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Abstract

In the field of Natural Language Processing, Universal Networking Language (i.e., UNL)
has been an area of immense interest among researchers during last couple of years.
Universal Networking Language is an artificial language used for representing
information in a natural-language-independent format. This thesis presents UNL-ization
of Punjabi sentences with the help of different example sentences, using IAN (Interactive
Analyzer) tool. In UNL approach, UNL-ization is a process of converting natural
language resource to UNL and NL-ization, is a process of generating a natural language

resource out of a UNL graph. 1AN is an online tool provided by UNDL Foundation.

IAN processes input sentences with the help of TRules and Dictionary entries. The
proposed system performs the UNL-ization of all the major Part-of-Speech, numbers and
ordinals up to fourteen digits, written in words in Punjabi language, with the help of
Analysis Dictionary and TRules. The system is tested on three different corpuses i.e.,
CORPUS500, UCAL, and UCAZ2 provided by UNDL Foundation. A detailed description
of AN tool has also been explained.

F-Measure of the proposed system has also been calculated. F-Measure is the score used
to calculate the grammar’s accuracy. F-Measure of CORPUS500, UCAL, and UCA2 has
been calculated and detailed description is given in Chapter 6, i.e., Results and
Discussion. F-Measure considers both the precision and recall of the grammar to compute

the score. Its value lies between 0 to 1.
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Chapter 1

Introduction

Machine Translation (MT) has been an area of immense interest among researchers
during last couple of decades. Universal Networking Language (UNL) based MT is
also an effort in this direction. The Universal Networking Language (UNL) is an
artificial language for representing, describing, summarizing, and storing information
in a natural-language-independent format. In the UNL approach, there are two basic
movements: UNL-ization and NL-ization. UNL-ization is the process of
representing/mapping/analyzing the information conveyed by natural language
utterances into  UNL; NL-ization, conversely, is the process of
realizing/manifesting/generating a natural language document out of a UNL graph
[47]. These processes are completely independent.

Currently, the main goal of the UNL-ization process has been to convert the given
information text into the intermediate language, i.e., UNL which is of course
language-independent and machine-tractable database, with the help of many
relations, and attributes.

Suppose there are n numbers of different natural languages. Now using the approach
of UNL for converting those n natural languages into each other, 2*n number of
possible translations or mappings that needs to be done. This is because now only 2
conversions needs to be done for that particular natural language , means from that
natural language to UNL and then from UNL to that natural language. Had this
approach been not followed, the total number of conversions in converting every
natural language to every other natural language would have been n*(n-1) as every
language needs to be converted into the other n-1 languages. Such a system for
Punjabi language will certainly be very helpful for more than 91 million Punjabi
language users [29]. The tool and methodology used for UNL-ization has been
explained in chapter 4 and chapter 5. Figure 1.1 depicts the approach of UNL-ization

and NL-ization process. Both these processes are completely independent.
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Figure 1.1: Approach for UNL-ization and NL-ization of n natural languages

1.1 History

The UNL Programme started in 1996, as an initiative of the Institute of Advanced
Studies of the United Nations University in Tokyo, Japan [14]. In January 2001, the
United Nations University set up an autonomous organization, the UNDL Foundation,
to be responsible for the development and management of the UNL Programme. The
Foundation, a non-profit international organisation, has an independent identity from
the United Nations University, although it has special links with the UN. It inherited
from the UNU/IAS the mandate of implementing the UNL Programme so that it can
fulfill its mission. Its headquarters are based in Geneva, Switzerland. From the very
beginning, a consortium of university departments from all regions of the world has
been engaged in developing the UNL. That's the UNL Society, a global-scale network
of Research and Development teams, involving several specialists in computer
science and linguistics, who are at work creating the linguistic resources and
developing the web structure of the UNL System. The UNDL Foundation provides
technological support and co-ordinates the implementation of the Programme. The
Programme has already crossed important milestones.

The overall architecture of the UNL System has been developed with a set of basic
software and tools necessary for its functioning. These are being tested and improved.
A vast amount of linguistic resources from the various native languages already under
development has been accumulated in the last few years. Moreover, the technical
infrastructure for expanding these resources is already in place, thus facilitating the

participation of many more languages in the UNL system.



1.2 Scope of UNL

UNL has been exploited for several different tasks in natural language engineering,
such as multilingual document generation, summarization, text simplification,
information retrieval and semantic reasoning. UNL is not a human language. It is not
at all expected that one should speak UNL or should communicate in UNL, rather it is
expected that people should use UNL and should communicate through UNL in the
same invisible and spontaneous way they do with other declarative and procedural
languages which are pervasive in everyday applications. As no one is required to
know HTML to browse the Internet or even to create websites, similarly everyone
would be able to UNL-ize documents and to extract out of them the information
needed without any knowledge of UNL. UNL is therefore a formal language designed
for computers, not for humans. Like other logical systems, it seeks to provide the
linguistic and semiotic infrastructure for computers (and not for humans) to handle
what is meant by natural languages. Indeed, it is important to note that at this point in
time it would be foolish to state it is possible to represent the “full” meaning of any
word, sentence or text for any language [47].

The UNL avoids the pitfalls of trying to represent the “full meaning” of sentences or

(13

texts, targeting instead the “core” or “consensual” meaning that is most often
attributed to them. So poetry, metaphor, figurative language, and other complex,
indirect communicative behaviours is beyond the current scope and goals of the UNL.
Instead, the UNL targets direct communicative behaviour and literal meanings as a
tangible, concrete basis for much or most of human communication in practical, day-
to-day settings. This is the main reason why UNL has not been exactly a interlingua-
based machine translation project, even though machine translation is one of the
possible and more obvious and promising uses of UNL. Currently, the main goal of
the UNL-ization process has been to map the information that is verbally elicited in
the surface structure of written texts into a language-independent and machine-
tractable database. This means that the UNL representation has not been committed to
replicate the lexical and the syntactic choices of the original, but focuses in
representing, in a non-ambiguous format, one of its possible readings, preferably the
most conventional one. In this sense, the UNL representation has been an

interpretation rather than a translation of a given text [47].



1.3 Building Blocks of UNL

UNL represents the information in three different types of semantic units, namely,
Universal Words (UWs), Relations and Attributes. UNL represents information
sentence by sentence. Each sentence is converted into a hyper-graph (also known as
UNL graph) having concepts represented as nodes and relations as directed arcs. The
concepts are represented by UWs and UNL relations are used to specify the role of
each word in a sentence. The subjective meanings intended by the author are
expressed through UNL attributes. UNDL Foundation has formally defined the
specifications of UNL.

1.3.1 Universal Words

Universal Words form the vocabulary of UNL. These words correspond to the nodes
that are interlinked by relations or modified by attributes in a UNL graph. The
concepts of UWs are divided into four categories, namely, nominal concepts, verbal
concepts, adjective concepts and adverbial concepts [7]. A UW is a character string
(an English language word) followed by a list of constraints. UW's can be temporary
or permanent [52].

1.3.1.1 Temporary UW's

Temporary UW's are words that represent concepts or entities that are still in process
of lexicalization ("googlers”, "twittered"); are too specific to be included in the UNL
Dictionary ("Universal Networking Digital Language Foundation™, "Léon Werth"); or
are not translatable ("3.14159", "H,0", "www.undlfoundation.org").

1.3.1.2 Permanent UW's

Permanent UW's are included in the UNL Dictionary and correspond to concepts that
have been already lexicalized in at least one language. They can be simple, compound
or complex.

1.3.2 Attributes

Attributes are annotations made to nodes or hypernodes of a UNL hypergraph. They
denote the circumstances under which these nodes (or hypernodes) are used. The

syntax of attributes is given in (1.1) [48].
<attribute> .= “(@”<attribute name>

<attribute name> ::= <character>+

<character> s={"a”,..., 2”7 ,“ "} (LD


http://www.unlweb.net/wiki/UNL_Dictionary

where:

<> variable

" " terminal symbol

::=... I1s defined as ...

{ } disjunction ("or")

+ to be used one or more times

... to be repeated more than O times

Attribute names are always lower case words or expressions. Normally, English

words (“past”,

will™) or mnemonic abbreviations (“def”, "pl") are used for attribute

labelling. No blank space is allowed inside an attribute name. Attributes may convey

three different kinds of information [48]. These are given below.

e The information on the role of the node in the UNL graph (as in the case for
‘@entry’, that indicates the main (starting) node of a UNL directed graph).

o The information conveyed by bound morphemes and closed classes, such as affixes
(gender, number, tense, aspect, mood, voice, etc), determiners (articles and
demonstratives), adpositions (prepositions, postpositions and circumpositions),
conjunctions, auxiliary and quasi-auxiliary verbs (auxiliaries, modals, coverbs,
preverbs) and degree adverbs (specifiers), for example ‘@under’, ‘@past’ etc.

e The information on the (external) context of the utterance, i.e., non-verbal
elements of communication, such as prosody, sentence and text structure,
politeness, schemes, and speech acts, for example ‘@anger’, ‘@surprise’ etc.

1.3.3 Relations

Relations, formerly known as "links", are labelled arcs connecting a node to another

node in a UNL graph. They correspond to two-place semantic predicates holding

between two Universal Words. In UNL, relations have been normally used to
represent semantic cases or thematic roles (such as agent, object, instrument, etc.)
between UWSs [39]. The repertoire of relations is defined in the UNL
specifications and it is not open to frequent additions. In the UNL framework,
relations describe semantic functions between two UWSs. These functions are binary
and directed (from a source to a target) and are claimed to be universal. Because of
their similarity in name and function to syntactic relations, it may seem that the labels
used for relations are different names for special grammatical functions. This is

emphatically not the case. The intention is that the labels used denote specific ideas



rather than grammatical structures; the idea of “something that initiates an event,” or
“agent” for example, is quite different from “grammatical subject of a sentence”, even
though many times the subject of a sentence will indicate the agent of the event [39].
The agent of an event may also appear as an adjective or noun modifier, with the
preposition “by” or embedded in nouns with “er” suffixes.

The whole point of the conceptual relations is to have a name for these very different
grammatical structures which are conceptually quite the same. Thus, the conceptual
relations used in UNL are much more abstract than the grammatical relations found in
sentences [39]. The relations between the two nodes is of the form: rel _name
(nodel,+attl;node2,+att2); where rel_name is the name of the relation , nodel and
node2 are the two nodes between which the relations hold and attl , att2 are the
attributes which are added to nodesl and nodes2 respectively. It should be kept in
mind that any number of additional attributes can be added. For example UNL
representation of English sentence ‘book about john’ is ‘cnt(book, john@about)’
where, ‘cnt’ is the relation name whose first argument is ‘book’ while second

argument is ‘john@about’.



Chapter 2

Literature Review

\

There are more than 91 million native speakers of Punjabi language, which makes it
approximately the 12th most widely spoken language in the world [29]. Gill has
explained the features of Punjabi language [30]. Punjabi has word classes in the form
of noun, pronoun, adjective, cardinal, ordinal, main verb, auxiliary verb, adverb,
postposition, conjunction, interjection and particle. Punjabi phrases can be broadly
classified into two types, namely, nominal phrases (built using the words of various
word classes like noun, pronoun, adjective etc.) and verb phrases (built using
primarily the words of main verb and auxiliary verb word classes).

2.1 Research activities in Universal Networking Language

Research on UNL has three distinct divisions [35]. These divisions are: development
of EnConversion and DeConversion modules; applications of UNL in other contexts
such as knowledge representation and knowledge management, multilingual search
engines, language-independent Universal Digital Library etc.; and use of external
lexical and ontological resources to enhance the processes of UNL [20].

2.2 Development of Enconversion and Deconversion Modules

There are three different approaches that have been used to design and develop the
tools for EnConversion and DeConversion processes [35]. In the first approach, one
uses a common engine like ‘EnCo’ and ‘DeCo’ tools provided by the UNDL center to
accomplish the task [53]. The other approach is integrative approach that is based on
the integration of UNL into pre-existing MT systems. Third approach is followed by
researchers who have noticed the drawbacks in the tools provided by the UNDL
center, and have created new architectures from scratch. Martins et al. have proposed
a prototype system for converting Brazilian Portuguese into the UNL and
DeConverting UNL expressions into Brazilian Portuguese with ‘EnCo’ and ‘DeCo’
tools respectively [43]. Their system consists of three important sub-modules, namely,
the lexical, the syntactic and the semantic modules. Sérasset and Boitet have viewed
UNL as the future ‘html of the linguistic content’ [13]. The French DeConverter
proposed by them is based on the modular architecture. It splits the DeConversion

process into transfer and generation steps. Multilingual information processing



through UNL has been proposed by Bhattacharyya [34]. Their system performs
sentence level encoding of English, Hindi and Marathi into the UNL form and then
decodes this information into Hindi and Marathi. As such, the system has created a
way of semiautomated translation from English to Hindi and Marathi and also
between Hindi and Marathi. Martins et al. have analyzed unique features of UNL
taking inferences from Brazilian Portuguese-UNL EnConverting task [42]. They have
suggested that UNL should not be treated as an interlingua, but as a source and a
target language owing to flexibility that EnConversion process brings to UNL making
this just like any other natural language. Dhanabalan et al. have proposed an
EnConversion tool from Tamil [50]. Their system uses existing morphological
analyzer of Tamil to obtain the morphological features of the input sentence. They
have also employed a specially designed parser in order to perform syntactic
functional grouping. The whole EnConversion process has been driven by the
EnConversion rules written for Tamil language. Martins et al. have noted that the
‘EnCo’ and Universal Parser tools provided by UNDL foundation require inputs from
a human expert who is seldom available and as such their performance is not quite
adequate [44]. They have proposed the ‘HERMETO’ system which converts English
and Brazilian Portuguese into UNL. This system has an interface with debugging and
editing facilities along with its high level syntactic and semantic grammar that make it
more user friendly. Mohanty et al. have used Semantically Relatable Sequence (SRS)
based approach for developing a UNL based MT system [41]. They have analyzed the
source language using semantic graphs and used these graphs to generate target
language text. Dey and Bhattacharyya have presented the computational analysis of
complex case structure of Bengali for a UNL based MT System [21]. They provided
the details of the rule theory of ‘EnCo’ and ‘DeCo’ tools which are driven by analysis
rules and generation rules respectively for Bengali language. These rules are based on
case structure of ‘kaaraks’ used in the Bengali language. Mohanty et al. have
investigated the problem of prepositional phrase (PP) attachment in the context of
UNL based MT systems for English language [40]. They have performed the
linguistic analysis of six common prepositions in English, namely, ‘for’, ‘from’, ‘in’,
‘on’, ‘to’ and ‘with’. The insights obtained from this analysis have been used to enrich
a lexicon and a rule base, for the ‘EnCo’ tool. Blanc has performed the integration of
‘Ariane-G5° to the proposed French EnConverter and French DeConverter [11].
‘Ariane-G5° is a generator of MT systems. In the proposed system, EnConversion

8



takes place in two steps; first step is analysis of the French text to produce the
representation of its meaning in the form of a dependency tree and second step is
lexical and structural transfer from the dependency tree to an equivalent UNL graph.
Boguslavsky et al. have proposed a multi-functional linguistic processor, ‘ETAP-3’,
as an extension of ‘ETAP’ machine translation system to a UNL based machine
translation system [16]. Choudhury et al. have proposed a framework for converting
Bangla to UNL and have also proposed a procedure to construct Bangla to UNL
dictionary [25]. The system developed by Lafourcade uses ant colony algorithm for
semantic analysis and fuzzy UNL graphs for EnConversion process [28]. Nguyen and
Ishizuka have trained UNL relations classifier using statistical techniques based
feature extractor indicating the usage of statistical approach [38]. Lexicalized
probabilistic parser has been employed by Jain and Damani for English to UNL
conversion. The parser is used to create typed dependency tree and phase structure
tree for a given English sentence [27]. Arabic MT System based on UNL has also
been developed and successfully tested. In this system, Arabic generation grammar is
created for the tools for MT system [45][32]. Mridha et al. have proposed a Bangla
EnConversion system [26]. They have analyzed Bangla words morphologically in
order to obtain their roots and primary suffixes.

2.3 Application of UNL in other contexts

Mukerjee et al. used UNL as a tool for language-independent semantics for Question
Answering system [2]. This concept has further been explored by Shukla et al.
suggesting two major tasks in the implementation of proposed Question Answering
system [36]. The first task is document processing that converts the document into
equivalent UNL expression. For this, the document is processed through a UNL
Parser to get the complete set of semantic predicates for the document. The other task
IS query processing and answer extraction. It involves the tasks of question analysis
and processing to generate the answer template; conversion of Natural Language (NL)
answer template to the NL semantic predicates; conversion of NL semantic predicates
to interlingua; search engine and the conversion of the answer from the interlingua to
NL through the DeConversion process. Bértoli et al. have proposed ‘CELTA’
showcase as a web platform for using UNL [23]. They demonstrated a multilingual
business-to-business platform using UNL. Surve et al. have proposed an ‘Agro-
Explorer’ as a meaning based, interlingua search engine designed specifically for the



agricultural domain covering English, Hindi and Marath languages [31]. The system
involves the use of ‘EnCo’ tool for the EnConversion of English query to UNL. The
query in the UNL expression searches the UNL corpus of all documents. When a
match is found, it sends the corresponding UNL file to DeConverter to provide the
contents in the native language. Ramamritham et al. have further improved ‘Agro-
Explorer’ to develop ‘@4QUA’ an online multilingual, multimedia agricultural portal
for disseminating information from and to rural communities [22]. Choudhary and
Bhattacharyya have performed the text clustering using UNL representation. They
have generated feature vectors using UNL [3]. The clustering method used in the
proposed system is the Self Organizing Maps (SOMs). They have inferred that UNL
method for feature vector generation performed better than frequency based methods.
Jiang et al. have explored UNL as a facilitator for communication between languages
and cultures [6]. They designed a system to solve critical problems emerging from
current globalization trends of markets and geopolitical interdependence. It facilitates
the participations of people from various linguistic and cultural backgrounds to
construct UNL knowledge bases in a distributed environment. Karande has proposed
a multilingual search engine with the use of UNL [19]. The proposed system requires
EnConverter to convert the contents of source language to UNL. Boitet et al. have
built Hindi-French-English-UNL resources for ‘SurviTra’ (Survival Translator)
project [5]. It is a web service, initially being developed to help a French visitor
needing to communicate with an Indian helper when English is not an option. It is a
bilingual chat web service equipped with a phrasebook and a dictionary. Avetisyan
and Avetisyan have proposed a ‘LOOK4’ system for enhancement of web search
results with Universal Words (UWSs) [1]. They have used some existing resources
such as online services provided by major search engines, semantic ontology of
WordNet and flexibility of UNL for representation of semantic relations among
concepts.

2.4 Use of external resources to enhance UNL processes

The researches have been working on the use of lexical and ontological resources for
the improvement of the UNL processes. In this section, we present different activities
in this direction. Sornlertlamvanich et al. have performed the Thai lexical semantic
annotation by UWs [55]. The process proposed by them consists of word extraction,
word sense disambiguation, and UW annotation. They have also proposed a

10



computable method to find the appropriate UW to annotate a Thai word. Iraola has
used WordNet for linking UWs of Spanish-UNL dictionary [24]. The proposed
system has enriched UWSs with semantic information. Verma and Bhattacharyya have
performed automatic generation of multilingual lexicon for English, Hindi and
Marathi by using English, Hindi and Marathi WordNets [33]. In addition to the
WordNet, the system also makes use of word sense disambiguator, an inferencer and
the knowledge base of the UNL. Ribeiro et al. have proposed the development of a
Portuguese-UNL dictionary using the WordNet.PT, a lexical database developed
under the EuroWordNet framework [8]. This system has explored the similarity
between the WordNet.PT’s lexical semantic relations and the UNL. Bueno et al. have
worked on the systematization of knowledge acquisition process for its use in
intelligent management systems [49]. Their efforts resulted into a knowledge
engineering suite to support the construction of ontologies. Bekios et al. have
proposed a strategy for building UW dictionary with the use of WordNet [18]. They
have proposed six rules for the creation of semantic restrictions of UWSs. Each
Wordnet word, i.e., the set of senses for the word and its lexical relations, is used as
45 input to the rule base and the system yields a semantic restriction suitable for the
UW that is being created.

Rouquet and Nguyen have proposed an interlingual annotation of texts [10]. They
have explored the ways to enable multimodal multilingual search in large collections
of images accompanied by texts. They have used the domain ontology and UNL UWs
as the interlingual lexemes for annotation. Boudhh and Bhattacharyya have proposed
the unification of UW dictionaries by using WordNet ontology [46]. They have used
the WordNet ontology and proposed an extension of UW dictionary in the form of
U++ UW dictionary. They have used the concept of similarity measures to recognize

the semantically similar context.
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Chapter 3

Problem Statement

This chapter gives the details of gaps and the work that has not been done yet. Later
objectives of this thesis and methodology to achieve those objectives are described.
3.1 Gaps in previous work

Punjabi language is world’s 12" most widely spoken language [29]. Punjabi language
is used in both parts of Punjab, in India and also in Pakistan. There are relatively less
efforts in the field of computerization and development of this language. IAN, i.e.,
Interactive Analyzer is an online tool developed by UNDL Foundation and released in
2012 for UNL-ization and no work has yet been carried out. Other tools that were
used before have now become obsolete because they were very complex and their
inability to be integrated on a central site. IAN has been accepted globally as a
standardized tool for UNL-ization.

3.2 Objectives

The main objectives of this work are:

e To study UNL-ization and IAN (i.e., Interactive Analyzer) Framework.

e To manually translate CORPUS500, UC-A1, and UC-A2 provided by UNDL
Foundation to our local Natural language, i.e., Punjabi, to be used as an input
for 1AN tool.

e To create Analysis Dictionary for UNL-ization of CORPUS500, UC-AL, and
UC-A2.

e To create TRules for UNL-ization of CORPUS500, UC-AL, and UC-AZ2.

e To achieve F-Measure of 0.8 or above for UNL-ization of CORPUS500, UC-
Al, and UC-A2.

3.3 Methodology
To study the objectives discussed in section 3.2, a step-by-step methodology has been
followed. The detail of this is given below.

e CUP500 Certificate of Proficiency in UNL through VALERIE has been
cleared so as to understand deeply the concepts of UNL-ization.

e Manual translation of CORPUS500, UC-A1, and UC-A2 into Punjabi Natural

Language, which is used as an input to IAN tool, has been carried out.
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For each of the Natural Language word appearing in the resource, its
corresponding dictionary entry has been made.

TRules have been created for carrying out UNL-ization.

F-Measure, which is the measure of accuracy of the grammar, has been
calculated for CORPUS500, UC-A1, and UC-A2.
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Chapter 4

IAN Framework

IAN, i.e., Interactive Analyzer is an online tool developed by UNDL Foundation for
UNL-ization. As a universal engine, IAN must be parameterized to the source
languages with the following files, to be provided through IAN's interface. These are:-
« The input natural language document, i.e., the document to be UNL-ized.

e The NL-UNL (analysis) dictionary, i.e., a lexical database where UWs are mapped
into natural language entries, along with the corresponding features, to be provided
according to the UNL Dictionary specifications.

e The NL-UNL (analysis) transformation grammar, i.e., a set of transformation rules
used to convert natural language sentences into UNL graphs, to be provided
according to the UNL Grammar specifications.

e The NL-UNL (analysis) disambiguation grammar, i.e., a set of disambiguation

rules used to improve the results of the tokenization and of the transformation.
4.1 UNL-ization with IAN

IAN performs the following three movements over the input file [17]. First is
Segmentation, i.e., the division of the input document into a series of processing units
(sentences), which are processed one at a time. Second movement is Tokenization,
i.e., the identification of the tokens (lexical items) of each sentence of the input
document, and the third movement is Transformation, i.e., the application of the
transformation rules of the grammar over each tokenized sentence in order to
represent it as a UNL graph.

4.2 Introduction to IAN tool

IAN tool is fully automatic tool. It takes Natural Language document as input and
delivers an output in UNL without any human intervention. IAN has 6 tabs, i.e.,
Welcome, NL Input, Dictionaries, TRules, DRules, and IAN console. First is the
Welcome tab, which gives a brief introduction about the tool. Figure 4.1 shows the

Welcome tab.
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Figure 4.1: Snapshot of Welcome tab [15]
Second is the NL Input tab, where the natural language document to be UNL-ized is
provided. Figure 4.2 shows the NL input process in the input tab.
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Figure 4.2: Snapshot of NL Input tab [15]
Third tab is the Dictionaries, where NL-UNL dictonaries (i.e., the dictionaries to be
used in natural language analysis) is provided. There can be several different
dictionaries, and can be loaded to process the same corpus, but be sure that they are
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loaded in the correct order (because the order of the entries in the dictionary does
matter for tokenization). Reordering the dictionaries through the option “reorder

dictionaries” at the top menu can be done. Figure 4.3 shows how to create dictionary

entry.
» UNL Pltform - ANALYSS x e |5 w
€« C devundiioundationorng - =
welcome | SINL Input | @ Dicoenanes T-Rules # D-Rules | BIAN | JComg Go to EL -

=)

Figure 4.3: Snapshot showing creation of Dictionary under Dictionay tab [15]

Dictionaries are plain text files with a single entry per line in the following format [9].
[NLW]{ID}”UW”(ATTR)<FLG,FRE,PRI> ; COMMENTS

Here, NLW is the natural language word, UW is the corresponding Universal Word,
ATTR, the list of features of the NLW, FLG, The three-character language code
according to ISO 639-3, FRE, the frequency of NLW in natural texts. Used for natural
language analysis (NL-UNL). It can range from O (less frequent) to 255 (most
frequent). PRI, the priority of the NLW used for natural language generation (UNL-
NL). It can range from 0 to 255.

Fourth tab is T-Rules, where NL-UNL transformation grammar (i.e., the grammar to
be used to process the natural language input) is provided. Figure 4.4 shows the

snapshot of TRule tab.
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Figure 4.4: Snapshot showing creation of TRule in TRule tab [15]

T-rules may be classified according to the type of modification that they promote
[51].
a.) LL, or list-to-list, where the initial state and the final state are list structures.
There are 5 different subtypes of LL rules as shown in Table 4.1.
Table 4.1: LL rules [51]

ACTION | RULE DESCRIPTION
ADD (%x):=(%x)(%y); The node %y is added to the right of the
node %x
(%x):=(%y)(%X); The node %y is added to the left of the
node %x
DELETE | (%Xx):=-(%X); The node %x is deleted.
(%x):=;
REPLACE | (%x):=(%yY); All the instances of the node %x will be
replaced by the node %y
MERGE | (%x)(%yY):=(%x&%y); | The nodes %x and %y will be merged
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Where %x and %y are nodes.

b) TT, or tree-to-tree, where the initial state and the final state are tree structures.

There are 3 different subtypes of TT rules as shown in Table 4.2.
Table 4.2: TT rules [51]

ACTION RULE DESCRIPTION

ADD SYN1(%x;%yY):=+SYN2(%w;%z); | The relation SYN2 between the

RELATION nodes %w and %z will be
added to the graph containing
the relation SYN1 between the
nodes %x and %y.

DELETE SYN(%x;%y):=-SYN(%Xx;%y); The relation SYN between the

RELATION | SYN(%x;%y)=; nodes %x and %y will be
deleted (the nodes %x and %y
will not be deleted).

REPLACE | SYN1(%Xx;%yY):=SYN2(%w;%z); | The relation SYN1 between the

RELATION nodes %x and %y will be

replaced by the relation SYN2
between the nodes %w and %z
Where SYN

relation,

is a syntactic
and %x, %y, %z

and %w are nodes.

¢) NN, or network-to-network, where the initial state and the final state are network

structures. There are 3 different subtypes of NN rules as shown in Table 4.3.
Table 4.3: NN rules [51]

ACTION RULE DESCRIPTION

ADD SEM1(%x;%y):=+SEM2(%w;%?z); | The relation SEM2 between the

RELATION nodes %w and %z will be added
to the graph containing the
relation SEM1 between the
nodes %x and %y.

DELETE SEM(%x;%yY):=-SEM(%X;%Y); The relation SEM between the
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RELATION | SEM(%X;%y)=; nodes %x and %y will be
deleted (the nodes %x and %y
will not be deleted).

REPLACE | SEM1(%x;%yY):=SEM2(%w;%z); | The relation SEM1 between the

RELATION nodes %x and %y will be

replaced by the relation SEM2
between the nodes %w and %z
Where SEM
existing UNL
and %x, %y, %z

nodes.

is any of the
relations,

and %w are

d) LT, or list-to-tree, converts lists into trees. There are 2 different subtypes of LT

rules as shown in Table 4.4.

Table 4.4: LT rule [51]

ACTION | RULE DESCRIPTION

ADD (%x)(%Yy):=+SYN(%x;%y); | The relation SYN is created between the
nodes %x and %y if there is a linear
relation between them (the linear relation
is not deleted).

REPLACE | (%x)(%Y):=SYN(%Xx;%y); | The linear relation between %x and %y

is replaced by the relation SYN between
the same nodes (i.e., the linear relation is
deleted) Where SYN
relation, and %x and %y are nodes.

IS a syntactic

e) TN, or tree-to-networks, converts trees into networks. There are 2 types of TN

rules as shown in Table 4.5.

Table 4.5: TN rule [51]

ACTION | RULE DESCRIPTION

ADD SYN(%x;% | The semantic relation SEM between the nodes %w
y):=+SEM( | and %X is created if there is a syntactic relation SYN
%w;%X); between the nodes %x and %oy.
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REPLACE | SYN(%Xx;% | The syntactic relation SYN between the nodes %x
y):=SEM(% | and %y is replaced by the semantic relation SEM
X;%yY); between the same nodes. Where SYN is a syntactic
relation, SEM is a semantic relation, and %X, %y, %w

and %z are nodes.

Fifth is the D-Rules tab, NL-UNL disambiguation grammar (i.e., the grammar to be
used to control the tokenization and improve the results of the transformation

grammar) is provided. Figure 4.5 shows the snapshot of D-Rule tab.

|/ & UNL Plsform « ANALYSS x | =0 Gl
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{Bindef, Xa)([BLK | BLANK), b) (=) | [323] | [Bx]| ()| [72] |[¥=] | CON| DIGIT | DOUELE | [52=] | [ERHER | [Fier) | [fiiz) | [=r) | [Rfz])e0:

Order rele
Move before |»| 1D

Next Cs

N N
Figure 4.5: Snapshot showing creation of DRule under DRule tab [15]

Sixth tab is the IAN console tab, where results are seen. The IAN console brings the
list of sentences appearing in the NL input, which may be processed one at a time, or
in a range. IAN console shows the complete UNL-ization process of the selected
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natural language sentence. The results are displayed in 5 different trace levels. Figure

4.6 shows a snapshot of IAN console.
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Figure 4.6: Snapshot of IAN console [15]
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Chapter 5

Implementation

5.1 Overview

UNDL Foundation has given CORPUS500, UC-Al, and UC-A2. These corpuses
were manually converted into our natural language, i.e., Punjabi for input to IAN. The
detail of these corpuses has been given in subsequent sections. These corpuses cover
all the major part-of-speech of a natural language. These corpuses also include
numbers, ordinals, time and temporary entries which are represented in UNL by their
natural form. The UNL-ization of these corpuses are explained in the subsequent

sections below.
5.2 UNL-ization of CORPUS500

CORPUS500 is a document provided by UNDL Foundation comprising of total 500
sentences covering all the major part-of-speech. CORPUS500 has been categorized
into 10 categories. These are given below: -

1) Temporary words

2.) Numbers and ordinals

3) Prepositions

4. Conjunctions

5) Determiners

6.) Time

7)) Verbs

8.) Adjectives

9) Nouns, and sentences

10.)  Pronouns

UNL-ization of CORPUS500 was done with the help of total 241 TRules and 450
dictionary entries. Sections below give the detailed explanation of UNL-ization
process for these corpuses.

5.2.1 UNL-ization of Numbers

UNL represents the numbers in figures, written in the form of words. In Punjabi

single digit and double digit numbers cannot be generated by TRules unlike English
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because in Punjabi they have no repeating pattern. For example in English a double
digit number let’s say ‘fifty-two’ and ‘fifty-nine’ has fifty’ as repeating pattern while

entries of ‘two’ ,‘nine’ have been made earlier in Analysis dictionary. The dictionary

entry of every single digit and double digit number like f&d ik ‘one’, ©do ‘two’, T'I

car ‘four’, RISt giaram ‘eleven’, US3' pandram ‘fifteen’ etc. are made into the

dictionary with their respective attributes as shown below in the examples. While
using rule based approach the sequences of rule is very important because the rules
are fired in sequence as per matching. For example, TRule 29 will be fired before
TRule 34 irrespective of the fact that the nodes matching the criteria of TRule 34 are
before the nodes matching the criteria of TRule 29 in the given input string. The
UNL-ization process for number has been illustrated with the help of a simple

example sentence (5.1).

Example 1: s 7 &9 ..(5.1)

tinn sau vih
three hundred twenty
After the tokenization of example sentence given in (5.1) with IAN tool, five lexical

items are identified as shown in (5.2).

[fF&]{}"3"(LEX=U,POS=CDN,DIGIT, NUM=SNG)<pan,0,0>;
[R{-1}"B"(TEMP)<xxx,0,0>;
[€19]{}"20"(LEX=U,POS=CDN,DOUBLE,NUM= PLR)<pan,0,0>;

Two blank spaces are also identified as :-

[{}" "(BLK)<pan,0,0>; ..(5.2)
Here, LEX represents lexical category, U represents numeral, POS represents part-of-
speech, CDN represents cardinal, NUM represents number whose value could be
either SNG for singular or PLR for plural, BLK is the attribute given to the blank

space, TEMP represents temporary entry, ‘DIGIT’ indicates single digit number like

& ik ‘one’, T do ‘two ', O'd car ‘four’ etc. while ‘DOUBLE’ indicates two digit
number like IMIIT gigram ‘eleven’, US3' pandram ‘fifteen’ etc. In <pan,0,0> ‘pan’

refers to the three-character language code for Punjabi according to ISO 639-3. First
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‘0’ represents the frequency of Natural Language Word (NLW) in natural texts.

The second ‘0’ refers to the priority of the NLW, used in case of NL-ization. The

process of UNL-ization of example sentence (5.1) has been illustrated in Table 5.1.

Here, transliteration of each Punjabi word is shown only in Action taken column.

Table 5.1: UNL-ization process for example sentence (5.1)

S.No | TRule fired | Description Action Taken
1. (%a,BLK): | Here, %a refers to blank node | Original nodes :
=; [] having attribute ‘BLK’. This 3310 [):’f] N[E9]
rule is fired twice [tinn] [] [sau] [][v77]
consecutively and it removes [three] [ (hundred] [] [twen
all the blank spaces. ]
Resultant nodes:
ESGIEE
[tinn] [sau] [viK]
[three] [hundred] [twenty]
2. |({DIGITID |Here, node [HA] [sau] Oringinal nodes :
OREITE}’% [hundred] has been deleted and [(E5]HI[E]
Q)("H")(%D, | attribute HUNDRED has been | [tinn] [sau] [vi#]
{DIGIT|DO | given to previous node [f3&] | [three][hundred][twenty]
UBLE}):=( [tinn] [three] Resultant nodes :
%a,+HUN ' [(35][€19]
0,
)[_) RED)(%6b [tinn] [vi%]
’ [three] [twenty]
3. ({SHEAD| | Here, SHEAD and CHEAD | Original nodes:
CHEAD|"'B | means sentence head and scope | [f3&][€q]
LK}, %a)(D | head, respectively and ‘’ is [tinn][vin]
IGIT,HUN | used as negation means logical [three][twenty]
DRED,%x) | NOT. This rule concatenates Resultant nogeS'
(DOUBLE, | nodes [f3&] and [€19] to form | . '
%y):=(%a, _ . ISEES)
ATTO)(%x |@ single node [S&<1] as [tinnvi]
&%y,-HUN | shown in the action taken | [threetwenty]
DRED,-DI | column. All attributes are
GIT,-DOU | removed from final node and | Now, f3& ik ‘three’ and
BLE,+00 attribute 000 is added to it, to
0); indicate, that it is a three digit | 519 vk ‘twenty’ are

number.

replaced by their universal
words ‘3> and 20,
respectively, and the final
output 320 is generated by
IAN as shown in (5.3).
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UNL generated by IAN is given in (5.3).
{org}
IELR:E=IS]

{/org}

{unl}

[w] 320:08 [/w]

{/unl} ..(5.3)
Here, “:08’ is the scope internally generated by the IAN tool.

UNL-ization of numbers has further been explained with the help of another example
sentence (5.4).

Example 2: AT HIE S wae {36 a7 ST 8 wis A 36 ..(5.4)

prjah kharab vih arab tinn karoy tih lakkh atth sau tinn

Five trillion twenty billion thirty three million eight hundred three
After tokenization of example sentence given in (5.4) with IAN tool, twenty-one
lexical items are identified as given in (5.5).

[dAg1{-1}"’50”(LEX=U,POS=CDN,NUM=PLR,DOUBLE)<pan,0,0>;
[gag]{-1}"d3=”(TEMP)<xxx,0,0>;
[€191{}20"(LEX=U,POS=CDN,DOUBLE,NUM=PLR)<pan,0,0>;
[MIg]{-1}” WIT’(TEMP)<xxx,0,0>;

[[3a]{}3”(LEX=U,POS=CDN,DIGIT,NUM=SNG)<pan,0,0>;

[FIF{-1}"FIF(TEMP)<xxx,0,0>;
[3191{}30”(LEX=U,POS=CDN,DOUBLE,NUM=PLR)<pan,0,0>;
[BH]{-1}"8E"(TEMP)<xxx,0,0>;
[W&1{}’8”(LEX=U,POS=CDN,DIGIT,NUM=SNG)<pan,0,0>;
[RI{-1}" 7 (TEMP)<xxx,0,0>;

Ten blank spaces are also identified as: -
[ {}”(BLK)<pan,0,0>; ...(5.5)
The process of UNL-ization of example sentence (5.4) is given in Table 5.2.
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Table 5.2: UNL-ization process for example sentence (5.4)

S.No

TRule fired

Description

Action Taken

(%a,BLK):=;

This Rule is fired ten
times to deletes all four
blank nodes as shown in
Action taken column.

Original nodes :
[Ara]ESEI =00

SENIESI0ESF0EEI
13010 E]

[piijah][][kharab] [] [Vih][]
[arab][][tinn] [] [karor][] [0
h10 [akkh] [ [azzh] [ [saull
][tinn]

[fifty][][kharab] [][twenty] [
1[arab][][three][][crore][]

[thirty][1[lakh][][eight][1[
hundred][][three]

Resultant nodes :

[ [Ha=][&] [a=][
ERI|ECE|EBIEEIKEl
A|[fS5]

[prijah] [kharab] [vih] [arab]
[tinn] [karor] [tih] [lakkh] [at
th][sau][tinn]

[fifty] [kharab] [twenty] [ara
b][three][crore][thirty][lak
h][eight] [hundred][three]

({DIGIT|DOUB
LE},%a)("F")(
%b,{DIGIT|DO
UBLE}):=(%a,+
HUNDRED)(%
b);

Here, %a refers to node
[2&] having  attribute
DIGIT and %b refers to
node [f3&] having
attribute  DIGIT. This
rule deletes node [F] and

gives attribute
HUNDRED to node %a.

Original nodes :
BellEEEIERIREE]
3] [&3=] S]] ][
A|[f35]

[prijah] [kharab] [vih] [arab]
[tinn] [karor] [tih] [lakkh] [at
th][sau][tinn]

[fifty] [kharab][twenty] [ara
b][three][crore][thirty][lak
h][eight] [hundred][three]
Resultant nodes:

[ [Ha=][&][a=][
ERI|ECE|EiSI KR
[3&]

[prijah] [kharab] [vih] [arab]
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[tinn] [karor] [tih] [lakkh] [at
th][tinn]

[fifty] [kharab] [twenty] [ara
b][three][crore][thirty][lak
h][eight][three]

({SHEAD|CHE
AD|"BLK},%2z)
({DIGIT|DOUB
LE},HUNDRE
D,%x)({STAIL|
CTAIL|DIGIT},
A"DOUBLE,"DO
ZEN,"00,%y):=
(%z)(%x)([[0]].[
0],"0",DOZEN,
DIGIT)(%y);

Here, %z refers to node
[&4], %x refers to node

[%3&], and %y refers to

node [f3&]. This rule

adds a node [0] between
%x and %y. It also
attaches the attributes
‘DOZEN’ and ‘DIGIT’
to this newly created
node.

Original nodes:

[ [HeE][Eo] e
3] [F3=] [ [BH] 5]
f3&]

[prijah] [kharab] [vih] [arab]
[tinn] [karor] [tih] [lakkh] [at
th][tinn]

[fifty][kharab] [twenty] [ara
b][three][crore][thirty][lak
h][eight][three]

Resultant nodes:

[ [Ha=][&] [a=][
IEQI|ECEM|EiSIEEIKEI
0][f3=]

[prijah] [kharab] [vih] [arab]
[tinn] [karor] [tih] [lakkh] [at
h][O][tinn]

[fifty] [kharab] [twenty] [ara
b][three][crore][thirty][lak
h][eight][0][three]

({SHEAD|CHE
ADBLK|DIGI
T},%z)(DIGIT,
DOZEN,%x)(Dl
GIT,%y):=(%z)(
%x&%y,-DOZE
N,-DIGIT,+00);

Here, %z refers to node
[W&], %x refers to node
[0], and %y refers to
node [f3&]. This rule

concatenates nodes  %x
and %y.

Original nodes:

(o] [eeE] €] (e
(3] [59=][F9] [SH] [a]
[0][f3]

[prijah] [kharab] [vih] [arab]

[tinn] [karor] [tih] [lakkh] [at
th][0][tinn]

[fifty] [kharab] [twenty] [ara
b][three] [crore] [thirty][lak
h][eight][0][three]
Resultant nodes:

eI EEEISEIEE ||

f3a][5=7][F91[SH] [e]
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[0f35]

[prijah] [kharab] [vih] [arab]
[tinn] [karor] [tih] [lakkh] [at
th][Otinn]

[fifty] [kharab] [twenty] [ara
b][three][crore][thirty][lak

h][eight][Othree]
({SHEAD|CHE | Here, %z refers to node | Original nodes:
AD|"BLK},%7) | [&4], %x refers to node | [ [4a=][€19][Is][
(DIGIT,HUND . Ao N o . .
RED,%Xx)(00,% [#&], and %y refers to | 1I3S][AIF][31I][SBH][S][
V):=(%2)(MX& | the node [0fFm]. This | 0fF]

%y,-HUNDRE

rule concatenates %x and

[prjah] [kharab] [vih] [arab]

D,-DIGIT,-00,+ : arab,
000); %y to form the node [tinn] [karor] [tth] [lakkh] [at
[7f50f3&]. The attribute | th][Otinn]
‘OQOtf is given t‘;t i.tb at“d [fifty] [kharab] [twenty] [ara
existing aUrbutes | p1 rthree] [crore] [thirty] [lak
DIGIT, 00, and h] [eight] [Othree]
HUNDRED are
removed. Resultant nodes :
BellEEEIERIREE]
3] [a37][S9][BH] [0
3a]
[prijah] [kharab] [vih] [arab]
[tinn] [karor] [tih] [lakkh] [at
thotinn]
[fifty] [kharab] [twenty] [ara
b][three][crore][thirty][lak
h][eightOthree]
({DIGIT|DOUB | Here, node %ea refers to | Original nodes:
LE[TRIPLE}Y,% | [39], %b refers to | [UAra][ua=][@T][I=][
" 0 o ~o - oy Y )
ACBTVNOAD | sofim)  This  rule | 5] [EEF] S0 [Su] [Wis0
IGITIDOUBLE| . o
000|0000|00000 deletes node [&d] and | f338]

}:=(%a,+LAK
H)(%b);

gives attribute LAKH to
node %a.

[prijah] [kharab] [vih] [arab]
[tinn] [karor] [tih] [lakkh] [at
thotinn]

[fifty] [kharab] [twenty] [ara
b][three][crore][thirty][lak
h][eightOthree]

Resultant nodes :

[AT] [ee=] [S1] was]|
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(35][a93][39] [Ws0f35]

[prijah] [kharab] [vih] [arab]
[tinn] [karor] [tth] [aghOtinn
]

[fifty] [kharab][twenty] [ara
b][three][crore] [thirty][eig
htOthree]

({SHEADI|CHE
AD|"BLK},%2)
({DIGIT|DOUB
LE[TRIPLE},L
AKH,%x)({000|
DIGIT|DOUBL
E|STAILICTAI
L} ATEMP1,700
000,%y):=(%z)(
%x)([[001],[00],

Here, %z refers to node
[a3F], %x refers to node

[319], and %y refers to
node [WS0f3&].  This

rule adds a node [00]
between %x and %y. It
also attaches the
attributes  THOUSAND,
DOUBLE and

Original nodes:
[Urra][vag][&9][»IE][
(35][a93][39] [Ws0f35]
[prijah] [kharab] [vih] [arab]

[tinn] [karor] [tih]
[az¢hOtinn]

[fifty][kharab] [twenty] [ara
b][three] [crore][thirty] [eig

"00",THOUSA
ND.boUBLE L | LAKH_THOUSAND to | MOtNree]
AKH_THOUSA this newly created node. Resultant nodes -
ND)(%y); [UAg] [ga=][&][»I=][
3] [a37][9][00] 750
Za]
[prijah] [kharab] [vih] [arab]
[tinn] [karor] [tih]
[00][azhOtinn]
[fifty] [kharab] [twenty] [ara
b][three][crore] [thirty][00
][eightOthree]
(LAKH_THOU | Here, %x refers to node | Original nodes:
SAND,THOUS [00], %y referS to nOde [ﬁﬂld][blda][é]d][mda][
AND,%x)(000, | fs0f3&], %z refers to

%y)({CTAIL|S
TAIL},%z):=(%
x&%y,-THOUS
AND,-000,-DIG
IT,-DOUBLE,-
LAKH_THOUS
AND,+00000)(
%z);

STAIL. This rule
concatenates nodes %x
and %y. Attribute 00000
is given to this node
while all other attributes
are removed from it.

35][a33][39] [00]["f50
f3a]
[prijah] [kharab] [vih] [arab]

[tinn] [karor] [tth] [00] [atth
Otinn]

[fifty] [kharab][twenty] [ara
b][three][crore] [thirty] [00
][eightOthree]

Resultant nodes:

[ [Ha=][&9][a=][
(35][a33][3][00w50f3
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3]

[prijah] [kharab] [vih] [arab]
[tinn] [karor] [tth]
[00azzhOtinn]

[fifty] [kharab] [twenty] [ara
b][three][crore] [thirty][00
eightOthree]

9. (DOUBLE,LAK | Here, %x refers to node | Original nodes:
H,%x)(00000,% | [3ta], %y refers to node | [UAma][Ha=][&T][I=][
Y){CTAILISTA . ao pe o o . e
IL},%2):=(%xX& [00W&0f3a], and %z | f38][a3F][S1I][00ws0fS
%y,-LAKH,-DI | refers to STAIL. This | &]

GIT,-DOUBLE | rule concatenates nodes | . . _ _
-00000,+00000 | %x and %y and gives the | [P7/ah][kharab] [vih] [arab]
00)(%2); attribute 0000000 to this | /27 [karor] [tih] [00athOt
concatenated node while nnj
ribtes all - other | it 1 [kharab] [twenty] [ara
' b][three][crore][thirty] [00
eightOthree]
Resultant nodes:
[Ur 3] [aa=][&] [va=][
3] [a37][S00mis0fE5]
[prijah] [kharab] [vih] [arab]
[tinn] [karor] [tth00arthOtin
n]
[fifty] [kharab] [twenty] [ara
b][three][crore] [thirtyOOQei
ghtOthree]

10. ({DIGIT|DOUB | Here, %a refers to node | Original nodes:
LE[TRIPLE},% | [f3&] , %b refers to node | [UAma][aa=][&T][»3I=][
"FIF" Y%b):= 0 v 0
a)( 0):= 1 =), This rule deletes | 5] [E3T][F00ms0fia]

(%a,+CRORE);

node [9F] and gives

attribute CRORE to node
%a.

[prijah] [kharab] [vih] [arab]
[tinn] [karor] [tth00atthOtin

n]

[fifty] [kharab] [twenty] [ara
b][three] [crore][thirtyOQei
ghtOthree]

Resultant nodes:
[ [Ha=][&9][a=][
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3&][3Stg00mis0f35]

[prijah] [kharab] [vih] [arab]
[tinn] [tth00athOtinn]

[fifty] [kharab][twenty] [ara
b][three] [thirtyOOeightOthr
ee]

11. (DIGIT,CRORE | Here, %a refers to node | Original nodes:
/ARAB_CROR | [f3&5] and %b refers to | [UrA<][4a=][E][»I=][
E,%a)(0000000, o e . v pe
%b):=(%a&%b, | node [Stg00nz0f35]. | 3] [Stg00ma0f35)
-0000000,-CRO | This rule concatenates | /piijah] [kharab] [vih] [arab]
RE,-DIGIT,+00 | nodes %a and %b. | /tinn] [tthO0atthOtinn]
000000); Attribute 00000000 is

given to this | [fifty][kharab][twenty][ara
concatenated node while | b][three][thirtyOOeightOthr
all other attributes are | ee]
removed.
Resultant nodes:
BellEEEIERIREE]
3a3tg00mis0f3a]
[phijah] [kharab] [vih] [arab]
[tinntth00azthOtinn]
[fifty] [kharab] [twenty] [ara
b][threethirtyOOeightOthree
12. | ({DIGIT|DOUB | Here, %a refers to node | Original nodes:

LE[TRIPLE},%
a)("™aE") (%b,{

DIGIT|DOUBL
E|000]0000|0000
0]000000|00000
00/00000000|00
0000000}):=(%
a,+ARAB)(%b);

[€19] , and %b refers to
node
[[3a3tg00mis0f35].
This rule deletes node
LI and gives

attribute ARAB to node
%a.

BellEEEIERIREE]
Sa3ta00mis0f38]

[prijah] [kharab] [vih] [arab]
[tinntth00atthOtinn]

[fifty] [kharab][twenty] [ara
b][threethirtyOOeightOthree

]

Resultant nodes:

BeIEEEIERIIERER)
00" 5013 &]

[phijah] [kharab] [vih] [tinntt
h00azzhOtinn]

[fifty] [kharab] [twenty] [thre
ethirtyOOeightOthree]
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13. | {DIGIT|DOUB | Here, %x refers to node | Original nodes:
LE[TRIPLE}A | [@9] , and %y refers to | [UrAa][sa=][@9][Ea31T
RAB,%Xx)(0000 q v po
0000,%y):=(%x | NO¢€ o 00n{50f3a]
)([011,[0],"0",T | [B&SIR00NSOES]. | /i rkharab] fvin] frinnii
EMP3,%z)(%y); | This rule adds a node [0] | h0OaszhOtinn]

between %x and %y.

Attribute TEMP3 is | [fifty] [kharab][twenty][thre

given to this new node. ethirtyOOeightOthree]
Resultant nodes:
BeklEEEIERINIER
Stg00ms0f3 5]
[prijah] [kharab] [vih] [0] [ti
nntth00atthOtinn]
[fifty] [kharab] [twenty] [0] [t
hreethirtyOOeightOthree]

14. (TEMP3,%a)(00 | Here, %a refers to node | Original nodes:
000000,%b):=( | [0], %b refers to node | [arg][ga=][E@9][0][fS
%a&%Db,-TEMP | [fI5tg00nia0f3a]. t50fSa]
3,-00000000,+0 This rule concatenates STg00mie0
00000000); [prijah] [kharab] [vih] [0] [ti

nodes %a and %b. T 00athoti

Attribute 000000000 is | ##00azhOtinn]

. . | [fifty] [kharab][twenty] [O][t

given to this hreethirtvoOeiahtoth

concatenated node. reetnirty elg. ree]
Resultant nodes:
[Arg][ugg][Sg][0fEa3t
J0ONS0f35]
[prijah] [kharab] [vih] [Otinn
tth00atthOtinn]
[fifty] [kharab] [twenty] [Oth
reethirty0OeightOthree]

15. (DOUBLE,AR | Here, %a refers to node | Original nodes:
AB,%a)(000000 | node [&9], and %b | [Urg][ua=|[@a][0fEa3t
000,%b):=(%a& . e

refers to node J0OWS0f3]
%b,-000000000 X e
-ARAB,-DOU | [03&3IQ00S0EE] | 1 ian7 rkharab] fvin [otinn
BLE,+00000000 | .This rule concatenates | tih00atthOtinn]
000); node %a and %b.

Attribute 00000000000 is
given to this
concatenated node.

[fifty] [kharab] [twenty] [Oth
reethirtyOOeightOthree]
Resultant nodes:

[Urg] [Hag][@90f3a319
005013 ]
[phijah] [kharab] [vihOtinntt
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h00azhOtinn]

[fifty] [kharab] [twentyOthre
ethirtyOOeightOthree]

16. ({DIGIT|DOUB | Here , %a refers to node | Original nodes:
LE[TRIPLE}% | [JdA9], and %b refers to | [ [4a=][@00f3a319
mn (1] 0 o o
?))I(GITlDC))(U/OEt:I’_{ node [€19]. This rule | 00W&0f35]
E|000]0000|0000 deletes node [HJH] and élé’g)/i%é’t‘ﬁ%’iab][vmOtin”fl_
0/000000|00000 | gives attribute -
00/00000000|00 | KHARAB to node %a. [fifty] [kharab] [twentyOthre
0000000000000 thirtvo0eiahtoth
0000]000000000 ‘; 'r|3t’ te'g . hree]
00}):=(%a, +KH S e
ARAB)(%b); [UATI][RII013S3TI00NMS0
3]
[prjah] [vihOtinntih00atthOt
inn]
[fifty] [twentyOthreethirty00
eightOthree]

17. (DOUBLE,KH | Here, %a refers to node | Original nodes:
ARAB,%3a)(000 | [JAg], and %b refers to | [UAI][S1D0f3&3000m 50
00000000,%b): q .
=(%a&%b,-KH |0 A
ARAB,-DOU B | [SI903&31900&0135 | 1 oan 7 nanorinninooagmot
LE,-000000000 | ]. This rule concatenates | inn]
00,+000000000 | nodes %a and  %b.

0000); Attribute [fifty] [twentyOthreethirty00
0000000000000 is given | eightOthree]
to this concatenated | Resultant nodes:
node. [JAgg0f3a31a00mfs0
3a]

[prijahvihOtinntth00atthOtin
n]

[fiftytwentyOthreethirtyOOei
ghtOthree]

Now, A9 pijah “fifty’,
AT vih “twenty’, 3 tinn
‘three’, S sk “thirty’, and
& arh

replaced by their universal
words ‘50°, ‘20°, ‘3°, ‘30’

‘eight’ are
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and ‘8’ respectively, and the
final output
5020033000803 is
generated by IAN as shown
in (5.6).

UNL generated by IAN is given in (5.6).

{org}

g Hag Sl 35 a9z S Sunle A 38

{/org}

{unl}

[w] 5020033000803:0F [/w]

{/unl} ...(5.6)

Here “:0F is the scope internally generated by the IAN tool.

5.2.2 UNL-ization of ordinals

Ordinals numbers in Punjabi language contains & lam | € vam | B tha | 9 ja as
suffix as in IS pahilam “first’, {8t ikkivam ‘twenty first’, B8 cautha “fourth’,
31 177G “third’, respectively. In UNL ordinals are represented in figures and attribute

“@ordinal” is given to it to retain its semantics. During UNL-ization of ordinals,
all rules fired will be same, with the only difference that after deleting blank spaces, a
new rule as given in (5.7) will be fired. This rule will add “@ordinal” attribute to

the corresponding node having suffixes & lam | @ vam | B tha | 7 ja.
({DIGIT|DOUBLE|CDN},%x)("=™"&"&™|"d™):=(%x,0RD,att=@ordinal); ...(5.7)

This rule gives an attribute “@ordinal” to node having any one of the attributes

DIGIT, DOUBLE, or CDN (being referred as %x) preceding any one of the nodes [E7]

/ [&7] / [B7] / [A7]. The UNL-ization process for ordinals has been illustrated with the

help of a simple example sentence (5.8).

Example 3: f3& R <ta=t ...(5.8)

tinn sau vihvam
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three hundred twentieth

After tokenization of example sentence (5.8) with IAN tool, five lexical items are
identified as already given in (5.2) and it produce an additional lexical item as shown
in (5.9).

[E{-1}"T™(TEMP)<xxx,0,0>; ..(5.9)

The lexical item help in firing of rule given in (5.7) to attach the attribute ‘@ordinal’.
UNL generated by IAN for example sentence (5.8) is given in (5.10).

{org}

RIS

{/org}

{unl}

[w] 320:09.@ordinal [/w]

{/unl} ..(5.10)
Here, “:09’ is the scope internally generated by the IAN tool.

5.2.3 UNL-ization of Temporary entries

Temporary entries are entries that are not expected to be UNL-ized, such as URL's,
e-mail addresses, phone numbers, etc. They are not included in the dictionary,
because the UNL is the same as the source. Temporary entries are represented, in
UNL, between quotes, as natural language entries. For instance, the UNL for
"asfsdfdfdsf* is "asfsdfdfdsf”; the UNL for "www.undlfoundation.org” is
"www.undlfoundation.org"; etc. The UNL-ization process for temporary entries has
been illustrated with the help of a simple example sentence (5.11).

Example 1: asfsdfdfdsf asfsdfdfdsf asfsdfdfdsf ..(5.11)
After tokenization of example sentence given in (5.11) with IAN tool five lexical
items are identified, out of which three are the same temporary words and two are the
blank spaces, as given in (5.12).

[asfsdfdfdsf]{-1}"asfsdfdfdsf"(TEMP)<xxx,0,0>;

[ {}"(BLK)<pan,0,0>; ..(5.12)
The process of UNL-ization of example sentence (5.11) is given in Table 5.3.
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Table 5.3: UNL-ization process for example sentence (5.11)

S.No | TRule fired | Description Action Taken
1. (%a,TEMP) | Here, %a refers to first | Original nodes :
(BLK,%b)( | temporary node [asfsdfdfdsf] | [asfsdfdfdsf][][asfsdfdfdsf]
%c,TEMP): | having attribute ‘TEMP’, %b | [][asfsdfdfdsf]
=(%a)(%Db,- | refers to first blank node [], | Resultant nodes:
BLK,+BL and %c refers to second [asfsdfdfdsf][][asfsdfdfdsf]
ANK)(%c) | temporary node [asfsdfdfdsf]. [I[asfsdfdfdsf]
; This rule is fired twice
consecutively to  remove
attribute ‘BLK’ from both
blank nodes and gives them
attribute ‘BLANK’. This is
done so that this blank node
does not get deleted.
2. | (%a, TEMP) | Here, %a refers to first | Original nodes :
(BLK,%b)( | temporary node [asfsdfdfdsf] | [asfsdfdfdsf][][asfsdfdfdsf]
%c, TEMP): | having attribute ‘TEMP’, %b | [][asfsdfdfdsf]
=(%a&%b | refers to first blank node [], | Resultant nodes:
&%C); and %c refers to second | [asfsdfdfdsf
temporary node [asfsdfdfdsf]. | asfsdfdfdsf][][asfsdfdfdsf]
This rule concatenates node
%a, %b and %c as shown in
Action Taken column.
3. (%a,TEMP) | Here, %a  refers to first | Original nodes:
(BLK,%b)( | temporary node  [asfsdfdfdsf | [asfsdfdfdsf
%c,TEMP): | asfsdfdfdsf], %b refers to | asfsdfdfdsf][][asfsdfdfdsf]
=(%a&%b | second blank node [], and %c | Resultant nodes:
&%C0); refers to third temporary node | [asfsdfdfdsf asfsdfdfdsf
[asfsdfdfdsf]. This rule | asfsdfdfdsf]

concatenates node %a, %b and
%c as shown in Action Taken
column.

Final output generated by
IAN is as shown in (5.13).

UNL generated by IAN tool is given in (5.13).

{org}

asfsdfdfdsf asfsdfdfdsf asfsdfdfdsf

{/org}
{unl}

[w] “asfsdfdfdsf asfsdfdfdsf asfsdfdfdsf :07[/w]

{/unl}

..(5.13)

Here “:07’ is the scope internally generated by the IAN tool.
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5.2.4 UNL-ization of Prepositions
In UNL, prepositions are represented either by only relations or by both relations and

attributes. The UNL of the preposition ‘for’ in different context is shown in Table 5.4.

Table 5.4: Values of Preposition ‘for’ [37]

Value UNL | Examples
English UNL
Aim or purpose pur | trained for the ministry, put | pur(trained,
the house up for sale ministry)
Destination to headed off for town to(headed off,
town)
Object of a desire, | obj | eager for success obj(eager,
intention or perception success)
Recipient (direction, | gol prepared lunch for us gol(prepared,
addressee) of an action us)
Beneficiary of an action ben | He did it for us ben(did, us)
Duration dur | stood in line for an hour dur(stood,
hour)
On behalf of, in favor of, | man | spoke for all members man(spoke,
in place of members.@for)
Amount, extent man |a bill for five dollars; | man(bill,
walked for miles; dollars.@for)
As being man | mistook me for the librarian | man(mistook,
librarian.@for)

The UNL-ization process for prepositions has been illustrated with the help of a

simple example sentence (5.14).

Example 1: A7 €3 Ufar 59 3A<Ia 3 &t fase ...(5.14)

meéz utté pairis baré tasviram tom binam kitab

The book on the table about Paris without pictures

After tokenization of example sentence (5.14) with IAN tool thirteen lexical items are

identified as given in (5.15).
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[A=]{}"table"(LEX=N,POS=NOU,NUM=SNG)<pan,0,0>;
[€3]{}"on"(LEX=P,POS=PRE,rel=plc,att=@on)<pan,0,0>;
[ﬂﬁl’ﬂ]{}"Paris"(LEX:N,POS:PPN,NUM:SNG,SEM:LCT)<pan,0,0>;
[E3]{}"about"(LEX=P,POS=PRE,rel=cnt,att=@about)<pan,0,0>;
[BHE"IEI*]{}"piCture"(LEsz,POS=NOU,NUM=PLR)<pan,0,0>;

[3 fa&T{}"without"(LEX=P,POS=PRE,rel=ma n,att=@without)<pan,0,0>;
[fa3m=]{}"book"(LEX=N,POS=NOU,NUM=SNG)<pan,0,0>;

Six blank spaces are also identified as :-

[ {}" "(BLK)<pan,0,0>; ...(5.15)
The process of UNL-ization of example sentence (5.14) has been illustrated in Table
5.5.

Table 5.5: UNL-ization process for example sentence (5.14)

S.No | TRule fired | Description Action Taken

1. (%a,BLK): | Here, %a refers to blank node | Original nodes :

= [1. This rule is fired six times | A=][][€31[AfTA][[59

d deletes all the blank
o O 1 & a1 E i1

3]

[mez][] [utte] [] [pairis] [][b
arel [] [tasviram] [] [tom
binam][] [kitab]

Resultant nodes:

(€3] fSH] (=] [37
a3 o] [fa3H]
[méz] [utte] [pairis] [bare] [t
asviram] [tom

binam] [kitab]

2. | (N,%a)(P,P | Here, %a refers to node [A], | Original nodes :

RE,rel,att,% ] .
b);:r(?%):ia: %b refers to node [€3]. This [ARI[E3] o] [=3] (37

t=%b,+rel= | rule deletes the node %b and 491 [3 fasT] [fsm]

%D,+N); gives its attributes to node %a. | [mez] [utté] [pairis] [baré] [t
asviram/ [tom
binam] [kitab]
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Resultant nodes:

[AH@on] (XS] [s9][3A
A9 [3 f&&7] [[F3H]
[méz@on] [pairis] [baré] [ta
sviram] [tom binam] [kitab]

(N,%a)(P,P

Here, %a refers to node

Original nodes:

th)E.r(%l,att,% [3ASITY], %b refers to node [3 | [AF@on][fIA][=2][3A

:=(%a,+at . L .

t=06b +rel= | TS As above, this rule | f97[3 f&&T] [fa3H]

%b,+N); deletes the node %b and gives | [méz@on] [pairis] [baré] [ta

its attributes to node %a. sviram] [tom binam] [kitab]

Resultant nodes:
[AF@on][Afar][=3][3A
Sgt@without][fa3m=]
[méz@on] [pairis] [bare] [ta
sviram@without] [kitab]

(N,rel=man, | Here, %a refers to node | Original nodes:

;attt,);A)az(N,( [3ASIST], %b refers to node | [FH@on][Xfar][g9][3A

O%0b):=(NA

%b:%a),+M | [[F3TE]. This rule resolves a | @f@without][fI37]

AN,+N); relation ‘NA’ whose first and | [méz@on] [pairis] [baré] [ta

second argument are %b and
%a respectively. This new
node so formed is given an
attribute ‘MAN’ so that at later
stages it could be resolved into
the actual UNL relation ‘man’.
This new node is treated as
Noun and hence attribute ‘N’ is

sviram@without] [kitab]
Resultant nodes:

[AH@on][XfIA][SS][NA(
[far3m=];[3A=IS @without

)]
[méz@on] [pairis] [bare] [N
A([kitab], [tasviram@witho

given to this node. uth]
(N,%a)(P,c | Here, %a refers to node | Original nodes:
nt,%t;\)l(A'\lé;/0 [AfgA], %b refers to node | [AF@on][AfIA][EI][NA(
c):= 0
c?%§,+at(t= [=79], and %c refers to node | [fI3=];[3ASIIT @without
%b),%d,+N | 13rd@gr@without]. This rule | )]
,+CNT); [mez@on] [pairis] [baré] [N

resolves a relation ‘NA’ whose
first and second arguments are
%c and %a respectively. The
new node so formed is given
the name %d and attributes
‘CNT’ and ‘N’ for same
reasons as in previous rule.
Second argument of the
relation is given attributes of
%b.

A([kitab], [tasviram@witho
ut])]

Resultant nodes:
[AH@on][NA(INA([fa3=
l;[3R=I @without])];[2
far@about])]

[mez@on][NA(/NA([kitab]
;[tasviram@without])];[pa
iris@about])]
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(N,rel=plc,a
tt,%a)(N,r
el,%b):=(N
A(%b;%a),
+PLC,+N);

Here, %a refers to node
[AH@on], %b refers to node
[NA(NA(fS3™E;3A<II @with
out);3fgA@about)]. This rule

results into a relation ‘NA’
with first, second arguments as
%D and %a respectively.

Original nodes:

[AF@on][NA(INA([fI3=
l;[3R=I @without])];[2
far@about])]

[mez@on] [NA(/NA([kitab]
;[tasviram@without])];[pa
iris@about])]

Resultant nodes:

INA(INA(INA([fa3=T;[3
ARGt @without])];[XfIR@
about])];[AF@on])]

[NA([NA([NA([kitab] [tasv
ram@w
ithout])];[pairis@about])];
[mez@on])]

(N,PLR, @
pl,%a):=(%
a,+@pl);

Here, %a refers to node

[3A<tI'@without]. This rule

adds attribute ‘@pl’ to node
%ea.

Original nodes:

INA(INA(INA([fas=T;[3
AAGt@without])];[XfoR@
about])];[AT@on])]

[NA([NA([NA([kitab] [tasv
rram@without])]; [pairis@
about])];[meéz@on])]

Resultant nodes:

INA(INA(NA([fF3=1];[3
AAGt@without@pl])];[2
far@about])];[A=@on])]

[NA([NA([NA([kitab] [tasv
ram@w

ithout@pl])]; [pairis@abou
t])];[mez@on])]

(NA(NA(%
a;%Db),CNT,
%w;%c),PL
C,%r):=(%

w),(NA(%a
;%c),+PLC)

Here, %a refers to node
[NA([far3]; [3A=IST@witho
ut@pl])], %b refers to node
[AfgH@about], %w refers to

INA(INA([f3m=]; [3R<ITT@
without@pl])];[2faR@about])

], %c refers to node [AH@on],
%r refers to original node as

Original nodes:

INA(INA(INA([fa3™=T;[3
ARGt@without@pl])]; [

far@about])];[A=@on])]

[NA([NA([NA([kitab]; [tasv
ram@without@pl])];[pair
is@about])];[mez@on])]
Resultant nodes:

Nodel:
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shown in Action Taken
column. This rule splits node
%r into nodes %w and a new
node having relation ‘NA’
with first and second argument
as %a and %c respectively.

[NA([NA([fa3=];[3A<IS
@without@pl])];[XfaH@a
bout])]

[NA([NA([kitab]; [tasviram
@without@pl])];[pairis@
about])]

Node2:
[NA([NA([fa3=];[3AR<IS
@without@pl])];[R=@on]
)]

[NA([NA([kitab], [tasviram
@without@pl])];[mez@on
D]

(NA(NA(%
a;%b),MA
N,%w;%c),
CNT,%r)
=(%w),(N
A(%a;%oc),
+CNT);

Here, %a refers to node
[fa3=], %b refers to node

[3ASIgt@without@pl],  %c
refers to [XfgA@about], %w
refers to node
[NA([far3=];[3ASIST@witho

ut@pl])], and %r refers to
node

INA(INA([f3m=]; [3R<ITT@
without@pl])];[2faR@about])

]. This rule split node %r into
nodes %w and a new node
having relation ‘NA’ with first
and second argument as %a
and %c respectively.

Original nodes:
Nodel:

[NA([NA([fa3=];[3A<IS
@without@pl])];[Mfar@a
bout])]

[NA([NA([kitab], [tasviram
@w ithout@pl])];[pairis@
about])]

Node2:

[NA(INA([fa3™=];[3A=IS
@without@pl])];[AH@on]
]

[NA([NA([kitab]; [tasviram
@without@pl])];[mez@on
)]

Resultant nodes:
Node 1:

[NA([fa3=];[3ASIT @wi
thout@pl])]

[NA([kitab] ; [tasviram@w
ithout@pl])]
Node 2:

[NA([fa3=];[AfgA@abou
]

[NA([kitab],; [pairis@about
)]
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Node3:
[NA(INA([fa3=];[3R=Ia
@without@pl])];[AF@on]
)]

[NA([NA([kitab]; [tasviram

@without@pl
DI [mez@on])]

10.

(NA(NA(%
a;%b),MA
N,%w;%:c),
PLC,%r):=(
%w),(NA(
%a;%oc),+P
LC);

Here, 9%r refers to node
[NA(INA([fa3=];[3ASIST@

without@pl])]; [AH@on])], %c

refers to node [AF@on], %w
refers to node
[NA([far3=];[3A=SIST@witho
ut@pl])], %a refers to node
[fg3=] , %b refers to node

[3ASIgt@without@pl].  This

rule split node %r into nodes
%w and a new node having
relation ‘NA’ with first and
second argument as %a and
%c respectively. Note that
node %w is already present and
hence redundancy is removed
by IAN tool and in final UNL,
redundant nodes appears only
once. Therefore redundant
nodes are shown in Action
Taken column only once.

Original nodes:
Node 1:

[NA([far3E];[3ASIST @wi
thout@pl])]

[NA([kitab] ; [tasviram@w
ithout@pl])]
Node 2:

[NA([fs3=];[2fgr@abou
]

[NA([kitab],; [pairis@about

)]
Node3:

[NA(INA([fa3=];[3A=IS
@without@pl])];[AH@on]
)]

[NA([NA([kitab]; [tasviram

@without@pl
DI;[mez@on1)]

Resultant nodes:
Nodel:

[NA([fI3=];[3ASIT @wi
thout@pl])]
[NA([kitab] ; [tasviram@wit

hout@pl])]
Node2:

[NA([fa3=];[Afgr@abou
]

[NA([kitab],; [pairis@about

)]
Node3:

[NA([fa3m=];[AF@on])]
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[NA([kitab] ; [méz@on])]

11.

(NA(%a;%
b),CNT):=c
nt(%a;%b);

Here, %a refers to node
[fa3T=], %b refers to node

[AfgH@about].  This

changes the name of relation
from ‘NA’ to ‘cnt’ keeping
same arguments as in original
node, as required in the final
UNL.

rule

Original nodes:
Nodel:

[NA([far3E];[3ASIST @wi
thout@pl])]

[NA([kitab] ; [tasviram@wit
hout@pl])]
Node2:

[NA([fs3=];[2fgr@abou
]

[NA([kitab],; [pairis@about

)]
Node3:

INA([f3=T];[AF@on])]
[NA([kitab] ;[méz@on])]
Resultant nodes:

Nodel:

[NA([fa3=];[3ASIS @wi
thout@pl])]
[NA([kitab] ; [tasviram@wit

thout@pl])]
Node2:

[ent([fa3=];[AfaR@about
)]

[ent([kitab], [pairis@about

)]
Node3:

[NA([fs3m=];[AF@on])]
[NA([kitab] ;[ mez@on])]

12.

(NA(%a;%
b),PLC):=pl
c(%a;%b)

Here, %a refers to node
[f3™=], %b refers to node

[AH@on]. This rule changes

the name of relation from ‘NA’
to  ‘plc’ keeping  same
arguments as in original node,
as required in the final UNL.

Original nodes:
Nodel:

[NA([fa3=];[3ASIT @wi
thout@pl])]

[NA([kitab] ; [tasviram@wit

hout@pl])]
Node2:

[ent([fa3=];[2faR@about
)]

[ent([kitab], [pairis@about
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1]
Node3:

INA([f3m=]; [AF@on))]
[NA([kitab]; [méz@on])]

Resultant nodes:

Nodel:
[NA([far3E];[3ASIST @wi
thout@pl])]
[NA([kitab] ; [tasviram@wit
hout@pl])]

Node2:

[ent([fa3=];[2faR@about

)]
[ent([kitab],; [pairis@about

)]
Node3:

[ple([fa3m=]; [AF@on])]
[ple([kitab],; [méz@on])]

13.

(NA(%a;%
b),MAN):=
plc(%a;%Db)

Here, %a refers to node
[f3™€], %b refers to node

[3ASg@without@pl].  This

rule changes the name of
relation from ‘NA’ to ‘man’
keeping same arguments as in
original node, as required in
the final UNL.

Original nodes:
Nodel:

[NA([far3=];[3ASIS @wi
thout@pl])]

[NA([kitab] ; [tasviram@wit
hout@pl])]
Node2:

[ent([fa3=];[AfaR@about
)]

[ent([kitab], [pairis@about

)]
Node3:

[plc([fe3=]; (A= @on])]

[ple([kitab],; [méz@on])]
Resultant nodes:

Nodel:
[man([fa3=];[3A=IT @w
ithout@pl])]

[man([kitab]; [tasviram@w
ithout@pl])]

Node2:

[ent([faz=];[XfaR@about

)]
[cent([kitab], [pairis@about
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1]
Node3:

[ple([fas=T]; [(AF@on])]
[ple([kitab],; [méz@on])]

Now all the natural
language words are
replaced by their universal
words and final output is
generated by IAN as shown
in (5.16).

UNL generated by IAN is given in (5.16).

{org}
N €3 Afgrn 59 3Ada 3 faat fas
{/org}

{unl}
plc(book:0D, table:01.@on)

cnt(book:0D, paris:05.@about)

man(book.:0D, picture:09.@without.@pl)

{/unl}

..(5.16)

Here, :0D, :01, :05, :09, are the scopes internally generated by the 1AN tool.

5.2.5 UNL-ization of Conjunctions

Conjunctions are those lexical items which joins two or more phrases or clauses. In

UNL framework conjunctions are classified as coordinating conjunctions (COOQ)

which joins two or more items of equal syntactic importance ("W3", "H™) and

subordinating conjunctions (SCJ), which introduce a dependent clause like “fd”. The

UNL-ization process of conjunctions has been illustrated with the help of a simple

example sentence (5.17).
Example 1: 7', Adt, Yieg w3 U's

jan, mairt, pitar até pall

John, Mary, Peter and Paul

..(5.17)
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After the tokenization of example sentence given in (5.17) with IAN tool, ten lexical

items are identified as shown in (5.18).

[A&]{}"John"(LEX=N,POS=PPN,GEN=MCL,NUM=SNG,CAS=NOM)<pan,0,0>;

[J{}""(LEX=C,POS=COO,rel=and)<pan,0,0>;
[ﬂEI’T]{}"Mary"(LEXzN,POS=PPN,GEN=FEM,NU M=SNG)<pan,0,0>;

[Uted]{}"Peter"(LEX=N,POS=PPN,GEN=MCL,NUM=SNG,CAS=NOM)<pan,0,0>
[3]{}"and"(LEX=C,POS=COO0,rel=and)<pan,0,0>;
[U'&]{}"Paul"(LEX=N,POS=PPN,NUM=SNG)<pan,0,0>;

Four blank spaces are also identified as: -

[ {}"(BLK)<pan,0,0>; ...(5.18)
Here, GEN=MCL means that gender is masculine, CAS=NOM indicates that case is
nominal, POS=COO indicates that node’s part of speech is coordinating
conjunction.The process of UNL-ization of example sentence (5.17) has been
illustrated in Table 5.6.

Table 5.6: UNL-ization process for example sentence (5.17)

S.No | TRule fired | Description Action Taken

1. (%a,BLK): | Here, %a refers to blank node | Original nodes :

= []. This rule is fired four times | (ars][ J[1[ASH[,]0[<3][
and deletes all the blank .
spaces. 1310[3]

fjan][.][][mairi][][] [prrar
J[][ate][][pall]

[John] 100 [Mary][.] [ [Pet
er][1[and][]1[Paul]

Resultant nodes:
[FSILIASL IS
1]

[jan][.][mairi][.] [pirar][at
e/ [pall]
[John][,][Mary][,][Peter][
and][Paul]

2. | (NACOMM | Here, %a refers to node | Original nodes :
AAND,%a) | fiegd], %b refers to  node | [A&][][AS][][LTea] ™3

(C,CO0,an . ) .
d,9%b)(N,AC | (3], %c refers to [U3]. This | J[u3]
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OMMAAN | rule gives attribute | /jan][,] [mairi][,] [pitar][at

D,%c):=(% | ‘COMMAAND’ to nodes %a | ¢/ /pall]

a,C OMMA | and %c. [John][][Mary][.][Peter][

AND)(%Db)( and][Paul]

%c, COMM Resultant nodes:

AAND); [FaILIASLITeS] 3
1]
[jan][.][mairi][] [pirar][at
e/ [pall]
[John][.][Mary][.][Peter][
and][Paul]

(N/‘CO(')V”V' Here, %a refers to node [Ad], | Original nodes:

'(A(‘:Acl:\lgo/gz)b %Db refers to node [,], %c AL RS 3

)N,COMM | refers to [teg]. This rule | ][]

AAND,%Cc) | gives attribute ‘COMMAAND’ | [jan][,][mairi][,] [pitar] [at

:=(%a,+CO
MMAAND
) (%b)(%c);

to node %a.

el [pall]
[John][.][Mary][.][Peter][
and][Paul]

Resultant nodes:

[Aa]L] RS res] 3
18]

[jan][.][mairi] [ ] [pitar][at
e/ [pall]

[John][.][Mary][.][Peter][
and][Paul]

(N,"COMM
AAND,%a)
(C,CO0,%b
)(N,COMM
AAND,%c)
:=(%a,+CO
MMAAND
) (%b)(%c);

Here, %a refers to node [(™®],
%b refers to node [], %c
refers to [AS1]. This rule gives

attribute ‘COMMAAND’ to

node %a.

Original nodes:
[FSILIAS LIRS
1]

[jan][.][mairi] [ ] [pirar][at
e/ [pall]

[John][.][Mary][.][Peter][
and][Paul]

Resultant nodes:
[FAa][1AST ] [des] 3
11s]

[jan][,] [mairi][] [pirar] [at
e/ [pall]

[John][,][Mary][,][Peter][
and][Paul]

(N,PPN,CO
MMAAND,
%a)(C,and,
COO0,%Db)(

Here, %a refers to node [(],

%Db refers to node [,], and %c
refers to node [AJ]. This rule

Original nodes:

[FaILIAST LIS 3
18]
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N,PPN,CO | resolves a relation ‘NA’ whose | /jan][,] [mairi][,] [pitar][at

MMAAND, | first and second arguments are | &/ /pall]

%c):=(NA( | %c and %a respectively. The

%c ;% | new node so formed is given | [John][,][Mary][,][Peter][

a),*N,+PPN | attributes ‘N’, ‘PPN’, ‘AND’ | and][Paul]

,AND,COM | and ‘COMMAAND"’. Resultant nodes:

MAAND): INA(DRST; o)L MTe
SI3] (3]
[NA([mairi];[jan])][.] [pita
r][ate] [pall]
[NA([Mary];[John])][1[P
eter][and] [Paul]

(N,PPN,CO | Here, %a refers to node | Original nodes:

MMAAND, | [INA(AS]; [F&])], %b refers | [NA([AST; [Aa])]L ] [dies

%a)(C,and, 0 .

COO,%b)( to node [,] and. Y%oc refers to IZE Bk

N,PPN,CO | hode [4led]. This rule resolves [NA([mairi]; [jan])][.] [pita

MMAAND, | a relation ‘NA’ whose first and | ] [até] [pall]

%c):=(NA( | second arguments are %c and

%Lc; % | %a respectively. The new node | [NA([Mary];[John])][.][P

a),+N,+PPN | so formed is given attributes | eter][and][Paul]

,AND,COM | ‘N°,  ‘PPN’, °‘AND’ and | Resultant nodes:

MAAND); | ‘COMMAAND". INA([ S [NAR A
DIM3I[WE]
[NA([pitar]:[NA([mairi] ;[
anj)])] [ate] [pall]
[NA([Peter];[NA([Mary];[
John])])] [and][Paul]

({SHEAD| | Here, %a refers to node | Original nodes:

EF{'E@%(P [INA(RITES] INAASTL D) | INA(RST INA(AST; AT

N}%a)(C.a | DI %b refers to node (3], | SIM3][rE]

”O"\'I Cﬁé{f’b and %c refers to node [W'&]. | [NA([pitar];[NA([mairi];[j

)P(PNE» %C)(l This rule resolves a relation anj)])] [ate][pall]

{STAILICT ‘NA’ whose first and second [NA([Peter]; [NA([Mary];[

AILY):=(N arguments are %c and %a John])])] [and] [Paul]

A(%c;%a), | respectively. The new nod? S0 | Resultant nodes:

+N,+AND): formed is given attributes ‘N’, [NA(RFE]: [NARREST N

and ‘AND’.

AR [FSD]

[NA([pall] :[NA([pizar];[N
A([mairi]; [ janj))]]
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[NA([Paul];[NA([Peter];[
NA([Mary];[John])])D)]

8. | (NA(%&a;% | Here, %a refers to node [U'®], | Original nodes:
221&,|\;Dc>/)05a %b  refers to  node | [NACIELINA(RIEI]IN
7 | INAQRRRSTINAASIT[FS]) | ARSI [FTS)DD]

D]. This rule changes the name | /NA(/pall];[NA(/pitar];[N

of relation from ‘NA’ to ‘and’ | A(/mairi];[ jan])])])]

keeping same arguments as in

original node, as required in | [NA([Paul];[NA([Peter];[

the final UNL. NA([Mary];[JohnDDD]
Resultant nodes:
[and([u"S]; [NA([MIES];[N
AT [FSDD)]
[and([pall];[NA([pirar];[N
A([mairi];{ jan])])])]
[and([Paul];[NA([Peter];[
NA([Mary];[John])])1)]

9. (NA(%a;% | Here, %a refers to node | Original nodes:
b),AND):=a | nteg], %b refers to node | [and([U'S];[NA(HEI]; [N
nd(%a;%Db); )

[NA(AS[AsD]. This rule | ARSI [FS])])]

changes the name of relation | fand([pall];[NA([pitar];[N

from ‘NA’ to ‘and’ keeping | A(/mairi];[ jan])])])]

same arguments as in original

node, as required in the final | [and([Paul];[NA([Peter];[

UNL. NA([Mary];[John])])D)]
Resultant nodes:
[and([urS]; [and([{I<S];[N
AT [FSD)]
[and([pall];[and([prrar];[
NA([mairt];[ jan])])])]
[and([Paul];[and([Peter];[
NA([Mary];[John])])1)]

10. | (NA(%a;% | Here, %a refers to node [Adf], | Original nodes:
%&l\;[z%b)a %D refers to node [A™G]. This [and (] [and (1< [N

rule changes the name of
relation from ‘NA’ to ‘and’
keeping same arguments as in
original node, as required in
the final UNL.

AT A

[and([pall] ;[and([prrar];[
NA([mairt];[ jan])])])]

[and([Paul];[and([Peter];[
NA([Mary];[John]))])]
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Resultant nodes:

[and([ur&]; [and([FeS]; [a

nd((AST;[FS)D)]

[and([pall] ;[and([piar];[a
nd([mairt];[ jan])])])]

[and([Paul];[and([Peter];[
and([Mary];[John])D)])]

Now all the natural
language words are
replaced by their universal
words. Also, the inner
relations are replaced by
their scopes which are
generated internally by
IAN. Note that, here
internal relations are not
resolved. Final output is
generated by IAN as shown
in (5.19).

UNL generated by IAN is given in (5.19).
{org}

{/org}

{unl}

and(Paul:09, :04)

and:04(Peter:05, :05)

and:05(Mary:03, John:01)

{/unl} ..(5.19)
Here :09, :04, :05, :03, :01 are the scopes internally generated by the IAN tool.
5.2.6 UNL-ization of Determiners

Determiners are Noun-modifiers which expresses the reference of a noun or noun-
phrase in the context, including quantity. For example ‘my’, ‘your’, ‘this’, ‘that’ etc.
The UNL-ization process for ordinals has been illustrated with the help of a simple

example sentence (5.20).

Example 1: €€ Sg3 A fa3r=r ...(5.20)
uhdiam bahut sariam kitabam
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His many books

After the tokenization of example sentence given in (5.20) with IAN tool, five lexical

items are identified as shown in (5.21).

[EIEMi]{}"00.@3.@male"(LEX=D,POS=POD)<pan,0,0>;

[Sg3 AIMIT{}"many"(LEX=D,POS=QUA att =@multal)<pan,0,0>;

[fr3=]{}"book" (LEX=N,POS=NOU,NUM=PLR)<pan,0,0>;

Two blank spaces are also identified as:-
{3 (BLK)<pan,0,0>;
Here, LEX=D implies that node’s lexical category is determiner , ‘POS=QUA’

(5.21)

implies that part-of-speech is quantity, ‘POS=POD’ implies that part-of-speech is a

possessive determiner. Universal word ‘many’ is associated with an attribute

‘@multal’. The process of UNL-ization of example sentence (5.20) has been

illustrated in Table 5.7.

Table 5.7: UNL-ization process for example sentence (5.20)

S.No

TRule fired

Description

Action Taken

(%a,BLK):

Here, %a refers to blank node
[]. This rule is fired twice and
deletes all the blank spaces.

Original nodes :
[EISmi][I[Eg3 A (][
fa3t=

[uhdiam] [] [bahut sariam][]
[kitabam]

[His][]1[many][][books]
Resultant nodes:

[So=hi[ag3 A (i
3]
[uhdiam] [bahut sariam][Kit

abam)

[His][many] [books]

(D,att,%a)(
N,%Db):=(%
b,+att=%a);

Here, %a refers to node [E9J3
A,
[fsr3™=]. This rule deletes the

node %a and gives its
attributes to node %b.

%b refers to node

Original nodes :
[EoSmi][ggz A [fa
3]

[uhdiam] [bahut sariam][Kit
abam)

[His][many] [books]

51




Resultant nodes:
[EgEmiT|[fI3r=f @multal]
[uhdiam] [kitabam@multal]

[His][books@multal]

(N,PLR"@
pl, %a):=(%
a, +@pl);

Here, %a refers to

[fa3™=].  This rule

attribute ‘@pl’ to this node.

node
gives

Original nodes:

[T [fa3r=f @multal]

[uhdiam] [kitabam@multal]
[His] [books@multal]
Resultant nodes:
[EIEm][fa3 =i @multal @

I
?u]hdl'dm][kitdbdm@multal
@pl]

[His][books@multal@pl]

(D,POD,%a

Here, %a

refers to node

Original nodes:

)(%6b):=(NA | [ETEMiT], %b refers to node | [EIEM][fa3rsFr@multal @
(%b;%a),+ . _
ownd) | [[F3=F@multal@pl].  This | Pl]
POS,%(d); - -
. ons | [uhdiam] [kitabam@multal
rule resolves a relation ‘NA @pl]
whose first and  second X
argument are %b and %a E{iﬂlggg Egﬁr:.ultal@pl]
respectively. This new node so . _
formed is given an attribute [NA([fssT= @multal @pl]:[
‘POS”. Eaemii)]
[NA([kitabam@multal@pl];
[uhdiam])]
[NA([books@multal@pl];[u
hdiam])]
(NA(%a;% | Here, %a refers to node | Original nodes:
b),POS):=p | [fa3=f@multal@pl], and %b | [NA([fS3=F@multal@pl];[
0s(%a;%Db);

refers to node [EI€MiT]. This

rule changes the name

of

relation from ‘NA’ to ‘pos’
keeping same arguments as in
original node, as required in

the final UNL.

gIEMi)]

[NA([kitabam@multal@pl];
[uhdiam])]

[NA([books@multal@pl];[u
hdiam])]
Resultant nodes:

[pos([fla3=F@multal@pl];[
gIEmi)]

[pos([kitabam@multal@pl]
;[uhdiam])]
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Now all the natural
language words are replaced
by their universal words and
final output is generated by
IAN as shown in (5.22).

UNL generated by IAN is given in (5.22).
{org}

{/org}

{unl}

pos(book:05.@multal.@pl, 0:01.@3.@male)

{/unl} ...(5.22)
Here, :01, :05 are the scopes internally generated by the 1AN tool.

5.2.7 UNL-ization of Time

UNL-ization of time is almost similar as that of numbers because like numbers, their
UNL representation is realistic, i.e., without the use of any relation or attribute in final
output. The UNL-ization process for time has been illustrated with the help of a

simple example sentence (5.23).

Example 1; Yed fie ...(5.23)

Pandra mint

fifteen minutes

After the tokenization of example sentence given in (5.23) with IAN tool, three

lexical items are identified as shown in (5.24).

[ear{}"15"(LEX=U,POS=CDN,DOUBLE)<pan,0,0>;

[1{}"(BLK)<pan,0,0>;
[fHe]{-1}"THe"(TEMP)<xxx,0,0>; ...(5.24)

The process of UNL-ization of example sentence (5.23) has been illustrated in Table
5.8.
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Table 5.8: UNL-ization process for example sentence (5.23)

S.No | TRule fired | Description Action Taken
1. (%a,BLK): | Here, %a refers to blank node | Original nodes :
= []. This rule deletes the blank [dear[fife]
spaces. [Pandra] [] [minf]
[Fifteen] [][minutes]
Resultant nodes:
[ear[fie]
[Pandra] [minf]
[Fifteen] [minutes]

2. | (UCDN,{ |Here, %a refers to node | Original nodes :
I\D/IC\)(JIIBI\CE'} [Ue3], %b refers to node | [ear][fie]
vea)(rfitem | [HE]. This rule deletes the | [Pandraj[min]

ba)({ . . [Fifteen] [minutes]
IMINUTES node %b and gives an attribute Resultant nodes:
‘MINUTES’ to node %a. o )
MZ},%b):= [Hed]
0,
'(l'é%')M INU [Pandra]
’ [Fifteen]

3. (MINUTES | Here, %a  refers to node | Original nodes:
,%a)({STA/I\ [de3], %c refers to STAIL. | [Ed]
IS_E:C-:F(’)A\I\IIIE)}S This rule adds a node [00] after | /Pandra]
"COLONll node %a i.e. before STAIL as | [Fifteen]
"COLONZ' shown in Action Taken column | Resultant nodes:
%¢):=(% a),( and is given an attribute | fegr][00]
[[00]].[00]," SECONDS’. [Pandra] [00]
00",SECON [Fifteen][00]
DS)(%c);

4. ({SHEAD| | Here, %a refers to SHEAD, | Original nodes:
CHEAD}/’\,A and %b refers to node [UeaT]. | [LeaT][00]
(H)E(L)Jﬁf ’,\CC: This rule adds a node [00] after | [Pandra][00]
OLONZ,% 3 SHEAD and before %b as | [Fifteen][00]
)(MINU’TE shown in Action Taken
S,%b):=(%a column. This new node is | Resultant nodes:
) ('[[OO]I],[OO] given an attribute ‘HOURS’. [00][1=aT][00]
,"00",HOU [00] [Pandra] [00]
RS)(%Db); [00][Fifteen] [00]

5. (HOURS,% | Here, %a refers to node [00] | Original nodes:
E)g\é/”tl)\l US'II'E having attribute :HOURS’, %Db | [00][=aT][00]
CdNOD)SE o refers to node [4=S"], and %¢ | 1007 pandraj o0y
)':(%a)(’[[-] refers to node [00] having | [00][Fifteen][00]
][] o CO attribute  ‘SECONDS’. This
LONl %x)( rule adds node [:], being | Resultant nodes:
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LT[ & o Trver ¥ Gl o
L ] 0 H -1 . —_ .
N2,%y)(%c | referred as %y, between %b [ggj [ [{:)f’f':dr 4[] [0000]
); and %c. The node %x is given [00][:][Fifteen] [:T[00]

an attribute ‘COLONI1’, while

node %y is given attribute

‘COLON2".
(HOURS,% | Here, %a refers to node [00] | Original nodes:
DRONMIN | refers. 10 mode [] having | L IO
! 0 * . ~ .
UTES,%c)( | attribute’ COLON1’, %c refers {88{“{{:)?;::;1]][[ ]][[0000]]
S%)LONZ to node [Ued"], %d refers to ' '
(?D)é%/fgci node [:] having attribute | Resultant nodes:
(%a&%b& ;ggewggia aﬁl;‘vi‘:{zjd refers 10 | [00JLI=TILI[00]
?C&g)odfo ‘SECONDS’. This rule | [0V [:T[P andra] [:][00]]
l\:)leiCOLO concatenates all nodes to form [[O0] -] [Fifteen][:][00]]
N2’-MINU a new hyper node as shown in
TES -SECO | Action Taken column. All the
NDS,-HOU 1s:urplu?]_atrt]rlbutes gre removed Now the natural language
RS -MYTI rom this hyper node. e
ME’ TIM word *U€d" is replaced by
E DIGIT - its universal word and final
HE)URSI\}IZ output is generated by IAN as
-MINUTE shown in (525)
SM2);

Uegr fie

UNL generated by IAN is given in (5.25).

[w] “00:15:00”:08 [/w]

..(5.25)

Here, :08 is the scope internally generated by the AN tool.
5.2.8 UNL-ization of Verbs
Verbs are an important constituent of any natural language. They describe an action or
occurrence or indicate a state of being like ‘run’, ‘eat’, ‘sleeping’ etc. The UNL-
ization process for verbs has been illustrated with the help of a simple example
sentence (5.26).

Example 1: 87 838 & wa i3

..(5.26)
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usné uhnum kallh mar ditta

He killed him yesterday

After the tokenization of example sentence given in (5.26) with 1AN tool, seven

lexical items are identified as shown in (5.27).

[EA&]{}"00.@3.@male"(LEX=R,POS=PPR,CAS=NOM,PER=3PS)<pan,0,0>;

[€951{}"00.@3.@male" (LEX=R,POS=PPR,CAS=NOM,PER=3PS)<pan,0,0>;

[&&]{}"yesterday"(LEX=A,POS=AAV,SEM=TME)<pan,0,0>;

Mg fE3T{}kill"(LEX=V,POS=VER, TRA=TSTD,GEN=MCL,ATE=PAS,NUM=S

NG)<pan,0,0>;

Three blank spaces are also identified as :-

[ K}"(BLK)<pan,0,0>;

.(5.27)

Here, ‘V’, ‘R’ indicates that lexical category of those nodes are verb and pronoun

respectively, TRA=TSTD indicates that verb is direct transitive, ‘NPR’ means that

pronoun is an indefinite pronoun whereas ‘COP’ means that the verb is a linking verb

which is used to link the subject of a sentence with a predicate. ‘SEM=TME’ means

that semantics of a node is time. The process of UNL-ization of example sentence
(5.26) has been illustrated in Table 5.9.

Table 5.9: UNL-ization process for example sentence (5.26)

S.No | TRule fired

Description

Action Taken

1. (%a,BLK):=;

Here, %a refers to blank node [].

This rule

is fired thrice and

deletes all the blank spaces.

Original nodes :
[EFSI0EIEINEZI0
RIEAEEY
[usne][1[uhniam] [][kallh

1 [mar ditta]
Resultant nodes:

[ERS][EISI[EFI[HT
31
[usné] [uhnam] [kalln][m
ar ditta]
2, (Y(;/PAEA(y@Di Here, %a refers to node [Hg | Original nodes
;t’tzoé)bggt;? " | f&31]. This rule gives an attribute S;T] [SIC=FIDS

‘(@past’ to node %oa.
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[usné] [uhnam] [kallh] [mar
ditta)
Resultant nodes:

[ERSIEICIEIHS

3T @past]

[usné] [uhnam] [kallh] [mar
ditta@past]

(A%a)(V,T
RA=TSTD,
%b):=(NA(
%Db;%a),+V
,+TRA=TS
TD,+TIM);

Here, %a refers to node [&],
%b refers to node [HI 2
3"@past]. This rule creates a

relation ‘NA’ between nodes
%b, and %a as its first and
second argument respectively.

Original nodes:

[EAsI[EIS]I[EgIHe e
3T@past]

[usné] [uhnam] [kallh] [mar
ditta@past]
Resultant nodes:

[EAS][ETS]INA(HT
fE3r@past];[53])]

[usné] [uhniam] [NA([mar
ditta];[kallh])]

(R,PPR,%a)
(V,TSTD,%
b):=(NA(%

b;%a),+OB

J,V, TSTD,+
GEN=%b,+
NUM=%Db);

Here, %a refers to node
[83&], %b refers to node

INA(IHS  fE3"@past];[53])]

.This rule resolves a relation
‘NA’ with %b and %a as first
and second argument
respectively. The final node is
given attribute ‘OBJ’ and this
node is treated as verb.

Original nodes:
[EFS][ETE]INA(HS
fE3@past];[%])]

[usne] [uhniam] [NA([mar
ditta@past];[kallh])]
Resultant nodes:

[E7&] [INA(INA([HI fE3T
@past];[5E])]; [BIED)]

[usne] [NA([NA([mar ditta
@past];[kallh])];[uhnim])]

({SHEAD| | Here, %a refers to SHEAD, | Original nodes:
gHEQD(};P %b refers to node [EF], and | [EFS] [NA(INA([HS fE3T
0Z)(R, . o
R|P)F(>R}1{,% a | %€ refers tovnode [NA([VNA([ @past];[5&])]; [8I8])]
)(V,TSTD, |*'9 e @pastl:[FED]; | [5ne] [NA(NA(mar ditta
%b):=(NA( | [©a8])] . This rule resolves a | @past];[kallh])]; [uhnim])]
%b;%a),+A s Resultant nodes:
GTV.TST relation ‘NA’ with %b and %a NA(TNA(TNA =
D): as first and second argument [NA(INA(INA([HS
’ respectively. The final node is | @past]:[&])]:[EI&D]
given attribute ‘AGT’ and this ° - F
node is treated as verb. St
[NA(INA(/NA([mar ditta
@past]: [kalln])): /uhnit])
I;[usne])]
(NA(NA(% | Here, %a refers to node | Original nodes:
a;%b),0BJ,
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%w;%cC),A
GT,%r):=(
%w),(NA(
%a;%0c),%e,
+AGT);

INA(HS &3 @past];[53])],
%b refers to node [EJ&], %c
refers to node [GHS], %w
INA(INA(HS RE3m@past]; [
&)1; [8I8])] , and %r refers
to node [NA(INA(INA([HS
fegr@past];[&&])];[€IED](

€7&])]. This rule splits the

node into two nodes %w and
%e. Node %e holds relation
NA with %a and %c as its first
and second argument
respectively.

[NA(INA(INA([HI fE3T
@past];[FIEN]; (€IS
grs])]
[NA(INA(/NA([mar ditta

@past]; [kalln])]: /uniim])
1:[usne])]

Resultant nodes:
Node 1:

[NA(INA(HI fE3r@past
13698
[NA(/NA([mar ditta@past

1 [kalln])];/uhniim])]
Node 2:

[NA(INA(HI fE3"@past
1:[3Z])];[€7a])]

[NA(/NA([mar ditta@past]
;[kalln] )] ; [usné])]

(NA(NA(%
a;%b), TIM,
%w;%c),0
BJ,%r):=(%
w),(NA(%a
;%cC),%K, +

Here, %a refers to node [H'd
fE3"@past ], %b refers to node
[&&], %w refers to node

INA(HT  fE3"@past]; [5%])],

Original Nodes:
[NA(INA([HI fE3"@past
HENHIESR)

[NA(/NA([mar ditta@past]
- [kallh])] ; [uhniim])]

OBJ); %c refers to node [€Jg], and Eefj““f”t Nodes:
= ode 1:
%r refers to node . .
. NA([HT fE3 @past];[&&
INANA(DIS  f&3@past ][)] (0 @past[5E
1;[EEN T8N [NA(/mar dina@past];[kal
This rule splits node into %w | [hD]
and %k. Node %k holds | Node 2:
relation NA with %a and %c as | [NA([HI fE3"@past];[€I
its first and second argument &
respectively. o))l
[NA([mar ditta@past];[uh
niim])]
(NAb(NA(% Here, %a refers to node [H'g | Original Nodes:
a;%0Db), TIM, . )
%W;O)/oc), A | IS @past], %b refers to node [Né([NA([H'H Ea@past
GT1;/‘Er):=E [35], %w refers to node RESINRERGY
%w),(NA X 5 . [INA(/NA([mar ditta@past]
%a;%c),%k | [NA(HS E3"@past];[F&1)], | :[kallh])]; [usne])]
+AGT); Resultant Nodes:

%c refers to node [EA&], and

%r refers to node

Node 1:
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[NA(INA(HS  fE3r@past

L[EB]L[EAS])].
This rule splits node into %w
and %k. Node %k holds

relation NA with %a and %c as
its first and second argument
respectively.

[NA([HS ez @past];[5%5
)]
[NA([mar ditta@past];[kal

Ih])]
Node 2:

INA(HS  fEsr@past];[€
"))

[NA([mar ditta@past];[us
ne])]

9. (NA(%a;% | Here, %a refers to node | Original Nodes:
b),AGT):=a | INA(H'T fE3"@past)], and %b | [NA(HS EI@past];[€
gt(%a;%Db); .

refers to node [EH&]. This rule | 7S]
changes the name of relation | /NA(/mar ditta@past];[us
from ‘NA’ to ‘agt’ as required | né])]
in the final UNL. Resultant Nodes:
[ag((HS  fes"@past];[€
AS))]
[agt(/mar ditta@past];[us
ne])l

10. (NA(%a;% | Here, %a refers to node | Original Nodes:
b),0OBJ):=0 | [INA(HT fE3"@past)], and %b | [NA(HS fE3@past];[€T
bj(%a;%b); . . .

refers to node [@El?j]. This rule | ])]
changes the name of relation | /[NA(/mar  ditta@past];[
from ‘NA’ to ‘obj’ as required | uhniim])]
in the final UNL. Resultant Nodes:
[obj([Ha e @past];[€
98]
[obj(/mar  ditta@past];[
uhniim])]

11. (NA(%a;% | Here, %a refers to node | Original Nodes:
b’g/'“’!,}:;)“ [NAHT f&3"@past)], and %b | [NA(HI fE3@past];[
m(*~oa;~ob); v

refers to node [S&]. This rule | B])]
changes the name of relation | /[NA(/mar  ditta@past];[
from ‘NA’ to ‘tim’ as required | kallh])]

in the final UNL.

Resultant Nodes:

[tim([Hg 3 @past];[dZ
D]
[tim(/mar
kallh])]

ditta@past];[

Now all the natural
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language words are
replaced by their universal
words and final output is
generated by IAN as shown

in (5.28).
UNL generated by IAN is given in (5.28).
{org}
{/org}
{unl}
agt(kill:07.@past, 00:01.@3.@male)
obj(kill:07.@past, 00:03.@3.@male)
tim(kill:07.@past, yesterday:05)
{/unl} ...(5.28)

Here, :07 is the scope internally generated by the AN tool.

5.2.9 UNL-ization of Nouns and Adjectives

The main role of an adjective is to assign attributes to a noun. Adjectives are different
from determiners, which express references rather than qualities. The UNL-ization
process for nouns and adjectives has been illustrated with the help of a simple
example sentence (5.29).

Example 1: fod Aaet 313, fodq HiJaft I3 w3 foq st imrsr ...(5.29)

ik sohnt gaddi, ik mahingT gaddt ate ik navam piala

A beautiful car, a expensive car and a new mug.

After the tokenization of example sentence given in (5.29) with 1AN tool, twenty

lexical items are identified as shown in (5.30).

[ATEN{} beautiful"(LEX=J,POS=ADJ,GEN=FEM)<pan,0,0>;
[(TS1]{} "car"(LEX=N,POS=NOU,NUM=SNG)<p an,0,0>;

[LI{}"™(LEX=C,POS=COO,rel=and)<pan,0,0>;
[HIJIR]{} "expensive" (LEX=J,POS=ADJ)<pan,0,0>;

[(TE{3"car"(LEX=N,POS=NOU,NUM=SNG) <pan,0,0>;
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[3]{}"and"(LEX=C,POS=COO0,rel=and)<pan,0,0>;
[&=T{}" " new"(LEX=J,POS=ADJ)<pan,0,0>;

[AMTST{}"mug" (LEX=N,POS=NOU,NUM=SNG)<pan,0,0>;

Three nodes are identified as :-

[fe]{}"(LEX=D,POS=ART att=@indef)<pan,0,0>;

Nine blank spaces are also identified as :-
0{}"(BLK)<pan,0,0>; ...(5.30)

Here, ‘J’, ‘ADJ’ represents lexical category and part of speech respectively as
adjective, ‘FEM’ represents gender of the node as female, and ‘ART’ indicates that
determiner is an article. Articles are used to express definiteness like ‘a’, ‘the’ etc.
The process of UNL-ization of example sentence (5.29) has been illustrated in Table
5.10.

Table 5.10: UNL-ization process for example sentence (5.29)

S.No | TRule fired | Description Action Taken
1. (%a,BLK): | Here, %a refers to blank node | Original nodes :

= []. This rule is fired nine times [f‘ga][][ﬂgg'r][][ﬁé}][,][][

d delet Il the blank . .
aces, T P e O

e B=0ms]

[ik][][sohni][][gaddi][.][]
[ik10 [mahingi] [][gaddi][]

l[ fl]fé] [][ik] [] [navam][][pia
a

[A]l[] [beautiful] [ [car][.][
1[a][expensive][][car][][a
nd][1[a] {1 [new] [ [mug]

Resultant nodes :

[fes] (RIS 1]
HIJI [ M3[fed] [
S [fmirs

[ik] [sohni] [gaddi] [.] [ik] [m
ahingi] [gaddi] [até] [ik] [na
vam] [piala]
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[A][beautiful][car][,][a]l[e
xpensive] [car][and][a] [ne

w][mug]

((Sﬁtti\of;)@ Here, %a refers to node [f&=], | Original nodes :
:0(|\)|'(A\(%2:C) %b refers to node [RIEY], and [fgfr][ﬁzrvér][a@][,][ﬁa][
;aﬁﬁﬁa&% node %c refers to [311]. This W[ﬂﬂ][’\@][@&][ﬁ
U)1+M,OD)' rule resolves a relation “NA® | ST
’ " | whose first and second
argument are %c and %b | [ik][sohni][gaddi][,] [ik] [m
respectively. The attributes of | ahingi][gaddi] [ate] [ik] [na
node %a are given to first | vam//[piala]
argument of ‘NA’ relation.
This new node is given | [A][beautiful][car][.][a][e
attributes ‘N’, ‘NOU’, ‘MOD’. | xpensive][car][and][a][ne
w][mug]
Resultant nodes:
[NA([SIFt@indef];[AI=l])
101 [fe=] prfdem] (3131 (3]
[fea] (o= [flmre
[NA([gaddi@indef] ; [sohnt
DIL1[iK] [mahirngi] [gadd] [
até] [ik] [navam] [piala]
[NA([car@indef] ; [beautifu
ID1L.1[al [expensive] [car][
and][a] [new][mug]
((;)g\tti\"f;)o Here, %a refers to node [fe=], | Original nod_es:
:0(|\)|,(o\(%(()3c) %b refers to node [HfJ3M], [NA([W@:ndeﬂj[ﬂUé])
Jb’at_:ﬁﬁa’i;{g and node %c refers to [3T=1]. ][,][@][W][aﬁ][@]
U):+M’OD); This rule resolves a relation | [EI[EEIRmIE]

‘NA’ whose first and second
argument are %c and %b
respectively. The attributes of
node %a are given to first
argument of ‘NA’ relation.
This new node is given
attributes ‘N’°, ‘NOU’, ‘MOD’.

[NA([gaddi@indef] , [sohnt
DIL1[KI[mahirngi] [gaddi] [
até] [ik] [navam] [piala]

[NA([car@indef] ; [beautifu

ID1L.]1[al [expensive][car][
and][a] [new][mug]

Resultant nodes:

[NA([STSt@indef];[FI=])
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ILIINA(FSt@indef]; [Hf<
INIEBIER] [ [
&1

[NA([9addi@indef] ;[sohni
DILIINA([9addi@indef] [

mahingi])] [até] [ik] [navam
/[piala]

[NA([car@indef];[beautifu
IDIL]INA([car@indef] ; [ex
pensive])][and][a] [new][
mug]

(N,NOU,%
a)(C,%b)(N
,NOU,%c):
=(NA(%c;

%a),+N,+N
OU,+AND)

Here, %a refers to node
INA([FFt@indef];[RT=1])],

%Db refers to node [,] and %c
refers to node

[NA([IS@indef];[  HIJI)].

This rule resolves a relation
‘NA’ whose first and second
argument are %c and %a
respectively. This new node so
formed is given an attribute
‘N’, “NOU’, and ‘AND”.

Original nodes:

[NA([SF@indef];[FT=l])
ILIINA([ETEt@indef]; [HfS
DI fE] [ [fimir

7]

[NA([gaddi@indef] ; [sohnt
DILIINA([9addi@indef] ;[
mahingi])] [até] [ik] [navam
] [pialal

[NA([car@indef];[beautifu
IDILIINA([car@indef] ;[ex
pensive])][and][a] [new][

mug]
Resultant nodes:

[NA(INA([STSt@indef];[H
I INA([STSt@indef];[
AT MBS [E=]
fmrsT]
[NA([NA([gaddi@indef]; [
mahingi])];[NA([gaddi@in
def];[sohni])])] [ate] [ik] [n
avam/ [pialal

[NA(INA([car@indef];[exp
ensive])];[NA([car@indef]
;[beautiful])])][and][a] [ne
w][mug]

(D,att,%a)(J
%60b)(N,%¢)

Here, %a refers to node [f&d],

Original nodes:
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:=(NA(%c,
+att=%a; %
b),+N,+NO
U,+MOD);

%Db refers to node [&<], and

node %c refers to [flp&T].

This rule resolves a relation
‘NA’ whose first and second
argument are %c and %b
respectively. The attributes of
node %a are given to first
argument of ‘NA’ relation.
This new node is given
attributes ‘N’°, ‘NOU’, ‘MOD’.

[NA(INA([STSt@indef];[H
f9ai)]; INA([ETSt@indef];[
EEENIKEIEE]
fimiras]

[NA(INA([gaddi@indef] . [
mahingi])] ;[NA([gaddr
@indef] ;[sohni])])] [ate] [Tk
[[na vam] [piala]

[NA([NA([car@indef];[exp
ensive])];[NA([car@indef]
;[beautiful])])][and][a] [ne

w][mug]

Resultant nodes:

[NA(INA([STSt@indef];[H
ST [INA(FTFT@indef]; [
AT DIH3][INA([fimrsT
@indef];[5=)]

[NA(INA([gaddi@indef];[

mahingi])];[NA([gaddi@in
def];[sohni])])] [ate] [NA([

piala@indef]; [navam])]

[NA([NA([car@indef];[exp
ensive])];[NA([car@indef]

;[beautiful]D]] [and] [NA([

mug@indef];[new])]

(N,NOU,%
a)(C,%b)(N
,NOU,%c):
=(NA(%c;

%a),+N,+N
OU,+AND)

Here, %a refers to node

[NA([NA([STS @indef];[HT
M INA(ETS @indef];[FT
D], %b refers to node [W3]
and %c refers to node

[NA([Lm&@inde  f];[&=1)].

This rule resolves a relation
‘NA’ whose first and second
argument are %c and %a
respectively. This new node so
formed is given an attribute
‘N’, ‘NOU’, and ‘AND’.

Original nodes:
[NA(INA([STSt@indef];[H
{91, INA([FTST@indef];[
RT3 INA([fimresT
@indef];[5<7])]

[NA(INA([9addi@indef] ;[
mahingi])];[NA([gaddi@in
def];[sohni])] )] [ate] [NA([
piala@indef] ; [navam])]

[NA([NA([car@indef];[exp
ensive])];[NA([car@indef]
;[beautiful])])][and] [NA([
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mug@indef];[new])]

Resultant nodes:

[NA(INA([LMIS @indef];
[5=]INA(INA(EEI@in
def]; (HIdR) [ INA(FET@
indef];[RIEM])])]

[NA([NA([piala@indef]; [n
avam])]; [NA([NA([9addi

@indef];[mahingi])]; [NA([
gaddi@indef];[sohni])])])]

[NA([NA([mug@indef];[ne
W] INA([NA([car@indef]
;[expensive])];[NA([car@i
ndef];[beautiful])])])]

(NA(%a;%
b),MOD):=
mod(%a;%
b);

Here, %a refers to node

[l ST @indef], %b refers to
[6<7]. This rule changes the

name of relation from ‘NA’ to
‘mod’ keeping same arguments
as in original node, as required
in the final UNL.

Original nodes:

[NA(INA([fr ST @indef];
[5=])]; INA(INA([STSt@in
def];[HJIM); [NA(ETST@
indef];[(RIE)])])]

[NA([NA([piala@indef]; [n
avam])];[NA([NA([gaddi
@indef];[mahingi])] ;[NA([
gaddi@indef] ;[sohnt])])])]

[NA(INA([mug@indef];[ne
W];[INA([NA([car@indef]
;[expensive])];[NA([car@i
ndef];[beautiful])]])]

Resultant nodes:
[NA([mod([LMBT@indef]
[B=DLINA(NA(FEI@i
ndef]; [HJIT])]; INA([ET=T
@ indef];[RIE)])])]

[NA([mod([piala@indef] ;[
navam])];[INA([NA([gaddr
@indef];[mahingi])]; [NA([
gaddi@indef] ;[sohni])])])]
[NA([mod([mug@indef];[n
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ew];INA(I[NA([car@inde
f];[expensive])];[NA([car
@indef];[beautifulD]]

(NA(%a;%
b),MOD):=
mod(%a;%
b);

Here, %a refers to node
[SiSt@indef], %b refers to

[AI=T]. This rule changes the

name of relation from ‘NA’ to
‘mod’ keeping same arguments
as in original node, as required
in the final UNL.

Original nodes:

[NA([mod([AM& @indef]
[5= )L INA(NA(EEI@i
ndef]; (HIITR)]; INA([ETET
@i ndef];[RIE)])])]

[NA([mod([piala@indef] ;[
navam])];[NA(INA([gaddr
@indef];[mahingi])];[NA([
gaddi@indef], [sohni])])])]

[NA([mod([mug@indef];[n
ew])]; [NA(INA([car@ind
ef]; [expensive] )];[NA([car
@indef];[beautiful])])1)]

Resultant nodes:

[NA([mod([Am&T@indef]
;[BFDLINA(Imod([FTSt @i
ndef]; (HIISRY)]; [NA([ETST
@indef];[RIE])])]

[NA([mod([piala@indef];[
navam])];[NA([mod([gadd
iindef],; [mahingi])]; [NA(
[vaddi@indef]; [sohni])])])
1

[NA([mod([mug@indef];[n
ew])];[NA([mod([car@ind
ef]; [expensive])];[NA([car
@indef]; [beautiful])])1)]

(NA(%a;%
b),MOD):=
mod(%a;%
b);

Here, %a refers to node
[SISt@indef], %b refers to

[HfJaf]. This rule changes the

name of relation from ‘NA’ to
‘mod’ keeping same arguments
as in original node, as required
in the final UNL.

Original nodes:

[INA([mod([RmB @indef]
[5=DL;INA(Imod([FTST@
indef]; [(HIISM)]; [NA([ETS
@indef];[RIE]])]

[NA([mod([piala@indef] ;[
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navam])];[NA([mod([gadd
iindef],; [mahingi])];[NA(
[9addi@indef];[sohni])])])
1

[NA([mod([mug@indef];[n
ew])]:[NA([mod([car@ind
ef]; [expensive] )];[NA([car
@indef];[beautiful])DD]

Resultant nodes:

[INA(mod([mr& @indef]
[B=D1INA(Mod([FST@i
ndef]; [HfIIR])]; [mod ([t
F@indef];[RI=])]

[NA([mod([piala@indef] ;[
navam])];[NA([mod([gadd
iindef]; [mahingi])],; [mod
([oaddi@indef]; [sohni])])]
)]

[NA([mod([mug@indef];[n
ew])]; [NA([mod([car@ind
ef];[expensive])];[mod([ca
r@indef];[beautiful] )]

10.

(NA(%a;%
b),AND):=a
nd(%a;%Db);

Here, %a refers to node
[mod([flmr&T @indef];[5=1)],
and %b refers to node [NA([
mod([JiSt@indef];[HIJI)];[

mod([ ISt @indef];[FI=)])].

This rule changes the name of
relation from ‘NA’ to ‘and’
keeping same arguments as in
original node, as required in
the final UNL.

Original nodes:

[NA([mod([Am&T@indef]
;[B=DLINA(Imod([FTSt @i
ndef]; [HTISR])]; [mod ([ST
St@indef];[RIE]])]

[NA([mod([piala@indef] ;[
navam])];[NA([mod([gadd
i@indef] ; [mahingt])]; [mod
([oaddi@indef], [sohni])])]
)]

[NA([mod([mug@indef];[n
ew])];[NA([mod([car@ind
ef];[expensive])];[mod([ca
r@indef];[beautiful D]

Resultant nodes:
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[and([mod([AMITBT@indef]
;[5=)]INA([mod([STSt @i
ndef]; [HTISR])]; [mod ([ST
l@indef];[RIE)])]

[and([mod([piala@indef] ;[
navam])];INA([mod([gadd

iindef],; [mahingi])],; [mod
([oaddi@indef], [sohni])])]

)]

[and([mod([mug@indef];[
new])];[NA([mod([car@in
def];[expensive] )] ; [mod([

car@indef];[beautiful])])])
1

11.

(NA(%a;%
b),AND):=a
nd(%a;%Db);

Here, %a refers to node[mod([
IS @indef];[+fIR))], and %b
refers to  node  [mod([
ISt @indef];[AI=1])].  This
rule changes the name of
relation from ‘NA’ to ‘and’
keeping same arguments as in

original node, as required in
the final UNL.

Original nodes:

[and([mod([LMIBT@indef]
[ D]L;INA([mod([FTST@
indef]; [HfJIR])];[mod ([T
F@indef];[RT=)]])]

[and([mod([piala@indef] ;[
navam])];[NA([mod([gadd
i@indef] ; [mahingi])] ; [mod
([oaddi@indef]; [sohni])])]
)]

[and([mod([mug@indef] ;[
new])];[NA([mod([car@in
def] ; [expensive])];[mod([

car@indef]; [beautiful])])])
1

Resultant nodes:

[and([mod([AM&T@indef]
;[5<])];[and([mod([ITSt@
indef]; (HTISM]); [mod ([ST
F@indef];[RIE)])]

[and([mod([piala@indef] ;[
navam])];[and([mod([gad

di@indef],; [mahingi] )] ; [mo
d([9addi@indef] ;[sohni])])
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)l

[and([mod([mug@indef];[
new])];[and([mod([car@in
def];[expensive])];[mod([

car@indef] ;[beautiful])])])
1
Now all the natural
language words are
replaced by their universal
words, internal hypernodes
are represented by their
scopes as shown in final
output generated by IAN as
given in (5.31).

UNL generated by IAN is given in (5.31).
{org}

{/org}

{unl}

and(:06, :09)

mod:06(mug:0L.@indef, new:0J)

and:09(:07, :08)

mod:07(car:0D.@indef, expensive:0B)

mod:08(car:05.@indef, beautiful:03)

{/unl} ..(5.31)

5.2.10 UNL-ization of Pronouns
A pronoun is a word or form that substitutes for a noun. For example in the sentence
“T did it myself”, ‘myself” is a pronoun. The UNL-ization process for pronouns has

been illustrated with the help of a simple example sentence (5.32).

Example 1: €I @A fimrg s/ger J ...(5.32)

ohh usniim piar karada hai

He loves her

After the tokenization of example sentence given in (5.32) with IAN tool, Seven
lexical items are identified as shown in (5.33).
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[E91{}"00.@3.@male" (LEX=R,POS=PPR,CAS=NOMPER=3PS)<pan,0,0>;
[E75]{}"00.@3.@female” (LEX=R,POS=PPR,CAS=0OBL,PER=3PS)pan,0,0>;
[Amra]{}"love"(LEX=V,POS=VER, TRA=TSTD)<pan,0,0>;

ECSH ET]{}""(LEX:V,POS:AUX,ATE:PRS,PER:SPS,att:@present,attlz@male,

GEN=MCL)<pan,0,0>;
Three blank spaces are also identified as :-
0{}""(BLK)<pan,0,0>; ...(5.33)

Here, ‘LEX=R’ represents lexical category pronoun, ‘POS=PPR’ represents part-of-
speech as personal pronoun, ‘CAS=0OBL’ means that case is oblique, and ‘PER=3PS’
represents 3 person. Rest every other tagset has been described in previous
examples.The process of UNL-ization of example sentence (5.32) has been illustrated
in Table 5.11.

Table 5.11: UNL-ization process for example sentence (5.32)

S.No | TRule fired | Description Action Taken

1. (%a,BLK): | Here, %a refers to blank node | Original nodes :

= [1. This rule is fired three times €910 [@ﬂ?"s] [[fmra][]
and deletes all the blank N
spaces. [Fs< a]

[orh] O [usniam] [ [piar] [
[ karada hai]
Resultant nodes :

[SIERS] [fimra][ge"
Sl

[ohh] [usnim] [piar]
[karada hai]

2. | (V,VER,TS | Here, %a refers to node | Original nodes :
TD,%a)(V, | [fimrg], and %b refers to | [ET][ERS][AmI3][aTe"
AUX %b):= _ =
(%a,+att=0% | Node [FFe" J], This rule | J]
b,+GEN=% | deletes node %b and gives its | [6hh][usnim][piar]
b,#+NUM= | attributes to node %a. [karada hai]

%b); Resultant nodes:

[EI][ERS][Lm@presen
t]

[ohh] [usniam] [piar@prese
nt]
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(R,PPR,%a) | Here, %a refers to node | Original nodes:
(V,TSTD,% | [@H&], and %b refers to node | [ET][ER&][fLmra@presen
b):=(NA(% - ) -
b:%a),+OB | [Lmrg@present]. This rule | L
J,V,TSTD,+ | resolves a relation ‘NA’ whose E(t)]h illusnim] [piar@prese
=0 i
GEN _ﬁob,f first and second argument are | oo ook oo
NUM=%b); | %b and %a respectively. This | .
new node is given attributes [STIINA([RmIS@present]
V7, "OBJ. [E78])]
[ohh] [NA([piar@present];
[usniam])]
({SHEAD| | Here, %z refers to SHEAD, | Original nodes:
EHEAD}, %a refers to node [§9], and | [EI][NA([fLmI@present]
%2)(R {CP %cC refers to node | ;[EF&])]
RIPPRY,%a __ Node | [gAg]
)(V,TSTD, | [NA(RMIS@present:[87Q]) | (541 [NA([piar@present]:
MCL,%Db):= | ] . This rule resolves a relation | [usniim])]
(NA(%Db;% | ‘NA’ whose first and second
a,fatt=@m | arguments are %b and %a | Resultant nodes:
ale), tAGT, | respectively. This new node is | [NA([NA([imTS@present
V,TSTD); | given attributes ‘V’, ‘AGT". . .
1[8ASNLE9)]
[NA([NA([piar@present];
[usniim])];[0hh])]
(NA(NA(% | Here, %a refers to node | Original nodes:
2/%®C;E;J\ [mrg@present], %b refers to | [NA(NA([AMrI@present
oW;70C), 0 0 .
GT.%n):=( | node [EF&], %w refers to node | ;[SAS])];[E9)]
o). (NAC | INA(TRmIg@present]; [€F&])
%a;%c),%d . =7 | [INA(INA([piar@present];
+AGT); 1, %c refers to [€d], and %r [usnam])]: [0hh])]
refers to node

[NA(INA([fimg@present];[€
AS]DL[ETD]. This rule splits
the node into two nodes %w
and %d. The node %d holds a
relation ‘NA’ whose first and

second arguments are %a and
%c respectively.

Resultant nodes:
Node 1:

[NA([lmrI@present];[EH

(<))
[NA([piar@present];[usn

am])]
Node 2:

[NA([lmg@present];[€
D]

[NA([piar@present];[ohh
DI
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6. | (NA(%a;% | Here, %a refers to node | Original nodes:

b).AGT):=a | [fimrg@present], and %b | [NA([RRMI@present];[€

t(%a;%b); .
o ) refers to node [€d]. This rule | I])]

chages the name of relation | [NA([piar@present];[ohh
from ‘NA’ to ‘agt’ as required | ])]
in the final output. Resultant nodes:

[agt([imrg@present];[€

Il
[agt([piar@present];[ohh
)]

7. (NA(%a;% | Here, %a refers to node | Original nodes:

b),OBJ):=0 | [fimrg@present], and %b | [NA([fimrg@present];[
bj(%a;%b); . ) o
refers to node [EJ]. This rule | 87&])]

chages the name of relation | [NA([piar@present];[
from ‘NA’ to ‘obj’ as required | usniim])]

in the final output.
Resultant nodes:

[obj([fmIg@present];[
grg])]

[obj([piar@present];[

usniim])]

Now all the natural
language words are
replaced by their universal
words and final output is
generated by IAN as given
in (5.34).

UNL generated by IAN is given in (5.34).
{org}
€9 8RS fimirg I I

{/org}

{unl}

agt(love:05.@present, 00:01.@3.@male)

obj(love:05.@present, 00:03.@3.@female)

{/unl} ...(5.34)
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Next section describes the need of following a different approach, i.e., X-Bar
approach for UNL-ization. UNL-ization of UC-Al and UC-AZ2 is done using X-Bar

approach.

5.3 UNL-ization with X-Bar Approach

During UNL-ization of CORPUS500 it was realised that as the sentences becomes
more and more complex, the number of TRules increases significantly and conflicts
arises with the previously made TRules. Thus there was a need to follow a more
systematic approach for UNL-ization, X-Bar approach. The X-bar theory was first
proposed by Noam Chomsky (1970). It postulates that all human languages share
certain structural similarities, including the same underlying syntactic structure, which
is known as the "X-bar" [56]. The X-bar abstract configuration is depicted in the

Figure 5.1.

XP
I\
spec XB
I\
XB adjt
!\

X comp

|
Head

Figure 5.1: X-Bar abstract Configuration [56]
Here,

o X s the head, the nucleus or the source of the whole syntactic structure, which
is actually derived (or projected) out of it. The letter X is used to signify an
arbitrary lexical category (part of speech). When analyzing a specific
utterance, specific categories are assigned. Thus, the X may become an N for
noun, a V for verb, a J for adjective, or a P for preposition.

e comp (i.e., complement) is an internal argument, i.e., a word, phrase or clause
which is necessary to the head to complete its meaning (e.g., objects of
transitive verbs)

e adjt (i.e., adjunct) is a word, phrase or clause which modifies the head but

which is not syntactically required by it (adjuncts are expected to be
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extranuclear, i.e., removing an adjunct would leave a grammatically well-
formed sentence)

e spec (i.e., specifier) is an external argument, i.e., a word, phrase or clause
which qualifies (determines) the head

o XB (X-bar) is the general name for any of the intermediate projections derived
from X

e XP (X-bar-bar, X-double-bar, X-phrase) is the maximal projection of X.

Section 5.3.1 explains UNL-ization process using X-Bar approach with the help of an
example sentence (5.35).

5.3.1 UNL-ization of UC-A1 and UC-A2 using X-Bar

UC-A1 and UC-AZ2 are the corpus provided by UNDL Foundation. UC-A1 contains
100 Natural Language sentences, and UC-A2 comprises of 300 sentences, both
covering all the major part-of-speeches. UNL-ization of UC-Al and UC-A2 is done
with the help of 881 TRules and 663 Dictionary entries. UNL-ization using X-
Bar approach is explained with the help of example sentences (5.35).

Example 1: 39 3 A& & 3B Jigt ...(5.35)

pairis tom janéva nim rél gaddi

A train from pairis to geneva

After the tokenization of example sentence given in (5.35) with IAN tool, Nine lexical
items are identified as shown in (5.36).

[AfIA){}"Paris"(LEX=N,POS=PPN,NUM=SNG,SEM=LCT)<pan,0,0>;
[3{} from"(LEX=P,POS=PRE rel=plc,att=@from)<pan,0,0>;

[FE{} " Geneva"(LEX=N,POS=PPN,NUM=SNGT,SEM=LCT)<pan,0,0>;
[8]{}"to"(LEX=P,POS=PRE rel=plc,att=@to)<pan,0,0>;

[E% JiSt]{}"train" (LEX=N,POS=NOU,NUM=SNG)<pan,0,0>;

Four blank spaces are also identified as :-
0{}"(BLK)<pan,0,0>; ...(5.36)
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The process of UNL-ization of example sentence (5.32) has been illustrated in Table

5.12.

Table 5.12: UNL-ization process for example sentence (5.35)

S.No | TRule Fired | Description Action Taken

1. (%a,BLK,"B | Here, %a refers to blank node | Original Nodes:
LANK):=; [J. This TRule is fired four | fam|[3)1[FSE[I[S]

times and deletes all the blank . =
nodes. [[55 3131]
[pairis][] [tom][] [janéva]
[ [nim][][rel gaddi]
Resultant Nodes:
[AfSH][3][FS=[81[SS
i
[pairis]/tom] [janeva] [nii
mj [rél gaddi]

2. (N,”proj,"XB, | Here, %a  refers to node | Original Nodes:
"XP,%2):=(+ | [AfgH]. This TRule takes node | [AfIA][3][F&=[S][SS
XB=NB); %a to its intermediate | gfg]

projection XB. [pairis]/tom] [janeva] [nii
m] [rél gaddi]
Resultant Nodes:
[AfSH][3][FS[E1[SS
SIE])
[pairis]/tom] [janeva] [nii
m] [rél gaddi]

3. (N,"proj,"XB, | Here, %a refers to node [A&"]. | Original Nodes:

A 04q) = . o
Xézl\/lolg)) + This TRule takes node %a to its [ﬂﬁﬂ][é’][né;e][@[gg
' intermediate projection XB. IS
[pairis] /tom] [janeva] [nii
m] [rel gaddi]
Resultant Nodes:
[AfSH][3][FS=[S)[SS
i
[pairis]/tom] [janeva] [nii
m] [rel gaddi]

4, (%a,NB,LCT, | Here, %a refers to node | Original Nodes:
Aproj,"XP)([& | [F&<"]. This TRule takes node | [Af9H][3][A&=[&][33
1.%0)(%c {"D | %a to its maximal projection | gfg
NALCT APIP | NP while keeping nodes  %b

75




UT|STAIL|CT | and %c as such. [pairis]/tom] [janéva] [nii
AlL}):=(%a,- m] [rel gaddi]
XB,-NB,+X Resultant Nodes:
P=NP,+proj)( RIcHERIRE!
%b)( %c); dis]
[pairis]/tom] [janéva] [nii
m/ [rel gaddi]
(XP,"DP PP, | Here, %y  refers to node | Original Nodes:
‘Vf)){gz,a’l‘sgl‘? [F&7], %x refers to node [§] | [IA][3][AST[S][SS
X
UT|STAILICT | and %z refers to node [3% |31
/(A()\)LlNl}é();zZ):: d13]. This rule deletes node %x | [Pairisl/tom] [janévaj [nu
v : and gives the attributes of %x to mj[rél gaddi] .
AV %y. Node %y is taken to its Resultant Nodes:
+XP=PP,+adjt - o) Isar
+rel=%x +atjt maximal projection. [OfaA][3][FS<@to] [35
=%X)(%2); EIEd
[pairis]/tom] [janeva@to]
[nim] [rel gaddi]
({NOU|PPN}, | Here, %a refers to node | Original Nodes:
"N,%a)::(-_ [A&=T@to]. This rule assigns | [AfdA][3] A& @to][SS
I’:'I)E_X,+LEX_ node %a lexical category Noun. | gfgh
[pairis] /tom] [janeva@to]
[niim] [rel gaddi]
Resultant Nodes:
[AfSH][3][FST@to][I5
JiS]
[pairis] /tom] [janeva@to]
[niim] [rel gaddi]
(N,"proj,"XB, | Here, %x refers to node [9% | Original Nodes:
MXP%Xx):=(+ | . MHIA |3 [aF8S"
XB:NOB;; ( Jigt]. This rule takes node %x [u IS Q]33
to its intermediate projection el
NB. [pairis]/tom] [janeva@to]
[niim] [rel gaddi]
Resultant Nodes:
[AfgA|[3][FST@to][35
SIE])
[pairis]/tom] [janéva@to]
[niim] [rel gaddi]
({"VI"PISHE | Here, %w refers to node [3], | Original Nodes:
AD|CHEAD}, UfIAII[ASST
%Wl)(pp’pm’} %y refers to node [A&IT@to], [v IS Q]33
%y)INB.IX)( | o5x refers to node [98 J1=1], Sl
{XP|CBJISTAI [pairis]/tom] [janéva@to]
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LICTAIL},%z
):=(%w)(XB(
%x,+head;%y
,+comp),+XB
=NB,+LEX=
N,%xy)(%2);

and %z refers to STAIL. This
rule creates a relation XB
whose first argument is %x and
second argument is %y, and
named it as %xy. %x becomes
head while %y becomes
complement. %w and %z
remains as such at their
respective places. %xy is in its
intermediate projected form i.e.,
NB.

[nim] [rél gaddi]

Resultant Nodes:
[Af9A][3][XB([3%
J13M; [AS=T@to])]

[pairis] /tom] [XB(/rél
gaddi];/janeva@to])]

9. (%ss, N {SHE | Here, %ss refers to SHEAD, | Original Nodes:
ADI*SHEAD| | 9a refers to node [3fan], %b | [AfTH][3][XB([SS
CHEAD|"CH . .

EAD})(%a,L | refers to node [3], and %c | IS, [AST@to])]
E)IPI;I(E;ptr)())% refers to node [XB(S® Coairis]iom] [XB(
/0 . ) pairis] /tom] [ XB(/réel
%c {"D,NJ,AL | IS, FST@to)]. This rule takes | gaddiy: fjanéva@to])]
CT/PIPUTIS |node %a to its maximal
TAIL|CTAIL projection ‘NP’ and removes | Resultant Nodes:
1):=(%ss)(%a, | surplus attributes. [AfaH[3][XB([35
-XB,-NB,+XP .
=N P,+proj,- 3131 [AS=T@to])]
LCT,vswi [pairis] /tom] [XB(/rél
tzerland)(%b) gaddi];[janeva@to])]
(%oc);

10. (XF;,("DP,"PF’, Here, %y refers to node [3fgm], | Original Nodes:
%y)(P,"PP,% . Aga|[3
x))(/{XPIVBlP %X refers to node [3], and %z [v IB1XB(3
UT||ST}'?‘|L|§:T refers to node [XB(SB el @toD)]
AIL|N}%z):= | [pairis] /tom] [XB(/rel
(%y,-LEX,-X | JSEAST@to)]. gaddi; [janéva@1o])]
P+LEX=P, | This rule deletes node %x and
+XP=PP,+adjt | gives its attributes to node %y. | Resultant Nodes:
Hrel=%x+att | Node %y is taken to its | [MfFH@morf][XB([3B
=%x)(%2); maximal projection PP e, | oo .

prepositional phase and is made JH) @to])]
adjunct. [pairis@from]/tom] [XB([
rel gaddi] ;[janéva @t0])]

11. ({NOU|PPN}, | Here, %a refers to node | Original Nodes:
"N,%a):=(-LE | [AfgA@from]. This Node is | [AfSH@morf][XB([3&
XHLEX=N); assigned as lexical category | 3igt];[Ad="@to])]

Noun.

[pairis@from]/tom] [XB([
rel gaddi] ;[janéva @to])]

Resultant Nodes:

[AfSH@morf][XB([35
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JISA;[Fs<@to])]
[pairis@from]/tom] [XB([
rel gaddi] ;[janéva @t0])]

12. ({*V|"P|SHE | Here, %w refers to SHEAD, %y | Original Nodes:
'(;\Dl)CE;'PEA;D}, refers to node [AfgA@from], | [AfSH@morf][XB([3S
ow)(PP,plc,v y
switzerlaﬁd,% %x refers to node [XB(3® |JiS;[A&S@to])]
))/()IgTé:%;ySo')I?A(:I{L I AST@to) ], and %z refers | [Pairis@from]/zam] [XB([

. . | rel gaddi];[janeva @10])]
[CTAIL},%2): ::grmse-tlj-'?/\vlilzr'\ ‘Vxxindrg/latlgsnfirlsi Resultant Nodes:
=(%w)(XB(% | O ey [XB(IXB([3% 3=
x,+head:%y,+ |and second argument
comp),+XB= respectively. First argument As<r@to])];[AfgH@fr
NB +LEX=N. | becomes head while second
%x;/,vswitzerll 0a/rgumegtosecomes cqrr;p_lerr(ljent. om])]
and)(%z): ow and %z are maintained as XBOXB(rel  gaddl]:[
such. S Thairi
janeva@to])];[pairis
@from])]

13. {*D,N,AN|S | Here, %a refers to SHEAD, %b | Original Nodes:
HFADI;ZOHE)? refers to node [XB([XB(3F | [XB([XB([3% IR
D|PUT},%a .

NB,Aproj,AXP JigtAST@to)];[AfIR@from]) | ASET@to])];[MfaR@fr
20){"DNN |1, and %c refers to node | om])]
PIPUTISTAIL | STAIL. This rule takes node
ICTAIL},%c): | %b to its maximal projection | [XB([XB([rél  gaddi];[
=()(-XB,-NB | XP. Jjaneva@to])];[pairis@fr
,+XP=NP,+pr om])]
0j)();
Resultant Nodes:
[XB([XB([3% FS;[
As<r@to])];[AfSH@fr
om])]
[XB(IXB([rel  gaddi];[
Jjaneva@to])];[pairis@fr
om])]

14. | XB(XB(%X; | Here, %x refers to node [9% | Original Nodes:
%y);%z).=XB | . % A,
((J/(),/))(;%y))XB( Jigt], %y refers to node [XB([XB([3% 31T
%0x;%2); [A&="@to], and %z refers to @I @fr

Afgn i o]
node [ @from]. This rule [XB([XB([rel  gaddil;[
splits the hypernode into two | janéva@to])];[pairis@fr
XB relations with first and | om])]

second arguments as shown in
Action Taken column.

Resultant Nodes:

[XB([3% 3 |;[Fé=@t
o])][XB([SB ;[
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Afgr@from])]

[XB([rel gaddi];[jané
va@to])]1[XB([rel  gad
di];[pairis@from])]

15.

XB(%Xx,N;%y
,adjt):=NA(%
X;%0y);

Here, %x refers to node [3%
3N, and %y refers to node
[A&="@to]. This rule changes

the name of relation from ‘XB’
to ‘NA”’.

Original Nodes:
[XB([3% I3, [F&="

@to])][XB([35 ;[
AfgA@from])]

[XB([réel gaddi];[jané
va@to)][XB([rel  gad
di];[pairis@from])]
Resultant Nodes:

[NA([S8 J131];[As=T
@to])][XB([3 I3[
Afgr@from])]

[NA([rel gaddi];[janeva
@to])1[XB([rel gaddi];[p
airis@from])]

16.

XB(%x,N;%y
,adjt):=NA(%
X;%y);

Here, %x refers to node [J&
Jit], and %y refers to node
[AfgA@from].  This

changes the name of relation
from ‘XB’ to ‘NA”’.

rule

Original Nodes:
[NA([SS 3131, [Fd=T

@to])][XB([SB ][

Afgr@from])]

[NA([rel gaddi];[jané
va@to)][XB([rel  gad
di];[pairis@from])]
Resultant Nodes:

[NA([SS J1&H];[Ad=T
@to])IINA([SS I3[

Afgr@from])]

[NA([rel  gaddi];[jane
va@to])][NA([rel  gad
di];[pairis@from])]

17.

/[ACDIINPV]
[ACS]/(%x;%
y,plc):=plc(%
X;%y);

Here, %x refers to node [J&
JiSt], and %y refers to node
[(F&=T@to]. This rule changes

the name of relation from ‘NA’
to ‘plc’ as required in the final
UNL.

Original Nodes:
[NA([SF JiSt];[As=T
@to])][NA([SS I
Afgr@from])]

[NA([rel gaddi];[jane
va@to])][NA([rel  gad
di];[pairis@from])]
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Resultant Nodes:
[plc([S TS [Fs<T
@to])][NA([S JIST;[
Afgr@from])]

[plc([rel gaddi];[janeva
@to])]INA([rel  gaddi];[
pairis@from])]

18. | /[ACDINPV] | Here, %x refers to node [38
[ACS)/(%x;% | .
y,plc):=plc(% Jigt], and %y refers to node

x;%y); [AfgA@from].  This  rule

changes the name of relation
from ‘NA’ to ‘plc’ as required
in the final UNL.

Original Nodes:

[plc([3% ST [AS=T
@to])[NA([SS JI3T;[
Afgr@from])]

[plc(lrel  gaddi];ljane
va@to])][NA([rel  gad
di];[pairis@from])]
Resultant Nodes:

[plc([3% IS [Fes=r
@to])][plc([S3 I [

AfIA@from])]

[plc([rel  gaddi];[jané
va@to])][plc([rel  gad
di];[pairis@from])]

Now all the natural
language  words  are
replaced by their
universal words and final
output is generated by
IAN as shown in (5.37).

UNL generated by IAN is given in (5.37).
{org}
oA I AST § IS ISt

{/org}
{unl}
plc(train:09, Geneva:05.@to)

plc(train:09, Paris:01.@from)
{/unl}

..(5.37)
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5.4 Implementation Summary

This chapter explained that how with the help of 241 TRules and 450 Dictionary
entries UNL-ization of CORPUS500 has been done successfully for all the major
Part-of-Speech for Punjabi Language. Further UNL-ization of UC-Al and UC-A2 has
been done using X-Bar approach with the help of 881 TRules and 663 Dictionary
entries. UNL-ization has been carried out with the help of IAN tool developed by
UNDL Foundation.
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Chapter 6

Results and Discussion

Universal Networking Language is a natural-language independent language which
can be used for refining, describing, and semantic searching. Interactive Analyser tool
is an effective online tool developed by UNDL foundation used for UNL-ization of
any natural language.
With the help of 241 TRules and 450 Dictionary entries, the proposed system has
been tested on CORPUS500 for Punjabi Language, and their F-measure / F1-score is
calculated with the help of online tool developed by UNDL foundation available at
UNL-arium [54] as shown in Figure 6.1. Same tool is used for calculating F-Measure
of UC-Al and UC-A2. F-measure is the measure of a grammar’s accuracy [12]. Two
parameters required for the calculation of F-measure. These are:-
Precision
Precision is the number of correct results divided by the number of all returned
results.
Recall
Recall is the number of correct results divided by the number of results that should
have been returned.
A result is considered returned when the output is a graph made of only Universal
Words. A result is considered *correct” when the Levensthein distance between the
actual result and the expected result was less than 30% of the length of the expected
result. The Levenshtein distance is defined as the minimal number of characters you
have to replace, insert or delete to transform a string (the actual output) into another
one (the expected output).
F-measure is calculated by the formulae given in (6.1) [12].
F-measure =2*{(precision*Recall) / (precision+Recall)} ...(6.1)
6.1 Testing of CORPUS500
The values of Precision, Recall, number of processed, returned and correct sentences
for CORPUS500 is given in Table 6.1.

Table 6.1: Testing details of CORPUS500

S. No | Parameters Value
1. Sentences processed 500
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2. Sentences returned 471
3. Sentences correct 401
4, Precision 0.851
5. Recall 0.802

The F-measure of CORPUS500 comes out to be 0.826 as shown in Figure 6.1.
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Figure 6.1: Snapshot showing F-measure of CORPUS500 [4]
6.2 Testing of UC-Al
The values of Precision, Recall, number of processed, returned and correct sentences
for UC-Al is given in Table 6.2.
Table 6.2: Testing details of UC-Al

S. No | Parameters Value
1. Sentences processed 100
2. Sentences returned 100
3. Sentences correct 97

4, Precision 0.970
5. Recall 0.970
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Total 881 TRules and 663 Dictionary entries were created for UNL-ization of UC-Al
and UC-A2. F-measure of UC-A1 comes out to be 0.970 as shown in Figure 6.2.
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Figure 6.2: Snapshot showing F-measure of UC-AL [4]
6.3 Testing of UC-A2
The values of Precision, Recall, number of processed, returned and correct sentences

for UC-A2 is given in Table 6.3.
Table 6.3: Testing details of UC-A2

S. No | Parameters Value
1. Sentences processed 300
2. Sentences returned 287
3. Sentences correct 264
4, Precision 0.880
5. Recall 0.920

F-measure of UC-A2 comes out to be 0.900 as shown in Figure 6.3.
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Figure 6.3: Snapshot showing F-measure of UC-A2 [4]
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Chapter 7

Conclusion and Future Scope

7.1 Conclusion

UNL is a natural language independent language which can be used not only for
natural language translation but also for other NLP tasks like information retrieval,
text simplification and semantic reasoning etc. The UNL programme started in 1996,
as an initiative of the Institute of Advanced Studiesof the United Nations
University in Tokyo, Japan [14]. In January 2001, the United Nations University set
up an autonomous organization, the UNDL Foundation, to be responsible for the
development and management of the UNL programme. As far as multilingual
translation of the natural language is concerned, the UNL approach is far more better
than other statistical approaches, because by using the approach of UNL we only need
2n components while other methods/approaches uses n*(n-1) components where n is
the number of natural languages.

UNDL Foundation had provided CORPUS500, UC-Al, and UC-A2. This thesis
explains how the given natural language text like Punjabi can be converted to UNL
with the help of IAN using TRules and its corresponding grammar. This tool is very
efficient and the resources like TRules, Analysis Grammar etc, can be shared with
other users. CORPUS500, UC-A1, and UC-A2 were manually converted to our
natural language, i.e., Punjabi for input to IAN. After that with the help of 241 TRules
and 450 Dictionary entries CORPUS500 has been UNL-ized. Later UNL-ization of
UC-A1 and UC-A2 has been done using X-Bar approach. For UNL-ization of UC-Al
and UC-A2 total 881 TRules and 663 Dictionary entries has been created.

The accuracy of the proposed system has been calculated using F-measure for
CORPUS 500, UC-A1, and UC-A2 with the help of an online tool developed by
UNDL Foundation. F-measure of CORPUS500, UC-A1, and UC-A2 came out to be
0.826, 0.910, and 0.900 respectively.

7.2 Future Scope

UNL-ization of Punjabi language has been done on sentence level using IAN. Some
of the work that can be carried out in future includes following.

1.) UNL-ization will be done on real Corpuses at paragraph level. UNDL Foundation
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has provided UCB1 which contains different stories like hare and tortoise, ant and the
grasshopper etc.

2.) Since UNL captures semantics of the natural language so semantic based
searching system can be developed for Punjabi.

3.) Work can be extended to carry out UNLization of numbers and ordinals of more
than fourteen digits.

4.) System needs to be improved so as to achieve F-Measure of 1.000.

5.) The proposed system can be tested for other natural languages spoken worldwide.
6.) The work can be extended for other UNL applications like LILY (i.e., Language-
to-Interlanguage-to-Language sYstem), TUT (i.e., Text-to-Text through UNL), and
KEYS (i.e., Knowledge Extraction sYStem). LILY, TUT, and KEYS are the

applications which are under development by UNDL Foundation.
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Appendix-A

Some important TRules

S. No TRules

1. (TEMP,%a)(BLK,%b)(TEMP,%c):=(%a)(%b,-BLK,+BLANK)(%:C¢);

2. (TEMP,%a)(BLANK,%b)(TEMP,%c):=(%a&%b&%c);

3. | ({SHEAD|CHEADJ"BLK},%z)(DIGIT,HUNDRED,%Xx)(DOUBLE,%y):=(
%z,MAZ)(%x&%Yy,-HUNDRED,-DIGIT,-DOUBLE,+000);

4. | ({SHEAD|CHEADJ"BLK},%z)(DOUBLE,HUNDRED,%x)(DOUBLE,%y
):=(%z)(%x&%y,-HUNDRED,-DOUBLE,+0000);

5. ({SHEAD|CHEAD|"BLK},%z)({DIGIT|DOUBLE},HUNDRED,%x)({ST
AIL|CTAIL|DIGIT}"DOUBLE,"DOZEN,"00,%y):=(%z)(%x)([[0]],[0],"0
" DOZEN,DIGIT)(%y);

6. | {SHEAD|CHEAD}*BLK|DIGIT},%z)(DIGIT,DOZEN,%x)(DIGIT,%y):=
(%2)(%x&%y,-DOZEN,-DIGIT,+00);

7. | {SHEAD|CHEAD}BLK|DIGIT},%z)(DIGIT,DOZEN,%x)(DIGIT,%y):=
(%2)(%x&%y,-DOZEN,-DIGIT,+00);

8. | {SHEAD|CHEAD|"BLK},%z)(DIGIT,HUNDRED,%x)(00,%y):=(%z)(%
x&%y,-HUNDRED,-DIGIT,-00,+000);

9. | {SHEAD|CHEAD}"BLK},%z)(DOUBLE,HUNDRED,%Xx)(00,%y):=(%z)
(%x&%y,-HUNDRED,-00,-DOUBLE,+0000);

10. | ({SHEAD|CHEAD|"BLK},%z)(DIGIT,ALAKH_THOUSAND,THOUSAN
D,%x)({DIGIT|IDOUBLE|STAIL|CTAIL},%y):=(%z)(%x)([[0]],[0],"0",H
UNDRED,DIGIT)(%Y):;

11. | (DIGITALAKH_THOUSAND,THOUSAND,%Xx)(000,%y)({CTAIL|STAI
L},%2z):=(%x&%y,-THOUSAND,-000,-DIGIT,-DOUBLE,+0000)(%?2);

12. | (DOUBLE,THOUSAND,%Xx)(000,%y)({CTAIL|STAIL},%z):=(%x&%y,-
THOU SAND,-DOUBLE,-000,+00000)(%z);

13. | ({DIGIT|DOUBLE|TRIPLE},%a)("&4"):=(%a, +LAKH):;

14. | (DIGIT,LAKH,"CRORE_LAKH,%Xx)(00000,%y):=(%x&%y,-LAKH,-
DIGIT,-00000,+000000);

15. | (DOUBLE,LAKH,%x)(00000,%yY)({CTAIL|STAIL},%z):=(%x&%y,-
LAKH,-DIGIT,-DOUBLE,-00000,+0000000)(%2);

16. | (TRIPLE,LAKH,%x)(00000,%y)({CTAIL|STAIL},%2z):=(%x&%y,-
LAKH,-DIGIT,-TRIPLE,-00000,+00000000)(%z):

17. | ({SHEAD|CHEAD|"BLK},%z)({DIGIT|DOUBLE|TRIPLE},CRORE,%X)
({000|0000|00000|DIGIT|DOUBLE|STAIL|CTAIL}ATEMP2,20000000,%
y):=(%z)(%x)([[00]],[00],"00",LAKH,DOUBLE,CRORE_LAKH)(%Y);

18. | (DIGIT,CRORE,"ARAB_CRORE,%a)(0000000,%b):=(%a&%b,-0000000
,-CRORE,-DIGIT,+00000000);

19. | (DOUBLE,CRORE,%a)(0000000,%Db):=(%a&%b,-0000000,-CRORE,-
DOUBLE, +000000000);

20. | (TRIPLE,CRORE,%a)(0000000,%b):=(%a&%b,-0000000,-CRORE,-
TRIPLE,+0000000000);

21. | ({DIGIT|DOUBLE|TRIPLE},CRORE,%a)(000000,%b):=(%a)([[0]],[0],"0

" TEMP2,%c)(%b);
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22. | (TEMP2,%a)(000000,%Db):=(%a&%b,-TEMP2,-000000,+0000000);

23. | ({SHEAD|CHEAD|"BLK},%z)({DIGIT|IDOUBLE|TRIPLE},ARAB,%X)(
{000]j0000|00000|000000|0000000|DIGIT|DOUBLE|STAIL|CTAIL}ATE
MP3,~000000000,%y):=(%z)(%x)([[00]],[00],"00",CRORE,DOUBLE,AR
AB_CRORE)(%y);

24. | ({DIGIT|DOUBLE|TRIPLE},ARAB,%x)(00000000,%yY):=(%x)([[0]],[0],"
0", TEMP3,%z)(%y);

25. | (TEMP3,%a)(00000000,%b):=(%a&%b,-TEMP3,-
00000000,+000000000);

26. | (NS COMMAAND,%a)(C,CCJ,and,%b)(N,"COMMAAND,%c):=(%a,CO
MMAAND)(%b)(%c, COMMAAND));

27. | (NN COMMAOR,%a)(C,CCJ,or,%b)(N,"COMMAOR,%c):=(%a, COMMA
OR)(%b)(%c,+COMMAOR);

28. | (NS COMMAOR,%a)(C,C0O0,%b)(N,COMMAOR,%c):=(%a,+COMMA
OR)(%b)(%c);

29. | (NN"COMMAAND,%a)(C,C0O0,%b)(N,COMMAAND,%c):=(%a,+COM
MAAND)(%b)(%:c);

30. | (N,NOU,COMMAOR,%a)(C,and,CO0,%b)(N,NOU,COMMAOR,%oc):=(
NA(%c;%a),+N,+NOU,OR,+COMMAOR);

31. | ({SHEAD|CHEAD})(N,{NOUJ|PPN},%a)(C,and,CCJ,%b)(N,{NOU|PPN},
%C)({STAIL|CTAIL}):=(NA(%c;%a),+N,+AND);

32. | (N,%a)(P,PRE,rel,att,%Db):=(%a,+att=%b,+rel=%b,+N);

33. | (N,rel=man,att,%a)(N,%b):=(NA(%b;%a),+MAN,+N);

34. | (N,%a)(P,cnt,%b)(N,%c):=(NA(%c;%a,+att=%Db),%d,+N,+CNT);

35. | (N,rel=plc,att,%a)(N, rel,%b):=(NA(%Db;%a),+PLC,+N);

36. | (NA(NA(%a;%b),GOL,%w;%c),AGT,%r):=(%w),(NA(%a;%c),+AGT);

37. | (NA(NA(%a;%b),MOD,%w;%c),MOD,%r):=(%w,-
att),(NA(%a,+att=%w;%c),+ MOD);

38. | (NA(%a;%Db),A0J):=a0j(%a;%b);

39. | {*"V|"P|SHEAD|CHEAD},%w)(PP,plc,%y)(NB,%x)({XP|CB|STAIL|CTA
IL},%z):=(%w)(XB(%x,+head;%y,+comp),+XB=NB,+LEX=N,%xy)(%z);

40. | (XP,"DP,"PP,%y)(P,"PP,%x)({XP|VB|PUT|STAIL|CTAIL|N},%z):=(%y,-
LEX,-XP,+LEX=P,+XP=PP +adjt,+rel=%x,+att=%x)(%z);

41. | (JB,%jb)(AP,%xp):=(JB(%jb,+proj;%xp,+adjt,+proj),+XB=JB,+LEX=J,%
new);

42. | ({*A|SHEAD|CHEADI|PUT})(PB, proj,"XP,%pb)({PUT|STAIL|CTAIL}):
=()(-XB,-PB,+XP=PP,+proj)();

43. | [[ACDIINPV]P/(%x;%yY):=XP(%x;%y);

44, | (XP(%x;%y),%w,rel):=(XP(%x,+rel=%w;%y),%w,-rel);

45. | XB(%x,P;%y,adjt):=PA(%x;%y);

46. | XB(%x,V;%y,adjt):=VA(%x;%y);

47. | [[ACDIINPV][ACS]/(%x;%y,a0}):=a0j(%x;%y);

48. | [[ACDIINPV][ACS]/(%x;%yYy,ben):=ben(%x;%y);
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Appendix-B
NL-UNL Grammar

S. No Analysis Grammar

1. | [@9{}"4"(LEX=U,POS=CDN,NUM=PLR,DIGIT)<pan,0,0>;

2. | [B{}"6"(LEX=U,POS=CDN,DIGIT,NUM=PLR)<pan,0,0>;

3. | [E3{}"32"(LEX=U,POS=CDN,DOUBLE,NUM=PLR)<pan,0,0>;

4. | [f39378]{}"43"(LEX=U,POS=CDN,DOUBLE,NUM=PLR)<pan,0,0>;

5 | [A®E{}"16"(LEX=U,POS=0RD,NUM=PLR,att=@ordinal)<pan,0,0>;

6. | [deg=f{}"15"(LEX=U,POS=0ORD,NUM=PLR att=@ordinal)<pan,0,0>;

7. [E3]{}""(LEX=P,POS=PST,rel=cnt,att=@about)<pan,0,0>;

8. | [A<If{}""(LEX=D,POS=QUA,GEN=FEM,NUM=MCL att=@all)<pan,
0,0>;

9. | [@E{}"™(LEX=D,POS=QUA att=@any)<pan,0,0>;

10. | [AgE{}"beautiful"(LEX=J,POS=ADJ,GEN=FEM,NUM=SGT)<pan,0,0>

11. tﬁ@'ﬁ]{}""(LEX:C,POS:SCJ,reI:rsn)<pan,0,0>;

12. | [fa3m=]{} "book"(LEX=N,POS=NOU,NUM=SNG)<pan,0,0>;

13. | [fa3={}"book"(LEX=N,POS=NOU,NUM=PLR)<pan,0,0>;

14. | [R@3{} give"(LEX=V,POS=VER,ATE=PAS,GEN=FEM,NUM=SNG)<p
an,0,0>;

15. | [fe=1{}"in"(LEX=P,POS=PRE rel=plc)<pan,0,0>;

16. | fel{}"™(LEX=D,POS=QUA att=@less)<pan,0,0>;

17. | [} (LEX=D,POS=QUA att=@mutal)<pan,0,0>;

18. | [(AS{}"Mary"(LEX=N,POS=PPN,GEN=FEM,NUM=SNG)<pan,0,0>;

19. | [femmrer{}""(LEX=D,POS=QUA att=@multal)<pan,0,0>;

20. | [&=1{}" new"(LEX=J,GEN=FEM,POS=ADJ,NUM=SNG)<pan,0,0>;

21. | [&={} new"(LEX=J, GEN=FEM,POS=ADJ,NUM=PLR)<pan,0,0>;

22. | [@{}"(LEX=P,POS=PST,GEN=FEM,rel=pos)<pan,0,0>;

23. | [MfaA{}"Paris"(LEX=N,POS=PPN,NUM=SNG,SEM=LCT)<pan,0,0>;

24. | [AS{}"00.@1.@pl" (LEX=D,POS=POD)<pan,0,0>;

25. | [E31{}"on" (LEX=P,POS=PRE,rel=plc,att=@on)<pan,0,0>;
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