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Linguistic processors for the Georgian language and the prob​lem of their use in the system of machine synthesis of speech are discussed. In realizing a spoken dialogue we can pursue the task to bring the machine "voice" closer to the human voice. This may be achieved by means of text intonation and giving to the sounding of "voice" the inflection of human voice. For creating one kind of intonation contour we suggest the use of a morphological analytical processor, and for achieving some approximation to the natural sounding of voice  - a phonetic processor.
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 Linguistic processors  already have a great theoretical (linguistic) importance, but with the passage of time also obtain an increasing technological. They become reliable auxiliary means in various spheres of human activity (machine translation, automated teaching languages, carrying out a dialogue with a computer in natural language, etc.). It seems very important to proceed from already obtained results to develop the research  which represents an attempt to grasp the essence of the realization (we would say "verbal innervation”) of a verbal act (utterance/understanding - synthesis/analysis) (see Chikoidze, 1997). It is true that the problem falls outside the limits of  pure linguistics (cf. "black box" theory), but the research (and the findings) was determined by the work on linguistic processors and the implementation of processors (this makes the role of linguistic processors more important).


Below we will touch upon some linguistic processors (for the Georgian language) and  their use in machine synthesis of speech, in particular, processors for the system of compilative synthesis in Georgian.


Speech synthesis or dialogue with computer are important problems (for the details see Ramishvili, Japaridze, 1997). These problems can be better solved if linguistic processors are included in speech synthesis. Obviously, that would draw machine speech closer to human speaking: it would make it resemble natural intonation and approximate the sound of the machine voice to natural voices. From point of view of language modeling, the necessity of this addition  is also justified  by the fact that the  system will be incomplete (from a theoretical point of view), if it fails to provide some approximation and resemblance to the "output" of natural systems (particularly, to human speech).


For the creation of one kind of natural intonation contour (in particular, the intonation of general questions) one may use a morphological (namely, analytical) linguistic processor, and for the achievement of natural sound we suggest a phonetic processor.


For the definition of an intonation stress position (in a sentence expressing a general question) by the system of  compilative synthesis of speech, the information about the predicate is of decisive importance - the intonation stress falls on the predicate.  This means that it is necessary to include in a verbal dialogue system  a morphological analytical processor that will find a predicate (which may be expressed by a verb personal form or by a group-word predicate) automatically. The search and fixing of predicates will happen by analyzing automatically each word-form of a text, viz. by identification of all affixes included in any word-form and by obtaining correct (unambiguous)  information about them.


The personal form of the verb is distinguished among all other Georgian word forms by the complexity of its structure. Accordingly, its analyzing algorithm is also complicated. Besides the fact, that complexity is due to homonyms (that is a common phenomenon in any language), it is also made worse by the prefixes and suffixes of Georgian word-forms. For this reason, there was even made an attempt to carry out analysis not from the left side to the right (the normal procedure), but from the right side to the left. The preference was given to the first alternative, for the following reasons:

1). Beginning the word-form analysis from the end (from the right side to the left) is as problematic as  (if not more problematic)  as it is from the left to the right direction. We have got convinced about this after attempting to analyze verb infinitives (which have a relatively simpler composition than other verb-forms) starting from the end.

2). It is a very strong factor that we read and write from left to right. Therefore we believe that carrying out automatic analysis of Georgian verb forms from  the left to the right is as natural a procedure as reading and writing from the left to the right (the more so, since the other alternative - from the right to the left - has no advantages).


Almost all affixes (be it a prefix or suffix) are homonymous and need "deciphering". The problem of homonyms is solved mainly on the morphological level, but often the interpretation of a homonym is possible only on higher (syntactic, semantic) levels (e.g. the form "amesenebine" is a direct contact active voice plusquamperfect form, as well as a causative contact passive voice aorist form and this can only be decided  at the syntactic level).


When interpreting those homonyms that can be  "deciphered" at the morphological level, we are using stem information (the stem contains appropriate information - characteristic for the given type only) and the rules of affix distribution and arrangement in a word form which have a very complex structure: one affix in a word form depends on  the presence of another  affix including the root.  The process of connecting is controlled by the regularity of structure formation that is based on the principle of language economy. As there is no sentence which would comprise all types of sentences and all parts of a sentence, so there is no word-form containing simultaneously all units of the morphological level. We cannot help to call attention  here to the complex category skreeve structure, typical for the Georgian verb. In the formation of a skreeve seven element-categories take part. But instead of 27=128 skreeves, expected theoretically, we have 11 ones. The regularity of structure formation makes that as a result, structural elements (affixes in this case) are distributed in a very rational and economical way, and the language keeps to this regularity very closely.  By using the ways for connecting elements in a masterly way; one and the same element can have several different functions. Automated "deciphering" (necessary for a computer) is highly possible (native speakers of the language do this unconsciously. For example, a is  a neutral version marker (a-gebs), prefix (a-geba), "sazedao" ("on the surface") situation marker (a-khatavs). According to the processor, in the forms: a-gebs/a-geba the difference between two  a- is "guessed" by distribution of suffixes: with eb+s the complex prefix a- is a neutral version marker, and with eb+a complex a is a "sazedao"-prefix. The neutral version is distinguished from the “sazedao” situation by the stem type (-g- and –khat- are different kinds of stems, the relevant information belongs to the stem). One  more interesting fact: the verbs, that have the "sazedao" situation category and use a prefix for this purpose, for the formation of the neutral version use a zero marker (0-khatavs, cf. a-gebs) and the verbs of neutral version with the marker a- have no "sazedao" situation category (and they do not need it either, because of their semantics). Taking all of this into account, we cannot help thinking that homonyms of morphological level and homonyms of the other levels must not be considered on one and the same plane. Homonyms of morphological level can be evaluated coming out of language economy principle and be considered as a positive phenomenon of a language - the language uses the same element successfully for different purposes. These units may be called "homonoma" or in general "decipherable" affixes. An analytical processor has a rather complicated composition. It is composed of a stem vocabulary (we designate it by L which is divided in zones – li) and a table-algorithm. Table-algorithms are constructed mainly according to the rows of affix attachment to the stem (we have tables for three ranges of prefixes, and six ranges of suffixes), but often (especially in suffix tables) affixes of different ranges (homonyms) are presented together.  The operation of the processor is illustrated by the scheme 1 (see appendix): it represents one of the branches of the general scheme which reflects the way of analysis of verbs with the eb- stem marker. Dots at the end of an arrow denote numbers of word finishing rules.


The phonetic processor (it was created in accordance with G. Akhvlediani's works, see Akhvlediani, 1949) implies the transformation of an orthographic text into a phonetic record immediately transformable into sound. It is well known fact that orthographic text and its phonetic record  do not exactly correspond with each other: the spoken language  differs from the written one. Georgian letter-sounds are no exception in this respect (so the saying "in Georgian a word is spoken as it is written and vice versa" is not entirely true). Speaking persons unconsciously change speech-sounds and  the listening person equally unconsciously interprets them correctly. Moreover it seems even artificial if we try to say with emphasis (clearly) the following morphological units "masshtabi, vpikrob, gtsers, schirs, gkonda, vazhkatsi" instead of the phonetic units: "mashtabi, fpikrob, ktser, shchirs, kkonda, vashkatsi."


From the above said it follows by no means that changes in speech-sounds should be reflected in Georgian  orthography, but only that this is appropriate in synthetic computer systems. We think that in those systems, together with other phenomena (such as intonation, stress, pause, etc.) the changes in the speech-sounds must be taken into account. It is true that in this respect Georgian language differs considerably from many other languages (particularly, phonetic processes that take place in Georgian speech do not have phonological value), but if during the formation of synthetic  speech the changes in speech-sounds are not ignored, the quality of the artificial speech (which due to some objective causes is artificial in its sounding) will improve considerably.


The changes in speech-sounds occur within words and  at the places where words meet: this is due to the fact that in fluent speech the boundaries between words are lost and several words or several orthographic units become a single phonetic unit. As a result the problem of transformation of an orthographic text into a phonetic record, together with other aspects, includes two following transformations:  placement of  pauses in phrases, and bringing of the phonetic units closer to the machine sounds. Solving this problem we sometimes use technical parameters of a text (there is also a text input for compilative synthesis). These parameters are punctuation marks and gaps. Some  rules for fixing pauses positions depend on the  gap and punctuation marks. Fixing of spaces is also needed  for the isolation of words - information about  word boundaries (as well as pauses) is essential for many phonetic changes. While discussing changes in the speech-sounds we are considering not the changes caused by co-articulation of a sound, but the changes stipulated phonetically (loss of a sound, its becoming voiceless/voiced, this is followed in most cases by replacing a sound with a homorganic sound of different function, etc.)


The phonetic processor is based on a formalized (systematic) description of the changes in sounds and physiological characteristics of sounds (see Margvelani, 1988) and represents an algorithm - totality of rules (productions), schemes (trees), matrix-tables. It is very easy to include  in a synthetic system of speech.


As an example in appendix is given one of the schemes (Fig.2) of the system which deals with the changes in voiced consonants.
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