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RBSTRACT

This thesis describes the development of a computer system,
HUNCH, intended to provide a simple means for a person to
communicate with a computer his ideas through the medium of
sketching. The emphasis is not on developing a computer
system which produces finished quality draxings from
sketched input, but rather on having the computer understand
what is meant by the sketch. An overview o¢f the intended
goals of such a system is described, along with a comparison
to other systems of sketch recegnition. A history of the
development of HUNCH is jiven to siow the reader the
evolution of the ideas invoked by HUNCh as it :currently
stands. R description of how dUNCH performs a data
reduction pass to simplify and structure the sketch is
given. Finally, a proposal for. a graphical compiler is made
to permit development of a system whick would be able to
understand sketches of a predefined class.

Thesis Supervisor: Nicholas P. Negroponte
Title: ©Pssociate Frofessor of Rrchitecture
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ORGANIZATION

The body of this paper is divided into four parts: overview,
past, present, and future. The first part of the paper is a look
at the goals for developing an interactive sketching systenm.
Other implimentations of .computer systems are described, and how
they matched up to the defized goals is discussed. The second
part is a history of events from its inception to HUNCH in its
present state. Sucn a description seems important for two
reasons. First, while the way HUNCk works can be understood
without the history attached, why HUNCH exists as it is, and the
motivation for the fourth part of the paper needs as part of its
explanation how the ideas were derived and which ideas were
discarded. HUNCH in its present form appears to be a regression
from earlier successes. The motivation for this change of state
is best explained by describing the sequence of events which led
to the current state. Second, some of what has been learned about
sketch recognition through the development of HUNCH is represen-
ted only by certain elements which are NOT included, perhaps
despite earlier versions with these features. The knouledge
gained by failures and chanjes of attitude over time is almost as
great as that which currently i< known. This history of HUNCH,

then, is an attempt to apprise the reader of this knowledge.

The third part of the paper is a description of how the system
as it currently exists is run. RAn extensive description of how
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straight line data is extracted from the raw sketched input is
included. This descripticn not only shows how the mare
complicated portions of HUNIH work, but also indicates the
philosophy of how operationc are performed .in a HUNCH-like way.
From this outlook, one can se2 how other functions, which might

be added to the HUNCH systen later, would be .implemented.

The last section of the paper may be looked on as conclusions
and indications for future work. As it exists now, HUNCH falls
short of its stated goals by quite a distance. Its biggest
shortcoming is in its inability to derive a higher level
description from a sketch. The last section provides the frame
of mind which one might need in order to begin solving this
inability. The solution proposed is neither complete nor
figorous. and in that sense, it seeas strangely inconclusive.
The only explanation 1 can offer is that the solution proposed
seems to solve all the challenges I. can think of, although
sometimes the thinking required seews unnecessarily baroque.
There must be simpler solutions, but finding them can only come

with further experience.



I. OVERVIER

Why am I here?
GORLS

There have been many computer systems developed which purport to
let the user sketch usirg a comjputer. The user is placed before
a console display of some sort, handed something which looks like
a pen, perhaps is given some .instruction in how to use the
system, and is told to fraw. It is reasonable to wonder in
abstract, if one hac such a system, what wauld he want .it to do.
There seem to be two answers: first, the system should help in
the construction and storage .of gra;hical images. Second, the
system should act as an aide in the development of the

information the sketch is meant to convey.

Under the first goal, when pictures can be constructed out of
elements, saved, mnodified, and recalled at a later time, the
designer has a useful time-savirg tool for handling pictorial
data. Repetitive elements need only be described once to the
systen. Representations of the complete structure can then be
evoked with only a single stroke of the pen. Thus, instead of
laboring hours over a drawing, the designer can describe the
whole drawin§ to the computer using many previously defined
elements, and the computer .can construct the complete, finished
work. Similarly, if two drawings are the same, with only minor
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variations, the designer can construct one of them and store it
away. He can then modify a copy of the saved image to match it
to the second intended drawing, saving himself the troutle of

constructing the drawing essentially twice.

More complicated than the first goal of a sketching system, one
might ask a system to perform some more abstract operations on
the sketch. R person uses sketches for two purposes: to convey
information to other pecple which is difficult to transmit
verbally, and to act as a sort of physical memory, in a sense,
conveying informaticn to himself. 'Cnce the sketch has been
commited to paper, the user can modify it to change the
information it contains. This act can be prompted either by the
ebb and flow of the dialogue with the observer, or by a chanjye in
the sketcher's oun :idea ktrought about by the feed-back loop
running between brain, hand, paper, and eye. In either case, the
sketch is important because of the intended meanings it contains.
In a similar way, it is useful for a computer system being used
as a sketching tool to be able to attach some meaning to the

objects being sketched.

The result of such a dialogae is that the information contained
in the interaction is greater than the amount of information
which could be contained in the sketch alone, or which the user
cauld carry around :in his head. Thus, one would like a computer
system for sketching to be alert enough to be able to affect a
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dialogue with the user. It would need to be knowledgeable enough
about the subject matter being sketched to be able to ask
reasonable (intelligent?) questions, and perhaps offer some
information of its own. In short, the computer should be able to
enter into a dialogue with the user, in much the same way as a
person observing the sketch being created might interact. Such a
provocative system would tend to maximize the amount of

information generated in a sketching session.

OTHER SYSTEMS

Computer systems which have been developed to date tend to. be
divided into two classes, reflecting to a certain extent the tuo
joals for a computer sketching system. The first class,
historically, is that which uses some specialized set of
functins, keys, or symbols in the process of sketching. Input
was accomplished by invoking a function (key, e.g.), which told
the computer what the user was intending to do, with the ultimate
goal of permitting :the ccmputer to store, retrieve, and assist in
modifying a drawiig. In r2sponse to the user's request, the
system performed some output which accomplished the action
specified. The second sort of computer system seen uses a
limited set of knoun symbols, and attempts to map the user’'s
sketched ikons, usually irawn on a data tablet, into these
symbals. In this case, the comjuter does not know in advance
exactly what the user is going to do. What the user intended
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must be inferred from the match of the sketched item to the knowun
symbols, and the computer is usually expected to take some action
as a result of the recognition of the symbol. Because of this
level of guessing, such systems are not infallible, but this
objection is matched by a comparable improvement in the ease of
input (In the first class of sketch handling programs, it should
be noted, the computer is incapable of making a mistake: only the

user).

The most notable example of the first sort of program is Ivan
Sutherland®s SKETCHIRD (Sutherland, 1963), particularly since it
was the first atteapt at communicating a visual image between
user and computer in an interactive manner. 1In its stated goals,
however, SKETCHPAD was to be a system unlike drawing with pencil
and paper, because .interacting with a computer was seen to be a
totally different kind of experience. Using primitives common to
all line drawings (line segments, roints, and arcs of circles),
the user creates symbols, structures, and composites of these
images. To increase the rower of the interaction, certain
functions could be applied to previously defined images. Thus,
when the user laid down two lines, he could indicate to the
system that he wanted them to be parallel or perpendicular, and
the system performed the requisite steps to make them exactly
that way. Thus, the us2r could be inaccurate in his original
layout and yet get a highly sypecific output of his final image.
Furthermore, since the user was not drawing symbols for the
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system to recognize, the kinds of graphic images the system could

accept was unrestricted.

For such freedom, the user pays a penalty. however. The systenm
of light pen on disgplay and furction keys utilized by SKETCHPRAD
bears no relation to the normal means of communicating an idea
graphically. The fairly demanding system of input required by
such a system would tend to interfere with the creative thinking
process. The user .is concentrating so hard on getting the
drawing into the machine that is difficult to think about what he
is drawing. IEr is marketing a new system similar to SKETCHPAD
which uses a tablet instead of a light pen {Saderholm, 1973).
¥hile this hardware is an improvement over the old
setpoint-rubber-band-line, it still relys on a set of function
buttons on the tablet to relay commands to the system. The
degree of explicitness required in such systems quickly generates
tedium sufficiert to offset any prefererce over the less
complicated job of digitizing t:e data. RAny sense of natural
graphical communication is lost. Furthermore, since the computer
is operating continuously in "slave" mode, it can add no
information to the uialogue. Thus, an important potential is

lost.

In the second class of computer systems, the computer does add

information of its cwun to the dialoge in its interpretation of

the sketched symbols of the user. Although this approach is
11



primarily found in character recognition programs -, perhaps the
most notable example is the GRRIL system developed by the Rand
Corporation (Ellis, et. al., 1%9). Besides recognizing the
alphabet and decimal digits, it could also handle a set of flow
charting symbols (rectargles, triangles, and so forth), and lines
connecting these symbols. Using the Rand data tablet, the user
drew his flow chart and labeled it. RAs each symbol was draun,
the system identified it, and the rough display of the user's
line was replaced by the machine's representation of the symbol,
appropriately scaled and positioned. Because of the level of
inference making, the program was capable of making mistakes. 1In
order to allow for errors ind to permit the user to change his
mind, one of the symbols recognized by the system was the
scribbling out motion normally used by people to cross out an
errcr or a misplaced line. The symtol was called a "squiggle,"
and caused any line or symbol which appeared beneath it to
disappear. <Cnce the flow ctart was completed, the user could
ascribe specific functions to the symbols of the flow chart and
see what happened when the flow chart wss "run." It provided a
neat way of seeing information which might otherwise have been

too difficult to visualize.

Systems in the GRAIL class are quite attractive, since they
provide a sort of interaction which is very natural and familiar
to the experience of the probable user. Drawing with a pen on

paper is an experience common to most people, and GRRIL's
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replication of this experierce is not bad. O0n the other hand,
these pattern recognition systems can only handle a limited class
of inputs. Given an unrecognizable symbol, the system is lost.
This problem is partially overcome in many character recognition
systems by having a "learning” mode, where the system samples the
individual user's representation of the symbols it knows, thereby
adapting its models for the symliols to the habits of the
individual user. There are two limitations usually imposed,
however. First, the user's representation usually can not
deviate beyond some accepted boundary conditions. For example, a
character recognition program normally accepts either script or
printed characters, but not both. Thus, a user who mixes his
characters would inevitbly bke mis-understood. Second, it is
usually impossible for the iser to define symbols of his own.
Thus, if a mathematician wished to user a character recognition
system for the alphabet, he might be hampered by the inability of
the program to accert Greek symkols; similarly, a Russian
translator would have to start all over. Furthermore, as the
nunber of symbols recogrized by the system is increased,
typically, the frequency of errer increases at a much faster
rate. This phenomenon occurs because the system can not use
clues about the interaction between elements in a sketch. If a
character recognition syster had difficulty distinguishing
between U's and 3's, for example, it would be useful to look to

see if the preceeding character was a Q (in English, anywayl.
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LETLOWN

It wauld be nice to be able to ««laim to have developed the

alert, provocative, interactive system mentioned in the earlier
section. The syster which has been developed, HUNCH, falls short
of this goal, however. Provocative it is, although not in the
manner described above. It is also moderately interactive. It
does not, however, carry on anything which can be called a
dialogue. . .yet. lialicgue implies purpose and a developing
context, and although HUNZH does know a few tricks, once it has

performed, all it can do is walk off stage.

The name HUMNHE is d;éived from the methods it uses to achieve

its ultimate goal. It uses guesses about implied intensions to
determine what the sketcher PROEABLY meant. In that sense, it is
similar to the character recognition systems discussed. It does
not have a set of patterns it is trying to match, however.
Rather, it attempts to extract from the stream of input data the
primitives which make it ur: line segments, arcs of curves, end
points of lines. Once the data has been so compressed and
structured, these components can be comtined to form objects of a
higher order. This second step is not as well understood, since
it requires extensiive knowledge about the subject matter being

sketched to accoaplish this joal.
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Because its knowledge is somewhat mcre limited than a human's,
it would appear that HUNCH is at a disadvantage when it comes to
reading a sketch. :(If it was limited to those cues available to
Auman, that claim would probably be true. However, because of
the way the data is collected, FUNCL can use some information
unavailable to the human oni:ooker. Inherent in the way the data
is sampled .is the sequence .in which the sketch was drauwn, the
pressure on the pen at a particular time, and the rate at which

the user was drawinc.

These cues provide additicnal information which the program can
use to make decisions. In general, for example, the faster the
user draws., the less accurate he is. Furthermore, if he is
drawing rapidly, it can usually be inferred that he is not
interested in the fiine detail of his line, but rather in the
jrosser features of what he is drawing. When it encounters a
rapidly drawn line, then, FUNCH is prepared to make bigger
assumptions and to permit greater inaccuracies before declaring
one line segment ended and a second one begun. Similarly, .if the
user is drawing slowly with great deliberation, then nearly every

bend or tweak in the line is preserved.

Pressure can also be sensed to provide cues to the intentions of
the user. Here, the role variations of pressure in a sketch is
not sc clear. It ajpears., however that pressure variations occur
in quanta; a user typically draws in no more than three or four
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pressure ranges. An initial inference is that pressure behaves
something like inverse rate--that is, the harder a person pushes,
the greater the detail implied. The cue to look for, however, is
the quantum pressure change, not the small variations across a

line.

WHRT HUNCH DOES ANL IOES NCI

Sketching can be considered to ke a kind of graphical language.
R person can read a sketch if he knows the rules for making a
sketch, and if he knows the symbols used in the sketch--syntax
and semantics. In order to carry on a useful: dialogue, you have
to have both. The KUNCE system does a reasonable job at
providing a large portion of the syntax. It is one of the goals
of this paper to outline a means of suprplying some of the

semantics.

The sketch, as received by 1UNCH, is one long serial stream of
data. The system tries to apply some structure to 'this data, to
make the search for meaning more manageable. In a sense, the
solution developed so far still leaves the computer doing what it
does well--number crunching.. In the process of discovering the
structure of the sketch, massive amounts of data are reduced to a
collection of points and relations between poinfs. It performs
these operations with uncanny accuracy, using only local
information about the dynamics of the line.
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The relations formed are coiy phose based on .information
explicit in the data, such as the aforementioned rate and
pressure, continruity of line, and sequence. Rttempts to aprly
further relations to the data failed for various reasons
described later, and in fact, ajpear inevitably doomed without
the application of some semantic guides. Some of those relations
attempted include latching of twe known points, and
horizontalizing and verticalizing lines in a sketch which appear
nearly so. These functions failed largely because HUNCH was
unable to judge those situations in which those relations might
or might not apply. Thus, it applied them indiscriminately to
any set of lines which fell within its guide-lines. The result
ineviitably was a severe distortion of the original sketch.
Parenthetically, it should :e noted that if input was limited to
those sketches where the rule was always appropriate, HUNCH
solved the problems with distinction. Thus, the problem was not
in the rule, but in when to apply the rule. Given any rule,
there is always a coniition wiere, applied indiscriminately, the
rule will fail tincluding this one). Thus, some means is needed
to guide the system about when : particular relation might be

appropriate.

The final output oi the system is not intended to be a "working

drawing” with all extraneous lines eliminated, all corners

squared, and all lines straight and rarallel. Rather it is

intended that the output be the description of the sketch which
17



might correspond in some way to the vertal description a human
might make of the sketch having observed it. The structure of
this description would be hierarchical, having at iits top the
aajor features of th: sketca, at its interim levels the elements
which combine to make up ithese features, and at the bottom the
individual line segments of which the sketch is made. The
interaction of the various elements in the description provides
contextural information. This information can be used to augnment
the rules about relations between lines which got us into trouble
before to provide the guide-lines about when a particular rule
might be applied. ' Furthermore, it helps to avoid the
difficulties systems of the GRRIL class get into when called upon
to recognize a large number of different elements. The context
limits the number of plausible elements which may be used,

preventing the system from drifting too far afield.

Unfortunatiely, this desirable description has not been
inplemeated in any form.. In order to derive such a description,
the system needs to know what the elements are for which it
should be searching lwired in to most systems). While in most
types of sketches the number of these elemetns is not large, it
has never been clear how on2. would specify these elements for the
system. The description offered in the last section of this

paper is a first attempt at making such a specification possible.
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HARDWARE USED BY HUNCH

HUNCH runs on the Architecture Yachine, a family of Interdata
mini-computers, running under a disk resident operating systenm.
The original sketch is read from a Sylvania data tablet, and can
be stored on a .variety .cf mass storage devices. The Sylvania
tablet is (was) the Cadillac of data tablets, offering resolution
to three thousandths of an inch, constant rate data sampling, and
a clear tablet. This clear tablet means that it can either be
drawn on as with otier tablets, or it can be placed in front of
the display and used in a manner similar to a light pen. Both of
these modes are used by various parts of HUNCH. The tablet
samples data at a constant rate (two hundred times per second),
sending off to the computer twelve tits of x- and twelve of
y-coordinate data at each sample. The tablet can also sense a
limited capability for a z-dimension (three bits), such that it
can tell if the pen is touching, is in the near field (about one
half inch), is in tte far field (up to four inches}, or is away
from the tablet. This feature suggested a logical extension, and
the pen was modified to be able to sense pressure--how hard the
penman is pressing on the paper. A load cell {a sort of
transverse strain gauge) has been built into the shaft of the
pen, taking the thrust from the top of the ball point pen
cartridge. It ican neasvre pressure from a fraction of an ounce
up ts a pound. This load is converted into a digital signal
which is sent as a six-bit number tc¢ the computer. Each pressure
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sample is associated with the point read when the sample was

taken.

The display is not crucial to HUMH, although it is useful for
demonstration and debugging purposes. Because of the amount of
data developed by the data tablet and the complicated pictures
possible, it would be impossible to maintain a flicker free image
on a refreshing display. After ten seconds of drawing, the
screen would have two thousand vectors on it. HUNCH uses an RRDS
storage tube, which effectively avoids this difficulty. Rlthough
it is difficult to dynamically modify the image on a storage
tube, there is very little need to do so in a sketching
environment. The difficulty of erasing is not unlike that the
user gxperiences when drawing with ren on paper, anyway. Rather
than erasing, the user just gets a clean sheet of paper. The
ARLS has a limited dynamic mode, called write-through, which
permits the dynamic alteration of a limited number of lines.

This feature is adequate fcr those rare occasions when a picture

must be modified.

While the sketch is being initially stored, it can be displayed
in an exact mimic of the criginal. The ARDS is a relatively slow
display, however, and the time taken to display the image reduces
‘the sample rate which can be obtained from the tablet. Thus, the
resulting stored sketch is less detailed. To overcome this
difficulty, display while drawing can be suppressed. The stored
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sketch can, of course, be r:played to the display. During times
when the pen is not touching the tablet, a real time clock is
sampled, so that the lengtn of pauses in drawing can also be
stored. The replayed sketch, then, can be an exact replica of

the dynamic development of che original.

The addition of pressure sensitivity demanded an additional
feature for the data display--some nethod for showing variations
in pressure. The ARDS was altered such that its focus could be
modified under computer cecntrol. Thus, while the tube normally
displayed a thin, sharp line, by defocusing the beam slightly,
the width of that line could be increased up to an eighth of an
inch. This feature is integrated with the load cell in the
pressure pen such that the width of the line varies as a function
of the toriginal or redisplayed) pressure (Figure 1l). This line
variation greatly enhances the visual effect of the disglay,
since it provide; a better feel for pressure than the line output

of a ball point pen can provide.

Figure 1.
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II. PAST

How Did /I Get Here?

READING AND REDISPLRYING--DRAW/SHOW

In the spring of 137), the Architecture Machine Group obtained
.its Sylvania tablet, and embarked on an experiment to discover
about reading a sketch by computer. The tablet was an ideal
device for this experiment, having the natural feel of pen on
paper, while at the same time providing a fast, accurate,
time-dependent sampling of the sketch as it was created. The
first programs written, naturally enough, were programs to read
and save the data from a sketch, DREW, and to redisplay the
stored data, SH3W. DRAW seases the z-position of the pen, only
recording data when the pen touches the tablet. The maximum
distance the pen is away from the tablet (near or far field) is
recorded as a flag in the stream of data whenever the pen leaves
the tablet. The distinction of the z-fields is not used by any
part of the program to date. 'It.is thought, however, that the
degree of pen lift may be useful for providing some clues into
‘logical separation of the sketch into sub-sections, divided by

higher. 1ifts of the pen.

Where the pen went while it was not in contact with the tablet
could be read from the data, and there was some discussion at the

22



time about whether. or not this information should be saved.

Since at the time, we did not know what information was going to
become important, we wer: leery of discarding any obtainable
information. The use to which pen-tp .information could have been
put was unclear at the time (it is still so), however, ani space
limitations for storage .«f data were relatively severe at the

time. It was decided, therefore, to discard this data.

DRAW begins by sensing the position of the pen in the z-field.
wWhen the pen touches down, DRAW records a far-field pen-lift flag
and the x- and y-codriinate; of the first point. With the recent
addition of pressur: senmsitivity, the value of pressure is also
saved. It then continues to read successive points and
pressures, storing them away and f(optionally) displaying them on
the storage tube. Wwhen the pen is lifted from the tablet, DRAW
waits for the pen to be replaced and saves the pen-up flag
recording the farthest field reached by the pen and the time the
pen was lifted. IRiW continues to read and save data in this
manner until the pen is lifted away from the tablet field and

then signals that the drawing is complete.

Once the data has been saved, I;t can be redisplayed by a call to

the program SHOW. Wnen this program was run for the first time,

it caused the sort of sererdipidous discovery which occasionally

provides direction for research. Altaough it seems obvious in

hind-sight, the effect the time based sampling of data would have
23



on the data itself had not sccurred to anyone. Since the tablet
samples data at a constant frequency (200 times per second), the
distance the pen covers between samples is a direct function of
how fast the pen is moving. Obviously--now--the faster the pen
is going, the greater the iistance it will cover in a two
hundredth of a second--the farther apart the recorded points will
be. The effect of this fact, of course, is that SHOW not only
redisplays the original sketch, but also it replays the sketch at
exactly the same rate it was originally drawn. Inherent in the
way the data is stored is the data is stored is the RARTE at which

the line was drawn.

This fact provided the ground on which HUNCH is built. It may.
be assumed that the speed at which a person draws reflects .in
some way his degree of purposefulness, his detailed interest in
exactly what he is sketching. .ore sgpecifically, it is usually
true that if a person is irawing quickly, he is not as interested
in detail as he is when drawing slowly. In a quick sketch, the
person is usually interested in the general impression his lines
make, rather than .in the exact reproduction of those lines.
Conversely, a slowly drawn sketch may often be painstakingly
detailed. In this case, the position of each line becomes
important, and the sketcher wants his drawing to be seen exactly

as drawn.
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SQUIGGLES

One special purpose kind of line is detected "on the fly." As
mentioned in the description oi the GRAIL system, the scribkling
out motion has a special meaning. If drawn over previously drawn
lines, it means that the earlier lines are to be crossed ocut. If
filling an open area, the scribble implies that the area is to be
shaded. 'In either :case, the exact configuration of the line is
not as important as the area it covers. Thus, it is not critical
to submit the line to exact analysis. In order to extract these
scribbles from the raw data, a "squiggle” recognizer was devised
as a part of [REW. Coincidentally., Rand's use of a squiggle,
even the to the name itself, was not discovered until after the

.one in HUNCH hac been developed.

R squiggle is ctaracterized by several things. First of all, it
has many changes of dirzction. It is usually drawn at a fairly
high rate of speed, however, so it is not confused with the
curving line of a driveway, for example. Finally these changes
of direction form a sawtooth pattern tthey are neither too spread
out nor too sharp), so that a squiggle is not confused with a
wobbly fast straight line nor with a line which has been heavily

overtraced (Figure 2).

When the pen is placed on tie paper, the squiggle recognizer

begins searching the¢ data ac it is read for sharp changes of
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‘kFigure 2. Figure 3.
direction, called extremes. Since a squiggle must be drawn
quickly, the program expects to find many of these extremes
before many poiits have beex read. In fact, if the required
number of extremes have not been found before a maximum numker of
points have been read, the program decides that the line is not a
squiggle, and it quits looking. If the requisite minimum
extremes do. fall within the limit, then the position of these
extremes is examined for the sawtooth pattern. If :the extremes
are too spread out or too close together {separated by angles
greater than 9 degrees .or less than 10 degrees), then the
squiggle is rejected. Finally, the total rotation of lines
connecting the extremes is compared to some maximum allowable
value. If it falls above this maximum, the squiggle is rejected
(this check is added because the person who

implemented the algorithm objected to the fact that flowers

were recognized as squiggle: (Figure 3)). Having passed all
these tests, the line is recognized as a squiggle. The beginning
point of the line is tagged, so that sutsequent programs can

recogaize the line as a squiggle to be treated as a special case.
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EXTRACTING LINE SEGMENTS--STRAIT/STRAIN

Rfter the discovery of the rate dependence of the data, it was
decided that the next step rUNCE should undertake would be to try
to extract from the original: data the straight line segments of
which it consists. It would make its decisions by searching the
sequential, raw data for "significant" changes of direction,
tempering these decisions by taking into account the rate (and
later the pressure) at which the line was produced. A more
detailed account of how this progranm works follows in Section
II1. This section covers n>w the program arrived at the state it

is in nowe.

The original attempt at a solution was a set of programs which
eventually became known as STRAIT. This original version
calculated the tangents of segments defined by connecting pairs
of points in the raw data. It then looked for differences in
these tangents, comparirg the change in tangent to some value.

If the change was greater than this threshold value, it was
determined that one segrnent ended and another began. This
solution quickly furnei cut to be a mistake. Because the tangent
is so non-linear (going to infinity for a vertical line), the
threshold level had to vary as a function of the direction of the
segment. Furthermore, when dealing with infinity on a finite
state machine, one quickly becomes embroiled in roundoff and
overflow difficulties. BAs a result, this original approach was
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abandoned, and a calculation of the

arctangent of the segment was

substituted. ‘Except for a discontinuity
in the arctangeit function around zero
radians, it has the attractive feature
of being linear everywhere 21se. Thus,

the threshold problem became direction

independent. Furthermore, since the
arctangent is limited tc value: between
zero and two pi, the difficulties with

infinity were eliminated. ‘Figure 4.

It is the nature of a sketch that although a sharp corner .is
intended, it is rarely achieved. Instead, the two segments
meeting at the corner are connected by some circular arc.
Furthermore, since the drawer has to slow down in order to
negotiate the corner and still ke drawing where he intends
afterwards, points tend to collect at corners. Rs a result of
these facts, the first point fallin above the threshold for a
corner: could not be assumei to be the actual intended position of
the corner. In fact, because the (sharp) corner might actually
be represented by an arc, there is no guarantee that the intended
corner exists in the data at all (Figure 4). The only reliable
way of determining the intended position of a corner is to
determine the tuwo segments lying on either side of ‘the corner,
and then to calculate algebraically the intersection of these two
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lines. This was the approach taken in STRARIT. Once a segment
has been discovered by an instance of a change of arctangent
greater than the threshold, its endroints are saved. When a
secon:¢ segment is found, then, the intersection of the two
segments is calculated and used as the common endpoint of the two

segments.

The result of such calculations is the creation of points and
links between points which represent lines. When a pen-lift flag
is found, the points on either side of it are saved as the end
and the beginning of a segment. When the position of a corner is
calculiated, that point too is saved. To represent a line between
two points, a link .is created which contains information about
which two points are coniacted, the rate at which the particular
line was drawn, and the greatest pressure reached across the

line. This structure is the output of the program STRAIT.

In order to cut down even firther on the amount of data to be
saved, and to maximize the inferred information in ‘the final
structure, STRAIT had a program whizh looked for implied
“latches.” When twe points fall near each other, people will
often mentally connect them as if they were a single point.
STRRIT tried to do 'the same thing. 1In Figure 5, the first and
last point of the line fall near each other. STRAIT decided that
they were intended to be the same point, and latched them (The
raw sketch appears at the beginning of Section IV).

29



Figure 5.

The method for perferming this .cperation is similar to that for
finding corners. Each time a new point is determined, the list
of exiisting paints :is searched for points nearby. 'In order to be
considered near, the iistance between the new point and each
point on the list is compared to some threshold limit. If the
distaice is less than that threshold, the point is considered
near. :If no point falls below the threshold, then the new peoint
is added to. the structure with the appropriate link to any points
which may be related by lines. If at least one point is found
below the threshold distance away, the nearest point to the new
point is considered to be the intended match. Links are created
between this point and any related points, and the new point is
not saved. ‘Initially it was thought that the tendency would be
for people to draw lines to known points, so the initial position
of a known point was unmodified, and the direction of the new
line was modified to take it to the known point. Subsequent
experience seems to .indicate that people tend to correct earlier
errors in positioning points by drawing subsequent lines to where

£ )



the point shoulc¢ preferably have been. R somewhat better
treatment, therefore, would have been to move the old point to
the position of the new point, or at lezst to average the two
points somehow. Difficulties with the whole latching schene
later tended to render the whole approach susgect, however, so

this minor modification was never implemented.

The output structure of STRAIT, then, represented the minimum
number of line segments and poirnts which could describe the
sketch, subject to some threshold values. For certain classes of
sketches, this assunption proves to be entirely adequate; using
these simple principles, STRRIT's handling of such a sketch is
remarkable (Figure :€). STRAIT Lad several severe short-comings,
however, which tended to point away from its existing mode of

operation to sore more ccmplex handling of the data.

One difficulty came in the problem of handling overtracing. The
tendency to retrace a line already drawn is a normal behavior on
the part of a human user c¢f the system. The method for finding
corners was inadequate for handling the small angles commonly
resulting from retracing a line. The precision of ‘the computer
was inadequate for sharp anjyles, due to roundoff errors and a
tendency to win¢ up dividing bty zero. Calculating the algekraic
position of a corner between two lines which are nearly colinear
resulted in frequent, severe misplacing of the common point. To
combat this difficulty when calculating a corner, an additional
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routine was added tc check specifically if the angle between the
two lines was very small. For a small angle, using the
calculated intersection is dangerous. Instead, an effort is made
to find the point at which the line changed direction--the
locally extreme point on the line. 1In such an instance, this
extreme is used as the common paint between the two segments. In
the case of a shary angle, the .corner can not be very rounded, so
the error induced by using a real data point on a corner is
small. Unlike the case of a wider angle, furthermore, such an
error causes little change in the direction of the line (this
fact, after all, is what makes calculating the intersection so

difficult).

The introduction of overtracing causes a vast proliferation of
segnent endpoints in a sketch. One of the restrictions on .the
class of sketches STRAIT couldi handle well is that the sketch
must have a fairly diffuse distribution of corners and endpoints.
when the density of points ncreises locally, then segments

begin to become wrongly latched (see Figure 7, the proverbial

sketch of RAunt Fifi's house). The addition of overtracing only

ey AW

G

Figure 7:
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aggravates the problem. The decision to latch or not to latch is
not a purely local decision. 4ho should have authority to make
such a deaiision is a point which is still under debate. The last
part of this paper is one proposal at 3 solution. At any rate,
it seemed futile to try to continue with the solution used Ly
STRAIT, so a variation was developed which eliminated the
latching step (STRFIN, SIRKIghten with N¢ latching). This
seemingly backward step is justified as a basis for the
¢roundwork for future develogment. Wwe already know one

method which will not wor-k.

RATE/PRESSURE

Mildly glossed over in tae above discussion of finding straight
line data was the role that rate and pressure played. The
original version of STRAIT had no measurement of rate or
fressure; the various thresh:ld values arplied were constant
throughout the program. After tie basic routines were
functioning more or .less correctly, a method for figuring rate
was determined (see description in Section III). Once the rate
that a line had been drawn was calculated, that value could Le
applied to a function for figuring the various thresholds.
Nominally, for a faster line, the thresholds were higher. The
effect of this additional function on STRARIT was striking. There
was an immediate, marked improvement irn :the decisions STRRIT was
making about the data. In order for earlier versions of STRAIT
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to work, the thresholds had to be set quite low to allow for the
comparatively small charges of direction which occur when a line
is being drawn slowly. Similar difficulties arose for latching.
The effect of this limitation was to cause STRAIT to permit many
more corners than were actually intended. If the thresholds were
increased, STRRIT began to miss intended corners on slow lines.
The addition of a rate neasurem:nt permitted application of a
more liberal threshold for fast lines. @ more conservative one

for slowly irawn ones.

One side effect of this treatment was that STRAIT tand also
STRARIN) became fairly sensitive to the "hand"™ of the user.
Different individuals have different styles of sketching. Sonme
people can sketch quite accurately at a very high rate of speed:
others are not so accurate. Thus, the value of the thresholds
for one person at a pariticular rate might not be appropriate for
another person at that rate. In a pathalogical case, one can
imagine a person whe arew quite smoothly when moving his hand
rapidly, but who suffered from palsey when moving his hand
slowly. In order to work properly for an individual, then,
STRAIT has to be tunei to each user®s hand. Several methods %or
discovering the proper tuning for a particular person have Leen
tried. The only one which works at all successfully is intuitive

manual adjustment of parameters.
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One program was written which tried to to the tuning job
implicitly. The way the value of a threshold is determined is by

applying the rate to a polynomial function:

TH=RA*{Rate)**3+B*X{Rate ) **2¢+C*{Rate)+D

Rate varies between a value of zero and a value of fifteen. The
various parameters (E,E,C,D) are a function of the hand of the
indivual user. Because of the complexity of tuning the
parameters manually, the value of R was normally set to zero,
reducing the polynomial to a quadratic. In such a case, the

effect of the variaus parareters car be seen to be as follows:

At low rates, .. predominates.

At high rates tassuming the value of B is a small
fraction), the ! term is dcminant.

For the middle ranges, the value of the fraction B
determines which way the furction curves and the degree of

curvature.

It was thought, thea, tnat the various parts these parameters
played at various rates could be separated and treated
individually. Thus, the tuning program asked for a set figure (a
square) drawn at a slow rate. It then juggled its D parameters
until it got a four-lined, four-cornered figure. The program
then asked for a quickly drawn square, and modified its C
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parameter until it got a value that made the figure fit.

Finally, it took a square drawn at a moderate speed and set the B
parameters. While the program frequently could come up with a
solution, almost equally often it could not find a value for one
or more of its parameters which was satisfactory. Part of the
problem derived from the limits which had to be placed on the
values the parametiers could take. In order to provide sonme
starting point for the program and to prevent the arrival at some
totally unreasonable parameter values, each of the parameters had
an upper and a lower bound for the values it .could take. In many
cases, however, rather than settling on an intermediate value for
a parameter, the progran had a tendency to slide to one limit or
the other. To compeasate, the »ther parameters would become
equally skewed. It is difficult to speculate on why this error
tended to occur, but it appears likely that it was caused in part
by the .inter-relation of :the parameters. Experience in manual
tuning of the parameters seems to indicate that it may not always
be true that the parameters can be separately tuned.

Occasionally a better set of. parameters was arrived at if, while
increasing the value of one parameter, another parameter was
comparably reduced. Since the implicit tuning program knew
nothing about this technique twhich appears to be largely
intuitive, anyway), its results were often inadequate. At any

rate, that particular experiment ha: been abandoned.
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With the ability to sense pressure, a new variable has been
introduced into the system. How this parameter should affect the
behavior of HUNCH is not certairn yet, as we have not lived with
it for very long. It seems reasonable to assume that a heavily
drawn line requires more detailed analysis than a light line.
This effect can be accomplished by using pressure to offset rate.
As the pressure increases, it applies more drag to the line,
slowing down the calculated rate. Thus, a quickly drawn line,
drawn at great pressure, receives as detailed an examination as a
slow and deliberately irawn line at any pressure. The rate is

made to vary as a function of pressure according to the equasion:

lé-Fressure

Rate=RateX ===we-—=-=-- {0<Pressure<l5)

This function has the interesting side effect that its impact
varies as the rate it is operating on changes. At high rate, a
moderate change in pressure tsay from zero to four) cause a
comparative change in rate (from fifteen to eleven). At 'a slow
rate, the effect is less (three to two, e.g.}. This fact is
rather attractive, intuitively, but the overall effect has never

been eveluated.
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INTERSECTIONS--INSECT

Because of the way the data is generated and stored, there is
no reason to telieve that if two lines cross each other, their
intersection actually exists in the raw data. This problem
aside, in the process of searching for straight line segments
described above, it is impossible to find intersections at the
same time. Nonetheless, it is not unreasonable to want to know
about the existence of intersections. In fact, for some
applications, the finding of crissings and related T-
intersections, is a great aid toward solution of the particular
problem (Negroponte 1572). In order to locate these points,
then, a program to fiid thea was developed, INSECT {(from
INterSECTion).

INSECT uses a brute force method for locating intersections of
lines in a sketch. The first line iiscovered is compared to all
the other lines found, and the algebraic intersection of the line
and each subsequent line is calculated. As these points of
intersection are found, they are compared to the endpoints of the
two lines being worked on to see if the intersection falls
between, or within some delta (varying according to rate, as
usual) of the endpoints. Intersections falling outside these
limits are discarded. 7Those falling within the limits are
considered to be discovered intersections {(Figure 8). If the
intersection falls within the threshold of one of the endpoints
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Figure 8.

of the two lines, that éointzis moved to the coordinates of the
intersection, the other line of the pair is broken, and the
endpoint is made the common end of the two new segments. If the
intersection falls ‘well within the ends of the two segments, a
new point is added to the structure, and both lines are broken
and attached to .it. The second line in the structure is then
compared to all subsequent lines; the third; and so on. The
resulting structure has all .intersections and T-joints inserted

in appropriate piaces in the straightened version of the sketch.

It can. be seen that the amount of calculation which must be done
by this method goes up as the factorial of the number of lines .in
the sketch. This load is clearly unacceptable. Rs a sketch
becomes more complicated, with :.overtracing for examrle, the
amount of calculation goes up astronomically while the number of

'useful results :does not. ‘It seems reasonable to 'say that we are
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willing to make N linear passes through the data (where N is a

small integer--we are willing to look at each line N times), but
we do not wish to pay the cost of even one pass through the data
which is worse than linear. It took a long time to come wup with
a solution better than INSEZT for finding intersections, and the

better method has not beer implemented yet.

ke have a method for mayping a ctketch, raw or straightened, on

to a large array lexisting on a fast-access fixed-head disk).

‘For a complete description, see Rppendix II. With a bit of
cleverness, the straightenedi data can be mapped into two grids
(or one two-bit gric), such that if the mapping program discovers
that the bit in the first grid is already on (a bit being a point
on a line in the straightened data), it turns on the equivalent
bit in the second grid. It can be seen that, if every line in
the straightened data is mapped on to .the grid once, the only
points which could appear on the second grid would be those
points where two lines .intersected. Thus, .in order to .include
the intersections in the dat@a structure, it would be simply a
matter of reading points from the second grid which relate to
lines in the straightened iata. If a bit is found to be on,
then, it is an :intersecticn, and the ccordinates of that paint
could be inserted into the line currently being tested. The
extration of all intersections would require only two linear
passes through the data for a complete solution: one to map on to
the grid, one to read for .intersections.
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It should be obvious that this solution does not find T-joints
which were near misses (Figure EA). This objection is not
entirely bad, however. Since the method for finding T-joints in
INSECT used the same kind of "latching” described for STRRIT, .it
was prone to the same kinds of difficulties. Essentially, this
problenm comes.up whenever there is an attempt to apply a local
decision to a situation which requires more global information.
This error occurs where there is an attempt either to remove or
to. add information which can not be directly derived from the
available raw data, where the data is extrapolated across empty
space. Thus, the loss of this "missed T-joint" capability only
parallels the removal of latching which turned STRRIT into
STRAIN. If one wishel to r2cover this ability for some
particular application, one could take windows off the grid
around the points in a sketch and look for lines which cross

‘these windows.
HORIZONTRLIZINC KNI VERTICRLIZING--LEVEL

In an architectural context, lines which are horizontal or
vertical have special meaning. This effect occurs because we
live in a gravitational system which makes building horizontally
or vertically a more reasonable way to construct buildings than
any other way. Since the applications for HUNCH were considered
to be primarily architecturs:l, it was decided that it should be
able to place a special meaning to lines which were horizontal or
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vertical. The program LEVEL was written to
search the straightened data for lines which
could be implied to be horizontal or
vertical. It calculated .the restricted

arctangent (between z2ro and pi/2) of each

straightened line segment, and compared it to

a pair of rate-dependent threshold ralues.
If the line fell above the upper threshold.,
it was considered to be a vertical line, and
the coordinates of its endpoints were
adjusted so that the line was forced exactly
vertical. Similarly, if it fell below ‘the
lower threshold, it was eveistually forced
exactly horizontal. This progrem attempted
to ta .e into account the implied continuity
of lines. If one line was found to fit one
of the thresholds, the lines conneccting to
the points on either enc of the segment were
examined to see if any of tirem fit the
threshold the same way. If a line was found
continuing in the same dirzction, its second
endpoint was also searched for a continuing
line. This process was repeated until no
further continuing lines were fcund. Then
the positions of all of the points found to
be part of the continuous horizcecntal or
vertical werz adjusted at once, so that the
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continuity was preserved {Fijure 9). This need arises from

the desirability of preserving -continuity, and from the danger of
moving one point without examining the points around it. There
could exist a condition whte e @ line which falls outside of the
thresholds is moved within them by the leveling of one of its
endpoints being acted on at another segment. Thus, if the points
were adjusted independently, information from the original data
might be lost by the partial treatment of a line segment. This
approach made LEVEL perform as well: as it could be expected to,
but since it used the same extremely local information about line
segments that latching and intersection finding do, it suffered
from the same kind of indiscriminating errors that ‘those tuwo
functions make. Thus, whilz serving as an educational and jazzy

exercise, its usefulness is questionable.
CURVES

‘One of the first decisicns made in the development of HUNCH was
on the subject of cureves. Curves are somewhat more difficult to
handle than straight lines, since they are more difficult to
define. A straight line, after all, can be represented by two
points. R curve requires at least three, and it is not at all
cliear which three ace appropriate. Furthermore, in a.sketch. it
was difficult to come to grips with the problem of
differentiating a curve from a wobbly straight line or from a

very sloppily drawn correr. In Figure 10, for example, it is
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not even clear to a human uhéther that is

a sketch of badly drawn rectangle or of a

a super-elipse.

Rs a result of these difficulties, .it was

initially decided to side-step the issue by Figure 10.
refusing curves as valid input. This

decision can be partially justified on the grounds that, in the
assumed architectur:zl context, curves just do not occur that
frequently. RAvant guarde architects aside, the vast majority of
buildings have straight walls and flat ceilings (Negroponte,
1973). Thus, while ignoring the problem of curves imposed a
limitation on HUNCH, the resulting simplification of the goals

seemed to get us a long way before it became a problenm.

The immediate goal: of HUNCH, then, was to look for straight
lines. The approachk used has a rather interesting side effect if
the program is presented a curve. Since corners are defined by
finding two line segments and calculating their intersection, a
curve becomes simply a very long corner. Once a curve starts, no
further action .is taken by the straightening program until the
curve ends. This fact makes the operation of HUNCH on curves
rather unpredictable. iln fact, it may be said that the way HUNCH
operates is the worst possible way to handle curves there is:
HUNCH will make worse decision: about curves than any other
method of data reduction from sketches. The most extreme case of
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failure is shown .in Figure 1ll1l. 1In 11AR, HUNCH found a straight
line segment at the beginning at at the end of the stroke. They
have been emphasized in !l1B. (It deiwcided that everything in
between the two segments was a corner, and calculated the
intersection of the two segments, to define the position of the

corner between the two segm2nts. The results are shown is 1l1C.

While the initial assumption about the importance of curves
still appears valid, over the years it has become a bit of a
thorn in the side. The first thing anyone does in a
demonstration of HUMNCK is to throw a curve at it. HAs a result,
it was decided to try to fiind a method for at least recognizing
curves. If HUNCH krew a curve existed, that would be sufficient
to keep it from peing confused. Furthermore, in a sketch, the
actual shpe of a curve is not as important as is the recognition
of its existence. The user is not l:ikely to care whether the
curve is a parabola, circular arc, sine curve, or part of a
complex polynomial. He will care if it gets straightened,

however.

A A B c

Figtre 1l. \V/
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The initial approach taken to try to recognize curves was to use
the mathematics of the line to cause the curves to stand out.

The slope of a sketched line (its fiirst derivative) changes along
its langth. In the case of a straight line, the variations are
small around some constant value. At a corner, the first
derivative undergoes a discontinuity. For a curve, the first
derivative is constantly changing, smoothly. If one looks at the
second derivative of a line, then, that of a straight line will
be zero, or nearly so. P ccrner would have a spike around ithe
discoatinuity, and a curve would be identified by some fairly
uniform, non-zero value. Unfortunately, due to the method of
sampling data, the theory does not work when put into practice.
Local variations in the data tend to over-ride the actual data
from the second derivative. Fijure 12 shows some samples of
sketches and tre first and second derivatives associated. BAny
positive value in the second derivative is lost in noise from the

data.

Another approach which show: more promise is to capitalize on

the poor curve handling ability of the straightening pass of
HUNCH. One way to make HUN{HE handle a curve better has always
been to draw it more slowly, siice that.would cause the curve to
be segmented into smaller Lines. In fact, small variations .in
the parameters used to determine the minimum bend which defines a
corner result in racically different behavior of HUNCH on curves
while having only minor effects on the analysis of straight
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lines. Figure 13 shows a sketch consisting of both lines and
curves, and three analyses by HUNCH of the sketch, using
different rate paraneters. It .can be seen .that while the
variation of the anilysis of the straight lines is slight, there
are vast differences in the handling of the curves. Note that
the handling of the roundei courner f(at (a)) is done correctly in
all cases. The implications of this discovery are not fully
investigated yet. Rlthough this approach was first proposed over
a year ago, it was not tried until recently, after the first

approach had been thoroughly discrediited.

EDITING

Since HUNCH frequently make. mistakes (largely due to objections
previously discussed), it seemed desirable to implement a means
of editing the resulting structure. Since this editing was
ultimately accomplished by explicit commands, their
implementation has no directi bearing on the philosophy behind

HUNCH. Their descripticn is included for completeness, however.

To edit a sketch one needs the ability to perform four
functions: the ability to add a2 point; the ability to remove a
point; ‘the ability to link a line to a paint; and the ability to
break such a link. The workhorse of the editing package is a
program called MOVE. Ey pointin: with the stylus of the tatlet,
the user can grab a point in the displayed structure and move it
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to some other position .in ttre display. If the new position falls
close to another point, all the lines attached to that point are
‘latched tc the ne¢wly positioned peoint, and the other point .is
deleted. A point can be slid down a line that it is on until it
becomes latched with the other end of the line and the extra
point deleted. Points aay also be deleted by a program called
CLEAN, which eliminates slight bends in otherwise straight lines.
Since this process over-rides a deciision made in the

straightening pass, however, this program is extremely timid

To add a point, there is a program called BEND. If the stylus
is pointed at the line to which the point is to be added, the
line is broken, and a new pcint is acdded to the line at the
location indicated. This point may then be moved or latched, as

in MOVE

Finally, there is a progrem called DETACH which breaks links
between points. The user draws a line across those lines in the
display which he wants detached from a given point. A new point
is created, offset slightly from the point in question, and the
crossed lines are detached from the old point and latched to the
new one. The program decides which point is to be detached from
by finding the common endroint of the lines drawn across. If
there is only one line crosied, it decides which end of the line

segment the intersection is closer to, and detaches from there.
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IIl. PRESENT
Where Em ‘I Now

Let us step through HUNCH's resolution of a sketch. The user
.invckes the :command DRAW, and draws Figtre 14, a rectangle. The
drawing was done in one stroke in a counter-clockwise direction
from the upper right. te signifies that the drawing is complete,
and the file containing tae data is closed. The actual data
points stored by the program are shown in Figure 15. The
distance between the points gives some indication of the rate at
which the line was drawn. ‘It can be observed that the first half
of the square was drawn ar i1 fairly rapid rate, while the last
half was drawn more slowly. Since the pressure sensitive pen was
not available when this sample was taken, the pressures

associated with the data in this sketch are all zero.

.
.
P ey

Figure 14. Figure 15.
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The sketch is now ready to be examined for straight line
segments. This pass at the data is described as separate from
the DRAW routine, but there is no inherent reason for the two
operations to he separated. Wiith minor modifications, the
command STRAIN could be int:zgrated with the draw phase. In that
case, the search for line segments could be done "on the fly."
Under the present scheme, tie straight line finding pass at the

data i:s invoked by :the command STRAIN.

The body of .the work .in finding line segments .is bound up in
three routines: NOEND, TANGNT, and TRNTST. These routines
provide the main interface Letween the program and the raw data,
and they are usually called in sequence, in the order they were
named above. NCEND performs lookanead, data management, and
parameter setting. TANGNT, a si: ight misnomer from historical
reasons, calculates the’@rctangent of a line over a segment.
TRNTIST determines tne difference between two successive

arctangents.

NOEND is perhaps the most subtly complicated program .in the
system, since it appareatly does so little and is responsible for
so much. The first thing NOEND does is to call the routines
which calculate the current applicable rate and pressure. RATER
does not calculate the rate at every point, since the rate does
not fluctuate greatly over a very small area and since the method
of calculating rate works aver a range of points arcund the
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current one. In order to minimize the effect. one anomalous point
could have on calculateion of rate, a method of calculation was
chosen which examines points near the current point. Rate is
considered to be an inverse fumction of the number of points
sampled before the line has travele! some set distance,
approximately three eithths of an inch. The .current point
pointer is temporarily backed up a few points, so that the sample
will likely fall aciross the current point, rather than one side
or tha other of it. Then a points traversed counter is bumped,
and the distance betweer 'the new current point and its following
point is calculated. This length is compared to the fixed
distance, and if gricater, the calculation is -complete.

Otherwise, the current point counter is incremented, the counter
bumped, and the next distance is calculated. The length of this
segmeat is summed with the length from previous calculations, and
the sum is compared to the fixed length. This process is
repeated until either the fixed length is exceeded or until the
points traversed counter exceeds sixteen. The difference between
the points traversed couner and sixteen equals the rate (0-15, a
reputable computer-based numberiing system). The pressure at the
original current point is then normalized to fall in the 0 to 15
range as well, and this value is applied inversely to the rate

{see Section II, Rate/Pressure).

This calculated rate is then applied to the user's parameter

polyncmial,
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TANDIF=A*Rate**3+4B*{ate**x2+ *Rate+D

where R, B, C, and L are parameters unique to the user for this
application of the function. TANDIF is the maximum allowable
change in arctangent befor:z STRRIN decides that a corner was
intended. Thus, the degree of turn which determines a :corner .is
a function of the individual user and the local rate he is

drawing at any giver. time.

The next task NOEND has :is to check to see if it is going to run
out of data. STRARIN is goiag to calculate the arctangent of a
segment connecting the current point to a point some .interval
down the data ftusually two points away). The reason for using
this interval, rather than simply calculating for the segment
betwean the current point and its successor is that such an
approach would make the program to susceptible to local jigs in
the line. By skipping a point or two in between, extremely local
variations in the line tend to be smoothed out, while major
changes in direction are unaffected. However, there are two
events which must be watched fo: across this interval. First,
since the data exists in a fdixed buffer, NOEND must check to make
sure that the end of the buffer has not been reached. 1If this is
the case, the ramaining data in the buffer is flushed, and more
data is fetched. Second, ard more important, the data across the
interval must be checked for. “pen-up” flags. Such a flag
indicates that the line being looked at has ended. If a pen-uf
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flag is encountered, a special exit is required to a subroutine
called ENDSEG. At the end of a segment, no more calculation can
be done on the current line, so loose ends must be :tied up, and
the program must be reiritializei to begin a new segment. ENDSEG

will be discussed later.

NOEND has one more function to performi: it checks for extremes

on a line. As it examines the points on the line, it sends each
point to a subroutine called EXIRMR. This routine checks to find
out if the line has changed dir:ction more than ninety degrees
over ‘the last few points. Such an occurrence .is called an
extreme. If searching for 2xtremes seems redundant to the
main-line search for corners, it is. The information developed
by EXIRMR is used later by subroutine CFSA (Check For Small
Angles), however, ard therefore must be found. Note, this EXTRMR
is the same as the routine called ia the search for extremes

defining squiggles.

Finding no ends of .lines across the next interval, NOEND loads
the x- and y-cooriinates of the current pointer value it was
handec (or the first point :in thke new buffer, if the end of the
buffer was reached), and returns. The next step is a call to
subrautine TANGNT. This r.cutine .increments the current point
counter by the interval (two points), and gets the x-length and
the y-length for the segment between the previous and the new
current points. Usiag these values, TANGNT calculates the
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arctangent of that segment, resulting in a .value between zero and
two-pi. This number is added tu the top of a circular list of

arctangents for later access, and TANGNT returns.

The third member of the trilogy, TRMST, obviously .can not be
called unti]l TANGNT has :teen callef{ at least twice. After the
second call to TANGNT, the list of arctangents is handed to
TRNIST, which calculates the difference between the top two
arctangents on the list. Because of ‘the discontinuity of the
arctangeat function around two-pi, IRNTST has to worry about
lines in this vicinity (a pair of nearly colinear, horizontal
lines could return an arctanjent difference of nearly two-pi).
The exact difference of the arctangents is not as important as
the magnitude of the differ:nce, so TRNTST gets around the
discontinuity by returning the lesser value of the following

functions:

Difference={ARrctangent(l)-Arctangent(2)]

=2*Pi-|Anctangent( l)-Arctangert (2} |

It can be seen that in the horizontal line case, .the routine

would return the correct value.

The power of these three routines can be shown by seeing how
STRRIN uses ther in its search for line segments. The first

buffer of data is fetched and the currnet point pointer is set to
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the first point in the buffer (194,x;540,y in the sample sketch).
STRRIN .is going to try to deal with tuo line segments at a time.
1) Since the first point obviously begins a segment, its x- and
y-coordinates are saved in an array called THOLD; a pointer to
this location is stored as the first element in a second array
called ‘CORNER; and ¢ pcinter to the point's sequential position
in the original data is stored as the first element in an array
called LATP. Furthermore, a flag is set in RATE to signal that a
new TANDIF parawneter should be calculated, and a call is made to
NOEND. Since the irterval is currently set to two points, no
endpoints or end >f buffer is encouiatered. The rate is found to
be 14, the x-coordinate 14, and the y-coordinate 540. When
stored, the maximum rate reached while drawing the line segment
is associated with the line for furture reference. Since this is
the first data examined, the associated rate must be the greatest
found, so it is set aside for later comparison. A call is made
to TANGNT, and the arctingent of the first segment, between the
first and third points .is calculated (6.27) and stored on the
circular list TAN. This arctangent is the only one on the list,
so a call to TRMIST would be futile at this point.
2) The current point counter is incremented to the second point
in the buffer and NOEND is called again. RATER does not need to
recalculate yet; there is no endpoint across the next interval,
which lies entirely in the buffer. Therefore, NOEND returns with
x equal to 98, y at 547, and rate the same as before. The rate
is not greater than that previously determined, so the saved
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value is unchanged. TANGCNT is called and adds the arctangent of
the second segment (6.2722) toTEN. TRNTST is now called; it
returns the magnitude of the differ=nce between the two
arctangents, DIFFERENCE3(':Z. This difference is compared to
TANDIF, which for this user drawing at rate 14 has a value of
.19. The change in direction falls well below this value, so no
start of corner is determined. STRAIN returns to 2), increments
the current point counter, and continues.

3) This loop continues until point 7 is reached. The x- and
y-coordinates of point ‘7 are -6t7 and 531, respectively. The
arctangent of the segment between points 7 and 9 is .25. At
point 8, however, the arctangemt ha: changed to .62. Meanwhile,
the rate has changed to 15, so the value of TANDIF is .20. Thus,
when TRNTST returns a change of arctangent of .37, something
happens.

4) The significant bend .in the line indicates that the line .is
entering a corner.. The current point counter is backed up one
point, so that it points to the end of the first straight
segment. The x- and y-cooriinates of this point are stored in
THOLD, and a pointer to this data itc stored in the second element
of CORNER. The current point counter then goes into DATP.

5} R call is made :to subrcutine LINE, which calculates the
slope of the line segment defined by the points indicated by the
first two elements .in C(RNER. 'This information will be of .use

later, so the slope is stored in the third element of CORNER.
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The maximum rate reached across the segment (15) is stored in a

‘location called RMAXI1.

Because of a tendency tc make rounded., rather than -sharp,
corners when sketching, it zan not e assumed that a corner
occurs at a ‘single point in the original sketch. To cofe with
this problem, STRRIN searches for tae straight line segments on
either side fo the wcorner. Usin: these segments, then, the
algebraic intersection of these lines is calculated, and this
intersection is edfiinde to be the corner connecting the two
segments.,
6) 'This method for calculating corners renders the data between
line segments valueless. The collection of points which make up
the corner in tte raw data are useful only where they help to
define where the second segment begins. Just as the corner was
defined to begin where the change in arctangent was greater than
TANDIF, the corner is defined to end and a new segment to begin
where the delta arctangent falls below ;this limit. Thus. once
the start of the corner is founi, a new cycle of calling NOEND,
TANGNT, and TRNTST .is becgun. Because the current peoint .counter
was backed up one point, tae first results of the first cycle are
the same as those described in .2) sbkove. Since .37 is greater
than TANDIF, the corner is continued. The next cycle, on point 9
results in an arctargent of 1JGé. The difference between this
value and the arctangent of the previous segment is .44, which is
still greater than 'IANDIF.
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7) This cycle is repeated until between points 10 and 11 the
difference .in arctangents has fallen ‘to .13. This small change
in direction indicates that a new segment has started.

8) The current point counter is backed up one poimt to get it
to the first point in the segment {since the difference in
arctangents was small, the segment must have started with the
previous point). This point  is preserved in THOLD and CORNER.
CORNEK .is examined to see if it contains information about two
segments, so the corner between the segments can be calculated.
‘In fact, only one segment has been found and ‘the starting point
of a second one. Since no calculation can be made until the
second segment is found, STRRIN returns to 2) to search for it,

saving the data in the appropriate locations in CORNER and THOLD.

TABLE A
DATP CORNER THOLD
x Y
1 -> 194 540
7 ->  -g87. 531
- 1 - -
1L ->  -143 431
20 -> 4727 -15i
- -4668 - -
23 -> <719 -745
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By the time the routine gets back to 8), the current point
counter has made its way up to 23, and a second corner has been
delimited. .DATP, C(RNER, ard THOLD have the values shown in
Table A.

There are now. two segmeats, so their intersection can be
calculated. BRn examinaticn of Table R shows that one would
expect the corner to fall between -687 and -743 in the
x-direction, and betweer 531 anc 431 in the
y-direction--approximately. Once this intersection has been
determined, the exact erdroints of the first line segment in the
sketch are known, and may be saved. Therefore, let us digress
from the original sxetch and see how this step is performed.

9) First, the angle between the two segments defiined in CORNER
is checked to see if it: is very small, in subroutine CFSR (Check
For Small Angles). For very tight angles, such as occur in
overtracing, the precision of the afithmetic permitted by the
computer was found to be .inadequate. The calculated
intersections of lines at small angles were frequently found to
be highly .inaccurate. ﬁé a result of this difficuly, the actual
raw data was deemed preferable to calculated data for determining
corners at small angles. Czlls to EXTRMR from NOEND have
previously determined if an; extremes exist along the line so
far. CFSR first deterxines the arctangents of the :two segments
defined in CORNER, then checks the difference between these
arctangents to see :if the two segments qualify. It then looks to
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see if thers are any extrem2s. If so, the point of interest must
have an associated point number which falls somewhere between the
indices of the midpoints of the two segments in CORNER. The
"average" point numbers .«f the two tegments are calculated,
therefore, and the list of :xtremes is searched for one with an
index which falls between these values. If one is found, and if
the angle between the sa2gmeats is small enough, then CFSAR returns
the x- and y-coordinates of these extremes as the location of the
corner between the two segments. Parenthetically, if no such
extreme is found, but the angle is still small, then the value
returned is the second 2nd of the first segment. If the angle is
not small, then CFSF just does a,liytle house-cleaning,

discarding extremes already passed,  and returns.

In. the case of the sample sketch, while an extreme was found,
the angle between the segments .is nearly ninety degrees. This
angle is too large to be considered,- so CFSA returns no value.
k0) The corner must be calculaied, a task performed by CFIX.
Since two points on each :f two line segments in CORNER are
known, the formulas for each of the lines (Y=R*X+B) can be
calculated. "A"™ for each line is the slope, calculated by LINE,
contained in slot 3 and slot € of CCRNER for the first and second
lines respectively. “B" can be determined by: B=Y-A*Xl. This
equasion can be calculated by taking either of the known points
in CORNER, getting its x- aid y-coordinates, and substituting.
Once the formulas for the two segments are known, ancther fact
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can be applied--at the intersection, X1=X2 and Yl=Y2. Therefore:

AL*XX*Bl=R2*%{+B2

and:

Xtintersection)s ~--=---

Once X(intersection) is known, it can be substituted into the
forrnulas for either of the line: to determine Y(intersection).
In the interest of accuracy, in fact, Xl{intersection) is
substituted into both formilas, and the resulting Y which causes
the least change in arctangent from those of the two segments in
CORNER (there is bound to be some slight adjustment) is used as

Yiintersection).

The above description is true in most cases. However, there is

a special case which arises when one¢ of the lines is nearly
vertical, as is the case in the second line segment of the sanmple
sketch. When a line becomes vertical, its slore becomes
infinite. Dealing with infinite, or large, numbers in a computer
becomes difficult, since one begins to encounter round-off and
overflow difficulties. There is one saving grace, however. R
line is vertical because there is only a small variation in its
x-coordinate across its length. In this case, there can be
little error in assuming that the x-coordinate of the

63



intersection is the same as the x-coordinate of the point of the
vertical line segment nearer the proposed corner (in the case of
the sample sketch, the x-coordinate of point 11, x=-743). This
value can then be substituted 'iirto the formula for ‘the other line
in CORNER, to det2rmine the y-coordinate of the intersection.
This approach is th: one which CFIX takes, returning the values
Xtintersection)=-743, Yiintersection)=530. If both lines are
nearly vertical, then the discovery of an implied corner was a
mistake. The two segments are nerged into one, and the progran
returns to look for a second segment.

11) Since both ends of the first segment have been determined,
‘'the first segment can be saved by a call to LINER. The data
about straight line segments is stored in a variably sized
structure; a more complete description of the data structure can
be found in Appendix I. Generally, the data which is stored
about the endpoints is as follows: the x- and y-coordinates of
the two endpoints of the line segment:; the index of the position
.in the raw data where the point was first discovered (the first
point in the stfoke, or the beginning point of a corner); and a
flag indicating whether the point was immediately preceeded or
followed by a pen-1ift flag.. The line is stored as a relation
between the two endpoint, holding information about the maximum
rate and pressure attained while the line was drawn. Absence of
such a relation means that no line was discovered between two
points. A point can have as many line relations associated with
it as necessary to represent the picture, but in the current
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approach, a point can have either one or two lines related to it
after the initial pass at finding straight lines. On the segment
just discovered, the first point will have a single associated
relation, one with the second point. The second point., being a
corner, is related to the first point (the same relation, in
fact), and eventually to a third point which will define the
second corner discovered. Since no latching is done at this
pass, there can be no more than two lines associated with a
point.
12) Gnce the segment has been saved, it can be discarded from
CORNER, THOLD, and DATP. The beginning point of the second
segment is shifted to the fi}st position in CORNER, and the
remaining data is shifted down accordingly in the various arrays.
Then the pointer in CORNER to the first point in THOLD is
changed to point to the second point just saved by LINE. This
second point will be used instead of the numbers in THOLD as one
end of the next segment defined, the next time LINE is called.

The common endpoint will thus be defined.
The state of the prograrm has now returned to where :it was after

the first corner was discovered. The only difference is in the

data .in the various arrays {(see Table Bl.
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TRBLE B

DATP  CORNER THOL.D
» Y
11 ~>POINT(2)
20: -> -727  -754
- -4568 - -
23 -> -7 -745

Bs it did before, therefore, STRRIN loops back to 2) and
continues. The second corn:r is determined, and because the rate
slowed toward the erd of :the line, the :third turn in the line is
broken into several corners.. STRAIN has now gotten to point 84
lacking for a corner to end, so it can go to determine -the
seventh segment. When it picks up point 84 in a call to NOEND,
however, it is discovered that .the data element is a pen up flag;
the line has ended. Since there are no more corners to be found
on this line, the program branches to ENDSEG, which deals with
end conditions of lines..
13) ENDSEG basicallly deals with the end of a line the same way
the beginning of the line was handled in l). Since the last
point in the lin. obviously ends a .line segment, the current
point counter is backed up one before the pen-up flag. A pointer
to this point is placed ir C(ORNER, and its index is saved .in
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DATP, along with the pen 1lift flag {Note that since this point
will be disposed of immediately, there is no need to save its
coordinates in THOLD. There is no danger of the data being
overlaid by a refill of the buffer). LINE .is called to figure
the slope. Two segments have beea determined thus, so the corner
betuween them can be calculated ky a call to CFSR or CFIX. 'Then
the first segment can be saved by LINER.

14) .Finally, since the end point of the stroke is known
exactly, from the data, no calculation needs to be done to
determine the last point of the last segment. It can be saved
directily by LINER. Once this operation has been done, all the
information which can be determined directly from the stroke has
been dealt with. CORNER is cleared, and STRAIN returns to 1) to

look for more data.

‘There are two other possible ‘cases shich might have .to Le dealt
with by ENDSEG, however.. One is that the beginning of a corner
has been found, but the curve of the corner has not terminated at
the point where the pen lift flag is encountered, as is the case
in the sample sketch. iln this instance, there is little choice
but t» ignore the data occur:iing after the corner began. There is
no way to calculate a pasition for this final corner, so it is
simply diropped. This rarely results in any major distortion of
the sketch, but occasionally, an entire final line .is dropped if
the line is sufficiently curved to fool the program (See the
discussion on curves, in Section II). The calculation for this
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case is essentially the same as in 13). The second case, which
occurs more frequently, is that of a single straight line
segment. If the pen is lifted before any corner is drawn, ENDSEG
has no .interim corner tc find. In this case ti.e. CORNER only
has two or three cells filled in), > .FSA and CFIX are not needed,
and the two points (first and last on 'the stroke) can be saved
directly by LINER. In eith:r case, all the information which can

be found on the stroke .is dcne with and CORNER is cleared.

When STRAIN returns to 1) tic pick uy another line, .it discovers
taat there is no mores data; it is done. The completely STRAINed
sketch appears .in Figure 16. Tie data is stored in a structure
of points and lines described in RAppendix I, and is accessible to
other programs for further analiysis. The above description
covers essentially all the steps required to create this
structure, covering all the special cases. The only likely
extension is that which will enable the system to recognize and

describe curves.
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IV. FUTURE

W#here Do We Go from Here?

‘DESCRIPTION OF A SKEICH

Having examined all that 1as occurred since HUNCH was begun, let
us go back a bit to look at the criginal goals, particularly, the
development of a hierarchical description of the sketch. The
output of the straightening pass at the data .is a two level
structure of lines and points. While this structure makes the
data much more manageable, it i: not much of a step toward a

description of the sketch in any normal human sense.

To. elucidate what is meant. by "a normal human description,” let
us try to generate cne from a particular sketch. Figure 17 is a
sketch of a house plan, much simplified. A verbal description

which one might expect frem a hwman is as follows:

1. It has 5 raooms

2. Rooms 1 and 6 have access to the outside; room 6 through one
door, room 1 through two.

3. ARll the rooms are rectanjlular, having four walls, except
rooms 3 and 6 which have six walls each.

4. Roox 1l is conanected to the outside through (doors in) its

left and right walls, and tc room 2 through its bottom wall.



figure l7a.

tigure Lib.
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S. Room 2 has access tc¢ room 1 trrcugh its topr wall, and to
rooms 3 and 4 through its bottoz wall.

€. Koom 3 is cinnected wuc¢ room Z tkrough its tofp wall, and to
roons 4 and 5 thraugh two doors and one door, respectively, in
its bottom wall.

And so forth.

This verbal description is not complete. One might wish to
describe the exact configuration of rooms 3 and 5, to enumerate
which walls were on the perimeter of the building and which walls
were shared by the various rooms. The verbal description does
not even specify a tnique hcuse plan. FKowever, it does supply
sufficient information such that some specific questions could be
asked about the relationships between the rooms ("What rooms
would I cross going from room 1 to room 52"), about the overall
accounting for the building ("How many rooms? doors?"), and abaut
specific parts of the sketch (“.ow big is room 32?"). (Note that
while the last question is not sjecifically answerable from the
description, the area which has to be examined to determine the

answer is considerably 1estricted.

In .order to generate such a description, a rerson (or program)
needs to know what kinds of elements might be found in a sketch,
what kinds of questions are gcing tc be asked about these
elements, and how to recognize the various elements represented
in .the sketch. In the sample sketch, there are basically three
elements: walls, doors, and rooms. The kinds of questions one
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might be asked are about position, relative size, and
relationships between elements. If the information is stored in
some reasonably structured way, the.e questions ought to be easy

to answer, once the various elements have been found.

The recognition of elements is perhaps the most difficult
requirement. .In the sample sketch, three different
representations were used for doors {Figure 17b). In this simple
case, then, what are some of the cues people use to identify the

three elements which comprise the sample sketch?

To find the rooms in a plan, one would look for areas enclosed
by sets of lines which define walls and which do not enclose
other rooms.

Walls are characterized by sets of fairly long ceolinear,
continuous lines which appear at the edges of areas which are
roons. They may have dcors in .them. They comprise most of .the
lines in a plan sketch.

Doors may be characterized by the fact that they appear in
walls. They may be representei by a break in an otherwise
colinear wall or a set .cf (protably! short lines bracketing a
break in the perimeter of i room. These short lines will
probably be perrendicular toc the lines which make up the wall in
which the break occurs. Finally, there may be a line about the

same length as the break in the wall which lies at a small angle
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to the wall in which the break occurs, and which shares a common

end point with those points making up one end of the break.

The seeming circularity of some of the definitions ta wall is an
edge of a room, and a roor :is limited by its walls) is an asset
of such a description. One can apply one rule tentatively (take
a guess at a room, for examjile}, and then use the .consequence of
this guess to draw sther conclusions. Eventually, one will
either come to a sclution, or because of the circularity of
definition, one will arrive at a contradiction. If the
description were completely directed and acyclic., one 'could
drift farther and farther from the facts after an erroneous guess

without ever noticing that anything was wrong.

In order to have a computer program which can censtruct a
descriptive structure for a particular class of sketches, then,
one must be able to specify to the program what features to look
for and how the program is o go about recognizing these
features. The process cf recognizing features seems to require
the application of those fu.ctions already discredited in earlier
discussion: latching, herizcntalizing, .verticalizing.
parallelizing, perpendicularizing, conlinearizing, normalizing,
and continuing. While this is true, in this case the functions
are applied in some context.. Earlier attempts were simply
exercises in .investigating how the HUNCH apgroach could be
applied to solving these various functions. The result was a

.
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program which knew a rule and which applied that rule under all
conditions. The effect of this method was that the rule was
appllied under conditions where it was possible but not
appropriate. In the proposed solution, the projram would have
some idea about when the rule could reasonably be applied while

searching for a specific itenm.

Using this system, the user would name a set of features which
would be searched for in a particular class of sketches. The
names of these features will provide the means of describing the
sketch, and relationships between the features will pronvide clues
to the hierarchy for the description ta kind of precedence
relation). Once the features have been named, the user would
describe the attributes of each feature which would be searched
for in a given sketch. 1In general, a feature consistsiof a set
of points, or lines, or perhaps other fzatures, or a combination
of these elements. 'Identifying whether a part cf a sketch is a
particular feature involves matching elements of the sketch to
attributes of the set describing that feature. For example, an
attribute of a one element. set consisting of a straight line
segment .is the direction .in which tlie segmen+t liec; ano ther
attribute is the length of the segment. The proces. of telling
the program how to recognize a particulc¢r class of sketch
involves naming a set of features and then describing attributes
of the sets which determine a feature. This description will
provide a structure against which sets of lin:s and features will
be matched by the program providing the description of .the tketch.
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EXISTING KNOWN SETIS

Rfter a sketch has. been processed by STRARIN, the sutput of the
operaticn can be considered to be two sets: a set of lines and a
set of points. These two sets are the primitive sets from which
the rest of the description will be derived. Furthermore., the
elements of these sets each have their own set of primitive

attributes.

The most basic element of a sketch is a point. It has two
primitive attributes: position and sequence. The initial value
of position is the obviocus one--simply, where in the coordinates
of the tablet the point lies. Later analysis might require
changing this value (a three-dimensional mafpirg. for examrlel.
Sequence can be taken to be the temporal position of the point.
In the process of straightening the sketch, the index of a foint,
in the original steam of data, which is the start of a corner or
an end of a stroke is saved and associated with that point in the
straightened data structure. These two basic attributes, tnen,
provide a one-to-one mapping from a point number into a
three-dimensional space/time volume.

There is another attribute of a point which should be
considered; that is, it can define one end of a line segment. 1In
the straightened data structure, the role this attribute can play
is fixed, since there are at most two line segments which can
have a given point as an endpoint. This attribute was not
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included in the discussion of primitive attributes, however,
because in defining features, one might wish to construct lines
not appearing in the original sketch. Thus tae manifestation of
this attribute might change under varying circumstarces. More
properly, this attribute of a point will be res:rved for the

discussion of the relationships between points.

R larger set of attributes is associated with a line segment.

As with points, there are two obvious primitive attributes:
direction and magnitude. The direction can .initially be taken to
be the arctangent of the line relative to tae positive horizontal
direction of the tablet. 'Its magnitude is its length, isinc the
tablet coordinate system. As with the position of i point, the
value of either of these attributes might have 10 be :changed if
the line is mappedl into three-space. In the process of
straightening, the fastest rate and the greatest pressure reached
while drawing a particular line are associated in t'e structure
with the line. These attributes suggest others which might be
considered at some later date, if the means of input should be
modified. One can .imagine a line havinc¢ width, color, texture,
even thickness. Finally, as the in/erse of the point attribute,
two attributes of a line segment are the points which define its
ends. Unlike the point example, the two enipoiats of a segment

are fixed, so these attributes are unchanging.

Given these two sets, some analysis of a sketch is possible, as
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long as that analysis is related to some absolute scale.. 0One
might wish to examine all the lines longer than a certair minimum
length, or, those lying in a particular direction. The process of
looking for horizontal and vertical lines requires Just this sort
of analysis. Most analysis requires the ability to distinguish
relationships between sets of paints or lines, however; there is
no absolute background against which the measurement takes place.
Because of this need, there must be the carability to describe
relationships between points and lines which can be assigned as
attributes to sets. These primitives are discussed in the next

section.

LINE SET RTTRIBUTES

'In describing the features of a sketch, one uses woids like
parallel, perpendicular, angle, corner, neir, and so forth. It
is proposed .in this section .to define a set of primitives which
can be applied to lines to test them for these descriptors, and
to describe how the procedures which establish the existence of
these attributes might be implemented. Given taese primitives
(arnd some other, more general ones described in a later section},
one can describe the attributes of a set of element. which would
make up a feature of a sketch.
PARALLELISM: 1In most sketches, there are preferred directions.
In the sketch of the house plan of the average houst, the great
11



rajority of the .lines would fall into two perpendicular
directions. In an axonometric sketch, there would be three
preferred dixrections. R histogram of the direction of the lines
in a sketch versus either the number of occurrences of a given
direction, or the total length of line in a particular direction,
>r a combination of both, will show peaks at the various
preferred directions with a fairly narrow standard deviation
{Figure 18). It is a simple matter to divide th sketch into
families of lines, using the valleys between the preferred
directions as division guide-lines. One could user rate and
pressure tc influvence the decision, as far as allowable deviation
is concerned. Some sort of average direction could be used to
defire the family which was implied, and this identifier for the
family could be associated with each line in the straightened
‘data structure. B set of lines could be considered parallel,

then, if they all belonged to the same family.

e
(1]
se

“

Figure 18.
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COLINEERITY: Once the family of a line .is determined, the

family identifier can be used to calculate the x- or y-intercept
¢f that line. The result of this calculation could also be
associated wita each line in the structure. It is likely that
intercepts wwld tend to fall in groups as arctangents do. R set
.f lines could be said to be colinear, then, if the set had the
attribute .of parallelism, and if each element of the same, or
nearly the same, x- >r y-intercept. RAgain, the definition of

near could be sukject to rate and pressure data influence.

.CONTI.NUITY: 1In the strictest sense, a set of lines can be
defi:ed to be continuous if the set is conlinear, and if there
are no "breaks" in the line. More specifically, a line is
unbroken if there is never a case where, scanning from left to
rght (or from to} to Lottom), the right-most end of the line
segment is encouirtered before the left-most end of another line
segment is found, if there are still line segments to the right.
Normally, on: would wish to include instances of "near
«continuity." where the break in the line is small, in this
definition of coixtinuity. This modification of the definition is
somewhat risky., since it is prone to the same difficulties
encountered in earlier latching attempts. A way to get around
:this objection would be either never to apply the weak continuity
rule until ortaner analysis had failed to provide a satisfactory
result, or to flag a weakly continuaus set, such that later
difficulties might be resolved with a minimum of searching for
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the error. .In ary case, it should be noted that this form of
latching is only applied in a fairly explicit set of
circumstance:: the distance is small, and the lines to be :latched

are colinear..

Aith tne above primitives, one could make a generous stab at
reducing the comjplexity of a heavily overtraced sketch. R
"Meta-line" could be defined as a feature of the sketch having
the .ttribute that each Meta-line .in the sketch would consist .of
a set of continuous line segments. The endpoints of the
Feta-line would te the left- and right-most points which were
attributes of the lines making up the set (in some cases, the
tog- and bottom-most points would be used)}, and the deviation in
the y-intercept of the lines in the set could be used to define a
width for the Meta-line. Once this .information had been
determined, furtner analysis could proceed exclusively at the
Jeta-line level. It would not uéually be the case, houwever, that
an analysis would proceed in an exclusively bottom-up manner, as
described above. The example does show how the attributes of a
set' night simply be related with fairly powerful results.
SEQUENCE: Ir the set of points, a point which ends a line
segmeat must be preceeded immediately by the peoint which began
the cegment. Simila:ly, the following sequential point is either
the end of a line eminating from the point in question, or it is
the beginning of the next line to be started. At any rate., the
straightened iata structure contains the complete sequence in
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which all the lines in the sketch were draun. Two lines are in
sequence, then, if the second point in one line is either the
first point .in tte other one, or it immediately preceeds the
first poiat in the second line--or vice versa. R Dashed-line
could be defined as a set of lines which are colinear,

non-continuous, ind in sequence.

ANGULARITY: The intersection of two lines forms an angle.

Engles seem to perforr two functions in a sketch: they pernmit
definition of  relationships between non-parallel lines ("line A
.is perpendicular to line B"), and they indicate intended changes
of direction tas at corners). An angle provides a relationship
Letween 'two (sets .of ) lines, and it consists of two defining

elem nts: a pair of lines or line sets and a magnitude. The
rosition of the angle can be taken to be the point of
intersection of the two. lines. The magnitude of the angle between
linc R and line @ .can be taken to be that solution of the
followiny two eqiasinons which is non-negative and less than PI:
Yagintude=E.dire tion-A.direction or
Maginiude=PI+B.direction-A.direction

hote that this nethod of measureing ‘the magnitude makes the

value of the result depend on which line is mentioned first;
ingle.tagnitudetlineR,lineB) = PI - Angle.Magnitude(lineB,lineR).
Since an angle has two sides, this distinction is important. To
scompare the magnitudes of two angles, he must first be certain
that he is measuring the angles from the same side.

81



Where the corner between two lines exists, this definition of an
angle is fairly simple to handle. 1In those cases where two lines
do not physically intersect, however, the problem becomes more
complex. One would like to create a point for the :.intersection,
and then construct lines from it to the ends of the two lines
whose angle is to b« measured ("Construct poeint P, such that
linetP,B) is colinear with line(A,8) and line{P,D) is colinear
with line((,D). . ."). This desire leads to the need for the
ability to describe a "working point” and a "working line." Tuwo
functions are needed to mod:ify :the point-line structure: the
first, P=Setpoint(X,¥), adds a2 point to the structure at location
(X,Y) on the tablet (or perhaps some modification of the above to
allow for three-dimensional positioning). The arguments of the
function would serve to establish the position attribute of the
element. Since the point did not appear in the original data, it
has no sequence attribute. A pointer to this new point would be
returned in P. The second function is L=Line(A,B); it constructs
a line between points R ard B a:d assigns L a pointer to it. The
direction and lengtn attributes can be calculated, while other
attributes (rate, pressure, and so forth) are undefined. Once a
point or a line has been created, it can be taken as an element:
in any set defired by the attributes described above. Thus, one
might examine a sequence of points to see if they were colinear
by constructing lines between them and then examining the lines.
Similarly, the distance between two parallel lines segments could
be found by constructing a line pergendicular to the lines from
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one of the endpoints of the lines. By adding to the structure
the intersection point of thic line with the other of the
parallel lines, the lengt: of tve constructed segment is
determined. The value of this length i< the distance Letween the

two lines..
OTHER KNOWN SETS

W#hile experimenting with primitives to describe features, one
keeps arriving at a need tc define a set with an attribute of
area. For example, in the house plan, a room is an area enclosed
by walls. Similarly, ir &n axonometric sketch, a surface of a
solid can be described as an area enclosed by edges. It seenms
necessary, then, to defiine an exten:tion to the current structure

for a set of areas.

The attributes 3f an area are similar to those of a line.
Corresponding to the line's attribute of length is the area's
attribute of magnitude--the amount of area encompassed. This
attribute can be defined by the number of tablet coordinate
squares enclosed by the area. Corresponding to the endpoints
associated with a line .is the perimeter of the area. Unlike the
endpoint attribute, which has a fixed number of elements, the
perimeter of an area consists of an indefinite number of
elements; it is a variable length list of pointers to features in
the sketch which defines the set of elements containing the area.
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Note that the set of elements defining the perimeter might
change as the analysis of the sketch proceeds. The perimeter of
an area might initially coasist of a set of line segments. ARAs
‘these segments are absorbed into the description of features of
the sketch, these features would be substituted for the lines.
Thus, when the lines defiring the room in a house plan are
included in the description of the walls in the plan, the walls
become the defining elements of the room. With the perimeter
attribute of an area, h>wever, it seeas reasonable to extend the
attributes of a line to include the attribute that a line .is an
element of the perimetec of an area, just as a point was

described as one end of a line :egment.

Other attributes which might be associated with an area are
reflected in those of a line. An area could have an attribute of
orientation, which ‘would be defined as the directien
perpeadicular to the plane in which the area lies. Initially.,:
the orientation of all areas would be the same--perpendicular to
the plane of the tablet. Ia the case of a sketch of a
three~-dimensional object, however, this orientation might change
tas might the magnitude attribute).. While an area does not have
either the attributes of rate or pressure, it could have color.,

texture, or thickness.

Having gone this far, it seems reasonable to propose that a
further extension to the structure be added to permit the
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definition of volumes. Just as the description of features in
two dimensions led "to the necessity of describing areas, it is
inevitable that the reed for descriptions of volumes will arise.
Like areas, a volume would rave the attributes of magnitude and
perimeter, although the perimeter would consist of a set of
areas. Orientation does not seem to be relevant in the
description of a volume, but color and texture seem possible,
along with dens.ity., center .«f mass, opacity, and just about

anything else.

FERTURES RNL SET ARITRIBUTE:

Features may be defired by enxﬂérating the attributes which must
hold for elements of the set comprising the feature. Some of
these features may be defined in terms of those attributes
already described,  as the Meta-line was defined. There are other
attributes which will prove useful, however, which operate an
sets in gensral, rather than on the specialized set described

above.

BOOLEBEN OPERATORS: The three operators AND, OR, and NOT
specifically, may be used either as modifiers to attributes or as
operators on sets. As an attriktute modifier, the operators can
specify that a particilar coniition may NOT occur, that either of
two conditions may hold, or that a jair of attributes must heold
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{"colinear & ~continuous V -~colinear. . ."). As a set operator,
the booleans would act as the lUnion, Intersection., and
Set-Subtraction operators, permitting the concatenation of sets
and the subsetting of sets (Wall::=wall & Door V Wall & Wall. .
.). The effect of sucy an operation on the description structure
would be the addition of an element with links down to those
elements being concatenated (or in the case of a subtraction, the

creation of two elements linked to the original set from belowl.

NUMBEK: & set nay have to have a particular number of elements
(or features). There must ;e a means of specifying that number,
then, and of compar.ing s number of elements against that number.
R rectangle, for example, implies an area with four edges in its
perimeter set. Once an area has been isolated, the number of its
edges must be compared to the number of edges specified for the
set, to see if it i: less than, equal to or greater than the

required number.

Similarly, since some attributes return values other than
boolean values, the relative magnitude of these values should-be
comparable, addable, subtractable, and so forth. This
requirement implies that either numbers of elements or value of
attributes must be countable and able to be operated on by the

normal arithmetic functions.

SIMILARITY/EQUALITY: 1Tuc sets are equal if all the attributes
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of both sets and of all the elements of each set are equal. Two
sets are similar if the values of the sjecified attributes are
the same. In the absence of an attribute, a particular feature
is similar to a feature name if it is in that feature class.

Thus:

rectl==rect? if everything is the sime.

rectl<=>rect?2 if rectl.uwidth=rectZ2.uidth &
rectl.length=rectZ.length

rectl<=>Rectangle if rectl is ir the class of features :called
Rectangle.

These working definitions perm:t the comparison of sets by
permitting the user to defiie what he means by two sets being
similar. In a:case where it is desirable to define features
which are similar but which may have minor variations, this

ability can greatly sim;lify the definition process.

MEMBERSHIP: R particula:r element has the property that it
either does or does not belong to a particular set. 1In the
hierarchical descrijtion, if an element belongs to a set, there
will pe a vertical path from that element linking it to the set

name (Wall ¢ Area.Ferimeter).

87



RECURSE

In order to demonstrate low the funcition: defined above might
operate, tne features mentioned in describing the sketch at the
begirning of this section will be defired in terms of these
functions. The sketch had basicilly three features: Roonms,
halls, and Loors. Thke third paragrajh on rage 72 gives a verbal
description of what a person might look for in recognizing these
features. Table C gives a translation of this description into
the set of attributes defined in this section. In order to
complete this definition, three auxiliary features were defined:
Breaks, Clust2rs, and “etalines. The description of a door
nentioned that it was incicated by a break in a wall. This
description implies that what is meant by a break is known, so it
has to be defined as a featu:e as well. The other two features
are defined merely to help simplify the descriptions. R meta
line is defined formally in the same way it was described earlier
in the text. A cluster is simply a collection of points no
farther distant from one another than some distance, whose
magnitude is defined by the rates of the lines which the points

defire.

The notatiocn used to def:ine the features is a sort of

bastardized set notation. A glossary of the notation is given in
Table L. ©While the circularity of the definitions for Door
indiicates that more wirk is desirable to make this method of
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describing features more humane, it dces show that such a method
is a viable approach to the problem. This statement is
reenforced by the fact thrat :! had no idea about how the formal
definition was going to e implemented until after. I had defined
all the sets described in this secticn. Since I was able to do
the formal definition using only taose sets, it can be argued

that they are at least sufficient to accomplish the job at hand.
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IABLE C

Room::=R | R<=>Area & ( ARl | Rl<=>koom & (R & Rl)a== R)
*A room is an area which contains no other rooms

Room.Perimeter<=>R.Perimeter

Wall::=W | W<=>Metaline
V Door

V Al & W2 | Al<=>dall & 42<=>Wall & dla==yW2
& 11 e Wl & L2 e WZ & {L1,12}.Continuous

*PF wall is the concatenation of two continuous walls

V W | F<=>Room & W e Koom.Ferimeter

Yetaline::=S | S=={L | L<=>lire} & S.Continuous
Fetaline.Lirection<=>L.Lirection

Petaline.Endpoint=={F1,P2} | 1l e S & 12 ¢ S
& PL e L1.Endipoint & P2 e L¢.Endpoint

& (AL3 | 13 e S & Pl e 13.krdpoint

*The endpoints of a Metaline are those with the Maximum
and Firimum X-coorairates

Fetaline.Length<=>line(P1l,P2).1length

Cluster:z:=C | C=={P | P<=>Foint} & Fl ¢ C & F2 e C
& L1 | PL e L1.Endpoint &« L2 | P2 e LZ.Endpoint
& L=Line(Pl,P2) & l.Magnitude < F(ll.Rate,L2.Rate)

*R cluster is a set of peints such that the length of a line
between any two points in the set is less than sonme
furction of the rates of the lines of which those two
points are endpoints



tTable C, continued}
Breaks:z=E | B=={Cl,Cz | (l<=>(Cluster & C(C2<=>(Cluster & Cla==(C2
& (-L | L<=>Line & lL.Endpoint e¢ 1 & L.Endpoint e C2)

& (~(3 | C3<=>(luster & Fl Cl & F/ e CZz & P3 e C3
% Ll=LinetPl,P2) x L2=LinetPl,P3) & L3=LinetP2,P3)
& {L1,L2,13).Colinesr
& Ll.Magnitude > L2.%Mag:itude
& Ll.Magnitude :> L3.Magnitude)

*h break is a set of two clusters with no line having
one endpoint in each cluster, and with no cluster
lying betuween the two clusters

Break.Direction<=>L1.Lirecticon

Loor::=D | L=={C1,C2 |
(Cl<=>Cluster & (P | P e ClL & P e Ll.Endpoint
| 11 € W & w<=>hall)
& C2<=>Cluster & (¢ | P e CZ & P e L2.Endpoint | L2 e W & W<=>W

& {Cl.C2}<=>3reak
& {L1,L2}.Colinear)}

*A door is a pair of clusters which have as elements the
endpoints of a pair of colinear walls surrcunding
a break

V ({SL | Sl<=>Metline) & (SZ | S2<=>Metaline)
& {Sl,S2}.Farallel

Cl<=>Cluster

CZ<=>{(luster

{Cl,C2}<=>3reak

Pl | Fl e Sl.Eknapoint & Pl e (1

P2 | P2 e S2.Lndpoint & P2 e (2

Line(Pl,P2) e R.Perimeter | R<=>Room

D.Direction-Sl.Direction= +-Pi/2 }

LAl I Al sl o

*or a pair of clusters forming a break which are endpoints
of a pair of p.rallel metalines such that a line
connecting the endpoints is on the perimeter of a
room and perperdicular to the direction of the
netalines



(Table C, continued)

={D,L | D<=>Door & L<=>Metaline

I & (2 e @

e L.Endpoint &« (P e CL V P e C2)
ection-loor.Lirection < Fi/4}

vV Dl | Dl
1

N O

*or a dcor with a line projecting from one of its clusters
at an angle less than 45 degrees

Door.Direction<=>Breas.Direction

TABLE D

Symbol Feaning

= is define. to be

{« « <} is the set

i such that

v or

& and

- not

e is an elemznt of cthe set

XXXYYY the attribute yyy of set xxx is true

== the set is equal to

<=> tae set is similar to

le o &) group delimiters (to aid in reading this stuff)
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EXISTING DATR STRUCTURE

In any complex system, it usually
tecomes true sooner or later that there
is a demand for a data structure with a
varying number of elements of varying
size. The data structures available
from Fortran are inadequate.
Consequently, the General Purpose
Structure was developed for users of
the operating system. The structure is
created and modified ty a set of
function calls which can be made from
Fortran to the system. These permit
creation and deletion of structures,
and they permit the addition.,
subtraction, modification and accessing
of data elements in the structure. The
structure is created in free storage
made available by supervisor calls to
the operating system, and, therefore,
is limited in size only by the fhysical
size of the memory of the machine in
which it resides.

The structure has three constituent
elements: a Structure Pointer Block, a
set of points, and a set of links. They
are related in a somewhat hierarchial
fashion. Since there may be more than
one structure in the system being
accessed at a given time, they "are
separately identified by a Structure
Pointer Block. Each Block consists of
six data elements containing
information about the particular
structure: a pointer to the first point
of the structure; a count of the number
of points in the initial point block of
the structure; a flag indicating if any
points have been dropped: the size of a
link, or zero, if link size is not
fixea; the virtual point number of the
last point created; and a pointer to
the next Structure Pointer Block
available in the system, if thore is
one.

Points are currently allocated in
tlocks of seven at a time, in order to
increase the ease with which they are
ranipulated. Each point consists of
four data items, two of which may be
accessed by the user as general purpose
arjuments. (Typically, they are used as
the x- and y-coordinrates of a pecint in

a display of some sort. Extending the
number of arguments fror two to some
higher number is a simple extension
being contemplated.) The other two
arjuments are a pointer to the first
link associated with the point, and the
point's nuaber. As points are created,
they are assigned a point number,
sequentially from one for the first
point created. In order to avoid
confusion as more points are added and
deleted, this number is fixed. Thus,
even though a slot in a point
allocation tlock may be reused., the
nuabers of the points on either side of
it do not change, and the numbers of
rew points as they are created are
monotonically increasing. The virtual
point nunber of any newly created point
wil be one more than the number of the
last point created as indicated by the
Structure Pointer Block, and the Block
will be modified accordingly.

A link is a means of establishing a
relation betweern two points. R request
to add a link between two points
appends a copy of the link requested to
the link chain pointed to by the third
data field in a point. R link consists
of at least two fields: a pointer to
the point being linked to, and a
pointer to tne next link on the chain.
The size of the links in a structure
may be constant or varying. If at
creation time, the structure is
declared to have uniform links, the
size of a link is stored in the
Structure Block Pointer, and that size
is used thrcughout. Ctherwise, the size
of a link is declared at the time the
link is created and stored in a field
of the link itself. Links may have
between four and sixty addressable
fields. R field is four bits wide (and
thus may contain a number beetween 0
and 15), and fields may te addressed
singly or in groups of up to four
{generating a sixteen bit wide field).
The first four fielas in a link are
used for the pointer to the point
linked to. The next four are for the
next link pointa2r, but they are not
addressable. The next field contains
the link size if it is non-uniform. The
remaining fields are free to be used
for storage of any information about
the relationship between the two points
desired.

In order to create a structure, the
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user makes a function call of the form:
PTR=CONSTR(size) where size is the
size of the links in the structure if
uniform, or zerc if varying. CONSTR
sets up a Structure Pointer Block,
allocates space for the first seven
points, and returns to PTR the address
of the Structure Pointer Block created.
Rll further calls referencing this
structure take this pointer as their
first argument. Since any call with an
improper Structure Pointer Block
specified can only lead to disaster,
the other calls check to see whether
the address handed in future argurent
list points to a valid Block (hence the
pointer as the last element in a
Block). An invalid block causes the
syster to type out an error message and
halt. This is the only fatal error.
Other errors, if they occur, are
returned as results from the function,
and a message is printed on an output
device available to the user consisting
of a two letter code. The first letter
specifies in which function the error
eccurred, ard the second letter
specifies wnat the error was. Most
errors are caused by faulty argument
passing, either by requesting an
impossible change or asking for
information from non-existant links. In
the case where a change is requested,
if an error is detected, the change
does not occur. In some instances the
returned error code can be useful in
programeing. For instance, since links
can be referred to by sequential
rnumber, in order to access every link
associated «ith a given point, a
counter specifying the number of the
link to be accessed could be increased
by one until an error returns saying
there is no such link. Then the program
knows it has finished. Similarly. to
establish if a link between two points
exists, any reference to that link
specified by those two points will
return an error code if no such link
exists.

Other function calls are as follows:

Function Calls

U

To add a point to the structure
PN=PADD{PTR,VALUE, VALUEL)

returns the virtual point numker of
the point added or -1 if there was an
error. Since each point can have two
arguments associated with it
directly, they are set by VALUE &
VALUEl. The error code is Pn.

To add a link to the structure
x=LADD(PTR,PN,PN1,SIZE)

PN & PNl specify the points between
which the link is to be added. SIZE
specifies the numter of fields in the
link (required whether or not the
SIZE is uniform). The error code is
L.

To access or modify ar argument in a
pFoint

x=GPGINT(PTR, PN,RFGN, VALUE)

sets VALUE equal to the contents of

ARGN of point PN. The error code is

Hne

To access or modify a set of fielas
in a link
x=GPFLDR(PTR,PN,LN,NO,»IDTH, VALUE)
x=PPFLDR( FTR, PN,PN1,NO,WIDTH,VALUE)
returns in VALUE the contents of the
specified field(s) in the link
specified oy PN,LN or the link
between points PN,PNl. Note that the
difference between the two calls is
simply that GPFLDk specifies 4 link
oy link number while PPFLDR specifies
a link by passing the two points the
link connects. The error code is kn.

x=GPFLDF(PTR,PN,LN,NO,~IDTH, VALUE)
x=PPFLDF(FTR,PN,PN1,NO,WIDTH, VALUE)
puts VALUE truncated to the size
specified by WIDTH into the specified
field. The difference between the tuwo
calls is the same as above. The error
code is Fne

To delete a link from the structure
x=LDROP(PIR, PN,LN)
x=LLDROP{PTR,PN,PN1)

removes the specified link. The
error code is En.

To delete a2 point from the structure
x=PDRCP(PTR, PN, [COLLECT]?

irops the specified point from the
structure ONLY if the point has no
remaining links. If COLLECT is
requested, points are garbage
collected after every B drops. The
error code is Dn.
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DISK GRID PRCKAGE

The grid package provides the FORTRKM
user with a set of x-y addressable
grids (up to 1024 by 1024 bits) which
are used to store sxetches and more
generally, data from a numkter of
graphics input terminals including the
Syivania Data Tablet for drawings made
by hand and a television camera for
input of predrawn sketches. This tyre
of storage medium allows a sketch to
becore completely independent of time
and provides a computer scratch pad for
analysis of complex configurations.

Each grid is stored as a bit map on a
fixed head disk storage device, with
each 1024 point lire represented by a
123 byte record. A gria can consist of
tetween 1 and 1024 such lines, an< any
nusber of s:parate yrid. may be used,
limited only by the capacity of the
disk. Wnen a 1024 by 1024 grid is used
to represent a sketch drawn with the
Sylvania Tablet, which iddresses 4096
by 4C96 points, a bii is set on the
grid if a line drawn «. the tablet
passed through a sq.7r 4 by 4 tablet
coordinates in siz2, Wh=:n used with the
teievision camera, each line of video
data is stored one after another until
the entire sketch or drawing is
scanned.

The data on the grid is accessed by
means of an assembly language progranm
which transfers a "window" of arbitrary
width and height from tre grid to a
FORTRAN user's array in core.

Likewise, data may Le transfered from a
FORTKAN array to the grid. In addition,
¢ scale may be specified so that one
¢lement of the array can represent
anything from one bit ir the grid to
the entire grid, with the value
returned equal to the number of bits
set within that portion of the
specified window. Rt the largest scale,
with the array containing the entire
grid, most details are too small to
affect the mapping into the array,
leaving only the outlines of the major
forms, as wnen the numan eye views a
scene from a distance. Since an image
of the ¢riginal sketch is now in core,

9

the entire sketch can be examined very
easily, in much less time than it would
take to scar a magnetic tave containing
the original positions. Based upon the
shapes, voids, bodies, etc. found by
scanning the array, a program can
select areas of the sketch to be
examined in greater detail. RAs the
scale, hence the size of the window, is
decreased, more and more details
appear. Usually there is some scale.
about 3 or 4, at which most of the
important features are present tut at
which noise from minor movements of the
ren is absent. Featires of the sketch
found at smaller scales are usually of
no significance as far as
Fosition-dependent interpretations are
concerned, since they are usually the
kind of noise ijnored by a human
exarining a drawing.

Data can be entered into a grid from a
variety of sources, including magnetic
tape, a vidicon camera, and directly
from a FORTRAN progr am. The most common
nethod takes its input from a magnetic
tafe or disk file produced by the LRAW
program in HBUNCH, ccnsisting of a list
of pen coordinates measured at constant
intervals. These coorainates are
converted to jrid coordinates and the
appropriate bits set on the disk. If
two successive points are more “han one
grid unit apart, as often happens with
lines drawn at high velocity, the
intervening points are irterrolated, so
that the bit image on the disk
approximates the appeararice of the
completed sketch. Thus the programmer
need not burden himself with the
probler of connecting points, 4hich
would be very aifficult i1 the
time-independent context of the gria.
Since most drawings are smaller than
the maximum size of the grid, the
conversion frrogram automatically
reduces the size of the grid to the
size of the sketch, saving both disk
space and access time. Another input
source is a television camera which
enables the grid to replicate a
coupleted paper sketch. Data conversion
in this case is very simple, as the
vidicon scans line ty line, just as the
grid is organized ou the disk. It is
also possible to set bits in the grid
directly from a FORTRAN program, by
means of an assemktly language routire
which maps a FORTRAN array onto the
disk, in a manner aralogous to the



window projram described above.
Finally, there is a complete set of
entry points which enable the assembly
language programmer to set and retrieve
single bits and to access individual
lines in the grid.

Following are.examples of 5 of the
more important of the 15 FORTRAN
cailable entry points in the grid

pacrage.
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Subroutine DISPLW

Furpose
The purpose of the subroutine is to display the contents
of an array on the ARDS.

Usage
INTEGER*2 RRRRY (XDIM,YDIM), DENSTY, SDIM, YLIM, GRIDF, LIS/ F

CALL DISPLW(ARRAY, DENSTY, XDIM, YDIM, GRIDF, DISPf)

The subroutine draws a grid XDIM by YDIM and fills in tro:e
squares whose corresponding array elements are not aqual to

zero.
ARRAY is the array.
DENSTY is the number of fill-in lines to be drasn per
square. Optional default is 4.
XDIN describe the array. Both are optional. XDI-
YCIN defaults to 32. YLIN defaults to XDII.
GRIDF specifies if the grid is to be draun.
= 0 no grid

= 1 grid (the default)

DISPF allows the grid to be drawn without filling in
the squares.
= 00 ne fill in display
=1 fill in (the default)
-1 fill in with the number of hits

Subroutine GRDSK

Purpose
The purpose of the subroutine GRDSK is to convert a drawing
fron time-dependent magnetic tape to position-dependent di k.

Usage
CRLL GRDSK(IDISPL,ICNVRT,IERASE,GCB)

Rll arguments are optional, if omitted, the default is
assunmed.

If IDISPL = 0 drawing will not be displayed (default).

= 1 drauwing will be displayed as it is converted.
If ICNVRT = 0 no conversion will take jlace.

= 1 conversion will take place (default).

The ICNVRT option allows the displaying to original drawing
from tape.

If IERASE = 0 the drawing will be placed on the grid along
with any previous drawing.
= 1 any previous drawing will be erased
{default is to the value of ICAVRT)

GCB is the Grid Control Block (see INIGRD)

oo



Note

Subro

Purpo

Usage

Note

DIMENSION ARRARY (XDIM, YDIM)

CALL WWWDOW(RRRRY, SCRLE. XBIAS, YBIRS, IERk, DRRW, XLIV,
YDIM, GCB)

Rll arguments have the same meaning as in subroutine WIILOW.
For any element of ARRRY equal to zero, no action is taken.

For any non-zero elements the corresponding bit in the grid
is turned on.

Since no action is taken for ARRAY entries of zero, the
original bit value is retained for that entry in the grid.

utine INIGRL

se
The purpose of the subroutine INIGRE is to initialize
the disk constants table and to define one or nore grias.

INTEGER*2 TRPE(66), GCB1(271), SIZEl, GCB2(79), SIZE2
SIZEl=4
SIZE2=1
CALL INIGRD (TRPE,GCB1,SIZEl,GCB2,SIZE2,...0Cb4,SIZE4)

Only the first three arguments are required, allcwing
the definition of one to four grids.

TAPE is an array 132 bytes, long used for magnetic tape.
GCBl is an array (128*SIZEl) + 30 bytes long.
SIZEl specifies the length of the buffer in lines.

This program must be called before any other grid systenm
subroutines.

The first 6 elements of a grid control block (GCB) specify
information about the corresponding gria. If the user cells
INIGRD, these values are filled in automatically, and the
first GCB specified is established as the default for other
fortran-callable subroutines. Alternatively, the user may
fill in these values higself as follows:

BIAS DC x'2000°* Disk address of start of grid
BRDTKK  DC x'FFFF* Can be used to specify bad track
on disk
NLIB DC 4 Number of lines in buffer (SIZE)

BOTLIN DC O Number of first line in grid

TOPLIN  DC 1023 Number of top line in grid
LEFT DC f
RIGHT DC 1023
BFST DC RA(BUFFER) Rddress of buffer
DS 14 Used by the system

BUFFER DS SIZE*128
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Subroutine WINDOW

Purpose
The purpose of the subroutine WINDOW is to transfer a
portion of the grid to a FORTRAN array.

Usage
INTERGER*2 ARRRY (XDIM,YDIM), SCALE, XBIAS, YBIRS, IERR,
DRAW, XDIM, YDIM

CRLL WINDOW(ARRRY, SCALE. XBIAS, YBIRS, IERR, DRRW, XL1F,
YDIM)

The grid consists of 1024 by 1024 squares numbered as shown:

Thus one square of the grid corresponds to four units on
the Syivania tablet.

SCALE specifies how many grid squares correspond to one
element of the array. The value of each element
of the array is the number of gria squares “turned
on” within the corresponding spot on tle gric.

XBIRS specify the location of the lower left hand corne:
YBIRS of the window.
IERR 0 if all is well

1 if the specified parameters would force the
window off the tablet. The values of XBIiRS
and YBIAS will be modified in tne FCRTKRIL
program to make the window fall within the
range of the tablet.

= 2 if the SCALEXLARGEST_DIMENSION 1124 (tle

size of the tablet). The valve will be

adjusted.

CRAW is an optional variable.

1 = A square will be drawn on th: RRDS corresponding
to the portion of the original drawing included
in the window.

0 = No square will be drawn (tne default).

XDIM is an optional variable which specifies the dimension
in the X direction. TLefault is 3Z.

YDIM is an optional variable which specifies the dimensjon
in the X direction. Crefault is to the value of X'1M.

GCB is an optional variable which specifies the grid to
be used (see INIGKD).
Subroutine WwWDOW
Purpose
The purpose of subroutine WWWDOW is to write out an airay on

the grid.

Usage
INTEGER*2(RRRRY, SCALE, XBIAS, YBIRS, IERR, DRRW, XDIM, YDIM)
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Appendix III

COMPUTER LISTINGS FOR
STRAIN
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00DDR
i0000R
00DOR
0000R
0000R
HO000R
0000R

0000
10002

0006

10000k
0004K
0022k
C024R
.0028R
‘002CR
‘00 30R
0034R
0038k
003CR
'0040FK
0044k

004 8R

4360
0024R

D000
0004R
48AF
0000

C5R"
0004
428C
0130R
C5R!
oous

4380
0044R
C8 Rl
FFF

4310
0124R
E1L0
0160R
48RF

STORE
STOREZ

INCREM

x.
x
*
*
*
*

* ok X % %

SRVER
SAV1S
PICRLC

0K

EXTRN
‘EXIRN
EXTRN
EXIRN
EXIRN
EXTRN
ENTRY

EQU
ECL

EQU

IF
IF
IF

LS
EQU
ST?

.1H

CLHI
BL
CLHKI

BNL

AHI

Svc

1H

DSKTAP, St IP,BSTORE
DISKST,INI1RF

PTMAX, JNRME

iENEN, GETLRT

MARK, IODEV
OFFSET,TRNLRV,CONSTK,FTMAX
PTCALC, PERROZ,PRLOOP

0

£

6

CALL PICALC(STATUS,SCRATCH.ARR,SC.LENGTH,[N

STETUS=3L F-CK
=>-1 STO{AGE NOT ALLOCA
=> 1 RAM OUT CF SFRCE
SCRATCH.3RR=>33*6 BYTE ARRAY
SC.LENGTH=>SIZt OF RERAY IN H

NO NUMBEkK, LIITIALIZE & STRAIT

NUMBER ~EGARTIVE, ONTINUE

KNUMBER NON-NEGATIVE,STRAIGHTEN
(0=1)

PTCRLC

2

* (0

2

‘0,SAVER

10,0¢15)
b0, 4
LONE
LG, 8

0K

be,-1
PERRI(R
1,REW
0,4115)
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004CR
‘004ER

*0052FK
‘0056R
«005AR
:005ER
i0062R
.0066R
*006AR
‘Q06ER
072K
0074R
0076R
007AR

‘Q07ER

0082R

00B6R

00BAR
00BER
D032R
0036R
003AR
0D3ER
0DA2R
DDAGR

00OARR
s00RCR

0004
26R6
40R0
0000F
48D0
0000F
4330
0DGER
48LF
0006
4RAD
0000
4RAD
0000
CBRO
ogoc
40R0
0000F
41F0
0000F
0004
015ER
40E0
0000F
48pC
0000F
40A0
0000F

4850
/0054R
4210
0092R
4220
00DCR
4300
(00EER
C8AD
FEFF
4080
100 80R
48F0"
0Q22R
48AF
;00600
C5an
000R
43810
*00BOR
07AR
4360
00C4R

NOEN

TRAPEI

AIS 10, INCREL
STH  BC,OQFFSET
1K 13,LSKTA}
BZ  NOEN
LK 13,6115)
B DC0413)
RBH  B0,40(13)
SHI k0, INCREM+INCREN
STH 30, ENDN
BAL 15, CCNSTK
Ic 4
DC  SIZE
STE  14,PTMAX
LK DC,MERK *XAXAXHX VR RKED
STE  DO,DISKST
*RERD 'IN THE FIRST BLOCK OF IATA
LH  5,DSKI'AP
B4  TAPEI
8P PASS
B8 NODAT
LHI  10,-1
STH 10, DISKST
LH  15,SAVER+3).
LK 10,0115)
CLHI 10,10
BNL  COUNT
XHR 10,10
B INIT
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00BOR
00B4R
00B8R
00BCR
00COR
00C4R
00CBR
00CCR
00DOR
00D4R
00DBR
0ODCR
00EOR

O00E4R
‘00E6K

s00EAR

OOEER
00F2R
00F6R
00FAR
O00FER
0102R

0106R
0108k

010CR
‘0110K
‘0114R

48DF
0008
48AD
0000
4210
:00DCR
C8BA
0001
403D
0000
41FD;
.000Q0F
CSAD.
10002
4280
0QLCR
41F '
0000F
CBAD
0001
4300
‘00C8R
48D0°
0050R
48ED
‘006CR
26ES
41B0
0000F
4200
013D0R

4890
:00DER
C8RO
FQOO
45A9
0000
4330

‘OLO6R

48R0

‘0084R

4210
O0LCR
2796
40RS
0000
c8Br
0114R
E180
0000F
‘07 RR

COUNT

INIT
CHECK

PASS

*SET R9Y
NODAT

GOTIT

LH
LH
ai
LHI
STH
BA.L
CLHI
3L
BAL
SHI
B
LH
LH

RIS
BAL

NOP

FOR
LH

LHI
CLH
BE
LH
B84

SIS
STH

LHI

Svce
XHFE

13,8115}
10,0¢13)
PRSS
11,1411
11,0013
15, INITAP
10,2

PASS
15,SKIP
10,1
CHECK
13,0FFSET
14,ENDN

14, INCRE%-1
15,GETLA1

LCNE

FIRST LINE ENL
9,0FFSET

10,X*FO0.
135, STOREL9)
Go

10, DSKIAP
PARSS

9,INCREM
G,STORE (9)

14,GCTIT
8,UNRME

Lo, bt
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0116R 4CRS STEH 10,STOREZ(Y)

0002

:011RR 40RO STH ¥, ESTORE
0000F

*GC STRRIGHTEN

Ol1ER 4100 BAL 1, TANDRV
‘0000F

0122R 07ARA XHR 10,10

0124R 48B! PEKROR LH 15,SAV15S
0022R

0128k 48BF LH 11,2¢15)
0002

Q012CR 40RB STH b0 A0¢11)
0000

0130k 48B" DONE LH 15,LSKTAR}
0100R

0134k 4310 BNM EXIT
013CR

0138k 4LB0 ERL 15,SKIF
00D2R

0L3CR C8EQ EXIT LHI 15,x5%C0L°
000D

0140k 48BC Lk 14,ICDEV
0000F

0144R S9DEL SSK 14,13

0146R 4290 BIC 3,%-2
‘0144R

014AR 9AEF ADR 14,15

014Ck DbUO LK 0,SRVER
0004R

:0150R 4RFF FH 15,50¢15)
0000 )

01545 03CF BR 1S

0156R C8AO PKLCOF 1HI k0,1
0001 ‘

.015Rk 43C0 B PERR(R
0124R

‘015ER :000C SIZE Lc 12

0160R COD2 REW DC x*Co02*,0
‘0000

0164R - END

NO ERKORS

* BSTORE O011CR
CHECK WO0C8F
*. CONSTR 0070R
COUNT 0O0BOK
* DISKST O0D98R
DONE ‘0130F
* DSKTARP 0132R
* ENDN WO00E2K

EXIT 013CR
lo7



* GETDAT ODESBR
GO QL06F
GOTIT 0114R
INCREM :0006
INIT 0DC4R

* INITAP :00C6K

I0DEV 0142R

* MARK 007CEk
NODRAT ODEER
NOEN 1006ER

* OFFSET OfFOR

0K 300445

PASS 0ODCR

FERROR :0124F

PRLOOP 0156R

PTCALC 0024k

PTMRX 0D78R

REW 0160k

SAV1S 0022R

SARVEK ;0004 F

SIZE 015ER

* SKIF 013Ak
STORE 0boo
STOREZ2 0002

* TANDRV 0120R
"TRPEI 16092 F

* UNAME 0112R

*

% ok A o

AKX EAAKAKKA AKX ARKAKAAKXKRKA KA AAA KA AR KRAA KA ARRKAAARAKRAKRARAKAKRA AKX AR ARKR A AR AKX K AKX

ARKKAKKKAKKAKKAKAKKKAKAKAKKAKKAKXKAKKKKKXAKRAKRAKRKAKAK A KKK KAKRAKX KKK KKR KKK
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WOO00R
00O0DR
10000R
000BR
sCO00R
0000R
0000K
0000R
iW0000R
000DR

0000
0002

0008
0006
003DR

0004R
‘0006R

MOO0AR
W 0OER

0012k
0014R

N018R

4000
0130R
0B55
4050
000NF
4050
0000F
410
0000F
0B77
4070

‘0000F

4070

*TRNIR
TO

A ok A A X % A % X ¥ X

* ThIS
* IF T

STORE
STOREZ

PTSIZE
INCREM

TANDRV

TANDRI

V,CSTRRT /ENDSEG,CFIX,AND INTERS USE °*CO
STORE POINTERS TG THE BEGINNING AND END

SEGMENTS. WHEN FILLED, THE RFRFY °"CORNER®

CORNER(Q) POINTER IO {ST POINT ON 1ST L

COFNER(2) PTR TO LHEST FT ON :SEGMENT BEF

CORNER(4) SLOPE OF THE LST SEGMENT( uY/
(WHICH MCOVES DE(IMAL FLRCE 6 BITS

CORNER{6) POINTER TI0 1ST POINT AFTER TH
IST PCIMNT OF 25« ZE(MEN

CORNER(8) POINTER TO LAST POINT ON 2ND

CORNER(R) SLCPE OF 2NI SEGMENT

CORNER(C) POINTER TO STRXT OF 3RD SEGME

SEKIES CAN EITHER EEF CUT CFF RT CORNER
HE PEN IS LIFTED

'EXTRN SAVEC, EOB,PUSKHER,GETS(C
EXTRN CSTART, ENDSEG

‘EXIRN RATEK, EXIRMR-,SEX ,SEY
EXTRN DISKST,GETDAT

EXTIRN INTERV,RIEST:( ,KMAX2,iVMNRXzZ
EXTRN TANGNT,TRNTST,TANDIF
‘ENTIRY TANDRV ,RETER -,CNEXT,NGENL
ENTRY IANDRI

EXTRN EATF,CORI CT,EiIN

EXTEN OFFSET,DSKIA?

EQU 0

EQL Z

EQU 8

EQU 6

STH 0,RETERN

SHR 5,5 SET UP POINTER
STH S+,CORNCT FORE 'CCKNER" LI

STH S,IRTP

BRL ) ,GE1SQ

SHEK 7.7 ENTRY FU: BEGIN
STH 71,RMRX2 INIT FASTEST DW
STH 1,PMRX2 INIT 4RRDEST PR
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i001CR
‘0020R
'0024R
‘0028R

‘002CK
002ER

0D32R
‘0034R

0038k
}03CR

C040R
0042R

0046R
‘0048R

004CR
DU4ER

D052R
DOS5S6R
0DSAR
005ER
0062R
0066R
00BAR
00BER
0072R
0076R

007AR
‘CC7CR

‘0080R

0DODF
48210
ODOBR
4819
0000
Ccs9l1o0
FOO0D-
4220
0D3NR
0777
4070
'0088R
0B89
4B B
0DODF
48 D0
0DODF
CDDi
0007
t0A8D
c410
co00
0618
4012
0DOCR
2696
4590
i0000F
4280
'007AR
4330
100 7RR
48D0.
:0600F
4330
‘015ER
48D0
:0036R
48E0D
:0050R
CAED’
0005
41F0
0000F
4200
01 SER
4890
0064k
2671
43¢0
0020R
0877

CNEXT

PEBUMP

LO~

FLRGEL

Lk
1H

CHI
BF

XEE
STH

LHR
SH

LH

SLHL

RHER
NHI

OHR
STH

RIS
CLH

BL
8E
LH
BZ
LH
LH
AHI
BAL
NOP
uH

AIS
B

1hR

o

2, CORNCT
1,ST(KE(9)
1, X"5000"
FLRG.D

7‘,7
1,SQFLAG

8,9
8,CEFSET

13,LISKST
13,7

8,13
1,X°C003°

i,8
1, IRTP(2)

8, INCREM
9,ENDN

LOW

LOA
13,DSKTAP
ENDFL
13,0FFSET
14,ENDAN

14, INCREN-1

15,GEIDAL
ENDFL
5,0FFSET

1,1
CNEXT

7.7

'(ET ."CCRNER® PO

ARM 1 RT BN ENDP

SET UP BACK POI
I0 BLOCK ON DIS

INDICRTE ENDPOI
AND SRVE

INDICATE R STAR
LOCY :GRIN

WHEN NOT AT END



W0082R
0086R

sCOB8R
008AR

00BER
0032R
0036R
003 AR
0D3ER
DOR2R
DOR6R
ODORRAR
OORER
00B2R

00B6R
Q0B8R

WGOBCEK
OCOKk
COC4R
‘C0C8R

WiOCCR
O0DCER

00DZR

DOD6R
(0D8 Kk

0DCK
ICQEQKR
QOE4K

4330
00D8R
Cc8 e

0000

4229.
'004CR
c870
8000
4570
:0000F
4330
'‘00COR
4879
0000
4570
‘0094R
4234,
;00COR
4879
:0002
4570
:0C00F
4230
:00COR
4100
‘Q0LO0R
2471
4070
00B8R
430
004CR
41:0
0000F
c8mn
psouo
40BN
0000F
0B55
4100
‘00EOR
4100
i0000F
2652
40
DDFOR
410
00D4R
410
0000F
4510
0000F

SQFLAG

NOSQ

STEND

NEND

LH

CLH
BNE
BAL

LIS
STh

ERAL
LHI
STt

SEK
BRL

BAL

AIS
BAL

BAL
BAL
CLH

]

MEND
T

*-2
PBUMP

7,X°8003"
1,5EX

NOSQ
7,STOREL )
1,5EX

NOSQ
7,STORE2(9)
1,SEY

NOSQ

15, GETS)

7,1
7,S0.:LAG

PEUNF

H,SRVEC
ko,x*800"
EO,RTESTC

5,5
1, NOEND

) TRANGNT

5,2
30, NO:=RE

W ,TRAIMGNT
"i +TRULTST
1, TRNDIF

LOOK FOR START

FORCE IMMEDIRTE

GET LST PT, CHE

SET ARCTAN FOR

ET @#EX1 FT, CH
CET KREXT ARCTAN
CHECK FOk CHFNG
.5 IT GRERTER T



00EBR 4220
‘0000F

0DECR 4300
00L8R

OOFOR 400D
‘015CR

ODF4R 41FN.
‘0000F

O0F8R 41F7.
{0000F

OODFCR 2889
‘00FERK 08A9
010DR 4RAAD
0000F
0104R 4818
0000

01)8R C910
FCOO

010CR 4320
- 0000F
D110R 4980
:0068R

0114r 4320
013CR

0118R 0BB9

‘011RK 41D
000OF

Ql1ER 48Df
0078R

0122k 48B!
0112R

0126R CREO
0005

‘012AK 41BF
0DIOR

‘012EK 4200
0000
01 30R

0132R CB88S9
FFFA

0136R 0898
0138R CBAB
0102R

‘013CR 0598

BP
8

CSTART (ES: CORNER HRS
NEND EL:E RETU&N FOR

*THIS ROUTINE CHECKS FCR ENL OF SEGMEN1I FLEG
*  DATR WITHIN AN INTERVAL OF CURRENT POINTER
* 1F IT FINLCS ONE, EXI'. IS TC ENDSEG

NOEND STH

BAL
LHR
LHER
ARH
LOogoP LH
CHI
8NP
CH
BNP

LHR
BARL

LE
LH
RHI1
EAL
NOP

RETERN ECL
LHI

LHR
LHI

ENLF CLER
12

¢

0,EXIT

15, PUSHER R.TURNS WITH PR
15,RATER

8,9

be, S

10,INTERV GET POINTER TO
1,STORE(B) w00k IO SE E IF
1,X*F0O00*

ENDSEG

8,ENDN M I OUT OF DAT
ENUF NO , 30 ON

11,8 {ES,
15,E0¢ SAVE CID FOINT

13,0tF5ET
14, :NDN
14,INCREN-1

15,GETLAT

i

*-2

3,~INCREYN(3)

9,8 RESE1 REGISTERS
bU,INTERV(S)

9,8



OL3ER 433

0148R
0142R ;0818
0144R 41710

0000F
0148R CABO

‘0006
014CR 05A8

‘0L4ER 4380

0104R

0152R 4819

0000

‘0L56K 4839

0002

‘015RK 43¢0

015AR
015CK

O015EkK 4810
0130R

Q162K '0300

0164R

NO ERRORS

* ook % o * %

* *

CNEX1T 0020k
CORNCT OD1lER
CSTRRT COERH
DATP DU4AR
DISKST :003R}k
DSKTAP 005CR
ENDFL Q15ER
ENDN 0124R
ENDSEG QLOEK
ENUF 013CR
EOB 'gL1Ck
EXIT 015CR
EXTRMR :0146F
FLAGED 0080R
GETLDRT :012Ck
GETSQ 00B4R
INCREM :0006

INTERV O013AR
LOOF 0L04F
LO¥ 007AR
NENL 3COD8 R
NEXT1 0148R
NOENL CO0FO0K
NOSQ 00COR
OFFSET :Cl12QF
PBUMP O04CR

NEXT1

EXIT

ENLFL

BE

LER
BAL

AHI

CLHR

ENL

LH

LH

FQU

BEK
END

h3

MEXTL

13,8
15,2 X TRH:

8, INCREM

19,8
LQoOP

1,STCRE(S)

3,STORE2¢9)

X

*x-2

0 ,RETERN

Iy

.00k FOR SYALL
GO Fur NEW POIN

LF FPAST END
(F FEXT INTERVR

10U'FE 0K



*

PMARX2 001AR
PTSIZE 1008

PUSHER DOF6R
RATEK  OFAF
RETERN O0130R
RMRX2 10016k
RTESTC ODCAR
SRVEC 60C2k
SEX ODRAOR
SEY JGOACEK
SQFLAG (088R
STENL wW0C4k
STORE 0000

STOREZ 10002

TANDIF O0BDEG6R
TANDRI 10012F
TANDRV 0DOOR
TRANGNT :00DEK
TRNIST OQOE2R

% % o A o X % *

* % % % %

AKAKKK KA KR AKAKAAK AR KA AR R KR ARRKAARKAAKAKNARKAARAKRRAARK AR AR AR AARKRRA AKX
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000DR ENTRY GETSQ,SEX,SEY

0007 WRK2 EQU 7

000OR 0777 GETSQ XHR ARK2,WARK2

0002R 400 STH WEKZ,LATIEk
0068R

0006k ELLO SvV(e 1,RISQ
0060R

‘000RR 487D 1H WRK2,STAT
0062R

WOOER 4310 ENK NGENL
O01ER

0012k C8BL NOLRTR .IHI WRK2Z2,X*'8600°
8000

‘0016R 402N STE WRK2,SEX
DD6RR

WOLRK 43:0 B EXIT
00SER

COLER 487%f¢ NOGEND 1H wWRK2,LRTE
0068R

MO22ZR 433€C BZ NOLRIR
DO12R

0026k 2772 SIS WRKZ,2

0D28R 4330 BZ SQF
0042R

D02CR El17: SVC 1,RDSQ
;0060R

0D30R 4870 LH RK2,DATH
‘0068R

0034R 2771 RDLOCGP SIS #RK2,1

0036k 4210 BN GETS{
0000R

‘003RK EL1}0 SVC  1,RISQ
0060R

NO03ER 4310 B KLLGCP
0034R

‘0042r» EL1LBO SQ'F SvC 1,RLSQ
006NR

0046k EL110 Sv( 1,RESQ
0060R

‘004RR 487" LH WRK2,LATH
0DB68R

004ER 40720 STH WRKZ,SEX
006AR

0052k ELP0 SVC  1,RISQ
0060R

0056k 4870 i1H WKK2,LARTE
DO068R

00S5AR 40720 STH WRK2,SEY
006CR

‘005EK (0300 EXIT Bk i
s



‘0060R 4002 RDSQ LC x*40(2°
0062R 0000 STAT bC y

0064k :C068R LC LRTA
0066R 0059R pc DATA+1
:0068K 0000 DR1R LC 0
035AR 000D SEX hi )
006Ck 50000 SEY Ic 0
0DBER END

NO ERRORS

LATAR 10068k
EXIT ODSER
* GETISQ 000K
NODATR DO012R
NOENL OLER
RDLOOP 0034R
RDSQ 10060k

* SEX 006AR
* SEY 1006CEk
SQF 0042R

STAT IC062FK
WRK2 0007

AKX AKX KA KK RKRA AR RAARAKA AR KA ARARAKR A AA AR KA KA RAKARA AR KAARR AR AR RAARRAKRA

o



iCOOOR ‘ENTRY PUSHER,FMRX1,FMAXZ,FEFIC

0000R EXIRN INTELRV

0004 STORE4 EQU )

0006 INCREM EQU 6

"0000R DOBN PUSHER STK 14,SRV2
002ER

0004k OBE9 LER 14,9

000BR 08F9 LHR 15,9

:0008R 4ABt¢ RH I1S,INTERV
0000F

‘000CR 48 E LOCP LH ,STORE4(14)
0004

W0010R CO .0 SKHL 1,2
0002

0014R 45:0 CLH  :(G,PMEX2
D04CR

0018k 4280 BL EOP1
0020R

C01CR 4000 STH I ,PMRX2
003CR '

‘0020R 26E6 HOF1 RIS 14,INCREN

0022R O5FE CLHR 15,14

0024k 438¢ ENL LCOP
000CR

0028k L1B0 LM 14,Skv2
002ER

002Ck 03CF Bk |8

‘00 2ER SRV2 Ls 4

0032k DOBO RPFIG STM 14,SRV2
DO2ER

‘0036R CB8RO LHI 15,16
0010

0038R SIXTEN EQL *-7

003AR OBFO SHR 15,0

:003CK OCEB MHR 14,11

003ER 4DED. DH 14, SIXTEN
‘0038R

0042R 0BBF LHR 11,15

0044k D1ED LM 14,SFV2
002ER

0048k 030F Bk 15

D04RR 0000 PMRX1 LC )

0 4CR 0007 PMRX2 DC 1.

‘C04EK 'ENL

NO ERRORS

HOP1 0020R
W7



INCREM 0005

JINTERV 000RR
LOOP 000CR
FMAX1 :CO04Rk
PMAX2 004cCR
FUSHER 1000k
RPFIG  DD32R
SAV2 00 2ER
SIXTEN 0038R
STORE4 10004

*

* % X

AKEKKKKKKKKKKKKKKKAKKKKKKKAKKKAKAKRKAKKAKXKKARA XA KAKKKAK ARk Ak khkkkkk
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000DR
iCOOOR
00DOR
000K
0000R
1CO00R
00DDR
3CO00R
0000OR

0000
10002

0006

-0000R
0002R
N004R

008K
00JAR

000ER
0012Rr

0016R
GO18R

#00LCR
DO1lER

0022R
0026R
002AR
0D2ER
0032R

DO36R
‘038R

2796
2752
4820
0000F
2622
410
100 7ER
4810
i0000F
cpin
‘0007
0809
4RO
000DF
‘0R BO
4012
CQO0F
4020
‘0B06R
4100
t00RCR
410
0000F
4100,
-0000F
4100
000OF
0811
4330

STORE
STOREZ

* X % A A X

INCREM
CSTART

NCENDI

*REGISTERS:

ENTRY
‘ENTRY
EXIRN
EXIRN
EXTRN
EXTRN
EXTRN
‘EXTIRN
EXTRN

EQU
EQU

EQU

SIc¢
SIS
LH

RIS
BAL

LH
5LHL

LHR
¢H

RHFE
STH

STH
BAL
BRL
BAL
BAL

LHR
BZ

neq

CSTART, LINE, TANFAC, SLOPER,SLOPE
SRVEC, THCLL

DATP

NOENI, TRITST-,TANDIF,TENGHN]
TANDRI, TAN, FCORN
CORNCT,CLRNER,INTEEV
DISKST,RTESTC

OFFSET

0

£

‘0--ER1

l--WORKING
2=-=(CCERNCT

3..-

4--

Y=--STORE POINT:R
l1-

l1,DISKST
1,7

9.9
YV ,O0FFSET

1,DAIP(2)

+CORNCT
2 LINE
). NOEND
3, TANGNT
% TRNTST

1,1
NCENL1



‘00 2AR

003CR 4510 CLH 1,TANDIF
10000F

0040R 4380 3NL NCEND1
‘002AR

0044R 2796 SIS 9,INCREH

0046k 4820 LH 2, COENCT
D024R

‘004RKk 2622 RIS 2,2

004CR 4107 BAL Y.,SRAVEC
‘00 7ER

0050R 4800 LH J,DISKST
00 L0R

0D54R CDOD SLHL 0,7
‘0007

0058R 08B9 LHR 11,9

00SAR 4BB0 SH {11 ,0FFSET
DO1AR

‘G0 5ER CAGB BAHR i,11

0060R 4002 STH D,DAIP{2)
;0020R

0064R 4020 STH - 4CORNCT
‘0048R

DO68R 2622 AIS 2,2

006RK C520 CLHI .,8
00038

006CkK VIII gans *-2

005ER 4230 BNE FCORN
0000F

0072R 48B0 LH 11,RMAX2
:0000F

0076R 4080 STH 11, RMAX1
0000F

O07RR 4300, B TANDRI
0000F

x X

‘CO7ER 40LD SRAVEC STH 1,SAV1

00A4R

082K 4080 STk ¥0,SEVR
00A8R

-0086R C8RO LHI k¢, THOLL
013CR

M;08RR ORR2 RHK k0,2

0D8CR ORA2 AHR 10,2

‘008ER 4819 1Hh 1,STCRE(S)
0000

W:092R 401R STH 1,STCRE(10)
0000

0096R 4819 LK 1,STCREZ2(9)
0002

/4



D03AR
DO3ER
00A2R

00A4R
‘00R6R

00R8R
0JRAR

00ACR
CORCR

‘00BOK

COB4K
00B6R

00BAR

00BCR
*00BER

W0OC2R
‘00C6K
{00CRER
‘00CEK
00D2k
0DD4R
;00D6R
CGODAR
‘00DER
‘00E2R

‘00EGK
O00ESR

0QECR
WOEER

HN0F2k

401RA
30002
4082
0000F
c810.
;0000

C8R0
0000.

0301

CB9!
0002
4815
0000F
10855
4320
*00C2R
C510
64RE

4330
0O0ACR
4010
00B2R
4820
0066R
41PL
00D6R
4020
0DCBR
2452
0300

40F0
0DF4R
4812
0DAOR
4831
0000
4851
0002
2722
41F 1
‘00F6R
2624
4052
0ODCR
43:0

SAV1

SRVR

LINE
0UT

TWOPI

OK1T

*
*

SLCPER

STH
STH
LHI

EQU
1HI

EQL
BR

EQU
SHI

1H

.LhEK
BNP

CLHI

EQU
BE

STH
LH
BAL

STH

LIS

BR

STH
LH
Lk
Lk

SIS
BA.

AIS
STE

121

i1 ,STORE211J)
135, CORNER{Z)
1,0

x-2
L0 40

-~

*-2
L

x.

5,¢
1, TRR(5)

5,5
OKT

1,X"64AE"

x-2
GUT

1, TRAN
2,COKNCT
15,SLGPER
2, CORNCT
Se2

L5,H15

1, CORNER2)
3,STCRE(])
£+STOREZ2(1)

2;2
15,5LOPEL

2,4
£»CORNER (2)

*



'00F2R
O0F4R HLS EQU x-2
*

.
.00F6R 4812 SLCPEL LH 1,COKNER(2)

00FOR
WOFAR 4B5S1 Sk 5,STCRE2(1)
0002
COFER 4B31 Sk 3,STCRE(1)
0000
‘0L02R 423C BNZ FIMNI1E
010CR
‘0L06K 2431 LIS EPR
01)8BR 4C40 MH 4,VIII
006CR
01J)CR 4C40 FINITE 4H 4,TANFAC
‘013AR
0110R 0874 LOOPL LHR 1,4
0112R 0885 EK S
0114R 0D43 DHR 4,3
0116k ‘0585 CLFR &,5
O118R 4230 BNE JK
‘0138R
011CR 0574 CLHR 7,4
‘011ER 423! BNE GK
0138R
{0122R 0844 LER 4,4
0124R 4330 BZ 2K
0138R
0128R 4210 B MINUS
'0134R
012CR C850 wHI 5,X*7TFFF"*
TFFF
0130R 4300 B8 0K
:0138R
0134R C850 MINUS LHI 5,X*8000"
80G:C0
0138R 033F 0K BR L5
*
013AR 0040 TANFAC DC x*40°
013Ck THCLD LS 32
015CR END
NO ERRORS

CORNCT GDDOR
CORNER OO0FS8R
CSTART 000k
DRTP 0062R
LISKST 0052k
FCORN 0D070R

* ook X ok X %

122



FINITE 010CR
H15 00F 45
INCREM 00DB
**INTERH 0000
**INTERV 0000
* LINE i00RCH
LOooP1 O110R
MINUS Q134K
NCENDl O0D2AR
* NOENL :002Ck
* OFFSET O0O5CR

0K 0138k
OKT 00C2R
ourT V' ORCE

* RMAX1 0078R
* RMAXZ2 :0074F
**RTESTC 0000
SAV1 ‘00R4 F
SAVA 0ORBR
* SRVEC MO7EFR
SLOPElL OUOF6R
* SLOFER :00D6F

*

STORE 0000
STOREZ :0002
TAN 00C4R

TANDIF ‘003Ek
TANDRI 0B7CR
TANFRC ;013Rk
TANGNT O0030R
THOLL 013Ch
TRNTST 0034R
TWOFI  WOBCEK
VIII 0D6CR

A % % A ok X

AKXAAKA AR AKAAARAAARAAAAAKX AR AAARAARARAKR AR AA AR KA KR A AR AAAA AR A KA RAAAKRAKXA



(1000K
0000R
sCO00R
#1006

0000
non2

DOJDR
00J4R
00J)BR
00J3CR
0010R

0012k
0D14R

DO18R

001AR
wUICR

‘0020F
0024FK
Q028K
‘002CR
0030k
0034R

4R90°
O0LO6R
4B39
0002
4B19
0000
4230

.0028R

2411

0833

4230
‘0024R
c810
64AE

4015
D0OC2R
430
0054R
CF3t
0004
41FD
DUASBR
4010
01)JAR
4030
01l0CR
41 B0
000DF

INCREM

STCRE
STOREZ

TANG

ANGNT

NIL

TWOPI

ENLARG

FINITE

EXTRN STABS,ARTEKUR
ENTRY TAN,DIST, INTEKH

ENTIRY TRMGNT,TRNTST,IN EERV-,TRNLIF

EQU 6
EQL
EQU 2

NT: READS POINTS FROM S

TORE, FINDS DEL

SEGMENTS, .FINDPS ARRCIMGNY OF RANGLE

AND STORES IT IN A LIST
k1 HES STCRE(S)
R3 HAS STORE2(3)
K9 HRS INDEX FROFM PO INTS
RS HAS TAN INDEX
R4 WCRKING
R1S5 BARL ATANUR,STABS
RU RETURM ADLKESS

AH 9,INTERV
SH 3,STOREZ2(9)
SH 1,STORE(3)
BNZ FINITE

LIS 1,1

LHER 3,3

3NZ ENLARG

LHI 1,X*64RE*

EQU x-2

STE 1,TAN(S)
B ENIT
SLER 3,4

EAL 15,P1IST
STH 1,LELTRX
STH s DELTRY
BAL 15, RTANUE

124
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DELTR Y
DELTA X



0D38R 010CR hle R(DELTIAY)

003RR ODUARR LC R(LCELTARX)

003CR 010ER DC At ANGLE)

i003ER 4810 .LH 1,RANGLE
010ER

‘0042R 4830 L1h S.ANULE+2
0110R

0046R CF10 SLHR 1,12
000C

‘004RR CEI SKHR 3,3
0003

'004ER OA13 REk 1,3

0050R 4015 STH 1,TAN(5)
"‘00C2R

0054R C450 ENDT NHI 5.X"3F*
‘003F

0058R 4015 STH 1,TAN(S)
:00C2R

005CR 4B90 SH 9, INTERV
QODC6R

0060R 2696 RIS 9,INCREN

0062k 10300 BR ]

A*TRNTST: LOOKS AT A LIST OF ARCTENGENTS TO0 S
* B TURN OCCURS SOFEWRERE ITHIN ITFEM

x
*
*USES REGS O(RETURN),1,2,5( WHICH HKS VALUE JF

* TAEN CHECKED),lE5¢BRL)
x.

0064k 0845 TRNTST .1HEK 4,5

DO66R 4815 LH 1,TAN{5)
0QC2R

O06AR 4910 CH 1,TWOFPL.
‘001AR

DO6ER 4380 BNL ZEROD
;00A2R

0072R 2742 PILGOP 515 4,2

0074k 42 L0 BN ZERC
0DA2R

0078k 4814 .ILH 1,TRANC )
0DC2R

iQ7CR 45k0 CLh 1,TWCPI
001AR

WWOB80R 433 EE FILGOP
007 2R

0084R 4B15 SH I,TRAN(S)
00C2R

:0088K 41 B EAL 15,STABS
0000F

008Ck 0821 1HEK 2,1

O0BER 4B10 SH 1,TW0PI.
Q01AR

125



HO92K 41B BAL 15,STABS

DOBAR
;0096k 0521 CLER 2,1
PO9BR 438N BNL END
‘009ER
009CR 0812 LHR 1.2
iCO09ER 2652 ENL RIS £,2
DORDR 0307 BR i

1ICORZK :0B11 ZERO SHE 1,1
00R4R 4300° B END
‘G0 SER

‘COR8K 0873 DIST LHR 7,3

OOAAR 08D1 LHR 13,1
sCOACR "0CCD FHR 12,13
DORER (67 AHR 6,7
10BOK ORL7 REEK 13,7
00B2R OECG ACHR 12,6
‘00B4Kk '08CC LHEk 12,12
00B6R 023F BNZR L5
‘00BBR C5D0 DISTFL CLHI 13,X°'I0*
0010
‘00BCR 4287 BL NIL
0O18R
W00COF .03ULF Bk 1t
x
*
00C2R TAN D5 6b
Q104K TANDIF IS 2
0106R INTERV DS 2
0108k INIERH LS ¢
01JAR DELTAX DS 2
‘010CR BELTRY LS )
010ER ANGLE DS PA
‘C1lI0K ANGLEZ IS 2
0112R END
NO ERRORS

ANGLE OLOER
ANGLEZ O0110R
* KTANUR :Q036F
DELTAX O010AR
DELTRY :Q0lOCRK
* DIST 00A8R
DISTFL :00B8k

END ODSER
126



ENDT 0054R
ENLARKG 00247}
FINITE ON28R
INCKEM .0006
% INTERH 0108R
* INTERV QLO6K
NIL 0018R
FILOOP 0072k
* STABS 0094R
STORE 16000
STORE2 0002
TAN i00C2k
TANDIF 0104R
TRANGNT -0000Fk
TRNTST 00B4R
TWOFI  001AF
ZERO UOR2R

* o O

AKAKAR KA AR RAAAAARKAAKAARAKAKA KA A RR AR A AR AARAA A KRR RAA AR AR AR AR KA RRN KA AKX K
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00356

0000R
*0000R
000DR
‘0000R
0000R

000D
10002

.0000R

0004R
-0008R
«('60CK

6010k
0012R

0016R
001AR
001ER

0022R
‘00624R

0028K

48 pt
010RR
4RRF
0000F
40R0
010AR
45R
010CR
028F
4000
:00BER
4090
:00C2R
40F0
00C6R
CBASY
FFF4
1766
dipl
0110R
csof

*RATER READJUSTS RATES EVERY 12 POINTS

*THIS VERSION USES R GENERARL FUNCTIIOM
% INTERH = INTERV = INTERVAL BETWEEN SLOPE C
* DELTH1 = LELTL1l = LX FOR :END 10 END MAICH
* DELTHZ2 = DELT2Z2 = DY FO: END TC IND MATCH
* DELTH3 = LELTR3 = Y DIF .ih CHFEKK (CFIX)
* DELTH4 = DELTR4 = DX FOR INFERSECIIJNS
* DELTHS = DELTA: = LY FOR INTERSECTI.NS
* TRNDIH = TANDIF = ANGLE CHANGE PERMISSIBLE
*
*
* DELTR1-3: 1/32 IN. TG 3/& 1Ik.
x- 12 COUNTS + BtRATE}
* DELTR4-5: 1/16 IN. TG 3/&+ Ih.
x- 23 COUNTS + B{RATE)
* INTERV = 4 * (18 - k)}/2 (SKIP M TO ¢t POINT
*  TANDIF = PI/90 + (PI/9 . * R) {4 TO 34 DEGR
*
x.
INCREM EQU )
EXTRN INTERV,REFFIG
EXTRN INTEKH,TRNLIF
ENTRY TANDIH, RATER, R1AX1, kMRX2, RTESTC
ENTIRY T1,EIGHTH
EXTRSY FUNCT,OFFSET
STORE EQU 0
STOREZ EQU ‘
RARTER LH FO,RTESTC HAV ENOUGH POIN
RH BC, INTERV ELRP:CED SINCE I
STE FU,RTESTH FEFIGUFED THE P
CLE DC,RTEST IF NO
BLEK 15 RETURN
STH 0,510 ceLSE SET UP FOR
STH 9,ST3
STH 15,S8T15
LHI 10,-INCREM-INCREM(3)
KHR 6,0
STk 6,LENGTH
IHI 12,X"600(C°
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002CR
‘002ER

0032k
‘0036R
GO 3Rk

‘00 3ER
0040R

0044R
0046R
0048R
004CR

00S0R
0052k

.0056R
0G5RR
:005ER
0062k

C066R
0068R

0DBCR
Q0BER

0072R
0074R
0076K
0078R
Q07REK
007CR
‘007EK
0D80OR

008 4R
0088R
DUBCR
00S0R

F000
2796
459
0000F
4281
0046R
49.(9
000D
4310
0046R
‘05A9S
4280
002CR
2102
2696
4889
0000
48D9
0002
2696
41RO
DOC8R
csel
0004
4281
00438R
48D0
0110R
cgph
0010
10CCB
4DCO°
‘00ES8R
BACC
450f
0DESR
2382
26Db1
‘08LD
2232
.0CR6
ODAD
086B
c8an.
00 LO
c560
0010
4320
W0090R
C860
0010
0BB6

LOWER

UPl
LOOPL

NO®

LONG

SIS
CLH

Bl
CH
BNM

CLR
3L

BTFS
RIc
LH
LH

RIS
BAL

CLHI
El

LH

.LHI

FMHR
OH

AHR
CLE

BFFS
AIs
LHE
BFBS
MHER
DHR

LHK

LHI
CLHI
8NP

LHI

RATEUP SHR

129

5,INCREM
L, CFFSET

UP1
12,STORE(Y)
UP1

be, S
LOAER

0,2

S, INCREM
11,STORE(9)
13,STOREZ(3)

9,INCREM
15,GETL

6,4

LOOP1
13,LENGTH
11,1¢

12,11
12, EIGHTH

12,12
12,E1GHTE

&,2
13,1
13,13
3,2
BC,6
10,13
t,11
11,16

6,16

-RATEJP

6,16
11,6

.00k RHERD

OTAERWISE
STEP THRU GETLE

{0 CCHE JP
wI1E RRTE

211 +4AS RATE



003 2R
0036R
0D9AR
003ER
0DRZR
00AG6R
00ARR
O0ORER
00BZR

00B6R
‘00B8R

‘00BCK

*00BER
00COR

00C2R
-00C4R

‘00C6R

DOC8R
‘00CAK

:00CER
QD2 K

‘00D6R
00D8R

00DCR
s(0DEK
0QEOR
sCOE2K
00E6GR

IQE8K

41F3.
0000F
4580
0114R
4280
Q0 E2R
4080’
i0114R
4100 PARRMS
‘00F4R
40D0;
'0DOER
€8D0" SAV12
000C
40D
:0006R
40D%.
10000F
0B99
4090
010ARR
ca:0
0000

€890,
0000

43:0
00C4R

STC
ST9

ST15

2661 GETL
4819

0000

CIR0

FQOD-

4320

005ER

:QBER

4BD9

0002

NCAB

‘0CCD

ORBD

4RB

OLLNR

8.3: 1)

1300

EIGHTH

BAL
CLH
3L

STH
BRL
STH
LHI
STH
STH

SHR
STh

LHI

EQgL
LHI

EQU

Egl

AIS
LH

CHI
ENP

SHR
SH

MHR
MHE
AHR
Rk
CLHI

EQL

15,RPFIG
11,RMAX2

PARAMS

11, RMAX2

0,7l

13, TANDIH

13, INCREM+ INCEKEY
L3, INTERY

{3, INTERH

9,9
S,RTESTC

10 00

o ¥

.

2
-2

» *

-2

6,1
L0,STURE(9)

W, X*EQOC®
NOW

11, i
13,STOREZ(3)

10,11
12,13
11,13
11,LENGTH

I1,x'13mC" (X*45* C(UNTIS)*
*-2



WCOERR
WOEER
sCAF2R

O00F4R

00F8R
»{IOFAR
0DFCR
ICOFER
0100R
0102k
0104R
0106k
0108R

#OL0AR
010CR
‘O10EK
0110R
0112k
0114R
0116R

4380
0080R
4080
0110R
‘03CF

41F "0,
i0000F
0000
0064
000D
;0064
0300
0064
J28A
:0000QF
0300

0030

NO ERKORS

ARTL.
BTl
€Tl
DTl

02F8R
WOFCK
0100R
s0L04 K

* EIGHTH OOESBR

* FUNCI
GETL

‘00F6 R
00C8R

INCREM :0006
* INTERH O0DB4R
* INTERV «C0BQR

LENGTH O1l10R

LONG
LOOP1
LOWER
NOW

GNBCK
0048R
1002CtH
005ER

* CFFSET 030K
PARARMS DOAZ2R

* RATER

10000K

RATEUP 0090R

Tl

ATl
BT1
Tl

DTL

RIESTC
RTEST
TANDIH
LENGTH
RMAX1
RMAX2

ENL
STE

Bk

BAL

DC
EC
BC
LC
DC
LC
DC
BC
BR

DS
DC
LS
DS
LS
D5
END

134

LONG
15

15,FUNCT

0.

500

0.

BOC

768

100

650
RCTANDIF )

s

o N s



* RMAXI1 0112R
RMRXZ 0114k
* RPFIG 0094R
RTEST :0lOCK
* RTESTIC O1l0RR
SAV12 GORAFR

*

STI. OD0BER
ST15 1W0C6 &
ST9 00C2R

STORE 0000

STOREZ 0002
* 11 JQF4R
TANDIF 0106R
* TRANDIH ‘WLOEEK

url 0046R

*

AKXKKARAAKAA KA AR AKX AR AAKRKARRARARAARARNRAKAA AR AR AR RARARARKR AR AAKRKA AR AR AAK
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00DOR

CO0O0R
1002R
0004R
0006R
000RR
‘000ER
0010R
CO012R
0014R
0018R
Q01CR
‘001ER
DO020R
0024R
00D28R

002CR
-002ER

0032R
0036k
‘00 3REK

08DB
:0CCB
0ccB
4CCF

0000

4DCF
0002
:08AL
08DB
‘QCCB
4CCF
10004
4DCF
0006
DRAD
‘08EB
4CCF
0008
4DCF
‘0CCR
4RADF
s000C
ORDR
48CF
000E
$C0IC

0000

43(CF
0010

NG ERRORS

* FUNCT

00DOR

FUNCT

ENTRY FUNCT

*FUNCTION---R11 = RATE

*  FURATE)=RA'(RATE)**3+4B "(RATE)**2+CC'{RAT
* WHERE F*', B', & C' HAVE MEGATIVE EXPONENT

LHR
MHK
MHR
MH
DH
LHEK
LHR
MHEK
MH
DH
AHR
LHEK
MH
DH
AH

AHR
Lk

STH

ENL

13,11
12,11
12,11
12,0115)

12,2115}
L¢,13
13,11
12,11
12,4(15)
12,6(19)
10,13
13,11
12,8115)

12,10(15)

-13,12(15)

13,12
12,14 ¢15)

12,00412)
16(15)

AKKEKEAXKAK KA RAAAKAARRA AR AAKAARARRAKRAKA AR AR KRR A A AR KRR RKRA AR AR AR AKX AR AKX
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0COOR EXTRN PMAX1,PMAXZ

iCO00R EXTRN RMEX1,RM:YZ
0000R EXTRN CORNCT,IMTEKV,CORNER, LINE
;0000R EXTRN CFIX,LINER
0000R EXTRN TANDRI,INTERH,DA{P
1C000R EXTRN LISKST,C:Sk
00DDR ENTRY GOTBAC,LINER2,CENDER
«0000R 'ENTIRY LINEK2,HG.DEN
00DDR ENTRY ENDSEG,FCOKN
70B600R EXTRN THOLI,BSTORE
DOOOR EXTRN OFFSET
000 STORE  EgQU M
0002 STORE2 EQU 2
‘0004 STGRE4 EQt 4
000C STOREC EQU 12
0035 INCREM EQU 6
0ODDR 482 ENDSEG LH 2,CORNCT
0000F
00)4R 4080 STH 8,HOLD
“00BCR
000BR 2686 AIS  8,INCREX
‘000RR 4898 LH S,STGRE(E)
0000
‘000ER CSgg CHI  ¢,X“F000" IF Tv0 FLAGS, G
FOOn.
WWO012R 4220 BP SKIP
0018R
00L16R 0819 1HE 1,9 INT0 KEGISTER
0018R CB8O SKIP SHI 8, INCREM#INCREM
:066C
001CR 0898 LHR 9,8 9 POINTS 2 POI
IOOLER C41LO NHI 1,X'.c000"°
€000
0022k 48 0 1H i, LISKST
000DF
'0026R CD .0 SLHL 1,7
0007
‘002AR 0869 LkR 6,9
002CR 4B5D SH 6,0FFSET
‘0000F
0030R 06L6 OHR 1,6
0032k 06L0 OHR L
DN34R €520 CLHI 2,10
000k
0038R 4330 BE GOT1
005AR
003CR €520 CLHI 2,4
0004
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0040R

0044k
0046R

G04RR
O0D4ER
0052R
D056R

005AR
‘005CR

0060k
DOB2R

0066R
GUBAR
OO06ER

0072R
‘0074R

:0078R
‘007CR

080K
0082R

0086R
:0088R

(08CR
1Q0S0R
t0094R

30098R
003AR

003ER
00R2ZR
00R6R

4330
00S5AR
2622
4092
:0000F
4012
‘0000F
4020
'0002R
4100
0000F
4300
‘0062R
2722
4012
004CR
2622
€520,
0004
4330
*00R2R
4100
*0G00F
4100
0000F
0DA2ZR
4800
000DF
Chef
0004
4601
0DOOF
‘0B22
4100
0000F
2626
486
0000F
cDg
0004
466!
0DODF
4pao
00B 4R

*0B22

4020
0050R
4300

;00 ERR
4861
:008AR
cpon

GOT1

GOT2

GOTTEN

GOTIBRC

LINERZ

BE

RIc
STH

STH
STH
BAL

SIS
S1E

RIS
CLHI

BE
BRL
BAL

DC

Lk

SLHL
OF

SHEK
BAL

AIS

Lk

SLHL
Ok
BR1

.SHR
STH

SLHL
135

GOT1

i,2
9,CORNERL2)

1,DARTP(2}
+CORNCT
1, LINE

GOT2

2,2
1, IRTP(2)

2,2
2,4

LINERZ
0,CFSA
JLCFIX

LINERZ
6,PMAX]

6,4
€,RMAX1

2,2
‘% LINER

2,6
€,PMAX2

6.4
€,RMEX2
) ,LINLR

2,2
+CORNCT

ENDED
b,PMARX2
5,4



iCOAAR

ORER
DOBOR

00B4R
:00B6K

09BAR
00BCR
“OBCR
0OBER

00C2R
‘00C4R

BO0C8Kk
O0CCK
ODOR

‘00D4EK
Q0D8k

*0UDCR
DODER

00E2R
OOEGR
O0OEAR
OOEER
DOF2R
00F6R

OOFAR
COFCEK

0004
466
003 2R
'0B22
4100
30096R
0B22
4020
0D3CR

€890,
10000

4020
‘00 SER
0711
4010
0000F
48 10
0000F
40D0
0000F
43x)
0000F

4 DGO
DOBCR
4 bCO
0070R
‘0L4CR
4860
007T6R
CDS0
‘0004
4660
007ER
4820
;00RCR
4020
Q0ESR
4820
‘C0R4K
40210
s00EOR
0B22
4Db0

ENDED

AOLDEN
HOLD

ENLER

FCCRN

Ok

ShHE
BAL.

SHR
STH

LHI
EQU
EQU
STH

XHR
STh

1H
STE

ERL
BAL

Dc
LH

SLHL
OH
LH
STH
LH
STH

SHR
BAL
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6,RMPX2

2,2
'}' LINER

2,2
< ,CORNCT

3,0
)
*-3
: ,DATP

1,1
1,ESTORE

1, INTER/
1, INTERV

TANDRI

H,CFSA
)W ,CFIX

CENDER
6,PMARX1

5,4

6,RMAX1
2,RMAX2
2 ,RMAX1
Z,PMAX2
¢4, PMAX1L

2,2
M,LIN R



0100R
'0102R
0104R
0108R
010CR
ALOEK
0110R
0114R

0118R
O0L1ERR

‘Ol1ER
‘0122K

‘0126K
0128R

012CR

0130R
‘0132K
0134R
0138R

013CR
01 3EK
0140R

0144R
0148R
014CR
‘014ER

0152R
0156K

00ER2R
2626
10744
4832
106COR
4034
‘QDO6R
2642
2622
c520.
*000E
4280
:0L04R
2742
4040
0DB8R
C83
000DF
DORO
0152R
10722
D1E3
1000C
DOE3
10000
2634
2621
c520.
10004
4280.
'0128R
2454
24 2R
4832
‘0048R
4035
10142R
D1ED:
‘0152R
0B39
4300
POCSR

NO ERRORS

* BSTORE ODC6R
CENDER :014Ck

*
*
*
x

CFIX
CFSR

DODAR
s00D6 K

- CORNCT O11CR

SHLOGOP

STLOOP

CENDER

SAVZ

AIsS
XEk
LH
STH
AIS
RIS
CLHI
BL

SIS
STH

LHI
STK

XHK
LM

STM
RIS
RIS
CLHI
8L
LIS
LIS
aiH
STH
LM

LHR

DS
ENL

137

2,6

4.4

3,DATP(2)
DARIP(4)

4,2

2,2

2,14

SHLOOP

{,2
4,CORNCT

3,THOLEL
14,SkV2

i,2

14,X°C*'(3)

14,013)

3,4

2,1

2,4

STLOOP

5,4

2,10

3,CORNER(2)
+CORSER(S)

14,5AV2

11,9
ENLEK



* CORNER 0146R
* DARTF 0LORR
* DISKST 0024R
ENDEL  :00BRFK
ENDER 00CBR
* ENDSEG G000k
* FCORN 0OD4R
GOTl 1W00SAR
GOT2 0062R
* GOTBAC :0074k
GOTTEN 006AR
HOLL 00BCK
HOLDEN 00BCR
INCKEM :0006
INTERH O0OCAR
INTERV OOCER
LINE 0054R
LINER :0QFEF
LINER2 O0QOA2R
OFFSET 1002Ek
PMAX1 O0F8R
PMARX2 00F4k
RMAX1 00FOR
KMRX2 100ECK
SAV2 0152R
SHLOOP QlO04Fk
SKIP 0018R
STLOOP 0128k
STORE 0D00.
STOREZ 10002
STORE4 00014
STOREC :000C
* TANDRI 0ODD2R
* THOLL 0120k

*

¥ % X % Ot % % A *

AXAKXKAKAKKAAKAKKAKAKKAKRKKKKKKAKAKAKRKKAKKKLAKARKRAKXK KA KK KA kK Ak hkhkkkkk.
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CO00R
000DR
000K
000OR

0000
30002

3258
64RE

0008
003DR

0004R
‘0006R

‘000ARR
‘000EK
‘C012R
'‘0016K
‘001RK
‘001ER
.0022K

‘0026R
0028R

002CR
0030R

G034R
0036R
0038R
'‘0U3AR
003CR
‘00 3ER

:0042K
0044R
‘0046R
0048R
‘004AK
004CR

4000.

B15CR

26014
4060
0000F
cgat
0000F
4828
0002
4832
0000
4842
0022
4828
0000
48 b0
0DOOF
4811
00056
0512
4280
‘0058R
4020
‘0190R
41F0
0000F
000R
0020R
01S0R
0188R
018CR
41E0
0D032R
1GOR
DO036R
‘0190R
018AR
‘018ER
4B3N

STORE
STOREZ

Pl
TWOPI

CORNR

CFSR

ENTRY
EXTRN
EXTRN
EXTRN

£QU
EQL

EQU
£QU

EQU
STH

AIS
STH

1HI
LH
LH
LE
LH
1H

BAL

5H

139

CFSR,MININ
RTANUR,CORNER, DRI P, BSTORE
STAB:, INDEX ,STCHREX ,STOREY
KXIT,CFRTRN,PTMAX, GPOINT

¢

‘

X*'3258°*
X'64AE"

8
.s BRCK+2

0,4
»  CFRTRN i CFIX

CORNR, CCENER
2,20CCORNK}
3,STCRE(Z)
4,STCREZt2)
EJCL(URNR)
1,PTFARX
1,6(1)

1,2
GOON1

2,ANGLE
15,GPOINT

10.

PT.XRX
ANGLE

GNE
DELTAX
15,GFUINT

kQ

PTMAX
RNGLE
IW0
CELTFY
.+ DELTARX



‘0050R
‘0054R
‘0058R
‘005CR
.0060K

0064K
0066R

D06AR
D06ER
0072R
0076R
007AR
DO7ER

DOB2R
0084 K

0088k
‘008CR
«C090R
"0094R
0036R
N098R

3009AR
009CR

O0OROR
00R4R

DOABR
YCORAR

sCORER
‘00B2k

D18CR
4BY’
D1BER
4300
00b60OR
4B32
0000
4B42
0032
400
0162R
0815
4828
‘0006
4832
;0000
4842
0002
4828
0008
4B32
-0600
4B42
0002
4100
0lE2R
0B1S
4180
0000F
CS B0
3258
428
0098R
cg9i
64RE
'0B51
08lsS
C5 10
0600

4280
‘00R8R
c810.
FFFF
4300
‘00ERR
0711
4010
0158R
4010
010ER
48 k0

GOON1

GOIRN

COFPAR

MINIM

GOON

SE
BR1

LhEK
LH

LH
LH
LH
SH
SH
BAL

SHR
BAL

CLHI
BL
LHI
SHEK
LHR
CLHEI

EQU
8L

LHI

XHR
STH

STH

LH
140

4,CELITRY
GCTAM
3,STCREtZ)
4,STCREZ22)
) ,RTMR

1,5
2,6(CORNK)

3,STORE(Z2)

4,STORE2(Z)
2,81CORNK)

3 4STORE(Z)

4,STORE2(:)
2 ATNR

1,5
15,STABS

1,PI
COEPFR
5,TWOP 1
5,1

1,5
1,X%600"

x-7
GOON

1'-1
GOON+2

1,1
1,SFLAG+Z

1,NOEK+2

1,ESTORE

An 2l

DEGHEES



‘0000F

00B6R 4337 82 NOEX
OLOCR

0008 DAT EQU 8

0OBRE C88&¢ IHI IAT,LAT:
0000F

:0OBEK 4838 LH SMULART)
0000 ‘

SG0C2R C430 NHI 3,X“FFF"
3FFF

‘00C6k 4828 LH 2,2CIAT)
0032

i00CAR C420 NHI 2, X :ZFFF"
3FFF

WOCEK ‘OR32 AEK 3,2

DODOR CC30 SRHL 3,1 GET " AVERRGE" I
0001

ND0OD4R 4848 uH 4,6(DAT)
0006

DODBR C440 NHI 4 ,X°3FFF*
3FFF

0DDCR 4828 LH 2.,84{DAT)
0008

NOEDOR C420 NHI 2,X'"3FFF*
3FFF

OOE4R OR42 AHR 4,2

s00E6R CC40 SRHL 4,1 CE71 "AVEIRGE' I
0001

:00ERK 0722 XHK 2,2

0O0ECR 4532 CLoopP CLH 3,INDEX(2)
0000F

DOFOR 4280 BL HNEXT
‘NOFCR

00F4R 4020 STH . ¢ NOEX+2
0LOER

00F8R 430D B NEXT
0LO4R

DOFCR 4542 HNEXT CLH 4,INDEX(2)
00EER

0100R 4384 BNL FOUND
0124R

0104R 2622 NEXT RIS 2,2

0106k :0521 CLER 7,1

013BR 4280 3L cLooP
*00ECR

010CR C820. NOEX LHI 2.0
10000

O110R 2412 LIS 1,2

0112K Q0RZ21 RHEK 2,1

0114R 4841 «iH 4,CORNER(1)
"000CR

0118R 4874 LH 7,STORE(4)

1l



011CR
‘0120K
0124R
‘0128R
012CK -
012ER
0130R
‘0134R
0138R
‘01 3CR
0140R
/01 44R
‘0148K
014RR
i014CR
014ER
0152k

0156R

0000°
4834
0092
430
012CR
4872
0000F
4832
0000F
0744
2452
4862
0126R
2064
0132R
4862
012AR
4064
013AR
4862
OOFER
4064
0142R
0A45
0R25
0521
4280

‘0130R

4040

‘00E4R

C8490

0000

015AR

4210

‘01 5AR

015ER

430D

:0000F

0162R
0166R

4030
018CR
4040

‘01 8ER

O016AR

41F0.

:0000F

016ER 018CR

Q1L CR
0172R
‘0174R
‘0178R

"017CR

018ER
0190R
4850
0190R
4860
013 2R
CF50

FOUNL

SHIFT
CLCOPL

SFLAG

BACK

AINR

Lk

LH

LH
XHEK
LIS
LH
STF
Lk
STH
Lk
STk
RER
AHR
CLHR
BL
STH
JHI

3M

STH
STH
BAL
bl
LC
DC
1H
LH

SLHA
142

3,STOREZ (4)

SHIFI

‘1,STGREX (2}

3,STOREY (Z)
4’.4

5,2
€,STCREX (2)
t,STOREX (4)
t,STCREY {2)
¢t ,STCREY ¢4)
t, INCEX(Z)
€, INLEX(4)
4,5

4,5

2,1

CLoorPl

i +BSTORE
4,0

x.

KIT

« DELTRX
% ,DELTAY
15, RTANUK
DELTRX
CELTRY
ANGLE
S,AN(LE
6,ANLLE+2Z
5,12



:000C
0130R CEBO
0003
0184R DAS56
0186K 0300

0188k :0001
018AR 0012
*018CR ‘0000
018ER 0000
0190k :0000
0000
0194k

NO ERRORS

RANGLE 0190R
* ATANUR :016Ck
RTNR 0162R
BACK ‘015RF
* BSTORE 0154R
* CFRIRN 0008k
* CFSA 0000R
CLOOF :00ECEK
CLOoOP1 O130R
COMPAR 1L098F
* CORNER OU116R
CORNR  :0008
DAT 0008
* DRTP ICOBCFR
DELTAX D018CR
DELTRY 1018EK
FOUND 0124R
GOON 1G0RB K
GOON1 0058R
GOTAN @060k
* GPOINT 0O040R
HNEXT 100FCR
* INDEX 0146R
* MINIM U0SRF
NEXT 0104R
NOEX }0LOCH
ONE 0188R
FI 3258
* PTMRX 00 44R
SFLRG  Ql56k
SHIFT 012CR
* STRBS  3086F
STORE 0000
STOREZ (002
* STOREX O0136R
* STOKEY 013Ek
TWO 018AR

ONE
TWO
DELTRX
DELTAY
ANCLE

SRHA

AHR
Bk

LC
pC
IC
bC
LC

‘END

143



TWOPI 64AE
* XIT 01BCF

AAKAKKKKKAKKAKXKAKKKKKKKKAKAKKKKKKKKKKRRKRKKKAKKKKRKKAKAKRAK Kk hkhkkAkKkxk.
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*ENTRY BRL M ,CFIX

THIS ROUTINE TAKE3 2 LINE SEGMENTS

IN *CORNER® & (ALCULATES THEIK INTERSEC
THE INTERSECTION IS STORED HIGH IN
STORE RMD THE POIINTERS TGO THE INIERSECT
IN CORNEXR ARE ALI ERED TO0 IT

X ok K 4 A

*

*R0~--BAL; B & D FROM 3D
*R1--WRKG

*R2--WRKG,PTR TO CORWE. IN SLO?CED
*R3--B,L FROM BL:; Y FRiM Ey,DY
*R4--WRKG

*RS5--WRKC

*R6--WRKG; PTR TO HJLD IN SLOPED
*R7--WRKG

*R12-BAL SETTER

*K14-ERL SLOPED

*R15-BAL SLOPELl,STABS,BD,BY,DY

* Y1=RX1+B )
*  YZ2=(X2+L
*. AT INTERSECTION:
* Yl=Y2
* X1=Xx2
* THEREFORE: RX+B=CX+D ET INIERS
*.  RX-CX=D-B
* X(A-C)=L-B
*x  X{INTERS)=tD-B)/(A-C)
*  Y(INTERS)=R*X(INTERS)+E=
- C*X{ I TERS)+D
‘0000R ENTIRY CFIX,DELR3CIRTRN,XIT
000OR EXTRN CORNCT,SLOPER
0000R EXTIRN INOUIS
0000R EXTRN DATP,THOLD
:0000R EXIRN .CORNER,STRBS
0000R EXTRN ATANUR
0000 STORE £QU 0
10002 STOREZ EQL i
000E STOREE EQU 14
o0c SIOREC EQL 12
MOOOR 4000 CFIX STE M ,RETRN
0238R
0004k 2442 LIc 4,2 tET FTR 10 GET
003IBR 41F . BA. 15,8D SET &
rOOSER
DO0JAR 4000 STH 0.8
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1GOOER
0010R

06014Rr
0018R
001CR
0020R
0024R
0028R
002CR
0030R
0334R
0038R

003CR
003ER

‘0042R

0046k
0048R

004CR
‘004ER

0052k
DOS54R
.C056R

0058k
005AR

005ER
0060k

0064k
0066R

006AR
0DBER

030ER
2448
41fF
00 8ER
4000.
:03L0R
€900
9000
4210
:00C6R
Cc3900
3000
4220
:00.C6R
4810
i030ER
C910
3000
4210
‘0164R
c910
2000
4220
0164R
0B10Q’
4241
0ODAR
400
031CR
244R
4854
:0000F
2746
4B54
004AR
;0820
gB31
0D05

10531
4230
301 9RR
0520
4230
019AR

0811

4330
01 SAR
C550
0001
4330.
‘01 9AR

L'1s
BA.

STH
CHI
8
CHI
BP
LH
CHI
BN
CHI
8P

SHR
BIC

MH

LIS

LH

SIS
£h

LHEK
LHR
LHE

CLHR
BNE

CLHR
BRE

LHK
BZ

CLHI

BE
146

0,D
0. Xx*'3000°
s XY
D.X*/ 000"
3 XY
L,B
1,x*3000"
DXY
L,X*7000°
DXY

1,0
4,80'1‘!‘

) ,TANFRC

4,k0
5,CORJER(4)

4,6
5,CORNER t4)

2,0
3,1

¥, E

cET FIR TO GET
G.T D

IF D<300 1
LINE2 I35 VERTIC
IF L>?0q£
LINEZ2 I35 VERTIC

IF B<900:

LINE1l IS VERTIC
IF 8>700:
LINELl I5 VERTIC
R1=B-D

1F Si\B. FERILS,S
ADD IN RI(UNLDOFF

'S HARS C~TANFAC

FE=((-R)*TRNFRC

FlL H+/S X ET COR

=(D-B)*TANF+.C/ ({ R-C)*TANFA

3'1
CHECK

2,0
CHECK

1,1
CHECK

CHECK FOR DIV F

IF NGNE GC T0 C



0072k
0076K

‘007AK
007CR

008GR

00B4R
:0086FK

i008AK

'‘008ER
0092R

0096k
0098R

003CR

OORDR
‘6OR2K

OOA4K

‘NOABEK
ODRAR
0RCK

48 k0

D30ER

41E0
0000F

@801

4810
:0310R
41F;
0078R
0510°
4380
00CBR
4300
0154R

4814
0D50R
4831
0000
2642
41C0
Q0R4R

4801
0002
0B03
O3F

4C24
0030R
0852
0863
4231
00B 4R

LH 1,E CTHERWISE ONE L

BAL 15,STABS DECIDE WHICH
LHE 0,1

LH 1,D

BAL 15,STABS RND GO [D APPRO
CLHR 1,0

BNL XY

B LXY

x AAKAKXRRAKAKR AXRKKX

*
*ENTRY BAL 15,BD

* THIS ROUTINE EXTEFRCTS B FKGF TH:

k. EQUASION ¥Y=RK+B

* B=Y-EX

x.

BD LH 1,CORNER ¢4) R4=PIR TC 2NL L
1lH 3,STORE(]) Ri=X
RIS 4,2 F4 H.S PIR TO
BAL 12, SETTER i& RETURNED

% R3 HBS ax

* EISE X ILiTEsCEFT MERF INFIN
LH 1,STORE2(1) RO HAS ¥
SHR 1,3 RNEB
BEK 15

*
*ENTRY BAL 12,SETTER

* K3 HRS X CN ENTKY
x- R4=PTR TO0 SLOPE :F LINE (R)
* k2/3 = RX CN EXII

X,
SEITER MH 2,COKNER (4)

LHE t,2
LHR 6,3
BNZ HOP
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0DBOR 0822 LHR 2,2

#0B2R :033C BFCE 3,12
00B4R 4D20 HOP DH «TANFAC REMOVE ROUNDOFF
031CR
00B8R 0536 CLHR 3,6
J00BARK :023C BICR 3,12 CHECK FOR DIVID
0DBCR 0525 CLHR 2,5 IF NONE RETURN
300BEK :023C BICkR 3,12
0OCOR CB80D LHI D,X*80079" ELSE LOiD RO=B=
’ 8000
0DC4R 03JF BR LS RETURN TO CALLE
*
* ARKKAKKRRAKRK KK KKARK

* ENTRY E (B)XY

*  BXY & DXY ARE IDENTICAL tXCEPT

* YOU USE BXY WHEM LINEZ IS VERIICRAL
* USE DCY WHEN LINEL IS VERTICZAL.

*WITH ONE LINE VERTICAL, X RLONG THAT
*LINE WILL NOT CERNGE MUCH. It YO
*TRKE AN X NEAR THE INTERSECTION, II CAN
*BE SAFELY RSSUMEL TO bBE THE X RT THE
*INTERSECTION. SUBSTITUIING THIS X I.
*TEE EQURSION FOR THE iCTHEF LINE GIIVES
*Y{ INTERS)

0OCBR 4810. BXY LH l,B
‘030ER
00CAR C910 CHI 1,X'3000" SEE IF B80TH LIN
3000 ‘
DOCER 4210 BM 30TH
Q00LAR
DOD2R €910 CHI 1,X*7000°
000
00D6R 4320 BNP  NOT {F NOT 50 TO N
01 4AR
OUDAR 48F0. BOTH LH 15, RETRN iF F. OM INTERS
‘0238BR
DODER 480F wH 0,0t15)
0000
00E2R C500° CLHI 0,INOUTS
0GCQF
DOE6R 0330 BER " RETUxN
H10EBRK 2442 L1s 4,2
O0EAR 2438 LIS 3,8 £LSE YOU HAVE R
OOECR :0824 LHER 2,4

iag



:0CEER 4813 LOGP IH 1, COKNER(3) FOEKGET IT &

0DABR

WHOFZR 4014 STh 1,-COKNER (4) ‘(0 LGOK FOR KNEX
0O0FOR

‘00F6R 4813 1H 1,IRTIP(3)
0000F

W0FRR 4014 STH 1, IRIPL4)
00F8R

JOOFER :0R32 AEEK 3,2

0100R OR42 AHR 4,2

102K C54 ClEKI 4.8
00038

‘0L06R 4280 BL LQOP
BOEER

'010RR 4841 LK 4,CORNCT
0000F

*0LOER 2746 S1s 4,6

0110R 4040 STH 4 ,CORNCT
0LOCR

0114R 41F . BAL 15,SLOPER
‘0Q00F

0118R C830. LHI 3,THOLD
‘0000F

D11CR 2634 AIS 3,4

OL1ER 4843 LH 4,STCREC¢3)
000c

0122R 4043 STF 4,STCREC3)
0000

0126R 4843 LH 4,STCREE (3}
000E

‘0L2AKR 4043 STE 4,STCREZ(3)
0002

‘012ER 2638 R1¢S 3,¢

0130R 4843 LH 4,STOREC(3)
000C

0134RrR 4043 STH 4 4STORE(3)
;0000 ,

0138R 4843 uH 4,STOREE(3)
i000E

013CR 4043 STH 1, STORE213)
0002

0140R 48F0C LH LS5,RETRN
0238R

0144R 480F LH 0,0(15)
0G0

0148R 030D BR :

014RKk 2446 NOT LIS .6 ‘GET EMD 'CF LINE

014CR 4824 LH 2,CORNER(4) ¥ERREST INTERSE
‘00F4R

0150R 4812 LH 1,STORE(Z) SET ITS X CDORD
0000

D154R 41F2 BAL 15,BY ZALCULATE Y
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i0158R
‘015CR
0160k

0164k
0166R

016AR

D17ER
4030
03JAR
4030
030CR
4300
01AAR

2442
4824
Ol 4ER
4812

#0000

016ER

41F 7.

‘018CR

0172R

4030

'030RR

0176R

4030

‘030CR

017AR

4300

101 AAR

017ER
‘G180K
0182R

0831
2444
41CD

‘00 k4R

0186R

4A30

-030ER

018AR

N18Ck
01BER
0190k
194K

0198k .

03)F

0831

244A
410
00a4R
4R
0310R
03CF

STH EPR !

STH t0X2 STGRE IT FOR L1

B CHEKK SK1F CALCULATIO
DXY LIS 4,2

LH 2,CORNER(4)
LH 1,STORELZ)

BAL 15,D¢
STH 1.Y1
STH 3,¥2
B CHEKR

x

*ENTRY BRL 15,(B)Y

x. BY & DY ARE IDENTICAL; IHEY RARE
* USELD 10 CALCULATE Y WhEN » IS5

*  KNOWN. 8Y IS USED FOR LINEL; DY
* FOR LINEZ.

*ON ENTRY, Rl HAS X-COJRD AT THE

* INTERSECTION

*ON RETURN, R3 HAS ¥

*

BY LHR 3,1
LIS 4,4
BAL 12, SETTEK GeT RX
AH 318 LGx*
B8R t5
DY LHR  Z,1
LIS 4,10
ERL 12,54 TTEL
ARH 3,
BR 15
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* AAAKXKKAAAKRKRRAAK

013AR 41Fi CHECK BAL 15,BY GEI Y AT INTERS
‘01 7ER
O19ER 4030 STH 2.Y1 FOR LINEL
:030ARR
O1lR2R 41F7. BAL 15,DY GET INTERSECTIO
‘018CR
01A6R 4030 STH 3,Y2 FOK LINE2
‘030CR
* YOU*VE NOW GCT TWO POSSIBLE INITERSECTIO
x X,Yl & X,Y2. YOU WOULD LIKE IO FIND
* FIND THE ONE WHICH IS CLOSEST
k- T0 THE INTENDED CORNER

*FIND THE LINE ALONG WHICH TEE DIFPEFENCE
* IN LINE SLOPE

AKKAKXAKAAKAKAKAARAA AR ARAKAA A A RAAKRAARAA AR A A AR ARRAARR AR AR AR AR AR RAAARAK

* IS GKERTER (BETWEEN X,Yl & X,Y2) THEN FIND
* THE X,Y COORD WHICH GIVES TAE LINE THE SLOP

* CLOSER TC THi ONE ORIGINALLY CRICULRIED
x.

01AAR 4010 CHEKR STH l,Hl

'0218R

01RER J)B66 SHR 6,6

:0LBOR 0B22 SHR 4,2

01B2R 41:1. BAL 14,SLOPEL 3ET DIF BETWEEN
:023ER

*. FIJR LINES X,YL-CORNERID
* x,Y«=-CC(RNEF 00)

01B6R 4010 STH 1,DELL STORE THE DIFFE
‘031AR

01BAR 2426 LIS 2,6

‘01lBCR 2464 LIS 6,4

D1BER 41:.1! BAL 14,SLOPED SAME FOR CIRNER
‘023ER

01C2R 451D CLH 1,DELL 7IND AHICH LINE
031ARR

01C6R 4380 BNL SCND
:01I8R

01CAR )B66 SHR 6,5

0LCCk 2422 LIS 2,2

O1CER 4812 LH 1 ,CORNER(2)
0168R

51



:01D2R
01D4R

01D8R
‘01 DAR

O1DER
{O1E2R
‘0LE6K
Q1ERR
01EEK

O1FOR
D1F4R
O01F8R

01FCR
O1FER

0202R
0206K
020RKR
020ER
0212K
0216R
C218R
021AR
C21CR
‘0220R
0224k

0228K
022AR

022ER
0232R

0722

4300

‘01DER
2426
4812

01DOR

4851
0002
4831
0000
41RO
0288R
4816
0312R
‘0B15

41D0
'026AR
4010
'031AR
4816
i0314R
0BLS
41D0
026AR
45 k0
D31AR
4280
0212R
483!
03)AR
43 :0
0216R
483t
D30CR
C8 i
0000

2416
4841
01DCR
4074
0000°
4034
0032
2714
4841
1021ER
4074
;0000
4034

SCND

RET1

SEC
RET2

H1l
XIT

XEK

LIS

1H

Lk
LH
BAL
1h

ShR

BAL
STH
LH

SHR
ERL

CLH
BL

LH

.LH

LHI
EQL
LIS
1k

STk
STF

SIS
«H

STH

STH
152

2,2
RET1

2,6
1, COKNER (2)

£,STCREZ(1)
3,STCRE(L)
15,LIFFE}
1,HOL1L(6)
1.5

(ET LIF BETw CR

SLOPE +*0R X,YlL & SLOPE OF
LINE SEGMENT NEAREST

13,PITEST
1,DEL1
I ,HOLD1(6)

1,5
13,PITEST

1,TELL
SEC
3.¥1
RET2
3.2
7;(
*-7
1,6
4,CORNER(L)
T,STORE(4)
3,STORE2 (4)

1,4
4,CORNER(L)

7,STORE(4)

3,STORE2( 4)

»AME FOR X,Y2

F1MD WHICH IS L

LOAD R3 ITH NE

‘GET FCINIER TO



0236R
0238k
0238R

‘023AR
{23CR

023ER
0242R
0246R
024AR
024ER
0252R
0256R
025AR
025ER

0262R
0264K

0268k

026AR
026ER
0270R

0272R
0274R

0002
c8:0
0000

2002
0300

4850
'‘030AR
4830°
0218R
41F0.
02858R
4056
‘0312R
4830
0218R
4850
030CR
4170
:0288R
4056
0314R
4816
‘0312R
0BLl5S
4150
026AR
030E

41F "
:00862R
C510
3257

;028D
4230
027CR

1HI
RETIRN EQU
CFRTRN EQU

RIS

BR

*

LIRT

*=2
%2
e, 2

Z

*ENTRY BAL 14,3LOPED

11 HAS X COORD

R5=SLOPE (X,Yl~-

R5=SLOPE (X,Y2-

* k15--BRL
x- R14--RETURN ADDR
* K2--CORNER PTR
x. R1--STABSt{SLOPE DIF)} ON RETUkN
* R6--FIR TC HCLL
x. R3aR5"'dRKG
SLOPED LH 5,Y1
LH 3,H1
BAL. 15, DIFFEK
STH >+ HOLDI(G)
LH 3,H1
LH 5,Y2
BAL 15, DIFFEK
STH . ¢HOLDL(B)
LH 1,HOLD(6)
SHR 1,5
BRL 13,PITEST
EXIT Bk 14
PITEST BAL 15,STABS
CLHI 1,x'3257°*
PI EQU *-2
BICR §&,153
BNE NOTBAC
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:0278R
127RR
‘027CR
‘Q27ER
0280R
0282K
0286k
0288R
028CK
-0290R
N292R
01294 K
298K

:029CR
D29ER

02A2R
‘02R4R

02R8R

‘02RCEK
02RER

02B2R

02B6R
02B8k

‘02BCk

02COK
02C2R

02C6R

02CAR
(2CCFK

‘02DOR

‘02D2K
02D4R

02D6R

i0B11
03D
820
64AE

0B12
41B0
026CR
030D

40 R0
0306R
4812
022CR
‘0875
0843
4B51
00322
4B31
0000
2622
4812
102 6ER
2722
4B71
0002
4B41
000N
0817
41F
0284R
4010
‘02L6R
0814
41p0
D280R
6100
02D6R
0815
41v .
‘02ERR
4010
02L2R
0813
41k0
02C4R
CA O
poon

C510°
0000

NOTIBRC
IwWOP1I

DIFFER

TEMFHL

TEMPH

SHE
3R
LHI
EQU
SHR
BRL
BK
STH
LH
LhK
LHR
<h
SE

RIc
LH

51IS
Sk

LHE
BRL

STH

LHR
ERL

RRY

LHK
BAL

STH

LHR
ERL

PHI

‘EQU
CLHI

EQU
154

I,1

i3
2,X"64RE"®
*-2

1,2
15,STABS

13

15,HCLEDF

1, CORNER{2)
1,5
4,3
5,STORE2¢1}
3,STORE(1)

2,2
l.,CORNERIL2)

2,2
7,STORE2(1)

4,STCRE(L)

1,17
15,STABS

1,TENPH

1,4
15,STABS

I, TErPH

1.¢

15,STABS
1,TEMPHL

1,3
15,STABS

igt

*x-2
1,0

)



02D8R 4380 BNL 0K

02EOR

02DCR )BS57 uHR 5,7

‘02DEKR :0834 LhEk 3.4

02EOR 4030 0K STH >4 DELTRX
‘0320R

02E4R 4050 STH 5,DELTAY
O31ER

D2EBR 41F"C BAL 15, ATANUK
‘0000F

02ECR 03LlER DC R{DELTAY) ,R(DELTAX) ,R! ANGLE)
'‘0320R
0322R

02F2R 489! Ik S5,ANLLE
0322R

‘02F6R 483" LH 3,AN(LE2
0324R

‘0ZFRRK CEFSf SLHR 5,12
000L

‘02FEK CE3C SRER 3,3
0003

‘0302K 0AS53 RER 5,3

0304R 4300 8 *
0304R

0306R ‘ HOLDF EQU x=-2

0308k DELTR3 IS Z

030AR Yl DS J

.030CRk Y2 LS Z

030ER B DS 2

0310k L LS 2

0312R HOLD DS 2

0314k HOLDI LS ‘

0316R HOLD2 DS A

i0318K HOLD3 ES ‘

031AR DEL1 DS 2

«131CR 0040 TANFRC 'IC »*40°

031ER DELTAY Ds 2

0320k DELTRX IS 2

0322R ANGLE DS Y

‘0324k ANCLEZ LS 2

D326R END

ENGLE 0322k
ANGLE2 0324R
* ETANUR U2ERFK

B 030ER
BD WOBER
BOTH 00DAR
EXY 00C6k
BY 017ER

* CFIX 1000 F
IsS



* X

*

*

CFRIRN
CHECK
CHEKk
CORNCT
CORNER
D

LDRTF
DEL1
DELTR3
DELTAX
DELTRY
DIFFER
[XY

DY
EXI1
H1
HOLL
HOLD1
HOLDZ
HOLD3
HOLLF
HOP

JINOU1IS

LOOP
NOT
NOTBAC
0K

PI
PITEST
RET1
RET2
RETRN
SCND
SEC
SETTER
SLOPED
SLOPER
STABS
STORE
STORE2
STOKEC
STOREE
TANFARC
TEMPH
TEMPH1
THOLD
IWOFI
XIT

Y1

Y2

0238k
019AR
GLAAS
0112R
02ROk
0310R
JCOFCE
031AR
0308k
0320R
#031ER
0288R
0164k
018CR
‘0268k
0218R
0312F
0314R
10316k
0318R
306k
ODB4R
'00E4 Kk
ODEER
3014RK
327CR
1W02EOK
0270R
‘026RK
01DER
W216k
0238R
G1D8Fk
0212R
100R4 R
J23ER
0116k
02CER
30000

0002

1000C

000E

W031Ch
02D6R
‘02D2F
011AR
WQ27TED
021AR
W30RK
030CR
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s0000R
0000R
iCOOOR
0000R
s(000R
0000R
000CR
0000R

0000
0006

00JDR
00J4R
0DJ)BR
00JLR
0010R
0014R
0018R
GO1CR
0020R
DU24R
0028R
OQZCR
0030R

4000
CGOCOR
4020
00E8R
4090
‘00BCR
4060
0148R
4810

0140R

4010
013CR
4810
0142R
4010

{01 3ER

4812
0000F
4211

0030K

4819
01ZER
4012
‘0000F
411

STORE
STCREG

*
=
™
I3
n
(1]

¥ % % Ok ok b ok At ok % A %

LINER

GETPT

ENTRY
ENTRY
EXTRR
EXTRN
EXIRN
EXTRN
ENTRY
EXIRN

£QU
EQL

0
1
2
3
4
5
b
2
8

9

DELTI11,DELTZ22

LINER, DELTAL,DELTRAZ

CORNER,GP L INT
PRLOOP, WNWONE
LALD,PPF1DF,IRLD
DATP

FLINE, FLIINEZ
PTMRX

0
€

RETURN, BAL

CONTRINS CORNCT

CONTHINS RHMAX

10. PTR T0O LINE END FrOHN
12 FULTIPLY,LIVILE--

13 DAIR
15 EAL
STH
STH
STH
STH
LH
STH
LH
STH
LH
BM
LH
STH

BAL

157

CHANGES
D,RETRN

< ,HOLD
9,HOLD2

5 ,HRATE
1,DELTLL
1,DELTAL
1,DELT22
l,DELTRAZ
1,DATP(2)
GETPT

t yHOLDPT
1,CORNER(2)

15,PLOOPZ

»LOOP



0034k

‘0038K
003AR

003ER
0042R
0046R

004AR
{004CK
D04ER
0050R
0052R
0054R
0056R

005AR

0D5SER
0060R
0062R
‘0064R
0066R
0068k
00BAR
C06Ck
005ER

0072R

0076R
(G078R
DO7AR
HOTCR
BD7ER
0080k

G084k
0O86R
0B8R
008AR
(08CEK
DOBER

0032R
‘0094R
0D96R
iI0098R

00CAR
4RO

0146R
2622

41F .

00 CAR
40R0°
01SER
40A0
0144R
41r3;

Q000F
00312

i0000F
D144R
i0146R
014AR
:08EE

4230
i0000QF
41F ¥

0000F
00)E

:004CR
D144R
0146R
B15CR
015AR
0148R
‘08EE

4230

0058R
41¥ 3
0000F
00JA

‘0060R
B144R
0158k
00C2R
418!

0074R
0060A

0D78R
‘0144R
015AR
00C4R
41F -
‘00 82R
0D0R

0086R
D146R
‘0158R

STE

RIS
BAL

STH
STH
BAL

DC
LC
DC

DC
.LHR
BNZ

BAL
bC

s
LC
DC
LC
bC
LHER
3N2Z

BAL

BC
IC
DC
EC

BRL

LC
nC
bC
bC
IC
BAL

DC
LC
hlw
EC
158

k0,FLINEZ

2,2

15,PL00P2
1 ~HOLDPT
10, FLINE
15, LADD

10:
PTFRX
FLINE
FLINi+2
S5IZE
14,14
PRLOOP

15, PPFLDF

1 4
PTMAX
FLINE
FLIN:.+72
FIELD1
TWC
HRATE
14,14
PRLOOP

15,GPOINT

10.

PT.MRX

FLINE

CNE

Xl
15,GFUINT

EQ

PTMARX
FLIN:

IWO0

11

15, GPOINT

190
PTPRY
FLINE+2
‘CNE



sCO09RK
003CR

NOROR
00R2K
00R4R
OOR6R
ODA8R
‘00 RAR
OOARER
.6OB2K
00Bb6K

‘COB8R
0JBAR

DOBCR
1ILOBEK

ALOCOR
WOC2K
00C4R
‘00CHK
00CBR
IO CAR
ACOCER
.G0D2K
.00D6R
'00DAR
UODER
COE2R
‘0CE6R

COERK
DOECR

OOFOR
O0F4R

‘00C6R
415 *.
#0090R
00)A
‘0094 R
0146R
i01SAR
0DC8BR
C89!
8DC2R
csof
0DCBR
4 Di0)
00D0F
Cc820
0000

€890
:00BCR

430
00BER

Dpaoo
0134R
4060
0130R
48EF2
D02ER
486¢
DDA 2R
4516
0006
42810
012AR
43¢
012AR
&CA0
DOF8R
26R2
40K0
:Q0FRR
41F10
"0C00F
0008

RETRYZ
HOLD

HOLD2

REIRN
*

X1
Yl
X2
Y2

*

PLOCP2

IC
BARL

bcC
LC
DC
L£C
DC
1HI
IHI
BAL
LHI

‘EQL
LHI

EQU

EQL
ES
DS
LS
DS
LTFK
STt
LH
Lk
CLE
BL
BE
STE

RIS
STH

BAL

DC
154

x2
15,GPOINT
10.

PTFRA
FLINE+2
TWC

Y2
9,)(1

12,X2
M, WNWONE
200

*-3
9, HOLD2

k=2

*

*x=2

N

[ S

12,SRV4
6,SRV6+2

bC, CCRNER(Z)
6,PTMRX
10,616}
KNCWN

KNCWN

L0, X

k0,2
10,Y

15,PADD
8



00F6R
MOF8K
D)FAR
.00FCR
D0FER

0102R

010B6R
01L08R
010RAR
W0LOCR
O010ER
'0110K

0114R
‘0118R

‘011Ck
O011ER
H120R
0122R
0124R
0126R
‘0128FR
012AR

012ER
0132R

0134R
013CR
01 3ER
0140R
0142k
0144R
0146k
0148R
014RR
014CR
014ER
0150R
0152R
0154R
0156R
0158R
0L5AK
015CR
015ER

00D8R
0000
0000
08 RE
40E0
0150R
41r
‘0048R
0001
‘00F6R
0150R
014ER
0156R
4812
0022R
40Dp0
D152R
41RO
DOSCR
:00C0E
0128R
‘0150R
014ER
‘0154R
014CR
‘0152R
D1CD.
0134R
C850
0000
03)F

0000
i1 Til
00 4
0G00
0001
10000
0003
iC00C
0001
0002
00317
000

KNOWN

SAV6

x.
SAvV4
DELTAL
DELTA2
DELT11
DELT22
FLINE
FLINEZ
HRATE
SIZE
FOUR
ZEKO
VPN
PLRACE
FIELD2
LSIZE
ONE
IWG
FIELD1
HOLDPT

hlw
IC
DC
LHE
STH

BARL

DC
DC
pC
LC
DC
LE

STH
BAL

Lc
DC
EC
DC
EC

LC
LM

LHI

BR

LS
DS
‘LS

LS
DS
LS
DC
IC
pC
LC
DC
LC
DC
LC
DC
LcC
DC
EC

160

PTMAX

) B
10,14
14,VPd

15,LADD

10.

PTFRX

VPN

ZERC

LSIZE
13,LRTP(2)

13,PIACE
15,PFPFLD}

14
PTMAX
VPN
ZERO
FIELIZ
FOUR
FLRCE
12,5Av4

5,0
L5

W e S22 A0 Oy DNy N



.0160R ENL

NO ERRORS

* CORNER O0DD4R
* DRTF 0112k
* DELT11 O0140R
* DELT22 Ql42FK
* DELTAL O013CR
* DELTA2 :013EK

FIELD1 O15CR
FIELLZ .0154k
FLINE 0144R
* FLINEZ :0146h
FOUR 014CR
GETFT 0030k
* GPOINT OQO09ER
HOLL ‘00B8§
HOLDZ 00BCR
HOLTPT :01SEF
HRATE 0148R
KNOWN 012RFk
* LADD 0103R
* LINER :0000F
LSIZE 0156R
ONE ‘0158 F
*- PADD 0DF2R
PLACE  +Q152F
PLOOP2 O0OCAR
* FPFLLF ‘*0l1RF
PRLOOP 0070R
* PTMAX 0Ll1EFR
RETRN 00COR
RETRYZ :00B6k
SAV4 0134R
SAVSE *012EF
SIZE 014AR
STORE 10000
STORE6 0006

»*

*

TWO 015Rk
VPN 0150R
* WNWONE QOO0E4k
X 00F8R
X1 10C2k
X2 DOCoR
Y WOFARE
Yl " DDC4R
Y2 HOCBE

ZERO D14ER

AKAKKKKAK K AKAKARAKAK A AR RA AR AR A KA R AR AR AR KA A AR AKRAA AR AN AR RARARAARKAKRRAK
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0U4CR
0050R
0054R
0058R
005CR
0D60R
0064R
0D68R
006CR
0070R
0074R
0078R
DO7CR
008B0R
00B4R
0088R
008CR
0030R
003 4R
0038R
i09AR
0D3CR
DOROR
00R4R
‘00R6R
0O0RBR
1WQRRK
iGORER
:00B2K

4280,
‘00ERR
4570
013ER
4280
:0020R
4300

S00ERR

4577
‘013CR
4380°

:0QEARR

4570
0140R
4380,
‘00 20R
4300
‘00ERR
4880

‘0182R

CBBNO
0002
4310
.0084R
CABO .
0002
4300
00EGR
CADN’
0006
48¢D

‘00 2RR

487D
0038R
4BFB

‘O154R

4878

‘01 66R

OCEF
'0Co7
CBDO

0006

CABN
0002
0AF7

138

O0BEE
423
0086R
45p'
0138R
4281

LOWLM

EXTREM

DTEST

8L
CLH
BL

CLH
BNL
CLH
BNL

MHR
MER
SHI

AHI
AHR
ACER
LHR
Bl
CLE

EL

NEXT
7,GREATIL
EXTREN

s EXT

7,SMALL

NEXT
7,SMARLLL
EXTREA

NEXT
11,BSTORE
11,2

DTEST

11,2

GOES

13, INCRENM
15,STORE(13)
7,STORE2(13)
15,STOREX(11)
7,STOREY(1])
14,15

6,7

13, INCRENM
11,2

L5,7

14,6

14,14

GGES

15,M1IN

NEXT
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PT I5 EXTREME I

4B6>+DIFF>0192

£LSE LOJK AT NE
PT I5 EXTREME I
FE6E>-DIFF>FB40

ZLSE LOOK AT NE

:EE .IF EXTREMES



"00B6K
(O0BAR

‘00BEK
00COR

00C4R
‘00C6R

0OCAK
H:OCER
‘0ODZ2R
00D6K
i0ODRR
‘00DER
(0EZR
GOEGR
.00ERR
“'OEER
‘BOF2R

‘COF6R
DOF6R

0O0FAR
00FER
0102R
01JBR
010RR

01JER

:00EAR

4870
0000F
CCM
0007

‘08FD

4BFD

-0000F

d67F
4078
D142R
48FC
00BAR
40FE
D154R
48FD
D03 ER
40FB
D166R
CAPB'
0002
40B0
0182R
4050
0186R
4340
00F2R
48R
018 4R
&QER0
0186R
4050
0184R

C850
0000
C830

0000

c870

0000

c830

10000

C8D0

0000

CBEN.

0000

439310
OL:CER

GOES

NEXT

INCR

BRCK
SAVS

SAVb
SAV7
SAV1l
SAV13
SAV14

SAV1S

S1HL

LHEK
S5H

OHR

‘STE

Lk

STt
LK

STH
FHI
STF
STH

LH
STH
STH

EQL
LHI

LHI
LHI
LHI
LHI
LHI
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7,LISKST
7.7

15,13
15,0FFSET

7,15
7, INLEX(11)

15,STORE{13)
15,STOREX(11)
15,STOREZ(13)
15,STOREY(11)
i1,2
11,BSTORE
5,SLCP:

INCK

15,S10F2Z
15,S10F3

5,SLCOF2

- [=a} Ul
- - -
o O o

11,0
13,0
14,0



0036
0000R
000K
0000R
s0000R
0000R
«J000R

0DO0OR
000R

WGO0R
‘C004K
0008R
s000CK
‘0010K

0014R
:0018R
:001CRK
'‘0020R
0024R
‘0028
W002CR
C030R

G034R
0036R

003AR
003ER

D042R
0044k

‘0048R

4050
00F8R
4060
00FCR
4070
0100R
40B0
0104R
40C0
01)8R
4CEQ
010CR
40E0
0L10R
485L
0000F
486L
0000F
CBD"
0006
487D
ODOLER
c5mn
8000
4330
0024R

‘0B57

486D
0022R
41t

‘0112R

4870

‘01 86R

0B75
4210
QD5CR
457
013AR

INCREN

*

EQU

EXIRN
‘ENTRY
ENTRY
ENIRY
ENTRY
‘ENTRY
EXTRN
EXTIRN

-
0

STORE, STOREZ, RTANUR

TFG
EXTRMR

ESTORE,SLOF2,SLOF3,GRERT-,GRERT1
SMALL,5MRLL1, ITAN1,STOREX, STOREY

JIN, INDEX
STORt,STOREZ
OFFSET ,CISKST

* EXTRMR EXPECTS PIR TO CJURRENI POINT IN R13

EXTIRMR

GO

STE
STE
STH
STF
STH
STH
STH
Lk
LE
SHI
Lk
CLEI
BE

SHER
SH

BAL
LH

SHR
BE

CLE

5,5RV5+2
6,SAVo+2
7,SRVT+2
11,SAV11+2
13,5RV13+42
14,SRV14+42
15,5FV1542
5,STCRE(13)
6,STOREZ2(13)
13, INCREL
7.STCRE(13)
7,X*8000°
GC

5,7
65,STORE2(13)

14, TANL
1,5L0P3

1,5
LOWLM

7,GRERT

kE=X2

kE6=Y2

X2-X 1}
Y2-Yi

CALL ARCTRN SUB

BECAUSE RE=0 IN
-9(<1ST SLOP<+9

NOT STCRED RS 1



0112Rr
Ol16R
O11AR

4050
01 7RR
4060
0178R
41F7.

‘0000F

O01l1lER

0178R

01 7AR

0124R
0128R
012Ck
0130R
0134R

0136R

0138R
D13AR

'‘013CR

013ER

0140k

0142R

0154k

0166R

0178Fk

017AR

017Ck

O17ER

0180k

0182R

0184k

0186R
0188R

017CR
4850
017CR
CFSt
00038
4801
D17ER
CEB/
0007

"0RS6

03)E
0211
0192
FEGE
04B6
FB40

NO ERRORS

x

x.

x

ATRNUR
ERCK
BSTORE
LISKST
DTEST
X

DY
EXTKEM
EXTRMR
FRACIN
GO
GOES
GREAT
GRERT1

011CR
00F6 k
0182R
.00B8F
0084R
‘017RF
D178R
G070k
0000R
‘QLTER
0N24R
JGOB6 B
013AR
013EF

TAN1

MIN
GRERT
SMELL
GRERTL
SMRLLI
INDEX
STCREX
STOREY
LY

DX
RESULT
FRACIN
IAG
BSTORE
SLCP2
SLOP3

STH 3 ,DX

STH >,DY

BAL 15, ATANUR CALL FLOATING P
DC R(DY: ,A{DX),*({ RESULT)

1k 5,RESULT TC EXPKESS FLOR
SLKR 5,8 IN OME HELF WOR
1k 6,FRRECTN

SRKA 6,7 0 THET THE .ZRD
RER 5.6 .18 1ST SIGNIFIC
8R 1 4

LC **Z211°

DC X*gl192’ ~I/2 OR 90 DEGR
LC X" FEGE" -F1/2 'CR -90 DE
DC £*'04B5"* 3PI/2 OR 270 DE
LC AVFBAC* -3F1/2 C: =270
DS 18

LS 18

DS 18

LS y

DS 2

Ls 2

DS é

IS 2

DS 2

LS p

DS .

tENT
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INCR :00F2F
INCREM 0006
* INDEX 0142k
LOWLM 005CR
* MIN 10138k
NEXT ODEAR
* OFFSET JCOC2FK
RESULT O017CR
SAV11 :0LOZFR
SAV13 0106R
SRV14 LIOAR
SAVLS 010ER
SAVS i00Fbk
SAV6 00FAR
SRV7 J00FER
SLOP2 0184R
SLOF3 101865k
SMALL 013CR
SMALLL 0140k
STORE 00CCR
STOREZ :00D4Fk
STOREX 0154Rr
STOREY 0166k
TAG 0180R
TIAN1 0112k

* % % A o X o X % X

AAKKKKKKAKKKKAKAKAKKKAAKRKRKKAKR KA KKK KAKRAKRKRKKRKAAKXRAKRAKAKAKREAK AKXk AKARXKX.
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