COMPUTER AND INFORMATION SCIENCES DEPARTMENT

INSTITUTE OF STATISTICAL STUDIES AND RESEARCH
(ISSR)
CAIRO UNIVERSITY

Developing an Arabic Parser in a
Multilingual Machine Translation System

M. Sc. Thesis

Submitted by
Ahmed Farouk Ahmed

Supervised by

Prof. Dr. Ahmed Rafea

Vice Dean, Faculty of Computers and Information, Cairo University

Dr. Khaled Shaalan

Computer Science Dept., Faculty of Computers and Information, Cairo University

A thesis submitted to the Department of Computer Science, Institute of
Statistical Studies and Research, Cairo University, in partial fulfillment of
the requirements for the degree of Master in Computer Science.

1999




ACKNOWLEDGMENT

I would like to express my deepest gratitude to Prof. Dr. Ahmed Rafea.
It was only through his meticulous supervision, support, and
constructive advice, that this work has been completed. I would like to
extend my gratitude to Dr. Khaled Shaalan. I am greatly indebted to
him for his valuable input and his continuos support and direction.
Without his generosity with his time and effort, this work would not

have attained its present form.

Thanks also to my linguistics friends Ahmed Mostafa, Mohamed
Kasem, Mahmoud Saad and Abdel Hameed Sakr whose gave me their

linguistics experience in this work.

Special thanks for the Eng. Mohamed Talaat Helal for his great

effort and support to finalized this thesis.

Thanks are due to the entire members of Institute of statistical Studies
and Research (ISSR), offering me the facilities and support that were

needed for my research.
This list of persons could be extended much further, therefore I would

like to thank all those not mentioned above, who have helped and

supported me.

il



ABSTRACT

arsing Arabic sentences is a difficult task. The difficulty comes from several
Psources. One is that sentences are long and complex. The average length of a
sentence is 20 to 30 words, and it often exceeds 100 words. Another difficulty
comes from the sentence structure. The Arabic sentence is complex and
syntactically ambiguous due to the frequent usage of grammatical relations, order

of words and phrases, conjunctions, and other constructions.

The present work reports our attempt in developing an Arabic Parser for modern
scientific text. The parser is written in Definite Clause Grammar (DCG) and is targeted to
be part of a machine translation system. The developing of the parser was a two-step
process. In the first step, we acquired the rules that constitute a grammar for Arabic that
gives a precise account of what it is for a sentence to be grammatical. The grammar
covers a text from the domain of the agricultural extension documents. The second step
was to implement the parser that assigns grammatical structure onto input sentence.
Experiment on real extension document was performed. The thesis will also describe our
experience with the developed parser and results of its application on a real agricultural

extension document.
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CHAPTER (1)
INTRODUCTION

t _' Yhis chapter will briefly sketch some background on natural language processing.
Then the focus turns to a description of the scope of the current work. Next, the

aim of the current work and the structure of this thesis are summarized

1.1 Natural Language Processing
Natural language processing (NLP) can be defined, in a very general way, as the

discipline having as its ultimate, very ambitious goal that of enabling people to interact
with machines using their “natural” faculties and skills. The means, in practice, that
machines should be able to understand spoken or written sentences constructed
according to the rules of same natural language (NL), and should be capable of

generating in reply meaningful sentences in this language. [Zarri, 1998].

In the last few years, the role of computers in natural language processing has increased
so much that it will not be to long before linguistic processing by computers is an
absolute necessity. This is already true in areas such as word processing and
cryptography but there are many other areas that are just emerging that will change
completely the way we think about computers and language. Some of the factors that
have contributed to the fast growth of this field are the lower cost of computers and their

increased capabilities. [Zamora, 1994].

The developer of natural language processing applications faces many problems for
which traditional data processing techniques do not provide adequate methodology. In
traditional data processing tasks, such as inventory control and accounting, one role of
the system is to make sure that the final computer programs preserve the integrity of the
data. These applications may be viewed as models of the real world, where money or

goods are being represented internally by the computer.



1.1.1 The Standard Paradigm for Natural Language Processing
This section describes the five major aspects of natural language systems [Zarri,1998],

[Zamora, 1994].

Lexicon
A lexicon is a dictionary containing the words that are recognized by a natural language

system. It is necessary to define what a word is before a lexicon can be constructed. The
technique for isolating words affects the content of the dictionary and the applications
that use the dictionary. Should the dictionary include contractions like “can’t” or
hyphenated words like “mother-in-low”? If capitalized words are allowed? Will the
dictionary contain multiple words such as ““ hot dog “ or abbreviations like “etc.”?

Having isolated the words in the input sequence, the first step of the analysis concerns the
computation of their grammatical category (part of speech “tag”), i.e., the association
with information like “noun”, “verb” adjective” etc this particular information will then

be used in all the subsequent phases of the procedure.

Morphology

Recall that some aspects of the lexicon can be expanded by morphological analysis
procedures. This consists of examining how words are built up of more basic meaning
units called “morphemes” (“root forms”), where a word may consist of a root form plus

(13

additional affixes. For example a word like “familiar “ can be considered as a “root
form”, From this adjective, we can derive:

o ‘“unfamiliar’—adjective— By adding pripex <un>

o “familiarity” — uncount— By adding suffix <-ity>

o “familiarly” — adverb— Be adding suffix <-ly>

The reliability of morphological procedures can be enhanced by introducing specialized
dictionaries that contain exceptions to the morphological rules. Assume, for example, that
it is necessary to determine whether an English word is the past tense of a verb. This can
be accomplished by first looking for the word in a list of exceptions and then checking to

see if the word ends in I(-ed).The list of exceptions needs to contain irregular verb forms



such as (took ) and (wrote) and other words with (-ed) endings that are not past-tense

verb forms.

Syntax
Syntax is the branch of linguistic that deals with the formation of phrases, clauses, and

sentences. Even if the words of the input are now endowed with a “tag” (part of speech
category), they still represent as more than a simple, flat string of words. To begin
understanding the “meaning “ carried on by statement , it is necessary to make clear first
its” structure” i.e., to determine , e.g., the subject and the object of each verb , to
understand what modifying words modify what other words, what words are of primary
importance, etc. Assigning such structure to an input statement is called “syntactic

analysis “ or “parsing “.

A natural language parser is a computer program that attempts to identify the
grammatical role of the words of a sentence. A parser is then a sort of transducer that
takes as input a plat string of words (already linked with their part of speech tags ) and
produces as output a structure (e.g., a “syntactic tree”’) where the mutual relationships of

the words in the statement are indicated.

Semantics
Having determined the structural properties of an natural language statement, sentence, or

utterance, thanks to the use of the morphological and syntactic tools, we should now
utilize the final syntactic structure and the semantic categories associated with the

individual words to construct the overall “ meaning ““ of the sentence.

We can say that, semantics is the study of the relationship between symbols and their
meaning. In reality, both the aims and proper methods of the semantic phase are not very
well defined, and this phase is much more fuzzy and problematic than the previous
syntactic phase. The central problem concerns, of course, the fact that it is very difficult

to find agreement on what the “meaning “ of a statement can be.



Natural language contains many idioms and metaphors that add color to the language but
also create ambiguities. An idiom such as “on the other hand “, for example, is used to
indicate an alternative and does not have anything to do with “hand”, except in special

cascs.

Distinguishing these special cases is not easy. Metaphors such as “ time flies like an
arrow” would make one think that “time” is a type of winged creature, if one did not

know better.

Scientists, mathematicians, and lawyers attempt to develop precise terminology to

achieve universal clarity.

1.2 Scope and Aim of the Work
There are many templates for writing a text in the same language. It is very difficult to

develop one parser to exhaustively recognize all such templates. So, it is very important
to classify the language text to separate templates and, then, develop separate parser for

each of which. The following are the important templates of the natural language:

(1) Letter template:
This template has some special structure like the following: letter date, letter header,

letter, connectors, letter tail, and sender name
The parser of this template need to be aware from these special phrases and must be set

special grammar rules to parse it.

Letter
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(2) Dialog template:
This template expresses a text that represents the dialog between more than one person.

This template is not a predicate sentence (% k), but it represents an interactive

sentence like: question phrase and Incomplete sentence
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(3) Literature template:
This template includes many special forms (wsid) which need special grammar, the

following table shows some examples:

Name of Special Example
i) sl | 7Ll & 70l o Sl dil ¢
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(4) Traditional template:
This template is versatile enough to satisfy the needs of writing in so many fields like

industry, software, sports, agriculture, economics... etc. We will develop our parser
based on the traditional template. Training and testing phases will be conducted on the
agriculture field. The following are some examples of the styles of the traditional

template in the agriculture field:
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In short, the goals of this thesis are as follows:
o Design and implement an Arabic Parser. The parser encodes the Arabic grammar

rules of “irab” (1 —) and the effects of applying these rules to the constituents of

sentences.

o The ability of the system to be integrated into some other Arabic applications such
as machine translation systems, systems for teaching Arabic, and system for
checking and correcting grammatical errors.

o The ability of the systems to deal with the syntactic ambiguities.

1.3 Structure of the thesis
This thesis is organized as follows. The present chapter aims at presenting some

background material and establish the problem area.

Chapter 2 gives a review on the grammar formalisms and parsing techniques that are

commonly used in natural language processing systems.

In order to develop an Arabic parser, we should have the two components: a lexicon, and
a morphological analyzer. The role of the two components is to prepare the suitable input
to the parser. In Chapter 3 we discuss of the structure of the proposed lexicon and present
a lexical analyzer for inflected Arabic words. An augmented transition network (ATN)
technique was used to represent the context-sensitive knowledge about the relation

between a stem and inflectional additions



Chapter 4 presents our attempt in developing an Arabic Parser for modern scientific text.
The parser is written in Definite Clause Grammar (DCG). The developing of the parser
was a two-step process. In the first step, we will present the architecture of the Arabic
parser. In second step, we describe how we acquired the rules that constitute a grammar
for Arabic that gives a precise account of what it is for a sentence to be grammatical.
Moreover, we discuss the implementation aspects of the parser and show how the parser

assigns grammatical structure onto input sentence

Chapter 5 reports on an experiment that tests the Arabic parser. Results are analyzed and

discussed. Suggestions for improvements are also proposed.

Chapter 6 concludes the thesis and gives directions for future research.



CHAPTER (2)
DIFFERENT GRAMMAR FORMALISMS AND
PARSING TECHNIQUES

his chapter gives a review on the grammar formalisms and parsing techniques
that are commonly used in natural language processing systems. A grammar is
a scheme for specifying the sentences allowed in the language, indicating the
rules for combining words into phrases and clauses. Parsing the computation

model for accepting an input sentence according to a formal grammar.

2.1 Rule-Based Grammars
Rule-based grammars describe the syntactic relationships between sentence components

as a set of production rules, in the form of “X -> Y”. The following grammars are some

of most important rule-based grammars.

2.1.1 Formal Grammars
Chomsky defined a series of grammars [Winograd, 1983], based on rules for rewriting

sentences into their component parts. He designated these as 0,1,2 and3 based on the
restrictions associated with the rewrite rules, with 3 being the most restrictive, see table

2-1).

Table (2-1) the Chomsky Hierarchy

Type | Language class Rule Restrictions
0 Recursively None
enumerable.

1 Context sensitive | No length-reducing rules

2 Context free Left side must be a single non-terminal.

3 Regular Left side must be a single non-terminal and right side
must be a single terminal or a single terminal followed by
a single non-terminal.




Phrase structure grammar —typel and type2 — has been one of the most useful in natural
language processing [Gazdar, 1982]. It has the advantage that all sentence structure
derivations can be represented as a tree and practical parsing algorithms exist. Although it
is a relatively natural grammar, it is unable to capture all the sentence constructions found

in most natural languages.

2.1.2 Transformational Grammars
Roughly and intuitively, the transformations are designed to account for the systematic

relationship between sentences such as ,active-passive sentence pairs; global sentence
relationship, such as the relationship between “what” and “ear” in “what will John eat,”
where “what” is the questioned object of “eat”; and ambiguities in sentences such as
“they are flying planes,” where one and the same string of words is derived from two
different base sentences (one where “flying planes” is a kind of plane, with “flying” an
adjective, and one where “flying” is the main verb). For instance in one version of
transformational grammar developed about 1965 [N. Chomsky, 1965], the sentence
“John will eat the ice cream” would be generated by a simple set of syntactic rules, and
then a transformational rule operating on this basic sentence would invert “John” and
“will” to produce the derived question “Will John eat the ice cream.”. Another series of
transformational operations could act on this sentence yet again to produce the passive
sentence “Will the ice cream be eaten by John”. This last sequence of operations involves
adding new elements “be” and “by”; moving old elements around, and changing the form

of existing elements in a sentence. Figure (2.1) gives the overall block diagram for this

system.
y | Base (deep) structures |

| Transformational rules |

| Surface structures |

| Phonological rules |

A\ 4

| Sound |

Figure 2.1. A block diagram of the components of a transformational grammar



2.1.2.1 Derivation process
The process of a sentence (surface structure) such as “Will the ice cream be eaten by

John” has been the source of considerable confusion for computational analysis. A
derivation does not give an algorithmic description or flowchart for how derived sentence
could be mechanically produced or analyzed by a machine; that is, it does not directly
give a parsing procedure for natural languages.

Over the course of many years the theory of transformational grammar has greatly altered
the mechanisms used to generate the basic sentences, the definition of transformations,
and the way that the final complexity of sentences is accounted for by the various
subcomponents of the grammar. The general trend has been to have less and less of the
final sentence form be determined by particular transformations or rules in the base
grammar. Instead, relatively more of the constraints are written in the form of principles
common to all languages or encoded in the dictionary entries associated with each word
[B. Radford, 1981], [H. Van, 1986].

This approach is controversial [F. Newmeyer, 1980]. Other researchers in generative
grammar have adopted quite different viewpoints about how best to describe the
variations within and across natural languages. In general, these alternative accounts
adopt means other than transformations to model the basic variation in surface sentences
or assume other predicates than phrase structure relations are centrally involved in
grammatical descriptions [M. Brame, 1978] . In the recent theory dubbed lexical-
functional grammar (LFG) [J. Bresnan, 1983], there are no transformations. Instead, the
differences between, for example, an active sentence like “John kissed Mary” and a
passive sentence like “Mary was kissed by John” is encoded in the form of different
lexical entries (dictionary entries) for “kiss” and “kissed” plus a connections between
those lexical entries and the grammatical relations of subject and object. In this example,
among other things the lexical entry for “kiss” says that “John” is the subject, and that for
“kissed” says that “Mary” is the object. There is no derivation from deep structure but
simply the direct construction of a kind of surface structure plus the assignment of
grammatical relations like Subj. In another theory, generalized phrase structure grammar,
the active-passive relationship is described by a metagrammar that, given a rule system

that can produce the active sentence, derives a rule system to produce the corresponding

10



passive form. This derived grammar contains no transformations but simply generates all

surface forms directly without a derivation from a deep structure.

2.1.2.2 Transformaltional Component
Referring to figure 2.1, the base structures may now be fed to the transformational

component, where zero or more transformations can be applied to generate additional
sentences; the output of this process is a surface structure, ready to be “spelled out” and
pronounced as a sentence. If no transformations apply, the surface structure is the same as
the base phrase structure. This will roughly be the case for ordinary declarative sentences,
such as “John will eat the ice cream”. If transformations do apply, they produce new
phrase markers, such as “Will John eat the ice-cream”.

Each transformation is defined by a structural description that defines phrase markers to
which it can apply and a structural change that describes how that phrase marker will be
altered. That is, a transformation must match the description of a phrase marker and
produces as output a new phrase marker. Further transformations may then apply to this
new phrase marker, and so on. In this sense, transformations are much like an if-then

production rule system, with the domain of the rules being phrase markers.

2.1.3 Case Grammars
Case grammar is a form of transformational grammar in which the deep structure is based

on cases-semantically-relevant syntactic relationships [Fillmore, 1968/1977]. The notion
of “case” has been used to refer to several related concepts. Traditionally, it has meant
the classification of nouns according to their syntactic role in a sentence, signaled by
various inflected forms. In English, only pronouns have these case inflections. For
instance, the first person singular pronoun is “I” (nominative case), “me” (accusative/
objective), or “my’’(genitive/possessive case) according to its use as subject, object, or
possessive article. In languages as Greek all nouns are given affixes that indicate their

case.

The idea of a direct relationship between inflections and cases is one kind of case, also

called “surface” or “syntactic level” case.

11
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Another sense of “case” (also called “deep case,” “semantic case,” or “theta role”) is a
categorization of NPs according to their conceptual roles in the action described by a
sentence. Conceptual roles are independent of the particular verb or predicate being
expressed. The agent case, then is a generalization of many ideas: kicker, reader, walker,

and dancer; one who performs an action.

2.1.3.1 Surface Cases

The introduction discussed categorization nouns according to their endings or inflections.
For the purposes of natural language processing, it is more useful to define surface case
as a general syntactic categorization of noun phrases. Another way to think of surface
case is as a property that is assigned to an NP manifested in the sentence as some

syntactic marker or signal, called a case marker.

Various linguistic elements can be case markers. The primary one is the affix, that is, an
ending attached to a noun form. Many would consider that prepositions (or postposition)
serve a similar function. Word order, as in English, can also be viewed as a case marker.
In addition, case assignment interacts with such features as gender and definiteness of the

NP.

This view of case, then, generalize the notion of surface case from simple noun
inflections to a property that all NPs have and that may be expressed with word endings,

word order, and so on.

2.1.3.2 Deep Cases and Grammatical Explanation

The notion of deep cases is not new. For instance, Sonnen cheins’s demand that cases
“denote categories of meaning” [O. Jespersen, 1965] is in effect a statement that there are
two levels of cases, the surface level indicating by case affixes and a deeper level that

may be common to more than one language [Fillmore , 1968].

Because deep cases focus on (conceptual) events rather than on syntactic construction,
they can help explain the relative “acceptability” of certain sentence. For example, the
center idea is that the deep structure of a simple sentence consists of a verb and one or
more noun phrases associated with the verb in a particular relationship. For instance the

verb has the following cases:

12



agent, experiences, instrument, object, source, goal, location, type, and path.

The cases of each verb form an ordered set referred to as a case frame. A cases frame for

the verb “open” would be:

(object (instrument) (agent))

Which indicates the open always has an object, but the instrument or agent can be
omitted, as indicated by their surrounding parentheses. Thus the cases frame associated

with the verb provides a template which aids in understanding a sentence.

2.2 Graph-Based Grammars
Another approach to representing natural language structures uses the model known as

transition networks. Transition networks are based on the applications of the
mathematical notions of graph theory and finite state machines to study of grammar.
There are several types of transition networks, which differ in complexity and

effectiveness [Wood, 1970].

2.2.1 Simple Transition Networks
This formalism is based of the notion of a transition network consisting of nodes and

labeled arcs [Allen, 1995]. Consider the network named NP in figure 2.2 each arc is
labeled with a word category. Starting at a given node, one can traverse an arc if the
current word in the sentence is in the category on the arc. If the arc is followed, the
current word is updated to the next word. A phrase is a legal NP if there is a path from
the node NP to a pop arc accounting for every word in the phrase.

adj

‘ - G — ‘ =

Figure 2.2. A simple NP grammar

13



2.2.2 Recursive Transition Networks
a recursive transition network is essentially a network of nodes representing partial states

of knowledge that arise in the course of parsing a sentence. States are connected by
“arcs” indicating kinds of constituents (words or phrases) that can cause transitions from
one state to another. The states in the network can be conceptually divided into “levels”
corresponding to the different kinds of phrase that can be recognized. Each such level has
start-state and one or more final states and can be thought of as a recognition automation
for one particular kind of phrase[J. Bresnan, 1983]. A simple pictorial example of a

transition network grammar is illustrated in figure 2.3.

‘ — . - . -

Figure 2.3. Sample transition-network grammar: S = sentence, NP = noun phrase, AUX
= auxiliary, V = verb, PP = prepositional phrase, POP = end of phrase, DET = determine,
ADIJ = adjective, N = noun, PREP = preposition.



In figure 2.3, states are represented by small circles, and arcs are represented by arrows
connecting states. Each arc is labeled with the name of kind of constituent that will
enable that transition if it is found at that point in the input string. This sample grammar
has three levels: S for sentence, NP for noun phrase, and PP for prepositional phrase.
Each level begins with a state whose name indicates the kind of constituent being
searched for. In the naming convention used here, a state name consists of the name of
the constituent being sought, followed slash (/), followed by a brief mnemonic indication
of what has been found so far. This naming convention is not an essential part of a
transition network grammar but is useful device for making grammars readable. Each
level ends with one or more final states (indicated by a short arrow labeled POP), which
mark the successful completion of a phrase. A sequence of arcs from a start state to a
final state defines a sequence of constituents that can make up a phrase of kind sought by
the Start state.

The first state in the sample grammar (S/) is the state in which the parser begins and 1is
the state of knowledge corresponding to the initial assumption that a sentence is to be
parsed. The topmost arc sequence in the figure shows that a sentence (S) can consist of a
noun phrase(NP), followed by a verb (V), followed by another noun phrase (NP),
followed by any number of prepositional phrases (PPs). Alternatively, the first noun
phrase can be followed by an auxiliary (AUX) before the verb, or the sentence can be
begin with an AUX followed by an NP before picking up in state S/NA with the same

predicated verb phrase constituents as in the first two cases.

The grammar model described above is called a recursive transition network or RTN
because the arcs of the grammar can invoke other levels of the network to recognize
subordinate constituents that can in turn invoke other levels (recursively). This process

may eventually reinvoke some level “inside itself” (genuine recursion).

2.2.3 Augmented Transition Networks
An augmented transition network grammar (ATN) is a recursive transition network that is

augmented with a set of registers that can hold partial parse structures and with

conditions and actions on the arcs that can test and set these registers [Kaplan, 1972]. The

15



registers can be set to record attributes of the phrases being recognized and tested to
determine the acceptability of a particular analysis. For example, register can be used to
represent the person and number of the subject of a sentence, and a condition can be used
to check that the subject and the subsequent verb agree in person and number.

ATN were developed in order to obtain a grammar formalism with the linguistic
adequacy of a transformational grammar and the efficiency of the various context-free
parsing algorithms. As a sentence is parsed with an ATN grammar, the conditions and
actions associated with the transitions can put pieces of the input string into registers, use
the contents of registers to build larger structures, check whether two registers are equal,
and so on. It turns out that this model can construct the same kind of structural
descriptions as those of a transformational grammar and can do it in a much more
economical way. The merging of common parts of alternative structure, which the
network grammar provides, permits a very compact representation of quite large

grammars.

The ATN suggest “here” a way of viewing a grammar as a map with various landmarks
that one encounters in the course of traversing a sentence. Viewed in this way, ATN
grammars serve as a conceptual map of possible sentence structures and a framework on
which to hang information about constraints that apply between separate constituents of a

phrase and the output structure that the grammar should assign to a phrase.

Another advantage of the transition network formalism is the ease with which one can
follow the arcs backward and forward in order to predict the types of constituents or

words that could occur to the right or left of a given word or phrase.

2.3 Logic-Based Grammars
Research into building grammars for understanding natural language became more

popular after the introduction of grammar formalisms based on Horn clauses by
Colmerauer in 1975 [Kowalski, 1979]. The so-called metamorphosis grammars (MGs)
started a growing interest in expressing linguistic concepts in logic and supported the

construction of robust front-ends and interfaces. The primary applications of this research
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were the consultation and creation of databases through natural languages, generation of

answers and questions, text translation, and text synthesis from formal specifications.

In the framework of logic programming, several formalisms have been proposed for
analyzing/generating  languages: metamorphosis grammar [Colmeruar, 1978]
Extraposition grammars[Pereira, 1981]. These formalisms can be generated under the
concept of “Logic Grammars” or “Term Grammars” [Sabatier, 1985]. The following
features distinguish these grammars from classical ones:

e Symbols are terms: atoms, predicates (ith variables) and variables; instead of

simple atoms.
e The rewriting of symbols involves unification instead of simple replacement.
¢ Conditions can expressed in a rule, and executed as procedure calls. They

generally formulate conditions on the value of variables occurring in the rule.

2.3.1 Definite Clause Grammars
The notion of definite-clause grammars (DCGs), a special case of MGs, was introduced

in 1978 by Pereira and Warren [Pereira and Warren, 1986] as a grammar formalism for
which PROLOG provides an efficient parsing mechanism.

It is well known that CFGs are not fully adequate for describing natural language, nor
even many programming languages. DCG overcomes this inadequacy by extending
CFGs in three important ways [Pereira and Warren, 1986]. Firstly, DCG provide for
context-dependency in a grammar, so that the permissible forms for a phrase may depend
on the context in which that phrase occurs in the string. Secondly, DCGs allow arbitrary
tree structures to be built in the course of the parsing. Thirdly, DCGs allow extra
conditions to be included in the grammar rules; these conditions make the course of the
parsing depend on auxiliary computations, up to an unlimited extent.

DCG allow any logic term to be a non-terminal, and they are built upon logic symbols
(atoms, variables, and terms) instead of only atomic constants. They have only one non-
terminal symbol on the left side of each rule.

A DCQG rule has the following form:

Nonterminal-symbol = body.
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Where “body” is a sequence of one or more items separated by commas. Each item is
either a non-terminal symbol or a sequence of terminal symbols. The meaning of the
rules is that “body” is a possible form for a phrase of type non-terminal symbol. A non-
terminal symbol is written as a PROLOG term (other than list), and a sequence of

terminals is written as a PROLOG list.

In the right side of a rule, in addition to non-terminals and lists of terminals, there may
also be sequences procedure calls, written within curly brackets ({and}). These are used

to express extra conditions that must be satisfied for the rule to be valid.

2.4 Parsing Techniques
In particular, many different types of formal, generative grammars have been devised to

specify the sentences of language and to pair each sentence with a corresponding set of
structural descriptions. The nature of these grammars, however, usually does not provide
an obvious algorithm for computing structural descriptions from sentence. In this respect
they are similar to systems of logic, which implicitly specify a set of provable theorems
but don’t explicitly tell how a particular theorem is to be proved. Just as proof procedures
must be devised for systems of logic, so must parsing procedures be devised for formal
grammars of natural languages. Parsing a given sentence with respect to a given
grammar, then, is the process of determining whether the sentence belongs to the
language specified by the grammar and, if so, finding all the structures that the grammar

pairs with the sentence.

2.4.1 Top-down Parsing
A top-down parser tries to construct a parse tree starting from the root (i.e. the top symbol

of the grammar) and expand it using the rules of the grammar [Convington M., 1994].

Figure 2.5 show a sample of a small grammar for experimenting with parser.

S -> NP VP

NP D N
VP >V NP
VP >V

D > the, all, every

N - dog, dogs, cat, cats, elephant, elephants

v => chase, chases, see, sees, amuse, amuses

Figure 2.5 a sample grammar for experimenting with parser.
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Now recall how top-down parsing works. To parse the dog barked, the parser, in effect,

says to itself:

o I’m looking for an S.

o To getan S, Ineed an NP and a VP.
o To get an NP, I need a D and an N.

o To getaD,]Ican use the... got it.

o To getan N, I can use dog... got it.

o That completes the NP.

o TogetaVP,IneedaV.

o TogetaV,Ican use barked... got it.
o That completes the VP.

o That completes the S.

To get a feel for what’s going on, try drawing the tree as you work through these steps.

Figure 2.6 shows the order in which a top-down parser discovers the various parts of the

tree.
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Figure 2.6 top-down parsing—The parser discovers the nodes of the tree in the order
shown by the arrows.
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Algorithm
The parser will work through the input string, accepting words one by one. Let C

represents the kind of constituent the parser is looking for at any particular moment (an S,
NP, V, or whatever). Then the algorithm to parse a constituent of type C is:

If C is an individual word look it up in the lexical rules and accept
it from input string.

Otherwise, look in the PS rules to expand C into a list of

constituents, and parse those constituents one by one.

2.4.2 Bottom-up Parsing
A familiar limitation of top-down parsers is that they loop on LEFT-RECURSIVE rules

of the form A-> A B (“to parse an A, parse an A and then ...”). Such rules occur in
natural language; one example is NP> NP Conj NP , where Conj is a conjunction such
as and or or.

One way to handle left-recursive rules is to parse BOTTOM-UP. A bottom-up parser
accept words and tries to combine them into constituents, like this:

o Acceptaword... it’s the.

o TheisaD.

o Accept another word... it’s dog.

o Dogis an N.

o D and N together make an NP.

o Accept another word... it’s barked.

o BarkedisaV

o V by itself makes a VP.

o NP and VP make an S.

Again, try drawing a tree while working through these steps. (During most of the process
it will of course be a set of partial trees not yet linked together.) you’ll find that you

encounter the various parts of the tree in the order shown by the arrows in the Figure 2.7.
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NP VP
D N \ NP
D N
start he dog chas the cat

Figure 2.7 Bottom-up parsing—The parser discovers the nodes of the tree in the order
shown by the arrows.

Because its actions are triggered only by words actually found, this parser does not loop

on left-recursive rules.

Algorithm
The bottom-up that we have just sketched id often called SHIFT-REDUCE parsing. It

consists of two basic operations: to SHIFT words onto a stack, and to REDUCE

(simplify) the contents of the stack. Table 2.1 shows an example.

22



So the shift-reduce algorithm is as follows:

1. Shift a word onto the stack.
2. Reduce the stack repeatedly using lexical entries and PS rules, until no further
reductions are possible.

3. If there are more words in the input string, go to stepl. Otherwise, stop.

A noteworthy feature of shift-reduce parsing is that it has no expectations. That is, you
can give it an input string and say, “what kind of constituent is this?”” and get an answer.

You do not have to say “Parse this as an S” or “Parse this as an NP.”

Table 2.1. Example of Shift-reduce algorithm

Step Action Stack Input String
(Start) the dog barked

1 Shift The dog barked

2 Reduce D Dog barked

3 Shift D dog Barked

4 Reduce DN Barked

> Reduce NP Barked

6 Shift NP barked

7 Reduce NPV

8 Reduce NP VP

9 Reduce S

2.4.3 Transition Networks Parsers
a variety of parsing techniques may be used for RTN and ATN formalisms. For instants,

a simple top-down backtracking algorithm and mixed-mode algorithm can be used for

RTNs.

They are a natural extension of finite-state automata, the automata equivalent of finite-
state grammars. A finite-state automata (FSA) is a finite set of states connected by
directed arcs, each labeled with a symbol from a terminal vocabulary Vt. One state is
designed as the initial state, and some subset of the states are designed as final states. In

following a path from the initial state to any of the final states, a sequence of arcs is

23



traversed, and the corresponding string of labels from Vt is said to constituent a sentence
specified by the FSA. the set of sentences so specified is the language generated by the
FSA. The automaton is said to be a deterministic finite-state automaton (DFA) if no node
has two or more outgoing arcs bearing the same label. Otherwise, the automaton is said to

be a non-deterministic finite-state automaton (NFA) [Convington M., 1994].

2.4.4 Chart Parser
A chart parser stores partial results in a table called the chart [Convington M., 1994].

Consider the following two rules
VP - V, NP.

VP = V, NP, PP.

Now consider the query:
?— vp([chased, the,cat,into,the,garden], []) .

Which means that, is those words make a VP sentence.

The parser tries the first rule, work through the structure

24



VP

Chased the cat

And then realizes it hasn’t used up all words. So it backs up, forgets all the work it has
just done, chooses the second VP rule, and parses the same structure again. Then it goes

ahead and parses the PP, giving:

NP
\'% NP
D N P NP
D N
Chased the cat into the garden
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Crucially, the parser had to parse the same V and NP twice. And that could have been a

lot of work --- recall how complicated an NP can be.

A chart parser or tabular parser is a parser that remembers substructures that it has
parsed, so that if it has to backtrack, it can avoid repeating its work. For example, the first
time through, a chart parser would make a record that the cat is an NP. The second time
through, when looking for an NP at the beginning of the cat into the garden, it would
look at its records (the CHART) before using the NP rule. On finding [NP the cat] in the
chart it would not have to work through the process of parsing the NP.
To save each constituent, the parser must record:

o What kind of constituent it is;

o Where it begins; and

o Where it ends.

One way to represent this information is to store clauses such as:

chart (np, [the, cat, into, the,garden], [into, the,garden]) .

This means: “if you remove an NP from the beginning of the cat into the garden you’re
left with into the garden.” That is, the cat is a noun phrase.

The two lists represent positions in the input string. This is not the most concise or
efficient way to represent positions, but it is the most readable to human eyes, and we
will stick with it through most of this chapter.

The following Prolog code, shows how to use a chart in the parser:

parse(C, [Word | S], S): -

word (C, Word).
parse(C,S1,S8): —

chart (C,S1,5S).
parse(C,S1,S8): —

rule (C,Cs),

parse_list (Cs,S1,S),

asserta (chart (C,S1,S)) .

The first clause deals with individual words, as in the original top-down parser. it’s faster

to look up single words in the lexicon than to try to get them into chart.
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The second clause says, “if what you’re looking for is already in the chart, don’t parse it.”
The third clause, using rule to parse the constituent C, and return its decomposed units
Cs, the parse_list do the same function of parse except that it takes a list of constituents

and parses all of them, at the end the parser will asserts a fact into the chart.

Completeness
As showed so far, the chart parser can remember what it found, but it can’t remember

what it failed to find. For example, it can remember that the cat is an NP, but it can’t
remember that the cat is not a PP. This means that with a complex grammar, the parser

can waste more time than it saves.

To parse any constituent, the parser first looks at the chart. If the chart doesn’t contain the
constituent that it’s looking for, then the parser proceeds to do all the work that it would
have done if there had been no chart in the first place. In such a case the chart doesn’t

save it any work.

This situation arises mainly with fairly large grammars. Here is a simple example.
Consider the phrase-structure rules

VP > V NP [PP] [Adv]
NP > D N [PP]
PP > P NP

This is really four VP rules — with and without PP and with and without Adv — as well as
two NP rules, with and without PP.

Suppose the parser is parsing [vp saw the boy yesterday]. Two different rules allow a PP
to come after boy. According, the parser will make two attempts to find a PP at that
position, and both attempts will fail. Each attempts will consist of a fair bit of work
(invoking PP - P NP, then looking at lexical entries for P, and failing to find yesterday
among them). If, the first time through, the chart could record that a PP is definitely not
present at that position, the second attempt to find one would be unnecessary.

There is also another reason why the chart needs to store negative information: unwanted

alternatives. Every parse that can be found in the chart can also be found without using
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the chart. This means that, upon backtracking, the parser can often get the same
constituent more than one way, and the number of alternatives to try grows exponentially.
A much better approach is to use the chart only if it is complete for a particular
constituent type in a particular position. That is, if you’re looking for an NP at the
beginning of the cat near the elephant, use the chart only if it is known to contain all
possible NPs in that position. Otherwise, ignore the chart and parse conventionally. And
if, when parsing conventionally, you fail to find what you’re looking for, then assert that
the chart is complete for that constituent in that position, because there are no more

alternatives to be found.
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CHAPTER (3)
LEXICON AND THE MORPHOLOGICAL
ANALYZER

n order to develop an Arabic parser, we should have the two components: a lexicon,
I and a morphological analyzer. The role of the two components is to prepare the
suitable input to the parser. In this chapter we discuss the structure of the proposed
lexicon and present a lexical analyzer for inflected Arabic words. An augmented
transition network (ATN) technique was used to represent the context-sensitive

knowledge about the relation between a stem and inflectional additions.

In a previous work by [Shaalan, 1989], [Rafea et al., 1993], they developed a
morphological analyzer for inflected Arabic words using Pascal language. With respect
to the implementation of the Arabic parser, we took the advantage of the already
developed morphological analyzer. This morphological analyzer is reimplemented in

Prolog and integrated with the Arabic parser.

3.1 The lexicon
Word information in Arabic involves three concepts: root, pattern and form. Word forms

(e.g. verbs, verbal nouns, agent nouns, etc.) are obtained from roots by applying
derivational rules to obtain corresponding patterns. For example, the meaning of the word

form () is the combination of the root (.—=) and the pattern ‘faal’ (J-¢--=). Thus,

Arabic has the characteristics that from one root the derivational and inflectional systems

are able to produce a large number of words (lexical forms) each having specific patterns.

3.1.1. Lexicon entry
Here we will show the constraints, which we find very important, on the entries in the

lexicon. These constraints are

1- The word, at any entry, must be meaningful. (The stem form ‘s) a=’ is
meaningful but the stem form ‘sl ~=" is not).

2- Retrieval of the stem stored in the lexicon from an inflected word using this

stem must be governed by rules that can be applied in an efficient way. This
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(a)

(b)

3.1.

leads to storing the broken plural form, as there are no regular rules to
transform a word in plural form into its singular form. Even if artificial rules
can be used to obtain the singular form easily from a plural form in some
cases. This may be very difficult in other cases. Consequently we take the
decision to store all the broken plural forms for homogeneity and consistency.
As Arabic is a language that allows many words to be constructed by
derivation from others, most researchers in Arabic morphology use a lexicon
in which roots are the only entries. This leads to substantial processing effort
to obtain the root from a derived word. For example, the words such as ‘Jaxiul’
(to use), ‘Jwle’ (worker - factor), ‘d«¥ (to deal with), ‘J«=<’ (laboratory),
‘Jlaxiul” (the use), ‘dxe’ (customer), ‘4ee’ (currency - coin), ‘e’ (labour
force), ‘Jwcl’ (jobs-business), ‘“sec’ (commission), ““lelxs’ (treatment) and
‘e’ (practical) are all looked up under the root ‘d=<’. If the goal of the
language-processing is understanding, another lexicon may be created that
contains derived nouns because the relation between derivational rules and the
semantic change may be very deep and difficult for coding, as shown in the
above example. Therefore, we have decided to store the derived nouns as
separate entries in the lexicon. This will serve two purposes:

Less processing will be needed to reach the stem, which is a
derived noun, as it is stored explicitly in the lexicon.

Only one lexicon will be used for Iexical analysis and
understanding the meaning of the derived noun. Consequently, there will
be no need for another lexicon to be used for understanding after
morphological analysis. This is likely to lead to an overall saving in the

storage needed for lexical.

2. The lexicon structure

In our proposed lexicon , for each stem, we store the following features:

Stem word. The word of the stem , which will be occur in the context.

Stem type. The type of the stem , (verb , noun, ...etc).
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Stem Word Stem Type
— Noun (a!)
S Verb(J=9)
OV demonstrative pronoun ( s
— accusative place (U\Se < k)
O accusative time (Ol <k)
RS B Negation article (& <)
e Preposition (> <)
A=A Separated pronoun (

e Transitive verb. If the stem type was verb, this feature in the lexicon must

be determinate if the stem (verb) was transitive verb ((s3=w) or it is
intransitive verb (pJY).

. Special verb. If the stem type was verb, we also need to determine if it

is special verb or not.

d Y, meal ,0S) Wl gS (L
o, o) sl (.
[}

Stem number (32, This feature is applied only on the noun stems, to

determine the number of the stem: singular, dual or plural.

Defined and undefined (< 23). Also applied only on the noun stems,

if the stem (noun) was defined or undefined or proper name.

Morphological pattern (&38Y). If the stem has any of special

morphological patterns which needed in the grammar rules.

. Can be used as an adjective (<3S 23330 4:38aY1), Applied only on the

noun stems, to determine its ability to be adjective or not.

Word ability to adjective
S A Yes

¢l i Yes
o8 No
da No

e Ability to Annexation (4ua3 4448Y), Also applied only on the noun

stems, to determine if the stem has the ability to be annexed or not .
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Word ability to annexation
da Yes
Ua) Yes
JS No
Implementation

The lexicon is implemented as Prolog facts. The absence of a stem feature is represented
as an empty list i e. [] The following are examples of the lexicon entries.

stem(['sae'L[' WL e LILILILULULEL L.
stem([ '], [Jﬁ] ULete LILILILL,L [] [] [1.[D).
stem([' ~_=~'.['s ’,’J,’L ] (LOLLL L OLOLEL O ED-
stem(['s ][ S LLILL L[ fase_ s ""] [LOLLL0D).
stem([' b= ~'LITILILOLLL L L L LT, ED.
stem(['s L[ LI s WL O e LS UL LD

3.2 The Arabic morphological analyzer

In this section we will introduce the main function of the morphological analyzer, we will
discuss the methodology of this function and the implementation of it too. In our
definition, the function of the analyzer is to scan the inflected word and break it down
into beginning additions, a stem, and last additions. We use the augmented transition
network (ATN), in the implementation of the analyzer, as a method for the representation

of the relations between the additions for an inflected Arabic word.

3.2.1 Word analysis
An Arabic word can be represented as follows:

[Begin_1 | Begin_2] + Stem + [Last_1] + [Last_2] + [Last_3]

‘Gl”

Where any term between the square brackets may be absent or occur once, and “I” stands

for alternatives. The word is scanned for different additions, and what remains is the

stem. Unfortunately, the process is not as simple as it may seem. One cannot simply look

up the additions in a list and compare them with the beginning and ending characters of

an inflected word. The source of difficulties can be summarized as follows:

1. There may be overlapping characters within the additions that occur before a
stem, and this may also happen in the additions following the stem. For example,

the overlap between the ending additions ‘= and ‘< in the stem ‘230" (took) can

32



be found in its inflected form ‘<Al where the agent is a singular first person (I
took), and ‘AP which is the inflected form where the agents are dual second
person.

2. There may be overlapping characters between the additions and a stem.

3. The stem itself may be modified due to the addition of the inflectional symbols.
Consequently, some modification actions may be required, after the removal of
the additions, and before searching the stem in the lexicon. For example, in the
stem ‘J¥ (said), its middle letter can be converted in the inflected word ‘Js&’
(saying-says).

4. More than one interpretation may arise for a stem and its additions.

3.2.1.1 Word Affixes

English language analysis relies on storing words that are classified according to their
type (verb, noun, adjective etc.) directly in the dictionary without the need of word
reduction. Similarly, we classified the Arabic words according to its syntactic categories.
Depending on the method used for analyzing Arabic words into a stem and affixes, one

can tell whether a specific word is a verb, noun, or adjective, etc.

Two types of affix are possible, namely: prefix and suffix.

(1)Prefixes:

A prefix may exist in either verbs or nouns to serve various syntactic goals depending on
the prefix value. On one hand, verb prefixes are employed in general to specify the tense
of a verb. On the other hand a noun prefix may be a preposition, a determiner, etc. table

3.1 shows the two types of prefixes.
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Table 3.1. Prefixes of Arabic Word.

Verb Prefixes Noun Prefixes

LLa Ja
Cus Chd |
—g—g - J
O ERERT du
SN -
J&

J

(2) Suffixes:
The set of suffixes in Arabic may be classified into two disjoint subsets for verb suffixes

and noun suffixes. On one hand, verb suffixes may have a string syntactic effect in that a
single word can contain both a subject and an object in addition to the verb. On the other
hand, noun suffixes are mainly concerned with uniquely determining the “person,
number, and gender” of a given noun. Table 3.2 shows the two types of suffixes.

Table 3.2. Suffixes of Arabic Word.

Verb’s Suffixes Noun’s Suffixes Suffixes for both

L& 3 |

& & B

o J

G U

I W o

P Laa— aa — (4

= PP

3.2.2 Context-sensitive knowledge representation
We choose to use the ATN as the basic structure for representing syntactic knowledge for

building inflected Arabic words. This has enabled us to implement the following:
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(a) Placing the context-sensitive knowledge as rules associated with the arcs of
the ATN. The rules have both condition and action parts. More than one rule may
be associated with one arc. One of these rules is to be selected whenever the arc
is traversed.

(b) Getting all possible interpretations of an inflected word by searching the ATN

exhaustively along different possible arcs.

3.2.2.1 The algorithm of the lexicon analyzer
The lexical analyzer traverses the ATN in a depth-first manner and backtracks to search

exhaustively for all possible solutions. We have found that this is the best way to
implement an Arabic lexical analyzer. In effect, the conditions associated with the arcs
are placed in such a way that the arc to be traversed first is the one that leads to the most
probable solution. This ordering is done using intuitive and heuristic measures. As shown
in figure 3.1, the arcs emitted from state SO are ordered such that a solution is sought by
omitting ‘begin’ (the first recognizable prefix part of a word) and repeating this process
on the rest of the word in case of failure. We use this order of search because the
occurrence of nouns is more frequent than the occurrence of the verb. To clarify the
method, the word ‘ ,»¥ (dawn) will be taken as an example to show how the order of
traversing the ATN will affect the output of the lexical analyzer. If the arc labeled ‘omit
begin’ is traversed first, the following is the output:

1. Stem: ‘> (which is a verb that means ‘draws’ or ‘drag’)

2. Begin_2: ‘< (which is a particle indicating coupling).
However, if the arc labeled ‘match’ is traversed first, the following is the output of the
lexical analyzer:

1. Stem ‘_>¥ (one possible entry for this stem in the lexicon is a noun which
means dawn).

This example shows the importance of ordering in a deterministic processing of the ATN.
However, non-determinism is a feature of natural language processing. Therefore, we

have to ensure that generating all solutions remains possible in our system.
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3.2.2.2 The augmented transition network
An augmented transition network (ATN), which describes the relation of an Arabic stem

and additions, is built according to figure 3.1. Every state of the ATN is implemented by
a Prolog predicate. A transition from a state si to an adjacent state sj is implemented by
calling the procedure corresponding to sj from the procedure representing si. The
condition on an arc is implemented by a Boolean called from a procedure representing a
state to decide if a transition to an adjacent state is possible or not.

Fig. 3.1 ATN representing the relation between the additions and stem of an

inflected Arabic word.

.&ddfconvert

1ast3 = wa /_\
add

it LastTS

boygiad = Begin? = **

The action associated with this arc, if any, is called from the function representing the
condition. If an arc has more than one rule associated with it, the Boolean function
representing the condition will scan the conditions of the rules associated with the arc in a
fixed order. If one of the conditions is satisfied, the corresponding action is activated.

Actions associated with arcs are implemented as procedures.
3.2.2.3 Data structure associated with the ATN

The conditions and actions associated with the arc use registers and a set of status flags.

Five registers correspond to the additions. Each of which corresponds to one of the
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classes of additions in figure 3.1: Begin_1,Begin_2,Last_1,Last_2 and
Last_3. The sixth register is reserved for storage of the current assumed stem. The
initial value stored in this register is the whole-inflected word. The status flags indicate
the modifications made the stem. Any such modification can be described by four
parameters:

(a) the action taken (addition, conversion, omission)

(b) the position of the added, converted or omitted letter(s)

(c) the letter to be converted (held currently in the stem register)

(d) the letter to replace the one to be converted in a conversion process or

the letter to be added in an addition process.

A possible solution of the inflected word will fill the registers and set the flags according
to the interpretation made by the lexical analysis. Alternatives of the morphological

analyzer output are kept in a Prolog list, which is passed for the parser.

3.2.2.4 Rules of the morphological analyzer
As we mentioned above, the conditions and actions associated with the arcs can be

considered as rules.
The rule associated with the arcs leading to the final state for matching a stem in the

lexicon is:
IF the stem is matched with a lexicon entry

THEN retain this situation as a possible solution

The rest of the rules can be classified into four groups:
0)) A rule of this group, matches the first or last letters of the inflected word at
any stage of parsing, against one of the addition sets. Example of these rules are:
IF first characters of the inflected word are in
Beginl_set
THEN omit these characters and keep them in

beginl_register

IF last characters of the inflected word are in Last2_set

THEN omit these characters and keep them in last2_register
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For example, the application of these two rules to the inflected word ‘0 »sWV yield to:

® Beginl_register : J
e Last2_register : SX)
e Stem_register : als

?2) a rule of this group, converts on of the stem letters to its original form (as
stated in lexicon). The premises of these rules depend on the letter to be converted

and the omitted additions. Examples of this rule is:

IF last letter stored in Stem_register is 'y’
AND (last2_register = ‘gl")
OR (last2_register = ‘0Jy")
OR (last2_register = ‘&7

)

THEN convert ‘s to ‘¢’

For example, the application of this rule to the inflected word ‘&) 5\ ~=" yield to:

e Last2_register : o
e Stem_register : el yaia
e Status_flags : ‘s’ 1s converted to ‘s’.
R)] A rule of this group adds letters to the unrecognized stem to substitute for the

omission of these letters due to the inflection process. In this class, we have three

types of rules:

one type is adding one or more of the following letters depending on the length of

(\’

the unrecognized stem : ‘s’ , <", “5°, *’" depending on the number of letters in the
unrecognized stem. An example of this rule is:
IF the length of the unrecognized stem stored in

Stem_register is two letters
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THEN add ‘s’ at the beginning of the stem

For example, the application of this rule to the inflected word ‘2=’ yield to:
e Stem_register : e

e Status_falgs ‘s is added

the second type is to test the omitted addition before adding any letter. Example

of this rule is:

IF ( (lastl_register = ‘)
OR (lastl_register = ‘¢g’)
OR (lastl_register = ‘0J")
OR (lastl_register = ‘&)
OR (lastl_register = ‘J')

)
THEN add ‘¢’ at last

For example, the application of this rule to the inflected word ‘) sibaas’ yield to:

e Last2_register : Us
e Stem_register : sihias
e Status_falgs ‘¢’ is added

the third type is to add ‘s’ in a heuristic manner to recognize the defective noun
that its last ‘s’ letter is omitted in some situations. This situation arises when all
possibility are investigated and stem is not recognized e.g. if the inflected word is
‘ela’ then adding ‘¢’ at the ending of the stem will yield to:

® stem_register : PRE

e tatus_falgs ‘¢’ is added
(4) arule of this group, converts one of the stem letter and adds a letter to the

unrecognized stem. This class can be actually splitted into rules belonging to class

2, and class 3 but we include a separate class to accelerate the recognition process
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and to accommodate words that may be recognized this way. In other word, if this

rule is splitted into two rules one for conversion and the second for addition, each

one of these two rules will belong to two different classes. The lexical analyzer

will reach the conclusion after two trials. Example of this rule is:

IF middle letter stored in stem_register is
AND ( (begin2_register ‘”)
OR (begin2_register o)
OR (begin2_register Ys')
OR (begin2_register Q)
OR (begin2_register )
OR (begin2_register o)
OR (begin2_register ‘)
OR (begin2_register TS
OR (begin2_register VL)
OR (begin2_register NS
OR (begin2_register Yol )
OR (begin2_register Yol )
OR (begin2_register Nlér
OR (begin2_register ‘S8
)
THEN convert ‘g’ to ‘I at middle, and add ‘I

\ ’
&

at first

For example, the application of this rule to the inflected word ‘aaiw’ yield to:

e Begin2_register : S

e Stem_register

e Status_flags

3

&Ualui

‘¢’ at middle converted to ‘V’, and ‘I added at

first.

(Note that, the inflected word ‘akiwy’ was broken down into ‘akiv’ and ‘s’ before

satisfying the condition of the above rule.).
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3.2.2.5 Implementation of morphological analyzes in Prolog
It is straightforward to represent ATN in Prolog and to write programs to perform various

operations with them before we start writing general network traversal programs, we
need to consider how we are going to represent transition networks as Prolog. We need to
know the following about networks:

e what are its initial nodes?

e what are its final nodes?

e what are its arc are?

Where each arc is defined by the following: The departure node, the destination node and
the label on the arc.

This can be represented in Prolog by using simple predicates of the appropriate kind:

initial (NODE)
final (NODE)
arc (DEPARTURE_NODE, DESTINATION_NODE, LABEL)

3.2.2.6 Recognition of the stem using exhaustive search
Satisfying the ATN searching for a possible path from the initial state to the final state

does the recognition of the stem. The predicate recognize (NODE, STRING,
STRINGOUT) will be true if the given STRING can be accepted by our ATN with the
traversal starting at the given NODE.

Firstly, we want to recognize the empty string if we are at a final node:
recognize (Node, [], []) :-

finalnode (Node) .

This clause says that recognize (NODE, IN_STRING,0OUT_STRING) will succeed
when string is empty and node is final. Secondly, we need to make provision for a
traversal of an arc leading from the node we are at, followed by a continuation of the

traversal from that point:
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recognize (Node, String_ In, String_Out): -
arc (Node, Destination_Node, String In, String_Out),

recognize (Destination_Node, String_ Out, String Out).

Finally, in checking recognition of a whole string, we need to make sure that we start out
from an initial node, and we can put this requirement in a simple predicate called morph,

which will call the recognize predicate:

morph (String_In, String Out): -
initial (node),

recognize (Node, String_In, String_ Out).

3. 2. 3 Indications of Inflectional symbols
The meaning of inflections joined to the stem is very important in the understanding of

the inflected Arabic word. Indications of inflectional symbols can be classified into 2

categories:

(1) Morphological features
Some additions have features that override the lexicon features.

Example 1:
Consider the break downs of the inflected word " A" 2> (st day+ J))
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Morphological
1 Input o Analyzer Output
A
........ + o + ey
Cardll 8+ 48 pra
\ 4
Stem
\4
o Parser
Ciai€ A adind (Kaa et 3 SH aud 4+ "da !

In this case we can show that, the morphological analyzer extract the input word (s )
into (Begin = J', Stem = J«_), Last = s ). From the Last (), the input word is recognized

as an adjective.

Example 2:
For example Consider the break downs of the inflected word :.s 2 ¢+ )

Morphological
S Input o|  Analyzer Output
A
........ + e-m\ + JJ:\S
+ g

A 4

Stem

.......... 4
............. Parser
é‘ ......... + _)SME‘)SJ‘I‘PJ\—}—")_\:\S"

In this example, the same action of the previous example taken, but over the
Gender feature (st 5 ).

(2) Grammatical Features :-




Some additions carry grammatical value to the parsing phase, that affects the building of

the grammatical structure of the input sentence.

Example 1:

For example consider the break downs of the inflected word "15; 2" 2 (I3 + < ,>)

the suffix (1,) means that , the  (Jt) of the sentence is the suffix (i,) and the (-s) will not

be appear exiplicity in the following words in the sentence .

Example 2:
Consider the break downs of the inflected word "lAi" 5> (la + Jla%y)

The suffix () means that, the (Js=&) of the sentence is the suffix (L)

Example 3:
Consider the break downs of the inflected word " "' > (Q_pa + )

The prefix () means that, the gender of the subject of the sentence must be male

Example 4:
Consider the break downs of the inflected word " _»&" > (Q_pa + &)

The prefix (<) means that, the gender of the subject of the sentence must be female.

3. 2. 4 Resolving Morphological Ambiguity
Sometime the morphological analyzer produces erroneous alternatives that can be

rejected. For example: -

Tk € et
ek € (=) =3 + &) (

The second alternative is not accepted because cannot be attached to a noun.

3.2.5 The structure passed to the parser
For each morphological analyzer input, we need to pass the output in a structure, i.e. a

Prolog list. This structure contains information such as stem category, definite, verb
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transitive, gender, ... etc. For parsing purposes, a post processing is called in order to
recognize the parts of the inflected word as individual syntactic constituents of the parser
input. For example

ialbaaS&e + Jualaa + &

1 input unit

Morphological output
Lehuala oS »  Analyzer l
3 output units (i) d
Parser
(& - ) sl
v
A
el @S B
55 aud
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CHAPTER (4)
SYNTACTIC PROCESSING OF ARABIC

arsing Arabic sentences is a difficult task. The difficulty comes from several
P sources. One is that sentences are long and complex. The average length of a
sentence is 20 to 30 words, and it often exceeds 100 words. Another difficulty comes from
the sentence structure. The Arabic sentence is complex and syntactically ambiguous due
to the frequent usage of grammatical relations, order of words and phrases,

conjunctions, and other constructions.

This chapter presents our attempt in developing an Arabic Parser for modern scientific
text. The parser is written in Definite Clause Grammar (DCG) and is targeted to be part
of a machine translation system. The developing of the parser was a two-step process. In
Section 4.1 we will present the architecture of the proposed Arabic parser. In Section 4.2,
we describe how we acquired the rules that constitute a grammar for Arabic that gives a
precise account of what it is for a sentence to be grammatical. The grammar rules are
acquired from an agricultural text. In our approach, we analyzed the text and identified
the different patterns of a sentence. With the help of an Arabic linguistics, we derived the
Arabic grammar rules from these patterns. Our objective was to formulate the grammar
of sentences in the agricultural domain. In Section 4.3, we discuss the implementation
aspects of the parser and show how the parser assigns grammatical structure onto input

sentence.

4.1 Overall Structure of the Proposed Arabic Parser
Our main goal was to implement a computer system to parse Arabic sentences. The

architecture of the system is given in Figure 4-1. In this architecture, the arrows indicate
the flow of information. Boxes are modules of the system. As shown, the parser will be
fed by the output of the morphological analyzer. The output of the morphological
analyzer consists of the words of the input sentence along with their features. These
features are either retrieved from the lexicon or recognized during the morphological

analysis.
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As shown the parser output is a parse tree. A Parse tree is a useful guide for proving the
derivation of a sentence for a grammar. Arabic grammarians analyze sentences by
identifying the relationships that connect one word to another, called “Irab” (<_<)) ,
rather than by drawing a hierarchical representation. For example, the sentence * <
Aawal) A elig sandll 41 is analyzed by the grammarian as

“cund” ¢ is the main verb (Jadll)

“pu18l LLaY)” is the Subject (Jeldl) of the “cuwd”

“clig? is the Direct object (42 J s244) of the “uwsd”

“danl) & is the complement of the ““cuws”

“4aNP” is the object of the preposition &

Arabic — Morphologic Stems and features > P
(LiSt of inflected al Analyzer (List of morphological structure) arsc
A
(Grammatical
Attribut Ste Parse
v
v
0 iles
Lexicon - o
”m“ L3 GAH‘“

Fig. 4-1 The Parser architecture

4.2 The grammar
The derived grammar for Arabic contains the syntactic knowledge required to analyze a
modern scientific sentence. Ideally, in order to construct such a grammar one would take

a general-purpose computational grammar of Arabic, and adapt it to the current domain
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and application. Unfortunately, however, we do not know of any computational grammar

for Arabic that could easily be adapted to the present task.

The grammar is being developed especially for the purposes of understanding scientific
Arabic text. On the one hand this has the advantage that the grammar can be tailored to
the specific requirements of the scientific domain. On the other hand, we want to adopt
general solutions as much as possible, as this increases the chances that the grammar can
be used in other domains as well. Thus, in designing the grammar we seek a balance
between short-term goals (a grammar which covers sentences typical for the scientific
domain and is reasonably robust and efficient) and long-term goals (a grammar which

covers the major constructions of Arabic in a general way).

The grammar currently covers sentences that fall into one of two categories: simple
sentence and compound sentence. A simple sentence is a sentence, which is not
connected by any means with another sentence. However, it may embed another
sentence. A compound sentence is more than a simple sentence connected with a

conjunction article (.= 5s7). Simple sentences are classified into three classes: nominal

sentence, verbal sentence, and special sentences. Special sentences are either the special

verbs (Kana and its sisters w i , o), or special particles (‘Inna and its sisters wi-f , of).

This section provides focusing on some solutions of practical linguistics problems. At
first, we start our discussion with the grammar constituents. Next, we will discuss the
grammar of sentences. Finally, we end with the terminal units that are used in the

grammar.

4.2.1 Grammar Constituents
Grammar gives two kinds of information about sentence—it divides it into constituents

and classifies these constituents into categories such as Inchoative (x3w), Enunciative

(o). We have classified the grammar into 11 main groups, see Fig. 4-2.
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In this grammar, constituents can be in one of three styles: simple, contiguous, and
connected styles. A simple constituent is a stream of units (terminal or non-terminal) that
are not separated by any connector. For example consider the grammar rules that defines

the simple Annexation constituent:

annexation-constituent = indeterminate + definite

annexation—-constituent = indeterminate + adjective-

constituent

Which accept the following constituents
“aall de) 37 dpmenl) 1SU

A contiguous constituent, sometimes called Multiple unit position in [Convigton, 1994],
in this case, is built out of some units that can be recursively-repeated n-times. In the

following examples

bl A1 Jleind” |y sganll ol Jf aland” | sl e duaS 3aly 37
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Aleal)l s Ka |

Adjective Constituent (4= S )

A 4

A 4

Annexation Constituent (bl S y)

Substitution Constituent (A << )

A 4

Distinguish Constituent (s xS )

A 4

Inchoative Constituent (iim)

A 4

> Enunciative Constituent (_»3)

Quasi-proposition Constituent ( 4

il AN

Subject Constituent (Jeld)

A 4

A 4

A 4

Direct Object Constituent (42 Js=i<)

Complement Constituent (e JaSs)

A 4

A 4

Digit Constituent (<8, xS 5)

Fig. 4-2 Arabic Grammar Constituents

We can observe the repetition of the indeterminate(s) before the occurrence of the
definite , the grammar need to declare a constituent that accepts those repeated units

(indeterminate, in this example), as follows

contiguous—indeterminate > indeterminate +

indeterminate
contiguous—indeterminate > indeterminate +

contiguous—indeterminate
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then, we add the following rule to define the annexation-constituent to be applicable to

the above phrases

annexation—-constituent = contiguous—indeterminate +

definite

Notice that we used the recursive rules in the grammar to accept any number of

indeterminate units as they appear in the input.

The last style of the constituent in our grammar is the connected constituent. A connected
constituent is a constituent attached with another unit (terminal or non-terminal) by a
connector. The following grammar rule represents a connection between a constituent

and a terminal unit.

connected—annexation—-constituent - annexation-constituent

+ connector + definite

For example, “z sl 534Sl 1 contains two connected units (constituent and terminal

unit). As an example of connecting two constituents, consider the following rule

connected-annexation-constituent = annexation-constituent
+ connector + annexation—-constituent
For example, “g 3l 33 5 ) ¥)4el 3 contains two connected units (constituent and

constituent).

4.2.2 Simple Sentences
The grammar currently covers sentences that fall into one of two categories: simple

sentence and compound sentence. A simple sentence is a sentence, which is not
connected by any means with another sentence. However, it may embed another

sentence. A compound sentence is the connected one.

Simple sentences are classified into three classes: nominal sentence, verbal sentence, and

special verbal sentence. The following subsections describe each class of these sentences.
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4.2.2.1 Nominal Sentences
In constructing a set of rules for Arabic sentences, we began with the Nominal sentence,

which consists of an inchoative followed by enunciative. The simple rule for nominal
sentence in our grammar is the following
Nominal-sentence => inchoative + enunciative

Table 4.1 shows examples of those sentences.

Table 4.1 Examples of simple nominal sentences

aal) faiial)
[RYEN il del )
3ual) eyl e 1675 >
Jaall b & Sl a5 55 Ll

Another rule is when inchoative occurs at the end of the sentence, which entails that the
enunciative must be Quasi-proposition Constituent. This is defined as follows
Nominal-sentence =2 Quasi-proposition Constituent +

Inchoative
This leads us to the general rule of Nominal sentence

Nominal-sentence =2 Quasi-proposition Constituent +

Inchoative + complement
Table 4.2 shows examples of these sentences.

Table 4.2 Examples of complex Nominal sentences

daa Jata Jaiaal (pha pd)dley 4sd
o)l G 5 a0l ) By dg | adhael, ) Oy ae o
A ekl
Jsia 8 (lial) daflie e Jeal Sosral e
il
0K RGN b 3 el 7 i A Ll om0 g e et
& ool GSeY) a8y 5480
2 Jpana

During the course of building the grammar, we analyzed some nominal sentence, which
contain embedded sentences as the enunciative of the whole sentence. We put two
conditions to accept this style of nominal sentences. First, when the embedded sentence is

a nominal sentence, it must contain a pronoun (_-=) either connected (J-<=is) or
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separated (J-=iiv), Second, when the embedded sentence is a verbal sentence, it must its

subject (J=8) absent. Table 4.3 shows examples of these sentences.

Table 4.3 Examples of embedding a sentence into a nominal sentence

(Aalnd o) dpacd Alan) i) dlaa Jaka faisal)
A il Ao il b Al gt (g ylal 4 ey AN el
& oliay Lelalitin) A1 5 gy und 41
| S el ) are o il 35 e auall
omd5i30 15 es il sa el lase Juzadl

4.2.2.2 Verbal Sentences

In our grammar, the verbal sentence fall into one of two classes simple and prefixed. The

simple form starts by the verb directly. The simple verbal sentences components are:

verb, subject (JeW)), direct object (4= Js=al), and complement (el JuSx). All these

components, except the verb, can be missed. The grammar rules handle these possibility.

The prefixed Verbal sentence may not start directly by the verb. The verb must occur

somewhere in the sentence. Table 4.4 and table 4.5 show examples of the verbal

sentence.
Tables 4.4 Examples of Simple Verbal Sentences
Uy Jasa 4 s Uy Jasa et | dasa s
ddaa
Sl gl e 8 Yd i
3aal) ol )
saaall Ll Y1 e
elllies | g &
ds;d}:?..p»‘).\s\w b del,; B;ﬁﬂ\‘ﬁ...b\)\J\‘éj =
el e
g...b\ )\ eL:.A GA ciiall I s Eok
4 seaal
FENC PO EECNR =9 o
f\_:).d\ ua\); ugu;.i ‘_A.C sl slacd! or
Agaplal
bz e JfC, ‘J'/‘ L“SJLX‘ JLAMX‘ ‘;5 .Lj:‘:g
Y Iy
450 ) O oAl s
Sle Al g_.s"'."‘_)‘\j‘ & = S
el 10-5 (e ol s

Satdl e dgt\.ml\ J_)L Az C}Lur.// iry
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Tables 4.5 Examples Prefixed Verbal Sentences

Aax Jata Jdsrda dax Jata Jold ey Jasa | (b Jasa
dlaa
60 darardel 50 | 3 el B b
@ Ol ol a Sbs
Sl e shan
Bee 5w 13-12,5
a 5-4
) Gl gadll | ol s LS 75 pxiy | Al (8
=Y e ol EE el
BJ.JNAJ‘ :ukzﬂ\ &= J.)A:d\
Jx
(Ldlas) W ) J umna Lella, glal
59
Ael))

4.2.2.3 Special Verbal Sentences

Tables 4.6 Examples of Kana and ‘Inna Sentences (Specml Verbal sentence)

alaa JaSa A jaiia ddia ppaa | gls < Al
g/ 3\
il e 5 o 3l S Sl )
()

53 5 A5kl s [N J

@ ol 43S Caiall
diall A Lslavia ()5S o

(OIS O sal dea il
) s ey 51 (5 J
(Aaled dlaa )

LlEia sy slaall Jsall ade) )30 sel se o6 o

GLEeYN A 3] an pilian)l dealgn ) el
(US < sal dea il

Glasa (ga (BN s
ClE 5 el Yl
5 ydall
2 silayil)
Jaad il oS
il

Sl e 3aal gia cals

Jiall idandl)
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Recall that the Arabic has special verbal sentence. These sentences start with either the
special verbs (Kana and its sisters L3 53l 5 0\S), or with special particles (‘Inna and its
sisters Led) 53l 5 (). Special sentences has special forms, they have no subject (J<\) nor
direct object, but they have noun, and enunciative of the sentence. In our grammar we
assume that the special verbal sentence starts with one of its instances (Kana or Inna
sisters), followed by a nominal sentence. This nominal sentence can be a complete
sentence or may miss its inchoative (i-ﬂeA). Also we set another assumption, when the
starting special verb is attached with connected pronoun (3-<is ja=), then it is followed
by the nominal sentence that missed its inchoative. Table 4.6 shows examples of Kana

and Inna sentences.

4.2.3 Compound Sentences
The compound sentence is one, which connects more than one sentence together Table

4.7 shows examples of compound sentences.

Table 4.7 Compound Sentences

Gas
e oy Bl e 5 A2l e A P ol 8 o S 50 o
iel5)
Gy day e Gailiall s lesdiivn ¢and) o2 5 70 058 % WP Ui ()a¥/an 60 Joxas
Jasd caill 3,51 4-2 )b
OIS Hassdel ol dlage a5 5 Lgaan 3 gl de ) yiall Glalid) s

4.2.4 Terminal Units
Terminal units are the words that actually occur in the language, such as ‘“band ‘).

They appear only on the right-hand side of the grammar rules. That is, they are not
expanded any more. Non-terminal units are defined in terms of terminal units either
directly or indirectly. If non-terminal units appeared only on the left-hand side of the
grammatical rule, then, they are defined directly by the terminal units on the right hand
side. If they appeared on both sides, then, the non-terminal units on the left-hand side are
defined indirectly in terms of the terminal units to which the right-hand side non-terminal
nodes are expanded in other rules. Every non-terminal has to expand finally to terminal

units. Terminal units examples in the proposed grammar are indeterminate, verb, and
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definite. Code of the Arabic parser include the rules of all terminal units, See Appendix

B).

4. 3 Parsing
From a linguistic perspective, the current grammar can be characterized as a constraint

based grammar, which makes heavy use of lexical information. The design of the
grammar was inspired to a certain extent by Head-Driven Phrase Structure Grammar

(HPSG) (Pollard and Sag, 1994).

4.3.1 The DCG

The grammar formalism is essentially equivalent to Definite Clause Grammar (DCG)
(Pereira, Shieber, and David, 1986). The choice for DCG is motivated by the fact that this
formalism provides a balance between computational efficiency and linguistic
expressiveness, and the fact that it is closely related to constraint-based grammar

formalisms (Bouma et al., 1996).

Prolog interpretation algorithm uses exactly the same search strategy as the depth-first
top-down parsing algorithm, so all it is needed is a way to reformulate grammar rules as
clauses in Prolog. For more than a decade, definite clause grammars (DCGs) notation
was developed as a result of research in natural language parsing and understanding
understanding (Pereira, Shieber, and David, 1986). DCGs allow one to write grammar
rules directly in Prolog. Prolog that conforms to Edinburgh standard have DCGs as a part
of their implementations. In the current system, grammar rules of Arabic are written in

DCG formalism, which translated into an executable code in Prolog.

A DCQG rule is translated into a Prolog clause according to the following basic scheme:
let the DCG rule be:
n ——> nl, n2, .. nn.
If all n1, n2, ..., nn are non-terminals then the rule is translated into the clause:
n(Listl, Rest) :-
nl (Listl, List2),
n2 (List2,List3),
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nn (Listn, Rest).
If some of n1,n2, .., nn are terminals (in square brackets in the DCG rule) then
it is handled differently. It does not appear as a goal in the clause, but is directly
inserted ino the corresponding list. As an example, consider the DCG rule:
n ——> nl, [t2], n3, [t4].
Where nl and n3 are non-terminals, and t2 and t 4 are terminals. This is translated into
the clause:
n(Listl, Rest) :-—-
nl (Listl, [t2]|List3]),
n3(List3, [t4|Rest]) .

Here is an example grammar for a simple subset of nominal sentence extracted from the

grammar:
nominal_sentence —--> inchoative , enunciative.
inchoative -—> defined.
enunciative —-—> indeterminate.

defined ——> [‘@adll’].

indeterminate ——-> [‘dma’].

The DCG formalism allows us to associate terms and/or logical variables, as many as you
want , as arguments to categories. Hence, the following rule is also a legitimate statement
in the DCG formalism:
nominal_sentence —--> inchoative (Number, Gender, Casel),
enunciative (Number, Gender,Case?).
This rule claims that a sentence can consist of a inchoative followed by enunciative ,

where both share the same values for both number and gender
The DCG notation actually makes it possible to incorporate the meaning directly into a

grammar. There is another notational extension, provided by DCG, that is useful in this

respect. This extension allows us to insert normal Prolog goals into grammar rules. Such

57



goals have to be enclosed in curly brackets to make them distinguishable from other

symbols of the grammar [Bratko, 1990].

The parse tree can be easily constructed using arguments of non-terminals in the DCG
notation. We can conveniently represent a parse tree by a Prolog term whose functor is
the root of the tree and whose arguments are the subtrees of the tree. For example, the
parse tree for the annexation_constituent “z=dl 4el , y” would be represented as:
annexation_constituent (indeterminate (‘4! ),
defined (‘zadll’)) .
To generate a parse tree, a DCG grammar can be modified by adding to each non-
terminal its parse tree as argument [Bratko, 1990]. For example , the parse tree of an
annexation_constituent in our grammar has the form:
annexation_constituent (IndeterminateTree,
DefinedTree) .
Here IndeterminateTree and DefinedTree are the parse trees of an indeterminate and
defined respectively. Adding these parse trees as arguments into our
annexation_constituent grammar rule results in the modified rule:
annexation_constituent (annexation_constituent
(IndeterminateTree, DefinedTree)) —-—>
indeterminate (IndeterminateTree),
defined (DefinedTree) .
This rule can be read as:
An annexation constituent whose parse tree is  annexation_constituent
(IndeterminateTree, DefinedTree) consists of:
¢ Indeterminate noun whose parse tree is IndeterminateTree , and

¢ Defined noun whose parse tree is DefinedTree.

4.3.2 Feature-Structures
During the construction of the Arabic parser, feature-structures are translated into Prolog

terms. Because of this translation step parsing can make use of Prolog’s built-in term.

The following is a description of these features:
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Tree of unit:
String carries the tree of the constituent.
Gender:
Variable stores the gender of the unit (feminine and masculine),

Note that, both verbs and nouns can carry gender indicators.

Number:
Variable stores the number of the unit (singular, dual and plural).
Definiteness:
Variable stores the definiteness of the unit (definite and indefinite),
Note that, both noun units and constituents units (adjective constituent) can carry
definiteness indicators.
Noun Information:
List to carry the attributes of the noun units, this list contains the
following:
e SpecialNoun attribute.
e  MorphPattern attribute.
Verb Information:
List to carry the attributes of the verb units, this list contains the following:
e Case Sign (3_ala O ye) Adle) attribute.
e Transitivity of the verb.
e SpecialVerb (L 53l 5 0\S) attribute.
e  VerbPrefix , store prefix of the verb.
e  VerbSuffix , store suffix of the verb.
Last Unit Info:
List to carry the some specific attributes of the last non-terminal unit of the
constituent, this list contains the following:
e  Unit Type (noun, verb , article, annexation constituent ... etc.).
e AdjectiveAbility , store boolean value of the ability of the unit to

be adjective.
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® AnnexationAbility, store boolean value of the ability of the unit to

be annexed.

First Unit Info:
List to carry the some specific attributes of the first non-terminal unit of the

constituent, This list contains the same attributes in the previous item.

The following examples show the use of these features in DCG rules:

inchoative(”ﬁﬁ‘(TreeDefined) , GENDER ,NUM , _Definiteness, NounInfo,
VerbInfo, LastUnitInfo, FirstUnitInfo)-->
defined (TreeDefined, GENDER , NUM , _Definiteness,
Nounlnfo, Verblnfo, LastUnitInfo, FirstUnitInfo).

annexation_constituent ('dbal @S ' (TreeIndeterminate, TreeDefined)
, Gender ,Number ,Definiteness, NounInfo, VerbInfo,LastUnitInfo,
FirstUnitInfo) —-- >
indeterminate (TreeIndeterminate, Gender, Number, _Definitenessl,
NounInfol, VerbInfol, LastUnitInfol, FirstUnitInfol),
defined (TreeDefined, _Gender2,_Number2, Known2, _Definiteness2,
NounInfo2, VerbInfo2, LastUnitInfo2, FirstUnitInfo2),

{

Definiteness = ‘4.,

LastUnitInfo

LastUnitInfo2,
FirstUnitInfo = FirstUnitInfol,
NounInfo = NounInfol,

VerbInfo = VerbInfol

}.

4.3.3 Syntactic Disambiguation
Sometimes parsing of the input sentence lead to ambiguous grammatical structures. In

our parser, we handle this situation by including either morphological specification
constraints or syntactic structure constraints. The former is used in order to specify the
agreement constraints, the matching constraints, and the rejection constraints by means of
some morphological features. The later is used in order to specify the syntactic

constraints among parts of a sentence for disambiguating the parse fragments of the parse
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tree. In the following subsections, we discuss the syntactic disambiguation methods used

in our parser.

4.3.3.1 Agreement Constraints
If the grammar declare some rule (sentence rule) as a noun phrase followed by verb
phrase, then the parser will recognize any occurrence of both as a sentence. This is the
case with English and many other languages, the noun phrase and verb phrases in a
sentence are not independent: they have to agree in number. This phenomenon is called
context dependence. Our Arabic parser provides the means to include context-
dependency in a grammar.The following is a grammar rule of a verbal sentence:

simple_ verbal_sentence > verb + subject +
complement +

direct-object + complement

This form declares a sequence of the units (terminals or non-terminals) which must occur
in order to parse the target sentence, but practically we need some constrains to apply it.
This concerns the agreement condition between the gender of the subject and the verb of
the sentence. This is handled in our parser by the unification of feature-structure, as

follows.

verbal_sentence (..) ——>

verb (.., GENDER, .., .., ..),
subject (.., GENDER, .., .., ..),
complement (..),
direct_object (..),

complement (..) .

When parsing the following sentences, the first sentence is accepted because the gender
feature agrees (unifies) with the subject (¢»=34) and the verb (8 ,J2). Whereas, they are

not agree in the second sentence.

"'5‘).435 Q\...}ASJ GAQS\ g_g),d\ 6_% UJAM\ &)\}gn
" 3 e el il gl &) S
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4.3.3.2 Matching Constraints

There is another type of context dependencies problem, which concerns the matching of
some named features in order to determine the correctness of the parse fragments of the
parse tree, which meets a specific syntactic structure of parts of a sentence. As an
example, consider the case of two contiguous indeterminate (3,53 as distinguish
constituent (¢ >x< S 5) such that the first indeterminate should its morphological pattern
(sir=0Js) feature unified with (Jd=¥). This is handled in our parser by the use of the

unification of feature-structure, as follows.
distinguish_constituent (... ) ——>
indeterminate (.., .., .., “d=i7 .y,

indeterminate(.., .., .., _MorphPattern2, .., ..).

So, the following fragments of a sentence are recognized as distinguish constituents.

“Y)AA: )ssi” “3_3_4_)]: 5 E.i”

4.3.3.3 Rejection Constraints
Sometimes we need to reject the parse fragment based. As an example, consider the

grammar rule that recognizes an annexation constituent as an subject of a verbal

sentence:
subject (v, .., ..) ——>
annexation_constituent (..) .

If we would like this rule rejected when the annexation constituent begins with an
accusative time or place (O« s gley <L), then the rule would be written to include the

predicate that does the rejection.
subject (v, ., ..) ——>
annexation_constituent (.., FirstUnitInfo, .., .., ..),

{
reject_type (FirstUnitType, '<sh')
}.

reject_type (UnitInfo,RejectedType) :-

UnitInfo = [Type | _Taill]l,
Type \== RejectedType.
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4.3.3.4 Connection Constraints
Sometimes we need to enable or disable some features in the grammar in order to

disambiguate sentences during parsing as early as possible. For example, if we try to
analyze the sentence

“Lygia 5 Lgblu die 53l (39l (Gob ARl jelai

With the following grammar
verbal_sentence(..) ——>
verb (..),
subject (..),

complement (..) .

complement (..) ——>
annexation_constituent (..),
connector (..),
annexation_constituent (..) .

complement (..) ——>
annexation_constituent (..),
connector (..),

complement (..) .

annexation_constituent (..) —-—>
indeterminate(..),
defined(...) .

annexation_constituent (..) ——>
indeterminate (..),
connected_pronoun (..) .

annexation_constituent (..) —-—->
accusative_time_or_place(..),
annexation_constituent (..) .

annexation_constituent (..) ——>
annexation_constituent (..),
connector (..),

annexation_constituent (..).

We obtain the following parse trees for the complement of the sentence:
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The disambiguation arises because the second grammar rule of the
annexation_constituent does a redundant work in recognizing the connection cases when
it is called from a complement rule. To disambiguate these trees, we have to eliminate the
other two trees. This can be done by setting an explicit feature—acts as a constraint—that
disambiguates the connection case of the annexation rules. Consequently, the

complement rule is defined as

complement (...) ——>
annexation_constituent (.., no_connection),
connector (..),
annexation_constituent (.., no_connection).
complement (...) ——>
annexation_constituent (.., no_connection),
connector (..),
complement (...).

The result will be only one tree, the first one.

4.3.3.5 Decomposition Constraints
Sometimes we obtain undesired parse trees, because the parser decomposes a single

grammatical constituent into some other separated ungrammatical constituents. For

example, consider the following sentence, and its corresponding grammar:

"iagall e gum sl (o ia

verbal_sentence (..) ——>
verb (..),
complement (..),
subject (..) .

verbal_sentence(..) ——>
verb (..),

complement (..) .

complement (..) ——>

quasi-proposition (..).
quasi-proposition (..) —-—>

preposition(..),

defined(..) .
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quasi-proposition(..) ——>
preposition(..),

adjective_constituent (..) .

adjective_constituent (..) —->
defined(..),
defined(...) .

In analyzing this sentence, we obtain the following two parse trees:

| sy | | s |

:L«g.d\ Sale g }A\

gl Sile g gall e
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This ambiguation problem comes from the recognition of the defined noun (4«gl) as a
separate part from the defined noun (<le saasall), where they should altogether be drawn
directly from the same grammatical entity. This is resolved during parsing by adding a
disambiguation rule that handles this undesirable situation. The rule should prevent the
generation of the parse tree when it is possible to draw an incorrect parse fragment.
Applying this solution to the verb_sentence rule given above, we rewrite it as follows
verbal_sentence(..) ——>

verb (..),

complement (.., LastUnitInfol, FirstUnitInfol),

subject (.., LastUnitInfo2, FirstUnitInfo2),

{

decompose_validate (LastUnitInfol,FirstUnitInfo2).
b

All we need is to implement the Prolog predicate that validates the decomposition
rejection, this predicate matches all the cases of two contiguous parse fragments that must
be rejected. The following disambiguation rule handles the case of (“4d_ae+ 48 247) of

decomposition rejection.
decompose_validate (LastUnitInfo, FirstUnitInfo) :-
( ((is_unit_type (LastUnitInfo, 'd =')) ,
(unite_adverbed (FirstUnitInfo)))—->

reject_type (FirstUnitInfo, "4 =")
true
is_unit_type (UnitInfo, TargetType) :-—
UnitInfo = [TargetType | _Tail].

unite_adverbed (UnitInfo) :-—-

UnitInfo = [_Type, 'axs', _AnnexationAbility].
reject_type (UnitInfo,RejectedType) :-

UnitInfo = [UnitType | _Taill],

UnitType \== RejectedType.
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4.3.4 Improving Parsing Inefficiency
In this section, we discuss our ways in handling inefficiency. Also, we propose

suggestions for future improvements.

4.3.4.1 Controlling Backtracking
Prolog will automatically backtrack if this is necessary for satisfying a goal. Automatic

backtracking is a useful programming concept because it relieves the programmer of the
burden of programming backtracking explicitly. On the other hand, uncontrolled
backtracking may cause inefficiency in a program. Therefore we sometimes want to
control, or to prevent, backtracking. We can do this in Prolog by using the ‘cut’ facility,

6"”
.

which has that syntax “!”. As an applied example in our parser, assume the following

sentence and its corresponding grammar:

Arnlil) A8l Agde Sl Ay g maall ol Y1 gy
annexation_constituent (..) —-—>

indeterminate(..) , defined(..).
annexation_constituent (..) ——>

indeterminate(..) , adjective_constituent (..).

adjective_constituent (..) ——>
defined(..), defined(..).
adjective_constituent (..) ——>

defined(..) ,adjective_constituent (..).

In this case, the parser will recognize this constituent and produces the following parse

fragments:
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The last parse tree is the desired one. In this case we face two problems. First, the
ambiguity of rules that can be solved by adding an action to the rule to reject the
decomposition of the unit. Second, the problem of backtracking which wasts some time
in solving some parts of sentence which are incorrect grammatically. To solve this wasted
backtracking time, we followed two steps: 1) if there are more than one form of the non-
terminal unit , then we wrote the longest match one (form) at the first , and the shorter
form(s) in the last., and 2) Stop backtracking (using cut facility) , if we success to get

longest match form. Applying this solution to the above rules, we rewrite them as follows

annexation_constituent (..) ——>

indeterminate(..) , adjective_constituent (..) , !.
annexation_constituent (..) —-—>

indeterminate(..) , defined(..).
adjective_constituent (..) ——>

defined(..),adjective_constituent (..), !.
adjective_constituent (..) ——>

defined(..), defined(..).

Notice that this solution is both deterministic and unambiguous. In other words, we

consume only the time of the fourth tree, and get only one parse tree, the fourth one.

4.4. Conclusions
This chapter has been concentrated on issues in the design and implementation of an

Arabic Parser. The parser encodes the Arabic grammar rules of irab and the effects of
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applying these rules to the constituents of sentences. The system can be geared towards
any other related system or application since it has been built as a module. The parser
tries to avoid some problems associated with ambiguities. The extent to which ambiguity
could be resolved is not comprehensive since ambiguity can be semantic which is another

research problem.
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CHAPTER (5)
THE TESTING OF ARABIC PARSER

! n this chapter we report on an experiment that tests the Arabic parser. Results are

analyzed and discussed. Suggestions for improvements are also proposed.

In Arabic natural language processing, there are no predefined forms for analyzing the
sentence, which makes parsing a difficult task. The syntactic structure of parts of the
sentence may be missing, taking different orders, or connected by long distance syntactic
relations. Section 5.1 gives some examples of the parser output. In Section 5.2 we discuss
the results of running the parser on an agricultural extension document.

At last we will analyze these results in section 5.3.

5. 1. Examples of the parser output
The central task of a parser is to assign a grammatical structure onto input sentences. In

practice, it is more common to describe the parser output by means of a parse tree. Parse
tree is a useful guide for proving the derivation of a sentence for a grammar. In the
following subsection, we give examples that are extracted from the experiment conducted
to test our parser. We present each input sentence along with the parse tree that result
from the parse. The input sentences are grammatically correct and their parse trees are

also successfully produced.

5.1.1. Examples of Verbal Sentences
Example (1): The following sentence shows how the parser is capable to deal with the

case when the subject (J=\@l) of the sentence is missing.
X..AAL@.AL).AAELSJ\ d_)lsjjudbmha}!\ Lﬁd\..sﬂk_u.aadﬁ‘t_\ ‘5.».4:}45\ 4.&:\))5\ Jwe\)ﬂ\ﬂb)})asc\ﬁ

iliadd) |

The parser produces the following parse tree for the above sentence.
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(d=) o= )it 4 B)iLea Lo (S laa¥ A yon (S2s, sl i) <) Al
Ad jrn, (S, o) HS3) la) S ) Alan JaSa) S ye Alaa JaSa, (5)daca s aa, ((((((((S3a,00) A8 o,
o S —a i Ay L B e o (( S 28l

(5, olandl)As yon (i 30, Al ) il

Example (2): The following sentence shows how the parser is capable to deal with the
case when the main verb of the verbal sentence may not occur at the beginning of the

sentence.

CRYEN

The parser produces the following parse tree for the above sentence.
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5.1.2. Examples of Nominal Sentences
Example (3): The following sentence shows how the parser is capable to deal with the

case when the noun of Kanna sentence was missing.

2l 5l pdall By 5 Gl e e e WA (S5

The parser produces the following parse tree for the above sentence.
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Example (4): The following sentence shows how the parser is capable to deal with the

case when the noun of Inna sentence was missing.

sl il amy BV o

The parser produces the following parse tree for the above sentence.

(o) Jad

(V) 4 Jsaia

il 3 i) oS s |

e (S0, (518 yma)y  snde (g xio, (5 ) Jrd) e Alan) o ()0 )l Al 5 o) Aden
(S0, 2YA yr, (S0, s ) el A 5 (3n) e S ) Al S ) ALen
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Example (5): The following sentence shows how the parser is capable to deal with the

case when the enunciative () of the sentence was connected by a distant relationship.

Culia,

The parser produces the following parse tree for the above sentence.

Jdie

.

e pn (55l Baua Adaih g a0 55 Qlanal ol Y Gl ) usf‘\ludas—«|

)i ten 4B)ilen JaSa)d Len JaSa aliiy 3) i ((Cizedel A8 ra)laiie)dieud L len
S S i 5 ) 38 () dmiie et aand Ales (LS hnt) 216 pmn (L) >
S0 8 o Allan e (L0301 5 3R s, (a3, Bk ) Bn) S 5 (US3e, uadl)s )5 S
ISy iy Allan o, ((in, el SV A8 e ()8 LS ) Je S 5 () o i pnfilen 4ndyiles
8 —Si)pan e & 5 Si) Al S A shaae 2] S () o Do) tes 4 B)dLes
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Example (6): The following sentence show how the parser is capable to deal with the

case when the enunciative () of the sentence precedes it’s inchoative (B

sl Alleall i g del 0 iy b g el Al Ae) 30 jaae e

The parser produces the following parse tree for the above sentence.

Gadde ]
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) le) S YA glane Adln) o) i (S, baill)Ad s (50, 211)5 5-) i)
C () s i (i A ) A e (S35 (US3e, 5 5)5 - S)ia2ale
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5.2 Running the system
The purpose of our experiment was to investigate whether the parser is sufficiently robust

for application to real-word Arabic text. We selected an unrestricted Arabic text, which is
an agricultural extension document. The document is entitled * =l J¥) 4zl dc) )}
sagaall” e )3l Ggaall 58 je pedael y 3B 88 — 1998 420 o83 53, which carries many
information and instructions to the Egyptian farmers. The text includes 10 pages, each of

which contains about 20 sentences in average.

We have implemented the parser on a Pentium 133 processor, with 96 MG.Byte RAM,
and 2.5 GB Hard Disk. The software used was SICStus Prolog ver. 3.7.
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5.2.1 Results
In this section we discuss the testing results by first looking at whether the input sentence

is parsable and then, if so, whether the complete parse is ambiguous.

The first question to ask is how good the output of the parser is. Table 5.1 shows the
results of the parser. These results fall into two categories: the parsable sentence and the

unparsable sentence.

The parsable sentence category refers to the case when the parser can parse input
sentences leading to one or more parse trees. Sometimes the parser only assigns incorrect

grammatical structure to the input sentence. For example, the input sentence

) B 5 el ) LS
is assigned the incorrect parse tree
S ), (3,8 Aallya s s, (L)) o 2 )i a iyl S, (p3Y, ) Jab)ia e
(((C 7, 5ol oo, (4 3, ko) SS) 3L
Linguists analyze this sentence as if it were written as

el Bz 5l ] ()

We get this incorrect parsing because the parser fails to recognize the absence of the subject (JsW)
of the verbal sentence. In this case it only recognizes the annexation constituent —( sl aix>)— as

the subject (s&) of the verbal sentence.

For this reason, we classified the parsable sentence category into two subcategories:
1.  Grammatical Successful. Which has led to a complete successful parse of the input sentence.
2.  Grammatical Incorrect. Which has led to a grammatically incorrect structure of the input

sentence.

The unparsable sentence category refers to the case when the parser fails to parse the
input sentences. Sometimes failures are due to ill-formedness of the input sentence

which, is also not recognizable by linguists according to Arabic grammar rules. This
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unexpected syntactic phenomenon in real-world texts is beyond the parser coverage. In
other words, if the linguistic parsing fails, our parser fails. For example, the input
sentence

Core T e B els g b s gl

is not parsed by our parser because the subject (Jsw) of the sentence—(s)> 5. Li)—takes the feature

gender as female, but the prefix () of the verb () of the sentence indicates that this feature

value is expected to be male. The grammatically correct sentence would be as follows

o e (360 BB L gl

For this reason, we classified the unparsable sentence category into two subcategories:
1. Ill-formedness. Which has failed to parse due to an incorrect input sentence.

2. Failure. Which has failed to assign a parse tree to a grammatically correct sentence.

Table 5-1 Testing results

Number of
%
sentences
Grammatical Success 161 77
Parsable e v 27 12.9
Grammatical incorrect

I1l-formed 2 0.9
Unparsable Failure 19 9
Total 209

The total number of sentences across the document was 209 sentences. The average
sentence length was 10 words. The longest sentence was 44 words long. The result shows
that the number of sentences parsed successfully was 161 sentences, about 77%. 27
sentences were assigned incorrect parse trees, about 12.9%. The number of sentences that

were not parsed (has not produce a parse tree) was 21 sentences, about 9.9%.

There are some notes about the sentences that produced grammatically incorrect parse
trees. First, we do not consider the correctness of the parse fragments of the parse tree,
which represent correct syntactic structure of parts of a sentence. In other words, the
complete sentence is rejected if any of its parse fragments would be grammatically
incorrect. Second, it is possible to decrease the total number of unparsable sentences by

acquiring additional grammar rules.
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Although the results observed in our experiment are satisfactory, the practical question is
how many final parse trees we can get. This structural ambiguity may lead to an
enormous amount of possible readings for an input sentence. Techniques will have to be
developed to be able to deal with large numbers of analyses, and to be able to choose the
most appropriate reading from such a set of candidate analyses. However, this is not

covered in the current work.

Table 5-2 shows the ambiguities of sentences parsed successfully across the document.
As shown, the maximum number of parse trees was limited to four parse trees. The total

disambiguated sentences were 151. The total ambiguous sentences were 37.

Table 5-2 the relation between the number of trees and the number of sentences.

Number of sentences
1 151
Number of 2 27
Trees 3 e
4 1

5.3 Analysis of Results

In this section we analyze the output of the parser from different point of views. This
includes showing the relationship between the total number of sentences and the
corresponding grammatical pattern, the relationship of the parsed sentence with its
length, timing of the parser output, and the effect of the connectors on the parser output.
5.3.1 Analysis of Grammatical Patterns

Each grammar rule (form) is acquired from certain grammatical patterns. These patterns
are listed in Appendix C. Table 5-3 shows the grammatical pattern along with the number
of sentences that are parsed from this pattern. Although the total number of input
sentence is 209, the total number of patterns is 236. This is due to the inevitable

ambiguous output.
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Table 5-3 the relation between the grammatical patterns and the number of
sentences.

Grammatic % Grammatic- %0
-ally ally Total
Correct Incorrect
Verbal Sentence
Form 1 1 0.6 5 6.9 6
Form 2 6 4.0 2 2.7 8
Form 3 1 0.6 6 8.3 7
Form 4 1 0.6 1 1.3 2
Form 5 0 0 1 1.3 1
Form 6 20 12.0 1 1.3 21
Form 7 2 1.2 1 1.3 3
Form 8 27 16.0 15 20.8 42
Form 9 4 2.4 0 0 4
Form 10 1 0.6 4 5.5 5
Form 11 30 18.0 1 1.3 31
Form 12 1 0.6 5 6.9 6
Form 13 9 54 1 1.3 10
Sub-Total 103 62.8 43 59.7
Nominal Sentence
Form 1 21 12.8 10 13.8 31
Form 2 1 0.6 0 0 1
Form 3 3 1.8 0 0 3
Form Innal 1 0.6 1 1.3 2
Form Inna2 1 0.6 0 0 1
Form Inna3 2 1.2 2 2.7 4
Form Kannal 0 0 0 0 0
Form Kanna2 1 0.6 0 0 1
Form Kanna3 4 2.4 0 0 4
Sub-Total 34 20.7 13 18.05
Other Sentence
Form of Prefixed 26 15.8 13 18.05 39
Sentence
Form Verbal 0 0 1 1.3 1
Compound Sentence
Form Nominal 1 0.6 2 2.7 3
Compound Sentence
Sub-Total 27 16.4 16 22.2
Total 164 100 72 100
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From Table 5-3 we note the following:
(1) First for grammatically correct patterns:

Patterns that generate incomplete verbal sentences are the most commonly
patterns in the input text. From the analyzed patterns, four patterns represent
9%51.5. These are Formll, Form8, Form6, and Forml3. Formll pattern
corresponds to the case when the subject (J=W) and the direct object (4 Jsxid)
were missed. Form8 pattern corresponds to the case when the subject was
missed. Form6 pattern corresponds to the case when the subject and the direct
object were missed. Forml3 pattern corresponds to the case when the subject
and the complementary were missed.

Patterns that generate complete verbal sentences take a minimal percentage in
our analyzed text. For example, Forml and Form3 patterns, which contain all
components of the sentence (Verb J=i Subject d=i Direct Object 4 Jdsric
Complementary ks J«S), represent only 1.2%.

For the nominal sentence, we can see that, the default nominal pattern Forml
(inchoative (lxil) + enunciative (=aY)) has the maximized percentage 12.8%.
Where the rare patterns like Form2 and Form3, which represent the
enunciative (V) precedes the inchoative (1xd) has only 2.4%.

Finally, we can observe that, there are some patterns have not correspondent
sentences like Form5 of verbal sentence, Form Kannal, and Form Verbal
Compound Sentence. We can see that, Form5 has the form of (verb + subject +
direct object), and in usage this form is rarely happened without a
complementary. Although this rarity, we put this form in our grammar,
because it represents an axiom rule. The same concept was applied over other
two patterns.

(2) Second for grammatically incorrect patterns:

For the grammatically incorrect patterns, there is no indicator can be commented
from the result. But we can use this entry to know which pattern is often
recognized as an incorrect (Form8 of verbal sentence, Forml of Nominal
sentence, the Form of Prefixed Sentence), to focus in studying of them in future

work.

5.3.2 Analysis of Sentence Length

In order to show the capability of the parser to analyze long sentence, we set a number of

categories, each of which is a multiple of 5 words. Table 5-4 shows the total number of

parsed sentences from each category.
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Table 5-4 the relation between the sentence length and the parsing results

i

5: 10:1 | 152 [20:2 | 253 |30:3 |35:40 | 404
10 |5 0 5 0 5 5
Grammatica | 33 | 68 32 19 4 4 1 0 0
1ly correct

(9]

Grammatically 2 10

incorrect

UN- 2 7 6 2 2 0 2 0 0
Parseable

Total 37 | 85 45 25 8 5 3 0 1

We can observe that, the sentences which have the length between 5 to 10 words were the
most sentences grammatically succeed, 42% (68 sentences from 161 total grammatically
correct sentences). In the second stage, the sentences which have the length 0 to 5 words,
have the percentage 20.49%, and the sentences with the length 10: 15 have the percentage
19.8%.

5.3.3 Timing the parser output

In this section we time the parser output according to the sentence length, and number of
connectors in the sentence.

5.3.3.1 Time versus sentence length

We set a number of categories of the sentence length, each of which is a multiple of 5
words. To make the sampling more homogenous, we set the last category of the sentence
length to be the length of sentences which have more than 15 words (this is because, the
total number of all sentences more than 15 words was only 28 sentences). Table 5-5

shows the relationship between the processing time and the sentence length.

Table 5-5 the relation between processing time and the sentence length

Sentence Length 0:5 5:10 10 :15 > 15
Average Parsing time for Grammatically | 0:21 0:40 0:54 1:39
correct

We can simply observe that, the curve of the time proportionally increases with the
length of the sentences. This result comes from that, when the sentence has more words,

the parser also has many combinations needed to traverse to parse the sentence.

83



5.3.3.2 Time versus number of connectors

We set a number of categories according to the number of connectors in the sentence, up
to 5 connectors. To make the sampling more homogenous, we set the last category of the
connectors to be the connectors of sentences which have more than 2 connectors (this
because the total number of all grammatically correct sentences, more than 2 connectors,
was only 4 sentences).

Table 5-6 shows the relationship between the processing time and the number of

connectors.

Table 5-6 the relation between processing time and the number of connectors

Number of connectors in the sentence 0 1 2 3:5
Average Parsing time for Grammatically correct 0:43 | 0:54 | 1:12 | 1:31

Simply we can see that, the connectors in the sentence increase the time of parsing. This
is due to the occurrence of the connector which gives a chance to build either two
sentences connected to each other, or a single sentence has a connected constituent.

We must observe that, those chances will increase with the increasing of the connectors

in the sentence.

5.3.4 Analysis of Connectors

In this section we analyze the effect of connectors versus parsing success. We set a
number of categories according to the number of connectors in the sentence, up to 6
connectors. We also set three categories that correspond to the success of the parser in
producing a correct parse tree: grammatical, ungrammatical, and un-parasble. Table 5-7

shows the relationship between the connectors and the parsing success.

Table 5-7 the relation between the connectors and the parsing success

0 1 2 3 4 5 6
Grammatical correct 104 38 15 2 1 1 0
Grammatical incorrect | 17 6 1 2 0 0 1
UN-Parsable 10 6 4 1 0 0 0
Total 131 50 20 5 1 1 1
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We can observe that, when there is no connector in the sentence, we obtain the most ratio

of grammatically correct sentences 64.5% (104 from 161).

5.4 Analysis of Ungrammatical sentence

Recall that the number of ungrammatical sentences was 27 sentence. The parser assigns
incorrect parse tree(s) to the input sentence. In other words, a sub-tree of the parse tree
was assigned an incorrect syntactic category that occurs at a higher level of the tree.
These are classified into four categories:

1. Incorrect Direct object . J,-i.: The parser has recognized a fragment of the

verbal sentence correctly but erroneously assigns it as a direct object of the
sentence.
The sentences that have incorrect direct object can be classified into the following
categories:

(a) Some words can’t be direct object anyway. This type of problem can
be solved be adding an attribute in the lexicon to indicate if the word can be

used as a direct object or not. Table 5-8 lists those sentences.

Table 5-8
Sentence # | Incorrect direct object Notes
1-18 oo Tree #1
1-18 il Tree #2
2-3 il
4-7 RN Tree #1
4-7 EAR Tree #2
5-5 L) el we Tree #2
5-10 et Lo
5-11 b5 4-3 s as
5-12 B,y 4-3 s ws
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(b) Some sentences recognize Inna sentence («f:i~) as a direct object of

the sentence, and this problem needs more study of a huge sample of those
sentences, which embed in it another Inna sentences. After this investigation
the grammar needs to be provided by additional condition(s) to decide when
to accept Inna sentence as a direct object and when to refuse it. Table 5-9 lists

those sentences.

Table 5-9
Sentence # Incorrect direct object
8-14 o) &gt s OB
9-5 el of
(© Sentence 7-15 recognizes the word (,—¥) as the direct object of the
sentence.

This is because the parser makes a false segmentation between two words (a,—.) and
(L) as a separated units, but the fact is, the two words are a single constituent which

can’t be separated.

(d) In sentence 8-2, the parser recognizes the constituent (L4 L) as the
direct object of the sentence. The parser takes this decision depending on the
transitivity behavior of the verb (s:;—) which is entered to the lexicon as
transitive verb (¢i~ ). But in fact this verb can occur sometimes as a
transitive and in another time as an intransitive. This dual case of transitivity
of the verb wasn’t considered in our system.

(e) In sentence 8-16, the parser recognizes the constituent (J,—=# ) as the
direct object of the sentence. But this constituent is grammatically parsed just

as an adjective constituent to the noun or the constituent which precede it,

which in our sentence was (5.4 %), This problem can be solved if the
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parser considers of the role of the morphological patterns (z:—ai o) to

determine the adjective constituent.

2. Incorrect Enunciative ,—~: The parser recognized a fragment of the nominal

sentence correctly but erroneously assigned it as an enunciative of the sentence.

In those sentences, the parser incorrectly recognized some constituents as
enunciative.

The sentences have incorrect enunciative, can be classified into the following
categories:

(a) The sentences, which come as a point under some title, are usually just
phrases not complete sentences. This type of error comes in the sentences (2-
14, 2-17, 6-11, 6-20, and 6-21).

(b) Sometimes there are some incomplete sentences, which occur in the
text, but are not a point under a title as in the (a) category. This problem need
more investigation to find the cases in which these phrases occur, and then we
need to add those cases to the grammar to parse it as a phrase (incomplete
sentence.).

This type of error comes in the sentences (4-25, 7-18, and 7-1).

(c) The parser recognizes some constituents as an enunciative wherever
the true enunciative follows this constituent in the order. This due to the parser
considers the first chance of the enunciative. We can solve this problem by
considering the in-determine noun (:—<u) as the enunciative of the nominal
sentence, whatever the order of appearance of it in the sentence is.

This type of error comes in the sentences (8-8 , and 9-2).

(d) Also there is another problem of the same reason of the parser
considering for the first chance of the enunciative in the nominal sentence.
But this time we need to take the priority to the Quasi-proposition (i L.ti«_z)
over the annexation constituent only if this annexation constituent included a
place or time accusative (ou; 5 o o b).

This type of error comes in the sentence 10-3.
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3. Incorrect Subject . u: The parser recognizes a fragment of the verbal sentence

correctly but erroneously assigns it as a subject of the sentence.
The sentences which have incorrect subject, can be classified into the following
categories:

(a) Segmentation error, in this cases the grammar makes a false
segmentation to some constituent. It occurs in the sentence 9-8 when the

parser separates the constituent (4 o , ., , o) from the constituent (b )

by error, and then this error gives the parser a chance to recognize the

constituent (W o~ 5 bvy 5 o #) as the subject of the sentence.

(b) The reminder sentences need semantic phase to take the decision to
reject a specific constituent from being a subject of the sentence.
This case occurs in the sentence (4-15) when the parser considers the

constituent (. u~—>) as the subject, and in the sentence (9-18) when it
considers the constituent (=ud ;i 2~2) also as a subject.
4. Connection .:: The parser has erroneously recognizes the sentence as two

connected sentences whereas it is a sentence that contains two connected

constituents. There is only one sentence occurred from this type sentence (9-9).

5.5 Unparsable sentence

Recall that the number of unparsable sentences was 21 sentence. The parser fails to

assign any parse tree to the input sentence. These are classified into four categories:

1. Agreement: The parser fails to produce a parse tree because the parse
fragments that correspond to parts of the sentence do not agree with some features
constraints.

(a) The first category in this agreement case was in the adjective

constituent. It occurs in the following sentences (3-3) in constituent ( -\ <.
), (6-4) in constituent (x s = <ti), (6-6) In constituent (4 2, k), and (8-

13) in constituent (s, sl paih L),
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The second category of agreement occurs in the sentence (9-28), when
the parser reject the non-agreement between the enunciative () and the
determinate (.. ) of the noun (.14 in Kanna sentence.

The last one was in the sentence (10-8), when the parser rejects the
non-agreement between the gender of the subject (s, =s) which is female and
the gender indicator of the verb (=) which indicates to the male subject.

Ill-formed: The parser fails to produce a parse tree because input sentence was

grammatically incorrect. This case occurs in the two sentences (6-3, and 6-7).

Segmentation error: The parser fails to produce a parse tree because it failed
to make a correct segmentation between two constituents. This case occurs in the

two sentences (7-12) when the parser recognizes the constituent (< clasy i) as
a single constituent, but the true it is a two separated constituents () and then
(Suowsy). Also sentence (8-5) recognizes the constituent (J,—~ + =t Ls) as a single

constituent.

Unrecognized grammatical pattern: The parser fails to produce a parse tree
because the syntactic form of the sentence is not included in the grammar.
Acquiring the grammar that corresponds to the pattern of the input sentence can

solve this problem.

The sentences which have this case are (3-17, 5-7, 6-14, 6-18, 7-11, 7-14, 9-15, 9-17,
9-19, 10-12, 10-20).
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CHAPTER (6)
CONCLUSION AND FUTURE WORK

6.1 Conclusion

This thesis has been concentrated on issues in the design and implementation of an
Arabic Parser. The parser encodes the Arabic grammar rules of irab and the effects of
applying these rules to the constituents of sentences. The parser is written in Definite

Clause Grammar (DCG). The developing of the parser was a two-step process.

In the first step, we acquired the rules that constitute a grammar for Arabic that gives a
precise account of what it is for a sentence to be grammatical. The grammar has been
developed especially for the purposes of understanding scientific Arabic text. On the one
hand this has the advantage that the grammar can be tailored to the specific requirements
of the scientific domain. On the other hand, we want to adopt general solutions as much
as possible, as this increases the chances that the grammar can be used in other domains
as well. Thus, in designing the grammar we seek a balance between short-term goals (a
grammar which covers sentences typical for the scientific domain and is reasonably
robust and efficient) and long-term goals (a grammar which covers the major

constructions of Arabic in a general way).

The grammar currently covers sentences that fall into one of two categories: simple
sentence and compound sentence. A simple sentence is a sentence, which is not
connected by any means with another sentence. However, it may embed another
sentence. A compound sentence is more than a simple sentence connected with a

conjunction article (w—ks 7). Simple sentences are classified into three classes: nominal

sentence, verbal sentence, and special sentences. Special sentences are either the special

verbs (Kana and its sisters wi i , o), or special particles (‘Inna and its sisters i , o).

The second step was to implement the parser that assigns grammatical structure onto

input sentence. A major design goal is that the system can be geared towards any other
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related system or application since it has been built as a module. The parser has solved

partially the syntactic ambiguities.

Experiment on real extension document was performed. The purpose of our experiment
was to investigate whether the parser is sufficiently robust for application to real-word
Arabic text. We selected an unrestricted Arabic text, which is an agricultural extension
document. The document is entitled “sasaall ) ¥ 3 xadll del )37 5S ya (e dge) )35 5
dael ol &gl — 1998 420 a8, 5 -4, which carries many information and instructions to
the Egyptian farmers. The text includes 10 pages, each of which contains about 20
sentences in average. The total number of sentences across the document was 209
sentences. The average sentence length was 10 words. The longest sentence was 44
words long. The results observed in our experiment are satisfactory. The result shows
that the number of sentences parsed successfully was 161 sentences, about 77%. 27
sentences were assigned incorrect parse trees, about 12.9%. The number of sentences

that were not parsed (has not produce a parse tree) was 21 sentences, about 10%.

6.2 Efficiency Issues
Here we will introduce proposal deterministic parser, this parser based on two-layers, the

first one is reasonable to make segmentation of the sentence into small separated ones to

parse each one in the layer 2, the second layer is simply the parser of the simple

segmented sentence.

The advantages of this deterministic parser as follows:

1. The reductions of wasted time, which consume in solve some sentences more
than one time. As an example if we has a sentence which contain 3 embedded
sentences, and each one need the following time 2,3,2 minuets respectively, then
the total time we spent to parse this large sentence will be (2*3*2 = 12 minuets).
But if we separate each one and parse it alone, we will need only (2+3+2 = 7
minuets).

2. The ability to parallelism, if we can get parallel processor, we can send each

subsentence to a processor in the same time.
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We used some heuristics rules to make the segmentation operations on layerl of the
parser, the following are the rules which recognize the separations between embedded
sentences:

1. Word () + verb.

2. Word (W) + verb.

3. Word () + negation article (& <) + verb.

4. Word (\Y) + verb.

5. Connector articles (* S ,“9”) + word ().

6. Connector articles (<3, “ %) + word (<lw),

7. Connector articles (“ 57, “5”) + verb.

8. Connector articles (“ S , “5”) + negation article (% <) + verb.

9. Preposition “lam” (¢¥ Jall <@ ) + verb.

10. Connector articles (“}i” , “9”) + article “maa” (W <_a).

11. Preposition “lam” (s¥ sl < )a) + demonstrative pronoun (343 ax!) + non-noun

word.

12. Preposition “kaf” (LS yall <s ) + demonstrative pronoun (3 L4 ~ul) + non-noun
word.

13. Conjunctive noun (s aul) + verb.

14. in this case we will end this segment at either a new separation or an occurrence of
another verb.

15. Connector articles (“}i” , “3$”) + Conjunctive noun (s aul) + verb.

16. in this case we will end this segment at either a new separation or an occurrence of
another verb.

17. Separation word (Lae - Ll - 5 - Cus - ),

18. Separation sign (comma “,”).

6.3 Future Work
We have several on going activities, all concerned with extending our thesis work to be

more powerful and applicable. In what follows, we present some of these activities.

Improve the parsing efficiency, this can be done in several ways. One way is to segment

the sentence into parts and build the parse fragments for each of which, then in a final
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phase these partial parse fragments is formed into a complete parse tree. Another way is
to use a programming language that supports a threading mechanism in order to

parallelize the parsing of the input Arabic sentence.

Implement the semantic analysis phase, which concerns representing the meaning of an
individual Arabic sentence. This task is difficult because there is no universally accepted
notation has been devised for semantics. This phase is essential for implementing natural

language understanding system for Arabic and solving semantics ambiguities.

Conduct a comparative study by reimplementing the acquired grammar using other

parsing techniques such as chart parsing.

Investigate the possibilities of describing the Arabic grammar using new formalisms

such as Lexical Function Grammars.
Integrate this system into some other Arabic applications such as machine translation

systems, systems for teaching Arabic, and system for checking and correcting

grammatical errors.
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APPENDIX (A)
ANALYSIS OF RESULTS

Page #1
Has # of # of #Of | Time Text No.
grammat | conn- | words | Trees
i-cal tree | ectors
Yes 4 24 2 330  Auwd il o Ly saaal ol V) i | -]
Aad 3 Lls I 3o g el gl dalaiudl)
WY B gde) )3 ol V) 8 ) el
Ce=lo
Yes 1 28 1| 027 Jsanall o jlicls madll J pane dpaal 1k | 122
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L) Qs e gl
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) ) s ol
Yes 1 20 1] 0:50 | el il Acalal Zud) Cloca il g Ll gl b | 1-4
) deasill GSY1 iy 380 IS halial) el 3
s Jpana
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. Byaal
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Yes 0 4 1 0:21 CAasld il ad 1-8
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Yes 0 4 1 0:15 L 3uall Gliad) (30 16755 1-10
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Page #2
Has # of # of #Of Time Text No.
grammati | conne | words | Trees
-cal tree | ct-ors
Yes 0 7 1| 030 543 s dalue gl sal ) aeis | 241
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APPENDIX (C)
THE ARABIC GRAMMAR

Adjective Constituent (A<l cus 4l
We did classify the adjective constituent into two classes:

1) Simple:
Also this class divided into two subclasses:
(1-1) Defined adjective constituent (4 as &ay S 5), which has
the following forms:
<Name: Defined adjective constituent>
<Form1>:
defined+ defined
<Conditions >:
- Last defined noun must be has ability
to adjective in its morph indicators.
- Gender of two nouns must be agreed.
<Examples>:
M meall 48U
i ) S

u‘;")’d‘ @u\n

<Name: Defined adjective constituent>
<Form2>:
defined+ connected pronoun + defined
<Conditions >:
- Last defined noun must be has ability
to adjective in its morph indicators.
- Gender of two nouns must be agreed.
<Examples>:
"‘%511..4353]\ 5 S 5"

<Name: Defined adjective constituent>
<Form3>:

defined+ <Defined adjective constituent>
<Conditions >:

- Last defined noun (in second
constituent) must be has ability to adjective in its morph
indicators.

- Gender of two (noun, and second
constituent) must be agreed.

<Examples>:
LY g el g sl el
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(1-2) Indeterminate adjective constituent (_S3 &ay S 5), which has the
following forms:
<Name: Indeterminate adjective constituent>
<Form1>:
indeterminate + indeterminate
<Conditions >:
- Last indeterminate noun must be has
ability to adjective in its morph indicators.
- Morphological pattern of first
indeterminate noun , must be not equal to “Jadl”,
- Gender of two nouns must be agreed.

<Examples>:
"c_"a‘} U'A}H
Mide diat
false, because second condition failed ~ "Y sal i

<Name: Indeterminate adjective constituent>
<Form2>:
indeterminate + <Indeterminate adjective constituent >
<Conditions >:
- Last indeterminate noun (in second
constituent) must be has ability to adjective in its morph
indicators.
- Morphological pattern of first
indeterminate noun , must be not equal to “Jadl”
- Gender of two nouns must be agreed.

<Examples>:
"iaad Lida (. "

2) Connected:
<Name: Connected adjective constituent>
<FormI>:
<Indeterminate adjective constituent> + connector +
<Indeterminate adjective constituent >
Or:
< Defined adjective constituent > + connector + < Defined
adjective constituent >

<Conditions >:
- Gender of two constituents must be
agreed.

<Examples>:
"Ane duad gdnh ()"
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<Name: Connected adjective constituent>
<Form2>:
< Defined adjective constituent > + connector + defined
<Conditions >:
- Last defined noun must be has ability
to adjective in its morph indicators.
- Gender of two units (constituent and
defined noun) must be agreed.
<Examples>:

"agde )l gl Ay gl el ol VI

<Name: Connected adjective constituent>

<Form3>:
< Defined adjective constituent > + connector + <Connected
Defines>

<Conditions >:

- Gender of two constituents must be
agreed.
<Examples>:

il o Al o gl el ol NI

<Name: Connected adjective constituent>
<Form4>:
defined + connector + < Defined adjective constituent >
<Conditions >:
- Gender of two (defined noun and
constituent) must be agreed.

<Examples>:
i il Jualaall 5

Annexation Constituent (2.l S 5):
We did classify the annexation constituent into two classes:

6)) Simple:
Also this class divided into four subclasses:
(1-1) Annexation-pronoun constituent, who has the following
forms:

<Name: Annexation-pronoun constituent>
<FormI>:
< Compound indeterminate constituent > + connected pronoun
<Conditions >:
- No conditions.
<Examples>:
"leasand 5z "

<Name: Annexation-pronoun constituent>
<Form2>:
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< Contiguous indeterminate constituent > + connected pronoun
<Conditions >:
- No conditions.
<Examples>: ‘
")) A gl

<Name: Annexation-pronoun constituent>
<Form3>:
indeterminate + connected pronoun
<Conditions >:
- No conditions.
<Examples>:

”\.@:L.i):l"

<Name: Annexation-pronoun constituent>
<Form4>:
<Annexation-pronoun constituent> + <Defined adjective
constituent>
<Conditions >:
- No conditions.

<Examples>:
"iaadl Akl g

<Name: Annexation-pronoun constituent>

<Form5>:
<Annexation-pronoun constituent> + defined

<Conditions >:
- defined noun must be has ability to adjective in its morph
indicators.

<Examples>:
n';“:) “ L@_\.a).a"

(1-2) Annexation-digit constituent, who has the following forms:
<Name: Annexation-digit constituent>
<FormI>:
<digit constituent> + <Contiguous indeterminate constituent>
<Conditions >:
- No conditions.
<Examples>:
" s 8l > LS 30"

<Name: Annexation-digit constituent>
<Form2>:

<digit constituent> + indeterminate
<Conditions >:
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- No conditions.
<Examples>:
"(*M 12”

<Name: Annexation-digit constituent>
<Form3>:
<percentage digit constituent>
<Conditions >:
- No conditions.
<Examples>:
n % 30”

(1-3) Annexation-accusative constituent, who has the following
forms:
<Name: Annexation-accusative constituent>
<Form1>:
accusative (of time or place) + connected pronoun
<Conditions >:
- No conditions.
<Examples>:

n s "sﬂ

<Name: Annexation-accusative constituent>
<Form2>:
accusative (of time or place) + <adjective constituent>
<Conditions >:
- No conditions.
<Examples>:

EWEETENS

<Name: Annexation-accusative constituent>
<Form3>:
accusative (of time or place) + demonstrative
<Conditions >:
- No conditions.
<Examples>:

u\h dégn

<Name: Annexation-accusative constituent>
<Form4>:
accusative (of time or place) + defined
<Conditions >:
- No conditions.
<Examples>:

"‘,.5.)}‘ dégn
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<Name: Annexation-accusative constituent>
<Form5>:
accusative (of time or place) + indeterminate
<Conditions >:
No conditions.
<Examples>:
"G s

(1-4) Annexation-normal constituent, who has the following forms:

<Name: Annexation-normal constituent>

<Form1>:

<Compound indeterminate >+ defined
<Conditions >:
No conditions.
<Examples>:
"o Y QA s el )"

<Name: Annexation-normal constituent>
<Form2>:
<Compound indeterminate >+ <Connected defined>
<Conditions >:
No conditions.
<Examples>:
"R 5 R Y QA sAel )"

<Name: Annexation-normal constituent>
<Form3>:
<Contiguous indeterminate >+ <Defined adjective constituent>
<Conditions >:
No conditions.
<Examples>: ‘
ni sl el )0 ) gl il

<Name: Annexation-normal constituent>
<Form4>:
<Contiguous indeterminate >+ defined
<Conditions >:
No conditions.
<Examples>:
"W ) S3 a6
"o salll juac Jlexial

<Name: Annexation-normal constituent>

<Form5>:
indeterminate + <Defined adjective constituent>
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<Conditions >:
No conditions.
<Examples>:

Hcﬁﬂ)ﬂ\ CJ\}AX\ Jhﬁl\"

<Name: Annexation-normal constituent>
<Form6>:
indeterminate + <Substitution Constituent>
<Conditions >:
No conditions.
<Examples>:
Mkl p3a Clas s
<Name: Annexation-normal constituent>
<Form6>:
indeterminate + <Indeterminate adjective constituent>
<Conditions >:
No conditions.
<Examples>: ‘
" s (ol f el

<Name: Annexation-normal constituent>
<Form7>:
<contiguous indeterminate>
<Conditions >:
No conditions.
<Examples>:
CICPRTINTS

<Name: Annexation-normal constituent>
<Form8>:
indeterminate + defined
<Conditions >:
No conditions.

<Examples>: ‘
"ol sall g il
" d - S\ @L‘:n
Connected:
<Name: Connected Annexation constituent >
<Form1>:

<Simple Annexation constituent > + connector + <Connected
Defines>
<Conditions >:
No conditions.
<Examples>:

Al s Al ) s Y1 del

147



<Name: Connected Annexation constituent >

<Form2>:
<Simple Annexation constituent > + connector +
<Connected Annexation constituent>

<Conditions >:

No conditions.
<Examples>: ;
"Aale ) ol Y a5 S35 "

<Name: Connected Annexation constituent >

<Form3>:
<Simple Annexation constituent > + connector + <Simple
Annexation constituent >
<Conditions >:

No conditions.
<Examples>:
" sall g ) gl iy 5 S3ag "

<Name: Connected Annexation constituent >

<Form4>:
<Simple Annexation constituent > + connector + defined +
connector + <Simple Annexation constituent >

<Conditions >:

No conditions.
<Examples>:
"l i g sl 5 lail aaat

<Name: Connected Annexation constituent >
<Form5>:
<Simple Annexation constituent > + connector + defined
<Conditions >:
No conditions.
<Examples>:
"ol 5 oLl aaat
<Name: Connected Annexation constituent >
<Form6>:
<Simple Annexation constituent > + connector + <Defined
adjective constituent>
<Conditions >:
No conditions.
<Examples>:
"Ligaall del 50 5 Uyl Al s

<Name: Connected Annexation constituent >
<Form7>:
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<Simple Annexation constituent > + connector + <indeterminate
adjective constituent>
<Conditions >:
No conditions.

<Examples>:
"ine B IBE Slaxil?

Substitution Constituent (J S 5):
This constituent was declared only with two rules in our grammar as the following:

<Name: substitution constituent >
<Form1>:
demonstrative pronoun + <Defined adjective constituent>
<Conditions >:
Gender of two (demonstrative
pronoun and second constituent) must be agreed.
<Examples>:

M Sl U ) 138
"aal) 45y Ll o3an

<Name: substitution constituent >
<Form?2>:
demonstrative pronoun + defined
<Conditions >:
Gender of two (demonstrative
pronoun and defined noun) must be agreed.
<Examples>:
"da ol 1
"y L) 028"

Distinguish Constituent (¢ il S ):
This constituent was declared only with two rules in our grammar as the following:

<Name: distinguish constituent >
<Form1>:
indeterminate + <Annexation constituent>
<Conditions >:
- Morphological pattern of first indeterminate noun , must be equal
to “dul”
<Examples>: ‘
1l pall 52 i
"l ) sda Jhl

<Name: distinguish constituent >
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<Form?2>:
indeterminate + indeterminate
<Conditions >:
- Morphological pattern of first indeterminate noun , must be equal
to “Ju"
<Examples>:
REEE

Inchoative (3ial):
This constituent was declared with seven rules in our grammar as the following:

<Name: inchoative constituent >
<Form1>:

<Defined adjective constituent>
<Conditions >:

- No conditions.

<Examples>:
"Eaall de) I
"q:u.;\\ C_Aﬂ\n
<Name: inchoative constituent >
<Form2>:

<Annexation constituent>

<Conditions >:
- First noun of annexation constituent must be not belonging to
accusative of place or accusative of time.

<Examples>:
"C.Aﬂ\ 3.&:\)‘}"
"G'j)m‘ )}..J._a"
" ilad"
"ng.lhaﬁ\}(\ ojS)A"
not accepted "G o

<Name: inchoative constituent >
<Form3>:
<distinguish constituent>
<Conditions >:
- No conditions.
<Examples>: ‘
n;'u;\)j )’_"S‘H
";ﬁ:’,)j:' Min

<Name: inchoative constituent >
<Form4>:
<substitution constituent>
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<Conditions >:
- No conditions.

<Examples>:
"3.&:\)‘}3\ sda"
"oeil) 128"
<Name: inchoative constituent >
<Form5>:
defined.

<Conditions >:
- No conditions.

<Examples>:
”lkc\))‘l\"
HC_AH\H
<Name: inchoative constituent >
<Form6>:

separated pronoun.
<Conditions >:
- No conditions.
<Examples>:
"‘9‘%"
”‘5“”

<Name: inchoative constituent >
<Form7>:

demonstrative pronoun.
<Conditions >:

- No conditions.

<Examples>:
" \ 'JAH
na&u
Enunciative (_:3):

We did classify the enunciative constituent into four classes:

6)) Simple:
Also this class divided into two classes:

(1-1) Default simple enunciative without any violation of default
rules of enunciative ,
The following are the declaration of the six rules represent it:

<Name: simple enunciative constituent >

<Form1>:
quasi-proposition
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<Conditions >:
- No conditions.
<Examples>:
"‘L‘HM ‘é_an"
el a1
Msapall ol Y1 i

<Name: simple enunciative constituent >
<Form2>:

<indeterminate adjective constituent>

<Conditions >:
- No conditions.

<Examples>:
il el 5
"y “~ B)A:j"
nial 3.&:\)‘}"

<Name: simple enunciative constituent >
<Form3>:

<annexation constituent>
<Conditions >:

- No conditions.
<Examples>:

"C\..\J\J\ @)mu
":Cgh :t.c\))'"

<Name: simple enunciative constituent >
<Form4>:
<distinguish constituent>
<Conditions >:
- No conditions.
<Examples>:
RS
Mol 5 Juadl

"4&4)1:: &hivv

<Name: simple enunciative constituent >
<Form5>:

indeterminate + <conjunctive sentence>

<Conditions >:

- Gender of two (indeterminate noun and conjunctive noun ) must

be agreed.
<Examples>:
"aale )l ol V) ie ) Chua
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Al el Y1 g ) Cana

<Name: simple enunciative constituent >
<Form6>:

indeterminate
<Conditions >:

- No conditions.

<Examples>:
" !.. 2 "
n &#_\J.JA"
"LS‘J "’é‘”
(1-2) free simple enunciative which (under some special cases )

will violate default rules of enunciative , The following are the declaration
of the two rules represent it:

<Name: simple enunciative constituent >
<Form1>:
defined
<Conditions >:
- The nominal sentence which contain this enunciative , must call
this type of simple enunciative class explicate.
<Examples>:
from the following large sentence "ol aall A"
"ol yaall s Lal) Lgila st
Note: in this example, we violate two of default rules of the enunciative
(1) First, there is no gender agreement between the inchoative “ s”
Which is “male”, and its enunciative “s! ~<xll” which is
“female”.
(2) Second, the violation of the linguistic rule of that, the
enunciative must be indeterminate (see chapter 3).

<Name: simple enunciative constituent >
<Form2>:
<indeterminate adjective constituent>
<Conditions >:
- The nominal sentence which contain this enunciative, must call
this type of simple enunciative class explicate.
<Examples>:
from the following large "a) sy dihid) st
sentence
"ag giaY) dilid) g LY Lgila st
Note: the same previous notes.

2) Enunciative as sentence:
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The following are the two-declaration rules of this class:
<Name: enunciative as sentence constituent >
<Form1>:

<Nominal sentence>
<Conditions >:

- The large nominal sentence which
contains this embedded nominal sentence as enunciative, must
call this type of enunciative class explicate.

- The inchoative of the embedded
nominal sentence must be containing separated or connected
pronoun.

<Examples>:
enunciative for the following large sentence "lgw 4l 3"

"ug_u 43‘;|)) C_Aﬂ\n

<Name: enunciative as sentence constituent >
<Form2>:

<Verbal sentence>
<Conditions >:

- The large nominal sentence which
contains this embedded verbal sentence as enunciative, must
call this type of enunciative class explicate.

- The embedded verbal sentence must
be missing its Subject.

<Examples>: ‘
enunciative for the following large sentence "c=,¥) g )"
"ub‘)\ﬂ t))d CM\H
A3 Enunciative with complementary:

The following are the rules whose declare these class forms:

<Name: enunciative with complementary constituent >

<Form1>:
<simple enunciative constituent> + <Complementary>

<Conditions >:

- No conditions.
<Examples>:
" il U B s el
in this sentence , the grammar will recognize the constituent * "
as the enunciative of the sentence, but the following constituent *“
A el B

will recognized as complementary of the sentence.

<Name: enunciative with complementary constituent >
<Form2>:
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<simple enunciative constituent> + <enunciative as sentence
constituent> + <Complementary>
<Conditions >:
- No conditions.
<Examples>:
" i el S AL el il
in this sentence , the grammar will recognize the sentence 4
alls?

as the enunciative of the sentence, but the following constituent *“
A =l U
will recognized as complementary of the sentence.

“4) Compound enunciative:
<Name: compound enunciative constituent >
<FormI>:
<Complementary> + <enunciative as sentence constituent>
<Conditions >:
- No conditions.
<Examples>:
"l N ol SV g e el Jsal L il
In this sentence, our grammar will recognize the constituent
“Ap yall J 5l &7 as “Complementary constituent™ , then the
grammar will continue to recognize the verbal sentence “ ¢ )
4le )l ol ¥ as the enunciative of the sentence.

ML e 3 R el Sl bl
In this sentence, our grammar will recognize the constituent

“Ap el Jsall &7 as “Complementary constituent” , then the
grammar will continue to recognize the nominal sentence “ 43!
4L ag the enunciative of the sentence.

Quasi-proposition (e 4:5):
The grammar declare this constituent in the following six forms:
<Name: Quasi-proposition constituent>
<Form1>:

preposition + <Defined adjective constituent>
Or
preposition + <indeterminate adjective constituent>

<Conditions >:

- No conditions.
<Examples>:
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u@)’d‘ d}ﬂ\ ‘;én
"illa &\}.ﬁ o

<Name: Quasi-proposition constituent>
<Form?2>:
preposition + <annexation constituent>
<Conditions >:
No conditions.
<Examples>:
"allall B3 A"

ncj\}‘d‘ )LA_’ OAH

<Name: Quasi-proposition constituent>
<Form3>:
preposition + < substitution constituent>
<Conditions >:
No conditions.
<Examples>:
"L')L)S‘ (RYS ‘5_5‘n
"5 5 s3a

<Name: Quasi-proposition constituent>
<Form4>:
preposition + connected pronoun
<Conditions >:
No conditions.

<Examples>:
"\.@;\A"
"“..J.é"
"("Q—..‘S“”
<Name: Quasi-proposition constituent>
<Form5>:
preposition + <noun> + connector + <noun>
<Conditions>:
- The determination of the two nouns must be agreed.
<Examples>:
Tl 53 5 e
"ol 5 3 A"
not accepted "l g 3 Al 8

<Name: Quasi-proposition constituent>
<Form6>:

preposition + <noun>
<Conditions>:
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- No conditions.

<Examples>:
"o A
")\.Aﬁ\ O
Subject (JsW):
The grammar classified the Subject constituent into two classes as the followed:
1) Simple:
These simple Subject classes declared into five forms:
(1-1)
<Name: simple Subject>
<FormI>:
<annexation constituent>
<Conditions>:
- First noun of annexation constituent must be not belonging to
accusative of place or accusative of time.
<Examples>:
"C.Aﬂ\ 3.&:\)‘}"
NaB ST
not accepted Ml
(1-2)
<Name: simple Subject>
<Form2>:
<Substitution Constituent>
<Conditions>:
- no conditions.
<Examples>:
"3.&:\)‘}3\ ola"
"oeil) 128"
(1-3)
<Name: simple Subject>
<Form3>:
<Defined adjective constituent>
or
<indeterminate adjective Constituent>
<Conditions>:
- no conditions.
<Examples>:
R
"y $ LIS
(1-4)
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<Name: simple Subject>

<Form4>:
defined
<Conditions>:
- no conditions.
<Examples>:
nc_Aﬂ\u
HQ:L.J‘H
"
(1-5)
<Name: simple Subject>
<Form5>:
indeterminate
<Conditions>:
- no conditions.
<Examples>:
"C"“g”
VVQ;‘%H
n;"_.’):’u
2) Connected:
<Name: Connected Subject>
<Form1>:
defined + connector + defined
<Conditions>:
- no conditions.
<Examples>:
NSETSUTSSA
Mo all 5 el
<Name: Connected Subject>
<Form2>:
defined + connector + <Connected Subject>
<Conditions>:
- no conditions.
<Examples>:
"Glasl s Ol 5 all
"5l 5l sall g el
Direct Object (4 Jsrda):

The grammar declared this constituent into the following forms:
<Name: direct object>
<FormI>:
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<’Inna sentence>

<Conditions>:
- no conditions.
<Examples>:
direct object in the following large "o sall) | S5 cpad gaiall i
‘ ~ sentence
" sl ) 5580 Gl gaiall (o \SULS aia it
<Name: direct object>
<Form2>:
<annexation constituent>
<Conditions>:
- no conditions.
<Examples>:
direct object in the following large sentence "W _jil<s 3 k"
"a IS5 5k S
direct object in the following large sentence "I jx s LS
" e QIS A
<Name: direct object>
<Form3>:
<defined adjective Constituent>
or
<indeterminate adjective Constituent>
<Conditions>:
- no conditions.
<Examples>:
direct object in the following large sentence "zoal 5 a e"
"ol 5 pa e Akl sl Ciladia ilal
direct object in the following large M08 al) Ayl (Slalial)
sentence

M358 21 Alina)) 3lalial Ailaial 538 Jadi

<Name: direct object>
<Form4>:
<distinguish constituent>
<Conditions>:
- no conditions.
<Examples>:
direct object in the following large sentence "z Juadl"
"l Jaadl il Hall s

<Name: direct object>
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<Form5>:
<substitution constituent>
<Conditions>:
- no conditions.
<Examples>:
direct object in the following large sentence "e sl laan

"t}'\l\ J3a ( grivall g

<Name: direct object>
<Form6>:
<Connected Defines>
<Conditions>:
- no conditions.
<Examples>:
direct object in the following large sentence " e sl) 5 JlE
"l 5 JE l SAL ) padt

<Name: direct object>
<Form7>:
defined
<Conditions>:
- no conditions.
<Examples>:
direct object in the following large sentence Moa By
"ub)&\ C'_’);'_"H

<Name: direct object>

<Form8>:
indeterminate

<Conditions>:
- no conditions.

<Examples>:

direct object in the following large sentence "au"
"G de ady el 1 k!
Complement (e JaSa):
The grammar divide this constituent into two classes as follow:
(1) Unit:
The declarations of this class include four forms:

<Name: unit complementary>

<FormI>:
<compound complementary>

<Conditions>:
- no conditions.

<Examples>:

compound complementary in the following large "aw &l Jsall o i< A"
sentence
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" oad dsd e S A !

compound complementary in the following "<l da g laall cibad jall ("

large sentence
MEallAa g ylaal) Ol jall e Al jelant

<Name: unit complementary>
<Form2>:
<simple complementary>
<Conditions>:
- no conditions.
<Examples>:
simple complementary in the following large sentence " s <"

" A se Osadlll ) sadas)

(2) Connected:
<Name: connected complementary>

<Form1>:
<unit complementary> + connector + <unit complementary>
<Conditions>:
1- If first unit complementary was “
Inna sentence” , then reject this form.
2- If first unit complementary include

“annexation constituent ” in the end of it,
Then , second unit complementary must not include
“annexation constituent ”’ in
The start of it.
<Examples>:
Ml Casin b g el U i
Mgilial 5l sall g 5 0"
not accepted (condition 2) "lealiy 5 gai allad
this constituent will not recognize here as “connected complementary”
(“la s pallad” 4 “ &7 4 “Leally”) but will recognized as a single
“annexation constituent” (“lall 5 sai allad”) which is include
embedded ‘“‘connected annexation constituents”.

not accepted (condition 1)  "ixa¥) dabic 5 degall pacal gall (e 2l sall F )l "

this constituent will not recognize here as “connected complementary”
(“Aagall apal sall (o el gl oy U5 7 57 4 “Aaaall Aaglae™) | but will
recognized as a single “’Inna sentence” (* s 4egall aanal sall (o el sall 5y )05 ¢
4aaY) dailie”) which is include embedded “connected complementary”
(“Axaal) daplie 5 dagall mual sall (7).
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Simple Complementary:
The grammar divide this constituent into two classes as follow:
(1-1) This subclass will refer to it by “simple_1 complementary”,
in this class we define the constituents which has no way to be any thing
(Subject or Direct Object) except “complementary”.
The forms of it as follow:

<Name: simple_1 complementary>
<Form1>:

preposition + <’Inna sentence>
<Conditions>:

- No conditions.
<Examples>:

"AgS il e ) sl G "

<Name: simple_1 complementary>
<Form?2>:

<Quasi-proposition Constituent>
<Conditions>:

- No conditions.
<Examples>:

u@‘)‘j‘ djﬂ‘ ‘5_,‘n

<Name: simple_1 complementary>
<Form3>:
<separated pronoun>
<Conditions>:
- No conditions.
<Examples>:
occurred in the following large sentence " >

"ldadid Aol 3 Gk ST A adedl Aol 3l e
The grammar will recognize this “separated pronoun” as a
complementary
of the verbal sentence, and call it as “aS sl (Li e

<Name: simple_1 complementary>
<Form4>:
<annexation constituent>
<Conditions>:
- First noun of annexation constituent must belong to accusative of
place or accusative of time.
<Examples>:
"
"l 3
not accepted "wa_Y) 4 gl
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<Name: simple_1 complementary>
<Form5>:
<Defined adjective constituent>
Or
<indeterminate adjective constituent>
<Conditions>:
- The adjective constituent must has explicate subjunctive or
genitive case (38 o o cuaiddle),
<Examples>:
(s Adle Jiais pal) Gl M Lol )
(i Adhe Jiais Al Gl el 5 Y sl
not accepted "ol 5 Jsedt

<Name: simple_1 complementary>
<Form6>:

indeterminate
<Conditions>:

- The indeterminate must have explicated subjunctive or genitive
case ( );}\ MWBJAU&)'

<Examples>:
(s ke Jiais yal) Gl M
(o Adle Jiais Al Calill) MY gadt
not accepted " sed!
(1-2) This subclass will refer to it by “simple_2 complementary”,

in this class we define the constituents whose can be any recognized as
(Subject or Direct Object).
The forms of it as follow:

<Name: simple_2 complementary>
<Form1>:
<annexation constituent>
<Conditions>:
- The sentence call this “simple_2 constituent” rule, must be sure
from that , the Subject and  the Direct Object can’t be occur in
the reminder of the sentence.
<Examples>:
included in the following large sentence " ) éall ye .
" )l cadall e sl

<Name: simple_2 complementary>
<Form2>:
<Defined adjective constituent>
Or
<indeterminate adjective constituent>
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<Conditions>:
- The sentence call this “simple_2 constituent” rule, must be sure
from that , the Subject and  the Direct Object can’t be occur in
the reminder of the sentence.
<Examples>:
"5 S ks ledn Gl gaa | saina’

<Name: simple_2 complementary>
<Form3>:
<distinguish constituent>
<Conditions>:
- The sentence call this “simple_2 constituent” rule, must be sure
from that , the Subject and  the Direct Object can’t be occur in
the reminder of the sentence.
<Examples>:
included in the following large sentence "........ @& Juadl "
" Al B yedel ;N g e Juall a Jiliw madl) ) 3y et

<Name: simple_2 complementary>

<Form4>:
indeterminate

<Conditions>:
- The sentence call this “simple_2 constituent” rule, must be sure
from that , the Subject and  the Direct Object can’t be occur in
the reminder of the sentence.

<Examples>:

included in the following large sentence "dle ...
"Aale el gall £ Y A 50 dagdall 028 Cladia cilad”

"

<Name: simple_2 complementary>
<Form5>:
defined
<Conditions>:
- The sentence call this “simple_2 constituent” rule, must be sure
from that , the Subject and  the Direct Object can’t be occur in
the reminder of the sentence.
<Examples>:
Compound Complementary:
This constituent has two forms:
<Name: compound complementary>
<Form1>:
<simple complementary> + <simple complementary>
<Conditions>:
- No conditions.
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<Examples>:
Mmy S (ge Ay all Jal) A

"leana o8 L B !
<Name: compound complementary>
<Form2>:
<simple complementary> + <compound complementary>
<Conditions>:
- No conditions.
<Examples>:

il G el sl

Digit Constituent () S 5):
This constituent has two forms:

<Name: digit constituent>
<Form1>:
<percentage constituent>
<Conditions>:
- No conditions.
<Examples>:
") %33
"% 20"

<Name: digit constituent>
<Form2>:
<simple digit constituent>
<Conditions>:
- No conditions.
<Examples>:
n 1 5 n
"30 S 15"

Simple Digit Constituent:
This constituent has two forms:
<Name: simple digit constituent>
<Form1>:
digit
<Conditions>:
- No conditions.
<Examples>:

n 14”
"200"
<Name: simple digit constituent>
<Form2>:
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digit + preposition + digit
<Conditions>:
- No conditions.
<Examples>:
"50 I 14"

Percentage Digit Constituent (s ad) oS 5):
This constituent has two forms:
<Name: simple digit constituent>
<Form1>:
percentage digit
<Conditions>:
- No conditions.
<Examples>:

"%14"
"%200"
<Name: simple digit constituent>
<Form2>:
percentage digit + preposition + percentage digit
<Conditions>:
- No conditions.
<Examples>:
"%350 ) %14"

Grammar of Sentences:
The proposed grammar recognize the following sentences:

Simple Sentences :
We assume that the simple sentence in the grammar will classified into three classes:
Nominal Sentences (dzes) 4laa):
Nominal sentence declared in the following forms:
<Name: Nominal sentence>
<Form1>:
<Inchoative> + <Enunciative>
<Conditions>:
- Number of two both Inchoative and Enunciative must be agreed.
<Examples>:

RRITN C.Aﬂ\ 3.&:\)‘}"
Miagall Cle g gall (e I 50V L) aal ae ) dpcaeal) 2eSW Ly

<Name: Nominal sentence>
<Form2>:

<Quasi-proposition Constituent> + <Inchoative>
<Conditions>:

- No conditions.
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<Examples>:
Ml a5 ¢ L agall "
"dasll (g 5 0l "

<Name: Nominal sentence>
<Form3>:
<Quasi-proposition Constituent> + <Inchoative> +
<complementary>
<Conditions>:
- No conditions.
<Examples>:
"liall A glie o Janll 5 5 pall "
"oel) Uiy dalad) 4l il il £ L agall e

Verbal Sentences (428 ila3):
(1) Simple Verbal Sentence:
The simple verbal sentence has the following forms in our grammar:
<Name: Simple Verbal sentence>
<Form1>:
verb + <Subject> + <complementary> + <direct object> +
<complementary>
<Conditions>:
Gender of Subject must be agree
with the gender indicator of the verb.
Verb doesn’t contain morph
indicator of Direct Object.
Verb doesn’t contain morph

indicator of Subject.
Verb must be transitive.
<Examples>:

<Name: Simple Verbal sentence>
<Form2>:
verb + <Subject> + <direct object> + <complementary>
<Conditions>:
Gender of Subject must be agree
with the gender indicator of the verb.
Verb doesn’t contain morph
indicator of Direct Object.
Verb doesn’t contain morph
indicator of Subject.
Verb must be transitive.
<Examples>:

<Name: Simple Verbal sentence>
<Form3>:
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verb + <Subject> + <complementary> + <direct object>
<Conditions>:
Gender of Subject must be agree
with the gender indicator of the verb.
Verb doesn’t contain morph
indicator of Direct Object.
Verb doesn’t contain morph
indicator of Subject.
Verb must be transitive.
<Examples>:

<Name: Simple Verbal sentence>
<Form4>:
verb + <complementary> + <Subject>+ <complementary>
<Conditions>:
Gender of Subject must be agree
with the gender indicator of the verb.
Verb doesn’t contain morph
indicator of Subject.
Verb must be intransitive.
<Examples>:

<Name: Simple Verbal sentence>
<Form5>:
verb + <Subject> + <direct object>
<Conditions>:
Gender of Subject must be agree
with the gender indicator of the verb.
Verb doesn’t contain morph
indicator of Direct Object.
Verb doesn’t contain morph
indicator of Subject.
Verb must be transitive.
<Examples>:

<Name: Simple Verbal sentence>
<Form6>:
verb + <Subject> + <complementary>
<Conditions>:
Gender of Subject must be agreed
with the gender indicator of the verb.
Verb doesn’t contain morph
indicator of Subject.
Verb must be intransitive.
<Examples>:
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<Name: Simple Verbal sentence>
<Form7>:
verb + <complementary> + <Subject>
<Conditions>:
Gender of Subject must be agreed
with the gender indicator of the verb.
Verb doesn’t contain morph
indicator of Subject.
Verb must be intransitive.
<Examples>:

<Name: Simple Verbal sentence>
<Form8>:
verb + <direct object> + <complementary>

<Conditions>:

Verb doesn’t contain morph

indicator of Direct Object.

Verb must be transitive.

<Examples>:

<Name: Simple Verbal sentence>
<Form9>:
verb + <complementary> + <direct object>

<Conditions>:

Verb doesn’t contain morph

indicator of Direct Object.

Verb must be transitive.

<Examples>:

<Name: Simple Verbal sentence>
<Form10>:
verb + <complementary> + <direct object> + <complementary>

<Conditions>:

Verb doesn’t contain morph

indicator of Direct Object.

Verb must be transitive.

<Examples>:

<Name: Simple Verbal sentence>
<Forml11>:

verb + <complementary>
<Conditions>:

- No conditions.
<Examples>:

<Name: Simple Verbal sentence>
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<Form12>:
verb + <Subject>
<Conditions>:
Gender of Subject must be agreed
with the gender indicator of the verb.
Verb must contain morph indicator
of Direct Object.
Verb doesn’t contain morph
indicator of Subject.
<Examples>:

<Name: Simple Verbal sentence>
<Form13>:
verb + <direct object>
<Conditions>:
Gender of Subject must be agreed
with the gender indicator of the verb.
Verb doesn’t contain morph
indicator of Direct Object.
Verb doesn’t contain morph
indicator of Subject.
Verb must be transitive.
<Examples>:

(2) Prefixed Verbal Sentence:
<Name: Prefixed Verbal sentence>
<Form1>:
<complementary> + <Simple Verbal sentence>
<Conditions>:
- No conditions.
<Examples>:
"G ¥ Aedd e e (g gD 3 Ll
iy 4ld jean A J V) 3 Jseanall o jlicl zaill J sane Lpaa | i

G e llgindl 5 daal il (s gadl) Sl i) 2l S ol Y el

e

Special Verbal Sentences (“ald 43lad dlas):
(1) ‘Inna Sentence (Y53l 5 ¢ Aday):
We assume that the ‘Inna sentence has the following forms:
<Name: ‘Inna sentence>
<Form1>:
verb ‘Inna + connected pronoun + <Enunciative>
<Conditions>:
- No conditions.
<Examples>:
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HCJ\}‘J\Q‘“{J”

"Ciladalaall pany GA Aa g i

<Name: ‘Inna sentence>
<Form2>:
verb ‘Inna + <Nominal sentence>
<Conditions>:
- No conditions.
<Examples>:
Wi 5l Ailaial) 038 b il Aale Aday gl gall
"iagall gl sall (yo Lo L T el sall o 5 "

<Name: ‘Inna sentence>
<Form3>:
verb ‘Inna + <Enunciative>
<Conditions>:
- No conditions.
<Examples>: ‘
Mol b d

(2) Kana Sentence (41 53 5 oS dlaa):
We assume that the ‘Inna sentence has the following forms:
<Name: Kana sentence>
<Form1>:
verb Kana + connected pronoun + <Enunciative>
<Conditions>:
- No conditions.
<Examples>:

nn

<Name: Kana sentence>
<Form?2>:
verb Kana + <Nominal sentence>
<Conditions>:
- No conditions.
<Examples>:
ik el el by ] G e Y

<Name: Kana sentence>
<Form3>:
verb Kana + <Enunciative>
<Conditions>:
- No conditions.
<Examples>: ‘
" sad i o
"iagall e suin sall (e I3 Y
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Compound Sentences (4 s 4lay):
We declare a compound sentence in our grammar in two forms:
<Name: Compound sentence>
<Form1>:
<Nominal sentence> + connector + <Nominal sentence>
<Conditions>:
- No conditions.

<Examples>:
i G gaal) Auhast laa 5 Aol 3l (Bae AUl g Jaad) 8 (g olEi) ) 55 Al

niel 3l
<Name: Compound sentence>
<Form2>:
<Verbal sentence> + connector + <Prefixed Verbal sentence>
<Conditions>:
- No conditions.
<Examples>:
Aadd 5 s e (gD A g 5 Weladiud el 0 ok ST el kel ded )3l e
7oy

<Name: Compound sentence>
<Form3>:
<Nominal sentence> + connector + <Compound sentence>
<Conditions>:
- No conditions.
<Examples>:
This form declared for recursive example of compound sentence.

172



APPENDIX(D)
THE PROLOG CODE

/***********************************************************************

*

*

* [Word, Type, Sex, Number, Known, Function, Trans, VerbSepcial, NounSpecial, Wazn,
* AdVerb, Modaf, VerbPrefix, VerbSuffix].

*

* Function ==> ol je | dade

*  AdVerb ==> A=t Al Lell

*

LA LA AR LR AR EE e ARl

/***********************************************
*

* *SENTENCE*

*
***********************************************/

s (Tree) —--> simple_sentence (Tree,_NextConnectionDegree) .

s (Tree) ——> compund_sentence (Tree) .

simple_sentence (Tree,NextConnectionDegree)--> gomla_essmya (Tree,_, 'no', 'yes',
_LastUnitType, _FirstUnitType,NextConnectionDegree) .

simple_sentence (Tree,NextConnectionDegree)-—-> gomla_feealia (Tree,NextConnectionDegree,
' ' ' '

yes', no') .

compund_sentence(')HL&S)J {l&Treel,RG, Tree2 <--((

gomla_essmya (Treel,_, 'no', 'yes', _LastUnitTypel,
_FirstUnitTypel, NextConnectionDegreel),

rabet_goml (RG,NextConnectionDegreel),

gomla_essmya (Tree2,_, 'no', 'yes', _LastUnitTypeZ2,
_FirstUnitType2,_NextConnectionDegree2) .

compund_sentence(')'14_5)_0 i @#Treel,RG, Tree2<-- ((
gomla_essmya (Treel,_, 'no', 'yes', _LastUnitTypel,
_FirstUnitTypel, NextConnectionDegreel),
rabet_goml (RG,NextConnectionDegreel),
compund_sentence (Tree2) .

/***********************************************
*

* *GOMLA_ESSMYA*

*

***********************************************/

gomla_essmya_simple(')'L+Mi i) #TreeMob, TreeKhbr), Mobtadaa_Contain_Dameer, KhabarFree,

Agreement, LastUnitType2, FirstUnitTypel,NeXtConnectionDegree<;-(
mobtadaa (TreeMob, _SEX , NUM , _, _, _,_,_, Mobtadaa_Contain_Dameer,
_LastUnitTypel, FirstUnitTypel),
{validate_KhabarFree (KhabarFree,FirstUnitTypel) },
khabar (TreeKhbr, _SEX1 , NUM1 , _, _, _,_,_, KhabarFree, LastUnitType2,
_FirstUnitType2, NextConnectionDegree),
{validate_NumAgreement (Agreement,NUM,NUM1)} ,!.

gomla_essmya_simple(')'PA_iA ") 'iqgwi i)l &TreeKhbr), TreeMob , TreeComplemntry),
Mobtadaa_Contain_Dameer, KhabarFree, _Agreement, LastUnitType3,
FirstUnitTypel, NextConnectionDegree) ——>

shepeh_gomla_single_or_compund (TreeKhbr, _SEX1 , _NUMl, _Known, _, _,_,_,
LastUnitTypel, FirstUnitTypel, 'all' ,_LastTermType),
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mobtadaa (TreeMob, _SEX , _NUM , _, _, _,_,_, Mobtadaa_Contain_Dameer,
LastUnitType2, FirstUnitType2),
{refused_unit_decompos (LastUnitTypel, FirstUnitType2)},
{validate_KhabarFree (KhabarFree,FirstUnitTypel) },
complentry (TreeComplemntry, _,_,_,_,_,_,_, LastUnitType3, FirstUnitType3, 'yes' ,
_RefuseFaaelInFollowingParse,NextConnectionDegree),
{refused_unit_decompos (LastUnitType2, FirstUnitType3)} ,!.

qomla_essmya_simple(')’pA_iA BEAD L+MT i) &TreeKhbr), TreeMob), Mobtadaa_Contain_Dameer,
KhabarFree, _Agreement, LastUnitType2, FirstUnitTypel,NextConnectionDegree)-—>
shepeh_gomla_single_or_compund(TreeKhbr, _SEX1 , _NUM1l, _Known, _, _,_,_,
LastUnitTypel, FirstUnitTypel, 'all' ,_LastTermType),
mobtadaa (TreeMob, _SEX , _NUM , _, _, _,_,_, Mobtadaa_Contain_Dameer,
LastUnitType2, FirstUnitType2),
{refused_unit_decompos (LastUnitTypel, FirstUnitType2)},
{validate_KhabarFree (KhabarFree,FirstUnitTypel) },
{NextConnectionDegree = 'all'}.

gomla_essmya (Tree , Mobtadaa_Contain_Dameer, KhabarFree, Agreement, LastUnitType2,
FirstUnitTypel, NextConnectionDegree) ——>

gomla_essmya_simple (Tree,Mobtadaa_Contain_Dameer, KhabarFree, Agreement,
LastUnitType2, FirstUnitTypel,NextConnectionDegree) .

/***********************************************
*
* *GOMLA_FEEALIA*
*

***********************************************/

/* */

/* ========= gomla_feealia_simple ========= */

/* */

/*

*/

/* gomla_feealia_simple

*/

/* (verb, faael, complentry, mafool_behe, complentry)

/*

*/
gomla_feealia_simple (' 4J¢
)'l%_LxJTreeVerb,TreeFaael,TreeComplemntry,TreeMafool,TreeComplemntry2),NextConnectionDegr
ee,IsGomlaWithoutFaael<;-(

{IsGomlaWithoutFaael \== 'yes'},
verb (TreeVerb, _, _, _ , _, VerbTrans,null,_ ,VerbPrefix,

_VerbSuffix, VerbRefuseFaaelInFollowingParse , IsContainMafool),

{

IsContainMafool = 'no',
' .
VerbTrans = ', $sJd=i o
VerbRefuseFaaelInFollowingParse = 'no'
y
faael (TreeFaael, SexFaael, _ , _ , _Function ,_,_,_, LastUnitTypel,

_FirstUnitTypel),
{validate_faael_sex_agreement (VerbPrefix, SexFaael)},
complentry (TreeComplemntry, _,_,_,_,_,_,_, LastUnitType2, FirstUnitType2, 'yes' ,
_RefuseFaaelInFollowingParse,_NextConnectionDegree2),
{refused_unit_decompos (LastUnitTypel, FirstUnitType2)},
mafool_behe (TreeMafool, _,_,_,_,_,_,_, LastUnitType3, FirstUnitType3),
{refused_unit_decompos (LastUnitType2, FirstUnitType3)},
complentry (TreeComplemntry2, _,_,_,_,_,_,_, _LastUnitType4, FirstUnitType4, 'yes' ,
_RefuseFaaelInFollowingParse4,NextConnectionDegree),
{refused_unit_decompos (LastUnitType3, FirstUnitTyped)}.

/* */
/* ========= gomla_feealia_simple

S */

/* ========= (verb, faael, mafool_behe,complentry) ========= */

174



/* */
gomla_feealia_simple (' 4dJ4&
[N R ) )
) 4l = dTreeVerb, TreeFaael, TreeMafool, TreeComplemntry) ,NextConnectionDegree, IsGomlaWithout

Faael<;-(
{IsGomlaWithoutFaael \== 'yes'},
verb (TreeVerb, _, _, _ , _, VerbTrans,null,_ ,VerbPrefix,
_VerbSuffix,VerbRefuseFaaelInFollowingParse , IsContainMafool),

{

IsContainMafool = 'no',
' .
VerbTrans = ', ¢4=i 0
VerbRefuseFaaelInFollowingParse = 'no'
}I
faael (TreeFaael, SexFaael, _ , _ , _Function ,_,_,_, LastUnitTypel,

_FirstUnitTypel),
{validate_faael_sex_agreement (VerbPrefix, SexFaael)},
mafool_behe (TreeMafool, _,_,_,_,_,_,_, LastUnitType2, FirstUnitType2),
{refused_unit_decompos (LastUnitTypel, FirstUnitType2)},
complentry (TreeComplemntry, _,_,_,_,_,_,_, _LastUnitType3, FirstUnitType3, 'yes' ,
_RefuseFaaelInFollowingParse,NextConnectionDegree),
{refused_unit_decompos (LastUnitType2, FirstUnitType3)}.

/* */
/* gomla_feealia_simple

/* (verb, faael, complentry, mafool_behe) =========
*/

/* */

gomla_feealia_simple (' 4J4
[N . ) )
) 4l = dTreeVerb, TreeFaael, TreeComplemntry, TreeMafool) ,NextConnectionDegree, IsGomlaWithout

Faael<;-(
{IsGomlaWithoutFaael \== 'yes'},
verb (TreeVerb, _, _, _ , _, VerbTrans,null,_ ,VerbPrefix,
_VerbSuffix,VerbRefuseFaaelInFollowingParse , IsContainMafool),
{

IsContainMafool = 'no',

VerbTrans = ;éJJLLJ'
VerbRefuseFaaelInFollowingParse = 'no'
y
faael (TreeFaael, SexFaael, _ , _ , _Function ,_,_,_, LastUnitTypel,
_FirstUnitTypel),
{validate_faael_sex_agreement (VerbPrefix, SexFaael)},
complentry (TreeComplemntry, _,_,_,_,_,_,_, LastUnitType2, FirstUnitType2, 'yes' ,
_RefuseFaaelInFollowingParse,NextConnectionDegree),
{refused_unit_decompos (LastUnitTypel, FirstUnitType2)},
mafool_behe (TreeMafool, _,_,_,_,_,_,_, _LastUnitType3, FirstUnitType3),
{refused_unit_decompos (LastUnitType2, FirstUnitType3)}.

/* */
/* ========= gomla_feealia_simple

S */

/* ========= (verb, complentry, faael,complentry) ========= */
/* */

gomla_feealia_simple (' 4J4
[ . )
) ¢%J_&3TreeVerb,TreeComplemntryl,TreeFaael,TreeComplemntryZ),NextConnectlonDeqreeZ,ISGoml

aWithoutFaael<;-(
{IsGomlaWithoutFaael \== 'yes'},
verb (TreeVerb, _, _, _ , _, VerbTrans,null,_ ,VerbPrefix,
_VerbSuffix,VerbRefuseFaaelInFollowingParse , _IsContainMafool),

{

VerbTrans = ';PjY
VerbRefuseFaaelInFollowingParse = 'no'
}!
complentry (TreeComplemnntryl, _,_,_,_,_,_,_, LastUnitTypel, _FirstUnitTypel, 'no' ,
RefuseFaaelInFollowingParse, _NextConnectionDegreel),
{RefuseFaaelInFollowingParse = 'no'},
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faael (TreeFaael, SexFaael, _Num , _Known , _Function ,_,_,_, _LastUnitType2,
FirstUnitType2),
{validate_faael_sex_agreement (VerbPrefix, SexFaael)},
{refused_unit_decompos (LastUnitTypel, FirstUnitType2)},
complentry (TreeComplemntry2, _,_,_,_,_,_,_, _LastUnitType3, _FirstUnitType3, 'yes'
, _RefuseFaaelInFollowingParse,NextConnectionDegree2),

{NextConnectionDegree2 = 'all'}.

/*

/* gomla_feealia_simple

/* (verb, faael, mafool_behe) */

/*

gomla_feealia_simple (' 4dJ4&
)'l%_LxJTreeVerb,TreeFaael,TreeMafool),NextConnectionDegree,IsGomlaWithoutFaael<;-(

{IsGomlaWithoutFaael \== 'yes'},

verb (TreeVerb, _, _, _ , _, VerbTrans,null,_ ,VerbPrefix,

_VerbSuffix,VerbRefuseFaaelInFollowingParse ,IsContainMafool),

{

IsContainMafool = 'no',
' .
VerbTrans = ', ¢ 4=i 0
VerbRefuseFaaelInFollowingParse = 'no'
}I
faael (TreeFaael, SexFaael, _ , _ , _Function,_,_,_, LastUnitTypel,

_FirstUnitTypel),
{validate_faael_sex_agreement (VerbPrefix, SexFaael)},
mafool_behe (TreeMafool, _,_,_,_,_,_,_, _LastUnitType2, FirstUnitType2),
{refused_unit_decompos (LastUnitTypel, FirstUnitType2)},

{NextConnectionDegree = 'all'}.
/*
/* gomla_feealia_simple */
/* (verb, faael, complentry) */
/*
gomla_feealia_simple (' 4J¢&
)'l%_LxJTreeVerb,TreeFaael,TreeComplemntry),NextConnectionDegree,IsGomlaWithoutFaael<;-(
{IsGomlaWithoutFaael \== 'yes'},
verb (TreeVerb, _, _, _ , _, VerbTrans,null,_ ,VerbPrefix,
_VerbSuffix,VerbRefuseFaaelInFollowingParse , IsContainMafool),
{
VerbTrans = '<;'ij
VerbRefuseFaaelInFollowingParse = 'no'
IsContainMafool = 'yes'
}I
faael (TreeFaael, SexFaael, _ , _ , _Function ,_,_,_, _LastUnitTypel,

_FirstUnitTypel),
{validate_faael_sex_agreement (VerbPrefix, SexFaael)},
complentry (TreeComplenntry, _,_,_,_,_,_,_, _LastUnitType2, _FirstUnitType2, 'yes',
_RefuseFaaelInFollowingParse,NextConnectionDegree) .

/*
/* gomla_feealia_simple */
/* (verb, complentry, faael) */
/*

gomla_feealia_simple (' 4J4

)'iéJ_&JTreeVerb,TreeComplemntry,TreeFaael),NextConnectionDeqree,IsGomlaWithoutFaael<;-(
{IsGomlaWithoutFaael \== 'yes'},
verb (TreeVerb, _, _, _ , _, VerbTrans,null,_ ,VerbPrefix,
_VerbSuffix,VerbRefuseFaaelInFollowingParse , _IsContainMafool),

{

VerbTrans = ';pjﬂ
VerbRefuseFaaelInFollowingParse = 'no'
s
complentry (TreeComplemntry, _,_,_,_,_,_,_, LastUnitTypel, _FirstUnitTypel, 'no' ,
RefuseFaaelInFollowingParse, NextConnectionDegree),

{RefuseFaaelInFollowingParse = 'no'},
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faael (TreeFaael, SexFaael, _Num , _Known , _Function ,_,_,_, _LastUnitType2,
FirstUnitType2),
{validate_faael_sex_agreement (VerbPrefix, SexFaael)},
{refused_unit_decompos (LastUnitTypel, FirstUnitType2)},

{NextConnectionDegree = 'all'}.
/*
/* gomla_feealia_simple */
/* (verb, mafool_behe, complentry) */

/* */
gomla_feealia_simple (' 4J4

[N . ) )
) aﬁJ_zJTreeVerb,TreeMafool,TreeComplemntry),NextConnectlonDeqree,_IsGomlanthoutFaael<;-(
verb (TreeVerb, _, _, _ , _, VerbTrans,null,_ ,_VerbPrefix,
_VerbSuffix,_VerbRefuseFaaelInFollowingParse , IsContainMafool),
{
IsContainMafool = 'no',

' .
VerbTrans = ' 4=

Hy
mafool_behe (TreeMafool, _,_,_,_,_,_,_, LastUnitType2, _FirstUnitType2),
complentry (TreeComplemntry, _,_,_,_,_,_,_, _LastUnitType3, FirstUnitType3, 'yes',
_RefuseFaaelInFollowingParse,NextConnectionDegree),
{refused_unit_decompos (LastUnitType2, FirstUnitType3)}.

/*
/* gomla_feealia_simple */
/* (verb, mafool_behe, complentry) */
/*

/*
gomla_feealia_simple (' 4J4

[N . ) )
) aﬁJ_zJTreeVerb,TreeMafool,TreeComplemntry),NextConnectlonDeqree,_IsGomlanthoutFaael<;-(
verb (TreeVerb, _, _, _ , _, VerbTrans,null,_ ,_VerbPrefix,
_VerbSuffix,VerbRefuseFaaelInFollowingParse , IsContainMafool),
{

IsContainMafool = 'no',

VerbTrans = ','é-L&lJ
VerbRefuseFaaelInFollowingParse = 'yes'
y
mafool_behe (TreeMafool, _,_,_,_,_,_,_, LastUnitType2, _FirstUnitType2),
complentry (TreeComplemntry, _,_,_,_,_,_,_, _LastUnitType3, FirstUnitType3, 'yes',
_RefuseFaaelInFollowingParse,NextConnectionDegree),
{refused_unit_decompos (LastUnitType2, FirstUnitType3)}.

*/

/*

/* gomla_feealia_simple */

/* (verb, complentry, mafool_behe) */

/*
gomla_feealia_simple (' 4dJ4&
)'l%_LxJTreeVerb,TreeComplemntry,TreeMafool),NextConnectionDegree,_IsGomlaWithoutFaael<;-(

verb (TreeVerb, _, _, _ , _, VerbTrans,null,_ ,_VerbPrefix,
_VerbSuffix,_VerbRefuseFaaelInFollowingParse , IsContainMafool),

{

IsContainMafool = 'no',

VerbTrans = "é~LXJ_A
}I
complentry (TreeComplenntry, _,_,_,_,_,_,_, LastUnitTypel, _FirstUnitTypel, 'no’',
_RefuseFaaelInFollowingParse,NextConnectionDegree),
mafool_behe (TreeMafool, _,_,_,_,_,_,_, _LastUnitType2, FirstUnitType2),
{refused_unit_decompos (LastUnitTypel, FirstUnitType2)},

{NextConnectionDegree = 'all'}.
/* */
/* ========= gomla_feealia_simple
JEE S — */
/* ========= (verb, complentry, mafool_behe,complentry) =========
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/* */
gomla_feealia_simple (' 4dJ4&

[ . )
) aﬁJ_zJTreeVerb,TreeComplemntry,TreeMafool,TreeComplemntryZ),NextConnectlonDeqree,_IsGoml

aWithoutFaael<;-(
verb (TreeVerb, _, _, _ , _, VerbTrans,null,_ ,_VerbPrefix,
_VerbSuffix,_VerbRefuseFaaelInFollowingParse , IsContainMafool),
{

IsContainMafool = 'no',

VerbTrans = "g~LXJ_A
s
complentry (TreeComplenntry, _,_,_,_,_,_,_, LastUnitTypel, _FirstUnitTypel, 'no’',
_RefuseFaaelInFollowingParse,_NextConnectionDegreel),
mafool_behe (TreeMafool, _,_,_,_,_,_,_, LastUnitType2, FirstUnitType2),
{refused_unit_decompos (LastUnitTypel, FirstUnitType2)},
complentry (TreeComplemnntry2, _,_,_,_,_,_,_, _LastUnitType3, FirstUnitType3, 'yes',
_RefuseFaaelInFollowingParse,_NextConnectionDegree?2),
{refused_unit_decompos (LastUnitType2, FirstUnitType3)},
{NextConnectionDegree = 'all'}.

/*
/* gomla_feealia_simple
/* (verb, complentry) */
/*
gomla_feealia_simple (' 4J¢
)'l%_LxJTreeVerb,TreeComplemntry),NextConnectionDegree,_IsGomlaWithoutFaael<;-(
verb (TreeVerb, _, _, _ , _, _VerbTrans,null,_ ,_VerbPrefix,
_VerbSuffix,VerbRefuseFaaelInFollowingParse , _IsContainMafool),
{ VerbRefuseFaaelInFollowingParse = 'yes' ->
AcceptAllComplentryTypes = 'yes'
’
AcceptAllComplentryTypes = 'no'
y
complentry (TreeComplemntry, _,_,_,_,_,_,_, _LastUnitType,
_FirstUnitType,AcceptAllComplentryTypes ,
_RefuseFaaelInFollowingParse,NextConnectionDegree) .
/* */
/* gomla_feealia_simple ========= */
/* (verb, faael) N */
/* */
gomla_feealia_simple (' 4J4
)'l%_LxJTreeVerb,TreeFaael),NextConnectionDegree,IsGomlaWithoutFaael<;-(
{IsGomlaWithoutFaael \== 'yes'},
verb (TreeVerb, _, _, _ , _, _VerbTrans,null,_ ,VerbPrefix,
_VerbSuffix, VerbRefuseFaaelInFollowingParse , IsContainMafool),
{VerbRefuseFaaelInFollowingParse = 'no' ; IsContainMafool 'yes'},
/* {VerbTrans \== '/*,{lsiJLLJ

faael (TreeFaael, SexFaael, _ , _ , _ ,_,_r_, _LastUnitTypel, _FirstUnitTypel),
{validate_faael_sex_agreement (VerbPrefix, SexFaael)},

{NextConnectionDegree = 'all'}.
/* */
/* gomla_feealia_simple ========= */
/* (verb, mafool_behe) ========= * /
/* */

gomla_feealia_simple (' 4J4&

[N . . )
) A%J_&JTreeVerb,TreeMafool),NextConnectlonDeqree,_IsGomlanthoutFaael<;-(
verb (TreeVerb, _, _, _ , _, VerbTrans,null,_ ,_VerbPrefix,
_VerbSuffix,_VerbRefuseFaaelInFollowingParse , IsContainMafool),
{
IsContainMafool = 'no',

' .
VerbTrans = ' sJd=is

}I
mafool_behe (TreeMafool, _,_,_,_,_,_,_, _LastUnitType2, _FirstUnitType2),
{NextConnectionDegree = 'all'}.
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/*

/* gomla_feealia_simple */

/* (ENN's & KAN's brothors) = */

/* */
gomla_feealia_simple (TreeGomlaKan, NextConnectionDegree,_IsGomlaWithoutFaael)-—>

gomla_kan (TreeGomlaKan,NextConnectionDegree) .
gomla_feealia_simple (TreeGomlaKan, NextConnectionDegree,_IsGomlaWithoutFaael)-—>

gomla_enn (TreeGomlaKan,NextConnectionDegree) .

/* */

/* ========= gomla_feealia_prefixed ========= %/

/* */
gomla_feealia_prefixed(')'P¢JLA s JaSo Llajydwiy ddxd {l@#TreeComplemntry,
Tree) ,NextConnectionDegree, IsPrefixComplementryAccepted, IsGomlaWithoutFaael)-->

{IsPrefixComplementryAccepted = 'yes'},

complentry (TreeComplenmntry, _,_,_,_,_,_,_, _LastUnitTypel, _FirstUnitTypel, 'yes',
_RefuseFaaelInFollowingParse,_NextConnectionDegreel),
gomla_feealia_simple (Tree, NextConnectionDegree, IsGomlaWithoutFaael) .

/* */
/* */
/* */
/* */

1. . L.
qomla_feealia(') 4 Sy0 dulxd 4 @fTreel, TreeConnect, Tree2),NextConnectionDegree2,

IsPrefixComplementryAccepted, IsGomlaWithoutFaael<;-(
gomla_feealia_simple (Treel,_NextConnectionDegreel, IsGomlaWithoutFaael),
connector (TreeConnect, 'all'),
gomla_feealia_prefixed(Tree2,NextConnectionDegree2, IsPrefixComplementryAccepted,
_IsGomlaWithoutFaael?2) .

gomla_feealia (Tree,NextConnectionDegree, _IsPrefixComplementryAccepted,
IsGomlaWithoutFaael) ——>
gomla_feealia_simple (Tree,NextConnectionDegree, IsGomlaWithoutFaael) .

gomla_feealia (Tree,NextConnectionDegree, IsPrefixComplementryAccepted,
IsGomlaWithoutFaael) ——>

gomla_feealia_prefixed(Tree,NextConnectionDegree, IsPrefixComplementryAccepted,
IsGomlaWithoutFaael) .

/***********************************************

*

* *GOMLA_FEEALIA_KAN*

*

***********************************************/
' ¢ . .. )
gomla_kan ('< ) OLS ol o21> 4= ‘LLﬁTreeVerb,TreeKhabr),NextConnectlonDeqree<;-(
' )
verb (TreeVerb, _, _, _, _, _,/' 5 O LSVerbPrefix,

_VerbSuffix,_RefuseFaaelInFollowingParse , _IsContainMafoolx

dameer_motasel (_TreeDameerMotasel, _,_, _, _, _,_,_,_RefuseFaaelInFollowingParse
,_AcceptAdVerb , _IsMafool),

khabar (TreekKhabr, _ , _, _, _, _,_,_, 'no', _,_,NextConnectionDegree) , !.

gomla_kan ('< )HJLS O }>i>> P W &LﬁTreeVerb,TreeGomlaEssmya),NextConnectionDeqree<;-(

' :
verb (TreeVerb, _, _, v ' s O LSVerbPrefix,

_VerbSuffix,_RefuseFaaelInFollowingParse , _IsContainMafoolx
gomla_essmya (TreeGomlaEssmya,_, 'no', 'yes', _LastUnitType,
_FirstUnitType,NextConnectionDegree) , !.

' ¢ . ..
gomla_kan ('< ) OLS ol o21> 4= ‘LLﬁTreeVerb,TreeKhabr),NextConnectionDeqree<;-(
verb (TreeVerb, _, _, _ , _, _,[_,_JH3LSVeerrefix,

_VerbSuffix,_RefuseFaaelInFollowingParse , _IsContainMafoolx
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khabar (TreekKhabr, _ , _, _, _, _,_,_, 'no', _,_,NextConnectionDegree) .

[ KK kKK K o kKK K K kK K K K kK K K K kK K K K kK K K
*
* *GOMLA_FEEALIA_ENN*
*

***********************************************/

gomla_enn('< Ol x> 4ilxs A&

', )

) Ul TreeVerb, TreeDameerMotasel, TreeKhabr), NextConnectlonDegree<--(

[ .
verb (TreeVerb, _, _, ro_r ' _,QH/eerreflx,

_VerbSuffix,_RefuseFaaelInFollowingParse , _IsContainMafool,(

dameer_motasel (TreeDameerMotasel, _,_, _, _,
_+_r_,_RefuseFaaelInFollowingParse,_AcceptAdVerb , _IsMafool),

khabar (TreeKhabr, _ , v —4 —tr —r—_r_y 'mo', _,_,NextConnectionDegree),!.

' R . L.
gomla_enn ('< )U' Olgz > s A_l.ﬁTreeVerb,TreeGomlaEssmya),NextConnectionDeqree<--(

verb (TreeVerb, _, _,

1 & .
;1 —1' s 5 (lVerbPrefix,

_VerbSuffix,_RefuseFaaelInFollowingParse , _IsContainMafool,(
gomla_essmya (TreeGomlaEssmya,_, 'no', 'yes', _LastUnitType,
_FirstUnitType,NextConnectionDegree), !.

gomla_enn ('< )'Ol O 3_;'-i> Jl_)“_l_u LlﬁTreeVerb,TreeKhabr),NextConnectionDegree<--(

verb (TreeVerb, _, _,

[ )
;1 —1' s 5 (lVerbPrefix,

_VerbSuffix,_RefuseFaaelInFollowingParse , _IsContainMafool,(
khabar (TreekKhabr, _ , _, _, _, _,_,_, 'no', _,_,NextConnectionDegree) .

/***********************************************
*

* *GOMLA_RELATED*

*

LR AR EEEEEEE AR EEEE LR E R Rk

gomla_related(')'i_ﬁ_l_x_?_n {1 #Treel, TreeShepehGomlal, TreeConnector, TreeTarkeebSwaa),

LastUnitType2, FirstUnitTypel, NextConnectionDeqree<--(

essm_swaa (Treel),

shepeh_gomla (TreeShepehGomlal, _, _, _Known, _,
FirstUnitTypel, 'not or' ,_LastTermType),

or_connector (TreeConnector),

tarkeeb_swaa (TreeTarkeebSwaa,_, _, _Known, _, _,_,_, LastUnitType2,
_FirstUnitType2),

{NextConnectionDegree = 'not or'}.

_LastUnitTypel,

[ " —

/***********************************************
*

* *TARKEEB_SWAA*

*

LR A AR EEEEEE LA EEEEEE e R R Rk

' .
tarkeeb_swaa_simple(') sl gwd JaSo oo S ) STreeTarkeeb), _, _, _Known, _, _,_,_,

LastUnitType, FirstUnitType<--(

shepeh_gomla (TreeTarkeeb, _, _, _Known, _, _,_,_, LastUnitType, FirstUnitType,
'not or' ,_LastTermType);

tarkeeb_eddafy (TreeTarkeeb, _, _ , _Known,_,_,_,_, _Contain_Dameer, LastUnitType,
FirstUnitType, 'not or');

gomla_essmya (TreeTarkeeb,_, 'no', 'yes', LastUnitType,
FirstUnitType,_NextConnectionDegree) .

' .
tarkeeb_swaa_simple(') sl gwd JaSo oo Sy STreeTarkeeb), _, _, _Known, _, _,_,_,

LastUnitType, FirstUnitType<--(
tarkeeb_wasfy (TreeTarkeeb, _, _, _Knownl,_,_,LastUnitType,FirstUnitType).
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, ' .
tarkeeb_swaa_51mple(') sl gwd JaS»o oo Sy STreeMaarefa), _, _, _Known, _, _,_,_,

LastUnitType, FirstUnitType<;-(
maarefa (TreeMaarefa, _SEX , _NUM , Known, _, _,_,_ , _NounSpecial, AdVerb, _Type,
_Modaf),
{LastUnitType = [Known,AdVerb,_X] , FirstUnitType = [Known,AdVerb,_X]}.

tarkeeb_swaa_connectd (' 4 aS o oSl 45

)';|}#LJTreeTarkeewaaaSimple1,Connector,TreeTarkeewaaaSimpleZ), _, _, _Known, _, _,_,_,
LastUnitType2, FirstUnitTypel)-->

tarkeeb_swaa_simple (TreeTarkeebSwaaSimplel, _, _, _Known, _, _,_,_,
_LastUnitTypel, FirstUnitTypel),

or_connector (Connector),

tarkeeb_swaa_simple (TreeTarkeebSwaaSimple2, _, _, _Known, _, _,_,_, LastUnitType2,
_FirstUnitType2) .

tarkeeb_swaa_connectd (' 4JaS o 0S| 45

)';|3#LJTreeTarkeewaaaSimple1,Connector,TreeTarkeewaaaSimple2), s _, _Known, _, _,_,_,
LastUnitType2, FirstUnitTypel)-->

tarkeeb_swaa_simple (TreeTarkeebSwaaSimplel, _, _, _Known, _, _,_,_,
_LastUnitTypel, FirstUnitTypel),

or_connector (Connector),

tarkeeb_swaa_connectd (TreeTarkeebSwaaSimple2, _, _, _Known, _, _,_,_,
LastUnitType2, _FirstUnitType2).

tarkeeb_swaa (TreeTarkeebSwaa, _, _, _Known, _, _,_,_, LastUnitType, FirstUnitType)-->
tarkeeb_swaa_simple (TreeTarkeebSwaa, _, _, _Known, _, _,_,_, LastUnitType,

FirstUnitType) .

tarkeeb_swaa (TreeTarkeebSwaa, _, _, _Known, _, _,_,_, LastUnitType, FirstUnitType)-->
tarkeeb_swaa_connectd (TreeTarkeebSwaa, _, _, _Known, _, _,_,_, LastUnitType,

FirstUnitType) .

VAR AR EEEEEEEEEE RS EEEEEE e e R R R R

*

* *SELAT_EL_MOSOL*

*

***********************************************/

selat_el_mosol(')tLPA}JJ iJsTreeEsmSela, TreeGomla), Sex , _ , _, _,

_J_J_JNextConnectionDeqree<;-(
essm_sela (TreeEsmSela, Sex, _ , _, _; _r_r_),
gomla_feealia (TreeGomla,NextConnectionDegree, 'no', 'no') ,!.

VAR AR EEEEEEEEEEEEE LA EEEEEE e e R R R Rk

*

* *MOBTADAA*
*

***********************************************/
) [T
mobtadaa_51mple(') | Wi oTreeTarkeebWasfy) ,SEX , NUM , _, _, _,_,_, 'no',
LastUnitType,FirstUnitType<;-(

tarkeeb_wasfy (TreeTarkeebWasfy, SEX,NUM, 'L_,__;i_{}xJLastUnitType,FirstUnitType,(
|

) [T )
mobtadaa_51mple(') |AJ_FJTreeTarkeebEddafy) ,SEX , NUM , _, _, _,_,_, Contain_Dameer,

LastUnitType, FirstUnitType<;-(
tarkeeb_eddafy (TreeTarkeebEddafy, SEX, NUM, _, _, _,_,_, Contain_Dameer,
LastUnitType, FirstUnitType, 'all'),

{reject_type(FirstUnitType,'.L {(k@}b
mobtadaa_simple(')’iAJ_&JTreeTameez) ,SEX , NUM, _, _, _,_,_, Contain_Dameer,

LastUnitType, FirstUnitType<;-(
tarkeeb_tameezy (TreeTameez, LastUnitType, FirstUnitType),
{SEX = 'nutral', NUM = 'nutral' , Contain_Dameer = 'no'} ,!.
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) [T )
mobtadaa_51mple(') | W3 oTreeTarkeebBadal) ,SEX , NUM , _, _, _,_,_, 'no', LastUnitType,

FirstUnitType<;-(
tarkeeb_badal (TreeTarkeebBadal, SEX , NUM , _Known, _, _,_,_, LastUnitType,
FirstUnitType) ,!.

) [T )
mobtadaa_51mple(') I W3 oTreeMaarefa) ,SEX , NUM , _, _, _,_,_, 'null', LastUnitType,

FirstUnitType<;-(
maarefa (TreeMaarefa, SEX , NUM , Known, _, _,_,_ , _NounSpecial, AdVerb, _Type,
_Modaf),
{LastUnitType = [Known,AdVerb,_X] , FirstUnitType = [Known,AdVerb,_X]} ,!.

) [T
mobtadaa_51mple(') |AJ_FJTreeDameerMonfasel) ,SEX , NUM , _, _, _,_,_, 'yes',

LastUnitType, FirstUnitType<;-(
dameer_monfasel (TreeDameerMonfasel, SEX, NUM, _, _, _,_,_),

{LastUnitType = [' ;J#LLLJ_Jymbnull, null], FirstUnitType ;JJLLLJ_J}mbj =
null, null] }.

) oL .
mobtadaa_51mple(') | Wi sTreeEsharaNoun) ,SEX , NUM , _, _, _,_,_, 'no', LastUnitType,

FirstUnitType<;-(
eshara_noun (TreeEsharaNoun, SEX, NUM, _, _, _,_,_),

{LastUnitType = [' ;B) Lié!l  pwlnull,null], FirstUnitType ;B) L P”lq
null,null.{ [

[ )
mobtadaa_mosool(') |AJ_FJTree, TreeSelatElMosol),SEX1 , NUM , _, _, _,_,_, ContainDameer,

LastUnitType, FirstUnitType<;-(
mobtadaa_simple (Tree,SEX1 , NUM , _, _, _,_,_, ContainDameer, LastUnitType,
FirstUnitType),
selat_el_mosol (TreeSelatElMosol, Sex2 , _ , _, _, _,_,_,_NextConnectionDegree),
{SEX1 = 'nutral' ; SEX1 = Sex2}.

mobtadaa (Tree, SEX , NUM, _, _, _,_,_, ContainDameer, LastUnitType, FirstUnitType)-->
mobtadaa_mosool (Tree,SEX , NUM , _, _, _,_,_, ContainDameer, LastUnitType,

FirstUnitType) ,!.

mobtadaa (Tree, SEX , NUM, _, _, _,_,_, ContainDameer, LastUnitType, FirstUnitType)-->
mobtadaa_simple (Tree,SEX , NUM , _, _, _,_,_, ContainDameer, LastUnitType,

FirstUnitType) .

/***********************************************
*

* *khabar*

*

LR AR AR EEEEEE LR LA EEEEE LR R R Rk

/* */
/* ========= khabar_simple ========= %/
/* */

khabar_simple (TreeShepehGomla, 'nutral' , 'nutral' , Known, _, _, _,_, _KhabarFree,
LastUnitType, FirstUnitType)-->

shepeh_gomla (TreeShepehGomla, _, _, Known, _, _,_,_, LastUnitType, FirstUnitType,
'all' ,_LastTermType) ,!.

khabar_simple (TreeTarkeebWasfy, SEX , NUM , _, _, _,_,_,
_KhabarFree, LastUnitType, FirstUnitType) ——>
1. . ) . .
tarkeeb_wasfy (TreeTarkeebWasfy, SEX,NUM, 'L_,__,o)JLJLastUnltType,FlrstUnltType(

ey

khabar_simple (TreeTarkeebEddafy, SEX, NUM, _, _, _,_,_, _KhabarFree, LastUnitType,
FirstUnitType)-——>

tarkeeb_eddafy (TreeTarkeebEddafy, SEX, NUM, _, _, _,_,_,_, LastUnitType,
FirstUnitType, 'all') ,!.

khabar_simple (TreeTameez, 'nutral', 'nutral', _, _, _,_,_, _KhabarFree, LastUnitType,

FirstUnitType)-——>
tarkeeb_tameezy (TreeTameez, LastUnitType, FirstUnitType) ,!.
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khabar_simple(')tLPA}JJ iJlo g _wFTreeNakera,TreeSelatElMosol), SEX , NUM , _, _, _,_,_,

_KhabarFree, LastUnitType, FirstUnitType<;-(
nakera (TreeNakera , SEX , NUM , Known, _, _,_,_ , _NounSpecial, AdVerb,_Modaf),

{LastUnitType = [Known, AdVerb, _X], FirstUnitType = [Known, AdVerb, _Y]},
selat_el_mosol (TreeSelatElMosol, Sex2 , _ , _, _, _,_,_,_NextConnectionDegree),
{SEX1 = 'nutral' ; SEX1l = Sex2} ,!.

khabar_simple (TreeNakera, SEX , NUM , _, _, _,_,_, _KhabarFree, LastUnitType,
FirstUnitType)-——>
nakera (TreeNakera , SEX , NUM , Known, _, _,_,_ , _NounSpecial, AdVerb,_Modaf),
{LastUnitType = [Known, AdVerb, _X], FirstUnitType = [Known, AdVerb, _Y]}.

/* ========= Khabar Free (accepted only in special cases) =========

*/
khabar_simple(')[ﬁSTreeTarkeebWany), SEX , NUM , _, _, _,_,_,
'yes',LastUnitType,FirstUnitType<;-(

tarkeeb_wasfy (TreeTarkeebWasfy, SEX,NUM, ', L_,'iJJVLJLastUnitType,FirstUnitType (

khabar_simple(')[ﬁSTreeMaarefa), SEX , NUM , _, _, _,_,_, 'yes',LastUnitType,

FirstUnitType<;-(
maarefa (TreeMaarefa, SEX , NUM ,Known,_,_,_,_ , _NounSpecial, AdVerbl,
_MaarefaType, _Modaf),

{LastUnitType = [Known,AdVerbl,_X] , FirstUnitType = [Known,AdVerbl,_Y]}.
/* */
/* ========= khabar_as_gomla ========= %/
/* */

khabar_as_gomla (TreeGomlaFeealia, 'nutral', 'nutral', _, _, _,_,_, _KhabarFree,
LastUnitType, FirstUnitType ,NextConnectionDegree)-->
gomla_feealia (TreeGomlaFeealia,NextConnectionDegree, 'no', 'yes'),
{LastUnitType = [null,null,null], FirstUnitType = [null,null,null]} ,!.

khabar_as_gomla (TreeGomla, 'nutral', 'nutral', _, _, _,_,_, _KhabarFree, LastUnitType,
FirstUnitType,NextConnectionDegree)——>

gomla_essmya (TreeGomla, 'yes', 'yes', 'no', LastUnitType,
FirstUnitType, NextConnectionDegree) .

/* */
/* ========= Khabar and related unit to it ========= */
/* */

khabar_and_related(')'4_9 @J=i s g pFTreeKhabar,TreeComplemntry), SEX , NUM , Known, _,

_s_s_, KhabarFree, LastUnitType2, FirstUnitTypel,NextConnectionDeqree<;-(
khabar_simple (TreeKhabar, SEX,NUM, Known, _, _,_,_, KhabarFree, LastUnitTypel,
FirstUnitTypel),
complentry (TreeComplemntry, _,_,_,_,_,_,_, LastUnitType2, FirstUnitType2, 'yes' ,
_RefuseFaaelInFollowingParse,NextConnectionDegree),
{refused_unit_decompos (LastUnitTypel, FirstUnitType2)} ,!.

khabar_and_related(')'i_g @l=ie o ys>TreeKhabar, TreeGomla, TreeComplemntry), SEX , NUM ,
Known, _, _,_,_, KhabarFree, LastUnitType3 , FirstUnitTypel ,NextConnectionDegree2)-->
khabar_simple (TreeKhabar, SEX,NUM, Known, _, _,_,_, KhabarFree, LastUnitTypel,
FirstUnitTypel),
khabar_as_gomla (TreeGomla, _SEX,_NUM, _Known, _, _,_,_, _KhabarFree2,
LastUnitType2, FirstUnitType2,_NextConnectionDegreel),
{refused_unit_decompos (LastUnitTypel, FirstUnitType2)} ,
complentry (TreeComplemntry, _,_,_,_,_,_,_, LastUnitType3, FirstUnitType3, 'yes' ,
_RefuseFaaelInFollowingParse,NextConnectionDegree?2),
{refused_unit_decompos (LastUnitType2, FirstUnitType3)} ,!.
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/*
khabar_and_related(')'i_g G@l=ie o s>TreeKhabar, TreeGomlaRelated), SEX , NUM , Known, _,

_+_sr_, KhabarFree, LastUnitType2, FirstUnitTypel,NextConnectionDeqree<;-(
khabar_simple (TreeKhabar, SEX,NUM, Known, _, _,_,_, KhabarFree, _LastUnitTypel,
FirstUnitTypel),
gomla_related (TreeGomlaRelated, LastUnitType2,
_FirstUnitType2,NextConnectionDegree) ,!.

*/
/* */
/* ========= khabar_compund ========= */
/* */

khabar_compund(')'lJJ? JoaS o 44wy yFTreel,TreeGomlaFeealia), SEX,NUM, Known, _, _,_,_,

_KhabarFree, LastUnitType, FirstUnitType,NextConnectionDegree2<;-(
complentry (Treel, SEX , NUM , Known , _s_r_, _LastUnitTypel, FirstUnitType, 'yes'
, _RefuseFaaelInFollowingParse,_NextConnectionDegree),
gomla_feealia (TreeGomlaFeealia,NextConnectionDegree2, 'no', 'no'),
{LastUnitType = 'nutral'} ,!.
/* {refused_unit_decompos (LastUnitType2, FirstUnitType3)} ,!.*/

khabar_compund(')'lJJ? JoaS o 44wy ySTreel,TreeGomla), SEX,NUM, Known, _, _,_,_,

_KhabarFree, LastUnitType2, FirstUnitTypel,NextConnectionDegree2<;-(

complentry (Treel, SEX , NUM , Known , _,_,_,_, LastUnitTypel, FirstUnitTypel,
, _RefuseFaaelInFollowingParse,_NextConnectionDegree),

gomla_essmya (TreeGomla, 'yes', 'yes', 'no', LastUnitTypeZ2,
FirstUnitType2, NextConnectionDegree?2),

{refused_unit_decompos (LastUnitTypel, FirstUnitType2)}.

yes'

/* */
/* ========= Khabar ========= */
/* */

' )
khabar(')inTreel,Tree2), SEX , NUM , Known, _, _,_,_, KhabarFree, LastUnitType,

FirstUnitType,NextConnectionDeqree<;-(

reduntant_tarkeeb (Treel),

khabar (Tree2, SEX , NUM , Known, _, _,_,_, KhabarFree, LastUnitType,
FirstUnitType, NextConnectionDegree) ,!.

' )
khabar(')inTree), SEX , NUM , Known, _, _,_,_, KhabarFree, LastUnitType,

FirstUnitType,NextConnectionDeqree<;-(
khabar_compund (Tree, SEX,NUM, Known, _, _,_,_, KhabarFree, LastUnitType,
FirstUnitType, NextConnectionDegree), !.

' )
khabar(')inTree), SEX , NUM , Known, _, _,_,_, KhabarFree, LastUnitType,

FirstUnitType,NextConnectionDeqree<;-(
khabar_and_related(Tree, SEX , NUM , Known, _, _,_,_, KhabarFree, LastUnitType,
FirstUnitType,NextConnectionDegree), !.

' )
khabar(')inTree), SEX , NUM , Known, _, _,_,_, KhabarFree, LastUnitType,

FirstUnitType,NextConnectionDegree<;-(
khabar_as_gomla (Tree, SEX,NUM, Known, _, _,_,_, KhabarFree, LastUnitType,
FirstUnitType,NextConnectionDegree), !.

khabar(')tﬁﬁTree), SEX , NUM , Known, _, _,_,_, KhabarFree, LastUnitType,

FirstUnitType,NextConnectionDegree<;-(

khabar_simple (Tree, SEX,NUM, Known, _, _,_,_, KhabarFree, LastUnitType,
FirstUnitType),

{NextConnectionDegree = 'all'}.

/***********************************************
*
* *SHEPEH_GOMLA*
*

LR AR EEEEEEEE R LA EEEEEE RS E R R Rk
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*/
/* ========= shepeh_gomla_simple ========= */

/* */
shepeh_qomla_simple(')'Llﬁ ¢+jTreeHarfGar, TreeTarkeebWasfy) , Sex , Number , Known,
—v—r_r_, LastUnitType, FirstUnitType

harf_gar (TreeHarfGar ,

, _ConnectinDegree, LastTermType<;-(
~v—v—tr—r—r_r_,_HarfGar_Class),
tarkeeb_wasfy (TreeTarkeebWasfy,

Sex ,Number
,Known,_,_,LastUnitType,_FirstUnitType),

{FirstUnitType

[ ,')q;)j))null','null,{r
{LastTermType

. !) {'H‘aj “"—".‘JJ—“’

[
shepeh_qomla_simple(') ale ¢+jTreeHarfGar, TreeTarkeebEddafy) , Sex , Number , Known,

_+_r_sr_, LastUnitType, FirstUnitType , ConnectinDegree, LastTermType<;-(
harf_gar (TreeHarfGar ,
tarkeeb_eddafy (TreeTarkeebE

v —t—t—t—r_s_, _HarfGar_cClass),
ddafy, Sex ,Number ,Known,_,_,_,_,_, LastUnitType,
_FirstUnitType, ConnectinDegree),
{(FirstUnitType [ ,')q;)j))null','null,{r
{LastTermType = '.L {kéLbl oS,

5 5 5 LastUnitType, FirstUnitType

shepeh_gomla_simple(')'lLﬁ ¢+ﬁTreeHarfGar, TreeTarkeebBadal) , Sex , Number,‘iJJJLJ,
9 5 ’
harf_gar (TreeHarfGar ,

_ConnectinDegree,

LastTermType) ——>
v —t—t—t—r_s_,_HarfGar_Class),
tarkeeb_badal (TreeTarkeebBadal, Sex ,Number , _Known, _, _,_,_, LastUnitType,
_FirstUnitType),
' R '
{FirstUnitType = [' , )q;}jjpnull','null,{[
{LastTermType = '.L {‘JA_; oS,
shepeh_gomla_simple(')'lJJ? 4_p$TreeHarfGar, TreeDameerMotasel) , Sex , Number , 'dameer',
—v—_sr_s_, LastUnitType, FirstUnitType
harf_gar (TreeHarfGar ,

, _ConnectinDegree, LastTermType<F-(
v —t—t—t—r_s_, _HarfGar_Class),
dameer_motasel (TreeDameerMotasel,

Sex , Number,
_+_r_,_RefuseFaaelInFollowingParse,_AcceptAdVerb ,

_IsMé%oéi),
{FirstUnitType = [' ,')g;:éjynull','null,{F
{LastUnitType = [", J&LLJ_J}Abnull','null,{F
{LastTermType =

'.L {t}aj_{_jpwb

shepeh_gomla_simple(')'lLﬁ ¢+ﬁTreeHarfGar, TreeNounl, TreeConnect, TreeNoun2) , Sex ,

Number , Knownl, _,_,_,_, LastUnitType, FirstUnitType , ConnectinDegree, LastTermType<;-(
harf_gar (TreeHarfGar , _,_,_,_,_,_,_,_HarfGar_Class),
noun (TreeNounl, Sex , Number

, Knownl,_,_,_,_, _LastUnitType ,
connector (TreeConnect, ConnectinDegree),
noun (TreeNoun2, _Sex

, _Number

_NounSpecial),
{FirstUnitType =

, Known2,_,_,_,_, LastUnitType ,
("', 'y Gyenuilt, rnull, {[
{Knownl = Known2

_NounSpecial),
, LastTermType

Known2} ,!.

. . s
shepeh_qomla_51mple(') 4l#& 4. bTreeHarfGar, TreeNoun) , Sex , Number , Known, _,_,_,_,

LastUnitType, FirstUnitType , _ConnectinDegree, LastTermType<;-(
harf_gar (TreeHarfGar ,

noun (TreeNoun,

v —t—t—t—r_s_,_HarfGar_Class),
Sex , Number , Known,_,_,_,_, LastUnitType , _NounSpecial),
{FirstUnitType = [",')2;:3}>null','null,{F
{LastTermType Known} .
/* */
/* R — shepeh_gomla_connected ========= */
/* */
/*
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shepeh_gomla_connected (' J& o L+ﬁi

)'iJle&JTreeShepehGomlal,TreeConnector,TreeShepehGomlaZ), Sex , Number , Known, _,_,_,_,
LastUnitType2, FirtsUnitTypel, ConnectinDegree,LastTermType)-—>

shepeh_gomla_simple (TreeShepehGomlal, Sex , Number , Known, _,_,_,_,
_LastUnitTypel, FirtsUnitTypel,ConnectinDegree,_LastTermType),

connector (TreeConnector, ConnectinDegree),

shepeh_gomla_simple (TreeShepehGomla2, _Sex , _Number , _Known, _,_,_,_,
LastUnitType2, _FirtsUnitType2,ConnectinDegree,LastTermType) .

shepeh_gomla_connected (' & o L+ji

)'iJle&JTreeShepehGomlal,TreeConnector,TreeShepehGomlaZ), Sex , Number , Known, _,_,_,_,
LastUnitType2, FirtsUnitTypel, ConnectinDegree,LastTermType)—-—>
shepeh_gomla_simple (TreeShepehGomlal, Sex , Number , Known, _,_,_,_,
_LastUnitTypel, FirtsUnitTypel,ConnectinDegree,_LastTermType),
connector (TreeConnector, ConnectinDegree),
shepeh_gomla_connected(TreeShepehGomla2, _Sex , _Number , _Known, _,_,_,_,
LastUnitType2, _FirtsUnitType2,ConnectinDegree,LastTermType) .
*/

/*
shepeh_gomla (TreeShepehGomla , Sex , Number , Known, _,_,_,_, LastUnitType,
FirtsUnitType, ConnectinDegree,LastTermType)-——>

shepeh_gomla_connected (TreeShepehGomla, Sex , Number , Known, _,_,_,_,
LastUnitType, FirtsUnitType,ConnectinDegree,LastTermType) .
*/

shepeh_gomla(')'JBJA}JJ o g3 4J& 4 bTreeShepehGomla,TreeSelatElMosol), Sex , Number ,
Known, _,_,_,_, LastUnitType, FirtsUnitType, ConnectinDegree2 , LastTermType)-->
shepeh_gomla_simple (TreeShepehGomla, Sex , Number , Known, _,_,_,_, LastUnitType,
FirtsUnitType,_ConnectinDegreel, LastTermType),
selat_el_mosol (TreeSelatElMosol, _Sex2 , _ , _, _, _,_,_,ConnectinDegree2) ,!.
/*{Sex = 'nutral' ; Sex = Sex2},*/

shepeh_gomla (TreeShepehGomla , Sex , Number , Known, _,_,_,_, LastUnitType,
FirtsUnitType, ConnectinDegree,LastTermType)—-—>

shepeh_gomla_simple (TreeShepehGomla, Sex , Number , Known, _,_,_,_, LastUnitType,
FirtsUnitType, ConnectinDegree, LastTermType) .

/****************************************************
*
* *SHEPEH_GOMLA_SINGLE_OR_COMPUND*
*
****************************************************/

shepeh_qomla_sinqle_or_compund(')’5JAJLLJ 18 o L+jﬁ TreeShepehGomlal, TreeShepehGomla2),
Sex , Number , Known, _,_,_,_, LastUnitType2, FirtsUnitTypel,
ConnectinDegree, LastTermType2) ——>
shepeh_gomla_simple (TreeShepehGomlal, Sex , Number , Known, _,_,_,_,
_LastUnitTypel, FirtsUnitTypel, ConnectinDegree,_LastTermTypel),
shepeh_gomla_single_or_compund (TreeShepehGomla2, _Sex2 , _Number2 , _Known2z,
_+r_r_sr_, LastUnitType2, _FirtsUnitType2, _ConnectinDegree2,LastTermType2),!.

shepeh_gomla_single_or_compund (TreeShepehGomla, Sex , Number , Known, _,_,_,_,
LastUnitType, FirtsUnitType, ConnectinDegree,LastTermType) —-—->

shepeh_gomla_simple (TreeShepehGomla, Sex , Number , Known, _,_,_,_, LastUnitType,
FirtsUnitType, ConnectinDegree,LastTermType) .

/***********************************************
*

* *SHEPEH_GOMLA_SPECIAL*

*
***********************************************/

' L .
shepeh_gomla_special (' ) & b - pluis! oglwlTreeHarfGar, TreeNoun) , Sex , Number

, Known, _,_,_,_, LastUnitType, FirstUnitType<;-(
harf_gar (TreeHarfGar , _,_,_,_,_,_,_,_HarfGar_Class),

) 1 ..
noun (TreeNoun, Sex , Number , Known,_,_,_,_, LastUnitType , '9(U°LA*)l
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{FirstUnitType = [', 'Rig_épnull,null.{[

/***********************************************
*

* *HARF_GAR*

*

LA AR EEEEEEEE LR R E R Rk

harf_gar (') 4> J>Word) , _,_,_,_,_,_,_,HarfGar_Class<--(

[Word, '_,_,_,_,_,_,_,'Rig_éPNounSpecial, _, _AdVerb,_Modaf, _VerbPrefix,
_VerbSuffix,|
{ Word = '<- 'J_l
HarfGar_Class = 'double_lam'
12
HarfGar_Class = 'normal'

/3 Xk ok kK ok ok K ok ok K ok ok Xk ok Xk ok ok K ok ok K ok ok K ok ok Kk ok kK ok ok K ok ok K ok ok Kk ok
*

* *ZARF*

*

***********************************************/

' L
zarf ( ') =3 ‘—gj-bword<--La_’_ 995 ’(
[Word, ' __ s 5 ,‘Q_AJ'_JJ\_JbNounSpecial, _ ,_AdVerb, _Modaf, _VerbPrefix,

_Verbsuffix.|

zarf(')lol—i—o L—é)JbWOfd<"(_, o9 5_ > 9(

[Word, " 4 o 5 o o5 o ,'L}SJ_JJ_bNounSpecial, _, _AdVerb, _Modaf, _VerbPrefix,

_VerbSuffix.[

/***********************************************
*

* *CONNECTOR*

*
***********************************************/

connector ( ')'JAO‘Q J)_>Word) , ConnectorType<--(
{ConnectorType == 'all'},

' . : .
[Word, ' , 5 5 5 5 5 5Jwy b y>NounSpecial, _,_AdVerb, _Modaf, _VerbPrefix,

_VerbSuffix.[

connector ( ')'_,ng J)_>Word) , ConnectorType<--(
{ConnectorType == 'and'},

[Word, ' 5, 5 5 5 5 o ,'ij_u_éyNounSpecial, _, _AdVerb, _Modaf, _VerbPrefix,

_VerbSuffix,|
{Word = '.{'3

connector ( ')'_,ng J)_>Word) , ConnectorType<--(
{ConnectorType == 'not or'},

' R : .
Word, ' , 5 5 5 o 5 ,Jwy b >NounSpecial, _, _AdVerb, _Modaf, _VerbPrefix,

_VerbSuffix,[
(ord \== .{'s]

/***********************************************
*

* *OR_CONNECTOR*

*

***********************************************/
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or_connector(')uLoj gé)}word<;-((
[Word, " 4 5 4 o 5 o ,LLA}A}A}>NounSpecial, _, _AdVerb, _Modaf, _VerbPrefix,

_VerbSuffixJ

[ KK K kKK K o ok kK K K K kKK K ok kK K Kk o kK K K K ok kK K K
*
* *RABET_GOML*

*
***********************************************/

rabet_gomll(')tpf byl yword) ,_ConnectionDegree<;-(
[Word, " 4 4 5 o5 o5 ,lLﬁ_}lg)NounSpecial, _, _AdVerb,_Modaf, _VerbPrefix,

_Verbsuffix.|

' )
rabet_qomll(')‘Lﬁ byl yTreeConnect) ,ConnectlonDeqree<;-(
connector (TreeConnect, ConnectionDegree) .

rabet_goml (Tree ,ConnectionDegree)——>
rabet_gomll (Tree, ConnectionDegree) .

rabet_goml(')tpf byl 4 yTree ,Tree2),ConnectionDegree<;-(
rabet_gomll (Tree, ConnectionDegree), rabet_goml (Tree2,ConnectionDegree) .

/***********************************************

*

* *NOUN*

*

***********************************************/

noun (TreeNoun, Sex,Num ,Known,_,_,_,_, UnitType, NounSpecial)-->

maarefa (TreeNoun, Sex,Num ,Known,_,_,_,_ , NounSpecial, AdVerbl, _MaarefaType,

_Modafl),

{UnitType = [Known , AdVerbl, _XI]} ,!.
noun (TreeNoun, Sex,Num ,Known,_,_,_,_, UnitType, NounSpecial)-->
nakera (TreeNoun, Sex,Num ,Known,_,_,_,_, NounSpecial, AdVerb2,Modaf2),
{UnitType = [Known,AdVerb2, Modaf2]}.

/***********************************************
*

* *VERB*
*
ok ok kK ok ok K ok ok K ok ok K ok ok Xk ok kK ok ok K ok ok K ok ok K ok ok Xk ok X K ok ok K ok ok Kk k Kk /

verb_simple(')léjp- {JLpu% J=8Wordl,Word2, Trans, TreeDameerMotasel), Sex, Number, _ , _,
Trans, VerbSepcial,_ ,VerbPrefix, VerbSuffix,RefuseFaaellInFollowingParse,
IsContainMafool)-—>

[Wordl, Type, _Sex, _Number, _,_,_Trans,_VerbSepcial,_NounSpecial, _, _AdVerbl,
_Modaf, _VerbPrefix, _VerbSuffix],

I I |
{Type = ', d—f-“-‘_CType,{ ——_z =
[Word2, ' ;J;LESex, Number, _,_,Trans,VerbSepcial,_NounSpecial2, _, _AdVerb2,

_Modaf, VerbPrefix, VerbSuffixJ
dameer_motasel (TreeDameerMotasel, _,_, _, _,
_,_r_sRefuseFaaelInFollowingParse,_AcceptAdVerb , IsMafool),
{IsContainMafool = IsMafool}.

verb_simple(')léjp- 4+ wy JxdWordl,Word2,Trans), Sex, Number, _ , _, Trans,

VerbSepcial,__ ,VerbPrefix, VerbSuffix,RefuseFaaelInFollowianarse,IsContainMafool<;-(
[Wordl, Type, _Sex, _Number, _Knownl,_Functionl,_Trans,_VerbSepcial,_NounSpecial,
_Waznl, _AdVerbl, _Modaf, _VerbPrefix, _VerbSuffix],
R [
{Type = ', d%_LéicType{{gJL{ic -
' R . ) )
[Word2, ' , J=38Sex, Number, _Known2,_ Function2,Trans,VerbSepcial,_NounSpecial2,

_Wazn, _AdVerb, _Modaf2, VerbPrefix, VerbSuffixJ
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{RefuseFaaelInFollowingParse = 'no'} ,
{IsContainMafool = 'no'}.

verb_simple('YJ“LLx yaw 9 J=dWord, Trans, TreeDameerMotasel), Sex, Number, _ , _, Trans,
VerbSepcial,__ ,VerbPrefix, VerbSuffix,RefuseFaaelInFollowingParse , IsContainMafool)-->

' R ) )
[Word, ' , J=8Sex, Number, _,_,Trans,VerbSepcial,_ NounSpecial, _, _AdVerb, _Modaf,

VerbPrefix, VerbSuffixJ
dameer_motasel (TreeDameerMotasel, _,_, _, _,
_,_sr_sRefuseFaaelInFollowingParse,_AcceptAdVerb , IsMafool),
{IsContainMafool = IsMafool}.

Verb_simple(')ZL&JWord,Trans), Sex, Number, _ , _, Trans, VerbSepcial,_ ,VerbPrefix,
VerbSuffix,RefuseFaaelInFollowingParse , IsContainMafool<;-(

[Word, ' ;JJLjSeX, Number, _,_,Trans,VerbSepcial,_NounSpecial, _, _AdVerb, _Modaf,
VerbPrefix, VerbSuffixJ

{RefuseFaaelInFollowingParse = 'no'} ,
{IsContainMafool = 'no'}.
verb_connected(')'iﬁjlli AJLJLETTreel,TreeConnector,Tree2), Sex, Number, _ , _, Trans,
VerbSepcial,_ ,VerbPrefix, VerbSuffix,RefuseFaaelInFollowingParse , IsContainMafooll)-->
verb_simple (Treel, Sex, Number, _ , _, Trans, VerbSepcial,_ ,VerbPrefix,

VerbSuffix,RefuseFaaelInFollowingParsel , IsContainMafooll),
connector (TreeConnector, 'all'),
verb_simple (Tree2, Sex, Number, _ , _, Trans, VerbSepcial,_ ,VerbPrefix,
VerbSuffix,RefuseFaaelInFollowingParse2,_IsContainMafool?2),
{ (RefuseFaaellInFollowingParsel = 'yes' ; RefuseFaaellInFollowingParse2 =
'yes') —>
RefuseFaaelInFollowingParse = 'yes'

RefuseFaaelInFollowingParse = 'no

}.

verb (Tree, Sex, Number, _ , _, Trans, VerbSepcial,_ ,VerbPrefix,
VerbSuffix,RefuseFaaelInFollowingParse , IsContainMafool)-->

verb_connected(Tree, Sex, Number, _ , _, Trans, VerbSepcial,_ ,VerbPrefix,
VerbSuffix, RefuseFaaelInFollowingParse , IsContainMafool),!.
verb (Tree, Sex, Number, _ , _, Trans, VerbSepcial,_ ,VerbPrefix,
VerbSuffix,RefuseFaaelInFollowingParse , IsContainMafool)-->

verb_simple (Tree, Sex, Number, _ , _, Trans, VerbSepcial,_ ,VerbPrefix,
VerbSuffix, RefuseFaaelInFollowingParse , IsContainMafool).

/***********************************************
*

* *FAAEL*
*

***********************************************/

faael_simple('YJ& L 8TreeTarkeebEddafy), Sex, _ , Known , _Function ,_,_,_, LastUnitType,

FirstUnitType<;-(
tarkeeb_eddafy (TreeTarkeebEddafy, Sex, _, Known, _Function, _,_,_,_, LastUnitType,
FirstUnitType, 'all'),

. ) ) (R
{re]ect_type(FlrstUnltType,'.L {(g{}b

faael_simple('YJ& L 9TreeTarkeebBadal), Sex, _ , Known , _Function ,_,_,_, LastUnitType,

FirstUnitType<;-(
tarkeeb_badal (TreeTarkeebBadal, Sex,_, Known, _, _,_,_, LastUnitType,
FirstUnitType) ,!.

faael_simple('YJ& L dTreeTarkeebWasfy), Sex, _ , Known , Function ,_,_,_, LastUnitType,

FirstUnitType<;-(
tarkeeb_wasfy (TreeTarkeebWasfy, Sex
,_,Known, Function,_,LastUnitType,FirstUnitType) ,!.
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) ' R ) .
faael_51mple(')J$ L dTreeMaarefa), Sex, _ , Known , Function ,_,_,_, LastUnitType,

FirstUnitType<;-(
maarefa (TreeMaarefa, Sex ,_,Known,Function,_,_,_ , _NounSpecial, AdVerb,
_Type,_Modaf),
{LastUnitType = [Known,AdVerb,_X], FirstUnitType = [Known,AdVerb,_Y]} ,!.

) ' R ) )
faael_51mple(')LJ; L 8TreeNakera), Sex, _ , Known , Function ,_,_,_, LastUnitType,

FirstUnitType<;-(
nakera (TreeNakera, Sex ,_,Known,Function,_,_,_, _NounSpecial, AdVerb,_Modaf),
{LastUnitType = [Known,AdVerb,_X], FirstUnitType = [Known,AdVerb,_Y]}.

1. . . ,
faael_connected(') {d9g¢lzo Jel g 8Treel,TreeConnector,Tree2), Sex, Num , Known , Function

y_sr_r_, LastUnitType, FirstUnitType<;-(
maarefa (Treel, Sex ,Num,Known,Function,_,_,_ , _NounSpecial, AdVerb,
Type,_Modafl),
connector (TreeConnector, 'all'),
maarefa (Tree2, Sex ,Num,Known,Function,_,_,_ , _NounSpecial2, AdVerb2, Type,
_Modaf2),
{LastUnitType = [Known,AdVerb,_X], FirstUnitType = [Known,AdVerb2,_Y]}.

1. . . ,
faael_connected(') {9g¢lro Jel g 8Treel,TreeConnector,Tree2), Sex, Num , Known , Function

y_+r_r_, LastUnitType2, FirstUnitTypel<;-(
maarefa (Treel, Sex ,Num,Known,Function,_,_,_ , _NounSpecial, AdVerb, _Type,
_Modaf),
{FirstUnitTypel = [Known,AdVerb,_X]},
connector (TreeConnector, 'all'),
faael_connected(Tree2, _Sex, _Num , _Known , _Function ,_,_,_, LastUnitType2,
_FirstUnitType2) .

faael (Tree, Sex, Num , Known , Function ,_,_,_, LastUnitType, FirstUnitType)-->
faael_simple(Tree, Sex, Num , Known , Function ,_,_,_, LastUnitType,
FirstUnitType),
{validate_faael_function (Function) }.

faael (Tree, Sex, Num , Known , Function ,_,_,_, LastUnitType, FirstUnitType)-->
faael_connected(Tree, Sex, Num , Known , Function ,_,_,_, LastUnitType,
FirstUnitType),
{validate_faael_function (Function) }.

/***********************************************
*

* *MAFOOL_BEHE*

*

***********************************************/

mafool_behe(')'¢4 J}J;ixTreel,TreeMafool), Sex ,Number,Known,_,_,_,_, LastUnitType,

FirstUnitType<;-(
reduntant_tarkeeb (Treel),
mafool_behe (TreeMafool, Sex ,Number,Known,_,_,_,_, LastUnitType, FirstUnitType)

mafool_behe(')'¢4 J¢xidoTree), Sex ,Number,_Known,_,_,_,_, LastUnitType, FirstUnitType--(
<

gomla_enn (Tree,_NextConnectionDegree),
{LastUnitType = [null,null,null], FirstUnitType = [';JJLjnull,null,{[
{Sex = ','3L+)Number = 'nutralJ, f

mafool_behe(')'¢4 J}J;ixTree), Sex , Number ,Known,_,_,_,_, LastUnitType, FirstUnitType-(
<~
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tarkeeb_eddafy ((Tree), Sex , Number , Known,_,_,_,_, _Contain_Dameer,
LastUnitType, FirstUnitType,'all') ,!.

mafool_behe(')'cl_g Jg= 4 osTreeTarkeebWasfy), Sex ,Number ,Known,_,_,_,_, LastUnitType,

FirstUnitType<--(
tarkeeb_wasfy (TreeTarkeebWasfy, Sex ,Number,Known,_,_,LastUnitType,FirstUnitType)

|
.

' . )
mafool_behe(') 4 Jj_x_o_,oTreeTameez) , _Sex ,_Number ,_Known,_,_,_,_, LastUnitType,

FirstUnitType<--(
tarkeeb_tameezy (TreeTameez, LastUnitType, FirstUnitType), !.

mafool_behe ( ')'4_3 Jj_x_é_/aTreeTarkeebBadal) , Sex ,Number,Known,_,_,_,_, LastUnitType,

FirstUnitType<--(
tarkeeb_badal (TreeTarkeebBadal, Sex ,Number, Known, _, _,_,_, LastUnitType,
FirstUnitType) ,!.

mafool_behe ( ')'4_3 Jj_x_é_/aTreeMaarefa) , Sex,Num ,Known,_,_,_,_, LastUnitType,

FirstUnitType<--(
maarefa_connected (TreeMaarefa, Sex,Num, Known, _Function , _,_,_, _MaarefaType,
_AllUnitsAdVerbed, LastUnitType, FirstUnitType) ,!.

mafool_behe(')'cl_g Jj_x_é_/aTreeMaarefa), SEX , NUM ,Known,_,_,_,_, LastUnitType,

FirstUnitType<--(
maarefa (TreeMaarefa, SEX , NUM , Known, _, _,_,_ , _NounSpecial, AdVerb, _Type,
_Modaf),
{LastUnitType = [Known,AdVerb,_X], FirstUnitType = [Known,AdVerb,_Y]} ,!.

' . )
mafool_behe(') 4 Jg=iasTreeNakera), Sex ,Num , Known , _ ,_,_,_, LastUnitType,

FirstUnitType<--(
nakera (TreeNakera, Sex ,Num ,Known,_,_,_,_, _NounSpecial, AdVerb,_Modaf),
{LastUnitType = [Known,AdVerb,_X], FirstUnitType = [Known,AdVerb,_Y]}.

/***********************************************
*

* *COMPLENTRY *

*

LR AR EEEEEEE LR EEEE LR R Rk

/* */
/* ========= complentry_simple ————————= * /
/* */

. 1.
complentry_simple_ A ( ') 4 JeS oTreeHarfGar ,Tree2?), _,_,_Known,_,_,_,_,
_LastUnitType,FirstUnitType, TermType, LastTermType,

FirstTermType,RefuseFaaelInFollowianarse<--(
harf_gar (TreeHarfGar , _,_,_,_,_,_,_, _HarfGar_Class),
gomla_enn (Tree2,_ConnectinDegree),

) ) ' R
{FirstUnitType = [ ', Rﬁd))null,_x,{[
{TermType = ' ,'QT i)l& 4 bLastTermType ,'QT i1s 4_:‘_2:' = FirstTermType —
Aol e '
{RefuseFaaelInFollowingParse = 'yes'} ,!.

complentry_simple_A(')’&_l.ﬁ JoaS oTreeShepehGomla), _,_,Known,_,_,_,_, LastUnitType,

FirstUnitType, TermType , LastTermType, FirstTermType,RefuseFaaelInFollowianarse<--(
shepeh_gomla (TreeShepehGomla, _, _, Known, _,_,_,_, LastUnitType, FirstUnitType,
'all' , LastTermType),

1. ' A
{TermType = ', 4l& 4 iFirstTermType , j> Bby> =

) '
RefuseFaaelInFollowingParse = 'no. {
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. ' - L5 . -
complentry_simple_B( ') L Sesd ) gl e - 4le JaSoTreel), _,_,Known,_,_,_,_,
LastUnitType, FirstUnitType, TermType , LastTermType,

FirstTermType, RefuseFaaelInFollowingParse) ——>
dameer_monfasel (Treel, _SEX, _NUM, _, _, _,_,_),
{Known = ',{ 'J..a_é_l_xa_w
{LastUnitType = [','M_Wnull,_x,{ [
{FirstUnitType = [','J.‘a_i_l_aijj_odbnull,_x,{ [
{TermType = ', 'J.‘a_i_l_oijﬂx_odeirstTermType ,'J.‘a_i_l_oi‘)}_o..b' = LastTermType —
' . A
,{ Juadin yas
{RefuseFaaelInFollowingParse = 'yes'}.

complentry_simple_c(')'i_l.ﬁ JoS oTreeTarkeebEddafy), _, _, Known, _, _,_,_, LastUnitType,

FirstUnitType, TermType, LastTermIype, FirstTermType, RefuseFaaelInFollowianarse<--(
tarkeeb_eddafy (TreeTarkeebEddafy, _Sex ,_Number ,Known,_,_,_,_,_, LastUnitType,
FirstUnitType, 'all'),
) ) . . (R
{is_unit_type (FirstUnitType, ',{(d)_b
{RefuseFaaelInFollowingParse = 'no'},

{TermType = ', 'L§ Lol wu Sy SLastTermType ,'L;’; Lol u.{J)_?' = FirstTermType =
LI N
complentry_simple_c(')'i_lﬁ JoS oTreeTarkeebWasfy), _, _, Known, _, _,_,_, LastUnitType,

FirstUnitType, TermType, LastTermType, FirstTermType,RefuseFaaelInFollowingParse<--(
tarkeeb_wasfy (TreeTarkeebWasfy, _SEX,_NUM, Known, Function,
_,LastUnitType,FirstUnitType),

{Function = ',{')_;- 9 i [EW. ]
{RefuseFaaelInFollowingParse = 'no'},
{TermType = ', 'EA@B oSy SLastTermType ,'E’_L.AB 9_55)_3' = FirstTermType —

'!7 {‘9—1‘@3 u_).“J_}_'S‘

complentry_simple_c(')'i_lﬁ JoS oTreeNakera), _, _, Known, _, _,_,_,LastUnitType,

FirstUnitType, TermType, LastTermIype, FirstTermType,RefuseFaaelInFollowianarse<--(
nakera (TreeNakera, _Sex ,_,Known,Function,_,_,_, _NounSpecial, AdVerb,Modaf),
{LastUnitType = [Known,AdVerb,Modaf] , FirstUnitType =
[Known, AdVerb, Modaf] },

{Function = ', 'WFunction,{'}q 3? g.‘a_B' =
{RefuseFaaelInFollowingParse = 'no'},
{TermType = ', 'BJS_BLastTermType ,'5)5_3' = FirstTermType.{'E)_i_B' =

complentry_simple (Tree, _, _, Known, _, _,_,_, LastUnitType, FirstUnitType, TermType,
LastTermType, FirstTermType,RefuseFaaelInFollowingParse)-—>

complentry_simple_ A (Tree, _, _, Known, _, _,_,_, LastUnitType,
FirstUnitType, TermType, LastTermIype, FirstTermIype,RefuseFaaellInFollowingParse) .
complentry_simple (Tree, _, _, Known, _, _,_,_, LastUnitType, FirstUnitType, TermType,
LastTermType, FirstTermType,RefuseFaaelInFollowingParse)-—>

complentry_simple_ B(Tree, _, _, Known, _, _,_,_, LastUnitType,
FirstUnitType, TermType, LastTermType, FirstTermType,RefuseFaaellInFollowingParse) .
complentry_simple (Tree, _, _, Known, _, _,_,_, LastUnitType, FirstUnitType, TermType,
LastTermType, FirstTermType,RefuseFaaellInFollowingParse)-—>

complentry_simple_C(Tree, _, _, Known, _, _,_,_, LastUnitType,
FirstUnitType, TermType, LastTermType, FirstTermType,RefuseFaaellInFollowingParse) .

/* */
/* ========= complentry_simple2 ========= */
/* */

complentry_simpleZ(')'Llﬁ JoS oTreeTarkeebEddafy), _, _, Known, _, _,_,_, LastUnitType,

FirstUnitType, TermType, LastTermIype, FirstTermTIype, RefuseFaaelInFollowianarse<--(
tarkeeb_eddafy (TreeTarkeebEddafy, _Sex ,_Number ,Known,_,_,_,_,_, LastUnitType,
FirstUnitType, 'all'),
{RefuseFaaelInFollowingParse = 'no'},
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{TermType = ', 'L_é Lol wu Sy SLastTermType ,'L;’; Lol u.{J)_?' = FirstTermType =

Llae oy

1.
complentry_simpleZ(') 4 eSS oTreeTarkeebWasfy), _, _, Known, _, _,_,_, LastUnitType,

FirstUnitType, TermType, LastTermType, FirstTermType, RefuseFaaelInFollowingParse<;-(
tarkeeb_wasfy (TreeTarkeebWasfy, _SEX,_NUM, Known, Function,
_,LastUnitType,FirstUnitType),

{RefuseFaaelInFollowingParse = 'no'},
{Function \== ',{')_? _gi [EV. ]
{TermType = ','Q_LAB oSy SLastTermType ;g_LAB %gfﬁ}J'::FirstTermType =

'!7 {‘9—1‘@3 u_).“J_}_'S‘

complentry_simple2(')'lJJ? JoS oTreeTameez), _, _, _Known, _, _,_,_, LastUnitType,

FirstUnitType, TermType, LastTermType, FirstTermType, RefuseFaaelInFollowingParse<;-(
tarkeeb_tameezy (TreeTameez, LastUnitType,FirstUnitType),

{RefuseFaaelInFollowingParse = 'no'},
{TermType = ' ,'§j4&&f oSy SLastTermType ;§j4&&f ggfﬁ}J'::FirstTermType =

L s wusys

1.
complentry_simpleZ(') & JeaSoTreeNakera), _, _, Known, _, _,_,_, LastUnitType,

FirstUnitType, TermType, LastTermType, FirstTermType, RefuseFaaelInFollowianarse<;-(
nakera (TreeNakera, _Sex ,_,Known,_,_,_,_, _NounSpecial, AdVerb,_Modaf),

{LastUnitType = [Known,AdVerb,_X] , FirstUnitType = [Known,AdVerb,_Y]},
{RefuseFaaelInFollowingParse = 'no'},

1. . 1. R 1. N
{TermType = ', % S LastTermType , 5 S —'FlrstTermType.L { 5SS =

complentry_simple2(')'lJJ? JoS oTreeMaarefa), _, _, Known, _, _,_,_, LastUnitType,

FirstUnitType, TermType, LastTermIype, FirstTermType, RefuseFaaelInFollowianarse<;-(
maarefa (TreeMaarefa, _Sex, _Number,Known, _Function, _,_,_ , _NounSpecial, AdVerb,
_Type, _Modaf),

{LastUnitType = [Known,AdVerb,_X] , FirstUnitType = [Known,AdVerb,_Y]},
{RefuseFaaelInFollowingParse = 'no'},
{TermType = ' ,'iJJJLALastTermType,'lJ)JLA'::FirstTermType.{'lJ)JL;::

/* */

/* ========= complentry_simple_all ========= */

/* */

complentry_simple_all (Tree, _, _, Known, _, _,_,_, LastUnitType, FirstUnitType, TermType,
LastTermType, FirstTermType,RefuseFaaellInFollowingParse)-—>

complentry_simple (Tree, _, _, Known, _, _,_,_, LastUnitType,
FirstUnitType, TermType, LastTermType, FirstTermType,RefuseFaaellInFollowingParse) .
complentry_simple_all (Tree, _, _, Known, _, _,_,_, LastUnitType, FirstUnitType, TermType,
LastTermType, FirstTermType,RefuseFaaellInFollowingParse)-—>

complentry_simple2 (Tree, _, _, Known, _, _,_,_, LastUnitType,
FirstUnitType, TermType, LastTermType, FirstTermType,RefuseFaaellInFollowingParse) .

/* */
/* ========= complentry_Compund_all ========= * /
/* */

Complentry_Compund_all(')LLS)_a e JaSsTreeSimple, TreeFollowing), _,_,Known,_,_,_,_,
LastUnitType2, FirstUnitTypel, TermType, LastTermType,
FirstTermType, RefuseFaaelInFollowingParse) ——>
complentry_simple_all (TreeSimple, _, _, Known, _, _,_,_, _LastUnitTypel,
FirstUnitTypel,_TermIypel, _LastTermTypel, FirstTermTypel,RefuseFaaellInFollowingParsel),
{FirstTermType = FirstTermTypel},

{(FirstTermType \== ',{'Oi e 4
complentry_Compund_all (TreeFollowing,_, _, _, _, _,_,_, LastUnitType2,
_FirstUnitType2,_TermType2, LastTermType2, _FirstTermType2,RefuseFaaellInFollowingParse2),
{ (RefuseFaaellInFollowingParsel = 'yes' ; RefuseFaaellInFollowingParse2 =
'yes') —>
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RefuseFaaelInFollowingParse = 'yes'

RefuseFaaelInFollowingParse = 'no

}I
{LastTermType = LastTermType2},
/* {refused_unit_decompos (LastUnitTypel, FirstUnitType2)},*/

{TermType = '.L {LLS}J

complentry_Compund_all(')LLS)_A 418 JaS oTreeSimple, TreeFollowing), _,_,Known,_,_,_,_,
LastUnitType2, FirstUnitTypel, TermType, LastTermType,
FirstTermType,RefuseFaaelInFollowingParse)——>
complentry_simple_all (TreeSimple, _, _, Known, _, _,_,_, _LastUnitTypel,
FirstUnitTypel, _TermTypel, _LastTermTypel, FirstTermTypel,RefuseFaaelInFollowingParsel),

{FirstTermType = FirstTermTIypel},

{FirstTermType \== ',{'Qi e 4

complentry_simple_all (TreeFollowing, _, _, _, _1 —r_r_s
_FirstUnitType2, _TermIype2, LastTermIype2,

_FirstTermType2,RefuseFaaelInFollowingParse2),

LastUnitType2,

RefuseFaaelInFollowingParse2 =

{ (RefuseFaaelInFollowingParsel = 'yes' ;
'yes') —>
RefuseFaaelInFollowingParse = 'yes'
’
RefuseFaaelInFollowingParse = 'no'
br
{LastTermType = LastTermType2},
/* {FirstTermType2 \== '/*,{'Oi e b
/* {refused_unit_decompos (LastUnitTypel, FirstUnitType2)},*/
{TermType = '.{LLS}J

/* */

/* ========= complentry_Compund ========= */

/* */
complentry_Compund(')LLS)_A e JaSsTreeSimple, TreeFollowing), _,_,Known,_,_,_,_,
LastUnitType2, FirstUnitTypel, TermType, LastTermType,
FirstTermType,RefuseFaaelInFollowingParse)——>

_LastUnitTypel,

complentry_simple (TreeSimple, _, _, Known, _, _,_,_,
FirstUnitTypel,_TermTypel, _LastTermTypel, FirstTermTypel,RefuseFaaelInFollowingParsel),

{FirstTermType = FirstTermTIypel},
{FirstTermType \== ',{'Qi g 4

complentry_Compund(TreeFollowing,_, _, _, _, _,_,_, LastUnitType2,
_FirstUnitType2,_ TermType2, LastTermType2, _FirstTermType2,RefuseFaaellInFollowingParse2),

RefuseFaaelInFollowingParse2 =

{ (RefuseFaaelInFollowingParsel = 'yes' ;
'yes') —>
RefuseFaaelInFollowingParse = 'yes'
RefuseFaaelInFollowingParse = 'no'
}y
{LastTermType = LastTermType2},
/* {refused_unit_decompos (LastUnitTypel, FirstUnitType2)},*/

{TermType = '.L {LLS)J

complentry_Compund(')L&S)_a e JaSsTreeSimple, TreeFollowing), _,_,Known,_,_,_,_,
LastUnitType2, FirstUnitTypel, TermType, LastTermType,
FirstTermType, RefuseFaaelInFollowingParse) ——>
complentry_simple (TreeSimple, _, _, Known, _, _,_,_, _LastUnitTypel,
FirstUnitTypel, _TermIypel , _LastTermTypel, FirstTermIypel,RefuseFaaellInFollowingParsel),

{FirstTermType = FirstTermTypel},

{(FirstTermType \== ',{'Oi e 4
complentry_simple (TreeFollowing,_, _, _, _, _,_,_, LastUnitType2,
_FirstUnitType2,_TermType2, LastTermType2, _FirstTermType2,RefuseFaaellInFollowingParse2),

{ (RefuseFaaelInFollowingParsel = 'yes' ; RefuseFaaellInFollowingParse2 =

'yes') —>

RefuseFaaelInFollowingParse = 'yes'
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/*

/*

/*
/*
/*

RefuseFaaelInFollowingParse = 'no'

Hy
{LastTermType = LastTermType2},

{LastTermType \== '/*,{'Oi e b

{refused_unit_decompos (LastUnitTypel, FirstUnitType2)},*/

{TermType = '.{LLS)J

========= complentry_Connected ======

complentry_Connected(')'iﬁjlli 4l JaSsTreel, TreeConnector, Tree2),_, _, Known, _,

P " g—

LastUnitType2,

FirstTermType,RefuseFaaelInFollowianarse<;-(
complentry_unit (Treel, _, _, Known, _, _,_,_, _LastUnitTypel,
FirstUnitTypel, AcceptAllTypes, TermIypel , LastTermTypel,
FirstTermTypel, RefuseFaaelInFollowingParsel),

{FirstTermType = FirstTermTypel},

connector (TreeConnector, 'all'),

FirstUnitTypel,AcceptAllTypes, TermType, LastTermType ,

complentry_Connected(Tree2, _, _, _Known, _, _,_,_, LastUnitType2,
_FirstUnitType2, 'ves', _TermType2, LastTermType2,
FirstTermType2,RefuseFaaelInFollowingParse2),
{ (RefuseFaaelInFollowingParsel = 'yes' ; RefuseFaaelInFollowingParse2
'yes') —>
RefuseFaaelInFollowingParse = 'yes'
;
RefuseFaaelInFollowingParse = 'no'

}I
{LastTermType = LastTermType2},

{TermTypel \== ',{'Oi e 4
{LastTermTypel = '<;'§ldb1 Sy
FirstTermType2 \== "élgbl oSS
2
true

by
{TermType = '.{kj}iL&J

1. . .
complentry_Connected(') {94z o 418 JaSoTreel,TreeConnector,Tree2),_, _, Known,

Py S g—

LastUnitType2,

FirstTermType,RefuseFaaelInFollowingParse<;-(
complentry_unit (Treel, _, _, Known, _, _,_,_, _LastUnitTypel,
FirstUnitTypel, AcceptAllTypes, TermTypel, LastTermTypel,
FirstTermTypel, RefuseFaaelInFollowingParsel),

'yes')

{FirstTermType = FirstTermTIypel},

connector (TreeConnector, 'all'),
complentry_unit (Tree2, _, _, _Known, _, _,_,_, LastUnitType2,
_FirstUnitType2, 'yes', TermType2 , LastTermIype2,
FirstTermType2, RefuseFaaelInFollowingParse2),

->

{ (RefuseFaaelInFollowingParsel = 'yes' ; RefuseFaaelInFollowingParse2
RefuseFaaelInFollowingParse = 'yes'

7
RefuseFaaelInFollowingParse = 'no'

y
{LastTermType = LastTermType2},

FirstUnitTypel,AcceptAllTypes, TermType, LastTermType ,

—

{TermTypel \== "' ;dﬂ s 4 {‘TermType2,{'Oi e ~a':::
{LastTermTypel = '<;'élabl QS
(FirstTermType2 \== ', 'é Lol _.:._::J)_“»FirstTermType2(' ;\J)_La' ==\
true

}/
{TermType = '.{lﬁ}il&J
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/* ========= complentry_unit ========= */

/* */
complentry_unit (Tree, _,_,Known,_,_,_,_, LastUnitType, FirstUnitType, 'vyes', TermType
LastTermType, FirstTermType,RefuseFaaelInFollowingParse)-—>

complentry_Compund_all (Tree,_, _, Known, _, _,_,_, LastUnitType,
FirstUnitType, TermType, LastTermIype, FirstTermIype,RefuseFaaellInFollowingParse) .
complentry_unit (Tree, _,_,Known,_,_,_,_, LastUnitType, FirstUnitType, 'ves', TermType
LastTermType, FirstTermType,RefuseFaaelInFollowingParse)-—>

complentry_simple_all(Tree, _, _, Known, _, _,_,_, LastUnitType,
FirstUnitType, TermType, LastTermIype, FirstTermIype,RefuseFaaellInFollowingParse) .

complentry_unit (Tree, _,_,Known,_,_,_,_, LastUnitType, FirstUnitType, 'no', TermType,
LastTermType, FirstTermType,RefuseFaaelInFollowingParse)-—>

complentry_Compund (Tree,_, _, Known, _, _,_,_, LastUnitType,
FirstUnitType, TermType, LastTermIype, FirstTermIype,RefuseFaaellInFollowingParse) .
complentry_unit (Tree, _,_,Known,_,_,_,_, LastUnitType, FirstUnitType, 'no', TermType,
LastTermType, FirstTermType,RefuseFaaelInFollowingParse)-—>

complentry_simple (Tree, _, _, Known, _, _,_,_, LastUnitType,
FirstUnitType, TermType, LastTermIype, FirstTermIype,RefuseFaaellInFollowingParse) .

/* */
/* ========= complentry ========= */
/* */

complentry(')'iJJ? JoS oTreel, Tree2), _,_,Known,_,_,_,_, LastUnitType, FirstUnitType,

AcceptAllTypes, RefuseFaaelInFollowingParse,NextConnectionDegree<;-(
reduntant_tarkeeb (Treel),

complentry (Tree2, _,_,Known,_,_,_,_, LastUnitType, FirstUnitType, AcceptAllTypes,

RefuseFaaelInFollowingParse, NextConnectionDegree) ,!.

complentry (Tree, _,_,Known,_,_,_,_, LastUnitType, FirstUnitType, AcceptAllTypes,
RefuseFaaelInFollowingParse,NextConnectionDegree) ——>
complentry_Connected(Tree,_, _, Known, _, _,_,_, LastUnitType,
FirstUnitType,AcceptAllTypes,_TermType, _LastTermType,
_FirstTermType, RefuseFaaelInFollowingParse),
{NextConnectionDegree = 'all'}.

complentry (Tree, _,_,Known,_,_,_,_, LastUnitType, FirstUnitType, AcceptAllTypes,
RefuseFaaelInFollowingParse, NextConnectionDegree) ——>
complentry_unit (Tree, _,_,Known,_,_,_,_, LastUnitType, FirstUnitType,
AcceptAllTypes,_TermType, _LastTermType, _FirstTermIype, RefuseFaaellnFollowingParse),
{NextConnectionDegree = 'all'}.

/***********************************************
*

* *ESSM_SELA*

*
***********************************************/

essm_sela(')'iJ#: pw | Word) , Sex<;'(_z_x_a__x_a ,

1. , .
[Word, ', Lngipu|Sex, v _+ _+r _ys_,_NounSpecial, _,_AdVerb, _Modaf, _VerbPrefix,

_Verbsuffix.|

/***********************************************

*

* *ESSM_SWAA*

*

***********************************************/
) i <
essm_swaa ( sl gw daJ SWord<--

[Word, [_,'PMISex, o NounSpecial, _,_AdVerb, _Modaf, _VerbPrefix,

[ " g—

_VerbSuffixJ

{Word = '.{';l}A

/***********************************************
*

* *ESHARA_NOUN*
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*
LR AR EEEEEEEE LR EEEE e E R Rk

eshara_noun ( ')' by lw! pwlWord), Sex, Number<--L,_,_ )

NounSpecial, _,_AdVerb,

[ " g—

[Word, ' ,‘5) L&I_CSex, Number , _, _,

_VerbPrefix, _VerbSuffix.[

/***********************************************
*
* *TARKEEM_NOTATION*
*

***********************************************/
. ' o w
tarkeem_notation( ') a9 u)l_cWord<--((

[Word, '_,‘P_é_“ta)_SSex, _Number , _, _, NounSpecial, _,_AdVerb,

—_

_VerbPrefix, _VerbSuffix.[

/***********************************************
*

* *ANY_WORDS *

*

LR AR AR EEEEEE LA EEEEEE e E R Rk

any_words ( ')' Loy Le La_lJWord<--((

_Modaf,

_Modaf,

[Word, _, _Sex, _Number , _, _, _,_,_NounSpecial, _, _AdVerb, _Modaf, _VerbPrefix,

_VerbSuffix].

any_words ( ')' Loy le 4 SWord, Tree<--((

[Word, _, _Sex, _Number , _, _, _,_,_NounSpecial, _, _AdVerb, _Modaf, _VerbPrefix,

_VerbSuffix],
any_words (Tree) .

/***********************************************

*

* *REDUNTANT_WORDS *
*

***********************************************/
[N .
reduntant_words(') 4oy ls u_lJWord<--((
' )
[Word, ' ,@o) LeSex, _Number , _, _, _,_,_NounSpecial, _, _AdVerb,

_VerbPrefix, _VerbSuffix.[

reduntant_words ( ')':ub) Le dadSWord, Tree<--((
[Word, '_,'Ub) LeSex, _Number , _, _, _,_,_NounSpecial, _, _AdVerb,

_VerbPrefix, _VerbSuffix,[
reduntant_words (Tree) .

/***********************************************
*
* *REDUNTANT_TARKEEB*
*

LA AR EEEEEEE LR EEEEEE LR R Rk

_Modaf,

_Modaf,

[ . . ) )
reduntant_tarkeeb ( ') oY) I fe | dJ@#TreeTarkeemNotationl, TreeWord, TreeTarkeemNotat1on2<--((

tarkeem_notation (TreeTarkeemNotationl),
any_words (TreeWord) ,
tarkeem_notation (TreeTarkeemNotation2) .

reduntant_tarkeeb ( ')'i_bdb I fel Q_LﬁTreeWord<--((
reduntant_words (TreeWord) .
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*
* *DIGIT_PERCENTAGE_UNIT*

*
LR AR AEEEEEEE LA EEEEE e E R Rk

digit_percentage_unit(')'3_33_34 LwWord) , Sex, Number, Known, Function, _,_,_ ,
NounSpecial , AdVerb<--(
[ . ) .
[Word, ' , p9)y 4w Sex ,Number,Known,Function,_,_,NounSpecial, _, AdVerb, _Modaf,

_VerbPrefix, _VerbSuffix.[

digit_percentage_unit ( ')'i_u_?_n i_gq.u_BWordl, TreeHarfGar,Word2), Sex, Number, Known,
Function, _,_,_ , NounSpecial , AdVerb<--(
[Wordl, ' ,‘ 9—3) L,g_w_}Sex , Number, Known, Function,_,_,NounSpecial, _, AdVerb, _Modaf,

_VerbPrefix, _VerbSuffix,[
harf_gar (TreeHarfGar , _,_,_,_,_,_,_,_HarfGar_Class),

[ . ) )
[Word2,' , p8)4swiSex2 , Number2, Known2, Function2,_,_, NounSpecial2, _,

_AdVerb2, _Modaf2, _VerbPrefix2, _VerbSuffixZ.[

VAR AR EEEEEEEEEEEEE LA EEEEEE e e R R R R
*

* *DIGIT_UNIT_SIMPLE*
*
R

Lo ) ) [ . . )
digit_unit_simple ( ') 409y dJ4>gWord), Sex, Number, Known, Function, _,_,_ ,
NounSpecial , AdVerb<--(

[Word, ' ,‘ 9—3) 5 4>gSex ,Number,Known,Function,_,_,NounSpecial, _, AdVerb, _Modaf,

_VerbPrefix, _VerbSuffix.[

diqit_unit_simple(')’i_ﬁ_ajj 5 4> gWordl, TreeHarfGar, Word2), Sex, Number, Known, Function,
_+_r_ , NounSpecial , AdVerb<--(

[Wordl, ' ,‘ 9—3) 5 4>gSex ,Number,Known,Function,_,_,NounSpecial, _, AdVerb, _Modaf,
_VerbPrefix, _VerbSuffix,[

harf_gar(TreeHarfGar , _,_,_,_,_,_,_,_HarfGar_Class),

[ ) )
[Word2,' , p3)34>9Sex2 , Number2, Known2, Function2,_ ,_, NounSpecial2, _,

_AdVerb2, _Modaf2, _VerbPrefix2, _VerbSuffix2.[

[ kK K kKK o kK K K K o kK K K K kK K Kk kK K K K kKK K K
*
* *DIGIT_UNIT*

*
***********************************************/

digit_unit (Tree, Sex, Number, Known, Function, _,_,_ , NounSpecial , AdVerb)-->
digit_percentage_unit (Tree, Sex, Number, Known, Function, _,_,_ , NounSpecial , AdVerb)

|
.

digit_unit (Tree, Sex, Number, Known, Function, _,_,_ , NounSpecial , AdVerb)-->
digit_unit_simple (Tree, Sex, Number, Known, Function, _,_,_ , NounSpecial , AdVerb).

VAR EEEEEEEEEEEEE LA EEEEEE e e R R R R
*

* *MAAREFA*
*
KKK K KKK KKK KKK KKK IK KKK KKK KKK KKK KKK KKK KKK KKK KKK )

[ [ ' ) )
maarefa_by_alf_ lam( ') 4.9 y=Word, Sex) , Sex , Number , 49j)x0 , Function,_,_,_, NounSpecial,

AdVerb, Type , Modaf<--(
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' [ ' ) .
[Word, ', P—“’l Sex,Number, 49 y=x 0 ,Function,_,_,NounSpecial, _, AdVerb, Modaf,
_VerbPrefix, _VerbSuffix,[

{Type = '.{'U}u

maarefa_alm(')'i_x_)u_?_n P)Lci - ple 435, =.Wordl,Tree,Sex) , Sex , Number ,'J\JJ_U',
Function,_,_,_, NounSpecial, AdVerb, Type ,Modaf<--(

[Wordl,','PAHSex,Number,‘P_l_c',Function,_,_,NounSpecial, _, AdVerb, Modaf,

_VerbPrefix, _VerbSuffix,[

maarefa_alm(Tree , Sex , Number , _Known , Function,_,_,_, NounSpecial, AdVerb,
Type , _Modaf2) ,!.

maarefa_alm( ')'P_l_c_i_é)MWord,Sex) , Sex , Number ,‘ :lJ_)_X_A‘ , Function,_,_,_, NounSpecial,
AdVerb, Type ,Modaf<--(

' ' ' ) .
[Word, ', P—“’l Sex, Number, p_l_c ,fFunction,_,_,NounSpecial, _, AdVerb, Modaf,
_VerbPrefix, _VerbSuffix,[

{Type = '.!, {‘P-l-c

maarefa_alm( ')'EH_.)'Y_PJ.C_U_)_X_AWOrd,SeX) , Sex , Number ,‘ :lJ_)_X_A‘ , Function, _, _,_,
NounSpecial, AdVerb, Type ,Modaf)-->

[Word,','&J;JYSex,Number,'P_l_c',Function,_,_,NounSpecial, _, AdVerb, Modaf,
_VerbPrefix, _VerbSuffix,[

{Type = '.{'pls

[ 1. . ' ) )
maarefa ( ') 4 9 y=Wordl, Tree, Sex) , Sex , Number , 49420 , Function,_,_,_, NounSpecial,
AdVerb, Type, Modaf<--(

[Wordl, ','PJM Sex,Number,‘ i_éw‘,Function,_,_, NounSpecial, _, AdVerb, Modaf,

_VerbPrefix, _VerbSuffix,[
maarefa_alm(Tree , _Sex , _Number , _Known, _Function,_,_,_, _NounSpecial,
_AdVerb, Type ,_Modaf2) ,!.
maarefa (Tree , Sex , Number , Known, Function,_,_,_, NounSpecial, AdVerb, Type, Modaf)-->
maarefa_by_alf lam(Tree , Sex , Number , Known, Function,_,_,_, NounSpecial,
AdvVerb, Type, Modaf) ,!.
maarefa (Tree , Sex , Number , Known, Function,_,_,_, NounSpecial, AdVerb, Type, Modaf)-->
maarefa_alm(Tree , Sex , Number , Known, Function,_,_,_, NounSpecial, AdVerb,
Type, Modaf) .

VAR AR R EEEEEEEEEEEE LA EEEEEE e e R R R R Rk

*

* *MAAREFA_CONNECTED*

*

LR AR EEEEEEE LR LA EEEEEE R R R Rk

[ R )
maarefa_connected ( ') L 9¢lr o B LxoTreeFirst, TreeConnector, TreeSecnd), Sex,Number, Known,

Functionl, _,_,_, Type, AllUnitsAdVerbed, LastUnitType, FirstUnitType<--(
maarefa (TreeFirst, Sex, Number, Known, Functionl, _,_,_, _NounSpecial, AdVerbl,
Typel, _Modafl)

’
{FirstUnitType = [Known,AdVerbl,_X]},
{AllUnitsAdVerbed = 'yes' —>

Adverbl = "ol

true

}I
connector (TreeConnector, 'all'),
maarefa (TreeSecnd, Sex, Number, Known, _Function2,
Type2, _Modaf2),

_+_sr_, _NounSpecial,AdVerb2,

{LastUnitType = [Known,AdVerb2,_Y]},
{AllUnitsAdVerbed = 'yes' —>
Adverb2 = "ol
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true
}I
{Typel = Type2}, {Type = Type2}.

. . R
maarefa_connected(') Lﬁ}iULA by LroTreeFirst, TreeConnector, TreeSecnd), Sex,Number, Known,

Functionl, _,_,_, Type, AllUnitsAdVerbed , LastUnitType2, FirstUnitType<;-(
maarefa (TreeFirst, Sex, Number, Known, Functionl,

_+_r_ , _NounSpecial, AdVerbl,
Typel, _Modafl),

{FirstUnitType = [Known,AdVerbl,_X]},
{Al1lUnitsAdVerbed = 'yes' ->

Adverbl = "ol
12

true

b

connector (TreeConnector, 'all'),

maarefa_connected (TreeSecnd, Sex, Number, Known, _Function2, _,_,_, Type2,
AllUnitsAdVerbed, LastUnitType2, _FirstUnitType2),

{Typel = Type2}, {Type = Typel2}.
/***********************************************

*

* *NAKERA*

*

***********************************************/

nakera(')'éijJWord,Sex) , Sex , Number,‘B)S_f,Function,_,_,Wazn , NounSpecial,
AdVerb,Modaf<;-(

' 1. K] , .
[Word, ', Pw|SeX,Number,0)5_4,Functlon,_,_,NounSpec1al, Wazn, AdVerb, Modaf,
_VerbPrefix, _VerbSuffixl

/***********************************************
*

* *NAKERA_CONTIGUSE*

*

***********************************************/

) [ . . .
nakera_contlguse(') D JdRI 0 QH_}ﬁqTreeNakeral,Tree2), Sex1l, Numberl, Known, Functionl,
_,_,Waznl, LastUnitType2, FirstUnitType<;-(

nakera (TreeNakeral, Sexl ,Numberl, Known,Functionl ,_,_,Waznl, _NounSpeciall,
AdVerbl,Modafl),

{FirstUnitType = [Known,AdVerbl,Modafl]},

nakera_contiguse (Tree2, _Sex2 ,_Number?2,Known,_Function2, _ , _ , _Wazn2 ,
LastUnitType2, FirstUnitType2),
{unite_modaf (FirstUnitType2) },
/*{Modaf0 = "' ,'¢J B lasFirstUnitType2 = [_KnownO,_AdVerbO,ModafO/*,{[

{Waznl \== '.L {LLKJT

) 1. . .
nakera_contlguse(') DRI 0 CA|)1L4TreeNakeral,TreeNakera2), Sex1l, Numberl, Known,

Functionl, _,_,Waznl, LastUnitType, FirstUnitType<;-(

nakera (TreeNakeral, Sexl ,Numberl, Known,Functionl
AdVerbl,Modafl),

{FirstUnitType = [Known,AdVerbl,Modafl]},

y_r_,Waznl, _NounSpeciall,

nakera (TreeNakera2, _Sex2 ,_Number2,Known,Function2,_,_,_ , _NounSpecial2,
AdVerb2,Modaf?),
{LastUnitType [Known, AdVerb2,Modaf2]},
Moda£2 = ',{'4J Glaas
{Adverb2 \== ', {'as
{Function2 \== ',{LMAJ

{Waznl \== '.{LL&JT
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/***********************************************
*
* *NAKERA_CONNECTED *
*
***********************************************/

1. . .
nakera_connected(') d3ghro ol y S iTreeNakeral, TreeConnector, TreeNakera2), Sexl, Numberl,

Known, Functionl, _,_,Wazn ,LastUnitType, FirstUnitType<;-(
nakera (TreeNakeral, Sexl ,Numberl,Known,Functionl,_,_,Wazn, _NounSpecial
,AdVerbl,Modafl),
{FirstUnitType = [Known,AdVerbl,Modafl]},
connector (TreeConnector, 'all'),
nakera (TreeNakera2, _Sex2 ,_Number2,Known,_Function2,_,_,_ , _NounSpecial,
AdVerb2,Modaf2),
{LastUnitType = [Known,AdVerb2,Modaf2]}.

[ .
nakera_connected(') iJleXJ gb|JJLJTreeNakeral,TreeConnector,TreeNakera2), Sex1l, Numberl,

Known, Functionl, _,_,Wazn ,LastUnitType2, FirstUnitType<;-(
nakera (TreeNakeral, Sexl ,Numberl,Known,Functionl,_,_,Wazn, _NounSpecial
,AdVerbl,Modafl),
{FirstUnitType = [Known,AdVerbl,Modafl]},
connector (TreeConnector, 'all'),
nakera_connected (TreeNakera2, _Sex2 ,_Number?2,Known,_Function2, _,_,_Wazn2
,LastUnitType2, _FirstUnitType2).

/***********************************************
*

* *NAKERA_COMPUND *
*
K o KK K K KKK K o kKK K K K kK K K kK Kk X K Rk Kk X K Rk kK ok k)

' . .
nakera_compund(');ﬂ<}&4TreeNakera1,TreeNakeraZ), Sexl, Numberl, Known, Functionl,

_,_,Wazn, LastUnitType2, FirstUnitType<;-(
nakera (TreeNakeral, Sexl ,Numberl,Known,Functionl,_,_,Wazn , _NounSpecial,
AdVerbl,Modafl),
{FirstUnitType = [Known,AdVerbl,Modafl]},
nakera_connected (TreeNakera?2, _Sex2 ,_Number2,Known,_Function2,_,_,_,
LastUnitType2, FirstUnitType2),

{FirstUnitType2 = [_Known2,_AdVerb2,Modaf2] , Modaf2 = '.{'¢J B las
nakera_compund(')kbl)S_JTreeNakera), Sexl, Numberl, Known, Functionl, _,_,Wazn,

LastUnitType, FirstUnitType<;-(
nakera_connected (TreeNakera, Sexl ,Numberl,Known,Functionl,_,_,Wazn, LastUnitType,
FirstUnitType) .

[ KK kKK K o kK K K K kK K K ok kK K K K ok kK K K K ok kK K K
*
* *DAMEER_MOTASEL*

*
***********************************************/

dameer_motasel(')lLAlJ_ﬁﬁAbWord), Sex, Num, _, _, _,_,_, RefuseFaaellInFollowingParse,
AcceptAdVerb , IsMafool<;-(

[Word,';JALL47)9mbSeX, Num,_,_,_,_,_NounSpecial, _, _AdVerb,_Modaf, _VerbPrefix,
_VerbSuffix,|

{ Word = '<-'|3
RefuseFaaelInFollowingParse = 'yes'

RefuseFaaelInFollowingParse no

{ Word = '<-'§
AcceptAdVerb = 'yes'
AcceptAdVerb = 'no'
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{ Word = '<"Lﬁ
IsMafool = 'yes'

IsMafool = 'no

/***********************************************
*
* *DAMEER_MONFASEL*
*
***********************************************/

dameer_monfasel(')tLuJJ_{7)Pm¢Word), SEX, NUM<¥-(_L_, s s s

'
[Word, ", (o yweubSEX, NUM, _,_,_,_,_NounSpecial, _, _AdVerb,_Modaf, _VerbPrefix,
_Verbsuffix.|

/***********************************************
*
* *TARKEEB_EDDAFY *
*

LR AR EEEEEEEE LA EEEEEE e E R Rk

/* */
/* ========= tarkeeb_eddafy_simple_dameer ========= */
/* */

tarkeeb_eddafy_simple_dameer('ygldbl oS y STreeNakera, TreeDameerMotasel) , Sex , Number ,

'dameer', _,_,_,_, 'yes', LastUnitType, FirstUnitType<;-(

nakera_compund (TreeNakera, Sex, Number, _Known, _, _,_,_, _LastUnitType,
FirstUnitType),

dameer_motasel (TreeDameerMotasel, _,_, _, _,
_+_r_,_RefuseFaaelInFollowingParse,_AcceptAdVerb , _IsMafool),

{LastUnitType = [','Jaie yesnull,null.l, {[

tarkeeb_eddafy_simple_dameer('Y@labl %L§S}JTreeNakera,TreeDameerMotasel) , Sex , Number ,

'dameer', _,_,_,_, 'yes', LastUnitType, FirstUnitType<;-(

nakera_contiguse (TreeNakera, Sex, Number, _Known, _, _,_,_,_LastUnitType,
FirstUnitType),

dameer_motasel (TreeDameerMotasel, _,_, _, _,
_s_s_,s_RefuseFaaelInFollowingParse,_AcceptAdVerb , _IsMafool),

{LastUnitType = [';J“LLJ_J}mbnull,null.L {[

tarkeeb_eddafy_simple_dameer('Y@labl %L§S}JTreeNakera,TreeDameerMotasel) , Sex , Number ,

'dameer', _,_,_,_, 'yes',LastUnitType, FirstUnitType<;-(
nakera (TreeNakera, Sex, Number, Known, _, _,_,_ , _NounSpecial ,AdVerb,_Modaf),
{FirstUnitType = [Known,AdVerb,_X]},
dameer_motasel (TreeDameerMotasel, _,_, _, _,
_s_s_,s_RefuseFaaelInFollowingParse,_AcceptAdVerb , _IsMafool),

{LastUnitType = [','Jaie yoesnull,null.{[

/* */

/* ========= tarkeeb_eddafy_simple_digit ========= */

/* */
tarkeeb_eddafy_simple_digit('Y@labl oSy STreeNakera, TreeDigit ) , Sex , Number ,
Known,_,_,_,_, 'null' , LastUnitType2, FirstUnitType<;-(

nakera (TreeNakera, Sex, Number, Known, _Functionl, _,_,_ , _NounSpeciall ,
AdVerbl, Modafl),

{FirstUnitType = [Known,AdVerbl,Modafl]},

tarkeeb_eddafy_simple_digit (TreeDigit , _Sex , _Number , _Known,_,_,_,_, _,
LastUnitType2, _FirstUnitType2) ,!.

tarkeeb_eddafy_simple_digit('Y@labl oSy STreeDigit, TreeNakera) , Sex , Number ,
Known, _,_,_,_, 'null' , LastUnitType, FirstUnitType<;-(
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digit_unit (TreeDigit, _Sex, _Number, _Known,

_Function, _,_,_ , _NounSpeciall ,
_AdVerbl),
nakera_contiguse (TreeNakera, Sex, Number, _Known2, _Function2, _,_,
_Wazn,LastUnitType, _FirstUnitType2),
{Known = ', 'QJ)_LA
) ) 1. . .
{FirstUnitType = ['y 40 9) ovjnull,null.!, {[

tarkeeb_eddafy_simple_diqit(')'Lg Lo| wu Sy STreeDigit, TreeNakera) , Sex , Number ,

Known,_,_,_,_, 'null' , LastUnitType, FirstUnitType<--(

digit_unit (TreeDigit, _Sex, _Number, _Known, _Function, _,_,_ , _NounSpeciall ,
_AdVerbl),
nakera (TreeNakera, Sex, Number, Known2, _Function2, _,_,_ , _NounSpecial2 ,
AdVerb2,Modaf?),
{Known = ',{ 'QJ)_LA
{LastUnitType = [Known2, AdVerb2,Modaf2]},
1. “ .
{FirstUnitType = ['y 40 9) ovjnull,null.!, {[

tarkeeb_eddafy_simple_diqit(')'Lg Lol wu Sy STreeDigit, TreeMaarefa) , Sex , Number ,

Known, _,_,_,_, 'null' , LastUnitType, FirstUnitType<--(
digit_unit (TreeDigit, _Sex, _Number, _Known,
_AdVerbl),

maarefa (TreeMaarefa, Sex ,Number
_Type, Modaf2),

_Function, _,_,_ , _NounSpeciall ,

, Known2, _, _,_,_ , _NounSpecial2 , AdVerb2,

{Known = ', 'U}u
{LastUnitType = [Known2,AdVerb2,Modaf2]},
{FirstUnitType = [', 'Léda_“e) BMﬁnull,null.!, {[

tarkeeb_eddafy_simple_digit(')'Lg Lol oo Sy 5TreeDigit) , Sex , Number , Known,_,_,_,_,
'null' , LastUnitType, FirstUnitType<--(

digit_percentage_unit (TreeDigit, Sex, Number, _Known, _Function, _,_,_ ,
_NounSpeciall , _AdVerbl),
{Known = ', 'U}u
{FirstUnitType = [','5\_33_‘»_0 4w null,null] , LastUnitType =
FirstUnitType}.
/* */
/* ========= tarkeeb_eddafy_simple_zarf ========= */
/* */

tarkeeb_eddafy_simple_zarf(')'Lg Lol oo Sy STreeZarf,Tree2) , 'nutral' , 'nutral' ,

'nutral',_,_,_,_, ContainDameer, LastUnitType, FirstUnitType<--(
zarf (TreeZarf,

I

) ) [
{(FirstUnitType = [' ,dbnull, null,{[

gomla_enn (Tree2,_NextConnectionDegree),
{ContainDameer = 'no' },

{LastUnitType = [', 'l l#null,nuil.), {[

tarkeeb_eddafy_simple_zarf(')'Lg Lol wu Sy STreezZarf, TreeDameerMotasel) , 'nutral' ,

'nutral' , 'nutral',_,_,_,_, 'yes', LastUnitType, FirstUnitType<--(
zarf (TreeZarf,

I

) ) [
{FirstUnitType = [' ,d)_bnull,null,{[
dameer_motasel (TreeDameerMotasel, _,_, _, _,
_+_r_,_RefuseFaaelInFollowingParse,_AcceptAdVerb , _IsMafool),

{LastUnitType = [','Jaie yoesnull,null.l, {[

tarkeeb_eddafy_simple_zarf ( ')’é Lo|l wa Sy STreeZarf,TreeTarkeeb) , 'nutral'

'nutral',_,_,_,_, ContainDameer, LastUnitType, FirstUnitType<--(
zarf (TreeZarf,

'nutral' ,

P
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[
{FirstUnitType = [' ,d)_bnull,null,{[
tarkeeb_eddafy_simple (TreeTarkeeb, _,_, _, _, _,_,_, ContainDameer, LastUnitType,
_FirstUnitType),!.

tarkeeb_eddafy_simple_zarf(')'Lg Lol oo Sy STreeZarf,TreeTarkeebWasfy) , 'nutral' , 'nutral'
v —tr—r—r_sr_, 'null', LastUnitType, FirstUnitType<--(
zarf (TreeZarf, ot ot ot —r—r )y
{FirstUnitType = [' ,'L_é‘)_l‘onull,null,{[

tarkeeb_wasfy (TreeTarkeebWasfy, _,_, 's , ,'iJ).uLastUnitType,_FirstUnitType.!, (

tarkeeb_eddafy_simple_zarf(')’é Lo| wa Sy STreeZarf,TreeEsharaNoun) , 'nutral' , 'nutral' ,

—v—r—r_r_, 'null',LastUnitType, FirstUnitType<--(

zarf (TreeZarf, ottt —r—r )y
{FirstUnitType = [' ,‘g.é).]bnull,null,{[
eshara_noun (TreeEsharaNoun, _Sex,_Number, _, _, _,_,_),
{LastUnitType = [' ,‘5) L ! Mlnull,null.!, {[

tarkeeb_eddafy_simple_zarf(')'Lg Lol oo Sy STreezarf,TreeMaarefa) , 'nutral' , 'nutral' ,

—v—r—r_r_, 'null',LastUnitType, FirstUnitType<--(

zarf (TreeZarft, ot ot ot —r—r )
{FirstUnitType = [' ,'L_é‘)_l‘onull,null,{[

maarefa (TreeMaarefa, _,_, Known2, _, _,_,_ , _NounSpecial, AdVerb, _Type, Modaf2),
{LastUnitType = [Known2,AdVerb,Modaf2]} ,!.

tarkeeb_eddafy_simple_zarf(')'Lg Lol oo Sy STreeZarf,TreeNakera) , 'nutral' , 'nutral' ,

—v—¥r—y_r_, 'null', LastUnitType, FirstUnitType<--(

zarf (TreeZarf, ottt —r—r )y
{FirstUnitType = [' ,'L_é‘)_l‘onull, null,{[

nakera (TreeNakera, _,_, Known2, _, _,_,_ , _NounSpecial, AdVerb2,Modaf2),
{LastUnitType = [Known2,AdVerb2,Modaf2]}.

/* */

/* ========= tarkeeb_eddafy_simple_normal ========= */

/* */

tarkeeb_eddafy_simple_normal(')'Lg Lol oo Sy STreeNakera, TreeMaarefa) , Sex , Number,

' N ,_,_,_,‘ Mw'null ', LastUnitType, FirstUnitType)-->

- nakera_compund (TreeNakera, Sex, Number, _Known, _, _,_,_, _LastUnitType,

FirstUnitType),
maarefa (TreeMaarefa, _,_, Known, _, _,_,_ , _NounSpecial, AdVerb, _Type, Modaf2),
{LastUnitType = [Known,AdVerb,Modaf2]} ,!.

tarkeeb_eddafy_simple_normal(')'Lg Lol oo Sy STreeNakera, TreeMaarefa) , Sex , Number,

' , ,_,_,_,' QJ)_u'null ', LastUnitType2, FirstUnitTypel)-->

o nakera_compund (TreeNakera, Sex, Number, _, _, _,_,_, _LastUnitTypel,

FirstUnitTypel),
maarefa_connected(TreeMaarefa, _,_, _, _, _,_,_, _MaarefaType,
_AllUnitsAdVerbed, LastUnitType2, _FirstUnitType2) ,!.

tarkeeb_eddafy_simple_normal(')’é Lol wa Sy STreeNakera, TreeTarkeebWasfy) , Sex , Number ,

Known,_,_,_,_, 'null', LastUnitType2, FirstUnitType1<--(
nakera_contiguse (TreeNakera, Sex, Number, Known, _Function, _,_, _Wazn,
_LastUnitTypel, FirstUnitTypel),

tarkeeb_wasfy (TreeTarkeebWasfy, _,_, ', , ,'iJ).uLastUnitType2,_FirstUnitTypeZ (

tarkeeb_eddafy_simple_normal(')'Lg Lol wu Sy STreeNakera, TreeMaarefa) , Sex , Number ,

Known, _,_,_,_, 'null', LastUnitType, FirstUnitType1<--(
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nakera_contiguse (TreeNakera, Sex, Number, Known, _Function, _,_, _Wazn,
_LastUnitTypel, FirstUnitTypel),
maarefa (TreeMaarefa, _,_, _Known2, _, _,_,_ , _NounSpecial, AdVerb, _Type,
Modaf2),
{LastUnitType = [Known,AdVerb,Modaf2]} ,!.

tarkeeb_eddafy_simple_normal(')'Lg L¢a| %JJ_")TreeNakera,TreeTarkeebWasfy) , Sex , Number ,

' ,_,_,_,_,' QJ)_x_a'null ', LastUnitType, FirstUnitType<--(

nakera (TreeNakera, Sex, Number, Known, _, _,_,_ , _NounSpecial, AdVerb,Modaf),
{FirstUnitType = [Known,AdVerb,Modaf]},

tarkeeb_wasfy (TreeTarkeebWasfy, _,_, ', , ,'UwLastUnitType,_FirstUnitType.!, (

tarkeeb_eddafy_simple_normal(')'Lg L¢a| %JJ_")TreeNakera,TreeTarkeebBadal) , Sex , Number ,

' e . ' , . . . < (
5 5 5 5 5 49)=snull', LastUnitType, FirstUnitTypeS--

- nakera (TreeNakera, Sex, Number, Known, _, _,_,_ , _NounSpecial, AdVerb,Modaf),
{FirstUnitType = [Known,AdVerb,Modaf]},
tarkeeb_badal (TreeTarkeebBadal, _,_, _, _, _,_,_, LastUnitType, _FirstUnitType)

tarkeeb_eddafy_simple_normal(')'Lg L¢a| %JJ_")TreeNakera,TreeTarkeebWasfy) , Sex , Number ,

', ,_,_,_,'QJ)_u'null', LastUnitType , FirstUnitType<--(

o nakera (TreeNakera, Sex, Number, Known, _, _,_,_ , _NounSpecial, AdVerb,Modaf),
{FirstUnitType = [Known,AdVerb,Modaf]},

tarkeeb_wasfy (TreeTarkeebWasfy, _,_, ', o ,' 5)S_BLastUnitType,_FirstUnitType.!, (

tarkeeb_eddafy_simple_normal(')'Lg Lol oo Sy STreeNakerat) , Sex , Number , Known,_,_,_,_,

'null', LastUnitType, FirstUnitType<;-(
nakera_contiguse (TreeNakerat, Sex, Number, Known, _Function, _,_, _Wazn,
LastUnitType, FirstUnitType) ,!.

tarkeeb_eddafy_simple_normal(')'Lg Lol oo Sy STreeNakera, TreeMaarefa) , Sex , Number,

' N ,_,_,_,‘ Mw'null ', LastUnitType, FirstUnitType)-->

nakera (TreeNakera, Sex, Number, Knownl, _Function, _,_,_ , _NounSpeciall ,
AdVerbl,Modafl),
{FirstUnitType = [Knownl,AdVerbl,Modafl]},
maarefa (TreeMaarefa, _,_, Known2, _, _,_,_ , _NounSpecial2 , AdVerb2, _Type,
Modaf2),

{LastUnitType = [Known2,AdVerb2,Modaf2]}.
/* */
/* R — tarkeeb_eddafy_simple ========= */
/* */

/* remove this rule to "tarkeeb_eddafy_simple_dameer" section */
tarkeeb_eddafy_simple ( ')vé Lol oo Sy STree, TreeTarkeebWasfy), Sex , Number ,

Known,_,_,_,_, ContainDameer, LastUnitType2, FirstUnitType1<--(
tarkeeb_eddafy_simple_dameer (Tree, Sex, Number, Known, _, _,_,_, ContainDameer,
_LastUnitTypel, FirstUnitTypel),

tarkeeb_wasfy (TreeTarkeebWasfy, _,_, ', , ,'iJ).x_aLastUnitType2,_FirstUnitTypeZ (

ey

/* remove this rule to "tarkeeb_eddafy_simple_dameer" section */
1, .
tarkeeb_eddafy_simple ( ')@L‘bl w1 Sy STree, TreeMaarefa), Sex , Number , Known,_,_,_,_,

ContainDameer, LastUnitType, FirstUnitType<--(

tarkeeb_eddafy_simple_dameer (Tree, Sex, Number, Known, _, _,_,_, ContainDameer,
_LastUnitType, FirstUnitType),

maarefa (TreeMaarefa, _,_, Known2, _, _,_,_ , _NounSpecial, AdVerb2, _Type,
Modaf2),

{adverb2 = ', {'ces
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{LastUnitType = [Known2,AdVerb2,Modaf2]} ,!.

tarkeeb_eddafy_simple (Tree, Sex , Number , Known,_,_,_,_, ContainDameer, LastUnitType,
FirstUnitType)-——>

tarkeeb_eddafy_simple_dameer (Tree, Sex, Number, Known, _, _,_,_, ContainDameer,
LastUnitType, FirstUnitType) ,!.
tarkeeb_eddafy_simple (Tree, Sex , Number , Known,_,_,_,_, ContainDameer, LastUnitType,
FirstUnitType)-—>

tarkeeb_eddafy_simple_digit (Tree, Sex, Number, Known, _, _,_,_, ContainDameer,
LastUnitType, FirstUnitType) ,!.
tarkeeb_eddafy_simple (Tree, Sex , Number , Known,_,_,_,_, ContainDameer, LastUnitType,
FirstUnitType)-——>

tarkeeb_eddafy_simple_zarf (Tree, Sex , Number , Known,_,_,_,_, ContainDameer,
LastUnitType, FirstUnitType) ,!.
tarkeeb_eddafy_simple (Tree, Sex , Number , Known,_,_,_,_, ContainDameer, LastUnitType,
FirstUnitType)-——>

tarkeeb_eddafy_simple_normal (Tree, Sex , Number , Known,_,_,_,_, ContainDameer,
LastUnitType, FirstUnitType),!.

/*
tarkeeb_eddafy_simple('ygldbl oSy STreeZarf,Tree) , 'nutral' , 'nutral' ,

'nutral',_,_,_,_, ContainDameer, LastUnitType, FirstUnitType<;-(

zarf (TreeZarf, r ot ot —r—r )y
{FirstUnitType = [' ;;A}bnull,null,{[
gomla_enn (Tree,_NextConnectionDegree),
{ContainDameer = 'no' 1},
{LastUnitType = [','Ql iLﬁnull,null.{[
*/
/* */
/* ========= tarkeeb_eddafy_connected ========= */
/* */

tarkeeb_eddafy_connected(')’&J}iULA 4 8lb| wu Sl y5Tree, TreeConnector,TreeMaarefa),
Sex, Number, Known,_,_,_,_, Contain_Dameer, LastUnitType2,
FirstUnitTypel, ConnectionType)-——>

tarkeeb_eddafy_simple (Tree ,Sex, Number, Known,_,_,_,_, Contain_Dameer,
_LastUnitTypel, FirstUnitTypel),

connector (TreeConnector, ConnectionType),

maarefa_connected (TreeMaarefa, _,_, _, _, _,_,_, _MaarefaType, _AllUnitsAdVerbed,
LastUnitType2, _FirstUnitType2).

tarkeeb_eddafy_connected(')’Lﬁ}iULA i, 38lol oo Sl y5Tree, TreeConnector ,Tree2), Sex,
Number, Known,_,_,_,_, Contain_Dameer, LastUnitType2, FirstUnitTypel,ConnectionType)-—>

tarkeeb_eddafy_simple (Tree ,Sex, Number, Known,_,_,_,_, Contain_Dameer,
_LastUnitTypel, FirstUnitTypel),

connector (TreeConnector, ConnectionType),

tarkeeb_eddafy_connected(Tree2, _, _, _,_,_s_s_, _, LastUnitType2,
_FirstUnitType2,ConnectionType) .

tarkeeb_eddafy_connected(')’&J}iULA s 8Ll oSl y5Tree, TreeConnector,Tree2), Sex,
Number, Known,_,_,_,_, Contain_Dameer, LastUnitType2, FirstUnitTypel,ConnectionType)-—>

tarkeeb_eddafy_simple (Tree ,Sex, Number, Known,_,_,_,_, Contain_Dameer,
_LastUnitTypel, FirstUnitTypel),

connector (TreeConnector, ConnectionType),

tarkeeb_eddafy_simple (Tree2, _, _, _,_,_+r_r_, _, LastUnitType2, _FirstUnitType2).
/* {FirstUnitType2 \== LastUnitTypel}.*/

tarkeeb_eddafy_connected(')’Lﬁ}iULA i, 8lol oo Sl y5Tree, TreeConnector,TreeMaarefa,
TreeConnector2, Tree3), Sex, Number, Known,_,_,_,_, Contain_Dameer, LastUnitType3,
FirstUnitTypel, ConnectionType) ——>

tarkeeb_eddafy_simple (Tree ,Sex, Number, Known,_,_,_,_, Contain_Dameer,
_LastUnitTypel, FirstUnitTypel),

connector (TreeConnector, ConnectionType),

maarefa (TreeMaarefa, _,_, _Known2, _, _,_,_, _NounSpecial, _AdVerb2,
_Type,_Modaf2),

connector (TreeConnector2, ConnectionType),
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tarkeeb_eddafy_simple (Tree3 ,_Sex3, _Number3, _Known3,_,_,_,_, _Contain_Dameer,
LastUnitType3, _FirstUnitType3).

tarkeeb_eddafy_connected(')’Lﬁ}iULA i, 3lbol oo Sl y5Tree, TreeConnector,TreeMaarefa),
Sex, Number, Known,_,_,_,_, Contain_Dameer, LastUnitType2,
FirstUnitTypel, ConnectionType)——>

tarkeeb_eddafy_simple (Tree ,Sex, Number, Known,_,_,_,_, Contain_Dameer,
_LastUnitTypel, FirstUnitTypel),

connector (TreeConnector, ConnectionType),

maarefa (TreeMaarefa, _,_, Known2, _, _,_,_, _NounSpecial, AdVerb2, _Type,Modaf2),

{LastUnitType2 = [Known2,AdVerb2,Modaf2]}.

tarkeeb_eddafy_cormected(')’Uj_b.x_n 8l Sl ySTree,
TreeConnector, TreeTarkeebWasfy), Sex, Number, Known,_,_,_,_, Contain_Dameer,

LastUnitType2, FirstUnitTypel,ConnectionType<;-(

tarkeeb_eddafy_simple (Tree ,Sex, Number, Known,_,_,_,_, Contain_Dameer,
_LastUnitTypel, FirstUnitTypel),

connector (TreeConnector, ConnectionType),

tarkeeb_wasfy (TreeTarkeebWasfy, _,_, 'L_,__;iJJJLALastUnitTypeZ,_FirstUnitTypeZ(

. . . .
tarkeeb_eddafy_connected(') ddghro 4 8lbo| waSl yITree,
TreeConnector, TreeTarkeebWasfy), Sex, Number, Known,_,_,_,_, Contain_Dameer,

LastUnitType2, FirstUnitTypel,ConnectionType<;-(

tarkeeb_eddafy_simple (Tree ,Sex, Number, Known,_,_,_,_, Contain_Dameer,
_LastUnitTypel, FirstUnitTypel),

connector (TreeConnector, ConnectionType),

tarkeeb_wasfy (TreeTarkeebWasfy, _,_, ', ,__;5)JLJLastUnitType2,_FirstUnitTypeZ(

/* */
/* —===———oo tarkeeb_eddafy ========= */
/* */

tarkeeb_eddafy ((Tree), Sex , Number , Known,_,_,_,_, Contain_Dameer, LastUnitType,
FirstUnitType,ConnectionType) ——>

tarkeeb_eddafy_unit ((Tree), Sex , Number , Known,_,_,_,_, Contain_Dameer,
LastUnitType, FirstUnitType,ConnectionType) .

tarkeeb_eddafy_unit ((Tree), Sex , Number , Known,_,_,_,_, Contain_Dameer, LastUnitType,
FirstUnitType,ConnectionType) ——>

{ConnectionType \== 'no'},

tarkeeb_eddafy_connected(Tree, Sex , Number , Known,_,_,_,_, Contain_Dameer,
LastUnitType, FirstUnitType, ConnectionType) ,!.
tarkeeb_eddafy_unit ((Tree), Sex , Number , Known,_,_,_,_, Contain_Dameer, LastUnitType,
FirstUnitType,_ConnectionType)—-—>

tarkeeb_eddafy_simple (Tree, Sex , Number , Known,_,_,_,_, Contain_Dameer,
LastUnitType, FirstUnitType).

/***********************************************
*
* *TARKEEB_WASFY*
*
***********************************************/

/* */
/* ========= tarkeeb_wasfy_simple ========= */
/* */

tarkeeb_wasfy_simple('YQ_LAB %L&S}JTreeFirst, TreeOntherWasfy) , Sexl , Number ,

[ ' ) , ) .
, 49 )2 oFunction,_,LastUnitType,FirstUnitType)-—>

maarefa (TreeFirst, Sexl,Number, Knownl, Function, _,_,_ , _NounSpecial, AdVerbl,
_Type,Modafl),

tarkeeb_wasfy_simple (TreeOntherWasfy, Sex2,_, '__;i_{}xJFunction2,

_JLastUnitType,_FirstUnitTypeZK
{FirstUnitType = [Knownl,AdVerbl,Modafl]},
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{Sexl = Sex2; Sexl = ' ;'3 l_§_>Sex2.!, {'3 l_§_>'=

tarkeeb_wasfy_simple(')'Hmj oSy STreeFirst, TreeSecond) , Sexl , Number ,

[ ' ) , ) .
, 49 )2 oFunction,_,LastUnitType,FirstUnitType)-—>

maarefa (TreeFirst, Sex1l, Number ,Knownl, Function, _+_r_ , _NounSpecial,
AdVerbl, _Type, Modafl),
maarefa (TreeSecond, Sex2,_Number2,Knownz2, _Function2, _,_,_, _NounSpecial2,
AdVerb2, _Type2,Modaf2),
{FirstUnitType = [Knownl,AdVerbl,Modafl]},
{LastUnitType = [Known2,AdVerb2,Modaf2]},
{adverb2 = ', {'ces
{Sexl = Sex2; Sexl = ' ;'3 l_§_>Sex2.! ) {'J I_§_>'=

. v “ .
tarkeeb_wasfy_simple ( ') oy oS ) STreeFirst, TreeDameerMotasel,TreeSecond) ,

[ ' ) . . .
Number, 4.9 320 ,Function,_,LastUnitType,FirstUnitType)-—>

maarefa (TreeFirst, Sexl, Number,Knownl, Function, _,_,_ , _NounSpecial,
_Type,_Modafl),

{FirstUnitType = [Knownl,AdVerbl,_X]},
dameer_motasel (TreeDameerMotasel, _,_, _, _,
_s_s_,s_RefuseFaaelInFollowingParse,_AcceptAdVerb , _IsMafool),

maarefa (TreeSecond, Sex2,_Num,Known2, _Function2, _,_,_, _NounSpecial,
_Type,_Modaf2),

{LastUnitType = [Known2,AdVerb2,_X2]},
{adverb2 = ',{'cas
{Sexl = Sex2; Sexl ="' ;'.\ L)“_>Sex2.!, {'.) L)“_>':

tarkeeb_wasfy_simple(')'g_uaj %JJ_")TreeFirst, TreeSecond) , Sexl , Number,

. N ) , ) .
, 8 y)S S Function,_,LastUnitType,FirstUnitType)-->

nakera_contiguse (TreeFirst, Sexl,Number, _Knownl , Function, _,_,Waznl
_LastUnitType, FirstUnitType),

Sex1l ,

AdVerbl,

AdVerb?2,

’

nakera (TreeSecond, Sex2,_Number, Known2, _Function2, _,_,Wazn2 , _NounSpecial,

AdVerb2,_Modaf2),

{LastUnitType = [Known2,AdVerb2,_X2]},
{adverb2 = ', {'ces

{Waznl \== "' ,'J_xJTWaZHZ,{'VLxJT vo==\

{Sexl = Sex2; Sexl = ' ;'3 l_§_>Sex2.!, {'3 l_§_>'=

tarkeeb_wasfy_simple(')'Hmj oSy STreeFirst, TreeSecond) , Sexl , Number ,

1. K} , ) . :
, 8 )S S Function,_,LastUnitType,FirstUnitType)-->

nakera (TreeFirst, Sexl,Number, Knownl , Function, _,_,Waznl , _NounSpecial,

AdVerbl,_Modafl),
{FirstUnitType = [Knownl,AdVerbl,_X]},

nakera (TreeSecond, Sex2,_Number, Known2, _Function2, _,_,Wazn2 , _NounSpecial,

AdVerb2,_Modaf?2),

{LastUnitType = [Known2,AdVerb2,_X2]},
{adverb2 = ', {'cas

{Waznl \== ' ,'J_MTWaznZ,{'J_xJT'zz\

{Sexl = Sex2; Sexl ="' ;'.\ L)“_>Sex2.!, {'.) L)“_>':

tarkeeb_wasfy_simple(')’H‘a_g _.:._::J)_“»TreeFirst, TreeOntherWasfy) , Sexl , Number ,

' Kl ) . . .
5 0 )_i_’ Function, _, LastUm_tType,FlrstUnltType<--(

nakera (TreeFirst, Sexl,Number, Knownl, Function, _,_,Wazn , _NounSpecial,

AdVerbl,_Modafl),
{FirstUnitType = [Knownl,AdVerbl,_X]},
i

{Wazn \== "', {'VLU
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tarkeeb_wasfy_simple (TreeOntherWasfy, Sex2,_ Number, ' ,'B)S_BFunctionZ,
_,LastUnitType, _FirstUnitTypeZ,(

{Sexl = Sex2; Sexl ="' ;'.\ L)“_>Sex2.{'.> L)“_>' =
/* */
/* ========= tarkeeb_wasfy_connected ========= */
/* */

tarkeeb_wasfy_connected(')'Mj_b_x_o i dwy oo S|y STreel,TreeConnector,Tree2), Sexl ,

Number, Known ,Function,_,LastUnitType2,FirstUnitType 1<--(
tarkeeb_wasfy_simple (Treel, Sexl , Number, Known
,Function,_,_LastUnitTypel,FirstUnitTypel),

{Known = ', 'QJ)_LA
connector (TreeConnector, 'all'),
tarkeeb_wasfy_connected(Tree2, Sex2 , _Number, _Known
,_Function,_,LastUnitType2, _FirstUnitType2),

{Sexl = Sex2; Sexl ="' ;'.\ L)“_>Sex2.{'.> L)“_>':

tarkeeb_wasfy_connected(')'i_éj_b.u :‘_:‘:_SLO‘Q o S|y 5Treel, TreeConnector, Tree2), Sexl ,

Number, Known ,Function,_, LastUnitType,FirstUnitType<--(
tarkeeb_wasfy_simple (Treel, Sexl , Number, Known
,Function,_,_LastUnitTypel,FirstUnitType),

{Known = ', 'QJ)_LA
connector (TreeConnector, 'all'),
maarefa (Tree2, Sex2,_, Known2, _Function2, _,_,_, _NounSpecial, AdVerb2 ,
_Type, _Modaf2),
{LastUnitType = [Known2,AdVerb2,_X2]},
{Adverb2 = ', {'ces
{Sexl = Sex2; Sexl ="' ;'3 > SeXZ.{'J > '=

tarkeeb_wasfy_connected(')'Mj_b_x_o i dwy oS!y STreel,TreeConnector,Tree2), Sexl ,

Number, Known ,Function,_, LastUnitType,FirstUnitType<--(
tarkeeb_wasfy_simple (Treel, Sexl , Number, Known
,Function,_,_LastUnitTypel,FirstUnitType),

{Known = ',{'U}u
connector (TreeConnector, 'all'),
{AllUnitsAdVerbed = 'yes'},

maarefa_connected(Tree2, Sex2,_Number, _Known2, _Function2, _,_,_, _Type,
AllUnitsAdVerbed, LastUnitType, _FirstUnitType2),

{Sexl = Sex2; Sexl ="' ;'.\ L)“_>Sex2.{'.> L)“_>':

tarkeeb_wasfy_connected(')'i_éj_b.u :‘_:‘:_SLO‘Q o S|y 5Treel, TreeConnector, Tree2), Sexl ,

Number, Known ,Function,_, LastUnitType,FirstUnitType<--(
tarkeeb_wasfy_simple (Treel, Sexl , Number, Known
,Function,_,_LastUnitTypel,FirstUnitType),

{Known = ',{'U}u
connector (TreeConnector, 'all'),
tarkeeb_wasfy_simple (Tree2, Sex2, _Number, Known2
,_Function,_,LastUnitType,_FirstUnitType2),

{Known2 = ', 'QJ)_LA
{Sexl = Sex2; Sexl ="' ;'.\ L)“_>Sex2.{'.> L)“_>':

tarkeeb_wasfy_connected(')'i_éj_b.u :‘_é_;bo‘g o S|y 5Treel, TreeConnector, Tree2), Sexl ,

Number, Known ,Function,_, LastUnitType,FirstUnitType<--(
maarefa (Treel, Sexl,_, Knownl, _Functionl, _,_,_, _NounSpecial, AdVerbl ,
_Type, _Modafl),
{FirstUnitType = [Knownl,AdVerbl,_X11]},
connector (TreeConnector, 'all'),
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tarkeeb_wasfy_simple (Tree2, Sex2 , Number, Known
,Function,_,LastUnitType,_ FirstUnitType2),
{Known = ',{'QJJJLA
{Sexl = Sex2; Sexl ="' ;'.\ L)“_>Sex2.{'.> L)“_>':
/* */
/* R — tarkeeb_wasfy ========= */
/* */
tarkeeb_wasfy (Tree , Sex, Number, Known,Function,_,LastUnitType,FirstUnitType)-->
tarkeeb_wasfy_connected(Tree, Sex , Number, Known
,Function,_,LastUnitType,FirstUnitType) ,!.
tarkeeb_wasfy (Tree , Sex, Number, Known,Function,_,LastUnitType,FirstUnitType)—-->

tarkeeb_wasfy_simple (Tree, Sex , Number, Known

,Function,_,LastUnitType,FirstUnitType) .

/3 K K ok ok K ok ok K ok ok K ok ok Xk ok kK ok ok K ok ok K ok ok K ok ok Kk ok kK ok ok K ok ok K ok ok Kk ok
*

* *TARKEEB_BADAL*

*

***********************************************/

' P
tarkeeb_badal(') J4 oo Sy TreeEsharaNoun, TreeTarkeebWasfy) , Sex , Number, _,_,_,_,_,

LastUnitType,FirstUnitType<;-(
eshara_noun (TreeEsharaNoun, Sex,Number, _,

—r

{FirstUnitType = [' ;5) L ! Pwlnull,null,{[

tarkeeb_wasfy (TreeTarkeebWasfy, _SEX,_NUM,

L_LastUnitType,_FirstUnitType2.L (

'

, ddy=0

i)

' .
tarkeeb_badal(')gj¢4 %L&SJJTreeEsharaNoun, TreeSecond) , Sex , Number, _,_,_,_,_ ,

LastUnitType,FirstUnitType<;-(
eshara_noun (TreeEsharaNoun, Sex,Number, _,

—r

R S —}

{FirstUnitType = [' ;5) L ! Pwlnull,null,{[
maarefa (TreeSecond, _Sexl,_Numl, Known2, _,
_Modaf2),
{LastUnitType = [Known2,AdVerb,_Y]},
. .
{Type = '.{ 49 =0

/***********************************************
*
* *TARKEEB_TAMEEZY *
*

LR AR EEEEEEEE LA EEEEEE e E R Rk

i)

_NounSpecial, AdVerb, Type,

tarkeeb_tameezy(')lg}ﬁq&f oS y STreeNakeral , Tree2) ,LastUnitType2, FirstUnitType<;-(

nakera (TreeNakeral , _SEX1 , _NUM1 , Known,

Adverb1,Modaf1,(

' L )
_+ _r_r"'_ 5 J=38INounSpeciall,

tarkeeb_eddafy (Tree2, _SEX2 , _NUM2 , _Known ,

_FirstUnitType2, 'all'),

{FirstUnitType = [Known,AdVerbl,Modafl]} ,!.

—

—v—_sr_s_, LastUnitType2,

tarkeeb_tameezy(')lg}ﬁq&f oS y STreeNakeral , TreeNakera2) ,LastUnitType, FirstUnitType-(

<-

nakera (TreeNakeral , _SEX1 , _NUMl , Known,

AdVerb1,Modafl,(

nakera (TreeNakera2 , _SEX2 , _NUM2 , Known,

AdVerb2,Modaf?),
{FirstUnitType = [Known,AdVerbl,Modafl]},
{LastUnitType = [Known,AdVerb2,Modaf2]}.

VAR AR EEEEEEEEEEE LA EEEEE e e
R IE kS kb kb kb b b b Sk kb kb b b b b kb b kb kb 2
******************************************/

test2:-
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’
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read (String),

( String = end_of_file —>
write('end of file'),
true

( setof ( (Tree),
s (Tree , String,[]),
Tree

)
write (Tree)
)
’
format ("ERROR While parsing ~w", [String])
) .

I*1L1100 77770007 777707777777777777777777777777
// prolog predicates.
[1177777777777777077777777777777777777777777777%/

VARRAAEEEEEEEEEEEEE LR EEEEEEEEE LR EEEEEEE

* *refused_unit_decompos
****************************************************/

refused_unit_decompos (LastUnitType, FirstUnitType) :-—
(

is_unit_type (LastUnitType, '<- ('B)S_J

reject_type(FirstUnitType,'('&JJJLA

true

is_unit_type (LastUnitType, '<;('5)1LJ

reject_type(FirstUnitType,'('i)Lﬁ| aw |

true

is_unit_type (LastUnitType, '<-CJJLL47¢AJ

reject_type(FirstUnitType,'('&JJJLA

true

( is_unit_type (LastUnitType, '<;('5)1LJ
(
(unite_adverbed (FirstUnitType) ;
unite_modaf (FirstUnitType))—>

reject_type(FirstUnitType,'('5)5;3

true

true

( ((is_unit_type (LastUnitType, ') ,(CJ_Q}xJunite_adverbed(FirstUnitType<;(((
reject_type(FirstUnitType,'('iJJJLA

true

).

/****************************************************

* validate_KhabarFree
****************************************************/

validate_KhabarFree (KhabarFree,FirstUnitType) :-—
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KhabarFree 'no' ->

true

FirstUnitType = ['__rJALiLJAJyméTail[

) .

/****************************************************

* validate_NumAgreement
****************************************************/

validate_NumAgreement (Agreement, NUM1, NUM2) :-—

(Agreement = 'no' ->
true
I
(NUM2 = 'nutral'; NUML = ' | S_LJNUMZ =

).

/****************************************************

* validate_faael_function
****************************************************/

validate_faael_function (Function) :-

. ' .
Function \== '." ;> 4| wua)

/****************************************************
* validate_faael_sex_agreement
****************************************************/

validate_faael_sex_agreement (VerbPrefix, SexFaael) :-—

( VerbPrefix “<-'§
(SexFaael = ' | ')JJ_oSexFaael('o L_§_>' =
true
) ’
( VerbPrefix “<-';
(SexFaael = ' | 'C;_Bj_/aSexFaael('J l_)“_>' =
12
true

).

/****************************************************

* reject_type

LR AR AR EEEEEEE SRR LR EEEEEE Tt

reject_type (UnitInfo,RejectedType) :-
UnitInfo = [Type | _Taill,
Type \== RejectedType.

VARRAAEEEEEEEEEEEEEEEEEEEEEEEEEEEE LR EEEEEEE

* *is_unit_type
****************************************************/

is_unit_type (UnitInfo, TargetType) :-—
UnitInfo = [TargetType | _Tail].

/****************************************************

* *unite_adverbed
****************************************************/

unite_adverbed (UnitInfo) :-
UnitInfo = [_Type, '__;CLKJMOdafl

/****************************************************

* *unite_modaf
****************************************************/

unite_modaf (UnitInfo) :-—

UnitInfo = [_Type, _AdVerb, '.[KLJ B Lo
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