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Abstract

In this paper, we put forward a version of a Generative Transformational Grammar (GTG),
for the Modern Greek Language (MGL) Processing, which is used for the development of a
Computer-Assisted Modern Greek Language Learning (CAMGLL) Method. This suggested
Grammar, composes of the Template Grammars (TG’s-generative dimension), the Basic
Modern Greek Computational Multilexicon (BMGMLX) with its algorithms (transformational
dimension). The model of this suggested Grammar is based on the structure and function of the
MGL System, that is, MGL components, relations and functions of which it comprises. Thus,
the teaching of the Grammar Code of the MGL is approached by the modern linguistic and
communicative perception (Holistic Approach) with which morphology and syntax, forms and
functions are inseparable. Furthermore, the suggested Grammar is able to parse and generate
Modern Greek Sentences', in the framework of an Open Educational Environment where
learning is experimental, creative and cooperative. The contents of the computational lexicons
of the BMGMLx and the production rules of the TG’s are suitably selected and enriched in
order to use, firstly, words of themes and meanings from communicative areas, secondly,
their dominant semantic combinations and thirdly, the commonly used morphological and
syntactical rules. All these contents are functional for the basic forms of the communicative
written MGL (Communicative Language Teaching Method). The Computer-Assisted Modern
Greek Language Learning method based on the suggested Grammar can be used either in a

classroom at school or by Internet correspondence, for teaching MGL as a native or foreign

language.

1. Introduction

The reason for analyzing a Modern Greek Sentence, as it occurs in a sentence in every natural
language, is understanding its contents, which means, identifying various actions, as well as
the attributes that characterize the agents, the actions, and the recipients of these actions, for
further use, for example in language teaching. Thus Modern Greek text processing
presupposes: (a) the formalization of the MGL data, which are the vocabulary of the
language, the syntax rules, the morphology rules and the semantic rules, i.e., the components,
the relations and the functions that compose the structure and function of the MGL System,
(b) Modern Greek text syntactic analysis or parsing, whereby each Modern Greek Sentence of

! When referring in this paper to the Modern Greek Sentences, we mean the whole (axéporeg=akerees)
and main (k0pieg=kyries) sentences,



the text is “delinearized”, i.e., a tree structure is extracted from the words which make up the
sentence. This tree structure describes the role of each word in the Modern Greek Sentence. In
parsing, the central role is played by the Grammar which is a device for giving the
specifications of Modern Greek Sentences. However, the mechanisms of the structure and
function of the MGL System lead to form this procedure for the MGL. In fact, the referred
mechanisms form the required Grammar since it is a system which describes the ways of

forming acceptable Modern Greek Sentences [1,4].

The MGL mechanisms are generative, that is, its application leads to the generation ..

and the parsing of the syntactic structure of Modern Greek Sentences, which are classified” as
simple, compound, amplified and compound-amplified [1,2,3,4,5]. These mechanisms are
transformational whereby from every syntactic structure arises an infinite number of Modern
Greek Sentences, using the appropriate sets of words and transformational rules each time.
Applying the transformations to each word of the constructing sentence, the words form® the
appropriate morphological type according to their syntactic role and comply with the rules of
their semantic agreement. There are many and composite transformations as the MGL is an
inflectional language. Similarly, in parsing a Modern Greek Sentence, the syntactic role of its

words is found, i.e., Modern Greek Sentence syntactic structure.

In inflectional languages, the grammatical relations are expressed by declension, i.e.,
word suffixes, rather than the syntagmatic order of words or by the prepositions, as it occurs
in the non-inflectional or in the semi-inflectional languages, like the English Language (EL)
[1,4,21]. For example , in the EL a sentence which consists of a subject, a verb and an object
can be expressed correctly, without having its meaning changed, only according to the pattern
SVO; however in MGL, this sentence can be expressed correctly, having its meaning
unchanged, according to the following six patterns: SVO, VSO, OVS, SOV, VOS and OSV.
Thus the basic feature of MGL is that the syntactic relations are indicated by the case (see
footnote 3). However, the semantic agreements which are held between the lexical items
correspond to the semantic relations held between Subject-Verb, Verb-Object, and so on, in a
sentence [1,4,5]. Hence, the semantic relations in MGL indicate the interdependence of
syntax, semantics and morphology. Moreover, we note that specific word class or word

classes are provided for each syntactic role.

Many schemes have been proposed for the natural language processing, which

displayed certain inadequacies. It should be noted that such inadequacies were observed and

? As provided by the Modern Greek Syntax as it is taught at the Secondary Education Level .

* This in the Modern Greek Syntax, is expressed as follows: “the words irrespective of order found in a
sentence and according to their syntactic role form their appropriate morphological type”; evidently
complying with the rules of their semantic agreement.



recorded primarily in the case of the EL, which differs considerably from MGL, as mentioned

above [14,15,16,17,20,21].

In recent years, a certain amount of research has appeared in the MGL processing.
This research is usually orientated towards certain ranges of MGL processing [13,18,19,22,
23,24,26].

A method which addresses the full range of MGL processing, from the lexical level to
the semantic one is a version of GTG’s, whose model is composed of the Template Gram-
mars (TG’s-generative dimension), the Basic Modern Gréek Cornputational Multilexicon

(BMGMLx) with its algorithms (transformational dimension) [1,2,3,4,5,6,7].

Template Grammar is a modified version of the Grammar of Chomsky’s hierarchy.
This modification requires that by definition the production rules, which are finally syntactic
structure rules, be grouped to templates of rules, producing the syntactic structure of the
Modern Greek Sentences. The production rules are internationally established as phrase
structure rules, mainly used for the English language processing. The syntactic categories of
the inflectional MGL designate grammatical functions, which are inherent relation notions,
rather than grammatical categories and express the interdependence of syntax, morphology
and semantics [4,5]. In addition, results in the production and parsing an intermediate,
abstract language of syntactical categories of MGL. This language is free of morphological
rules and meanings having the same structure as Modern Greek Sentences and defines a
Pattern Language, that is the Language of Syntactic Categories of MGL. Pattern Language is
a formal language simply processed. The Template Grammars take on a special importance as
an efficient tool for parsing and generating Pattern Language Sentences with the introduction
of characteristic exponents. The characteristic exponents characterize the structure of the
Pattern Language Sentences and map them to the corresponding templates of grammar rules
which generate them. The characteristic exponents are strings of integers which are easily
extracted and recognized. The characteristic exponents allow to find directly the template of
generation of the Pattern Language Sentence which is proposed and hence the category of
sentences where the individual sentence belongs avoiding the time consuming searching

methods [1,2,3,4].

The Basic Modern Greek Computational Multilexicon (BMGMLX) is a system of
computational and interconnecting lexicons which consists of recorded data concerning the
vocabulary, the syntax, the morphology and the semantics of MGL. The BMGMLx for every
word it contains and by means of its algorithms, can recognize or give any information about
the word morphology and the word semantic agreement with other words in accordance with

its syntactic role each time. This information is utilized by the algorithms of BMGMLx which



describe “what has to be done” so that: (a) given the syntactic structure and chosen words to
be transformed into an acceptable Modern Greek Sentence and (b) given a Modern Greek
Sentence, the syntactic roles of its words and structure are pinpointed. In other words, the
generative and transformational MGL mechanisms are finite rules which are expressed by
algorithms. These algorithms recognize Modern Greek words, generate and parse their forms

and their semantic combinations as well as Modern Greek Sentences [1,4].

According to the suggested Grammar, a Modern Greek Sentence is converted to the
corresponding. Pattern Language Sentence by means of the BMGMLX, its algorithms and .
Template Grammars (TG’s). The resulting Pattern Language Sentence is expressed in the
normal order of its syntactic categories as the Modern Greek Syntax deﬁnes; irrespective of

its corresponding position of words in a given Modern Greek Sentence [1,4].

The proposed GTG as it is based on the structure and function of the MGL System
continues the uniform perception of the GTG’s of Noam Chomsky, where his model
composes the morphological structure and the syntactic function of the language due to the
semantic agreements of the words of the sentence [8]. Furthermore, the possibilities which
derive from the realization and application of the suggested GTG in the teaching of the MGL
guide the teaching of the Grammar Code of the MGL according to the modern linguistic and
communicative perception. Based on these perceptions, morphology and syntax, form and

function are inseparable; these principles are expressed by the Holistic Approach [12,28].

Moreover, the teaching of the morphology and syntax assisted by computer
technology and the proposed Grammar is done without the pressure of rules and complex
phrasing. Hence, the morphological and syntactic rules are presented in a simplified way
through the emphasis on the production and parsing of commonly used Modern Greek
Sentences of themes and meanings from communicative areas, in an Open Educational
Environment. Thus the Communicative Language Teaching Method is followed. The
BMGMLx with information it provides and is available at any time, makes the learning result
more effective and efficient since it minimizes the metalanguage of morphological, syntactic
and semantic rules of the MGL. In addition, the BMGMLXx provides the necessary self-
sufficiency for the user not to resort to other means of electronic or printed matter when

finding language phenomena.

We note that, the proposed GTG is principled, computationally efficient, descriptively
adequate. for our purposes and introducing a. MGL learning/teaching method. development.
Thus, the proposed GTG constitutes a Grammar Framework which allows for an accurate
computational implementation and may form the syntactic component (Expert Module) of an
Intelligent Computer-Assisted Modern Greek Language Learning (ICAMGLL) Method [9].



2. A Modified Version of GT Grammars for MGL Processing

2.1 Template Grammars and Characteristic Exponents — Generative Dimension

The application of Template Grammars in MGL processing led to the TG, TG,, TG; ko
TG, with which the syntactic structures of the simple, the compound, the amplified and the

compound-amplified sentences correspondingly are produced and parsed [1,2,3,4].

For example the TG, is defined as: TG=(Vm1,V11,P1,S), where: Vy1={S,A,B,C},
Vle{a,b,C,g}, PI:{PI,I: p1,2}: Wlth pl,l:{s_)AB: A_>ae B“')b}and pl,2:{s_>ABs A_)a:
B—gC, C—c} [1,2,3.4].

We note that:
e S=<<simple_sentence>>,A=<<simple_subject>>B=<<simple_predicative>>,C=<<simple

_predicate>>, a=<subject>, b=<predicative_verb>, c=<predicate>, g=<conjunctive verb>,

® p;; and p;, are the templates of production rules which produce the syntactic structures of

the simple sentences,

e The production rules of p;; and p;, are the formalized syntactic rules, by means of the
metalanguage BNF [1,2,3,]. Thus:
<<sentence>>:=<<simple_sentence>>,
<<simple_sentence>>::=<<simple_subject>><<simple predicative>>,
<<simple_subject>>::=<subject>,
<<simple predicative>>::=<predicative verb> |
<conjunctive_verb><<simple predicate>>,

<<simple predicate>>::=<predicate>.

The TG, produces the language L(G,}={ab, agc}. The Pattern Language Sentences ab

and agc are the patterns for an infinite number of Modern Greek Sentences.

Similarly TG, TG; and TG, are defined. We note that the templates of P; are twenty.
However the templates of P; and P, are many because of the great variety of the MGL
modifiers and their combinations. In our research, the commonly used types of amplified and
compound-amplified sentences are included. These have a high rate of frequency in the
Modern Greek texts. P; and P, are extended in the course of the research and the application

of the proposed method [1,4].

The formalization of the syntactic structure rules of Modern Greek Sentences for

processing led to [1,2,3,4]:

¢ Although one TG could be defined describing all the Modern Greek Sentences syntactic structures,
we introduce four distinct TG’s each for every Modern Greek Sentences category so it achieves a small
number of variables for each TG and greater transparency of the Pattern Language Sentences produced
by the same template.



1. the substitution of the categories NP (Noun Phrase), VP (Verb Phrase), Art (Article), N
(Noun), etc., of the phrase structure rules with the MGL syntactic categories <subject>,
<predicate >, <predicative_verb>, <conjunctive_verb>, etc. of the MGL syntactic rules. The
syntactic categories of the inflectional MGL simplify MGL processing since they are
grammatical functions and express the interdependence of syntax, morphology and semantics.
Thus, these functions in every syntactic category correspond to semantic’ acceptable word in
its acceptable morphological type and vice versa. On the contrary, the grammatical categories
are insufficient for MGL processing since the syntactic roles of words which are provided
depending on their order in a sentence do not consist in any case of sufficient condition

detected in the syntactic roles in Modern Greek Sentences.

2. the generation and parsing of an intermediate and abstract Pattern Language, called
Language of the Syntactic Categories. Pattern Language Sentences having the same structure
as Modern Greek Sentences define Modern Greek Sentences deep structure, i.e. deep
structure of Modern Greek Sentences is identical to the syntactic structure of Modern Greek

Sentences and free of meanings.

3. two different Modern Greek Sentences that is two different surface structures as we define
can have either the same deep structure, if having the same syntactic structure, or different
deep structure, if having different syntactic structure. Pattern Language has formal language
features and behavior which is easily programmed. These affect the acceleration of Modern
Greek Sentences processing since they simplify the formalization, the generation and parsing
of the Pattern Language Sentences, detecting directly the template of its production rules by
means of the characteristic exponents. The characteristic exponents are strings of integers
which are easily extracted and recognized. The characteristic exponents characterize the
structure of the Pattern Language Sentences and map them to the corresponding templates of

which generate them avoiding the time consuming searching methods.

For example (see Table 1) :

a) The characteristic exponents of the Pattern Language Sentence ab is the string k,p;,p2 =
0,1,0, and the characteristic exponents of Pattern Language Sentence agc is the string K,p1,p2,A
=0,0,1,0.

b) The template p;, generates the unique Pattern Language Sentence agc.

c) The template p,;s={S—AB, A—aAvalAua, B—>gec, C—Cuc}, is one of the templates

which generates the syntactic structures of the compound sentences. p, s generates the class

5 The interdependence of syntax and semantics is indicated by the semantic relations between Subject-
Verb, Verb-Object, and so on. We note that, similar to the semantic relations between the syntactic
categories in Pattern Language Sentences (deep structure), the semantic agreement is defined between
the lexical items in the corresponding Modern Greek Sentences (surface structure) [1,2,3,4,5,6,7].



of Pattern Language Sentences a(v'a)u'a'gc(vic)*u'c’, where i=0,1 and k, A >o, that is, p, s
generates more than one Pattern Language Sentence, e.g.,

for ®,1,-,J,K,P1,P2,M1,-4,A = 1,1,-,1,1,0,1,1,1,-,1,1 the corresponding Pattern Language Sentence
is avauagcvcucs,

for K,i,-,j.K,P1,02:M 15510 = 2,1,-,1,1,0,1,2,1,-,1,1 the corresponding Pattern Language Sentence

is avavauagcveveue, and so on..

Structures of
Teraplates Syntectic
of Ca.t:g;nes Characteristic Exponents
Symtactic Classes of
Structures of
Rokes Symtactic
Categories L I 6 8 L 6 o o L - TR - Y o S g R 6 4 O IR 51
P ab 0 1 0
Pz agc ] (R I S
Pux ' | afveuaigetvicruic | =0 {01 |- [1]1 0|1 |=0|0on|-|1]|1
Pin’ | abe; 0 1|0 1
Pan’ | adi(ved)ui(ed)b |sofon|-{1|1]1]0o

Teble 1: 1. p,=0]1, Oindicetes that the verb is not a predicative verbb, while 1 indicatesthat theverb is a predicative verb b.
p==0]1,70 0 indicates that the verb is not & conjunctive verb g while 1 indicates that the verb is a conjunctive verb g.
x=0,1,2,3, ... indicates that there is 1, 2,3, .. . times the subject a.

%==0,1,23,...indicates that there is 1, 2,3, . . . tirnes the pairad..

A=0,1,2,3, ... indicates that there is 1, 2, 3, . . . times the predicate-c.

1=0,1,23, .. indicates thatthere is 1, 2,3, . . . times the object ¢..

1= 0|1, sirailarly if the punctuation *," ie.v is omitted or nat.

j=0l1, sirnilarly if'the conjunctive, e.g. “and”, Le u is.omitted ornot.

in case that one of iorjdoesn’t belong to the syntactic stracture the dash "-" is corresponded to the CEiorj.

The conesponding templates in details are:

pe= {5+ ABA > dhvaAne, B s ge, C Cuc},

pa={S >AB,A 58 B3bE,E e, },

Pi={5 > AB, A = aD|JAD:vaD |ADuaD,, B =5, D; -d. }.

® (0 0 Mo R Wb

It is proven that in each template corresponds to a unique combination of
characteristic exponents. Also Pattern Language Sentences which belong to the same class of
syntactic structures correspond to unique values of the unique combination of characteristic

exponents [1,2,3,4].

2.2 Basic Modern Greek Multilexicon and its Algorithms -Transformational Dimension

In the proposed model in order to transform the abstract Modern Greek Sentences deep
structure to surface structures, i.e., Modern Greek Sentences, we insert meanings into the deep
structures, following prescribed rules [1,2,3,4,5]. That is, based on semantic specifications,
we attach words to the syntactic categories of a Pattern Language Sentence, converting it in the

beginning into a sentence form with meanings (transformation level of semantic synthesis).

¢ H Exprivn, 1 Zopia Kot 0 Anuritpng eival ppovipor, emuehsic Kot evyevikol
I Irini, i Sofia ke o Dimitris ine fronimi epimelis ke evgeniki
Irini, Sofia and Dimitris are sensible, diligent and polite
is one of the infinite Modern Greek Sentences (surface structure) which corresponds to the Pattern
Language Senetence or deep structure avauagcvcuc.



Then according to the Modern Greek morphological rules, the appropriate types of words in
the sentence form with meanings are formed (transformation level of morphological
formation). Thus, the surface structure or the acceptable Modern Greek Sentence results.

Similarly Modern Greek Sentences are transformed to their corresponding deep structures.

The information which is used in the two transformation levels (obligatory
transformations) is the information which every word is given in Modern Greek Sentences; it
is morphological, syntactical information of the semantically accepted matching, depending
each time on the syntactic roles.of the words in a sentence. This. information which is
formalized, codified and filed define the Basic Modern Greek Computational Multilexicon
(BMGMLx) which is used by its algorithms, as they describe “what should be done” in order
to transform a deep structure sentence into a surface structure and vice versa detecting the

syntactic roles of the words in Modern Greek Sentence.

The BMGMLXx is a system of computational and interconnecting lexicons made up of
four - unit - lexicons of MGL. Every unit-lexicon of this system corresponds to one of the

four different dimensions of the information content, thus [1,4,5]:

1. The Modern Greek Computational Lexicon (MGCLX) contains, in alphabetical order, all
the words that the proposed system recognizes and processes. The contents of MGCLX is

enriched in the course of the research and the application of the proposed method.

2. The Logical Computational Lexicon of Basic Meanings (LCLxBM) and the
Computational Lexicon of Context of MGL (CLxCMGL): The items of these lexicons are
entries of the Modern Greek Computational Lexicon, whereby in the former they are ordered
in a strict succession of meanings of its contents and in the latter are formed in semantic rules.
LCLxBM gives the synonyms and antonyms of words, phrases and idioms of the words of
Modern Greek Computational Lexicon. CLxCMGL produces and recognizes the dominant

semantic combinations of its items according to their semantic relations and agreement.

3. The Modern Greek Morphology Computational Lexicon (MGMCLX) contains all kinds of
morphological information which every word of Modern Greek Computational Lexicon may

hold in order to formulate an accepted morphological type of word or to detect its type.

4. The Modern Greek Syntax Computational Lexicon (MGSCLx), are the prescriptions of
Modern Greek Syntax which provide the agreement of the morphological types of the

sentence terms according to their syntactic role in the sentence.

The morphological formation is the most mechanical phase of the obligatory
transformations, requiring knowledge of Modern Greek Morphology, appropriate recording of

data as well as appropriate codification of its mechanisms and mechanisms of its



interdependencies of Modern Greek Syntax and the items of the Modemm Greek
Computational Lexicon [1,4].

On the contrary, the semantic synthesis is the most difficult phase of the
transformation procedure, mainly concerning the definition, the designing and the
formalization of the semantic rules [5]. The required semantic information is not recorded in a
similar way as the syntactic information, with which the Modern Greek Sentence deep
structures are described. Thus a procedure similar to that of syntax is proposed to be
formulated, whereby from a finite number of dominant semantic rules or semantic criteria of.
matching words, a direct semantic manipulation of an infinite set of words occurs, that is, the
generation or parsing an infinite number of Modern Greek Sentences. Simultaneously, it
provides the ability from the same procedure to minimize the possibility of non-manipulation
of ambiguous meanings, conversely maximizing the possibility of recording and controlling
the possible meanings of words or idioms or common phrases, their synonyms and antonyms.
Generally speaking, the possibility of usage of lexicon provides “the entire lexicon” and its

direct further enrichments.

1.GENERAL 2. SPECIFIC
1.ABSTRACT 2. CONCFETE 3 MATERIAL 4 IMMATERTAL
| | YIAPRH (HYPARXI) 8XGPOL (CHOROS) | 13ANOPTANE YAH 15NOYE (NOUS)
EXISTENCE | SPACE (ANORGANIHYLD) MIND
2. TXETH (SCHESI) 9.ALATTATH (DIASTASD) ﬁgﬁ%ﬁc 16 BOY AHTH (VOULISI)
RELATION DIMENSION | : MIND
3. ENOTHTA (ENOTHTA) | 10. TXHMA (SCHIMA) M?c?ﬁéﬁ“m%%ﬁn 17.PATE (DRAST)
UNIT FORM ORGANIC MATERIAL ACTION
4 TARH (TAXD) 11 ENEPTEIA (ENERGIA) 18 ASIFT, (AXIES)
ORDER ENERGY VALUES
5 TIOROTHTA |2 KINHTH (KINIST) 19 FYN ATOHM A
(POSOTITA) MOTION (SYNESTHIMA)
QUANTITA FEELING
6.AFIOMOL, (ARITHMOS) 20 HBOT (THOS)
NUMBER ETHOS
7 XPONOE (CHRONOS) 21.8EOX (THEOS)
TIME GOD

Table 2: The 21 Broader Basic Units of Meanings-Chapters (BBULI-Ch’s) which aré classified
into 4 sub-categories of BBUM-Ch are also divided into 2 categories of BEUM-Ch.

Thus, to formalize the dominant semantic rules, we adopt the model of the Logical
Lexicon [5]. The material of the Logical Computational Lexicon of Basic Meanings
(LCLxBM) are the items of the Modern Greek Computational Lexicon (MGCLx ) which are
codified with a strict succession of the general meanings and grouped to their partial
meanings including the synonyms, related words and language expressions. Every word

belongs to one of the 21 Broader Basic Units of Meanings-Chapters (BBUM-Ch’s) of Table 2.



Every Broader Basic Units of Meanings-Chapter (BBUM-Ch) includes its general
meanings by which are named Meanings-Chapters (M-Ch’s). For example, the BBUM-Ch
“Yropén” (Hyparxi=Existence) contains 7 M-Ch’s of Table 3.

1 Vropn (Hypard) 2. Avomuplia (Anhyparia)
Existence Mon-Exstence
3 Kordoroon (Katastasi)
Situation
4 Iepiomeon (Peristasi)
Occasion

| 5 Eowmpiodg Kéopog (Esoterikos Kosmos) 6. Efwpuddic Koopog (Exoterikos Kosmos)
Inner World Outer World

7.Eyd (Ego)
Egp

Table 3: The BBUM-Ch“1_YIIAPEH” (HYPARXI=EXISTENCE) contains 7 M-Ch’s.

For every one of its 1500 Meanings-Chapters (M-Ch’s), the words, idioms or
common phrases, which by meaning belong to the same general meaning, are included, and
are classified in corresponding paragraphs. That is, every M-Ch consists of as many
paragraphs as there is of inflected and uninflected words, idioms or common phrases which
appear in the same general meaning. For example the M-Ch “Ynap&n” (Hyparxi=Existence)
contains only the 5 paragraphs of Table 4.

po Paragraphs Words belongs to BMGLx

Bropln (h;rpan_d—‘-e:dé_teme}, vimd oo (hypostasi=

1 xl_noun subsistence), 1o efve (to ine=being), ete.

vy (hyparcho=exist), efjo (ime=be),

2. | «3_intransitive_verb vipioepet (hyfistame=exist), etc.

&ibw vrioreom (dido 'h}rpostasi=lead to existence),

3 | x4 transitive wverb Surnpeh (diatiro=rmaintain), stc.

vmipyEt (hyparchi=there is), zévos (ine=it is),

4 | ¥ impersonal veto Bpirketod (vriskete=it is found), etc.

DROPRTOE (h;iparktcs=eﬁstent), dpyu (hyparchon=exstent),

5 | wb6_adjective vgiotipevog (hyfistamenos=being), etc.

Table 4: The M-Ch “l_Ywopéy” (Hyparxi=Existence) contains only 5 paragraphs,
whete p.o means paragraph order. :

In every paragraph, words are grouped according to the partial meanings where-by

they are recorded and cited directly after the corresponding synonyms and related words. For

10



example, we give some of these groupings according to the partial meanings of the words
where the paragraph “noun” of the M-Ch “Ynap&n” (Hyparxi=Existence) contains the 11
groups of Table 5

pmw.o Words / nouns belongs to BWMGLx

tmpén (hypand=e xistence), vmd oo (hypostasi=subsistence},
{70} etven (to ine=being), ovtdmnoe (ondotita=entity),

onBomapin {aﬁhypan:i&=se]f-existerice), oo A (aftotelia=self-sufficient),
entofut {aftozoi=self-being) , cvmofwin (aftozoia=self-exstence),

3. wpobnepé (prohyparxi=pre-existence), mpoiimd smeom (prohypostasi=pre-subsistence],

4. cwwbmapln (synhypard=coe xistence),

3, ewimupé (enhypand=in-e xstence),

é. SwerAprion (diatirisi=preservation), mopeyov (paramoni=stay),

7 Sukowon (diasosi=salvage), mepicwom (perisosi=save), emPiwor (epiviosi=survival),

8. | 6v(on=being), ovoimoe (ondotita=entity), Adope (plasma=creature),

dmopo (atomo=mdividual), mpdowmo (prosopo=person), wuy (psyhi=soul),
9. xoweig (kanis=anyone), xowéve (kanena=anybody), o1 (tis=somebodsy),
Evayg (enas=soraeone), timoiog (kapios=some),

awtikEipevo (andikimeno=object), mpdy o (pragma=thing),

10- | eim (kati=sorething), 1imo7= (tipote=ansthing),

11. | ovwmwdoyiz (ondologie=ontology).

Table 5: The 11 groups according to the partial meanings of the words (pmw) which the
paragraph “1.noun” of the M-Ch*l_¥Ymap&n™ (Hyparxi=Existence) contains, where pmw.o
means partial meaning word order. ;

For instance the verb “pehetd”’ (meleto=study) is the first verb of paragraph “x2.17,
i,e, “2.verb(transitive-intransitive)” of the 828 M-Ch “Mdfnon” (Mathisi=Learning) of
15_BBUM-Ch “Notc” (Nous=Mind). This verb and all its synonyms and its relations, which
belong to the same paragraph, are accepted semantically as subject of any word of paragraph
“k.1” i,e, “l.noun” belongs to one or more M-Ch’s having further the semantic feature
“avBpdmvo_6v” (anthropino_on=human_being). We define as semantic category of the MGL
all the words that belong to the same paragraph of one or more M-Ch’s and, in turn, each time
can substitute a specific syntactic category with a specific combination of words in a sentence

form with meanings [1,4,5].

We note that the semantic categories may be defined, apart from the grouping of

words of the same paragraph, also by groupings of semantic categories always being based on

7 this verb has multiple meanings, this example refers to one of these meanings, similarly this applies to
the other meanings as well.

11



a common semantic feature which acts as a semantic prescription of substitution of the
specific syntactic category from the pool of words of the paragraph which they belong to.
These groupings concern all types of paragraphs of the M-Ch [1,4,5].

The semantic category is represented by the unaccentuated Greek word, which
specifies the common feature that groups words, in the pair <...>. There are no specific rules
but only principles that lead to the definition of semantic categories. A sample of noun
paragraph grouping belonging to a multiple M-Ch, as shown in the grouping of Table 6,
shows the.way, this procedure is defined [1,4,5].

sco ‘Seraantic Cate gories
LEYVY v <gvBpwrmw_ov>= [<fw_ows [SIETEn_ovw [Syapt ovE [SevTop_ov= [SEpIET_ov=,

1. | <empsychon> <anthropin_on> <zo_or= <petin_on> <psari on® <entom_on™> <erpet_on>
<animate> <hurnan= |=animal> j<bird= [<fish= |<insect=  |<reptile>,
<qwBpomty_ov= <ovBpomog>| ... [ <8iBaskadoc™ | ... | <moAzpome> | .. | <ovrypugEac | .. ,

5. | <anthropin_on= <anthropos™>  <didaskalos> <polemdstis> < eas™
<human= <man= | o] <teachers | ..|<wamior= |..|<writer=] ..,
<gwBpwmog> dvBpwmog | erdyovos Tov Ak | Aoyid v | evBpwmix| ...,

3. | <anthropos= . | anthiopes apogonos toufdam  logiko on - anthropaki
<man>= man | descendant of Adam | logical being | little man] ... ,
<GibooKAog> Bibaowiog | Sdovhog | emmapoys | . | By .

4 | <didaskalos> .. | dideskalos ~daskalos nipiagogos kathigitis
<teacher= teacher | school master | kindergarten teacher | ... | professor] ... ,
<oLYypepEAL> ovyypepéos | Sommpetoypdgog | ... | Smpocwypdgog| ...

5. | <syngrafeas> .= | Syngrafeas  diigimatografos dimosiografos
<writer> writer | writer of short stonies | ... | journalist [z
<nole juomg> mole oG | aywvionic | spemg | movemg | ... .

6 | <polemistis> e | polemistis agonistis stratiotis  pejonaftis
<warrors warrior |fighter  |soldier | marine [

Table 6: & sample of semantic category deﬁrﬁtim, where s.c.0 means semantic category order .

Semantic rules are the acceptable and the dominant semantic combinations between
the words of a paragraph or the words of the same type of paragraphs of different M-Ch’s
with words of other similar types of paragraphs of different M-Ch. This is achieved by the
dominant semantic combinations which are based on the meanings of the words as well as the
semantic relations between the words as required by the corresponding syntactic roles. The
semantic rules are procedures which are described by means of the syntactic categories
[1,4,5]. For example, the expression:

UMOKEEVO (LEAETD): :=<avOpOTIV_OV> or

¥ i.e., subject.

12



vrokelpevo(15.0828.x2.1)::=14.0543.x1.1/15.0831.x1.2{17.1111.x1.3|15.0956 .x1.1|...,
(see Tables 2-7, screen 1) comprises a semantic rule which defines the subjects of the

verb“peierd” (meleto=study).

LCLxBM
MGLx WIGHWILx CLxCMGL
BBUM-Ch .1M-Ch . Paragraph . w0

ORGANIC MATERIAL. Man . voun . w.0 N 003 <owBpumog=

i e 14.0543 .11 . wo 003 | <pyam>
3 MIND . Teacher. noun . w.0 <HBaoxmhog>
LS 15.0831. 11 2. wo MNOOE | psehars
MIND. Learning . verb . w0 <o Bpwmopebnon=
15.0828 .2 . wo <hurman_leaming=
MIND . Examination . vetb . w.o <meponpmoT_sbrmon=
2 s 15.0845 .«3 . wo <gxamination observation=
W.0. PEAE Tt RM.105 55 I
MIND . Iemory . verb . w.0 <wBpwmovELr>
15.0918 .«3 .wo <human_memory=
WILL . Purpose . veb . w0 <OROMOG>
16.1010 .3 . wo <purpose>
: ACTION . Warrior . noun . w.0 <TMOAE HOTG™
|0 owpariony, 171111 ¥l 3 wo MHOLT | parridr

MIND . Writer. noun . w.o

- <ovyypageas™
| w-o- cuyypogées 15.0956 1 1. wo MN.056

<writer=

Table 7: & sample of codification of the words of the BMGMLz. When a word has multiple
meanings, it belongs to the cotresponding paragraphs as many M-Ch as there are meanings,
whete w.0. means word order.

The variety of the semantic rules or the combinations of the semantic categories are
Jjust as many as there are the variety of the syntactic categories and the semantic relations
between them, as seen in the Modern Greek Syntax. Moreover, with a finite number of
semantic rules, an infinite number of lexicon entries may be combined defining the semantic
structures. The set of the MGL semantic rules, the set of the MGL semantic categories and the
MGL semantic structures constitute the semantic basis of MGL [1,4,5].

3. The Proposed Modern Greek Sentences Generators and Parsers the Key-stones of a
CAMGLL Method Development

It can be taken for granted that a Natural Language does not simply comprise a set of words
expressing simple meanings, but a set of words put into use communicatively and interrelated
with morphological rules and syntactic structures in speech. Therefore, composite meanings
and concepts can be expressed. For the user, the aim of a Computer-Assisted Modern Greek
Language Learning (CAMGLL) method without using the overload of rules and extensive
phrasing can be made aware of the mechanisms of the language (profound knowledge) and

the acquisition of the ability to produce, comprehend and process written and spoken texts
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(ability of use). The degree by which a CAMGLL method can provide efficiency with the
response to the pursuit of a CAMGLL aim mainly depends on the efficiency of its design
[6,7,9,25,27], (see Screens 1,2).

Thus, the efficiency of the proposed Grammar for the development of the CAMGLL
method can be shown by the steps of parsing the Modern Greek Sentences concerning the

processing of components, relations and functions of the MGL System.

1G> ocimert! - Mciesot | Nsiné Prct Shog o {[TTTBonet Neoetwes. | BB 12120
Screen 1: The computational lexicons of the BMGMLx interconnected with Microsoft Programs or not, have the efficiency
recognize and give information of morphological, syntactic and the semantic combination in general or specific for every word
they contain, if the word belongs to a particular sentence

Step1  The keying of the parsing sentence (surface structure)

Step2  Lexical and Morphological recognition of the words of the sentence by means of:

1. the Modern Greek Computational Lexicon (MGCLx) and

2. the Modern Greek Morphology Computational Lexicon (MGMCLx)which are
Unit-Lexicons of the Basic Modern Greek Computational Multilexicon
(BMGMLx)
e Checks if the words of the parsing sentence belong to the MGCLx.
e Returns information for the part of speech for each word of the parsing

sentence and information for its morphological type if flectional.

e Possibility of analytically showing the morphological types of any word in

the parsing sentence.

14



e Possibility showing any Related Morphological Rule.
e Possibility of pinpointing a non-morphological type of any word of the
parsing sentence and its error correction (corrector).

e Possibility of interconnections with commonly-used Microsoft Programs.

B oxvordyod NipoTdacue

©0 pafneig peend v wrtople

wmptu. mympwﬂm oo Pauatog pelinie - gehend

%mmmmawm.
o Evepreiont, Zodeyl 2n
R T s @Ww :@mamm. Aptpbg Evche
{pbawxo 1e

T

;:'“"wmxé ?m?wymré me;mé e Nmtnnleﬁg e

r.}e m‘;x.g "1; ﬁpcwmgamwmmv

"‘qmaﬁmxﬁ Ymeté Ax&xé me Nao;mmxﬁg e

ivxmvo: m&at.'..o - : o pafyic axobond veossieve tos wAsu
! <=Wmmmamw ehend £ 2: mm“ : i‘:- v totopa axobocsd avoievo ton pekesd’
| {Ravnmogevor Ty onepln e 3
eH zi;som Sew n.w-.zwmmmcﬁm #H [Tpéroon mve Srpaciaioyuc ARIODoT -:.,m-' ot i
§ *H A.pwwﬁ wﬁmm&m
#H Anobecrh Tipéraon sivax ®4 0 pBrig pEAS TV wtopla
Qempeg T S g Evar  Ernondnubm
H Soveexnu Aoy oo stvas ULV <KDY ORI _pTun > SavTmeLe 3
On Ravéve; TTapayayhc mg "ngiﬂum Hmmczi>> «<m€vg.mmmmm»«w&|mmmmm» ﬁ 4
Bl SoptC MR e Sty KaTTyopTIRD i< <R SRS TOTHOPORa STHETI,
& G g 3

Screen 2: The Parser oIMGm’sv as with the Generator, of!hempwedmﬁhod, whether intercomected witkmims
programs or not, gives the pupil the opportunity of writing in MS Word for example the ability to parse any MGMS orits
words. In the case of written mistakes of morphology, syntax or semantics, the system detects, gives the opportunity of
explanation to the ignored rules and corrects those mistakes, as in the example of the screen sbove,

Step 3 Recognition of syntactical role of words of sentences by means of the Modern
Greek Syntax Computational (MGSCLx).

e Possibility of pinpointing of non-morphological type relating to the
syntactic role of any word of the parsing sentence (corrector)
e Possibility of showing any related syntactic rule.

e Possibility of interconnections with commonly-used Microsoft Programs.

Step 4 Recognition of semantic combination of words of the sentence by means of the The

Logical Computational Lexicon of Basic Meanings (LCLxBM) and the
Computational Lexicon of Context of MGL (CLxCMGL):

e Possibility of pinpointing unacceptable semantic combination relating to the
syntactic role of any word of the parsing sentence.

e Substitution of any word in the parsing sentence with their synonyms and

antonyms.
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e Possibility of showing for any word of the parsing sentence, its possible
semantic combination of words of the MGCLX in accordance with its
syntactic role each time.

e Possibility of interconnections with commonly-used Microsoft Programs.

Step 5 Following Steps of 1,2,3 and 4 there is the appearance of the corresponding Pattern
Language (deep structure) of the parsing sentence, the category of the parsing

sentence and the template of rules which are produced.

It can be noted that the Modern 'Greek Sentences generators follow similar steps with similar

efficiencies for further use.

The effectiveness of the tools for the Modern Greek Sentences processing which have
Jjust been described for the development of the Computer-Assisted Modern Greek Language
Learning (CAMGLL) Method is marked by the structure, function and content of these tools,
i.e. the tools’ general effectiveness, which lend linguistic and acquisitional perspicuity as well
as computational effectiveness to the CAMGLL Method as well as to an Intelligent
Computer-Assisted Modern Greek Language Learning (ICAMGLL) Method, where the
proposed GTG may form its Expert Module [6,7,9]. Thus, in this proposed framework, the
examples where the pupil has the possibility of creating or exercising underline the use and
appliéation of the morphology and syntax rules in practice through continual revision in every
unit; avoiding long, monotonous theoretical and in many cases tiresome ineffective phrasing.
Cooperative learning is promoted through the realization of the Modern Greek Sentences
processing in an open experimental and creative environment from the pupil for written
Modern Greek Sentences by means of pedagogical methods [10,11,25]. Given simultaneous
emphasis on the language practice which is an element of the modern language teaching
[12,28]

Another example promoted by the proposed grammar is the independent use of the
computational lexicons of the Basic Modern Greek Computational Multilexicon (BMGMLXx)
through which each word they contain are able to recognize and give information for its
morphology, syntax and semantic combination in general or specific if the word belongs to a
particular sentence. The BMGMLx with information it provides and is available at any time,
makes the learning result more effective and efficient since it minimizes the metalanguage of
morphological, syntactic and semantic rules of the MGL. In addition, the BMGMLx provides
the necessary self-sufficiency for the user not to resort to other means of electronic or printed

matter when finding language phenomena.

The realization of the CAMGLL Method works in the commonly used Windows’95,
’98, 2000 and XP.
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4. Conclusions

The goal of this study was to apply a version of a GTG for the MGL Processing, in order to
use it in the development of a Computer-Assisted Modern Greek Language Learning
(CAMGLL) Method. The suggested GTG is composed of the Template Grammars -
generative dimension and the Basic Modern Greek Computational Multilexicon (BMGMLx)

with its algorithms - transformational dimension.

Template Grammars are a version of GTG of the Chomsky hierarchy, with the
additional . property .to group the production .rules, which generate the strings of the
corresponding language. Template Grammars generate the Pattern Language of MGL. Pattern
Language Sentences are free of morphological forms and meanings,‘ but with the same
syntactic structure as the corresponding Modern Greek Sentences. Characteristic exponents,
which are also introduced, characterize Pattern Language Sentences structure and
automatically map them to the corresponding templates of rules, from which they were

generated and vice versa, avoiding time consuming search methods.

Basic Modern Greek Computational Multilexicon (BMGMLx) is a system of
computational and interconnecting lexicons which consists of recorded data concerning the
vocabulary, the syntax, the morphology and the semantics of MGL. BMGMLx algorithms
describe the finite rules, which express the generative and transformational MGL mechanisms
and recognize Modern Greek words, generate and parse their forms and their semantic
combinations as well as Modern Greek Sentences. For this, the Semantic Basis of MGL is

also introduced.

This GTG model is based on the structure and function of the MGL System. Thus, the
teaching of the Grammar Code of the MGL is based on the Holistic Approach. Furthermore, the
suggested GTG is able to parse and generate Modern Greek Sentences, in the framework of an

Open Educational Environment where learning is experimental, creative and cooperative.

The contents of the computational lexicons of the BMGMLx and the production rules
of the Template Grammars are suitably selected and enriched in order to use, firstly, words of
themes and meanings from communicative areas, secondly, their dominant semantic
combinations and thirdly, the commonly used morphological and syntactical rules. All these
contents, interconnected with Microsoft Programs or not, are functional for a Communicative
MGL Teaching Method, based on the written Modemn Greek Sentences, avoiding long,
monotonous theoretical and in many cases tiresome ineffective phrasing. Also, BMGMLx.
provides the necessary self-sufficiency for the user not to resort to other means of electronic

or printed matter when finding language phenomena.
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The CAMGLL method based on the suggested GTG can be used either in a classroom

at school or by Internet correspondence, for teaching MGL as a native or foreign language.

Moreover, the suggested GTG, on the one hand constitutes a Grammar Framework
which may form the Expert module of an ICAMGLL Method, on the other hand describing
the structure and function of other Natural Language Systems may introduce a CALL Method
as well as the Expert modules of an ICALL Method, for the corresponding Languages.
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