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PREFACE

50 vou have ploughed your way through handbooks or manuals on
“80 machine language programming for the Spectrum and have
been given a fair knowledge of all the instructions! But just as they
vere getting interesting you end up with a few examples of how to
iad and subtract and are then left to fend for yourself.

"his book will take vou on to the next stage, carrying on where
“he others left off. and showing you how to use your knowledge of
spectrum routines to produce full working programs written
ntirely in machine code.

Ve shall look at the easier routines such as printing and also at
.he more complicated routines such as random numbers and the use
" the calculator with floating point numbers.

"he final Chapter shows how to apply the information given in
he book to convert a BASIC games program entirely into machine

code and. for those of you who cannot spend the time programming

rom the listings, an accompanying tape with demonstration
orograms of all the points discussed (including the BASIC and
machine code versions of the main program for comparison} is
avallable (see the last page in this book).

"he machine code listings have all been produced using the
McGraw-Hill Assembler. I cannot stress too highly that anyone who
s serious about writing machine language programs should use an
\ssembler, since it does remove all the tedious table-searching
wrmally associated with machine language and, more
mportantly, it enables you to modify yvour program easily when it
rasnes (which will happen all too often when you first start out).



PRINTING
WITH COLOUR

Although printing in machine code is the most tedious and
ime-consuming of tasks, it is also one of the most important. A good
program can be spoilt by a bad layout and display with perhaps
ambiguous input prompts and, likewise, a mediocre program can be
mproved by a goad layout. Before any program is developed, a good
deal of thought must go into the visual presentation.

The Spectrum has 21 user-definable graphics (UDGs) so make
ull use of them. For examble, if you are developing a space invaders
vpe of game, do not stop at redefining the invaders, bombs, and
shots; use the remaining characters to redefine numbers zero to
nine to give futuristic characters for scoring or to create interesting
landscapes. Use colours sensibly: do not put red and magenia
together {or yellow and white) and it may be wise to run your
program on a black and white set to see whether i1t still looks right
since many Spectrum owners will not have easy access to a colour
et.

As every program requires printing of information in one form or
another, in this Chapter we will look at methods of converting
IASIC PRINT into machine code.

The first BASIC program command usually involves the setting
up of BORDER, PAPER, and INK permanent colours followed by
CLS to put theae Lﬂlours on to the screen.

The BORDER colour is probably the easiest to set up in machine
:ode and takes just five bytes. The A register is first loaded with the
olour number’ required and a call then made to the ROM routine
3859 d (229Bh). This routine sets the screen to the required border

# BORDER S: REM green

g 3760
TE¥Le 3E 85 ld a,5

sl BCORDER SET

pRTH2 ED 9B 22 call BRLY
23765 CP ret

Program 1.1



ina stores the colour value in the systems variable BORDCR 23624
the value stored is in fact eight times the colour value) that is bits 5
- 3. The other bits are used to store the INK. BRIGHT, and FI.LASH
rarameters for the lower half of the screen (the input lines).

'rogram 1.1 shows the machine code version for the setting of
BORDER 5 (green).

The permanent colours for PAPER and INK are held in the
systems variable ATTR-P (23693). Bits 0—2 hold the INK eolours
ind bits 3—5 the PAPER colours. The remaining bits 6 and 7 are
1sed to indicate FLASH and BRIGHT. For FLASH 6 bit 7 is reset:
or FLASH 1 bit 7 is set. BRIGHT 6 has bit 6 reset and BRIGHT 1
1as bit 6 set.

Program 1.2 shows the setting of PAPER 3: INK 1: CLS and
iemonstrates the fact that ATTR-P (23693) can be regarded as[Y +
33. The IY register is used as a pointer to systems variable and holds
value 23610, If vou wish to “LIX{23609), A’ for example this can be

considered as (IY — 1) or (IY + 255).

I REM zel up permanent screen Catl apen ohannel 7
il o =
L RARPER -GSy ERE LIx ELS PWETesH TFE @R lel &,
JEFER D a1 14 call S5&33
—aid Cbs
d (ATTR-FP! .colours
FafsE B0 &b sl caikl 2435
EETAZOFD 34 53 1% 0d {iy+831 .25 23774 OF ret

Program 1.2

The CLS command CALL 3435 clears the screen and sets the
:creen parameters as in the BASIC CLS but you will notice that
sefore the call to CLS is made there is a call to ROM routine 5633.
"his is most important and will be used many times throughout this
“hapter. The call is necessary to open channel 2 allowing
nformation to go to the top half of the screen, that is, lines 0 to 21.
Jnce our permanent screen parameters are set up, we can move on
0 actuallv printing on the screen.

“rogram 1.3 shows the method of printing a character on the
ereen 1n the next print position; this will be 0,8; if a CLS command
1as been executed. You will notice again that ‘channel 2’ requires
wening first and that the code of the character to be printed is held
n the A register.

"he ROM routine to print a character is called using RST 16 d
vnich in fact is a call to routine 5618 d. This routine prints the
:haracter in the A register and moves the print position along one
place.

2



“EM orint & character using

dermanent ol ours
G PEHINMT "&";

g LA7L0
lpen channel 2

376G 3E 02
JE76R CD @1 16

Program 1.3

1d a. 2
call 5635

LOAD ACC.
2XRTAT FE 41
SALL PREIMT

carar B
ATAR 7

CODE

CHE &

1d a,a85

rst 1&
&t

rogram 1.4 expands the above to enable a ‘short’ word to be
printed. Again channel 2 is opened and the A register loaded with
each character in turn until the whole word is printed.

¢ REM Frint a steing of chrs.

I PRINT "HELLD"

v JSET A

ionen chanrmel 2
A R R ey
A L e B R T
A5 SE 48

‘Eray DY
13768 SE 45

Program 1.4

Lt & " =
rall S&355
1d a " _-'r:?

r=st 1é
1d a,49

=
LSEFe DF

771 O3E 40

ES74 ZE AL

237 Fe DY

EA7TONEO4F

Do [
wERYEe CF

rst 16
1d a. 76

= S
1d a, 74

Fst 1458
ld a,7%

et 1&
el

“ou can see however that the above method would become time
ind memory consuming if a long word or sentence were to be printed

and would be better tackied in a different way.

There are several options open to us as are demonstrated in
Program 1.5. The main idea is to hold the message as DATA to be
read one character at a time until all of DATA is printed.

A REM Print a LONG stricdg

to. Frint “"HELF HE*

iFa Lo a0
23760 3E 02
ba7e2 Ch Bl 1&
23765 11 E4 S50
'EFEAE a1 a7 as

sbming length

Program 1.5

14 a.z2
call S&35
1o de.DATA
1d hec, 7

L oop

23771 78
25772 Bl
"ITFS OB
EFT4A B
23775 1A
2ETTE LG
23FET D7
23778 18 F7
DaTE

deefly 72 &9 Vb BO

il a.b

o C

der bo
ret =

1d a, tde}
1t de
rat 16
T Lo

S ff &Y



"nversion I the DE register holds the address of the start of DATA
ind is used as a pointer to each character; the BC register holds the
ength of the string and an RST 16 call is made for each character in
urn until BC = 0,

e L3768 CALL FRINT STRIMNG

aiae IE a2 1d a.2

3762 CD o1 14 call 5433 Zordt GOS0 20 call B252
radea 11 DF 5C ld de,BATH 253778 C9 ret

AR @l a7 oo Pd bo.,¥ DT o

yeth 72 4% 7& Ba 3E TF &9

Tersion 2 is in fact the same as version 1 except that the ROM

-outine 8252d is used which in fact is a copy of version 1 routine
rom.address 23771 to 23778.

B1 ol A Y 2E77E L inc e
cATad 3E a7 le a,2 2aA7FS 18 E7 i Loop
EYA? LD w1l 14 call S5&33F F R

2ETES 11 ES SC lod de.DATH 2AF?T CB EBF res 7,a
oop 25Fre D7 Fat 16
ETEB 14 1d a. (de? 24537d9 CF t et
"I7LES CEOTF o ol DATA

"Z771 20 @4 i# bz . END defb 72 &% 76 89 32 77 197
S A I ret 146

7ersion 3 can be used for printing strings of any length but is
limited to character codes 0 to 127. The last character is used as a
marker to indicate the end of the string by having 128 added to its
‘ode, in effect setting bit 7, then before a character is printed a check
s made to see whether bit 7 is zero. If it is then the PRINT loop 1s
‘epeated; if not, a jump is made to the END routine which resets bit
" A, prints the character, and continues with the program, in this
ase HET.
7ersion3 can be used as a ‘PRINT subroutine’ in a program where
several messages can be stored together with end markers and all
.hat would be necessary would be to load DE with the start address
of the message required and to make a call to the PRINT subroutine.
\ similar, though more complicated, routine is used by the
ipectrum for printing keywords and error messages; this routine
itarts at address 3082 d.
"he error messages 1 to R as listed in the Spectrum manual
ippendix B can be printed easily by using the RST 8 command. The
byte following the RST 8 instruction points to the error message
‘equired. For example, if you require the message ‘K invalid colour’
vnich is in fact the twenty-first error message, then use:

RST 8
defb 19d (message number — 2)



"here i1s no need for a return instruction as the ROM will
wutomatically return to BASIC after printing the error.

Ne can now move on to printing characters or strings at a specific
line and column, as in the BASIC PRINT AT line, column;
message’. Again, if you look at Appendix A of the Spectrum
nanual, you will see that character codes 6 to 23 are control codes
and in particular code 22 is the code for "AT’. Now luckily for us the
RST 16 instruction will recognize code 22 as ‘PRINT AT and will
15e the next two bytes of DATA as the x,v; coordinates to give the
start position of the message. Program 1.6 demonstrates this using
iefb 22.3,5 for PRINT AT 3,5;

@1 REM Frinmt string at w2, v 207468 a1l gC oaa 510 i o o o

H FRIMT AT Z.Z248 "Thank you" e it T B call H2523
L e B e et
WATA

g 23746 aF 305

A a0 SE a2 ld s.%

iarha2 Choal L5 call 543535 detth 22 3 5

ghrae 11 BE S0 ld ce.DATA defs Thank you

Program 1.6

"he same principle can be used for TAB (CODE 23). Note also
hat ENTER (CODE 13d) will give the same effect as NEWLINE.

50 now we should be able to print any message in any position on
ines 0 to 21 using the permanent colours. All that now remains to
-ompiete normal screen printing is to print messages in local
olours, BRIGHT, FLASH, OVER, and INVERSE.

Program 1.7 shows how this is achicved and follows the same
wrincipies as Program 1.6, in that the control codes for PAPER,
NK., BRIGHT, ete. are held in DATA with the byte following the
:ontrol code specifying the parameters.

Leee REM Frinting in colours RESET FERMANENT COLOURS

a1 FRIMT AT 4.7; FAFER 2; INK AND BRIGHT @ FI ARH &

13 FLASH 13 BRIGHT 1: OVER 1§ IN

JERSE 1:i"Can vou read this" 23774 LD 40 oD call 3403
2X777 €9 Fet

e L3760 et

AT60 3E 82 1d a,2 BH 0 -

s el et vl deft 22 4 7 17 2 146 4 1B 1

23248 {1 E2 SC 1d de.DaTA defh 19 1 21 1 Z@ 1

smmAE ] T4 G ld bc. 34 Jets Can you read this

23771 CD 3C 2@ call BZSZ Gefh £1°0 298



i\fter local colours are used it 1s necessary to reset the permanent
‘olours for further orinting. In the case of OVER and INVERSE this
‘equires the resetting to be carried out using RST 16, but the
PAPER, INK, BRIGHT, and FLASH can all be reset by a call to the
ROM routine 3405d which copies the value in ATTR P (23693) into
ATTR T (23695).

I'inally, we consider printing on the ‘lower half of the screen, that
s the input lines 22 and 23. This uses exactly the same method as
aescribed for printing on the upper half, except that a different
channel reguires opening before RST 16 is used. Program 1.8 gives
in example of how this is achieved.

0 REM Frinting on INFUT lines e kT

WOFPRINT #0 AT O.10:"Input line "EFV4 TS nalt
WaaT 1,10 "Ipnput lige 1™
=) FPAUSE. O If key presed then

T OH.FLAGE will be SET

A FI CB @1 &8 bit S. (Lly¥l)
Zl?

e i T WALT
g SIS TAG X781 FU CH @l &E ras T, {iy+l)
= b et

pen channel > OATH
23760 3E FD Id axdad

X762 ED Bl 14 call 5433 death 22 @ 16
23765 11 EA S0 Id de.,DATA cefs Input line @
S3T6E 91 LE b id be,30 cgefb 22 1 18

=a7 1 CO ZFC- 20 call 8252 defs [nput line 1
“rogram 1.8

"he channel in this case is —3 (253).

"he BASIC program is interesting in that it is not mentioned in
he manual that PRINT # @; will print on the inputl lines. The
"AUSE 0 instruction is necessarv to stop the program without the
nstruction # O.K. which would remove the input line printing.

similarly this machine code routine requires the equivalent of
’AUSE 0. This is achieved by continually checking bit 5 of FLAGS
23611) or (1Y + 1) aftera HALT instruction. The HALT instruction
n effect waits for the next KEYSCAN routine and. if a key is
nressed, sets bit 5 of FLAGS. So we wait in the loop until bit 5 is set
and then return to BASIC., Note that line 22 is counted as line @ and
'ine 23 as line 1.

)ne ROM routine that can be very useful for clearing printing on
he input lines but leaves the upper screen intact, can be found at
3652. which is a ‘clear specified number of lines routine’ the number
i lines are counted from the bottom of the screen and must be
sreater than 0. The number of lines is placed in the B register (1-24)
and then the call made; the colours used to clear the lines are those
1eld in ATTR P. The input lines can be cleared with the instructions

5



B2
CALL 3652
(Return)

lefore moving on to the next Chapter there is an important point
10 note concerning user-definable graphics. If you have written a
srogram that is intended to run on both 16K and 48K machines
“hen the UDGs will need to be correctly located on each machine.
The easiest way to achieve this is to set up the UDGs starting at
address 32600, that is for a 16K machine, and then to use Program
1.9 to relocate the UDGs as necessary to the address held in the

wstems variable UDG (23675).

a BREFM Transfear
soFract lacation
o0 LET de=FEL¥
ea3bTE
A LET hl=324800
w LET ho=144
o FORE de, PEEX
Wt LET hl=hl+1
o LET de=de+l
3 LET be=boc—-1

“rogram 1.9

140

£ O

bl

mach: na
ool ar2ahs*PEEK

74

Lexdd HEM

arg 237460

XE76a
L3749
HETET
LEFTO

LT F

ED
#l
o1
&R
£

a8 7

b L
AR
<12

IF Epecs g
el

THEM Gl T 5@

1d de, (23675)
lad 1l 324600
ld b, 148
Idir

ret

|



¢y PLOT, DRAW,
& AND CIRCLE

"L.OT

"he BASIC command PLOT x.y involves the setting of pixe! column
. row vy 1nthe permanent ink e¢olour. Pixel position 0,0 is considered
18 the bottom left-hand corner of the screen and 175. 255 as the top
-1ght-hand corner.

In machine language there are two useful entry points to the
{OM PLOT routine: the first of these. which is probably the more
1setul and the easier to use, is CALL 8933. Before the routine is
‘alled the B register must hold the value of y (in the range 0 to 175)
ind the C register must hold the value of x (0-255}. Program 2.1
:nows the simple BASIC command PLOT 75,125.

RO HEH Plon L

ey BLOTE S8 D

W SAFLE

alaw a4 Th 1al k.

ilm
AV AE w4l Ll e 0
s O ES: 22 c=El TYRE
ST LR [ =

Program 2.1

Jsing decimal instead of hexadecimal numbers it is easier to
ollow the program by loading the B and C registers separately. We
:ould of course have saved memory by using LD BC, 32075 but this
vould have been verv confusing.

The second entry point is at 8924, This requires the values of x
ind v to be placed on the calculator stack with the value of v being
‘he top value. Program 2.2 demonstrates this with the same PLOT
75,125,

ara 2ITae STACE 179
JITAE 3E 4B ld a7
2747 CD 28 oD call 1156@
STACKE 75
a - Gy TLOT
T742 CD 28 7D call 11560 SSFTE TH e 22 CAET O34
IFAS IE 7D 1d a, 1% DE77I CF ret

Program 2.2

3



The ROM routine at 11560 is used to place the value held in the A
~egister on top of the calculator stack. With the PLOT routine
entered at 8924, the top two values are removed from the stack and
he pixel plotted. The calculator stack thus being reduced by two
values.

The use of the calculator will be discussed more fully in Program
2.5. This second entrv point is useful if the calculator has been used
o manipulate a formula for plotting graphs etc.

Program 2.3 shows how PLOT OVER 1; x, v 1s achieved.

& REM Flob OVER 13,y ZIT7LS 086 I8 1d b, 40
W FLOT OVER 1325, 4@ 2A767 VE 17 id .25
23749 CD ES 22 call 8933
Srg 23768 BET DOVER @
SET OVER 1 SET BITS @ &% 1 OF P-FLAG
ET BITS @ & L OF P-FLAG
STT2 AF war a
S7A0 SE @3 l1d a.* Z2E3TI3 FD 7T 57 Id {iy+37},.a
'I747 FD 77 57 1d (1v+B7) . a 23776 09 ret

Program 2.3

“his involvesthe setting of bits 0 and 1 of PFLAG(IY + 87) before
the PLOT call is made, and then resetting 0 and 1 of P FLAG
arterwards. If OVER 8 is not reset then any future plotting or
orinting will be carried out as OVER 1.

PLOT INVERSE is identical in form to PLLOT OVER reaquiring
the setting of bits 2 and 3 of P FLAG; the systems variable thus
being set to value 12,

\Jsing entry point 8933 we can write a program to plot a character
anywhere on the screen. The only limitations being that the code of
he character must be from 32 (space) to 127 (copyright), that is, one
hat has its eight-byte make-up held in the ROM character
zenerator.

il XETFLOG Bvte count
.pad L with code of CHR.

AR -1 e S 18 L1327

MIAED D4 06 : ' : S
R pL S 23772 06 08 id .8

L3

Ml Gipd y xH Gipre pointer HL

IFAL 2R add hil.hl
I765 29 add hl,hl 23774 ES push hl
IRTeb PO add hl.hl

it count
idd to (23&604) to find

start of character PEATTS 0E el Id .8
23777 7E 1d a, thl?

I¥ALT7 ED SBE T4 BC 1d de, (23604 |

rad . 1o add hl.de 23P7a .5 push bo



spt clot position x,w 23798 '¢1 pop b

S22 el e, ©
CETTY ED 4B o OD 1d bo. (XY Zagaa ekl ir nz.L2
.:.rl{}-j : E = ] U-E'_I b c

ek LF OBIT OSET

seset PLOT to x—8.vy-—-1

s = O ria
IET7A4 FS pust af
TEBOR ED 4B GE SD 1d oo, (XY
ETFas IE 85 B e eagnT ah doe b
TIEes IE R Ld &, 248
CEERLG H1 acd a,o
fSET then PLOT 23811 4F ld c.a
st ED 43 0 T Bl ExXYR o hbc
Z787 €5 push bc 23816 Gl pop bo
%788 CD ES 22 call B933 22807 E pap fil
IFDY Ot pop b 2381 23 ine Rl
o)

sepeat until BYTE court=a
Move FLOT to a+l.y

ma19 18 D djrsz L7
TEVRE Bl ipe o it 7 it B i
SEA9ED 43 ek ED 1d KkY i, be ¥y
L A oo af Cles il Lad 20

'rogram 2.4

“ou can see from Program 2.4 that the code of the character
‘equired is placed in the L register (address 23761) and is then
nuitiolied by eight and added to the value stored in the systems
rariable (23606) to find the start of the eight bytesthat make up the
‘naracter shape in the character generator. The HL register is then
1sed as a pointer holding the address of the character byte being
examined. The BC register is used as a counter for the eight bit X
1ght bit matrix of the character and the A register is used to hold
‘he byte being examined.

in RLA instruction is carried out eight times on each character
ovte and if a bit is set, that is, if after RLA the CARRY flag is set
then the pixel is plotted.

\fter cach RLA instruction the x, y coordinates are updated. The
2.y start coordinates denote the top left-hand pixel position of the
'naracter being plotted. To remain on the screen therefore the value
of'y must be between 7 and 175. The value of x can be from 0 to 255 as
any attempt to take x over 255 will result in the value being reset to
), that is, if C = 255 then ‘inc C will give C = 0.

T'his program can be easily modified to plot characters with a 90
1egrees anticlockwise rotation.

0



o L5769

23785 Ta on

jr nRc,l.1

oad L owith code of CHE,
I+ SEY then PLOT

"ATHD ZE &0 1d 1,94

TEAGY LA b ld h.o
53787 LS push bo

Tultiply =& 23788 CO ES 22 call 893%

' 27?1 L1 pop be

AT 2R add hl.hl L1

F L b S add hil,hl

RPhLHL 29 atdd hl.hkl Mowe FLOT to x,.v+1

wdd to (234P056) Eo f1nd

ctart of character 23792 p4 inc b
2a3r93 ED A3 @E SD 1d {XY)  ho

LAY ED DB 34 GE 1d de. (21486) 23r9T E moap at

3FAL A9 add hl.de 25798 Ci [T ST T
ETeY 6h clec

ivite Lount WERGea 2a |55 jFE 2 L3
B2 L5 rrush bo
wmset PLOT to sw+1l,wv-i3

FFFZ wa4 98 l1d b,.B

“tore pointer HL

574 ES oush hl ool ER 4B oE S0 1d bo, {XY3
T 5 I T inc c

it count 23808 3E F&H ld a, 248
Saale o8 add =s.b

EVTE BE eB d .8 25811 47 Lit B.a

AR ST 1d a. (k1! 23812 ED 43 6E 50 rd (¥Y¥),bc

2 2x814 C1 pop Lo

o - R B cusih b 23817 Ei pop Rl
25818 23 inme kil

set plot position d,.v

sepeat until BYTE count=e

23777 ED 4B 8E SD 1d bc, {KY)

heck 1if BIT SET 23819 1¢ D1 dijnz L3
S e I rat

5783 17 rla Xy

3784 F9 push aF defh 16 Ja

Program 2.5

'n Program 2.5 the x,y coordinates are updated to give a vertical
wyte plot instead of a horizontal one as in Program 2.4; there the x,y
start coordinates denote the boftom left-hand pixel, and so the range
lor y 1s 0 to 167.

laving studied the method of plotting a character we can now
nove on to our first serious program to plot a message anywhere on
he screen and. to make it more useful, we shall allow the character
neight and width to be selected. A copy of the program is available
m tape — LOAD ‘PLOTDEM( .

Jecause it is useful as a routine in a BASIC program I have
attached it to a ‘search’ routine so that the parameters
1eight/width, x/v plot positions, and message can be set up using

1



3ASIC variables and so negating the need to POKE them into
nachine code. If vou wish to use the routine within a machine code
yrogram then the search routine is unnecessary and can be omitted,
he parameters can be copied directly into the printer buffer. The
3ASIC vrogram is self-explanatory and allows the reader to

experiment with different values of height/width, x,y, and message
ab).

"he machine code is an extension of Program 2.4. The values of
:.y,h, and w are found using the search routine. This routine works
hrough the variables store until the required variable CODE is
ound and then stores the value of the variable (0—255) in the printer
suffer. Once the simple variable value has been stored, the LEN a$
s found and stored, again (0-255), and finally the message is copied
nto the Printer buffer (a most useful place for storing data}. The
PLOT routine includes a CATCH-ALL instruction and will reset
iny wrong parameters to acceptable ones, and consists of five nested
loops:

L.1) Plot a SET bit for WIDTH w
L.2) Repeat L1 for eight bits
[.3) Repeat HEIGHT h times
[.4) Repeat for eight bytes
L5) Repeat until end of message
But note program comment on FOR/NEXT LOOP variables.
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LOOP

BELCOHE

DVER @ THE &: FAPER &: EBORD
=R Se DES
k@ LET =24 LET w=79: LET h=%:
ET w=Z: LET a%=-"STOF THE TAFE"
o INE 2 RANDOMIZIE USR 3IZ393
8 FASE 1o
S LET w=8r LET w=190: LET G H
ET at="FLOT"
G InK 1: RANDOMIZE LSRR 32793
S5 LET a#="___ "1 LET w={44
e IRk 1 RANDOMIZE LUSERE I2393
16 FLASH 1: GO SUE D
28 FLASH o
8 PAUGSE ©
@ FAFER 7: INE 9: BORDER 7= CL
I LET %=3F2: LET v=175: LET n=1
LET w=2: LET as="THLTRLCTING"
43 TNE 23 RAMEOMIZE USSR 32393:
Nk
da PRINT AT Z.21"This first dem

msTration orogrameill allow woss
i Yplat? mESSages anywher

o the screen using CASIC varia
iles to =gt theparameters of the
nesSage.

12 PRINT *""The charackter param
TErs are setup as follows "

—@ FRINT "' "Haight peEETY stk
- mEZ2N R Wi dEh ! LET w=1l to W=l
p5e PRINT 'y sanis ¢ LET
255" "y axis : LET y=0 to
48 PRINT "Messags ¢ LET
SR e esseEerxxT CHRE T4

L o
A
as="30H
T

CONTROLS
CORRIAPT

1
eqy

23332

1

15& FRIMT “Flot : RANDOMISE L
hR 32375

148 GO SUB e

e IF IMEKEY$S<>"!" THEWM GO TO 17
%]

179 IF INKEYE®="" THEN GO T0O 175
L78 LS

18 FRIMT "You mav set up ink oo

lours priocta the machine code ca

LL BUT remsmber to reset the p
armarient coalour afterwards. "

196G FRINT " "Any incorrect params
ters will be corrected by the M
fcode. and 1 the message is btoo
ionastall it will wrap around the
SoEesen .

way LET af="NOTE": LET w=%3: INF
L RANMDOMIZE UUSKE 223%93: INE o
21¢ PRINT AT G3UD0 NOT USE TH
&£ VYARITIABLES .« ¥, Iq wWAE FOR/NEXT LO
HF CORMTRDLS A5 THEFPRDGRASM WL BF

LOME CUORRUFPTER. "

22 FPRIMNT “"The Tollowiing progea
m wrll asl tor- the parameters re
quired and then plot yvour message

S30 G SUR gaaa

232 IF INEEYEZI>"" THEN 60 TO 23
EI‘

240 I TREEYS®="" THEN (GO0 TO Z460

242 £LS : BORDER 4

245 PLOT @, 1218 DRAW 255,9: DRAKW

©,-73: DRAW 200,60 DRAW &, 73

204 FRINT AT B,05 "HEIGHT | et
_ e tWIDTH =52 7 O i
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anlE Q--2En 7 e Y, BHiIE 9=3
752 ", "MESBABE 2,0 .
e s e S e e S oo LI
j=G Pm
o LET: gt
e LET wvi="
they FRINT OVER 1iaT 8,95z%
262 INFUT h: FRINT AT Bl BEshs™ "
IVER O LIAT 2,93 4%F
BT FRINT  OVER LiAT R.daic%8: INF
IT we FRIMNT AT S.185wi" "0 OVER 1
AT FL.ivE
Y PRIMI OvER 15631 1w asz®H: IRl
AT v FPRINT AT 1@, 185w " i OVE
v FiAT 1a.o:5vF
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“UT “we FRINT AT 11,185 w5" "y OVE
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2 Bl = B0 EE 28E

LET w=r3:
Oy FEY":

Wpea LET h=1: LET w=3:
ET w=15: LET at="[FRESS

HE Z2: RANDOMIIE USR 323 I ME:
7|
401éa RETURRN
A ST
R0 CLEAR IR2TT4: LO&D "TCODE o G
T
+2ae SAVE "FLOTDEMO" LINE 93ad
P56 SAVE "LARGE“CODE 3I2335, 245
o SR | S B
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SEREE I Be s 1d a. (23728
I2E41 BE cp thll)
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TRIAT B OAE hit %, ikl
3345 D0 08 3 Az Ll

2347 23 g Rl
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Bit &, Chl)
L . Pt
inc hl

Lad a. (hl)
Bit F.a
Ar *;”ﬁ

id de, s
add hl,ds
ir L2

Bit 7y thi]
Jjr Ze=19
1d de, 17
add Bl ,de
ji L2

1d (23728),.a
call FIMND
inc hl

inc hi

inc kil

id a, thl?

Yol the ),
et

Td b, 25858
1d a, 129
calkl SR
inc boc

id &, 1221
call SET
Lo Be

1d a. 144
rall SET
inc Do

lad a,11%
call SET

id &, &S

d (237281, a

call FIND

1ne hl
1d e, (K1}
e hl
Id d, ¢hil)

Tt (E:Euw;.dn

push de

pop beo

i kil

ld de, 23301
idier

e hl . (Z3E%4)
HOF

Td a,l

ehye a, 174

i o, +4

1ot ha.a&

Td (232941 . h)



TI45A T BO 50 Id (2&F728) .01 e o | pop af
T2455 21 05 HR ld hl1.233et e o pap bo

FS BAL2T 19 DA dinz LFZ2
J2AsS BT push hl IXLLL IA 00 5B ld a, (22294)
“AaLE 7R ld a.thl) S2E554 21 ge gl Ed R 23728
Todsd Té oA la ha i B203F 27 id thil,a
L2l AF 1d 1.& 22538 23 i Tl B
12447 29 add hl.hl

24463 I add hl,hl

ZaLT 29 atd Bl1.hl1 IZIIN Ak mOr A

e 11 ey 30 Il de. 157546 XG40 7E Id &, thl)
2475 1 agd hl.de 12541 DE BO shc 3,176
TEATE 9S8 ld b8 Z2543 3B a3 R it

F4 12845 F7 ld {hit. s
2478 Co st b aEIds 19 g jr +8

2477 ED 4B @1 SR 1d be. (232970 A22548 7B 1d a, (hli

] 2SS4 FE 20 Cp @

2481 VE 1d a.ihl? 2501 2o a2 o gl T s
7487 E% push kil Dol 34 B Ed (1. 176
2483 C5 sl b Eoees 35 dei: (1)
24534 08 s Id 5.8 aop b
B2 onp Dbl

2aHs Ch ouish ho efinz LP3
TZ2447 17 & ARTHw 2T ime kil
TEags Fo oush af SE2S3aL O pap be

LZABY DE -9 FE i C.FLOT FE54HZ 18 A2 dinz LP4
ART DA 03 SH ld hi, (23299 ARhss EA 8T O ld &, (23299
2SN ke SC lad a. (2E7ZED SaneT 8BY add a.a
S24%98 BS aclel a.l TI2%Es8 87 add =@, a
S24%e L2 BG S0 1 (23728).a TrELT 857 acid &, A
Sranl B3 BFEsZE i SEIF R o ld 1.a
“LOT REBT1 34 Eo 50 g a, (237280
50T ED 4B B} SC 1d ho, (23728) A2 BSs add a,l
P FEHTS I 66 S5h 1d (Y3294, a
Seool 5 Plsb b 32578 32 Be S5C 1d (237280, a
2518 ED 48 B SC 1d be. {20728 TEREL F& ol S ld &, (23099
~a2ol4 U5 nush b I20R4 IE oR1 BC id (23729),2
fealn R BESies call 893>z TZ0BY E1L pop kil

225318 C1 oo bo I2oRE oF 1mc Ml

S2atS ol inc ¢ TINEY A 4 SR ld a, (237aa)
TanZa ED 47 v B 1d (237581 .bo Ragste AhD dec a

il nop be ATEeT OB ret z
22520 1w EE dinz LF1 2594 3T 04 Sh ld (23304, a
Sk LR FRER7 B3 CE VE i LFS

*rogram 2.6

"he machine code in Program 2.6 starts at 32393. The first
"outine, from 32393 to 32418, initializes the BC register as a pointer
0 the vrinter buffer and calls the SET subroutine to set the code of
the variable being located into address 23728. The SET routine in
aurn calls the FIND routine to locate the variables code. The value
of the variable (0-255) is then stored in the printer buffer address
pointed to by the BC register. So variables x,v,h, and w are found
and stored consecutively. The routine from 32419 to 32442 finds the
coae of variable a$, the length (0—255) is then stored and finally the
itring copied. The routine from 32443 to 32458 checks the value of y
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and if it is greater than 175 sets it to y — 176) and then stores the
values x and v back into 23296/7 and also 23728/9.

The remaining machine code is an extension of the character plot
‘outine with the additional loops to PLOT the pixel ‘width w {imes
or ‘h lines’, a check being made after each ‘line’ to ensure that the
next PLOT position stays on the screen. The routine from 32540 to
32554 checks the next PLOT position and gives a wrap-around
eifect if it is off the bottom of the screen.,

Without going too deeply at this stage into the CALCULATOR
routines we can look at a program that makes use of PLOT at entry
point 8924,

Program 2.7 shows how a sine wave can be plotted using
CALCULATOR to manipulate the formula:

8 + 80 * SIN (A/128 * PD

Q9a FOR a=9o T 255 defb S

gle PLOT &, 88+80=5IN (AS128*F1) S5tack PI/2

GZe MEXT A deth 143
uolicate top values
leth 49
Wd top 2 walue=s (PIL)
efbh L%

LT :
rg 25768 Multiply top 2 values

=t e TASLZERF T
i ] A 1efh 4
Eéff“ iz Har e SIN tap value SIN (A/128%FD)
TORE A .jlew.“"i L
781 FS o S .gltlply top 2 wvalues
= i SaeSIN (A/L28e1)
S TACK A el 4
3762 CD 28 2D call 115a&@ ijd e Bl
;X765 SE S8 ld a.88 %8+Bﬁ*glg (A7 1B*FT )
2767 CD 28 2D call 11540 i .
A7 ie JE 59 l1d a,8e
3772 CD 28 2D call 11540 el 15
<3773 Fi pop -af Ernd calculator routine
{E??ﬁ F3 push a{. ;up EIVdqu;IdrEI"- '
SRSl B LU L A and 8B+BOXSIN (A/12B¥FD)
_n?ﬁ@ ZE Ba id a.128 : defb Sé
23782 CD 28 2D call 115&9 ~ALL ELOT
“TACK BE 8a 4 108 iE? = CD DC 22 call BY24
Tt values A
*E2798 F1 oop af
A e B 1 inc a
JSE CALCULATIR Check not zera (254)
ZHeo FE oo (ol =
CATES EF rst 4d 23802 20 LS ir nz,LO0OP
iivide top 2 values (A7128) =3gad C9 et

Program 2.7

The CALCULATOR routine can be made to perform complex
arithmetic by the use of literals. These are in fact ROM calls to
nerform calculations invelving, usually, the top two values on the
calculator stack, but may also be applied to string handling. For

6



nstance, if the top two values were 1234 and 2, and Literal 4 were
alled from within the CALCULATOR routine, then these two
vaiues would be removed from the stack, multiplied, and their
proauct put back on top of the stack; the stack would therefore be
reduced by one value and the top value would be 2468.

Positive integer numbers can be placed on the stack by means of:

STACK VAL A - CALL 11560 OR STACK VAL BC - CALL -
11563.

n Program 2.7 I have used STACK VAL A to place in order,
rariable A’, 88, 80, ‘variable A’, and 128.

"he USE CALCULATOR routine is then called by the RST 40
nstruction. The CALCULATOR routine works through the bytes
ollowing RST 40 and acts on each one calling further subroutines
18 reguired. In our program the next byte 1s 5, and Literal 5 means
OSUB DIVIDE’. The top two values on the stack are then taken,
the top one divided into the one underneath and the answer placed
sack on the stack. The next byte in the routine is Literal 163; this
ells the calculator to ‘STACK PI/2.

Ateral 49 is DUPLICATE TOP VALUE

Adteral 1518 ADD TOP TWO VALUES — thus restacking the sum
iteral 4 is MULTIPLY TOP TWO VALUES

iteral 32 is SINE OF TOP VALUE - thus replacing top value with
ts sine

"here are many more literals that can be used in games programs
ind these will be discussed in future Chapters.

"he last Literal 56 is "END CALCULATOR ROUTINE CALL’
vinich must be used to return to vour machine code program. One
sther important point to bear in mind when using the
CALCULATOR routine 1s that, before a “safe’ return to BASIC can
be made, the stack must be cleared of all values previously stacked.

\t the end of our CALCULATOR routine we are left with two
values on the calculator stack, the top value being ‘88+80 * SIN
(A/128 * P1) and the other value ‘A’. The PLOT call 8924 then takes
these two values, thus resetting the stack, and PLOTSs the pixel.
The value ‘A’ is then incremented and the LOOP repeated until ‘A’

256 (that is, ‘A’ is reset to 0).

"ou can see from this program that the CALCULATOR's literals
are very useful and that a fairly complex formula has been dealt
vith in just eight bytes. In fact it takes more bytes to set up the stack
than to perform the calculations.



DRAW

\gain there are two entry points in ROM for the DRAW x, v
rommand. The first point call 9402 requires the ABS value of x to be
n the C register and the ABS value of y in the B register. The DE
register 1s used to hold the SGN of x and y; the D register holding
SGN x(1if positive, 255 if negative) and the E register holding SGN
7. Program 2.8 is a modified version of Program 2.7 to demonstrate
.he DRAW command.

s FLOT e, 950 DRAW 255, 8 254 5E B B& 24 call 4z
B FOR a=0 T 295 Beawst oeea HTLT
BOPLET e, iZ@+d0%5IN (a/1d=F]1) TE7EL 09 2 3
MAW e, B LETHE E nop k1l
b MNMEXT & TERTET bY &=
2784 AF Hor A
1l LR o' L |
i 2E785 FS push adf
Fhid 06 5K 1d b, 95 SERMMA CD 28 ZD call 117%A8
e BE oo td .8 CRERS JE Y8 i a,1zZe
& 0L ES 2% call B9A3E 2EI2L CD2E 2D call 115460
fore HYML® 2ARTFY TE 28 lel &, 4w
FART DT =i AZ7 L T8 20 call 115440
EThE ES owsh kil et o | oop at
et DY 2 PEBo BY peosh af
MW 255, @ 801 Ch 28 2D call 11540
IZTTEe 95 ld b.& ToEeg GE 10 1d @416
ST AR ORESEE ld ;255 SEBes CD 2B 2D call 115568
TETE 1E 01 toel e gl 2IBGR EF et A
AT & 1E & bl a1 gdefn: 5 L& &9 158 SEE & 1T S
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23819 CDh DC 22 call 8924 238351 1E i Id e, 1

Gtore HTL? 23833 CD Ba 24 call 24a2
raRaE bR B Festore M7
J3823 ES push hl 23834 DY ey
Faz4q4 0w 23 23837 E1 pop Wi
IFRAW &, -S0 aX8EE DY (=
SaEa2S asH 32 1d b.50 2383 FH pop af
TEBY4O IC inc a
Za84 FE Qo cp ©
SZg27 AL a0 Id c.@ 2EB43 2o 04 g =, L1
329 1& FF 1d d, 255 23845 CF ret
rogram 2.8

Vote that before DRAW is called the HL. prime register must be
:aved (in this instance by pushing it onto the stack) because it 1s
1sed in the DRAW routine.

'he value of the HL prime register must not be corrupted during a
1ser-written machine code routine or the program will crash on
-eturning to BASIC. The HL prime register value is restored after
he DRAW command. DRAW OVER and INVERSE are set in
xactly the same way as PLOT OVER/INVERSE.

"he second entry point for DRAW x,y requires the top two values
n the calculator stack to have values x and v, again y being the top
ralue — CALL 9335. Should vou wish to use this second entry point
hen you will need to read Chapter 7 to acquaint yourself with the
Soectrum method of storing five-byte negative numbers on the
‘alculator stack.

DRAW x.v,a

'he entry point for this BASIC command is 9168 and requires the
ralue of X, v, and a to be placed on the calculator stack (in that order,
hat is, ‘a’ on top). Again Chapter 7 will explain how negative
wumbers are stacked. Again the HL prime register must not be
orrupted.

CIRCLE x,y,r

The entrv point for this BASIC command is 9985 and requires the
ralues x. v, and r to be the top values on the caleulator stack. The HL
yrime register is saved during the CIRCLE call. Program 2.9
lemonstrates a method of drawing concentric circles to give a ripple
sTfect.

19



B REM CirFcle wav,™ 23784 F gop af

W FOR B=1 TO =2 FAR AT i I e push af
@ FOR A=l TO 21 STEP o P2EFEZ O 242D call 11540
‘e CIRCLE WER 15108,88.48 SBtore HLT (IMPORTANT ')
wOMEXKT A
W NEXT B WEVEES DY @
"EVBE ES nush Kl
3787 DR £33
W L3TED
o BH=1 TO 2 Call CIKCLE
BRI T Yed Bl TETEE LR 2IE 2 call Peas
S e push b Restore H* LT
or A=1 TO 21 DETPL D 23w
2ETIZ2 ELR poE hil
S - P e 7 | Id -&@.1 2ETPE L B A
1
L T e pLkesk s
IETRA RO ooap af
et OVER i Hielk 2
T s irc a
JE7AG Flr R4 ¥ 0F Id (iweB7),3 T | inc a
57T FE 17 o 23
“tack DATA RV 2o C 1 nFaLll
S3asl C1 aop b
TG ZE Ba lad a. 128 20T 14 D& dinz L2
~ezet OVER @
T O A B e call 11566
rar o S 98 ld &.88 22804 FD 24 57 09 1d (1yv+E7) 0
LE077 CDh 28 2D call 1i5&# 2E8as .Y ret

rogram 2.9
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7ou will notice that the program is almost as slow as the BASIC.
This is because the ROM CIRCLE routine is quite lengthy. If a circle
s reguired in your machine code program it would be quicker to
10ld the plot points as DATA and to use a loop to plot each pixel.



3 COUNTING

VIost games programs and many ‘serious’ ones require some form of
counting. With games programs this is mainly used to keep an
iccount ot the score. lives lost, time taken, etc. I know three methods
of counting and displaying the result on the screen. The first is so
nemory consuming and unsightly that only a brief outline of the
nethod will be given. This method involves the setting up of the
VIAX number allowed as DATA. For instance if you were counting
Tom 0 to 999999 then six bytes of DATA would be reserved and
nitialized to 000000. A print string routine would then be required
.o orint all six zeros on the screen. When the counter is increased by
one 1t would then be necessary to start at the units byte, check that
't 18 not nine. add the one to the units and then print string. If the
units were nine they would be reset to zero and the tens column
:necked for a nine. and so on. After printing the string a check must
se made to see whether all six bytes are set at nine and if so the
ount ends. Counting up or down in steps greater than one would
nvoive placing the ‘increase by one’ counter in a loop.

"he second method is used for counting up or down within the
-ange O to 656535 and ts demonstrated in Program 3.1.

g 2T 4D 25FEL ZE e 1d a.1s
et counter to zerao 25783 DY ot 1d
TRTLE O 4 Gy id beo,é Call PRIMT VWallUE OM STACHK
i
PEAAE BED 4 BR B ld £2%288) b 23784 OO ESR 2D calbli E174E
-Ltack walueg Get wvalue and add L
2E7EY ED 4B Ba SL bd bo; 42372870
Emrhay oD 282D call LI5H3 TAVEL aX i fac

oer erannel P Fleturn i zZerc

TEFTS IE el 1d w.2 TATTZ I8 ld a.b
JETVZ2 D el 1k call %AET TEAVEE Bl or

A I S et oz
<=t FRINT 2T 11,14 Checl: for kevy press
3773 3B 1o td 4,22 23795 FD CB @) AE bit 5, (iy+1)
3777 D7 rEt 16
Z778 TE LB Bl @, 11 DITHY TR D ir . L1
TIFEOs O7 Fot 1 2RS0T CF rEE

*rogram 3.1
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n this program use is made of a ROM routine that prints the value
mn top of the calculator stack: call 11747. The spare bytes in the
systems variables 23728/9 are used to hold the value of the counter;
1ence the range 0 to 65535. All we need to do is then fetch the
urrent value and add one. put the new value back into the
JOUNTER., STACK the value, set the PRINT AT parameters and
a1l PRINT VALUE ON STACK. If the value in BC becomes zero
that is, 65536) a return to BASIC is made.

have also included an EXIT routine from address 23795 to 23800
:0 that a key press will also return to BASIC. Thisis advisable as we
vould otherwise he stuck in the LOOP until the counter had
‘eached 65535 and that would take several minutes.

"he third form of counting again involves the use of the
salculator. Up to now we have regarded the calculator stack asjusta
nethod of storing values without going into too much detail about
now thev are stored. The values are actually stored on the stack in
heir five-byte form, that is, it takes five bytes of information to
1efine any number that the computer can cope with. This is
1iscussad in more detail in Chapter 7. In Program 3.2 we make use
it this fact to count from 0 upwards in steps of 250 with no upper
imit. In fact. however, once 99 999 999 has been reached the PRINT
JTACK VALUE routine will change to printing the value in its E
orm (1K + 9 ete.), but one hundred million is probably high enough
‘or anv games scoring.

]l R S L Set FRINT 4T 1i1.16
e LAl.CULATOR I TA JE 14 b ey 0
TEFHE DT ~at 14
JETE EF mmt e Srrd AR aB | R A o |
SE3781 DF et 14
ITERSL RTHEE o TIT7E2 TE 18 Id a,1&
GenFEr b et 2AFE4 DS ~at 14
SR ouse CALCULATOR Call PRINT WalbE ON STADR
ieth 5o
YEAES ElaES . 2D call 11747
4. el to STACKERD-Z
atter defh 58 instruction SYalE 250
1 SATHE ZE Fs Id a, 253

oy wales into FPRINTER FEFER

ShaaE Bk BT H ld de. 28094 LRFSE EDE8 2D call 1154

TV ee Gl Ot o Lelsbig i

JITEY OED b Ldie SEOCE WALLE
P .k e 1% I 1d kel , 22048
237 FE ED BB &2 BE bFd de, 125455
SR Gl a5 a0 LikicHe 05
AAReI ET Be idir
agaty ERCSE e DLk id (23853 4 de

i I YT
1és call S llze CALCLILETOR
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TH3T EF ret 4a 2331 &-E8 B j cmg il

TTERAL ADBD Semove last value from STACK
o e ” S1818 26 6% SO 1d hl, (234657
.l.'r;b!.{ée CaLCULATOR ~zn21 OB o Kl
e T *EEZE 2B dec hi

JEREZT 2E dec Rl
Chetlk for Ley Brass et vt iy = dec hi

2EZ825 ZH dec hl

=R 2 AT 30 1a (2F&53F) bl
23812 FD CB w1l & bit o, (iy+l) EAG2T Y prest

*rogram 3.2

"he program has several important routines that require
xpiaining. The setting up of the value 0O is carried out on the
;aiculator stack by defb 160, which is the literal STACK 8, t1e five
ovtes on top of the stack are then taken and copied into the printer
ouffer to be used as a store. This is carried out by an LDIR
nstruction; the value of HL is set for us by the calculator routine as
STACKEND — 5). The initial value is printed at 11, 16; by the
PRINT VALUE routine and the stack is thus cleared.
And so to the ADD 258 routine. This requires the value of 250 to
e placed on the stack by means of STACK VAL A, and then the
stored’ value placed on the stack. This is carried out using LDIR.
The HL register is set to the start of the stored value; the DE
egister is set to STACKEND. After the LDIR instruction the new
wddress of STACKEND must be put back into the systems variable
23653. The calculator is used to add these two values together and to
‘epeat the STORE and PRINT VALUE routines. Again a key press
‘outine is added to allow exit from the counting, but note that the
stack is reset by removing the last value before a return to BASIC is
nade.
‘ounting down would require the start value to be placed on the
itack (See Chapter 7 for numbers greater than 65535) and the
dteral 3 SUBTRACT used. Note that in subtracting, the ‘top’ value
s taken away from the one underneath. At the end of each count a
‘neck would be required to see whether the *store’ bytes had all been
set to zero and. if so, the count ended (or if the second byte has bit 7
et the number is negative). In counting down it is also necessary to
clear the screen of the existing number before printing the new one
because, if a change is made from say 1000 to 999, the "units zero’
from 1000 would remain on the screen and the number would
ippear to be 9990.
"he COUNTDEMO program, available on the tape, shows how
the counter routine can be used for reaction timing.
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“he BASIC program is self-explanatory and is mainly involved
v1th the printing of instructions. The DATA statements are used to

10ld parameters of x, y, h, w, and a$ for LARGE printing as
iiscussed in Chapter 2,

p- = 01
T T e T
Rt znmg k!
INMER ar 3

hE DR E

o g -

K
W

] I ' 1TE F=*

5



2:PAPER &:CLS
= DATA B7,143,1,2, "COUNT"
o8 DATA 95,467,472, "SLOW"
o DATA 71.63%5,1,%, "AVERAGE"
4¢ DATA 95.473,1,2,"600D”
5@ DATA 63.43,1,2,"VERY GOOD"
w3 DATA &63.63,1,2. "EXCELLENT"
59 DATA 47.47,1,2,"NOT TRYING"
@ DATA @, 31,1,2, "ANOTHER GO 7
r'r_l'. I_'-pli
75 DATA S5.129.5, 2, "THANK Yyou*
56 DATA 103,7%, 5.2, "for"
27 DATA 71.90,5.2. "FLAYING"
G0 DATA 24,79,5,2,"STOF THE TAF

185 DATA 15,1467, 1.2, "REACTION TI

e DATA 150164, 2,58,

__él:ﬂ DaTa 24,15,1,2, "FRESS AMY KEE

29 RESTORE 1948

2@ FOR a=1 T0O 4

42 FAUSE Z5

L& INE 2 GO SUE Yoo

179 NMEXT a

8o FAUSE ©: BORDER 3: FAFER A4:

MK @: CLS

T3 RESTORE 1a5

ceD TN @ GO S5UE Yoo

256 PRINT AT 3,@3:1"This progeam d

smonscrates MAcodecounting by oo

1ining & REACTIONTIMER and & MSco

e count routine"

258 PRINT *"The Spectrum wWill
seiect aletter, (8 to 2 ' an
pr-int itFPAPER &2 IMK &."

279 FRINT “"The MScode will then
snange ThelMk to INE 8, select
-APS LOCKand count the time v

i Take tooress the came key. "

I8G FRINMT *"There will be &

aidom delaybefore the letter sel

aored will anppear."

B PRINT AT 28,51 "FRESS ANY KLY

n FLAY"

Tad IR IMMEYsS:"" O THERM GO OTO o

3

o2 IF INEEY$="" THEN GO TO 362

a5 LS

19 RESTORE 1e5s INK 12 GO S5UB 9

ET% s}

28 INE S5: GO S5UB Fasad

e RESTORE 15: INK 2@ 50 SUB ?F@

A

TEe INE 9 FLOT 192,114: DRAW 56

dr DRAW v, -38: DRAW —-56,0: DRAW

1,36
580 LET ==INT (RND#*24&+45)
'Ba LET «=111: LET y=111: LET =n=

Ay LET w=4p tET as=CHES z
199 INK &: LET c=USR 32393

11e FOR a=1 T RNDe2E04-5307 NEXT



1254 TRE &
T8 LET c=USE DATALG
dde LET a=FEEE Z3728+2048%FPEER 205
725
156 IF a»=14¢ OR a=g THEM RESTO
+E Ba
1ty TF a<14a THER RESTORE 2@
17a - IF afiZy THEMN RESTORE 34
A42¢ IF a<1o9 THENM RESTORE 44
g IF a48% THEM REGTHRE 5o
g IF a<79 THEN RESTORE &
21w GO BUR 7000
Taee RESTORE 7@: IME 13 GO GLIE 99
213
aia IF INKEY$< """ THEN GO TO 7é
oy
@2a IF INEEY$="" THEMN GI TO 7a2
A
ehe LET de=INKEY®
40 IF A9 -"y" THEN (G0 T SO
TaRa LEYT c=UbR Z23342: GO TO 2549
s RESTORE 99
Joas FOREE 23847, @9
Tl LRl c=lUal SaE
w115 FORKE 2ZHA47%, 19
a0e FOR =1 T0 =
rade 30 SR RO
1050 NEXT a2
drrhey STOF
OB READ w.v.h, W, a%
el LET «=USKR ZZ23%5
2028 RETURN
Hee CLEAR 32334: LOAD ""CODE : &
TR 5
QGan SAVE "RESCTIOMN" LINE PHEaO
oG BAVE "LARGEYCORE I23I3E5, 2465
& BEM i N BREREY ELEEAR THE
4o AVER OITX™ RETURM & Téaold RETL
Ll NEXT #2% DR STEF +-3#2 5TEF
> AEFF
SEEF FTRLEN (7 CLEAR THEN 2nf )
It NEEEE VERIFY D SUR CVAl
CLEAR THEIM #xzs =

w1 S5
“inmd wvariabklie =

e hae IE 7A o a, 125
SEore oirr 25aE1

SR W T T ) ld bl 2iatil
PETAD CD I FE call 32381

et CARS LOCK
IZ7AH FD CE 20 DE set T, (iy+4E)

Attribute colows swap

SRFTE 2Y bS53 Id hl,2252F
1

iy s By 4 1d @, (hl)
g rd FiE fS cpo B4

TAPER ¢ INK &

TTVE T T iF nZ,L2

23780 T4 20 1d (hl).,4as

'.J:ET



Tenlace FAPCR A& IME @

ATy
FA e R ik Rl
2R7ED YL 1ad a,h

s A IS o SR o Sl
= af R TTRIBETES A2
TOFE e BT T el o e e

SLart counting

P
P = L
" AR
itore

§.==x
-

mrar Ea R A ST
Tace count on CALCL ST
PR T R B b ] = e |5 e

Gl
count o

Ld bo.e
=Ly

CLarl

et PRINT AT &, 14
B AR OE

BRTO7 CD Bl i4
IEZEGS TE 14

bl a
bl R

T el

cail

rREGZ DT ot s
TAGT TE as I
rEERn L7
Zagens SE

CREOese D7

Aty
ret 1&

Ak id a,td
rat 14

Setod ook
234 CD EXT 2D call 11 g7
add |k
Oop b
ax | & ol

et Counk and
ot

B o
“heack count & ASEIS

ZELL 7H 14 a,l2
AE1S Bl e
TIEld 2 OF i L END
ke

Check [l Eds e

ED CEH &t Gk bhit 5. 0iye1]

P T ] =3 i
i LREEYE

VIESA RAa o8 50 1d
mpralr e ak

THREY 21 Hi Al 1d
"ZETd BE [zt
ZA3H31 Ze Do i
ML

P ] =
2EAEE D 4T Ee o SE 1d
“eetore lower cCase
TIEEF FDOCE 3@ BE res D, (1y+4H]
Bt B B =2 W
Clear ot tom 1B 1imse
JTEAZ G4 1 143
SASE . TD a4 aE
= 1 ST e

28

a, (2X5h0
bl 2345
FirE ]

i e

Compiq kb
P Ll = W

[
(= B A

(=R

Program 3.3



A RANDOM NUMBERS

tandom numbers are an essential part of most games programs
such as the random delay and random choice of letter in the
YEACTION TIMER program (Program 3.3) of Chapter 3. The
setting up of a random number in machine code is actually very easy
inq, depending on the ‘randem/range’ of the number, can be tackled
n one of two ways.

"he first method. which does not actually produce a true random
iumper, but is good enough for many games, is to use the FRAMES
ina SEED variables in a wayv in which they were not intended to be
1sed. That is, if the random number range is 0-1, 0-3, 0-7, 0-15,
)-31, 0—63, 0—-127, or 0—255 then this method is worth considering.

"he routine requires the HL register to be loaded with the value of
SEED (23670) the DE register to be loaded with SEED high
wte/FRAMES low byte (23671), the two register values added
wogether, and the sum stored back into the SEED variable for the
next ‘random number’. The A register is then loaded with either H
r L, and an "AND a’ carried out to mask out the unwanted bits;
1ence the random number range as above. Program 4.1 for instance
nves an exampie of INT(RND * 32) as it will mask out bits 7 — 5 of
he value in the A register and so leave numbers from 0 to 31.

o LITAO PETEG D vt LA call 543E
b Fandom nmuabhers REFEE SE L& g a,22
AR BE DR ld b,.19 Ladas DY st 1A
I nERTvRs VY ld a.h
SETEHEE G5 push b 25787 DY rat 1Is
pad HL . (SEEDD TATRE IE oA id a,14
FEFAS 2A s gl ld Rl 485E7a) DPET79e D7 ret b
AT es EROR T G Id de g i256713
Ay i B B ade kKl ..de Get vandom rumber arid put
o CRECHLATOR ST AaCH
odi+ied SEED for nesbt number 2EI7RLOFI pop af
R NI T | B bd 2324574 o hl aRTes LDo2a D call 11540
Zogra G Ex ZD call L1747
Tawsk BITS 7-3 Erint Ak
IRVI4 TD Ida,l
Sx7dn Eb: IE and 31 Get numbesrs codant
A = B | oo Bo
dtore Random numbrere
ETaa B push af Fepeat until 1@ numbers
et FPRINT AT bBolo DEFFT 1Le DT dinz Lkt
sendda SErpE 1d a,2 SEEGd Y et

Program 4.1



“RUGHAM 1 SAMPLE FRIMT OUT

2

7

4

k

T

\s previously stated this is useful if a ‘not so random number’ is

required in one of the above ranges. It can be taken a stage further
o evaluate. for example, INT (RND * 23) by:

DA H
\ND 15
D H, A
LD A, L
\ND 7
\DD A H

“ou will notice in Program 4.1 that the B register is used to hold
he loop count (ten times) and that this value is also used for the
PRINT AT b. 10; routine. The sample print out shows the
randomness of the routine.

"o preduce a random number in the same way as the BASIC
-ommand INT (RND * n) we will need to use the RND ROM routine,
out unfortunately this is not available with a call RND instruction
asthe routine has no return after it has been evaluated. The routine
occupies ROM address 9725 to 9765 and uses the calculator, yet
igain, to modify the value of SEED. It starts by getting the existing
vaiue from SEED, and ends with the new value duplicated on top of
he stack. The top value is removed and used to update SEED. The
remaining value is modified further to give a value from 0 to 1 (but
10t 1) which is used for RND. To use this routine it is necessary to
'opy 1t into RAM and call it from your program as a subroutine.
Program 4.2 shows this method used to produce INT (RND * 12345)
ind print 44 answers using CHR$ CODE 6 to print in two columns.

MY (RND®123T45) 44 Random nwmbers

LR7AE 04 B0 la b, A4

i
o S3THG DEAFTH CH push ke
LS

“OFY of WOM FFES tao 974D
*I76B 3E &l Yd =2
2762 CD o1 16 call D63 27T ED 40 74 SC §d bo, (234760
22745 Ch &R aD call S47%E5 2EF7a B PH2D call L1543



ETAE BEF rat 40 ?E3gagq FE Id a, thi)

TAREE (1) DRROS AT and a

aeflh 1éa1 PaEas 28 a3 A
TEZ8oe DA 1 sub 15
23g1a 77 1d hlk.a
iz

iefb 19 BETACL 127345

STACE (T5) 23811 81 39 38 Id bco.l12345

leth 53235 22 AE14 CD 2B 2D caill 11583

: 23817 EF rsat 46

weih 4 *

TACE {(&55357F3 defb 4

ieth 52 12B &5 6 6 128 ILITERAL * INTEGER’

ITERALS defb I%

weth 56 2 End DALC ROUT INE

sTHECKE (1) itefb 54

wth 161 Fiint wvaloue an STACEK

- 'IEZ ZE 62 ld a,%

iefh 3.

Tuplicate

iefh 4% 23E2E D @1 14 call 54633

-nd CALC ROUTEINE T3RZ6 CD EX 2D call 11787

Tefl 54 ERIMT

Lt top value into BOC IIRZY IE O8H Id a4

EGISTER (INT @-A55755) 2TH%E D7 rst 14

23797 D AZ 2D call 114682
set ot

tore new SEED IR Ol pop bc

Z800 ED 4F 74 SC 1d (2E&78) , bo 2IRATT (G BE dinz L1

Tamipul ate EXFONENT BYTE ITAEE CF et

rogram 4.2
AMELE PRINT OUT OF ABGVE FROG.

B=7 A55H
i éa F071
ans ) =
Q298 ot
315 1z044
lalals zira
P 11711
Ja L= 7150
G 1045873

"he RND routine uses several new literals which may be of use in
wther routines:

LITERAL 161 is STACK NUMBER 1

ITERAL 52 is STACK DATA (this is normally a number
:Xpressed in its compressed form — see Chapter 7)

LITERAL 50 18 n — mod —m

ITERAL 2 is DELETE (the quotient)

"he last two literals are probably of little use [or games programs.
"he routine — CALL 11682 — is used by the ROM to remove the top
ralue on the stack and to place the integer value in the BC register.
"he integer value is in this case rounded up or down as necessary to

a1



he nearest whole number. There is also a similar routine — CALL
1733 which places the top value in the A register in a similar
nanner. The copied ROM routine ends at 23816.

"he routine from 23811 to 23826 further modifies the RND value
m the stack. The value 12345 is stacked and then multiplied by the
IND value. A new literal is then used. literal 39; this removes any
tecimal value from the result of 12345 RND rounding down the value
as in BASIC RND), and so leaves INT (RND * 12345) as the top
value on the stack. The PRINT VALUE routine is then used to print
14 values in two columns and the results show that these values are
ruly random.

Jemonstration Program 4.3 shows how RND is actually used. In
hig case RND is used to print random-height skyscrapers in
random characters of random colours and could be used 1n the ‘city
r»omb’ type of program. All the UDGs for a complete program are
uready set up and you may like to develop this program. The tape
rrogram RNDDEM(Q uses the BASIC program to produce the first
screen display; this is held on the screen for a few seconds, and then
he machine code routine is used to print the next display

iemonstrating the speed of Machine Code as well as the RND
‘unction.

Ine point to remember when using BASIC RND with machine
-ode USR calls is to use LET ‘variabie’ = USR ‘address’ to call the
machnine code as RANDOMIZE USR ‘address’ will affect the random
wmber generator. You may also use PRINT USR address if you
ion’t mind the value held in the BC register being printed on return
‘0 BASIC. In the machine code routine the PAPER and INK colours
are set up using LD (I'Y + 83), 47 instead of LD A, 47 : LD (IY + 83)
i, as in previous examples, thus saving memory and showing the
usefulness of the IY register as a pointer. This is further
aemonstrated later in the program where 1Y is set to 23296, the
start of the printer buffer, and used to LD (23296), 22 (AT) and LD
23299), 16 (INK),. When altering the value held in I'Y, however,
‘are must be taken that, if a ROM call is made that uses the IY
egister, the value should be reset to 23610 before the call is made or
he ROM routine will be corrupted and may cause a crash.

3efore the random number routine is called the A register is
oaded with the RND * n number and this then stored at address
23681 (an unused address in the systems variables). This number is
hen picked up in the RND routine and used to obtain INT (RND *
1), the value being placed in the A register by call 11733 before a
‘eturn from the routine is made. The printer buffer is used to hold
he PRINT information in order: AT (22), x, y, INK (186), b$, a$.
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m

L REH =
TEF 7
@2 BCRDER E. FPRFER E Ik 7 C
=
=
B FOR ©=31 TO & STEP =1
g LET L=12-IHT [(EKHNCD=£1Q)
i LET ag=CHRE THT [(EHND2=1435]
iS5 LET bBs=CrR&% IHT RFMD 4!
B PRINT AT L-1.C;"A"
BB FOR a=L To 2@
g PRIMT AT a.,:c . CHF% lE+b5<a%
50 NEXT =&
@ PRINT AT a,c; "l
@8 MEXT =
11@ LET x=0: LET y=0: LET asg="
L= T 3
128 FRIMNT HT % T
40 FRINT .F h& aaa W sES |
129 M HITS lDE B
158 RETLUR
28 CRTH a g BL S P ESTOR THE TH
SE
218 DATA 1%, 167 .1 ,2, "RANDOM HUH
JERS"
%28 DATA 15,164 ,1,2 "
_25 DATA 24 ,1%,1.2, "FREZD ANY K
30 DATH 47,164 ,2,4,"EBASICS
éi@ DATH 31,164 ,3.2 ,"HMACHINE CD
;Eﬁ EO0RCER 4. FRFER E IHE ®: T
g5 RESTORE Sag
18 FOR a=1 To 4
20 IMK a: B0 SUE S000
SI2@ PRUSE S8 MEST 2
4@ PAUSE @: LS
45 PRINT Ihk @:AT &,8, "Th:= p
o097 am demonstrrates theRND fouy
1fig 10 Machinhs Code andcompare
the EDEFj OoFfF BOolk BRSICand Mac
vife code verzions.
==t ﬁEETFQE 525
555 PRUSE 188
Ea FLASH 1: 1IMF 2: PAFPER 7 =0
LB EREE . FLRTSH @
2o PAUSE B: CLS
L83 LET z=1
A1lG GG SUE ZufE
‘@z GO SUE 19
ja=2S LET Z=2+1
AZe GO ZUE 2099
A4E GO SUE ZOeG
1845 LET z=sz+1
1858 GO TO 1818
@PE FOR a=1 TO 48@: NEXT a: ©LS
alad FAHFER & IR @ REZTOHE S50
(1B (Zs2=INT [(Z7211) 0 SUE 2@
A
P20 FOR a=1 TL Z& HEXT a RET
B
ERD LET c=USR ZITEE: BCD OTO Tl
i@@d FEAD x4 .k W, A%
B1e LET c=WUSR 232333
IPE@ RETURHM
g99s CLEAR 32334: LORAD "“uda CODE
tIZE “a": LOAD "“"UYCODE G0 TOo S8
3
"G93 SHUE “RMDOEHAD" LIKNE 39395, S
4UE 'Jd “"CODE UER '"a' ,1B8 SHUE
BERGE"CORE Z2E3E 2658
i AT A

WORLER &



ITHG TIE Qo id a0

2rTAZ Gh 9B 22 call BHIST
SAFPFER S INME 7

r2as FO R8s 53 2F 1d Ciy+E35) 47
e =

IATAET JIE @2 1d a. 2

PR el ER &l 14 call 3435
owrta Ch AR oD call Z435

et IY as FPOINTER

IAFPFT OFD 21 o DR 1d iy, Z2IZF4

A7 FD OS46 o
5789 FD 34 @3
Seset 1Y
conaas FD 21 34
Column Count
e s LE  TF
L1
PRADS 32 a2 5h
F—INT (RMND®1)
2798 3IE 6A
23800 32 81 50
803 CD &1 SO
Saes &
PEeT S 3E 13
IHet 235
Sag1e 32 o1 SB
'MT (RND#Z+148)
ARLE SE w2
ERE1E 32 ai S0
'2Ble CD &1 3D
SIEZ1 CeE 94
23E25 32 Bvo 3B
INT (RND#43
onB2s IE a4
IRIR 2 Bl S0
cod3l ED &1 3D
AE34 3D 04 5B
“HINT. AT x—-1.¥
IRFY IE e
TEABEY CD 91 14
84 TE 14

16 1d (iyFa) 22
16 1d fiv+3lels
5C id iy, 234610

ld a, 3t

Id (232983 ,3

1d a,10

1d (Z23481)r.a

call RND

1d 1;a

ld a,1%

sub 1

l1d (23297),a

Id a2

id D2ELZLY .

call KNI

add a, 143

1d (2330i).a

]Cf 4'3.=4

id {(23&68ll.a

all RMD

1d (Z2330v9) . a
CHE % a7

1d a,?

call S833

Id &,22



23844 D7

IE4Es RS 01 o
SiB43 EL
TB4% DT
JSE = vt I AT © W
'Z855 DY
IE54 FE 9E
TEETS D7

~GF a=x TR 2
SRINT AT auy
3857 11 o 5
IBLe Gl O5 O
23853 Cb 302
'TBaL A &1 3§
2EBAY IC
el B2 al. 5
2873 FE 15
JEXT &

LEEYS 20 EL
FINT AT 2.
"TAT7 TE P9
rag e 32 eSS
LoRBEs 3B ey
2824 32 04 %
coged 11 =ma -0
SOBESG gl 45 0
2aRE Ch 30 O3
238984 JA D2 5
3899 3D
~39e0 FE FF

HEXT COLUMN

DEFOL =hed

e

CHR%
B
o
@
5]

(3

CHE%

E

E
[+
%
4]

E

23904 L9

w0 RMD ROUT TRE
D

Z9ah ED 4B 74 5L
=Fug LD ZB ZD
312 EF

i2fh L4115 52 55
1efh &5 @ O 128 54
emgsl CD AZ 2D
IZ534 ED 47 Va4 SC
23558 TE

22939 A7

IS4 IH vl

NERRAT DE& 1o

=544 77

RFIT  CRMNDa PR (20
229480 A #H1 5C

rFet 1é4
ld a, (23297
des a
rat 14

l1d a, {23298}

rat 16
1d a,147
rst 14

lLa+bE+as

ld de, 23294
ld hoob
call B252
1d a.
ifnc a
1d (Z23EFT1.a
cp =1

T
4’_'.-_'12

273

] et

153

ld a,153

ld (2F3al),a
Id a,7

1d (2E308),a
Lid de. 235296

Ig bBei&

call B252

td a, {2E298)
dec a

ep 2395

T . |
irek

1d be, (Z2EL74)

call 1135467
(= %

s Nl

2 1481 3 49 o5
call 1148B2

ld (2FETFQ) be
1d a, thi}
and a

i

sub 1&

iad (hll,a
5133

1d a, (2356811



RESTEL YT A I B o vall 11548
RSl EFR Fet i
iefb 4 I Na

9o LI BS 2h [ 2 1 G 1 e

e et

rogram 4.3




5 THE KEYBOARD

n machine code there are two methods of reading the keyboard.
Joth of them are useful but the method chosen depends on the type
if program.

Using the LAST KEY variable

"he Spectrum ROM contains a KEYSCAN and DECODE routine
wnich is automatically called 50 times every second. The routine
1iso updates the FRAMES count.

"he character code of the last kev pressed is stored in the variable
LAST KEY (23560) and if it is a new key then bit 5, (IY + 1) will be
set. Incidentally the HALT command waits for the next KEYSCAN
:all to be made before continuing with the machine code routine.

Nith the above information we can write a program the
quivalent of PAUSE 4.

wg AETED

JAIT FOR KEY FREESS

1

Fraw ED BB 61 o6& bit T liy+ll
7a4 28 FA 251

237464 FD EB @61 AE res 5, (iy+l]

HONTIMUE WITH FPROGRAM

ITTO 09 ret

Trogram 5.1

You can see that in Program 5.1 bit 5, (IY + 1) is continually
‘hecked to see whether it is set and only when it is(indicating a new
zev press) will the program continue. Note that it is necessary to
eset bit 5, (IY + 1) afterwards, otherwise if a similar PAUSE
-outine is used before the next KEYSCAN call bit 5 would still
appear set and the PAUSE will be skipped.

Using IN A, (C)

This is identical to the BASIC IN command, reading the half row
37



specified by the value held in the BC register, and isdiscussed in the
spectrum manual. The value returned in A indicates which keys
ire pressed in that half row. Each half row contains five keys, and
bits 4— 0 of A hold the state of these keys (bits 7— 5 are normally set)
bit 0 is used to indicate the state of the ‘outside key’ in the half row
ind bit 4 the state of the 'inside key’.

Nith no keys pressed the bits are set and A will hold 255. If a key
s pressed its bit will be reset. For example if key 0 were pressed then
sit 0 would be reset and A would hold value 254. You can see that
vith this method we have the ability to read more than one key
neing pressed at the same time by either checking the value of A or
he individual bits of A. This would be useful in a game for two or
more players or for moving things in two directions (for example
ipwards and forwards) at the same time. Program 5.2 demonstrates
the IN command used to wait until kev @ is pressed.
g LETAA
EalD HALF ROW &-—¢
i
moat @1 FE EF l1d b, &A1473H
ATAS ED T8 imoe, fed

CHECY, HEY 6 PRESHED

A fhg B a7 bit &,a
CAVLY LB Fet 2
3768 18 Fé |
“*rogram 5.2

"he ROM KEYSCAN call is made 50 times every second even
ruring our own machine code program and, in doing so, slows down
he program. We can stop this interruption to our program if we
1eed extra speed, for example in pixel-scrolling, by the use of the DI
nstruction. However this will mean that while the interrupt is
aisabled we are unable to use the routine LAST KEY to read the
zeyboard (unless we call the ROM routine ourselves) and must
‘esort to using the IN instruction. Program 5.3 shows the DI
nstruction being used.

g 2R A CHECE KEY & FRESSED
SISEABLE SEFARE LR 47 bit 9,a
25783 2¢ F7 i miE b
S d1
"MABLE
<Eal HAILF Rl 5—©
23778 FR &]
-1
2f&l gl Fl EF ld ne,a14%8
2r88 ED 7H i a, (o) O O rrE
Program 5.3
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Note that the EI instruction musté be used before a return to
JASIC or the keyboard will be useless. Try the program without the
sl instruction and see what haopens. No lasting damage will occur,

out the Svectrum will have to be switched off then on again to make
the keyboard funetion.

Program 5.4 shows the method of producing PAUSE n to give a
timed delay or, as in the BASIC, continue if a key is pressed. The
rogram uses the fact that the keyscans occur every 0.02 seconds
ina that HALT waits for a keyscan.

o 2R A8 PITLE DA ab ir nzgll
EDUCE COUNTER

ET 12 SECOND DELAY 13770 BB dec bc
A FTE

7hé a1l F4 ot ld bc, 500 i B bl
772 B or C

23773 20 F Zalal

BUSE LOOF o : g B 0 4]

LT T Fial b

SRR FD CH @1 AE rag 5. 01 ,.-.|.]-|
SHECE #EY FPRESS

3764 FD CBR &1 &E bit 5, tiy+1) 2RZ279 L9
rogram 5.4

Program 5.5 is available on tape ‘KEYDEM(QO' and makes use of
he LAST KEY method of reading the keyboard to produce a simple
typewriter program that allows erasure and modification of type.

"he current orint position is indicated by a flashing cursor. Note
hat CAPS SHIFT and ‘2" moves the print position to the next

ret

F-1% - 01 EL L NA D

Thenits frooaad am demans v
et bl O F reading Th
R 1T/ C0OAg uUsi1ng
if 1 abile and
| $1IRS Tt D

MTER 1 ' newLznNeg , i
he BEREF SR a ?PQEL,
T ) T 2 r 10 BASIC.

b.s [is-ra-1e - B - el | Ly T &5 Lare3

S A - F-EE-17 | e | .




PRINT COMMA TAB: CAPS SHIFT and ‘5 gives a backspace (but
10te the ROM error that you cannot backspace from the beginning
f line 1 to the end of line 0) and ENTER gives a new line. In
nachine code the BREAK key is inoperable and so T have used
STOP to return to BASIC.

As with BASIC INKEYS$, neither the double-shifted keys nor the

sraphics mode keys are read. Should you wish to check for, or print,
double-shifted kevs then you will need to set up a DATA table of
inshifted characters and their double-shifted equivalents. Then if
LD A (LAST KEY) returns value 14 in A, indicating both shift keys
pressed, a routine to read the next key press and convert its
mmsnifted character to its double-shifted one. by means of the DATA
able, will be required.

1éd REM 37 STEF 7
"a3DATA 24.7%,5,2,"5TOF THE TAR

B DATA V. I7ﬁ,t.$,'TYPHHHITER“
i

b0 DETA Eorol e e o
@ DATA 24.15,1,2,"PRESS ANY KE
@ DATA 19.178.1, 2. " INSTRUCT 10N

D RESTUORE
vt BORDER 42 FAFER &2 CLS
A FOR A=1 TO 4
wOFPALSE Za
o IMK Ay FAFER & GO SHLE B
e MNEXT &
18 PallsE s FARER Fr LS
28 INE 2z FPAFER G GO SUB G
3@ INK. 8 PRINT AT 3.8:i"This p
“pgram  aemonstrates themethod o
reacdliig Lhe keyboardin Mol
=~ using the LAsT EEYvariable
s checking BIY O of FLAGE to =¢
1+ 1t is a NEW kewy."
438 FRIMT "The curcsor can be ba
b spaced bywsing cursor kcey O
.a corrector srase tvyvpirg."
LG8 PRINT ""ENTER will giwe newl
MEw and asthe BREAE key gives a
TFACE, use'STORY to return to BA
T Bt
L PRIMT ""The Micode is just 4
ovites long"”
Wi RESTORE Da: IKE 2: G0 S0k Ba
I
1 PAUSE G BRIGHT 1: OIS
e IME @ RAMDOMITE USE 235766
JTE BTOF
D0e FEAD s.v,ii.waa¥
A 1Ee RANDOMIZE USSR 22593
Fala RETURN
7990 CLEAR 32Z34: LOAD ""CODE = G
3 TO 2o
FPPF SAVE "HEYDEMO" LINE 92%Q: LA
e "LARGE"CDDE 32555, 265

ag)



= T

Wen channel 2

I74e 3E el ld a.2
‘362 CD @1 14 call 38633
ET OVER 1

ﬂ

LASH CURSOR

(3765 3E 8F
23771 D7
;3772 TE 98
'3774 D7
2775 JE BF

22777 D7

2778 IE o8
EFge DY

LaIT FOR KEY

763 FD 3& 57 93 1d tiy+d7) .3

InN WAIT LOOF

1d a&a,t143
ret 14
ld a,8
rat 14
1d a,143
rat 14

led a.B
ret 1&

FRESS

"Z781 FD CB @1 &E bit 5. {1w+t)

IATED 28 EA

3r 2.kl

253787 FD CE &1 AE res S, {1y+l)

T OVER &

3791 FB 34 57 94 1d {(iy+B7) .8

sET LAST EEY

725 ZA o8 SC ld a, (23548}

CHECE. FOR “SF0OPT

SiR8 FE E2
JEBea C8

“RIMT CHR®

ZBo61 DY
2802 148 D9
Jrogram 5.5

ret 1&6
s Lol
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D MOVEMENT

Now that we are able to print our display and read the keyboard we
-an 1ook at methods of animation. This of course is an essential part
it any ‘real time’ games program. In this Chapter we will cover
methods of giving the impression of movement by:

‘Moving the foreground — ships, aliens, people, etc.

Moving the background — stars, planets, skyscrapers, etc.

Moving both 1 and 2.
"he tvpe of movement used by most software writers is ‘character
sguare’; this allows faster games and use of all colours. The screen is
divided into 24 rows of 32 columns. and, when a character is moved,
t travels from its present position to the adjacent row/column; this
novement is fairly coarse but not jerky. If pixel movement is used
hen, especially with foreground movement, the characters require
‘eplotting. If you have used the BASIC PLOT command you will
ealize that this would normally restrict us to the use of two colours
PAPER and INK).

“oreground movement one character square
q

The first step is to define (or initialize) the character start position
hen, using either of the methods discussed in Chapter 5, to read the
tevboard, and update the character position accordingly. The
ipaating of the character position is usually carried out on a
luvlicate set’ of start position data. When the updating is complete
we wiil have two sets of data: the first holding the actual screen
nosition and the second the new position. Any checks, for example,
to see whether the new position is still on the screen, are carried out
ind the new data amended. To give the impression of flicker-free
novement we remove the existing character and reprint it
mmediately in 1ts new position. The method I generally use is to set
JVER 1 and REPRINT the character in the old position, thus
removing it, and, still using OVER 1 reprint in the new position.
This will allow the character to be moved over background without
:rrasing it.

i2



g 2374
1ITSSABLE EEYHEOART

FE7O0 D di
15461 1" 1H w BTART
DG DETA

HTaL

HEE 144

jefhb @ @ 1% 24 4w RPae D05 224
HEE 145

ieth 24 &0 285 255 1958 25% 231
a+h A

THRE 144

defh @ & 244 24 146 71 1357
=TART

ET UF LIDG™ =

cxradcED R FB Sl 1d de, (e T

Al 2Y BE 8k Id hl ,DATAL
IITH4 w1l 1 aa td Bz, 24

o lg i Bl B9 Pdir

e L § 5 el g BESIN

“rint CHEF DATA
AT %oy INe B FAFER 2
HRE 144 145 14&

TR

Jefh 22 oo 1 8 17 8
Jeth 144 145 144
SESGIN

IORDER %
"ZE1L FO 24 &E 28 id (iv+14) .48

“AFER 1 IME 7

2RI FD 54 58 @F ld 4iyE835E 15
LS

23819 JE B2 I'g a,2

FEEEZL ED Bl 14
ZaZ24 CD 4B @D

call S&33
call 24355

FRINT STRING

SEE2T 3E a2 id a.z

22829 CD ol 148 call S&33
sagse 11 B9 an ld de,DATAZ
AEAD 01 ud g ld bo, 14
TIEIE CD EFC 24 call 8252
L

TRANSFER DATAZ TO STORE

ZH41 11 o SE
2z844 21 F9 4C
Zady o al oh oo
»ZESe ED Be

1d de.23296
1d hl,DATAZ
ld b, 19
ldir

SET =.% FROM STORE

PERE pad
HECKE

2385
23BaH
TEaL0
2ABSD
L 1T
Lk

P - £ 1
A L
2IaLY
L2
23876
it - I
S
g =
Sx879

[iE

Jagao

ZIBEE
<D
PSA T
—raed
i F

CHELCHK

=L
Pl 2 b )|
23893
23899
23894
[ e

~ 2898
EEAG
PR & oty
fee

PR S A
ZIF0g
el TN

aEFa8
23909
8

PR A i
L R
L A e
s

CHELE

23914
TG00
PraRAT S |
Al
27924
IF NO
PRINT

oty cy et
L b

STORE

Za o1 5B id Kl , (23297

FEY FRESSED

a1 FE EFR 1d bo,&1438
En 783 in a, (cl

CH 47 Bit @, a

S0 ai g nz. Lt

=4 e b

CE qF ot I.a&

20 01 L e

g’ dec b

@1 FE F7 ld bea, 474824

ED 78 8y = et

ZR 47 hit @,a

2a 8] T g

=0 e 1

&1 ‘FE FB Lo B e &g

ED 78 p A% i (= W ol
CEBE 47 a1t @, a
2o o1 jr oz, La
24 inc |
STILL N SICREER

Fai ld a,l
FE o1& Cp 27

26 83 jr mz LS
=0 dec 1

18 &5 g Lé

FE FF e 299
2a o1 L A o ]
20 i 1

7C 1d a.h
FE 1E cp 3

L = I ir mz L8
2o gdec n

183 a% G LY

o S T S 299
28 a1 v o
ik ino h

r MOE

ED 58 91 58 1d de, (253297]

&aF mar oa

ED Pt Rl
ED 32 shc Rl ,de
E1l pop bl
MOVE THERN SEIF

OVER L

28 2 G i -y A 5,

NEW .y FARAMETERS



3927 22 61 Sh ld {23297 ,hl DELA&Y LDOOF

SET OVER 253743 21 88 13 1l Al Tiemd
it
23930 FD 34 57 637 1d {iy+87),2 L3984 2R dec hl
soFh7 FE Id a,h
TRARE OLD POSITION DTPSE BS ar 1
239465 2a FB ir nz,Lil
23934 11 F9 SC 14 de,DaTa?
IPIT @1l aa 09 ld bc, 19 CHECk *BFACE® FPRESSED
SEF40 D ZC 38 call B2E2
tEFRINT IN NEW POSITION a8l FE 7F 1d be, 32746
S39T74 ED 78 in a, ic}
2943 11 4@ SB 1d de,2T295 <s¥76 CB 47 bit @,a
045 a1 BA 06 1d be, 1@ «2778 €L 21 3b g Nz l?
PAR4Y CD BIC 28 call 8252

v "_i.' R = J 5

=oAL R SE 1d de.DATAZ 253981 FO 3& 57 @@ 1d {iy+B7),0
8kE FEY BOARD ACTIVE

FPES 21 oo SH Ld hl, 23295

TIPSR a1 aa ao l1d b, 14 23925 FE el

23961 ED BO Idir 239886 CH ret

Program 6.1A

Program 6.1A demonstrates the principle as outlined above. A
spaceship-like character is moved around the screen using keys 9/0
or left/right and 1/Q for up/down. ‘Space’ will return to BASIC. The
spaceship is able to move in two directions at once and can fly
iround the screen without disturbing any background that you may
-are to set up. The character is printed INK 8; PAPER 8; and so will
.ake on the colours of the squares as defined by the attribute of that
:quare. The speed of movement is governed by the delay loop, and a
‘heck is made to see whether the ship is stationary. If it is, then the
reprint routine is missed out as this would cause the ship to flash by
being continually erased and reprinted at the same place. You can
moaify the program to enable the ship to fly off the screen and
eappear on the other side by resetting *y’ if the ship exceeds the
icreen parameters.

Multiple character movement is basically the same as above with
ach character having its own set of PRINT AT DATA. The machine
code routine is very fast as can be demonstrated by using LD HL, 1
for the delay loop, when the TV will not have the chance to print all
the positions as the character moves. You will find that meost
programs need some sort of delay loop to hold the picture for a
moment before moving on.

Background movement one character square

Nhereas foreground movement requires the character position to
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se held in memory and movements tracked, background movement
1suaily requires the shifting of the entire screen display (or blocks
o1 it) in a known direction without keeping track of exactly where
swervihing 1s.

"his movement is normally in one of four directions — up, down,
eft, and right — and usually involves both the characters and their
attributes. If a screen background is shifted by one character
wsition we have a further choice concerning the characters shifted
oif the screen. We can either lose them and print spaces in the
row/column created on the other side of the screen, or we can store
hem with their attributes and reprint them in their corresponding
nace on the other side of the screen thus giving a wrap-around
erfect which is most useful in games programs.

The following Programs 6.1B to 6.16 demonstrate ROLL and
SCROLL in all four directions; firstly the attributes and then the
screen characters. These programs are easily modified to ROLL or
SCROLL parts of the screen leaving the rest stationary. Note the
secuiiar layout of the screen display which is split up into three
locks of eight rows. Each row is further divided into eight lines of
2 bytes per line. The memory map starts at row 1 line 1 and "maps’
he 32 bvtes of that line, then moves to row 2 line 1, row 3 line 1 and
;o0 on up to row 8 line 1 thus mapping 256 bytes. We then jump back
orow 1 line 2, row 2 line 2, row 3 line 2, etc., and end up with row 8
ine 8. thus mapping 2K bytes.

We then move to the middle eight rows which are dealt with in the
:ame way, and finally to the last eight rows, again mapped in the
same way. This does make the character rolling and scrolling a
ittle complicated and requires moving 6K bytes.

g L3760 2773 A 8D SO 1d a, (23693)
3746 11 we 58 ld de, 22370 L2

PIVeAI 21 Ze 3 1d hl, 22549 23778 12 1d {de},a
Z766 01 EQ 62 ld be, 736 23777 13 inc de
J3767 ED BO ldar T3778 18 FC dinz L2
"IT7L 06 Zo id b, =2 23786 CF ret
'rogram 6.1B

rg ZI76@ 23773 IA 8D SC 1d a, (23693}
3760 11 FF SA 1d de,Z3295 L7

23763 Z1 DF 5A 1d hi, 25253 23776 12 1d (del, s
ZA76E 91 Eo ol 1d bo. 7360 2HTTT L3 1O de

3769 ED' BB 1ddr 253778 16 FC dinz L7
23771 B4 20 1d b.32 wn7ge 09 ret

P’rogram 6.2

1)



rg
23750
s e
e

ARG
I7hbH
IZIET
6B

LIT7E0

i
21

- - o
raf

L1
Bl

- -
]

18
e

*rogram 6.3

o R N
CETAD Dé
SRR |
g

rar o ES
EAAE T
23767 Lo
galo8 B

i
FF

o4

2rogram 6.4

|l LA T 5

eohd
23743
rE7 A4
W
=14

25T LT
e rag
SITEY
(7T

21
ES
B1
i

TE
=2
I
Fup |

1a

Ch

i

FE

SE

Jrogram 6.5

g SAATER
a7ed 2

2ETAS ES

ETAG D

ETEN B

24

ZE7eT TE

CRFAE FD

2ZTEHS ZH

IERF/E 18

FF

rB

SiFy

rogram 6.6

I el
a1
£
¥

AR
CTREVLE
I3 TET

23T 48

o
Ty 4
L
ES
]

| i
TE

A7 80

15
141

58

Trogram 6.7

a6

1 b, 24
ld hl, 22528

push hl
[iCHa e
push bo
inc Rl

ld b, 24
ld hl, 23299

oush Fkel
Dop de
sty Baen
dec bl

L Wl 22528
push Rl
pop de
ld b.32

1d a, thl)

push af
inc Bl
dinz L1&

o o 3 P e
aush Bl

pop de

i o S

1d a. ikl
push af
deic hl
dimz =4

1d b.249

ld bl 22528
puz=h hl

oos de

push bc

ld a, thl:

2IT7ES
B 5
ZE?7H
23777
2377H
EI77Y
25781

23765
oA A
23774
2XT7T7
DI TE
h el

2a7e

r. g
23775
2RI
L17

2377
2I7BG
PR = |
23782
2784

23779
ZETHAG
2aTaL
23782
2E784

PIFLD
DT
T
2ETTIS
2ETThH
EHETA
P

L
ED
S5
12
|
162
CY

.
ED
I
12
e |
1%
e

oy |
EL
b

Fl

-
La

Firi
1w
=9

i1
ED
Erey

F1

o
aE

T7
1ix

Mol

al
ED

L1
14

1F
B3
S0

F 1

LF
=
aD

F

EQ
Bt

2a

FH

E
B3

2

FH

Li
Ba

CIey

=] B

(B l4

b

o

Lol

1d b, 31
ldie

1d a, (23&673)
id idel,a

prop b
dinz L12
Fat

id be;31

1 ddr

ld &, (2349F)
1d feled, s

pap be
dimnz L14
ret

ld be, 7356
1dir
1d b, 32

propy af

dec hl

Lo (hld.a
dinz LI?
et

1d b, 7354
lddr
1d :‘.3:'1

Fop aft
inc hi

1d (hll,a
dinz L23
ret

inc hil

1d b, 31
il'_‘if'

id {de!},a
oop bhco
diaz L5&

et



WO 25T AG
JITAG Hh 18
2276 21 FF %A
i
aantaa ES
Soihas D1
PETET TS
"IF&E TE

Mrogram 6.8

] it QPR
R A S L S
SEFED 21 a0 48
5

cadao ES

TRVSeS D

2atay CS

JE7ABR TE

Program 6.9

] o PR 1%
ATAG 04 C8
PEFL2. 21 FF 57
i

IATES ES

EFTES DI

A A O

53788 7E

rogram 6.10

irg 23780
TTAG 21 a0 4
Al AF

2xT&EL4 QL6 CO
A3

Tarhh €5

radar ES

SEF7ER DI

Trogram 6.11

i [ = B AT

TEYAO 21 99 40
TETGE 11 26 oo

IS3T0h ab4 Co

g 1e

1

= = L
PR

R S I

“rogram 6.11A

WO L5768
BAAE 21 FF 57
YIFLI OAF

ETAL ad Do

i4
PR A
A
2aT&E

i 1
= i N

Program 6.12

la bl
Lal Bl X5275

oush hl
nop de
oush be
1d a, ihl}

1d b.i92
1d hl, 14764

push Kl
oop de
push b
1d a.ithl:

el ‘B 152

Ld hl.2252

pusty hil
nop de
Cush b

ld ‘a, thll

1d #l.147384
Aa0r 4
id b, 192

cush b
push hl
cop de

1d hl.14784
1d de,Z2
ld b.152

i SO i P <
add hi,de
dimz 11

Lel Bl 2R0E7
waE o a
Ll D132

rrash b
ciash Rl
roap oler

2ETAHT
ST
ZITTI
BoA e
2ITTh
2SELE

P )

23777

2377

PI7HT
2T
2I773
IBITS
ey )
23777
RE7TY

LI37ALT
23774
PELA S
2IFFTS
T3TT4A
2EFTT

2adrY

T S
PR T A
DIFTR
FRTEE
g B

T
il I e BOC )

PN =

in L @ -0

J R ha b By
Lo L (o G2

S S R A R

k) F
B I I Bt R R O

i i

&l
£

=F
@t
=41
12
1
1
E%

ZR
31
ED
12
Ci
Le
cy

23
ai
ED
12
=1
1
By

ZHR
wl
ED

Cl
1
L

1F oe

T

1F
B

1F
L]

L ]
L1

IF
By

0l
Il
FF
Hex

o)

1F
Ba

Ba

8

A

&4
L%

-7
)

o

desz Ml

YT bBo, Sl
Lddr

ld {de},a
oop bc
dinz L33
et

inc hl

id bBgc,31
Ydir

id ide),a
pop B
dinz L1
Fet

dec hl

Td B3
1 ddr

1d {del),a
pop b
dinz L1
ret

inc hl

1d bBec, 5l
tdair

1d i(de),a
pop bc
dinz LL13X
ret

1d hl,;1463BS
lif de, 156584

l1d b, 6143
Icdir
gx de.hl
Id fhl1).@
et
dec Bl
1d bLe,31
1adde
lg ided,.a
pop bo
linz L14
FrEt



g
ST L

i i A

FETI D ol [P }
2744
7LD
EFT
T B
A
3

TETTS
E7Bw
A78t
e = ey
23785
BT
5788
23789
A
B |
SRR

ST
23797
fn=le 1o
gt 16 B
BT
TIEa7
‘ZH16
-4

23813

2ET A

1.1
21
Gl
ED
a5
Z1
At

ES
ES
a1
ED
o1
Etl
1
14
24
i

11

—
=

o1
ED
(GLe
21

11

05

oG]
20
@
B
G
e
Eo

E1

515
2
E
frg
i3
=]e]
Ed

4
44
a7

4B
46

-
Fa
-

48
48
07

'rngrain 6.13

L |
TIFAG
18
S TaS
ig
23765
3TAA
26767
23748
ST
23771
I R
T
3779
EFTA
23l rd
37E1
JETEA
-~
IFvae

SE A |
Y94
e

Sl o
EAT79E
AT
3800
rages

48

g =¥

L - L0

21

ahb

7E
[ =
!

e
ar
&k
24
TS
FE
L)
11
Z21
ol
ED
A

e
ES
o5
a1
ED

(& o)

26

FH

48
Fi
L6156
=i
Es
B
Be

(G5
Ew

4@

44
44
av

A6

l1d de.l&aZH4
let hi,le41b
ld bc.2e14
ldir

1d b.,B

1d hil,1B432
1l de. lss0B

push bc
push Ml
pLsh de
ld be, 32
1dir
pop de
gop hl
pop bo
inc d
inc h
dime L5

l1d de.18432
ld hl.184&4
ld bhe.2014
1dir

l1d b,B

ld hl,20480
ld de, 184654

gush bo

ld hl,143834

ld b, 52

ld a. (hl)
puchk a+

irne hil

dimz L1IY
MO &

Id L.a

inc h

Id a.h

st A

ilm mELL18
ld de,l153B4
Id hl,158414
ld be, 2814
l1dir

Id b,8

1d hl.184%32
1d de.lssqged

nush bho

cash kbl

puch de

ld bc,32
tdir

25E14
it B
2538148
23819
S 2 i |
23822
2823
PP =
23BZ5
23824
g T
2IEE51

2IBET4
23as7
FARES
27841
L

s = R
A= 1 A
s £/
L&

27843
et ls)
25801

e
s e T

25854
2AHSS
272854
23853

238e5
=1 P
2REay
e
2FEeY
SiEle
23812
=815
SX818
23821
2IR2T
DEAEDS

23828

S|

23831
23832
PEERTEE
HEEES
23837
22839
L340
23841
2nE42
2TE4E
25844
g R 0
L3849

A = Ly

EE
W]
a1
ED
Dt
E i
Ct
14
24
14
11
21

@l
ED
B

=t

21

5
Ed
A

T
25
161
Et
Ct
24
L&
co

Dl
E ]

14
24

1é&
1t
21
&l
ED
5 1Y

21

)

C3
ES
DS
@i
ED
I

El
Cl

14
24
164
il
21

ol

1
o
e

i
s
LALE

B
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S 58
e
g o |
AT AE
o747
ST O
LT
o e T
R T
Lk |
mavThe

B741
BFAR
PR
BT aa
ATLE
At T ET
CEA
AT
TR
AT
Ko i
e AR ]
aTen
TRATEG
VTR G
S

G B b
LI |
T A
i S

=
[T
L
<10
&F
24
T
FE
a5
1]
Wl
EN
S

il

11

_'5

S
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ED
i1
El
T4
24
1t
11

!
L

@l
=
W |

F1
i
ZH

s
=1
]
A
e
(R
L8]
(S
E

'l

E

F 1
X
24
[
Fidi
FF

=R

da
i
o7

e

48
43
Qa7

G

id a, (ki)
oush af

G e o

dgre 18
nor A

ld 1sa

ire

ld a,h

] T

L e e
lad de, 14384
1d hl,.i&adil4
Id bo.281&
ldir

| ] o -2

Id Bll1g83d
id de.lssddB

aush bo
pual Bl
pilsh de

g ahe 52
Ldir

nop e

pop Rl

oof b

imc o

e O

dinz Ll

ld de,1843F2
Id [l 183864
ld bc.2091&
Laii

T M. H

ld hl . 28d56
1 de. 18454

push bc

nush hl
pLskh e

Ld: bie 32
i

pop de

pap hl

oop bo

inc d

inc h

dime A2

id de, J6430
lel i, 26512
1d be.Zvla
5w

1d hl,225327

el b nz
oop =t

L thld,a
desr bl

LaTT g
AL
7o
B AT
SEge
RENER D B
g
DSOS
DR L
Feg05L
SeEay
Tk o
ToH11
{24

8173
IRE1lq
TOHLS
TEEL &
B = B
BT |

pmn pay

TRHERT

R

g
LARHZS
SanT
T
B0E
L2&

SEmgal
| Sl

ToBTo
TOETA
I0o8=7
Lol
Agtg e
Tagan
a4l
Taz44
A
~OE47
LOB4G

FOHSE

SagES
OIS
LS Pt
TaRsl
IaB&D
L 26

SwoBad
InOET
SRy
AL |
LRay A
Taatts
ST L
EWBTE
Bt E I Ry
R =1
el e

16
SE
&F
25
7E
FE
e

s

[ e B - RS
FR o )

&

7E
F35
>R
1ev
o
Lo

1y

Fi

Bk
Lea

o]
a

e

@l
=R
Gy
21

1t

CS
ES
Ll
€],
ED
20 |
B
gl
14

—

1t

FB
Fi-

AF
Fé

FF

e

[
E o
|

PELh]

FE
FF

4F
Fo
FE
DF

E&
Ted
o
Exa
e

=a
H

{8 1

oz

|
+

a
wf

=

a7z

&
5]

(AR

el jmz LES
ld a,255
Te: 1

dee I

Td a.h
ool 2

; -
b 1 = BT

3 &

L bl o adSdys
prsh B1

pop de

o bai3i

ILd a,ihl)
push af
geas Rl
dynz 124
td bcy 736
Tdde

Td bS53

pop at
ing hl
Eelaimll g
ez L EH

Y Rl 2057
Id b, 32

1d =, (hl)
pusn af

dec ‘hl

dijme L2V

1d a, 255

Tef 1,

cle: I

Id a.h

cp I

it nz g L24
1d de, 22527
1d k1 ,22495

id bo,2614
iddr

1d b,8

id hl, 15&5&
Tl e, Z2ekd i

pecsh be
s bl
pLsh de
| fi= S8 7 | mEef B,
loir

o de
pop Rl
nop bo
inc o
7 el
ogme L32E
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SOBEEIT 11 FF O4AF 14 de,2e479 Fagd ) 0 1d a.h

Taggs 21 DE 4F Id hl,Zed4487 30947 FE 4B cp 7a
HEE? @1 Eo @7 1d bc, 2814 Gwta g Do F1 et o i
SeRvsd ED BR 1ddr s L= O = et

ROLL

W4T s DB id b,214
AR a4 GF ld b.8 Tagae 21 o 4a 1d hl, 14384
H554 21 Ee 44 1d hlqlbaad L322
JA8%% 11 oa 48 ld de. 184Z2 30952 ED push [l
REAE IB%5Z D1 pop de
Wl CS push be 954 05 push bBc
aFuI ES push ki 2e95% YR id a, (hi)
BRas DS push de
SF0S ot 2a e id be, 32
@908 ED B ldir Q956 23 inc hi
aFla Di pun de TYS7 @l 1F @0 1d bc, 31
211 E ot bl TATAG EDOHG 1ctir
w12 L1 oao bc Ie9LsZ 12 1d idei,a
943 153 inc d TH94T i nop be
at14 24 inc b TOPs4 10 F2 dinz L32
W1S 10 Fi dinz LZE% TOThL O9 Fet
W17 11 FF 47 Id de., 18473 RRO_L
Tavta 1 DF 47 id hkl.183599 Zaay ed DI ld B.214
0925 @l Ee 97 id bo,Z0ls TERaY P1 FF S Id bl , 23295
W@t itéa ED BH lddr L33
928 21 ad 40 Id hl, l1&ei34 TaRYE ES pust I
i SRYTE Db nop de

L b push bcoc

WY in JE 1d a, {hl)
SaP51 @b Taé Ld B52 ZaR74 2R dec hl
5l 2RY7Y 81 LF a0 T B, 51
o L A = | Lop af R4 ED RO lddr
2934 77 td (hld.a IRens 12 lo didel.a
SOFIn 23 inc hl 3Ia9g3 E1 (] T
P34 1a FE dirmz feEl T34 14 F2 dinz L33
AFIE AF MO A
TaPIe LF 1d 1.a
P48 24 inc b w584 C9 et

Program 6.18

Note that in these routines extensive use is made of the block
ransfer instructions LDIR and LDDR and that after such
nstructions the DE and HL registers hold the finish address +1
LDIR) or —1 (LDDR). Use is made of this fact to save reloading HL
or DE with specific a address for further program routines. The
ATTR. UP SCROLL (Program 6.1B) for example uses the fact that
after LDIR the DE register holds the address of the ‘START of LINE
24’ attribute and so it is unnecessary to reload DE with this address.
The existing line 24 attributes are replaced with the permanent
sereen attributes held in the systems variable ATTR P (23693).

"o demonstrate each type of movement [ have written Program
6.17 which is available on tape "' MOVEDEMOQ'. Since the program is
1lmost 1000 bytes long it is not practical to hold it all in a REM
statement (this would be more than a screenful) so [ have written it
for use above RAMTOP with start at address 30081 (Program 6.18).
The machine code in the REM statement is taken from the program
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m random numbers (Program 4.1) and is used to set up the
rackground. The program is self-explanatory and calls the various
routines depending on the keys pressed. The attributes are moved
it the same time as the display characters. You can move the
background and the ship diagonally and if two opposing keys are
pressed then the routine is skipped. A return to BASIC is made by
oressing ‘SPACE’. Note that the vertical movement is rather jerky
and not really suitable in this form owing to the transition from one
sereen zone to another. The programs, in fact, momentarily put line
| into line 8 before scrolling line 9 into line 8.

'he screen UP/DOWN - SCROLL and ROLL programs
Programs 6.13 to 6.16) were written in a form that should have
seen easy for you to follow with no subroutines to make them
osition dependent. To give a smoother movement these routines
should be tackled in a different way, that is, scrolling one row at a
;ime, rather than the top line of each row then the second line of
each row ete. as at present. To show how this is achieved I have
rewritten the SCREEN UP SCROLL program (Program 6.19A). As
vou can see 1t involves one subroutine and a sub -subroutine and is
rather more complicated. Perhaps you would like to rewrite the
SCREEN DOWN SCROLL routine in the same form as an exercise
.0 make sure that vou fully understand its workings.

g L3760 238048 2o FI iF nz.ld
R B S 15 I T 1d hl.14784 238068 9 ret

FIVAE LD 81 5h call SECT SECT

23744 EB gx de.hl TTRAT a4 a7 1d By 7
WETAT 21 6o 49 id hl. 184322 A

I778 ES Lt bl 25811 09 puskh B
371 ER 1S 5D call UR 25812 @1 2¢ an ld boc,3Z
2274 El cop hl 23813 ES push k1
775 CD ol 85D call SECT 2ng1&6 D1 cop de
EFT7E ER ey de,hl TIELT av add hl.,.bc
2SATS 21 08 50 Id hl. 2480 23818 ES push hl
23782 ES push hl 2|1 DS pusa de
23783 CD 1S 5D call UF 23820 CD 13 5D Lall UF
G784 E1 pap hl 25822 Di pop de
22787 CD @1 3D call SECT

E7Fe 21 Ed Sa lgd k1, 2a7aa

L4 TIEZ4 E1 cop hl
T pusih hl Z3B2S C1 cogr b
23794 G4 20 id h,32 TIRZA 19 EF dinz L1
L3 23828 C9 et

I
SEADT as of 1d h,H8

IIGLE 385 D8 ld ¢hi), 0 238F1 C5 push bc
F A = e inc bl 2EH5Z ES push kil
2799 19 FB dinz L3 23833 03I push de
"EBal E1R nop bl PEIAT4A 1 Td e 1d b, 52
ZBeZ 24 N ol | 23837 ED Bba Idie
Z80E 7C 1d a.h 2ER57 D1 pop de
"ZBe4 FE 58 co B2 ITIR4A0 E1 pap hl



22841 C1 nog beo

a4 14 inc d
TeadI 24 i b
REA4A4 to FA dinz L2
EBA4s CF ret

'rogram 6.19A

If yvou compare Programs 6.13 and 6.19A you will see that we have
eauced the memory required from 99 bytes to 87 bytes but even this
's not as compact as it could be. To show how we can reduce the
memory and running time still further and give an extra useful
eature we will consider the UP ROLL Program 6.14 which as it
stands takes 117 bytes. At present the program handles each
haracter row, line by line and has the ‘fault’ of temporarily
ransferring row 1 to row 8 and row 9 to row 17. We could rewrite it
mn the lines of Program 6.21 to overcome this problem but let us
consider an entirely different approach that will give a program
only 76 bytes long.

‘nstead of handling the screen one row at a time, we could write a
program that rolls one column at a time. The routine would then be
epeated for 32 columns. This would give a feature of being able to
select which columns vou require rolling either in blocks or singly,
ind what is more. would not require 256 bytes of memory to store
he top row of the screen as Program 6.14 does but rather only eight
bytes for the single top column character. Program 6.19B shows
how this reduction in memory is achieved.

wa S37hO TI748 DS push de

THAFTER & 257865 E| oop hl

TRONERAM 19E DETVG 06 OB ld b.8
b

SCREEN UF ROLL "n” COLLMNS 2RTIE FE 1d a, (hil}
S push af

EARMPLE AL T4 24 inD h

2ETTS 1@ FRE dinz L&
TWILL COLUMNG S TO 14 INC

TRANSFER 7 LINES

ITLR AR 1o &
4

I DE.14&333+3TART COLUMN ZZTTT 084 a7 Id b,7

st COLUMM = 1

2761 L1 ©d da 1d de.i&ZdH P2EITRES push be
JAFEG 21 200 ol id hil ;32

D E.No. of calumns 23787 19 add hl,de
1E7R4 ES push Rl

_ - 3 RARSFER B BYTES

A R T F 1d b,1e

= 23785 04 08 1d b,8

ead adr DS nush de 1

et e e e nugh b 23787 TE 1c E\_.. ikl
"I¥EE 12 1d (del,a

STORE TOF LIME CHR ON STACK DEI7ER 24 inc h
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EZ790 14 vhc o 23E1T 18 FA dinz L3
'EZFF1L 18 Fg dinz L1 2EE1S D wogs e
YIRS D pop O SAIH1As 1B DY jr L4
3T ) oop bo

VS 1w EE FEMOVE CHR FROM STALCK

D FLACE I FOTTODM SCREEM ROK

dimz L2
ICREEM ZOMNE TRANSFER

IFeT 21 Ze0o7 ld hl, 1324

NI
TTIHIE 11 26 a0 ld de, 32
IRGG |9 add M1, de £3821 ED 52 she hi,de
etz e i i ld a.h ZAERZE s od 1d b.B
SHECE FOR OUT OF SCREER 2320 1 pop a4
& BTART OF ATTRIBUTES L3826 VT ld {hld.a
3827 25 dec h
TEe? FE S8 cp 88 23R78 10 FB dinz L.7
TE04 ZH Gl ir z,END
aes B push hl FIOVE TO WMEXT COHLIMM &nD REFEAT
IBOT7 @H o8 ld b,8
* 2380 CL pop b
2809 7E Id a,{hl) b1 D1 pop de
e oy iy ld (el S 2ERI2 IX I T
lf_Hll -__14 inc h & {H ' 3 1U ]:‘li:t d_]‘rh': IE‘F
'IA1T 14 inc d £33ID LA ret

rogram 6.19B

“ou will note that we start Program 6.19B with the DE register pair
1wlding the address of the top byte of the start column and the B
egister holding the number of columns to be rolled. As listed, the
orogram 18 compietely self-contained and can be positioned
anywhere in memory,

“ven this is not the end of the memory saving. Would you believe
hat is was possible to reduce Program 6.19B to just 58 bytes and
aad an extra facility of being able to define the rows required, thus
fving a roll window routine? Well, Program 6.19C does just that.

The memory saving is achieved by checking for the end of a screen
:one using the BIT 0,H instruction. If BIT 0,H is not zero then we
1ave come to the end of a zone and. instead of adding 32d to DE to
nove up one line within a zone, we add 1824 to move to the "first’ line
n the next zone. Using this method we can define how many rows
‘equire roiling by the number of times loop 1.4 is repeated. The start
10W/COLUMN is defined by the display address held in the DE
‘egisier pair (23671/3). To calculate this start address use the
ollowing formula:

6384 + (1824 * INT (ROW/8)) = (ROW — INT (ROW/8)) * 32) +
JOLUMN

n this formula the Spectrum ROW/COLUMN numbers apply, that
s ist row = 0 1st column = 0.
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txample: ROW 17 COLUMN 5
16384 + (1824 * 2) + ((17 — 6) *32) + 5

: 6384
20069
RIS AT A
HAaFTER &
“ROGRAM 190
I RO WD

= XA R
AlLuMes 4 TO 16

+ 3648

WS S T0 L6
TAVLG Al ] |
5] ‘IﬁE,. SCREEN LTART ADDRESR

g COLUMMSROW
ahfol 11 HE. A

I BHoMe of colowans

START ADDRESS

Id d=, 14515

EFA8 A aF b Bys
&

senlbd DS oLmh de
R e (WEWE - T
E7LER DT ricsh e
S i T oop Gl
L e e T 1d b.8
1

g e P Tl fd, il
BB i oLsh at
TRETE 24 inc b
aaiia 19:FER dimz LE
D HuMNo oF Foies-10!

IETTT & ab g S
£

‘rogram 6.19C

"o roll the whole screen DE should contain 16384, the B register
before L6) should contain 32 and the B register {(before L4) should
contain 23. This program is easily adapted to produce UP/DOWN

b 32

t 5

LA
23780
25783

CHFETE

57549
TETRA
2E7d8
F37%1
i
R
BT R
Lz
LA e
A A
LT P
27eE
TETSY
s = el
TR
2786
T |
S
= T
2Ie0E

25809
PR BT
T
I8
a1 a
sag1n
LI A
=518

SCROLL and DOWN ROLL routines.

Mixel movement

“his tvpe of movement for foreground characters is not really
suitable for games programs as it does tend to be rather slow. The
novement is reduced by a factor of eight and if you are checking for,
say, a character hitting an cbstacle then each bit of the character
:;hape must be checked using the machine code equivalent of POINT
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21

19

SUREEN 7LANE

CE
T
21
1%
ES
5 I

16
3

o

el
[#5]
135

1w

ce

a0 L

44
M

22

ks

oy
- Ly

B
0BE

EE

a7

push Do
Id Bl 32
add #l.de

[ HARGE

Bit @, h
¥ el
la 1, 1824
add hl,de

push K1
td b8

el @, (h1}
1d ey, a
ing d

ime b
djnz L3
bop e
oo b
ginz L4
1d .8

dec h
pop af

1d hti,a
dgre LS
por bo
pop de
pap de
ing de
dinz. L&
Pt



2.y to see whether its new position is clear before replotting. So ifa
'naracter is 16 X 16 pixels in size then even if the outside pixel
sositions only are checked this would mean perhaps 100 calls to the
POINT routine before moving the character. This all takes time and
hat means that speed of movement is drastically reduced.
Jackground movement, however, is possible one pixel at a time as
ong as the attributes remain fixed (these cannot be moved one
axel).

Jemonstration program ‘PIXEL DEMO’ is available on tape and
s our first arcade games program, This demonstrates the slowness
T pixel movement and also the fact that there 1s a great deal of
licker due to the background movement. The balloon must be
-emoved from the screen during background movement and a
OINT check made before replotting it. This time delay is
aoticeable but has been kept as short as possible by the choice of
salloon in which only the outline is necessary, thus reducing the
wumber of POINT checks and PLOT calls to a minimum. The
srincipies are the same as in character square movement in that the
z.y PLOT positions are stored as data, a duplicate set of data
1indated and checked, and the balloon erased using OVER 1 and
replotted using the duplicate data. Note that the balloon is able to
move oif the left and right sides of the screen in a wrap-around way.
‘'n fact this is necessary to escape the arrows on the bottom line.

‘or those of vou with colour sets, the program is in black and
vnite mainly because if more than two colours were used the
salloon would change colour as it moved from one attribute square
0 another and perhaps become indistinct but also because it looks
»gqually good on a black and white set.

"he program demonstrates the principles behind left and right
sereen roll in that each character byte is rotated left RLA or right
tRA and. if a bit is transferred into CARRY, it is picked up by the
iajacent character bytle. This will be discussed more in Chapter 9.

"o demonstrate pixel down roll the following program (Program
5.20) will plot a sine wave and draw a line on the top of the screen
hen down roll it until we end up with a very smooth moving black
vavy road’. This could be used in a molor-racing type of program. It
180 demonstrates the method of putting non-integer steps into a
ooD (see Chapter 7).

# FOR a=& T 4#F1 STER #7744 org PRV AD
LOT 1ao-+S5IM a*Z25, 175: DRAK
LaE, o BET a=¢ { on calculatos 2
43 RErM CALL ONE EIXEL DOwN RO
L L37T4E EF rat 49
ey NEXT = detth 14a6 54
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TORE wvalue =
L1

2a7E3 1Y S99
ITALS A1 35 Ok

27a%? ED Bo

STACK 4#F1 { on
23771 EF

aefb 147 58
E7T4 34

b bt i i B — -
Al _'14

27T T4

SUR a—4#F [

carre EF
1efbh 3 Sé6

in DATA

id de,DATA

id be,S
PR
cale )
ratl 449
itnc (k1}
inz thld
e Ahild
rst 44

CHECE 1st MANTISS5R BYTE

OF —ve AMNSWER

23789 23
23781 7E
3782 CB 7F

5724 2o a4

CLEAK CTAHLCLLATOR 14

23785 CD F1 2B
FEIURN TO EBASIC
}Z7aT CR

LEAR CALCULATOR

3796 CD F1 2R
37S ED 38 5D

1A b

sTACE DAaTA a

13796 CD 24 5D

Sa+S5 I A ? T
eaioe EF

—ine

1=R 3 s §

stack 25

iefbh 52 53 72
TN
detb 4
stack 1B

fefh 92 ha 72

atd

izth 15

=snack 179 (Sy)
wih 52 5447 06

AL PLOT migoy

652

inc Rl
1d a, (hl)
bit 7,a

~i

R i I S

—a

call 11249
ret

call 1174%
call ROLE
call STACK
rst 40

23813

£ DE Z2Z
SeveE CHT L

238146 0T

23817 ES

RB1E LY

LD B9 LD C,las
FEZELT @1 54 oe
D DE, +ve +ye

23822 11 a1 el
Akl DRk
S=825% L BA& 24
RESTORE H’L®
SEHZE DR
Z2ZEZ9 El
25838 DY
STADE DATA &

3831 Ch 24 5D

AatH1 /44
SoOTE EF
.tack FI/Z2
aeth 1473

——

Tack 2%

deth S92 57 48
livide
detbh S
adil

defh 10
v Al
R
842 18 AF

“TACKE a SUE
STACK

2Eg4Lq 2) ED QD
2ITE4T7 ED SH &%
PEIES1 a1l 2t o
2IRE4A ED B
2385468 ED T3 &5
"38s0 CY

DAETA a STORE
IATF

dstbh & 0 @ 0 0o
TOWM RO

FeEae L.

TZEad as O
2IHeB 21 PR 57

routins

gk

Ccall g%Zd4

[ =328
push hl
| =

1d b, 120

ld de, 257

call 462
£ 5

pop hi

24K

call STACE
rabk 40

3 L1

1d hi.DATA

ld de, i2345F)
12 hooD

Edie

id (23453} ,de
Fret

id bB,3=
ld w1, 224352



@y 7F
872 F5
3874 10
3a76 2

= O
7 LD
887 21
I8 1]
197 o1
e ED
'<...{ {
AT

T9ag a4

ThAs T

=0 11
AR 1
a1l H ER
Tom o
SES2T 11

Wi P
Rete on
7ol GG

g=% o1
_4
195h Fl
R ST
3 7H

FE
EF
EF
el
B34
(%)
[al%]

FF

-

aF
an
a7
45
(Bl ]
47

Sl

4o

rogram 6.20

1 Ay (hl)

pusb af
Les kil
dinz L3

1d hl,22207
1d de,224467
1d ©,46

call DOWMN
1d hl.,260448
ld de, 2480
ld be,32

Idir

id hl, 20223
ld de.Zad? e
id b.B

call DOWM
1d hl.12400
1d de. 184372
Id bc,32
Ldir

1d hl1,18175
ld de, 18431
ld b.8

call DOWN
1d b,32

ld hl.146415

pop af
Id thll.a
dec hl

22959

2E94 ]

DEIlA
a4
ST947
L
e g
A o
aTeaT
s 2P48
Z57al
b
=954
P ]
235354
i i
555
23960
2R
2I3FLS
PG £
2TRhA

Da9G7

23948
Z574F
2ESTE
23974

25975
_'g: [ T 3
2E57H
LSS

()
Ce

A

L5
al
ED
01

E1l

Ll =
Lo

Ci1
1w
i i
Ca
&
F
D&
aF

ES

ES
al
ED
El
121
Cli

1¢

Cw

FB

LA

el

215

(1=

=

BiE

DA

B

(als]

djnz L4
ret

push b
ld b,7

push bco
push hi
push hl
id bc,32
L ddrr
oop de
pesps Ml
dec h
pop bc
dinz LS
d a.h
ald a,B
id h.a
1d a,l
suty 52
1d Tia
puesl vl

push hi
1d bc,32
Lddr

pop il
pop de
dec h

pop be
dinz DOWN
ret
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The PIXEL DOWN ROLL routine at the end of Program 6.20 has
igaln been written so that it should be easy for you to see the
orocedure necessary. This can be rewritten on the lines of Program
5.19C to pixel down roll a window, at the same time making it
nosition independent’ and using less memory. In its present form it
akes 115 bytes (+ 32 bytes to store the bottom line) but rewritten as
Program 6.20A takes just 44 bytes ( + 1 to store the bottom column

bvte).

ra SI760
"HAFTER &
“ROGRAM 208

W0WN ROLL. WINDOW
= XAMPLE

AiUMMS 4 TO 1@
JONES 4 TO 397

EM LINE 1/7COLUMMN 1=TOF LH.
VA 11 BI 46 ld de, 18831

I B.Colwnns

ETET vs av Id b,7
M S o e nusah bhe
ialbba DS nush de
SATET 1A ld &. (e
37468 FS push af
769 DS push de
AYTR EL pop hl
2RATE 25 dec h

D ByLines—1

‘rogram 6.20A

AL T
£

23774
T
LA T4

377
23788
TETE
24731
s I
L3

TER7R4
T796
23797
23798
23777
23804
25861
23867

TN

[
7E
12
Ot

-
L

=
Lt

B dy
=8
7D

= D&

&F

a8
7C
Cia
a’

1
F1
L
1
135
16
C%

a7l
EA

Zk

o4

e

EA

L]

1d b,3%

pusb hl
1d a, thi)}
ld sdel)ya
nop de

1d a.h
dec h

and 7

b Lol - S
Id a.l

sub =2

1d 1,a
FE T L3
id a.h
add a,8
1d hy,a

dinz L1
oop af

ld (de).a
pop de
pop bc
inc de
dijnz L2

ret

The number of columns to be rolled is held in the B register
before L2) and the number of lines — 1 in the B register (before L.1).
"he DE register is loaded with the screen address of the first column
sottom byte and is calculated using:

LET A = LINE (0 is first line)
LET B = INT (A/64)

LETC = A — (b * 64)

LET D = INT (C/8)
ETE=C - (D * 8)

LJET F = COLUMN (0 1s first column)
ADDRESS = 16384 + (1824 *B) + (256 *E) + (32*(D - 1)) + F
HKXAMPLE LINE 38: COLUMN 3
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A=38:B=0:C=38:D=3:E=6:F =3
A\DDRESS = 16384 + (1824 *0) + (256 * 6) + (32 *4) + 3 = 18051

is this formula is rather lengthy you could write a machine code
srogram to do the calculation for you. Start with the HL register
vair holding the LINE/COLUMN number and end with this
converted to the screen address in DE so that vou may go straight
nto the ROLL routine (or alternatively have a table showing the
‘ndividual addresses of the lines/columns for the screen memory
map.

¥hy not try to write such a routine? It could be useful in many
programs, for example, to POKE characters directly onto the
icreen. If vou get stuck, then Program 6.20B gives one method and
akes just 29 bytes (this would be 28 bytes if LINE/COLUMN were
saced in HL using LI) HL, 034Fh). I have attached the program to
“rogram 6.20A.

Study this program until you are confident that you know how it
works as it will give you a better understanding of the display file.

g 23760 g = k] td &,a

SHARTER & 25784 7D id a,l

'ROGRAM 26R ankiel HA add @, e
23788 oF 1d =, 2

A R L T MDY

LEAMFLE
O By Columns
SO LIMNES TR

INES 56 TO 7% 2E7E9 a4 97 lad b, 7
TEM LINE @ /COLUMM a=TIF LH. SR ERL e cush b
23798 BE peessbe cles
D H,Line 23793 14 ld a. ide)
3/ FS preesby af
EAD DEeTAE 1d h.79 25795 D5 push de
EAYE T pog bl
B L, Column Ehhpeey e des b
E762 2E 43 Id 1.5 L ByLines-1 !
REAEA S P B td B,23
EYA4 11 we 44 Id e, 18384 i
eailEr FC ld a.h PR = L% T B push Bl
TETAR ESH 67 and 7 2EE91 7 1d &, thlz:
ELAe BE [ gt s 2gad 12 lad ddel o
23T S bed dial 2I80E D1 pon de
TFTD I ld a,h 2EEes 0 id a,h
"IFTE EfA Co arid 192
EnTes AF Fra
esira 1F ra TIBesS IS dec b
25T TT AR A 238as B4 ayf and 7
23778 B2 add a.d 43898 20 o8 A it s
Caid? a7 ld d.a A lw 2D Yd a,l
2TYRe TE 1d a.h 23311 D& Lo sub I2
(S7E1T EA&ES and ZiéH 23813 AF Id 1L.a
278F 17 tla wIEL4 BE eq . eak3
y7gd 17 imla 2381s T0 o a,bk
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7817 L4 o8 add a,B

D360 &7 Led by, &
2800 16 EA ginz L1
g Fi noa af
28R 12 1d {de).a
TREc4 Dt mop de
= e Tl | rop be
138245 13 ine de
NERZT 1o DA ding Lz
EBZT 2] Fremt
'rogram 6.20B

These two programs for pixel movement (Programs 6.20A and
5.20B) show methods of rolling the background left/right and down.
will leave it to vou to produce programs to UP ROLL and SCROLL.
t must be remembered that in machine code there is no correct
nethod. Each person will have his or her own personal way of doing
hings, choosing registers, and deciding whether to push/pop, or
itore value ete. and as long as the program works to the individual’s
satisfaction then all is well. Many of the programs discussed so far
nay well be rewritten to save memory or to reduce running time but
n doing so they may not be g0 easy to follow for someone beginning
rogramming.

"here is one more useful ROM routine that is not available from
3ASIC and that is SCROLL n lines with attributes, where n must be
sreater or equal to two (but not greater than 24 of course).

’rogram 6.21 shows the routine being used to clear lines 16 to 24
nciusive (nine lines) by calling the routine nine times. Note that
the number of lines to be scrolled are counted from line 24, This
-outine could be used instead of our user-written one in the
VIOVEDEMO program. The B register holds the number of lines to
be scrolled —1 and then a call to 3584 is made. The bottom line is
werprinted with spaces using colours from ATTR P.

irg 23740

F76E a4 07 1d: b7

4

23742 LS pus=s b
376T 04 B8 5 [ =
‘57465 CD 09 o call Z5ME4
ETAB 1 PoR bo
Z3F6Y 10 FJ dipz L1
SR U 0 et

Jrogram 6.21

“1nally, here is a routine to roll a screen left (or right) by half a
*haracter at a time. This program, although short, is rather more
i1fficult to understand and makes use of the rotate left decimal (or
otate right decimal) instruction. This instruction involves the
1bble-handling of the A register and the contents of the address in
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he HL register pair. RLD transfers bits O to 3, {HL) into bits 7 to 4,
HL); bits 7 to 4, (HL) into bits 0 to 3, A; and bits 0 to 3, A into bits 0 to
;. (HL). Incidentally it affects none of the ‘flags’. You can see from
'rogram 6.22 that this instruction is used on each screen line using
he A register to store the right-hand nibble and to place it into the
1ext character left-hand nibble. The first character left-hand nibble
s blanked out because the A register holds 0 at the start of each line.
\t the end of each line the A register holds the left-hand nibble
vnich will be shifted off the screen. This is used to add to the line
itart byte to give a wrap-around effect. If you required a continually
hanging background you could hold the replacement right-hand
1ibble in data form to be added to the right-hand byte instead of
using the nibble shifted off the screen as above. I will leave the
RIGHT ROLL routine for vou to write (one tip — start at the
seginning of the display file).

g 237 A6 Rotate left a, ehl?
ZHAFTER 4 nibbhle instructian
“ROGRASM 22
2
MLE CHaRAQCTER SODUAKE PREFTL ED &R 1
LEFT ROLL RCUTIME BERFTE2H dec Rl
EF74 19 FH dine L7

ITAG R di
Set line start in de
itart at end of dispglav

i e R o =S 100 1 o e P

SRF7E D] e ole
Ho. af sScreen Lines

it e gresent scr. pos.

I N S T ) o e
i QTTFV OER ai de;hl
23744 EE push b
idd LH nmibhle to
~aset a=i AH bvyle
TR OBL adrd @, (hll
GPRITS TFF bd ihll,as
'E7AT AF ®or 4
Testore sor. pos. rn b
Wi, of bwtes/line
= TR gy de, 1
FI7AE 94 2 o B o O SATET G oo bo
Z2782 16 EE L B s O
store i1line start PEA7eL Fh a1
SR T T B et

IRFVe ED puslt bl

Program 6.22
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=5 MUSIC AND
SOUND EFFECTS

n this chapter we will be looking at ways to improve your animated
sraphics with interesting sounds and ‘'music’. But firstly we must
ake a look at the Spectrum way of storing numbers in floating point
‘orm and also how to convert a floating point number to its
compressed form. If your maths are a little rusty then do not worry
too much about the theory as the Spectrum can help. Put simply,
iny number whether decimal, integer, positive, or negative can be
:xpressed in a five-byte form using a set procedure to define each
svte. The first byte is called the exponent and the remaining four
oytes are called the mantissa.

"he conversion of a ‘normal’ number to its five-byvte form involves
‘our stages as follows:

Express the number in its binary form.

For example 11.375 would become 1011.011
Remember that 0.1 binary = 1
.01 binary = 3
ate,
. Find the exponent.
Vlove the decimal point either left or right until it is to the left of
he first 1 in the binary number and count the number of moves
aken,
"he EXPONENT will be 128 + the number of moves taken.
If the moves are to the left then the ‘moves’ are positive.
f the moves are to the right then the ‘moves’ are negative.
'n our example the exponent = 128 + 4 = 132
ind we are left with .1011011
. Alter the bit to the right of the decimal point to indicate the sign
f the original number.
'f the number was positive then the bit is reset.
f the number was negative then the bit is left set.
n our example the number was positive and becomes .0011011
Find the mantissa.
Discard the decimal point and divide the remaining binary
1umber into four bytes, adding zero as necessary to make up to

32 bits.
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0110110 00000000 00000000 00000000

and then convert each byte back to its decimal number.

\nd so it can be seen that in our example

11375 =13254000

'f by now you are thoroughly confused then, as I have said, the

Spectrum can help. The Spectrum has a useful method (useful to us,
that is) of storing simple wvariables in that they are stored
mmediately after the variables’ code in their five-byte floating
noint form. So all we really need to do is to write a short pregram to
KNTER a number and then PEEK at the variable store to find the
ive-byte form.

S5 a0 TO Seoo s
& REM FROGRAM TO FRIMT

LOATING FOINT FORM 0OF ANY
JUMEER

W FRINY @l 5,05 THE FOLLOWING
HORT PROGRAM WILLFRINT THE FLOAT
ME FORINT FORM OFANY MNUMBER, DECT
TaLl., INTEGER ANDNEGATIVE NUMBERS.

'MTEGER HUMBERS H&

AL THE DECI ML O Qoiaaaaaea ] ADDE
12 TO COMNVERTTO & FLOATING FOINT
dUMEBER BUTHDOT AFFECT ITS VALUE.

WOPRINT " "COMPFRESSED FORM MNUM
'ERS ARE ALSOGIVEN FOR  LSE WITH
SALCULATORLITERAL Z4H (DZ2d) .

1@ FETURM ;
A\@ IMELUT  CHNIMEER:T T AE 9,
‘@2 LET n%= "HIMEER:
A LET bBo= TLOATING AQINT =
L LET ¢ %= " LOMPRESSED rifi &
e LET dJs="[0O"
QaE IF MIué THEWM GO TGO 16@1d
A FRINT nds TAD 9id#; PAPER &350
SEITAE @ide:s"¢r "idEs "G VidEi "o
'TOEs e YsgE;tor
235 FPRIMNT c%5TARE Fidei"d “id$s "
ThHUidE; tan
a7 @l TO 1ea
Al LET R=Rl+. @f@aaaoaoa
GZa PRIMT n$:TAR Pid$; FAPER Ash
@25 FRIMT b%$s
@38 LET X=PEEE Z2&Z7+Z2L4%FEEFK ZT
»28
@49 FOR A=1 T0 5
BiG FRINT TAE S+d4+asdEiFEEK (X+i
Baey NEXT A
@ES FRINT
1978 DIM alsi)
875 LET g=u
@74 FRINT c4s
afe FOR b=3 70 1 STEFRF %
L @33 LET ath)=FEEK ((FPEEEK 23627+2
SHEFEEK 234281 +b)
2984 IF b=2 THEN GO TO 1iod
a9a IF g=0 aAND a(b)=09 THEMN MNEXT
b5



lvd LET o=gtl

11 MEXT b

172 LET o=g-2

125 LET z2=iatl11-84)

12& IF 2r=&d4 THEN GO TO 20006
17 LET g=x+ig#*&hd)

Ll1ag FRINT TAE Fidsses

D150 FOR =1 T gl

C1daa FPRINT TaB P4+bh#4idsiadliHag
176 MEXT b

[Bvr FRINT

L7¢ GO TO 166

Taend FPIRINT TAR @idée:o=24:TAE 135:8d
Grall)—BE;

Bid FOR b=1 TO g+l

Ao PRINT Thabk 13+bwdsdesiail+bis
A MEXD b

g0 FRIMNT @ GO TR 180

SO0 DATA 24, 79,5, 2,570 THE TaAF

F=

e DATA 15, 147,77, 4, "RUMBERS"
200 DATA 15,170, 2,4, "
258 DATA 24.15.1,2. "FRESS ANY KE
¢

Soads DaTE 31, 170,12, "INSTRUCT LON
jl

vagn DORDER 4: FaEER & The e CL
5

1A LET e

=5t REETIRE S

zlaet FOR =1 70 4

~ape INE ar GO SUR Boea

= AwE FAUSE S8 MEXT =

240 FAlSE o DLS

S42¢ INME Z: GO Sl Baae

4530 INE ©: FAFPER 7: GO SUE 1@
g REDTURE D290 IME Z2: GO SuUB
FEAR

BOS TF IMNMEYEC:"" THEN GO TO 70
13

g IF IMNEEYs="" THERWN GO TO 7od
&

L5 o = - {0

490 READ Hs.v,llaw.a®

A1 LEY c=LISR 32335

200 RETHIRN

7998 CLEAR Z2X34: LOAD “"udgs"CODE
J9FR "an, 1&E: LOAD ""CODE = GO T
o 18

PR BOHVE "NUMEBERSY LINE 9$9%98: S5A
‘B vudags"OODE USSR "a",168: S54VE
ORGEYCODE I2335,2483

Z3aE S A NiLcholls

‘rogram ‘Numbers’

This program is available on tape with colours held as part of

trings n$ b$ c§ and d§.

‘When RUN, the program will print the five-byte floating point
ana compressed form of any number. The compressed form will be
aiscussed later. Note that 0 is treated as a special case in which all
bytes are 0, and also that 0.5 and ; give different results.

0



}v now you are probably wondering what this has to do with
nusic and sounds. The answer is that the BASIC BEEP command
nakes use of the calculator stack and any number stored on the
stack must be in its five-byte form.

We can now look at the method of converting the BASIC
'ommand BEEP duration, pitch into machine code. This entails
stacking the value of duration and then pitch in their five-byte
‘orms on top of the calculator stack and then calling the BEEP
‘outine from address 03F8h (1016d).

If we take, for example, BEEP .1,11, then using the NUMBERS
rogram we can convert .1 and 11 to their five-byte form:

1 =125 76 204 204 204
1=13248000

¥e must now find a wav of stacking these ten bytes consecutively on
he caleulator stack. One method would be to find the start address
Lo which the DATA must be transferred by PEEKing at the system
rariable STACKEND and then to use an LDIR instruction as shown
n Program 7.1.

Fo EE7A 2add2 BENES 6% SEhd (23 a5NY o
cHAFRTER 7
TROGRSH | (= I ) 2 =
A e et S

[MND =P ACHEND 3774 CD FB 6Z call 1814

calig L9 =

Tead ED BB &F5 S 1d de, (234530 nath
Y B B O - ] 14 BF1L.DATA 2.1 (5 byvte formi

TEAET v wfA ha 1d bo.le clefh 129 7& 284 04 264

AT e ED BOQ 1dipr

i 0% byte farml
IPINTE STACEENI defh 132 4B & 0 &

Yrogram 7.1

'he RESET is needed to reload STACKEND with the new
iddress of the top of the stack. Remember that LDIR ends with HL
and DE holding the address of the last byte transferred +1. The
BEEP routine when called from address 03F8h takes the top two
ralues from the stack and manipulates them to give the required
auration and pitch. The stack 1s thus reset to give a safe return to
BASIC.

inother method of stacking integer numbersis to use LD A,n and

ALL STACK A subroutine 2D28h (11560d) for numbers 0 to 255,

v LD BC,nn and CALL STACK BC subroutine 2D2Bh (11563d) for
wumbers () to 65535, Program 7.1 could then be written as Program
1.2
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g SRT6E PTFIZ ED ST &% SC bd 123453).de

SHAFTER 7 REFTH TE OR 1d a,11
EOGRAM 2
AEER: =1Ly STANE wvalue a

SR Bl et ol 1 ceall 1 ESH9
“IND STACHENME

Rk L HEER
rodhe EDoSH &5 50 1d de, (23853
22704 21 EF S0 1d hl.DATH 23781 LD F3 a3 call 1mia
TIFAT 81 05 aé 1d bo.5 S37E4 0D Rper
IIFTR ED B lolir naT o
1.1 {5 byte Forml
FDATE STACEIEND Adedh 1HS 7éa Tad Tead 2Had

Program 7.2

.astly, for those who wish to take floating point numbers one stage
urther, we can convert them to their compressed form and use the
calculator literal 34h (52d) to stack data in this compressed form.

"he stages for converting five-byte floating numbers are as
ollows:
Starting from the fifth byte, remove all zero numbers until a
non-zero number 1s reached or until the second byte is reached.
The guotient is then the number of remaining bytes less I.
5. Subtract 50h (80d) from the exponent and, if the remainder is
sreater than or equal to 40h (64d) then go to instruction 6.
Change the exponent to (exponent —~ 80d) + {(quotient * 64d).
5. o to instruction 7.
The exponent becomes two bytes. The first byte is the quotient
*54d: the second byte is the exponent — 80d.
Place the remaining bytes after the modified exponent byte(s).
"o convert a compressed number back to its five-byte form then
he following stages are taken:
.. Divide the first byte by 64d.
. If there i1s a remainder then the exponent will he 80d +
-emainder.
If there is no remainder then the exponent will be 80d + the
second byvte.
The quotient is used to find how many extra bytes follow the
exponent. The number of extra bytes is the quotient + 1.
\8 an example 11 = 52 48 in compressed form.
12 divided by 64 = 0 remainder 52
juotient =
urther bytes = 1
\s there was a remainder exponent = 52 + 80 = 132
- further byte specified = 48
Make up to 5 bytes with 0 0 0
S0 5248 =13248000
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Again if all this is too much for you at present then the
NUMBERS oprogram will do all the converting for you. Using
compressed form numbers BEEP .1,11 can be converted to machine
code as shown in program 7.3.

QL

g [

HEFTER 7

ROGR

EEF

AT

1,1

1

ISE CALCULATOR

I e

i TACK

defb

EF

@1

= o |
e,

(COMF.

237

T

Program 7.3

204

Fet 40

FORM:

204 204

BTACK 11

eth 34

BEEF

CCOME .

23771 CD FE a3
N B

FORMI

call 1814
ret

in Program 7.3 RST 28h (40d) calls the CALCULATOR routine and

defb 38h (56d) is the END CALC literal.

The FANFARE BEEP for the ‘CROSS’ program is a combination
of all three methods, namely, holding numbers as DATA, using
stack A and using literal 34h (52d) to stack compressed form
numbers. In this program it is fortunate that the mantissa bytes of

the compressed form of decimals .1 .8 and .05 are the same, so that
the exponent byte only needed to be stored as DATA.

REM CHARPTER 7
' REM FROGRAM 4

<EM FANFARE EBEEF

Q
%
o
e
a4

1,.05,16,

FOR

a=1 TO B

READ b.c
BEEP b,cC

NEXT
DéaTa

W LE760

CRTAeD
P72
JOaF

2ATES
ITLEE
il )
774
A |
rRIT2
efh

ah
21

/E
32

—_

CS
ES
EF

=~
b= 1

-

= b e

a7l

a1

DE

aC

Program 7.4

1,

1d b.7
1d hl,DaTAa

1d a, (hl)

11,.8;18;.
.05,11,.05,14,1,29

a5,

ld (VAaLUE) . a

inc hl
pLsh b
push hl
rat 44

Ta4 Ze4 204 56

Val UE

defh @ 74
23780 EIl
23781 JE
23782 ES
2EI7ET CD 2@
23784 CD F8
23789 Et
23790 Ci1
25791 23
23792 10 EX
23794 TE &1
23795 LD 28
23799 3JE 14
238&1 CD 28
23804 CD FB
23887 C9
DATE

detb 237 11
defh 11 23&

pop hl
ld a. {hi)
push hl
2 call 115489
UL call Lols
pap hl
pop bc

inc Rkl
dimnz LDOF
1d &,i

2D call 115&@
1d a, 2

2D call 115&0

L5 call 1atis
ret

237 11 240 16 2546
16 2346 11 23456 14

3



S0 far I have shown you how to convert any BASIC BEEP
-ommand into machine code. This is fine for ‘'music’ but will not
oroduce anything like a decent sound effect. For this type of sound
we wiil need to enter the BEEP routine at a different point, 03B5h
949d). After the values for duration and pitch have been removed
rom the stack theyv are manipulated and end up with “pitch’ in the
‘IL register and ‘duration’ in the DE register. So a program could be
vritten to give a falling tone by incrementing the value stored in
HL and calling the BEEP routine repeatedly in a "FOR/NEXT loop’.
This can be achieved as shown in Program 7.5.

i EIT LG CAalLl PEEF

HAFTER 7

“ROGRAM S 2377¢ CD B 23 call 47
S s | oop BbC

SMLND 1 ¥E774 Et pop hl
S Ta 25 inc hil

IV Aw ws FF Id b,255 2arTe 18 3 dijne LOOF

3 AAE 21 @l s Yl Rl

Walaly

2E57hS 11 ol Q6 ld de. 1 53778 09 ot

"Z¥468 ES oush hi

374F C5 pash be

*rogram 7.5

‘ou will notice when Program 7.5 is RUN that as the pitch
sradually changes the duration also changes. This is because the
duration is in fact a function of both values in HL. and DE registers.
T'o even out the duration we must decrease the value held in DE as
‘he value in the HL register increases. So we arrive at Program 7.6.

g 23760 25579 ES push bc

HAFTER 7 Z23TTL CDO BS @2 call 947

*"ROGRAM & 2E3774 C1 pop b
XZiia Bl pop h!

iBUND 2 Z2uRTTH D1 pop oe
ELEE 25 inc hl

TRV G&G a5 44 1d b,10a 2E778 1R dec de

ET6Z 21 81 ag la hl.1 2EFETE 1e FES djme LOOF

3745 11 &5 @e id de, lal

JOGF

- e B push de 25A8L EYQ et

¢376T ES push hi

'rogram 7.6

‘We have one last method of producing sound from the Spectrum
and that is by sending ‘signals’ directly to the speaker switching it
high or low in the same way as the ROM routine does. There seems
little point in using this method for musical notes as we would need
Lo know the frequency of the high/low switching for each note and
vould in fact duplicate the ROM routine. However it does have a use
'n games programs for producing a ‘white noise’ type of sound for
explosions etc.
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“he instruction to communicate with the speaker is QUT (254),
y\. This instruction controls not only the speaker but also the
emporary border colour in the following way:
If bit 0,A is set then blue is on.
If bit 0,A 1is reset then blue is off.
. If bit 1,A is set then red is on.
f bit 1,A is reset then red is off.
. If bit 2.A is set then green is on.
f bit 2,A is reset then green is off.
4, If bit 4,A is set then speaker is ‘high’.
f bit 4,A 1is reset then speaker is ‘low’.
"ou can see from the above that if bit 4 were set and reset at regular
ntervals then a note would be produced dependent on that interval.
To produce true white noise we would need random interval
witching but this would mean a lengthy routine to produce a
random number and check bit 4. A each time causing a ‘long’ pause
between switching. We must therefore find a quick method of
roducing ‘random numbers'. This is not as hard as it sounds, for we
are only interested in the state of bit 4,A and for our purposes the
t{OM bytes are random enough. With this in mind we can write a
program to look at each ROM address in turn checking the state of
yit 4 of the number held in that address and thus switch the speaker
1igh or low accordingly.

wra 23760 23771 oa g

TEAG 1 od oa id hl.o 237 T2 9d nop

1 23773 B3 FE out (254,353
23765 TE Id a, thl) 2ETTS Y nop

ETAHE o0 nop 23778 23 inc Qi
carhs DY EE out (254).a 23T T Id a,h
RTAT oo nao 25778 FE 3E cp &

3748 o0 noo 23786 20 ED i gl ] I |
_E2749 DT FE aut (2541 .a 23782 .9 ret
rogram 7.7

“here are several points to note in Program 7.7.
The three QUT (254), A instructions and NOPs give a set delay.
"ou may like to remove or add more and hear the effect.
The length of sound is governed by the CP 64 instruction. If this
vere reduced to say CP 40 the length of sound would be
amiiarly reduced. Anything above 60 runs into an area of ROM
vith not so random numbers. Try it and see what happens.
The border colour is also temporarily affected as bits 0 — 2 are
also changed at random. To keep the border the same colour you
vouid need to replace bits 0 — 2 with bits 3 — 5 of the value held
n the systems variable BORDER.
f vou want to experiment with producing music by this method
then remember that the ROM interrupt routine is called 50 times
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per second and will upset yvour frequency so you will need to disable

t (DI) before your routine and enable it (EI) afterwards. This in fact
s what the ROM routine does and explains why youcannot BREAK
1 BASIC program during execution of a BEEP command.

leave the rest to your imagination and ingenuity in altering the
raiues held in HL and DE registers to produce wonderful and weird
etfects. but to give you some idea of sounds possible using the above
nethod the tape contains a Program SOUND which has five
different sounds accessed by pressing keys 1 to 5. The flashing
border does give an extra dimension to sounds 1 and 5 and is very
imple to program.

Jne last point — do keep sound effects as short as possible since
hev do halt all moving graphics during their execution. The best
»iace for sounds is in delay loops used to slow down the moving
sraphics.

JOUND!

Press Eeys 1 1o 5 (or joundgs)
EPACE will (dturpn 10 BHS LG

2 REM 7 RETURN RUM GO SUB X F
~INT THEM G TO 71 LET PRIMT THEN
] TO 131LET PRINT THEN W TO D1
ET FRINT THEN 0 _1 LET FRINT

HEM g TO [J LET T -BTEF £Y7 RE
URN @ GO0 SUE X THEMN GI:="7

OR 'd?
SrINED 2:PAFER 7:BORDER 4:CLS
W LET u=14: LET y=10®: LET W=l
LET h=4: LET a%$="5STOF THE TAFE"
@ PAFER B8: RANDOMIZE USSR 323973
W PFRINT o aT G, 2 "FRESS ANy k
¥ TO STRART™
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5@ FAUBE ©

a LLE

7@ LET n=B: LET w=173: LET w=D1

LET h=15: LET

39 INK 2: RAMDOMIZE USSR 30393

a%="SOUND ' "

O FRINT AT 17,21 "7ress keys

: for sounds"

L}

1

28 PRINT AT 21,353"5FACE will re

urn to ALY
Tl RANDOMIZE
=28 CLS
S8 LET w=l2g4:
LET w=1l: LET
e GOTLE &5
48 RapDOMI ZE
S0 5STOF

LISR 237 &0

LET y=lo&: LET h=%
af="To re RLM ente

LIGR F2393

PR CLEAR 3I2TI4: LOAD M"CODE

] TO 25

1999 SAVE. "SOUNDS!" {TNE 9998: 5

"LARGE"CODE 32330,24685: S5TOF
Z36 2 S A Micholls

Mg Tl
STERT

aiae 61 FE FF
a6 ED B
naas E5

27688 CEB 47
SA7sE CO e 50
Fxi7l Fi

ST AT A

2EFTS CB 4AF
3775 CC 29 5D
=778 F1

iy B =

JI789 CR 57
ae7gs CLC 44 SD
R7BS FI

ITBRA FS

LL7w7 LB SF
£378% CC BF 5D

3792 F1
23793 ES

Z7F4 CB AT
radghs CE 7B 5h
IPRe F

thPer SE af
IEON CD oSE 2%
“EHeS a1 FE FF
SRR D TR
CEIHE1G OB AT
?3812 C8
23813 18 09
EEF
2381 o A2

1

IR17 o

‘818 21 =24 o0
TEE21 11 a0 o
‘o4 ES

cEE825 7D

13EZ24 E& 87

td bo, 47486
in a,f(c)
oueh Al

Bit @,a

call z.BEEFIL
gop af

push atf

bit L,a

call z.BEEFZ
pop =af

oLsh af

bBit E.a

call z,BEEF3
nop Af

owugsh af

bit 3,a

call = ,BEEFR4
oop af

puah 3+

bit 4.a

call z.PEEPS
pop af

1a a,rt

call BgLw

ld bo, 337448
In A, (o}

it iG,a
ret =
iy START

Lo bra 30

push bc
Id hl, 1o

ld de.ld
push ht
ld a.l
and 7



EE28  ED
i RN e I
2R354 B
23835 11
2IET8 AF
3835 ED
2784y FC
TTE47 BS
SaEaE 7a
2R4T Ci
‘TEAL 10
;aE48 CF
(EE-E
aE49 1
a5 7E
TOET A0
Sgod DA
AHSS af
TTEST G0
Tlelok DO
TIHAO an
THE L
crda? DX
TELL SR
ZAeDT O
FABSE DE
EBE&EB @0
TGS 23
A v
‘2371 FE
BRI Ze
ZEQ7S CY
dE A
2ABTE B
b

'FEIE 5
2ZE7Y 21
A

TEEARD 11
JEABEG LS
TRABRS D
(IER8Y EI
JEE9e 11
caETE 19
ght=LF v
caB95 FE
2397 2@
B9 T
TARGO 1e
caThs CF
LEEF4
RS IR € P
&

“396EE 5
SoF0s 2]
i

TEmaw 11
rEETE B
2ERE1LE D
c3Fils EL
st 17 AF
TTRIE 11

78

FH
| ]

EE

caE

EE

FE

FiE

2L
ES

5]

@4

EF

EQ

aE

a5

a1

i

bon b ]
e

4 e

£

CH

G

(4

Qe

call gBRE?
call 4%
Lop Rl

Id de,le
Har a

sbc hl,de
i1d a.h

(Ll |

i REaelld
oop b
dijnz L.1
ret

(R i L

ld a, (hl)
=]

out (Zd) . a
neoif

(g [l

out (254, a

o
nop

aut (2543 .4
(i w]]

nop

aut (2540, a
o

inc il

ld a.th

e e

b -
ret

| 5 O

*
push bo
bd kKl .56

ld de,1@
push fl
call 749
oop hi
ld de, 5w
add hl.de
ld a.h
a4

i nE.l.d
pop bc
djnz LS
ret

ld by 1o

push bc
ld hl.1a24

ld de, 1
push hl
call 4%
nop bl
aOr a

Id de,1&



it

LTomeT

p=pe.
el i
RAT
e st =
IO
SEEFS
O]
_H
TR
53T
DT
AT
Saw4qY
5473
"ET44
R
TEF4E
‘?
3950

Rl |
L
AT
A
ZRaw
TAPL S
TmPh
LEFLT

IP6Y

“rogram ‘Sound’

ED
70
B
20
|
1o
cC%

CI

8
E&
=0
=1
it
CD
L |
19
C?

LR
ki

L
a5

s

FAa

wd
2H
Fa
i
ES

ELD

£l

Cre

e
in A

o |
e
5

sbhe hl,.de
ld ash

ar 1

ir N, LT
oop be
dinz L&
ret

1d hl,1

1d de, 5
oush hl
call 4%
oocp hl
inc hl
1d -y
Cp
i s LB
1d b.256

=

o 3R
LR

push B

1d a.t
and &
call HET9
id hl,46Q
id de,!
call 949
pop ho
djnz LT

ret
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O ATTRIBUTE, SCREENS$
O AND POINT

is you may know if you have tried BASIC games programming,
here will come a time when you will need to find the characterin a
particular screen position. This is useful for example if checking
that a missile has hit its target or that you have landed on the moon.
n BASIC there are three methods of doing this, namely:
\TTRIBUTE which checks the INK: PAPER: FLASH: BRIGHT
state of a character square and returns a number from 0 to 255.
SCREENS which checks the character in a particular square (but
only characters CODE 32 to 127; the rest returns an empty string).
POINT which checks the state of a screen pixel: 0 = unplotted 1 =
slotted.

All three above methods are available in machine code by calls to
:he particular ROM routines.

ATTRIBUTE (line, column)

The machine code routine — call 9603 — requires the line number in
he C register and the column number in the B register. The value of
the ATTRIBUTE after the routine is called ends up as the top value
m the caleulator stack. The value of the ATTRIBUTE is made up in
he following way:

Talue = 128 * (FLASH number) + 64 * (BRIGHT number) + 8
“PAPER colour) + INK colour

"ou can see from the above formula that the value has a range of §
0 265. and so may easily be removed from the stack into the A
egister using the ‘CALC VALUE TO A’ routine — call 11733 — and
hen checked by a CP n instruction.

“rogram 8.1 shows the above method used to PRINT AT 0, 20;
PAPER 1: INK 7; FLASH 1; CHR$ 144 (which has been redefined as
3 manj. The program then checks each screen position, shown by a

sign, until it finds ATTR value 143 and then returns to BASIC.

ra ZAS50 227460 ED 5B TR BC 1d de, (ZT473)
HAFTER 3 VA4 D) 42 G0 id hl . DATAL
“ROGRAM 1 ZETAEY 21 683 oo g be,8

UEY74 ED BG idir
yWTTRIBLUTE DHECE

“l.LEAR SCREER
ET LR LIDG

30



raldE SE B2 1d a.? 23832 32 42 5D ld (COLb,a

EFY4 CD el 16 call 5435
2777 ED 4B 4D call 2435 GET COLUMNAUINE IR 3C
ZTHEe ZE a2 ld a,2
'3 CD @1 146 call S58335 23835 ED 4B 3F 35D l1d be, (LINED
ALl ATTR, %
SET VALUE IN A
RINT D
PEE3T CD B3 23 call 9683
B7ES 1L 2E 50 1d de.DATAL 23842 CD DS 2D call 11733
7R Bl 16 &g ld bec.1&
‘w71l CD 3C 20 call =232 CHECE. IF 1435
ET OVER 1 23843 FE 8F cp 143
2ETR4 FD 5& 57 @3 1d (iws87) .3 MOVE TO NEXT POSN.
FESET 'START AT 0.a 27847 2o D1 jr nz, L1
ET9E AF WO A RESET OVER &
ISR 32 46 5D ld (COL),a
‘RINT =
JTH4% FD 34 57 €8 1d (iwv+BF) &
) 2EIESE C9 ret
SaEe2 11 3E 5D 14 de.DATAZ
SgeS a1l o4 oo l1d be,4 FEINT UDG DATA
ATAl
3868 CD 3C 2e call B252 defbh 22 @ 20 17 1 184 7 18 1
iefh 144 18 & 17 7 145 @
iELAY
"RIMNT > DATA
radll 21 FF FF 1d hl,&a3535
2 DATAZ
‘2814 2B dec hl de+b 22
3g81a JC ld a.t L IMNE
TIiEtA BE ar 1 ilefb @
Ta17 26 FE ir na.bkd CaL,
1efbh 8 &2
SEMOWVE
JDG DATA
23819 11 3E 50 ld de,DaTiaz
IEEY Bl B4 oo ld b, 4
iedea CD 3C 26 call 8232
WMTAT
MC COLLUMRM detb 24 153 126 1533 24 35 34 142
FE2E 4 4o SD ld a, (COL)
23B831 2 1nc &

?rogram 8.1

When run, Program 8.1 gives the appearance of a missile moving
slowly towards a man and returns to BASIC when the man is hit.
‘ou could of course have a hit routine instead of the RETurn
nstruction (with sound effects). This method of checking screen
nositions for targets ete. is OK but a bit limiting in that all your
targets must have the same ATTRIBUTE value.



SCREENS (line, column)

As with the ATTR routine the line number is held in the C register
and the column number in the B register before call 9528 is made.
The routine places the parameters of the string on top of the
caiculator stack in five-byte form. The use of the calculator stack to
10ld string parameters is a new idea as so far we have only used it
or holding five-byte numbers. Suffice it to say that there are
-aiculator literals for manipulating strings, but instead of putting
he ‘string’ on the stack their ‘parameters’ are held in a five-byte
‘orm. To put the parameters of the string on to the stack, the BC
egister pair holds the length of the string and the DE register pair
10lds the start address of the string. For simple strings the A
register holds value 0. A call to the routine — call 18929 — will place
the parameters in the correct order on the stack. Similarly the
outine — call 11249 — will take the last *value’ from the stack and
rlace it into A,B,C,D, and E registers; again BC will hold the string
‘ength and DE the start address.

'rogram 8.2 shows the routines being used to print the character
« at SCREEN position 0, 20; and when run will end with two @s at
), 20; and 0, 21;. Instead of the PRINT STRING — call 8252 — we
ouid have used LD A.(DE) to check the actual character in position
), 20; and then to take the necessary actions.

Towever there is one limitation in the BASIC SCREENS routine,
ind that is it will only find characters in the range CODE 32 —
JODE 127: anything else will return an empty string. This in effect
1uies out using this method for finding UDGs and in BASIC thisisa

oig handicap in games programs. In machine code this is no problem
1s there are ‘quick’ ways to fool the ROM and place the UDGs into
he character set. The svstems variable CHARS — 23606/7 usually
1lds the address of the start of the character set —256, that is,
5360 and is used by the SCREENS$ routine te find the character.
We could set this variable to point to the start of the UDGs —256
sefore the SCREEN$ call is made (in effect making UDG *A’ into
'ODE 32, UDG ‘B’ into CODE 33, etc.) and then reset it to its
wrmal value afterwards. In this way we can check through the
IDGs to find the character we want.

W g 237 E0 2ITED CD 91 14 call S4&33
HAFTER 38 237865 CD &B @D call X435
ROGRAHM 2 BETLE DE o2 led &. 2

ETFTe D a9l 14 call 5433
CREEN® (@,20)

PRINT AT .76 @
SLEAR SCREER

cofia S 1& la agd2
Aal SE aF g &, 2RTTS DF Fst 14

32



37 T7h 3E 90
3778 DY
37T SE 14
781 D7
L3782 IE 4o
3784 DY

ALL SCREENS

2A7EN 64 14
T7B7 oE oo

Program 8.2

ld a.o
I"St 11‘:r
ld a.20
ret 1é
1d a.b4
ret 1é&

1d b.20
ld c. 9

25789 CD 38 25
CALL °VALUE TD A.B,C,0,E
23792 CD Fi 2B 11224%F
AL PRINT STRIYIRMG

Call gQoel
L3798 LT el

Program 8.3 is in effect the same as Program 8.1 but this time we
are checking for CHR$ 144 before returning to BASIC.

g 23836
HAFTER &
'ROGRAM =

CREEN$® FOR UDG"™ s

SA6e TO 23B33
AME AS FPROG. 1

e T CHARS.
TETs 2A TR oSO
2839 25

nhEda 22 T4 5O
HECE, SCREEMNS

'T84% CD 38 23

*rogram 8.3

T UG s -~ 206

Id bl

dec h
ld (2Z&66048) Rl

(23675)

call 99528

25844 LD FI1 2E call 11749
CHECE. FOR CHHE® 32

LE8. CHR$ 144 (UDG "/
23849 14 lg a, idei
27858 FE 2o  ae] o G
FESET CHARZ. TO MORMAL

238502 Z1 ov IS0 1d hil,1336@
e R L o 1d 1236851, Kl

REST OF PROGRAM
a5 FROGRAM &

2EEAT T END OF DAETAZ

You could of course copy the character set into RAM and keep
CHARS permanently pointing to the start —256. In this way you
can forget the UDGs and redefine any character you wish in the new
et (leave the alphabet and numbers unchanged so that text will be
anaitered). This method will allow about 50 redefinable characters
I you limit yourself to using text in upper case only and a minimum
of punctuation marks. The SCREENS routine will recognize these
characters as they will appear in the new character set.

there is one very important point to note when using the
calculator for string manipulation and that is that use is made of the
vorkspace to hold the string and/or the result of the calculation. If
his workspace is not cleared regularly then you may find that an
out of memory report will suddenly appear in your program for no
apparent reason or, worse still, the workspace will run into your
nacnine code routine and your program will crash. In practice it is
idvisable to clear the workspace each time the SCREENS routine is
cailed. The ROM routine — call 5823 — will clear the workspace for
vou (and also clear the calculator stack). So Program 8.3 should
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nave call 5823 after LD A, (DE) but remember to save the valuein A
sefore the call.

POINT

"he BASIC POINT x.y, returns a value of 1 if the pixel x,y is set
that is PLOTted) or 0 if reset (PLOT OVER). The machine code
-outine — call 8916 — requires the x coordinate to be held in the C
-egister and the y coordinate in the B register before the call is
nade. As with the previous routines the result ends up as the last
ralue on the calculator stack. and, as this value is either 0 or 1, we
:an unstack it into the A register to compare it to a required value.
Program 8.4 shows how this is used to check sereen position 0,175,
hat 1s, the top left-hand corner. It first prints a black square at 0,0;
hen returns to BASIC as POINT 0,175 = 1. Use is made of this
‘outine in the ‘balloon’ brogram to POINT each of the balloon plot
positions before replotting the balloon. If the routine returns a
raiue of 1 then the HIT routine is called.

arg GE7 RO 2I7TG LD @l 16 Call S&633
SHAPTER B8 23773 3E &F ld a, 143
"ROGRAM 4 LA i I rat 1é4
SOINT sty 2T776 BE 90 1d c,@
"E778 06 AF id b, 175
el AD JE a3 ld a,Z 23780 €D GE 232 call SFLa
3762 CD @1 164 call 5633 23787 CD D5 2L call 11733
TE765 GD &E ab call 3435 23786 FE 91 cp 1
I76E BE 02 Id w2 23766 C8 ret z
rogram 8.4



9 THE PRINTER

Yot many programs make use of the printer but it can be handy
sometimes to have a copy of the screen (to prove to friends that you
nave achieved the highest scores etc.). So with this in mind we will
ook at the three BASIC commands COPY. LPRINT, and LLIST and
heir machine code equivalents.

COPY

Normally the COPY routine will pass the contents of the first 22
lines of the screen directly to the printer. In machine code however
we can improve on this and specify how many screen lines we want,
ind the start line, so for instance we could copy just three lines
starting from line seven.

“rogram 9.1 demonstrates the method used to copy all 24 lines
since some games programs have the score held in the bottom twe
sereen lines and will not be printed with a direct COPY command.
"ou can see that before call 3762 the HL register pair holds the line
start address, in our example—thisisline 1, and the B register holds
he number of lines required X 8 (24 x 8 = 192).

g 23T A ExXxaMFLE 24 LINES
HAFTER T
“ROGRAM 1 ATTEE 21 a6 48 1d hl, 146384
"ATAT 66 0@ 1d b, 192
AOFPY n SCREEN LINES 23765 F3 di
"A7448 CD B2 OE call X742
IL=8CREEN LIME START 237459 £9 ret
D=l INES = &

2rogram 9.1
LPRINT

This instruction can be considered the same as PRINT with the only
aifference being that control characters will not work, of course, and
hat a different channel requires to be opened before the RST 16
nstruction to send the output to the printer instead of to the screen.
50 to LPRINT “A”, for example, first OPEN CHANNEL 3, LD A,
CODE “A” then use RST 16 to LPRINT it,
Program 9.2 shows the above method used to LPRINT a string of
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:naracters. Should you wish to tabulate your LPRINTing, the TAB
numbper should be POKEd into systems variable PRCC 23680
sefore the RST 16 instruction.

g 25740 23740 11 BF S5C id de,Dath
HAFTER 2 TIEI7ABR 21 11 e id bec,17
‘ROGRAM 2

PRINT STRING

PRINT
radFY CR30 20 call BESZ
JFEN CHANNEL xrTa 09 et
) ) TaTA
S7ad 3B 03 Id a.3a defs This is program 2
2ETLH2 CD &1 i& call S&73

‘rogram 9.2

LIST

\lthough I cannot think of any application in which a listing would
be required in the middle of a program, I have included this because
't is one of the printer commands and very easy to program. All that

sneeded is call 6133. Program 9.3 demonstrates this by assembling
the BASIC program and then LLISTing it.

wra SATAD TarREM org ZIVAO
HAFTER ¥ ag REM 'UHAPTER 9% 'PROGRAM =3 !
“ROGERAM 3 e cREM Y LEEST 8

: 43 REM call &13F

-
LIST Téd REM ret
I7E56 CD ES 17 call &133 e REM F1mash
=TET OO T Fa1@ RAMDOMIZE USE S8000

W CORY
¢ REM STEFP FRINMT WaTe LPRINT
-3 REM go Faan RANDOMEZE ISR 237&0

‘rogram 9.3



< PROGRAM
1 U CONVERSION

f vou have managed to reach this Chapter with a clear
inaerstanding of all the previous ones then congratulations — this
ne snould be no problem. If you are not too sure about any of the
nrevious routines then I would advise you to reread the particular
Chapter before proceeding.

n this Chapter I hope to demonstrate the method of producing a
rames program compietely in machine code using a ‘working’
yASIC program as a guide.

No doubt you have your own method of producing a BASIC
wrogram. Perhaps you have an idea and develop it actually on the
spectrum adding routines as you think of them and ending with a
-ompletely unstructured, but working, program that only you can
ollow. This method is satisfactory but you may find that, if you try
0 amend the program a few weeks later, not even vou can followit. 1
ind that the best method is to produce a flow diagram from the basic
dea and then to add routines as necessary ending with a complete
structured flow diagram from which the BASIC program can be
vritten and perhaps refined with colour, sound, and UDGs. More
mportantly, however, this gives a program that is easy to convert to
nachine code.

The program we shall convert in this Chapter is called ‘CROSS’
ina started out as a program to control a man past obstacles to a safe
1ome. From this idea the flow diagram was produced. This invol ves
he main routine to set up the variables and print instructions and
he display and then a loop to check on the movement of the man and
118 ‘new’ screen position. There are two points of exit from this main
loop:

If the man is hit we enter the HIT routine and check lives; if
here are no lives left the game ends, otherwise we re-enter the
nain loop.

. The HOME routine which also checks the number of homes
1lled and adds spiders or increases the speed before returning to
he main loop.

“rom this flow diagram the BASIC version of ‘CROSS was

wroduced. If you compare the actual program with the flow diagram

rou snould be able to spot the various routines.
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"he program, although very simple, is greatly improved by
making full use of the UDGs, colours, and sound. It does cheat very
siightly by using a machine code routine to roll screen lines left or
right one pixel at a time, but a BASIC version of this would have
been incredibly slow.

The machine code is POKEd into the correct memory addresses
by the BASIC program. This could have been carried out using a
LOAD ‘machine’ code XX, n instruction to load the code directly
Tom tape.

Before continuing with this Chapter make sure that you
completely understand the program workings as we will now work
through it line by line converting it to machine code.
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----k j T i
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S4@ FRINT FAPER 4 CECHCHorersrirHss
B AR AR N AR SR RR R FRnL aun il e e s e Ry
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) i _
1 FRIMT PARPER B, TIME 7, VM e===

- ®

ﬁh uuagﬂuur”f

©4@ FPRINT FAFER 4"

5@ PRINT PARPER 1: IME 7,'" SCOR
e FUEE e Tt MER] EHEER. o5,
b, @ Liyes FRPER L1 INE: 75" HI-
WEORE ¢

aEd LET ol =3 1 ET i =1 el BT
el LET uE=gl

7@ FPRINT FRFER S, IHE S, RT =1,
g e

el RANDDRIZE HSE 2295

98 IF SCREEMS (X2 ,482)= THER
s0 T S5@

a8 LET & : E:
ool 25 =

@ FOR GE s =
BE 25: & 5 5 PE AT

48 LET bEivess=livesz <1= REINT HT
21 16 Livies

e LET =2==20

el IF Lives £:@ THEH 60 FO &£88

7B IF hixscore THEM GO TO 79@

SR LET hi=zitore: FPRINT AT 21,2
T

S8 PRIWT FLASH 1, PRPER ¥V, AT L
b T GRME OUER

PR PRIMT BT 14,8, ABGLREr 93
nE 7 UM EE o i

3489 IF IMHEY $="n" THEHM SANDOMIZ
- LER 2

SER IF INKE- &::"9" THEN 50 TQ &
]

&8 FRINT PRPER S:8T 21,7,

o B 0 415

550 IF x2+<:@ THEN GO T3S 1058

9@ PRINT FHPER 3. IHE S:RAT X1,
1t M PRTHT BT w2, u2 Vg
1828 IF SCREEMG. (19, g+1) =" THEN
D EESTORE S20

bie FOR &= TO @@ BEERE: EFc EEE
Fobe HEXT 3

o B B = ) = S R e T W B NSl = e T e L
IR L Bl P o bl BR B 5 Ll B B B

28 LET nomeskome+l: EET sSCcCrec
core+5@; PRINT BT =21 ,7;,scC0ie

IS IF home <4 {:IMNT ihome 743 THE
4 G0 TO 558

iE@ I homes4 THEM FSREE SE4=25.E
7@ I home =2 THER FQHE I2458 .08

£@ IF home=12 THERN POrRE 32422,
i

25 IF kome :36 THEM 20 T 452

5@ LET a=RHE+30

2R LET a=a+l
L@@s IF 3:231 THEM LET a=09
igile IF =CHEERNS g =" “FHEN &
J T loag

@z IF SLREEME (1@, a+11 = T HEDR
;0. TH lees
CA3E FRIMT RREER 4 AT 1@, 5, s
L8385 REESTORE 928: FOR a=L TG &
iEAD b,C: BEERP Bb,LC HE*T 3
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L@ad S0 TO 458 .
'BE@i?RINT FREFER B IHNK EiAT 22,
v

BES LET xl=x2: EET 4l=

197@ IF IMKEY®<:"1" THEHN GO Td

29
@530 BEEF .@21,33
1990 LET xX2=x2-2: LET score=scor
g+5: PRINT AT 21,7;s5core
1198 LET u2=zuzZ4+ i INKEYS="0" AND u
<2 Z1) - PINKEYS$="39" AND 42::@)
'11@ =0 TO AE7@
ISER DEFIMABLE GRAFHICS :
HE = i
CDE = WRe
= &
3 =i
T HI = gl
L = R
M e
| - -
1= = )
IRE = all
g =
Program ‘Cross basic’
wg 32244 LEFT LIME ROLL
HEFTER 1@
“RIOGRAM >CROSSH LEFT
ZosT aE of Id o8
[ ZASIC 1 M/CODE 13
2271 AF war a
s 22 F2 ES push hi
<IGHT LINE ROLL A2273 11 1F &8 1d de,. 351
22Ta ED 52 =he hl,de
IIGHT AR278 7k e a, (hl)
2244 QE 08 Id &,8
1
2246 ES push hl geadd 47 AgE Bienie
2247 11 IF 96 1d de.,31 sZzga 17 rla
oowe 16 R G TO7RL B4 20 id b,32
s . ey L4
2751 7E 1d a. (hl) <
82282 ED 52 she hl.de washs 7B REtm, v
225 lF A -.-.-2284 rHe rla
chmEe ag TG 1d b, =2 L2285 77 1d (hl),a
- 2286 20 dec bl
2287 1@ FA dinz L4
12289 E1 pop bl
12257 7E 1d a, thi) SR29a 24 inc k
eaag 1F rra =&eF1 WD dec c
2259 77 1d i(hl},.a Seais o8 EX ¥ nz,L3
2260 23 inc hl 32294 €9 ret
2261 10 FA dinz L2
Soa% E1 weE hi START ROUTINE
TEhed 2 ime h
2265 @D dec ¢ H. holds :-
TROLL 70 EA jronz, Ll Lime start for RIGHT ROLL
yooLa 09 rot Line enc for LEFT RILL



SPEED @

A e e
32298 CD o
=I5evl 21 Ba
25324 CD F4
3257 21 89
2510 CD F4a
S251 5 21 DF
2314 CD 2D
SESlT 21 aa
zeaze CD F4

~yT M U I | TR
S ot T S L

2328 CD Fé

12331 21 98

rZomdt I F4

Aave SFIDER
Isgs FRAMES

SEEST 3h: 7S
L2Dae aa
TETAL e
234E 29
TE3AT 0
TRE44 o8
LA4T G
Sy I L
TER47 E&s @2
sendy 28 14
T2EEL 21 40
TET34 Ch F4
2357 21 46
2360 CD Fa
CathT 21 46
TEREe CD F4
2369 18 12
L3

warl 215K
2374 CD oD
ear 218F

2386 D aD
32383 21 SF
Z2ERE D b
&

f2389 21 Bo

£13 1d Hl,.1547%
7 call LEFT
40 1d hl1l,146512
7D call RIGHT
4e Id hl,1&8512
7D call RIGHT
1) 1d hl,l&807
7FE call LEFT
4 H 1d hi, 18432
P call RIGHT
4Lk ld Rl,18432
FAE all RIGHT
48 1d hil, 18432
0 call RIGHT
linme
counter
b B 1d a. (2347F;

Mop

FyCrmy

nop

nop

nop

nop

nop

and 2

pR g ED
48 1d h1, 134%4
7D call RIGHT
45 ld hl, 18494
70 call RIGHT
48 1d hl, 18494
T zall RIGHT

jir L
12 id hi,18527
TE call LEFT
45 Ig hl. 18927
T call LEFT
48 ld hil,18527
7E call LEFT
4 ld kl, 18568

FZ5F2

R
A24e1
T24a4
Ryt 150
T241
RIRE B
Aodt A
RE2419
Jadd

2425

SFEED

g el
2AZD
TL430
2458
2441
Fadd44q
32447
Bl S L

SFEED

S5
H2404
e )
L2440
EL4LE
S2484
kb

SFEED

g TG
2473
TGV
n2479
Ta48
L2485
SR4HE
32491

22454

CD
21
]
21
Ch
=t
CD

L5
e

ED

T
L

cR
£9

o
21
ch
21
CD
CD
EY

21
CD

CD

b
r=

Ch
oy

L

21
CD
zZ1
Co
21
CD
21
cCh
C?

rogram 'Machine Code for Cross basic’

Machine code conversion

3ASIC LINE 2p

Fa
Co
ka4
Ca
Fa
1F
al
LF
a0
e

o

Hi

Fa
Ca
Fa
1F
(=
S5F
=14

Brpr

53N
B
F4a
il
F4

b
DF
a0
=L
Fa
Cé
Fa

70
48
A0
s
7D
it il
TE
=4
7E
e

JE

44

70
18
7L
Shed
7E
Lo

E

4
TE
46
70
L
Fi s

Ei ]

-
)

e
TE
45
70
48
70

call RIGHT
bd hl, 18424
call RIGHT
ld R, 1858248
call RIGHT

id hl,29511
call LEFT

1d h1,20511

call LEFT
ld Bl . 20575
call LEFT
et

1d hil, l83&6

call RIGHT
id hl, 1858249
call RIGHT
1d hil, 70511
call LEFT
1d hil 20575
call LEFT
ret

1d hl, 15479
call LEFT
Id hil,1&512
call RIGHT
1d hl, 18432
call RIGHT
Feat

1d hl, l&ad7?y
call LEFT
1d hl. 14684807
call LEFT
lg hil,1854a
call RIGHT
Id hl.18424
call RIGHT
ret

"his will not be necessary in the final machine code version because
.here will be no need to reset RAMTOP to protect the machine code.
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BASIC LINES 25 AND 349

"his is a subroutine used in the HIT routine and in machine code
his will be placed with the HIT routine. The subroutine is placed at
he start of the BASIC program to reduce the time that the
Spectrum takes to find it. When a subroutine is called the Spectrum
starts from the beginning of the BASIC program and works through
he line numbers until the required routine 1s located. You can see
hat it would take longer to find if it had a high line number thus
ncreasing the time taken to carry out lines 780 to 730 which call
his routine at least 22 times.

3ASIC LINE 44

n BASIC it takes several seconds for the Spectrum to ‘LOALD’ the
nachine code and set up the UDGs so this message is displayed
iuring that period. In machine code, however, this is instantaneous
ind the message is therefore unnecessary.

IASIC LINES 50 TO 144

This is the routine to POKE the machine code ‘ROLL RQUTINE’
nto memory addresses 32244 to 32494, and again is not required in
nachine code as it will automatically be correctly located along
vith the rest of the machine code program.

IASIC LINES 150 TO 279 SET UFP UDGS

"his is the first routine that will need converting. We could of course
15e SAVE ‘UDG’ CODE USR'a’, 168: LOAD'UDG CODE USR ‘a’,
168 but this would mean saving and loading two sets of machine
code routine, namely the main game and the UDGs. In order that
he machine code will easily fit into the 16K Spectrum we will begin
he machine code program at address 5DC1h (24001d). As with the
3ASIC we will hold each byte of the UDGs in DATA form and read
hrough this DATA transferring each number to its correct place in
he UDG area of memory. The simplest method as you will see is to
15e the LDIR instruction. The DE register pair is loaded with the
aadress of UDG start as held in the system variable 5C7Bh (23675d)
ind the HL register pair holds the address of the start of DATA,
toutine DATA = 5DC1h to 5E68h and machine code routine =
5E69h (24169d) to 5SE73h (24180d). Note that the routine is called
asing RANDOMIZE USR 24169 not USR 24001 which is DATA

start.
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SASIC LINE 283

'his is a simple printing statement and is easily converted to
nachine code using the print DATA ROM call (203Ch — 8252d) as
liscussed in Chapter 1. So DATA = 5E77h (24183d) to 5EAlh
24225d). This is jumped over by the instruction ‘JR S5EAZh’ at
nemory address 5KE75/6h. The print DATA routine =
;HAZh(24226d) to SEAF.

BASIC LINE 290 AND 295 MACHINE CODE 5EB@ TO 5EBE

n this routine we wait until a new key press is registered and check
the key for 'y’ (the HALT command is not absolutely necessary). If
the key pressed is not ‘y’ then we skip the instructions by jumping

NZ) to 608Ah (247144d).

BASIC LINE 30G: 1 CLS MACHINE CODE SEBF TO 5ECE

"his routine is straightforward and is discussed in Chapter 1.

3ASIC LINES 302 TO 3349

"his again is carried out using DATA store and PRINT string
routines. The first set of DATA is held at SECA to 5F72 with the
'RINT DATA routine at 5F73 to 5F83. The second set of DATA is
1eld from 5F84 to 5FF9 and the PRINT DATA routine at 5FFA to
5002. The DATA could have been lumped together with just one
PRINT DATA routine.

The PAUSE @ routine is 6083 to 600C; note that bit 5, (IY + 1) has

o be reset from the previous PAUSE 0 routine. Try removing the
RES 5{IY + 1) and ‘see’ the result.

BASIC LINE 3731 CLS ROUTINE 6ME TO 6612

This uses the alternative methods of clearing the whole screen by
POKEing zeros into all screen addresses (not affecting the
ATTRIBUTES).

SASIC LINES 37e2 TO 390

DATA for print routine = 6416 to 6475
PRINT data routine = 6876 to 607E
“his is followed again by the PAUSE @ routine.

BASIC LINE 4&0

Jsing the set BORDER colour routine and set permanent attribute

25



solour as in Chapter 1, we can convert this line as routine 688A to
399D,
"he CLS call puts the colours on the screen as in BASIC.

IASIC LINE 416

This line sets the initial value of the high score. We will assume that

he value will not be greater than 65 535 and as such use the first
wo bvtes of the printer buffer to hold its value (address 5B0¢/#1 —
13296/7). This is easily set to zero by LD HL, ¢866h and
LD(5B@@) HL and is shown in routine 609C to 6@A1.

SASIC LINE 428

JATA for printing = 600A4 to 66CS8
'RINT DATA routine = 68CY9 to 64D6

BASIC LINE 430

his sets up the initial values of ‘lives’, ‘score’, and ‘home’. The lives
-an pe held as one byte, the score as two bytes, and the home as one
ovte. We will again use the printer buffer to hold these values,
Address 5B@2 holds "lives’, 5B83/4 holds ‘score’, and 5B@5 holds
home’. These initial values are stored using routine 64D7 to 60E5.

BASIC LINE 449

"his line resets the speed to zero by replacing the RET instructions
1t the correct points in the LINE ROLL subroutine. Routine: 60E6
0 6aF0,

IASIC LINE 4548

JATA for printing = 6@0F4 to 6128
'RINT DATA routine = 6129 to 6136

BASIC LINE 455

\ check is made to see whether home <> @, that is whether the
creen aisplay has to be printed or left as it is just clearing the
homes. We need to fetch the value stored in ‘home’ 5B#5 and check
hat it is not zero using ‘AND A’. If this does not set the zero flag we
;ump to the PRINT display routine. If zero flag is set we skip the
'RINT display routine and jump straight into the game proper.
toutine: 6137 to 6140.
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BASIC LINES 460 TO 648

'his is the longest routine in the program and demonstrates just
how tedious printing a display actually is.

JATA for printing 6141 to 63D1

"RINT DATA routine 63D2 to 63DF

JIASIC LINE 659

You will notice that this PRINT routine contains the variable
lives’, so before we can use our PRINT data routine, the correct
raiue of ‘lives’ must be placed into the DATA for printing. This is
achieved by using the routine 63E® to 63E9 which just collects the
ralue ‘lives’ from 5B#2 then adds 30h {(48d) to convert it to the
correct ASCII value and finally ‘POKESs’ it into DATA, address
1401,

DATA for printing 63EA to 640F

"RINT DATA routine 6414 to 641D

BASIC LINE 6640

This line sets the initial values of the man screen print position x1,
71 and the ‘new’ position used in the SCREENS$ routine x2, y2.
Again we will use the printer buffer to hold these values

1 = 5B@6
vi = bB@7
2 = 5B068
v2 = 5B@9Y

This is easily carried out in machine code by LD HL,1@14h:
LD(5B6), HL : LD(5B#8),HL.. You will notice from the above how
much easier it is to use hexadecimal numbers and not decimal ones.
t is quite clear that with LD HL, 1614h that H will hold 10h (16d)
ina L will hold 14 (20d). Routine 641E to 64286.

BASIC LINE &67¢

\s we are printing just one character whose position is dependent
on the variables x1, y1, it is easier to use LD A,n: RST 10h than a
PRINT DATA routine. Routine 6427 to 6445.

BASIC LINE 689

Routine 6446 to 6448, We will leave the ROLL routine at address
(32295) TE27.
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SABIC LINE 644

Ne will use the routine described in Chapter 8 to find SCREEN$
x2. yv2) then unstack the ‘value’ into the A .B,C,D.E, registers. The
:haracter can then be found by LD A (DE) and compared to 20h (32).
temember that we must clear the workspace before continuing
vith the program. Routine 6449 to 645D. If the character is not a

;pace then we jump to the HIT routine that starts at address 6548h.
"he BASIC main loop jumps to line 884,

GASIC LINE 28i

1lere we check that the man is not on the too screen line, that is,
Thome’. In machine code we get the value x2 by LD A (5B#8) and

ompare 1t to 0. If it is zero we jump to the home routine at address

i6A6. Routine 645E to 6465. The BASIC main loop jumps to line
A50.

GASIC LINE la5i

jecause we are printing one character using two variables x2, v2,
ve will use LD A, n: RST 16h {as line 676). Routine 6466 to 6484

JASIC LLINE 1866

"his 18 a case of collecting the value held in 5B08/9 and placing it in
sB06/7. Routine 6485 to 648A.

IASIC LINE 1870

At this point we will change the BASIC to improve the game.
nstead of using the LAST KEY variable to read the keyboard, we

v1ll read it directlv using the IN A, (C) command and so allow all
zevs to be read and diagonal moves made.

"o read key "1’ we need to read hailf row 1 to 5 and as described in
“hapter 5 the routine required is 648B to 6493.

ASBIC LINE 1084

jecause the BEEP is not important in its length and pitch we need

10t be precise in the machine code conversion. We can use the BEEP

-outine call #3B5(949d) instead of using the calculator. Routine
7494 to 649C,

BASIC LINE 1890
lere we are updating the line position (x2) of the man so we collect

he value in 5B08, decrease it by two, and put the new value back
18



nto 5BM8. The score is increased by collecting the value in 5B63/4,
aading five and putting the result back into 5B93/4. Routine 649D
0 64AF. To print the score we will use the STACK BC and PRINT
JALUE ON STACK routines, but first we define the ‘PRINT AT
narameters. Routine 64B1 to 64C8.

BASIC LINE 11&a

Again using the IN A,(C) instruction we can read the keyboard and
upaate the value of y 2 (5B@9). Routine 64C9 to 64F1.1 have added a
outine to check for key “6” being pressed to give a return to BASIC
acility at this point. (This is necessary to "‘SAVE' the program once
t 1s running properly.} Routine 64F2 to 64F4.

This completes the main loop but you will find that, if this
orogram 1s run, it will be so fast as to make the man almost invisible
18 he flashes on and off between screen rolls. Because of this we need
wur delay loop to hold the man for a moment as suggested in Chapter
5. Instead of our normal loop we can add a traffic noise sound effect
as routine 64F5 to 650B. The final JP 6427 will take us back to the

peginning of the main loop (line 676).
iIit routine

S3ASIC LINE 7

lere we introduce another variable a = x2. We will use address
5CB# to hold this value (an unused address in the systems
rariables). The FOR/NEXT loop variable ‘b’ can be replaced by LD
3. 19h(25d). This value is then placed in address 5CB1 to be used in
he next routine. Routine 6548 to 6561. The GOSUB 25 call is
‘eniaced by call 650F.

BASIC LINE 25

This is easily converted using the calculator to stack .01 . b — a is
stmply LD HL(5CB®) : LD A H: SUBL; the values a and b being
stored consecutively at 5CB@/B1. We then use the stack value in ‘A’
routine 21)28 and call BEEP routine 83F8. Routine 656F to 6521.
BASIC LINE 3¢

This is another case of using LD A n : RST 10h as there are two
rariables in the PRINT routine. Routine 6522 to 6547.

1ASIC LINE 730

Variable a is already stored at 5CB#, so we can set up a loop taking
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his value and increasing it by two after each pass until the value
‘eacnes 14h(20d). Routine 6562 to 6573.

BASIC LINE 744

dere we get the value of 'lives’ from address 5B02, reduce it by one,
ind return the new value to 5B@2. To print this value we just set the
’RINT AT pvarameters then get the value, add 30h(48d) to convert it
w0 ASCII code. and print it. Routine 6574 to 658E.

IASIC LINE 750

loutine 658F to 6593. This involves resetting value x2(5B@8) to
14h(20d).

3ASIC LINE 760

loutine 6594 to 659A. This is quite straightforward. If ‘lives’ not

zero we jump to 6446, that is, back into the main loop.

“nd game routine

SASIC LINE 77

"his involves getting the value of hi score and score and checking
vnich is greater, It is quile easily done by using SBC HL, DE and
‘hen checking the state of the carry flag. Routine 659B to 65A. If hi
score 18 greater than score, we jump to 6611.

BASIC LINE 788

This involves transferring score 5B@3/4 to hi score 5B#/81. Routine
i5A7 to 65AC. To print the hi score we use the STACK VALUE IN
3C and PRINT TOP VALUE ON CALCULATOR STACK routines
1aving first set the PRINT AT parameters. Routine 65AD to 66C2.

BASIC LINES 796 TO 80

JATA for printing = 65C5 to 6610
PRINT DATA routine = 6611 to 6619

IASIC LINE 848 TO 858

dere we use LAST KEY variable to wait for a key press and take
iction accordingly. Routine 661 A to 6632, If the key pressed is not
¥ (79h) or 'n’ (BEh) then we jump back into the WAIT lcop.

00



3ASIC LINE 866

"his is carried out using LD A ,n: RST 1@h followed by JP 68C9 to
eturn to the main loop reprinting the display but leaving the ‘hi
score unaltered. Routine 6633 to 6655.

Home routine

JASIC LINE 890

lere we use the PRINT DATA routine but first putting the required
ralues of x1, y1 and x2, y2 into the DATA.

YJATA for PRINTING 669A to 66A5

SET value of x1,y1,x2,y2 66A6 to 66B1

PRINT DATA routine 66B2 to 66BF

3ASIC LINE 960

'his of course is unnecessary in machine code as the DATA start
ioes not need to be reset.

BASIC LINES 216 TO 920

‘ANFARE BEEP call 666A

'he routine is covered in detail in Chapter 7 and so needs no further
-omment. Routine 66C# to 66C2.

ZASIC LINES 934

snother set of routines to collect current values of ‘home’ and ‘score’
ind undate each one followed by a routine to print the score using
the STACK VALUE IN BC and PRINT TOP VALUE ON STACK
routines. Update routine 66C3 to 66D3. Print score routine 66D4 to
76E9.

TASIC LINE 956

"his is a check to see whether all four homes are full and is easier to
program 1n machine code than in BASIC. Routine 66EA to 66F1.
7ou can see that we first LD A, (5B@5) that is, *home’ count, then
nask it with AND @3h. If we are left with a non-zero answer it will
inow that the original value of ‘home’ was not a multiple of four. If
he result is not zero we jump back into the main loop JP 641E.

IASIC LINE 968 TO 98¢

"hese routines are used to increase the speed of the game when
ome' = 4.8, and 12. This is done by removing the RETURN
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nstructions in the ROLL subroutine allowing certain lines to be
noved by an extra pixel: line 960 = 66F2 to 66FF, line 970 = 6706 to
3709, and line 980 = 670A to 6712,

IASIC LINE 985

We now check that *home’ is not greater than 36. If it is then the
ADD EXTRA SPIDER’ routine is missed and we return to the main
oon. We simply subtract 37 from the value of "home’ and if the carry
lag is not set (that is home =37) then we JP NC, 6129. Routine 6714
0 B718,

IASIC LINE 999

"his routine 18 discussed in Chapter 4 and needs no further
'xplanation except to point out that in this case we use the modified
SEED value in BC and mask 1Fh (31d) : LD A,.C: AND 1Fh then
subtract two and check for the carry flag set. This method was
:nosen because a true random number was not necessary. Routine

3719 to 67440,

BASIC LINE 1o

ioutine 6741
vIl that is required is to increment the value in ‘a’,

JASIC LINE 1045

v check is made that the value of *a’ is not greater than 31, that is,
if the screen; if it is then *a’ is reset to 0. Routine 6742 to 6746.

BASIC LINE 191¢

\ check is made thatl the screen position (1#,a) is clear using the
SCREENS$ routine. This entails placing the value ‘a’ into the B
-egister and Oah (10d) into the C register, calling STACK VALUE
N BC and SCREENS$ routines then removing the parameters from
he stack into AB,C,D,E registers and finally checking for
SCREENS (1@,a) = 20h(32d). I all is satisfactory then we get the
rriginai value of ‘a’ (POP AF) and continue. If the SCREENS$
‘outine indicates that the position is not clear then we JR 6741 thus
itepping to the next screen pesition. Routine 6747 to 675E.

IASIC LINE 1620

"his is a repeat of the previous routine except that the value of 'a’ is

102



neremented before the SCREEN$ routine. Routine 675F to 6776.
Note that the value of ‘a’ is saved before the SCREENS$ routine
6760 PUSH AF) to be used in the next routine.

IASIC LINE 1433

'he value "a’ is POPped back into AF and decreased. This is then
slaced into the PRINT DATA, and the PRINT routine called.
Routine 6777 to 6792,

BASIC LINE 1636

This 1s a repeat of the FANFARE BEEP and just requires CALL
366A. Routine 6793 to 6795.

BASIC LINE 19

“inally we jump back into the main loop using JP 6129. Routine
1796 to 6798,

7ou can see from the above that it really is very simple to convert

1 BASIC program to machine code as long as you take it one step ata

ame and plan your program with machine code in mind.

)ne last point that you will no doubt have noticed is that it is
setter to work in hexadecimal rather than decimal as for instance
nany or the routines require the loading of BC with line/column
parameters. Take another look at the LEFT/RIGHT ROLL
subroutine. The decimal screen addresses mean very little, with no
ipparent pattern, but if you look at the hexadecimal equivalents
rou wiil see some sort of pattern giving a clearer indication of what

s actually happening.

y\ll that is necessary now is for you to dream up your own brilliant
ind original program and start converting it to machine code. I wish
rou good luck and hope vou enjoy many happy hours of
programming with not too many crashes.
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=iy
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¥
a8
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E[F
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aly
Fiés

o
i
il
Gy

L&

515

&3

Yy

Py

@k
&

e
bl

ah

5k

i

14

b 5

il

Id a,$26
et $10

calkl $Ffel?

1d bec, (#5b28)
call $253E
call $2bfl

1d a, fde?
prush &

call ®labf
cop af

cp B0

ip NZ. 40548

Id a, {3baH)
Cpo ok
ip Z.%0bab

1d a, %82
call %lam1
ldd a, 411l
ret %14

1d a.,%98
rot %14

1d a,16
rst %148

ld a,%al
ot 1o

1d a,%14
rat H1a

ld &, (50087
rat B1O

1d a, {$5baF)

rst H14
1d a,F¥v94
Fet 1O

ld hl, ($5009)
1d ($5b@6) . hl



mU7ILR
2374z
=744
b T

AT 4y
AL
5751

i T

BT
b i =
= b
S7VES
25787
CET e
s e
e i |
Rl
o l7e

AC%h
25dal
'S804
_Sa8aés
TSRO
ToELG
it 2

=815

=1l
toElY
"5HZ21
et P
it = Pl
i’ = P
5H.351

e = Bl
A | B R

5835

il
ED
CH

s

R
oo e R

4 % B3I R3F
Mg k3 il 64 0

A ]
m *

o
-

ZE
o7

-

ns
ED
£h
D

el
eD
ZE
2
3
FE

28

S0
e
R )

CE
CE
e
e A
FE
=R
3D

EE::EZ
P
47
1C
A 5] 5 )
=l 1
| Sl
P8 5B
B3 TR
o= HBR
w3 5B
oo
@l 156
14
I3
a7
a4y &%
=8 2D
EZ 2D
EE E¥
TH
37
BE
a9 S5H
iF
ai
aT 5H
F2 L4
qF
af
Y 5B
o lc)
G

ld be.®w+7+2
i At
bit @,a&

i NI, +Eic

Il 1, 352
ld de. $00O5
call $OIRD

1d a. i$009R
dec a
dec a
1d ($TbaH) &
1d hl. (£5bG3)

irc Bl
ins Kkl
inc Rkl
inc hl
inc kil

1d (8593 (hl
nop
lol a,.%az

call 1401

ld a.$1lé

ret %1

Id a, 415

rat %1a

ld a.$a7

et %16

1d bo., (BE3DEE
call #2dZ2b
call #XHdel

14 be,¥etffe
im &, be?

bit @,a

i nE, +ERe
1d &, (35baF}
cCp %ttt

oz +ERD

ire &

io (850G, a
yp BLAFS

it d1.a

Ea - 1T
1d a3, ($5BEF)

ciE BOR
i ZatEal
den a

2EETL 32
29875 C3
ZAFZh

'S84Z CH
‘5844 08
AAE S

5845 04
‘=E47 11
25856 21
TEESE £Y
75654 DS
25855 C5
75856 OO
25859 Ct

wERLT D1
259581 E1

5862 D
25843 3C
't 6 P EU L
2n840 G0
w1 T TN T
20d&8 C5
A

249871 EF

aSioh

ver 1 Fh

o = i AR
2oegs A0
XeRgs 9u
aagad Ch
SEERT LD
2587e 3k
25892 CD
25895 ZE
P | 2 AT TS
‘=878 SR
weaa LT

Pl S Y o

HEoaT o7
ooRed RE
Za708 DY
TEG T EE
Z2ray DY

a% 5
FS &4
=i

(e

=
a1 e
BT %
F 1

27 &l
Fea BN
Ba 5O
=8 ZD
FA aZ
(]

@l 14
=1

11

kR

1x

g (E5ROYY &
SE B5A4FT

bit 4,=
ret =

Td b, bita

ld de, F0278
td hl, oDl
pust hi
pusit de
prasby b
call &#§63b5
pop b

oop de

cop hi

1 a,t

inc a

1d 1.a

Mop

dinz —%Af
i k&jET7

r=L %Z8B

H#d7 22 $Ed B0

I1d hl, ($5chal
Id a.h

siabr 1

call #F2diih
call $05+48
td 2, w2l
call #1691

id a,%15

ret %1a
Ld @, %l
rut w19
ld s.%L1
Fal +1e
Ld a,kBs
Famlk IO
1d a,%18
et Hlda

09
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SR
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S
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TEPIE
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SEw44
HR4T
"S54
5
5956

e

JSaEZh
EREG
Rl
ST L0
ST
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SRED
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BT/

5740
T ST
SEET
el )
R
i oS |
5984
e FEA
tEQRT
= s
L2990
= o
el
Pt

YES LD D)
o I:.l".r =

10

SE
B
SE
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r

St

Eo

nE
£D
CD
&1
asl
78
FE
Al

CD
ch
Zé
AL
20

T

FE
20

™o

ol
Ry
-
s

S
co
EE
[
FE
nr
SE
D7
TA
Cé
By

o]

£
1%

B1
o
(14

el T

fr i

EF

el
oF
Trea

B
14

Lo,

W
o
w1
1é&

14

1é

(5

RED

I

f10
H0

o &

it B

id
(i =
1d
Erat

1d

8, a8
12
L )
Fl

an, [Blche}
Feib Hla

1d a. {®3007)
Fst $1@

1d a.%9&

ret Eio

Fet

g a, 1&3500E)

Id (%$5ch&7, 3
lcd b, 4129

i a,b

Dldgmhe fogs

Ld: (%5chilil.a
mall 458+
caxll FLHGF
a0 be

inc b

1 a.b

o %23

y A e L

call B&83594
Tmall w&SHf
lel ao {RDcba)
ine .a

LiRE

1d (%Schal ,a
o w14
T 5 il )

ld & (%5002
dec &

ld (#3532 J&
1d a.®02
call %1481

1d a.#%1s
et B10

1d a.%15
ol $Lo

Pd 2 .%1@
r=t E1o

1d 2. i5bart)
and A.$H30
ol bl

a5EFh
HRGIG
ey ]

SO G
pINCToR
ZHAG7
e

5B
]l
LEO1ZE
ThElY

Uity

=T |

LHBATHh
250273
2HATA
L
RTINS AL
Jae 3l
L
A T
IhROTT
RE-1CE N |
Tho42
ar. 1o R
T o . L
D047
PEF-TR R

26051

Rty
1ef b
et b
Gt
Aafh
dafb
Hdeth
def b
defh
ek
defhi
Asft
def |
ok vl
dat b
de Fi
defh
defh
deti

=E

e i)

A |
22

M

AF
=

ED
ED

s
P
EZS
Et
Cih
aE
=D

ZE

b
b

Sk

ar
s

SE

=5

r
CD
1B

w17
#3246
£
FLD
B
S
4+
E
N
14
Firer
FhHe
2af
451
Fad
E s
®5 T
LT

= g

A&

SH
L

@3
2T}

<E
2 38,

ot
i&

B0

E Il

ke

kT

474

E (B Y]

g

S

b 2 ]

fd

aa 50

20

11

B

47

%45

%70

#ED

BHE

e

id
1d

a,%149
(SRS, a

1d &, (:Z50a2}
and &

i MZ, BEdds
I [~ |
Yol Ml i$506T)

Lo de, ($5000]
b hi,de

L - ¥ P

Id hl, (€5BA3)

lad {®Sbvad  h]
push hl

pop hc
cail 242

id a,sel

mall #i1sa1

1d a,%1&

st e

P a, 8515

reb E19

Id a,%1b

st dler

call #ZdeX

i thac
#OF $14H FOc G
®H2G 20 20 28
41 Hdd $45 B0
WO 2 $Tm &Z0
28 %20 F0O E70
BEHD 20 $£70 541
$55 £77 2T BAT
RIEF BIO EUH 7T
#20 PR fLHs HDTT



dleflh 26 $128 $2¢ %20 26218 94 o7 1d b.$eZ?

L2790 21 SC && id hl,$b45C
eha25 TE 1d a, (hl}
“611h
6129 11 C5 &5 1d de.$65c5 26224 32 7B bb 1d ($&4678),a
a1 E2 @1 40 o0 ld bc, $#&a4dc b o b e S - e Kl
26135 CD 3C 20 call $Z93cC ?&27E CS push bc
PEP2SES push hi
262730 EF rst %28
Jeefb B34 ¥ec $4do $foc oo oo IR
fhlﬂh o TEEAA BN oop b
cakad 00 hmix T6239 TE Id a, (hl)
24179 FD CB 01 &E bit S. (iy+$01 e s R
Bl L ST 25241 CD 28 20 call $2d28
seidpbal LGRS, (e RS ) (D 26244 CD FB @3 call 9768
6149 3A OB SC 1d a, ($5c@b) ~6247 E1 aop hi
£t ) pap bt
‘6156 CD @0 00 call $0066 g L o SOE
26159 FE 79 co $7% pOoTh 1 T B L T
i WLPE2 ZE a1 lel a, 861
&254 CD 28 2D call $2d28
g )
5161 20 E7 v nz.-%17 s Eg é; . ;ZI? :;328
6262 CD FB 83 call $33+8
26265 CF ret
633h
261b3 3E 02 ld a,$a2
161585 CD 91 16 call $1401
26148 IE 11 1d a,%11 baPAR
‘6176 D7 Fet $10 defh 11 $98 10 %28 $16 $07 $04
‘6171 3E 09 1d a,$85 defb %20
24173 D7 st $10 defbh €146 €030 €a4 $94
25174 3E 164 id a.%$1a4a
6176 D7 ret $10
26177 3E 15 1d a,$15
L1Te L7 =t £1a SaAsh
‘6180 TE o7 1d a.%67 26278 2A @4 SE 16 R, ($5b08)
26182 D7 rst %10 26281 22 SF &b 1d ($&&FF), R
25183 3IE 20 1d a.$26 24284 2A 98 SE td hl, ($55GE)
‘6185 D7 rst $10 26287 22 A3 &4 1d {$&&a%), hl
"hiBA IE 20 1d a,$2a 24290 3IE @2 id a,s$ez
4183 D7 rot $13 26292 CD o1 16 call $18@1
4295 11 A &b 1d de,%66%a
4298 A1 OC 9 1d hc, $066c
4189 3E 7o 1d a,$2@ 26701 CD 3C 20 call $203e
&191 DY Fat $10 263604 CD &8 &6 call $hé6a
6192 ZE 20 ld a, 406
*6194 D7 ret $10
6195 C3 0V &0 b 40T
&L 3R
s&Siéah TA3IGT A Q5 SH 1d a, ($5ba5)
1t $00 F00 F00 FO0 A0 BO0 e 26219 3C inc a
iefb $0b 24311 32 05 SB 1d ($5005),a
welb ted $#9b $4G %10 2= $0bh $ec 26F1484 2A @3 5H id hl, (503
isfh 10 26317 1L 32 9a id de, a2
wafh dwec 90 hpo 1@ A&IZe 1% add hl,.de
ol Rl e B led (%5063, R
LHL24 25 push hl
26325 3E 92 1d a.$az
bk 24327 LD 81 14 call $1&01
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W&EAR
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5551

aFZ2h
DD
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24358
THTAY
SHZE2
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1a34ab

WA )
‘553649
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&S T2

PEBT o O

BITE

27ahah
Lo37H
L8
&I82
‘5383

TaERS

SE
D7
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o7
SE,
b7
c1

ED
CD

I8
Ed
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A
FE
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i e
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26
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20
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i
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s

ED
2D
EF

i
.

b ¢
-

a5

1E

05
4
G e

G
17

a8
G5

Cz
aF

25

29

4F

2B

B

TE

il =

&l

= ] B
=20

id a,%14
ot %19
1d a. %13
ret &1a
ld a.$a/
rst 16
cop b

call %ZdZh
call $£2ded

1d a. ($5LG5)
and $a3
10 nz,%sd4le

O &

1d a, {$5bo5)
[l w - 155

17 N2 . +$0h
wor a

ld (372a%).a
jr +%19

cp ®a98

ir nz,+80h
HOr a

ld ($7ec?d),a
ir e

crr FuC

ir nz,+$04
EE T
Id ($72dS) . a

i +EOT

sufy %25
ip nc, %5129

1d bcy (#3537 8&)
call &7a0Zb
st &H2H

de+b

fal

defh HEa
clefh a4l
deth H37

TEad419
R S
425
26827
ShATY

T4 50

ai41h

JRPST O

a742h
5434
Lb4EE
T S

~747h
ahd TR
Jed4a
Lodd ]
L5847
Aaads
5445
R4S
“H45]
454
28455
TaAET
T FtE
2447

TESER
HEadaE
SHhasd

25445
Téatiad
2LH468
~5471
AT
L2475
e
ShY47Y
S Hi
b2
L4484
25485

CI
ED
77
E&
[
=8

el

AF

Fs
47
AE
CD
co
14

L
=l

Fi
FE
78
1
18
F1

a7
e
Co
CI
14
Fs
CD
¥ 1
FE
za
F1
18

FOH BIE BET7 H14 EAG

T H00 B30 #32 $02

31 %58

Mz =0 call t2da?

43 Fh S0 Ld {$Ssiathe
tel caye

1F and ®1+

L sub B2

5 b JiF L. TEOS
inc a

24 cp REa

al jF onzE, ]
WOt A
push Ak
1d b.a

OR ld c,%8a

3B 25 call %2578

198 call sZbf1
ld a, {ded
Fush af

BEF 1& call ®lab+
oap af

26 cp B0

@l PP T . +EaT
pop af

ES jro —%id
cop af
inc a
sy af
1d 7.2

Gify 1d c.$9a

TB 25 call %2538

F1 oH call 2B
1d a, (e}
push a+F

BF 1& call $i1abF
pop af

e Ccp 2o

s X LAt . L
oiofpy af

A ir -%3I&



W PR

"G4"5Y 1 eirpy af

TA4BE TR rlec a

I&483? 3T "D &7 Id A%s57EET -a
Ia4%E 1ag a7 ir +ka’7

2 TR

iefb 11 $04 $1&5 wo5 $19 FYe B9+

FBESh
26561 3E oz 1d a. %8

Program ‘Cross (machine code)’

=7 5R
256518

g
11

ol
Ch

CE

el
7F
a7

20

G

14
&
1
20

£ty

il

call #1481
td de.$4677e
1d &c, $0007
sl ]l $EOEe

call H4454a

1P 6139
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wppendix 1 Replacement ROM routines

"he Spectrum ROM routines are written in such a way that any
vrong parameters are spotted and the correct error report given.
‘or example, 1f you try to input PRINT AT 24, 33; “Message” then
.he PRINT routine will detect that line 24 column 33 is out of
screen.

Nhen writing machine code programs it can be assumed that the
‘orrect parameters will always be used and so the ROM routines can
2e rewritten without the error detection etec., which makes them
‘aster and completely under programmer control.

"he following six programs show how CLS., ATTR. SET, PRINT,
PLOT. UNPLOT, SCR$ and POINT can be rewritten. The PRINT
routine handles characters 32 to 127 inclusive (although it could be
agapted to PRINT any character) and actually POKEs the
character on to the screen thus making it unnecessary to OPEN
CHANNEL 2 and allows printing on lines 22 and 23. The unused
rariable addresses 23728/9 are used to hold the current PRINT
nosition.

"he SCR$ routine detects characters 32 to 127 on lines 0 to 21 as
the BASIC version but also allows lines 22 and 23 to be checked. The
'LOT and UNPLOT routines have the same parameters as the
BASIC, with 0, 0 as the bottom left-hand corner of line 21. If you
change the value in address 23774 to 191 then the whole screen can
se PLOTted and 0,0 will be the bottom left-hand corner of line 23.
Omitting instructions LD A, 175 at address 23774/5 will make 0,0
he topo left-hand corner of line 1). The above also applies te the
*OINT routine. The address to be modified is 23777. You will see
hat the PLOT, UNPLOT and POINT routines use identical FIND
rubroutines to find the pixel to be checked; therefore if vou were
1sing all three routines they could share this common subroutine
and save more memory. You could increase speed still more by
adding DI (disable interrupt) at the start of these routines, or indeed
at the beginning of your program, and EI at the end {or when a
{EYSCAN is required). With these programs as a guide you could
vrite a CIRCLE routine (one that runs faster than the Spectrum’s).

arg 23T A 23771 9 ret

LB ¢ Blow

TEVAG 1 on 44 lef hl, 147824 . ¢ Fast )

1

TETET 4 e igd (hll.o muld 21 ea 39 Id hl, 14784
T 25 inic hi T37TE 11 &1 49 ld de, 158385
=37a4 10 1d a.h 23778 ©1 FF 17 Lad e, 6143
ITAT FREOZE o BE 23781 34 o 6 L ¥ o 0
3767 20 Fd ironzgll 23783 ED BO Felir
'rogram Al.1l 2X7ES CF ret

14



appendix 1 —econtineed

irg 237450
s TTRIBUTE FILL

EXAMFLE
ME. 2 PAPER S
SRIGHT 1 FLASH 1

Tedae s A+ ] ZE=2T

rogram Al.2

g ZRTEG

"RINT STRIMNG ROUTINE
“OEES CHR. ONTD SCREEEN
JOES NOT USE RET 1&d

sDDRESS 23728 HOLDS COLUMN
\DDRESS 2372% HOLDS L INE

safhae 11 E4 58 1d de,DATA
_4

cadda IR 1ol &. ides
mfb64 CB 7F Bitx 7.a&
TTEA 20 9é ir nz,L3
Sra8 Ch B2 3D call FRINT
carel 13 inc de
IRTT2 18 F5 jr L4
3774 CE OHF res 7.,a
Eodie Ch 0z 5D call PRINT
FEFTS Y ret

JaTa

lets MoGRE&EW-HILL BOOE Co.

1ef i O Ltk

&3+ CHR &=t "

iefh 174

TRINT ROUTINE

SET LINEACOLUMN IMN HL

"RIMNT

cSB1e DS ocush de
"ZEH11 ZA Be SC 1d Hl, {2357328)
2314 ES push Rl
Ea81S FS push af
HECE O OF SCREEN

"ERB1s &R wor S
eagdl7 0 ld a,h
CAELE Dae 18 =uty 24
MERZe FB 02 i e K
:E5B2E CE r=t o3

et b 4

23748 ZE EA ld a,234
23742 21 99 5B Ild hl, 22528
3765 11 o6t 58 id de, 2528
2FZTFHE8 vl FF o2 Ed bo,7&6¥
AT b W o 1d {hli,a
23772 ED B@ ldir

P T e, ret

FIND SCREEN FOITION

g

DEE24 1) ag 40 ld de, 15384

Z3EE7 19 add hl.de

23828 70 ld a.h
LIE2T Es o7 and 7
TRTL oF Frca
DRETY aF FECa
TEERI v FECa
2FET4 BS ar I
238355 AF 1d 1.a
23836 3E F8 id a,24B8
DPEAEIE A ard h
EoB3EY AT 1d h,a

FIND S5TART OF CHR.

IN CHR. GEWEFRGTOR
TIR483 F1 cap af
23841 ES push hl
23842 11 66 30 1d de, 15342
23845 &F 1d 1.a
TEB4S DA B0 1d h,a
23848 29 add hl,hl
249 29 add hl,hl
27895¢ 29 add hl.hl
23831 17 add hl,de
23852 bl oo de
FOEE CHR. ONTO SCREEM
Z3da3 06 of ld b.8
L1
SIHSN VE 1d a, (thl)
Z3@3é 12 ld i(del,.a
Lalarl 23 ino kil
SHS8 14 ine d
23859 16 FA dimz L1

PDATE SCREEN FOUSITION

2581 £1 pop hl
PR 20 inc 1
2384 TR &0 bit 5,1
238585 28 B3F i il -] e



Appendix l—continued

1IE&T
"EBAY

=
= ol

2870
(38Y3
232874

CE AD

23

22 Be 5C
D1
R

rogram Al.3

irg 3740

res 5,1
inc

1d (23728),hl

oop de
et

"ROGRAM T REPLACE SCREEN®

ERLUIRES
SETURME WITH

H=L THE,

A0LDING CHE CODE
IR @ IF CHR MNOT FOUND

TATAG
A7 A
23744
*F7AT

AT

ZE a7

CD DB SC
Cq

SCREEN® ROUTINE

LR

L=CCLLIMr
A REGISTER

1d h.1@&
Letn o oF
call SCR%
ret

=IND SCREEM ADDRESS OF CHR

23768 11 04 40 ld de, 186384
X771 19 add hl.de
23772 70 1d a.,h
‘3773 EL a7 and 7

Sl rE OF A

*Sf e OF o

PRI TT OF oA

5778 BS ar 1

ZTTY &F 1d l.a
"R7EG TE Fg 1d a.24:
TRTHZ A4 and h
rEZTB3 &7 1d h.a
SHEDE DR WTITH CHEE REMN.
TE7EBE4 11 ee ZD 1d de.l1541 4
787 os ag id bB.5
CETET QE @6 1d .
*rogram Al.4

o g 2575

“RGRAM TO REFLACE ROM FPLOT
SEMLIRES He=yw, L=

SERVEG DL 00 Id k@
ETH2 PE SF el IsTs
"37a4 CDO DB 5C call RLOT
ETAY L9 met

SLOT

116

FOR DE=143584
ce 72
23793 Za 11

7793 ES

TE7YaA 1A
23797 BE
25798 2o o1l
Z3Bes ac

i

2xEel 13
FEBe 4
‘s8e> 19 F7
27805 El
3808 CB 859
23843 24 o4
ZB1e 18 ETV
FIFCIUMTD
anBla AF
FHIE 9

CONVERT TO CHE CD

FOUMD

»3814 B7Y
2ER1E 21 e IO
=22818 EB
23819 ED 52
=821 eg aX
.4

23823 CkE 10
=H25 CB 1D
=3BV la Fa
2EE2R 7D
2ERAZS D
23831 C9

23768 CD DE SC
LAY B&
23772 7T
AETIS CF

FIND SCREEN BIT
RET WITH HL=RYTE,

FIND

bit &,d
ir nz . MFCLIND

push hl

1d =, (del
cpo fhl)
% i o 12680, I
inc c

inc de

| B Tl

dynz LZ

oop hi

bit 3,c

ir nz,FOUND
jrl3

RO 2
ret

i

ar &
1d hi, 153&0
ex de.hl
ahiz hl,de
id b,3

rr h

] o |
dinz L4
1d a,l
dec a
Fet

call FIMD
or (hill
1d ¢(hl),a
ret

EaB I T



wppendix | —eontinued

S TER EE

CRTTS T

£ i
SRR < He I |
a7El 72D
PR = ol
2E784 FS
SRIES S
CATHA Es
ZIPEH 1F
ERAES LR
IR OAF

R |
RITAT IR b
B AR o

SRS ST )
Al P R
IZT7RT7 B3
3798 5F
R |
JEBan ES
Zg0r BZ

AF ire - e e

=0l M

Ll b o

Id d=.1&384
id a.l

and 7

oush as

1o & 1

Lo arel 248

(il =

e A

(]
~d

A
FrE
1d 2.2
Id: a:h
38 and D&
Frl o
rla
o @
i1d e.a
ek &,
o and 7
ar d

Program Al.5

oy e
g ATV AQ

~ROGRAM TO REFPL&CFE

O FLOT
CECILIRES

TATEE P4
IT7AT DF
TNFYe4 CD
TIFLT 9
SLOTOVER
ETEA CD
SITTLOAE
SESTATAR T i

ERE IS

OVER 1
H:'v'_.. L=

(515 Id h,@
SE Id 1.95
D8 Sc call PLOTOVER

ret
BE GE call FIMD
mar (hl?
Id (1), a
et

IND BOREEN ERIT

e WLTEH
T}
SR Y

1TFT &7
IR 11
CE7E1L 7D
IF7E2 R4
784 FS
TEYRY 7D
‘537856 E&
L3788 1F
JE7EY 1F
g 5 T

TAT7E 94
—pp
i

HL=BYTE., A=BIT

aF Id 3,175

sula h
ld hya
1d da, 147584
16w )
a7 and 7

gulsh o af

ld &,1
& and 248

ra

="

ima

rogram Al.6

2IE 4
IRET 14
DREGY
T AEed
ZIRGN
pegict= o)
BaHI
PIHLE
23813
|

wE8Ls

ST
=t T LA

2AELH
2IB2e
EEN S peie
LS

L=
R =
TEEIZO

SEAREY

2ETR]
ARTG2
PP )
STy
ST R
Ea iRy
=rTvy
23799

A L

IR L5 I
rERE0g
rTEa%
wnIae’
2OHBRE
et =14 L=
sagiea
23851
SoELZ
ca81s
GEELD
TIHLA
Tag1ls
2IEEa
T I e
LA T L

B

'5:_'-:':13::?5
Y

FIIRY T

Fl

arv
EE
=8
CH

ig

7D
CL
£9

aF
ZE
E&
17
1
BZ
SF
2E
E&
B2

=7

FLC
Eé
iF
LF
1k
EBX
o972
F1
PE

Fata |
[ I

28
CE
a0

18

U
i

L5

26

a1
&
10D

=

[

26

td d.a
ld a.h
and 192
FF a3

I~ &

era

e d

id d.a
nop af
i 1,128
artd a
[t I

FE ozl
Frer
dei A
Jir G
1ot =

1dd d,a
id a,h
and 192
Fra

FEa

=

e g |

id d,=
oyp af
1d 1,128

and a
cLi o

Bl g
e [
dec a

& e |
ld a,l

e: e, il
Frei:

17



Aappendix 1—continued

n [ R = 1%

*ROGRAM TO REFLACE
=0M FOINT

tECUIRES H=v. L=x

Easaa 28 Qi ld h.®
rRrae 2E 8F I | R s
ZF&Y CD DB SC Loll FOINT
3767 CF et

“OInT

S raE D Ew S5 call FIND
ralzl Ab and {hl)}
R e e | i =) ke
23TES 3E &1 1d a, !l
LA s 0 Fet

-IND~S5CREEM EIT
IET WITH H_=BEYTE. A=BIT

S IMND

Lod fboak AF Iad a1l a
TEYTR 94 zuh h
ST 1d h.a
CTEFHG 11 o0 49 ld de. l&as84
S S A Id a,l
‘3784 Ea a7 and 7
L = 1 T push af
2E787 7D ldd =al
asrgg ES F3 anc 248
rIV9G LF Fra
TETRL OLF Fra
LT B Fra
EYFE SF ld e.a

'_rngram Al.7

118

TIg04
23RO
PIBOG

et~ 1

T I
2810
23EL1
ERELZ
it B
27814
RS
1
it =
rIE1Ee
23R
FEEER
Pt = e |
=
2
2EE2T

»382E

S e

o

Eé&

e
s

17

SF

L

P

B
a7
7C
E&
1F
1E
1+
=2
e 7
Fi
e

o

s
FE
Z8
CE
aD

|8

=3
“

EH

Py

-
A
~d

Ca

Hi

(T}
an
10

Ld a.h
angd Sa
rla
rlia
oy &
id s.a
Ll aash
and 7

o od

1d d,a
1d a.h
and 192
Pk

Fra

rra

ar o

1d o,a
cop af
td 1,128

And a
cp o
LY
rr- L
Cec a
Firs ESl

1 &, 1
e de.hl



Appendix 2

Spectrum (Z80) machine code listings

TOTES: (HL)—the number held in the address to which register pair HL points
AN is entered as second number first. for example, 4000 is entered as 00 40 (in hex.)
lHegister A—the general-purpose accumulator

Decimal Bytes Hox Mnemonic Description
1 1 M noo No operation
3 @1 idbe NN Load BC with NN
] 1 #2 ldibel,a Store A to{BC)
3 1 3 inche Increment BC by 1
i 1 84 inch Increment Bhy 1
i 1 @5 dech Decrement O by 1
3 2 6 1db,N Load Bewith N
f 1 a7 rlea Rotate left circular A
! 1 B8 exaf al Set prime AF active
9 1 #9 add hlhbe BC+HIL.—HL
@ 3 @A lda.ibel Load A with number in location (BC}
1 1 B deche Decrement HC by 1
2 1 OC incc increment C by 1
3 1 oD dece Decrement U by 1
4 2 OE 1dc N Load Cwith N
o 1 AF 1rea Rotate A& right circular
[ 2 18 dinzx Decrement Band JTRCHE #0,+ or~a
7 3 11 1dde NN Load DE with NN
§:] 1 12 Idide)a Store Ato{DE)
a 1 13 incde [nerement DE by 1
M 1 14 incd [nerement Dby
11 1 15 decd Necrement Dby 1
b 2 16 1dd.N Load D with N
23 1 17 rla Ruotate A lelt theu carry
4 2 I8 jrx Unconditional jump relative, + or —x
25 1 1% add bkl de DE+HL—HL
' 3 1A lda.ide) [.oad A with location (DE)
27 1 iB decde Decrement DE by 1
5 1 1C ince Inerement K by 1
e 1 113 dece Decrement E by 1
| 2 1E lde.N Load E with N
a1 1 1F rra Rolaie A right thra carry
a2 2 20 jrnz.x Jump relative fnon-zera, + or —x
35 3 21 1HhINN Load HL with NN
4 K 22 1diNN k] Store HL 1o location NW
] 1 23 inchl [nerement HL by 1
6 1 24 inch [nerement Hhy i
17 1 25 dech Decrement H by 1
B 2 26 Idh N Load Hwith N
] 1 27 daa Decimal adjust A
B 2 28 jrz,x Jump relativeifzera, + or—x
| 1 24 add hl,ht HL-+HL—HIL
+2 3 24 TdhliNN; Load HL with location (NN)
R 1 2B deehl Decrement HL by 1
-4 1 20 inel Inerement Lby 1
) I 20 decl Decroment Lby 1
if 2 2E 141N Load L with N
7 1 2F col Complement & (1’3 eomp.)
] 2 30 irng, x Jump relative i no carry, + or—x
19 3 31 ldsp, NN Load stack pointer with NW
A 3 a2 IdiNNLa Store A toloration NN
31 1 33 incsp Inerement 8P by 1
) 1 34 incthll Ierement (HL by 1
a3 1 35 decihly Decrement (HL ity |
| 2 J6 1dihlN Stare N to i HL:
ab 1 37 sl Set carry flag
sh 2 38 jre,x Jump relative ifearry, + or —x
&Y 1 39 odd hl.sp SP+ HL—HL
58 3 34 ldaiNN) Lood A with location (NN
59 1 3B decso Decrement SP by 1
i l AC inca Inerement A by 1
] 1 3D deca Discrement A by |



spprendix 2—continued

Jectmal Bytes Hex Munermonge Description
+3 2 3E Ida,N Load A with N
i3 1 aF ccf Comolement carry flag
3 1 48 1dbb MoveBto B
3] 1 41 1ldb.c Move CtoB
15 1 42 ldb.d MoveDltoB
A7 1 43 ldb.e MaveEin B
iR 1 44 ldbhh MoveHto B
1) 1 45 ldb,] MoveLtoB
(1) 1 45 ld b, Ll Move (HL) o B
i ) 47 Idb.a Move Ato B
2 1 48 lde.b Move BloC
a3 | 49 ldce MoveCtaC
4 1 1A ldcd MoveDtoC
75 i 4B ldc.e MoveEto O
1] 1 4C Idc.h Move HtoC
Er] 1 4D lde.l Move LtoC
A 1 4E ldc.thl) Mave (HL) to C
2 1 4F 1dc,= Move AtoC
) 1 50 1dd.b MoveBto D
il 1 51 ldd.c MoveCto 12
32 1 52 ldd.d Move Dto D
3 1 53 ldd.e Move Eto DD
i 1 54 ldd.h MoveHte D
35 1 85 ldd.l MoveLtoD
6 1 56 ldd.hiD) Move {HL) to
7 1 57 ldd.a Move Ato D)

e 1 58 ldeb MoveBtoE

] 1 59 lde.c Move CtoE

w0 1 5A lded Maove Dt E

31 1 5B ldee MoveEtoE

4 1 5C ldeh MoveHito E

33 1 5D Ide,l MoveLioE
34 1 BE ldeJhl) Maove HLitoE
: 151 1 gF Ilde.a Move AtoE
Wi 1 & ldhb Move BtoH

17 1 61 ldh.c MoveCtoH
18 1 62 ldh,d Move Dto H
1t 1 63 Idh.e Move EtoH
Ll 1 B4 ldhh Move Hto H
@1 1 685 idh.l MoveLtoH

@2 1 66 ldh.ihl) Move (HIL)taH
03 1 87 ldh.a Move AtoH
04 1 63 idlLb MoveBtoL

05 1 89 idi.c Move Ctoll

153 1 6A Idld Move DtoL
a7 1 6B ldl.e Move EtoLL
Bs 1 6C IdLh MoveHtoL

@0 1 6D 1d1.1 MoveLto L
16 1 SE Id1.ihlp Move (HL)tc L
1 1 6F Idl.a Move AtoL
12 1 70 ld{hlLb Move Bto(HL)
13 1 71 ldthl)e Mowve Cian{HL)
14 1 72 ldthlid Move DtotHL)
15 1 73 ldikle Move E to{HL)
14 i T4 ldihD.hk Mowve Hto (HL}
17 1 75 1dihlnl Move L to(HL)
18 1 76 halt HALT

19 1 77 ldihla Move Ato(HL)
20 1 78 lda,h MoveBtoA
21 1 79 lda.c MoveCto A

22 1 TA ldad Move Dio A
23 1 7B ida.e Move Eto A
24 1 T2 da.h Move Hto A
25 1 7D lda.l Movel.to A
26 1 7TE 1d a.thl) Move HLito A
a7 1 7F lda.a Move Ata A
28 i A3 adda,b B+A A

129 1 A1 adda,c C+a—sh

34 1 H2 addad D+A—=A

31 | 83 addae E+A-A



Appendix Z—continued

Decimal Bytes Hex Mnemonic Description
3z 1 84 addah H+A—A
33 1 856 adda,l L+A A
L34 1 B6 adda.hl} (tHL)+ A—A
a5 1 87 addaa A+A—A
36 1 B8 adcab B+A+carry—A
a7 1 £9 adea.c C+A+carty—A
38 1 8A adead D+ A +carrv— A
139 1 8B ade.ae E+A+carry—A
140 1 BC adc.ah H+A+carrv—A
41 1 8D adec.a,l L+A+carry—A
42 1 8E adeathi {HL}+A +carry—A
43 1 8F adca.a A+A+carrv—A
44 1 94 aubb A-BA
145 1 91 sube A-C—A
[ 46 1 92 aubd A-DA
147 z 93 sube A-E A
44 1 94 subh A-H-A
449 1 95 subl A-F—A
156 1 o5 aub(hl) A—(HL»A
51 1 97 suba A-A A
152 1 98 sbecab A—B-carry—A
53 1 99 sbea.c A—C—carry—A
54 1 9A shead A—D-carryv—A
"85 1 9B sbea.e A—E—carry—A
56 i | 9C sbecah A—H-—carrv—A
57 1 oD sbea.d A—L—carry—A
158 1 9E sbca. hl) A—(HL)—carry—A
159 1 9F sbca.a A—A-—carry—A
6@ 1 AP andb Aand B-A
6l 1 Al ande Aand C—A
162 1 A2 andd Aand DA
83 1 A3 ande Aand E—-A
164 1 A4 andh Aand H—-A
165 1 Ab andl AandL—A
166 1 A6 and(hl) Aand (HL—+A
67 1 AT anda Aand A A
68 1 A8 xorb AcxclusivecrB +A
69 1 A9 xarc Aexclusive or C—A
7@ 1 AA xord Aexclusive orD— A
71 1 AB xore A exclusive or BE—A
72 1 AC xerh AexclusiveorH—-A
73 1 AD xorl Aexclusive or L—A
T4 1 AE xorihl} A exclusive or (HL)—A
75 1 AF xora Aexclusive or A—A
76 1 B& orb AogrB—A
77 1 Bl orc Aor{—A
TR 1 B2 ord AorD—A
70 1 B3 ore AorE—A
B 1 B4 orh AorH—A
81 )3 BS orl Aorl—A
82 1 B6 orihl} Aori{HL}—=A
83 1 B7 orm Aor A—A
H4d 1 BE cpb Compare A:B
a5 1 BY cpe Compare A:C
186 1 BA cpd Compare A:D
87 1 BB cpe Compare A:E
B& 1 BC coh Compare A:H
B9 1 BD cpl Compare A:L
90 1 BE cp(hl} Compare A :{HL}
91 1 BF coa Compare A:A
92 1 C@ retnz Return if non-zero
193 1 C1 pophbe Pop BC from stack
04 3 CZ jpnzNN Jump to N if non zero
a5 3 C3 ipNKN Unconditional jump to NN
o 3 Cd callnz NN Call NN if non-zera
97 1 C5 pushbe Fush BC ontostack
o8 2 C6 adda N A+N-+A
199 1 C7 rst@d Call 0000 slari rouline
- 1 8 retz Return if zero
291 1 C9 ret Return



Appendix 2—continued

Decirnad Byles Hex Mnremonic Description
02 3 CA ip: NN Jumpto NN il zern
a CB See special set of CB routines
W 3 CC callz NN Call NN ifzern
05 3 CD call NN Call NN
"G 2 CE adcaN A+N+carry—A
207 1 CF rot8 Call 0008 error routine
5 1 D@ retnc Return if carry = {)
39 1 DI popde Pop [ME from stack
1 3 DZ jpneNN Jumpto NN if carry =10
211 2 D3 outiNa Cutput Atoport N
112 3 D4 call ne NN Call NNifcarry =0
113 1 D5 pushde Push DE ontostack
14 2 D& zubN A-N—A
115 1 DT rstlE Call 3010 print routine
16 1 D8 rete Beturn if carry=1
217 1 D9 exx Set orime B—1. active (exchange registors)
‘18 3 DA jpe NN Jumpto NN ifcarry =1
Y 2 DB ina.iNj Input io A from port N
1] 3 DC callc NN Call NN ifearry =1
121 DD prefixes instructions
1EINng ix See special set of DI} routines
122 2 NDE shca M A—N—carrv—A
23 1 DF rsi 24 Call 0018 character routine {1}
124 1 E® retoo Beturn ifoverflow/paritvy flag =0
125 1 El ovophl Pop HL from stack
126 3 E2 jppo,NN Jump to NN ifeverflow/parity flag =0
127 1 E3 exisp)hl Exchange {SP) and HL
125 3 E4 callpo, NN Call NN ifoverflow/parity flag =0
3G 1 E5 pushhl Push HL ontostack
130 2 E6 andN Aand N-—-A
31 1 7 rat 32 Call 0020 character routine(2)
132 1 E& retpe Heturn if overflow/parity flag =1
233 1 ES jpihl Jump ti location (HL}
e 3 EA ippe NN Jumpto NN if overflow/parity lag =1
15 1 EB exdehl Exchange DE and HL
6 3 EC calipe NN Call NN ifoverflow/parity lag=1
T ED See special set of ED routines
138 . EE xor N Aexclusive or N— A
39 1 EF ral 49 Call {28 calculator routine
40 1 F@ reto Return if signflag =0
41 1 F1 popal Pop AF lrom stac
42 d F2 ipp, NN Jumpto NN ifsign flag = 0
43 1 Fi di Disaﬁle inlerrupls
44 3 F4 calln NN Call NN ifsign Eag ={}
dh 1 Fh push af Push AF ontostack
46 2 Fé orN AarMN_A
47 1 7 ratdf Call 0030 work space routine
L] 1 F8 retm Return ifsignflag = 1
49 1 Fa 1dsphl Move HL to 5P
50 3 FA ipm NN Jumpto NN ifsignflag=1
a1 1 FB ei Enable interrupts
52 3 FC callm. NN Call NN ifsign flag =1
153 FI) prefizes instructions
1SINE 1y See special set of FD routines
thd b FE epN Compare AN
15 1 FF rsl 56 Call D038

25)



snpendix 2— continued

DD 09
DD 19
D 21 +dddd
YD 22 addr
1D 23
D 29
D 2A addr
D 2B
D 34 d
DD 35d
JD36d +dd
)D 39
oD 46d
NDD4Ed
DD56d
DD5SEd
NDe6d
IDGE d
D 70d
D 71d
D 72d
D73d
D74 d
D 75d
oD77d
IDT7Ed

)D8E d
JD 9% d
DDYEd
DD A6d

D AEd
JDB6d
JDBEd

ADD
ADD
LD
LD
INC
ADD
LD
DEC
INC
DEC
LD
ADD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
ADD
ADC
sSUB
SBC
AND
XOR
OR
CcP

1X.BC
1X. DE
IX,+dddd
{addr) IX
IX

IX.IX
IX.(addr}
IX
(IX+d)
(IX+d)
(IX+d),+dd
IX,SP
B.(IX+d}
C.(IX+d)
D.(IX+d)
E.(IX+d)
H{IX+d)
L.(IX+d)
(IX+d),B
(IX+d).C
(IX+d).D
(IX+d).E
(IX+d),H
(IX+d),L.
{(IX+d),A
A(IX+d)
A(IX+d)
A (IX+d)
(IX+d)
A(IX+d)
(IX+d)
(IX+d)
(IX+d)
(IX+d)

DD CB d 06
DD CB d OE
DDCBd16
DD CBd1E
DD CBd 26
DD CB d 2E
DD CB d 3E
DD CB d 46
DD CB d4E
DD CBd 56
DD CB d 5E
DD CB d 66
DD CB d 6E
DDCBd76
DDCBd7E
DD CB d 86
DD CB d 8E
DD CB d 96
DD CB d9E
DDCBd A6
DDCBd AE
DD CB d Bé
DD CB d BE
DD CBdCé
DD CB d CE
DD CBdDé
DD CB dDE
DD CB d Eé6
DD CB d EE
DD CB d Fé
DD CB d FE
DD E1

DD E3

DD E5

D E9

DD F9

RLC
RRC
BEL
RR
SLA
SRA
SRL
BIT
BIT
BIT
BIT
BIT
BIT
BIT
BIT
RES
RES
RES
RS
RES
RES
RES
RES
SET
SET
SET
SET
SET
SET
SET
SET
POP
EX
PUSH
JP
LD

(IX+d)
(IX+d)
(1X+d}
(IX+d)
(IX +d}
(IX+d}
(IX+d)
0,(IX+d)
1,(1X+d)
2,(1X+d)
3,(1X+d)
4,(IX+d)
5.(IX+d}
6,(IX+d)
71X +d)
0,(IX+d)
1,IX+d)
2,(IX+d)
3,IX+d)
4,IX+d)
5,(IX+d)
6,(I1X+d)
70X +d)
0,(IX+d)
1,(IX+d)
2,(IX+d)
3,(IX+d)
4,(IX+d)
5(IX+d)
6,(IX+d)
71X +d}
IX
(SP),IX
IX

{1X)
SP,IX

23



inpendix 2—continued

“D Instructions

ED 40 | ED50 ED 80 ED A0 ED B0
IN IN | IN LDI . LDIR
B,(C) D,{C) | H(C)

ED 41 ED 51 ED 61 EDA1 ED Bi
OUT OUT OUT CP1 CPIR
(C),B (C),D (C),H

ED 42 ED 52 ED 62 ED72 ED A2 EDB2
SBC SBC | SBC SBC INI INIR
HL,BC HL,DE HL,HL HLSP |

ED43 ED53 ED63 ED73 ED A3 EDB3
{addr),BC | (addr),DE | (addr),HL | (addr),SP | OUTI OTIR
D44

NEG

ED 45

RETN

ED 46 ED 56 ED 66 E

IMO IM1 IM 2

2D 47 ED57 | ED#&7

LD LD | RRD

LA Al '

. ED48 ED58 ED 68 ED78 ED AB ED B8
IN IN IN IN LDD LDDR
C,(C) E,C) L,(C) A,C)

ED49 ED59 ED&9 ED79 EDAS ED B9
JUT OuUT - OUT ouUT CPD CPDR
(©),C (C)E | (C),L (C)LA _i

ED4A | ED5A ED6A ED7A ED AA EDBA

. ADC ADC ADC ADC ~ IND INDR
HL,BC HL,DE HL,HL HL.SP |
ED4B ED5B ED 6B ED7B ED AB EDBB
1.D LD LD LD OUTD OTRD
3C.addr) | DEJ{addr} | HLJaddr) | SP,(addr)

1D4D [
ZETI
ED4F ED5F ED 6F
LD LD RLD
R,A AR \

24




ippendix 3

Jecimal-hexadecimal conversion table

Necimal 0-255 Hexadecimal 00-FF. Low byte

Nec. Hex. | Dec Hex. Dec. Hex. a0, De;, Hex, 250,
i oo | G4 40 128 a0 —128 192 {0 —-hd
o1 | @5 41 129 a1 -127 193 1 -83
g2 | 66 42 130 B2 — 126 I 194 {2 £2
03 | 87 43 131 83 125 | 195 ok} -1
e | 65 44 132 84 —124 196 G4 —&0
5 s | 69 45 143 55 ~123 197 Ch -59
i 6 | 70 46 134 bt —122 1848 Ca —58
' U 7 135 87 —121 199 7 - 5T
4 og | 72 48 136 84 140 200 08 -5G
J g | 3 40 137 a9 115 201 9 = bH
b 0A | T4 44 | 138 8A —118 202 CA - Hd
11 1) S i) 4B 1 139 5B —-117 203 B —b3
2 0c | 76 4C 1 140 RO —118 204 o0 -52
3 oo | 77 40 i 141 ED ~-114 MG D -51
4 OE i 78 4F 142 8k —114 206 CE ill]
b oF | 79 41" 143 1 —113 207 F —49
16 10 | an an 144 90 =112 208 i 4
L7 15— El al 145 91 —-111 00 D1 .
8 i2 | a2 a2 146 92 =110 210 Dz . i
9 13 | 83 53 147 93 —109 211 D3 —45
W 14 | Hd % 145 04 - 108 212 14 —44
31 5l 8h 65 149 93 -107 213 D5 —43
22 g | Faié] 56 150 b3 1o - 106 214 D6 —42
i 17 | By a7 151 9y —105 215 ov —-41
4 18 | 88 5R 152 a3 —104 216 Ds --40
2h 19 | Ha h9 153 99 -103 217 D9 30
% 1A | 90 hA 154 A -102 218 DA -8
¥7 1B | 91 AB 15% 3 -101 219 DE -37
A 1ic | 92 aC 156 ST — 101} 220 L -36
9 10| U3 sl 157 gD —94 227 Tin 35
W 1IE | 94 5F, 158 ok -9 | @2 DE —34
i1 1F | 95 5F 159 g 97 233 nF 3d
12 20 | 98 60 160 Al —96 224 E0 —32
3 21 | 97 61 161 At —95 225 E1 -31
4 22 | 98 62 162 A9 a4 226 | % —a0
i5 23 | 9o 63 163 A3 63 227 E3 ~ 29
6 24| 100 | 164 Ad —g92 228 Jor: -28
37 a5 | a1l 63 165 AL —-91 229 Ef -27
18 26 | 102 665 166 A6 —-90 230 E6 —26
49 27 | 103 T 1 1B7 AT RO 231 E7 — 25
i) 28 104 68 | 1p8 AB —88 232 K8 —-24
i1 24 104 69 | 1go A9 —f7 233 Eg 23
i2 A 106 BA | 170 AA a5 234 EA 22
i3 7B 107 68 | 17 AB —85 235 EB -21
4 a0 108 6C | 172 AC —Hq 236 EC =20
5 2D 109 6D | 173 AD —83 237 ED -19
6 2E 114 65 | 174 AR —£2 238 EE —18
7 2F iil 8F | 175 AF =83 239 EF —17
] a0 112 T0 | 176 BoO an 244) Fu -16
‘g a1 113 1 00 179 Bl -7 241 1 -15
) 32 114 72 | 178 B2 —75 242 F2 -14
i1 a3 115 73 | 179 B3 -77 243 F3 ~1:3
32 a4 116 74 | 180 B4 -74 244 F4 12
13 b | 117 Ta 181 E5 -75 245 F4 ~11
4 36 114 76 182 E& 74 216 g -10
i5 37 119 77 | 183 BT -73 247 | G
8 38 120 78 | 184 Ba -2 248 F& -8
57 39 | 121 19 185 Eg ~71 249 F9 =7
5 3A 1 122 TA 186 BA 70 250 A -5
39 3B | 123 7B 187 ER 60 251 FB -5
il 3C | 1% 7 185 BC — 65 | 262 FC 4
i1 s | 195 T 189 B —-67 | 233 FD -3
2 aE | 126 E 190 RBE -66 | 254 FE -2
G3 3F | 1927 7F 191 BE -85 25D FF =1




wppendix 3—continued

Jecimal 065 280 Hexadecimal 00—FF high byte

decimal

)

5T
312
&8
024
280
536

1 792
' 048
2 304
2 660
1816
1072
13258
1 584
} B4D
L {040
352
L B0s
4 864
5 120
» 3768
7 632
5 BB8
144
44010
856
912
i68
424
' 680

[ 936
;192
3 448
P T04
960
3216
1472
1798
' 984
0 240
{ 496
{7562
1 008
1 264
1 520
1776
2032
2 2RB
2 544
2 800
3 (56
3312
3 bR
3 824
4 (0
4 3436
14 592
4 B4R
o104
5 360
5616
16 B72
16128

e e e

Hex.

0o
01
02
03
4
5]
(6
07
R
0
0A
0B
0C
0D
OE
oF
10
11

12
13

14
15
16
17
18
19
14
1B
1C
1D
1E
1F
20
21

22
23
24

25

26

27

Z8

29

2A
2B
20
2D
2E
2F
30

31

32

33

34

35

36

v

a8

39

JA
3B
ac
aD
aE
3F

Decimal

16 384
16 640
16 896
17 162
17 408
17 664
17 92()
18176
18 433
15 635
18 244
19 200
19 456
19712
19 968
20 224
20 480
20 736
20992
21 248
21 504
21 760
22416
22 272
22 h24
22 T84
23 040
23 294
23 552
23 808
24 064
24 320
24 576
24 332
40 058
25 344
25 a0
2h 86
26112
26 368
26 624
26 880
27136
27 382
27 648
27 804
28 160
28 41k
28 672
28 928
20 184
29 440
249 696
28 952
30 208
30 464
30 720
30976
31232
a1 488
31 744
32 Do
32 256
325612

Hex.

40
41
42
43
44
45
46
47
48
44
44
4B
40
4D
4E
4F
50
8l
82
53
a4
55
a6
a7
a4
59
5A
58
5C
5D
5E
5F
a0
61
62
63
64
65
66
67
68
64
BA
6B
6C
6D
BE
6F
70
71
72
73
Td

-
i

76
77
T8
ik
TA
7B
7C
7D
iE
7F

Decimal Hex. Decimal Hex
32 768 211 45 152 Co
33 024 821 49 408 1
33 280 a2 49 6564 C2
33 536 ad 49 920 <3
33 792 A4 50 176 4
34 048 B 50 432 Ch
34 304 BB 50 BER C6
34 BB a7 50 944 7
34 816 88 51 200 C8
a5 072 EY 51 456 8
a5 328 8Aa bl V12 A
35 hHE4d B Bl 968 CB
35 844 BC B2 324 oo
36 096 &D 52 480 CD
a6 352 8E 52 756 CE
36 608 KF 52 992 {F
36 564 9 h3 248 Do
37 120 91 53 504 D1
a7 376 92 53 760 Dz
37 632 a3 54 016 D3
37 8E8 94 54 273 4
38 144 95 o4 528 D5
34 400 o6 54 784 g
38 656 97 55 040 Dy
38 912 1 55 206 Ds
39 188 99 66 552 Do
39 424 gA 55 B0& DA
39 680 98 56 D64 ]3]
39 936 o ob 320 P
40 192 aD 56 576 nn
4} 448 SE o6 B3Z DE
40 704 aF a7 088 DF
410 960 Al 27 344 Ei
41 216 Al 57 600D El
41 472 A2 57 BGB E2
41 728 A3 hE 112 E3
41 984 Ad 58 368 E4
42 240 A5 58 624 ES
42 496 A6 58 BA0 E&
42 752 AT 59 136 E7
43 8 A8 59 392 E8
43 284 A9 RO B4R E%
43 520 AA 59 904 EA
43 776 AR &0 160 4K ]
44 032 AC 60 416 Ef
44 285 AD &0 BT ED
44 544 AE a0 928 EE
44 200 AF 61 184 EF
45 056 )] 61 440 FQ
45 112 B1 651 GAG M
45 HES B2 61 952 F2
b HB24 By G2 208 F3
46 (8} B4 G2 464 Fd
46 338 Ba 62 720 '
416 592 Bs 62 976 i
46 8458 B7 63 232 E7
47 104 B8 63 488 F&
47 380 B9 63 T44 Fa
47 816 BA Bd (000 FA
47 872 BE 64 256 FB
48 128 B 64 512 FC
48 384 ED 64 768 FD
48 640 BE 65 024 FE
48 896 BF 65 280 FF
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ippendix 4

Useful calculator literals

.teral d Funection Action
EXCHANGE Top two values swapped
SUBTRACT Top value subtracted
‘rom the one underneath
1 MULTIPLY Multiply top two values
DIVIDE Top value divided into
the one underneath
5 ADD Add top two values

31 SIN Sine of top value

32 COS Cosine of top value

33 TAN Tangent of top value

39 INT Integer of top value

a0 SQR Square root of top value

49 DUPLICATE Dubplicate top value and
place on top of stack

52 STK Stack data held in
compressed form
see Chapter 7)

56 END Finish calculator
routine and return to
machine code program

51 RESTACK Replace top value with its
loating point form

60 0 Stack 0
61 1 Stack 1
62 : Stack 3
63 w2 Stack 7/2
64 10 Stack 10
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ippendix 6
‘arewell program

“or those of vou who like taking programs apart to see how they
vork. the tape contains a machine code program called PROBLEM.
"he obiect of the program is to demonstrate the fact that the
Spectrum can run a machine code routine while giving full BASIC
ontrol to the programmer.

‘When loaded, the computer will display a copyright message in
vhe top right-hand corner of the screen. This copyright message will
‘emain on the screen at all times. Your problem is to find out how it
s achleved and to remove the message without crashing or NEWing
the Spectrum.

"he program is such that it would be impossible to produce a
1seful listing and it has several features that make it difficult to
race the machine code. To remove the message vou will need a
suitable machine code routine.

f you successfully remove the message and disassemble the
'outine you will see that it opens up a whole new area of
rogramming possibilities. Good luck.

o 1981 Alrbeops WL

boaie proOgram afFmnansirates that
1,60 SPECTRUN is 3ble tDo A 1Twg
Bhihigs a4t the sarnég LTimhe. _

hee CcOpYr19ht nessage 135 " fived”

ﬂﬂgﬂigil . Remowve lhi_i message .
g0 s0 without crashing or HELWLLINg
he COmpuiter.,

‘ay hawe full BASIC <0
sH R/AM. Tow nad

LRt , SAL
delete Thse £ -

and ansedct $au

i3l Lo ek

29



vopendix 68— continued

@ RANDOMIZE USR (FEEH (PEEX 23
274254 #FEEK 2342841 ) + {2546% (PEEK
FEEK 234827+256#FEEK 234628+2} )31}

sa CLEAR Z9106

A2 FRINT 4T 2,0:"This program d
‘monsTrates that the SFECTRUM 1s

ible to do two  thinas at the sa
me timeE. "' "The copyright mecsmage
i's “Fived®®
3o PRINT
G RRINT

nEEsage, o

"FROEBLEM : Remove the
"Do so without crashing

Program ‘Problem’

130

1

o NEWinaothe computer.'
S8 PRIMT
& FRINT "You have full BASIC c
ontral and about SR RAM., You may

afial yee the listing, LOAD, SAVE

«MERGE or even delete the exist
g program and Lnosert your o
. 1]

e FRINT ""CLUE 3 Hormal value
of 1 = &2d"

B SYOF

Yo LO0AaD ""CODE 3 GO TO 1w



Loftware to
iccompany

s baok . . .

\ cassette tape, for 16K and 48K Spectrums, is available to go with this
aook. It includes many useful programs, as well as demonstrations of the
echnicques described in the book. And there is a full machine-code
rersion of CROSS, an arcade game of professional quality!

~ontents of the cassette tape are:—

PLOTDEMO — plots messages anywhere on the screen, using BASIC
o set height and width.

REACTION - a reaction timer to demonstrate fast machine-code
ounting.

{NDEMO — produces random height ‘skyscrapers’ using
mnacnine-code.

LEYDEMO machine-code fast keyscan.

VOVEDEMOQO demonstrates independent high-resolution
oreground and background movement.

TXELDEMO demonstrates movement at pixel level.

NUMBERS utility to print Sinclair floating-point form of any
umber.

SOUND five different machine-code sounds, including white
woise,

~ROSS-BASIC ‘Cross’ game in BASIC and machme-code.

SROSS-M/C Full machine-code version of ‘Cross’.

"ROBLEM If vou've understood the book you should be able to
srase the rather persistent McGraw-Hill logo that 1s
iUways on the screen!

"he tape is distinctively packed to match this book, and comes complete
with a card enabling you to use the free McGraw-Hill
soitware support service.,

ARCADE PROGRAMMING

Just £6.95 inc. V.A.T.
07 084730 4)
N=Graw-Hill books and software should be available where you bought this book, but in
-aze of difficulty send direct 1o

vicGraw-Hill Book Company (UK) Limited,
‘honpenhangers Road, Maidenhead, Berkshire.
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