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The automation of speech parts inflexion
Process

E.Boian A.Danilchenco L.Topal

Abstract

The article describes the Roumanian language words automat
inflexion system utilized by Roumanian texts spelling checker
ROMSP. It contains the nouns and adjectives declination, the
verbs conjugation details.

1 Introduction

At present the texts editors, dotted with the function to correct or-
thografically, as well as an automated translation system etc. have a
large expansion. Their work is based on a special dictionary. The dic-
tionary’s structure for a highly inflexional language is a topical and dif-
ficult problem. Two methods to keep information are known : declara-
tive (to memorize all flexions) and procedural (to obtain the necessary
flexions in a special way from one or some base words). Using the
declarative method to complete the dictionary it is necessary to ob-
tain all word-forms. There is an analogous problem for the procedural
method to derive a new word, for which it is necessary to establish
inflexions rules.

It is very difficult to introduce manually all word-forms with the
morfologic information (which is necesary for series of applications).
In this way it is naturally to try to automatize this process.

Our article describes the Roumanian language words automat in-
flexion system utilized by Roumanian texts spelling checker ROMSP
[1]. Special attention is given to nouns and adjectives declination, and
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verbs conjugation because they generate a lot of flexions (for example,
12 for nouns, 20 for adjectives, 35 for verbs).

Being not so numerous pronouns, articles and numerals are not so
interesting, moreover they may be introduced in the dictionary pre-
liminary. Evidently that the problem of the complete formalization of
the inflection process is very difficult, and we try to solve it partially,
in special cases we ask the users supplementary information about the
morfological categories, the consonant and vowel alternations.

The investigations of nouns, adjectives and verbs inflexions regu-
larities are our first subject. The consonant and vowel alternations are
established in the next section. The subjects of the last two sections
are the nouns, adjectives and verbs procedures of automation inflexion.

We use the word ”affix”, which denotes the notion of both a suffix
and an ending, or either a suffix or an ending in accordance with the
context.

All grammatical notions used here are described in [2, 3, 4, 5]. The
program complex was implemented in TURBO-PASCAL 6.0.

2  Speech parts inflecting regularities

Six parts of speech (of eleven) can be inflected. Nouns, adjectives,
articles, numerals and pronouns are declined in accordance with case,
number and form. Verb is conjugated in accordance with tense, mood,
person etc. The rest — adverb, preposition, conjunction, particle and
interjection — is invariable [2, 3, 4]. We investigate in more details
about inflecting regularities of nouns, adjectives and verbs.

2.1 The noun

As a part of speech the noun modifies its form in accordance with case
and number, but it is invariable in gender [5].

For nouns the following morfologic categories are characteristic: the
gender (GF — feminine, GM — masculine and NN - neuter noun), the
case (CNA - nominative-accusative, CGD — genitive-dative, CV —
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vocative), the number (NS - singular and NP - plural, singularia-
tantum — the nouns have only singular number and pluralia-tantum —
those have only plural number), the form (FI — indefinite and F'D —
definite), common and proper.

The registrated affixes after the examination of the Roumanian
nouns are grouped in a lot of series.

The affixes series characterized exclusively for the feminine nouns
are the following:

Figure 1

affixes Case NS NP Example
series

eanci CNA eancd ence moldoveancd (Moldavian woman)
ianca janca ience italianca (Italian woman)
CGD ence ence
ience ience

eala CNA eala eli captuseala (lining)
iala iala ieli sfiala (shyness)
easa easd  ese mireasa (bride)
eara eard  eri seara (evening)
eata eatd  ete dimineata (morning)
oara oarda  ori vioara (violin)
CGD eli eli

ieli ieli

ese ese

eri eri

ete ete

ori ori
oare CNA oare oare invatatoare  (teacher)

CGD oare oare

eand CNA eand ene  moldoveana (Moldavian woman)

iana iana  iene italiana (Italian woman)
CGD ene ene
iene iene
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affixes Case NS NP Example
series
oaie CNA oaie oaie casoaie (shed)
oaie ol foaie (leaf)
CGD oaie oaie
oi oi
ana, CNA and &ni cana (decanter)
sca sca  gti  masca (mask)
sca gca  gte  galuged (dumpling)
sca gca  sti clogcd (brood hen)
ard ard  ari  gara (station)
ara ard eri  vard (summer)
CGD ani ani
sti sti
ste ste
sti sti
ari  ari
eri eri
ezd CNA ezd eze Dburghezd (bourgeois woman)
CGD eze eze
ale CNA aie ai baie (bath)
CGD ai ai
ica CNA ica ici  bunica (grandmather)
ica  ele rindunica (swallow)
CGD ici ici
ele ele
ata CNA ata ete povata (piece of advice)
eatd efi  ceatd (mist)
CGD ete ete
eti eti
ate CNA ate ati activitate (activity)
CGD ati  ati
ea CNA ea ele  masea (tooth)

17



E.Boian, A.Danilchenco, L.Topal

affixes Case NS NP Example
series
ia ia  iele nuia (rod)
CGD ele ele
iele iele
ie CNA ie i femeie (woman)
ie ie il palarie (hat)
ee ee el idee (idea)
oe oe oe canoe (canoe)
CGD i i
ii ii
el ei
oe  oe
le CNA le i cale (road)
CGD i i
a CNA a ale para (money)
CGD ale ale
consonant +e CNA e i lume (world)
CGD i i

These affixes series characterize numerous noun groups. The series
7 and 9 are an exception: they specify one limited number of words.
The affixes series that belong to the masculine nouns are :

Figure 2

affixes Case NS NP Example
series
stru CNA stru stri ministru (minister)
CGD stru gtri
ean CNA ean eni moldovean (Moldavian man)
ian ian  ieni italian (Italian man)
eag eag egi mogneag (oldman)
iag iag iegi sfoiag (worm)
eac eac eci  dovleac (pumpkin)
iac iac  deci liliac (lilac)
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affixes Case NS NP Example
series
CGD ean eni
ian ieni
eag egi
iag iegi
eac eci
iac ieci
int CNA int inti sfint (saint)
CGD 1int inti
vowel+u  CNA vowel+u i leu (lion)
CGD vowel+u i
ez CNA ez ezi  burghez (bourgeois)
ar ar eri  luceafar (star)
an an eni mesteacan (birch)
at at eti  fat (beby)
st st gti  arbust (bush)
CGD ez ezi
ar eri
an eni
at eti
st gti
1 CNA 1 i cal (horse)
1 li nobil (nobleman)
CGD 1 i
| i
u CNA u i codru (forest)
CGD u i
consonant CNA consonant i pom (tree)
CGD consonant i
i CNA i i arici (hedgehog)
CGD i i
e CNA e i ciine (dog)
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affixes Case NS NP Example

series
CGD e i
a CNA a a boa (boa)
a a i popa (pope)
0 o i picolo (boy)
CGD a a
a i
0 i

The affixes series 11 appears in paradigm of only some nouns (popa,

pasa, tata, vodd).

The affixes series which characteraize the neuter nouns are:

Figure 3

affixes Case NS NP Example

series

vowel+u  CNA u uri  tablou (picture)
CGD u uri

consonant CNA consonant wuri tren (train)
CGD consonant uri

u CNA u uri  lucru (work)
CGD u uri

0 CNA o ale caro (caro)
CGD o ale

e CNA e e nume (name)
CGD e e

The series which specified any limited groups are 4 and 5.
The vocative case characterizes the possibility to be expressed by
a lot of affixes. The masculine and neuter nouns NS vocative affixes

)] b

may be : 7e” |, 7ule”, ”le” or an affix homonymous with that one of

NS CNA FI.

For example : 7e” — baiete, frate, colege, doamne;
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7ule” — baiatule, trenule;
71e” — codrule;
the word ”soare” affix coincides with that of NS CNA F1.

The affixes which characterize the feminine nouns vocative are :
70" and affix homonymous with that of NS CNA F1I.

Example : 70”7 — fato, vicleano;
word’s affix “fata” coincides with that of NS CNA F1I.

The NP vocative affix for all genders is ”lor” or homonymous with
that of NP CNA FI.

Example : ”lor” — fratilor, doamnelor;
word affix for ”baiefi” and ”paduri” coincides with that of
NP CNA FI.

Examining the series of affixes discussed above we can establish, in
the function of gender in the process of the Roumanian nouns inflexion,
a lot of homonymy types A — C, namely:

Homonymies a b ¢ d e f{ for noun
types (gender)

A + 4+ + + + feminine

B + 4+ 4+ 4+ 4+ masculine

C + + 4+ neuter noun

where a) — f) are the following homonymies :

21



E.Boian, A.Danilchenco, L.Topal

f) (CN=CG=CD=CA)=(CN=CG=CD=CA)yp.

All varieties of nouns examined above belong to the common nouns
set.

The declination and articulation of proper nouns coincide with the
process of inflexion corresponding to common nouns with analogous
morfologic categories [4].

So, nouns classification was performed in the function of the affixes
obtained. This classification is pictured in Figures 1-3, which served
as a base for nouns inflexion program implementation.

2.2 The adjective

Adjectives decline in accordance with the defined noun in gender, num-
ber and case.

M.Manoliu in [2] classifies adjectives in 19 big groups of inflexion.
Our classification is more detailed, it contains 26 groups. Adjective
flexions forming process is in accordance with the following picture :

Figure 4

affixes Gender Case NS NP  Example
series
icel GM CNA  icel icei  bunicel

CGD icel icei  (grandfather)

GF CNA icica  icele
CGD icele icele
iesc GM CNA iesc iegti  craiesc
CGD iesc iesti  (emperor)
GF CNA ieasca iegti
CGD iesti iesti
ean GM CNA ean eni  moldovean
CGD ean eni  (Moldavian man)
GF CNA eand ene
CGD ene ene
eanca GF CNA eancd ence moldoveanca
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affixes Gender Case NS NP Example
series
CGD ence ence (Moldavian woman)
ian GM CNA ian ieni  italian
CGD ian ieni  (Italian man)
GF CNA jand  iene
CGD iene iene
ianca  GF CNA dancd ience italiancd
CGD ience ience (Italian woman)
esc GM CNA esc egti obstesc
CGD esc egti  (public)
GF CNA eascd esti
CGD  egti esti
ist GM CNA st igti marxist
CGD st igti (marxist)
GF CNA ista iste
CGD iste iste
ixt GM CNA ixt icsti  mixt
CGD ixt icsti  (joint)
GF CNA ixta  ixte
CGD ixte ixte
tor GM CNA tor tori  silitor
CGD tor tori  (diligent)
GF CNA toare toare
CGD toare toare
ept GM CNA ept epti  destept
CGD ept epti  (clever)
GF CNA eapta epte
CGD epte epte
int GM CNA int inti sfint
CGD int inti  (holy)
GF CNA inta inte
CGD inte inte
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affixes Gender Case NS NP Example
series
ru GM CNA ru ri acru
CGD ru i (sour)
GF CNA ra re
CGD re re
lu GM CNA lu li simplu
CGD lu li (simple)
GF CNA la le
CGD e le
consonant+e GM CNA e i mare
CGD e i (big)
GF CNA e i
CGD i i
consonant+u GM CNA u ii rosu
CGD u ii (red)
GF CNA e ii
CGD i ii
consonant+i  GM CNA i i mehenghi
CGD i i (skilful)
GF CNA e
CGD e
oi GM CNA oi oi vioi
CGD i oi (lively)
GF CNA oaie oaie
CGD oaie oaie
ei GM CNA el ei rotofei
CGD el ei (plump)
GF CNA ee ee
CGD ee ee
ez GM CNA ez ezi  portughez
CGD ez ezi  (Portuguese)
GF CNA eza eze
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affixes Gender Case NS NP Example
series
CGD eze eze
et GM CNA et eti incet
CGD et eti  (slow)
GF CNA eatd ete
CGD ete ete
an GM CNA an eni zdravan
CGD an  eni (strong)
GF CNA and ene
CGD ene ene
et GM CNA et eti  Indraznet
CGD et eti  (bold)
GF CNA eata ete
CGD ete ete
at GM CNA &t eti  gugubit
CGD at eti  (waggish)
GF CNA eatd ete
CGD ete ete
uu GM CNA uu ui  continuu
CGD uwu ui (permanent)
GF CNA wua ue
CGD wue ue
monosilabic
eu GM CNA eu el greu
CGD eu e (heavy)
GF CNA ea ele
CGD ele ele
au GM CNA au il rau
CGD au ai (bad)
GF CNA ea ele
CGD ele ele
polisilabic
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affixes Gender Case NS NP Example
series
eu GM CNA eu el instantaneu
CGD eu e (instantaneous)
GF CNA eie eie
CGD eie eie
au GM CNA &au ai natarau
CGD au ai  (blockhead)
iu GM CNA iu ii cenusiu
CGD iu i (grey)
GF CNA e i
CGD i ii
monosilabic
ou GM CNA ou oi nou
CGD ou oi (new)
GF CNA ouda oi
CGD oi oi
ui GM CNA ui ui  amarui
CGD ui  ui (bitterish)
GF CNA uie ui
CGD i ui
al GM CNA ai ai  balai
CGD ai ai (fair)
GF CNA aie aie
CGD aie aie
ce GM CNA ce ci rece
CGD ce ¢ (cold)
GF CNA ce ci
CGD «ci ci
ci GM CNA o« ci dibaci
CGD «ci ci  (dexterous)
GF CNA ce ce
CGD ce ce
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affixes Gender Case NS NP  Example
series
el GM CNA el ei mititel
CGD el ei (small)
GF CNA ica ele
CGD ele ele
SC GM CNA sc sti brusc
CGD sc gti  (sudden)
GF CNA sca ste
CGD ste ste
or GM CNA or ori  usor
CGD or ori  (light)
GF CNA oara oare
CGD oare oare
a GM CNA a a gata
CGD a a (ready)
GF CNA a a
CGD a a
e GM CNA e e cumsecade
CGD e e (decent)
GF CNA e e
CGD e e
o} GM CNA o o} caro
CGD o 0 (of diamonds)
GF CNA o o}
CGD o o}
1 GM CNA 1 i gol (naked)
1 li nobil (noble)
CGD 1 i
1 li
GF CNA 1a le
CGD e le
consonant GM CNA consonant i bun
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affixes Gender Case NS NP Example
series
CGD consonant i (good)
GF CNA &
CGD e

In the adjective inflexion process 10 forms appear for GF, as well
as for GM. If an adjective is before a noun, then it obtains a definite
article and it declines as the corresponding noun. If an adjective is
after a noun, then it changes in accordance with the form (definite
or indefinite) and the number. Only feminine adjectives have special
forms of case (CGD).

The adjective affix for vocative coincides with the corresponding
forms of masculine and feminine nouns.

Examining the adjective affixes described above we can establish,
in the function of gender, a lot of homonyms types A — B, namely :

Homonymies a b ¢ d e f for adjective
types (gender)

A + + 4+ 4+ + feminine

B + + + + + masculine

where a) — f) is the homonyms as for nouns (see 2.1.)
The results of the analysis performed were utilized for the imple-
mentation of the adjective inflexion program.

2.3 The verb

The program complex for execution of generating verb inflexion forms
a words-form list in accordance with the infinitive of a verb.This list
contains Imperativ, Participiu, Gerunziu flexions and verb flexions of
those tenses only, for which changing in accordance with person is
characteristic (i.e. Indicativ Prezent, Conjunctiv Prezent, Imperfect,
Perfectul Simplu, Mai Mult ca Perfectul).

There are a lot of special literature where different schemes of verb
conjugation are analyzed. For example, in [6] the verb set is divided
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into 5 types, each of which has its characteristic features. Each type
is divided into some classes, characterized by its affix in accordance
with the indicated mood or tenses of verbs. Each class (or type, if the
division into classes does not exist) in its turn is divided into schemes,
in the function of specific vowel alternation, of word roots, of difference
of affixes etc. For example, the first type of verbs contains the verbs
of the first grammatical group (the verbs with the ending ”a” for the
infinitive) and some verbs of the second grammatical group (the verbs
with the ending ”ea” for the infinitive) which conjugate with the suffix
"ez” ( for Indicativ Prezent, Singular, and first person) for example, a
vegea (to watch). This type of verbs has the following characteristics:

e the presence of character "a” at the end of a word in some cases
(Infinitiv, Indicativ Prezent and Conjunctiv Prezent Plural for
some persons, Imperfect, Perfectul Simplu and Mai Mult ca Per-
fectul have the form : theme + ”7a” + affix);

e Indicativ Prezent and Conjunctiv Prezent Singular have the form
: theme + suffix (0/7ez”) + affix, where 0 means that they can
be without a suffix;

e Gerunziu has the form : theme + ”ind”, (note, however, that
this type contains the verbs a muia (to soak), a infoia (to swell),
a taia (to cut) etc., which have the corresponding Gerunziu :
muind, infoind, taind etc.).

The two classes, which correspond to the type of the verb above
mentioned, differ by the suffixes, which obtain Indicativ Prezent Sin-
gular (the suffixes 0 and ”ez” for the corresponding verb from the first
and the second classes). The first class is divided into 15 schemes, the
second — into 4 schemes.

To clearly imagine these schemes, we will study one representative
(Figure 5) in every of 15 schemes from the first class, and its conju-
gation in Indicativ Prezent Singular , which can reflect the difference
of conjugation between these schemes. The consonant and vowel alter-
nations are indicated in the order of their appearance in a word. The
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flexion is obtained by cutting the ending ”a” from the infinitive, and
executing the set of alternations, and by adding the necessary suffixes.

Figure 5

Verb pers.I pers.1I pers.111

alter. affix alter. affix alter. affix
a cinta — — t—t i — a
(to sing)
a cauta a—a — a—a, t—t i a—a a
(to seek)
a arata — — t—t i a—a a
(to show)
a apara — — a—e i — a
(to defend)
a apasa — — a—e, s—s i a—a a
(to push)
a capata a—a — a—a, a—e i a—a a
(to obtain) t—t
a asemana — — a—e i e—ea a
(to compare)
a boteza — — — i — e
(to baptize)
a convoca — — — i 0—0a a
(to convene)
a juca u—o — u—o i u—oa a
(to danse)
a afla — u — i — a
(to learn)
a incuia — — — — — e
(to lock)
a taia a—a — a—a — a—a e
(to cut)
a infoia — — — — 0—0a e
(to swell)
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Verb pers.l pers.11 pers.111

alter. affix alter. affix alter. affix
a muia u—o — u—o — 0—0a, e
(to soak)

Note: in cases 9 and 10 for II person there is the alternation [k] —
[/h], which has the phonetic nature, and graphically has an invariant
form.

Figure 5 shows that every one of these schemes has its specific form
of conjugation.

Analogous is the situation with other types, classes and schemes
of conjugation. The second grammatical group (which contains a
verb with the ending "ea”) contains one class, which is divided into
3 schemes, the third grammatical group (with the ending ”e”) contains
2 types, 3 classes and 19 schemes, the fourth grammatical group in-
cludes one type, which consists of 4 classes and has 15 schemes. As
we see, in [6] the regular verbs set is divided into 56 groups and the
verbs list (about 4000) containing the conjugation scheme number is
annexed. Although serving as an excellent base for the necessary algo-
rithms elaboration, the work [6] has some inaccuracies. For example,
it has no scheme for the verbs sach as a apropia (to draw),a invia (to
revive). It proposes that these verbs are conjugated in accordance with
the scheme of the verb a #ncuia (to lock), which is not correct, because
Indicativ Prezent, I-st person is eu incui (I lock), but — eu invii (I re-
vive). With this consideration, Figure 5 is completed with the following
string:

N  Verb pers.I pers.11 pers.II1
alter. affix alter.  affix alter. affix
16 a invia — i — i — e
(to revive)

Imperativ Singular for the verbs a mingi (to lie), a sim{i (to feel), a
crede (to believe) etc. has a single form minte, simte, crede in [6], but
these verbs have also other forms minti, sim{i, crezi. The verb a insufla
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(to inspire) wrongly is classified in accordance with the conjugation
scheme for the verb a cinta (to sing) etc.

There are some other works on this aspect. For example, [7], where
more verb conjugation schemes are indicated (about 300) in the ma-
jority of cases, if there are a lot of forms for one morfologic category
(including diverse regionalisms and rarely utilized forms). For example,
the verbs a apropia (to bring) and a invia (to revive) in [7] are classified
into different conjugation schemes, because the verb a apropia permits
the forms eu apropi (this is a regionalism) and eu apropii, but the verb
a ?nvia has only the form eu invii. From [7] we extract both forms of
Imperativ Plural for some verbs such as the verb a nagte (to give birth)
(e.g. : nagteti and nasteti) and other specification.

In spite of the said, the work [6] was used as the base. For us
types and classes description is not of a great importance. We have
used in full the information about including a verb into one or other
grammatical group, which is determined in procedural way, from the
verb ending in the infinitive, but for the verbs from grammatical groups
I-st and IV-th the information is necessary whether the verb conjugates
with or without a suffix. Essentially it is the information whether the
verb is personal or impersonal. In the function of an answer it generates
35 or 12 flexions respectively. The answers are obtained from the dialog
with the user of the system. The information about including a verb in
any group corresponds to including it in any type in accordance with
[6], but the division of grammatical group into parts (with or without
suffux) corresponds to classes. Thus, we will investigate 6 classes of
regular verbs and one of irregular (a fi (to be), a lua (to take), a avea
(to have) etc.). For each class, the following procedures were specified:

1. Word-Verbl , that generates the flexions for the first grammatical
group verbs, and that are conjugated without a suffix;

2. Word-Verblez, that generates the flexions for the first grammat-
ical group verbs, and that are conjugated with a suffix;

3. Word-Verb2 — for the second grammatical group verbs;

4. Word-Verb3 — for the third grammatical group verbs;
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5. Word-Verb4 — for the forth grammatical group verbs, which are
conjugated without a suffix ;

6. Word-Verb4esc — for the forth grammatical group verbs, which
are conjugated with a suffix;

7. Word-Verb-Nereg — for irregular verbs.

It is clear, that our division of verbs into 7 classes overlaps the one
from [6], and it is possible to transfer the division into schemes from [6]
into classes in accordance with our division. These schemes are used
in our above mentioned procedures.

3 The consonant and vowel alternations in
speech parts inflexion process

Oune of the declination and conjugation particularities characteristic of
the Roumanian language is consonant and vowel alternations. They
are realized from variations of roots and affixes.

In the process of noun and adjective declination for consonant and
vowel alternations, the following regularities were established for indef-
inite

FI
NS NP
CNA CGD CV CNA CGD CCV

MN — A0 A3 A3 A3
FN — — — A1 Al Al
NN — A2 — A2 A2 A2
MA — — — A4 A4 A4
FA A5 A6 — AT AT AT

A7

and definite forms.
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FD
NS NP
CNA CGD CV CNA CGD CCV
MN — — A0 A3 A3 A3
FN — — — Al Al Al
NN — A2 — A2 A2 A2
MA — A2 — A4 A2 A2
FA A5 A6 — A7 A7 A7

A7

where AOQ is the set of alternation for CV (affix — "le”).
The sets of alternations are the following :

e for masculine nouns MN (Al) :

t—t,d—z8—g x —cs str— gtr, z — j, 1 = 0 (where 0 is
empty affix), sc — st, ea — e, ean — en, at — et, int — int, eaz
— €j, iac — iec, an — en, ian — ien, ar — ar, ia — ie;

e for feminine nouns FN (A2) :

sc — gt, sc — gt, ea — e, a — e, ean — en, ian — ien, &n — en,
ead — ez, at — et, ar — er, ad — ed, ic > el, t — t, d — z, eat
— et, ad — ez, east — egt, asc — agt, easc — egt, ia — ie, st —
st, ar — ar, as — as, | — 0, oas — os, tate — tati, oa — o, ias
— ies, iat — iet, eanc — enc, ianc — ienc, ganc — genc, in — in,
eal — el, jeal — jel, seal — gel, easc — est;

e for neuter nouns NN (A3) :
ea — e, Int — int, an — en, at — et, o — oa, str — str, ia — ie,
as — es;

e for masculine adjectives MA (A4) :

t—>t d—>z s —s x—cs st — gt, xt = cst, z — j, sc — st,
ea — e, ian — ien, ean — en, an — en, eat — et, ead — ez, at
— et, ad — ez, 0s — o0s, est — egt, oal —ol, 1 — 0;

e for feminine adjectives FA :
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e (A5) at — eat, 0 — oa, 0s — oas, et — eat, or — oar, el — ea,
esc — easc, iesc — iasc, iet — iat, e — ea;

e (A6) at — et, ad — ed, int — int;

e (A7) ian — ien, sc — gt, ea — e, ean — en, es — eas, el — ea,
el — ic, an — en, esc — est.

The consonant alternations are present in variations of roots and
affixes. The word root is ended with a consonant or one group of
consonants, which, in inflexing process, are substituted for others.

Examining the sets A1 — A7 we select the following consonant al-
ternations

Figure 6

t / t ex. : burete — burefi, bolta — bolti;

d / z ex. : brad - brazi, coadd — cozi;

® 5/ §ex.: urs — urss

(s)c / (), (s)c / ()t ex. : puscd — pusti, muscd — muste;

>

s(t)/ s(t), s(tr) / s(tr) ex. : artist — artigti, ministru — minigtri;

e 7z /jex.: obraz — obragi

1 /iex.: cal - cai, gol — goi;

x / cg ex. : sfinz — sfincsi, fix — ficgi.

Comparing the set of consonant alternations examined above, which
are based on the graphic principle , to those, which are based on the
phonetic principle (examined in [4]), we found that they differ in the
following consonant alternations :

e ¢/ ciex. : sdrac — sdraci, ac — ace;

e g / giex. : varga — vergi, cirlig — cirlige.
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These alternations from the graphical point of view are identical,
therefore they are not examined for automat inflexion.

The vowel alternations can be both inside the root and in affixes,
obtained in the process of word inflexion. They are produced both in
tonic (stressed) and in atonic (unstressed) syllables . There are the
some examples of vowel alternations [4]. (Note, that ” > 7 denotes the
stress in word.)

1. The vowel alternations occuring in the tonic syllable :

e a’ /e ex.: baia’t — baie’ti, sa’rpe — se’rpi;
e & /€ ex.: wa’r— ve'ri, ma’r — mer
o 1" /1 ex. : cuvi’nt — cuvi'nle, vi'na — vi'ne;
e &’ /a ex.: ca’lle — ca’i, la’mpa — la’mpi;
e 02’ / 0’ ex. : soa’re — so’ri, moa’ra — mo’ri
e 0 /oa’ex. : ogo’r — ogoa’re, To’d — roa’de;
e ca' /e ex.: crea’sta — cre’ste; sea’rda — se’ri;
o 1" /i’ ex. : mi'nd — mii’'ni
e ¢’/ 1 ex. : fugare’t — fugari’{a;
e ¢’/ ea ex. : des — dea’sa.

2. The vowel alternations occuring in atonic syllable:
e 4/ eex.: si’'mbata — si’mbete;
e 0/ oaex. : miglo’c — mijloa’ce.

3. The vowel alternations presupposing the stress place changing;:

o /uex.: so’ra — suro’ri, no’ra — nuro’ri.

If we can determine, in procedural way, the atonic or tonic syllables
in a word, then the word inflexion process automation problem from
vowel alternations point of view can be solved completely. But unfor-
tunately, it is difficult (or may be impossible) to indicate the procedure
of stressed or unstressed syllables determination.
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We can divide the set of vowel alternations into three groups :
absolute and partial regularities, and irregularities.
The absolute regularities are the following;:

e common for nouns and adjectives : ea — e, ia —ie ;

e for nouns : 4 — e;

for neuter nouns : 0 — oa;

for adjectives : 0 — oa, e — ea, ie — ia.
The partial regularities are the following:

e common for nouns and adjectives : 1 — i;
e for feminine nouns: a — a, a — e, oa — o.

The rest of vowel alternations belongs to the irregularities.
Some roots may be affected by both vowel and consonant alterna-
tions. Their possible combinations are pictured in the following figure:

Alt.vowel. a’/e’ 1T/i a’/a’ o’Joa’ e'Jea’ &dfe e/a
alt.conson.

t/t o+ o+
d/z + +
s/s

st(r) /5t(r)

sc/st

2/]

1/0 +

+ +

+ o+

+ o+ o+

We made some conclusions :

e The masculine nouns do not have vowel alternations, but only
consonant ones, mentionated above.

e The feminine nouns have both vowel and consonant alternations.

e The neuter nouns are affected only by vowel alternations.
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4 The nouns and adjectives inflexion proceed-
ing

The nouns and adjectives inflexion proceeding is the following.

The word for inflexion is introduced, for it the speech part of this
word is indicated. If the word is a noun, then the gender and the
number are specified. For this word the base form — FI,CNA and
NS — is indicated. The division of the word into a root and an affix is
made in the following way. The affixes specified in Figures 1 — 3 are
arranged in the decreased order of their lengths. For each affix a special
procedure of noun inflexion is selected. In the word it finds the affix in
the decreased order of length. If it coincides with the one specified in
Figures 1 — 3, then the corresponding procedure of inflexion is called.
In the process of inflexion in automat way it should be produced the
consonant alternation (in accordance with Figure 6).

The vowel alternations, which are absolute regularities both for
nouns and for adjectives (ea — e, ia — ie) are made without a dialog,
but for the alternation 1 — i, which is a partial regularity, the dialog is
necessary. ( For example: tinar — tineri, pamint — paminturi).

The vowel alternation which is characteristic only of nouns and
which is an absolute regularity (in the majority of cases) & — e it is
made without dialog.

For feminine nouns we can distinguish the following vowel alterna-
tions, which is a partial regularity: a — a a, — e, oa — 0. The necessary
alternation is selected by means of dialog. For example: cand - cani,
masda — mese, floare — flori, but for examples: casd — case , masd -
mase, coasa — coase a dialog is necessary.

The masculine nouns do not have vowel alternations, but only con-
sonant ones, mentioned above (Figure 6). Therefore the inflexion of
masculine nouns is carried out completely automatically. Naturaly,
the special processing is necessary for a finite set of irregular words,
e.g. tatd, popa etc.

For neuter nouns we can specify the following vowel alternations,
which are absolute regularity : o — oa. For example: cojoc — cojoace.
The problem of this alternation is solved automatically. Here the dialog
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is necessary to determine the ending of Plural (for instance, muzeu -
muzee, scaun - scaune, dulap - dulapuri, zmeu - zmeie).

The help of the user is necessary for inflexing a word containing any
irregularity. The system proposes some flexions to be examined and
corrected. For example, the word ”om” will be declined by the system:

FI: NS : CNA - om, CGD — om, CV — om;

NP : CNA - omi, CGD — omi CV — omyi;

FD : NS : CNA - omul, CGD - omului, C'V — omule;

NP : CNA - omii, CGD — omilor, CV — omilor.

The user will make the corrections for F1 NP CNA,CGD and CV:
the omi will be changed in the oamensi, but for FD NP CNA,CGD
and CV: omii and omilor will be changed respectively in oamenii and
oamendlor.

If a word is an adjective, then the base form — FI,GM,CN A and
NS - is indicated. The word division into a root and an affix is made
in analogous way, as in the case of a noun. All affixes of adjective
are arranged in the decreased order of their lengths (Figure 4). The
procedure of selecting a possible affix is analogous to that one for a
noun. If an affix coincides with the one in Figure 4, then we call the
corresponding procedure for adjective declination. The consonant al-
ternations were produced (in accordance with Figure 6) without dialog.

For adjectives the absolute vowel alternations are realized automat-
ically, the rest need a dialog. For example, the dialog is necessary for
the following vowel alternations, which are a partial regularity: a — &
a, — e, oa — 0. These alternations are frequent for adjective inflexion
(for feminine gender forms). For example: frumos — frumoasd, nobil -
nobila, des — deasa, dens — densda, maiestru — matiastra.

The problem of irregularities of vowel alternations for adjectives is
solved in the same way as for nouns.

5 The procedure of verb inflexion

We show now how the procedure of verb inflexion works examining the
activity of one more complicated module Word-Verbl.
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The result of every procedure work is the list L of complicated
structures, which contains the information for different speech parts.
The procedures of this complex complete the fields :

e Prt — speech part, in our case this is constant Verb;

e Wrd — the verb for conjugation in the infinitive (from which we
will obtain the generated flexions);

e Generator — the procedure number, which conjugates this indi-
cated word, in our case these are the procedures 1-7 (look 2.3).

The fields, which determine the grammatical categories of flexions
for verbs are :

e Personal — in this field we introduce the information if the verb
is personal or impersonal (the user answer);

e the Mood,Tense, Person fields indicate corresponding mood,
tense and person) and are completed in the function of gener-
ated flexion.

The list L (in the majority of cases) contains 35 of elements (In-
finitiv — 1, Indicativ Prezent — 6, Perfectul Simplu — 6, Mai Mult ca
Perfectul — 6, Imperfect — 6, Conjunctiv Prezent — 6, Imperativ — 2,
Participiu — 1, Gerunziu — 1). Some verbs of Imperativ Singular or
Plural have a lot of forms, more than 2. For example, the verb a veni
(to came) for Imperativ Singular has the forms vino, vin, vind, the verb
a nagte (to be born) for Imperativ Plural: nastefi, nagteti. There is
an analogous situation for Conjunctiv Prezent, 11I-rd person for some
verbs which have 2 forms. For example, the verb a da (to give): sa
dea, sa deie.

For impersonal verbs there are only 12 flexions.

We describe the implementation of procedures using some functions
of the TURBO-PASCAL designated for processing the strings :

e Length (S) — it indicates the string S length ;
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e Copy (S,n,k) — gives subsrting of length k from string S from
position n ;

e Insert (S1,S5,n) — the string S1 is inserted to the string S from
position n;

e Delete (S, n, k) — in the string S from position n k characters are
deleted.

These means are sufficient for the realization of the schemes of
conjugation (look 2.3, Figure 5).
Let us introduce the notion of ”word root”.

Definition 1 The word root is calculated by the formula :
R = Copy(S, 1, Length(S) — k),

where S is the string which contains the infinitive of conjugation verb,
k = 2 for the verbs of the second grammatical group (with the ending
’)ea”)
2
k =1 for the rest of the verbs.

If in the verbs conjugation process in the word root there are the
consonant or vowel alternations, then we obtain some roots, which we
denote with R, R1, R2, R3, ...

The set of affixes consists of 6 strings which are annexed on the
corresponding root for I — VI persons (we consider that I — III is for
the singular number and IV — VI — for the plural) for obtaining the
flexions. For example, to realize of the conjugation scheme of the verb
a cinta (to sing), R = "cint” the affixes set for forming Indicativ Prezent
(77,717,787, 7am”, "ati”, ”4”) is annexed, but for the forming, for
example, Indicativ Imperfect it is necessary to have the set ( "am”,
7ai”, 7a”, 7am”, 7ati”, "au”) etc. Realizing the conjugation scheme of
the verb a cduta we obtain the roots R = "caut” and R1 = "caut”.
With the procedure Proc_Affix (S1, 52,53, 54,55, 56) we prepare the
sets of affixes for both roots. The parameters of the indicated procedure

are the necessary set of affixes. We call the procedure
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Proc_It (kon, kon+n, Pers, Mod, Timp: integer; Rd: string)

as often as required. During one call the procedure includes in
structures array described above, the elements with numbers kon, kon+
1,kon+2,....kon+n. The fields Wrd will contain the flexions obtained
from roots, which are transmitted by parameter Rd, adding the set of
affixes in accordance with the parameter indicated by Pers. The fields
Person will contain Pers, Pers + 1, Pers + 2,..., Pers 4+ n, but the
fields Mood and Tense are completed with constants transmitted by
the parameters Mod and Timp (respectively). We know, that for the
generation of any flexion for any tense in accordance with the scheme,
corresponding to the verb a cinta, it is sufficient to call the procedures
Proc_Affiz with the set of affixes, in accordance with the given flexion
(with the specified categories), and Proc_It once, because the word
root for this given scheme is one for all cases of the necessary morfo-
logic categories. We can remark the following. One question may arise:
why do we use for the verb a cinta one root sufficient for proceeding
flexions, if there exists another: cin{ (eu cint, tu cingi)? The answer
is the following: the consonant alternations t—t, d—z, sc—st, st —st,
sc—st, which is necessary to be executed, to obtain the flexions for II-nd
person, Indicativ Prezent Singular and Conjunctiv Prezent (sometimes
and the flexions for III-rd person, for example, eu urasc, tu urasti, el
uragte) are automated by two auxiliary procedures. This is possibly
because these alternations do not depend on the scheme of the conju-
gated verb, but only on the presence of one from the left parts for I-st
person Indicativ Prezent Singular. These are the unique alternations
which do not require the introduction of a new root.

Let us recall the verb a cauta. The set of affixes for Indicativ
Prezent is same as for the verb a cinta. The call for the procedure
Proc_It will be the following:

Proc_It (kon, kon+2, Pers, Mood_Indic, Tense_Prezent, R1);

Proc_It (kon, kon+1, Pers, Mood_Indic, Tense_Prezent, R);

Proc_It (kon, kon, Pers, Mood_Indic, Tense_Prezent, R1).

In this way we obtain all the flexions of the conjugated verb, but
with the exception of Imperativ, Participiu and Gerunziu. For the
latter cases we use a special procedure
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Proc_Alt_Timp (Pers:integer;

RPart, Suf Part, RGer, SufGer : string; Var L : Itemlist),

where Itemlist is a type of structures list L mentioned above.

By parameter Pers we transmit the information about Imperativ:

if Pers = 2 then Imperativ Singular has only 2 forms, which coin-
cides with Indicativ Prezent Singular II-nd person and Imperativ Plural
which coincides with Indicativ Prezent Plural II-nd person;

if Pers = 3 then it has only 2 forms, but Imperativ Singular coin-
cides with Indicativ Prezent Singular I1I-rd person;

if Pers = 5 then Imperativ Singular has only 2 forms, one of which
coincides with Indicativ Prezent Singular II-nd person, but the second —
with Indicativ Prezent Singular I11-rd person, and the Imperativ Plural
— usually — coincides with Indicativ Prezent Plural II-nd person.

The parameter RPart obtains the value of the root, which in con-
catenation with the parameter SufPart, forms Participiu, but the
parameter RGer in concatenation with the parameter SufGer forms
Gerunziul. At the end of this procedure an array of structures It for
all verbs flexions is linked into list L (this list was mentioned above),
which will be transmitted to other procedures.

In this manner the conjugation schemes are realized. But it is
not easy as it seems at the first sight. There are many exceptions
even within one scheme limits. For example: the verb a scadea (to
subtract) is conjugated as the word a cddea (to fall), however Imperativ
Singular of the verb a cddea coincides with Indicativ Prezent Singular
II-nd person — cazi, but the verb a scddea has Imperativ Singular —
scade, which coincides with Indicativ Prezent Singular I1I-rd person.
These exceptions were considered diuring the programming of the given
conjugation scheme. Unfortunately these exceptions are not always
indicated in [6]. Some collisions were deleted consulting [7, 8]. Another
difficulty is the formalization of the verbs set description which refers
to one or another conjugation scheme.

Let us introduce the notion of ”"root predaffix” and consider the
example of this formalization.
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Definition 2 Predaffiz with the length n (n <= Length(R)) is the
substring Copy (R, Length(R) — (n — 1),n), i.e. it is the root R "tail”
of length n.

The verbs conjugation schemes a tdia (to cut), a infoia (to swell),
a muia (to soak), a apropia (to approach) have a lot of common propri-
eties and they differ greatly from other conjugation schemes. Therefore
these schemes are joined into one case .

1. If predaffix of the length 1 is constant 7i”, then 2 affixes sub-
sets variants appears for forming Indicativ Prezent ( we examine
namely it, because other flexion tenses forms are realized very
easyly) :
if R[Length(R) — 1] does not coincide with one of the characters

Ma?” N N N 739
bl

a”, "u”, 70", 7e”, then we use the following set of affixes : ”i
” i??, 776”, 77em77’ 77ati77’ 77e77;
else (if it coincides) — it uses the following set : 7 7,7 7, 7e”, 7em”,
7ati”, 7e”. To clarify the set of roots we have to remember the

definition of root R and we can examine the following subcases:

e if predaffix of the length 3 coincides with string 7tdi” (for
example: the verbs a tdia, a stratdia etc.), then we obtain
again one new root (R1), substituting the last vowel ”7&” for

M ar.

a’;

e if R[Length(R) — 1] coincides with character "0”, then we
obtain the root R1 = Insert(”a”, R, Length(R));

e if R[Length(R) — 1] ="u”, but R[Length(R) — 2] does not
coincide with some of the characters "¢”, 7e¢”, "{” and R #
“impui”, the root R1 is obtained on the substitution of the
character "u” with 70”;

e the rest of verbs from this case have one root.

The procedure Proc_It remains to be used correctly (for each
case in a special way).
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2. Let us consider how to formalize the verbs set which conjugates
in accordance with the verb scheme a afla (to hear) and to obtain
Indicativ Prezent. The formalization of this set is made in the
following way. If the predaffix of length 2 coincides with one of
the strings "FL”, ”CR”, ”PL”, "NU”, "TR”, "BL”, "RL”, " TU”
(for example: a insufla (to inspire), a consacra (to consacrate),
a contempla (to contemplate), a intra (to enter), a umbla (to
walk), a urla (to howl), a continua (to continue) and so on), then
the affixes set will be : "u”, ”i”, 7a”, "am”, "ati”,”a”. The roots
set (with the exception of the verb a ldtra (to bark), which has 2
roots : R ="latr” and R1 = "latr”), consists of one element and
consequently forms Indicativ Prezent by procedure
Proc_It (kon, kon+5, Pers, Mood_Indic, Tense_Prezent, R).

For the verb a latra we obtain two roots and the procedure Proc_It
is called in a analogous way as in the case of the verb a cauta (to
look for ).

3. The verbs which conjugate in accordance with conjugation
scheme of the verb a apasa (to press) have to satisfy the con-
dition: the predaffix of length 3 has to coincide with the one of
the strings "PAS”, "FAS”, "FAT”, "BAR”, "MAT”, "BAT”,
"VAT”, "FAT”, ARS”, "PAL”, or "SAL”. For example, the
verbs a invata (to study), a infasa (to swaddle), a varsa (to spill)
and so on.

4. The verbs set, for which verbs conjugation schemes coincide with
those for the verb a capata (to receive), satisfies the following
condition :

(Length(R) > 3) and (R[Length(R) — 1] = 7a”) and
(R[Length(R) — 3] = "a”) or (R[Length(R) — 4] = "a")).

For example, the verbs are a catara (to climb), a vatama (to
harm), a scarmana (to snatch), a scapara (to sparkle) and so on.
5. If the predaffix of length 3 coincide with the one of the follow-
ing strings "PAD”, "MAN”, "TAN”, "PAN”, "MAT”, "ZEM”,
"PAR”, ”RAT”, "MAR” (and this condition is verified after case
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3),then the verb is conjugated in acordance with the scheme for
the verb a asemana (to compare).

For example: the verbs are : a depana (to spin), a fremata (to
rustle), a pieptana (to comb), a rezema (to lean), a lepada (to
drop), a legana (to rock) and so on.

Besides those cases, other 5 sets are distinguished in analogous
ways, but the corresponding conditions are much longer, therefore we
do not indicate them here.

The rest of the verbs from the first grammatical group (which does
not satisfy the conditions of these cases) conjugates in accordance with
theb conjugate scheme of the verb a cinta (to sing).

It is necessary to note again that within each conjugation scheme
limits (i.e. within the mentioned 10 cases limits) the subcases, which
reflect the conjugation specific features of some verbs subgroups, are
selected. For example, the verbs a cafara (to climb), a vdicara (to
lament), a vatama (to harm), a taragana (to dally) (it may be other)
which belong to the 1I-nd case, for Indicativ Prezent 1I-nd person Sin-
gular, do not substitute the last but one vowel 7a” for "e” (catari,
vatami and so on), but for the this case the rest of the verbs have the
vowel alternation a— e (capeti, scarmeni).

Consequently we concluded that the formalization of cases and sub-
cases is a rather difficult problem, moreover if we consider the develop-
ment and extension of a natural language, the usage of different forms
with the same grammatical categories (for example: comenzi and co-
manzi), then it is clear that the results of the program’s work must
be examined and corrected if it is necessary by the user and only after
that the word-forms are included into a dictionary.
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