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FOREWORD TO THE VOLUME

The present issue of Computational Linguistics Is some-
what different from the previous ones in that i1t also hears
the subtitle Kalmar-Featschrift. Within the field of computa-
tional linguistics as it has now developed, no explanation 1is
required for the choice of this title. It i1s Professor Laszlo
Kalmar of Szeged to whom this volume is presented by his
friends, collaborators, former students and admirers.

Usually a Festschrift marks the occasion of a special
anniversary of the person honored, but we do not offer this
volume under the pretext of an anniversary of remainder O
modulo 5 years of life or activity - although many such num-
bers could be® found. Rather we conceive this Festschrift as
the opportunity of working iIn a spatio-temporal continuity
with Professor Kalmar and offer it with the hope that he may
accept 1t in the same spirit as we present it to him.

For those who have been deprived of the privilege of
knowing Professor Kalmar, either because of geographical dis-
tance from Hungary or distance iIn time from the year 1972, we
enumerate here only some of the events connected with his
life"s activity which can be considered as milestones of



-4 -

mathematical and computational linguistics In East and Central
Europe,

Professor Kalmar was already a distinguished scholar in
many classical branches of mathematics as well as the newly
developing fields of foundations of mathematics, mathematical
logic and theory of automata, when he met linguists who were

able to communicate with him about language, a subject which
he had nearly pursued at the beginning of his academic ca-
reer. lgor Melchuk from Moscow was the first to spark this re-
newed iInterest In linguistics when he presented Professor
Kalmar his pioneering algorithmic analysis of Hungarian, When
Dr, Kalmar returned to Hungary after that visit to Moscow, .he
realized there were no linguists around him capable of under-
standing this masterpiece of mathematical linguistics.

Thus he turned his attention to linguists. He began lec-
turing in the Linguistic Society of Budapest, at various ha-
tional conferences and seminars, and began to give classes on
various language-related topics by virtue of his superior
knowledge of formal disciplines. He did not mind teaching
linguists graph theory on airplanes or Boolean algebra at Lake
Balaton. Nearly all Hungarian linguists, living anywhere, who
work with formal methods are his students In some way or oth-
er. At the same time he also iIntroduced first class scholars
in mathematics to problems which were relevant to linguistics.

His chair - unique In the academic world - bears the name
of Foundations of Mathematics and Computer Sciences. This 1is
tantamount to saying the Alpha and Omega of formal studies.
Linguists therefore did not forget that their field formed
but a small share of his broad scope of teaching and research.
But during the sixties linguistics became, for reasons which
are still only partially understood, a model discipline for
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the humanities and social sciences. The same people who were
taught by Professor Kalmar to think within the context of a
formal framework, to have recourse to mathematics, and to use
the computer influenced methodological approaches i1n folklore,
literary studies, documentation, and even in musicology and
other fields of research.

We do not want to exaggerate the personal factor in the
growth and development of science. Social history, special
history of scholarly institutions, a certain level of tech-
nology and of management were also necessary, as well as some
eager linguists to absorb his unusually vast field of erudi-
tion and his committed and unconventional way of thinking.

But there is no doubt that in Hungary he was the source of
irradiation for these areas. A touch of his extraordinary per-
sonality is conveyed to the reader by Muszka*s notes on Laci
Bacsi, 1i.e-. Uncle Laszlo.

Due to Iiis unusually active professional life as a member
of more than fifty committees - including the V/orking Committee
for Mathematical and Applied Linguistics of the Hungarian Acad-
emy of Sciences - and to his constant teaching activity, both
on a formal and informal basis, many of his i1deas have become
common wealth and are found on countless pages of many of us
linguists and not linguists. With this Festschrift we attempt
to repay, iIn a symbolic way, some of our debt In regard to
him. We have also invited authors from other countries to join
in our Fest, all friends of Professor Kalmar either through
fruitful collaboration or a more-than-chance parallelism of
research.

This i1s valid also for those Hungarian mathematicians who
share a long friendship and close collaboration with Professor
Kalmar.
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ONE QUANTITATIVE DEMONSTRATION OF
DRAMATIC TENSION

by lvan Fonagy , Judith bar ath

A poetic work - a verbal work of art - differs from
other texts In two basic aspects. The “form™*" of a poetic work
has contents, the verbal utterance is significant iIn i1tself.
As to the contents of a poetic work, it has shape and organi-
zation.

It 1s in this superior organization and in the sharp
decrease of the element of chance that poetic reality dif-
fers from relatively amorphous, everyday reality. This con-
spicuous difference has tempted students that, beyond the
sentence, they should apply the methods of linguistic analy-
sis to the whole of a poetic work /Propp 1958, Barthes 1966,
Greimas 1966, Todorov 1966, 1968/, in an attempt to unify in
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some poetic grammatics the principles determining the organi-
zation of poetic works.

When looking for the main laws determining movements in
a poetic work 1t 1s more relevant to start from the structure
of musical works. Already the aesthetes and poets of German
Romanticism called attention to this parallelism, who - on
account of their antirational orientation - turned mostly to
the musical aspects of literary works /Fiesel 1927/.

IT we disregard the actual contents of a particular play
or novel and apply some rules of generalization /the details
of which must be omitted now/, we get at the inner form of
the work and we can follow up the changes occurring In this
inner form. In the course of such an analysis /Fbénagy 1940-
1941/ 1t becomes apparent that the organization of a poetic
workJte musicalness, as referred to by Romantic authors/
derives from two tendencies: /a/ there i1s an added reliance
on, and a great variety of, the principles of repetition in
the ordering of contentual elements /repetition of motifs,
parallelism,variation, antithesis, mirror-symmetry etc./;

/b/ the unity of the work s secured by an endeavour to create
suspense, to produce tension which, once created, is then
released. The two tendencies blend In various ways and to
various degrees, creating thereby a great amount of structur-
al forms. Some of these forms were already dwelled upon by
classical rhetorics /"thought patterns’™/ and we have a good
knowledge of the rest from the discipline of musical forms
e.g-: variation, fugue, deviza or counterpoint. The Romantic
terminology is absolutely Justified. Music is the rhythmic
procession of tension and release. What passes for form in a
verbal work is 1n a musical work contents, essence, the musi-
cal work itself.
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Both classic rhetorics and Aristotelian poetics regarded
tension to be the structural driving force of tragedy. Trag-
edy was divided into three parts according to the changes of
tension: the first part /protasis/ i1s supposed to create ten-
sion /Zarkhé/, the intermediate part /meson/ increases it to
the utmost /epitasis/ while the third part /teleyté/ brings
the awaited release /katastrophé/. Only the release of ten-
sion can bring relief /katharsis/. The arch of tension,there-
fore, Tirst goes upwards and then downwards. It takes a min-
imal amount of drawing ability to sketch the tension-curve.
To convey, however, the precise changes iIn the tension of a
particular play is a great deal more difficult.

It seems likely that tension is related to the number
of arising problems awaiting solution. Obviously, this rela-
tion can only be positive: tension is greater if the number
of problems rises, smaller i1t the arising problems are duly
solved. This is indicated by the metaphor implied in the word
solution. The tension implied In a question is iIndicated by
the iInterrogative iIntonation. Yes-no questions /without
morphemes of interrogation/ differ from affirmative sentences
in a higher pitch and a rising time /usually centred on the
last three syllables of the sentence/. The frequency of the
basic pitch is determined by the air-pressure below the larynx
and the tenseness of the vocal chords; a higher pitch, there-
fore, i1nvariably presupposes greater physiological tension.

According to our thesis dramatic tension rises of falls
in direct ration with the number of yes-no questions arising
In each scene.
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In Scene 1. of Shakespeare’s Hamlett for iInstance, the
following questions arise: 1. Did the soldiers really hear
the ghost of Hamlet’s father? 2. Will the ghost speak to
Hamlet? 3* Will Fortinbras attack England? etc. If, then, we
make a scene-by-scene count of the questions arising and left
unanswered In Hamlet, we get a curve with two arches /fig. 2/.
The curve soars fTirst at the beginning of Act Il. after
Hamlet’s resolution to take revenge, should the ghost be
proved right, and his preparations for an investigation. The
second arch comes with the end of Act IV. when Hamlet has al-
ready decided to kill the king and the king has resolved to
get rid of Hamlet at any cost.

Before our attempt at an analysis of tension-curves of
other plays, i1t seems proper to assess the use of such ten-
sion-curves. Here follows a brief account of the technical and
methodological problems that arose iIn the course of the analy-
ses, iIn an order of rising difficulty:

1. Individual authors have used totally divergent meth-
ods of dividing their works into scenes. The principle of
division is fairly simple in Corneille and Racine: a new
scene begins whenever a character leaves or enters the stagee
In Shakespeare a new scene begins whenever the setting is
altered. The last scene of Hamlet would fall under five scenes
according to the French principle.

2. The problems that have arisen may be solved in the
course of one single scene. In Andromaque, for instance,
there 1s an answer to the questions posed within the same
scene on five occasions. Such cases leave no trace on the ten-
sion-curve even 1f they undoubtedly contribute to the tension
of the play as a whole. We were forced to divide the last
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scene of Hamlet i1nto four scenes In an arbitrary, almost
French, method so that the sudden soar of the tension would
show. According to our division Scene 2, falls into three
scenes: those of the dialogue of Hamlet and Horatio, the prep
aration for the duel, the duel,

3, Viewed from the angle of tension, i1t is highly impor-
tant to determine through how many scenes a particular ques-
tion 1s left unanswered. Our tension-curve can give no indi-
cation of that, either,

4. We concealed the subjective quality of the method
with a generous formula when writing about "problems arising”
It 1s left in nosmall measure to the student just what ques-
tions he chooses to pose and just when. 1t isvery likely
that for two other readers the scenes of Hamlet would reveal
a different number of questions than In our own count. The
reader i1s undoubtedly iInfluenced by his knowledge of the end-
ing of the play. Presumably, areader reading Hamlet for the
first time would not even pose some questions while including
questions we have omitted iIn the knowledge of 1ts 'non-rele-
vance'. In fact the student may not include a question which
he does not regard to be one iIn the knowledge of the charac-
ter’s features. It i1s almost obvious, for iInstance, that
Corneille’s Polyeucte will not be dissuaded from his resolu-
tion to become a martyr. All we can guarantee 1iIs that we have
not omitted questions deliberately.

To console ourselves as well as others all we can say to
this objection iIs that, owing to the peculiar character of
poetic communication, the reader is allotted a much more ac-
tive part than a partner In an everyday conversation. In fact
Eliot /1957 pp. 308 ff./ justifies In advance his reader in
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interpreting his sentences in a way different from his own
intentions. The objectivity of the tension-curve, therefore,
is 1nevitably relative: 1t accords with the interpretation of
the reader. As to the priority of a naive, Tirst reading: 1In
his Princeton lecture Thomas Mann warned his readers that The
Magic Mountain, 1ts musical structure In any case, was com-
prehensible only at a second reading.

5. Unfortunately, in the course of particular scenes the
questions arising are not always '"yes-no'" questions but also
"special” ones. Dealing with Scene 1. of Hamlet we rendered
under the heading of an etc, the following question: "What
exactly does the ghost want?" Obviously, special questions
with more than just two alternatives are more informative, by
creating more uncertainty, than binary "yes-no" questions and
refuse, therefore, to be rendered under the same heading.
Adopting a lesser evil, we have transformed special guestions
into two or more '"yes-no'" guestions, thus In the case of
Hamlet ; "'Does the ghost want to tell a secret?" , 'Does the
ghost want to make someone do something?'

6. "Yes-no" questions leave two alternatives only but
the i1mportance of the question posed - depending on the con-
sequences implied In a "yes"™ or a "no" - may vary consider-
ably. The question, for instance, whether Hamlet’s father had
been killed or not, creates far greater tension than the one
about Fortinbras attacking England or not. We must automatic-
ally give up the hope of tension-curves being capable of
indicating differences due to the importance of particular
problemse

7. Tension, then, is certainly likely to rise if there
are more problems to deal with. Prom this, however, 1t does
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not follow that tension is exclusively dependent on the num-
ber of problems. There are other essential, but not very
marked, tension-creating elements such as the distance from a
set goal or the proximity of imminent danger. At the present
time, however, we do not yet know how to measure such mental
distances. Neither do we know If it is possible, or even
worthwhile, .to measure them.

Also, we must be careful not to try too hard to give
answers to all questions for the author. The dramatist may
well leave some questions unanswered deliberately: when the
curtain falls on the end of Cid, for iInstance, we cannot tell,
at most we can guess, if Chiméne will marry Rodrigue with the
passage of a year. In many cases the auther leaves some ques-
tions open by sheer accident. Such "absent-mindedness™ is
quite frequent with Shakespeare. In Julius Caesar, for iIn-
stance, the question arises what Cicero said about Caesar 1in
his speech. Those present iIn the scene do not know since
Cicero spoke in Greek. Nor do we learn what Cicero said later
on. /Perhaps Shakespeare did not speak Greek himself./

While making the tension-curves we arbitrarily overlooked
these remote questions, for they form no organic part of the
dramatic action, so that they should not blur the author’s
endeavour aimed at the deliberate sustaining of the tension.

After so much reservation the question arises whether it
iIs worth considerable trouble making charts of the 'tension-
curves"™ of particular plays. What can be learnt from such
curves?



-14 -

We can compare the graphic layouts of three plays by
Corneille and three by Racine /figg. 4-9/ with each other as
well as with the tension-curves of three plays by Shakespeare
/figg. 1-3/. The word "tension-curve'™ must, even without
question-marks, be taken to indicate the changes i1In a certain
- primarily intellectual - tension.

Here again, one advantage of graphic representation 1is
its lucidity. Watching or reading the play, we participate 1In
the action or - 1If we preserve our objectivity and aloofness
- we follow closely the action. One aspect of the process, 1if
projected iInto space, can, however, be surveyed at a single
glance. The ™"level™, the 'decrease', the ™"increase" and the
"peak™ of the tension transforms into tangible reality from
a mere metaphor. It 1s obvious that average tension 1in
Iphigénie is much greater than in the other two tragedies by
Racine and the average level iIn King Lear surpasses consider-
ably that of Hamlet or Julius Caesar /cf. with Chart 1./.
Tension iIn Cid rises twice /fig. 4./. 1t increases evenly
during Act 11. right until Scene 6. The Count gets iInto oppo-
sition with Rodrigue and the King. The outcome of the conflict
IS uncertain. There may be a conflict between Rodrigue and
Chiméne, the daughter of the Count. It is questionable if the
attraction of the Infanta towards Rodrigue can thereby become
more hopeful. Tension rises In Act 1l1l. again until Scene 6.
and this is where it reaches its peak. Chiméne becomes opposed
to Rodrigue and herself. We do not know if "gloire”™ i1.e. the
strict law of family honour can prove stronger than love, if
Rodrigue can defeat the Moors winning thereby the forgiveness
of the King and regaining Chimene’s love.

The troughs 1n the curve point to tension-releasing,
significant events. In Cid a deep trough appears in Act



FIGURE 1.

Tension-curve of Shakespeare’s Julius Caesar
a count of "yes-no" questions arising In one
scene. Horizontal
axis: acts and scenes in chronological order

FIGURE 2.
Tension-curve of Shakespeare’s Hamlet
/cft. with fig 1/
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FIGURE 3.
Tension-curve of Shakespeare’s King Lear
/cf. with fig I/

FIGURE 4.
Tension—curve of Corneille’s Cid /cf« with
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FIGURE 5.
Tension-curve of Corneille’s Cinna /cf, with fig 1/

FIGURE 6.
Tension-curve of Corneille’s Polyeucte /cf. with fig 1/



FIGURE 7.
Tension-curve of Racine*s Andromaque /cf. with, fig 1/

FIGURE 8.
Tension-curve of Racine’s Iphigénie /cf.with fig 1/



FIGURE 9*
Tension-curve of Racine’s Phedre /cf. With fig 1/
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REGAN J GLOUCESTER
EDGAR
CORDELIA
FIGURE 10.

The "'starting position” of Shakespeare’s King

Lear; relationships of Lear and his daughters

and Gloucester and his sons resp* — 2= positive
relationship, /%= negative relationship.



Average tension
no of questions/scene

Average tension
no of questions/scene

Average tension
no of questions/scene

Andromaque

6.1
0.9

Polyeucte

8.8
1.4

Julius Ceasar

5.6
2.7

Chart 1.

Phedre
6.4
1.3

Cinna

10.3
1.5

Hamlet

6.2
2.1

Iphigénie
14.0
0.9
Cid
7.7
1.3
Lear

12.2
2.2
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Il1. Scene 7# when the outcome of the duel between Rodrigue
and the Count becomes known. Following the peak i1n Act I1I.
Scene 6. a relief is brought about by some good and bad news.
Rodrigue 1is victorious over the Moors regaining thereby the
benevolence of the King but Chiméne insists on Rodrigue being
beheaded. The tension-curve fTalls suddenly after Act V. Scene
5. Although Chiméne has still not come to a decision, yet the
tension-curve shows that there can be hardly any doubt about
the final scene, the final outcome: only one question remains
unanswered, the question with the strongest emotional impli-
cations. At the end of Iphigénie two problems remain unsolved
/Tig. 8./: Achille does not learn about Agamemnon’s unjusti-
fied reference to him in his letter to his wife, neither does
he learn about Eryphile’s affection towards him. It is likely
that in spite of this the spectator feels Iphigénie more
rounded off than Cid. This depends on whether the spectator
iIs more concerned with Achille*s reaction than with the fact
whether Achille learns about the two pieces of news at all.
In the latter case tension releases with Achille*s death. In
the former case there fTails to be a relief. Naturally, the
shape of the tension-curve is related to the way we pose the
questions.

The realness of the curve iIn Cid, however, is supported
by the fact that within the context of questions solved at
large the spectator does not feel unanswered questions open
either. Since each question has been solved favourably, the
spectator is willing to suppose that the answer to the open
questions will also be positive.

In Cinna /fig. 5/ the trough "emphasises” the scene iIn
which Emperor Augustus learns about the plot being made
against him under the leadership of Cinna. In Phedre tension
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falls in Act 11l. Scene 5« when it becomes known that Thésée
is alive and we learn that Hyppolite iIs not going to betray
Phedre. In Hamlet the tension falls abruptly when the players
perform Hamlet’s experimental play and the behaviour of the
King leaves hardly any doubt about his being guilty. In Julius
Caesar the nadir in Act IV. Scene 1. indicates that "alea
1acta est".

The differing tension-lines of particular plays call
our attention to some structural differences between them.
Cid 1s more indented than Polyeucte. Some of the problems are

solved during Act 1l. This solution, however, poses an even
greater dilemma in front of the characters. In Polyeucte the
homecoming of Sévere /Act 1l. Scene 1./ decreases tension for

the spectator realizes that Sévere still loves Pauline but
fails to take revenge on his rival. Prom this it follows, too,
that the progress of the action is determined by some other
factors. Polyeucte*s real enemy is not his rival but himself.
Questions centre around Polyeucte: will he or will he not
accept, instead of Christian martyrdom, a family happiness
that is doubtful /for Pauline cannot really overcome her
affection towards Sévere/. As a result of this tension is in
fact rising as long as Polyeucte comes to a final decision
/Act IV. Scene 2./. Prom this moment onwards no event can
prevent the gradual decrease of tension.

Cinna, Corneille’s third tragedy, differs from Cid and
Polyeucte in that i1ts peak shifts forward. Tension rises
almost without interruption as long as Cinna’s plot comes
into the open and this occurs already at the outset of Act 1V.
In the second half of the play tension is maintained on a
medium Blevel by problems arising from love affairs and di-
lemmas of the conscience right until the last scene of the
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play. Emperor Augustus hesitates whether he should take re-
venge on the plotters. Maxime, who has revealed the plot to
Augustus out of jealousy and selfish calculation, is about
to commit suicide. The trough of the tension-curve divides
the tragedy into a dramatic part and into one that is mostly
psychological.

All this 1s even more true of Julius Caesar /fig. 1/.
The peak obviously takes place in Act Il., 1.e. i1ts first half.
Following the murdering of Caesar the curve shows only a very
mild rise. From this point onwards here again the tension is
mostly psychological. In the framework of the Shakespearean
play the civil war following Caesar’s death is employed for
the sake of the punishment of those guilty. Dramatic action
here i1s the projection of psychological processes. Brutus is
defeated by his own conscience appearing before the decisive
battle in the shape of the dead Caesar. It is curious that
this structural correspondence, as manifest also in the simi-
larity of the tension-curves /figg. 1 and 5/, links two plays
with identical theses. The protagonist in both kills the em-
peror who has obliged him beforehand. It is gratifying that
it 1s precisely the curves that call our attention to the fall
of the tension for i1t is by no means obvious that the second
part, containing the battles of the civil war, should have a
smaller informativeness than the first.

The dramatic structure of Hamlet and King Lear differs
from that of Julius Caesar, among other things, In the centres
of gravity within the line of action. Both in Hamlet and in
Lear tension acquires a high level towards the end of Act IV.

The symmetry of the curve iIn Hamlet is conspicuous. But
even the more 1irregular curves do show some regularity. The
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restless, indented curve of King bear is In fact also a
rising-falling-rising-falling curve. The "restlessness' of
the curve is probably related to the fact that In Lear two
self-sufficient actions are superimposed on each other. One
of them is based on the relationship of Lear and his daugh-
ters while Gloucester and his sons stand iIn the centre of the
other. The similarity of the two contexts /fig. lo/ causes
the two actions to run parallel for a while. Both fathers
trust in their bad offspring and prosecute the good one for
which both must suffer. The two actions soon blend iInto each
other.

The main line of tension-changes divides the play into
two In most cases. It 1s as i1f the trough of the tension-
curve were fTulfilling the function of a caesura on the level
of the action. This trough - or at least one of the troughs -
falls roughly upon the middle of the play. In some cases the
bisection is astonishingly precise as in Phédre and Iphigénie
/figg. 8-9/. The function of the caesura is double: it re-
leases tension i1.e. 1t relaxes the spectator, but at the same
time 1t maintains some of the tension and creates thereby
suspense. In classic poetry the caesura usually falls upon
the end of a sense-pattern or at least between two units of
the sentence. Linguistic and metric division, however, may
clash 1f the caesura divides a group of words belonging
together. This contradiction usually reflects strong passions
and inner struggle. In a similar way: the trough of the ten-
sion-curve may coincide with the end of the act as iIn Act IlI.
of Julius Caesar, but, more often, the curve rises precisely
at the end of the act as in Act I11l1. of Phédre. In such cases
the dramatist iIncreases tension with the help of an interval
rather like the narrator making pauses before important
wordse
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The tension-curve is the function of the action. Presum-
ably, however, the action follows an 1ideal tension-curve
which influences the progress of the action, rather like the
metric pattern influences the syntactic structure of a line
of verse. The tension-curve is one projection of the musical
structure of a particular play.

Prom this, then, it follows that in most cases the ten-
sion-curve reaches zero in the last scene of the play. This
trivial fact shows that the creating and the dissolving of
tension i1s iIndeed the basic rule governing the dramatic work
and that even our very imperfect tension-curve is capable of
reflecting that regularity.

V.

In spite of the multiplicity of the curves there are
some constant individual features in the three authors*
technique of tension. It Is conspicuous that in Racine’s
tragedies tension is spread more evenly and shows a rising
tendency, or maintains a certain level, until the end of Acts
IV. In the tragedies by Corneille we have analyzed there 1is
one dominant peak falling either upon the end of Act Ill. or
the beginning of Act 1V. Two separate peaks characterize
Shakespeare’s tragedies. In Hamlet and Julius Caesar ten,
in King Lear thirteen scenes separate the two peaks from each
other, the first peak falling upon the beginning of Act II.
and the second falling upon the end of Act IV. or the begin-
ning of Act V. The second 'peak'™ of Julius Caesar 1is rather
""corroded” . On the other hand, 1In Cid a complementary peak
precedes the main peak.
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Corneille’s tension-curves differ from those of
Shakespeare less than they do from Racine’s. Prom Chart 1. it
iIs clear that In the three plays by Shakespeare 2.3 questions
fall on one scene as opposed to l.o questions In Racine’s
tragedies and 1.4 in Corneille’s. The fluctuation of tension
is the most abrupt in Shakespeare’s plays while iIn Racine’s
tragedies 1t is the most gradual with Corneille In between
/Chart 2./ Especially Cid is Shakespearean in this respect.
This 1s probably due to the fact that both Shakespeare and
Corneille are closer to 16th-17th century, dynamic Spanish
drama than i1s Racine. Even if it iIs true that from the angle
of the progress of tension Corneille is iIn between Shake-
speare and Racine we must add that he i1s closer to Racine.

A sustained tension characterizes Racine’s tragedies which
tendency i1s there also in Corneille. /We only have to compare
his tension-curves with those of Shakespeare e.g. the related
curves i1n Cinna and Julius Caesar./ It i1s as if the oxytonia
of the French language, 1ts end-stresses were leaving traces
on the tension-curves as well. Naturally, we can only suppose
an indirect link between the two levels. The end-stresses
influence the tune of the sentence directly, though, for the
intensification of the stress presupposes an increased sub-
laryngal pressure and, under identical circumstances, the
frequency of the basic pitch changes together with the sub-
glottal air-pressure. As a result of end-stressing the iIn-
formative elements of the phrase or the sentence tend to move
towards the end of the sentences the qualifier with a greater
news-value follows after the qualified word /qualified word +
qualifier, predicate + adverb/. In classical French sentences
both expression /signifiant/ and meaning /signifié/ possess
rising tensions on their levels /Kuttner 1929, Lerch 1934,
Fénagy 1. and J. 1969/. This linguistic formula may have an
impact on the "musical” techniques of authors whose mother-



Shakespeare

Corneille

Racine

Tension Fluctuations /frequency percentages of level shifts/

0 1 2 3 4 5 6 7 8 9 10 11 12 13
15.1 37.6 13-6 12.1 10.9 4.5 3.0 - - 1.5 - - - 1.5
21.8 37.2 21.8 8.9 3.8 3.8 1.3 - - - - - 1.3
40.0 35.7 10.5 7-4 1.1 1.1 2.1 1.1 - 1.1

Chart 2
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tongue i1s French. Ady’s technique of verse-construction is
also inspired by language. In his poems the function of Hun-
garian barytonia, the stress on the beginning of the word and
phrase is fulfilled by the frontal position of important mes-
sages /"l am the kin of death”, "Kills me the pig-headed
Lord", 'Paris the autumn has slipped into', '"Gome am 1 with
the interest, oh, my God" etc./ The inner form of Jend
Heltai*s poems, on the other hand, i1s more "French™, relying
on final twists.

V.

We have referred to the fact that very much depends on
whether the arising problem is solved In the same scene or
only 1n the next or perhaps only at the end of the play. Ten-
sion-curves do not indicate that. Yet, they can easily be
supplemented with charts and figures clearly representing the
duration of tension as expressed iIn the number of scenes it
persists /Chart 3, figg. 11-14/* We could perhaps call these
retardation-curves.

It 1s perhaps Shakespeare’s plays that diverge most from
the angle of the duration of delay /fig. 11/. In Julius Caesar
tension In most cases persists through one single scene, iIn
eight cases it is solved within one scene and only twice do
we have to wait for an answer through nine scenes. In King
Lear tension persisting through eight scenes is frequent,
Hamlet occupies an intermediate position: tension persisting
through 2-5 scenes is prevalent there. On the other hand,
tension released within one scene is most frequent in King
Lear. The action there is woven from two threads. One of the
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FIGURE 11.
"Retardation-curves™* of Shakespeare’s three plays.
Horizontal axis: the number of scenes through
which the author delays the solution of a
problem. O - problem solved within the same
scene of 1ts arising. Vertical axis: the number of cases.



FIGURE 12.
"Retardation-curves”™ of Corneille’s tragedies
/cf. w/ith fig 11/.

FIGURE 13.
"Retardation-curves"™ of Racine’s tragedies
/cf. with fig 11/.



FIGURE 14-
Individual "retardation-curves"™ of Shakespeare,
Corneille and Racine on the basis of three plays by each
/ct. with fig 11/.
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threads is rather like the thread in a hectic play. Soon
there 1s an extremely high tension which is duly solved - the
thread is burnt. Consider the blinding of Gloucester on the
open stage. The other thread is more durable, maintaining
lengthily a tension prevalently psychological in i1ts nature.
/Will Lear regret the banishment of Cordelia? Will he regret
the banishment of Kent? Will Albany be willing to oppose Lear
rather than breaking with his wife?/

Among Racine’s tragedies the retardation of release 1is
the most frequent in Iphigénie. His retardation-curve has as
much as two "belated" peaks /fig. 13/. Considerably frequent
are problems unsolved through 16-20 scenes and tensions last-
ing for over thirty scenes are especially conspicuous. /In
four cases tension persists through 31 scenes while i1t lasts
for 35-36 scenes iIn two cases each./ In Andromaque we mostly
get tensions released within one scene or lasting for one
scene. This 1s probably related to the characteristic, o0s-
cillating inner rhythm of Andromaque. Pyrrhus is in love with
Andromaque who devotes her life to the memory of her husband.
Hermione loves Pyrrhus who has already engaged her. We get
the following situation:

Oreste — » Hermione — »-Pyrrhus— smAndromaque »/Hector/

On behalf of her son Andromaque approaches Pyrrhus.
Pyrrhus decides to marry Andromaque and break off his engage-
ment. Desperate, Hermione approaches Oreste in an effort to
instigate hin to rebel against Pyrrhus. In another stage, how-
ever, the faithfulness of the widow gains the upper hand iIn
Andromaque, who reject the advances of Oreste. Prom this
peculiar oscillation i1t follows that tensions are solved
frequently and often they recur. It turns out that Andromaque
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is willing to marry Pyrrhus, Hermione accepts the approaches

of Oreste - only for doubts to recur: will Andromaque really

marry Pyrrhus etc, /This oscillating movement, by the way, Iis
more typical of comedies# It is rare in tragedies./

According to the retardation-curves Andromaque 1is also
characterized by more persistent tensions of medium duration,
lasting for 6-lo scenes. In Phédre, on the other hand, the
passionate nature of the heroine as well as the emotional
vehemence of the play explains why the average duration of
tensions i1s so short, as opposed to the other two tragedies
/Tig. 13/.

Among Corneille’s three tragedies tensions are released
fastest i1n Polyeucte. Perhaps this iIs the reason why contem-
poraries found it a very poor tragedy. Neither the tension-
curve, nor the retardation-curve can reflect i1ts main quality,
its psychological realism. The tendency to retardation pre-
vails much more in the more active Cinna and Cid.

Here again, i1t is worthwhile looking for constant ele-
ments typical of authors beyond the differences. Especially
conspicuous iIs the rather neat accord of the retardation-
curves of Corneille’s three tragedies /fig. 12/ i1.e. the rela-
tive frequency of tensions persisting through 2-5 and 6-lo
scenes.

By way of an experiment we have drawn up the individual
retardation-curves of the three authors on the basis of their
nine plays /fig. 14/. Here again a quantitative difference is
most conspicuous iIn that tension In Shakespeare’s plays 1is
greater. It can also be seen that the tendency to retard pre-
vails more in the French tragedies rather like i1t does within
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the French sentence. This tendency is especially clear 1in
Racine’s tragedies. Here again, Corneille occupies an inter-
mediate position between Racine and Shakespeare, but closer
to Racine.

The retardation-curves of the three authors have some
common features. Most conspicuous is the sudden fall of the
retardation-curves after Scenes lo. /fig. 14/* 1t i1s as 1if
the authors were more or less avoiding an excessive retard-
ation of relief. Presumably, relief is less effective after
a certain lapse of time /owing to the fading of memories/.
It 1s also possible that beyond this limit tension becomes
troublesome.

Before looking for aesthetic and psychological reasons
we would have to know whether we are dealing with a truly
universal tendency.

All this 1is hardly more than any spectator can "'feel',
if not know, just watching or reading these plays. In fact,
it 1s far less. The experience of the spectator or the reader
iIs the result of a pre-conscious /automatic/ analysis. And
these analyses, even i1If by no means faultless and clinically
"noiseless™, are based on programmes far more intricate and
plastic than ours.
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Here again, as in the case of comically one-sided and
poor analyses like our own, our aim has been to pinpoint and
reproduce one element of a complex process of the conscious-
ness. Together with the person who is celebrated and the
persons who celebrated him, we, too, hope that we are open to
cognition and that the activity of the consciousness, inclu-
ding psychological activity both preconscious and unconscious,
cannot be an insoluble riddle for the consciousness.
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EINIGE VERALLGEMEINERUNGEN DES ALGORITHMENBEGRIFFES

von Tamds Frey

1. Vor sechs Jahren haben wir mit Professor Kalmar erst
uber die Wichtigkeit und uUber die Moglichkeit der Optimierung
der Algorithmen gesprochen# Es wurde schnell klar, dass eine
prezise Fassung dieser Problemenschar nur dann schaffbar ist,
wenn man eine entsprechende Verallgemeinerung des Algorithmen-
begriffes angeben kann# Dies* ist nach einigen Monaten mir
gelungen, undzwar durch Einfuhrung des Hilfsbegriffes zweil
zusammenwirkender Automaten# Eine Weiterentwicklung dieser Ge-
danken fuhrte mich zur LOsung der adaptiven, d.h# lehrbaren
Algorithmen, welche die menschliche Lernprozessen wiederspie-
geln, und mit Hilfe zwei zusammenwirkender stochastischen
Automaten realisierbar sing.

2# Die zu losende Aufgabenklasse, Q 1st in dem Mea-
lyschen Aufgabenautomatenteil, A <191, X, Y, f, g> des Algo-
rithmenkompaktums K (A, B, X, Y ) dargestellt, undzwar mit
Hilfe der Zustanden des Automaten A, bzw# mit Hilfe einer
Abbildung y wvon Q in U , Das Eingangsalphabet X dieses
Automaten representiert die anwendbaren elementaren Operati-
onen des Lo6sungprozesses, das Ausgangsalphabet Y spiegelt
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die Menge der moglichen elementaren logischen Entscheidungen,
welche nach der Durchfiuhrung der elementaren Operationen die
weitere Arbeit des LOsungprozesses orientieren. Auch die
Losungsmenge R der einzelnen Aufgaben von Q 1ist mit Hilfe
der Zustanden des Automaten A representiert, undzwar mit
Hilfe einer Abbildung y von R iIn 27

Der Algorithmenautomatenteil des Kompaktums,

B , Y ni , X, h, k, b , bg> i1st ein pseudomealysches
Anfangsautomat, mit Anfangszustand bO und Stopzustand bs'
Die Bezeichnungen zeigen, in welcher Weise das Kompaktum
arbeitet. Man gibt an B einen Initialimpuls 1,, « Y, welcher
B in b4J=h(bO0, 1Q) durchfuhrt; B gibt dann den Output

k(b , 1 ). Dieser Zeichen wird in A eingefiuhrt, wo-
durch der momentane Zustand von A 1In av = f(a4 -, x4 »
durchgefihrt wird, und der Ausgang y”~1™ g(a X sich
resultiert. Dieser Zeichen wird in B gefuhrt, usf. Die
Arbeit des Kompaktums beendet sich in dem n -ten Schritt,
wenn B Im n -ten Schritt den Stopzustand erreicht, d.h.
wenn b€ ¢ s Ffur 1 =1, 2, ...» n-1, jedoch b~ =
=h(™~"" , y(n)) = bs gultig ist. Das Kompaktum ordnet dann zur
Aufgabe a”el/ldie Lodsung zu. Erreicht jedoch B 1n
endlich vielen Schritten b nicht, so iIst die entsprechende
Aufgabe ac ; mit K algorithmisch unlésbar. Die Menge der
mit Hilfe von K algorithmisch loésbaren Aufgaben (I, c ut
istAdadurch definiert, und K Tfuhrt einen jeden Zustand
ae™lin endlich vielen Schritten (undzwar in HC”, K)
Schritten) 1n einen Zustand (2)e Ol Uber; gehért nun zur
Aufgabe a die Lbsqu R (@) , so ist ~Ca) ein Element der
Menge v @) 6 2 ,

Die Gute des von K realisierten Algorithmen kann man
nun entweder durch

T = sup™ N(a, K
aéqa ( )
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("Tachebischeffache Gute” von K) , oder aber durch

S geli[bl(a, K)J

(“statistische Gute” von K) messen. Die Optimierung dea Algo-
rithmen bedeutet nun, daaa wir denjenigen Algorithmenautomaten
teil B von K - und dadurch daajenige K aelbat - auf-
suchen, fur welche T (Optimierung im Tachebischeffachen
Sinne) oder S (Optimierung Im atatistischen Sinne) seilnen
Minimalwert aufnimmt.

_rl
3. Betrachten wir nun nur die Aufgaben von OL , nicht
aber diejenigen von tl - (d.h. erfordern wir nicht,

daas die Aufgaben von N\ - \X mit Hilfe des optimalen Kom-
paktums KQ algoritmiach unldésbar seien) , so ist das Auf-
suchen von Kn - d.h. von Bn - mit der Konstruktion der
optimalen Durchfihrungexperiment fur Ul in A gleichwertig.
Wir nennen nahmlich die Menge der Eingangswirter W = IwCa")]
ae Durchfuhrungsexperiment fur Ol in A, falls die fol-
gende Bedingungen erfullt sind:

/1/ o<l{wCal)]= o<1 jw (a2)}

fur allen Paaren a-"e0l und a2e0l @O {w} bedeutet hier die
J Buchstaben enthaltende Anfangsfolge = Anfangswort = von
wE€F(X); F(X) 1ist die freie Halbgruppe udber X);

72/ o<, {w (@j} = wl(az2%)}

fur allen Paaren a0l und a2e (8 , fur welche

J-1 {sCal; wnai™} = {sCaz2>w(a2))j
gultig ist (g(a; w) e F(Y) ist der Ausgangswort von A, gene-
riert durch w £ PCX")), ausgehend aus dem Anfangszuatand aeOi

/3/ f(@@a; w@) € w@® (e 2A) ;
(f(a; w(a)) bedeutet hier den Endzustand von A, i1n welchem
der Anfangszustand aeld mit Hilfe des Eingangswortes w
durchgefuhrt wird).
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Ist nabmlich W bekannt, so konnen wir leicht (s.z.B.

[1]- [2]) einen pseudomealyschen Anfangs-stop-Automaten

B<o6, Y, X, h, Kk, bo’ bSA konstruieren, Tfiur welche

h(bQ; g(a; w(a))) B bl

gultig ist. Es sei hier bemerkt, dass die Existenz eines
Durchfihrungsexperimentes nicht 1mmer gesichert ist.

Um nun die Konstruktion des optimalen Experimentes zu
erleichtern, betrachten wir erst den Begriff des verallgemei-
nerten gemeinsamen Schnitt eines Experimentes. Wir nennen
nahmlich den Wort o(.{w} verallgemeinerten gemeinsamen
Schnitt des Experimentes W, Tfalls

/1/ "{wCan} =
fur jedem Zustandspaar N und a2eld und
/2/ Die Abbildung Ta% ;CWU(W)) von Ol in ix

umkehrbar eindeutig ist (wo f (OI; O<J(W)) die Zustandsmenge
bezeichnet, in welche der Eingangswort c*.(w) die Menge Dt
uberfuhrt , endlich

/3/ es gibt kein Index grodsser als j, fur welche
/1/ und /2/ gleichzeitig gultig waren.

Die Konstruktion des besten Durchfihrungsexperimentes
kann man nun so vereinfachen, dass man Schritt zu Schritt die
verallgemeinerte gemeinsame Schnitte dieses Experimentes fur
die entsprechende Zustandsteilmengen mit immer grosseren
Machtigkeiten aufsucht.
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So bekommt man eine grobe Abschatzung fiur SQ bzw.

V

(N - n+ + N en

+ N e n,

wo N = Z{®Il und n = Z |} < Man kann daneben die verall-

gemeinerte gemeinsame Schnitte des Experimentes folgender-

massen konstruieren. Zu jedem Wort p cCc PCX) definieren wir

eine Kongruenzrelation und eine Abbildung [3] dp von
in 1H , undzwar sei

at= a" (mod

fir jedes Paar a~£ 191 und a*e "L (e i1st der Nullelement
von P(X)) ,

cle(a) = a (fur jeden a € 190

ferner

ai — aj (mod ~px) A="[f(al; x)=Ff(a”™, x), (mod )

g(bt, )QJ und

<px(@) =" th@» X=J =
Satz 1. FUr jeden Wort p e F(X) und fir jedes Zustandspaar

A g(ai, x)

ae , und be™
fa, p) = cT™(@);
g@, p) =9, p) <=a™b (mod th*) ,

wo p* die Inverse von p bezeichnet (d.h. (pPxX)* = xpK).
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Satz 2. Die notwendige Bedingungen dafir, dass (ﬁﬁ {w} ein
verallgemeinerter gemeinsamer Schnitt‘Eines Durchfiuhrungsex-
perimentes In Bezug der Anfangsmenge x seil, sind die folgende

/1/ (mod
A A )
fur alle Paare a. eix , a. e 1D , jedoch
11 X2
i<. . W*CcCai,> ~
wenn a. N a. iSt;
X1 X2 , N
/2/ Entweder soll 19t mindenstens zweil Kongruenzklassen
schneiden (mod r"*), oder aber es existiere mindestens
A A
ein Zustandspaar a. e ix j= a. e 1 , fur welches
11 X2

* —_ *
harliy G = T @)
gultig ist.

Satz 3> Die notwendige und hinreichende Bedingungen dafir,
dass der n Eingangssymbol enthaltende Wort w ein univer-
selles Duchfuhrungsexperiment in Bezug der Anfangsmenge

sei, welches aber keinen verallgemeinerten gemeinsamen Schnitt-
teil hat, sind die folgende

/1/ a- (mod
X2
fur alle Paare a. eii o) jedoch

11

cf *Catx ) - c¢T 4 *Nai )

n_i(m* 11 n_1Wf X2
wenn a- (Da- ist;

11 X2 A

/2/ fTur jeden a™ e 19t die Relation

«V @ * t (s
gultig seil.
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Haben wir also die Menge der Kongruenzrelationen op
bzw. die Menge der Abbildungen cf fur die Worter p e PCX)
hinreichend lang dargestellt, so konnen wir mit Hilfe eines
dynamischen Programmierungsprozesses das optimalen Durch-
fuhrungsexperiment fur konstruieren.

Betrachten wir nun auch die Aufgaben von , und
erfordern wir die algorithmische Unlosbarkeit dieser Aufgaben
in Bezug der optimalen Kompaktums KQ, so soll man die
Konstruktion des optimalen Durchfihrungsexperinentes so modi-
fizieren, dass die Zustanden von 191 und \%- \% unter-
schiedbar seien, d.h. fir jeden Zustand a* e 449- 1% und Ffur
jeden Wort w(a) e W die Relation

g(@a* ; w@) o® g@ w@)
gelte, d.h.
a* ® a (mod ~wCa)) =

4. Es i1st nun leicht zu zeigen, dass alle rekursiev
l6sbaren Problemklassen mit Hilfe von entsprechend gewahlten
Kompakten mit endlichem Algorithmenautomatenteil und mit
rekursievem Aufgabenautomatenteil ldsbar sind, und auch um-
gekehrt, die mit rekursieven Algorithmen- und Aufgaben-auto-
matenteil algorithmisch lésbaren Aufgabenklassen rekursiev
sind. Jedoch mit allgemeineren Kompakten kann man auch allge-
meinere Problemenklassen l1o6sen.

5. Den stochastischen Algorithmenbegriff definieren wir
mit Hilfe zwei zusammenwirkender stochastischen Mealy-Auto-
maten. Die zu ldsende Aufgabenklasse Q 1ist Im stochasti-
schen Aufgabenteil A X, Y, P, G> dargestellt, undzwar
mit Hilfe von Belegungen P~ (191) von . Beschranken wir
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uns auf Automaten mit abzahlbaren Zustandsmengen, d.h. ist

O- - [, a2, ..., an, ...} , so kann man P~ (190 mit Hilfe
der Folge pC} eee  PA> eee angeben, wo
- OD oo
Z. n =1, R-n ~No

gultig 1st. Auch die Lodsungen representieren wir mit Hilfe
von Belegungen uUber . y ist jetzt eine Abbildung von R

in 2{b1*€r} .

Der Algorithmenteil des Kompaktums, B<GE£ , Y n i1 ,
X, H, K, bS> ist ein pseudomealyscher, stochastischer
Anfangsautomat mit Anfangsbelegung PO- und Stopzustand bs'
Die Arbeitsweise des Kompaktums ist die folgende: Der Initi-
alimpuls 1Q Tfuhrt B 1in die Belegung PN(.6) = H(PQ; 10Q)
durch, und B ergibt die Output-Belegung PMH*)= K(Po; 1Q)
uUber X; diese Belegung ist die Inputbelegung von A, welche
wird dadurch in die Belegung P~"9Q= FP*(190, P ™~ (X))
durchgefihrt, und A ergibt die Outputbelegung PA(Y) =
PAH) , P~ CX)). Diese Belegung wird wieder in B ein-
gefuhrt, usf. Der Zustand b_ hat die folgende Rolle: er
generiert zu jeder Belegung das ideale AusgangsCHull)-Element
xQ B X, und B bleibt In bg; xqg generiert In A das ide-
ale Ausgangs(Null)-Element vy , und bleibt in derselben Be-
legung, wo er war. yQ spielt dieselbe Rolle fur B, welche
XA TFfur A. Eben deswegen ist die Belegung P/ Cbs) vog b
eine nichtabnehmende Punktion von n. Existiert nun die Li-
mes belegung

P (a) = Tin P(00X)

fur irgendeine Aufgabe P (O) , so nennen wir diese Aufgabe
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durch K(A, B, X, Y) algoritmisch ldsbar. Ist der Erwar-
tungswert
E(n; Pv) = En[pM4bs) - Pn“1I\ b D]

endlich, so nennen wir die Aufgabe PY (44) praktisch l16sbar
durch K,

Satz 4. Ist (191) praktisch ldosbar durch K, so ist sie
auch algorithmisch lIdsbar durch K.

Es i1st nun nicht schwer zu zeigen, dass man eine solche
irrekursieve Aufgabenklasse, bzw. dazu ein stochastisches
Kompaktéira mit endlichem A und B angeben kann, welche die
Aufgabenklasse algoritmisch l6st. Man kann aber auch zeigen,
dass durch die mit Hilfe von endlichen stochastischen Auto-
maten konstruilerte stochastische Kompakten sind nur rekursie-
ve Aufgabenklassen praktisch losbar (Eine Aufgabenklasse
nennt man praktisch lésbar, wenn alle Aufgaben der Klasse
praktisch losbar sind).

Es sei hier bemerkt, dass man die obige Begriffe auch

fiur verallgemeinerte Belegungen EUPn = 1» 2| Pnl<®» Pn nicirt
notwendig nichtnegativ) erweitern kann.

6. Wenn wir nur solche stochastische Kompakten betrach-
ten, welche die angegebene Aufgabenklasse praktisch l1o6sen,
so kdénnen wir die Optimalitdt durch die Minimalisation von
sup E(n; P®)) (Optimalitat im Tschebischeffsehen Sinne)
bzw. von® E E (n; Py)(Optimalitat im statistischen Sinne)
erfassen. Die konkrete Konstruktion des optimalen Kompaktums
kann man ebenso algoritmisieren, wie bel den deterministi-
schen Kompakten, da die stochastische Mealy-Automaten in Be-
zug der Belegungen uber die Zustandsmenge - betrachtet als
verallgemeinerte Zustandsmenge - in Bezug der Belegungen
Uber das Eingangs- bzw. Ausgangsalphabet - betrachtet als ve-
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rallgemeinerte Eingangs- bzw. Ausgangsalphabet - lediglich
deterministisch sind* So kann man das optimale Durchfihrungs-
experiment aufsuchen, welche den Algorithmusautomatenteil
des optimalen stochastischen Kompaktums angibt. Man kann auch
solche Algorithmen angeben, mit Hilfe welcher ein stochasti-
sches Mealy-Automat konstruierbar ist, welche das angegebene
Experiment realisiert.

7. Die Struktur des deterministischen Kompaktums kann
man im Palle, wenn die Komponenten endliche, oder abzahlbare
Automaten sind, nur 'unstetig"™ variieren; eben deswegen kann
man die dadurch realisierten Algorithmen nicht zielmassig
abandern. Die Struktur des stochastischen Kompaktums ist aber
stetig variierbar (durch die Anderung von H und K); da-
durch kann man auch die adaptiven, d.h. lernenden Algorithmen
definieren bzw. instrumentieren, und gute Lernprozesse ange-
ben.

Eine tiefgehende, detaillierte Darstellung der obigen
kann man in meinem Buche uUber Optimisation und Approximation
von Automaten und Algorithmen finden, welcher iIm nachsten
Jahr bei Akademischen Verlag erscheinen wird.
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SOME GRAMMATICAL NOTIONS AND THE THEORY OP AUTOMATA

by Alla Goralcikova ,JdarmilaPanevova

The purpose of this short contribution is to show some
properties of a certain formal device that can be iInterpreted
as a generative description of natural language with certain
properties, and to point out that this type of mechanism is
appropriate for the generative description whose linguistic
and formal framework is given by P.Sgall (cf. e.g. [IJ and
other works by the same author).

A generative description - as is well known - should
specify all sentences of a given language and only those sen-
tences and to assign them appropriate structural descriptions.
The particular types of generative descriptions may differ 1in
how they meet these conditions, depending partly on the lin-
guistic conception and assumptions on which the generative
description in question iIs based. This also may condition the
choice of mathematical apparatus - e.g. the Immediate con-
stituent conception Is connected with the apparatus of phrase
structure grammars. Our system Is based on dependency syntax



-5 -

and on the hypothesis of a hierarchical arrangement of the
language system in the form of language levels each of which
has 1ts own units, which are iIn certain relations to the units
of adjacent levels* The structural description of a sentence
IS given as a sequence of the representations of the given
sentence on all levels, the representation of a sentence on
the highest level 1is the representation of i1ts semantic struc-
ture. By the means of transduction rules these representations
are transduced to lower - syntactic, morphemic, morphonolo-
gical, phonetical - levels, 1.e. to "surface" structures. Due
to synonymy and homonymy existing in natural languages the
transductions are not one-to-one mapping but are conditioned
by the context. The rules of transduction specify the relevant
features of context first of all with the aid of such notions
of dependency grammar as the governing word and the dependent
word. The transduction to a lower level proceeds from the
governing word of a syntagm to the dependent words, since the
choice of a unit - or feature - of a lower level as a rule
depends not only on the corresponding unit of the higher level
but also on the features of i1ts governing word. Sometimes it
IS necessary to take into consideration also the categories of
words dependent on the word iIn question. The dependency rela-
tion - and i1ts various kinds - on the highest level is denoted
by functors whose position In the representation of a sentence
iIs similar to that of functors in the predicate calculus; the
functors are transduced to the lower level as syntactic sen-
tence parts. The linear representation of the sentence renders
both the structural relation of elements - the dependency re-
lation - and the linear order of these elements - which may

be iInterpreted for instance as the deep or surface word order,
according to the level concerned.

Every level has i1ts alphabet and thus the sets of repre-
sentations of sentences on every level can be understood as
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languages of a special type; iIn the process of generation the
procedure of translation from one language to another iIs then
concerned* A suitable mechanism for such a procedure 1is
supplied by the theory of automata. In Chomsky’s theory of
grammar the relationship between grammars and types of auto-
mata has been used in the general theory of grammar, e.g. for
the evaluation and comparison of the strength of grammars.
However, we want to show that the use of the theory of auto-
mata 1In theoretical linguistics may be deeper and that it may
serve directly as a basis for a mathematical model of linguis-
tic description, which enables to define explicitly linguistic
notions concerning individual levels, including such notions
of dependency syntax as the governing unit - head - and the
dependent unit - adjunct.

Before we can proceed to characterize the formal prop-
erties of the given mechanism, we have to adopt the following
notational convention: the symbol O denotes the empty set.
"Ac B" i1s read "A is a subset of B for any non-empty sets
A, B". Let A be a non-empty set. Finite sequences of elements
of A composed from symbols In A by an associative operation
of concatenation denoted by a juxtaposition of symbols will
be called strings over A. Strings will be denoted by under-
lined letters from Latin alphabet. In the sequel, the follow-
ing notation is used: if B O is a set of symbols, then B*

is the set |[b*/ bc bJ. For J = 0,1, ... ,4 Aj and Fj are
finite non-empty sets such that A*c A J12 ¢ At cC A4* The
sets AN and for j = 0,1, ...,4 are all pairwise mutually

disjuncte

The system concerned consists of a context-free phrase-
-structure grammar G and of two ordered pairs of pushdown
store transducers (henceforth pdt) = (™MM-1 T2k) "or k=I»2.
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The notion of pdt is used in a form similar to that of Evey
[2], hut for the sake of brevity, i1t was slightly modified.
The concrete shapes of G and ™ for j = 1,2,3,4 are described
in [1I] and [3]-

We shall now define the sets L2k and L for k = 1,2.

Definition 1.

(1) A2kC L~;
(i) If u,v(T L2k, fe P2k, then uvf, uvf’e L2k;

(i11) L2k contains no other element.

Definition 2.

CO A2k-1 C L2k-1* A2k-1 c L2k-1~
(i) If u,v e T e F2k-"1* Tien e L2k-1"

(i11) bDX;-1 contains no other element.

For 1 = 0,1, ...,4 elements of the sets and A? will
be called terms, elements of the sets F* and F* functors,

elements of the sets L2k for k = 0,1,2 phrases.

In the article [3] it was proved that every pdt T for

1 = 1,2,3,4 has as i1ts input language the set and as iIts
output language a subset of the set , and that L¢, i1.e. the
language generated by the grammar G iIs a subset of the set Lg.
Thus, 1f we denote the input or output language of Tj for

J =1,...,4 by the symbol ~L. or °Le, respectively, we can
formulate the main result of”|3j as follows:
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In the system described, is interpreted as the tecto-
grammatical level of the description of a natural language#
That part of the output language of or H2 which is the
result of translations of strings in by or by the se-
quence of H. and H2 1s interpreted as the phenogrammatical or
morphemic level#

Definition 1. and the results of [3] give us the shape
of a representation of a sentence on different levels of the
description# For a phrase w_in Iy or w in L2k ™ it is possi-
ble to define some notions that are commonly used iIn linguis-
tic descriptions of sentence structure. A more detailed ac-
count of these notions and of their application iIn the gener-
ative description is given in [4].

Definition 3.
(i) Let w £ L2k and let w = a for some a In A2k# Such

a term a i1s called the governing term of w.

(i1) Letw £ L2k and let w = uvf or w = uvf*. Then the
governing term of v or that of u_ iIs the governing term
of w; the governing term of u or that of v iIs the term
left-dependent or right-dependent on the governing term
of w with regard to the functor f or f*, respectively.

Definition 44§

(i) Let w € "2k-1 and — = a for some a in A2k-1™ A*2k-1*
Such term a is called the governing term of w.

(i) Letw £ and let w = fuv. Then the governing term

of v Is the governing term of w; the governing term
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of u (henceforth b) i1s the term dependent on the gov-
erning term of w with regard to the functor f. When

b € Agk-IL or D e A2k-1" we 3lia¥l sPeak oi> "Ke term
left-dependent or right-dependent on the governing
term of w, respectively.

It 1s intuitively evident that i1t is possible to assign
to every string of the language for J = 1,...,4 a depend-
ency tree (a graph of the type specified in 8§ 2.2.2 of [I] in
such a way that there exists a one-to-one mapping between
these graphs and the strings of the given language.

A more detailed examination of these questions and a
proof of the existence of a one-to-one mapping between a
certain set of dependency trees with labelled nodes and a
language Ly similar to a language L”~, can be found in [5] .

Example.

Let w € and w = abcffdef’f. Then according to
Definition 3. the governing term of the string def* (hence d)
will be the governing term of w. The governing term of abcff
will be a term left-dependent on d. Similar considerations
concerning the strings u = abcff and v = def* lead to the
following graph representing the structure w:
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AUTOMATION OP ANALYSIS AND CLASSIFICATION OP FOLK-TUNES
EXPERIMENT 1: COMPARISON NOTE BY. NOTE

by Istvan Haimo s

Hungarian ethnomusicologists have been dealing with the
characterization - nowadays we say: modelling - of folk-
tunes for 60 years. When folk-tunes are characterized,
several of their features - such as rhythm, meter, pitches,
range, end-notes of the lines etc. - are marked with figures
and letters. These marks are applied @) to characterize a
single time with the help of as many features as possible
- this 1s analysis; (1) to sort out a large number of tunes
according to one of these features - maintaining that common
features gather common times and different features separate
the differing ones. Thus B.Bartok made a rhythm+meter system
of ten thousand Hungarian folk-tunes and Z.Kodaly made a
system of the end-notes of the lines of more than ten
thousand times. That’s what we call classification, (iin)
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Analysis and classification unite when (several musical)
indices are used In musical collections (books) for looking
for single tunes.

During these 60 years Hungarian ethnomusicologists have
naturally learned the bounds of these means. (@) A single
feature does not gather all the analogous tunes and does not
separate all the not analogous ones because the identity of
the tunes remains iIn spite of the change of a single feature,
(i1) At the same time we cannot counterbalance this phenome-
non by piling the features because the area of the search
would thus be restricted and the sources of errors would
cumulate, (a11) Thus the musical relationship cannot be
generalized either by the absoluteness of a single feature
or by summing up several features. With the help of musical
features tunes could be divided into crude groups only to be
analyzed later by hand". Analyzing the tunes one by one,
some iIntuition IS necessary to observe their relations. Then
musical features help again the iIntuition to determine these
relations. Intuition usually means iIn this effect the
recognition of the decisive significance of a single musical
feature 1In a single tune.

The aim of the experiments with computer were analysis
and classification and indices from which here we report one
experiment on classification. More or less we knew that we
should not solve or replace intuition in a single step.
Solving would have ment to find cure-all deciding the rela-
tionship of tunes. To replace: this was our aim. We 1magine
to approach the opportunity of automizing classifica-
tion of folk tunes step by step.
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An experiment for comparison note by note.

The materials of comparison. One of the greatest family of
the Hungarian folk-tunes called '"Peacock'™ consists of 31
types and hundreds of songs. Example No 1 shows the original
folk song which was arranged by Kodaly in the well-known
"Peacock variations™. Mr. Olsvail picked out 31 tunes from
many others to characterize the types. In our experiment we
used the first four types from that of 31. See: Types Nos.

1 - 4 of the 'Peacock™ in Example No 2. From the first two
lines of the 4 types we made 10 melodies, or motives or
unitSjconsisting of 4 bars of 2/4 metre each. See: Motives
of the experiment Nos +1-+10. The subject of the experiment
was the 296 tunes i1n Volume 1 of C.Sharp’s English Folk Songs
from the Southern Appalachian Mountains. We wanted to learn
whether such motives or similar ones existed iIn this English
collection. The second aim was to learn whether the way of
comparison note by note was effective.

The method of comparison, (1) The comparison took place
note by note. For example, when a Hungarian motive consisted
of 11 pitches the computer first compared i1t with the pitches
Nos 1-11 of an English tune. Then followed the V° n2th
pitches of the English tune, then pitches Nos 3-13, 4-14
etc. At the end of the English tunes pitches of diminishing
number were compared with each other, (i1) Instead of
pitches, in fact, the iIntervals were compared. The computer
transformed the pitches iInto intervals subtracting the
neighbouring pitches successively. Thus we received the sets
of iIntervals from the changes of the ascent, descent and
level of the pitches. These were "relativ tunes'™. See:
Figures below the Motives Nos +3, +7 and + 10 in the
Example No 2. By means of this method comparison could be
carried out in any ranges of the English tunes. fin)
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Rhythm and bar of the Hungarian motives were ignored and the
intervals were left over alone. Rhythm bar and the mark
of the end of the lines of the English tunes were ignored,
the i1ntervals and the marks of the end of the tunes were
left over. Conditions (ii1) and (iv) narrowed - or enlarged!-—
the search to the melody paying no regards to rhythm, +form,
and line, (v) 60 per cent i1dentity was stipulated to be a
threshold. When the computer found 6 iIntervals out of 10 to
be i1dentical - the place was iIndicated . All the 10
Hungarian motives were being looked for in 296 English tunes.

Results of comparison, (i) 166 identities of 60 per- cent
or higher percentage were found and we received the data of
these places as followes: number of the English tune, number
of the Hungarian motive, the identity iIn terms of percentage,
the number of the comparison and a mark when comparison took
place at the end of the English tune with less iIntervals,
see: Example Ho 3- (11) The highest percentage received was
76*9 1In a single case, this was followed by 72*7 per cent in
two cases; 60 per cent was shown in 122 cases which is the
overwhelming majority of the cases analysed.

The experiences of the experiment analysing the English
tune Ho 49 K and i1ts relatives shown by the computer, see
Example Ho 4* (i) 3 1identities were shown by the computer
fin angular paranthesis] , 2 were missed (in round paranthesis)
because of programming that didn’t take Into consideration
the repeating places of the English tune. The identities
referred to the Hungarian motives Ho +3, +7 and +10. Cii) We
can state of the musical examples that the English tune and
the types of the 'peacock™ aren’t either common or similar in
spite of the i1dentities shown by the computer. These identi-
ties cannot be recognized from the whole tune either, (iin)

In the next examples the parts paralleled are picked out
of the whole
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tune and placed together. On the basis of the examples and
figures that marked the intervals we can point out that the
computer did consider the conditions and the i1dentifications
are iIn existence. But in spite of this there i1s no musical
relation between the melodies and even the recognition of
identities needs concentration; see Example Bo 5. (iv) The
recognition of the i1dentities iIs easier 1T the melodies have
a common rhythm. Example Bo 5 shows the English times with
the rhythm of the Hungarian motives, (v) Common rhythm
dissolved also the differences iIn structure; the Hungarian
motives are musical units)lines, the English tune-parts,
however, don’t start at the beginning of a line and don’t
end at the end of a line, (vi) Summing up: as many common
musical features (like structure of the tune;structure of
the line, rhythm) as possible were added to the English
tune-part, thus the identity with the Hungarian motives
became more recognizable.

The evaluation of the comparison with the'percentage
method"—-this is an Immediate consequence of the note by note
method—is very problematic. 100 per cent similarity certainly
means absolute relationship between two melodies, but 75 %
similarity meansno relationship at all. Does it mean that we
have to increase the identity beetwen 75 % and 100 % to
reveal any relationship? This method wouldn’t correspond to
our experiences iIn analysis and classification! Let us
consider the 90 % - 80 % - 70 % etc. correspondences. For
research purposes we alter the intervals i1n motive Bo +3*

In the example Bo 6 only one interval differs from melody
Bo +3, so identity is 90 % beetwen them; in the example

Bo two i1ntervals differ from Bo +3 with an identity of
80 %. And this is followed by melodies with identities of
70 %, 60 %, 50 %, 30 %, 30 %, 50 % and 10 %. We can draw a
lesson from the examples that variants from Bo 6~ to Bo 6"
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with 50-0 % identities are more similar to motive No +3 than
the variant No 62 with 90 % identity and much more similar
than the variant No 6™ with 70 % identity.

The note by note comparison seems to be unsuitable for
the recognition of the relationship of tunes. Intuition
rezognizes i1n a trice real identities and strangenesses that
were totally missed by the research with percentage method.

In a second experiment we started on another basis: we didn’t
want to devise a method for the comparison of all kinds of
times but we formulated the most general characteristics of
the Peacock tune family. We may report on this experiment on
another occasion.

Having stated the unsuitability of the note by note
method for the comparison of folk-tunes we have to form an
opinion concerning the i1dentities which were nevertheless
revealed by the program. A small and hardly recognizable
identity of tune-construction may be discovered™this doesn’t
come, however, from a definite type of tune. One of the
possibilities is that pentatonic music - if a large enough
set of intervals is considered - by all means gives shorter
or longer common melodies..






GENERATION OP NOMINAL CONSTRUCTIONS IN
HUNGARIAN

by Gyorgy He Il 1

According to the transformational linguistic theory the
competence of a native speaker can be modelled by a recursive
system of rules, which enables him to understand and produce
in a finite organism an infinite number of different sen-
tences. This fTinite system of rules gives theoretically a
certain type of the abstract automata and so it can be used
as a program for computers. Machine experiments are not only
good proofs for the theory but they also check how right our
ideas are about the regularity of a linguistic expression.

The following Hungarian nominal constructions are gene-
rated as linear structures without transformational rules [I] -
It is known that by this way of generation substantial gram-
matical relations between the constituents remain unexplained,
nevertheless the explication of the regularity in the linear
connexion imports great values for language teaching.
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The nominal construction in Hungarian may contain the
following word categories: nouns, adjectives, attributive
nouns with formatives -i, -s, -0, -U, participles and adver-
biale# The attributive complement line before the head noun
can be very long# Theoretically there 1s no limit for such
constructions even when in Hungarian only two nouns iIn geni-
tive can be concatenated to a third, because innumeral par-
ticipai constructions can be placed before the head constit-

uent.
The possible nominal construction in Hungarian
where
X a the head noun In the construction,
T = "a”, ™az”, "egy" /definite and indefinite
articles respectively/.
Xn
A
Ad] Xn A
Adv. A
Xn Adv. A
where
Xn = numeral,
A a adjective,
Adv = adverbial.
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/As you can see, repetition of adjectives, what iIs gramma-
tical In Hungarian, is here excluded,/

Pa
where
N = euffixated noun,
= noun with formatives n-s", n-in, "-U", "-u",
Pa B participle.
where

= noun without any suffix,
= noun with the suffix '"-anak-a', n-ének-an”

B the possessive suffix on the head noun of the
construction,

B Indefinite article or definite article i1f there
IS no proceeding HG.

The program was written in COMIT. Por having a more
convenient form, Tfirst the above given linear rules were
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transcribed by V. Yngve into the tree construction shown in

Table 1,

In this scheme:

KOI1A or KOI

NOM2
KO3

KO 2

« exclusive disjunction,

= ... 1f there ... connection,

®

transcription ,

gives the line Adj + K,

gives attributal nouns on -i, -s, -u, -d,
gives a genitive concatenation of two
nominal constructions /K0OQ +

gives the participai construction.

Por reasons of simplification the formatives -0, -u are
expressed as -UB»

the possessive ending i1s -A.

The noun complements to the participles bAATOO =

B /»seeing'/,

given suffixes:

1IROO /"writing”/ may have one of the seven

- T /accusativus/, -BAK /inessivus/, -BOL /elativus/,
- 1IG /terminativus/, -TOL Zablativus/, -ROL /delativus/,

-KAK /dativus/,

them.

So e.g-

but the program has some restrictions on
nouns with suffixes -ROL, -KAK are accepted

with the participle LAA.TOO, nouns with suffixes -T, -IG
are possible with 1IRO0, etc. Other restrictions are
imposed on the attributive nouns with the formatives
-UE because they are grammatical only if there is also
an adjective before them.



NO%A
NO1

JTOML MNA
NIM  MjJA

EGY MN
SZAAZ

MADJ
ADV  ADJ

r
NAGYON 5:3}?; FEJ
ALIG

/NO1
MN A
\SUF1

NO1 A

A

(MN B
SUFI

SUEIA
SUFI

Table

NO3 NO2
NOLAC  NOMS PARTI NN 1 SUF2 .6.7
NOIEI.AB LINOMl A ASPP % i
mi
V PART2 NN 1 1,4
2 2,3,6
1 la
NO2a " NO2B
(5 SUF2A PA - NOZC
sy~ b——1FF-—-—-1

PAL PARTA NA NO3
- BAN  Apv PARTA

- BOL ,
G PART

- TOL LAATOO
- ROL 11RO0
- NAK
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Some of the generated nominal constructions can be seen

on the following pages [2],

NOTES

[1]

[2]

The author i1s indebted to the kind help of Victor Yngve.
The program was written and run in the Institute for
Computer Research, The University of Chicago, I1l1l1inois.2

The program was completed in a very short time /a couple
of hours/ and due to this through the recursiveness of
/1/ under NO2 the repetition of the definite article

was permitted, what is ungrammatical In Hungarian.
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n KfckT SZAAZ FEJA
A f-tJ SZAAZ ZUEIC FEJA

a szaaz fuiai vaakosoan ilic”" hruo bl egy zuelo vaahus szaaz
AZ EGX FtJl fcGY ZULLO KfcKT

Sza‘vaauqsi egy fej

FtJ

AZ Atlli VIDAAV Kt4iMLL 4L1G AZ 11KUU «ew I

az au« z0ét.D vaakust auG Laaicu vaarus

a szaaz vidaam Vvaa«OSUE szaaz vaakus

FtJ

EGY VIOAAM -VAARGSUC SZAAZ VAAAUS

a nagycv ylopam vaakcs

a SZA4z "iAGYUN ZUtLU KCKTKUL U 11KUU a FIATAL KEUT L-GY KEKTA
KL»T

A SZAAZ VIU.AAM FtJ FEJNT ALIG LAAIUU FtJ

EGY FIAtrtL VaARUSUE CGY KE«T

az tr,Y ylogaM vaamis egy vaaausa

az fcGY VAARUS EGY NAGYON ZUELD FfcJA

a SZAAZ FEJ EGY KEWTA

A SZAAZ ALIG ZUtLD FtJtS SZAAZ FtJ

a FIATAL VAAKUSIJAN ALIG Az 11KCU A VI DAAM VAA4US VAAKUSA

vaakusa
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49

50

51

52

53

56

55

56

58

59

60

61

62

4 Sitit kicrT Fovy Vicaagw KEWTANK w~acvon J1/
EGY NAGYON VITMJAH KERTTOL NAGYON Al I1KUU KKK f
A SIUM VAARUS ALIG IUELO VAARUSA

A VAArtQS

SZAAZ FI1ITAL VAAKOSUE SZAAZ VAAKGS

4 SZAAZ KERT SZAAZ VIDAAY FEJA

A SIAM FiaTAL vaakus SUM «ktHiA

NAGYON FIATAL KERT

Al ecy keutr STAAl kekfA

SZAAZ NAGYON FIATAL VAAKUS KE«TA

A SIAAl VvIUAAL FEJES SZAAZ NAGYG;4 ZGELD KER I
il tey kEeRrT

EGY ZOELU KERT NAGYON FIATAL VAAKUSA
VICAAM KERT

il EGY NAGYON T 1ATAL FEJUE EGY ALIG FIATAL
FEJI SZAAZ FEJHOL AZ 11 KOD A FEJ EGY FEJA
A SZAAZ VAAKUS SZAAZ VAAKUSA

AZ EGY FEJ V 11)4AT' VAAKUSA

A KERT FEJA

EGY KERT

VAAROS

HROU KEtH

FEJBOL
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69
70
71
11
73
A
75
76
7
78
79
80
81
82
83

AA
AZ

EGY VIUAAM VAARUSFS SZAAZ FEJ

SZAAZ N U O ZUELU KfcRIVIE SZAAZ KERTIUL AZ 1 1RUIl SrANr ALIG FIATAL KLK T EGY K(KTN
Al £6Y NAGYUN FIATAL VAARUS SZAAZ NAGYUN FIA IAL KL1.H17

FEJ

A SZAAZ V104 AM KERTES SZAAZ ZOEU) KERTBAN AZ 11KUO A SZAAZ FIATAL KERT SZNA/ ALIG FIM AL KEKIA
A 5zAAZ ZUEIO VAARUS EGY HJA

A szaaz KERI SIAM FEua

EGY FEJ EGY FIATAL FbJA

fcGY KERT

FIATAL FEJ

SZAAZ VAAROS VAARGSA

AZ ecy ALIG VIiOAAY KERTUE EGY ALIG ZUGIU KERTIG LAATIJU KERT
KERI

FEJES KERT

AZ EGY KtR T NAGYCN FIATAL KE'RTA

A KEHI

A VAARCSUAM NAGYGM LAATUO AZ EUY NAGYUN VIUAAR VAARUS VAARUSA
EGY VIUAAM FelJ FIATAL KERTA

SZAAZ ALIG VI1DAAF KEHIE3 SZAAZ FIATAL FEJ

EGY KERT EGY FIATAL VAARUSA

AZ EGY ZUELI) VAARUSES SZAAZ NAGYON VIOAAM KERT

A SZAAZ FIATAL VAARIISES SZAAZ ALIG FIATAL VAARUSROL ALIG AZ LUK1W SZAAZ VIOAAM VAARUS EGY VAAKUSAUOL NAGYIN
ITHCC FEJ

00
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COY ALIO HAI AL KtRTA

86 AZ tor ALIO M AUL VAARUS EOF VIUAAM FEJA

87 Al EOIr FEJbS EOr ft JAUL NAGYONM IIKUU A HAIAL fU COI FEJA
88 A FEJI tor vicaar FEJI vtaaivu FEJ

84 A SZAAZ FEJ 10T ZUFLU IfcJARUL AZ 11KOI» K J

90 A szaaz ZUELD FEJUS COY viuaam FEJI NAOYUN Laaur) FEJ

91 KtRTFS VAAHObD

92 KEHt

93 A KF.RI

94 EOY V1CAAM FCJ FEJA

95 A KERTES KtRTT NAGYON LAATCU SZAAZ KLKt ALU. VIDAAM KEKFAT At
VAAROSA

96 FEJ

97 az ecy FEJ rFriaTaL VAAKUSA

98 A Kt«T SZAAZ VAAROSA
99 AZ EGY VAARUS FIATAL KF.RTA

100 A SZAAZ KERI
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K KNACCUOUKALWMN PYCCKUX TNAITONOB MO YCEUEHHOM OCHOBE /YO/
W.AHowKa

I. Knaccugunuupysa pycckue rnarosns B 1952 rogy, aBTOp Ha-
cTosie cTtaTbu npecrnegoBas ydyebHole uenn [i] . 3Ta pabota, of-
HakKo, MNOCNyXuna OCHOBOW ANA Kraccupmkaumm BeHrepckKux rnaro-
nos [2] B uenax ee nNpuMeHeHUsA MNpyv MaWMHHOM 00paboTKe rnarosb-
HOro mMaTepuana CEMUTOMHOIO Tonkoeoro CJ/IOBAPA BEHIE€pPCKOro A3bl-
ka /TCEA/, Konnektus, noarotoBuBwuiA maTepuan TCBA K mawmHHOMN
o6bpaboTKe noa pykoBoacTBOM ¢ _Manna, NOCTOSHHO 4YyBCTBOBasl MNO-
MOWb W MoAAEpPXKY CO CTOpPOHbl akagemMnka Kanbmapa. byayyn uHUUK-
aTtopoM U BAOXHOBUTEs/IEM BCEX HauduMHaHU B 06N1acTU MaT/IMHIBUCTU-
KA B Hallel cTpaHe, Jl.Kanbmap He MOr He oOKa3aTb BJ/IMAHUA Ha
(popmupoBaHue ®._.Manna Kak maT/MHreucrta. o¢_llann aABnseTca aBTO-
pOM MHOrMX paboT no nonynspusaunum v BHEAPEHUK MaT/IMHIBUCTUKU
B BeHrpun. OH aBnsieTca aBTOPOM Kaccupukauum pPyYCCKUX rarosios
no YO [3J , HanuCaHHOW KaK B Y4YeOHbIX uenax, TaK U A/ BO3MOX-
HOro ee MNpuUMEHeHUst Npu MawuHHoM cuHTe3e [4] . HacTtoswas pabo-
Ta - MonbiTKa BHECTU HEeKOTOopble Mpen/siokeHua Nno ycoBeplieHCTBOBa-
HUI0 Kiaccugpmkaumm pycckux rnaronos no YO, v, B CBOW o4epejb,
OHa AB/IAETCA Takxe pe3y/nbTaToOM TOro njao40TBOPHOro B/AUAHUA,
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KOTOpOe oKa3a/l M OKa3blBaeT Ha OTEeUYEeCTBEHHYKW MaT/IMHIBUCTUKY
akagemuk J1.Kanbmap.

2. Knaccunpukauusa pycckmx rnarosnos no 70 ocHoBaHa Ha
HATUAX 70 /2.1./, cTaHpapTHLIX Gopmoobpa3sywumx cyphpukcos
CoC /2.2./, cTaHAapTHbIX JIMYHLIX OKOH4YaHuin CO /2.3./ n cTaH-
AapTHbLIX uU3MeHeHunin CW B cTaHgapTHbIX mectax CU /2.4./.

2.1. 70 - 3TO Ta 4acCTb rnarosibHolX (OopM, KOTOpas OCTaeT-
cs Heu3MmeHHoi nepen COC wnm npetepneBaeT nuuwb CK B CA. 70
OKaH4uMBaeTCs MO0 Ha rfacHbii 3BYK /rnaronsl I-oro cTpyk-
TYPHOro kKnacca, BHYTPU KOTOPOro BbIAENANTCA Crefywlme noatpp-
nel: a/ unta-Tb; 6/ nme-Tb; B/ Ne-Tb; r/ rHN-Tb; A/ 6pN-Tb;
e/ Kpbl-Tb; 9/ Ay-Tb/, nubo Ha cornacHelh /rnaronsl 11-oro
CTPYKTYPHOro kKnacca c nogrunamm: a/ w-Tc-aTb; 6/ Mon4y-aTb;
B/ roBop-wutb; r/ KpukH-yTb; A/ Bua-etb; €/ Kon-o0Tb/. Kak
0COO6bIl TpeTuin Kacc BblAeNAeTCA r/1larofibHblidi TUM TuUNna pPUCOoBaTb.

2.2. E kauvecTtBe COC BbigensawTcsa cnepywuue gpopmoobpasyt-
wmne cyppukeol ¢®C: (T3 ,{L.} , {$.} , BoicTynawwne wmexgy 70 n CO
n peannldyemble B ABYX BapuaHTax / 6> ,<i_y u </> pna rnaro-
noe l-oro knacca K , <Al> U <0> pana rnaronos 1ll-oro
Knacca; ™I B cumBosiax obo3HayaeT /b0 N3 nepevncrieHHbIX
FNacCHbLIX: o, e , i, m, o/ .

2.0. 00 - aTO ABa psAfga /NYHLIX OKOHYaHU A1 HacT, /n

npoctoro 6ya./ Bp. u3bvaBuT, Hakn.: I/ -, -0s, -of, -oOT,
-ofce, -ui gna l-oro cnpsxeHusa /1-ii knacc wn nogTunel a/, r/,
e/ 1l-oro knacca, a Takxe rnsarosil Tuna pucosatb/ n 2/ -u,
/<, -ti, -Lnm, -Lt"e, -ai pgna ll-oro cnpsaxenua /6/, B/,

A/ noatunel 1l1-oro knacca/.

no-
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2.4. CUN - 3TO o6A3aTefibHble U3MEHEHUSI KOHEYHOro 3ByKa

nnn 3BykKocodeTaHun YO. 1/ gna 1-oro cnpsixeHumst Kb —b 7,

p-pl\ m-nnl"=; 5, ch-si z, O, a ~z / d mHorga =zd /;

t, k-~c fb nHorpa sc /; si - si”; e -0; i~ «) /nocnep-
Hee C/l nocne TBepAabiX cornacHolx peanunsyertca kKak [b] - [o] 7/

n 2/ pna 11-oro cnpsxeHmsa K b -b ", p - pi\ m-mL \

\/- vL\ f-FL" i S~5, zZ ~z, si~sc, t~c / MHoraa

s¢ /, d-z. zd-1id">.

T pna C - 3TO NuYHble Hopmbl HacT, /un npocTtoro 6yan./ Bp.
N3bsAB, HaKN., HOpPMbl MoBesnl, KakKn., AEeNCTBUTE/NbHbE W CTpag, NpuU-
yacTums, a TakKke K geenpumyacTtme HacT. Bp. ANA rnarosioe 1l-oro
cnpsxeHna n 1. n. ea. 4. KacTt, /v npoct, 6ya./ Bp. W cTpaj,
npuyacTtue npow. Bp. Ana rnaronos I1-oro cnpsxeHus.

2.5. bee rnaronbl, He BXxoAsuWue B CTaHAAPTHbIE TWUMbl, ABNA-
KTCA HecTaHAapTHbIMM. HecTaHAapTHble rnaronb AensATcs Ha Tpu
Knacca: rnarofisl ¢ OAHOM HecTaHAapTHOM OCHOBOW MNpeacTaBsanT
COO0 HecTaHAapTHLIA Knacc nepBOM CTeneHu, C ABYMSA HecTaHagapT-
HbIMM OCHOBaMM - HecTaHAapTHbIA Knacc BTOPOWM CTeneHn, a C Tpe-
M HecTaHOapTHbLIMM OCHOBaMM - HeCcTaHAapTHLI Knacc TpeTbeh cTe-
neHn. Kaxaplh HecTaHAapTHbIM KacC BKwYaeT B cebs MNOATUMbI.

3. Knaccunpmnkaumsa pyccKux rnarosioB, W3JI0KeHHaa B npegbiay-
lem NyHKTe, B3sTa U3 nocnegHen paboThl ¢.Manna /Kypc.../, B
KOTOpPOW MO CpaBHEHMW C Krnaccuhukauumein B ero nepBbiX ABYX pabo-
Tax Nerko OTMEeTUTb HEeKOTOpble YCOBEpLEeHCTBOBAHUA . Cornac-
HO o6len TeHAeHUMU 3TUX YCOBEPWEHCTBOBAHWUM M B HaCTOsSUWeENn pa-
60Te OyayT BbiCKalaHbl HEKOTOpPble MNpPeasioxXeHust No AaslbHenwemy
.YCOBEPWEHCTBOBaHNI KNacCupukaumm pycckux rnarosios no YO.

3.1. Cpean nogTunoB l-oro crtaHgapTHoro knacca /Y0 c Ko-
HEYHbIM rnacHeiM/ B nepsBbiX ABYX paboTax /1932, 1963/ ¢urypupo-
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Ba/iM ewe u rnarosibl Tuna 6utb co CN ux 70 <1 -j ) [ANA KacT.
Ep. (b"L-j° - bj-ut) . Bugnmo, rnaronsl Tuna 6uUTb ObIIN U3BATHI
U3 cTaHgapTa He MOTOMYy, UYTO B HUX MMESI0 MeCcTO WU3MEeHEeHWe He
ki.za-y , a (i- ®) (bl~bb ~ bp-j-ut) , uto, B KOHeuHom cue-
Te, MO/IeHO O6biI0 6w BKIWYUTL B cnncok C/, a noTtomy, 4YTO pacnpo-
cTtpaHeHunem CI gna CK Ha gpyruve ¢opwmel rnarosioB I-oro cnpsixe-
HUA, B TOM 4YuC/ie N Ha (POPMbl MOBENUTE/NIbHOIO HAK/IOHEHUSA, BbIAC-
HUNOCb, 4TO TYT WUMEEeTCA WN3MEeHeHue ( L*%b) ONA OCHOBbLI HacCT.
Ep* m (L~g) pAna OCHOBbH NOBEIUTE/IbHOIN0 HaK/IOHEHUS .

3.2. Kpyr CO®C co BpemeHM nepBbiX ABYX paboTr ®¢.lanna He
6ol pacuuvpeH. Eo Bcex ero paboTax rosoputcda, 4YTO MO obpasuy
BblAeNeHHbIX Tpex COC ana OCHOBHbLIX r/larofibHbIX HOpbl /IerkKo npuco-
eanHAawTcA K 70 n EC gpyrux rnarofibHeix opm. OpgHako, y4yeT BcexX
EC, wunmewwux MecTo npu obpasoBaHUU OCTaslbHbIX rNarosibHbIX (opM,
noaTBepxgaeT 3TO MNpennosiokKeHne He MOSIHOCTbIo.

Kpomve C-C {1*} , fa.} , {j} . ANA OCTa/lbHblX rflarofibHbiX
hopm wnmewTca cnepywwme EC: {£$3} ANA [AeCTB. nNpuy. npega. Bp. ,
(Nj wnu {T]1 [ANA cTpag, nNpuy. npow. Bp., [£]1 A4NA Aeenpuy.
npow. BpP., {5C3} [AN4 AelncTB, nNpud. KacT. Bp., {M} ANA cTpag,
npuy. HacTt, Bp., [A]l AN4 Aeenpud. HacT. Bp. U (3} ANA No-
BenuT. Hakn. OgHm EC s w , [13, (83 /, wvmMea nNo ABe (OpMbl A1
peanndauumn /(fs /. (t) . (f) nocne 70 C KOHEYHbIM rJjlaCHbIM W

nocne 70 C KOHeYHbIM corfiacHeiM/, npucoean-

HATCA K 70 Tak e, Kak m CoC {1-1 W [Lj , gpyrue *C s (5¢J,
Ly, [&}., W /, peanunlyemble B anomoppax / <fuse > . <joém >,

ana 70 C KOHEeYHbIM T/lacHbM M B anomopdax K use/asc X
(oT/Lm), /a), (o) Ana 70 C KOHeYHbIM cornacHoeiM/ - kKak CoC
ocHOBbl KBOT. Bp. Fil . Tlpu 3TOM (use Y u Kot Yy npubaeBnawTcsa
K 70 rnaronoB I-oro cnpsxeHua, a Kkasc ) K (im ) - K 70 rna-
ronos l11-oro cnpsxeHus.
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¢®C {N} , KpOME rnaronoB Tuna roBOpUTb, NpucoegnHsieTcs
K YO Tak se, kKak u CoC fZ71 e TO eCTb B BuAe K.n_.y WIN (An Y .
K YO rnaronos Tuna roBoputb 3TOT OC npubaBnsiercsa B BUAE He
(Gin'} , a <on> C npejwecTByWWEN MArKOCTb, 4UYTO U TpebyeT BBE-
OeHnst ocoboro npaeBuna ans obpasoBaHUA 3TOW rAarosibHOWM (HOpPMbI
/CM. roBop-vTb, FroBop-wi, rosop-wusBwun, ¥Y-rOBOP-/B, HO po-
roBOp-€eHHbIi/. Kpome TOro, Heob6xogumo pewnTb, SABAAKNTCA /M oba
¢C cTpag, MNpuy. nMpow. BpP. CTaHAApPTHLIMW, WM CTaHgapTeH TOo/b-
KO OAMH 13 HuxX. OpgHako, nNpu3HaHWe cTaHfapTHoOCTU Ans oboumx OC
BfledeT 3a coboi y[ABOeHMe KOoNmMyecTBa CTPYKTYPHbIX riarosibHbiX
KnaccoB; oOTpuuaHue se cTaHgapTHocTu TC [T] Bhi3Basio Obl U3bA-
TMe N3 cTaHgapTa He TO/IbKO rnarosibHelX TUNOB O6pUTb, KPbITb,
OYTb, KONOTb,HO N TUMOB KPUKHYTb U UMETb /pedyb uaeT O rnaro-
Nle rpetb, OCTa/lbHble rflarosill Tuna MMeTb HenepexoaHbie/ .

Kak BungHO, npu ydyete Bcex OC BbIACHAETCH,NYTO B KayecTBe
ONCTPUOYTUBHLIX ®C He [OCTaTOYHO BbLIAENUTb TONBLKO TpuU cyfiukca,
a HeobxoAaMmMo BBECTU U 4veTBepTbin OC IN] WM T . NMonHaa 3a-
meHa OC wu cyppukcom w)y wam w He uesiecoobpa3Ha, Tak
Kak He Bce rnarosibl /ToNbKo nepexofHsie/ obpal3ywT cTpajaTesb-
Hble npuyacTua. C yyeToOM 4yeTbhipex AUCTPUOYTUBHbLIX 3/IEMEHTOB
cTaHpgapTHole YO, BbigeneHHole O._llannom, MOXHO pacnpefennTtb Te-
nepb MO Knaccam, yKa3aHHbM B Tabnuue,/cM. Ha cTp. 95/.

3.3. [Ba Habopa CO He MeHA/UCb W He AO0J/IKHbl MEHATbLCA.

3.4. Kak yxe Ob10 OTMeYeHOo, u3 cnucka CU 61MNo n3bATO
n3veHeHne L-~jy /TouyHee, Fi-&¢) /. HO B HEM OCTa/IUCb elle ApPY-
rve HeTOYHOCTWU.

a/ lMNpexne Bcero HyxHo BBJ/ITu B cnucok CU gna rnaro-
nos l-oro cnpaxeHna CAl kwk, -sc ) /rnaronbs TUNa njaeckaTb
n ceuctartb/ . Naron uckartb M3-3a POPMbl UCKOMbIE B 3TOM Ccny4ae
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nmMbo oKaxeTcsa 3a npegenamu cTaHgapTta, nAnbo 6yaeT npeacraB-
NATb coboil ocoboe UCKIYeHue .

6/ XenaTenbHO TakKXe BKIWUMTbL B cnucok Civ ans rna-
ronoe l-oro cnpaxeHua CU KL— Ly W Kr -r*) /rnaronss Tuna
KONoTb M nopoTb/ . lpaBga, B 3TOM C/lydyae rsarosbs opaTb, XpaTb,
BpaTb OKaxyTcAa 3a npegenavmu cTtaHgapTta /cm. opy, opyT/. [OnAa
NMMCbMEHHOW pa3HOBUAHOCTU HeT HeobxoguMmocTu npeanucatb CU
K p ~p*Y WU (a - y, TaK KakK pas/unyve rnarosioB Tuna KoO/0Tb
W opaTb MOMYYNT CBOE€ BblpaxXeHne B NPUCOeAVHEHUU pa3HbIX PA[oB
OKOH4YaHuii: I/ -£, -ewb..., -yT; 2/ —1O, -€lb..., -TOT.

B/ TRAO YTOYHUTb M cnmcok CU gna rnaronos 1l-oro
CNPSAXEHUA- MOXHO, KOHEeYHO, OTB/IeYbCA OT TOro, 4YTO BCE W3MEeHA-
emMmble corsiacHole B KOHue 70 MArkuve, Kpome rnarosia cnatb, Tak
Kak BBefeHMeM TaKoro npasu/ia CTaHOBUTCHA BO3MOXHbIM 0603HayaTb
N3MeHAeMmble corsilacHole KoHua 70 O4HMM U TeM Xe 3HaKOM, MNpUHA-
TbiM 0719 0603HayeHUs TBepaplX cornacHeliX. bonee cylwecTBeHHONW MNO-
npaBkn TpebywT, opgHako, CN d~E£vy , €zd ~zd 'y : T/ Kzd Yy
N3MEHAEeTCHA B Kl’y /rpapuyeckn 3%/ ana l.n.ep.d.blact.Bp. U
- B nona cTpapg -npud.npotn.Bp. ; 2/ (d ) W3MEHAeTCs B

z/zd Y /cp. ¢ CU Kkt - c/sc Y /, ogHako, B TO Bpewmsi, Kak Cl
Kt~ c/scy OCylecTBnaeTca Kak ansa X.n.ep-d., Tak U gns
cTpag.-npuy.npoun.Bp. nméo kak CU kjt —¢Y , nmbo Kak kKt ~sc Y ,
Ch Kd ~ zjzd Y ocyuwecTtBnsetrca ana T.n.ea.d. Bcerga Kak usme-
HeHne Kd-zY ,a gna ctpag.npud.npou.Bp. mbo kak Kd-ry .,
nméo kak Kd~ zdy .

r/ ''CBegeHvem B cnmcok CW gna rnaronoe l-oro cnps-
xeHus C/ Ko™a -m Y rnarons TMna pucoBaTb CBOOOAHO BK/YaKwTCA
B I- CTPYKTYpHbIN KfiacC CTaHOapTHLIX r1arosos.

Mockonbky CU Kt -co/sc = W Kd —z/zd > , nmelowme mecTo
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npn topMmoob6bpalzoBaHun KakK rnaronos l-oro, Tak m ll-oro cnpsa-

XeHu, He auddepeHuMpoBaHb NO rpynnaM rnarosoB, LUenecooo6pas-
HO gatb cnuUcokK rnaronoB ¢ CM (.t -scy U <d -zd } . Hake pa-
€TCA CNUCOK rnaronoB C ykasaHHbiMMm CW, MnOoTOMYy 4YTO WX KO/MNYEeCT-
BO MeHblle, 4YeM KosxxyectBo rsiaronioB ¢ C (t ~C vy N <d -2y .

Fnaronmsl ¢ CU <d - zd ¥ :

I cnpsxeHue: cTnagatb /TOMBbKO MpU apxanyHoMm yrnoTpebne-
HUM; unHaye 6e3 CU: cTpapgan), cTtpagaeuwb U T.4.7; 11 cnpsxeHne:
BO30yAuMTb, 3arpaguTb, HacnaguTb, ocBo6OAUTbL, OCYAUTb, OXna-
onTb , nobeanTb, y6eanTb, NoBpeaAuTb, NpeaynpeanTb, NPUHYAUTb,
poanTb, yTBEpPAUTb, ydypeanTb /B l,n.epg.4v.HacTt.Bp. wumeetcs CU
/&-2z/ , HO MHOIrmMe M3 3TUX rNarosioB BOBCe He 06pa3ynT (QopMsl
ona 1 .n_.ep.y,kact.Bp./.

Fnaronsl ¢ CH <b ~1c ¥y =

I cnpaxeHue: KneBeTaTb, ponTaTb, TpenetaTtb ; 1l cnpsaxe-
HMe: ocBeTUTb, oboraTnTb, BO3BpaTUTb, U3BpPaAaTUTb, OTBPaATUTb,
npeBpaTtuTb, pas3BpaTtuTb, COBpaTUTb, 06paTUTb, MNOrNOTUTb, MNO-
3NaTT*Tb, NPeKpaTuTb, COKPaTUTb, YKPOTUTb, BO3MYTUTb, CMy-
TUTb, BOCMNPETUTb, 3anpeTuTb, NOpaboTUTb, OCBETUTb, OCBATUTHb,
NOCBATUTb, NOCETUTb, HACLITUTb, BOCXUTUTb, MOXUTUTb, PaCXu-
TUTb , 3alUTUTb, OAYTUTbL. [lpyrne obpa3oBaHMA OT HEKOTOpPbLIX U3
nepeyvYncrieHHbiX OCHOB - MYTUTb, 3aMyTUTb, HaMyTUTb, NOMYTUTbLCHA,
CBeTUTb, 3aCBeTUTb, NOCBETUTbL - UMewT CU <t ~c/

OTHocuTtenobHo CW cnepyeT, HakoHel, OTMETUTb, 4YTO B C/y-
yae gupgpepeHuympoBaHHoro npeanucadHna CU gna YO rnarofibHbiX Tu-
NoB NucaTb W KOJMIOTb K rsiarosbl Tuna opaTb OCTawTCHA BHYTpU
CTaHfapTa. Bnpoyem, [O0/MKHB cUMTaTbCA CTaHfapTHLIMA U bCe rna-
rosnsl Il CTPYKTYpHOro Tuna, pja~e ecnm B HUX He Habnwpaetca CU
NOTOMY, U4TO KOHEYHbX* cornacHb‘ 3BykK YO npeacTaB/fieH Mbo He-
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N3MEHSIeMbIM COrnacHeiM - (j ,ny , a Takke ~Jr™ Ana rnaronos Tu-
na BpaTh, cv. sgy-ai’, SO\ W-atv s'g{f ,— 6o co-

rnacHelM Win co4dyeTaHumem cCorsjlaCHblX, ABAANOWUMMU PEIY/IbTATOM Cu
< Z, \S/, é; \)/(O‘, $sCc CY, Zcl~at\ p"ibC-at"~ da.rzat", rzsat\

ucit\

OTHocuTenbHo dT ana CW o._Mann oTmeyaeT B Kypce...
/ctp. 345/, 4uTto npm obpa3oBaHunM cTpag-npud.npow.Bp. CA nmeeT

MecTo He Ana Bcex rnaronos 1 crpsxeHusa : "YBUAEHHbIN, TaK See:
3acnaHHbLIn 1M HeKoTopble apyrve” . fleno B ToM, 4TOo CW ponuHO
MMeTb MecTo nepeg cyppukcom Fony , cnegoBaTeflbHO, Npu rna-

ronax c COC mHpuHUTMBA OLi:y.

Fnaronsl se |1 cnpsxenns co COC uHhMHMTMBA<AE> unn<alr>
B 60/bWMHCTBE CBOEM /MO0 SABMAKNTCA HENEPEXOAHLMW, B pe3ynbTaTte
YEero OHM M He 06pa3ywT cTpagaTeNbHbIX NpuYacTuii, nMbo 006pas3ywT
LaHHoe npuyacTue nocpeacTsom COC<an> unau <<rm> . TONbKO Tpu
rnarofibHble OCHOBH - 06uAeTh, (ow)cuaets n (HA)BepTeTb - 06pasy-
0T cTpag, npuy. npow. Bp. C nomowbl COC O on > . Coga Xe NpPUMbI-
KaeT eAWHCTBEHHHI rnaron | cnpsxeHna nokonebaTh.

3.5. E pe3ynbTaTe BBeAeHUA B KadecTBe guphepeHumpyluero
COC u 5C [N} waw {23 p[na cTpag.npuy.npon.Bp. He c T aH -
AapTsb wu e rnarosas M Bnpeab MOryT ObiTb pa3meleHs B Tpex
Knaccax; pamKu HacTosluehn paboTbl, OAHAKO, He MNO3BOMASKT Mpo-
aHa/inanposaTb K 3TU TuUMbl rarosios.

4. Knaccupukayma pycckmx rnarosioB no YO yxe pgaBHO cny-
XWUT YycnewHomy rnpenofjaBaHuNi0 PYCCKOro fA3blKa. TakK xe YCMEWHO
OHa Ob1a ucrnonb3oBaHa M MNPUM MaWWMHHOM CUHTE3e MNOBEJINTE/IbHOI0
HaknoHeHus [4] . /KoHe4yHO, YyKa3aHHble Bbllle HegoCTaTKM Crnucka
Ch pann npn aTom o0 cebe 3HaTb: MawuHa BblgaBana (POPMY Lsei.
TO €eCcTb nNpumeHsana TpaHchopmaumiw no CU (xk~cY , a He no CHU

-1a) ; npu cuHTe3e noBes, HaK/IOHEeHUs Obln OBHapyXeHbl n
Apyrve HegocTtaTKu, Hanpumep, A8 rnarosioB CToATb, 60ATbCA
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Nno nepBOHa4danbHOW MporpavMme MawuHa ob6pa3oBasia *wpru nosen,
HaKNOHEHUS stoji, bojis* BMECTO MnpaBu/ibHbIX hopm 5t0j.t

bojs*a ; ANS1 rnarofqioB B Tuna HanouTb, NOC/Me BHEeCeHust nornpas-
KA B NporpavMmy Ansi rnaronoB CTOoATb, 60ATbCsS, MawuMHa obpalyeT
HenpaBW/ibHbIE ““OpbIM napoj - MNPaABWUIbHO: nopojl ; YKa3aHHble He-
[JOCTaTKM nporpamMmbl Ansi CUHTEe3a MOBENNTE/IbHOr0 HAaK/IOHeHus, of-
HAKO, Tak."Ke BbIXOAAT 3a pPaMKW HACTOSIEN pasorw u CBSA3AHbL C

HEN TONMbKO KOCBEHHO/. [lpegnaras B HacToslen paboTe HeKOTopblie
yCOBepLEeHCTBOBaHNUA B Knaccudmkaumm no YO, aBTop, XOTen Obl
cnocob6cTBOBaTh e€lle 60nee ycnewHomy WCMNoSib30BaHUKW AaHHOW MO-
Oenn KaK B WKO/bHOW MnpaKTUKe, TaK W Mpu MalMHHOM CUHTEe3e.

Tabnuya

70 Knacc O6pasey 60 M 1] M rrj i~}
PV +* A" L AL 0 An ot At j O

l. nve-Tb - h - + ~ + - 4 -

2. ne-Tb 4 * - + - + - + ~
? 1/a 3. 6pu-Tb + - 4 - 4 - 4 -
4. Kpb-Thb t + = 4+ - 4 - 4 -
»gb 3. Ay-Tb - - + - L&~ - 4 -
K I. ukTa-Tb -t -+ -+ - + -
XO 1/6 2. pucoBa-Tb + - . 4 -
3. TFTHU-Tb - + - 4- - 0 — 4 -
- 11/a I. KPKKH-YTb - -+ - - 4 - 4
@ 2. KON-0Tb 4 - + - + - 4 - +
e 1176 I. nuc-aTb 4 - o+ - + 4 - +
@ ]JjB l. Monu-aThb + - + - + - + - 4
2 2. BuUpg-€Thb 4 - + - + - 4- - 4
o) 2. ToBOpP-UTb + - + - + - 4 - +
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CATEGORIAL EXPRESSIONS OF THE N:TH POWER

by Hans Kar l gr en

Summary

In previous work, the KVAL group has designed efficient
procedures for finding all solutions of a given catégorial
expression. These procedures are based on the assumption that
denominators are single symbols; each cancellation operation
then i1nvariably concerns a pair of two single symbols, and
the analysis may as a whole be described as a 1*1 assignment
of denominators and numerators.

In the present paper, catégorial expressions of the n:th
power are defined. It is shown how any set C of catégorial
expressions with arbitrary denominators can be mapped into a
set C* of n-power catégorial expressions so that C* is equiv-
alent to C in the sense that for each solution of any sequence
u over C there exists a corresponding solution of the corres-
ponding sequence u* so that we may solve u* and use the re-
sult to find all solutions of u.
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With the aid of these concepts the conditions for para-
site expression are defined 1n the terms of the power of the
expressions.

Standard Catégorial Expressions

Catégorial calculus is a kind of algebraical grammar
where the grammaticality and the grammatical type of a se-
quence of words i1s derived by simple algorithms from the
grammatical class codes assigned to each word In the sequence.
These class codes and the sequences of them are called caté-
gorial expressions. Catégorial expressions are either single
symbols or consist of numerator/s/ and denominator/s/,
numerators and denominators being in turn catégorial expressions.

The analysis of a catégorial expression consists of con-
secutive cancellations of pairs of one numerator and one corres-
ponding denominator, until the expression has been reduced
to one of a set of catégorial expressions which indicate sen-
tence type. Cancellations can normally be performed iIn a
large number of alternative ways. Each sequence of cancella-
tion operations which reduces the expression to a type desig-
nation said to be a solution of the expression. An expression
may have zero, one or more solutions. An expression with zero
solutions 1is said to be ungrammatical.

In previous works, the KVAL group has designed efficient
procedures for finding all solutions of a given catégorial
expression. These procedures are based on the assumption that
denominators are single symbols; each cancellation then invar-
1ably operates on a pair of single symbols, and the analysis
may as a whole be described as a 1:1 assignment of denominator
and numerator atoms of one single symbol”™ or derived, 1i.e.
consisting of sequences of expressions of the form
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a/b
or
b\a
where a and b are in turn catégorial expressions.

There are two and only two rewriting rules, namely the
following two cancellation rules;
a’/b b- >a
b b\ a- >a

In general, to each word one out of several alternative
expressions may be assigned; each string of words therefore
represents a large number of catégorial expressions. Por prac-
tical purposes, the catégorial calculus must therefore be ex-
tended so that i1t operates on sequences composed of vectors
of catégorial expressions and the selection of one element
out of each vector the cancellation operations must be inte-
grated into one efficient procedure, as suggested iIn, e.g.,
Catégorial Expression Analyser KVAL Interim Reports No. 32.
In our present paper, however, we need not be concerned with
such complications since that extension Is as easy and as
difficult whether we use standard or n-power catégorial ex-
pressions .

The restraint that denominators must be atomic may seem
severe. We may justify it in three ways;

a) We may say as in "Slant Grammar Calculus™ KVAL’s
Report to the International Conference on Computational
Linguistics in Grenoble 1967, that no generality i1s lost since
for any given catégorial expression E containing a denominator
/b or Db\ where b iIs not an atom, we may replace the denomi-
nator /b or b\ by /x or x\ , respectively, where X iIs an
arbitrary atomic symbol which does not otherwise appear in E,
if we at the same time exchange one of the occurrences of the
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subexpression b 1n E by Xx; since such a replacement is gener-
ally possible in many different ways, we will thus produce a
family of expressions to be analyzed. If we proceed so for
each non-atomic denominator in every expression, we will have
produced a set of expressions with*atomic denominators. Each
of these expressions can be analyzed by our procedure, and
the result may easily be interpreted as solutions of E. /7 IT
we use the vector notation mentioned, we replace E by one
non-linear expression, E*, where for each b 1n E we have in-
serted (b,x)/.

b) We can design the set of catégorial expressions so
that complex denominators need never occur. Thus, if the caté-
gorial expressions assigned to a word are derived from a
phrase structure grammar over the language, no complex denom-
inators need ever be iIntroduced. As has been pointed out by
Professor Kalmar in a discussion - this means a real restric-
tion on the set of catégorial expressions.

© We can translate the catégorial expression into an ex-
pression over a set of n-power atoms, apply our algorithm on
the translation and translate the result back.

We shall now first define n-power expressions and a
mapping of standard catégorial expressions into them. We shall
then show how the solutions of the translated expressions
relate to the solutions of the original expressions.

N-power Catégorial Expressions

By n-power catégorial expressions we shall mean expres-
sions of the form d**where a is either one letter out of a
given alphabet or a sequence of n-power catégorial expres-
sions and 1 1s an arbitrary integer. For these expressions,
the following cancellations rule applies

ai+l .0
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where 0 is the empty string. In this calculus, the distinc-
tion between numerators and denominators iIs no more relevant:

al may be cancelled by a*+1 to the right or by ai-1 to the
left.

We can derive an associate n-power expression from a

standard catégorial expression by applying the following
rules :

a— >a iT a 1s a single letter

/a — > (a)+1 . . n
if a Is any n-power expression

a\ -+ (a)"1

@ ai+n

An arbitrary n-power expression can be reduced to one
with only atomic cancellands by applying the rule

ix+ 1 12+] V=3 if j is an
al a2 an even number

in+j in-1+J if J 1s an
an N - *** al odd number

Examples:

a/b — >a°b+l

a/ (be) — >a°c+1b+l

c a/(b/(c d)- >e 1a0 (c d)+2b+1 - >e~la°c+ld+2

Here, the distinction between numerator and denominator
iIs no longer adequate, since a* except for maximum and minimum

i can be cancelled by a preceding a™+1 as well as by a fol-
lowing a*” ™.
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Prom the definitions it is clear that to every solution
of the original expression there corresponds a solution of
the translated expression in the following way. Let us define
a solution of a catégorial expression as a set of pairs* 0",
R)! such that a and ft are substrings which have cancelled
during an analysis according to the cancellation rules and a
remainder t such that t is a member of a given set T of type
designations. Por every solution <" (t > of an expres-
sion u there then exists a solution <I(«*E1 t > of the
translation u* of u such that t* is a translation of t and
1(06;83) ! can be divided into subsets UWE\]@)! such that
d\ dJ ... is a translation of ?@and & f ... is a transla-
tion of t.

IT u contains no denominator which in I1ts turn contains
a nominator, every solution of u’ also corresponds to a solu-
tion of u, but iIn the general case u* may have solutions
which correspond to no solution of u:
a/Cb/c) b/d d/c does not have the solution < {(/id);/QOGQCD)! a>

but aOEleﬁogldocl does have the solution 4ibb 1,cc ! a >

and a/(b\b) has no solution unless It Is In 1ts entirety in-
cluded in T whereas a™b”™b0 has the solution< Ib™b" 1, a> .

Given the solutions of u* i1t Is very easy to produce the
corresponding solutions, if any, of u. The algorithms based
on atomic cancellands, then, are of general application,
since any catégorial expression may conveniently be trans-
lated Into a suitable n-power expression with atomic can-
cellands and the results can be retranslated into solutions
of the original expression.
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Parasites

The translation Into strings of atomic n-power expres-
sions provides us also with useful criteria of parasitic ex-
pressions.

We say a string clis a prefix parasite if of is ungram-
matical for every continuation T of the given string . Simi-
larly, we say that cfis a suffix parasite IfT £ is always un-
grammatical and that it is an infix parasite 1f no addition
at either end can produce a string which is grammatical.
Linguistically, a prefix parasite represents a sequence of
words which is neither a sentence nor a beginning of one ; a
suffix parasite iIs neither a sentence nor a possible sentence
end; an Infix parasite Is neither a sentence nor a fragment
of any sentence, so whenever we find an infix parasite we
need iInvestigate no more to conclude that the string it ap-
pears in Is no grammatical sentence.

It is clear that 1f no restrictions exist on the set C
of expressions assigned to words, that is to the expressions
given iIn the catégorial lexicon, no parasites exist: for any
expression £ may then be cancelled by the denominator /6 orf£\.
But 1T we know the highest and lowest power of each letter 1iIn
the lexicon Cwe can immediately say that

£ axl N 1isa suffix parasitein relation toC
N =N yd iIs a prefix parasitein relation toC
B=x"£y™ 1san Infix parasite in relation to G

iT C 1s irreducible and if 1 1s the highest power occurring
with X and j the lowest power occurring with j in the whole
lexicon.






NOTES CONCERNING THE LEXICALIST VERSUS
TRANSFORMATIONALIST POSITION

by Ferenc Ki1iefer

In early works on transformational grammar 1t was
assumed that syntactic transformations are the appropriate
means to generate derived words and compounds (Chomsky 1957}
Lees). The transformationalist position has been extended to
quasi-productive derivational processes by Lakoff. The syn-
tactic treatment (transformationalist position'™) has been
critisized by Gruber and Chomsky 1968, The alternative posi-
tion, the lexicalist position, claims that word formation
should belong to the lexicon rather than to syntax in view of
the abounding i1diosynchrasies which characterize word forma-
tion. In my opinion, the transformationalist position overes-
timates the morphological, syntactic and semantic irregular-
ities In word formation while the lexicalist position under-
estimates the regularities. It should be made clear that
all the attempts which have been made so far to account for a
larger portion of derivational processes aim at a description
of word formation in English- English seems to be particu-
larly complicated iIn this respect. One should, therefore, be
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cautios iIn drawing conclusions that affect the whole theory
of grammar on the basis of data drawn from English. In this
paper some arguments will be given which show that regular-
ities are more common than assumed by the lexicalist position.
It will also be made clear that there are certain problems in
word formation which can only be accounted for in the lexicon.
Data will be drawn from Swedish. It will be stipulated that
the two positions can and should be reconciled. In view of the
limited length of this paper 1 must be content to give the
main lines of the arguments.

There are three suffixes iIn Swedish with the meaning
"eis possible to do": -bar, -lig and -abel/-i1bel. These
suffixes can be attached to transitive verbs and are In prin-
ciple productive. It would be wrong, however, to attach all
three suffixes to all transitive verbs and leave 1t at that.
Traditional grammars of Swedish often observe that the dif-
ference between -bar and -lip; seems to be a question of lex-
icalization. While the meanings of the adjectives in -bar can
fully be accounted for by general rules, this is not always
the case with respect to the derivatives in -lig. Also, -abel/
-ibel are not attachable to genuine Swedish (i.e. Scandinavian)
words. Let us first turn to the question of the syntactic
source of these suffixes. One possibility would be the fol-
lowing. We may observe that sentences with the auxiliary kan
(can) and the passive morpheme (s or bliva) are paraphrases
of sentences with copula + adjectives iIn -bar, -lig or -abel/

-1bel.

Consider
Det kan flyttas Det ar flyttbar
Det kan delas Det ar delbar

/11 Det kan réaliseras /bl Det ar realiserbar
Det kan saljas Det &ar suljbar

/1/ /a/ and /b/ may have the same underlying structure, for
example, /2/:



S
/2/
Predicate-Phrase
Aux VP
Aspect MV UP

Possibility V Passive

where we have two possibilities: Possibility can be realized
as kan and Passive as s or bliva /for simplicity’s sake we
neglect here the different conditions which determine the
choice between these two passive morphemes/, alternatively,
we may get for PossibilityfPassive a derivational suffix D
with the following characterization:

D

+V
/31 +Ad]

+Possibility
+Passive

where the surface form of D will be determined by morpholog-
ical rules, /3/ can be considered as a lexical entry for the
suffixes -bar, -lig and -abel/-ibel. The rule which spells
out D 1s a morphological rule. The choice between the possi-
ble suffixes is determined by phonological and morphological
conditions.

/1/ We shall first discuss the suffix -abel/-ibel. This
suffix can only be attached to verbs ending iIn -era. They are
of foreign origin (Latin, Greek).



_no_

Consider:

/4/ acceptabel, diskutabel, presentabel, rekommendabel,
reparabel

The suffix -ibel is a variant to -abel:
/5/ disponibel, konvertibel, surgestibel

Notice Tirst that the distinction between the Latin -are and
-era verbs has been neutralized in Swedish:

disputare disponere
demonatrare discutere
76/ recommendare accipere
transportare convertere
suggerere

The corresponding Swedisch verbs are:

disputera, demonatrera, rekommendera, transportera,
diaponera, diakutera, acceptera, konvertera, suggérera

Accordingly, the distinction between -abel and -ibel is also
often uncertain in contemporary Swedish, some speakers would
not be able to see a difference between, for example,
konvertibel and konvertabel, disponabel and disponibel,
though no Swedish speaker would say *reparibel, *trafikibel,
*transportibel« We have an iInteresting interplay here between
morphological features of Latin and inherent phonological
rules of Swedish, For simplicity’s sake we may assume that
the distinction between -abel and -i1bel can be accounted for
by an arbitrary morphological feature which Swedish i1nherited
from Latin,



/ii1/ More important, at least from our point of view,
is the following observation. Verbs iIn -era can generally
take the suffix -bar and they never take the suffix -lig.
While -abel/-i1bel is added to the verb stem, the suffix -bar
iIs attached to the infinitive form after the deletion of the
unstressed vowel ending "a, e.g.

/7/ kontrollerbar, realiserbar, genererbar, demonstrerbar

We may claim that alongside of /7/ we also have

/8/ kontrollabel, realisabel, generabel, demonatrabel

even 1T these forms are not attested in Swedish. Wo doubt,
they are possible. In the same way as we do not use all the
sentences which are possible i1In our language, we generally

do not exploit all the possibilities provided by the rules

of word formation operative iIn our language. Whenever the

need arises we always may have recourse to these possible

but not yet used forms. We may very well claim that for all
-era verbs the suffixes -bar and -abel/-ibel are mere variants
of each other.

/1i1/ The differences between the suffixes -bar and -lig
are much more intricate. We can only take up a few points
here. While the suffix -bar seems to be fully productive
this i1s not the case with -lig.

There are some phonological restrictions which block -lig.
Consider:

skiljbar *skiljlig
saljbar *saljlig
79/ delbar "deliig

valbar "vallig



-12 -

These phonological restrictions can easily be formulated.

The details need not concern us here. Another type of
restrictions can be found in the following case. Verbs ending
in consonant cluster + unstressed a where C2 1s 1 or n
neither -bar nor -lig is possible:

*odlbar *obllig
*vaxlbar *vaxllig
*utvecklbar *utveckllig
*intecknbar *intecknlig
*beraknbar *beraknlig

This seems to contradict to the statement made above about
the productivity of -bar. Swedish has, however, a device to
get rid of the unwanted consonant clusters. Instead of /10/
we have fTorms with -bar like:

odlingsbar vaxlingsbar
/11/ utvecklingsbar inte ckningsbar
berakningabar

In other words, first a morphological rule must obligatorily
apply which attaches -i1ng. The morpheme s is automatically
inserted between -ing and another derivational suffix or
stem morpheme. In the case of /11/ we thus have a phono-
logically conditioned morphological rule. The underlying verbs
need not be marked as exceptions. With this qualification we
may claim that the suffix -bar is fully productive. In addi-
tion, we may claim that the meanings of the adjectives In
-bar can fully be accounted for by the structure /2/ plus
the meanings of the stem morphemes. This is not the case
with respect to -li1g, however. The meanings of the adjec-
tives In -lig are often partially lexicalized, 1.e. only a
portion of the meaning can be accounted for by /2/ plus the
meanings of the stem morphemes. Very often the lexicalized
meaning 1s entirely i1diosynchratic. Compare atbar and
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atlig both meaning edible but atlig has the additional mean-
ing that the food is not poisonous. The difference between
b6jbar and bojlig /bend/ is that only the latter can be used
in an abstract sense. Consider;
/a/ bojbar metallplatta
bojlig metallplatta
/b/ bdj ligt sinne
bojlig manniska
One may stipulate that the lexicon should contain only deriv-
atives which have lexicalized meaning. Perhaps all adjectives
in -bar can thus be eliminated from the lexicon. Por the
lexicalized information /morphological, syntactic and seman-
tic/we could claim that what we have iIn the lexicon Is just
the phonological matrix /for the purposes of i1dentification/
and precisely this lexicalized information. We would thus
have ;

atlig bojlig
/13/ <not <Abstract>
poisonous>

All other information can be provided by syntax; the fact
that -lig 1s an adjectival suffix, and a large portion

of the semantic material inherent In the stems /at and
b6j/ and the suffix -lig. By taking this course, we can
easily measure the grade of lexicalization. The more infor-
mation is needed iIn the lexicon, the more lexicalized a
derivative is. Furthermore, iIn the case of a clash between
syntactically obtained information and lexical character-
ization, the latter overrides the former. Examples of this
kind abound but we cannot go into details here.
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It should be made clear that sometimes even lexiealized
meaning can be accounted for by a general rule. Take, for
example, the adjectives markiig, beklaglig, beromlig, alsklig
which are synonymous with markvardig, beklagansvéard,
beromvard, alskvard. In other words, we have en evaluation
aspect here. Notice, however, that this i1s so only iIn case
of certain verbs expressing emotion, judgement, etc. The
evaluation aspect can perhaps be derived from the semantics
of these verbs + -lig.

It seems to be safe to conclude that even -lig 1is
productive, though there are quite a few restrictions imposed
on the generation of -lig. If we are able to formulate these
restrictions, however, then they should by no means be
considered as a support for the lexicalist position.
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TOPOLOGICAL MODELS
FOR
THE ROMINAL BASES IN HUNGARIAN

/Semantic and Formal Analysis/

by Jolin L o t z

There are 14 nominal bases i1In Hungarian [1]. A few words
have variations in certain forms, such as birdk biradk
“judges* and lakasotok N lakastok *your (pi.) apartment *(and
for this reason i1t is not easy to define exactly how many
members a Hungarian nominal paradigm has); there are also de-
fective paradigms, such as Apenninek “the Apennine mountains’
which only occurs in the plural and nyugton ’at rest” which
occurs only in a few suffixed forms. These cases, however, do
not affect the problem of the nominal bases, because they
give information (archaic, popular, stylistic, isolated)
about the stem and not about the grammatical categories, which
IS our concern here.
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The complete analysis of the nominal bases requires
three components: 1. semantic analysis; 2. morphemic analysis;
and 3. the analysis of the relationship between the two. Por
the sake of simplicity, as a point of departure let us start
with the following paradigm in the nominative:

1. ha,16 ’ship* 8. haj ok ’ships *

2. haj om my ship”’ 9. haj 6im my ships’

3. hajadd your Csg») ship” 10. hajoid your (sg.) ships*
4. hajéja ’his, her ship* 11. haj oi ’his, her ships”’
5. haj 6nk our ship”’ 12« haj 6ink ’our ships”’

6. hajotok ’your ("pi.) ship* 13. hajditok ’your (pi.) ships”’
7. hajéjuk “their ship”’ 14 = haj 6ik >their ships”’

I. The semantic analysis requires that we determine the
general meaning of each form of the paradigm; determine all
relationships among the elements; and list the meaning varia-
tions present In the elements [2]. In other words, a struc-
tural semantic analysis aims at a complete description of the
relational network which exists among variative classes of a
defined linguistic system.

a. First, let’s oppose semantically the first and the
second seven-element subsets: 1 -7 versus 8 - 14. This oppo-
sition is characterized semantically iIn that the class on the
right-hand 3ide is used when two conditions are fulfilled:

i. there are more than one of the i1tems indicated by the stem;
and ii1. there is no numerical attribute, definite or indefi-
nite, in the nominal phrase of which the noun is head, e.g.,
haj 6 ’ship”’, ot haj 6 *five ships’, sok haj 6 ’many ships” vs.
ha,i 6k ’ships” (number unspecified). Therefore, iIn Hungarian
we do not have a class which Is characterized by plurality,
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as In the Indo-European languages, but another kind of set
which 1 call aggregate. Of the two members of the opposition,
the aggregate is the more specified (marked) member, the non-
aggregate the more general, less circumscribed (unmarked)
member [3] = The opposition will be symbolized by ---——---—- -

Schematically :

- 71 8 — 1a

FIGURE 1.

b. IT we oppose elements number 1 and 8 with the six-
member sets 2-7 and 9-14, we find that they are character-
ized by the opposition of a relative category (traditionally
called possessive since the time of classical grammarians) and
an absolute category. Of the two categories, the absolute is
the unmarked, the relative (possessive) the marked member.

The opposition will be symbolized by --—-—- -

Schematically:

FIGURE 2.

(Of course, this oppositional structure characterizes only
the underlying abstract system. To obtain a complete descrip-
tion we need to account for variation as well, such as the
multiplicity of semantic references iIn such expressions as
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apam képe ’the picture of my father”, az apa szeretete ’the

love of the father*, Stockholm varosa ’the city of Stockholm”,
Péter szamara ’for the sake of Péter* and hat éve ’six years
since’« This i1s the reason we need descriptive material of
traditional grammars in conjunction with a structural analysis.)

C. The analysis until now determines uniquely the posi-
tion of forms 1 and 8, but in order to dissolve the two six-
element sets we need further oppositions. These oppositions
are the categories of person and number. If in the category
of person, which includes 3 elements, one would stop without
further analysis, the resulting structure would be a triangle
merely reflecting differences among the 3 persons [4]*

1. person 2. person

3. person

FIGURE 3.

It 1s our position, however, that the first and second per-
sons form a subset in this triad against the third person
which 1s characterized by certain similarities in the mor-
phological structures, differences In object references iIn
the verbal conjugation, exclusive human-animate references,
etc. The semantic content of this opposition is that of ac-
tively iInvolved participants in the speech event versus a not
specifically indicated "person'”. Schematically, this will be
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symbolized by the following T-graph:

1. person oO——— E___O 2. person
I
6
3. person
FIGURE 4.

The third person i1s heterogeneous. On the one hand it
includes the personal pronoun 5 ’he, she” or ok ’they” and
the pronouns of non-intimate address (6n, maga, kegyed) which
are associated with the first and second persons as referring
to human-animate beings and, on the other hand, all nouns,
animate and inanimatee

d. The category of person implies necessary information
about the number of persons referred to. In the first and
second persons there is a qualitative difference between én
*1” and mi we*, and te *you”’ (eg.) and ti ’you’ (pi.).

mi *we” = én ’1* + somebody else + ...

ti ’you’ pi. = te ’you* sg. + somebody who cannot be 1 +...

In the third person, however, the situation is different:
ok ’they* = 6 ’he/she” + somebody who cannot be

I or you (eg.) ; therefore, 1t must be somebody in

the third person ’he/she* (i.e., they = he/she +

he/she + _..)

Therefore, this pronoun corresponds formally to nouns as
regards plural formation, e.g., 6 ~ ok vs. haj6é ’ship* "
ha.jok ’ships*
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In the third person numerical relations are ambivalent.
There 1is an opposition between the pronominal forms 6 (singu-
lar) and 6k (plural), but 6k occurs only in predicative syn-
tactic constructions. Otherwise, iIn nominal relative (posses-
sive) phrases only 6 is used even when the referent possessor
is plural in number; e.g., mennek ’they go” but az 5 hazuk
their house*. Thus the third person is divided from the point
of view of category of number; pronominal and verbal numerical
relations are differentiated, but nominal relations are not.
But in this latter case the number of the referent (possessor)
must be designated in the relevant noun. As is general in non-
predicative relationships iIn Hungarian the morpheme {K} is not
repeated. So in this line by Pet6fi, "Haza, foldje, kertje
mindene volt"™ ’He had house, land garden, everything’ the
nouns can only refer to a single possessor, since a plural
possessor is not overtly expressed. In this case the single
referent is the basic fundamental unmarked meaning, the plural
iIs the marked specific meaning.

It 1s understandable in the framework of Hungarian why
the relative (possessive) plurality in the case of pronouns
iIs overtly expressed in the possessed, and in the case of nom-
inal constructions on the possessor. In the pronominal con-
struction the form with the possessive suffix iIs the basic
form, and the pronominal attribute i1s an added, but not nec-
essarily required, item. In such a non-obligatory situation,
the {k} morpheme 1i1s not repeated in the pronoun. In nominal
constructions on the other hand, the number of the referent
(possessor) has to be marked under all circumstances and rep-
etition of the morpheme (K} on the possessed IS necessary.



E.g- ;
falum ’my village* az én falum;
haza ’his house* az 6 haza:

hazuk “their house * az 6 hazuk ;
BUT

az ember héza the mart’s house’ ;

az emberek hdza ’the men’s house’.

It i1s possible to 1dentify the meaning of the two types
of number category, the one referring to person and the other
one to things. The plural aggregate refers iIn both cases to
something added to the unit denoted iIn the singular. This
addition is homogeneous in the third person, heterogeneous 1in
the first and second persons. The common structure of person
and number is as follows:

2 .p- 2 ,p-
/> N
/
Yy
1.p.-
|
o) -0
3.p- 3 .p-
FIGURE 5.
e. Therefore, the semantic structure of the nominal bases

can be expressed by a four-dimensional semantic graph, the
components of which are: 1. the opposition of number, both in
its nominal and pronominal reference; 2. the opposition of
refe ;OIGe (possession®). If the possessive relationship 1is
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positive, there are two additional oppositions: 3« the
opposition of non-participant versus participant, opposing
the third person to the first and second persons; 4. the
opposition between speaker and intimately known addressee.

FIGURE 6.

Por a graph depicting these oppositions see Figure 7, where
the arrow goes from unmarked to marked, but this probleEr will
otherwise not be touched upon here.

IT we would not have distinguished these two oppositions
and had stopped at an undifferentiated personal category,
this opposition would have had three members, which could be
depicted by a triangle. The basic personal module would be a
topological three-sided prism. (Figure 6).

1. Let’s turn to the formal analysis. As opposed to
those opinions which are skeptical about the possibility of
an exact cutting of morphemes i1n Hungarian, iIn my opinion the
morphemes of the nominal bases iIn Hungarian can be delimited
exactly. The morphemes are definable as the intersection of
paradigmatic sets; for example ha_jonk ’our ship” is definable
as the intersection of 1. ha,jé ’ship” and all the stems, 2.
all the first persons, and 3. all the {K} morphemes.

Before the morphemes can be listed we have to decide
whether the K In ha,jok ’ships” and the Kk iIn h,;jonk are iden-
tical or are to be distinguished. This problem can only be



Heavy line primary relation
Medium line secondary relation
Thin line to make clear the junction to the prism

Arrow-notch> initial term of a relation
Arrow-head — >final term of a relation

———————— (unbroken l1ine) R] = aggregation

-------- (dash line) R2 = dependence

________ (hyphen line) RJ = participation

------ — (dotted line) R™N = address

Heavy dot an element of the paradigm
Humber order iIn the list at the

beginning of the article

FIGURE 7
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solved with reference to semantic content, and i1llustrates
why viewing language as a purely formal structure is not ac-
ceptable# The two "k s are identifiable from the morphemic
point of view. The {K} means that reference to the morpheme
preceding this {K} occurs in the plural. If the preceding
morpheme is part of the stem, then i1t is a reference to the
plurality of the stem; 1If the preceding morpheme expresses
personal reference, then this reference i1s to personal plu-
rality, e.g., haj6k "many ships®, hajonk "our ship*

(I + somebody + ...). IFf the preceding morpheme 1is referential
in itself, as In the case of {1} the reference 1is personal,
because here the third person i1s implied by a 0 morpheme, cf.
hajok ~ hajoik "their ships* [5]. (in the first case the plural
reference is Impersonal, referring to the stem; iIn the second
case 1t refers to the plural third person.)

The 1nventory of morphemes iIn the nominal bases is the
following (where / indicates alternations determined by vowel
harmony; 1 indicates that the personal plural {K} follows):

Morpheme Alternants

1. 0 .—= O

(Assumption of a 0 morpheme 1is
necessary because the morphemes
below are also possible iIn the
same position and they are
semantically distinguished.)
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Morpheme Alternants
2. I > (after vowels)

aJi/edi1 (after consonants)
+(1) (after consonants, archaic, e.g.,
+ arany- i~ *my gold pieces*) .

(£ 1s a glide often occurring 1in
colloquial speech.) (it might be noted
that after stem final 1, besides the
regular form an alternant stem ending
in 1 is used by some, e.g., kocs:i-j
’his cars”’ kocsij-a™i.)

3. M <«--V m (the general singular alternant)
ma+me+ (the singular alternant before
the accusative -t)
-n+ (the alternant occurring before
the plural -k after morphemes ending
in a vowel)
-un+/-tm+ (the alternant occurring
before the plural -k after morphemes
ending iIn a consonant)

4. D 4-——» d (the general singular alternant)
da+/de+ (the alternant before the
singular accusative) (t) + (the
assimilated alternant before
phonemically voicelles consonants, e.g.,
hdzaihoz ’to your house* from hazad
your (Sg.) house?).
tot+/te+/t6+ (alternant before the
plural -k)
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Morpheme Alternanta

5. U - > a/e (the general singular alternant in
final position and also before a few
suffixes, e.g., fTalujabeli ’from his
village* YaL"W. falu-na*his/her village*}

at/é+ (the general singular alternant
before suffixes)

U+/U+ (the normal alternant before the
plural -k)

+/0+/0+/ (the archaic alternant before
the plural -k, e.g., + hazok ‘’his
house *)

6. K —— ®»> K (the general alternant)
kat+/ke+ (the alternant before the
accusative -1)
/g9/+ (the assimilated alternant before
phonemically voiced consonants, e.g.,
/hazagbJdn/ *in the houses” front hazak
’houses?’)

FIGURE 8
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The selection of the appropriate alternant, including
the stem is connected with the structure of the syllable 1iIn
respect to the relative distribution of vowels and consonants
Thus, for instance, before -m and -d we always have a vowel,
before -k in general also a vowel, except iIn the case of the
plural suffixes, -nk,-unk/link; likewise, before -to/-te/-to
(but lakastok -~ lakasotok ?your dwelling” is in free varia-
tion). Before a/e, &/é, u/U we always have consonants. In
suffix alternation -nk, -unk/-Unk secures the consonant-vowel
consonant sequence, e.g., haz-unk ’our house*, fa-nk ’our
tree’ [6]. The behaviour of (i) is similar, e.g., haz-ani
*his house”, fa-~i ’his tree’.

The combinative possibilities of these six morphemes are
expressed in the following chart:

FIGURE 9
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Since the morphemes are distributed in the chain accord-
ing to a definite sequence, this chart symbolizes more clear-
ly the distribution of morphemes along the syntagmatic axis.

This chain implies 2 x 4 x 2 = 16 possibilities, whereas
at the outset of this chapter we counted only 14 forms.
Whence the difference? After the morpheme {i} the morpheme {U}
does not occur, 1.e., there is neither *1a/ie nor *1uk/iuk.
Instead either jl or ik occur, 1.e., the third person is
expressed by O 1f the relativity (possessivity) is already
given. Therefore, we have to deduct 2 from the possible 16 to
arrive at the 14 occurring cases by adding the following
restrictive rule to the general scheme:

- {1} - {u}

where - symbolizes the non-permissible sequence. (The same
phenomenon occurs with the suffix {e } where we have to deduct
two analogous examples. Hence, 1In this case we have two less
morphemes than in the nominal bases, i1.e., there are 12 pos-
sessive pronouns.)

A non-redundant model which clearly indicates the per-
missible connections is as follows:

FIGURE 10
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In the discussion above we discarded a few proposed so-
lutions, for example: the assignment of connectives; the omis-
sion of alternants with "J" (because iIn my opinion this "J"
belongs to the stem); and the injection of metaphysical seman-
tics by distinguishing two [K] morphemes.

Assuming two different {K} morphemes, the model would
look as follows:

FIGURE 11.

However this model was rejected.

We discarded as well the global enumeration of morphemes
and the binary generation of morphemes which might be required
by a computer. The strict binary model would look as follows:

FIGURE 12
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The explicit morphemes iIn the braces are mutually exclusive
and the order i1s arbitrary within them. Therefore, this model,
which i1s essentially a binary computer model, is compatible
with several linguistic interpretations, but does not indicate
which arrangement is the linguistically correct one.

Another model would be one differentiating the relative

and absolute 1nput:

N-g indicates Plural
indicates Relative

P i1ndicates Personal

FIGURE 13.

An overt morphemic model would appear as follows:

FIGURE 14.
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Finally, we also reject the assumption that there is a
special possessive morpheme, e.g., haz-a-m *my house*e In my
opinion iIn this last case there iIs a misunderstanding about
the morphological mechanism of the Hungarian language.

hazam, hazak, hazas, hazal ’house”
sasom, sasok, sasos, *(sasol) “eagle *
lovam, lovak, lovas, lovai horse *
mdvem, mivek, mdves, mavel “opus™
Okrom, Okrok, Okros, *(okrol) OX*

(N The third task iIs to harmonize the semantic and
formal structures expressed In Figures 7 and 9. Here we can
pose three questions from the semantic point of view (of
course, 1t would be just as possible to proceed from the for-
mal point of view):

a. Is the reference iIndicated i1n the stem in relative
plurality or not? If 1t occurs in relative plurality, then
the {i} occurs, otherwise O.

b. What is the personal status of the reference? Here
there are four.possibilities: 1. The reference is non-personal
(absolute); then the suffix 1s {0}. 11. The reference iIs to the
first person singular; then the morpheme is {m}. 111. Second
person; {d}. iv. The reference is to the third person; in
which case we have either {U}, or K if the preceding mor-
pheme also includes personal reference as iIn the case of {1}
or [Ej. At this stage the numerical reference in most cases
is already determined, except in the case of the O*s, because
there are special alternants for the singular end for the
plural. For example, haj6-m *my ship*, haj6-n-k ’our ship* is

the
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already determined, whereas hajé ’ship* is not, because it
could be followed by other morphemes, including O.

Here one could pose further questions as to whether or
not 1t would be possible to substitute this structure by some
other structure, e.g., by three successive branching off of a
single element. Such an *""off-branching” model (favored by de
Groot) might bes

nominal base

absolute non-absolute
{0} /relative/
impersonal personal
(3rd person)
[ or [C}
intimate non-intimate addresse
addressee (speaker)
IDj [Hi
FIGURE 15.

In my opinion this model does not correspond to the linguis-
tic data. Nor would it be satisfactory to operate with two
binary oppositions. A maximally utilized binary model

(N = log™) would set up N = 2 oppositions among the n = 4
elements of the set, such as:

Absolute Relative 3|d person

1St person an person

FIGURE 16
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It would, be difficult, however, to assign meaningful content
to such binary oppositions and therefore this model 1i1s also
rejected,

ce Is there a plural reference in relationship to the
preceding morpheme? (This can refer to references expressed
in the stem or to persons.) If the reference i1s to plurality,
the [K] occurs, otherwise O.

The converse questions would be:
a. Is the first base morpheme (1), or not (0) ?

1. If yes, it is relative plurality with reference
to the stem.

2. If not, there i1s no relative plurality involved.
b. Is the following morpheme {m}, {d}, {u}, or [0]? IFf

it iIs:

1. {M}the reference is to the speaker (+possibly

associated persons);

2. {D}the reference is to the iIntimate addressee
(tpossibly associated persons);

3. Ju} the reference i1s to the third person with
sihgular reference ;

4. {0} the reference 1is:

&/ absolute, or
/3 to the third person after [i] or [E] (comple-
mentary with ~U}).

c. Is the final element {K}, or not?

1. If [K], then the preceding element is plural
(associative aggregate); or

2. ITf not, no plural reference is iInvolved.
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(The Important and interesting factor iIn these questions
iIs that they are not based on a simple schematism like the
categories of number, relativity, and person, but on a set of
semantic relationships which are intertwined in a much more
complicated way, and are formally expressed with minimal re-
dundancy in an elegant fashion.)

In conclusion we make a statement concerning grammatical
models i1n general. A language i1s the projection of a timeless
topological structure upon a well-ordered morphemic sequence =
The road is passable i1n both directions - from meaning toward
form and from form toward meaning. This mirrors the fact that
we can both speak and understand speech.
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O HEKOTOPbBIX MPHTIMIMTA/IbHbIL TMPOBNEHAX TMO] 771 300T-
BETCTBWUIA HYNEBbIX 3ME’.TEKTOE NMPU ABTOMATBECKOW
OBPABOTKE ECTECTBEHHbLIX A3bIKOB

A_JlvgckaHoB

PaboTa no npo6nemam mawunHHOro nepesopga /MM/, aBTOMaATU-
YEeCcKOro aHanMsa U Teopuu TEKCTOB, NpoBoAuMas COBMECTHO COT-
pygHUKamy rpynnsl “*XawuHHbLIA nepeBos M MatemaTudyeckast JIMHIBUC-
TnKa™ c BY BAH n Arbeitsgruppe fur matematische und an-
gewandte Linguistik and automatische Ubersetzung, FAIT, Kak
N aHa/In3 COBPEMEHHOW TeopeTuYecKol nuTepaTtypbsl ybegunun asBTopa
B HEoOXOAMMOCTU TeopeTuHecKon pa3paboTKu NpobsemMbl Hy/neBbiX
anemeHTOoB /0/ B €CTeCTBEeHHbIX A3blkaxX /7 L* /T HeobxogumoCTb Ta-
KUX nccnegoBaHMii cTaHOBUTCSA elwe 6onee 04YeBUOHOW, €Cnn y4decCTb,
YTO HEeCMOTpPSA Ha BCe ee 3HayeHue KaK Ans npukiagHom, compu-
tational , Tak U gna TeopeTU4yeCcKOoh JIMHIBUCTUKN U CEMUOTUKN
/Kak v ana psga gpyrmux oénactei Haykm v NpakTUKU, uMernwmux ae-
IO C eCTeCTBEHHbLIMM N UCKYCCTBEHHbIMW SA3blKaMU - anropuTMUYEeCKn-
MW, WHpOpMaUNOHHO-MNOUCKOBLIMM - Hanp. [i] / npo6bnema 0, Ha-

CKO/IbKO MHE W3BECTHO, He Oblla A0 CuX nop npegmeToMm 0606uUEeHHO-
ro aHanmsa.

O6bem HacTOSEro y3noxeHUs MO3BONSIET TOMNbLKO CKMUMpoBaTb
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HEKOTOpble MPUHUMNUasIbHble pacCyxieHus B 3Toih obnactun, He wumes
KOHEYHO, BO3MOXHOCTMU MPUBECTU HU COOTBETCTBYWWWNIA NUHIBUCTU-
YeCKuin maTepunasl, HU HeobXoAuMble MOTUBUPOBKW.

I. OueBngHO, 4YTO B NepByKW o4vepenb cnepyeTt chopmynmpo-
BaTb OTMNpaBHOe paboyee HedhopmasM3oBaHHOe o06uee onpegesieHne
noHATna /koHuenta/ 0, KOTOpoe Mbl BBefeH crefywwuM oopasom. "

NMycTb 3agaHbl ABe MocnefoBaTe/IbHOCTU TepPMUHAasIbHbLIX CUMBC
NnoB /NOBEPXHOCTHbIE CTPYKTYPbLl ABYX MNPeasioXeHwin/ za wn zz ,
npuHagfiexaime COOTBETCTBEHHO A3blKY Li W A3bIKYy Lj

JonycTtum Tenepb, 4YTO zz SABNAAETCA NpaBulbHbLIM nepesogom Z*
Ha A3blK L] un uto Z1 saBnsercs npaBunbHbM NepeBogom Zb Ha
A3bK Li , T.€., 4UYTO zz <ABNAeTcA oTpaxeHnem ZF B Lj W Hao-
6opoT /cp. Hanp. [3] /. Torpma, ecnu paccmaTpuBaTb , CO-
nocTaBNdAs ero c ero oTpaxeHmem B Li /T.e. Cc ™ /, MOXHO CKa
3aTb, 4TO N z MNPeacTaBnAlnT COO0M 3KCMAUUMTHO 3ajaHHble
Ha rpapeMMyecKoM YpPOBHE zz 3/IEMEHTbl, KOTOpble UMEKT MNyCTble
COOTBETCTBUA Ha ypOBHe TekcTa Z* . Y, HaobopoT, ecnm paccmart
puBaTb z.1 , COMNOCTaB/IAA €ro C ero orTpaxeHmem B Lj /T.e. C
Zz /, MOXHO CKasaTb, 4YTO B HeM (urypupyT 0, KOTOpble WUMET
3KCM/IMUMTHO 3ajaHHble Ha 3TOM YpPOBHEe COOTBeTCTBUA B ZX . [pa-
puyeckn 3TO MOXHO, NMpPeAcTaBUTb Tak:

ij—ifia b ¢ ¢ d ¢ & Ff h #
| g o VB
ZZ:#aA bA x  cst d 9 fr Z h<#

Me TpyaHO YBUAETb UYTO Mbl OpUM MNPO HY/IEBOW 3MEMEHT
NpM Ha/IMuMM OTPAXEHHbLIX nap Tuna , MpUYem c coaepxaTesibHOIj
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N KOHCTPYKTUBHOW TOYKU 3PEHMA KOMMOHEHTHl 3TUX nap MoOryTt npu-
HagexaTb NboMy YypoOBHW. HeTpyAHO Takxe nokasaTb, UYTO K KOH-
cTaTauyMam TakKoro xe Tuna Mbel 6bl NpuWAM B3AB B KayecTBe npume-
pa n conocTaB/fieHne TrNnyo6uHHON N NOBEPXHOCTHOW CTPYKTYpPbl AaHHO-
ro Z* B pamkKkax OAHOW MU TOW Xe CEeMUOTUYECKOWN cuctTembl /KOHeuy-
HO, Yy4duTbiBas npob6siembl AOMNOSHUTE/ILHOW WHpopMauun npu nmHeapu-
3aunun/.

Ha OCHOBaHUM 3TOr0 MOXHO CKa3aTb, UTO HY/IEBON 3/1IeMEHT
/0/ Ha [JaHHOM ypoBHe Lj SBNSeTCA MNyCThiM COOTBETCTBUEM, pe-
dereHT KOTOPOro 33daH, WM HA TOM Xe YPOBHE HEKOTOporo Apyro-
ro sassika X wwm Ha 6onee rny6vHHOM YPOBHE TOFO Xe A3bIKa>

2. icxopsa n3 aToro copgepxartenbHoro onpegenenHmsa 0 nocTta-
paemcsa npeacTtaBuTb B o6wen gopme npobnemy, KOTopas cTaBUTCA
npu nwbor anropuTMmlaumm AMHIFBUCTUYECKUX MNPOLECCOB Ha/lnumem
TaKuUX 3/1IEMEHTOB B €CTEeCTBEHHbIX A3blKax. [lpogonxasi cnocob Ha-
wero rpagpuyeckoro npeacrtasneHusa /2/, BO3bMeM napy

O - HyneBOW 23NemMeHT, a X - ero pefepeHT; O4YEeBUAHO, 4YTO MNpwu
aHa/n3e ee KOMMOHEHTOB MOXHO MATW, TaK cKas3aTb, B ABYX Ha-
npasBneHnsx: a/ or zt K /T.e. ot X K 0/ n 6/ HaobopoT,

or ZAK w, /T.e. or 0 kK X /. PaccmoTpum 3Tn gBE BO3MOXHOCTW:

a/ Mpuvem.crnepBa, 4UTO BXOAHLIM COOOGlUEHMEeM sBnsieTca Z*
Hanpumep, npeanoxeHne

# this our friend is a very clever student #

a nepesojAuMM - Z*, » T.e. npeaoxeHve

N 3TOT Haw pgpyr O oO4YeHb Crnoco6Hbn CTygeHT?

B KOTOpom O ABnAeTCA MNyCTbiIM COOTBETCTBMEM KOMMOHEHTa X
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/T.e. cooTtBeTcTBMeM IS /. Tak Kak B [aHHOM MpuMepe Mbl UAEM

OT 2.0 K 2r , T.e. ocyuecrtsnsem X —»0, HeTpygHO YCTaHOBUTH,
yTo OmnpegnoxeHusa Z* , ABASAWWNIACA COOTBETCTBMEM KOMMOHEHTa X
npeanoxeHnsa Z* , HeceT Ty Xe WHpopmauuio, 4YTO U ITOT Mocnepn-
HUWM. 3Ta cuTyaumsa dAcHa cama no cebe M He TpebyeT HUKaAKUX KOM-
MEHTapueB, HO MNpu 00paTHOW runoTese rMoNoXeHne Belen KOPEHHbLIM
obpa3om mMeHseTcA.

6/ Ecnn vgtn ot Zi  /KOTOpoe Tenepb Mbl NPUHUMaAEM B Ka-
yecTBe BXOAHOro Tekcta/, T.e. OT npennoxeHus

# STOT HaW ApPYr O4YeHb CMOCO6HbIA CTYyAeHT #
K21 , T.e. K NpPeasioxeHuo

#this our friend is_a very clever student #m

ONs TOro, 4Tto6bl ucnonb3oBaTb B HeM X /T.e. is / B KadecTBe
COoOTBEeTCTBMA /NHLIMA CnoBamMn, OCYWecTBUTb O —* X /, Mbl [OJIKHbI
Kak-TO y3HaTb, BO-MNepBbiXx, 4TO B ZA ectb 0O, u, BO-BTOpLIX, YC-
TaHOBUTb, KaKyw MWHpopMauuiw HeceT I3TOT HY/ieBOi 3nemeHT. Ho

TaKk Kak O MMEHHO B KayecTBe Hy/1eBOro 3s/leMeHTa cam Mo cebe He
pieceT HUKaKoOW onpefeneHHoW UWHpopmauum, TO AN TOro, 4TOOL
O6bITb B COCTOSIHUM MNOCTaBUTb €My B COOTBETCTBUE MNepeBOfHOE CO-
OTBETCTBME X , Mbl AOJ/DKHbI MpeABapuTeslbHO HaWTU KakKyw-To Apy-
ryn cucrtemy oTcuyeTa WAM APYroi ypoBeHb, Ha KOTOpPOM Obl cy-
lecTBoOBa/Io 3KCMMUMTHO 3ajaHHOe CpeAcTBO, Hecyluee Ty WHpop-
Mauuio, KOTOpYyKw UMMAMUMTHO npeacTtaBndeT 0 v KOTOPYKW 3KCNAUUMT-
HO [O/XHO Bbpa3nUTb €ro rnepeBofgHOe cooTBeTCTBME X . VHbIMM cro-
BamMu, npobsiema aBTOMATUYECKOW 0OPabOTKU HYNEBLIX 3/1ETTEKTOB
CBOAUTCSA B NOCNE[HIKN o4yepedb K CO3[aHui npoueayps MAeHTUupuka-
UMn X pepepeHToB M COOTBETCTBYWIWEro CUHTe3upoBaHus /pacrnos-
HaBaHue W nopoxaeHwe/ .
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3. Ecinm 0600uuTb Ha OCHOBaHUM WX TFNYyOMHLI CyllecTBywwue
aBTomaqueCKme4 npoueayps aHanmsa, KOTOpble MNO3BOMAAKNT N NAEH-
Tuhmnkauuvw pepepeHToB 0, M npeacTaBuTb cebe 3TW nNpouenyps B
BMAE KOHTUHyymMa, TO B €ro Hadasne criegyeT pacrnosioxuTb npoueny
PK, OCHOBaHHble Ha KOHTEKCTYya/IbHOM JIEKCUKO-MOP(HO/IOrn4eCcKom
aHanM3e B pamKax paboyero npegsioxeHus /yCno.BHO MX MOXHO Ha3-
BaTb “NMOBEPXHOCTHLIMU/» a Ha [pyrom - npouenypbl, OCHOBaHHble
Ha CeMaHTU4YeCKOM aHa/In3e U1 Moaensax rnepexoga OT JIEKCUYECKOM
MHTepnpeTauum K MOBEPXHOCTHOW W rNyobuHHOW CTpykKTypam /yCcnoB-
HO MX MOXHO Ha3BaTb "'TNYOUHHbIMU’/. TIOCKOJIbKY, KakK 3TO XOpOolo
N3BECTHO, MOBEPXHOCTHbIE rMpouenyps B uUx "‘unctom™ Buae /T.e.
He OCHOBaHHble Ha CefIeKTUBHOW cTpaTerum un TpaHchopmaumnsax Tpyq
HOCTell 6onee rNyOuHHbIX—- YPOBHENW B TPYyAHOCTU 60/1ee NOBEPXHOCT-
HbIX YpoBHeil - cm. Hanp. [4]° / kpome Bcero pgpyroro /cp. wvanp.
[5]/ He B coOCTOSHUM N naeHTUPuUumposBaTb pedepeHTbl 0, KoTopbie
HaxXo4ATCA HWKe WX MaKCUMasibHOW rnyOuHbl, a r/ybuHHble npoueny-
pbl - B NpuHUune npegcrtasnswowme ungean0 - He MOryT ObTb peanu-
30BaHbl 0 Tex Nnop, MNoKa Mbl He 6yaeM MMeTb [OEeNCTBEHHbIX ceMaH-
TUYECKNX Mopeniel M CUCTEM MHOXECTBEHHOro CeMaHTU4ecKoro no-
poxaeHuns /cm. Hanp. [6]/, nepen Teopueir K npakTukoi MM u BO-
oblle aBTOMaATUYECKOWM O06pPabOTKM AaHHbIX, 3afaHHbX B (popme L*,
cTaBuTCsa npobrnema KpUTepueB U CoOGpaxeHuit Bbibopa OMTUMasIbHOWM
TOUYKM KOHTUHYyymMa /vnu npu BepTUKabHOM npeacTtaBneHunO BbICOTH
ypoBHA/, B KOTOpPOW cnegyeT opraHu3oBaTb 06paboTKy 0. 3T Kpu
Tepnn n cam Bbl6Op O6ycnaBAMBaKwTCA UeNbiM pAgoM PakTopoB - Ha-
npumep, OCHOBbI cTparerum, "anropuTMMyeckuin' unm sBpUCTUYEC-
KWir? noaxon /cvm. Hanp. [7]/, cneunpuka npuBrieKaembliX SA3bIKOB W
MX COOTHOWEHWIW, Jsormyeckas OCHOBa Mofenen, Luenanm CucTtemsl U np
Camo co6oil pa3ymeeTcsi, 4YTO 34eCb Mbl He B COCTOAHUM UX aHau-
3upoBaTb M OTMETUM NUWb Ccejywume oblme coobpaxeHus .

Kak yxe oTmMeyasioCb, C MNPaKTUYECKONW TOUYKU 3peHus oyeBug-
HO, 4TO o6pab6boTka O 3BM cBOoAMTCA K TOMYy, 4YTO OHa B MNOC/AEAHKI0
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oyepelb AO/MKHA NMOPOXAAaTb WX COOTBETCTBMA. HO BbIMOJIHEHME 3TOWN
3ajayn npegnonaraeT, 4UTO OHa AO/MKHA OblITb B COCTOSAHUM B Kax-
AOM OgaHHOM cnydae 7y3HaTb” 4TO M Korga Hago nopoxaartb. VHbivK
cnoBamy, MawumHa AOJ/KHAa OblTb B COCTOAHUM HaKOMUTb HEO6XOoAUMYI0
Ana atoro uHpopmaumw Misth /] w©n, cnepoBaTesibHO, BeCb BOMPOC
CBOANTCA K TOMY, KakK W rge opraHu3oBaTb 3TOT MNpoOUECC Hakomnne-
HMA. C NOrM4yecKom TOUKM 3peHusa OTMeTUM criegylume BO3MOXHOCTU:

A.l. /IOXHO CTPEMUTbCSA OpraHM3oBaTb anropuTM TaK, UTOObI
nHpopmaumsi, Heobxogmmasa gna obpaboTkm 0, HakanaMBasiaCb crne-
uManbHOW eaemMon ;

A.2. HaobopoT, MOXHO CTPEMUTbLCS OpraHM3oBaTb aJropuTm
Tak, 4TOoO6bl 3Ta MHhOpMauUMsa HaKaniMBasiaCb OOWMMM aHaNU3npyoLWwm-
MU N/UNN CUHTEe3npywwuMu npasuiamm, 6e3 o060cobneHns cneunasib-
HOW CXEeMbl.

6.1. Heobxoaumyk MHOOpMaLUio MOXHO HaKaninmBaTb B Xoge
aHann3a;

6.2. 3Ty nHpopmauui MOXHO HakannMeaTb B XO4e CUHTE3a;

6.3. "foxio cTpemuTbCA KOMOMHMpOBaTbL 3TWU ABa NyTU.

B.1. CrtpemntbCA /HACTO/IbKO, HACKO/IbKO 3TO BO3MOXHO/ Ha-
KannmeaTb Heobxoaumyw nna o6paboTku O MHpopmaumi NOBEPXHOCT-
HbiIMX npoueaypavn ;

E.2. Haob6opoT, CTpemMuTbCs HakanameaTb 3Ty WHpopMaLuio
rnyobuHHbIMM npouepypamu ;

E.3. KombuHupoBaTb 3TU [Be€ BO3MOXHOCTW.

Bbibop mexay BCEMUM 3TUMUM BO3MOXHOCTSAMU /UM X KOMOUHUPO-
BaHnem/ 3aBUCUT B MOC/efHwl odvepeab OT obuwe* crpartermm - To-
TanbHOW WM cenekTuBHon /cMm. [-*]/, Ha KOTOpPOM CTPOUTCA CUCTe-
mMa. Kpome 3toro BbI6GOp BO3MOXHOCTEW B m | obycnaBnnBaeTcsa pe-
weHuem anbTepHaTmBbl Al nnn A .2 , B OTHOWEHUN KOTOPON cnepyert



- 145 -

cthopmynupoBaTb Ccriegylliee CylleCTBEHHOE TMOJIoXeHne: creunasibHas
cxema gni1a obpaboTkm O Heobxogmma TONbKO Torga, Korga anro-
pUTM OCHOBbIBAETCS Ha MoAensiXx aHaim3a, npoBojsluerocsa Ha 6onee
NOBEPXHOCTHbLIX YPOBHSAX, YEM camble F/ly60KMe YPOBHM, KOTOPbLIM MO
rytT npuvHagnexatb pe(pepeHTbl 3TUX HYJ/IEBbIX 3/1EMEHTOB; U Haobo-
poT, creynanbHas cxema Aansi obpabotkm O He Heobxoguma Torga,
Korga rnybunHa aHanm3a coBnagaeT C MaKCuUmalbHOW rfyouHo, Ha
KOTOPOI HaxogAaATcs pefpepeHTbl 3TUX 3/1IEMEHTOB.

icxopa w3 Hawewr cenekTUBHOW cTpaTermm u Toro obcrosTenb
CTBa, U4TO pepepeHTb OAHUX U3 cambiX '‘BaxXHbiX” /KOHEYHO, npwu
oueHKe 3TOM ''3HauynmmocTu' cregyeT UCXOoAUTb U U3 KBaHTUTaATUB-
HbIX COOOpaxeHuin/ HyneBblX 3/1IEMEHTOB HaXoAATCA Ha cemMaHTudyec-
KOM YpPOBHEe, KOTOpLIA elle HEeBO3MOXHO MoAenmpoBaTb B ero uesnoc-
TV, Mbl NMPUXOOMM K BbiBOAY, YTO /Hapsany C WHTeHcupuKauuein ce-
MaHTUYECKUX unccnepoBaHnin/ aBToMaTnmyeckas obpaboTKa [aHHbIX,
Cpo-pMyNMMPOBaHHbLIX Ha eCTeCTBEHHbIX fA3blKax, npegnonaraet co3ja-
HMe creynanbHbIX CXem Ana o06paboTkm 0, HaxofAWMXCA Mexay CUH-
TaKCUYEeCKUM N CeMaHTUYECKUM YPOBHAMU U OCHOBAaHHbLIX Ha TpaHC-
popMaynm ypoBHeEN TPYyOAHOCTEN U BbIGOPOUHLIX CEMAHTUYECKUX WAEeH-
TUpnKaTopax.
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3ameyaHus

1. TMogpo6HOoe wn3NOXeHWe 3TUX WUCCNefoBaHW, faeTcA B Haxopgsa-
wencss B nedyatun paboTe aBTopa ''‘Kbm BbApoca 3a '‘HyneBute ene-
MEHTK' npu MawWMHHUA NpeBOoj U aBToMaTuyHata ob6paboTka Ha ec-
TecTBeHuUTe e3unyn” , M3eectma "'l BAH, 1970 r., a Takxe B NOAro-
TaB/IMBaemMol K neyaTu KOJIUIEKTUBHOI paboTe 6O/rapCKux v Hemel-
KUX Kosner, E KOTOpOW onuchiBaeTCs npoweguas MawnHHYKW peanv-
3auUnio cxXema CUHXPOHHOro MOpPOXAEHUS B HEMELKOM U 60/rapCKom
A3blKaX JIEKCUKO-CEMaHTUYECKNX U CUHTAKCUYECKUX COOTBETCTBUNA
PYCCKUX CTPYKTYp C Tupe.

2 . JTO onpegeneHve OCHOBbLIBaeTCA Ha o6wWeM MNOHUMaHUU JINHIBUC-
TUYECKOro MexaHu3ma nepeBogswenn onepaumn i * B KauyecTBe
COBOKYIMHOCTU Mexay - W BHYTPU - CEMUOTUYECKUX TpaHchopmawnii
N COOTBETCTBYWWNX onpeaesneHnsax Heob6XoAuMOoh U Ha/IMYHOW nepe-
BogHoOW wuHpopmaumn [1/Tn/ n 1/Td /] , moTuBMpOBaHHLIX B £2], a
Takke Ha W3BECTHbIX TeOpPeTUKO-MHOXECTBEHHbLIX onpeneneHusx.

3 . E cBA3M Cc 3aTum onpegeneHnem criefyeT OroBopuTb MO Kpan-
Heli Mepe [ABe BelWwu: BO-MNepBbiX, €ro OTHOCUTENIbHOCTb - Haunymne

O B JaHHOM L1 3aBUCUT He CTO/IbKO OT ero COOCTBEHHbIX CBOWCTB,
CKOJIbKO OT COOTHOWEHUSA C HEKOTOpbIM APYIrvM SA3bIKOM, W, BO-BTO-
pbiX, 4YTO OKO AefyLuMpOBaHO Ha OCHOBe aHa/n3a /vllb pa3po3HeH-
HbIX NpPeanoXeHui; Takol noaxon O6yc/ioBNneH Tem (akToM, 4YTO He-
CMOTpPS Ha Befywmecsa B 3TOM 06nacTu uUccnegoBaHuWs, Mbl B HacTOsi—
Wee BpeMsi He B COCTOSIHUM MOAENUPOBaTb WWPOKUA KOHTEKCTyaslb-
Hbli aHaM3 /Hanp. B rpaHuyax ab6bs3auya/. O4yeBUAHO, 4YTO, €CAU MU
CHUMEM 3TO OrpaHuyeHne, B onpegeneHunm 6bl cnepoBasio OTPa3nTb
n cuTyaumw, npu KoTopoi pedepeHT O 3agaH Ha TOM Xe YPOBHE TO-
ro xe f3blka, HO BHE pamMOK pabouyero npeanoXeHus .

4 . 3pecb yuuMTbiBalTCA NUb aBTOMaTUYECKMEe npouenypbl HaoeHTu-
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ukauum. Tpn ocyuecTBfeHUn nepeBogsuen onepauunm L“—*LJ uveno-
BEKOM o0b6paboTka O npoucxoguT MNOYTU HEOCO3HaHO ANS Hero, Tak
Kak ero aHa/Mm3 OCHOBbLIBAeTCS W Ha cojepxaTeslbHOW CTOpoHe, Wu-
POKOM KOHTEKCTE U NpPUB/I€YEHUN BHENIMHIBUCTUYECKNX [aHHbIX.

Kpome TOro cyuecTtBywT BCe OCHOBaHWA nonaraTtb /cp. Hanp. [8]/,
4YTO MNPV MN3BMEYEeHUU MWHPopMaunn, KOTOPYK HeceT BXOogHOoe coobue-
HWe, 4enoBedYeCKUil aHa/in3 He npoTeKaeT MO KaHOHMYEeCKOW cxewme,
naylwem OT NIEeKCUKN K rpavmaTuke /mopdonorum n cuHtTakcucy/ wu
3aTeM K CMbIC/ly, a TO4YHO HaobopoT: B pe3y/bTaTe CBOero 3HaHus
OEeNCTBUTENbHOCTN, OTPaXEeHHOM B COOOWEHUW, W XU3HEHHOro onbiTa,
yenoBeK HenocpeaCTBEHHO YynaB/MBaeT OCHOBHOW CMbICN1 coobleHns
nocpeicTBOM HEKOTOPLIX cCeMaHTU4ecKux "'OynbKpymoB' U 3aTem pas-
BepThiBaeT ero, npuméerasas K MOPMOSIOrMM U CUHTAKCUCY /b Npu
Hanuuuu 3aTpyaHEHUN .

5 . HanomMHumm, 4TO uaeasibHasg Cxema, MO KOTOPOW [AOo/XHa OCy-
WecTBNATbCA Nwbasa aBTOMaTUYecKas ob6paboTka AaHHbIX, 3afaHHbIX
B (JOPME €eCTEeCTBEHHbIX A3bYKOB, WAET OT TeKCTa K CMbic/ly K OT He-
ro K HoBomy Tekcty: T - C - Tj. Ecnm pacnonoxmts T u T7 C
OBYX KOHUOB OCHOBaHUA paBHOOeApeHHOro TpeyrojibHnuka, TO Ypo-
BEHb CMbiC/la OygeT HaxoguTbCA Ha ero BepwvHe, a meanaHa bepep
npeacTaB/iIdeT pacCcTodHMEe OT TeKCTa [0 cCMmbicna. [lIoCKOMbKy B pe-
3ynbTaTte crneynpuku ecTeCTBEHHbLIX SA3bIKOB /U 00YC/IOB/IEHHbLIX WMWK
TpygHOCTeW/, a TakKke HefoCTaTOYHOCTM Hawux 3HaHWi B OTHowe-
HUM MexXaHu3Ma fA3blka, Mbl He B COCTOSAHUM B HacTosllee Bpema MO-
JenvpoBaTb HenocpeacTBEHHO Becb 3TOT Mpouecc, TO ero pasoun-
BalT Ha OTAEefibHble YPOBHW U NPeAcTaB/AnT B3auMOCBA3aHHbLIMM MoAe-
namm. Tpyu 3TOM, OYEBMOHO, 4YTO, YEM HUXe TOoudKa nepexoja mexany
OBYMA A3blKamy, aHanmM3npywolmne v CUHTe3unpywlmnue mMmopenn B naoc-
KOCTU TOJ/IbKO OAHOro A3blka OyayT npowe, a mMogenn nepexoga oOT
OQHOro fA3blka K [pYyromy - C/i0OXHee, W HaobopoT. Ecsa npobnema
N CBOOUTCA K YCTAHOBJ/IEHUI pPaUUNOHa/IbHON TOYKWU MepeceveHus .
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panyeckn 3TO MOXHO npeacTaBuTb Tak /cMm. [3]/.



- 149 -

JinTepartypa

M .Coyand, Introduction a I ’étude des languages

documentaires, TA documents 1. (Librairie C.
Klhincksieck, Paris, 1966).

Cm. Takxe A_W_MuxainnoB n pgp., OCHOBbl MHPOPMaATUKM,
/ 11 n3a., MockBa, 1968 /.

A_NlwackaHoB, [lpeBexgaT 4YoBeKbT W MawuHaTa, /Hayka u
n3kKycteo, Cojpusa, 1968/.

Cm. Takxe Une définition générale des transformations
inter- et intrasémiotique, Language y Ciencias Nr.32.
(Universidad de Trujillo, Peru, 1969).

C.A.%ntnanos, O mofenupoBaHUN CUHTaKCUCa B CTPYKTYyp-
HOW /NIMHIrBUCTUKe, c6. MNpobnemMbl CTPYKTYPHON JIMHFBUCTU-
Ku, /MockBa, 1962/.

Cm. Takxe W.N_PeB3nH, MeTon mMoaenupoBaHUA N TUNOJIOMUU
CfiaBsAHCKUX A3blkOB, /MockBa, 1967/.

A_JloacKaHOB, YPOBHW S3bIKOBOW CTPYKTYpb M npobnemMa on-

TUMasIbHOCTU cTpaTerun npu MM, Tpyas Cumno3myma "‘Maw-

nepesog - 67m, bypganewT.

Cv. Takxe Is the Generally Accepted Strategy Used 1iIn

Machine Translation Optimal? Mechanical Translation
/1970, B nevatu/.

CM. Takxe O HeKOTOpbIX NIMHIFBUCTUYECKUX U mMaTemaTunyec-

KX npob6nemax aBTOMaTMUYECKOI 06paboTKM WHpopmauun,

3a/laHHOIN B (hOpMe ecTeCTBEHHbIX A3blKOB, XypHan BAB

/1970, B nevaTtwn/.



- 150 -

0. A.llpenpgep, MawuHHbIA NepeBOd - WIN3UA WM peasib-
HOCTb, Tpyab Cumno3uyma '‘Mawnepeson - 67M, byaanewT.
Cm. Takxe [.Bapra, Ctparterma npu MawumHHOM nepesoje,
Tpyasl Cumno3uyma "‘MawnepeBop - 67", bypanewr.

Cm. Takxe poknag ALPAC (automatic Language Pro-
cessing Advisory Committee, publ. 1416, National
Academy of Science, Washington D.C. , 1966).

A_K.XonkoBckuii, K.A_Menbuyyk, 0O cemMaHTU4YECKOM CUHTE3E,
Mpobnembl kKnbepHeTukn BbIN.19 /MockBa, 1967/.

Cm. Takxe A.Dugas & al., Le projet de traduction
automatique a IUniversité de Montréal, COLING
Preprints (Stockholm, 1969)-

Cv. Takxe B.Vauquois & al., Une notation des textes
hors des contraintes morphologiques et syntaxiques
de I’expression, COLING Preprints (Stockholm, 1969) =

P.Garvin, The Place of Heuristics i1n the Pulcrum
Approach to Machine Translation, Lingua vol. 21.

(oes) -

A_E.Kunépuk, CemaHTMuyeckass npobnemaTtuka reTeponorumyec-

KOro kKoaupoBaHusa, cb6. TeopeTuyeckme npobnemsl nNnpuknag-
HOM NUHIrBUCTUKK, /MY, 1965/.

B.Vauquois, A Survey of Formal Grammars and
Algorythms for Recognition and Transformation in
Mechanical Translation, IFIP Congress Preprint (1968)



-151 -

THE MATHEMATICAL METAPHOR

by Solomon M ar cus

Professor Laszl6 Kalmar is the first author who has
defined In a rigorous way the notion of a language - natural
or artificial - with all its phonetic, morphologic, syntactic
and semantic components, (see, for instance, his paper
"Le langage comme structure algébrique'™, Cahiers de linguis-
tique théorique et appliquée, vol. 4, 1967, p. 73-82.) He has
systematically developed the idea that the study of natural
languages must be closely corellated with the study of artifi-
cial languages. We dedicate iIn the honour to his work and
personality this short paper, in which we try to describe
some features of the mathematical language which are very
similar to some well-known phenomena in natural languages:
the metaphoric transfers.

The mathematical language is a mixture of a natural
language and a symbolic language.
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The natural component of the mathematical language usea
three typea of words:

1) Words which exist in the usual language and are used
in mathematics with the same meaning or function as in the
usual language. Most of the pronouns, articles, adverbs,
prepositions and conjunctions are iIn this situation. Words as
between, 1t, more, than, now, at, they, with, in, and, the
have, i1n all or in almost all contexts i1n which they occur,
the same meaning and function as iIn the usual language.
Another class of words which are of this type concern espe-
cially that part of a mathematical text which i1s devoted to
some comments of the mathematical developments, or to some
considerations of a preliminary character. For instance, after
the presentation of Riemann integral and before to present
the Lebesgue i1ntegral we can make the following considerations:
"We have seen, in the preceding chapter, that many usual func-
tions exist which are not integrable iIn the Riemann sense.

Row we shall introduce a notion of integral which permits to
integrate a larger class of functions®l. Here, most of the
words are used with their meaning in the usual language. But
we must remark that the above text Is not in fact a mathema-
tical text, but a paramathematicail text, i1t is only a comment
of a mathematical text.

2) Words which do not exist in the usual language, such
as meromorphic, homomorphism, holomorphic .

It Is easy to see that a word may be of type 2 today,
but of type 1 tomorrow. The word logarithm was of type 2
several centuries ago, but now it is of type 1. In the same
situations are such words as polygon, perimeter and most of
the words used in elementary mathematics.
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3) Words which exist in both the usual language and the

mathematical language, but the mathematical meaning is dif-
ferent from the usual one. Most of the words used in the
mathematical terminology are of this type and we shall clas-
sify them In three subtypest

3a) Words whose mathematical meaning is very near to the
usual one, the former being the mathematical model of the
latter: frontier (of a set), union (of two sets), distance
(between two points).

3b) Words whose mathematical meaning is not so near to
the usual one, though these two meanings have an essential
feature 1In common: sieve, filter, connected. Between the
usual meanings of sieve and i1ts mathematical meaning, iIntro-
duced by Luzin in the theory of analytical sets, there exists,
obviously, some similarity, because In both cases we are
concerned with an object which permits a sorting of the ele-
ments of a set, It permits to choose some elements iIn a set.
But this feature i1s not enough to say that the *Luzin sieve’
is the mathematical model of the object usually called sieve.

3c) Words whose mathematical meaning has no essential
feature 1n common with their usual meaning: analytic, open,
closed, perfect (for sets). Between perfect in the usual
sense and perfect in the topological sense there exists no
common essential feature. The same i1s true when perfect is
used to design an entire number which is the sum of 1ts posi-
tive divisors . Similar situations have the words open and
closed.

Obviously, the above classification is not the most
rigorous possible and a word may belong today to some type
or subtype and i1t may pass tomorrow to another type or
subtype. But the above discussion shows the different situa-
tion of mathematical words with respect to the usual language.
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Words of subtype 3a recall the relation between an
intuitive notion and its mathematical model or translation.
The vagueness of the relation between the mathematical mean-
ing of the words of subtype 3c and their usual meaning does
not permit to establish some connection between them. The
most interesting are the words of subtype 3b. Here, we are
concerned with a metaphoric transfer, with an analogy which
IS not strong enough to furnish a model, but it iIs enough to
generate a metaphor. This 1s a mathematical metaphor. It
puts some problems concerning i1ts particularities with re-
spect to the linguistic metaphor (which exists at the level
of the entire usual language ; a typical example i1s the leg
of the table) and the poetic metaphor (which is a singular
one, due to a determined author and to a determined context
and used In aesthetical aims).

ck) As the linguistic metaphor, the mathematical meta-
phor has a general and a conventional character. It belongs
to the entire mathematical language exactly i1n the same manner
in which the linguistic metaphor belongs to the entire usual
language. An expression such a3 the filter of the neighbor-
hoods of a point does not belong to the individual style of
some mathematician. Similarly, a linguistic metaphor such as
the hands of the watch does not belong to some individual
style; 1t belongs to the general use of the everyday language.
The use of both mathematical and linguistic metaphor is im-
posed to everybody who is concerned with the considered
notion. By this feature, both mathematical and linguistic
metaphors are different from the poetical metaphor, which 1is
purely individual, non-conventional, and facultative. The
mathematical metaphor is thus conventional, transitive and
general, i1t fulfils a function of communication, whereas the
poetical metaphor i1s non-conventional3reflexive and singular,

It serves to exprime something.
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) The poetical metaphor i1s often iIn opposition with a
non-expressive term, with respect to which 1t shows its
expressivity. When in his poem "Le chat" Baudelalre uses the
syntagm "aimable béte', this is a metaphor which shows its
expressivity in contrast with the non-expressive term "le
chat™. The mathematical metaphor, similarly to the linguis-
tic metaphor, needs no opposite term, because i1t fulfils no
expressive function, i1t has a communicative function only.

y) The opposition expressive - non-expressive on which
the poetical metaphor is based is iIn fact the opposition
between the connotative and the denotative use of a word.
The poetical metaphor i1s always connotative, the non-expres-
sive term which iIs supposed by the poetical metaphor is
always denotative. We use here the terms "denotative' and
"connotative™ i1n the sense considered by Tzvetan Todorov
(Littérature et signification, Editions Larousse, Paris,
1967). The denotative function of an object is its basic,
initial function, whereas all other functions are connotative.
When we use the umbrella against the rain, this is 1ts deno-
tative function; but i1f we use the umbrella against a cat,
this 1s one of 1ts connotative functions. As the linguistic
metaphor, the mathematical metaphor is purely denotative.
The denotative character of the mathematical metaphor 1is
clearer than the denotative character of the linguistic
metaphor; the former is given In a very rigorous manner by
its mathematical definition, whereas the latter 1i1s given by
a definition iIn the usual dictionary, definition which often
has a circular character and does not clearly separate the
basic meaning of a word from i1ts secondary meanings. Thus
no contradiction exists between the purely denotative char-
acter of mathematical language and its capacity to allow and
to stimulate metaphoric expressions.
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S) The mathematical metaphor is submitted to the trans-
parent nature of every denotative language, 1t has no value
in i1tself, i1t 1s only a tool and not sinh aim, it may always
be replaced by another term, if no practical i1nconvenience
exists, because the mathematical language possesses an iInfi-
nite synonymy. The linguistic metaphor possesses only partly
this property, because in the usual language the synonymy is
relative and more dependent of the context. The poetical
metaphor has no transparence, 1t is not a tool, but an aim,
it admits no synonymy.

e) All the above properties of the mathematical meta-
phor are more or less common with the linguistic metaphor.
But there exists an aspect which gives an essential differ-
ence between these two types of metaphors. In the case of
the mathematical metaphor, the metaphoric transfer i1s direc-
ted from an intuitive, usual meaning to a rigorous, mathe-
matical meaning; thus, 1t has a heterogeneous, mixed charac-
ter. In contrast with this situation, the linguistic meta-
phor 1is based on a transfer iIn the interior of the usual
language, here both the initial and the final meaning belong
to the usual language; thus, the linguistic metaphor is not
heterogeneous. Prom this point of view, the mathematical
metaphor i1s similar to the poetical metaphor, which is
heterogeneous too, because i1t is based on an analogy between
a term belonging to the usual, denotative language and a
term belonging to the poetical, connotative language. But the
heterogeneous character of the mathematical metaphor is more
clear, because the usual language has no rigorous character-
ization, 1t Is In fact a mixture of elements belonging to
the poetic language and elements belonging to the scientific
language,
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The considerations developed here allow to call the
mathematical metaphor whose origin is iIn the subtype 3b
the exterior mathematical metaphor. But we can define the
interior mathematical metaphor, which Is based on the analogy
between two notions which are both mathematical. Let us con-
sider the notion of a series, well-known in the mathematical
analysis. We encounter the same word in the algebraic theory
of languages, where the formal expression of a series

[e]¢]

IS associated to a grammar G on the terminal vocabulary V,
where >4, X2,...,xn,... are all the strings on the vocabu-
lary V, whereas an 1is the entire number with the property
that G generates the string x4 1In a™ Kkinds. In other
words, the considered series iInforms us on the degree of
ambiguity with which G generates the various strings. The
difference between this concept of series and that belonging
to the classical mathematical analysis is an essential one.
But their formal analogy allows a metaphoric transfer, which
leads to the use of the term series In the study of languages.
The mathematical metaphor obtained in this way possesses all
the properties of the exterior mathematical metaphor presented
above under the points <, 3y and S and, from this point
of view, it i1s similar to the linguistic metaphor and i1t is
opposed to the poetical metaphor. But, In contrast with
the exterior mathematical metaphor, this new type of mathe-
matical metaphor does not possess the heterogeneous char-
acter described under the point e , it iIs based on the
analogy between two terms belonging to the same language,

the mathematical language. This i1s the reason for which we
call this new type of mathematical metaphor the interior
mathematical metaphor; 1t has the same homogeneous structure
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as the linguistic metaphor and thus i1t Is nearer to the lin-
guistic metaphor than the exterior mathematical metaphor.

It must be remarked that sometimes the same mathematical
term may denote both an interior and an exterior mathematical
metaphor. For instance, the above discussed mathematical term
series, considered with respect to the corresponding word of
the usual language, 1s an exterior mathematical metaphor.

Almost all generalizations of mathematical notions lead
to interior mathematical metaphors. Starting with a mathemat-
ical notion Aq denoted by the term , a generalization of
Agq, denoted by the same term <x, leads to a interior mathe-
matical metaphor, which corresponds to a new mathematical
notion A™. If we iIntroduce a further notion A2, which gener-
alizes the notion AN and is denoted by the same term oC,
then we obtain a new interior mathematical metaphor, which
may be considered a metaphor of the second order. Further
generalizations may lead to interior mathematical metaphors
of higher orders. An interior mathematical metaphor exists
with respect to some mathematical theory. More abstract is
this theory, more higher is the order of the corresponding
interior mathematical metaphor. More general, we can say that
the interior mathematical metaphor is the result of some anal-
ogy between two mathematical notions which are denoted by the
same word.

) The poetical metaphor obligatory evokes, recalls the
initial, usual meaning of the term by which 1t iIs denoted.
Without this evocation we cannot have a poetical metaphor,
because the poetical meaning exists only in opposition to
the usual, non-expressive, denotative meaning. The mathemat-
ical (interior or exterior) metaphor possesses a similar
property, but 1ts aim is different.
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The exterior mathematical metaphor obligatory recalls
the i1nitial, intuitive, non-mathematical meaning of the term
by which it i1s denoted, because only In this case It accom-
plishes 1ts function of showing the analogy which leads to
the iIntroduction of the considered mathematical term. The
interior mathematical metaphor obligatory recalls the start-
ing meaning of the term, because only iIn this case It points
out the analogy or the generalization which leads to this
metaphor. Completely different i1s the situation of the lin-
guistic metaphor, where we must not remind the initial mean-
ing of the term and sometimes It Is necessary to forget 1it.
The forgetting i1s the ground of the linguistic metaphor,
whose main role is to help the constitutive process of the
words.

Both the iInterior and the exterior mathematical meta-
phors belong to the natural component of the mathematical
language. But we encounter some metaphors i1n the artifical
component of the mathematical language too. When we use the
sign - to denote the operation of difference between sets,
this i1s a metaphor with respect to the basic use of this
sign, as difference between numbers. When we use the sign
X to denote the Cartesian product between two sets, this is
a metaphor with respect to the basic use of this sign, as
product between two numbers. We shall call this type of met-
aphor graphical mathematical metaphor. It iIs easy to see
that the graphical mathematical metaphor possesses all the
above properties of the iInterior mathematical metaphor.

But there are some phenomena which keep all the prop-
erties of a graphical methapor, but which introduce some
modification In the form of the considered sign. The notion
of an empty set is similar to the number 0O, but the symbol of
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the former is not exactly that of the latter. In the same
situation are n with respect to V ,n with respect to A .

In mathematical analysis, the symbol / of the integral 1is a
deformation of the letter S. In all these cases, we can speak
of graphical semi-metaphors. There exist probably exterior
mathematical semi-metaphors and interior mathematical semi-
metaphors too, but we shall not iInvestigate here this pos-
sibility.

We shall now summarize the results obtained. There are
two kinds of mathematical metaphors; natural and artificial
metaphors. The natural mathematical metaphors are of two
types: interior and exterior. The iInterior mathematical
metaphors are the result of some analogies or generalizations
concerning a mathematical notion. The exterior mathematical
metaphors proceed from the words of subtype 3b and are the
result of some analogies between a mathematical and a non-
mathematical notion. The artificial mathematical metaphors
are called graphical metaphors; they are represented by mathe-
matical symbols and are similar, in all their properties, to
the iInterior mathematical metaphors. Many mathematical symbols
lead to graphical semi-metaphors. Some of the results obtained
are shown in the following table, where we iIntroduce some new
distinctions.

Linguistic Interior Graphical Exterior Poetical
metaphors mathematical metaphors mathematical metaphors
metaphors metaphors

+ + + -

- - - - +

0 - - - T

+ T -

+ H - -

- + T i
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In the first line we put + if the metaphor is general and
conventional and - otherwise. In the second line we put +
iT the metaphoric function is fulfilled iIn opposition to a
non-expressive term and - otherwise. In the third line we
put + 1f the metaphoric term has a connotative function,
we put - 1f the metaphoric term has a denotative function
and we put O 1f the metaphoric term iIs neuter with respect
to the opposition denotative-connotative, Considering the
linguistic metaphor as neuter with respect to the opposition
denotative-connotative, we want to point out the fact that
the mathematical language only is of a purely denotative
nature, determined by i1ts definitions and conventions,
whereas the usual language hesitates between the denotative
and the connotative function of the words. In the fourth
line we put + if the metaphor i1s transparent and - 1if
the metaphor i1s opaque. In the fifth line we put + 1f the
metaphor is homogeneous (i.e., both terms we consider the
analogy between belong to the same language) and we put -
the metaphor i1s heterogeneous. In the sixth line we put +
the metaphor obligatory evokes the initial meaning of the
term by which it is denoted and we put - otherwise.

: -

We can see that the mathematical metaphor has an inter-
mediate position between the linguistic metaphor and the
poetical metaphor. Expecially interior and graphical meta-
phors are very near to linguistic metaphors. But we have
found no criteria to distinguish between interior mathemat-
ical metaphor and graphical metaphor. This remains a task
for a further iInvestigation. It would be also iInteresting to
study thoroughly the various possible orders of an interior
mathematical metaphor and of a graphical metaphor and to put
all these notions and facts In an axiomatic-deductive form.

—h
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SUR LA POSSIBILITE DE MODELER LE PIII PAR L’IKPIRI

par Gr.C. M o1 s 11

Some times it iIs appropriate to consider a real machine
as "a finite approximation of an idealised machine containing
an infinity of details™ dit M.L. Kalmar dans sa Conference
faite en 1959 au Symposium de Varsovie sur les méthodes in-
finites [I] .

Je vais donner ci-dessous quelques exemples pour soutenir
cette these.

by

Les automates a relais temporisés

Considérons un relais R ; il a un certain temps d’en-
clanchement tel que si le courant commence a passer par
le bobinage du relais R a I’instant t, ses contacts de fermeture

seront fermés a Il’instant t + TiR.
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Soient et les temps d*enclenchement des relais
R et T. Si T"j est trés grand par rapport a "?R, par exemple
si = 1000, alors préciser que T 7 = 1000 ou

999 ou 1001, etc, n’a pas de sens physique, dés qu’on admet
des erreurs de 1 °/oo, 999 = 1000 = 1001,

Supposons qu’on veuille décrire le fonctionnement d’un
pareil circuit. Voici une pareil le description.

Les relais R et T sont en repos (état SQ) -

En appuyant sur le bouton-poussoir le relais R est excité
et I’automate commence son évolution séquentielle; appelons

€y

les états de I’automate. Supposons que dans tous ces états le
courant passe par le bobinage du relais temporisé, donc que
dans 1 ’état S™M00Q le relais T est excité.

La remarque fTaite ci-dessus montre que parmi les proposi-
tions

a 1’état Slooo le relais T est excité (2D
a l’état le relais T est excité (2n)
a l’éetat S1oof le relais T est excité (2mre)

on ne peut pas choisir celle qui est vraie. Ce qui est vrai
c’est que
apres un temps tres long le relais T
est enclanché ©))
a 1’état Sn le relais T est excité 4
n étant tres grand (5)
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Dans un livre publié en 1959 [2] nous avons essayé de
donner la description du fonctionnement des circuits a relais
ordinaires et temporisés en laissant 1’indice 'n" indéterminé#
Dans un travail plus récent [3] nous avons procédé d’une

maniere différente.

Introduisons 1’état ,W étant le premier nombre
ordinal transfini; nous interprétons la proposition (3) de la
maniere suivante i

a I’état S™ le relais T est excité ®6)

aux iInstants suivants |1 ’automate passe par les états
)

Supposons que le désenclanchement du relais T demande
aussi un temps tre long par rapport a "t™ Dans ce cas, si le
courant ne passe pas par le bobinage du relais T aux Instants
ou l’automate se trouve dans les états (7) la proposition

apres un temps trés long, le relais T est desenclanché
se traduilte par
lorsque 1’automate se trouve dans |’état

Stox2 le relais T est désenclanché.

On voit que les suites (1), (7) se prolongent et que
I lautomate se trouve dans les états (non différents™)

S _/\’ ---’ Sn , ---,S

ss® S 63)

donc dans des états formant une suite bien ordonnée d’un type
ordinal ™ < u/.
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Les automates a relais a plusieurs temporisations

La description du fonctionnement séquentiel des automates
a relais temporises de plusieurs especes, tels gque par exemple,
ton : sont treés grand et Tg : soit tres grand aussi,
n’a rien d’inacoutumé ; il sufit d’introduire, en dehors des
relaie ordinaires et temporises - a temps d’enclanchement
T T = 15 minutes, des actions hebdomadaire, donc a temps

d ’enclanchement T° 7TTp = 700.

Dans ce cas si est | ’état ququel on arrive aprés une
semaine, la description du fonctionnement introduit une
échelle d*intervales temporels comptés par les nombres ordinaux

5< uA

.
Remarques sur le temps et sur le principe du

déterminisme

La variable tempe prend, dans les descriptions des phéno-
menes physiques, des valeurs formant un ensemble linéairement

by

ordonné, semblable a I’ensemble des nombres réels.

Il n’en est plus de méme dans la théorie des automates
finis séquentiels, dans laquelle les états dépendent d’un
indice n qui est un nombre naturel, par les équations connus

Sn+l - « V  sn> €))
ou est 1’éntrée dans le n-eme intervale temporel. De sorte
que le temps dans la théorie des automates finis est une
variable qui prend comme valeurs des nombres naturels.
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Le fait que I"état actuel ne determine pas I état
antérieur montre bien qu®il faut avoir un premier iInstant:
c"est I"instant quand l"automate a été instalé.

Mais les remarques qui précedent montrent que le temps
dans la théorie des automates séquentiels a différents élément
temporisés est une variable qui prend pour valeurs les nombres
ordinaux £,<

Nous avons fait la remarque [4] que le principe du
déterminisme a, dans la théorie des automates finis ordinaires
une structure différente de celle qu”il a dans la mécanique
classique. En effet I1"équation (9), si on connait la suite
des entrées

Kg» Kxj *ee

et I"état initial SQ, permet de prévoir tout lI"avenir, c"est-
a-dire déterminer la suite d"états

D2Ad (&4 , ®®®

L*équation (7) n"est pas, en général, résoluble par
rapport a Sn, il peut y avoir plusieurs états Sn : s®, S”,...
tels que

S>EP<V &£ m—
donc tels qu"ils conduise au méme état Sn+-<\
On voit que la structure de l1*irréversibilité du temps

dans la théorie des automates abstraits est différente de
celle de la thermodynamique classique.
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1v.

Les paradoxes du chauve et du tas de blé

Les paradoxes du chauve et du tas de blé montrent que
1 ’idée commune du "tas'" ne peut pas étre modelée dans les
cadres des ensembles finis, quoique, 1l est evident, qu’un tas
de blé est un ensemble fini de grains de blé.

Toutefois le deux caractéristiques du tasTt

1. Si1 d’un tas on extrait un grain, ce~qu*il en reste
forme un tas;

2. si a ce qui ne forme pas un tas on ajoute un grain,
ce qui en resuite ne forme pas un tas
montrent que un tas est un ensemble iInfini.

C’est modelant les tas par des ensembles infinis qu’on
arrive a une théorie adéquate de ce qu’on entend par le mot

"tas" [5].-

V.

Les quanteurs stochastiques

Nous avons été conduit a modeler les quantificateurs
[S]. [6]
la plupart de x
il y a beaucoup de x
et a montrer que les universelle stochastiques
A - la plupart des S sont des P .
I : beaucoup de S sont des P,
et leurs négations
O : beaucoup de S ne sont pas des S
B : trés peu de S sont des S
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engendrent une syllogistique i1dentique a la syllogistique
non modale d’Aristote.

Par contre la logique des relations pour ces quanteurs
n’est pas identique a la logique classique des relations. En
particulier, tandis que pour les quanteurs clasiques, le
quanteur classique

pour tout couple <x,y>
peut étre construit a l’aide des quanteurs monodiques
pour tout x, pour tout y
ce qui équivaut a
pour tout y, pour tout X
le quanteur stochastique
pour la plupart des couples <x,y>
n ’équivaut pas a
pour la plupart des x, pour la plupart des y...
C'qui n’équivaut pas a
pour la plupart des y, pour la plupart des x...)

Les modeles du quanteur stochastique
la plupart des x...
mentionnés par nous dans les mémoires ['5] et [6] sont:
pour tout x sauf peut-étre un nombre fini,
pour tout x sauf peut-étre un ensemble dénombrable,
pour tout x sauf peut-étre un ensemble de mesure nulle,
la limite du rapport du nombre des cas favorables
au nombre des cas possible est 1.

En général on peut modeler ce quanteurs par
tous les x sauf ceux d’un ensemble négligeable
ou les ensembles négligeables sont ceux d’un idéal de 1’algébre
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de Boole conaidérée;

noue avons donné, en dehors des cas
cités ci-dessua,

les exemples suivants:

les ensembles ayant une puissance moindre ou égale a
un cardinal donné;

les ensembles clairsemés;

les ensembles de premiere categorie;

les ensembles qui jouissent de la propriété de Baire.

Ces quanteurs ont été étudiés profondément les derniers
temps [?]1 - [14] -
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PSYCHOLOGICAL REALITY AW) TOP-TO-BOTTOM
REWRITING RULES

by Janos Kristéf Ny 1 r i

In choosing a particular mathematical model for the
construction of a theory of language, one to a great extent
determines both the range of phenomena describable In that
theory and the range of interpretations applicable to them.
By aiming at some particular interpretation one thus neces-
sarily excludes the iIntroduction of certain mathematical rep-
resentations, while determining constraints for the possible
ones. Thus when a linguist states that '"the fundamental fact
that must be faced In any investigation of language and lin-
guistic behaviour i1s the following: a native speaker of a
language has the ability to comprehend an iImmense number of
sentences that he has never previously heard” [la], and adds
that "iIn any interesting system there is no bound on sentence
length” [Ib] , he hereby implies that a mathematical model
adequate for his purposes will necessarily be one that gener-
ates out of a finite set of elements a more extensive, indeed
infinite set, and thus necessarily employs some kind of re-
cursive rules; the exact character of the rules iIs of course
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not yet specified by these principles which are, by the way,
even themselves very much subject to doubt. It is true, for
example, that no upper limit on the length of a sentence will
be "natural”™ In the sense of being the lowest upper limit,
but this does not alter the fact that an arbitrary limit can
easily be specified - no loss iIn the explanatory power of a
grammar will result i1f we limit 1ts scope to sentences no
longer than, say, 450 words. Again, many sentences differ
from each other only iIn some grammatically trivial sense,
while others - "cliches"™, "idioms"™, etc. - are practically
used in a constant form, so that one In the end may wonder
whether there i1s any non-trivial! sense in which the set of
possible sentences iIn a natural language is infinite, and,
accordingly, whether there has not been too strong an empha-
sis laid on the recursivity of the rules of grammar.

In what follows, 1 shall not, however, further pursue
the question concerning the validity of these basic assump-
tions. Instead, 1 would like to draw attention to an iImpor-
tant problem of iInterpretation which arises within the gener-
al framework of Chomskyan grammar, and to iIndicate, very
briefly, some formal restrictions that must be observed if
the question of iInterpretation iIs decided in one way rather
than the other.

In his book Aspects of the Theory of Syntax Chomsky de-
ve lopes an approach to the theory of language which - though
not unique - is certainly rare in contemporary thought. The
approach is mentalistic, i1.e. it does not restrict discussion
to the analysis of manifest linguistic events, but permits
and even encourages mention of a mental reality underlying
the former. Me must realize - argues Chomsky - that '"the men-
talist ... need make no assumptions about the possible physi-



- 177 -

ological basis for the mental reality that he studies. In
particular, he need not deny that “here i1s such a basis. One
would guess, rather, that it is mentalistic studies that will
ultimately be of greatest value for the investigation of neu-
rophysiological mechanisms, since they alone are concerned
with determining abstractly the properties that such mecha-

nisms must exhibit and the functions they must perform."™ [1].
- This approach 1s not without precedents in modern philos-
ophy of language. Even Y/ittgenstein, to whom the linguistic -
in the sense of counler-mentalistic - turn is attributed,
emphasized in a letter written to Russell iIn 1919 that "a
thought ... must have such constituents which correspond to
the words of Language'™. And although in our Rylean days this
mentalistic streak 1in the early Y/ittgenstein is seldom noted,
attepmts to treat problems i1n epistemology and the philoso-
phy of language in such a way as to utilize the notion of
such a correspondence are not entirely absent [2] . This ap-
proach, then, takes an adequate theory of language - the
theory describing the abstract structure of language - to be
a powerful tool i1n psychological and neurophysiological 1n-
vestigations, by providing general contraints on these em-
pirical theories. It i1s quite natural that such a theory

will also have important implications for the philosophy

of language.

Mot every theory of language i1s, however, adequate for
mentalistic purposes, and 1t i1s not a simple problem to deter-
mine, even In a very abstract way, the requirements for such
a theory. Paul Kiparsky recently gave a lucid formulation of
the questions involved. '"Suppose that someone succeeds 1in
writing a grammar which - Kiparsky writes - correctly enumer-
ates the sentences of a language and assigns them the right

structural descriptions. Such a grammar would ipso facto
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correctly represent the substance of a fluent speaker’s
knowledge of tills language. But i1t would not necessarily rep-
resent the form of this knowledge iIn the sense of actually
corresponding to the system of rules which is internalized by
the speaker and constitutes part of what enables him to pro-
duce and understand arbitrary utterances in the language.
Similarly, the knowledge of someone who has learned arith-
metic, that is, the iInfinite set of correct arithmetical com-
putations, could be defined by many different systems of rules,
including both psychologically incorrect ones, such as certain
axioms of set theory, computer programs, and so on, and the
psychologically correct one, namely whatever knowledge is
actually used in arithmetical performance, such as the rules
of school arithmetic and the multiplication table. How do we
know that generative grammar is not psychologically as wrong:

a model of linguistic competence as set theory is of arith-
metical compétence?" [3].

We do have, however, certain general ideas about what
can and what can not go on "in the mind" - and even if some
of these i1deas are wrong, It is not probable that they are all
wrong. A theory of language, i1n order to permit mentalistic
extrapolations, must satisfy - beside obvious empirical re-
quirements - some prior requirements postulated by common
sense, science and the philosophy of language. Let us, for
the time being, refer to such a theory of language as
adequate”, while calling adequate£those theories of language
which - though being empirically successful - essentially use
theoretical constructs the reality of which can not, plausibly,
be maintained.

This distinction reflects the familiar distinction be-
tween i1nstrumental and non-instrumental scientific theories.
(1t should not be confused with the distinction between in-
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strumentaliat and realist theories of science - the former
holding that all theories are mere iInstruments, the latter
opposing this view. The classification of scientific theories
into instrumental and noninstrumental ones obviously presupp-
oses a realist conception iIn the theory of science.) Instru-
mental theories - or theories as mere iInstruments - are use-
ful for handling a limited domain of phenomena, but are not
considered as describing how things really are ; on the other
hand, non-instrumental theories - theories iIn the full sense
of the word - do really describe the world. A sharp boundary
between these two types of theories can, of course, not be
drawn, but clear cases of a theory belonging to this rather
than to that type can easily be presented. Geocentric astron-
omy as used by sailors and surveyors today is an instrumental
theory; the kinetic theory of gases, postulating the existence
of molecules, 1s a non-instrumental one.

Now/ Chomsky’s theory of language - recent mentalistic
pretensions notwithstanding - is instrumental beyond all
doubt. "The fundamental aim in the linguistic analysis of a
language L - we read in Syntactic Structures - iIs to separate
the grammatical sequences which are the sentences of L from
the ungrammatical sequences which are not sentences of L and
to study the structure of the grammatical sequences. The
grammar of L will thus be a device that generates all of the
grammatical sequences of L and none of the ungrammatical ones.
One way to test the adequacy of a grammar proposed for L 1is
to determine whether or not the sequences that it generates
are actually grammatical, i1.e. acceptable to a native speaker,
etc.” [4]. This test of adequacy, however, will not yet pro-
vide a final criterion, for there can always be an indefinite
number of different scientific theories satisfying a finite
corpus of data [5] = How to choose among them? Here 1is where
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explicit heuristic considerations from related disciplines

- or even the philosophy of language - ought to come in, that
is 1T we strive for a theory of language which iIs adequate”,
1.e., a theory which i1s not a mere instrument. Instead of such
considerations we are given the notions of generality and
simplicity - we must choose a general theory which is, taken
as a whole, the most simple. (These notions, which always
played an important part in iInstrumentalist theories of sci-
ence, here strongly show Quine’s influence, which, by the way,
makes itself felt at other crucial places too, e.g. 1In
Chomsky’s early treatment of semantics.)

More 1mportantly, forgetting now about the indirect evid-
ence presented by Chomsky’s methodological conceptions, the
grammatical theory itself makes a non-instrumental iInterpreta-
tion quite 1mpossible, nothing "in the mind"™ could possibly
correspond to many of the theoretical constructs and laws
employed here. The status of major categories, top-to-bottom
rewriting rules, etc., can be only an instrumental one. At
times Chomsky seems to realize this. In Aspects he writes:

"l see no plausibility at all to the assumption that the speak-
er must uniformly select sentence type, then determine sub-
categories, etc., fTinally, at the last stage, deciding what

he 1s going to talk about; or that the hearer should invaria-
bly make all higher-level decisions before doing any lower-
level analysis.”™ [6]. At the same time, throughout the whole
book, he keeps drawing conclusions about the nature of lan-
guage-acquisition, etc., the conclusions being based on his
theory of grammar. This iInconsistency i1s very much present

also 1In Katz’s Philosophy of Language [7] -
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ITov with all this I do not want to suggest that instru-
mental theories of language may not or should not be con-
structed. As a first step, the construction of even such a
theory may provide useful information about the structure of
language. It is even possible that by trying to extend an
instrumental theory to cover phenomena hitherto unexplained
by 1t, this theory will, in certain respects, develop into a
non-instrumental one. But it should always be absolutely clear
what the intended status of the theory under construction pre-
cisely is, and the considerations relevant to i1t a3 well as
the possible conclusions must be selected accordingly. In
particular, the generative rules of the grammar, 1f purporting
to characterize - however abstractly - real psychological pro-
cesses, 1.e. to be subject to a mentalistic interpretation,
must loose their essentially "vertical®"l1l character, and generate
the sentence not from an abstract entity symbolized by 'S",
but rather from those parts of the sentence which can plausibly
be said to have some psychological priorityr i.e. from some-
thing like Chomsky’s '"selectionally dominant™ phrase ('cf.
Aspects, p. 116), or from something corresponding to the
"Topic" of the surface structure, etc. 1 believe that attempts
in this direction would - beside making a non-instrumental
interpretation of the theory possible - yield results concern-
ing the strictly instrumental powers of the theory, too.
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of hypothetical constructs such as (in physics, for
example) "mass" and "electron”. Similarly, a grammar
of English i1s based on a finite corpus of utterances
(observations), and it will contain certain grammati-
cal rules (laws) stated iIn terms of the particular
phonemes, phrases, etc., of English (hypothetical
constructs)." (ibid.. p. 49%) - "A linguistic descrip-
tion i1s a scientific theory In a quite straightforward
sense." (J.J.Katz, The Philosophy of Language, Harper
& Row, Hew York, 1966, p. 105D

Aspects of the Theory of Syntax, p. 197.

Although Katz i1s clearly acquainted with the fact
that difficulties can indeed arise in this area. -
"Among the problems in linguistic theory - he wrote
on p. 19 of The Structure of Language (Prentice-Hall,
Englewood Cliffs, N.J., 1964) - some are only
particularizations of classical problems iIn the
philosophy of science. Thus, when we fine linguists
asking whether such constructs as phoneme, morpheme,
noun phrase, and others correspond to any psychologi-
cal reality or whether they are best considered mere
classificatory conventions, we recognize a special
case of the philosophical problem about the reality
of the theoretical entities postulated In scientific
theories.” The extent to which Katz, iIn his own work,
neglects the question so well indicated here, 1is
astonishing.






BbIYMCIUTENBHAA NIMHIBUCTUKA VI OBPA30BAHVE
nPenonABAENEN - CNOBE CH/KOB

¢ _Mann

Ha camom pgene - HeT ABYX Ky/bTyp, WM, MO KpawHen wmepe,
eCcTecTBEHHO-MaTemaTniyeckass U gpuaonornyeckasa KynbTypa OY€Hb
61M3KM gpyr K gpyry /cp.,Hanp., ECTb XuBble HOCUTENN
o6enx KynbTyp WM 006enx CTOPOH €eAUHOMN Ky/NbTypbl - HEMaslo Hac
Taknx Kak B BeHrpum, Tak M 3a ee npegenavm, KOTOpble B CBSA3U C
3TuUM npexae Bcero nogymManu 6bl 0 J/l.Kanbmape. HO Bce xe TakKux
nwopei ege Masio, BO BCAKOM Cllydyae MeHblle TpebyemMoro CoOBpeMeH-
HOCTbIO. [l03TOMY Mbl BCAYECKM cTapaemcs MpuBUTb HEKOTOpble 3ne-
MEHTbl MaTemMaTU4YeCKOro MblWIeHUss CTyAeHTaM-C/I0BECHUKaM KaK B XO-
[e perynsipHolX u obueobsasaTenbHbiX (UIONONMUYECKNX KypCOB, TakK WU
B XOAe chneuKypcoB. Hwmxe Mbl OCTAHOBUMMCH Ha HEKOTOPbIX YaCTHbIX
BOMNpocax Hawero nogxoaa.

Mpn 3TOM Mbl OrpaHNYMMCA MNpuUMepaMn TOJSIbKO U3 BblYUCUTESNIb-
HOM NUHIBUCTUKU. [lefio B TOM, YTO rpaHuupl MaTeMaTU4yeCKOW NUHI -
BUCTUKM C/INWLKOM WMPOKU ANA 0O0CYXAeHUst B KpaTKoMm cooblueHnn. K
TOMY € MO MHEeHUK OfHUX W3 camblX NpeAcTaBUTEsIbHbIX aBTOPUTETOB
3TO HayKMm OHa oOxBaTbiBaeT MKPYr MaTtemaTudeckux, Mo CylecTBy,
paboT" /cp.[3, cTp.15] /, Tak 4TO ee npobnemaTvka MoBepHynachb
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O6bl B HECKOJIbKO WHYI0 CTOPOHY: KaK BO3HUKaeT HoBasd MmMaTemaTuyec-
Kas aucuyumnnmvHa ''m3 MnonbiTOK CTPOro onucaTtb ()akTbhl €CTECTBEHHbIX
A3bIKOB" /Tam xe/.

I. lpyn nocTtaHoBKe 3ajayn O3HaAKOM/IEHUA CTyAeHTOB-CJ/lOBec-
HMKOB C asamm mMaTeMaTU4eCKOro Mbil1eHUs BOOoOWe W BblYUCINTENb-
HOW JIMHIBUCTUKM B 4YaCTHOCTU, MsT UCXOAUMM U3 OOBLEKTUBHO [AaHHOIO
NOSIOXEHUSA, MO KOTOPOMY Ha (unadpak nocTynawT /g, BooOwe roso-
psa, HeponwbnmeBawwme maTtemaTukm. E OCHOBHOM M B camoMm o6uwem
cnyyae peno 34ecb, Ha Haw B3rnsa4, He B MeToAMKe M B maTepuane
cpefHen wWwkosbl No maTtemaTuke. [eno gaxe He B TOM, UYTO HaM HyX-
Ha B OCHOBHOM WMHaa maTemaTuKa /uHble 4YacTu maTtemaTuku/ u He Ta,
4yTO npenogaeTcs B WKoMax /cp. C BEHrepCcKuUMM Has3BaHUAMW 3TOro
WKOMbHOIr0o npeagmeTa: mennyiségtan ’Hayka O KonudecTtBax /1/7,
szamtan ’HayKa 0O uyucnax’; B obuxode nocnefHuin TepMuH ObITyeT u
CerofHs Hapsily C XaproHHO-COKpaleHHbIM WKOJ/IbHbIM C/IOBEYKOM ma-
tek/. [leno B TOM, 4TO 3TO MPOCTO /IWAN HECKO/IbKO MHONro ckKnaga
ymMa, Kak Obl HegeAyKTUMBHOINo, HeabCTpakKTHOro - HO BCe Xe /ioan
ymMa, HECMOTpsS faxe Ha HEeKOTOopyw HeabCTPakKTHOCTb WX MbIWIEHUS .
XOTS BeCb CMbIC/T MaTeMaTUKU, KaxeTcsa, WMEHHO W 3akKloyaeTcsa B
6ecTenecHom urpe cC OTB/EYEHHbIMM, OFO/EHHbLIMM OT Cny4yailHOoCTel
BelwecTBa MOHATUAMW W CUCTEMaMW MOHATUA - B Cllydae MOJ104blX
C/MIOBECHUKOB, Ha Haw B3rns4, Haao cienaTb HEeBO3MOXHOE: Ha Kax-
[OM lWary ykasbiBaTb BHYTpU mMartepuana, u3yyaemoro MMM, Kak npo-
ABNANTCA TaM Kakume-TO obune, abCTpaKTHble 3aKOHOMEPHOCTU; Kak
MOXHO MPUMEHATb TaM HeKOoTOpble MeTOoAbl MaTeMaTUKU; Kopo4ye roBO-
ps, MatemaTuKy UM HaAo Mnokas3biBaTb Ha camMOM M B camMOM MaTepua-
ne 2

2. E npakTtuke nporpammmpoBaHMs BeCbMa pacrnpoCTpaHeHHbIM
ABNSAETCA MeTof npeacTtaBsieHMA npobnem B Buge O6/10K-cxeM. Ham
nokasasioCb, 4YTO TakKOW MeTo4 MOXeT ObiTb Lesniecoobpa3HbiM U Npu
oby4yeHun snwpen, nosaTomy B Hawem Kypce COBpPEMEHHOro pPyCCKOro
A3blka [4] ™Mbl MocTaBuUAM B HECKOJIbKUX MecTax O/I0K-CXeMbl HEeKOTO-
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pbIX 3agad. TakK, MOXHO TaMm HahTu 6/I0K-CXemy rnpaBua rnepeHoca B
COBpPEMEHHOWN pPYCCKOI opdorpapun; npaBun onpefeneHns mecta Bbl-
paxeHns KarTeropum oAyleB/IEHHOCTU-HeoAyWeB/NI€eHHOCTU; npaBusl 06-
pasoBaHVUA TOPM MOBENINTE/IbHON0 HaK/IOHEHUA U T.A.

Ha ocHoBe TOro, 4To BCe CTyAeHTbl /He TO/IbKO Y4YaCTHUKWU
KakKoro-Humbyab cneuvasibHOro kKypca/ 3HakoMmbl C 3TOW (opmMon npepn-
CTaB/fieHMA 3aja4y, B eXeAHeBHOW MnpakTuKe npenogaBaHUs MOryT
poxgaTbCA W UHble, HOBble 6/10K-CXeMbl. TakK, B TeKylWeM Yy4YeOGHOM
rogy Hac 03a4auyuio HenoHumaHue O60/IbWMHCTBOM CTYAEHTOB npasBusi
accummnaumn  /ynogobneHusa cornacHeix/. B camoii pedyeBOW NpaKTuke
CTYOEHTbl CUIbHO He owmbawTcsa /npaBuna acCUMUIALUM B PYCCKON U
BEHIEePCKOMN 3BYKOBOW CUCTEME O4YeHb 6/M3kKu/. HO TeopeTunvecku
OHN He pa3bupasimcb B 3TOM BOMpoce, pgaBasin TpPaHCKpuUnuum Bpoae
rpeiM” BMECTO NpaBW/IbHOIO ’KpbiM”, “Mas3rBy’ BMECTO NpaBW/IbHOIO
’MackBy’ u T.4. Torga mbl pewinu n3obpas3vuTb 3ajady 3BYKOBOW
peanusaumu rpynn corsiacHoelX B BUAe O/IOK-CXEeMblZ Mbl CTPOWIN, KaK
6b10 CKasaHo, '‘MawuHy”, Ha BXO4e KOTOPOW MOSABASAKNTCA (POHEMbl, a
Ha BbIXO4e - 3BYKM, B KOTOPbIX OHU peasin3ylnTCA B XMBOM MNOTOKe
peun /npy 3TOM 3agada Obla cBefeHa TO/IbKO K rpynnam cornacHbix/ .
Mbl camu Oblin yAMBNEHbI, CKOJIb MHOroobpas3Hbl U HepeakKo OCTPOYMHb
OblIM peweHns, HalgeHHble B AOMaWHUX 3ajaHusax /3ajaHHblX B CBA3U
C 3TUM NOC/iIe HEeKOTOpbIX pa3bsACHEeHW Ha ypokax/. HeusBecTHO eue
HacKO/IbKO caM MeTof Cnocob6CTBOBa/l YCBOEHUK 3TOW 4YacTu MaTepu-
ana. Ho, KaxeTcA, KakK pa3 3TOT MNpUEeM CWU/IbHO 3anedaTt/sieBasicad B
namsaTu CTYOEHTOB: OOWH M3 HUX, OTCYTCTBOBaBWWA MOYTU B Teue-
HWe Bcero nonyrogusi, 3asiBWi, 4YTO OH OT ToBapuuen 3HaeT maTe-
prnan nonyroaus - 3HaeT HYXHY MawnHy. "“bl cCHayana pgaxe He no-
HAM, O KaKoi MawuHe wnaeT pedb - maTtepuan nonyroguvs Obl, KO-
HEeYyHo, ropasgo wipe - 3TOMY Bonpocy Obi/IM NOCBSWEHb BCEro Asa
ypoka.3

3. E Xoge cneunanbHOro Kypca MOXHO W HYXHO AaTb 6onblie.
OrpaHnyycb M 34eCb TO/IbKO OAHUM MPUMEPOM: BOMPOCOM OBYy4eHUs
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CTYAEHTOB YyKa3aHHOIro npoguisi NporpaMMMpOBaHMI0.

Takoli onbIT y Hac ele HebonbWoOW: BCero oauH pa3, BO BTO-
pom nonyroamn 19S8/69-0ro y4yebGHOro roga Mbl MNOMbITA/IMCb BBECTU
HEKOTOpPbLIX CTYAEHTOB B 3/1EMEHTHl NporpamvmpoBaHna MawmnHsl ODRA
1013, Ha A3blke MalWuHbl. /B Hawmx uensx, HeCMOTpPA Ha CBOW Ipo-
MO34CKOCTb M HEKOTOPYK abCTpPakKTHOCTb MO CpPaBHEHUK C ApYyrumu
BO3MOXHbIMX MPOrpaMMUpyoWLnUMmM A3blKaMn, WUMEHHO S$A3blK MalWHbl 1
Kasasicad eAUHCTBEHHO MnpumeHumbiM/ . B TedeHue nonyrogus Hebosib-
was rpynna cTyAeHToB /pa3HbiX KypcoB, Bce (unonorn/ ocCBOWUN
3/1eMeHThl nporpargMmpoBaHua M Noj HawiMMm PYKOBOACTBOM YCMNEWHo
COCTaBwWIn nporpamMy, HECKO/IbKO 6osee nogpobHO onucbhiBaemyw HU-

Jivo -

Ncxopa u3 coobpaxeHusi, KpaTKO W3I0XEHHOro B Mn.l., Mbl
BBE/IN HEKOTOpble HOBOBBEAEHUA B HalW Kypc nporpammmpoBaHusa. WX
o6WMA CMbICNT CBOAUTCSH K TOMY, UTO S3blK_MalWHbl Mbl MOMbITA/IUCH
npenogHecTU VMMEHHO KakK HeKMA A3blka [pn 3TOM CMeNno MOXHO onu-
paTbCA Ha HeKoTopble '""BpPOXAEeHHble” KadecTBa JIMHIBUCTOB, B TOM
ymucne u MONOAbIX CTYAEHTOB - Oyayuwux npernogaBaTesieil A3blKa.

/Ha camom pgene 3TO, KOHEYHO, He eCTb BpOXAeHHble kKayecTBa. Y
HEKOTOpLIX npeacTaBuTenein Monoaexun, noAobHO mMaTemaTU4yeCKOMy
UyTbio Y Opyrnx, ecTb '"'UyTbe K 43blkav''. 3Tu Mmonogble nwan ycu-
NIEHHO HauMHaKWT 3aHuMaTbCA A3blKaMnm W npenogaBaHVWEM A3bIKOB,
OOBACHEHNEM snszwikoew x SABMEHUA Cpean CBOUX MeHee ycneBawwmx
TOoBapven, ewe OyAyuM YUYEeHUKaMU WKOM. I3TO ¥e UX 4YyTbe pa3Bu-
BaeTca fa/blle B yHuBepcutete./ Tak, OAVH N3 KOMMNOHEHTOB ''A3bl-
KOBOIro 4yTbsA' - MOBbILEHHbIA MHTEPEeC K a/iropyutMm3aumm HEeKOTOPbIX
A3bIKOBbLIX 3afady; Bbllle Mbl YKa3biBaiIM Ha TO, UYTO CXOAHble 3/1EMEH-
Thl COCTaBNAKNT cenlyac yxe HeoTbeM/IeMyKH 4acTb O6pa3oBaHUA BCeX
CTYAEHTOB, He TO/IbKO 0CO060 WMHTEPEeCYWWUXCH BbIYUCINTENIbHOW JINH-
rBUCTUKON. Jlwbon /paxe mn camblii Monogon/ NUHIBUCT MNPUBLIK K
pa3HbiM YCNOBHOCTSAM, MPUXOTAM K3y4YaemMoro A3blka: B POAHOM SA3bl-
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Ke eCTb HEeKOTOopble 3BYKM, KOTOPbLIX HET B M3y4YaeMOM; €eCTb TaKue
rpaMmaTMyecKne KarTeropum B OLHOM A3blKe, KOTOPbLIX HET B APYTIUX
M T.40. 3TO Kak Obl nMpaBwuna wUrpbsl, 3asBisAeMble B XoA4e WU3y4yeHUs
MHOCTPAHHOI o A3blka. VMEHHO MO3TOMY TO/IbLKO COBCEM MasieHbKue
4etn, wnlyyawwme MUHOCTPaHHLIA A3bIK U MOryT crnpawvBaTb, MNOMOXNUM,
noyemMy Tam HeT 3ByKoB o M U, ” no4yemy ecTb 3ByKW, o603Ha4ae-
Mble O6blMHO OyKBOcCoO4YeTaHuem th; noyemy Hago ckasaTb ’MajibUuK
nrpan’, Ho ’AeBylWKa urpana’w T.4. Bonpoch '‘nodyemy’ nuWEHbI
CMbiCNa, KOJIb CKOpPO peyb MaeT MMEeHHO O npaBwuniax urpbl. /Jlerko
BUAETb MPAMO MNPOTUBOMOJIOXHbLIA MOAXO4 K SABNEHUAM 16oro npej-
CTaBuUTeNs €eCTeCTBEHHbIX HaykK: Tam Bcerja CraBuTCHA BOMpPoc ''nmo-
yemy?' M HUYEro He nNpuHUMaeTCA Ha Bepy, Ha C/0BO MnpenojasaTe-
na WM aBTOPUTETHOro0 WCTOYHMKA BpoOAe rpavMmMaTUKM KaKoro-Huoynb
A3blKa./ /IMEHHO MNO3TOMY, KaXeTcs, Y JIMHIFBUCTOB [OBOJ/IbHO XOpPO-
Wo pa3BuMTa U NavmATb OMpefesieHHOro poga: Hado 3anoMuHaTb npa-
BMNa WUrpbl; Hago 3arnoMmHaTb ThiCAYN U OECATKU ThiCAY COBEPLWEHHO
NPON3BOJIbHLIX /MO CpPaBHEHUI C POAHbLIM A3blIKOM/ C/OB; Hago 3ano-
MUHaTb, €CNu W He uefble anNropuTMbl, TO MOBOPOTHbLIE MNYHKTH B
3TUX a/lropyTMax, MeHAwlWneca OT A3blKa K A3blKY; HaAo BblydUUTb U
3anoMHUTb HECKO/IbKO pasHbiX anpaBuToB /Cp. TO/IbKO B Halen KyNb-
TYpHON cepe: naTuvHULA, KAPWIIMLA, Trpeyvyeckuin wpudT; apabeckue
UMppLl M pUMCKMe uUUppbl - npasga, ABa nocnegHve andasuta 6osee
U MeHee o06A3aTesibHbl He TOJIbKO A/19 JIMHFBUCTOB/ .

MosToMy Mbl Ha4anm Hal KypC C M3BECTHOFo - C anroputmMmsa-
UMM nporpavMMmupyeMon 3apaun. /3a nonyrogve crtygeHTamm Obina co-
CTaB/ieHa nporpamMa, OCYyWecTBAAWWaa cnepywuylo 3aaady: BXOAAT
BEHIrepcKne cnoBa; BbIXOAAT Te Xe C/ioBa, HO MNOC/ie Kaxaoro u3s
HUX MUWETCHA, KakKOW OHO rapMOHWW rNacHbiX: nanaTalbHOW, Bendap-
HOM, CMeWaHHOW wan HynesoW. Jllwboe BeHrepckoe C/1I0BO OTHOCUTCH
K OOHOMY W3 3TUX 4YeThipeX KIaccoB, MNpuv 3TOM MPUHALNEXHOCTb K
TOMY WAN WHOMY TWMNY rapMOHUW rJ/laCHbIX OAHO3HAa4YHO onpejenisaeTcs
Ha ocHoBe OYKBEHHOIro cocTaBa C/i0oBa, HanMcaHHOro oOblYHOM op¢o-
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rpaguein/ .

Mocne 3aToro crsiegoBas ONATb W3BECTHLIA MO CBOEMY XapaKTepy
npouecc: neexy"3, O6/1I0K-CXeMbl Ha A3blK MawwHbl. /J/IMHFBUCTY He Me-
waeT, 4YTO ONIOK-CXema [ByMepHas: OH roToB MNepeBOAUTb U C A3blKa
uBeToB, Ob/IM O6bl TONBKO npaBwuia nepeBoga/. O A3blKe MaWWHLI ObU10
CKaszaHo, 4TO B HeM MNpuUMeHAKTCS apabckume uugppsl /6o0nblioe obrner-
YyeHne ANns CTYAEHTOB: CTa/l0 ObiTb He Hafdo BblydMBaTb HOBbIA anpa-
BUT/, HO TakKk, 4YTO NpPU 3TOM 3HaAKoB 8 M 9 HeT. [ONXHO ObITb AC-
HbIM MOC/Ie BblleCKa3aHHOro, 4YTO HWUKTO He chnpawvBasl, Mno4vyemy 3TUX
OBYX 3HAKOB HET; CTyAeHTbl TakKk M MNpoWwnuM BeCb KypC gaxe He noao-
3peBas 0 cucTemax CuUuC/eHUA, O TOM, YTO OHW MNUWYT KOMaHAbl B
BOCbMEPUYHOW cucteme U T.4. Bbno o06bABNEHO pgaTblle, 4YTO C/OB
BCEro NATbLCOT C 4YeM-TOo /o06bem onepauuin B A3blKe HaWwenl MawuHbI:
8 - onatb 6osblioe ob6nervyeHve, BeAb B /lWOOM €CTECTBEHHOM S3bl-
Ke Ha HeCKO/IbKO nopsaakoB 6osblle cnos./ [locne 3Toro yxe B Xode
HanMcaHua nNporpaMmmbl BblyYMB&/IUCb HYXHble crfioBa: “yuTanl’ o3Ha-
yaeT 026, ’cpaBHM C Hynem!” o3HavaeT 045, ’nvun!’ o3HavaeT
626 n T.0. /HekoTopble gaxe cTanum goragbBatbCcsd 00 “3TUMONONU-
yecknx” cBaA3sax mexay 026 u 626 - Ha camom gene, KoAbl onepauui
UMET, KOHEYHO, CBOK JIOFMYEeCKylw CTPYKTypy, HO 06 3TOM cneyu-
a/IbHO HMYero He 6bI1I0 CKa3saHo/ .

B pe3ynbTate Hawero' HEeCKO/IbKO CTpaHHOro Kypca nporpaMmvmu-
poBaHuUA Yy4YaCTHUKM 3TOro Kypca, npaBga, He YMEWT MPOBEeCcTU Ha
MawnMHe MNPOCTEeNWnX onepauuini CrOXeHUSA, BblUUTAHUA, YMHOXEHUA W
T.4- [No3xe, BblyuMB KOAbl 3TUX onepayuim M NOrnyecku npasBusibHO
NOCTpPOMB 3agayy, OHW CMOryT cpgenatb n 3to. /MpaBga, Korga OHU
HayHyT paboTaTb C 4uClamMn, UM YXe HYXHO OyaeT ''yyeHue O yuc-
nax” : OHU [O/MKHbI OYAYT BblyYMTb onepayum C 4ymcnamm € PUKCUpo-
BaHHO M C nnasawweir 3anaTton U T.A4. - HO KoOrga xe rnpu peweHuu
NMHIBUCTUYECKUX 3ajady, Mnpu onpegeneHunm rapMOHUU rlacHbIX, nNpu
o6pasoBaHuUM (HOpM MNOBENUTE/IbHOIO HAaK/IOHEHUSA PYCCKOro rnarona,
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npu aBTOMAaTUYECKOM OCYUECTB/IEHUN MepeHoca U T.A4. U T.MN. HYX-
HO XOTb OJHO 4YUC/NO C KakKoi 6bl TO HM 6biI0 3anaToi?!/. bonpoc
TONbKO B TOM -T.€., KOHEYHO, I3TO YyXe [a/ieKO U He sABNsAeTcs BO-
npocomM, - SABNAETCHA /IM mMaTemMaTuKa Ha camom pgene ''yyeHuem o
uncnax', 9TO IM yYEHME B HEN camoe CyleCTBEHHOe W1, HaobopoT
He4yTo gpyroe, ''HeuucneHHoe', HeKO/IMYeCTBEHHOe.

4. AnropuTMmaunsa 3agady, UX nporpavMmpoBaHue u T.M.
NN elle OdHY CBA3b C OCHOBHOW, exXxeaHeBHOW paboTol Hawmx CTy-
ageHToB. OHM OyayT npenogasaTenamm Tex Xe 3ajad, OHW, TaKum
obpa3om, OyayT nporpamvMmpoBaTb HeE Ha MawMHax, a Ha Jiogsax.
Henb3a oTpuyaTb cxopcTBa Mexgy 3TUMM AB.YMsS Bugamm nporpamMmpo
BaHnA. bonee TOro, B UEHTpPe TaK Ha3. MNporpavMMMpoBaHHOro o6y-
YEeHMS KakK pa3 WU CTouT anroputmm3auusa 3agady, ux pasbuBka Ha
warmn, crnegywowme apyr 3a ApYromMm B CTPOroMm nopsifke, - TOJIbKO
NPUMEHUTENIbHO K J/II4sAM, a He K MawuHam. Jliogn - aBToMaTudeckue
yCTpouicTBa 0coboro Tuvna /COOGCTBEHHO roBOps, OHW eCTb camoe
nepBoe ecTeCTBEHHOEe [MOKOoJIeHne aBTOMaTUYECKUX YCTPOWCTB BbIC-
wero Tmna/. 4ToObl nydwe n rayoxe y3HaTb WX CIOXHewne npo-
rpammbl, WX CJIOXHEWWee YCTPOMCTBO /a 3TO €CTb uenb nwboro ne-
garora, ncuxonora, nutepatopa M T.n./ - HENIOXo O3HaKOMUTbLCHA
c 6osee MoNOAbLIMM MOKOIEHUAMM aBTOMaTUYECKUX YCTPOUCTB, CO-
3 O3HHbBIMU N4 bMU .

nve -
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ZUR REKURSIVITAT DER MATHEMATISCHEN GRAMMATIKEN

von Rézsa Pé ter

In einer fruheren Arbeit [I] habe i1ch In einer geeigne-
ten "Wortemenge' rekursive Definitionen fur den Satz-Begriff
verschiedener mathematischen Grammatiken, auch der LAMBEKschen
kategoriaién Grammatik angegeben. Nun habe ich von L. KAUVLAR
erfahren, dass B. BRODDA am 9. September 1969* im Seminar von
KVAL in Stockholm Uber eilne neuartige kategoériaié Grammatik
vorgetragen hat. Wie mir der dazu gehdrige Satz-Begriff dar-
gelegt wurde, konnte ich dies unmittelbar nur durch eine neu-
artige Rekursion definieren. Das Ziel dieser Arbeit ist jene
Rekursion auf primitive Rekursionen zuriuckzufihren.

In 8 1 schicke i1ch einiges uber die rekursiven Definiti-
onen in einer "Wortemenge" voraus; in 8 2 schildere ich den
BRODDAschen Satz-Begriff; in 8 3 gebe i1ch eine rekursive De-
finition dieses Begriffes; In 8 4 zeige ich, dass diese Defi-
nition auf primitive Rekursionen zurickgefiuhrt werden kann.
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§ 1.

In meinem Vortrag am Symposium uber die infinitistischen
Methoden der mathematischen Grundlagenforschung in Warszawa
(1959) habe i1ch eine weitgehende Verallgemeinerung [2] der
Theorie der zahlentheoretischen rekursiven Funktionen [3]
eingefuhrt, welche als einen wichtigen Spezialfall auch die
Theorie der rekursiven Wortfunktlonen enthdlt. Das dabei auf-
gestellte Rekursionschema war nicht-konstruktiv, so dass da-
raus durch verschiedene Zusatzbedingungen den verschiedenen
Anwendungen angepasste konstruktive Schemata entnommen werden
kénnen.

Ist /1 eine beliebige nicht-leere Menge, so enthalt die
""Wortemenge MA Uber das Alphabet A ' jene Zeichenketten, die
durch Eacheinandersetzen der Zeichen endlich vieler Elemente
von A entstehen; ausser diesen wird noch eine durch A be-
zeichnete leere Kette zu K gerechnet. Die Zeichen der A -Ele-
mente werden auch '"Buchstaben™ und i1hre Ketten "Worte'™ genannt
(allgemein, nicht nur in der mathematischen Grammatik, wo es
geradezu storend wirkt, dass dadurch diese Ausdricke zweideu-
tig werden koénnen). Eine Wortfunktion - d.h, auf definierte
und Werte aus annehmende -Funktion - wird primitiv-rekursiv
genannt, wenn sie von gewissen Ausgangsfunktionen ausgehend
durch endlich viele Substitutionen und primitive Rekursionen
definiert werden kann. Im hier betrachteten Fall wird 1t eine
endliche Menge sein, und das passende Rekursionschema

g@,....Uunfalls X—n
® BOON > r) — <A Jl),-  )NEW/D, u’y B
/(e t sonst,
wobei  und K bereits definierte primitiv-rekursive Funktio-
nen sind; ferner at (), der "Anfangsteil”™ von x durch
Weglassung des letzten, und et(x), der "Endteil"™ von Xx durch
Weglassung des ersten "Buchstabens'™ aus dem "Wort™ X entsteht.
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Diese at (X) und et x)} (welche fur x=A als /1 definiert wer-
den), werden die "unmittelbaren Vorganger'™ von X gennant,
wober A und alle zusammenhdngende Bestandteile von x als
seine '"Vorganger' betrachtet werden. Alle echte (von X ver-
schiedene) Vorganger von X sind Vorganger mindestens eines
der unmittelbaren Vorganger (welche selber in keinem echten
Vorganger von x als Vorganger enthalten sind). Z.B. sind
samtliche Vorganger von (fur a™az,ss e 1)

Nj o" R @Gran X)
wobei die unmittelbaren Vorgédnger von X unterstrichen wurden.

Ich bemerke, dass andere Autoren statt (R) das einfachere

Schema
Q0 x@ [O(“-0=pXr), falls =A
1AV (X MX4) s N@Et®)) DHm)P)aanst
gebrauchen. Ich habe bewiesen, dass dies keine Elnengung der
entstehenden Funktionenklasse gegenitber der raeinigen bewirkt ;
jedoch erweist sich beir den Anwendungen ((auch hier) die Ver-
wendung von (R) als viel giunstiger.

Eine Schar von Wortfunktionen hat sich gemadss dieser De-
finition als primitiv-rekursiv erwiesen. Ich zadhle hier jene
auf, deren Primitiv-Rekursivitdt i1n den Folgenden benutzt
wird =

1) N und alle Elemente des Alphabets (als primitiv-re-
kursive Konstanten, oder auch als von fiktiven Variablen
abhéngig betrachtet, deren Aufnahme immer zugelassen wird).

2) Die Ildentitatsfunktion 1d (X) = X.

3) Die unmittelbaren Vorganger at(x) und et (X) von X.

4) Die Nacheinandersetzung zweier Worte;

5) Der letzte Buchstabe Ib(x) von x.

6) Jede naturliche Zahl.
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Es wird namlich ein Element <0 des Alphabets festgesetzt, und
die natirlichen Zahlen werden mit den aus lauter o©Obestehen-
den Ketten identifiziert: die O mit der leeren Kette A, die
I mit a0, die L mit aOoa usw. Ist n eine naturliche Zahl, so
wird statt einer -n,-gliedrigen Kette o©0a0..sckurz auch rmge-
schrieben.

7) Die "Lange” (d.h. die Anzahl der Buchstaben) o(x)
von x ; wobei natirlich o (A) =0 ist. (Ist x eine naturliche
Zahl, so ist o (X) « X )

8) Die Erganzungen in samtlicher primitiv-rekursiven
zahlentheoretischen Punktionen, so verstanden, dass sie als
A erklart werden an jeder Stelle, die keine naturliche Zahl
(d.h* dOsO...@ -Kette ) ist. Diese werden ebenso bezeichnet,
wie die betreffende zahlentheoretische Punktion.

9) Das Wort str(x), das aus X entsteht, wenn darin jedes
Vorkommen von a0 gestrichen wird.

10) Die o(x)-te Iterierte einer beliebigen pri-
mitiv-rekursiven Punktion ~(X) an der Stelle y ; definiert
durch

Eine Beziehung b(X1r—*X) heisst primitiv-rekursiv, wenn
es dazu eine primitiv-rekursive 'charakteristische Punktion™

—Ar) gibt, die den Wert A oder aDannimmt, je nachdem
die Beziehung B unter besteht oder nicht. In den
Weirteren zahle ich primitiv-rekursive Beziehungen oder ihre
charakteristischen Punktionen auf. (Dabei ist eine einstellige
Beziehung eigentlich eine Eigenschaft.)
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11) x =y und X,ay, d.h. x ist ein echter Vorgadnger von y.

12) Die charakteristische Punktion haooo der Eigenschaft
von X, aus lauter Buchstaben zu bestehen. Somit auch
nat ) = 4™ U),

die charakteristische Punktion der Eigenschaft von x, eine
naturliche Zahl zu sein.

13) Mit einer Beziehung b auch ihere Negation.

14) Mit und X2. auch ihre Konjunktion SA& die
genau dann besteht, wenn beide bestehen; und auch ithre Dis-

junktion Dbn\/bb , die genau dann besteht, wenn mindestens
eines seiner Glieder.

Mit Benutzung von Beziehungen lassen sich weitere Punkti-
onen primitiv-rekursiv definieren.

15) - X, Afalls 24¢1)m
D weedXr), T $2,(N; . XT)
0D .=jX;-) = <
B4(X.J, -H) X-1)
-)>0 sonst,
wobeil yaA). ; b1}...3bn primi tiv-releursive Punktionen

bzw. Beziehungen sind, und die genannten Beziehungen einander
gegenseitig ausschliessen.

16) Bei primitiv-rekursivem £ die durch [r, =™ <€.£2.9]
bezeichnete Punktion, was so zu lesen ist: "»Ein bestimmter
Vorganger 2.von x, mit dem £@2.,Y besteht und N1 , falls
£(2.) fur kein 2,gilt".
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17) Die Beziehung mit primitiv-rekursivem b

3y, X mm)*+)
das man so liest: "Es gibt ein -y mit welchem B (‘YAim--—4)
besteht™ - ist allgemein nicht primitiv-rekursiv. Es kann

aber durch Angabe einer '"oberen Schranke'™ fur y primitiv-re-
kursiv werden. Genauer: bei primitiv-rekursivem b ist

@) - bEyxiy- yXrds
- das so gelesen wird: "Es gibt ein Vorganger y von <x, mit
welchem XY, -- -, ) besteht" - primitiv-rekursiv. Hier

gebe i1ch auch die primitive Rekursion an, durch welche eine
charakteristische Punktion X0 ...xy) dieser Beziehung
definiert wird.

Die Vorganger von K sind die Vorganger von at(-w+), die
Vorganger von et(-u,), und u. selbst. Daher kann £ durch
yTalls / (afy Y NeeN)&F) =Av
YARQWE); o= XH) ~ <AV

/gy " vs(h) %D
CtoO sonst
definiert werden. Mit den Definitionen
A ;falls BfA ; XH)
D~ aosonst
und
A, falls » =Av~r=AVv B Tun),..oer)
--2 Vo™ = .
ctosonst
ergibt sich so --J”) durch die primitive Rekursion
nach u;
fy @y .. =" X)ffalls v =A
/ F 4 = FA) - <N @ /@E@E@)A; o= >),

~ (et(co), L AR ) sonst.



- 19 -

Ich habe von verschiedenen Ergebnissen der Theorie der
zahlentheoretischen Punktionen gezeigt, dass sie auch auf
Wortfunktionen Ubertragen werden koénnen. So gelang es auch
hier verschiedene Relmrsionsarten auf primitive zuruckzufihren
z.B. die simultane Rekursion, wodurch zugleich mehrere Punkti-
onen definiert werden, und die Wertverlaufsrekursion, wo zur
Angabe eines Punktionswertes der ganze vorangehende Wertver-
lauf der betreffenden Punktion herangezogen werden kann: ihre
Werte an beliebig vielen Vorganger-Stellen.

B 2.

Unter "Wort" soll momentan ein "Wort im grammatischen Sinn
einer betrachteten Sprache gemeint werden. Zur Sprache gehdren
endlich viele Wortformen - seien diese durch av
bezeicnet - und nehmen wir an, dass zu jeder Wortform endlich
viele "Kategorieausdricke™ gehdren; aus diesen werden durch
Nacheinandersetzung die zu den Wortformenketten gehodrigen Ka-
tegorieausdricke gebildet. Die Kategorieausdricke der Wortfor-
men werden aus endlich vielen "Ausgangskategorien™ durch ver-
schiedene Operationen aufgebaut. LAMBEK verwendet drei Opera-
tionen: (1) die Nacheinandersetzung jcy zweler Kategorien, (2)
die "linksseitige Division (c/17)" und (3) die "rechtseitige
Division (™MN\x)". Die Benennungen wollen besagen, dass sowohl

als auch zu * "geklurzt" werden kann, was sich
aus der grammatischen Deutung dieser Zeichen ergibt. Bezeich-
net z.B. ™ eine Kategorie solcher Wortformenketten, die einen
Satz (einen grammatisch richtigen; ™"Satz" wird hier immer so
verstanden) bilden, und n. eine Kategorie solcher Wortformen-
ketten, die In einem Satz Eigennamen vertreten konnen, so ist
beispielweise "lernt” der Kategorie {“%\b) , da daraus durch
Davorsetzen einer Wortformenkette der Kategorie (etwa "‘der
fleissige Schiler”™ ein Satz (der Kategorie 1) entsteht, als



hatte man durch # geklrzt:

-n.(nd™w) = n.

Das neue der Grammatik des BRODDAsehen Vortrags ist,
dass diese durch Einfuhrung idealer Elemente naher gebracht
wird zur algebraischen Ubung, wobei die Divisionen nicht als
Grundoperationen eingefuhrt, sondern aus der Bildung der in-
versen Elemente abgestammt werden. Als Einheitselement der
Nacheinandersetzung (das viel gunstiger ist nicht als eine
Art Multiplikation, sondern als eine Art Addition aufzufassen
- wobei (@/"y) und (y\x.,) nicht Quotienten, sondern Differen-
zen bezeichnen [4] - , da z.B. durch ao<s0a0O die natiurliche
Zahl 3 =4+4+4 bezeichnet wird) wird hier die leere Kette
A  betrachtet, und die Ausgangskategorien - hier kategoridié
Atome genannt - werden zu dritt, als clb) cl ¢ eingefihrt,
wobei ci die Rolle des linksseitigen Inverses und cLdie Rolle
des rechtseitigen Inverses von ¢ spielt, d.h.

0) ¢ c=cC=n,

so dass ein Teil clLct oder d, aus einer Kette weggelassen
werden kann.

Besteht n aus urspringlichen, strichlosen Zeichen:
iX_ C; C; II-C; ’ Und Wird

= .. d A
t 2 F
gesetzt, so sieht man, dass die Rolle des vorherigen (nA")
durch ni dbernommen wird, da

M =6
Hier sind also endlich viele "kategdériaién Atome™
1 - AL
o) o>Noyefi §, By . .-

zu dritt gegeben - unter diesen sei ) die ausgezeichnete
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"Satz-Kategorie” - , und die endliche Ketten dieser Atome -
auch die leere zu ihnen gerechnet - werden kategériaié Aus-
dricke genannt. Ein kategorialer Ausdruck kiwird auf kz
reduzierbar genannt, wenn Kzdurch nach einander ausgefihrte
Streichungen der Form (@) aus klentsteht. Ein kategorialer
Ausdruck K heisst auflosbar, wenn er auf /1 reduzierbar, und
grammatikai (d.h. der Kategorie eilnes grammatisch richtigen
Satzes) wenn er auf d) reduzierbar ist.

In 8 3 wird die Bemerkung von BRODDA benutzt werden, dass
K dann und nur dann grammatikai ist, wenn dk auflésbar ist.
Ist namlich erstens K auf ) reduzierbar, so ist cOk auf cOcO=n
reduzierbar, also tatsachlich auflésbar. Ist umgekehrt cOK
auflosbar, so muss wahrend einer Auflosung ) neben das am
Beginn stehende ) gelangen, um dies (und zugleich sich sel-
ber) zu vernichten; also muss K der Form

K=Ka & kz

sein, mit auflosbaren Ketten und kz. Mit der Aufldésung von
kj und kz reduziert sich aber dann « tatsachlich auf cc .

Das Ziel dieser Arbeit ist zu beweisen, dass die gramma-
tikaié Beschaffenheit einer Wortformenkette primitiv-rekursiv
ist in der Wortemenge uber das Alphabet, das aus den Wortfor-
men und aus den kategoriaién Atomen der betrachteten Sprache
bestehte

8 3.
Betrachten wir also die Wortemenge J1 n Uber das Alphabet

N (o> eeo) 0) 1y, *..} "3wti ),
wobel die atdie Wortformen (unter diesen <0 etwa ein Wortform



mit der Bedeutung "Eins’) und die &L die kategériaién Atome
(unter diesen DBO "Satz') der betrachteten Sprache bezeichnen;
genauer sei fur 1=0,4,..., W

=C&> ”"3BW=Ck) 7blt2> =ci)
also *0= c0.
Fur 1= 1, V seien jedem unendlich viele Ketten ka-
tegorisier Atome (kategériaié Ausdricke)

4° > I'L* » eee>
zugeordnet (diese entstehen durch Uacheinandersetzen von
Buchstaben, sind also primitiv-relcursiv In Ji™ ; in den Weite”
ren wird unter Rekursivitat - wenn nichts anderes gesagt wird
- 1Immer Rekursivitat in verstanden).

Die folgenden Definitionen zeigen, dass die charakteris-
tischen Funktionen der genannten Beziehungen primitiv-rekursiv
sind :

(O " X ist eine Wortform™:

n, falls >calv x=cy v...v x =cu

wF =
& uO sonst*

(2) " 1 ist ein kategorialer Atom":
(A, falls X=8&8V X=7"~ V _..v X =D

ka(x-)
a0 sonst.
(3 " x ist eine Wortformenkette':
A,falls x= Av(wF(Ib(xX)) =A L wfk(at(x)) = A)
wik(X) =
aDsonst.
(4 " Xist ein kategorialer Ausdruck™:

A, falls X =Av(ka(Ib(xX)) =A & k(at(xX)) =A)
kW= ctOsonst.
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(B5) " vy ist einer der kategoriaién Ausdrucke, die zu
Beginn der ffortform * zugeordnet wurden':
Abfalls(X = cio <HyBv \Y VooV y =k ,jav
V X»cl, 1y =-U* Vy= V ...V y=14j))v
beg(x,V)=,
N (X_ Q—j\_ (y /\\/’O NN /\V’</\ N\ y —~
alOsonst.
®) Charakteristische Punktionen der Beziehungen: "y ist
ein Anfangsabschnitt bzw» Endabschnitt von Xx,':
A,falls(tr.)[z " X L x -yr] fA falls(Et)[z. (Lx™-ul
ab (x,y) * eab(*,VH L
"g0sonst. aosonst.

Nun veréandere ich die Numerierung, denn die sich unmit-
telbar ergebenden Definitionen der charakteristischen Punkti-
onen einiger folgenden Beziehungen sind keine primitive Re-
kursionen.

I. Hier handelt es sich um die Beziehung: "y ist einer
der Wortformenkette X zugeordneten kategoériaién Ausdriucke",
d.h. y entsteht so, dass man an der Wortformenkette X ent-
langgehend je einen zum eben betrachteten Y/ortform gehoérigen
kategoriaién Ausdruck wahlt, und die gewahlten der Reihe nach
nacheinandersetzt. Ob y tatsachlich so entstanden ist, das
kann auch derart nachgepriuft werden, dass man einen Endteil
von y sucht, der dem letzten zu X gehodrigen Wortform Ib X
zugeordnet ist, dann diesen von y, und Ib &) von x ablést,
und auf die Reste dasselbe Verfahren anwendet (naturlich kann
das verschiedenartig ausfallen)e Daher kann die charakteris-
tische Punktion dieser Beziehung wie folgt definiert werden:

A, falls x=y =Av (Ez)i 4y &eab(y,r) =/1 Xbeg(Ib(x), i) =/1&.
kat(x, y) = < <dkat(at(x);ato” (y)) =]
aosonst .
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Dies scheint im ersten Augenblick eine primitive Rekur-
sion nach X zu sein; doch ndher betrachtet sieht man, dass an
der rechten Seite Werte variabler (von y abhangiger) Anzahl
der zu definierenden Punktion eine Rolle erhalten. Darauf wer-
de i1ch noch zurickkommen.

Hier gebe i1ch noch einige vorbereitende primitiv-rekur-
sive Definitionen an.

a Charakteristische Punktion der Beziehung "X ist ein
kategorialer Ausdruck, dessen Auflosbarkeit zu Beginn ange-
nommen wurde';

A jfalls x=cOcov x=c0cOv X-clcl v \%

begA &) = < V...V x Cw Vo X omyd
a0sonst.

@) erg(x,y) =yUz[z ™ x & x =yzZ]
ist eine Zeichenkette, welche y zu X erganzt, faile Yy ein
Abschnitt von X ist (und A sonst).

® at(at("))erg(x-,y),

verk(x,y) = < falls y /1 dab(x,y) =1
A sonst.

ist - falls y ein nicht leerer Abschnitt von x iIst - jene
Verklirzung von x, die durch Weglassen der beiden letzten
Buchstaben von y entsteht.

Pur die Folgenden ist wesentlich, dass verk (A,")=-]1
und far x o/

o (verk (x, y)) < o(x)
gilt.

Il. Hier handelt es sich ru die Beziehung; "Der katego6-
ridié Ausdruck x ist aufldsbar'. Das gilt wenn es ein Ab-
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schnitt y von * gibt, dessen zweil letzten Buchstaben nach den
beginnlichen Annahmen gestrichen werden konnen, so das auch
der restliche Teil von x auflosbar bleibt. Demnach kann die
charakteristische Punktion dieser Beziehung wie folgt defi-
niert werden:
<A, falls 6=/ V EPyzax &ab(x,-y) =/ L
&begA (Ib(at(v))Ib("y))=A<L
D " (verk(x,™) =A1]

y agsonst «

Hier tritt neben einer ahnlichen Komplikation wie in 1
auch die weitere auf, dass A (X) durch ~A-Werte an sol-
chen Stellen definiert wird, die nicht zu den fur Wortemengen
definierten Vorgangern von x gehdoren, da sie allgemein nicht
zussammenhangende Teile der Kette x sind (verk(x,-") kann durch
Streichen zweier Atome entstehen, die sich mittendrin in der
Atomenkette befinden). Darauf werde ich In 8 4 zurickkommen.

1. Da nach den im § 2 gesagten eine Wortformenkette
dann ein Satz ist, wenn zu i1hr ein kategorialer Ausdruck der
Porm 4 gehort, wobei dk auflosbar ist, kann die charakteris-
tische Punktion der Beziehung "x ist ein Satz™ wie folgt de-
finiert werden:

“11, Falls (EM)[kat(x,”) =A L /n (Oy) = 1]
<

*(*) =

- aOsonst.

In 8 4 wird es sich heraussteilen, das kat (X,y) und
fa (x) primitiv-rekursiv sind; zur Primitiv-Rekursivitat von
a(x ) hat man aber nach 17) des 8§ 1 noch eine primitiv-rekur-
sive "obere Schranke™ (welche jedes iIn Prage kommende -y als
Vorganger enthalt) anzugeben. Jedes in Prage kommende ~ 1ist
eine Kette der Lange o(x) von Kategorieausdrucken
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~AWZ (F1 QA ) 4) --n; JI1))

die den Wortformen zugeordnet wurden; bildet man also die
Kette samtlicher - als Ketten aufgezeichneten - Variationen
(mit Wiederholungen) der Klasse o(x) aus den verschiedenen
dieser Elemente (die mit verschiedenem Indexpaar versehenen
als verschieden betrachtet), so erhalt man eilne geeignete
"obere Schranke" fur vy .

Erst sei die Kette jener Variationen gebildet, deren
durch

AZ> --*)

be zeichneten Elemente aus den verschiedenen Kategorieausdrick-
en durch Hinzufigung von a0 als ersten und letzten
Buchstabe entstehen (so kann fir 1 nie dL”dj sein

In der Ublichen Reihenfolge erhalt man aus einer Varia-
tion der o(x) -ten Klasse dieser Elemente die nachste Varia-
tion-, indem man von rechts nach links fortschreitend, solange
cdrgefunden wird, vor dem noch etwas steht, diese dn durch
ersetzt, und das erste nach diesen erreichte di durch d 1+1
Wird also eine Hilfsfunktion durch die Wertverlaufsrekursion

hf(at°~rd™\x") dij ,Falls(E-D[¥ ~x <L 4 x=ydn]
at @I G) o> falls( Dx € %= ydA J

hfG) = {
atc@V™M o an, FTallsEy)ly L = J

A sonst (so auch fur x=/\)
definiert, so werden durch die auf
. d"a, .-*od, .
o(;)—mal

angewandte lterationen von hf(x) der Reihe nach die Variati-
onen der Klasse o (X) unserer Elemente di geliefert.



-207 -

Dabei 1ist mit der Bezeichnung

Id. @) =
dtdi-..dt="° @ (A),
"o -mal
und die Anzahl unserer Variationen ist bekanntlich nO™ .

So ergibt sich die Kette dieser Variationen durch die primi-
tive Rekursion

n, falls y =A
vk, =
vk(x,at(™))hfl @A ))sonst,
und die gesuchte "obere Schranke' (nachdem jedes hinzugenom-
mene <0 gestrichen wird) als die primitiv-rekursive Punktion
ob(X) = str(vk(x, n?w )).

Damit lautet die Definition von “XX,)
A Lfalls (By) [y *ob(x) kat ,y)=A L  (c0Y)=11]
5¢G0) X
cLo sonst ;
wird also die Primitiv-Rekursiv!tat von kat(x,i™) und (€9
bewiesen, so ist auch die Satz-Beschaffenheit der betrachte-
ten Grammatik primitiv-rekursiv.

8 4.

In Il bzw. 111 des 8 3 haben sich neuartige Rekursionen
als Definitionen fur kat (x,) bzw. $ &) ergeben. Wie in 111
darauf hingewiesen wurde, enthalt die Definition von A (X)
eine ahnliche Komplikation als die Definition von kat(x,T%) ,
aber auch eine weitere Komplikation. Darum werde ich hier nur
am Beispiel der Definition von |A (X) die Zuruckfuhrbarkeit
auf primitive Rekursionen zeigen; das verwandte Verfahren
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fuhrt ja im Fall der Definition von kat (X,y) um so mehr zum
Ziel,

Sei
Abfalls ab(X,y) =A <LbegA (Ib@t()) b)) =1 &,r=/

Yo(AY,*) =
. @Sonst,
2

wobeil nach der Bedeutung von ab und begA fir > =A oder "y-A
jedenfalls

Coyi £) =7
gilt; so lautet die Definition von |nCO :
"A,falls X=AVv(EY[Y Tjverkfay))) =41
“ s ctOsonst,

wo FUr x £ n

o(verk(>6JY)) < o(»)
gilt,

Die erste Komplikation ist, dass mit Hilfe von
anderen A -Werten variabler (von X abhangiger) Anzahl de-
finiert wirdi es nehmen iIn der Definition die Funktionswerte
A (verk(c6y ) teil, wobeir y samtliche Vorganger von » durch-
lauft, Wie ich im zahlentheoretischen Fall gezeigt habe, kann
dies dadurch ausgeschaltet werden, dass man zur Rekursion
zuruckgreift, durch welche diese 7™A -Werte zusammengefasst
sind - also hier zur in 17) des 8§ 1 angegebenen rekursiven
Definition der charakteristischen Funktion einer Beziehung
(Ey)[y- ™==-,] , darin aber eine neue Variable u. fur x ge-
setzt - , und so eine simultane Rekursion zweier Punktionen
ohne der genannten Komplikation erhalt.
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Sei also
N,falls )6=Av (M) Frai () t IV E£A (<, verk(x,Y))) =AJ
nm,*) = =
0sonst ;

dann ist eine charakteristische Punktion der darin Vorkommen-
den Beziehung

"N, falls 2>Cu7* /n(~Nyerk™»YA) =13
K ‘l*-ﬂ — _
cessonst(fur X=A oder -w=/1 jedenfalls) =

Mit letzterem kann kiirzer

n, falls x=Av((u,»)=A
le fIK*) = 4
<x0sonst

geschrieben werden, und <A (o) entsteht daraus, wenn wieder
X fur gesetzt wird:
Abfalls x =Av £(X,x) =A
bW - (1> =

0sonst ;
daher genugt es, die Primitiv-Rekursivitat von zu
beweisen.
Fur gilt aber nach 17) des § 1:
"A, falls /(at(u.);x) =Av ~et(u.);x) =Av
2. J V% (*; «o/a(* ;verk(x;«))) =/1

dOsonst =

In 1. und 2. haben wir nun eine simultane Definition fur
die Punktionen 7/ (Xc™) und <E(ac,X) = Diese kdnnen aber 1iIn
diesem einfachen Pall sehr leicht zur selbsténdigen Definiti-
on von <£(-,,X) verschmolzen werden (man beachte dabei, dass



%O)M_’?"A wenn r iat) :
A Falls((verk G u)=Av 7/ (u,yerkCe, u) =) 4
£ (M(at(n)>x>)=A v 1 (et(-u-);x)=A v~ (x;(a,A)=A))v
/ (CX)= < v(verk(x, u)fA& / (uiverk(~(u)) A <
<L(l(at(-u.))»)=A VI (et(n);")=A))

alOsonste

Mit Benutzung der primitiv-rekursiven Punktion
r

A, falls((verk(®u,)=AVE3=iy~c:v1-AVAAVAOTONADAI UV
Y v(verk(x,u,)A & T5"A & (a<=Av z~r=A))
C0sonst ,

kann die Definition von /(u,X) endlich auf folgende Form
gebracht werden:
"ccOz;falls 'U -A VX =A
/ (A = Cu.x, /(@t(<A,*)> /(et(L),x); 7/ (averk(G6;+))
sonst,

wo

o (verk ¢, cl)J< o(x) .

Das 1ist eine rekursive Definition von /(=.;X) . Konnte
man verk(*;u,) irgendwie als Vorganger von x betrachten, so
hatte! man es mit einer zweifachen Wertverlaufsrekursion zu
tun, da darin zur Berechnung von |u.,X) Punktionswerte auch
an solchen Stellen herangezogen werden, die betreffs <xvor-
herig sind, ber unverandertem x, und auch an solcher Stelle,
die betreffs x vorherig ist, beil unverandertem u. Die zwei-
fache Rekursion fuhrt allgemein schon im zahlentheoretischen
Pall von der Klasse der primitiv-rekursiven Punktionen hina-
us; Hiier haben wir aber mit einem so einfachen Spezialfall zu
tun, dessen Entsprechende im zahlentheoretischen Pall noch
auf primitive Rekursionen aufgeldst werden konnte. Es lohnt
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sich aber nicht meine 1m zahlentheoretischen Fall verwendete
Methode auf die Wortemenge zu Ubertragen; denn auch
danach ware noch 1mmer die zweite Komplikation vorhanden,
dass verk(xX)-u,) allgemein kein Vorgadnger von x 1ist.

Den Vorgangerbegriff der Wortemengen ware aber nicht
ratsam derart zu erweitern, dass alle Worte, die durch Strei-
chung von Buchstaben aus einem Wort Xx Zustandekommen, Vorgan-
ger von X seien; denn so ware die Anzahl von "unmittelbaren?
(insgesamt alle echte Vorganger von x als Vorganger enthal-
tenden) Vorganger von x nicht konstant - was beil den betrach-
teten speziellen Rekursionen wesentlich war - sondern von Xx
abhangig.

Hier ist es angebracht zu dem - bei Uberabzahlbaren
Alphabeten nicht brauchbaren - Mittel zu greifen, womit die
Funktionen der Wortemengen von anderen Autoren behandelt
werden: zur Abbildung der Wortemenge X n auf die Menge JV der
naturlichen Zahlen. Hier empfielt sich diese Methode, da eine
naturliche Zahl hier mit einer Kette a0d0...a0 identifiziert
wurde (@ber jedenfalls aus gleichen Einheiten aufgebaut wird),
und wo man auch einen Teill einer solchen Kette streicht, der
Rest 1mmer mit einem zusamenhangenden Bestandteil, also mit
einem Vorganger der Kette identisch wird.

In unserem Fall hat man eine solche Abbildung zu wahlen,
wobei O das Entsprechende von /1 ist, und kirzeren Ketten
kleinere Zahlen entsprechen; ferner soll dem oft benutzten
<0 die Zahl A entsprechen. Eine solche Abbildung kann z.B.
durch folgende Anordnung der Worte von in eine Folge
geschehen, wobei dem n -ten Glied der Folge die Zahl n. ent-
spricht: Seien die Elemente von A der Rethe nach einheitlich

durch
Yty eee)Ei (i> = V + 3W)
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bezeichnet, wobei

= ao
gilt; so beginnt die Folge mit A als "O-tes Glied”, und da-
rauf folgen, der Reihe nach, die aus A, 2,3, ... . Elementen
von A gebildeten Variationenketten, hie Variationen dersel-
ben Klasse sollen je eine Zeile bilden, und zwar iIn ihrer
uUblichen Reihenfolge. So kommt A i1n die "O-te Zeile”, und
fur r=21,1,3; beginnt die r-te Zeile mit einer -r-
gliedrigen Kette

wodurch eben die Zahl I bezeichnet wird; und die weiteren
Glieder der -r-ten Zeile ergeben sich der Reithe nach durch
die darauf angewandte Iterationen jener Funktion hf (X),

die aus der in 8 3 eingefuhrten Hilfsfunktion hf(x)ventsteht,

falls darin die Rolle der Folge bl.0 ..-,aC" von c4 uUber-
nommen wird. Die O-te Ilteration von hfe an der Stelle Ter-
gibt das erste, und die -te lteration das letzte

Glied der T-ten Zeile.

Die zu einem Wort * gehdrige Zahl Tu(X) ergibt sich daher
- in Betracht genommen, dass fiur X,0A in den vor der Zeile
von X stehenden o(X)-4 Zeilen iInsgesamt

0)—<

L=4

Glieder Vorkommen — durch
0, falls Xx-A

ey = <A~ QL+ /5, [2.~ (b+DO” — AL x=hfe (0(x))J+4

c = A
sonst
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(wober -u,“V die "arithmetische Differenz" ist, die flr ect<v
gleich O ist, und fur < mit «,-v Ubereinstimmt) als
eine primitiv-rekursive Punktion,

Auch die Erweiterung in 1n ihrer fur mejf erklarten Um-
kehrung n*~m) , wofur

N~1)) = X
besteht, ist primitiv-rekursiv. Denn ist das zur Zahl -m.-A

gehorige x das leere Wort, oder das Endwort einer Zeile, d.h.
eine Kette aus lauter - was nach 12) des 8 1 mit

gleichbedeutend i1st - , so iIst das zu tn gehdrige Wort das
erste Wort der nachsten Zeile, also das aus lauter eO beste-
hende Wort (d.h. jene naturliche Zahl), das um eins langer
als das zu m-1 gehdrige Wort ist; sonst ergibt sich das zu
m gehorige Wort durch Anwendung von th auf das zu T -tge-
horige Wort. So ergibt sich fir die Erweiterung in >K1 von
> (+n) die primitive Rekursion (in Betracht genommen, dass
at(-rw) =m-H Ffur m 6_Y qgilt);

Ajfalls X =Av nat(x) = tO

und sonst:
o(A (at®) 0. falls  (~~@EG))) « /1
hfe(h."i@(X))) sonst.

n"Mx) = <

Mit bekannten Methoden (die auch in den Folgenden zum
Vorschein kommen) ergibt sich, dass eine Punktion |(x4)...%<)
in -Kn dann mid nur dann primibiv-rekursiv ist, wenn fur
Ynj).-m)4mr 6 A"

Yt+b-I) = =)
eine primitiv-rekursive zahlentheoretische Funktion ist. Dies
werde ich bei der Ubersetzung unserer Funtion |(c,X) in die
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Zahlentheorie verwenden.

Aus der erhaltenen Definition
"ap)falls «x=Av x=1

vijX,) = | 0, ((at(u.),K)) 1¢et@d)) 2@ perkcud)y)

sonst,

o (verk()6,4,) < o(*),

liest man heraus, da fur jedes x e XA

X = nr4(ux))

gesetzt werden kann, dass fur TreJf
e, =mCO))n *Cmj =n(p\,rchrrij})) = v(ccO) = \}
[ "+4,0)- O ‘@ 4+ D;M) = n.(c)= \}
(==, my+0 = n Yrlaa+™0)) =
= +(A( D, FB ot Pae) <7V ee)>
wo es ubersichtlicher sein wird, die durch Punkte angedeute-
ten Argumente einzeln zu behandeln. Das erste ist:
| @t/ -»-D)TFd 4~ £40) = (47K @i, ~E 0D niv(Vrvi+ T)=
= |(Ve@CW, k=), nT* ("+1)) = M (n"Yit D; N(«2,+0Q)) =
=n,1(] @t (¢\1 D; ra.2+D).

Ahnlich ergibt sich fur das zweite bzw. dritte punktierte
Argument

rc* (etn +M, "WiAg) bzw. nmd(m /v e r kK 1 ) Inyr")))
und nach Einsetzung all dieser
Wwigb |'@t(nD; M) ; NEeto-rnvd)j » VD).

| (-"wW™Mverk(+w2e,
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Dabei besteht
o (at( mAN))  o(<N44AVAT0) )
0 (Otf \Hfi( s\ ,i+ 4))  o(rt + 1),
o (verk(rC4bwa+0; *c\T/H¥) < o(rCMIIr i) ,
und daher, da im Abbildung n¢,) kirzeren Worten kleinere
Zahlen entsprechen,

at(, ,-M) = @+ + 1) < ewltl
und ahnlich

ettwW™" D~ vt i) verk((TvA Dk \.

Demnach ist die fir K*~, ™ 3) erhaltene Definition

| (0; rwL) = (wt+A0) “A

2 0~g9(n ~ - * - X@t("f0; "3, NaC-ntD, D,
verk(™i,+7; *wH)))

eine zahlentheoretieche Y/ertverlaufsrekursion nach beiden
Variablen; und zwar fallt sie unter jenen Spezialfall der
2-fachen Rekursion, von dem ich bewiesen habe, dass er auf
primitive Rekursionen aufgeldst werden kann. Die Primitiv-Re-

kursivitat von in JF zieht aber die Primitiv-Re-
kursivitat von

in nach sich; was zu beweisen war.
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PARSING PROM LEPT TO RIGHT AND STRUCTURAL PROPERTIES
OP CERTAIN FORMAL GRAMMARS

by Gyorgy R é v é s z

1. Introduction

Kalmar’s idea of a formula directed computer [I] has
very much contributed to the understanding of the problem of
man-machine communication. The implementation of conversa-
tional languages such as APL [2] and others shows that this
approach i1s quite realistic. Namely, the sentences of these
conversational languages are directly interpreted by the
corresponding program /i.e., they are not translated or com-
piled separately before running/ and this is what Kalmar’s
computer does.

Por the direct iInterpretation of some language we need
a straightforward parsing method /without back-tracking/ and
thus, a left-to-right parser would be required. Naturally
the way of parsing depends on the grammar of the language to
be interpreted.
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The formal syntax of a programming language is usually
given in the form of a context free grammar. However, it 1Is
necessary to make use of the context as well, 1If a parser
based on context free grammars iIs to work efficiently.

This can be done either by transforming the original context
free grammar into a context sensitive form /see e.g., [3] ,
[4])/ or by using a built in procedure of looking ahead /see
e.g-, [5]1) [6]/- Beside this, context free grammars are
usually restricted to make parsing easier.

It seems useful to start directly with some kind of
context sensitive grammars iInstead of context free ones and
make the necessary restrictions only. The parser need not
know whether the grammar has previously been transformed and
thus, occasionally 1t may be applied to real non-context-
free languages.

Assuming In general that we are given a class of
grammars I and a parser P based on it, the set of all lan-
guages generated by the grammars in [ will be denoted by
dt—fr) while the set of languages recognized /accepted/ by
P will be denoted by XfP) . Ildeally X(T) * X P) ?

but it is more likely that either <L(T) 3 X (P) or
X (V) a X () . 1t may occur that neither of them con-
tains the other.

Prom the practical point of view X (NDE£ 1LCP) +B
sufficient, but 1t could be of interest i1f the parser Is more
powerful /or, which is the same, the class [ 1is more
restricted/ than necessary. This means that one can start
with I and? such that X(I‘) 3X(?) and then specify an
appropriate subclass of I /I"c. '/ for which X(F*) £ X/P)
holds, where I' 7 1s restricted only to such an extent as
required for the application of P.
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bet 10, I, and [r denote the class of context
free, unilateral context sensitive and context sensitive
grammars, respectively. Then by the definitions given iIn
this paper T0ONMNT*~T2 and thus, € 0)Q 1L ({1,) £Xx(2)
It can be shown that also E(rO<ne(,) , i.e., the class
of unilateral context sensitive languages properly contains
the class of context free ones Y and 8], The problem of
whether £ (I2) properly contains £ ( ) is unsolved yet.

A left-to-right parser always attempts to perform the
leftmost replacement/s/ when reducing the input string to the
initial symbol of the grammar. The parser dealt with in this
paper really performs the leftmost replacement/s/ regardless
of context. Thus, it can be applied only to a restricted
class of grammars. However, the restrictions which are neces-
sary for the applicability of this parser are not too strin-
gent, since £ (p) ME(IO) ,

In order to be able to apply this parser all complica-
tions which may arise In the course of parsing must be re-
solved by a preliminary adjustment of the grammar. This
adjustment of the grammar must be done only once for each
grammar, while a more sophisticated parser based on the orig-
inal grammar is very likely less efficient.

The adjustment, however, 1s not always possible. At the
end of this paper a few conditions are given that make the
transformation of grammars iInto more convenient ones possible.

2. The class of unilateral context-sensitive languages

Let V * denote, as usual, the set of strings over a set
of symbols V /including the empty string 8/. Individual sym-
bols will be denoted by small latin letters while sets and
symbol strings by capitals.
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Definition 1: A context sensitive grammar Is a quadruple
G =T, I, s, P) where T and 1 are fTinite sets of terminal

and non-terminal Zauxiliary/ symbols, respectively, T nl =0,
sei, and P is a finite set of ordered pairs of
strings - called rules - of the form XqY —* XQY, where

q el, and X, Y and Qe(T uu I)* and Q/ £ , /i.e., Q non-
empty/.

Definition 2: For a given grammar G and two strings

A, B e (T n 1)*, B is animmediate consequence of A /in sym-
bols A h- B/, if thereexists a rule XqY —*= XqY e P such
that A = ZXqYW and B = ZXQYW with some Z, W e (T n 1)*»

Definition 3: A finite sequence of strings X, Xg..., XM
is called a derivation with respect to a given grammar G,
iIf X+ h-X for U U n ,

Definition 4: For a given grammar G and two strings

U, Z £ (T n D* Z is a consequence of U /Zin symbols Ut=2/, 1if
there exists a derivation with respect to G, X, Xg,-.-, X ,
where X = U and Xn = Z.

Definition 5: For a given grammar G, the set of strings
Lg =W Is 1= W} n T=*
is called the language generated by G.

Definition 6 /rag/: A grammar is called right-sensitive, 1if
the string X is empty in each of the rules of P, 1.e., all
the rules of P are of the Tform qY —» QY where

Y, Q e (T w ID*, and Q / £.

Definition 7 /cfg/: A grammar is called context-free, 11T the
strings X and Y are empty in each of the rules of P, 1.e.,
all the rules of P are of the form q —mQ, q el,

Q e (T un D*, Q/£E .

As can be seen from Definitions 6 and 7 right-sensitive
grammars include the context-free ones. The corresponding
types of languages will be denoted by rsl and cfl, respec-
tively.
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Right-sensitive grammars can be classified according to
the maximum length of Y in their rules.

Definition 8: A rsg iIs said to be of order n, i1f the length
of the context Y in each rule is not greater than n.

Theorem 1: There exists a rsg of order 1 that generates a
language which cannot be generated by any cfg.

This was shown by E. Parkas with the aid of the language
a“bncn, where Kk ~ n [7]- The proof is analogous to that of
Theorem 4.1 in [9] from which the non-existence of a context
free grammar to the language anbncn follows.

A detailed proof ot Theorem 1 is given also in [8] with the
aid of the language a2kpb2nqgc2n with kK ™ n

Theorem 2 : To each rsg there exists a rsg of order 1 that
generates the same language [8]-

3. The parsing algorithm

The parsing algorithm described below i1s specified for
right-sensitive grammars of order 1. In virtue of Theorem
2 it can be applied to every rsl, though 1t 1s not necessarily
a recognizer for them. Anyway, 1t can be assumed that every
rule of the grammar In question has got one of the following

forms
1. X —%y

2. X —ryz
3. Xt —» yt
According to these schemata the rules may be divided into

three groups P-",P2 au@ P3 can be represented by three
functions P®, P2 and F, respectively. The right-hand sides
of the rules make up three sets R, R2 and R™ and the func-
tions ", F2 and P™ are defined on them as follows:

xi = FpCy~for every xx-"y* e Pj. = » zj) for everY

xXj N yi2) £ p2 N every yll £ p3-
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Let .0. denote the i1nput string to be analysed
where e T for 1 éi1én e The parsing algorithm as
shown 1n Figure 1 makes use of two push-down stores that are
moving In opposite directions. The i1nput string is originally
placed into the first push-down store and the result appears
in the second onee
The contents of these push-down stores in the course of
parsing will be denoted by vn - and W u2 ... un¥*

Second push-down store

Figure 1

The way the parsing algorithm Ut works is represented by
the flow-chart in Figure 2. If the functions Fp F2 and F -
which are considered here as parameters - are unique, the
algorithm is deterministic otherwise i1t iIs undeterministic.

If P is empty then VI works as a simple push-down automaton.

It can be seen that for each rsg of order 1 the parsing
algorithm UL always performs one of the leftmost replacements.
This means that just before Ut performs a replacement, the
string u-jug ... um Is i1rreducible with respect to G, i.e., no
sub-string of u-ju2 Um belongs to u R2 n R™ [6].



Figure 2
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4» The clasB of progressive languages

Definition 9: A language generated by some rag of order 1 1is
called progressive, if the parsing algorithm Ut represents a
recognizer /an acceptor/ for it, i.e., if Ul - supplied with
the parameter G - stops for every string W £ T* having per-
formed a finite number of replacements, and i1t will reduce

the string W to the single initial symbol s if and only if

W € Lg-

This definition i1s not effective. Therefore some struc-
tural property of the grammar G is to be determined which
implies progressivenessand can be easily tested for.

To everysymbol xeT wun I a set ofsymbols ¢ (X)c 1
will be assigned.

Definition 1Q; Por a given rsg of order 1 and a symbol
X £T UI , the set (X)) is defined recursively as follows ;

/1Y U € if U-—-m.x £ P
or u—-*xy € Pfor somey e T wul
or ut—»xt e Pfor somete T ul
/ii/ V e <E(x) if vé<E(u) for some u e p(x)

As can be seen from the definition the symbol x need not
belong to <]>(X). If XY 1=vZ for a pair of strings, then either

x=v or X e<|5(v) ®

Definition 11: A sequence of rules - - - ,¢n 1s called
a loop, i1if for some teTwnl and for 1 = 1,2, ... , n-1,
21 has got the form either or x.t -¢ XM+, anch

Xl = xn * ViGNl /?i £ p3/ for 1é 1£ n , then the loop
is called type 1 /type 3/, otherwise 1t iIs mixed.
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Theorem 3: The language generated by a rsg G of order 1 1is
progressive, if G =(l, 1, B, P1 ™ P2 nu P") satisfies the
following five conditions:

/1/ The right-hand sides of the rules are different from each
other.

/2/ The right-hand side of a rule of P™ does not occur as the
first symbol on the right-hand side of another rule.

/3/ If z —*xy e P2 andy*e ¢ (y) then
/3a/ if u -»xy”eP2 then z =vy,u =y*
/3b/ xy* R-j.-
/4/ If zt *xt e P and t*e ¢ (t) then
/4a/ 1if u —»xt* eP2 then also u -—-*zt*e
/4b/ 1t ve’-~xt* e P™ and v / z then vt*—>zt* e PN.

/5/ There i1s no loop In PAuP~”

This theorem is a slightly improved version of the theo-
rem 2 in [8]- In connection with this, Kalmar has proposed
the question as to determine structural properties of context
free grammars allowing their transformation iInto progressive
ones. Some partial results towards this goal are collected
Without proofs) in the rest of this paper which has not been
published yet.

3. Improving the grammar of a right sensitive language

Theorem 4: To every rsg G there exists a rsg G* of order 1
such that L¢, = LB and G* satisfies the conditions /1/-/4/ of
Theorem 3 except for a /possibly empty/ subset of P con-
flicting with condition /1/.
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Definition 12: Por a given rag G of order 1 and a symbol
XeTol , the set H(xX) i1s defined recursively as follows

/1/ U £ HX if U—mX £ P
or U-—>ZX £P TfTor some ze T unl

/11/ V £ E(X) 1’1'* V £ HQU) for some u £ H(X) .

IT the original grammar is context-free then 1t may be
worth-while preserving this feature. In this case the condi-
tions /3b/ and /4/ of Theorem 3 are pointless. Moreover -
allowing preliminary modification of the grammar - condition
/2/ can be weakened I

Condition /2°/: If a /s, a—-eb e P and y —eby £ P2 for
some X, yeTu I then

/2,a/ H(@) =¢py = 0 and
/2°b/ 1T av e R2 for some ve T ul then <W= 0.

Theorem 5: If the rsg G of order 1 iIs context-free and sat-
isfies the conditions of Theorem 3 with condition /2°/ in the
place of condition /2/, then there i1s a G* of order 1 which
iIs also context-free and satisfies the conditions of Theorem
3 and Lg, @

The restriction /2*a/ i1s still very strong, since i1t ex-
cludes right-recursion for the symbol a. However, a direct
/non implicit/ right recursion a — xa can be eliminated iIn
some cases.

Theorem 6; ITf the rsg G of order 1 iIs context-free and
a—-*xa £P then there i1s another context-free grammar
G* of order 1 with ™ =T, I» =1, s> = s, LG,= LQ

but a ->xa ¢ P*, provided that s / a, H(a)= {a} and
for every zN—>a¥g 6 P 2z~ does not occur on the left-
hand side of any other rule.
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The application of Theorems 5 and 6 is illustrated in
the Appendix* It is iInteresting to observe that in the light
of Theorem 3 a context free grammar iIs made progressive with-
out using any context restrictions*

Finally i1t should be mentioned that the device with two
push-down stores shown in Figure 1 is equivalent to linear
bounded automata [10].

APPENDIX
Jenotation:
a - arithmetic expression 1 = 1dentifier
b = basic expression 1 = letter
c = expression closing n = number
d = digit p = parameter
e = parameter entry q = arithmetic operator
f = function symbol s = closed arithmetic expression
h = half expression

The following 1s a simplified syntax of the closed
arithmetic expression:

s ®me (€© S —» fPp - =1
¢ a) LI 16 I N |
a — b P —*C i - mid
a —=> ha P —-enp n _— v d
h — b e —» d? n —Vnd
b - i

b — v

b — *
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After the application of Theorem 6 to a — > ha and
—*a), e —*a,l and the elimination of a —*bt b —-»1,
b —> n and b —>s using substitutions successively we obtain
the following progressive context-free grammar;

s ¢ c S -= £p i -y 1
c —> i) f i ( i o= > i1
c n Yy p —Y c i i
C —-> s ) p Y ep n —> d
c —> h c e —> he n --Y nd
h =Y i q e —> i,

h n q e —Y n o

h — > s q e — > s .,
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FORMULAE IN LANGUAGE TEACHING
by Gy6z6 S i poczy

I. Preliminary Notes

1# Among the five parts of sentence mentioned In tradi-
tional grammar books, the Attribute is always attached to a
Noun - whichever part of the given sentence i1t is /Comple-
ment/.

2. The Subject, Object and Adverbial Modifier iIn a sen-
tence are mostly Nouns, the Predicate i1s either a Verb
/simple or compound form/ or a Verb together with a Parti-
ciple, Adjective or Noun /Complement/.

3. The units of a "Sentence Construction'™ /Parts of Sen-
tence/ are very rarely single words, iIn most of the cases
they are Nouns together with their Attributes, and Verbs:
mostly compound verbal forms or Verbs together with their
Complements /Nominal or Verbal Constructions/.
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4* In various languages the word order of the Nominal
and Verbal Constructions is not discretional, and so formulae
can be given for them.

5. According to the above mentioned, it is easy to real-
ize that only two formulae are necessary for finding the var-
1ous parts of a sentence /Zanalysis/: one for the Nominal Con-
structions and one for the Verbal ones. These formulae can be
made for the various languages, and the usage of them makes
the comparison of the source and target languages - and so
translation - easy. In this paper - only for showing an
example - we give the formulae of Nominal and Verbal Con-
structions in the English Language.

6. As these formulae are to be used iIn teaching, It is
imperative that they should be comparatively clear and easy
to survey. A formula containing all the possibilities of
construction is too complicated for this purpose. Taking
into consideration the requirements of teaching, we must be
content with formulae giving the typical, simplified descrip-
tion of the given construction.

7. In the formulae given below the central member of the
construction is marked with the figure "0". The members left
of 1t are given figures with a minus sign, those right of it
- fTigures with a plus sign. It is often the case that a mem-
ber inside a construction has i1ts own complements. This
""'secondary construction™ i1s marked with figures iIn brackets.
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11> The Formula of the Nominal Construction

-5 -4 -3 (-2) -1 0 +1 +2 +3
Q)
a/ Nrm " a/ Pr+N —
IG 1 1 60)) Q)
b/ PA Pa b/ Pa—»+0 N and AM Av or Pr+N
4 1 or r Q)
all {of) c/ At c/ A —» - and AM Pr+ N
! 1 -
d/ DP d/ Inf
e/ all
Ilotes :
0
ad O: IT=Noun: machines
-1 0
ad -1: A=Adjective, Pa=Participle: good machines;
-1 0
running water#
————— ) -1
ad -2 : Av=Adverb /to the Adjective -1/: very good
0
machines#
-3 C2 -1 0
ad -3: Uu=ITumeral; six very good machines =

ad -4 and -5: These places are taken by Determinatives.
- 40 -3

ad -4/a: Nr=IToun in the Genitive Case: the men*3 six

@ -1 0

very good machines.

-4 -3 (2 -1
ad -4/b: PA=Possessive Adjective: their six very good
0
machines.
-4 -3 -2 -1 0
ad -4/c: At=Article: the sixvery good@?chines-
- C2
ad -4/ds DP=Demonstrative Pronoun: those siXx very
-1 0

good machnines.



ad -5:

ad +1/a:

ad +1/b:

ad +1/ct

ad +1/d:

ad +1/e:

-2 -

Determinatives denoting quantity: all /of/,
-5

both /of/, a lot of, some /of/, etc.: all

-4 -1 0

the good machines.

"of” construction and any other prepositional

expression being Attribute to the Noun in

-4 0 -4 +1(0) -4
front of i1t: the machines of this factory; the
0 <Ny +1TCO

machines in this factory.
Participle with an Object or Objects /0=0Object/
and/or Adverbial Modifier /AM=Adverbial

-4 0 +1 -4 +2@©
Modifier/: the man visiting the factory;
0 +1 D +3(0) (4% O

machines working at high speed; the man
+1 +3
running quickly.

N.B. Compound forms of Participle get after
-4 0
the Noun without any Complement, too: the book
+1 +1
being read.

Adjective with an Adverbial Modifier or

Adverbial Modifiers /it cannot have any Object/.
-4 0
The AM i1s a Prepositional Expression: a chance
+1 (G)) +3 CO)
open to the children.

Inf-Infinitive/Attribute to the Noun iIn front

0 +1
of 1t: work to do.
0O +1

e.g.; we all.
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I1l1. The Formula of the Verbal Construction
| e <1 0 +1
a/ do a/ V a/ N
-—-X / Inf b/ A N
bV 4---—- (Pres)
X have < b/ be™—c/ Pa c/ Pa”
(Pres.or
Past ) d/ G
e/ Pr+N
f/ Inf
Notes :

1. Under -1/b and -2 only the Non-Finite forms

Ilbell
under -3,
Helping Verbs/.

and '"have'

2. In the expressions

"is to make",
verbs "be™ and "have" are Special

"has to make',
Finites as for function,

+2

Inf

of the verbs

are found. The Finite forms of them are
together with the Special Finites /Defective or

etc. the

ad

ad

ad

but they are Full Verbs as for form /has been to make,
didn’t have to make, etc./. For practical purposes it
seems better to take them Full Verbs and the Infini-
tive take Complement "+1". The verb "have'™ denoting pos-
session and the verb "be"™ having Complement are considered
as Full Verbs

Iloll

"0” for the same reason.

0 0
0/a: Present or Past of a Full Verb: make, makes,
0
made. AlIl the other forms are compound.
-1/a: Present or Past Negative and Interrogative:
-1 0/b “1 0/b -1 0/b
do/n’t/ make, does /n’t/ make, did/n’t/ make.
-1/b and -2: These are to be found with Special Finites

only. See: Notes for -3



ad -3 :

ad +1 and +2:

ad +1/a:

ad +1/b:

The most frequent forms belonging to this

point ares
-3 0/b
1. Special Finite and Inf. Pres: will make,
-3 0/b
must make, etc.

2. Special Finite and Pres, or Past Pa:
-3 0/c -3 0/c -3 0/c
is making, 1s made, has made, etc.
-3 -1/b 0/c
3. Special Finite + be + Pa: 1s being made,
-3 -1/b 0/c
will be making, will be made, must be made

has been making, has been made, etc.
-3 -2 0/c
4. Special Finite + have + Pa: will have made

should have made, etc.
-3
5. Special Finite + have + be + Pa: will
-2 -1/b 0/c
have been making, will have been made, etc

Complements.

Nouns as Complements can be centres of

0 ()

secondary Nominal Constructions: are very
-  +1(0

good machines.
IT a Verb taking a Complement has an Object

at the same time, the Object gets between

0 -4 0
the Verb and i1ts Complement: called /the man/
(-4) +1Q©)
his friend.

Adjectives as Cgmplements can have their own
0o (=) +1 0 (-2 +1
Adverbs: 1s very good, looks rather tired.

IT a Verb taking an Adverbial Complement has

an Object at the same time, the Object gets

between the Verb and the Complement:
0 -4 0 +1
made /my friend/ angry.



0O + 1 0+1
ad +1/c: is annoying /bosszanté!/, is done /kész!/,

etc.

0 +1

ad +l/d: continued reading, etc.

0 (-3)+1(0)
ad +1/e: IS In two parts, etc.

0 +1

ad +1/f: seemed to fall, etc.
ad +2: In the groups +1/b and +1/c there are a lot

of Adjectives or Participles taking further

Complements# These second Complements are

0O +1 +2 -3
Infinitives: 1isable to make /comp.: can
0/b 0 +1 +2

make/, i1s obliged to go, etc.

IV. Practical work shows that with the help of these con-
structional formulae students can be made able to analyse
sentences, comparatively without mistakes, in a short time.
The rules of word order iIn Hungarian given, they can trans-
late any sentence with much less misunderstanding than they
did without these formulae. After a comparatively short time
of practice they are able to use the formulae ,automaticallyn
and this ability helps them to understand the constructions
of the foreign language without long and tiring analysis,

and - provided they have a vocabulary big enough - they can
read texts of the foreign language similarly to those of
their mother tongue: understanding them without actual trans-
lation.
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K MOHATWI0 NMPOWU3BOAHBLIX MO O.C.KYNATMHON OTHOWEHUN
0.A.lUpengep

MycTb gaHO MHOXeCTBO , KOTOpoe Mbl Oygem Ha3biBaTb C/oBa-
pem /vnn angpaBuTtomM/. HA3blKOM JICW*) Hag U NPUHATO Ha3biBaTb HEKO-
TOpOEe MHOXECTBO, COCTOsllee K3 KOHeYHbIX uernoyek Hapg 1/. 0603Ha-
unMm Tenepb 4Yepe3 A0’ COBOKYMHOCTb BCEX OTHOWEHWI 3KBUBaIEHT-
HOCTU Ha cnoBape O wiM, WHaye roBOpPsA, COBOKYMNMHOCTb BCeX pa3—*.r
6veHunin U”Ha Henepecekaroupmecs K1acch.

B pabote O.C.KynarmHon [I] npeanoxeHa Xopowo wn3BecTHasi
Ternepb B MareMaTUYeCKOW JIMHFBUCTUKE KOHCTPYKUUSA, MNO3BoAsAwLas
npn 3apgaHHoM 7C1T) conocTtaBuTb Kaxaomy oTHoweHuw Ae 3(0°) Tak
Ha3biBaemMoe npon3BOAHOE OTHolWeHue /npon3BogHoe pa3bueHne/Al.
3TO O3HayaeT, 4TO Kaxabli A3blk ICUY) 3agaeT oTob6paxeHue

A: 383) —=I0),

cTaBslllee B COOTBETCTBME /1060MYy OTHOlWEHMI A ero npousBogHoe A .

B pa6ote [I] v gpyrux mccnepoBaHuUAX YCTaHOBJ/IEH psag UHTe-
PEeCHbIX CBOMCTB MNPOM3BOAHbIX OTHOoweHwun /cm. Hanp. [2] n [3]/.

Mone3Ho 06paTUTb BHUMaHME Ha creaywllee O06CTOATENbCTBO.
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3 copgepxaTenbHOro onpegeneHns npou3BoOAHON0 OTHOWEHMA nonyvya-
TCA cregywume TpU CBOWCTBA:

171 c A,

2/ Ecrm A=B=A", 10 Bl1l=]l

3/ Ecnm A"B-BA*, un A«<=B, TO A’ £ B\
OcTanbHble cBOICTBa NPOU3BOAHbLIX OTHOWEHWIA BbLIBOAATCA U3 3TUX
YNCTO anredbpanyeckn. ECTeCTBEHHO BO3HMKaeT BOMPOC: HeNb3A n
BBECTU TMOHATUE MPOM3BOAHOIN0 OTHOWEHUA KakK OTOob6paxeHus
A- 3 (V) (tr), obnapawiero Tpemsa yKa3aHHbIMW CBOMCTBaMM U MokKa-
3aTb, 4UYTO OHO 06s3aTenibHO pgaeTcs KynarmMHCKOW KOHCTpyKuuein npwu
COOTBETCTBYHWLUEM BblbOpe sA3blka £7?

Mbl HE MOXeM 34ecCb AaTb OTBET Ha 3TOT BoOMpoc. BmecTo 3To-
ro Mol JaguM KOHCTPYKLMWI0O MPOU3BOAHbLIX OTHOWEHUI (hopMasibHO 6onee
06Uy, uem KynarvHckasi. 3Ta KOHCTPYKUMS 3aBefomMo ob6ecneynT
BbIMO/IHEHME HYXHbIX Ham Tpex CBOWCTB, a CTa/lo 6blTb W BCEX U3-
BECTHbIX COAepXaTeflbHbiX CBOWCTB MPOM3BOAHbIX OTHOLEHWNI .

3Ta KOHCTPYKUUA MnokasbiBaeT, UTO MOHATUE NPOM3BOAHbLIX OT-
HOWEHWn OTHOCUTCSA, COOCTBEHHO, He K MaremMaTU4eCKoW JIMHIBUCTU-
Ke, a K obuwein Teopun OMHaAPHLIX OTHOWeHu. OcTaeTcsa OTKPbITbIM
BOMPOC, £BMSA€TCA /M 3Ta KOHCTPYKUMS obueir peann3sauuen otobpa-
xeHunii A IB(<K)-0(MO( ob6nagavumMx ykKasaHHbIMU Tpemsi akcuomammn? K
JaeT /1N OHa TOT Xe K/NacC OToOpaxeHWr, 4UYTO U KOHCTPYKUMA
0.C.KynaruHon?

Janee noTpebyem, 4TOObL Ha MHOXecTBe ” Oblla 3ajaHa HEKO-
Topas cuctema NpuM3HakoB. B uvacTHoCcTu, ecnn Hag NnocTpoeH
A3k dJU™), To Kaxgomy anemeHTy xg \lcooTeBeTcTBYWT copepxaume
K KOHTEKCTbl, KOTOpble MOXHO paccMaTpumBaTb KakK Mpu3HakKu, COMno-
CTaBJ/IEHHbIE 3/IEMEHTY /v o6bpaTHo, cumBosnbl 13 \Y, obpa3lywime
TEKCT, CyTb MNpoOCTelwne npuaHakm 3TOro TekcTta/.
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O6lWasi KOHCTPYKLUS COCTOUT B Crieayllem.

Cnegysi [4], Ha30BeM KapToW YyNoOpsAOYEHHYH TpPOWKy < iHtt/N>
roe 1Y - MHOXeCTBO MCXOAHbIX OObeKTOB, [1- MHOXeCTBO MNpu3Ha-
KoB, a Iif - MHOrosHadyHoe oTob6paxeHune onpenenieHHoe Ha
Bcem /. Ycnosumcs 4yepe3 dCO o6o3HayaTb NPOM3BOJIbHLIA NPU3HaK,
KoTopbii IF conocTtaBnsieT 06bekTy x , a deped ®(X) MHOxXecTBO
BCeX MPU3HaAKOB COMOCTAaB/IAEMbIX 0O0BLEKTY X .

Myctb A - OGMHaApHOE OTHOLIEHME Ha , Torga BBegem 060-
3HayeHune
//
roe oovegnHeHue 6epeTcs MO BCEM Y , HaxodAawMMCS C X B OTHO-
weHun A . OTobpaxeHue [1 coOOTHOCUT 3NeMeHTy X Bce Npu3-

Hakn n3 palx -

Ecnrm A - 3KBUMBa&/IEHTHOCTb, TO dO MOXHO paccmaTpuBaTb
Kak oTobpaxeHue (aKToOp-MHOXecTBa:
a—- % -* T
NnockosibKy 1RACX) MOCTOAHHO Ha KaxAoM Knacce 3KBUBa/IEHTHOCTMW.
Torga MoOxHO BBecTU '‘(hakTop-kKapTty' < Va , 1, mn> .

Kaxgomy oOTHoWweHU 3KBuBasieHTHOCTM Ae 3(1/) MOXHO conocTa-
BUTb OTHOWEHME 3KBUBAJIEHTHOCTU A , onpepgenieHHoe ycnoBuem: XAy
paBHOCW/IbHO

OACY) = OarY) - 12/

E yacTHOCTW, €OVHUYHOMY OTHOLWEHNI £ COOTBETCTBYET OTHO-
of
lWeHne E=S» BbINOIHEHHOE, KOraa

PG - o)
Nlerko BugeTb, 4YTO UMEET MEeCTO BK/WYeHue
A - A, /3/

NMOCKO/IbKY 