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K-1008-3C USER'S MANUAL
LEVEL 1 GRAPHIC SOFTWARE FOR THE COMMODORE P.E.T COMPUTER

1, INTRODUCTION

This set of BASIC programs for the PET, used with the MIU K-1008 Visible
Memory and the K-1007 PET to MTU interface, provides the user with the following
capabilities:

1. GRAPHICS

A. Clear the screen.

B. Draw a line between any two points.

C. Setting any point on the screen.

D. Finding out if any point is on or off.

NOTE: Lines can be drawn or points set in any of 3 modes - flip, on, or off.
In FLIP mode, wherever the line is drawn or point set, the point(s) have their
values reversed (i.e., if on, they are turned off, and if off, they are turned
on). In ON mode, the point(s) affected are turned on (white). 1In OFF mode, the
points affected are turned off (black).

2. TEXT

A. Clear the screen.

B. Display any unshifted character on the PET keyboard.
C. Do any of RETURN, HOME, BACKSPACE, or LINEFEED.

D. Place text at any point on the screen.

3. GENERAL

A. Select the Visible Memory (graphic video) for display.
B. Select the PET video for display.

All the above can be done completely from BASIC on any PET with at least BK
bytes of memory, not including the Visible Memory.

The software provided here is set up to run as is on a PET with 8K bytes of
memory in addition to the Visible Memory. However, by changing only a few lines
in each program, the software will be relocated to make use of all memory avail-
able. 1In particular, the software can be placed in any part of memory, and the
Visible Memory can also be located at various positions in memory address space.



2. LOADING THE SOFTWARE ON AN 8K PET

The first software routine on the tape is set up for an 8K PET with the
Visible Memory starting at address 8192 (2000 HEX). 1In this section we describe
how to load the routines for that hardware configuration. 1In the next section we
will describe how to load the routines for any cother configuration.

1. Turn the PET off, then on. This initializes everything. Then place the
tape with side A up in the tape unit, rewind it, and enter LOAD "MTU 8K". The
computer will display the following:

SEARCHING FOR MTU 8K
FOUND MTU 8K
LOADING

READY

The machine language programs needed to utilize the Visible Memory are now
loaded into memory.

2. Enter 'POKE 135,24' and then 'NEW'. This protects the machine language
programs so that BASIC will not clobber them, and then initializes the PET so that
a BASIC program can be loaded. WNOTE: If you have an 8K PET which has the new ROMs
installed, do a 'POKE 53,24' instead of the 'POKE 135,24',

3. Now load whatever BASIC program you want. The loading and use of the sup-
plied demonstration program is described in section 3. 1In addition, a drawing
routine 'EXDRAW' has been supplied for you to experiment with, showing some of the
simple graphic possibilities. This is in section 8.



3. RUNNING THE SAMPLE DEMONSTRATION PROGRAM

To aid in the use of the machine language routines and their interface and to
show some of the capabilities of the Visible Memory, we have provided a sample
demonstration program, This program was derived from the program in MTU manual
K-1008-2L (Patches to MICROSOFT BASIC).

To load it, place the cassette in the tape deck with side A up and enter
'LOAD "MTU EXAMPLE"', Once the program has been loaded, enter 'RUN'.

The first program illustrates point plotting by drawing a circle with 250
individual dots. The parametric equations X=COS(A) and Y=SIN(A) are used to gen-
erate X,Y pairs as a function of the variable A. Note that scaling of X and Y,
which vary between -1 and +1, is necessary. Although it does not happen in the
demonstration, if Y became exactly 1.0, then Y1 would become 200 which is outside
the 0-199 range of Yl.

The second program (lines 300-490) illustrates vector plotting by creating a
31 point star. Note how the variable FP is used to decide if the current point is
the first one. If it is not, the line between the previous point and the current
one is drawn.

The star is drawn in all the different line drawing modes. The first time,
it is drawn solidly, with the mode variable GM%=l. The second time, it is drawn
in erase mode, GM%=2. Notice how, when lines are erased, crossing lines are left
with holes in them. The third star is drawn in flip mode, GM$=0. 1In this mode,
when lines intersect there is a hole at their point of intersection. However,
when the star is drawn again in flip mode, note how the redrawing of the lines
undoes the "damage" caused by intersections.

The third program (lines 600-1140) illustrates how a fully labelled and cap-
tioned graph can be produced. First, the Y axig labels are produced with a FOR
loop and the use of STR$ to convert a value to a string. Note that if the FOR
loop had been written "FOR Y=-1 TO 1 STEP .2' that after 5 iterations, Y would not
be exactly 0 because .2 cannot be exactly represented in the PET's BASIC.
Instead, Y would have a value of something like -1.16415322E-10. The captions are
printed next. Then the axes themselves are plotted with calibration marks for the
Y axis. Finally, the Fourier synthesis of the sound waveform of a particular
organ pipe is plotted.

The last program demonstrates the ability to read data back from the Visible
Memory. It also shows that visualization of number sequences can lead to new
insights about the sequences. In the demonstration, the sieve of Erastosthenes is
used to plot the prime numbers from 3 to 10,001. Each point on the screen repre-
sents an odd integer starting with 3 in the upper left corner of the screen. The
gieve method starts with all pixels set to 0 (off). Then, all the odd multiples
of 3 up to 10,001 are computed and the corresponding pixels set to 1. Then a
search for the next zero pixel beyond 3 is performed, and all of its multiples up
to 10,001 are set to 1. Whenever the multiples of a prime are being sieved out,
the prime itself is displayed on the bottom of the screen. This is repeated until
97, which is the largest prime which does not exceed the sgquare root of 10,001, is
tried. At this point, 'DONE' is displayed and, after a short wait, all the pixels
used are reversed, so that all the pixels remaining on the screen represent
primes.

This program has been optimized (especially 1lines 2440-2500) to execute as
quickly as possible in BASIC. However, if lines 2440-2500 were recoded in machine
language, the program would probably run at least 100 times faster.
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4. CONFIGURING THE SOFTWARE FOR OTHER PETs

The following steps describe how to load the software on a PET with either
more than 8K of memory or the Visible Memory located at a location other than 8192
(2000 HEX). It also describes the modifications necessary to use the Visible
Memory software on the new PETs (i.e., the ones with 16/32K of memory and the
enlarged keyboard). Note that the K-1007-1 is mechanically incompatable with the
new PETs. For these computers, the MTU model K-1007-3 should be used.

On any PET there is a location in memory which determines the maximum amount
of memory which is available to BASIC. Ordinarily, this is set by the PET's oper-
ating system at the time when the PET is turned on to the actual amount of memory
avaialble. However, to allow the machine language routines which manipulate the
Visible Memory to coexist with a BASIC program, we must set this location sco that
BASIC will not try to use the locations containing the machine language routines.
The location that must be set to protect the machine language routines is 135 on
the o0ld PETs and 53 on the new PETs. This location will be referred to as
'memsiz' in what follows.

The following tables will also be referred to. The first table gives the
value which must be entered to specify the location of the Visible Memory. This
value will be referred to as 'VMLOC'.

VISIBLE MEMORY VALUE OF
START LOCATION VMLOC (hex)
8K 20
16K 40
24K 60
32K NOT ALLOWED - CONFLICTS WITH PET'S VIDEO MEMORY
36K 90

The second table needed is that of a set of values which will specify where
the machine language routines will be located. This table assumes that the rou-
tines will reside in the top 2K of memory available. The columns headed '1010',
'1020', '1030', and '1050' indicate new values that should replace the data items
in the corresponding columns (the default values are as in the 8K row). The
column headed 'GL%' contains the value that should be multiplied by 256 to get the
value of GL$ in the BASIC interface code described in the next section. The
columns headed 'pokel' and 'poke2' give the wvalues that should be POKEd in the
statements described below.

MEMORY 1010 1020 1030 1050 GL% POKE1 POKE2
8K 1C00 1F00 1F20 1800 31 28 24
16K 3C00 3F00 3F20 3800 63 60 56
24K 5C00 5F00 5F20 5800 95 92 88
32K 7C00 7700 TF20 7800 127 124 120

The final item that will be needed to particularize the machine language
routines for your PET is a value which specifies the start of a small block of
memory in page zero that the routines can use. This value is called ‘'pzero' and
is set in the code to 'BO'. This value applies to the older PETs only. On the
newer PETs, a value of 'SE' should be used for 'pzero'. :i



LOADING THE SOFTWARE INTO OTHER PETs

1. Turn the PET off, then on. Enter 'POKE memsiz,pokel’. This allocates
the PET's memory so that the top 1K is reserved for the graphics routines. Then
enter 'NEW'. :

2. Place the tape with side A up into the cassette drive, rewind the tape
and enter LOAD "MTU GRAPHICS". The program loaded is written in BASIC, and con-
tains the code for the machine language graphics routines. Change lines 1010
through 1030 so that the values there (those loaded from tape apply to an 8K PET
only) are as in the second table. If necessary, change line 1040 so that the 'BO'
is replaced by the value of 'pzero'. Change line 1110 so that the '20' following
'WMORG' 1is replaced by the value of 'vmloc'. Enter 'RUN'. The program will
display:

NOW PREPARING MTU GRAPHICS CODE
and, after less that 2 minutes will display
READY

If you only want to do graphics without displaying any text on the Visible
Memory, proceed to step 6.

3. Enter 'POKE memsiz,poke2' with the proper values for memsiz and poke2.
This further reduces the amount of space available to BASIC, and makes another 1K
available for the text display software. 'Then enter 'NEW'.

4. Enter LOAD "MTU TEXT CODE". The program loaded is written in BASIC, and'
contains the machine language code that displays text on the Visible Memory. Make
the same changes as described for 'MTU GRAPHICS' above. In addition, change both
values in line 1050 (initially '1800') to that indicated in the second table.
Note that the data item to change to the value of 'vmloc' 1s at the end of line
1200 instead of line 1110. Enter 'RUN'. The program will display

NOW PREPARING MTU TEXT CODE
and after about 1 1/2 minutes, you will see
READY

5. With the cassette tape still in the recorder, enter 'LOAD'. The program
loaded is called 'MTU TEXT FONT', and contains the machine language definition of
the characters. Make the same changes as for the 'MTU TEXT CODE' routine describ-
ed above and enter 'RUN'. The message

NOW PREPARING MTU TEXT FONT
and after about 1 1/2 minutes, you will see
READY
All the machine language routines have now been placed into memory and are

ready to use in conjunction with BASIC.

6. Now, enter the BASIC interface to the machine language routines, as
described in the next section, and begin plotting.

6



5. THE BASIC INTERFACE TO THE MACHINE LANGUAGE ROUTINES

Here is the listing of the BASIC code used to interface between BASIC and the
machine language routines. An explanation follows the listing.

190 GLE=206%31 IRETURNIREM INITIALIZE

101 GOSUBLOOISYS{GLZ+32)IRETURNIREM CLEAR SCREEW

102 FORE GLIH+GIXs( GUZANDZSS MIFOKE GLZ+GIXHL« INTCBVX/256 )I6IX=CIZ+2IRETURN
193 REM SET (X1.Y1)

104 BIX=11GVX=X11G0SURLO2IE6VI=Y1160TO02

0% REM DRAW FROM (X1,Y1) TG (X2,Y2) VIA GHX (O=FLIFy1=0NsZ2=FLIF)
104 GOSURL100!GOSURI043GVE=X21608URL02:CVI=Y21E0SURL02

107 PORE GLZ+9,GHZIBYS(GLZ+35 ) IRETURN

108 GOSUR1OY COSURI04IPOKE GLE+Y,CXEISYS{ CLE+38 }IRETURNIREN EXX ~> (X1sY1)
109 REM (X1sY1) ~> GXZ (1=0Ny2=0FF)

110 GASUBL100IEOSURIO4ISYS(GLEHEL MGX=2+( PEER{ GLZ+% }=235 )IRETUKRN
112 GOSUBLOOIFCKE GLX+9,BCISYS{GLL+44 )IRETURNIREM SDTEXT ENTRY
114 POKE 49151,01RETURNIREH DISPLAY VISIBLE HEHMORY

1146 POKE 47150,0RETURMIREM DISPLAY PET VIDEO HEMORY

118 SYS{GLY+47 MIRETURNIREN TEXT CURSOR OFF

124G SYB(GLYE+50 MIRETURMIREM TEXT CURGOR ON

121 REHM FOSITION CURSOR AT (ROW.COL) (GRX,GCE)

122 GOSURLIBIPORE GLX-1788yGCE

123 FOKE GLY-1787GREIGOSURI20 {RETURN

124 GOSURLIZZIREM DISPLAY GC$ AT (GRAZSGCYL)

125 FOR 6I=1 TO LEM(GCS YIREN HERE IF DISPLAYWRERE AT

126 BC=ARCIMIDNB{GCH+CI 1)) IGOSURIIZINEXT GIIGOSUHI 18 IRETURN



BASIC COMMANDS TO EXECUTE GRAPHICS AND TEXT

DISPLAY contents of VISIBLE MEMORY GOSUB 114
DISPLAY contents of PET VIDEQ -—---- GOSUB 116
CLEAR the VISIBLE MEMORY -- GOSUB 101

DEFINE THE VARIABLES:

GM%=I (where I=0 for flip, 1 for on, 2 for off).

Xl=

Yl=

X2=

¥2=
SET THE POINT at X1,Yl specified by GM% --- GOSUB 108
SET GX% to the contents of X1,Yl (l=on, 2=off) ——=——-————--—— GOSUB 110
DRAW A LINE from X1,Yl to X2,Y2 as specified

by GM% (0=flip, l=on, 2=0ff) -—-——————mm—mmm e GOSUB 106
PLACE the CHARACTER with ASCII VALUE in GC

on the VISIBLE MEMORY === ——wmm e e e e it v i GOSUB 112
TURN the TEXT CURSOR OFF —- GOSUB 118
TURN the TEXT CURSOCR ON —--=--— = GOSUB 120
POSITICON the TEXT CURSOR at ROW GR% and COLUMN GC% —-—-—-————=——- GOSUB 122

(GR% from 0 through 21, GC% 0 through 52,
0,0 being the upper left corner of the screen).

PLACE the CHARACTER STRING in GC$ starting at
row GR% and column GC% —-—-—- - GOSUB 124

PLACE the CHARACTER STRING GC$ starting
at wherever the cursor is currently --- - GOSUB 125

An explanation of each line of the BASIC interface program is on the following
page.



Line

Line

Line

Line

Line

Line

Line

Line

Line

Line

EXPLANATION OF BASIC INTERFACE CODE

100 - specifies the location of the last page of ordinary (i.e., non-visible}
memory available to the PET. This is also the last page of memory where the
machine language routines reside. On an 8K PET, ther are 32 pages ({with 256
bytes each) numbered 0 through 31. On PETs with larger memories, the state-
ment would have to be changed accordingly. This value, stored into gl%, is
used by most of the other interface routines either when accessing parameters
or calling routines.

101 - calls the machine language routine that clears the Visible Memory.

102 - takes a value in GV% and stores it as GL% and GI% specify. GI% is then
updated. This code is passes parameters to the machine language routines.

103,104 - store the values of X1 and Y1 for the machine language routines.

105-107 - draw a line from (X1,¥l) to (X2,Y2) in the mode specified by GM%
(0=flip, l=on, 2=off).

108 - sets the point at (X1,Yl) as specified by GX% (0=flip, l=on, 2=off).

109,110 - set GX% to the value of the point at (X1,Y1l) with the result l=on,
2=0ff.

112 - passes the character whose ASCII value is stored in GC to the text
display routines.

114 - causes the Visible Memory graphic video to be displayed.

116 - causes the PET's video to be displayed.

118 - calls the machine language routine that turns the text cursor off.
120 - calls the machine language routine that turns the text cursor on.

Lines 122,123 - poke the desired row and column number into memory and then turn

the text cursor on.

Lines 124-126 - position the text cursor where desired and then display each

character in GC% using the code in line 112.

If entry is made to line 125 (GOSUB 125) instead of line 124, the code that posi-
tions the cursor is bypassed, so that the text is displayed at wherever the cursor
.is currently.



6. SAVING THE MACHINE LANGUAGE VERSION OF THE SOFTWARE

Once the software has been created in memory as described in sections 4 and
5, it is recommended that it be saved on tape using a machine language monitor.
The only things required of such a monitor is that it not overlay the machine
language routines, and that it be able to save memory between any two locations.

The following table gives the starting and ending locations of the routines
for each memory size. All locations are in hex.

MEMORY SIZE START END
8K 1800 1FFF
16K 3800 3FFF
24K 5800 S5FFF
32K 7800 TFFF

As an example, to save the routines in a 16K PET (not counting the Visible
Memory) using Commodore's TIM monitor (which resides from 0400 to 0777 hex), after
loading the software and the monitor, enter 'RUN". This transfers control to the
monitor. To save the software, enter 'S 01,MTU/16K,3800,4000' (for the 16K
version). This will save the software on tape unit 1 with the name 'MTU/16K*' from
3800 through 3FFF (since the monitor requires that the ending address +1 be
entered). To verify that.the save was done properly, enter 'X' to get back to
BASIC and then use the VERIFY command there.

Once the machine language version of the software has been saved, it can then
be easily loaded. 1In the case above, just load the tape, enter 'POKE memsiz,64'
to make the full 16k available, and then enter 'LOAD "MTU/16K"'. After the load
is complete, enter 'POKE memsiz,56' to protect the routines and 'NEW' to initial-
ize the PET. You can then load BASIC routines which use the Level 1 Graphic
routines.
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7. PREVENTING THE MTU GRAPHICS ROUTINES FROM CLOBBERING NON-VISIBLE MEMORY

It is possible for the graphics software to unexpectedly alter memory outside
the Visible Memory if invalid values are given for X1,Y1,X2, or Y2. This can be
prevented in two ways. First, have a single routine in your program that checks
the values of these variables and resets them if they are out of range. A simple
version might be:

IF X1<0 THEN X1=1
IF XI>319 THEN X1=319
IF Y1<0 THEN Y1=0
IF Y1>199 THEN Y1=199

And similarly for X2 and Y2.

The second method is to insert the following modifications into the graphics
code. These changes will not correct incorrect variable values, but they ensure
that only the Visible Memory is changed, not any other. To make this change in

the MTU GRAPHICS routine, change the 6D00HO at the end of line 1410 to A4C20GL and

add this line:
1800 DATA =G120,293F,6D00H0,85J1,60

To make the corresponding changes to the MTU 8K machine language routines,
after the routines are loaded and the POKE 135,24 has been done, run the following

program:

10 FOR N=1 TO 2

20 READ L,K

30 FOR I=L TO L+K-1
40 READ V

50 POKE I,V

60 NEXT I

70 NEXT N

80 END

100 pATA 7295,3

110 DATA 76,32,29
120 DATA 7456,8

130 pATA 41,63,109,0,31,133,177,96

If incorrect variables are supplied, this correction will cause odd-looking
lines to appear on the screen, but your program will be safe.

n
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8. EXDRAW DEMONSTRATION GRAPHICS

EXDRAW User's Manual

A MTU Visible Memory sample program

EXDRAW

A Sample Program
Illustrating the Capabilitles of
Micro Technology Unlimited’'s

Visible Memory

by
Martin J. Cchen, Ph.D.

July, 1973



EXDRAW Usex's Manual

1. Introduction ...s...

A MTU Visible Memory sample program
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EXDRAW User's Manual A MTU Visible Memory sample program

1. Introduction

EXDRAW is a program designed to illustrate some of the capabilities of
the Miecro Technology Unlimited Visible Memory, called VM £rom now on.
EXDRAW enables its user to draw and manipulate simple drawings on the VM
gecreen. Although it is small snough to f£it in an 8K PET along with the MTU

machine language routines, EXDRAW can do the following:

1. Use a blinking graphics cursor to indicate any point on the VM

screen. The cursor can be moved in any direction and the distance of the

move can be set from 1 to 512 points. TIn additiom, the cursoxr can be moved

to the closest already existing point, wherever it might be.

2. Draw a line between any itwo points.

3., Connect any point with any already existing point.

4. Move any point on the VM screen to any other position - when this

is done, all the lines containing the point are automatically redrawn.

5. Delete any point - when this is done, all lines containing the

point are automatically erased.

6. Redrawing the screen - this can be done either solidly or in flip

mode.

7. The contents of the data base describing the current drawing can he



EXDRAW User's Manual A MTU Visible Memory sample program

displayed at any time.

To load EXDRAW, load the MTU machine language routines, protect them
via "PORE’' and ‘'NEW' as described in their reference manual, place the tape
containing EXDRAW in the tape unit, and enter 'LOAD'. If your PET has more
than BR of memory, change line 188 to indicate how much memory (it is set
for an 8K PET). Then enter 'RUN'., The directions on using EXDRAW are in

the following sections.

2. Moving the cursor

All drawing is done using a graphics cursor. This cursor appears on
the VM screen as a flashing dot, and 1s moved by using the numeric keyas
(1-9).

The cursor can be moved by itself whenever the message
ENTER COMMAND: . L PDRS 3 * g-9

is displayed at the top of the VM screen.

The direction of the move is the direction of the key from the central
key, 5. For example, pressing 6 moves the cursor to the right, and pressing

1 moves the cursor down and to the left.

The distance the cursor moves is initilally set to 8 pixels (a pixel is
a picture element, or point on the VM screen), but can be changed by
pressing the '.' key, and then pressing a digit from O to 9. If the value

of the digit is N, the length that the cursor will henceforth move 1s 2°N.

15
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E¥DRAW User's Manual A MTU Visible Memory sample program

Thus, if a # is pressed following the '.', the cursor will move one pixel
each move, while if a 6 is pressed, the cursor will move 64 pixels each

nove.

There are two special move control keys. If the HOME-CLR key is
pressed, the cursor moves to the center of the screen (this is also the
initial position of the cursor). If the '*' key is pressed, the cursor
moves to the nearest point which has already been defined. This last
feature 13 often very useful when constructing drawings in which many lines
are to end in the sams point. All that needs to be done when drawing a line
{described in the next section) is to move the endpoint near the desired
point. When '*' is preassed, the endpoint of the line will then be at the

point.

3. Drawing a line

All lines drawn by EXDRAW (except for the 'S' command described later)
are drawn using the flip mode. That is, whenever a line crosses a polnt,
the state of the point is reversed. Thus, if the point was off, it is
turned on, and if the point was on, it is turned off. This method of
drawing has the extremely nice feature that a line can be erased simply by
drawing it again, and all the points crossed by the line will be restored to

thelr original condition.

T draw a line, press 'L'. The line drawn will start wherever the
cursor is. Move the cursor as described in section 2. The current position

of the line will always be shown on the VM screen. This gives the effect of
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a so-called “rubber-band" lins. To end the line, either press 'RETURN' or
enter another command, which will then be executed. This command can be
'L', which will cause another line to be drawn starting where the previous

line ended.

It is legal to change the length that the cursor moves on each key

press (as described in section 2} while drawing a line.

Note that to connect two already existing points, vou can use the '*'
key to move the cursor to the first point, press 'L' to begin the line, move
the cursor near the second point, press '*' to move the endpoint to the

second peint, and then press 'RETURN' to finish the line.

4, Moving a point

To move a point, press 'B'. The cursor will then be moved to the
nearest polnt, and the message
MOVE A POINT
will be displayed.

You can then move the point by moving the cursor as described in
section 2. Whenever the point moves, all lines which end at the point are

automatically redrawn to reflect the new position of the point.

To stop moving the point, either press 'RETURN' or press any other
command key, which will then be executed. MNote that if the point moved to

upon pressing 'P' is not the one you want to move, by pressing 'RETURN' you

17



18

EXDRAW Uger's Manual A MTU Visible Memcry sample program

can then move the cursor to the correct point without moving the point

incorrectly selected.

5. Deleting a point

To delete any point, move the cursor near the point and press 'D'. The
cursor will be moved to the point nearest it, and the message
PRESS Y TO DELETE POINT, OTHER NOT TO
will be displaved.

Tf the cursor is at the correct point, press '¥'. The point will then
be deleted, along with all lines ending at the point. The screen will then

be redrawn to show the modified drawing.

Tf the cursor is not at the correct point, press any key other than

1y', PREXDRAW will then enter cursor moving mode without deleting the point.

6. Redrawing the screen

The screen can be redrawn by pressing elther 'R' or 'S'. If 'R’ is
pressed, the screem ls cleared and the drawing is redrawn in flip mode.
If 'S' is pressed, the scxreen is cleared and the drawing redrawn
solidly, with all points crossed by sach line turned on rather than f£lipped.
This drawing mode is useful when you want to see how the drawing really

looks, without the missing points caused by intersecting lines.
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