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Foreword 

The Dragon 32 is much more versatile and powerful than the manual supplied with 
the machine would suggest. I was amazed to find extra graphics modes hidden 
within the computer which appear to have been completely ignored by the 
manufacturers. It is a simple task to access these extra modes, but far from simple 
to use them. In order to utilise them fully a set of graphics commands would have 
to be written (preferably in machine code) which would provide the same sort of 
commands already in Basic eg CIRCLE; SET etc. As you can imagine this is not a 
trivial exercise and would no doubt form the basis of another book. 

If speed is not important then the Basic POKE and PEEK commands can be used to 
give a little variety to your graphics programs using the simple driver routines 
included in this book. Nothing like moving graphics will be possible though 
because of the time involved in working through a whole screen full of data (try 
running the Low Resolution Mode 24 routine). 

This situation can be improved slightly by increasing the processor clock rate as 
described later in the Dragon Companion Book. (Try the same Low Resolution 
Mode 24 routine again but this time at the faster clock rate). 

When you have finished experimenting with graphics using Basic you might like to 
look at the way the Basic interpreter is written. The Disassembler program gives 
you the means of seeing what a really large machine language program looks like. 
With it you can disassemble the Basic ram and search for the many useful 
subroutines which must be hiding in there but have not yet been discovered. It may 
be possible, for instance, to find some graphics primitives which would greatly 
improve the speed of the extra graphics modes already described. 

When you have found these routines or written them yourself, you can add 
commands to Basic and so extend the language in whichever way you like. The 
possibilities are bounded only by your imagination and expertise. 

For the less adventurous there is a simple way of building up a library of useful 
subroutines which can be stored on tape and added to programs when needed. 
The method described here in this book enables you to add a routine from tape to 
the end of a program already in memory, ie the use of CLOAD need not destroy 
what is already there in the machine. 

I hope this book provides you with the1 sort of information you need and that you 
enjoy reading it- I have certainly enjoyed researching and writing it. 
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Extra Graphics Modes 

The Dragon uses a Motorola 6847 video-display-generator to control the colour 
graphics and text screens. It is a versatile chip capable of some amazing displays 
but unfortunately is not fully utilised by the version of Basic on the machine. 
According to the manual supplied with the Dragon there are five graphics modes 
Plus the text and low resolution graphics modes available to the user giving seven 
in all. There are in fact another seven modes hidden in the machine which are really 
quite easy to manipulate even without the sophisticated commands provided 
through Basic. 

We can take control of the VDG by poking values into the SAM bits (synchronous 
address multiplexer) towards the top of the Dragon's memory. The mode is 
selected through location 65314 and the memory mapping for that mode ,s 
governed by locations 65472 to 65477. The mode selection procedure is 
summarised at the end of this section. 

The following pages describe each mode in some detail and can be used as 
reference guides. 

TEXT MODE 

There is a one to one correspondence between text screen locations and video 
memory locations which means that characters can be poked onto the screen. The 
character set is built into the VDG and has one or two peculiarities. Firstly, there 
are no lower case characters (except when using a Printer)-you choose between 
inverted and non-inverted text. Secondly, the code used to represent the 
characters is a modified version of the ASCII standard. The characters and their 
codes are shown in character table 1. Each character is represented by an eight bit 
byte the most significant bit of which is always zero. The second most significant 
bit governs whether the character is inverted or not. 

The text screen is divided into 512 locations (16 rows of 32 columns) and its normal 
address space is from 1024 to 1535. 

LOW RESOLUTION GRAPHICS MODES 

I have used the name 'low resolution' to signify that these modes rely on dividing 
each character position on the screen into a number of elements called pixels 
(picture elements). Each mode is numbered according to the number of pixels to 
each character position. Only one low resolution graphics mode is implemented in 
the Microsoft Basic on the Dragon but there are in fact five modes available. 
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LOW RESOLUTION MODE 4
This is the only low resolution mode supported by Basic and is normally 
manipulated by SET, RESET etc. Text and graphics characters can be freely mixed 
on the screen in this mode. Graphics characters are distinguished from text 
characters by setting the most significant bit to one. In this mode any byte with bit 
7 set to a one is interpreted by the VDG as a graphics character. 

Each byte is divided into a number of sections which govern the colour for the 'on' 
pixels and also which pixels will be 'on'. 

ONE CHARACTER ONE BYTE 
PIXEL PIXEL 

3 2 1 [ c2 j c 1 j co j P3 j P2 j P1 j PO ]

PIXEL PIXEL COLOUR PIXEL ON/OFF 
1 0 

A one in any of the lower four bits will light that pixel on the screen to the 
colour indicated by the code in bits 4, 5 and 6. 

All eight colours can be specified ('off' pixels are always black). The colours are 
selected using the following code: -

000 GREEN 
001 YELLOW 
010 BLUE 
011 RED 
100 BU FF 
101 CYAN 
110 MAG ENTA 
111 ORANG E 

There are 512 character positions on the screen and as each character can be 
divided into 4 pixels this mode has a resolution of 64 by 32. 

This, together with the text mode, is the default one which is selected whenever a 
return to Basic command level is made. Should you wish to select the mode other 
than through the commands provided in Basic the example program shows how to 
go about it. 
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1000 REM 
1010 REM LOl·J RES. MODE 4 
1020 REM 
1030 REM SET UP VIDEO MEMORY MAPPHJG FOR MOr.>E4 
1040 POKE 65472., 1 POKE 65474,. l PCW:E 6547f.., 1 
1050 REM :::ELECT THE MODE 
1060 POKE 65314 ., 0 
1070 FOR !=0 TO 511 
10:30 :,�= 128+Rt-lD( 127) ·' r.:A,lDOM VALUE FOR P rnEL::: AtlCo COL OUR:,: 
W90 REM PUT THE PD<EL:3 PAt·lDOML'l 0,1 THE :3CREl:'Jl 
1 1()0 POKE 1024+nl0( 511 \, :� 
1110 ,lEXT I 
1120 FOR T=l TO 500 ,lEXT T ' :3MALL DELAY 
1 t:30 FOR I =0 TO 15 ·' t·JUt•1BER OF F.:Ol,JS 
1140 FOR .J=0 TO 31 ' ,11Jt18ER OF COUJMts::: 
1 150 REM HOR I ZOt-ffAL LI t•E:3 
1161:1 POKE 1024+ I :�32+), ( 128 + Rt,D( 127) ::o 

1170 NE:'(T .J ,. I 
1180 FOR T=l TO 500 MEn T ' :::MAI_L C•ELA'r 
1190 FOR I =(1 TO 15 ·' ROWS 
1200 ;,:=12:3+F-:t-lD( 127) ' VAUJf: FOR Pl:<:EL:3 AN[• COLOUR::: 
1210 FOF-: .J=O TO 31 ,. COLIJt1•l:3 
122(1 REM THI:3 TIME THE •lHOLE RO�J .HLL BE THE SAME CHi1RfKTEr., 
1230 POKE 1024+ 1*32+._I, ;,( 
1240 tJEXT ._I., I 
1250 FOR T=l TO 500 t·JE>,:T T ' 9·1RLL C•ELA'l' 
1260 REM THI::: TIMF. FILI_ THE :::CREPl l,JITH ',,'ERTIUil_ LUU:::: 
127(1 FOF-: .J=O TO :31 ' COLUt1r·l::: 
1280 FOR I =O TO 15 ' �:O�J:3 
1290 ;�= 128+Rt-j[)( 127::, ' './11LUE FO�: PI ;4]_:3 R!J�:, COLOUR:,: 
1300 POKE 1024+ il32+._I, �; ' PUT IT Clt·l THE SCPEF:·• 
1310 NEXT I,.J 

1:320 FOF-: T=i TO 500 t-JE)H T ,. LA:::T DEU'IY 
1:330 GOTOW7e 
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LOW RESOLUTION MODE 6
Each character position in this mode is divided into six pixels and one byte of 
memory is used to govern both colour and whether they are lit. The increase in 
resolution without using more memory than mode 4 is paid for by cutting down on 
the number of colours available. 

Each byte is divided as follows: -

ONE CHARACTER ONE BYTE 
PIXEL PIXEL 

5 4 1 I co I P5 I P4 I P3 I P2 I P1 PO

PIXEL PIXEL COLOUR PIXEL ON/OFF 
3 2 

PIXEL PIXEL 
1 0 

Notice that the colour defining field is bit 6. This means that only 2 colours can be 
selected but to make things a bit better the possible colours are divided into two 
groups. Each group is selected by toggling bit 4 in address 65314. A zero in this 
position selects blue or red while a one selects magenta or orange. 

Colour codes for the field in the video memory bytes are: -

Mode 6 has a resolution of 64 by 48. 

0 MA GENT A or BLUE 
1 ORANG E or RED 
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1000 REM 
1010 REM LOW RES. MODE 6 
1020 REM 
1030 INPUT "COLOUR SET (1/2) "; S
1040 IF S=l THEN C=8 ELSE IF S=2 THEN C=0 ELSE GOTO 1030  
1050 REM SET UP VIDEO MEMORY MAPPING 
1060 POKE 65472,1 : POKE 65474,1 : POKE 65476,1
1070 REM SELECT THE MODE 
1080 POKE 65314,16+C 
1090 REM HORIZONTAL LINES 
1100 FOR I=0 TO 15 STEP 2 
1110 LI=32*I 
1120 FOR J=0 TO 31 STEP 2 
1130 POKE 1024+LI+J,25+128 
1140 POKE 1024+LI +J+1, 25+128+64 
1150 NEXT J, I 
1160 FOR I=1 TO 15 STEP 2 
1170 LI = 32*1 
1180 FOR J=0 TO 31 STEP 2 
1190 POKE 1024+LI+J,38+128 
1200 POKE 1024+LI +J+1, 38+128+64 
1210 NEXT J, I 
1220 FOR T=1 TO 500 : NEXT T: ' SMALL DELAY
1230 REM VERTICAL LINES 
1240 FOR J=0 TO 31 
1250 FOR I=0 TO 15 
1260 LI=32*I 
1270 POKE 1024+LI+J,128+RND(127) 
1280 NEXT I,J 
1290 FOR T=l TO 500 NEXT T:' SMALL DELAY
1300 GOTO 1100 

9 



LOW RESOLUTION MODE 8
The space corresponding to one character position on the text screen is divided 
into eight pixels in this mode. It is easier to visual ise the effects of mode 8 if we now 
think about rows and colu mns . The resolution in this mode is 64 by 64 pixels with 
each byte of video memory controll ing two adjacent pixels on the same row. This 
requires 2048 bytes to control the whole screen and enables all eight colou rs to be 
specif ied (the two pixels controlled by the same byte obviously being the same 
colour ) . 

The fields within each byte are : -

ONE CHARACTE R  FOUR BYTES 

1 C2 C1  co P7 P6 xx xx P I X EL P IXEL 
7 6 

1 C2 C1 co P5 P4 xx xx PIXEL PIXEL 
5 4 

1 C2 C1 co xx xx P3 P2 PIXEL PIXEL 
3 2 

1 C2 C1 co xx xx P1 PO 
PIXEL PIXEL 

1 0 

COLOUR PIXEL ON/OFF 

Colou r codes are the same as for mode 4, ie .  
000 GREEN 
00 1 YELLOW 
0 1 0  BLUE 
01 1 RED 
1 00 BUFF 
10 1  CYA N  
1 1 0 MAG ENTA 
1 1 1  ORANGE 

1 0  



1 000 REM 
1 0 1 0  REM LOW RES. MODE 8 
1 020 REM 
1 030 REM SET UP V I DEO MEMOR'( MAPP I NG 
1 040 POKE 65472 , 1 , POKE 65475 , 1 , POKE 65476 , 1 
1 050 REM SELECT THE MODE 
1 060 POKE 653 1 4 , 0 
1 070 REM F I LL SCREEt� rn 4 PASSES 
1 080 FOR ! =0 TO 63 STEP 4 
1 090 ROW = 1 *32 
1 1 00 FOR .J=0 TO 3 1  
1 1 1 0  C = RND( 7 )* 1 6  
1 1 20 POKE 1 024+ROW+J , 1 28+C+8 
1 1 :30 NEXT .J , I 
1 1 40 FOR 1 = 1  TO 63 STEP 4 
1 1 50 ROW = 1 *32 
1 1 60 FOR J=0 TO 3 1  
1 1 70 C = RND< 7 >* 1 6  
1 1 80 POKE 1 024+ROW+J , 1 28+C+4 
1 1 90 NEXT J ,  I 
1 200 FOR 1 =2 TO 63 STEP 4 
1 2 1 0  ROW = 1 *32 
1 220 FOR J=0 TO 3 1  
1 230 C = RND< 7 >* 1 6  
1 240 POKE 1 024+ROW+J , 1 28+C+2 
1 250 NEXT .J , I 
1 260 FOR !=3 TO 63 STEP 4 
1 270 ROW = 1 *32 
1 280 FOR J=0 TO 3 1  
1 290 C = RND< 7 )* 1 6  
1 300 POKE 1 024+ROW+J , 1 28+C+ 1  
1 3 1 0  NEXT .J ,  I 
1 320 GOT0 1320 



LOW RESOLUTION MODE 12
Each character position in this. mode is divided into twelve pixels and, like mode 8 ,  
each row o f  two pixels within a character position is represented by one byte in 
video memory. Consecutive bytes in video memory represent consecutive double 
pixels across the screen (again like mode 8) so that the second row within a 
character position is governed by the byte 32 further on in video memory . 

A character position is made up as follows : -

ONE CHARACTER SIX BYTES 
PIXEL PIXEL 

11 1 0  1 C2 C1 co P11 P10 xx xx 

PIXEL PIXEL 
9 8 1 C2 C1  co pg P8 xx xx 

PIXEL PIXEL 
7 6 1 C2 C1 co P7 P6 xx xx 

PIXEL  PIXEL 
5 4 1 C2 C1 co xx xx P5 P4 

PIXEL PIXEL 
3 2 1 C2 C1 co xx xx P3 P2 

PIXEL PIXEL 
1 0 1 C2 C1 co xx xx P1  PO 

COLOUR PIXEL ON/OFF 

As can be seen, it  take six bytes to control a �ingle character position . This mode 
therefore requires 512 x 6 = 3072 bytes of video memory . The colour codes are the 
same as for modes 8 and 4 giving an eight colour 64 by 96 mode, ie . 

000 G R EEN 
001 YELLOW 
0 1 0  BLUE 
011 RED 
100 BU FF 
101 CYA N  
1 1 0  MAGENTA 
111 ORANGE 
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1000 REM 
1010 REM LOW RES MODE 12 
1020 REM 
1030 REM SET UP VIDEO MEMORY MAPPING
1040 POKE 65472, 1 : POKE 65474, 1 : POKE 65477, 1
1050 REM SELECT THE MODE 
1060 POKE 65314, 0 
1070 REM FILL SCREEN IN 6 PASSES 
1080 FOR I=0 TO 5 
1090 FOR J=I TO 95 STEP 6 
1100 ROW = J*32 
1110 FOR K=0 TO 31 
1120 C = RND(7)*16 
1130 IF I<3 THEM N = RND(2)+6 ELSE N = RND(2) 1140 POKE 1024+ROW+K, 128+C+N 
1150 NEXT K,J, I 
1160 FOR T=l TO 500 NEXT T: ' SMALL DELAY
1170 REM VERTICAL LINES 
1180 FOR J=0 TO 31 
1190 FOR I=0 TO 95 
1200 POKE 1024+1*32+J, 128+RND(127) 
1210 NEXT I,J 
1220 FOR T=l TO 500 NEXT T:' SMALL DELAY 
1230 GOTO 1080  
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LOW RESOLUTION MODE 24 

This is the last of the low resolut ion graph ics modes and it d iv ides the character 
posit ion into twenty fo•J r  pixels i n  the usual way ie. 2 by 1 2 .  I t  is an  eight co lour 
mode and is very s imi la r  to modes 12 and 8 where each row in  a character posit ion 
is represented by bytes th i rty two add resses apart .  The usual table fol lows :  -

O N E  C H ARACTER TWE LVE BYTES 

P IXEL  P IXEL  
23 22 1 C2 C l  co P23 P22 xx xx

P IXEL  P IXEL  
2 1  20 1 C2 C l  co P21 P20 xx xx 

P IXEL  P IXEL  
1 9  1 8  

1 C2 C l  co P 1 9  P 1 8  xx xx

P IXEL  P IXEL  
17  1 6  1 C2 C l  co P 1 7  P 1 6  xx xx 

P IXEL  P IXEL  
1 5  1 4  1 C2 C l  co P 1 5  P 1 4  xx xx

P IXEL  P IXEL  
13  1 2  1 C2 C l  co P 1 3  P 1 2  xx xx

P IXEL P IXEL  
1 1 1 0  1 C2 C l  co xx xx P 1 1 P 1 0  

P IXEL  P IXEL  
9 8 

1 C2 C l  co xx xx pg PS 

P IXEL  P IXEL  
7 6 

1 C2 C l  co xx xx P7 P6 

P IXEL  P IXEL  
5 4 

1 C2 C l  co xx xx P5 P4 

P IXEL  P IXEL  
3 2 

1 C2 C l  co xx xx P3 P2 

P IXEL P IXEL 
1 0 

1 C2 C l  co xx xx P l  PO 

COLO U R  P I X E L  O N / O FF 

Here we have an  e ight co lour 64 by 1 92 mode wh ich requ i res 6 144 bytes of video 
memory .  The usual co lour  codes app ly :  -

000 G R EEN 
00 1 YELLOW 
0 1 0  B L U E  
0 1 1 R ED 
1 00 B U F F  
1 0 1  CYAN 
1 1 0 MAG ENTA 
1 1 1  ORAN G E  
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1 000 REM 
1 0 10 REM LO�J �:E :3 . MO[iE 24 
1 020 REM 
HBO REM SET UP V WEO MEMOR\' MAPP HlG  
1 040 F'OKE 65472 ., 1 POKE 65475 , 1 POKE 65477 ,  1 
1 050 REM :,;ELECT THE MODE 
1 060 POKE 653 1 4 , f1 
1070 REM F I LL :3CREEM Hl 12 PASSES 
1 080 FOR ! =0 TO 1 1  
1 090 FOR J= I TO 1 9 1  STEP 1 2  
1 1 00 ROW = .J:t.:32 
1 1 1 0 FOR k:=(l TO 3 1  
1 1 20 C = RNDC 7 )tl 6 
1 t :30 I F  I < 6 THEM tl = RND( 2 )+6 ELSE t·l = RND( 2 ) 
1 1 40 POKE W24+RmJ+K ., 128+C+N 
1 1 50 tlrnT K ,  .J , I 
1 160 FOR T=! rn · 500 NrnT T · ' SMALL DELA',' 
1 1 70 REM FI LL SCREEtl �J ITH VERT I CAL L I  HES 
1 1 80 FOR .J=O TO 3 1  
1 1 90 FOR 1 =0 TO 1 9 1  
1 200 POKE 1-024+ ! :t32+J , 1 28+RN[i( 127 ) 
1210 t·lE:c<T L .J 
1220 FOR T= l TO 500 NEXT T ' SMALL CHAY 
1 230 GOTO 1 080 

M IX ING  TEXT A N D  G RAPH ICS I N  THE LOW R ESOLUTION  MODES 

Text can be mixed with modes 8, 1 2  and 24. The method is quite simply to poke 
the required ASC I I  value into all bytes governing a particular character position on 
the screen. This means that 4, 6 and 1 2  pokes respectively for a single character . 
The process is slow in Basic but would be acceptable in machine code. 
Try the following short example : 

1 000 REM SELECT MODE 24 
1 0 10 POKE65472 , 1 ' POKE65475 ., 1 ,  POKE65477 ., l ,  POKE653 1 4 , 0 
1 020 REM SELECT START OF A CHARACTER POC,; I T IO fl 
1 030 FOR S=&HAOA TO &HA I R  
1040 REM POKE :3At1E VALUE T O  ALL B"!TES I tl THIS CHARACTER POS I T ! Otl 
1 050 FOR I =0 TO 32:t.1 1 :3TEP :32 
1 060 POKE S+ l , &H45 
1 070 NEXT l , S  
1 080 GOTO 1 08f1 
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The remaining eight modes can be thought of as the true graphics modes in that 
we no longer think in character positions. Only five of the eight are implemented in 
Basic. I will describe each mode in turn indicating which are supported by Basic 
and also how to control all of them without using the special Basic commands. 

Bit mapping of the display follows the same conventions for each of the eight 
modes I am about to describe . The modes are either two or four colour and so each 
pixel can be represented by one or two bits respectively. This means that a single 
byte can represent eight or four consecutive pixels on the same screen row, 
depending on whether the mode is two or four colour , eg. 

ONE B YTE 
TWO COLOUR DISPLAY 

J c J c J c J c J c J c J c J c J

Each bit represents a single 
p i xe l  in one of two colours . 

ONE B YTE 
FOUR COLOUR DISPLAY 

I c1 j co i  c1 j coj c 1 j co j  c1 j co j  

Each set of two bits represents 
a single pixel in one of four 
colours . 

The co lou r sets are : 
Two-colou r . . .  BLACK and GREEN or BLACK and BU FF 
Fou r-colou r . .  . GREEN, YELLOW, BLU  E and RED, or B U  FF,  CYAN, MAG ENTA 
and ORANG E 
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64 BY 64 FOU R  COLO U R  MODE  

( not supported b y  Basic ) 

This mode requ i res 1 024 bytes of video memory to display a fu l l  screen . The sample 
program gives a l l  the information you need in  order to select the 64 by 64 fou r  
co lour  mode .  

1000 REM 
1010 REM 64 X 64 FOUR COLOUR MODE 

1 020 REM 
H J30 REM SELECT CORRECT I/ I DEO MEMOR'v' MAPP I NG 
1 040 POKE 65473 , 1 , POKE 65474 ., 1 , POKE 65476, 1 

1050 REM SELECT 64 X 64 MODE 
1060 REM COLOUR SET I S  SELECTED BY MAK I NG C = 0 OR 8 

1 070 C=0 
1 080 REM CHANGE COLOUR SET 
1 090 IF C=<0 THEt-l C=<8 ELSE C=<0 
1 100 POKE 653 1 4 , 128+C 
1 1 10 FOR ! =0 TO 1 023 
1 120 POKE 1024+ I . , R�lD( 255 ) 

1 t:30 NEXT I 
1 140 FOR ! =1 TO 1000 �lEXT 
1 150 FOR T= 1 TO 500 NEXT T ' SMALL DELAY 
1 160 REM VERT ! CAL L I NES t,ow 
1 170 FOR J=<0 TO 3 1  STEP 2 
1 180 FOR ! =0 TO 3 1  
1 1 90 REM RANDOM COLOURS 
1 200 X=<R�l[)( 255 ) 
1 2 10 REM POKE THEM ONTO THE SCREEN 
1 220 POKE 1024+ 1*32+.J ., X 
1 230 NEXT I ,  J 
1 240 FOR T=< l TO 500 MEXT T ' ANOTHER DELA'r' 
1 250 GOTO 1 090 
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1 28 BY 64 T
W

O COLO U R  MODE  

(not supported by Basic) 
This mode uses 1 024 bytes of video memory and again the example program gives 
all the information necessary. 

! OrJO F:EM
1 0 1 0  REM 1 28 :,� 64 mo COLOUR MO[>E 
1 020 REM
uno REM :3ELECT COF.:RECT './ 1( :,EO MEMORY MAPP ! rlG
! 04f.i POk:E 6547:3 , 1 F ·OKE i.'-5474 ., 1 POK:E ,:,547,s , l 
Ul50 REM :3E I_ECT MO[)E 
W60 REM COLOUR :3ET  E: f;ELECTEO E:'l t·!W HIG C = C1 OP 8 
1 070 C=O 
1 080 REM CHANGE COLrnJR SET 
1 £190 IF C:=0 THEM C=:3 ELSE C=O 
1 1 00 POKE 65:314 , 1 28+ I 6+C 
1 1  W FOR ! =�_! TO W2'.:: 
1 1 2£1 POKE 1 (124+ I , Rtl[)( 255 ', 
1 1 31,1 t l f_:::,:T I 
1 1 40 FOR T= l TO 500 NE:n T ' :,MALL DELA\' 
1 1 50 REM './ERTICAL L l.t·lE::; 
1 1 60 FOF.: .)=�, TO 1 5  
1 1 70 FOR ! =0 T O  63 
1 1 80 REM RAt·l[)OM COLOURS 
1 1 90 :i=HIN 255 > 
1 200 FC:KE 1 024+ Il 1 6+._i , :,: 
1 2 1 0  NEXT L J  
1 220 FOR T= l TO 58(1 t ic:,:r T ' A t·K•THEP [if:LAY 
1 23(1 GOTO H J98 
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128 BY 64 FOU R  COLO U R  MODE 

(not supported by Basic) 
Double the number of colours over the 1 28 by 64 two colour mode means that this 
mode must have 2048 bytes for a full video screen. A similar demonstration 
program gives all the information on selectinq the mode. 

1 000 REM 
1010 REM 1 28 X 64 FOUR COLOUR MOC,E 
1 020 REM 
1 030 REM SELECT CORRECT V I DEO MEMORY MAPP ! MG 
1040 POKE 65472 , l POKE 65475 ., 1 POKE 65476 ., 1 
1 050 REM SELECT MODE 
1060 REM COLOUR SET I S  SELECTE[> B'r MAK rnG C "' 0 OR :3 
1070 C:c0 
1 080 REM CHAflGE COLOUR :;ET 
1 090 IF C:c0 THEfl C:c8 ELSE (::cO 
1100 POKE 653 1 4 , 1 28+32+C 
11 10 FOR I :c0 TO 2047 
1 1 20 POKE 1 024+ I , Rt·iC,( 255 ) 
1 1 30 NEXT I 
1140 FOR T= 1 TO 500 t4EXT T ' SMALL CHAY 
1 1 50 REM VERT! CAL LI t lE :3 
1 1 60 FOR J:c0 TO 31 
1 1 70 FOR ! =0 TO 63 
1 1 80 REM RANDOM COLOURS 
1 190 X:cRND( 255 ) 
1200 REM PO�:E THEM OtHO THE :3CREEt4 
1 2 1 0  POKE 1024+ I t32+J , X 
1220 NEXT I , .J 
1 230 FOR T:c 1 TO 500 NEXT T " ANOTHER DELA'r' 
1 240 GOTO 1 090 
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128 BY 96 TWO COLOU R MODE
( Basic - PM ODE 0) 
Memory requirements here are 1 536 bytes per screen. This mode is fully supported 
by Basic with PSET etc. but in order to make the information in this book complete 
I will give the 'manual '  method of selection. 

1 000 REM 

1 0 1 0  REM 1 2 8  X 96 mo COLOUR MODE 

1 0,�0 REM 

1 030 REM SELECT CORRECT \/ ! DEO MEMOR'l MAPP I NG 

1 040 POkE 65473 , 1 POKE 65475 ., 1 POKE 65476 ., 1 

1 050 REM SELECT MO['iE 

1 %0 REM COUJUR ::;ET J :3  SELECTEO BY MAK H <G C = 0 OR 8 

1 €170 C=O 

·1 080 REM CHAt·lGE COLOUR :3ET

1 090 I F  C:=0 THHJ C=8 ELSE C=i3 

1 1 00 POKE 653 1 4 ., 1 28+32+ 1 6+C

1 1 1 0 FOR ! =O TO 1 535

1 1 20 POKE 1 024+ I ,  R�l[i( 255 ) 

l t :30 NEXT I 

1 1 40 FOR T=l  TO 500 NEXT T 
' 

::;MALL [iELRY

1 1 50 REM VERT ! CAL LI tlES

1 1 60 FOR _1=0 TO 1 5

1 1  7 0  FOR I = O  T O  95

1 1 80 REM RAtl[;OM COLOURS

1 1 90 X=RND( 255 ) 

1 200 F.:EM F'OKE THEM OtHO THE SCREEM

1 2 1 0  POKE 1 024+ I t 1 6+J , X

1 220 tlE:�T L _I 

NEXT T ' A�JOTHER DELA',' 1 230 FOR T= l TO 500  : 

1 2 40 GOTO 1 090
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128 BY 96 FO U R  COLO U R  MODE
( Basic-PMODE 1 )  
3072 bytes per screen are required in this mode because of the doubling of the 
colours available over the 1 28 by 96 two colour mode . The same simple program is 
used to demonstrate calling the mode . 

1 000  REM 
1 0 1 0  REM 1 28 :,: 96 FOUR COLOUR MO[>E 
1 020 REM 
1 030 REM SELECT CORRECT V I DEO MEMOR'r' MAPP ! t-lG 
1 040 POKE 65472 , 1 POKE 65474 ., 1 POKE 65477 ., 1 
1 050 REM SELECT MODE 
1 060 REM COLOU�: :3ET IS SELECTED BY MAKI NG C = 0 OR 8 
1 0?0 C=0 
1 080 REM CHANGE COLOUR SET 
1 090 IF C=0 THEM C=8 ELSE C=0 
1 1 00 POKE 653 1 4 ,  1 28+64+C 
1 1 1 0 FOR 1 =0 TO 30? 1 
1 1 20 POKE I 024+ I , RND( 255 ) 
I 1 :30 �JEXT I 
1 1 40 FOR T= 1 TO 500 NEXT T ' SMALL DELA'i 
1 1 50 REM VER T I CAL L I NES 
1 1 60 FOR J=O TO 3 1  
1 1 70 FOR 1 =0 T O  95  
1 1 80 REM  RANDOM COLOURS 
1 1 90 :X:=RtW< 255 ) 
1 200 REM POKE THEM o�no THE SCREEN 
1 2 1 0  POKE ! 024+ l t32+J , X  
1 220 tJEXT I , ._1 
1 230 FOR T= l TO 500 tJf:XT T ' AIWTHER DELAY 
1 240 GOTO 1 090 
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128 BY 192 TWO COLOUR MODE
( Basic - PM ODE 2 )  
Half the colours available but double the vertical resolution means that this mode 
has the same memory requirements as the 128 by 96 four colour mode. 

1 000 REM 
1010 REM 128 X 1 92 mo COLOUR MO[,E 
1 020 REM 
1030 REM SELECT CO�'.RECT V ID E O  11Et10R'T' MAPP ! rlG 
1 040 POKE 65473 ., 1 Pm'.E 65474 , 1 POKE 65477 ., 1 
1050 REM :3ELECT MOOE 
1 060 REM COLOUR SET IS SELECTE[) B'l MAk: rnG C = 0 OR 8 
1070 (::.,0 
1 080 REM CHAtlGP COLOUR SET 
1 090 IF C:=0 THEM C=8 ELSE C=0 
1 1 00 POl<E 65:314 , 1 28+64+ 1 6+C 
1 1 10 FOR 1 •0 TO :307 1 
1120 POKE 1024+ I , RND( 255 ) 
1 1:30 NEiiT I 
1 1 40 FOR T= 1 TO 500 t�EXT T ' SMALL [>ELAY 
1150 REM VERT I CAL L I NE:3 
1 1 60 FOR J•O TO 1 5  
1170 FOR I =O T O  1 9 1  
1180 REM RA�le>OM COLOURS 
1 1 90 X=RND( 255 ) 
1 200 REM POKE THEM ONTO THE SCREEt·l 
12 1 0  POKE 1 024+ 1* 1 6+J , X 
1 220 �lEXT I ,  J 
1230 FOR T = l  TO 500 NEXT T ' ANOTHER DELAY 
1 240 GOTO 1 090 
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1 28 BY  192 FOU R COLOU R MODE
( Basic-PMODE 3) 
Double the number of colours available over the previous mode makes a full screen 
use 6 1 44  bytes. 

1 000 REM 
1 0 1 0  REM 1 28 X 1 92 FOUR COLOUR MODE 
1020 REM 
1 030 REM SELECT CORRECT '-I I DEO MEMORY MAPP HJG 
1 040 POKE 65472 , 1 POKE 65475 , 1  POKE 65477 , 1 
1 050 REM SELECT MODE 
1 060 REM COLOUR SET IS SELECTE[, BV MAK I NG C "" 0 OR 8 
1 070 C=0 
1 080 REM CHANGE COLOUR SET 
1 090 I F  C'='0 THEM C,,,8 ELSE C"'0 
1 1 00 POKE 653 1 4 , 1 28+64+32+C 
1 1 1 0 FOR 1 "'0 TO 6 1 43 
1 1 20 POkE 1 024+ I ,  Rt,D( 255 > 
1 1 30 NEXT I 
1 1 40 FOR T= 1 TO 500 t,EXT T ' SMALL DELAY 
1 1 50 REM VERT I CAL L HlES 
1 1 60 FOR J=0 TO :31  
1 1 70 FOR 1 =0 TO 1 9 1  
1 1 80 REM RAtlDOM COLOURS 
1 1 90 X=RNN 255 > 
1 200 REM POkE THEM o�no THE SCREE�l 
1 2 1 0  POkE 1 024+ I *:32+J , X  
1 220 tlEXT I . .  _I 
1 230 FOR T,,, 1 TO 500 NEXT T ' AtKITHER DELA'r'
1 ,:40 GOTO 1 090 
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256 BY 192 TWO COLOU R MODE
( Bas ic - PMODE  4) 

This is the last mode ava i l ab le  i n  the Dragon and requ i res 6 144 bytes of video 
memory for a fu l l  screen .  

1 (10(1 REM 
1 0 10 REM 256 :� 1 92 TWO COLOUR MO[)E 
1 020 REM 
1 030 REM SELECT CORRECT V WEO MEMOP.'i t1APP Jt lG 
1 040 POKE 65472 , 1 POKE 65475 , 1 POKE 65477 , 1 
1 050 REM ::ELECT MODE 
1 060 REt1 COLOUR SET JS :3ELECTED BY MAU t·lG C = (1 OP. 8 
1 070 C=O 
1 080 REM CHANGE COLOUR :3ET 
1 090 I F  C=0 THEN C=8 ELSE C=0 
1 1 00 POKE 653 1 4 , 1 28+64+32+C 
1 1 1 0 FOR 1 =0 TO 6 1 43 
1 1 20 POKE 1 024+ 1 , RND( 255 ) 
1 1 30 t·lrnT I 
1 1 40 FOR T = 1 TO 500 t�EXT T ' SMALL [:oELAY
1 1 50 REM VERT I CAL L HlE:3 
1 1 60 FOR J=0 TO 3 1  
1 1 70 FOR ! =0 TO 1 9 1 
1 1 80 REM �:ANDOM COLOUR::: 
1 1 90 :�=Rt·lN 255 ) 
1 20(1 REM POf'.E THEM OtHO THE :::CREEH 
1 2 1 0  POKE 1 024+ I *32+J , X  
1 22£1 t·�E:i<T I ., ._I 
1 2 :313 FOR T = 1 TO 500 t·lEXT T ' AelOTHEP. DELR'r' 
1 '?40 GOTO 1 090 
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VDG MEMORY MAPP I N G  AND MODE SELECTION
The following tables summarise the information contained in the example 
programs so far. 

Dec i ma. \ addres::. 
654?2 
65473 
65474 
65475 
65476 
65477 

Hex address . . .  Func t i on 
FFC0 . • Ci_EAR B I T  0 
FFC l . .  SET B I T  0 
FFC2 . • CLEAR B I T  1 
FFC3 . . SET B I T  1 
FFC4 . . CLEAR B I T  2 
FFC5 . . SET B I T  2 

Table 1 .  - The six locations from 65472 to 65477 control the memory mapping 
mode of the VDG. Table 2 explains the memory maps selected by the various bit 
patterns . 

VDG MEM . MO[',E B I T  PATTERt, BYTES PEP 

0 0 0 0 rt5 1 ?  
1 0 0 1 1 024 
2 0 1 0 2048 

3 0 1 1 1 5-::� 
4 1 0 0 :3072 
5 1 0 1 307'.' 
6 1 1 0 6 1 44 

Table 2 .  - The bit patterns above are set up in the SAM bits by p0kes into locations 
65472 to 65477 as shown in Table 1 .  

MODE • • • • • • • . • . B I T  PATTERt,

TrnT / LOL-J RESOLUT I ON 4 .  
Lal� RESOLIJT I O�l 6 

0 0 0 "' 0 0 0 0  
0 0 0 1 �: 0 0 0  

. 0 0 0 0 0 0 0 0 
. 0 0 0 0 0 A � 0 

LOW RESOLUT I ON 8 
LO�l RESOLUT I  Ofl 1 2 .  
L.O�l RESOLUT ! Ot, 24 . 
64 B'( 64 FOUR COi_ . 
1 28 BY 64 TWO COL . 
128 BY 64 FOUR COL
1 28 8'( 96 rno COL . 
1 28 BY 96 FOUR COi_ 
1 28 BY 1 92 TL-JO COL
1 28 BY 1 92 FOUR COL . 
,�56 BY 1 92 mo COi_ 

0 0 0 0 0 0 CJ 'l 
1 0 0 0 :� 0 0 ri  
1 0 0 1 X 'l 0 0  
1 0 1 0 x 0 0 0  
1 0 1 1 X 0 0 0  
t 1 0 0 X 0 0 0 
1 1 0 1 X tJ 13 CJ 
1 1 1 0 �; 13 0 0  
l 1 1 1 X 0 0 13 

Table 3. - This table shows the bit patterns to be poked into location 65314 for 
graphic mode selection. The X can be either 1 or 0 and indicates the colour set 
selected. 
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VIDEO MEMORY BASE-PAGE LOCATION
Now that we can select any of the fourteen modes provided by the VDG without 
using Basic graphic commands we are in a posit ion to be able to write our own 
machine code programs which take advantage of them. There is , however,  a very 
important feature of the Dragon's graphics still to be explained and that is the 
specification of the start of video ram. This is important because several pictures 
can be held in memory at the same time and a form of animation ach ieved by 
switching rapidly between them. 

The Dragon uses locations 65478 to 65491 to control a seven bit value in the SAM 
bits which when multiplied by 5 1 2  gives the address of the start of the video ram. 
Table 4 explains the functions of the locations. 

DEC I MAL ADDRESS HEX At,DRESS FIJNCT I O�l 

65478 . FFC6 .  CLEAR B I T  0 
65479 . FFC7 . SET B I T  0 
65480 FFC8 . CLEAR B I T  1 
6548 1 FFC9 . SET B I T  1 
65482 FFCA . CLEAR B I T  2 
65483 FFCB . SET B I T  2 
65484 FFCC . CLEAR B I T  3 
65485 . FFCD . SET B I T  3 
65486 FFCE . CLEAR B IT  4 
65487 . FFCF . SET B I T  4 
65488 . FFD0 . CLEAR B I T  5 
65489 . FFO l . SET B I T  5 
65490 FFD2 . CLEAR B I T  6 
6549 1 FFD3 . SET B I T  6 

Table 4 .  - The Dragon calculates the video base-page location by multiplying the 
seven bit number contained in the SAM bits by 5 1 2. 

The two short example programs give good examples of the power of this feature. 

1 000 REM 
1 0 1 0  REM TH I S  ROUT r nE SHO,lS THE DRAGON ' S  ZERO PAGE ,,oRK AREA 
1020 REM 
1 030 REM PRESS ' BREAK ·' TO RETURt� TO NORMAL 
1040 POKE tHFFC8 , 0  
1 050 GOTO 1050 

1000 REM 
1 0 1 0  REM V I DEO BASE PAGE SW I TCH I NG US I NG 64 X 64 FOUR COLOUR MODE 
1 020 REM 
1 030 POKE 65473 , 1 , POKE 65474 , 1  POKE 65476 , 1 
1040 POKE 653 1 4 , 1 28 
1 050 FOR I =O TO 1 02:3 ,, SET UP mo PAGES 
1 060 POKE 1 024+ I. , 8'H9B POKE 2048+ I ,  RND( 255 ) 
1 070 NEXT I 
1 080 POKE 65483 ., 1 
1 090 FOR I=0 TO 1 00 
1 1 00 POKE 6548 1 , 1 
1 1 1 0 FOR I =0 TO 1 00 
1 1 20 GOTO 1 080 

POKE 6548(1 , 1 
NEXT I 

POKE 65482 ., 1 
NEXT I 

' S,l I TCH TO SECON[) PAGE 

' SW I TCH BACK TO F I RST PAGE 
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P ROCESSOR SPEEDS
Another feature of the Dragon which is very interesting, and indeed can be 
extremely useful, is the fact that it has a variable processor clock rate . For those of 
you who do not understand about clock rates a simple explanation is that the 
central processing unit (in this case the 6809E) receives a regular tick from a timer 
which tells it to move on to the next stage of obeying an instruction. These ticks 
are measured in megahertz (millions of ticks per second) and the faster the tick the 
faster the computer works. I n  the Dragon's case the clock rate is controlled by 
SAM bits in locations 65494 to 65497. These four locations control two SAM bits 
which should give us four clock rates . Table 5 sets out the functions of the 
locations.  

DEC I MAL ADDRESS 

65494 
6549� 
65496 
6:5497 . 

Table 5 .  

HEX ADDRESS 

FFD6 . 
FFD7 . 
FF[)8 . 

FFD9 , 

FUNCT I ON 

CLEAR B I T  0 
SET B I T  0 

CLEAR B I T  1 
SET B I T  1 

Two bits should give four speeds but the Dragon appears only to respond to three . 
The default speed, set on switching on, is the slowest with both SAM bits cleared 
(poking any value to 65494 and 65496 achieves the same effect) . The next faster 
speed is set by poking to 65495 and results in the execution of programs being 50% 
faster. The slowest two speeds are the only ones which can be used and still retain 
video synchronisation. 

The next increase in speed is achieved by setting bit 1 and clearing bit 0 .  Execution 
speeds are 1 00% faster than the default speed but video synchronisation is lost . 
This speed would be useful if a program involves large amounts of computation 
and where video is not important. Video synchronisation can always be regained 
by slowing the processor down again after the burst of computation. 

The final speed should be achieved when both bits are set but as I have said, the 
Dragon does not appear to respond (see the example program). 

One thing to remember about the faster speeds is that the cassette interface will 
only work at the default speed so make sure you save your programs at the correct 
speed. 

The following routine gives examples of the various speeds. Notice that the 
SOUND command has constant parameters as does the delay subroutine in line 
3000. Listen to the note change and watch the delay fall by 50% each time. The 
third and fourth speeds appear to be the same. 

27 



1 000 F.'EM 
1 0 1 0  REM PROCE%0R SPEEC- OEMO 
1 020 REM 
1 0:<0 REM STRPT W I TH DEFA/JL T :3PEED SET 
1 040 GOS/JB 2000 GOS/JB 3000 GOSUB 2HOD 
1 050 POl<E 65495 , 1 GOSIJB 2000 
1 060 POl<E 65494 ,  1 POl<E 65497 , 1 
1 •370 F'f:I�E 65495 , 1 GOS/JS 2000 
1 080 PCH 65494 ., 1 F·O�:E 65496., 1 
,':1'100 SCll_lt·ffi 1 0 .  1 0  RETURt·l 
3000 FO�: ! = 1  TO 1 0000 , t�EXT I 

GOSUB 3f:,00 GOSUB 20€11J 
GOSUB 2000 GOSUB '.:<1300 

GOSUB 3000 • Go�:us 2000 
mo 

RETURtl 

LOADING MORE THAN ONE P ROG RAM FROM TAPE

GOSUB 2000 

Dragon's Basic has fairly sophisticated and reliable tape handling facilities but there 
is one limitation-only one Basic program can be loaded at a time. If a second 
program is loaded it overwrites the one already in memory. As you progress with 
your programming you will no doubt collect quite a number of routines which 
could be used in more than one program so to save constant retyping I have 
included a method of appending programs . The process can be broken down into a 
number of steps: 

1 . . . .  Make sure that the line numbers of the program on tape start at a higher value
than the highest line number of the program already in memory.

2 . . . .  PEEK at the contents of locations 25 and 26 ( 19 and 1 A HEX) and note the 
values. These two locations are used as a pointer to the start of the program in 
memory. 

3 . . . . Execute the following- POKE 25, PEEK (27) : POKE 26, PEEK (28) -2. This 
alters the pointer so that it now points to the end of the program. 

4 . . . .  Use CLOAD to bring into memory the program from tape. 

5 . . . .  POKE into locations 25 and 26 the values noted in step 2 above. 

The second program is now appended to the first- use LIST to check. 

The only thing to watch for in this process is that subtracting 2 from PEEK (28) in 
step 3 above does not result in a negative number . If this does happen replace step 
3 by : -
POKE 25, PEEK (27) - 1 :  POK E  26, 256- PEEK (28) 

There is no reason why the above process cannot be repeated any number of times 
to take advantage of a whole library of subroutines provided there is enough 
memory available . 
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A 6809 D I SASSEMB LER 

This program was developed to aid me in writi ng this book . I have found it so 
useful that I have included it for your use. 

Screen output is restricted to the address of the i nstruction being disassembled 
and any data in hex format followed by the mnemonic representation. I used a 
book by Lance Leventha l ca l led 6809 ASSEMBLY LANGUAG E PR OGRA MMING , 
published by Osbourne/ McGraw- Hil l ,  as a reference for this program.  

Printer output includes all o f  the a bove plus a further field which unfortunately 
cannot f it onto the screen at the same time as the rest of the i nformation.  This field 
is the A SCII representation ( where it exists) of a ll the bytes just read.  This is useful 
for deciphering data a reas of programs . 

On running the program there wi l l  be a short delay whi le data st ructures a re 
in it ia lised fol lowed by the prompt 'ST A RT?' . 

Reply to this with the address at which you wa nt  disassembly to com mence -- try 
&H8000 to see the beginning of Basic. Next the prompt ' PRI NTER (Y /N)?'  wil l  
appear. Type 'Y' if you wa nt printed output . Havi ng replied to these questions the 
first fifteen lines of disassembled progra m wi l l  appea r on the screen . The computer 
wi ll then wa it for a keypress before giving the next fifteen lines. Any portion of the 
area to be disassembled which is not understood by the p rogra m wi l l  result in a 
question mark appea ring in the mnemonic field . 

Should you wish to sta rt disassembly aga i n  from another address type 'S' when at  
the end of a fifteen line screenful .  This wi l l  give the ' ST A RT?' prompt again . 
Another command is 'C' which cancels the wa it between screenfuls ie. you get a 
continuous disassembly .  

10 REM 6809 Co I SA :3SEMBLER 
20 CLEAR 2000 
30 GOTO 1 480 
40 IF PEEK( S )< 1 6 THEM M!li=M$+ " 0 "

50 M$=t1$+HE.X:$(  PEEK( 13 ) )  • RETUnl 
60 Z=PEEK( ::; ) • IF Z< 1 6 THEN P$=P$+ " 13 " 
70 P$=P$+HEiW Z )  
80 I F  z >g.H?F THEM Z=Z-&H80 
90 IF Zd.H20 THEM Z=&H20 
100 H;=T$+CHR$( Z )  • RETURN 
1 1 0 PR i tH IJS i t·lG L$ ; A$ , P$ , C:$ , t1$ 
1 20 IF PR= l THEM PR ! tH #-2 , US HIG  .J$ ; A$ , P$ , C$ , M$ , T$ 
130 A$== 1 1 1 1 : P$= "  I I : (:$= 1 1 1 1 : MS= 1 1 1 1 : T!fi= " I I ! S=S+ 1 : GOT0201;=J 
140 S=S+ 1 • M$=M$+ " $ "  • GOSUB4(1 • GO�;IJB60 • GOTO 1 1 0  
1 50 S=S+ l • M$=M$+ " #$ " • GOSU840 • GOSU860 • GOT0 1 1 0  
1 60 S=S+ 1 • M$=t1$+ "  #$ " • GOSUB40 • GOSIJ860 • S=S+ 1 • G0::;1_1840 • G0:,;1_1860 • GOTO 1 1 0 
1 70 S=S+ 1 , M$=M$+ "  $ "  • GOSIJ840 • GOSUB60 • S=:3+ 1 • GOSU840 , GOSU860 • GOTO 1 1 0 
1 80 CLS • L=0 t4=0 
190 H IPIJT " STAF.:T " .; S • I NPUT " P R HHER C//N: :• u; J $ • ! F  J $= " 'r' " THEt4 PR= l EL% f'F.: =O 
200 tMl + l  • IF  L= 1 THEM 220 ELSE I F  t-1= 15  THEM fl=0 EL:,;E 220 
210 I $= l t-WE'/$ IF l $= " C "  THEt4 L= l ELSE I F  ! $= " "  THEtl 210 ELSE I F  ! $= " 8 "  THEM 1 80 
220 X=PEEK< S ) • Af=HEX$( S ) • GOSIJ860 
230 IF Mt·l$( X )= " " THEt-l t1$=M$+CHR$( X ::" C:$= " ? "  • GOTO ll 0 
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240 I F  X=&H l 0  THEN GOT0650 
250 IF X=&H l l  THEN 920 
260 C$=MN$( >'. , 
270 I F  :•'.< �,H l (t  THrn 1 40 
2 :30 I F  :�< :�H 1 5  OR :<=1,H 1 9  OR :�=,,H W  OP ' X '1.H38 ANO X/ :!.,H3C • OR t X >:!H3C AND :,:< �,H60 ) 
THrn 1 1 0 
290 I F  X=&H 1 6 OR :�=&H 1 7  THrn S=S+ l GOSUB60 , S=S+ l  , GQSU860 , :::=:,:-2 , GOT03813 
300 IF • :� >3,H 1 F AND :�< �,H30 ) oi;: X=�,H8D THEil 420 
3 1 0  IF :�=tH 1 C OR '.>'.= :,H 1 A  OR X=&H:3C OR < :� >&H7F mm X-' !,H83 ) OR ( X >1,H83 AND W & H8C ) 
OR (XAHBF Al l[ •  �:,:· g,Hc3 ) OP C� '>&HC3 AeJ[i )({ �  .. Her :, THEM ! Sil 
320 IF :�=&H I E  OR X= :�H ! F  THn� 1 030 
330 IF :� >:!,H33 AND X< &H38 THEi l  530 
340 IF ( X AH8F Al!D )<< &HA0 ) OR ( X >&,HCF AND i<< &HE0 ) THHl 1 40  
35�1 I F  X=:1,H83 OR :�=&H8C OR :�=�,H8E OR  X=&HC:3 OR X=�,HCC OR  X:8,HCE THEN 1 60 
%0 I F  ( )< >1,H6F Al!D X< tH80 ) OR C� >g.,HAF ANC• :•: < 1,HC0 ) OR X >&HEF THEH 1 70 
370 I F ( :x'.AH2F ANO :,:< �,H34 ) OP ( :� )1,H5F Al·l[i X< &H70 ) OR ( X >&H9F AN[i :�< 8.,H80 , OR ( :x: ·:-i
HDF AN[, :,;<f!,HF0 ) THEN 461} 
:3:3rJ [i I SPLACEMEIH=PEEk( S+ 1 \t256+PEEK( 8+2 ::, 
390 I F  [J I  >=&H8000 THnl D I  =D I  -1,HFFFF - 1 
400 :3:S+2 DI =D I  +:3+ 1 , I F  [l I AHFFFF THrn D I  =M-! ·HFFFF - 1 
4 1 0  M$=M$+ " $ "+HEX$( D I  ) , GOT0 1 1 0  
420 D l =PEEK( S+ l ) 
430 I F  D I >=&H80 THEN D I : D J -&HFF - 1 
440 S=S+ 1 , M$=t1$+ " $ " , GOSUBW 
450 DI =D I +S+ 1 , M$:M$+HEX$( r, I , , GOTO 1 1 0  
460 :3=:3+ 1 , PO=PEEK( S ) ,  M$=M$+PO$( P O  ) 
4?0 GOSU860 , NB=P8( PO ) 
480 IF l·lB >0 THrn !o=S+ 1 , GOSUB60 , NB=W;:- 1 
490 I F  NB >0 THEl·l S=S+ 1 , GOSU860 
500 U= HlSTR( 1 , t1$ , " MM "  ) • IF U< :,13 THEM t1$=LEFT$( M$ , U- 1 )+R I GHT$( P$ , 4 )+R I GHT$( M$ , LEW 
M$ HJ-3 ) ,  GOT0 1 1 0  
5 1 0  U =  I l·l :3TW 1 ,  M $ ,  " �lN " ) , I F U <  > 0  THEM M$=LEFT$( M$ , IJ- 1 )+R I GHT$( P$ , 2 )+R I GHT$( t1$ , LEN( 
t1$ :·,-u- 1 ) 
520 GOT0 ! 1 0  
530 S=S+ l · GOSIJ860 , PO:PEEK( S )  
540 I F  PO Af/[, :�H80 THE�l REG$=REG$+ " PC , "
550 I F  PO AflC• !,H40 THEI< REG$=REG$+ " 1J/S , " 
560 I F  PO AIW � H20 THEil REG$:REG$+ '"r' , " 
570 I F  PO Af/D &H 1 0  THEM REG$=REG$+ " X ., " 
580 I F  PO AflO &H08 THEM REG$=REG$+" [)P , " 
590 I F  PO A�lD �,H04 THEil REG$=REG$+"  8 ,  " 
600 I F  PO AHD &H02 THEM REG$=REG$+ " FI , " 
6 1 0  I F  PO Alli) &H0 1 THEH REG$=REG$+ " CC " 
620 M$=M$+REG$ , REG$= " " , GOT0 1 1 0  
630 S=:::+ 1 ' GOSUB60 ' PO=PEEK( S ) ,  M$=M$+PO$( PO ) 
640 NB=PB( PQ ) , GOTO 480 
650 :::=S+ 1 X=PEEKC :3 ) ,  GOSUB60 
660 IF X >&H20 AND X< &H30 THEfl C$:L8sO <:-ll<H20 ) EL�:E 680 
6?0 S=S+ t , GOSUB60 , s-s+ 1 , GOSIJ860 , S=s-2 , GOT0380 
680 IF X=:l.H3F THEil C$= "  SW 1 2 "  , S=S+ 1 , GOTO 1 1 0 
690 I F  )<'=B,H83 THEil C$= " CMPC> " , GOTO 1 60 
700 I F  X=&H8C THEI< C$: " CMPY" , GQT0 1 60 
7 1 0  I F  X=&H8E THEH C$= " LI)'( " , GOTO 1 60 
720 I F  X=�,H93 THrn C$= " CMPD " , GOTO 1 40 
7:30 I F  X=&H9C THEI, C$= "CMP'f " , GQT0 1 40 
740 I F  X=S.H9E THEN C$= "LD'( " GOT0 1 40 
750 I F X=�,H9F THEil C$= " ST'( " , GOT0 1 40 
760 I F  :�=&HA3 THEN C$=" CMPI) " , GOT0630 
770 IF X=&HAC THEM C$= " CMPY " , GOT0630 
780 IF X=&HAE THE�l C$= " L[l'( " , GOT0630 
790 IF X=&HAF THEN C$= " STY " , GOT0630 
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:300 I F  : <=l,H83 THEM C$= " CMPO " • GOT0 ! 70 
8 1 0  IF :<=&,HBC THHl C$= " Ct1P'i " • GOTO ! ?•J 
:320 IF X=:?,HBE THHl C$= " LO'r' " • GOTO ! 70 
:3:30 I F  :•:=f; H8F THEtl C$= " :3T'r' " • GOT0 1 7(i 
:340 I F  :•<= :l,HCE mm C$= " LC,::; ' '  • GOTO 1 60 
:350 I F 1'.=�HDE THEt·l C$= " i_Vi "  • GOTO ! 4(1 
:?,60 I F  :�=:!.,HOF THEM C$= " SE:"  • GOT0 1 40 
:370 I F  :<:.: :1HEE THEH C:$;c " LVi "  • GOT046(1 
:3:30 IF :,c:=&HEF THD-l C:$= "ST:3 " • GOT0460 
890 IF X=&HFE THl'Jl C$= 'U>::: ' '  • GOTO ! 70 
900 IF X=&HFF THEN C:$= "STS " • GOT0 1 70 
'.l 1 0 P$= " 1 (1 "  • C:$= " ? "  • :3.::3 - 1  • 1�0TO l l 0 
920 :;.::;+ 1 • >(=PEEK( S :; • GO::;IJB60 
930 IF :�=:l,H3F THEtl C$= " :3m 3 "  :3=:::+ 1 GOT0 1 40 
94D I F  :":=:1,H83 THEtl C$= " CMPU " • GOT0 1 60 
950 I F  i:=t,H8C THEM C$= " Ct1P :3 " • GOT0 1 60 
%0 I F  :,.:=:(H9:3 THEtl C$= "C t1Ftl " • GOT0 1 40 
970 I F  :<= :'.cH9C THrn C$= " Ct1P:3 " • GOT0 1 40 
9:30 I F  :�=:�HA:3 THEtl C$= " CMPU " • GOT0460 
990 IF :<=1 ,HAC THEM C$= " CMP:3 " • GOT0460 
woe I F  :<=t,H83 THEtl C$= " CMP1_1 " • GOT0 1 70 
1 0 1 0  IF X=&HBC THEN C$= " C t1PS " • GOT0 1 70 
1 020 P$= " 1 1 " • C$= " ? " • S=S- 1 • GOT0 1 1 0  
10 :30 :3=:3+ 1 • :�=PEEK( :; ::, • GOSU860 
1 040 R 1 = ! NT( X/ 1 6 > • R2=X-R l t 1 6  
1 050 I F  R 1 = O  THEt-l REG$=REG$+ " D  ., " • GOTO 1 1 5•3 
1 060 I F  R 1 = 1 THEM REG$=REG$+ " �: , " • GOTO 1 1 50 
1 070 IF R 1 ='2 THEN REG$=REG$+ " Y , � • GOT0 1 1 50  
1 080 I F  R 1 =3 THEN REG$=REG$+ " U , " • GOT0 1 1 50 
1 090 IF R 1 =4 mm REG$=REG$+ " :,; , " • GOTO 1 1 50 
1 1 00 I F  F: 1 =5 THEN REG$=F:EG$+ "PC ., " • GOT0 ! 1 50 
1 1 1 0 I F  R 1 =8 THEtl REG$=REG$+ " A , " • GOT0 1 1 50 
1 1 20 IF R 1 =9 THEM REG$=F:EG$+ "  B ., " • GOTO 1 1 50 
1 1 30 I F  R 1 = 1 0 THEN REG$=REG$+ " CCR , " • GOT0 1 1 50 
1 1 40 I F  F: 1 = 1 1  THrn REG$=REG$+ " DP ., " 
1 1 50 I F  R l =R2 THEN 1 1 60 EI_SE R ! =R2 GOT0 1050 
1 1 60 t1$=M$+REG$ • F.:EG$= " " • GOTO 1 1 0 
1 1 70 DATA NEG , , , COM , LSR , , ROR , ASR , ASL , ROL , DEC , , I NC , TST , JMP , CLR , �JL , �JL , NOP , SYNC , , 
, L8RA , L8SR , , DAR 
1 1  :30 DATA ORC , , Rt-lDCC , SE:x: , rnG , TFR . ,  BRA , BRN , BH I ., BLS . ,  8CC , BCS , BNE , BEG' , BVC , 8'./::: , E:PL , BM I 
, 8GE , 8LT , 8GT , BLE 
1 1 90 DATA LEA:� , LEA'i ,  LEA:3 , LEAU , PSHS , PULS , P:3HU , PIJLIJ , , RT::: , ABX , RT I , U,JA I , MIJL , , :::(,J I  , t·lEG 
A , , , COMA , LSRA , , RORA 
1 200 DATA ASRA , RSLA , F.:OLA ., OECA .' , I NCR ., T::;TA , , CLRA , t·lEGB . , , , COMB ., LSRB ., , RORB , ASR8 , ASLB ,  
F.:OLB .' DECB ·' .' r ncs 
1 2 1 0  DATA T:3T8 , , CLRB , NEG , , ,  COM , LSR , , ROR , A'.3F: , ASI_ , ROL , [:,ff , , me ., TST ., Jt1P , CLR , t·lEG ., , , C 
OM ., LSR ., ., ROR , ASR 
1 220 DATA ASL ·' ROL , DEC ·' , me , TST , .JMP ·' CI_R , SUBA ·' CMPA , :3BCA , SUBC• 1 At·lDR , 8 ! T A ,  LDA ·' , EOF.:A , A 
DCA , ORA , ADDA ., CMPX 
1 230 NHA BSF.: ., LDX , , SIJ8A , CMPA ., SBCA ,, :3UBD , At�(iA ., BI TR , LDA , STA , EORA , ADCA , ORR ., ADDA , CMPX 
, JSR , L(;)< , STX, SIJBA 
1 240 C'iATA CMPA ., SBCA , SUBD , At·lDA, B I TA ,  LOR , :3TA ., EORA ,  ADC'A , ORA, AD[iA , CMPX , JSR , LC•�: , STX ,  S 
UBA ., CMPR , SBCA , SIJ8C, 
1 250 DflTA AHDA ., B I TA ,  LDA , STA , EORA ., A(;CA , ORA ., A(;DA , CMPX, .JSR , LD:� .. \::TX ,  SUBB ., O!PB ., SBCB , R 
NiD ., A�lDB , B I TB 
1 260 DATA LD8 , , EOR8 ., ADCB , ORB , ADC•B , LN> , , LC•IJ ., , SIJBB ,  Cr·1P8 , SBCB , RN)[:, , At·l[)8 , B !TB ,  LDB , ST 
8 .. EORB . ,  AC•CB . ,  ORB 
1 270 DATA AD(i8 , L(:,[, ,  :3TC• , LDU , STU , SIJB8 ,  CMPB , S8C8 ., ADC:•D , ANDB , 8 1TB ,  LDB , STB , EORB , ADCB , 0 
RB , AWB , LDD , STD 
1 280 DATA L()IJ ,  STU ., SU88 , Ct1P8 ., SBCB ,  At',DD , At�C'8 ., B I TB ., LDB ., STB , EORB , ADCB , ORB ., Rt:•DB ., L(:,(:, , S 
TD , U>U ,  STU 
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1 290 DATA 0 . X , 1 . X , 2 . X , 3 . X , 4 . X , 5 . X , 6 . X , 7 . X , 8 . X , 9 . X , 1 0 . X , 1 1 . X , 1 2 . X , 1 3 . X , 1 4 . X , 1 5 . � ,  
- 1 6 . X , - 1 5 . X , - 1 4 . X
1 300 DATA - 1 3 . X , - 1 2 . X , - 1 1 . X , - 1 0 . X , -9 . Y , -8 . X , -7 . � . -6 . X , -5 . X , -4 . X , -3 . X , -2 . X , - l . X , ij
. \' , 1 .  �,· .. 2 . \' 
1 3 1 0  DATA 3 , Y , 4 . Y , 5 . Y , 6 . Y , 7 . Y , 8 . Y , 9 , Y , ! 0 . Y , 1 ! . Y , 1 2 . Y , 1 3 . Y , 1 4 . Y , 1 5 . Y , - 1 6 , Y , - 1 5 . Y ,
- 1 4 , Y , - 1 3 . Y , - 1 2 . Y
1 320 DATA - 1 1 , Y , - 1 0 . Y , -9 , Y , -8 . Y , -7 , Y , -6 . Y , -5 . Y , -4 , Y , -3 , Y , -2 . Y , - 1 . Y , 0 . U , 1 . U , 2 . U , J
• U ,  4 .  U , 5 .  U ., 6 .  U
1 :330 DATA 7 .  IJ ., 8 . U ., 9 .  U ,  1 0 . U ., 1 1 .  U ., 1 2 .  U ., 1 :3 ,  IJ .. 1 4 .  IJ, 1. 5 .  IJ ,  - 1 6 ,  U , - 1 5 ,  U ., - 1 4 .  U ., - 1 3 .  U ,  - 1 2 .
IJ , - 1 1 . U , - 1 0 . JJ
1 340 DATA -9 . U , -8 . U , -7 . U , -6 , U , -5 . U , -4 , U , -3 . U , -2 . U , - l . U , 0 . S , 1 . S , 2 . S , 3 . S , 4 . S , 5 . S , 6

1 350 DATA 1 0 . s , 1 1 . s . 1 2 . S , 1 3 . S , 1 4 , S , 1 5 . S , - 1 6 . S , - 1 5 . S , - 1 4 . S , - 1 3 . S , - 1 2 . S , - 1 1 . S , - 1 0 .  
S , -9 . S , -8 . $ , -7 . S 
1360 DATA -6 . S , -5 . S , -4 . S , -3 . S , -2 . S , - 1 , S , . X+ , . X++, . -x • .  --x , . x , B . X , A . X ,  , NN . X , MMNN . 
�: . , [i , �( . NN . PC 
1 370 DATA MMNt� .  PC ., , . , t. X++J , . c . --)0 , t .  �:J ,  [8 . XJ , rn. X] , , CNti , XJ , [MMt�t� . )0 , ,  [[) ,  )0 , cw� 

. PCJ , CMMNN . PCJ 
1 380 DATA ., CMMNtU , . 'r'+ , . Y++ , . -'/ .. •  --'r' , . 'r , 8. Y ,  A , '/ , , t-l�l . Y, MMNN. i' .· , D. 'l , t�t·l . PC , MMNt-l . PC ,  , 
, ., C .  'r'++J ., , t . --YJ 
1 390 DATA [. YJ , CB . 'I] , CA . 'I] , , CNN . 'r'J , CMMNtl . '/] , , tr, .  YJ .. CNN , PC] , CMMNN . F'CJ , , CMMflNJ , .  U+ 
, . u++ , . -u , . --u 
1 400 DATA • 0 , 8 .  U, A, U , , NN . U ., MMN�I . U ., ., D. U, Nfl . F'C: . MMNN . PC , , , , [, IJ++J , ., C. --UJ , [. UJ ,  [8 , U 
J . CA.  IJJ , , rnt-l . UJ 
1 4 1 0  DATA CMM�lN . IJJ , , [C, , IJ] , Ct-lN . PCJ, CMM�lN . PCJ , , [MMt l�O . .  :3+ ., . f;++ , . -�: , . --�: ., . S ., 8 . S ., A . S  
, , NN . S , MMNN . S , , D . S  
1 420 ()ATA flt·l , PC, MMflfl . PC , , , , t .  S++J , , [ .  --:3], t .  SJ , CB.  f:] ,  CA . :;J , , Ct-H·l . �:J .. CMMtH·l , SJ , ., [[i ,  
SJ , CMtl , PCJ , CMMt·H·l . PC] ,  , CMMfltU 
1 430 DATA 0 , 0 , 0 , 0 , 0 , 0 , 0 , B , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 ,  
0 , 0 , 0 , 0 . a . 0  .. 0 .. 0 , 0 . 0 , 0 . 0 , 0 . 0 , 0 , 0 , 0 . 0 , 0 . 0 , 0 , 0 , 0 . 0 . 0 . 0 , 0 , 0 , 0 . 0 , 0 , 0 , 0 .. 0 . 0 . 0 .. 0 , 0 , 0 , 0 . 
0 
1 440 DATA 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  0 , 0 , 0 , 0 , 0 , 0 , 0 ,  
0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  
1 450 r,ATA 0 ,  0 - 0 , (1 , 0 ,  0 ,  0 , 0 ,  1 , 2 ,  0 , 0 ,  !, 2 ,  0 ,  0 ,  0 , 0 , 0 , 0 ,  0 ,  0 ,  0 , 0 ,  1, 2 , 0 ,  0 ,  ! , ;? , 0 ,  2 ,  0 ,  0 ,  (1 _, 
0 , 0 , 0 , 0 , 0� 1 . 2 , 0 , 0 , 1 , 2 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 ,  1 , 2 , 0 , 0 , 1 , 2 , 0 , 2 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 1 , 2 , 0 , 
13 
1 460 DATA 1 , 2 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 1 , 2 , 0 , 0 , 1 , 2 , 0 , 2 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , l , 2 , 0 , 0 , 1 , 2 , 0 , 
0 , 0 , 0 , 0 , 0 , 0 , 0 , iJ , 0 ,  l , 2 , 0 , 0 ,  1 , ,� , "-1 ., 2  
1 470 (lATA LBRM , LBH I , LBLS ., L8H::: ,  LBLO ,  LBNE ., LBEO ., L8VC ., L8\/S ., LBPL .. LBM I , LBGE ., LBLT ., LBCT .. 
LE<LE 
1 480 D I M  MH!li( 8.HFF ) , PO!li( @W'F ) , LB!li( i!.HF > ,  P8( 8,HFF '.< 

1 490 FOR I =e TO &HFF READ MH$0 H�E)<:T I 
1 500 FOR I =0 TO 8.HFF READ PO!li( I H4EXT I 
1 5 1 0  FOR I =0 TO @,HFF • REA[) PB( I ) • tlEXT I 
1 520 FOR I =  1 TO 8,HF • REAC• L8!1i( I ) • NEXT I 
1 530 LS= 1 1 % /� �: % % % % % "

1 540 J!li= " %  % :-; 
1 550 GOT0 1 80 
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U SEFU L ROUTIN ES I N  THE BASIC ROM 

When you start writing your own mach ine code programs you will want at some 
stage to use routines which can be fou nd within the Basic rom . For instance, it 
would be a waste of time to write a routi ne for reading the keyboard when such a 
routine al ready exists. I have included specifications of the ones I have managed to 
find-there are probably many more . 

All numbers in this section are given in hexadecimal form . 

The names used for a l l  registers and condition code flags are the standard 6809 
ones a full explanation of which can be found i n  any reference book . 

Some zero-page locations are used by these routines the more important of which 
are :-

6F-Device specifi cat ion for character output (CJ  to the screen and -2 to  the 
printer ) . 

7C-Block type for tape routi nes ( (J  = file header, 1 = data, FF = end of file). 

70-Block length for tape routines ( less than or equal to FF) . 

7E/7F- Buffer address for tape routines. 

Locations A000 to A00D contain the addresses of the following routi nes. They can 
be called from machine code programs by an indirect jump instru ction . 

eg. J SR [A000] 

1 . . . .  [A000] = POLK BD 
This routine looks at the keyboard for a keypress and if there is one its value is 
returned in the accu mulator .  It can be thought of as the same as IN KEYS$ in Basic . 

Entry condition.s ..:_' None. 

Exit conditions. -Z = 1 , A = 0  if no key pressed . 
. . . . . . . . . . . . . . . . . . . . . . . . Z = 0, A = key code if key pressed . 
. . . . . . . . . . . . . . . . . . . . . . . . Al l registers except B and X are mod ified. 

2 . . . .  [A002 ] = OPC H R  
This routine outputs the character whose code is in the accumulator to the device 
specified by location 6F (0 to the screen , - 2  to the printer ) .  

Entry conditions-Character to be output is  in the accumulator. 

Exit conditions. - Only the condition code register is modified. 

3 . . . . [A004 J = CASSON 
A call to CASSON starts the cassette motor and gets the machine into 
synchronisation ready for data transfer .  
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Entry conditions- None. 
Exit conditions. - All registers except U and Y are changed . 

. .  . .  . .  . .  . . . .  .. . . . . . .  . .  .. F IRO and I R Q are masked. 
4 . . . . [A006] = R O BL K  
R O BL K  reads a block of data from the tape. 

Entry conditions - CASSON must have been called and the buffer address (7E) 
must have been initialised. 

Exit conditions. - Location 7C (block type) will contain the code for the data just 
read . 
. .  . .  . .  . . . . . .  . .  . . . .  . .  .. . .  Location 70 (block length) will contain a count of the number 
of bytes in this block . 
. . . . . . . . . . . . . . . . . . . . . . . .  Z =  1 ,  A = 0 - n o  errors . 
. . . . . . . . . . . . . . . . . . . . . . . .  Z = 0, a = 1 - checksum error . 
. . . . . . . . . . . . . . . . . . . . . . . .  Z = 0, A = 2- memory error . 
. . . . . . . . . . . . . . . . . . . . . . . . If a memory error occurs then the X register points to just 
after the bad address, otherwise the X register contains the buffer address plus the 
block length . 
. . . . . . . .  . . .  . .  . . . . . . . . . . . All registers except U and Y are modified . 
. .  . .  . .  . .  . .  . . . . .. . . . . . . .  . lnterupts are disabled. 

5 . . . .  [A008 ] = WR BLK 
W R B L K  writes a block of data to tape . 
Entry conditions- Block type, block length and buffer address should have been 
in itialised . 
. . . . . . . . . . . . . . . . . . . . . . . . If this is the first block to be written then it should have been 
preceded by WR LEAO (7). 

Exit conditions. - All registers are changed . 
. .  . .  . .  . . .  . .  . . . . . .  . . . . .. . lnterupts are disabled . 
. . . . . .  . . .  . . . .  . . . . . . . . . . .  X register = buffer address + block length. 
6 . . . .  [ A00AJ = J OYSTK 
J OYSTK examines the joystick ports and stores the values read in locations 1 5A to 
1 5 0 .  
R ight joystick 1 5A - right/ left 
Right joystick 1 5B - up /down 

Left joystick 1 5C - right/ left 
Left joystick 1 50 - up/ down 
Entry conditions- None 
Exit conditions. - All registers except Y are modified . 
7 . . . . [A00C ] = WR LEA O 
WR L EA O  turns the cassette motor on and writes a leader of 55's to the tape. 
Entry conditions - None. 
Exit conditions- None .  
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The first few bytes of the basic ram contain a number of jump instructions. They 
point to entry points for various subroutines the more useful of which can be 
incorporated in machine code programs using a subroutine call : 
J SR $8006 POL LS THE KEY BOARD ( SEE PREVIOUS EX PLANATION OF 

POLKBD) 
J SR $8009 BLINK THE CURSOR 
J SR $800C OUTPUT A CHARACTER ( SEE PREVIOUS EX PLANATION OF 

J SR $80 1 5  
J SR $80 1 8  
J SR $80 1 B 
J SR $80 1 E 
J SR $8021 
J SR $8024 
J SR $8027 

OPCHR) 
TURN ON CASSETTE MOTOR 
TURN OFF CASSETTE MOTOR 
PREPARE CASSETTE FOR WRITING 
OUTPUT CHARACTER IN ACCUMU LATOR 'A' TO TAPE 
PREPARE CASSETTE FOR I NPUT 
INPUT NEXT 8 BITS FROM TAPE TO ACCUMU LATOR 'A' 
GET NEXT BIT FROM TAPE TO CARRY FLAG 

BASIC STORAGE 

When you write a program in Basic on the Dragon you are in fact using an editor 
which takes each l ine as you type it and converts it to a form which can be 
understood by another program called the interpreter . All the reserved words in 
Basic are converted into tokens which take up either one or two bytes of memory 
instead of a byte for each letter of the word. This obviously saves space but much 
more importantly it greatly increases the speed at which the interpreter can execute 
programs. A list of the tokens used by the Dragon follows. 

To get an idea of what a program looks like in memory type in and run the following 
short routine. 
1 0  X=PEEK( 25 ):t256+PEEK( 26 )  
20 FOR ! =0 TO 79 
30 Z=PEEK( X+ I ) 
50 PR I NT HEX$( 2 ) ; " 
60 �lEXT I 

When you run the program the screen of the Dragon will fill the numbers: -
1 E  1 9  0 A 58 CB FF 8C 28 32 35 29 C5 32 35 36 C3 FF 8C 28 32 36 29 0 1 E  28 0 1 4  
8 0  2 0  4 9  C B  30 20 BC 2 0  3 7  39 0 1 E  3 6  0 1 E  5A C B  F F  8 C  2 8  58 C 3  49 2 9  0 ! E  4 7  0 
32 87 20 FF 95 28 5A 29 3B 22 20 22 3B 0 ! E  4F 0 3C 8B 20 49 0 0 0 

The first number is a zero - this is a line delimiter in the Basic program. The next 
two numbers together are used to point to the start of the next line in memory. 
Two more bytes follow which taken together give the number of that line. It is not 
until after this that the program proper starts. 

The first line of our program starts with 'X'  which is stored as an ASCII 
character - in this case 58 hex. Next comes ' = '  which happens to be a Basic 
eserved word and so is converted into a token - CB hex . ' PEEK'  is the next word 

a nd it too is a reserved word so it is converted into a token - this time FF BC hex. 
e next four characters in the program are ' (25) '  and as these are not reserved 

• o ds they are stored in their ASCII formats .
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We can continue this process until we reach the end of the line - signified by a 
zero - at which point the whole thing repeats for the second line. The program end 
is signified by three consecutive zeros. 

Notice that the tokens can be split into two groups - single byte and double byte. 
The reason for this is that the tables of tokens are stored in different parts of the 
Basic rom and the interpreter needs to know which table to use . The FF hex prefix 
to the token proper (which is always greater than 7F hex) indicates the second 
table. The first table begins at address 8033 hex and extends to 8153 hex. The 
second begins at 81 CA hex and ends at 824F hex . 

The interpreter uses the token's position in the table as an index into a further 
table - this time of addresses of routines to carry out the command indicated by 
the reserved word. These tables of addresses follow the token tables. 

EASIER IN PUT OF MACHINE CODE 

The more you program the Dragon the more you will want to write your own 
machine code programs. Without the facilities of a good assembler this can be a 
tedious if not impossible task . The following program helps to make the entering of 
short routines a little easier but it is obviously no substitute for the real thing. 

The program starts by asking for the address at which you want to begin entering 
your code. It then outputs the address on a new line together with the present 
contents of that location .  It then waits for your input . 

You can enter one or two bytes of data at a time. When you have done this and 
pressed return the address is updated to the next free location and the process 
repeated. 

If you do not wish to alter a particular location enter a negative number in response 
to the prompt. 

1 000 REM 
1 0 1 0  REM EASY MACH I HE CODE I NPUT 
1 020 REM 
1 030 I NPUT "START " ; S  
1 040 PR nnHEX$( S ) ; " " ;  HE:�$( PEEK( S ) ) ; 
1 050 rnrur H 
1 060 I F W OTHEt-lS=S+ 1 , GOTO 1 040 
1 070 IF H >255 THEM POKE 8 , l tHOV256 i HnN- I tlT( t-1/256 4256 S=S+ l 
1 080 POKE 8 ,  t l  S=S+ 1 
1 090 GOT0 1 040 
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ADD ING  COM MANDS TO BAS IC  

The version of Basic supplied with the Dragon is a very comprehensive package 
but no language can be all things to all men. It is often desirable to extend the 
language if possible with customised commands which suit particular applications. 
I will describe one way of doing this and give an example of a command which I 
personally feel is missing from the Dragon. 

Basic uses a self-modifying routine starting at address 9 F  hex which is used to load 
the accumulator of the 6809 with the next byte to be processed . This byte usually 
comes from one of two areas- the program storage space or the input buffer area. 

The routine has the form: -
0002 009F 0CA7 
0003 00A 1 2602 
0004 (10A:3 0CA6 

1J005 0�1A5 86 1 E5Co 
0006 OOA8 7E8826 

me $OOA7 

Bt·ll: $IJ8A5 

rnc $00A6 
lJ:,A $ ! ES[• 
_IMP $1':8:06 

The instruction at address A5 hex does the loading of the accumulator while the 
code immediately before it alters the address from where the loading takes place. 
Once loaded, control is returned to Basic by a jump instruction at A8 hex. As this 
whole routine is in ram we can alter it to suit ourselves and if instead of returning 
control directly to Basic we make a_ slight detour to a routine of our own then we 
have effectively extended the language . 

The steps in the process are: -

1 . : . .  Develop a routine which you would like to see added to Basic and enter it into 
a safe area of memory ( use the CLEAR command if necessary). 

ii . . . .  Alter the J MP instruction at A8 hex to point to the new routine which should 
eventually return control to Basic with a J MP to the original location pointed to by 
addresses A9 and AA hex. 

The following example can be entered using the EASY ENTRY program described 
earlier . 

The effect of the program is to reverse the actions of the NEW command - that is if 
you type NEW and then decide that you want to regain the old program just type in 
' ! '  (an exclamation mark) . Provided that the old program has not been corrupted 
for any reason then it will be restored. 

I have chosen to have this command operate only in the direct mode, ie , an 
exclamation mark in a program is treated as just another character . I have achieved 
this by looking at location A6 hex. If this contains a 2 then the character just read 
came from the keyboard buffer ( and so must have come from the keyboard). This 
shows that a program is not running and control is then passed to the routine to 
restore the program. 

I you study the program in conjunction with the section on how Basic is stored 
ou will see what is happening. A full explanation of the zero-page locations used 

c.3 n be found in the memory map at the end of this book.
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The routine first of all sets up a pointer in the X-register which indicates the start of 
Basic storage. This value is always contained in addresses 1 9  and 1 A  hex. It then 
skips through memory until it finds the first zero after ensuring that the X-register 
points to the location following the initial zeros of Basie's area . When found, the 
zero indicates the end of the first line and the address now in the X-register is the 
start of the second line . This value is stored in the first pointer position of the Basic 
program . The final thing to do is to update locations 1 B and 1 C hex which indicate 
the end of the Basic program . Three consecutive zeros mark the end of the 
program so the routine skips through memory again until it finds them. 

Once the routine is finished, control is restored to Basic by a jump to the start of 
the self-modifying routine so that the next character can be read. 

The routine becomes operable as soon as EXEC &H7000 is typed in. 

0002 7000 CC7006 
0003 7003 DDA9 
0004 7005 39 
0005 7006 8 1 2 1  
0006 7008 2608 
0007 700A 96A6 
0008 700C 8 1 02 
0009 700E 2705 
00 1 0  70 1 0  862 1 
00 1 1 70 1 2  7EBB26 
00 1 2  70 1 5  34 1 0  
00 1 3  70 1 7  9E 1 9  
00 1 4  70 1 9  3003 
00 1 5  70 1 B  A680 
00 16  70 1 D  26FC 
00 1 7 70 1 F  AF9F00 1 9  
00 18  7023 A680 
00 1 9  702� 26FC 
0020 7027 A680 
002 1 7029 26F8 
0022 702B A680 
0023 702D 26F4 
0024 702F 9F 1 B  
002� 703 1 3:1 1 0  
0026 7033 0E9F 

LDD 11$7006 
srn $00A9 
RTS 
CMPA #$2 1 
BNE $70 1 2  
LDA $00A6 
CMPA 11$02 
8EQ $7ti 1 5  
LDA #$2 1 
._!MP $8826 
PSHS :� 
L[>X $130 1 9  
LEAX 3 , X  
LC,A , X+ 
BNE $70 1 B  
STX [$00 1 9] 
LDA ., X+ 
BNE $7023 
LDA , :�+ 
BNE $7023 
LDA , X+ 
BNE $7023 
STX $00 1 8  
PIJL:3 X 
._!MP •009F 
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TO KEN TABLE 1 

Res .  Word . . . . . . . . . . . . . . . . .  Token Res .  Word . . . . . . . . . . . . . . . . .  Token 

FO R . . . . . . . . . . . . . . . . . . . . . . . . .  80 ED IT  . . . . . . . . . . . . . . . . . . . . . . . .  A7 
G 0  . . . . . . . . . . . . . . . . . . . . . . . . . .  81  TRON . . . . . . . . . . . . . . . . . . . . . .  A8 
R EM . . . . . . . . . . . . . . . . . . . . . . . .  82 TROFF  . . . . . . . . . . . . . . . . . . . . .  A9 
' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  83 L I N E  . . . . . . . . . . . . . . . . . . . . . . . .  AA 
ELS E . . . . . . . . . . . . . . . . . . . . . . .  84 PCLS . . . . . . . . . . . . . . . . . . . . . . .  A B  
I F  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  85 P S ET . . . . . . . . . . . . . . . . . . . . . . .  AC 
DATA . . . . . . . . . . . . . . . . . . . . . .  86 P R ESET . . . . . . . . . . . . . . . . . . .  AD 
P R I NT . . . . . . . . . . . . . . . . . . . . . .  87 S C R EEN . . . . .  : . . . . . . . . . . . . .  A E  
ON . . . . . . . . . . . . . . . . . . . . . . . . . .  88 PCLEA R  . . . . . . . . . . . . . . . . . . .  AF  
I N PUT . . . . . . . . . . . . . . . . . . . . . .  89 COLOR . . . . . . . . . . . . . . . . . . . .  B0 
EN D . . . . . . . . . . . . . . . . . . . . . . . .  8A C I R C L E  . . . . . . . . . . . . . . . . . . . .  B l  
N EXT . . . . . . . . . . . . . . . . . . . . . . .  8B PA I N T  . . . . . . . . . . . . . . . . . . . . . .  B2  
D IM . . . . . . . . . . . . . . . . . . . . . . . . .  8C G ET . . . . . . . . . . . . . . . . . . . . . . . . .  B3 
R EA D  . . . . . . . . . . . . . . . . . . . . . .  8D PUT . . . . . .  , . . . . . . . . . . . . . . . . . .  B4 
LET . . . . . . . . . . . . . . . . . . . . . . . . .  8E D RAW . . . . . . . . . . . . . . . . . . . . .  B5 
RUN . . . . . . . . . . . . . . . . . . . . . . . .  8F PCOPY . . . . . . . . . . . . . . . . . . . . .  B6 
R ESTO R E  . . . . . . . . . . . . . . . . .  90 PMODE . . . . . . . . . . . . . . . . . . . .  B7 
R ET U R N  . . . . . . . . . . . . . . . . . . .  9 1  P LAY . . . . . . . . . . . . . . . . . . . . . . .  B8 
STO P . . . . . . . . . . . . . . . . . . . . . . .  92 D LOAD . . . . . . . . . . . . . . . . . . . .  B9 
PO K E  . . . . . . . . . . . . . . . . . . . . . . .  93 R E N U M  . . . . . . . . . . . . . . . . . . . .  BA 
CONT . . . . . . . . . . . . . . . . . . . . . .  94 TAB (  . . . . . . . . . . . . . . . . . . . . . . .  B B  
L IST . . . . . . . . . . . . . . . . . . . . . . . .  95 TO . . . . . . . . . . . . . . . . . . . . . . . . . .  B C  
C L EAR . . . . . . . . . . . . . . . . . . . . .  96 S U B  . . . . . . . . . . . . . . . . . . . . . . . .  B D  
N EW . . . . . . . . . . . . . . . . . . . . . . . .  97 FN . . . . . . . . . . . . . . . . . . . . . . . . . . .  B E  
D E F  . . . . . . . . . . . . . . . . . . . . . . . . .  98 T H E N  . . . . . . . . . . . . . . . . . . . . . . .  B F  
C LOAD . . . . . . . . . . . . . . . . . . . .  99 N OT . . . . . . . . . . . . . . . . . . . . . . . .  C0 
C SAVE . . . . . . . . . . . . . . . . . . . . .  9A STEP . . . . . . . . . . . . . . . . . . . . . . .  C l  
O P E N  . . . . . . . . . . . . . . . . . . . . . . .  9 B  O F F  . . . . . . . . . . . . . . . . . . . . . . . . .  C2 
C LOS E . . . . . . . . . . . . . . . . . . . . .  9C + . . . . . . . . . . . . . . . . . . . . . . . . . . .  C3 
L U ST . . . . . . . . . . . . . . . . . . . . . .  9 D  - . . . . . . . . . . . . . . . . . . . . . . . . . . .  C4 
S ET . . . . . . . . . . . . . . . . . . . . . . . . .  9E * . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C5 
R E S ET . . . . . . . . . . . . . . . . . . . . .  9F  I . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C6 
CLS . . . . . . . . . . . . . . . . . . . . . . . . .  A0 : . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C7 
MOTO R . . . . . . . . . . . . . . . . . . . .  A 1  AN D . . . . . . . . . . . . . . . . . . . . . . . .  C8 
SOU N D  . . . . . . . . . . . . . . . . . . . .  A2 O R  . . . . . . . . . . . . . . . . . . . . . . . . . .  C9 
A U D I O  . . . . . . . . . . . . . . . . . . . . .  A3 > . . . . . . . . . . . . . . . . . . . . . . . . . . . .  CA 
EXEC . . . . . . . . . . . . . . . . . . . . . . .  A4 = . . . . . . . . . . . . . . . . . . . . . . . . . . .  C B  
S K I P F  . . . . . . . . . . . . . . . . . . . . . .  A5 < . . . . . . . . . . . . . . . . . . . . . . . . . . . .  cc 

D E L  . . . . . . . . . . . . . . . . . . . . . . . . .  A6 U S I N G  . . . . . . . . . . . . . . . . . . . . .  CD  
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TOKEN TAB LE 2 

Res .  Word . . . . . . . . . . . . . . . . .  Token 
S G N  . . . . . . . . . . . . . . . . . . . . . . . .  F F  80 
I NT . . . . . . .. . . .. . . . . . . . . . . . . . .  F F  8 1  
ABS  . . . . . . . . . . . . . . . . . . . . . . . .  F F  82 
POS . . . . . . . . . . . . . . . . . . . . . . . .  FF 83 
R N D  . . . . . . . . . . . . . . . . . . . . . . . .  FF 84 
SOR . . . . . . . . . . . . . . . . . . . . . . . .  F F  85 
LOG . . . . . . . . . . . . . . . . . . . . . . . .  F F  86 
EXP . . . . . . . . . . . . . . . . . . . . . . . . .  F F  87 
S I N  . . . . . . . . . . . . . . . . . . . . . . . . .  F F  88 
COS . . . . . . . . . . . . . . . . . . . . . . . .  F F  89 
TAN . . . . . . . . . . . . . . . . . . . . . . . .  F F 8A 
ATN . . . . . . . . . . . . . . . . . . . . . . . .  FF 8B 
PEEK . . . . . . . . . . . . . . . . . . . . . . .  F F  8C 
LEN . . . . . . . . . . . . . . . . . . . . . . . . .  F F  80 
STR$ . . . . . . . . . . . . . . . . . .. . . . .  F F  8E 
VAL. . . . . . . . . . . . . . . . . . . . . . . . .  F F  8F  
ASC . . . . . . . . . . . . . . . . . . . . . . . . F F  90 
C H R$ . . . . . . . . . . . . . . . . . . . . . . .  FF 91  
EOF  . . . . . . . . . . . . . . . . . . . . . . . . .  F F  92 
J OYSTK . . . . . . . . . . . . . . . . . . .  F F  93 
F IX  . . . . . . . . . . . . . . . . . . . . . . . . . .  F F  94 
H EX$ . . . . . . . . . . . . . . . . . . . . . . .  F F  95 
LEFT$ . . . . . . . . . . . . . . . . . . . . . .  F F  96 
R I G HT$ . . . . . . . . . . . . . . . . . . . . FF 97 
M I D$ . . . . . . . . . . . . . . . . . . . . . . .  FF 98 
PO INT  . . . . . . . . . . . . . . . . . . . . . .  FF 99 
I N KEY$ . . . . . . . . . . . . . . . . . . . .  F F  9A 
M E M  . . . . . . . . . . . . . . . . .. . . . . .  FF 9B 
VAR PTR . . . . . . . . . . . . . . . . . .. F F  9C 
I N STR . . . . . . . . . . . . . . . . . . . . . .  F F  90 
T IMER . . . . . . . . . . . . . . . . . . . . .  F F  9E  
PPO INT . . . . . . . . . . . . . . . . . . . .  FF  9 F  
STR I N G$ . . . . . . . . . . . . . . . . . .  F FA0 
U S R  . . . . . . . . . . . . . . . . . . . . . . . .  FFA1 
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CHARACTER TABLE ONE
LOWER CASE 

POKE C H R$ POKE C H R $  

CHARACTER DEC H EX DEC H EX CHARACTER DEC H EX DEC H EX 

@ 0 00 S PACE 32 20 

A 1 0 1  97 6 1  ! 33 21  N 
B 2 02 98 62 

" 
34 22 0 

C 3 03 99 63 =II= 35 23 

D 4 04 1 00 64 $ 36 24 L 
E 5 05 1 0 1  65 % 37 25 0 

F 6 06 1 02 66 & 38 26 w
G 7 07 1 03 67 

' 
39 27 E 

H 8 08 1 04 68 ( 40 28 R 

I 9 09 1 05 69 ) 41 29 

J 1 0  0A 1 06 6A 
* 

42 2A C 

K 1 1 OB  1 07 6B + 43 2B A 

L 1 2  oc 1 08 6C 44 2C s
M 1 3  OD 1 09 6D 45 2D E 

N 1 4  OE 1 1 0 6E 46 2E 

0 1 5  OF 1 1 1 6F  I 47 2F  A 

p 1 6  1 0 1 1 2 70 0 48 30 s
Q 1 7  1 1 1 1 3 7 1  1 49 3 1  C 

R 1 8  1 2 1 1 4 72 2 50 32 I 
s 1 9  1 3 1 1 5 73 3 5 1  33 I 
T 20 1 4 1 1 6 74 4 52 34 

u 2 1 1 5 1 1 7 75 5 53 35 E 

V 22 1 6 1 1 8 76 6 54 36 Q 

w 23 1 7 1 1 9 77 7 55 37 u 
X 24 1 8 1 20 78 8 56 38 I 
y 25 1 9 1 2 1  79 9 57 39 V 
z 26 1 A  1 22 7A 58 3A A 

[ 27 1 B 1 23 7B ' 59 3B L 
\ 28 1 C 1 24 7C < 60 3C E 

l 29 1 D 1 25 7D 6 1  3D  N 
t 30 1 E 1 26 7E > 62 3E T 
- 3 1  1 F 1 27 7F  ? 63 3F 
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CHARACTER TA B LE ONE 
UPPER CASE 

POKE  C H R$ POKE C H R$ 

CHARACTER DEC H EX DEC H EX CHARACTER DEC H EX DEC H EX 

@ 64 40 64 40 S PACE 96 60 32 20 

A 65 41 65 41 ! 97 6 1  33 2 1  

8 66 42 66 42 
"

98 62 34 22 

C 67 43 67 43 =IF 99 63 35 23 

D 68 44 68 44 $ 1 00 64 36 24 

E 69 45 69 45 % 1 0 1 65 37 25 

F 70 46 70 46 & 1 02 66 38 26 

G 7 1  47 7 1  47 
' 

1 03 67 39 27 

H 72 48 72 48 ( 1 04 68 40 28 

I 73 49 73 49 ) 1 05 69 4 1  29 

J 74 4A 74 4A 
* 

1 06 6A 42 2A 

K 75 48 75 48 + 1 07 68 43 28 

L 76 4C 76 4C 1 08 6C 44 2C 

M 77 4D 77 4D 1 09 6D 45 2D 

N 78 4E 78 4E 1 1 0 6E 46 2E 

0 79 4F 79 4F I 1 1 1 6F 47 2F  

p 80 50 80 50 0 1 1 2 70 48 30 

Q 81  5 1  8 1  51 1 1 1 3 7 1  49 3 1  

R 82 52 82 52 2 1 1 4 72 50 32 

s 83 53 83 53 3 1 1 5 73 51 33 

T 84 54 84 54 4 1 1 6 74 52 34 

u 85 55 85 55 5 1 1 7 75 53 35 

V 86 56 86 56 6 1 1 8 76 54 36 

w 87 57 87 57 7 1 1 9 77 55 37 

X 88 58 88 58 8 1 20 78 56 38 

y 89 59 89 59 9 1 2 1 79 57 39 

z 90 5A 90 5A 1 22 7A 58 3A 

[ 9 1  58  9 1  58  ' 1 23 78  59 38  

\ 92 5C 92 5C < 1 24 7C 60 3C 

l 93 5D 93 5D 1 25 7D 6 1  3D  

t 94 5E 94 5E > 1 26 7E  62 3D 
+- 95 5F  95 5F ? 1 27 7F  63 3F  
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N OTES O N  CHA RACTE R TAB LE O N E  

As mentioned ea rl ier i n  the book the video display generator uses a modif ied ASC I I
cha racter set . This set i s  shown i n  the co lumns headed ' POKE' - a  character can be
p laced on the Dragon screen by poking the appropriate va lue to screen ram .

Basic stri ngs a re stored a s  true ASCI I va lues and the C H A$ function demands true
ASC I I .  What th is means is that the true ASC I I  va lue is converted by the Basic
i n terpreter before a character is d isplayed on the screen . The true ASC I I  va lues
hand led by Basic a re shown i n  the col umns headed ' C H A$ ' . 

The two s imple routines below wi l l  show the characters produced by va r ious
va lues .  

1 0  R EM C H A$ VALU ES
20 C LS 
30 PR INT@0, "VALUE" ; : I N PUT V 
40 PR I NT@01 6, CH R$ (V) ; : PR INT@8, "
5(J GOTQ3ij

1 0  fi! EM VDG CHARACTER SET
20 C LS 
30 PR I NT@0 .  "VALUE" ; : I N PUT V 
40 PO KE1 038, V : PR I NT@8, " "
5(J GOT03ij
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EXTRA I N FO R M ATIO N  ON SAM CONTROL B IT  A R EA 

PAG E SELECT ( paged memory when implemented) 

F FD4 (clear) 
F FD5 (set) 

normally O for page 1 

M E M ORY S IZE  

FFDA (clear bit zero) 
F FD B  ( set bit zero) 

F FDC ( clear bit one) 
F F DD (set bit one) 

4k 1 6k 

0 

0 0 

MAP TYPE (when implemented- 0 =  ram + ram, 1 = all ram) 

F FDE ( clear) 
F FDF ( set) 
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32/64k ? 
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P I As 

The D ragon uses 2 6821 Para l le l  I n terface Adaptors for the control of its 1 /0
fu nctions .  Each PIA occupies 4 memory locat ions i n  the sect ion of the Dragon
memory map reserved as the 1 / 0  a rea . 
The fi rst uses locations F F00 - FF03 hex .
Deta i ls  of the ind ividua l  b its with in  these locat ions fo l lows :
Locations bit  funct ions 

FF00 0 keyboard row 1 and joyst ick switch

FF01

FF02

FF03

1 keyboa rd row 2 and joyst ick switch
2 keyboa rd row 3
3 keyboa rd row 4
4 keyboa rd row 5
5 keyboa rd row 6
6 keyboa rd row 7
7 input  for joyst ick comparison

� : Rap id I RQ
2 usua l ly set to 1 ( governs fu nction of FF00 ) 
3 least sign if icant  bit of mu lt ip lexer select l i nes
4 set to 1 a lways
5 set to 1 a lways
6
7
0
7
0
1 
2
3
4
5
6
7

keyboa rd col umn  1 
keyboard col umn 8

: S low I RQ, Timer,  Play, etc .
usua l ly set to 1 ( governs funct ions of FF02) 
most s ign if icant bit of mu lt ip lexer select l i nes
: a lways set to 1
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The second P IA occupies FF20 - FF23 hex. 
Detai ls of the individual bits : 
Location bit funct iori 
FF20 0 cassette input 

FF2 1 

FF22 

FF23 

1 printer strobe 
2 D/  A least significant bit 
3 
7 D/ A most significant bit 

1 
2 
3 
4 
5 
6 
7 
0 
1 
2 
3 
4 
5 
6 
7 
0 
1 
2 
3 
4 
5 
6 

usual ly set to 1 ( governs function of F F20) 
cassetts motor control 
) 

) always set to 1

ram size 
VDG control 
VDG control 
VDG control 
VDG control 
VDG control 
: cartridge F IRO 
usual ly set to 1 (governs function of FF22 ) 
six bit sound enable (TV) 
) 
) always set to 1

7 flag - cartridge interrupt 
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CARTR I DG E  E D G E  CON N ECTO R P I N  D ESCR I PTIO N  

1 ( T O P  R I G HT)  
2 ( B OTTO M  R I G HT) 
3 
4 
5 

6 
7 

8 

9 
1 0  
1 1
1 2  

1 7  
1 8  
1 9  
20 

3 1  
32 
33 
34 
35 
36 
37 
38 
39 (TOP L E FT /  
40  ( BOTTO M LEFT)  

- 1 2v
+ 1 2v
Ha lt i nput to C P U
Non maskab le i nterru pt t o  C P U
Reset
E ( Ma in  C P U  C lock ( 0 . 89 M H Z ) )
Q ( Ouadrative C lock S igna l )  ( leads 6 ) )
Cartr idge interrupt i nput
+ 5v
Data bit 0
Data bit 1
Data b it  2

Data b it  7 
R /W - C P U  read /write s igna l  
Address b it  0 
Address bit 1 

Add ress b it 1 2  
Cartr idge select 
ground 
ground 
Sound input  
Spare select s igna l  
Address bit 1 3  
Address bit 1 4  
Address bit 1 5  
Devise selection  disab le  i nput  
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SO U N D  OUTPUT SE LECT ION 

Sound enable mu lt ip lexer select l i nes Sound sou rce 
( FF23 bit 3) ( FF01 bit 3)  ( F F03 bit 3 )  

0 0 6 bit D /  A 

1 1 0 cassette 

0 1 ca rtr idge connector 

1 1 unused 

The 6821 PIA is a versat i le  ch ip  which is ab le  to perform many 1 /0 
fu nct ions . I n  order to u nderstand it more fu l ly I wou ld recommend 
LEVENTHAL' S "6809 ASSEM B LY LAN GUAGE PROGRAM M I N G" .  
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N OTES 

1 .  G RA P H I CS M O D ES 

Prog rams us ing the method of select ing g raph ics modes by poking to 
location 653 1 4  may have p roblems if the bit patterns of tab le 3 a re used . 
The reason is that the least s ign if icant 3 bits i n  th is locat ion control other 
functions and should not be changed . I f  you encounter d i fficu lt ies then 
use someth ing l ike :  

POKE 653 1 4, ( PEEK(653 1 4) AN D 7 )  + 1 28 + C 

This pa rt icu la r  example is for the 64 by 64 fou r  co lou r  mode but is easi ly 
mod ified to cover a l l  other modes . Having  sa id a l l  th is I must say that I 
have not yet had any problems us ing stra ightforwa rd pokes . 

2 .  PROCESSO R S P E E DS 

I t  has come to my attent ion that not a l l  Dragons wi l l  respond to increasing 
the c lock rate . If th is is the case with you r  mach ine than I am afra id I know 
of no way of rectify ing the situat ion .  
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H EX 
1 9/ 1 A
1 B / 1 C
1 D / 1  E 
1 F /20 
21 /22 
23/24 
27/28 
2D /2E 
2F/30 
3 1  /32 
33/ 34 
35/36 
68/69 
6F 

70 
7 1  
72/73 
78 

7C 
7D 
7E/7F  
80 
81  
82 
87 
88/89 
90/91  
92 

95/96 

9D/9E  
9F-AA 
80/ 8 1  
82 
83 
84 

M E M O RY MAP 

POI NTER TO START O F  BAS I C  
PO I NTER TO E N D  O F  BAS I C / START O F  VAR IAB LES 
POI NTER TO START O F  AR RAY PO INTER TAB LE 
PO I NTER TO EN D O F  RAM IN U S E  
POI NTER TO TO P O F  STACK 
PO I NTER TO TO P O F  STR I N G  S PACE 
PO I NTER TO TOP O F  RAM 
PO I NTER TO N EXT STATEM ENT TO BE EXECUTED 
WAR M  START PO I NTER FOR R ES ET 
L I N E  N U M B E R  O F  C U R R ENT DATA 
PO I NTER TO DATA 
I N PUT POI NTER 
C U R R ENT L I N E  N U M B ER B E I N G  EXECUTED 
OUTPUT DEVI S E  N U M B ER (0  = S C R EEN , 
- 1 = CASS ETTE,  - 2 = P R I NTER )
EO F F LAG
R ESTART FLAG
R ESTART PO I NTER
CAS S ETTE STATUS (0  = C LOSED ,  1 = I N PUT,
2 = O UTPUT)
B LOCK TY PE ( CASSETTE )
N U M BER  O F  DATA BYTES ( CASS ETTE)
B U FFER  A D D R ES S  ( CAS S ETTE)
C H EC K S U M  ( CASSETTE)
CASS ETTE E R R O R  C O D E - I F  <J TH EN NO E R R O R S
F R E Q  C O U N T  F O R  I N PUT B IT ( CA S S ETTE)
LAST K EY P R E S S E D
POI NTER T O  C U R R ENT C U R S O R  POS IT ION
LEADER  BYTE COUNT ( CA S S ETTE)
U S UALLY 12 H EX - ON I N PUT OF A S I N G LE B IT FROM
TAPE ,  LOCAT ION $82 CONTA I N S  A ROUGH M EAS U R E
O F  TH E B IT' S FR EQU ENCY A S  TH E N U M B E R  O F  T I M ES
TH E I N PUT PORT HAD TO B E  POLLED B EFO R E
D ETECTI ON . I F  TH I S  VA LUE I S  G R EATER THAN O R
EQUAL TO TH E VALUE  I N  $92 T H E N  TH E B IT I S  A ZERO
OTH ERWI S E  IT  I S  A O N E .
CAS S ETTE M OTO R D E LAY

PO I NTER TO EXEC A D D R ES S
S E L F- M O D I FY I N G  R O UTI N E
PO I NTER TO U S R  A D D R ES S  TAB LE
FO R EG R OU N D  COLO U R
BACKG R OU N D  COLO U R
ACTIVE CO LO U R
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B6 

B7/ B8 

89 

BA/ B B  

B D / B E  

B F / CO 

1 1 2- 1 1 4 

1 20 

1 2 1 / 1 22 

1 23/ 1 24 

1 25 

1 26 / 1 27 

1 28/ 1 29 

1 34- 1 47 

1 49 

1 4A- 1 4F 

1 50- 1 59 

1 5A- 1 5D 

1 5E- 1 A F  

1 67- 1 69 

16A- 1 6C 

182- 1 84 

188-  1 8 D 

18E- 1 90

194- 1 96 19A- 

1 9C 1A3- 

1 A5 A6- 1 A8

1

-400-5FF  

ro1-7 F F F  

GRAPH I C S  MODE  

TOP  O F  C U R R ENT G RAPH ICS  SCR EEN 

N U M B ER O F  BYTES PER R OW OF C U R R ENT GRAPH ICS  

SCR EEN 

BASE O F  CU R R ENT G R AP H I CS SCR EEN 

CU R R ENT X POS IT I ON  ON SCR EEN 

CU R R ENT Y POS IT ION ON S C R EEN 

TI M E R  

N U M B ER O F  NOR MAL R ES ERVED WO R DS 

POI NTER TO START O F  NOR MAL R E S .  WO R DS L IST 

PO I NTER TO START O F  ENTRY A D D R ESSES 

N U M B ER O F  FUNCT ION R ES ERVED WOR DS 

PO I NTER TO START O F  FUNCTION R ES ERVED WOR D  

LI ST 

PO I NTER TO START OF FUNCTION ENTRY PO I NTS 

U S R  AD D R ESS TAB LE 

ALPHA LOC K  F LAG 

EN D OF L I N E  S EQU EN C E  FO R PR I NTER 

KEYBOA R D  R O L LOVER TAB LE 

JOYSTI C K  B U FFERS 

VECTOR TAB LE FOR USER  EXTEN S I O N S  TO 

BAS I C - DEFAU LT RTS I N  ALL  BYTES . SOME  

ROUTI N ES US ING  TH I S  TAB LE ARE : -

I N PUT A CHARACTER 

OUTPUT A CHARACTER 

R EAD I N PUT L I N E  

EVALUATE EXPRESS ION  

ERROR  H A N D LER 

R U N  

R EA D  N EXT STATEM ENT 

CONVERT R ES .  WOR DS TO TO KENS 

CONVERT TO KENS TO R ES .  WOR DS 

DEFAU LT TEXT S C R EEN 

BAS I C  WOR K  A R EA 

S C R EEN S / PROG RAM /VAR IAB LES 

fn)O- B FFF  BAS I C  ROM 
COOO- D FFF  CARTR I DG E  ROM 

= COO- F F03 P IA 1 

= =20- FF23 P IA 2 
= = co- F F D F SAM CONTR O L  B ITS 

= = -o-  F F F F  CPU VECTO R S  ( S ET FROM B F FO- B FFF )  

= = =o - F F F 1  R ESERVED 

= = =2- F F F3 SW1 3 

=- =  =4- F F F5 SW1 2 

=- = =&- F F F7 F I R Q  

= =s-- F F F9 I R Q  
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F F FA- FFFB  SWI 

F F FC- FFFD N M I  

FFFE- FFFF  RESET 
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