( 1) reads the left hand joystick's horizontal value 
ADVAL(2) reads the left hand joystick's verti cal value 
ADVAL(3) reads the right- hand joystick's horizontal value 
ADVAL(4) reads the righ t hand joystick's vertical value 

ADV AL(O) performs the special 
function of reading which of the 
Fire buttons has been pressed. 
If we use the sta tement: 

fi[e'''ADVAL (B) AND 3 

in a program then:· 
fi re % = 0 means no bu tton 
is being pressed 
fire % = I means the left­
hand button is being 
pressed 
fi re % = 2 means the right­
hand button is being 
pressed 
fire% = 3 means both 
buttons are being pressed 

not all four. This wi ll be 
important to us in applications 
where we do want to reach 
every part of the screen. To 
overcome this problem we will 
have to use sc.aling factors 
different from those given 
above. Listing 2 gives us a 
means of finding out what these 
new scaling factors should be. 
They will differ for each 
joysti ck. 

When you run Listing 2, you 
will see the following type of 
display: 

CHANNEL 
ADVAL( I ) 
ADVAL(2) 
ADVAL(3) 
ADVAL(4) 

VALUE 

THIS IS FIRE BUTTON No. I 

MODEL A AND B 

In the example above, Y = 
(ADVAL(2) - 32) * 1023'65472. 

If you press the Fire button 
on each of the joysticks, the 
message in the midd le of the 
screen will tell you which 
number the computer assigns to 
the buttons. You will find, 
hopefully, that Fire button 1 is 
on the joystick which controls 
channels 1 and 2: this is the 
left-hand joystick. 
The bottom two lines of the 

d isplay produced by Listing 2 
show the lowest and highest 
values where ADVAL(l) and 
ADV AL(2) are the same, and 
whe,e ADV AL(3) and 
ADVAL(4) are the same. In 
other words, these are the 
lowest and highest values which 
can be obtained simultaneously 
in the vertical and horizontal 
directions for each joystick. If 
we use these va lues as the 
scaling factors, then we will be 
able to reach any point in the 
desired plotting area. 

MINIMUM 
32 
32 
48 
48 

MAXIMUM 
65392 
65504 
65520 
65520 

We can now try Listing I which 
will run on a Model A or B. If 
you run th is program, nothing 
will happen until you press one 
of the Fire buttons on the 
joystick (not both at the same 
ti me - see line 180). A box 
round the edge of the display 
will appear and the message 
'Joystick No. Z', where Z will be 
1 or 2. If Z is 1 then the joystick 
you are holding is the left-hand 
one, if Z is 2 then it is the right­
hand one. It is worth putting 
sticky labels on the joysticks to 
remind you of this if yours, like 
mine, are not marked in any 
way. 

ADVAL(!) ~ ADVAL(2) AT - min 352 - max 59568 
ADVAL(3) ~ ADVAL(4) AT - min 1056 - max 62640 

SCALING UP 
When you move the joystick a 
line of dots will follow its path 
round the screen. If you now 
move the joystick keeping it as 
far from the centre positi on as 
possible, you would probably 
expect it to follow the edges of 
the box. However, at the 
corners of the box you wi ll find 

somethino 
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As you move each of the 
joysticks the numbers for 
ADVAL( l) and ADVAL(2) DC 

ADVAL(3) and ADVAL(4), 
under the column headed 
VALUE will change. The 
numbers under the columns 
headed MINIMUM and 
MAXIMUM will keep track of 
the minimum and maximum 
values which can be obtained 
on each channel. Ideally these 
should be 0 and 65520. The 
above numbers, obtained with 
an actual BBe joystick show 
that the ideal is not usually 
possible. 

If you want to make sure that 
the computer actually reads the 
value 0, say, when the left-hand 
joystick is at the bottom of its 
travel and 1023 when it is at the 
top, then ADVAL(2) needs to be 
scaled as follows: 
'l - (ADVAL (2) -Ml~lMUM) · 1023/ (MAXIMUM­

MIN I MUM) 

A bit of dexterity is needed 
to find these values: move the 
joystick slowly around in a 
circle keeping it as far away 
from the centre poin t as 
possible . Watch the values on 
channels 1 and 2 (or 3 and 4) 
until they become nearly equal, 
either a t a low value or at a 
high value. Now move the 
joystick even more slowly, in 
very small steps, trying to bring 
the two numbers as close 
together as possible. Suddenly 
(we hope!) the number against 
'min' or 'max' will change from 
o to a larger number. Repeat 
for the other position on the 
joystick, and then for the other 
joystick. 

THE MAIN THEME 
We now have both joysticks 
calibrated and can turn to 
Listing 3, which is quite a 
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JOYSTICK ON THE BBC 

sophisticated drawing program, 
offering various 'menu' choices 
to the user which are selected 
using the righ t- hand joystick 
and its Fire button, The left­
hand joystick and Fire button 
are used to draw on the screen 
The program requires a Model 
B or 32K Model A. The various 
menu choices are: 

Procedure PROCcolour 
1) colour to be used when 

drawing (one of four 
possible colours) 

2) draw using triangles 
3) draw using lines 
4) draw using dolted lines 
5) draw using points 
6) move to menu which allows 

changes of colour and of 
drawing action (Procedure 
PROCchng-coi) 

7) Clear the screen 

Procedure PROCchng-col 
1) Change the mode of 

drawing action from direct 
over-plotting to the use of 
Boolean options (Procedure 
PROCchng-acl) 

2) Change the actual set of 
four colours avai lable 
(Procedure PROCalter-col) 

Procedure PROCchng-act 
1) Direct over-plotting (normal 

drawing mode) 
2) Draw using AND 
3) Draw using OR 
4) Draw using EXOR 
5) Draw by inverting what is 

already on the screen. 

Procedure PROCalter-col 
1) Change logical colour A(A 
~ ° to 3) - YES/NO? 

2) If answer to 1 is YES, choose 
one of the 16 possible 
colours to be the actual 
colour displayed when the 
corresponding logical 
colour (0 to 3) is used. 

The procedure PROCcalibrate 
is used to read in values 
obtained from the calibration 
program, Listing 2, and then to 
calculate the appropriate 
scaling factors to be used. 

Readers will need to 
substitute their own values in 
the DATA statement. Line 870, 
the READ statement, reads in 
four variables onemin , onemax, 
two and three. Readers should 
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substitute the following values 
from using their joysticks with 
Listi ng 2 in the DATA statement 
line. 

onemin - minimum value 
whe,e ADV ALII) 
~ ADVAL(2) foe 
left joystick 

onemax - maximum value 
whe,e ADVAL(l) 
~ADVAL(2) fo, 
left joystick 

two - minimum value 
obtained on 
channel, 
ADVAL(3) 

three - maximum value 
obtained on 
channel, 
ADVAL(3) 

HOW IT RUNS 
The main part of the program is 
contained in line 570 to 620 
S7~ REPEA·r 
58~ PROCread (39.~) 
59~ IF f i re'-l OR fi re'-3 draw- l 

ELSEdr aw .. e ,PRQCflash 
600 PROCcolou r 

:;: ~~~ILP~~~:;draW , X , y 

The important elements of these 
six lines are as follows: 
PROer.ad (scaie, T %) This 
procedure reads the left-hand 
joysti ck pOSition and calculates 
the x and yeo-ordinates, 
appropriately scaled (x,y). It 
then checks the two Fire 
buttons. It also reads the 
horizontal positi on of the right­
hand joystick and uses the 
parameters 'scale' and T% as 
follows. Firstly, it scales the 
horizontal value such that at the 
extreme left of the joysti ck's 
travel, it returns a va lue of T%, 
and at the opposite end of its 
travel, it returns a value equal 
to T% + scale. It then plots the 
, A' symbol at the horizontal 
position, T% + scale, with in a 
one line text window at the 
bottom of the screen. This text 
window is produced by hne 
720, 

720 VDU 28.O,31,39 . 31'1 

PROCflash In order to be able 
to draw successfu ll y, most artists 
need to be able to see the 
pencil and paper. PROCflash 
draws a flashing cursor , which 
shows the point of our coloured 
pencil. We need to be able to 

move the cursor without 
drawing on the screen. To do 
this the program only draws 
when Fire button 1 is pressed 
(in which case the variable 
draw takes the value 1, 
otherwise it is 0 - see 
beginning of hne 590). To 
prevent the cursor itself leaving 
a mark as it is moved, it is 
plotted twice using the 
exclusive-or function, EXOR, in 
the GCOL parameter. The 
cursor itself is a small square, 
made up from two triangles 
centred at the current x and y 
co-ordinates . 
PROCcolour One of the 
facilities in this procedure is to 
choose whether to plot with 
points, lines, etc: the 
appropriate value is assigned to 
plot % as follows: 
triangles - plot % = 84 
lines - plot % = 4 
dotted lines - plot % = 28 
points - plot% = 68 

PLOT plot% + draw. x.y This 
is the line which actually plots 
on the screen if draw = 1. The 
value of plot% will have been 
determined by PROCcolour in 
the previous statement. 

To use the program, then, 
use the right- hand joystick by 
moving it left or right to select 
the colour, choice of lines, 
triangles, etc, which you wish to 
use, and press its Fire button to 
make your choice. Then use the 
left-hand joystick to move the 
flashing cursor about the 
screen; when you are ready to 
draw, press the left-hand Fi re 
button. Happy draWing! 

A FINAL NOTE 
Putting a negative number in 
the ADV AL statement, such as 
y ~ ADV AL( - 4) enabies you to 
see how full any of the internal 
buffers are. Putting in negative 
numbers from - 1 to - 9 returns 
the number of free spaces in the 
follOWing buffers: 

Y- ADVAL(- ) 
Y - ADVAL( - 2) 
Y- ADVAL( - 3) 
Y- ADVAL( - 4) 
Y- ADVAL( -5) 
Y- ADVAL(-6) 
Y- ADVAL(-7) 
Y"' ADVAL(-8) 
Y- ADVAL(-9) 

- keybOllrd buffer 
- RS423 input buffer 
- RS423 output buffer 
- printer output buffer 
- SOUND 0 buffer 
- SOUND I buffer 
- SOUND 2 buffer 
- SOUND 3 buffer 
- SPEECH buffer 
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JOYSTICK ON THE BBC 
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~40 ~EII 
~5() RUI 
:)60 RUI 
570 ~ EP[AI 
~o PR()t; ~~ojCW,O) 

~90 If r ir .X ~ ! OR fireJ:~3 dr ... ~l ELSl dr . .. ·O:rROCfJ • • 

600 ~r;U!:~olour 

610 PlUl"loUI<lNw""u 

:~~ Rl::"TIl F1Il5[ 

640 REI! End 01 •• in Ho~ra loop 
6:AlREM 
.&60 ~E" RouHn~ to ~ul ~olnhr inlo te~l 
1>70 REM ".0110 .. (~o>nler -1- .oved with 

~g ~~~ ';~~~\:~~d ~~~~;~~K ~~I:~~n rud. 
700 kt~ 
110 UU ~IWC"nd( . ~ . l e.1X) 
no VDU28,O.:H,~~,JO 
730 x'. -ADVAU1!'b 
HOIIEAOVAL(2)'c -d 
750 fird~A~V"'UO) IINU;; 
U.o""E( .. -AOVAl(]IH!hcal .. I!On 
no hblx IHT( xx):SCAUt·U!l(.cdetO.l1 
7aO H labl(O THEil h bt. n ELSE If l .b~"'5C"'LU IHEH h bX 

·~CAlU 

~~ i~Fg~~(O'OHSPC( 1%;I""X ) ; "'" ;SPCI39-TX-tobX)f 

820 I<EII ~. I cul.h .... "liu p.r •• ~l~co 
830l<EII for ... ~.Ud volun 
B40 RUI 
850 lItF PIIOCcalibrate 
1160REST~E980 

870 ~EAU OIIni n.on .... K, lwo.lhr" 

:~ =~~:~~:::~~ 
<roO d'I023*on .. jn/~ 
910c- 1023/b 
no ~1279/~ 
930 f - ~hr-"-i"" 
940 p= 127Yllhrn/t' 

~ ~: :~~~~~WOIf 
970f_1279/f 
980 MIA J~2.S9~6U . 46 . 6~~20 
990EIIDPROC 

1000 ~[II 

1010 REI! Draw fluhinl cur~or 
102() ~EM 
1030 OCF PRU~fh~" 
1040 fO~ J~a(>TOI 
105() CCOL:!,) 
1060Il(lVlx-S , ,, .. a 
1070 /lUVE ~ t8, ~-8 
1080 pun 8~,x-8, vtlj 

10VO l'lUT BS":I~,~18 
1100 (;[;UU~,con 

1110 NUT 
1120 tH~P~ut 
IIJOk[1I 
11 40 klll Hrst unu o~t,on. 
U SOktll 
1160 Dor PIWLcolour 
1170 xxt'lab~ 11lV • 
1180 IF f>rpX~O O~ flr"X~ 1 [rlW~{)( 

i1~ :r ~~~:: ~~~~~:~!;t~r.~·~{i~'C01~: ( H[<f'RHC 

:g~ :: :~~:~ ;l~t~:~~~~~~~~~ 
1230 II- xxl~7 ~lol%.68:[NIWROC 

124011 "x%=B H<U~chnssol : tNLH'k(~; 
125O It ~,,~a~ ClGlENI,rp.UC 
1~60 ~IIWRUC 

1 ~IU FEll 
12&0 kEII I wu hn~ a"t _ir,G<;" . t ~Hto. 

1290REII ofser ..... 
13(K) Rlil 
illO VLF ~I<I/Cwindow 
1320 WU2B,0,31,39,29:CtJt DIJI(I~~: Ll.s 

Ino CDlOORO 
1~4() fl::J~TT~'''n'~''~'.[lrn 
]3~ COLOUk] 

]360 H'HITTAb!4 , O);bLOCn 
1J70COLOUR2 
13BO ~RINTTA~( ij,O );lll.Gt~t 

::E ~~~!h~~;~~UC~t; 
1420 P~ INlTA~116,O);"TRI ", 

J!~ ~~~~~~f~~~:~~lN " 
I4:>o COLOOR2 :COLOURlJ2 
1.60 P~INTTA~12~,OH'I>l.N " ; 
14!OCOLOORJ:COLOUR129 
14~() ~klNTl~~(;lS,O)j"PNT ", 

1490 COLOlJRO:CDlOl/f!]~O 
1:;(K)f'RINTlAb(J2,0); "WL " , 

m~ ~~m~~m~£~I:; "; 
1 ~40 E~~PROl: 

IS50REII 
I ~O R£H S.~ond "enu on , Dn. 
1:l70Rtll 
1580 lIEF PROCtM~_<ol 
I:1YOVDU2e,0.31.J9 , 29 
Jl.oo COlOOR 3lCOlOUR 12~:C L 5 

MODEL A AND B 

1610 ~R1HlTAB(0 . 0)I " CHAN~!: CULOUR ACTION!' , 
1620COLOUl(O :COlUURI3I 
1630 f'RINTTAB(n.OH" YES 
1640 COlOUR 130 
16~ PR1NTT Ab(30,0)l " NO 
1660COLQ(JR31COLOOR !211 
J670 (PIN~H(IOO) 
1680 RtPEAT 
1690 f'ROCrnd(I~.n) 
Il(K) UIHIl (rjrPI~2) 
1710 If hbX<IIf'ROCchnt_acl 
1720 PRDCai ~er_col 
1110 LHWRUC 
1140REII 

g~ :~~ Third •• n" o~lion. 

1770 DU- ~ROCchns_atl 

1780IlDU28.0.31.J9.29 
1790COlOUR31COlOURI2BlClS 
18(K)f'R I NTTAb(0,0H"COLOURACT I ON ' , 
j'810COLOUR01COl~!29 
1820 PR1 NTlA'(H.O)l· IIORh"j 
1830CDlOUR I30 
1840f'R1IITlAB( ] 9,O)," i>JIU"j 
IB~O COlOUR III 
1860 PRIl(llA~< 24,0)1" (l!I '1 
1810 CtilWR 129 
16BO PRIMTTA8{2'i'.O)l " HO~ " j 

1990 COUIUI< 130 
1900 p~lNnAB(3~,'o); · I N\' ' j 

::t~ ~~:~y:;g~DU~ 128 

InOR£PEAT 
1?~0 PI(OCrud!Z4,1.) 
19~0 (HIlIl (ri r d'2) 
1960 Zl~labI ~IV S 

:~~~ ~~R~~'~OlX:pl«(){;'<lndOW 

~~~~ ~~~ ~O"nt, ~~"u D. (.l<''' ' 
2010 ,,£~ 
2020 DEf P~OC . ltf l'_ col 
2030 VOU2!IoO,:\ldY,2Y 
,040 COlOUR J :ClIlIIUR l ~~ : Cl:; 

20~ FOR U·OW~ 
~ObO l~~LEM ! CU!..( AC( _LOL,( HI)) 
2070 ~RINTTA~(O,O) "WAHGE WlrnJ~ " ,1 ;(, " 

tJt~(I~)JiSPC(20-UH 

2080 COLOORO:CtJtUIm129 
~09() ~R IN ll Ab( J() . 0)l" YES " 

~:~ ~~~~~A~~~4 ' UW NO " 
,120 COU)U~ 3:CllLOlm 128 
~130 U~IHKEY( 1(0) 
21~O REf-EAT 
21~O f'R{JCrudI7 , 30) 
2 160 UNIIL (f i r.I~2) 

2170 VW28, 0,31.l9,2Y 
2160 IF t ~bl)3 (;OT02300 

g~ ~~i~!~~~~')' ),Qt, 
2~10 ~[PEAT 

xx·(. -AUVAU3)H)U:;/!02~ 

l~bI=INH"XI 
If UbI(O T~€N hbl=O £lSl If t~b%}l~ THEN t ~H 

." 225O L~~Lnl(Ctilt1~~~X)) 
n60 fir.I:Al<VAUO) ANtl :l 

~~~g ~~ii~Tt~;::%~~~COLt( t ~bl )jSPC( 2()-U Ji 

n90 ACT_ CO LI( U)~ht\I: Vl!U I ~.n,l;obZ . O.O,O 

HQO NEXT 
2310PROC'''ndow 
2320ENlWI<OC 
2.nO I(EII R .. tor e nor .. al ,"tsar 
2340 VDU2J,0,1l,2~~,O,U,0.o.O.0 
n~o VbU261CLS 
2360REII Pnnt • ... ror · nnille 
1370 R~PD~T 
2390 ~RI NT ' It line 'It~L 

2390 E1I0 

LIstIng 3. DrawIng program uSing joysHcks. 
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~ 
QUALITY &VlU.UE ~ DELIVERY &SERVlCE 
Everv pfoduCI in 0. "". ,ta!09ueiseare.fUllvseIIlCllldIlS WlIgllarlln.teet.Odll~atCh.bV1s.ICIUSPOS10rseeuricor 
~;~~~tfht~~~~~~r':~I~~~~!r:~~,}:.b~~s~do~b~rU:ange is ~~~dSO:~:i~:~:~;~m ~,{~C~~fht~t ~3~fn~ It~:lt. ~~~ :~r 
purchased trom lud,ng manufacturers such 85 TeKas our comm itment to massive 10 depth stocks. bener than 
Instruments, Matorole, National Semiconductor. Inlel 95% 01 our product range is available 10 you within 24 
etc. Our bulk bUYing power end low overheads ensure hours. Every produCl we sell is suppolled by our 
thlll these products lI'esold lit the lowest possible, technical enqulfies department and dalasheets 're 
ohel'l unbeatable priees. aVllilable on most products 

BBC MICROCOMPUTERS AND ACCESSORIES 

BBC COMPUTERS BBCJ5 Disc lfOCableJ4WIDCto 
£12.00 

ACORNSOFT BOOKS FOR THE 
ModelB £346.95 2)(J4wllyCardEdge BBCMICRO 
ModelB+Disclnterface £441 .95 BBCJ6 Dilc Power Cable £6.00 

SBOOI Creative Graphics £ 7.50 BBC44 Analogue Input Plug 
& lever SBD02 Graphs· ChaMs £ 7.50 

BBC MICRO DISC DRIVES BBC66 1MBusConnector SBD04 lisp £7.50 
+J6"Cable SBOOJ Forth £7.50 

BBCJl Single 1001(; Drive 

BBCJ2 
bpandable lo2xl00K £229.00 BBC ACCESSORIES 
Dual 1001(; Drives £340.00 BBC4S Joystickslper pair) £11 .30 BBCJJ '~~~~radefor 

£122.00 BBC67 Eprom Programmer £57.95 
BBCJ4 Dual 4001(; Drives £649.00 (assembled) 

All disc drives (except BBC JJ)comple te 
with Manual,Ul ilities Disc, and BBC MICRO COMPONENTS 
Connecting Cable • . 4516 lOONS £ 2.25 
BBC UPGRADE KITS 6522 £ 3.19 

74lS244 £0.59 
BBCA2B ComplataAtoBUpgrada £44.75 

SBEOJ BuslnassGamas £ 8.65 
74lS245 £0.69 

BBCI 161(;Mamory £18.00 74lS163 £ 0.34 
BBC2 Printar/User1l0KI(; £7.50 SBE04 ~~~tg~~~~t~~~~c £ 8.65 D53691N £ 4.50 
BBCJ Oisc lnterfacal(;it £95.00 SBE02 0588lS12()N £ 4.50 
BBC4 Analoguelnput.l(;it £6.70 

SBEOI 
Manual· UP07OO2 £ 4.50 

BBCS Serial 110 Rab I(;lt £7.30 AI~~braiI ManiPUI8tiOn 8271 £38.00 
BBC6 Bus. Expansion Kit £6.45 20 Way Header £1 .46 
~I~tkr~~t~~~=~ppliad with full fitting 

SBXOI Creative Graphics 26 Way Header £1 .76 

5BX02 
Cassette 34 Way Header £2.08 Graphs&Chani 

£8.65 
4tIWayHeader £ 2.l2 Cassette 15WayDSkt £2.15 SBBOI Desk Diary Inc Manual £8.65 6WayDinSkt £0.90 SBlO2 lisp Cassette £14.65 SWay DinSkt £ 0.90 SBlOl Forth Cassette £14.65 

BBC CONNECTORS 
SBGOI Philosophers QueSt £ 8.65 BBC SOFTWARE IN ROM. 
SBG07 ~oh~~t~~dventure £8.65 

BBC21 PrinterCableandAmphenol SBGOl £8.65 

u~~~~~~:~~:~~:~~ £1l.00 
SBG04 Snapper £ 8.65 

BBC22 SBGIS Planatoid £ 8.65 
Cable 36- £ 2.46 SBG06 ArcadaAction £10.35 
Cassattelead £l.50 SBGOS Rocket Raid £8.65 
7PinDinPlug £0.60 SBGl3 Mateors £8.65 
6PinDinPlug £0.60 SBGl4 Arcadians £8.65 
5PinDinPlug £0.60 SBGIO Chass £ 8.65 
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S Draper 

DISASSEMBLER 

T he program given here 
will ta ke a machine code 
program from anywhere 

in memory and print it out on the 
screen in assembly language. I 
found it particularly useful for 
understanding how some of my 
old machine code programs 
worked when I wanted to modify 
them (l know - we should all 
keep assembly language copies, 
but who does). It is also very 
useful for figuring out how other 
peoples' programs do some of the 
clever things they do! 

TECHNICAL DETAILS 
There is nothing particularly 
notable about the program 
except the way in which the start 
address is input (line 50). The 
use of EV AL here allows the 
address to be typed in in 
hexadecimal notation which is 
much easier for the user to relate 
to than a long decimal number. 

The table of variables used 
(below) should be of 
considerable assistance to those 
who wish to convert the program 
to run on other machines . This 
should not prove too difficult (on 

=#=2 

a 6502 machine of course), but 
note that the? operator (eg line 
150) is BBe for PEEK or POKE 
depending on context. Thus: 

ADD? I~VALUE means POKE (ADD+I, VALUE 
?ADD~ VALUE means POKE ADD, VALUE; and 
VALUE ~ ADD?I means VALUE~PEEK (ADD+ I ) 

NAME 
MNEM$(X) 
PRE$(X) 
POST$(X) 
OPS(X) 

OPM(X) 

N(X) 

ADD 
MO 

TABLE OF VARIABLES 

USE 
Mnemonics for the 56 different 6502 instructions. 
Prefixes for the various addressing modes. 
Postfixes for the various addreSSing modes . 
No. of the instruction with code X in the above 
arrays. 
No. of the addreSSing mode of the instruction 
with code X. 
No. of bytes taken up by instructions with add. 
modeX . 
Address presently being disassembled. 
No. of instruction presently being disassembled. 

Table 1. A table of the variables used. 
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To take a machine 
code program from 
memory and print it 
out in assembly 
language on the 
screen, just read this 
article. 

Note also when converting to 
other systems the use of 
instruction *FX I5, 1 in li ne 200. 
This simply clears the keyboard 
type ahead buffer . This could be 
replaced on the PET for instance 
by the li nes : 

8000 4C tF 80 -»'IPL801F' B003 4C E9 9(; ..JPIPl.8CE9 
BC06 40 ." 8007 OE 00 42 RSLL4200 
eOOQ 41 '53 EOR(L:l3.X) 
800e 4943 E0R4I43 
800E 00 "'" BOOF 29 PCP 
80to 43 -eOll 

29 " " 8013 39 38 31 -~,V 8016 20 41 63 
80:9- 6F , 
80:Q 72 , 
80!8 6€ 0.::> 00 , 
80:E eo 9 
60:F 09 94 LoA.64 
602l 20 F4 FF .JSRLFFF4 

:~~ B6 06 ST)(L06 

:; ~j STVLO? 
0029 LDA*63 
eC:,lQ 20 F'4 FF .JSRLFFF4 
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MODELAANDB 

260 GET A$ USING THE PROGRAM enter the desired start address for 
disassembly in Hex and sit back. 
The machine code will be 

265 IF A$u""THEN 260 
The purpose of lines 250,260 is 
simply to wait for a keypress at 
the end of printing a full screen 
before going on to the next. 

This should present no 
problems to anyone with any 
previous experience of machine 
code as it is fairly self­
explanatory in use - simply 

printed out in the following 
format: 
ADDRESS MACHINE CODE 
ASSEMBLY LANGUAGE 

PROGRAM STRUCTURE 

Statement Function Action 

Note that with jumps and 
branches it is the target address 
that is printed out in the assembly 
language section, even with 
relative branches. 

Lines 10-70 Setup 
Line 80 Start of main 

Reads data into the arrays. If the disassembler 
encounters a byte with no 
corresponding instruction 
'GARBAGE' will be printed ou t 
as its assembly language 
equivalent. 

loop 
Each loop prints out one 
complete screen of assembly 
language. 

Line 90 Headings Clears the screen and prints 

Line 100 Start of 
column headings out. Disassembler shou ld run 

equally well on a Model A or B. secondary loop 
Each loop prints out OTIe 

instruction. 
Lines 110 Secondary Prints current instruction and 
-240 loop increments address pointer 

(ADD) 
Lines 250 Key wait Waits for a keypress before 
-270 doing next page of program. 

Line 280 Target add. Prints out target address for 

Lines 300 Data 
relative branches in Hex. 
All the needed data . 

-520 

Table 2. The program structure. 

) LIST 
Z32 011'lI'lNEI'I'(SbJ,PREl<13),POST1o(13J,OPI'I(256) , OPS(256) 

,N(13l:FORI _ ITOI 3:REAON(J):N£XT 
IOO S REPEATR£AOA,B,C:OPS(A) -S :OPM(A)_C:UNTILA_ZS5 
1610 FORI - ITOI3:REAOPRE'(I),POST1o(I):NEXT 
1020 FORI_OT056 :REAoI1NEI1'(l):NEXT 
: ~~~ ~~~~!;'START ADDRESS". ADD': AOOmEUALAOD' 

1037 <!X-4 AOO 
10'10 REPEAT 

~~;~ ~~~i~~~~~~AOORESS 
1060 OPERANO~?AOO 

1062 1'I0- 0PI'I<OPERANO) 
I ° 65 PRINT "ADD ~ H " ~ 
1070 FORJ- lTON(1'I0):IFAoo?(J-l) ( 16THENPRINT"0": 
I 075 PRINT "ADD? ( J-I ) ~ H H ~ : NEXT 

!~:~ ~~~~!~~*~~~2~~~I'INEI1'( OPS( DPERANO); PRE'( 1'1 0) : 

1090 IFN(1'I0) "' I THENIII0 
1095 IHHMO) ( 2THE NI 110 
1100 FORJ _AOO+N(MOJ_lTOAOD+lSTEP_l:IF?J(16THENPRI N 

T!h~ PR~~~~6;i;;~~~XT 
1120 AOO" AOO+N(MO) 
1130 N£XT 
1135 A_eET 

~!~: ~~~~EOI 
5~~~~A~6~~~?1<128THENPRINT"( AOO+Z+ADD?l) ELSEPRINT" (,0.00 - 2 

2010 COT0l120 
~OOO OATAI.I.3.2.2,3.3,2.2,2,2,3,2 
5000 DATA 460.1.3,465,1,1,469, 1 , ~,t70 .1,6, 479, 1.7 .&61,1, 

8,t71.1 ,9t&'7~,l.IO 
5010 DATA ' 20.2,3,425.2,'1,t29,2,~,&30,Z,6,439.2,7 ,421 , 2 

,8. 431, 2.9, &'35 ,2,10 
5020 DATA 10.3.2.1'l,3,3,6,3.'I,41E.3,6,Z2,3 , 10,&90,'I,ll,t 

80.5.11.!FO,6,11. 42C , 7,3,42"1,7.'1 
5030 DATA 18,8,11,&,00,9,11,16,10,11.0,1),1.450.12.11.3070 

,13.11,30 18 , 1~,l , &OS, 15,1 
50'l00ATA458,16,1.&SB,17 ,I, &'CQ ,I S,3,&.C5,18 ,'1, 4C9 ,IS,S, 4 
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DO, 18 ..... &09 .19,7 ,lCl .1 e,e . &Dl.18.9,&D~, 19, 10 
~C50 DATA lEC ,1 9,3 . tF.'1, 19.", lEO.19 , ~.&CC ,20 . 3 . &'C 'I. ZO .'1. &' 
CO.ZO.~,&.C[ .ZI.3.&'C6.Z1.'1.&0[.21,6.&06. 21 , 10. tCA,ZZ, 1 ,tee 
,23.1 
~0 60 DATA &'10,2'1 ,3, &'1~ , Z'I , '1 , t'l9,2 '1, 5 ,&50,Z'I,b, &59,2'1,7 ,6 

5,Z 'I ,B.&5I,2'1,9 , &~~ , 2'1, 10 
50700ATA.tEE,25 ,3,&E6,Z5, 'I , &FE,Z5 ,6,&Fb,Z5 , 10 
50BOOATA.tE8 ,Z6,1,&Ce,Z7,1, &'IC,ZB,3, &bc.ze,12 ,32,29 ,3,& 

AD, 30.3 , & A ~ ,30.'1. I.A9 , 30 , 5,&80 , 30 ,6,&89,30.7 , &,0.1,30 ,8, .181 , 
30,9,&1>5 , 30 ,1 0 

50900ATA.1AE,31.3,&A6,3I,'1. I.AZ,31,5,1.8£,31,7,&86,31, 13, 
tAC,32,3,tA'I,3Z , '1, 160,32,~,&8C,32,6, l. e'l,3Z, 10 
~ 100 DATA t'lA ,33,Z, I. 'IE,33 ,3 ,&'1b,33, 'I , 1.~E.33 ,b, &56 ,33, 10 
~ IIO DATA &EA,3'1 , 1 , 13,35.3,5,35 ,'1,9,35 ,5, 410,35 , 6,tI9,35 

,7.1.35,8, 17 .3~ ,9, ZI ,35 , 16 
5120 OATA t'le,36,1 . 8,37,1, &bB,3B,I , &2B ,39,1,42A,'1Q,2,&2E 

,'10,3, 426 ,'10,'1,&3E.'IO.6.t36.'10,IO 
5 130 DATA &6A,'11,2.t6£,'Il,3,466,'\1,'1,47E.'11,6, 4 76,'II,10 
5 110 DATA 6'1,'12,I,96.'I3,I"U:D,'I'I.3,&E5,'1'1,'1,&'E9,'1'1, 5 ,&FO 

,'1'1,6, 4F9,'1'1,7, &'El ,'1Q, 8,&'FI , QQ,9,tF5.1Q,IO 
5150 DATA 4. 38,'15 , 1.&F8 ,'16,1. &78 ,'I7.1 , &90,18, 3, 49~ ,'1e,'1, 4 

90,'18,6,&'99,'18,7,129,'18,8.t91.'19,9, 4 9 5 ,18,10 
5 160 DATA &8E , '19,3,t86,'I9,'1 , 496, 'I9,1 3,48C,50 ,3, 481 , 5 0,'1, 

'91,50,10 
5 170 DATA &AA, 5 1,I,&A8,52,I,t8A,53,I,48A,51 , I,49A , 55 ,1,& 

98,56.1 , 255,0,D 
IOOOOOATA"","",A,'''',&,'''',&,''''. t, '''',&,'',X'',3o,'',Y'',<&,'',X l 
" .t&,"I,Y",&,".X",t,"",(t,),&,"" 
100100ATACARBACE,AOC,ANO.ASL.BCC.8CS,BEQ,BIT,BI''iI,BNE,8 
~.~K,WC,WS,~C.CLO.CLI , CLU.CMP 
100200ATACPX . CPY . OEC,oEX,oEY.EOR,INC,INX,INY, JI'IP,JSR,L0 
A.LOX,LOY,LSR.NOP,ORA 
10030 OATA PHA,PHP,PLA,PLP,ROL.ROR.RTI . RTS,SI>C.SEC.SEO,S £ 
1.STA,STX,STY,TAX , TAY,TSX,TXA.TXS.TY A 

Listing 1. DlsQ"embl.r program. 
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MEMBERSHIP NOW EXCEEDS 13,000 
13,000 members can't be wrong - BeEaUG provides the best support for the BBC Micro. 
BEE BUG Magazine - now 54 pages - devoted exclusively to the BBC Micro. 
Programs- Hints & Tips-Major Articles-News - Reviews - Commentary. 
PLUS members discount scheme with National Retailers. PLUS members Software I:tbrary. 
10 Magazines a year. First issue April 1982 . Reprints of all issues available to members. 

SCREEN SHOTS FROM PROGRAMS 
IN BEEBUG MAGAZINE 

ENVELOPE 
EDITOR 
NOVEMBER 1982 

'"'''''~''''' 

- -" 

~ 

3D SHAPE 
DECEMBER 
1982 

RACER 
NOVEMBER 
1982 

"II . ' -
, 

:. ,' .. ~. , .. . - ...... ~.~. ... , , ... 
.~- .......... _. -

SPACE 
CITY 
DECEMBER 
1982 

ARTIST 
Painting by 
Joystick 
DECEMBER 1982 

April IlIue: 3D Ncughlll and C,otSet, Moon La nder, Ellip$tl and 3d 
Surface. Plu$ articles on Upgrad ing to Model B, Making Sounds, and 
Ope.allngSystemCal ls. 

Mav IIIU8: Ca,"", Bomber, Chordl, Spira l and mora. Plus a rticles on 
Graphic •• Wriling Game! Programs. ,rid Uaing th e A$Sembier 

J ... n. IlIu. ; Maul,ap. Mini Texi EdilOr. Polygon; plu~ articles on 
upg.ading. Tha User Port. TV .. 1 and Monitor raviaw. Graphics part II . More 
Assembler HinlS. Structu ring iI1 BSC Sasic. pi .... SSC Sugs. 

July Illua SEES INVADERS ,rid othltf prog,ams-pl .... arnclel on 
I.ItIng the Teletext mode. BSC ClSSIIne bugs 11K. SoftwB.a Review. using use< 
dellnedkeys. More on strt>Cl ... ring in Baaie. Uqlha User Port. ,rId""ny 
hlnlSandlip$. 

S.ptembe, In ua, High / Low Card G,me. arid Hangman Progreflll. 
Articlft on Logic on the Beeb. DebulXling. Moving multicoloured characl.~. 
craa t;ngnewcolours.Oper8!ing .yst.ml.l. Plu.Postbag.Hin"'andT~. 'nd 
Procedure Library. 

OClober 1111,1" Program Faalu.e. : Allen Allack; Calenda. Gener' tor; 
Un ion Jack; Mamory Display utility. Plu •• rtleles on Seebugging: Improving 
Key Detection: Acorn Press Relene on 0.S.H.2: and Inu8 II Basic; The Tube 
.nd SecondProce$$OrOption.;o,NewS.rie. lorl.-ss expa.iencedu .... :and 
Software Rev'em; 

November In ua: Prog.am FUlures, Rec;1tf lu<::ellenl 16K reeing CI. 

OIIrne). MiniT.J<1 Edilor IMk2). Tflnaparent Loader. Musicwilh M.mory. 
Hlfmonograpn Emulalor. New Charaeter MIl lor Modes 2 & S; and Clssella 
bIock,z8fo_bug retrieve. Ph ... articles on sound and envelope design­
inc;1udQ indispensable .nvelope editor program; Debugging Pert 3. BSC 
S8Ib-Memorv Maps and eddr""""" explained; Serial Printer Pon 
(RS423) end RGB upgrade. P(UIa lerge number of Hinu & rips. erld. guide 
to our past issues and Iheir contenll. 

Dec/Jen Inu.: Program Fea tur .. : Space City (invader·type game!. 
S rHkOU I. Artist lJoyslick pa inting program); Reacue (miraculously retr ieves 
programs aller bad loading o. 'B, d Progflm' message); and Pack-, 
program to compact Basic progrlms . PLUS Oi.c Sy1:tam Rev'ew. Software 
reviews-includ ing WO.dwi .... Book raviem;. AdOing Joystick Imerlace 10 
modal A; How to access th e video contro( l.r chip; and ideasfortha newcomer; 
pluS I newerep of Hintsand rlJn. 

BEEBUGSOFT: BEEBUG SOFTWARE LIBRARY 
offers members a growing range of software from 

£3.50 per cassette. 
1. Starflre 132KI. 2 . Moonlandll.116KI. 30 Noughu end C.osses (32K). 3 
Shipe Mitch (1 6KI. Mindbender(16KI.4, Magic Eel (32 K). 5. CyIonAI\3Ck 
132Kl.6 . Astro·Trackerl32K I 
Utlll t l .. : 1. Olsassembler(16K). Red eflne(16KI. Mini Text Ed 132K). 
App licat ions: 1. ·SuperpIQI 132K).2. M.sterlil. (32K) 

13% DISCOUNT TO MEMBERS 
ON THE EXCELLENT WORDWISE 

WORD PROCESSING PACKAGE ­
THIS REPRESENTS A SAVING OF 

OVER £5,00, 

Send £1 00 & SAE lor Sample 
Membership UK 540 for SII months 990 for one year 

Overseas one year only Europe £16 00, Middle East £19 00 AmerIcas & Afnca £21 00 Other Counrtles £23 00 
Make cheque 10 BEEBUG and send to BEEBUG Oept 7 374 Wandsworlh Rd London SW8 4TE 

Send editorial mater/alto The EdItor BEEBUG PO BOl 50, St Albans Herts ALI 2AR 
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C R Dickens 

KEPLER'S 
LAWS 

S ince Kepler discovered 
the three laws which bear 
his name relating to the 

physical motions of the planets, 
and Newton interpreted them 
with his theory of gravitation, 
(helped by the apple!), the 
movement of the planets in their 
orbits has continuously 
fascinated astronomers. Kepler 
said that the planets move in 
ellipses with the Sun at one 
focus; the line connecting the 
Sun to a planet sweeps out equal 
areas in equal times; and the 
square of the revolution period is 
proportional to the cube of the 
distance from the Sun. 

Scientists have often tried to 
find a formula which will give the 
relative distances of the planets 
from the Sun. There is one well 
known formula known dS Bode's 
Law which worked well with the 
known planets. (Planets as far out 
as Saturn have been known as 
stars in the sky since early 
civilizations realized that these 
'stars' were wanderers - planets 
- among the fixed stars). For 
this law, take the numbers 3, 6, 
12, etc, doubling each time; add 
4 and start with 4 to get the 
sequence 4,7, 10, 16, etc. When 
Uranus was discovered its 
relative position came very close 
to 196, the eighth number in the 
series. However the law fell down 
badly following the discoveries of 
Neptune and Pluto at 301 and 396 
when the series predicted 388 
and 772. 

LOOKING AT IT 

The planets, themselves, revolve 
around the Sun more or less in 
the same plane, known as the 
ecliptic. Interestingly, too, they 
all revolve in the same direction. 
Whilst their orbits are ellipses, as 
stated by Kepler, the 
eccentricities, (a number 
between 0 and I representing the 

oblateness of the ellipse, between 
a circle, eccentricity of 0, and a 
straight line, eccentricity of 1) 
are so small that for all but two of 
the planets, on a scale the size of 
a computer display screen, the 
orbit is indistinguishable from a 
circle. Thus a viewer 
approaching the solar system 
from say the stars Vega or 
Deneb, North of the ecliptic, 
would see the planets' orbits 
through his image intensifier 
much as they are seen in this 
simulation. If that same extra 
terrestrial being has some means 
of variably expanding his own 
time frame then he will see their 
relative motions as they are 
portrayed by this program. Of 
course, he would need to 
suppress, as has been done here, 
the overwhelming brightness of 
the sun with his photon inhibitor. 

The two exceptions to Circles, 
Mercury and Pluto, clearly show 

The relative motions 
of the planets are 
Illustrated In this 
program. 

up as ellipses when viewed at a 
suitable magnification. Pluto, in 
fact, appears to come within the 
path of Neptune such is its 
eccentricity, although since 
Pluto's path is inclined at 17 
degrees to the ecliptic it does not 
come within millions of 
kilometres of its neighbour. 
There will seem to be a large gap 
between the orbits of Mars and 
Jupiter, This is represented by 
the fifth number of Bode's Law 
and approximately establishes 
the orbits of the minor planets, or 
asteroids, which are not shown in 
this simulation. 

THE PROGRAM 
The program will run on a 
minimum BBC Computer. But in 
order to fit it into the available 
free memory, the BASIC has to 
be typed in with very few spaces 
betw,een the keywords and 
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MODEL A 

variables. (Typed as shown it will 
run on a Model A) 

Take care to distinguish 
between a single quote (line 
feed) and a double quote 
(surrounding an alphabetic 
string). Integer variables are 
used whenever possible to save 
memory space. 

Lines 20-100 set the orbital 
elements. Line 270 is long, and 
has to be typed as shown since all 
statements in it depend upon the 
result of the IF ... THEN. Lines 
290-310 set the background 
colour and define the graphics 
area and origin. 

Lines 430-650 are the working 
part of the program. Lines 450-
460 establish the e ccentricities, 
and the major and minor axes of 
the e llipses for Mercury and 
Pluto. Lines 470-520 determine 
the distance apart of each point 
of the p lanets' orbits to be plotted 
so that there is an integer number 
of points to each orbit; but if the 
number of points is three or less 
(line 480) then the points are 
plotted 'freely' , Lines 560-600 
remove the four previous points 
which plotted a planet's position, 
but retain a single point to show 
whe re it has been, and lines 610-
640 plot the new position, 

THINGS TO TRY 

I) Look at the first two planets at 
seven day intervals and notice 
the eccentricity of Mercury, 
2) View the orbit of Mars, the 
fourth planet, and see that Mars 
and Earth are in opposition 
approximately every two Earth 
years, 
3) Notice the large gap, where 
the majority of the asteroids are, 
between Jupiter, the fi fth p lanet, 
and Mars , 
4} Look out as far as six planets , 
at 130 day intervals , and see that 
the inner orbits are just 
d istinguishable , 
5) View a ll the p la nets and see 
that Pluto actually passes inside 
Neptune's orbit, 
6) The Earth rotates from West to 
East. The view is from the North, 
so when Venus is the Evening 
Star, a s d istinct from the 
Morning Star , is it approaching 
the Earth or reced ing? 

HALLEY'S RETURN 

In 1986 Hal ley's comet will return 
to the environs of the Earth, You 
can see th is ob ject's orb it by 
substituting it in the program in 

place of Pluto, 

l~~ D~ (8) _ 27~ ~: ""(II)_2774U 

46 U 1 1' J • • ~ 'f ~~N ~" U. 967 , Il - A* U. 25 5 

But note, for highly elliptical 
o rbits this program simulates an 
object's average speed and not 
its true speed according to 
Kepler's Second Law" This 
comet's orbit is best seen when 
viewing five or more 

U 1,)11'1 LH ( 8 )' '' . ( ~) . I(S) . M(8) , 01.(8 I, C$(8) .JII'J !"UI'tJ l _IJ '!"US \ 
2~ D' (0) - 51;1 : P i (~) _as 
3~ III (1) - 1 ~8 , 1" (1) ~225 
4 e Di (2) - 15~ , P~ (2) _36$ 
5e LJ1(3) - 218 : 1' 'S (3) - 6U7 
6e 0.( 4 ) ,, 77::1 , P1 (4 ) _ 4333 
70 IJ~ (5 ) -1427 ,1' . (5 ) - 111159 
'110 Il ' (6 ) _21170 , 1' \ (6) -3LJ6~5 
90 IJ~ (7) - 449'/ :" ~ p 1 -601~0 

1 00 .J.(II ) "596~ :I" (~ 1 _90Hl 
110 CS (0) _'M~ t<C U t< ~ " 
l l0 C$(l) "' nolUS' 
l.JU C$ ( 21" ' ~A t< r t L " 
14 0 C$(3)"'f'lA t<:;' 
1 50 C$ (4 ) "' JU P1T~t< " 
150 C$(5) ,,' SA'I' Ul<N ' 
t70 C$(6)"'UllA NUS ' 
la~ C$ (7) -' oI ~pTU oI ~ " 

~~: ~~~~ ) ;·pLUTU" 
210 tI$-'P L A II ~ or A Il t 
221) I' llltH 'SPC ( 5 )1 <!$ 
lJU !oIpu'r ' " ,Lu W I'I AoI ~ Uf '!' tI~ 9 PLAoI~'I'S IN i<.JU WIS<! "fO 

Vl":W" , S .. 
24ij 1 t' S~)~ (l ll S~< l 'f 1l~N "1l1 N'l" ' "fip~ 1 'I'U ~";G,HoJ 2.l1) 

~~~ ~!~~,~~ : ; ~ : ;,~7~~ (~! '~~~~~L (DA~:» · " " f'{,,~ A ~Ul'ld~" f<.J 
SHoJW 'I' HE PLA~~ 'r:; '"' " l'oJ~r'I'l,JN~ A"f IN'J'~''VAL~ Of · ,"r 
1t' "r<I'~ ( S l )/~~ 0" "f)I"(~ 'i )Il~ 'f <! ~ ~ I'HI~ -f' ; 'f· UAiS 
AI<£ U t~S U ['rAd L ~ f UH "' "V I E"l ~G " ; S \ + 1;" PLAN~ fS" , , 
10I'f(P1 ( S l )/5~) I ' LlAtS AllE S Ut<S'j"I'J'unLl" " ' pt<~~5 

~~~:~2IlAIl r <.J C<.J L' "rLl'iuJ::" : "f _ P ~ (5 i )/~IJ : Il~P~A"r Ul'i ," LL 

lllll ,'ull J,,-IJ 'f <.J U : 1 (J , ) " u : oI~ Xj' 

29~ ,~<.J1)~ 4 :VDU 1 ~ , 1J , 4 , ~ , U , 1l 

3~~ V1}U H , 42~ ; J2 ; 1279 ; U)2 ; 
) 1 ~ VIJU 29 , 870;43Z; 
.J20 Pil1 ~ f ' SPC (5) I llS 

~~~~~ : " ~i t[~~~~ , ~~~~ [~l ~~~!~~~~ l ; SpCj ~AI<J'II i~fIII5" 
foJl< J l- ~ "fU 5 . 

:r~1) PHI N'j' C$ (J l) I Ll~ ( J ~ ) ' ''~X"f 
:l6~ P"U~"f" · 1"1 111; 'f<.J (lH lI l ,' , . '" ( 5 SPC j 101 i~AHS · ' 
:nil @.-Ul ~~ 4 
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4U "!l l N'HA;> (6 , jll "I'H~5:; :;PACE dAH I'<.JH AoIJ'j' ,j~t~ VIE"," ; 
42a 01\-1) "~-II :G- I' !/ 1 8~ 

::: ;;~~: :~~,~:t B:::~::~ ::~:~:: 
460 1 1' Jl-~ 'j"H~N ~_~ " 26:II _A* U , % 

47~ 1'_1" ( J~I/ 'f 
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51~ " _A " (CJS (¥) ~~) 

~~:;;II::!~ ( "~;j~N 55~ 

'" m 
;0" 
m 

"" '" 

~~u J:"2 'r H~oI VDU S : I'I.JV£ X, t : I' Hi N'f " "" , 1'1 ~" 1 
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5 4 ~ ~LOT 69 , x~~ ,i ~2 

~~~ :~~:,~) " X : II'(J " )-i'NEX'I' 
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68~ @ ~ .. 131 ~94 
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H Roberts 

LIFE A game to play that 
really Is true to life! 

T he game of Life was 
invented by John Conway 
of the University of 

Cambridge and was first 
described in Scientific American 
in October 1370. It is a game with 
simple rules, bu t it can produce 
complex and beautiful patterns. 
The game is played on a large 
grid of squares, each square has 
two states, Alive and Dead, and 
al ternates between these states 
according to the following rules: 

I) Every live cell with two or 
three live neighbours survives to 
the next generation. 
2) Every live cell with more than 
th ree or less than two live 
neighbours dies. 
3) Every dead cell with exactly 
three live neighbours becomes 
alive in the next generation. 

All these births and deaths occur 
simultaneously and together 
they constitute a single 
generation . Many weird and 
unusua l shapes have been 
d iscovered, and some of these 
a re shown in the photographs. 
The glider moves up and to the 
right every two generations, the 
R-Pentomino grows incredibly, 
lasting 11 37 generations before 
becoming stable and the 
spaceship moves to the r ight one, 
square every two generations. 

The program is in two halves: 
a section in BASIC to allow the 
user to input his patterns, and a 
section in machine code which 
updates the board. The screen 
layout on the BBC Micro is very 
complicated, and th is is reflected 
in the complexity of the machine 
code program. The program is 
geared for speed and so takes up 
a lot 01 memory space, it won't fit 
on the Model A. 

INSTRUCTIONS 
First type in the size (in 
characters - eight pixels per 
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10·30 
40·70 
80 
90·120 
130·240 
250 
280·290 
310 
320 
330 

340 
350 
370 
380 
390 
400 

410 
420 

430 

440 
460-490 

500 

510 
520 
530·550 

560 
570 

580 
590 

600 

610 

620 

630 

650 
Table 3. A 

Prin ttiUe 
Input width and height of screen 
Assemble machine code routine 
Set up variables for plotting 
Plot design on screen 
Call machine code subroutine repeatedly 
Start of loop for two pass assembler 
Set up initial pointers into TABLE 
Set up in itial pOinters onto screen 
Set up previous line pointer to screen (dummy at 
start) 
Set up vertical character count 
Set up vertical pixel count 
Set up mask for plotting 
Set up horizontal character count 
Set up hor izontal pixel count 
Get a byte from the sc reen con!(,ining eight alive 
or dead cells 
Save it 
Get the current pixel out of this byte and sellhe 
live cell count to zero 
If it is alive add one to the live cell count of the 
surrounding cells 
Add &7F to its own live cell count 
The cell is alive in the next generation if the cell 
count is 3(birth). &82 or &83(remains alive) 
The cell is dead or dying so rub out pixel on screen 
using plotting mask 
The cell is alive so plot in pixel on screen using mask 
Start updating pOinters 
Rotate the plotting mask . If it is rotated throug h the 
end of a byte, increment the p lotting painter to screen 
Increment the pointer into TABLE 
Decrement the number of the current pixel. if it is 
not the last pixel in the byte, loop back . Otherwise: 
Read the next byte to be scanned, 
Decrement the horizontal character count and if it 
is not the last character, loop back. O therwise: 
Move to the nex t line on the screen and the next 
line in TABLE 
Decrement the vertical pixel count and loop back if 
it is not the last in the character 
This is the last pixel in the vertical character so 
move to the next vertical line down 
Decrement the vertical character count and loop 
if it is not the last 
Return 

of the program. 
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character) of the board you want. 
The program then clears the 
screen, and p laces a cursor a t the 
centre of the board. Move the 
cursor around with the cursor 
controls, and use the Space key 
to flip between Jive points, and 

dead ones (black/white), When 
you are satisfied with the 
pattern you have drawn, press 
Return and the program will 
produce the next generations. 

If you want to edit the picture 
press any key dnd the cursor will 

Loop to print double height ti tle 
Width of screen in characters and then p ixels 
Height of screen in characters a nd then pixels 
The position of the cursor 
ASCII va lue of charac ter input 
is 0 if the cursor is p lotting dead cells 
is I if the cursor is p lotting Jive cells 

examined 
Address on the screen of the start of the previous 
line being examined 

&74,&75 Address on the screen of the current pixel being 
plotted 

& 76 The vertical number of the character being scanned 
&77 The vertical number of the pixel being scanned 
&78 Plotting mask 
&79 The horizonta l number of the pixel being scanned 
&7A The contents of the current byte beinq scanned 
&7B The horizontal number of the character being scanned 

The start address of the current line on the screen 
The start address of the curren t line in TABLE 

the program sto res its information in memory, 
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MODELB 

be put back on the screen. If you 
want to start press Escape and 
type RUN. Be carefu l of the 
edges of the board as the 
program does not check for 
collisions with them, and some 
strange patterns can result. 
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LIFE 

10 HODE7:FDRLOOP .. 1TOZ 
Z 0 I'R INTT AB ( 12) ~ CNR. \ 132) : CHR. ( 1::; 7) ; C H R t ( 1 J 1 ) : CHR. ( 

I'll ~~ "Llf~E)(T" ~~~~.( 1::;6) 

;~ ~~P~~<!~:~~;~~)~~~g!~ IN CHAI<ACTERS ("-J~)" .W" 

~: '~~:~~.~:~i;~~H~~~~!O ('I-:i1)",HX 
80 G05U8271 1:: ~~~~~ iVOU23 : B2oz;O:O:O: 

110 HX- HX'"S:WX" WX:lS 
12 0 Xx"WX/%:n- IU: /2 
130 BX" Ol REP[Rl 
1'10 REPEAT PL.O'f69.XX _ 'l , lDH_n_" 
1:50 Ct_INKEHZl 
160 PLOT70,XX _ 'l.10Z"-YX . " 
170 IF eX.136 XX" (XX~WX-I )1100 101% 
188 IF C2:_137 XI" (XJ:~I ) 11 00WX 
190 IF C1. 138 Y:l.: · (yX~1 )lIeOH" 
200 IF C".139 YX - 1YX-IHUlIIOOHX 
210 UNlILCX() -l 
ZZO IF CX _ 9:5BX. l-[<X 
230 C;COLC,8X:PLOT69 ,XX. 'I,I02'\-Y U 'l 
ZH UNTIL-eX'" I ] 
2:50 REPEAT CALL L.IF E:UHTI L NO T I HKE Y<O l 
260 COT0120 

~~~ ~~:J:!~~2~::p~A8lE 2000 
290 PX"LIFE : [OPTJ 
380 . LIFE 
310 LDA ti TABlE i'lODZ:5ol:5TII&7D I 5TII&7E l lDl\ftTlIlllE DIY 

2~ol:5TA&71:5TA&7f" 

320 lDA I 0 : 5TA&72:S TAA7C:L.DAU~IlISTAl73:STM 7D 
330 L.DAUCO:STA&75 
310 L.DA u n: : STA476 

~~~ :~~~ tg::~~~~~~~~71l 
31lD LOA.W:/. : STA&71l 
390 LOA ' 7 : 5TA&79 
1DO .CHARLOF' LD U OILDA(&72),V 

ASLAISTA&7A 
120 .PIXLOF' LDA&7AIASLA15TII&711 1LD H 8 1LDllfO:STAC&71), 

V:8CCOEIID 
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138 .LIFtLDII(,10l,V:5EC1IIDC. 01STACI70l,Y 1DEV I8PLLl 

P~koCQmpu'." 

Junk>rMI,h. Pad 

:~~,=~er"Quest 
M<I<OI"I 
An:.dian. 

S""" 
Cl>euModtI B 
Space lnvadas ModeJBThcbeSl 
A,lanlis-SupnbrUiAclionllK 
H)'J)ffdriveJ2 K 
Sc , .,obomber 

11.115 
6.04 
11.95 
9." 
9." 
9." 
7.99 
7.99 
6." 
6." ,." 
6.115 

MODEL B 

LO YlQILOIl 1l7F1 CLC 1AOCtI70),V1STlltl70),Y:.OEIID 
LOYlO:LDlltI70l,V 

g~~:~ ; :~~ ~~~eE 
Ct'lPflB21 8EO ALIVE 

190 CtlP I&B3:Il£OIlLIVE 
500 I.DEODLDAI7B 1AtlD(171l,V1STAtI711,V1Jt'lPPLIT 

. ALIVELDA I& FF I 5EC1S8CI7810RII(IH),Y1STII(l711.Y 

.PUT 
SEC1ROR&71l 1IlCStlOCHAR '". RORl76:LDII . 81CLC1AOCl71:STlIl71 18CCLL21INCl751.L 

" ~50 

560 LDA. 31CLC1ADCl70 1ST A&7 D: SCCLL25 1INC&71 1.L.L25 
570 DECl79 18 NEPIXL.OP1LOA.fll \lTAl79 1CLCIAoC&72I\ITAI72 

18CCLL3 :INCt73 1 ,LL3 
580 LoYU1LDACl7Zl,YlSTAI7A 
590 OEC'7B18EQF' J:+ 5 I Jt'lPPIXLOP 
600 L0X47C:STXI7'I :ItlX1 STlC&72ISTlC&7C l lDlC&7015TX47~ I ST 

XI73 
610 L0X47EIINX 1STXI7E:STXA70:S ME LL11IHCI1f"I.LL1 LOA 

&1F1STA&71 
620 DEC&n : 8EII Pl:.+5 :JI'IPLltI 
630 IHCA131l0A&12:CLC : AoC.56ISTA&12:STM7ClIlCC LL5:I 

NC173: .LL~ :LOAI73 IS1AI7D 
6'10 DECI7619;EIl p:t"~ : Jt'lP WOP 
650 IUS 
660 l l tlEXTJ 
610 RETURll 

Lilting 1. Th. gam. 01 Lit • . 

BBe models A & B in stock: 
A- £299 B- £399 
~01SI(OR!VESFOR BBC 

BBCIOOKSina!c·dli.eCRequircsdiscs(.)) 265.00 
TORCH U08OOl( O\xpoo<~indudnUO",o<'r 
-+64Kfb) 897.00 
BBCllVllOOK TwinOri.e(.) 391.00 
TEAC200KSinlltOrive(a) 304.75 
TEAC<IOOKTwinOrive(a) 569.25 
TEAC<IOOKSin(leOrive(b) 396.75 
TEAC800KTwinDr ive (b) 711.85 
Conn.<:t!nl~.bl.forTEACdri.t. 17.25 
(.)SCOTCH Sin(le,idtd diO<;'S BoIOf 10 21.75 
fb)SCOTCH Doubleoidcdd;O<;'SBouflO 39.110 

BBCUPGRADES 
Flllluw .... ki'(ri,,''''OI.OO) 69.00 
O\xinl."r_(riui",[LUO) 109.25 

EL TEC COMPUTERS 
217 M anningham Lane, Bradford, B08 7HH . 

Tel (0274) 72251 2. 
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mm&Micro-liid 
SOFTWARE - P,ograms,Mal aro Quarameedto run' Sa.e hou," o!workandwo<rywrl~ 
Ihese utditiesaMpraClica l pfOg ' amsonCa"91le 

2 CHhboo!< 8 DQuble entry C8$n t>oo~ with a~counts £4.95 B 
(4,95 B 4 MailingS Oalanase m.iHng system with 6 oplioo. includ~ 

~!::~~t;,".'~~:~~ ~~~~r.'::~n.tly w. g .. lor 
aroondl00employees Fullysuppo<ted 
(Monlhlyp''yroll now • • • ll l b~) 

WI C •• d. BeaI6fllCe'orsylhaThj.owngame U.95 ,0, /8 
U.95 B 
U.9~ AlB 
U.95 B 

~! g:E~:.. Fast moving simulat,on 01 Falldanas minefield 

801 S .. r~hb," 
e02 Proc • • , 
803 P,oellu oh 
a04 P'ocaid 
8OS 0 . tch, 
SOO Sortmfc 
'807 Sortba. 
608 Utility A 

£2.95 B 
£1.95 B 
£1.95 B 

£1.95 M B 

~~ 1jl 
Coming short ly: French Verbs & Trigonometry 

H. ,dwa •• An. 'umlnIUf\'1Slandtol,tDver lheBBCMi<;ro to £11.50 
Plus pip £1 .50 

:~~r~~ ~~ ~k;;~ tr~~~~~C ~~~~~;~~ 
quolity 

Holldooy. ::~~:r!; l~erle' ~f;r 'i:':~~,,~,,:~~,~~~smtzk~~~S 
VI. lt Sill""n Vall. yln C. l!fornl. j ", !W<>w ... ~s, Ilyng 
""'h Pan Am. See San Frarn:isco, Los Ar>galusndV"IIss 
Ap • • tmento ayailable on Costa BfayO from £l9 pel week 

Download our software from Prestel on Mic ronet 800 
Holiday Details on Preslel 80091722 

If you want further Information before parting with your hard 
earned cash drop a line to: 

25 Fore Stre~lp~~ ~a:~~r~, ~~~lll TR14 OJX 
Tel: 0209 831274 

IMPI 
B.B.C. MICRO SOFTWARE 

Your ship IS trapped by aliens in thts great space game 
(New) Your only change ,'S 10 deslroy lhem wh llslavoiding lhe 
£6.50 mInes mey are laYing Can beplayed with 01 witMut joy· 
stICkS Mode 2 g,aphicsarxt sound, (MOdel S or 32K 

" INVADERS" 
£6.50 

Model A + user port ,) 
A last moving space game, compited in machrne cooe 
ft utIli ses Mode 2 co lour graphics and sound 

"FIRIENWOOO" Journey on a quesl lor the Golden Bird of Paradise 
£6.50 lhrough caverns and a foreSl in a land of monsters and 

"HANGMAN" 
£4.00 

"SWAMP 
MONSTERS" 
£6.50 

~CHARACTER 
GENERATOR" 
£3.00 

magIC where death watts around every corner 

~o~'~;~~a~~,;~tr:~!i,~ i ~~ ~'~:~arn~~:h;~I~~O;:~ 
you Improve your score lhe response l ime IS reduced 
A fantast ic high speed game in machine code with l ul l 
colour and sound. Can be played with orwlthOU! joy ' 

~~'~~Sst~~' ~~l~u~~~tt;;;; l~ZtUi~~:~ilai\,e(~s~~rr~ ~~~~ 
ModetA + user port ,) 
No more designing charaCters on paper, This useful 
program ma~es ~ simple. Ideal lor defin ing various 
characlerset&. Space Invader symbols elc. Store on 
l ape tor future use. 
A32K memoryrequiredunlessmarked ',SendS,A.E 
forfut l range 01 programs and price list or ask your 
local deater. T rade enquiries we lcome 

ALL PRICES INCLUDE POSTAGE: CHEQUES ANQ POSTAL. 
ORDERS PAYABLE TO: 

"M P SOFTWARE" 

MP 
SOFTWARE & SERVICES 

165 Spita l Road, Bromborough, Merseyside L622AE 
TELEPHONE: 051 334 3472-

Personal Software Spring '83 

[JJ[JJC!1 
Microcomputer 

Software 

Flying <:Iobri. eto. 
TO run on Model B(7.00 

~t~~~,H tC aU1Z - 2 Super quIZ 91''''" .ntertain",g """ 

CAPITALS _ Vfl<V kigh lesol~tk>n ",,"p of the wOfld, you Nve to 
name the Capit,1 OI .g;VM country or Countrvof a given Capi1l't 
Then you Mve to IXOint ~ out on. the map, When you get It right r: o~~.!r'~~ionwtlen you get n wrc<>g the comp4Jter pconll to 

TOWNS Similo r 1<> C.pito l ••• ""pt .ppliod to a h" h Inciutk>n 
mlpofG,.ot S,it.in 

DAMES PACK 1 ~~.;;!. ~~~"or;; ;::t~:!jI~~~! 
... fotl<>WI:_Bomber.Crash, Spacebattle.Minefiekl,ndMusic 

Model A [1.50 
DAMES PACK 2 3 SUpef go,,- lor the Mode! B M.chine as 
follawl:- 30 M ... Monot. r Computer df ...... ronclom M ... VOU 
"'". to w allo; th,ough. 3·0 'oIiew looI<ing along the p .... gu 

~ot.'":~~ ~:~~" :~:=~~;" ~ ':::"~i:II 'here 
OODGEMS - Cq,nic a,clde game ond Ru t>K:. cuM~ B 111.50 

DISASSEMBLER Ind CHARACHR BUtLOER Utility porog' _ to 
h.lI>youwithYOUI()Wf1prog r.mwrit~ode! AorModel Bfli.DD 

ACORNSOFT BUG·BYTf PROGRAMPOWER.uoin.tock H,_.,e: BBC. Acoin. O,al/OO. \foe·20. B8C Machines Ind 
P.ri~heroll 01 nofmll low poricll$. Approved BBC Delt.r VIC-20 
~~:t.~COf" ATOMS Ind O,agen' at rod< bottom pricll$ , Sond 

D.A. COMPUTERS LIMITED 
184 LONDON ROAD. LEICESTER. LE21ND 

Telephone: (0633) 549407 

r q FORTH mm& T'O~~Tc'T 
~~ \~~!:" .. ~~n~o:~. l~~~~r 1 !~K ~:':~n~u~::p~ t ~:~ ~::,~~~a;:~ 
+ roHo" . tn e FOR TH-7Q STANOARD " r q FOIHM" on 32K BBC micros . 

a nd h •• f ig_FORTHfac illti e. ; 
• p;::oyides 2(50 FORTH word s ; 
*i$infinitelye.te n.i ble ; 
* ha . a r u11_ s creen e ditor; 
* all o .. ~ fu ll u. e of th e M. O. S ; 
* p ~r .. iu ~ se of all gr.ph ic 

mC<l U , I vl" 0_2 ( ju st! ); 
• proddes r.c ur don "s ily; 
* runs f a ster than BBC BASIC; 

* inc ludes. 70 page technica l 
rnan u.l aM • l umm ... ~ c.rd ; 

, c. 

na/com 
Ext en.ion Ba. ic . ' £15/£30 RCt~ 

~"orOs toeASIC 
Cornp r eu ion Assembler 2. e12 

Sm. ll source ~ high . peed 

It costs o n '~ £10 an d adds th e 
f o llowing f acHiti es t o FOR TH : 
* a 5~02 a • .embl e r, proy;d i ng 

machine _code "ith in FORTH; 
* tu r tleg r . phic •• g i .inQYoy 

.... y-to-use colOur g r.phic.; 
~ de compilor rou tine" allowing 

t he ver u tile .. . rni na tion of 
yOu r compi l e o FORTH programs; 

* the f u ll do uo !e_nuonber.et; 
* a n e ,amp h FORTH program . nO 

de mOn s trationsofgraPh,c s ; 
* othe ruserul ru t in 

Astero ids ....... m/c, g£7 . (lO 
Galuy I" .. ader • . m/c,g £~. 90 

~~:: ~l~u~:f~~~ ~ . . . m ~ ~: ~ ~: : ~~ 
5-gam~s cu .. tte mi s e £5 .90 
lFULLRANGEINCATALOGJE) 

dDueo"tLJReS 
Spectrum OO{B na/com 

1 1 COlOSSAL ADVENTURE: Th e c lass ic rn .. int'ram~ 'it"'"~ " Ady ~ nwr~" 

" ith .. 11 t h~ ori g i n. l t r ~ .. ur~s &. crea tu res ~ 70 .. tr a rooms . 

2) ADVE NTURE QUEST : Through for est , de s e rt, mo~nta ins , cavH , 
wate r. f ire , .. oorlandandswamponan e picques t .... Tyr.nny . 

31 DlNGEON ADVENfURE, Th e Y8 s t dung e on. of the D~mo n lord have 
.urvh~d His h11 . C.n you get t o thei r tre asures first' 

Every Le ve l lI .dventure ha s ov e r 200 i noividu. llydescr" i be d 
locl.tio ~ . and 18 pac. eo .. ith puzzle" _ • gam . Ca.n eas ily ta~e 
montn l to cornpleH. Only .oph i n ic a t eO compress i.on tec n~ ique" 
can . quee , e so ,"uen inl Each am~ needs 32K anQ costs fll.90 

ALL PR ICES I NCLWE P&'P ANa VAT _ THERE ARE NO EXTRAS. P l e ... ~ 
send OrO e r o~ SAE f or c atalogue, de.cribing yo u r mi cro, to: 

LEVEL 9 COMPUTING 
De pt S, 221'1 Hugn e nd e n Road , Hi h IrI combe Buck s . HP1) ~PG 
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Ian Nlcho!$ 

MULTI 
TEST 

Many husbands will have 
attempted to persuade 
their disbelieving wives 

(or even vice versa!) that a BBC 
Microcomputer is just what the 
family most needs, by 
emphasising the tremendous 
educational possibilities that will 
result for their children. This, 
then, is the program you have 
been waiting for. It has been 
written by just such a husband, 

56 

for number 2 son who was 
having trouble learning his 
tables. They do not seem to 
teach chi ldren tables the way 
they used to, do they? Never 
mind. Ihis program is not only 
instructional, but is fun 10 use 
and has an element of 
competi tion in it as well. It will 
run on either a 16K Model A or 
a Model B. 

The first screen is a menu 

Multiplication Is 
definitely the name 
of the game. 

which initially asks what 
multiplication table you wish to 
work with. It will only allow 
tables between 2 * and 12 *, 
although the program is easily 
altered to extend the range. 
Having chosen a number, you 
are presented with three choices 
and asked to press keys I, 2 or 
3, 

1 - complete Z times table 

This prints out the complete 
table chosen; pressing any key 
will Ihen return you to the menu 
screen. 

2 - Z times table for you to 
fill in yourself 

This option prinls the first part 
of each line of the table, such as 
4 x 6 - ? and you then have to 
put in the correct answer. 11 you 
give the correc t answer, a 
musical chord is played, and 
Ihe line is prinled. If you give 
an incorrect answer, a 
raspberry-like sound is 
produced, and Ihe correct 
answer is displayed. After a few 
seconds the next line is printed 
When all 12 lines have been 
attempted, the amount of ti me 
you took (in seconds) is printed, 
together with the number of 
correct and incorrect answers. 
A short bu I familiar, Ii ve note 
extra· terrestrial tune is played 
as well. Pressing any key again 
returns you to the menu . 

3 - random tesls from the Z 
times table 

This last option is similar to the 
second except that the e lements 
of the table are selected in 
random order. 
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[ 
~~ ~~~ ~"lli"h~:Hon t..$~' 
l \l ~1011 I 10 lIiello lL J Dte 1¥82 
~ tI I<UI 
:W kUI J .. Huh .. h .... 
iiU I!UI 

IOQUI II II(IlI 
110 IIIIT/II)~,61.6YI'3.bl,II""'i''i'.101.I O'/ . II/.I~1 ,12'1.137 
I ~O fUll 1- \1\113 
IlO IO:.AUII<1 1 
IHI jfEXTrGOTO~:.o 
I~~ I!t;II ::! :~~ ~m .. io 

1~(,l JIlF I'MOC ........ dl 
160 fUl</I- 1l0il 
170 SOiHIUI .- l ~ . HI/II., 4 

1110 SOUII~~ . - I ~ ,HI /I'~ '" 
190 SOUII'3. -I~.HUH " 4 

ltKI I.:X I 
210 SllUIW1, - 15.NClIlt I 2 
;rill SUUHD~. · I~"'( 10/. J.: 
230 S(oUH1t3. - 1 ~ .~~ I .). I ~ 
n2 R~II 
2ll ~lIl !lor . Ini~illi"li"" 

~~ ~~r.... UC 
....-,,0 J/- XI\, O 

~~ :::{i~II011 GOlomo 
O'tIODlIlIrAHlIlll1 ) 
:"10 "~SH 1 1f(, '()", ' J 
lOORlII 
310 Rlf! 1I •• n ><rolr •• loo~ - ~htl 
320kEII 
330I'kl,ll;.,.u 
140 all FX WT03~O.110 ,J90 
:1:;0 ~~OChbl.1 
}60!;u1UJJO 
170 N«JL:hU.~ 
JIIOGOTD U O 
l'IOi't!OCtnt 
4OOG01033O 
,jO lllll 
420RlII lYi",.rolr .. loo,.-..,d 
4JONEK 
•• OREII 
4:;(1REII /\enu lernn dlnhv 
#oOREIi 
.,OIlHPROC .... u 
-MlOfOll n _01024 
470 PIIUllMtO,IUCHUIl5iCHRI1 511 
500 JIlXl 
510 I'RINTUBIB.3110ll.IUIC!IR112'1!'lIulli,li.,.ltDR I~~h 

~O PRIIITT~iKB •• lICIfI'141ICHR'1291"lIu llbll.,.l;Qn Tnh 

530 PIIINTU.iK8.:i)lCHJI.HIJCHR.1311 ·n •••••••• • u ••••• ~. 

~ I'RIIITUIM1.911U!k.1 lOi"Wnm nu w do ,...u u ... t to 
u .. ," 

S60tfXl:i.1 
:iTO PRllll1~l(l.IO IICHRIl 30i"h" • ~\I""r ~l .... n 2 .nd 

". :580PRINTU8I ;!. ll lCII<: Ul21:IIWUTT/II,I].l llolX 
5'10 If ZI(2 OJ! ZZ >12 PRIHTl A~(J .Il )" "tGOI O~~O 
600PRIHTlABI].III ' " "0 PRIHI'/IIfj(1I.12l1CHR113loiCIlIl'1l2IZlI" I llIlS TAI<L E" 
t.20 ~RlllnARI2.")lCHRIIJ2i"WII;"h o,lIon do ~ou w. nt to 

\.f'vr· 
Iob~PRIH1UII(2'1 7I1CHkIl 33i"l "tOlO'I'h"lni" U ... l 

oWOPRIH1UiK2.ltllC!tRIlDI' 2 - "lUI " U,tI bbl. fOt" 
llOU \.<I"HAiK2.20IICHR.1 3ll · till In lIOurlfl, ' 

6:iOPRIIITU'(2.21I1CHRI133i'3 -r.nda. ltlll rrOll u..' 
11l11Ai(;!. nIICHRI1311 " li'n l .bl." 

U,ON<IIITlIll12,HIICHRU:U;;CHR.129I' [nl.,.. vour ct>oi c 
.1,20r3" 

1070*FXI:i.1 
6110 FI=GETlFl.H- 48:Ir F~< I Ok f I)J GOlGIo80 
lo'l'OEHlt'ROC 
l OOREft 
nOREft Prinl.,OIO, I.h llbl. 
720 RUI 
730 DEFPROCllbl.1 
740ClS 
750FOIt !X' 01024 
760 f'fIlllnA8( 0, IXli CIiR'134ICHRI1~71CIfJ: 1\ 32i 

770 NEXT 
7BOPRiHTCHkllO 
7<10V0028.3.24039,0 
800 PRIH1CHRI14111Aii 811 'THE ' IZ11' lll1ES 1 ~~LE " CHR'!4 

IITiUUII'THE ',ZXI' TiftE5TAPL[" " 
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MODEL A AND B 

B10f(Jf(J%_1l012 

.. ~~ ~-t~~~ Alii. HI<100 ~I~ " " 
~O 1. lInw",,,-' 
860 f'I( I HloJI ~ ' X " ' ZI;' • - ;~,; I'll 
810 HH I 

:~ ~~~ 
'100 ~0026 
'110ClS 
'120 EIlIIf~OC 
VJO ~EH 
~40 REH Sh~ l llrOUMh l.bl¥ 
1",,0 RE~ 
'1100 DEF f'ROChbl. 2 
'flOlOC/llllolX 

:: ~~I~O 
1000 fOR n 'OT024 
1010 ,",UIII rAIl( o. u 11[HJ(I1.!~'~HkI1~/' U~I'1 I!; 
1020 HlXI 
1030 PRI"'CflHUO 
1040 V1lU2lr.J . 24. 3~.0 
j()!;O f'RiHlt:Hkt14!1 'I A~( U Ij "T ilL "if'.; · t I~l. ', ! ~I :I L" 1:111" 11 
IIIA~(8H'lH[ " llU ' lIHlS lA~L t"" 
106011-1 1111:. 
1010FOkJloll012 
1080 IIX~J%H% 

~090 IfH1<IOA • • ·" 
1100 If HI) ¥ Nib 112:<. 100 ,:of • , 

1110 If HI, "" U." 
H20 PRIHT.JU" X 'I?t'- ."; 

!HPUI.ex 
1140 n CI _IIX ')RIHIL I( kUH Ulk ' l.hJ~;· ~ "n ," 

IH%, ' " :I'~OC,nund~:COH! I ?O(' 

1l:;~:f'R~!::~::'I '1 UCllklH i " WkON~ - lll~ .". w~" H " II~ , " 

116(1 10'" WX~110 10000 
1170 HHI 
1111() ,",UHILHk' !Ii1.lfHI1.JZ,' x ·;tl '" 

11 '>'0 10U'lOl%1l 
1200- NHI 
12l Ull-ll ftl ll 
InO.ll a lTILO:lt · ll:l1 : n:ll · llILO 
Ino f'kIHI lA~( 3. I~ )iLHI(' 133 1" rou l<J o~ " I ~H""J:!.6 ' 11 :CHU1 J 

71 "n~onds" 

1 ~40 f'klN l 1~~IJ.~O) I CHR '1 j~ " ro" .~Ot".,! ' ;1 2- 1ul% ; ' corr. 

". 
Ir->O f'RIHI(~~(.I. ~ II1~IIR , n:" ... d " ;lOUI ' \ll'unll'" 
1260 !iWHUI. - I~.97.10 

1270 SOUHUI. - 15.10~. I (I 
121:10 $OUIIUI . - I:;.89.10:SOUHUI . -15. 'I.1 0:SOUMUI.-I~ . b" _ )<) 

1290 PkIHllU(J.]4) 'f1IlSS MY KU 10 !(ll1J1(N TO nl.~U·' 
1300 l~GlI 
1J10 UI.olJ~1o 

j j20ClS 
13lO ENUPRUC 
1340REH 
n~ ~l" "'.ndo .. lnh fra. l.bl . 
1360R£" 
1]10 UEI ~R(J(.lnl 

1380 Cl:~0 

1390UUU21o 
I400CtS 
1410fllRlI=OlW' 
14~0 PRIHllA8I O. IX lCHk1132 1 CH~ 11 ~7IU'-II IJ~' 
Ino IIlXl 
1440VDU211.]. , 4. 39 .0 
1450 ~k ll"Tl A~ ( 10 . 2)1:110: '141 iCHRll )lIni " 1 Iftl ~ l A&l.l " 
1460 P~ llIllABI 10.J ICl4:t14! iCHI(' I3!llXl ' 11~[S U~LF-

1470fOkIX-IlDI 2 
1480 IuINDlllX)_O 
14901l:X1 

:~ Fo:.:~~=!'01 2 
1 ~20 J X"RHIH121:FL~XaO 

I~O fOIl (1'110 IX 
1540 If JX'UMltI(n l ~LAGX~I 
1550 ~EXl 
1560 UNTIUFLACX - O) 

RAHDt(U )'JI 

15/10 N£XT 
Imn:t- T!1Il 
1600 fOR n " I1D I 2 
1610 NlSX -O 
1620 PRIHIHBI12.10) ICHR.HIlkAHDX(U);" ~ 'ill'" z ' , 
1630 PRINIlA~112.II )iCIIR'14l;RANUX(a)l· ~ ',n'- , '; 
11040 lfXl5 . 0 
1650 tU-ell 
110100 If ZlXoIJGllI01700 
1670 IZl 'ZH - 40 :U, ZZl<O O~ Zl%) 9 ~OTU11o~O 
11080 Pk INl1 A~( POS .I O HIU i:r\(IHl1 /11B( ~CS- I. l l ) , n~;:~NS 

X'AHSII\Otlll 
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MULTI TEST 

1690 1;0'1 01&50 
1700 If kAHDllit IHI=AH5% f1l0CC C)l'~'H :Ct· L~1 1 ns" ) 'IW 

( .. ron ; 
17 10 ~k IH ITMIl 3 ' lO)lCH rI\B(3 . 1 1Hni 

1720 HEn l1n~ll~E-T1Z:TTX. Tl X PIV l OtT-IIl: I - l/IO 
17)0 PJlIHT TAB( 3, ~ I ) ;CHR ' IJ4r ' YOij ~ooI\ · ; tI!Rt l:l6 ; l ; Clfd JV 

; · """"d.,· ITI\1I(3,n llCIIRU~ I · vou ... ~ "In ; " cornel .n<l 
· 112-CX; · .... onl·:11Ult. oundJ 
1740 fOR Ol-OT03OOOOaofU l 
I~VIJU26 : CLS 
H60UIIII'IiOC 
In o kt" 
1180klH Pron dur.1or .... on.,ns ... r 
179011'[" 
1000 [l(Ff'ROCIII'onc 
1810 ~IUJC'D~ndl 
1820 "IUNTTU( L2.14 )!tHkU~ U CHII' 129 ; · IIRUI!(; · 1 ~ ~( 12 . 17 I IC 

IIk.HlICHktl2'lI'IIkOII\O" j 
l8JOfOR IIX- OT01OOOO : /I£Xl 
1840 f'fI IN ITA~( J, I6) I C' ; T~iII1. 1 7 H"l jU1« Il . 16HtHR"'1 Ie 

HktlJ41RAHUU U Ji ' x ' i lll " • ' ; RAH!rtIl I J llI HA~(II >1 7)lt 

HRI141 1CHllt l 14 jIl'AIWI( IIIi ' x "lUI " . · I HAHb?:( I ~ ) ln j 

IlIS(IfDft'OX-OTOI5000 :H£XT 
]860 PR 1HnA~( 1,16l1G.; t A~(J , t7l1Gf ; 

::~g ~~~f1jOC 
HI'10 REN PrC>UOur~ '<>r eOf' rte ~ "" . WI . 

!~:~ F1!OCcOf' . K l 
1920 PRINlT U ( 1l. 2'OIt.ltI( ' IU;CH~'UO ; oC(»(Ht.Cl° 1 A~( Il,?IIC 

~;~~I~~~~I]oI O COf(REtl" 1 
1'1.0SOOHDIt - IItSJHlJI . 10 
1950 SDtNW;1 . - ll.6YIUJ X, 10 
1960 SDUH~l . - 11,8ItHJX . 10 

!9J OfOkOX_OTDIOOO01NEXl 
19'80 PklNnA.(3,20HGH T A~( J , 21 )j G" 
1990 EH~~RUC 
~tIoo ~[II 
;'>010 RE N Sou nd f O<' .... "u ' n . ... . 
~02'O kEII 
;'>0]0 bEf f'~1N:_ndl 

~O EINlUIf'EI . 0 . ;'> . -2 . 2. " 1 2 . 6 . 1~I . O . O . 171 , 171> , 0 
~SOUHIIO .IoJ.1 2 : SOUHP1.0.IH,12 

~~~ ~~~ 
2080R[1I Soundfl>l'eQrrffl l " ' ''''''' 

2090Htll 
2100M:f PkOC . ound2 
2]10 SOUHOI , - ll.~)t4*J%,IO 

2 ]20 SOU!1D2. - 11,69HlJI,HI 

~:!g ~::~~-ll. elH*J% 'I O 

2 \ 50 .rx] 2 . 0 

MODEL A AND B 

2 160 YDU26tClS 1PJUMI " tR£NlRltPRun ° It li n ~ ° ;[111. 

lIsHng 1. The program for Mulll Tesl. 

SIR Computers Ltd. 
AGENTS FOR ACORN, BBC AND TORCH COMPUTERS 

SBC MICROCOMPUTERS 

Mod.IA ",ith 32K RAM . nd VIA . . . . . . .. . . .£339 
Model A ",lth 32K RAM, VIA end Joystick port ... .£354 
Model B • • • • • • • • • . • • • • • • • , • . •• .•. .£399 
Model B with dlte Interhce. . ............ .£509 
Single 100K dl~ drive. . ..... .£249 
Duel 2 II 100K dill: drive. , ....... .£389 

Disc inttrl_ for the BBC Miero (KIt! . . .... , .. £95 
(Fitted) .... . .. .£ 110 

UWade of BBC Model A to B (Kit! , .......... £80 
IFttted) ......•.. .£110 

TORCH COMPUTERS 

Thil unit eonnectl to tm. BBC Mlero In the urne w.y ... 
norm.1 dite drive, bllt adds eonsider. bl. flexibility to en 
already powerful m.chlne. As WI ll .. offerinu • du.1 2 x 
400K disc drive for UN und .... BBC BASIC or other 
l.nuulgII: It provid. th. option of uling the wide rII nue 
of CP/M lOftwe,. .nilabll for bUlln_ . nd du. proee.. 
ing . pplieetlons. Thl firmwlrlllUpplied with the mechinl 
.lIowl switching between BASIC end CPN •• powlrful 
operltlnu Iystem d_loped from CP/M 2.2. 

In Iddition to t hl disc peck • second proc:eaor i. IUpplied 
This il • Z-80A with its own 64K RAM eard, eommun· 
ieatiTllil with the 6502A in thl BBC computer throuuh the 
'Tubl'. Typleelly th. speed of III.eutlon of prourlml 
un<!.,.. th. t",ln proeessor lV"em is incrllMd by up to 
50% eomp.red with • con .... ntion. 1 .in9ie pfQCellOr 
eompllt .... 

PERIPHERALS 

Epson MX 80 FIT type 3 . , , ,£389 
NEC PC 8023 • . • ••••••••••• .£389 
Microvltee 14" RGB Monitor .............. .£280 
Keg. 14" RGB Monitor . . ............. .£280 
Sanyo 12" RGB Monitor. . . ...... .£260 
H1Uh resolution 12" blade/ur"" monitor ........ £86 

SOFTWAR E 

Wecurrenttyhotdin ltodeprou .. msfromthe 
foliowing lUpplil ... 

Aeorn,oh 
A 8t F Softw • • e 

BuUSytl 
ComputerConeeptl 

Diuit. 1 F.nt,,;. 
IJKSohw.re 

Level9Softwar. 
Motimerll 

Prog r. mPow .... 
SIIlamlnd.r Sohw'rII 

Sohware fo r All 
Superior Sohw.rl 

PI .... tetephone or visit (XI' n_ tnowroom for 
furthlrinforml1 ion. 

SIR COMPUTERS LTD. 
91 WHITCHURCH ROAD 

CARDIFF 
Tetephone 10222) 21341 
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Manchester Home Computer Show 
MIDLAND HOTEL 

April 22/23/24 
Your diary dates are: 
Glasgow ...... _ ..... May 
Birmingham ........ June 
Nottingham .... September 
Newca~tle ........ October 
Bristol ......... December 

o Sponsored jointly by: 
Personal Computing Today 

ZX Computing 
Computing Today 

Micro Update 
Personal Software 

At the Home Computer Shows will be a complete cross section of the 
hardware and software available to the home user _ The emphasis is on the 
lower end of the price bracket with computers from £50-£400. 

If you are interested in computers and what they can do for you then come 
along to our COMPUTER ADVICE CENTRE: experts will be on hand to 
give you impartial advice on equipment available. 

Try out the machines in our own demonstration area and see programs 
running covering educational, games and small business applications. 

There is a COMPETITION at every show to: 
WIN TWO COMPUTERS. 

Wm a computer for yourself as well as one for the school of your choice: 
free entry form with advance tickets. Also available at the show with the 
show catalogue. 
ADMISSION £2.00 (CHILDREN UNDER 8 & O.A.P's FREE) 
AND IF YOU'RE A PARTY OF 20 OR MORE, TIfERE'S A 25"7. 
DISCOUNT / 

/ 
/ 

/ 

/ 
/ 

/ 

( ) ~~o.:t. Friday 22 April '83 lOam-6pm ~~ A ~ 
Saturday 23 April '83 (lOam-6pm) 0 ., 

Sunday 24 April '83 (lOam-4pm) ~c~ .. ' 

The Manchester Home Computer Show 
Midland Hotel. (Opposite Town Hall). 

6>~ ~¢>" 

~
~~~!" . 

s'r>' -;> .' 

For advance tickets send cheque/postal order to: -"" ., .... 
ASP Exhibitions / ~ () .' 
Argus Specialist Publications / S .? .,.' 
145 Charing Cross Rd, /~' ,~l"o>$'" 
London WCZH OEE // ~\ '" 
Tel: 01437-1002 / ~#'. 

/ 
./ PllftoDai Software Spring '83 
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J Ruslol'! 

BBCBITS 
This program is a ball 

bouncer with a difference! 
Two balls are bounced 

around a MODE 7 screen (in 
colour), one following directly 
behind the other. The forward 

10REMSn.l<.e 
20 MOOE7 
30 FORTX-O TO 2'1 
~O VOU 31 . 0,n:,132 
50NEXTT% 
bOVDU231S20210;OIOI 

SNAKE 
one leaves a trail of asterisks, 
and the backward one rubs out 
the asterisks as it goes. The net 
effect is to move a snake of 
asterisks around the screen. 

The main claim to fame of 

70 x;r: -2 '1n;r: .. 2'1 

:: ~i: ~ : ~~!~O 
100C;r:- I:O;r:"1 
110REPEA1' 
t20 VOU 31,X;r:,y;r:.'I2.31.L;r: .I1X,32 

A collection of short 
Ideas to liven up your 
programs. 

the program is the incredible 
speed with which it runs -
evidence of the sophistication of 
the BBC computer. 

130 I.f'XX+AX>39 OR XX."'X< l ,,"X"-"'X 
1'10I.FLX+CX>390RL:t+CX<lCX--CX 
150 IF VX+BX>H OR YX+SX<O BX·- BX 
160 IF I'IX+OX>2'1 OR MX+DX<O OX·-DX 
170XX-XX .. AX:VX· YX .. SX 
IBO LX-LX.CX01X- MX+OX 
190 UNTIL FALSE 

NON-INTERRUPTABLE PROGRAMS 

T he usual way to make 
programs un-interruptable 
1S to use on ERROR GOTO 

to disable the escape keys, and 
* KEY 10 "OLD RUN" to 

disable the Break key. 
The problem with this 

method is that if a 'hard Reset' 
is carried out (that is, pressing 
Break in such a way as to print 
out the memory size, as well as 

~~ ~~E~R~~R"~~~~I'~~~~ 

the normal sign on message), 
the program is protected. 

The program given below 
illustrates an alternative way of 
approaching the problem. 
Please note that the last two 
columns of printout represent 
the typical output of the 
program, fustrating huh? 
First I have defined the Break 
key to create a dynamic 

bO UNTIL FALS£ 

3 0RE ...... nd .. oDnwith ... . to f prDll r . " 
~~~~ ~~p~:~" \7 THE~ CALL !.I:lBBE 

HREPE ... T 
SO PRIHY"H£LLO" 

1020 PRINT " 
1930 E~O 

variable. This means that typing 
OLD will not work. 

The next step (line l c:x:xJ) 
automatically breaks the 
machine every time Escape is 
pressed. The call responsible 
for this is the one to &DBBE. 

Mingled with the program is 
a demo. While it runs just press 
Escape or Break. 

IIELLO 
IIELLO 
IIELLO 
UELLO 
NELLO 
HELLO 
HELLO 

PRINTING TEXT UPWARDS 

This program is useful for 
labelling the Y axes of 
graphs. It draws text from 

the current graphics cursor 
position - but directly up, 
rather than across, the screen. 
Lines 40 to 70 form a simple 
demo. 

in J8D~~1~~d it :t !f :ork 
pinch, O. If you want to use it in 
MODEs 2 and 5, change the '4' 
in line lEO (as in 'X % + L % *4') 
to be'S'. 

The program accesses the 
BBC Micro's built·in character 

generator directly, and so will 
not work at the other end of the 
Tube. 

star~h:t tcm;~iihe~he:a~~~es 
for a space, and extends up to 
code 127. It is conceivable that 
in future versions of the 
operating system the character 
generator will be moved. If so, 
alter the address in line 103) to 
be 256 less than the start of the 
generator. This version works 
fine on the operating system 
which gives 'OS Eprom O.la in 
response to * FX O. 

The procedure 
'PROCtexLup' takes three 
arguments. The first is the 
string to be printed, and the 
second two are the co·ordinates 
the printing should start at. 

Essentially, the program just 
accesses individually each bit of 
the sections of the character 
generator which make up the 
text to be printed, and then turn 
these through 9) degrees. 

The second program 
e ffectively prints text 
downwards in the same way. 
You can see that it is similar. 
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MODEL A AND B 

10 REt! P~ int.in'!l t.xt vp ... rds 
29REti 
JOREK ",."""""""·,,··,,,,· ,,···· · 
'1O ttOOE 'I 

~~ :~: ~;~~t~;~kl~~t,~:~~r~~i. t.i"el 

~~ :~~ !~!"!::;.~::::;lI:~:!:~ 
:50REf'EAT '10 MOOE 'I 
60 PfCOCt."Lvp("L_ dZepp,,11n",RNO(120 :50 REPEA T 

60PROCt" x l _OJ P("L.,dZ"PPlllin" , RNOt120 
o 1 • ~~D ~~~~~) ; AlSE 

lOOOOEFPROCt .. "l_up(Al,:O:',n:l 

!~i~ ~~~A~X~~·~~ '~~~~~') 

O),RNO(lQOO) 
?OUNTILFALSE 

10000EFf'ROCtl!"t_up(A$,X); . YX) 

!~~~ ~~;&~~!~+~~C~ IUD'( All. ex. 1)) _8 
: ~~: ~g~A~);~~' ~~' ~iN~!$) 
!:~~ ~~;'~~~~'~~C;l'Iro$ ( A$. CX, 1)) _8 

l0:50FORI'IX-OT07 
1060 IF (Z" tlXAHDAl:1 L:t:l () O THEN PLOT 6 

9.XX+LX*'1,YX-tZ8- 1'I:t: " '1+CX _3Z 

1050FORI'IX_OT07 

!:~: ~~~~R~~·LX.U 
1060 IF (2"I'IXANO AX?LU <> O THEN PLOT 6 

9,)(X'28-LX"",YZ+I1X."-C%_32 

: ~~~ ~~~~R~~' LX, C% 

This function allows you to 
recall the last error - in 
words, rather than via 

ERR. 
The function is based upon 

the fact that locations &FD and 
&FE contain one less than the 
address of the last error 
message. Given that the 

READ ERROR 
message is terminated by a zero 
byte, it is easy to read it into a 
string and then exit the function 
with it 

Print FNread_error is 
identical to REPORT, except 
that it moves to a new line after 
printing the message. The 
difference between the two is 

~~~: ~~~~~ A$,n 

exhibited in line 100, where 
FNread_error is assigned to 
the string variable. 

Note that the actual function 
definition is only lines ICXXl to 
ICSJ - the rest is a simple 
demo. 

10 ON ERROR COTO 100 
20 REPEAT 
30 UNTlLFAl.S£ 

lOOA$_FNraad_arror 
110IFA$,, "E.c:a,a" THENENO 
IZORUN 

:~!~ ~i;~~~FO AND l!.FFFFH-l 

1050 A$_A$'CHR$(?n.:) 
1060 TX _TZ'I 

10 00 OEF FNr •• 'L.rror 1070 UNTIL ? n -O 
IOS0"A. 

STRINGY LETTERS 

ThiS is a large character 
printing program with a 
difference. It doesn'l just 

print out the characters using a 

~: =~~ Strl"''iI~ lo.ttltn 

3011X_0 
10 IF 1'1); _0 THEN 1100E 0 ELSE 1100E ~ 

50 IF I1X-~ THEN I1X .. 5 El.SE 11%-10 
60 OATA 00 , 00,00 ,0 0,00 , 00 ,0 0,00 
70 DATA FF , OO,OO , OO , OO , OQ , OO,QG 
SDOATASO,SI.SO,SO.SO,SO,SO,SO 
900ATAFF,80,8D,80.SD.BO.SO,BO 

100 DATA OO,DO,OO,OO.OO ,OO, OG , FF 
110 O,HA FF,U,OO,OO,OO,OD,U,FF 
IZO DATA BO,80 , BO, BO , BO,80 , 80 , FF 
130 DA TA FF,BO , BO , BO , BO,80,80 , FF 
I~O DATA 01,01,01,01,01,01,01,01 
1500ATAFF , OI,OI,Ol,OI,O I , 0l , 0 1 
1600ATA BI,81,8I,81,81,81,!!1, BI 
1700ATAFF,SI,BI,Bl,BI,Bl , BI , 8 1 
180 DATA OI,OI,OI,Ol,01,OI,OI, FF 
1900ATA FF,OI,O I,Ol,O l,Ol,Ol,FF 
200 0ATAB1,BI,81 ,Bl, Bl,BI,8I,FF 
2100ATAFF,B1,Bl,81,81, Bl , 81 , FF 
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filled-in block, it intelligently 
uses emply boxes, closed off al 
the right places to give text of 

i~'~~ I 
The completely general parts of 
the routine are lines EO to 340 
and lines 410 to 640. The other 
parts just form a little demo. 

220 FOR U"22~ TO 23~ 
230 YOU 23,U 
2H FOR CX-O TO 7 
250READA$ 
260VDUEYAl.("'''+A$) 
270NEXTCX,U 
2BO 0111 FX(~,~) 
2~O FOR U"O TO 9 
)00 FXlT%,B)_O 
310 F%lT%,~)_O 
320 FX IO , 1%)-O 
330 FX(9 ,T:U - O 
310 NE XT 1% 
350IlEI1······,,·,,······.· •••••••••• 
360liEPEAT 
370INPUTl.INE "',A$ 
380 UNTlL LEN(M J(_I1X. 1 
390 VOU 23;B202:0;OiOi 

~~: ~~: n_l TO LENtA$) 
120A);. &8FOO+ASC(I1ID$(At,1);,l ) . B 
130FORVX·OT0 7 

11tFORXX_ OT07 
1~O FX(XX+1 ,V);+1 )"(2~XX) AND Y%?A% 

:~~ ~~~T.!;~:; .................... . 
1BOFOIiYX-O T07 
1n FOR XX"O TO 7 
500 IF F%(X:h1 ,V%+l )<>0 THEN PROC~ ... 

;~: ~~\~% 'YX,T:t 
530 END 
5~0 REM •••••••••••••••• " •••••••••• ;;: ~~~ArR~~ ... 
570 HX"O 
580 IFF% ( X);+l,YX) . O THEN HX " HX+l 
590 IFF%IXX+2, YX +1J _0 THENH%" NX+2 
600 IF F% IX%+1,YX+2)"0 THEN H%"NX+ ~ 

:~~ ~~ .. ~i~~X,YX+1J -O THEN H% " H%+8 

630 VOU 31,«R% 1100 M); ) .B )+7-XX , «RX 0 

IV6=!):~b;~~C2H+H); 
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ia:J Nicholls 

IN 
CHORUS 
T he new User Guide for the 

BBC Microcomputer 
contains three detailed 

sections on the SOUND and 
ENVELOPE commands (pp 
100-187, 244-248 and 347-353), 
but only scant attention is given 
to two very useful features, the 
synchronisation of more than 
one note and the noise channel 
(channel 0). We are going to 
explore these two features , and 
use them to produce a tune. 
The tune will be the Chorale 
from Cantata No 147 by J S 
Bach, otherwise known as Jesu 
Joy of Man's Desiring, and we 
will play it in full three-part 
harmony! 

PERIODIC NOISE 
On page 349 of the Uaer Guide 
we are told that we can have 
periodic noise on channel 0 of 
frequency determined by the 
pi tch setting of channel I, by 
putting 3 as the value of the 
third parameter in the SOUND 
command. Well let's have a go; 
try entering the follOwing two 

line program and running it. 

10 SOUND 0,-1 5,3.18 
20 SOUND 1. - 15,172,18 

What you hear is two sounds, 
not one, a high pitched sound 
and one of much lower pitch. If 
you alter the volume parameter 
in line 20 to zero, and run it 
again: 
HI SOUND 0, -1 5.3.1S 
20 SOUND 1." , 172,18 

You will notice that the higher­
pitched sound has disappeared, 
but the lower pitched sound is 
still there. The other thing that 
you will notice is how low the 
pitch is. One of the few 
apparent drawbacks of the 
sound capabilities of the BBC 
Microcomputer is that it does 
not, at first sight, appear to be 
able to produce notes below 
A IF in octave 1. Just to remind 
you, the table giving the 
correspondence between the 
note played and the value for 

~abr~tl~ fha:~~~~~~:a~~t: ~f 
the sound command (SOUND 

Octave number 
Note 4 6 

B 1 49 97 145 193 241 
All> 0 45 93 141 189 237 
A 41 89 137 165 233 
Gil> 37 65 133 181 229 
G 33 81 129 177 225 
Fj' 29 77 125 173 221 
F 25 73 121 169 217 
E 21 69 117 165 213 
DII' 17 65 113 161 209 
D 13 61 109 157 205 253 
Cj' 9 57 lOS 153 201 249 
C 5 53 101 149 197 245 

Table 1. Not.s played 10f pl'en parameter values. 
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Sing along with your 
musical micro - with 
three-part harmony. 

C,A,P,D), P, can only take 
positive values between 0 and 
255. Most of octave I and all of 
octave 0 seem to be 
inaccessible. Let's experiment a 
bit more: try entering the 
follOwing three commands, to 
load instructions into the 
function keys: 
*Kt"t0S0UN02,-15,1 , lS : '" 
*KE"t1SOUN00,-15,3 , lS : SOUN01 .0, lSS,lS ll'l. 
*KtY2S0UN00,-15,3,lS:SOUND1 ,0 , 1l2,lS : '" 

(where : is obtained by 
pressing Shift and the \ key: it 
appears as 11 in Mode 7) . 

Now press function key 0, 
and then function key 1. They 
are the same note, but you will 
notice that the pitch setting in 
one case is I, and in the other 
case it is 188. To prove that we 
have found a way of obtaining 
lower pitched notes than those 
in the User Guide, press 
function key 2. To appreciate 
this Iowa note properly, you 
really need to feed the sound 
output to a larger speaker in a 
properly-designed enclosure. 
Later on in this article you can 
see how to do that. 

What we need now is a 
table, similar to Table I, which 
shows what pitch settings,P, to 
use in the: 
SOUNO" ,A , 3 , D 
SOUND1 .Il,P,O 

pai r of commands, in order to 
obtain particular musical notes, 
Table 2 is iust that. It was 
obtained using the author's ear, 
rather than by reference to a 
formula since, at the time of 
writing he had not been able to 
work out the formula! 

MULTINOTE 
SYNCHRONISATION 
In any piece of music written for 



an instrument, such as a piano, 
that can sound more than one 
note at a time , there is a need to 
make sure that more than one 
note is sounded at the same 
time using the sound chip on 
the BEe Microcomputer. The 
way th is chip (the Texas 
Instruments SN76489A) is 
accessed by the machine 
operati ng system is that a string 
of notes for each channel is 
maintained in a buffer and, as 
soon as one note has been 
completed on a channel, the 
next one is sent along from the 
buffer. 

If you want to make sure that 
two or three notes sound 
together then you need to 
modify the first parameter of the 
sound command . The full 
version of the first parameter is 
a four-digit hexadecimal 
number (so i t has an 
ampersand,& , in front of it) 
&HSFN 

H - takes the values 0 or 1, 
and is used to ensure the 
release phase of a sound 
played using an envelope is 
completed . Normally it is set 
to O. 
S - is the digit that we are 
interested in taking the 
values 0 to 3, one less than 
the number of notes to be 
synchronised. 
F - takes the values 0 to 1, 
and controls whether the 
next note eliminates the 
queue of notes waiting to be 
played on any channel, and 
is played immediately:. 
N - is the channel number 
itself, taking values from 0 
to 3. 

If we want to synchronise two 
notes on channels 1 and 2, then 
we would write : 
HI SOU ND"II 1II 1,-lS,21,18 
20 SOUND,,0102 , -lS,33,lS 

In fact, if you entered the 
following two lines instead, it 
would sound just the same! 

III SDUtWl,-lS,21,lS 
2k! SDUND2,-lS,33 , lS 

However, if you add line 5 to 
these two lines: 
5 SOUNDl,-IS , S,18 

then lines 5 and 20 will sound 
together, followed by line 10. In 
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order to play line 5, followed by 
lines 10 and 20 together, you 
need to write: 

5 SOUNDl,-IS,S,lS 
111 SOUND"01111 , -IS , 21 ,1 8 
20 SOUNDMH02 , -IS , 33 ,1 8 

The computer will not play the 
sound on channel two , until 
another sound is available to be 
synchronised with it. 

PLAY THAT TUNE 
Jesu Joy of Man's Desiring is a 
well known tune, and a good 
test of any microcomputer's 
ability to play three-part 
harmony. Listing 1 shows the 
program that plays it. This will 
run on both the Model A and 
Model B. The essentials of the 
program are the following five 
lines: 
140 RESTORE 3211 
1 511 FOR a _ 0 TO 3S11 
160 READ A\,8~ ,C \ , 0\ 
1711 SOUND AI , 8\ , C\,D\ 
230 NEXT 

These lines read the contents of 
the DATA statements note by 
note and immediately send them 
into the sound buffer ready to 
be played. Using Tables 1 and 
2 you can see that the first 
statement plays the note G in 
octave 0 on the noise channel 
(pitch value of 124) for a 
duration of 18 twentieths of a 
second synchronised with rests, 
ie silence, of du ration 18 on 
channel 2 and duration 6 on 
channel 3; then it plays G in 
octave 4 (pitch value of 129) for 
duration of 6, followed by A in 
octave 4 (pitch value of 137) for 
a further 6 twentieths of a 
second. 

For those brave souls who 
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decide to key in the program in 
Listing 1 it is worth putting 
commonly used numbers such 
as &03OJ - &0303 and the 
word DATA into the function 
keys, to save your fingers. 

The rest of the program 
produces a title page in Teletext 
mode, with the name of the 
piece enclosed in a rectangular 
box drawn, using Teletext 
graphics characters, by lines 
130J - 1400 in PROCtitie. 
When the tune is being played, 
as each note is read in, line 180 
calculates a number between 
145 and 150 derived from the 
loop counter, K%. In Teletext 
mode these numbers, used as 
control characters, give the 
following coloured graphics 
characters: 

145 red graphics 
146 green graphics 
147 yellow graphics 
148 blue graphics 
149 magenta graphics 
150 cyan graphics 

Lines 190 - 220 place these 
controls in the positions on the 
screen which control the 
graphics colour of the 
rectangular box. As each note 
is read in , the colour of the box 
changes. It does look quite 
pretty, and there is plenty of 
scope for experimentation with 
it! How about plotting coloured 
notes on the screen? 

BETTER QUALITY 
SOUND 
I mentioned earlier that it was 
possible to connect a better 

OCTAVE NUMBER 

Note 0 

B 140 188 234 
AIF 134 183 231 
A 130 ISO 228 
GIF 127 177 224 
G 124 172 220 
FIF 120 188 216 
F 116 164 212 
E 112 ISO 20S 255 
DIF lOS 156 203 252 
D 104 152 200 246 
CIF 100 147 196 243 
C 96 144 192 240 

Tobie 2. Pitch seHlngs using periodiC noISe on channel O. 
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quality loudspeaker to the BBe 
Microcomputer, in order to 
appreciate the sounds of which 
it is capable. The following 
suggestions will almost certainly 
be taken by Acorn Computers 
as invalidating your guaranlee, 
so if you do not understand 
anything about electronics, or 
cannot use a soldering iron , or 
both, don't attempt it! The 
author cannot be held 
responsible for any disasters 
which might ensue. However, 
having said that, the necessary 
modification is reall y quite 
simple. 

The ti ny internal 
loudspeaker is connected via 
two wires to plug PLlS on the 
main circuit board. To obtain 
access to this you not only have 
to remove the top of the 
computer but you a lso have to 
remove the keyboard PCB. 
PLlS is on the left-hand side at 
the fron t of the circu it board 
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near the disc drive sockeL We 
could just disconnect the two 
speaker wires and re-connect 
them to a new socket at the 
back of the machine into which 
an external speaker can be 
plugged. However, it is more 
useful to allow the possibility of 
either the internal loudspeaker 
being used or an external one 
To do this we need to use a 
socket which automatically 
connects the internal 
loudspeaker when no plug is 
inserted, and disconnects it 
when one is. 

A suitable socket is an lis /I 

miniature closed circuit phone 
Jack, available from, for 
example, Radiospares or Tandy. 

The best place to put the 
new socket is into the redundant 
Reset button aperture at the 
rear of the machine. The Break 
key has replaced this button, so 
the hole will not be needed. 

Having made this 

INTERNAL 
LOUDSPEAKER 

PHONE 
JACK 

modification, you may well now 
be unhappy with the noisy 
sound, even when no proper 
sounds are being played. This 
noise is coming from signals 
along the computer's data and 
address busses - just listen to it 
when a program is executing! 
The 'noise can be considerably 
reduced by placing a % watt 
10k resistor between pins 15 
and 16 of the 1 MHz expansion 
bus plug. The easiest way of 
doing this is to buy a socket to 
fit the 1 MHz plug, and to fit the 
resistor across its appropriate 
pins. The socket you need is an 
Insulation Displacement 
Connector (IDC for short) -
Speedblock type - female 
header socket 2 * 17 pin. These 
cost about £1.60 each , The 
improvement is well worth the 
effort, and does not invalidate 
your guarantee! 

INTERNAL 
LOIJOSPEAKER 
ID; lconnocttil) 

:';' (,1 f'kHHTA~(34J 13),CHR'K~;H~(3~,H I'CHR'K" 
~30 IIHT 
2~O tLS 
;'::'0 f'H)dilh 

~r;!'\) r1UNn~!IIl~.23 HCHR"J3'CHF:t136j· kHEAT ?·j:nt~G 

uo UNIIL (ZH~·H · OR ZZ$~'n') 

2['0[1.5 
:>90 Vf!U~3 .~.I ! ,255.0).0.0).0) , 0) , 0 
:l'JO(@ 
,10 ~tii to~c 1 
3~O D~l~'OJOO, - 13, 3, 19.~0301.0.12~, 18.~0302.0,Q . 18.M30 

3.0,O.~.3. - 13,129.6,3.-13 . 137,6 

lJOUATAW)OO.-IJ,). 18 ,10301.Q,I72,J9.&0302.-IJ. I09,18. 
~U303\-13.1'~ . 6.3. - 14.15].l,J. - h . JI9,6 

w~~~.~~!~~;~~~:~:~;!:::;~~~~~:~4:t~;:~·t0J02.-14.1J]'18. 
}~(j ~[II b ~c ;' 
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3&0 MTAtO)OQ . - !5.3.1!"'0301.0 , I . O.1 8 , S.03Q~,- I ~ , 1 2 9 ,! B, 
t030 1, - 1 5 . 15l,6,3.-1~.ln.",3, - 15.173,6 

370 O"'TfltoJ(}{I , - 15.3,18,~0301,O,lbO, IS ,S 0 30 2 . - 15, 117 .18 , 
l0303 . - I::<,ln,6.3, - 1 ~ ,IS7,613,-IS,145,6 

190 M -IAlO300. -I S.3.18.l0301,Q , 160.1 8 .A0302. - 15, 97 .1 S. t 
0303, - 1~,12 9 16,3,-15,i37,6.3.-1S'HS,6 

390 ~[II bu 3 
40001lIAI. 0300. - )5.),18,l0301,0,130.18,&0302.-15.89.1 1.S 

OJ03.-I~,IH,6,30-15.157,6 

HO PATA!.OI02 .- IS,\OI.6,M)10),-IS.165. 6. l()30Q.-15 . :; ,lS. 
l 0301 , Q,hO,18.toJ02 . - IS.\09,IS,SOJOJ.-1 5 .157 , 6,3, - 14,1 49 
.6,3.-14.1+5 .6 

420 pnl ...... 0300' - 1+.3,18,~0301,O,IH,lBt'0302, -1+, 1 1 7 ,1 2, 
l OJOJ , - H.137.6. J, - U,145,(, 

no PATMOI02'-H.97,6,~Ol03,-14.129.6 
4~O REI! b~ " 4 
4~ O PA1AI.(lJoo. - 13.3,11I.&OJOI,O.152,1 1l , $..0 302, -IJ . 1I9 , IS · /; 

0303.-13,1 25,6,J,-13,129,b,J, - 13,137,6 
460 DAToU0300, - 1J,3,11l,&0301,0,16Ihlll,iQ302, - I3.a9 . I R, ~ 

0303,-13,109,6.3,-13.125.6,3.-13.13].6 
470 OAloU0300.-13.3,11I.&030"0.15~.la,t0302.-IJ.1I9 , 12 , .. 

OJO:I.-13.149,b,],-13.145,6 
4110 DATA10102.-IJ,77.6.~Oi03.-IJ. 13],6 
490 kEI! b ~r S 
500 DAIMOJoo,-llt3,11l.&0]OI,O.124.ilh1030;Z, - 13.91, la . t 

OJOJ.-I1.HS ,6 
510 DATA3. - 13,129.6.3, - 1J.137.6.10]OO,-H.3. 19, l 0301 . 0 , 

112,IB,S0302.-14.III,IB, l OlOJ.-H.145,6.3,-H.157,6,3 .- 14 , 
149.6 

5:!ODAToUOJOO. - 15,3,la.l030100,IH.IB,l0302, - 15,11], ]II, 

'O~~~. ;~~' ~::.~. 3, - IS, 165.1" 3.-! S.IS7 , 6 

S400"TAl O:WO. - 15.3,IB.&0301,0 . 140.1B,t0302. - 15 ,129,] a . 
'OJ03. - IS,I~7.6.], - 15,17],6.3,-15,17J,b 

550 DAIA~0300,-IS.3.11I.'0301,0,160.III, 10302'-I S.]17,18 . 
10303.-150177 , 6,]. - 15.157.6,3.-15,145,1, 

'!i60 Ur.J A~0300 , - 1 5 .3,11I.&0301,0.1~2,IB, 10302, - 1 5 ,97'la" 

0303 , - 15 .1 29.6,3.-1 5, 137,6.). - 15 .145.6 
~70 ~E I! b~r 7 
5<10 DATM,OJOO , - 15 ,ltlS.l0301,0,IH,IB,1030;Z .-IS. B9 ,IB, l 

(30) , - 15 ,1)7,6 ,3 , -15.157,6.3,-15,149,6 
~90 DATAlOloo, -]5.3, 18.'0301 ,0,\47, ]B,&0302 , -I ~ .117, 12 

: !030 3 ' - 15.14 5 '6. 3 . - 14,!37 .6.'OI02'~H,97'6. f.O IOJ. -H'1 29 

600 OATA'03oo,-H,3,18.40JOI.0,IS2,IB,~OJ02, -14,B9,12, 

'(30),-\4,109 , 6,3.-14,129.6.tOI02,~14,101.6. 101M,-14,12~ 

" . 
610REI!bilrB 
620IlAIA .. OlOO.-14,3,54.l0301,O.124,54, l O:S02, - 14.97.] 8 ,& 

0303,-H.129.6.i\. - 14.145,6.3.-13.1 57,6 
,130DATAAO]02.-H,I09,IB.40103.-iJ,\77,6.), - 1J,157,6,J, 

;~~:l4~.6.&0102.0'0'18'"OI03. - 13tl29'6']'-ll.145'b.J,-lJ. 

640 REI! bn ~ 

6~0 IIATA&OlOO, - Il,J.IB, 1030I.O.172.1B. '0302.-1~,97'-36.t 
0303. - IJ,129 ,54.10100,-1l.3.IB,lOIOI,0 , 16B.IB,&0200. - IJ,] 
,111.'0201,0.160.16, &0202, - 15.101,111 

1>60 REI! I' ~r 10 
670UATM-0300 , -·\3 , 3 , IB , t OlO],O,Il.e.18,tOJ02. - 15 ,I09 ,36, 

lO.w~ , - 1.S . J.P. 111,&0200 . - 13. 3 .1 6 . 10201,0.160, IB,t020] , -]] , 
nY,lll.~UJOv,-I~,3. J a ,WJO I, o .1 5 2,ja.'010 2, - 1 5 ,I 09 , 11l . '0 3 
OJ, - jJ , 12~, 1 3 

680 ~£ 11 bilr II 
6~ O M rA{030Q, - 13 ,3, I B,l0301,O.160,IS,'0302.-15.101.l6, 

to:!~J "I :J ,1 2 9, 18 ... 020(1 , - 13, 3 , IB,t0201,0. 16B,IB,t0203. - Il , 
109 ,42 

~~ :~~A~~;0~;-13,3, 18.&020] ,0. 172, ]e. '0202,-] ~ ,97, 18 

720DATA&020(1,-13 . ),108,'0201,0,152,101I.'0202,-1 5 ,89, 18 
.3, - 13,109 , 6.3,-\3,11 7,1, 

730 DATAlOI02.-15.99. IB. l OI03,-13,125.6.l,-13,J37,6,], 
-13.129,6.'010200.0,72. ' 0103.-13,137,6,]. - 13,149;6,3,-13. 
145 ,6 

140 R[ I! b ~r 13 
7~0 l'ATA3. - 13.149,6,3. - U.1l7 . 6.3. - H.125,6,3. - 14. 109. 6 

,3, - 14,12~.6.3.-15 , 137,6,3. - IS,149,b.3.-15.145.6,3.-15 , 13 
I" ~ 

760 REI! bar 14 
nODATA&03OQ,-Il.J . IB.&0301,Otln,IB.10302.-1J, 97 ,36. t 

0303,-13.145,6.3.-13,129.6.],-14.137,6 
7BOOATA .. 0200.-\4.3,IB, '0201.0.16B.IB.&0203, - 14 . 145 ,6, 3 

, - 14,151,6.3, - 14,14-9 , 6 
790 DAIMOJOO. - 14,3,IO,~03OltO,lbO.IO.&0302,-14.101,]S, 

10303,-1+ , 149.6.].-14,16S.6,3,-15,157,6 
aoo R~H bilr I~ 
BIO DATA&0300, -· I~.1.36,'0301.0,140,36,&0]02, - 15,109.!6. 

&0303. - 15,157,6,],-15,177,6,3, - 15.173,6,]. - 15.177,6.),-1 5 
.157,6.3,-15,145,6 

o3g~~-~';!~t~; ~?i~~?;~;;~:~?~?:;~: ::~:iB'&0302'-)5.97' 18, 0. 

!!30 REl1bilrlb 
B40MTA&OJOO, - IS,3,18,103Ol,O,IH.IB,&0302. - 15,B9.IO, & 

~i~~ . -15'117'6'3' - I~. 1 57 . 6'2'-15'97,01']' - 1 5' 149.6,2, - 15 .] 
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8~,(I l'ATM0300. - 1 5 .1. J6 .t0301,O.152 .J6,M302. - 1 5 ,97,IB , ~ 

0303, - 15.145.6.3. - 15.137.6,3. - 15,129,," 
14~~5~:'A&0102. - ]5.89.18.l0]OJ'-15.I09'6.3'-14.129.b.3' -

B70 REI! bil~ 17 
BBODATAo.o300, - 14,3.IB.10301.0.124.]B.tol02.-14,81.36 . & 

0303.-H,129 ,6.3.-I~.145,6,J,-14.137,6 
890 niHAI;.021)(h-14,],la,&020J,Ool12.U,l0203.-I4,H5.b . ] 

.-13.157,6.3,-13,149.6 
900 JlATIlt0300.-13.3.18.l0JOhO.I60 . 18.l0302,-13,111.]a, 

10303,-\3,H9,6.3.-11,lbS.b,3. - 13,157.b 
910 ~E/j bilr lB 
no PATAt0300, - 13,3 , IB,10301.{).Ho.IB.&o302.-13,129.]a, 

l0303, - 13,157.b.3. - 13,177.6.],- 13.173.6 
930 DAIA~0300. -13,3,IO,10301.0 . 1bO.18,&0302.-13,1I],IB. 

&0303,-13.177.6,3,-13.157.6,3. - 13,145.6 
9~0 DATA&0300, - jJ,3,lB,&0301,0.160.IB, tOJ02,-jJ.97. la,& 

0303.-13.12~.6.).-13.137.6.3.-I3.H5.6 
950 kEI! b~r 19 
960 OATM0300,-I3,3,IB.'OJOI.O,130.IB.U302,-I3.89.12,~ 

~303. - 13'149'6.3.-]J'1 57.6'&o102. - 13.101.6"0103'-1J'165. 

970 OAIAl0300. - 13 , 3.IB, . 0301,0.140.10. &0302, - 13.]09,IB, 
&0303, - IJ,157.6,3.-12.\49,6.3. - 12.14.5.b 

980 DATA&0300. - 12.3.IB,&0301.0.IH,IB.t0302,-]2.1l7,12, 

!0::: '::~'~::' ~3' - 12'14S'6'''0102.-12'97.6'lOI03'-12'129' 

IOvOUA1A!0100.-1]. ] . IB, lQ]01.O,IS2.IB.&0302.-II,B9.11I,1 
OJOJ , -I I , 17~.b.3. -11,129.6.], - 11 ,]37.6 

10IO UATMO)OO. - 11,3,IB,10JOI.0.16B.18 . ,,0302. - ll.99.18., 
030, .-ll. 109 .bd,-1I.1 25,6,3. - I],137,6 

I02Q V ATM0300 . -l l,3,I B "0301.0,1~2.1B.l0302, - 1l.1I9.1 2 .l 

0i~~~ -~~~ 1 ~!; 6 ;~. - 11' ] 4~ .6.l0102.- II, 17.b.toI03. - 11.137.6 

o~~~~ _ ~~; ~~~~~?;~::;~;t~:!~~?~;~:g~:lB.'0302'-II.BI.]B'& 
IOSODATAt03oo, - 12.3. 11I,&0301,0,1I2,IB.10)02.-12.81.IS,& 

(3 0). -1 2,14~, 6.),-i3'IS7.6.3,-\3.149,6 

1060 UATA&0300, - 14,3.1B, '0301,0,144.IB.~0302,-14,117,IB, 

, 0303, - )4,149.6,3 . -14.165,6,3.-15.157,& 
1070 1':[ 11 b ~r 22 
l OBO 1)A 1 A&0 300,-1 ~ ,1.11l.'0301,0.140,la,'0302. - IS, 129,111, 

' O JOJ. - J ~ .1 :;7 ,6,3, - 15,177,6,3. -15,173.b 

10~0 DA TAW3QO , - IS,3,IB,k0301,0,160.IB.&Q302, - 15,117.IB, 
'0303 , - 1 ~, I 77 , t. . 3 . -I~ , 157,6,).-15,1~5,6 

1100 UA1 Ak03oo . - 1 5 .3,1~,&0)Ol,0,152, ]8,~0302. -15,97,19, 
lOjOj , · - 1~,I~Y .6. 3 . - 1~ ,137 .6,3.-15.H5.7 

11 10 r,EI!b.r"3 
11;'0 l'AT A ~03 00 . - 1 5 , 3 , n ,&0301.OTIH.23,'0302, - I S ,B9,23,~ 

v50J . -I~. 1 1" 7 .J, -· I~ .1 ~ 1 . 8.1, - 14.J49,B 
IlJO UMA/,<0300 , --14,3 ,20 , t030],Od47 , 20.$..0302, - H. 117,11I. 
WJO:.s . --14,145 , 9 , 3, - 13 ,1 3 7, 9 , ~ 0102, - n.97,]0,tOIOl. - 1l,129 

"' , 
1140 UA 1A&0 30 0 ,-12 .3, 37 ,1.0301,0,1 ~2.37.&0302. - ]2.B9.n.~ 

030:.s . - 12,I 09 ,1 1 , 3 , -]2 , 1<'i',1 2.~0102 . -Il,101,H.AOIOJ. - II . 1 

2~, 14 
ll~O REM bar 24 
1160 UA1AW300 , - JI.:l,72,t0301,0,12~.72,to302, - II,BI,n ,~ 

~;~;~-.~i.~ 1~;~:2 
l1 BO OC F I'RUClitl l> 
1190 Cl S 
l ~uO ~OUn ,O.ll, o .O,O,O,o.O.O 

1210 FOR JI~OT0 24 
: ~~~ ~~! ~l T AS(O'J%HCllfmmCHRtm 

1 2 ~O FO~ JI=IOTOI8 
USO PR1IITTA~( 2,H HCHRU4~ 
1260 ffEXT 
1270 p~INn AS( 9 , 1 )jCH~$130;CHR$U] ; 'Thr" P ~rl Hir"PII ~' l 

"~( Y , 2 )jCHRU30iCHRUHj'Tlv'ee Paf'l H.raDn~' 
]200 PR1HTTAl!115.3HCHRU30iCHRU4I;'oo lh.' TAl!115,~)jCH 

k$lJOjCHHHU"on lh .. • 
1290 fRl~nAB( 10 . S)jCHRU30;CHRI1~];·BlIC l!ie-roe-o.putltf"T 
A~110,6 )i CHR$l30iCHRf141j " 811C Ihe-r~ ... ~uler ' 

1 100Gf_=STR1H(;'I~, '_' ) 
1310 fRINnA~1 e.l );CHR$129jCHRU41 ; ~$I1AB( 8.B )iCllRUZ9iC 

Hk$ 14IjG. 
1320 H' ~C1IRl22HSTJm!Gl(30,CHf($240HCHRU76 

1330 PRINTTA814.IO);Ut 
1340 Lf~CHRJ2JHSTR1H(a(30 . CHR$32HCHRtIBI 
135(ol'kIHTTAB( 4,llli l lHAB(4.12l1l$ 
1360 PR1NTlAB(4,13)ICHRl2J4ICHR,134j " Juu JO"oI of I!an' . 

~I>!i irin ~ · ;CH~l14~jCH~f181 
1370 ~RIHnA~14.14HCHR'23~ICHR$I3~jUB( 15,14H·bll J S B 

AtH, ' iTABIJ4.14)jCHRf14SjCI!R$l81 
1380 PfnIlTTA8(4.1~);l$nA8(4,16)1l$ 
1390Iltn CIIR$]62tSTRIHGf(30.CHF(,I6JHctlR'161 
1400PRINTTAB(4,IlHHf 
HIO ENWkOC 

listing 1, Jesu Joy 01 Man's Desiring by J S Bach 
transcribed for the aac Micro_ 



Ian Nicholls 

MEMORY 
SAVER=/I=l 
I f you have a program that 

contains some sizeable 
arrays, you may well be able 

to save quite a lot of valuable 
memory space by using a 
different type of array, the byte 
array. The byte array is a 
concept that has been carried 
over from the version of BASIC 
that Acorn wrote for their 
ATOM microcomputer: it makes 
use of the? indirection 
operator, itself a concept 
borrowed from assembl y 
language programming. 

BYTEING UP YOUR 
RAM 
A real array in BBC BASIC 
uses up five bytes of memory for 
every array element, so an 
array such as A(lOO} , for 
example, would use up 5(X) 
bytes of memory. An integer 
array uses up four bytes for 
each element, so an array such 
as A%(IOO), for example, would 
use up 400 bytes. A byte array 
such as A 100, however, would 
only use up 100 bytes, one byte 
per element. There are 
drawbacks, of course, as an 
element of a byte array can only 
hold an integer value, and that 
value must lie between 0 and 
255. The second drawback is 
the means of accessing a 
particular array element. 
Instead of writing : 

A(52) ~ 36.257 
or: 

A%(96) ~ 2 

for a byte array we would write: 

A?14 ~ 50r?(A+14) ~5 

The second method of putting a 
value into a byte array element 
gives us a good clue as to how 
they work. A byte array is 

dimensioned using a slight 
variation of the usual DIM 
statement: 

DIM A 100 

The single spaces between DIM 
and A and between A and 100 
are essential: no brackets must 
be placed around the dimension 
value. What this statement does 
is to set aside 10l consecutive 
bytes in memory and to give the 
first byte the label A. So the 
next byte is A + I and to place a 
value into it we would use the? 
indirection operator as follows: 

?(A + I) = value (where value 
must be an integer 
between 0 and 
255) 

The form A? 1 is just ·an 
alternative to ?(A + 1). 

A CHANGE OF RANG E 
If the numbers that you want to 
store in the byte array can only 
take values in a much more 
limited range than 0 to 255, say 
o to 31, then it is possible to put 
two or more successive numbers 
into one element of the byte 
array. In the example 
mentioned, eight numbers 
could be held in one byte. The 
first number would be entered 
with no modification, taking a 
value 0 to 31, the second 
number would have 32 added to 
it, giving a value between 32 
and 63, and so on up to the 
eighth number which would 
have 7 * 32 = 224 added to it 
giving a value between 224 and 
255. To retrieve the correct 
number from the byte array, we 
first of all need to note the 
relationship between our 
notional array of elements and 
the elements of the byte array. 
Continuing with our example, if 
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Save yourself memory 
by using the array of 
tips here. 

we had 24 elements in our 
notional array, (0 to 23), these 
would be contained in the byte 
array elements: 

A ?O, notional array elements 
o to 7 
A? I, notional array elements 
8 to 15 
A ?2, notional array elements 
16to 23 

To retrieve the Ith element of 
our notional array we would 
first have to find which byte 
array element it was contained 
in. We would do this with I DIV 
8. 

0.7 
8· 15 
16-23 

lDlV8 

We would next have to decide 
how many multiples of 32 to 
subtract from the value 
contained in A?(IDIV8). This 
number is given by I MOD 8; ie 
a number between 0 and 7. So 
to retrieve the Ith element of 
our notional array, we would 
use the formula: . 

lth value ~ A?( 1 DlV 8) -
32* (l MOD 8) 

If you really need to save array 
space, and your array elements 
are positive integers less than 
256, byte arrays offers you at 
least an 00% saving of memory 
over real arrays and a 75% 
saving over integer arrays. If 
the array elements have an even 
more limited range then you 
can obtain even greater memory 
savings. A universal routine to 
do that is left as an exercise for 
the reader, based on the 
guidance above! 
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llln Nicholls 

HINTS AND 
TIPS 

N o matter how good the 
documentation supplied 

_ with your new computer 
there are always one or two new 
tricks to learn . We've collected 
some old favourites as well as a 
few new ones for you to try . 

1 USEFUL MACHINE 
OPERA TING SYSTEM 
COMMANDS 

Machine operating system 
(MOS) commands are prefixed 
with an asterisk. When such a 
statement is encountered by the 

~Ae~~ i~nh~r~~:raH~d ~OM~ in 
turn until one of them 
recognises it, and deals with it, 
or it is not r:ecognised by any of 
them and an error is generated. 
Most readers will only have the 
16K MaS ROM or four 4K MaS 
EPROMs fitted. However, other 
ROMs that could be inserted in 
one of the three vacant slots are 
(or will be) the disc operating 
system, Econet, graphics 
extension, Pascal, LOGO, or 
the Acornsoft View word 
processing software. In 
addition, cartridge ROM packs 
will soon be available for 
insertion into the mysterious 
empty slot to the left of the 
keyboard. 
The new User Guide lists all of 
the operating system commands 
available for use with the MOS 
ROM. Some of these are worth 
becoming familiar with, whereas 
many of them you will use 
rarely if ever. Ones that are 
particularly useful include: 

* FX4, * FX 18, * FX225, 
* FX226, * FX227 and * FX228. 

In many games you will want to 
move a character, spaceship, 
gunsight or similar object about 
the screen. The most obvious 
keys to use for this purpose 
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would be the four cursor keys, 
but in normal operation moving 
the cursor is their only function. 
The command * FX4, I alters 
their function, however, so that 
they produce ASCII codes 
instead. These codes can be 
detected in the same way as for 
any other key, by use of GET, 
or INKEY. The COPY key is 
Similarly affected: the ASCII 
codes produced are: 

COPY 135 
136 
137 
136 
139 

*FX4,0 will return the keys to 
their usual mode of operation. 
For MOS versions 1.0 onwards 
* FX4,2 turns these keys inlo 
five more function keys. The 
OKEY numbers will then be: 

COPY II 
12 
13 
14 
15 

The existing function keys are 
numbered 0 to 9. The missing 
function key 10 is, in facl, the 
Break key. Although its break 
function cannot be disabled, a 
string can be stored in it, just 
like with the other function 
keys. Command * FX 18 (for 
MOS versions 1.0 onwards) will 
reset the function keys so that 

Function key 
fO 
fl 
f2 
f3 
f4 
f5 
f6 
17 
f8 
f9 

ASCII code 
128 
129 
I)) 
131 
132 
133 
134 
135 
136 
137 

MODEL A AND B 

All sorts of useful hints 
and tips for use 
with your micro, 

they no longer contain 
character strings. 

There are some further 
modifications to the operation of 
the function keys which are 
available in version 1.0 onwards 
of the MOS. The first of these is 
with * FX225 which causes the 
function keys to generate ASCII 
codes instead of outputting 
strings of characters. Entering 
* FX225, X will cause key fO to 
produce ASCII code X, key f I 
to produce ASCII code X + 1, 
and so on. * FX225, 1 returns 
the keys to their normal 
function. 

With versions of the MaS 
other than O. 1, preSSing Shift at 
the same time as a function key 
causes Ihem to produce ASCII 
codes in the range 128 to 137. 
In Teletext Mode 7, these ASCII 
codes are used for controlling 
the colour of alphanumeric 
characters and whether they 
flash or not. 
From the previous paragraph 
you will recognise that the base 
value of these codes is 128. 
* FX226,X allows the user (0 
alter this base value to X. 

* FX227,X allows the user to 
alter the base value for the 
ASCII codes produced when 
the Control key is pressed 
simultaneously with the function 
keys. The normal base value is 
144, which generates the 
Teletext control codes for the 

Teletext control code 
no effect 
red alphanumeric 
green alphanumeric 
yellow alphanumeric 
blue alphanumeric 
magenta alphanumeric 
cyan alphanumeric 
white alphanumeric 
flashing characters 
remove flashing effect 
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graphics colours and flashing. 
FX228,X will set a base value 

of X for the function key, Shift, 
Control keys combination . 
Normally, this combination 
produces nothing. 

*OPTA.B 
This MOS command is used 
with the cassette operating 
system, and is primarily used to 
control the action taken by the 
computer when an error is 
detected during a cassette fil e 
operation . *OPT without any 
values for a and b will reset all 
the options to, their default 
values. Page 398 of the new 
User Guide supplies the details 
of what happens for values of A 
between 1 and 3, and fo r values 
of B between 0 and 2. One 
combination which is given only 
scant mention is * OPTl,2. The 
User Guide states that this 
combination will yield "detailed 
information including load and 
execution addresses" The 
reason why this deserves more 
emphasis lies in the val ue of 
knowing these load and 
execution addresses. When you 
buy a piece of commercial 
software on tape, you have a 
tape which has to be replayed 
each time you want to run the 
program you have bought. The 
tape will wear with use and 
could even be damaged. In 
either case you may have a tape 
which is no longer usable. To 
avoid having to btiy a second 
tape, it would be prudent to 
take a copy from the original 
tape, and only to use the copy. 
Should any disaster befall the 
copy, another can be taken 
from the original master tape. 
This policy of keeping a master 
and using copies is common 
commercial computing practice. 

If the program you have 
bought is written entirely in 
BASIC, then there is usually no 
problem in taking a copy: just 
use SAVE in the normal way. 
When a program is SA VEd, its 
load and execution addresses 
are recorded as well. The load 
address is th e memory location 
in RAM at which the computer 
will begin storing the program. 
The execution address is the 
address to which the computer 
will jump in order to begin 
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running a program. For a 
BASIC program, this is the 
hexadecimal address &801F, 
which is the language 
initialisation address inside the 
BASIC interpreter ROM. When 
a BASIC program is LOADed 
back into memory from tape, it 
will automatically be stored at 
the lowest available address in 
RAM. For most users this will 
be &OEoo: however, if you have 
Econet, disc operating system 
or Telesoftware ROMs inside 
your machine, this value will be 
higher. The address can be 
determined by printing the 
value of PAGE (see page 317 of ' 
the new User Guide). 
Occasionally, though , programs 
will need to be loaded back into 
addresses other than &OEoo. In 
this case the instructions with 
the program will tell you to alter 
the value of PAGE before 
CHAINing the program in. You 
must set PAGE to this value 
when SA VEing the program as 
well. 

Difficulties start to appear 
when you want to SA VE a 
machine code program, or one 
that is mixed BASIC and 
machine code. If you suspect 
that the program that you wish 
to copy is of this type then you 
need to use the *OPTI,2 
command. If the program 
instructions tell you to CHAIN 
the program, then type: 
*OPT1,2 
L.OAD " FLANGE " 

assuming the program is called 
FLA NGE. 

If the instructions tell you to 
* RUN the program, then type: 
' OPT1 ,2 
' L.OAD "FLANGE" 

note that, in this case, we have 
to use *LOAD. In both cases 
the resulting messages will look 
like this: 

Name Length 
FLANGE 26 2670 

All the numbers are in 
hexadecimal. The one labelled 
length is the actual length of the 
program in bytes. The load and 
execution addresses are eight 
hexadecimal digits long and 
will always begin with four 
zeros . These are, in fact, 32 bit 

addresses which the BBe 
Microcomputer uses in its filing 
systems to ensure compatibility 
with 16 and 32 bit second 
processor add-ons. We only 
need to know the last four 
digits 

To SA VE this program that 
has been loaded we need to use 
the command: 

*SAVE~name"load address + 
length execution address, 

ie: *SAVE"FLANGE" OEOO + 
26700Eoo, for our example. 

It must be emphasised that 
unauthorised copying of 
software is illegal and the above 
information is intended to show 
you how to provide back-up 
copies of commercial software 
FOR YOUR OWN PERSONAL 
USE ONLY. 

*TV 

Many domestic televisions are 
set up so that not all of the 
transmitted picture can be seen. 
This is done to avoid showing 
blank margins at the sides and 
bottom of the picture, and the 
Ceefax and Oracle signals at 
the top of the picty.re (in the top 
two lines). The BBC 
Microcomputer makes very full 
use of the available picture, and 
this often means that either the 
top or bottom parts of the 
computer generated picture 
cannot be seen. *TV255 will 
move the picture down by one 
character row, *TV254 will 
move it down two characters, 
etc. The corresponding 
commands to move the picture 
up are *TVO, *TV 1, etc. These 
commands only take effect after 
a change of mode. 

You can also write 
*TV255,1 where the second 
parameter , 1, causes the 

Load 
CXXXXJEOO 

Execution 
CXXXXJEOO 

interlace to be turned off. 
Interlace is the means whereby 
the TV picture is scanned twice 
in each frame to give a denser 
picture, and two sets of scan 
lines are interlaced with each 
other. It often causes a 
fl ickering picture. In Mode 7 
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you are stuck with interlace, but 
in all the other modes you can 
turn it off to give a steady 
picture. *TV255,O would 
restore the interlace again. 

*FXI5,1 
When you are using INKEY or 
INKEY$ to wait for a key being 
pressed at the keyboard, if the 
keyboard buffer has not been 
emptied, then whatever is the 
next character in the buffer will 
be detected. This could well be 
a spurious keyboard entry 
which you do not want the 
program to detect. If you put 
the command *FX15, l on the 
previous line to the INKEY 
statement, the keyboard buffer 
will be automatically flushed . 

2 AVOIDING TWO 
CASSETTE FILING 
SYSTEM ERRORS 

~~:::nf~~ \h~ M8sr;~~~i~~o.sl : 
one makes SA VEing programs 
at 1200 baud unreliable, and 
the other makes writing to fi les 
using the PRINT #: statement 
almost impossible. The first 
error can be avoided by 
recording programs at 30J baud 
only. The second can be 
avoided by using BPUT # to 
write files instead of PRINT #. 
If either of these options is 
unacceptable to you, then you 
wi ll find Listing 1 essential. It is 
reproduced here by kind 
permission of Richard Russell of 
the BBC, who was involved in 
preparing the specification of 
the BBC Microcomputer. 

It should be SAVEd itseif , 
after first typing it in and 
running it, and then CHAINed 
in every time you use the 
computer. It will survive a 
single press of the Break key, 
but not two presses in 
sequence, which cause a hard 
reset. When the program is run 
it loads a machine code patch 
into locations &DDO to &DFF, 
and can then be overwri tten 
with NEW. 

This program is not needed , 
and should NOT be used with, 
versions of the MOS other than 
version 0.1 
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';' L, 

100 RI:J1 f'alch for <'t,u!!S ill ci/ssel Le f i lill!l 
101 REM ~!ls te .. , Doh: nel?dl!o for vO,l of" MUS 
102 REI1 IJU NOT USE WI TH Oi HER VE.RSIONS 
1~0 ~lJkPASSi=OTlJl :/,,?:",\:l1110 :t;OSUB180 : HUT 
140 ?6.218:fIX I: ?l219=F I Xl [lI V 256 
1::'0 'n20A"~lX2:?&'20li=FIX2 [lIV 256 
160 *KEY I O ?K218:tDO : ? &219=& II : ? K20A~tlI6 : 'IK: ·.'OI<'"~ll : M 
1I0E.NIJ 
HlO (OPT PASS*2 
1'>'0 .FIX! PHA:JSR Un : f'L A: k IS 
200 , ~I X:;> CHI' U,91 : BNE GO : CpX to: liNE GO 
210 laX : L!IA ~102,X:CI1P H:Fl:BUI lkAP 
220 LUX to: , TX LilA t 1\91:51A ,H EQ9 : rnS 
~;W , t;O JHf' (t\JlC60) 
240 . 1IlAf' Pl A: PLA 
250JSk I\F9lJ8:·JSR Htm< 
260 JSk TX : Jf'if' ~fln< 
2701Rf:.1URN 

Listing 1. Richard Russell's Bugpatch. 

3 FURTHER TELETEXT 
SURPRISES 

When writing a program using 
Teletext characters in Mode 7, it 
can be quite irksome to have to 
type CHR$X, whenever you 
want to put a control code into 
a PRINT statement. Since all 
control codes have three d igits, 
you have to type in seven 
characters for each control 
code. There is a way that you 
can achieve the same end and 
on ly press one key! Try the 
following line: 
PRJ;N")"CtlR$1)0;"tlello· 

The message "Hello" will 
appear on the next line in 
green. Now try the follOwing 
two lines: 

' KEYC:I:B 
PRJ;N 'r ",A tlellO" 

The message "Hello" will again 
appear on the next line in 

Letter Effect generated 
A red alphanu merics 
B green alphanumerics 
C yellow alphanumerics 
D blue a lphanumerics 
E magenta alphanumerics 
F cyan alphanumerics 
G white a lphanumerics 
H flashing on 
I flashing off 
L normal height characters 
M double height characters 

The Teletext control codes 
avaUable In Mode 7. 

green . It is also green in the 
PRINT statement . What you 
have done is to program the 
control code for green 
alphanumeric characters into 
function key O. The letters 
corresponding to each control 
code (such as B in the example 
above) are given in the 
table shown below. 

As you can see use of this 
method of putting control codes 
on the screen gives colourful 
text. Each control code leaves a 
blank space in the listing 
(remember that they must be 
placed inside the inverted 
commas), and they may be 
copied using the COPY key in 
the usual way. 

One control code in the 
table that you may well not have 
come across is hold graph ics, 
letter /\ , otherwise CHR$ I58. 
Th is is a very valuable code 
when you are attempting to 
draw complex coloured designs 
involving graphics shapes. 
Remember that whenever you 
put a control code in a PRINT 

Letter Effect generated 
Q red graphics 
R green graphics 
S yellow graphics 
T blue graphics 
U magenta graphics 
V cyan g raphics 
W white graphics 
X conceal display 
Y continuous graphics 
Z separated g raphics 
\ black background 
:J new background 
/\ hold graphics 

release graphics 
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statement there will be a gap 
left on the screen in the 
background colour. Suppose 
that we wanted to have four 
solid blocks of green followed 
by four solid blocks of yellow on 
a black background. The 
character that gives a solid 
b lock in graphics mode is 
ASCII code 255. The code for 
graphics green is 146, and the 
code for graphics yellow is 147. 
Let's try: 
PIII","rCIIR$146;CIIR$255;CIIR$2551CItIl$2SS 

ICII~$2551CIIII$147ICItIl$ 2SS ICHII$255 
;CillI$255;CItIl$2SS 

This produces the green and 
yellow blocks but they are 
separated by a space caused by 
the control code to give yellow 
graphics (CHR$147) . Now let's 
try this: 

PlllttTCItIl$146;Cttll$255;CItH$255;CHII$15B 
Ictlll$147;CItIl$255; CtllI$255;CItIl$25S 
;CKR$255 

The green and yellow blocks 
are now touching. Control code 
158 causes the last graphics 
character to be repeated in the 
spaces caused by control codes. 
So the two spaces which would 
be caused by CHR$I58 itself 
and CHR$147 have the green 
graphics block repeated in 
them. I ts effect lasts for the 
whole line and, in each case 
where it operates, it is the last 
graphics character before the 
respective control code that is 
~iFe~~.ted. CHR$159 cancels its 

WARNING 
If you use the function key 
method, described above, of 
placing hidden control codes in 
your program, you may find 
that they affect your printer, 
and you are unable to list it! 

4 THREE (OR MORE) 
COLOURS IN MODE 4 

Try running the following short 
program: 

1& I'IOD£4 
2a VDU19 ,a,1,o,II,O 
30 VUU 19, 1, ~ , 0 , 1I , 1I 
4\1 I'IOV£ II ,B: "'OV~ 6BI) , 0 
5 0 PLOT a5 ,B,J~ 0 

~: ~~~·rl: : 3~~~T~~~~0 snp H 
80 I~OVE 0,n 

l~: :~~I ;:;;::'u g: :~~:~ 2l,61111,IH4 

'10 

You will see a yellow 
background with a blue 
rectangle in the lower left of the 
screen, with a grey rectangle on 
top of it. The grey rectangle 
may have a red and green 
interference pattern moving 
across it, caused by the 
limitations of the PAL encoding 
system. If you add line 5: 

5 "1'V255 , 1 

the grey may be more 
recognisable (RGB monitor 
owners will not need this 
program modification). What 
this does is, firstly, to select 
Mode 4 (a two-colour model 
and then set the background to 
yellow and the foreground to 
blue (lines 10 to 3J). Then a 
blue rectangle is drawn with 
two triangles (\ines 40 to 60). 
Lines 70 to 120 draw another 
rectangle on top of the blue one 
by plotting dotted lines. 
Alternate dotted lines are 
plotted displaced from each 
other by one pixel to avoid a 
vertical striped pattern. The 
dotted lines are alternate blue 
and yellow pixels, which the 
eye combines to give grey -
three colours in a two colour 
mode. 

The program can be added 
to, to cycle through all the 
possible colour combinations, 
and the technique could be 
modified (by plotting individual 
pOints rather than dotted lines) 
to give, say, two blue paints 
alternating with one yellow one. 
This would give yet another 
colour. There is plenty of 
potential here for 
experimentation, so happy 
dithering (that is what the 
method is called!). 

5 NEGATIVE INKEY 
FUNCTION 

The new User Gulde gives on 
page 275 a table of negative 
INKEY values, ie numbers to be 
used as the INKEY argument -
INKEY (- m). The Table, 
reproduced below, shows a 
unique negative number against 
every key on the keyboard . 
Stated simply, what the use of 
negative INKEY values gives is 
a means of detecting when any 
key is pressed. Not only that but 

keys held down simultaneously 
can all be detected, something 
which is not possible with 
positive INKEY values. Also the 
use of fNKEY( - m) is 
independent of the keyboard 
buffer, so there is no need to 
keep clearing it with * FX 15,l 
(see ear her note). 

Lastly, keys which cannot 
normally be detected such as 
Control, Shift lock, Delete and 
the function keys, can all be 
detected. with negative INKEY. 

6 BETTER PROGRAMS 
WITH REPEAT 
UNTIL 

This Pascal-like feature of BBC 

ra~~li~r i!n7h~1 T:o~t~x~~c~~~~1 
its use are shown in the drawing 
listing in the article entitled 
Multiple Graphics Demo. In this 
program there is a short main 
section (\ines 570 - 620) which 
has to be cycled indefinitely. 
Instead of using a GOTO 
statement: 

100 REM beginning of main 
program 

• .. 
• statements 

• • • 500 GOTO 100 

It is more easy to follow if we 
use a REPEAT ... UNTIL loop: 

100 REPEAT 
• • • program statements 

• • • 
500 UNTIL FALSE 

The condition in line 5CX) will 
never be met, so the program 
cycles indefinitely. 

The second use, which 
occurs a number of times in the 
multiplication listing in the 
Multi-test arti cle, is to continue 
performing a certain action 
until a particular condition is 
met , such as Fire button 
number two being pressed: 
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100 REPEAT 
• • • statements 

• • • 
3CXlfire% ~ADVALIO) AND 3 

• • • statements 
5CXl UNTIL lfire % ~ 2) 

This same idea can be used to 
continue reading the keyboard 
until a certain key is pressed, 
say Y or y for a 'yes' repl y: 

100 REPEAT 
IIOG$~GET$ 
120 UNTIL IG$~ "1" OR 

G$~"y") 

Selection from menus is an 
obvious use for th is method (see 
below). 

7 USE OF MENUS 
In writing a program for 
someone else to use it is 
particularly important to make 
the program as easy to use as 
possible - user- fri endly in the 
jargon . One way of doing th is is 
by the use of menus, that is a 
screen with a number of 
labelled choices fo r the user to 
select from . All the user has to 
do to continue is to type the one 
letter or number corresponding 
to his or her choice. If the 
choices are labelled with one 
character then the user does not 
even have to press Return, 
because the programmer can 
use GET or GET$ to detect the 
key pressed, rather than INPUT. 
A series of menus can take the 
user a long way into a 
complicated program in easy 
stages, since the menu choices 
themselves remind him or her of 
the options from which he or 
she can select. This is the 
concept behind the use of the 
massive Prestel database , 

MODEL A AND B 

With the BBC 
Microcomputer, the REPEAT .. 
UNTIL structure allows an 
elegant solu tion to reading the 
user's menu choice and 
discardi ng incorrect key 
depressions, Suppose the 
choices are labelled I to 6, The 
ASCII code for 0 is 48, for 1 it 
is 49, and so on, 

The followi ng statements will 
do the job, 

11 11 a " GE'r 
120 n - n-48 
13~ UN 'l'IL (n)0 Ar<lJ Zi (7) 

Line 680 of that multiplication 
tables listing which reads: 

680 F'-G ET,n .. F i-48 :IF F\<l ORF\» 
GO'l'06811 

could be altered to read: 
REPI:A'f: F '-G~'l' : n·F\-48 : UN TI L (F\>0 
A"OF\<4) 

CLEAR AND CRISP 
CHARACTERS AND GRAPHICS 

Get the best lrom your BSC/ Acorn by using the RGB 
output, Get crisp, clear graph ics in full bold colou rs 
with one of our TV/Monitors fitted with a 6 pin Din 
input socket 

EACH IS A TELEVISION 

EACH IS A COMPUTER MONITOR 

Why buy just a moniotor when you can have a 
standard TV as well? 

A2102/514%!" £295 
A3104/516" £327 
A6 10020" £365 
A7 10022" £399 
A8400 26" (Remote cont rol. 
ideal for schools) 
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Mike James 

SOUND 
AND 

VISION 
T he BBC Micro,. like rna. ny 

others, uses memory 
mapped graphlCs but It 

uses it in a very different way. 
Most machines that generate 
their own video output set aside 
an area of memory where the 
ASCII (or similar) codes of the 
characters to be displayed are 
stored. As each character's 
code can fit into eight b its, one 
memory location is used for 
every possible display position 
on the screen. For example , if 
you have a screen of 40 
characters by 20 lines then you 
need 800 (ie 40 by 20) memory 
locations. 

method of producing a memory 
mapped screen. Instead of 
storing the ASC II code of the 
character to be displayed, the 
BBC Micro stores a bit pattern 
corresponding to the shape of 
the character. To make this 

The fundamentals 
of the BBe Micro's 
SOUND facility 
and its powerful 
graphics laid bare. 

clear it is worth considering the 
way other micros convert the 
ASCII code stored at each 
memory location into a 
character displayed on the 
screen. 

A TV pictu re is built up 

The way in which these 
memory locations are made to 
correspond to positions on the 
screen varies from machine to 
machine. It could be that the 
first memory location 
corresponds to the character 
displayed in the top left-hand 
corner of the screen; 
subsequent memory locations 
corresponding to screen 
locations to the ri ght of the first 
until the end of the line is 
reached, when a new line is 
started at the far left -hand side 
again (see Fig. I) . The way the 
memory is associated with the 
different display positions on 
the screen is know as the 
'screen memory map' 

EACHMEMOAY lOCATION 
;LDSONE CHAAACHR CODE 

Obviously if you know the 
screen memory map for a 
particular machine then you 
can write programs to change 
the screen display by going 
straight to the correct memory 
location instead of using a 
PRINT or PLOT statement. This 
can be the quickest , and 
sometimes the simplest, way of 
changing the screen and is 
often the only way of producing 
good moving graphics. 

As mentioned earlier, the 
BBC Micro uses a very different 
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$TAATOF 
Y'OEOAAM 

INOT ALL CHARACHA 
P(lSITIONS AilE St10WNl 

Fig. 1. The screen memory map 
lor a 40 column screen. 
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from a series of lines and each 
row of characters requires a 
number of lines. Each character 
is formed from a number of dots 
which may be turned on or off. 
In this respect the BBC Micro is 
no different from the rest and 
uses eight lines of eight dots for 
each character (see Fig. 2). 
However, other micros produce 
this pattern of dots on the 
screen by using an extra chunk 
of memory that is accessible 
only to the video display 
electronics . This extra memory 
is normally called a 'character 
generator' but it is nothing more 
than a ROM (Read Only 
Memory) containing the 
information concerning which 
dots should be off or on to form 

• - BAIGIiTOOT 

o _ OA AI\1l0 f 

Fig. 2. An eight by eight dot matrix 
show!ng the character '1', 

the image of a particu lar 
character. It is because this 
ROM memory is available only 
to the display electronics that it 
is normally not counted as part 
of the computer's memory. If 
you want to know how much 
memory is involved in a 
character generator all you 
have to do is multiply the total 
number of dots used to make up 
a character by the total number 
of possible characters and 
divide by eight (this is because 
the ROM has to store the dot 
pattern of every character that 
can be displayed and each dot 
requires one bit). For the eight 
by eight array of dots used by 
the BBC Micro, a ROM to 
generate the character set 
would have to be 2K in size. 

The usual method of 
displaying characters on a 
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screen using a character 
generator is simply to use the 
ASCII code stored in the 
computer's memory as an 
'address' to select the location 
in the ROM that stores the dot 
pattern for that character (see 
Fig. 3). Instead of using this 
traditional approach to video 
display, the BBC Micro 
dispenses with a character 
generator ROM and stores the 
dot pattern of the character to 
be displayed in RAM. The 
disadvan tage of this method is 
tha t each screen location needs 
enough RAM to store all the 
dots for a single character - in 
the case of the BBC Micro this 
amounts to eight bytes per 
screen location. This means that 

in MODE 4, for example, with 
32 lines of 40 characters, the 
tota l RAM required is 32 times 
40 times 8, ie 10K, and all this 
RAM is taken from the user 
RAM that you might have used 
to store programs and data 

In other words, the BBC 
Micro uses eight times the 
amount of screen RAM for a 
given screen size - because it 
stores an eight bit code instead. 
The method the BBC Micro uses 
is often called a 'bit mapped 
display' because every bit in the 
screen RAM corresponds to a 
dot on the video screen. 

WHAT ADVANTAGE? 

Given the extra memory that 
the BBC Micro has to use to 
produce its display you might be 
wondering what the advantages 
are. The main advantage is that 
you can produce high 
resolu tion graphics and text 
characters using the same 
hardware . Since every dot on 
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the screen corresponds to a bit 
in the memory loca tion, instead 
of storing the dot pattern 
corresponding to a character, 
you can change individua l bits 
in the memory to produce lines 
and other shapes. Also, because 
the same basic method is used 
to display characters and to 
produce high resolution 
graphics, you can mix both 
anywhere on the screen. A 
second advantage is that the 
character set is not restricted to 
whatever is stored in the 
character generator ROM thus 
allowing you to define new 
characters. 

These two advantages give 
the BBC Micro a freedom in 
handling both graphics and 

salT 
DOT 'flOW 

Fig. 3. A 'classic ' video circuit design . 

characters difficult to match 
using any other method. For 
comparison, the Apple uses a 
bit mapped display for its high 
resolution graphics but uses a 
standard character generator 
for its text modes and so has 
di fficulty in free l y mixing text 
and graphics Without extra 
software (shape tables). On the 
other hand, the PET uses a 
character generator for both 
text and graphics and so can 
mix them freely bu t the range of 
graphics is limited to those 
already defined in its ROM. 

What all this means to the 
programmer is that, unlike 
machines such as the PET 
where POKEing a byte into a 
memory location causes a 
complete character to appear 
on the screen, POKEing a byte 
to the BBC Micro's display 
memory causes a pattern of dots 
on a single line to appear. All 
that we need to know now is 
how each memory location 
corresponds to a screen position 
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and the best way to discover 
this is via a small test program. 

If we start at the lowest 
screen address and POKE a 
byte consisting of all 'ones' then 
a short line of dots will appear 
somewhere on the screen . If the 
BBC Micro uses a fairly normal 
screen memory map, the line 
should appear in either the top 
left-hand or bottom right-hand 
corner. Before we can try this 
little experiment, however, it is 
necessary to look at the way the 
BBC BASIC allows memory to 
be POKEd. Although I have 
been using the term POKE to 
describe storing some data in a 
given memory location, this is 
not a term that BBC BASIC 
uses. To POKE a byte into 
memory location at 'address', 
the BBC Micro uses; 

and the '7' isn't a mistake. It 
means 'treat the number 
following as an address' 
(familiar ground for ATOM 
users but a little strange to the 
rest of us). The address and 
byte used in this expression can 
be variables or constants. If 
constants are used then it is 
useful to know that you can 
specify a hexadecimal constant 
by using '&'. For example &Ol 
is 1, &OF is 15 and so on. 

PRACTICAL 
EXPERIMENTS 
Now we know how to alter a 
memory location, we can 
resume the examination of the 
screen. If you run the following 
program. 

" a ?IH~£~.'FI" 
36 GOT02S 

You should now see a short 
horizontal line in the top left­
hand corner. If you don't then 
it's possible that it's just off part 

~~~h: ~h~htna~~~;t~~n~~F~h~s 
controls should make the line 
visible. The program works by 
first selecting MODE 4 and then 
(in line 20) storing the Hex 
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value FF in the memory location 
whose address is stored in 
HIMEM. The variable HIMEM 
stores the address of the first 
screen location in any mode 
and FF in binary is eight Is -
so producing a row of eight 
dots. 

We now know that the first 
(lowest) screen address 
corresponds to the top left-hand 
corner. To find out how the rest 
of the screen memory map 
goes , try the following program. 

UJ ~OD~ 4 
26I"ORI"a 'ro, 

~: ~~~~M~M+I).'Fr 
50 GOTOSe 

This stores the Hex value FF in 
eight consecutive memory 
locations. What is surprising 
about the result of this program 
is that instead of prodUCing a 
thin line eight characters long 
across the top of the screen, it 
actually displays a solid block 
about H:3 same size as a normal 
character. The screen memory 
map of the the BBC Micro is 
such that the first eight memory 
locations form the dot matrix for 
the first character. The next 
eight form the dot matrix for the 
charac ter to the right of the first 
and so on to the end of a line. 
To see the screen memory map 
in action , try the following: 
111 MODE' 
211 I." !: :!~!~Er1+I) .. 'rr 

~: ~~~/;l 'ro 56 

'" GOTOJ6 

You should see the screen fill 
up character position by 
character pOSition. You can use 
this program to explore the 
possibilities of POKEing 
graphics data directly onto the 
screen. For example, 
illustrating that things other 

than solid lines can be POKEd, 
try altering line 30 to: 
38 ?(1I1~&"'+I)"1I11D(25S) 

and removing the delay loop 
formed by lines 50 and 60. 

Using this information we 
can work out a simple equation 
that will give the address of any 
screen location: 

.ddr ••• ·IIIIlB'H/X+Y · 4I1 j·e .. " 

This expression gives the 
address of the Nth line making 
up the character at the screen 
location X, Y (N,X and Y all start 
from zero in the top left-hand 
corner). 

COLOURFUL 
EXPANSION 

The reason why the previous 
section considered the memory 
map for MODE 4 is that it is a 
two-colour mode; this means 
that each point in a can only be 
one of two fixed colours and so 
can be represented by a single 
bit. If a MODE uses more than 
two colours - 16 for example 
- then you need more than one 
bit to represent each point on 
the screen. It's a little difficult to 
explain how many you need in 
general but two bits can 
represent up to four colours, 
three can represent eight and 
four can represent 16. The 
question is - how are the extra 
bits organised in the memory 
map of the other modes? 

The answer is that the 
fundamental memory map 
outlined for MODE 4 is used for 
all the other modes except that 
each point on the screen now 
corresponds to a small group of 
bits in each memory location. 
For example, in MODE 4 a 
memory location holding eight 
bits gave rise to eight dots but 
in MODE 5 (a four-colour 
model, the same memory 
location only gives rise to four 
dots. In this case each group of 
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two bits determines which of the 
four colours a point will be (see 
Fig. 4). 

the ~::oers; :~~;Ooi~h:S~ili~; 
graphics modes is to use the 
programs given in the last 
section but change line 10 to 
give the required mode. In 
MODE 5, as each block of eight 
memory locations now 
corresponds to only eight rows 
of four dots and each character 
still needs eight rows of eight 
dots to be displayed. It should 
be obvious that the storage of a 
single character involves two 
such blocks. 

screen location. 

PEEKING THE SCREEN 

This brings us to the topic of 
PEEKing the screen to see 
which character is stored at any 
particular location. This is easy 
on machines such as the PET -
all you have 10 do is to PEEK 
the screen location and this 
returns the ASCII code of the 
charader stored. at that poSition. 
For the BBC Micro things are 
not quite as easy. 

The first problem is that 
PEEKing a screen location in a 
two-colour mode returns the dot 

fig . 4. The eorr .. pondenee between Mode. 4 and 5 rar eight dolt an the 
. ereen. 

If all this seems a little 
complicated then all I can say is 
that compared to the way other 
computers work IT IS but, if 
you want to have the sort of 
freedom of action that the BBC 
Micro allows, there is no other 
way of doing itl In practice, the 
use of direct memory mapped 
graphics is limited to either 
MODE 4 (where it is easy) or 
involves assembler (where 
everything is more difficult!!). 
Seriously though, POKEing the 
screen is not as useful on the 
BBC Micro as on other 
machines - partly because it is 
more difficult except in two-. 
colour modes and partly 
because the BASIC provides all 
sorts of features that make it 
unnecessary. What is more 
important though is that a 
knowledge of the screen 
memory map allows you to find 
out qUickly what is stored at any 
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pattern of a row of the character 
stored at the location. This is 
not as useful as the ASCII code 
because in general it is not 
enough to identify the character 

~r :~~ ~haa~~~~~r~t ti~ h~!:~~: 
same dot pattern in every row 
except one! The second 
problem is that for the modes 
which use more than two 
colours, even a single row of 
dots from a character is difficult 
to obtain without a number of 
PEEKs and quite a bit of logic. 

This might make you think 
that screen PEEKs are not worth 
the trouble on the BBC 
machine. However, for MODE 4 
things are easier than they look. 
The general problem of 
deciding what character is 
stored a t a screen location is 
difficult even in MODE 4 but in 
most graphics-based 
applications this is more than 
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we want to do. Instead of 
identifying which character 
from the set of all possible 
characters is present, it is 
usually enough to decide which 
one of two or three characters is 
there. For example, if you are 
using '0' to represent one type 
of player and 'X' to represent 
another then we only have to 
discover if the character stored 
at a location is one of blank, 0 
or X. This is a much easier 
problem as it should be possible 
to find a row of dots different in 
each character. If this is 
possible then you can tell the 
three characters apart by 
PEEKing that one row! In the 
case of blank, X and 0, any row 
will distinguish them but row 
three corresponds to 0,24 and 
102 respectively. 

The BBC Micro uses the '?' 
instead of PEEK as well as 
POKE. If you want to PEEK a 
particular screen location then 
all you have to do is: 

This will return the contents of 
the memory location at 
'address'. For example: 

stores the contents of memory 
location 2CXXl in A. Notice that 

~hne t:~ I:Ftr~f~~t~~:a~Ksfg~ ~~d 
a PEEK if on the right. Now that 
we know how to PEEK a 
memory location and we know 
the screen memory map for 
MODE 4, we can write a 
function that will return the 
contents of a particular row of a 
screen location: 

FNS will return the address of 
the screen location 
corresponding to character 
position X, Y and the Nth row of 
the character. 

To give an example of how 
to use FNS, the program below 
will print a character on the 
screen at 20,10 and will then 
print the value of the dot 
pattern making up each row of 
the character . 
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!: ~~~tl~"~A'~62~ ,U);A$ 
~~ ~~!~'r/,7ftl::;(2~,le , tl) 

" l~~ lJEf' 1:'t'l5(A,Y.,tl) _ IlI",t:LH 
()(+4~*Y.) *8+N 

8 182 
1 182 
2 •• 
3 24 
4 •• 
5 182 
6 182 

) 
7 • 

X 

This program can also be used 
to discover how any character is 
made up - it was used to find 
out the values of the third row 
of blank, X and 0 in the 
previous example. In practice, 
the function FNS would be used 
in IF statements to decide what 
shou ld be done according to 
what is stored at a particular 
location. 

USING THE MOS TO 
PEEK 

There is a way of discovering 
the ASCII code of the character 
stored at a screen location but it 
needs a USR call to the MOS 
(Version 1 and later revisions 
only) and it is slow (about 120 
milli seconds per character) 
However, if speed is not 
important then you can use the 
following function: 

i~: ~~~A~"'~:;C (X, t) 

110 X'l-X 
U0 H - t 
140 M - U5 

~~: ~ :g:;~;f~~:~f 
~~: :~C DIV &l0~ 

FNASC(X,Y) will return the 
ASCII code at screen location 
X, Y and CHR$(FNASC(X, YII 
will supply the character itself. 

The operating system call 
used in the above function (ie 
USR(&FFF4)) works by reading 
the screen memory, assembling 
the eight bytes representing the 
character's dot pattern (easy in 
two-colour modes, not so easy 
in the rest) and then searches 
an area of memory in the 
operating system that is used to 
generate the dot pattern in the 
first place. This area of memory 
is the BBC Micro's equivalent of 
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a character generator. When 
you PRINT a character to the 
screen this area of memory -
the character table - supplies 
the dot pattern for the 
character. This is fast because 
the table is organised so that the 
ASCII code of the character 
leads straight to the correct 
pattern. However, going back 
from the pattern to the ASCII 
code is slower because it 
involves finding a match for 
eight bytes somewhere in the 
table! 

THE TROUBLE WITH 
SCROLL 

There is one feature of the BBC 
Micro that is very surprising 
and can make use of the screen 
address map very difficult. 
When you carry out a MODE 
command, the screen address 
map is set up as we have 
discussed and remains 
unaltered during the running of 
a program unless that program 
prints something that causes the 
screen to scroll. The action of 
scrolling is such a common 
sight on VDUs and c9mputers 
that it is rare to give it a second 
thought. However, if you try to 
write a program from tirst 
principles to scroll an entire 
screen, you will realise what a 
time-consuming manoeuvre it 
is. Each text line of the screen 
must be moved up by one line. 
The bottom line is cleared and 
the top line is lost. 

In the BBC Micro's case, this 
screen shift , if done by software 
for MODE 4, wou ld need 10K of 
storage to be rearranged -
slow to say the least ! To 
overcome this speed problem, 
scrolling is carried out by 
hardware which in effect alters 
the screen memory map so that 
the memory locations 
correspond to screen positions 
one higher . The memory 
corresponding to the old top 
line is cleared and is made to 
correspond to the new bottom 
line - ie following a single 
scroll, POKEing data into 
memory that was the top line 
produces output on the bottom 
line. Of course this 're­
mapping' of the screen makes a 
nonsence of the screen mapping 

functions given earlier! 
However, the solution is simple 
- either avoid scrolling the 
screen following a MODE 
command or adj ust the 
functions to take account of any 
scrolling . 

To take account of scrolling, 
it is necessary to keep a count 
of the number of times the 
screen has scrolled since the 
last MODE command. If the 
scroll count is kept in SC then 
the following version of FNS will 
work (for MODE 4) , 
l~~ DEF FN:; (X, t. N) 
lU t ·r - t+sc 
12~ t-r_Y·r_ LN·r(AtlS(Y·r)/l2)*J2 
13~ - HIf'll:;f'I+ (X+'{*40) *8+N 

Notice that YT and SC are 
global variables and are thus 
accessible to the main program. 
Luckily, it is not often that the 
need to scroll the screen occurs 
in the same situation as the 
need to use POKE or PEEK 
graphics. 

A lot of fun using the 
computers comes from 
exploring unknown territory -
hold on a minute, could this be 
why Acorn were so long in 
produci ng the final version of 
the BBC Micro's manual!! 

Anyway, the territory which 
forms the subject of this section 
of the article is so vast that it 
alone could keep a BSC Micro 
owner supplied with interesting 
projects for many months . For, 
although the BBC Micro has 
only a single sound generator 
chip with one noise channel and 
three tone channels, the 
software built into the BASIC to 
handle it makes it more 
powerful than the hardware 
specification might lead you to 
believe. Indeed, it is so 
powerful and flexible that this 
article can cover only a fraction 
of the possiblities! 

SOUNDINGS 

Before launching into details of 
how the BBC Micro's sound 
generator can be used, it is 
worth taking an overview of the 
sort of things it can do. There 
are three tone generators which 
can be used to produce either 
single notes or up to three-note 
chords. There is, in addition, a 
single noise channel which can 
produce eight different effects. 
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This fairly simple hardware 
is controlled using two 
extensions to BASIC - SOUND 
and ENVELOPE. The SOUND 
command is the only one of the 
pair which actually causes 
anything to come out of the tiny 
speaker just above the 
keyboard. Among other things, 

~U~~~i~~l~f:~~h~~t~fg~~~~end~ 
The ENVELOPE command is 
used to cha nge the 
characteristics of the notes 
produced by the SOUND 
command. Used without the 
ENVELOPE command, SOUND 
produces a more or less pure 
tone with a given frequency , 
which is fine for most 
applications - eg beeps during 
games or playing simple tunes. 
However, if you want to try to 
produce more complicated 
sounds then you have to use the 
ENVELOPE command to alter 
the basic sound produced. 

There a re two general 
reasons for wanting to produce 
mOfe complex noises - either 
you are interested in music and 
maki ng your BBC Micro sound 
li ke a piano: flute, organ, 
guitar . .. or you want to make 
especially convincing sound 
e ffects such as a police siren, 
gun shot, etc. 

The study of the BBC 
Micro's sound capabilities, 
therefore, fa lls into these two 
catagories - music and sound 
effects. 

MAKING MUSIC 

There are three levels of 
difficulty involved in making 
music with the BSC Micro: 

of 

1) playing simple tunes, 
2) playing music with three­

part harmony, and 
3) 'synthesising' the sound 

of other instruments . 

The first two involve the use of 
the SOUND command only bu t 
the last one also requires a 
mastery of the ENVELOPE 
command and, sadly, falls 
ou tside the scope of this 
article. To get very far with 
either of the three you also need 
a reasonable understanding of 
music, but if you feel a little 
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unsure about this then 
programming sound is a very 
enjoyable way to learn . 

The subject of sound effects 
is much more limited because 
all that we are trying to do is to 
compile a catalogue of 'recipes' 
to make a few standard noises. 
However, there are two ways of 
approaching sound effects: you 
can either use the SOUND 
command to control the noise 
chan nel or you can use the 
ENVELOPE command to define 
basic sounds. With the latter 
you can produce quite 
remarkable effects but there's 
still a great deal of scope for 
producing a wide variety of 
noises using the SOUND 
command. 

The rest of this article will 
concentrate on the use of the 
SOUND command and will try 
to convey some of the flavour of 
the uses of the BBC Micro's 
sound genera tor. (The 
ENVELOPE command is so 
complex and versatile that it 
demands an article to itself!) To 
get us started a brief resume of 
the SOUND command seems 
appropriate. 

SOUND 

The SOUND command has the 
general form: 
SOUNCC , A,P,C 

where C controls which channel 
(0, I, 2 or 3) produces the 
sound (channel 0 is the noise 
channel). A controls the volume 
and ranges from 0 (silence) to 
- 15 (loudest); P controls the 
pitch of the note and ranges 
from 0 (lowest pitch) to 255 
(highest) and D controls the 
duration of the note and ranges 
from 1 to 255 in twentieths of a 
second. There are various extra 
meanings associated with the 
parameters C and A. Positive 
values of A in the range of 1 to 
4 cause the pitch and volume of 
the note to be controlled by the 
parameters of the ENVELOPE 
command. The channel 
parameter C is, in fact , quite 
complicated and is best thought 
of as a four-digit hexadecimal 
number: 

where each of the letters stands 
for a digit which controls a 
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different aspect of sound 
production. What exactly each 
of them does is better left until 
later except to say that N is the 
channel number as described 
earlier. 

PROGRAMMING 
TUNES 

Programming tunes is simply a 
matter of converting notes into 
numbers . This is easy once you 
know that middle C corresponds 
to a value of 53 and going up or 
down by a whole tone 
corresponds to adding or 
subtracting 8. The only thing 
that you have to be careful to 
remember is that there isn't 
always a whole tone between 
two notes. For example, 
between the notes of C and D 
there is a whole tone but 
between E and F there is only a 
semitone. The pattern of tones 
and semitones from C to C, an 
octave above, is: 
c - 0 - E - F - C - A - ~ - C 

T 't S T T l' S 

which is easy to remember 
because it's the same as the 
pattern of white and black notes 
on the piano. Obviously sharps 
and fla ts can be produced by 
adding or subtracting 4. So, 
you can produce the full 
chromatic scale by: 
le FOil. P-S3 TO 97 STEF 4 

~: ~~~~Cpl , - 1 5 , p , le 

This short program can also be 
used to demonstrate a unique 
feature of the BBC Micro. If you 
add line 15: 

you will discover that the 
numbers are printed on the 
screen and the p rogram finishes 
but the sound keeps on coming. 
The reason for this remarkable 
behaviour is that the BBC Micro 
maintains a queue of sounds 
which are produced one after 
the other as soon as the curren t 
sound is completed. The sound 
queue is processed 
independently of any BASIC 
program that is running and 
each SOUND statement simply 
adds a note to the end of the 
queue. This means tha t a 
BASIC program isn't held up 
for the duration of each note. 
The only time that thi s fails is 
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when the queue becomes full 
and a SOUND statement tries to 
add another note to it. The 
result is that the program then 
has to wait until the end of the 
currently sounding note when 
the queue is reduced by one 
and the SOUND statement can 
add its note. 

To make a tune 
recognisable, not only must 
each note be at the right p itch , 
but each note must last for the 
correct time. The normal system 
of musical notation is based on 
repeatedly dividing a time 
interval by two to obtain shorter 
notes , so it is a good idea to 
include a variable in all music 
programs which set the length 
of the fundamental unit of time. 
As an example of programming 
a simple tune consider the first 
few notes of 'Hearts of Oak' (see 
Fig. 5) . Translating each note to 
its pitch and du ration value for 
the SOUND statement gives the 
two rows of numbers under the 
music in Fig 5. The best way to 
convert these numbers to sound 
is to use a DATA statement 
thus: 

5 C- 5 
1& DA'rA 69,1,89, 1 , 89 ,~. 75.89,0 . 25. 

89,1,1&5,0.75,97,0.25 . 89.1,8 5 , 
&.75,77,11.2 5 ,69,11.75.99,99 

211 READP,D 

~: ~~u:~9! ,:~~~ P ~~~~ 
~: ~g.~~D2~ , l 'P'2 

Line 50 has the effect of leaving 
short silences between each of 
the notes . Without this line, all 

~eie~~~si;~~Ji:a~~~~n~gtrthe 

E F 4## # 
J ) \ 

C D 

j J. A B 
F G 
D~ 
C E A A A 

p = .9 80 80 80 

D = 1 1 '". \ 

o 
D = 

J 
A 

89 

1 

program to appreciate the 
effect, it is one that you 'd want 
to use to 'slur' notes . You can 
program any tunes that you 
have music for in much the 
same way. 

STRIKING A CHORD 

Most home computers with a 
sound generator could manage 
the simple tune given in the last 
section. What is special about 
the BBC Micro is that it is 
possible to generate three notes 
at the same time. To see how 
this sounds, try the folloWing: 

1001I'lN(13) 
20 0ATA53,61,69 , 73 , 81 , 89,99,lBl , 

30 ~~: ' ~~r ' i~li~29 ,1 37 

~: :~~~~(lJ 
60 AS-INK£'{S (0) 
70 If'AS_"" Tttl::NGOT068 
80 A_VAL(A$) 
90 SOUN01,-lS , N(A} , 20 

t ~: ~g~~g ~ :: i~ :~:~!~: :~ : 
120 GOT060 

If you RUN this program (by 
pressing each of the keys 1 to 8) 
you will be able to hear the 
eight chords produced by 
adding a third and a fifth to 
each of the notes in the scale of 
C . (A third is a musical interval 
corresponding to playing a note 
two notes higher up and a fifth 
corresponds to playing a note 
four notes higher up.) This is 
the simplest kind of chord, 
called a triad, and is very 
pleasing to the ea r. 

Typing in almost any 
combination of the number keys 

\ GI FI 

J'. J J j.) j c l 

• 
CI B A GI FI E 

105 97 80 8S n 60 

'/. \ 1 '/. y. '/, 

A e FOLLOWING A NOTE INCREASES D BY 50% 

Fig. 5. Th. flrsl few not.s of Hearts of Oak and their dlgltol 
values lor the SOUNO command . 
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I to 9 will produce something 
tuneful and it is easy to sit at 
your BBC Micro and produce 
'music', For example, if you 
want to hear a snatch of tune 
which is almost recognisable, 
try typing in the following 
sequence: 
556 645778 765 

No prizes for guessing this one ! 
The array N is used to hold the 
pitch values for the notes of the 
scale of C and enough notes 
higher up to form the triad on 
B. You can write a program to 
playa piece of music with up to 
three · note chords using the 
same method as given for the 
single melody in the last 
section. 

There is one thing wrong 
with the previous program, 
however , and that is that each 
note of the chord starts at a 
slightly different time. In other 
words, each of the SOUND 
commands starts its note in the 
chord as soon as it is reached 
and, as they are executed one 
after another, the note on 
Channel 1 starts a little before 
that on Channel 2 which starts a 
li ttle before that on Channel 3. 
The solution to this problem 
would be to tell tne sound 
generator to wait for two other 
notes after the one initiated by 
line 9J before making any noise 
at all. This is the purpose of the 
S part of the channel parameter 
introduced in the section about 
the form of the SOUND 
command. If you use a non-zero 
value for S, the sound generator 
will wait for other notes before it 
starts playing. The number of 
notes tha t it waits for is g iven by 
the value of S and the SOUND 
commands which produce them 
must also use the same value of 
S. For example, in the case of 
the triads played by the 
previous program the SOUND 
commands would be replaced 
by; 

9~ SOUNO 60281 ,-15, N (A) . 211 
lU SOUND U2~2 , -15 , N\A+~) , 211 

118 SOUNO U2(1) ,-15, N(A+4) ,~II 

The first SOUND command has 
a value of S equal to 2 so the 
sound generator waits for two 
more SOUND commands with S 
set to 2 before producing a 
chord made up of all three 
notes. 
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The other parts of the 
channel parameter are also to 
do with the timing of notes . The 
H part of the parameter can 
either be a 0 or a 1 and if it is a 
I, it adds a dummy note to the 
sound queue which allows any 
previous notes to continue 
without being cut short by 
another note, This really only 
makes any sense when used 
with the ENVELOPE command. 
The F part can be either 0 or 1 
and if it is 1, it causes any notes 
stored in the channel's queue to 
be removed or 'flushed' and the 
note specified by the current 
SOUND command to be 
produced immediately. 

SIMPLE SOUND 
EFFECTS 

The only sound channel that we 
haven't discussed as yet is the 
noise channel - Channel O. 
The noise produced by this 
channel depends on the value 
of the pitch parameter P in the 
SOUND command: 

P Noise 
o HiQh frequency periodic 
1 Medium frequoncy periodic 
2 Low frequency periodic 
3 PeriodIC of a frequency set by 

Channel I 
HiQh frequency 'white' noi$O 
Medium frequency 'white' noise 
Noise of frequency set by 
Channel l 

The first three noises (P - ° to 2) 
are rasping sounds which come 
in very handy for 'losing' noises 
in games! Values of P between 
4 and 6 produce hissing noises 
01 various frequencies, White 
noise is a special sort of hissing 
which is made up by mixing a 
note of every pitch in much the 
same way that white light is 
made up by mixing light of 
every colour. 

There isn't very much that 
you can do to change the 
nature of the sounds produced 
when P has a value of 
0,1,2,3,4,5 or 6 apart from 
altering the volume and 
duration. However, by 
changing only these two 
parameters and combining 
nOises, you can still produce a 
useful range of effects, For 
example, if you make any noise 
very short it begins to sound 
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'percussive' (like something 
being hit) and if you combine a 
very short burst of white noise 
with a very short high pitched 
tone, you produce a noise like a 
metallic click. Try: 

111 SOUNOII ,-15,4,l: 
SOUN01 ,-lS, 2111il,1 

Similarly, mixing two noise-like 
sounds produces new effects. 
The follOwing example: 

produces a sound like a 
machine gun. Notice that as this 
example uses the same channel 
twice, the two sounds follow 
each other to give a rhythmical 
pulsing sound. Using this idea 
with two different pitches of 
'white' noise produces a sound 
like a helicopter: 

Notice that one of the sounds 
has to be twice as long to give 
the pulsating beat of a 
helicopter's rotor blades. You 
can go on experimenting like 
this for days! The range of 
sounds which can be produced 
using Channel ° alone is so 
great that discovering new 
sounds is easy - putting a 
name to them, however, is quite 
a different problem! 

The pitch values 3 and 7 are 
special because they produce 
noises on Channel 0 which are 
controlled by the pitch on 
Channel 1. This opens the door 
to sound effects which involve 

MODEL A AND B 

noises which change in pitch. 
For example: 
111 SOUtoIOII,-15,7,55 
29 YOII I-2!U 'ro 255 
39 SOUND 1 , 11,1 , 1 
4 11 toIJ:;XTI 

produces a noise like a space 
ship taking off, The pitch of the 
noise on Channel 0 started by 
line 10 is continuously changed 
by line 30. Notice that using a 
volume of 0 means that the 
sounds produced by line 30 are 
silent ! Finally, try: 

1Il SOlltolOll,-15,7 , SS 
211 SOUtoIOl , II,211I1,l 
llil 50utolOl,II,255,l 
41i1 GOTO 211 

which produces a sound like a 
car engine being started (or 
ra ther fa iling to start !). 

Some of the simple sound 
effects developed here can be 
considerably improved by use 
of the ENVELOPE command but 
lor occasional use, it seems like 
'overki ll ' to use anything more 
than SOUND. However, when it 
comes to music then the 
ENVELOPE command has a lot 
going for it! 
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Ian Nicholls 

MEMORY 
SAVER=#:2 
There are two chips which 

control the display of the 
BBC Microcomputer, one 

is the Ferranti Uncommitted 
Logic Array (ULA), and the 
olher is the 6845 CRT controller 
chip. The 6845 provides the 
basic screen layout, 
determining the number of 
characters per row and the 
number of rows in each mode. 
The ULA handles the 
p roduction of the very 
impressive colour graphics. 
Acorn are not very forthcoming 
about the instructions needed to 
control the ULA, to say the 
least! However, it is possible to 
send instructions to the 6845 to 
alter the way it works , and to be 
confident of knowing what the 
result will be. 

ANATOMY OF A CHIP 
The 6845 chip has 18 internal 
registers which, besides the 
functions mentioned above, 
control features such as the 
shape of the cursor, whether it 
flashes, and the number of scan 
lines per row. The BBC Micro 
automatically puts the 
appropriate values in these 18 
registers when its display mode 
is altered. 

One of the most useful 
modifications we could make 
would be to display Mode 6. 
This mode is text only with 40 
characters per row and 25 rows. 
It would be a likely choice to 
use when translating a program 
written for a PET, fo r example, 
if we needed to have user· 
defined characters. It uses up 
8K of memory. If you try the 
following in command mode: 

VDU l !i , 6 , 4,6 , e , 0 

ThIS direct command will show how 
Mode 6 woste. memory. 

'" 

you will see why Mode 6 would 
normally be unsuitable for our 
purpose - there are two blank 
lines between every character 
row. If we could remove these 
two blank lines, then we could 
avoid the need to use Mode 5, 
and 10 K of RAM, to obtain a 
PET· compatible display. The 
extra 2K of RAM to store 
program statements would be 
very useful! 

A book which provides Ihe 
inside information on the 
control registers of the 6845 
chip is Gerry Kane's CRT 
Controller Handbook published. 
by Osborne/McGraw-Hill. 
Searching through this reveals 
that register 9 controls the 
number of scan lines per row, 
which is the feature that we 
want to alter in display Mode 6. 
In Mode 6 it normally contains 
the value 9, one less than the 
number of scan lines actually 
used per row. 

We want this figure to be 7, 
to give eight scan lines per row, 
since each character is defined 
within a matrix eight dots wide 
by eight lines deep. 

To alter the contents of 
register 9 there are basically 
two methods, one is to access 
the appropriate memory 
locations directly using the? 
indirection operation 
(equivalent to PEEK and POKE 
on other microcomputers). The 
other method uses the VDU 23 
command. 

a} Direc t memory access. This is 
a two stage process. Memory 
location hexadecimal FEOO 
(written &FEOO in BBC 
BASIC) has to be loaded with 
the number of the control 
register to be addressed; then 
memory location & FEOI has 
to be loaded with the new 
value for the register that has 

Learn to control the 
6845 CRT controller 
chip. 

been selected. So, to put the 
value 7 into control register 
9, we need to execute the 
following statements: 

?&FEOO - 9 
?&FEOI - 7 

The main disadvantage of this 
method is that it will not work 
across the Tube, Acorn's 
means of adding a second 
processor to the basic BBC 
machine. To make the 
method work with a second 
processor we would need 10 
use the second approach to 
accessing the 6845 registers. 

b) Using the VDU 23 command . 
Page 385 of the new User 
Gulde gives details of the use 
of the VDU 23 command to 
alter values in the 6845 
control registers, it is: 

VOU 23,0,R,X,0,0,0,0,0,0 

A more compact form is: 

VOU 23,0,R,X,0;0;0; 

where R is the register to be 
addressed, and X is the value to 
be placed in it . So to put 7 into 
control register 9, we can use 
the statement : 

VOU 23,0,9,7,0;0;0; 

If you enter this statement in 
command mode, having first 
moved into Mode 6, you will 
probably be disappointed since 
the picture will be rolling round 
and round the screen. If you 
are using a monitor, rather than 
a domestic TV, you may be 
luckier, a monitor's ability to 
lock on to the vertical 
synchronisation signal and 
produce a steady picture is 
much better than a domestic 
TV's, " 
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However, we obviously have 
to delve a little deeper in to the 
inner workings of the 6845 chip. 

Press the BREAK key to 
restore a steady picture, and 
Mode 7, and program the 
function keys with the following 
statements: 

restore a stable picture with 
most domestic colour TVs. 
Pressing function key 2 puts 35 
into register 4, and should 
restore a steady picture. You 
may need to experiment a little 
with this value on your own TV. 

Pressing function key 3 puts 
3J into register 7, which should 
move the display back to the 
middle of your screen. We now 
have a PET -compatible display 
of 40 characters by 25 rows, 
which allows us to have user­
defined characters and which 
only (!) occupies 8K of video 
RAM. Those of you who would 
like to delve further into the 
6845 chip will find the book by 
Gerry Kane useful, and also 
The BBC Micro Revealed by 
Jeremy Ruston, published by 
Interface Publications. 

*!<EY0MODE6 : VDlJ19. 0 , 2, e, ~,~. 1M 
*KEtlVDU23 , 0 , 9 , 7 . 0;0 ; 0;i l'l 
*KEY 2VDIJ23 . 0.4.35.0;0;011M 
*KE'/3VOU23 , 0 . 7.311.0 ; 0;0;IM 

Enter these functIon key codes for an 
Instant demo. 

Pressing function key 0 pu ts us 
in Mode 6 and gives a green 
background, to show the effect 
of the two extra scan lines. 
Pressing function key 1 alters 
register 9 and repeats the 
problem we have already seen, 
loss of verti cal synchronisation 

However, although the 
display is now steady and no 
longer has the extra scan lines 
(the background should be solid 
green with no horizontal black 
stripes), it is not centred on the 
screen. We need to alter the 
value in the vertical sync 
position register, which is 
register 7. 

Register 4 is called the 
vertical total register; it controls 
the number of displayed and 
undisp]ayed character rows, 
and provides a coarse control 
over vertical synchronisation . It 
normally contains the value 30 
in Mode 6. Typically, values 
between aboD t 33 and 40 will 

0' FOR THE 
G~' QUALITY ~ ~ r:J 

~... SOFTWARE I.:J I.:J ~ 
t--'-----~-. MICRO 

GALAXIANS (32K) £6.50 Cassette £9.90 on Disc 
FaSl aCllOn verSion ,?1 lne pOPl lar arcade game. 4 types at Galaxlan (In 3 
Inrtial screenformallons) swoop down ind,vidually or in groups 01 tw<) or 
three. 6 sk ,1I lave ls. h,-score. ran~ l ngs. bonus laser bases, Increasing 
dilliculty. superb graphics ancl SOUnci 
CENTIPEDE (32K) £6.50 Cassette £9.90 on Disc 
Incredibl,earcadetypegame leatunng mushrooms,llies. sna il s. spiders, and 
the centipedes ot COUfse. Excellent graphics ancl sound,6 sk,1I levels, hi· 
score, rankmgs, bonuses, and IncreaS lno dlflrculty as the spiders become 

;~~I~c~~;:Nt~e(~~st::s~:~.e:I~: [9.90 on ~;:cNEW RELEASE 
Probab ly the best fru it machine implementat ion on the markeL Th isprOQram 

~~~~ ~)lectsH~u~~Pl~~~~i~·9 ~~~~i~i·S ~tr~~ rr~~~~~~~lii~~fCp;~;~~~ 
~~ien Dropout (32K) £6.50 Callelle £9.90 on OIIC- New ReLEASE -•• 
8a~d upon 1he arcade game of ZYGON. but our version improves upon the 

~P~~:,' ~~a~~~~~.~ :1~e~/OOn~~V~~~. S~h~t~~~na~i~~yS ~~~~ t~:,i~~~~~~: 
exploo lng as they hI1 the ground. Su itable for use wilh keyboard Or joys tick 

Ollc 

SUPERIOR SOFTWARE 
Dept. PS3 
69 Leeds Road. 
Bramhope, Leeds. 
Tel: 0532 842714 
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BBC COMPUTERS 
* WEST WALES * 

MODEL A. . . .......... .. . £299 
MODEL A (32K + VIA) .............................. £344 
MODEL B ......... ....................................... £399 

* AVAILABLE FROM STOCK NOW' 

A/B UPGRADES ...................................... £106 
(Acorn suppliedparts- TapOuality) 

DISC UPGRADE ...................... £99 (fitt ing extra) 
Note: D isc upgrade k its and the new 1 ,2 ROM a re in short supply , 

and are not expected in slock unlil m id February o r later 

• COLOUR MONITORS ............................ £287 
• SEIKOSHA GP100 PRINTERS ................. £212 

• Software and Books for 
BBC, ZX81, SPECTRUM, ATOM , VIC 

* Software by Acornsoft, Bug-Byte, IJK, and BBC 
Software etc 

ALL PRICES INCLUDE VAT AT 15% 
Secur icor Carriage - t3 Posta l Delivery - t3 Boo~s and Software £1 post 
Telephone fo(current stocks Of. if you live in Ihe districl. cal l in tor a demon­

stration of computers or peripherals 
COMING SOON: ··Electron·' & ··Spectrum 

CARDIGAN ELECTRONICS 
CHANGERY LANE (Nr Woolworths), CARDIGAN, DYFED. 

Tel: 0239614483 

HOURS: 1 Dam to Spm Man-Sat • C losed all day Wednesday 
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Simon T Ainsworth 

3-D 
ANIMATION 

A couple of years ago I 
went to see the science 
fiction film. Alien, and 

was most impressed by the 
computer graphics sequence in 
which a spaceship was landed 
on an unexplored planet with 
the aid of a rather futuristic 
navigational computer . This, I 
thought, was the quality of 
graphics which I would like the 
microcomputer I would buy to 
be capable of producing. 
However, at the time high­
resolution colour graphics were 
an expensive luxury available 
on relatively few machines, and 
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it was not until the advent of 
micros like the BBC Micro that 
Hi-Res entered the low-cost 
market. 

As an exercise, shortly after 
buying my Model S BSC Micro, 
I set myself the task of wrlting a 
program which would mimic the 
display of the Nostromo's 
navigational computer. On my 
second attempt I wrote 
ANIMATION, a typical screen 
of which is shown above. 
Four spinning planets are 
displayed in symbolic form as 
blue spheres, on which the lines 
of longitude and latitude are 

A program that boldly 
goes where no 
program has gone 
before. 

drawn. Several hundred stars 
drift across the screen in the 
background, creating the 
impression that the observer is 
moving with the planetary 
system relative to the sidereal 
frame. Meanwhile, the ship's 
flight-path is indicated by a 
series of square boxes shooting 
from the foreground away into 
the far distance, changing 
course and rotating as they go, 
before finally vanishing at the 
pole of the destination planet. 

THE ANIMATION 
TECHNIQUE 
The first version of ANIMATION 
took the most obvious, but 
rather naive approach. The idea 
was to make, for example, the 
stars appear to move by 
repeatedly deleting them and 
redrawing them in slightly 
different positions on the 
screen. The main problem with 
this was how to deal with stars 
which go behind a planet, and 
then re-emerge on the other 
side. There was also the 
question of speed! I t took so 
long to shift roughly 3X) stars 
around the screen that, far from 
being fast and smooth, the star's 
motion was very slow and jerky. 
This method might work on the 
ICL mainframes used by the 
producers of Alien , but eight­
bit micros are simply not fast 
enough. 

I then stumbled across the 
remarkably elegant animation 
technique which I was 
eventually to employ. 11 makes 
use of a faCility of the BSC 
Micro to redefine 'logical to 
actual colour relationships' To 
explain , suppose you draw a 
ball on the screen in logical 
colour 1, which is red by 
defaul t. Now, suppose you 
decide that you want the ball to 
turn green. You can do this 
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very easily with the command 
VDU 19, 1,2;0; which tells the 
computer that colour I is now 
green. You can make the ball 
disappear by turning it black 
with VDU 19,1.0;0; and make it 
reappear in red again with VDU 
20, which just resets all the 
default actual colours. Not that 
the contents of the screen 
memory have not been changed 
- the computer has merely 
been instructed to interpret 
them in various different ways. 
This ability to make objects 
disappear and reappear, 
without access to the screen 
memory, is the crux of the 
technique 

For example, suppose we 
define logical colours 1-15 to be 
black, then we draw 15 balls on 
the screen, each in a different 
logical colour, as shown in Fig. 
1. Now, we define colour 1 to 
be yellow, pause for a moment, 
then re-define it as black. The 
process is repeated with colours 
2-15 in turn. If we do this at the 
right speed we produce the 
illusion that there is a single 
yellow ball, moving from left to 
right. The beau ty of the 
technique is that once you have 
set up the screen memory, your 
program needs to know neither 
the shapes nor the positions of 
the objects being animated. A 
yellow ball , a bowl of petunias 
or even a surprised- looking 
sperm whale can be brought to 
life equally easily! 

When you run ANIMATION 
you will first see how the screen 
is built up, layer upon layer, 
using all 16 colours available in 
graphics MODE 2. Logical 
colours 3 to 8 are used to 
animale the stars and the flight­
path, whereas the lines of 
longitude of the planets are 
drawn in colours 9 to 14. The 
reason for using two groups of 
'cycled' colours instead of one 
as in the example above, is that 
the stars and boxes must turn 
black in order to become 
invisible. The lines of longitude, 
on the other hand, must merge 
into the blue surface of the 
planets in order to disappear. 
So two grou ps of colours are 
used, the first group cycling 
between yellow and black, 
whilst the second group cycles 
between cyan and dark blue. 
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MODEL B 

• • • • • • • • 
Logical colour 15 

Actual colour Black Black Black Black Black YellowBlack Black 

Fig. 1. Animating a moving boll. 

Fig. 2. Drawing the planets. 

(a) A unit circle viewed head-on from (b) Then rotated ab01JI the x-axis 
Infinity through IX radian •. 

/ \ 
............... \ 

\ 
\ 

A LITTLE MA THS 

\ 
\ 
\ 

\ 

Volumes could be written on the 
subject of displaying 
3-dimensional structu res on a 
2-dimensional TV screen, but 
luckily the method which I have 
used in ANIMATION is the 
easiest one to explain. 

As you read this magazine, 
your eyes are detecting beams 
of light travelling in roughly 
straight lines from all over the 
page, and the maximum angle 
between any two such beams is 

(d) several holf.liipse. are combined 
to produce the Image 01 a planet. 

probably about 30 degrees. If 
you were reading the magazine 
from a range of 100 yards then 
this subtended angle would be 
about 0 .3 degrees, and if you 
had the ultimate in 
longsightedness and could read 
this from infinitely far away then 
the subtended angle would be 
zero. When drawing distant 
objects on a computer, it is 
often easier to pretend that they 
are infinitely far away, since 
then all beams of light reaching 
the observer are parallel. This is 



3·0 ANIMATION 

;:he simplification made by 
ANIMATION when drawing the 
four planets. 

Lines of latitude and 
longitude on a sphere are 
circles, and when you view a 
circle at an angle, from infinity, 
it looks like an ellipse. We on ly 
see ha lf of each of these 
ellipses, since half of each line 
of latitude or longitude is on the 
far side of a planet. Hence, the 
image of each planet consists of 
several half-ellipses, as shown 
in Fig. 2 

CONVERSION NOTES 
O wners of micros other than the 
BBe Micro who wish to convert 
ANIMATION to run on their 
machines should first check that 
their computer: 

a) has a 16 colour graphics 
mode, 
b) does not mind if you try to 
draw shapes wh ich go off 
sc reen, and 
c) can redefine 'logical to actual 
colour relationships', as 
described earlier. 

If so, then the following notes 
will be useful. 
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MODE 2 

VDU A,B,C 

VDU 5 

VDU 18,A 
VDU 19,A,B;0; 
VDU 29,X,Y; 

PROClred (A,B ) 

DEF PROClred (P ,Q) 
ENDPROC 
REPEAT UNTIL FALSE 
K9~ INKEY(5) 
MOVE X,Y 

DRAW X,Y 
PLOT 85.X,Y 

GCOL O,A 
POINT (X,Y) 

Lines 
100.2010 
2JJ2<J.2D50 
2D5O 
2JJ7~2(H) 

== 
4COJ..41&J 

== 

fI:rofffiJ 
7COJ..7fJlO 

160 x 256 graphics in 16 colours, 32 
x 20 text. Software regards the 
screen as 1024 units high by 1280 
units wide. 

Actual colours used by 
ANIMATION are: 
o black (background) 
3 yellow (stars and fligh t-path) 
4 blue (planets) 
6 cyan (lines of la titude and 
longitude) 
10 flashing green-magenta (ti tles) 

Similar to PRINT 
CHR$(A) +CHR$(B) + (A,B ,C, etc, 
are usually special control codes) . If 
a semicolon follows a number in the 
VDU list, then it is printed la-high 
as a double byte pair. For example. 
Used here to make the text cursor 
van ish 
Same as GCOL 0, A 
Logical colour A is actual colour B 
Graphics origin has co-ordinates 
(X , Yl relative to the bottom left­
hand corner of the screen 
Calls the procedure called fred and 
passes the values A,B etc, to the 
corresponding local variables listed 
in the procedural definition 
Start of procedura l definition 
End of procedural definition 
An infin ite loop 
Used here as a 50 mil lisecond delay 
Moves graphics cursor to co­
ordinates (X, Yl relative to the 
graphics origin 
Draws a line to point (X, Y) 
Fills in triangle , the vertices being 
(X, Y) and the last two points visited 
Graphics now in loca l colour A 
Returns the colour of graphics point 
(X, Yl or - 1 if that point lies off the 
screen 
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LIST 
232REM"** 'ANIMATION' • • • 

lOIOREI"I ... "STAJuly 198Z ...... 
1020 
ZOQ()MODE 2,COLOUR 1~ 
2010PRINTTA8(") " ANIMATION"'VOUS 
2020PROC .. ph .. ~ " (150,900,100, -PlIO.) 
2030PROC~ph.r.(1190.945 ,75.-5*PI/4) 
204QPROC .. ph .. r .. (b20.512,400 , 7*PI/6) 
2050PROC"ph .. r .. (200,-Z<;l2,900,OI 
2060PROC" t .. ,.- .. ,PROCp a th 

MODEL B 

2070VOU 19,1,1>;0119,2,410;19,15,1010129,0)01 
20eOFOR 17._ 9 TO 14,VQU 19,1l:, O!O!: NEXT 

:~~~~: I ~~~~~~~30' R% _ I OO , Col %_9 
6020FORTllt _ OT01.2STEP.O:! 

2090 
3000REPEAT 
3010FORIJi:_3 T08 
3020J7. _ I):; _ 1I1F Jr. - :! JY. - B 
3030VDUI9,JY.,4JOlI9,1Y.,"IOI 

;g~g~~~I~~E~~;~' 01 01 19. 1%"6,3101 

30bONEXT 
3070UNTILFALSE 
3080 
4 000DEF PROC"ph .... <X%,YY.,RY.. Tilt) 
4010VOlJ 1812.29, x~., Y%!lMOVE O,R% 
4020FORPhi _OTOb.4STEP.15 

:g;~~~~~ 9ZX~~~~: ~~~~;~~~::~~;-R~:R~!: ~~ 1 t) 
60:!OCol%_ CoIX+I,IFCol%_r!5Col%_9 
6060NEXT 
6070ENDPROC 
6080 
7C>OODEFPROCs qu .. .. .. (XY.,YY.,RY.,Tllt ) 

;~;~~~~1~9i-:i"~:~!COS Til t 
7030MOYE R%~(C+S) ,R%*(C-S) 
7040DRAW Ry'4(C-S) ,Ry'4(-C-S) ,DRAW RY.*(-C-S) .R%*( S-C) 
;~~~~~~R~~" (S-C) ,R%"(C+S), DRAW R%4(C+S) , R%* (C-S) 

:~~g:~~~ O,O:PLOT 65,R%"51N Phi,m:*COs Phi 7070 
80000EF pROC.t ..... 

4050ColY._:S 
4060FORPhl - OT03.ISTEP.l 
4070GCOLO.ColY. 

~~;~~g~ i;':~' ~b 40 

40aOpROC .... c!RY.*COSphl.RY.,O,plf2 .. Tllt.pI/2) 
4090CoIX- ColX+l,IF Col %_ 9 ColX-3 

a030XX- 1279,VY.- 2!i*IY.,Xl%- - 8*(2"RNO<2)) ,Vl'%- \ - RNOC!l 'CO IY. 
_RND(6J+8 

a040REpEATC"IY. _C"IY.+l,IFColY._ l !;C"IY._9 

:g;~~~:~~!~~;.:~%~~~:!~/'%-O GCOL 0, CoI7. ,pLOT 69. XY.. YY. 4100N€XT 

::;~~~~\~~!"- . :5 TO 2. :5 STEP . :5 
41 3 oPROC .... c(-RY./4. SIN Th . t .. . RY.*5IN Th.t ... . RY.*COS Th.t .. ,Ti 

l~i~~~XT 
41:50ENDPROC 

, 
a070UNTIL PY.< O 
a080NEXT 
a090ENOPROC 

listing 1. The ANIMATION program. 

$ Dr",per 

GCOL 
APPLICATIONS 
I f you writ~ games with moving 

graphics In them, and you use 
GCOLO then you may find 

your graphics have an annoying 
flicker. This is because, when 
using GCOLO, there is a short 
time, between plotting the 
graphic out at its old pOSition and 
plotting it in at its new pOSition, 
when there is nothing on the 
screen. This may be cured by 
using GCOL3. It is then possible 
to plot the new graphic in before 
plotting the old one out (using 
GCOL3,COL both times where 
COL is the colour of the graphic): 

1000 DEFPROCPLOTGRAPHIC 
(COL,OLDX,OLDY, 
NEWX, NEWY) 

1010 VDU5 
1020 GCOL3,COL 
1030 MOVE NEWX,NEWY 
1040 VDU 224 
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1050 MOVE OLDX,OLDY 
1060 VDU 224 
1070 VDU4 
1080 ENDPROC 

This procedure will plot graphic 
character 224 in a speCified 
colour at any position on the 
screen (NEWX,NEWY) at the 
same time as plotting it out at its 
old position (OLDX,OLDY). For 
instance to move graphic 224 
across the screen it could be used 
as follows : 

100 MODE 4,PROCPLOT 
GRAPHIC (1,2000,2000,0. 
500) 

110 FOR X~4 TO 1280 STEP 4 
120 PROCPLOTGRAPHIC 

(l,X- 4,500,X,500) 
130 NEXT X 

Similarly GCOL I can be useful 
when we wish to plot a 

MODEL A AND B 

Using moving 
graphics In a program 
can have its problems, 
unless you make use 
of GCOL1 and GCOL3. 

background over a foreground 
so that it only shows w here there 
is a gap in the foreground . For 
instance, in Mode 4 make the 
foreground colour 3 and the 
background colour 1 or colour 2 
(or both for a multicoloured 
background). The foreground 
may then be plotted first and 
when the background is 
subsequently plotted over it, it 
will only show up in gaps in the 
foreground. 

If, on the other hand, we want 
a two colour foreground over a 
one colour background we may 
plot the background first. and 
simply use the ordinary GCOLO 
statement for the foreground. 

Clearly this technique may be 
expanded to give more colours 
and a midground if we use 
Mode 2, but the basic technique 
is the same in both cases. 
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MEMORY 
SAVER=#:3 

W hen using a model A 
with 10K of graphics 

_ memory there is only 
21/2K left for program storage. 
This makes things a little tight for 
all but the very simplest 
.programs, and so I have 
attempted here to list a few 
simple: but effective memory 
saving techniques to help you 
with your model A 
programming 

Storage space is used 
essentially for two things -
your program and the variables 
it uses . We can save memory in 
both of these categories: I shall 
deal with program storage first 
since there is less to be said here. 

I) Don't use unnecessary 
spaces. I know spaces in 
programs make them that make 
them that much more readable, 
but with only 2Y2K to p lay with 
space is at a premium. For 
instance, replacing: IF A = 10 
THEN PROCEQUAL by IF 
A = lOPROCE saves eight bytes 
out of 16 - a saving of 50% [ Note 
here I have a lso not used long 
variable names or procedure 
names as this also c hews up 
valuable storage space. 

2) The condition IF A is 0 can 
be replaced by IF A saving 
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three bytes. Similar savings are 
often possible using logical 
variables as above. 

3) Use REMs on paper when 
developing your program, but 
not in the program itself. 

4) Put instructions, 
ENVELOPE definitions, and 
character definitions (VDU23, . . ) 
in a separate program which is 
loaded first. The first program 
then prints out the instructions, 
defines envelopes etc and 
CHAINs the second program . 
Note that this could have been 
done with the Mars-lander 
program elsewhere in this issue. 

5) Don' t use brackets where 
they're not needed, eg PRINT 
TAB(I0),CHRS(65) can be 
replaced by PRINT 
TABIOCHR$ 65 

6) If you still get the dreaded 
'No room' message, but only 
need to save a small amount 
more, it may be possible to do so 
by the use of larger multi ­
statement lines rather than lots of 
smaller lines - this saves four 
bytes per li ne. 

Next we have variab le storage 
memory. Firstly arrays: 

a) If the nu mbers to be stored 
in the arrays lie in the ra nge 
0-255 (or can be arranged to do 

MODEL A 

Since program storage 
can be a little tight 
on your BBC Micro 
Model A, here are 
some tips on how to 
maximise your storage 
capacity. 

so) use the? indirection operator 
(see User Guide page 41 1) to set 
upa byte vector, eg : 

DIMA(lOO) 

A(B)=C 
D=A(E) 

can be replaced by: 
DIM A 100 

A?B=C 
D=A?E 

saving a phenomenal 300 bytes 
in variable storage . Notice that 
there are no brackets in the DIM 
statement here - this is very 
important and instead of 
dimensioning a normal array of 
100 elements it reserves lOa bytes 
for the byte vector A. 

Incidentally th is method of 
storing data is also faster than 
using arrays, which can be quite 
an advantage for some games. 

b) Failing this use integer 
arrays where possible as th is 
saves one byte per e lement over 
normal arrays. 

Hav ing dealt with arrays we 
now come to ordinary variables . 
I can't give any real hints here 
since I don't know any! Contra ry 
to popular belief, the use of 
integer variables does not save 
memory since for every byte 
saved in the variable storage 
space several are taken up in the 
program storage space by % 
signs. However, in teger 
variables are slightly faster than 
their real counterparts . 

One fina l point - when 
writing model A programs on a 
model B it is usef ul to be able to 
simulate the model A memory 
situation : th is can be done by 
adding the line HIMEM = &1800 
after every Mode change. 
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Consoles for the BBC, Oric-1 
and other 

lIem 
Price Total 

£39.95 

£36.95 

Sub Total 
Coosole s' COlOur l ifll$h is m.1I Cream 

Carriage £3.00 Dlm. natona: Console ',.,', Width Sl0mm, Deptr 
5:1'Orr<n ar>d Ho,ght 300rM'I,Con.O!e 'B' :Widlh66()mm 

r.~f.~:2:::H~~::~~~:o:' ,:~:::'::yYse;:: ,--T,,'::":.:' DC::"':L_..l 
Console A" Cnequcs/PO. Made payable 10 

COMPUTER LOCK, 2 Wychperry Road, Haywards Heath, 
West Sussex RH16 lHJ. Telephone: (0444) 451986 

NEW! ATOM NEW! 
ALL ACTION PACKED M/CDDE ARCADE DAMES 

PROTECTOR 

ALL 12K RAM 
PRICES INCLUDE.P&P. FAST 2 DAY D~SPATCH! 

micromania 
14 LOWER HILL RD. EPSOM. SURREY. 

o 
Electronequlp 

(Authorised BBC Dealer, and service centre) 
SPECIAL OPEN ING OFFER DUE TO MOVE TO NEW PREMISES ALL ORDERS RECEIVED 

DURING NEXT MONTH QUOTING REF COMT IC WILL BE ENTERED INTO A WEEKLY 
DRAW AND 2 CUSTOMERS IN EVERY 100 WILL RECEIVE THEI R GOODS FREE OF CHARGE 

THIS MONTHS SPECIAL OFFERS B B C 
High Quality 14·· RGB Colour MOllitor/TV ColOur mOMo< suitable 
to r 80 columns with ability to recelve TV ... ... ...... ........ t244.9S 

BBC45 New improved cassette recorder lor BBC. Has monitor fac ili ty 
counter, remote. £35.88 

Dual 800K disc drives for BBC microwrthlree Z80 second pro 
cessor card. .. . ......... £897.(10 

Large lIocka 01 Sortware for many machines 85 well as BBC. 
Acornlol!. Bug·Byte, CP/ M, Program/Micro Power, Com· 
puterConcepta etc. 

Business . yl tems enquiries welcome. Systems & Software 
nallable from 500 to 1(1(1,(1(1(1. 

Torch Colour Machine 8(1(1K lIopples ex. VAT ... £2795.(1(1 
Torcl1 Colour Macl1me Hard Disc G' VAT... £4995.(10 

BBC54 Daisy Wheel printer l or BBC 12cps .. 

~ Large stocks. Prices inclusive of VAT All Upgrades etc are fi tted freeol charge and the comp ut er 
.-All prices incl usive of postage except micros 3.00 fully re·tested. Access and Barclaycard Welcome 

YACORN (fJ-(fJ-~ 
CaMPUTER &.::I 
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Mi!'e lames 

BBCUSER 
REPORT 

T he story of how the BBC 
came to the decision to 
adopt a micro and how 

they found their way to the 
particular mach ine they 
eventually adopted, is a tale 
that wi ll become part of the 
folklore of computing. Put 
simply, what happened was that 
the BBC decided that they 
would produce a series of 
programmes abou t the 
microcomputer and computing 
in general and felt that it would 
be desirab le to link the series to 
the use of a particular micro It 
should be obvious that the 
chosen micro would suffer 
severe sales problems -
namely, they would keep 
runni ng ou t of stock! A 
specification was drawn up 
arou nd the end of 1980 and 
manufacturers were invited to 
tender the contract to produce 
the BBC micro. 

At about the same time as 
the BBC were developing their 
specification, Acorn Computers 
were developing a successor to 
their very popula r ATOM 
Although they had only reached 
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the prototype stage, the 
machine impressed the BBC 
sufficiently for them to drop one 
of their specifications (for a 280 
CPU) and accept Acorn's 
machine, 6502 CPU and all! 

AN OVERVIEW 

Before I go any further, I 
should say that I think the BBC 
micro is the most exciting and 
versatile micro I have seen to 
date. High resolution colour 
graphics and sound effects are 
standard features in a machine 
which costs less than £250! Of 
course it has faults (doesn' t 
everything?) and I will point 
these out as I go along but all in 
all it is the machine at the top of 
my list of 'best buys'! To find 
out why read on 

The BBC micro is sold in 
two different forms: the Model 
A, a basic 16K machine costing 
£299 (including VAT), and the 
Model B, an extended 32K 
machine retailing for £399 
(including VAT). The Model A 
machine as just stated, comes 
with 16K of RAM and a sound 

If you want to know 
just how good the 
BBe's computer 
system really is, read 
what our reviewer 
thinks after many 
weeks of testing and 
usage. 

effects chip. However, as 
mentioned earlier, high 
resolution graphics in colour 
are also a standard feature (ie 
you don' t have to buy any extra 
ROMs or colour boards), so 
even the basic Model A out­
performs other machines in the 
same price bracket - for more 
detail s see the section on 
graphics. It is important to 
realise, however, that these two 
models are enti rely a sales 
convenience and that the 'A ' 
can be converted to the 'B' by 
the addition of the extra chips 
(at a cost of about £135). There 
could be hundreds of versions 
of the BBC micro depending 
upon which options are 
installed. In the Model B, for 
example, there is (in addition to 
the extra 16K of RAM) a serial 
printer interface ... a parallel 
printer interface, an eight. bit 
user port and a four channel A 
to D convertor. 

The overall appearance of 
the BEC Micro is smart - as 
can be seen from the photos . 
The case is made from 
lightweight plastic and is 
adequate for most environments 
(but don't try standing heavy 
weights on it, eg TV monitors). 
One of the most amazing things 
about the unit is its size and 
weight. For a machine with the 
expansion capabilities outlined 
above, it is very small and light, 
measuring 16" by 13", about 
2. Y2 " thick and weighing 
approximately 91bs. If you're 
interested in getting inside the 
case, then Acorn have made it 
easy - just four screws and the 
whole top lifts off giving very 
good access. 

The machine is a pleasure to 
use . The keyboard feels good 
and has an auto repeat faci lity 
and three separate keys to 
provide upper case characters; 
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Shift and Shift Lock giving 
upper case on all the keys; and 
Caps Lock giving upper case 
on letters only. An additional 
row of user definable function 
keys are included and these are 
very easy to control from the 
software. Five keys are included 
for screen editing, the usual 
four cursor keys and a key 
marked Copy. My one 
complaint is the layout of the 
'arrow' keys. It would have been 
nice if they could have been 
positioned like the points of the 

~~Tla~~.r~~~e~~~no~e~/right, 
keyboard of this size I don't see 
how it could be done. Other 
people who have used my BBC 
Micro have had trouble with the 
Space bar. It is rather fussy 
about where it is hit and 
declines to throw a space if it is 
hit too close the the end rather 
than in the middle. Personally, 
I've never had a problem in this 
respect. 

The display quality is 
remarkably sharp, both on 
monitors and on ordinary 
domestic TVs. One small 
problem is that on some sets the 
top line of the display vanishes 
outside the frame and on others 
the bottom line does the same. 
This is due to the rather 
complete use that the machine 
makes of the screen; however, it 
is fairly easy to remedy this 
'fault' by using the 'TV 
command. The cassette system 
is very easy to use and keeps 
you informed 01 exactly what is 
going on. In use it is about as 
good as a cassette system can 
be and has the handling 
characteristics of a very slow 
disc! (In case anyone is in 
doubt this is a compliment.) 

HARDWARE 

I have already said how much I 
like the mechanical construction 
of the machine and the sight of 
the internal layout should be 
enough to please even them 
most discriminating. All the 
chips on the main (only) board 
are socketed and neatly placed. 
The power supply is the small 
black box to the left of the case. 
The keyboard is fitted at an 
angle and slightly covers the 
main board. This should cause 
no problems as the keyboard 
can be removed by undoing two 
bolts and unplugging a short 
ribbon cable. Also mounted on 
the keyboard is a small 
loudspeaker for sound effects 
and the CHR$(7) 'bell'. The 
PCBs are well made; the main 
board is double-sided and 
printed with the names and 
locations of all the components. 
A slightly worrying problem is 
the poor support of the main 
board. It is fixed. at four points 
and flexes if you try to remove 
or insert a chip into its socket. 
This may not sound like much 
of a problem until you notice 
that all but one of the 110 
connectors are also mounted on 
the main board, so plugging 
and unplugging causes a 
similar flexing of the board 
However, I should point out tha t 
I have had no problems in this 
respect during a nine month 
period of heavy use. 

THE MAIN BOARD 

The main board is divided 
into a number of functional 
areas (see Fig. I). The RAM 
area contains eight or 16 

USER REPORT 

dynamic RAM chips (4816) 
socketed so servicing should be 
easy. The ROM area on my 
machine contained not five 
ROMs, but one ROM and four 
2732 EPROMs. The BASIC is 
contained in the massive l28K 
bit ROM. The four EPROMs 
currently contain the Machine 
Operating System (MOS). In 
later versions thi s will be put 
into another 128 Kbit ROM. 
What becomes of the three 
spare sockets, I hear you ask? 
The answer is that four of the 
ROM sockets are paged and 
can be used for 'alternative' 
software. For example, a disc 
operating system ROM could be 
installed and could be switched. 
in to replace the BASIC ROM 
under software conlrol. The 
idea of paging is a simple one 
which can be used to extend 
address space by allowing the 
micro to select which of a 
number of ROMs occupies a 
given address area. 

MOving away from the 
memory area we come to the 
video processor ULA. ULA 
stands for Uncommitted LogiC 
Array and is essen ti ally a 
method of producing a large­
scale integrated circuit for a 
reasonable cost. Put another 
way, this means that there are 
two chips inside the BBC Micro 
which have been designed by 
Acorn (and produced by 
Ferranti). The video ULA is 
responsible for most of the 
clever colour graphics the 
machine is capable of. It is 
certain that the use of this ULA 
is what makes the BBC Micro 
able to offer such good graphics 
for such a reasonable price. 

GRAPHICS 
This is certainly the single most 
interesting feature of the BBC 
Micro. There are, as always, 
two aspects of g raphics - the 
hardware used which 
determines resolution, etc, and 
the software provided. to make 
use of the hardware. Discussion 

The graphics hardware can !r 
of the software is left until later. 

, i E~~:~i~~g~~ed:!~I~~~~~iss~ 
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii_ ...... , number of details. The highest 

The rear of the machine showing the general 110 facilities. 
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resolution graphics is a 
remarkable 640 by 256 plotting 
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points - this sort of resolution 
would have cost more than the 
entire machine a year ago! A 
standard (commerical) format 80 
characters by 25 line screen is 
available only on the Model B. 
The memory used by each 
mode is taken from user RAM, 
not a special display memory. 
Notice that only the last four are 
available to the Model A 
because of the memory 
requirements. 

As mentioned earlier, the 
graphics are produced mainly 
with the help of the custom built 
ULA chip. However, as it 
works, it must be receiving data 
from the user RAM and then 
rearranging it to represent the 
required screen format. For 
example, in Mode 0, each bit of 
the user memory corresponds to 
one screen location (pixel), but 
in Mode 1, you need two bits to 
determine the colour of each 
pixel. The ULA is responsible 
for collecting the number of bits 
each pixel requ ires and then 
determining which colour it 
should be. An area of memory 
inside the ULA is used as a 
'palette' in the sense that it 
associates the codes stored in 
user memory with 'real' colours. 
For example, in the two colour 
mode, zero could be black and 
one could be white - but by 
reprogramming the palette, you 
could have blue and cyan! One 
last detail about the graphics 
ULA is that it accesses the user 
memory in between the 
read/write cycles of the 6502, so 
graphics display doesn't slow 
anything down. 

In use, these colours are clear 
and the overall display effect is 
stunning. Plotting coloured 
lines in Hi-Res graphics 

M .... Grophici Colour. 
0 640 by 256 2 
I 320 by 256 , 
2 lEO by 256 16 
3 2 , 320 by 256 2 
5 100 by 256 , 
6 2 
7 Telated 16 

couldn't be easier - just select 
your colour and plot the line! 

The trouble with having all 
of these advanced graphics 
options is that it's all too easy 10 
miss commenting on the less 
exciting things. So let me say, 
before I forget, that upper and 
lower case characters are 
present on both models; the text 
characters can be user defined 
(except for Teletext Mode 7) 
and text and graphics can be 
freely mixed on the screen. 
From Ihe point of view of the 
hardware, text is just predefined 
graphicS ! It is worth pointing 
out that as this true then the 
BBC Micro is capable of being 
used to display the block 
graphics characters (or at any 
rate something close) of other 
machines. This would make 

~oank:e~t:goF~~ff~s g~~~h~cs 
features very easy. 

There are three video 
outputs on the back of the 
machine: one mixed video 
(ENe connector). one RGB 
(6-pin DIN) and one UHF 
modulated output (Phono 
connector) . 

SOFTWARE 

As should have been clear from 
the hardware section, the BBC 
micro has its memory space 
divided in to two 32K regions. 
The boltom 32K is used for 
RAM and the top 32K is used 
for ROMs and memory mapped 
JlO (see the memory map). This 
may seem like rather a lot of 
ROM for one machine but it is 
all used to good effect. As well 
as the superb BASIC, there is 
an assembler and all the 
routi nes necessary for cassette 

Text Memory Model 
8J by 32 >OK B 
40 by 32 >OK B 
20 by 32 >OK B 
00 by 25 16K B 
40 by 32 10K A and B 
20 by 32 10K A and B 
40 by 25 8' A and B 
40 by 25 IK A and B 

Table 1. The eight mode. of the graphics hardware. 

handling, ele. The trouble with 
having all this excellent 
software in 28K of ROM is that 
it does reduce the amount of 
user RAM. In the worst possible 
case, with Mode 0 graphics and 
a disc system, the user might 
only have 8K to play with! Don't 
let this put you off - in practice 
you could always move to lower 
resolution graphics. It does, 
however, point to a weakness of 
the machine - insufficient 
address space. 

THE BASIC 

The BASIC to be found inside 
the BBC Micro is brand new. 
It's not Microsoft BASIC but 
something produced by Acorn 
themselves. The only other 
successful micro which has left 
the Microsoft school is the ZX81 
which has a BASIC which 
comes close to the standard set 
by Microsoft. The BBC BASIC 
is the first version better than 
Microsoft. 

BBC BASIC is fast, as the 
results given show: 

Test 1 
Test 2 
Test 3 
Test 4 
Test 5 
Test 6 
Test 7 
TestB 
Resul ts 0' Benchmark te.t •. 

O.B 
3.1 
B.2 
B.7 
9.1 

13.9 
21.3 
5.3 

Along with the BBC hardware 
specification came a detailed 
specification for the BASIC 
their machine should run. The 
solution was to have as much 
Microsoft-compatible BASIC as 
possible and extend it to 
include the extra statements 
needed for structured 
programmmg . 

If you're not too clear what 
all this talk of structured 
programming is about, then 
some of this discussion may be 
a little meaningless. There isn't 
enough space to explain Ihe 
ideas of structured 
programming here but basically 
a structured program is one 
which uses only statements like 
IF some condition 
THEN .. ELSE some condition, 
WHILE some condition DO . 
and DO . . UNfIL some 
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condition (the' .' is taken to 
mean a collection of other 
program statements) . Also, the 
use of full subroutines or 
procedures is required . It is 
true to say that the resulting 
product has lost a lot of the 
original specification but it is 
still too good to complain about. 

FILE HANDLING 
The reason why I've singled out 
the file handling commands is 
that this is one of the main areas 
where things might get difficult 
if you have to convert a 
Microsoft BASIC program. The 
cause of the trouble are the 
OPENIN and OPENOUT 
commands which are distinctly 
different from the better known 
OPEN command. OPENIN and 
OPENOUT are functions which 
return the logical file number as 
opposed to OPEN which is a 
command to assign a given 
logical file number to the file. I 
leave it to the reader to think of 
the fun this slight difference 
could cause. 

GRAPHICS AND 
SOUND 
The graphics commands of the 
BBC Micro are far too versatile 
and subtle for me to be able to 

(j~~~J~~tfu~t~~n~e~ref~~f~rs~ 
clever thing about the graphics 
is that no matter what mode you 
are in, the graphics screen is 
made to appear 1200 pixels 
Wide by 1024 pixels high. This 
allows you to write graphics 
programs ignoring the 
resolution at which they will 
finally be used. I've had quite a 
lot of fu n trying out the same 
program at various resolutions 
and comparing the differences. 

The workhorse graphics 
command is PLOT. It has very 
many different functions 
including plotting a point, a 
line, a dotted line and even a 
solid triangle (!), either in 
absolute co-ordinates or relative 
to the last plotted point. I hope 
you noticed the bit about 
plotting a solid triangle because 
it's the most powerful part of the 
Hi·Res graphics commands. The 
triangle can be plotted in any 
valid colour and it appears very 
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quickly on the screen. Why 
triangles? Surely rectangles are 
more useful? No - if you think 
about it, any shape can be 
made up out of tri angles. In this 
sense the triangle is to drawing 
solid shapes what the line is to 
line drawings! 

Before rounding off the 
description of the BASIC, I 
should mention the sound 
command. Its syntax is: 

SOUND channel, volume, 
frequency, duration 

Channel can be from 0 to 3 with 
o as the noise channel, volume 
from 0 to - 15, frequency from 
o to 255 and the same for 
duration. The fun part of this 
command is that the three tone 
channels can be used at the 
same time. 

Once you tire of 'pure' 
notes, you can always use the 
envelope command to change 
the characteristics of the note 
produced by the sound 
generator. However, the 
number of parameters involved 
in the envelope command 
means that it is not easy to work 
out how to produce any given 
or desired sound. After some 
practice, things do get a little 
easier and it is possible to 
produce some very impressive 
effects . The sound generator in 
the BBC Micro may be simple 
but the software used to drive it 
is very sophisticated! 

There are many other 
features of the BASIC that make 

~a~n~br:~:~~s~~~od(~~r~~~fi 
style) strings and string 
functions, a renumber 
command, etc. 

THE ASSEMBLER 

One of the best features of the 
ATOM was the way in which 
assembly code could be mixed 
with BASIC. The BBC Micro 
has carried on this tradition by 
including an even better 
assembler in ROM. It's so easy 
to mix assembler and BASIC 
that I have a feeling that in the 
future I will be switching from 
one to the other without making 
my usual fuss. 
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EXPANSION 

The BBC Micro has extensive 
expansion capabilities ranging 
from the entirely expected to 
the decidedly unexpected . But 
even those expansion interfaces 
which are normally taken for 
granted are rather special in 
this system. 

The cassette system used by 
the BBC Micro is, as I have said 
before, very easy to use. It is 
also very reliable. The secret of 
this good natured storage is the 
second ULA in the machine -
the serial processor. The serial 
processor is responsible for 
handling the coding of the 
cassette data and contains a 
digital clock/signal separator 
making it a complete signal 
processor. The use of a digital 
separator makes data recovery 
fairly independent of speed and 
volume fluctuations produced 
by low costs cassette recorders. 
Two record speeds are 
available: 3CCps using a 
standard CUTS format, and 
12Ct:ps using a CUTS related 
but non-standard format. Both ~ 
work! 

The cassette recorder is 
connected to the back of the 
machine via a standard seven 
pin DIN audio socket. Acorn 
don't provide a cable to connect 
to the recorder on the basis that 
they could only cover 30% of 
the types of connector with one 
lead. This is a pity, because it 
means that it is not possible to 
unpack and run the 
demonstration programs without 
first soldering on at least one 

pluthe software used to control 
the cassette is clearly based on 
the ATOM cassette system. 
Named programs (names up to 
10 characters) can be saved and 
loaded. The format used for 
writing the tape is such that if 
an error occurs it can be 
isolated to a particular block. 
The tape can be rewound and 
the read restarted at any earlier 
time. The first complete block 
found gives the name of the 
program and the block number . 
This information is used to 
continue the load. This means 
that it is not necessary to go 
right back to the start of a bad 
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load - just re-read the blocks 
in error 

In order to use disc drives 
with you r BBC Micro, you'll 
need some extra chips and an 
operati ng system ROM fi tted 
Once this modification has been 
made, you'll be able to use 40 
or 80 track disc drives from a 
wide range of manufacturers. 
Alternatively, disc drives, in the 
SSC Micro's colours, are 
avai lable from Acorn. 

There are a number of 'odd' 
interfaces that r think of as 
fa lling into the category of 'user' 
interfaces . Starting with what is 
usually referred to as a user 
inte rface, the SSC Micro has an 
eight-bit para llel port. Th is is 
simply an unbuffered'S' side of 
a 6522 PIA chip so it should be 
very familiar to anyone with a 
PET. Not all of the lines are 
available for unrestricted use in 
that the CB 1 line is also used as 
a light pen inpu t. Connection is 
made to the user port by a 20 
pin ribbon cable plug mounted 
under the cabinet. 

The other half of the PIA is 
used as a parallel printer port. 
The standard seven data and 
two handshake (busy and 
strobe) connections are 
provided on a 26 pin ribbon 
cable plug mounted under the 
cabinet. Presumably Acorn will 
provide cables for most 
printers. 

FACT SHEET 
CPU 
Clock 
ROM 
RAM 

BBC Micro 
fro2 
2MH, 
16K BASIC plus 16K MOS 
Modal A 16K 
Modal B 32K 
BBC BASIC 

A serial printer interface is 
a lso available using a standard 
6850 ACIA. The only control 
lines provided are RTS and 
CTS, and these may be found 
on a five pin DIN socket at the 
back of the machine along with 
(of course) data-in and data-out. 
The use of a five pin DIN socket 
may cause some trouble if 
you' re trying to connect a 
standard (RS232 or V24) piece 
of equipment which uses a 24 
pin D connector. (But then it 
wouldn't be fun if they made it 
too easy!) The only other fact 
which might cause concern is 
that the serial interface is 
labelled RS423 rather than the 
more friendly and usual RS232. 
Have no fear - the RS423 is 
just a 'better' version of RS232 
and may be used as if it were 
RS232 in 99% of cases. 

The sound generator chip is 
sort of a user interface 
(computer to air !) so I will deal 
with it in this section. It is a 
fairly standard SN7 6489 sound 
effects chip containing some 
noise channel and three 
independent oscillators. This 
means that the BBC Micro can 
'play' up to three note chords 
and make a wide variety of 
other bangs and pops 

The only other interface that 
comes into the general category 
of 'user' is the 'paddle' or 
analogue input interface 

Language 
Keyboard 

Display 

73 kay QWERTY kayboard 
lOusar-dalinablekeys, cursorconlrolkeys 

Both models include 

Casselle 
110 

Costs 

Supplier 
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320 by 256, 2 colour graphics and 40 by 32 tex t 
100 by 256, 4 colour graphics and 20 by 32 text 
40 by 25,2 colour text 
40 by 25, Teletext di~play 
Model B only includes 
640 by 256, 2 colour graphics and BJ by XI tex t 
320 by 256, 4 colour graphics and 40 by 32 text 
100 by 256, 16 colour graphics and 20 by 32 text 
00 by 25,2 colour text 
3X:\I12,OO baud 
Model B only incorporates' 
Serial and parallel interlaces 
four ch<l.nnel A to D 
eight-bit usar port 
IMHzexpansionbus 
Tube 
Model A £299.00incVAT 
Model B f.399.00incVAT 
BBC Microcomputer Systems c /o Vector Marketing 
Dennington Estate Welling borough Northamptonshire NN8 2RL 

Connection to the on board A 
to D convertor (a uPD7002) is 
made via a 15 pin D socket 
(why use a D socket here and 
not on the serial port?) Apart 
from the four ana log inpu t 
channels there is also a five volt 
supply and a reference voltage 
These are obviously used to 
feed the two BBC X, Y joysticks. 

LOOKING AHEAD 

For the BBC Micro, the future 
must surel y be good. Without 
looking too far ahead, there are 
going to be lots of exciti ng 
extras. The speech synthesiser 
is now ready and a Teletext 
interface has been recently 
launched. There is a strange 
slot in the front of the case that 
will be used to take plug-in 
ROM packs for extra words for 
the speech synthesiser, etc (and 
maybe even prepackaged 
software). The Econet interface, 
already in use in a number of 
locations, including Acorn's 
own headquarters, will open up 
new ways of using home 
computers by providing the first 
low cost way of linking up a 
number of machines in a local 
network. I've already mentioned 
some of the other planned 
extras - a Prestel interface, a 
second processor connected via 
the Tube, either another 6502 or 
a 280 running (ugh ) CP/M, a 
l&bit processor. All in all 
the BBC Micro is quickly 
turning into a powerful and 
exc iting system. 

DOCUMENTATION 
AND THE WELCOME 
TAPE 

One of my main criticisms of the 
BBC Micro when it first 
appeared was the paucity of the 
information contained in the 
provisional 'User Guide'. There 
was rather a long wait before 
this was replaced by the 'real 
th ing', which was either 
frustrating or a challenge 
depending on how one felt 
about finding things ou t by trial 
and error . Eventually, the User 
Guide arrived, It resembles War 
and Peace in its size, but even 
so it does not tell the users all 
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they want to know and there is 
room for lois mme information. 
To be fair, however, the User 
Guide is arranged in a way that 
makes it easy to use and it does 
explain the things it covers well. 

The word 'Welcome ' in the 
heading may lead you to 
believe that there has been a 
printer's error and this bit 
should have come first. In fact, 
'Welcome' is the title of a 
package of programs which 
comes with the BBC Micro just 
to show you what can be done. 
It comprises a cassette tape and 
a booklet and is reall y 
excellen tly p roduced to show off 
many of the features of the 
machine. In all, there are 16 
programs including 'keyboard', 
which teaches you to type; 
'alphasort' , an amazing 
demonstration of a sort 
program; 'poem', an interactive, 
colour poem by Roger 
McGough; 'bat 'n baJJ', a 
simulated squash game - bu t 
rather a poor one; 'music' , 
which allows you to play simple 
tunes; and 'kingdom', a 
decision-making game. It is 
remarkable that compilation of 
such extent and quality should 
gBCiMi~r~~ay free with every 

CONCLUSIONS 

As far as I'm concerned Acorn's 
new micro is an exciti ng 
departure for the BBC. A 
feature which it shares with the 
BBC is that it is an all-British 
product! 

At this point, it is important 
to remember that there are two 
versions of the BBC Micro -
the Model A and the Model B. 
The Model A is not really big 
enough , in terms of its memory, 
to take advantage of its own 
potential. With only 16K, it' s 
rather hampered and its 
performance is nothing special. 
Its saving grace is, however, the 
fact that it can be up-graded. to 
a Model B! It's not really 
possible to come to any 
conclusion about the Model S 
BSC Micro, other than it's well 
ahead of all currentl y marketed 
machines and has a clear p rice 
advantage - in short, it' s 
excellent and certainly worthy 
of its prestigious name . 
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BIBLIOGRAPHY 

W hen a new machine 
becomes available on 
market there inevitably 

follows a deluge of books telling 
us how to use the machine to its 
best <".Idvonlage. The BBC 
Microcomputer is certainly no 
exception and we take a look 
here at some of those books, 

No doubt more books will keep 
appearing on the publishers' lists 
as more people investigate and 
experiment with the BBC Micro 
so don't assume that this list ends 
here! 

The BBe Micro Revealed: If 
you've mastered the conlen ts 01 
the manual that came with your 
BBC Microcompu ter and now 
want to cont inue your 
explorat ion 01 the computer's 
functions and capabilities, this 
book is for you . The author a 17 
year old student, spent months 
delVing into the compu ter's 
internal operations in order to 
reveal a large number of 
sophisticated techniques to help 
the reader improve his or her 
programming skills. The book 
includes the following features: 
Details 01 how to const ruct our 
own display modes; A way 10 
scroll the display in any direction 
(up, down, sideways and even 
diagonally); A visual analogue of 
the computer's memory 
transacti ons; Information on the 
way in which the computer stores 
its programs and line numbers; 
A technique for increasing the 
speed of your programs by up to 
10% ; Instructions on how to pass 
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arrays and matrices to user­
defined functions and 
procedures; and much, much 
more. If you're serious about 
developing your programming 
skills on the BBC Micro this book 
will prove an invaluable aid . 

The BBC Micro Revealed by 
Jeremy Ruston is published by 
INTERFACE at £7.95 lor 144 
pages. 
ISBN 0 907563 155 . 

Learning to use the BBC 
Microcomputer: This is one of a 
new series of 'Learning to use', 
books designed to provide 
potential users, established 
users, teachers, students and 
businessmen with standardised 
introductions to the use of 
popular microcomputers. This 
beginner's guide really does 
begin at the beginning: it 
assumes that you want to learn 
how to use the BBC 
Microcomputer in your work or 
leisure, not become a theorist in 
computing . The book provides a 
simple, down-to-earth, ja rgon ­
free introduction to the machine 
and its software . 
Many applications of the BBC 
Microcomputer are described 
including business, educational 
and hobby uses; the micro's 
ability to produce and draw 
pictures and diagrams is 
exp lored and explained, and 
progrnms for do large number of 
graphics applications are 
presented. The book will not only 
appeal to the new BBC 
Microcomputer owner but also to 
the potential buyer since it will 
tell him how the BBC 
Microcomputer operates and 
performs and will help him assess 
whether the machine will suit his 
needs. 

Learning to use the BBC 
Microcomputer by P N Dane is 
published by Gower Publishing 
Company Limi ted at £4.95 for 84 
pages. 
ISBN 0 566 03452 2. 
The Computer Book: This 
pub li cation, alt houg h produced 
by the BBC, has no direct 
connection with eithe r the SBC 
Micro or The Computer 

Programme. It simply attempts 
to introduce the 'computer shy' 
indiVidual to the Wide and 
d iverse subject of computing, 
covering the ground in a relaxed 
and friendly fashion. The book 
doesn't introduce any radical 
new ideas and certainly cannot 
be regarded as a 'text' on 
computers but then that isn't 
really its object. 

The features wh ich really 
make this book stand out are its 
excellent production and layout 
and the clever use of 
photographs, illustrations and 
cartoons to keep the reader both 
interested and amused. If the 
quali ty of the editoria l content 
was to the same standard. 

The Computer Book: This 
Bradbeer, Peter de Bono and 
Peter Lau rie is published by BBC 
Publications at £6 .75 for 254 
pages. 
ISBN 0 563 16484 O. 

30 Hour BASIC: If you want to 
approach the subject of 
computer programming in a ~ 
diSCiplined and methodical 
fashion then this book, which has 
been produced in conjunction 
with the BBC series, is almost 
certainly a recommended buy . 
You don't really need a micro to 
complete the course, although 
one would be helpful, and the 
book is not specifically related to 
the BBC Micro. . a specia l 
version is also available for the 
Sincla ir ZXSI . 

If you li ke your approach to 
computers to be light-hearted, 
this book will probably not 
appeal. Also, its approach means 
that as well as learning the ins 
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programming, you will learn to 
write clear and logical programs, 
something that happens all too 
se ldom in many books. 

30 Hour BASIC by Clive 
Prigmore is published by The 
National Extension College at 
£5.50100r.:2:50.,6:'O.,",.,. 

~~c:~~~~;~~rilir:~~~r~e BBC 
ATOM: This somewhat slimmer 
volume contains four chapters 
based around a number of 
simple programs which are 
reproduced for both the BBC 
Micro and the ATOM. The 
presentation and layout is 
excellent and the structure of 
each of the examples is clearly 
explained. However, the real 
meat is to be found in the fifth 
chapter which presents SPL, 
Simple Programming Language , 
a new compiler for both types of 
micro. As well as providing a 
second high· level language, this 
chapter demonstrates how to go 
about writing a simple compiler. 

Practical Programs for the BBC 
Computer and the Acorn ATOM 
by David Johnson- Davies is 
published by Sigma Technica l 
Press (distributed by John Wi ley 
& Sons Ltd) at£5.95 lor 120 
pages. 
ISBN 0 905104 145. 
BASIC Programming on the 
BBC Microcomputer: To have 
produced this introductory book 
in so short a time was a 
remarkable achievement by both 
the a uthors and the publishers. 
The sad facl, however, is that this 
is an introductory book, and as 
such tends to leave you waiting 
fo r more. The volume was put 
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together with the assistance of 
Acorn, the company who 
designed and produced the BBC 
Micro, so it is very specifically 
related to that product. 

The book is practical in 
nature with lois of small examples 
to Iry oul and problems to solve . 
The actua l information content is 
not significantly more than that 
in the early version of the User 
Guide except that the facts have 
been arranged in a more 
readable form. Although the 
book has areas of weakness, it 
does stand up as an introduction 
but one hopes that the second 
volu me will not be too long in 
coming. 

BASIC Programming on the 
BBC Microcomputer by Neil and 
Pat Cryer is published by 
Prentice Hall International at 
£5.95 lor 205 pages. 
ISBN 130664073. 

::~;:~~~~;?~at~: BBC 
Microcomputer: Every BBC 
Micro comes equipped with an 
immensely powerful and very fast 
assembler; assembly language 
statements and BASIC 
statements can be freely mixed 
which enhances the 
programmer's potential control 
over the machine. Containing 73 
listings of programs, the book is 
completely se lf -contained, and 
has va rious appendices on the 
6502 instruction set, floating 
point and the user port, and a 
section on combining programs 
in the BBC computer using 
PAGE and "LOAD. 
Two companion tapes are 
a vailable with the book if you feel 
you do not want to type in all the 
programs yourself. 

::~;~~~~~;r:rat~: BBC 
Microcomputer by Ian Birnbaum 
is published by Macmillan Press 
at £8.95 for 305 pages. The 
cassettes are £9.00 each or 
£16.00 for two. 
ISBN 0 333 34585 1. 

The Book of Listings. Fun 
Programs for the BBC 
Microcomputer: This first BBC 
book of listings con tains a host of 
games and other programs, 
ranging from arcade· like action 

programs, through board games 
which will tax your wits, to some 
startling graphics 
demonstrations . 

The authors have tried to make 
the most of the colour and sound 
potential of the BBC Micro, and 
have written most programs so 
that they will run on both Model 
A and B machines. The programs 
were developed. on both the A 
and B Model machines with the 
0.1 Operating System. 

Structured programming 
techniques have been used as lar 
as possible. Although programs 
may thus be a little longer than 
stric tly necessary, they do tend to 
be relatively easy to debug and 
modify. Many 01 the program 
notes include suggestions as to 
how you can adapt the programs 
to make them your own and to 
develop them further. The 
programs are intended to 
entertain and to teach useful 
programming techniques. 

~~::~~B f~~!h~~~CFun 
Microcomputer by Tim Hartnell 
and Jeremy Ruston is published 
by the British Broadcasting 
Corporation at £3.75 for 156 
pages. 
ISBN 0 56316534 O. 

Easy Programming for the BBC 
Micro: This book is explicitly a 
beginner's guide to working with 
the BBC Microcomputer . 
Starting wi th an exp lanation of 
wha t a compute r is, the author 
takes you throug h the 
complexities of BBC computing 
including animation, strings, the 
use of flowcharts, editing, arrays, 
the comprehensive sound 
capabilities of the BBC Micro 
and includes a case history of a 
bugged program. Included in 
the text are 28 complete and 
ready to run programs and 
anothe r 12 'additional programs' 
are listed at the end of the book 
which can be copied and RUN at 
any stage. 

The book was written before the 
lull BBC Manual was available 
but it is suggested that the two 
should be used in conjunction. 

Easy Programming for the BBC 
Micro by Eric Deeson is 
published by Shiva Publishing 
Limited at £5.95 for 128 pages. 
ISBN0906812216. 
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TIRED OF 
TYPING? 

Why type in 
thousands of bytes 
of BBC BASIC when 
you can buy all 
these programs 
ready to LOAD? 

Ultima 
It might look like a chessboard to you but 
it's like no game of chess that you've ever 
played! Supported by a superb Hi-Res 
graphics display of the board and the pieces 
Ultima challenges anyone to try this subtle 
variation on a theme. 

It doesn't matter if you don't know the 
rules, the micro acts as gamesmaster while 
the two human players battle it out. You 
cannot buy an Ultima chess set, so if you 
want to learn how to play this is the only way 
you'll find out how much fun it is! 

Gomoku 
The classic strategy game of five in a row. 
Simple to play, easy to learn and very 
difficult to win! 

The computer displays and manages the 
games board as well as taking the position of 
your opponent in this BBe implementation 
of the game that used to be played with 
stones on the floor! 

Multitesl 
11 you've ever wondered how you are going 
to justify your claims that you can write 
educational programs for the kids on your 
BBC Micro don't worry. We've done it for 
you. The idea is simple, it's just a 
multiplication test program but to give a 
more competitive edge the questions are 
timed and, for practice, there is the option 
of doing simple maths drills as well. 

Life 
Every computer deserves its game of Life 
and, as the BBC Micro is no exception, here 
is our version of the famous Conway 
simulation. So, get your gliders gliding and 
barberpoles spinning with our stunning new 
implementation. 
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SI George 8< The Dragon 
A high-speed graphics game in which you 
must manoeuvre bold St George through the 
woods and across the stream into the 
dragon's territory. Once there the dragon 
must be quickly slain before he can breathe 
fire on you. 

If you manage to kill off the monster it 
becomes a race against the clock to get to 
the castle and free the villagers who have 
been sheltering there. 

It's all fast and furious fun with excellent 
graphics that will appeal to the whole 
family. 

In Chorus 
The SOUND and ENVELOPE Facilities on 
the BBC Micro make it a very powerful 
music machine, provided you can figure out 
how to make them perform. The program 
given here is the supporting material for the 
article and generates the well-know Bach 
cantata, Jesu Joy of Man's Desiring. We've 
included it on the tape to save you keying in 
all those DATA statements and ending up 
with something that doesn't sound quite 
right! 

Mars Lander 
We must have all played with Lunar Lander 
type games at one time or other so why 
another? Well, it's easy to land on the Moon, 
there is only one sixth the gravity compared 
to Earth so we thought that we'd make the 
gravity variable. Not really satisfied with that 
we've added a full colour, Hi-Res Display, 
fully controllable spaceship and instrument 
read-outs too. 

The Maze 
Ever since Computing Today first published 
a three-dimensional maze game we have 
sought to go one better. Here is the ultimate 
in mind boggling mazes, a three 
dimensional three dimensional maze . You 
not only see the walls on either side but the 
floors and ceilings as well and you can move 
in any direction you like - even up and 
down. 
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~~:l~----------------------------Vi Joystick Suite 

Envelope Design 
This utility program is fully documented in 
the text but, briefly, it allows you to design 
and listen to sound envelopes drawn on the 
screen. Once you are satisfied that you've 
got it right it prints out all the necessary 
parameters for the SOUND and ENVELOPE 
commands so you can simply insert them 
into your BASIC program. 

A Graphic Demo 
How often have friends and visitors looked at 
your BBC Micro and said, "Well , show us 
what it can do!"? And, equally, how often 
have you wished that you had a simple yet 
effective demonstration program to hand? 
Wait no longer for here is a complete 
demonstration program which will show off 
the BBC 's graphics to the full. You could, 
perhaps, even combine it with the In Chorus 
program to show off the music as well. 

A set of three , inter·related programs from 
the text of this issue which enable you to 
calibrate and use any of the many joysticks 
currently on the market for the BBC Micro. 
The first p rogram is simply to identify which 
stick is which and whether it is working 
correctly, the second computes the 
operating parameters of the sticks and the 
third provides an interactive drawing and 
graphics package. If you want to use 
joysticks for games or other purposes these 
will prove invaluable utilities to posess . 

Disassembler 
One of the strong features of the BBC Micro 
is the way that you can add assembly 
language routines to BASIC programs. 
However, there comes a time when you get a 
program with machine code built in and you 
simply can't work out what it does. At this 
point you need a simple disassembler and 
that is just what we've provided here. 

i-----------------------~::~::;~~:;~:~~:;~::;:;-I BBC TAPE 1 Money Order for: (delete as necessary) 
(St George, Ultima, Gomoku, In Chorus) 0 £. ... ,(made payable to ASP Ltd) I OR debit my Access/Barclaycard 

I BBC TAPE 2 (delete as necessary) 

I (Mars Lander, The Maze, Life, Multi!es!) 0 ~ ~ 

BBe TAPE 3 
(Joystick suite, A Graphic Demo, 
Disassembler , Envelope Design) 0 

I I I I I I I I I I I 

Please use BLOCK CAPITALS 
Name (Mrl Mrs/ Missl . 

I I I 

Tapes are priced at £9.99 each (all inclusive) or you Address . 

~~. ~~eI two tapes for £15.99 or all three for , , . , , . , . , , . , , , , . , , . , ,Postcode . 

ASP Software 
ASP Ltd 
145 Charing Cross Road 
London WC2H OEE 

Signature , Date, 
Please allow 21 days for delivery I 

I 
I 
I 
I 
I 
I 
I 
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Coming to your 
newsagent soon. 

sse 
ealtlputing 

Following hot on the heels of our successful BBC-only issues of 
Personal Software comes a brand new magazine dedicated to the 
users of the BBC Microcomputer. 

Titled BBC Computing it will appear bi-monthly from April 22nd and 
costs £1.85. Right from the very first we intend to make it 
Britain's biggest magazine for BBC Micro Users with at least 120 
pages per issue. Among the host of material planned will be features 
of the various aspects of the system, courses on improving your 
techniques in graphics, sound and assembly language, reviews of 
software and new add-ons - indeed, everything a BBC MicroUser 
needs to get the best from his system. 

So, no matter whether you are a raw beginner or an accomplished 
programmer we're sure you'll find BBC Computing the magazine you 
simply can't do without! And, just to prove it, we're offering you the 
chance to take out a subscription at the same rates that you would 
pay in the shops, not a penny more. 

Don't make your BBC Micro miss out, subscribe to BBC Computing 
today! 

Cut out and SEND TO: 

BBC Computing Subscriptions 
51 3 london Road 
Thornton Heath I I I I I I I I I I I I I I I I II = 

Please use BLOCK CAPITALS and include post code.. • Surrey CR4 6AA 

Please commence rnvsublcription 
with the very n.elttissue. 

£11.10 for six issues UK 0 

NAME IMr/Mrs/Mlss) . • 

ADDRESS. • • • SUBSCRIPTION £ 13.40 for six issues 0 • 
RATES overseas surface mail PQSTCOOE . . 

(tick 0 as £21 .00 for six issues 0 Signature . = 
appropriate) overseas airmail Date. . .. . . • • • • • • • • .............................................. 



IF YOU WAN'l': 
- The Latest News on the BBC Micro 
- Top Quality Programs 
-Useful Hints and Tips 
-Honest Reviews 
-Independent Opinions 
-Local User Group Information 
-Members Special Offers 

THEN YOU NEED: 

The Newsletter of the Independent National BBC Microcomputer User Group 

MEMBEBSHIP: 
£12 for 1 year (£15 overseas) or send £1 and an A4 size SAE for a sample copy 

WBlTE TO: LASERBUG, 10 Dawley Ride, Colnbrook, Slotlgb, Berks., S13 OQH. 
MEMBERS IN 14 COUNTRIES WOBLDWIDE 

ATOM: 
Ful l n"rdwareand sotlwaresupport 

~~~ I A 
Model B 
Memory up-grades 
Repa ir service and component supply 

PA INTERS: 
SClkosha 
Epson MX80FT/3 
SCM Daisywheel 

CASSETTES: 
Matched CasseneRecorders 

MON iTORS: 

[299 
£399 

£21.99 

£215 
£385 
£485 

12" Green Screen (Hrlachi/Ph<lenix) £110 
12" Colour (Kaga) £255 
14" Colour (BMC(Cable) £255 

Suppliers to Schools and Colleges 
Maintenance Contractors 

TAPES; 
Top Tape:seeadvcrts ln Radlo Times,QFFRecords 
ooatsa li pubhshad prices 

STATIONERY' 
Moore Paragon main agents. large select ion of 
continuous stationery, lormsand labels 

NEW SHOWROOM: 

ATILITY contains seven essential routines tortr.e 
diSC based Atom: ' COPY, 'COPYl, 'COPYO, 
'RENAME, · PURGE. "BACKUP. ' AUTORUN 

£25p.p. a. VATinel. 

~~~gs~O_l raC k £199 COMPUTER HOUSE 
Shugarllwin 40-track £,299 

58 Battersea Rise 
Clapham Junction 
London SW11 1HH 

TORCH dual disc drive wilh Z80 processor, 
64K RAM. CP/M and FREE soflware 

EPROM PROGRAMMER: 
Specia lly designed lor BBC. Programs 12 
dlfferern Eproms including 27128. Includes 
screen software (dealer enquiries invited) 

Add 1S%VATto all prices, Carriageexfra 
£95 Telephone: 01-223 7730 

------, 
J 
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