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THESIS ABSTRACT
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DEGREE DATE : JULY 1992

This research work is part of an on-going research project on natural
Arabic understanding at KFUPM. The project is aimed at building "A
Natural Arabic Understanding System" (NAUS). Our aim is to develop
a sentence generation module for the system.

This research work presents the design, implementation and
integration of an Arabic Sentence Generator (ASG) within NAUS. ASG
consists of four main components: preprocessor module,
morphological module, end-case module, and syntactic module. The
design and implementation of this system are modular.

In the implementation, the morphological, end-case, and syntactic
modules have been integrated with the correspond analysis modules
of NAUS. This, in turn, reduced development effort and minimizes
program size. ASG has been implemented in Prolog.
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CHAPTER |-

INTRODUCTION

1.1 INTRODUCTION
Natural language communication with computers has long been a major goal of

Al both for the information it can give about intelligence in general and for its
practical utility.

This research work is part of an on-going research project on natural
Arabic understanding at KFUPM [1,2,4,15). The project is aimed at building "A
Natural Arabic Understanding System" (NAUS). NAUS has the following
components: morphology analyzer, syniax analyzer, end-case analyzer,
semantics, and sentence generation [1,2,4,15] (Figure 1.1). The morphological,
syntax, end-case analysis modules have been fully developed [1,2,4]. Our aim

is to develop a sentence generation module for the system.

Sentence generation can be thought of as the process of deliberately
constructing a natural-language text in order to meet specified communicative
goals. The issues of sentence generation have been categorized as follows: text -
planning, reafization grammar, and lexical choice [14,19]. Most of the work in
generation has focused on the syntactic issues of realization: how to represent
rules of grammar, what types of grammars are computationally usetul, and how
to traverse input representations to produce language [14]. In contrast, the other

issues have received less attention.
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Text planning is thought of as the process of determining which elements

to say, structuring the input elements, building noun phrases from a set of
attributes, determining the appropriate level of detail to use, controlling the slant
and style of the text, and so on [14]. Lexical choice is viewed in different ways.
For example, McDonald [14] takes the view that the selection of key lexical
items is the first step in the generation process. However, Matthiessen [17]

views the lexical choice as part of the unified problem of lexicogrammatical
choices.

Chapter 1 of this thesis presents the problem definition, overview of current
research in natural language generation, and current research in Arabic
sentence generation. Chapter 2 covers the design of the Arabic sentence
generator (ASG), the interaction between the modules, and embedding ASG
into NAUS. Chapter 3 covers the implementation of ASG, and some examples.
Chapter 4 contains the conclusion.
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1.2 PROBLEM DEFINITION
The problem is to design and implement an Arabic sentence generator (ASG) of
Arabic sentences. The generator is to be integrated into a natural arabic

understanding system (NAUS) under development.

The input to ASG is a sentence meaning, and the output is a correct Arabic
sentence. More specifically, the input to the ASG includes the following:
1.the representation of the sentence meaning which includes the
syntactic and morphological constituents of the sentence.
2.the following information for each construct in the sentence:
- type (noun, verb, article),
- type of noun (plural, dual, singular, masculine, feminine),
- tense of verb (past, present, future),
- type of article (interrogative,.....etc), and
- root, and derivation.
The output of the ASG should satisfy the followihg requirements :
- correct syntactic and morphological constructions,
- correct agreement in number and gender between verbs and nouns,
and between subjects and qualifiers, and

- correct end-cases of words.

Before embarking to present a solution, we first survey relevant research
efforts in the area. We subdivide the efforts into two classes: current research in
natural language generation, and current research in Arabic sentence

generation.
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1.3 RESEARCH IN NATURAL LANGUAGE GENERA TION
Natural language generation is the process of constructing phrases, sentences,
or paragraphs. In a sense, it is ihe opposite of natural language understanding.
Although this problem has been investigated for some years, few principles
have emerged, and the approaches have varied widely.

Generation can be thought of as generating random sentences to test a
grammar, or converting information from an internal representation into a natural

language [6].

With respect to random generation, Victor Yngve's system [6] was one of
the first research efforts to generate English text randomly. it used a generative
context-free grammar- and a random-number generator to produce
"grammatical” sentences. The system randomly selected one production from
among those that were applicable at each point in the generétion process,
starting from those productions that "produced” <SENTENCE> and finally
randomly selecting words to fill in the <NOUN>, <VERB>, and other such
positions.

Another system is the Friedman's system [6], which was designed to test
the effectiveness of transformational grammars. It operated by generating
phrase markers (derivation trees) and by performing transformations on them
until a surface étructure was generated. The generation is random, but the user
could specify an input phrase marker and semantic restriction between various

terminals in order to test specific rules for grammatical validity.
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The general goal of natural language generation in Al is to take some

internal representation of the meaning of a sentence and convert it to a surface-
structure form, that is, inip an appropriate string of words. There has been
considerable variety among such systems, reflecting differences both in the type
of internal representation used and in the overall purpose for which the text is
generated.

Neil Goldman's program [6] generates sentences from a database of
conceptual dependency networks (CD), for which the knowledge representation
scheme of this conceptual dependency is based on language-independent
semantic primitives. The selection of the actual word for the output is performed
by a text-generation subsystem (called BABEL), which uses a discrimination net
(a kind of binary decision tree) to select an appropriate verb sense to represent
the event specified by the CD. Once a verb sense has been selected, an
associated framework that includes information concerning the form of the net
and where in the conceptualization the necessary information is located, is used
to generate a case-oriented syntax net. After the framework has been filled out,
other language-specific functions operate on the syntax net to complete it
syntactically with respect to such information as tense, form, mood, and voice.

Finally, an ATN is used to generate the surface structure [6].

Another generator, SEMSYN [21], has been applied to a variety of
generation tasks within text generation. It is organized into two major modules:
the generator kernel (realization component), and the front end generator
(morpho/syntactic component). The input to the generator kernel is a semantic

representation, i.e. a 'message’ derived from Japanese, which will be realized to
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express its content in natural language, and the output is a functional

grammatical structure that is considered as an input to the front end generator.
The front end generator executes all syntactic and morphological processes that
are necessary to produce the corresponding surface string. This involves:

linearization, (i.e. constituent ordering), agreement handling, and inflection [21].

Simmons and Slocum developed a natural language system that
generates sentences from a semantic network representation of knowledge,
based on a case grammar [6]. The program generates surface structures from
the augmented transition network (ATN). The object of the work was to
substantiate the claim that "the semantic network adequately represents some

important aspect of the meaning of discourse” [6].

Another generator, SHRDLU [6], contained several text generation devices
that allow the system to answer questions. The basic techniques used for text-
generation is "fill in the blank" and stored response patterns. For example, if an
unfamiliar word was used, SHRDLU's response would be "l don't know the
word...". Complex responses can be called by asking questions with "why" or
"how" an action had been done. For “why", the system answered with "because
<event>" or "in order to <event>" where <event> referred to a goal that the

program had had when the action was taken.

Another generator [6] developed by Ross, employs a semantic net to
represent the relations between words, which can be interpreted as their
meaning. The task of this system was to compare two words, that is, find some

semantic relation between them, and then to express the comparison in
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“understandable, though not necessarily grammatically perfect, sentence".

Other programs and systems have been developed in this field. SEMTEX
system [20], by Rosner, generates new stories from statistical data. GEOTEX
system [16], by Khel, generates descriptive texts for geometric constructions.
Yorick Wilks has developed a program that generates French [6] from a
semantic base of templates.
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1.4 RESEARCH IN ARABIC SENTENCE GENERATION

Development of a sentence generation system greatly depends on the
' language used. Most of the research for sentence generation has been related
to mahy different languagés but none to Arabic [7,17,18]. Thus, there is a little
work in Arabic sentence generation. Only recently, with the trend of computer
Arabization, research was geared towards Arabic. However, most of this

research [1,2,4,15] was concentrated on the field of morphological and syntactic
analysis.

With respect to morphological synthesis, a system developed by Hilal [13]
was based on two methods of synthesizing a word. The first method ( odgstl

wre22ll), is to synthesize a word from the word root and its derivation. This was
done in three stages :

1- replace the (sLi) of feil of the derivation by the first letter of the root,
the (p) letter of the derivation by the second letter of the root,
and the (p¥) letter of the derivation by the third letter of the root,

2- .apply. transformation rules that treat the special cases, such as
(glSeas > plhias), and

3- make a writing correction that handles the letter (s5aa), such as

(JST =5 gT).

The second method (axll sudgall)is to synthesize a word from a

given preliminary word (root) and set of attributes:
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-for anoun: its type (plural, dual, singular, masculine, and feminine),

and its Irab cases (¢alje¥l oYll) (nominative, accusative, and
genitive),
-for a verb: its tense (past, present, and imperative), its irab cases

(indicative, subjunctive, and jussive), and its type (plural, dual,

singular, msculine, and feminine).

For generating nouns, the system includes a dictionary that shows the
word root and type of its plural, all derivations of all the plural (,uuSSJl  gaa), @

set of transformation rules, and transformation rules processing unit. Three steps

are used to generate verbs, the first step is to use the proposed form al-nmadhj

(g3lasdi ) to get an intermediate word that can be the final word. Al-nmadhj is a

set of frames ("Gowalbs"), each of which is associated with a derivative. The
second step is to apply the transformation rules to treat the cases that have ( &3
aiS 43t ). The last step, is to make writing corrections for some of the

cases, such as (JS1 —-> J<i).

The disadvantage of the system is that the system requires storage for all
roots, morphological patterns and standard forms.

With respect to sentence generation, research in [5] drew its theoretical
framework from three sources: the transformational generative grammar
proposed by Chomsky, the case grammar matrix model, and the Arabic

grammar proposed by the early Arab grammarians in the eight century A.D. The
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proposed method for structuring a sentence is produced either by base-
generated rules or by transformational rules which generate various general

and specific meanings.
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CHAPTER I

ARABIC SENTENCE GENERATOR

2.1 INTRODUCTION

The proposed system is an Arabic sentence generator (ASG). It has been

designed as an independent module so that it can be easily integrated in any
related application. In addition, the adopted design is also extensible and

maintainable in the sense that it can easily accommodate any future updates or

modifications.
This chapter discusses the design of the Arabic sentence generator.

2.2 DESIGN

ASG involves synthesis of morphology, and syntax. = As morphological
constructs are affected by their syntactic roles and end-case grammar rules of .
Arabic, ASG must incorporate end-case rules of Arabic in the construction of
words and sentences. ASG is, therefore, designed to consist of four main
modules: preprocessor, morphological synthesis, end- case synthesis, and
syntactic synthesis. The interaction between these modules is done by passing

information from one module to another module as described in section 2.3.

Before we describe each of the above modules in detail, we describe the

ASG preprocessor module.
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2.2.1 Preprocessor Module

The ASG has an input module that transforms the representation of the given
input into an acceptable form to the syntactic synthesizer. In general, the input is
a logical form which is represented as a predicate at the impiementation level.

The name of the predicate specifies the relation between its parameters.

The input is assumed to have the following forms:

- verbal relations are represented by the predicate verb(X,Y,..), where Xis
averb, and Y is a subject,

- nominal relations are represented by the predicate nom(X.Y,..), where X
is a subject, and Y is a nominal predicate, and

- for each special-article relation, including prepositional articles, ‘naskh’
articles, interrogative articles ..etc, there is a corresponding predicate, as

shown in Figure 2.1.

Since verbal relations have a verb as one of the parameters, then it can be
mapped into a verbal sentence such that the first word is a verb, or it can be
mapped into a nominal sentences such that the first word is the Mubtada and
the second construct is a Khabar which is a verbal sentence. However, nominal
relations only have nouns as parameters, thus will be mapped into nominal
sentences. As a matter of style, we choose to map the verbal relations into

verbal sentences.



I* sentences starting with verb ¥/
verb(X1,X2,..Xn).

" sentences starting with ‘naskh’ articles o
anna_n(X1,X2,....Xn).
iinna_n(X1,X2,....Xn).
Ikn_n(X1,X2,....Xn).

kaan_n(X1,X2,....Xn)
laala_n(X1,X2,....Xn).
leta_n(X1,X2,....Xn).
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I* sentences starting with noun */
nom(X1,X2,....Xn).
I" sentences starting with 'jzm’ articles */
Ima_j(X1,X2,.... Xn).
im_j(X1,X2,....Xn).
Lj(X1,X2,...Xn).
.dnn_j(X1,X2,....Xn).
idma_j(X1,X2,....Xn).
idma_j(X1,X2,....Xn).

I* sentences starting with ‘zm’ noun*/ /* sentences starting with estfham article or estfham noun*/

mn_j(X1,X2,...Xn).

ma_j(X1,X2,...Xn).
mhma_j(X1,X2,....Xn).
mia_j(X1,X2,....Xn).
aena_j(X1,X2,....Xn).
anna_j(X1,X2,....Xn).
hethama_j(X1,X2,....Xn).
kefma_j(X1,X2,....Xn).
aee_j(X1,X2,....Xn).

I* cluase that has prepositional article */
jr_mjror(X,Y).

I* sentences starting with ‘nfey’ articles */
la_n(X1,X2,....Xn).

ma_n(X1,X2,....Xn).

In_n(X1,X2,....Xn).

I* relations represent qassam sentences */
w_allah_q(X1,X2,....Xn).
lam_q(X1,X2,....Xn).

Figure 2.1 : List of Speclal Article Predicat

hi_s(X1,X2,....Xn).
a_s(X1,X2,...Xn).

nrta_;s(x1.X2,....Xn).
aena_s(X1,X2,....Xn).
ana_s(X1,X2,....Xn).
ayan_s(X1,X2,....Xn).

ay_s(X1,X2,....Xn).

km_s(X1,X2,....Xn).

ma_s(X1,X2,...Xn).
mndha_s(X1,X2,....Xn).
mn_s(X1,X2,....Xn).
matha_s(X1,X2,....Xn).
matha_s(X1,X2,....Xn).

I* sentences starting with *afal al-nagssah’ */
kan_f(X1,X2,...Xn). sara_{(X1,X2,....Xn).
assbaha_f(X1,X2,....Xn).
dhala_f(X1,X2,....Xn). lysa_{(X1,X2,....Xn).
amsa_f(X1,X2,....Xn).

bat_1(X1,X2,...Xn). adha_f(X1,X2,....Xn).
es
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Verbal and nominal relations do not determine the exact classification

of the corresporiding sentence; however, it is determined later by the syntactic
synthesizer, as discussed in section 223.

Every predicate has a set of constructs (sub-sentence, phrase, words) as
parameters, each of which has a set of attributes (root, derivation, type, tense,

infix), as shown in Figure 2.1.

The preprocessor module performs two functions on the input:

- it determines the type of the sentence, for example, if the name of the
predicate is "verb” then the sentence type is verbal, however, if the name
of the predicate is "nom" then the sentence type is nominal,

- restructuring the given input into a syntactic structure according to the

rules of the syntactic synthesizer module.

The output of this module is:
1- the type of the sentence to the most possible classification,
2- the sequence of constructs that make up the sentence with the following
corresponding information:
- type of the construct (sub-sentence, phrase, noun, verb, article),
- for a noun, the type of the noun (plural, dual, singular, masculine,
feminine), its deriyation, root, and the infix.
-for a verb, the type of the verb (plural, dual, singular, masculine,
feminine), the tense of the verb (past, present, future), its root,

derivation, and the infix.
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- for an article, the type of the article (interrogative, ...etc), pattemn, and

infix. .

- for a sub-sentence, the type of the sub-sentence, and the sequence
of the constructs that make up the sub-sentence with their
information.

- for a phrase, the type of the phrase, and the constructs that make up
the phrase with their information.

We used logical forms for meaning representation for the following
features:

- recursive definitions can be used,

- facts and rules coexist in the description of any relationship,

- the expression of aproblem in logic often corresponds to our intuitive
understanding of the domain,

- logical assertions can be added to the database independently of the
database "logic is modular”,

- it has standard methods to determine the meaning.
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2.2.2 Morphological Module

The function of the morphological module is to construct the word in its final
shape. The construction of this module is based on linguistic principles used in
the morphological analyzer module developed in [1] in order to take advantage
of the work done earlier in this field, and to implement and integrate the

synthesizer with NAUS, with minimum overhead.

The morphological analyzer consists of four submodules: control, verb,
noun, and article submodules as shown in Figure 2.2. The functions of the
control submodule are: determination of the type of the word (verb, noun,
article), determination of the size of the word, and checking the word in the
article module, noun module, or verb module (depending on the length of the

word and the language propertiés).

The verb submodule is dedicated for the manipulation of morphological
analysis of verbs. It determines the root, the derivation, tense of the verb
(present, past), the type of the verb (plural, dual, singular, masculine, feminine),
the external affixes and those letters that change the meaning of the word
(prefix, infix or suffix).
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The noun submodule determines the root, the derivation, type of the noun

(plural, dual, singular, masculine, feminine), the external affixes letters and
those letters that change the meaning of the word (prefix, infix or suffix). It
consists of a set of predicates that were developed to cover all cases of noun

words of size two through fourteen letters.

Articles are limited and do not have infix letters. They are made up of two to
seven letters. This module consists of a set of predicates that were developed to

cover all these cases. In this module, the root, type of the article, prefix, and
suffix of the article are determined.

Based on this design, the morphological synthesizer module consists of
three sub-modules: noun, verb, and article. As the structure of the verb and noun

modules is the same, we will first consider them concurrently and then the article
submodule.

Verb and.Noun Submodules

These submodules are designed as a set of predicates such that one or more
can process one case of the verb or noun derivations. The verb and noun
derivations are shown in Table 2.1, and Table 2.2 respectively. Every verb and
noun is determined by the root of the word, its derivation, tense, type of the word
(plural, single, dual, feminan, msculine), prefix and suffix. These properties are
considered as conditions that must be satisfied by the input, in order for the

predicate to process the right case. Implementation details are given in section
3.2.



20
Matching the input of the module against the conditions of all the

predicates will invoke the right predicates to process the input. After a correct
-matching is done, the predicate will construct the word by attaching the suffix,
the infix and prefix, if there, to the root of the word.

Article Submodule

The design of the article module has the same design principles of the verb and
noun modules. It is designed as a set of predicates, each of which processes
one case of the article patterns. Articles do not have derivations, however, they

have a limited number of ihe pattems.

Every article pattern is determined by the type of the article, prefix and
suffix. These properties are considered as conditions that must be satisfied by
the input, in order for the predicate to process the right case. Implementation

details are given in section 3.2.3.
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| TABLE 2.2: Noun Derivations TABLE 2.1: Verb Derivations

JU3 Jeli
Jai Jada Juid
Jai! Jelie -
oSlai Jadia Jels
oo Jadia Juil
R -~
Jus Jaiza detis
Joad dJads dud!
daid ks Jaisl
daxi Jinis Josadl
P s s
Usia Jaia Jlad .
wel Jasia Jlads
Jscls Jada -
uta Jelisia Jlail
Ula Jaiza Jads
oad Jade et

Jadsa

Juad

dyai

Jad

JGa

Jlaia

Jaad
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2.2.3 Syntactic Module

The purpose of this module is to build correct syntactic Arabic sentences. The
input to this module is :
- a sequence of words.
- for each wor& in the sentence, a comresponding set of properties:

- root and derivation,

- prefix, infixes, and suffix,

- type (noun, verb, or article),

- for a noun, its type ( plural, dual, singular, masculine, feminine,

- for a verb: its tense ( past, present, or imperative), and its type ( plural,

dual, or singular, and perfect or imperfect),
- type of article (interrogative, preposiﬁonal).

Based on the adopted classification in [2], there are eight different types of
Arabic sentences. Figure 2.3, shows the classification which include types and
subtypes. This classification was proposed by [2] to define the common

properties that group Arabic sentence structures into different classes.

Based on this classification, the syntactic module consists. of eight sub-
modules:
- Non-Article Nominal Simple sub-module

This module is dedicated for the sentence that starts with a noun, does not
contain any article, and does not contain any sentence.
- Non-Article Verbal Simple sub-module

This module is dedicated for the sentence that starts with a verb, does not

contain any article, and does not contain any sentence.
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- Article Nominal Simple sub-module

This module is dedicated for the sentence that starts with a noun or with a
number of articles followed by a noun, contains at ieast one article, and does not
contain any sentence.

- Article Verbal Simple sub-module

This module is dedicated for the sentence that starts with a verb or with a
number of articles followed by a verb, contains at least one article, and does not
contain any sentence.

- Non-Article Nominal Compound sub-module

This module is dedicated for the sentence that starts with a noun, does not
contain any article, and contains two or more sentences.
- Non-Article Verbal Compound sub-module

This module is dedicated for the sentence that starts with a verb, does not
contain any article and contains two or more sentences.
- Article Nominal Compound sub-module

This module is dedicated for the sentence that starts with a noun or with a
number of articles followed by a noun, contains at least one article, and contains
two or more sentences.

- Article Verbal Compound sub-module
This module is dedicated for the sentence that starts with a verb or with a

number of article followed by a verb, contains at least one article, and contain
two or more sentences.
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Figure 2.3 : Sentence Classifications
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The syntactic module receives the input (from the preprocessor module)

that is in an intermediate form, as discussed in section 2.2.1. Based on this
input, the syntactic module initiates the right submodule to construct the
sentence. In order for the syntactic module to construct a complete sentence, it
must get some information from other modules ( end-case, and morphological
module). Passing this information back and forth, will create an interaction
between the syntax, the mérphological, and the end-case module. Section 2.3
discusses the interaction between these three modules in detail.
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2.2.4 End-Case Module

The construction of this module will be based on the end case analyzer module
that was developed in [4] in order to take advantage of the work done earlier in

this field, and to implement and integrate the synthesizer with the NAUS, with
minimum overhead.

. The end-case analyzer [4] was subdivided into two main components:
word-level end-case modules and general case module as shown in Figure 2.4.
The word-level end-case module is also divided into three main modules: noun,
verb, and article module as shown in Figure 2.4. Each one of these modules
encodes the corresponding Arabic end-case grammar rules of all types of words
as single words. These modules receive calls for end-case analysis of single
words from the general case module which acts as an intermediate module,
between the word-level end-case modules and the syntactic analyzer. The
intermediate module receives these calls from the syntactic analyzer. These
calls include either a simple word or a compound word. A compound word is a

list of words, where the first word is the only one for which the end-case position

is known and the other words in the list are qualifiers (a2lss).
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END CASE ANALYZER
|

Calls for End-case Word-Level End-Case
Analysis : Analysis Modules
_ _
Calls for Calls for .
end-case end-case o} Verb Noun Article
of sentence Module Module Module
sentences parts

Figure 2.4: Design Structure of The End-Case Module
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End-case analysis of a sentence as a whole unit is done according to a set

of rules in Arabic end-case grammar. The sentence module encodes these
Arabic end-case grammar rules of all types of sentences. From the end-case
point of view, sentences in Arabic are divided into two main classes: sentences
that have an end-case position, and sentences that do not have an end-case
position. Table 2.3 shows these two classes and sentence types of each class.
This module has no effect on the construction of sentences in the ASG, since the
implicit end-case of a sentence does not affect the construction of the words.

The noun module consists of three main submodules: nominative,
accusative, and genitive module, which are dedicated for the manipulation of
end-case analysis of nouns that are in the nominative, accusative and genitive
cases respectively. Each module encodes the corresponding Arabic end-case
grammar rules of all types of nouns as single words assuming that they are in
the corresponding case.

The verb module consists of three main components: imperative tense
module, past tense module, and present tense module. Each module encodes
the corresponding Arabic end-case grammar rules of the type of verb that the

verb belongs to as single words.

The article module processes an article according to its identity. All the

articles in Arabic are of the invariable type of words, that is, their terminal
diacritics do not experience any change.
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TABLE 2.3 : Sentence End-Case Classification

- Sentences with no end-case place

@lye¥l oa W dae ¥ 30 Jaall|

Glae¥l Hu Jau W S Jaall

Sentences with an end-case place

IR (PTP

Gayiad) dlaall

o] daadl
polall sué dosidl Qg Uaa

Jsosl! st s aa

L U ¥ Laad 4aylall Waall

ol Glya Was |

s 403l ) Laall
G ¥ gaie 43l yl! daall

Cull Glae <ail gl 4lanlf
o3la byl Llga 4ailll dlaall
Yia dail gl daall

Giua 4l gl aall

Jas Led dlaal 4aslall daall




30
For each class of the Arabic words (nouns, and verbs) there are some end-

case rules that determine its end-case characteristics, such as end-case

position, (21 ,e¥1 &34l), and end-case mark, (Casl,e¥1  <adladl), according
to its type.

The ASG end-case synthesis submodules are:
Noun Submodule
In 4], nouns were divided into two categories: invariable, and variable nouns,

and each category has different types of nouns. Table 2.4 shows these two
categories and noun types in each category.

An invariable noun is a noun that does not suffer any change in its end-
case mark even when its end-case position in the sentence is changed. This
type of noun has no effect on the structure of the word, since its end-case mark

does not change.

A variable noun suffers changes in its end-case mark when its Irab case in
the sentence changes. Some types of the variable nouns have the en’d;case
mark as a diacritic, while for others it is a letter. Table 2.5 shows a list of these
noun types and the corresponding end-case marks. . The variable nouns that
have their end-case mark as a diacritic have no effect on the word structure,

since their end-case mark is not a letter. However, the undesignated noun that is
in the accusative case can have a letter (il¥l), e.g. "lasts ", as its suffix, even

when its end-case mark is a diacritic. The handling of this case is explained

next in the Noun Submodule Design.
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Cially Goyadl slasdl Jgua

TABLE 2.4

: Variable and Invariable Nouns

ﬁ_._,B.._-_.c_o Nouns <l ......&__ Variable Nouns  wedl leudl

L3 oLy -
auld¥l slasad x
_ Hladll x
plediunt! slawd g dopiidl slaad x
Ugpapll slaul x
elga¥ly JuaYl slowd x
Ghgskilly LU yaay X
bajle oliy G -
aaadl gslidl x
WS slae¥) x
Liaje Sl pladl pa¥l x

b Sl easidl aiadl - &8 5all o ypaa -
il aun¥l x
«.u.t.nur:n.ﬁ.v X
plladl anpll paa x
bl (¥l ( glgd) i yall O yaa-
plladl Sl paa x
suadl x
dwadfl Lol x
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Lalsel Ladtey Logadl clawll Jgan
TABLE 2.5 : Variable Nouns and their End-Case Marks

End-Case Mark Ulyel Lole| Noun Type puadl pgs
sl WA il
Genetive | Accusative | Nominative ul ye ¥ dlall
o.vt.h.__ ob.t.h.__ .EP__ .E_HO_MQL_....{Q)LI
Wil | il ol $All sl x
o a1 wadll waall il
oyl spusll - aialt llall 5500 paa x
n_l..r__ :Im._i_ fu_.v.__ nr..mkavv._r.. e
oLl oLl alsll Al K3l pan x
._.“.__ oLl Yl S x
‘r..,: Yyl ol Cuadll slanll x
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Noun Submodule Design

Since the invariable nouns and variable nouns that have diacritics as their end-
case mark have no effect on the word structure, then they don't contribute to the
suffix, and the prefix of the word. However, an exceptional case (the

undesignated noun) can affect the structure of the word, as mentioned before.

Nouns with letter-end-case marks have three Irab cases ( oYl
a2l ,e¥1 ): nominative, accusative, and genitive. A noun can be in one of these

cases according to the end case position (q...l »=¥1  a34l) that it occupies in a
sentence. For a complete list of these lrab cases and the possible end- case
positions that cause a noun to be in those Irab cases see Table 2.6. Table 2.7 is _
extracted from [4] to show the different types of nouns and the corresponding
letter-end-case marks associated with each type.

At the single-word leve, the noun module consists of three main parts:

a- The nominative noun module: this module is designed as a set of rules
that encodes the corresponding Arabic end-case grammar rules of all
types of nouns that are in nominative case. Table 2.7 shows the different
types of nouns and the comresponding end-case marks associated with

each type.

b-The accusative noun module : this moduleis dedicated for the
manipulation of end-case synthesis of nouns assuming that they are in
the accusative case. Table 2.7 shows the different types of nouns and the

corresponding end-case marks associated with them in the accusative
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case. Forthe case of the undesignated noun, there are two rules that

handle it. The first rule handles the case where the undesignated noun is

( «ilas), and the second rule handles the general case where the nouh

has a suffix (<adt).
¢c- The genitive noun module: this module is designed as a set of rules that
encodes the oorresponding_ Arabic end-case grammar rules of all types
of nouns that are in genitive case. Table 2.7 shows the different 'types of

nouns and the corresponding end-case marks associated with them in

the genitive case.
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L sl | gl ye ¥l n.lu_.u.._,_ o e loudU il ye ¥ Yl Jgua

TABLE 2.6 : Noun Irab Cases and the Corresponding End-Case Positions

sl uarl! Nominative .,JI <—— dlall
Genetive Accusative
lf Gl | qalull ¥y o) at s |
32 Hoan Husame OlS pud s o._..u.p&
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Ll el Ladley Lijadl slatl J g
TABLE 2.7 : .<m=%_¢ Nouns and their End-Case Marks

End-Case Mark f.&b_ LMe| Noun Type TE&_ W‘.Y..
sl salll &l
Genetive| Accusative Nominativel al yeYl Ep__
oLall (Y oyl cigyally o pam
Ll sl ]l slall Sill pan
oLl oLl iyl il x
o_ur__ fm.z_ r’_&.: C.FR.L_ nr.t.t_ X
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The end-case module receives calls that include a simple or a compound

noun in their arguments for end-case synthesis of nouns from the syntactic
synthesizer. A compound noun is a list of nouns, and the first noun is the only
one for which the end-case position is known, but the other nouns are qualifiers
(a2ls3). For this reason we built an intermediate module between the word-
level end-case modules and the syntactlc synthes:s module. The general case

module simplifies the calls for end-case synthesis of a sequence of nouns lnto
simple calls for end-case synthesis of single words.

Verb Submodule

Figure 2.5 shows the different types and classes of verbs in Arabic. However,

from the end-case point of view verbs fall into one of the two categories:

invariable verbs, and variable verbs. Figure 2.6 illustrates these two categories.

An invariable verb does not suffer any change in its end case mark even if
it was preceded by any of the verbal articles that affect the end-case of a verb.

These invariable verbs are: all the past tense verbs, all the imperative verbs,

and the present tense verbs that are suffixed with C(aaSeall g ga), Or

(Bauasdl g 43).

A variable verb suffers from changes in its end-case mark according to

changes in its Irab case in the sentence. Variable verbs have three lrab cases
(Figure 2.7): indicative (p 33 s ), sSubjunctive («.swais ), or jussive (pa3aa). A
verb is said to be in the subjunctive case if it is preceded by one of the

accusative articles (asaidl g,a). If it is preceded by one of the jussive
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articles, (p3all dy,a), then it is said to be in the jussive case. Otherwise, it is

said to be in the indicative case.

The end-case mark for a verb depends on its case, its type, and its terminal

letter. That is, for some verb types the end-case mark is a diacritic, while for
others it is a letter.
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Figure 2.5 : Verb Types
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Figure 2.6 : Verb irab Categories
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Verb Submodule Design

The verb module consists of the following three main parts: imperative tense
module, past tense module, and present tense module. The imperative verbs
have two kinds: perfect and imperfect, and both of them are processed in the
same way ex;:ept for determining the verb's type. Accordingly, only one module,

with a parameter for the verb's type, suffices to process all the imperative tense
verbs. -

Past tense verbs are classified into two subclasses: active voice verbs, and
passive voice verbs. Accerdingly, we have two modules, one for the active voice

and the other for passive voice.

The present tense verbs are classified into two subclasses: active voice,
and passive voice. From the end-case point of view, present tense class is
subdivided into variable and invariable verbs. Variable verbs are further divided
into three subdivisions: indicative, subjunctive, and jussive. Applying this
division to the two classes of the present tense, namely, active voice and

passive voice classes, we have eight modules in total.

Each of the above modules, encodes the correspo‘nding Arabic end-case
grammar rules for the corresponding type of verb, and these modules receive

and process calls that are initiated from the syntactic synthesizer, for end-case
synthesis of single verbs.

Verbs with letter-end-case marks have three Irab cases: indicative,

subjunctive, and jussive. A verb can be in one of these cases according to the
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end-case position that it occupies in a sentence. Table 2.8 shows the list of

these Irab cases (letter-end-case mark) and the corresponding end-case
positions.

The third-letter-vowel verb is processed in the morphological module since
it requires omitting the vowel letter in the jussive case.
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Article Submodule

Figure 2.8 shows the different classes of articles in Arabic. These classes are:
active articles that affect the succeeding words, and non-active or idle (ous
L) articles that have no effect on the following word. The active articles

change the succeeding word's case. This change depends on the article's type
and the type of the affected word as well.

The active articles have three classes (as shown in l;“lgure 2.8): nominal
(applicable for nouns only), verbal (applicable for verbs only), and nominal-

verbal(applicaible for nouns or verbs). The nominal class includes,

prepositional articles, (yall igsa) that put the succeeding noun in the

genitive case, and ‘naskh' articles, (faasdl iy ,ya), which put the succeeding

noun in the accusative case, ... etc.

The verbal articles are divided into two main classes (as shown in Figure
2.8): articles that put present verbs in the subjunctive case, and articles that put
present verbs in the jussive case. The verbal articles only precede a verb and

affect its case.

An example of the nominal-verbal articles that may precede verbs or

nouns is the set of articles known as conjunction articles (ibadl Gy 4a). All the
articles are of the invariable type of words, that is, an article terminal diacritic

does not suffer any change wherever it occurs in a sentence.
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Figure 2.8 : Article Types
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Article Submodule Design

" The article module (Figure 2.4) was designed to process any kind of article
according to its identity. The input to-this module is:

- type of article (interrogative, prepositional,..etc),

- root, and

- its pattern.

The output of this module is the article itself,
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2.3 The Interaction Between The Modules

In order to construct a complete correct sentence, interaction between the
syntactic, end-case, and morphological modules is necessary. In ASG, the

syntactic module controls a proper sequence of interactions with other modules.

Construction of a sentence is broken down by the syntactic module into the
construction of each individual element ( words, phrases, or sentences ) of the
sentence. If the element is a phrase or a sentence then the syntactic module will
break it down into individual words, and then for each element (word) in the
sentence, the syntactic module passes the element along with its attribute list

and its end- case position to the end-case module in order to determine its end-

case marks (¢ul e¥1 wastadl), which could be either a diacritic or a letter. For the
case where the element is compound, the syntactic module passes the element
to the general case module, which then passes each word of the element along

with its attribute list to the end-case module to determine its end-case marks.

In case the element has a letter as an end-case mark, the end-case
synthesizer determines the letter as specified in section 2.2.4. This end-case
mark obtained from the end- case module is added as an affix to the list of
aftributes of the element and is sent back to the syntactic or general rﬁodule. The
syntactic module forwards the element along with its new compiled attribute list
to the morphological module. The morphological module uses the given
information to construct the word in its final shape and returns the constructed

word to the syntactic module.
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The syntactic module forwards the element along with its new compiled

attribute list to the end-case analyzer to check the correctness of the constructed
word. If the construction of the word is not proper, then the end-case will reject it,
and send it back to the syntactic module. The syntactic module will call the

morphological module again to choose another option. This cycle is repeated
until the correct option is chosen.
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2.4 EMBEDDING THE ARABIC SENTENCE GENERATOR

INTO NAUS

The integration of ASG into NAUS involves the determination of the interactions
of ASG with other modules of NAUS. The input to ASG is a se-ntence meaning
that comes from the semantic module in NAUS, and thg output is a complete

correct sentence that is sent to the interface module in NAUS.

The Arabic Sentence Generator (ASG) consists of four modules:
preprocessor module, morphological module, end-case module, and syntactic
module. Since we need to build morphological, syntactic, and end-case
synthesizer, we have two options:

1-To develop the morphological, syntactic, and énd—case synthesis

modules independent of the corresponding analyzers, or

2-To embed the comesponding synthesizers into the morphological,

ssyntactic, and end-case analyzer modules, respectively.

We adopt the second approach to minimize the overhead in the
implementation of ASG, and to take advantage of the already developed
modules of NAUS. Furthermore, iaking advantage of the assoctivity of prolog
(declarative languages) with reépect to unification, minimizes program size and

development effort.

To integrate the synthesizers with the analyzers, a suitable strategy has to
be followed. The strategy, which we have followed is:
-to distinguish between the analysis mode and synthesis mode.

In analysis mode, the word and the word length will be given as
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aninput to the module, however, in the synthesis mode the word will

not be givenas input. From this fact we can distinguish between
the analysis and synthesis by checking the existence of the word.

-to keep track of the information that is given in analysis but not in the
synthesis, and vice versa.
Some variables will be given in analysis mode but not in the synthesis
mode, and these variables must be detected and treated differently in the

synthesis mode.

Preprocessor

The preprocessor is embeded into NAUS as an independent module
(which is currently called by the user) to generate a sentence from a given
representation. The preprocessor calls the syntactic module after preparing the

input in the proper shape

Morphology

In the morphological analyzer module [1], Arabic words are classified into
three classes: verbs, nouns and articles. Verbs and nouns can be derived in
many different forms using the bare roots of the words and a set of letters,

“affixes” as suffixes, prefixes and infixes to the roots.

To integrate the morphological synthesis into the analyzer, we had to
augment the sub-modules (verb, noun, article) in the morphological analyzer
module.
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The verb submodule

The input to the verb analysis submodule is the word itself and its length
and the output is :

- type of word (noun, verb, article),

- type of verb (plural, dual, singular, masculine, feminine),

- tense of verb (past, present, future),

- root, and derivation, and

- type and identity of affixes (prefix, infix, suffix).

The modified version is to perform two functions : analysis and synthesis.
In synthesis, the output of the module is the word ( and its length), and the input
is:

- type of word (noun, verb, article),

- type of verb (plural, dual, singular, masculine, feminine),

- tense 6f verb (past, present, future),

- root, and derivation, and

- infix, and

- prefixes and suffixes are sometimes given and sometimes are not, as

explained earlier in section 2.3.

The noun submodule

The input to the noun analysis submodule is the word and its length, and
the output is :

- type of word (noun, verb, article),

- type of noun (plural, dual, singular, masculine, feminine),

- root, and derivation, and
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- type and identity of affixes (prefix, infix, suffixes)

The modified version is to perform two functions : analysis and synthesis.
in synthesis, the output of the module is the word ( and its length), and the input
is:

- type of word (noun, verb, article),

- type of noun (plural, dual, singular, masculine, feininine),

- root, and derivation, and

- infex, and

- prefixes and suffixes are sometimes given and sometimes are not, as

explained earlier in section 2.3.

The article submodule
The input to the article analysis submodule is the word, and the output is :
- type of word (noun, verb, article),
- type of article (interrogative, prepositional,..etc),

- root,

- type and identity of affixes (prefix, suffixes).

The modified version is to perform two functions : analysis and synthesis.
In synthesis, the output of the module is the word, and the input is :

- type of word (noun, verb, article),

- type of article (interrogative, prepositional,..etc),

- root.
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Syntax

The input to the syntactic analyzer is a sentence to be checked for syntactic
correctness, and the output is the correctness of the input sentence, grammatical
properties of its constituents, and the sentence syntax [2,15]. The program
mainly consists of eight modules. Each module is dedicated to implement one
type of the Arabic sentence based on the adopted classification. However, in
the augmented version, we will have the same eight modules performing
sentence analysis and synthesis. In sentence synthesis the input ié a list of

words with their attributes, and the output is a complete correct sentence.

With respect of the strategy of integrating synthesis with analysis, we
followed the same strategy that was mentioned before, in addition to the
ordering of the calls to the end-case module. The calls to the end-case module
are made before the calls to the morphological module. The origional calls for

the end-case analyzer are used for verification only.

End-case
The input to the end-case analyzer is:
- the word,
- end-case position of the word,
- root, derivation of the word,
- type of the word (noun, verb, or article),
- type of noun (plural, dual, singular, masculine, feminine),
- type of verb (plural, dual, singular, masculine, feminine),
- tense of the verb, and

- type of article( interrogative, prespositional, ..etc).
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The output of the end-case analyzer is the end-case mark of the word.

The modified version is to perform two functions: analysis and synthesis. in
synthesis, the output of the module is the suffixes and prefixes, and the input is:

- end-case position of the word

- root, derivation of the word ,

- type of the word (noun, verb, or article)

- type of noun (plural, dual, singular, masculine, feminine),

- type of verb (plural, dual, singular, masculine, feminine),

- tense of the verb,

- type of article( interrogative, prespoé'rtional, ..etc).

The following'chapter shows the implementation details implied by the
integration policy presented in this chapter.
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CHAPTER I

IMPLEMENTATION OF ASG

ASG was implemented as a set of modules, each of which is composed of a set

of rules. The ASG was implemented using Arity Prolog interpreter.

The program mainly consists of four modules: preprocessor, morphological,
syntactic, and end-case synthesizers. The implementation of these modules are

discussed in turn in the following sections.

3.1 PREPROCESSOR

The preprocessor was implemented as a set of predicates. Some of these
predicates change the structure of the input, and some of them produce the type
of the constructs and the type of the given sentence. Appendix (A) shows some

predicates of the preprocessor.

3.2 MORPHOLOGY
To embed the morphological synthesis into the morphological analyzer, we had

1o augment the sub-modules (verb, noun, article) in the morphological module.

3.2.1 The Verb Submodule
To perform the changes we had to modify most of the predicates, and to add

new predicates. One important point about the modification is that the modified

submodules must work for both the analysis and synthesis modes.
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The changes are :

1- The predicate concat(A,B,C) is used to assign to C the concatenation of A,
and B. However, in synthesis we need a predicate that performs this function
and another function which, when given C and A or B can find the value of the

third variable. For this reason we built a predicate cocna(A,B,C), as shown
below, that performs these two functions.

CONCA(A,B,C):- concat(A,B,C); word Ist(C,[A,B]).

The function of the predicate word_Ist(C,[A,B)) is to breake a word
represented by the variable C into two parts A and B.

We replaced some of the predicates concat(_) by the predicate

conca(_) where necessary, since conca can perform the function of concat
and the other function.

As an example of the replacement of concat by conca, the predicate before
the replacement takes place is: |
vpre_test4([A,B,C,D],RO,DE,TY,PR,"",""):-

member(D,["= ","g",",_', ""1",""]), concat([A,B,C],RO),
concat(" L+ "D],DE), TY=" golas ", PR=D.
The predicate after the replacement takes place is:
vpre_test4([A,B,C,D],RO,DE,TY,PR,"",""):-

member(D,["= "-"g":"d 5™1"1), conca(fA,B,CJ,RO),

conca(” Jai ",D].DE), TY=" p ,Liaa ", PR=D.
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2- Delaying the cali to the predicate conca(E,F,P) in some predicates if the

variables E, F, and P are all unbound variables in synthesis mode. For

example, in the following predicate
vpre_test6([A,B,C,D,E,F],RO,DE,TY,PR,"",""):-
concat(E,F,P),
member(P,["Jy" «" Ji"«" uy” " ui]),
memberD["=" s % 5" I"« ’T7),
concat(JA,B,C],RO), concat([" J«i *,D,P],DE),
concat(D,PL,PR), TY="¢ ,Laas".
E, and F are bound, and P is unbound in the analysis mode. However, in
synthesis mode E, F, and P are all unbound. In this case we have to bind the
variable P first, and then we make the call to the predicate conca. Binding the
variable P can be done by delaying the call to the predicate conea after the
predicate member. After performing the change, the predicate is as listed
below
vpre_test6([A,B,C,D,E,F],RO,DE,TY,PR,"",""):-
member(P,["J " " Ji™ " guy” o" i),
member(D['e" ‘¢ "« "5"" I'« "I'}), conca(E,F,P),
conca([A,B,C],RO), DE=" i " conca([D,P],PR), TY=" golaa’,
In the analysis mode, the predicate member(P,["J,"." J-i"." oy o guai’])
checks if the variable P is part of the list, ["Jy" " J<a" «" L 3 ¢ ou—d’] Or not.
While in synthesis, it assigns to the variable P one of the values that is in the list

[Jo’ " 4" " Guy” " ud’]. This modification costs the analysis operation to

consume more time by backtracking every time to select the right variable.
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3- Binding some variables in some predicates before using them in the

synthesis mode. For example, in the following predicate
verb_tests([A,B,c;D,E], T):-
vpre_test5(A,B,C,D,E],RO,DE, Ty,Agender,Number,PR,IN,SU),
concat(JA,B,C,D,E],Oword),
T=[Oword, R,DE, Ty,Agender,Number,PR,IN,SU].

The word [A,B,C,D,E] and the attributes RO, DE, Ty, PR, IN, and SU are
unbound in the synthesis mode. To bind the variables RO, DE, Ty, PR, SU and
IN we replace the variable T by its value in the first stép; the predicate is as
shown below:

verb_test5([A,B,C,D,E],

[Oword,R,DE,Ty,Agender,Number,PR, IN,SUj):-
vpre_test5(A,B,C,D,E],RO,DE, Ty,PR,IN,SU),
concal([A,B,C,D,E],Oword),

One of the input parameters is the derivation of the word. For a correct operation E
we change the derivation for every word to be in the past tense third singular
form. This modification has nothing to do with the synthesis but is necessary for
correct operation of the module.

3.2.2 The Noun Submodule

The changes made in this sub-module are:

1- Replacing all the bredicates concat(_) by the predicate conca(_), for the
same purpose as mentioned above in section 3.1.1.

AS an example of the replacement of concat by conca,

the predicate before the replacement takes place is:
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npre_test4([A,B,C,D],RO,DE,” 4 i "," %D,"",""):-
member(D,["I" « *I"c """ J " e e Gt 7)),
concat(JA,B,C],RO), concat(" Ji ",D],DE).
The predicate after the replacement takes place is:
npre_test4([A,B,C,D],RO,DE," s,is "," ",D,"™,""):
member(Dl1"« “I"e p" " J et e T VTGt ),
conca(JA,B,C],RO),
conca(™ Jai "D}, DE).

2- Delaying the call to the predicate conca(E,F,P)in som predicates, for the
same purpose as mentioned above in 3.1.1.

For example, the predicate before performing the change is,

npre_test7([A,B,C,D,E,F,G],RO,DE,"s ,ia ","", PR,IN,SU).-
concat(F,G,M),
MembOrM[" Ul "™ ¢ "Ja's "Y' i " ey el
npre_test5(fA,B,C.D,E],RO,DEE,SDP.MF,PRE,IN,SU),
concat(PRE,M,PR),
concal(DEE,M,DE).

After the modification, it is changed to

npre_test7([A,B,C,D,E,F,G],RO,DE,"s ,is ","",PR, IN,SU):-

MOMberM " II"s "y« "' ¥ " %" elys ela"],
conca(F,G,M), :
npre_test5([A,B,C,D,E],RO,DE,SDP,MF,PRE,IN,SU),



61
concat(PRE,M,PR).

3- Binding some variables in some predicates before using them in the
synthesis mode. For example, in the following predicate
noun_test5([A,B,C,D,E], T):-

npre_test5(fA,B,C,D,E],RO,DE,SDP,MF,PR,IN,SU),
concat([A,B,C,D,E],Oword), T=[Oword,R,DE,SDP,MF,PR,IN,SUj.

The word [A,B,C,D,E] and the attributes RO, DE, Ty, PR, IN, and SU are unbound

in the synthesis mode. After performing the change, it becomes

noun_test5([A,B,C,D,E],[Oword,RO,DE,SDP, MF, PR,IN,SU]J):-
npre_test5([A,B,C,D,E],RO,DE,SDP,MF PR, IN,SU),
concat(JA,B,C,D,E],Oword).

3.2.3 The Article Submodule
The changes that made in this sub-module are:
1- Replacing all the predicates concat by the predicate coﬁca, as mentioned
before in the verb, and noun submodules.
As an example of the replacement of concat by conca, the predicate before
the replacement takes place is: |
find_art2([A,B], T,Root, Type,B,""):-
concat([A,B],Root),
member(Root,[" 1", "',
TIPO =" jwds i ja, T=2.
After the modification it is changed to
find_art2([A,B],T,Root, Type,B,""):-
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conca([A,BJ,Root),

member(Root[" 51", 1),

Type=",,=u..d:.._i‘,a", T=2.

2- Binding the variables RO, Type, TC, PR, and SU by replacing the variable T
by its value in the first step.
The predicate before the modification is:

art_test2([A,B], T):-

find_art2(JA,B], TC,RO, Type,PR,SU),

concat([A,B],Oword),

T=[Oword,TC,RO, Type,PR,SU].
After the modification, it is changed to

art_test2([A,B],[Oword, TC,RO, Type,PR,SUj):-

find_art2([A,B], TC,RO, Type,PR,SU), concat([A,B],Oword).
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3.3 END-CASE

To embed the end-case synthesis into the end-case analyzer, we had to
augment the sub-modules (verb, noun, and article) in the end-case analyzer
module.

3.3.1 The Noun, Verb and the Article Submodules
To perform the changes we had to modify most of the predicates in the analyzer,

and to add new predicates. The augmented submodule works for both analysis
and synthesis modes.

There is one common change that has been made for all the submodules.
The change is performed by avoiding the predicate substring(X,a,b,PART)
during the synthesis mode. To resolve this problem we used the if-then
statement to distinguish between the analysis and synthesis mode by testing the
e;cistence of the variable X, which is boundduring the analysis mode, but not
during the synthesis mode. The function of this predicate is to test if PART is a

substring of X. For example, the following predicate

esm_marfo(X0,[X1, ,X3, Spiul $,88:554 8, $pea$._,_,_,Part],Out):-
substring(X1,0,2,Part), Part == $=./,
Out=$la,a/ Le o pallstl Caildlls p 4 ya pdliv 25 5 eaad,

fite([Out,’ : ,X0," : ', X1]),nl.
is modified to
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| esm_marfq(XO,[X1,_,X3,$HI$, $¢a-3}- 3, $c-‘-9 $J_:_!..’Pan] !OUt):'
ifthen((\+var(X1)),(substring(X1,0,2,Part))),

Part == $.-.1%,
Out=$la 2! Le o pallell Casdfls p 4 pu pdlov 2350 pann$,
rite(fOut,’ : ', X0,’ : . X1]),nl.
In the synthesis mode the variable Part will be assigned a value by the

statement Part =$..I$, which is considered as an output.
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3.4 SYNTAX

To embed the Syntactic synthesis into the syntactic analyzer, we had to modify
the eight sub-modules of the Syntactic Analyzer Module:

- Non-Article Nominal Simple

- Non-Article Verbal Simple

- Article Nominal Simple

- Article Verbal Simple

- Non-Article Nominal Compund

- Non-Article Verbal Compound

- Article Nominal Compund

- Article Verbal Compund.

3.4.1 The Syntactic Analyzer
The submodules have been augmented such that they work for both analysis

and synthesis modes. There were three common changes that have been made
for.all the modules. These changes are:

1- Binding the variables (root, derivation, jns, hal, prefix, infix, suffex, and type) in
all the predicates before using them in the synthesis mode. For example, in the
following predicate
esm_eshara(L,Ninfo,[Jns, Hal,$4 ya4 $):-
length(L,N),
art_test(L,[Wrd,Rt,De,$s_, L&/ pul $,88,Sx],N)1],
hal_jns(De,Jns,Hal),

Ninfo=[Wrd,Rt,D6,8s , L/ puul$,Jnis, Hal,$i ,a.8,58, 88, S1x].
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The L and the attributes Rt, De, Sfx are unbound during the synthesis mode. To

bind the variables Rt, De, and Six, replace the variable Ninfo by its value in the
first step. So after performing the replacement, the predicate is as shown below:
esm_eshara(L,[Wrd,Rt,De,$s ,L2! piul$,Jns,Hal, $4i,ase$,$8,88,S1x],

[Jns,Hal,$¢i 320 $):-

length(L,N),

art_test(L,{Wrd,Rt,De,$s , La/ puul$,$$,SiX],N)1j,

hal_jns(De,Jns,Hal).

2- The predicate fength(L,N) must be avoided during the synthesis mode,
however, at the same time thi's'predicate is called during analysis mode. To
resolve this problem we used the if-then statement to distinguish between the
analysis and synthesis mode. During the analysis mode, the predicate
length(L,N) has the variabl L bound, however, during the synthesis mode both

variables L, and N are unbound variables. For example, the following predicate
esm_eshara(L,[Wrd,Rt,De,$,_, L/ pal$,dns,Hal,$4i 420 $,$$,88,51x],
[Jns,Hal,$¢i yas $):-
length(L,N),
art_test(L,[Wrd,Rt,De,$s , L/ pul$,$8,S1X],N)1],

hal_jns(De,Jns,Hal).
is modified to:

esm_eshara(L,[Wrd,Rt, De,$s 402/ pal$,Jns,Hal, $ i yas $,88,88,S1x],
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[Jns,Hal,$¢i 124 8):-
fithen( (\+ var(L)),(length(L,N}) },
art_test(L,[Wrd,Rt,De,$s , Ll puul$,$$,S1],N)1],
hal_jns(De,Jns,Hal). .
In the modified predicate the if-then statement distinguishes between the
analysis and synthesis mode by testing the existence of the word L.

3- The interaction. between the syntactic analyzer and the end-case analyzer
takes place by inserting end-case calls in the syntactic analyzer before making
any call to the morphological module. The function of these calls in the analysis
mode is to find the end-case characteristics for each construct of a given
sentence after making the calls to the morphological analyzer. However, in
synthesis 'mode end-case characteristics for each construct are required before
making any call to the morphological module, in order to construct each word.
For this reason, an end-case call for each construct is inserted{ in the syntactic
synthesizer before making the call to the morphological synthesizer. In inserting
these calls, an if-then statement is used to prevent these calls during the
analysis mode, as shown in the following example. For example, the following
predicate |

bfb_feil_ 2([L1[L2],[Nom1,Nom2,Nom3],Rem):-

[lfeil(L1,[Type,_],Nom1,Lsfx1)]],

fael(Lsfx1,L2,Nom2,Jhmn2,L3,[$8]),

" tbi_fli(L3,Nom3,Jhmn3,Rem),

[X,Nom]=Nom2, asma_marfo(X,Nom).

is modified to:
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bfb_fell_2(IL 1/L2],[Nom1,Nom2,Nom3],Rem):-

['feil(L1,[Type,_],Nom1,Lstx1)]],
ifthen((var(L2)),(
[X,Nom]=NomZ,asma_marfo(X,Nom),NomZ:[X,Nom])),

fael(Lsfx1,L2,Nom2,Jhmn2,L3,[$3]),

tbi_fli(L3,Nom3,Jhmn3,Rem),

[X,Nom]=Nom2, asma_marfo(X,Nom). ,
During the analysis mode the program will skip the first end-case calls by
checking the condition var(L2) which will be false during this stage. However,

in synthesis mode the condition var(L2) will be true and the end-case calls will
be made.
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3.5 Examples

EXAMPLE 1

The input to the preprocessor module is :
Verb(feil([A.$J$$.$J:—U$,$@L&$.$a,h$,$;L$,$§a'Lé$,B.$$.C]).
1281([$1pai$,[D, $1F,$J0ie 8,508,858, 50r8, 55,0 $.E.55,F])),
mioI([$Jiei5,[G.$,58, 88,5 5.$5,$%, 555,08, H,$5.1T])),

1- The preprocessor changes the structure of the given input into another
structure as shown below, and it determines the following information: type of

the sentence "Uares Lulei”, type of the first construct " Ja3", type of the second

construct " J= ", and the type of the last construct "G Jsxia". The preprocessor
calls the syntactic module by the following predicate:

DIO(L,[SThns 2138, [$ JuiB[A, 8,158,840 8, Bp ) L2r8,85,0.8,8, 7.8, $._1:8,B, 358, Cll
(B8 (St D, S8, i3, G B, 8,518, S, 525,008, E, 85, T,
[$‘{ M[ &”,—4$:[ Gi$JK$9 $Jl«-$.$,-$. $$; $$: $‘:':}~$: H' $$: ’]I]:U]) d

2- The syntaétic module calls the end-case module with the following predicate:
feil am($.,l-i$,[A,$J.=i$,$JsL&$,$@L’a$,$a..i-$,$f-b$,$~.~‘h'$,3.$$.C],_)-

The end-case module determines the prefix "s" of the word, and it calls the
syntactic module by the following predicate with the new parameters:

Teil_am($ i [A, 8459, 8,42 8, B Lae$, 65,008, $508,8.518,8,8.88.]_).

3- The syntactic module calls the morphological module with the following
predicate:

ver b_tGSt ( L:[A.$J-=5$,$J-=U$;$@ Ln"$& $’¢"‘$p$fi‘$p$‘,ﬂ:&$’ $§‘$} $$C] ) N) .

The morphological module constructs the word "Jsliy', find the length of the
word, and it calls the syntactic module with the following predicate:

Vefb_’fes’([$&ti¢$].[$ﬂé$.$J=f$.$J=Li$,$pta-$.$a,&$.$f.b$.$.-:u$,$¢$,$$. ,5).
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4- The syntactic module calls the end-case module with the following predicate:
asma_marfo($J=u$,[$ll,-l$,[D.$,-L-$,$J~b$,$,-$.$;b$,$¢-e$,$b;~$.E,$$,Fﬂ)-

The end-case module determines the suffix "9 prefix “Ji* of the word, and it
calls the syntactic module by the following predicate with the new parameters:

asma_man‘o($.,tsl&[»ﬁll,—&[D,$,L$,$.,u-$,$,.-$,$;-i-$.$¢-e$,&-}~$;$J&$$,$n$ﬂ)-

5- The syntactic module calls the morphological module with the following
predicate:

noun_test([].[D,$.L$,$jaie®, §u8, 8,513, $par B, 815,08, 38, 38, 52, ST N).

The morphological module constructs the word "Osalud ", find the length of the
word, and it calls the syntactic module with the following predicate:

noun_test([$:,.L.lig],
[$:..-ul$,$,d-$.$J~i-$.$,-$.$;-i-$,$¢o.$,$b'.-u$.$21$,$$.$cu$],3)-

6- The syntactic module calls the end-case module with the following predidate:

The end-case module determines the prefix "JI" of the word, and it calls the i
Syntactic module by the following predicate with the néw parameters:

asma_mnsb($x Jyaio$[$joet$ [, 8,558, 818, $u 8, 55,88, 821,008, 518,813, ]

7- The syntactic module calls the morphological module with the following
predicate:

noun_test([.[G,,i58,8ui8,8—8,99,5,81;,.9, )8, 88, 88]], N).

The morphological module constructs the word " ,Lisil”, finds the length of the
word, and it calls the syntactic module with the following predicate:

noun_'test([$,wsj,[$,w$.$,a<$.ww,$,.s,$$.$$,$z,;..$,$d$,sa$$ﬂ,a).
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8- The output of the syntactic module is:
bIb($,usH apalead! JotrS, [$alerms 24e5B,
[$4058, [543, 558, 5o B, By LD, $2,i08, 8,508, 5,58, 5,45, 56, 58],
(818, [$1p, [Bapultt$, 58,5 fuis $, 5, 8,518, $or$, 521,008, 86,88, 8,11,
[Bx JpaisS, [$13.[3,uS18,8,i5%, 808, 5 8,89, 88,81, $J8,$8,$8]11.000)

g- The syntactic module produces the sentence " ,lisli Sealaall Jslay" .
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EXAMPLE 2

The input to the preprocessor module is:
ma_t(verb(feil([A,$Ju,$ 459,35 5u$,5:,4.8,B,$.4135,C,.D]),
OIS t$,[E,$2.:,8,54455,5- 8,8 5.5,8:,.5,$85 8.F,.G]]))

1- The preprocessor changes the structure of the given input into another
structure as shown below, and it determines the following information: type of

the subsentence "aas Uaa”, type of the first construct " J.s", type of the second

construct "« Jsais". The preprocessor calls the syntactic module by the
following predicate:

afb (L,[X,[&,qu; MJ[ H:2:$“$1$JJ'J‘ f"'$- IrJ]' ’
[8Jx5%,[A, 8 Jur$,8 )05, 8, 18, $:,ir8,B,$.51:8,C,, D],
[t i BB, [E$2259,8 5,6 5,918, 82,1:8,815 0.5,F, GI] I Rem).

2- The syntactic module calls thé end-case module with the following predicate:
esm_m. a’f0($,.l:,4$,[ H :21$ l-$, $JJ")' r‘$; ’:J]l—) i

The end-case module calls the syntactic module by the following predicate with
the new parameters:

esm_marfo($luw$,[H,2,8L8, $prrs oui$,]_)-

3- The syntactic module calls the morphological module with the following
predicate:

art_IGSt( X:[ H’2:$L‘$: $J.~y r-‘$n]:N) .

The morphological module constructs the word "L.", finds the length of the word
"2", and it calls the syntactic module with the following predicate:

4- The syntactic module calls the end-case module with the following predicate:

feil_am($ai$,[A,$ for$, B )0i$, 8, 58, $,2.8,8,8.518,C,, D).
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The end-case module determines the prefix *I” of the word, and it calls the
syntactic module by the following predicate with the new parameters:

foil_am($us$,[A,$Jur$,8Jai$, 3 18, 83,08,8,8.1:8,$18,.]).

5- The syntactic module calls the morphological module with the following
predicate:

verb_test(L,[A,$tur$, 540, 8 L8, 82,in._ 5125, 818,.]N).

The morphological module constructs the word "Jaal", finds the length of the
word "4, and it calls the syntactic module with the following predicate:

verb_test([$ b ] [$harl®, B har, BsnsP, 8, 518, B iB,_, 8 5185,508,,].4)

6- The syntactic module calls the end-case module with the following predicate:
asma_mnsb($y Jouied, [k, [E,8.08, $Jui$, $u b, 8,515, 83,8, $55,08,F, GJ]).

The end-case module determines the prefix "JI" of the word, and it calls the
syntactic module by the following predicate with the new parameters:

asma_mn sb ($‘1' w:[wlr‘&[ El$’JI$: $J‘"‘$ /) $fﬂ$: $; J‘$: $-’J“$J &"U$’$J$nﬂ)-

7- The syntactic module calls the morphological module with the following
predicate:

noun_test(L,[E,$:,,8,8Jui, 8ol 8,518, 82,ie8, $2i 008, 8J8,,],N).

The morphological module constructs the word "s, 41", finds the length of the
word "5", and it calls the syntactic module with the following predicate:

noun_test([$s. 8] [82./8, 8258, yni$, Gl 8,505, 82,is, 82 00 $,$J8..],5)

8- The outupt of the syntactic module is:
afD (ol Jarl LBLLSY Grias o Lty 2uks [Beume as$,[
" [5L8,2,808, $dpryo el ],
[Bsai8,[8 SonlB, 8 Jur B, B 58,8 prloB, 81,00, _, 818, 518.,],
[B1c Syndo, [ 810, [$3:15, 82,58, $fsB G B, 8,508, B,008, $25,008, S8, JITIL])-

9- The syntactic module produces the sentence "s ;¢! Jaaila".
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EXAMPLE 3

The input to the preprocessor module is:
inna_n(nom( mbtd([$$,[A,$)x,3, 8P, P, B 513, $,0.3,33,0.$,8,,C])),
khbr([%n[onﬂasssw:$r$n$$n$°ﬁ$:$=ﬁ$iet$§$ol:ﬂ)»

1- The preprocessor changes the structure of the given input into another
structure as shown below, and it determines the following information: type of

the sentence "Unsus Laasl L3l 4ol type of the first construct "ewls i 5a", type
of the second construct *jai.”, and the type of the last construct *,.a". The
preprocessor calls the syntactic module by the following predicate:

b (LJ[MF'I’ z.‘"" zé‘.b’ﬂ”A12:$a$:$é"Udz’$lu]1
[$h-*‘$l[wlf‘$l[31$lkJ$lw:$F$I$; J‘$:$JJL'$:&:I“$:C:'DM!
8. 8.85.55 [E, 51,58, 5o S, §a 6, 85,81,008, 85,55, F, 6,68, GITI).

2- The syntactic module calls the morphological module with the following
predicate:

art__test(L,[A,2,$a¢,$é-cd,$,,,],N).

The morphological module constructs the word ",I", find the length of the word
*2", and it calls the syntactic module with the following predicate:

art_test([$8],[$:66,2,8:8, 85t S08...],2).

3- The syntactic module calls the end-case module with the following predicate:
asma_mansb($a! ok, [$U]oa B, (B, S) $, $f238, $ ok, 3,508, 85,008, 25 0.8,C,, DJ] ).

The end-case module determines the prefix "JI" of the word, and it calls the
syntactic module by the following predicate with the new parameters:

asma_mansb($oloutb,[$)es®,[B,$ Jrs 8,8 03B, 5o, 8,508, 82,i08, 50 008,88, ]]).

4- The syntactic module calls the morphological module with the following
predicate:

noun_test(X,[$J1ews$,[B,$ Se,$, B Jai®, $oel®, 8,518, 81,008,825 a8, 88, JLN).
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The morphological module constructs the word "Ja ,d1", find the length of the
word *5%, and it calls the syntactic module with the following predlcate

noun_test([$-./%],
(Bt [502. 8,8 0219 8 S8, G D, 8. 5108, 83§, 825 00 B, 88, ]1.5).

5- The syntactic module calls the end-case module with the following predicate:
aSMa_Marto($,s-$,[$,5 ot$ [E,5,56,805,5-15,88,8.,0.3, 91,58, F $,:9,GJ)).

The end-case module calls the syntactic module by the following predicate with
the new parameters:

asma_marfo($,5-9, (855 pulB [E, 856,858, 80 5,88, 8,008,858, 8,8, ]])-
6- The syntactic module calls the morphological module with the following

predicate:
noun_test(X,[E,$.,58,84oai$,80el$, $8,82,i$,8: $8,,88.1.N).

The morphological module constructs the word "#2.5", find the length of the word
"4", and it calls the syntactic module with the following predicate:

noun_test([$u sl [6w55,8.58, 84ai8, 803,898,808, 81,58, 9,68.],4).

7- The output of the syntactic module is:
DIO(L[$2lsrnng Zoa 2513308, [[$589,2, 5508 $rs S 08, ],

[$fa-'-$ [$Jl,—-l$ (84278, 842,%, $,,t...$ .ﬁ._$ $f.b$ $a,u$ $u,~$ w6, J1,

8- The syntactic module produces the sentence oS daudl ol
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EXAMPLE 4

The input to the preprocessor is:
nom(mbtd([$J1eB,[A,$Jn$ PSP B8 515, $5,0.8,845,.$,8,.C]),
khbr(verb(feil{[D,$,::5,$Jx55,$.,#4$,$5,i.5,$ 5L3,$5=$.E, F),

ail([$,2053.[G. 53,85 S as sasB o, $2,008,55,5.5,L, M),
mfol[$ s$.[N, 58,508, Bhazs ;20s$,5,548,82,0.8,84,0.8,0,,PIN)))-

1- The preprocessor changes the structure of the given input into another
structure as shown below, and it determines the following information: type of

the first construct "las..", and the type of the second construct " Lalad Uas
Uy The preprocessor calls the syntactic module by the following predicate:

BIN(L[X [$lass . [$HelB A, B 18,5 J058, 5psl$, §.,5 109, 8,208, 82i,208, B, C]I,
[85-8,[$2bs g 2155,

[$0ns$.[D, 8,258, 8Ju5$,$ o108, $2,is8, 8,518, $o1%.9,E . F],

[846 68, [8,08,[C, 58,58, Jaze soasoB,, 52,08, 85ineb,L., M]]],

B dpuic8[8,08, [N 508,808, 8 fane o$,8,508,82,1:8,84,28,0,,PIIII)-

2- The syntactic module calls the end-case module with the following predicate:
asma_marfo($Lx.-,-$,[$ll,.-l$,[A,$.,tg$,$J-i$.$,-$,$f.b$.$:,&$.$b}~$,3.. cl)

The end-case module determines the prefix "JI" of the word, and it calls the
syntactic module by the following predicate with the new parameters:

asma_marfo($luzes$,[S B [A S 12)$, 51058, $sl, 8,518, 8,408, 811,208, $J8,.]])-

3- The syntactic module calls the morphological module with the following
predicate:

noun_test(X,[A,$ je,8,$yas$, 6ol 8,508,818, 82 8, 8J8,,].N).

The morphological module constructs the word "Ja 41", find the length of the
word "5", and it calls the syntactic module with the following predicate:

noun_test([ﬁkj$]l[$l}v'},$:$J?J$1$M$i$r‘$n$;"‘$:$’)‘.‘$:$8ﬂ$: $J$n]15)-
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4- The syntactic module calls the end-case module with the following predicate:

feil_am( $4ai$.[D,$¢5$,54258,8 518, 92,is8,8 518, $u15=%,E,,F]).

The end-case module determines the suffix "«" of the word, and it calls the
syntactic module by the following predicate with the new parameters:

feil_am( $4:8,[D,$:0:8,9as$,8, 18, 82,i08,8 518, 8,508, 558)).

5- The syntactic module calls the morphological module with the following
predicate: )

Verb._teSt(x:[ D, r$}‘3$) $J“$: $(;* ‘-'$;$-bi¢$. $; 'L’$: WJ 29 $‘$] ) N) .

The morphological module constructé the word "4 4cJ", find the length of the
word "5", and it calls the syntactic module with the following predicate:

Verb_test (X,[$‘Z}‘3$; $,)‘3$: $J‘“‘$:$‘f"b$:$-’ﬁ$ :$; J‘$: $‘OK=‘$:N$‘;$]! 5) .

6- The syntactic module calls the end-case module with the following predicate:
asma_.m a’f o( $J‘ w:[$#-"$:[ G:M: $¢$y$¢}"=‘ M)JI$:J.“’$I&:}‘.$’L" W) i

The end-case module calls the syntactic module by the following predicate with
the new parameters:

asma-ma’f o($J‘L$'[$J."-"$'[$‘.’$' $:5,88, $J""" ,,-—'I$,J,$:,io$,$ﬁ,u$,,,ﬂ).

7- The syntactic module calls the end-case module with the following predicate:
asma_mnsb($y Jyais[$ B [N, 509,808, 8 bazs oain$, $5L8,55,is8,82i,0.8,0,,P]])-

The end-case module calls the syntactic module by the following predicate with '
the new parameters:

asma_m nsb ($‘¥ JM[$M)[$‘$: $‘$}$‘$J$J-ﬁ:-‘ J.-‘-'A$:$; -(‘$: $-’Ji‘$l $‘.~’;"‘$::l,”)'



78
8- The output of the syntactic module is:
bim([$x,es Se BT IBLS 0 ZeanelS,
[$b-.-$,[$Jl,-t$.[$J’J$.$Je;$,$4-o‘$.$,.-$,$;.a$,$a,b$,$ﬂ,~$,w$.JII,
[ FECHL > X )
[BniS 81038, 80058, BUni$, B B, B2, 8,508, Gt B8]
[51565,[8,eaB,[$8, 58,98, B faze oaBi), $2,isB, 855 bl
[By Jynie$,[6 i [ 808,808,808, B fazs soair$, 8,508, 52,008, 825,005, 1)

9- The syntactic module produces the sentence "Gyes Ja Al
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EXAMPLE 5
The input to the preprocessor module is:
nom(Mbtd([$J1e=tB,[A, $,$, S, S B, 8 508,85,05,$33,0.3,B,,Cl)),
khbr{verb(feil([D, 553,558, 8p b8, $.0.5,5 508, $.5U$,E, F]),
fael($,s8.[0,P.G,$ 5w asB,H, 1, $25,0.8,L,8$,K]]),
MIOIS B, (L, $ 508, $bnci$ BB, 23345, $5,008, 523,05, M,55.N11))))

1- The preprocessor changes the structure‘of the given input into another
structure as shown below, and it determines the following information: type of

the first construct "las.", and the type of the second construct " Lulas iaa
... The preprocessor calls the syntactic module by the following predicate:

bam(L,[X [$lie$,[$HpaB.[A, $ S s 5, 51055, $osF, 8,58, 8,108, 88, B,,CIll,
[$05-8, [Py 11058, [$,5038,[D, 853, 8 Jni$, $p 12008, 81,008, 8,508, 5 8,E..F],
[84:68,[8,0058,[O,P,G,8 2ms yowir$,H, 1,55 048, L,,K]I]
[8 JyainS [Bl et [L,8)LB, Bifri B, Fie 5, 525328, 82,208, 825,008, M, 8,58, N] J]. Rem)

2- The syntactic module calls the end-case module with the following predicate:
asma_ma’fo($’.L’,‘$,[$J’r-‘$,[A,$J,’J$,w,$‘-n$,$;.L$,$),I;$,$Zl}u$,3"Cﬂ).

The end-case module determines the prefix "JI" of the word, and it calls the
syntactic module by the following predicate with the new parameters:

asma_marfo($luz$,[$liB,[A,$)e, 8, 8Jni®, 5o 8,8, 508, 82,08, 11205, 5J8..]]).

3- The syntactic module calls the morphological module with the following
predicate:

noun_test(X,[A$ je,$,$ui$, 5,8 5108, 52,008, 813,003, 8J8,.].N).

The morphological module constructs the word "Ja 1", find the length of the
word "5", and it calls the syntactic module with the following predicate:

noun_test([$e 8] [84e)9,8rs$,540s8, 88,8518, 82,108, $1i,008,8)8,,],5).
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4- The syntactic module calls the end-case module with the following predicate:

feil_am($u$, (0,559,958, 8p Las®,$2,is8, 8,508, 515, E,$8,F]._).

The end-case module determines the prefix "s" of the word, and it calls the
syntactic module by the following predicate with the new parameters:

feil_am($ui$, D, 5,55, 5058, By L8, $2,.8,9,51.8,5.1:5,5,58,99].).

5- The syntactic module calls the morphological module with the following
predicate:

verb,_test(X,[D,$55, 948,85 Larb, 82,08, 8 508,858,859, 58], N).

The morphological module constructs the word "< ,", find the length of the
word "4°, and it calls the syntactic module with the following predicate:

verb_test([B B [$e5iel 5578, 5ui8 By a8, 81,008,818, 8.8, 868,55, 4).

6- The syntactic module calls the end-case module with the following predicate:
asma_mal‘fo($Jsb'$,[$_,,..‘o$,[O,P ,G.$,,’-=-' ,—:—.'$:Hs,:$aﬂ$sL:$s’<ﬂ)'

The end-case module calls the syntactic module by the following predicate with
the new parameters: )

asma_maffo($.}=l‘$.[$,.-'f$:[o,P :Gx$ﬁ=—-’ M)Hy In&”::wyﬂ)-

7- The syntactic module calls the end-case module with the following predicate:
asma_mnsb($y Jyais$,

[&.”ru$,[ L,$JL-$:$J“.-"$:$‘O-‘$:$-‘0:;‘$: $’Ji‘$:$z;ﬂ$: M:$§5$JN1]) .

The end-case module determines the suffix "3", prefix "JI" of the word, and it
calls the syntactic module by the following predicate with the new parameters:
asma_mnsb($« Jaisd,

[BiomsiB L, 3,5, $ifae B, o B, 82358, 82,08, 824 0, BB, 858, 58]

8- The syntactic module calls the morphological module with the following
predicate: '

NOUN_test(X, [$)mi$,[L, 8,8, 8 408, Soe B, 82358, 8 2,108, $14,00 5, $J5, 8,8, $:8]] N).
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The morphological module constructs the word "3 ;L I", find the length of the
word "7", and it calls the syntactic module with the following predicate:

noun_test([$, L], _
[t [$5, it 8,18, $ifa i B, el B335, 82,008, 521 0§, 8J8, 855,851, 7)-

g- The output of the syntactic module is :
bam([$s)etl o5 Jr /B [555 0 Zpaek$,
[l [S)elB.[8, 1015, 8,48 B 1058, G, 8,518, 82,205, 825,08, 896, ]I,
(859, [$ermy L1058, _
U [P BB S B Line$, 81,008, 8518, 5, 18,8,68,88.FT]

[328,[$,e o8 [O,P,G,8 55t ronio8,H, 1,825,008, ]
[B¢ Jyaic$,
(8.5, 8,08, 8 00 B, $u 6, 52558, 8,08, 830008, 86, 5,68, 5581 )

10- The syntactic module produces the sentence "3 lawdl S 5 Ja 1"
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CHAPTER IV

CONCLUSION AND FUTURE WORK

In this research work we have designed and implemented a sentence
generator (ASG) of Arabic sentences. The system can be easily
geared towards any other related system or application since it has

been built as a module.

The research consists of two components: design of ASG, and

integration of ASG into NAUS.

ASG involves synthesis of morphological constructs, and syntax.
As morphological constructs are affected by their syntactic roles
and end-case grammar rules of Arabic, ASG incorporates end-case

rules of Arabic in the construction of words and sentences.

ASG is composed of four main modules: preprocessor module,

end-case modulé, morphological module, and syntactic module.

Integration of ASG into NAUS involves the determination of the

interactions of ASG with other modules of NAUS. The syntactic
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module in ASG, is the module that controls a proper sequence of

interactions with other modules.

In the construction of a sentence, the syntactic module passes
each element in the sentence along with its attribute list to the end-
case module in order to determine its end-case mark. This end-case
mark is added as an affix to the list of atiributes of the element and
is sent back to the corresponding syntactic module. Then the
syntactic module forwards each element along with its new
compiled attribute list to the morphological module to construct the

word in its final shape.

With respect to the implementation of ASG, we took the
advantage of the already developed modules of NAUS by integrating
the generation modules (syntax, morphology, and end-case

syntehesis) with corresponding analysis modules of NAUS.

The Arabic Sentence Generator was tested heavily using a large
set of sentence meaning representations of different types and
complexity. Section 3.5 shows some examples. The source code size

of the ASG, including documentation, was about 541 KB.
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For future work, it is suggested to integrate the generator into

some other Arabic applications such as systems for teaching or
learning Arabic, and translation systems. Furthermore,
determination of the style of the text produced is an important area

of research and requires further investigation.



APPENDIX (A)

Program Sample Segments



/*-_..; e e e e e - ae e omm me i am = ae teie e miem e e s . . - . - - . - . */I

/% *x/
i ¥ PREPROCESSOR MODULE PROGRAM I
/% %/
/% . P 3
SR m o m e e e e - - - 3
start
knowledge, /*¥ get a sentence meaning representation ¥/

restructure_find_type(T2),
syntactic calls(Flag,T,Tl).

restructure_find_type(L) :-
key(1,K), nref(K,R), [! go_throught the list{ik,[i,L)'!.

go_throught_ the_list(R,C,T2) :-
instance(R,T),
ifthenelse((T==bfb;T==$,-3%; T==ta,jb; T==ann; T==zaftn; T==nan}j,
{nab(C,T,T1)) , (add{(C,T,T1l))),!', nref(R,Nr}
ifthen( (var(Flag)), (go_throught the list(Nr,Ti,T2}) ;.

nab(C,T,Tl) :-

ifthen((T=$,3%;T=$dtd$) (IT,|D}]I=[{T,C|, T2={T.D}|, TI=iT2}) ),

ifthen{(T=bfb, |A,B,D|=C), (T2=}| $8%b- &Jcd$, 6 |{A,B,Ef},B},TL=T2}},

ifthen((T==bfb,var(T2)), ((lA,B]=C,T2=|$8bows b2ecd$ |A,B, |1,
Ti=|T2}); (1A,B,D]=C,T2=|$0buurs Stedg, {A,B.D, J].TL-1%21;)5,

ifthen((T==$dbous Suowt$), ((|A,B,D,E}=C,T2=|$0buws domal$ A, B},

Ti=1T2,D,E}); (add(C,T,T2), T1={T2}})},
ifthen((T==nan), (add(C,N,T2), Tl={T2]) >,

ifthen((T==aan; T==afn; T=nfn; T==ann), (T2=}N,C}, TiI={T2}}),
ifthen((T==tajb), ({|A,{B,|E,F, |}|=C,T2={$sae> 0§, {A,E,F, |!,
T1=T2)).

syntactic_calls(¥Flag,T,{T1l}) :-—-
Flag=t, (
(T== $dbous dewl$, jmlhl(L,T1) );

(T== btb, jmlh2(L,Tl1) );

(T== nfn, ( jmlh7(L,T1);jmlbh6(L,T1l); jmlh2(L,T1});jmlh3{L,TL)) );
(== nan, ( jmlh4(L,T1);({T2,T3,T4]=TL, jmlh4(L,|[T2,[T3,T4]})};
jonlh8(L,T1); jmlbb(L,T1); jmlhl(L,T1)}));

((T== afn; T==ann), (jmlh3(L,Tl);jmlh7(L,T1)));
((T== aan; T==ann), (jmlh4(L,T1);jmlh8(L,T1)))),



verb(X,Y) :—member(X,|[feil(_),fael(_)1}},
member(Y,|feil(_),Tael(_),mfol(_}}),
recorda(l,bfb,A), X,Y.

1

verb(X,Y) :-
recorda(l,anfn,A), X,Y.
verb(X,Y,Z) :-
member(X,|{feil( ),fael( }j),member{Y,{fetli{_}
fael( _)]),member(Z,|feil(_),fael(_),mfol{_j;
recorda(l,bfb,A), X,Y,Z.
verb(X,Y,Z) :-
recorda(l,nfun,A), X,Y,Z.
nom(X,Y) e
member(X, |mbtd{}l_:_|)},kbhbr{i _{_i)l},
member(Y,{mbtd(i_ ! _J),khbr{}{_.:_})1i),
recorda(l, $obowus Samwl$, A}, X,Y.
nom(X,Y) :-—
recorda(l,nan,Al), X,Y.
nom{X,Y,Z) -
recorda{(l,nan,Al), X,Y,Z.
feil (X)) :~ X={_i1_}, Y=|$¥=3$,X], recordai{l,Y,B8).
fael (X) :- X=} !}, Y=[$der9$ X}, recorda(l,Y,Bblj.
fael(X) :—~ recorda(l,$l2=ta$,B6), X,
recorda(l,$]1$,B9).
mbtd(X) - X={_i_}, Y=|$1xe$,X], recorda(l,Y,Bb2).
khbr(X) = X=|_i_], Y=|$8,X], recorda(l,Y,B7}.
khbr(X) :~ recorda(l,$,+$,B6), X.
mfol(X) 1= Y=[$2 Josidsy  X], recorda(l,Y,Bb3).
atf(X) :- recorda(l,X,A).

jr_mjror{X) :- recorda(l,|$ossse9 Lt=2$,X],B10).

esm_nkra(X) :- recorda(l,|$d,5% wawt$,X],Bl).



bab(L, [$8brur Suewl§, [ $To2ue$, Nom), | $3$,Pred) | ,Rem) :-—
mbtda(L,Nom,[Jusl,Hall,_J,Reml),
khbr(Reml,Pred,lJnsZ,HalZ,_],Rep),
ptchjb([Jnsl,Hall],[JnsZ,Hal2J,[Jns,Ba1]).

mbtda(L,Nom,Jhua,Rem) :- rmbtda(L,Nom,Jhun, Rem).
rmbtda({L1:L2),Ninfo,Jhmn,L2)- ;- esm_alm(Ll,Ninfo,Jhmn).
rmbtda(lLl:LZJ,Ninfo,Jhmn,LZ) :—~ esm_al(Ll,Ninfo,Jhmn).
rmbtda(LLllLZJ,Ninfo,Jhmn,LZ) :— dameer(Ll,Ninfo,Jhmn).

esm_nkra(l, [$5,5% awlg,
[Wrd,Rt,De,$4mf$,Jns,Ha1,$§Ab$,Prfx,Infx,SijJ,
|Ins,Bal,$0,85¢)) :-
ifthen( (\+ var(L)) , (length(L,N)) ),
noun_test(L,[Wrd,Rt,De,Hal,Jns,Prfx,Infx,Sfo,N),
\"' member(f’rfx, [$3$7$’:’$:$"$1 $'$$s $'°$s $-”'$) $-L'$:$'.'.9$3
$43$»$53$.$#3$,$Ji$,$5&$.$J'3$.$*“'$, )
$'L,.9$ s $"”"b$ s $"L"§$ 3 $J '$$ > $'"‘1’$ ’ $“"‘.‘.9$ > $‘Jt"'-9$ ’
$ItaBg , $I8D5 ] ),
\+ member(Sfx,[$g$,$$$,$5$,$t3$,$lab$,$fé$,$ah$,$éb$1).

esm_eshara(L, [ $8,13t awig,
[Wrd,ltt,fle,$6¢ml M'$,JBS,H81,$.5-6J3-°$,$$,$$,Sfx‘|],
[Jns,ﬂa1,$&§‘)€a$1) Hin ’
! ifthen({ \1 var(L)),(length(L,N)) ),
art_test(L,lWrd,Rt.De,séJt&'-ud$,$$,8fo,N)!J,
hal_jns(De,Jus, Hal).

esm_al(L,|$It awt$,[Wrd,ut,De,$du?$,Jns,Ha1,$&tmw$,Prfx,Infx,SuJJ,
lIns,Hal,$d95,c0$|) :~
ifthen(\+ (var(L) ),( length(L,N)) ),
noun_tesL(L,[Wrd,Rt,De,Hal,Jns,Prfx,Infx,SuJ,N),
member(Prix, | $3t3$, $<I1$, $oumadt§ ),

esm_almn(L,|$ede wwt$, |Wrd,Wrd,Wrd, $alc «wwt$,Jns,Hal, $8o,00$,$4$,$3,$$1 1,
[Jns,Bal,$83,c08)) -
l!Ist_word(L,Wrd),alm(Wrd,[Jns,HalJ)!J.

dameer(L, | $Modue oy,

' ’ |Wrd,Rt,De, $dado wwb$,JIns, Hal, $ 8o ee, $$,$$,SFx] ),
lIns,Hal,$8dcag]) :-
! ifthen( (\+ var(L)),(length(L,N)) ),
art_test(L,[Wrd,Rt,De3$Jﬂﬂw sdd,$$,SFx),N),
hal_jns(De,Jns,Hal)! ],



bfb({L1:!L2}, [Noml,Nom2,Nom3],Rem)
[!feil(Ll,[Typ,_],Noml,Lsfxl)!j,
ifthen( ( var(L2)),
(lX.Nom]=Nou2.asma_marfo(x,Nnm),Nom2={X,Noml }),
fael(Lsfxl,L2,Nom2,Jhmn2,L3,[$$J),
tbi_fli(L3,Nom3,Jhmn3,Rem),
[X,Nom]=Nom2, asma_marfo(X,Nom).

bfb(|L1!L2], | Noml,Nom2, Nou3,Nom4 |, Rem) )
[!feil(Ll, [Typ, $wocwl$ ], Noml,Lsfx1)" ],
{! ifthen( ( var(L2)),
([X,Nomj=Nom2,asma_marfo(X,Nom),
Nom2=[X,Nom| )) !},
fael{Lsfx1,L2,Nomn2,Jhmn2, L3, Lsfx2),
[t ifthen( ( var(L2)),
([M,Nom7I=Nom3,asma_marfo(M,Nom7),
Nom3=[M,Nom7} )) '],
mfol (Lsfx2,L3,Nom3,Jhmn3, L4, [$$]),
tbi_fli(L4,Nom4,Jhmn4,Hem),
[X,Nom)=Nom2, asma_mearfo(X,Nom),
(M,Nom7 |=Nom3, asma_mnsb (M, Nom7).

bfb_feil([Ll:LZ],[NOml,NomZ,NomS,Nom4,Nom5],Rem) : -
[!feil(Ll,[Typ,$em=w2$1,Noml,Lsfxl)!],
fael(Lsfxl,L2,Nom2,Jhmn2,L3,Lsfx2),
mfol(Lsfo,L3,Nom3,Jhmn3,L4,Lsfx3),
mfol(Lsfx3,L4,Nom4,Jhmn4, L5, [$$]),
tbi_f1i(15,Nom5,Jhmn5, Ren),
[X,Nom]=Nom2,
asma_marfo(X,Nom),
[M,Nom7)=Nom3, asma_mnsb (M, Nom7),
[M1,Nom77]=Nom4,
asma_mnsb (M1, Nom77).

bfb_feil([thLZJ,[Noml,Nom2,Nom3,Nom4,NomS,NomSl,Rem) P =
[!feil(Ll,[Typ,$eN=w3$j,Noml,Lsfxl)!J,
fael(Lsfxl,LZ,NomZ,Jhmnz,L3,Lsfo),
mfol(Lsfx2,L3,Nom3,Jhmn3,L3,Lsfx3),
mfol(Lsfo,L4,Nom4,Jhmn4.L5,Lsfx4).
mfol(Lsfx4,L5,Nom5,Jhnn5, L6, [$$]),
tbi_fli(LS.NomG,Jhmnﬁ,Rem).
X, Nom]=Nom2, asma_marfo(X,Nom),
[M1,Nom7|=Nom3,
asma_mnsb (M1, Nom?7),
IM2,Nom77 | =Nom4,
asma_mnsb (M2, Nom77),
[M3,Nom777]=Non5,
asma_mnsb (M3,Nomn777).



bfb_feil(lLl:L2J,{Noml,NomZ,NomR],Rem)
[!feil(Ll,lTYP-$fN=wl$J,Noml.Lsfxl)!l,
naeb_fael(Lsfx1],L2,Nom2,Jhmn2, L3, |$3]),
tbi_fli(L3,Non3,JhmnS,Rem),
[X,Nom|=Nom2,
asma_marfo(X,Nom).

bfb_feil(lLl:L2J,[Noml,NomZ,Nom3.Nom4j,Rem) :--
[!féil(Ll,[Typ,$ed=“2$}.Nom],Lsfxl)!L
naeb_fael(Lsfxl,L2,Nom2,Jhmn2,L3,Lsfo),
mfol(Lsfo,L3,Nom3,Jhmn3,L4,l$$]},
tbi_fli(L4,Nom4,Jhmu4,Rem),
[X,Nom]=Nom2,
asma_marfo(X, Nom),
|M1,Nom7 |=Nom3,
asma_mnsb (M1, Nom7).

feil(L,[Typ;Lm],lstbs,FinfoJ,Lsfx) i
ifthen( (\+ var(L)),
(length(L,N)) ),
verb_test(L,Finfo,N),-

"xtrct(10,Finfo,S81x),
word_lst(Sfx,Lsfx),
xtrct(4,Finfo, Typ).

fael(Lsfx,L,[$J&'i$,Nomj,Jhmn,Rem,Lsfx) 1 -
[! khbr(L,Nom,Jhmn,Rem) ! |.

fael(Lsfx, L, [$dctig, [ $ uad$,
[_._,_,$¢=hwawﬁ$,_,_.$&iﬁw$,$$,$$,$$JJJ,
[Jns,Ha1,$5%ﬁu$j,L,Lsfx) s -
i lst_word(Lsfx,Sfx),

member(Sfx,
[$$,$ﬁﬁ$,$5$.$'3$:$5$,$'A3$.$'4$$.$’4$,
$o2¢, $-23, $ $$,$h$$,$'h5$,$fﬂ15$.$‘3$$,
$-as$, $acd, $1aug, $agess » $tD29a5$, $adgasy
$29058, $tadgasy ] ).

fael(Lsfx,L,[$Jhlb$,Nomj,Jhmn,Rem,Lsfx) HE
[!khbr(L,Nom,Jhmn,Rem)!J.

mfol(l$$) v L, [$2 -l9cdo$ , Nom ] thmnaRem:_) -
khbr(L,Nom,Jhmn,Rem).



aab (L, [$3buws Ssaw b8t g1, L[$rces,Nomj, 1$3%,Pred] ] |,Rem) :-
mbtda(L,Nom,[Jnsl,Hall,_J,Reml),
khbr_dth(Reml,Pred,[JnsZ,HalZ,”J,Rem),
mtchjh([Jnsl,HallJ,[JnsZ,HalZJ,[Jns,Ha]J).

aab(L, [$0bruy Saawldastgoty, || $295m$, Nom] , | $wa8, Pred til,Rem) : -
nbt_dth(L,Non,[Jnsl,Ball,_l,Reml),
khbr_dwtl(Renl,Pred,[JnsZ,HalZ,_],Rcm),
mtchjh([Jnsl,HallJ,[JnsZ,HalZ],(Jns,Halj).

aab(L, | $3buuy SaawlBaotg g, [ [$,238,Pred], | $155008 ,Nom] | |, Rem) :—
khbr_dth(L,Pred,[Jnsl,Hall,_J,Reml),
khbr_dwtl(Benl,Nom,[Jns2,ﬂalZ,_],Rem),
ntchjh([Jnsl,Hallj,[JnsZ,HalZ],lJns,Hall).

- aab(L, [$3bauy Baowldaaigany, [ [$4a8,Pred], l$122c$ ,Nom| | | , Rem)
khbr_dth(L,Pred,[Jnsl,Hall,_j,Beml),
mbt_dwtl(Renl,Nom,lJnsZ,HalZ,_J,Rem),
mtchjh([Jnsl,Hall],[JnsZ,HalZJ,[Jns,HalJ).

aab_mwkda([Ll:LZ],LNoml,NomZ],Rem) T
. [tinna(Ll,Noml, [$$])!], ifthen( (var(L2)),(
[;,[Yl,Y2],lZl,ZZJJ=Nom2, asma_mnsb($It il Y2),
asma_marfo($=t ,34$,22), Now2={_,[Y1,Y2],121,22}))),
bab(LZ,NomZ,Rem),-adat(Noml,_),
[_,[YI,YZJ,[Zl,ZZJ]=Nom2,
asma_mnsb ($=? “wt$,Y2),asma_marfo($=t a$,22).

-mbt_dwtl(L;Nom,Jhnn,Rem) :— mbtda(L,Nom,Jhmn,Ren).
mbt_dwtl(L,Nom,Thmn,Rem) :- mbt_dwt2(L,Nom,Jhmn, Rem).

jr_mjror([thL4],[$Juueﬁs.ﬂe$,lNom1,Nom2]J,Rem) $-
{thrf_jr(Ll,Noml,L3),
_ifthenelse((L3==[$$]),(L2=L4),(L2=[L3:L4]))!],
i_fi:hen(_(var(L4)),(asma_m.)'l‘v.n‘($.;.9.»=3--° «ul$ Nom2)) ),
mbtda(LZ,NomZ,Jhmn2,Rem), adat (Noml, ),
asma_mjrqr($4@a9a «ul$, Nom2).

eghra_dwt(L,{Noml,Nom2,Nom3J,Rem) ‘= Lfmbt_dwtl(1L,Noml,Jhmn,L2),
brf_waw(L2,Nom2,13)!],
ifthen( (var(L));(asma_mnsb($éyua$,Nom3)) ),
mbt_dwtl(LS,Nom3,Jhmn,Rem),
asma_mnsb ($oidt 2 00is Sgbae Jod e AL Jocos$ Noml),
adat(Nom2,_), asma_mnsb ($5sbest, Non3) .

aab_estfhm([thLZJ,[ls*ka$,Nomlj,[$J¢é$,Nomsz,Hem) -
ifthen( (var(LZ)),(esm_marfo($”¢%w$,Noml,m)) ),
esm_estfhm($-w$,Ll,Noml), ,
ifthen( (var(LZ)),(asma_marfo($Jeé$,Nom2)) Vs
khbr_dwtl(Lz,NomZ,Jhmn,Rem),
esm_marfo($?¢;w$,Noml,_),asmammarfo($Jeé$.Nom2).



afb([L1!L2], [$obwes 3u3lgot dulcsd, [Noml,Nom2,Nom3]|,Rem) :-
[tfeil(Ll, [Typ,_J,Noml,Lsfxl)!],
ifthen((var(L2)),
([X,Nom]=Nom2, asma_marfo(X,Nom),Nom2=[X,Nom])),
fael_adwt(Lsfxl,L2,Nou2,Jhmn2,L3,[$$J),
ifthenelse( (var(L3),var(Hom3)),(HemeS),
(tbi;fli_adwt(LS,Non3,Jhmn3,Rem))),
{X,Nom|=Nom2,asma_marfo(X,Nom).

afb({L1!L2], [$F Sbuw algor 8+tcd$, [ Noml; Nom2,Nom3, Nom4d | | ,Rem) : -

[!feil(Ll, [Typ, $=>c=e1$],Noml, Lsfxl)"’ I,

ifthen( (var(L2)),
([X,Nom]=Nom2,asma_narfo(X,Nom),Nom2=[X,Nom],
[M,Nom7J=Nom3,asma_nnsb(M,Nom7). Nom3={M,Nom 7])),

fael_adwt(Lsfxl,LZ,NosZ,Jhmn,L3,Lsfx2),

mfol_adwt(Lsfo,L3,Nom3,Jhnn3,L4,l$$]),

tbi_fli_adwt(L4,Nou4,Jhmn4,Rem),

[X,Nom]=Nom2, asma_marfo(X,Nom),

{M;Nom7 | =Nom3, asma_mnosb({(M,Nom7).

afb({L1iL2], [$V 3bus dustgat Slesg,
[Noml,NomZ,NomS,Nom4,NomSlJ.Rem) :
l!feil(Ll,lTyp,$gaﬂwﬂsj,Nom].Lsfx])!j.
fael_adwt(Lsfxl,L2,Nom2,Jhmn2,L3,Lsfx2),
mfol_adwt(Lsfo,L3,Nom3,Jhmu3,L4,Lsfx3),
mfol_adwt(Lsfx3,L4,Nom4,Jhmn4,L5,I$$l),
tbi_fli_adwt(LS,Nom5,Jhmn5,Rem);
lX,Nom|=Nom2, asma_marfo(X,Nom),
[M,Nom7 ] =Nom3, asma_nmnsb (M, Nomn7),
[(M2,Nom77 |=Nom4, asma_mnsb (M2, Nom77).

afb([L1IL2],[$¢ Bboue Buotgor Boless,
[Noml,NomZ,Nom3,Nom4.Nom5,Nom6]j,Hem) T
[!feil(Ll,[Typ,$gaﬂwﬁ$JJNom1,Lsfxl)!],
fael_adwt(Lsfxl,L2,Nom2,Jhmn2,L3,Lsfo),
mfol_adwt(Lsfxz,L3,Nom3,3hmn3,L4.Lsfo),
mfol_adwt(Lsfx3,L4,Nom4,Jhmn4,L5,Lsfx4),
mfol_dwt(Lsfx4,L5,Nom5,Jhmn5,L6,l$$J),
tbi_fli_adwt(LS,NomG.JhmnG.Rcm),
X, Nom]=Nom2, asma_marfo(X,Nom),
(M, Nom7 | =Non3, asma_mnsb (M, Nom7),
[M2,Nom77 J=Nom4, asma_mnsh (M2, Nom77),
(M22,Nom777)=Nom5, asma_mnsb (M22, Nom777).

afb([L1!L2), [$6 Bbouu oot ot Q*kﬂ$,[Noml.Nom2,Nom3JJ.Rem) : -
: [!feil(Ll,[Typ,$eN¥wl$J.Noml,Lsfxl)!J,
naeb_fael_adwt(Lsfxl,L2,Nom2,Jhmn2.L3,|$$IL,
tbi_fli_adwt(L3,Nom3,Jhmn3,Rem).
[X,Nom]=Nom2,
asma_marfo(X,Nom).



afb([L1:12],[$7 Sbous dtgol 8_Jc3$, [Noml,Nom2,Now3,Nom4 ] ],Rem): ~
[!feil(Ll,[Typ,$fﬂ=vﬂ$},Nom],Lsfxl)![,
naeb_fael_adut(Lsfxl,LZ,NomZ,Jhmnz,LS,Lsfo ),
. mfol;adwt(Lsfo,LS,Nom3,Jhmn3,L4,l$$J),
tbi_fli_adwt(L4,Nom4,Jhmn4,Rem),
[X,Nom]=Nom2, asma_marfo(X,Nom),
[M,Nom7 ] =Nom3,asma_mnsb(M, Nom7).

afb(lLl:L2]9[$° Sbhaus Bustgot Slcsg, '
{Noml,Nom2,Nom3,Nom4,Nom5} | ,Rem) :
{tfeil(Ll, [Typ, $=woew3$],Noml,Lsfxl)! ],
naeb_fael_adwt(Lsfxl,L2,Nom2,Jhmnz,L3.Lsfxz ),
nfol_adwt(Lsfo,L3,Nom3,Jhmn3,L4,Lsfx3),
nfol_adwt(Lsfo,L4,Non4,Jhmn4,L5,[$$J),
tbi_fli_adwt(L5,Nom5,Jhmn5. Rem),
[X,Nom]=Nom2, asma_marfo(X,Nom),
{M,Nom7}=Nom3, asma_musb(M,Nom7),
[M2,Nom77 | =Nom4, asma_mnsb (M2, Nom77) .

afb(L, [§1 Byooe Bbuwy Gadlgot Soded, [$-acs btaa$,Nom! | ,Rem) :-
ma_tfdeel(L,Nom,Rem).

afb(L, [$¥ B0 Bbuu, Bavbgot Bdedg, [$5T Stea$,Nom||,Rem) :-
afb2_an(L,Nom,Rem).

afb(L, [$£ Syowe dbuws SuSPgol ddess , | $otadiuwt olaa$, Nom} | ,Rem): -
afb2_estfhm(L,Nom,Rem).

afb(L, [$6 Byos Bbaws Bu3lgol. Sled$, |$awd Sleag,Nom||,Rem) :-
afb2_gasam(L,Nom,Ren).

ma_tfdeel([Ll,LZ:L3J,[Noml,NomZ,NomS,Nom4J,Rem) s -
ifthen( (var(L2)), (esm_marfo($rt>e$,Noml, ),
feil_au($—acs Asads Jedg, Nom, ),
Nom2 = |[N,Nom])), ma(Ll,Noml),
feil(L2, [$-=21a$, $wacea3$ |, Nom2, LsTx2),
mfol_adwt(Lsfo,L3,Nom3,Jhmn3,L4,_),
tbi_f1i_adwt(L4,Nom4,Jhmn4, Rem),
esm_marfo($'tows,Noml, ),
[N,Nom]|=Nom2, feil_am($-ac>s -Lwads Jeig,Nom, ),
irab_jmlh($ o8 &3y dan b §,$ sdtett Jodit dtaag) .

ma_tfdeel([Ll,LZ,LS:L4j,lNoml,NomZ,Nom3,Nom4].Rem)
ma(Ll,Noml), feil (L2, [$=219$,_],Nom2,_),
an(L3,Nom3), afbl(L4,Nowm4,Rem),
esm_marfo($'towwes,Noml, ), {N,Nomj=Nom2,
f_madi(N,Nom,_),
irab_jmlh($ s £, Jaw = §,§ woledt Joatt dtant ),
adat(Nom3,_), [N4,Nom44]=Nom4, f_mansob(N4,Nom44,_),
irab_jmlh($ U ] Jodd Ao JJ.:.EM 0l Jdas b b
$-ictiJig AcbJt g St e S9leedt sooadt gf ) .



afb2_an(|L1:!L2], || $t>w$,Noml,Nom2 ], [ $,~3%,Nom3| |, Rem) :-
an(Ll,Noml),
ifthen( (var(L2)),({_,{B1,E2!_]|]|=Nom2,
{F1,F2)=El, f_mansob(F1l,F2,_), EBl=|Fl,F2},
Nom2={_,|E1,E2!_|j, asma_marfo($,3$,Nom3,_))),.
bfb(L2,Nom2,L3),khbr dwtl(LS Nom3,Jhmn3, Rem),
adat(Noml, ), ;
[_,[(E1,B2:_|]=Nom2,
[Fl,F2]=E1,
f_mansob(F1l,F2,_), A
irab_jmlh($ Toow 3, Jow 5§,
$ActdStg Jedilg Mt e JgBadt omaaldlgd).
asma_marfo($,25$,Nom3,_).

afb2_an([L1!{L2], [[$"?>w$,Noml,Nom2], [$~3$,Nom3 ] ],Rem) :-—
an(Ll,Noml), afbl(L2,Nom2,L3),
khbr_dwt1(L3,Nom3,Jhmn3,Rem), adat(Noml,_ ),
{_,[ LBl,E2}!_]]=Nom2, |Fl,F2]=El,
f_mansob(F1l,F2,_),
irab Jlllh($ MoIme £Dy  Jas D $,
$..!.cl.§.ll3 deadtg St e Jolhedt Lowwedigd) .
asma_marfo($,-4¢$,Nom3, ).

afb2_an([L1,L2.L3],[[sﬁaews,Noml,NomZ,NomSJ,[$J+5$,Nom4]],ﬁem) T-
an{Ll,Noml), la(L2,Nowm2),
afbl(L3,Nom2,L4), [I$t3$!_),_]=Nom2,
khbr_dwtl1l(L4,Nom4,Jhmn3, Rem),
adat(Noml, ), .
adat(Nom2, ),

[N2,Nom22 j=Nom2,
f_mansob(N2,Nom22, ), _
irab_jmlh($ Mooow o3, Jaw 5§,
$letiSty Jdoddtg St e Jofadt ooedlgh).
asma_marfo($,+$,Nomd, ).

afb2_estfhm((L1liL2], [Ninfo,Nom|,Ren) :-
hl{(Ll,Ninfo), adat(Ninfo,_),
((bfb(L2,Nom,Rem),{_,[F1,F2)!_J=Nowm,feil am(F1l,F2,_ ) );
(afbl(LZ,Nom,Rem),[_.[Fl,FZJ:_j=Nom,feil_am(Fl 52 23
(afb2_feil(L2,Nom,Rem),[[$-?$: _|,Nom2|=Nom,
irab_jmlh($ osce o, Jaw o,
$dctdity Jebitg S e Jgladt yowedled)) ).

afb2_estfhm([L1!L3],[Ninfo,Nom},Rem) :-

hamza(Ll,Ninfo,L2),

adat(Ninfo,_), .

((bfb(L2,Nom,Rem),| ,{F1,F2):!_j=Nom,feil_am(FI1,F 2, ));
(afbl(L2,Nom,Rem),{_,[(F1,F2]:_j=Nom, feil_am(Fl, F2,_));
(afb2_feil (L2,Nom,Rem), [{$~1$!_|,Nom2 | =Nom,

irab_jmlh($ ‘tolwe 3, Jdas o §,

¢ intdita dedite S Se Jabel! Lowaedlag)) ).



afb2_estfhm([L1:L2]}, [Nlnfo,NomJ Rem) :-
esm_estfhm($-w~$,L1l,Ninfo), eswm_marfo($135se$,Ninfo, ),
((bfb(L2,Nom,Rem), [x [[F1,F2}:_}])=Nom,feil_am(Fl,F2,_));
(afbl(LZ,Non,Rem),[X,[l?l,FZ]:_JJ=Nom,fei1_am(F1,F2,_));
afb2_feil(L2,Nom,Rem), |X:_J}=Nom),
irab_jmlh($,2 =5, Jdas 0 $,X).

afb2_estfhm([L1:L2], [Ninfo,Nom|,Rem) :- .
esm_estfhm($!~$,L),Ninfo),
asma_mnsb ($e330 2 Jacaed Ninfoj,
((bfb(L2,Nom,Rem), [X, [ F1,F2]! |]=Nom,feil_am(F1,F2,_)
(afbl(L2,Nom,Rem), (X, [F1,F2]!_|}=Nom,feil_am(F1,F2,_)
afb2_feil(l2,Nom,Rem), {X:_]=Nom).

.
’
3

)
y )3

afb2_gasan(L, [Noml,Nom2],Rem) :-

[tqasam(L,Noml,Jhmnl,L2)! )}, afb2_feil(L2,Nom2,Rem),
irab_jmlh($=-tueldt 2o taJ Jas 1J §,

$ wwdJl Llga Bdea $).

fael_adwt(Lsfx,L,Nom,Jhen,Rem,Rsfx) :-—
fael(Lsfx,L,Nom,Jhmn, Rem, Rstx).

fael_adwt(Lsfx,L, l$J=h$ Nom)} ,Jhmn,Rem,Rsfx) :-
ifthen( (var(lL)),(asma_marfo($ists$,Nom))),
khbr_dwt3(L,Nom,Jhmn,Rem), asma_marfo($2st3$,Nom).

mfol_adwt(Lsfx,L, [$3~r Jssde$,Nom],Jhmn,Rem,RsTx)
khbr_dwtl(L,Nom,Jhmn,Rem).

tbi_fli_adwt(L, [Noml,Nom2],Jhmn,Rem) :
ifthenelse( (var(Noml) var(L)),
(tbi_fli(L2,Nom2,Jhwmnr,Rem)), (Jjr_ m]ror(L,Noml L2},
tbi_fli(LZ,NomZ,Jhmn,Rem))).

tbi_fli_adwt(L,Nom,Jhmn,Rem) :-
tbi_fli(L,Nom,Jhmn,Rem).

adat fe11(L,N1nfo,[]) :-

ifthen( (\+ var(L)),(length(L,N))),
art_test(L, [Adat,Rt,De,Typ,$3,5fx],N),
member(Adat,[$03$,$lJ$,$AJ$,$Jd$,$£3m$,$&?$|),
Ninfo=[Adat,Rt,De,Typ,$$,$$,SFx].

ma(L,Ninfo) :- )
ifthen( (\+ var(L)) (length(i,N))),
art_test(L,Ninfo,N), xtrct(l.Ninfo,Adat),Adat==$1s3$,

la(L,Ninfo) :-—
ifthen( (\+var(L)),(length(L,N))),
art_test(L,Ninfo,N), xtrct(l,Ninfo,Adat),Adat==¢!1J§.



bam(L, [$8sS0 Buaul$, | $10%w$,Nom ]|, [$,23$,Pred] |,Rem) :-
mbtda_mrkb(L,Nom, [Jns],Hall,_ [,Reml),
khbr_mrkb(Reml,Pred, [Jns2,Hal2,_},Rem),
mtchjbh([Jnsl,Hall}, [Ins2,HBal2]},|Jns,Ral]).

bam(L, [$3a5,0 Ssawt$, [ $'103$ ,Nom), | $+38,Pred] |, Rem) :--
mbtda_nrkb(L,Nom, |Jnsl,Hall,_j,Reml),
khbr(Reml,Pred, | Jns2,Hal2, |,Renm),
mtchjh({Jnsl,Hall},|Jns2,Bal2],|Jns.Hal}).

bam(L, [$8s5,0 daauwl$, | $1aSuss, Nom |, | $23$,Pred| |, Rem) :--
mbtda(L,Nom, |Jnsl,Hall,_J},Reml),
khbr_mrkb(Reml,Pred,|{Jns2,Hal2, |,Rem).

mbtda_mrkb([L1:L2]}, |$-=S,e ~wt$, [Noml,Nom2}],Jhmn,Rem) :-—
mowsol_esm(Ll,Noml,Jhunl), khbr_jml(L2,Nom2,Ren),
xtrct(1l,Nom2,X), ifthen((X==$8bous d_Jcs$),
(xtrct(2,Nom2, ([Y,Z]:_1), feil _am(Y,Z,_)) ),

cirab_jmlh($ —tuctdl Zeo Al das td Bdo Bdes $,X).

mbtda_mrkb (L, | $=5,e «ut$, |Noml, [ $c-t3$,Nom2 | ,Now3 ) ,Jhmn,Rem) : -
mbtda(L,Noml,Jhnnl,[L2:13]),
esm_mowsol(L2,Nom2,Jhmn2), khbr_jml(L3, Nom3, Rem),
xtrct(1l,Nom3,X), ifthen((X==$8bouwo dodcidg),
(xtrct(2,Nom3,[|Y,Z2]!_}), feil _am(Y,Z,_))),
irab_jmlh($ -t etdt e 12J Jao 1J 8o Slaa $,X).

khbr_mrﬁb(L,Nom,Jhmn,Rem) ¢—- khbr_jml(L,Nom,Rem).

khbr_mrkb(L,Nom,Jhmn,Rem) :- khbr(L,Nom,Jhmn,Rem).
kbbr;prkb(L,Nom,Jhmn.Rem) ¢~ mbtda_mrkb(lL,Nom,Jhmn,Rem).

khbr_ﬂfkb(L,lNoml,Nom2],Jhmn,Rem) :-esm_nkra_mkrr(L,Noml,Jhmnl,Ll),
khbr_jml (L1, | $39$, Nom2], Jhmn, Rem) .

kbhbr_jml(L,Nom,Rem) :- bfb(L,Nom,Rem).

khbr_jml(L,Nom,Rem) :-
ifthen( (var(L)),(l_,1Y1,Y2],[%1,22]|=Nom,
asma_marfo(Yl,Y2),asma_marfo(Z}),7%2),
L_» [vyi,v2j}, lz1,221})), bab(lL,Nom, Rem),
{_» (yi,v2}, {(Z1,22] }=Non,
asma_marfo(Y1l,Y2),asma_marfo(Z1,72).

mowsol _esm(L, [$)9o9o «w!$,Nom|,|JIns,Hal,$sdcnag|) :
. LY ifthen( (\+var(L)),(length(L,N))),artmtest(L,Nom,N),'
xtrct(1l,Nom,Wrd),
member (Wrd, [ $=0Jt8, $oouig, S0t faody rp goralirg
SIS, Sty S0t IS $$, SIS,
$w$,$1285)), hal_jns(Wrd,Ins,Hal)!].



bfm(L, [$18x5,0 dudedy, |{Noml,Nom2]|},Rem} :-
. ifthen( (var(L)),( xtrct(2,Noml,|{_,Famr}:_}),

l_,_,__,s.w"$=_J=Famr,
xtret(2,Nom2, [[_,{_,_,_,$sutoe$:_|]:_J),
xtrct(2,Nom2,[{_,ZJi_}), xtrct(l,NomZ,X),
feil am($ =8 ¢ «bdt Jc3 $, Famr, ),
feil am($ Job ¢ 3,085 Sl wgjae dblr Llga $,7, ))),
xtrct(2,Noml,|{[_,Famr):_J).
[_,_,_,$M$:_J=Famr, bfb(L,Noml,6 Ll),
Xtrc‘:(zluonza[l-s l_i_l_ing'&‘s:_}J:_J)i
bfb(L1l,Nom2,Rem),xtrct(2,Nom2,{|_,Z}: i),
xtrct(1l,Nom2,X), feil_am{$ A= , L2 222 ¢ Famr,_),
feil_am($ =3 ¢ Sadedl Sl sgjon —dbdl lga $,2,_),
irab_jmlh($ -t oIt 2w 133 oo 13 bt Llga Sdea $,X).

bfm([L1iL2], [$18S,0 dxici$, [Noml,Now2]|,Rem) :-—
feil(Ll,_,Noml,Lsfx),
ifthenelse((Lsfx=={$$]), (L3=12}, (L3 =|LsfxiL2})),
bam(L3,Nom2,Rem),xttct(Z,NomZ,[_,Faelj),
asma_marfo($tets$, Fael),xtrct(3,Nom2,| _,Hall),
asma_nnsb($Jta$,Hal),
{Iml_Typ,|{ sl _s_» »Typ:_Jjii_lJ=Nal,
ifthen((Jml_Typ==$8buw Bded$), (Typ==$c tac$)).

bfm(|L1iL2], [$F 3uS,e Suicd$, [Noml,Nom2j],Rem)
ifthen( (var(Ll)),(
lsl_sY],1l_.Z]]=Nom2,asma_marfo($>t5 <, Y),
xtrct(3,Nom2,{_,Z]), asma_mnsb($=!s a$,7),
Nom2={_, LYl 1_,21) )), bam(L2, Nom2, Rem),
l»[_>Y],l_,2])=Nom2, asma_marfo($ts =ut$,Y),
xtrct(3,Nom2,{_,Z)), asma_mnsb($=1s a$,Z).

bfm([L1iL2]),[$F 3uS0 Sslcd$, [ Noml, | $0rawrg, | $'1o2aos, Nom2 ),
{$,258,Nom3] | ] |,Rem) :-
kan(Ll,Noml,Jhl), xtrct(2,Noml, | _,_,_,_,_,_.Sfx}),
ifthen((Sfx==$2$,length(L1,3)),
(N°n2=[...s_s_.a$-"°:“ Sl 1)),
esm_kan(Sfx,Nom2, [Ins,Hal, $dd 03 ]),
khbr_mrkb{L2,Nom3, |Ins2,Hal2,_|,Rem),
asma_marfo($tS wwtg,Nom2), asma_mnsb($=ts .ag,Nom3).

bfm([L1iL2),|$" dusS e Saled$, [Noml, | $4ctd$ , Nom2),Pred)|,Rem) :-
nema_besa(Ll,Noml),
(mbtda(LZ,Nom2,Jhmn2.L3);mbtda_mrkb(L2,Nom2,Jhmn2,L3)),
(mbtdd(L3,Pred.Jhmn3.Rem);mbtda_mrkb(L3.Pred,Jhmn3,Rem)),
lYl,Y2]=Nom1,f_madi(Yl,Yz.*).xtrct(Z,NomZ.N).
asma_marfo($Jtstég,N),
irab_jmlh($ «ode sud o6, Jasw b ¢,

$ Jotidtg Joddt se Sdeadt §),

Xtrct(2,Pred,Nom33),
asma_marfo($.,a%he Tosse$,Nom3il).



aam(L, [$¥V xS o Bowwl do1957$,Noml,Nom2,Nom3 |,Rem) :-
a(L,Noml, {L2:!L5]}]),
hrf_atf(L2,Nom2,L4),
ifthenelse((L4==[$$]),(L3= L5) (L3={L4:L5})),
al(L3,Nowm3,Rem).

aam(L, [$¥ 3x5,0 Buawl 5.3t9d%$,Noml,Nom2,Nom3|,Rem) :-
a{L,Noml,[L2:!L5]),
hrf atf(LZ Nom2,L4),
1fthenelse((L4==l$$!) (.3=1.6),(L3=|L4. 151));
aam3(L3,Nom3,Rem).

a(L,Nom,Rem) :~ bab(L,Nom,Rem),
ifthen( -(var(L)),( {_,[Yl, Y”J,IZI,Zzlj:Nom,
asma_marfo{Y1l,Y2),asma_marfel{} 77},
Nom-'[_x ["’IJYSI 3 {;"} ,:’f‘:': :
bab{(L,Nom,Rem),
(_,[Y1,Y2],[21,22] |=Nom,
asma_marfo(Y1l,Y2),asma_marfo(Z1,22).

a(L,Nom,Rem) :-

. ifthen( (var(L)),(!_,1Y1,Y21,1Z2,17Z1,22}]]|=Nom,
asma_marfo(Y1l,Y2),
Nom=|_,|Y1,Y2},l2Z,[Z21,Z2]1])}),
aaml(L,Nom,Rem),
l_;lYl,YzJ,[Z,lZl,ZZ!IISNom,
asma_marfo(Y1l,Y2),
irab_jmlh($,03 s5, Jow 0 Bdeadlg,Z).

khbr_jml_dwt(L,Nom,Rem) :- afb(L,Nom,Rem),
xtret(l,Nom,X),
Jml_typ(X,Y),
ifthen((Y==$oicdg),
(xtrct(2,Nom, | [Y1,Z1!_J),feil_am(Y1,Z,_))).

kbhbr_jml_dwt(L,Nom,Rem) :- :
ifthen( (var(L))},(]_,1Y1,Y2],121,Z2]|=Nom,
asma_marfo(Yl,Y2),
asma_marfo(21,22),
Nom={_,[Y1l,Y2]),(21,Z2]] )),
bam(L, Nom, Rem),
[_,1¥,Y2),[(21,22}|=Nom,
asma_marfo(Y1l,Y2),
asma_marfo(Zl,Z22).

aam2 (L, [$8500 Buowl d.otgyt, | $00> dlaa$,Noml,Nom2] |, Rem) :-
|‘wa_alef(L,Noml,Ll1)!'},
. mndb_mrkb(L1l,Nom2,Jhmnl, Rem),
adat(Noml, ).



afm(L, [$7 350 duied dustgrts,Noml,Nom2,Nom3|,Rem) :-
f(L,Noml,|L2!L5])), hrf_atf(L2,Nom2,L4),
ifthenelse((L4==[$$j),(L3=L5),(L3=[L45L51)),
f1(L3,Nom3,Remn).

afm(L,[$7 350 dled Busteot$,Noml,Nom2,Nom3|,Rem) :--
f(L,Noml,}L2!L5})), hrf_atf(LZ,Nom2,L4),
jfthenelse((L4==[$$])),(L3=L5),(L3=|L4:L5]))),
afm6(L3,Nom3,Rem).

afw(|L1:L2], {Noml,Nom2,Nom3]|,Rem) :-
adat_jzm(Adat,Ll,Noml), feil_shrt(L2,Nom2,L3),
jwb_shrt(L3,Nom3,Rem), adat(Noml,_ ).

afm([L1:!L2], [Noml,Nom2,Nom3|,Rem) :-
adat_la_jzm(Adat,Ll,Noml), feil_shrt(L2,Nom2,L3),
jwb_shrt(L3,Nom3,Rem), adat(Noml,_ ).

afm(L,lNoml,NomZ,Nom3],Rem) e
jwb_shrt(L,Noml,[L1:L2}),
adat_jzm(Adat,Ll,Nom2),feil_shrt(LZ2,Nom3,Rem).

afm{L1!12), {Noml,Nom2,Nom3|,Rem) :-
jwb_shrt(L,Noml, {(LiiL2]), )
adat_la_jzm(Adat,Ll,Nom2),feil_shrt(L2,Nom3,Rem).

afm(L,Nom,Rem) :—~ afm_estfhm(L,Nom, Rem).

f(L,Nom,Rem) :-
bfb(L,Nom,Rem) ; afb(L,Nom,Rem); bfm(l,Nom,Rem);
afm(L,Nom,Rem).

f1(1.3,Nom3,Rem) :- f(L,Nom,Rem);a(L,Nom,Rem).

adat_jzm(Adat,L,Nom) :- .
ifthen((\+var(L)), (leugth(L,N)}},
xtrct (4,Non, $b,i awl$),
art_test(L,Nom,N),xtrect(1,Nom, Adat),
member (Adat, | $-w$, $ todes, $soeb, $0121E, $2E,
$ tost , $ 8058, $s1$, $ tadaad, $ 1adasS, $T8 ) .

afm_estfhm([L1!L3]), [Ninfo,Nom],Rem) :-
esm_estfhm($"$,L1,Ninfo), adat(Ninfo, ), f_est(LZ,Nom,Ren).

afm_estfhm([L1!L2}, [Ninfo,Nom|,Rem) :-
esm_estfhm($s%e$,L1,Ninfo), osm_mnsb($d0 Jecde,Ninfo, ),
f_est(L2,Nom,Rem).

afm_estfhm(|L1!L2],|Ninfo,Nom],Rem) :- .
‘esm_estfhm($é'g“$,Ll,Ninfo), esm_mnsb ($20$ Jocde$ Ninfo,_),
f_est(L2,Nom,Rem).



[ Kim e om e e e s x/
/% x/
/% NOUN END-CASE SUB-MOBULE */
/¥ x/
/*_________-____“_-_,_,__"_“____"”Mm“,u_q"_“_h“” B . 3 4

% AXLLXXZEE % Gweddt s loulSt
esm_marfo(XO,[X],XZ,_,#J&'$,_,$Aﬂh$,_,_,_,PartJ, Qut ) :-
member (X2, [$3=’"$, $95%$, $5<2%, $55%, $99%1),
jfthen( (\+ var(Xl)) , (substring(Xl,O,l,Part)) },
Part== $3%, )
Out = $stodt~ 33.5.;» Susd )l s lawl il Sw wel$,
rite([Out,’ : *,X0,’ : *,X1] ), nl.

LEEXTXEXFXEXXXXALIXXRX

% duISP wwt

LZXXXXXXEXRN

esm_marfo(X0, X1, _,X3,$8,t51 aut§, P8, , _,_ .. }, Out )
X1 = X3,
member (X1, [g.';t:sss,s_'.t:;tas,$$;.t:>$,$.s;,l;$,$.s_'.;,rb$,$_«_;.ﬂ.:.$j
Out = $sd, Jae b SO ALMS ST sIe alue O tat wwld,
rite({Out,’ : *,X0,* : ',XI] ), nol.

esm_marfo(XO,[Xl,_,X3,$6JNﬂ Al s _s_r_ }, Out ) :-
member(XIa l$'“$,$'ﬂ$,$'m$l)’ X1 = X3,
Out = $5b, dan b Sg8udl it o Bylil wwl$,

rite([Out,” : *,X0,” : *,X1l ), nl.

esm_marfo(X0,[X1,_,X3,$3,0at wwl$, ,_,_,_»_s_ ], Out } :-
X1 = X3, :
member (X1, [$5!5%, $s5I08, $sEIgtS , $SItdaly, $sting,
$sItoag, $ac, 808, $5008, 6558 ),
Out = $sd) Joo b asddt sic oas ButEl wwld,
rite([Out,’ : ’,X0,' : ’,X1}] ), nl.

L3233+ 22322224144+ 4 23S

% oude ade wwt :

4132+ 223433334+ + 4+ 44

esm_marfo(xo,[Xl,XZ,_,$aJ= aul$, oo, , _, _,_|, Out )
Out = $48a13 3,054 Bado £98 0 wlc auntd

ifthen( (\+var(Xl)),(rite(l{Out,” : ’',X0,” : UXLL ),
X1 = X2.
esm_marfo (X0, [X1,X2,_, $=tic awtd, ,$008e%, ,_, ., |, Out )

jfthenelse( (\+ var(Xl)) , (substring(X1,0,1,lart),
(Part == $t$ ;

_Part == $(S$) »

Out = $udemld dyade Bwdy £g9dje als awllf,

rite({Out,’ : ’,X0,* : *,X1]"), nl ),

(X1 == X2)).

nl)),



BREBEXXXXEXRXBEREEXNN

%Jgoge mwl

AXXLLXXXXXXERXEIILIN

esm_marfo(X0, [X1,_,X3,3 909~ waut$, , |, Out ) :-
member( X1, [$=to1$]),
X1l = X3,
Out = $£95, Jas b AFIIT SIs 2aus Jgnge sl
rite([Out,’” : ’,X0,’ : ’,X1} ), nl.

$ 3324439433434+ 4+ 44241

% Socdlt awt

11 $3 3434334944453 4549

esm_marfo(xo,[X1,$3J5~=$,_,$°A= M'$a$:“:':9‘$’_1_:_r_7_ ], Out ) ta
member( X1, |[$si<$]),
Out = $d AT s 6,1BJ! Dwaldl, £gdsmw dac wst$
rite(|[Out,* : ’,%X0,” : ’,X1} ), nl.

esm_marfo(XO,lX1,$—".9L.‘"'$,-,$°°= ‘“‘”'$9_t-:-_2..'_.’.. -‘! Qut ) :-
member( X1, [$=9sw$]),
Out = $ adlaudt 4Shall Seas Boke AVLS glolls Sadse SO awl§,
rite([Out,* : ’,X0,’ : ’,X1] ), nl.

esm_marfo(xo,[X1,$-'»,92-M-‘a$,_,$o-u: -“""5:_,:_,_:_:_,__ !, Out )
member( X1, {[$=9-t=>$]),
Out = § «ltet? Soell fosy Sale AMTS glolis £sbse ooz swlf,

rite(lOut,’ : ’,%0,” : ’,X1] ), ni.

esm_marfo(xo’[X1»$':'.9¢“':'$a_’$‘)u wultd, o v s b Out )
member( X1, [$29su38%]),
Out = $ adtadl ,50ell ceoss Aade ALY glglil £330 So awltd,
rite([Out,’ : ’,X0,” : ’,X1}] )}, nl.

esm_marfo(xo’[XI)$"°'.9$1_1$°"‘= wal®, s I, Out )} -
member( X1, [$3a09%,%s9at8]),
out = $a,AT e S, alBJl Bedldl, cgdsme dac oty
rite([Out,* : ’,X0,* : ',X1] ), nl.

esm_marfo(XO,lX1,$-=-.U"$s_,$-’-‘-= ““'$|$:‘;':9‘°$9_:_:,.,1,-:.. ia OQut )
member( X1, [$s2183]),
Out = $2,aT sJo datbIt Soalls £9d,w OO awl
rite([Out,’ : ’,X0,” : ’,X1] ), nl.

esm_marfo(xo’[XI9$M5$;_:$"“: auwtd , $9al, _, s ], Qut ) -
member( X1, [$mea$]),
Oout = $2,aT i 3 ptBIt DdebdSls Cgd e SaC awlf,
rite([Out,’ : ',X0,* : ',X}] ), nl.

esm_',marfo(XO,[X1,$m$,_,$-’-”-‘- awl $ 500, , _, 4 Iy Ou.t )
member( X1, ([$dueas]),
Qut = $d,3T (e S dthJIl Swealdl. s£g8 0 Sac awlf,
rite({Out,’ : ’,X0,’ : * X1} ), nl.



esm_marfo(X0, [X1,$=w$, ,$33= ainlty $20905, 4 _,_ s+ 1, Out )
member( X1, [$==$]),
Out = $35T o d,alEIl deodls £gd 0 SO wwld,
rite({Out,’ : *,X0,* : ?,X1] ), nl.

UEUKXEXLXZXLEENXEXNX
% aftudt ,Soalt Sas § Oota dadlte It al3ad Slastt dlt=
UKL ULELLRLNXREREXNL
esm__marfo(XO,[Xl,_,x3,$m'$,$.)-"'~w$,$m$,_,-,_,l‘artl. Out )
ifthen( (\+ var(X1)) , (substring(¥},0.1,Part}) 3},
Part = $9%,
Out = $9tg3ts Sgdue atblu 53 Smaf,
rite([Out,” : ’,X0,” : ? L, X1} ), nl.

esm__mansob(XO,[Xl,X2,$M'$,_,$~>.)-5'°$,'_.,,,_,_ }, Out ) :-
member(XZ, ls-:"'$,$-'“"$;$“=‘$, $‘§$, $b$1 ) ’
member (X1, [$127$,$1a%8,$1aa8, 8038, 5108 ]),
ifthen( (\+ var(Xl)) , (substring(X1l,1,1,Partl),
Part == $t$ ,
Qut = $&F1Its sgosa Swedtl s tout It o wmwtd,

rite([Out,’ : ’,X0,° : ’,X1}] ), nl)).

BUXXBUBERKXRKEXXEXN
S [ 4 - -_a:l-.l:l ade Lt
£ 333334424444 94444
esm_mansob (X0, | X1,X2,_,$ete wwty,  $oue$, _, ,_,_J, Out
jfthenelse( (\+ var(X1l)) , ( substriog(X1,0,1,Part),

a0 ¥ o8¢

(Part == $$ ;

Part == $s$),

Out = $ooead) do84 Badys —gola wde auwtd,
rite(|Out,® : ’,X0,’ : *,X1] ), nl),
(X1==X2)).

b4 43493339995+ 2+ 4441

% a0 25,0 alde

BUXUNTLLXLEXRXRENXR

esm_mansob (X0, [X1,_,_,$~ie ol (o8, , _,_,_ |, Out ) -
member( X1, {$3semda$,$ant S, $Snioag]),
Oout = $3,aT sie B aIEItBaldlly sg9aim 2aje b o ads wltf
rite(|lOut,’ : *,X0,° : *,X1] ), nl.

AUXUNEXBXXLXEERNENXX

% (stiad?

I+ 44933143+ ++ 443+ 4+ 1

esm,_mansob(xo,[Xl,__,_,$Ml’$,_,SDP,_,_,_,PartJ, Out ) :-
" member (SDP, [$$,$s4w$]),
ifthen( (\+ var(Xl)) , ( substring(X1,0,1,Part)) )
Part == $=% , Out = $ slodlo saolis ung,
rite({Out,’ : *",X0,’ : ’,X1} ), nl.

3
’



/% - e e e o e e = e N ¥

/% ’ %/
/% VERB END-CASE SUBMOBULE %/
/z %/

..................... V.-....-........._._._z/
f madl(XO [X1,X2,X3,$0te$, _,_.Sfx,_,_ _}, Out ) :-

member(Sfx, l$$ $2%, $?3$ stm s.‘as $ad, & 1%, $008, $5%, $ 1asE,
. $» 5$,$35$]1), string_length(Sfx, Lnth2 },
ifthen( (\+ var(X1)) , ( string_length(X1l, Lnthl ),
Lnth is Lnthl - Lnth2, substr1ng(X1 Lnth2,Lnth,X),
substrlng(x 0,1,H))), (H==$s$;H==%$1%),
Out $ sormdl B,aBedt Basddt ,5.1:: st BtA §
rite([Out,X0,%:",X,7:",X1] ), nl.

P13 93344493343+ 4 3¢+ 4441
X% Jgche bt
P33 4443034444424+ 4+ 44
f_madi(X0, [X1,X2,X3,$m1s$, _,_,Sfx,$,506%, $o,30%, $512$]1, Out ) :—
member(Sfx,[$$ $'a$ $2%, $'3$ $1o2g, $0%, $a8%, $-0%, $5%, $ 15§,
$a05$,$55¢1), string_ Iength(ka, ILnth2 ),
ifthen( (\+ var{(Xl}} , (
string_length(X1l, Lnthl ),
Lnth is Lnthl - Lnth2,

substr1ng(X1 Lnth2,Lnth,X))),
Out = $ aid? GJ.: —asn ota $.

f_madi(X0, le X2 X3,$0t08, , ,Sfx,Jons,_,_], Out ) :-
ifthen( (\+ var(Xl)) s ( string_length(Sfx, Lnth2 ),
string_length(X1l, Lnthl ), Lonth is Lnthl - Lnth2,
substring(X1l,Lnth2,Lnth,X))),
Out = $ Su,aw ﬁJ J.am.a A tasl) SgSucll (I8 o ...abo $,
rite([Out,XO0, ,X,%:%,X1] ), nl.

f_amr(X0, [X1,X2,X3,$-1$, _ ,_,Sfx,_,_,_j, Qut ) :-

substr1ng(x2 0,1,H),

member (H, [$-$, $'$ $5%,35%1),

ifthen( (\+ var(Xl)) , ( string_length(Sfx, Lnth2),
string_length(X1l, Tnthl ),
Lnth is Lnthl - Lnth2 ,
substring(Xl,Lnth2,Lnth ,X))),

Out = $§ 3dedt b,a Ida gle oo Wt G,

rite({Out,X0,’:’,X,’:’,X1] ), nl.

f_amr(X0,[X1,X2,X3,$,1$, .,_,Sfx,_,_,_J, Out ) :-
member (Sfx, [$$ $3$ $'b$ $ todg, $~&$ Badg, 1%, b, $54, $ 1eSE, $a5
»$+5¢)), string_length(Sfx, Lnth2),
ifthen( (\+ var(Xl)) , ( string_length(Xl, Lnthl ),
Lnth is Lnthl - Lnth2,
substring(X1l,Lnth2,Loth,X))),
Out = § S9Sudl e duno W1 §, .
rite{([{Qut,X0,”:’,X,’:’,X1} ), nl.



XXXXX%%X%%XXXXXXXXXXX%XXX%XXXX:XX%%%%XX%%XXXXX%%:%%XXXX%%%S%%Z%XXX%%
% ot £eo JgSadl SIS ez STIT
X%X%XX%XXXX%XSXXXX%%X%X%XX%X%%%XZ%XX:XX%%%ZXX%%%%% UELBELXLKRRXRIRENE
f_amr(X0, [X1,X2,X3,$%$,_,_,Sfx,_,_,_|, Out )
ifthen( (\+ var{Xxl)) , (
string_length(Sfx, Loth2 ), Lnth2 >=1,
B is Lnth2-1,
substring(sfx,B,1,H), -
==$%, % Whall ceald pad 5 Jdeald ddati sgua gt _':5..’. o
string_length(X1l, Lnthl ), .
Lnth is Lnthl - Loth2 ,
substring(X1l,Lnth2,Lnth ,X))),
Out = $ SgSut gle e et §,
rite([Out,X0,’:’,%X,%:*,X1} ), nl.

f_majzom(xo,le,XZ,X3,$&JHM$,_,_,Sfx,Jns,Bal,_J, Out )} :—
( member(Sfx,[$!$,$198,$=%1);
(substring(Sfx,Lnthz—l,l,H),member(ﬂ,l$'$,$f$,$3$]) Y ),
string_length(Sfx, Lnth2 ), Loth2 >=1,

ifthen( (\+ var(Xl)) , ( string_length(X1l, Lnthl Y

Lnth is Lnthl - Lnth2, substring(X1l,Lnth2,Lnth,X))),
Out = $ Bwadlt JISHMIl e DI Sgidt Doy sgjae P
rite(|Out,X0,’:°,X,*:",X1] ), nl.

f_majzom(XO,[Xl,XZ,X3,$SJHM$,n,_,Sfx,Jns,Hal._I, Qut ) :-
substring(X2,0,1,H),
member(ll, l$'$a$‘5$v$'.‘.‘$s$.9$])s
ifthen( (\+ var(X1l)) , (
string_length(Sfx, Lnth2 ),string_length(Xl, Lnthl ),
Lnth is Lnthl - Lnch,Substring(Xl,Lnch,Lnth.X))),
Out = $ ddodl S,ua Bdar w90 e ytond
rite(|Out,X0,’:’,X,%:",X1} ), nl.

f_mansob(XO.[Xl,XZ,X3,$&JHw$,_,_,Sfx,Jns,Hal._J, Qut ) :-

( member(Sfx, [$!$,$t9$,8=8]);
(substring(Sfx,Lnch—l,],n),mcmber(ﬂ,l$'$,$e$,$9$j) ) ),

string_length(Sfx, Lnth2 }, Loth2 >=1,

ifthen( (\+ var(Xl)) , ( string_length(Xl, Lathl ),
Lnth is Lnthl - Lnth2, substring(Xl,Lnth2,Lnth,X))),
Out = § Buweddt JISFIIL o ASTS 395t Sdan  goms = lanf,
rite([Out,X0,:’,X,”:”,X1] ), nl.

f_mansob(xo,[XI,XZ,X3,$=JNM$,“,“.Sfx,$&%u$, ftal, }, Out ) :-
ifthen( (\+ var(Xxl)) , ( string_length(Sfx, Lnth2 ),

’ Lnth2 >=1, B is Lnth2-1, substiring(sfx,B,1,H),
H==$-$, string_length(Xl, Lunthl ),
Lnth is Lnthl - Lnth2,
substring(X1l,Lnth2,Lnth,X))),
Out = $ dg—widl S9i AJtaild o Jao b SgSudl (e wuze e ol
rite([Out,X0,’:°,X,’:’,X1] ), nl.



f_marfo(X0, [X1,X2,X3,3=s,120$,$$, ,STx,_,$o09%3$, 35508 ] ,0ul):
Out = $2,3T e O athIl dwdlls £9d,0 otoe $,
rite{({Out,X0,’:,X,’:7,X1} ), nl. .
f_marfo(XO0,[X1,X2,X3,%s,tba$,$5%, ,S5Tx,$505%, $050a, $btacg|,Qut )~
Out = $38T e S atbit dedlts Sgd,0 £t §,
rite(fOnt,X0,’:,X,%:°,X1) ), nl.

f marfo(X0,[X1,X2,X3,$s,t20$,35, ,STx, $,20e4, $033ﬁ*,$~u'£$l,0ut)
Out = $2a,57 (5J.Q oﬁ!h." Guat b 33.9.,0 e loe &,
rite([0QOut, X0, s Xy ', X1} ), nl.

f_marfo(X0, [X1,X2,X3,$c,toe$,$28, ,Sfx, $sof, 620055, 5 btaog |, Outb ) -
(sfx = $s%; STx=3%%),
Out = $3,3T o S RMBIP fnd 'ty Tt 0 7t 4
rite({Out,X0,’:7,X,%:’,X1}| )}, nl.

f_marfo(X0, [X1,X2,X3,$sutd05,$5%, _,SEx, $0kes, $0,805, 85185 | ,0ut ) 1 -
Out = $2,5TF lic B albIl daalle £9ds0 citae $,
rite([Out,X0,’:’,X,%:?,X1} ), nl.

f_marfo(X0, [X1,X2,X3,$s,ta0$,8-8, ,Sfx, ,X,$etooad|, Qul):
(X=$s50$; X= $se28),
Out = $3,5T ic B alBIl Swodtlo £gd o £ylom §,
rite([Out,X0,’:*,X,’:’,X1) ), nl.

f_marfo(X0, [X1,X2,X3,$s,t008,$35, _,STx, _, 362208, $obtass|, Out )
(sfx = $1$; Sfx=¢$21%),
Out = $2AT ¢de S, 0thJt dedlls £gd0 Sytas §,
rite([Qut,X0,’:°,X,?:’,X1]} ), nl.

f_marfo(XO,[Xl,X2,X3,$-°.)h?w$.$-:!$._;Sfx;$¢5'~‘~°$,$¢5-":*‘°$;$~.*5"-é$l.OUt-) .
Out = $3,AT e 3,atbJIl dwadls S9de £yloe §,
rite(|Out,X0,’:',X,?:*,X1}] ), nl.

f_marfo(X0, [X1,X2,X3,$c,tdes, 326, ,SFx, $2050F, S, $o5188 ], Out) 1=
OQut = $a_at ,5.!.: oJAtth o.oa..ll'.; zss,n e, tos §,
;’ite(lOut Xo, » X, , X1} ), nl.

f_warfo(X0, [X1,X2,X3,$s,tews,Prfx, _,Stx, $,500%,'cas$, X], Out ) :-
( (X=$-btiac$,Prfx=$=%, (Sfx=$1t9$, Sfu=$29%));
(X= $50¢8,Prix=$-$, (Sfx=¢$te$,Sfx=3$9$)) ),
Out = $2,aT e B, atbIl Bdwoldls £9d 40 S tos $,
rite({OQut,X0,’:?,X,%:?,X1] ), nl.

f_marfo(X0, [X1,X2,X3,$s,tdme$,Prx, ,$58%,$,500%, $cesg,X], Out ) :-
( (X=3-btae§,Prfx=%$5%);
(X= $5128,Prix=$=$) ),
Oout = $2UAT (g S DIBIT Dwddly S9d o S blbo §,
rite(|{Out,X0,’:’,X,’:°,X1] ), nl.
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art_test(L,T,2)

a

art_test(L,T,4)
art_test(L,T,5)
art_test(L,T,6)
art_test(L,T,7)

ARTICLE SUBMODULE

e e o)

x/
X/
x/

- .

art_test2(L,T).
art_test3(L,T).
art_test4(L,T).
art_test5(L,T).
art_test6(L,T).
art_test7(L,T).

|

rt_test(L,T,3)

o8 66 o8 08 00 s
ta

i

art_test(L,T,8) :- art_test8(L,T).

a

rt_test(L,T,9) :~ art_test9(L,T).

/% ahQMdG %/

art_test2({A,B}, [Oword, TC,Root, Type,PR,SU])

find_art2([A,B}],TC,Root,Type,PR,SU),
concat(lA,B},Oword).

art_test3(|A,B,C),T) :- member(C, [$h$,$a$]), -

‘a

find_art2(|A,B},TC,Ro0t, Type,PR,SU),
concat({A,B,C},Oword),
conca(PR,C,X),

T = [Oword,TC,Root, Type,X,SU].

art_test3(|A,B,C], |Oword, TC,Root, Type, PR,SU])
find_art3(|A,B,C]},TC,Root, Type,PR,SU),
concat(|A,B,C],Oword).

art_test4([A,B,C,D}, [Oword, TC,Root, Type,PR,SU}) :~
find_art4(|A,B,C,D},TC,Roo0t, Type, PR, SU),
concat(|lA,B,C,D],Oword).

art_test5([A,B,C,D,R}, |Oword, TC,Root, Type,PR,SU|) :-
member(E, [$h$,$a$]),
find_art4({A,B,C,D},TC,Root, Type, PR, SU),
concat(lA,B,C,D,E},Oword),
conca(PR,E,X).

art_test6({A,B,C,D,E,F], |Oword, TC,Root, Type,'R,SU|) :-
find_art6(l{A,B,C,D,E,Fj,TC,Ro0t,Type,PR,SU),
concat(lA,B,C,D,E,F],Oword).

rt_test8(|A,B,C,D,E,F,G,H}, |Oword, TC, Ruol, Type,X,SU]|)
member (H, [$h$, $as$]), ,
ifthen( (var(A)), ( conca(PR,H,X)) ),

find_art7(|A,B,C,D,E,F,G|,TC,Ro0t, Type,PR,SU), .

concat(lA,B,C,D,E,F,G,H],0word),
concat (PR, H,X).



art_test9([A,B,C,D,E,F.G,H,I],[0word,TC,RooL.Type,X,SUJ)
member (I, |$h$,$as}),
ifthen( (var(A)), (conca(PR,1,X)})),
_find_art8(|{A,B,C,D,E,F,G,H|,TC,Root, Tpr PR,SU),
concat(lA,B,C,D,E,F,G,H,1}, Oword).
conca(PR,I, X)

find_art2(lA,B],2,$hg$,$dU0e QjeVs,B,$5) -
member(Root, [$gHS$,$gd$1),
conca(|[A,B]},Rootl).

find_art2(l4,B),2,Root,$dhUbe eSGS$,$$,3$8) :-
member{Root, [$JG$ $Ged,$fe$!),
conca(lA,BjJ,Root}).

find_art2(|A,B},2,Root,$jaf aQM$,$3$,5$$)
member(Root, | $Gd$, $CGes$ ),
conca{lA,B],Root).

find_art2([A,B},2,Root,$Q0Ue aQM$,$$,$3)
momhtr(QOnI [tf"* ek, klek, ¢70%,5hds ),
conca(|lA,B]),Root).

find_art3(|A,B,CJ,2,Ro0t,$1QGTG eSG%,C,$%)
member(C, | $H$,$d$,$c$1]),
member (Root, [$GP$,$i1J$,$83%,35iP$,31P510),
conca({A,B],Root).

. find_art3( lA,B,C] »2,Root,$dUJe QjeVs,C,5%)
member (C, | $H$,$d$]),

member (Root, | $Gg$, $egs,$te%l),
conca(|A,BJ,Root).

find_art3(|A,B,C],2,Root,$AGTKISG aQMs$,3%,%%) -
Root=$GdG$,
conca({{A,B,Cj,Root).

find_art4(|A,B,C,D},2,Root,$dhUhe eSG$,$$,3%)
member(Root l$JPdG$ $iJdG$, 3GPGed | ),
conca(lA,B,C,D],Root).

find_art6(|A,B,C,D,E,F},2,Ro0t,$dhlUhe eSGS$,F,$3)
member(F, | $H$, $d$,$c$]),
member(Root, | $fjPdG$,$jdCdCGS ),
conca(|lA,B,C,D,E},Root).
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noun_test(L,T,2)
noun_test(L,T,3)
noun_test(L,T,4)
noun_test(L,T,5)
noun_test(L,T,6)
noun_test(L,T,7)
noun_test(L,T,8)
noun_test(L,T,8)
noun_test(L,T,10)
noun_test(L,T,11)
noun_test(L,T,12)
noun_test(L,T,13)

noun_test2(L.T).
noun_test3(L,T).
noun_test4(L,T).
noun_testH(IL,T).
noun_test6(L,T).
noun_test7{(L.T).
noun_test8(L,T).
noun_test9(L,T).
noun_testl10(L,T).
noun_testll (L,7).
noun_test12(L,T).
noun_testli3(L,T).

noun_test2(|A,B}, |Oword, $-45%, $o,508,$¢%,$$,$$, 881 ) : -
conca(|[A,B},Oword).

noun_test3([A,B,C],LOword,Oword,$Jhi$,$°J34$,$$,$$,$$,$$l)
conca(|A,B,C],Oword).

noun_test3(|4A,B,C],|Oword,Oword, DE, $o,80$,$$,C,$$,$$]) :-
- member(C, |$9$,3$58,$5%,$1%, 88,338,315 1),
conca(|A,B,C|,0Oword), concat(|$2%$,C|,DR).

noun_test4([A,B,C,D],[Oword,HO,DE,SDP.MF.PR,IN,SU]) $--
npre_test4([A,B,C,DJ,RO,DE,SDP,MF,PR.IN,SU),
concat([A,B,C,D],Oword),

noun_test4([A,B,C,D],[Oword,RO,DE,SDP,MF,PH,TN,SUJ) HE
nsuf_test4([A,B,C,Dj,RO,DE,SDP,MF,PR,IN,SU),
concat({A,B,C,D],Oword).

noun_test4([A,B,C,Dj,[Oword.RO,DE,SDP,MF,PR,[N,SUI) HES
ninf_test4([A,B,C,D|.RO.DE,SDP,MF.PR,IN‘SU)‘
concat(|A,B,C,D],0Oword).

noun_testS([A,B,C,D,Ej,lOword,RO,DE,SDP,MF,PR,TN,SUJ) 2 -
nsuf_testﬁ([A,B,C,D,EJ,RO,DR.SDP,MF,PR,[N,SU).
concat(|A,B,C,D,E],Oword).

noun_test5(lA,B,C,D,EJ,[0word,R0,DE,SDP,MP.PR,TN.SU]) HES
npre_test5(lA,B,C,D,BJ.RO,DE,SDP,MP,PH,IN,SU),
concat(|A,B,C,D,E],Oword). .

noun_testS([A,B,C,D,E,FJ,lOword.HO.DE,SDP,MF,PR,TN,SUJ) -
nsuf_testS([A,B,C,D,E,Fj,RO,DR,SDP.MF,PR,IN,SU),
concat(|{A,B,C,D,E,F),Oword).



noun_test6(|A,B,C,D,E,F],{Oword,R0,DE,SDP,MF,IR,IN,SU]) :-
npre_test6(|A,B,C,D,E,F},R0,DE,SDP,MF, PR, IN,SU),
concat(}/A,B,C,D,E,F],Oword).

noun_test7([A,B,C,D,E,F,Gj,[0word,ﬁ0,DE,SDP,MF,PR,IN,SUJ) e
] npre_test7(|A,B,C,D,E,F,G|,RO,DE,SDP,MF,PR, IN,SU),
concat(|A,B,C,D,E,F,G},0Oword).

noun_test7({A,B,C,D,E,F,G}], |Oword,RO,DE,SDP,MF,PR,IN,SU}) :-
nsuf_test7(}4,B,C,D,EK,F,G]},RO,DE,SDP,MF,PR,IN,SU),
concat(|A,B,C,D,EK,F,G]|,0word).

noun_testB([A,B,C,D,E,F,G,HJ,[0word,R0,DE,SDP,MF,PH,IN,SUJ) i-
npre_test8(|A,B,C,D,E,F,G,I1i,RO,DE,SDP,MF,PR, IN,SU),
concat(|A,B,C,D,E,F,G,H},Oword).

noun_test8(|A,B,C,D,E,F,G, U}, |Oword,RO,DK,SDI,MF,PR,IN,SU}) :-
nsuf_test8([A,B,C,D,E,F,G,H},R0,DE,SBP ,MF,PR, LN, S},
concat(lA,B,c,D,E,F,G,nj Oword)

noun_test9(lA,B,C,D,E,F,G,N,1]}, |Oword,RO,DE,SDI',MF, PR, IN,SU}) :-
npre_ testQ([A B,C,D,R,F,G,Il.1|,RO,DE,SDHP,MP, PR, 1N,SU),
concat([A B,C,D,E,F,G,H, 1}, Oword)
noun_testS([A,B,C,D,E,F,G,H,II.[Oword RO,DE, SBP,MF,PR, IN,SU}) :-
nsuf_test9(lA,B,C,D,E,F,G,H,1],R0O,DE,SDP,MF,PR,TIN,SU),
concat(lA,B,C,D,E,F,G,H,Il,0word).
noun_testl1(|A,B,C,D,E,F,G,H,I,J,K]},
|Oword,RO,DE,SDP,MF,PR,IN,SUJ} :
npre_testll(|A,B,C,B,E,F,G,HU,T, J K|,RO,DE,SDP,MF, PR, IN,SU)
concat(|A,B,C,D,E,F,G,H,1,J,K}|, Oword)

noun_tst12({A,B,C,D,E,F,G,H,T,J,
|Oword,RO,DE,SDP,MF,PR, IN, S
npre_test1l2(|A,B,C,D,E,F

. ,G,H,1,. K L}],RO,DE,SDP,MF,PR,IN,SU),
concat(|{A,B,C,D,E,F,G,H,1,J,K, L]

Oword).

- -

noun_testl3({A,B,C,D,E,F,G,H,I1,J,K,L.M],
|Oword, RO,DE,SDP,MF,PR,IN, SU[) -:
pre_test13(lA,B,C,D,B,F,G,l,T,.J,K,L,M|,R0,BE,SDP,MF, PR, IN,SH},
concat({A,B,C,D,E,F,G,UI,1,J,K,L,M|,Oword).

npre_test4([A,B,C,D],RO,DR, %5808 ,%%,PR, 35,44
member (PR, [ $-2%$, $39%, $-13%, 3-8, $-9%, $88, Fo0b, 5585 ] ),
conca(C,D,PR), '
DE = $ag,
conca([A,B},R0).
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verb_test(L,T,2) :— verb_test2(L,T).
verb_test(L,T,3) :- verb_test3(L,T).
verb_test(L,T,4) :— verb_test4(L,T).
verb_test(L,T,5) :~ verb_test5(L,T).
verb_test(L,T,6) :- verb_test6(L,T).
verb_test(L,T,7) :-— verb test7(L,T).
verb_test(L,T,8) :— verb testB(L T).
verb_test(L,T,9) :- verb_tesLQ(L.T)

verb_test(L,T,10) :- verb_testlO(L,T).
verb_test(L,T,11) :- verb_testll(I,T).
verb_test(L,T,12) :- verb_testl2(L,T).

verb_test2(|[$2$,B],|Oword,R,$<3,$<"$,X,Y,7,53,$8,328)) -
member(B, | $5%]),
concat($2$,B,0word).

verb_test3(lA,B,C], |Oword,Oword, $-c3§, 5ot ,X,Y,7,5%,$$,$%1)
member (Oword, | $oco$, $udug | ),
conca(|A,B,C],0Oword).

verb_test3(|A,B,C], |Oword,R,$5%,801$,X,Y,Z,5%.%%,80x}) :-
member(C, | $5%]),
member(Sfx, [ $=>%,$12$,$ 15,3024, 0% (),
conca(A,B,Sfx), conca(l$s$,C,%$9%),R),
concat(Sfx,C,O0word).

verb_test4((A,B,C,D], |Oword,RO,DE,Ty,X,Y,2,%$,IN,$$)) :-
vinf_test4(}A,B,C,D},R0,DE,Ty,X,Y,Z,IN),
conca(lA,B,C,D],0Oword).

1

verb_test4([A,B,C,B], |Oword,R0,DE, Ty, X,Y,7,5$3,%$8,5U})
vsuf_test4([A,B,C,D},RO,DE,Ty,X,Y,7%,%%,%$%$,50U),
concat(|A,B,C,D},0Oword).

verb_test5([A,B,C,D,R)}, |Oword,RO,DE,Ty,X,Y,Z,PR,IN,SUj) :-
vpre_test5((4A,B,C,D,R],R0,DE, Ty,X,Y,Z,PR, IN,SU),
concat(|A,B,C,D,E],Oword).

verb_test6(|A,B,C,D,E,F],
[Oword, Oword e, $~w*#$ X,Y.2,$3,%$$,.3%% 1) :-
conca(lA,B,C,D,E, FJ,Oword), 0word——$'¢xﬂ4$

Vefbétest7(lA,B,C,D,E,F,GJ,[0word,RO,DE,Ty,X,Y,Z,PR,iN,SUJ)
vpre_test7(|A,B,C,D,E,F,GJ,RO0,DE, Ty,X,Y,Z,PR,IN,SU),
concat(|A,B,C,D,E,F,G|,Oword).



verb_test8([A,B,C,D,E,F,G,H], [Oword,R0,DE,Ty,X,Y,Z,PR, IN, SUJ) .-
vsuf_test8(|A,B,C,D,E,F,G,Il},RO0,DBE, Ty, X,Y,Z,PR, IN,SU),
concat(|A,B,C,D,E,F,G, HJ,Oword).

verb_test9([A,B,C,D,E,F,G,H,
|Oword,RO,DE, Ty, X, R, IN,SU}) :-
B,C, ,G,H,T},RO,DE,Ty,X,Y,Z,PR,IN,SU),
D,E, I1},0word).

vsui_test3([A,
concat(|A,B,C, .
verb_test10(lA,B,C,D,E,F,G,H,I,L]|,
|Oword ,RO,DE,Ty,X,Y,Z,PR,IN,SU}; : -
vsuf_testl0(|A,B,C,D,RB,F,G,H,T,L],RO,DE,Ty,X,Y,Z,PR,IN,SU),
concat(|A,B,C,D,E,F,G,01,I,L},0Oword).

verb_testl1({A,B,C,D,E,F,G,H,I,L,J},
|Oword,RO,DE, Ty,X, ,Z,PR,IN,SU }) :-
vpre_testll([A B,C, D E,F,G,1U,I,L,J],RO,DE, Ty, X,Y,Z,PR,
IN,SU), concat(|{A,B,C,D,E,F,G,H,I,L.,J}, Oword)

verb_test12(|A,B,C,D,E,F,G,H,1,L,J,K],
|Ooword, RO,DE, Ty,X,Y,Z,PR, IN, SH}) :
vpre_ testl12([A,B,C,D,E, F,c,n,I,r,J,K|,no PE,Ty,X,Y,Z,P
R, IN,SU), concat([A,B,C,D,E,F,G.H,1I,L,J.K],0word).

vpre_test4(|A;B,C,D|,RO,DE, TY,$5,008, ,$-5124,D,%3,%8$) :-
member (D, [$$,$1%]),
conca(|A,B,C],R0),
DE=$tcd$, TY=$—olte§.

vpre_test5([A,B,$3$,D,R),R0O,DE, $s,td0$, $o,8a3, 5008, 5165, K, 528,
" $$) :-member(E,[$=$]}),
DR = $deodtd,
conca(|A,B,D},RO).

vpre_test5(|A,B,C,D,E],RO,DE,TY, $ 5,808, 5008, $5148, PR, $$,$3) -
member(D, [ $~$,$>$)) ,member (K, |$=$]), conca([A,B,C],R0),
concat(|D,EB],PR),TY=$c,ton$, DK = $I=85,

vsuf_test5(|A,B,C,$'!$,E),RO,DE, $=2t08,X,Y,%,$$,8$,51) :-
conca(A,B,SU), member(SU, |$2a>$,$038,$9%,3508,
$as$, $s$, $5$, $ 12§, $0$, $-2%, $1-5,85,858]),
DE = g$-do3g,

vsuf_testlO(|$t$,$2%,3-$,38,39%, $-%,$>%,1, 1, 1.1,RO0,DE, TY,
$M9$Q$J$.“‘$a$T‘b'i‘°$i$$’$$s$'h:‘-'.9‘°:'$) ¢t~ DR = $J'u$)
conca(|H,I,L},RO0), TY=fdtas,

vsuf_testll(l$'$,$3$,$e$,$a$,$s$,$»$,$:$,n,I,L.ﬁwm|,no;nn,Tv,
$°¢h$o_s$m$)$$o$$,$'MW$) - bt $‘J‘c'°$l
conca(|{H,I,L},R0), TY=$0le§.
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