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| I. CONFERENCE ON SPEECH STATISTICS
[?bllcwing is & translation of an article €y~v, A,
Uspenskiy in the Russian-language periodical Voprosy
yazykoznaniya (Problems of Linguistics ), Moscow,
No, 1, 1958, pages 170-173./ R

The conference, called by the Speech Section of the Acoustic
Commission of the Academy of Sciences USSR and the Leningrad Uni-
versity, held from 1 through 4 October 1957 in leningrad, was de=-.
voted to the subject of speech statistics. FParticipants included
representatives of the Moscow State University, MGFIIYa, the NII
of the Ministry of the Radio Engineering Industry, the Institutes
of Physiology and Linguistics of the AS USSR, the laboratories of
Electronic Computing VINITI of the AS USSR, the A. F. Mozhayskiy
Air Force Academy, and several other organizations.

The conference was opened with an introduction by L. R
Zinder. Attention at the conference was focused on two fundanxental
problem areas: 1) Application of statistical research of speech
and writing for solving problems raised in those realms of con-
temporary technology which lnvolve in cne way or another the stor-
age, treatument, and transmission of information, and 2) the relaticn
of structural and statistical methods in linguisticsa

The veport "The Meaning of Statistical Research for Tech-
nology" was given by L. A. Varshavskiy, who pointed out the funda-
mental directions in the study of speech, the development of which
are esgential for telephony (wire and wireless). The first among
such directions is the study (including statistical study) of the
physical characteristics of sound and electrical signals which
transmit speech. In this comnection it is expedient to develop
the general theory of signals, as pointed out by N. A. Zhelezov in
nis report, "Power Characteristics of Correlation Intervals of
Electrical Signals, in Particular, Speech Signals."

Another problem area, pointed cut by Le Ao Varshavskiy, con-
cerns the perception of speech transmitted through a communications
channel. Channel quality is measured by its articulation, which in
communications engineering is the percent correct perceptions of
sound unite transmitted through the channel, To determine articu-
lation, special sound combinations are transmitted over the chan-
nel, When tables of such sound combinations are compiled, statis~
tical relations must be accounted for. Put the greatest interest .
is in the commections between the articulations of sound units of
different orders: geparate sounds, syllables, morphemes, words,
etc., Here the deciding role is played by the effect of the per-
ception of adjacent sounds on the perception of a given gound.

This effect is caused by the probability dependence (correlatiOn) .
occurring between neighboring sounds.
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The report of L, R. Zinder, "Linguistic Probability," was
devoted to the study of such correlation between neighboring ele-
ments of speech (i.e., sounds following each other, words, etc.).
As noted in the report, each element of speech carries specific in-
formation (in meny cases a great deal) on the elerent immediately
following it. Zero order linguistic probabilities (i.e., absolute
probability of the iuncidence of certain elements), as a rule, do
not coincide with linguistic probabilities of the first order (con-
ditional probabilities of certain elements occurring after others).
Zero and higher order linguistic probabilities are divided into
lexical (the probability of occurrence of certain 1exemes), gram-
matical (the probability of occurrence of certain sound units),
and sonic (the probability of occurrence of certain sound units).
Linguistic probabilities have a significant influence on perception
and, in the final analysis, on understanding of speech (this refers
in a larger degree to grammatical and to a lesser degree to gram-
ratical and to a lesser degree to sonic probabilities). L. Re Zin-
der®s report was accompanied by a demonstration of three tables of
first order sound probabllities for the Russian language. Tables
which wexe Prepared on the basis of a statistical study of a text
of approximately 90,000 phonemes were shown. These were individual
tables showing sound combinations within words and at the junctures
of words, and there was a summary table, , .

Ye.. V., Paduchevaya's report, "Statistical Study of Syllable
Structure (In Comnection with the Use of Information Theory Meth-
ods)," was .devoted to the comparative analysis of phonere combina-
tions within words and at word junctures, In this reporter's opin-
ion, only phoneme combinations within a syllable can be a subject
of phonological study; combinations at syllable junctures is more
appropriately the consequence of word formation. It is natural to
expect that the limitations to the combining capability of phoneres
within a syllable will be weaker at syllable junctures, At the
same time, as this reporter showed with an example from Spanish, a
gimple division of phoneme cowbinations into possible and impossi-
ble ones is insufficient; probability copcepts lead to much more
satisfactory results (for Russian).

The most important problems of those enumerated in the re-
port by L. A. Varshavskiy concern compression for the most effec-
tive use of communication channels. Cne of the means of improving
the carrying capacity of a channel is the shortening of the tine
required to transmit one .sound. The question arises as to what
1imit a sound can be shortened, As M. F. Derkach showed in his
reports "Statistical Duration of Voiceless Consonants and Their
Comprehension" and "Statistics of Characteristic Sound Portlons of
Vowels in Russian," the acoustical structure of sounds is non-uni-
form in tire., Therefore, if from a time interval during which a
sound is made a smaller interval is extracted, comprehension may
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be lost. Participants at the conference had the opportunity of
listening to a tape recording of the syllable ta which was arti-
ficially derived from the syllable sa by clipping the beginning
of the sound g (but clipping the end of the sound s in the sylla-
ble gs does not destroy comprehension).

A more radical way of improving the transmission capacity
of a channel would be the extraction of the minimum information
necessary +to differentiate units of speech (phonemes, for example)
and transmission of only this minimum information. (The leading
importance of studies to determine the sementic burden of speech
units, primarily phonological studies, is obvious.) It is envis-
aged to place at the transmitting end of the commnication line an
analyzer capable of differentiating phonemes and transforming them
into discrete signals, and to have at the recelving end a synthe-
sizer capable of transforming the signals received into sounds.
Fundamentally more complicated is the construction of a differenti-
ator. One of the possible designs of such a unit would be a de-
vice capable of determining the phonetic affiliastion of a sound ac-
cording to ite spectrogram.

A new method, differing from that usually applied to formant
analysis, was advanced by L. A, Chistovich in her report "Applica-
tion of Statistical Methods to Determination of FPhonetic Affilia~
tion of an Individual Vowel Scund.” She declined to venture into
spectrograms of invariants, which would permit exact determination
of the phonetic affiliation of a scund; her idea is that the gues-
tion of phonetic affiliation of sound can be answered not cate-
gorically, but with a certain probability. Spectrogram envelopes
of varicus sounds spoken by different persons were examined, The
envelopes for each socund (different for different persons) are
averaged, and the result is a basic curve for the given sound.
This basic curve is considered to be the signal, while the real
envelope (of«a speaker) is congidered to be the signal distorted
by some noise introduced by the speaker, In order to determine
the phonetic affiliation of a real spoken sound, the envelope of
its spectrogram is taken and its deviation from the basic curve
is deteruined, Probabilities are calculated of whether a given
real envelope is a distortion of ome of the basic curves or, which
amounts to ‘the same thing, whether a given real sound is the sound
a, 0, U, etc. Chistovich's method can be used without change to
determine the phonetic affiliation of sounds in comnected speech,
accounting for the effect on their comprehension by the comprehen=-
sion of neighboring sounds. ,

Tn his report, "Use of Statistical Methods in Experimental
Phonetic and Psychological Study of Speech," Vo Ae Artemov described
the work being conducted at the laboratcry of Experimental Fho-
netics of the MGPIIYa. '




Highly important in telephony (wire and wireless) is the
statistical study of writing, especially calculation of the en-
tropy of the distribution of letter coubinations. As described in
their report, "Statistics of Three-letter Combinations in Russian
Printed Text," by V. A. Garmash and D, S. Lebedev, the laboratory
of the AS USSR for the solution of scientific problenms in wire com-
munications computed the frequency of three-letter combinations in
a poertion of text from Tolstoy's War and Peace. The length of the
text was 30,000 letters (the spaces between words were counted as
letters and were designated by hyphens). Frequercies of several
conbinations were given in the report. The rost frequent were com--
binations of "- i -" (frequency 82 x 107*) and "- ne" (frequency
71 x 10~*). Calculation of the corresponding entropy showed that
for suitable coding of three-letter combinations the quantity of
text can be decreased by about 5/3 tires.

The role of statistical methecds in linguistics is not deter-
mined exclusively by the requirements of technical applications.

In the report "Relatlon of Structural and Statistical Methods in
Linguistics" I, I. Revzin pointed out that it would be quite errone-
ous to underestinmate the value of probability and statistical con-
cepts for the development of linguistic theory itself (if only, in
the speakert's opinion, because the structure of language, as a code,
is greatly burdened with languasge redundancy; this redundancy is
impoged by the necessity for speech to be resistant to noise), As
Revzin pointed out, the usual linguistic methcds must be couple-
rented by statistical ones.

In the report "Sequential and Functional Relations of the
Vietnamese Verb," by Yu. K. Lekomtsev, it was shown that in Viet-
namese, after segregating certain full verbs, auxiliary verbs can
be identified on the basis of purely statistical counts of their
conbinations with full verbs.

Statistlcal methods are also successfully applied in achiev-
ing new linguistic advances., For example, I. A, Mel'chuk proved in
his report "Application of Statistics to the Problem of the Cate-
gory of Gender in French and Spanish" that in French the grammati-
cal catesory of gender is formally expressed by the noun ending.
The auwthor offered the following statistical criteria for the ex-
pression of the category of gender: the category of gender is ex-
pressed in the given language if there are rules, not too many (ot
exceeding, let us say, the nunmber of similar rules in Spanish, where
the expression of gender is usually not subject to doubt), which
permit recognition of gender by noun endings ard encompassing no
less than 94% of the nouns of the language (these rules include
over 98% of the ncuns in Spanish). ‘

As noted at the conference, statistics can be used in text-
ology to determine authorship,.



Tn the report, "Probability Determination of Linguistic Time .
(In Connection With the Prcblem of Using Statistical Methods in
Comparative-Historical Linguistics),"” Vyach, Vs. Ivanov demonstrated
the possibility of using statistical methods in internal reconstruc-
tion. Analyzing the state of a language ab a given moment it is
posgible to establish the direction of linguistic time. For exam-
ple, linguistic units frequently occurring in texts have the ten-
dency of cccurring in subsequent states of the language if their -
degree of isolation in the system is slight; however, if these fre-
quent units have a high degree of isolation, then they are charac-
teristic of preceding states. Frequency of occurrence and degree -
of isolation are determined statistically. Ancther methed of re- -
construction and prediction is connected with statistical study of
linguistic styles. The kinship of languages is most reliably de-
termined in terms of isomorphism of the systeuws being reconstructed.
With reference to coincidence counts frequently used to establish
the degree of kinship between languages, as the reporter pointed
out, a rigorcus probability analysis 1is needed (since the proba-
bility of random coincidence can be high, but meaningless ).

T. I. Revzin pointed out in his report the need to develop
the special branch of lingulstics -- statistical linguistics. Re=-
lations have already been found in statistical linguistics for such
values as: word frequency, word rank (sequential number in fre-
quency dictionary), word length, etc., which shed light on the theo-
retical-informational nature of language as a code. This subject
was covered by R. G. Pictrovskiy in his report "Certain Problems
in the Statistical Study of Lexical Groups.," '

T. I. Revzin explained in his report the two-sided character
of the relation between structural and statistical methods. Sta-
tistics not only helps to better understand the structure of a lan-
guage, but the units themselves which are counted require an accu-
rate struchural determination, Thus, in the author®s opinion, a
deficiency in glotto-chronvlogy is the lack of a precise determina-
tion of cognate words. (V. V. Ivanov indicated in his report that
there wag not enough motivation in even the gelection of the basic
gloesary.) Tt is evident that statistical study of syllable strusc-
ture cannot be done without a precise definition of the term "sylla=-
ble" (in the first part of her report E. Vo Paducheva gave such a
definition for a Spanish syllable, which, apparently, wakes it
possible to divide a word precisely into syllables), The impor-
tance of structural categories is revealed in statistical studies,
which have direct practical application. In order to establish the
optimum rules for machine translation, it ie necessary to make a
statistical study of the languages of the individual sciences, In
the report "The Statistical Vocabulary of Russian Mathematical
Texts’" Io A. Mel’Chuk, To Nc MOlOShnaya’ Ao Lo Shmlina’ Z. MO
Volotekaya and I. N. Shelimovz presented the results of a statisti-
cal study of the language of mathematical literature, In the study
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it was necessary to define precisely such concepts as "syntagm,”
"syntagm type," "word relations in a sentence," etc.

Without doubt,; this leningrad conference was extremely im-
portant and not limited to the problews indicated in its title.
Two situations were clearly delineated at the conference,

1., The reretration of mathematical, varticularly statisti-
cal, methods into linguistics is clearly fruitful. These nethods
can play a very important, though subordinate, role in the solution
of linguistic problems, Complete formalization of a real language
according to somwe mathematical system, apparently, can never be
achieved; however, there is a pecesibility of some approximate for-
malizations of a real language., The deviations between the real
language and the approxiration must be evaluated statistically.

2. ILinguistic studies are acquiring ever greater practical
weaning, not limited, as earlier; to school grammars ard crtho-
graphic rules, This does noct mean that linguistic study is losing
its theoretical profile. On the contrary, with the development of
technology it happens that the finest theoretical constructions are
the mest important in application. The status of matters in lin-
guistics in this regard is comparable to that in watheratics, where
theoretical offshoots {such as mathematical logic) have recently
acquired speclal importance in application.,

Especially rewarding was the variety of specializations rep-
resented at the conierence, from radio engineering to physiology.
The conference demonstrated the necessity ard further coordination
of the work of the representatives of various sciences in the realm
of apvlied linguistics. :



' II, ON LINGUISTIC PROBABILITY

_‘éFollowing is a translation of an article by L. R.
‘Zinder in the Russian-language pericdical Vorrosy
yazykeznaniva (Problems of Linguistics), Moscow,
No. 2, 1G58, pages 121-125,/ ‘

Note: Superscribed nunbers refer to notes appénded to this
article, : ' ‘ '

To know a language means to have in one's memory its words
and its grammaticel models as determined by its gramwetical struc-
ture. Words are retained in the memory as sound images, while '
literate pecple retain them in the form of visual imeges., The lat-
ter are correlated with sound images if we are dealing with lan-
guages written with letters, or are not correlated with them irf
dealing with languages written with hierocglyphics, The sound as=-
pect of individual words consists of a certain number of repeat-
ing elewents in various combinations, These elements are called
the scunds of speech or phonemes, and in each lianguage comprise a
unique systemn, : '

Since individual words can consist of various numbers of
phonemes, soretimes a large nunber of them, and though limited in
every languagel the conbinability of phonemes is still quite large,
hundreds of thousands of words can be formed in a2 language from a
few dozen ‘vhoneres, The same can be said of the written form of
& language and its system of letters. :

" Grammatical models, including not only models of sentences,
word combinations, and word changes, but also word formation models,
do not exist in language separate from words; they exist in some
form of word (i.e., in the variations of their sound patterns), in
combination with so-called "auxiliary" words (prepositions, con-
junctions, etc.), or in souwe arrangement of words, Furthermore,
gramratical wodels are abstracted from words in language and exist
in the form of rules somewhat inderendent of words., Correspond-
ingly, they are retained in the memory in an abstracted, "sche -
ratic” form, ' ' S

Perception or understanding® of speech consists of percep-
tion of sound signals in oral speech or visual signals in the case

of written matter and their identification with the sound or visual -

word imsges reposing in the remory.3 The richer the memory of an

auditor in such iwages, the more rapid and easier his comprehension -

of speech. An individual's active vocabulary, that is, the number -
of words used by him, is relatively swall, The nunber hardly ex-
ceeds 10 of the words in a given language (at least of the highly
developed 1anguages). An individual's pessive vocabulary, lee.,
the mumber of words the meanings of which are known, 1s considera-
bly larger than the active vocabulary, but even this fund of words
is undcubtedly far from all of the words in the language.
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T4 should be noted that because of word formation patterns
in the memory there are more "understandable" words in the memory
than words. For_example, the meaning on first hearing of the word
"kholodiltnik" é;efrigera;p;?‘becomes clear from the suffix -il-aik
(model: "kipyatilfnik" Zke§ﬁ1§7)o The arproxinate meaning of the
word "vertolet" /helicopter/ is recognized from the medel “"samolet"
Zairplang7; etc, A certain number of unknown words, therefore, can
be deciphered by a hearer, However, in speech words occur which
remain not understocd. The development of an individual's vocabu-
lary necessarily passes through the stage of conversion of unknown
words into known words.

All of the discussion above permits us to distinguish be-
tween perception and understanding. The former consists of recog-
nizing the sound imege of a word, the latter consists of connecting
this image with meaning. Perception, as we have seen, precedes
understanding . :

The pessibility of perceiving individval words (but by no
means speech as a whole) without understanding them results from
the fact that there reposes in the memory of the hearer, abstracted
from the words, system of sourd elements (phonemes ) of the language.
The recognition of the sound image of a word occurs through these
elexents. '

The distinction between perception and understanding serves
as the basis for the long-used system of syllabic articulation in
telephony in which meaningless syllables, the perception of which
as proved in practice are not subject to any doubt, are used to
test comminications lines. Further, despite the fact that under-
standing is excluded here, the perception of sounds (phonemes) com~-
prising such sound combinations, is substantially different from
perception of any other sounds in nature,5 This can be explained
by the fact that the composition of language phoneres, which inde-
pendently do not have reaning, in the final analysis is determiizd
by the meaningful relatiors existing in the given language. JLhere-
fore we can say that although perception of speech sounds, rho-
nemes, and their combinations is possible without understanding,
the two are connected,

Understanding noticeably affects perception, makes it easier
and more likely for the hearer. This capability of understanding
to give additional information on the material being transmitted
(whether 2 sentence, word, or morpheme }, together with the proba-
bility limitations in the language, determine what in information
theory is called'"redundancy."6 Redundancy, as M, P, Dolukhanov
writes, "shows the relative quantity of excess information, which
is determined by the structure of the language and is knocwn on the
receiving end from statistical data."T

‘It is easy to see that in general redundancy is the same as
the "psychological factor" or “guess factor,” which was spoken of
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earlier in telephony.® Seeking data on “pure perception” during
acoustic testing an effort was made to exclude this factor, and
this was the reason for using meaningless soufid combinations. In-
formation theory, consequently, has not discovered the phenomencn
itself, but it first defined its essence and second provided a
unit for measuring it.

It 1s perfectly cbvious that measurement of the effect of
the psychological factor is impossible, because it is a subJjective
factor. An individualts ability to guess depends upon his educa-
tion, psychic state, degree of fatigue, etc. However, the possi-
bility of guessing is determined objectively by regularities in-
herent in a given language. :

The guantity of redundant information which facilitates
guessing, and thereby understanding and perception of speech, is
determined by the degree of probability of redundancy in the given
language. ' ’ ' ‘

Probability limitetions characterizing o language are con-
veniently called the linguistic probability. This term encompasses
a variety of phenomena: the probability in speech of individual
elements (words phonenres), the probability in speech of grammatical
models; the probability of sound combinations and word conbina-
tions; in other words ‘the probability of certain sounds following
other sounds, and certain words following certain others, All of
this is evident to one degree or another in the so-called statisti-
cal structure of the language.

The probability of word combination is subject to two dif-
ferent regularities; consequently we can speak of lexical and gram-
matical probabilities of word combinations. Iexical probability
concerns the combination of words depending on their meaninge. This
dependence, strictly speaking, is not linguistic; it is determined
objectively, by social conditions, and is therefore quite variable -
both geographically and in time., For example, the word combination
"sidet! na kryshe" Zgitting on the roo£7'under conditions of life
in the European part of the USSR is imreasurably less probable than
the combination "sidet! v sadu" [Eitting in the garden/; in central
Asia, however, the probability of the first combination increases
considerably. In the same mamner the word combinatlon "steklyan=-
naya skovoredkas" /glass skillegf'was almost imprcbable twenty years
ago, but now it is used quite Fidely O Thus, lexical probability
is a purely statistical regularity independent of the grammatical
formation of the languageé. ’ ,

Grammatical probability can be of two types. The first type
is the probability of a certain part of speech following a certain
word; the second is the probability of a certain grammatical form
following a given grammatical form. The first type is especially
important in languages with rigid word order (English, for exam-
ble), in which a purely gramratical regularity, a definite gram-
matical rule, operates in this fashion. It also plays a certain
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role in languages having less rigid word. order Russian, for exam-
ple). Thus, the combination "kholodnaya zima" /cold winter/, in
which the noun directly follows its modifier is more probable than
the word sequence "kholodnaya nyanche zima" Zgbld winter ncy7; where
the noun and the modifier are separated by a third word, the ad-
verb. The probability in this case is determined not only gram-
matically but also statistically.

The second type of grammatical probability is especially
important in languages having a developed flexional system (Rus -
sian, for example) in which rules of agreenment and government de-
termine the occurrence of appropriate grammatical forms. In the
case of agreement, a purely grammatical rule operates: +he word
"kholedraya" [cold/ can only be followed by a singular feminine
nominative, In the case of government, statistical rules can also
appear if government oscillates, as a rule the words "ne chital"

did not read/ will be followed by the genitive ("ne chital knigi"
did not read a book/), but the accusative ("ne chital knigu") is
not impecssible, - A

The quantity of redundant information resulting from gram-
matical rreobability is in general very large, especially in cases
in which we deal with agreement, and partly also with government.,
Each of the words in agreement carries information concerning the
grammatic form of the other word, that is, information on the granm-
matical model of the entire combination. It is sufficient to hear
the word "deti" /children/ to know that the predicate will be in
the 3rd person plural; hearing the attributive "bol'shogo" [iérgg7;
we know that the qualified word is a masculine or neuter singular
noun. If for example the word "uvidel" Z§EW7'precedes this at-
tributive, we obtain still more information on the qualified word,
which iIn the given case will almost necessarily be a masculine noun
(and denoting an animate object) in the accusative case and func-
tioning as an object. It should be noted that the quantity of re-
dundant Information will be all the greater the more universal the
pertinent gramratical rule.

The gquantity of redundant information resulting from lexical
Probabllity is much more varied because it depends entirely on the
statistical structure of the language. In the word combination
"krasnyy flag" [red flag/, for example, the word "krasnyy" [red]
in some measure contains the information that the word following
it 1s "flag." Furthermore, the quantity of redundant information,
as mentioned above, is determined by the probability of occurrence
of the combination "krasnyy flag," as compared with the probabili-
ties of combinations "krasnyy tsvet" /red flower/, "krasnyy mak"
Z;éd poppg7; etc. Increase in the number of words in the word com-
bination increases the quantity of redundant information. For
example, in the word combination "na balkone visel krasnyy flag"

Z@ red flag hung on the balcony7 the probability of occurrence of
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the word "flag" after "krasnyy" naturally, is much greater than
in the combination "krasnyy flag," because after the words "na
balkone visel" it is impossible to have the combinations "krasnyy
tsvet," "krasnyx_pol" red floor/, "krasnyy shtab" [red staff/,
"krasnyy nos' [;ed nose/, etc, Corresponding to this, the quan-
tity of redundant information contained in the word “krasnyy"

the first combination is considerably greater than in the secondg

The forms of linguistic probability examined are counnected
with understanding of speech, which assumes that some elements of
speech (words or combinations) are correctly heard and understood,
Equally with this, perception itself, which, as shown above, breaks
down in the final analysis to the perception of individual sound
units, phonemes, is’ facilitated by linguistic probability. In the
given case we are speaking of probabilities of compatible scund
combinations; the probabilities that a certain phoneme will follow
a given e, - This probability, which could be called sound proba-
billty5 is’ determined in two ways: first, by the phonetic rules of
a given 1anguage (in Russian, for exampie, a voiced consonant can
be followed only by a vowel or a voiced consonent), second, purely
statistically, as with lexical probability.

Since sound probability does not directly affect understand-
ing, its importance as a source of redundancy is not as cbvicus as
that of lexical probability. Nevertheless, sound probability,
which exerts a real influence on perception, must aiso be recog-
nized as a source of redundant information, To illustrate this
circurstance we can cite the following fact. As a result of spe-
cial tests conducted in 1949 it was found that the articulation of
the conscnants "f," "k," "s" in the sound combinations "fs" and
"sk" is greater than the articulation of these same consonants not
in consonance (i.e., in combination with other consonants)., In
one test with a distortion channel the articulation of g out of
conscnance was 66.6), in combinatxon with "f" it was 89.8% and in
combinstion with "k" it was haT%ed

The divergence between articulation of consonants in and
out of consonance was explained earlier by the general phonetic
position that the acoustic characteristic of an individual conso-
nant and the same consonant in consonance must be different. How=-
ever, it was not clear why the articulation of a consonant in con-
sonance was always greater than under other conditions. This can
be argued, obvicusly, only from the standpoint of information
theory; namely, in the sense that a neighboring consonant in Rus-
sian contains more redundant information on a given consonant than
a neighboring vowel., With regard to conscnance combinations g "
and "sk," they have relatively high probability as compared with
other consonantal combinations. This can be used to explain the
sharp increase in their articulation observed in the tests uwen-
tioned.
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In the same manner as in lexical probability, the increase
in the nmunber of sound combinations is accompanied by an increase
in the quantity of redundant information relative to each of the
sounds in the combination, It is perfectly clear, for exauple,
that the occurrence of "r" after "ost" is mach more prcbable than
after "s" and even after "st." Consequently "ost" contains much
more redundant information relative to "r" than "st," and "st" in
turn, more than "s." Thus we can differentiate sound probability
of the "flrst order when combinations of two sounds are considered,
of the "second order" when combinations of three sounds are con-
sidered, etc,

A project was carried ocut in 1956 at the Chair of FPhonetics
at the A. A. Zhdanov Leningrad University to determine the sound
probability of the "first order" in Russian, Raw material, in the
light of the ideas discussed above; was gathered by taking arti-
cles from current newspapers as well as works of contemporary So-
viet authors (Gorbatov, Gaidar, Tendryakov, Peustovskii, Panova,
etca.)s The total material consisted of 88,5308 phoneres. After
rhonetic transcription of all texts, a count was made of each com-
bination possible in Pu831an, and then the probability of each com-
bination was calculated.

The sound probability within words is determined by their
frequency of use and their morphological structure; at word junc-
tures it is determined by the combining ability of words and by
syntactic rules, i.e., by lexical and grammatical probabllltyo
As a result, two tables were prepared.

In addition to the forms of scund probablllty indicated, a
determination was made of the sequential probability of 1ndividual
groups of sounds following each other within words: vowels and
consonants, stop consonants and sonants, plosives and fricatives,
nasals and liquids. It was found that the probability of cccurrence
of a vowel after a conscpant is O.T449, whereas the probability of
a consonant following a copsonant is 0.2551; the probability of a
vowel follewing a vowel is 0,0017, and a consonant following a vowel
is 0,9983.

The accompanying tables show the sequential probability of
dlfferenm groups of conscnants., The unit for the first table is

"consonant + consonant,” and for the second a combination of "con-
sonant + any sound (vowel or consonant)." (The letters in the
tables are identified as follcws: C, consonant; M, voiced conso-
nant; S, sonant; E, plosive; F, fricative and affricatlve, N,
nasal; L, liquid (1ncluding J)e)




TABIE 1

Following.: o |
Preceding C M S E oK N L
. c - 1,0000 0,5695 044305 0;3385-100231Q: 0,1800 ‘012505
‘ M 0,7850 0.4278 043572 0,2732 0.1546 0.1161 0.,2411 -
- s 0,2150 0,1417 000733 0,0653 0,076+ 0.0639 'o;dogu
E 00,3303 0,0981 0,2322 0.0350 0,0631 0,0420 0,1902
F : O.4547 0,3297 0.1250 0,2382 0,0915 00,0741 0.,0509
N 0.0é78 0.047L 0,C407 0.0230 0.0241 0,0358 o.ooug‘
L 0.1272 0.0046 0,0326 0.0423 0.0523 0,0281 0,00k5
TABLE 2
| Foilowing
Preceding M s - E F i L

C . 042551 0,1453 0.,1098 0,086k 0.0589 0,0459 0,0639

M 0,2003 0.1092 0,0911 0.0697 0.0395 0.0296 0,0615
S 0,0548 0,0361 0,0187 0,0167 0,019 0,0163 0,002k
E 0.0842 0.0250 0.0592 0.0089 0,0L61 0.0107 0,0485
F 0.1161 0.,0842 0,0319 0.0608 0,0234% 0,0189 00130

0.0224 0,0120 0,01C4 0,0059 0,0061 0,0091 0,0013

N
‘ L 0.032% 0,0241 0,0083 0,0108 0,0133 0.0072 0,001l

NOTES

l. In Russian, for example, voiceless consonants cannct
combine with voiced consonants in the same word, hard consonants
camnot precede the vowel "i," etc.

2. It will be shown that these two concepts are not identi-
cal, althcugh in the narrowest sense they are interconnected,
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3+ Inasmuch as for the purposes of this paper the written
and spoken forms of speech are completely analogous; subsequent
discussion will be confined to oral speech,

b, With regard to active vocabulary there are a few pub-
lished data. They concern the number of words used in the works
of such authors as Shakespeare, Pushkin, etc. As for passive vo-
cabulary, there is no relisble mcthod for evaluating it.

5o L. Ro Zinder, "Specific Features of the Perception of
Speech Sounds," sbs Vosprivatiye zvukovykh signalov v razlichnykh
akusticheskikh usloviyakn Lﬁymposium: Perception of Sound Signals
Under Various Acoustic Condition§7; Moscow, 1556, page 69,

6o See M, P, Dolukhanov, Vvedeniye v teorivu peredachi in-
formatsii po elekiricheskim kanalam svyazi /[Introduction to the
Theory of Traagmissicn of Information Over Electrical Communica-
tions Channels/, Moscow, 1955; A. A. Kharkevich, Ocherki cbshchey
teorii svyazi /Essays on the General Theory of Commnication/,
Moscow, 19553 S. Goldman; Teoriya inforumatsii é}nformation Theorz7;
translated from the English, Moscow, 1957; G. A, Miller, language
and Communication, New York, 1951,

7+ M. P. Dolukhanov, op. cit., page 30, The term "re-
dundancy"” should be taken with qualifications, because if noise is
present it can be impossible to obtain even the minimum information
if there is no redundancy. ,

8, This statement necessitates the conclusion that lexical
probability should be determined for a more or less definite inter-
val of time., Word combinations occurring in the works of authors
of the 19th century speak nothing for the lexical probabilities in
present-day Russian. The same, of course, applies also to the
probability of the occurrence of certain words, as well as indi-
vidual phonenmes., .

9, L. R. Zinder, "Russian Articulation Tables," Trudy
Voyennoy krasnoznamennoy akademii svyazi im, S. M. Budenncgo
[Proceedings of the Milita::y "Red Banner" Academy of Communications
imeni S. M. Budennyz7; Vol. 29-30, Leningrad, 1851, pages 37-38.
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2

IIT. SYMPOSIUM ON FROBLEMS OF SPEEGHEDﬁSCRIMINATIDN

[Following is a trapslation of ah article by L. R.
Zincer in the Russian-language periodical Voprosy
vazykoznaniva (Proolems of Linguistics), Moscow,
No. 5, 1958, pages 151-152,/ .-

A symposium was held in Moscow from 26 through 30 May 1958
on problems of speech discrimination.. The symposium was sponsored
by the Acoustics Commission of the Academy of Sciences, USSR, Par-
ticipants in the symposium were Soviet end Czechoslovak scien-
tists -~ physicists, communications engineers, and linguists. Two
problems were discussed: ‘1) the feasibility of using test tables
consisting of meaningless sound combinations (syllables), and 2)
the types of sound combinations (syllables) included in test tables.

After an introduction by Academician N, N. Andreyev, the
following reports dealing with the first problem were heard: from
Czechoslovakia -- I. Slavik (physicist) and I. Vakhek (linguist),
"New Methods of Testing Speech Discrimination”; from the Soviet
Union -- L. R. Zinder (linguist), "Linguistic Principles for Com-
posing Articulation Tables," B, I, Frid (commmications engineer),
"Relations Between Syllabic and Word Discrimination," and Ye. Yu.
Gurbanov (communications engineer), "Problems in the Practical Ap-
plication of Articulation Tables." : ‘

In their report I, Slavic and I, Vakhek criticized the gen-
erally accepted method for testing communications channels by using
meaningless syllables. Proceding from the fact that this meth-
odology does not account for conditions prevailing for actual tele-
phone conversations, and basing themselves on the fact that "the
essence of language is the extremely close connection between the
form of the sound and meaningful content," the authors suggest re- -
pudiation of the traditional methodology. Instead, they recomrend
a new, complex method., Fundamental to this methcd is teshing with
word tables. In the authors?! opinion such tables make it possible
to evaluate equally the quality of transmission and sound form and .
meaning. HFurther, the complex method allows for tests using con-
versations on given subjects, and for special cases (for deter-
mingtion of transmittebility of individual sounds), tests using
meaningless syllables. _—

In his report L. R. Zinder defended the opposite point of
view. In his opinion testing with meaningless syllables is com-
pletely permissible from the linguistic point of view for the fol-
lowing reasons: 1) the sound portion of language (phonemes) is
abstracted from the meaning portion, forming a special system having
a certain independence; 2) perception of the sound form precedes
understanding; 3) articulation tests must give an objective measure
of the quality of a channel, i.e., its capability of transmitting
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a spoken sourd form; 4) insofar as a channel transmits only a sound
form and not meaning, the testing tables must therefore contain
sound material in a form most free from redundancy (in the informa-
tion theory).

B. I. Frid reported the results of experinents which show
that articulation (i.e., percent correctly received) of syllables,
articulation of words, and articulation of phrases have the same
dependence, For example, if syllables are transmitted better
through channel.A than channel B, then in %he same measure both
words and phrases will be transmitted better thrcugh channel A
than through channel B, ‘

Ye. Yu, Gurbanov spoke first on the theoretical advantages
of testing with meaningless syllables, which are the most free from
redundancles, frou the information theory point of view; second on
the great accuracy of results echieved by this method, especially
when high-quality channels are being tested; and third on the
greater economy of using meaningless syllables as compared with
other metheds.

In the discussions, participated in by I. Merkhaut and
V. Klimesh of Czechoslovakia and V. A Artemov, Yu. S. Bykov,

L. Ae Varshavskii, I. M, Sitvak, N. B. Pokrovskii, A. A, Reformat-
skiy, M. A. Sapozhkov, V. N. Fedorovich, and A, G. El'snits of the
Soviet Union, it was brought out first that it was necessary to
distinguish between discrimination, i.e., the capability of identi-
fying language elements the sound form of which is not connected
with meaningful content (sounds and syllables), and intelligibility,
etcs, the capablllty of identifying language elements the sound
form of which is inseparably joined with the meaningful content
(words and phrases, for example).

It was brought out further that discrimination is not a di-
rect measvre of intelligibility, but there is a direct dependence
between theme This made it possible for all participants of ®he
symposium %0 reach the following agreement. "Upon ascertainiung that
for the given language the variocus forms of discrimination and in-
telligibility are interdependent, it is not necessary to measure
the various forms of discrimination and intelligibility when deter-
mining the quality of a charnel. It is sufficient to measure one
of the indicated forms, preferably the one which is least difficult
t0 measure, The results of such measurement provides data on other
formg of discrimirnation and intelligibility."

. The following reporits were read on th2 second problem:
I, Vakhek, "Discussion of a Method of Complling Articulation Tables,"
Yu., S. Bykov, "Comparison of the Effectiveness of Varicus Systems
of Articulation Measurements.," I, Vakhek in his report criticized
the VKIAS syllable artlculation tables for the absence in them of
open syllables, unstressed vowels, and combinations of three con-
sonants, which are characteristic in Russian, Yu. S. Bykov spoke

v
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of the need for compiling syllable tables from articulation' of
contimicus speech. P

L. A, Varshavskiy, Ye. Yu. Gurbanov, L. Re Zinder; and
A, A, Reformatskiy participabed in the discussions.
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IV, ON THE DEVELOPMENT CF STRUCTURAL
AND MATHEMATICAL METHODS OF IANGUAGE RESEARCH

[ﬁbllcwing is a translation of an unsigned article
in the Rusgian-language periodical Vestnik Akademli
pauk SSSR (Bulletin of the Academy of Sciences
IS8R, Moscow, No. 7, 1960, page 98./

Structural and mathermatical methods of languege research
(structural and mathematical linguistics) are the theoretical basis
for solving applied linguistic problems in contemporary cybermetics
(automatic oral control of prcduction units, automation of informa-
tion service, machine translation and abstracting of scientific and
technical literature, construction of information-logic machines,
construction of automatic stenographic recorders, increasing the
carrying capacity of communications channels, etc.)o The applica-
tion of these methods is of considerable value also in the develop-
ment of theoretical linguistics. -

Hewever, as noted_in the resclution of the Presidium épf the
Academy of Sciences USSB]} scientific research in this ares has not
received the attention that it merits. Insufficient developuent
of structural and mathematical metheds by linguistic departments
is hindering practical important work on the theory and practice of
machine translation, on construction of information languages and
information machines, logical semantics, and cybernetic applica-
tions of linguistics,

The Presidium adopted a number of measures to eliminate this
gituation. It was decided to reorganize the applied linguistics
gector of the Institute of Linguistics and in the structure of the
Leningrad division of the Imstitute to create a group for the wathe-
matical study of language and a group for the structural-typological
study of languages. A sector of structural linguistics is being
organized in the Russian language Institute and a sector of struc-
tural typology of Slavic languages in the Institute of Slavic
Studies. A group for structural typology of Eastern languages is
being crcated in the Institute of Far Eastern Studies, and in the
Institute of Chinese Studies,; a group for structural-typological
study of the Chinese language, and in the Tnstitute of Ethnography,
a group for structural signalization, calligraphy, and decipher-
mert. The special attention of the reorganized and newly created
sectors and groups is directed to the statistical study of the Rus-
sian language and other languages of the peoples of the USSR,

Coordination of the work in the area of structural and mathe-
matical wethods of linguistic research in the institutes of the
Acadermy of Sciences USSR is nade the responsibility of the Scien-
tific Soviet on Cyberneticses

6030 EID
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