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LINES

On the graphical display

R. Koekoek

A number of articles discuss software for the graphic display published in Radio
Bulletin. This article describes a program that draws straight lines on the graphic

display. Only the start and end points of the line need to be entered; the program then

draws the

line.
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Background

The graphic display shows figures by switching
discrete dots on or off. To draw a straight line at an
arbitrary angle we must therefore settle for the best
possible approximation using individual dots, as
shown in fig. 1.

The aim of the program is to have the computer
draw lines. To start simply, we assume a line that
begins at the origin (point A) with coordinates Xa, Ya
and is drawn to a point B with coordinates Xb, Yb.
We further assume that the angle with the positive
x-axis lies between 0 and 45 degrees. This means
that Xb >=0, Yb > 0 and Xb >=Ybh.

A line with these restrictions can be shown on the
display by moving to the right from the origin,
turning dots white, and stepping up one dot now
and then to follow the line. The program must now
decide when to go right and when to go up.

The following method gives a good result, as can be

seenin fig. 1. We want to draw the ideal line L between A and B, and begin by switching

on the dot at A. We then move one dot to the right. If this dot is more than half a unit of
length (the distance between two dots on the display) away from the ideal line, we move

one dot up. We repeat this process until we finally arrive at B.
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Formula

We need a formula, easy for the computer to calculate, that tells us whether or not a dot
lies half a unit of length above the ideal line. Looking at fig. 2, we see that a point P with
coordinates Xp, Yp lies above the line between A and B if the angles p and b satisfy:

p>b

or, using the familiar definition:

tan(p) =Xp/Yp: [sic; should be Yp/ Xp]

tan(p) > tan(b)

Whether a dot lies half a unit of length above the ideal line now follows from:

(Yp+1/2)/Xp >Yb / Xb

This equation contains divisions, which the computer does not like much. Multiplying
both sides by Xp.Xb gives:

(Yp +1/2).Xb > Yb.Xp

Moving everything to the left and multiplying by 2 gives:

2Yp.Xb + Xb - 2Yb.Xp > 0

This equation contains a number of multiplications, which are time-consuming, so it is
still not very suitable. We now call the left-hand side T:

T =2Yp.Xb + Xb - 2Yb.Xp



For the first point on the line Xp =Yp =0, so:

T =Xb (first point)

For the next point there are two possibilities: we move one dot to the right or one dot up.
In other words:

1. Xp is incremented by one, so the T for this new point (Tnew) can be calculated from
the old T (Told) with:

Tnew =Told - 2Yb

2.Ypis incremented by one, so Tnew follows from:

Tnew =Told + 2Xb

By remembering the T value of the previous point, we can calculate the T value of the
new point by adding and subtracting the constants 2*Xb and 2*Yb, without involving the
coordinates Xp, Yp.

If Tis positive, the point with coordinates Xp, Yp + 1/2 lies above the ideal line and
moving right is sufficient. Otherwise we must also move one dot up. The line-drawing
algorithm is based on this formula.

Drawing a line then goes as follows. We start at the origin by switching that dot on, and
move one dot to the right. Using the formula derived here, we decide whether or not we
must also move one dot up. The T value and the coordinates of each drawn dot are then
updated and the dot is drawn. We continue until we have reached the end point.

Drawing arbitrary lines

The algorithm we have developed so far only works for lines that start at the origin and
make an angle of between 0 and 45 degrees with the positive x-axis.

Even so, we can tackle an arbitrary line with this simple algorithm. We do the
calculations in a coordinate system in which the line does meet the conditions. Relative
to the display coordinate system, this calculation coordinate system is mirrored and
shifted. By determining the next point in the calculation coordinate system and then
translating it to the display coordinate system, we have an algorithm for arbitrary
straight lines.

Fig. 3 shows an example of such a shift and mirroring to make the line meet the
conditions. In this example, after shifting the start point to the origin, one mirroring was
sufficient.
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Program

Listing 1 contains the assembler listing of the program
"lijn" (line); fig. 6 shows how the program is built up
from blocks.

The program is written as a subroutine.

The program uses the following variables:

Xbegin, Ybegin = coordinates of the start point of the
line.

Xeind, Yeind = coordinates of the end point of the line.
XpuntL, XpuntH = the number 2*Xb.

YpuntL, YpuntH =the number 2*Yb.

TL, TH = Tsum as described above.

RICHT = variable in which the mirroring is stored.

X, Y = coordinates of the actual dot (registers).

Forthe Xand Y coordinates of the start and end
points, 8-bit numbers are sufficient, since the graphic
display is 256 by 256 dots. Tsum, Xpunt and Ypunt
take values between 0 and 65535, so 16-bit numbers
are used for these.

Block 0. Lines 380 - 420.
Variables are initialised here, for example by clearing
the most significant bytes of Xpunt, Ypuntand T. The
Y register is also cleared.

Block 1. Lines 430 -770.

The purpose of this block is to translate the line into a
line that starts at the origin and makes an angle of
between 0 and 45 degrees with the positive x-axis.

It starts with shifting: Xpunt (Xb, Yb of the line in the

calculation coordinate system) is set equal to End - Begin.

If the x coordinate of Xpunt is negative, we must mirror about the Y-axis and record this
in bit 2 of the Y register. If the Y coordinate is negative, we mirror about the x-axis and
record this in bit 1 of the Y register.

The angle now lies between 0 and 90 degrees and we are nearly there.

If the Y coordinate is greater than the x coordinate, we must mirror about the line x=y to
get an angle between 0 and 45 degrees. We record this mirroring in bit 0 of the Y register.



The Y register now contains a number that indicates the direction of the actual line. Fig.
4 shows how this number relates to the angle with the positive x-axis. Using the Y
register as an index, a number is fetched from TABEL (table); its meaning will become
clear shortly. This number is stored in the variable RICHT.

Because the values 2*Xb and 2*Yb are needed to calculate T, they are calculated once
by shifting Xpunt and Ypunt to the right [sic; the code shifts left (ASL/ROL), i.e. multiplies
by 2].

The X and Y registers are loaded with the start point of the line. For the rest of the
routine, the X and Y registers always hold the coordinates of the actual dot currently
being processed.

Block 2. Lines 810 - 890.

Here the dot is switched on on the display. The X and Y registers contain the coordinates
of the current dot on the line, and that dot is drawn using the control codes of the
graphic display. This assumes, of course, that the PIAs to which the graphic display is
connected have already been initialised.

Block 3. Lines 900 - 940.

This block decides whether the whole line has been drawn. If the X or Y register equals
the x ory coordinate of the end point, the end of the line has been reached and we
return from the subroutine. [Note: the code actually requires both X and Y to match the
end point.]

Block 4. Lines 980 - 1130.

The next point on the line in the calculation coordinate system is now calculated. First
we move one dot to the right and update Tsum by subtracting 2*Yb. If T becomes
negative as a result, we must also move one dot up, and account for this by adding 2*Xb
to T. The sign bit records whether or not we moved up.

Block 5. Lines 1150 - 1330.

The movement in the calculation coordinate system from block 4 must still be
translated into a movement along the line on the display.

For this, the value of the variable RICHT is used. RICHT was obtained by recording the
mirrorings and using them as an index to fetch a constant from a table. If we have only
moved right along the line in the calculation coordinate system, we use the first nibble
of RICHT, otherwise the second.

What such a nibble represents is shown in fig. 6 [sic; fig. 5]. A 1 in the position of an
arrow means that the dot is moved in the direction of that arrow. The table is arranged
so that each nibble corresponds to the calculated mirrorings.

The X and Y registers, which hold the coordinates of the dot on the display, are updated
using the nibble, translating the movement along the calculation line into a movement
along the actual line.



We now jump to block 2 to show the calculated dot and, if necessary, calculate the next
one.

Example

Listing 2 contains an example of how to use the subroutine "lijn". It draws lines from a
point to the origin (the centre of the graphic display). We start in the top right corner and
move one dot at a time to the left until the left edge is reached. The subroutine "lijn"
draws a line by inverting, which produces an attractive interference pattern where lines
nearly overlap.

In the example, the PIA registers are first initialised and the screen is cleared (lines 360 -
450).

Then the start and end coordinates are filled in and the lines are drawn, with the end
point being moved to the left.

The routine ends by jumping to the monitor. This example was implemented on a KIM-1,
but only the PIA locations depend on that.

Captions:
Fig. 1. Approximation of a line by discrete dots on the graphic display.

Fig. 2. Point above the ideal line, with the angles p and b between the x-axis and the
lines from the origin to (Xp, Yp + 1/2) and to the end point (Xb, Yb) respectively.

Fig. 3. Mirroring and shifting to transform an arbitrary line into one that is easy to
calculate with.

Fig. 4. Value in the Y register indicating the mirrorings for lines between the boundaries
shown.

Fig. 5. Meaning of the bits in the variable RICHT.
Fig. 6. Structure of the program in blocks.
Listing 1. Listing of the subroutine "lijn".

Listing 2. Example of the use of "lijn".
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