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BF POOR QUALITY
I. INTRODUCTION '

The primary goal of the research performed under this grant was the de-

sign and implementation of hardware, algorithms and software for real-time

raster graphics. This work began in January of 1977 and has continued through
September, 1982.

This report will summarize the research activities of the previous four
years (more details can be found in the Semi-annual Progress Reports), and de-

tail the work of the last year.
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II. HARDWARE DEVELOPMENT OF POCR QUALITY

The philosophy of this work was to develop a raster graphic display
system more powerful than was likely to be needed onboard an aircraft. The
original system was intended as a research tool for the'deveIOpment of raster
graphic algorithms, both for aeronautical and other graphic applications.

The initial hardware design included:

(1) Bipolar bit=-slice microprocessor (2900 series LSI devices) for
scan conversion and other processing., This gave a significant
perfor@ance advantage over MOS microprocessors for several
reasons: (1) a 200 ns. cycle time for the bipolar processor,
vs., 500 ns. or greater for typical MOS processors; (ii) as con=-
figured this system has a 32 bit word length, not available in MOS
microprocessors at the time; (iii) microprogramability allowed
implementation of scan conversion algorithms with significantly
fewer processor cycles than a fixed instruction set,

(2) A frame buffer constructed from state-of-the art 16K MOS dy-
namic RAM chips.

(3) An architecture in which all system components communicate
over a fast bus: 100 ns, 32 data lines, 24 address lines,

(see fipure I1I.l).

(4) Use of microprogramming in other system components besides the
bit=-slice scan conversion processor.

The display controller or video sequencer, for example is independently
microprogrammed, allowing selection of different numbers of pixels per line,
lines per video frame, bits per pixel, and refresh from a single or "ping-
pong” buffer. Once initialized, it runs independently of the main processor.

The microsequencers on the frame huffer cards allow operations such as
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read, write, zero a location, OR into a location, and read then zero a loca-
tioﬂ. The matrix multiplier cards are also microprogrammed. This architec=-
ture relieves the main processor and the bus from extra cycles which would
otherwise be required to control operations such as display refresh.

The initial f;ame buffer memory was expanded from two bits to eight bits
during 1979. This expansion enhanced the capabilities of the display system
in several ways:

(1) 512 x 512 eight bit display of gray scale images for sky-ground
shading, anti-aliasing, etc;

(2) 1024 x'1024 two bit display of increased resolution vector displays
(which again contributes to reduction of aliasing problems);

(3) 512 x 512 display incorporating ultra-fast shading of outlined
areas.

Four vefy powerful processing elements were also added to the system.
These are the multiplier—-accumulator modules which each contain a 16 x 16 bit
200 nsec multiplier, a 32 bit accumulator, input and output memories, and a
microprogrammed controller (see figure II.2), The controllers are relatively
simple, but still allow a great deal of computational and control burden to be
lifted from the 2900 system main processor.

The most significant use of the M-=A modules is for coordinate transfor=-
mation. A 3-D transformation can be accomplished in under 3.4 microseconds by
a multiplier—accumulator module. Since all four modules contain their own
controller, sub~microsecond transformation can be obtained by parallel opera-
tion. Again, the decision made early in the project to use distributed con-
trol structure with semi-intelligent processing and memory elements has proved
valuable. This céntrol has allowed the ‘ncorporation of speedy and flexible

operation into the display system as a whole.
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It should be noted, that this initial prototype system led to the
development of a commercial product and the founding of IKONAS Graphics.
IKONAS has recently been purchased hy Adage, Inc. The system has evolved
several generations since the prototype and the newest system is a very power=-

ful graphics processor system.
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~ OF POOR QUALITY
IIT. 1. Bresenham's Algorithm

A version of Bresenham's algorithm [!] for scan conversion of
straight vectors was microcoded for the display processor. Figure III.1 -
I1I-3 is a flowchart of the original algorithm. The algorithm initially waits
for the video sequencer to switch to the opposite‘buffer of the pair used in
ping~pong fashion. 1t then begins accessing a vector 1list which the host com-
puter has loaded into scratchpad RAM. A word consisting of all ones signals
che end of the vector list., Here, however, x and y are 9 bits each for a 512
x 512 display. When adjoined, they form and 18 bit pixel address. The algo-
rithm identifies a pair u. coordinates specifying a vector., It then deter-
mines which octant the vector is in, and sets up the appr0pri§te horizontal or
vertical and diagonal disi#lacements. The actual iteration takes only four
processor cycles per pixel assuming that the frame memory is not husy when the
write is attempted.

III1.2 J{ross—-assembler and Loader

A cross-assembler was originally written on the Adage AGT/30 host com-
puter to ease the task of writing microcode for the display processor. The
cross—-assembler was written in FORTRAN with as little use of non;ANSI standarxd
constructs as feasible, so that transfer to another host computer involves
only minor changes. Since the original cross-assembler was written several
update& versions have been written by IKONAS,

Tﬁe output of the cross-assembler consists of an object code disk file,
which is later read by the loader. A listing showing the source and object
code side by side is optional. A companion loader program down-loads object
files generated by the cross-assembler into the display processor's writeable

control store.
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IV. APPLICATIONS SOFIWARE

IV,1 Electronic Attitude giyection Indicator

An Electronic Attitude Direction Indicator (EADI) demonstration program
for an AGT was obt&lned from NASA-LRC for use in demonstrating the raster
graphic display system. In this program, an EADI dispiay is driven by simu-
lated DC-8 dynamics. The user "flew" using the AGT's joystick. For this
demonstration, the following modifications were made to the EADI demonstration
program: The sky-ground shading was removed. This was done for several
reass. Only a single intensity level was available at the time of the
demonstration and the sky-ground shading would obscure the other display fea~-
tures., In addition, all the necessary vectors would probably not have been
scan-converted in one frame time. Besides, there are more efficient ways to
generate shaded areas, as described later. All character items were also re=
moved.,

IV.2 Windowing

Windowing in this context refers to the process of displaying a sub=-area
of a considerably larger image. This is a necessary part of moving-map type
cockpit displays.

A window si;e and origin are chosen. With reference to figure IV.1l, each
vector is tested to determine whetheé it is entirely within one of the regions
R1, R2, R3, or R4, This is done by comparing vector end points within window
boundaries. If the window size is small with respect to the size of the total
image and assuming a random distributionm of vecéors, on the average 757 or
more of the vectors are eliminated. One then scan converts the remaining vec-

tors and windown each pixel.
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IV.3 High-Speed Fill

The generation of shaded areas is awkward on vector displays, requiring
a large number of closely-space vectors. A specific application is the sky~-
ground shading in dan EADI display. The area to be shaded is very large and
its boundaries change dynamically. In addition, the 1ﬁteneity level of the
sky and ground must be lower than that of the line images so as not to obscure
then.

An algorithm was proposed for doing sky-ground shading. The important
concept in this algorithm is not the fact that it fills; but that a pixel is
divided into a 'priority' fizld and a 'fill' field. Information from the
priority field takes precedence over the data supplied from the fill eircuit,
which is controlled by the fill field.

The reason the priority field approach is important to this research is
that many of the proposed figures in the display are outlined in one color and
filled with another. Using a priority field makes it possible to describe an
outlined, filled figure with a single boundary line, where the outline data is
in the priority field and the fill data is in the fill field.

It should be also noted that lines which only have data in the priority
field may be drawn through filled figures without affecting the filled pro-
cess, yet they will be visible on the dispiay. Figure IV.2 shows a general
priority field circuit. It permits the priority field to be defined by means
of a mask which can be loaded by software,

The approach chosen in the design of the new video control card is as
follows: 1in one mode of operaticn, the signal corresponding to its shaded
areas is gated by the output of 4 flip~flop which will be added to the video
generator, The scanned, bit serial output of an extra bit plane is used to

toggle this flip-flop. Thus, what is written in to this bit plane are the
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edges of the shaded area. This approach is fast, because fewer write accesses
to the frame buffer are required than would be if all pixels in the shaded
area had to be written. A second advantage is that line generation may be
used with very minqr modification for shaded area edge generation. Thus, this
approach is compatible with the real-time, scan-conversion per frame, ping-

pong buffer mode of operation.
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IV.4 Real-Time Antialiasing

Early system demonstrations revealed the well-known adverse affects of
spatial sampling. One approach to the solution of this problem is simply
higher display resolution and rate, There is, however, a limit on any imaging
system.

Spatial filtering can diminigh the aliasing effects associated with
limited resolution. The multiplier-accumulator modules in the system will al-
low the implementation of such a filter, The filter output will h;ve multiple
intensity levels which can be handled with the extended memory.

Another approach to solving the problem of aliasing was proposed by
Barros and Fuchs [2]. They presented an algorithm for generating precise,
smooth images of line drawings on multi-gray-level pixel-mapped video systems.
The method is based on an analysis of the boundary conditions at each pixel
affected by one or more lines,

Their approach is not intended for real~time graphics, as it requires a
great many computations to determine the boundary conditions. However, it has
inspired a possible solution suited to real-time graphics.

If a small region of the screen is examined closely, the reason for the
jaggy lines becomes apparent. The "ideal"” edge of a line may often go through

the area of a pixel but not cover it 'completely, see Figure IV.2,
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The second effect of the algorithm is found in diagonal type lines. In
these lines, the adjacent pixels of the occasional M1 move are reduced in in-
tensity. This removes the bright spots caused by mutual reinforcement between

these pixels (see Figure V,5).
V.l.2.1 Analysis

Bresenham's algorithm generates a sequence of Ml and M2 moves using two
routines, or the program loops, one for each move. Of these two loops only
the M1 loop has additional instructions inserted in it to implement the new
algorithm., This means that M2 moves takes place without loss of speed.

The basic algorithm is based on the behavior of the decision variable V,
del, in the Ml routine. Upon entry into the Ml loop, the decision variable is
some negative value, Each pass through the Ml loop, the decision variable is
increased by 24b (see equation 2(b) in section V.1l.1l). Therefore, the number

of M1 moves prior to the next M2 move is given by the following formula:
v
ML = 55 < number of Ml moves (1.2-1)

A transition region can be constructed prior to the next M2 move using
multiples of -2Ab. A transition‘region of n pixels must begin with the first
pixel where del (the decision variable) is greater than or equal to -n24b., So
jong as the length of the transition is some power of two, then the test value
that indicates entry into the transition region can be constructed using
shifts instead of a multiply. Since the transition region is used to remove
line discontinuities, its length can be constant for a wide range of line
slopes.

For example, say that drawing a particular line generates line segments

(on each scan line) of 20 pixels. Further, say that a transition region of 4

-~
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pixels is used. Then, 15 of the 19 times through tﬂe Ml routine, the only
additional instruction executed (beyond those that would be executed for Bres-
enham's algorithm) is a test to see if the transition region has been entered,
which fails. The fact that most of the pixels are output with little addi-~
tional computation is what accounts for the speed of the algorithm,

To understand the transition region, Lt is easier to first consider the
raster display of a line input by analog means (cameras, etc.) which forms an
acute angle with the scanlines., If the line is the width of a single scan~
line, the intensity of the line displayed fades slowly on one scanline as it
increases on the scanline above or below. The intensity transition cakes
place in such a way that the net intensity on the two scanlines at any point
is équivalent to the maximum intensity reached on a single scanline.

In a similar fashion, the transition region of this algorithm is designed
to yleld a two-step approximation to the analog intensity transition., In the
first step, upon entéy into the transition region, the intensity of the pixels
output to the curreat scanline is decreased by about one-third while the in-
tensity of the pixels output to the next scanline (indicated by the M2 move)
is increased accordingly to about one-third of full intengity. In the second
step (halfway through the transition region), the two intensities are simply
swapped so that the pixel intensity on the new (next) scan line is further in-
creased (to about 2/3 of full intensity) while the pixel intensity on the cur-
rent scanline is correspondingly decreased to 1/3 intensity. When the M2 move
is made at the end of the transition region, the first full intensity pixel is
output to the new scanline and no more pixels are output to the previous scan=-
line. Selection of the intensity levels used for pixels in the transition re-

gion will be covered in the section on implementation.

4
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Since the transition region contains two steps, it should (for symmetry)
be constructed of two equal length segments. In the same way that a test con-
stant’ was developed to locate the start of the transition region, one is
created to locate the region's midpoint where the intensities are swapped,

The formula for the starting location constant of an n"pixel transition region
is n times ~2Ab., Because the n pixel region (by construction) contains two "
equal segments, there must be some integer m such that m = n/2, 7The midpoint
test value is, therefore, -m2Ab or —nAb, It is important to remember that n
is some multiple of two (preferably a power of two) because -ndb must bhe a
multiple of -2Ab. '
The selection of intensities and the computation of the two transition

L]

region constants take place prior to the actual line generation. Line gener-

(del»0), thenlan M2 move is made, a pixel of full intensity is output and del
is updated (incremented by the constant 2Ab-2Aa as per equation. l,1-2(b)).

If the Ml routine is entered, del (which must be negative at this point)
is compared with the transition region start constant, If del is less than
the test constant (more negative), the normal M1 sequence of operations take
place -- an Ml move 1s made, a full intensity pixel is output, and del is up-
dated (incremented by 2Ab as per equation 1.1-2(a)).

1f ‘'del is greater than or equal to the start point test comstant, but
less than the midpoint test constant, then a pixel of minimum intensity is

output in the M2 direction, the Ml move is made, a pixel of intermediate in-

tensity is output, and del is updated. The only remaining possibility is that §

i
:

del is greater than or equal to the midpoint constant (and less than zero); in
this case the preceding set of operations is carried out, but with the two in-

tensities swapped. ,
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* All of the aforementioned procedures, with one exception, apply to both
axial and diagonal type lines. When processing diagonal type lines (those
with a non-negative initial del value), the only change in the previously out-
lined procedure is to set the minimum intensity constant to the same value as
the intermediate intensity constant. Full and intermediate level pixels will
be the only ones used in these lines. The explanation for this is as fol-
lows.,

It can be shown that diagonal type lines contain, at most, singular Ml
moves between sequences of M2 moves and that (assuming the transition region
has been set to a iength greater than or equal to the minimum of two pixels)
del will always fall within the second step of the transition region when the
M1l loop is entered, Consequently, for diagonal type lines, the Ml loop
would:

1) output a 2/3 intensity pixel in the M2 direction;

2) output a 1/3 intensity pixel in the Ml direction, and

3) return to the M2 loop,

The result would be an incorrect line, of the type pictured in Figure

V.6.

Fig. V.6 Incorrectly drawn diagonal type line
caused by using minimum intensity pixels.
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Instead for diagonal lines, by setting the minimum intensity constant (output
in step 2 above) equal to the intermediate intensity constant, a line with a
proper transition region is output (see Figure V.5(b)).

The algorithm will thus produce a series of M2 line segments, which lap
by two pixels and begin and end with intermediate intensity pixels (except for
the end points of the first and last segments), It will not produce any full
intensity pixels which are Ml adjacent. This prevents mutual reinforcement
and gives the appearance of uniform line intensity. The lack of minimum in=~
tensity pixels is not detected by the eye due to the tendency of the entire
diagonal line to appear less intense,

Symmetry was bypassed earlier, but it should be obvious that if a line is
constructed in the first octant, and the transition regions precede the M2
transitions; that these regions will be on the left side of the M2 transi-
tions. Since constructing the same line in the fifth octant by reversing the
end points will result in transition regions on the right of the M2 transi-
tions, these lines would not look the same., A method of relocating the tran-
sition region centers so that they occur near the previous position of the ad-
jacent M2 transitions is needed to give lines drawn in opposite directions a
similar appearance.

The problem 1is solved by simply shifting the M2 transitions of axial type
lines in the direction of the Ml transition by half the number of pixels in
the transition region. It should be noted that diagonal type lines do not re-
quire symmetric correction because of the degenerate nature of their transi-
tion regions.

Refering back to the formula (1.2-1) used to compute the number of Ml
moves until an M2 move, and letting m equal half the number of pixels in the

transition region, it should be appareunt that adding -m24b to the initial del

T

i
)
e
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(which is negative for axial lines -- the type needing symmetric correction)
will produce m additional M1 transitions at the beginning of the line. It can
also be shown that after these m additional transitions, del will be updated
by m2Ab which will return it to its initial value. This will insure that the
M2 transitions will occur normally, but shifted toward the line's ending
point.

Because the total nurmher of moves (both Ml and M2) used to construct a
line must be Aa (as specified by Bresenham's algorithm), the addition of m Ml
moves to the beginning of a line results in the loss of m moves from the end
of the normal sequence. While this truncation usually produces the desired
line, improper application of this symmetric correction can result in the dis-
tortion of the line being displayed and failure to arrive at the specified
ending point., While the length of the trangition region is constant for a
wide range of line slopes, if an excessively long transition region is chosen
arbitrarily for a line which consists of very short Ml move runs between the
M2 moves, then the line will appear to be a straight line segment (in the Ml
direction) followed by one having the correct slope but incorrect end point.
Hence, a method is needed to insure that the transition region length is
appropriate.

In his paper, Bresenham has derived the following relationships. All
lines produced by his algorithm are made of runs of the dominant move (M1l for
axial lines) which, except for the first and last run, have a length of either
Q or Q-1 (Q is an integer whose value is related to the slope of the true
line). He has also shown that the first and last runs have length M or M-l
where M = Q/2 .

Using these relationships, it is possible to use the initial value of del

(before correction) to determine whether the transition region length selected -
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is appropriate. If equation 1.2~] was applied to tﬁis initial del, the number
of Ml moves prior to the next M2 move would be approximately /2. If a tran-
sition region length of 8 was used for a line where Q equals two, every time
the Ml routine was entered only the second half of the transition region would
be produced. This is because the Ml run, of length Q=2 or Q-l=l, would, being
less (in magnitude) than the midpoint test value of 4, fall entirely in the
second half of the trausistion region. The c;rrection for symmetry would dis-
tort the line as well. By comparing the symmetric correction value, -m24b,
| with delta before correction, essentially half the length of the transition
region is being compared with /2, Of course this is an approximation. In
practice, since the transition region length is kept relatively short in order
to ;btain the best execution speed, it is just a matter of deciding to reduce
the transition region length to a minimum value whenever Vi is less than half
the length of the transition region., Therefore, if -m24b, the length of half
the transition regiog, is less than the initial value of del, the length of
the transition region is set to two.

Checking the transition region length by this wethod and adjusting it if
necessary, assures that the ending point will be output by £his algorithm., It
should be obvious that if only Ml moves are lo#fiif in the sééﬁence truncated by
symmetric correction, the ending point will be reached. If only one M2 move
is lost, the ending point will be output as a pixel in the transition regiou,
When an M2 move is lost and the last mpve is an Ml, the ending point is as-
sured to be in the transition region because the lost M2 move must have been
within m moves of the final location, because of symmetric correction, Since
the transition region has a length of 2&, the transition region test in the Ml
routine will be true, and a pixel (the ending point) will be output in the M2

direction., Because check and adjustment will force m to be less than or equal
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to M, no more than one M2 move could be lost., This would be the case if m = M

32

and the last run was of length M-l,
Loss of an M2 move will prevent the position datum, used by the move

loops tines (Ml and- M2), from indicating the ending point. For this reason, a

comparison of this datum with the ending point's coordinates cannot be used to "%

[

flag the end~of-line condition. The value of Aa indicates the total number of
moves in a line, and is used as an end-of-line counter.

One source of asymmetric behavior could not be eliminated easily. This
occurs when an axial type line contains Ml runs which have only one move.

Lines in the first octant will produce an intermediate intensity over minimum

Ist Octant: Sth Octant
X X
+ X -X
X - ‘ X+
X X

Fig. V.7 Assymetric behavior.

intensity pixel pair between two M2 moves. Whereas, the same line drawn in
the fifth octant will have the intensities in such pairs reversed (see Figure
V.7). PFortunately, when these type of lines are displayed on a high resolu-
tion display, one where the area of individual pixels is small, the difference
is virtually imperceptable and does not degrade the lines' appearance. For

this reason, attempting to correct this condition would not be productive; it

.1s not worth the additional programming it would require.

In depth treatment of asymmetric behavior and efforts to produce a com-
pletely reversable algorithm with fully symmetric transition regicons might be
interesting, but this algorithm is intended as a fast, visual (not wathemati-

cally elegant) solution to aliasing. The widely used line plotting algorithm
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which Bresenham published in 1965, is not reversible. Of course, the infor-
mation used to derive this new antialiasing algorithm can be used to create
variations on this approach. However, changes which increase the execution
time, without giving significant visual improvement in the lines displayed,
should be avoided. )

This coupletes the analyeis of the mechanics of the basic antialiasing

algorithm. The next part of this section will cover the practical aspects of

its implementation.

Velo2.2 Implementation

Prior to executing the algorithms, two video intensity levels must be
selected for each color to be used in drawing lines in the display. Visually
these levels must produce two equal steps betweeh the background level and
full intensity. These levels can be derived either visually by trial and er-
ror, or from the gamma correction data for a calibrated monitor. The moni-
tor's brightness and contrast controls must be preset to a known value because
the settings will affect the numerical (D-to-A) values which produce the de-
sired levels. Later it will be shown that these intensity levels will become
the data in the system's color lookup table. The minimum and intermediate,
intensity levels, are displayed for the pixel codes which are denoted 337% and
667 respectively, in the FORTRAN subroutine comments.

If the system has two different memories -- a frame buffer for storing
the pixel codes and a lookup table for storing the intensity values, the pixel
codes should be selected based on the numerical characteristics of their in-
sertion into their memory. 1In a color display system where the lines are out=-
put in the reverse order of their proximity to the viewer (closest last), a
replacement of the frame buffer data by the data output (by the algorithm) for

later lines would be implemented, and random pixel codes could be used.
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For another system where line intersections are to take on the maximum
intensity of the crossing lines, the boolean OR operator, which is readily
available on the ALU or memory system, might be used to select the maximum in-
tensity of the intersecting lines.,

The pixel codes should be selected to take advantage of this intensity
OR'ing. Note that only two bits are required to represent the 3 intensity
levels used by this algorithm.A A slight problem arises, however, when a 2 bit
representation of the intensities is used. The' OR of a minimum intensity
value (say Ol) Qiqh an intermediate intensity value (say 10) yields a value
(here 11) other than the desired intermediate intensity value. Testing has
shown that'in many cases using only two bits to express the pixel's intensity
(the othér six bits may be used to indicate color) is sufficient because the
probability'of ORing a minimum intensity pixel code with one for intermediate
intensity is relatively small especially with hidden line removal. The visual
impact of such occurrences is also small, making the prevention of this by the
use of additional bits or additional programming less than productive for most
applications,

The triple of pixel codes (full, plus the other two) selected for a line
to be drawn would of course be passed to the routine implementing this algo-
rithm (the INTENS array in the FORTRAN example is used for thié).

The remainder of this section will concentrate on the modification of
Bresenham's algorithm to implement antialiasing, Comparison of the differ-
ences between the standard Bresenham subroutine DRAWO and the antialiasing
subroutine DRAW1l, both in Appendix A, will serve to emphasize the changes.

Three program variables, FULL, IMED and IMIN, set prior to line genera-—~

tion, represent the full, intermediate (66%) and minimum (33%) intensities,
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respectively. It should be noted that IMIN will, in one case (covered later),
be set to the intermediate (667%) value; this is the only exception.

There are three constants used in the FORTRAN subroutine DRAW]; these
should be powers of.two since they are used in multiples and should be imple-
mented ag shifts. The first constant is the number of pixels in the overlaps
(transition regions) of the axial line segments (stairsteps) generated by the "~
Bresenham algorithm. This lap constant (LAPCON (1)) is used for most of the
lines which are constructed primarily of axial moves.

The second constant, also a lap constant (LAPCON (2)), is used to set a
long overlap used on axial lines which form very shallow angles with the hori-
zontal axis (or other Ml axis). These lines have long runs of Ml moves and
the longer overlap enhances their appearance, giving a better visual approxi-

mation to the true line.

RATIO, the third constant, designates the aspect ratio defined as %%

RATIO determines how great the difference between Aa and Ab must be to use the
second lap constant. The following values are normally used for these con- j

stants:

Lap constant one 4 (pixels)-

, Lap constant two 16 (pixels) E
Aspect ratio = 32 A

The constants just described may be assigned other values as desired, but

the order of their magnitudes must remain the same, that is, RATIO must be the ?
largest and lap constant one must be the smallest and at least equal to two

(as described in the analysis).

The necessity for making the second lap constant larger than the first is

evident; however, the requirement that the aspect ratio be larger than the

second lap constant may not be clear. The sececnd lap constant is selected
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when Aa is greater than or equal to the aspect ratio (RATIO) times &b, i.e,
Aa > RATIO x Ab + use LAPCON2
Aa < RATIO % Ab + use LAPCON] .
It is desirable that the longer tramsition region length be selected only
where its length wiil be correct, i.e. where it is lesslthan Q. The following
equations are found in Bresenham's line compaction paper [3]:

Vb = MINIMUM (Ab, Aa-4Ab) (3.2)

Aa
“'ﬁ; (3-3)

Using equations 1.2 and 1.3, it can be shown that if Aa is greater than or
equal to 2Ab then the following equation is true:

= 2 (3.4)

This is the same as saying, for i which is the maximum integer where f4a equals
iAb + r, Q equals i. Therefore, if Aa is gr;ater than or equal to RATIO
times Ab, then RATIO must be less than or equal to Q. Because the longer lap
constant is less than the aspect ratio, it can never produce a transition re-
gion longer than the Ml runs of a line for which it is selected.

Execution of the algorithm begins with the normal computations used in
Bresenham's algorithm. The octant is established, the M1 and M2 moves are
set, lAa and Ab are set, and the initial value of the decision variable, V] is
computed.

The next computations are to set two test variables used to position the
overlaps (transition regions), set the.actual intensities to be used, and in
some c#ses change the value of V). These steps, along with the rest of the
algorithm, are pictured in the flowchart (Figure V.8). Frequent raference

to the flowchart will aid in the understanding of the following discussion.
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Two test variables, denoted ANTI2 and ANTIl, are used to locate the tran-
sition regions' starting and midpoints, respectively. Because the transition

region is divided into two equal parts, the start point test value (ANTL2) is

aiways set equal to twice the midpoint value (a shift left of one). The value

- of ANTIl, however, depends on the type of line being drawn. 7The setting of

ANTI1 and the setting of the intensitles 1s discussed next.

After the full (FULL) and intermediate (IMED) values are set using their
respective parameters, the initial decision variable V) is checked for a non-
negative value, If V] i< greater than or equal to zero, then the line is of a
diagcnal type. For these type of lines, ANTIl is set to its minimum value,
~2Ab, and the minimum intensity variable IMIN is set to the value of the in-
termediate parameter (66%) (see analysis for reasoning here). Processing then
proceeds to the setting of ANTI2Z and the generation of pixels.

For axial type lines, a series of three cases are checked to set ANTII,
First Aa is checked to see if it is greater than or equal to the aspect ratio
(RATIO) times Ab. If it is, ANTIl is set to minus the long lap constant
(LAPCON (2)) times Ab. If this firstrtest fails, ANTIl is set to minus the
first lap constant (LAPCON (1)) time Ab. This value of ANTIl is now compared
with the initial del computed by the Bresenham algorithm, If ANTI1 is less
than Vj, ANTI1 is set to its miﬁimum value, =-24b. Now that ANTIl is set, the
minimum (IMIN) intensity variable is set to 337 intensity. Next, ANTIl is
added to Y4 to shift the laps in axial type lines for the symmetry correction
described in Sec. V.1.2. After ANTI2 is set by multiplying ANTIl times 2, the
generation of pixels can begin.

If the starting point pixel is to be output, it is now output at full in-
tensity. Some implementations may assume the starting point was output as the

ending point of the previously processed line,

L0 = S
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A count is now initialized using the Aa value and is decremented each
time Ml or M2 loop is executed, The variable containing Aa, if still avail-
able, may be used for this; it is no longer needed for other computations.

As indicated p;eviously, this value (Aa) is the number of moves necessary
to generate the line, When the count reaches zero, line generation is com-
plete. Using A3 for an EOL counter prevents potential difficulties with using
the position datum as an EOL indicator (see Sec. V.l.2).

~ Line generation begins now with the same loop (M1 or M2) that it would
for Bresenham's aigorithm and will procesd until the count (mentioned above)
reaches zero. The M2 loop, exactly the same as it is for the Bresenham algo-
rithm, outputs pixels at full intensity. The Ml loop contains .the additional
code for anti-aliasing.

When the Ml loop is entered, del is compared with ANTI2, If del is
less than ANTI2, the Ml loop performs exactly as specified by Bresenham and
outputs a new pixel at full intensity. Since del is usually more negative
than ANTI2, the compare instruction is generally the only new instruction exe-
cuted in the Ml loop.

If del is greater than or equal to ANTI2, then the algorithm has entered
the transition region. Del is then compared with ANTIl, If del is less than
ANTI1, then the midpoint of the transition region has not yet been reached,
and the following sequence takes place. First, a pixel of minimum intensity
is output using the current (not updated) position plus the M2 move as its
location. 7Then, the position is updated with the Ml move and an intermediate

intensity pixel is output, (see Figure V.9).

Ei
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Fig., V.8 Tlowchart for antialiasing algorithm.,
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Outputting a minimum intensity -
pixel in the M2 direction: XXX
t
current
position
Updating the position: XXX
¢

new position

OQutputting an intermediate =
intensity pixel in the Ml direction: XXX+

current
position

Fig. V.9 Sequence involved in outputting a pixel pair in
the first half of the transition region.
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If del is greater than or equal to ANTI1l, then the second half of the
transition region has been entered. Here, the same sequence of operations
takes place as in the first half except that the first pixel output (the one
in the M2 direction} has an intermediate intensity, and the second pixel out-
put (the one in the Ml direction) has a minimum intensity.

Following the output of a pixel pair in the transition region, del is up-
dated according to the equation

Vi+l = V4 + 246
and the Ml loop is exited.

Following the execution of the Ml or M2 loop, the Aa count is decremen=-
ted. If Aa is not zero, the appropriate move loop is branched to. When the
couﬁt reaches zero, the line to be generated is complete, and execution of the
antialiasing algorithm is finished.

Although the implementation just presented is both fast and visually ef~-
fective, an understaﬂding of the concepts and constraints for the basic algo-
rithm will permit custom implementations. This particular approach was devel-
oped for use in aeronautical cockpit displays where images must move in real-
time and be acceptable to pilots. One guiding concept to be kept in mind is:
the addition of instructions to the program sections executed prior to line
generation will have a much smaller impact on the speed performance than in-
structions inserted into the move loops. The first class of added instruc- ,
tions would be executed once per line while the second set would be executed

once per pixel (a large difference).
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V.2, THE ANTIALIASING MICROCODE

Incroduction

The effort on this project in the past six months has been directed at
implementing the an;ialiasing algorithm in microcode so that it could be run
on an Ikonas graphics system.

The lkonas is a vewsatile, real-time graphics computer. By implementing
the algorithm in the Ikonas' native microcode, the real-time potential of the
algorithm could be verified and quantified. In particular, comparisons to the
real-time version ;f Bresenham's algorithm, also available in microcode, could
be made to determine the extent of the speed penalty entalled by antialiasing
with this technique. '

Note that it is not the intention of this document to offer instruction
in reading, and/or writing Ikonas microcode. Rather, this section will pro-
vide a discussion of the salient issues involved in translating the FORTRAN
version of the algorithm into microcode. Also presented is adequate informa-
tion to modify the code in order to facilitate its use at other installations.
Available Ikonas documentation, cited in the bibliography, would enable com-
plete understanding of the microcode mnemonics as well as the concepts in-

volved in writing microcode.

V.2.1 Microcode Development Hardware and Software

Not until the end of this project did NCSU own an Ikonas RDS-3000, (the
original NCSU-owned lkonas was the prototype model). Consequently, it was
necessary to secure the use of an Ikonas to test the microcoded antialiasing
algorithm. Permission was received.from Jorge Montoya at Research Triangle

Institute (RTI) to test the microcode on the Ikonas systems at RTI,
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There are two lkonas RDS-3000 computers at RTI. One belongs to NASA, and
the other belongs to RTIL. Either one may be connected to RTI's PDP 11/60
which serves as a host for the Ikonas.

The microcode ;ource files were created on NCSU's VAX 11/780 and trans=-
ferred by tape to RTI's 11/60. There the microcode files were processed by
the microcode assenmbler IKASM4,

As no nmicrocode development work had previously been done at RTI, some
modifications had tv be made to the microcode development software in order
for them to function properly on the RTI system., These modifications included
adding a simple breakpoint capability t¢ a microcode debugger, overlaying the
same debugger so as to reduce the size of its memory resident task image, and
modifying the microcode assembler to permit the use of a greater number of

mnemonics and labels.

V.2,2 Microcode Overview

located in Appendix B are listings of the antialiasing microcode along
with the standard Ikonas-supplied microcode implementation of Bresenham's al-
gorithm, labeled VECTLR (VECT stands for vector, LR for low resolution),

The latter appears first in the appendix. 1t is provided so that the
similarities between the standard line drawing microcode and the antialiasing
microcode can be readily seen. For example, the microcode that establishes
the octant where line drawing is to take place is virtually unchanged from
VECTLR. This code is basically all that is common to both algorithms.

Ikonas has an intermediate-level display language called the Ikonas Dis~
play language (IDL). All Ikonas-supplied microcode 1s agcessible via the IDL

dispatcher which passes parameters to called microcode functions.

- . -

s 3




ORIGINAL PAGE 8
OF POOR QUALITY

46

As the display generators for the NASA supported work on cockpit displays
at RTT are all written in IDL, and since virtually all display applications
are likely to be written in IDL, the antialiasing microcode was made fully IDL
compatible. 'The microcode can thus be invoked, as can any other Ikonas-
supplied microcode, from normal IDL programs. The first microcode to be dis—-
cussed is that which implements the most basic form of the antialiasing algo-
rithm, It is labeled VECTAAl and is the second listing in the Microcode
appendix. AA stands for antialiasing; 1 indicates that this was the first
version of the algorithm implemented.

VECTAAl was designed to implement, in microcode, the FORTRAN program
DRAW1 in the most straight~forward way possible, In other words, VECTAAl was
written so that clearly delineated lines of microcode would correspond direct-
ly to lines of FbRTRAN code that have the same function. By attempting to
stick to the structure of the FORTRAN code and by using abundant internal doc-
umentation, understanding the essence :f the microcode should be relatively
simple for anyone who already understunds what is going on in the FORTRAN pro-
gram, and who has the FORTRAN listing handy for comparison with the microcode.
Note that the microcode that establishes the octant is taken from the standard
microcode, VECTLR, and thus may not correspond exactly to the FORTRAN. Also,
the microcode that implements IDL related functions has, of course, no FORTRAN
equivalent,

One feature present in the FORTRA& program DRAWl_that was not included in
VECTAA1l is the OR'ing of pixels that are to be output in the transition region
with the pixel data already present at the pixel location being written to in
the frame buffer.

This feature was not included for two important reasons. The first is

that in the typical mode of operation, a painter's algorithm is used where the

|
;
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foreground lines, those that write over other lines at line intersections, are
drawn last. Using such an approach, the OR'ing operating becemes super-
fluous.

The second reason is that a time consuming read from the frame buffer is
required for each such OR operation. As speed is of thé essence in real-time
applications, the OR operation was left out of VECTAAl., However, the OR oper-
ation was included in a second version of the microcode, VECTAA2, Thus
VECTAA2 represents a faithful microcode reproduction of all the functionality
of DRAWl: VECTAA2 will be discussed later.

The followiry subsections describe the microcodes input data require-
ments and its output data format. The microcode is then analyzed from the

point of view of program flow,

V.2.2,1 Input to'the Microcode

All versions of the microcode are passed a single parameter by the
calling IDL program. This parameter specifies the location of a vertex list
in memory. A vertex list contains the cartesian coordinates of any number of
points to be drawn to or moved to.

Also specified with these coordinates are flag bits. One such flag bit
indicates whether the coordinates specify a point to be moved to or a point to
be drawn to. The last vertex in the list is flagged with an end bit. A sam=
ple vertex list is given in Figure V.10.

Because a vertex list can be of arbitrary length, the microcode can cause
any number of lines to be drawn to the screen by‘referencing a single vertex
list.

The vertex list format used here is identical to the one used by the

standard routine VECTLR, However, there is one field in the vertex list that
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Vertex Word 1:
31 16 15 - 0
: YFIN ‘ ’ XFIN
Vertex Word 2:
31 30 23 16 15 . Y

I RESERVED SHADE { o % COORD |

|
‘ End of Vertex List flag bit

| Draw/Move flag bit

YFIN = y final = y coordinate of point to draw/move to.

XFIN = X final = X coordinate of point to draw/move to.

Fig. V.10 Vertex List Format

]
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is used by VECTLR and is not used by the antialiasing microcode. The anti-
aliasing microcode routines do not read in a shade value from the vertex list.
VECTLR uses this 8-bit shade information to generate any of 256 pseudocolored
lines.,

The ability to draw lines of any color or shade was not incorporated into
the antialiasing routines for several reasons. One reason was that the pri-
mary goal was to demonstrate the efficacy of the antialiasing algorithm in
general and not to develop a line drawing routine fit for a specific applica-
tion. Another reason was that the FORTRAN prototype for the microcode, DRAWI,
contained no provision for drawing lines of any color on demand. Its opera-
tion was strictly monochrome. The final reason was that time simply didn't
permit the incorporation of this feature into the microcode. Had there been
more time, this feature could have been included;

Note that though the antialiasing microcode does not utilize the line
shade information specified with the line's coordinates in the vertex list,
there are, nevertheless, ways to generate multi-colored lines using these pro-

grams. These techniques are discussed in the next section.

Ve2.2,2 Output From the Microcode

To understand how the microcode formats its output, it is first necessary
to review how the video output path was configured;

The NASA Ikonés at RTI has a frame buffer which is 24 bits deep at each
pixel location. The RTI frame buffer, by contrast, is 16 bhits deep at each
pixel location. Regardless of which Ikonas was running the microcode, only 8
bits of depth per pixel was required.,

This is because the Ikonas' frame buffer controller and cross~bar switch-

es were set to "pseudocolor red" operation rather than “"full-color” operation.
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In pseudocolor red mode, the first 8 bits in each frame buffer location (i.e.
the 8 bits that would be sent directly to the red channel's DAC's in full-
color mode) are used to address a 256 place color lookup (LU) table. Each lo-
cation in rhe LU table contains 24 bits of data: 8 bits for red shading, 8
bits for green shading, and 8 for blue shading. It is éhus the output of the
color lookup table that is sent to the R~G-B DAC's, (see Figure V.l1l).

To function as planned then, the microcode must, for each pixel it out-
puts, place a value in the frame buffer which will be used to address a
location in the lookup table where the proper intensity information is stored.
Of "course, this requires that the lookup table be loaded with the proper val-
ues prior to executing the microcode. This task of initializing the lookup
table is performed by the IDL program which calls the antialiasing microcode.

For example, if a full intensity white pixel was to be drawn, location
256, say, in the lookpp table might be used to store the 24 one's that would
represent full white in digital form: 8 bits for full red, 8 bits for full
blue, and 8 bits for full green. So to initialize the lookup table for full
white, the IDL program would store FFF FFF (full intensity white) in location
FF (256).

Later, during line drawing, if the microcode was required to output a
fu11 intensity white pixel, it would write FF to that pixel's location in the
irame buffer., In fact, the microcode happens to write 16 bits to the frame °
buffer for each pixel output, not just the 8 bits required. Only the lower
eight bits are used to address the lookup table, however; the other 8 bits are
ignored by the hardware controlling the frame buffer.

It was noted previously that this microcode implements only monochrome

line drawing; i.e. any shade or color specified with the line's coordinates in
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the vertex list are ignored by the microcode., Yet it was also mentioned that
there were ways of drawing lines of any color.

The microcode outputs only color independent values into the frame buf-
fer. These are used to reference the LU table where the full, intermediate,
and minimum intensity values are stored. Obviously, since the lookup table is
loaded by the user (from an IDL program), an antialiased line of any given
color may be drawn by loading the locations corresponding to full, intermedi-
ate, and minimum intensities with the corresponding inteunsity values for the
desired color.

The following table (Table V,2.2-1) lists the actual values output by the
microcode., The selection of red as the line color was arbitrary as were the
addréss in the lookup table used to hold the 3 intensity values.

First of all, note that the data in the lookup table is 10 bits long,
rather than 8 bits long as would be expected for generating the color red
based on the previoug discussion. As it happens, 10-bit DAC's are used on the
video output and so 30 bits (10x3) as opposed to 24 bits (8x3) must be stored
at each LU table location. This doesn't really affect the previous discus-
sion, though, as the lower 2 bits of the 10 bit fields are simply set to zero,
(eege, 377+1774),

Now for the sake of clarity, let's return to discussing the LU table val-~
ues as 3 fields of 8 bits each, with the least significant 8 bits used for
red.

The full intensity red is octal 377 (255 decimal) -- 8 bits into the red
DAC are on. This is as expected, but the 2/3 and 1/3 intensity values are not
2/33255 = 252 (octal) and 1/3x255 = 125 (octal) as one might expect. This is-

due to the fact that the gamma correction curve for red is not linear. So to
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perceive the fractional intensities as 2/3 and 1i/3, ;he values sent to the
” DAC's must be significantly greater than 2/3¢(255) and 1/3°(255).
The values selected for the fractional intensities were not derived from
a gamma correction curve but were arrived at experimentally. Thus they are

only an approximation to the 2/3 and 1/3 intensity values they are intended to

represent,
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V.2.3 Analysis of the Microcode

V.2.3.1, VECTAAIL

A high-level analysis of the microcode program flow is next discussed.
Flowcharts are presénted to aid in understanding the concepts involved. A
high-level flowchart for the antialiasing routine VECTAAl is presented in Fig-
ure V.12,

The first operation 1s to get the'vertex pointer. Recall that the vertex
pointer is the parameter passed to the microcode from the calling IDL program.
.The pointer contaihs the address in memory of the vertex list -- the list of
positions to be moved to or drawn to.

After the vertex polnter has been passed in, the microcode uses it to
read in the,.next vertex from memotry.

Following this, several set-up operations are performed. They are thus
named because they set up the contents of certain registers prior to line
drawing., In these set—up operations, the register containing the old starting
coordinates is loaded with the old ending coordinates (of a move or draw), and
the register containing the old ending point is loaded with the newly read in
vertex. Note that this updating of the starting and ending points of a line
is all that is required for a move operation.*

Anqther set-up operation involves changing the input vertex from screen
coordinates to hardware coordinates. In the screen coordinéte system, the
lower left corner of the screen 1s taken to be the origin. All user specified
vertices are specified in screen coordinates., By contrast, the hardware takes
the upper left hand corner of the screen to be the origiﬁ, thus necessitating
*Note:. A 'move' in this context refers to the repositioning of the starting

point of a line to be drawn. It does not refer to the Ml or M2 moves
made by the line drawing routine in the course of drawing a line,

A
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Fig. V.12 High-level flowchart for the antialiasing microcode
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the translation from user oriented screen coordinates to the hardware coordin-
ate system.

Following the set-up operations, the most significant bit in the vertex
word pair that was read in from memory is examined to determine whether a move
or a draw to the x,y position is indicated, (see Figuré V.10 for vertex word
pair format).

If bit 31 of the second vertex word is set, a draw is indicated. As seen
in the high-level flowchart, a positive test of the draw bit causes two micro-
code subroutines to be executed. The first, labeled VECDIS, establishes the
octant of the line to be drawn and calculates the normal Bresenham vector
displacements - Aa, Ab, Ax, and Ay. This subroutine is unchanged from the
microcode which implements the standard Bresenham's algorithm (VECTLR).

The second subroutine invoked is labeled DRAW and, as the name implies,
this subroutine actuqlly draws the antialiased line. More will be said about
DRAW shortly.

On return from the DRAW subroutine, the program merges once again and the
end of vertex list flag bit, bit 30 of the second vertex word, is checked to
see if the end of the vertex list has been reached.

If the end of the vertex list has not been reached, then more moves and/
or draws remain to be done. The program branches back to get the next vertex
word pair. '

If the end of the vertex list has been reached, the last vertex is writ-
ten out to a system reserved memory location where it can be used for any sub-
sequent graphics operations that are positioned relative to the last endpoint
(hence the name of this location --the relative word pointer).

Finally, a jump to the IDL system routine IDLEXIT ieturns control to the

IDL dispatcher. This is an unconditional jump and not a return from

PP T SR
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subroutine command because the microcode of VECTAAl is jumped to and not
called as a subroutine.

Before discussing DRAW in more detail, a further note on the move branch
of the flowchart is in order. When bit 31 was checked and found clear, a move
to the next vertex is indicated. Though the move branch of the conditional
has no operations in it, the required operations for a move have already been
performed by the previously mentioned set-up operations.

The flowchart for the microcode subroutine DRAW is given in Figure V.13,
Comparing this flowchart with the listing for the FORTRAN subroutine DRAW]
demonstrates the fidelity with which the program structure of the FORTRAN rou-
tine was maintained by thé microcode.,

As the FORTRAN program has already been extensively discussed, no further
explanation will be presented of the basically self-explanatory microcode
flowchart of Figure V.13,

A more in depth understanding of the microcode requires some familiarity
with the Ikonas architecture and the microcode mnemonics. Documents providing
this type of information are referenced in the bibliography. Using these doc-
unents and the microcode's own internal documentation, the microcode can be

readily understood on a line-by-line basis.

V.2,3.2 VECTAA2 and Pixel OR'ing

One feature of the FORTRAN subroutine DRAW!l that was not implemented in
VECTAAl was the ability toc logically OR the pixel'value to be output with the
pixel value already at the location to be written to. The result of this OR
operation is that the pixel with the greatest intensity is the one that 1s

written out to the frame buffer.
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The way this OR'ing is implemented is that whenever a transition region
pixel, (which is either medium or minimum intensity) is to be output, the
pixel’ value at the addressed location is read in from the frame buffer. If
the read-in p{gel has a greater intensity than the transition region pixel (as
determined by the OR of the two), then it is the read-in pixel which is writ-
ten back to the frame buffer. |

The OR operation is not used when full intensity pixels are to be written
out. Full intensity pixels overwrite whatever is already in the frame buf-
fer,

The practical effect of all this is evident when an antialiased line is
being drawn over extant lines in the frame buffer. If the antialiased lines
tvansition region crosses the full intensity pixels of another iine, the full
intensity pixels wiil win out.

Figure V.14 demonstrates the difference between a line drawn with VECTAAL

(without OR'ing) and VECTAA2 (with OR'ing).

VECTAAL: VECTAA2:
F -
F F

MMIIFF , ‘ MMFIFF

FFFFIIMM FFFFIIVFM
¢ F
= F

Red letfers ~ Indicate full intensity line already in the frame buffer,

Black letters - Indicate antialiased line being drawn into the frame buffer.

¢
Fig. V.14 Illustration of effect of pixel OR'ing by comparing
lines drawn by VECTAAl with lines drawn by VECTAAZ,
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VECTAA2 produces a somewhat more visually acceptable display because the
full intensity line already in the frame buffer is not "interrupted” by the
two diﬁinished intensity pixels from the transition region of the other line.

As stated in section V.1.2, there is a possibility that the transition
region of the line being drawn will overlap another'liné's transition region,
Under such circumstances, the OR'ing of the two diminished intensity pixels
could produce a spurious full intensity piXxel.

Also, in the case of this pseudocolor implementation, if the medium and
miuiﬁum intensity pixel codes are not selected so that they OR to a full in-
tensity pixel code, the OR of a medium and minimum intensity pixel could re-
sult in a pixel code which references an uninitialized location in the color
lookup tabler The pixel intensity output to the display would thus be unﬁre-
dictable. This problem could be avoided by proper selection of pixel codes.

There would still be the problem of getting a spurious full intensity
pixel code output output as the result of the OR. As was stated earlier, tie
probability of a line intersection of this type 1is sufficiently low, that the
occasional anomally that results from the OR under these conditions is visual-
ly acceptable. |

The drawback to VECTAA2 is that since each pixel OR takes several addi-
tional instructions, a substantial speed penalty is incurred.

Thé frame buffer read operation alone adds two instructions to the ianer
most loob of the microcode.

The magnitude of the speed reduction depends on the line being drawn.
Lines drawn with nothing but full intenéity pixels output, vertical and hori-
zontal lines, will be drawn at the same rate as with VECTAAl, This is because
the OR procedure only occurs in transition regions, and transition regions are

not present in these types of lines.
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On the other hand, for lines with large transition regions, such as shal-
low axial lines, the speed penalty incurred by OR'ing each pixel in the tran-
sition region 1s‘substantial.

Numbers relating the exact extent of the speed penalty are presented in
Secs V.2.5 under testing.

Thoseiblocks of the flowchart in Figure V.13 that have stars beside them
are those that are changed in VECTAA2, Figure V.15 shows how these blocks

are reproduced for VECTAAZ,
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Perform the logical OR

at the Minimum intensity
value with the read-in pixel
value

|

to the location in the M2
|direction .

[N I
Output the OR'ed pixel value|

N
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M1l move away from the current

N
OR the Medium intensity value|
with the read-in pixel value |

\/

Output the OR'ed pixel to the]
location in the Ml direction |

i

Fig. V.15 VECTAA2 flowchart blocks that are changed from VECTAAl, These
blocks depict the transition region pixel OR'ing.
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Ve2.4 Pipelining and the 'FAST' Microcode

The Ikonas bit-slice processor has the ability to pipeline instruction
execution. That is, under some circumstances two different operations may be
invoked from a singie instruction. In practical terms, this allows ALU oper-
ations to be invoked from the same instruction that is testing a condition
code, performing a pixel write, or issuing a jump command. This instruction
overlap has the obvious potential of condensing the microcode to fewer in-
structions and thus reducing execution time.

In VECTAAl and VECTAA2, the full pipelining ability of the Ikonas was
not, in some instances, utilized. The reason for this is that writing under-
standable, and hence easily debugged, microcode is facilitated by having each
line of microcode map to a single box in the flowchart. Also, the debugging
process was ameliorated because tracking down problems is less of a chore when
there are not several operations going on during each line of microcode.

Nevertheless, since speed was the critical goal in this effort, faster
versions of the microcode were develéped. After VECTAA]l and VECTAA2 had been
debugged, versions of the microcode that fully utilized pipelining were
created. These programs were labeled VECTAALF (F for fast). The listings for
these programs appear in Appendix B.

Line by line comparison of the first versions of the microcode with the
"F" versions show very little difference. In all, only 3 or 4 instructions
were saved in the 'F' versions. But the fact that one of these removed in-
structions occurred in the inner most loop of the microcode DRAW subroutine,

resulted in close to a 10% reduction in overall execution time.
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Ve2.5 Testing

Testing the microcode was split into two stages. The first involved
creating data sets (vertex lists) that would test the the program's ability to
draw all types of lines correctly. The second stage consisted of getting a

measure of the rate at which the program could draw lines. This rate, of

™

course, has an important impact on the real-time applicability of the algo-

rithm/microcode.

V.2.5.,1 Test Pattern Generation

Figure V,16 shows a test pattern used for the lst stage of testing.
This pattern consists of 40 lines drawn radially outward from the center of
the display.

Ending point coordinates were chosen so that each type of line --
diagonal, axial, and shallow axial -- would be drawn in each octant of the
display.

A close-up view of a portion of this pattern is shown in Figure V.17,
Full intensity pixels appear red in this picture, To aid in discerning the
transition regions, the transition region's diminished intensity pixels have %
been pseudocolored green for intermediate intensity and blue for minimum in-
tensity. |

As can be seen, the center line in the picture has no transition regions

N R e AL

because it is a purely horizontal line, The pair of lines surrounding the

center line are shallow axial lines. These lines have extended transition re-
gions to enhance their appearance.  The outermost pair in the picture consists
of standard axial lines. These lines have the normal length transition region

for axial lines.
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Figure V,18(a) shows the same area as figure V,17, but this time with

71

the transition region's pixels properly shaded with intermediate and minimum
intensity red pixels. For comparison, figure V.18(b) shows this portion of
the test pattern drawn with the standard Bresenhanm rout%ne. The smoothing ef-
fect of the antialiasing process is clearly apparent inythis a~b comparison.

Note that the antialiased lines in figure V,18(a) do not really appear
very "smooth" because we are viewing these lines at extreme magnification.

Thus, this first pattern was used to demonstrate that both VECTAAl and
VECTAA2 drew lines properly in all octants.

A second test was used to show that the transition region pixeling OR'ing
was‘properly performed by VECTAAZ, The first step in this test involved plac-
ing a set of vertical full intensity lines in the frame buffer. The test pat-
tern of Figure V.16 was then drawn by VECTAA2 over these vertical lines, The
desired result was tbat whenever a transition region pixel (either blue or
green) was to be output over a full intensity red pixel in one of the vertical
lines, the red pixel was to remain unchanged. VECTAA2's pixel OR'ing worked
properly and this desired result was achieved. Figures V,19(a), (b), show
respectively the test pattern overlald on these vertical red lines, and a
closeup of a transition region showing how the vertical full intensity line

was not written over by the tramsition region.

Ve2.5.2 Timing Tests

Measuring the antialiasing routines' speed performance constituted the
second phase of testing. Rather than try to establish an absolute scale by
which to measure this performance, such as pixels output per second, a
relative measure of the routine's performance against the standard Bresenham

routine was decided upon.
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Table V.2,5-1 lists the normalized timings of VECTAALF and VECTAA2F over
all classes of lines, Because of the normalization, a timing of 2.0 means
that the line took twice as long to draw with the antialiased routine as with
the standard Bresenham routine,

Relative timing tests were made by having both the antialiasing microcode
and the standard Bresenham microcode draw identical lines of the same length
{500 pixels) a given number of times (each line was drawn 60,000 times). A
stepwatch was used to measure the time it took each .routine to draw the 60,000
replications of the given line. Several trials for each type of line (axial,
diagonal, etc.) were conducted so that the timing results would be reliable.

Looking at the figures for VECTAALIF, the best results were achieved when

drawing 45° diagonal lines. These lines are composed entirely‘of M2 moves.
As can be séen from the flowchart (Figure V.13), the program flow path for
the M2 move involves fewer instructions than for the MI move. Thus, a line
consisting of only M2 moves will be drawn faster than one which contains Ml
moves .

The second best time was turned in by the diagonal type line that makes a
38.65° angle with the horizontal axis. 7These lines consist of both M2 and M1
moves, but the predominant number of moves is in the M2 direction.

Vertical and horizontal lines appear next in the table. These lines con-
sist exclusively of Ml moves, Because these lines have no transition regions,
full intensity pixels are always output by the microcode. From the flowchart
it is obvious that of the three paths available in case of an Ml move, the one
containing the fewest instructions is the one in which a full intensity pixel
is output. This accounts for the fact that these lines are drawn wmore rapidly

than the ones which appear further aown in the table,




ORIGINAL PAGE & 3
OF POOR QUALITY

NORMALIZED TIMING FIGURES

g FOR VECTAALF and VECTAA2F
VECTAALF:
. Line type Time
45° Diagonal 1.40
38.65° Diagonal 1.67
Vertical 2.02
Horizontal 2,02
Standard Axial 2.10
Shallow Axial : 2.13
VECTAA2F':
45° Diagonal 1.40
Vertical 2,02
Horizontal 2,02
38.65° Diagonal 2.08
Standard Axial 2,36
Shallow Axial 2,80

Table V.2,5~1 Relative timing tests for VECTAAIF and VECTAA2F., Timings were
made on a 30 Hz display with the frame bufifer controller
initialized for 30 Hz update rate.
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The next table entries are for axial lines. Tﬂese lines involve the
longest inner loop or path through the microcode. The times for shallow axial
lines are slowey than for standard axial lines because the transition regions
are 4x as long for shallow axial lines as for étandard axial lines.

The second part of the table contains the timing figuvres for VECTAA2F,
Comparing the timings of VECTAAIF with VECTAAZ2F, one notices that the time to
draw a 45° diagonal, horizontal or vertical line is the same for the 2 ver-
sions of microcode. This is because these types of lines are composed entire-
ly of M2 or Ml moves. They contain no transition regions and hence no pixel
OR'ing. All the other tested line types contain transition regions. 'These
lines are drawn slower by VECTAA2F (which performs pixel OR'ing iu transition
regions) than by VECTAALF,

The listing of line types in order of decreasing draw rate is much the
same for VECTAA2F as for VECTAAIF., The only difference is th.t with VECTAAZF,
the vertical and horizontal (all Ml move) lines are drawn faster than the
38.66° "diagonal” line. This is because the "diagonal” line contains transi-
tion regions., With VECTAALF, the lines were drawn quickly because of their
predominance of M2 moves. With, VECTAAZK, these lines are drawn more slowly
than the all M1 move lines because the pixel OR'ing operation in VECTAA2F

washes out the time saved by the predominance of M2 moves.

Vo2.5.3 Real-time Display Testing

As a final test of its real-time feasibility, the éitéh bars of the EADI
display under development at RTI were drawn with the antialiasing microcode
routine, The real-time performance of the EADI display interacting with a
NAVIUN aircraft simulation was not adversely affected by the use of the

¥

routine (VECTAALF), and the pitch bars appeared properly antialiased.
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V.3, APPLICATION NOTES

V.3.1 Future Implementation of the Microcode |

These microcode implementation notes are presented to aid in the future
use of these.antialiasing routines.

The microcode as written should, after being assembled with IKASM4, run
on any lkonas RDS-3000 graphics computer.

However, such site dependencies as the number of bit planes in the frame
buffer and the configuration of the video output path (full color, pseudo-
color, etc,) will effect how the output of the microcode is translated to
colors and intensities on the monitor. For this reason, the microcode con-
staﬂts equated to the FULL, MED, and MIN pseudo-ops, would be changed based on
how deep the frame buffer was, how the color lookup table was loaded, and so
forth. ‘

As stated beforé, the microcode should run on any current generation
Ikonas. It can not be guaranteed, however, that the IDL programs supplied
here to illustraté how to call the antialiasing microcode will be valid in the

future. A new release of IDL is expected soon from Ikonas. The two versions

of IDL may or may.not be compatible.

V.3.2 Recent Developments

»

As this project was being brought to a close, Ikonas announced the immi-

- nent release of several new software products,

Among the new releases is an improved version of the Bresenham algorithm
microcode which runs about twice as fast as the former Bresenham microcode,

VECTLR,

v s .,',N_,,,VM\__...A.«W,, st nniis - " ¥ " "\




- -

76

Also soon to be available from lkonas is microcode to draw variably
shaded antialiased lines in real time. The line drawing rate of this micro-
code (which is, incidently, based on an entirely different algorithm than the
microcode discussed-here) 1s said to be approximately equal to the old VECTLR
microcode. If this is so, then the Ikonas antialiasing microcode has a signi-
ficantly higher line drawing rate Ehan the microcode developed at NCSU (which
is somewhat slower than VECTLR).

In light of these announcements, the practicality of any future implemen-—
tation of the NCSU antialiasing microcode must frankly be questioned. Note,
however, that the announcement of the Ikonas antialiasing microcode does not
“invalidate"” the work done on this project. Thé goal of this effort was to
produce a visually effective antialiasing algorithm fast enougﬂ to be used in
real time. 'The results of the preceding section on testing make plain the

fact that this goal was indeed achieved.
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VI, CONCLUSIONS

The worked perfofmed under this research contract has covered an exten-
sive area in computer graphics. The main exphasis has been real-time computer
graphics with aeronautical applications.

The result has been both hardware and software whicii have laid the ground
work for continued efforts at the Research Triangle Institute and IKONAS Gra-
phics systems (now Adage). Although, this phase of the research will be
finished here at NCSU it is hoped this advanced development will continue

elsewhere.

e
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A PR apn -‘bd#ﬁ;ﬂ:—ﬂ;’;“ﬁ‘

- i

SUBROUTINE DRAWO(STARTX, STARTY, ENDX, ENDY)
C NI 35 30 25 I 2050 3 3 338 363 A0 I 302 2 SIS B S

LINE PLOTTING ROUTINE USING STANDARD BRESENHAM ALGORITHIM
, = THIS SUBROUTINE DOES NOT DO ANY ANTIALIASING AND
ANY COMMENTS PERTAINING TO THAT MAY BE IGNORED, IT
GENERATES ONLY FULL INTENSITY PIXELS (INTENS(1)),.

TR S X RS AR R P S LR S S LRI LR e L ST R I L P L 2 L L
CALL PARAMETERS

STARTX, STARTY
ENDX, ENDY

X % Y COORDINATES OF LINE START POINT
X % Y CORRDINATES OF LINE END POINT

i

C
c
C
c
c
c
C
c
c
c
c
c
c
c

3 4 53 3 3R IR 36 300 S 3 0 3 336 3 ST I 3 30 5 RS9 33 30 B
IMPLICIT INTEGER#2(A-Z)
COMMON RATIO, LAPCON(2), INTENS(3), FRAME(512, 512), DIAG

o L R R TR AN T A T R R R R S L L R e

c

c COMMON DBLOCK PARAMETERS

c

c FRAME = PICTURE ARRAY

c INTENS = INTENSITY TABLE (VALUES AS FOLLOWS):

c 1 = FULL INTENSITY PIXEL CODE

c 2 = L&Y% INTENSITY PIXEL CODE

c 3 = 33% INTENBITY PIXEL CODE

c RATIO = ASPECT RAT10 FOR ANTIALIASING ROUTINE, USED 7O

c DETERMINE SHALLOW AND STEEP (NEAR 45 DEG. ) LINES
c WHICH USE A LONGER LAP (SEE LAPCON)

c LAPCON = PIXEL LAP CONSTANT TABLE, USED TO SET THE NUMBER
c PIXELS IN THE TRANSITIOM (LAP) REGION (VALUES AS
c FOLLOWS) :

C 1 = STANDARD LAP (INTERMEDIATE SLOFPE LINES)

C 2 = LONG LAP (FOR SHALLOW AND STEEP LINES)

c

oot 2t 338 3 S J 338 S S0 S 0 3 R 2 R I O 36 00 30 S S S IR 2 SR e S IR S I S R N

4 930 2 S H T 35 30 336 36 2 A S 336 36 0630 3 S 00 30 33 A0 362 M SR R R

c

C COMPUTE DELTA X AND Y AND SETUFP OCTANT

o (

G 3 2k 3005 2 26 96396 336 9 0 30 S 3B S0 Ak 3B RS S SR B R S 3R R S R RS R R S
DELX = ENDX - STARTX '
DELY = ENDY = STARTY ‘
DELXY = IABS(DELX) - IABS(DELY)

C OCTANT 1 OR 2
IF (DELX. GE. O . AND, DELY.GE, O) THEN

Mz X 1 '

May 1

A R R A st e e

it

OCTANT 1

(@]

IF (DELXY.GE. Q) THEN
DELA = DELX
DELE = DELY




DRAWO

0013
0014

0015
0014
0017
co18
o019
0020

oo21
0022
0023

0024
0025
0026
(' r027
0028

0029
0030
0031
o002
0023
0034

0035
0036
0037

00Zz8
0039
00410
0C41
0042
C
0043
0044
0G45
0044
0047
o048

0049
GO
0051

0Cs2
0053
oS54
0055
0054

0057
0058
c0s9

GINAY,
OF poop FAGE 1g
'?QUAuTy
MiX = 1
= 0
OCTANT 2 M
ELSE
DELA = DELY
DELB = DELX
MiX = O
' M1Y = 1}
END IF

OCTANT 3 OR 4
ELLSE IF (DELX.LT.O .AND. DELY.GE.OQ) THEN

M2X = -1
M2y = 1
OCTANT 4 .
IF (DELXY.GE. O) THEN
DELA = -DELX
DELB = DELY
MiX = -1
MYy = O
OCTANT 3
ELEE
DELA = DELY
DELE = -DELX
MiX = O
M1y = 1
END IF

OCTANT 5 OR 6
ELSE IF (DELX.LT.OQ . AND. DELY.LT.O) THEN

M2X = -1
M2Y = -1
OCTANT S
IF (DELXY. GE. 0) THEN
DELA = —DELX
DELB = -DELY
MixX = -1
MLY = O
OCTANT &
ELSE
DELA = -DELY
DELB = -DELX
M1X = O
MLY = -1
END IF
OSTANT 7 OR 2
ELSE
MaX = 1
| M2Y = -1
O2TANT 8
IF (DELXY.GE.0) THEN
DELA = DELX
DELB = -DELY
MIX = 1
, MLY = O
OCTANT 7

ELEE
DEL.A = ~DELY
DELE = DELX
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0060 M1X = O |
0061 M1y = -1
- 00&2 END IF
0063 END IF
C A 26 342034032 I I A B I F 38 036 b 00 I J I NI NI NN NN AW NR o
C
) C SETUP LINE DRAWING ALGURITHM
c

c*****»******4*****************4***************************************
C SET UP CONSTANTS

0064 DELEB = 2#DELB {

00&5 CEL2AE = 2#(DEL.D - DELA) A
v 00&6 DELTA = DEL2B -~ DELA :

00&7 OLDX = STARTX

0048 OLDY = STARTY

0069 FULL = INTENS(1)

C A0 b 20 3 3 3654 3006 303028 26 36 30 0 363 36 36 36 3 I 30 3 3635 20 54 96 3 3496 51 3 36 636 38 36 3 3646 b 6 00 336 3 26 36 466 3636 36 3030 3 S 20

C
c DIAGNOSTIC ROUTINE
C
C 356 3044 36 40 3 304 0303 3 20435 S0 3 H R 2 3 A6 3 3 20 336 2 I 36 5 0 30 3 3 336 3 46 6 36 336 06 S0 5 2 36 35 6 S 45 63
0070 IF (DIAG. GT.Q) THEN ! IN DIAGNOSTIC MODE
0071 WRITE(& 2030)
0072 203¢ - FORMAT (" DRAWO SUBROUTINE - STANDARD BRESENHAM')
0073 WRITE(&, 2032) DELA, DELB, DELTA
0074 2032 FORMAT ( A=, 14, B="Y,I14," DELTA=',195)
00795 END IF

C At 7 0 3 3430 0 SR H S T30 50 B 3 2K 308 36 3 30 3 6 56 46 36 3 26 3630 303 3 6 36 S 28 b 30 3036 o 346 3 38 B oH 38 36 3 3 36 30 3 90 3¢

(3t 32034 40 i 3050 24 30 2 36 300 36 30 2 A 36 S0 30 3 6 36 o 3562 3 36 36 38 3 230 3 3 35636 3 3636 3 3098 56 36 3 S H 36 B F 28 b 9F 3 3 S6 30 3

c
C DRAW THE LINE
c
C} CH 3Rt AR R FHBSEH DR BT 302303 2 3 20 3 9036 36 4048 36 340 36 30 3 4 30 36 35 3 63096 B3 51 36 35 2036 5 3¢
C OUTPUT THE STARTING POINT
0076 FRAME (OLDX, OLDY) = FULL
C DRAW THE REMAINMDER OF THE LINE
0077 100 IF (DELA, GT.0) THEN ! DELA = NO. OF POSITIONS IN LINQ
0078 IF (DELTA.LT.0) THEN :
C M1 MOVE :
0079 OLDX = OLDX + M1X f
0080 OLDY = OLDY + M1y z
0081 FRAME (CLDX, OLDY) = FULL i
ooe2 DELTA = DELTA + DEL2B
00E3 ELSE
C M2 MOVE
00e4 OLDX = OLDX + M2X
00ES OLDY = OLDY + M2Y
0086 FRAME (OLDX, OLDY) = FULL
0087 - DELTA = DELTA + DEL2AE
008€ - END IF \
00e7 DELA = DELA - 1 !* DECREMENT POSITION COUNT
0070 GOTO 100 :

00791 END IF

b o Pt g




DRAWO

0092
0093

nooon
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LINE DRAWING COMPLETED

RETURN
END




0001

0002
0003

Cocq
00GCS
GOCé
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SUBROUTINE DRAWL(STARTX, STARTY. ENDX, ENDY)
o 2 S T TR L T e Ty e S T S T 2R A R P R Y

LINE PLOTTING ROUTINE USING ANTIALIASING BRESENHAM ALGORITHM
DEVELOPED BY E, J. DUNNING, THIS ROUTINE USES THE SIMPLE

VERSION OF THE ANTIALIASING ALGORITHM WHICH ONLY CREATES
TRANSITION REGION LAPPING ON LINES WHICH ARE PRIMARILY

AXIAL IN NATURE. THESE LINES ARE IDENTIFIED BY A NEGATIVE

INITIAL DELTA VALUE, COMMENTS IMN THIS ROUTINE PERTAINING v
TO ANTIALIASING STEER LINES MAY BE IGNORED. THE APPEARENCE
OF THE STEEP LINES IS ENHANCED, HOWEVER, BY THIS ROUTINE BY
USING 6&7% INTENSITY PIXEL VALUES IN THE M1 TRANSITIONS,

OO0 0000

BY E, JACK DUNNING
L L T T T PP PR PR T S TR R R TR e e
CALL PARAMETERS

ETARTX, ETARTY
ENDX, ENDY

it

C
C
¢
C
C
C X % Y COORDINATES OF LINE START POINT
C X % Y CORRDINATES OF LINE END POINT
c
C 36390 2 o 34 M it S WA A H S S R AN N R R S R B g st iR e
IMPLICIT INTEGER#2(A-Z)
COMIMON RATIO, LAPCON(2), INTENS(3), FRAME(512, 512), DIAG

Crf e b 3 3034 3633040 00 b8 MR g 00 0 R SE A0 4 0 S 0 1 R A S SR S AN N R R
c

c COMMON BLOCK PARAMETERS

C .

c FRAME = PICTURE ARRAY

C INTENS = INTENSITY TABLE (VALUES AS FOLLOWS):

C 1 = FULL INTENSITY PIXEL CODE

c 2 = 6&% INTENSITY PIXEL CODE

C 3 = 33% INTENSITY PIXEL CODE

c RATIO = ASPECT RATIO FOR ANTIALIASING ROUTINE, USED TOQ

C DETERMINE SHALLOW AND ETEEP (MEAR 45 DEG, ) LINES

c WHICH UEE A LONGER LaAP (SEE LAPCON)

C LAPCON = PIXEL LAP CONSTANT TABLE, UEED TO SET THE NUMBER

c PIXELS IN THE TRANSITIDN (LAP) REGION (VALUES AS

C FOLL.OWS) .

C 1 = STANDARD LAP (INTERMEDIATE SLOPE LINES)

C 2 = LONG LAP (FOR SHALLOW AND STEEP LINES)

C

G333 2 R TSR 3 2 R S S S 3 3 3 0 2 S 3 3 H 30 R 3 SRR R I 3 R R R R R e R e

C % 3430 36 38 3000 53 36 54 32 3 R AR 30 3 200 3 3 3 3B R R e TS S R AR R
c
c COMPUTE DELTA X AND Y AND SETUP OCTANT
C
C 3328 3038 34 30 3 500 3B S R S S B I S A 3 S 6 S 5 A R 2 R SR S
DELX = ENDX -~ STARTX :
DELY = ENDY = STARTY
DELXY = IABS(DELX) - IABS(DELY)
C OCTANT 1 OR 2

B L T e L

e el ml e a e i vm ke



. . g
DRAW1 ' ORIGINAL PF i éf{
0007 IF (DELX.GE.O .AND, DELY,GE, 0) THEN
0008 M2X = 1
0009 M2Y = 1
C OCTANT 1
0010 IF (DELXY. GE, 0) THEN .
0011 DELA = DELX
0012 DELB = DELY
0013 ~ MiIX = 1
0014 MiY = O
C OCTANT 2
0015 ELSE .
00164 DELA = DELY "
0017 A DELB = DELX
0018 MiX = O
0019 MY = 1
0020 END IF
C OCTANT 3 OR 4
( 7021 ELSE IF (DELX.LT.O .AND. DELY.GE.O) THEN
0022 M2X = -1
0023 May = 1
C OCTANT 4
0024 IF (DELXY.GE.O) THEN
0025 DELA = -DELX
0026 DELB = DELY
0027 MiX = -1
0028 MiY = O
C OCTANT 3
0029 ELSE
0030 DELA = DELY
0031 DELB = -DELX
0032 MiX = O
0033 MIY = 1
0034 END IF
C OCTANT 5 OR &
0035 ELSE IF (DELX.LT.O .AND. DELY.LT.O0) THEN
0036 M2X = -1
(Choa7 MY = =1
C OCTANT 5
0038 IF (DELXY. GE. 0) THEN
0039 DELA = ~DELX
0040 DELB = ~DELY
0041 MIX = -1
0042 MiY = O
C OCTANT &
0043 EL.SE
0044 DELA = -DELY
0045 DELB = -DELX
0046 M1X = O
0047 MIY = -1
0048 ENL 17
C OCTANT 7 OR 8
0049 ELSE
G050 M2X = 1
0051 M2y = -1
_ C OCTANT 8
0052 IF (DELXY. GE. O) THEN

0053 DELA = DELX




DRAW1

0054
0055
< 0056

0057
0058
0059
00&0
- 0041
0062
0063

‘ 2064
0065
0066
0047
0068

0069
0070
0071
0072
0073
0074
0075
0076
0077
0078
0079
0080
oos1

ooge
0083
o084
0085
0086
€087

o0es8
0089
0020
0091
0092

0093

DELEB DELY ORIGINAL FROE 3
o - 3
MiX = 1 OF POOR QUALITY,
M1Y = O
C OCSTANT 7 :
ELSE '
DELA = -DELY
DELB = DELX
M1X = O
M1Y = -1
END IF
END IF
C 3t 3636 3 36 3 3 36 36 36 3 3 3 3t 3 436 3 5 W A W A3 I S I3 U 3 W BB T I U N W U I B e I S 90U NI A
c
c SET-UP LINE DRAWING ALGORITHM
C
33690 S04 36 3 A b 300 3 I NG A I B3 35 B 3 I 3 U 63 0 U 3 I I N I I Bk I 2 3 U 3 P I 2
C SET-UFP CONSTANTS
DEL2B = 2x%DELB
DEL2AB = 2#(DELB - DELA)
DELLTA = DEL2B - DELA
OLDX = STARTX
OLDY = STARTY
C S=ET-UP ANTIALIASING
FULL = INTENS(1)
IMED = INTENS(2)

IF (DELTA.GE. O0) THEN ! DIAGONAL TYPE LINES
ANTI1 = -DEL2Z2B ! DEFAULT VALUE
IMIN = INTENS(2) ! SET MIN TO MED INTENSITY
TYPE = 3
ELSE ! AXIAL TYPE LINES
IF ((RATIO#DELB). LE. DELA) THEN ! SHALLOW AXIAL
ANTI1 = -LAPCON(2) % DELB ' LONG LAP
TYPE = 1
ELSE ! STAMDARD AXIAL
ANTI1 = —LAPCON(1) * DELDB ! STANDARD LAP

IF (DELTA. GE. ANTI1) ANTI1 = -DEL2B
! MINIMUM TRANSITION REGION (LAP) LENGTH!

TYPE = 2
END IF
IMIN = INTENS(3) ! STANDARD MINIMUM INTENSITY
DELTA = DELTA + ANTI1 ! CORRECT SYMMETRY

END IF
ANTI2 = ANTI1 #* 2

R L R S L R Ll R e I I R RS I R IR T T R ST T TR
c . j
C DIAGNOSTIC ROUTINE

c .
C 3 3030403 9 36 3030 36 3 34 3624 36 36 30 3 36 9 36 36 W 30 38 96 26 34 34 3 36 36 b 45 3 030 30 3 3 4 W 4 b 36 36 I 96 36 36 3 3 36 36 I 3 6963 I3 W K
IF (DIAG. GT, 0) THEN ! IN DIAGNOSTIC MODE
WRITE (&, 2030)
2030 FORMAT (¥ DRAW1 SUBROUTINE - ANTIALIAS ALG. NO. 17) .
WRITE(&, 2032) DELA, DELB, DELTA, ANTI1, ANTI2, IMED, IMIN, TYP!
2032 FORMAT (¥ A=, 14, B=",14, DELTA=",15," Ai=',15, '
* Y oA2=',15," MED=", 14, MIN=',14," TYPE=", I2)
END IF




DRAW1

of PRS2 XTSI e S A IS R LSS LIRSS ISR LTS ELL LT ST

C I 302030 3 2 H I T T 36300 T 300 T 00060030 36T 00T 00 3036 0 3980 3 30T 30 906 30369000 30303636 063 02698 96 30 06 36
c

c DRAW THE LINE

C

CAEIEMI I I 339209300020 T o3 2336380 306390 30 3 2 303636 0030 9030 30T 30 J 0 5630 3090 30 0630 3606900 0090 96 3696 4 9696 94 6
C OQUTPUT THE STARTING POINT

0094 IF (DELTA.LT. ANTI2) THEN
0095 FRAME(OLDX, OLDY) = FULL
0096 ELSE
0097 FRAME (OLDX, OLDY) = IOR(FRAME(OLDX,OLDY), IMED)
0098 END IF
' € DRAW THE REMAINDER OF THE LINE
0099 100 IF (DELA. GT. 0) THEN ! DELA = NO. OF POSITIONS IN LIN
0100 IF (DELTA.LT.0) THEN
C C Ml MOVE
~0101 NEWX = OLDX + M1X
0102 NEWY = OLDY + M1iY
0103 IF (DELTA.LT. ANTI2) THEN
0104 FRAME (MEWX, NEWY) = FULL
0105 ELSE IF (DELTA.LT.ANTI1) THEN
0106 FRAME (NEWX, NEWY) =
* I0R (FRAME (NEWX, NEWY), IMED)
0107 FRAME (OLDX+M2X, OLDY+M2Y) =
, * I0R (FRAME (OLDX+M2X, OLDY+M2Y), IMI
0108 ELSE
0109 FRAME (NEWX, NEWY) =
* IOR (FRAME (NEWX, NEWY), TMIN)
0110 FRAME (OLDX+M2X, OLDY+M2Y) =
* I0R (FRAME (DLDX+M2X, OLDY+M2Y), IME
0111 END IF
0112 OLDX = NEWX
0113 OLDY = NEWY
o114 DELTA = DELTA + DEL2B
(o11s ELSE
C M2 MOVE
0116 OLDX = OLDX + M2X
0117 OLDY = OLDY + M2Y
0118 FRAME(OLDX, OLDY) = FULL
0119 DELTA = DELTA + DEL2AB
0120 END IF
0121 DELA = DELA - 1 ! DECREMENT POISITION COUNT
0122 60TO 100
0123 END IF
c
C LINE DRAWING COMPLETED
c
0124 RETURN
0125 END - 13
PAGE !
ORIGINAL T,
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st

DEF&ULT
ORG 200

+
+

s W W s W We W W O
*
*
L

+
+

P

3+

)

o6
NANOP CCNOP LDNOP SB ALUZ YD CARO SSO ALUBR MDRIKD MARIKA

VECT/Lé - IDL LOW RESOLUTION VECT ROUTINE

VERSION 1.2
SCH

MODIFIED 246-0CT-81

SCH '
BUG IN SHADE BIT DUPLICATION FIXED : .

COPYRIGHT 1981 IKONAS GRAPHICS SYSTEMS, INC.

All softvware that is copyrighted Lty Ikonas must Le
oktained from Ikonas.

(2%

A




>~

DEFAULT NANOP CCNOP LDNOP SD ALUZ YD CARO SSO ALUBR MDRIKD MARIKA
ORG- 6000

+
+

VECTAAL —~ LOW RESOLUTION ANTIALIASING VECT ROUTINE

CALLING FORMAT:
VECTAA  <VLISTADDRZ
VECTOR LIST FORMAT:

WORD UPPER 16 BITS L.OWER 16 BITS
0 Y-COORD X-COORD

1 D/M, E. SHADE Z~COORD (IGNORED)

(CONTROL /SHADE)\Z COORD. WORD:

®e We W We W G W W W W We We B W W W W e W G W @ B

BIT 01 - DRAW=1, MOVE=0

BIT 30 - END LIST=1, ND END LIST=0

BIT 29 - UNUSED

BIT 28 - UNUSED

BITS 27-24 - RESERVED
i BITS 23-16é - VECTOR SHADE
3+
s $INCLUDE IDLSYS. EXP
HE & d
i IDLSYS ~ IDL INTERPRETER/DISPATCHER SYSTEM CONFIGURATION EQUATES
H .
)+
)
3+
SYSFLAG=0 i ADDRESS OF GENERAL IDL SYSTEM FLAG WORD.
ITABLE=1 i ADDRESS OF IDL INSTRUCTION RELOC. INDEX TABLE.
ERRWD=ITABLE+256. ;i ADDRESS OF IDL SYSTEM ERROR FLAG WORD.
INDFLAG=ERRWD+1 i ADDRESS OF THE COPY OF THE CURRENT IDL

i INSTRUCTION INDIRECT ADDRESSING FLAG WORD.
RPNT=INDFLAG+1 . i ADDRESS OF THE SYSTEM RELATIVE VERTEX WORD
SYSCOEF=RPNT+1 ; BASE ADDRESS FOR SOFTWARE TRANSFORM MATRICES
INSTR=500 i ADDRESS OF FIRST IDL INSTRUCTION,
TSTACK=7777 ; ADDRESS OF HIGHEST SCRATCHPAD L.OCATION.
BSTACK=TSTACK—SOO. i LOWEST ALLOWABLE STACK LOCATION.
i 4+
3 IDL RUNTIME ERROR CODE DEFINITIONS.
; ++
ERRi=1 ; IDL STACK UNDERFLOW ERROR CODE
_ ERR2=2 i IDLL STACK OVERFLOW ERROR CODE.

i 4+
i END OF IDL SYSTEM EGQGUATES
i+ .

s $INCLUDE IDLEGS. EXP




R
P ++ ‘
5 IDLEQGS - IDL SYSTEM ROUTINE ADDRESS EGUATES
i
P+

GET PARAMETER (ADDRESS) L
GET PARAMETER (VALUE) :

CPARMADR=22 s IDL SYSTEM ROUTINE
CPARMVAL =35 + IDL SYSTEM ROUTINE

GPARMSPA=0 s IDL SYSTEM ROUTINE - GET PARAMETER (ADDRESS SPECIAL) L, *
CPARMSPV=0 + IDLL SYSTEM ROUTINE ~ GET PARAMETER (VALUE SPECIAL)
IDLPUSH=54 ; IDL SYSTEM ROUTINE - PUSH QG ONTO IDL SYSTEM STACK
IDLPOP=70 + IDL SYSTEM ROUTINE - POP Q OFF OF INL. SYSTEM STACK
IDLEXIT=3 : IDL SYSTEM ROUTINE ~ EXIT AND FETCH- NEXT IDL INSTRUCTION
e M
} MISCELLANEQUS PROGRAM EQUATES.
it ;
MASK8=377 s EIGHT BIT SHADE MASK
MASK9=777 iNINE BIT COORDINATE MASK (SEE NOTE).
MASKW10=1777 s TEN BIT MASK
MASK16=~-1 s SIXTEEN BIT MASK (HALFWORD)
YCONV=1777 i Y COORD INVERTER VALUE
DELTA=2 s COORDINATE DISPLACEMENT VALUE (USED BY DIS1,DIS2)
ZERO= 000 000 ;i CONSTANT USED Td CLEAR UPFER DATA REGISTER
i+ )
MAIN PARAMETER FETCHING.
LY
VECTAA: JSBDF GPARMVAL . i GET INPUT VERTEX LIST A
§Q PS BD Bi s R1=VERT. PNTR.
) ivertex pointesr contains the
; address in scratchpad RAM of
; the next vertex word pair
B1 RLIMM CAR1 SMR BD 1 o . i PRE-DECREMENT VERTEX FOINTER
it+
i GET NEXT VERTEX.
P+t

A3 A2 2222 222 22 222 22 2T XTSI TSRS L L LR 2L R 2N L Xl Rl g L E R Rl R R ST R

i LOAD NEW YFINAXFIN FROM SCRATCHPAD RAM TO REG. 2
R R Ty Ly R 2 X 2 e e e 2 A 22 22 2R S SR L LT 2 2o ]

R L e T b L I i e Tt

o




nNuiE:

THE COORDINATES ARE ACTUALLY MASKED TO 9 BITS. SINCE THE
COORDINATES WILL BE MULTIPLIED BY 2, THE END RESULT IS COORDINATES
EFFECTIVELY MASKED TO 10 BITS.

f s RETURN MASKED AND SHIFTED
. JYFIN\XFIN TO REG.2

e B % e W
preary

}******ill************’*i*****{********************%***************************
i EXTRACT YFIN AND XFIN FROM R&=G. 2 o !

i AND PLACE IN REG. 4 AND REG. 5 RESPECTIVELY
§ OSSN 303000 00 03I 00 A S 00000 0 03I 36060000 3030 A0 0 000 0000 0030 6

3 W 36 36 3 I 36 36 3 3 3 36T 6 I 36 I 3 36 30 3 I 3 S4B I I H 36 3E I I I I I HF I 3E 343 K 3646 3 30 363 3 36 3 SE 403 34 303 33 IS A TR R X

; PREPARE FOR EXIT

; STORE ENDPOINT AT THE ADDRESS OF THE .SYSTEM RELATIVE VERTEX WORD

5 OW NI I I MRS NSRS H AR YRR R W HIRPE HE R A HAER SR ERE R T RFEE R BT R R
B2 PS ALUMDR LDUDR 202 i MDR=CURRENT ABS. YFINAXFIN
RIMM PR ALUMAR RPNT i MAR=202\RPNT

EOL: IKWR JMPDF IDLEXIT ;i WRITE CURRENT POINT. THEN EXIT.

RS

i SUBROUTINES.

i++

++

; VECDIS - GIVEN THE VECTOR END POINT:, VECDIS DETERMINES THE
i CHANGES (OR DELTAS) IN THE X AND Y COORDINATES BET-
i 'WEEN POINTS OF THE VECTCR.

ON ENTRY:
R4=FINAL Y COORDINATE




]
i
i
i
}
i
¥
H
)
b
i
$
H
}

RS=FINAL X COORDINATE
R&6=YFINMXFIN

R7=INITIAL X COORDINATE
RB=INITIAL Y COORDINATE

WORKING VARIABLES:
R9=DX
R10=DY
R11=DISPLACEMENT 1
R12=DISPLACEMENT 2

IDL SYSTEM REGISTERE - DO NOT DESTRCY!
R14=8S0FTWARE STACK POINTER
R15=INSTRUCTION POIMNTER

S



} .

} HERE BEGINS THE TOTALLY NEW CODE FOR DRAWING ANTIALIASED LINES

;

R 22T T IR R TSNNSO S AN A SRR TR I TR L L S S e  )

3 W 362 B 2 3 B S I W I I I W I U U A B F AU I 3 I A I I e B A B eI 3 e 3 I WU B W W W36 A WA I A

} REGISTER ALLOCATION
R TTET LA AT IS AR AL SRS S SR SR R 2 S A N A L L 2 T T e e

) . ALLOCATED FOR:

s REGISTER ON ENTRY IN PROCESS ON EXIT

]

) 0 2#DELTA(B) SAME SAME K
) 1 VERTEX POINTER SAME SAME '
: 2 YFIN\XFIN SAME SAME

) 3 CONTROL\SHADE\Z COORD SAME SAME

i 4 YFIN SAME SAME

; 5 XFIN SAME SAME

; & YINIT\XINIT SAME SAME

b7 XINIT DB ANTI1

i 8 YINIT DB ANTID

) 9 DX SAME IMIN

y 10 DY DB DEL2AB = 2#[DB - DA
;1 D1S1 SAME SAME

;12 DIS2 SAME SAME

y 13 DELTA(A) (DA - N) ZERO

i 14 SOFTWARE STACK PNTR SAME SAME

i 15 INSTRUCTION PNTR SAME SAME

§ 335 33 3 3 96 A 2 3k 330 3 0 U 3 3 3 35U I I3 363 3 3 336 3 46 03696 T 3 3 3836 5 363 B 303 36 36 00 0 30 303 36 36 35 96 3 80 45 6 3 30 9
set shade constants (numbers in octal)

'

i

’

i 4 shave value is specified as a 16-bit value which is used to access

i ¢ 296 place color lookup table in the RTI system. Hardware intialization,
; prior to running this microcode, sets the Tkonas video output channel for
i pseudocolor tred. In this mode, only the low 8 bits of the data at

i each pixel location are used to address the color lookup table. This

i color lookup table is initialized by the IDL program which calls this

H microcode. This initialization amounts to loading the three locatians

i in the lookup table, those addressed by the values this microcode

P places in the frame buffer, with the appropriate intensity values.

i
5

3696 36 3635 26 36 36 36 3636 26 3 06090 96 3 36 36 3036 36 36 36 36 9640 46 F 46 3630 3696 35 2036 3630 H0 36 3626 3036 3036 36 FAE 006 30 H AR S0 A0 IR AU KN KN R

FULL=177777 i hex FFFF — position 255 in lookup table
MED=114631 i hex 9999 -~ position 153 in color lookup
MIN=042104 i hex 4444 -~ position 68 in color lookup i

ST TR

3 P I3 338 36 35 36U 2 36 363 366 3 35 6 36 36 30 H 36 3636 036 36 30 9 2 0 36 3 36 3036 3636 3630 336 e 2 Fe FIE I B 3023 B I 306 F 3630 S0 IE 030 40 303 3 e H F R R

i set up constants to be input to Ikonas 16 bit counter
i for use in keeping track of the number of left shifts used to
; implement multiplication §

3 W36 I 3 36 3 I I 3 36 3636 3 36 35 36 36 30 96 30 36 I I I 35 I 36 396 I 3 3 36 3 3 36 36 36 3 3036 36 303 36 5 36 3 HE I3 30 I I W R HHFHR R

i”’”  - I g et . .;1;




LAPCON1=177777 i X4 MULTIPLIER: 1‘S COMPL, OF ZERO
LAPCON2=177775 i X16 MULTIPLIER: 1’S COMPL. OF 2
RATIO=177774 ) X832 MULTIPLIER: 1'S COMPL. OF 3

§ BN T A I I I e He I e H e 3 B I 36U 3 U e I DT I I H B B 3 36 36 2 HI 36 36U b I 205 0 3 I 3 9 3 I 9 0 6 B P 2 I

i CLEAR UPPER DATA REGISTER
B A0 BT U I I I KA I I I3 063 U3 3036 T T30 3 30 30 3E 3306 3 3 I 26 36 36 I 3909 0 96 306 06 36 3¢

DRAW: LDUDR ZERO
BV U0 I I I I T I T IS TE I I BT U I IE DI 36 36 336 330 9030 0036 06 3060 0369 T 06 3696 5696 96936 36 36
i

i CALCULATE DEL
H - .
R L SR e SR R s B E RS R e Rl P 2 e S R T TR TR L R Y 2T R X R v v W SR

RAO Bi3 CAR1 RMS QD

5 AU I N B P B33 e 3N H 26 3L K 304 36 W I 356 T B I I I W A 3 U I I 36U 3636 6335 B B 46 36 4696 3 3636 26 36 W

i DETERMINE IF DEL IS POSITIVE OR NEGATIVE
B NN AR I F ST T I I I 336 3 I A DT I B0 F I I 3 F 3936 T35 963 I 1240 30096 86 HE I 62036 96 96 36

CCNEG JMPDF NEGDEL.
§ WIS B IR 3T I3 A I I AU T 3 35363035 35 63 F 06 I A 0 3696 0600 06 56 0 365 3

i FOR DEL 2= 0, SET CONSTANTS FOR DIAGONAL LINE
B U A3 I I I IS NI I I I 36 633 I3 3636 I 26 39U F 36 F 0 96 46 3636 36 96 96 28 9636 3636 96 48 36

POSDEL.: RAO CAR1 MR B7 BD i ANTI1 (R7) GETS —-2#DELTA(B)
MINHI: RLIMM PR B9 BD MED i PASS MED. INTENSITY VALUE TO MIN REG.
SQ RA13 CAR1 SMR B10 BD i SET UP L(2#DB)-(2#DA)J] FOR USE LATER

JMPDF ANTI2

j****************%*******%****************%****************%******************

i SET CONSTANTS FOR AXIAL LINES
IR R A g2t s 2 SRt R I e Rl LR g T2 2l T Y e T

NEGDEL.: RAO PR B10 RAFBD i D(B) = [2#D(B)1/2

RA10 PR B8 BD ' i COPY D(B) INTO REG.8

LDCNT RATIO i SET UP MULTIPLY CONSTANT IN éDUNTER
MULT: BB PS LAFBD NCCCNTZ JMPCNT MULT ; MULT. RATIO + DB

RA13 B8 CAR1 RMS i D(A) ~ RATID*D(B)

RA10 PR B7 BD CCNEG JMPDF STANDRD
i pass D(B) to reg.7 ;
i IF RESULT < O, RATIO*D(B) > D(A) ;
i THEN STANDARD ’
i ELSE RES. = 0,RATIO*D(B) <= D(A)

i

o***********************}***********%*************%*************%***********%**

¥ NOW SET CONSTANTS FOR SHALLOW AXIAL LINES
3*****************************************************************************

SHALLOW: LDCNT LAPCON2 ; MULTIPLY LAPCON2 % DB i
SHMULT:  B7 PS LAFBD NCCCNTZ JMPCNT SHMULT ?

.:» L — o - — U —— i
TEI,




B7 CAR1 M5 BD : i -LAPCONZ2 * DB TO REG.7
JMPDF MINLO

IR L A2 2 L Il Ll s st Ryttt ettty X eyl Lt d ey ey v varaeey

} SET CONSTANTS FOR STANDARD AXIAL LINES
T TR PRI R e S S P A T R R L TR R Y TR v g

STANDRD: LDCNT LAPCON{ i LAPCONLI # DB
STMULT: B7 PS5 LAFBD NCCCNTZ JMPCNT STMULT

B7? CAR1 MS BD i ANTI1 = -LARCON1 # DB

B ORI TE I B U AT 3 e I U U T 3 0 U I T I I I S BN T B3 353060 30 3536 2T 2
} SET MINIMUM TRANSITION REGION LENGTH IF DEL FALLS

i INTO SECOND HALF OF TRANSITION REGION
§ AP B4 30 0 B 6 HE 363 36 3 35 A e I 3 3 FE 6 6 U B U B3 S0 30 I I I F T3 3 45 I 3 3 0 0 I F A 0 B O 36 I 3836 3 3636 8 36

COMPARE L[DEL - ANTI1]

BOTH DEL AND ANTI1 ARE NEG. HERE
IF RESULT < O THEN DEL < ANTIi
ELSE RESULT >= 0 AND DEL >= ANTI1

8@ RA7 CAR1 SMR MINLO

W W e

NCCNEG JMPRDF MINREGN
MINREGN: RAO CAR1 MR B7 BD : i SET ANTI1 = - [2%#DB1]
MINLO: RLIMM PR B% BD MIN i PASS LOW INTENSITY VALUE TO MIN REG.

b U3 U B 3 e U e WA SE 36 I G I I 30 B S S ST W I W I I BN 3 B B W I T B I S I 3 S

i SET UP THE CONSTANT L[(2#DB) - (2#DA)] IN REG. 10 FOR USE LATER
IR LR L L Ll Sl e B S 2 R a2 22 R 2 2R 2 T S R P T TR A R R R ey

8G RA13 CAR1 SMR B1O BD

3 W3t 36 36 33 3 A I 3 6 36 36 3 3 6 36 36 36 38 30 H 3 W3 36 3 W B B 363 3036 96 36 363 6 I 3 e 346 FE 2036 I B F B S 63 B S 2 U B B S5 3 26 3030326 9

i SYMMETRY CORRECTION
IR I 2 e R T T T T T T Ty

S@ RA7 RPS QD i DEL. = DEL + ANTI1

3 W 3t e 3t 3 3096 3 3 I 3 36 3 3 3 3 36 I 3E 3 36 3 36 3636 36 36 W 36 3 3k 36 36 W 3 36 36 36 3 36 36 3 I 36 3430 36 3636 36 36 30 36 B H 36 30 3 B 36 0 36 H B 36 34 3630 54 26 3 36 I 36 6

i SET ANTIZ
R ST S R I AR R A R A R T T Y Y R R Ty

ANTIZ2: RA7 PR LAFBD B8 i ANTIZ2 = ANTI1 * 2

L e

; OUTPUT THE STARTING POINT

Ry L T T
S@ RAB CAR1 SMR PT1FULL i DEL - ANTIZ

i ANTIZ2 IS ALWAYS NEG.

; DEL MAY BE POS. OR NEG. HERE

i IF DEL POS.

; THEN RESULT 2> 0, DEL > ANTIZ2

; IF DEL NEG. THEN
; IF RESULT 4« O, THEN DEL < ANTI2
NCCNEG JMPRDF PTIMED H ELSE RESULT >= O , DEL »>= ANTIZ

.-




PT1FULL: RLIMM PR ALUMDR FULL i LOAD MDR WITH FULL INTENS. VALUE
B6 PS ALUMAR BD CCMEMAC JMPDF .
OUTPUT1: LRESWR MASHIKA JMPDF DRAWLN

PTIMED: RLIMM PR ALUMDR MED i LOAD MDR W. MEDIUM INTENS. VALUE
Bé PS ALUMAR BD CCMEMAC JMPDF .
LRESWR MASHIKA .

§ W P 3 36 336 I 36 BB W 3 3 I W B I3 I 3236 I 30 66 36 330 P 6 W W UG 363 B W3 I B I B I S I S35 3 B2 3

; " DRAW THE REMAINDER OF THE LINE
R R R TR TRt T R E R S R R R R R R R TR R

FANI IR I NI N3 NI I M S MR RN
i EXIT IF DA = O b
R R TR A L RS T R R SR R L T R R R R Y TR YR T e Y

DRAWLN: B13 PS BD

SQ PS @D CCZERU JMPDF EXIT i SET UP FOR DEL COMPARISON
i EXIT IF D(A) IS ZERO

3 S 3 3 U 3 3 S BB e I 3 A W M SE W I 3 3 3 W W W 3 S H I 3 W I I I 33 3 W 3E WS 3 33 3 3 6 3 0 4 35 330 4 3 Mok 338 5

j CHECK FOR M1 MOVE ( DEL < O )
§ O e O 3 3 B B B 3 H B A3 A I BB AU B0 36 3030 33 I 6 B I 2R I I3 I 9 I S

S8Q RAB CAR1 SMR NCCNEG JMPDF M2MOVE i SET UP FOR COMP. DEL % ANTIZ2
; DEL .GE. O MEANS M2MOVE

IR TR R R e T 2 A R R R A R R T S
i M1 MOVE

i CHECK TO SEE IF NOT YET IN TRANSITION REGION

i IF DEL < ANTIZ2 THEN NOT YET IN TRANSITION REGION

i ELSE DEL >= ANTI2, HAVE ENTERED TRANSITION REGION
IR T T I R s 2 2 R SR I SRR TR S R T S R L A L T e e

MiIMOVE: NCCNES JMPDF MITREG i TEST [DEL - ANTIZ23]
i BOTH DEL AND ANTIZ2 NEG. HERE
i IF RESULT < O
i THEN DEL < ANTI2
i ELSE RESULT 2= 0
i DEL »>= ANTI2

e Ly R L T T 2 s T e 2
5 WRITE OUT FULL INTENSITY PIXEL

j LOAD MDR BEFORE ENTERING WAIT LOOP. THIS IS TO ALLOW SOME DEGREE OF

; PIPELINING TO TAKE PLACE IN THAT BY LOADING THE MDR BEFORE THE WAILT

i LOOP INSTEAD OF AFTER IT, YOU ARE GIVING THE MEMORY AN ADDITIONAL
i
[

200 NSEC. TO BECOME AVAILABLE.
R S R S I A R S A AR T 2 A R TR S S I I T

MIFULL: RLIMM PR ALUMDR FULL
B& RAL1 CARHO RPS ALUMAR NCCMEMAC JMPDF QUTPUT2 i
WAIT2: RA& PR ALUMAR CCMEMAC JMPDF . :

- OUTPUT2: LRESWR MASHIKA JMPDF UPDATE

R A L Iy e L e r x
i IF DEL < ANTI1 THEN IN FIRST HALF OF TRANSITION REGION
i ELSE IN SECOND HALF OF TRANSITION REGION




5 BEIINI T I I I I T I I 063630 I I 0000 J 03B B I ST I 26 0TI 3000 0T 30300 0006300 363963636 0636 36 36
M1TREG: 8@ RA7 CAR1 SMR i DEL - ANTI1

; BOTH DEL. AND ANTI1 ARE NEG. HERE
i IF RESULT < 0

; THEN DEL < ANTI1H

i ELSE RESULT »= 0

i DEL = ANTI1

NCCNEG JMPDF MIMIN

IR L A E s S Xl s d g T e SR R TR T R R Y A R RV VR AR TR TRV TRvET T
i FIRST HALF OF TRANSITION REGION

i OUTPUT MEDIUM INTENSITY PIXEL IN M1 DIRECTION
D WA I I I I I I It I TN ST B I I3 45 36T U3 I I I 36359635 36 93 4 4

MiMED: B4 RA11 CARHO RPS ALUMAR CCMEMAC JMPDF .
OUTPUT3: LRESWR DFIKD MASHIKA MED

5 W TN I U U B AN I B B K I B BT FE I F T I I B B 3 336U U I W 2 Hb P IE 3 3 3 394

i OQUTPUT MINIMUM INTENSITY PIXEL IN M2 DIRECTION
PR AR 2L S S L Sl e TRt SRR e f LR 2 S 2 L R R 2 R e R R TR SRR TR A S

M2MIN: B? PS ALUMDR i PASS ASSIGNED MIN. VALUE TO MDR
Bé RA12 CARHO RPS ALUMAR CCMEMAC JMPDF .
OUTPUT4: LRESWR MASHIKA JMPDF UFDATE i MAY BE ABLE TO USE THE MIN
i DATA FIELD AS ORIGINALLY
i WRITTEN SINCE WHEN THIS LOOP IS

USED, B9 = MIN, NOT MED

PR R i R Rt S R e S R T R R X R R R R O ST s
i AT THIS POINT, DEL > ANTI1 SO BEYOND MIDWAY POINT IN TRANSITON REGION

; OUTPUT MINIMUM INTENSIT PIXEL IN Mi DIRECTION
R A s e R s S e e T R R T g T Ry T R S R TSR s

MIMIN: B% PS ALUMDR
B6 RA11l CARHO RPS ALUMAR CCMEMAC JMPDF .
LRESWR MASHIKA

§ B R e 3t 3 36 30 W3 I3 3636 30 3 303 30 36 300 36 36 36 36 30 3 20303 430 3030 3030 30 30 30 3 B 3 30303 B 030 30 46 4036 3 26 06 36 36 26 3696 96 36 36 36 26 35 3 396 36 35

i OUTPUT MEDIUM INTENSITY PIXEL IN M2 DIRECTION
B WA A A HE I IS I A I3 I BB BTGB T I I3 36006 5 0 38 9 B 36 360 26 326 596 38 3 3¢

M2MED: B& RA12 CARHO RPS ALUMAR CCMEMAC JMPDF .
LRESWR DFIKD MASHIKA MED

IR R s R s R S S IS R R R 2 R T R T R R R R R Y R R R ey
i NOW UPDATE POSITION BY ADDING DISi TO BOTH COORDINATES

i AND BY SETTING DEL = DEL + [2 # DB1 :
RS h g b S R SR T P R R S 2 L T R TR R R AR AT S

UPDATE: B4 RAL11 CARHO RPS BD
SG@ RAO RPS QD JMPDF DECDA i DEL = DEL. + [2 ¥ DB]
5 GOTO DECREMENT DA (EOL COUNTER)

5 W03 I I I I I I I A A A I I 336 2620 3003 B I3 B2 B S B 36
i M2 MOVE :

; UPDATE POSITION, OUTPUT FULL INTENSITY ‘PIXEL., UPDATE DEL :
R R R S S S s L P 2 A e E e T e AT

M2MOVE . Bé& RA12 CARHO RPS ALUMAR BD NCCMEMAC JMPDF OUTPUTS (Y\X)=(Y\X)+D182?
RA6 PR ALUMAR CCMEMAC JMPDF .

& . . - o . X e B




K

OUTPUTS: LRESWR DFIKD MASHIKA FULL

§ AN R I IIEN I T30 IS I U IIAEI U353 B A AR B 3K T T3 336 69630369636 6063639 0693696 30963 96 3
i UPDATE DEL FOR M2 MOVE

; BEL = DEL + L[(2#DB) - (2#DA)]

; THE VALUE ADDED TO DEL HAS ALREADY BEEN COMPUTED AND 1S IN R10

b FNAL I IR KA I I JE T2 U AU B 0 T B0 T 063620 2T 36 3 36 006 I

SG RA10 RPS GD i DEL = DEL + [(2%DB) - (2x%DA)1]

IR I LAl 2 sl st ittt R ey Yt R X R T TRV VIR VS

; DECREMENT DA (END OF LINE COUNTER)
T VRS

DECDA: RLIMM B13 CAR1 SMR BD 2 DECREMENT DELTA A
DECREMENT BY TWO FOR LORES
HARDWARE PECULIARITY

GOTO TOF OF DRAW LOOP

Wr W we We

JMPDF DRAWLN
BRI U I KA I I I I I I NI I B A B 363353 I3 063 3 I T3 9 6 96 4636 3530 36 303696 30 3 36

i RETURN TO CALLING PROGRAM
B R SEAE BT I I3 I I I I I I I I I AE U T BB I 35 03 I I 63690 06U I A 000 056 9603630 3 36

EXIT: NARETN

END ; ASSEMBLER DIRECTIVE




P

DEFAULT NANOP CCNOP LDNOP SB ALUZ YD CARO SSO ALUBR MDRIKD MARIKA %

v
o P

ORG 7000
} **
i VECTAAZ2 - LOW RESOLUTION ANTIALIASING VECT ROUTINE
i}
]
i CALLING FORMAT:
4
i VECTAA <VLISTADDR>
’ *
J VECTOR LIST FORMAT:
; -
i WORD UPPER 14 BITS LOWER 1& BITS
H o Y-COORD X-COORD
J 1 D/M. E, SHADE Z—-COORD (IGNORED)
H - PR e s .
i
i (CONTROL/SHADE)\Z COORD. WORD:
i
} BIT 31 - DRAW=1, MDVE=0
i BIT 30 - END LIST=1, NO END LIST=0
i BIT 29 = UNUSED
; BIT 28 -~ UNUSED
i BITS 27-24 ~ RESERVED
; BITS 23-164 - VECTOR SHADE
HE & 3
i $INCLUDE 1DLSYS. EXP
L
i IDLSYS - IDL INTERPRETER/DISPATCHER SYSTEM CONFIGURATION EQUATES
; 1
IR L
P+
P+
SYSFLAG=0 i ADDRESS OF GENERAL IDL SYSTEM FLAG WORD,
ITABLE=1 ; ADDRESS OF IDL INSTRUCTION RELOC. INDEX TABLE.
ERRWD=ITABLE+256. i ADDRESS OF IDL SYSTEM ERROR FLAG WORD.
INDFLAG=ERRWD+1 ; ADDRESS OF THE COPY OF THE CURRENT IDL
i INSTRUCTION INDIRECT ADDRESSING FLAG WORD.
RPNT=INDFLAG+1 ;i ADDRESS OF THE SYSTEM RELATIVE VERTEX WORD
SYSCOEF=RPNT+1 i BASE ADDRESS FOR SOFTWARE TRANSFORM MATRICES
INSTR=500 i ADDRESS OF FIRST IDL INSTRUCTION.
TOSTACK=7777 ; ADDRESS OF HIGHEST SCRATCHPAD LOCATION.
BSTACK=TSTACK~-500. ;i LOWEST ALLOWABLE STACK LOCATION,
Pt '
i IDL RUNTIME ERROR CODE DEFINITIONS.
HE L 2
ERR1=1 i IDL. STACK. UNDERFLOW ERROR CODE
ERRZ=2 i IDLL STACK OVERFLOW ERROR CODE.
HE L
i END OF IDL SYSTEM EQUATES
HE L

i $INCLUDE IDLEQS. EXP




K3

) IDLERS - IDL

i
KL

CPARMADR=22
CPARMVAL=35

GPARMSPA=0 ; IDL SYSTEM ROUTINE -
CPARMSPV=0 i IDL SYSTEM ROUTINE -
1DLPUSH=54 i IDL. SYSTEM ROUTINE -

1DLPOP=70 i IDL SYSTEM ROUTINE -

IDLEXIT=3 i IDL SYSTEM ROUTINE -

HE L 2

i . MISCELLANEQUS PROGRAM EQUATES.

L
MASKE=377 sEIGHT BIT SHADE MASK
MASK9=777
MASK10=1777 s TEN BIT MASK
MASK14=-1 3 SIXTEEN BIT MASK (HALFWORD)
YCONV=1777 3Y COORD INVERTER VALUE
DELTA=2
2ERO=0

HE L2

; IDL

.+ IDL

SYSTEM ROUTINE

SYSTEM ROUTINE

SYSTEM ROUTINE

ADDRESS EQUATES

GET PARAMETER
GET PARAMETER
GET PARAMETER
GET PARAMETER

PUSH @ ONTO 1DL SYSTEM STACK

(ADDRESS)

(VALUE)

(ADDRESS SPECIAL)
(VALUE SPECIAL)

POP Q OFF OF IDL SYSTEM STACK
EXIT AND FETCH NEXT IDL INSTRUCTIGN

%
.

$NINE BIT COORDINATE MASK (SEE NOTE).

s COORDINATE DISPLACEMENT VALUE (USED BY DIS1,DIS2)

; CONSTANT USED FOR CLEARING THE UPPER DATA REGISTER

i MAIN PARAMETER FETCHING. :
; all IDL subroutines pass parameters though the Q register

i+t

VECTAA:

§Q PS BD Bi

JSBDF GPARMVAL

Bl RLIMM CAR1 SMR BD 1

HE L o

; GET NEXT VERTEX.

HE R

PRI AR NN TN R RIS SRR LR R F R R H AR H SR SR AR FHFR SRR SF R LB F RS RE

i LOAD NEW YFINAXFIN FROM SCRATCHPAD RAM TO REG. 2
R A At L R Ry Ry Ty S A X R R T S R

i ++

; GET INPUT VERTEX LIST A

s R1=VERT. PNTR.

svertex pointer contains the
; address in scatchpad RAM of
; the next vertex word pair

;s PRE~-DECREMENT VERTEX FOINTER

i PASS PREVIOUS YFIN TO NEW YINIT
s+ PASS FREVIOUS XFIN TO NEW XINIT
i PASS PREVIOUS YFIN\XFIN

i TO NEW YINITNXINIT

; POINT 7O NEXT VERTEX
; READ NEXT VERTEX Y\X

; READ NEXT S\Z, LOAD MAERK

oo R AR L e B s




& © m ke § WY

LOW RESOLUTION COOPDINATE TRANSLATION (HARDWARE PECULIARITY). ’
NOTE: ‘
THE COORDINATES ARE ACTUALLY MASKED TO % BITS. SINCE THE i«
COORDINATES WILL BE MULTIPLIED BY 2, THE END REBULT 1S COORDINATES
EFFECTIVELY MASKED TO 10 BITS. ;

e W Wwe e W W

-

i RETURN MASKED AND SHIFTED
s YFINVXFIN TO REQ. 2

R S R R e e A RS IR S T TR R TR R TR TR N R e Sy
H EXTRACT YFIN AND XFIN FROM REG. 2

i AND PLACE IN REG.4 AND REG. 5 RESPECTIVELY

R T T g 2t s s s a2t e I iRt T2 222 IR E 2 T LT TTTT VAP HPTTTTE Y I

. X
¢ Ve

3

:ﬂSN"Ep

-

R R R e Ry L T R A R e R e R L]
i PREPARE FOR EXIT

; STORE ENDPOINT AT THE ADDRESS OF THE SYSTEM RELATIVE WERTEX WORD
R T R Y R R T e R T Y R Y R R R R AT R R R R R

B2 PS ALUMDR LDUDR 202 i MDR=CURRENT ABS. YFIN\XFIN
RIMM PR ALUMAR RPNT - i MAR=202\RFNT
EDL: IKWR JUMPDF IDLEXIT i WRITE CURRENT POINT, THEN EXIT,
P+
; SUBROUTINES.
8
+4

VECDIS - GIVEMN THE VECTOR END POINTS, VECDIS DETERMINES THE
CHANGES (OR DELTAS) IN THE X AND Y COORDINATES BET-
WEEN POINTS OF THE VECTOR.

- Wwe W we e

}




We W W We W We W W We We W e W= W W W

K-

ON ENTRY: '
R4=FINAL Y COORDINATE
RS5=FINAL X COORDINATE
R&6=YFIN\XFIN
R7=INITIAL X COORDINATE
RB8=INITIAL Y COORDINATE

WORKING VARIABLES:
R9=DX
R10=DY
R11=DISPLACEMENT 1
R12=DISPLACEMENT 2

IDL SYSTEM REGISTERS - DO NOT DESTROY!
R14=SOFTWARE STACK POINTER
R15=INSTRUCTION POINTER

i
B 3

FEU |5 GO



»
»
1]
3T ks

P I S I 32 U B 35 U8 e A0 F I AT I I U U I I e K I W I WA He 3 H W H I T F I A AT e H W B BB W RN j

i

; HERE BEGINS THE TOTALLY NEW CODE FOR DRAWING ANTIALIASED LINES

i _
§ NI B U333 3B U T I I S A 3 IS 0330 33 3 3 396 36 36 36 36 36 3 O 0 0

HEZ A 2T Lt Il 22 R 222 el Ul gl Ll n T 2 X e Ry T R VY SRRV VTR VR R VRV VR VRS YRS

i REGISTER ALLLOCATION :
R L g S e e R R a2 22 T kRl S S I T T Y Y R R TS VR g

i _ ALLOCATED FOR: .
i REGISTER ON ENTRY IN PROCESS ON EXIT

’

; 0 2%#DELTA(B) SAME SAME

[ 1 VERTEX POINTER SAME SAME

i 2 YFINVXFIN SAME SAME

; 3 CONTROL\SHADE\Z COORD C\S\IMIN SAME

i 4 YFIN SAME SAME

i ° XFIN SAME SAME

5 6 YINIT\XINIT SAME SAME

; 7 XINIT DB ANTI1

i 8 YINIT DB ANTI2 -

i 9 DX FRAME BUFFER INPUT SAME

5 10 DY DB DEL2AB = 2#LDB - DA]
; 11 DIS1 SAME SAME

; 12 DIs2 SAME SAME

i 13 DELTA(A) (DA - N) ZERO

; 14 SOFTWARE STACK PNTR SAME SAME

i 15 INSTRUCTION PNTR SAME SAME

¥ 36 3 3035 34 30 30 I3 2 I 36 30 35 3 30364036 I A0 I I N H B I I A S 3 SR M N WNN

set shade constants (numbers in ouctal)

'

i A shade value is specified as a 4-bit value which is used to access

; a 16 place color lookup table in the RTI system. This 4-bit value is

; repeated 4 ¢times because of another RTI system peculiarity. The write

i mask in the RTI system determines which of the four 4-bit fields is used
i depending on which frame buffer of which display is currently being

; updated. Thus, all four shade fields are providad here, other IDL

; code insures that a shade field gets to the proper frame buffer.

?

**%***************************************************************************

FULL=177777 i hex FFFF - position 15 in lookup table specified 4 times
MED=114631 i hex 9999 - position 10 in color lookup table spe:. ‘d 4 times

MIN=042104 i hex 4444 ~ position 5 in color lookup table spec., ‘d 4 times

§ WA 30 I S I IO I T I A 363033623 I A6 360 8 36 55 0 B 636 336 3 T 246 266 BN HN

H set up constanis to be input to Ikonas 16 bit counter
i for use in keeping track of the number of left shifts used to
; implement multiplication

;******************************************************************************‘\

LAPCON1=177777 i X4 MULTIPLIER: 1'8 COMPL. OF ZERO




hniUWnéi¢1/llv r ALD MIVLIAFLLIER: 1S CUMFL. UF 2
RATIC=177774 » X32 MULTIPLIER: 1’G COMPL. OF 3

§ A0 36T I U 3 T U U VA BB H I U B T I A W I TE AU H I N B H e I B e 3T IR

j CLEAR UPPER DATA REGISTER _

} TO PERMIT THE USE OF IMMEDIATE DATA WITH THE DFIKD SPECIFICATION,

} ALSO CLEAR THE Z FIELD

IR AT A2 a2 S s a I e R R S S PR S S R R e e

DRAW: LDUDR MASK16 i CAN ALMOST CERTAINLY BE
‘ i BE PIPEL INED
B2 RIMM RAS BD ZERO i CLEAR THE Z FIELD IN REG.2
LDUDR ZERO 7 CAN PROB. PIPELINE

§ AR T 333 3T B F I U6 U 3 I 3T U eI I O DA A I 3 F U A I 063359696 6 36 6 I 336 3636 356 369 3 28
5

i CALCULATE DEL

i

3 VeI DI U 3 I H I SE W I I A I I I W I I T I U U U2 U DI I A6 I I I TN I I I I U I BB BB U

RAO B13 CAR1 RMS GD

§ W36 30T I 303 96 6 3 33 3 3 3 3 36 W 3 W WA I 3 I 336 330 30 H 3 36 W I T UM I 303 36 03 B S B T B30 36 B3 36 333 B 0 SE M MM BT

i DETERMINE IF DEL IS POSITIVE OR NEGATIVE
IR e 2R e e e S I P R R N T Y e Y

CCNEG JMPDF NEGDEL

PR S 2R T 2 i B X R S e 2 S R R A 2 2 L A
i FOR DEL >= O, SET CONSTANTS FOR DIAGONAL LINE

3 W36 336 W I I F W Fe I H 3 e I W 3 Ho I Fe I K W 3 34 3 I 3 I He W W I I I W I K I I H 3N B I F I I3 I I I K I 3 3 H I I I WA W

POSDEL.: RAO CAR1 MR B7 BD i ANTI1 (R7) GETS -2#DELTA(B)
MINHI: B2 RLIMM RORS BD MTSD i PUT IMIN IN Z FIELD OF REG. 2

SQ@ RA13 CAR1 SMR B10O BD i SET [(2#DB)-(2#DA)]1 FOR USE LATER
JMPDF ANTIZ2 :

R TR e R e R RS R R R R R SR AR R A R R A A R R
i SET CONSTANTS FOR AXIAL LINES

i***************************************************%**%***********************f

NEGDEL.: RAO PR B10 RAFBD i D(B) = [2¥D(B)1/2

RA10 PR B8 BD 3 COPY D(B) INTO REG.8

LDCNT RATIO i SET UP MULTIPLY CONSTANT IN COUNTER
MULT: B8 PS LAFBD NCCCNTZ JMPCNT MULT ; MULT. RATIO # DB

RA13 BB CAR! RMS : D(A) - RATIO#D(B)

RA10 PR B7 BD CCNEG JMPDF STANDRD

; PASS D(B) TO REG.7
i IF RESULT < O, RATIO#D(B) > D(A), STANDARD
i ELSE RATIO#D(B) <= D(A), SHALLOW

§ 36 B30 3963 3 3 3 B N3 13 3633 628 35 456 A6 I 336 66 T 3 38 303636 2036 304 626 303 63 20 3 SE H I B A H R HE

i NOW SET CONSTANTS FOR SHALLOW AXIAL LINES
AL 2 2 2 e e S e e PR R T S T A T A R e e

~AINAL PAGE IS
ur. POOR QUALITY

i
1
)
;



R
SHALLOW: LDCNT LAPCON2 i MULTIPLY LAPCONZ2 # DB
SHMULT: B7 PS LAFBD NCCCNTZ JMPCNT SHMULT

B7 CAR1 MS BD i =LAPCON2 * DB TO REG.7
JMPDF MINLO

5 BB 3 226 6 W 3 b U eI B I K WIS e 3 I I B I HeH 36 36 W U I A 6 B I I I I 3536 I 32616 T T T I3 I I W NI

3 SET CONSTANTS FOR STANDARD AXIAL LINES
IR 2R 2R 2 s a2 e R L B bR 2 2 T I IR g R R T R e

STANDRD: LDCNT LAPCON1 i LAPCONi # D
STMULT: B7 PS LAFBD NCCCNTZ JMPCNT STMULT .

B7 CAR1 M5 BD 5} ANTI1 = -~LAPCONi * DB

IR T A R e XL 2 e s S S e T R 2 L R R

i SET MINIMUM TRANSITION REGION LENGTH IF DEL FALLS

} INTO SECOND HALF OF TRANSITION REGION

L T o e e
80 RA7 CAR1 SMR MINLO COMPARE [L[DEL - ANTI1]

BOTH DEL AND ANTI1 ARE NEG. HERE

IF RESULT < O THEN DEL < ANTIt

ELSE RESULT >= O AND DEL = ANTI1

W W W e

NCCNEG JMPRDF MINREGN
MINREGN: RAO CAR1 MR B7 BD i SET ANTI{ = — [2#DB]
MINLD: B2 RLIMM RORS BD MIN i3 PUT IMIN IN Z FIELD OF REG.2

3 B 36 3 2 3 3 W W W 3 363 W 3 36 3 H I AW W I I e 3 36 36 3 H I e HH I3 I e 6 W I W W W N

i SET UP THE CONSTANT L[(2#DB) - (2#DA)]1 IN REG. 10 FOR USE LATER
IR 22 T s 2Rl s I S R Py S S R R A Y R T R R R Y T

Q@ RA13 CAR1 SMR B10O BD

L L L X o T 2 2 2 X 2 T R R R A v RS

i SYMMETRY CORRECTION
IR 2222 L d SR S e R R S 2 R I A R L A A X Y

SQ@ RA7 RPS GD ; DEL = DEL + ANTI1

§ W 303 3 34 30 38 30 3 35 303 W 30 3 36 6 3 30 3 A S 30 3030 340 30 HE I 3030 30 R S 30 3 33 3 30 3 50 3035 36 033 3E 3 5 336 30 36 3630 305 30 34 9 3 36 96 30 S 48 30 3636 - 39

i SET ANTIZ2
IR AL ZS R L2l St R d it g e a2 S I S A S R T Y S T R A L

ANTI2: . RA7 PR LAFBD B8 i ANTIZ2 = ANTII'* 2

§ e A 3B I I W e S 3 M 3 3 I 3 I I FE I B e T B 0 I I3 3 3 36 390 3434 3 3030 36 6 3 W I B 3 30 I W I 3 SRR

i OUTPUT THE STARTING POINT
PRS2 2T 2 T 2 2t S p 2 2 T L R T R T T T S ST A R

SG RAB CAR! SMR PTIFULL DEL - ANTIZ2

ANTIZ IS ALWAYS NEGATIVE

DEL MAYY BE POS. OR NEG. HERE

IF DEL POS i
" THEN RESULT > 0, DEL > ANTIZ2

e W cwe W W




AN M VKA. 1
i IF RESULT < O, THEN DEL < ANTI2 %
NCCNEG JMPRIF PTIMED 5 ELSE RESULT >= 0, DEL >= ANTIZ2 i
PTIFULL: RLIMM PR ALUMDR FULL i LOAD MDR WITH FULL INTENS. VALUE
Bé6 PS5 ALUMAR BD CCMEMAC JMPDF .
. LRESWR MASHIKA JMPDF DRAWLN

PT1MED: B4 PS ALUMAR BD CCMEMAC JMPDF .
LRESRD MABHIKA

IKBR BD B9 - i OR the pixel value at the addressed
B9 RLIMM RORS ALUMDR MED i location with the MED value to be
LRESWR MASHIKA i output

! 5 HEI36 3t e 3t U W 3 e W e B I W W6 I F I F AW FE I W I W I I I I WH e 33 W T I I I B I I W I I I 3 I I B 3 I

i DRAW THE REMAINDER OF THE L.INE
BRI B B BT T T I I U A BB FE U I 33533 I 35T 35 30T 3136 386 36T 3336 3 3 3 93 36 56

IR L 222t 2 X el LRt st Sttty e t S el IR eI il stttz Yy

i EXIT IF DA = O
R LA T T R S TR R IR L R Ty R R AR P S A e

DRAWLN: B13 PS BD
SG PS @D CCZERO JMPDF EXIT i SET UP FOR DEL COMPARISON

306 363 23 3 36 B U I W I A I I I W I 3 HeF e I B I W I F JHTE I I A I FIE 3 3 I FE W B 3 S0 U K I F W 36 6P BRI

3 CHECK FOR M3 MOVE ( DEL < O )
B 6 e I U N T3 3 I A U 30 36T I I AEIIE 353336 I I AW I W BN

SQ@ RAB CAR1 SMR NCCNEG JMPDF M2MOVE i SET UP FOR COMP. DEL % ANTIZ2
i DEL .GE. O MEANS M2MOVE

IR Z 222 TR R e R PR R R RS A AT S R A A I A I TR Y ST T T N
; M1 MOVE

3 CHECK TO SEE IF NOT YET IN TRANSITION REGION

i IF DEL < ANTI2 THEN NOT YET IN TRANSITION REGION

i ELSE DEL >= ANTIZ2, HAVE ENTERED TRANSITION REGION i
R SR 22 et S e S e A e T T e e R T A R R e P T T T

M1MOVE: NCCNEG JMPDF M1TREG i TEST [DEL - ANTIZ2]

i BOTH DEL AND ANTI2 NEG. HERE
3 IF RESULT < O

i THEN DEL < ANTIZ

i ELSE RESULT >= 0

i DEL Z= ANTIZ

5 T B T T I T I 3 I3 I I3 3 U B3 B BB A BB 6 4 A ST AN IR T I N

e NI

; WRITE OUT FULL INTENSITY PIXEL

;i LOAD MDR BEFORE ENTERING WAIT LOOP. THIS IS TO ALLOW SOME DEGREE OF
i PIPELINING TO TAKE PLACE IN THAT BY LOADING THE MDR BEFORE THE WAIT
i LOOP INSTEAD OF AFTER IT, YOU ARE GIVING THE MEMORY AN ADDITIONAL

53 200 NSEC. TO BECOME AVAILABLE.

******************************************************%***********************;

M1FULL: RLIMM PR ALUMDR FULL ORIGINAL PAGE IS
OF POOR QUALITY




B6 RA11 CARHO RPS ALUMAR NCCMEMAC UMPDF OUTPUTR2
RA4 PR ALUMAR CCMEMAC JUMPDF ,

OUTPUTZ: LREQNR MASHIKA JMPDF UPDATE

B ORI U U I 3B I T 303 e T I3 00 36 5 36 3606 36 200 36 3 0 3 06 I I A 9636 36 396 360 06 0 3
H IF DEL < ANTI1 THEN IN FIRST HALF OF TRANSITION REGION

; ELSE IN SECOND HALF OF TRANSITION REGION
B AN BN T 33033 3 0T 030 BB O D036 3036360 3 063 3 3633 965 32 363 0 3 3T 99 6 6336 06 3636 06 3 36 36 96

M1TREG: S0 RA7 CAR1 SMR DEL - ANTII
BOTH DEL AND ANTI1 ARE NEG. HERE
IF RESULT < 0

THEN DEL < ANTI

NCCNEG JMPDF MIiMIN ELSE RESULT >= 0

- W W B @ e

DEL >= ANTI1 6

§ S I U U I TE T I B33 I 3 3 3 33 0 I F 3 B3 I I 2 B0 B B B A DB 39 3 3 3 9 B 36 3 0 O 036 B B
i FIRST HALF OF TRANSITION REGION
H QUTPUT MEDIUM INTENSITY PIXEL IN Mi DIRECTION
§ ST B A B 23 F B3 T I I3 3 I U U T3 B 33 3 3535 3 636 3 36 350 I B33 060 3 36 3 0B O 33 06 2 36 3 6
MIMED: B6 RA11 CARHO RPS ALUMAR CCMEMAC JUMPDF .

LRFE:SRD MASHIKA

IKBR BD B9 i OR pixel value at addressed location

B9 RLIMM RORS ALUMDR MED ; with MED value to be output

LRESWR MASHIKA

§ U B S 3B A0S IS ST 0300360003 BB A 160000300 B3940 0
5 OUTPUT MINIMUM INTENSITY PIXEL IN M2 DIRECTION

§ W NI B B3 3 3 363 63 0 3 3E HE 26 36 96 3 U8 3690 36 3 03 I 025 00 336 BRI 636 BB 6 3 S R K 2RI N

M2MIN: B2 RLIMM RAS ALUMDR MASK1é i LOAD MDR PRIOR TO WAIT LOOP FOR
i PIPELINE EFFECT

Bé6 RA12 CARHO RPS ALUMAR CCMEMAC JMPDF .
LRESRD MASHIKA i MAY BE ABLE TO USE THE MIN
IKBR BD B9 i DATA FIELD AS ORIGIMALLY
B? RMDR RORS ALUMDR i WRITTEN SINCE WHEN THIS LOOP IS
LRESWR MASHIKA JMPDF UPDATE H USED, B9 = MIN, NOT MED ?7
i NO REASON TO CHANGE THIS HOWEVER

R AR L T R R e T T AP T R N R s
i AT THIS POINT, DEL > ANTI1 SO BEYOND MIDWAY POINT IN TRANSITON REGION
P OUTPUT MINIMUM INTENSIT PIXEL IN M1 DIRECTION

B W 33 30 I 30 o3 A I B3 3R A BB I I 3 M2 B2 S 36336 3 0 3 30 A0 3630 35 40 30 36 3635 03 6 30 H e 6 26 05 3 é

M1MIN: B2 RLIMM RAS ALUMDR MASK1ié i LOAD MDR PRIOR TO WAIT LOOP
i FOR PIPELINE EFFECT

86 RA11 CARHO RPS ALUMAR CCMEMAC JMPDF
LRESRD MASHIKA
IKBR BD B9 i OR pixel value at addressed location
B? RMDR RORS ALUMDR i with IMIN value to be output

LRESWR MASHIKA i there may be a wait here

BT I I NI S AT 3 366HHH 3636 33636 I I3 3 A 36569336336 36 S I B 3 R
i OUTPUT MEDIUM INTENSITY PIXEL IN M2 DIRECTION

?i
i
i but no wait loop need be
;i explicitly specified ‘



.

e e LT

;****************************************************i************************* :

MQMED: B4 RAL2 CARHO RPS ALUMAR CCMEMAC JUMPDF .
LRESRD MASHIKA
IKBR BD B9 i OR pirzel value at addressed location
B9 RLIMM RORS ALUMDR MED ; with MED value to be output

LRESWR MASHIKA

R TP TR YA AL AR AT AL Y S A SR A R SR R Y S
; NOW UPDATE POSITION BY ADDING DISi TO BOTH COORDINATES

i AND BY SETTING DEL = DEL + {2 * DB]
R T s e Lt e R R AT R P A P SRR 2 T S S T
UPDATE: B4 RAii CARHO RPS BD i LYAX] + M1 DISPLACEMENT (DIS1)

8@ RAO RPS GD JMPDF DECDA i DEL = DEL + [2 # DB]

i GOTO DECREMENT DA (EOL COUNTER)

T

3 WL SE T e B8 6 eI b I 3 N B3 3B I SN S K A W N e 3 I I I B B A T B B IS BB B 3 A S

i M2 MOVE
i UPDATE POSITION, OUTPUT FULL INTENSITY PIXEL, UPDATE DEL
Ly I T Y ey e

M2MOVE: B4 RA1Z2 CARHO RPS ALUMAR BD NCCMEMAC JMPDF OUTPUTS ;i (Y\X)=(Y\X)+DIS2
RA& PR ALUMAR JMPDF .
OQUTPUTS: LRESWR DFIKD MASHIKA FULL

R Ty Xy R e 2 e S e 2T e e )
i UPDATE DEL FOR M2 MOVE

$ DEL = DEL + [(2#DB) - (2#DA)]

i THE VALUE ADDED TO DEL HAS ALREADY BEEN COMPUTED AND IS IN R10

R TR A R T P R A R e L R S S A L Ll

S@ RA10 RPS GD i DEL = DEL + L[(2%#DB) - (2#DA)]
i can pipeline w., OUTPUTS

§ W 3E3E 3 e I I L4 I T WA W WS NI A W KW A N W NN

i : DECREMENT DA (END OF LINE COUNTER)

3339 W 5 3 30 W93 3 B 3 30 36 3036 3 30 36 3 30 33 30 3 36 3 303 34 36 I He I 40 36309 I I 2 3 T3 3 30T 3 e 6 3 H0 I HE B 3 30 I I W W W 3 B 3 36 I A0 U I N

DECDA: RLIMM B13 CAR1 SMR BD 2 i DECREMENT DELTA A
;i DECREMENT BY TWD FOR LORES
i HARDWARE PECULIARITY
JMPDF DRAWLN

3 RG2S I 36 Fb I 36 3 S I H W I W I I I KW S I I I I F I F W SIS 3 3 I I I I I I IS W W W 3N I W 3N I

i RETURN TO CALLING PROGRAM ,
R Ty A I I T T e R R P T A R R R A L S S i SR g T L L
EXIT: NARETN

END i ASSEMBLER DIRECTIVE




DEFAUL T NANUF CUNUFP LUNUP SB ALUZ YD CARO SS0 ALUBR MDRIWKD MARIKA
ORG 6000

+
+

VECTAAIF - LOW RESOLUTION ANTIALIASING VECT ROUTINE

CALLING FORMAT:
VECTAA  <VLISTADDR>
VECTOR LIST FORMAT:

WORD UPPER 16 BITS LOWER 16 BITS
0 Y~COORD X-COORD

1 D/M, E, SHADE Z~COORD (IGNORED)

(CONTROL/SHADE)\Z COORD. WORD:

W W W W W W B W W W W We Be We W W Be We We e W e e

BIT 31 - DRAW=1, MOVE=0

BIT 30 - END LIST=1, NO END LIST=0

BIT 29 - UNUSED

BIT 28 - UNUSED

BITS 27-24 ~ RESERVED
’ BITS 23-16 - VECTOR SHADE
3+
} $INCLUDE IDLSYS. EXP
3+
5 IDLSYS - IDL INTERPRETER/DISPATCHER SYSTEM CONFIGURATION EGUATES
3
i ++
P+t
i+
SYSFLAG=0 ; ADDRESS OF GENERAL IDL SYSTEM FLAG WORD.
ITABLE=1 ; ADDRESS OF IDL INSTRUCTION RELOC, INDEX TABLE.
ERRWD=ITABLE+256. ; ADDRESS OF IDL SYSTEM ERROR FLAG WORD.
INDFLAG=ERRWD+1 ; ADDRESS OF THE COPY OF THE CURRENT IDL

i INSTRUCTION INDIRECT ADDRESSING FLAG WORD.
RPNT=INDFLAG+1 ; ADDRESS OF THE SYBTEM RELATIVE VERTEX WORD
SYSCUOEF=RPNT+1 ; BASE ADDRESS FOR SOFTWARE TRANSFORM MATRICES
INSTR=500 s ADDRESS OF FIRST IDL INSTRUCTION.
TSTACK=7777 ; ADDRESS OF HIGHEST SCRATCHPAD LDCATION.
BSTACK=TSTACK~500. i LOWEST ALLOWABLE STACK LOCATION.
HE L 2
; IDL RUNTIME ERROR CODE DEFINITIONS.
i+ ¢
' o
. ol Ve
ERR1i=1 ; IDL. STACK UNDERFLOW ERRQOR CODE Gﬁgﬁ- dpk
ERR2=2 ; IDL STACK OVERFLOW ERROR CODE. o ?00%
ot

PR 2
; END OF IDL SYSTEM EQUATES
i ++ '

i $INCLUDE IDLEQGS. EXP

e

L



s

5 IDLEGS - IDL SYSTEM ROUTINE ADDRESS EQUATES

P+ | ,
i

CPARMADR=22 ‘3 IDL SYSTEM hDUTINE GET PARAMETER (ADDRESS)

CPARMVAL=35 ; IDL SYSTEM ROUTINE ~ GET PARAMETER (VALUE)
CPARMSPA=0 3 IDL SYSTEM ROUTINE - GET PARAMETER (ADDRESS SPECIAL)
CPARIMSPV=0 ; IDL SYSTEM ROUTINE - GET PARAMETER (VALUE SPECIAL)
IDLPUSH=54 + IDL SYSTEM ROUTINE - PUSH G ONTO IDL SYSTEM STACK
iDLPOP=70 s IDL SYSTEM ROUTINE - POP Q OFF OF IDL SYSTEM STACK
IDLEXIT=3 i IDL SYSTEM ROUTINE - EXIT ANP‘FETCH NEXT IDL INSTRUCTION
PO
i MISCELLANEOUS PROGRAM EGUATES.
2
MASKB8=377 sEIGHT BIT SHADE MASK .
MASK®=777 iNINE BIT COGCGRDINATE MASK (SEE NOTE).
MAESK10=1777 s TEN BIT MASK
MASK16=-1 i SIXTEEN BIT MASK (HALFWORD)
YCONV=1777 Y COORD INVERTER VALUE
DELTA=2 i COORDINATE DISPLACEMENT VALUE (USED BY DIS1.DIS2)
ZERO= 000 000 i CONSTANT USED TO éLEAR UPPER DATA REGISTER
i
i MAIN PARAMETER FETCHING.
P 4
VECTAA JSBDF GPARMVAL s GET INPUT VERTEX LIST A
SG& PS BD Bi i R1=VERT. PNTR.
ivertex pointer contains the
; address in scratchpad RAM of
i the next vertex word pair
B1f RLIMM CAR1 SMR BD 1 _ ; PRE-DECREMENT VERTEX POINTER
R L
i GET NEXT VERTEX.
i+t
G \S i PASS PREVIOUS YFIN TO NEW YINIT
a\g\“h Q\)»-W‘ i PASS PREVIOUS XFIN TO NEW XINIT
g P ; PASS PREVIOUS YFIN\XFIN
0 ; TO NEW YINIT\XINIT

5 W3 I I 38 b I B U S A6 3 35 36 3 I 3E 30 I FE WM A 36 I U 33 P B3 I3 3 3 3 WS 3 333 I3 A I Bt S 3 3 S0 333 36 36 345 3 3 %

i LOAD NEW YFINAXFIN FROM SCRATCHPAD RAM TO REG. 2

,*%é*%**%#*****wi***#***#*******************#t&*&**%%**4**%*******%%**#**#*****

: POINT TO MNEXT VERTEX
i READ NEXT VERTEX Y\X

i READ NEXT S\Z, LOAD MASK
P e
i MASK Y\X COORDINATES TO 10 BITS, THEN MULTIPLY BOTH BY 2 FOR
i LOW RESOLUTION CODRDINATE TRANSLATION (HARDWARE PECULIARITY).

LT T

§ o g e haeAr mzea ¥ aipe o




i NOTE: .

i ~ THE COORDINATES ARE ACTUALLY MASKED TO 9 BITS. SINCE THE ’

i COORDINATES WILL BE MULTIPLIED BY 2, THE END RESULT IS COORDINATES ‘

; EFFECTIVELY MASKED TO 10 BITS. g

Pt ’ :
. - s RETURN MASKED AND SHIFTED

s YFINN\XFIN TO REG, 2

R LTI R ST R R I R R Ry T X T T Y T Y Y e R N W gy
b ’ EXTRACT YFIN AND XFIN FROM REG. 2 )

i AND PLACE IN REG.4 AND REG. S5 RESPECTIVELY
PR R RN RR ARG R BB R AR RS E R PR E R RRRAR B RN R ERRRE RS RBRR R AR R BB RS S RSB GG S0

R 2 2T a2l s Rty R s e Ry I T R T
; PREPARE FOR EXIT

i STORE ENDPOINT AT THE ADDRESS OF THE SYSTEM RELATIVE VERTEX WORD
L L R s R e E R 2 X s g e Ly R T 2

B2 PS ALUMDR LDUDR 202 i MDR=CURRENT ADS. YFIN\XFIN z
RIMM PR ALUMAR RPNT i MAR=202\RPNT :
EOL: IKWR JMPDF IDLEXIT . s WRITE CURRENT POINT, THEN EXIT. :
P+
i SUBROUTINES.
P 2
++

VECDIS - GIVEN THE VECTOR END POINTS, VECDIS DETERMINES THE
CHANGES (OR DELTAS) IN THE X AND Y COORDINATES BET-
WEEN POINTS OF THE VECTOR.

ON ENTRY:
R4=FINAL Y COORDINATE

®r ws e e we e e




**m_w-—.ﬂqswmmmmhm e [
R&=YFIN\XFIN

R7=INITIAL X COORDINATE

REB=IMITIAL Y COORDINATE

1
Lt i

WORKING VARIABLES:
R9=DX
R10=DY
R11=DISPLACEMENT 1
R12=DISPLACEMENT 2

W W W W W W B W W e W Be W ®
.

IDL SYSTEM REGISTERS - DO NOT DESTROVY! ORI
R14=SOF TWARE 'STACK POINTER OF fa%"é‘k PAGE (s
R15=INSTRUCTION POINTER W FUUR QUALITY

g

e e <



- s

5
i HERE BEGINS THE TOTALLY NEW CODE FOR DRAWING ANTIALIASED LINES
5
;

3 3030 U U 3 U BB U S B U B AT U B I U I A AU 6O BB B 3 P BT

i § RIS 3 0 B 33 3k 36 3k 3 A 36 U 3 O B U B I A 3 B B BN A U U B BN H B A U W A U B BN I A6 B I A B 0 3

i REGISTER ALLOCATION

5 A 3 0 3 Ok B 3 B B 3 B B A 3 B U B A 5 U3 U B U3 U 36 3 3 U BB 3 S e S A A B B U U A S O B O S S Sk U W 3 3 3 3 B 3 3 P A

1

- i ALLOCATED FOR:

s REGISTER O ENTRY IN PROCESS . ON EXIT

H

; o 2#DELTA(B) SAME SAME ;
. P 1 VERTEX POINTER SAME SAME |

i 2 YFINAXFIN SAME SAME

' 3 CONTROL\SHADE\Z COORD SAME SAME

i 4 YFIN SAME SAME

; 5 XFIN SAME SAME

; b YINIT\XINIT SAME SAME

i 7 XINIT DB ANTI{

5 8 YINIT DB ANTI2

; 9 DX SAME IMIN

i 10 DY DB DEL2AB = 2%[DB - DA}

; 11 pist SAME SAME

; 12 D1s2 SAME SAME

i 13 DELTA(A) (DA - N) ZERO

i 14 SOFTWARE STACK PNTR SAME SAME

; 15 INSTRUCTION PNTR SAME SAME

R L LR R Y S Y S R R R R I R TR LR X R R e e L T
set shade constants (numbers in octal)

f

;

i

i A shade value is specified as a 16-bit value which is used to access

i a 256 place color lookup table in the RTI system. Hardware intialization,
i prior to running this microcode, sets the Ikonas video output channel for
i pseudocolor red. In this mode, only the low 8 bits of the data at

H each pixel location are used to address the color lookup table. This

i color lookup table is initialized by the IDL program which calls this

H microcode. This initialization amounts to loading the three locations

i in the lookup table, those addressed by the values this microcode

3 places in the frame buffer, with the appropriate intensity values.

;
e’

bW 33 3 3 S W 3 e P I I U IS0 I B AN WIS I e J I W B AU P S I e I K 3 3 I Sk I A W e B B I W A I e B I F 30 A B 326 3 3

FULL=177777 i hex FFFF - position 255 in lookup table
MED=114631 i hex 9999 - position 153 in color lookup
MIN=042104 ; hex 4444 - position 6B in color lookup

3SR I A s B U I 3 A 3 A b 36 3 38 S H 36 e B H I I I BB T I I I I I A S I35 I I W Y I B e I I I S A B

i set up constants to be input to Ikonas 1& bit counter
; for use in keeping track of the number of left shifts used to
i implement multiplication

B YT G4 3 9 36 36 N 6 3 36 Fe 330 6T I I I A I I 26 I B I I 3B I I 303 36 36 I 36 IE 6 FE BB B SEAE MR

LAPCON1=177777 i X4 MULTIPLIER: 1’8 COMPL. OF ZERO




LAFLUNE=L/ /773 bOALO MULIAFLIER: 1D CUMPL, UF &
RAT10=177774 i X32 MULTIPLIER: 1'S COMPL. OF 3

IR I EZ TSR T T L LS IE TRy T e Y T YT T T Y T ey
5
i Calculate DEL and Clear Upper Data Register

i
3 BN e B A AU U AU U 6 U I B A B A BB F IS I B DB B S U BN I U U U 0B B BB S B 0 SN

DRAMW: RAO B13 CAR1 RMS GD LDUDR ZERO

3*l*****************************************************************ﬁ%%********

; DETERMINE IF DEL IS POSITIVE OR NEGATIVE
B BIE BT MU U3 3T 0 30T e 3T 3 0360 363 U6 0030 0 3030 3T 33 3008 306 9T 00 30 3 0 3800 3036069636000 36 90 0096 36 08 36306 396 4 4

CCNEG JMPDF NEGDEL

i SN 3 I WU W W S A I T WA Fe W S A I 3 e W FHe WU I FE WU LI I F 35 W W 330 H B I 6 T W 3 F e I 3 e e W

i FOR DEL >= 0, SET CONSTANTS FOR DIAGONAL LINE
§ AN S BB B BT T BT3B IS I 00 00 006 0 T T 330 S 03 I 06 3T 06 I 383 36600 90 690 06 21 2

POSDEL.: RAO CAR1 MR B7 BD i ANTI1 (R7) GETS —2#DELTA(B)
MINHI: RLIMM PR B%? BD MED i PASS MED. INTENSITY VALUE TO MIN REG,
SG RA13 CAR1 SMR B10 BD JMPDF ANTI2 i [(2%DB)-(2%DA)] FOR USE LATER

U3t 3 e A I I e B 3 I IR A B I U I I W I 2B I W WA I F A 35 WP 3 W I I I I U U U WU NN N

i SET CONSTANTS FOR AXIAL LINES
B BRI U AU I I T eI F I 3T T U3 3T 030038 36 3T 3 3000 3 36 3506 3503 3 366 363 0633636 0036 2030 3

NEGDEL: RAO PR B10 RAFBD i D(B) = [2%D(B)1/2

RA10 PR B8 BD i COPY D(B) INTO REG. 8

LOUNT RATIO i SET UP MULTIPLY CONSTANT IN COUNTER
MULT: B8 PS LAFBD NCCCNTZ JMPCNT MULT  MULT. RATIO # DB

RA13 BB CAR1 RMS i D(A) - RATIO=*D(B)

RA10 PR B7 BD CCNEG JMPDF STANDRD
i pass D(B) to reg.7
s IF RESULT < O, RATIOxD(B) > D(A)
i THEN STANDARD
i ELSE RES. >= 0,RATIO#D(B) <= D(A)

5 FE N0 3 3B 3 I I 3 I B 30 S A0 W T I W 1 I 36 I I 3 36U BB H I 3636 FE I 2B B I I 3 3 3 A I 2 B I B I U I B3

i NOW SET CONSTANTS FOR SHALLOW AXIAL LINES
i BRI I B A FE B3I 3 BN I 3 3 I B I NI I 6T 369036 063 3948 353636 390 96396363636 6 36 9696 4

SHALLOW: LDCNT LAPCON2 i MULTIPLY LLAPCONZ * DB
SHMULT: B7 PS LAFBD NCCCNTZ JMPCNT SHMULT

B7 CAR1 MS BD JMPDF MINLO .+ —LAPCON2 # DB TO REG.7

b MBI R 3 3 336 3 W3 I3 3 3 A6 36 I 33636 3 b 3 3 3 30 30 36 35 5 3 303 36 H 30 T30 3 36330 0 38 30 30 300 3 I I I H A RN R A é

i SET CONSTANTS FOR STANDARD AXIAL LINES

5 W8 3 33 3 B I I I I 3 e I I 36 B3 e 3 36 34 3343 K I3 I W I K F I I I W B W R R H SRR N R SR RH

ORIGINAL PAGE IS
OF POOR QUALITY
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[ EENTRTTAY K Smaw Wiy T el Wewivie . (IR A IR Y LA 1)

STMULT: B7 PS LAFBD NCCCNTZ .MPCNT STMULT !
B7 CAR1 MS BD ; ANTI1 = -LAPCONi # DB

R I A S S X R P R e E L SR L Sl
i SET MINIMUM TRANSITION REGION LENGTH IF DEL FALLS

i INTO SECOND HALF OF TRANSITION REGION

LTy T R R R T P R R R g R R SR A R s e S S L
i COMPARE [DEL - ANTI1]

;3 BOTH DEL AND ANTI1 ARE NEG. HERE

;3 IF RESULT < O THEN DEL < ANTII

+ ELSE RESULT >= O AND DEL >= ANTI1

8@ RA7 CAR1 SMR MINLO

NCCNEG JMPRDF MINREGN
MINREGN: RAO CAR1 MR B7 BY i} SET ANTI1 = - [2%DB) %
MINLO: RLIMM PR B9 BD MIN ; PASS LOW INTENSITY VALUE TO MIN REG.

5**********%******************%************i*****ﬁ*****************************

; SET UP THE CONSTANT L[(2%#DB) - (2%DA)] IN REG. 10 FOR USE LATER
K T Tpwpapappapaeare o e TR S PR S S R R A L LS R R e S i Sl S S L Ll S Lk

8@ RA13 CAR1 SMR B10 BD

3 W 36U B I U I3 B S e U I U B U UM I B I3 I A6 I I A 3 A6 I W e I BN 3 I I B B NI N I

i SYMMETRY CORRECTION
R LT A R LT T AR R AR R R e S R R R R R S S e L L L s L L

SQ RA7 RPS @D i DEL = DEL + ANTI{

§ b B e 3 B I I Db I e 3T 3 I 3 I A I A e U I BB B U I I3 I I Ho S B T A I K B T3 36 W BN

i SET ANTI2 :
R R R R R IR AR R 2 e S 2L S L s 2l Ll t

ANTIZ: RA7 PR LAFBD B8 i ANTI2 = ANTI1 * 2

B AU U AU U U BB I3 A 36 36 303 36 0000 363 36 3036 336 A A 3 B I 3B 3 I I B B
i DUTPUT THE STARTING POINT
I T T R AR AT AR R R T R R R A Rt e X L L SR e S L R L s L
8@ RAB CAR1 SMR PTIFULL DEL - ANTI2
ANTI2 1S ALWAYS NEG.
DEL. MAY BE POS. OR NEG. HERE
IF DEL POS.
THEN RESULT > 0, DEL > ANTIZ2

& Wy % % e

i IF DEL NEG. THEN
. J IF RESULT < 0, THEN DEL < ANTIZ2
NCCNEG JMPRDF PTIiMED i ELSE RESULT >»= O ,, DEL >= ANTIZ

PTiFULL: RLIMM PR ALUMDR FULL i LOAD MDR WITH FULL INTENS. VALUE
Bé PS ALUMAR BD CCMEMAC JMPDF .

. OUTPUTL: LRESWR MASHIKA Bi3 PS BD JMPDF DRAWLN ; SET UP FOR iNITIAL
i DELTA A (EOL) CHECK

PT1MED: RLIMM PR ALUMDR MED ; LOAD MDR W. MEDIUM INTENS. VALUE
B6 PS ALUMAR BD CCMEMAC JMPDF .
’ ' ‘ : ORIGINAL PAGE IS
OF POOR QUALITY




LAWK 1TRONANM Dl rad bu ¢y B VU TFUR EUL VRAEUA

R ITTEE A AR IR IR LS AR AR TR AR R R T R R SR R T X B TR Ry
i DRAW THE REMAINDER OF THE LINE
PRI TR S S TR R e R LA SRR et R A SR T ISR g R R R L D L T T L R R

PRI R R e R R SR SRR Y R I A A S R TR T R AL L AT
; EXIT IF DA = O

5***********************************************************************%****** ¥

e i EXIT IF D(A) IS ZERD

DRAWLN: SQ PS GD CCZERO NARETN i SET UP FOR DEL COMPARISON
IR I I TR S AR R S R R O T A L T S R
; CHECR FOR M1 MOVE ( DEL < O )

R L IIIIILI LI e s L LSl sttt Ryt STl

SG RAB CAR1 SMR NCCNEG JMPDF M2MOVE ;3 SET, UP FOR COMP. DEL % ANTI2
' ;i DEL .GE. 0 MEANS M2MOVE

3 WA 60 3 BB B M e 3 3 36 35 3 3B H I I I A I I I H A SE I I I I M I 3T BT BB KA I AU IE I B W I U B I

; M1 MOVE

i CHECK TO SEE IF NOT YET IN TRANSITION REGION

i IF DEL < ANTIR THEN NOT YET IN TRANSITION REGION

; ELSE DEL >= ANTI2, HAVE ENTERED TRANSITION REGION

§ U6 I I3 U B I eI B3 38 3 I I I S I eI W B I I3 3 H I I I K IS B H A NN N

; BOTH DEL AND ANTI2 NEG. HERE
M1iMOVE: SQ@ RA7 CAR1 SMR NCCNEG JMPDF MITREG i TEST [DEL-ANTI2], DEL~ANTI1

i IF RESULT < 0O

; THEN DEL < ANTIRQ

i ELSE RESULT >= 0O

; DEL 2= ANTI2

3 W3 36 B 36 3 36 3 36 36 36 300 36 36 3 36 36 30 30 3038 34 33636 33 30 3 H 3 30 30 30 F I 0 I S0 HI H 3033 3 30 90 36 36 3 30403 9 3 3696 36 I 36 36 3 363 N X i

i ~ WRITE OUT FULL INTENSITY PIXEL

i LLOAD MDR BEFORE ENTERING WAIT LOOP. THIS I8 TO ALLOW SOME DEGREE OF
i PIPELINING TO TAKE PLACE IN THAT BY LOADING THE MDR BEFORE THE WAIT
i LOOP INSTEAD OF AFTER IT. YOU ARE GIVING THE MEMORY AN ADDITIONAL

i 200 NSEC. TO BECOME AVAILABLE.

;

B 34 36 33 36 36 0 3 36 36 4 36 3 30 30 55 30 36030 30 3630 40 30 3636 38 36 3 303 330 I 50336 30 W 0 3302 30 3630 28 363636 36 38 3 e 36 I6 36 3646 36 36 36 96 96 3 4 3 9 36 35 9 3 9 36 3 H f

MIFULL: RLIMM PR ALUMDR FULL
B4 RA1l CARHO RPS ALUMAR NCCMEMAC JUMPDF OUTPUTZ2
WAIT2: RA6 PR ALUMAR CCMEMAC JMPDF .

OUTPUT2: LRESWR MASHIKA JMPDF UPDATE

5 WA e 3 3 3 30 3 3 e 3 3 3 03 3 36 6 33 He 34 3 3 B I I 30 A 303 I 36 3 o3I 363 H Ft 3 36 K S I 3 3630 I 30 M H S H W N

i IF DEL < ANTI1 THEN IN FIRST HALF OF TRANSITION REGION
i ELSE IN SECOND HALF OF TRANSITION REGION

§ W6 B I 36U B T WP U B I W W B 1T T I I I I I H P B I I A6 33 335 46 3K I I RN AR

i BOTH DEL AND ANTI1 ARE NEG. HERE
i IF RESULT < O
;. THEN DEL < ANTI1

M1TREG: B? PS ALUMDR NCCNEG JMPDF MIMIN i ELSE RESULT 2= 0

iDEL = ANTI1
DRIGINAL ”ﬁ i SET UP FOR MIMIN OR M2MIN
Q i BY PASSING MIN TO REG. 9




2 Sal

BRI I B U A6 b I H I A U I U I I I U eI I I TN I I DA B N e IS I I T I I WU DTN

} FIRST HALF OF TRANSITION REGION
i OUTPUT MEDIUM INTENSITY PIXEL IN M1 DIRECTION
R TR et T S S S g PR AR R e A B L T R R R R L T R ey

MiMED: B4 RA11 CARHO RPS ALUMAR CCMEMAC JMPDF .
OUTPUT3: LRESWR DFIKD MASHIKA MED

B WU T 3 A P 3 H S e 36 3 B B I S I B N B e I B I I e He e I e S0 NI B I A F 3 U 3 3B I 3 3 3

i OUTPUT MINIMUM INTENSITY PIXEL IN M2 DIRECTION
R TR e R S R e R S T Tl e R R R R S Y A T Y

M2MIN: Bé6 RA12 CARHO RPS ALUMAR CCMEMAC JMPDF . .
OUTPUT4: LRESWR MASHIKA JMPDF UPDATE i MAY BE ABLE TO USE THE MIN
i DATA FIELD AS ORIGINALLY
i WRITTEN SINCE WHEN THIS LOOP IS

USED, B9 = MIN, NOT MED

;*****************%*****#***********************ﬁ******************************
i AT THIS POINT, DEL > ANTI1 SO BEYOND MIDWAY PDINT IN TRANSITON REGION

i OUTPUT MiINIMUM INTENSIT PIXEL IN M1 DIRECTION
PR Rt P R R A R R e S A R R R R R R S TR R A P Y

MIMIN: B& RA11 CARHC RPS ALUMAR CCMEMAC JMPDF .
LRESWR MASHIKA

3 W33t 33 36 36 36 b W B I A 3 3 36 360 3 3 3030 0 36 3 36 36 H S0 330 336 363 36 36 36 3 36 36 35 3030 3090 W 3 o I 3 3 36 30 63636 2 I 363 3 36 36 3 3 36 3¢

; OUTPUT MEDIUM INTENSITY PIXEL IN M2 DIRECTION
PRI I L L R Ry R R e R R R R R L e R A L R R e

M2MED: B4 RA12 CARHO RPS ALUMAR CCMEMAC JMPDF .
LRESWR DFIKD MASHIKA MED

5 U I I A6 35S B I3 3036 56 B A A 330 1B A I 330 3360 390 3000 36 1303030 33606 03690336 346303
i NOW UPDATE POSITION BY ADDING DIS1 TO BOTH COORDINATES

i AND BY SETTING DEL = DEL + [2 % DB1
IR R IR RS L e s R S R Ly R R L A e L

UPDATE: Bé6 RA1l1 CARHO RPS BD :
S@ RAO RPS QD JMPDF DECDA i DEL = DEL + (2 # DB1]
. i 60TO DECREMENT DA (EOL COUNTER)

5 W 333 36 36 36 36 30 W B 3 36 3 036 30 3 36 36 36 36 3 36 36 36 36 366 36 3036 35 36 30 30 36 36 36 36 305K I3 302030 3 30K W I W 3030 3 36 3636 63 36 3F 3 34 35 3 3035 3

; M2 MOVE
i UPDATE POSITION, OUTPUT FULL INTENSITY PIXEL, UPDATE DEL
IR 2R R T R A E A R L S R T S R T

M2MOVE: Bé6 RA12 CARHO RPS ALUMAR BD NCCMEMAC JrPDF QUTPUTS ; (Y\X)=(Y\X)+DIS2
RA4 PR ALUMAR CCMEMAC JMPDF .

OUTPUTS: LRESWR DFIKD MASHIKA FULL ; UPDATE DEL AS
i COMMENTED BELOW & WRITE :
R LT R R R A T R Y R T R L TR R L
; UPDATE DEL FOR M2 MOVE
i DEL = DEL + [(2%¥DB) - (2#DA)]
; THE VALUE ADDED TO DEL HAS ALREADY BEEN COMPUTED AND IS IN R10 ,
R T R e e R L R R TR R R S R A R R R R T L T

SQ@ RA10 RPS @D




-

R =

] ***************&*******************************************************;ﬁ*****-

’ DECREMENT DA (END OF LINE COUNTER)
R R AR 2 B R el s e R R IR T R T R R R R T T TR

DECREMENT DELTA A
DECREMENT BY TWO FOR LORES
HARDWARE PECULIARITY

SET UP FOR DELTA A CHECK
GOT0O TOP OF DRAW LOOP

DECDA: RLIMM Bi3 CARi1 SMR BD 2

B13 PS BD JMPDF DRAWLN

- W We W W

END +} ASSEMBLER DIRECTIVE
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DEFAUC& NANOP CCNOP LDNOP SB ALUZ YD CARO SSO ALUBR MDRIKD MARIKA

ORG 7000
) ++

e

VECTAAZF -~ LOW RESOLUTION ANTIALIASING VECT ROUTINE

CALLING FORMAT:
VECTAA  <VLISTADDR>
VECTOR LIST FORMAT:
WORD UPPER 16 BITS LOMWER 16 BITS

0o Y-COORD X-COORD

1 D/M. E, SHADE Z-COORD (IGNDRED)

(CONTROL/SHADE)\Z COORD. WORD:

W Bt W We e W W We W W We We W2 W W W W Be We W5 e

BIT 31 - DRAW=1, MOVE=0

BIT 30 - END LIST=1, NO END LIST=0

BIT 29 - UNUSED

BIT 28 - UNUSED

BITS 27-24 - RESERVED
H BITS 23-16 - VECTOR SHADE
i+
i $INCLUDE IDLSYS. EXP
3 4+ »
i IDLSYS - IDI. INTERPRETER/DISPATCHER SYSTEM CONFIGURATION EQUATES
3
TR
; -+
;
SYSFLAG=0 i ADDRESS OF GENERAL IDL SYSTEM FLAG WORD. ,
ITABLE=1 ; ADDRESS OF IDL INSTRUCTION RELDC. INDEX TABLE.
ERRWD=ITABLE+256. i ADDRESS OF IDL 8YSTEM ERROR FLAG WORD.
INDFLAG=ERRWD+1 ; ADDRESS OF THE COPY OF THE CURRENT IDL

# INSTRUCTION INDIRECT ADDRESSING FLAG WORD.

RPNT=INDFLAG+1 ; ADDRESS OF THE SYSTEM RELATIVE VERTEX WORD
SYSCOEF=RPNT+1 ; BASE ADDRESS FDR SOFTWARE TRANEFORM MATRICES
INSTR=500 i ADDRESS OF FIRST IDL INSTRUCTION.
TSTACK=7777 ; ADDRESS OF HIGHEST SCRATCHPAD LOCATION.
BSTACK=TSTACK-500. i LOWEST ALLOWABLE STACK LLOCATION.
i
i IDL. RUNTIME ERROR CODE DEFINITIONS.
; ++
ERR1=1 i IDL. STACK UNDERFLOW ERROR CODE
ERR2=2 i IDL. STACK OVERFLOW ERROR CODE.
; .
i END OF IDIL. SYSTEM EQUATES
i

+ $INCLUDE IDLEQGS. EXP

%




K -
ire
) IDLEQS - IDL SYSTEM ROUTINE ADDRESS EQUATES %
¥ ) i
HE L 2 . 4

GET PARAMETER (ADDRESS)
GET PARAMETER (VALUE)

CPARMADR=22 ,  IDL SYSTEM ROUTINE
CPARMVAL =35 : IDL SYSTEM ROUTINE

CPARMSPA=0 ; IDL SYSTEM ROUTINE GET PARAMETER (ADDRESS SPECIAL)
GPARMSPV=0 ; IDL SYSTEM ROUTINE GET PARAMETER (VALUE SPECIAL)
IDLPUSH=54 ; IDL SYSTEM ROUTINE PUSH Q@ ONTO IDL SYSTEM STACK 3
IDLPOP=70 ; IDL SYSTEM ROUTINE - POP G OFF OF IDL SYSTEM STACK
IDLEXIT=3 ; IDL SYSTEM ROUTINE - EXIT AND FETCH NEXT IDL INSTRUCTION
R I 3
b MISCELLANEOUS PROGRAM EQUATES, *
[ 2 . i
MASKB8=377 s EIGHT BIT SHADE MASK
MASK9=777 s NINE BIT COORDINATE MASK (SEE NOTE).
MASK10=1777 s TEN BIT MASK
MASK16=-1 i SIXTEEN BIT MASK (HALFWORD)
YCONV=1777 3 Y COORD INVERTER VALUE
DELTA=2 i COORDINATE DISPLACEMENT VALUE (USED BY DISi,DIS2)
ZERO=0 . i CONSTANT USED FOR 'CLEARING THE UPPER DATA REGISTER °
P+
i MAIN PARAMETER FETCHING.
i all IDL subroutines pass parameters though the G register
i+
VECTAA: JSBDF GPARMVAL i GET INéUT VERTEX LIST A
8@ PS BD B1 i R1=VERT. PNTR.
' ivertex pointer containys the
; address in scatchpad RAM of
' i the next vertex word pair
B1 RLIMM CAR1 SMR BD 1 ; PRE-DECREMENT VERTEX POINTER
P+
; GET NEXT VERTEX.
it
GETN: ; PASS PREVICUS YFIN TO NEW YINIT

; PASS PREVIOUES XFIN TO NEW XINIT :
; PASS FREVIOUS YFINANXFIN g
i TO NEW YINITAXINIT ;

;***%**********#&*4%****«&#*%**%*******%****ﬁ*%«%%*%*h%*****#**%*&%**&%h*r#é%*é=
H LOAD NEW YFINAXFIN FROM SCRATCHPAD RAM TO REG. 2 5
R T R R R RS R L B R R R Ry e T X R Y A Ay A S S e T L S Lt

i POINT TO NEXT VERTEX
« i READ NEXT VERTEX Y\X

i READ NEXT S\Z, LOAD MAZK

P+




K
LOW RESULUITIUN COORDINATE TRANSLATION (HARDUWARE PECULIARITY),
NOTE:

THE COORDINATES ARE ACTUALLY MASKED TO 9 BITS. SINCE THE
COORDINATES WILL BE MULTIPLIED BY 2, THE END RESULT IS COORDINATES
EFFECTIVELY MASKED TO 10 BITS.

W We W We Wn W

R ettt sRETURN MASKED AND SHIFTED
| s YFIN\XFIN TO REG.2

v
! A

R 222 e eI Iy e I S IR A L I e iR R S e R AR T T TN e )
3 EXTRACT YFIN AND XFIN FROM REG. 2

3 AND PLACE IN REG. 4 AND REG. 5 RESPECTIVELY
IR L2222 2222222 S S 2R e s AR ST AL TS E TSR AR AT 2L T T TT LT T LTY T R

IR 223 2 e Ry T Y R s A
i PREPARE FOR EXIT

i STORE ENDPOINT AT THE ADDRESS OF THE SYSTEM RELATIVE VERTEX WORD :
R TR R T R e T e L T e 2 Ry Ly Ry R T X TR 2 T T

B2 PS ALUMDR LDUDR 202 i MDR=CURRENT ABS. YFIN\XFIN
RIMM PR ALUMAR RPNT -+ MAR=Q02\RPNT
EOL: IKWR JMPDF IDLEXIT s WRITE CURRENT POINT, THEN EXIT.
Hb L 2
i SUBROUTINES.
p
A

i VECDIS - GIVEN THE VECTOR END POINTS, VECDIS DETERMINES THE
CHANGES (OR DELTAS) IN THE X AND Y COORDINATES BET-
WEEN POINTS OF THE VECTOR.

.
i
.
i
i

ORIGINAL PAGE IS
OF PQOR QUALITY
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UN ENIRY:

R4=FINAL Y COORDINATE
RS=FINAL X COORDINATE
R6=YFIN\XFIN

R7=INITIAL X COORDINATE
RB=INITIAL Y COORDINATE

WORKING VARIABLES:
R9=DX
R10=DY
R11=DISPLACEMENT 1
R12=DISPLACEMENT 2

IDL SYSTEM REGISTERS = DO NOT DESTROVi
R14=SOFTWARE STACK POINTER
R15=INSTRUCTION POINTER
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/] HERE BEGINS THE TOTALLY NEW CODE FOR DRAWING ANTIALIASED LINES

¥ .

(LA EL LD S22 el s 22 et Ittt e sl ety iyt by gl R R R Ry CR )

B W TN U W B B N B U I WY U S e U AL 3 U I B A0 U BB AU B U U I N T B 3 4 W O B

i ‘ REGISTER ALLOCATION
B SIS U 06T U AU A 063 U U I T 0D 3T U T 3 U3 363 33 09I 36306 3362 396 3 36 0 306 3 0 0

) ' ALLOCATED FOR:

+ REGISTER ON ENTRY IN PROCESS ON EXIT 3
‘ -
} 0 2%DEL.TA(B) SAME SAME

; 1 VERTEX POINTER SAME SAME

] e YFINAXFIN SAME SAME

3 3 CONTROL\SHADE\Z COORD C\S\IMIN SAME

i 4 YFIN SAME SAME

i 5 XFIN SAME SAME

i é YINITAXINIT SAME SAME

i 7 XINIT DB ANTI 1

i 8 YINIT DB ANTIZ2

i 9 DX FRAME BUFFER INPUT SAME

; 10 DY DB DEL2AB = 2#[DB - DAl

H 11 DIS1 SAME SAME

H 12 DIS2 SAME SAME

i 13 DELTA(A) (DA - N) ZERO

; 14 SOFTUWARE STACK PNTR SAME SAME

i 15 INSTRUCTION PNTR SAME SAME

B U SE 332 BN I 3 BB 2 U B33 33 U 33230 A A6 I 366 3 I 3 33 BB U B B A I 3 I T3 38 3 3 3 96 96 363 3
H

H set shade constants (numbers in octal)

5

} A shade value is specified as a 1é6-bit value which is used to access

H a 256 place color lookup table in the RTI system. Hardware intialization.

i prior to running this microcode:; sets the Ikonas video output channel for

i pseudocolor red. In this mode, only the low 8 bits of the data at

i each pixel location are used to address the color lookup table. This

; color lookup table is initialized by the IDL program which calls this

i microcode. This initialization amounts to loading the three locations

F in the lookup table, those addressed by the values this microcode

H places in the frame buffer, with the appropriate intensity values.

B4 0 S I3 I 3 I3 336 33 303 I 36 363 903 3 246 I I A 63 3 3 3 3 I 0096 36 96 3 5 3 9 3 26
FULL=177777 i hex FFFF — position 255 in lookup table

MED=114631 i hex 9999 - position 153 in color lookup

MIN=042104 i hex 4444 - position &8 in color lookup

B WAL 6 SIS B 30K 30 H T 36 I T3 e B 36 S 3 30 36 30 H 3 096 3626 96 S 3 40 95 46 246 46 26 38 3

F set up constants to be input to Ikonas 16 bit counter
3 for use in keeping track of the number of lefi shifts used to




-

; implement multiplication
R e L T TG A T R A AT AR TR 2R TR TR T R R R R R RV s

LAPCON1=177777 i X4 MULTIPLIER: 1'’S COMPL, OF ZERO
LAPCONR=177775 i X16 MULTIPLIER: 1'S COMPL. OF 2
RATIO=177774 i X32 MULTIPLIER: 1’S COMPL. OF 3

3 WU Ak U B B I I 3 B S U I I I I U I I I I I e B DA 3 A N I I I I DB I I A 6B B B3I We P A

i CLEAR UPPER DATA REGISTER
i TO PERMIT THE USE OF IMMEDIATE DATA WITH THE DFIKD SFECIFICATION.
i ALSO CLEAR THE Z FIELD
R Ty T T e
DRAW: LDUDR MASK1é& i CAN ALMOST CERTAINLY BE
. i BE PIPELINED
B2 RIMM RAS BD ZERO i CLEAR THE Z FIELD IN REG.2
N
LDUDR ZERO + CAN PROBABLY PIPELINE THIS STEP

i THOUGH NO SIGNIFICANT BENEFIT
+ WOULD RESULT

R I T R PR R A A P PR R R S R L PR S
i

i CALCULATE DEL

i

|

l

b o .

3 W I I I F I I 33 A B B B BB 3 3 3 3 I I I I B NI B H A B F NI K I U T T W W B BN

RAO Bi3 CAR1 RMS QD

§ W R At 36 I 4 3 30 M 3 30 3 3 B IE 3046 3B H 33636 30 3 He S0 W I M S0 I I B I F ST I RN E NN R R RN

5 DETERMINE IF DEL IS POSITIVE OR NEGATIVE
R L R R R R S R R S R R R S R RS S e R T I

CCNEG JMPDF NEGDEL

3 M SRS 3030 36 38 B30 I3 B B 36 36 3 36 3036 303 303 2 36 96 3 30 3 K 36 300 30 35 30 30 265 36 36 30 03 3 03838 3 36 30 36 36 36 35 36 30 36 396036 96 30 3 3 36 K K

i FOR DEL = 0, SET CONSTANTS FOR DIAGONAL LINE ,
PR oy R R e T R e R R T R A e
POSDEL.: RAO CAR1 MR B7 BD i ANTI1 (R7) GETS -2#DELTA(B)
MINHI: B2 RLIMM RORS BD MED ;3 PUT IMIN IN Z FIELD OF REG.2

SQG RA13 CAR1 SMR B10O BD i SET L(2#DB)-(2#DA)] FOR USE LATER

JMPDF ANTIZ2

3 W34 3 30 3 e 36 B H 4 36 36 9 0 3k A B 30 3t 36 K S 3630 I I I 0 I P03 HHe I3 6 S S I o 3 303 Fe 36 3630 I 3B I 0 3E I I0 I SEH K NH R

5 SET CONSTANTS FOR AXIAL LINES
T R R R A R R A S R e S S S 2 S LT

NEGDEL: RAO FR B1i0O RAFEBD i D(B) = [a#D(B)1/2

RA10 PR B8 BD i COPY D(B) INTO REG.8B

LDCNT RATIO i SET UP MULTIPLY CONSTANT IN COUNTER
MULT: B8 PS LAFBD NCCCNTZ JMPCNT MULT . MULT. RATIO * DB

RA13 B8 CAR1 RMS i D(A) .= RATIO*D(B)

RA10 PR Z7 BD CCNEG JMPDF STANDRD
i PASS D(B) TO REG.7

pes



P AN REOVILT N Wy RAITLIUNYUAND ) 7 VVA),) DITANDRANKD
ELSE RATIO#D(B) <= D(A), SHALLOW

3 B33 3 e 0t 3 3 U U b e A e B U T B BB e BB AN B I T I U A 35 W I U 35 I I A AU B U B A U B 3

i NOW SET CONSTANTS FOR SHALLOW AXIAL LINES
B BP0 T 30U 3T U B BB U 300 0030 0B 0 S B 35 36 3300 000 00 30 06300 369 3 0096 003 9 90 38

SHALLOW: LDCNT LAPCONR2 i MULTIPLY LAPCON2 % DB
. SHMULT: B7 PS LAFBD NCCCNTZ JMPCNT SHMULT
B7 CARi MS BD i ~LAPCON2 % DB TO REG.7

JMPDF MINLO

-

IR 222 I 2 S It RSttt 2 I g2ttty bttty yyyayy s

; SET CONSTANTS FOR STANDARD AXIAL. LINES
R L Ry T Ty e

STANDRD: LDCNT LAPCON1 i LAPCON1 » DB
STMULT: B7 PS LAFBD NCCCNTZ JMPCNT STMULT

B7 CAR1 MS BD i ANTI1 = ~LAPCON1 * DB

IR T2 T2 el S s R e IR R A A A TR R AT SR I R T T R R

i SET MINIMUM TRANSITION REGION LENGTH IF DEL FALLS

5 INTO SECOND HALF OF TRANSITION REGION

IR 22 TR e A e R L LR T e S TR 2 T T e R Ly e T R T T T
S@ RA7 CAR1 SMR MINLO COMPARE [DEL - ANTI1]

BOTH DEL. AND ANTI1 ARE NEG. HERE

IF RESULT < O THEN DEL < ANTI1

ELSE RESULT >= 0 AND DEL >= ANTI1

e W W W

NCCNEG JMPRDF MINREGN
MINREGN: RAO CAR1 MR B7 BD i BET ANTI1 = - [2%DB]
MINLO: B2 RLIMM RORS BD MIN i PUT IMIN IN Z FIELD OF REG.2

5 W3 B3 3 36 A0 W 303 He I He I 36 3 36 IS B0 S5 36 I 36 36 F0 30 H B 36 W30 36 I A 30 BB 63 33 3636 30 9636 I I 3 36 30 36 06 6 9 56 6K

5 SET UP THE CONSTANT [(2%DB) ~ {(2#DA)1 IN REG. 10 FOR USE LATER
TR R TR 2 L 2 Ty Ty Ry T T e e e

SG RA13 CAR1 SMR BiO BD

5 W 6203 3 303 6 B I S0 B3I H A 3 I I T I A IS 6 3R B2 AR AR 36 S 3 I 6 B 36 5036 6 b I 96 6 B3 36 3 36 360 W K 3

; SYMMETRY CORRECTION
R LTl e e S S S A Sy R R e Y R

SQ@ RA7 RPS GD i DEL = DEL + ANTIi

R L R T Y T T T T L R R e e ey

i SET ANTI2
R L L et e et R a2 ey et e T e 2 A pE T L R AT

ANTIZ2: RA7 PR LAFBD B8 i ANTIZ = ANTI1 * 2

IR L2 S22 e I T R R Rt S 2 R R s AR S R R T R L R R T T
; OUTPUT THE STARTING POINT

B R L T T T LR X T LT TR R s
ORIGINAL PAGE IS
OF POOR QUALITY
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DEL - ANTI2 i
ANTI2 IS ALWAYS NEGATIVE ;
DEL. MAYY BE POS. OR NEG. HERE :
IF DEL POS.

. THEN RESULT > O, DEL > ANTI2

§G° RAB CAR1 SMR PTYFULL

e W W W We

i IF DEL NEG.
B ; IF RESULT < O, THEN DEL. < ANTI2
NCCNEG JMPRDF PTiMED }  ELSE RESULT >= 0, DEL >= ANTI2 8
PTi1FULL: RLIMM PR ALUMDR FULL i LOAD MDR WITH FULL INTENS. VALUE

Bé6 PS ALUMAR BD CCMEMAC JMPDF . N
LRESWR MASHIKA B13 PS BD JMPDF DRAWLN ; SET UP FOR INITIAL

; DELTA A (EOL) CHECK o
PT1MED: Bé& PS ALUMAR BD CCMEMA™ JMPDF .
LRESRD MASHIKA
IKBR BD B®9 ; OR the pixel value at the addressed
B9 RLIMM RORS ALUMDR MED i location with the MED value to be
LRESWR MASHIKA B13 PS BD i SET UP FOR EOL CHECK

§ BRI I W T e U I I I W B I I W T W I e I I3 IS I P I I I I F 3 I3 I BB BB BB I I B S I

i DRAW THE REMAINDER OF THZ LINE
IR 2 T e SR e R TR R T e R R T Sy R T A

IR AT IR L LAt s p Ll D Ll gl g Lt el il ol gl bttt

’ EXIT IF DA = O
5 P 33 H M B W I e S U e B I H W I W I3 I A I He I K I I B I I I U 3 3B I He I W I K eI I W B3I U 3

DRAWLN: SQ PS QD CCZERO NARETN i SET UP FOR DEL COMPARISON

IR I IR TSIl LA Lt L I B L AR R R B L L e O Y R R

5 CHECK FOR M1 MOVE ( DEL < 0 )
R AT I R P T R R S T S R A T R R

5@ RAB CAR! SMR NCCNEG JMPDF M2MOVE i SET UP FOR COMP. DEL. % ANTIZ2
; DEL .GE. O MEANS M2MOVE

R LR T s L g e Py e S R T R A S T A

; Mi MOVE

5 CHECK TO SEE IF NOT YET IN TRANSITION REGION

i} IF DEL < ANTI2 THEN NOT YET IN TRANSITION REGION

i ELSE DEL 2= ANTIZ2, HAVE ENTERED TRANSITION REGION :
R e e s L S

M1MOVE: SQ RA7 CAR1 SMR NCCNEG JMPDF MiTREG i TEST [DEL-ANTIZ2I, DEL—s:
BOTH DEL AND ANTI2 NEG. HERE i

i IF RESULT < ¢

i THEN DEL < ANTIZ2
i ELSE RESUL.T 2= 0

j DEL >= ANTIZ2

IR X E 2R Ty R R e 2 e R S e S S T A S R T T Y f
; > i
i WRITE OUT FULL INTENSITY PIXEL

i LOAD MDR BEFORE ENTERING WAIT LOOP. THIS IS TO ALLOW SOME DEGREE OF
i} PIPELINING TO TAKE PLACE IN THAT BY LOADING THE MDR BEFORE THE WAIT

?
: . &
 aer s . - . . . . | -




. —:—-pc S s B sek bme Gk N * Wb Frar 0 tem WA T APV E ke Pl ANV TS PR A VALY

3 200 NSEC. TO BECDHE AVAILABLE

H

B OO 3B I S Tk 3 T U I A U0 O O O 38 3O U A B B 0 O B 6 O S AU B B3 BB 29 o B0 00 5 3

MiFULL: RLIMM PR ALUMDR FULL
Bé RA11 CARHO RPS ALUMAR NCCMEMAC JMPDF OUTPUTR
RA6 PR ALUMAR CCMEMAC JMPDF .

OUTPUT2: LRESWR MASHIKA JMPDF URDATE

B BRI TN B B U636 3BT T T I I 1 3 0 36T I3 T B06 90 B 03 303654 330 96 36 98 3
[ IF DEL < ANTI1 THEN IN FIRST HALF OF TRANSITION REGION

i ELSE IN SECOND HALF OF TRANSITION REGION
2 IZITTR AT NS L SIS AL A AN TS ARSI AR AT S S SR R R T T T

s+ BOTH DEL AND ANTI1 ARE NEG. HERE
3 IF RESULT < O
5 THEN DEL < ANTI{

M1 TREG: NCCNEG JMPDF MIMIN i ELSE RESULT 2= 0O

i

DEL >= ANTII

R 22T TR R e e S R R A PR R R R X R A T Y Y
j FIRST HALF OF TRANSITION REGION

[ OUTPUT MEDIUM INTENSITY PIXEL IN M1 DIRECTION

R A2 T2 sl g e g et et e R s e R L e S T L P e e T

M1MED: B6 RA11 CARHO RPS ALUMAR CCMEMAC JMPDF ,
LRESRD MASHIKA
IKBR BD B9 i OR pixel value at addressed location
B% RLIMM RORS ALUMDR MED i with MED value to be output

LRESWR MASHIKA
R L2 e e SR R R e s S g e T I S R L S A S e e

3 OUTPUT MINIMUM INTENSITY PIXEL IN M2 DIRECTION
R LTI IR S S R A T R B Ty L T T

MzMIN: B2 RLIMM RAS ALUMDR MASK1é6 i LOAD MDR PRIOR TO WAIT LOOP FOR
i PIPELINE EFFECT

B4 RA12 CARHO RPS ALUMAR CCMEMAC JMPDF .

LRESRD MASHIKA i MAY BE ABLE TO USE THE MIN
IKBR BD B9 DATA FIELD AS ORIGINALLY

LRESWR MASHIKA JMPDF UPDATE USED, B9 = MIN, NOT MED 7?7

H
B9 RMDR RORS ALUMDR i WRITTEN SINCE WHEN THIS LOOP IS
i NO REASON TO CHANGE THIS HOWEVER

L L Ty ey e T
H AT THIS POINT, DEL > ANTI1 S0 BEYOND MIDWAY POINT IN TRANSITON REGION

i QUTPUT MINIMUM INTENSIT PIXEL IN M1 DIRECTION
§ I NI E TN R I I A I3 WA H AR F 633363 I 90 S IR TSI F 3338 3 33 3

MiMIN: B2 RLIMM RAS ALUMDR MASKié i LOAD MDR PRIOR TO WAIT LOOP
i FOR PIPELINE EFFECT

B6 RA11 CARHO RPS ALUMAR CCMEMAC JMPDF .
LRESRD MASHIKA

IKBR BD B9 i OR pixel value at addressed location
B%? RMDR RORS ALUMDR i with IMIN value to be output
LRESWR MASHIKA : ; there may be a wait here

CRIGINAL PAGE IS
OF POOR QUALITY
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¢ ema e ey WY HuwW e

; explicitly specified

IR e g S22 X2l s 222 ddl el st it il il sz i ILT L L T L TN SRS

} DUTPUT MEDIUM INTENSITY PIXCL IN M2 DIRECTION
B BRI ST U330 B3 8 00 00T I 0 00T 300 0 B 0 00 330300 3 3090 3030 0B 030

M2MED: Bé6 RA12 CARHO RPS ALUMAR CCMEMAC JMPDF .,
LRESRD MASHIKA
IKBR BD B9 i OR pixel value at addressed location
B9 RLIMM RORS ALUMDR MED i with MED value to be output

LRESWR MASHIKA

3 VI B B 3 30 H I B U U I B e K T B I AT B A I S0 I A 35 S0 0 3 9 U U I O O N U o

5 NOW UPDATE POSITION BY ADDING DISi TO BOTH COODRDINATES
5 AND BY SETTING DEL = DEL + (2 % DB
T e T ey
UPDATE: B4 RA11 CARHO RPS BD i LYAXD + M1 DISPLACEMENT (DIS1)
8@ RAO RPS GD JMPDF DECDA i DEL = DEL + [2 * DB]

) GDTO DECREMENT DA (EOL COUNTER)

R T e a e e e I R I S T R e S R e R L A T R X A A
i M2 MOVE

} UPDATE POSITION, OUTPUT FULL INTENSITY PIXEL. UPDATE DEL

R 2R 22 R T e e R e e R 2 I e R R A I s L R T T R

M2MOVE: Bé6 RA12 CARHO RPS ALUMAR BD NCCMEMAC JMPDF OUTPUTS ;i (Y\X)=(Y\X)+DIS2
RA6 PR ALUMAR JMPDF .
OUTPUTS: LRESWR DFIKD MASHIKA FULL

5 RN TN NI W3 N F S 3R M 36 W I N B3 R A P AW W N B3 3 B I K U 6 BB

} UPDATE DEL FOR M2 MOVE
) DEL. = DEL + [(2#DB) -~ (2#DA)]
5 THE VALUE ADDED TO DEL HAS ALREADY BEEN COMPUTED AND IS IN R10O

3 VR0 A I WU B I 3B B IR A6 I I U I I A B W W I I 336 A T IE I I I I IS

S@ RA10 RPS QD i DEL = DEL + [(2%DB) -~ (2%DA)1]

}************************************ b3k 3536 9 3 3 33 A A 33 H 34 I I I I I I WK

5 DECREMENT DA (END OF LINE COUNTER)
R 2T I R T T Ty T Y Y

DECDA: RLIMM Bi3 CAR1 SMR BD 2 i DECREMENT DELTA A
; DECREMENT BY TWO FOR LORES
i HARDWARE PECULIARITY
B13 PS BD JMPDF DRAWLN

END ' i ASSEMBLER DIRECTIVE

. qﬂﬂﬂ“ "SCL
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ORG 6000

}
i VECTEADI - LOW RESOLUTION ANTIALIASING VECT ROUTINE
) i USING VECTAAL
i
; CALLING FORMAT:
- ; VECTAA  <VLISTADDR>
; v
i VECTOR LIST FORMAT:
R WORD  UPPER 14 BITS LOWER 16 BITS |
i ' |
| i 0 Y-COORD X-COORD !
i 1 D/M, E, SHADE Z~COORD ( IGNORED)
i (CONTROL/SHADE)\Z CODORD. WORD:
H
5 BIT 31 - DRAW=1, MOVE=0
; BIT 30 ~ END LIST=1, NO END LIST=0
; BIT 29 - UNUSED
; BIT 28 - UNUSED
f BITS 27-24 -~ RESERVED
; BITS 23~16 - VECTOR SHADE
HIE L
i $INCLUDE 1DLSYS. EXP
HE L
; IDLSYS - IDL INTERPRETER/DISPATCHER SYSTEM CONFIGURATION EQUATES
i '
}
3 4
HE L
SYSFLAG=0 + ADDRESS OF GENERAL IDL SYSTEM FLAG WORD.
ITABLE=1 ; ADDRESS OF IDL INSTRUCTION RELOC. INDEX TABLE.
ERRWD=ITABLE+256. ; ADDRESS OF IDL SYSTEM ERROR FLAG WORD. ;
INDFLAG=ERRWD+1 ; ADDRESS OF THE COPY DF THE CURRENT IDL :
; INSTRUCTION INDIRECT ADDRESSING FLAG WORD. ;
RPNT=INDFLAG+1 ; ADDRESS OF THE SYSTEM RELATIVE VERTEX WORD ;
SYSCOEF=RPNT+1 ; BASE ADDRESS FOR SOFTWARE TRANSFORM MATRICES ;
INSTR=500 ; ADDRESS OF FIRST IDL INSTRUCTION. :
TSTACK=7777 ; ADDRESS OF HIGHEST SCRATCHPAD LOCATION. =
BSTACK=TSTACK~500. i LOWEST ALLOWABLE STACK LOCATION. ;
P ++ |
; IDL RUNTIME ERRDR CODE DEFINITIONS.
HE L3 :
ERR1=1 : IDL STACK UNDERFLOW ERROR CODE , §
ERR2=2 ; IDL STACK OVERFLOW ERROR CODE. %
;e .
; END OF IDL SYSTEM EQUATES
P+ »
; $INCLUDE IDLEGS. EXP _ ORIGINAL PAGE Is

OF POOR QUALITY




s ' ' 1
i IDLEQS - IDL SYSTEM ROUTINE ADDRESS EQUATES

.
’

)+
GPARMADR=22 i IDL SYSTEM ROUTINE - GET PARAMETER (ADDRESS)
GPARMVAL =35 i IDL SYSTEM ROUTINE - GET PARAMETER (VALUE)
GPARMSPA=0 i IDL SYSTEM ROUTINE - GET PARAMETER (ADDRESS SPECIAL)
GPARMSPV=0 i IDL SYSTEM ROUTINE - GET PARAMETER (VALUE SFECIAL)
1DLPUSH=54 i IDL SYSTEM ROUTINE - PUSH G ONTO IDL SYSTEM STACK
IDLPOP=70 i IDL SYSTEM ROUTINE - POP Q OFF OF IDL SYSTEM STACK
IDLEXIT=3 ; IDL SYSTEM ROUTINE - EXIT AND FETCH NEXT.IDL INSTRUCTION
i+
i MISCELLANEOUS PROGRAM EQUATES. _
i+ : g
MASKB=377 ; EIGHT BIT SHADE MASK
MASKG=777 s NINE BIT COORDINATE MASK (SEE NOTE).
MASK10=1777 i TEN BIT MASK
MASK16=~1 s SIXTEEN BIT MASK (HALFWORD)
YCONV=1777 3 Y CODORD INVERTER VALUE
DELTA=2 i COORDINATE DISPLACEMENT VALUE (USED BY DISi DIS2)
ZERO= 000 060 i CONSTANT USED TO CLEAR UPPER DATA REGISTER
HE L
H MAIN PARAMETER FETCHING.
; 4+
VECTAA: JSBDF GPARMVAL s GET INPUT VERTEX LIST A
SG PS BD Bt ;s R1=VERT. PNTR.
;vertex pointer contains the
; address in scratchpad RAM of
; the next vertex word pair
B1 RLIMM CAR1 SMR BD 1 ;i PRE-DECREMENT VERTEX POINTER
HE L ’
i GET NEXT VERTEX.
P
GETN: ; PASS PREVIOQUS YFIN TO NEW YINIT

i PASS PREVIOUS XFIN TO NEW XINIT
3 PASS PREVIOUS YFIN\XFIN
i TO NEW YINIT\XINIT

PR R SR RN ARG R LR AR AR E SRR R RN H TR AR R R S BB R R I I R

; LOAD MNEW YFINNXFIN FRCM SCRATCHPAD RAM TO REG. 2 %
A AR R R T R R RS R TR g s S s e L R R R R S R S 2 X R TR ?

ORIGINAL PAGE 1!3 i POINT TO NEXT VERTEX
OF POOR QUALI ; READ NEXT VERTEX Y\X
i READ NEXT S\Z, LOAD MASK
; T+
; MASK Y\X COORDINATES TO 10 BITS, THEN MU_TIPLY BOTH BY 2 FOR
; LOW RESOLUTION COORDINATE TRANSLATION (HARDWARE FECULIARITY).
o el P AR TGS e g .:‘ e s e bt e e T R SRR T T R T e SN G £ ST T T T L S R R T TR R B e A,




) o IME CUURDILINAIES ARE ACIUALLY MASKED TO 9 BITS., SINCE THE

3 COORDINATES WILL BE MULTIPLIED BY 2, THE END RESULT 1S COORDINATES
i EFTRCTIVELY MASKED TO 10 BITS.

Pt

4 .&M

- ‘ 1 RETURN MASKED AND SHIFTED
s YFINNXFIN TO REG. 2
R e S e I E R RS g L e T LR T R Ry a2 2 L L X T AR X R s
i EXTRACT YFIN AND XFIN FROM REG. 2
i : AND PLACE IN REG. 4 AND REG. S5 RESPECTIVELY
MR LT 222l R ISR I IR LTI LTI Z N TR E LT E P Y Y LT T2 T I ST LY E 2 Ny e

- -
B TSP T S SPT

PR N RS R R R AR R R R R R R RN R R AR R H R AR R R PR AR A AR AR R A AR AR R AT RRIRRENTN

i PREPARE FOR EXIT
; STORE ENDPGINT AT THE ADDRESS OF THE SYSTEM RELATIVE VERTEX WORD
R e L R L e R m T L e X Y 2 T2t S g S T Rt E L XL s

B2 PS ALUMDR LDUDR 202 i MDR=CURRENT ABS. YFINNXFIN

RIMM PR ALUMAR RPNT i MAR=202\RPNT
EOL: IKWR JMPDF IDLEXIT i WRITE CURRENT POINT, THEN EXIT.
P+ '
i SUBROUTINES.
it
++

H VECDIS - GIVEN THE VECTOR END' POINTS, VECDIS DETERMINES THE
P CHANGES (OR DELTAS) IN THE X AND VY COORDINWATES BET-
H WEEN FOINTS OF THE VECTOR.

ON ENTRY;
R4=FINAL Y COORDINATE




i . A A A At i B et il i st it et
i RO6E=YFINNXFIN
} R7=INITIAL X COORDINATE
i RB=INITIAL Y COORDINATE ?
; |
H WORKING VARIABLES: E
i R?=DX ;
i R1DO=DY ‘;
H R11=DISPLACEMENT 1 -
i R12=DISPLACEMENT 2 g
: By
i IDL SYSTEM REGISTERS - DO NOT DESTROY! :
H R14=S0FTWARE 'STACK POINTER . g
i R15=INSTRUCTION POINTER . ‘
G
\ $ » )
. ?§G \'«‘ d
oo
ot
y
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i
; HERE BEGINS THE TOTALLY NEW CODE FOR DRAWING ANTIALIAGSED LINES
}

I 9 3 3 3 A6 F BB I B B H H FE I B I W I T U B A3 B B I B W T B B I I SIS I I I BN I U I AW I I A B I W W B

5 WA 3 B o b3 U S N O BB B I N3 I B I U I WA I IR I N I I BB I B I 3 R

; REG1STER ALLOCATION

5 W I I BB B I I S U B B 3 36 3 B B AU K26 BB I e S SIS S BN NN U U I A BN :,

H ALLOCATED FOR:

i REGISTER ON ENTRY IN PROCESS ) ON EXIT

5

i 0 2#DELTA(B) SAME SAME )
i 1 VERTEX POINTER SAME SAME

H 2 YFINAXFIN SAME SAME

. 3 CONTROL\SHADE\Z COORD SAME SAME

i 4 YFIN SAME SAME

i 5 XFIN SaME SAME

i [ YINIT\XINIT SAME SAME

i 7 XINIT DB ANTI1

; 8 YINIT DB ANTIZ

i Q DX SAME IMIN

; 10 DY DB DEL2AB = 2%[DB -~ DAl]

} i1 DIS1 SAME SAME

} 12 DIS2 SAMEZ SAME

i 13 DELTA(A) (DA - ) ZERO

i 14 SOFTWARE STACK PNTR SAME SAME

i 15 " INSTRUCTION PNTR SAME SAME

i U3 B33 226 36 T B S 0 3 06 A 34 B 3330 3 6 336 30 3 6 3 A B I I S A I3 B 30 R R

?

; set shade constants (numbers in octal)

i

i A shade value is specified as a 1é~bit value which is used to access

5 a 256 place color lookup table in the RTI system. Hardware intialization,

i prior to running this microcode, sets the Ikonas video output channel for

; pseudocolor red. In this mode, only the low 8 bits of the data at

i each pixel location are used to address the color lookup table. This ,
i color lookup table is initialized by the IDL program which calls this /
; microcode. This initialization amounts to loading the three locations ;
i in the lookup table, those addressed by the values this microcode P
i places in the #rame buffer, with the appropriate intensity values. .
i i
§ AT T T4 A B B A 36 9650 B 33 B3 A 00 B I I I S BRI B 3R N IS R S I RN R

FULL.=000335 i hex 00DD —~ position 13 in LU table, full White §
MED=114431 i hex 9999 — position 10 in LU table, med white {(grey) %
MIN=042104 i hex 4444 - position 5 in LU table, min White (light grey) i

R |

;********************%**%*%**#***%***#**********%%%****************%****%%%%***

; set up constants to be input to Ikonas 16 bit counter
i for use in keeping track of the numbér of left shifts uvsed to
; implement multiplication

i*************************************************%***********************#****



LAPCONI=177777 i X4 MULTIPLIER: 1‘S COMPL, OF ZERO
LAPCONR=177775 i X16 MULTIPLIER: 1’8 COMPL. OF 2
RATIO=177774 i X32 MULTIPLIER: 1‘S COMPL. OF 3

;******************************************************************************

} CLEAR UPPER DATA REGISTER
R R Z e e e e 2 R R A T e A R T R S R A

X R e R R R T R R A TR R T R R T T e e
;

i " CALCULATE DEL

; .

R 2 S S R R A S AR R PR R A Y SR TR AT R S S Y R

DRAW: RAO B13 CAR1 RMS GD LDUDR ZERD
R TR I R i R T e e 2 T R R R A A T A e

5 DETERMINE IF DEL IS POSITIVE OR NEGATIVE
R T TR e I R R R L A R S I R AR T AR A Y

CCNEG JMPDF NEGDEL
R 2R Ll L R a2 S e T o R LR R R 2 R P Y A

i FOR DEL »= 0, SET CONSTANTS FOR DIAGONAL LINE
PR TR S R S a2 2 L e R e L A R R S O e

£

POSDEL.: RAO CAR1 MR B7 BD i ANTI1 (R7) GETS -2#DELTA(B)
MINHI: RLIMM PR B9 BD MED i PASS MED. INTENSITY VALUE TO MIN REG. -
SQ@ RA13 CAR!1 SMR B10 BD JMPDF ANTIZ2 i L[{2#DB)-(2%DA)] FOR USE LATER :

3 W B F ot 3050 M3 A0 S S04 4 3 6 38 3 3 e 36 3640 36 30 36 30 3 30 36 030 36 B0 36 36 0 A 90K IS0 H 30 30 30 303036 3600 36 2 3 36 3036 36363 3636 % 3 3

i - SET CONSTANTS FOR AXIAL LINES
PR T e e R S AR R S SR e R R L e S S T R A

NEGDEL: RAO PR B10 RAFEBD i D(B) = [2#D(B)1/2

RA10 PR B8 BD i COPY D(B) INTO REG.8

LDCNT RATIO 3 SET UP MULTIPLY CONSTANT IMN COUNTER
MULT: B8 PS LAFBD NCCCNTZ JMPCNT MULT ; MULT. RATID # DB

RA13 B8 CAR1 RMS i D(A) -~ RATID*D(B)

RA10 PR B7 BD CCNEG JMPDF STANDRD
i pass D(B) to reg.7
i IF RESULT < O, RATIO#D(B) > D(A)
i THEN STANDARD
i ELBE RES. >= 0,RATIO#D(B) <= D(A)

i

3 W 33 33t 3 3 3 030 30 3 A 3 36 36 H 0 3046 36 38 3 300 36 3030 35 36 3090 38 36 36 0 09 3 30 3026 30 e H 30 30 630 0 30 36 36 0 6 S A0 3 20 B e H S

i NOW SET CONSTANTS FOR SHALLOW AXIAL LINES
R 2 R L L R ey T R Y Y T T r

SHALLOW: LDCNT LAPCONZ2 i MULTIPLY LAPCONZ % DB
SHMULT: B7 PS LAFBD NCCCNTZ JMPCNT SHMULT

B7 CAR1 MS BD JUMPDF MINLO i —=LAPCON2 # DB TO REG.7

ORIGINAL PAGE IS
OF POOR QUALITY:
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c(" -
1
E IO TR TR R S I AR N YA R IR S S A AR Y AR Y T L

i SET CONSTANTS FOR STANDARD AXIAL LINES
T TR Ry E A AR T S R P B A SR T R T R R S R SR s

STANDRD: LDCNT LAPCON1 i LAPCONi * DB
STMULT: B7 PS LAFBD NCCCNTZ JMPCNT STMULT

B7 CAR1 MS BD i ANTI1 = -LAPCON1 » DB

R Yt T T LR R R T R R T R T P A T e Y
i SET MINIMUM TRANSITION REGION LENGTH .IF DEL FALLS

; INTO SECOND HALF OF TRANSITION REGION
R I T R P R e A R R S R A S N S P e R e R R I Y

LT L L

5@ RA7 CAR1 SMR MINLO COMPARE [DEL - ANTI12
BOTH DEL AND ANTI1 ARE NEG, HERE
IF RESULT < O THEN DEL < ANTI1

ELSE RESULT >= 0 AND DEL >»= ANTI1

- W W e

NCCNEG JMPRDF MINREGN
MINREGN: RAO CAR1 MR B7 BD ; SET ANTI1 = - [2%DB)
MINLO: RLIMM PR B9 BD MIN ; PASS LOW INTENSITY VALUE TO MIN REG.

3 W I A I 56 3 36 e He B FE e Sh I3 6 3 B3I BB I I A B IR 36 I B S I 30 36 3 W I 6 I R 3E 36 B30 36 W 3 336

H SET UP THE CONSTANT L[(2#DB) - (2%DA)1 JWN REG. 10 FOR USE LATER
R PRI 2 LR AL A A 2 R Y R T e AR S A L

SQ@ RA13 CARi SMR B10 BD

3 W36 K e 3 3 I 36 36 36 3 K 3 W 3303 I 3636 3 4F I 30 36 3636 36 4 35 30 36 36 36 e 30 363 38 36 36 3 338 36 33030 0 W 3 I I 3 S 3 S I S0 B A I U I I BN

i SYMMETRY CORRECTION
PR T Y R LT R L R T R R R S T R T

SQ RA7 RPS QD i DEL = DEL + ANTI1

3 Ve 363 3 3 36 3 3 W0 S 403 30 3 B3 F 330 A8 36 3030 3 36 I0 36 330 90 3303 30 3040 32 4 35 H 3038 363030 3 3636 306 9633 I 10 30 2040 36 6 3040 G R H R R i
i SET ANTI2 g
3 W3 3 303 36 5350 3 e 5 036 3 3 o 30 303 30 36 3 3 H 0 00 HEHE I35 I W A 300 3 36 30 3636 3030 3 3 03030 30 30 3 38 50 30 30 03 36 36 30 30 3 I A 3040 34 B 6 00 3F

ANTIZ: RA7 PR LAFBD B8 i ANTIZ2 = ANTI1 # 2

L L e X oy Y Y Rt e L L TS e 2 2 ey e
; OUTPUT THE STARTING POINT ;
Ly T e Ty e e e L XS R Y ST TR S T
SQ RA8 CAR1 SMR PTIFULL DEL - ANTIZ2

ANTIZ2 IS ALWAYS NEG.
DEL. MAY BE PDS. DR NEG. HERE
IF DEL POG,

THEN RESULT 2> 0, DEL > ANTI2

- W W W W

i IF DEL NEG..THEN
i IF RESULT < O, THEN DEL < ANTIZ
NCCNEG JMPRDF PTIMED i ELSE RESULT = O , DEL >= ANTIZ2

PTiFULL: RLIMM PR ALUMDR FULL ; LOAD MDR WITH FULL INTENS. VALUE
B6 PS ALUMAR BD CCMEMAC JMPDF .




¢

OUTPUT1: LRESWR MASHIKA B13 PS BD JMPDF DRAWLN ; SET UP FOR INITIAL
;i DELTA A (EOL) CHECK

PT1MED: RLIMM PR ALUMDR MED i LOAD MDR W. MEDIUM INTENS. VALUE
Bé PS ALUMAR BD CCMEMAC JMPDF .
LRESWR MASHIKA B13 PS BD i SET UP FOR EDL CHECK

3 YN 6 B e B2 BB W I B I W I B3I U I BB T SE BB BB 9T $ 3 3 30 T I B I B33 WP R

i DRAW THE REMAINDER OF THE LINE
IR AL R S g et R S Rl SR S R s 2 R R e R A R L E T 2 T R e

§ I I 36 I e K3 H H 3E3 H B9 3363030 3 I AE I 336 I 303 T S e 4 36T 3 36 30 030 S0 A 3 3026 0 96 W R

i EXIT IF DA = 0
R S e Rl S R s ST 2 2 s S T R L 2 s R T Y

VN

i EXIT IF D{(A) 18 ZERO

DRAWLN: 5@ PS QD CCZERD NARETN i SET UP FOR DEL COMPARISON
L2 R 2 2 e T T A R A ey e

} CHECK FOR M1 MOVE ( DEL < O )
IR 22 S g 2t Ll 2 S e e g R T TR A L S R R T S R X R R R R e

SQ RAB CAR1 SMR NCCNEG JMFDF M2MOVE ; SET UP FOR COMP. DEL % ANTIR2
i DEL .GE. 0 MEANS M2MOVE

LTI R 2 2 2 L e R R T R R Y Ty A X X R R
i M1 MOVE

i CHECK TO SEE IF NOT YET IN TRANSITION REGION

i IF DEL < ANTIZ2 THEN NOT YET IN TRANSITION REGION

i ELSE DEL >= ANTI2, HAVE ENTERED TRANSITION REGI(IN

IR L Ry e R R S N R T A

i BOTH DEL AND ANTIZ2 NEG. HERE
MiMOVE: SQ RA7 CAR1 SMR NCCNEG JMPDF MITREG ; TEST [DEL-ANTI2], DEL-ANTI1
' i+ IF RESULT < O
i THEN DEL < ANTIZ2
i ELSE RESULT = 0O
i DEL = ANTIZ2

IR 22 2R Rt L et e 2 R R R R A X A T e R T 2 e
i WRITE OUT FULL INTENSITY PIXEL

i LOAD MDR BEFORE ENTERING WAIT LOOP. THIS IS TO ALLOW SOME DEGREE OF

} PIPELINING TO TAKE PLACE IN THAT BY LOADING THE MDR BEFORE THE WAIT

J LOOP INSTEAD OF AFTER IT, YOU ARE GIVING THE MEMORY AN ADDITIONAL

i 200 NSEC. TO BECOME AVAILABLE.

R S L Ry Y I T T Y

MIFULL: RLIMM PR ALUMDR FULL 1
B&6 RAL1 CARHO RPS ALUMAR  NCCMEMAC JMPDF GUTPUTZ
WAIT2: RAG PR ALUMAR CCMEMAC JMPDF . |

OUTPUT2: LRESWR MASHIKA JMPDF UPDATE i CAN PROB. PIPELINE ;

§ S0 A 26 30K 3 36 B B 3 B O S B B B B A SR S B S 330 SIS ?
oo IF DEL < ANTI1 THEN IN FIRST HALF OF TRANSITION REGION i

; ELSE IN SECOND HALF OF TRANSITION REGION
e L L 2 L 2% ]

i IF REBULT < 0

R o ‘ ‘ L o E%

; BOTH DEL AND ANTI1 ARE NEG. HERE 1



.
~'v‘w'emu,‘ . 3 . . -
Eﬁ’ = < L L i

Cr
*
’ Tl ARl N PN AL

M1 TREG: B9 PS ALUMDR NCCNEG JMPDF MIMIN i ELBE RESULT >= 0
s DEL. »= ANTII
) SET UP FOR MIMIN OR M2MIN
"5 BY PASSING MIN TO REG. 9

Ly R L e g L S e 2y
i FIRST HALF OF TRANSITION REGION

H OUTPUT MEDIUM INTENSITY PIXEL IN M1 DIRECTION
R L T T e R AR TR S R e R R SRR R S R L T 2

M1MED: Bé6 RALL CARHO'RPS ALUMAR CCMEMAC JMPDF .
OUTPUT3: LRESWR DFIKD MASHIKA MED i NOT SURE BUT PROB. OK

3 W3 I B I IS B 2 I BB W36 336 B S A T K IE 3636 I 36 H oAt I 32 BB T I B I BE B 2P W WIS KN

; OUTPUT MINIMUM INTENSITY PIXEL IN M2 DIRECTION
R L A o Ry S A e S e R R T

M2MIN: B4 RA12 CARHO RPS ALUMAR CCMEMAC JMPDF

ODUTPUT4: LRESWR MASHIKA JMPDF UPDATE i 77 MAY BE ABLE TO USE THE MIN
H DATA FIELD AS ORIGINALLY
i WRITTEN SINCE WHEN THIS LOOP IS
; USED, B9 = MIN, NOT MED

5 B3 30 30 A 3R 3 2 A A 3B 6 335 3300 A 3 3 A I A 36 3B B R R R S R B
; AT THIS POINT, DEL > ANTI1 SO BEYOND MIDWAY PDINT IN TRANSITON REGION

i OUTPUT MINIMUM INTENSIT PIXEL IN M1 DIRECTION

R e e R R R T S R R L e R R R R e e X L

MiIMIN: B6 RA11 CARHO RPS ALUMAR CCMEMAC JMPDF .
LRESWR MASHIKA

§ O3 330 33 A PO 36 36 FE 2 I 3 3 3034 3 30 36 36 K 3536 3030 3 2 S 3 I 30 30 3030300 3 Fe 3G H S I H I H I S 3 S R R H R R

i OUTPUT MEDIUM INTENSITY PIXEL IN M2 DIRECTION
§ SRS 3 3 3 930 330 36 30 36 3 3036 30 3 2630 3 30 30 330 30 300 0 3030 I 3 3 B I R T B 3 I S I B B M I

M2MED: B6 RAL2 CARHO RPS ALUMAR CCMEMAC JMPDF .
LRESWR DFIKD MASHIKA MED

R T R e L T T L s s L
i NOW UPDATE POSITION BY ADDING DIS1 TO BOTH COORDINATES

i AND BY SETTING DEL = DEL. + [2 % DB1J
PR L L p L O L R g S 2 s S

UPDATE: B6 RA11 CARHO RPS BD
SG RAO RPS QD JMPDF DECDA i DEL = DEL + [2 % DB]
i GOTO DECREMENT DA (EOL COUNTER)

5O 20 B I3 06 0 I3 30 3B H A BRI B BB A S B 363360 0 A0 S I S S
i M2 MOVE

P UPDATE POSITION, OUTPUT FULL INTENSITY PIXEL. UPDATE DEL
§ TR 3 20 TS R 30 30 6 I I S R B 3 B B A B B 3 B 4 S 6 S IS B R R R R R

M2MOVE: B& RAL12 CARHO RPS ALUMAR BD NCCHMEMAC JMPDF OQUTPUTS ; (YAX)=(Y\X)+DI&2
RA6 PR ALUMAR CCMEMAC JMFDF .

OUTPUTS: LRESWR DFIKD MASHIKA FULL ; UPDATE DEL AS
; COMMENTED BELOW % WRITE
P A s S L S S S R Rl

-

| 2l




,"" . o ek A -
i THE VALUE ADDED TO DEL HAS ALREADY BEEN COMPUTED AND IS IN R10
B WA 3E 3 e e U 33 He I I I A I I A I I I K I I B AT 3 R TN S0 W NI I IE A I B N A A3

€2 RA10 RPS QD

§ TS W e H A I I 3 I I B K MR BB S I B T B U3 TP 3T B I W I R WK R

5 DECREMENT DA (END OF LINE COUNTER)
TR S e A T T LR TR R R A R IR SR O SR R 2R T L R T R

DECREMENT DELTA A
DECREMENT BY TWD FOR LORES
HARDWARE PECULTIARITY

SET UP FOR DELTA A CHECK
GOTO TOP OF DRAW LOOP

DECDA: RLIMM B13 CAR1 SMR BD 2

B13 PS BD JMPDF DRAWLN

- W e W s

3 W3 33 N 33 30 3 S R A S A D36 I R 303 W M 36 H 3 3 06 BB A B 36 3 T 3 H 3 3 eI e B K W I 3 H I I 33

i RETURN TO CALLING PROGRAM
PR IR TR EE T R R R R R D R R S R R R A T A e Y

EXIT: NARETN
i can be pipelined w. previously
i EXECUTED step.

END i ASSEMBLER DIRECTIVE




5 AAIGRID. IDL

.RADIX B

. LIST 1
VECTAAL=11
VECTAAZ=12
BLACK=0\0
MINR=0\0524
MEDR=0\ 1550
FULLR=0\1774
}
BLUE=37700\0
MEDGREEN=12\170000
' Y
MIN_RED_ADDR=77 »
MED_RED_ADDR=177
FULL_RED_ADDR=377
CMAP=203\0
3
#

MOVE #BLACK, #CMAP

MOVE #BLUE, #CMAP+"X44

MOYE #MEDGREEN, #CHMAP X599

MOVE #FULLR, #CMAP+~XFF

:
?

START: USER #VECTAAL, #VECTS
JMP START

i

»
VECTS: . VECT3D
?
i FIRST QUADRANT
H
250, 250, 0, BLACK, M
250, 500, 0,.,D
250, 250, ,, M
255, 500,0,,D
250, 250, ., M
260, 500, 0,,D
250, 250, 0, » M
370, 500, 0,,D
250, 250, 0,, M
450, 500, 0,.,D
250, 250, 0., M
500, 500, 0,, D
250, 250,0,, M
500, 450, 0,, D
250, 250, 0, » M
500, 370, 0,, D !
250, 250, 0, , M :
500, 260,0,,D :
250, 250, 0, » M
500, 255, 0, D
250, 250, 0, » M
500, 250,0,,D

i FOURTH QUADRANT

250, 250, 0, , M
500,245,0,,D




€ *

250, 2%0,0,. M

500, 240,0,,D

250, 250,0, ., M

500, 130,0,,D

250, 250,0, . M

508, 80,,.D

an0,250,.0, ., M

500,0:,,D *
as0, 250, ., M

450.0,,.,D

250, 250,, . M

370,0,,.,D

250, 250, M

260' 0’ ? }D %
250, 250,,., M A
255,0,,.,D

250, 250, ., M

250,0,,,D

i THIRD QUADRANT

250, 250,,, M
245,0,:.D
250, 250, ,., M
240,0,,.D
250, 250,,., M
130,0,,.:D
250, 250,,.: M
50, 0,:.,D
250, 250,,, M
0,0,,,D
250, 250,, ., M
0,50,.,.,D
250, 250,,. M
0,130,,,D
250,250, M
0, 240,,.D
2%0, 250,, ., M
0: 245’ ' D
250, 290,,, M
0,250,,,D

i SECOND QUADRANT

250, 250,,., M

0,255,,.,D
250, 250,,, M !
0,260,,,D y
250: 250; L] M ‘
0,370,,.D 1
250, 250,,, M :
0,450,,,D 5
250, 250, ,, M 4
0,500, ,,D ?
250, 250, , ) M

50, 500, ,, D

250, 250, ,+ M

130, 500,,,D

250,250, M
240, 500,,.,D
a%o, a50,,, M




245, 500, , , D, END

. ENDD
. END

3 T e




."'

i ' AAIGRID2, IDL

.RADIX 8
LLIST 1
Py VECTAA1=11
VECTAAR=12
. BLACK=0\0
MINR=0\1250
. MEDR=0\1522
FULLR=0\1774
; .
BLUE=37700\0 .
MEDGREEN=12\170000
]
. MIN_RED_ADDR=77
MED_RED_ADDR=177
FULL_RED_ADDR=377
CMAP=203\0
H
H
MOVE #BLACK, #CMAP
MOVE #MINR, #CMAP+~X44
MOVE #MEDR, #CMAP+"X99
MOVE #FULLR, #CMAP+"XFF
H

START: USER #VECTAAL, #VECTS o

JMP START cﬁﬂhwmu
; ' Poog gdae |
VECTS: . VECT3D U .

i
i FIRST QUADRANT
i

250, 250, 0, BLACK, M
250, 500, 0, ., D
250[ gsol L] "
255, 500,0,,D
250, 250, ., M
260, 500,0,,D
250, 250, 0, M
270, 500,0,.,D
250, a50,0,., M
450, 500, 0,,D
250, 250, 0,, M
200, 500, 0, ., D
250, 250, 0,, M
500,450,0,,D
250, 250, 0, M
500, 370, 0,.,D
250, 250, 0,/ M
900, 260;0,.,D
250,250,0,,M
500, 255, 0,,D
250,250, 0, M
900, 250,0,.,D

i  FOURTH QUADRANT

250,250,0,., M
500' 245' OI ’ D




250, 250, 0,, M ;
500, 240, 0, , D |
250, 250, 0, . M ~
500, 130, 0,, D

250, 250,0,, M

500, 50, ,, D ‘

250, 250, 0, . M - »
500,0:,,D ,
250, 250, ., M

4500 OI ’ D

30, 250, 4 M

370,0,,,D

250, 250, M

260.0,,,D

250, 250, , s M cf%%%v
255,0,,,D  por L
250, 250, , » M Ok 0
250,0,,.D

R
"4

’
i THIRD QUADRANT
250, 250,,, M
245,0,,.D
250, 250, ,» M
240.0,.,.D
250, 250,,, M
130,0.,,.D
250, 250,,, M
50,0,.,,D
250, 250, ,, M
0,0,,,D
250, 250,,, M
0, 50,,.,D
250, 250,,, M
0,130,,,D
250, 250,,., M
0,240,,.,D
250, 250,,., M
0,245,,.,D
250,250, ., M
0,250,,,D

i SECOND QUADRANT

H

250, 250, ,, M |
0.255,,,D : . |
250, 250, , , M |
0,260,,,D | ]
250, 250, ,, M : :
0,370,,,D ‘ .
250, 250, ., M ’

0,450, ,,D

250, 250, M

0, 500,,,D

250, 250, » s M

50, 500, ,, D

250, 250, , » M

9130} 500) F A | D

250, 250, ,, M ' , .
240, 500, ,, D

250, 250, , : M




245, 500, , , D, END

. ENDD
- . END




i AA2GRID. IDL

.RADIX 8

LLIST 1
VECTAAL=11
VECTAAZ2=12
BLACK=0\0
MINR=0\0524
MEDR=0\1250
FULLR=0\1774

L
BLUE=37700\0
MEDGREEN=12\170000

]
MIN_RED_ADDR=77
MED_RED_ADDR=177
FULL_RED_ADDR=377
CMAP=203\0
H
H
MOVE #BLACK, #CMAP
MOVE #BLUE, #CMAP+~X44
MOVE #MEDGREEN, #CMAP+"X99
MOVE #FULLR, #CMAP+XFF

?

START: USER #VECTAAZ, #VECTS
JMP START

i

’
VECTS: . VECT3D
i3 FIRST QUADRANT
L4
250,230, 0, BLACK, M
250, 500, 0, ,D
250, 250, , . M
255, 500,0,.,D
250, 250,,.: M
260, 500,0,,D
250, 250, 0,
370, 500, 0,
250, 250, 0,
450, 500, 0,
250, 250, 0,
500, 500, 0,
250, 250, 0,
500, 450, 0,
250, 2590, 0,
500, 370, 0,
250, 250, 0,
900, 260, 0,
250, 250, 0,
900, 255, 0,
250, 250, 0,
900, 250, 0,

CICIVICTOIVIIODIOX

R R T o S S S S R S

i FOURTH QUADRANT

250,250, 0, , M
900,245, 0,.,D

A

RT3 S i SRR ST SRt




250, 2%0,0,, M
500, 240,0,.,D
250, 250,0,, M
500, 130, 0,,D
250, 2%50,0,: M
900, 50, :,D
250, 250,0, » M
$00,0,.,,D

N 250, 250,,, M
450,0,,.,D
250, 250,,. M
370,0,,.,D
250, 250,., . M
260,0,,.,D

« 250, 250, .,/ M
255,0,,,D
250,250, M
250,0,,.,D

i THIRD QUADRANT

250, 250, , . M
245,0,,.,D
a50, 250, ,. M
240' 0) L D
250, 250, ,, M
130, 0,.,.D
250, 250,,, M
90,0,,:.,D
250, &50, ., M
ol o' 42 D
250, 250,,. M
1 0,50,,.,D
250, 250, M
0,130,..,D
250, 250, ,, M
O} 240! L D
250, 250, .., M
0’ 245} 2 D
250, 250, ,. M
0,&50,,,D

i SECOND (UADRANT

290, 250,, M
0,a55,,.D
250, 250, ,, M
0, 260,.,.D
250,250, ,. M
0,370,,.:D
250, 250, ,, M
o) 450' E ] D
250, 200, ., M
0, 500,.,.,D
250,250, M
50, 500,,.,D
: 250, 250,,., M
' 130, 500,,.D
250, 250, ., M
240, 500,,.D
250, 250,, , M




245, 500, ,, D, END

. ENDD
. END




i AARGRIDZ2, IDL

e ey

.RADIX 8

LLIST 1
VECTAAL=11
VECTAA2=12
BLLACK=0\0
MINR=0\1250
MEDR=0\1522
FULLR=0\1774

P

]
BLUE=37700\0
MEDGREEN=12\170000

2

’

MIN_RED_ADDR=77
MED_RED_ADDR=177
FULL_RED_ADDR=377
CMAP=203\0
H

MOVE #BLACK. #CMAP

MOVE #MINR, #CMAP+"X44

MOVE #MEDR, #CMAR+"X99

MOVE #FULLR, #CMAP+"XFF

i

H
START: USER #VECTAAZ, #VECTS
JMP START

i

VECTS: .VECT3D
$
i  FIRST QUADRANT
H
250, 250, 0, BLACK, M
250, 500, 0, ., D
250, 250, ,, M
255, 500,0,, D
250, 250, ., : M ~ g
260, 500: 0,:D ) ‘
250, 250, 0, » M
370, 500,0,,D i
250, 250, 0, , M ' !
450, 500,0,.,D
250, 250,0, , M
500, 500, 0, D
250, 250, 0, » M
500, 450, 0, , D
250, 250, 0, » M
500, 370, 0, , D
250, 250, 0, » M ég"
500, 260, 0, , D |
250, 250,0,, M
500, 255, 0, , D
250, 250,0,, M
500, 250, 0, . D

i FOURTH QUADRANT

250, 250,0,: M
300, 245,0, . D




i
i
i

i

250, 250,0,, M
500, 240,0,,D
250, 250, 0, M
500, 130,0,,D
250, 250, 0, M
900, 50,,.,D
250, 250, 0,, M
900, 0,,.D
250, 250, M
450,0,,.,D
250, 250,,, M
370,0,,.,D
250, 250, ,., M
260‘ o! ? )‘D
250, 250,,., M
255,0,,.D
a50, 250,,., M
250,0,.,.,D

THIRD QUADRANT

250) 250; (] M
245,0,,.,D
250, 250, ., M
240,0,,.,D
250, 250, ,, M
130,0.,,.D
250, 250, , ., M
50,0,,.,D
50, 250, ,: M
0,0,,.D
250, 250, .,/ M
0,50, ,,D
250, 250, M
0,130,,,D
250, 250,, . M
0,240,,:D
250, 250, ,, M
0,245,,.,D
250,250, ,. M
0,250,,.D

S8ECOND QUADRANT -~

250, 250, ,, M
0,2553,.,.D
250, 250, .. M
0,260, ..D
2950, 250,: .., M
0.370,,.D
250, 250, ,, M
0:450,,.,D
250, 250, ,, M
0, 500, .:.D
2950, 250, ,, M
90, 500,,.D
250, 250,, .M
130, 500, ,.D
250, 250,, M
240, 500,,.D
250, 250,, . M

PR = T v S g

o



245, 500, ., ., D, END

. ENDD
. END

{
|
|
i
i




j LR2GRID. IDL

.RADIX 8
. LIST 1
VECTAA1=11 ;
VECTAAZ=12 ;
BLACK=0\0 , {
MINR=0\0524
MEDR=0\1250
FULLR=0\1774
i
BLUE=37700\0
MEDGREEN=124170000

i
MIN_RED_ADDR=77 . »m
MED_RED_ADDR=177 -
FULL_RED_ADDR=377

FULL_ADDR=376
CMAP=203\0

]

i
MOVE #BLACK, #CMAP
MOVE #BLUE, #CMAP+"X44
MOVE #MEDGREEN, #CMAP+"X99
MOVE #FULLR, #CMAP+"XFF

MOVE #FULLR, #CMAFP+~XFE

i
START: VECT #VECTS : <
JMP START . :

)
i
VECTS: . VECT3D

VERTICAL FULL INTENSITY LINES

2%, 500, 0, FULL_ADDR, M
25,0,,.D

75, 500, , ., M
75,0,.,D

125, 500,, . M
125, 0,,,D

175' 500; LR ] ”
175,0:,,D
225, 500, ,,» M
225, 0,,,D
275, 500,,., M
275.0,,.,D
32%, 500,, . M
325,0:,.D

375, 500,,,M
375,0,,.D
425, 500, ., M
425,0:,.,D
475, 500,,, M
475,0,,,D, END

O R TR T 1 A A RN LI T

i
:




haaiamdads e I R R R A e B it A A ] ]

245, 500, ,, D, END

. ENDD
END




250, 250, 0, , M
500, 240,0,, D
250; 250: 0' » "
500, 130,0,,D
250, 250, 0,, M
500, 50, ,, D
250, 250, 0, ' M :
500,0.,,.:D s
250, 250, ., M
450,0,,,D
250, 250, ., M
370,0,,,D
250, 250, , + M
260,0,,,D .
250,250, ,, M i
255,0,,,D
250,250,/ M
250,0,,,D
?
i THIRD QUADRANT
H
250, 250, ,, M
245,0,,,D
250, 250, ., M
240) o.‘ ! D
250, 250, ,, M
130,0,,,D
250, 250, M ,
50,0,,,D !
2500 250' I ] M '
OI oi | 2 ] D
250, 250, ,, M
0, 50:,.:D
250, 250, , , M
0,130,,.,D
250, 250, , » M
0. 240,,,D
250, 250, , , M
0,245,,,D
250, 250, ., M :
0, 250,,,D ki

i SECOND QUADRANT

250, 250, , , M
0: 2.’55[ FR D
250, 250, , , M
0,260, .., D i
250, 250, , 4 M : {
0. 370,,.D

250, 250, ., M

0, 450, , D

250, 250, 5 s M

0, 500, ,, D

250, 250, ,, M

50, 500:,, D

250, 250, , . M

130, 500, ,.D

250, 250, ,, M .

240, 500, ,.,D '
250, 250, , , M




5 LRGRID. IDL

. RADIX 8
. LIST 1
e VECTAAL=11
VECTAA2=12
f BLACK=0\0
. MINR=0\0524
MEDR=0\ 1250
FULLR=0\1774
H
BLUE=37700\0
MEDGREEN=12\170000
H
‘ MIN_RED_ADDR=77
MED_RED_ADDR=177
=UL|_RED_ADDR=377
CMAP=203\0
']
i
MOVE #BLACK, #CMAP
MOVE #BLUE, #CMAP+"X44
MOVE #MEDGREEN, #CMAP+~X99
MOVE #FULLR, #CMAP+XFF
H

START: VECT #VECTS
JMP START
i

i

VECTS: .VECT3D

H

i  FIRST QUADRANT

H
250, 250, 0, FULL_RED_ADDR, M
250, 500, 0, , D

250,250, ,: M
255, 500, 0,.,D
250, 250, ,. M

260, 500,0,,D
250,250,0, M
370, 500,0,,D
250, 250,0,: M
450, 500,0,.,D
250, 250,0,. M
500, 500, 0,.,D
250,250, 0, . M
%00, 450, 0,.D
250,250,0,. M
500, 370, 0,.,D
250,250,0,, M : .
500, 240, 0,,D
250, 250,0, /M
500, 255, 0,.:D
250,250,0, )N
500, 250,0,,D

i FOURTH QUADRANT

250,250,0,, M
500,245, 0.,,D




. ENDD
. END
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