>

Nascom Microcomputer

]
= COLOUR GRAPHICS SOFTWARE

The NMascom Microcompuiars Divistan of Luras Lagwe Limsied reserves
the right (o amend/{delefe any specidication i thus brochure o
accordance with fulure develapments

LW aVeln]
& Copyright L ucas Logec Limited J_‘j 5£

Nascom Microcomputers
Division of Lucas Logic Limited

Weltan Road Wedgnock Industrial Estate
\Alnmanel (CW2A ED7 ] il

VWHCl VLD W Wl T ol i

I; 0926 497733 Telex: 312333

Li




TABLE OF CONTENTS

CHADTER 1 PAGE
INTRODUCTION s e e s s e s e e e s 2
USING ‘THE MANUAL ' 3
SYSTEM PREPARATION 4 o o o o o o o « « 4
CHAPTER 2
BASIC PLOTTING 5
PREPARING THE DISPLAY v v v « « o o « « 6
COLOUR ON THE AVC 7
OPERATING MODES e I |
PLOTTING POINTS 13
LINE PLOTTING P A
TYPES OF PLOTTING 29
REANDTNG PIXEL COLOURS . . . . . . « . . 23
CURSOR & WINDOWING 25
RECTANGLES & TRIANGLES & 4 « o « o s » 217
ROTATE ANGLE 29
SLANT ANGLE L ] - [ ] > [ ] - - - L 3 L ] - > - 3@
POLYGONS 33
VECTORS AND SCALED LINES . 4 « « o « » 36
LABELS 39
MATRIX PLOTTING e e e s e s e o a & o 43
HARD COPY 47
FILLING e e s 2 e e e o 4 s s s s« = . 48
DISK FUNCTIONS 49
DEFAULTS L] - - - - - - - L ] - L] - - L] - 51
CHAPTER 3
CREDITS e o o o s 2 o s 4 = e o o » s B3
APPENDIX A AVC HARDWARE REGISTERS v o v o « « 54
APPENDIX B COLD & WARM STARTS e s o o »'a s 55
APPENDIX C ASSEMBLER INTERFACE . . .. ... 58
APPENDIX D AVC SOFTWARE REGISTERS + . . . .. 60
APPENDIX E SYNTAX REFERENCE O 1
APPENDIX F EXTENDED BASIC REFERENCE . . . .. 78
APPENDIX G DISCLAIMER R 3
APPENDIX H SOFTWARE PROBLEM REPORT .. ... 73

included: QUICK REFERENCE GUIDE
COLOUR INSERT



CHAPTER 1
INTRODUCTION

“A PICTURE IS WORTH A THOUSAND WORDS"

The above may not always apply, but when dealing with the
computer / man interface the ability to convey information
pictorially greatly increases "useability". Sometimes information
is difficult or impossible to describe using only numbers and
words but becomes comprehensible in graphic form. The application
of graphics to scientific,engineering,business and other problems
helps the computer user to gain maximum efficiency.

The NASCOM ADVANCED VIDEO CONTROLLER and it's versatile firmware
can create and display graphics in a wide rande of colours, this
adds the ability to emphasize certain areas or to show
rolationghing between sets of data.
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USTING THIS MANUAL

It is assumed that you are already familiar with the concepts
and material presented in the manuals for your NASCOM
microc0mputer. For details on installation of the AVC refer

Ll RT?M TIAMMTLIATITI WARITTAT
l..-U LilE AV IIAaDUWALRD UMV URL .

To gain maximum benefit from this manual it is suggested that
it is read completely making full use of the examples and
tutorial problems. Once familiarity has been gained, use of
hea 11cad o a
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memory jogger, with reference to the main manual for more
specific details.

A demonstration program is n disk versions, to run
’ 1

JE: RUN ME
This will give a brief insight into colour graphics, now read
on and enijoy the wonderful world of computer graphies.

—cig BT A

ITMPORTANT NOTE

If the NAS-5YS:3 monitor is not being used then after
avary system power up the AVC must be paged out. To do
this type:

O Bz 8¢

This does not apply to CP/M users,
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Installation of the AVC is covered in the AVC HARDWARE MANUAL,
this should be consulted with reference to the NASCOM MANUALS,

This manual covers the colour graphics associated with;

NASCOM ROM BASIC
NASCOM ENHANCED BASIC
MACHINE CODE INTERFACE

operating under NAS~DOS

NASCOM ENHANCED BASIC (See separate manual}
MACHINE CODE INTERFACE (" " " )

operating under CP/M

The explanation of the graphics commands in this manual are
limited to a NAS-DOS system, for details of the other SysStiem
types refer to APPENDIX C Also the commands relate to use under
NASCOM ROM BASIC for details of the differences between basics
refer to APPENDIX F.

When executing colour graphics commands from NASCOM ROM BASIC all
commands must be preceded with the "SET" command, this in no way
affects the normal use of the "SET" command using the standard

NASCOM VIDEO.

¥or details of interfacing the AVC to NASCOM 1 microcom and
to other computer systems refer to the applicable manual and to
the AVC HARDWARE MANUAL. Information is also provided for non

"NASCOM"™ perpiherial cards.

nyT
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Enter NASCOM ROM BASIC using the J command, then execute the

colour graphics software which is stored on disk in a file called

mnAQ
[+ S+

(Note for a 48K byte system use G48, for a 32K byte system use
G32).
The system should respond with;
NASCOM AVC / ROM basic linked
Copyright (c) LUCAS LOGIC 1982
wv NAS-DOS 1 ~->D?2?2?2?22<{~~ NAS~SYS 3 =~~

Then re~enter basic using the Z command.
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CHAPTER 2

BASIC PLOTTING

T =t A

To proceed with the exampleés i1n this <nap
GRAPHICS software, see previous chapter.

The principles of operation of displaying a graphics plcture are
transparent to the graphics programmer, but to gain a better
understanding of graphics a brief explanation is given of the
display system.

The NASCOM ADVANCED VIDEO CONTROLLER (AVC) works on the BIT
MAPPED RASTER SCAN principle, this means that the computer can

directly address and set the colour of any graphics point (called
T VLY r!} A3 e ay Thiga prox_rides a muich more flexible System

FlAlLbio on the Qisp+ . i1l

than programmable character generator graphics systems. While
these PCG systems offer faster graphics generation in certain
applications they suffer from programming difficulties and are
restricted by the number of different shapes they can generate,
normally only 128 or 256, The "SET" command from NASCOM ROM BASIC

normally ly 128
is an example of PCG.

There are other graphics systems, VECTOR SCAN being the best
known. But vector scan display devices and controllers offer
colour shades and are considerably more expensive.

The display produced by the AVC can be best described as a two

L N

dimensional grid, the grid is divided up into small squares
(called PIXELS, Picture Elements) each of which can be

independently controlled by the computer. When viewed from a
distance these combinations of pixels merge together to form
shapes. This is a similar effect that newspaper photographs use,
if you lock cleosely at a newspaper photograph the individual
picture elements can be seen.

The AVC uses the raster scan principle, an electron beam scans
across the face of the display (monitor, television) from left to
right, then moves down a line and repeats the left, right, down
sequence till it reaches the bottom of the screen. This is
similar to the way a person reads a page of text. As the beam
traverses the screen it's energy is converted into light by the
special coating on the inside of the screen. The intensity of the
light produced can be varied by changing the energy of the beam.
Colour displays are produced by having three coatings (phosphors)
to give the three primary colours. The whole screen is scanned
fifty times a second which is just fast enough for the human eye
to average out the light levels, thus a stable picture is viewed
and not just a moving spot of light. This is exactly the same way
ir which a television picture is formed.

Whereas with raster systems all the possible pixels are traversed
by the beam in vector scan systems the beam is moved only to the
pixels which require illumination. This provides very fast line
generation but does not give constant illumination.

The larger the number of pixels then the better the definition of
‘the picture formed, the AVC has two rescolution modes ;

ATAMAT R MENOTMY . hirsrh nraduces 392 horizontal and 256 vertical

SINGLIE DhiNolris WalCh PLOVVCES

pixels and
DOUBLE DENSITY: which produces 784 horizontal and 256 vertical

Pixels.

T
=4 Lo oo
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PREPARING THE PLOTTING AREA

Just as an artist requires a clean “canvas" to start a new
painting, the graphics programmer (computer artist) requires a
clear display screen to begin. To c¢lear the screen on the AVC the
BACKGND command is used (background). However before clearing the
screen or beginning to paint the canvas must be on the easel, to
achieve this with the AVC we must define the AVC's operating

18 REM For commands in ROM BASIC use the prefix of SET
2f) REM
39 REM CLEAR THE SCREEN

AFE mAMATVI
QW MUVAL

5@ BACKGND

The display will now be clear, to display a coloured canvas try
the following;

1¢ REM Primary/secondary background colours
200 REM

3¢ MODE

4¢ FOR COUNT
58 FOR KOQUNT

62 BACKGND COUNT
7% NEXT COUNT

T
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The display will be set to all the primary and secondary colours,
the MODE and BACKGND commands are explained fully further on.

The previous program used with NASCOM ROM basic would have lines
3% and 64 changed as follows;

380 SET MODE

60 SET BACKGND COUNT
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COLOUR ON THE AVC

Before continuing with colour graphics the concept of *colour’
and how it is implemented on the AVC must be understood.

Colour is a complex adjective used often in everyday life, but it
is difficult to describe objectively. The scientific definition
of colour is the wavelength of electromagentic enerqgy in the
visible spectrum, to the casual observer it is red,green,pink
etc. There are two main subjective methods of defining colour;

HSL: HUE,SATURATION,LUMINOSITY

h LR R I A3 R R
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With this metho
normally confu sed w1th colour but is a different concept. The
amount of hue within a colour is defined by the 'SATURATION', and
is defined as the percentage deviation from an achromatic
standard (a non coloured standard} such as black,white or some

........... m~ Al f - Fl1 amibnA -y kY

grey scale., The amount of transmitted {or reflected} energy is

the intensity or 'LUMINOSITY' of the colour. The three components
of colour H,S and L are shown in fig 1 on the coloured insert.

PRIMARY VECTORS: RED,GREEN,BLUE

With this method colour is defined by the three primary colour
vectors RED,GREEN and BLUE, these vectors are equally spaced on a
circle, the colour being defined as the relative lengths of the

vectors. Thus each vector defines the intensity of the primary

are the transmltted colour primarles not the reflected colour
primaries. The three components of the PRIMARY VECTOR method
(called the R,G,B method) are shown in fig 2 on the <¢oloured
insert.

The method used on the AVC is the R,G,B method.

The colour is defined as the intensities of the three primaries;
RED intensity, GREEN intensity, BLUE intensity
Try the folloawing;

1@ REM 4213 COLOUR SHADRES

3¢9 FOR COUNT =1 TO 19
43 BACKGND 17*RND(1),17*RND(1},17*RND{(1)
58 NEXT COUNT

ML o amm e o - L
1l

e range of each inte 1
olour), note these are integer values which expl

17*RND (1)

[A] + 16 T
i LIS i

16*RND (1) +#.5
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With a 17 step range for each of the primary colours there are
4913 ( 1773) colours available., Although the BACKGND command has
been used in the examples the command parameters apply to
Emramrannd malsivee
e Nl he Ve e ke N ek 34 A T WS o W LA D .
You will have already have noticed that when non primary or
secondary colours are displayed there is a pattern effect, this
is due to the way the extended colours are obtained. Each pixel
in the display can only be set to one of the eight standard
the extended 4913 colours are obtained by arranging

il e LR N A 2 Ll

EY-REE T r-t B BT
as well, using the COLOUR command.

vvvvvv r
groups of pixels together and forming larger pixel units. As each

individual element of this larger pixel can be one of eight
colours there are many c¢olour combinations. This method of
obtaining more colours is called 'dithering'.

The entire 392 by 256 (single density) graphics raster is divided
up into 4 by 4 arrays of pixels, each containing 16 elements,
each element a pixel.

3 13 1 16 4

2 5 9 B 12 COLOUR MATRIX
Y address 1 15 3 14 P
| @ 7 11 6 1d
8 i 2 3

X address

Using colour in this way does not reduce the available horizontal
or vertical resolutions, but if used at a single pixel level the
colour of a pixel will depend on both it's colour and it's
position. This is not as such a serious limitation as it first
seems as the extended colours are normally used to give shade
effects. The software checks the two lowest address bits of the
pixel position and with reference to the colour matrix set that
pixel if the matrix number is lower than or the same as the
primary colour intensity. This sequence is repeated for the three
primary colours, RED,GREEN and BLUE.

Thus for a colour of;

RED = 7 GREEN = 3 BLUE = 12

LR A AT ] -

The three primary colour maps are;

13 * 16 * 13 * 16 4 13 * 16 *

* 9 g 12 g 9 g8 12 * % * %

15 * 14 * 15 * 14 - % 15 * 14 *

* 11 * 19 7 11 6 19 *  * *  *
RED GREEN BLUE

The three colour matrix maps are superimposed to give the final
colour, .

By chosing even intensities the effective matrixz pixel bleck 1S
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reduced to a 4 by 2 matrix, if multiples of 4 are used then the
matrix block is further reduced to a 2 by 2 matrix, this enables
the reduction of the pattern effect. Mathematicians will have
noticed that a block of 4 by 4 elements each of which can have 8
states (colours) produces more than 4913 colours. The limitation
to the 4913 colours reduces the aliasing effect. Aliasing is the
overall pattern effect that is sometimes noticed on television
pictures, especially on news presenters suit jackeis and on
western "wagon" wheels which rotate backwards.

After the slight deviation into colour let's return to graphics
with the BACKGND command.

- P
format;

BACKGND RED intensity, GREEN intensity, BLUE intensity

or BACKGND colour,carriage

1f only one parameter is included after the BACKGND command then
this is taken to be a primary/secondary colour and is selected
by a number in the range @ to 7, any value outside this range
will cause a basic OV error (overflow) as will all commands with
invalid parameters.

o r)lﬂl}f‘nl’l’\
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Relationship between colour parameter and pixel colour

parameter colour

eeerseaasasssaassas BLACK

. RED

. GREEN

.. YELLOW

. BLUE
MAGENTA

LN I T T I R T I ]

~] O LA P G B R

If no parameters are entered then the default value is # (BLACK}.
The second parameter if entered is a carriage control. The
display can best be regarded as a flat bed plotter, the carriage
when down (1) will plot as requested but when up (6} no plotting
takes place. The carriage overrides the pens but more about this

later.
If more than two parameters are entered after the BACKGND command

then the first three parameters define the RED, GREEN and BLUE
intensities. The fourth parameter is the carriage control. The
BACKGND command always uses the DOMinant plotting mode (see later
onj.

The speed of the BACKGND command is dependant on the colour and
MODE selected, the order of execution is, fastest first;

a] Default WINDOW, white or black
bl Default WINDOW, other primary/secondary colours
c] Non default WINDOW or non primary/secondary colour

The special AVC MODE 3 which provides both a single and a double
density graphics screen modifies the BACKGND command,

When used with BACKGND a] and b] both AVC screens are set to the
selected background coleour irrespective on the state of the PEN,
however the BACKGND c] does take notice of the PEN state (see the
MODE command later on).

See the syntax reference for details of all command default
values,

TUTORIAL
Write a basic program which will convert colours defined as

hue,saturation and intensity into primary vectors (red,green and
blue), then display these as BACKGND colours. Hint use the SIN

function.

10
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SELECTING THE AVC OFERATING MODE

We have previously seen that to prepare the AVC for graphics
plotting the MODE command must be used:

format
MODE avcmode,avec output
There are four AVC operating modes;

avemode=4 Displays the external video input to the AVC., This
would normally display the standard 48 column NASCOM screen.

avcmode=1 This is the single density eight colour mode (392
by 256 pixels)

avcmode=2 This is the double density two colour mode (784 by
256 pixels)

avaomode=3 This is the dual density mode providing two two
colour planes of 784 by 256 pixels (green) and 392 by 256 pixels
(blue). This enables four <colours to be displayed
blue,green,cyan,black.

The colours obtained by the three planes can be software
redefined if AVC model B is used, refer to your AVC hardware
manual.

The default value of avcmode is 1, the single density eight
colour display.

The second parameter used with MODE selects which combination of
the three available planes are displayed;

avC output =
only dgreen
red and green "
only blue
blue and red
blue and green
all planes displayed

~3 O LA L N TR

The default values for the avc output parameter are;
MODE = @ avc output = N/A

1 " {all planes displayed)

2 * {(dreen)

3 {blue and green)

[on N SR |

L]

If the mode is changed so as to change the resolution then an
automatic DEFAULT is performed, note MODE ¥ does not envoke an
automatic DEFAULT, this relieves the graphics programmer of
remembering to do so, The DEFAULT command is explained further
on.

11
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SELECTING A PLOTTING COLOUR

The foreground plotting colour is selected in an indentical way
to that of the BACKGND except that there is no carriage
paraneter.

forimat

COLOUR colour
COLOUR RED intensity, GREEN intensity, BLUE intensity

i |

sal. f -1 oo
-Liuur

e colour parameter default is to the colour white, ie, a
of 7 or intensities of 16,16,16,

Note The specified colour applies to all plotting commands unless
redefined by a COLOUR,DEFAULT or MODE change. All plotting
commands can use both types of colours, primary/secondary and

P T, - 1
CTALEILUEWL .

mi.
Lii

12
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PLOTTING POINTS

After clearing the screen and selecting an operating mode we can

now start serious graphlcs programming, plottlng points. o
The plctl‘:ing area i a two ﬂ1 mnnc‘lnn:\'l gl‘!ﬁ of nlxe}_q each of

which can be indivually coloured. Positional information for
pixel plotting is provided by entering X and Y coordinates, the

available plotting grid being a 65,536 by 65,530 X,Y array.

32767 I T
| BHard clip areas
Y position i i double density
single density
255
Y
-32768
~32768 o} 391 784 32767 X position
——————— ~32768 to 32767

The 65,536 by 65,536 plotting area is arranged as
for both axes, but the visible area is;

Single density @ >= X =< 391
g >= Y =< 255
Double density g >= X =< 783
g >= ¥ =< 255

These visible areas are defined as 'HARD CLIP' areas because if a
nixel {or pixels) is pletted outgide this area they are not

tJAA\--I- LA {-l uuuuu i Al e e el e e e W mE W e e o ws e
displayed. The HARD CLIP area ‘limits may be reduced to 'SOFT
CLIP' areas by the use of the WINDOW command.

The following diagram 111uqrraroe the effect of HARD CLIP on a

plotted square.

clip limits

13
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Only the solid portion of the square is displayed. If plotting is
attempted outside the plotting matrix (65,536 by 65,536) then a

basic “FC" errcr {(function call) will result,

LA Lo A ALAN o Fld Sty

Try the following;

19 REM PLOTTING POINTS
26 REM

3¢9 MODE:BACKGND

4¢ PLOT 100,160

56 PLOT 206,200

60 PLOT 106,208

7@ PLOT 208,14

The resulting display is;

Four white pixels forming a square on a black background.

a] Repeat the example but plot four RED pixels on a CYAN
background, try not to refer to the listed answer below.

13 REM plotting coloured points

280 REM

39 MODE:BACKGND 6 :REM select colour CYAN (6)
49 COLOUR 1 :REM select colour RED (1)

5S¢ PLOT 100,100:PLOT 106,200
60 PLOT 200,190:PLOT 260,200
70 PLOT 500,500

o |

Note like all other basic statements more than one ygraphics
command can be used on a line if seperated by ceclons (:).
Why does line 70 not produce a point ?

= .
Il Liie

(]

b] Make a modification to plot a BLUE pixel equidistant [r
four red pixels. _

c¢] Now use the MODE command to eliminate the red pixels but leave
the CYAN background unchangéd.

answer: ad

Cu
o
a
rh
Cl
(-
’_
C
£
=
&
r
g

yQulr pLuouygrLaii
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199 MODE 1,6
The red pixels can be restored by typing;

MODE in direct mode or in the program
Note all graphic commands can be used either in program or direct
mode.
Now try;

190 MODE 1,6
118 FOR KOUNT
12é MODE 1,7
139 FOR KOUNT

143 GOTO 1¢48

1 TO 560 : NEXT KOUNT

1

1 TO 580 : NEXT KOQUNT

You will now have flashing red pixels, press ESC (shift ENTER) to
abort the program.

PLOT command
Format PLOT X,Y,[MODE,CARRIAGE]

The parameters enclosed by the square brackets are optional (this
applies to all command formats).

The mode parameter of the PLOT command allows the X and Y
coordinates to be entered either as absoclute (mode=f) or relative
to the last pixel plotted (mode=1). The carriage operates as
defined previously. '

The concept of the cursor now requires some explanation

The graphics cursocr is a neon displayed curser; it is effectively

the absolute position of the pen, whether or not the pen(s) are
enabled. It is in effect the position of the last plotted pixel
if that pixel were to be plotted. Many graphics commands are much
simplified if plotting can be achieved relative to the last point
plotted, this last point is stored in the cursor. The position of

Ty LilAdD Al PRS-

the cursor can be read from basic using the cursor command, but
more of this later.

The default for the mode command is to absolute plotting (d).
Absolute plotting as described previously plots the actual X,¥
position, relative plotting adds the entered X parameter to the
cursor X position and the entered Y parameter to the cursor Y
position to get the pixel position. )

Example

120 REM Relative plotting
290 REM

36 INPUT "Absoclute
49 IF AS="A" THEN A
50 IF AS$S="R" THEN A
6@ GOTO 34

70 MODE:BACKGND

W

15
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8¢ REM ABSOLUTE PLOTTING

99 PLOT 100,196,0,AB:PLOT 206,100,8,AB

1866 PLOT 200,260,8,AB:PLOT 102,200,0,AB

116 REM RELATIVE PLOTTING

129 REMEMBER LAST CARRIAGE POSITION WAS 106,200
13¢ PLOT 1¢¢,¢,1,REL : PLOT @,~106,1,REL

146 PLOT ~10%,5,1,REL: PLOT @,198,1,REL

156 FOR KOUNT = 1 TO 5089 : NEXT KOUNT

168 SET MODE @ : GOTO 1@

NB. If dual screens (or split screens) are available lines 150~
ted

L |

1686 may be del

E -

The following is a simple plot of the polar response of a
microphone, note the use of functions within the PLOT function.

N S T, T m ke Farn T damee Yo 3 i
The plot shows how relative line plotting can produce graphics

shapes without using LINE or other shape functions.
The various multiplication factors in the example are used to
centralise the plot.

1% REM A cardioid plotting program
20 MOBE : BACKGND
30 PI = 3,141592654 :rem this line neot required in extend.

49 COLOUR 1 : REM plot in red
50 REM R=a(l-C05(a))
68 FOR COUNT = ¢ TC 2*PI STEP PI/180

76 R=(1~SIN(COUNT))*80
8¢ PLOT 80,127,0,0
9¢ PLOT ~R*SIN(COUNT)*1.5,R*COS (COUNT),1

1@ NEXT COUNT

11 COLQUR 2 :+ REM green for axes
120 REM plot axes

134 FOR X = @ TO 39¢

146 PLOT X,127

150 NEXT X

160 FOR Y = A TO 255

17¢ PLOT 84,Y

189 NEXT Y

TUTORIAL

al Modify the above program to include TIC marks on the X and Y
axes.

b] The above program draws the axes using ‘ 1is mple
because only one axis has to be changed, write a program to join
the points (18,50) to (136,200) with a series of points to form a
straight line. Start initially with the formula;

, .
PLOoT ig e1m

T
i

LY " ~
I = IMlA T

Where M is the gradient and C is the intercept on the Y axis.
When this is working try to work out a faster algorithm.

16
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LINE PLOTTING
If you managed the second part of the last tutorial youwill have
appreciated that a LINE command would be very useful.

Format

LINE X,Y,{MODE,CARRIAGE]

ALINE X,Y,X1,Yl,{MODE,CARRIAGE]
INE plots points from the current carriage position to the
osition X,Y or if mode is set to 1 to the relative position X,Y
from the cursor position., The mode parameter operates in exactly
the same way as the PLOT command's mode paramrcter.
ALINE is similar to LINE except that a line is not drawn from the
cursor position to the defined end point but from an entered
point instead, ie. the line drawn is not affected by the cursor

position.

oo

Example

16 REM line plotting

20 MODE:BACKGND:COLOUR 5

30 ALINE 10@,208,156,150

49 LINE 280,208

5¢ ALINE 200,202,-1¢9,0,1

66 REM now remove the triangle
79 COLCUR 8

8¢ ALINE 1£8,200,158,1
9¢ LINE 280,200

106 LINE 100,200

118 GOTO Z2¢

[ =y |
-

a] Modify the cardioid plot described earlier to join all points
to the centre (hint: replace PLOT with LINE)

b] Further modify the cardioid to plot with a solid curve.

o Using relative line plot program a subroutine to draw

polygons, with programmable centre points,colours and number of
sides. How many sides are required to produce a circle ?

The last question leads on to a discussion concerning the nature
of lines drawn using raster scan systems: the dreaded "jaggies".

Try the following;

19 REM jaggie demonstration
20 MODE:BACKGND

38 FOR COUNT =1 TO 50
49 COLOUR 1+7*RND(1}
56 ALINE 3%2*RND({1).,2

60 NEXT COUNT

C £ %TIND
o] L

You will notice that horizontal and vertical lines are perfectly
straight, while others have breaks in them, called 'JAGGIES'.

17
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These Jjaggies are caused by the limited resolution of the screen,
the line plotting algorithm tries to find the best line by
selecting the closest available pixels to the true line.

]

TT I HATT
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e t
running the previous example but with double -density selected (
MODE 3, the colour statement can be removed}.

If the output is directed to a pen plotter then usually no
jaggies will be noticed as pen plotters have much higher
resolutions.

rw
V|

i
i

-

A
Tl
n

The line plotting algorlthm will not always produce jaggles in
the same place for a given line plotted in different directions.
So if you intend to erase a'line it must be plotted in the same
direction as it was drawn.

To reduce the jaggie effect try;

al Draw thick lines. Use adjacent lines or rectangle fill.
bl Use dotted/dashed lines. Make the jaggies fall in the

spaces.
c] Move the line endpoint slightly. Forty five degree lines
exhibit minimal jaggies.

Having mentioned dotted/dashed lines it is now an appropriate
time to mention the DASH command.

D v
L)L LR b

pasH {lineon,line off,last pixell

The DASH command sets the duty cycle oftﬂotted lines, the line on

parameter defines the number of ‘on' pixels, while the line off
parameter defines the number of 'off' pixels. The line on

18
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defaults to 1 the line off to 0. So long as line off is 0 a solid
line is drawn. Every time a line is started plottlng begins with
the solid (on) portion. bash does not effect the filling of
shapes or PLOTted pixels and is not itself affected by any
acaling. The dash function does not plot black in the spaces but
takes all the pens up during this time (carriage).

Included in the DASH command is a parameter which instructs the
iine command to plot or not plot the last pixel of a linec. The
default is to 1 which plots the last pixel, a value of # does not
plot the last pixel., This may seem a totally useless facility
however it comes into it's own when used with plotting using the
XOR or XNOR function, but more of that later on.

Example

10 REM DASHED/DOTTED LINES
12 MODE:BACKGND

20 FOR I=1 TO 255 STEP 2

3¢ COLOUR 1+7*RND(l)

4@ DASH 3@*RND(1),38*RND(1)
5¢ ALINE 8,1,394,1

68 NEXT I

TUTORIAL

Use the DASH command to draw two centre lines,

19
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DIFFERENT TYPES OF PLOTTING
THE PEN COMMAND

We have seen previously that the display can be described as a
flat bed plotter with a moveable carriage. On this imaginary

carriage are three coloured pens RED, GREEN and BLUE, each of
which can be independantly enabled or disabled using the PEN
command, Another representation (closer to reality) is that the
PEN command can be used to write protect any or all of the
primary colour planes, It must be remembered that the AVC
operates with radiant energy and hence colour combination is
additive rather than subtractive as with a pen plotter,

ie. combining the red,green and blue colours {light) produces
white while combining red,green and blue colours {paint}) produces

black.

Format
PEN {red,green,blue,plot mode]

The defaults are all pens down and dominant plotting, a value of
1 enables the pen while 2 value of @ digables the pen.
Example

13 REM PENS

2@ COLOUR :REM select white

3@ MODE:E{“}CL\\JL!D

44 PEN 1,8,0 :REM disable green and blue pens

56 ALINE 106,100,3¢0,108@

The example produces a red line even though the colour was
specified as being white, because the green and blue pens have
been disabled. Removing the green and blue colour components from
white produces red.

It is worthwile noting at this stage that if the program were to
be run again but with line 40 and 20 removed the same effect
would still result. This is because the RUN command which under
normal basic conditions initialises all the basic's parameters
does not affect the graphics workspace, this is a definite
advantage. The default command has the effect of restering the
graphics workspace.

The final parameter in the PEN command is the plotting mode, this
defines how the actual pixels are to be plotted in relation to
ng colour of the pixel., This defines

i st o
Lilc T AL DL il

themselves and
exactly how the pixels are changed and applies to all the
plotting commands except the BACKGND command,

The plotting mode is the logical relationship between the colour

of the plot and the colour of the pixel already at the plotting
position., The default value is 2 which ig the dominant mode, ie
the pixel is plotted taking no account of the colour of the pixel
already at the plotting position, the dominant mode always writes
to all the three primary colour planes unless prevented by the

pens being disabled.

29



PLOTTING MODE LOGICAL RELATIONSHIP
4] DOMINANT or REPLACE
2 X0R
3 A e A e e e A Ay e Ay g S B i Py A o A A Ay Ay A N T T ik e g s by vl AND
4 XNOR
6 NOR
Mode 7 is the inverse of mode 3
Mode 6 is the inverse of mode 1
Mode 5 is the inverse of meode £
Mode 4 is the inverse of mode 2
The BACKGND command obeys the pen parameters of PEN but always
uses the DOMINANT (@) plotting mode, note this does net change

the current logged plot mode.

mhe PEN command is used for colour plane selection when using
MODE 3, this is because the two planes are treated as separate
displays for plotting purposes. Normally all plotting will be in
the docuble density plane {green 784 by 256), however by
deselecting the red and green planes (pens set to @) plotting can
be achieved in the blue single density plane.

Example

1# REM MODE 3 PLOTTING
20 REM draw a double density green square
3¢ MODE 3:BACKGND
4@ ALINE 1¢0,100,300,1040
S# LINE 360,260
60 LINE 189,208
79 LINE 102,10¢
85 PEN #,6,1
99 ALINE 150,150,260,1582
14@¢ LINE 20@¢,200
11d LINE 150,2¢2
12¢ LINE 159,158
The above example illustrates the effect of ASPECT RATIO, the
green "square" is actually formed by drawing a rectangle, wheras
the blue square dimensions are correct. The double dengity plane
the amount of pixels available,

as it's name suggests has twic
but as the horizontal resolution is doubled the vertical
resolution remains the same. In effect a scale factor of 8.5 is
applied to all X coordinates. Most standard CRT type display
devices have an aspect ratio of 4 to 3, this means that the
picture is 25% longer than wide, ie. rectangular. The standard
output from the AVC matches this ratio, thus a line drawn 1806 by
100 relative produces a 45 degree line. The aspect ratio of the
double density plane is 2 to 3, so the same line produces a 22.5
deqree line to the vertical.

Foy
L~ T
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Manufacturing tolerances within the display device although on
average producing an aspect ratio of 4 to 3 are not generally
linear over the whole screen, this has the effect of shape
distortion and is most easily seen on circles.

L Ral
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READING THE CQLOUR OF PIXELS

There are many applications where the graphics programmer will
require to be able to read the colour of a given pixel, this
facility is catered for with the CHECK command

Format

CHECK wvariable,[X,Y]

The colour of the pixel is placed in the variable, which must be

a numeric variable (arrays are allowed). The opticnal X,Y
parameters specify the tm;ut“,,.. cf the pixel to be read; the

default for this position is the cursor position,

Values returned in the variable

B BLACK ;
1 RED )
2 GREEN )
3 YELLOW } ) colour of a plxel
4 BLUE ) ) within the soft
5 MAGENTA ) clip area.
& CYAN 3
)
7 WHITE )
1@ BLACK
11  RED )
12  GREEN )
13  YELLOW )} colour of a pixel
14~ BLUE )} outside the soft
15  MAGENTA }} clip but inside
16 - CYAN %)the hard clip area

17 WHITE
255 A pixel was referenced outside the hard ¢lip area,

The CHECK command responds to the PEN command for plane selection
when used in MODE 3, ie. the check will normally operate in the
double density plane returning colours green (2 or 12) or black
(@ or 10) or 255. However if the red and green PENS are disabled

then the check operates on the single density plane and returns

blue (4 or 14) or black (@ or 10) or 255.

it should be noticed that the CHECK command only returns with the
primary or secondary colour of a pixel, ie the component parts of
the extended colours.

Example

14 REM CHECK EXAMPLE
15 MODE:DEFAULT:BACKGND
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20 REM this program takes ages !

39 REM set a random pixel with random colour

43 C = 1+7*RND(1l)

S& X = 392#%RND{1} : Y= 250*RND{1}

51 COLOUR C

52 PLOT X,Y

680 PRINT "Plotted a pixel at ";INT{(X);",“;INT(Y);"of colour

";INT(C)
76 REM now find that pixel
B¢ FOR X = ¢ TO 391
9p FOR Y = @ TO 255
10@ CHECK C,X,Y
116 IF C<>@ THEN GOTO 148

1A% Wpvm WV W
4 L% Nl L g

130 PRINT “NOT FOUND!"™ : END
149 PRINT "Pixel found at ";X;",";¥;"with colour “;C

TUTORIAL

Using the CHECK and PLOT commands write a basic program to draw a
closed shape (eg. a square) and fill it with a given colour.
Use the check command to search for the shape boundaries (place

the initial start position within the closed shape). To check

your program try filling the shape helow, X marks the start

point:~
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We have seen that the colour of a pixel can be read with it's
position either being entered or defaulting to the cursor
position (last carriage position). There is a command called
CURSOR which allows the user to directly read the cursor

Format

CURSOR X wvariable, Y variable

The X,Y position of the cursor is returned in the variables ( x
variable ) and ( y variable ) respectively.

The concept of a HARD CLIP area has already been mentioned, this
is in effect the valid plotting area;

SINGLE DENSITY #~3
DOUBLE DENSITY d~7

oD
[SVIR

25
25

[CL

O~
0~

Although pixels can be plotted outside this area they will not be
visible, These X,Y visible area limits are called the HARD CLIP
area, because this area is clipped at the boundary. The SOFT CLIP
area is a user defined rectangular area within the HARD CLIP
area, this is selected by use of the WINDOW command., The SOFT
CLIP area allows user definable windows.

Format
WINDOW [Xmin,Xmax,Ymin,¥Ymax]

The default values are to the hard clip limits, ie, ¢,Xmax,?,255,

where Xmax is set to 391 for single and to 783 for double

density. The values for the WINDOW command cannot exceed the hard

clip 1limits, The WINDOW command has overall control over ALL
plotting commands including BACKGND. When in MODE 3 the WINDOW
command only affects the double density plane, the single density
plane is left with hard c¢lip limits only.

The WINDOW command can be used to provide a "split" screen
facility for combining graphics with a full scrolling terminal
" text under CP/M, For further details of windowing the terminal
refer to the CP/M AVC TERMINAL MANUAL, also refer to the NASCOM
EXTENDED BASIC.AVC appendix at the end of this manual.

Example

14 REM WINDOW EXAMPLE

29 REM drawing random rectangles using BACKGND and WINDOW
34 MODE:DEFAULT:BACKGND

490 FOR COUNT = 1 TO 1@4d

50 X = 391*RND(1)

68 X1 = {3%1-X)*RND{1)
78 ¥ = 255*RND(1}

82 Y1 = (255~Y¥Y)*RND{1l)+Y
98 WINDOW X,X1,Y¥,Y1

108 BACKGND 1+47*RND(1)

LW
TN
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128 NEXT COUNT
Try replacing line 109 with;

189 BACKGND 17*RND(1),17 *RND(1),17*RND (1}

-~
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We have now covered most of the basic plotting commands and are
so in a position to move on to more complex plotting commands.

DRAWING RECTANGLES AND TRIANGLES
Format

RECT Xlength,{Ylength,slant angle,rctate angle,fili,carriage]

RECT draws a rectangle starting from the cursor position while
ARECT draws a rectangle from the entered X,Y parameters. The
rectangle is drawn in an anti~clockwise direction from the start
point.

The Xlength parameter specifies the horizontal length of the
rectangle (before any rotation is performed) and has a valid
range of # to 255. Note this is an integer and not a floating
point number so X lengths of 11,5 and 11.6 will give a true value
of 11. The integer truncation performed on floating point numbers
is actually a function of the pixel matrix rather than a true
integer truncation.

If no ¥ length is specified then the X length entered is used for
both and hence a square is drawn (assuming a slant angle of

default or @ radians),
The next two parameters slant angle and rotate angle are common
to many of the graphics commands and require closer examination.
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This parameter specifies the angle through which the shape is to
be rotated about it's centre of rotation and is entered as an

angle, This angle is specified in radians to make it compatible
with the trigemetric functions within basic which use radians, to

HE VSRR R

convert to and from degrees use the following;
1 DEGREE = §.§1745329251994 RADIAN or there aboutsi

The centre of rotation is normally the cursor position, this

2
remains constant throughout the rotation the centre of rotation
being defined as the initial cursor position just before the

shape 1s drawn le.

A~

—
S
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All rotations are referenced to this origin point for the
duration of that rotation conly, a subsequent shape draw and
rotate would rotate about a different point unless the two
initial start points were identical. It should be noted that RECT
and TRI and their A versions always leave the cursor position
unchanged.
The LABEL command moves the centre of rotation to the start of
each character but more about that later on.
The centre of rotation is as mentioned placed at the cursor
position, however by use of the ORIGIN command this centre of
rotation can be changed to be anywhere within the global plotting
area. This ORIGINed centre of rotation is not moved by plotting
.r-nnni—1na nF Fhea rareny nagitionn rn:arn:-nnc: atr fhp

=l A = o -~
allay‘::’ Ullu J.I.I.‘—-U\JH \-lA\d vvvvvv e oA e m an

selected position,

Format

Tw vl
Lopl]

zr

AT O T
UnLUJ.

The required centre of rotation is defined by the X and ¥
parameters. To restore the centre of rotation back to it's
standard mode (cursor following) the entered X,Y parameters
should not be entered. So the default wvalue of ORICIN is teo
cursor following, the standard default after a cold start or a
DEFAULT command.

The rotation angle is specified in radians and has a range of + /-

PI radians (+/~ 3.141592654 radians), with an accuracy of £.0¢1

I.Cldlullu:)- Howctvrnr 14— Ehn\l‘lf‘ hn HA"'DH "]"\Ql” posltlcnal aCC]_]_raCV 1q

also affected by pixel spacing.
A negative angle rotates the shape clockwise and a positive angle
anti~clockwise.

1% REM ROTATION

20 MODE:DEFAULT:BACKGND

30 FOR ANGLE = ~PI TO PI STEP PI/l2

4¢ ARECT 195,127,198,196,0,ANGLE

58 NEXT ANGLE

19 REM ROTATION aboul a point other than the cursor
260 MODE:DEFAULT:BACKGND

32 ORIGIN 259,1¢¢

4@ FOR ANGLE = ~PI TO PI STEP PI/12

5@ ARECT 195,127,40,40,0,ANGLE

£ RETIASIM A LT

Fol 48 n]
Ui NLAL ANUOLL

NOTE When ORIGIN is used with rotated labels remember that the
cursor is moved to the end of the character, to remove this
feature set the character spacing to 8.

TUTORIAL

Using the RECT command, rotate three rectangles to form a three
dimensional cube. Then rotate this cube,
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The slant angle parameter effectively defines the 'slant' or
*shear® of the shape. This angle has the same range and accuruuj
as the rotate angle except that the zero angle position is at 12
o'clock rather than at 3 o'clock as with rotate. The easiest way
to understand the slant function is to try examples,
EXAMPLE

18 REM SLANT

20 MODE:DEFAULT:BACKGND

3% REM zero slant

4¢ ARECT 1¢,188,58,52,0

S@ REM +38 degree slant

6¢ ARECT 12#,1900,59,58,PL/6

79 REM =~=30 degree slant

8¢ ARECT 23¢,19¢,58,58,~PI/0

The slant angle can be thought of as a hinge at each end of each
line and the slant angle defines the hinge angle.
A more accurate definition is;

T

] L 01T
T Yl

X = X

[3v]

[N~
L=

= yC0S(8)

-~
i

d\
&

Note the slant function is performed before the rotation.

I. and CARRIAGE.
s the rectangle with colour, using
1 observes the WINDOW and PEN

e e A am Ty o - Vel
HiRS

The remaining I_JI'.AI.U L
FILL as might be expe
the current COLOUR, The
commands.
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FILL wvs. PAINT

that area, PAINT on the other hand acts as a 'flood' fill,
Imagine that the shape to be filled is formed from small walls
instead of lines, the colour is then poured into this ‘mould' and
floods the area., By it's nature paint requires that the shape be
fully contiguous or enclosed otherwise the paint will leak out.
The paint command would also not fill any 'island' within the
'mould’.

The AVC software does not

command is much more flexible, espec
dominant plotting mode.
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Example

19 REM FILL

28 MODE:DEFAULT:BACKGND

30 FOR COUNT = 1 TO 1648

49 X = 392*RND(1)

56 ¥ = 256*RND (1)

6@ COLOUR B8*RND(1)

7% ARECT X,Y.,5¢,50,0,0,1

80 REM now put a black boundary to enhance shape
9@ COLOUR @

1% ARECT X,Y,50

114 NEXT COUNT

It is a convenient point to start 'playing' with the various

plotting modes, try the above example using XOR plotting.
mber that when using XOR not plotting the last point of a

o~
[ = LU =1 1 A S = A 1d 4 ¥ Ll ba - - 121

line improves the result,
TUTORIAL

Using the rectangle and it's fill write a basic program to
display a bar chart (histogram), use the random number generator
to provide the data.

Modify your program to produce a three dimensional his

using the slant and rotate facilities,

™

o~ =
L 4 il

©g9
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There is a special case of RECT and ARECT which provides
additional facilities;

If no parameters are entered for RECT er ARECT then a rectangle
is drawn which conformes to the SOFT CLIP area as specified by
the WINDOW or DEFAULT commands. This rectangle is filled with the
current COLOUR and obeys the current plot mode.

: NECT a3 facility gsimilar to BACKGND is

Thus using just RECT or ARECT a cility similar to BACKG!
obtained except that the foreground COLOUR is used and the plot
mode is not temporally changed to dominant. This produces

striking effect if XOR plotting is used.
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xample

After the last example has been run try typing (in direct mode);

PEN 1,1,1,2
COLOUR
RECT

Drawing triangles is similar to drawing rectangles;
Format

R EFR I o

th,[height,slant,rotate,carriagel
length,[height,slant,rotate,carriage]

[ — [ T

The parameters are exactly the same as RECT and ARECT excepi tnat
the baselength specifies the length of the base of the triangle

and the height specifies the height of the trriangle.

TUTORIAL

Modify the previous examples to plot triangles instead of
rectangies.

Fill the whole screen with triangles to form a diamond pattern,
hint use rotate.

e s |
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We have seen how two simple shapes can be drawn in various ways,
TRIangles and RECTangles. Both these two shapes are POLYGONS, the
AVC software allows for the general case of n sided polygons with
the PCLY command.

Format
POLY Xradius,[Yradius,sides,sides displayed,start gl
,rotate angle,fill,type,carriage]

APOLY X,Y,Xradius,[Yradius,sides,sides displayed,start angle
,rotate angle,fill,type,carriagel

"The X and Y radii define the lengths of the polygon's X and-Y
radii, if no parameter is entered for the Y radius then it
defaults to the X value. The radii have a range of ©§ to 32767.

~The centre of the polygon which is also used for it's centre of
ratation fnot affected by the ORIGIN command} is taken fto be the

R & 3 Wy I SN SR ) VIV W e

current cursor p051t10n WIth POLY and the X and Y parameters with
APOLY.
The polygon is. drawn from the zero radian rotate pos1t10n (3

o'clock) in an anti~clockwise direction.
radii affact their regnective axeg hpFnYP any nrher functlons

mTha
E X b v LA A A s e e T b d e ol A L A e ma e e o e e

are applied such as rotate. The radii have a range of ¢ to 32767
and as with the rect and tri commands are limited to integers by
the pixel grid. '
The sides parameter define the number of sides of the polygon;

sides=0,1,2 INVALID an OV error results

sides=3 triangle
sides=4 rectangle
sides=5 pentagon
sides=6 hexagon etc.

The maximum number of sides is 255. The default value for sides
and hence sides displayed is 68, so the default polygon is a
circle: well almost! The value of 68 gives the best compromise
between speed of pletting and accuracy.

EXAMPLE

Try plotting different polygons varing the number of sides
" and the size (radii) to verify the above statement

19 MODE:DEFAULT:BACKGND

29 REM 'CIRCLE' COMMAND

32 REM plotting from the curscr, set to screen centre

49 PLOT 195,127,9,0

50 REM note carriage up So point 1s not visible

50 POLY 50 tREM a circle of size 50

78 STOPRP:BRACKGND

8¢ apoOLY 195,127,R?,R?,S57?
To try various polygons remove the STOP command in line 7¢ and
replace R? and S? with various sizes(radii) and sides. Note the
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sides displayved is not entered as it defaults to sides

LY [P T T T Sy - o b ,-...-.«1.--.-.... P “1_1.1.-..‘_ i 3 Al oL fEm Vv
MNWLE Qo L.I.lc DLGL - FUDJ.LJ.UI. LWl AL L LILY is al_ i I O R S R ] Wbl
radius distance from the cursor) triangles and rectangles are

rotated initially 92 degrees from the shapes produced by the rect
and tri commands.
The sides displayed parameter as the name suggests defines the

. St A
number of sides displayed, it's range is from @ tc the number of

sides, Note if the number of sides displayed is not entered then
‘the default value is to the number of sides, ie. a complete
polygon is drawn. This of course assumes that a complete polygon
as specified can be drawn within the hard/soft clip areas.

Plotting of a polygon unless redefined by the start- angle always

begins with the initial vertex at the zerec radian p051t10n. The
start angle can be moved over the whole circle by changing the
start angle., This has a default value ocf 8 which is the same’as
an entry of # and produces no change in the start angle,
The start angle has a range of +/~ PI radians with the +ve values
causing the start peoint to move anti~clockwise and a ~ve value to
move clockwise,.
The rotation parameter operates in the same way as for the rect
and tri commands however it should be noticed that the centre of
rotation is always the centre of the polygon which is the entered
X,Y cooridinates or the cursor, After the polygon command has
finished the cursor is NOT returned to this centre of rotation
but at the end of the last side of the polygon which was piotted,
if a cord or radii is specified this is performed last.
The order of the functions is
FIRST select number of sides
then scale according to radii

do start angle

do rotation

stop at number of sides displayed

do cord or rad11

The next parameter is the fill flag, this has a default of @
which is the normal non £fill mode. If £ill is set to a 1 then the
polygon is filled with the current COLOUR using the current plot

n!udc. The Hclyguu _‘,paﬂl{:'!eﬂ must ha a 1-ﬁ|-n'|1‘! enclgsed Qhane

otherwise no fill will take place, this does not generate an
error message. This requirement does not apply to non gn?loseq
polygons formed by the hard/soft clip areas, but f£ill 1s not

allowed to exceed these areas.
Arv aAavnlanatimm of the nr\nr:ht'hﬁn of the f111 f_!__Cth__

T I A e R S A e

the section concerning the MAT command.

|--

is given in

The penultimate parameter is the type of polygon and refers to
the way in which non enclosed polygons are handled., Note this
parameter has no effect if the polygon is enclosed ie. the number

of sides is equal to the number of sides displayed.
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normal scction of a peolygon
pelygon enclosed by the cord
polygon enclosed by the radii

N =86

The final parameter is the normal carriage command.
EXAMPLE

a] 60 degree arc of a circle

This has the same result
APOLY 195,127,10¢,1040,0,1
except that only the Cora is
This arc can be rotated around the centre (195,127) by using
either the start angle or the rotation angle hey have the same

N
L

T

effect for a circle.

b] ellipse

c] 'polyfiller'
APQOLY 195,l27,1ﬂﬁ,lﬂﬂ,7,7,0,ﬂ,l
d] ' MUNCH~MEN ' !!

16 MODE:

20 FOR I

21 COLOUR 1+7*RND({l)

30 PLOT 391*RND{l)},255*RND(1),9,0

4p POLY 2¢,20,60,4¢,PI*RND(1},6,1,2

50 NEXT I
You will have noticed by now that the DEFAULT command has crept
into many of the example programs, this is included to select the
default options which may have been overwritten since the last
cold start, but more of that later, for the time being include
but ignore it !

TUTORIAL

Bsing the polygon and it's fill parameter write a basic program
which asks for monthly expenditure and then draws a PIE chart
showing the relative expenditures as the size of the portion of
PIE. Use colours to high iight areas or to give a sliding scale
of costs.

Now modify the program to high light portions of the PIE by
moving that portion slightly out of the PIE. Having written this
program why not take a sneak preview of the label command and add
labeling and percentage values to your 'graph plotting package'.

Wwhen finished compare the result with a list of the input values,

'a picture is worth a thousand words'
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You may well have thought that line plotting had been covered
however there are two other line commands that should now be
covered:~

VECTORS and SLINES

First the VECTOR command
Format

VECTOR 1length,[angle,mode,carriage]
AVECTOR X,Y,length,{angle,mode,carriagel]

A VECTOR is a line with a difference, it has length and
The VECTOR command draws a line from the cursor

direction. he VECT
position for a distance specified by the length parameter and at
an angle from the cursor specified by the angle parameter.

The angle specified is again in radlans and has a range of +/~

PI, the zero radian position being at 3 o'clock. Anti~clockwise
direction is selectad by a +ve angle.

The AVECTOR command operates from the entered X,Y coordinates
rather than from the cursor.

EXAMPLE

10 MODE:DEFAULT:BACKGND

20 FOR I=+~PI TO PI STEP (2*PI)/12
38 AVECTOR 195,128,160,1

40 NEXT 1

Try adding the following;
35 POLY 36

To achieve a reasonable balance between angle generation and
accuracy a special alorithm was developed to generate the SINE
andéd COSINE functions required by the angle, slant and rotate
orerations. These subroutines which are located within the AVC
software package operate on 16 bit values, wheras the SINE and
COSINE functions available from basic use 32 bit values, This
reduced resolution does not adversely affect the slant, angle and

rotate functions but if used to build up a complex shape the

cumalative ercrors may combine to form vigible errors. 1f this
occurs then try building the shape so as to cancel errors (+ve

and ~ve rotations) or use the basic trig functions.

The internal cursor is stored as 16 bit values, with each bit
nnnnnnnnn 5 mixel lpocation, this representation always

. ai
corresponding to & pl¥ei locatioh i

truncates any rotation function to the nearest pixel pesition,
This would cause severe positional problems if say a circle is
drawn consisting of many short lines. To overcome this problen
the software saves the cursor position when doing rotations as 24
bit values, Normally this would not concern the user as the 16
bit values are restored after the command is finished.
The vector command is slightly different, as it will often
tio

b
used as a 'TURTLE' command and hence requires to keep posi a

=D

"
I
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accuracy from command to command. In essence the vector command
saves separate 24 bit cursor values and compares the 16 bit
values with the normal 16 bit curser. If the twe most significant
bytes compare the vector command uses it's more accurate values,

if not it uses the normal cursor value,

This feature may not always be required and so there is a
requircement to be zble to clear the extra accuracy, to do this

L R

either use the DEFAULT command or the vector command with no
parameters,

The above is perhaps a bit heavy but will save headaches later
on.

TURTLE was not a typing error, but is an ‘americanism' for
relative vectors.

The mode parameter of vector is different to that of line, a @
nroduces a line from the cursor or the entered point at the
specified angle but a 1 draws a line at an angle relative to the
last vector angle. The analogy is that the programmer has control
over a special turtle, which moves around the screen leaving a
trail behind it (if the pen is selected). This turtle responds to
directions in the form of relative vectors. You tell the turtle
to move forward a certain distance (length), he will move in the
same direction as he was previously going unless you tell him to
deviate {angle).

After a cold start, default or a vector with no parameters the
direction is taken to be zero radians, ie. to the right.

The remaining parameter for vector is the standard carriage
control.

As stated before there are certain accuracy considerations to be
made when using vector angles, if a polygon is required then
greater positional accuracy will result from using the poly
command rather than the vector command.

TUTORIAL

Using the relative vector command draw a seriles of polygons.

OMAT
SCALED LINES: SLIMEE

The SLINE command is a similar command to the line command except

that the lines produced can be magnified in the X and ¥
directions and rotated and slanted, hence SLINE, Scaled LINEs.

FORMAT

SLINE X,Y,{mode,Xmay,Ymag,slant,rotate,carriage]
ASLINE X,Y,Xl,Yl,[mode,Xmag,Ymag,slant,rotate,carriage]

Again the A version draws from the entered point {(X,Y) rather
than from the cursor.

With SLINE, X and Y define the end point of the line
point being the cursor) which is absolute if the mod

s
in t t

. o7

n 0

1

ot

ar
al

mf-.
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relative if the mode is 1. With ASLINE X and Y define the line
start while X1,Yl define the line end. The end of the line as so
defined only applies BEFORE ANY OTHER FUNCTION IS APPLIED,

The next two parameters specify the line magnifactions (or
reduction), the range being from € to 255, Xmag specifies the
horizontal while Ymag specifies the vertical scaling.

! AN parameterg operate in exactly the same way
as previously defined (see RECT and TRI), note the centre of
rotation is the start of the line unless redefined by an origin

command.,

The remaining parameter is the standard carriage control,

a2
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The next command covered allows text (characters) to be
displayed.

The LABEL command

FORMAT

Guess what the difference between ALABEL and LABEL is, correct!

The LAREL command iz similar to the basic's nr1ni- rommand in that

it prints text strings. However the LABEL command used by the ROM
BASIC version has certain limitations (the EXTENDED BASIC VERSION
is much more powerful}. In both versions the print formating
controls do not work, eq. , ; TAB etc.

The label cemmand eonly printe a string literal { "literal" } or a
string variable ( MESS$ ), and does not allow string arithmetic.
The EXTENDED version does allow more flexibility, see the

appropriate appendix.

The label command unlike the print command deoes not respond to
contrel COdES, faor ingtance it will not rncpnnﬁ to a Parrla_ge

return or perform any scrolling,

It would seem that the label command is very restricted however
it is much more flexible than the print command as will be shown.
For those users who regquire a print type facility be be mixed
with graphics the gplit screen and graphics overlay facilities
available under NASCOM'S CP/M provide a highly advanced
capability.

The label command is not restricted to printing characters on row
and column boundaries, it can start printing a text string at ANY
pixel position. This is the cursor position with the LABEL
command or the entered position (X,Y) with the ALABEL command. It
should be noted that the start position is defined as the bottom
left hand position of the first character of the string, and that
this applies BEFORE any other function is applied,

As stated before the text string can be a lateral or a variable;
EXAMPLE

19 REM Text printing

20 MODE:DEFAULT:BACKGND

32 REM String literal

40 ALABEL 30,10¢,"HELLO EVERYONE"
53 REM String variable

6@ LET AS=" I'M "+"A LABEL"

79 LABEL AS

The AVC software comes with a precoded character table which
supports ASCII characters from #20H to O5FH inclusive, other user
defined character tables can be added, see the assembler
interface section.
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Standard AVC character set (ASCII values in HEX)

ASCII character ASCTII character
20 e iv e "space" 40 L i ..
21...... cevennal 4] .. .veaaaseass B
22 i ieinenaneas 42 [ ieieievaa.. B
I S L N
-7 SR 44 . .......... D
p: T % 45 e E
26, .00 Lo & 40 L it ie e F
27 e a7 ... ceees.. G
o2 T | 48 ... ... H
29, ..... ceeaend) 49 e I
2R s eaanaan A .. 3
2B .t irranansaaat aB _ . ... S
2Ceuennnn cenanar 4C .. .. i eeune.. L
2D it s e - 4D .. M
) 4E ,..... eesaas N
P} N 4 4F . eierenaess O
30 . i it g 50 i viieirenan. B
3l. .t ennansal 51 ,...... cee.a 0
K 3 52 .. .o R
K JC SR | 35 SN =
£ 7 Y T Y 4
35 . eanarsansensd 3 SRR
Y Y < 151 TP
37 e e e i ana s 57 i iee e AN
38 .. ieencnnaa.B 51 SR
30 ittt 9 L Y
E 7 VR BAy gt vaaiaaas 2
3 = 2 1 5B ... .. e L
3C...... R BC it vneneoenaad
] 1 I 530
3E. s iecntnnaes? 5E L, ... ... Up arrow
R 4 5F . teft arrow

A4 A B e W e R s

Two character sets are allowed for; standard and graphics,both
can be redefined by the user, the graphics set is defined as a
null table in the standard AVC software. Any character which is
defined as a null {ie. not in the table) will NOT cause an error
but will neither cause the cursor to move,ie. they are ignored.
The next two parameters define the horizontal and vertical
magnifications, with a range of # to 255, 1 being the default
values providing true scaling. The parameters are Xmag and ¥mag,
if only Xmag is entered then ¥Ymag defaults to the Xmag value., It
should be noted that unless redefined that when operating in AVC

MODE 1 there are 56 characters per L[OW.
MODE 1: 392 pixels / pixel spacing ({7) = 58

MODE 2/3 : 784 / 7 = 112 characters per row.

A%
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These two default modes are the equivalent to the CP/M 40 and 8¢
column screens but CP/M uses character spacing of 8.

Try the previous example with mode 2/3 selected.

The next parameter defines the slant angle of the characters.
This should now be a familar function, in fact it originated in
the label command, A zero {or default) slant angle produces
~upright text, +ve angles and the text slopes to the right, -~ve
and the text slopes to the left. Note the line of writing is
still horizontal unless redefined by the next parameter,

ne of text to be printed along

e ad A LA eal

The rotate parameter causes the 1

a vector. In effect each character is rotated around it's initial
cursor position (bottom left of character) unless redefined by
the origin command.

5 MODE:DEFAULT:BACKGND

13 REM big text

2¢¢ AS="HELLOQO"

38 ALABEL 48,78,A%,4 :GOSUR
49 REM flat text

Sg ALABEL 48,78,AS$,4,2 :GOSUB 508
6% REM tall text

7¢ ALABEL 48,706,A$,2,4 :G0OSUB 508

[+ Ny
O

i
=
3

REM script

9¢ ALABEL 49¢,7¢,2%,4,4,~.6 :GOSUB 504
1802 REM script at 45 degrees

11¢ ALABEL 40,70,A%,4,4,.6,P1/6

120 END

58 FOR I=1 TQ 18284
516 NEXT I

520 BACKGND

53¢ RETURN
Try replacing A$ with "HELLO i am lower case OK"
TUTORIAL

Write a program to emulate a terminal, but convert screlling to
page mode operation. A rather nice feature for those using NASCOM
EXTENDED basic is to use the SCRNS command to list the progran
it'self onto the AVC.

Now convert the program to provide 98 lines of
hint: turn the display screen on it's side.

Using the information given in the assembler section concerning
adding character sets to add lower case to the standard set. A
program allowing the user to define character sets using the

_______ lboeres 2o = ~ B i
Cursor Keys 1is a possibie extensic

VL ~A~lharambarc
- AWl L G v a oy

”
iie

The next parameter allows the character spacing to be chgnged for
the duration of that command only. The character spacing has a
default of 7 using the standard AVC character set, the default
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value is stored as the first character in the table. The
character spacing is actually defined as the pixel spacing
(BEFORE magnifaction) between the start positions of adjacent
characters. The character spacing has a range of 8 to 255,

The remaining parameter is the carriage command.

AN
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COLOUR GRAPH

The shapes so far used are all variations of polygons, the next
command allows other shapes to be moved, scaled and coloured as
required.

The MATrix command.
FORMAT

MAT address,{ Xmag,Ymag, slant rotate,fill,carriagel
AMAT X,Y, address { Xmag,Y¥mag,slant, rotate fill,carriage]

s

1 m

e

o

ain
g"’h F
A A

"o

he A
o t

g n

¥

[y

v ion allows plotting from an X,Y position rather
e SGr.

il (R

-

il

The MAT command allows shapes to be defined as a series of lines
which are coded into a matrix for use by MAT.

£ . 1 + i : ' ,
fore the explanation of the MAT command an exan

mmand an le

|14]

Be -

EXAMPLE

5 REM Transistor

10X
1a ™. hl’."ﬁ“hllf“ﬂ-D

llULJ'Li.UI..IJ-ﬂ IJA
20 6,49 ,0
36,46,7
3¢,78,23
4¢,70,23
AG, 103,273

L R
39,18,23
30.40.7
490,50,0
70,60,7
70,84,7
70,0,0
70,20,7
49,38,7
56,34,0
62,23,7
51,19,7

39
40
5@
2
79
84d
9a
168
1149
1249
1360
14p
158
168
"17@

DATA-
DATA
DATA
DATA

AT

AFLYLED

DATA
DATA
DATA
DATA

DATA

180 M=9*4696 :REM for rom basic use 2'S complement
1950 DOKE 8,186

200 M=M+2

210 FOR I= 1 TO 16

22¢ READ X,Y,P

230 DOKE M,X

an Bl

240 M=M+2
250 DOKE M,Y
268 M=M+2
27¢ POKE M,P
288 M=M+1

a0A MEYT T
£ AU WYL b N

30¢ AMAT 60,0,9%*4096,2

T
ot
c
[
L]
4]
o

The MAT command requi¥fes that the lines forming the r
shape be entered in the following format;
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Starting at the beginning of the array.

BYTE number Description
1 ..., tesseeasess MSB of number of lines
2 thirevsecsvaseenes. LSB of number of lines
3 it iicessnenses MBB of X coor.
A TCOD ~ W P Yo
bl "R EEEEE EE Lt Wi N wWlli g
5 LR R N B A I R B I B B I I N ) MSB Of Y coor'
- T .. LSB of Y coor.
7 e eieeeieuu... Control byte
The sequence of bytes 3~7 is then repeated for the number of
lines as defined by bytes 1-2,

The X and Y coordinates are entered in the same way as for normal
lines, except that lines are always drawn from the cursor,
relative line plotting is not allowed. '

The first two bytes in the array as stated before define the

number of lines to be used starting from the first, this would
usually be the total number of lines.

The control byte is used to provide extra facilities for each
1

ine it's controel is via individual hits:

CONTROL BYTE BIT ALLOCATION

BIT @ (LSB} RED INK

RIT 1 GREEN INK

BIT 2 . BLUE INK

BIT 3 Next three bytes form a colour change, R,G,B ints
BiT 4 FILL FLAG

BIT 5 ~ BIT 7 Reserved for future use.

The first three bits define the three primary colour 'INKS',
these are in effect secondary pen commands. If on entry to the
MAT command the colour is white {( 7 or 16,16,16 } and the pens
are all down then the inks will act as pen commands allowing
coloured lines to be drawn. For instance if the red and blue ink
bits are set to 6 and the green bit set to 1 then the colour of
that line would be green. However it should be noted that with a
colour of white setting all the inks to 8 will NOT cause a black
line, to achieve this an entry colour of black should be used.
The PEN command overrides the ink controls. Using the ink control
with an entry colour of white only the primary and secondary

colours can be controlled, or the primary components of extended

A N -]

A LUUIL S

The next bit of the control word allows the current colour to be
redefined and causes this change to be permanent. If this bit is
set to 1 than the software expects the next three bytes to be the
new values of the colour. No defaults are allowed and the format

______ of colour,
is;

First byte RED intensity ({ ©@~<16)
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next byte GREEN intensity ( 9~16)
third bvte BLUE intensity ( 9-16)

After the three bytes the normal sequence of X,Y,control must
continue, unless at the end of the array.

The next and final bit used in this version of the software is
the f£fill flag, When set to a 1 the lines are stored (as well as
displayed) and when a control byte is next encountered that has

this bit set to 0 the lines drawn while the bit was 1 are filled

i.ﬁ L.IH..‘. L-ULL!‘.:IH.. LUJ.UI..I.I..

The use of the fill flag cutside of the rect,tri or poly commands
requires some explanation this is dealt with under the FILL
command which is covered next.

o QP Ry [ S -
DelLOUL T LIl a

c
generating an a

21 MaAw memom oo ] ig Aigrneged the method of

LR TR LR = VY A e e S D aT  ae —

tua
rray for use by MAT is required.
The array as specified before is a sequence of bytes, these bytes

are NOT a basic array but a table formed in memory, Note-using

nymounm -
NASCOM EXTENDED basic the MAT array could be an .OBJ FILE.

The previous example shows one method of generat1ng an array
using the poke and doke functions from basic. It is a simple
shape which shows the diagramatic representation of a transistor,
Lines 20 to 170 are the data statements which hold the lines.

[26] Moves the cursor to the start position of X=0, Y=40 with the
carriage up, the inks all off, '
{38) Draws a line from 0,49 to 30,49 with all inks on, colour

white as a default has. been performed.
148~78]1 Draws the main block of the transistor and when drawn

R~ =1 e oL

fills it.

'
t
i
o]
(]

Note when entered fron basic the vaiues for the various bi
the control word are in DECIMAL.,

[80]) Causes the fill to be performed, the fill flag set to #.

| i PR—

j Draws the remainder of the transisto

=

Go~17

[

[

he program lines from 18¢+290¢ take the data statements and put
them into memory using the correct MAT format.

ra . R [ T . ~ x wr A i 1 i
{188] Set up where the MAT array will reside, in this case at
g9900H (hex).

Note the array can be located anywhere there is valid user ram
1nclud1nq the ram which is paged by the AVC, however don't

- =1 ATFS . -
averwrite the AV(C socftware.

[190] The size of the array, or the initial number of lines to
use, Note a 16 bit number (DOKE) allowing an array of
64,536 lines !

.[2101 A loop which writes the data into the memory array. In this

{206,24P8,260,280]1 Memory pointer incrementer

8
n
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[2308] Put in X values

inm V walivas
L3l WA L LA o

[278] Put in control words
{3860) display MAT array

The first parameter of MAT (third of AMAT) is the address of the
array. This is a 16 bit value internally but may be a floating
point basic number. REMEMBER that NASCOM ROM basic requires that
this be a DECIMAL number and that if an address is required to be
within the range @80AGH to GFFFFH then the 2's complement form is
required (number+~65536). Because the start address of the array
can be changed there can be more than one array present in memory
at one time.

The next three parameters slant, rotate and carriage are exactly
AS Drpv'lnnq'l v defined,

TUTORIAL

Modify the example to perform a colour change during the array,
note the program area which converts the data statements into an
array will have to be modified to account for the extra three
colour change bytes.,

Having played about with the example a rather ambitious project
would be to write a program which would allow a designer to lay
out a circuit diagram using MAT arrays for the components.

Write a program to allow creation of MAT arrays using the cursor
keys to define lines, and other keys to define colour etc. A
useful method is to allow 'rubber band' lines, this is where the
cursor keys are used to define the start position of the line
(hit a key to freeze) as the cursor is moved a line is drawn and
un~drawn (XOR) from the frozen point when can then be frozen and

the sequence again.
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HARD COPY PRINTOQUT

The AVC does not have as standard a HARD COPY fac111ty however 1t

does allow the user to add a hard copy function that is
configured for a graphics printer.

Format

The dump command accepts a variable (planes) in the range 8 to 7,
the default value being 7., This parameter would normally be the

prlmary colour planes that require printing {assuming a

monochrome printer). A value of 1 would ““1" print the red plane,

while 7 prints all planes, it is suggested that when printing
more than one plane the bits of the planes are ORed together.

The planes parameter is returned in the AVC software register
called POLTYP, for detalls of where this is refer to the AVC

e e e 2 o

software register ayycuuxﬁ.
in the standard AVC software the dump command is routed via a RAM
vector back to the valid AVC return, the user's program start
address (execution) should be placed in this RAM vector (see AVC
software register appendix).

[ o JPETY — R, 1- = pa | o TR Y Y -

Reference should be made Lo your p

Most printers require a control code to be sent to turn on and
off the graphics facility. Then a string of bytes to be sent that

define the bit patterns of the next 7 rows {assuming a 7 wire

head). Therefore as the AVC memory is organlsed as rows of 64
bytes defining a graphics row and the printer requ1res a byte to
be a vertical column of 7 (not 8) pixels, a conversion prograim
will have to be written, It is suggested that assembler is used
to speed up the process. The aspect ratio of most printers is
about 0'?50 that when using MODE].many<3fthe horizontal pixels
will have to be repeated to give a correct aspect ratio. Note
when using MODEs 2 or 3 the horizontal bytes are in a red, green,
red, green etc, Ssequence,

The remaining problem is that due to heat problems many printers
{(NASCOM IMP) cannot print adjacent pixels, the control program

will have to take this into account.

For details of the memory map of the colours planes refer to the
end of APPENDIX D.

A7
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As described previously the fill function is available for many
commands, there might however be a need to fill a shape drawn
from standard lines, this requirement is fulfilled by the fill
command !

Format
FILL [mode]

All lines drawn by the LINE,VECTOR and SLINE commands can be
filled. When the mode 15 set to a l this sets the £ill flag and

‘I:.[le PUbJ..LJ.UIIb UL Lll!:.' J..Lllcb ULGW“ .i.I.Ulll Ll!':-'ll on are bl..ul.t.'u. INUW
when the mode is changed to @ (default value) the shape
previously drawn while the fill mode was 1 is filled. Things are
‘not gquite that simple as an explanation of the fill operation
will show.

The fill command orginated in the POLY command and was designed
to £il1l all the possible shapes, however it is limited to only
FOUR direction changes per scan row;

"The f£ill flag indicates to the line plotting program to save the
individual coordinates of each line, In essence only the
coordinates of the line which CROSS a scan line are saved, thus a
horizontal line would only have one cross over point saved while
a vertical line would have all. The coordinates are saved in the

P, I ey £ bk cr il Elhan W ora ]l r""ﬂvﬂfq :I'P
LA\JLIL llallu ulCll.L_jl.ll. oL Lllc LuE lJJ.G.I.lC' WL Ll LT A vadaue -

the current Y address, This method saves storing both X and Y.
The space available in the margin allows for four X values which
is why only four crossovers per scan line are allowed. This

allows for the worst case of poly, a part poly with radii.
Thieg limitation must ba bhounrneg in mind when nt‘.‘.‘ir‘\n FILL and the

A LR i S S [ A LI e N 4

fill function with MAT. If complex fills are requ1red then the
best approach is to break up the shape into shapes which obey the

four crossover rule,
Remember that the fill function will obey the colour and plot
mode commands but dot/dash commands are ignored.

A8
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The next three commands covered are far disk users only, however

the latter two may be of interest to cassette users and would
form a good software project.

The DOS command

This command allows NAS~DOS users to exit gracefully from the
graphics basic. The NAS+DOS reset vector is directed to the AVC
software WARM start address, this has the effect of restoring the
AVC ram vectors and performing a default. It also sets the AVC to
external video mode but unlike a cold start does NOT clear the
screen, For details of the options for COLD and WARM starts see

the DEFAULT command.,

______ e o A m P Y
The DOS command restores tne ©

returns control to NAS~DOS via it's warm start, It is suggested
that this command is always used when finialy leaving the
graphics basic. Note NASCOM EXTENDED basic does not require this
command. If for any reason the reset vector is requlred to be

returned to the default value and the AVC software is ““*

available then using the memory command change location @D@PH to
P8 and then hit reset.

™ o
HE

1 NAS~DOS reset vector and

HiR == e e

v 1y
I.L\‘J

STORING GRAPHICS PICTURES

The AVC software allows disk users to store complete pictures on
disk. There is no reason why using the 2B2H port and the NAS~DOS
10 command that the three primary colour planes cannot be stored
on disk., However as each plane is 16K bytes a total of 192

=T el sy A1l Yard Ao
3eCCoIs are reguirec l""r p"fﬂ”""ﬁ 1

The GLOAD and GSAVE commands use a special compression algorithm
to reduce this storage, massive disk storage space sav1ng can be
made allowing many more pictures to be stored on a disk,

Format
Loading pictures from disk

GLOAD string,{ drive ]
Saving pictures on disk
. GSAVE string,{ drive ]

The string defines the disk file name and has the following
restrictions; )

A] The file name may be from 1 to 8 ASCII characters
Bl The following ASCII characters are NOT allowed;
ASCII codes > 127
. ¥ < > HE- T ? %

C] GLOAD files MUST exist
D] GSAVE files MUST NOT exist

l;"'l mMh F'l'ln name must a a s ring literal nr Uar‘iable only

i kL% L e Y R s

The optional drive parameter (default of drive #) has a range of
0 to 7 allowing 8 logical (4 physical) drives.

AN
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EXAMPLE

Hefdng rha avamnla niskiiea
U.“I.‘j Lok bnul“b"h r’&\"uulc

rt

0

o
3
r

19 MODE:BACKGND:DEFAULT
29 REM assume demo disk in drive o
33 GLOAD "RIPPLE2",0

The format for NASCOM EXTENDED basic users is similar except that

there is no drive parameter, the drive being taken as the
currently logged drive (DRIVE command). A file can be saved or
loaded from a drive other then the logged drive by inserting the
drive name at the start of the file name;:

GSAVE "D:TEST"

This saves the current AVC picture in a file called 'TEST' on
drive D.

TUTORIAL

Write a program which emulates the GLOAD/GSAVE commands but
"packs" and "unpacks™ the pictures into memory before loading or
saving on disk, The standard GLOAD/GSAVE commands use the same
256K byte buffer to act both as the pack/unpack buffer and the
NAS+~DOS 1I/0 buffer., This approach uses the minimum memory but is
slow due to the constant disk access.

This program could then be extended to provide a 'slide show'
facility. (Cassette users should also try this tutorial).

HINT: The GSAVE program scans the three AVC primary colour planes
in columns, 256 bytes at a time. If a byte is not repeated then
it is saved in the buffer, if repeated then an OFEH byte is
included, then the byte, then the number of repeats. Note single
@FEH bytes are ‘compressed’ as @FEH,byte,dl. Beware NAS+DOS takes

PFFH and 6DH as special characters! Loading from disk is the

-1 -R e~y aTe] mwoarierd oA mAT FEA bkt A A VAT A - | lﬂrl—n.r- wrd
R W L IC g Ull‘; HUGDLULE IIIUULLJ.M.QLJ.UII F = LSy LY Ll‘c -‘.‘lﬂv‘;u Ur A= L Ll

the existing screen bytes.

Crx
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THE DEFAULT COMMAND

This command defaults varicus AVC system variables,

B T S S U v . |
LhilLix LIIE VAL 1dUles dild LI!EJ.I

R S I R ]
U Ldllll VaAdalUTos

the following

| Qg - I . ) -~ -1
rwi ST Ladd LD L vilic

variables concerned refer to the AVC software register section.

211 decimal wvalues.
CRTC REGISTERS

HORIZONTAL TOTAL (-1) = 129
HORIZONTAL DISPLAYED = 128
HORIZONTAL SYNC POSITION = 11¢
HORIZONTAL SYNC WIDTH = 9
VERTICAL TOTAL ({~1) = 76
VERTICAL TOTAL ADJUST = 3
VERTICAL DISPLAYED = 64
VERTICAL SYNC POSITION = 68
INTERLACE MCDE = @
MAYX SCAN LINE ADDRESS = 3
CURSOR START = g
CURSOR END = %
START ADDRESS HIGH = 4}
START ADDRESS LOW = @

Other variables

NAS~DOS input buffer

WIBFL = AVC stack position ~b8Z.
WOBFL = WIBFL+256. NAS~DOS output buffer
RASTOP = start address of AVC scftware«~l.

of memory and is only changed if
is

basic's top
Note BASTOP

COLUMN = g ; Fill column counter

FILL = B ; Fill off

RBACK = f ; BACKGND set to black

GBACK = 4

BBACK = 1}

ORGFLG = ¢ ; set origin to cursor

X = @ ; set cursor to @,48.
screen.,

Y = %]

POSITION = @

cnTr THh
) r

ot At A

VECTOR ANGLE &

nOT/DACY -
WL S DL

This is the
a size clash occurs.

not requlred in the extended basic.

ft hand of

PLOT MODE = REPLACE (8)

RINT = GINT = BINT = 16 ; set current plotting colour to
white.

LAST PIXEL = to be plotted

PENFLAG = all pens down

ASCPTR = standard character table

ASCCHR = standard character spacing from table (7)

WXMIN 0 ;window X min to £

WXMAX = 391 ; window X max set to 391 for single

density and to 783 for double density.
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CHAPTER 3
If you have any comments {good or bad) about this manual please
contact NASCUM. Also we are always interested in modifications to
the software and application/games programs.
Now the commerical break;
AVC HARDWARE DESIGN : ANDREW BROWN
PETER HORTON
AVC COLOUR SOFTWARE : ANDREW BROWN
CHRIS HARVEY
PETER HORTON
CP/M SOFTWARE + IAN CLOUGH (aided by DIGITAL RESEARCH} -
AVC DOCUMENTATION : PETER HORTON
CP/M DOCUMENTATION : IAN CLOUGH

PROJECT MANAGEMENT : MIKE HESSEY

CONTACTS

PRODUCTION, DISTRIBUTION and SERVICE
LUCAS LOGIC at WARWICK

SALES and TECHNICAL

LUCAS LOGIC at KENILWORTH
LUCAS LOGIC

3 WARWICK HOUSE

STATION ROAD

KENILWORTH

WARCKS.

C
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APPENDIX A

OLL.LER REGISTERS

The registers are described as in the standard configuration.

CRTC address re
CRTC data regis

PORT 0BO@H
PORT @B1lH

noanm Ao o0
F I Ll ail

[T T ]

The register of the CRTC that
the register code in the CRTC

gister
ter

uuuuuu

is required is obtained by placing
address register, the register is

then available from the CRTC data register.

address register data
g HORIZONTAL
1 HORIZONTAL
2 HORIZONTATL
3 HORIZONTAL
4 VERTICAL T
5 VERTICAL T
6 VERTICAL D
7 VERTICAL S
8 INTERLACE
9 MAX SCAN L
1@ CURSO0OR S5TA
11 CURSOR END
12 START ADDR
13 START ADDR
14 CURSOR HIG
is CURSOR LOW
16 LIGHT PEN
17 LIGHT PEN

AVC CONTROL PORT pin allocatio

PORT #B2H: High wvalues shown,

BIT @ s

BIT 1 : green plane pag

aTm 9 Khlita ntane maaao

Ak L [ - A he Rl e LA LT oy =

BIT 3 : double density

BIT 4 : red plane outpu

BIT 5 :

BIT 6 :

-BIT 7 ¢ external wvideo
NOTE. On power up the AVC con

state, therefore ALWAYS5 aft
alternatively use NAS~SYS:AVC.

register

TOTAL ~1
DISPLAYED
SYNC POSITION
SYNC WIDTH
OTAL -1
ISPLAYED
YNC POSITICN
MQODE
INE ADDRESS
RT
ESS HiIGH
ESS LOW
B

HIGH
LOwW

ns

low values in brackets

red plane page select into memory [ paged out ]

e select into memory [ paged out ]
select into memory [ paged out ]
[ single density ] '

t to video [ no red output ]

green plane output to video { no green output i
blue plane output to video [ no blue output ]
evternal video selected [ AVC video selected ]

trol port can be configured to any
er switch on type, C B2

[=Nal w
aw 4 O
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APPENDIX B
COLD ~ WARM STARTING

There are two versions of the AVC colour graphics software, G438
and G32. They relate to 48K byte and 32K byte NASCOM systems. For
the G32 package change all ? to C and for the G32 package change
all ? to 8.

.At the top of the software there are a few jumps which the user
should know about;

COLD START JUMPS

To cold start the AVC software first of all enter basic using the
J command. The software will reduce the size of basic to make
room for it'self, but if a smaller size of basic is required then
enter this when asked for by the basic. The software will not
increase the size of the basic's program area.
The AVC colour graphics software should then be executed at one
of it's cold start addresses, control will then be passed either
to NAS~DOS, NAS~SYS or the the calling program. The basic and the
colour graphics software are now linked, to re~enter the basic
perform a basic WARM start using the Z command.
Programs which have been created using the linked basic on disk
systems need not be cold started, however the AVC software must
be present. .
If using a different version (or size) of the colour graphics
software with disks then load down the basic program and then
cold start the AVC software., After this has been performed resave
the basic program according to the instructions given in the NAS~
DOS manual for resaving basic programs created undér different
system sizes. '
cassette user's should note that a 256 byte disk I/0 buffer is
included within the AVC software and is available for use as
general program area or for MAT arrays. The address of the start
A

of this buffer is given the AVC software register appendix.
@?FFDH cold NAS~DOS. This is the normal cold start
address for NAS~DOS users, it performs correct initialisation of

the software and links it to NASCOM ROM basic, control is then
passed to NAS~DOS.

g?FFAH cold NAS~5YS. This is the normal cold start
for NAS~SYS (only) user's, control is returned to NAS~SYS,.

g?FF7H cold RET. This performes a cold start but
returns via a @C9H, ie. it is a subroutine,

Q?FF4H Assembler calling point, see ASSEMBLER
INTERFACE appendix.

@?FF2H This and address @?FF3H contain the start

address of the AVC colour graphics variables. NOTE this is the
highest address,

-
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As stated before the cold start does an automatic default, it
also does the following;

in
I
[4p]
]
€3]
)
]
‘._l
(o]
in
[T
"
or
45]
4]

FILL, DUMP, PLOT and LINE

Checks that the AVC

1
system' message resu

is present in the system, A 'ERROR: no AVC in
l1tg if the tesgt failed,

- i L L= LIS = L

Performs a default

The AVC is selected for external video with no planes paged in.

The vector at location @FF40H and @FF41H is loaded into the
variable USRVCT. This is the normal ROM basic SET command ram
vector,

The screen is cleared.

NAS~DOS : Does the same as NAS~SYS except that it also sets up

the RESET vector (@DOPH to VDBZ2H) to polint to the warm Starc
address. And sets up the NAS~DOS disk I/0 buffers.

The cold start then 'falls' into the warm start routine which
performs the following;

Reselects external video

Re~defaults

H

1e SE from uanvCT and places i
or 1

:3 Ct
[a gl o]
@
L]
L]
7]
0
i
<
L7}
9]
rt

ets th
uts the

el

The logo is printed

| P - ~ T
lis s L A
o basi

a checked
¢ prin

1
A a3 Ll

(S ®]

ted.

+ =3

Control is then passed to the calling program, NAS~S5YS5 or NAS~
DOS.,

WARM STARTS

The warm start is exactly the same as the cold start except that
the screen is NOT cleared.

NAS~DOS user's warm start is the RESET KEY.

For NAS~S5YS users's the address of the warm start may be found by

the foliowing method;

Execute the NAS~DOS cold start (@?FFDH), the warm start address
is then placed in memory locations @D®lH and @DO2H,

EA
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MEMORY MAP

The AVC software is approximately 7.6K bytes long with a @,7K
bytes workspace, and resides at the top of user ram downwards.

57
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APPENDIX C
ASSEMBLER INTERFACE

The assembler interface is the main control program of the AVC
software. Programs can be written which control the AVC directly,
ie. not using the NASCOM ROM BASIC interface, In fact the NASCOM
ROM basic interface does just this. As the ROM basic interface
will probably no longer be required this can be deleted allowing
eXtra space for programs. This deletion facility can only be
performed with the G48 version as due to the positioning of the
AVC memory planes the module order with the G32 version forced
the basic interface to be included midway in the package, However

the space can still be used.

ROM basic interface deletion
{There is of course no need to delete this if the extra space is

not required)
First the AVC software module map.
For G48 versions;

AVCBAS,08BJ Rom basic interface

AVCPOL.OBJ : Polygon,vector and text generation
AVCCHR.OBJ Character table

AVCWRK,OBJ : Workspace and disk buffers
AVCDSC.OBJ Disk picture load,save

AVCASM.0BJ : Lines,points,colour etc,

RIFA TRATY AT = TR e T el - oy S Ve
AV EJDJ H JUllp LaAltlc, LA DLal Lo

(13

»

(1]

For G32 versions;

AVCASM.OBJ
AVCDEC,0BJ
AVCWRK,.OBJ
AVCBAS.0BJ
AVCPOL,.OBJ

AVCCHR,.0OBJ

AVCIMP . OBJ
The modules AVCWRK,OBJ, AVCASM,0BJ and AVCDSC,OBJ cannot bhe
resident underneath the AVC memory planes, this explains the
difference, Neither can any other software which DIRECTLY
accesses the AVC planes, it's also best to move the stack out of
the way too, unless pushes, calls etc., are not used! The AVC
software maintains it's own stack (79 bytes) in AVCWRK.OBJ.

START ADDRESSES

The start address of the first module is the start address of the
AVC software.

The start address of AVCBAS,0BJ is contained in SETREF
The start address of AVCASM,0BJ is contained in the jump table
The start address of AVCPOL.OBJ is contained

in the workspace

58



COLOUR GRAPHICS USER'S GUIDE

The END address of AVCWRK.OBJ is contained in the jump table

To access a graphics command from assembler the appropriate AVC
software registers should be set up and processor register A
lcaded with the command number. A CALL is then made to the AVCALL
address in the jump table.

BEWARE. The module AVCBAS.OBJ is reasonably intelligent and
performs limit checking on the variables, this is not available
when using AVCALL, The only major difference is that relative
plotting with the PLOT command must be handled separately, ie.
add the values together before calling.

EVERY REGISTER (except the interrupt & refresh) IS CORRUPTED
The command codes for register A are;
register command

BACKGND
PLOT
LINE
CHECK
LABEL
POLY
VECTOR
DEFAULT
ORIGIN
MAT
RECT
TRI
SLINE
DUMP
GLOAD
FILL
DEFRECT Special case of rect with no parameters

HFEaagmDOR P OO0~ EWR

b

Before starting to use the assembler interface
software reqgister appendix, Tt is advisable to m

refer to the AVC
e

aktke a ~ranv nf +the
_____ apper ake a Ccopy oI The |

AVC software before modifying it.
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APPENDIX D
AVC SOFTWARE REGISTERS

The registers described all start at AR and proceed DOWNWARDS in

memory, the address of AR is in the Jjump table {top of
workspace) .

All the intensities have a range of @ to 16 where @ is zero
intensity and 1l¢ is full intensity.

AR RINT Red intensity foreground caolour
AR~1 GINT Green intensity foreground colour
AR~2 BINT Blue intensity foreground colour

The LINON and LINQOFF variables has a range of @ to 255.

AR~3 LINON Line on number of pixels
AR~4 LINOFF Line off number of pixels

Note if the LINOFF is set to 0 then the LINON is ignored and a
solid line is drawn.

The PENSTR has the same format as PENFLG except that AVCBAS.0BJ
uses the PENSTR as a temporary storage location for PENFLG when
the carrlage is up. PENFLG is the variable which controls the
pen.

AR+5 PENSTR Pen temp store
The X, ¥, X1, and ?l variables are used for line and point
plotting and have a range of € to 65536 (or ~32768 to 32767)

AR~7 X Initial X value (cursor)
AR~9 .Y Initial ¥ value {cursor)
AR-11 X1 Final ¥ wvalue
AR+~13 Yl Final ¥ value

SIDES contains the number of sides to the polygon and has a range
of 3 to 255. SDIS contains the number of sides to display of the

AR~14 SIDES Number of polygon sides
AR~15 - SDIS " Number of polygon sides displayed

The X and Y radii are used for POLY, RECT, TRI and MAT. They have
a range of 0 to 65536 (or ~32768 to 32767}, the value is
effectively multiplied by 256 so the number is actually 255.255,

PR N Ty

A radius {or magnification of one would take the value of @l@#&H).

AR~17 RX X radius / magnification
AR~19 RY Y radius / magnification
The start and rotate angles have a 16 bit range (-32768 to 32767}
but are multiplied by 19,0080 ie, a value of PI would be taken as
3.141592654 * 10,8008 = 31,416, The negative angles are the two's
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complement of the positive angles.

AR~21 STANG Start angle or slant angle
AR+23 ROTANG Rotate angle

The fill flag is set to 1 to save the line coordinates. A value
of @ does not save the coordinates.

AR~24 FILL Fill flag

The next two variables are used for the label and Glcad/save
commands. The start address of the character string is held in
STRPTR and it's length in STRLEN.,
AR~26 STRPTR String pointer
AR~27 STRLEN ~ String length

The pen flag hold the status of the three primary colour pens.
Each pen is controlled by a bit, the pen is down if that bit is
set to a one. The red, green and blue pens are controlied by bits
8, 1 and 2 respectively.

AR~-28 PENFLG Pen status

The conprt variable holds the current status of the AVC control
register except that all the planes are paged out. This variable
is ORed with the required colour plane(s) and then sent to PORT

PBZH.
* Fal - A e o
& R WL N By Py AR LCljJ.DLUL J.I.ll(:l\dﬁ

The LPMODE variable is used to indicate to the LINE, VECTOR, and
SLINE commands that either absoclute or relative plotting is

required, A @ indicates absolute, a 1 indicates relative, The
absolute/relative mode for n1nf ig merformed in AVCRAS.ORJT and

uuuuuuuuuuuuuuuu -5 L

NOT AVCASM,.0BJ. Note this varlable is used to indicate to the
software which mode of operation the AVC is in,

AR~38 LPMODE Absolute / relative mode

"The next variable is used to store the ROM basic's text pointer
which is normally returned to basic via the HL register.

AR~32 TXTPTR Rom basic's text pointer

The next variable is the ROM basic's stack pointer. Note this is
saved on entry to the AVC software and a stack is set up within

tiie AVC workspace, on leaving the AVC software the stack 15
restored.

AR-34 STKPTR = Rom basic's stack position

Moo smomwrd dlowos  =» T T A . A Y T mmei 1o
LlIe= LS A Wl T LK = I § Lo o Ll < e LSy \JLCCJI i 4L LE ALl TIlo d bl
for the background colour, they have a range from 4 to 16,
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AR+35 RBACK Red backgnd intensity
AR+~ 36 GBACK Green backgnd intensity
AR~37 BBACK Blue backgnd intensity

The next wvariable held the address of the start of the non=~
graphics character table.

~AR~39 ASCVCT Ascii character table (non~-graphics)

The check command uses the next variable to return the colour of
a pixel. Note the coordinates of that pixel should be supplied in
X1 and Y1 and NOT X and Y as this would corrupt the cursor.

The condition of a check on a pixel outside the hard clip area
wounld return a value of 255 to basic, however the wvalue in COLOR

would be -1 (255).,

AR~40 COLOR Colour of a pixel

The start of the graphics character table is held in GPHVCT.
AR~42 GPHVCT Graphics character table

The hext variable is used to indicate to the poly command what
type of polygon to generate, A 4 gives normal, a 1 gives a cord
and a 2 gives the radii. This variable is also used to hold the
disk drive number { @ to 7) and also the planes variable used

with DUMP (¥ to 7).

AR~473 POLTYP Poly type or drive or planes for dump

The next variable is used to store the old vector angles for use
tor angle regquired is

o andg

[

with relative vectors ({turtlie}., Note the
placed in STANG.

ved

AR~45 VECTAN 0l1ld vector angle
O e P P e e X e m b bla e bl Tl e A e A DLDIJADT + 2y
ITAL LUl Yallaple> g 8 LHE SWL L VULl QLT dos DLWV Ll ¥
if the limits are exceeded then

The a 1
"also define the hard clip areas,
CHAOS will ensue.

AR~47 WXMIN X min limit
AR-49 WHMAX ¥ max limit
AR+51 WYMIN ¥ min limit
AR~S3 WYMAX Y max limit

The next seven variables are used by the line plotting algorithm.

AR+55 YDIFF Y difference

AR~57 XDIFF X difference

AR~59 YSGN Y sign

AR~61 XSGN X sign

AR~A2 DUTY Duty cycle count for dot/dash
AR~64 COUNT Dot/dash pixel counter

AR~66 DFLAG Dot/dash flag
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The next four are ram vectors for plot mode, line, plot and the

COM ~~AmmarnAd Mhoarsa wam ttAacmdawos oo b mbmsvmasaAd o S atmnoe [ ol L
[N Wy AT R Iy P i e L QM VGULULD Wwiall UC bllﬂll\jcu ‘-U Jullll-’ "U UL‘I':L

(faster) modules, an example would be to drive a flat bed
plotter.

AR~68 DOM Plotting mode, The address of the required

plgt made ig held here, Assemhler ugers will have to find these

L= T L B S R S — R - e R R kA e

addresses by using the basic interface and recording the
addresses held here for the different modes.

AR~69 JP1 This holds the jump instruction @C3H.
AR~71 VCTLIN The line vector

AR~72 JP2 The Jjump instruction #C3H.

AR~T74 VCTPLT The plot vector

AR~75 JP3 The jump instruction #C3H.

AR~77 SETWDG The basic SET vector wedge

AR~T7R JPSET The jump instruction @C3H.

AR~79 TEMP A temporary variable

The next variable when set to 1 causes the last pixel of a line
to he plotted, when set ta @ the last pixel is not plotted.

e e

AR~B0 LLPT Last point flag

The next variable hold the user basic SET vector, it is set to
the normal basic set return address during a cold start. If the
user requires to add commands using the SET vector then this
variable should hold the jump vector.

There i5 a small awount of space available in the
allocated to adding extra commands, it is located
the command table, the rest is up to you!

-

AR~32 USRVCT AVC return vector from basic
AR~84 MATADD Address of the MAT array
AR~85 PPENPT | MAT local pen store

AR~-86 ASCCHR Acescii character sgpacing
ARfS? CHASPC Temp location for ASCCHR
AR~89 SINRO SINE of rotate angle
AR~01 COSRO COSINE of rotate angle
AR*Qé SINAN SINE ¢f unrotated angle
AR+95 CDSAN COSINE of unrotated angle
AR~97 SINST SINE of start angle

AR~99 COSST COSINE of start angle

Le)]
Lt
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AR~191 ASCPTR ASCII TABLE pointer
AR~103 GRAPTR GRAPHICS TABLE pointer

The next block are internal variables used by the poly module,

AR~105 XCENT X offset from centre
AR~107 YCENT Y offset from centre
AR~110 XA Poly X variable
AR~113 YA Poly Y variable
AR~116 XX1 Poly rotated position
AR~119 YY1 Poly rotated position
AR~122 XROT Poly scaled X
AR~125 YROT Poly =caled ¥

AR~128 OLDVEX Vector high res, angle
AR~131 OLDVEY Vector high res. angle
AR+~134 XTEMP Rot temp
AR~137 YTEMP Rot temp
AR~138 SCOUNT Side count
AR~139 FIRST First time round
AR~141 FIXABS First abs X
AR+143 FIYABS First abs Y
AR~144 SFLAG Neg angle
AR~145 FLAGOQ > 92 degrees
AR~147 ANGLE Angle
AR~149 SPTR SIN/COS pointer
AR~150 TCOUNT Temp counter
AR+~152 XCORN MAT corner
AR+154 YCORN MAT corner
AR«155 ORGFLG Origin flag

-

The next is the ram vector for the fill routine,

AR~157 AAFILL Fill ram vector

AR~158 JPFILL Jump instruction @C3H,

The next variables are local to the fill routine.
AR~160 X Fill X

AR~162 FX1 Fill X1

AR~164 FY Fill v

AR-1§6 ED FPill difference

AR~167 J Fill variable

AR+~168 PEE Fill wvariable

AR+169 SAVFLG Fill save first line pixel flag
AR+170 COLUMN Fill current column

AR~171 OLDSCN Fill ¢l1ld line direction

The user DUMP vector is next,

AR~172 DVECT User dump vector
AR~174 DUMP Dump jump instruction @C3H

The next 18 bytes are spare
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AR=184 SPARE Spare bytes

AR~186 STACK Top of the AVC stack

Primary colour planes memory map

{assuming a base address of 2828884, all wvales in HEX.)

Single density

column g 391

row 255 8OO0 8@e2 8029 BO3F

254 Re40 R4 2 8669 BAT7F

1 BF8@ BF82 BFAQ BFBF
a BFCQ BRFC2 BFEQ BFFF

The above is for single density, the same map applies to ALL
planes even when in double density mode, but note that the double

density mode uses alternative bytes frem the red and green
rlanes, The first byte being from the red plane.

The order of display of bits within a byte for both densities is
the M5B to the left and the LSB to the.right.

65
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APPENDIX E
SYNTAX REFERENCE

This appendix provides a complete list of the graphics commands,
the values in brackets are the default values, a * indicates that

A =1
i

A omsn e A
I L QALLIUWET,

n Aafantle i
a uUTliduUudlL 1o

LINE X,Y,MODE,CARRIAGE
{ *l'*!' g r l ]

Draws a line from the cursor to X,Y¥, If MODE = # then absolute if
MODE = 1 then relative. Carriage up if CARRIAGE set to {.

ALINE X,¥,X1,¥1, MCDE,CARRIAGE
U *, %, ,*, 8 , 1 I

Same as LINE except draws from X,Y to X1,Yl.

PLOT X,Y,MODE,CARRIAGE
[ * % 0 ] 1

’ -

r r

Plots a peint at the point X,Y¥. If MODE = @ then absolute if MODE
= 1 then relative., Carriage up if CARRIAGE set to @.

SLINE L,V
[ * *
¢

MOTE YMAC
WAL, W

rH aniad

Al
~r

,YMAG,SLANT,ROTATE,CARRIAGE
1

ROTA R
g ’ l ]

[ ¥p]

¥ L l f

Draws a line from the cursor to X,Y, but scaled by the X and ¥
magnifications and the slant and rotate angles,

ASLINE X,Y,X1,Y1,MODE,XMAG,YMAG,SLANT ,ROTATE,CARRIAGE
[ *l"*l* l"* r ﬂ r 1 r l r g ¥ g ! 1 ]

The same as SLINE except draws from X,¥ to X1,Yl.

VECTOR LENGTH,ANGLE,MODE,CARRIAGE
r «~ , e , 2, 1 ]

AVECTOR  X,Y,LENGTH,ANGLE,MODE,CARRIAGE
[ *l*! * ¥r g ¥ 'ﬁ ] l ]

Draws a vector for a distance of length and in a direction of
angle., When MQODE = § then an absclute angle, MODE = 1 then
relative to the last vector angle.
VECTOR
Resets the vector angle,
TRI BASELENGTH,HEIGHT,SLANT,ROTATE,FILL,CARRIAGE

[ * t p r @ ] g ¥ U I l J
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ATRI XY ,BASELENGTH,HEIGHT,SLANT,ROTATE ,FILL ,CARRIAGE
[ #*,%, * ¢ P e B, P , B, 1 1

Note p is set to the BASELENGTH value,
Draws a triangle with the entered BASE LENGTH and HEIGHT. The
triangle can be SLANTed, ROTATEd and FILLed,

RECT XLENGTH,YLENGTH,SLANT,ROTATE,FILL,CARRIAGE
[ * s P . 8 , B8 , B, 1 ]
ARECT X, Y XLENGTH YLENGTH, SLANT ROTATE FILL CARRIAGE
[ *, ™ 1
” f [ f 2 r g ’ a r 1 1

Note p is set to the X LENGTH VALUE.
Draws a rectangle with X LENGTH and Y LENGTH. The rectangle can
be SLANTed, ROTATEd and FILLed.

POLY XRADIUS,YRADIUS,NUMBER OF SIDES,NUMBER OF SIDES
(= , P ' 60 , 60
DISPLAYED,START ANGLE,ROTATE ANGLE,FILL,TYPE,CARRIAGE

’ g ’ ? 2 . 2, 1 }
APOLY X,Y,XRADIUS,YRADIUS,NUMBER OF SIDES,NUMBER OF SIDES
L x> * A 68 ' 68

FR oy g P S B e i e S A Y SAN AT i g AP e

r
r ﬁ r B r

Draws a polygon of NUMBER OF SIDES displaying NUMBER OF SIDES
DISPLAYED, The centre being X,Y (APOLY) or the cursor (POLY) with
X RADIUS and Y RADIUS. The polygon can be started at any START
ANGLE, ROTATEd and FILLed., TYPE defines either NORMAL (€}, CORD
(1), or RADII (2}.

LABEL STRING ,XMAG,YMAG,SLANT ,ROTATE,CHARACTER SPACING,CARRIAGE
{ =* s 1, 1, @ , @ . 7 . 1 ]
ALABEL X,Y, STRING XMAG,YMAG,SLANT ,ROTATE, CHAR SPACING,CARRIAGE

!'i-d- e | 1 1
[ Y rJ-:J-.rU: g 7 r + 1

Prints the STRING with X MAG. and Y MAG. The text can be SLANTed
and ROTATEd. The character spacing can also be changed.

MAT ADDRESS,XMAG,YMAG,SLANT,ROTATE,FILL,CARRIAGE

{ * e Ly, 1, 2, B 0, 1 ]
AMAT X,Y, ADDRESS XMAG,YMAG,SLANT,ROTATE,FILL,CARRIAGE

[ *, * r 1, , @ , @ r 2, 1 ]

Displays a matrix array at located at ADDRESS with X MAG and Y
MAG, It can be SLANTed, ROTATEd and FILLed.

G7



COLOUR GRAPHICS USER'S GUIDE

BACKGND RED INTENSITY,GREEN INTENSITY,BLUE INTENSITY,CARRIAGE
t o ' 0 ’ e 1 ]

BACKGND  COLOUR,CARRIAGE
¢t ¢ , 1 ]

Sets the background colour either as R,G,B intensities or primary
TNl e

LPRE R L LT g o Y

COLOUR ~ RED INTENSITY,GREEN INTENSITY,BLUE INTENSITY
[ 16 ' 16 16 ]
COLOUR COLOUR

Sets the foreground colour either as R,G,B intensities or primary
COLOURS.

CURSOR X VARIABLE,Y VARIAELE

{ * ’ * ]

Returns the current cursor position in the X and Y variables,

CHECK VARIABLE,X,Y
[ * ra,b ]

Note, a = cursor X and b = cursor Y,
Tl b v v O e T e S I =N | Trm bhoa VUATITADT I
FRS=-RL LW S e il LRV L LV B o Ma O L 411 Lll% ¥iuvlhnJdlilre
DASH LINE CON,LINE OFF,LAST PIXEL

{ 1 ' 0 ' 1 ]
Sets the duty cycle of lines ie. number of pixels on (LINE ON} to
number of pixels off (LINE OFF). When LAST PIXEL is & then the
last pixel c¢f a line is not plotted.
DEFAULT

Defaults many of the system parameters

MODE AVC MODE,AVC OUTPUT
[ 1 ' p 1
Note. when AVC MODE = @ then p = 0
n L1 = 1 " p = 7
n n = 2 " p = 2
" " = 3 L L] p = 6

Sets the avc operating mode and displayed planes.

PEN RED PEN,GREEN PEN,BLUE PEN,PLOTTING MODE
( 1 1 ’ 1 2 ]

Sets the status of the PENS and the logical PLOTTING MODE,
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ORIGIN X,Y
* %

( j

Sets the centre of rotation to be X,¥

ORIGIN

Sets the centre of rotation to be cursecr following.
DOS

Exits from basic,

WINDOW X MIN,X MAX,Y MIN,Y MAX

[ ¢ , p , 8 , 255 ]
Note., If AVC mode = § or 1 then p = 391
n n = 2 ] 3 [1] p = '? 8 3

Sets the soft clip window area.

7nTrrT A S
L L Lila P L

[ ]

When mode = 1 all line pixels are stored, when = § the area so
saved is filled.

GSAVE FILE NAME,DRIVE
( * A

Saves the current AVC display on disk

GLOAD FILE NAME,DRIVE
( * 0]

Loads the saved AVC display from disk

DUMP PLANES
t 7 1

Provides a user hard copy facility

69



COLOUR GRAPHICS USER'S GUIDE
APPENDIX F

The extended basic interface almost the same as the rom basic
interface but with the following exceptions:

Al GLOAD and GSAVE file name and drive parameters,

The GLOAD and GSAVE commands will normally use the defaulted
drive which 1s selected by the use of the DRIVE command, nhote
after a basic cold start this is drive A,

PHYSICAL DRIVE LOGICAL DRIVE

@ side a A
@ side b B
1l side a C
1 side b D
2 side a E
2 side b F
3 side a G
3 side b H
4 side a I
4 side D J

Note for a standard dual single sided disk system the two drive
are; right hand = A, left hand = C.

To access a drive other than the currently logygyed drive the dr
required can be prefixed to the file name.ie. to access a f
called FRED.GPH from drive F then vse "F:FRED.GPH".

Note, file names containing the fellowing characters are NOT
allowed and will envoke an error;

[N
D @

v
il

fun

“¢>»:; =? * and ascii codes greater than 127,

- ]

B] The COLD and WARM starts described in APPENDIX B are not
required as these are performed by the extended basic's cold and

wrmrm oFaréee
TP LA b LMY b A b e

C} The label command is not restricted to string literals and
variables only but can use string expressions and print the
contents of variables.

D] The prefix of the SET command is pot required.
E] There is no DOS command as this is not required

Fl The address of the top of the AVC variables (AR) 1is located in
two bytes just below the start of basic program area.

Gi The assempbler entry point (AVCALL) is located in three
just below the address of AR,
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o

mi - - v e art i T e DA sl o - b [ R . | RN . TR
1o L= A = ApprivAlidLTLY ~2 Uy Lo UL Sl = R = Aljlualsll Ol Lwei LI
a

1 -
I Lo
ext command extension table.

rt

I] There are approximately 188 bytes of space allocated after the
address command extension table.

J] The files G32 or G48 are NOT required as the colour graphics
software are an integral part of the EXTENDED COLOUR BASIC.

For details of NASCOM'S CP/M version of the COLOUR EXTENDED BASIC

refer to the appropriate manual.
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APPENDIX G
DISCLAIMER

It should be noted that this manual and the described software is

protected by copyright law,

LUCAS LOGIC LTD, shall incur no liability to any person, company
or organisation for any l10oss or damage caused or alleged to be
caused directly or indirectly by equipment or programs or
documentation supplied. Such loss or damage includes but is not
limited by any interruption of service or loss of business or
anticipated profits or consequential damages resulting from the
use or operation of such computing equipment, programs or
documentation.

The software is NOT guaranteed to be error free but is guaranteed
to execute on the destined system,

Copies of part of this manual made be made for use by the
purchaser or his/her employvees only, complete copies of the
manual can be obtained from LUCAS LOGIC. Backup copies of the
software may be made for use of the purchaser or the purchasers
employees for use on one target system only per purchased copy.

COPYRIGHT LUCAS LOGIC LIMITED 1982,
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APPENDIX H
AVC SOFTWARE PROBLEM REPORT
{This form may be used for software modifications)
REPORTED BRY;: DATE :
MAME
ADDRESS

TEL. NUMBER

HARDWARE SYSTEM

SOFTWARE S5YSTEM
{and VERSION/SERIAL numbers)

PROBLEM .
{Continue on a seperate sheet if necessary, giving listings of
programs where possible; and also details of any temporary

fixes.)

SEND TO: LUCAS LOGIC LTD.
' '~ NASCOM COMPUTERS DIVISION
WELTON ROAD INDUSTRIAL ESTATE

WARWICK (V34 5PZ
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AVC CHARACTER TABLE FORMAT

f T omomm b e s

First byte: character spacing from left hand corners o
Second byte: first character in table (in ASCII form).

Third byte: number of characters in table

then characters.

Format of character bytes:-

Bit 7 : set to 1 for end of character
Rit @ : set to ¢ for pen up, to 1 for pen down
Bit 1-3 : X position
Bit 4-6 : Y position
Examples

SPACE 8pH
POUND @¢7H, 194, @2H, 53H, 65H, 67H, 59H

PLUS 148, S55H, 3@H, BYH
M 61H, 45H, 69H, 89H
X 11H, 59H, 69H, 6QH, S51H, 19H, 89%H

_—— e =

or ASCPTR to point to table

and ASCCHR to character spacing

araphics character set

change GRAPTR to point to table

|
»]

B

e
o
=3
]

]
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This Nascom Colour Graphics Manual is Volume 6 of a series
which 1is currently being published to describe the total
facilitiees available in the Nascom 3 Microcomputer.

The titles of other velumes are:

yOLUME TITLE CONTENTS

1 USER MANUAL Introduction to  BASIC, Hardware
Manual, NaS-SYS 3

2 " PERSONAL DATA FILE Space to file your technical
literature, corrent data sheets etc.

3 HARDWARE OPTIONS RAM B Power Supply I1/0 Board etc

4 OPERATING SYSTEM NAS-SYS ,NAS-LOS CP/M, CE/M Terminal

; 5 SYSTEM SOFTWARE ZEAP, NAS-SEMBLER Debug etc
6 GRAPHICS MANUAL AVC Software Hardware
7 APPLICATION SOFTWARE MANOR, NAS-PEN, NAS-CALC, SPEX etc
FOR RNAS-DOS/NAS-SYS
8 APPLICATION SOFTWARE FINAS, FMS 80, Calcstar, Wordstar,

FGR CP/M.

Lucas Looic Limited

Supercalc etc
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COLOUR SELECTION CODES
(BACKGND, COLOUR, CHECK
AVC MODES)}

0 - BLACK

1 - RED

2 - GREEW

3 -~ YELLOW

4 ~ BLUE

-~ MAGENTA

6 - CYAN

7 - WHITE

EXTENDED COLOUR MATRIX

A
3 13 1 16 4
2 5 9 g 12
1 15 3 14 2
o] 701l & 10
o 1 2 3 X

PQLYGON TYPES

-

HO OF LINES
X CO-ORDINATE
Y CO-ORDINATE

CONTROL

COWTROL o
Co
SPARE FI%L CN

7 6 5 4 3

2 BYTES
2 BYTES
2 BYTES

1 BYTE

L B G R
¢ INK INK INK
JNE U
F AR A

8]

2 1

PEN TYPES

- DOM OR R

(=BT I PUR U
1 1
5558
o
el

-
1
=
]
[}

EFPLACE

ASSEMBLER COMMANDS
~ BACKGND

- PLOT

- LIKNE

- CHECK
LABEL

- POLY

- VECTOR
- DEFARULT
- ORIGIN

[N - R B~ ST, S U PRI I o
|

o
|
ekl
a2}
]

w
1
=
=
=

M oE T 0
1
o)
o
=
o]

e
= O
1 1
|
[
|
o

DEFRECT

0 - NORMAL
1 - CORD
2 - RADII
RADIANS /DEGREES

1 DES = 0.0174532925 RAD
1 RED = 57.29577351 DEG

JUMP TABLE

2 = C FOR 648

? = & FOR 632
COLD DOS = 2 FED
COLD NAS = ? FFA
CoLD RET = 2 FF7
AVCALL = ? FF4
AR = ? FF2
MONF,

0 = EXT VIDEO

1 = SINGLE

2 = DOUBLE

3

= SINGLE & DOUBLE

RESOQLUTION
SINGLE 392 x 25¢
DOUBLE 184 x 256

AVC PORT ADDRESSES
BO CRTC  ADDRESS
Bl CRTC DATA

B2 CONTROL

DEFAULT VALUES

TRETW AT . -
LR 4

STANDARD CHARA

COLOUR 1— WHITE
PEN :~ ALL DOWN
PLOT MODE :- DOM

HARD CL.T

v}

VECTCR :— RESET
CURSOR - @, ¢
DASH :~ OFF

LAST PIXEL :- OHN

CTER TARBLE

ORIGIN (@, @)

BOTTOM LEFT HAND
OF SCREEN

BIT ® - RED PAGE

BIT 1 - GREEN PAGE

BIT 2 - BLUE PAGE

BIT 3 - DOUBLE DENSITY
BIT 4 - RED O/F

BIT 5 - GREEN O/F

By 6 - BLUE O/F

CRTC REGISTERS

0 - HCORIZ TOTAL - 1

1 - HORIZ DISPLAYED

2 - H, SYNC POSITION

3 - H. SYNC WIDTH

4 - VERTICAL TOTAL - 1
5 - V. TOTAL ADJUST

& - V. DISPLAYED

7 - V., SYNC POSITION

8 - INTERLACE MODE

9 - MAX SCAN LINE ADDR
10 - CURSOR START

11 - CURSOR END

12 - START ADD H
13 - START ADD L

14 -~ CURSOR H

15 =~ CURSBOR L
16 - LIGHT FEN H

i7 - LIGHT PEN L
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AVECTOR
TRI
ATRI
RECT
ARECT
POLY
APQLY
LABEL
ALABEL
MAT
AMAT
BACKGND
BACKGND
COLOUR
COLOUR
CURSOR
DASH
DEFAULT
MODE
PEN
ORIGIN
pos
WINDOW
FILL
GSAVE
GLOAD
DUMP

BASIC COMMAND  SUMMARY

{FOR NASCOM ROM BASTC TISE PREFIX OF SET)
X, Y, {MODE CARRIAGE)

X, ¥, (X1, Yl, MODE, CARRIAGE)

X, Y, (MODE, CARRTIAGE)

X, Y, {MODE, XMAG, YMAG, SLANT, ROTATE, CARRIAGE]

X, Y, X1, Y1, (MODE, XMAG, YMAG, SLANT, ROTATE, CARRIAGE)
LENGTH, (ANGLE, MODE, CARRIAGE)

X, ¥, LENGTH, (ANGLE, MODE, CARRIAGE)

BASELEN, (HEIGHT, SLANT, ROTATE, FILL, CARRIAGE)

X, Y, BASELEN, ({(HEIGHT, SLANT, ROTATE, FILL, CARRIAGE)
XLEN, (YLEN, SLANT, ROTATE, FILL, CARRIAGE)

X W ¥I.ENT (v"ri.:-mr CT.ANT

oMM AmT
Ly Ay Aanivl yooAILAN [=REFLY A R L N P

XRAD, (YRAD, SIDES, DISPL, START, ROT, FILL,TYPE, CARRIAGE)

X, Y, XRAD, (YRAD, SIDES, DISPL, START, ROT, FILL, TYPE, CARRIAGE)
STRING, (XMA~, YMAG, SLANT, ROTATE, CHAR SPACING, CARRIAGE)

X, ¥, STRING, (XMAG, YMAG, SLANT, ROTATE, CHAR SPACING, CARRIAGE)
ADLRESS, (XMA, YMAG, SLANY, ROTATE, FILL, CARRIAGE)

X, Y, ADDRESS, (XMAG, YMAG, SLANT, ROTATE, FILL, CARRIAGE)

{RED INTENSITY, GREEN, INTENSITY. BLUE INTENSITY, CARRIAGE)
{COLOUR, CARRIAGE)

(RED INTENSITY, GREEN INTENSITY, BLUE INTENSITY)

(COLOUR)
X VARIABLE, Y VARIABLE
VARIAELE, (X , Y}

{(LINE CN, LINE QFF, LAST POINT}

{AVC MODE, VIDEQ OUTPUT)
{RED, GREEN, BLUE, PLOT MOQDE)
X , ¥)

{MODE)

(XMIN, XMAX, YMIN, YMAX)
{MODE)

FILE, (DRIVE}

FILE, (DRIVE}

{PLANES)



