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LIMITED AND PRAGMATIC ROBOT INTELLIGENCE

T. Vamos Z. Vassy



- The intelligent problems for AI
should not be consequently arti-
ficlal =

1. INTRODUCTION

In this paper we would like to outline some considerations of our industrial
robot experiment reported earlier /1/, /2/. The first basic philosophical
issue is the quality of intelligence, which should be contributed to the ro-
bot-manipulator. That points to the question how deep and how broad the prob-
lem-solver should act. The latter is defined by the tasks:

- pattern recognition from a limited number of objects, which patterns
are somehow taught before, but various positions and noise complicate
the situation;

- manipulation strateqy in a changing environment, i. e. the ability of
adaptation to various grasping, transfer and putting or fixing con-
ditions.

The depth of the intelligence is defined by that part of intellectual ability
which is required from an unskilled worker who is drilled for each subsequent
task. I. e. it [he/ has to fulfil the two problem-solving tasks, mentioned
above in all "regular" cases and can communicate with a higher standing capa-
city /more powerful computer, operator, operations manager with programming

capability/, if the problem is above the reach of its /his/ own.

This formulation of AI, viz. the intelligence related to fixed computational
potentials and not to the overall power of the usual methods, is a very useful
and needed one, the basis of practical decision making for a robot in some
practical applications /e. g. in workshop for material handling or assembling
what we are aiming at/. The financial and technical limitations of minicomputers

should be taken into serious consideration.

The research task = over a certain half practical, half demonstrating and more
for problem raising and proving experimental device as a paradigm - is some
approximation of this correlation - computing and problem-solving power using
all possible and useful mixture of AI methods developed before and having our
own vernacular which arises from this certain approach. An intelligent division
of labour ylelds a statistical orientating figure for each kind of problem-
solving task, where the reasonable financial and technical limits of the reali-
zation with commercial or advanced means of the development period are, what

the actual optimum of man-machine cooperation is.



2. THE HARDWARE SYSTEM

This is a very common one with some specific features. The TV input is found
too noisy for regular environment and industrial tasks. Parallel with some
improvements on TV input, which may overcome these difficulties, we concent-
rate now on a laser-deflector input operating on scanning electron-microscope
principle. The acoustic-crystal-deflector is the Institute’s development also
with a minimum 600 points resolution. The arrangement of the photodetectors

solves some 3D problems too.
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Figure 1

Interface and 16K, 16 bit minicomputer equipped with minidisc /about 50.000 §
configuration/ and with a display for man-machine communication are the digital
facilities. A moderately large computer serves as high capacity background.

We actually use a three degrees of freedom hand hanging from skate,moving in
two orthogonal directions, 700 mm above the 1000x630 mm table. One additional
freedom is attached to the hand for grasping. We intend to modify this hand in
order to perform more complicate manipulations and to make the hand suitable
for two-hand operations [see paragraph 5/.

The fingers areequipped with tactile sensors and they can grasp various tools
in order to perform assembly tasks.

3. THE SOFTWARE SYSTEM

Some basic features of the system are:
3.1. The maximum use of the results of the |eading groups on these fields /[/3/,

/4], |51, 16/, |7] etc./, as these can specially be mutatis mutandis
applied to our task. The whole system is working under a special real-time



monitor disc operating one,

this controls the four major components:

- a library with all the pattern recognition, actuating strategy, control

routines;

- a dictionary containing the semantic information about the "world" /see

/1811,

- display-dialogue for man-machine communication;

to be operated;

- control of the devices [eye, hand/.

MONITOR

LIBRARY

DICTIONARY

CONTROL

DISPLAY

Figure 2

3.2. A multilevel approach is used to economize the computer configuration,

LEARNING SYSTEM

LEARN!NG AND CONTROL
SYSTEM

ACTUAL SYSTEM

Figure 3

LARGE-

MEDIUM COMPUTER

MINI

MINI

The highest level uses a CDC 3300 type medium large-scale computer, this

constructs the grammars of pattern recognition in the learning phase. The

highest level can also be used for more complicated problems, although the

abandoning of this level is also considered as the minicomputer facilities
are growing up to the medium level.

More important are the two lower levels, both realized on the mini. Duriny
the learning period all software-tools and "world"-information are needed

and this is just the limit of the minicomputer-disc system.

/Per defini-



tionem, because if a capacity over this is inevitable, we have to use the
first, highest level anyway. As mentioned in the introduction, the study
of the limits of this level is just a primary goal of our work./ This is
the medium level. For the lowest level a special software-tool, the Gene-
rator of Actual System selects from the library, dictionary and control
strictly only those routines, lists and data which are really needed for
the actual operation. That means e. g. that only two or three objects’
information, one pattern recognition or control program should be in the
foreqround, all other available capacity of the computer can be used
either for fast operation on the actual task or to handle other jobs, e.
g. the control of a machine-tool. Such an arrangement not only helps in
the optimal use of the hardware and makes the project economically more
feasible in the future, but a faster operation can also be reached due to
the radical decrease of the search processes.

3.3. As mentioned above, the whole system is dogmatically pragmatical. That
means, all methods of pattern recognition and transfer operation strategy
should be possible to be included, the only criterion is, whether the
method is more or less practical for the given purpose. This reflects
the confidence of the authors, there is no exclusive salvation method in
AI, as the human brain similarly uses a pragmatic approach. The pragma is
the real life itself, all structures of reasoning distilled and reflected
in our brains, are some approximations of the real ones. We are therefore
not anxlous having too many methods of AI at disposal, as a result of

previous work, but too few for the effective solution of the real problem
manifold.

The system should therefore be open for various extensions, depending on
the task and other circumstances; this extensions should also be written
by advanced users. The basic structure of the software has to offer this
flexibility and openness.

This philosophy 1is responsible also for the fact that each progress report
of our project contains some parts, which cannot be considered as the lo-
gical continuation of the prior ones.

3.4. Following the philosophy of the previous point, a new feature extraction
routin is added, a very simple template matching with relatively low noise
sensitivity. This method is reported in a separate paper [/9/. The original
heuristic grammatical method /12/ is helped as a preprocessor by a brute
force one /2/. Another method called "bleared eye", reported last year
/10/, should also join the pattern recognition armory of the system.

All this shall not diminish the fact that the system is essentially based on the
grammatical method, especially that of Evans /[11/ and the semantics developed
by Winograd /8/ and his predecessors. The grammatical method, a mathematical-



computational realization of the use of graphs is the only one, which - as to
our knowledge - overcomes in some sense the basic inadequacies of the linear-
serial machine representation and can handle a bucket of background infor-
mation parallel, without the reqular foolish processing of long lists. The
other superb advantage is the realization of things’ structure in a grammatical
structure; this offers the possibility of a direct search for a certain part

of a known whole. E. g. to grasp a tool, we have to identify the tool itself
and after that only those surfaces, which have a role in the grasping operation.
All other information can be neglected.

4. SOME MORE DETAILS

In the following a short picture is given about the actual system. Programming
1s based on the command sentences which ylelds the backbone of the operation.
4.1. Every command sentence is opened by the word <please>, the sentence has a

fixed word order to make the parsing work less complicated.

<sentencep: = <verb><noun><relationy<noun>|<verb><nouns
<verb>: = <find>|<move>|<chack>|<remember>
find - rpcognition of the pattern called by <noun>
check - check a prescribed position, situation before
action
remember - store a movement or a pattern or a situation
<move>: = <catchp|<transpose>|<position>|<soperate>
catch - catch object

transpose - transpose object from its initial ¢start> place

===

to its <goal> characterized by srel><noun>
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tion a varianLof <transpose>, fine adjustment at
the goal
operate - execute an operation on the object, e. g. turn
a screw in the hole

snoun>: = <objectp|stool>|<hands>

<object>:

<object?>|<object part>|<atom>|<object>|<object parts

<object><atom> | <object part><atom>]<object><object part>

<atom>
object and object parts /atoms/, as in [/1/, are
the hierarchical levels of pattern structure,
see Filg. 4; all pattern elements should be
understood with their standard attributes and
internal relations. This is our device to define
joints or other relevant points, lines or sur-
faces neglecting those, which are irrelevant
from the point of view of the actual operation
/previous section, point 4./
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OBJECT OBJECT PART ATOM

Figure 4

object, tool and hand have a lot of similarities, but to define some dif-
ferences, 1s advantageous especially because of the uniformity of the
dictionary contents.

srelation>: = <on>|grelative to>|<angler|sdistance>scca>|<logical>

P A

lowed by some more definition as:

angle - defines an angle
distance -~ defines a distance
cca ~ defines the measure of the tolerance.

Example:

Ltranspose, the biggest gear, relative to cca 0,1 mm dist 5 mm, gearbox

second shaft axis endsurface centre,
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4.2. Some other instructions:
cond + if...then...else
repeat repeat [/n/ - repeat n-times
repeat /cond/ - repeat under the condition
please command sentence start
begin program start
wait as usual
stop
end
There are two auxiliary instructions, which help the checking of the
initial and final place of action, e. g. on the display:
<gstart>: = <starting object place>
calculated from the dictionary
<goal> : = <relation><second object of the sentence>
Instruction words for the dialogue are also parts of the system.
4.3, The dictionary contains the following information for every object /every
certain object is a different one for the system as in Winograd /8//:

have a few descriptions by the same method also
because e. g. of the different possible views/

grasp /indication to the grasping surfaces in the object’s
grammar /

4.4, Some examples of the instruction words'’ further resolution:

find_object - looks in the dictionary, finds heading of the object,
retrieves the recommended method of pattern recognition
and the description/s/ belonging to the method. Looks
further in the dictionary to find in the history the recom-
mended place of the search. Calls the routine of the feature
extraction from the library, executes it and after identi-
fication rewrites the actual data in the history /dictiona-
ry/.

catch _object - if a find operation has preceded, looks in the history
/dictionary/ to find the place of the object, and also in
the dictionary the surface of the grasp. Calls the grasp
routine from the library which calculates the absolute
grasping coordinates on the basis of the grasp and object
place /relative vs. absolute/. Controls the arm /see later/

13



to execute the grasping operation. Puts a record of the
action in the history.
4.5. Library routine examples:

method brute force
grammar
bleareyed
operation put
slip
turn
remark check condition

control input /e.g. camera/
change method
gras place [grasping place/
rel to obj /direction of the grasp/
force

transp hand /prescription for the hand position/

5. CONTROL STRATEGIES [FURTHER DEVELOPMENTS /

The previous details are under perfection. This part is only outlined and only
the basic philosophical considerations are mentioned, which are always the ty-
pical marks of the beginning and the end of a project.

Not one, but a few strategiles are provided. That means, that the operator
should be able to choose the most simple and apt one for the given case. These
are:

- programmed route, with check at or before the goal;

- learned route, otherwise the same;

- learned and/or programmed start /grasp/ and goal, otherwise controlled
automatically

through the shortest path

through single coordinate axis with some preferenced sequence, by-
pass of obstacles, by visual control and following free coordinate
axis;

- intelligent start and goal. Calculation of the final grasp situation at
the goal, to prepare the operation, if this is not possible at the start,
intermediate position. Calculation of obstacles by covering them with
more simple forbidden areas /[possibly along the coordinate axis, sur-
faces/. Calculation of momenta joining surfaces, axis. '

- Control heuristics. A combination of the above possibilities by genera-
ting a control hypothesis, checking it by simulation /e.g. visualization
on display/, automatic or manual correction.

We are aware of the fact, that many results preceded our work also in this

14



field, but a thorough elaboration helps us in problem-understanding and maybe
leads us to some new practical and particular ideas.

ABSTRACT

Depth of intelligence is discussed which can be contributed to a minicomputer
controlled robot-manipulator. Pattern recognition and arm control strategy are
the two major elements of the system which has different levels of intelligent
action. A learning system with a medium-computer as background, a system of
adaptation on the mini and very restricted actual working one complete the
hierarchy. A new template matching and other methods lead to feature extraction;
recognition 1s a heuristic grammatical variant, semantics based on Winograd'’s

work complete the system.
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INTRODUCTION

Hueckel'’s operator /s/ for edge detection in pictures is one of the best tools
which have been invented for this kind of tasks. In very noisy pictures its
high effectiveness can be comparable only with the global optimization proce-
dures e. g. by Montanari and Martelli /8/, /9/, but without their drawbacks

in processing time and memory requirement. The Hueckel operator processes a
picture block containing 52 points on PDP-10 in 10 msec, e. g. if it scanned
for example a 256 by 256 point picture so that the blocks overlap by one thirds
of each other, the processing time would be about 40 seconds. Of course, by :
means of sophisticated edge-following methods this time can be reduced signi-
ficantly, thus the applicability of this operator is not beyond the possibili-
ties to process a real picture. This 10 msec is, however, rather large to look
for some modifications based on its basic idea to fasten the operation, even

by possible simplifications which keep the excellent properties of the original

one.
In this paper we present a method aiming at this by reinterpreting the prin-
ciple of the Hueckel operator and giving a modification of it based on our in-

terpretation.

HUECKEL'S METHOD IN ITS ORIGINAL FORM

The original interpretation of the Hueckel operator can be summarized as fol-

lows:

a/ We seek for a function S on a D area in the input picture, which function
has a constant b value in either and another constant b+d value in other
side of a certain line, the equation of which is

Cx + 8y =%

b/ This function S is determined by the least squares method, i. e. we minimize
the sum of the squares of differences point by point inside of D between S
and the input P/x,y/ grey level function;

c/ For the sake of easy computation we set S as an infinite Fourier series of
some Hi base functions;

d/ The infinite set of these H1 functions 1s approximated by a finite set of
its lowest frequency members Ho...H7;

e/ We solve the minimization task in this new space. The parameters of S cha-
racterize the parameters of the line segment found in D.

Hueckel extended this method for finding not only edges but lines as well /6/,
but this extended version will not be trated here, as we are interested in edge
detection only. The sketches for Ho...H7 are seen in Figure 1; + and - marks
denote the sign of the functions, the lines inside their area D denote the zero

18
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crossings. We also do not present other details, though some of them /le. g.

the so-called "solution theorem"/ are also very nice even theoretically.

In the followings we will prove that the Hueckel operator can be viewed as a

kind of template matching methods. Before this we are to briefly survey some

approaches to template matching.

TEMPLATE MATCHING

Let be given two function, f/x,y/ and g/x,y/ on a G two-dimensional area, and
we seek f/x,y/ in g/x,y/, i. e. the area in G where g identical to f. In this
case we can compute the following convolution:

I flx,y/ 9/x,y/ dx dy = fegq
H G

and the sought area H' is just where this convolution takes the maximum value
in G. f/x,y/ is called template function or simply template /13/.

If f/x,y/ is edge-shaped, it can be used to find edges in pictures. Rosenfeld
/14/, Rosenfeld and Thurston /[15/, /16/ and others/7/, /10/, /11/, |12/ have
worked out several versions of this method and made extensive empirical inves-
tigations with them. For example, perhaps the simplest templates for two-di-
mensional picture are those of Shirai /17/ sketched in Figure 2. The first of

+|0 |- +|+]|+

+10 1= 0]0|0

+10 1= - Yo | v
Figure 2
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them shows a maximum if it lies exactly on a vertical and the second on a ho-
rizontal edge. For making the method less noise-sensitive, one can take into

account larger areas e. g. 5x5 or 8x8 etc.

Since Hubel and Wiesel /4] pointed out that the visual information processing
system in mammals operates in a way very close to this method, at least for

the local edge and spot extraction on the retina, template matching has a cer-
tain theoretical support. Moreover, just this physiological achievement led
Deutsch to develop his template called SLEN /Short Line Extractor Neuron [1//
used for recognition of numerical characters. For real-time processing of real
pictures, however, these methods do not produce so effective results as other
ones being though ad hoc without any theoretical suggestions. In the case of
edge detection, if the shape and orientation of the template are fixed, the
probability of good matching is little because the output value of the convo-
lution ceases very sharply either with the angle between the template edge and
the real one or the curvature difference of them [/2/. From this two main short-
comings follow. First, the system would not find certain, unlucily oriented
edges even from the line-shaped ones. To surmount this difficulty, Hoderman and
Kazmierczak [3/ have presented a method with parallel application of several
templates to the same picture area around a point. They took care also of noise
elimination by averaging, and their output picture after this multiple template
operation looked quite good in gquality, but even their method could not avoid
the following - second = difficulty: in the case of fixed templates the large
majority of the required computer operations falls into unsuccessful tryings
and, the whole processing time may be too long, especially if the picture is
not "angular" enough. The main reason of these shortcomings is obviously the
rigidity of the templates applied. In contrast to e. g. Holderman and
Kazmierczak’s eight templates, we would need only one of them; but that would
be the best matching one. The question is; how to find just this "optimal
template", i. e. how to solve the opposite problem to that of template matching:
fitting the template to a fixed picture area and not the picture area to a/some
fixed template/s/. Let D be this area of the picture, T the set of all possible
templates, and F/x,y/ the input two-dimensional grey-level function, then we
seek T/x,y/ 1 so that

I T/x,yl F/x,y] dx dy = T ® F = max. /1/
D

In the next section we will point out that Hueckel’s operator solves just this
task.

THE HUECKEL OPERATOR AS A KIND OF TEMPLATE MATCHING METHODS

We will first need to recall some of Hueckel'’s notations. Let the grey values
of the input picture on a circle-shaped area D be F/x,y/, the sought two-dimen-



sional step function be

b if cx + sy >r
S/x,y,c,s,r,b,d/ ={b+d if cx + sy < r
(o) otherwise.

The base functions chosen in the Hilbert space of all the functions on D be
Holx,y/...H7/x,y/.

With these notations the functional equation to be solved, is:

! (FIx,y] - SIX,y,c,8,x,d,b/)% ax dy = min. /2]
D

The Fourier coefficients for F and S are:

£, = / Flx,yl H;/x,y/ dx dy 131/
D
silc,s,r,d,b/ = [ 8l/x,y,¢c,8,x,4,b/ Hilx,y/ dx dy /4]
D
7 2
Ale,ys,r,b,d] = ) (fi - si/c,s,r,b,d/) = min. !5/
i=0

Hueckel’s operator solves this functional equationx. Now we will prove that/5/

can be rewritten to the form of /1/ in the previous section. For this we need a
lemma:

Lemma: Let

¢i /i=1,...N/ and wi/E/ /i=1,...N/ so that

N
1 ¥;/pl = const.
i=1

where p a vector of arbitrary dimensions.
1f N

wipl = (¢ - Wi/gl)z and
i=1

N
v/pl = vy /p/
B 1£1 b9y /R

then if for some values of p
u/p/ = min. then for the same values of p
v/p/ = max.

The proof is given in Appendix A.

According to this lemma /5/ can be rewritten as

7
A /c,s,r,b,d] = 12 silc.s.r,b,d/ f1 = max.
=0

Substituting f1 from /3/:

7
A/c,s,x,b,d/ = 120 s,/c,s,r,b,d/ 06 F/x,y| H /x,y/ dx dy = max.

*Here we neglect Hueckel’s heuristic weli

ghting coefficients as they h “
levance in the problem considered. Yy have no re
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With some trivial transscriptions:

7
A'/c,s,c,b,d] = J Flx,y/Ct } si/c,s,r,b,d/ Hi/x,y/]dx dy = max.
D i=0

The expression 7

T/x,y,c,s,r,b,d/ = z Si/clslrlbld/ Hi/x'Y/
i=0

is a template by its role in [6/, as the form of /6/ is identical with that of
/1/. T/x%x,y,c,s,r,b,d/ is the optimal template to the F/x,y/ input function
constructed as a linear combination from the set of original templates Ho"'“?'

THE POSSIBILITY OF SIMPLIFYING THE HUECKEL OPERATOR

In Hueckel’s interpretation the basic aim, i. e. finding an edge, is reached
by fitting a two-dimensional function to the input grey=-level function in a
picture area. Consequently, a relatively large set of both the base functions
and edge parameters is required, because it is obvious, that no satisfying
degree of fitting could be approached by remarkably simpler base field and
parameter vector /containing e. g. two or three functions or values respec-
tively/. If we are, however, considering the method as a template matching
one, the fitting problem becomes of no importance and its requirements cannot

be taken into account.

First, we may choose a two-dimensional parameter vector /c,s/ instead of
/cys,r,b,d/ as the grey-values of the two sides of the step function are irre-
levant, and the exact location of the edge inside the D area can be computed
in a very simple way once we have determined the edge direction. The direction
is characterized only by c and s, as in the equation of the edge

CX+8y = r

c and s are just the direction cosines relative to the +x axis.

Second, if we need only the edge direction, we may work with only two of
Hueckel’s original templates Ho...H7, because 1t seems well even intuitively
[we will prove it later, of course/ that by the linear combination of H2 and
H3 the direction of the optimal template can be determined. By the direction
of a template we mean the direction of the O-crossing of a H2 or H, function.
Third, if we do not take care of the mathematical conditions of Fourier function
fitting in a Hilbert space - as these conditions determined the choosing of
Ho...H7 in Hueckel’s work /Chapter 2/ - the only criterion in choosing our two
templates can be the speed of computation which is very crucial in real appli-
cations. Thus we can use both constant-valued template functions and a more
convenient shape for the D picture area. The convenience of this shape means
also the speed of computing c and s or any other quantities characterizing the
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direction.

The method we have got to by the considerations above, will be detailed in the
following section. It is essentially simpler and faster than Hueckel’s one but
as it will be seen from the examples presented later, preserves all of its ad-
vantages in comparison to other methods. The computation consists of two steps.
The first one is the determination of the edge direction by constructing an op-
timal template from two beginner ones by linear combination. Just like in
Hueckel’s method, a vast part of the extremization problem is solved analyti-
cally and the number of the required arithmetical operations is small. The se-
cond step is the determination of the exact location of the edge in D by its
two border points. It is solved by some simple logical rules and point ref-

lections.

DESCRIPTION OF OUR EDGE DETECTION OPERATOR

The core of the method is based upon the following elementary theorem:

Theorem: Let D denote the unit square, fl be the function being +1 above the
subdiagonal of D, and -1 below it, f2 be the function being +1 above
the principial diagonal of D and -1 below it,/see Fig. 3 a, b/ and let
f be a function being b+d above a line e in D, and b below this line.
/See Fig. 3 c or d./ Then if a denotes the angle between the subdiago-

nal of D and e, the following equation will hold:

{ f fzdxdy

———— = tg &
J £ £ _dxdy
1 2

+1 +1

i .

Figure 3

The proof of the theorem will be presented in Appendix B. The odd thing about
the theorem is, that the expression at the left side does not depend either on
b and d or on the real place of the line but its angle.

By this theorem we are given a very pleasant tool to determine an edge in a
little part of the picture. The two integrals can be very easy and fast computed,
and because of the integrations this method is of very low sensitivity for
noises. /Later we shall show some more considerations about this./
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In our work we have chosen D to be a square consisting of 8x8 picture points.

Having supposed that there was a straight edge in the picture at D, using the

above mentioned theorem we should determine its place, i. e. its two endpoints
in D.

To begin with we transform the value of the tangent to a better treatable form.
We determine from the value of tg a that how many picture points are the dif-
ference between the right and the left end of a line in D, the angle of which

with the subdiagonal is a. /It is enough to deal with lines lying in the
quarter of the plane shown on Fig. 4, because if the edge should lie in the

1

Figure 4

other quarter,,then counting with |tga|, after the whole process a reflection
of the edge to the principial diagonal of D - i. e. its endpoints - gives the
real edge./

Everything told up to this time, is valid both for pictures with two and for
those of more grey levels. Now we shall show the determining process of the
real edge at first only for pictures with 2 grey levels and after that we
shall show how to generalize that idea for pictures with more grey levels.

In the case with 2 grey levels the sum of the 1’s in D divided by 8 shows,
roughly spoken, that till what a height is D filled by ones. This means, that
e. g. if the edge were horizontal, then the edge should be either the horizon-
tal line at that height, or that reflected to the centre of D /for D could be
filled by ones from its bottom or from its top/. But however the edge were not
horizontal, we should know what the difference is between its left and right
endpoints’ height, so we could determine the edge. If both the left and right
endpoints of this edge were inside of D,then we should have already only to de-
termine whether this was the real edge or we have still to reflect it to the
centre of D.

If one of the endpoints of the above received edge were not in D, it could be
sticking out of D only by 1, 2 or 3 points, because the edge we are working
with, now lies already in the plane quarter shown on Fig. 4. But in these
cases 1t is already very easy to determine the real edge.
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For pictures with more grey levels we could use the same method if we knew b
and d, because then the number of the points with greater grey level could be
approximated by the following expression:
_ S - 64b

d

where S denotes J fdxdy, i. e. the sum of the grey levelssof all points of D.
I

But now using the notations of Fig. 5, let Tl' T2, T

SI

3 and T4 denote the sum of

the grey levels of £ /i.e. of the picture/ in these 4
quarters of D, and min{Ti} resp. max{Ti} approximates well

— 16 16
A b resp. b+d. After this the above described method of
finding the edge can be completed in the case with more

grey levels, as well.
Figure 5

By this method we have already found the real edge either in f or reflected

to the centre of D. /See Fig. 6./ To determine which of them is the real edge,

. the following table shows a method provided

Erfl;”,ﬁ that up to this time we have supposed in the
b b steps that D was filled by the ones /resp.

by b+d’s/ from its top. The case A means
that we have found the real edge, while B

b+d
means that still we have to reflect our edge
Figure 6 to the cetre of D.
T, > T, —— then A
tg a > 0 ‘=::::::::: ’ ’
Ts £ T then B
If = A
T3 > T4 —— then B
tg o <o
T3 < T4 —— then A

This method was implemented by a program on the assembly language of a 16 bit
microprogrammed minicomputer of 550 program instructions without any cycles.
If there is an edge in D finding, it needs 250-400 machine operations, i. e.
about 500-800 usecs. No floating point arithmetics are needed.

About the reliability of the method, rough under-estimations show, that sup-
posing a noise with a binomial distribution with a mean value of 5 error points
in a 8x8 square, the probability that the difference between the edge deter-
mined by this method and the real edge should not be greater than 1 point any-
where, is over 95 %&.

Finally we present three examples for the working of the method. /See Fig. 7/
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gl8l7]7]6[5]3]2 olololofofof0]0 o[t1]olofof1]1]o0
Figure 7

Example 1 is the example showed in Hueckel’s article /5/, we have completed it
by the corners. The dotted line shows the edge found by Hueckel, the continuous

one is the edge found by our method.

APPENDIX A

Proof of the lemma used on page 5.

We will prove that VEu/E/ = -const. VEvlg/.
If it is true, then if 5
VEUIE/ = 0, then VEv/E/ = 0, and sgn(V;u/E/) = —sgn(VEv/E/).
N 2 N
— - = = = ) v . -

pip) = Ry izl(cpi vy (p)) 121 2(¢5 = ¥;(p))VV;(p) = -2 1£1¢1 p¥i(R)

N N 2
= 2 Y. (p)V ¥.(p) = =2V _v(p) = V_( (p)) =.-2V v(p)

Ay ® WE N B = p',t, Yile p B

APPENDIX B

Let’s use the notations of Fig. 8. We shall deal only with the case if 45° <
< a < 90°, because all other cases can be handled symmetrically. First we show
that in the case of the line on Fig. 8, the statement of the theorem is valid.

Here the quotient of the two integrals is: n
I N
I 2 Ty +my V{T] T,
I 8 B, =
. 1 2 1 o o

Considering the sides of D to be one, we have

- _ o_ y_tga-=-1
y = tg B = tg(45 “)Tgm

and so Figure 8
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Now having thi

s, 1f e’ lied above the line examined just now, then because of

the similarity of all triangles coming in the question /see Fig. 9/, the

statement would be true for e’

Figure 9

Now if e’

as well:
¥ = P
Tl = le, T2 sz .
’ ’
Tl + T2 - le + sz - T1 + T2 R
[ S e — s = <=
T2 Tl kT2 RTl T2 Tl

lied between e and the centre of D, then using the notations of Fig.

10 because of the similarity of the triangles Ty and T,UT,UX here and T, and
T2 on Fig. 10, we have

T2 + T X Tl I

T2 + T3 4Kt Tl

Figure 10
So we have to show only that
i s =)T2 + Ty + X+ T ) T, +T, - T, =(fff2)
T, +T3 +X-T, T, +Ty-T Jtf,

Subtracting 1
have

T, <+ T

from both side, taking their reciprocal and adding 1 again, we

2 2 = 2 i. e. : = 3
T1 T1 L T3 T2 + T3 + X T3 + X
This means we have to show only
DE _ FG
EB FB
And this is true for because of the similarities of the triangles FJB and CAB,
%% = %%, so it is enough to show that %% = g% » 1. e. that %% = %%

Now for AD is the bisector of the angle CAE, we have:

co
DE

CA

= A’ and for the similarity of the triangles CAB and EHB <8 .

CA

EB EH
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and for the triangle AEH is isoceles AE=EH, and the theorem is proved in this
case, too. If e were below the centre of D, the same proof could be presented
for negative d. /We have nowhere made use of being d positive./ So the whole
theorem is proved.

ABSTRACT A simplified version of the Hueckel operator was worked out which pre-
serves all the advantages of the original one, but the running time of which

is considerably shorter. Its basic idea is the reinterpretation of the Hueckel
operator as a template matching method. This reinterpretation gives the possi-
bility of some theoretical and computational simplifications. As a result, an
optimal edge-shaped template is constructed by linear combination of two
suitably chosen original ones. The parameters of this optimal template cha-
racterize the edge segment found in a picture area.
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HCCJIENOBATEJIbCKHA HHCTHUTYT BBYMCIIMTEIBHOR TEXHUKH #
ABTOMATH3ALMH BEHI'EPCKOM AKAJIEMHM HAVK

NPOI'PAMMA IUISI PACIIO3HABAHUSI I'EOMETPHYECKHUX OBPA30B,
OCHOBAHHASI HA JIMHI'BUCTHYECKOM METOJIE ONWCAHUSI U AHAJIM3A
I'EOMETPHUYECKHX CTPYKTYP

T'AJUIO B.
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BBEJEHHE

llporpamMMa sABNAETCA YaCThid MaTEMaTHYECKOI'O obecneyeHUs CHCTeMH IS pacrno3HaBa-
HHf TeXHHYeCKHX YepTexen U OOBeKTOB, O pa3pabOoTKe KOTOPOW coobmasiock B HOoKiane
BaMowa T. u Bammm 3, [ 1,7]. Je#lcrBylomuil B HacTosmee BpeMsa Ha 5BM CDC 3300 Ba-
PHAHT nporpamMel NpHMeHSEeTCH IPH PaclO3HaBaHWH OBYXMEPHHX H300paXeHHUHN, IONO6GHHX
H306paxeHHHM Ha puc.l. A u306paXeHUN XapaKTepHO, 4YTO OHH COCTOAT U3 OTPE3KOB
NpsAMEX, AYrI U — BCJIeOCTBHE lyMa BOCIPHHU-

Mawmero ycTpoHCcTBa-—HeolnpenesleHHoCcTel mayioro

pasMepa. 'eoMeTpHUYeCKHEe COOTHOWEHUS Mexny

N/

3JIeMeHTaMH H300paxeHHUH CJIOKHE M pa3Hoobpas-—

HBl: COBIageHHe KOHIIOB OTpPpe3KOB M nyr, na-

pajieNbHOCThL U MNEePrEeHOUKYJIISPHOCTE JIMHHH, pa=-

—~ rh BEHCTBO M HEepaBeHCTBO JUIMH OTDPE3KOB M KpHU-—

a,) b) BH3HH Oyr, OonpelnesyieHHOe pPAaCIIOJIOXEeHHEe TOoYeK
OTHOCHTEJIbLHO HEeKOTOPOH MNpsAMOH H T.QH.
Puc.1
BxXonoM nporpammsl SBJASETCH CIHCOK ONMUCAHMH OCHOBHHX 3JIEMEHTOB I'€OMeTpPHYEeCKOI'o

ob6pa3a, KaKOBHMH SBJISIOTCA: OTPE30K MNpsAMOR /B nanbHekweM: npsMasa/, nyra H

HeonpeneyneHHoCTh Majloro pasMmepa /pHc.2/.

OnucaHue OCHOBHOI'O 3JIeMeEHTa COCTOHT U3 ero

uneHTHdUKaToOpa U KOJIMUECTBEHHHX XapakTe-

K
/ﬁ\ PHCTHK 3
/ .
/ N\ Xy .
/ N 3 -
‘\5-_——”) ‘\Jg KOOpOMHAT KOHLOB A yA u B Vg o
A B A B A
€ Xy
KOoOpIOMHaT leHTpa K= = .
K
% TOJIBKO IJIA OYTH
Puc.2 KOOopOouHaT MNpOH3-— c= C
BOJIBHOH TOYKH yc

BXOOHOM CIHUCOK HWJIM IOJIydYaeTcsa B BHUIOE IOBOHYHON HHPOPMALMH OT MajioOf MauMHH

/CII 10010/, mpousBOnsumeN BHIOEJIEHHE OCHOBHHX 3JIEMEHTOB H306paXeHHsA PpeaJIbHOI'O
o6ekTa /O MOJIYYEHHH M OpPTraHW3alMH BTOrO CHHCKA CM.[ 2]/, HJIH Xe OH MOXeT
ABJAATHCA MaHyaJlbHO M3IOTOBJIEHHHM Ha IrepdokapTax CMMCKOM OMNUCAaHHUA OCHOBHHX 3J1e-
MEHTOB HEKOTOPOrO HIOeal/IbHOI'O IreOMeTpHYecKoro obtbekTa. [IpoMCXoxmeHHe M OpraHH™

3aUMdsa BXOIOHOI'O CIIMCKAa He NPHMHUHNHAJIBHH IJIA paboTH NpPOIr'PaMMH.

OnucaHue OGBbEKTa MOXeT INPOM3BOOMTBLCH HAdYHHAA C JOGOro ysJjia U B J0O6OM Hanpas-

NeHun . Kaxnufi OCHOBHOH 3JIeMEHT npenrnoJjiaraeTcsa ONMUMCAHHEM TOJIbKO OIOMH pas.

AHalM3 BXOOHOI'O CNHMCKa MNPOM3BOJHUTCA Ha OCHOBE IPaMMATHKH~CTPYKTYPHOI'O ONMUCAaHUA

"3HakoMux" MauwnHe O6pa3o0B. MH ucxomusM U3 PopManusMa, NpemIoOXKeHHOro HBeHcoM
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£3,4]1, pasBuBasg €ro B CMuICJIE BO3IMOXHOCTH YeTKOI'o ONMUCaHHUA pasHoOOOBpas’HHX reo-
METPUYECKHX OTHOUWEeHUN MexIny 3JIeMeHTaMu o6pa3’oB, 3KOHOMHOIO KOHCTPYHPOBaHHUA
rpaMMaTHK M IporpaMMOH HMIUVIMMEHTAalHUH .,

TepMHHaJlbHElE CHMBOJIE I'paMMaTHKH COOTBETCTBYIHT OCHOBHHM 3JleMeHTaM o6pa3oB, a

HeTepMHHANbHEE CHMBOJIH - (oOJlee CJIOKHEM 3JIeMeHTaM o6pa3oB. HeTepMHHaNbHHE CHM-
BOJIH, IONOOHO TepMHHAJIBHEIM, TaKXe HMelT KOoJIMYeCTBeHHHe XapaKTepuCTHKH. [IpaBuna

NOoONCTAHOBKH HMenT cCclienywuHu# BHI:

JIeBOCTOPOHHHH HeTepMHHaNbHHE cHUMBOJN + | (KOHeuHOe MHOXeCTBO NMPaBOCTOPOHHHX Tep-
MHHAJIbHEIX CUMBOJIOB) (OTHOWEHHA Mexny NPaBOCTOPOHHHMH CHMBOJIAMH HJIM MeXOy WX
KOJIMYEeCTBEHHHMH XapakTepucTHkamu) (OnpepnesieHMe KOJNMYECTBEHHHX XapaKTEepUCTHK
JIEBOCTOPOHHEI'0O HETEPMHHAJIBHOI'O CHUMBOJIA Yepe3 KGJIHUYecTBEeHHHEe XapaKTepHCTHKH

®
NMPaBOCTOPOHHUX CHMBOJIOB) (YKa3aHHe CHMMETPHMUYHHX KOJMYEeCTBEHHHX XapaKTepuCTHUK ).

HlonyckaeMhe B CHCTeMe IeOMeTpHYeCKHe OTHOWEeHHA M OlepailHHd IOoJIYYEeHHSA KOJIMYecT-
BeHHBIX XapaKTEepHUCTHK HeTepMHHAJIbHHX CHMBOJIOB OIIMCHBAWTCA OTHOEJIBHO W HHTepIlipe-
THPYKWOTCA B CHCTeMe B BHIEe OTIeJIbHHX MNPOI'pPaMMHEIX CerMeHTOB. HX MHOXeCTBO MOXeT

KaK YyIronHO pacuMpATBCA IO Mepe Pa3BUTHA CHCTEMH.

Ha puc.3 npuBemeHO oONUCaHMe XapaKTepHOW HeTalyli BUHTa, H306paXeHHOro Ha puca.l.
3nech TepMUHAJIbHEE CHMBOJIH COCTAaBJIEHH M3 MPOMNUCHHX GYKB, a HEeTepMHHAlbHHE - H3
aarnaBHex. KOJIHUeCTBEeHHHE XapaKTEPHCTHKH JIEBOCTODOHHUX CHMBOJIOB OGO3HAYeHH
G6ykBaMu (Ge3 HMHOEKCOB, a MNPaBOCTOPOHHUX CHUMBOJIOB — BYKBaMM C HMHIEKCOM; HHIEKC
YKa3nBaeT NOPSANKOBHNA HOMEp COOTBETCTBYWHEroO NpaBOCTOPOHHEro CHMBOJIa B NpaBMJIe.

llpaBHna HyMepywTCH.

BHXOOOM MpOrpaMMH Npyd paboTe C Hel, KaK C CaMOCTOATEeJIbHOW NporpaMMol /Hanpumep,
Nnp¥ MCNPOGOBAHUM HOBHX I'PaMMaTUkK/, ABJIAETCA BHOaya Ha MNedyaThb Ha3BaHUR pacnos-
HAHHHX NPOrpPaMMON HAa BXOIHOM CIHMCKe O6pa30B H pacnedaTka ONWCAaHUs MOJIHOI'o ne-
peBa aHanu3sa. llpy Hcrnonb3oBaHuM nporpamMMs B cucTeMe [1) Tonbko OkoHYaTenbHHE pe-

3yJabTaTH nepenawTcsa 4Yepe3 obuee rnoJjie OaHHHX UIA OpYIHX MNporpaMM.

x3aMevyaHue: JUIA BCeX TEepPMHUHAJIbHHIX CHMBOJIOB KOJIMMECTBEHHHE XapaKTepUCTUKH A U B
/KOOPOMHATH KOHLOB/ (QYHKLUHOHAJIBHO TOXINECTBEHHH - YCJIOBHMCSI I'OBOPHTB, YTO OHH
"CHMMETPUYHH" ., AHAJIOTMYHO 3TOMY MOTYT UHTBH onpeneyieHH "cCHUMMeTpHuHHe" KOJIH-—
YecTBEeHHHEe XapaKTEepPUCTHKM W MJIA HEeTEepMHHAJIbHHX CHMBOJIOB. BBeneHHe CHMMeTPHYHNX
XapaKTEepUCTHK IO3BJIAET COKPATHUTh UYMCJIO NPAaBHJI NMOACTAHOBKH M NONYyCKaeT NPOH3-—
BOJILHOCTb B HanpasJIeHUH oOO0GXona M300paXeHUA .

33



142

TPAMMATHKA

TepMHHaanue CHMBOJIHI :
arc, €ro KoJIHYeCTBEHHHE XaPaKTepPHCTHKH:
A, B, C, K (puc.3a)

HeTepMHHasIbHEE CHMBOJIH :

ARC (pmc.3a), ARC2 (puc.36), LOOP(puc.3B), LA (puc.3r)

L

[lpaBusia NMOOCTAHOBKH: |¢% 4$ﬁ
]
5/ ARC -+ |(are)( ) (A=A , Be=B,, ?-ARCTG(Al B,), K=K , C=C )(A,B)! i~ |
R = = = = )

1/ ARc2 - 1(ARc,ARc)(Al Ay Bl%B K+K2, |¢& q@[>9o ) (A=B_, B =B,, K=K , L=K,, C Al)l ! B
2 ( = =
2/ LOOP =~ E(ARCZ, ARC)(A2 A,sB) 2,K+x2,Ll+x2)(A AlLB Bl, l)(A,B)l K G)ARC >
2 T -+ = = -
3/ LA | (Loop, ARC)(Al A,,B#B,,C, 132)]
B cucTeMe HUMEeWnTCA MNporpaMMHHE CerMeHTH OJA [MPOBepPKH I'eOMeTPHYEeCKHX COOTHOWMEHHUH, C

oGo3Haue :
HayeHHHX 30eCh Kak AOB
o

= *’ l?l’?2[>90

H ONa OCYyuwWecTBJIEHHA OlNepaldH NMpUMCBaWBaHUA, OOO3HAYEHHHX 3IeCh Kak:

=, ARCTG :

Puc.3



A3SHK INPOrPAMMHPOBAHUSA

llporpamMa HanucaHa Ha fA3HKe OOPTPAH ¢ HCNONB3OBAHHEM CHCTEMH JIUIA 06paboTKH
OaHHHX CMNUCKOBOH CTPYKTYpH JIMIU-72, co3maHHOW B HHCTHTYTEe BHUHMC/IHTENBHOH Tex-
HMKM M ABTOMaTusauuu BAH (5,6]1. JIMJIU-72 HanucaHa Ha sA3uke OOPTPAH.

Cucrema JIM[IU-72 npuMeHHMa VIS HENOCPENCTBEHHOI'O MNpencTaBJIEHUA B MauMHe JI06hX
HanpapJieHHHX rpados. BepumHa MOXeT MMeTh Ha3BaHHe, NpH BepulMHe rpada MoxeT
XpaHUTbhCA HMHPOpPMAlIMA B BHIOE JIMHEHHOH MNOCJNIeNOBATEJIBHOCTH MNPOM3BOJIBHOH IJIMHH ,
cocTosme! M3 UeJIHX YHCes, a YUCJO Oyr MOXeT OHTh NPOM3BOJBHEM. Ha puc.4 no-
Ka3aHO InpelcTaBJ/IeHHe BepuHHH rpada 3JIeMeHTOM CIMHCKOBOH CTPYKTYpH JIMOU-72.

B cucreme JIMIU-72 HMeeTCHA pPAa3BHTHA CHCTeMa MNporpaMMm Ui obpaumeHHsa CO CIHHCKaMH:
BEOI B MaluMHy HHPOpMauMH, HMewmell CTPYKTYpy nepeBa, ONMUMCAHHOI'O B CKOOOYHOW M

HEKOTOPHX HNPYTHX chneudanbHHX ¢opmax, H3MeHeHHe BHYTPH MalMHH JIWOHX rpados, yc-
JIOBHOEe H/IX 6e3yCJZIOBHOEe BHIIOJIHEHHE OonpenesifieMuX IoJib30oBaTeJleM olnepauui Ha JIo6oMm

3anaHHoM noarpade U T.nO.

LeJIHA ap

uens aj

Ha3BaHHe
BeplHHE
rpada

nHPOpMaUKA, nesef ay
XpaHuMas I1pH
BepuuHe : n
al'aZ"'an) Ha3BaHUe 3Jie-
MeHTa CIHCKa

CBA3b

nyru CBA3b

CBA3b

CBA3B

‘CBA3b

Puc.4
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OPI'AHU3AIINA TI'PAMMATHYECKOI'O AHAJIM3A

Ilpy paboTe C HEKOTOPHM ONpenesieHHHM, OrPAaHHYEHHHM KJIaCCOM 06pa30B, rpaMMaTHka,
OonucHBAaomMas 3TH obpasnl, ABJIAETCH MNOCTOAHHO HCHOJIB3YEeMOW M HeH3MeHAWIMEeNCcH HH-
dopManHelt U OpraHu3oBaHa Kak 4YacTh NOCTOAHHOW CTPYKTYPH HOaHHHx. Ha puc.5a no-
KaszaHa CTpYKTypa rpaMMaTHKH, H Ha PHC.56 neTanuaMpoBaHa CTRYKTYpa OTIEJIBHOIO

npaeuila. bBojlee noopoBHOe ONUHcaHUue IOCTPOeHHA I'PaMMaTHKU NaHO B I[IpHIIOXeHUM.

T'eoMeTpHUUECKHE OTHOWEHHS M ollepalldd MNPUCBOEHUA 3HadYeHHS KOJIMYEeCTBEHHHIM Xapak-
TepUCTHKAM HHTEepnpeTUupoOBaHhl, COOTBETCTBEHHO, KakK JIOrMuYecKHe OQYHKIUHUM H NOINpor-
paMMul Ha s3mke QOOPTPAH. B npaBuinax rpaMMaTHKH YKa3HBaWTCHA TOJBKO HAaWMEHOBAaHHA
OTHOUWEHUN U onepaluun IIPUCBOEHHSa 3HAYEeHHHdA, a TakKxXe JalwTcHA ONUCaHUud aKTyaJlbHHX
napaMeTpoB. HauMeHOBaHHA OTHOWEHUH U oOllepalldil NpUCcBauWBaHUWA cobpaHH B OBa aHa-
JIOTUYHHIX OPYTr HOPYTLYy CIHCKa, BXOOAMHX B INOCTOAHHYW CTPYKTYDY HaHHHX. OpraHusauus
OINHOTO M3 HHMX llOKa3zaHa Ha puc.6. Tak Ha3HBEMHH NepekJidyaTeJIbHHW HHOeKC HCIOJIb~

3yeTcsa 1S aKTUBH3alHH COOTBETCTBEHHOI'O MPOTrpaMMHOI'O cerMeHTa BO BpeMsa BHIIOJIHE™

HUA TNpOorpaMMHl.

Puc.5a
JIC - JleBOCTOPOHHHI CHMBOJI [ICO - cnucok [[PaBOCTOPOHHHUX CHMBOJIOB
_ “ OTHOWEHHH
: iy SRl I'KX - cnucok misi IenepupoBaHus Konu-

yeCcTBEeHHHX XapaKTepHCTHK JleBoO~
CTOPOHHEr'o CHMBOJIA
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(YeHeKeXs,YeCueX,)

(o.a.m)
Puc.56

C - Cumson o.a.m. ~ ONMHCaHWe aKTyalJibHHX napa-
HI'O - HaWMeHOBaHue I'eOMeTpPHYECKOIO e Mi;gg:ﬂa ESRA B

r; " Ved.K.X. y c oNuyecT

= BEHHHX XapaKTepHCTHK
HOIl - HammenoBanue Onepauuu [Ipuceau- V.C.K.X. = YyKaszaHHe CHMMETPHYHHX KO-

BaHUA JIMYECTBEHHHX XapaKTEePUCTHK

Puc.6

CHI'o - Cnucok HauMeHoBaHu# I'eoMeTpu-
‘yeckux OTHOWEeHUH

HI'O -~ HauMeHoBaHHe I'eOMeTpPHYECKOro
OTHoOweHus
i ~ nepekxkJuyaTesIbHHH HHOEKC

AHanM3aTop - nporpamMMma JIMHIBHCTHUYECKOI'O aHaJZii3a - COCTOMT H3 crnenywouMx non-
nporpaMM: noanporpamMMa aHaJiisa COIVIaCHO 3ajaHHOMYy IMpasBH/y, noanporpaMMa CHHTe-
3a COrJlacHO 3amaHHOMY MnpasuJly, noanporpamMMmel I8 opraHv3saluMu paboTH NporpaMm-
HBEIX CEerMeHTOB IPOBEpPKH I'eOMeTPHYEeCKHX OTHOWEHHH H OCyuecCcTBJIEHUA olnepauun
NpMCBaMBaHUA 3HAYEHHUN, noanporpamMMa IUiga OpraHu3aluy nopAankKka aHanusa no npa-
BUWJIaM I'pPpaMMaATHKH H pPAO BCNOMOraTeJibHHX noanporpaMm.

AJICOPUTM aHaJii3a MOXHO oXapaKTepH30BaTh KaK aHalu3 uyepes cHHTe3, [lpaBuna
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rpaMMaTHKH NPOHYMEpOBAaHH MO BO3pacTaloumeMy MOpAOKy HepapxuM, "cHusy-BBepx" /no
BO3pacTawuel CJIOXHOCTH OIIMCHBAEMHX 3JIEMEHTOB o6pa3oB/. AJNTOPUTM COCTOMUT B 06
paboTke HHPOpMalMH O6 aKTyalbHOM OGBEeKTEe Ha OCHOBe IpaBHJI paMMaTHKH, pacc-
MaTpuBaeMHX a MNoOpsaIKe BO3pacTaHUA HMX HOMepa, B IONMHTKaX CHHTE3UpPOBaATh JIEBOCTO-
POHHHH CHMBOJI, pacCMaTpHBas BCEBO3MOXHHE KOMOHHALIMH H3 yXe CHHTe3HMPOBaHHHX
CHMBOJIOB /CHHTAKCTHUYECKHH THIN KOTOPHX COBIAaJaeT C yKa3aHHHMHM Ha NnpaBoll cTo-
POHe THUnamu/ ¥ NpPOBEepss BHIIOJHEHHS e€OMEeTPHYECKHX OTHONEHHH, TPpebYeMHX IaHHHEM
npaBHJIOM,. [IpH NepeKpecCcTHHX PEeKYPCHAX Mexny npaBuiiaMd Tako#d "nmuhHedwHwn" xon an-
rOpUTMa HapyuwaeTcs, MNOABNAAITCA "nernu", oOoHakO ero OCHOBHAA HalpaBJIEHHOCTDb He
MeHsaeTcsa. CllegyeT OTMETHTHL, YTO OGONBUIYI YacTh aJIrOPUTMa COCTAaBJIAKNT MNOONPOr-
paMMul aHany3a No 3amaHHOMY MpaBUNy I'PaMMaTHKH, HAa HMX OCHOBE OpraHM30BaTh

JINOYK CTpaTer’dw MNnopsnka IpHMeHeHHUW IIpaBUMJI 'PaMMaATHKH .

KosimyecTBeHHHE XapaKTEepPUCTHUKU CHHTE3UPOBAHHHX NpH paboTe alropuTMa CHMBOJIOB
/T.e. pacrio3HaBaHHHX MNPOrpaMMOi 3JIeMeHTOB o6pasa/ 3anucHBalTCA B gnucox Tene-
pUpoOBaHHHX KonuuecTBeHHHX XapaKTepUCTHK /CI'KX/, pa3BeTBJAKMUNACA Ha IMOICIHCKH
IO CHHTAKCTHYECKHMM THIIaM. 3OTH MNOACMHCKH CO30awTCHd H CyumecTBYKWT TOJIBKO BO
BpeMsl BHIIOJIHEHHS NPpOTrpaMME JIMHIBHCTHYECKOI'O aHaJii3a. BHIIOJIHEHHE NpOor'paMMEH
HauyvHaeTCA BBeJleHHeM B OIlepaTUBHY NaMsATh [NOCTOAHHOM CTPYKTYPH OAHHHIX, 3aTeM
CYUTHBAaHUEM BXOIHOI'O CIIMCKa M MNepBHYHON O6paboTKOH ero, 3akjwyawmeHcs B pas-—
MemeHHH KOJIMYeCTBEeHHHX XapaKTepHCTUK OCHOBHHX 3JIEMEHTOB 10 TPeM OCHOBHHM
nomcnuckaMm /npsaMmas, nyra, HeompeneneHHocTk/ B Cnucke I'eHepupOBaHHHX Konu-
YyecTBEHHHX XapakKTepUuCTHUK /puc.7/, CclayxamyM 1S HakKarJMBaHuA HHPOpMaUHH 06 akK-

TyaJIbHOM obpase.

Ofbuee mnpencraBJsieHHe 00 opraHM3alHH pa-

60TH IIporpamMmMial MOXHO IMOJIYYHTE H3

puc.8. 3mech CHIHCKOBHE CTPYKTYpPH OaH-
(C””Cm)nux H306paxeHH KDYTLJHMH, a YacTH Npor-

paMMHal — MPAMOYTOJIBHEIMH GJIOKaMH. JBO#H-

HEIMH HanpaBJIEHHHEMM JIMHUAMM H306paxeHa
Puc.7 nepemauya HMHPODMALMM O6 aKTyasbHOM

CIKX - Crnucok I'eHepHpOBaHHHX Komu- o6beKTe, a ONWHAPHHMH HarpasJleHHHMH

YeCTBeHHHX XapaKTepHCTHUK JIMHUAMH - nepenadya UHHopmanuu, ynpas-—
c ~ CHMBOJI /CHHTAKCTHYECKHH THI
nsgwomed aHajnu3oM,. [IpH BHIOJIHEHHH or-
37eMeHTa M306paxeHus/ sTrouy P P
CIHUC = CIHUCOK KOJIMUeCTBEeHHHX Xapak-— paMMH-aHanM3aTopa Han NOCTOSHHON

TEPUCTHK DJIEMEHTOB CHHTAKCTH-—
yeckoro tuna C mia axkTyanb—
HOTO BXOIOHOI'O M300paxeHH: TUKa, Cnucok HaumeHoBaHu# I'eoMeTpHU-—

CNHUCKOBOM CTPYKTYPOH HOaHHHX /T'pamma-

YeCcKHX OTHOweHu#R, Cnucok HauMeHOBaAHHUH
Onepayu#t lpucBauBaHMUsA/ He NPOM3BOINHTCH HHKaKiX NpeotpasoBaHHH - INO3TOMY Ha-
3HBaeM ee INOCTOAHHOW =, HMHPOpMALMA, XpaHMMas B HeH, HCNONb3yeTCA IJIA ynpas—
NeHusa aHanui3oM HHbPopMalmuu 06 aKTyaJlbHOM O6beKTe; Mo Xony aHanMs3a NpPOBOOUTCH

pPAN NnocienoBaTeNIbHHX CTPYKTYPHHX npeobpa3soBaHui Han CNHCKOM I'eHepHpPOBaHHHX
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KonuuecTBeHHHX KapaKTepuCTHK.

llons3oBaHue NporpamMMoil paslesnifeTcs Ha nsa sTana:

1. Co3naHue INOCTOAHHON CTPYKTYPH naHHuxX /I'pamMmMaTuka, Cnucka HauMeHoBaHuit I'eo-

MeTpuuecKkux OTHoweHu#, Cnucka HauMeHoBaHuM Onepauunt llpucsausauus/ U npor-
paMMHpOBaHue Ir'eOMeTpPHYECKHMX OTHOWEeHHWH M ollepauuf npucsBauMBaHUA,., DTa 4YacThb
CHCTEeMH MOXeT CBOOOINHO HM3MEHATHLCA M PACUMPATHLCH NPH OnpenesyieHuH Kpyra sa-
nay, pewaeMuX C MoMoubl [por'paMMel; MporpamMma Ipd 3TOM OCTaeTCHd HEeH3MeHHOH.
[locToAHHAA CTPYKTypa MaHHHX ONMUCHBAETCS Ha BXOMOHOM fiznke JIMIU-72 / B cko-
tbouHo# dopme/ Ha nepdpokaprax. OUYeHb KOPOTKAas MnporpaMMa OpIr'aHU3yeT BBOI
NOCTOAHHON CTPYKTYPH HOAaHHHX B MNaMATh MalWMHHE C NOMOWBK IporpaMM BBOOa
JIMOAN-72. Ilpy TEeCTHPOBAHHH CTPYKTYPH MNAaHHHX 3Ta KOPOTKas nporpaMMa o OKOH-
YaHHUHI CBOEeH pabOoTH BH3HBAaeT NporpaMMy-aHaJlM3aTop, KoTopas IPOHU3BOIOUT aHa-
JIM3 KaKOro-HHO6yOb BXOINHOI'O CHHUcKa. [locyie HM3Y4YeHHUA pPe3yJIbTATOB BHIIOJIHEHUA
aHanM3a MOXHO INPOBECTH HCINpaBJIEHHWS B ONHCAHHHM CTPYKTYPH IaHHHX. KoppekTHas

CTPYKTypa JaHHHX NEepeHOCHTCHA NUCK B BHIEe NBOHYHON HMHOOPMALIUHU.
Hcnonb3oBaHHe nporpamMmul Il pacrno3HaBaHUsa oO6pa3oB. [IpU 3TOM NOCTOSSHHAA

CTPYKTypa JIaHHHIX HelnocpelCcTBeHHO CUMTHBAeTCsaA C OUCKa B INaMATh MalulMHH Iepexn

HauvaJIoM paboTH MNpoOrpaMMH-aHaJlIi3aTopa.
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NMPUJIOKEHUE

I'PAMMATHUKA

llpaBuyia rpaMMaTHKM pasnesigeM Ha JIBe T'PYIH :

1. MpaBuJla, B KOTOPHX CIpaBa CTOAT TOJBKO TEepPMHHAaJIbHHE CHMBOJIH /Harnpumep,
npasuyiio 0/ Ha puc.3/.

2. MNpaBuna, B KOTOPHX ClpaBa CTOAT TOJNBKO HETEPMHHAJIbHLHE CHMBOJIM /Hanpumep ,

npasuna 1/ u 2/ ua puc.3/.

llpaBuia NepBod rpynne 3anporpaMMHPOBAaHH KakK MepBHYHAs 06paboTKa BXOOHOTO

CIHUCKa, IOCKOJIBKY 3TO ofumasA OCHOBAa VI JIOOHX HHTEPEeCHHX IJIi HAac IpaMMaTHK.
llpaBuia BTOPOH IPYNNH BKJIWYEeHH B ['paMMaTHKy, ABJIAONSHCA YacThl IMOCTOSHHOH
CTPYKTYPH HNAaHHHX JJIA aKTyaJlbHOI'O Kpyra 3anau. Takoe pa3snesieHHe OuYeHb ynpoumaeT

AJITOPHTM, IOCKOJIBKY OH HMeeT [eJl0 TOJIbKO C HeTepMHHalIbHEMH CHMBOJIAMH .

llopAanok HyMepauud rnpasBWJl rPaMMaTHKK: [paBWJjia MNPOHYMEpOBaHH TaKUM O6pa3oM, YTO
KaXIOHi CHMBOJI BCTpedYaeTCsd cHaudalla KaK JIEBOCTOPOHHHH. WCKINOUEeHHe COCTAaBJISglT
Cllyyad MNepeKpeCcTHOH PeKYpPCHHM MexXOy NpaBHJiaM4d /KOTOPHH Takxe SABJIAETCA NONYCTH-—
MHM B rpamMmaTHke/. IlpaBujla C OOHHAKOBHMH JIEBOCTOPOHHUMH CHMBOJIAMH [OJIYYaioT

Pa3JIHdiHHEe HOMepa H BXOIOAT B I'pPaMMaTHKy KaK OTHeJIbHhHEe InpaBHJia.

CTpyKTypa OTHEeJIbHOI'O NpaBujla H306paxeHa-Ha puc.56. Kaxnui cuMBon B Cnucke Ilpa-
BOCTOPOHHMX CHMBOJIOB MONYYaeT HOMep. HyMepauusi coBepuleHHO MNpPOHW3BOJIbHA, a He-
obxomuMa IJi1 ONHO3HAYHOI'O OINHCAHHA TIeOMeTPHYEeCKHX OTHOWEHHH Mexlny CHMBOJIaMH ,
MOCKOJIBKY B OINHOM H TOM Xe INpaBHJIe MOXeT OHTh HEeCKOJIbBKO CHMBOJIOB OINHOI'O CHH-=
TaKCTHYeCKOro Tuna. Illpy KaxaoM CHMBOJIe yKa3HBaeTCsa CIHCOK HaMMeHOBAHHH OTHO—
WeHHH, KOTOPHM OOJIXEH YyINOBJIETBOPATE CHUMBOJI MO OTHOUWEHUW K MNpenunymyM npaso-
CTOPOHHHMM CHMBOJIaM lpaBHJla, a MNpPH KaxXIOM HaHMeHOBAHHHU OTHOULIEHHS B NpaBHJie
naeTcsa ONnucaHHe aKTyaJbHEX NapaMeTpoB OTHOWeHHA. JUia onucaHusa napamMeTpoB
MPUHAT CJlenylouydd MOPANOK: KaXOuhH rnapaMeTp ONMMCHBAETCH [1apod LeJyHX 4ucen, rne
nepBoe 4YHUCJIO — 3TO HOMep NpaBOCTOPOHHEroO CHUMBOJIA, KOTOPHHA OOJIXEH yHnoBJieT-—
BOPATH 3TOMY OTHOWEHHKW, a BTOpPOE YHMCJIO - 3TO HOMep TOH KOJIMYEeCTBEeHHOH XapakTe-
PUCTHKH INAHHOI'O CHMBOJIa, 3HauYeHHEe KOTOPOH ABJAETCHA aKTyaJZIbHbBIM NapBMeTpOM OTHO-

WeHUA .

KonHuecTBEeHHHE XapaKTEepPHUCTHKM CHMBOJIOB HIOEHTUPUUHPYWTCA HX HOMepamH /'r.e.
ueJsibkiMH qucnam/; BO-INEepBHX, MOTOMY, YTO 3HAYEHHUA KOJIMYECTBEHHHX XapaKTepHCTHK

3JIEMEHTOB M300paxeHUss XPaHATCHA B JIMHEHHHX CNUcCKax /npd BepuMHaxX, Ha3BaHHUA KO-
TOPHX COOTBETCTBYWT MX CUHTAKCTHYeckoMy Tuny (puc.7)/, B YCTAHOBJIEHHOM IOpPAOKE :
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Hanpumep, neppad - A, BTopad — B M T.n.; a BO-BTOPHX, - IJA ONHCAHUA aKTyanb-
HEIX MMapBMETPOB TaKXe MHCIONb3YHNTCHA JIMHEeWHHEe CINUCKHM, B KOTOPHX MOTI'YT XPaHUTBLCH

TOJIBKO IIepeMeHHHe THIla LeJki,

llonpo6HOCTH NMOCTPOEHUHA TIpaBuila O6bACHUM Ha NPOCTOM NpuMepe. PacCMOTPHM OIHO U3
npaBuJl I'paMMaTHK{d, MNpHBeIeHHOW HAa pHUc.3. Ha O6LACHEHHOM BO BBEIEeHHH MeTasa3HKe

HanuMCaHHUA rpaMMaAaTHK OHO BHIJVIAOUT CcJienywouHM ob6pa3oM:

¥ = = - ° = = = = =
1/ ARC-*[(ARC,ARC)(Al A,,B;¥B,,Cy Kz,lpl p2|>9o ) (A B, ,B=B, ,K=K,,L=K,,C A1)|
Ha BxonHoM sa3umke JIMJIU-72 Ha3zBaHHA BepuHH rpada 3anaiwTcsa Llenoykod OyKB, a HX
NPU3HAKH, T.e€. 3JIEMEHTH JIMHEHHOI'O CIHUCKa - UeJhEMH YuciaaMH. [IpU3HaKH 3aKJiovawnT-—

CA Mexny 3HaKaMH (= =) H pa3neyndioTcsa 3anaAThMH U 3aMedYaHHAMH.

[lycTs B CHCTeMe onpenesieHul clenywuue reoMeTpudyeckKHe OTHOUEHHUA !

o6o3HaUYeHHe Ha MeTasa3HKe: = , #

HaHMeHOBAaHHA: EQ , NEQ
M onepalud npucBaMBaHUA:

obo3HauvYeHHe Ha MeTas3blKe: =

HaHMe HOB aHHUEe ASSIGN

BCe ONHWCKH NPaBOCTOPOHHHX CHMBOJIOB M OTHOWEHHH MMelT Ha3sBaHHe LSR /List of
Simbols and Relations/, a Bce CHMCKH IJIA I'eHEepUPOBAaHHUS KOJIMUECTBEHHHX Xapak-

TEepUCTHUK MMelT Ha3zBaHhe LGA [List for Generation of Attributes/.

CTpyKTypa npasuja g ARC2 u3obpaxeHa Ha puc.10. OnucaHue 3TOr'O0 mnpasHJia Ha

BXOnHOM sa3nike JIMJIU 6yneT clienylouHuM:

C ARrc2(=1=)(LSgR(ARC(=1=), ARC(=2=)(EQ(=1,1,2,1=),

C NEQ(=1,2,2,2=),NEQ(=1,4,2,4=),0BTANG(=1,3,2,3=))),
C LGA(=5,0=)(AsSsIGN(=1,1,2,2,1,4,2,4,1,1=)))

/C-3HakK npononxeHuss/.

1,1,2.2.2,1,4,2,b,1,1)
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PE3IOME

JlaHO onucaHue OpraHu3auuH nporpaMmal JIHH'BUCTHYECKOI'O aHallM3a reOMeTpUYeCcCKHX

o6pa3oB, BXxonsAumen B CHCTeMy JUIA pacCno3HaBaHUA TeXHHYEeCKHX vYepTexew U O6bLeKTOB
€1,;2,7 3

Mu ucxonunM U3 ¢opManusMa, npensyioxeHHoro Ueedcom (3,47, pasBuBasg B Xone pe-
WeHUsA KOHKPeTHHX 3anay CrnoCo6H 3KOHOMHOI'O KOHCTPYHMPOBAHHMA IpPaMMaTHK, YEeTKOIo
ONMUCaHUA pPa3’HOOGpPa3’HHX I'eOMeTPHUYECKHX OTHOUWEHHH Mexny 3JIeMeHTaMu o6pa30B, H
CBOW NPOrpaMMHYI0 HMIJIeMeHTaudio. [IporpaMMa HanudcaHa Ha sisnke OOPTPAH ¢ Hcnonmp-
30BaHHEM CHCTeMH JUiA O06pabOTKH JaHHHX CINHUCKOBOH CTpyKTyph JIMIAW-72 [5,61].

T'paMMaTHKa npencraBl/ieHa CTaTHYECKOH CHHCKOBOW CTPYKTYPOW MNAaHHHX, BKJIOYEHHHEe B
CHUCTEeMy reoMeTpuuecKHe OTHOUWEHHS H CTPYKTYPHHE Mnpeobpa3O0BaHHA KOJIMYECTBEHHON
HHPOpMaAllMH HMMIIJIMMEHTHPOBAaHL B BHIOe HabGopa noanporpamMM. AJITOPUTM MNPOrpamMMH,
opraHu3youmey BHIIOJIHEHHEe aHalu3a, He3aBHUCHM OT I'pPpaMMATHKH,a nepenava yIlpaBJIeHHA
NpOrpaMMHEIM CerMeHTaMm, obpabGaTHBAaoUMM KOJIMYECTBEHHYI HHQOPMAalHo, yNpaBiIseTCcs
rpaMMaTHKOH M O6GpaTHO: BHOGOP uuéopMauuu M3 rpaMMaTHKH yhnpaspJiigeTcs pes3yiabTa-
TaMH OBpabOTKHM KOJIMUECTBEHHOW HHPoOpMauuMu 06 axKTyalbHOM O6bekTe /a Takxe 3a-

IaHHOM cTpaTerveil NpUMeHeHUs rpaMMaTHKH/.
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A TANULMANYOK sorozatban eddig megjelentek:

1/1973

2/1973
3/1973
4/1973
5/1973%
6/1973
7/1973
8/1973

9/1973
10/1973

11/1973
12/1973
13/1973
14/1973
15/1973
16/1973
17/1974

18/1974

19/1974:
20/1974

21/1974

22/1974

Pasztor Katalin: Médszerek Boole-filiggvények minim&lis vagy nem
redundans, {A,V,1} vagy {NOR} vagy (NAND} bazisbeli, zaréjeles

vagy zdrdjel nélkiili formulainak eldallitasara

Bamkesd HuTBaH: PacuJleHEHHME MHOTOCBA3HHX NDPOMBIJIEHHHX MNDPOILECCOB

C MOMOIBI) BHEYHUCIUTENEHON MalUHH

Adam Gydrgy: A szamitdgépipar helyzete 1972 masodik felében

Banyasz Csilla: Identification in the Presence of Drift

Gylirki J.-Laufer J.-Girnt M.-Somldé J.: Optimalizaldé adaptiv szer-
szamgépiranyitasi rendszerek

Szelke E.-Tdétk K.: Felhaszndldéi Kézikdnyv [USER MANUAL/ a Folytonos
Rendszerek Szimulacidjara késziilt ANDISIM programnyelvhez

Legendi Tamds: A CHANGE nyelv/multiprocesszor

Klafszky Emil: Geometriai programozas és néhany alkalmazasa
R.Narasimhan: Picture Processing Using Pax

Dibuz A.-Gaspar J.-Varszegi S.: MANU-WRAP hatlaphuzaloz6, MSI-TESTER
integralt aramkoéroket mérd, TESTOMAT-C logikai haldézatokat vizsgaléd
berendezések ismertetése

Matolcsi Tamas: Az optimum-szamitéds egy uj médszerérdl
Makroprocesszorok, programozasi nyelvek. Cikkgylijtemény az NJSzT és
SzTAKI kbzds kiadasidban. Szerkesztette: Legendi Tamas

Jedlovszky Pal: Uj mddszer bonyolult rektifikald oszlopok vegyész-
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