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Abstract . In linguistic work, morphology is the study of the rules by which words undergo
changes in form. Morphological classification is the systematic organization of these rules.
A detailed account of the morphological classification for Russian is given as used in the Na-
tional Bureau of Standards project on the mechanical translation of Russian into English.
The account includes the heuristic reasoning from which the classification system evolved, as
well as complete classification tables, a description of the method of their construction, and
some examples of their use.

1. Introduction

In an earlier publication [7] describing the work done by the mechanical transla-
tion group at the National Bureau of Standards, I. Rhodes pointed out the tre-
mendous difficulty involved in mechanizing the process of translation from one
natural language, the source language, into another, the target language. (In our
work, the source language was Russian, and the target language, English.) A
properly operating translating routine must be able to deal with ambiguities, often
interdependent, arising from the morphology, syntax and semantics of the source
language.

The present report describes how the morphological features of a Russian source
word are determined mechanically. This portion of the NBS translating routine has
been completely coded and has been operating successfully for several years on the
IBM 7094 computer and its predecessors (7090 and 704).

Russian words may be classified for morphological purposes into two principal
types:

(a) uninflectable: prepositions, conjunctions, particles, interjections, certain ad-
verbs; and

(b) inflectable: verbs, nouns, pronouns, numerals, adjectives, participles, other
adverbs.

In Russian, inflectable words have many forms, mostly differing in only the last
few letters. These forms differ in only certain easily established ways in their trans-
lations and grammatical uses. For example, the imperfective verb uutaTe and its
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participles have altogether seventy-five differently spelled forms. A full-form
dictionary which lists all of these forms as separate entries is extremely wasteful of
machine storage space and consequently of lookup time during a machine run. (A
dictionary of nontrivial size must be stored in the low speed memory (tape) of the
computer and must be searched serially. The search time is approximately propor-
tional to the number of entries.)

A canonical-form dictionary (or principal form dictionary) of the type made for
human beings is difficult to construct for mechanical use, since there is no simple
way to determine the canonical form of a word, or even its part of speech, if some
form of the word is given in text. Context often helps the human reader to predict
which part of speech to expect, and even which case, mood, tense, number, person,
gender, degree, etc., is appropriate. Knowledge of inflectional patterns, both regular
and irregular, helps in reducing the number of canonical forms to be tried. It might
be possible to write a program to try only certain probable types of word under the
assumption that certain preceding or following words have been identified, but this
would already involve the syntactic and possibly semantic analysis of the remaining
text.

In fact, a human being using a canonical form dictionary must first extract the
important part of the word and then must make the proper changes in it to obtain
a canonical form. The second part of the process can be eliminated if a stem dictionary
is used. The stem of a word is the portion remaining after all inflectional markers
(in Russian, endings) have been removed. A morphological classification number can
then indicate which endings are appropriate to a given stem.

However, the use of endings causes several difficulties. First, not every final
sequence of letters which looks like an ending actually is one. For example, the
infinitives of most Russian verbs end in -te. However, many noun forms also end in
-6 where only -b is the true ending, the -1- belonging to the true stem. To avoid this
difficulty caused by the attempt to segment a word into true stem and true ending,
our scheme deals only with the apparent ending and apparent stem; these need not be
the true ending and the true stem. Our classification system takes care of all of the
strange inflectional patterns which are caused by this convention.

Second, several different parts of speech may share the same apparent or true
ending; -em is a common ending of verbs, adjectives and nouns. But even within a
part of speech, even in the inflection of a single canonical form, the same ending
may have several uses. For example, the ending -oi in many adjectives may be used
as:

nominative singular masculine (animate or inanimate);
accusative singular masculine (inanimate);
genitive, dative, instrumental or locative singular feminine (animate or inanimate).

The determination that these are exactly the possibilities is dependent on the
classification scheme: If the stem of a text word is given as that of an adjective of
class 4, then the ending -oii has exactly these possibilities. The list of uses is obtained
by intersecting the information from the stem entry with the information from the
ending tables. The determination that any one of the above uses is the correct use in
a given source sentence is not a matter of morphology but rather of syntax and
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semantics, and so belongs to another, more difficult part of the translating routine,
that of syntactic integration, which is described in [7].

As a result of these considerations, our dictionary consists of two parts: a full-
form dictionary (list 1), consisting of uninflectable words and word forms which
cannot be easily put into our classification scheme; and a stem dictionary (list 2),
consisting of stems and associated morphological class numbers. List 1 is divided
into two parts, list la and list 1b, for easier lookup. Furthermore, there are ending
tables, which list the usage patterns (by number) which may be associated with a
given ending and class, and a surprisingly short list of these usage patterns. The
dictionary also contains certain tables for use with source words not found in the
dictionary.

2. The Glossary Lookup Process

The process by which our program identifies occurrences in text during a transla-
tion run consists of several steps. See [7] and [4] for a description of the syntactic
integration scheme, which processes the occurrences once they have been identified.

First, a large amount of text is read into the machine, either by punched cards or
by an automatic character-recognition device. Occurrences are separated from each
other by means of a program which recognizes space marks, punctuation marks and
other conventional clues. Occurrences which are obviously not words (such as
punctuation marks, intermixed sequences of letters and digits, etc.) are indicated
as such. The remaining occurrences, called apparent words, are first sorted (for
efficiency) and then looked up individually in our short list la, which is in the high
speed memory of the machine. At present we distinguish neither between accented
and unaccented letters nor between e and e. If an apparent word is not found in list
la, then the apparent ending,' which need not be a true ending, is removed auto-
matically from the word, and the remainder, the apparent stem, is broken up into
apparent prefix(es), apparent root(s) and apparent suffix(es). (Hereafter, the word
"apparent” is omitted except for emphasis.) As an example of the splitting pro-
cedure, a comparison with true segmentation for the text words Bparast and onucartsb
appears below.

Apparent True Apparent and True
Reflexive ending (none) (none) (none)
Ending -ast -t -Th
Prefix(es) B- (none) o-
Suffix(es) -ar- -a- -a-
Root -p- -Bpai- -Tuc-

(The items are listed in order of discovery by our routine.)

The root (if there is only one?) is looked up in a catalog of roots kept in the high
speed memory. This catalog gives the location in the low speed memory for the
beginning of the set of glossary entries, if any, having that root. (These glossary
entries include items in lists 1b and 2 intermingled.) If the root is found in this
catalog, then the stem is looked up under the root. The entries for a given stem are

'See table of apparent endings in Appendix 1.
2We have a separate routine for recognizing words with multiple roots.
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divided into two parts and stored consecutively: those entries with an explicit end-
ing (list 1b), and those with no explicit ending (list 2). If the stem of the text word is
found, then a search for the apparent ending is made through the section with an
explicit ending, and then a search for the stem alone is made through the section
with no explicit ending.

If the word is found in list la, or in list 1b alone, then all uses of the word are
found with the glossary entry. If the stem of the word is found in list 2 only, then
the morphological class information found with the stem entry will determine
whether or not the ending found in the word is appropriate. All uses of the word are
determined, by a process described later in this report, by intersecting the informa-
tion from the stem with that from the ending.

If the word is found in both list 1b and list 2, then all its uses are obtained by
uniting the information from list 1b with that from list 2.

If the word is not in any of the lists, then it is not in the glossary and is treated by
a special routine (see Section 9). In any case, the lookup process is now complete
for this word.

After all words have been looked up in the glossary, the items are sorted into text
order and the syntactic integration routine is begun.

3. Inflectional Forms

To classify a particular word morphologically, it is necessary to know precisely
how to inflect the word. Unfortunately there is no completely accurate source of in-
formation about inflection. This is due partly to the fact that there are no precise
boundaries of language usage, so that a form may be admitted at one time but not
at another or may be considered colloquial, bookish or slang by some authorities.
The many reference works used by us often differ among themselves on the proper
inflection or spelling of a word. In fact, the same source may even contradict itself.
Our principal sources are [I, 2, 3, 8], and for verbs especially, [6]. In cases of dis-
agreement, the judgment of the members of our staff, many of whom have been
native speakers of Russian, is taken as final.

For each part of speech, a certain form is considered to be the canonical form, and
certain forms are considered to belong to that canonical form.

Verbs. The canonical form is the infinitive (of a given aspect). Associated with
an infinitive are the following one-word forms of the same aspect:

infinitive;

present indicative (for imperfective verbs), or future indicative (for perfective verbs), in
three persons and two numbers;

past indicative, in three genders and two numbers;

imperative, in one person and two numbers;

gerund in -a or -s;

gerund in -B, -BIIH, OF -IIH.

The first person plural of the future indicative of perfective verbs is also used as an
imperative.
Participles and adjectives. The canonical form is the nominative singular mascu-
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line form of a given degree if it exists; otherwise the masculine short singular if it
exists; or the neuter singular short form. Associated with a given canonical form are:

long forms of the same degree, in six cases, three genders, two numbers, and two animations;
short forms of the same degree, in three genders and two numbers;

the impersonal form of the same degree;’

the one-word comparative short form (only if the original degree is positive);

the one-word comparative impersonal form® (only if the original degree is positive);

a theoretical combining form.

Adverbs. The canonical form is the normal form for that degree. The only forms
associated with an adverb of positive degree are that form itself and the correspond-
ing one-word form of comparative degree. The only form associated with an adverb
of comparative or superlative degree is that form itself.

Nouns. The canonical form is the nominative singular form if it exists; other-
wise the canonical form is the nominative plural form. Associated with a noun
having singular forms are its forms in six cases and two numbers (even if the noun
is not customarily used in the plural), and a theoretical combining form. Belonging
to a noun not having singular forms are its plural forms in six cases and a theoretical
combining form. If a noun is declined like an adjective (such as mpousBomHas or a
family name ending in -oB, -eB, or -ckmii), then it is classified as an adjective, and its
canonical form is the nominative singular masculine (unless the word is not used in
the singular).

Pronouns and cardinal numerals. The canonical form is the first of the following
forms which exists:

nominative singular masculine, nominative singular, nominative plural, nominative, genitive,
etc.

Belonging to a given canonical form are the forms for all numbers, cases, genders
and animations which exist.

Prepositions, conjunctions, interjections, particles. For these uninflectable words
the canonical form is the form itself, and no other forms belong to it. Alternate
spellings are considered as separate words.

Hyphenated words, phrases, idioms, and abbreviations. These are treated sepa-
rately but are considered to have the forms appropriate to the part of speech they
replace.

4. Endings and Stems

The lookup procedure in a mechanical translation program determines somewhat
the format of a stem dictionary (like our list 2) as well as the admissible endings and
stems. If "true" endings are used, then the lookup program may have to attempt to
split a word between stem and ending in several ways in order to find the proper
dividing point; each split will have to be looked up separately. For example, the
word form pasznena could be split pa3ae/na, pazagen/a or pasmena/. The first two splits
yield actual interpretations (from the verb pa3meTs and the noun pasmen); the third

1

’ The impersonal form of an adjective is called by some Russian grammarians "npenu-

katuBHOE Hapeune" [3, pp. 39, 630-632 ] or "kareropusi COCTOSHUA."
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split is wasted. In many cases moreover, the correct splitting is a matter of taste, as
in the infinitive Bectn.

Our program permits only one splitting. We thus have to use a set of apparent
endings and apparent stems. Our splitting procedure follows.

First, a zero-order reflexive ending -c» or -cs, if any, is removed from a word
which is to be identified. The reflexive ending need not be a true one, as in the word
ock. We do not distinguish between the two reflexive ending forms -cb and -cs but
merely note their presence or absence. This rarely causes confusion. See Section 6
for discussion. If a reflexive ending is removed, then the whole word and the eventu-
ally resulting stem are called reflexive, otherwise nonreflexive.

Next, a comparison is made to determine the longest possible match between an
entry in our ending table (Appendix 1) and the nonreflexive remainder of the word.
The largest match (which may be the null ending) is called the (apparent) ending of
the word and the remainder of the word is the (apparent) stem.

To make our splitting as close to true splitting as possible, our apparent endings
include, with few exceptions, all endings which occur in the true inflection of
regularly inflected words. Thus -y and -oB come from noun declensions and -y and
-mo from verbal conjugations. We have decided to consider the -u- of all forms of
words like 3nanme as part of the ending in order to simplify the classification. Of
course other sets of apparent endings could have been chosen. These would yield
different splittings in many cases and would require different classifications. The
apparent ending table grew naturally and is not necessarily optimal. It is believed,
however, that for a fixed set of canonical forms a different ending table would not
significantly reduce the number of entries in the glossary. Increasing the number of
apparent endings will probably increase the number of morphological classes, thus
complicating the classification process. The system is adaptable to changes in
Russian spelling. For example, prerevolutionary Russian spelling would require
certain new endings and modifications of old ones such as -aro, -brs, -ie, -uxb. The re-
cently proposed spelling reform of Russian may also cause a slight modification (see
[UzBecTust 24-25 Sept. 1904]).

Examples. Here @ is the null stem or ending, and a star indicates the presence
of an apparent reflexive ending.

Word Stem Ending Reflexive Ending

pazzena pasne- -na

pazzenacb pasze- -ma *

JIacTest JIacT- (9] *

HOCSICh HOC- -1 *

HOCS H- 0 *

emy 0 -eMy

OCh %) 0 *

The reflexive endings on HOcs and och are not "true" endings.

5. Criteria for Assignment to List 1 or 2

The criteria given below specify which word forms are to be put into list 1. All
other forms are assigned to list 2. We put into list 1:
(a) all words having an apparent but not true reflexive ending;
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(b) all uninflectable words, such as prepositions, particles, interjections and some
adverbs;

(c) all pronouns and numerals which are not declined like adjectives; also all
personal pronouns however declined,

(d) all special -y or -to genitives and locatives on nouns;

(e) all abbreviations, and all hyphenated prefixes and suffixes used in the forma-
tion of pronouns and indefinite words, such as T.¢., -HHOY B, KOE-;

(f) all word forms coming from stems to which only one ending can be added
during the full inflection of its canonical form, such as guras, which is the only
form belonging to the canonical form gyntaTts and having the stem gut-, since all
other forms of unrats have the apparent stem unra-;

(g) all word forms homographic to word forms already in list la (these are put
into list la), but word forms homographic to word forms in list 1b but not to any
in list la are not put into list 1 merely for this reason;

(h) certain other very common words; these are put into list la.

Some interesting cases result from the application of these criteria. Suppose that
the glossary includes all forms belonging to the canonical forms ToT, TbMa and Tera.
The genitive plural Tem of Tbma must be put into list 1, since it is the only form of
TbMa with the apparent stem T-. (The word Tem itself is also an adverb or con-
junction, and so belongs in list 1 for that reason also.) If Tem (from Thma and the
adverb or conjunction) should be put into list la, then the genitive plural Tem of
tema and the instrumental singular masculine and neuter and the dative plural
tem of ToT also belong with it in list la. Now most of the forms of Tema have the
stem tem-. Two forms, the accusative singular Temy and the genitive plural tewm,
have the stem 1-. If Tem is in list la, then there is only one remaining form belonging
to Tema with stem 1- which is not already in list 1, and so by rule (f) the form Temy
should also go into list 1 (either part). Note that if Tem (from ThMa and the adverb
or conjunction) should be put into list 1b, then the form tem from toT and the forms
tem and Temy from Tema would be left in list 2, since they can be accounted for
there.

6. Ending Arrangements for List 2

To each stem in list 2 we assign a classification which includes its part of speech,
certain subsidiary information (such as gender and animation for nouns, aspects for
verbs, degree for adjectives, etc.) and a morphological class number. This class
number stands for the arrangement of endings which can be added to the stem to
form all or part of the complete inflection of its canonical form.

As far as possible, the arrangements allow the reconstruction of just those forms
which belong to the canonical form. The few exceptions are stated at the end of this
section. Since there is often disagreement about the existence of a form, we use the
information described in Section 3.

For example, the noun with canonical form sapo has two stems: simp- and smep-.
The noun with canonical form umciao has three stems: umcia-, umc-, and uuce-. The
ending arrangements associated with these stems to give the complete declensions
of these canonical forms are listed below together with the full declensions.
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Full Declension SAP- SAOEP-
Case Singular Plural Singular Plural Singular  Plural
Nominative sp/o saap/a -0 -a
Genitive aap/a anep/@ -a %]
Dative anp/y anp/am -y -am
Accusative anp/o anp/a -0 -a
Instrumental sap/oM aIp/aMu -OM -aMu
Locative sp/e sap/ax - -ax
Combining Form saap/o- -0-
Full Declension YUCII- qucC- YUCE-
Case Singular ~ Plural Singular Plural Singular Plural Singular  Plural
Nominative 9KC/TI0 quc/na -JI0 -na
Genitive quc/na quce/N -na -1
Dative qucn/y quci/am -y -aM
Accusative YUC/0 quc/na -J10 -na
Instrumental YUCI/OM qHUCI/aMu -OM -amMu
Locative quci/e quciT/ax - -ax
Combining Form quci/o- -0-

(The combining form is used in testing for compound words. It is split by a different
process. The program for this has not been written.)

Blank spaces in the ending arrangements indicate the absence of a form with that
stem and ending. The reason that both stems umnc- and uucn- are needed is that -10
and -;ma are apparent endings in our list (since they are needed in the regular con-
jugation of verbs), but -my, -mom, etc. are not apparent endings in our list (since
they are not needed in any regular inflection).

According to the criteria of Section 5, the forms smep and umcen belong in list 1,
since their stems simep- and uuce- allow only one ending to be added. The remaining
stems siap-, ynca- and yuc- are put into list 2. The stem simp- has a "normal" declen-
sional arrangement, which we code as Nvi5, which indicates a noun, neuter, in-
animate, class 5. However, both uucn- and uwmc- have "abnormal" patterns. The
stem uywmc- is assigned to class Nvil9 which has exactly the proper ending arrange-
ment. At first glance it would seem that a special class would have to be made up for
gucn-. However because of the character of the splitting process, it is possible to
assign it to the same class as the stem sap-. This is because the forms uucno and uucna
obtained by using the endings -o and -a with the stem uwmcn- would be split in a
different way. In general, if adding an ending to a stem produces a word form which
our routine splits to yield a longer ending (and shorter stem), then it is irrelevant
whether the class to which the first stem belongs can produce the given word form,
since this word form will be considered as belonging to another stem.

The interpretation of the morphological class numbers depends on the part of
speech to which a stem belongs.

Verbs. A morphological class number describes the same arrangement of endings
for all stems having this class number. However, the interpretation of the ending
depends on the aspect and reflexivity assigned to the stem. The present indicative of
imperfective verbs corresponds to the future indicative of perfective verbs. The
first person plural of the future indicative of perfective verbs is also an imperative
form. The gerund in -a or -1 is treated as a past gerund for perfective verbs. Re-
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flexive verb forms are required to end in -cb or -cs; nonreflexive verb forms are for-
bidden to end thus; all exceptions are put into list 1.

Participles and adjectives. A morphological class number describes the same
arrangement of endings, independently of degree, for each stem having this class
number, except as modified by flags. These flags indicate which species of form are
found with each stem; long, short, impersonal, comparative short, comparative im-
personal, combining. Adjective stems differing only in this flag system may have
the same morphological class number. Reflexivity is also indicated, since participles
are classified in the same way as adjectives.

Adverbs. Those adverb stems which are placed in list 2 have morphological class
numbers to indicate the endings allowed in the positive and comparative degrees.

Nouns. The morphological class numbers are assigned separately for the three
genders, but classes differing only in animation are described by the same numbers.
Thus a class number assigned to a masculine noun stem may have an ending arrange-
ment which is entirely different from that of the identically numbered class for
feminine or neuter nouns. Moreover the endings (or even the presence or absence of
endings) for the accusative case may differ according to animation without changing
the class number. A flag indicates the presence of a combining form. Nouns such as
npousBoaHas, which are declined like adjectives, have adjective classification num-
bers and are treated as adjectives; their use as a noun (of a specific gender) is indi-
cated in other ways.

Pronouns and cardinal numbers. These are classified according to type. Those
which follow the adjective declensional pattern are classified in the same way as
adjectives. All others are put into list 1.

We cannot include all extant ending arrangements in our morphological classifica-
tion system, since their number is enormous, and most of them are rather rare.
However, all ending arrangements appearing for stems in our glossary are included,
as well as several additional classes for stems likely to be added if the glossary size
should be increased moderately. Our machine space requirements limit us to eight
bits (256 possibilities) for class numbers for stems in list 2. This upper bound is more
than adequate for present purposes, since no class number exceeds 109 at present.
A complete list of our morphological classes is in Appendix 3, and several classifica-
tion examples are given in Appendix 5.

As mentioned earlier, the morphological classes do not entirely agree with the
existence of word forms. There are only three special cases to be noted.

1. The existence of certain forms is doubtful. While we can, and do, make up
morphological class numbers for verb stems which are found only in the third person
(or even third person singular), for adjectives which have no short forms and for
verbs which have no present gerunds, we do assume that every noun, unless used in a
special sense, can be declined in the plural, even though such use is unlikely for
certain nouns. However, we do not deliberately misinflect words merely to put them
into our classification scheme. For example, the noun aaranganus has the stems
aHrnuyanuH- and anrnudad- in the singular and plural, respectively. These stems are
classified as Npal8 and Npal, which give precisely the desired forms, and no more.
Thus we do not have any trouble with the "artificial homography" which plagues
certain other splitting systems, except as described in the next two paragraphs.

2. The routine for assigning reflexive category to a word form ending in -cb or -cs
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(for list 1b and list 2 items) does not distinguish between these two endings. This is
rarely serious, for while several examples of confusion caused by this identification
of letter combinations can be found (such as rycs vs. rycs), none have yet been
found in our prepared glossary. Any such forms which might be found in later
additions to the glossary can be put into list la, where the true spelling is used,
without any separation into stem, ending and reflexive ending.

3. As a result of using the same morphological class numbers for reflexive and
nonreflexive verb stems, an "impossible" past gerund is often introduced for re-
flexive verbs. Reflexive verbs allow only -mmch, -BIuch or -MBIIMCH as past gerund
ending. Thus, any morphological class which allows -B, -uB. -eB, -0B or -HeB as a past
gerund ending will be incorrect for reflexive verbs. It is not worthwhile to correct
this error by means of programming or by assigning different classification numbers
to reflexive verbs, since a word ending in -Bcb or -Bcst cannot be a true reflexive form
of any word, and so, if it exists, will be put into list 1.

7. Usage Patterns for List 2 Endings

If the stem of a word is found in list 2. then its morphological class numbers must
be compared with the ending split off from the word to determine the precise uses
(our "temporary choices") of the word. This is done in the following way.

Corresponding to each ending is a section of the high speed memory of the com-
puter. This section contains, in a certain arrangement, a list of those morphological
classes for list 2 which admit this ending, together with the uses to which these
classes put the ending. This section of the memory is divided up according to part of
speech. The section devoted to nouns is further subdivided according to gender.
Within each part of speech, or subdivision thereof, we list the different usage pat-
terns (given by number), the modifications given by flags, and the morphological
class numbers to which the usage pattern applies. The total number of usage patterns
is quite small. See Appendix 4 for a list of them.

Nouns. A usage pattern lists the combinations of case and number which a
noun may have with a given ending, if it belongs to a given morphological class.
For convenience, the usage patterns are numbered independently for each part of
speech. Thus noun usage pattern 20 is for an ending which with specified noun
classes has exactly the uses: genitive singular, dative singular, locative singular,
nominative plural and inanimate accusative plural. Note that the same usage pat-
tern numbers are used for animate and inanimate nouns, and are independent of the
gender of the noun. The animation of the noun will direct the search to the proper
pattern.

Verbs. A usage pattern lists the combinations of person, number, gender, tense
and mood which are appropriate to a given ending in a given set of classes. There
are only three usage patterns which contain more than one use; of these, two are
rare. The interpretation of the uses to which an ending may be put are often de-
pendent on the aspect of the verb. Those usage patterns which are aspect-dependent
are marked with an aspect-modifier flag, which is used to make the changes men-
tioned in Section 6.

Adjectives (including participles and certain pronouns and numerals). A usage
pattern lists the combinations of case, number, gender and animation which the
ending may have ifitis used asa long form ending, and the combinations of gender
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and number which the ending may have if it is used as a short form ending. The
modifications given by flags indicate the species of form allowed to the ending. In
determining the exact uses of an adjective form, only those uses which are common
to the information from the stem and that from the modification flags of the ending
may be used. Only a few usage patterns have more than one flag. Since the im-
personal, comparative short and comparative impersonal forms are described com-
pletely by these descriptions alone, no separate pattern need be made to describe
them, and the blank pattern will suffice. Because of the format in which the precise
uses of a long form adjective are put during the running of our translation program,
the same ending, with the same morphological class number, may give rise to several
usage pattern numbers. This is because the case, number, gender and animation
possibilities are stated separately rather than jointly. Thus the common ending -brit
is listed as belonging to usage patterns 1 and 4 for many morphological classes.

Adverbs, No numbering of usage patterns is necessary since there are only a few
patterns which are very simple and depend only on the degree assigned to the ending.
The actual uses of the ending for the classes listed with it are given. Actually, there
is only one possibility: positive and comparative degree. However, because in an
earlier version of the classification system many adverbs with only one form having
a given stem were put into list 2, there are now a few superfluous classes which have
a pattern specifying only one usage.

The numbers assigned to the morphological classes have not been assigned
arbitrarily but have been assigned in such a way that the lookup process is con-
siderably simplified. As far as possible, morphological classes differing only slightly
have been given consecutive numbers. Thus the morphological classes associated
with the same usage pattern (for a given ending) may be given in the form of a few
"from-to" sets, rather than as an apparently random sequence of numbers. Thus
the ending -om for masculine nouns has the noun usage pattern 10 in classes 5 to 11,
and classes 14 to 18 (all intervals "inclusive").

8. Usage Patterns for List 1 Words

To each item (i.e., full word) in list 1 we assign a classification which differs
formally from that assigned to list 2 stems only in that the morphological class
number is replaced by the usage pattern. Thus the complete information about the
usage of the word is stored with it. At present, the actual usage pattern, rather than
a number referring to it is used. Since in our files we have classified by pattern
number all list 1 words belonging to inflectable parts of speech, a list of these pat-
terns is given at the end of Appendix 3. They are distinguished from other class and
pattern numbers by the presence of the letter X.

9. Nondictionary Items

If a word is not found in the glossary during the lookup process, then we may
assign to it a set of usages by looking at its ending and final suffix. A separate "un-
glossary" is searched to see if it has an entry for the given final suffix (or no suffix)
and ending, in just the same way that lists 1b and 2 are searched. For example, if
the word anrebpamdeckum occurs in text, it will not be found in the glossary, which,
with few exceptions, does not include words in the international vocabulary which
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can be translated merely by transliterating a portion of the word and adding the
proper termination (and possibly prefix). However, this word has the ending -um
and the suffix -yeck. A portion of the unglossary devoted to words with the suffix
-geck will have an entry (as in list 2) for an adjective of class 9, long forms only. The
ending -uMm is appropriate to this class and flag system. Hence the word will be found
in the unglossary. Similarly, the adverb anre6panueckn will be found in the section
of the unglossary devoted to the suffix -yeck, but this time it will be found with the
actual ending -u (as in list 1b).

If a word is found in the unglossary, then it is treated from here on, in nearly all
particulars, like a word found in the glossary. Of course, a flag is used to indicate
that the item comes from the unglossary, and the word is tentatively translated by
using the stem of the word, less final suffix, plus a termination which is determined
by the unglossary entry. For example, the adjectives found with the suffix -ueck use
the suffix -c, and the adverbs with the suffix -geck use the suffix -cally. Thus the
translations of amreOpamdeckmm and anreOpamdeckm would be "algebrai-c" and
"algebrai-cally" respectively.

Of course, the use of the unglossary is not foolproof. For example, the noun with
canonical form Ttom should be put into the regular glossary if it is expected to be
found in text, since its forms Tom and Tomy are identical with forms of the pro-
nominal adjective ToT, which is essential in any glossary of Russian. As another
example, the indeclinable noun kenrypy will probably be treated, like ctpyxktypy,
as an accusative singular feminine form of a noun ending in -ypa, and so will not be
treated properly. The hardest items, however, will be those of Slavic or mixed
origin, since these will not make much sense if transliterated and may have arrange-
ments of endings which are not like those of international words.

We have not yet decided how to treat items which are in neither the glossary nor
the unglossary.

10. Implementation of the Classification System

At the present time, we have several sample glossaries in various stages of com-
pletion.

First, we have on cards (3 x 5) a morphological classification of the entire American
Mathematical Society's Vocabulary [5]. In fact many additional words related to
those actually listed in the Vocabulary are in our files. We have about 3900 stems
and 1200 list 1 items. Actually, our entire classification system was based on the
items found in the Vocabulary, and so is incomplete, especially for nouns; the verb
and adjective classifications contain virtually every allowable arrangement of end-
ings. There is no unglossary for this glossary.

Second, we have on coding sheets a glossary containing every item found in the
text [9]. This glossary is ready to be put into operation with the translation program
as soon as certain minor changes are made in the latter. This glossary distinguishes
between lists la and 1b as follows: Words in list 1 which have fewer than seven
letters (and so fit into one machine word of the IBM 704, etc.) are put into list la;
all others are put into list 1b. Furthermore, all adverbs having the same stem as a
list 2 adjective are put into list 2 (instead of 1b) in many cases; they may have
classification numbers which yield only one ending. The unglossary has several
entries for list 2 only.
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Third, we have a glossary consisting of the items found in the first two sentences
of [9]. This glossary is operating with the machine translation program as presently
constituted. The differences between this glossary and the one described in this re-
port do not involve morphological classifications, but rather other information
needed by the program. This glossary has no words in list 1b. There is a short un-
glossary for list 2 items only.

Acknowledgments. Many people have participated in the morphological classifi-
cation process and in the preparation of this report. The following have been of
especial help: Luba Ross, Renée Robinson, Valentina Monroe,” Owen McArdle, and
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APPENDIX 1. Table of Apparent Engings
Reflexive endings: {2}
-0k -0A

Four-letter endings:  (2)
-HBOIY -BAMH
Three-letter endings: (25}
-AMH -BUI -BTO -eMY -€Te -GlIb -UeR -Neil -ten -Helo -ITA -UAH -HJ0 ~HMH -HTe -UThb -Blib
-HAM -HAX -fIT€ ~OF0 -0MY ~BIMH ~bTE -RMH
Two-letter endings: {43)
-4M =4T -8X -0A -eB -ee ~eil eM -eT 210 -RB -Ue ~H¥ - ~H31 UM -HT -HX -HN ~HE =14 ~38 -10
0B -0& ~0f1 031 ~0K) ~Th -VT ~¥10 -INH ~be -1l ~6IM -BIX -BH) -IOT ~I0H -AM -AT ~AX -AA
One-letier endings: (12}
-4 -B -€ -¥ -it -1 +0 ¥ -Bl +b -10 A
Zero-letter ending: {1}
@
The above table lists 83 nonrefiexive endings.

APPENDIX 2, Abbreviations Used in Later A ppendices

a accusative K  comparative imper- r refexive
C  comparative short sonal S  short
¢ comparative L leng 3 singular; superiative
¢f  combining form 1 locaiive ¥  verb
D adverb N  noun X list 1 pattern number
d dative n nominative; wonre- m masculine
£ genitive; gerund flexive ¥ neuier
I impersonal p  plural; perfective; ¢  feminine
i instrumental; inani- positive 1 first (person)
mate; imperfective pf  present or future 2 second {person}
inf infinitive pr present 3 third (person)
ip  imperative ps  past * reflexive stem

J adjective
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G. Lizt 2 Adverbs

Class | 17 2 3 1 3 6 7 g o
|
{n) i 0 0 0,0 3 e u I nio

c ! ee ee ee ee

Notes . {p). The degree is actually specified by the stem and is not altered by using this
form, Thus the stem xopowr- is listed as positive, The form xepouo i3 a elass 1 adverb 2nd is
positive. The stem ayuui- is listed as comparative. The form siyume i9 o ¢lass 6 adverbh and
is comparative. The stem mauryuu- is listed as superlative. The {form wanavume is a elass G
adverb and is superlative. The stem Gexn- is for a elass 2 positive adverh, The form Seanee
eomes from this stem and is comparative,

* These elasses admit only one form snd are relics of a previous classilication system for
adverbs, The forms xopome, ay+iwe and nanay1uwe mentinned in the previous note would now
be listed in list 1b.

There are no list 1 patterns for adverbs, The degree (positive, comparative or superlative}
i8 listed directly by number.

H. List 2 Verba
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2p ! nte Hre HTE dre Hre nte Hte uTe ATe HTE
Ip AT Aar AT AT AT AT AT AT Aar HT
ip 2s B b i i it o1
2p ! BT€ bTe iire itre fiTe fite
S ps wa w1 I I I uar i 28
LA Han Kia wia Hiaa s HIan aa waa
»8 B0 Wi uio uio B0 0 o B0
p RIH ihedtt nIn HIK wik nA% win Wi
prg A a A A
ps & uB uB #B ng 551 ne ue %)
HBIM  WBIEA RBBmMM MBI BEMHY HBOH HBMA HEMA

Class & ) 71 72 73 4 75 % 77 H 79 B
inf ATH HTb
pf 1s 0 0 0 ¥ ¥ ¥

23 BB HiIb  @mEE WS RME HOEF WME HINE RANbL BRI
3s T HT ar ur AT ®BT ¥®T HT  HT MT
ip oM UM nM UM UM BM MM MM BM HM MM MM
2p uTe HTE HTe HT& HTe RTe HBTe MTe NTe HTe HTeé §Te
3p AT AT AT AT AT AT AT aT AT ar
ip 2s [y H H g H " H
2p nre HTe  MTe HTEé AT HTe HTe
ps s nI [ihs
¢ L &T ula
v wIo 0
p | man HITH
prg ! a a & a

s fi uB en B en eB en us

Ps g ‘[? BBITH TR
Class =  5i 82 33 84 85 56 3 83 5
inf { BTB Th OTE  OTL uThH
pfls ¥ ¥ N v ¥ ¥

25 mms HIDL, WL HBIG Wiy  HWB
38 utT HT uT HuT nT HT HT ntr ar
Ip | uM U M HM M ™
2p ! ute uTe  uve  NTe wie  nTe
3p :ar aT ar aT aT aT aT AT AT
ip2s 'H,p b b i, a i
2p | arTe,pTe BT€  bTe  WTe,bTe HTE  HTE
pspd | BAa nx Fid i 1 AT
¢3 | una Hla  m¥a luIa i b ¥
e | o L0 Bae  mIo a0
p . Han Oalf  gam Ejm (Th )4
pr z i a a a
s uE 133 ue i35:) HB
p g U BOIH UBWHHN XMBIDI RABOITH HRMOA
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H. List 2 Verbs, contianed

Class

)

9l

92

3

W

"%

i

EHTL

Cor

Hiu

LTI
1A
| o
T AT

a
ne

HBLST

nTt

T

H

0o
) Pain)
Hak

11143
HEIUI

HTE

uT

ar

1

1% BN
HIG
i

A
11
LB

HTI

1%

AT

HT

T
.10
1L

B
HBLII

NThL

n.1

HIa
A0
§LTH

He

HBILIEL

HThL

by

eif

H.T

T

HiIn

HTH

HA
18]

HBlrH

NTL

Bl

eil

N1

His
H- 1O
o

HE

HTL

eit

T

wia
e
HTi

He

UBLIH  HBIDK

€uy

eil

Ll V]

el

€B

100

1m

102

103

104

193

o

107

108

105

i e
[ :1+13:3

!
el

aK

of

€8

Q>

oli

(=i
a7

Th

B

BN

Tb

<10

BIEH

Th

J90

Jda
<10
<18

€mb

OB

€T

¥T

I. List 1 Verb Patterns

Class

Xi

Xt

Xui

Ps us

=]

460
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APPENDIX 4. List 2 Usoye Paticrns
A, Nouns

! i
Pattern 53 LI I {4 T8 gl 13|45 2|20
1 H H
|

i

ns X1 XX X X

da Xix
asi x X : x x 3
asa x] x| x % x
] x| x
B X xfx j Xix X

np Xix Xix

api fxix {
apa x x X
ip l x
Ip l

B. Verbs

Pattern ' 1 1 3

H
]

prg : : : X
psg | : : ! ' x
| . i :




23

52617

3

R Y
i
|
I
3
[
I
|
]
|
1
i

16 17 1319 20 2

i
)
\

U

i
|
i
|
I
I
]
[
i
|
1
|
i
1
|
{
|
i
P
i

13 14 I35

X
X
X

LENOY F. MEYELS

5 6.7 B 9

2 34

LR 12

|
|
|
|
|
|
|
|
i

X

|
i H
1
[
|
|
|
|
|
i
i

Pattern

C. Adjectives

462

.
=3 £
y.@%muﬂu Bdew‘mm mow owm

- o % - D

g3
da
asi
ass
is
1s

Lo ns

Ly ns




MORPHOLOGICAL CLASSIFICATION 463

APPENDIX 5. Ezamples of Classificalion
A. Nouns
Zee Section 6 for the classification of the sample nouns with casonical forms agpo and
qHETO.
B. Verbs
Canonical form: BE[TD
Forms Stems: BHI- BY - EC- C¥. BYIAVY-
inf OBITH Th
pf 1s Syay y
2s Gyaems eilb
3s Oy1eT; ecTh er Th
1p Gyaeum eM
2p Gynere ere
3p 3yIyT; €CTh, CYTh ¥T Th TH
ip 23 f6vae b
2p Gyabre BTE
pPs us T a
B8 Onaa Ja
ve GHT0 o
P GriTH ou
prg Hvayen u
psg OHB B
GBI BITH
(Clasges: Vpn Vpn Vin Vin Vin
35 22 X4 X5 X1

Note: The forms of durs are disiributed between the aspeets purely for convenience in
elassifying. Since the future forms of §rrTe are simple, we assign all nonpresent forms to the
perfeetive aspect and all present forms to the imperfective aspect. There is no need for other
coding to take care of the anomalous present forma.

C, Adverbs

Canonical form:
Form | positive:
S ‘eomparative: Gmncrpee

Stem:
Class:

BEICTPO
duicTpo

BEICTP-
Dp2
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D. Adjectives

LEROY F. MEYERS

Canonical form: HOSTHBIN

Forma Stems: IoJIH- [MOJOH-
Lu ns ' floAHLIE it
g2 ; n0.1HOC0 oro
ds ROAHOMY uMY
asi noHsIi BIi
asa MOIHOP) orh
ia O THEIM BIM
Is ' NOTHOM oM
F¢ ns : TETHEH an
gs 0;THOHA oft
ds MO THOH ol
as FOSIHN 10 VI
. MoaBgi oit
19 MO THOW O
£} noIHOR oit
Ly ng none oe
E3 HOIHOTO oro
ds HodHOMY oMy
as no.aHoe oe
is : NOTHEIM B
is ; O (HOM am
L np floTHES 20
gp NOTHLIX BN
dp MOSTHEIM B
api NOJIHEIE Blie
apa TOTHEIX BIX
ip HOSTHBIMH BIMH
Ip MQJTHEIX HX
Bp 8 noIeH 4]
¢ 38 TMOTHA a
F 5 IQJTHO Q
P . MO THBI Bl
1 |
i
i no/IHEE ee
i
Ko
!
ef 1 BOTHO- o-
Classes JpSLC Jp
1 X1
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. Adjeetives, continued

Canonieal form: BECDH

Forms | Stems: | B- BC- 1] BCEXN. BCLEM-
Lzns ! pece : e*
ga | Beero I ero
ds  peemy ! ey
asi : BeCk i o¥
asa  : BOCTO | ero
is ! meewm e
Is ' BCEM eM
|
L ns . BrA p*
£5 ! opreft eit
ds | meeit et
as ! BUHO 0
s f : Beeit eit
1} BCew [35]
is [ Beeit el
Lv ns ! Bee e
gs | BCETO ero
ds | Beemy exy
as ! pre e
i3 ! peex : eM
Is ToBeewm I eM
i |
L np ' mBre e
gp | Brex #
dp ! Been eM
api | Bee e
apa Beex ]
ip BCEMH u
Ip Beex i 3]
|
3, I, C and K forms do aot exist,
ef BCE- e-
Classes: Jp Jpl: Jp Jp Jp
Xa* t4 Xo* X6 Xs
and X&* and X7

* The starred entries belong in list 1a because they have an apparent re-

flexive entry which is mot a true one,

Several entries in list 1 require two classes because no single pattern can

accommodate all of their uses.
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E. Examples of Classificalion for Each (luss

LEROY F. MEYEHS

List ¥ Masculine Nouns

List 2 Feminine Nouns

Stem Example Canonical Form Class Stem Example Canonical Ferm
QHEIIHH-  AHFIHMAHEE 1 evTK- CYTKH
TIAT- TMIEHOR 2 HOKHHR- HOHILEL
BEC- BECLT 3 08L- 0BNA
31POTRIL - JADOIEILU 4 evaLd- evaphu
JIVY- a¥E 3 TpYvo- Tpyoa
HPIFHAE - OpPH3RAE i Madl- LU
JOKTOP- J0RTOR 7 Tadni- Tad2ua
TOM- TOM 8 33144~ 3aTada
3UKOH- BAKGH 9 Me - MeRa
EY3HE - KY3HeI 10 KHHUC- KHHrA
pas- pas 11 KIRTH- HIeTES
MecHl- Meean 12 CTpY- CTpY A
na1eit- nase 13 ner.1- neTSIn
oTI- oTen 14 Hele1- Hedean
yEI- yroa 15 a0.1- iUk {2
R¥CKH=- KYCOR 16 Aw0R- JHG6BL
TeIeBR- TEJTIEHOR 17 pik- poiEB
ETIH~ KIHA (8) 13 MATED- MATH
MY MYIR 19 apob- apoin
myT- ¥ Th X HeeT~ 4ecTh
Oran- Oy aHH N pen- peue
KIHHE= KAHH (P} 232 T0008- J000BE
apy3be apyr 23 S SIHELA
yuuTe - YUITEID 24 HC- HII4
BHXD- BUXPh 25 THM - noMeT
KOPH- ROPEHb 26 T- Teya
coTya- eayuail i CTAT- eTATBA
Kpa- Epait 28 I niea
pyiE- py1eit 29 c- eUIa
KHA3- KHA3h 30

EpHTEp- EpHTepHit 31

MY FRUITH - MAHYHHY, 32

JdeaVviltE- AedVinka EX

RO - HHOLIA 34

fa §:1 28 AAA 33

CYB- CcYIbA 36

OTB- OTBET En

HEN & hERDM A8

00~ HYBeM 34

npele- npeJe.I 40

eI~ [ i1 11

K- RHT 42

pi- pyeit 43

MY 3~ My sedt 44

ey CYBA 45
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L. Examples of Classifieation For Each Class, continned

467

List 2 Neuter Nouns

|

List 1 Nouns

Class Stem Example ¢ Hl?s:';m[ Class I‘E;L::;?{ed Cag-‘;";.;‘"“
1 aBeH - 3BEHD X1 oten/# oTell
2 AGI0k- A TOED X2 yro/a ¥roa
3 OME- oHED X3 doTuneE/#  doTinaOk
4 oK. odaane ! X4 enT/ar ¢0334aT
5 AIp- AP X5 nepelte/Ta  Oepensd
6 KOIbi- KOJLBILD i X6 Ep/an Kpaf
7 au- MO . X7 op/a ope:t
8 MECT- MecTo X8 cavu/an eayuai
5 BpEMeH - BpEMA : X9 HeRATe/ 10 HeK4ATeOR
10 rasddi.  wIadnme | XI1G deaiTe/TH e THTE I
11 cepIn- cepaue | XIi 6vE/Dp GyKBa
12 yii- ¥XO X2 Apya/ed APYT
13 KO TeH- rodeno {p}-  XI13 OHO/ I SOHOUI
14 noe.- no.Ie X114 opu/emMy upieM
i5 pYRb- pyine POX15 AHTE/& AHTEE
16 MIaThb- nIaTse 'I X16 §/Bmn BOIIB
17 3BeHb~ IREHO X157 e/ nesIb
18 ABUHEH- aBmxeHie , %18 eTp/¥I10 cTpyH
1% qpe . U0 POX19 ga /10" uait
20 Te- TETO X20 Bua/¥* BHI
21 upas- TPABHIO X2 kpa/0* Kpait
2 peun- pemeTo | X22 Kpa/1o KpaK
23 pyiE- pyiEbe b K23 BRI/ Y I

* Older classification system only,

The dative form is in list 2 in the newer
system, unless the whole word form is put into list 1a.
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LEROY F. MEYERS

E. Examples of Classification For Each Class, continued

List 2 Adjectives

Class Ei;g?:»l " Cancaical Form Class EE;:DHI"JI . Canonical Form
1 H3BECTH- A3BeC THRLE 19 hiGERE S nosanni
2 OpicTp- fricTpr 20 MHOTO- MHOr G-
3 BeTPAH- BeTpAULIL, “CTOPHH- -CTOPOHRAN
BeTpARO N CHH- cuAni
4 nysam- IpAMOIL 22 e pens~ HCeLpeHBHE
3 UPHETAAH- TPHEIAIHON 23 Mo-, 4b-, Modt, yel,
6 Go1em- Goaemmoi TpETb= TpeTni
7 nIioX- roxol 24 HANI- HAm
] IUBDACH 3aBoc K, 25 c- ced
3aBoIcKOH 2 Hyu- Ky
9 BEICOE - BHICORHA 27 HBIOTOHOB-  HBIOTOHOB
10 RpPaTE~ KEpatrni 2% CECTDHE- €ecTPUH
11 97—, OIH- TOT, OJUH 29 Nymres-  Hymrm
12 cam- caM 30 Ilenos- Ilcron
13 T- TOT 3t TpeT- TpeTi
14 BC- BeCh 32 LE yei
15 XOPMEG- XOpOoDi 33 M- Mot
16 CREK- eBeEUR 34 TRN- TERJIBL
17 oG- ofmutt 35 TAME- TARMEKETBH
s Boopm-, Soapwmit, 36 C M- MHIBIE
Ayym- ay4amuil T e~ caM
List 1 Adjectives : List 2 Adverbs
Class FE?)!L::E Canonical Form Class EE:;:I‘;ie Canonical Form
X1 nosoH/ B NOTHEIDY 1 xopoum- XOpOmo
X2 gerd/e nerkntt (e} 2 HreTp- OpieTpo
X3 nos1/org nexzoroH 3 HCKpEeHH- HCKpeHHO,
x4 TOT/D TOT HCkpeHte
X5 ToT/§ TOT . Goa- Godtee
X Tex/P TOT i 3 EYIL- EYie
X7 1ex/# TOT fog Ayum- ayume (¢}
X5 TEM/ U TOT ) N KOHHYech-  KOHWYeCKH
X9 9/pjca BECh .8 Ten- Ten:o
X10 xopo/um xopomuft | 9 M- MU0
X1 Ha,/ma BAD} ;
X12 ua/mu HADI
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List 2 Verbs List 2 Verbs coniinued
Class Stem Example Canonical Form Class Stera Example Canonical Frnrm

1 BLITE- BEITEUL i fid CTO- CTOATR

2 B - BTe'b ; 43 eTp- CTPUHTL

E depesr- Bepedn | bt cTa- CTONTL

4 MOTK- uo'th ) 67

3 an- JaBaTh i) MOHA00- nonaIoOHTE
i OCHY = OCHOBATE 0 OO TH- JOHNOTTHHTD
n geifeTey - e TROEATH 70 EOCOH~ MOFHATD

o] BTAIE- BJIAJCTE ! Fi! 0G0 obnapeTs

] ¢eta- cIeTaTh 72 noTepi- noTepleTh
10 nokoeha-* nokoledarsed 73 UXOT- FANOTETH
11 Ko.1ehT-* En1efaTeeA ! i1 XOT= XOTeTh

12 Gep- apaTn 7 J4BILI- 3aRHZETI
13 Bel- BecTH 76 wademK- H3HERATR
14 annh-* OIMBIUTLES I ki Hest - femaTh

13 BE3- BE3TH 8 equin- CHLUIETE
16 BHEC- BHECTH 79 cOZepH- COTE]HEATE
17 BBE] - BBECTH 30 Caym- CIAVEUTE
15 pacT- pacTH .11 KOp*I- HOPHUTI,

19 BE|3H~ BETHY Th 82 MHOM - MHOMHT S
20 - HCK4Th %3 FHAY - 3HAMUTE
21 P peanth 84 yIops104- FIOPAIOUNTH
22 ova- ORTDL 85 BHIT0 I~ BEIIOHITh
>3 e~ eXATL 86 BHLIEPHE - BLIJEP LT
24 JIAr- ek 87 HAINEH- HaTAeRATL
25 fer- HewATh 28 obeTo- 0HCTOHT L
20 W= HKedub 39 coJepir-" COAEPHATHER
i BIER~ BIeYb 00 rpagnd- FpAHKYTL
28 Mor- MO b i a1 HAPY - HAPVIIHTL
29 BLITEE- BBITEYR i a2 epn1-" CRUIHTECH
30 BIRIHIE - BOIHIKHYTE 03 o= 6an3uTtecA
3 m- MITH 94 - HNTH
32 peanou- MPEIROYECTE 95 6- HE N
13 Be- Be TH 06 a06- 200UTE
34 ROIBEPIHY - TOIBEITHY Th 97 pasi- paxbuTh
35 dpa- dpare 98 JART- JAKIEHTE
3 vha- ¥IIACTD ! 00 BI23~ B1aieTh

7 Ta- 3aTH | 100 ¢ ecTh
35 aaea- 13aBaTh H)1 mn- neTh
39 vaasa-* YIABATHCA 102 BHICTP= BHIC TPONUTH
40 nae-* HMeThCA ; 103 xou- X0TeTh
11 neyepna-* HCHepnaThen ! 104 npocrepe- OpoCTeEReTh
42 HOTPROY - MOTpetnRATE v 105 HAJIeHA - HATLIIRATE
43 Tpedy- TREONBATD 3 106 HETOCTA- HeIOCTaT:
44 creI- CReUTI : 107 ees- HEYE3HY Th
43 npoCTR- npycTepeTh i0R no.1- noJ0TE
415 aaa- AaTE H BEIPACT BRIPACTII
45 [ T & CLECTI:
45 - eCTh List 1 Yerbs
4 BHI- BlUIETH
oAb TENI- TepneThE Class Full Word Example Canenical Form
At cMOTP- CMOTPETH
32 ToNn- THATE : X1 BOIK/Y BOTHTT
a TOBOP- rOBOPHTE ; xNé Jam‘k JaTh
54 LHE sepIlTE ; X3 aacT/0 AATE
35 TrOTHR- COTOBUTE !, X4 e¢/Th OLITE
56 BOI- BOTHTE : X5 Y/ Th BulTh
5, 3aKpen- BARPENHTE ; X6 peTpE/TE BUTPETITT
-}‘i BHICTAB- BHECTABHTH | N7 aoGe/fiTe 100UTE
30 BeTpRT- BRTPETHTS ! X8 MOM/ B MOYuE
Ho HIMe- 1IMEPHTE : X9 e/ 1 HATH
til X110 davaen/San fayvEIaTh
6H2 ZARTE- SHETEUTH X1 Bowe; /I poliTu
H HlLTO- HaCTOATE




F. Eszample of Glossary Arrangement

As illustrations of the methed of associating stems and endings for input word forms, we
analyze several word forms having the richly homographic stem noa-. It is asaumed that our
glossary containg all words having this stem found in {1] and that no word form oceurs in
list 1a,

For reference, we first list these words by canonieal form, in alphabetical order, together
with their translations, stems and morphological classificutions.

Several assumptions are made about the existence of forms. First, it is assumed that perfec-
tive verba, like moaaATE, MOIAATECA, NOTUTE, BOaUTECH, have no present gerund and no present
participles {active or passive). Second, it is assumed that reflexive verbs, like noauteea,
have no passive participles. Third, it is assumed that all nouns have plural forms. Fourth, it is
assumed that the adjectives nozrenoit and nosopoit have no short forms. Fifth, it is assumed that
the adjectives momorult and nonsnt have short forms, comparative short forms and correspond-
ing adverbs in the positive and comparative degrees, Sixth, it is assumed that the glossary
contains no proper names, not even that of the famous mathematician Hosaus, or ITofia (Pélya).,
Seventh, it is assumed that the verbs noaoTs and nosroTsca have no present gerunds.

nost “gex' N0 INTLCH “*be watered™
no= Naegi 40 no.-* Vpr %
no.1- Nupli 9 nosie/fite* « ¥V p r X7

moae-* Vpr 5
now “floor"”
no- Ngpi 40 mo10 “polo"”
nos- Ngpgi 9 w0,/ 10 Ny i X5
nosfy Nogp i X22
{special locative) o0 “hollowly"?
o/ 1o Dp

noas “tail (of a coat)’ nos1/ee De
Ho- Nae i 24
no- Ne¢ i 5 00 10B% “ehaff”?

no;/op N i X11

none “field’” HO10B- Nag i 3

noJi- Ny 1 14
no.Toruii “slanting™

MOJIEBATD “hunt” o1/ oTo J p X3
o1/ 100 Vino Xt mo1or- J p L3 9
noJIeBa.- Vian 35 moIoH/ & J e X2
OO Vin 7

MOIIOT0 “*slantingly’’

nogaeT “flight’’ nox/oro Do
nosi- Nopg i 37 noaose De
mosIeT- Nou t 9

HOToM “fracture’’

MOJIOR “watering”’ no.1- Ng i 28
no.T/ne Nopi X2 noIioM- Nag i 1]
MOJIHR- Naul 9

MOJ0TH “weed'

HOANBA “‘glaze’ . no/an Vin X6
Mo/ ue Ne i X1t mo.1- Yin 108
OB~ No it 3 moI0- Yin 35

HOAWTHI ‘“‘watered”’ NQI0THCH “‘be weeded™
oot/ 1T J p X1 noa-* Vir 42
HOMTHT- Jp LS 2 no0-* Vi 35

(third person oniy)

TOIANTH “water”’
noJ1- Vo 06 mosmit “hollow””
noqe/iite Vpn X7 | no- Jp8 3
1008 (38 Vpnon 3 E J p L3C2

i JILEM A
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Next we list the items with siem nos- which go into list 1.

nox/ee D

] {mozo, adverh)
nosa/ue Noag i Xz {mmostss)
N ¢ i X (1o THBA)
MO/ HT J p Xi {goHTEIH)
Do/ oB Ne¢ i X11 {no;1oBa)
RO/ 0ro Dp (nozioro}
J p X3 (moaoruii)
noa/y Nauli X22 (mox, “‘foor™)
no.1/10%0 Vin X1 {(nos1eBATE)

Next we list the items with stem nox- which go into list 2. The list is arranged by part of
speech and subdivision thereof,

mo:- Vpno 9% (HoETE)
Vpr 98 {mOTUTHC)
Vin 108 {nosoTh}
Vir 42 {noqoThea)
J p LBC2 (nosIeIit}
Npepi 9 (o, “sex’’}
N op i 9 {nox, “foor'”)
Nai 37 (noaer)
Ng i 38 (nocaom}
Ng¢ i 5 {moma)
Ny i 14 {mone}

Altogether, 43 different endings may be split from word forms with the stem moa-. Of these,
six belong to three caronical forms each (not distinguishing between the two nouns mox):
€, HB, OB, OT0, OM, Bi.

Thirteen belong to two canonical forms each:

aMm, aMA, ax, ee, ef*, em, eT*, ere, off, oMy, 010, ¥, 0
Twenty-four endings belong to one canonical form each:
ad, eme, HROa*, ma*, H'm" #an*, wae*, uT, HTe, HTHY, 0, VIO, Ble, K, Hiv, BIMH, HX, bloY,

I0T, 1010, A, AM, AMH, AX.

(The endings m.:.rLed with an asterisk are also used with one reflexive form.} Because of the
nature of our splitting process, the four endings §, -a., -1, -0 can never by split off from a word
form to give a stem ending in -1- like noa-,

As an example of the way that our glossary is used, suppose that the word form noaoe is
enconntered in text. The splitting process recognizes that the word form has the ending -op
and the nonreflexive stem noa-. (The splitting process musi be done here, since it is assumed
that this word form is not in list 1a.} The dictionary search through list 1b finds the use of the
word forn as the genitive plaral of mostosa. {The list 1b search requires only thas the ending
be explieitly listed in the glossary. Hence the word forms in list 1b with different endings are
passed over.) Then list 2 is searched. Each item in list 2 is tested to see if the ending -o08 is
compatible with it. Here compatibilitv is found only as the past gerund of noaore and as the
genitive plurul of the two nouns no. Thus, four uses (“temporary choices®’) are found for this
text oceurrence,

REcEIVED MaRncm 3, 1965
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