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Preface 

This book is a collection of relevant facts and figures for your 
Dragon 32 computer. Owing to the way the Dragon 64 has 
been designed, a lot of this will apply to that newer model as 
well. 

In addition to memory maps, microprocessor instruction set, 
detailed notes on the available (and unavailable and undocu
mented) graphics pages, BASIC commands, error messages 
(again a few that you won't find in the Dragon manual but 
which none the less exist), and more, this book contains just 
about any fact or figure about the Dragon that you'll ever need 
to know. 

In response to helpful suggestions from others (including Peter 
Worlock: thank you!), this handbook includes more than just 
facts and figures. At the end of the book there is an eight-page 
collection of useful hints and tips that make use of some of the 
material contained in the rest of the book. This should make 
the information contained here that little bit more accessible. 

We'd like to thank anyone who, directly or indirectly, has con
tributed material to us. As ever, your comments are most 
welcome. 

P.G. and D.D. 

6 



ASCII tables 

Standard ASCII char-acters C7-bi t code) 

0 5 6 7 
MSD ------+-----+-----+-----+ 

LSD 000 001 010 011 100 101 110 111 
-----------+------+ 

0 0000 NUL DLE SP 0 • p p 
l 0001 SOH DC! l A Q . q 
2 0010 STX DC2 2 B R b 
3 0011 ETX DC3 3 C 5 
4 0100 EDT DC4 4 D T 
5 0101 ENO NAK 'l. 5 E u 
6 0110 ACK SYN • 6 F V 

0111 BEL ETB 7 G w g 
B 1000 B5 CAN 8 H h 
9 1001 HT EM 9 y 
A 1010 LF SUB z 
B 1011 VT ESC K [ 

C 1100 FF FS L 
D 1101 CR GS M 
E 1110 so RS N 
F 1111 51 us 0 DEL 

+--------------------------------- - ----� -- - --

The ASCII symbols. 

NUL - Null DLE 
SOH - Start of Heading DC 
STX - Star-t of Text NAK 
ETX - End of Text SYN 
EDT - End of Transmission ETB 
ENQ - Enquiry CAN 
ACK - Ackno�ledge EM 
BEL - Bell (audible alert) SUB 

BS - Backspace ESC 

HT - Horizontal Tabulation FS 
LF - Line Feed GS 
VT - Vertical Tabulation RS 
FF - Form Feed US 
CR - Car-ri age Retur-n SP 

SO - Shift Out DEL 
SI - Shift In 

- Data Link Escape 

- Device Control 
- Negative Acknowledge 
- Synchronous ldl e 
- End of Transmission Block 
- Cancel 
- End of Medium 
- Substitute 

- Escape 
- Fi 1 e Separator 

- Gr-cup Separator-
- Record Separator-
- Unit Separator-
- Space <Blank) 
- Delete 
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Keyboard CNTL Sequences. 

NUL - CNTL I DLE - CNTL P 
SOH - CNTL A DCl/2/3/4 - CNTL CUR/5/T 
STX - CNTL B NAK - CNTL U 
ETX - CNTL C SYN - CNTL V 
EDT - CNTL D ETB - CNTL W 
ENQ - CNTL E CAN - CNTL X 
ACK - CNTL F EM - CNTL Y 
BEL - CNTL G SUB - CNTL Z 
B5 - CNTL H/BS ESC - ESC 
HT - CNTL I/TAB FS - CNTL BACKSLASH 
LF - CNTL J/LF GS - CNTL 
VT - CNTL K RS - CNTL ::: 
FF - CNTL L us - CNTL -
CR - CNTL M/CR SP - Space 
so - CNTL N 51 - CNTL 0 
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ASCII codes 

ASCII Cod•• for k•v• --------------------
--------------------------------------------------------

KEY HEX • DECIMAL • 
Un•hift•d Shift•d Unahift.•d Shift.•d -

___ ., ____________________________________________________

BREAK 03 03 03 03 
CLEAR oc 12 
ENTER OD OD 13 13 
SPACE 20 32 

21 33 
22 34 

• 23 35 
• 24 36 " 25 37 
& 26 3B 

27 39 
2B 40 
29 41 * 2A 42 

+ 2B 43 
2C 44 
2D 45 
2E 46 

I 2F 47 
0 30 12 4B 12 
I 31 49 
2 32 so 
3 33 SI 
4 34 52 
5 35 53 
6 36 54 
7 37 55 
B 38 56 
9 39 57 

3A SB 
3B 59 
3C 60 
3D 61 
3E 62 

? 3F 63 • 40 13 64 19 
•a===-••••••••••••••••m••••••••••••••••••••a••••••••••••• 
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KEY HEX # DECIMAL I --------------------------------------------------------
Un•hift•d Shifted Unshift•d Shifted 

.,...,..,,.••=•=•==z••a•-=••=•••======••=••••••••:a:••:n:-=a:•••••••• 

A 61 41 97 65 
B 62 42 98 66 
C 63 43 99 67 
0 64 44 100 68 
E 65 45 101 69 
F 66 46 102 70 
G 67 47 103 71 
H 68 48 104 72 
I 69 49 105 73 
J 6A 4A 106 74 
K 6B 4B 107 75 
L 6C 4C 108 76 
11 6D 4D 109 77 
N 6E 4E 110 78 
0 6F 4F 111 79 
p 70 50 112 80 
Q 71 51 113 BI 
R 72 52 114 82 
s 73 53 115 83 
T 74 54 116 84 
u 75 55 117 85 
V 76 56 118 86 
w 77 57 119 87 
X 78 58 120 ea 
V 79 59 121 89 
z 7A 5A 122 90 

tCUJ 5E SF 94 95 
tCDl OA 5B 10 91 
[CLJ 08 15 B 21 
[CR] 09 5D 9 93 -------------------------.. ________ ,. __________ 

Nota I CU •• th• up-•rrow kay 

CD •• th• down-•rrow kay 

CL h th• l•ft-•rrow k•v 
CR h the right-arrow kay 
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Basic expressions 

In Dragon Ba•ic, num1tric a,cpr•••ion• ar• carri•d out with 
th• following priority. 

1) Bri11.ck•t• 

2) Functions 

3) Ar-ithm•tic 
op•rator• 

4) R•l.ational 
oper•tors 

�> Logical 
opar.atora 

() giv•• •,cpr•••iona within 
brackata highar priority. 

••• aaction on BASIC functiona. 

axponantiation 
nagation 
multiplication 
diviaion 
addition 
subtraction 

i• aqual to 
< > not aqual to 
< l••• than 
> 

<• 

gr-••t•r th1m 
l••• than or aqual to 

>• graat•r than or aqual to 

Th•••, ,and th• ralational opar-atcra, raturn a valua of C-1) 
if th• result of an a,cpraaaion ia tru•, or (Ol if it. ia 
fal ••· 

NOT 

OR 

AND 

NOTX 

V 

X OR Y 

X AND Y 

To aat a particular bit in a mamory location, and k••P the 
rest aa they ware, you must POKE (LOC) ,PEEKCLOC> OR X. X 
must have one of the fol lowing valua•1 

Valua Bit ••t 

1 0 
2 1 
4 2 
B 3 ,. 4 

32 5 
•• •

128 7 

To sat mar• than on• bit. us• • combination cf the above 
valu••· To check if a bit in a m•mory location is •et, you 
must POKE (LOC> ,PEEK<LOC) AND X, wh•r• again X comas from 
the above tabl•. 
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Basic keywords 

CX] indiciltvs th• n•m• of • param•tar. 

AUDIO 

Conn•cts or disconnact• c.a&a•tte output to TV, for r-acording 
sound aff•cts on tape to b• play•d back lat•r using MOTOR 
commilnd. 

AUDIO ON 
AUDIO OFF 

CIRCLE 

Draws A cir-cl• on the graphiclii iiCrltan. 

CIRCLE (CXl,CYll ,CRJ,Clist of •ttr-ibutasl 

X indic•t•• X c:o-ordin•t• of position of centre of circl•
y indicates Y co-ordinate of po•ition of cantra of circla. 
R indicatas radius o.f circle. 

Cliat of attributasl is made up •• follows. 

[Cl, CHWJ, CSTARTl, CENDl 

C indic•t•• colour of circle. 
HW indic,a,tas the haight/width r•tio (for allipsasl. 
START indic.iltas st.arting position of circla. 
END indicatas and poaition of circle. 

CLEAR 

Resets iill vari•blas to zaro if numeric , or null strings if 
•tring, r•••rv•• sp•c• for strings, and ••t• top of BASIC, 

•tring •P•c• i• the numb•r of byt•• res•rv•d f or •tringa, 
•ddre•1& i• th• high••t •ddn••• th•t BASIC will u••· 

CLOAD 

Lo.ad• BASIC progr.am from t,ape in either ASCII or tok•n form. 

CLOAD 
CLOAD 
CLOAD "[fil•n•m•l" 
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CLOADM 

Loads machin• coda program from t•P•· 

CLOADM 
CLOADM 
CLOADM "[filanam•l" 
CLOADM "",[offs•tl 
CLOADM "tfil•nam•l",[off••tl 

offset move• progr,am up in memory from th• origin.-1 saved 
addre••· 

CLOSE 

Closes any op•n fil•• or d•vic••· 

CLOSE [d•vic:a numb•rl 

If devic• number is not spacifiad, .-11 fil•• currantly opan 
are c:los•d. 

CLS 

Cla.-r• th• scr••n .and sets th• b.ackground colour. 

CLS [colour] 

COLOR 

Sats th• background and foreground colour• on .a graphics 
paQ•• 

COLDR tforagroundl, tbackQroundl 

Not• American spelling of colour! 

CONT 

Continua• • program aftar axecution ha• baen halted. It 
won't work if any progP""am chang•• •r• made before issuing 
the comm.and. 

CONT 

CSAVE 

Saves a BASIC program onto tape. 

CSAVE 
CSAVE 
CSAVE "[filenamel" 
CSAVE "", [Al 
CSAVE "tfilenamel",CAl 

The 'A' will wave the program in ASCII format. 
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CSAVEH 

CSAVEH " ",Catartl,C•ndl,C•ntryl 
CSAVEH " C f i  l•n•m•l", Catartl, [end], C•ntryJ 

atart indicat•• first addr••• to b• ••v•d. 
and indicat•• l••t •ddr••• to b• aavad. 
•ntry indicat•• firat addr••• to b• •K•cutad. 

DATA 

Star•• dat• in proqra111. Oat• can b• •ith•r at.ring or 
numaric, and quotation mark• ar• not n••d•d for at.rings 
unl••• you·ra u•ing • comma within th•t string. 

DATA Cnumb•rl,CstrinQl, C " string"l 

DEF FN 

Dafinas • num•ric function. 

DEF FNCnamal ( Cv•rl > •C•Kpraaaionl 

Th• variabl• (VAR) us•d will only affac:t tha •Kpraaaion , and 
won't chang• any vari•bla of the aam• name alsawhara in th• 
program. 

DEFUSR 

D•fin•• a machine cod• routin•. 

DEFUSRC n  l•C addr•ssl 

DEL 

D•l•t•• program lin••· 

DEL C X-Yl 

D•l•t•• from and including line X up to and including line 
v. 

DEL C X-l d•l et•• from l in• X onwards. 
DEL C-Yl d•l•t•• from at.art of proQr•m to lina Y .
DEL C - l  d•l•t•• th• •ntir• program. 
DEL CXl d•l•t•• line X. 

DIM 

Dim•nsion• • string or num•ric array. 

DlH [array] ( Cai zel >, Carrayl < C sizel> 

This d•finea •n •rrav to hold Csiz•> numbar of elements. 
Arrays can ba multi-dim•nsional (e.g. D I M  A$ ( 2,2,2 , 2 >  > .  
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DRAW 

Draw• a 1 in• on a graphic• page. 

DRAW [li•t of P•ramat•r•l 

Th• l i st of paramatars may contain any or all of tha 
fol l owing, whare X and Y ara horizontal •nd v•rti cal 
co-ordi natas and Z is si,nplv th• numbar of po•i tions to ba 
movad1 

H I mova draw posi tion (HX , Y  or offsat by H+X,+Y) 
U : mov•ldraw position up IUYl 
0 1 mova/draw po•i tion down (UY) 
L I mov•/draw posit i on l•ft IUXl 
R I move/draw po•i tion right IUX) 
E I mov•/dr•w posi tion at 45 degr•• angl• IEZ> 
F I ditto but At 135 d•gr••• IFZl 
G I ditto but at 225 d•gr••• tGZl 
H I ditto but at 315 degr••• tHZl 
X 1 •><•cut• a substring and r•turn 
C I chang• col our to what•v•r 
A I t i l t  •v•rything at an angl• 
S I seal• •verything 
B I b•for• any movament command ce•••• to draw but •ti 1 1  

moves 
N ; b•for• any mov•m•nt command do•sn 't  updat• po•i tion 

but returns to original cursor poai tion 

Phew! 

EDIT 

Go•• into •di t mod•. 

EDIT [linel 

In ecli t mod•, there are • numb•r of co1nmand• that can b• 
used1 

MC I change M character• 
xD I del ete M characters 
H I delete re•t of l i n• and await n•w i nput 
I I i nsert new charactars 
K I delete re•t of l i n• f rom current po•ition 
xKc I d•l•t• re•t of l in• up to Mth occurrenc• of 

character ·c · 
L 1 1 i •t current st•t• of l in• 
xSc 1 ••arch throu9h l i ne for xth occurrence of 

charact•r · c ·  
1 axtand l i ne and await n•w i nput 

xSPACE 
x l [CLl> 
SHIFT I [CU:J ) 
ENTER 

1 move al on9 M •P•c•• 
1 mov• left M space (CL i• laft arrow 

leave i nsart mode and return to •dit mod• 
1 l•ava adit ,nod• •nd stora l i n•. 

To recall a l i n• as it  was bafora you adited it, pr••• 
SHIFT CCCUl) , th•n pr•s• A and ENTER. 
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ELSE 

Saa IF 

END 

Halts progr.am a><acution. 

END 

EXEC 

Tr.ansf•r• program •><•cution to m.achinv cod• routine. 

EXEC C .addr•••l 

Go to th• addr••• spaci f i •d. 

FOR 

St.art of .a program loop. 

FOR Cv.ari .ablal•C>< 1 l TOCx2lSTEPC><3l • • • •  NEXT Cv.ar i ablal 

S•t th• v.ari abl• aqual to ><L Incrament i t  i :-i  steps of ><3 
( i f  omittad, this daf•ult• to 1 ) ,  •nd rapaat it unt i l  th• 
vari abla is •qu,al to ><2 plus ><3. Program •><•cution is than 
transfarr•d to th• statam•nt i mmadiataly aft•r tha NEXT 
at•t•mant. 

If x l  i& l••• th.in ><2, then STEP mu&t be used , ,and ><3 must 
b• • nagativ• numbar. Th• vari •bla is than d•cr•m•nt•d on 
••eh pass through th• loop. 

GET 

This ••v•• a ract•ngla of .a gr•phics scr••n •nd •tor•• it i n  
a vari •bl• •rray for lat•r r•c•ll <••• PUT) . 

This ••v•s the ract•ngle from tha di Agona l l y  opposad corn•rs 
X 1 ,Y1  •nd X2,Y2. Th• G spaci f i •• ·••v• f u l l  Qr•phi c  
d•t•il · •  It may b •  omitt•d. 

GOSUB 

This p•rforms a aubroutina. 

GOSUB C 1 in• number l 

This tr•nsf•rs program e><•cution to Cl in• numbar] , whara 
•><•cut ion continues until a RETURN statamant is ancount•rad. 
Whan it i s ,  th• program raturns to tha statemant fol l owing 
tha GOSUB. 
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GOTO 

Thi• tr-.an11f•r-• pr-ogr-•m •xacution to anoth•r- lin•. 

GOTO Cline numb•rl 

lF 

This indic•tas the st•rt of ill conditional r-alationship.  

IF tconditi onJ THEN tr-••ultl ELSE t anothar r•sultl 

If  • condi tion is true, th•n wa c.an either- exacuta • 
statemant or- br-anch to another- lina number-. If it illm 't, 
progr•m axecution conti nues •t th1t lina .after tha IF 
statement, unla•• the option•l ELSE is us•d, in which c.a•• 
tha st•temant or line numb•r spacified .after- th• ELSE i •  
a)(ecutad. 

I NPUT 

Us•d for g•tting d•t• fr-om the us•r vi• th• keyboard. 

INPUT "[pr-omptl";  tv•ri •blal l, tv•r-i able2J , etc • • • •  

Wh•n thi s i s  usad, progr•m •w:•c:ution halt• until the us•r
typa• •omathing in and pr-a1111a11 ENTER. If no prompt ia 
gi v•n, tha ••mi -colon .a.ft•r- it must ba omitted. 

INPUTtt-1 

Inputs d•t• from tapa. 

INPUTtt-1, tvar-i ablal l, tvariab1•2l ,etc . . • •  

This gets data from tapa that has pr•viously baan savad 
using PRJNT#-1. 

LET 

Thi• •••igns • v•lu• to • v•ri abl•. 

LET tvar-i ablal=taxpraasionl 

The use of LET is optional • 

LIST 

Thi• lists a progr-am onto the screen. It i s  di spl.ayed at 
gr-eat &paad, •nd c.an ba h.al tad using tha SHIFT .and · a '  kay11 
together-. 

LIST tX-Yl 

Thiti follows the s.ame procedure• for X and Y •• DEL, axcapt 
that to 1 ist an antir-a pr-ogr-am you must iust antar LIST. 
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LLIST 

This lists a program onto a l in• print•r. 

LLIST CX-V] 

This follows •)(actly th• sam• proc•dur•• for X and Y a• 
LIST. 

LINE 

This, amazing l y  •nough, draws a lin•! 

LINE <CXU,CYl ] )  - < CX2],CY2ll ,Cal ,Cbl 

Thi• draws a l in• from X l  ,Yl to X2, Y2. If X l  ,Yl is omitt•d , 
th• •nd point of th• last LINE or DRAW ia ua•d aa th• 
starting point. If th•r• hasn ' t  b••n a pr•vious LINE 
DRAW, th•n X 1 , Y 1  is a••um•d to ba 1 120,90) .  

Cal i s  •ith•r PSET o r  PRESET. I f  PSET, th•n th• lin• is 
dra.wn in th• for•ground colour, if PRESET th•n th• l in• ia 
dra.wn in th• ba.ckground colour a.nd is thua •ff•ctiv•lv 
ara••d. 

C b l  is •ith•r B or BF. If B, than a r•cta.ng l •  i• drawn 
using X 1 , Y 1  and X2,Y2 •• th• two opposing cornars. If BF, 
th•n • r•ctangl• is still drawn, but it i• ,-.lac f'i l l •d in 
with th• curr•nt for•ground colour. 

LINE INPUT 

This A l l ows dAta to ba •nt•r•d from th• k•yboard. 

LINE INPUT "[prompt atringl " ; [va.riabl•l 
LINE INPUT [vAria.b l • l  

This works i n  t h •  aam• wa.y a a  INPUT , e)(c•pt that LINE INPUT 
will tak• an •ntir• line of input, including l eading apace•, 
b l anks •tc. Ev•rything ia then placed in a string variab l e .  

Neta thAt you cannot use num•ric variabl•s with L I NE INPUT. 

MOTOR 

This turns th• ca•••tt• motor on and off, a l l owing control 
of th• motor from within • progra,n (ae• AUDIO ) .  

MOTOR ON 
MOTOR OFF 

NEW 

This removes th• curr•nt BASIC progrAm from memory. It 
doesn't actua. l l y  wip• th• m•mory out, but inst•ad m•r•ly 
changes a few int•rnal pointer-• so that th• program can no 
longer b• acceas•d-
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Saa tha ' Usaful hints .-nd t i p• '  sac:tion for .- method of 
rac:ovaring  .- progr.-m th.-t has <ilC:c:identillly b••n NEW1td, 

NEW 

ON , . .  GOSUB 

This i s  • multipl• branching •t•t•ment to .- Sitt of 
•ubroutin•11, 

ON [v.-ri•bl1tl GOSUB [lin• numbar1J,[lin1t numb•r2l, 

If [v•ri•bl•l i• equal to on•, th• progr•m will br•nc:h to 
th• •ubroutin• at [lin• numbar l l ,  i f  i t  equ•ls 2 1 i t  will 
branch to Cl  in• numb•r2l, •nd so on. B• car•ful to match up 
RETURN• with multipl• GOSUB at•tamant11 lik• this. 

ON • • •  GOTO 

Aa •bov•, but thi• maraly ••nds pro9ram 1tx1tcution to a 
spac i f i ad lina, wi thout axpacting • RETURN to be found 
th•r•. 

ON [var i .-bl1tl GOTO [line numbar 1l 1 [lin• numbar2l, • • • •  

OPEN 

If ' • '  i s  ••t •• ' O ' ,  th1tn th• f i l e  will ba op•n•d f or 
writinQ dat•, and if i t ' •  aat to ' I '  th•n th• f i l• will bit 
op•n•d f or r•ading dat•. 

PAINT 

Thi• f i ll11 i n • 11•ction of a graphic:• pa9e, 

PAINT ltXJ ,[Yl) 
PAINT ([Xl,CYJ) , [c:olourl 

PAINT ( [Xl, [Yl) 1 [colourl 1 [bordarl 

This p•ints in • ••ction of !lcr••n •t•rting •t th• 
co-ordin•t•• X .-nd Y, u11ing th• [colour] sp•cif i ed ,  If 
colour is named , than tha foreground colour i !i  •••umed. It 
f i ll11 in av1trything until it r••ch•11 a bound•rv colour•d i n  
the [border] colour. 

PCLEAR 

This r•••rv•• m•mory for us• with gr.-phical di •pl•Y•· 

PCLEAR [xl 

Thi• r•••rv•• ' x  · graphics p<iigas. I f  you ' ra using text onlv 
progr<ilms, use PCLEAR1 •t the start of your progr•m. 
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PCLS 

Thi• claar• tha current grilphics paga baing usad. 

PCLS txl 

Thili Claar• tha gr.aphics pAg• to cclcur txJ. If ' x '  is net 
sp•cifiad, than th• curr•nt bAckground colour i& used. 

PCOPY 

This ccpias grAphics pagas. 

PCOPY tx l TO tyl 

Copy graphics p•g• >< to graphics pag• y. 

PLAY 

Usad for playing music, thili is ii multi-p.ar.amatar command. 

PLAY t ccmm.and string] 

wh•r• command string can contain •nY or .all of th• 
fol lowing1 

A-G I musi cal notes 
1-12 1 musical ton•• 
Ox I octave >< 
Vx I velum• x 
Lx 1 1 •ngth cf net• 
Tx I t•mpc 
Px I wait for >< •mount of tim• 
Xx$ •xacuta x string and return * or + 1 sharp not• 

1 flat not• 
1 play not• half •• long again. 

PMODE 

Thi• ••l•cts th• resolution and gra.phics pag• to b• us•d. 

PMODE Cx 1 l, tx2J 

Thi• li•l•cts the resolution to b• x l ,  .and th• gra.phics p.age 
to ba usad to b• ,c2.  S•• th• gra.phics ••ction fer further 
information. 

POKE 

This puts • sp•cific valu• i nto • &P•cific memory location. 

POKE [location], [va.lu•l 

This puts the value tva.luel into memory loca.ticn tlocation] 
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PRESET 

This sets ;a •pecifiad X,Y co-or-di nate on the gr-aphics page 
to the b;ackgr-ound colour. 

PRESET ([Xl, C Y l >  

PRINT 

This displ ays i nform;ation on the •craan. 

PRINT " [ expression] " [separator-] " [expression" ]ate • • • •  

If tha axpre•sion i s  not within quotas, i t  c,an ba ai thar a 
numeric or string v.ariabla. Anything within quotas i s  
l i teral l y  pri nted a &  i t  i s  wri tten. The sep;arator- can b e  a 
comm• (split• output i nto two 15 column display•>,
semi-colon (pri nts the next expression on the neKt column 
space) , or • sp•ce <•s with • &ami-colon, but the cursor 
does not ram•in in its liitst print posi tion ) .

PRINT USING 

This is ,a very dat;ailad willy of form;atting pri ntad output. 

PRINT USING [form•t stringHoutputl 

[output] is simply il l i st of v•ri;ablas to be printad, 
separated by comm••• 

However, Cform•t &tringl i s • lot mora d•unting, •nd 
cont•i n; 

1 indi c•t•• col umn to displ•y deci m•l point i n  
· • · 1 i ndi c•t•s column t o  displ;ay • digit 

1 put • comma to th• laft of avery 
third digit bafora tha dacim•l point 

' ** '  : fi l l  A l l  unfi l l ed col umn• t o  the l eft w i th 
••tari•k•

' $ '  : precada number with • dol l • r  sign 
' $$ '  1 pl•c• dollar aign i mmadi atal y t o  l eft o f  numbar 

( i . e. not ju•t •t •t•rt of •pacifiad fi eld)  
' +:$ ·  f i l l  unusad columns to laft of dollar sign with 

asterisks 
' + ' 1 specify whether- • numbar is posi tive or nagativa 

by displ aying sign 
aa o1.bove, but only •pacifies negati ve numbers 

' C4CU] · d i splo1.y number in axponantial form 
print only first cho1.racter of a string 

' 7.spc7. ' : specifias the l ength (number of 'spc ' )  to which 
a string va.riilble wi l l  be pri nted 

PRINT@ 

This pri nts the output at .a speci fied location. 

PRINT@ Clocationl,C exprassionl 
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This prints tha axpras11ion •t tha loc•ti on numberad 
( l oco1tion lying batwaen O olnd 5 1 1  on th• scre1tn l .

Prints dat• t o  external devi ces. 

PRINTtt-1 . [data] 
PRINT#-2, [d•t•l 
PRINT USING#-1 , [format stringl; [datal 
PRINT USINB#-2 ,[format stringJJ [d•t•l 

Thit1 prints d•t• aith•r to cass1ttte (1- 1 )  or .. printer 
(#-2 ) .  

PSET 

This sets • point on a graphics p•g• to a sp1tcifiad colour. 

PSET ([Xl,[YJ, CCJl 

This ••t• tha point X , Y  to tha colour C. 

PUT 

This puts a pravi ously storad array (saa GET) onto a 
graphics paga, 

PUT ([X 1 l , CY1l)- C[X2l, CY2Jl,[•J, Cbl 

This puts th• •rray •torad in Cal onto th• graphics p•g• •t 
top laft hand ccrnar X l  , Y l  And bottom right hand cornar 
X2,  Y2. 

Cbl datarmi nas how it  is pl•cad thara. If  Cbl is PSET, than 
all tha points in tha array ara aat. If it ia PRESET, than 
•11 th• points ara r•sat. If it i s  AND, than all points 
common to tha scraan and the array ara aat , if it ·s OR, than 
•11 points that •r• sat en the acraan OR i n  tha array ara 
aat , and if i t · •  NOT, than that area of the scraan i a 
ravaraad. 

READ 

Thi• raads tha next i tam from a DATA statamant. 

READ Cvariabla1 J , Cv•r i •bla2l , 

Saa RESTORE. 

REM 

This olllows remarks to ba placed in a program, for graatar 
legibility whan li•tin9 tha program 

REM Caxprasaionl 
' [expression] 
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RENUM 

Usad for r•numbering all or part of a progr•m listing. 

RENUM Cn•wl in•l, Cstartl in•l, Ci ncr•m•nt l 

This r•numb•r• in st•p• of C incram•ntl, starting at th• 
numb•r Cn•wli n•l, comm•ncing from th• lin• Cstartlin•l i n  
th• old program. GOTOti, GOSUB1i, IFs, THEN• and ELSE• 
all ranumbered accordingly. 

RESET 

This s•t• a point on th• ta><t licr••n to th• background 
colour. 

RESET ( [Xl,CY l >  

I n  oth•r words, tha point a t  X , Y  i s  affacti valy arasad from 
tha scraan. 

RESTORE 

Thi• allows pravi ousl y READ d•ta to be ra-r•ad. 

RESTORE 

Th• d•t• point•r will now point b•ck to the vary first it•m 
of d,a,ta. 

RETURN 

R•turning from a subroutin•. 

RETURN 

S•• GOSUB. 

RUN 

This comm•nces program •><•cution at •i th•r th• first line, 
or a sp•cifi•d other line. 

RUN [lin• number] 

SCREEN 

This s•t• a graphics or a t•><t scraen and th• colour sat to 
b• us•d thar•in. 

SCREEN Ctypal,Ccolour set] 

Ctyp•l is •ith•r O for t•><t or 1 for graphi cs. [colour ••tl 
d•p•nd• on currant PMODE setting <••• gr•phics comm,a,nds and 
colour cod•• aaction• for further i nformation ) ,  

23 



SET 

Thi• •ats .a point on the text sc,.-aen to & sp•cifiad colour-. 
Any points other than th• paint sp•ci fiad in tha char.actar 
block cont<ilining thAt point ar• re-•et to black. 

SET ( CXJ , CVJ , CC J )  

SKIPF 

This a.llcws you to move p.ast & fi l e  on tapa. If a fi len&me 
is sp•cifed , th• computar will r-un on through tha t.ape until 
tha •nd of th.at file, and then stop the c&ssette motor. 

SKIPF 
SKIPF 
SKIPF " [fi lenama l "  

SOUND 

This ganer-atas a sound of .a speci fied pitch .and duration 

SOUND [pi tchJ, [dur-ationl 

STOP 

From within • prcgr.am, this tarmin.atas pr-ogr•m execution. 
Th• program can b• ra-st•r-tad from the na>tt axecutabl a 
statement using CONT. 

STOP 

TRON &nd TROFF 

This turna the trace mode an or off. 

TRON 
TROFF 
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Basic functions 

ABS 

Thi• raturns tha abscl uta val u• of a numb•r. 

ABS ( C numb•r l ) 

This will give us • num•r-ical valu•, r-•gardl••• of whethar 
Cnumb•r-l is poaitiva or nagativa. 

ASC 

This r•turns th• Dragon's idaa of tha ASCII coda for 
spacified charactar-11. 

ASC < C stringl) 

This gi vas us the ASCII coda of tha fi rst charactar in 
C stringl. 

ATN 

This raturns th• arctangant of • numbar in radi•ns. For 
those rusty on th• gaomatry aid•, arctant;ant is th• inv•r•• 
of tangent. 

ATN < Cnumbar l > 

As with all the gaomat,-ic functions , numbars 111ust ba 
convarted to radians bafara baing uaad. 

CHRt: 

Thi• t•k•• a number and pr-ints out the ASCII character fer 
that number. Saa the sections ASC I I  ch•r•ct•r• for 
further infor•ation. 

CHRt: ( C number l ) 

Some ASC I I  ch•ract•r• p•rform action•, a• can b• •••n from 
th• ••ction• on ASC I I  char-act•,-•• 

cos 

Thi• r•turn• th• co•in• of a numb•r in radian•. 

COS l tnuint>•r l )  
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EOF 

Thi• indi cat•• th• and of a f i le fr-0111 tape. 

EDF ( [f i l• numb•r l )  

Mora •ccur•tely, i t  tell• ua whether er not a giv•n f i le 
number haa more data to com•. If not , and • furth•r INPUT 
is spec i f i e d ,  then an error occurs. 

EXP 

Thi a ia the i nv•r•• o-f LOG (a•• below> .  

EXP ( [number l > .  

This r'"ai••• the natural logarithm ' e '  t o  th• power CnumbarJ. 

FIX 

A useful routine for removing •11 digits after th• decimal 
point of a number. 

FIX < t numb•r l >  

HEXS 

Thi• converts • number to h•><adecimal. 

HEX ( t numberl >  

This returns the ha>eadacimal string conaiating o f  the digits 
A to F and O to 9 which i s  repr-aaented by the dacim•l number 
[number ] .  

INKEYS 

Thi• is uaad for receiving one character at a time from th• 
keyboard. 

INKEYS 
ZS•INl<EYS 

ZS 1,d 1 1  equal the 1 a•t charact•r pr••••d 
apart fr0111 the•• in JNPUT etc. •t•t•••nt•. 
you ••Y h•v• JNPUT •OffiathinQ, and than 
command. Th• JNKEVS command wi 11 •it 
•o .. ethi ng i • pr••••d . 

JNSTR 

on th• k•yboard, 
In oth•r words, 

i ssu•d an JNKEVS 
and wait unti 1 

Thi• search•• a sp•c i f i •d •tring for a spac i f i •d •ub-•trtng. 

JNSTR ( [number ] ,  C•tringt l, C•tring2]) 

Thi• ••arches through strlngt for th• occurrenc• of •tri ng2, 
•tarting at the [nunlb•rlth charactar of •tringl. Thi• will 
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return either the •tarting po•ition of •tring21 or • zero i f  
•tring2 i •  found not to eKi•t i n  •tri ngl,  

!NT 

Thi• converts a number to i nteger format. 

INT C [numbarll 

Thi• r•mov•s anything •fter th• decimal point, •nd •l•o 
(which is ware it di ff•rs from FIX), rounds numb•rs down 
regardl ess of whether they are posi t i ve or negative. 

JOVSTCK 

This r•turn• a value depending on the po•i t i on of the 
joy•t i ck C•ithar l•ft or r i ght ) .  

JOVSTCK ( [number] )  

0 indic•t•• the horizont•l po•ition o f  th• ri ght joy•tick.  
2 indi cate• tha horizontal po&iticn of the left ioy&tick, 
1 indi cates the vertical po•ition of the right icysti ck. 
3 indi c•t•• the v•rtic•l po•i t i cn of th• l•ft joystick. 

LEFT$ 

A string manipulation command that returns the LEFTmost 
char•cters from a atring. 

LEFTS l[stringl,Cnumberll 

Thi• return• the l eftmoat [number] of character• from the 
atring [string].  

LEN 

This returns the LENQth of a specified atring. 

LEN ([string])  

This return• the number of char•ct•rs i n  the •tring 
Cstrin9], r•g•rdl••• of wheth•r they are control character•, 
te><t ch•racters1 or whatever. 

LOG 

This r•turns th• natural looarithm of a number, which mu•t 
be a po•i t i v• one. 

LOG l[numberll 

Thi• return• the amount of fr- llt9aory •ti l l  available to 
the prD9ralNftRr in BASIC, 
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HEN 

Thi• me110ry i• available for programs and d•t• , and do•• not 
include any ••t ••id• for acr""aen and gr-aphic• pagea. 

l'IID$ 

Anoth•r string manipulation command, which ratur-n• 
apacified part of a •P•cified string. 

MIO$ ( [atri ngl, [numbarl l, Cnumber2l ) 

Thia returna a aubatring of [atringl, starting at the 
[number! 1th char•ctar, and taking Cnumber2l character-a. 
Cnumb•r-21 may ba omittad , in which case the aubatring will 
consist of all the char-actars in [stri n g ]  from tha 
[number llth onwards. 

Thi• command can alao work in revaraa, in that p•rt of a 
string can be replaced with another aub•tring. For •x•mpla1 

At:•"HELLO THERE HY F INE FELLOW" 
HIOt: (A$, t b , 4 )  •"UGLY" 
PRINTAt: 

Th• r-eaul t would be1 

HELLO THERE HY UGL V FELLOW 

PEEK 

Thi• raturn• the contant• of • spacifiad mamorv location 

PEEK < Caddre•sl > 

This returns whatever val ua happans to ba stor•d in m•morv 
location C addr•••l .at the time. 

POINT 

Thi• ch•cks for the preaanc• of a dot on a t•><t scre•n· 

POINT <[Xl , C V J >  

I f  there i• • t e >< t  charact•r at loc•tion X , Y  then a -1 i s  
returned , if thera · • nothing there a z e r o  is returned , 
otherwi ae the current colour of the dot is returned. 

POS 

Unuaual in th•t on the Dragon thi• work• for both •creen and 
printer , thi• return• the current horizontal po•ition of the 

POS < [number l > 

Her•, if the number was equ•l to O the po•ition r•turned 
would refer t o  the acreen , and if it equalled 1 the position 
returned would refer to the print•r. 
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PPOINT 

Same as POINT, only this tim• w e · r- e  checking for- a dot on 
the graphic!ii scr-een. 

PPOINT ([Xl, [Yl) 

If the loc.ilti on specified i ll  turned off, a O is raturned, 
otherwise the colour- of the dot i• returned. 

RIGHT$ 

Another string manipulation comm.ilnd, thi• returns tha 
RIBHTmo•t spacifiad numbar of characters fr-om within a 
specified string. 

RIGHTS ( C stringl, [numberl) 

This returns the ri ghtmost [number] charactar-s from within 
[string]. 

RND 

This i s  used for ganer.ilting i ntegar random numbers. 

RND ( C numbar-l l 

This returns •n integer- r•ndom number in the r-ange 1 •nd 
numbar-. If RND i • used without a numbar, then • re•l numbar 
bat wean O and 1 is raturnad. 

To genar-a.ta • numbar- in tha r-ange X to Y, use the formul•1 

RND <X-1 l +Y-X+l 

SGN 

This r-etur-ns tha •ign (posi tive,  negative or zer-ol of a 
numbar-. 

SGN ( C numbar l)  

-1 i s  returned i f  tha numbar- ' •  nagative, 0 i f  i t  aquals 
zar-o, and +1 if it is positi va. 

SIN 

Anothar- gaomatr-ic functi on ,  this returns tha sin• of • 
numbar , assumino that th• numbar- i• axpr-••••d in radian•. 

SIN ( [numbar ] )  

STRINGS 

Thi s is usad for building up strings of spacifiad l angth. 

STRINGS l ( number- 1 ] , (numbar-2ll 
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STRING$ ( [ numberl J,Catring J )  

I n  the fi rat i n•t•nca, a. string will be made o f  length 
Cnumber ll,  consisting of the character whose code is 
C numb•r2J. In th• sacond R><a.mpl•, th• atring will ii.gain b• 
of l•ngth Cnumber l ] ,  but wi l l  consist this tim• of th• first 
charact•r contained in [string]. 

STRt: 

Thia p•rforms a num•ri c  to atring conv•r•ion. 

STR$ ( Cnumb•r ] l 

This will conv•rt tha numb•r contilined within [ number) i nto 
ii str i ng ,  but net• that it also adds ii l•ading spilc• to the 
n•w string (unlik• some ma.chin••, which add control 
chilract•r• ! l,  

SQR 

This f i nds th• square root of a number. 

SQR < Cnumb•r J l 

If [ number] is negative, th•n the program wi l l  report an 
cod•. 

TAN 

Our f i nal gaomatrical function, thi s r•turns the tangent of 
a numb•r, assuming that th• numbar is  •><praased in radi ans. 

TAN ( C numb•rl) 

TIMER 

This •ith•r ••t• or r•turns th• vari abl• TIMER. 

TIMER 
TINER• ( Cnumb•r l > 

In th• f irst case, th• comput•r will print out th• l•ngth of 
tim•, in f i f t i eths of a ••cond , tha.t it ha.s b••n switchad on 
for. How•v•r, if the value stored in TIMER •><c••d• 65535 1 

then it is raaet to zero. 

In the aecond e,cample, TIMER acts a• a vilriabl• and is gi v•n 
the value [ number ] .  It will still b• i ncrem•nt•d av•rY 
f i f t i eth of • ••cond Capproxi mataly> .  

USR 

Thi• call• a usar-daf i n•d machin• coda routi n• that wa• 
earliar dalinad using DEF USR. 

USR C nl < C numbarll 
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VAL 

Tha oppo•·ite o-f STRS, this convarts a •tring bilck to • 
numb•r again. 

VAL ( [string ] ) .  

This raturns th• numeric valu• o f  th• &tring cont•ined in 
CstringJ. If [string ] contains • non-numaric charact•r, 
th•n onlv charact•r• to tha laft of that ar• consider-ed. 

VARPTR 

This 9ivas tha mamory location of wh•r• a v•riabl• i• ator•d 
in mamory. 

VARPTR C [number l )  

Thi• r-aturns t h e  start •ddr••• of where th• variabl• in 
[number] is stored. With ar-r-ays , if number was equal to, 
••Y, the first e l •m•nt of the .,,-,..,.y A < 1� > ,  than the valu• 
returned would be the start l ocation for that fir-at element. 
Other el ements could then be found, since each one occupies 
5 bytes of memory. 
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Basic error messages 

Th• Dragon ia not •Quiop•d with the b••t ti&t of error 
m••••o•• on a ham• comput•r, ii.• • gl anc• balow wi 1 1  ahow. 
How many people can remambar what a OS error is? Th• ti11bl• 
below contains th•m al l ,  including the two Or.agon forgot 
about. 

Th••• are onl v the •rror- m••••g•• ganerated by the computer 
i tself when NOl used with d1ak drivaa. !hare · • an 
additi onal ••t of meaaagas for thoaa Cso,na are rapeAtad a.g. 
FD ERROR can inaan Bad Fi le D•t•, or Ful l Diractory ! l .  •nd 
they .are rapaatad •t the back of tha disk dri v• manual , 
albeit in crypti c  form. But, sine• t h 1 a  1a for th• 
computer . and sine• the computer manual doa•n ' t  l i st al l of 
them anyway, hara we go. 

MESSAGE EXPLANATION 

/0 An attampt has been mad• to divide bv :zero. 

AO An •ttampt h•• baan m•de to op•n • f i l a  which 
i •  alr-e•dv opan. 

BS This usu•l ly occurs when an •ttempt has baan 
m•de to usa •n •r-r-•v subscript that is outsida 
r-•n9a it w•• d•fin•d to l i e  in.  

CN A ' c•n · t conti nu• arr-or · .  Uaual l y whan tha usar
has typad in CONl aftar altar1ng • program. 

DO A ' r•-dim•nsi on•d ar-r•v •rror · • whan an attampt 
h•• bean mad• to r•-dimansion an •lr-eady 
dimension•d •rrav. 

ON t• l  A dav1 ce number arror, '"'hich r•f•r• aith•r 
to tha screen or k•vboard, th• t•P• dack, or tha 
pr-int•r. 

OS A dir•ct •t•temant •rror • '"'hi eh u•u•l l v occur• 
wh•n a data f i l •  on tap• contain• • dir-act 
•t•t•ment .

FC An i l l egal function cal l error, which occur• whan 
a par-amater i• out of range, •ith•r- in a 
statament or a function. 

FO A ' f i l• data · •rror. This occur• '"'hen tha wrong 
typ• of data is baing read in from a dat• f i l a. 
That ia, • string var-iabla i• tryinQ to ba ra•d 
into a num•ric on•, or vie• ver••· 
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MESSAGE EXPLANATION 

FM A 'file mode ' •rror. This happens when vou tr-v 
to input data to ii file that is wai ting for 
output . or- .attempt to output data to an input 
ti la. 

ID An i llegal dirac:t statement. This occurs whan 
you ' ve attemptad to use in di r•ct mod• a command 
that can onlv be executed from within a program. 

I E  A n  attempt has baen mlillda to i nput data fr-om 
bevond the end of Iii file. 

IQ An Input/Outout err-or-. This i s  either causad by 
incorrect ad iustmant of tha caasatta dack (a.g. 
volume too hioh or- too low), or by a tap• that 
is f.aultv. 

LS A 'string too long · error-, which occur-• when • 
str-ing elCca•d• 255 char-actara in langth. 

NF A ' nelCt wi thout for- ' •r-r-or-, which occur-a whan a 
NEXT statamant is found whar• it wasn ' t  •xpactad 
Ci .e. th•r• is no cor-r-elipondi ng FOR statament) 

NO A fi l•  hilsn ' t  baan opanad, •nd you can ' t  raad 
from or wr-it• to a file without opaning it fir-st. 

OD An ' out of data · ar-r-or-. An attampt has baan mad• 
to r-aad soma data that doasn · t •)( i st. or th•r-• 
are no •l•m•nta laft to raad in a dat• at•t•ment. 

OM An · out of m•mory'  arror-. This occur-a whan th•r• 
is absolut•ly no mamorv left <•i th•r fr•• or 
unreser-v•d) in the computar. 

OS No room laft for- atr-inga. sine• i t ' s  all baen 
takan up. To cor-r-act, you c•n aither try a 
CLEAR, or- raaan.-e mora string spac:a at th• 
start of your progr.ams. 

OV An ovarflow arror. Th• rasult of a c:alculati on 
is too l .arg• for tha c:omputar to handle. 

RG A 'retur-n wi thout gosub · arr or. Th.at i a, tha 
computar h•• found • RETURN st.atemant wi thout 
ii corresponding GOSUB statement. 

SN Th• most common on• of •l 1, a syntax •rror ! 
Thi• occurs wh•n tha Dragon can ·t understand 
something, usually as tha raault of a spallinQ 
miataka, a missing spaca or punctuation 1aark,  
or an incorract numbar of paramatars. 

ST A 'string formula too complalC ' arror. That i s ,  
• string formula within a BASIC state1nent i s  
too long, s o  you'll hava t o  braak i t  u p  a bit. 

TH A 'type mismo11tch ' err-or , which occurs when numeri c  
d•t• i s  •saignad t o  a variable, or vice vars.a. 
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MESSAGE EXPLANATION 

UF <•> An 'unidantifiad function ' arror, which occur• 
whan an attampt h•• b••n mad• to u•• a function 
that ha• not pravi ou•l v b••n d•f i n•d in th• 
program. 

UL An · unidantifi•d lin• numbar · arror . which occur5 
whan th• program attampt• to branch to • U.na 
which do••n 't •xi•t. 

<•l  Error coda not in original manual. 
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Cassette port 
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Centronics standards 

P I N  

CENTRON I CS PARALLEL I NTERF AC£ 

Notes 

Busy is set i f :  

l l  Data i s  being r-eceived. 
2) Printer i s  pr-int i n g .
3) Pr-i nter i s  offline.
4)  An er-r-or condition i s  present. 

On pins 02-09 a high l evel repr-esents binar-y ONE , a 
low level represents binary ZERO. Al 1 printable 
characters ( i . e. codes having a ONE in DATA 6 or 
DATA 7) are stored in the pri nter buffer. Control 
characters ( i .  e. codes iERO in both DATA 6 and 
DATA 7) are used to specify speci al contr-ol functions. 
These codes ar-e not stored i n  the buffer except when 
they specify a pr-int command and are pr-eceded by at 
least one pr-i ntable char-acter- in that l i ne. 

CODE FUNCT ION 
--------+------------+-------------------------------------

01 STROBE Read Data Pulse. 
02 DATA 1 Data lines. 
03 DATA 2 d i tto. 
04 DATA 3 ditto. 
05 
06 
07 
08 
09 
10 
1 1  
12 
13 
14 
15  
16 
17 
18 
19-30 
31 
32 
33 
34 
35 
36 

36 

DATA 4 
DATA 5 
DATA 6 
DATA 7 
DATA 8 
ACKNLG 
BUSY 
PE 
+5V 
AUTO FEED 
NC 

GND LOG I C  
GND CASE 
NC 

GND 

!NT 
ERROR 
GND 

NC 

+5V 
SLCT I N

ditto. 
ditto. 
ditto. 
di tto. 
ditto. 

Data Received and Ready for More. 
Not Ready for Data. 
SET h i gh when Out-of-Paper. 

Switch Set gives extra li ne-feed. 
No Connect ion.  
Logic Ground . 
Chassi s Ground .  
No Connecti on .  
Signal Grounds. 
Reset and Buffer C l ear . 
See Notes on &USV. 
Si gnal Ground. 
No Connection.  

Optional DC1 / DC3. 



Character codes 

HEX 121 11!> � 3!!) +'21 512) "-111 7(/J 

DEC IZI lG 32 4S 64- 8(2! 96 lU. 

a, a, @ p a, @ p 0 

1 1 A Q ! 1. A Q ! 1 

2 2 8 R " 2 8 R. n 2 

3 3 C s # 3 C 8 # 3 

4 4 D T $ + D T $ + 

5 5 E u % 5 E u % 5 

f, f, F V 8 " F V 8 "
7 7 G w 

' 7 G w 

!!, a H X ( s H )( ( e ' 9 "I: y ) , I y ) � 
11, 1D :, z. .. :, z "' 

8 1.1 K [ + ' I< [ + ' 
C 12. L L 

D 1:!> M ] - = l'1 ] - = 
E l+ N • N � • • 15 0 - I ? 0 - / ? 
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HE:X 20 3(/, 4!ZI 5/Z! 60 7(/) 
DEC 32 +s 6+ 80 % 112 

0 0 IZ! @ p @ p 

1 l ! 1 A Q A q 
2 4 ,, 2 e � B R 

3 3 # 3 C s C s 

4 + .$ 4 D T D T 
5 5 % 5 £ u £ u " b B " F V F V 
7 7 ' 

7 G w c;. w 
8 6 ( 8 H X H ')( ' ' ) 9 I y I y 
A 10' • : j z. j 2. 

6 11  + ; K [ K [ 
C 12 

. L. l 
D l.:!> - = M J ,.., J 
E 1+ • ,.,, ..,. N 

F 15 / ? 0 - 0 -
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Colour codes 

PMOOE Colour lwo - C.olou..r Fou..r - Colou..r 
.. S..c Co,,..,c,;,,o..1:.,M C0rn.b;ri4.Cu:,,, 

4 "' Blad</yreen -
1 B!av'/&ff -

3 (2l - §-.p,1.1c,,:,/fJke/ u
1 -

8"ff /ljan-/ M"J"'ia./ O=y< 
(2l 8/c,.d.fireen 
1 13/a.d 8"/f 

-

1 (2l (j,-,,,,,jY,//,,w/6/,,<jlM 
1 -

Buff I Cy=/H"3'nm/°"""J' 
iZl as 8/a_d:/yn,e,1 -

1 8!ac1</Eu;; -

Co,!)£ Cou,u,t. 
fZ 8/tUI< 
l 

�� l. 
3 8/w. 
+ lud. 
5 

� 
" 

oz:;"-
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Disk commands 

For the benefit of thosa with di•k drives 1o1ho ' d  like a handy 
l i 1ot of ,11.l l the new comm•nds, hare we go: 

Comm•nd 

AUTO 
BACKUP 
BEEPx 
BOOT 
CHAIN 

CLOSE 
COPY 

CREATE 
DIR 
DRIVEx 
DSK INIT 
ERL 

ERR 
ERROR GOTOx 
FLREAD 
FRE$ 
FREAD 
FREE 
FWRITE 
HIMEM 
KILL 
LOAD 
LOC 
LOF 
MERGE 
PROTECT 
RENAME 
RUN "name" 
SAVE 
SREAD 
SWAP A.B 
SWRITE 
VERIFY 
WAITx 

40 

Purpose 

Genar•t• autom.atic 1 ina number•· 
Maka!I a backup copy of • whcl • di ak. 
Makes x sap,arata beeps. 
Boots a new operating •v•t•m into RAM. 
Lc•d• ,and runs a BASIC program with all 
variAbl•• intact. 
Clos1ts .a l l  disk file•. 
Copiaa filas from ona disk to tha same disk, 
or a.nether one. 
R•ser-vet1 disk space fo..- a fi la. 
Prints out tha disk directorv. 
Selects a drive ( from 1 to 4 ) .  
Formats • disk. 
Gives the line at which th• l.ast 
OCCUrTRd. 
Gives the code of the last error qener ated. 
Jump to l i na x if an error occurs. 
Re•ds a racor-d from a file ( l ike LINE INPUT) .  
Gives the amount o f  fr-ee string space. 
Reads a record from .a file. 
Gives the number of fr•e bytes on a disk. 
Writes a r•cord to a fil e .  
Give& highast m•mory loc.ition us•d b y  BASIC. 
Erasali a file from disk. 
Used to l cad BASIC or machine coda programs. 
Gives position of the read ooi nter. 
Gives the length of a file in bytes. 
Merges .i file from disk. 
Protects files against accidental araliure. 
Renames a file on disk. 
Loads and runs BASIC program•. 
S.ives BASIC or machine code programs. 
Re.ids a record from a specific sector. 
Swaps the values of A and B. 
Writali a file to a specific sactor. 
Turns off and on •utom.atic varifying. 
Pausali program execution for x mi 1 1  i seconds. 



Edge connector 

This 40 pin connectc,r is confi91..1r-•d •• fcill ows1 

10-17 

IB 

19-31 

32 

33-34 

3S 

3• 

37-39 

40 

-12V 

+12V 

HALT 

NM! 

RESET 

E (6809 CLOCK) 

Q (6809 CLOCK) 

CBI 

00-07 

READ/WRITE 

AO-A12 

COOO-FEFF (CHIP SELECT) 

ov 

ANALOGUE IN 

FF40-FF:5F SELECT 

A13-Al:5 

TURNS OFF l NTERNAL ROM 
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Flow charting 

Flow fo �t 

11 t + + 
Flot.) it, ,..;ght Row Aow Cros�in9 Fle»e/UI� _ 

d.:,t,.J,i up �/owliri.�s Ju.nc.bon 

T�r'?t"na..l 

D <> D D 
v z��-z M� S:xbnd:. SorC Ccll..o...C-e 

P=� fund,on. Sy_mhols 
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Graphics notes 

The gr•phic• cApab i l i t i •• of th• Dragon ar• pr-obably 
sup•rior to those of al most any other home computer , and yet 
their use (and documant.ation) r•m• i n  a myst•ry to most. 

In this Cand in the · useful Hints and Tip•' 
going to try to cram i n  as much gr•phic•l 
possible. You'v• got tha actual c:cmm•nd• in 
••ctions on BAS IC, •o w i thout furthar •do 
gr-aphi ea mod••· 

••cti'on) , w• 're 
infcrm•tion •• 

the two earlier 
l•t 's •t•rt 

There •r• actually 14 of th••• , although only 
i mpl•m•ntad on the Dragon'• v•r•ion of BASIC. 

•••••••*-•••·,---------······-··················· 
• Meda 

. I CAIN) 

• 2 CS/G 4l 

• 3 CS/G b) 

• 4 CS/G Sl 

• 5 CS/G 1 2 )

• b CS/0 24> 

• 7 Gr•phi c

• 9 Br•phi c

• 1 0  Br•phic 

• 1 1  Br•phi c

• 1 2  Gr•phi c

• 1 3  Gr•phic 

•14 Gr•phi c

Resol ution lmplamentad Numb•r Numbar 

32 lb 

64 32 

64 48 

b4 64 

64 96 

64 192 

64 64 

128 b4 

128 9b 

128 9b 

128 192 

128 192 

256 192 

i n  of of 
BASIC colour-a bytes 

par scr .. n per screen• 

V•• 2 0 . '5K 

v •• 8 0.'5K 

No 4 0 . '5K 

No 8 2,0K 

No 8 3 . 0K 

No 8 b.OK

No LOK 

No 2 L OK 

v •• 2 L �K 

v .. 4 3.0K 

v .. 2 3.0K 

v .. b.OK 

v •• 2 b . OK ____________________ , __________________________ 
Nota1 A/N •iQnifi•• •lph•num•ri c .  

S/8 aignifi•• ••migr•phi c•l. 
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Screens and pages 

Th• vi dac m•mory i• divi d•d up •v•n fu,.-thar than thi• into 
th• ta>et scraan Sl!ction and the graphics scr••n section. 
which i s  i tself d i vided up into B pages, each one ta.king up 
1 . 5K of memory. 

13824 3600 

PAGE 8 PMODEO SCREENS 

12288 3000 PMOOE11c2 SCREEN4 

PAGE 7 PMODEO SCREEN7 

10752 2AOO PMODE3C.4 SCREEN2 

PAGE b PNOOEO SCREENb 

9216 2400 PMOOE 11,2 SCREEN3 

PAGE 5 PMODEO SCREEN5 

7680 JEOO 

PAGE 4 Pl'IODEO SCREEN4 

6144 1800 PMODE11c2 SCREEN2 

PAGE 3 PMODEO SCREEN:S 

4608 1200 PMOOE31c4 SCREEN ! 

PAGE 2 PMODEO SCREEN2 

3072 ocoo PMODEl&.2 SCREEN! 

PAGE 1 PNOOEO SCREEN! 

1536 ObOO 

1024 0400 TEXT STANDARD TEXT AND 
SCREEN SEMIGRAPHICS4 
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Screen start addresses 

Th•r• i •  • 7 b i t  regiatar in th• video gr•phics chip which 
d•t•r-min•• wh•r-• th• start of th• scr-••n will b• in m•mory. 
To g•t tha •ctu•l mamary loc.ation, th• value in this 
r•gi star must be multipli•d by 512. Baing • 7 bit ragistar, 
it is control lad by 14 (2 par bit) di ffarant mamory 
loc•tion•, •• i ndic,11.tad balow. 

BIT NUMBER l"IEl"IORV LOCATION ACTION 
HE< DEC 

FFD3 6'5491 SET BIT b 

FFD2 65490 RESET BIT b 

FFD1 ,6'548<;, SET BIT 5 

FFDO 65 .. 88 RESET BIT 5 

FFCF 65487 SET BIT 4 

FFCE 65486 RESET BIT 4 

FFCD 05485 SET BIT 3 

FFCC 6'5484 RESET BIT 3 

FFCB 65483 SET BIT 2 

FFCA 65482 RESET BIT 2 

FFC9 65481 SET BIT l 

FFCB 65480 RESET BIT 1 

FFC7 65479 SET BIT 0 

FFC6 65478 RESET BIT 0 
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PMODES 

For diff•r•nt PMODE• and c:olour-••t•, th•r• •r• • vari•ty of 
differ-ant colour• availabl• to u•. N••dl••• to ••Y, th• 
gr••t•r tha resolution displayed on scr••n, the fewer 
col ours we have ace••• to. 

Th• following t•bl• show• the various relationahips. 

------·--············------------··········· 
•PHODE No. Colour set Colours Available 

4 0 Black/Gr••n 
4 1 Bl•ck/Buff 
3 0 Gr••n/Yel I ow/Bl ua/Rad 
3 Buff /Cy•n /Magenta/Or anga 
2 0 Black/Gr-aan 
2 1 Black/Buff 

0 Graan/Val l o""/Blua/Rad 
1 Buff /Cyan/ Magant.a./Or anga 

0 0 Bh1ck/Graan 
0 Black/Buff 

--a&--••••••············--·--···················-----

The mtKt table shows how our salaction o-f PMODE number 
datarminas how many scr""aan& we can store in memory at the 
••m• time, and tharafora how many screens wa can have 
to at one• for produc ing animat•d •ff1tct11. 

•-===••••••••••••••••••••••OK•••••••••·------•••••••••• 
• PM00E Ne. 
•••=•=••••••=•-==••••••••••••==••••••••ma••••••------

4 
3 
2 
1 
0 

4 
3 
2 
2 

···········------
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4 
4 
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Description of graphics modes 

A• wa 'v• •••n earlier in thi• graphic• ••ction, although th• 
Dragon only allows us to use 7 different graphics mod••, 
thara are in fact 14 •v•il•ble ;altogether on the video chip 
i taelf. 

Ho11o1ever, since you can only use 7 of them, there •••m• 
little point in qoing into a d•t•ilad description of how all 
of them work. Thus the following tables refer only to the 7 
modes that we can ace•••· 

Each table will show the r-esolution available, the amount of 
memory requir-ed to store a sc,.-een, and so on. =----································· 
MODE! 

Type: Alphanumer-ic/Normal Text 

Resolution: 32 by 16 

Characters displi11yed1 in norm•l form•t. 

Ho.,. they are stcr-ed in memory1 

0 Line 1 Character 1 
Line 1 Character 2 

32 Line 2 Character 1 
33 Line 2 Ch•ra.ct•r 2 

Th• numb•r• r•lat• to th• a.mount by which th• sta.rt a.ddr••• 
of th• scr••n i• off••t to display that cha.ra.ct•r. 

Amount of m•mory r•quir•d for &cra•n1 O . �K 

M•mory addr••• of •ny char. at ( X , Vl • 32•V+X+START ADDRESS 

Bord•r Colour 1 Bla.ck 
For•ground col our: Col ours•t 1 •Ora.ng• 

Col oursatO•0r••n 

How to ••l•ct this scr••ns 

··············--------, 
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___________ , ................. &>••••• 

MODE2 

Tvp•1 Semi Gr .. phic 4 

Resolution: 32 by 16 

Ch.aractars d i 11pl.i1.yad: in qu.artar squ•r••· 

How th•y .are stored in m•mory: 

0 Lin• 1 Ch•racter 1 
1 Lin• 1 Ch.ilrolcter 2 

32 Lin• 2 Character 1 
33 Lin• 2 Ch•ractar 2 

Tha numbers ralata to tha amount by which the •t•rt Addr••• 
of the screen is offset to di splay th,at char•ctar. 

Amount of memory required for screen: O.SK 

Memory address of Any char. at <X,Yl • 32•Y+X+START ADDRESS 

Border Colour1 Black 
Ch•r•ctar Colours Bit• Sat 

000 
001 
010 
011 
100 
101 
1 1 0  
1 1 1  

Colour 
0raan 
Yellow 
Blue 
Rod 
Buff 
Cyan 
Magenta 
Orange 

Bits sat refers to bits 4,:5 a.nd 6 of each mamory lcc,ation on 
the screen. 

How to select this 11craan1 

Set/Resat when in ta)(t mode. ····························,-----···················· 
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-------------------------·-------
HODE10 

Typa: Graphic• only 

Rasolution1 128 by 96 (two c:olaurs> 

How thay •re •torad in mamory1 

O Row 1 Columns 1 to 8 
Row 1 Columns 9 to 16 

16 Row 2 Columns 1 to 8 

1534 Row 96 Columns 1 1 3  to 120 
1535 Row 96 Columns 121 to 128 

Tha numbar• r•l•t• to tha amount by which th• stlillrt addr••• 
of tha scraan is offaat to display that character. 

Amount of mamory raquirad for scraen1 I . SK 

Mamory address of any char. at ( X, Y> • 
ROW•16+FIX < (COLUMN-I )  /8) +START ADDRESS 

Berdar Colour : Graan (colour sat 0) 
Buff (colour sat 1 )  

Character Colour: Bits Sat Colour-
0 Black (colour sat 0)  
1 Braan (colour sat 0) 
O Black < colour sat ll 

Buff C colour sat OJ  

Bits sat ,.-afar• to individual bit for aach pixel on 

How to salact t h i s  scraan1 

PHODEO 

_______________________ , _____________________ _ 
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-----------------------------------------------
MODE 1 1  

Types G,..aphi c  o n l y  < 4  colours> 

Ra•aluticnz 128 by 96 

How characters •r• stored in mamory1 

Aa bit pairs, and thus ••eh byte holds four column&. 

A,nount of memory raquirad for screens 3.0K 

Mamory addr••• of any ch•r. at C X 0 Y) • 
32•ROW+FIX ( (COLUMN-1 )  /41 +START ADDRESS 

Border Colour: Graen (colour sat 0)  
Buff <colour tlet 1 )  

Charactar- Colour1 Bits S•t Colour 
00 Graan 
01 Vallow 
10 Blue 
1 1  R•d 
00 Buff 
01 Cyan 
10 M•ganta 
1 1  Or-ang• 

<colour 
(colour 
(colour 
(colour 
<colour 
<colour 
<colour 
(colour 

... 0) 

... 0) ... 0) 

... 0) ... 1 )  
sot 1 )  ... 1 )  ... 1 )  

Bit• sat rafar-a to the bit pairs for aach bvta o f  on-acr-aan 
memory. 

How to ••l act thi • acraan 1 

PMODEl 
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MODE12 

Type: Graphi c  only (2 colour•> 

Rasolution: 128 by 192 
How charactars are storad in mamory1 

At. i ndividual b i ts, and thus aach byta hold• aight columns. 

Amount of mamory raquir•d for scraan: 3.0K 

Mamory addr•s• of any char. at (X,Y) • 
lb*ROW+FIX ( (COLUMN-1 ) /8) +START ADDRESS 

Border Colour: Graen (colour ••t Ol  
Buff (col our set 1)  

Charactar Colour: Bits Sat Colour 
1 Brean (colour sat 0) 
0 Black (colour s•t Ol  
1 Buff <colour ••t 1 )  
O Black (colour set 1 >  

Bit& ••t rafars t o  th• i nd i v i dual b i t  for aach byta of 
on-scr••n mamory. 

How to sal act this •cr••n: 

PMODE2 

________ , ________________________________________ _ 
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-----------·--···············----,-----
MODE 13 

Type; Graphic only (4 colours )  

Resolutions 1 2 8  b y  192 
How characters are stored in memo,.-y; 

As bit pair•, and thus each byte holds four columns. 

Amount of memory required for scraens 6,0K 

Memory addr••• of any char. at ( X, Y) : 
32•ROW+FI X ( (COLUMN-1 > /4) +START ADDRESS 

Berdar Colour; Graen (colour set 0) 
Buff (colour set 1 )  

Char.-.cter Colours Bits Sot Colour 
00 Graen 
01 Yellow 
10 Blue 
1 1  Rad 
00 Buff 
01 Cyan 
10 Ma.genta 
1 1  Or•nge 

(colour 
(colour 
(colour 
(colour 
(colour 
< colour 
(colour 
(colour 

•• t 0) 
••t 0) 
••t 0) 
sot 0) 
••t l )  

Ht 1 )  

••t 1 )  

.. t 1 )  

Bits ••t rafars t o  the b i t  pairs for aach byte of 
memory. 

How to select thi s scraan1 

PMODE3 -----············------
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M0DE1 4  

Typa1 Graphic only (2 colour•> 

Resolution: 256 by 192 
How charactars ara •tored in m•mory : 

A• individual bit•, and thu• aach byta hold• aight col umns. 

Amount of m•mory raquir•d for •craen; 6.0K 

Mamory addr••• of any cha.r. at (X,Y> • 
16*RDW+FIX ( CC0LUMN-1 >  /8) +START ADDRESS 

Berdar Colour1 Gr••n (colour ••t 0)  
Buff (colour ••t 1 >  

Charactar Colour1 Bits Sat 
l 
0 
l 
0 

Colour 
Graan 
Black 
Buff 
Black 

(colour ••t 0) 
(colour ••t 0) 
(col our ••t 1 )  
(colour ••t 1 )  

Bits ••t refers t o  the individual bit for each byte of 
on-scraan a•mory. 

How to select this scr••n1 

PM0DE4 

_____________ , __________________ _ 
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Hex/Dec convertor 

Decimal !. He:<ctdecimal Conversi ons 

0 
1 1 , 048,576 

2 , 097 , 1 52 
3 , 145, 728 
4 , 194,304 
5 , 242, 880 

6 6 , 291 , 456 
7 7 , 340,032 
B 8,388, 608 
9 9 , 437, 184 
A 10, 485 , 760 
B 1 1 ,534 , 336 
C 1 2 , 582,'H2 
D 13,631 , 488 
E 1 4 , 680, 064 
F 1 5 , 728,640 

HEXADECIMAL COLUMNS 

HEX DEC 

0 
1 65,536 
2 131 ,072 
3 196, 608 

262 , 144 
327,680 

6 393, 2 1 6  
7 458,752 
8 524 , 288 
9 589,824 
A 655, 360 
B 720,897 
C 786,432 
D 851 , 968 
E 9 1 7 , 504 
F 983,040 

HEX DEC 

4 , 096 
B,  192 

1 2 , 288 
4 1 6 , 384 
5 20,480 
. 24,576 
7 28,672 
B 32,768 
9 36,864 
A 40, 960 
B 45,056 
C 49,152 
D 53,248 
E 5 7 , 344 
F 6 1 , 440 

HEX DEC HEX DEC HEX DEC 

0 0 
256 16 I 
5 1 2  32 2 

76B 4B 3 
4 1 ,024 64 

5 1 ,200 BO 

. 1 , 536 96 
7 1 , 792 1 1 2  

8 2 , 048 B 12B 

9 2 , 304 9 144 9 
A 2 , 560 A 160 10 

B 2 , 81 6  . 176 . I I  
C 3,072 C 192 C 12 

D 3, 328 D 208 D 1 3  

E 3 , 584 E 224 E 14 
F 3,840 F 240 F 15 

To convert from hexadecimal to decimal , f i rst f i nd the corresponding 
col umn position for each hexadlE!cimal d i g i t ,  Make a note oT the 
decimal equivalents, then add the noted values together- to obtain the 
converted decimal value. 

To convert from decimal to he=<adecimal , f i nd the l argest decimal 
value i n  the table that wi l l  fit into the number to be conver'ted. 
Next make a note of the hex equiv,1,Jent and col umn position. CalculAte 
the decimal remai nder , and repeat the process on this and any 
subsequent remainders. 
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Hyperbolic functions 

FUNCTION BASIC EQUIVALENT 

SECANT SEC(X)= 1/COS(X) 
COSECANT CSC(X)=: J/SIN(X) 
COTANGENT COT{X)= 1/TAN(X) 
INVERSE SINE ARCSIN(X)=ATN(X/SQR(-X*X+ 1 )) 
INVERSE COSINE ARCCOS(X)== -ATN(X/SQR 

(-x•x + 1 )) + rr/2 

I 
INVERSE SECANT ARCSEC(X)::ATN(X/SQR(X" X- I)) 
INVERSE COSECANT ARCCSC(X)=ATN(X/SQR(X" X - 1 )) 

+ (SGN(X)- 1 "rr/2 
INVERSE COTANGENT AIKOT(X)=ATN(X)+rr/2 
HYPERBOUC SINE SIN H(X)= (EXP(X)-EXP(- X))/2 
HYPERBOLIC COSINE COSH(X)= (EXP(X)+EXP(- X))/2 
HYPERBOLIC TANGENT TANH(X)= EXP(- X)/(EXP(x)+ EXP 

(-X))"2+ 1 
HYPERBOLIC SECANT SECH(X)= 2/(EXP(X)+ EXP{- X)) 
HYPERBOLIC COSECANT CSCH(X)= 2/(EXP(X)- EXP(- X)) 
HYPERBOLIC COTANGENT COTH(X)= EXP(- X)/(EXP(X) 

- EXP(-X))"2+ 1 
INVERSE HYPERBOLIC SINE ARCSINH(X)::tOG(X+ SQR{X"X+ 1 )) 
INV�ERSE HYPERBOLIC COSINE ARCCOSH(X):: LOG(X + SQR(X" X- I)) 
INVERSE HYPERBotlC TANGENT ARCTAN H(X):: LOG(( 1 + X)/( 1 -XJ)/2 
INVERSE HYPERBOLIC SECANT ARCSECH(X):: LOG((SQR 

(-x•x + 1 )+ 1/X) 
INVERSE HYPERBOllC COSECANT ARCCSCH(X):: LOG((SGN{X)* SQR 

(x•x+ 1/x) 

INVERSE HYPERBOLIC COTAN- ARCCOTH(X)= LOG((X + 1 )/(x- I ))/2 
GENT 
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Joystick slot 

lOOK 
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Low resolution grid 

• •t±=t±=t±jt±=t±jt±j=±j=±j=tj=tj=tj=tj=tj=tj=tj=t:1 

• 0t±=t±
=
t±jt±=t±j=±j=±j=±j=±j=±j=±j=±j=±j=±j=±j=t:1 

M �t±=t±=t±jt±=t±j=±j=±j=±j=tj=tj=tj=tj=tj=tj=tj=t:1 

M 

M M �liillillllll 
N �tj=tj=±::±=±::±=±::±=t±=t±=t±jt±::t±::t±j=±j=±j=tj=±j=tj 

N o,tj=tj=±::±=t:±=t:±=t:±=t±=t±=t±=t±jt±jttjttj=tj=±j=tj 

- .tj=tj=t:±=t:±=t:±=t±=t±=t±jt±jt±jttj=±j=±j=tj=tj=tj 
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Print @ grid 

M O  t----+- t--+-t--+f-f-+f-L_+f-----1----l- ---1----l----1-_j 

N O  f--+-f-'--+---l-+---l- ---1----l - ---1----l- L----l-- L-l--L_J 
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6809 M/C instruction set 

i'rvPE 
CONSTANT OFFSET FROM R 

INDEXED ADDRESSING MODES 

FORMS 
NO OFFSET 

5 81T OFFSET 
881T OFFSET 

16 8IT 0FFSET 
ACCUMULATOR OFFSET FROM R A-REGISTER OFFSET 

S-REGISTER OFFSET 
0-REGISTER OFFSET 

A. A 1AR00t10 1 0 IA. Al  
1

1RA10110 4 0 
B. R 1AR00101 I O 18, Al 1FIA10101 4 0 
0. R 1AR0101I 4 0 ID.Al  IRA110l1  7 0 

lAuro INCREMENT /DECREMENT R INCREMENT BY , 
INC1'1EMENT BY 2 
DECREMENT BY 1 
DECREMENT BY 2 

icONSTANT OFFSET FROM PC 8 BIT OFFSET 

16 8IT0FFSET 
EXTENDED INDIRECT 16 BIT ADDRESS 

NOTES: 

R • X. Y, U, or S 
X OQNT CARE 

1AFIOQOOO 2 0 
1AR00001 3 0 
1RR00010 2 0 
1RA00011 3 0 

n.PCR 1 )( )( 0 1 1 0 1  5 2 

no1,nowe0 
I. A• •!,!�':.!:°' 6 0 

[. - - Rt 1RA10011 6 0 
ln.PCAI 

1
1XX11100 4 1 

ln. PCRI 1KK11101  8 2 
In) 1001 1 1 1 1  s 2

1 G•ven ,n11'1e110�11re1he basecycles an<1 Dyte oounts To oeie,rn,ne 1he tOtllcycln 1no byte counts a.dd 11'>e values 
tromtne 6809 ,nde.,ng mOdes· teble 

2 A1 1nd A2may1:>e any pa,r o! 8 D11or any paor o1 1 6 0,1 ,eg,sie,s 
Tne 8 0,1 ,eg,s1e,s a,e A. B.CC. OP 
The 16Dot reg,ste,s are )(. Y. U, S, O PC 

3 EA,s ,ne euec1>ve a6dress 
, Tne PSH •nd PUL ,nsuuci.ons reciuue �cycies plus 1 cycle 10, each Oyle pusned or pulled 
S S-16) means S cycles ,fb,anchncH raken. 6 cyc1es � 111<en 
6 SWl sets l&F D,1$ SW12and SW13oo no11!1et! l&F 
7 COnd,toons Cooes se1 asa <1uee1 ,esu11ot 1ne ,nsuuc1oon 
8 Valueol n1W-c1uyt1ag ,s undel,ned 
9 Spec,a1 Case-Ca,ryse1,lb7,s SET 

LEGEND· 
OP Ope,at>on Code (He.aoec,ma1J 

Number ol MPU Cycles 
Numoe,ot P,ogramBytes 
A,,1nme1,cPlus 
A,,1nme1,c Minus 
Mull•ply 

M Comp1emen1 ot M 
- r,ansre, 1n1c, 

H111·Clnyf,om t>ol3. 
Negat,ve js,gnt,,t) 

Z Zero!Dyle) 
Ovef110w. 2 s comp1emen1 
C1uy !rom t,, t7  
Tn1and se1 .t1<"* cteared ornerw•H 
No1Attec1e<1 

Conc11ena1>0n 
log,c:110, 
Log,caland 
Log,calE•clus,veo, 
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INHEAENT DIRECT EXTENOE IMMEOl,'1,T INDEXED' AEL,'1,llVE 
INSTAUCTION/ 

A8' 

ADC 

ADD 

ASC 

'5A 

BCC 

BCS 

BEO 

BGE 

BG, 

BHS 

'" 
BLE 

,,a 

BCS 

'" 
'"' 

BNE 

60 

FORMS OP II OP II OP II OP II OP II OP - ' , DESCRIPTION 

,'1,0CA 
,'1,QC8 

,'1,QQ,'1, 
AOOB 
,'1,QOO 

ANOS 
,'1,NOCC 

ASCA 
,'1,SLB 
ASC 

ASRA 
ASA 
ASA 

BCC 
LBCC 

BCS 
LBCS 

BEO 
LBEO 

BGE 
L8GE 

'°' 
L8GT 

BHS 

L8HS 

SIU 
81TB "' 
LBLE 

eca 
LBLO 

BCS 

LBLS 

'" 
L8LT 

'"' 

BNE 
L8NE 

'" 

48 2 I "' ' ' 
'7 2 , 
57 2 1 

99 4 2 89 5 J 69 2 
09 4 2 F9 5 J C9 2 

9B 4 2 88 5 J 88 2 2 A8 4 •  2 • 
08 4 2 FB S J B 2 2 EB 4• 2• 
OJ 6 2 FJ 7 J EJ 16• 2 •  

,. 
D• 

3 84 2 A4 4 • 2 •  
3 C4 2 E4 4. 2· 

,c ' 

95 2 85 3 85 2 A5 4 •  : .  
05 2 FS 3 C5 2 E5 4• 2 • 

B • X- X 
IUNSIGNEO) 

A • M • C - A 1 1 1 1 1  
B · M · C -· 8 I I I I I  

1 1 11 1
B • M - 0  1 1 1 1 1  
D , M M • 1 - 0 I I I I I 
A M - A  • I I  O • 

�c M r;:.! - • cc . I I O ;  

�}9� 0 l l l l l  
��-9 i ! ! : !  

2 Branch C � 0 
10 516) 4 Lon98,.nch 
24 C • 0 

25 3 2 Branch C • 1 
10 5(6) 4 Long Brar,ch 
25 C • 1 

27 3 2 Branch Z � 0 
10 5(6 4 Long Branen 
27 z - o 

2C J 2 Branch " Zero 
10 516 4 Long Branen � 
2C Zero 

2E 3 2 Braoch > Zero 
10 5(6) 4 LOng Branch > 
2E Zero 

22 3 2 Brar>Ch H,911e, 
10 5(6 4 LongBrancn 
22 H,gher 

24 J 2 Br��:=
H,gne, 

1 0 5(6) 4 Long8rar,.cn 
24 H<ghe,or Same 

B,t Test A (M r. A) • l I O • 
811Test B (M r B) • I I  O • 

2F 3 2 Branch .; Zero 
10 5(6 4 LongBranch "' 
2F Zero 
25 3 2 Branch Lower 

�� 5(6) 4 Lo�;w
B:,

ancn 

23 J 2 Branch Lower 
or Same 

1 0 516) 4 Long B,anch 
23 Lower or Same 

20 3 2 Branen < Zero 
10 Sl6) 4 Long Branch < 
2D Zero 

2B J 2 Branen M,nus 
1 0 5(6) 4 Long8rancn 
28 M,nus 

26 3 2 Brancn Z • O  
1 0  (6) 4 LongBranch 
26 Z � 0 
2,'1, 3 2 Branch Plus 
10 5(6) 4 LongB,ancn 
2A Plus 



INSTAUCTIOP,il 
FOAMS 

BRA BRA 
CBRA 

BRN BRN 
L8RN 

BSR BSR 

LI>SR 

e,c e,c 
L8VC 

'" 8'5 
LBVS 

CLR CLRA 
CLRB 
CLR 

CMe CMPA 
CMPB 
CMPO 

CMPS 

CMPU 

CMPX 

CMPY 

COM cow. 
COMB 
COM 

CWAI 

OM 
DEC OECA 

OECB 
DEC 

'°" eORA 
EORB 

"G R 1 , R 2  

,.c INCA 
INCB 
,.c ""' 

,SR 
LO LOA 

,oe 
LOO 
cos 

LOU 
,o, 
,o, 

l"

A LEAS 
LEAU 
LeAX 
LEAY 

INHf.RENT DIRECT E)(TENOEO MMEOIATI INOEXEO' RElATIVE �bi ,bi 
"" ·""

" 
5F 

" 
o, " 
" " 
,c " 
"

,c 

" 
,c ., , ' 

53 , ' 
03 

,c "' , 
" , ' 
<A 
SA 

0A 

" 

0, 
" ' , 
,c ' 

5C ' oc 
OE 
,o 
"°' 
o, ,,
DE 
DE 
" " 
" 

I I I I I 

• °" 

z "  ' 
' "  5 , " 5 ' "  . 
" ' ' "  . 
BC ' 3 " '

" 

. , ,c ' 
' ' "  . 

BC 

. 

. ' ,. , .. 
' " 

. ' ,c ' 
3 ' "  . ' 280 ' . ' .. 5 

' "  5 
5 2 FC 6 
6 J 1 0  7 

' (i i ,  5 2 BE 6 
6 J , o  7 

BE, 

I I I I 

' "' 

' 
' "' '  . """ 5 

,c 
4 11 5 

:1 3 • . " 5 
,c 

' " '

3 c, , 

3 ' ' ' "  ' 
' c, ' 
, �c ' . " . 

CE 
3 ' 3 
' "  3 . " 

" 

I I I 

·"' : """;ioP � OESCRIPTIOP,i H z 

"' ' 2 e,,nehAlw•ys " ' J Long8ranehAIWays • •  . . ." ' 2 e,.nehNtvtr " ' 0098,anehNtvt• • • . . .  " 
,o ' 2 8,a,n,ch lO 

Suorou1,ne 
3 Long Branehto 

SuOlouhnt " ' 2 '3,.flCII , . , " (6) ' L009 8,ane11 " , . , 
29 ' 2 Branel\ v • ,  
10 516 • L

�•
B

;
aneh 

29 
0 - A  • 0 1 0  , _ ,  • 0 1 0  

• 0 1 0  

, ., • · 2• Compa,e M lfomA 8 1 I I I 
z E, . ,. Compa,e M t,omB 11 1 1  f I . " 7• 3• Compare M. M • 1 • I I I I ., !rom O . " 7 • 3· Compare M: M • 1 • I I I I 

AC ·-· " 7• 3· Co
!r
':,'�

M M • 1 • I t  1 1  ., 
' ,c 16 · 2· Comp1,a M M • I •  1 1 1 1  

1romX . " 7 • 3 •  o;::,•
�

M· M • 1 • l l l f"" 
A - A  • ;; 0 1 ·-· • 1 1 0 1  

63 6 •  2• M - M  · 1 1 0 1  

cc IMM •CC 
wa,110, 1n1errV91 

Oec,malAd1u11 A • 1 1 0 1  
A - 1 - A  • I l l •
8 - 1 - B • I II •  

• I II • , ., 4• 2• A,. M - A  • 1 1 0 •
' "  4 · 2 ·  9 .,  M - 8  . 

:!-' 
0 .  

Al - R2' . . . . .  
A •  1 - A  • I l l •
B • 1 - B  : :i : : :  6C 6 •  2 •  

6E 3 •  2 ·  EA• - PC 

AO 7• 2 •  l.i11mp10S11broutint . . . . .  
2 A6 4 •  , .  • 1 1 0 •  
2 E6 • · , .  M -• B · 1 1 0 •
J EC 5 · , . " " .  1 · · O  • 1 1 0 •  

10 6 ·  , .  " " . ' - s · 1 1 0 •  
EE 

J EE 5 · M M ·  1 - u  • J I O • 
3 AE 5 • • II 
.( 10 6 · · 1 1 0 •  

AE , . 

It" '� I I I

EA• - s  

·1· ·1-i-1 
JJ 4• 2 EA' - U  
30 ,  .. 2 EA' - X  • • I • •
31 ,, 2 EA' - Y  • • I • •
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IINSTAUCT!ONI 
INHERENT OIRECT EXTENDEI MMEOIAT INDEXED' RELATIVE 3 2 1 0  

FOAMS pP # OP · • ,1 DEcSCAIF; IOI� .t 
LSL LSLA 48 

LSLB SB "' 
LSR LSRA 44 2 1 

LSAB 54 2 1 
LSA o-t 6 

NEG NEGA 40 
NEGB SO 
NEG 

OR ORA 
ORB 
OACC 

PSH PSHS 34 5 • '  2 

PSKU 36 5, • 2 

PUL PULS 35 5. 2 

AOL ROLA ., 
AOLB 59 
AOL 

ROA AOAA .. ' ' 
AOAB 56 2 ' 
ROA 

38 11 ' 

9A 4 2 BA 5 3 8A 2 2 AA 4 •  2 •  
O A  4 2 FA 5 3 C A  2 2 E A  4 •  2•  

1A 3 2 

09 6 

06 6 

SBC SBCA 92 4 2 B2 3 82 2 "2 4 • 2 •  
SBCB 02 4 2 F2 3 C2 2 E2 4• 2• 

SEX 10 2 1 

ST STA 
STB 
sm 
STS 

STU 
m 
m 

SUB SUSA 
SUBB 
SUBO 

sw1 swr 3F 19 
SWl2" 10 20 " 
$W13' 11 20 2 " 

SYNC 13 2 1 

TFR AI.R2 lF 7 2 

TST TSTA 40 2 
TSTB 5D 2 

" . 
o, . 
00 , " 6 
o, 
o, " " 

2 " , ' "  , 
2 ,o 6 , " , " ' "  
2 " , " 

E7 4 • 2• 
ED 5+ 2•  
10 6• 3 " 
EF 5+ 2• 

" 
AF 6 ,  3 < 

90 4 2 BO � 3 80 2 2 AO 4 • 2 • 
00 2 FO 5 3 CO 2 2 EO 4• 2 •  
93 2 83 7 3 83 4 3 A3 6 •  2 

TST 6 2 70 7 3 
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;}9�- 0 : l l ! !  
�}o�-�: � : : : 

(Unsigned) 

A ,  1 -� A 
8 • 1 - B 
M ,  1 - M  

No Opera11on 

8 ) 1 1 1  
8 1 1 1 1  
8 ) ) 1 1  

A •  M - A  • I I  0 • 
B v M - B • I I  0 • 
cc , 1MM - CC 7 

P,.,sh Ae9,sters on • • • • • 
$ Slack 

Push Aeg,sie,s on • • • • •  
U S1ack 

P,.,11 Ae91ste,s r,om • • • • • 
$ Slack 

Pull Aeg,sters hom • • • • • 
U Stack 

�}���2 : : : ; :  
�}L.9-b� : : : : :  

ln1errup1 

Ae1urn F,orn 
5,.,p,0,.,1,ne 

A · M - C - A 8 I I I I 
B - M - c - e  8 I I I I 
S,gnExiend B • 1 1 0 •  

mtoA ·-" ·-· 
0 - M · M  • 1 
S - M: M • 1 

• 1 1 0 •  
• I I 0 •  
• 1 1 0 •  
• II o • 

• 1 1 0 • 
• II o • 
• 1 1 0 • 

A- M- A B I  I I l 
B . M - 8 B 1 1 1 1  
0 M M ,  1 .• 0 • I I  I I 

$ollw111e lnterrup1 1 • • • • • 
$oftware lnlem;p1 2 • •  • • •  

Softwere lnlem.,pt 3 • • • • •  

Synchromieto 
lnterrnpl 

TestA 
TestB 

• 1 ) 0 •  
• I I 0 • 
• II o • 



6809 mnemonics 

OP HSEH Mot>E - # OP ..... ., MOD E. - # 
. ., NEG- D tFl f:CT 6 ;,_ 1c >.1.10cc \ N MED 3 2 
" 3  COl1 " 6 :,_ 1D SEX l NHE.RENT 2. 1 

0 4  LSR . 6 ;,_ l E EXG- 9 2. 
0 b  ROR . 6 2 1F TFR \ NHER&,\T 7 2. 
'1, 7  ASR "' ;,_ 2(ll BR" RELATl\lE 3 2. 
'1, 8  Af,L,'S- 6 ;,_ 2 1  6RN 3 2 

Ql 9  RoL ' 6 ;,_ :n BHI 3 2 
"" OEC 6 2 23 BLS 3 2 
r, c  INC b ;,_ 24 .. ,,, 8':c 3 2 
0 0 TST 6 ;,_ 25 e�s 3 ;,_ 
0 £  JMP 3 2. 2• BNE 3 2. 

0F CLR CI RECT 6 :z 'l.7 BEQ 3 2. 
1 2  NOP lNHERE.�T 2. 1 ;,_9 eve " 3 2 
13 S-,.,C lNHE�Q.iT :,_ 1 29 BvS 3 2 
16  LBRA A.EI..AT! VE 5 3 2A BPL 3 2 
17 U>SR RE.L.AT1VE 9 3 29 BMI 3 2 

19 DM \Nl-ll!.l?:E..NT :z 1 2C. BGE 3 2 
lA ORCC INM�D 3 2. 2D 5LT REJ..ATIIJE 3 2. � 

OP '1NE'1 MODE - ,.. oP 11NE/1 ·MooE - ,,.
2E BGT RELATl'IE. 3 2. 44 LSRA, INHERE.NT 2 1 
2F BLE 3 2 +6 """A 2. 1 :"' LEAX l ND€.XED 4 2. 47 AS<A 2 l 
31 lEAY + 2 +s � 2. 1 
32 LEAS 4 , 49 RoLA 2 1 
33 l.£AU + 2. 4-A DE.CA 2.. .1 
34 PsHS INHERE.NI 5 ;,__ +c INCA 2. 1 
35 PULS " 5 2 +D <STA .2 1 
36 f'SHU 5 2 +F CLRA 2. 1 
37 PuLU 5 2. S (ll  '-E&-8 2 1 
3.9 RTS " 5 1 53 COMB " .2 1 
3A ABX 3 1 54- LSRB 2. 1-
39 ,m . 6/15 1 56 RORB :,_ 1 
:,,c (),/Al 21 2 57 ASRA 2 1 
3D MUL 11 1 5 B  '(s"'e,; 2.. 
3 F  S-.JI 19 1 59 Rous 2.. 1 
4<ZI NEC>/\ 2 1 SA cece 2. 1 
4-3 CC,.,A 2 1 5C INCB 2. 1 
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cY' /'11,10( MOD£ - .,,. Of' HN0i MOD£ - 79' 
5D TSTB lNl-£r;>£r-.:iT 2 1 -,7 ASR E)(1'€NDE.D 7 3 
S F  C '-"S  2 1 78 

A5C/ LSL 7 3 
6� NEG lt-:iDEXE.D � z 79 Roe 7 3 
63 COM " " 2 7A DEc " 7 3 
;;+ LS"- " lo 2 7C 1'-'C ,, 7 3 
lob f\oi, " (p 2 7D ,ST 7 3 

lo 7 ASR . (p 2 ,E JMP " 4-- 3 
68 A�L lo 2 7 F  CLR 7 3 
69 ROL ,, I, 2 80 SV6'\ \ Jvtl-1€1) ;:z ;:z 
cA Dff " lo 2 81 CMPA 2 z 
6C INC " lo z 82 SBcA 2 2 
6 D  TIT ' lo 2- 8 3  5U8D 4--
6f JMP 3 2 84- ANDA 2 1 "r CJ..R " 2 \35 BITA 2. 2 
7� NEC. E:x,eN"<D 7 3 86 LDA z :,._ 
73 Cci-1 7 3 88 EOAA 2 2. 
74- lSR 7 3 8.9 Af>CJ\ 2 2 
7 6 RoR 7 3 BA ORA 2. 2 

Of' MNcM 1'10/Jl'.. - ff of' Hr,0/ ,-rou - ff 
8B Act¥\ ! M HED z 2 .9E LDX DIR.E.C..T 5 2 
Be CMP:>< 4 3 .9F STX 5 2. 
BD !)SR RELA-71\IE: 7 1 M' S08A INOEXED 4 
BE Lox l�H.E:.D 3 3 Al CMPA 4- 2 
.9� SUB/\ D LREG"T 4- L A2 5&:A 4- z 
9 1  C..HPA. 4- 1 A3 Suet> 6 2 
9 2  Sl'CA 4- 2 A4- ANDA 4 z 
.9 3  SVBD " 2 A S  Brr'°' 4 2 
.9 4- '°'NOA 4- 2 Alo LcA 4 2 

9 5  BITA ,,_ z A 7  ST'°' 4- 2-
9', L.DA + 2 All 8:M 4 2 
9 7  STA 4 2. A 9  AfXA + 2. 
s B  EO<A 4- 2 AA OAA + 2-
99 l<XA 4- 2 A B  AilD'\ 4 2 
9 A  cRA 4 2 AC Cl1PX 6 2. 

.9 B IIDDA 4 2 AD JS,,. 7 2 
9 c  cMPx 6 2. A£ LDX 5 :,_ 
9 D  JSR 7 2 AF .STX 5 2 
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OP MNE/'f �A- - ,.. OP MNcM MOOE.. # 

B!!l SUB/\ E)(� 5 3 C2. sece IM.MED 2 2 
61. CMM " 5 3 = ADDO " 4 3 
B2 S&A 5 3 c.+ ANOS 2 2 

B 3  SUBD 7 3 C.5 81TB 2 2 
B4- /\ND'\ 5 3 Oa LDB 2. 2. 
85 BITA 5 3 c� = 2. 2. 
BG I.J)A " 5 3 C9 AOC8 2. 2. 
B7 5TA 5 3 C.A ORB 2. 2. 
B8 El::RA 5 3 C8 N>DB 2. 2 
B9 AOCA " 5 3 cc '-= " 3 3 
BA ORA 5 3 CE LOU 3 3 
BB ADfl/1 5 3 "" 5""8 DIRE,.C.T + � 
ec CMP,( 7 3 Dl. CMPB + 2 
BO JSR 8 3 D2 8BC.l', + 2. 
BE l.DX "' 3 D 3  ADDD lo 2 
B F  Sf)< lo 3 D4 ANOS 4 2. 
C<2' SC!lB I MMED 2 2 D5 Bne 4- 2 
Cl o,PB 2 2 D<o LDB 4 2 

01' MAIS'/ MOD£ ,,,, OP /'INFN MM£ � # 
D7 SIB DIRECT 4 2 £9 AD::8 INOCXE D 4 2 
08 EOR& " 4 2. EA oRB + 2 
D9 ACCB + -i EB ADDS " 4 2. 
0A ORB 4- 2 EC LCD 5 2 
DB ADDB 4 2. £D 5-ro 5 2 

DC. LI)() 5 2. EE LOU 5 2 
DD STD 5 2. EF sru 5 2 
OE LOU 5 2 F!!l scee E:X1'&0 E.D 5 3 
OF STU 5 2. F1 CMPS 5 3 
Ej!! Sl:ee !NoEXED + z n, secB 5 3 
El c.>1P8 4- 2 F3 ADDD 7 3 
D. sea; 4 2. H- mDB 5 3 
.:3 ADOD 6 2 F5 81TB 5 3 
E+ ,\NOB 4- 2 H, t..D!I 5 3 
£5 BITS + 2. F 7  5T8 5 3 
E 6  L!>B 4 2 FB """" 5 3 
E7 5TB 4 2 f9 AD:e, 5 3 
£� 6"'8 + 2- FA oRb 5 3 
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OP MIJ6"1 # 
FB ADDB ExTE.NCE.D 5 3 

3 
3 

102E I..BGT RELAT!VE.. 
:ljt2.F LBL£ 'FC LDD 

FD STD 
F E  L.DU 
FF $TU 

102.1 LeRN 
lizSZZ LBHI 
:li112.3 LBLS 
1024- �{ 
W25 ��u 
11)2b CBNE 
1£)2.7 4lEQ 
W18 LBVC 
1,cl29 LB\JS 
1\!l2A ll'IPL 
�B LBMI 
JQ)2C LBGE 
lc;l2D LBLT 

OP MN6'I 

= lOS 
1'1SDE LDS 
:l<lDF STS 
1(1lEE LDS 
�F STS 
]JllFE LDS 
1stFF STS 

RELATIVE 

MOO£: 
I M MED 
Dl REC.T 

!l\lDE.xED .. 
EXTENDED 

ll?>F 6Wl/3 fN\-IER.ENT 
ll83 CMPU \MME.D 
118C. CHPS 

1193 O',PU DtRECT 

l l9C CHPS 
11A3 CMPU TNDE;XE.D 
llAC CKP5 
llB3 CHPU 8<T€NDED 
l l BC CMPS 

66 

G 
G 
G 
6 

1�3F S\J y2 lNHE..RE.NT 
3 JOS3 01PD I M MED 
3 1\2)9( Q-\PY " 

5 '\- l<Z)� L.l)Y 
SU:,) 4 ]093 O'\PD DtREC T 
5U,) 4- 1'1l9C C>1PY 
5 (b) 4- l<Z).9E LDY 
5(b) 4- '.4>9F STY 
5U:,) 4-- �3 CMPD I ND:XW 
5(b) 4- 1\ll'C CHPY 
5(b) 4- b.lZ'AE L-DY 
5(1,) 4- '.W)AF STY " 
5(b) 4- P9'83 CMPD EX 1B<DW 
5(/,] 4- P.\ZlllC cMPY 
5 (bl 4- Ost6E \..DY 
5 (6) 4- P-!Zl6F STY 

- # 
4 4-
6 3 
6 3 
0 3 
G 3 
7 4 
7 4 
"-"' 2 
5 4 
5 4-
7 3 
7 3 
7 3 
7 3 
8 4-

13 4-

'.5(b) 
5(/o) 
-:,_a, 
5 
5 
4-
7 
7 
"' 
6 
7 
7 
0 
6 
8 
8 
7 
7 

# 
4-
4-
2 
4 
4 
4-
3 
3 
3 
3 
3 
3 
3 
3 
4-
4-
4-
4 



Machine code register 

,�5 

A ol1 8 

�1 
s·B.t Ac.cu.mu\oJ-or.5 A.8 

D l"·&t A=�b.n>r D 

l1s X ol X lr\de.. Reesrer 

j1s y ol Y lr,;1.,._ Regisv-

!1 s u o l U S-hck Tuin1"' 

l1s s ol S $tn.cl( Poin1iir 

11 l>f' o I O,ie,i � � 

l1 s pC oj A<>arn,v\ Gw,,1ar 

z V C G,r,:1,bon G,de. Raj,s� 
�f't. St-o..r... S:wc  c.,.,':! Cf<"'"' s-,n) 

\'o.,1: \�t M<l•k O'Jerflow 
Ho.If c:,,,ry Cr- e.t. 3) 

1�1-,"'i't M<>sk 
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I N DEXED AOOR.E:.SSING PosT- SYTE 
RE<-1STE.� BIT ASSIGNMENTS &S0� 

STAC.,K1r:JG- CA.DEB, 
fb57-8TTE /lE61STDI 811 I NDEXED PULL. OA.OER,, 

7 " 5 4 3 2 1 ill .t."nR.E.SS· .. ,,.. M ....... .,,. 
0 X X X X  X X  X e:A�.R ± 4 &rToF'FS£T cc 

A 

B 

1 1  X X 0 0 0 '21 0  , R-t 
1 X X  X C2) (l) (l)  1 , R++ 
1. X X  (l) (l) (2' :L 0 , -R 

1 X X X 0  <ZJ 1 1 , - - R 

1 X X  X 0  1 0 0 EA • , R -+ 0 Of*FSET 

D P  
X Hi. 

X lo 
Y Hl

-; Lo 

1 X X  X as 1 0 1 EA" .�I.ACC6 orrseT 

l X  X X  q, 1 
1 X  X X  1 0  

1 X X X 1 0  
1 X  X X  1 0  

l X  x x  1 1  
l X  X X 1 1 
1 X X '.l 1 1 

1 0 
0 0  

0 1 
1 1 

lcz: 0 
e 1 

1 1 

EA., , R ±.AaA. Cf"FSET 

EA.- , R '!: 7elT oFFSET 
EA., R+. 15 &IT OFFSET 
EA• , R. + D oFFSET 

EA ,. ,  PC± 7 BIT c:FFSET 

EA• , PC ± l5 61.TCA'SET 
EA• , ADDRES5 

U/5 HL 
U/5 Lo 
Pc K, 
f'C. Lo 

t 

J�l j 
ADORE.S511•-lG HOOE ru:LO 

. I. F"IELO 
fOA 67 r t :  LN.OIA,££:.T 
FOR e,7 ' 0  : SIGN e.1T 
REGISTER F1EL.O 
00 . R ,. X  O1.: R. • Y 
10 :R • u 1.1 :R • S  

PUS\-1 OR.OE� 

'INCA.EA51NG
MEMOR'Y 

t 

I I 1 1 I I I I I 
,c l Y l .,.. I A (  

s;u x. B eal  
PUSH ;ruu... PC6T· B:tTE 

( s?u �c� Jo£'?oT1Nf\J10"'( 

�R/EXCHAN<;E 
�T-e.-tT'£ 
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6 8 0 9  

� 
F'FFE RESTA�T 
F F F C  NMI  
FFF A SWI 
FFF S I Rq 
F F F ,o  F1Rq 
F F F4- SWl'.l 
FF F2 SW\ 3 
FF F SZ, A.E.SER.VED 

P.E:GISTER f\E.L.0 
0000 � D (A:B) 01.�1 • PC. 
000 l • X  l000 • A  
0 0 1 0 • y  100l • B  
0 0 1 1  : U 1010 ' Cc.R 
0 1- 0 0 , s  101 1 , o•P. 



Memory map 

= Locilticn Description 
= Ha>< 

= 0019 
001A 

,.. 001B 
001D 

= 001F 
0021 

= 0023 
= 0027 

006C 
= 006F 
:: 0071 
= 0072 
,. 0074 
= 007C 
= 007D 
= 007E/F 
"' 0080 
= 0081 
• 0088 
= 0089 
- ooec 
= 008D 
= OOBF 

0090/91 
"' 0095/96 

0099 
= 009A 

009B 
009C 
0090 

"" 00B6 
"" 0100 
:z:: 0103 
= 0 1 06 
,., 0 1 09 
'"" 010C 
., OlOF 
• 0121 
• 0 1 23 
• 0126 
• 012B 
= 0148 
• 0149 
.. 014A 
= 014B 
,.. 0 1 4C 
,. 0 1 40 
• 014E 

-=-='-""-"""'""""-=--=""""-""--

Address of start of BASIC program 
Addres;s of end of BASIC pl""ogram 
Addres.s; of start of vari &bl e storage 
Addrest. of start of illrray star-age 
Addres& of start of fl'"•• memory 
Addres;s of start of string sta.ck 
Addra&s of uppar limit of BASIC 
Address o,f highast av&i lable RAM 
CurrRnt cursor column position 
Hal ds current device number 
Warm •t,art f l &g 
Wou·m start vector 
Addra!ls of hi gh••t memory a.ddra!i5 
Block tvpe 
Number of bytes to ba put out 
Bas11 addra•s of bvtes 
Checksum 
Error coda 
Point to ne><t location for scre11m output 
Ditto 
Sound fraQuancy 
Duration of sound 
Blink count 
Leader bvte count for ta.pas 
Ca11satte motor delay 
Lina printer fi•ld width 
Last fiald width 
Line printer width 
Print ha.ad position for line printltr 
Transfar addr•ss after CLOAD 
Holds currant PMODE 
SWI 3 vector 
SWI 2 vector 
SWI 1 vactor 
NMI vactor 
IRQ vactor 
FIRQ vactor 
Point• to BASIC command tokan table 
A• abova for jump tabla 
A• abova for function token tabla 
A• ilbova for function jump tabla 
Buffar full auto lina faad flag 
Alpha lock flag 
Numbar of chars. to ba printad in and of lina = 
P•rform carriag• r•turn to print•r 
Parform l in• faad 
R•dundant 
Redundant 
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"" Loc.a.tion D•scription 

---------•••••so••• 

= 0151 St.a.rt of kevbo.a.rd rol l ovar t.a.bla 
• 0152-159 Cov•r• entira kayboard 
= 015A L•ft iovstick X position 
= 015B Laft ioystick Y position 
• 015C Right ioystick X position 
= 015D Right _ioystick Y poaition 
= 01D2 C.a.ssatte file n.a.ma 

01D4 C.a.ssatte file buffer 
01E5 Tr•nsfar •ddraas usad by CSAVEM 
0200-3FFF Buffa,- for c.a.ssettas ate. 
0400-SFFF Ta)(t scraan daf.a.ul t .a.raa 
0600-07FF Graphics acraan/program/vari abla storage 
OC00-7FFF User RAM, depanding on graphics pag•• 
8006 Poll kayboard 

• 8009 Blink cursor 
"" 800C Wri ta ch.a.ractar to te)(t screan 
::c: 800F Ditto for lina printar (char. in A .-s abova) 
• 8012 Update joystick ra•dings 
• 8015 Turn on c.a.ssl!tte rel.-v 
.. 8018 Turn off c••••tt• ral.a.y 
• 801B Prap.a.r• c•ssatte for writing 
= 801E Shove byta to caasatta from A 
= 8021 Prapar• c.a.saetta for dat.a. 
.. 8024 Return• next byte in A 
• 8027 Bats na)(t bit in from Cassetta 
• 8033 BASIC command word tabla 
• 8154 BAS IC comm•nd jump t•bl• 
• B I CA BASIC function word t•bla 
• 8250 BASIC function iump t•bl• 
• 82A9 BASIC arror massage t.-bla 
,. 82EO BASIC i ntarpretar 
.. COOO-FEFF C•rtridge slot 
• FFOO PIA 
"" FFF2 SWI 3 vactor 
• FFF4 SWI 2 v•ctor 
• FFF6 FIRQ v•ctor 
• FFFB IRQ vactor 
• FFFA SWI 1 v•ctor 
• FFFC NMI vector 
• FFFE R•••t v•ctor 
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O�maL A� ConwJ:s 
f2J - :1(/1 .23 S\:,s\-err-- Work Area. 
1/Zl.24 - 1535 T e.xl:. &= 
1536 - 3(2S71 <;; ro.p"•c. - poge 1 
31,172. - 46(2)7 " " 2 
4612)8 - 6 14-3 ' 3 
6144 - 76 79 " " 4-
768(21- 92.15 " 5 
92 1 6  - 1 (21 7.5 l " t;, 
1 <ZS 7 5 2  - 1 2.2.B?  " " 7 
12.l..BB - 1382.3 " .. e 

13824- - 377G 7 A-cgro.m .t, Vo.ito.bles-U"ers 
37768 - 4 9151 BASIC ROM 
4 9 1 5 2 - 65 2.7.9 Ca.rtnag-4- FbrC 
b 52..691 - 65535 In. pu.c / ou1:pu..1:: 

::::! 

Ht!x Add.l'G6S 
� - 3FF 
4sz:>y"J - 5 FF 
6 � �  - BFF 
C IZl!ZS - 1 1 FF 
1 '2121\21 - 17FF 
1 'o f/X2S - 1D FF 
lE\25(,lj - 23 FF 

24al(2) - 2.9FF 
2A(l!j1'.) - 2 FFF 
3(!J�C/J - 35 FF 
3 6�0 - ?FFF 
8 (25(25(2) - B FFF 
C (!Xt; (/)  - FEFF 
F"F�{ZJ - FFF F  

s:
CD 
3 
0 
< 
Ill ...
n =r 
i
� 



Powers tables 

Powers of 2 

N 
2 ------------------

256 8 
5 1 2  9 

1 , 024 1 0  
2,048 1 1  
4 , 096 1 2  
B,192 13 

16,384 1 4  
32, 768 1 5  
65,536 16 

1 31 , 072 17 
262, 144 1 8  
524,288 1 9  

1 , 048, 576 20 
2 , 097,152 21 
4 , 1 94,304 22 
B , 388, 608 23 

16,777 , 21 6  24 
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Power-s of 16 

N 
1 6  

1 6  
256 

4 , 096 
65,536 

1 ,048,576 
1 6 , 777,216 

268, 435, 456 
4,294,967,296 

68 , 719,476,736 
1 , 099,51 1 , 627,776 

1 7 , 592, 186,04 4 , 4 1 6  
2 8 1  , 474 ,.976, 7 1 0 , 656 

4,503,599,627,370,496 
72,057 ,594 , 037,927 1 936 

1 , 1 52 , 92 1 , 50 4 , 606, 846,976 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  



Printer port 

s • 

eosr +5V 
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RS232 standards 

02 
03 

05 
06 
o, 
08 
o• 
,o " 
'2 
' 3  " 

20 
2' 
22 
23 

24 
25 
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Transm· ss·on · s  ser · a1 (asynchronous) .  
MARK _. bi nary l = OFF ,. -3 to -25 volts. 
SPACE = binary O = ON : -+-3 to -+-25 volts. 
25-pin "O" type connector. 
Data Control Equipment (OCEl has female connector. 
Data Terminal Equipment (DTE) has male connector. 
Open circuit drive voltage cannot exceed 25 volts. 
Terminator resistance 3-7K ohms. 
50 foot ma:<imum DCE, DTE se-paration. 
2500 pico farad max conductor capacitance. 

c,s 
DSR 
SG 
DCD 

(S) OCD 
<S> CTS 
( S > TO 
NS 
TC 
<S>RD 
DCT 

DCR 
(SlRTS 

DTR 
so 
R>  

CIRCUIT 
DTRECTION CClTT EIA 

To DCE 
To DTE 
To OCE 
To DTE 
To DTE 

To DTE 
To DTE 
To DTE 
To DTE 
To DTE 
To DTE 
To DCE 
To DCE 
To DTE 
To DTE 
To DTE 
To DTE 
To DTE 
To DCE 
To DCE 
To DTE 
To DTE 
To DCE 
To DTE 

101 AA 
103 BA 
104 BB 
105 CA 
106 CB 
107 cc 
>02 

Bel I 208A 
122 SCF 
121  SCB 
1 1 8  SSA 
B"'ll 
1 1 4  DB 
1 1 9  SBB 
B"'l l 208A 
1 1 5  DD 
Bell 208A 
120 SCA 
108. 2 CD 
1 1 0 CG 
125 CE 
1 1 1 CH 
1 1 2 C l  
1 1 3 DA 

113B 

Frame Ground. 
Transmitted Data. 
R"'ceiv"'d Data. 
Request To s .. nd. 
ct .. ar To s .. nd. 
Data Set R .. ady. 
Signal Ground. 
Data Carrier Detect. 
Positiv"' DC T .. st Voltage. 
Negativ"' DC Test Voltage. 
Equaliser Mode. 
Secondary Data Carri "'r Detect. 
s .. condary Clear To Send. 
Sei:condary Transmitted Data. 
New Syni:ch. 
Transmitt .. r Clock. 
Sei:condary Rei:ceived Data. 
Divided Clock Tram�mitter. 

Divid"'d Cloi:ck Rei:ceiv.,r. 
Sei:condary Reque,-t to Send. 
Data Terminal Ready. 
Signal Qual ity Detect. 
Ring Indicator. 
Data Rate Se) ector. 
Data Rate Selector. 
EXT Transmitter Clock. 
Bu,-y. 



CCITT V24 Cir-cuit Def i n i t ions 

Ci r-cui t 102 - S i gnal Gr-ound or- Common Retl•r-n 

Th i s  conductor- establ i shes the si gnal 

i nter-change c i rc u i t s .  

Cir-cuit  1 (13 - Tr-ansmitted Data 

r-eturn for 

The data signal s or i g i nated by the DTE, t o  be tr-ansmi tted 

v i a  the data channel to one or- mor-e remote data stations, 

are transf erred on this c i rcui t to DCE. 

Ci r-cui t 104 - Received Data 

The data signa l s  generated bv the DCE, in r-esponse to data 

channel l i ne signals recei ved from a r-emote data stat i on ,  

ar-e transferred on t h i s  c i rcuit t o  the DTE. 

Circuit 105 - Request to Send 

Controls the data channel transmit function of the DCE. 

Circui t 106 - Ready for Sending 

Indi cates whether the DCE is condi t i oned to tr-ansmit data on 
the data channel . 

Cir-cuit 107 - Data Set Ready 

Indi cates whether the DCE is ready to operate. 

Cir-cuit 108/1 - Connect Data Set to Line 

Contr-ol s switching of the signal -conver-sion 

equipment t o  or fr-am the 1 i ne. 

Circuit 1 08/2 - Data Termi nal Ready 

Contr-ol s switching of the signal -conver-si on 

equipment to or- -fr-am the l i ne. 

Ci r-cui t 109 - Car-r- i er- Detect 

simi l ar-

simi l ar 

Indi cates whether the r-eceived data channel l i ne signal 1 s  

w i t h i n  appropr- iate l i m i t s ,  a s  spec i f i ed by t h e  rel evant 

recommendat i on for DCE. 

Circui t 1 1 0 - Data Signal Qual i t y  Detector 

Indi cates whether ther-e is a r-easonabl e  probab i l i ty o-f an 
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error in the data. received on the data. channel . 

Ci r-cui t 1 1 1  - Data Signal l i ng Rate Selector-

Used to select one or two data si gnal 1 ing r-ates of a. 
dual-r-ate synchronous DCE, or- to select one of the two 

r-anges of data signal l i ng rates of a dual-range synchr-onoo..,s 
DCE. 

Ci r-cui t 1 1 2 - Data Si gnal 1 i ng Rate Selector-

Used to select one of the two data. signal l i ng r-ates or 
r-anges of r-ates in the DTE to coincide with the data 

signal l i ng r-ate or r-ange of rates in use in a dual-rate 

synchr-onous or- dual-r-ange asynchr-on01.1s DCE. 

Cir-cuit 1 13 - Tr-a.nsmitter- Signal El ement T i m i ng 

Pr-ovi des the DCE w i t h  si gna.l el ement t i m i ng i n f or-mat i o n .  

Ci r-cui t 1 1 4  - Tr-ansmi tter S i g n a l  El ement T i m i n g  

Provides the DTE w i th s i g n a l  el ement ti ming i n f ormati on .  

Ci rcLi i t  1 15 - Recei ver Signal El ement T i m i ng 

Pr-ovi des the DTE with signal el ement ti ming i nformation. 

Circuit 1 1 6  - Select Standby 

Used to select the normal standby faci l i t i es such as 

signal conver-tors and communication channel s .  

Cir-cuit 1 1 7  - Standby I n d i c ator-

Indicates whether the DCE is cond i t i oned i n  i ts standby mode 
with the pr-e-deter-mined f ac i l i ti es r-epl aced by thei r 

Circuit 1 18 - Transmitted Backward Channel Data 

Equivalent to c i rcuit 103, except that it is used for data. 

r-ecei ved on the backwar-d channe l .  

Circuit 1 2 0  - Transmit Backward Channel L i n e  Signal 

Equivi'!.l ent to c i rcuit 105, e;{cept that i t  i s  used to control 

the backwar-d channel transmit function of the DCE. 

Circui t 121 - Backward Channel Ready 

Equivalent to c i rcui t 106, except that it is used to 
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i ndi cate whether the DCE i s  cond i t i oned to transmit data on 
the backward channel . 

Circuit 122 - Supervisory Carrier Detect 

Equivalent to circui t 109, except that it is used to 
i nd i cate whether the received backward channel 1 ine signal 
i s  within appropriate l i mi ts. 

Circuit 123 - Backward Channel Signal Quality Detector 

Equi valent to ci rcuit 1 1 0 ,  except that it is used to 
i ndi cate the signal qua l i ty of the received backward channel 
l i ne signal.

Circuit 124 - Select Frequency Groups 

Used to select the desired frequency groups avai l ab l e  on the 
DCE. 

Circuit 125 - Cal l i ng Indi cator 

Indi cates whether a cal l i ng signal is being recei ved by the 
DCE. 

Circuit 126 - Select Transmit Frequency 

Used to select the required transmit frequency of the DCE. 

Circuit 127 - Sel ect Receive Frequency 

Used to select the required receive frequency of the DCE. 

Circuit 128 - Recei ver Signal El ement T i m i ng 

Provides the DCE with signal el ement t i ming i nformation. 

Circui t 129 - Request to Receive 

Used to control the r-ecei ve function of the DCE. 

Cir-cui t 130 - Transmit Backward Tone 

Contr-ols the tr-ansmission of a backwar-d channel tone. 

Cir-cuit 131  - Received Character- Timing 

Pr-ovides the DTE with character- timing i nfor-mation. 

Circuit 132 - Return to Non-Data Mode 
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Used to r-estore the non-datc1 mode pr-ovi ded w i t h  the DCE, 
without r-el easing the 1 ine connection to the r-emote station. 

Ci r-cui t 1 3.3 - Ready for- Recei ving 

Contr-ols the tr-ansfer- of data on c i r-cui t 1 0 4 ,  i nd i cating 
whether- the DTE is capable of accepting a g i ven amount of 
dat a ,  spec i f ied in the appropr-iate r-ecommendation for-
i nter-med i ate eqtii pmen t ,  f o r- exc1.mp l e ,  
eqttipment. 

C i r- c u i t  1 .34 - Received Data. Pr--esent 

contr-ol 

Used to sepa.r-ate i n f or--mation messages fr--om super--v1sory 
messages , tr-ansfer-r-ed on c i r-- cu i t  104. 

Ci r--cuit 191 - Tr--ansmitted Voice Answer-

S i g n a l s  gener-a.ted bv a. voice answer- uni t in the DTE are 
tr-ansfer--r--ed on t h i s c i rcui t to the DCE. 

Ci r-cui t 192 - Received Voice Answer--

Received voice signa l s ,  gener--ated by a voice answer i ng uni t  
a t  the r--emote data termi nal , are tr-ansferr-ed o n  t h i s  c i rc u i t  
to the DTE. 

Other CCITT " V "  Interfaces 

V l O  

E l ec t r-- i cal char-acteri s t i c s  for- unbalanced double-cur-rent 
i nter-change c i r c u i ts for gener--al use with i ntegr--ated c i rc u i t  
equipment i n  the f i el d  o f  d a t a  communi ca.tions. 

V l  1 

Electrical character i s t i cs for bal anced doubl e-current 
i nter-change c i rcuits for-- general use with i ntegr--ated c i r-cui t 
equipment i n  the f i el d  of data communi cations. 

VIS 

Use of acous t i c  coup l i ng for data transmission. 

V 1 6  

Medical anal ague d a t a  tr-ansmi s s i  o n  modems. 

V 1 9  
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Modems for- par-al I el  data tr-ansmi ssi on ust ng tel ephone 
signal l i ng f r- equencies. 

V20 

Par-al l el data tr-ansmi ssi on modems standar-di sed for- uni ver-sal 
in the gener-al swi tch tel ephone networ-k .  

V21 

200-baud modem standar-dised for- use in the gener-al swi tched 
telephone networ-k. 

V22 

Def i nes the procedures and standards for- 1200 baud ful l 
duplex commun i cations over the pl1bl i c:  switched networ k .  

V23 

600/1 200-baud modem standardi sed for use i n  the general 
swi tched telephone networ k .  

V24 

List of def i n i t i ons for interchange ci r-cuits between data 
terminal equipment and data c i  rc:ui t terminating equipment. 

V25 

Automati c  calling and/or answer i n g  equipment on the general 
swi tched telephone networ k ,  i nc l ud i n g  d i sabl i ng of 
echo-suppressors on manua l l y  estab l i shed cal 1 s. 

V26 

2400 bits per second modem standardi sed for use on 4-wire 
1 eased tel ephone-type c i rcuits. 

V26 { al ternati ve l 

2400/1200 b i ts per second modem standard i sed for use i n  the 
general switched telephone networ k .  

V27 

4800 b i t s  per- second modems w i t h  manual equali ser 
standardi sed for leased tel ephone-type ci rcuits. 

V27 (al ternative l l  

4800 b i ts per second modems w i t h  automati c  equa l i ser 
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standardi sed for- use on leased tel ephone-type c i rcui t s .  

V 2 7  (al ter-native 2 )  

4800/2400 b i t s  per- second modems standardi sed f o r- use i n  the 

general switched tel ephone network. 

V28 

Electrical char-a.cter-i sti cs for- unbalanced doubl e-cur-r-ent 

i nter-change c i r-cui ts. 

V29 

9600 b i t s  per second modems standar-dised for use in l eased 
tel ephone c i rcuits. 

V31 

Electrical character i stics for single cur-rent i nterchange 

c"i rcui ts control l ed by contact c l osure. 

V35 

Data transmission at 48 k i l ob i t s  per second using 60-108 KHz 

group band c i rcui ts.  

V36 

Modems for synchronous transmission using 60-108 KHz gr-oup 

band c i r-cui ts.  
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Useful hints and tips 

This section is a collection of Dragon miscellanea gleaned over the 
months. It contains material that we have discovered by ourselves, 
or seen in various magazines, or even overheard in casual conversation 
at computer shows, user groups, etc. 

It just goes to show how much undocumented information there is 
floating around about the Dragon, and, even more, how much there 
is still to be discovered. The publishers would be grateful to hear of 
any Dragon fact or figure that you've discovered, with a view to sharing 
this knowledge with everyone else in future publications. 

But now, without further ado, and without any concern for presenting 
things in a logical order (see the index if you get totally lost! ) ,  let's 
start with a few USR functions. 

USR functions 

As is usual with the Dragon manual, these have been wrongly 
described. Most people redefine USRO over and over again, and just 
use that one for several different reasons. However, USR1 to USR9 
can all equally well be used, provided that the call in a Basic program 
is prefixed by a 0. That is, use A =  US ROHAi (for example), rather 
than USR1(A).  For example: 

10 DEFUSRB•&H80151 REM START OF M/C ROUTINE TO 
TURN THE CASSETTE MOTOR ON 

20 DEFUSR9•&H8018: REM START OF M/C ROUTINE TO 
TURN THE CASSETTE MOTOR OFF ABAIN 

30 A$•INKEYS1 IFAS•""THEN30 
40 IFAS•"*"THENA•UBROB (Al 1 BOT030 
50 IFAS•"l l"THENA•USR09 (Al 1 BOT030 
bO BOT030 
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All this little demonstration does is to turn the cassette motor on if 
the'*' key is pressed, and turn it off if the'@' key is pressed. No other 
key has any effect. 

Speeded up Dragon 

The POKE to speed up the Dragon is well known (POKE 65495,0), 
but unfortunately doesn't work on all Dragons. However, there are 
other ways to speed up certain functions. For instance, INKEY$ is not 
the fastest of functions, and in a program that requires the user to 
enter one of the four arrow keys to move a character about on the 
screen, you might like to use the following four memory locations 
instead: 

For up arrow.read PEEK(341 ). 
For down arrow, read PEEK(342) 
For left arrow, read PEEK(343). 
For right arrow, read PEEK(344). 

These locations return a 255 if the relevant key is not being pressed, 
but if it is, a value of 223 is put into that location. Thus, by using: 

IFPEEK(344) = 223THEN move the character up 

we can easily handle those four particular keys. 

There are some other (safe!) locations in the Dragon that can be POK Ed 
in order to speed things up a little. For instance, if you want to increase 
the processing speed of your Dragon, try the following: 

POKE &HFFD7,0 
POKE &HFFD9,0 

The second in conjunction with the first should be safe on all Dragons 
(it is on ours! ) .  To get things back to normal again, use: 
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POKE &HFFD8,0 
POKE &HFFD6,0 

And more on INKEY$ 

As we all know, unless specific steps are taken to disable the break 
key, pressing this will break into a loop that is waiting for a key to be 
pressed. However, by using the internal routine that handles the 
INKEY$ function, a program will be seen to be behaving as normal, 
but will however be inaccessible to people typing BREAK. 

Thus, we might have something like: 

10 PRINT"PRESS ANY KEY TO CONTINUE"1 EXEC41994 

This just calls up the internal routine to handle INKEY$. 

NEW programs for OLD Dragons 

We've mentioned elsewhere in this book that typing in NEW 
< ENTER > doesn't remove everything from memory, but merely 
resets internal pointers so that the program can no longer be accessed. 

Therefore, it ought to be possible to retrieve a program that has been 
accidentally NEWed. Provided that no new program lines are entered, 
no new variables are assigned (and someone hasn't switched the 
machine off ! ) ,  the following short program will do the trick. 

100 CLEAR 200 , 32749 
1 10 Y=32749 
1 20 DATA 1SB , 2S , 1 89 . 1 31 . 48 . 2 , 1 S9 , 2 7 , IS9 . 29 , 1 S9 , 31 ,S7 
130 FORI=IT014: READX : POKEY+ l , X : NEXT 

This program should always be sitting in your Dragon, and to execute 
it when you've accidentally said goodbye to a program, use EXEC 
32750. 
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Loading information 

As we've seen, the two hex locations &8015 and &8018 (decimal 32789 
and 32792 respectively) can be used to turn the cassette motor on and 
off. There is a third useful location when dealing with cassette decks, 
and this is the one which handles the CLOADing of a BASIC program. 

If you aren't fussed about what filename you're looking for on tape, 
try EXEC 46800. 

Another point about loading programs, is that it is always a good idea 
to leave a gap between stuff on tape whether it be programs or data. 
This is usually done with the MOTORON and MOTOROFF commands, 
but if entered in direct mode, MOTOROFF can take some time to type, 
thus leaving an inordinately long gap on the tape. 

Even worse, you might spell the word incorrectly and leave an 
extremely long gap as you try to delete characters to get it right! To 
achieve the same effect as MOTOROFF, just generate a syntax error. 
For example: 

H < ENTER > 

HEX/DEC and OCT 

We're all familiar with the fact that the Dragon can handle decimal 
as well as hexadecimal numbers. 

Well, it can also handle octal numbers, by replacing the &H characters 
with &O. 

Thus: 

PRINT &O number 

will return the decimal equivalent of the octal number 'number'. 
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Screen information 

The largest part of this book is devoted to the handling of graphics, 
but even armed with all that knowledge there is a surprising amount 
of uncharted material concerned with displaying information on the 
screen. 

For instance, to simulate a mixture of text and graphics on the screen, 
a simple way in BASIC would be simply to switch from one to the 
other very rapidly. Even better, if your machine can handle the'speed 
up' POKE the display will appear relatively flicker free. 

Of course, the ultimate goal would be to write this sort of thing in 
machine code, but as a small BASIC demonstration, how about this: 

100 PMODEl , 1 : COLOUR0 , 5 : REM POKE65495 , 0  IF YOUR 
MACHINE CAN HANDLE I T !  

1 10 PCL5:CIRCLE ( 1 25 , 100) ,BO 
120 SCREEN! 
130 FORI•ITO I O : NEXTI 
140 SCREENO 
150 FOR islTOIO:NEXTI 
160 GOT0120 

All this does is draw a circle on a high resolution screen, and then swap 
from that to the screen displaying the listing. 

And more 

This is to be used when you require an increase in the normal colour 
resolution available. 

I t  is possible, in PMODE3, to fool the Dragon into displaying all 256 
character positions at a time, which makes pixels overlap. This 
effectively doubles the resolution, although it does make it very difficult 
to control the colour. Still, it's probably worth the attempt: 
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100 PMODE31 5CREEN1 , 0 : PCL5 
1 10 PMODE4 , 1  
120 C IRCLE ( 128,96) ,96 
130 PAINT < 128, 96)  
1 40 A$•INKEY$1 IFA$•'"'THEN140 

Run this program as normal, and then delete line 1 1 0  to see what kind 
of effect you can really get out of the Dragon! 

And yet more! 

In our highest resolution graphics mode, you can normally only display 
two colours at a time. However, it is possible to get a purple haze on 
the screen, with the aid of one POKE. 

10 PMODE3, 1 1 SCREENl , l 1 POKE6�31 4 , 248 

By doing this, BASIC thinks that you're in four-colour mode, while 
the video chip is still convinced that you're in two-colour high resolution 
mode. 

Our new colour set now has the values of 2 = light purple, 1 = black 
and O = white. 

Let's take a break 

We mentioned earlier that there is a way to get around the problem 
of people BREAKing into Dragon programs while the program sits and 
waits for a key to be pressed. This involved using an internal routine 
to collect the key being pressed. 

A more unsubtle, but equally effective way, would be to disable the 
BREAK key totally, so that pressing it would have no effect at all. 

To do that, enter the following in direct mode: 
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POKE 411 ,228 
POKE 412,203 
POKE 413,4 
POKE 414,237 
POKE 415,228 

Once that little piece of code is sitting in the machine, the BREAK 
key can be disabled by: 

POKE 410,236 

and re-enabled with 

POKE 410,57 

Back to loading 

I t  is possible, using the CLOADM and CSAVEM commands, to load 
and save screen images to and from cassette, which could be used 
to enhance certain programs considerably. 

To do this, we need to know where the screen pages are stored in 
memory, and in order they sit at: 

Page No. 

0 
1 
2 
3 
4 
5 
6 
7 

Hexadecimal address 

0600-0BFF 
0C00-1 1FF 
1200-17FF 
1800-1 DFF 
1 E00-23FF 
2400-29FF 
2A00-2FFF 
3000-35FF 
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On top of this, we need to know that: 

PMODE0 
PMODE1/2 
PMODE3/4 

uses 1 page. 
uses 2 pages. 
uses 4 pages. 

CLOADM is obviously the command required to re-load a previously 
CSAVEMed file, but where to save from? 

Assuming for the sake of argument that you're starting with page 1, 
the following table shows the locations to save: 

PMODE Command 

0 

1 or 2 
3 or 4 

CSAVEM "fred",&H600,&HBFF,&H600 
CSAVEM "fred",&H600,&H1 1  FF,&H600 
CSAVEM "fred",&H600,&H1DFF,&H600 

And finally 

To round things off, just a few words about GET and PUT. The Dragon 
manual treats these in a very disdainful manner, and indeed would 
seem to suggest that the largest screen area that could be GOT (why 
don't BASIC keywords have past and future tenses?! )  and PUT 
anywhere, in the highest resolution mode, is about 80 by 75 pixels. 
Not a great deal. 

However, all we need to know about any pixel in the highest resolution 
screen (just 2 colours to play with, remember) is whether that pixel 
is on or off. Thus one byte can store information about 8 different 
pixels. 

Therefore, to read an entire screen in PMODE4 requires some 
1256*192}/8 bytes, or6K. If you believed the manual, it would require 
almost a quarter of a million bytes! 
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The following program demonstrates this technique by reading an 
entire screen (which does take a little while in BASIC), waiting for a 
key to be pressed, and then PUTting it back to the screen again. 

100 PMODE41 PCLS1 SCREENl ,O 
1 10 FORI�lT0191STEP2: FORJ•lT0255STEP21 PSET <J , I ) 1  

NEXTJ , I 
120 DIM A ( 1250) 
130 GET < 0 , 0 ) - (25S , 191 > , A , G: REM SAVE FULL BRAPHIC

DETAIL 
140 PCLS 
ISO A$•INKEY$1 lFA$•" "THENlSO 
160 PUT <0 ,0 ) - (255 , 1 9 1 > , A , PSET 
170 A$=-=INKEY$1 IFA$=- 1111 TH£N170

So, using this technique, 2 or 3 pages can be saved in BASIC, and 
still leave room for a reasonable program to manipulate it all. 
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