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Abstract

During the last couple of years, in the field of Natural Language Processin@.eQA
QuestionAnswering) systems and UNL have been an area of immense research
among researchershis thesis is devoted ttevelop a language independent Question
Answering Systemi.ge., QAS) for Punjabi language based on UNL. The complete

abstract and chaptgrise summary of thes is given as follows.

First chapter provides an overview of QA systems including its need, challenges,
classification, and significance of UNL for QA systerkis chapter also highlights

the basics of UNL and its building blockshighlights the diferences and advantages

of UNL over other traditional approaches. Unlike the traditional approaches and
techniques in natural language processing, scope and use of UNL is not limited to one
domain. How UNL can be exploited for other NLP tasks has beemembuader this
chapter. The working principle of UNL for QA system has been explained in this
chapter.

Based on analysis and survey of various QA systems, several gapdemtifeed and
objectives were set in order to fill those gaps. The gaps thatidesrgfied are: non
availability of QA system for Punjabi language, lack of integration with other QA
system, lack of support for multilingualism, lack of integration of different NLP
applications, and complexity. In order to address these gaps, thebgectves of this
research proposdias been framed and accomplished. This chapter highlights the
contributions to this thesis.

Second chapterof this thesis is background theory and literature review. It focuses on
the analysis and study done of various QA systems, comparison of some important
QA systems, and study of various UNL based activitiesthis chapter, the literature
review done ha been documented. The complete literature review has been divided
into two parts,i.e., research activities in question answering system, and research
activities in UNL. The various parameters on the basis of which the comparison of
various QA systems hdseen done are: corpus used for testing, evaluation metrics,
evaluation metricdés value, domain, 1is wor
IS question answering system available online, does question answering system

supports multiple language, cauestion answering system be extended to support



other foreign languages, can question answering system integrate other NLP
applications, and is source code available for the given question answering system.
Some of the important QAS which have been ceden this subsection are MMQA
developed by Guptat al. (2018), EARL developed byohnish et al (2018),
CQASMD developed by Fengt al. (2018) QA4IE developed by Liret al (2018),

Web Shodh developed by Chanelual. (2017), automatic question answering system
for the Arabic Quran developed by Mohamed (2017), FelisCatusZero proposed by
Kotaro et al (2017), a semantic network theory to build up intelligent answering
system based on remote service framework desigyeXidoyi et al (2017), a
guestion answering system supporting vector machine method for hadith domain
developed by Nabeel and Saidah (2017), a Wikipedia Based Essay Question
Answering System for University Entrance Examination proposed by Takaaii
(2017) , an automated QA system using a hybrid approach propod€ddng and

Chih (2017) a design of intelligent tourism QA system based on semantic web
proposed by Hua and Skiheng (2017), an automatic wbhsed question answering
system for dearningdeveloped by Waheeb and Babu (2017), a public platform for
developing languagmdependent applications developed and tested by Agarwal and
Kumar (2017), an information retrieval system using UNL by Goel (2016), a
multilingual crossdomain client applicadin prototype for UNLization and NLization

for NLP applications developed by Agarwal and Kumar (20a@hodular QA system
pipeline called as YodaQA developed by Ba
Question Answering System proposed Hgrtawan andSuhartono (2015), a Long
ShortTerm Memory Model for Answer Sentes Selection in Question Answering
proposed by Wang and Nyberg (2015), a Question Answering system using learning
knowledge graphs through conversational dialog proposed byeBeh (2015) a
Hybrid QA system (ISOF) over linked data and text data developed byePalk
(2015), an Answer Selection for community Question Answering (QCRI) developed
by Nicosiaet al (2015), CICBUAPnNIp which is a Gragbased Approach for Answer
Selection in Community Question Answering Task proposed by Heleakh (2015),
CASIA@V2 whichis an MLN-based Question Answering System over Linked Data
developed by Shizhat al. (2014), AlBayan which is an Arabic QA system for the
Holy Quran developed by Heled al (2014), Forst which is a QA system using basic
element at NTCIRL1 QA-Lab Task @éveloped by Kotaret al. (2014), a Knowledge



Based QA as Machine Translation developed by Justai (2014), CMU Multiple
choice Question Answering System developed btl (2014),a natural language

QA system in Malayalam using domain dependedudhent collection as repository
developed by Pragisha and Reghuraj (2014), a QA system called as Watsonsim using
the Indri, Lucene, Bing and Google search engines, Apache UIMA, Open NLP, and
Weka developed by Sean al. (2014), architecture of a Questibnswering System

for a Specific Repository of documents proposedManuel and Riofrio(2010), a
O0LOOK46 system wusing Uni versal Wor ds ( U
proposed by Avetisyan and Avetisyan (2010).

The subsection of research activitiedJNL highlights the major research activities in
UNL. Some of the important research activities in UNL covered in this subsection are
English to Tamil machine translation system ugiidl. by Sridharet al. (2016),
Development of dictionary entries of Bangla repetition words to integrate them into
UNL by Royet al.(2016),Formation of word dictionary of Bangla vowel ended roots
for first person for UNL by Aliet al. (2015), Multilingual acquiring of -eontent
definition based on UNL by Sathiyamurttet al. (2015), creation of a Language
Independent Discourse Parser udifgL by Navaneethakrishnaet al. (2015), a new
approach of solving semantic ambiguity problem of Bangla Root words using UNL
proposed by Mridhet d. (2014), Development of Analysis Module for Punjabi
language by Agarwal (2013), Development of Generation Module for Punjabi
language by Verma and Bhatia (2013); Singh and Bhatia (2013), Development of
Punjabi EnConverter and DeConverter by Kumar andrréha(2012, 2013),
Enhancement of web search results through UNL by Avetisyan and Avetisyan (2010),
Development of English EnConverter and DeConverter by Jain and Damani (2009),
Multilingual search engine with the use of UNL proposed by Karande (2007),
Devdopment of Arabic DeConversion system by Adly and Alansary (2009), and
Languagelindependent Universal Digital Library within UNL framework proposed by
Alansaryet al (2006)

Having done an exhaustive survey on various QA systems, it has been observed that
the proposed UNL based (online available) QA systemdeiiinitely be a major step

in NLP and removing thianguagéarrier.

In third chapter of this thesis, architecture @rworking of the proposed question

answering system has been discussgtjuirements and functionalities of all these



architecture components have been documented. This chapter also describes the
interface of the developed question answering system aldhgive technology and
programming language used. Towards the last of this chapter, data structures,
JSON objects which are formed during the initial phase of the question answering
systemhavealso been highlighted. These data structures are further used by different
modules of the developed question answering system totlgevdinal result.This
chaper sets the expectation, understandinigh-level overview of all things that
would be covered in subsequent chapters of this thesis. It basically lays the foundation
of the subsequent chapters and thesis organization. The architecture/working of the
proposed QA systemhas been divided into the phasesz. UNLization phase
(Analysis Module), Preprocessing and Crawling phase (UNL Crawler), Optimizing
and Ranking phase (Optimizer), and NLization phase (Generation Module).

Analysis module of the proposed question answering system invokes UNLization
module ofthe source natural languageUbiLize the question asked by the user and

the corpus. The UNL corpus forms the UNL repository. UNL crawler crawls UNL of
the questionandUNL corpus to find the answer. Optimizer analyses the answer given
by UNL crawler and gives ranking to it. This answer is converted to UNL and is given
as an input to generation module of the proposed question answering system which
invokes the NLization mdule of the target natural language to get the required final
answer in this target natural language.

In the proposed UNL based question answering system user camasgtianin any

natural language and can get the output in any natural languageis Tpossible
because the proposed systeonvertsnatural language to UNL and works on this
generated UNL. Similarly, the output given by the optimizer is converted to UNL and
given to the generation module (discussed in Chapter 6) which gives final output
the target natural language. This feature of the proposed question answering system
makes it natural language independent. However, in orddNitaze the corpus and
qguestion asked by the user, UNLization module of gbarcelanguage (in which
guestiam is being asked) needs to be developed and invoked by the analysis module.
UNLization is done with the help of online tool IAf.e., Interactive ANalyzer)
whereas NLization is done by using EUGENE.( dEepto-sUrface GENEratQr

Both IAN and EUGENE have beenleveloped by UNDL foundation available at

http://dev.undlfoundation.org/analysis/login.jsp

Vi



Thefourth chapter focuses on the UNLization process and results otiikization
module for thePunjabilanguage. This chapter also illustrates how the UNLization
module of the source natural language is invoked by the analysis module of the
proposed system.

In starting of this chapter, the framework of IAN tool which is used for UNLization
has been explaed. This chapter gives the idea of phases ofJthkization process.

Each of these phases has been explained in this chapter with the help of example
sentences. Documentation regarding UNLizaadifactslike Normalization, TRules,
DRules, and Analysissrammaretc. has been done in this chapter. This chapter
introduces the Bar theory and its need in UNLization. How UNLizatimmdone

using this XBar theory has been illustrated in this chapter. The working of the
developed UNLization module using IAN has been illustrated with the help of
example sentences. Towards the end of Hastion, a brief introduction about
EUGENE isalso given so that the configuration and invoking of UNLization and
NLization modules should be clear to the reader.

This chapter highlights the use of UNLization and NLization module from the
developed question answering system perspective and giveits dataut how
analysis and generation modules of the proposed question answering system can be
used to invoke UNLization and NLization module. It gives details about the
prerequisites and other necessary steps for configuration.

After explaining about IANanalysis, and UNLization modules, the evaluation metrics
and results of theJNLization module of Punjabi languadevebeen described in this
chapter. The same section also gives details afdhgorathat are used for testing the
UNLization module. This chapter highlights the types of errors which exist in the
UNLization modules due to which-Measure becomes less thhnDetails of how to
calculate those errors have also been explained in this chapter.

The achievements and contributions of the developed UNLization module for the
Punjabi language have been highlighted in this chapter. The UNLization module had
been subntied for UNL Olympiad II, lll, and IV conducted by UNDL foundation in
July 2013, March 2014, and November 2014 for-AC UGO-A1l, and AESORAL
respectively. UEA1, UGO-AL, and AESOPA1 are the corpora provided by UNDL
foundation. The language selected foe proposed question answering sysiem
Punjabi, had been selected in top 5 (Based upon tMedsures) UNLization
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grammars for Olympiad Ill, and Olympiad IV while it was selected in top 10 best
grammars for Olympiad II. The current updated UNLizatioodule for the Punjabi

language has 1798 dictionary entries, 24 NRules, 50 DRules, and 1259 TRules.

In fifth chapter, the detailed information of UNL crawler and optimizer has been
documented. Initially, in this chapter the concept of preprocessing baskplained

with the help of example sentence. This chapter also documents the crawling,
optimizing, and rankingprocessesThe pseudocodes of crawling, optimizing, and

ranking have been explained in this chapter.

In the proposed system, the questions asked by the user from the developed question
answering system have been categorized into three different typemnissing type

guestion, polar (YeBlo type) question, and namissing type question. This chapter

explains these question types with the help of example sentences.

After optimizing phase, in the ranking phase, optimizer gives rank 1, rank 2, rank 3,

rank 4, or rank 5 to the answer found by the UNL crawler. In this chapter, the ranking
mechanism used by optimizer has been explained for every case with the help of
example sentences. | f al |l the informatio
UNL and answer given by UNL crawlidrsi a8 n
perfect match. Your answeés:o . | f not al | the informat.i
present i n corpusods UNL and answelrt 6iss no
ALMOST a perfect match. We cannot find some information in Databasel f t her e
mismatch between the informationi questi onds UNL and i nfoc
corpusés UNL and answer given by UNL cr av
t hdtt 668 a parti al mat ch.o.Thlef meolslt tphe biatf
guestionbds UNL i s prteearswetgivenlyy UdLocrapler s s UNL
bl ank, then optYounjuesteon is coreept but Wesaretsdrra lhecadise

our database does not contain sufficient information to answay this | f answer ¢
by UNL crawler is bl &ankotfinditheanswéopt i mi zer r
Optimizer al so makes sure that i f user
processing isdone and it stops the execution and searching/finding process

i mmedi at el y by &brewedamg fintl dngquesttbe r t hat i

In sixth chapter, the detailed information of generation and NLizatimodules for

the Punjabilanguagehasbeen documented. This chapéghlights the frameworkof

EUGENE toolwhich is used for NLization. The working of the developed NLization
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module using EUGENE has been illustrated with the help of example sentences.

This chapter highlights the use of NLization module from the developed question
answering system perspective and gives details about how generation module of the
proposed question answering system can be used to invoke NLization module of
target natural laguage.

After explaining about EUGENE, generation and NLization modules, the state of art
of NLization module of Punjabi language has been discussed in this chapter. The
achievements and contributions of the developed NLization module fd?uhgbi
language have been highlighted in this chapfEhe language selected for the
proposed QA System,e., Punjabi, has been selected in top 5 (Based upon-the F
Measures) NLization grammars for Olympiad Ill, and Olympiad IV conducted by
UNDL Foundation in March @4, November 2014The current updated NLization
module for thePunjabilanguage has 700Ws, 462 TRules, and 10 inflectional
paradigms.

In seventh chapter the detailed information of experimentation and evaluation of the
proposed question answering system has been documented. This chapter gives the
details of corpora used for testing the developed question answering system. This
chapter introduces the euaktion metricsviz. Conciseness, Relevance, Correctness,
Precision, Recall, and-Measure for evaluating the developed question answering
system. The details regarding the total number of questions and their types have been
highlighted in this chapter. Th€onciseness, Relevance, Correctness, Precision,
Recall, and FMeasure of the developed question answering system came out to be
89.5%, 86.4%, 100%, 86.4%, 100%, and 92.7% respectively.

The analysis/comparison of the developed question answering systidm® basis of
F-Measure/accuracy has been done with different question answering systems. The
error analysis of Relevance and Conciseness has also been performed and explained in
this chapter. The testing methodology and example questions along withrthegrs

have also been listed in this chapter.

Chapter eight presents the conclusion and future scope of this research work.
Limitations of the developed QA system have also been documented in this chapter.
As a part of thisPhD thesis, various gaps were identified in the existing question
answering systems and objectives were framed to address these identified gaps. A

framework for UNL based question answering system has been proposed to meet all



the objectives. Based on thisfnework, the proposed question answering system has
been developed and tested for Punjabi language. The Punjabi language resources for
UNLization and NLization modules have been creatdd.public platform for
developing UNL based languagelependent applicationsas been developed and
tested. The analysis and generation modules of this platform invoke IAN and
EUGENE module of theourceand target natural langua@unjabi in this ase)for
UNLization and NLization respectively. IAN/UNLization and EUGENE/NLization
modules have been developed for Punjabi natural language.

UNDL foundation had conducted a series of Olympiads over the years. The
UNLization/ IAN module had been submittddr UNL Olympiad II, Ill, and IV
conducted by UNDL Foundation in July 2013, March 2014, and November 2014 for
UC-Al, UGOA1, and AESOPAl respectively. The language selected for the
proposed question answering systeen Punjabi, had been selected in ®Based

upon the FMeasures) UNLization grammars for Olympiad Ill, and Olympiad IV
while it was selected in top 10 best grammars for Olympia@hié current updated
UNLization/IAN module for thePunjabilanguage has 1798 dictionary entries, 24
NRules, 50 DRules, and 1259 TRules.

The language selected for the proposed QA systemPunjabi, has been selected in
top 5 (Based upon the-Measures) NLization grammars for Olympiad Ill, and
Olympiad IV canducted by UNDL Foundation in March 2014, November 20
current updated NLization/EUGENE Module for tRanjabilanguage has 704Ws,

462 TRules, and 10 inflectional paradigms.

The Conciseness, Relevance, Correctness, Precision, Recall-MedsHreof the
developed question answering system came out to be 89.5%, 86.4%, 100%, 86.4%,
100%, and 92.7% respectively.

The6 Conci senesso, ORel eMaasee 6 0Meftheil s i v A
proposed QA system can be improved. IAN and EUGENE modulebec@nriched

for Punjabilanguage so that theireasure can be increas&ince a public platform

for developing languagmdependent applicationsas been developed and tested,
therefore other NLP applications which are UNL based like sentiment analysis, text
summarization, machine translatietc. can be developed and integiteith this.

The developed system can be extended to support the featuptosml the UNL

corpus by the user so that questions can be asked by the woridwlidace.
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Chapter 1

Introduction

Information Retrieval (IR) is an activity of getting information relevant to our need
from a collection of information resourceSurrent nformation retrieval systems are
based on keywords whichthe result is in the form dhe documentist. Thenumber

of retrieved documents large.The user has to traverse through these documents to get
information of interestThe usersearches these documestep by stego find the
correct answer. Sometimasis difficult to find the corect or relevant answer frothe
searched keyworddvioreover, an average user seeking an answer to the questi
searches very few documentkformation retrieval systemsbroadly havetwo
operationsthesearelnput and Output (voluminous). Input is th&t of keywords given

to a search engine, and output is the list oflanigth documentslhe basicworking of

IR systems is explaingaelowwith the help of Figure 1.1

_— Doc2 e D
oc KoK ocn
..Kl..Kz ..K3.. "Kl'
Se_aEerg - Ranked
y ) \ Query Ranking
| Querystring ——1 oOperations 1 T — Documents
K\/_/ - I L
"-". Indexing

Document Corpus

Figure 11: InformationRetrieval Systems

Assume that a query string contains keywdfdsK>, and ks. In information retrieval
systens some query operations required are done onhe querystring. Searching is

done on indexed document corpus based on this restructured Auwsetyof relevant



documents are retrieved by IR syssand are ranked as per the ranking algoridsm
shown in Figure 1.1As the search is tedioui$ demotivates theiser and he/shgets
tired if thedocuments dmot contain the conité which they are searching fdn this
scenarigo Question Answering (QA) systems stand asnaimplementation for

information etrieval ystems

1.1 Introduction to QuestionAnswering SystemsQASS)

Information extraction systems extract a number of opinions acting as a source for
both novel QA systems and commonsense knowledge [112]. These systems help in
identifying a set of relations from the text which supportuesiion answering [139].

QA engines attempt to let you ask your quastine way you woudl normally askn

natural languagerhese queries areare specific than short keyword queriédso, it

is very useful formexperienced search useféie two main tasks dpASsarelnput,

i.e., Natural Language (NL) questions/expressjarsgdOutput i.e., list of appropriate

short answersQuestion answering systems provide intuitive information access.
Questionansweringcan be considered as r@al use of atural language processing
which it exploits completelyThe am of questionanswering gstems is to answer NL
guestions from any type of document. Thedseuments can be classified into three

categories agiven below{45].

a) Documents These can be structured or unstructured such as web pages,
multimedia documents consisting of errors, contradicteorinconsistencies.
Structured documents are used by database question answering systems while
unstructured documents are usedimp baedQAS.

b) Domain: This can further be classified into open domain like newspaper
articles and close domain lilkeerospatialelomain, medical domairtc

c) NL questions These contain either factoid questions like who, when, where,

how muchetc, or definition questions like how and why.

1.2 Components ofQuestion Answering Systens
A typical QA system consists of three distinct modules, each of which has a core
component besidether supplementary componertkl]. These modules are as
follows.

U Queryprocessingnodule,whosepurposas to classify he queson.

U Documentprocessingnodule,whosepurpose is retrieval of information
2



U Answerprocessingnodule whosetaskis to extract the answer

Question processing is the module that identifies the question's fdassifies the
guestion typegxpectedanswer type derivatiorand reformulation of question into
semantically equivalent multiple questions.

Reformulating thequestion into similar meaning questions is also called as query
expansion and it helps in boosting up the recall of a particular informagioaval
system. Informatiome t r i e v aslrecadl ig ety @npdrtant for question answering
because wén no corect candidateanswers ge present in a document, thien finding

an answer no further processing could be carried out. Ranking and precision of
candidate passages can also affect question answering performance in the information
retrieval phase.

The final component isnswer extraction in question answering system, which is a
differentiating feature between the usual sense of text retrieval systems and question
answering systems. Answer extractiorethod becomes a decisive andfluential

factor onQAS for extractingthe final results. Therefore, in the question answering
system, the answer extraction technology is deemedadarmiule11].

1.3 Classification of Question Answering §stens
Questionanswering systesihas been classified into several types based on many
criteria as identified by Amit and Sajay (20163]. These aras follows

U Application Domains

U Types of questions asked by users

U Types of analysis done on source documamtsd user sé6 questions

U Type of dataconsulted irthedatasource

U Characteristics of data source

U Types of representation of question data and its matching function to generate

candidate answers

U Type of techniques used for retrieving answers

U The forms of answer generated by QAS
QASs can béurtherclassified into different categories on the basis of techniques used
in QASs as gien by Amit and Sajay (201G)13]. The different techniques for
generating answers are good in their respective scenario. The scenario réfers to

complexityof quesions, data sources, and answers desired by users. These techniques



are briefly described as follows.

U QASs using data mining techniquesln this category, factual data is searched
and short answers using bag of word model are generatediftalvase

U QASs using information retrieval techniques In this case, factual
information in text documents is searched.

U QASs using natural language processing and understanding techniques
this case, subjective or objective information is searched.

U QASs using knowledge retrieval In this casea searchis performed for
understanding and creating knowledge. Universal Networking Language
(UNL) is one such approach which is based on knowledge retriggation
1.4, 1.5, and 1.6 covéne introduction, history, and building blocks of UNL in
detail. In this thesis,a QA system has been proposed by udihgL based

technique

14 Introduction to UNL

UNL, unlike a natural languagés a nonspokenartificial languageto summarize,

descrile, representand stoe information in a natural languagedependent format

[127]. One way of I ntroducing the UNL i s t
computerso, which is different in nature
such as JAVA, BASIC, C++etc [149]. In UNL there aretwo processesi.e.,

UNLization and NLization.The process o&nalying, represernhg, andmagping the

information present inany natural language resouticéo UNL (in the form of UNL

graph) is called UNLizationwhereasthe process ofrealizng, manifesing, and

generaing a natural languageesourcefrom a UNL graphis called NLization[127].

Both theprocesses araot dependent on each otHd}. A typical UNL system is

shown in Figure 1.2.
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As shown in Figure 1.2JNLization can be done on any natural languageument

that may includea text, word, ora compkte €ntence. The pross of UNLEation
makes the complete UNL weln the form ofa UNL graph) NLization process takes
this UNL graph as an input and transforms UNIgémerate natural language again.

Of the otherapproachesthe UNL approach is the best approach because it captures
the semantic information with the help OWs, attributesandrelations as described

in Section1.6. Moreover,suppose there arenumbers of different natural languages.
Now, using the approach of UNL for converting thoseatural languages into each
other, 2*n number of possible translations or mappingedto be done. This is
because only twa@onversionsneedto be done forhat particular natural language
means from that natural language to UNL and then from UNL to that natural
languagelf this UNL approach is not followed then it can be very well witnessed that
n*(n-1) is the total number of conversisrequired for converting every natural

language to every other natural languagesvery language needs to be converted into
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the othern-1 languageq81]. In otherwords n components fogeneration and n
components foanalysisarerequired inthe interlinguaapproach whera refers tothe

total number of languages in transtat system as shown in Figure31145].

Semantic

representation

% N\

L|'1 Ln
Anahyzers Genarators

L

Figure 13: Interlingua TranslatioBetweem Languages

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 rsatdralway they do with

other dedhrative and procedural languages which are pervasive in everyday
applications.As no one is required to know about HTML lhoowse the Intenet or

even to create websitesimilarly one would be able to UNte documentshy
extractng the information needadithout any knowledge of UNLTherefore UNL is

a formal language designewt for humans, bufor computers To handle natural
languagesjust ike other logical system&)NL provides the semantic andinguistic
infrastructure ér computers and not for humandNL does nottell about thefull
meaningof sentences or textdnstead it tries to capture the core @onsensual
meaning. SOUNL 6 s s c o p do na indudegaretyl idioms and phrases,
feelings, and otheindirect communicativédbehaviors This is the main reason why
UNL has not been exactlynanterlinguabased machine translatioeven though
machine transgition is one of the possible as wellmasre obvious and promising uses

of UNL. Currently, the main goal ehe UNLization processs to map the information

that is verbally elicited in the surface structure of written texts into a lgegua
independent and machuteceabledatabase. In this sse, the UNL representation

has been an interpretation rather than a translafiargiven tex{13].



This feature of UNL (languageindependence and machine traceabiliggn be
exploited for question answering systemidNL can also be used for oth&LP

applications like sentiment analysis, text summarizadadmachine translatioatc

15 History of UNL

The UNL Programme started in 1996, as an initiative ofirtbtute of Advanced
Studiesof theUnited Nations Universityn Tokyo, Japarj161]. For developing and
managing UNL Programmehe United Nations University set up an autonomous
organization, th& NDL foundationin January 20Q1in order tofulfill its mission, it
inheritedthe mandate ofmplementing the UNL Programnfeom the UNU/IAS. Its
headquarterss locatedin Geneva, Switzerlandcrom thefoundation a group of
University departments from adlreasof the world has beetied upfor developing
UNL . sTtheaUND ®ciety, a globalkscale network of research andvelopment
teams, involving several specialists in computer science and linguistics, who are at
work creating the linguistic resources and develgphe web structure dhe UNL
system[161]. The tchnological supporas well ascoordinationto implement the
programmaeis provided bythe UNDL foundation The programme has already crossed
the majomilestones. Thewerall architecture of the UNLystem has beedeveloped
with a set of basic software and tools necessary for its functiqasity. A huge
amount of linguistic resourcewe already under development foe various native
languagesind havebeencollectedin the last few years. Moreover, thgailablity of
techntal infrastructure for the expansion thfese resources @lso facilitating the
participation of many more languages in the UNL systeNDL foundation has
formally defined the specifications of UNUNL project ains to create arinterlingua

for all majornaturallanguages. It was initiallgtartedfor the six official languages of
the United Nations and other widely spoken languages, namely, HindijcArab
Punjabi,Chinese, English, French, German, Indonesian, Italian, Japamegguese,
Russian, and SpanisilT Bombay, a member othe team is regponsible for
developing UNL modies for Hindi[83]. Active development of UNL modules for
Punjabi and Hindi language is also being dah€&hapar Institute of Engineering and
Technology Patiala India[4-9, 8183, 15-137, 162-164].

1.6 Building Blocks of UNL
UNL represents information sentence by sentefids]. The UNL system, its
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component and first version specifications had been providédchidaet al (1999
[158]. In UNL, three different types of semantic uniése used to convey the
information namely,Universal Words (UWSs),Universal Attributes and Universal

Relations

= Universal Words (UWs)

= Universal Attributes
RELATIONS BETWEEN _ . .
= Universal Relations

Figure 14: Building Blocks of UNL

Each sentence isonverted intoUNL graph also known as hypergraph. UWs
represent theoncepts andUNL relationsspecifythat what role a word in a sentence
will play. The subjective meanings which an author intends are expressed with the
help of UNL attributes The gecifications ofUNL have been defined formally by
UNDL foundation[153].

1.6.1 Universal Words

The nodes in UNL graph represent Universal Wdidg/s). These UWs forms the
vocabulary of UNL.. These words are represented ydesin a UNL graph. The
nodes ofthe UNL graph are connectedby relationsand, if requiredmodified by
attributes The concepts otiniversal wordsare dividel into four categoriesi.e.,
nominal verbal, adjectiveand adverbial concepf37]. A universal words astring of
charactes followed by a listof constraintsin order to link every universal word of the
UNL ontology with the UNL documentdJNL uses the concept of KCI(Key
Concept in Context)To realize thislinkage of UWs crossing UNL documents
registration ofevery universal wordn the UNL ontologyis must[155]. UWs can be

temporary or permanefi61]. UW is described with theyntaxas given in (1.1).

<UW>::= <heaword> [<constraint list>] é (1.1
Here, the headwortefers to arEnglish wordphrasésentencewhich for a given set

of conceptds elucidatedasa label This is alskknown asa basic WiversalWord. In

8



order to explainthe sense aheword, a constraint list is usedAn example of Punjabi

language dictionary entry is given below.

[t T AT Bare"(LEX=N,POS=NOU,NUM=SNG,GEN=MCL);

Here,

ALEXO specifieslexical category,iNO s peci f i 0D mepasemts pafif-
speech,ANOUO represents common nouiiNUMO representsiumber whose value
could be eithemiSNG for singular orfiPLRO for plural, and AGENO represents
genderfiMCLO represents masculine

Punjabi language dictionary has been explainegnore detail insection 4.2 of
Chapter 4 and section 6.2 of Chapter 6 o$ thesis.The objective information of
concept in headword is represented by UNL relatihiag are contained in this list.
This constraint list is also used for disambiguation by restrictingettdifferent

concepts which are represented by an English expression.

16.1.1 Temporary UWs

TemporaryUWs includethosewords that represemntities orconceptsvhich aretoo
specificand therefore are natcluded in the UNL Dictionaryfor examplefivaibhav
Agarwab ;)areyet to be lexicalizedfor examplefiThaparian®, fillTianso); or which

cannot beranslaed(i3.1415%9, fiH-O0, fiwwwgooglecon).

16.1.2 Permanent UW

Permanent Ws arethose words which have beeércluded in thdJNL Dictionary.
Permanent Ws representoncepts that have been already lexicalized. Theybean
simple, compound or complex. For examfi@use®, figoo, fhared, fitortoised, AUSAO
etc

1.6.2 Universal Attributes

Universal Atributes area kind of annotations orcommentswhich are made to
hypernodes of a UNLhypergraph or simple nodes.F o r e X a@mpasd e
fi@interrogative , @déb etc The syntax ofuniversalattributes is given in (2)
[161].

<attribute> = A@o<attribute name>

<attribute name> ::= <character>+

=)}
o

<character> .. ={fAhaodo, é,Az0o |, _0 } e (2.

=]


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

The meaning and description of each syn#relyiven inTable 1.1.

Table 1.1: Description ddymbols Used toRepresent UNLAttributes

Svmbol Meaning

== WVanable

norn

terminal svmbol

= i1s defined as

i} disjunction {"or"

+ to be used one or more times

to be repeated more than 0 times

A universal #ribute is written in lower casewords orexpressionsnd they convey
threedifferent kinds ofdetails The sibjective information of a sentence is narrated by
the attributes In a given sentenc¢ he narrator 6s point of
attributes[157]. To convey the semantic content of a sentence, there areigiak-
sevenattributes {hat can beincreasedvith the userdefinedones) UNDL foundation

has divided thes&INL attributesinto eightgroups.The descriptiorof UNL attributes
along withthar correspondingyroupsis given in Tablel.2 [153].

Table 12: Description of UNLAttributes

Concept Attributed as
Logicality of UW @transitive, @symmetric, @identifiable,
@disjointed

Time with respect to the speakq @past, @present, @future

Speaker 6s Vi e\ @begin, @complete, @continue, @custom,
event @end, @experience, @progress, @repeat,
@state@just, @soon, @yet

Speaker 6 geferericeton @generic, @def, @indef, @not, @ordinal

concepts

Speaker 0s e nmgpd) @contrast, @emphasis, @entry, @qgfocus,
topic @theme, @title, @topic

Speaker 6s at ti|@affirmative, @confirmation, @exclamation,
@humility, @imperative@interrogative,
@invitation, @polite, @request, @respect,

@vocative

o
wn
—

Speaker 6 e| Attributes to represent ability: @ability

10



judgments Attributes to represent beneficially: @get
benefit, @givebenefit

Attributes to represent conclusion: @conclasi
@consequence

Attributes to represent condition: @sufficient
Attributes to represent consent/dissent:
@consent, @dissent, @grant, @graot
Attributes to represent expectation: @althoug
@discontented, @expectation, @wish
Attributes torepresent intention: @insistence,
@intention, @want, @will, @need,
@obligation, @obligatiomot, @should,
@unavoidable

Attributes to represent possibility: @certain,
@inevitable, @may, @possible, @probable,
@rare, @unreal

Attributes to represent emotion:a@mire,
@blame, @contempt, @regret, @surprised,
@troublesome

. o @passive, @pl, @angle_bratk@brace,
Convention description _
@double_parenthesi@double quote,

@parenthesis, @single_quote, @square_bra

In the examplesentencefiThe girl throw tomatoesin the bedroono, attributes are
needed to

a. Denotethe head of expression (“throw™. ie.. “([@ent7).

b. Express plurality in the object (“fomato™, ie.. “@pl)

c. Specify definitereference to place (“bedroom™, i.e.. “([@def")

d. Specify definitereference to agent ( girl ., ie.. “(@def")
Universal #ributes are thus used to incorporate information about predictions

modality, aspect and time of an event, gender and/or nughder

1.6.3 Universal Relations

Universal elationsare also calledsfii | i n k s 0 . lab&lddarss eonreectimy one
11



node to another node a UNL graph.The relationgepresent théwo-place semantic
predicates holding between two UWShe repertoire of relations is defined in
theUNL specificationsand it is not open to frequent additiors. UNL, relations
between UWgepresent semantic functions thematic roles (such abject agent,
instrumentgetc) [161]. Thesesemantidunctionsare binary, universal arate directed
(from a source to a targefJhe relations between the two nodme represented as
I RO AEE E T OO E N D B

Here,i 'Q0®m ai2the name of the relatipg ¢ N&d ¢ ¢ N&e the two nodes
betweenwhich the relations hold attribut: 0 ¢ and ¢ are the attributes which are
added tce € N&ACE € Ni@spectively. Herealthough there are only two attributes
but there can bany number of additional attributegich can be added.

For example consider UNL representation of English sentend&he girl throw
tomaoes in thebedroond given in 1.3.

{unl}

plc(throwm(icl>do) @entry bedroonficl>facilities) @def)

obj(throw(icl>do)@entry tomao(icl>food) @pl)

agt¢hrow(icl>do)@entry girl(icl>person)@def)

{lunl} e(1. 3)

UWSs, universal attributes, anduniversalrelations ofUNL given in (L.3) are shown
with the help of UNL graph in Figurk5.

throw(icl>do).@entry

. g
bedroom(icl>facilities).@def tomato(icl>food).@pl girl(icl>person).@def

Figurel.5 UNL Graph of Sentenc@lhegirl throwtomatoesn the kitchen

In the given examplgiagto relation specifies relation between agégitl 6 (who did
work), and verbfithrowo. The fiobjo relation specifieghe relation between object
ftomatoo, and verbiithrowd. The fiplco relation specifiedhe relation betweenverb
fithrowd, and placefibedroond where the action took place Finally, attributes
representhe circumstances under which the node is used. These are the annotations
made to nodes. In thgiven example sentenc@@plo signifies that UW is used as a

12



plural. The attributdi@deb is a kind of specifying attribute used in casegeheral

specification (namally conveyed by determiners) which is represented by fibde

The Ai@entryd attribute represents sentence hed@te dtributes give additional

information that is not expressed via UWUniversalRelations.
For UNL, total forty-six relationshave been defined ByNDL foundation[153]. The

description of these relations is given in Tablg[159].

Table 1.3: UNLRelationsDescription

UNL Description Constituent Examples
relation elements
1. agt defines a thing| Agent, Johns | ept ¢é
that initiates an Unergative verbs | agt(slept, John)
action (intransitive verb
semantically have John killed Mary.
an agent subject)| agt(killed, John)
like6sl eep|é arrivalof John é
0 s n oaowyld , | agt(arrival, John)
orund, e
éplay by Shakes;g
agt(play,Shakespeare)
2. and defines a Conjunction € easily and qt
partner to have and(quickly, easily)
conjunctive
relation € singing and ¢
and(dance(agt>persosing(agt
>person))
3. aoj defines a thing| Stative verbs like | Johnbelieves in Mary.
thatisin a O0bel i ev e|aojbelieves, John)
stateorhasanf6under st
attribute Oknowbo, Johnknows Mary.
O pos s es s|aojknows, John)
odi sl i ke
61 i Ked. Johnloves Mary.
aoj(loves, John)

13



60i nclude

6i nvol ve

aoj (general

John issad.

attribute) aoj(sad, John)
Johnlooks ad ¢é.
aoj(sad, John)

4. bas defines a thing| Basis ... more than seven.
used as the bagmore(aoj>thing,basthing),
basis 7
(standard) of
comparison € more than Jacd

bas(more(icl>how,bas>thing),
Jack(iof>person))
5. ben defines an Beneficiary To give oneodos |
indirectly country.
related ben(give(agt>thingyol>thing,obj
beneficiary or >thing), country(ickregion))
victim of an ,
It is good for

event or state o _
ben(good(aoj>thing),John(iof
>person))

6. cag Defines a thing Co-agent € to wal k with
notin focus cag(walk(agt>volitional thing),
that initiates an John(iobperson))
implicit event _ )

To |live with &
that is done in _ N )

cag(live(agt>volitionathing),aunt
parallel ]

(icl>person))

7.cao defines a thing| Co-thing with be with yol
notin focus attribute cadexist(aoj>thing), you)
thatisin a

parallel state

14



8.cnt defines the Content The I nternet: &
content of a cnt(Internet(icl>communication
concept network),amalgamation(icl
>harmony))
A language generator
Adeconverteroé
cnt(language generator,
deconverter.@double_quote)
9. cob defines a thing| Affected cething |é dead with Marn
that is directly cob(die(obj>living thing),
affected by an Mary(iof>person))
implicit event
done in
parallel or an
implicit state
in parallel
10. con | defines a non | Condition If you are tired, we will go
focused event straight home.
or state that a0j:01(tired(aoj>thing)you)
conditions a con(go(icl>move(agt>thingpl>
focused event place,src>place)), :01)
or state
11.coo |definesaco | While e worked whil e
occurrent coo(worked, talked)
event or state
for a focused
event or state
12.dur | defines a During John wor ked dur
period of time dur(worked, meeting)
during which
an event
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OCccurs or a

state exists

13. equ | defines an Equivalent The deconvertefa language
equivalent generator) é
concept equ(deconverter, language

generator.@parenthesis)

14.fmt | defines a rangq Range/fromto e from a to z.
between two fmt(z(icl>letter), a(icl>letter))
things

e from Osaka t ¢
fmt(New York(iof>city),Osaka
(iof>city))

15.frm defines an Origin A visitor from
initial state of frm(visitor(icl>person)Japan
a thing or a (iof>country))
thing initially
associated with
the focused
thing

16.gol defines a final | Final state of € gave é to Mar
state ofobject | verbs of change | gol(gave, Mary)
or a thing l i ke o6gi
finally 6send?od, € sent é to Mar
associated with gol(sent, Mary)
the object of
an event

17.icl defines an Includeda kind of | A bird is a (kind of) animal.
upper concept icl(bird(icl>animal) animal(icl
or a more >living thing))
general
concept

18.ins | defines an Instrument € |l ook at star s
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instrument to

carry out an

telescope.

ins(look(agt>thing,obj>thing),

event telescope(icl>opticahstrument))
€ write with a
ins(write(agt>thing,obj>thing),
pencil(icl>stationery))
19.int defines all Intersection €. an intersect
common and cookware ¢é
instances to int(tableware(icl>toolzookware
have with a (icl>tool))
partner
concept
20.iof defines a class| An instance of Tokyo is a city in Japan.
concept that ar| iof(Tokyo(iof>city), city in Japan
instance
belongs to
21. man | defines a way | Manner € moaquiekly.
to carry out an man(movedégt<thinggol>place
event or the ,src>place), quickly)
characteristics ) ) )
of a state e o.f.t en.V| %I.t
man(visit(agt>thing, obj>thing),
often)
22. met | defines a Method/means |é sol ve ¢é with

means to carry

out an event

met(solve(icl>resolv@gt>thing,
obj>thing))dynamics(icl>science

)

€ separate €& by
met(separate(agt>thing,obj>thin
src>thing),cut(agt>thing,obj>

thing,opl>thing))
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23. mod | defines a thing| Modification The whole story
that restricts a mod(story(icl>tale)wvhole(mod
focused thing <thing))

A master plan ¢
mod(plan(icl>ideanaster(mod
<thing))

24.nam | definesa name| Name son AHI kar i
of a thing nam(son(icl>relative), Hikari)

25. obj | defines a thing| Unaccusative Johndied.
in focusthatis|ver bs | i| obj(died, John)
directly ofall 6,

affected by an

event or state

The snowmelts.

obj(melts,snow)

obj (direct object)

John killedMary.
obj(killed, Mary)

John knowsMary.
obj(knows, Mary)

John lovesviary.

obj(loves, Mary)

obj (indirect
object of
monotransitive
verbs like

6dependd

€ de p@aMdrg.
obj(depends, Mary)

€ belinMarye s

6bel i ev el|objbelieves, Mary)
etc.)
Object € construction

obj(construction, building)

é interest i n
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obj(interest, Physics)

é v itodondon.

obij(visit, London)

26.opl defines a place Affected place € pat é oé@. shol
in focus opl(pat(icl>touch(agt>thingbj
affected by an >thing,opl>thing))shoulder(pof
event >trunk))

€ cut é i n midg
opl(cut(agt>thing,obj>thingpl
>thing), middle(icl>place))

27. or defines a Disjunction € stay or | eave
partner to have or(leave(agt>thing,obj>place),sts
disjunctive (icl>remain(agt>thing)))
relation to _

Is it red orblue?
or(blue(icl>color), red(icl>color))

28. per | defines a basig Proportion/rate/di| € hrs aday.
or unit of stribution per(hour(icl>periodyay(icl>
proportion, period))
rate or
distribution

29. plc | defines a place Place Made in India.
where an even plc(made, India)
occurs, or a
stateis true, or
a thing exists

30.plf The place Initial place of John camdrom NY.

where an even|
begins or a
state becomes

true

verbs of motion
l i ke

Owal

6go
k 6,

etc.

plf(came, NY)
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31.plt defines a place Final place e to travel to
where an even plt(travel(agt>volitional thing),
ends or a state Patiala(iof>city))

that becomes

false

32. pof |indicate a Part of The preamble ofd 0 c u me n
concept of pof(preamble(icl>information),
which a document(icl>information))

focused thing . . .

_ € the inihineal s

s apart Transl ation &
pof(initial(icl>letter), machine
translation)

33. pos | defines the Possessor Jo h ndogs
possessor of a pos(dog(icl>aminalJlohn(iof
thing >person))
My book.
pos(book(icl>document), | )
34.ptn defines an Partner € compete with
indispensable ptn(compete(agt>thingtn>thing)
nonfocused , John(iof>person))

initiator of an ] ] _

Action € share é&oowith
ptn(share(it>divide(agt>thing,obj
>thing)) poor(icl>person))

35.pur | defines the Purpose John woks for money.

purpose or agt(work(icl>do)John(iof>person

objective of an
agent of an
event or the
purpose of a
thing that

)

pur(work(ick>do), money)

€ budget for r ¢

pur(budget(icl>expensegsearch
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exists (icl>study))

36. qua | defines the Quantity Twocupsofof f ee €
guantity of a qua(cup(icl>tableware)))
thing or unit gua(coffee(icl>beverage),

cup(icl>tableware))

€ many kil ogr af
qgua(kilogram(icl>unitynany(qua
<thing))

€ two dogs ¢
gua(dog(icl>animal), 2)

37.rsn defines a Reason He goes €& becal
reason why an rsn(go(icl>do), iliness(icl>thing))
event or a state
happens € knownbebuyr é

rsn(known(aoj>thingheauty(icl
>abstract thing))

38. scn | defines a scen{ Scene € appear on a ([
where an even scn(appear(icl>occuprogram(icl
occurs, or state >thing))
is true, or a
thing exists

39. seq | defines a prior | After John wor ked anqd
event orstate seq(left, worked)
of a focused
event or state

40. shd | defines a Sentence head | Chapter 2 Relation
number, a shdrelation(icl>sateghapter(pof

mark or a thing
that shows the
position of a

sentence, a

>book))
mod(chapter(pof>book), 2)
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paragraph or a
chapterin a
document or a
book

41. src | defines the Initial state of € changed from
initial state of | verbs of change | src(change(icl>occurgd(aoj
an object or | i kaked ,0 >thing))
thing initially |([6r et r i ev
associated with
the object of
an event
42.tim defines the When € came yesterda
time an event tim(came, yesterday)
occurs or a
state is true
43. tmf | defines the Since when € worked since
time an event tmf(worked, early)
starts or a state
becomes true
44.tmt defines the Until when € worked until
time an event tmt(worked, late)
ends or a state
becomes false
45. to defines a final | Destination € train for Lori
state of a thing to(train(icl>thing)London(icl
or a final thing >city))
(destination)
associated with
thefocused
thing
46. via | defines an Anintermediate |é goes to €& Vi g

intermediate

place or state

via(go(icl>do),Newx ork(icl
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place or state >place))

of an event

Therepresentationf UNL should besemantically saturated and deictics expected

to bereplacedn UNLization. Therefore natural language pitmrms (ike fi i ,thle0,

At h.dghe etc) shouldbe substitutedby their corresponding antecedents. In cases
when the substitute is not availablbese are represented by the null LAV O O
combined withuniversal attributes if required Such main cases arexplainedas

follows.

i Exophora like fiyow, filo, iwed etc, are represented by the null UW00
followed by the person attributeB@10, for first person singulafi@?20, for
second person singulafi@30, for third person singulafi@1.@pb, for first
person plurali@2.@pb, for second person plural; afd®3.@pb, for third
person plural)

i Indefinite pronouns like i a n y ofinan®, fieverything etc, are represented
by the null UW fA000 followed by determiner attributesi@ny one o

A0O0. @any . @pfeone®o n® , HN00.@n®, Aeverything =
A00.@every.@thingetc).

u Interrogative pronouns likefiwhamo, fiwhao, iwhere etc, are represented by
the null UW A000 followed by the attributdi@whd (fiwhad = A00.@wio,
Aiwhond = A00.@wlo, fiwhered = A00.@wld etc). The difference between
them isdetermined by th relation in whom they appear. For example, in case of
A a grelation if target argument i800.@wlv, then itis to beunderstoodas
fiwhaod; in case ofitimo relation if target argument 0 0 . @thdnadtis to be
understood asfi wdmo; in case of fiplco relation if target argument is

i 00 . @thdndtis to be understood diswdred; and so on.

Since UNL captures informationsing UWSs, universal attributes, anduniversal
relations, thereforé canbe saidthat UNL based questiomswering systemsould

besyntactically very efficient to lmalle all the complex questions.

1.7 Working Principle of UNL for QA System

UNL captures theepresentatiorof the semanticsof a natural language texwhis

feature of UNL canbe exploitedin other NLP tasks such agiestionanswering,
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sentiment analysis, machine translation, and text summarizationetc Using any

existing programmingcripting language the knowledgextraction becomes very
(1. 4)

easy.Consideranexample sentenagven in(1.4).
AiThe book on the table about Paris without pictuyes.
The UNL graph of this example sentence in shown in Figée 1.

Figure 1.6: UNL Graph of (1.4)

| et 6 s thegaegtionVéhere is baok kR s
Having identified the main relation &gplco, i.e., place thenode highlightedn Figure

Now,
1.7 provides the desired answer whicliiis a b | e 0

picture.@without.@pl

Figure 17: HighlightedEntry Showing AnswerNode in UNLGraph of (1.4) for the
AskedQuestionfiwhere is book

Consider aother complexentence given i(L.5).
CSE department was awarded the innovation prize in 2016 by IIT Mumbai for a new
é (15)

type of online question answering system.
Figurel8 illustrates the UNL graph of this example sentence
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Now, | et 6 s theaguestiansiwhy was CSE department awarded the
innovation prizé ?
Having identified the main relation &@ssno i.e., reason, the subgragiivenin Figure

19provi des t he des anewdypeahaonlwwe questiorhansvering s

systero .

Question
Answering System

Figure1.9: UNL Graph oftheAnswerto Qu e s t Why wa<CsEdepartment
awarded the innovation pri2eo
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1.8 Gap Analysis

Basedon the study of various QA systems, some of the researchtigapbave been

identified are as follows.

1 Non Availability of QA system ftine Punjabilanguage
The Punjabilanguage isurrently considered as o r |1@"@nsst widely spoken
language[53]. In the field of development and computerizatiohere are
relatively fewer efforts for this languageAt present there is no QA system
available, which provides scalability to support multiliaggm and Punjabi
language Therefore, there is a needdesign and develop @uestionanswering
system forthe PunjabilanguageThis systermwill certainly be very helpfufor

more than 91 million Punjabi language ugéds3].

1 Lack ofintegration with other QA system
IAN (Interactive ANalyzer) and EUGENE dgEepto-sUrface GENEratQr are
online tools developed BYNDL foundationand released in 2012 for UNLization
and NLization processesespectively.The earlier toolde@me obsolete because
they were very complex antlwas difficult to integrate theron a central site.
IAN and EUGENE have been accepted globally a standarder tool for
UNLization and NLizationrespectively. Globally more than 40 languages are
using these tools whichake taken participation in UNL rpgramme. The
proposed UNL based QA system will use IAN and EUGENE

1 Lack of sipport formultilingualism

None ofthe existing QA systems providealability to support multilingalism.
Although some present systeahs support multiple languagésit they cannot be
extended to support other foreign languages without changing their underlying
architecture and implementationhe development ofa UNL basedQA system

for the Punjabilanguage wouldupport all thdanguageswhich are part othe

UNL programmeor going to be its part ithe future This systenwill definitely

be a unique and useful system of its own kasdit would notrequireto chang

the architecture and implementation to support ditreign languages

9 Lack of ntegrationof different NLPapplications
Existing NLP applications across the globe cannot integrateleveitagefor

integrating other NLP based applications. The platform for the proposed UNL
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1.9
The

based QA system can be used for developing other UNL based NLP applications

like sentiment analysis, machine translation, text summarizetton

Complexity

Suppose there are numbers of different natural languages. Now using the
approach of UNL for corerting thosen natural languages into each oth2tn
number of possible translations or mappings tiegtdto be done. This is because
now only 2 conversionmeedto be done for that particular natural gasagei.e.,
from that natural language to UNL and then from UNL to that natural langifiage.
this approach is not followedhe total number of conversiots convertevery
natural language to every other natural language would have rijéern) as
every language nesdo be converted into the othrefl languages.

Objectives

core objective of thistudyis todevelopa UNL basedquestionansweringsystem

for Punjabi language. To accomplistis task following objectives we proposed.

To study and analyze various QA systems and their approaches
I. Todevelop and tesinalysis modulghat would convert Punjabi 10NL with
the help oflAN.

iii. To develop and testUNL crawler for searching UNL repository for

corresponding input Punjabi question.

iv. To develop and te€dptimizerfor optimizing and inferring the search results

v. To developand testGeneration moduldéor the Punjabilanguagewith the

help of EUGENEto generate answers frothe UNL corresponding to the

answer

1.10 Contributions to Thesis

The

major outcomes of this research work are as follows.

Study and comparison of existing QASs has been done on the dfasis
importantparameters likeorpus, evaluation metrics used, evaluation metrics
values, and domaietc.

Various gaps in the existing QASs has been identified on the basis of
important paranters like, availability of source code, scalability, online

availability, multilingual support, is working algorithms of all components
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explained, and can question answering system integrate other NLP
applicationsetc.

iii. A web based language independardhtecturefor QAS has been proposed
to address the identified gaps.

iv. A web based interface for th@AS has been developed on top of the
proposed architecturéJNL crawler and optimizer has been developed and
integrated in this interface.

v. UNLization/ IAN module for Punjabi language has been developed.

vi. NLization/ EUGENE module for Purjalanguage has been developed.

vii. Analysis andyeneration dictionaries for Punjabi language Hae created.

viii. The developed QAS has social significance. It has been tested on UNL
EOLSS and Agrdéexplorer corpora which are based on water resources and
farming.

i X . Devel oped 6Sharedé functionality L
UNLization/ IAN and NLization/ EUGENE resources so as to make their
natural language available for use (in the developed QAS).

X.  Implemented OTP based autheatian feature fodSharéfunctionality.
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Chapter Summary

In this chapter, théntroduction to question answering systems, their classification,
and theircomponenthave been documente&ince the proposed question answering
system is UNL based, therefoae introductionto UNL and its building blocks.e.,
Universal WordsUniversalAttributes, andJniversalRelationshave been described

in detail in this chaptefThis chapter highlights the importance and use of UNL in
NLP applicationsThis chapter explainthe working principle of UNL based question
answering system with the help of example sentwides chapter also highlights the
gap analysis and the objectives that were framed for this th&kes. major

contributions of this research work have been documentéisichapter.
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Chapter 2

Background Theory andLiterature Review

During the last couple of years, in the field of Natural Language Procg$#im),

QA systemshavebeen an arewhich had attractedesearchersCurrently NLP and
machinelearning techniques have been used in almost every domain like biomedical
(Arvind and Rajeev, 2014pcademics (Sujata and Parteek, 20h@fwork security
(Sommer and Paxson, 2Q1l@ndagriculture(Surveet al.,2004)[15, 14, 140, 147]

etc An accurate and language independent QA system can prove very useful in it.
This chapter focuses on the analysis and study done of various QA syatems,
compari®n of some important QA systemAfter doing an exhaustive survey on
various QA systemst has been observed that the proposed UNL based QA system
will definitely be a major step in natural language processing and remdweng
languagebarrier.This chapter also contains the study of varidbf based activities

In this chaptery the literaturesurveyperformedhas beerdocumented and dividedto

two parts i.e.,research activities in Q8ystemsandresearch activities in UNL

2.1 Research Activities in QA Systems

Historically, the besknown earlyQAS was BASEBALL, a system developed by
Greenet al (1963)in Lincoln laboratory (MIT)to answer thguestions about baseball
games played in the American league over one se@&jnit was a system that
answers to the questions thedre phrased in ordinary English on the stored data. The
guestionwas read by therogram from punched cards. After the words and idioms
were looked up in a dictionary, the phrase structure and other syntactioveets
determined for content analysis, whicistdd attributevalue pairs specifying the
information given and the information requestddtom the data matching the
specifications, the requested informatieas then extracted, and necessary processing
was pursuedand thenthe answerwas displayed. Tis system was limitedn the
context of baseball datdhe data was the place, month, day, scores and teams for
each game in the Americde@ague forone year. In that limited context, the data were

simple, a small vocabulary was sufficient, and the sulojextter was familiar.

The most welremembered other early work in this field is the LUNAR system,

which was designed in 1971 as a result of the Apollo moon migkrdn The system
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wasdeveloped to enable lunar geologists to conveniently obseateh and calculate

the chemical analysis data on lunar soil and rock composition that was accumulating.
The knowledge that the current system comdiabout the use of English and the
corresponding meanings of words amhraseswas related to those Engh
constructions whichvere relevant to the system's database of chemical analysis data,
which hal a very limited and simple structure. For computing the answewyser's
requestwas converted into @ustommadeprogram This was done by the module
which worked as an automatic programmer. The systenevkrhow geologists
normally refered to the minerals,measurements, and elements contained in its
databaseThe databaseable layout detailswere also known to the moduleand the

module also kewthe correspondence between the.two

Lehnert (1977) proposed QUALM, a computer program that wseconceptual
taxonomy of thirteen conceptual clas§®®]. The processes in QUALMere divided
into four phases i.e., conceptual categorizatipninferential analysis content
specification and retrieval heuristic QUALM provided a concrete criterion for
judging the strengths and weaknessestaferepresentations. As a theoretical model,
QUALM was intended to describgeneral question answering, where question

answeringvas viewed as a verbal communication device between people.

Bronnenberget al (1980) developed &HLIQAI system at Philipsresearch
laboratorieg28]. This systemansweed short questions against a databesesisting
of fictitious data about computer installations in Europbe questionswere first
translatedinto a formal language whictvas then used to access the databdse
translation processwas divided into three stagesi.e., Englishoriented Formal
Language (EFL), World Model Language (WML), and Data Base Language (DBL)

Ask Jeeves nowadays known ask.comwas a questioransweringfocusedweb
search engine founded in 1995 by Garrett Gruener and David Warthen in Berkeley,
California[16]. Ask launched guestion answezommunityto generat@answers from
people(as opposed tgearchalgorithmg then combined this with itguestiorand
answerrepository, utilizing its extensive history of archived query data to search sites
that providel answers to questionshich people hd asked In the case when no
answers were available from its own resourtes,company outsourced third-party
searchto avoid thesituationwhich providedthe comprehensive web search matches

that it had gathered itself
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Moldovanet al (1999) proposed ®ol for surfing the aawer net known as LASSO

[104]. The architecture of ASSO comprisesof three modulesi.e., question
processing moduleyaragraphindexing module andnswerprocessing modulelThey
proposed dierarchical taxonomy that classified theestion types into nine classes,
each of which was divided into a number of subclasses. These question classes and
subclasses covered all 200 questions in the corpus of IRE@hth Text Retrieval
Conference) Their research relied on NLP techniquesavel ways to find answers

in large collections of documents. The question was processed by combining syntactic
information with semantic information that characterized the question, for example,
guestion type or question focus, in which eight heuristiesrwere defined to extract

the keywords used for identifying the answer. The research also introduced paragraph
indexing where retrieved documents were first filtered into paragramd then

ordered.

Prageret al (1999) hd shown the use of predictiva@otation for question answering
in TREGS8 [115]. Theideaof thdar approachwas just toindex the answers. For this
about 20 classes of objectsdhaeen established that can be identifiedhiatext by
shallow parsing, and by indexing and annotating the text with these labels,wehéch
called QATokens. The classvas identified for a given question and in order to
include the appropriateokens the questionwas modified accordingly. In order to
rank and return short passages of text rather than documents, the searchmesgine
modified. In later stages of analysis, the -@ékenswere used irorder to extract the
supposed answers from these returned passages. At last, all the potential\aasvers
ranked with the help of a novel formula, according to whichas determined that
which ones among themere most likely to be correct

Harabagiuet al (2000)proposed armpen domain questioansweing systemcalled
FALCON [60]. The newly proposed system, FALCON, was characterized by
additional features and components. They generated a retrieval model for boosting
knowledge in the answer engine by usiprdNet for semantic processing of
guestionsFor shortanswersa score 068% was generated by FALCON in TREC

Also, in order to overcome the main limitation that appeared in LASSO, they provided

a justification option to ruk®ut erroneous answers to provide only one answer

Cooper and Ruger (2000) developedqueestionanswering system that uses the CMU

link parser (Sleator antemperley 1991) Princetm Uni ver si t yos Wor d
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1995) the REX system for XML Parsing (Camerd®98 and the managing gigabyte
search engine (Witteet al, 1999) [38, 138, 98, 31, 170]. During the paragraph
retrieval by managing gigabyte search engira¢, the document paragraph lookup
stage the information of answer type and possible keywosdse used to extract
documents from the text database that might contain answers to the quEs&on.
proposed system compared favourably against other systems competing iROTREC
The emperical resulof the proposed system was not mentioned and no failure

analysis was done.

Gaizauskas and Humphreys (2000) described an approach to question answering that
was based on linking an IR system with an NLP system that performed reasonably
thorough linguistic malysis[51]. The question was treated as a query by fhgybtem

and a set ofop-rankedpassages and documents was returbdse set of returned
passages and documents was analyzed by the NLEnsysid question was also

parsed.

Hermjakob(2001) used machine learning based parsing andigunetassification for
guestionanswering[64]. He empirically demonstrated thathen a Penn Treebank
training corpus which is enriched semanticalas augmented with aradditional
guestiontreebank the question parsing jpnoved He also demonstrated thparse

trees have to be semantically richer and structurally more oriented towards semantics
than other treebanksAn overall Mean Reciprocal RaniMRR) of the system was
0.318.

Li and Roth (2002) pnoosed a twdayered taxonomy which had six super (coarse)
classes and fifty fine class¢®0]. Questions we classified based on that taxonomy
using two main approaches,e., rulebased classifiers and machine learning
classifiers. Apparently, the ruleased classifiewas a straightforward way to classify
a question according to a taxonomy using a set of predefined heuristic rulles. In
machinelearning approach, a machkitearning modelvas designed and trained on an
annotated corpus composed of questions whickahsded.

A method for learningsurface text patterns automatically had been developed by
Ravichandran and Hov{2002) [122]. The utility of these surface text patterns for
open domaimuestionanswering systems had been explored by themagged corpus
from the world wide web had beéwilt by providing few manually created examples
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of every type of question to Altavista. From these returned documents, patterns are
automatically extracted and standardiZEde axswers to any new questigrerethen

found by these patterns.

Radevet al (2002) proposed a QA system called NSIR, pronouficadn s ywehicho

used a flat taxonomy with seventeen cla$$26]. These wer@erson number, place,

date, definition, organization, description, abbreviation, known for, rate, length,
money, reason, dation, purpose, nominal, other. NSIR takes between 5 and 30
seconds per question depending on the number of documents to be downloaded from
the web and on the number of phrases to extract. The current version of NSI& d
include query modulation thaivas the process of converting a question to the best

guery for a given search engine

Xu et al. (2003)proposed a question answering system in whest patternsvere
automaticallyacquiredin order to enhance the poor recall of thanual hangtrafting
patterng[175]. The proposedsystem worked on definitional questoand processed
them in six different stepgirst step deal with question type classification. As a part
of secondstep documents were pulled from TREI2 corpus about the question
target. In the third step, @plication of heuristics to the sentences in the retrieved
documents was done. Redundadeyection and minimization of irrelevant materials
weredone inthe fourth stepto create kernel factén thefifth step,rankingof kernel
facts was done. In the last stép,, step six, duplicate kernel facts were detected after

application of some heuristics.

Shihet al. (2005) proposed aficademia Sinica Questieinswering System (ASQA)

[131]. The proposed system was able to give exact answers to factoid questions of six
types. The architecture of their proposed system had four main comporents,
guestionprocessingpassageetrieval,answerextraction, andanswerranking.Instead

of exploiting surface text information using pattethey employed the nameentity
approach tdind an answerThe accuracy of their system was 08[§.5% for correct

answers whereas it was 44.5% for unsupported+correct answers.

Stoyanchewet al (2008) presented a document retrieval experiment QA& and
evaluated the use of named entitiegrb, noun, and prepositional phrases as exact
match phrases in a document retrieval qy&Aa]. Their experiment was conducted

on WEB dataset which regat in an enhancement over baseline on various measures
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of sentence retrieval and documen®y using automatically generated phrases, a
relative enhancement of 20% in mean reciprocal rank for extraction of sentences was
achieved. Additionally, a relative improvement of 9.5% was achieved by using
phrases which were manually annotated.

Kangavariet al. (2008) presented a simple approach to improve the accuracy of a
QAS using a knowledge database to directly return the same answer for a question
that was previously submitted to the QA system, and whose answer has been
previously validated by the us¢77]. Question processing and answer processing
modules had been improved in itheroposed model The ceoccurrence tendency of

the text corpus or documenigs mined for relation prediction between question and
answer candidates on whichsavervalidation réied. The esting had been done on a
total of 50 questions and their system showed 92% of the improvement.

Manuel and Riofrio (2010) proposed the architecture gfiestion asweringsystem

for a specific repository of documents but that architectwas notstatistically tested
verified or implemented by theif®2]. The entire architecture was divided into three
modules. Whenhe userentered a question its natural language then its representation
and analysis operationgere performed by the first module. Searchiiog documents

was a part ofthe secondmodule.The selection of the response was done by the third

module.

Shizhuet al (2014) developed CASIA@V2 which waan MLNbased(Markov
Logic Network) question answering system overlinked data [132]. Their system
converted questions in natural languag® structured queries automaticallhe
ambiguities ofQALD (Question Answering over Linked Datagre removed in three
steps. They achieved anrnfreasure of 36%, average precision of 32%, and an average
recall of 40% orQUALD-4 dat asetdéds 50 questions.

Hebaet al (2014) developed ABayan which wa an Arabic QAsystem for the Holy
Quran[62]. The system only worked on Arabic questions and that too abetbly

Quran. TherelevantQuran verses were then retrieveatd followed by the process of
extraction of passage in which the answer from the Qwas contained. They
evaluated their proposed system on a manually collected dataset and got an accuracy

of 85% by using the tef results.

Kotaro et al (2014) developedrorst which wa a QA system using basic elemeait
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at NTCIR11 QA-Lab ytask [79]. Thear system had two modules.e., for each
guestion format one dedicated module andecondmodule which had common
modules which were called by the first dedicated modules as and when necessary.
Shortessay questions which were in the secondary examinations were tackled by their
system. Incentretest tasks, out of 97, their system achieved 46 panfshase 1,

while it achieved 49 points out of 10®phase 2

Junweiet al (2014) proposed a Knowled@ased QA asnachinetranslation[76].
They translate questions to answers based on CY®ocké Youngei Kasam)
parsing. The answeras translations of the span covered by each CYK wal
obtained by a question transtatimethod, which first generatéatmal triple queries

as MRs (Meaning Representationsjor the span based on question patterns and
relation expressions, and thegtrieved answers from a giveknowledgebase based

on triple queries generated.

Di et al (2014) developethe CMU multiple-choicequestionansweringsystem([44].

This system answers multiple choice English questions for the world history entrance
exam. The qestionswere preceded by short descriptions providing a historical
context.For every answer choice, assertions which could be verified were generated
by them if the context and instructions specific to questions were given. On the

training settheir system achieved an accuracy of 51.6%.

Pragisha and Reghuraj (201have develogd a natural language QA system in
Malayalam using domain dependent document collectioa rapository[116]. The

user asked guestions in Malayalam natural language and a collection of Malayalam
documents were analyzed for answer extraction. The proposed system was able to

extract answers for factual questions like which, where, and what.

Searet al. (2014) proposed a QA system called/Matsonsinusingthe Indri, Lucene,
Bing and Google search engines, Apache UIMA, Open NLP, and \[12& For
analysis of questions the proposedystem there were two pipelines&eneral trivia
and factoid questions were analyzed in the first pipeline whéneascondpipeline

targeted only fill in the blanks typgiestions.

Malinowski and Fritz (2014) first commenced the research work orwedd images
for questionanswering by proposing a multiorld approach[91]. In a Bayesian

network, the uncertainty about the perceived world was representads@approach
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The hgh complexity human questions could be handled s/ dpproach and ivas
able to answer over a wide range of answers like object classes, lists, instances, and

counts.They usedh combinationof visual perception and symbolic reasoning.

Baudis (2015) developed a modular QA system pipeline calextlaQA [18].
YodaQA reunited and boostd research efforts imuestionanswering, providing a
modular, open source pipeline for this tadk allows integration of various
knowledgebase paradigms, answer production and analysis strategies andausing
machinelearned modeto rank the answer®\ baseline question answering system
which was inspired by deep question answering had been supplied with this proposed

pipeline.

Hartawanand Suharton¢2015) proposaéthe use of vector space modelQWAS [61].

The objective was to represent knowledge and retrieve the answer for a given question
by utilizing vector spacemodel. On the basis of similarity, comparison of the query
was done withthe knowledgebase.An F-measure of 0.58, recall of 0.662, and
precison of 0.548were achieved. One major limitation of the pased system was

that its average tim@ answer the questions asked by the usassvery high

Wang and Nyberg(2015) proposed aLong ShortTerm Memory Mode(LSTMM)

for answersentenceselection inQA [168]. To output the relevancy scores of question
and answer sentences, words were read sequentially by using stacked BLSTM
(Bidirectional LongShort Term Memory) networklhey evaluated their system on

the basis of Mean Average Precision (MAP) and Mean Reciprocal Rank (MRR). They
achieved a MAP of 0.7134 and MRR of 0.7913.

A QAS using learning knowledge graphs through conversational dialdgbéan
proposed by Beet al. (2015)[20]. The proposed system answered questions wsing
knowledgegraph. This knowledge graph stored new relations and concepts which
were formed by relating propositions in a fact corpus with science questions concepts.
As compared tehe queryexpansion baseline, their task driven relations ratation
basedstrategies proved to be more effective.

ISOFT, a hybrid QA system oer linked data and text data hbhden developed by
Park et al (2015)[113]. They used KnowledgBase based Question Aswering

(KBQA) and Information Retrieval based Questionstvering (IRQA) approach to
solve the complex questionsin order to avoid loss omeaning they combined
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important words. These combined words were compared with URIsJUniform
Resourceldentifiers from a knowledgbase.Because of thisnethod the Fmeasure

of their system was also improved.

An answer selection for community questiors@ering called aQCRI (named after
Quatar Computing Research Instijutead been developed biicosiaet al (2015)

[111]. They applieda supervised machine learning eggch considering thieatures

like n-grams, text similarity, sentiment analysis, the presence of specific words, and
the context of a commenthe proposedpproachgave better results on Arabic

compariso to English.

Quanet al (2015) combinednultiple features for answer selection in community
guestion aswering and developed JAIShamed after Japan Advanced Institute of
Science and Technology)19]. Their system combinkl6 features belomgg to 5
groups to predict answer qualifijheir system was able to identify good answers from
the answer thread of community questarsweringFor English language, the model

achieved the best results in terms ehBasure and accuracy.

Helenaet al. (2015)proposed CICBUAPNIp which vg8aa grapkbasedapproach fo
answer selection in community question answeraskf63]. For each answer class,
their approach transformed the training set answergnajohbasedrepresentation. It
contained morphological, lexical, and syntactic features. The system was able to
construct several vectors of featussslsupported only Englislanguageln order to
calculate the accuracy of the systemp subtasks were takeror subtask A an

accuracy of 53.7%0 was achieved while for subtask Batis44.0%.

Stupinaet al. (2016) proposed a QA systgi4] which offeredthe approach tthe
determinationof the questioranswering system of giving an answer to the question
based on a modified measurearfe set to another inclusiowith relatively small
knowledgebase, their system was able to give the correct answesria timan 50% of

the cases.

Frederik et al. (2016) developedin HPI QA system (named aftddassePlattner
Institute) in BioASQ 2016[50]. The two main datasets on which the system relied
were MEDLINE and UMLS (Unified Medical Language SystenMEDLINE
contained all the biomedical publicationghereas UMLS was a single knowledge

base that was created by combining various sources. UMLS was used in the proposed
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system for named entity recognitiofhe meanaverageprecision of their systerwas
0.434.

KSAnswerwasdeveloped by Hyeogu et al. (2016)[67]. This wa a QA system of
Kangwon National University and Sogang University in the 2016 BioAls&)lenge.

By using aclusterbasedanguage model, their proposed system was able to retrieve
candidate answer sentences. On the bagtseahallowsemantic analysis, theystem
re-rankedthe retrieved tom sentences by using five different similarity models which
were independent to efa other.

A biomedical QA system based on public web services and ontolvgsdeveloped

by Miguelet al.(2016)[97] known asWS4A. They used the existing web services for
each step of finding answers. The inforimatwhich was retrieved by theroposed
system consisted of ontologies, concept identifiers, ancestors, and PubMed identifiers.
One major limitation of the system was thiat iesponse time wagery high andr-

measure of the systewas0.24o0nly.

Wanyunet al (2016) developed KBQA which is a learnindn@ver QA corpora and
knowledgebased169]. The system supported factoid questions. The knowletgse

coverage was boosted 57 times by expandgredicates in RDF knowleddmase.

They tested their system on QAED Therecall ofthe system wa8.50 andorecision

of 0.86.

Junet al (2016)proposed a Neural Generative Question Answering (GENQA) that
can generate answers to simple factoid questions, based on the facts in a
knowledgebas§r5]. This model was based on encodkacodkr framework which was

used forsequencdo sequence learninghe GENQA model consists of interpreter,
enquirer, aswerer, and an external knowledggse.The systemwas testedn the

data fromtheweband araccuracyof 52%was achieved

Xiong et al (2016) worked on both visual and textual questinswering174]. They
proposed a new framework DMN+ by making improvements in input and memory
modules of existing Dynamic Memory Network NIN). In order to providethe

ability to answer visual questions, along with these changes they introduced a novel
input module for image The overall accuracy of tlystemwas28.79 witha mean

error of 2.8 only.

Chanduet al (2017) developedWebShodh,which was acodemixed factoid QAS
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for web [34]. They had demonstrated the system with two aodeng languages
which were Hinglish § mixture of Hindi natural language and English natural
language)and Tenglish (a mixture of Telugu natural language and English natural
language).They had calculated the efficiency of their system by usitRR. For
Hinglish,s y s t MRRavas0.37 whereas fofFenglishit was0.32.

Mohamed (2017) have developed an automatic questiswering system for the
Arabic Quran[101]. They used Java, Microsoft Excel, Microsoft Access, and Lucene
search engine for development of the proposed QA sy#tararsion of the question
answering system was built which used noun number patterns to process the number
in Arabic questions and candidate answers, which enhanced the result set of answers
by adding more words and meaning. A corpus of questions aadsitgers about the

Holy Quran was used to test and compare baseline dmhesd versions of their

Quran gestionanswering system.

Kotaro et al. (2017) proposed FelisCatusZera, world history essay question
answering system for the US80 Weesspanswer of To
generating algorithm of the system wémsed on extractive muliocument
summarizationThe eight phasesi.e., questionanalysis,documentretrieval, sentence

extraction, sentencegrouping, sentenceranking, answer candidatereduction,answer

candidateranking, andinal answerselectionformed the outline of the system

Xiaoyi et al. (2017) ha designed a semantic network theory to builcanmtelligent
answering system based on remote service framell@®. The system provided the
user with a synchronous and asynchronous communication, artificial intelligence and
joint Q combined with considerable integration, convenieand practicality of
remote answering environmenithis system had been proposed maiayfacilitate

the communication between the teachers and studeatmofersity.

Nabeel and Saidah (2017) developed a question answering system supporting vector
machine(SVM) method for hadith domaifiL08]. Apart from effective analysis of

guery need SVM method reduak searchingscope of Hadiths documents based on
various subjects and question types using NLP methods. SVM provides more accurate

answers than extracting answers using only similarity techniques such as CS and LCS.

A wikipedia based essay question answering system f@ university entrance
examination had been proposed by Takaalal. (2017)[148]. The systengeneratd
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essays to answer the resaminationquestions for the admission to the Tokyo

University. The proposed system supported English language

Kwong and Chih (2017proposed an automated QA system using a hybrid approach,
a combination of the knowledd®msed and textased approaché84]. This approach

only required twoSPARQLs(an RDF query languageronouncedas fisparkl®) to
retrieve the candidate answers from the ontology without defining any question
pattern, and then used tt@pic model to find the most related candidate answers as
the answers. They also investigated and evaluated different language models (unigram
and bigram). Their results had shown that this QA system was able to perform beyond

the random baseline and solve up to 44 out of 80 questions with MRR of 38.73%.

In order to promote the tourism service more automated and intelligeagnd Shi
Zheng (2017)proposed a design of intelligent tourism QA system baseskprantic

web [66]. By greatly improving the semantics séntencgethe algorithnposedin the
system provided a new method for question matching as a fusion similarity algorithm

based on literal similarity and semantic similarity.

An automatic wekbasedQAS for elearning hd been developed by Waheeb and
Babu (2017)[167]. They had developetechniqueto detect the type of a question,
based on which the proper technique for extracting the answer was used. The system
returned only blocks or phrases of data containing the answer rather than full

documents.

In order to convers over linked question answer pairs with a knowledge graph, a
complex sequentidDAS hadbeen proposed by Amritt al. (2018)[14]. Through a

labor intensive semautomatic process, involving -lmuse and crowd sourced
workers, they created a dataset containing around 200K dialogs with a total of 1.6M
turns. Further, unlike existing large scale QA datasets which contain simple questions
that can be mswered from a single tuple, the questions in their dialogs required a

larger subgraph of tHehowledge graph

Gupta et al. (2018) had proposed dramework for linguistically driven question
generation and neural based question answeft¥). They had proposed a
linguistically motivated technique for codemixed question generation (CMQG) and a
neural network based architecture for codged question answering (CMQA). For
evaluation, they manually created the codiged questions dr Hindi-English
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languae pair. They evaluated their system on CMMQA dataset and obtained the EM
and F1 score of 40.50% and 53.73% respectively.

Mohnish et al. (2018) proposed a framework call&RRL (Entity And Relation
Linker), which performs entity linking ancklation linking as a joint single ta$46].

EARL usal a graph connection based solutidbARL implemented two different
solution strategies. The first strategy was a formalization of the joint entity and
relation linking tasks as an instance of heneralised Travelling Salesman Problem
(GTSP). The second strategy used machine learning in order to exploit the connection

density between nodes in the knowledge graph.

Architecture for Chinese question answering system had been proposed byeFENG

al. (2018) [48]. This proposed Chinese Question Answering System in Medical
Domain (CQASMD) provided useful medical information farets. A large medical
knowledgebase with more than 300 thousand medical terms and their descriptions
was yr st | yo st ithe structuied reedicaltknowledtpga,a nd c |l assi y €
with the FastText model. Furthermore, a Word2Vec model was adopted to capture the
semantic meanings of words, and the questions and answers were processed with

sentence embedding to capture seimaiontext information.

A syntactic and semantic mubigent base@AS for collaborativee-learninghadbeen
proposed by Abderrazzad al. (2018)[1]. This QAS helpdlearners to find the best
answers to theiquestions anélso helped tutors to answer questions asked by their

students in ae-learning environment.

A visual question answering system which uses an explicit trained attention madel ha
been proposed by Vasileiet al (2018)[162]. They used attentieariented word
embeddings that increased the efficiency of learning commpresentation spaces.
The Visual7W datasetvhich was usedwas the only datasehat provided visual

attention ground truth information.

A QA basedrrameworkfor informationextraction i.e., QA4IE hal been proposed by
Lin et al (2018)[89]. Crosssentencetuples, limited relation typesand informal
relation specificationse(g, freetext based relation tuples)ere thechallenges which
had beenovercomein QA4IE. Based on the framework, they developed a large IE

benchmark withhigh qualityhuman evaluation.
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Lekshmiet al. (2018) proposed a question answering system which used a combined
approach using word sense disambiguation and semantidatméing [87]. The
proposed model of work was factoid sense based question generation system. They
had used Lesk algorithm for word sense disambiguation and Senna tool for semantic
role labelling.Using deep syntax and semantics analysey hadextracted an answer

from the given question. Hobbs algorithm resolvedeaference problem generated in

answer extractionfhe answer extraction accuracy oé gystemwas85%.

Muhammad andNoman (2018) proposed convolutional neural network, a text
classification model for open domain question answering sysigural network
model was trained on top of word embedd[t§6]. Softmax layer was applied to
calculate loss and mapping of semanticafiiated words. The had used F1 score to
evaluate their proposed system. Out of three experimémts highest F1 score

achieved by their proposed system was 69%.

A Multi-domainMulti-lingual QuestionAnswering(MMQA) framework for English

and Hindi language had been proposedGuypta et al., (2018) [56]. They had
developeda deep learning based model for classifying an input question into the
coarse and finer categories depending upon the expected afb@emswerswere
extracted through similarity computation and subsequent ranking. For factoid
guestion, they obtained an MRR value of 49.10% and for short descriptive questions
they obtained a BLEU score of 41.37%.

The question and answerisgstems discussed above wereposed by using various
approachesThe subsection below identifies the major research and development
activities in UNL for information retrieval, search engines, and question answer

systems.

2.1.1 UNL Based Research Actiiies for Information Retrieval, Search

Engines, and QA Systems

For theagriculturedomain in Marathi, Hindi, and English language, an interlingua
meaningbasedsearch engine had been proposed by Satva. (2004)[147]. This
system wasAgreEad dleadr earsd .6 The proposed syst e
HTML parser,enconverter preprocessor, indexesgarchmodule, deconvertar and
postprocessar The focused crawler was responsible to crawl the web and fetch

documents. The design of the page wasntained by HTMLparser. Theenconverter
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converted the text extracted from the HTML corpus into its equivalent UNL
representation. The preprocessor was responsible to convert the UNL corpus into an
intermediate format. The responsibility of indexer wasake the UNL corpus and
generate an inverted index on it. The user query was converted to UNL. The
preprocessor that was used for indexing, also, preprocessed the user query after
conversion to UNL. Aftethis, it was then passed on to teearchmodule In order to
perform a grapiibased search on the UNL query, UNL index was used bgethireh
module. Those UNL documents that match with the query were returned by the search
module. Now, these UNL documenigrec onver ted into the | ang
choiceby the aconverter The translatedext and the design of the page stored by
HTML parserwas merged by theostprocessoito form an HTML page which was
presented to the user.

Shuklaet al (2004) proposed questionanswering systenand suggestetivo major
tasksfor implementing it[134]. The first task was called as document processing
which involved onversion to the UNL expression from the equivalent document. For
the document, its complete set of meaning based predicates wasewbhy
processing the document through a UNL parser. The second task was the answer
extraction after processing the query. The proposed system used Saieethak,
multilingual HPSG parser which outputgpaeudeUNL expression corresponding

the propsed answer template

For guestionansweringsystem for languagédependent semantics, UNL as a tool
wasproposed by Mukerjeet al. (2005)[107]. In order to search for the answer to a
guestiona structured matching approach was used. An answer template was built that
represented the form of the answer cgponding to the question. HPS@rger took

this template as an input. Now, corresponding to the question and the answer template
HPSG parser outputtedpseudeUNL expression. Th@seudeUNL expression was
subsequently subjected to a structure matching with the dddument (the corpus
knowledgebase).

Karande (2007) proposed a multilingual search engine using UK&. Before
building index terms or list of keywords for implementing multilingual search engine
using UNL, the conversion of contents from any language to UNL was reqiived.
spiderwas responsikel for input to theconvertor which were pagesn the native

language.The ®nvertor converted these native language pages into UNL. The
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language of web pages was identified by dbavertorand web page wasent to that
corresponding language server. Tiagive language page was translated into UNL by
language serveihe @nvertoralso converted the query into UNL just before the time
of searching foinformation. Now, since query as well as index temese available
in UNL form, all searching operationsere performed on UNLFinally, the result

was converted into theativelanguage in which the query was asked.

Cardenoseaet al (2009) had proposed amterlingual information extraction as a
solution for multilingual QA system§33]. The system launched a query in any
language against a languagdependent representation of the document set using a
generalpurpose UNL interlingua and received a precise response. The architecture of
the proposed system h#loree componentsi.e., quay preprocessing moduldJNL

guery converter, and search engiee systemwas testecbn UNL-EOLSS corpus
provided byUNDL foundation The accuracy of the system was 82.6% because the

system answered 62 of the 75 questions correctly.

A 0 L OO Ksystem have been proposed by Awetis and Avetisyan (2010) to
enhance online search resultshwthe help of Ws[17]. They hal leveraged on &ew
existing resources such AsrdNetsemantic ontology, online services given by major
search engines, and flexibility of UNL used in representing semantic relations among

concepts. The overall average accurac§ GfOK4dsystemwas80.6%

Goel (2016) proposed anformationretrieval systemusing UNL [54]. The system
worked on factoid questions with the help of predefined mappings of universal
relations with query words. The systemas testecon EOLSS corpus provided by
UNDL foundation A total of 45 manually created questiomgere framedon the
article AWater supply and agricul tour eo
answer 37 questions out of .4Bhe overall accuracy of the system came out to be
82.22%.

After doing an exhaustive survey different question answering systeniis was
observed that these systems differsvamious key metrices likeorpus, evaluation
metrics domain and depth of explanation of their working components. Out of all the
QA systems surveyed, there were very few QA systemgich working algorithms

of all their components were explain€thble 2.1 below shows the comparisoin

important metric®f various QA systems.
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Table 2.1: Comparison of Q8y s t eKeydMetrics

QA System Key Metrics
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Learning
Knowledge
Graphs for
Question
Answering
through
Conversational

Dialog (Benet al,

2015)

Identity,
WordNet
PPDB,
KNOWBOT,
LEAVE-ONE-
ouT

Percemige
Correct

43.7%

Open

YodaQA Baudis
2015)

PublicQA
benchmark
from TREC
2001 and
2002 QA
tracks with
regular
expression
answer
patternsand
extended by
guestions
asked to a
YodaQA
predecessor by
internet users
via an IRC
interface.

Recall

79.3%

Open

Corpus Used for Testing

Evaluation Metrics

Evaluation Metrics Value

Domain

Working Algorithm of all

components explained




QCRI (Nicosiaet

SemEval2015

F-Measure

English

Open

al., 2015) Task 3 Subtask A: %
AANnswer 53.74
Selection in (English)
Community
Question English
Answer i Subtask B:
53.60
(English)
English
Subtask A:
53.74
(Arabic)
English
Subtask B:
53.60
(Arabic)
JAIST (Quaret SemEval2015
al., 2015) Task 3 F-Measure| English Open X
AAnswer SubtaskA :
Selection in 57.18
Community
Question
Answer i
CICBUAPNIp SemEval2015
(Helenaet al, Task 3 F-Measure| English Open X
2015) AAnswer SubtaskB :
Selection in 38.8
Community
Question
Answer i
CASIA@V2
(Shizhuet al, QALD-4 F-Measure| 0.36 Open X
2014) dataset
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Al-Bayan (Heba | Holy Quran Accuracy | 85% Closed X
et al, 2014)
Forst (Kotarcet Japanese ROUGE | ROUGE1
al., 2014) textbooks and | Scores Score: Open X
Wikipedia 0.125
ROUGE2
Score:
0.062
ROUGEL
Score:
0.097
KnowledgeBased
Question WEBQUESTI | Accuracy | 32.5%
Answering as ONSCORPUS| and (Accuracy) | Open vV
Machine (3,778 Precision | 73.2%
Translation guestions) (Precision)
(Junweiet al.,
2014)
CMU Multiple-
choice Question | NTCIR-11 QA
Answering Lab Accuracy | 51.6% Open X
System (Diet al, | evaluations
2014)
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A Natural The system

Language was tested with

Question 100 different | Accuracy | 81% Closed V

Answering guestions

System in included

Malayalam Using | in the four

Domain classes of

Dependent guesion

Document words. Ten

Collection as documents in

Repository the domain of

(Pragisha and Indian history

Reghuraj, 2014) | and
geogaphical
features of
India were
used for the
testing.

Watsonsim(Sean

et al, 2014) Jeopardy Accuracy | 18% Open X
YAGO

QASYO ontology

(Abdullahet al., | version 2008 | Accuracy | 91% Open X

2011) W40-2 (100
guestions)

LOOK4 System | World Wide Accuracy | 80.6% Open X

(Avetisyanet al, | Web

2010)

Interlingual

information

extraction as a UNL-EOLSS | Accuracy | 82.6% Open X

solution for

multilingual QA

systems

(Cardenoseat al,

2009)
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AGRO- Agro Explorer | Accuracy | 73.52% Closed
EXPLORER Corpus
System (Surve,
2004)
NSIR (Radeet TREGS8 (200
al., 2002) guestions) MRR 0.974 Open
LASSO TREGS8 (200 | Accuracy | 55.5%
(Moldovanet guestions) (short Open
al.,1999) answers)
64.5%
(long
answers)
Lunar(Woods, Chemical
1973) analysis data
on lunar soil | Accuracy | 78.2% Restricted
and rock
composition
Baseball (Greemt | Baseball
al., 1963) games played
in the Accuracy | 84.38% Restricted
American
league over
one season.
Ask Jeeves World Wide Not Not Open
(Online) Web specified | specified
ASKMSR TREG9 MRR 0.507 Open
(Micheleet al,
2002)

The QA systems studied in Table 2.1 were also analyzethéosome important

charactersticdike online availability, multilinguism support, ability to extend the

support to other languages, ability to integrate other NLP applications, and availability

of source code in which these QA systems diffable2.2 depicts the comparisaf

thesefeatures missing/present in various QA systems.

Table 22 QA Sy s t dreatueLomparison

QA SystemFeatures
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QA Research O O
MMQA (Guptaet a|,2018 X V X X X
(English
and Hindi)
gomple_x SeAqueptiaI Qluzztilcf);n % % % % %
nswerin mritaet al, :
9 ( ) (English)
EARL (Mohnishet al,, 2018) % % % % %
(English)
gmultt.i-ag:nt bas.edS t % % % % %
uestion Answering System :
(Abderrazzalet al, 2018) (English)
Visual Question Answering using % % % % %
Explicit Visual Attention (Vasileiogt :
al., 2018) (English)
(Chinesg
QA4IE (Lln et al, 2018) X X X X X
(English)
VI v X X | x
WebShodh{Chanduet al., 2017)
(Hindi,
English,
Telugu)
An ?uto;naiir(]: qxestt)i.onQanswering % % % % %
system for the Arabic Quran .
(Mohamed, 2017) (Arabic)
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FelisCatusZero (Kotaret al, 2017)

X X X X X
(Japanese)
Intelligent Question Answering Syster| x X X X X
Based on Remote Service Framework Enalish
(Xiaoyi et al, 2017) (Bl
Question Answering System Supporti
Vector Machine Method for Hadith % % % % %
Domain (Nabeel and Saidah, 2017) (English)
Wikipedia Based Essay Question % % % % %
Answering System for University Enalish
Entrance Examination (Takaadd al., (English)
2017)
A Hybrid Question Answering Systen| % % % %
based on Ontology and Topic Modelir Enalish
(Kwong and Chih, 2017) (English)
Design of Intelligent Tourism Questior X X X X
Answering System Based on Semanti Chi
Web (Hua and Skzheng, 2017) (Chinese)
An automatic wetbased question % X X X %
answering system forlearning .
(Waheeb and Babu, 2017) (English)
X
Questioranswering system (Stupigd | x : X X X
al., 2016) (English)
Information Retrieval System using %
UNL for Multilingual Question X | (puniabl | X X X
Answering (Goel and Kumar, 2016) (Punjab)
HPI Question A ing Syst x
uestion Answering System % : X X %
(Frederiket al, 2016) (English)
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X
KSAnswer (Hyeorgu et al, 2016) X (English) X X X
WS4A (Miguelet al, 2016) X X X X X
(English)
X
KBQA (Wanyunet al, 2016) X | (English) | X % %
GENQA (Junet al, 2016) %
X (Chinese) X X X
A Long ShortTerm Memory Model for
Answer Sentence Selection in Questi¢ x X X X X
Answering fWang and Nyberg2015) (English)
Question Answering system using % X X X %
vector spae model (Hartawaand Enalish
Suhartonp2015) (English)
X
ISOFT (Parket al, 2015) X (English) X X X
Ic_gearni.ng inowledge (ﬁraphrs] for X X X X %
uestion Answering throug :
Conversational Dialog (Beet al, (English)
2015)
. X
YodaQA Baudis 2015) X | (English) | X X V
o V
QCRI (Nicosiaet al, 2015) % (Arabic, | X X %
English)
JAIST (Quaret al, 2015) %
X' (English) | * X | X
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CICBUAPNIp (Helenaet al, 2015)

X

X (English) | * X |X
. X
CASIA@V2 (Shizhuet al, 2014) X (English) X X X
Al-Bayan (Hebat al, 2014) % % % % %
(Arabic)
Forst (Kotarcet al, 2014) %
X (Japanese) X X X
: : X
KnowledgeBased Question Answerin¢ 5 (English) | X % %
as Machindlranslation (Junwegt al, 9
2014)
: : : X
CMU Multiple-choice Question X | (English) | X % %
Answering System (Det al, 2014) 9
A Natural Language Question %
Answering System in Malayalam Usin X X X
Domain Dependent Document L d )
Collection as Repository (Pragisha an
Reghuraj, 2014)
) X
Watsonsim(Searet al, 2014) X | (English) | X % %
X
QASYO (Abdullahet al.,2011) X (English) X X X
) X
LOOK4 System (Avetisyast al, 2010)| x (English) | % X %
Interlingual information extraction as & %
solution for multilingual QA systems | « : X X %
(Cardenosat al, 2009) (English)
V
AGRO-EXPLORER System (Surve, (English, | X X X
2004) X1 “Hindi,
Spanish,
Marathi)
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X
NSIR (Rade\wt al, 2002) X (English) X X X
X
LASSO (Moldovaret al,1999) X (English) X X X
X
Lunar (Woods 1973) X (English) X X X
X
Baseball (Greent al., 1963) X (English) X X X
Ask JeevegOnline) V V X X X
_ V X X X |
ASKMSR (Micheleet al, 2002) E

After analysing the key metrics and features (shown in Table 2.1 and Table 2.2), it has
been observed th#tere is an immense need@A system whickshould beavailable
online, supports multilinguisnscalable for multipldanguages and having the alyilit

to integratewith other UNL based NLP applicationsSince, UNL is a major
framework to implement multilingual systems, in the next section the research work

on development of UNL resources has been documented and analysed.

2.2 Research Activities in UNL

During the last couple of years, in the field\IfP, UNL has been an area ioterest

for researchers all over the world for the development of multilingual systems.

UNL aims at coding, storing, propagating and retrieving information independently of
the original language in which it was expresdgdNL has been exploited in a nueb
of other domains such as text summarization, sentiment analysis, multilingual

document generation, semantic reasoning including transition in the field of NLP.
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Sérasset and Boitet (2000) called UNL as the fuiiintenl of the linguistic contert

[130]. The authors built thé=renchdemnverter on théasis of modular architecture.

The deconversion process was split into two steps such as transfer and generation. In
transferstep, the UNL graph was validated, localized and then lexically transferred. In
generationphase,Unique Multilevel Concrete (UMC) structurgvas obtained from
UnigueMultilevel Abstract (UMA) structure.

Sornlertlamvanichet al. (2001) performed the Thai lexical semantic annotation by
UWSs [141]. The authors proposed the process ¥avrd sense disambiguatip UW
annotationand word extraction. A computational method to identify an appropriate

UW to annotate a Thai word was also proposed by the authors.

Bhattacharyya (2001) proposed multilingual infotima processing through UNL
[22]. The system was able to performngence level encoding &nglish, Hindiand
Marathi into the UNL form and then decoding this information to Marathi and
Hindi. As such, a wayadbeen created by the system of transtatihich was semi

automated from Hindi to Marathi and also from English to Hindi and Marathi.

Unparalleled features of UNL taking conclusions from Brazilian Portuguéde
enconverting task was analyzed by Marting2002) [95]. They suggested thaiNL
should not be treated as an interlingua, rather it should be considered as a source and a

target language because of the flexibibffUNL given byenconversionprocess.

An enconversiontool from Tamilwasproposed by Dhanabalat al (2002)[42]. An

existing morphological analyzer of Tamilas used by their system to extrabet
morphological features of amput sentence. A specially designed parsers
employed by them so as to perform syntactic functional groupingenconversion

ruleswhich were written forTamil languagedrive the entireenconversion process.

The lexical items, called Ws, have been founded by Lafourcade and Boitet (2002)
which were not connected to lemnj886]. The authors used the concept of conceptual
vectors for the dembiguation process. The vectors were attached to the tree and then
propagated up to the root. Thector mutual activation was induced by performing

backtracking towards the leaves.

Using UNL representation, text clustering has been performed by Chgudhdr
Bhattacharyya (2002)35]. Using UNL, featured vectors have been generated by

them.The proposed system us8@Ms (Self Organizing Mapsfor clustering. They
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concludedthat for feature vector generatidrequency basethethods did not perform

well as compared to UNL method.

Within a UNL framework in order to represent speech control mechanisms, a
VoiceUNL was proposed by Tomokiyo and Chollet (20q3p1]. Speech to Speech
Machine Translation (SSMTWas alsosupported bythis system.Although the UNL
design wa able to supponivritten texts but still the feasibility of augmenting the UNL

attributes tagsotcomplement SSMT processing Haeken explored by the developers.

A deconverter for Tamil language/as proposed by Dhanabalan and Geetha (2003)
[41]. A framework for morphological generation, selection of word, syntactic
generation and natural collocatiamich wes mandatory for the formation a sentence
was provided synchronously by the proposed systemclwtactedas a language
independent generator. In order to get natural language sentences from the UNL
strudure, linguistic based and language spectiigonversion rules were used by the

proposed system.

Martins (2003) addressed the color categorizatisobfem from the multicultural
knowledge representation perspecti@3]. The author considered three different
network like structured, knowledge represdita formalisms such a€onceptual
Graphs (CG), Resource Description Framework (RDF) &L as candlate
alternativesMartinsconcluded that UNL is better than the others armdrit cope with

multilingualism and crossultural color representation schemes.

Ribeiroet al. (2004)developed a PortuguetiL dictionary[123]. The authors used
a semiautomatic process to build the Portugueddl dictionary by reusing the
existing resources such as UNLKB awbrdNetPT (a lexical database developed
under the Eurd/ordNet framewok). For this, the similaritiedetween UNL and

lexical semarit relations olWordNetPT were explored.

For Chinese language, a UNL basdstonverterwas proposed by Shi and Chen
(2005)[133]. The uravailability of the source code and its slow speed, fatlenges
in writing the rules wee few challengesf 6 BCodtool (provided by UNDL center)
which hadbeen highlighted by them. S@ newdeconverter for Chinese languagas

proposed by these developé¢o addresthese issues.

The use of knowledge acquisition process in intelligent management systesns

explored byBuenoet al (2005)[29]. The knowledge engineering suite which was
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used to support the construction of ontologies was the result of their efloeisuseal

both a knowledge representation technique call&KR (Dynamically
Contextualized Knowledge Representationjp organize knowledge, and
psychoanalytic studies, focused mainly on Lacan and his language theory to develop a

methodology calledhind engineering

Inputs from a human expert vee required byuniversal parser ando E w0&Qool
developed byyNDL foundation Martins et al. (2005)analyzed that the performance
of the human expert is not up to the mark ahe human expert is not frequently
available[94]. Therefore, his issue was addressed the authors byproposing a
system calledHERMETQOA The system convertdgrazilian Portuguese and English
to UNL. The proposed systersemantic and high levedyntactic gramrar ability

madeit more usefriendly.

For UNL based machineranslation system, complex case structure of Bengali

| anguagedés computational anal ysi s was pr ¢
[40]. For Bengali language, analysis and gatien rulesdrives the 6 BCob and

0 BCobtools. The @se structure of k a a wihick svée used in Bengali language

formedthe base of these rules.

For English languagemachine translation system which wa UNL based,
PrepositionalPhrase (PP) attachment problem was explored by Moletray (2005

[102]. Linguistic analysisdrEngl i sh | anguaged6s si x, commo
Aino, fforo, fitod, Aifromo, Awitho, andfiono, was performed by thenkor thed BCob

tool, a rule base and lexicon was enriched because of this analysis results.

In order to develop a UNL basedachinetranslation system, a SRS (Semantically
Relatable Sequence) based method was used by Mobtiaty (20095 [103]. The

source language was analyzed using semantic graphs. The target language text was
generated using these graphbke performance of the system was tested on the Penn

Treebank and the proposed system indicated effective and promising results.

Blanc (20®) proposed Frenctieconverter and Frencénconvertor[24]. He also did
the integration ofAriane-G50 to this. In machinetranslation systemsAriane-G50
was used as a generator. In the suggested system, there were two steps in which
enconversionhapperd As a part of first step, theroduction of the represation of

French t extanalypedrathe forrg of & alependency trelerom this
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dependency tree, the transfer of structural and lexical to an equivalent UNL graph

formedthe second step of the proposadonversion process.

Boguslavskyet al. (2005) propcsed a multfunctional linguistic processaETAP-36

as an extension ofETAPO mechine translation system to a UNL based machine
translation systenfi25]. The enconversiomf NL texts into UNL is carried out by
means b a multi-functional linguistic processoETAP-3G The esolution of
ambiguity in linguistic units wasnsued by the linguistic knowledgease offETAP-

30

Choudhuryet al. (2005) proposed a frameworio convert Bangla to UNL. Theglso
proposed a procedufer the constructon of Bangla to UNL dictionary36]. They had
elaborated theconcepts and building block of UNL in their worRhe entire
UNLization details like analysis dictionary specifications, transformation retes

had been described by them.

Lafourcade (2005) uses tanolony algorithmto develop the systerfor semantic
analysis and fuzzy UNL graphs fenmnversion procesf85]. They presented an
extension of the UNL graph structure aiming at handling lexical and relational
ambiguities. On tht intermediate structurehey appled ant algorithm propagation of

conceptual vectors and other constraints.

For communication among different cultures dawguagesUNL has been explored

as a facilitator bylianget al. (2005)[74]. Geopolitical interdependence and markets
current globalization trends had given rise to several critical problems. These
problems were addressed and solved by the system designed byntlaednstributed
environment, people across the world with différecultural and linguistic
background constructed the UNL knowleddpase by the facilitation provided by

their system.

For knowledge annotation a UNL XML (Extended Markup Language) mod&l ha
been proposed byardefiosaet al (2005) [32]. For data mining of complex
information development of new annotations or labeld haen suggested by them.
The current analysistechniqueswhich were text-basedhad limitations. In order to

overcome these limitations, usage of UNId b&en proposed by them.

Hajlaoui and Boitet (2005) kiaproposed a pivot XML based architecture for

multilingual, multiversion documents through UN&S]. In a first stagethey splitted
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the UNL-XML document in several monolingual documents. Each document
contaired the text in a particular language, plus tteeresponding UNL graphs, and

weremodified independently.

Derived from UNL, UCL(Universal Communication Languggead been proposed
by Montesco and Moreira (2009105. UCL had been usedof communication
among humans and among different software agéntsrder to ease the integration
of UCL with the internet, XML had been used to deleL.

In order to improve case retrievatscase based reasoning systeaseof semantic
information ha been proposed bilyer and Bhattacharyya (200%j1]. They also
proposed dJNL based systento improve the precision of retrievalhe semantic
knowledge hidden in the words of a problem sentevastaken into account in the
proposed method. Téind the semantic similarity between two concepmf&rdNet

wasused by the system.

Manati deconversion modehad been introduced by Pelizzoni and Nunes (2005)
[114]. For humanaided machine translation systeoh Portuguesdrazilian sign
language, this model @t as aUNL mediator Unlike the highetorder andobject
oriented programming which provide definition for user friendly primitives,
constraint programming redutéhe search. This constraint programming fedthe

basis of thisystem.

To use UNL online, a web platform calladdCELTAb8wasproposed byBértoli et al
(2005) [21]. By using UNL a multilingual businest-business platform was
showcased by theniThe implementation of this platform adopted an incremental
method of using UNL resources to avoid interference from a technologwahatot

yet mature. In order to isolate the platform from problems related to UNL

development, an interfaceasprovided by UNLwebservice.

For linking Spanist NL d i c tUWs WardNgt@as used byraola (2005)70].
Ther system hd enriched WVs with semantic informationFocusing on a subset of
the SpanishtUNL dictionary, namely on the substantives it corgdirthe work hd
consisted in automatically enridlg the UW associated with each substantive with the

semantic information required to krthe UW to theuniversalword system.

By using Marathi, Hindi, and EnglisiordNes, mul tilingual l exi c

generation for Marathi, Hindi, and English have been doneVieyma and
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Bhattacharyya (20091166]. UNL 6 s k nlmse] womd gemse disambiguator, and

aninferenceralong withWordNetwereused by the system

Feature extractor based on statistical techniquesbkean used for UNL relations
cl assi f i byNgwentand dshizuka12§0f)10]. In addition to thecommon

used featuresthey also proposg a new feature that reflead the actual semantic
relation of two phrases indepgent on words in betweenWhen evaluated on a

dataset (provided byYyNDL foundatior), thar system gave aaccuracy of 79%

To transfer information from and to rural communitiesyeb basednultimedia and
multilingual portal for agriculturevasdeveloped byRamamritharet al (2006)[121].
This was an improved and enhanceersion ofGAgro-Explore®which wascalled as
@AQUAG Information retrieval techniques likmeaning basedearch, intelligent
caching, and intermittent synchronization with offline access, intelligent caeling

and some novel database systevae being used by thitrRAQUAG

Within the UNL framework, the concept afniversal digital library which was
languageindependentwas proposed byAnsary et al (2006) [10]. As a proof of
concept they implementddNL basedLIS (Library Information Systein Access to
the books of different languagess provided by UNL LISnto the native language of

the user.

For a project called Survival Translator (SurviTraEnglishFrenchHindi-UNL
resourcesvere built by Boitet et al. (2007) [26]. This project was a web service. If
English or any other common language was not an option, then this web sewice
used to help an Indian helper to communicate with a French visitalictionary
along with a phrasebook was equipped with this chat welice which was bilingual

in nature.

For English to UNL conversion, Jain and Damani (2009) had employexcalized
probabilistic parsef73]. For a given English sentence to create phase structure tree
and typed dependency trebis parsemwas used.They measurd the accuracy othe
system by computing the BLEU score on the Hindi sentences generated from the
UNL. On 60 sentences taken fromreal life agricultural corpusthey achievel a

BLEU score 0f0.26 compared to a BLEU saof 0.33 for the manually generated
UNLs.
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By usingWordNet a strategy to buildUW dictionary was proposed Bekioset al

(2007)[19]. For creating meaning based restrictiondJu¥s, they proposed six rules
For theUWs thatwere being created, a suitable semantic restricties produced by
the systemThe rule base requires 45 inputs whigare given in the form of each

WordNetword. It hal the set of lexical relations and senses of that word.

The siccessful development anesting of a UNL basedrabic machinetranslation
systemhadbeen done bydly and Alensary(2009 andBuenoet al. (2005)[3][29].
For the machinetranslation system for the tools, Arabic generation gramwes

created in this system.

Interlinguaelucidationof texts has been proposed by Rouquet and Nguyen (2009)
[124]. In large collections of images which were accompanied by texts, ways to allow
multimodal multilingual search kebeen explored by thenror elucidation, thé&JNL

UWs and domain ontology was usetheir lexical resource consisted of bilingual

dictionaries fom several languages to UNL, 20000&/k) andWordNet

By using WordNet ontology, UW dictionariesunification wasproposed byBoudhh
and Bhattacharyya (200927]. Extending ofUW dictionary to U++UW dictionary
with the help ofWordNetontologywas proposed by themlo identify semantically

similar contextstheyusel the concept ofimilarity measuref7].

The enconversionsystem for Bangla language chheen proposed biridha et al.
(2010) [99]. To obtain the primary suffixes and the roots of Bangla words,
morphological analysisvas done They had tested their proposed system with few

sample sentences of Bangla language available at Russian UNL language server.

With the help of UWsweb search results can be enhanced. A system callfdK46

was proposed byAvetisyan and Avetisyan (20109r enhancing these resulf$7].

Some existing resources suchBdNL 6s fl exi bility for repre:
among conceptssome major sarch enginesveb basedservices,and WordNeb s

meaning basedntologyhad been used by them
Kumar and Sharma (2012, 2013) proposedzaronversionand deconversion system

for the conversion of Punjabi language to UNL and vice vi@88§82]. However,
their system usesdhocrules and is limited tonly particularset ofcorpus As perthe

recommendation provided bychida (1987), Dave and Bhattacharyya (2001), Dey
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and Bhattacharyya (2005), the semantic, syntactic, and morphological information of
Punjabi language forms the basis ofeation of enconversion rules database
[154][39][40].

For Punjabi languagejevelopment oflAN/UNLization module ha been done by
Agarwal (2013)[9]. The dcevelopment oP u n j &WAERNEENLization modulehad
beendone by Verma and Kumar (201 %ingh (2013]163][135].

Navaneethakrishnaet al. (2014) buit a language ndependentdiscourse parser
usingUNL [109]. The discourse parser construciiuketoricalStructure (RS) trees to
identify complex discourse structurd$e discourse parser constructed RS trees using

high-level semantic features inherited from thislU

Mridha et al. (2014)used UNL andproposed a new approati address the problem
of semantic ambiguityof Bangla root word4100]. They hadused insights from
linguisticstowards solving this problem. Also, the usefulness of automatic extraction

of feature forwords in the dictionary becanesident through thework.

Jadlav and Bhattacharyya (2014) hawbposed an unsupervised Hol@sed approach
using deep semantic processing to identify only relevant subjective fé2nsn the
proposed approachlNL graph hd been generated for the input tekhe uleswere
appliedon the graph to extract relevargrms. The sentiment expressed in these terms

was used to figure out the overall sentiment of the text.

Ali et al. (2015) developed thevord dictionary of Bangla vowel ended roots fiost
person for UNL[12]. The proposed entriesere to be used to combine with their
inflexions to produce verbs, and hence these verhgdcbe used for conversion of
native language sentences into the UNL expressibngy provided the format of
vowel ended roots along with their alternatives basedhenframework of UNL
provided by the UNL center of thiéNDL foundation

Multilingual acquiring of econtent definition based on UNL was proposed by
Sathiyamurthyet al. (2015)[126]. Their approach involve conversiornof dependency
relation extracted from the parser into UNL relation and ideskffiedagogical clues
to determine the level of-@ntent according to the educational taxonofityey had
used Stanford parser parse tree processingpncept type identificatio, attribute

generation, andule generation.
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English to Tamil machiné&anslation system usirdNL hadbeen done by Sridhat

al. (2016)[142]. A new sentence formation algorithm walso proposed to rearrange
the translated Tamil word# sentences. The translation system was evaluatad us
BLEU score. A BLEU score of 0.581 was achievenich was an indication that most

of the information in the input sentence was retained in the translated sentence.

The developmentof dictionary entriesof Banglarepetitionwords to integrate them

into UNL hadbeen done by Rogt al. (2016)[125]. They had outlined the format of
dictionary entries of different types of repetition words that came from verb roots and
assignechead wordsand attributes for those words based on the framework of UNL

provided by the UNL center.

Agarwal and Kumar (2016) ad developed a multilingual credsmain client
application prototype for UNLization and NLization for NLP applicatioi6s.
Additionally, on top of this proposed system, a public platform for developing
languageindependent applications has been develogred tested by Agarwal and
Kumar (2017)[5]. The proposed QA system in this thesis had been integrated with

this environment.

Agarwal and Kumar (2018has developedAnalysis modulefor UNLization of
Punjabi text[4]. They had explained thphase wiseworking of UNLization of
Punjabi language with the help of example sentences taken from the corpus provided
by UNDL foundation The F-measureof the systemwas0.970, 0.990, and 1.00 for
UC-Al, UGOAL, and AESORAL, respectivelyUC-Al, UGO-AL, and AESOPAL

were the corpus provided RINDL foundation

Having done an exhaustive survey on various QA systemssibbserved that UNL
based QA system will definitellge a major step iNLP to remowe languagebarriess.

The proposed UNL based QA systenpports multilinguisngall the languages which

are part of UNL programme), can be extended to support other foreign languages
(which in future might participate in UNL programme) without changing its
architecture and code base. Additionally, the system is able to integrateUdtih

based NLP applicationslike machine translation, sentiment analysis, text

summarizatioretc.

Chapter Summary
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In this chapter, the literature reviem the basis of research carried out by researchers
in case of QA systems andevelopments of UNL based resourckas been
documented. The complete literature review has been divided into two ipaits,
research activities in question answering system, and research activities in UNL. The
comparison of various QA systems has bperformedon variousparametergike

corpus evaluation mérics used evaluation metrics values, domain availability of

source code, scalability, onlimeailablity multilingual supporetc.

After doing anexhaustive survey on various QA systems, it has been observéukethat
proposedJNL based (online available) QA system will definitely be a major step in

NLP and removinghelanguagebarrier.
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Chapter 3

Architecture and Working of ProposedUNL Based QASystem

As it has been discussed in gheviouschapter ofliteraturereview that the existing

guestion answering systems have some major limitations therefore, there is a need of a

guestion answering system which should tebbased and should support

multilingua | i s m.
technical/working details so that it could be extended to support other NLP

applications. Having such a question answering system will definitely be a major step

Al s o,

t he

in NLP and removing theanguagéarrier.

In this chapter, the architecture and working of proposed question answering system

systemods

sour ce

have been explained. The proposed question answering system is based damé&/NL.

brief description about each of the architecture modules and phase wisagaaf

QA system has been explained in this chapter.

The following section of the chapter sets the expectation, understahdihgevel

overview of allconceptghat would be covered in subsequent chapters of this thesis. It

basically lays the foundation of the entire thesis organization.

3.1 Architecture of UNL Based QA System

The architecture of the proposed QA systemsbeen divided into the four modules

i.e., analysis moduleUNL crawler, optimizer and generation module@s shown in

Figure 3.1.

Natural

language
documents

Foreign language
input question

IAN module for 1

""""E'T'T““l --------
1 NLizationPhase, !
1 , | NLization
Analysis moldule ! Phase
! foreign language ! EUGENE
1

UNL

UNL of input

module for
foreign
language

Generation Module

question

repository

I
]

1

: Preprocéssing and Crawling
! Phase ,

L

: Optimization and
| Ranking Phase
I

UNL generation
of answer

corresponding to
1 input question

Answer in foreign language

|

Figure 3.1: Architecture for UNBased Question Answering System

73

c

o



The analysis modulef the proposed question answering system invokes UNLization
module ofthe source natural languageUdiLize the question asked by the user and
the corpus. The UNL corpus forms the UNL repositttML crawlercrawls UNL of
the questionand UNL corpus toihd the answerOptimizeranalyses the answer given
by UNL crawlerand gives ranking to it. This answadter converting to UNLs given
as an input tageneration modul®f the proposed question answering system which
invokes the NLizatiormodule of thetarget natural language to get the required final
answer in that natural language.
The following subsectionexplainthe brief overview of different phases of proposed
QA system which includes the purpose and explanation of their corresponding
modules. Thee phases are given as follows.

1 UNLization phase,

1 Preprocessing amatawling phase,
1 Optimizing andanking phase,
)

NLization phase.

3.1.1 UNLization Phase AnalysisModule

The purpose of the UNLizatiophase is to convert natural language sentence into
UNL. In order to UNLize any given corpus or question asked by the asalysis
module uses the UNLization resourcegiz. natural language dictionarganalysis
dictionary) Normalization Rules NRules), Transformation RulesTRuleg and
Disambiguation RulesDORuleg of the source document d6s
resources are created according to UNL specificatif®s3]. The details of
UNLization and its resources have been described in Ghdpté this thesis. Once
these UNLizatiorartifactshavebeen created for a natural language, then UNLization
of the corpus or the question asked by the user can be done by invoking this
UNLizatior/lAN module from the developed interface (byatslysismodulg of the
proposed question answering system.

The details about the development of UNLizatidah module along with its sharing

and invoking by thenalysismodule of the proposeslystem has been explained with

the help of example sentenceXhapter 4 of this thesis.

3.1.2 Preprocessing and Crawling PhaseJNL Crawler

UNL crawleris responsible for searching the UNL repository (containing only UNL
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of the corpus) depending on the questins UNL gener ated in the
module is a part of alevelopedweb-basedQA system interfaceUNL crawler
preprocessethe input UNL and the target UNL repository. It then removes attributes

and scope values which are not required for findingatisver The detailed working

of this phases described in Chapter 5 of this thesis.

3.1.3 Optimizing and Ranking Phase:Optimizer

After finding the probable answers YNL crawler, optimization phase of question
answering system start®©ptimizer analyses andeportsif the question asked is
correct, answer can be found, amdether the answer provided bINL crawleris a

full matchpartial match.

After optimizing phase, in the ranking phaeetimizergives the rank to the answer
found by theUNL crawler. The detailed working and algorithm of this module is

described in Chapter 5 of this thesis.

3.1.4 NLization Phase:Generation Module

The NLization phase converts tlatputof the previous phase to the target natural
language by invoking its NLizatidBUGENE module. Similar taanalysis modulgin

order to NLize the outputgeneration moduleisesgeneration dictionaryTRules,and
DRules created by the computational linguists of the respective natural language and
stored at UNL web. These resources are created according to UNL specifications
[153]. The detailed workingndalgorithm of this modulés described in Chapter 6 of

this thesis.

3.2 Interface and Working of the Proposed QA System

The developed QA systemb0s interface has
Figure 3.2. Theight-handsection (4) of Figure 3.2 is used to share the details of
UNLizatior/IAN and NLizatiodEUGENE modules. The introduction and working of
UNLizatior/IAN and NLizatiodEUGENEmoduleshave been explained in Chapter 4

and Chapter 6 respectively of this thesis. The details of how to share and invoke this
UNLizatio/lAN and NLizatiolEUGENE moduleswith the help ofanalysis and
generation moduleespectivelyhavebeen explained in section 4.b1 Chapter 4 of

this thesis.

All the languages whose UNLizatlBAN modul ed6s det ail s have b

global audience through this interface will appear in fiBelect Source language
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dropdown as shown in (1) of Figure 3.2. Similarly, all tlamguages whose
NLizatioWEUGENEmo dul eds details have eiBeteact s har
Target language dropdown as shown in Y2f Figure 3.2. The third dropdown as

shown in (3) of Figure 3.2 is used to select the corpus in which the answer to the
guestion asked will be found. Thesarporaare stored in the form of UNL as a part of

this developed QA system modulghe fiDownload Corpus button allows theiserto

download the selected corpus.

Choose Sourc Choose

language in which
guestion needs to
sked

the Corpus

Choose Target
language in which
swer is required

Right hand sectio
(Share section)

(4)

(1)

2 | @ Not secure wiw.punjabinlp.com

N

[ Mew Tab l:“f IRCTCNext Generat W Bookmarks (M UPPCL Electricity. - L [f§ Sign up Facebook [ Apply fora US.Viss 8 https:/cgifederal.se F Online Recharge | N Project | Galen

A UNL Based Multilingual Question Answering System

SHARE YOUR DETAILS

Select Source language v | Select Target language Agro-Explorer v
Sample AgroExplorerPunjabi Questions Download Corpus
lease enter language text here ress NL-ize

ease enter your Natural language Name

ase enter web service client name

Please enter 3 character 130 code for IAN

UNL-ize Find Answer ease enter 3 character IS0 code for EUGENE

N
L[\

Share | Update

P

o~

Please reach us in case of any help i+ vaibhav4unl@gmail com

i UNL of Input Questio Answer in Targe
Answer in Engli nguage
nguage

Figure 3.2:Web-BasedQA Systeminterface

LTI DRSNS

Question to be
asked in Natural

After a user selects the corpus, a button appears below the language selection drop

downs whichallowsthe userto select some p#euilt questions which are in the same
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natural language as selected from the source langdegedown menu. Before
asking the question in natural language, first the user needs to select the source
language in which the question will lasked. Similarly, the user needs to select the
target language from thdrop-downin which the user wants the answer. The user can
type the question in the selected natural language in the space provided as shown in
(5) of Figure 3.2.

After typing the qgestion, when theiserclicks thefiFind Answeo button, analysis
moduleof the source natural language is called and it returns the UNL of the input
guestion which can be seen in the text area as shown in (6) of Figure 3.2. Once
UNLization is successful, th&JNL crawler and optimizer of developed question
answering system wks on it and gives the final answer in English keywords in the
text area as shown in (7) of Figure 3.2. These English keywords are converted to UNL
and to get the answer in target natural languaggeiteration modulés invoked. The

final output in targt natural language can be seen by the user in the text area as shown
in (8) of Figure 3.2.

In the developed question answering system, iLigegwants only UNLization of the

asked question or any other natural language sentencefiuihnized button isalso
provided. On clicking this button, only UNLization will happen and UNL of the
natural language sentence will be shown in the text area as shown in (6) of Figure 3.2
but other question answering systemds moc
used by other UNL based natural language processing applications like sentiment
analysis system, machine translation systéerwhich in future can be integratéato

this developed system.

Let 6 s usearsglectsiPumjabd language from source and target language drop
down. Additionally, | et 6 s useeselectsfhge-Explorero corpus. Consider the

following example sentence (3.1) taken from Adxplorer corpus.

LpSIPIndsiissSBBVIn SNSPREMESHRDOMEI RTREBR&RM
S$ IV b T RIiF
Udhuni k &bakutabadatakalifiniyarigga at U takanUl @gj o at U

phizikala sU'isa upara nirabhara hai
AModern agriculture depends heavily on e
bi ol ogical and physical scienceo..31
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UNL of this example sentence (3.1) is given in (3.2) below and shown with the help of
Figure 3.3.

{unl}

aoj(depend.@entry.@present.@pred,agriculture)
scn(depend.@entry.@present.@pred, :03)

man(depend.@entry.@present.@pred, heavily)

and:03(science.@entry.@def.@pl, :01)

mod:03(science.@entry.@def.@pl, :02)

and:02(physical.@entry, biological)

and:01(technology.@entry, engineering)

mod(agriculture, modern)

{funl} (3.2)

03

depend.@ent resent.@pred
p @ W@P @p science.@entry.@def.@pl

2

(-}
-4

01 02

a,,v

agriculture

a -

Figure 3.3:.UNL Graph of (3.2)

In this UNL, the numberé : 0 1 6, andf :0 @ae)called as scopes. Scopes are
numbers whiclrepresenta relation between nodes and it works a&ngle semantic
entityin a UNL graph. These scope nodes can be used as a node in any other relation
of the same UNL to form a hypeode. For example, in given UNL (3.2)
fiafnd: 03(science. @enmady:. 0@(esfci@pnc e.:@eln)tor,y .AQ
,Aand: 02(physical . @eant r yi,an d :b0i 1o(ltoegci hcnaol | )oog, y
engineering) ar enotleg.p er
Letds assume that wuser asks the foll owin
appropriate text area (shown(5) of Figure 3.2) and clicks dgirind Answeo button.
L p S SHOSImsNEt (5P F Ri
ddhuni k&g kiithtapk @ upara nirabhara hai?
AModern agriculture depends on wh(@3)?o0
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After clicking fiFind Answeo button, analysis modulefor the Punjabilanguage is
invoked and UNL of this example sentence (3.3) is returned as given in (3.4).
{unl}

aojdepend@present.@interrogative, agriculture)
scndepend@present.@interrogative, 00.01@wh)
mod(@griculture.@interrogative, modern)

{lunl} ..(3.4)

This UNL is further processed hyreprocessor antUNL crawler to get following
answelin English keywords:

1. science of physical and biological

2. engineering and technology
The UNL of this answer is then given generation modul®f the target language
selected from drop down (Punjabi in this case) which outputs the following answer (in
thetargetlanguage):

1 SSILVRRS S @S| MRS SNmMR

2. OmPE @TL SN i

(0513

PRSP Ln

3.3 Technology Used to Develop the Proposed QA System

This section provides the technical details like languages, data struetarassed to
develop the entb-end QA systemA web-basedplatform (shown in Figure 3.2) has
been developed using HTML, CSS, jQuery, and C#. UNL repositdvy, crawler,
optimizer, and theranking mechanism has been developed and integrated with this
platform. The developed system is hosted on www.punjabimp.cbhe data
structures used to develop the proposed QA system and details of working of
developed QA system is explained in Sectighds.this chapter.

3.4 Data Structures used in the Proposed System

The base data structures., JISON (JavaScript Object Notation) objects are created

for parsing of UNL. JSONs a lightweight datanterchange format. It is easy for
humans to read and write. It is easy for machines to parse and generate. It is based on
a subset of thdavaScripprogramminglanguagestandard ECMA262 3rd Edition-
December 1999ISON objects are wtén in key/value pairs.

For storing information ofc o r p u s 0 (after Wekbving attributes and other
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irrelevant information)JSON objecfianswerObjedi is created as illustrated in Table

3.1. Similarly, for storing information off u e s t i o (affes remdWwhlg attributes

and other irrelevant information), JSON objéqtiestionObjectis created as shown

in Table 3.2. These objects have keys as illustrated in Table 3.1 and Table 3.2. These
key names are as per lower camel casing coding standard.

For any given UNL (for example UNL as given in 3.2 and 3.4 in this case), index 0 of
any ke given in Tables 3.1, 3.2, 3.3 represents the corresponding key value of the
first relation, index 1 represents the corresponding key value dfett@ndrelation,

index 3 represents the corresponding key eabdi third relation and so orkor

example, reonsider againthe u e s t i ogivénsn (3UINak follows

{unl}

aojdepend@present.@interrogative, agriculture)
scrdepend@present.@interrogative, 00.01@wh)
mod(agriculture.@interrogative, modern)

{lunl}

The vafirstAeguned k ey firgif elt 8atei on odependhi asn dJNdarn s
be accessed i n ficsthrdueent®Fy . Simalarly, t the nvglue fof
fisecondArgument k e y firetfr et B & agdcoltureds amd can be acc:

wr i tsecorglArgument[@ .

Table 3.1 DataStructure forStoring UNL asGiven in (3.4) ofQuestioninformation
(AquestionObjec JSON object)

Key Index Value Description
0 depend
_ 1 depend _ .
firstArgument : Stores first argument of UNL relation
2 agriculture
_ 0 aoj
relationName .
1 scn Stores name of UNL relation
2 mod
0 agriculture
secondArgumen
1 00.01 _
Stores second argument of UNL relatio
2 modern
otherinfo 0 no Stores any other information. In tl
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1 no proposed system it

This key hasbeen added just to mal
sure that in future if anything needs to
2 no updated or any other informatio
functionality is required, and then th

key can be used.

To understan@bout storagef corpusinformation, reconsider again the answer UNL
given in (3.2.

{unl}
aoj(depend.@entry.@present.@pred,agriculture)
scn(depend.@entry.@present.@pred, :03)
man(depend.@entry.@present. @pred, heavily)
and:03(science.@entry.@def.@pl, :01)
mod:03(science.@entry.d@f.@pl, :02)
and:02(physical.@entry, biological)
and:01(technology.@entry, engineering)
mod(agriculture, modern)

{lunl}

The datastructure for storing this UNL aforpusinformation is given and explained
in Table 3.2.

Table 3.2DataStructure forStoring UNL asGiven in (3.2) ofCorpusinformation
(RanswerObjea JSON object)

Key Index Value Description

0 depend

depend

depend

science _
Stores first argument of UN

firstArgument science

relation

physical

technology

agriculture

Ol Nl O O | W] N =

aoj
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relationName 1 scn
2 man
3 and Stores name of UNL relation
4 Mod
5 And
6 And
7 Mod
0 agriculture
1 03
2 heavily
3 01 Stores second argument of UN
secondArgument 4 02 relation
5 biological
6 engineering
7 modern
0 no Stores any other information. In ti
1 no proposed system it has defa
2 no value fAnod. This key has bee
3 no added just to make sure that
otherinfo 4 no future if anything needs to L
5 no updated or any other informatio
6 no functionality is required, and the
7 no this key can be used.

For storing information related to scope nod@s/perNoded object is created for
cor pus 6For theé Miken example sentence (3.1),fltgperNodes object for
storing its UNL (after removing attributes and other irrelevant information) given in
(3.4) is as shown in Table 3.3. UNL given in (3.4) has 4 relations with scopes as given
in (3.5).

and:03(science.@entry.@def.@pl, :01)

mod:03(science.@entry.@@f.@pl, :02)

and:02(physical.@entry, biological)

and:01(technology.@entry, engineering) e(3.5)
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In Table 3.3, index value O refers to fiivst relation node of UNL given in (3.5).e.,
fiandd .Similarly, index value 12 and 3 refers ta second third, and fourth node of

UNL givenin (3.5)j.e.,fimod ,andd, ambd rfespecti vely.

Table 3.3: Data Structure for Storing Scope InformatitiygerNodes JSON object)
of UNL as given in (3.5)

Key Index Value Explanation
0 science | This key is used to access t
1 science | first argument of a scop
2 physical | node. For example

ffirstArgument[0] = science
because in the first relatig
firstArgument node of (3.5), i.e,,
3 technology|iand: 03 (sci en
.@def.@pl0 1 )the value of
the first argument s

fiscience .
0 0 The value of this key
1 0 indicates if in a UNL the
2 1 scope value of a relation no

is given to any other relatig
node or not. O indicates falg
and 1 indicates true. Fo
isScopeOccurenceOnlyOn example,

fisScopeOccurenceOnlyOn(
3 1 [0 =00 because
relation node of (3.5),.e.,
Aand: 03(scien
. @def . @pits, scopd
l.e.,, 03 appears more thg

once.
0 4 The value of this key refers {
nodeNumber N
1 5 the position of the scope no
2 6 in the given UNL. Foi
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e X a mpnodeNumber[0] =
40 because t

node of (3.5, e,
Aand: 03(scien
. @d ef . @pds paosifof
4in (3.2).

numberOfTextArguments

Few relations in UNL cal
have ascopeas an argumen
The value of this key valu
indicates how man)
arguments of the scope no
have ascopeas an argument,
0 indicates that bot
arguments are scope,
indicates that the only
argument has acope and 2
indicates that both argumer
are texti.e., 0 scope valueg
For example
finumberOfTextArguments|0
=10 because t
node of (3.5), ie,
Aand: 03(scien
. @def . @phas : dnly
one text argument, i.e.,
fiscience . I t s

argument is a scope value.

reIName

and

mod

and

and

The value of this ke
represents the relation nar

of the scope node.

scopeNumber

03

Rl O W N | O

03

The value of this key refers |

the value of the scop
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2 02 number. For examplé

fiscopeNumber[0] = science
because in the first relatig
node of (3.5), i.e,

3 01
Amod: 03 (scien
.@def.@pl,:0 2 Ythe value of
its sO@dBpe is
0 01 This key is used to access t
1 02 secondargument of a scop
2 biological | node. For exampl
fisecondArgument[0] = O
secondArgument because in the first relatig

node of (3.5), i.e,
Amod: 03(scien
.@def.@pl0 2 )the value of
theseconda r g u me0Rot.

3 engineering

0 1 In the proposed questid
1 1 answering system, the corp
2 1 has multiple UNL of all the

natural language sentencs
sentenceNumber _
So, the value of this ke
3 1 refers to the sentence numk
to which this particular scop

node belongs.

Theseabove mentioneddata structures are used in other phases of the developed
guestionansweringsystem and have been discussed in Chapter 5 of this thesis along
with working algorithms. The working algorithms, code base, and underlying
architecture of the proposed question answering system has been designed and
developed in such a way that it need not be changed in order to support foreign
languages. However, in order to intagep other UNL based NLP applications in the
existing system, the code can be extended without necessarily changing the existing

code.
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Chapter Summary

In this chapter, the architecture of the proposed question answering system has been
described. Theequirements and functionalities of all these architecture components
have been documented. This chapter also describes the interface of the developed
guestion answering system along with the technology and programming language
used.

In this chapter, thedsedata structureg,e., JSON objects which are formed during

the initial phase of the question answering systewealso been highlighted. These

data structures are further used by different modules of the developed question
answering system to give d@hfinal result. This chapter sets the expectation,
understanding,high-level overview of all conceptsthat would be covered in
subsequent chapters of this thesis. It basically lays the foundation of the subsequent

chapters and thesis organization.
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Chapter 4
IAN/UNLization M odule for UNLization of Punjabi Language

In the proposed UNL basd&@AS, user can ask questionin any natural language and
can get the output in any natural languagkhis is possible because the proposed
system converts natural language to UNL and works on this generated UNL.
Similarly, the output keywords which are ihe English language are converted to
UNL and are given to thegeneration modulédiscussed in Chapter &hich gives
final output in the target naturahriguage.This feature of the proposegliestion
answering system makes it natural language independent. However, in order to
UNLize the corpus and questi@ueriedby the user{JNLization module(also called

as IAN module)f the sourcelanguagdin which question is being askeageds to be
developed anéhvoked by theanalysis moduleUNLization is done with the help of
online tool IAN (i.e., InteractiveANalyzer)developed byJNDL foundationavailable

at http://dev.undlfoundation.org/analysis/login.jsghis chapter focuses on the
UNLization processand results ofthe UNLization module forthe Punjabilanguage
This chapter also illustrates how théNLization module of the sourcenatural

language isnvokedby theanalysis modulef the proposed system

4.1 |1AN Framework

IAN requires someartifacts such as input document, dictionagnd grammarsin
order to UNLiz a particular source language. These artifeansbe provided through
its interface according to the specifications provided by UNDHe frst artifactis the

NL document that is to be UNLized. Second he NL-UNL (analysis) dictionary.
This dictionary is a type of lexical database consisting of mapping of tdVWi
entries accompanied by the corresponding featufé® tird is the NL-UNL
(analysis) transformation grammar. This grammar consists of a nurober
trangormation rules which help in convertintatural laguage sentences into UNL
graphs.Fourth is he NL-UNL (amalysis) disambiguation grammar. This grammar
consists of a numbesf disambiguation rules/hich help in improving the output of
the tokenization and of theansformation.

IAN tool is a fully automatic toollt takes natural language document as input and

gives an output in form of UNUAN has8 tabs i.e.,welcome, NLinput,dictionaries,

87



NRules, TRules, DRules]AN console andcompare The sibsequentext gives the
details of these tabs.
First is thewelcometab, which gives a brief introductioto the tool. Figure 4.1 shows

thewelcome tab.

< C () | ® devundifoundation.org/analys
H Apps [) NewTab G (I DownloadTorrents \J vube 4 justin gui

lJ dev UNLWeb | gNL2Fium | gNLE
nl
welco

me | &INL Input | B Dictionaries | N-Rules | * T-Rules | # D-Rules | B 1aN

unity | NL9eY | i

Welcome to IAN!

IAN

Figure 4.1: Snapshot tie WelcomeTab[68]

Second is thé\L input tab where the natural language document tdJbi.ized is

provided.Figure 4.2 shows the NL input process in the input tab.

M Inbox (1,684) - vaibhavagarwal® X e UNL Platform - ANALYSIS X+ -
Close]
I C @ Notsecure | dev.undifoundation.org/analysis/indexjsp w @
L’ Idev UNLWeb | yNLarium | gLcommunity | gy dev | gL forum | UNL'3P | UNLversity | UNL™&i | VALERIE | Contact Parteek Kumar | Logout
n
Welcome | @nL Input | B Dictionaries |  N-Rules| ° T-Rules | # D-Rules | & 1an | (I compare Go to EUGENE help

o= [EER TS % [ E & 1o Fnaccorpussoo.bt *Modified B skip pre-processing (7%
Documents

cleal000
Carpus 500
CorpusS0 Eng
corpus_pku
demo
dummy
english

¥~ FINALCORPUS500
kanu
Olympiad IV 14
Olympiad IV Hin 14

olympiad

OriginalOlympiad3CorpusToBeSubmil

el E
Punjabi A Submitted 2 B
Punjabi B Submitted e B3
Punjabi B
P_UCAL_submission o B
shivaangi M=
shivanai i) A =
ﬂ ) Tupe here to search O M=l | a B2 B 2 0 =

Figure 4.2: Snapshot of NinputTab[68]

The tird tab is thedictionaries where NL-UNL dictionariesare providedwhich are
used in natural language analysihere can be several differafittionariesand can
be loaded to process the same carplmvever, it should be kept in mind thater of

the dictionaries should be correct while loadosgausef the orderof entriesmatters
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for tokenization in the dictionaryrhedictionaries can be reorderegingthe option
fireorder dictionaries availableat the topof themenu Figure 4.3 showthe snapshot

of thelAN dictionary forthe Punjabilanguage

M Inbox (1,684) - vaibhav.agarwal x e UNL Platform - ANALYSIS x =+ - x

<« C A Notsecure | dev.undifoundation.org/analysis/findex,jsp w @ :

Unldev UNLWeb | gNLarium | g cemmunity | gy dev | g forum | UNL'=2E | UNLVersity | yNLWikKi | VALERIE | Contact Parteek Kumar | Logout
D compare Go to EUGENE help

Welcome | &INL Input | B Dictionaries | N-Rules | * T-Rules | # D-Rules | & AN

Containing dictionary: Corpus 500

modify

[FE137 (LE%=U, BOS=CON, NUM=BLE, DIGIT)<pan, 0,03
4

mpound UW (TA)

E (Y TEralrerafimesonn i } 4 A
Figure 4.3: Snapsh&howingCreation ofDictionary UnderDictionary Tab[68]

The fourthtab isN-Rulesor NRules(i.e., NormalizationRules) wherenormalization

grammaiis provided.Figure 4.4 shows the snapshot cRhle tab.Normalization has

been discussed in sectior 4f this chapter.

M Inbox (1,684) - vaibhav.agarwal x e UNL Platform - ANALYSIS b4 +

dev.undlfoundation.org/analysis/index.jsp

&« C A Notsecure
lJ Idev UNLWeb | gyLarium | gycommunity | gypdev | gy forum | gy lab | yypversity | gyLwiki | VALERIE | Conta
n

Welcome | /NL Input @ pictionaries T-Rules | # D-Rules | & 1aN | [ compare

M-Rules

Rule string ¥ x

Modify Rule x

Contaiming ruleset: clea1000

Please use textarea to provide source for rule.
(*"hittps ) Meww) = (201) ("hitpz S/ Fwene”) s
P

Order rule
Move before ¥ |ID

4

Figure 4.4: Snapsh&@howingNRulesin NRuleTab[68]

The fifth tab isT-Rulesor TRules(i.e.,, Transformation Rules)n this tab,NL-UNL

transformation grammas provided which isised to process tidL input Figure 4.5
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shows the snapshot of TRule tab.

M Inbox (1,684) - vaibhavagarwal@ X &= UNL Platform - ANALYSIS X i UNLPlatform - UNL Web Service X | = X
< C A Notsecure | devundifoundation.org/analysis/indexjsp Pe o :
U Idev UNLWeb | gNLaFium | gy community |y dev | gy forum |y lab | ypversity | g wiki | vALERIE | Contact Parteek Kumar | Logout

n
We\:wme‘ &INL Input ‘ ﬁchtmnanas‘ N—Rulas‘ T—Rules‘#D—Ru\as| B1an ‘I-‘Jcnmpara| Go to EUGENE help

¥ Punjabi A Submitted

( ) 1= aoj("
Modify Rule %

Containing ruleset: Punjabi A Submitted

Please use textarea to provide source for rule.
3 (TEMP, 52 BLANK, 0) (TENP,5c) 1= %aB5ba%e);

Order rule
Move before v |ID

po
4

i
T il i b = (o, 101,

Figure 45: SnapshoshowingCreation of TRule in TRul&ab[68]

Sixth is theD-Rulesor DRules {.e., Disambiguation Rulegph. In this tab,NL-UNL
disambiguation grammas provided which helps inontroling the tokenization and
improving the outpubf the transformatiogrammar Figure 46 shows the snapshot of

D-Rule tab Disambiguation ruleave been explained in section 4.6

o UNL Platform « ANALYSSS | =] %"

€ & C [} devundifoundationorg/analy fex.jsp QRl=

jCoume SN INPUL T UCLOTETS TERUNS W U-KUNRS | S RAN LIy~ R SR, o
{

Modify Rule 2

Coataining ndleset: Corpusi®d

Please use textarea to provide source for rule.
{@indef, Xa){[BLK| BLANK), 3 ) {[va) | [323] | (Fw] | [F) | [277=] |[==%] | CON| DIGIT | DOUBLE |[527) | [ERw) | [Ae] ) [z | (=) | [Tz y)e0;

Order nde
Move before |»| 1D >

Next G

Figure 46: SnapshoshowingCreation of DRuldJnder DRuleTab[68]
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The ®venthtab is thel AN consoletab, where results are seéh.list of sentences in
the form of NL input appearsin the IAN console tab These sentencesan be
processedeither one at atime or in a range.lAN console shows the complete
UNLization process of the selected natural language sentence. Figusaodvs a

snapshot othelAN console.

M Inbeox (1.480) - vaibhavag: X = |6

“~ c devundifoundation.org

S

Result: #L(2

Figure 47: Snapshot of IANConsole[68]

The eghth tab is theComparetab which has the ability to compare the final two
results. The cetails of analysis dictionary and TRules for UNLizatibave been

explained with the help of example sentences in following section.

4.2 Dictionary and Types of Transformation Rules (TRules) for
UNLization

Every word present in a corpus to be UNLized should be present amatgsis
dictionary or else it will be considered as a temporary word. Once the entries of these
words have been created in thealysis dictionary, therafter that normalization,
tokenization and disambiguation (as discussed in section 4.4, 4.5, and, 4.6)
UNLization process starts. UNLization is done with thip e TransformatiorRules
(TRules).Sections 4.2.1 and 4.2.2 illustrdtee Dictionary for UNLization and types

of TRules for UNLization.
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4.2.1 Dictionary for UNLization
The analysis dctionary that is used in UNLizatiors a plain text file in which there is

a single entry per lineThe format of an entry in the dictionary is givar{4.1)[43].
[NLWKID} A U WATTR)<FLG,FRE,PRI>; COMMENTS e(4. 1)

Here, ANLWO i <Naturah leanguage Wd, ID6 i s t he unprigaye 1 den
key) of the entry(which is optional) UWIO is the corresponding W, ATTR
representshe list of features of the NLWFL&GO  heghreecharacter language code
according to ISO 638, FREO efers to he frequency of NLW andanges from O to

2 5 5PRI0 fithegpriority of the NLWandranges from 0 to 255The default values of

AFREO alRRb fi s 0 and can be updated (optiona
Consider a corpus having an example sentence giver2jn (4.

t T nPISmS PRy nRBiBoVIT Gt REMR$ t § i s L ..(42)

Uarr g Fskidi mUkacchi Kumpa@rdl0 haw®@ o idUI0 dU0 maz(
fiThe hare one day ridiculed the short feet and slow pace of the tartoise

The analysis dictionary for this corpus must contawenty twodictionary entriesas

givenin (4.3).

[t T A{l Bar¢(LEX=N,POS=NOU,GEN=MCL ,NUM=SNG)<pan,0,0>;
[PI-1}""( LEX=P,POS=PPSrel=agf<pan,0,0>;

[T\ S B{f oneday"(LEX=N,POS=NOU,rel=tim)<pan,0,0>;

[mv A" toBoise (TIEX=N,POS=NOU,NUM=SNG)<pan,0,0>;

[P){F*"( LEX=P,POS=PPS,rel=mod)<pan,0,0>;

[n T dhort(LEX=J,POS=ADJ)<pan,0,0>;

[p t{F" fodt'(LEX=N,POS=NOU,NUM=PLR)<pan,0,0>;

[ & and'(LEX=C,POS=COO,rel=and)<pan,0,0>;

[s t R $low'(LEX=J,POS=ADJ,NUM=SNG)<pan,0,0>;

[N ${{R pacé(LEX=N,POS=NOU,NUM=SNG)<pan,0,0>;

[P B}"( LEX=D,POS=ART,att=@ef)<pan,0,0>;

[r t § @ $ I{ ridicule’(LEX=V,POS=VER,att=@past,NUM=SNG)<pan,0,0>;
Eleven blak spaces are also identifieg-a

3" "(BLK)<pan,0,0>; .(43)

Here,ALEXO specifiedexical categoryiiNo specifiesnoun,iPo specifiespreposition,
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fJO represents adjectivegiCoO represents conjunctiorfiDO represents determiner,
APOS represents pawf-speechfiINOUO represents common nouiBPS represents
postposition, fADJ0 represents adjective,ACOQO represents coordinating
conjunction,ARTO represets article,AVERD represents full verlfiGEND represents
gender,AMCLO represents masculinéreldo represents relatiorfjagtd represents
agent relationfitimo represents time relatioimod represents modifier relation,
fiandd represents and relatiofiattd holds the attribute value of a nod&dded
represents definitei@pasd represents past attributBUMO represents number
whose value could be eithBENG for singular ofiPLRO for plural, andiBLKO is
theattribute given to the blargpace. In <pan,0,0>, pan represeahesthreecharacter
language code for Punjabi according to 1ISO-83%irstii00 r dhie &reqeency of
Natural Language \W&fd (NLW) in text ancsecondi00 r ehk priority of the NLW.

In case ofanalysisdictionary, there is an entry for each woagppearingn the corpus
irrespective of the fact that the word is in its root formoan inflection of its root
word. For example, consider that the corpus containing the exaaptence as given
in (4.2) above has another sentence as given #).(4.

mv nB smbidtsr T ..(44)

kacchi k e maar d a

fi Bort foot of the tortoise

Now, although theanalysis dictionary of the givecorpus for example sentence2y.
has an entry of Punjabi wofip 7 figga iid AJf o astgiden in (8B), yet it will have
one of thedictionary entiesfor example sentence @.as fip b fipairofi f o aldo &s
given in (45).

[p §{)F foot'(LEX=N,POS=NOU,NUM=SNG)<pan,0,0>; é( 5).

The only difference between t NéWe viawaeen

APLRO whereas | att®N® .has this value as 0

4.2.2Types of TRules for UNLization

TRules are used to convert natural language text to UNL as illustrated in section 4.7.
In TRules,NL-UNL transformation grammatr.¢.,the grammar to be used to process
the natural language input) is providddRulesareclassified according tthe type of

modification that they promo{é52].
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a)LL, or list -to-list, where the initial state and the final state are list structures. There

arefour different subtypes of LL rules as shown in Table 4.1.

Table 4.1LL Rules[152]

ACTION | RULE DESCRIPTION
ADD (%x):=(%X)(%y); The nodény is added to the right of the
node%nx.
(%x):=(%y)(%0x); The nodéy is added to the left of the
node%ox.
DELETE | (%Xx):=(%X); The nodéx is deleted.
(%x):=;
REPLACE | (%x):=(%y); All the instances of nod&x will be replaced
by node%oy.
MERGE | (%x)(%y):=(%x&%y); | The nodesox and%y will be merged

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

Therearethreedifferent subtypes of TT ruless shown in Table 4.2.

Table 4.2 TT Rules[152]

ACTION RULE DESCRIPTION

ADD SYN1(%x;%y):=+SYN2(%w;%z)] SYN is a syntacticrelation,

RELATION and%x, %y, %z, and%w are
nodes. The relation SYNZ
between the nodééw and%z
will be added to the grap
containing the relation SYN
between the nodésx and%y.

DELETE SYN(%x;%yY):=SYN(%Xx;%yY); The relation SYN between th

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

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

RELATION nodes¥%x and%y will be

replaced by the relation SYN
between the nodésw and%z

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

structuresThere are thredifferent subtypes of NN ruless shown in Table 4.3.
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Table 4.3 NN Rules[152]

ACTION RULE DESCRIPTION

ADD SEM1(%x;%y):=+SEM2(%w;%z)| Here SEM is any of the existin

RELATION UNL relations, andox, %y, %z,
and%w are nodesThe relation
SEM2 between the nodésw
and%z will be added to the grag
containing the relation SEM
between the nodésx and%y.

DELETE SEM(%x;%y):=SEM(%Xx;%yY); The relation SEM between th

RELATION | SEM(%x;%y)=; nodes¥x and%y will be deleted
(the node$ox and%y will not be
deleted)

REPLACE | SEM1(%x;%y):=SEM2(%w;%?2z); | The relation SEM1 between tt

RELATION nodes¥%x and%y wil be

replaced by the relation SEM
between the nodé€sw and%z

d) LT, or list-to-tree, converts lists into tree§here are 2 different subtypes of LT

rules as shown in Table 4.4.

Table 4.4LT Rule[152]

ACTION

RULE

DESCRIPTION

ADD

(%0x)(%0y):=+SYN(%x;%y);

The relation SYN is created betwe
the node$ox and%y if there is a linea
relation between them (the ling
relation is not deleted)

REPLACE

(%6x)(%y):=SYN(%X;%y);

The linear relation betweérnx and%y
is replaced by the relationSYN
between the same node® ( the linear
relation is deleted)

e) TN, or tree-to-networks, converttrees into networksThere are twaypes of TN

rules as shown in Table 4.5.
Tabe 45: TN Rule[152]

ACTION | RULE DESCRIPTION

ADD SYN(%x;% | The semantic relation SEM between the nddes
y):=+SEM( | and%x is created if there is a syntactic relation S
%Ww;%X); between the nodé€sx and%y.

REPLACE| SYN(%x;% | The syntactic relation SYN between the nodes
y):=SEM(% | and%y is replacedby the semantic relation SE
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| x;%y); | between the same nodes. |

The working of UNLizatioIAN module using IAN (UNLizatiorprocess) has been
divided into different phases. These phases have been discussed along with example

sentences in thiellowing sections.

43 Phases ofJNLization Process

UNLization is a rule-based approach.UNLization process aims to convert NL
document to UNL document. UNLization is done using IAN that invotliesreation

of Normalization Grammar @{Grammar or NRules), analysis dictionary,
Disambiguation Grammar @@rammar or DRules), and Transformation Grammar (T
Grammar or TRuleshccording to thespecificationsgiven by UNDL foundation
[153]. UNLization works on natural language documetdch of the steps shown in

Figure 4.8hasbeen explained in the following sections.

Tokenization
Normalization (Dictionary UNLization UNL

(N-grammar) and D- (T-grammar) document
grammar)

Figure 4.8 UNLization ProcesOverview

44 Normalization

Normalization ighe process in which asriginal sentencgiven in natural language is

converted into more refined forrRor example:

a. Replacing contractions
Donét > do not, heoll > he wil!l
b. Replacing abbreviations
U >you
c. Reordering
Would you > you would
d. Filling gaps and ellipses
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Next week > in the next week
e. Removing extra content
, say, I
Normalization is done with the help of Normalization GrammaGfdmmar). An

exampleof N-Grammar is given in (8).

(%a, [dondt]):= (%c,[do not]) ;
(%D, [dr.]):=(%d,[doctor]); ..(4.6)

Here,i%a0r ef er s t o n d0dbé referstm nodet[dr.], These miles will
replace the nod#bad with [do not], and the nod@%6bo with [doctor].

Let us considean example paragraph given infdas an input text to IAN.

DrrPeter H. Smith issnéledkcbmbegionadotihed n
check with him another date asap. Would u be availabieweek, say, around 2 PM?
(4.7)

The rormalizedform of example sentence {@.is given in 4.8).

Doctor Peter H Smith is not coming on 01/07. He will be in another meeting in New
York. | will check with himother dateas soon as possible. You would be available
next week around 14:00:007? ..(4.8)

45 Tokenization

In UNLization, Tokenization refers to splitting the natural language inputniodies,

i.e.,the tokens or processing units of the UNL framew6&. During Tokenization

the string | ike &éhar e dznhhre]f]@amd}f Jportasse],f i s s p
these entries are provided in the dictionary. However, if any word is not fouhd in

dictionary, then that word is considered atemporaryword. An attribd eTEMPO is

assigned to that word.

The following tokens are created by default by 1/89].

i. SCOPE Scope

ii. SHEAD - Sentence headnhg¢ beginning of a sentence)

iii. STAIL - Sentence tail (the eraf a sentence)

iv. CHEAD - Scope head (theeginning ofa scope)

v. CTAIL - Scopetail (the end of a scope)

vi. TEMP - Temporary entry (entry not found in the dictionary)
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vii. DIGIT - Any sequence of digits (i.e.: 0,1,2,3,4,5,6,7,8,9)

Tokenization is done by IANN the basis of following rules.

i.  The systenfirst matcheghe longest entry in the dictionary, from left to right.

ii.  The highest frequent entry comes first in case of entries with the same length.

iii. The first to appear in the dictionary comes first in case of entriestinatisame
length and samigequency.

iv. The feature TEMP is assigned to an entry if it isfoohd in the dictionary.

v. The feature DIGIT is assigd to the strings exclusively formed @igits.

vi. The feature SHEAD (Sentence head) is automatically assigned to the beginning
of the paragraph, and the feature STAIL (Sentence tail) is assigned to the end of
the paragraph.

vii. No other tokenization and punctuatisrdone by the systentorexample blank

spaces and punctuation sigme aot automatically recognized

46 Disambiguation Rules (DRules)

Tokenization is also controlled with the help ofRles (Disambiguation Grammar).
There can be several scenarios where glesinatural language word has several
dictionary entries. In suctasesD-Rules helgn tokenization by selecting the desired
dictionary entry. Consider an example sentence givefh9n (

Thisis necessary ..(4.9)

Assume that the dictionary entries are as:
[{}""(BLK)<eng,0,0>;

[this]{}""(LEX = D, POS = DEM, att= @proximal)<eng,0,0>;
[this|{}""(LEX = R, POS = DEP, att= @proximal)<eng,0,0>;
[isl{}'""(LEX = I, POS = AUX)<eng,0,0>;

[isl{}""(LEX =V, POS = COP)<eng,0,07>
[necessary[{}""(LEX = N, POS = NOU)<eng,0,0>;
[necessary[{}""(LEX = J, POS = ADJ)<eng,0,0>;

As s e e nthisa biso Virecéssay r oot words have mul tipl
Now, fithisO can be wused as deter mi hEXr= Do pr on
ALEX=RO0 respectively Similarly, fi i sowld be used asopula verbas indicated by

ALEX=V,POS=COB or auxi l i ary LEX=,lPORsAUK dlki cat ed

third root word i.e. ,necédssaly can be used as noun or a
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ALEX=NO a bEX=J&i r e s p &awin ovderltoWNLize theexample sentence
(45), D-Rules will decide thatwvhich dictionary entries IAN should consider during
tokenization However, if no DRule is spedied then ly defaultduring bkenization
the entry which appeared first in the dictionary list would be choserfolSexample
sentence (%), by default tokenizatiowill happen like:
(this,D)(BLK)(is,l)(BLK)(necessary,N)

Although the corredikenization should happen like:
(this,R)(BLK)(is,l)(BLK)(necessary,N)

Consider thebelow scenarios in which Tokenization will modify iblfowing D-

Grammars are written.

Scenario #1

i. Letds say the wuser -Rues written the foll «
(D)(BLK)(1):=0;
According to thisrule, the probability of occurrence of a node haviiilgo as a
feature, followed by blank space and a node hafiio@s a feature is zerbdlow,
because of thisfRuleonce first ditisbi besasgl eateyg a
havilbEy=Doindi cti onar igd ewowlyd obfe it he second
ALEX=VO because -Rdge afiee a notidmeing Do as a featie,
followed by blank space node havingilo as a featureannot come.

ii. Because oftheaboveD-Rule, Tokenization will happen as follows.
(this,D)(BLK)(is, V)(BLK)(necessaryN)

Scenario #2

i. Letds say the wuser -Rulass written the foll
(D)(BLK)(1):=0;
(D)(BLK)(V):=0;
(V)(BLK)(J):=1;

According to tleserules the probability of occurrence of a node haviiigp as a
feature, followed by blank spacand followed bya node havingl 0 as a featurés
zero. Similarly, the probability of occurrence of a node haviiigp as a feature,
followed by blank spaceand followed bya node havingivo as a featurés zero.
The third DRule means thahe probability of occurrence of a node haviivg as
a feature, followed by blangpace and followed bya node havingiJo as a feature

is one.Now because of this{Ru |l e t he second thisDctiisonar
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selected aslEX=Ropdeéei bavonsgr woehdr geof haea
entry bEXsVDna@sedbnddi ct i onar necessagt riys odeliect
haviLEXJOA becaus e -Rale aftpr @ node havinipdas a feature,
followed by blank space, a node havifig as a feature cannot come and after a
node havingiDo as a feature, followed by blank spa@ node havingVo as a
feature also cannot o® but after a node havinjvo as a feature, followed by
blank space, a node havifigp as a featurshoulddefinitely come

ii. Because otheaboveD-Rule, Tokenization will happen as follows.
(this,R)(BLK)(is,V)(BLK)(necessary)

Scenario #8:

i. Letds say the wuser -Rues written the foll
(D)(BLK)(1):=0;
(D)(BLK)(V):=0;
According to tkeserules, the probability of occurrence of a node haviilgp as a
feature, followed by blank spacand followed bya node havingio as a featurés
zero. Similarly, the probability of occurrence of a node haviiigp as a feature,
followed by blank spaceand followed bya node havingivo as a featurés also
zero. Now because ofthisPul e t he secondthisbi dtsi sredrey t
as a nodEX=Roavidnigctfi om@rwo weind rlye odvingfi f i r s
ALEX=I60 and first dmecesser@ na sy SsehelcEXeNd f hdvi
because as per theRule after a nodbavingfiDo as a featw, followed by blank
spacea node havingjl o as a featureannot come and after a ndugvingfiDo as a
feature, followed by blank spaca,node havingVo as a featuralso cannot come.

ii. Because oftheaboveD-Rule, Tokenization will happen as follows.
(this,R)(BLK)(is,)(BLK)(necessaryN)

Now, this is the correct tokenization which should happen fog #xample

sentence given in (@).. Therefore, DRules given in scenario #3 should be created.

4.7 Transformation (UNLization)

After Normalization and Tokenization, UNLization process starts. UNLizatidong

with the help of Transformation Grammar-Ruules). Transformation is done by
following the X-Bar approach andis explained in section4.8 A simple
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Transformation process explainedby considering arexample sentence given in
(4.10).

Hare amnl Tortoise ..(4.10)

After Tokenization of example sentence given 4rilQ) with 1AN tool, five lexical
items are identified as given ia.{1).

[Hare]{}"Hare"(LEX = N, POS = NOU, GEN MCL)<eng,0,0>;
[{}""(BLK)<eng,0,0>;

[and]{}""(LEX = C, POS = CCJ, rel = and)<eng,0,0>;

[{}""(BLK)<eng,0,0>;

[Tortoise]{}'Tortoise"(LEX = N, POS = NOU, GEN = MCL)<eng,0,0>; ...(4.11)

The process of UNLization of example samce (410) is given inTable 4.6

Table 4.6: UNLization oExampleSentence (4.0)
Input Sentence Hare and Tortoise
1. | TRule (%aBLK):=;

Description| He r ¥%a deférstoablankn ode [ ] havi ng
This rule is fired twice consecutively and it removes all the

blank spaces.

Action Original nodes :
Taken [Hare][][and|[][Tortoise]
Resultant nodes:
[Hare][and][Tortoise]
2. | TRule ({SHEAD|CHEAD}, %01) (N, {NOUI|PPN, %a) (C, and,

CCJ,%b) (N, {NOU|PPN, %c) ({STAIL|CTAIL},

%02 = (NA(%c; %a) , +N, +AND,%d) ;

Description| He r %0 lréferstas c o p e %ade arde f edr s t o
Gobd refers tyux @fes tbeodd [@roide], and 6
G002 ref ers Thoi ss croplee ernedsfd | v

whose first and %cecaadd ar g

respectively. The new node so formedis ve n t%ado
and at ANDObaNdbd a6 ® assigned
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Action Original nodes :
Taken [Hare][and][Tortoise]
Resultant nodes:
NA([Tortoise], [Hare])

TRule (NA (%a ; %b ), AND , %01 )= and(%a%b);

Description| He r ¥%a eférstonodefor t o i $bod Jefers oo nadle 4
[ Hare] . Thi BAOr wleé at ¢ mnadmerse |¢
This is the final output generated by IAN.

Action Original nodes :

Taken NA([Tortoise], [Hare])

Resultant nodes:
and([Tortoise], [Hare])

UNL generated by IAN is given il(12).

{org}

Hare and Tortoise

{/org}

{unl}

and(tortoise;hare)

{lunl} ..(4.12)

All the three processes nameatprmalization,tokenization, andransformation are

done on each of the sentence in the corpusthedfinal UNL of the corpusis

obtained The following subsections llistrate UNLization process for all the

following major part of speeches

1

= =4 4 A A4 A -

Numbers and ordinals
Temporary words
Prepositions
Conjunctions
Determiners

Time

Verbs

Adjectives
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1 Nouns and sentences

I Pronouns

4.7.1UNLization of Numbers

UNL represents the numbers in figures, written in the form of words. In Punjabi
singledigit anddoubledigit numbers cannot be generated by TRules unlike English
because in Punjabi they have no repeating pattern. For exampleglish adouble
digitn u mb e r fififeyttwiddsandsfittyynined hasrififty 0 as repeating pattern while
entries offitwoo ,0nined have been made earlier analysis dictionary. The dictionary

entry of every single digit and double digit number like& ik fioned, md @itwood,
a ~ v Uifourd, ~ S g ¥ @ mdlevem, p A npvavm d fififleerd etc.are made into

the dictionary with their respective attributes as shown below in the exaiide
using rule based approadhe sequencef rules is very important because the rules
are fired in sequence as per matching. For elanmiRule 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 criteriaT&®ule 29 in the given input string. The
UNLization process fothe number las bea presented usingimple example sentence
(4.13).

kA®i | ..(4.13)
tinn sau voh
three hundred twenty
After the tokenization of example sentence givendit3) with IAN tool, five lexical
items are identified as shown i 14).

[ kJB"®'(LEX=U,POS=CDN,DIGIT, NUM=SNG)<pan,0,0>;
[{ 16-1}" { "STEMP)<xxx,0,0>;
[y i [{"20"(LEX=U,POS=CDN,DOUBLE,NUM= PLR)<pan,0,0>;

Two blank spaces are also identified-as :
[{}" "(BLK)<pan,0,0>; ..(4.14)

Here, ALEXO represents lexical categorilJo represents numeraiPOS represents
partof-speech fiICDNO represents cardinafiNUMO represents number whose value
could be eitheASN® for singular orfiPLRO for plural, iBLKO is the attribute given
to the blank spacd)TEMPO represents temporary entrfiDIGITO indicates single
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digit number likeT \ ik fioned, m{ @itwod, a ~ @ Ufifourd etc. while iDOUBLED

indicates two digit number like » S g ¥: U fdlketied, p A npvavh d fififleém etc

The process obUUNLization of example sentencd.(3) has been illustrated ihable

4.7. Here, transliteration of each Punjabi word is shown onétilon taken column.

Table 4.7 UNLization Process folExampleSentence4.13)

S.No | TRule fired Description Action Taken
1 (%aBLK):=; Here, %a refers to a| Original nodes :
blank node [] having [ K]A PIBLY ill
attribute _
[tinn][][ sad[l[ v § h
rule is fired twice
[three][][hundred][][
consecutively and |
twenty]
removes all the blan
Resultant nodes:
spaces. y
[ KIKI® il
[tinn][sad[v @ h
[three][hundred]
[twenty]

2. | {DIGIT|IDOUBLE}, | Here, node {]8 [sad | Original nodes :
%a)('{ "§%b,{DIGIT KA '
ba)({ "RY6b.{ [hundred] has beer [ KN il
|DOUBLEY}):=(%a, deleted and attribut| [tinn][sad[v § h
+HUNDRED)(%b); HUNDRED has beel [three][hundred]

given to previous nod| [twenty]

[ k]Ation] [three]. Resultant nodes :
[ KIyall
[tinn][v @ h
[three][twenty]

3. | {SHEAD|CHEAD Here, SHEAD ang Original nodes:
|"BLK},%a)(DIGIT, | CHEAD mean sentence [ k]&y q]|
HUNDRED,%x) head and scope heg .

[tinn][v § h
(DOUBLE%y):=(%a |r especti vel

[thred[twenty]
ATT9)(%x&%y, used as negation mea

Resultant nodes:
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-HUNDRED,-DI GIT, | logical NOT. This rulg[ kA by i |

-DOUBLE,+000); concatenates nodgs k]A innv @ h

and  j]| to form a] [threetwenty]

single node] kA  gs Now. K ik @hree

shown in the action take
column. All attributes ar¢ andy iy 0 Bwento
removed fromthe final | are replaced by their
node and attribute®00|uni ver s al
is added to it to indicatand 0200,
that it is a three digi| and the final output
number. 320 is generated by

IAN as shown in

(4.15).

UNL generated by IANor sentence (4.133% given in 4.15).
{org}
k&®i |
{/org}
{unl}
[w] 320:08 [/w]
{lunl} ...(4.15
Her e, tide:sdd@ dnterinaly generated by the IAN tool.
UNLization of numbers has further been explained with the help of another example
sentence4.16).
pAcl~vry iRvr kAwlk+ Wl RI {g8kA o ..(4.16)
pfTj0Uh khar ab Rtgohh alifdaikbktihniann kar @

Five trillion twenty billionthirty threemillion eight hundred three

After tokenization of example sentengesen in (4.16) with IAN tool, twentyone
lexical items are identified as given 7).
[PA d{-1]} 0500( LEX=U, POS=CDN, NUM=PLR, DOUBLE) <
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N VvHK1Ywo(TEMP) <xxx, 0,

[yill{} 9200 ( LEX=U, POS=CDN, DOUBLE, NUM=PLR) <p

0>;

[RV{-1}RVD( TEMP) <xxx, 0, 0>;

[ kJA{lo}) 030(LEX=U, POS=CDN, DI GI T, NUM=SNG) <pan

NVvH4ANNVDETEMP)@Xx xx, O,

[kill{} 300 ( LEX=U, POS=CDN, DOUBLE, NUM=PLR) <p
WIKFL W0 0]( TEMP) <xxx, 0, 0>;

[RiI]gf } 080 (LEX=U, POS=CDN, DI GI T, NUM=SNG) <pan

{1861 H{&B8( TEMP) <xxx, 0, 0>;

Ten blank spaces are also identified-as:
[ ]{}o06o0(BLK)<pan, 0, 0>;

The process dfNLization of example sentencd.(6) is given inTable 4.8

& (4.17)

Table 4.8 UNLization Process folExampleSentence4.16)

S.No | TRule fired

Description

Action Taken

1. (%aBLK):=;

This Rule is fired ten
times to deleteall the
blank nodes as shown

Action taken column.

Original nodes :

[p A dOF v Iy 10
[Rv il kIAo v -
[k i JMCwi IO RS100{ 18

[ KJA o

[pTjOh][]1[kh

[arab] [][dqfin

[t oh] [] [(hilkkk

[sau][][tinn]

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

N[thirtyl0[lakh]leight]l]
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[hundred][][three]

Resultant nodes :

[p A4V My ilIRv 1]
[ KA o J[k=i JIwi] ]
[RGI{IE KIA o

[pTiUOh]l[khar
[tinn][kahP]
[al hi[sau][tinn]

[fifty][kharab][twenty]
[arab][three][crore]
[thirty][lakh][eight]
[hundred][three]

{DIGIT Here, %a refersto node| Original nodes :
IDOUBLE},%a) | [Rg] having attribute [p A d[F ¥ Hy i]IRv ]

("{ "K%b, DIGIT and %b refers to| [ kJA o J[k~j][wi] ]

{DIGIT node [ KJA ohaving| . "
[ROII{IE kIA o

IDOUBLE}):= _ :

attribute DIGIT. This -
ez, e deletes nodg Jand| oK DAL

rule deletes no n : , . L
+HUNDRED) K1 [tinn] [kahP]
(%b); gives attribute [al hi[sau][tinn]

HUNDRED to nodéba.
[fifty][kharab][twenty]
[arab][three][crore]
[thirty][lakh][eight]
[hundred][three]

Resultant nodes:

[P A4V Hy illRv 1]
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[ KA o J[k=i JIwi] ]

[RYIl KIA o

[ pfjUh]l[khar
[tinn] [kahD]
[al hi[tinn]

[fifty][kharab][twenty]
[arab][three][crore]
[thirty][lakh][eight][three]

({SHEAD
|CHEAD|"BLK
},%z)({DIGIT
|IDOUBLE},
HUNDRED,%x
Y{STAIL
|CTAIL|DIGIT}
,/"DOUBLE,
ADOZEN,™00,
%yY):=(%2z)(%X)
([fo11.[01,"0",
DOZEN,DIGIT)
(%y);

Here, %z refers to node

[wi ],]%x refers to node
[R§], and %y refers to
node [ Kk]JA d@his rule

adds a node [0] betwes
%x and %y. It also
attaches the attribute
ODOZENS®G

to this newly create

an(

node.

Original nodes:

[P A4V My ilIRv 1]
[ KA o J[k=i JIwi] ]
[RYII

[ pTiUOh]l[khar
[tinn][kahP]
[al hi[tinn]

k]JA o

[fifty][kharab][twenty]
[arab][three][crore]
[thirty][lakh][eight][three]

Resultant nodes:

[P A4V My ilIRv 1]
[ KA o J[k=i JIwi] ]
[RGIIO]

[ pTjUh][khar
[tinn] [kahD]
[al h][O][tinn]

KJA o
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[fifty][kharab][twenty]
[arab][three][crore]
[thirty][lakh][eight][0]
[three]

({SHEAD Here, %z refers to nodq Original nodes:
|CHEAD|"BLK | [R¢], %x refers to node [p A d[F ¥ Hy illRv ]

IDIGIT},%2) . .
[0], and %y refers to| [ KkJA o J[k=ij]wl] ]

(DIGIT,DOZEN o
node [ kJA @his rule| y
,%x)(DIGIT, %y [RY]O][ k]A o

= concatenates nodes$%x -
):=(%2z)(%x& Il pTi0h][Kkhar

[tinng[kahP]
-DIGIT,+00); [ai H[O][tinn]

%y,-DOZEN, | and%y.

[fifty][kharab][twenty]
[arab][three][crore]
[thirty][lakh][eight][O]
[three]

Resultant nodes:

[pA 4V Hy illRv 1]
[ KA o J[k=iJIwi] ]
[RGIO KIA o

[pTjUh]l[khar
[tinn][kahP]
[at H][Otinn]
[fifty][kharab][twenty]

[arab][three][crore]
[thirty][lakh][eight]
[Othree]

({SHEAD Here, %z refersto node| Original nodes:
|CHEAD|"BLK | [wl],]%x refers to node [p A d[F ¥ Hy illRv ]
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},%z)(DIGIT,

[R§], and %y refers to

[ KA o J[k=i JIwi] ]

HUNDRED,%x . , “ .
the node [0 k]JA @his| [R¢][0 K]A o
)(00,%y):=(%2)
(%x&%Y - rule concatenate®xand| [ p Tj Uh] [ khar
HUNDRED - %y to form the nodg [ t i n ni [ kigkkh[
DIGIT,-00, [R§O Kk]AThe attribute| [ai h][Otinn]
+000); 60006 is gi
- _ [fifty][kharab][twenty]
existing attributeg
[arab][three][crore]
DIGIT, 00, and
thirty][lakh][eight
HUNDRED are [thirty]] Jleight]
[Othree]
removed
Resultant nodes :
[P A4V Hy illRv 1]
[ KIA o J[k-i]Iwi]]
[R§O KkJA o
[pTiUh]l[khar
[tinn] [kahD]
[al hotinn]
[fifty][kharab][twenty]
[arab][three][crore]
[thirty][lakh][eightOthree]
{DIGIT Here, node %a refers to| Original nodes:
|DOUBLE [k i]1] %b refers to[[pA d[FV Hy illRv ]
|ITRIPLE},%a) “ . . «
R [R§O Kk]JA oThis rule|[ KJA o J[k=j]wl]]
("wl ")[%b,
deletes noddwi]Jand| [R§0 k]A o
DIGIT qwl] ] [Rg0O K]
IDOUBLE|000 | gives attribute LAKHtd[ p1j Oh] [ khar
|0000]00000}):=| node%a. [tinnj[kahP]
(%a,+LAKH) [al hotinn]
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(%b);

[fifty][kharab][twenty]
[arab][three][crore]
[thirty][lakh][eightOthree]

Resultant nodes :

[P A4V Hy illRv 1]
[ KIA o J[k=i]]
[R§O KkJA o

[ pTiUh]l[khar
[tinnj[kahP
[ail Hotinn]

[fifty][kharab][twenty]
[arab][three][crore]
[thirty][eightOthree]

({SHEAD
|CHEAD|"BLK
1,%2)({DIGIT
IDOUBLE]
TRIPLE},
LAKH,%x)(
{000|DIGIT
IDOUBLE
|STAIL|CTAIL}
ATEMPL,
A00000,%y):=
(%2)(%x)([[00]]
[00],"00",
THOUSAND,
DOUBLE,
LAKH_THOUS

Here, %z refers to node

[\ v ], %xrefers to nodeg
[k ]| and %y refers to
node R§O0 Kk]A drhis

rule adds a node [0(
between%x and %y. It
also th
attributes  THOUSAND
DOUBLE
LAKH_THOUSAND to

this newly created node.

attaches

and

Original nodes:

[PA AV Hy illRv 1]
[ KA o ][kl
[R§O KJA o

[pTiUOh]l[khar
[tinn]j[kahP
[al hotinn]

[fifty][kharab][twenty]
[arab][three][crore]
[thirty][eightOthree]

Resultant nodes :

[P A4V Hy illRv 1]
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AND)(%y);

[ KA o ][k~ ]{00]
[R§O KkJA o

[ pfjUh]l[khar

[tinnj[kahP

[00][al hotinn]

[fifty][kharab][twenty]
[arab][three][crore]
[thirty][OO][eightOthree]

(LAKH_THOU
SAND,
THOUSAND,
%x)(000,%y)({
CTAIL|STAIL},
%2z):=(%x&%y,
-THOUSAND,
-000;DIGIT,
-DOUBLE -
LAKH_THOUS
AND,+00000)
(%2);

Here, %x refers to nodg
[00], %y refers to node
[R§O Kk]A %z refers to

STAIL. This rule
concatenates node&bx
and %y. Attribute 00000
IS given to this nod¢
while all other attributes

are removed from it.

Original nodes:

[pAdIFy Hy ilRv ]
[ KA o ][k~i]{00]
[R§0 k]A o

[ pTiUOh]l[khar

[tinnj[kahD]

[al hotinn]

[fifty][kharab][twenty]
[arab][three][crore]
[thirty][0O][eightOthree]

Resultant nodes:

[pAdFy Hy illRv ]
[ KA o J[kill
[OORGO Kk]A o

[ pTjUh][khar
[tinnj[kahP
[00al hidtinn]
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[fifty][kharab][twenty]
[arab][three][crore]
[thirty][0OeightOthree]

9. (DOUBLE, Here, %x refers to nodq Original nodes:
LAKH ,%x)( [k i]| %y refers to node [p A d[F V¥ Hy illRv 1]
00000.360) [00R§0 KIJA @nd %z|[ k]JA o ][k~i]IOORGO K
CTAIL|STAIL},
%z):=(%x&%y, | refers to STAIL. This| o]
-LAKH,-DI GIT | rule concatenates nod [ pTi Oh] [ Kkhar
-DOUBLE, %x and%y and gives the (tinnl[kahp
-00000, attribute 0000000 to thi 004l Hotinn
+0000000)(%z);| concatenated node whi
removes all othe|
AttribUtes. [fifty][kharab][twenty]
[arab][three][crore]
[thirty][OOeightOthree]
Resultant nodes:
[P A4V Hy ilIRv 1]
[ KRo] -
[k i OORgO KkJA o
[pTjCh]l[khar
[tinnj[kar @
[t O hhDtidrg
[fifty][kharab][twenty]
[arab][three][crore]
[thirtyOOeightOthree]
10. | ({DIGIT Here, %a refers to nodq Original nodes:
IDOUBLE [ K]A %brefers to nodq [p A d[F ¥ Hy illRv 1]

[TRIPLE},%a)
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("\ v !.%b):=

(%a,+CRORE);

[\ v ]. Fhis rule deletes
node [\ v ] and gives

attribute CRORE to nod

%a

[ KRo] -
[k i OORGO KkJA o

[ pfjUh]l[khar

[tinnj[kar @
[t ¢ hhDtiorg

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

Resultant nodes:

[P A4V Hy illRv 1]
[ Kl&qOOR§O KJA o

[ pTiUOh]l[khar
[ t i nnTiHOtinglh O O

[fifty][kharab][twenty]
[arab][three]
[thirtyOOeightOthree]

11.

(DIGIT,CRORE
~ARAB_CROR
E,%3a)(0000000,
%b):=(%a&%b,
-0000000, -
CRORE,

DIGIT,
+00000000);

Here, %a refers to node
[ k]Aaad %b refers to

node

[k iOORGO K]A

This rule concatenate
nodes %b.
Attribute 00000000 s
this

%a and

given to
concatenated node whi
all other attributes ar

removed.

Original nodes:

[P A4V My ilIRv 1]
[ klfkqOORGO KJA o

[ pfjiUh]l[khar
[ t i nnTiHkOtinglh 0 0

[fifty][kharab][twenty]
[arab][three]
[thirtyOOeightOthree]
Resultant nodes:

[P A4V Hy illRv 1]
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[ kA O0RGO KJA o

[pTiUOh]l[khar

[ t i nnih0diMm]0 0 a

[fifty][kharab][twenty]
[arab]
[threethirtyOOeightOthree]

12. | {DIGIT Here, %a refers to nodq Original nodes:
|IDOUBLE [y i]l, and%b refers to| [p A d[F V¥ Hy illRv 1]
|ITRIPLE},%a) .. « N

node [ KA ORYY kJA o
("Rv r")(%b, KA GRG0 KIA o
: 90 k) [pTjOh][khar
{DIGIT . : -
This rule deletes nod [ t i n nitidirm]0 O a
|DOUBLE|000 . ,
[Rv 1] and gives [fifty][kharab][twenty]
|0000|00000
. [arab]
|000000 attribute ARAB to node
[threethirtyOOeightOthree]
|0000000 %a
|00000000
Resultant nodes:
|000000000}):= A Ay 1y i)
(%a,+ARAB) P a
(%h); [ kA ORGO kJA o
[pTjU0h]l[khar
[t i nnitGhrin]0 O a
[fifty][kharab][twenty]
[threethirtyOOeightOthree]

13. | {DIGIT Here, %x refers to nodq Original nodes:
IDOUBLE [y i1l, and%y refers to| [p A d[F ¥ Hy ill
|TRIPLE}, 3 . y

node [ kKA ORYO kJA o
ARAB,%x) [ KA GRG0 KIA
0 -
(00000000,%y): [pfjUh] [ khar
=(%x)([[0]],[0], | This rule adds anode [( [ t i n nitiOdirm]0 O a

"0",TEMP3,%2z)

between %x and %oy.
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(%y);

Attribute TEMP3 is

given to this new node.

[fifty][kharab][twenty]
[threethirtyOOeightOthree]

Resultant nodes:

[p A4V Hy ilP]

[ kA @ORGO KJA o

[ pTjUh][khar
[ t i nnitQdirm]0 0 a

[fifty][kharab][twenty][0]
[threethirtyOOeightOthree]

14. | (TEMP3,%a) Here, %a refers to nodq Original nodes:
(00000000,%b):| [0], %b refers to nodg [p A d[} ¥ Hy i]P]
=(%a&%Db, [ kKA RGO K]A o iy N )

[ KA ORIQ KJA o
TEMP3, _
This rule concatenate -
-00000000, [pTjUh] [Khar
nodes %a and %b. _ .
+000000000); , [t i n niti0jirfm]0 O a
Attribute 000000000 i
given to this|
[fifty][kharab][twenty][0]
concatenated node. _ _
[threethirtyOOeightOthree]
Resultant nodes:
[pA Qv iy ill
[0 kA 00RO k]A o
[pTjUh]l[khar
[0t i nnhdtipj 0 0 a
[fifty][kharab][twenty]
[OthreethirtyOOeightOthree]
15. | (DOUBLE, Here, %a refers tonode| Original nodes:

ARAB,%a)(

node [y i]| and %b

[P A4y Hy ill
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000000000,%b)

refers to mode

[0 kA 0RO k]A o

=(%a&%b, 0 kA QRGO kJA .
(Yeas% ! 6O KA Ol g Ohl[khar s
-000000000, , e
.This rule concatenat§ [ 0t i n nhbtpri] 0 0 a
-ARAB,
node %a and %bh.
-DOUBLE, _ -
Attribute 00000000000 if [fifty][kharab][twenty]
+00000000000)] . . . ,
given to this| [OthreethirtyOOeightOthree]
concatenated node.
Resultant nodes:
[PA4FVT
[y i0] kA 00RO k]A ¢
[pTjCh]l[khar
[ vohOt iihiDtinh]d h
[fifty][kharab]
[twentyOthreethirtyOOeight(
three]
16. | {DIGIT Here ,%a refers to nodq Original nodes:
IDOUBLE [p A d,-and%brefersto| [p A d[V T
ITRIPLE},%a)( . ) . )
node [y j]| This rule|[y iO] kA @OR¢gQ Kk]A ¢
"1 v ¥)(%Db,
deletes nod¢] viand|[ pTj Oh][khar
{DIGIT ) v o
_ _ [ vOohOt iimdmnn]d h
IDOUBLE|000 | gives attribute
|0000]00000 KHARAB to node%a.
[fifty][kharab]
|000000 . .
[twentyOthreethirtyOOeight(
|0000000
three]
|00000000
|000000000
Resultant nodes:
|0000000000 ;
[PA G ~|
|00000000000})
=(%a, [y i0 kA @RGO KJA g
+KHARAB) =

[pTj Uh]
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(%Db); [ vohOt iimDtnh]d h
[fifty]
[twentyOthreethirtyOOeight(
three]
17. | (DOUBLE, Here, %a refers to nodq Original nodes:
KHARAB ,%a)( | [p A d,-ad%b refers to| [p A 4 ~ |
00000000000, . N .
node [y i0 KA ORgQ KJA @
Yeb):=(%a&deb, [y i0] kA Q0RO k A -
-KHARARB, [pTj Uh]
-DOUBLE, ]. This rule concatenat§ [ v 0 h 0 t il iDtnh]Q h
-00000000000, | nodes %a and  %bh.
+000000000000 Attribute [fifty]
0); 0000000000000 is give [twentyOthreethirtyOOeight(

to this concatenate

node.

three]

Resultant nodes:
[PAc~Q KA|ORG(

KJA o
[ p¥j Uh v 0 hi et
n]

[fiftytwentyOthreethirtyOOei
ghtOthree]

Now, p A cp~1]|j dityd
y i Vo twenty , k #o
dhreed k i  gthirtyd ,
Ryahoei gdt o

replaced by their universal
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words 65060,
and 0806 resp
final output
5020033000803 is
generated by IAN as show
in (4.18).

UNL generated by IANor sentence (4.16% given in 4.18).

{org}
pAcl~vryiRvr kAw'k+ Wl Ri {g8§kA o

{lorg}
{unl}
[w] 5020033000803:0F [/w]

{/unl} ..(4.19

Her e 0 : @dpdintermally gehezated by the IAN tool.

4.7.2 UNLization of Ordinals
Ordinals numbrs in Punjabi language containtk d/y % & /| + h/@& 4 @s

suffix as inp | wova héi fifistd, T1 \ i k ¥ofwenty firsd, a§lcaut h U
ffourthd, k | & -9 fithitdd, respectively. In UNLordinals are represented in figures

and at ®ordinbkuties fAgi v e nitssemantics. Dudng r WNkation n

of ordinals, all rules fired will be same, with the only difference that after deleting

blank spaces, a new rule as given .19 will be fired. This rule will add

fi@ordinab attribute t o the whkolby &k pondi |

| + 84 .0
({DIGIT|DOUBLE|CDN},%x)("y "w %1 *'c :=(%x,0RD,att=@ordinal (4.19)

This rule gi @erdinakant athodbuthaviing any on:
ADIGITO, ADOUBLED, or ACDNO (being referred a%x) preceding any one of the
nodesy JE[wV¥4[Il M [c } TheUNLization process for ordinals hdeenpresented

usingsimple example sentencé.20).
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kA®iyl ¥ ...(4.20)

tinn séau vohv?U

three hundred twentieth

After tokenization of example sentence20 with IAN tool, six lexical items are
producedasgivenin (4.217).

[ k]B"8'(LEX=U,POS=CDN,DIGIT, NUM=SNG)<pan,0,0>;

[{ 1€-1}"{ "6TEMP)<xxx,0,0>;

[y il{}"20"(LEX=U,POS=CDN,DOUBLE,NUM= PLR)<pan,0,0>;

[y Kz1}'y @ EMP)<xxx,0,0>;

Two blank spaces are also identified-as :

[{}" "(BLK)<pa n,0,0>; ..(4.20

The lexical itemfi ¥ §z1}'y %2( T E MP ) < x »helpsif firifdg>of mle given in

(4.19 to attach the attributé@ordinalb. UNL generated by IAN for example
sentence4.20) is given in §.22).
{org}

kdwiyl %

{/org}

{unl}

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

{lunl} ...(4.22

Here, 6: 096 is the scope internally gener

4.7.3 UNLization of Temporary entries

Temporary entriesire entries that are not expected to be Uikéd, such as URL's,
e-mail addresses, phone numbees¢c. They are not included in the dictionary,
because the UNL is the same as the souFemporary entries are represented, in
UNL, between quotes, as natural language entries. For instance, the UNL for
fasfsdfdfdsi is fAasfsdfdfds, the UNL for fwww.undlfoudation.org is
fwww.undlfoundation.or etc. The UNLization process for temporary entries has

beenpresented usingimple examplsentence4.23).

Example 1:asfsdfdfdsf asfsdfdfdsisfsdfdfdsf ..(4.23)
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After tokenization of example sentence given 428 with 1AN tool, five lexical

items are identified, out of which three are the same temporary words aadetive

blank spaces, as given ih.24).

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

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

(4.24)

The process diNLization of example sentencd.Q3 is given inTable 4.9.

Table 4.9 UNLization Process folExampleSentence4.23

S.No| TRule fired | Descrigion Action Taken
1. (%aTEMP) | Here, %a refers to first Original nodes :
(BLK,%b) | temporary node gsfsdfdfdsf | [asfsdfdfdsf][][asfsdfdfdsf]
(c,TEMP) |flhavi ng attr Pbob|[][asfsdfdfdsf]
:=(%a)(%Db, | refers to first blank node [| resultant nodes:
-BLK, and %c refers to secon [asfsdfdfdsf][J[asfsdfdfdsf]
+BLANK) | temporary node gsfsdfdfdsf. | jasfsdfdfdsf]
(%c) ; This rule is fired twice
consecutively to  remov
attribute 0BL
blank nodes andgives them
attribute 0BL
done so that this blank nog
does not get deleted.

2. | (%a,TEMP)| Here, %a refers to first| Original nodes :
(BLK,%b) | temporary node dsfsdfdfdsf | [asfsdfdfdsf][][asfsdfdfdsf]
(%c,TEMP) |lhavi ng at t r Pbob|[][asfsdfdfdsf]
=(%a&%b | refers to first blank node [|] Resultant nodes:

&%o0); and %c refers to secon( [asfsdfdfdsfasfsdfdfdsf
temporary node gsfsdfdfdsf. | [][ asfsdfdfdsf
This rule concatenates no
%a, %b and %c as shown i
Action Taken column.

3. | (%a,TEMP) | Here, %a refers to first| Original nodes:

(BLK,%b) | temporary node apfsdfdfdsf| [asfsdfdfdsf asfsdfdfdf
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(%c, TEMP) | asfsdfdfdsf, %b refers to| [][ asfsdfdfdsf
:=(%a&%b | second blank node [], arfbc | Resultant nodes:
&%o0); refers to third temporary noq [asfsdfdfdsf asfsdfdfdsf
[asfsdfdfds]. This rule| asfsdfdfdsf]
concatenates nod#a, %b and
%c as shown in Action Take The final output generated
column. by IAN is as shown in

(4.25.

4.7.4UNLization of Prepositions
In UNL, prepositions are represented either by only relations or by both relations and
attributes. The UNL ofhe prepositioriiforo in different context isllustratedin Table
4.10
Table 4.10: Values of Prepositiéiforo

Value UNL | Examples
English UNL
Destination to flight to Patiala to(flight, Patiala)
Aim or purpose pur | prepared for the pur(prepared
examination examination)

Beneficiaryof an action | ben | played for Patiala ben(played, Patiala)

Object of a desire| obj | thirst for water obj(thirst, water)

intention or perception

Recipient (direction| gol | bakedcake for boy | gol(baked, boy)
addressee) of an action

Amount, extent man | a fine for ten bahts | man(fine, bahts.@for

On behalf of, in favol man | cheered for all class | man(cheered,

of, in place of class.@for)

As being man | misidentified me fon man(misidentified,
the manager manager.@for)

Duration dur | slept for a day dur(slept, day)

The UNLization process for prepositions hégenshown usinga simple example
sentence4.26).
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t ol«km¥ rv{k gy jkvA% o % k ~r ...(4.26)

mUz uttU pattd@si dkllrtObt asvdr U

The book on the table about Paris without pictures

After tokenization of example sentende26 with IAN tool, thirteen lexical items are
identified as given in4.27).
[t d{Ktable"(LEX=N,POS=NOU,NUM=SNG)<pan,0,0>;

[I K{}on"(LEX=P,POS=PRE,rel=plc,att=@on)<pan,0,0>;

[p ¥ K{WParis"(LEX=N,POS=PPN,NUM=SNG,SEM=LCT)<pan,0,0>;
[r ~]§"@bout"(LEX=P,POS=PRE,rel=cnt,att=@about)<pan,0,0>;

[k { v {{}’piture"(LEX=N,POS=NOU,NUM=PLR)<pan,0,0>;

[k Ar ¥)Mithout"(LEX=P,POS=PRE,rel=ma n,&@without)<pan,0,0>;
[ \ K]F'ook"(LEX=N,POS=NOU,NUM=SNG)<pan,0,0>;

Six blank spaces are also identified-as :
[ {}" "(BLK)<pan,0,0>; é (4.27)

The process ofJNLization of example sentencé&.Q6 has been illustrated ihable
4.11
Table 4.11 UNLization Process folExampleSentence4.26)

S.No | TRule fired | Description Action Taken

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

= node []. This rule is fired sif [t d[KkI K[p ¥ I[v {
times and deletes all the bla :
[r ~IN{k{ y ilM*Ar o
f \ Kl~r

[ mUz] [ ]pkiasi]t U
[bUOr U] (&t as
[ @i dJ ][ kit

spaces.

Resultant nodes:
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[t dlk Klp ¥ ][v {]v @
[k { vy ilk A YA K]~

[mUz] [uttOU]]
[t ad) pirbd &)U
[ kit UOb]

(N,%a)(P,
PRE,rel,att,
%b):=(%a,+
att=%b,+rel
=%b,+N);

(N,%a)(P,
cnt,%b)(N,
%c):=(NA(
%cC;%a,+att
=%b),%d,+
N,+CNT);

Here, %a refers to nod€

[p ¥ ],v%b refers to node
[r ~]vand %c refers to node
[k { y @without] This rule

resolves a re
first and second arguments &
%c and %a respectively. The
new node so formed is give
the name %d and attributeg
OCNT®O 0N
reasors as in previous rulg
th
relation is given attribtes of

%b.

and

Second argument of

Original nodes:

[t s@on]p ¥ ][V {]v =

INAC \ Kl~r

[k { y @without])]

[ MUz @n][pai

[ NA([ kitUOb];
[ t a $@githdut])]

Resultant nodes:
[t =@on][NA(INA(

[ \ Klitkr{ y i Vv %

@without]];[p ¥ Vv {

@about)])]

[ mUz @on] [ NA(
[t _a s ¥@withdut])];
[pairis@about])]
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(N,rel=plc,

Here, %a refers to nod¢

Original nodes:

att,%a)(N, | [t o@on], %b refers to nodq [t c@on][NA([NA(
"rel,6b):=( [INAINA( \ kkfy @with |[[ \ klifkr{ y | Vv %
NA(%b;%a
),#PLC,+N) | out)p ¥ @alout)]. This rulg @without])[;[p ¥ v {
resul ts i nt o | @about])]
with first, second arguments { [ mUz @on] [ NA
%b and%a respectively. . [t ads@wibhout])];
[pairis@about])]
(N,PLR, Here, %a refers to nodq Original nodes:
r@pl,%a):=| [k { y @without]. This rule [NA(NA(NA( \ K]~
G2 +@Ph: | dds attribut|[k{y @wihout)]
%a.

[p ¥ @aljout])];
[t =@on])]

[ NACI NA(CT NA(
[ t a $@withdiit])];
[pairis@about])];

[ mUz @on]) ]

Resultant nodes:
[NA(NA(NA(Q \ K~
[k { y @without@pl])];
[p ¥ @alfout])];

[t =@on])]

[ NAC[I NA(C[ NA(
[t a $@githolt@pl])]:;
[pairis @about])];

[ MUz @on]) ]
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(NA(NA(
%a;%Db),
CNT,%w;
%c),PLC,
%r):=(%w),
(NA(%a;%c
),+PLC);

%a refers to nodg

\ kKlitkr{ y i v %

@without@pl])] %b refers to
[p ¥ @aKout]

Here,
[INA([

node %W

to
\ klitkr{ y i v

@without@pl])];lp ¥ @alout

DI,
[t o@on],%r refers to origina

refers
INA(INA(T

%c refers to nod¢

node as shown in Action Take
column. This rule splits nod
%r into nodes %w and a ne
node having
with the first and secod
%c

arqument as %a and

respectively

Original nodes:
[INA(NA(NAC  \ K]~ r
[k { y @without@pl])];
[p ¥ @alfout])];

[t =@on])]

[ NACI NACT NA(
[t a $i@@ithdut@pl])];
[pairis@about])];

[ mUz @on]) ]

Resultant nodes:
Nodel:

INAQNA( \ Kli~

[k { y @without@pl])];

[p ¥ @aHout])]

[ NA(CLNA([ kit
[t a s ¥@withdut@pl])];
[pairis@about])]

Node2:
INA(INA([

\ K]~ r
[k { y ©@without@pl])];

[t =@on])]

[ NAC[ NA(T[ kit
[ t a S @withdut@pl])];
[ MUz @on 1) ]
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(NA(NA(%
a;%bh),
MAN,%w;
%cC),CNT,
%ir)
=(%w),(
NA(%a;%oc)
+CNT);

Here, %a refers to nod¢

[ \ k],~%b refers to nodg

[k { y @without@pl], %c

refers to p ¥ @alout], %w

to node

\ Ktkr{ y i v %

@without@pl])], and¥r refers
to
[INA(INA(L

refers
INA((

node
\ Kitkr{ y i v

@without@pl])];lp ¥ @alout

]]. This rule split nodésor into
nodes %w and a new nod
having relati
and second argument &ga

and%oc respectively.

Original nodes:
Nodel:NA(INA( \ K]~
[k { y @without@pl])];
[p ¥ @aHout])]

[ NAC[ NA([ kit
[t a s ¥@withdut@pl])];
[pairis@ about])]

Node2:

[NA(NA([ \ K~
[k { y @without@pl])];

[t =@on])]

[ NAC[ NA([ kit
[ t a $@Withdut@pl])];
[ mUz @on ])]

Resultant nodes:
Node 1:

INAC \ Kl~r

[k { y @without@p])]

[ NA([ kitUb];
[ t a 1 @githolt@pl])]

127



Node 2:

[NAC \ KJ~r
[p ¥ @akout])]

[ NA([ kitUb]:;:
[pairis@about])]

Node3:

[NA(NA([ \ K~
[k { y @without@pl])];

[t =@on])]

[ NA(C[ NA([ kit
[ t a $@Wpithdut@p])] ;

[ mUz @on]) ]

10. | (NA(NA( Here, %r refers to nodq Original nodes:
%a;%Db), [NA(INA( \ K]ikr{ y i v i Node 1:
MAN,%w, . [NAC \ Kl~
%0),PLC, @without@pl])); k& =@on])], |
%r):=(%w), | %c refers to node t[ o@on], [k {y @without@pl)]
(NA(%oa;%¢ %w refers to node _ )
e Y N R A e

@without@pl])], %a refers to
node [ \ k]~ roob refers to

node k { y @without@pl].

[t a $i@witholt@pl])]

Node 2:

INAC \ Kl~r
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This rule split node%r into
nodes %w and a new nod
having r el atthe
first and secondargunent as
%a and %c respectively. Note
that node %w is already
present and hence redundar
is removed by IAN tool and i
final UNL,

appear only once. Thereforg

redundant node

redundantnodes areshown in
Action Taken column only

once.

[p ¥ @alout])]

[ NA([ kitUb]:
[pairis@about])]

Node3:

[NA(NA( \ K~ r
[k { y @without@pl])];

[t c@on])]

[ NA([NA([ kit
[ t a $@Fithdut@p])] ;
[ MUz @on ])]

Resultant nodes:
Nodel:

INACC \ K~ r

[k { y @witaout@pl])]

[ NA([ kitUOUb];
[ t a S @@ithdut@pl])]
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Node2:

[NAC \ KJ~r
[p ¥ @akout])]

[ NA([ kitUb]:;:
[pairis@about])]

Node3:
[NA([ \ K]t ro@on])]

[ NA([ KkitUOb] :

11

(NA(%a;
%Db),CNT):
=cnt(%a;
%b);

Here, %a refers to nod¢

[ \ k]~%b refers to nodg

This rule

[p ¥ @aHout]
changes the name of relati
ONAD

same arguments as

t o
inhe

from

original node, as required it
the final UNL.

Original nodes:

Nodel:

INACC \ K~ r
[k { y @without@pl])]

[ NA([ kitUOUb];
[ t a S @@ithdut@pl])]

Node2:

INAC \ K~ r
[p ¥ @akout])]

[ NA([ kitUOb];
[pairis@about])]
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Node3:
[NA([ \ K]t ro@on])]

[ NA([KkitUOb] :

Resultant nodes:
Nodel:
[NA[ \ K~

[k { y @witaout@pl])]

INA(ki t Ob] ;
[ t a $@witthtut@pl])]

Node2:
[ent( \ K]~

[p ¥ @aHout])]

[cnt ([ kitUb]
[pairis@about])]

Node3:
[NA( \ K]t re@on])]

[ NA ([ km G zUdo] n;

(NA(%a; Here, %a refers to nodq Original nodes:
%Db),PLC):=|[ \ k]~ %b refers to nod¢ Nodel:
plc(%a;%b) INAC \ K~ r

[t a@on] This rule change

the name of r [k { y @wihout@pl])]
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t o opl co K €
arguments as irthe original
node, as required in the fin
UNL.

[NA([ ki tUb];
[t a s &@withdut@pl])]
Node2:

[ent( \ K]~

[p ¥ @aHou})]

[cnt ([ kitUb]
[pairis@about])]
Node3:

INA( \ k]ft re@on])]

[ NA([ kitOb];
Resultant nodes:

Nodel:

INAC \ Kl~r

[k { y @witaout@pl])]

[NA([kitU0Ob];
[t a s &@withdut@pl])]
Node2:

[ent( \ K]~

[p ¥ @aHout])]

[cnt ([kitOb]
[pairis@about])]
Node3:

[ple(l \ K];tt re@on])]

[plc([kitQOb]

13.

(NA(%a;

Here, %a refers to nod¢

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

[ \ k]~%b refers to nodg

[k { y @without@pl}

rule changes the name

rel ati on

keeping same arguments as

the original node as requirec

in the final UNL.

This

from

Nodel:

[NAC \ KJ~r
[k { y @without@pl])]

[ NA([ kitUb]:;:
[t a s @without@pl])]

Node2:
[ent( \ K]~

[p ¥ @aHout])]

[cnt ([kitUOb]
[pairis@about])]

Node3:
[plc([ \ K]:ft re@on])]

[plc([kitQOb]

Resultant nodes:
Nodel:
[man([ \ k]~

[k { y @witaout@pl])]

[man([kitUb]
[t_a s ¥@without@pl])]
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Node2:
[ent(( \ K]~

[p ¥ @aHout])]

Lcnt ([kitOb]
[pairis@about])]
Node3:

[ple(l \ K];tt re@on])]

[plc([kitUb]

Now all the natural
language words are
replaced by their universa
words and final output is

generated by IAN

UNL generated by IANor sentence (4.26% specifiedin (4.28) andits UNL graph is
shown inFigure 4.9

{org}
t ol«kp¥ rv~{ oy jkVAY¥ 0 Yok ~r

{/org}

{unl}

plc(book, table:01.@on)

cnt(book, paris:05.@about)

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

{lunl} ...(4.28)

picture.@without.@pl
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Figure 4.9 UNL Graph of (4.28)

4.7.5 UNLization of Conjunctions

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

UNL framework conjunctions are classified as coordinating conjunctions (COOQO)

which joins two or more items of equal syntactic importan¢® K',a"c % and

subordinatingconjunctions (SCJwhichintroduce a dependent clause liked The

UNLization process of conjunctions has been illustrated with the help of a simple

example sentencd.g9).

c~0¥pi fRkp~1T w

i On,

faad tr G , p (plol
John, Mary, Peter and Paul

..(4.29)

After the tokenization of example sentence giverdi29 with IAN tool, ten lexical

items are identified as shown .80).
[c ~]§"John"(LEX=N,POS=PPN,GEN=MCL,NUM=SNG,CAS=NOM)<pan,0,0>;

LI} (LEX=C,POS=COO,rel=and)<pan,0,0>;
[t ¥§'Mary"(LEX=N,POS=PPN,GEN=FEM,NUM=SNG)<pan,0,0>;

[p i f{VPeter"(LEX=N,POS=PPN,GEN=MCL,NUM=SNG,CAS=NOM)<pan,0,0>

[R K{¥'and"(LEX=C,POS=COO,rel=and)<pan,0,0>;

[p ~[{}"Raul"(LEX=N,POS=PPN,NUM=SNG)<pan,0,0>;

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

..(4.30)

Here,AGEN=MCLO means that gender is masculif@AS=NOM indicates that case

is nominal, iPOS=CO® i ndi cat es t hat nodeds

part

conjunctionThe process ofUNLization of example sentence4.9) has been
illustrated inTable 4.12

Table 4.12UNLization Process folExampleSentence4.29)

S.No

TRule fired

Description

Action Taken

(%aBLK):

Here, %a refers to a blank

Original nodes :
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node[]. This rule is fired four

times and deletes all the bla

[c ~lelllt ¥IMO[p i v
OIRKOEp ~1T w

spaces.
[ On] [, 1[110[m
[pagr ] [ 1 [ at U]
[John]L]I0[MarylIL]l
[Peter][][and][][Paul]
Resultant nodes:
[c ~IRllt ¥IM[p i v
[RK[p ~]T w
[ On] [, ] [lamai
[at U]l [pUOIIl]
[John][][Mary][]
[Peter][and][Paul]
(N,COMM | Here, %a refers to nodg Original nodes :
AAND,%a) | [p i f],v %b refers to node¢ [c ~]Bl[t ¥IMIp i f] v
(c.coo, [R K, ®%bc refers to p ~]1 This | [R K[p ~]1
,c refers to p ~]I This ~]I w
and, %b)(N, ’ P
ACOMMA | rule gives attribute [ | Un] [, ] [lamha i
AND,%c):=| 6 COMMAAND® ®a|[ at U]JomlMary]
(%a,CQMA | and%c. [.] [Peter][and][Paul]
AND)(%b)
(%c,COM Resultant nodes:
MAAND); [c ~1Bl[t ¥IMlP i flVv

[RKp ~1T w

[ On] [, ] [fatha i
[at U] [pUOI 1]
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[John][,][Mary][,][Peter]
[and][Paul]

(N,COMM | Here, %a refers to noddt ¥]y| Original nodes:
AAND. %a) %b refers to node[,], %c e ~lellt ¥Mip i 1 v
(C.CO0,%b fers to p i fl.vThis rule| [RK[p ~]1 w
refers i f]. ~
)(N,COMM ' P
AAND,%c) |91 ves attribui[jOn] [, ] [lahai
=(%a to nodeY%a. Lat U] [ pUII]
,+COMMA
AND) [John][][Mary][.][Peter]
(%b)(%c); [and][Paul]
Resultant nodes:
[c ~Ikllt ¥M[p i v
[RK[P ~]T w
[ i On] [, ] [lathai
Lat U] [ pUII]
[John][,][Mary][,][Peter]
[and][Paul]
(NSCOMM | Here, %a refers to nodéc ~]o| Original nodes:

(o) _ B
AAND. %a) %b refers to node[,], %c (e ~lollt #AMip i I v
(C,CO0%b fers to { ¥]vThis rule gives [RK[p ~]T w

re . ~
)(N,COMM J P
AAND,%c) [at t ri bute 6CA[j Un] [, ] [lamha i
=(%a, node%a. [at O] [ pUOI 1]
+COMMA
AND) [John][.][Mary][.][Peter]
(%b)(%c); [and][Paul]

Resultant nodes:

[c ~IRIt ¥Mlp i f v
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[RKIp ~1T w

[ i On] [, ] [lathai
[at U]l [pUOIIl]

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

(N,PPNCO

Here, %a refers to noddgc ~]p

Original nodes:

MMAAND , %b refers to nodd,], and%c (e ~lollt #AMip i I v
%a)(Gand . N
refers to noddt ¥]vThis rule| [RK[p ~]I w
COQ,%Db)(
NPPNCO |resolves a re|[j0On] [, ] [fathai
MMAAND , | first and second arguments §[_at U] [ p Ul | ]
%c):=(NA( | %c and %a respectively. The
%c;%g),+N, | Nnew node so formed is give [John][,][Mary][,][Peter]
+PPN,AND | @t t r i butPeNso, 6 Nj [and][Paul]
COMMAA land O0COMMAAND
ND); Resultant nodes:
INA([t ¥]yci~]hL]
[p i ¥I[RKp ~]T w
[ NA([ mairado];
[ a0 r [ [ @001 ]
[NA([Mary];[John])][,]
[Peter][and][Paul]
(N,PPN,CO| Here, %a refers to nodg Original nodes:
MMAAND, | [NA([t ¥]v[¢ ~]Q, %b refers| [NA([t ¥]¥ci~]al]
#a)(C.and, to node [,] and%c refers to| [p | fI[R K[p ~]1 w
COOMDX node p i f]. Fhis rule resolve; _
N,PPN,CO [ NA([ maDlklo] ;
MMAAND, |a rel ation ON[[ @y r][atU]]
%c):=(NA( | second arguments aféc and

138



%cC;%a),+N,
+PPN,AND
,COMMAA
ND);

%a respectively. The new nod
so formed is given attribute
ONO, O PPNOG,

0 COMMAANDG .

[NA([Mary];[John])][,]
[Peter][and][Paul]

Resultant nodes:
INA((p i iINA(t ¥V i

[c ~IDIRKIp ~1T w

[ NAfalrplo. [ NA(

[jOn])1)] [ a

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

({SHEAD| | Here, %a refers to nodg Original nodes:
CHEADD( | [NA([p i TINA(t ¥¥ci~Ip | [NA(p i TINA([L ¥V |
NANOU DI, %b refers to node R K,& [c ~]DI[R K[p ~]1
: refers to node 8 [c ~ ~1l w
PPN}%a)(| P
C,and,CCJ,| and %c refers to noded ~]I| [ NA {afl;iN@ ( [ ma i
b)(N, This rule resolves a relatic[ L Unag D) 0 p Ul
{NOUIPPN | s NA6  whose fi
hoee)(t arguments are%c and %a (NA(Peter}INA(Mary];
STAIL respectively. The new node Wohn)D] {and][Paul]
CTAILY:= formed is giwv
(NA(%c;%a and 6ANDS Resultant nodes:
),+N,+AND [NA(Cp ~TIN&(p i ;v
) INA(t ¥J¥ci~]PD)]
[ NA([ pUOliar;; [
[NA([ mairag],;
[NA([Paul];[NA([Peter];
[NA([Mary];[John])])])]
(NA(%a; | Here,%a refers to noddp ~]J | Original nodes:
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%b),AND): | %b  refers  to  nodq [NA([p ~JiN&(p i fl;v
=and(%a; NA(p i iINA(t ¥]Yci-~
%at:w).( @ | INAQP i TINAQE ¥FCI=IP| (e
’ ]]. This rule changes the nan
of relation f _—_—
[ NA(C[ pUliar;; [
keeping same arguments as - _
o | [LNA(C[ maUnm]g)]I;
the original node,as requireg
in the final UNL.
[NA([Paull;[NA([Peter];
[NA([Mary];[John]))])]
Resultant nodes:
[and(lp ~JIN&(p i ;v
INA([t ¥]yci ~1A)D]
[and ([ pUiai];] ;
[ NA([ mairag];
[and([Paul];[NA([Peter];
[NA([Mary];[John])])])]
(NA(%a; Here, %a refers to nodq Original nodes:
%b),AND): | [p i fl,v%b refers to nodq [and(p ~JiIN&(p i f];v
=and(%a; .
%b) [NA(t ¥]yci~]B. This rule| [NA([t ¥]yci~]d]]

changes the name of relati

from ONAOG to
same arguments as irthe
original node, as required i

the final UNL.

[and ([ pUlai]:] ;
[ NA([ mairadg];

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

Resultant nodes:
[and(fp ~Jjlamd((p i fl; v
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INA([t ¥]yci~TA)D]

[ and ([ pUlar] ;

[ NA( [Ima[i rjoUn

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

10.

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

Here,%a refers to noddt ¥]v
%b refers to noded ~]oThis

rule changes the name
relation from
keeping same arguments as
the original nade, as require
in the final UNL.

Original nodes:
[and(fp ~]{and(p i ;v
[NA([t ¥]yci ~]1)D]

[and ([ pUlia]] ;
[NAC[ maiDpD® ] ;

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

Resultant nodes:
[and([p ~Jiand([p i f|;v
[and(ft ¥]Yci~1P))]

[and ([ pUnarn] ;

c[and ([ mairQ

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

Now all the natural
language words are
replaced by their universa
words. Also, the inner
relations are replaced by

their scopes which are
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generated internally by
IAN. Note that, here
internal relations are not
resolved.The final output
is generated by IN as
shown in 4.31).

UNL generated by IANor sentence (4.293 specifiedin (4.31) andits UNL graph is

shown inFigure 4.10

{org}
c~0¥pi fRkp~1T w

{/org}

{unl}

and(Paut04)

and:04(Peter, :05)

and:05(Mary John)

{lunl} ...(4.30)

104

0
and
C pau a0,

LL) |
e and e q.ﬂ_e

Figure 4.10UNL Graph of (4.31)

Here a046andda056are the scopes internally generated by the IAN tool.
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4.7.6 UNLization of Determiners

Determiners areaounmodifiers which expres$eé reference of a noun or nephrase
in the context, including quantity. For examiilayo, fiyouro, fithiso, fithato etc The
UNLization process for ordinals has bepresented using simple example sentence
(4.32).

VI mir9@kvi SQR~r ¥ ...(4.32)

uhdigdp@ h utd ksi &atpbOU

His many looks

After the tokenization of example sentence giverdiB2) with 1AN tool, five lexical

items are identified as shown ¥ 33).

[V ] mi{}80Q.@3.@male"(LEX=D,POS=POD)<pan,0,0>;

[r | €k vI{}'8&y"(LEX=D,POS=QUA att =@multal)<pan,0,0>;
[ \ k]§"'bddk"(LEX=N,POS=NOU,NUM=PLR)<pan,0,0>;

Two blank spaces are also identified as:
[{}"(BLK)<pan,0,0>; ..(4.33)

Here,ALEX=DO i mp | i e s {ekicaltcategavydis determiner iPOS=QUA
implies that parbf-speech is quantityfPOS=POD implies that parbf-speech is a
possessive determinefFhe WV fimanyo is associated with an attribufe@multab.
The process ofJNLization of example sentencé.82) has been illustrated ihable
4.13

Table 4.13UNLization Process folExampleSentence4.32)
S.No | TRule fired | Description Action Taken

1 (%aBLK): | Here,%a refers toblank node| Original nodes :

= [I. This rule is fired twice an¢ [V | mi]IBrQ ¢ k- v]] S
deletes all the blank spaces.
[ \V k]~r %

[uhd dQ [ batit
[ ki &10b U
[His][][many][][books]
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Resultant nodes:
VI mil[SREk v]i SC

[ \ k]~r %

[ uhé&dbabuts U Blo O
[ ki #] UbU

[His][many][books]

(D,att,%a)(
N,%b):=(
%0b,+att=%a

);

Here, %a refers to nodq

[r | ¢k~ V] BlQrefers to
node [ \ k]- rTs rule

deletes the nod&a and gives
its attributes to nod&b.

Original nodes :
[VI millSRE k v]i S
[ \V k]~r %

[uhdgd®hahuwi s

[ ki #] UbU
[His][many][books]

Resultant nodes:

[V ] mi[S\Qk @muital]
[ u héd o K id@bhiitél
[His][books@multal]

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

Here, %a refers to node

[ \ k]=rTHis rule gives

attribute O6@p

Original nodes:

[V mil[SQk @muitall
[ uhéd & i @0hits)
[His][books@multal]

Resultant nodes:
[V| mj]SQ

[ \ k @mutal@pl]

[ uhédo U
[ k i &@rbulial@p]
[His][books@multal@pl]
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(D,POD,%a
)(%h):=(NA
(%b;%a), +
POS,%d);

Here, %a refers to nodq

[V| mi], 94 refers to nodg

[ \ k@mwal@p]. This

rul e resol ves

whose first and secon
argument are%b and %a
respectively. This new node §
formed is given an attribut

6POSO.

Original nodes:

[VI mi] SQ

[ \ k@muital@pl]

[ uhé] o U

[ ki di@nulal@p]
[His][ books@multal@pl]

Resultant nodes:
[INA([ \ k @muital@pl];

[VI miDlSQ

INA([k i t&@bnltal@pl];
[u h dip]0
[NA([books@multal@pl]
[u h dip]0

(NA(%a;%b
),POS):=pos
(%a;%b);

Here, %a refers to nodq

[ \ k@mutal@pl] and%b
refers to noddgV | mij. 9iys

rule changes the name
relation fron
keeping same arguments as
the original node,as requireg

in the final UNL.

Original nodes:
INA([ \ k @mutal@pl];

[VI miDlSQ

[NA(k i t&@mUltal@pl];
[u h dip]0
[NA([books@multal@pl];
[u h dip]0

Resultant nodes:
[pos([ \ k @muital@pl];

VI misSQ

[pos([k i t&l@EmUltal@pl]
Ju h dip]U

Now all the natural

language words are replact
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by their universal words an
final output is generated by
IAN as shown in4.34).

UNL generated by IANor sentence (4.32% given in @.34).

{org}
V| mirg@ kv SR~r %

{lorg}
{unl}
pos(book:05.@multal.@pl, 0:01.@3.@male)

{lunl} é (4.39)
Here,d014 a056are the scogs internally generated by the 1AN tool.

4.7.7 UNLization of Time

UNLization of time is almost similar as that of numbers because like numbers, their
UNL representation is realistice., without the use of any relation or attribute in final
output. TheUNLization process for time haseenpresented using simple example
sentene (4.35).

pA mvt-A f ...(4.35)
PandrAl mi

fifteen minutes

After the tokenization of example sentence given 4r35) with IAN tool, three
lexical itemsare identified as shown id.36).
[p A H{¥15"(LEX=U,POS=CDN,DOUBLE)<pan,0,0>;

[0 (BLK)<pan,0,0>;
[ t1&8"  t"AEMP)<xxx,0,0>; ...(4.39

The process ofJNLization of example sentencé.85) has been llistrated inTable
4.14
Table 4.14UNLization Process folExampleSentence4.35)

S.No | TRule fired | Description Action Taken

1 (%aBLK): | Here, %a refers toblank node| Original nodes :
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[]. This rule deletes the blank

[p A ffly ~t]A f

spaces. [Pandr GAR[ 1 [ m
[Fifteen][][minutes]
Resultant nodes:
[p A div HA f
[Pand®AD] [ mi
[Fifteen][minutes]
(U,CDN,{ |Here, %a refers to node Original nodes :
MYTIME| |[p A v %b refers to node [p A Aiv HA f
DOUBLE}, .o g :
|[ t]JAThis rule deletes th{[ Pand AD] [ mi
%a)({" t'A . :
ba)( _ . [Fifteen][minutes]
node%b and gives an attribut
IMINUTES | | .
O0MI NUTE S 8%at o
MZ},%b):= Resultant nodes:
(Y0a, [pA hv ~
MINUTES)
[Pandr U]
’ [Fifteen]
(MINUTES | Here, %a refers to nodq Original nodes:
,%a)({ [p A hWwee refers to STAIL.|[p A hv ~
STAIL . -
This rule adds anode [00] aft [ Pandr U]
CTAIL}, , .
| J node %a i.e. before STAILas| [Fifteen]
ASECOND . .
shown in Action Taken colum
S, : : :
and is given an attribute| Resultant nodes:
"COLONL, 5’ SECONDSH [p A Aie0+
0 0 .
ACOLONZ2, P

%oc):=(%a)(
[[00]],[00],
00",

[ Pandr U] [00]
[Fifteen][00]

SECONDS)

(%c);

({SHEAD| | Here, %a refers to SHEAD| Original nodes:
CHEAD}, | and%b refers to noddp A iy [p A {80}
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AHOURS,
ACOLONL1,
ACOLON2,
%a)(
MINUTES,
%b):=(%a)(
[[00]],[00],

This rule adds a node [00] aft
SHEAD and before%b as
Taker

This new node i

shown in Action

column.
attr

gi ven an

[P a n gooOJU
[Fifteen][00]

Resultant nodes:
[00][p A #{®0}

[00][Pandr U]

[OQ][Fifteen][00]

00",
HOURS)
(%b);
(HOURS, | Here, %a refers to nod€g00] | Original nodes:
%a)( having attr,i%b|[00][pA HOF
MINUTES, f A % -

refers to noddp A fand%c [00] [Pandr O]
%b)( . :

refers to node[00] having| [00][Fifteen][00]
SECONDS, ,

attribute d t8sE
%oc):=(%a) ,

rule adds node [:], bein Resultant nodes:

(
[CILEL™,

referred to 8 %x, between%a
and %b, and node [:], being

[00][:1[p A 1iy[00]

COLON1, [00] [: ][ Pang
referred to a %y, between%b .
%x)(%b)([[: o [00][:][Fifteen][:][00]
and%c. The nodéxx is given
RO an attribute
COLONZ2, _ . :
node %y is given attribute
%y)(%C); | .
O COLON26.
(HOURS, | Here, %a refers to nod€g00] | Original nodes:
%a)( having attr i%b|[00]]pA fV[00]
COLON1, |refers to node [:] havin
[0O0][:][Pang
%b) attri but e%cCddels .
) [00][:][Fifteen][:][00]
(MINUTES | to node[p A ) ed refers to
,%%c) : :
node [] having attribut¢ Resultant nodes:
(COLON2, | , ;
6 COL ON 2 34d refars tb| [[00][:][p A di:y[0O]]
%d
bd) node [00] haing dtribute
(SECONDS| | R [[0O0] [ :][Pan
OSECONDSO. T

,%e):=(%a

[[OO][:][Fifteen][:][00]]
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&%b&%c | concatenates all nodes to fo
&%d&%e, | a new hyper node as shown
-COLONL1, | Action Taken column. All the
-COLONZ2, | surplus attributes are remov( Now the natural language
-MINUTES | from this hyper node. worpA v + s r ¢

-SECONDS _ _
by its universal word and

-HOURS, , ,
final output is generated
-MYTIME, :
by IAN as shown in
-TIME_DI
- (4.37).
GIT,
HOURSMZ
-MINUTE
SM2);

UNL generated by IANor sentence (4.35% given in @.37).

{org}
pA mvt-A f

{/org}

{unl}

[ w] AO0OO0: 15: 000:08 [/ w]

{lunl} ...(4.37)

Here,G08dis the scope internally generated by the IAN tool.

4.7.8 UNLization of Verbs

Verbsare an important constituent of any natural language. They describe an action or
occurrence or indicate a stemiTheUNLizatdnei ng
process foverbs has begpresented using simple example sentenee3g).

V{ ot & £EAWCQvmi k ~ ...(4.38)
usnU&duubhl h mUOr dittU
He killed him yesterday

After the tokenization of example sentence giver#tiB& with IAN tool, seven

lexical items are identified as shown #h309).
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[V { §}'00.@3.@male"(LEX=R,POS=PPR,CAS=NOM,PER=3PS)<pan,0,0>;

V| HHED.@3.@male" (LEX=R,POS=PPR,CAS=NOM,PER=3PS)<pan,0,0>;

[\ T]{ty@sterday"(LEX=A,POS=AAV,SEM=TME)<pan,0,0>;

[t ~ v mi{ykil"(LEX=V,POS=VER ,TRA=TSTD,GEN=MCL,ATE=PAS,NUM

=SNG)<pan,0,0>;
Three blank spaces are also identified-as :
[ 1{}"(BLK)<pan ,0,0>;

Here, V0 and R0 indicatethat lexical category of those nodes are verb and pronoun

..(4.39)

respectively iTRA=TST® indicates that verb is direct transitiiidyPRd means that

pronoun is an indefinite pronoun wheré@@OP0 means that the verb is a linking verb

which is used to link the subject of a sentence with a predit@@EM=TME means

that semantics of a node is timehel process oUNLization of example sentence
(4.38) has been illustrated ifable 4.15

Table 4.15UNLization Process folExampleSentence4.38)

S.No | TRule fired Description Action Taken
1 (%aBLK):=; Here, %a refers to blank| Original nodes :
node [J. This rule is fired [V { HI[V | WBA J[vC
thrice and deletes all th 5
[t ~vm] k ~
blank spaces.
[usnUl& [ uh
kallh][ 1 [ mOr d
Resultant nodes:
V{HV| HEAwC
[t ~vm] k ~
[ us n Uf]kalli n 1
[mUOr ditt U]
2. (V,PAS,"@past, Here, %a refers to nodg Original nodes :
%a):=(%a,+att=| [t ~ v m]. Khis wle gives| [V{ HY | H\EH wC
@past);
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an attributt@

%a.

[t ~vm] k ~

[ us nUflkal n T

[ mUr ditt U]

Resultant nodes:

V{HV| HEAwWC

[t ~ vinl@past]

[ us nUflkali n T

[ mUr

ditt U@

(A%a)(V,TRA
=TSTD,%b):=(
NA(%b;%a), +V
+TRA=TSTD,+
TIM);

Here, %a refers to node

[\ 1],web refers to node
[t ~ v mi@past]. This rule

creates a r
between node&%ob, and %a
as its first and secon

argument respectively.

Original nodes:

[V{#HY| HEBwC

[t ~ v m@past]

[ us nUBlkalii n T

[ mUr

Resultant nodes:

[V{ HY | HNAK

[t ~vmi@pask[\ 1]

[ us n UBINAM n T

dittO@

[ mUr

ditt O]

(R,PPR%a)(V,
TSTD,%b):=(
NA(%b;%a),+
OBJ,V,TSTD,
+GEN=%Db,
+NUM=%Db);

Here,%a refers to node
[V | b %Arefersto node

[NA(t ~ v m@as};
[\ T])x C This rue reslves

a relati osband
%aas first and second
argument respectivelirhe
final node is given attribute

60BJ6 and th

Origind nodes:
[V { HV | HNA

[t ~vmi@pask[\ 1]

[ us n UBINAM n T

[ mWr tt U@pas

[kallh])]

Resultant nodes:

[V { BINA(INA(
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treated as verb.

[t ~ v mi@lpas];
NDWE | BIEA

[ u s INA(INA(
[mUr @padgkt U
[kallh])]:[u h &1}

({SHEAD|
CHEAD},%2)
(R,{CPR|PPRY},
%a)(V,TSTD,
%b):=(NA(%b;
%a),+AGT,V,
TSTD);

Here, %a refers toSHEAD,
%b refers to nodelV { §l

and %c refers to nodg

[NA(INA(t ~ v m@pask;
NIDWEY | DIEAThis rule

Original nodes:
[V { ENA(INA(

[t ~vm@pas}
N DWW | DIEA
[u s n[NIAY[NA(

resol ves a mUOr  @pasit U
with %b and%a as first and [kallh])]; [u h @])]
second argument
respectively.The final node Resultant nodes:
i's given at t]| [NAINA([NA(
this node is treated as verl [t ~ v mi@ask;
N IDWE | DIEA
V{9l
[NA([NA(INA
([ mUr@pdst t t U
[kallh])] ;[ u haii
[ushU
(NA(NA(%a;%Db | Here,%arefers to node Original nodes:
),0BJ,%w;%c), | [NA([t ~ v m@pask [NA(INA([NA(
AGT,%r):=(% . - y .
br)-=Cow [\ Dy %brefers to node [t ~vm@gask
),(NA(%a;%cC), \ T i '
%e,+AGT); [V | b ®Arefers to node N TDW@ | 9l 9]
[NA([NA(INA(
\Y Pow [NA([NA - -
[V { B RowNA(INA( [ mUr @pas} t U

[kallh])] ;[ u ha)i
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[t ~vm@gast[\ 1) C
[V | B]£And%r refers to

node[NA([NA( [NA(
[t ~vm@pask\ )W C
[V | DIEX{ D] This rule

splits the node into two
nodes%w and%e.Node%e
holds relation NA wittPoa
and%cas its first and
second argument

respectively.

[usphU

Resultant nodes:
Node 1:
[NA([NA(

[t ~ v m@pas}

N TDWE | DIEA

[NA([NA(
[ mOr @gdsit t O
[kallh])] ;[ u ham]i

Node 2:
[NA([NA(

[t ~vm@past[\ i)

V{ dF

[NA([NA(
[ mUr @dast; t O
[kallh])] ;[u s P]U

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

Here, %a refers to node
[t ~ v m@pas}, %b refers

to node[\ 1], W4 refers to
node NA([t ~ v mi@pas}
[\ T])iv @c refers to node
[V| b fakd %r refers to
node [NA([NA([t ~v mi
@pask[\ IDWE | DIEA

This rule splits anodeinto

%w and %&. Node %k holds

Original Nodes:
[NA(INA(
[t ~ v m@past;

N TDME | BIEA

[NA(INA(

[ mUr @gpastt t O
[kallh])] ;[u h @])]
Resultant Nodes:
Node 1:

[NA([t ~ v mi@as}

\NB)ge
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relation NA with %a and|[ NA ( [ m@pastH i
%c as its first and secon ;[kallh])]

argument respectively.

Node 2:
INA(t ~ v m@past

V1 DIEA

[ NA( [ m@pastl i
- [ udh T

(NA(NA(%a;%Db | Here, %a refers to nodg Original Nodes:
), TIM,%w;%c), |[t ~ v m@past, %b refers
AGT,%r):=(%w “ [NA([NA(

to node[\ |],W04 refers to -
),(NA(%a;%c), [t ~ v m@pask

%k, +AGT); node NA([t ~ v m@past| .
N IDWC{ D)
[\ 1] @oc refers to node

[V{ bland %r refers to] [NA([NA(
[ mUr @pastjt U
[kallh)] ;[u s r U

node [NA([NA([t ~v mi

@pask[\ TDWC { DI

This rule splits anodeinto
%w and %. Node %k holds| Resultant Nodes:
relation NA with %a and

%c as its first and secon Node 1:

argument respectively. [NA([t ~ v mi@pas}
A\ e

[ NA ([ m@pastyl i
;[kallh])]

Node 2:
[NA([t ~ v mi@pas];
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[V{ 9

[ NA ([ m@pastl i

Lusn N
9. (NA(%a;%b), Here, %a refers to nodg Original Nodes:
AGT):=agt(%a; | [NA(t ~ v m@pas)], and| [NA(t ~ v m@pas}
%Db);
%b refers to node\ { ¢l ;[V{ O]
This rule changes the nan [ NA ([ m@pastHl i
of relation |[;Juny
6agtdéd as req
UNL. Resultant Nodes:
[ag((t ~ v mi@kask
[V{ 9}
[agt ([ m@past]d i
Lusn ]
10. | (NA(%a;%b), Here, %a refers to nodg Original Nodes:
OBJ):=obj(%a; | [NA(t ~ v m@pas)], and| [NA(t ~ v m@past
%b); ;
%b refers to node\[| b |;[V]| DIEA
This rule changes the nan [ NA ([ m @past} i
of rel ation |[uhal]
6obj 6 as req
UNL.
Resultant Nodes:
[obj([t ~ v m@kask;
[V DIEA
[ obj ([ ®@past} d
[u h &)
11. | (NA(%a;%b), Here, %a refers to nodg Original Nodes:

TIM):=tim(%a;
%b);

[INA(t ~ v m@pas)], and

[NA([t ~ v mi@as}
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%b refers to node \[T].v:[\ 1D C

This rule changes the nan [ NA ([ m@past}l i
of rel ati on |[kalh])]

0ti mé as req
UNL. Resultant Nodes:
[tim([t ~ v m@pas}

NIDWC
[t i m([ @past] d
[kallh])]

Now all the natural
language  worsl are
replaced by thei
universal word and final
output is generated b
IAN as shown in4.40).

UNL gererated by IANfor sentence (4.383 specifiedin (4.40) andits UNL graph is
shown inFigure 4.11

{org}

V{ ot a £AWCY mi k ~

{lorg}

{unl}

agt(kill. @past, 00:01.@3.@male)

obj(kill. @past, 00:03.@3.@male)

tim(kill. @past, yesterday)

{lunl} ...(4.40)
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Figure 4.11 UNL Graph of (4.40)

4.7.9 UNLization 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 qualitiesUNLization
process for nouns and adjectives hasnpresented using simple example sentence
(4.41).

TV{! |MTiFMt | AI"RkT\oy ¥p Sw~ ..(4.41)

i k As dgba, idgorhdhmiat UapkOmnav 0

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

After the tokenization of example sentence given4ddl) with IAN tool, twenty
lexical items are identified as shown h42).
[{ | {}§'beautiful"(LEX=J,POS=ADJ,GEN=FEM)<pan,0,0>;

[* T 1f"¢ar"(LEX=N,POS=NOU,NUM=SNG)<p an,0,0>;

LI{}"™(LEX=C,POS=COO,rel=and)<pan,0,0>;
[t | ]'éxpensive"(LEX=J,POS=ADJ)<pan,0,0>;

[* T 1f"¢ar"(LEX=N,POS=NOU,NUM=SNG) <pan,0,0>;

[R K{#'and"(LEX=C,POS=COO,rel=and)<pan,0,0>;

[0 y][{#new"(LEX=J,POS=ADJ)<pan,0,0>;

[ p SM¥'mug”"(LEX=N,POS=NOU,NUM=SNG)<pan,0,0>;

Three nodes are identified as :
[T \{}""(LEX=D,POS=ART,att=@indef)<pan,0,0>;

Nine blank spaces are also identified-as :
[{}""(BLK)<pan,0,0>; ...(4.42)
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Here, iJo and AADJO representexical category and part of speech respectively as
adjective,iFEMO represents gender of the node as female,fARIIO indicates that
determiner is an article. Articles are used to express defngea | i k eetc 6 a 6,
The process oJNLization of example sentencé&.41) has been illustrated ihable

4.16

Table 4.16 UNLization Process folExampleSentence4.41)
S.No | TRule fired | Description Action Taken

1 (%aBLK): | Here, %a refers toblank node| Original nodes :
= [. This rule is fired nine time{ [T \]N[{ ! 00071 TR
and deletes all the blar

[TAIOCt [IB~TilR |
[RKHT\]0[o yl¥-
[ pSw~

spaces.

[i k] Po][[s]dhhg fa
[ik]O[mahi g ¢ ] [i 1601
[at U] [ ] [&l0k] [
[pi Ul 0]

[All[beautiful][[car][,]

[l[a][expensive][][car][]
[and][I[a]([new]([mug]

Resultant nodes :

[T+ 007 HIKIGT \]
[t 1R HRIKT \]
[oyl2p S~

[Kls @] [ 64 [ . ]
[mahidg © 1i[ bgla] a t
[nay Opi Ol O]
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[A][beautiful][car][,][a]
[expensive][car][and][a]

[new][mug]

(D,att,%a)(J
,%Db)(N,%c)
:=(NA(%c,
+att=%a;
%Db),+N,
+NOU,
+MOD);

Here, %a refers to noddT \],
%b refersto node[{ | [, jand
node %c refers to 1 1 JhThis

rul e resol ves

whose first and secon
argument are %c and %b
respectively. The attributes
node %a are given tothe first
6N

give

argu me n t of
This

attribute®HMOD

new node is

Original nodes :

[T 003 TiJRIGT \]
[t 1R * HRIKT \]

[oyl2p S~

[i k] Isi@@ha[ . ]
[mahidg 0 1i[bglal at
[nay Dpi U1 O]

[A][beautiful][car][,][a]
[expensive][car][and][a]

[new][mug]

Resultant nodes:
INA(A T @indef];

{1 DLIGT It 1A~

[T IRIKE \1[o y]¥2
[ pSw~

[NA(gal b @i ndef ]
[ sAH )1 [ . 14§ oK
[gal B] [ at U160 |
[pi Ul 0]
[NA([car@indef];
[beautiful])][.][a]
[expensive][car][and][a]

[new][mug]
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(D,att,%a)(J
,%b)(N,%9
:=(NA(%c,
+att=%a,;
%Db),+N,
+NOU,
+MOD);

Here,%a refers to noddT \],

%b refersto node[t | ]Aand;

node %c refers to 1 1 JhThis

rul e resol ves

whose first and secon
argument are %c and %b
respectively. The attributes

node %a are given tothe first

argune nt of 60N
This new node is give
attributes ON

Original nodes:
[NA(N T @indef];
{1 DLIGT\IE  [1AA
[T IRIKE \][o y] ¥

[ pSw~

[NA([gal ® @i ndef ]
[ s49H )1 [ . 164 6 K
[gal 5] [ at Ul80 i |
[pi Ul 0]

[NA([car@indef];
[beautifulD][.][a]
[expensive][car][and][a]

[new][mug]

Resultant nodes:

[NA(A T @indef;{ | )]
JLIINAC A T @indef];

[t ITARKT \][o y]¥
[ pSw~

[NA([gal & @i ndef ]
[ sA&H )1 [, ][ NA
[gal B @i ndefod g ]
[at U] [ @lk[lpginth
[NA([car@indef];
[beautiful)][,]INA(

[car@indel;[expensive])]

[and][a][new][mug]
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(N,NOU,
%a)(C,%b)(
N,NOU,%c
):=(NA(%c;
%a),+N,
+NOU,
+AND);

Here, %a refers to nod€

[NA( T @indef{ | DI i

%b refers to node [,] and@oc

node

| TA-~

refers to

[NA(A T @indef];t
This rule resolves a relatio
ONADO fi

argument are%c and %a

whose

respectively. This new node
formed is given an attribut

ONOG, ONOUO6, a

Original nodes:
INA(™ T @indef];
[{ 1 DILIINA(
[*T @indefl;t |~

[RK[F \][o y]i2 p Sw ~

[NA([gal ® @i ndef ]
[ sAH )T [, ][ N/
[gal B @i ndefdd g ]
[at U] [ @lk[]1pginta

[NA([car@indef];
[beautiful])][,]INA(
[car@indef];[expensive])]
[and][a][new][mug]
Resultant nodes:
[NA(NA(~ T @indef];

[t [IAINAC
M T @indefl{{ | DD i

[RK[F \][o y]ia p Sw ~

[NA(INA([gal & @i n d ¢
[mahidg 91 ) ] ; [ NA
[gal b @i ndeA] )|
[at U] [ @lk[lpginth
[NA([NA([car@indef];
[expensive])];[NA(
[car@indef];[beautiful])])]

[and][a][new][mug]

161



(D,att,%a)(J
,%b)(N,%9
:=(NA(%c,
+att=%a,;
%Db),+N,
+NOU,
+MOD);

Here,%a refers to noddT \],
%b refersto node[o y]¥and
node %c refers to [ p Sjw

This rule resolves a relatig
ONADO fi

argument are %c and %b

whose

respectively. The attributes
node %a are given tothe first

argu me n t of 0 N
This new node is give
attributes ON

Original nodes:
[NA(INA(( A T @indef];

[t | DAINA(
[* T @indefl{{ | DD i

[RK[F \][o y]i2 p Sw ~

[INA(NA(gal & @i n d ¢
[mahidg 6] ) ] ;Ii[BNA
@ ndefM} ] BWh
[i k] Blnfapiv@l U

[NA([NA([car@indef];
[expensive])];[NA(
[car@indel;[beautiful])])]
[and][a][new][mug]
Resultant nodes:
[NA(NA(~ T @indef];
[t | DAINA(

[T @indeft[{ | DD] i
[RKINA([ p S@indef];

[o y]¥

[INA(INA([gal b @i n d ¢
[mahibg 9] ) ] ; [ NA
[gal ® @ ndeA] )|
[at UL [ NA([pi
[ n a&y]o

[NA([NA([car@indef];
[expensive])];[NA(

162



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

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

Here, %a refers to nod€

[NA(NA(* T @indef];

[t |DAINACY T @indef];

[{ | DD].i %b refers to nodg
[R K mand %c refers to node
INA(  p S@indd];[o y]):

This rule resolves a relatig
ONADO fi

argument are %c and %a

whose

respectively. This new node
formed is given an attribut

ONG6, ONOANRDOa

Original nodes:
[NA(NA([ A T @indef];
[t | DAINA(

[* T @indefl{{ | DD i
[RKINA( p S @indef];

[o Y]}

INA(NA([gal b @i n d ¢
[mahidg 6] ) ] ; [ NA
[gal ® @ ndef] )]
[at U] [ NA([ pi
[ n a&y]0

[NA([NA([car@indef];
[expensive])];[NA(
[car@indef];[beautiful])])]
[and][NA([mug@indef];

[new])]

Resultant nodes:

[NA(NA( p S @indef];
[o YDYANA(L NA(
[T @indefl;it |k~
[NA(A T @indef[,[{ | D]

D]
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[ NA([ NA([pi U
[ n a@IINA(INA(

[gal G@indef];[mahiig § ]
INA(lgal § @i ndef
[s#H)])]1)]

[NA(INA(Imug@indef];
[new])J;[NA(L NA(

[car@indef];[expensive])];

[NA([car@indef];
[beautiful )]
(NA(%a; Here, %a refers to nodq Original nodes:
%Db),MOD): | [ p S@indef], %b refers to| [NA(NA( p S @indef];
=mod(%a; )
%b) [0 y]¥2This rule changes th [0 Y]J¥ANA([ NA(

name of rel at

O6modd keeping
as in the original noce, as

required in the final UNL.

[*T @indefl;[t |~ i
INA(A T @indef[;[{ | )]
DDI

[NA(C[I NA([pi
[ n a@IINA(INA(
[gal b @i ndefdd § ]
INA(lgal § @i ndef
[s#H)])1)]

[NA(INA([mug@indef];
[new]);INA([ NA(
[car@indef];[expensive])];
[NA([car@indef];
[beautiful)])D]

Resultant nodes:
[NA([mod([ p S @indef]
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[0 YDHANA(I NA(

[T @indef;t [T~
[NA(A T @indefl[{ | D]
DDI

[ NA([ mod ([ pi
[ n aBPIINA(NA(

[gal & @i nde fad § ]
JINA(lgal ® @i ndef
[s#hH)])]1)]

[NA([mod([mug@indef];
[new]);INA([ NA(
[car@indef];[expensive])];
[NA([car@indef];
[beautiful )]

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

Here, %a refers to nod€
[*T @indef], %b refers to

[{ | [I.iThis rule changes th

name of rel at
O6modd keeping
as in the original noce, as

required in the final UNL.

Original nodes:
[NA(mod([ p S @indef]

;[0 YD¥INA([ NA(
M1 @indefl;t | &~
INA(N T @indef[;[{ | D) j

)]
[NA([ mod ([ pi
[ n aBPIINA(NA(

[gal b @i ndefdd § ]
INA(gal § @i ndef
[s#6H)]1)1)]1]

[NA([mod([mug@indef];
[new]);[INA([ NA(
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[car@indef],[expensive])];
[NA([car@indef];
[beautiful])])]D]

Resultant nodes:
[NA(mod([ p S @indef]

;[0 YI¥INA([ mod(

M1 @indefft |~ i
INA(A T @indefl;{ | )]
DDI

[NA([ mod ([ pi
[_n aPIUINA(mod(

[gal b @i ndefdd g ]
INA(lgal § @i ndef
[smi)])]1)]
[NA([mod([mug@indef];
[new]);INA([ mod(
[car@indef];[expensive])];
[NA([car@indef];
[beautiful )]

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

Here, %a refers to nod€

[*T @indef], %b refers to
[t | ]AThis rule changes th

name of rel at

6moddé keeping
as in the original node as

required in the final UNL.

Original nodes:
[NA([mod([ p S @indef]

[0 YDFINA([ mod(

)
[NA(* T @indef[[{ | D]
D]

[* T @indef];[t

[ NA([ mod ([ pi
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[ n aPIINA(mod(
[gal & @i nde fad § ]
INA(fgal b @i ndef
[s#)]1)]1)]

[NA([mod([mug@indef];
[new])];INA([ mod(
[car@indef];[expensive])];
[NA([car@indef];
[beautiful )]

Resultant nodes:
[NA([mod([ p S @indef]

;[0 YD¥INA([ mod(

M1 @indeflit |~ |
[mod(* T @indefl;[{ ! [ j
)DDI

[ NA([ mod ([ pi
[ n @&PNINA(mod(

[gal ® @i ndefdd ¢ ]|

fmod([gai ® @i ndef
[ s#0H )] ) 1]

[NA([mod([mug@indef];
[new]);INA([ mod(
[car@indef];[expensive])];
[mod([car@indef];
[beautiful)])D]
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10.

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

Here, %a refers to nod¢

[mod([ p S@indef];l0 y]i

and %b refers to nodgNA([
mod(P* T @indef;t |1 "

[mod(I* T @indefl;{ | DDI i

This rule changes the name
relation from
keeping same arguments as
original node, as required

the final UNL.

Original nodes:
[NA(mod([ p S @indef]

[0 YD¥AN A([mod(

)
[mod(* T @indef;K | [ ]
)]

[* T @indef];[t

[NA(C[ mod([pi
[_n aPIUINA(mod(

[gal & @i nde fad § ]
Imod([gal & @i ndef
[s#H)]1)] )]

[NA([mod([mug@indef];
[new]);INA([ mod(
[car@indef];[expensive])];
[mod([car@indef];
[beautiful )]

Resultant nodes:
[and([mod([ p S @indef]

;[0 YDYANA([ mod(

[T @indefliit |~ |
[mod(* T @indef;{ | [ ]
DD

[and ([ mod([p

[ n a@PIINA(mod(
[gal b @i ndef&dolq
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[mod([gal b @i ndef
[ s/ )] ) ]

[and([mod([mug@inef];
[new]);INA([ mod(
[car@indef];[expensive])];
[mod([car@indef];
[beautiful)])D]

11.

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

Here, %a refers to nodenod(
[* 1 @indefl;t ]~ iand
%b refers to node [mod(
[T @indef;{ | DI i This
rule changes the name

relation from
keeping same arguments as
the original node, asrequired
in the final UNL.

Original nodes:
[and([mod([ p S @indef]

[0 YIFANA([ mod(

[*T @indef;[t |~ |
[mod([* T @indefl;{ ! [ ]
)DDI

[and ([ mod([p
[n aaP]INA(mod(
[gal b @i ndefdd g ]
:Imod([gal & @i ndef
[s®R)]1)]1)]

[and([mod([mug@indef];
[new]);INA([ mod(
[car@indef];[expensive])];
[mod([car@indef];
[beautiful)])D]

Resultant nodes:
[and([mod([ p S @indef]
[0 y]¥and([mod(

[* T @indefit  |TA " i
[mod([* T @indefl;f | [ ]
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)

[and ([ mod([p
[ _n a]ifand([mod(
[gal b @i ndefdd § ]
Imod(fgai ® @i nd e f
[s#H)])1)]

[and([mod([mug@indef];
[new])];[and([ mod(
[car@indef];[expensive])];
[mod([car@indef];
[beautiful)])D]

Now all the natural
language words are
replaced by their universa
words, internal hypernode
are represented by their
scopes as shown in final
output generated by IAN 3
given in @.43).

UNL generated by IANor example sentendd.41)is specifiedin (4.43) andits UNL

graph is shown ifrigure 4.12

{org}
TA{} [7Timdt | AI"RkT\ oy ¥%p Sw~

{/org}

{unl}

and(:06, :09)
mod:06(mug:OL.@indef, new:0J)
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and:09(:07, :08)

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

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

{lunl} ...(4.43)

109

07

mog
o car:0D.@indef
mug:0L.@indef
3
o

and

A
pue

Y

:08

i mog
car:05.@indef beautiful:03

Figure 4.12UNL Graph of (4.43)

Here,a033 G054 G074 G083 a09§ a0Bg a0Dg a0L§ a0XHare the scopes internally
generated by the IAN tool.

4.7.10UNLization of Pronouns

A pronounis a word or form that substitutes fonaun For example in the sentence
A did it mig & pronbub The WNizatsore prdcess for pronouns has
beenpresented using simpleexample sentencd.g4).

V| V{ o PAS\WV nj~¥ ...(4.44)

@ghh dpindr karadUO hai
He loves her
After the tokenization of example sentence given4d4) with 1AN tool, Seven

lexical items are identified as shown Mh45).

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

[V { H{}0b.@3.@female" (LEX=R,POS=PPR,CAS=0BL,PER=3p&),0,0>;

[ p S&'love"(LEX=V,POS=VER,TRA=TSTD)<pan0,0>;

[\ v m+ J8"(LEX=V,POS=AUX,ATE=PRS,PER=3PS,att=@present,attl=@male,

GEN=MCL)<pan,0,0>;
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Three blank spaces are also identified-as :
[{}"(BLK)<pan,0,0>; ...(4.45)

Here, ALEX=R0 represents lexical category prono@ROS=PPR represents paxif-
speech as personal pronoufiCAS=0OBIl0 means that case is oblique, and
APER=3P® represents '3 person. Rest every other tagset has been described in
previousexamplesThe process ofJNLization of example sentencd.44) has been
illustrated inTable 4.17

Table 4.17UNLization Process folExampleSentence4.44)

S.No | TRule fired | Description Action Taken

1 (%aBLK): | Here, %a refers toblank node| Original nodes :

=; []. This rule is fired thregimes| [V ][V { HIEAp S
and deletes all the blarn
[\ v ¥

[ @hh] (Gl [Uubpl
[ karadU hai

spaces.

Resultant nodes :

[VIIIV{ § £8 Sv
[\ v ¥

[ Ghh]d] gnilr]
[ karadU hai]
2. | (V,VER, Here, %a refers to nodg Original nodes :
TSTD,%a)(|[ p SV and %b refers to| [V |I[V{ H £A JVv
V,AUX,%b
):=(%a,+att
~06b,+GEN | deletes nodéseb and gives its [ @hihg d]i[ pi Ur ]

node [\ v m+]¥ This rule| [\ v n$¥

=%b, attributes to nodeba. [ karadU hai]

+NUM=

%b); Resultant nodes:
[VIIV{ b £A

[ p S@present]
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[ Ghh]lédlusnl

[ pi Ur @pr esen
(R,PPR%a) | Here, %a refers to nodg Original nodes:
(V,TSTD,% | [V { h &Ad%b refers to nodq [V |][V{ b £A
0)=(NAC [ p S@present] This rule|[ p S@present]
%b;%a),
+OBJ.V, resolves a re|[@hh]éusni
TSTD, first and second argument §[ pi Ur @pr es en

+GEN=%Db, | %b and %a respectively. Thig
+NUM= new node is given attributg Resultant nodes:
%Db): 6Vvo, 660BJ [V |IINA( p S@present]
vV { DIEA
[ Ghh] [ NA([ pi
[ u ]l
({SHEAD Here, %z refers to SHEAD, | Original nodes:
|CHEAD}, | %a refers to nodgV |], and| [V |][NA( p S@present]
%z)(R{ ;
%cC refers to  node|;[V{ PIEA
CPR|PPR}, NA <@ ; ;
resent]; . -
%a)(V, INAL P S0P Wi [ Ghh]diNA(@pr
TSTD.MCL | ] - This rule resolves a relatiq [_u siB]i
%b):=(NA(|0 NAG whose f i|Resultantnodes:
%b:%a,+att| argumens are %b and %a | [NA([NA(
=@male),+ | respectively. Thimew node is [ p S@present]Y { HIEA
AGT,V, given attrid.ul
[V D]
TSTD);
[ NAC[ NA([pi U
[ugh) ] : [ Ghh]
(NA(NA( Here, %a refers to nodeg Original nodes:
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%a;%Db),

[ p S@preserjt %brefers to

[NA(INA(

OBJ,%w; ) ]2 £/
’ node[V { § %o refers to node [ p S@presenty { I
YOLACT, vV 1)
%r):=(%w), | [NA( p S@present]lY { 9 £
o) -0,
(NA(%a;%c ], %c refers to[V |], and %r .
),%d,+AGT [ NAC[ NA(C[pi U
) refers to node [ ugihy) ] : [ @hh]
[NA(INA([ p S@present];
V{ DIEK[D]. This rule Resultant nodes:
Node 1:
splits the node into two nodé [NA({ p S@present];
%w and %d. The node%d
hol ds a relat[v{m£A
first and second arguments ¢
%a and%crespectively. INAQpi Ur @pr e s ¢
[usnl &1)]
Node 2:
[INA([ p S@preserit
[ 1]
[ NA([pi Ur @pr
[Bhh 1)]
(NA(%a,; Here, %a refers to nodq Original nodes:
%Db),AGT): |[ p S@present], and %b | [NA([ p S@preserit
“20O | efers to node\{[1. This rule [i [}
refers to nodeV\ |]. This rule
%Db);

chagesthe name of relatiof
ONAOG

in the final output.

from t o

[NA([piOr @pr

[ ohh ])]

Resultant nodes:
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[agt{ p S@preserit

[ 1

[agt ([ pi Ur @p

[ Ghh ])]

7. | (NA(%a:;
%b),0BJ):=
obj(%a;%b)

Here, %a refers to node
[ p S@present], and %b

refers to nodeV |]. This rule

chages the name of relati
from ONAOG to

in the final output.

Original nodes:
INAC([ p S@preserit

[V{ DIEA

INA(pi Ur @pr es ¢
[u s alj]

Resultant nodes:
[obj([ p S@preserit

[V{ DIEA

[obj ([ pi Ur @p
[ u spIl

Now all the natura
language words ar
replaced by their univers;
words and final output is
generated by IAN as give
in (4.46).

UNL generated by IANor sentence (4.443% given in @.46).

{org}

V|V{ o HS\Wv n~¥

{lorg}
{unl}

agt(love:05.@present, 00:01.@3.@male)
obj(love:05.@present, 00:03.@3.@female)

{lunl}

...(4.46)
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48 Role of X-Bar in UNLization

Ever since the UNL programme was launchgtliLization and NLization had been
done by vapbus computational linguists across the glolbevas realized that as the
natural language sentendascomemore and more complex, the mber of TRules
increases significantly and conflicts arises with the previously made TRules. Thus,
there was a need to follow a more systematic apprimadbNLization. Sothe X-Bar
approachs followed by computational linguists working under UNL progmaen

The X-Bar theoryassumeshat certain structural similarities are shared by all human
languagesomprisingof the saméasicsyntactic structuregecognizeda s X-Bagd 0
[172]. Theabstract configurationf X-Bar is showrnin Figure 4.13172].

XP
/N
spec XDB
/N
XB adjt
/N

X comp

|
Head

Figure 4.13 X-Bar AbstractConfiguration[172]

Here,

1 X specifies théhead, i.e., the source or nucleusf the whole syntactic structure,
which is actually derived Xandicatpsranj ect e
arbitrary lexical category (part of speech). The specific categories are assigned
during analysis of &osagpy ch dMdaomanduiieer ance
AV oforverb, Ja #djective oRO & off preposition.

1 comp specifies thecomplement It represents an internal argument and can be a
word, clause or phrase. It is important and completes the meaning of head. For
example, objects of transitive verbs.

1 adjt specifies theadjunct. It represents a word, clause or @aavhich alters the

head. It is not as much important and the sentence will be-foveied
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grammatically even after removing it. Therefore, adjuncts are expected to be
extranuclear.

1 specrepresentspecifier. It represents an external argument and itlsa@ word,
clause or phrase which determines the head.

T XB representsX-bar. It is the general name for any of the intermediate
projectionsXxoderived from i

1 XP (X-barbar, X-doublebar, X-phrase) is thenaximal projection ofiXo.

Consider arexample sentence given #h47).
The beautifutortoise won the race. .(4.47)

X-Bar configuration of example sentence givendid) is shown inFigure 4.14

| vp

| NP
Jp— - [ ve [

.- i |
l DB J P [ ~
I D [ i I \Y%
I B tortoise "

Lo
I the ||_ I . I DB N
. d J -
VWOon I.T

| beautiful
I the

—
=
w
N
(V]

Figure 4.14 X-Bar Structure ofExampleSentence4.47).

In example sentencd .47), the first determinerfithed is promoted up to its maximal
projection AiDPY, adjectivefibeautifub is promoted to its maximal projectididPo,
and the nouritortoised is promoted to its intermediate projectiiBo. The iAJPo and
ANBO combineto form the intermediate noun projectiGNBO which later combines
with AiDPoto form a noun phras@NPo.

In this exampleconsider the substrin@von the race. Here, verliiwono is promoted
up to its intermediate projectidivBo, determineriithed is promoted to its maximal
projectionfiDPO, and the noufiraced is promoted to its intermediate projectiddBo .
T h eDPofandiiNBO combineto form the maximal noun pregtion iNPO which later
combines withiivBo to form a verbal phras@/Bo, which is in its intermediate
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projection. The AVBO combines with the maximal projectiofiNPo (iNPO is the
maximal projection of substrinfthe beautiful tortois® to form the verbal phrase

fivPO which is in its maximal projection.

49 Transformation (UNLization) using X-Bar Approach

While using %Bar approach, UNLization is performed in five steps,, parsing,
transformation dearborization,interpretation, andectification. These are shown in
Figure 4.15

NL input (list)

l Parsing
Surface Structure (tree)
l Transformation
Deep Structure (tree)
l Dearbofisation
Syntactic Network

l Interpretation
Semantic Network

l Rectification/ Post-processing

UNL Graph
Figure 4.15UNLization Steps

Each of these five processa®explainedas follows

A. Parsing

When an inputlocumentis tokenizedby IAN then it is in list form. In parsing,the
initial list structure istransformed to tree structure as depicted-igure 4.16 In

parsingthe syntacticanalysis of the normalized input is performed.

tree

Figure 4.16 Conversion ot ist Structure toTreeStructure by Parsing
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Consider an example sentence giverinig).

John did not kill Mary. ..(4.48)

After tokenization and removing blank spaces the list structure is like
[John][did][not][kill][Mary]. After parsing this list structure gets converted to tree

structure as shown faigure 4.17

i
J::;:"l:;’r;l ' ;B j
| ‘ vP ‘
[John][did][not] R - '_\,'B_
[Kill][Mary] ' aF r |

::
— W

i ‘ NP
i k.n 7‘  Mary

Figure 4.17 Parsing

B. Transformation

The tree which is obtained afteansing is in its surface structur@ome dependency
relationsthatare important in the UNLization process are not presdntthe surface

strud¢ ur e. For exampl e,Joho dichsof killéviarg 1 h &Pos e it e n
fiJohrd i s signified at t h&fdipooskilMarn odfutspec
i mportant NRB rmov e htehipsosii t i YR kiliMarys petnfi e
order to do that, the surface structure is converted into a deep structurdedfhe

syntactic structureis more appropriate to the semantic interpretatiom.the
transformatiorphase, this surface tree structure is converted intodifiethtreeso as

to represent itdeep syntactic structure sisown in Figure 4.18

. SURFACE DEEP T R E E
STRUCTURE STRUCTURE

Figure 4.18 Conversion of Surfac8tructure to Deejstructure
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Consider the same example sentence gived.#8) The surface structure which is

obtained afteparsing is converted tilve deepstructure as shown irigure 4.19

SURFACE STRUCTURE DEEP STRUCTURE

P
y

NP h ] -
B
“ John H

ety = i 1} { A
e
[ | I VP ' ‘ . -

. did . vB I [ AR
VE
. AP h o 4 = .
not v NP
K Mary

. v ' NP
kill Mary

Figure 4.19 Transformation

C. Dearborization

UNL graph is a network rather than a trébe deep syntactic strucauobtained after
transformatiormu s t deérteorizédin order to convert it into UNLIt is performed

by rewriting X-Bar relations XP, XB as headlriven syntactic relationsXG,XC, XA.

In dearborization, tree structures are converted into -de@dn structures. These
head driven structures are further converted into intermediate semantic relations like
AV, AVCO, MVAO etc In theserelations, the first character ¥, AVCo, andiVAD,

i.e., iVo indicates that the first argument is a verb, while second chaf&XefiCo,
andfAo indicates that the second argument of a relation is specifier, complement or
an adjunct respectively. Thetwork structure of example sentergigen in (4.48)

obtained aftedearborization is shown iRigure 4.20
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TREE STRUCTURE NETWORK STRUCTURE

Figure 4.20 Dearborization

D. Interpretation
In interpretation, syntactic network obtained aftearborization is simply mapped to

a semantic networthat is obtained afteanalyzingthe arguments of each relation as

SEMANTIC NETWORK

shown inFigure 4.21

SYNTACTIC NETWORK

v

vC OBJ

Figure 4.21 Interpretation

In the above example, nodigoto assigns the attribut@nod to theUW fkill 0. The

nodefinotd does not form any relation with any node.

E. Rectification/ Postprocessing
In postprocessing, the resulting graph is adjusted according to UNL standards to
remove redundancies and contradictidrsr example, consider the rule giver#ia9.

(@pl,{@multal|@paucal|@all|@both}):=@pl); ...(4.49
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This rule eliminates the redundancyfi@plo. The idea othe pluralis already being
conveyed byfi@multab, f@paucad, fi@allo, or fi@botld. Therefore f@plo is
redundant and should be fixed.,3w®re i@plo is removed with the help giost

processing rules.

410 Working of IAN/UNLization Module with an Example

Sentence

The working of the proposed system has been expldipembnsidering thexample
sentence taken from AESORL corpus. AESOFAL is the latestcorpus provided by
UNDL foundation AESORAL contains the famous story éThe Tortoise and the
Hared from Aesop's Fabled-or UNLization AESORAL is manually converted into
Punj abi | anguage-l apdt apt a bfdlerhg dulgséttionsI h e

give adetailedexplanation of UNLization of Punjabi natural language.

4.10.1 Normalization
Since the corpus is in a paragrdphm hence with the help of NGrammarrule as
given in @.50), the paragraph is broken down to 13 sentences as shown in4Tkble

as an input to IAN.
(%a, An| 0) ( APoA(STALWADYL ) ...(4.50)

Her ébp® 6f ers to node 6| 6 which indicates
similar to t hteBnglighlartguaget Tihis KGradmmab adds nhe tag
<STAIL> after every sentence end. The tag <SHEAD> is assigunixinatically after
<STAIL>. So, because of this f&rammar rule, the paragraph is broken into

sentences as givenTrable 4.18

Table 4.18 Sentences of AESGR1
Sr No. | Punjabi sentences of AESORAL
L. t T ATGiv ns mSVr &
Uarr g @skha cacthU k u mmU
AThe Hare and the Tortoiée
2. t F APMSMS PRy nR BT GTE MSME t 4881 L
Uarr g @skid i mU kacchi kRunmpréd@ rdlU halud o
ul0i O
AThe Hare one day ridiculed the short feet and slow pace of
Tortoise
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my nRhESSHP O §
kacchlT kummU nU javOb dittU
The Tortoise replied

RSGs SBOTOBIOIPREBNI BT SS L n s
bh@Gvwdhav U dd Uza rhdela,8rdduivich a r U dgdd)
AThough you be swift as tinand, | will beat you in a race

t F APBS3H vERF RInS RARGN T SPOBFSS ¥ N L

Uarr g @& tngatl bilkulasambhat aggo at U prast
AThe Hare believed her assertion to be simply impossible and asser
theproposab

| s PPHY SPRS \WiIOUST TS 88V 6 Th S
uhtd@U0 manninyd wartdty §ndtOU mi tt hUgo
AThey agreed that the Fox should choose the course and fix the gog

PtRLSPF pS BRtaBRMS G330 S
dayl g r dh Or i @ n @iikink ddawv® kot U
AON the day appointed for tmacethe two started together

mv n& SSAWL $

kacchlT kumm@ ruki U naho
fiThe Tortoise did not stop

| sstRBRNS QEATNOMS SHHBRE

uh haulag Up &r ptaksh daih Ua k Oprd U g
AShe went on with a slow but steady pace straight to the end
cours®

10.

t FAFTSO SAVRRVIE &n L ATt SV mEn L
Uarr g @s hictr taas it IUCbaib a ikBkkth i j h agpik §
AThe Hare laid down by the wayside and took a nap under a tree

11.

LNfl sI SOt SUNDREP tUNBE 7l si s BTES

Ukharifi Whap 0 diann §s a Ka U unsbahdtc jpl a |
AAt last, he woke up and ran st as he could, but it was too late

12.

mv np HSSREERLE NV v SamL

kacchTl kumm( pdedhjitt Okki O s
AThe Tortoise had already won the race

13.

stRBN S OF WS NvsOP $

haul 0 par | aqg®jtiOrt d@ark&id dau
ASlow but steady progress wins the @ace
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Out of the sentences given Table 4.18 UNLization of Punjabi natural language is

illustrated byconsideringhe example sentengéven in @4.51).
t F PSS PRy nRBinTBa/IT BT RSM$ t 4881 L .(4.51)

Uar g@sh nU i k di n0 kpadcacrhll khuanam H ddlil) 1@ hd@)

fiThe hare one day ridiculed the short feet and slow pace of the tartoise

4.10.2 Tokenization
During tokenization of example sentergigen in @.51) with IAN tool, twenty two

lexical items are identified as given ¥kh%2).

[t T Al baré¢(LEX=N,POS=NOU,GEN=MCL ,NUM=SNG)<pan,0,0>;
[PI-1}""( LEX=P,POS=PPSrel=agf<pan,0,0>;

[T\ S B{f oneday"(LEX=N,POS=NOU,rel=tim)<pan,0,0>;
[mv A" wBoisd(LEX=N,POS=NOU,NUM=SNG)<pan,0,0>;
[PI{F"'( LEX=P,POS=PPS,rel=mod)<pan,0,0>;

[n T6 dhort(LEX=J,POS=ADJ)<pan,0,0>;

[p t{F' $odt'(LEX=N,POS=NOU,NUM=PLR)<pan,0,0>;

[T @ and(LEX=C,POS=COO,rel=and)<pan,0,0>;

[s tHR $low'(LEX=J,POS=ADJ,NUM=SNG)<pan,0,0>;

[N ${{R pacé(LEX=N,POS=NOU,NUM=SNG)<pan,0,0>;

[P B}"'( LEX=D,POS=ART att=@ef)<pan,0,0>;

[rt 86 s N ridicule’(LEX=V,POS=VER,att=@past, N\UM=SNG)<pan,0,0>;

Eleven blak spaces are also identified-as
[{}" "(BLK)<pan,0,0>; .(452)

4.10.3 Parsing
After parsing, he example sentence given in53.is converted to tree structure as

shown inFigure 4.22
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g =

VARV A NN
AN AN AN AN |

[HOOH] S Ee o [Faed v [ [E 1 AT WS ] S SN O [l Ha = S Taam]

Figure 4.22 TreeStructure forExampleSentenceGiven in (451)

The UNL generated aft@arsing phase is given id.63).

NP:01(foot@pl;shor)

NP:02(pace;slow)

and:03(02;01)

NP:04(03tortoise@de)

VB:05(ridicule @pasi04)

VB:06(050neday)

VP(06;hare@de) é (453

4.10.4 Transformation

As described in section ¥.1, in transformation phase¢he surface tree structure is
converted into a modified tres® as to represent illeep syntactic structure. However,

in the given example there is no need to convert the surface tree structure as given in
Figure 4.22because in this surface tree structure,diéep syntactic structure is

already exposed.

4.10.5 Dearborization

In dearborization phas¢éhe example sentence given 1) is converted to network
structure.

The UNL generated aftelearborization phase is given h34).

NA:01(foot @pl,shor)

NA:02(pace,slow)

and:03(02:01)
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VA(ridicule.@pasfone day)

VS(ridicule @pasthare@de)

NA:04(03,tortoise@de)

VC(ridicule. @def04) ..(454)

4.10.6 Interpretation

In Interpretation phaséhe example sentence given $h51) is converted to semantic
network.

The UNL generated aft@nterpretations givenin (4.55).
agiridicule.@past,hare.@def)

tim(ridicule.@pasbneday)

obj(ridicule. @past04)

mod:04(:03,tortoise. @def)

and:03(02,01)

mod:02(pace,slow)

mod:01(foot. @pl,short) ...(4.55)

The UNL generated aftéheinterpretatiorphase does noéquireany rectification or
postprocessingecause there are no contradictions and redundancies. The final UNL

graph ofthe examplesentencegivenin (4.52) is shown inFigure 4.23

— T

04
ridicule.{@past
. :03

l _ 02

ﬁ/ \ C o
s -

s - )
i\k hare.@def> K\ one ua1,r> (Jurtui;e.@dﬁ)qL Y

Figure 4.23UNL Graph ofExampleSentenceGivenin (451)

As discussed previously this chapterthe purpose of thlAN/UNLization moduleis
to convert natural language senterfce., the questionasked by the user through
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devel oped QA& BMN. Theartalgsis madal@énvokesUNLization/IAN
moduleof the source natural langua¢feunjabi in this case)n order to UNLize any

given corpus or question asked by the user, IAN uses the natural language dictionary,
normalization rules (NRules), transformation rules (TRules) and digaatibn rules
(DRules) of the source natural language. These resources are created according to
UNL specificationd153]. Dictionary, NRules, TRules, and DRules are created by the
computational linguists of the respective natural language and storedLaiveiN

[160]. IAN convets the natural language corpgeitences into UNLwhich onbeing
invoked by theanalysis moduleof developedjuestionansweringsystem returns its

UNL.

Similar to IAN, with the help of EUGENKEdEepto-sUrface GENEratQrtool UNL

can be converted to any natural language with the helgeoérationdictionary,
TRules and DRules. This process is called NLization or Generation. Details of
EUGENE have been wered in Chapter 6 of this thesiEhe wayanalysis moduleof

the developeduestionansweringsystem invokes IANjts generation modulenvokes
EUGENENLization moduleto convert the answer into the target language (Punjabi

in this case).

Section 4.1 illustrates thathow IAN and EUGENEare configured andnvoked by
theanalysis andyeneration modukeof the developequestionansweringsystem.

4.11 Configuring and Invoking IAN (UNLization Module) and
EUGENE (NLization Module) of the Proposed QAS

The analysis moduleand generation modulef the developedjuestionanswering

system invokelAN and EUGENE module athe sourceand target natural language
for UNLization and NLizationrespectively Before IAN and EUGENE can be
invoked, certain settings and additionged to be done which are a kind of

prerequisites for this.

4.11.1 Prerequisites of the Proposed System

UNLization and Nlization of a natural language can be done using the proposed
system if its IAN and EUGENE modules are present. The owner of that module
should have configured the web service from its accoannUNL web [160]. The
configuration of web service from an account on UNL dev

(www.unlweb.net/user/index.phg)as beenexplained irnthefollowing steps withan
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example of Punjabi language.
Step I Sign in to the existing UNL web account from the togage as shown in

Figure 4.24160].

€ | » @ | www.unlweb.net/user/index.php?page=Ilogin

UNLWeb | gNLaFium | gNLcommuns v | UNLEev | UNLforum | gNLIab | UNLVersity | gNL

j‘q UNLweb

‘the UNL Community Portal

Welcome to the UNLwWeb

Username |parteek

~

Cancel Sign n

Forgot username or password?
Create an account
Login as guest
Terms and conditions

Figure 4.24 Step 1 taConfigureWeb ServiceFrom UNL Web

Step 2 After signing in,the userneeds to navigate to UNL dev as highlighted in
Figure 4.25

€ ) @ | wounlweb.net/user/indexphp?

UNLweb | gnLarum | gupcemmunitd | gupdey | Sng foram | gupiab | g ven

% UNLweb

the UNL Community Fortal

Parteek Kumar Parteek Kumar
Level @
Al

Language Profiles @
= Hind rainee

Figure 4.25HomePageof Logged inUserContaining UNLDev Link

Step 3. After navigating to UNL devthe userneeds to navigate to Web service

configuration screen from WS EDITOR as showikigure 4.26

¢ | Q search wBe O 4+ & 0O

NLwiki | VALERIE | Contact Parteek Kumar | Logout

:nt is for registered users only. In order to get full access please follow the sign in link an top.
fwikif).

LEEDITOR | SEAN | UNLEDITOR | UTK [ WS EDITOR |

Figure 4.26 UNL Dev Page ofLogged inUserContainingWeb ServiceEditor Link
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Step 4 After step 3user will be navigated to the Web service editor as shown below
in Figure 4.27and after clicking on UNL WS Configuration linkhe userwill be
redirected to its WS Client configuration home page as shoWwigure 4.27

[ e UNL Platform - UN... < \+ BEE - ©

wB O % & O =

Parteek Kumar | Logout

welcome

Go to UNL WS Configuration.

ling in your account.
g : What's new ?

figuration done in this
wversion 1.0
Hi,
A= this is the first release of the UNL WS
Editor.
Your are
wery welcome.

Ly
WAL

Figure 4.27 Web ServiceEditor

/ UNL Platform - UNL Web .. X\+

€ dev.undlfoundation.org/WSEditor/indexjsp

U dev UNLweh | UNLarium I UNLcommunity I UNLdev
nl

UNLdev -> Projects -> Web Service Editor -> Client Configurations
P—

UNL WS Clients d [Ws Client Configuration

- no clients configurations - —

Figure 4.28 Web ServiceClient ConfigurationPage forLogged inUser

Step 5 Add a WS Client from the button as highlightedFigure 4.28and when
prompted name thattt hees 604 teesst6d .c | Afetndr conf i guil
the logged in user as shownhkigure 4.29 The four root elements correspond to the
available engines (IAN, EUGENE, SEANind NORMA) and are being created
automatically when a client is created. Eaclyiea will need to be configured
separately. The lists of available langeagre showmndereach engineThe list

consists of language names followedab§char ISO codassigned.
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j/ e UNL Platform - UNL Web ... 3 \\\+

€ dev.undlifoundation.org WEEditor/indexjsp

U dev UNLWeb | gNLarium | gyLcemmunity | gyLdev
nl

UMLdewv -> Projects ->= Web Service Editor -> Client Configurations
UNL WS Clients & WS Client Configuration

test o =] 5 TAN Ll

o
ik EUGENE [
5 sEaN L4

8 NORMA |

Figure 4.29 6 t eChenht €onfigurationAfter Step 4
Step 8 Now, the user has to configusdN and EUGENE resources for UNdation

and NLization. New language configurations for each engine can be added by a
button next to the engine title. The languages items in the tree are expandable. When
expanded, categoriesf resources are shown depending on the engine. Analysis
engines like IAN have #ypes of resources predefinedi¢ionary, N-Rules,D-Rules
andT-Rules). Generation engines like EUGENE do not HdvRules type. A button

next to each type will open a dialog with the list of all available resources of that type
owned by the user or shared with him by other users. Owned and shared resources
will be marked with different icons in the tree when the selacigsoconfirmed by
clicking of save buttonThe sample configuration has been showrFigure 4.30for

the Punjabilanguage.

- dev.undifoundation.org WSEditor indes jsp
lJ dew UNLweb | QNLarum | ML Sommenity | UNLEev | UNLforum | U

nl
UNLdew -> Projects -> Web Service Editor -> Client Configurations
UMNL WS Clients 5] wWs Client Configuration

test = ol e TAM 1S

waibhaw = < = paniabi Chind L L3

Dictionarie s B
rRules [EZ2

LF EUGENE e
=l panjabi (hind L3 5
Drictionaries =

Figure 4.30 Web ServiceConfiguration of IAN and EUGENE fdPunjabiLanguage
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Now at this point of time, web service ftire Punjabilanguage has been successfully
configured. Even if now user loads different resources for IAN and EUGENE in its

UNL web account (not in web service), th:
of IAN and EUGENE.

Since the aim of the proposedcross domain client application is to support
multilingualism, it is expected for the registered users to shareubeirnameweb

service client name, and the 3 character ISO codes assigned to IAN and EUGENE
configuration. For examplén the above cdiguration user namea spartéeld the
webservice <client name is Otesto, 3 char
character | SO c birbévokirg of thése iedderith ithe help of

this configuration information is described in sectofil.2.

4.11.2 Invoking of IAN/UNLization and EUGENE/NLization Module from the

Proposed Question Answeringsystem

Figure 4.31shows the proposequeat i on ans wlent confiyurasop st e mo
snapshot.The wsers wio want their language to be UNLize or idé by other
researchers around the world can upload thear namgweb service client name,

and the 3 character ISO codes assigned to IAN and EUGENE configuration from
O0SHARE® section. Al | s willhes avasldbla in thelropdaavm g u a g e

menu and client can select any of those shared languages as shaogurent.31

)} Not secure | www.punjabinlp.com

wTab (5 IRCTC Next Generat: J Bookmarks @ UPPCLElectricity. -1 [Ed Sign up Facebook [ ApplyforaUS.Visa @ httpsi//cgifederalsec P Online Recharge | M- [4 First Project | Gal

A UNL Based Multilingual Question Answering System

SHARE YOUR DETAILS

Select Source language ¥ | Select Target language ¥ Select Corpus ¥
| Select Source lanouage |
Download Corpus

Find Answer

r your Email ID
Share | Update

Figure 4.31 Snapshot of theroposedClient Configuration

L et 6 ghe gser gelects AgreExplorer corpus from the drop dowand selects
OPunj abi 6 aasguagehfm the languagdp-doivn options. Consider
example sentencetb6) taken fromAgro-Explorer corpuswhich user types in the

giventext areaas shown irFigure 4.32
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L p S SH O SImsNESt (5P F KA
ddhuni ka khUt obURo ki hando cQgza upara nira
fiModern agriculture depends on what? ...(4.56)

ot secure | www.punjabinlp.com

ab 4:\3 IRCTC Mext Generatic ¢ Bookmarks @ UPPCL Electricity. - L @ Signup Facebook [ Applyfora US.Visa & https:/fcgifi

A UNL Based Multilingual Question Answering

Agro-Explorer ¥
Sample AgroExplorerPunjabi Questions Download Corpus
Wias ¥3ea o3 9% v f5esg 9

Find Answer

Figure 4.32 Snapshot of thQuestionAsked by théJser

When the wuser cl i ckrs Giaebbuttbnethesmddyisi:ndodubfen s we r
for &6Punjabi 6 natur al |l anguage is called
shown in(a) of Figure 4.33

(D Mot secure | www.punjabinlp.oom

- o = & pr—— a
Bew Tab %, IRCTC Nt Gerary d Bockmarks W UBPCL Electzay. El o o Fazebosk

A UNL Based Multilingual Question Answerirn

-
Answer in
] wrfee e fagat oe G fraem @ 2 Target
Language

Firdl Answer

(b)

lts & perbect mamch. 10ur ARSWer 1S
Senfence Number; 4)

1, Ol g S w3 et

T match. Your
e Nusber:; 4)

sical and bialoegical

and englreering

Please reach us in case of any belp st vabhavdonl @ pmal com

Figure 4.33UNL of the InputQuestion
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Onasimilar basis when the gestionansweringsystemfinds the answer to the asked
guestion, then EUGENE module dfet language selected from the target language
drop-down is calledautomaticallyand the usercan see this answer in the selected
languageas shown in (b) ofFigure 4.33 The EUGENBNLization andgeneration

modules havebeen discussed in detail in Chapter 6.

4.12 Evaluation Metrics and Resultsof UNLization/ IAN Module

The correctness obUUNLization and NLization module of the selected language
depends on their-MeasureThe FMeasurdfl-score is calculated with the hadpan
online tool developed bthe UNDL foundationavailable at UNEarium [30]. Two
parameters required for the calculatioh -Measure are Precision and Recal. F
Measue is calculated by the formugaven in @.57) [30].

O 0QOi 0ICR 01 QORAYQLIED & Q0O Qi YREEOG & € (457)

Precision is the number of correct results divided by the number of all returned
results.The Recall is the number of correct resuttivided by the numlyeof results

that should have been returnéfcthe output is in the form of graph and is made only

of UWs , then result iI's considered to be
relationsbetween the actual antle expected outputandthe overall discrepancy is

lessthan0.3 t hen the result i s said to be fAcor

4.12.1 Testing Corpus

The UNLization module has been testedfdrAl, UGO-ALl, AESORAL, CORPUS
500, and UGA2 corpora Thesecorporaareprovided by thdJNDL foundationto all
the paricipantlanguagesThesecorporacoves all the major parbf-speecheslable

4.19 depictsthe categorizationf thesecorpora

Table 4.19 Categorization of UAL1, UGO-Al, AESORAL, CORPUS 500, and UC
A2
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Sr. | Sentence Number | Number of | Number of | Number of | Number
No | Type of sentences | sentences | sentences | of
sentences| in UGO- in AESOP- | in sentences
in UC-Al1 | A1 Al CORPUS | inUC-A2
500

1 Sentence 20 40 13 40 10
structures

2. Temporary |5 14 - 10 -
words

3. Numbers 10 25 - 50 -
andOrdinals

4. Nouns 15 35 - 60 40

5. | Adjectives |7 15 - 50 40

6. Determiners | 9 20 - 40 30

7. Prepositions | 6 25 - 50 40

8. Pronouns 5 20 - 50 40

9. Time 5 12 - 50 30

10. | Verb 9 24 - 50 40

11. | Conjunctions| 9 20 - 50 30
TOTAL 100 250 13 500 300

AESORA1 contai ns

t h @he Tatose aml the Haddrom Aesdp's

Fables. For testinthese orpora the Punjabi natural language corpus was uploaded

on UNL Web and UNLization ofthe entire corpus was done in one go using IAN

(separately for each corpus). The output UNL was copied from IAN console and

saved in UTF8 format. This is the actual output fil&NL web also provides the

expected output file (in UNL format). These actual and exgetiNL files are then

uploaded at UNtariumand the FMeasure is then calculated by the system
UNLization moduleof Punjabi languagbas 24 NRules48 DRules,982 TRulesand
771 Dictionary entriesTable 4.20shows the details dAN module for UNLization

of Punjabi language.

Table 4.20 Details oflAN/UNLization Module for UNLization of Punjadianguage

UNLization Assets

Count/ Value

Dictionary entries 771
NRules 24
DRules 48
TRules 982
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4.12.2 Results oflAN /UNLization Module

For Punjabilanguage UNLization module, the values of Precision, Recall, number of
processed, returned and correct sentences forAUCUGOALl, AESORAL,
CORPUS 500, and U2 aregiven inTable 4.21

Table 4.21 Testing details of UAL1, UGO-ALl, andAESORAL1

S. Parameters | UC-A1 | UGO-A1 | AESOP- CORPUS UC-A2

No Value Value Al Value 500 Value | Value

1. Sentences 100 250 13 500 300
processed

2. Sentences 100 250 13 471 287
returned

3. Sentences 97 247 13 401 264
correct

4. Precision 0.970 0.988 1.00 0.851 0.880

5. Recall 0.970 0.992 1.00 0.802 0.920

6. F-Measure | 0.970 0.990 1.00 0.826 0.900

4.13 Errors/ Discrepancies in thd AN /UNLization Module

As explained above, the accuracy of tA&l/ UNLization moduleis calculated using
an online tool (provided byNDL foundatior) available at UNEkarium The F
Measure of a corpus calculated by the tool depends updolliheing discrepancies.
1 Discrepancy of relations
91 Discrepancy oJWs
1 Overall Discrepancy
The meaning of these discrepancies and formulae to caldulateexplainedn detalil

using example sentences in following sub sections.

4.13.1 Errors due to Discrepancy ofRelations
As the name suggestthese are the errors whidet introduced when there is a
di screpancy i n t h.eTheseudisgepanseddd\caldukatedrbgtheat i o n

formulagiven in (458).
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exceeding_rel + missing _rel
total _rel
Where,exceeding_rélis thenumber ofUNL relationspresentsn the actual output

Discrepangy of relations=

..(4.58)

but absent from the expected outpdmissing_reb is the number ofJNL relations
absent from the actual output but present in the expected @utgdbtal rebis the
sum of the total number of relations in the actual cudyod in the expected output

Consideran example senten¢4.59) taken fromAESORAL corpus.
t F APISMS PRy nB BT BTt SRS t b s | L

Uar g@sh nU i k di n0 kpaacacrhll khuanamh ) ddlll) 1@ hddD)
fiThe hareone day ridiculed the short feet and slow pace of the todoise ...(4.59)

The expected UNL of this example sentence (4.59) is specified in (4.60).

{unl}

agt(ridicule.@past,hare. @def)

tim(ridicule. @past,one day)

obj(ridicule.@past,:04)

mod:04(:03,tortoise. @def)

and:03(02,01)

mod:02(pace,slow)

mod:01(foot. @pl,short)

{funl} ...(460)

Let 6 s s agualbutpaftom AN is:

{unl}

agt(ridicule.@past,hare)

cni(ridicule.@present,onday. @multa)

mod:04(:03,tortoise)

aoj:02(ridicule,slow)

aoj01(foot,short)

{lunl} ...(461)

Here,

1 exceeding_rel =3, wh i c ¢tnt(ridicule @présent,oneday.@multaldp ,
fiaoj:02(ridicule,slowp, andfi a o j : 0 1 ( f noet thesehacerptedent in
actual UNL but not in expected UNL.
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1 missing_ rel = 5 whi ¢ h tim@dicele.@paStone day) ,

flobj (ri di cul efan@P3€02,019 ,: nddi0B(pace,slow), and
fimod:01(foot.@pl,shord) since these are present in expected UNL but not in
actual UNL.

1 total_rel =12, since 7 relations are in expected UNL andb relations arein
actual UNL.
Now, after substituting these values in (4.B38crepancy ofelations comes out to be
as given below.
Discrepancy of Relations@ +5) / 12 = 0.67

4.13.2 Errors due to Discrepancy of Universal Words

These are the errors which getroduced when there is a discrepancy in the output
U N L dJsiversal Words JWSs). These discrepanaeare calculated by the formula
given in (462).

exceeding UW +missing _UW

...(4.62)
total UW

Discrepangy of UWs=

Where, exceedingUWé is the numbers ofUWs presentin the actual output but
absent from the expected outpuhigsing UWéis the number ofJWs absent from
the actual output but present in the expected owtputtbtal dJWois the sum of the
total number ofiniversal wordsn the actual output and in thepected output
For the given example sentences@.having its expected UNL output given (#h.60)
andactual UNL output given i{4.61):
1 exceeding_UW= 0 because there are Vs which are present in actual
UNL but not present in expected UNL.
1 missing_UW =1, which is fipace s it present irexpectedJNL but not in
actualUNL.
1 total UW = 19, since 10 UWs are in expected UNL(scopes are not

consideredand9 UWs (scopes are not considereatg in actual UNL.

Now, after substituting these values in @),%liscrepancy ofJWs comes out tde as
given below.
Discrepancy oJWs=(0+1)/19=005.

4.13.3 Overall Discrepancy
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These are the errors which getroduceddue todi screpancy i n the
attributes discrepancy ofJWs, anddiscrepancy ofelations These discrepancies are

calculated byhe formulagiven in (463).

Overall Discrepang =
33 (exceeding_rel + missing _rel)+ 23 (exceeding UW + missing _UW ) + (exceeding_attr + missing _ attr)
33 total _rel + 23 total _UW +total _ attr

é(4.63)
Where,exceedingattdis the numbers oéttributespresent in the actual output but

absent from the expected outpunigsing attd is the number ofttributesabsent
from the actual output but present in the expected oatputbtal &ttrdis the sum of
the total number ddttributesin the actual output and in the expected output
For the given example sentenceb@ .having its expected UNL output given (#h.60)
andits actual UNL output given i(4.61):
1 exceeding attr = 2whi c h @@ar es eidfi@multab si nce t hese
present in actual UNL but not in expected UNL.
f missing_attr = 5, whicla r @deb fi@pasd fi@pasd fi@dedb , @pldl 0
since these are present in expected UNL but not in actual UNL.
1 total attr = 9, sincé attributesare in expected UNL an8 attributesare in
actual UNL.

Now, after substuting these values in (4.58), overaibctepancy comes out to bs

given below.

PN e~ Y s L Ty e z , U Z T 0]

0L Qi @Qiawi QN cgo:: Sw < P < ™ W
0?pC C?p W W

4.14 Achievements and Contributions of the Developed Punjabi

IAN /UNLization Module

UNDL foundation had conducted a series of Olympiads over the yeHnsse
Olympiads for UNLization and NLization are held so as to find the best IAN and
EUGENE modules for the participating languages across the globe and check their
respective accuracies. Till date motlean 33 languages are part of this UNL
programme.The UNLization modulgor Punjabi languagdéad been submitted for
UNL Olympiad II, 1ll, and IV conducted bWNDL foundationin July 2013, March

2014, and November 2014 for WU&EL, UGO-ALl, and AESOFA1l respectively

[129][150][49].
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The langiage selected for the proposagkestionansweringsystem i.e., Punjabi, had
been selected imop 10 (Based upon the -Measures) UNLization gmmarsfor
Olympiad I, while it was selected in top best grammars for Olympiadlland
Olympiad IV. FMeasure of PunjabiAN module and otherbest selectetanguages
for I, 1ll, and1V Olympiad isshown inFigures 4.34, 4.35 and 4.8éspectively. The
highlighted entries in Figures 4.3432, and4.33refer to Punjabi language results.

» 10 Best UNLization Grammars

05/04/2013 07:28 Grega Milharcic
16/04/2013 15:26 Sergiy Prots
28/04/201311:36  |Sergiy Prots
29/04/2013 14:04 Sergiy Prots
24/05/201300:19  [Sergiy Prots
05/06/2013 12:55 Sergiy Prots
23/06/2013 05:21 Sergiy Prots
24/06/2013 21:32 Grega Milharcic
01/07/2013 11:09 Parteek Kumar
28/06/2013 09:52

Figure 4.34F-Measure fofTop 10BestUNLization Selected_anguages in
Olympiad 11[129]

UNLization
General | Language Asthor  Fatoasure| Submission [ [ Files
Position Pair Date """ Dictionary T-Grammar D-Grammar Output
| 1 [ sheunl | GregaMiharcic [ 1000 | 07032014 [GoD[ (1)@ | (2@ | (@12 | [4@
| 2 | pan>unl | Parteek Kumar | 0990 || 20032014 [GOLD| [5)@ | 618 | M€ |[8#
Yordanka v nl o
3 bubunl Sanchin 0976 | 21/032014 'cou)| (9@ ‘ [10] ‘ (1) }[12;@
| 4 [ ukeunl | SergiyProts | 0946 | 25032014 [GOLD| [13)@ | [14]@ | [15]@ [[16]@
| 5 [ rus>unl | SergiyProts | 0942 | 23032014 [GOLD| [17]@ | [18]@ [ [19]# [[20]@

Figure 4.35F-Measure fofTop 5 BestUNLization Selected_anguage
Olympiad 111 [150]
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UNLization (Qualified Grammars Only)

Fil

Submission Author L Pair |F-Measure | Medal |Position - =
IColpus| Dic [T—grammar D-grammar |Output
2004 | SegiyProts [wkounl | 1000 |GOLDEN| 1 [[1@ 2| (¢ | we [pEe
(26102014 | SergyProts  [rwsouwnl | 1000 [GOLDEN| 2 [[@ (M@ | @@ | we [(oe
10-11-2014 |Yordanka Stancheva [bubunl | 0923 |GOLDEN| 5 |[1]@ [12@| (3@ | (4@ [[e)@
(1111201 [ Paneek Kumar [paunl] 1000 JGooen| 3 [(tee [ime[ (w)g [ (9 ()@
1391201 | SergyProts [gepunl | 1000 |GOLDEN| 4 (P12 |[2)@| @)# | [4¢ |(25]#
6 [16€ e e | e [poe

3 | F
(]
oo || o

&

| 14112014 | PateckKumar [hin>unl | 0.923 |GOLDEN|

T3
a
[

Figure 4.36 F-Measure foiTop 6 BestUNLization Selected_anguagef
Olympiad 1V[49]

4.15 Details of IAN/UNLization Module for Proposed Question
Answering System

The poposedsystem was tested dotal of 400 questionsvhich ranges over different
guestion tWNpes IiiwhatidYediWhoo, AWher eo, A
AHoOwO, a n the dnwWilkete tesiing detaillike corpus used, metrics used for
evaluating developed question answesygtemetc havebeen covered in Chapter 7

of this thesisOut of these @0 questionstotal number ofjuestions of each type has

been given imable 4.2.

Table 4.2: Types ofQuestions

Sr No. | Question Type | Count
1. YesNo 70
2 What 60
3. Who 50
4, Where 40
5. When 40
6. Why 40
7. Which 40
8. How 30
9. What 30
Total | - 400

These questions were asked in Punjabi language through the interface of the proposed
QAS as depicteth Figure 4.32UNL of the corpus is already available (which forms

the UNL repository) but in order toconvert these questions to UNEome new
200



dictionary entries, TRulesand DRuleswere created and merged with teristing
IAN module. For the developed question answering sysiale 4.3 gives the

details oftotal UNLization/AN assetsafter mergingwith the existing IAN module.

Table 4.3: Details oflAN/UNLization Module of Punjabi Languagtr Proposed
Question Answering System

UNLization Assets Count/Value
Dictionary entries 1798
NRules 24
DRules 50
TRules 1259

Chapter Summary

In this chapter, theletailed information oénalysis, UNLizatiolAN module forthe
Punjabilanguage has been documented. This chapjgainsthe framework of IAN
tool which is used for UNLizatianThis chapter gives the idea of phasestha
UNLization process. Each of these phases has been explained in this chapter with the
help of example sentenceBhe dcumentation regarding UNLizatioartifacts like
Normalization, TRules, DRules, and Analysssammaretc has been done in this
chapter. This chapter introduces theBAr theory and its need in UNLizatiomhe
method ofUNLization/ Transformation using this-RBar theory has been illustrated in
this chapter. The working of the develod@dN/ UNLization module using IAN has
beenexplained usingexample sentencefn this chaptera brief introduction about
EUGENE is also given so that the configurateord invoking of IANUNLizationand

EUGENENLization modules should be clear to the reader.

This chapter highlights the use ONLizatior/IAN andNLizatioWEUGENEmodules

from the developed question answering system perspective and gives details about
how analysis andgeneration moduke of the propose®AS can be used to invoke
UNLization/lAN and NLizatiodEUGENE modules respectively It gives details

about the prerequisites and other necessary steps for configuration.
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After explaining about IANanalysis and UNLizatiohAN modules, the evaluation
metrics and results dhe UNLization/lJAN module of Punjabi languageave been
described in this chapter. The same section also gives details ajrfoea that are
used for testinghe UNLizatio/IAN module. This chapter highligsh the types of
errors which exist in the UNLizatid'AN modules due to which-Measure becomes
less than 1The cetails ofmethod used toalculate those errotsave also been given

in this chapter.

The achievements and contributions of the develafiédization/AN module forthe
Punjabilanguage have been highlighted in this chapi@is chapter also provide
details of UNLizationlAN module of Punjabi languagdor proposed question

answering system.

Chapter 5
UNL Crawler and Optimizer

As discussed in the previous chapters, the question which user asks through the
developedQAS is converted to UNLBefore UNL crawler starts finding the answer,

thisqu e st i oand the UNNdepository need to be preprocesBeeprocessing

means removig of attributes and scope valuesr om t he quedargetonds L
UNL repository After this, UNL crawler is responsible for searching the UNL
repository depending on t he guestionbs
(UNLization phase)This is called as crawling.his module is a part of traeveloped

web-basedQA system interface.

5.1UNL Crawler (Preprocessing and Crawling Phase)

UNL crawler does two operationsiz. preprocessingand crawling for finding the
answer. These operations aeplainedusing example sentence (5.1) taken from
Agro-Explorer corpusand example sentence4p.

= -

L p S PO siissSREPvInL SNSPREMESHROME! RTREBRIMRMR
S$ IV gBP T Rif
Udhuni ka khbadagjaddfy o nbghut dga at U takanUl @]
phizi kal anibdharahsia upar a
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AiIModern agriculture depends heavily on engineering and technology and on the

bi ol ogical and physical scienceoeée(5)

UNL of the example sentencé&.{) as given by theUNLizationJAN module
(invoked byanalysis modulgis shownin (5.2) andits UNL graph is depicted in
Figure 5.1

aoj(depend(aoj>thing):0J.@entry.@present. @pred, agriculture(icl>activity):07)
scn(depend(asthing):0J.@entry.@present.@pred, :03)
man(depend(aoj>thing):0J.@entry. @present.@pred, heavily(icl>how):0R)
mod:03(science(icl>art):2S.@entry.@def.@pl, :02)
and:02(physical(aoj>thing):2J.@entry, biological(aoj>thing):24)
and:®B(technology(icl>field):1l.@etny, engineering(icl>field):12)
mod(agriculture(icl>activity):07, modern(aoj>thing):00) € (5.2

depend(aoj>thing):0J.@entry.@present.@pred 03

technology(ici>field):1l.@ent science(icl>art):2s.@entry.@def.@
o 3
gl k

\ 4

engineering(icl>field):12 22
physical(aoj>thing):2J.@ent
o
3
a

o
modern(aocj>thing):00

biological(acj>thing):24

Figure 5.1: UNL Graph dExampleSentencg5.1)

Now, after preprocessing the UNgiven in (5.2), its preprocessed UNIs given in
(5.3).

{unl}

aoj(depend, agriculture)

scn(depend, :03)

man(depend, heavily)

mod:03(science, :02)

and:02(physical, biological)

and:03(technology, engineering)

mod(agriculture, modern)

{lunl} é (5.3
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The UNL of this sentence and all other sentences of -&gmiorer is present in
AgroExplorer.txt file which is the part of this complete ®#8olution and forms the
UNL repository L et 6s theusemagksethe folowihg question

L p S BIH O SImsNEt (5P F i

Udhuni ka khUtobURo kihando cgza wupara
i On wh a bderd agecslturendepends? é (54)

The preprocessetdNL of the input question given in @ is shown in $.5) andits
UNL graph is depicted ifigure 5.2

{unl}

aoj(depend, agriculture)

scn(depend)0.@wh

mod(agriculture, modern)

{lunl} é (55)

Figure 5.2 UNL Graph ofExampleSentencg5.4)

Once preprocessing is complet&tNL crawler parsescorpu® &JNL and questiod s
UNL and attempts to find the answer. For the current example sentkadéNL
cawl er f i n diechnabogysande enginaesing, Bcigiice of physical and
biologicalb as showB. i n Figure
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Sample AgroExplorerPunjabi Questions
wOfse Ut faost die ug faggg 9 »

UNL-1ze

{funllaoj(depend.@present.@interrogative;
agriculture)scn(depend.@present.@interrogative
; 88.91@wh)mod(agriculture.@interrogative;

modern}{/unl}

Its a perfect match. Your answer is:
(Sentence Number: 4)

1. science of physical and biological

2. technology and engineering

Figure 53: AnswerGiven by UNL Crawler

In the proposed system, the questiasked by the user from the developed question

answering systerhave been categaed into three different types as discussed below.

A. Missing type question

These are the questions in which a nodetha UNL graph has an argument
A00.@wld. For example considerpreprocessedJNL given in 6.6) and its UNL
graph shown in Figure5.4 for the q u e s tOn avhat dbes modern agriculture
depends .

{unl}

mod(agriculture, modern)

aoj(depend, agriculture)

scn(depend)0.@wh

{lunl} é (5.6
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Figure 5.4 UNL Graph ofExampleSentencéiOn what does modern agriculture
depends

In such type of questiond)NL crawler works by finding the missing valugas
indicated byf00.@wlb) from the UNL corpusas described in PSEUDOCODE 3 of
this chapter.

B. Polar (Yes/No typg question
These are the questions in which a node in UNL graph has an argixyzs@tY esNo
and question answering system answers the question as @it®ror fiNod. Here

fixyZd means any combination of characters &ivésNo is the attribute which is

given during WLization of the input natural language question sentence. For

example considerpreprocessetdNL specifiedin (5.7) andits UNL graph shown in
Figure 5.5for theq u e s Dae® moddin agriculture depends on engineéring
{unl} mod(agriculture, modern)

aoj(depend, agriculture)

scn(depend, engineering@YesNo)

{lunl} é (5.7)

a0j
@ engineering.@YesNo

Figure 5.5 UNL Graph ofExampleSentencdiDoes modern agriculture depends on
engineering

pow
uss

C. Non-missing type question
These are the questions in which a nodetha UNL graph has an argument

fixyz @wld.
206



Here fixyD means any combination of characters (exd&@b which is used for
missing type questions). For exampulensiderpreprocessetdNL givenin (5.8) for a
g u e s Whab doesricultureincluded .

{unl}

aoj(include, agriculture@wh)

{funl} é (5.8

In such type of question$JNL crawler works by creating the answefrom the
C or p u s asglestitibed in PSEUDOCODE 3 of this chapter.

Following is thepseudocodesed byUNL crawlerfor crawling.

PSEUDOCODE1: Crawling

l nput: QueGadarn pPpumdH&s UBINL
Output: Answer in English
1. Call the procedure to find question type (PSEUDOCODE
FindQuestionType).
2. Call the procedure to get the best possible ansmethe basis ofype of
guestioNPSEUDOCODE 3FindAnswey.

The pseudocod¢o identify the type of questiomg., if it is amissing type questig
Yes/No type question, or nanissing type question is explained as follows.

PSEUDOCODE2: FindQuestionType
Il nput: Questionb6s UNL
1.1 f questiondés ANdgunmealigke @0.@wo d € h e i
missing type question.
2.1 f questionds Uadargumentike @y n @4 e s M
i t @dargaestion.
3.1 f questionds ldmMagunierlike day zn@wdhed wti

norrmissing type question.

Thepseudocodéor finding theanswelis explained as follows.

207



ALGOR 3: FindAnswer

l nput :

Qu e GortpusoiNé s UNL ,

Output: Answer in English

1. If thequestionis a missing type question then

a. Store name othe relationin which question argumen0@.@wh is

present in a variable asiswer relation name.

b. Store the sibling argument of the node in which question argu

C.

d.

(00.@wnh is present in a variable amargumento match.

If 00.@whis the second argument then do the following:

Crawl thec o r p u s ansl lodd fdlLa node whose retm name is
same as that of answer relation name and whose first argum

same asinargumento match.

I. Case 1: If such a node is found ahe secondargument is not ¢

scope then its second argument is the required answer and exi
Case 2: Else if such node is found a&hd secondargument is &
scope, then resolve that sco
Case 3: Else if any other nodes are found whose first argum
same asin argumentto match, then their second argumerasid
be a probable answei(later decided byOptimize) so store then
and exit.

Case 4: Else if no such node is found, then save answer as bl

empty {(.e., answer =i pand exit.

If 00.@whi s t he first ar guoe nwi tth

difference that instead dlie first argument use second argument

vice-versa and exit.

2. If thequestionis apolarquestion then

a. Store name otherelationin which question argument (xyz@YesN

is present in a variable as answer relation name. Call this no
candidate node.

Store the sibling argument of the node in which question argu

(xyz@YesNo) is present in a variableaasargumento match.

Crawl thec o r p u s éansl check iE candate node is present or n¢

If thecandidatenode is present theheanswei s 6 Yes &6 a
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d. If xyz@YesNo is the second argument then do the following:

I. Crawl thec o r p u s ansl lodd fdlLa node whose relation name
same as that of answer relation name and whose first argum
same asnargumento match.

ii. If such node is found anthe secondargument is a scope, the
resolve that scope using xy@hy
in any of thesubstring of that resolved hyperNode.

ii.1 fxyz&® 1 s i n substrigg ofotHat raésdlived hyperNode the
set answer as O0Yesbo

Else setanse'er as ONod and exit.

e.l f xXxyz@YesNo is the firsgtd awn
only difference that instead ttie first argument use second argum
and viceversa.

3. If thequestionis a nonmissing type question then

a. Store name othe relationin which question argument (xyz@wh)
present in a variable as answer relation name.

b. Store the sibling argument of the node in which question argu
(xyz@wh) is present in a variable @sargumento match.

c. If xyz@wh is the second argument theéo the following:

i. Crawl thec or pus 6and labKN lfor all nodes whose fir:
argument is same aan argumentto match, andthe second
ar gumenxyzéi.s not 0

ii. For all such nodes found e secondargument is not a scope th
save their second arguments as the expected required answe
exit.

Else ifthe secondargument is a scope, then resolve that scope
Ohyper Nodesd object and exit
Else if no such nodes are found, then save answeblank or
empty (.e., answer =i pandexit.

d. I f Xyz@YesNo is the firstd awr:(
only difference that instead tthe first argument use second argumt

and viceversa.

OnceUNL crawlergives the answengptimizeranalyzes this answer and assigns rank
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to it. The working obptimizerhas been explained in the following section.

5.2.

Optimizer (Optimizing and Ranking Phase)

Optimizerin its optimizing phasenalyses the question arells if the question asked

by the useiis correctandif its answercan be foundOptimizeralso notifies if the

answer provided bYNL crawleris a full match/partiamatch

As shown in Figure 5,1 i t optsnizerwhieh tells thatit 6 perfect match. Your

answer i®. After optimizing phase, in theaanking phase,optimizer gives the

following rank to the answer found by thL crawler.

T

Rank 1
If all the information inquest i omdreset Ndor pus éaad UNL
answer given byUNL crawleris not blank, theroptimizer assignsrank 1 to

the answer andaysthafi t 6s a perfect amatch. Your

Rank 2

If not all the informationiqu e st i oispresenUmior pus @asxl UNL
answer is not blank, themptimizer assignsrank 2 to the answer anméports
thatil t 6s ALMOST a perfect mat c h. We <ca

Database.

Rank 3
If there is a mismatch between th&@ormation inqu e st i o radds UNL
informationpresatinc o r p u s ansl ans\kdiven byUNL crawleris not

blank, thenoptimizer assignsrank 3 to the answer angports thatl t 6 s a

partial match. The most probable answe. is

Rank 4

If all the informationingu e st i ois presentidlor p us dgtheU NL
answergiven by UNL crawler is blank, themptimizer assignsrank 4 to the
answer and reports th@Your question is correct but we are sorry because our

database does not contain sufficient information to answa. this

Rank 5
If answer given bYNL crawleris blank thenoptimizerassigngank 5 to the

answer andeportsfiCannot find the answer

Pseudocodéor optimization and ranking is explained follows
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PSEUDOCODE4: Optimization_Ranking

l nput: Quee&or pun$ SlsstlodEBndidate answers given bNL
crawler
Output: Answers with ranking and relevanceéhaproperformat
1.1 f t he guestionos UNL does nc
o.@wld (i ndicating mi ssing type
nonrmi ssi ng type guestion), omo
(indicating polar typ question), therOptimizerreportsé&orry we canno
find any questio
2. If thequestionis a missing type question then
a. Parsethgguest i oandcsorpNils.6s UNL
b. If all the relations and their argumentsdnu e st i o @aré also
presentinc o r p u s ,&henOptisizerassigns rank 1 to the answ
given by UNL crawler and reportt hatt 68 a perf
answer isd .
c. If:
i. There are some relations which are presemgfine st i o
but not presentic or pus,0 s UNL
AND
ii. All the other relations and their argumentgjyii e st i o
arepresenticor pus,0s UNL
Then Optimizer assigns rank to the answer given byNL
crawlerand reportshatd t 6 s AL MOST a p

cannot find some information in Databése

i. All the relationsing u e st i oarebalso pteBebtimo r p
UNL,
AND

ii. There exist few relationsig u e st i owhodse ardgiiddnt
are not matchingwiththeor pus,6 s UNL
Then Optimizer assigns rank 3 to the answer given WL
crawler and reportsthat d t 6 s a parti al

probable answer & .
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I. All the information ingu e st i o s @resentiklo r p
UNL,
AND
ii. The UNL crawlercannot find the answer and gives answe
blank
Then Optimizerassigns rank 4 to the answer aegorts that
Orour question is correct but we are sorry because
database does not contain sufficienfonrmation to answel
thisd .
Else
Optimizerassigns rank 5 to the answer amgorts@annot find the

answeb .

Consider an example sentemgreen in(5.9) taken fromAgro-Explorer.

Plant breeding and genetics contribute immeasurably to faraductivity during
summer € (5.9)
UNL of this examplesentence (5.9% specifiedin (5.10) andits UNL graph isshown
in Figure 5.6

{unl}

aoj(contribute01)

gol(contributeproductivity)

man(contributgmmeasurably)

mod(roductivity,farm)

and:01(geneticbreeding)

mod:01(breedinglant)

tim(contribute,summer)

{lunl} ...(5.10)

212



01

genetics

breeding

Comnessrson) ummer )

productivity

pow

e .ow. pue.

Figure 5.6 UNL Graph ofExampleSentencg5.9)

For the given example sentence (5.9nsider the following cases whi@xplain the

working of optimizerfor all the steps given in PSEUDOCODE 4

Casel Let ds s athequestien givenénr5.1d)s k s

What contributes immeasurably to farm productiditying summer e(5.11)
UNL of this question isspecifiedin (5.12)andits UNL graph isshown in Figure 5.7

{unl}

aoj(contribute)0.@wh

gol(contribute,productivity)

man(contribute,immeasurably)

mod(productivity,farm)

tim(contribute,summer)

{lunl} é(5.12)

3
o
o

Figure 5.7 UNL Graph ofExampleSentenceg5.11)

UNL crawlergives the output as follows.
1. genetics and breeding

2. breeding of plant

Optimizeranalyses this outpgfiven byUNL crawlerand finally displays the result as

follows.
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Its aperfect match. Your answer is:
1. genetics and breeding

2. breeding of plant

Optimizer gives ank 1 to this answer because all the information asked in the
guestion(5.11)is present in the corpus (UNL given(10 in this case).

Case2: Letbdébs say the usegbl3lasks the question
What contributes immeasurably to farm productivityndia ? e (53 1

UNL of this questions specifiedin (5.14) andits UNL graph isshown in Figure 5.8

{unl}

aoj(contribute)0.@wh

gol(contribute,productivity)

man(contribute,immeasurably)

mod (productivity,farm)

plc (productivity,India)

{funl} é (541

& ; i s

Figure 5.8 UNL Graph ofExampleSentencg5.13

UNL crawlergives the output as follows.
1. genetics and breeding
2. breeding of plant

Optimizeranalyses this output given bJNL crawlerand finally displays the result as
follows.
|l t6s ALMOST a perfect match. DMabasedhenot f i
answer is:
1. genetics and breeding

2. breeding of plant
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Optimizer gives ank 2 to this answer becaus#l the information asked in the
guestion(place of productivityi.e., India) is not present in the corpus (UNL given in
(5.10 in this cae).

Case3 Letb6s say the user asks the question
What contributes immeasurably to farm productivity during winter? é ( 5. 15)

UNL of this question isspecifiedin (5.16) andits UNL graph isshown in Figure 5.9

{unl}

aoj(contributed0.@wh

gol(contribute,productivity)

man(contribute,immeasurably)

mod(productivity,farm)

tim(contribute,winter)

{lunl} é(5.16)

o o %
» ﬂo
00.@wh productivity
b
o
£

Figure 5.9 UNL Graph ofExampleSentencg5.15

UNL crawlergives the output as follows.
1. genetics and breeding

2. breeding of plant

Optimizeranalyses this output given bJNL crawlerand finally displays the result as
follows.
Its a partial match. The most probable answer is:

1. genetics and breeding

2. breeding of plant

Optimizer gives ank 3 to this answer because of theé f f er e n csemnmee t we e n
anaintéd d oar p us énslq WeNsLt i oraspestivelyN L

Case 4 Reconsiderthe examplegiven in (5.11) and assume th#te user asks the
samequestionas given in (5.17).
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What contributesmmeasurably to farmproductivity during summer ? e(5.17)

UNL of this question ispecifiedin (5.18)andits UNL graph isshown in Figure 5.10

{unl}

aoj(contributed0.@wh
gol(contribute,productivity)
man(contribute,immeasurably)

mod(productivity,farm)
{/unl} é(5.18)

3

Figure 5.10UNL Graph ofExampleSentencg5.17)

Additionally, let us assume that the UNL of example X%%pecifiedin (5.19)and
its UNL graph isshown in Figure 5.18loes not contain the striked node.

{unl}

aofeontribute;:01)

gol(contribute,productivity)

man(contribute,immeasurably)

mod(productivity,farm)

and:01(genetics,breeding)

mod:01(breeding,plant)

tim(contribute,summer)

{lunl} ...(5.19)

(l:_cmlnbu:!)
3

Grnduﬂ@ £ |mm!asur@

3
=3
a

summ::—>
—

Com D

Figure 5.11UNL Graph of UNLGiven in(5.19
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In this case, th&NL crawler will give the output as blankOptimizerwill analyse
this output givesrank 4 to it and finally displays the result @ our question is
correct but we are sorry because our database does not contain sufficient information

to answer this.

Case5Let 0s say the wveeam(Bb®@.ks the question
How cotton is produced? é (5.20)

UNL of this sentence (5.20) is specifigd(5.21).

gol(produce,cotton);

aoj(produce)0.@wh; e(5.21)

In this case, th&NL crawler will give the output as blanlOptimizerwill analyse
this output, givesank 5 to it and finally displays the result @annot find the

answeo .

If the userhas not asked any question (identifidxy Optimizerthroughqu e st i on o6 s

UNL), thenoptimizer makes sure that no further processing is done andps st

execution and searchiigi ndi ng process I mmedi &orrgl y by

we cannot find anguestiom .

Letbébs say the user 22sks the question give

Plant breeding and genetics contribute immeasurably to farm productivityng

summer. é (5.2)
UNL of this sentence (5.22) is specified in (5.23) and its UNL gramhasvn in
Figure 5.12.

{unl}

aoj(contribute,:01)

gol(contributeproductivity)

man(contributegmmeasurably)

mod(productivityfarm)

and:01(geneticbreeding)

mod:01(breedinglant)

tim(contribute,summer)

{/lunl} ...(5.8)
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101

genetics

breeding productivity

pow

eoow . pue.

Figure 5.12UNL Graph ofExample(5.22

Now, since tisq u e st i o doéssnot KJoNthin a question
attribute @0.@wlto )

node.(a node with

t h eaptenfzer makes suheehat no further processing is

done and it stops the execution and searching/ finding process immediately by alerting

t he u sSomywe ¢amanot findl any question

After optimizer assigns rank to the answer given B)L crawler, this answeils

converted to UNL and sent generation modulgvhich invokesNLization EUGENE

module to get the final answer in target natural language NLiwationf/EUGENE

module has been discussed in the next chapter.

Chapter Summary

In this chapter, thedetailed information ofUNL crawler and

optimizer has been

documentedinitially, in this chapter theeonceptof preprocessingas been explained
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using example sentencekhis chapter also documentise crawling optimizing, and
ranking processesThe pseudocodesf crawling, optimizing, andranking have been

explained in this chapter.

In the proposed system, the questiasked by the user from the developed question
answering system have been categorized into thifesrent typesi.e., missing type
guestion polar (Yes/ No type) questipmndnorr-missing type questiohis chapter

explains these questionpgs with the help of example sentences.

After optimizing phase, in theanking phasegptimizer gives rank 1,rank 2,rank 3,

rank 4, orank 5to the answer found by théNL crawler. In this chapter, theanking

mechanism used by tlaptimizer has been explained for every case with the help of
example sentencef. all the information ingu e st i o s PresentUiéklor pus o s
UNL and answer given byYNL crawleris not blank, themptimizersays thati t 6 s a
perfect match Your answer ig. If not all the information inquesti omds UNL
present inc o r p UNL @rsd answer is not blank, theptimizer reports thatfl t 6 s
ALMOST a perfect match. We cannot find some information in Datal&tieere is

a mismatch between the informationdnu e s t i o and sfortdalldn present in

c or pUWN& ansl answer giveby UNL crawleris not blank, themptimizerreports

thatil t 6s a parti al mat ¢ h .o IfTall the imiamsation mr o b a b |
guest i oiafresentdrdl b r pWNE 6us theanswergivenby UNL crawler is

blank, thenoptimizer reports thafiYour question is correct but we are sorry because

our database does not contain sufficient information to answab. thianswer given

by UNL crawleris blank thenoptimizerreportsiiCannot find the answer

Optimizer also makes sure that f user ady gquestion, themo Kurther

processing is done and it stops the executeond searchin§hding process

i mmedi ately by &brg wecdamg fintd dngquestioe r t hat A
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Chapter 6
EUGENE/NLization M odule for NLization of Punjabi Language

This chapter focuses on the NLization processl generation modulen depth.
NLization is done with the help of online tool EUGENEe., dEepto-sUrface
GENErator)developed byUNDL foundationto convert UNL toNL text The way
analysis moduleof the developed question answering system invokes IAN, its
generation modulénvokes EUGENHXLization module to convert the answer into

the target language (Punjabi in this case).

6.1 EUGENE Framework

EUGENE:is a natural language generatwhich isfully automatic It takesUNL as an
input and givesn output inthe form ofnatural languagét is languagandependent
It usesthe UNL-NL dictionary and a grammar to process the Uiich are provided
asseparatdiles. The NLization processi.e., convertinginput UNL to target natural

languageis shownin Figure 6.1.
- UNL Sentence

EUGENE
* %

UNL-NL l
NL Sentence

Dictionary

Figure6.1 Processing of UNISentence

EUGENE performs the threeperations over # input files which are briefly
discussed as follows.
A Segmentation In this process, the input document is divided into a number of

isolated graphs and each graph is processed one at a time.
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A Tokenization- In this process, tokens of each graph are identified. Tokens
here refer to UWSs, relationandattribues.
A Transformatiori After tokenization,transformation rules of the grammar are

applied over each graph to genemafdL sentence.

The fully automatedweb-basedEUGENE tool developed byYNDL foundation
provides six tabs to accomplighe desiredtask of NLization,i.e., UNL input,
Dictionaries tab, TRules (Transformation Rules}ab, D-Rules (Disambiguation
Rules)tab, EUGENE console, and Compare filbe functions and snapshots of these

tabs areexplaned as follows

The first tab is the UNL Input taln this tab,a user caview UNL documents, load
UNL documents edit UNL expressionsdelete existing documentsand can share
files with multiple usersThe siapshot of UNL input tab ishownin Figure6.2

€ - C [} devundfoundationarg/oererat

.'UNDL UNLWeb | UNLArum I UNLdev | UNLW'k' | yNLferum | UNLEommunity | VALERIE | Contact
@5 .. ..{unl.dev}

Welcome | = UnL Input aolctlonanes T-Rules D-Rules & EUGENE L Compare

UNL Documents Gl ¢ burjabl UCAL-100

| Cardinals 2 & 5

[l New_UC-B1 By o |5y Go to sentence: Go

&3 Ordinals & & 1234567891011121314151617 1819 20... %/ X
|l Punjabi UCA1-100 Ry ¢ 5

[ uc-A2 DET 35 2 ¢ 5 v

Ll UC-A2 Fractions 20 g ¢ 5 5

[ uc-A2 NP 15 & & B

[l UC-A2 Other Numer.., Ry ¢ 5 (s:0]

[ uc-Az Prep 20 g & 5 j“\,’org}

| UC-A2 Prencuns 25 [T G BN aslsdfdids!

[Z uc-a2 Sentence 30 T4 . {//uor\IG}

[ UC-A2 Time 15 T P EN [15}( ;

[ uc-A2 Verb 10 TR

[ vc-81 Dy & 5

[ uc-B1 New X B

Figure 6.2 Snapshot of UNL Inputab in EUGENH47]

The second tab he Dictionarytab. In this tab, UNL:NL dictionarieswhich areused
in natural language generatibave been created usercaneither create a new file
or upload an existing filef thedictionary. Once a dictionary is createghloaded, it is
ready for the useAny number of different dictionaries can be loadegrocess the

same corpuslhe siapshot othedictionarytab is shown in Figure 6.3
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put ﬁDictionaries T-Rules * D-Rules | B EUGEN? Go to IAN help

A

ly Find in Headwords v/ ¢ «x
M 0123456..H)M 0o | ® o | & E entries / page: 50 v/
v/ # Actions £ Entry string i
U 1 @ 0 [=at]{-1)"hare"(LEX=1, POS=PPN, NUM=SNG, GEN=1CL)<eng,0,0>; A1-A2-B1
Y W3 TEH
-2 ®JU [et){-1} "slow"(LEX=], POS=AD], NUM=SNG, HAR)<eng,0,0>; Al-A2-B1
i fe fom Haale & agan @ 82 U9 w3 J5 718 & s Gerfenn
3 @y 0 [78]{-1}"pace"(LEX=N, POS=1OU, NUM=SNG, GEN=FEM, HAR)<eng,0,0>; Al-A2-B1
fir fiom waate & e @ 82 a7 w3 8t 9 @ v Garfionn
D4 @9 6 (e 87 ){-1}"ridicule"(LEX=V, POS=VER, NUM=SNG, GEN=MCL, TRA=TST, Al-A2-B1
PAR=1114)<eng,0,0>;,
fire fs warates & slggent @ 82 09 o3 4t o & o Qpfleam
05 @ glt o [F={-1}"wind"(LEX=/l, POS=NOU, NUM=SNG, GEN=FEN)<eng,0,0>; Al-A2-B1
g 3o & 39 3w 3, ¥ 36 & few oo S
06 @y 0 [ﬁ]{-l}"gwift"(LE)(:;,)?0?:;:5, NUM=SNG, PAR=1E)<eng,0,0>; A1-A2-B1
FeF 7w & 3 3 & N 35 97 R o &em
7 @ g 0 [é.?]{-l}"r_ace"(LE)(;‘.., POS=NOU, NUM=SNG, GEN=FEN)<eng,0,0>; Al-A2-B1 |,
< >

Figure 6.3 Snapshot of Dictionaryab in EUGENH47]

The third tab is JRules or TRules tab. In this tab, UNLNL transformation
grammaruleswhich areused to convert the UNL input into the NL outatve been
createdA user can either creagenew file or uplod an existing file of transformation
grammar rules. In this talthe transformationgrammarmust agreewith the UNL
grammarspecificationsand mustonsist ofonly transformation rulesAny number of
different grammes can be loadetb process the same corplde siapshot of T
Rules tab ishownin Figure 6.4.

€« €' [1 devundifoundation.org/generation/indexjsp Qi =

-

UNLWeb | UNLarium I unNLdev I UNLWiki | uynLFforum | UNLCommunity | VALERIE | ContactAshutosh Verma | Logout

v}
Iput Dictionaries T—Rules‘ D—Rules‘ % EUGENE L compare 4 Go to IAN help
= nn .
| I[= 19 & 27 5 (N, NOU, @above , %b ) := ((%b, -@above ) (" €5 ", ). +N, +NOU , +DONE , %f ) ;
U 20 e 27 5 (N, PPN, SNGT , @against , %b ) := ((%b , -@against ) (" fego ", ). +N, +PPN , +SNGT,
0 21 e & ] (N, NOU, @around , %b ) := ({%b , -@around ) (" gv& ", Y, +N, +NOU, +NUM = .4
O 22 e g1y |l (N, PPN, @for, %b ) i= ((%b,-@for) (" &d ", Y, +N, +PPN , +NOU = %b , +DONE , %1
O 23 e ‘([ i (N, NOU, @under, %b) := ((%b,-@under) (" 38 ", ), +N, +NOU , +NUM = %b , +DO"
| O 24 e "By W (N, NOU, @outside, %b) := ((%b , -@outside ) (" a3 ", Y, +N, +NOU , +NUM =
O 25 e % hp (V. NOU, @out of , %b ) 1= ((%b , -@out_of ) (" Faag ", Y, +N, +NOU , +NUM =
0 26 @ % g (N, NOU, @underneath , %b ) := ((%b, -@underneath ) (" =BG ", ), +N, +NOU , +NUM
O 27 e &Iy g (N, NOU, @inside, %b ) := ((%b, -@inside ) (" 2wz ", Y, +N, +NOU , +NUM = L+
U 28 e [y g (N, NOU, @beside, %b) := ({%b , -@beside ) (" =i ", ), 4N, +NOU , +NUM = 4L
U 29 @ 0% iy (N, NOU, @beneath, %b) := ((%D, -@beneath ) (" Iz, ). +N, +NOU, +NUM =
U 30 e 'yl i (N, NOU, @far from, %b) := ((%b, -@far_from ) (" FT ", ), N, +NOU, +NUM =
U 31 e 0% g (N, NOU, @in_front_of , %b ) = ((%b, -@in_front_of ) (" T AE ", ). +N, +NOU , +NU .

Figure 6.4 Snapshot of Transformation Rules in EUGEME|

223



The fourth tab is D-Rules or DRulestab. In this tab, UNL-NL disambiguation
grammairis created. This grammar is mainly used to control the tokenization as well
as to improve the output of transformation grammar. Any raundf different

grammars can badedto process the same corpitie si1apshot of TRules tab is
shownin Figure 6.5.

x #a UUNL Platform - Generation * & UNL Wiki X M Inbox (1,567) - vaibha

dev.undifoundation.org/generation/index.jsp

I UM arium | YN L community I UNLdev I UNqurum I UNLIab | UNLversit\rl UNLwil-(i | VALERIE | Contact

ies T-Rules D-Rules | (B EUGENE | [ compare

Rule string ¥ ®

Add new rule

Containing ruleset: Olympiad

Please use textarea to provide source for rule.
iagtlobjlagd)/ (;0)=0; (determiners cannot be arguments of relations, because they are always attributes

Order rule

Figure 6.5: Snapshot @fRulesTab[47]

The ffth tab is EUGENE console talbhis tab displays the final output in the form of
natural language generated sentencérihgs the list of sentences. These seoés
can be processed one at a time or in a range.fihal output is shownn five

different trace levelsThe siapshot of EUGER console ishownin Figure 66.

&« € [ devundi foundation.org/generation/indexjsp w =
O
* UNDL UNLWeb | ynLarium | gnpdev | ynLwiki | gnLferum | ynLeemmunity | yal ERIE | Contact Ashutosh Verma | Ly
L {unl.dev}

Welcome | EUNL Tnput [@ pictionaries  * T-Rules D-Rules | ‘% EUGENE | Ll Compare Go to TAN

W ¢ .10 11 12 13 14 15 16 17 18 19 .. DRules: 1min. v|TRules 1min. |v|Trace Detaled |v| lang: eng  Sent/Page 20 |v|Tokenization only
[S: PRE#36] M 1234567891011 12 13 14 15 16 17 18 19 20 21 22 23 2425 » M Ox A
{org} Run sentence: PRE#36  PRE#37  PRE#38  PRE#39 PRE#0 CJC#1  CJC#2
the book between the table and the box

CJC#3  CJC#  CJC#5  CJC#B6  CJICHT  CJICH#S  CJUC#O  CJC#10

{forg} NP#I | NP#2 | | NP#3 | NP#4 | NP#5 | Range
{unl}
ple(book:03.@def,:01.@between) ### Please select the sentence to run from the list above ###
and:01(box: 0F.@def, table:09.@def)
{/unl} Uor w9 fasw
[/s]
[S:PRE#37] 1 69 fa
{org}
the train from Paris to Geneva 1ies fedn faey
{forg}
{unl}
PPN LS A e

Figure 66: Snapshot oGetting NL Sentenceby Processing UNLSentence one at a
Time[47]

The last tab ishe comparetabwhich has the ability to compare the final two results.
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6.2 Working of EUGENE
The working of EUGENE s explained with the help gleven example sentences for
each of the following part of speeches.
1 Adjectives
Conjunctions
Determiners
Verbs
Nouns

Pronouns

= =4 4 4 A -

Prepositions

The TRules used foNLization by EUGENEinvolve the use ofjeneration dictionary
andinflectional @mradigms Unlike analysis dictionarygeneration dictionary contains

the entry of only root word. The inflected forms of that root word are obtained with
the help ofinflection paradigms

Consider, for instance, the case of the Ehgluns making the plural inis
(book>bookstable>tables, etd. This can be expressed by affixation (suffixation of

s) and it is regular (there are many words in this set). This morphological behavior is
then described by the paradigm M2, which contains twe addollows.

A SNG:=0>""; (do not add anything to the word in case of singular)

A PLR:=0>"s"; (add "s" to the end of the word in case of plural)

This paradigm is created within thatural languaggrammar and is associated, in the
natural languagdictionary, to all words having the same morphological behavior.
TheTRule for paradigm M2 would be

A (%x,M2):= (%Xx,- M2, FLX(SNG:=0>""; PLR:=0>"s));

It means that if a node is having paradigm M2en remove that paradigm (as
indicaitMeéod &9 &ds to remove recurSd@®aal,, and

Singulaj attribute then do notPLRNig, Pua) i f t
attributse tmenm haddofdt vaoyrclthradiey (asnnaitated by mo v i r
f00) fromTheéleXdo | asdi.cates that word wildl b €

per this given ruleln Table 6.1 (for example sentence 6.1)nfirof a paradigmhas
been explained

In thegeneration dictionary the root word enterags as follows.
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A [table]{ID}"UW"(LEX=N,POS=NOU,...,PAR=M2)<eng,0,0>:
A [book]{ID}"UW"(LEX=N,POS=NOU,...,PAR=M2)<eng,0,0>;

The entire NLization process involving the usegeheration dictionary, TRules,
DRules, andnflection paradigms has beemplainedfor Punjabi language&ith the
help of example sentences for each of the above mentioned part of speettiges in

follwoing subsections

6.2.1 NLization of Adjectives
The NLization of adjectives in UNIsentence to NL sentence is presented using
example given in (6.1).

English sentece:fiThe beautiful cao é (6.1)
UNL of (6.1) is given in (6.2).

{unl}

mod(car:03.@de@pl, beautiful:01@pl)

{lunl} é (6.2)
Expected Punjabi senten@T & @ $LOLS é (6.3)

Transliterated Punjabi senteneehnan gaddian

All nodes (or UWSs) identied in UNL sentence given in (&), are mapped with their
corresponding dictionargntriesand are listed below.

beautiful:01S T ¥}eb&autiful'(LEX=J, POS=ADJ,GEN=FEM, NUM=SNG, PAR=
M3);
car:03- [ v]@§'d&r" (LEX=N,POS=NOU,GEN=FEMNUM=SNGPAR=M3);

Here, ALEXO represents lexical categorig]o represents adjectivéPOS represents
partof-s pe e&Ddo riepr esenGEN adg¢peprce s emt, s igender
either iAMCLO f o r ma IFEMO a i @ r AANWMD aepresents number whose
value coulSii®ber est hRLBOI & ro r ofiPARIepresents the
paradi gm numbMSs whi above diases, It spec
paradigm has to be fired for inflecting the root words¥0 representsa noun The

process of NLization of example UNdentence given ir6(2) has been illustrated in

Table6.1. Here, transliteration of each Punjabi word is atemtioned
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Table 6.1: NLization Process of Example Sentence (6.2)

'97' M3)’

ERule Fired Description Action Taken
(Yox,@def@pl):=(%x;@def, [ This rule will remov({ To:
-@pl,-NUM, +NUM=PLR) |the attribute i @d ([car:03.@def@pl|
and A @p | O |Result:
result into the san ['car 0]3 0
node with ['gaddi:03]
attribute.
(Yox,@pl):=(%x,-@pl,-NUM, This rule will remov{ To:
+NUM=PLR) t he attr i b|[beautiful0l.@pl
will result into the san] Result:
nodewi t h APLU['beauti]ful : (
attribute. ["sohni:01
(%y,M3):=(%y+FLX(SNG:=|This paradigm M| To:
0>":PLR:=0>'L LMCL:=1>"jattaches th [car:03]

correspondingpostfix ta
verbs in Punjabi. TH
attribute

indicates that node w
be handled for inflectig

according to the give

Result:
['fh v 0"308]
["gaddian':03]

"SQ"an & appended

§.,- M3);

rule. UW  fnv 0 §fgaddd,
becauseof paradigm M|
and APLRO at
(%y,M3):=(%y,+FLX(SNG:=[This  paradigm M) To: [beautiful:01]
0>"":PLR:=0>'L LMCL;=1>"[attaches th Result:["{ | |SjQi01]

correspondingpostfix ta
verbs in Punjabi. TH
attribute

indicates that node w

be handled for inflectig

["sohnian":01]

"SQ"an & appended

UW AS T s O $sohnd,
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according to the give

rule.

becauseof paradigm M

and APLRO at

mod(%a,N;%b,J):=
(Yob)(" ") (%ba)

This T-rule has bee
defined to resolve tf
imodo
between

noun a

—

adjective.

To:

mod(car:03, beautiful:01)
Result:

[sc:01(#L:01¢:02,
beautiful:01);
#L:01(beautiful:01;:04);
#L:01(-:04, car:03))]

Intermediate Result:
STHYY 3§
sohni gaddi

As a result, this relation

by
adjective beforenoun with

resolved placin

space between them.

({N|V|DJJ|R},FLX Minflected,

06X):=('FLX,-FLX,+inflected
,%0X);

This
corresponding paradig
di r &lcXd
to inflect the root wor

AS T & 05id h nbiase

rule fires the

(as

on number and genc
information associate

with the word.

To: [beautiful:01]
Result["{ | |SjQij01]

["sohnian01]

"S Q"a n ds appended

UW ASTs 6 $sohnd,

because this root worhag
APLRO attribute.

({DINIR|MJ}, “inflected,
FLX,%y):=('"FLX, +inflected
-FLX,%y);

It fires the
corresponding paradig

to inflect the root wor
i vodigaddd based o

number and gend

To: [car:03]
Result:['n v"' %]

[ ‘gaddi’ 03]

Final Output:
STS QYyBQ
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information associat¢ sohnan gaddian

with the word.

AS @ ard is appended
UW i voo § figaddDd,

because this root word $
APLRO attribute.

The ratural language output gerated by EUGENHor sentence (6.1)s given in
(6.4) and itcorrespnds tothe UNL sentence given in (B).

{org}

The beautiful ca

{lorg}

{pun} S T § @¥SH@pun}

{unl}
[W]mod(car:03.@de@pl, beautiful:01@p[/W]
{lunl} é (6.4)

6.22 NLization of Conjunctions
The NLization of conjuctions in UNL sentence to NL sentence is presented using
example given in (6.5).

English sentencdéiJohn, Mary, Peter and Paul € (6.5

UNL of (6.5) is given in (6.6andits UNL graph is shown ifigure 6.7

{unl}

and(Pau :02)

and:02(Peter, :01)

and:01(Mary, John)

{lunl} é(6.6)
Expected Punjabi sentend¢s, P t, p & § s R é (6.7)
Transliterated Punjabi sentengan, mari, peetar ate pal
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and

S
and lt ——|
e a . e

Figure 6.7 UNL Graph ofExample(6.5)

Il n UNL sent emaue r(e&l.adt)i,onl alsas fAtMagd namud s ,
fJohro . Tahdd s r 21 at i on (040 ared adtscas fhes objecoinl another

fiandd r el ati on, wh i ¢ H020 and a&cts fis thHe objeet in@rothgr e n o
fiandd r el ation to form a complete and meani
All nodes (or UWSs) identified in UNL sentence given &gj, are mapped with their
corresponding dictionargntriesand are listed below.

Mary:01-[r t]{f'Mary"(LEX=N,POS=NOU,GEN=FEM,NUM=SNG);

John:03 [N §]{P'John"(LEX=N,POS=NOU,GEN=MCL,NUM=SNG);

Peter:02 [p § f}fPeter"(LEX=N,POS=NOU,GEN=MCL,NUM=SNG);

Paul:04- [p S|fR'Paul"(LEX=N,POS=NOU,GEN=MCL,NUM=SNG);

The process of NLization of example UNL sentence giveB.1) bas been illustrated

in Table6.2 The transliteration of each Punjabi word is ateentionedn the table.

Table6.2 NLization Process oExampleSentence (6.6)

Rule Fired Description Action Taken

and(%x;%y):=((%y, This T-rule has beg To: and(Paul:04, :02)

+>BLK)([and],LEX=C, |defined to resolve tl Result:

POS=CCJ,+>BLK)(%x, |fand relatior] [sc:03(#L:03(:02, and:06);

+>BLK),+LEX=%X); betweentwo UWs. I{ #L:03(and:06, PdipD4))]
addsi>BLK 0 attribute

with each word fg Intermediate Result:

inserting blank spac| :02andp § R

between the wor(-g2andpal
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Also add
bet

later on.
Aando
words which can K
translated to Punjal

later on with direg

mapping.

As a result, first relatiofiand is

resol ved:; scop

p |
with word fi a n d Gonjundior

resol ved i s

between them.

and(%ox;%y):=((%y,
+>BLK)([and],LEX=C,

POS=CCJ,+>BLK)(%x,

+>BLK), +LEX=%X);

This T-rule has be¢
defined to resolve i
fland® relatior

betweentwo UWSs.

To: and:02(Peter:02, :01)

Result:
[sc:04(#L:04(:01, and:08);
#L:04(and:08,Peter:02))]y);

IntermediateResult:
:0lang & &nip § R

:0landpeetarandpal

As a result, second relatigland
i s
be

nPet er owordwii & md

resol ved:; g

resolved is placed bef

conjunctionbetween them.

and(%x;%y):=((%y,
+>BLK)([and],LEX=C,

POS=CCJ,+>BLK)(%x,

+>BLK), +LEX=%X);

This T-rule has be¢g
defined to resolve i
flanc relatior

betweentwo UWSs.

To: and:01(Mary:01, John:03)
Result:[sc:05(#L:05(John:0and
:0A); #L:05(and:0A, Mary:01))]

Intermediate Result:
N $aRd tand$ $ 4nth § R

janandmariandpeetarandpal

relationfiand is
resol ved; ifJoh
AMaryo wond fi&dnd

conjunctionbetween them.

As a result,
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([and],%c1)(%x,"ADJ)
({[and]|COMMA},%c2):=(
[, 1", +PUT=COMMA,
+> BLK, %c3)(%X)(%c2);

This T-rule has be¢g
def i

(comma and a blaf

ned t

space) before a ng
which does not ha
AADJO attribute and it
subsequent node
either A
Aicommao.

will keep on firing
itself till it finds three
nodes in this for
A([ anid%x) %d
({[and]| COMMAL},%c
2) 0

Aando

for 1

t othis
rule will be fired fo
UWj4

~

n a

all pairs of

ng
conjunction betwee

havi

them, except forlast

pair.

To: #L(and:0A, Mary:01);
#L(Mary:01, ,:0B)

Result:#L(, :0C, Mary:01);
#L(Mary:01, , :0B)

Intermediate Result:
N & P tand$ $ anth $ R

jan, mariandpeetarandpal

ASs

blank space) is inserted betw

a resul t,

AnJohndo and @i Ma

([and],%c1)(%x,"ADJ)
({[and]|COMMAL},%c2):=(
[, 1.",",#*PUT=COMMA,
+>BLK,%c3)(%x)%c2);

This T-rule has bee
def i

(comma and a bla

ned t

space) before a ng
which does not ha
AADJO attribute and it
subsequent node
either A

ficommado.

To: #L(and:09, Peter:02),
#L(Peter:01, ,:0D)

Result:
#L(, :0OE, Peter:02);
#L(Peter:02, , :0D)

Intermediate Result:
NS PtpEand SR

jan, mariandpeetarandpal

232



As a resul t,

blank space) is inserted betw
npPe

AMaryo and

(%x,>BLK)(%y,"BLK,
NPUT,NASTAIL):=(%X;
>BLK)(" ",+BLK)(%y);

This T-rule has be¢g
defined to add blar

space after a no
having i>BLKO
attribute and it

subsequent node dc

not have fBLKOQ,
APUTO and ASTAILQ
attributes. Alsq

fi>BLKO attribute i
removed fromthe first
node so that this
relation should not g

executd for this UWSs

To: #L(Peter:02, and:06)

Result:#L(Peter:02;:0P); #L¢
:0P, and:06)

Intermediate Result:
N§PtLpSaipsR

jan, mari, peetar andpal

As a result, a blank space
Il nserted betw

fando.

(%x,>BLK)(%y,"BLK,
APUT ASTAIL):=(%X;
>BLK)(" ", +BLK)(%yY);

This T-rule has bee
defined to add blar

space after a no
having i>BLKQ
attribute and it

subsequent node dc
not ABLK O,
APUTO and ASTAILO

attributes.

have

To: #L(and:06, Paul:04)
Result:#L(and:06,-:0Q); #L(
:0Q, Paul:04)

Intermediate Result:
N§PtpSamp $§R

jan, mari, peetar and pal

As a result, a blank space
i nserted betwe

AnPaul 0.

(fand]):=(R K &)

This T-rule generatg
Punjabi for the word
Aando wi i

mapping.

['a t":64]

To: [and:04]
Result:['R K'184]
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Final Output:
NS PLpSRKkmS R

jan, mari, peetarate pal

Ailanda® tragsiated tofiR ko

fiated directly.

The ratural language output generated by EUGHNESsentence (6.5is given in
(6.8), correspond to UNIsentence given in (6.6).
{org}

John, Mary, Peter and Paul

{lorg}

{pun}

NS Pt pSdPS R

{/pun}

{unl}

W]

and(Ru, :02)

and:02(Peter, :01)

and:01(Mary, John)

[/W]
{lunl} 6 (6.

6.2.3 NLization of Determiners
The NLization of determiners in UNL sentence to NL sentence is presented using an
example given in (6.9).

English sentencéia lot of their books € (6.9
UNL of (6.9) is given in (610).

{unl}
pos(book:Q.@multal, 00:2.@3.@pl)

{lunl} é (6.10
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Expected Punjabi sentendes PPSIMLS mOS § [ é (6.11)
Transliterated Punjabi sentencdénan dian kai kitaban

All nodes (or UWs) identified in UNL sentence given @10, are mapped with their
corresponding dictionary entries, and are listed below.

00:2.@3.@pk [I §{"00.@3.@p!" (LEX=R,POSPOD,PAR=M7);
book:aL.@multat[S m P(Ebook"(LEX=N,POS=NOU,NUM=SNGGEN=FEM,
PAR=M1);

The process of NLization of example UNL sentence given6idl(( has been
illustrated in Tableé.3. Transliteration of each Punjabi word is aleentionedn the

table.
Table 6.3: NLization Process of Example Sentence (6.10)
Fule Fired Description Action Taken
(%y,M1):=(%y,+FLX(SNG:=0>[This  paradigm M| To:
" PLR:=0>" §"),-M1); attaches th [book:01.@indef]

correspondingpostfix tg Result:
nouns in Punjabi. Th['§ m & 81 @indef]

attribute fkiab":01.@indef|
that node will be handlg

for inflection accordin| 5 ¢ the S@

to the given rule. ki t ade not hay

any combination ¢
attributes mentioned
the given rule s
nothing is appended
this word.
(%x,M7,+FLX(SNG&BEN This  paradigm M| To:

&PAS:=1>"S P:$SNG&AGT fttaches  correspondi [00:02.@3.@pl]

&PAS:=1>"S P'BNG&POS [P O S t fi x tVo|g Result:

&MCL&DET:=1>"S P'§ fiu h din  Punjabi. Th [l ¢:02@3.@pl]
SNG&POS&FEM&DET:=1> at t r i but e pLun":02.@3.@pl|
"S P'$PLR&POS&MCL& that node will be handlg¢
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ADET:=1>"S P PLR&POS
& FEM&DET:=1>"SP &L L
PLR&BEN&PAS&DET:=0>

D)

"P B'§JPYR&POS&DET:=0>P ¢

for inflection accordin

to the given rule.

As t hel U
does not have a
combination a

attributes mentioned i

the given rule s

nothing is appended

this word.

pos(%x,N,FEM,@multal;%y,
@pl,@3POD):=(%,+PLR,
+FEM, +POS,+DET-@pl)

("P &) %);

This T-rule has beg
resolve tf
betwesg

defined to
fipoH relation
noun and pronoun.
places pronoun before t
noun andnsers a specia
wor dP § d&iLAdiano
between them. Al it
removesfi@plo and add
APLRO, APOS, ADETO
attributes from seong
UW.

To: pos(book01.multal

;%Db,00.@3.@pl)
Result:

#L(00.@3,P § LOd);
#L(P § 04, bookO1.
@multal)

#L(00.@3, dian:@);
#L(dian :04, bookO1.

@multal)

Intermediate Result:
| sSP§8mOs i
uhdian kitab

fipo® relation gets
resolved by placing
th
noun andnflectedword

AP & & L fdiand

pronoun before

ge

inserted between then

(%x,N,SNG@multal):=("mL")
(" ")(%x,-@multal;NUM,
+NUM=PLR);

This T-rule has beg
defined to remove ¢

attribute A@multab from

To['S m&:81E@mults

J
Result:#L(m L 01, -
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a noun, add a spedg
word fim Lo fkaio before

it and update the numk

information of noun t
i PL.RO

:02);
#L(-:02, "S m&:61)

#L(kai01,-:02);
#L(-:02, "kitab™:01)

Intermediate Result:
1 sPSmMLSmOs 7
uh dian kai kitab

Attribute fA@multalo
gets removed and
special mw

fkaid is added befo

nounfiS m @ $iitabo.

({DINIRNV |3, ~inflected,FLX,
Qoy):=('FLX,+inflected;FLX,
oY)

It fires the correspondif
inflection paradigm t

inflect the root wor

Al ® uh stBahibd
based orthe combinatio
APLR&POS&DETO  of

attributes it has.

To:

[00:02.@3.@pl]
Result:

['l s P&@3]
["'uhnan":02.@3]

Final output:
1 s PSIMLSmOS

uhnan dian kai kitab

Attribute iPLRO was
associated witfiS m ©
fikitabo, thus, it gets
inflected tofiS m 8§

fkitabar
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({DIN|RNM|3, tinflected, FLX, |It fires the correspondir To: ['S m &:81§
ooy):=('"FLX,+inflected;FLX, |paradigm rule to infle Result:["é mé‘é)f] &

“y); the roosSmad Final output:

fkitabd to make ilsgpgcmggm0§

AS m Qo§kitabdrd base( ,,nan dian kai kitabar

on the numbe

information of the word | attribute APLRO was
associated witfiS m ®
fkitab", thus, it gets
inflected tofiS m &S ¢

fkitabar

The ratural language output generated by EUGHNESsentence (6.9 given in
(6.12), correspond to UNL sentence given @1(0).

{org}

a lot of their books

{lorg}

{pun}

| s PPSIMLSMOsS T S L
{/pun}

{unl}

(W]

pos(book:Q.@multal, 00:Q.@3.@pl)

[/W]

{funl} é (6.
6.2.4 NLization of Verbs

The NLization of verbs in a UNL sentence to NL sentence is shown using the
following example given in (6.13).

English sentencét Hel Wi not arri veo € (6.13

UNL of (6.13) is given in (614).
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{unl}

agt(arrive:03.@not.@future, 00:01.@3.@male)

{lunl}

Expected Punjabi sentendesP sp NS ¥ §

Transliterated Punjabi sentencé: nahin phunchega

é (6.19

é (6.195

All nodes (or UWSs) identified in UNL sentence given &nld), are mapped with their

corresponding dictionary entries, and are listed below.

"00:01"-[| §{}"00.@3.@male"(LEX=D,POS=POD,PARM7);

arrive:03.@not. @futurgp s ]Q"\;(rm/e"(LEX:V,POS=VER,TRA:TSTI,PAR:I\M);

The process of NLization of example UNL sentence given6ii4 has been

illustrated in Tableés.4. The transliteration of each Punjabi word is aleentionedn

the table.
Table 6.4: NLization Process of Example Sentence (6.14)
Fule Fired Description Action Taken
(%y,M4):=(%y,-M4,+FLX( This paradigm attach| To:
MCL& PST&SN&MANT &*PGScorresponding postfix | [arrive:03.@future.
'=0>" 8 n B'§PST&SNG&FEM |verbs in Punjabi. Th @not]
& PGS&MANT:=0>"1n LS @t T i but e Result:
PST&PLR&FEM&AANT:=0>" | Ndicates that node w ['p s "0¥.@future.
be handled for inflectiq @nof]

n L L9 P:MCL&PLR&PST
=0>"h e P;
SNG&PRS&MCL &'PER

& \PGS:=0>P §"{
PRS&SNG&FEM&MPGS
&"PER:=0>
b5
PRS&PLR&FEM:
'SPk P

=0>

PRS&PLR&MCL:=0>"P § P,
PRS&SNG&MCL&PGS:=0>

as per this given rule.

["'phunch™03.@future.
@not]

As t he p¥Q
fip h u ndoésmot hav
any combination ¢
attributes mentioned
the given rule s
nothing is appended

this word.
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'St 88
PRS&SNG&FEM&PGS:=0>"
r st
PRS&PLR&FEM&PGS:=0>"
[ s SsLAL
PRS&PLR&MCL&PGS:=0>
T s
PST&SNG&MCL&PGS:=0>
ST $S
PST&SNG&FEM&PGS:=0>
'T $¥S
PST&PLR&FEM&PGS:=0>
't s SLA
PST&PLR&MCL&PGS:=0>
'T ST
(PST&MCL&SNG&ANT}:=0>
"N S¥'ImS
(PST&FEM&SNG&ANT}:=0>
"N SY'In3
(PST&MCL&PLR&ANT}:=0>
"N SSYPm T
(PST&FEM&PLR&ANT}:=0>
NSV L L
(PER&PRS&MCL&SNG}:=0>
"N So/fm$
(PER&PRS&FEM&SNG}:=0>
"N So/tm$
(PER&FUT&MCL&SNG}:=0>
NSy METnNS
(PER&FUT&FEM&SNG}
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=0>"NSsy ST n s
(FUT&MCL&PGS& SNG}:=0>
'StsFESTns
(FUT&FEM& PGS&SNG}:=0>
'STsESTNS

{(FUT& MCL&SNG }:=0>" FiT§
FUT &FEM& SNG&"PGS

& PER&"RES:=0¥ fT%));

(%x,M7,+FLX(SNG&BEN&PAS
=1>"SP$ V
SNG&AGT&PAS:=1>'S P:T

This paradigm M7 hg
been defined to atta

corresponding postfix

To:
[00:03.@3.@pl]

agi(%a ,+FUT;@future;%b) ;

SNG&POS&MCL&"DET:=1> [P ' © N &/y& u i & Result:
'S P'S Punjabi. The attribu [1 $703.@3.@P]
SNG&POS&FEM&ADET:=1> |fi FL X6 i ndi |[FU:03.@3.@pl]
"S P'§ node will be handled f
PLR&POSEMCLEDET:=1> [nflection as per tn{AS T h &AM
'SP given rule. does not have a
PLR&POS& FEM&"DET:=1> combination 9
'SPELL attributes mentioned i
PLR&BEN&PAS&DET:=0> the given rule s
pEL PV nothing is appended

Sk SV

L this word.

PLR&POS&DET:=0>P '§)L.)
agi(%a,V,@future}FUT;%bR):=|This rule adds th To:agt(arrive:03.@not

attribute
verb node on the ba
the

of attribute

associated with

because

combination i
important to apper
correct postfix t

00:01.@3.@male)

Result:
agt(arrive03,00:01.@3

Nothing is appended
any Punjabi root wo
as

postfix an
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Punjabi root word verb

Nfn@f utur eo
removed from secol
i %b O

is added to first noq

node

N %a o .

agi(%a,"MCL;%b,R,@male):=
agi(%a ,+MCL;NUM,+NUM
=SNG;%b-@male);

This rule adds the
attributes
ASNGO t o t

the basis of the attribu

A @mal e o t
associated with the no
A %b O b
combination a

AFUT&MCL &S

To:agt(arrive:03.@not
, 00:01.@3.@maje

Result:
agt(arrive:03.@not,
00:01.@3)

Nothing is appended
any Punjabi root wo

required to apperas postfix

correct postfix  t{attribute is remove

Punjabi root word. from node
attributes
ASNGO ar e
node f %ao.

agt(%a,V;%b,R):=(%b)(" ")(%a)|lt resolves the fiagy To:

relation, places pronol agi(arrive:03.@not,

before  verb and 00:01.@3)

introducesnewnode of | Result:

singl e s p | #L(00:01.@3;:02);

between two nodes. | #L(-:02,

arrive:03.@not)

Intermediate Result:
1 spsSVYN
uh phunch

As a resultflagd
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relation is resolved by
placing the pronoun

Al % fuho before verb

fip s Bighinchd.

(%x,V,@not):=)("0 | "PK%ox,

-@noy,

This T-rule has beg
defined to remove ¢
attribute i@nod from g
verb, add a negatiol
wor dPsofi finahid

before it.

To:
[arrive:03.@not]

Result:
#L(00:01.@3;:04);

#L(-:04 P s:05,
arrive:03)
#L(-:04 nahin:05,
arrive:03)

IntermediateResult:
1 sPspsSVN
uh nahinphunch

Attribute f@nob gets

removed and a negati
wo r dP,so ffiahid is
added
fip s Sighinctd.

before ve

({N|V|D|J|R},FLX,Ninflected,%x)
=('FLX,-FLX,+inflected,%X);

This th

correspondingparadign

rule fires

rule to inflect the roc

world o

To:[00:01.@3]
Resultf"] $:01.@3]

["uh":01.@3]

As t he&/ |AJAWNO
does not have a
combination a

attributes mentioned
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the given rule s

nothing is appended
this word.

{N|V|D|J|R},FLX, inflected,%X):
=('FLX,-FLX,+inflected,%X);

This th

corresponding paradig

rule fires

rule to inflect the rog
wor g sa\WE un

mak @ NI
Aphunchega

t o

To:[arrive:03]
Result[" p §N $ 0§]
[" phunchegd:07]

Final Output:
| SPspagYs

uh nahinphunchega

The oot wor ¢ sd
fiphuncld get inflecteq

to p $igd

fiphunchega.

The ratural language output generated by EUGHNIESsentence (6.13f given in

(6.16), correspond to UNL sentence given @14).

{org}
He will not arrive

{lorg}
{pun}] sP sp &N F{psén}

{unl}
[W] agt(arrive:B.@not. @future,
{lunl}

6.2.5 NLization of Nouns

The NLization of nouns in a UNIsentence to NL sentence is shown using the

00:01.@3.@majaN]

following example given in (6.17).

English sentencdiAll the books available

UNL of (6.17) is given in (618).
{unl}

mod(book:05.@def.@all,available:07)

é (6.19

é (6.17)
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{lunl}
Expected Punjabi senten@3 T S BSOS § L

é (6.19

Transliterated Punjabi sentensaarian uplabadh kitabaan

After the tokenization foexample sentencgiven in 6.18 with EUGENE tool, two

lexical items are identified as shown below.

[l p R t{favailable"(LEX=J,POS=ADJ)<pun,0,0>;

[S m Qpibbok" (LEX=N,POS=NOU,NUM=SNG,GEN=FEM,PAR=NIl)<pun,0,0>;

Here,ALEX0 represents lexical categoryiJo represents adjectivBPOS represents
partof-speech, its value could be eitlfi&DJo or iINOUO, fADJO indicates adjective,
ANOUO indicatesa commonnoun. AGEND represents gender whose value could be
eitheriMCLO for male orfiFEMO for female,AiINUMO repreents number whose value
could be eitheASN® for singular orfiPLRO for plural, APARD represents paradigm
which isused to generate the inflected forms out oflthge form.The process of

NLization of example sentenggven in 6.18) has been illustrated in Talbeb.

Table6.5: NLization of ExampleSentencg6.18)

S.No Rule Fired Description Action Performed
1. mod(%a,N,@all;%b,J): | This rule resolve UW View:
=((%b)(" ") (%a,+NUM|the A mo d oi.e, | L:01(available:07;:02)
=PLR r@all),+@all,| modification relation #L:01(-:02,
+LEX= %a, +NUM=| between the nodes.| book:05.@def)
%a,+GEN=%a); creates two nhode
String View:
and places node

fobd before node
f%0e0.

#L:01("V p w r":a7,""

:02)

#L:01("":02, "S m &:@5¢
@def)

#L:01("uplabadH:07, " "
:02)

#L:01(" ":02, "kitab'":05.
@def)
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Generated output:
sc:01f Wpwrom""

['Smd ¢
sc:01{["uplabadh "][" "]
["kitab"T}

~

The rlation i mo di®
resol ved:; f
bef

with [fi ] a@s blank spac

pl aced

between them. Node: C

indicates scope nod
internally generated b

EUGENE.

(N,SNG,FEM,@all,%a);
=('$ § T"3)L(L"
@all, -NUM,+NUM
=PLR);

ar

This rule resolves
theat tri bul
to insert word

"S § 7"§Mefhre the
nodei%ao, which is
having a lexica
category noun an
number value

singular.

UW View:
#L:01(available:075:02)
#L:01(-:02,
book:05.@def)

String View:

#L("S § 1"93, '[":04)
#L(" ":04, :01)

#L:01("l p RP:QY,""
:02)

#L:01(" ":02, 'S m O:@5¢

@def)

#L("sariaan":03, " ":04)
#L(" ":.04, :01)
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#L:01("uplabadh":07, " "
:02)

#L:01(" ™02, "kitab":05.
@def)

Generated output:

['S$TR'ULL pRAY
'S mds ¢

['sariaan"][" "]
["uplabadh"][" "]

["kitab"]

AS a resu
attribute is resolved, an
bl ank spac

inserted between UWSs.

(Yoa, @def):=(%a,
@def);

This
t he

from

rule

renoves

attri

the

node

fbooko

UW View:

#L(-:04, :01)
#L:01(available:075:02)
#L:01(-:02,
book:05.@def)

String View:

#L("S § 7"93,'":04)
#L(" ™04, :01)
#L:01('V p wr™a7,""

:02)
#L:01(" ":02, 'S m O.85)

#L("sariaan":03, " ":04)
#L(" ™04, :01)
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#L:01("uplabadh":07, " "
:02)
#L:01(" ":02, "kitab":05)

Generated output:
['SST'R'ULL p R
[0S mAs i

["sariaan"][" "]
['uplabadh"] [" "]

["kitab"]

As a resu
attribute isremovedfrom

theUW fibooko

(%x,M1):=(%xX,-
M1,+FLX

T DR

This paradigm M2
attaches wordi ~01
wi th hoide
pbuhalk

remai n

i S
it

No action performed

({NIVID}FLX,
Ainflected,%x):=('FLX;
FLX, +inflected,%Xx);

This rule fires the
corresponding
paradigm rule M2 tg
inflect the root word

ifbooko.

Generated output:
['SS TR ULl p R

rrSmOE F 5L

['sariaan"][" "]
["'uplabadh"][" "]
['kitabaan"]

There is a change in th

UW "book" because it i

plural.
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The ratural language outpgenerated by EUGENEr sentence (6.17f givenin
(6.19, corresponihg to the UNL sentence given ir6(18).

{org}

All the books available
{lorg}

{puri

SSTRALRISIMOS T §L
{/pur}

{unl}

[W] pos(car:04, John:0JjW]

{lunl} é (6.19

6.2.6 NLization of Pronouns
The NLization of pronouns in a UNL sentence to NL sentence is shown using the
example given in (6.20).

English sentencdiA book of min® é (6.20)
UNL of (6.20) is given in (621).

{unl}

pos(book:03.@indef, 00:07.@1)

{lunl} é (6.2])

Expected Punjabi senteneeTIrmS mO §
Transliterated Punjabi sentenceeri ik kitaab

After the tokenization of example sentence given6ir2l) with EUGENE tool, o

lexical items are identified as shown below.

[r T{F'0D.@1" (LEX=D,POS=POD,PAR=M3)<eng,255,0>;
[S m @B book"(LEX=N,POS=NOU,NUM=SNG,GEN=FEM,PAR=M<pun,0,0>;

Here,ALEXO represents lexical categofo represents determindi? O represents
partof-speech whose value i®ODO which indicates possessive determin€&ENO
represents gender value whose value could be &M€Lo for male oriFEMo for
female,ANUMO represents number whose value could be efi8BIG) for singular or

APLRO for plural, iPARD represents paradigm which is used to generate the inflected
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forms out of thdase form. The process of NLization of example sentehed) (has
been illustrated iTable6.6.

Table6.6: NLization ofExampleSentence§.21)

S.No.

Rule Fired

Description

Action Performed

(%y,M1):=(%y,-M1,
+FLX(SNG:=0>"";

PLR:=0>1 §"));L

This paradigm attache
word i S0 wl t h
X0 i f it [

ot her wi se

No action performed

same.

2. (%x,M3):=(%x;M3, | This paradigm attache
+FLX(SNG:=0>" | word AL & wi t h
PLR:=0>"L TMCL: 0 i f - i

No action performed
=1>" '§); ot her wi se
same.

3. ({N|V|D|J},FLX,Ninf | This  rule fires thg There is no change in th
lected,%x):=('FLX; | corresponding UW A00: 07. @
FLX,+inflected,%x); | paradigms M1 and M{ibook 0 beca

to inflect the root word.| singular.

4, pos(%a,N;%b,POD)| This rule places th{ UW View:

=(%D)(") (%2);

nodeii%bo before node
fi%a0.
the possessor of a thir
where UW2 is the
possessor of UW1.

Aposo

#L(00:07.@15.01)
#L(-:01,book:03.
@indef)

String View:
#L('r T:p75@1," ":01)

#L("":01,"S m O:@3¢

@indef)

#L("meri":07.@1," ":01)
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#L(" ":01,"kitab":03.
@indef)

Generated output:
['r TIT"8I[" S mAs ¢
["'meri"] [" "] ["kitab"]

As a

result, i po
relation is resolved; UW
A0O0: 07. @10

before mb g
indicates a blank spag

between UWSs.

(N,@indef,%a):=(("
TA(")(%ar

@indef), %a,+NA,-
@indef);

This rule inserts the

word T \" Ai kbefore

node i0ad which is a

noun and it alsc
resolves the attribut

"@indef".

UW View:
#L(00:07.@1;:01)
#L(-:01, :01)
#L:01(T \:02,-:04)

#L:01(ik:02,-:04)

#L:01(-:04, book:03)

String View:
#L('r T:p75@1,":01)

#L("meri.07.@1,":01)

#L(" 01, :01)
#L:01('T \":02,"":04)
#L:01(" ":04,"S m O 93I)

#L:01("ik":02,":04)
#L:01(" ":04,"kitab" :03)

Generated output:
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v TISI T[]
'Smds r

[“meri"] [" "] ["ik"] [* "]
[" kitab"]

As a resul

attribute is resolved;
A00: 07. @10
bef ore nbrod

between them.

The ratural language output generated by EUGHNIEsentence (6.20f givenin
(6.22), corresponihg to UNL sentence given ir6(21).

{org}

a book of mine

{lorg}

{pun}

r TIFRS mOs ¢

{/ pury

{unl}

[W] pos(book:03.@indef, 00:07.@fW]

{lunl} é (6.22

6.2.7 NLization of Prepositions

The NLization of prepositions in a UNL sentence to NL sentence is shown using the
example given in (6.23).

English sentencéiThe train from Rome to Parterough Geneva € (6.23

UNL of (6.23) is given in (624) andits UNL graph is shown ifigure 6.8

{unl}

plc(train:03.@def, Rome:07.@from)

plc(train:03.@def, Paris:0B.@10)

plc(train:03.@def, Geneva:0F.@through)

{lunl} é (6.29
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train:03.@def

Rome:07.@from Paris:0B.@to Geneva:0F.@through

Figure 6.8 UNL Graph ofExample(6.23
Expected Punjabi sentenéeTOp t P B HTSSANTAR 6 $

Transliterated Punjabi sentencem ton pairis nu geneva vichon rel gaddi

After the tokenization of examplkeentence given in6(24) with EUGENE tool,four

lexical items are identified as shown below.

[pt B'TPSris"(LEX=N,POS=PPN,NUM=SNGT,PAR=MO0)<pun,0,0>;

[f TARV{ &ain" (LEX=N,POS=NOU,NUM=SNG)<pun,0,0>;

[f R}t Rome"(LEX=N,POS=PPN,NUM=SNGT,PAR=MO)<purQs;

[N P FYSGeneva'(LEX=N,POS=PPN,NUM=SNGT)<pun,0,0>;

Here, ALEXO representsa lexical category, AiDO represents determinefiPOS
represents pauf-speech whose value i$§PODO which indicates possessive
determiner AGENO represents gender value whose value could be ditM€LO for
male orAFEMO for female,iNUMO represents number whose value could be either
ASNG for singular orfiPLRO for plural, iPARD represents paradigm whigs used to

generate the inflected forms out of thesse form. The process of NLization of

example sentencé.@4) has been illustrated in Talder.

Table6.7: NLization of ExampleSentence .24

S.No. Rule Fired Description Action Performed
1. (y, @def):=(%y,- This rule removes th{ UW View:
@def); attribut e |plc(train:03.@def,Rome
the node. 07.@from)

plc(train:03.@def,
Paris:0B.@1t0)
plc(train:03.@def,
Geneva:0F.@through)

String View:
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plc('f TAR/"OF T Tr
07.@from)

ple("f TAR/"OF"pt 'Si
:0B.@to)

olc('t TAR/OZ NPT |

:OF.@through)

plc('rel gaddi:03, "rom":
07.@from)

plc("rel gaddi":03,
"paris' :0B.@1t0)

plc(“rel gaddi':03,
"genevd :0F.@through)

As a result, "@def
attribute is resolved witl
UW "train".

(N,PPN,SNGT,@from
,%a):=((Yoax;@from)

("O"),N,PPN,SNGT,

DONE, %f);

This rule resolve
"@from" attribute to

insert word ©' fit o 1

after the nodef%a0,
which is having &
lexical category nout
and part of speech &

proper roun.

UW View:

#L:01(Rome:070:02)

String View:

#L:01(T T:07,"0"02)
#L:01("rom":07,
"ton":02)

Generated output:
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sc:0l{ [T T 'O}

sc:01{ ['rom"] [" ton"] }
"@from'

attribute is resolved. UV

As a result,

"Rome" is placed befor

word" Q' fitono.

(N,PPN,SNGT,@!o,
%a):=((%a, @to)(P"} )

N,PPNSNGT,DONE,
%f);

This rule resolves

ll@toll

insert word P"$fiuo

attribute to

after the nodef%ad
which is having &
lexical category nout

and part of speech ¢

UW View:
#L:02(Paris:0BP 95y

#L:02(Paris:0B,nu :05)

String View:
#L:02("p t 'SOB,3"05)

#L:02("paris":0B,"nu":05)

proper roun.

Generated output:
sc:02{['p t $FFREH V
sc:02{["paris"] ["'nu"T}
As a result, "@to'
attribute is resolved. UV
"Paris" is placed befor
word "P"$io.

(N,PPN,SNGT, This rule resolvey UW View:

@through,%a):=((%a| "@through" attribute #L:03(Geneva:08 S N

@through)($ S\,

PPN,SNGTDONE,
%if);

to insert word & S'|

fiv i ¢ h cafted the

node 0ad which is

having a lexica

category noun an

part of speech a

:08)

#L:03(Geneva:0F,vichon
:08)

String View:
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proper nain.

#L:03('NP T0F 2SS S'N

:08)
#L:03("geneva":0F,"vichon
":08)

Generated output:
sc:03{ ['N P T][S3S]N

sc:03{["geneva']

["vichon]}

As a result, "@through
attribute is resolved. UV

"Geneva" is placel

before word "S S|

fivichoro.
plc(N,NOU,%a;N { This rule resolves th| UW View:

PPN|NOU},%b):=((
%Db)(%a),%f);

Apl c e, place
relation between th
nodes. It creates tw
nodes angblacesnode
A %b o

N %a O .

befo

The
place specifies a plag
where an even
occurs. Here, UWL1 i
a state, place or 34
event and UW2 is ¢
thing/place taken as

place.

#L:04(01, :02)
#L:01(Rome:070:02)

#L:01(Rome:07, ton:02)

#L:02(Paris:0BP 95Y

#L:02(Paris:0B, nu :05)

#L:06(:03, train:03)

#L:03(Geneva:0FS S N
:08)
#L:03(Geneva:0F, vichon:

08)
String View:
#L:04(.01, :02)
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#L:01(7 T.07,"0"02)

#L:02("p t 'S0B,P"05)
#L:06(:03,F ThR/"03
#L:03('N P TH S5 S N

":08)
#L:04(:01, :02)

#L:01("rom":07,"ton":02)

#L:02("paris":0B,"nu":05)

#L:06(:03,"r

#L:03("geneva":0F,"vichon
".08)

Generated output:
sc:04{["f T 'O

[t SFPHUPTSS
['S ST ThR/' 8

sc:04{ ["'rom"] ["ton"]

["paris"] ['nu"] ["geneva']

["vichon"] ["rel gaddi"]

As aresult"plc” relation
is resolved; and th

output is generated.

The ratural language output generated by EUGHDNIESsentence (6.233% givenin
(6.25), corresponihg to the UNL sentence given ir6(24).

{org}
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the train from Rome to Paris through Geneva

{lorg}
{pur}
FTOpt PEFTSSANTIR 6 8
{/ punr}
{unl}
plc(train:03.@def, Rome:07.@from)
plc(train:03.@def, Paris:0B.@to)
plc(train:03.@def, Geneva:0F.@through)
{lunl} é (6.29

The different cases discussed above shthe working of EUGENE tool for
conversion of input UNL sentence to Punjabi languagew this EUGENE/
NLization module(configured withgeneration dictionary and TRuless) invoked by
the generation modul®f the developed QAystemto get the answer in the target

natural language.

6.3 Generation Module (NLization Phase)

The generation modulef the developed QA system invokes EUGEMENLize the
output UNL For NLization procesgeneration dictionaes, TRules,and DRulesare
created by the computational linguists of the respective natural language and stored at
UNL web. These resources are created according to UNL specificfti®8fs The
generation modul®f the developed QA systenonvertsthe output of optimizer to
the target natural language.

The answer keyword generated loptimizer is converted to UNL andjiven to the
generation modulef the developed QA systefar converting it to the desired target
natural language bnvokingits EUGENE module.

Let usreconsiderthe previousexamplegiven in (54) of Chapter 5in (6.26) and
observe the outpuf this examplaiven in Figure 6.9.

L p S SIH O SmsNESt (5P T A
Gdhuni ka khUtobURO kihano coza upara nir a

i On wh a bderd agecslturendepends? é (6.29

258



For this example sentendlge generation modulef thefiPunjabd natural language is
called and the output gimeby theUNL crawleris NLized and answer is given in
target natural languadee., Punjabi)as shown in Figure 8.

Similar to analysis module(which invdkes IAN/UNLizaion module) generation
module invokes EUGENE/ NLization of the target natural language. It calls an API
through the developed interface which requires the following parameters:

a. User name

b. Web service client name

c. Three character EUGENE ISO code

d. Language name
e

Outputgivenby theoptimizer

The values of all these parameterangewith the language selection. Once the call
to an APl is made, it returns the natural language text successfully.
If EUGENE is not able tdNLize the keywords, then that keord is returned as it is.

Figure 6.9%shows the final answer in the desired target language.

(@ Not secure | www.punjabinlp.com

MNew Tab ;:\!T IRCTC Mext Generatic: ¥ Bookmarks @ UPPCL Electricity. - L' g Sign up Facebook [l Applyfora US.Visza & https://cgifed:

A UNL Based Multilingual Question Answerin

Sample AgroExplorerPunjabi Questions

7}1:]'_-‘??:'; ytErat faos ﬁﬂ‘éi? yagd d ?

Agro-Explorer ¥
Download Corpus

Find Answer

{unl}aoj(depend.@present.@interrogative;
agriculture)scn(depend.@present.@interrogativ
e; 88.81@wh)mod(agriculture.@interrogative;

modern){/unl}

[ts a perfect match. Your answer 1s:
(Sentence Number: 4)

.

1. FTEH »E SIS w3 IS

2. FABE w3 fEfafauidan

Its a pertect match. Your answer 1s:
(5entence Number: 4)

1. science of physical and biclogical

2. technology and engineering

Please reach us in case of any help at: vaibhav4unl@gmail com

Figure 6.9 OutputGiven by theGenerationMiodule
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6.4 State of Art for EUGENE/NLization Module of Punjabi
Language

Earlier work of NLization of adjectives, conjunctions, determiners,verbs nouns,
pronouns, andprepositionsvith EUGENE for thePunjabilanguage hakelped us to
configure EUGENE tool for proposed QA systfifi5][164][165]

The work presented in this chaptiar the proposed QASystem,i.e.,, Punjabi
NLization module has been selded in top 5 (ased upon the-Measures) NLization
grammars for Olympiad Ill, and Olympiad I¥onducted byUNDL foundation
Geneva ~Measure of Punjadanguage NLization and othbestselectedanguages
for Olympiad l1ll, and Olympiad IV is shown inFigure 6.10and Figure 6.11
respectively. The highlighted entries kigure 6.10and Figure 6.11 refer to Punjabi

language results.

NLization
i Files

General Language Auther F re Submission Medal —

Position Pair | | Date Dictionary [T-Grammar |D-Grammar |Output
1 [ ubsv | GregaMiharcic | 1000 | 0703204 GOLD[ [21]@ [ [21@ | (2@ | (4@
2 uni>bul Yordanka Stancheva | 1000 | 21032014 |GOLD| [25]& [26]d8 | [27]P | [28]eP
3 unk>pan Parleck Kumar || 0996 || 30032014 [GOLD[ (9@ | (0@ | (@ | 2@

[ [ MaryamFaal | ' s ' [ - [ _— . ;

4 urlper Homedanchi | 0,994 . 20032014 GOLD| [33)2 [34] 8 | B 1@ | [36]@
uniukT Sergiy Prols | 0957 | 30032014 [GOLD| (37)@ | [al@ | D9@ | [40)&

unl=rus Sergry Prots | 0916 29032014 GOLD| [41]eF [42]d | [43]e¥ [44] &2

Figure 6.10 F-Measure foiTop 6 NLizationBestSelected_anguages for
Olympiad 111 [150]

NLization (Qualified Grammars Only)

l" f
Submission |  Author L Pair JF-Measute: Medal Position
| 11112014 |Pateek Kumar juni>pan § 1000 JGOLDEN| 1

} Files
jCocpusfI Dic |T.grammar D-grammar |Output

|
|pne e pye | e |pEe
| 15-11-2014 |Paeck Kumar [unbhin [ 1000 |GOLDEN| 2 [[%6)€ 1@ (e | 9@ |10

Figure 6.11 F-Measure foiTop 2 BestNLization Selected_anguages for
Olympiad 1V[49]

The corpus used iNLization Olympiad Ill and Olympiad IV wergsame which were
used for UNLization Olympiad Il and IM,e.,UGO-A1 and AEOPAL respectively .

260



As mentioned earlierhe work has been merged and extended for the proposed QA
systemand thecurrent updated NLizatioBJUGENEmodule forthe Punjabilanguage
has 704JWs, 462 TRulesand 10mflectional paradigms

Table 6.8 shows the details BEGENE/NLizationmodulefor NLization of Punjabi
language.

Table 68: Details of EUGENE/NLizationModulefor NLization of Punjabianguage

NLization Assets Count/ Value
TRules 462
Dictionary entries 704
Inflectional paradigms 10
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Chapter Summary

In this chapter, theletailed information of)eneration, NLizatiofEUGENE modules
for the Punjabi language hee been documented. This chapthighlights the
framework of EUGENE tool which is useir NLization. The working of the
developed NLizationmodule using EUGENE has begresented with example

sentences.

This chapter highlights the use NtLizationEUGENE module from the developed
guestion answering system perspective and gives details aboutgdmsvation
module of the proposed question answering system can be used to invoke

NLizationEUGENEmodule of target natural language.

After explaining about EUGENEjeneration and NLizatidBUGENE modules, the
state of art of NLizatioiEtUGENEmodule of Punjabi language has been discussed in
this chapter. The achievements and contributions of the developed
NLizationEUGENE module forthe Punjabilanguage have been highlighted in this

chapter.
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Chapter 7

Results and Discussionf Proposed QA System

As discussed in previous chaptess,the proposed QA systethe question asked by
the user is converted to UNL and the developed §#tem crawls the UNL of
guestion and UNL of corpus to find the answertarget natural languagé his
chapter discusses about the evaluation of the proposed QA systisgculisestzout
the corpus, metrics, empirical resulésid error analysiof the proposed QA system
and its comparison with other QA systerfsr testing the proposed Qgystem, the
guestions were framezh UNL-EOLSS corpusandAgro-Explorer corpus

7.1 Corpus Detalils

The UNL-EOLSSc or pus f or experimentation has b
online publ i cTehtei oEnn cryecd cospietdaray oif Li fe Sup
that is available atttp://www.eolss.nefThis repository consists of articles related to

the maintenance, healthnd future of the web of life on planet earthhe UNDL

foundation under the project UNHEOLSS createdhe content of 30 articles of the
Encyclopedia of Water, one of the many encyclopedias of EOLBS% UNDL
foundationhas made available UNEOLSS corpus which has 25 articles and 12,917
sentence’s To test the proposed QA systemyegtions were framed otnese25

articles

Agro-Explorer is an agricultural domain corpus developed by CFILT, IT Bofmbay

and hasbeenspitted into 7 sections. It comprised total 240 complex sentences.
Questions were framed on these 7 sectemss to test the proposed QA system on
another corpus

Harabagiu and Moldovan (2003) had identified the following six QA question types,

i.e, Factoid, List, Defintion, How, Why, andPolar (YesNo) [59].
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http://www.eolss.net/

Factoid questions aree i Wh o di scover eaiWhen oxkiyde Hawa

become a state?0o0.

Ihttp://www.unlweb.net/wiki/EOLSS
2http://mww.undlfoundation.org/eolss/corpus/UNL.txt

Shttp:/mww.cfilt.iitb.ac.in

List questions are likéiWhichc ount ri es export oil 20 or
preferred by the Americans for holidays?0o0
Definition questions are liké What i s a quasar ?eanswearingii Wh a't

system?o0.

How questions are likBHow seawater intrusion can be prevented .

Why questions are likB W\regeneration is more thorougho

Polar questions are likéls Hydroponics a method of soilless garderiing .

In order to test the proposed QA system, all the 400 questiort wiere framed on
Agro-Explorer andUNL-EOLSS corpugoves all the major part of speechasdall

QA question typediscussed above

7.2 Metrics Used for Evaluation

Hirschman and Gaizauské2001) had suggested the following important metrics for
the evaluation o QA systen{65].
1 Concisenessit meansthat the answer should nodnsist of irrelevant/extraneous
information.
Relevance It specifies thathe answer should be a response to the question.

Correctness:lt specifies thathe answer should be factually correct.

Apart from these metricsPrecision and Recall have also been long used for
evaluating QA systen$2][23]. Precision is the measure of accuracy whereas Recall
is the measure of its exhaustivity. Precision meang p#i@entage of answers given
by the QA system is relevaand is calculated by the formula given in (7.Recall
means what percentage of relevant answers is returned b@Ahsystemand is
calculated by the formula given in (7.2)

00GdOQ QaQLIORdI QQL QQ

U 1w D De ¢ YE 0 @OQO0 1 Q0L QO
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http://www.undlfoundation.org/eolss/corpus/UNL.txt

00dOE ™ Qa QUi "QQLQQ
“YE O DOQA QL QE Qa i
F-Measure or FIScore is the harmonic mean of Precision and Recall and is

Y@ & &

calculatel by the formulayiven in(7.3).

23 Precisior? Recall
F - Measure = — (7.3
Precisior+Recall

7.2.1Methodology to Calculate theseMetrics Values

The questions that were framed out oftive corpora were assumed to have only one
correct answer which can be present in any sentence of these corpora.

Consider a scenarion which user asks a question to the QA system and the QA
system responded with 3 answers out oicWwlonly one answer isght.

In this case th&elevane of this question would b&/3 = 33.3% because 1 out of 3
answers is relevaniThe Precision of this will be same as Relevanas out of 3
answers 1 answer is relevant. This is true for every ddmeRelevangPrecisionof

the complete QA system would be theightedaverage oRelevane/Precisionof all

the 400 questions askeavith weights equal to the total number of questions per
guestion type as given in Table 7.1

Concisenesss calculated byhe formula given ir{7.4).

_ Total concise answers obtained
Concisenes = : 3 100 .(7.4)
Total questions asked

As described earliegn answer is said to be concise if it does not haverasligvant
or extraneousnformation An answer which is not concise will have Relevdncy
Precision equal to O.

Correctnessis calculated byhe formula given ir{7.5).

Total factually correct answers obtained
Correctnes = , 3 100 ...(7.5)
Total questions asked

Sinceall the answers to the questions had been extracted from the UNL repository
(which is assumed to have correct UNahd no manipulation is done by the
devel oped QA system, therefore all/l wer e f
100%.
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Since the proposed system works on UNL of inmutestionand UNL of corpus,

therefore thdRecall of the proposed systemideause by designlJNL crawlerwill

definitely find an answer if it is present in the corptwever, if the UNL of

guestion or corpus wrong, then it will reduce the Recall.

Since for the polar questions, answers contaim | y 0Yeso or O0NoO
Conciseness anielevancirecisionis not applicable to thiand is evaluated as 1

always

7.3 Empirical Results

For testing the proposed QA system, 400 questions were framed and asked through
the developed interface as illustrated in Figure 4.32 of Chapter 4 of this thesige All
sentences in the UNHEOLSS orpus, and Agrdexplorer corpus were converted to

UNL and saved as UNLEolss.txt, and AgroExplorer.txt filegpeetively (which form

the UNL repository) as a part of the developed solutOuat of these400 questions

total number of missing type questio(tuestions in which a node the UNL graph

has an @0 @wias describéd in section 5.1 of Chapter 5 of this thesis)
were 300, Polar (YesNo type questions wer&/0 and noAmissing type questions
(questions in with a node itheUNLgr aph has an aasgleserieedt O6xy
in section 5.1 of Chapter 5 of this thesmggre 30. Table 7.1presentghe count of
differenttypes of questionsn which the proposed system has been tested

Table 7.1: Types dQuestions

Sr No. | Question Type | Count | Category

1 Polar (ressNo) | 70 Polarquestion

2 What 60

3. Who 50

4, Where 40

5. When 40 Missing type question
6. Why 40

7. Which 40

8. How 30

9. What 30 Non-Missing type questior
Total | - 400

After testing the proposed QA system on 400 questions, it has been observed that its
0Conci s 8%b® asodt o400 questions, answers &2 questionshad extra

information. The value of Relevandefecision of these 42 questions would be O.
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Apart from these 42 questions, there were 17 maestionswhoseresponses were
in the form of multiple answers.Table 7.2 shows the question wise values of
ConcisenesRelevancd?recision, Recall and-Measureof the developed QA system
and has been ltaulated with the help of formuésgiven in 7.1, 7.2, 7.3, and 7.4

Table7.2 Conciseness, RelevanBeécision, Recall and-Measure of th®eveloped

QA System
Sr Question | Count | Concisenesy Relevance/ | Recall | F-Measure
No. | Type Precision
1. What 90 0.84 0.81 1 0.895
Polar 70 1.0 1.0 1 1
(YesNo)
3. Who 50 0.86 0.8 1 0.901
4. Where |40 0.90 0.8 1 0.924
5. When 40 0.95 0.3 1 0.963
6. Why 40 0.87 0.85 1 0.918
7. Which 40 0.85 0.80 1 0.888
8. How 30 0.86 0.81 1 0.895
i 400 0.8% 0.864 1 0.927
Total

Figure 7.1 shows the values of Conciseness, CorreciRelevancd?recision, Recall,

and FMeasureof the developed QA system.
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m Conciseness of

1- 1 System
1
m Correctness of
0.95 - System
0.927 Relevance/Preci
0.895 sion of System
0.9 - .
m Recall of System
0.864
0.85 1 F-Measure of
System
0.8 —
1
P ! Sure
. T Il fs
0.75 L Re/eVanC of Yste

Figure 71: Measures of Concisene€rrectnessRelevancirecision Recall, and
F-Measure

As describedearlierin section 7.2.1,isce the proposed system works on UNL of

input and UNL of corpus, therefore tRecallof the proposed system is 1 because, by
design,UNL crawlerwill definitely find an answer if it is present in the corpus.

Sincef or t he pol ar guestions, ans wee s con
Conciseness and Relevarigedcision is not applicable to this and is evaluated as 1

always.

7.4 Comparison of Resultswith other QA Systems

As discussed in literature review of thiesis, unlike QA systems proposed using non
UNL techniques, here are very few UNL based QA/search engin&simation

retrieval systems that have been proposed by various researchers. Although accuracy
of some of them had been given, yet no informatigarding the calculation of those

results, testing methodology, and corpus detdidshad been reported. Therefore, the
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F-Measure of our system has been compared wagtiuracies of other important
proposed QA systems all.

However, for UNL based QA system developed by Cardeebsd. (2009) [33]
information regarding accuracy, number of questions and corpus has beermgaen.
comparison of their total number of questigas which testing has been performed)

of each type has been done with our proposed system and is shown in Figure 7.2.

0

/ —QAs
(Cardenosa et
/\ al., 2009)

/\/ \/
Nl R

When How Which Who Why Yes-NoWhere What

== Proposed
QAS

Total Number of Questions 5

Figure7.2 Comparison ofhe Total Number ofQuestiondJsed forTesting
Different UNL Based QAS

As shown in Figure 7.2, the total number of questions uséthbyenosat al. (2009)
[33] for testing their system is significantly lesspart from the accuracy oA
system developed by Cardenostaal. (2009) [33], acarades of UNL based QA
systems developed by Goel (20164], and Shukleet al. (2004)[134] hadalsobeen
reported. The FMeasure of the developed QAS as compared withatiseracy of
UNL based QAS developed by Cardenesal. (2009)[33], Goel (2016)[54], and
Shuklaetal. (2004)[134] is shown in Figure 7.3[he accuracies of system developed
by Cardenosat al. (2009)[33], Goel (2016)[54], Shuklaet al. (2004)[134], and F
Measure of our system @826, 0.82, 0.6, and 0.927 respectively.
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m QAS(Carden
saetal.,
2009)

m Proposed QA

m QAS(Goel
2016)

QAS (Shukla
et al., 2004)

Accuracy

Figure7.3. Comparison othe Accuracyof Different UNL Based QAS

Sinceaccuracy of only three&JNL based QA systems has been reported, so in order to
evaluate and compapoposedQA system,its F-Measure haslso been compared
with other important and high acctgaQA systems which are developeding

different techniques as shown in Figure 7.4.

Evaluation Metrics Value

000000000
ORPNWhUUIONOORF

Figure7.4. Comparison oEvaluationMetricsValueof Our System withDifferent
Developed QAS

After doing an exhaustive survey on the available QAesgstand comparing the
accuracyfeatures of oumproposedQA system with other QA systems, it has been
observed that our proposed QA systisnmaving the second best accuraaftef the
system proposed by Mohamed 2(1@1]) and the proposed systemil have a major
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impact in research and development@A systems The proposed system is web
basedand itswor ki ng ¢ o mp o rvebee¢ndnsmde chwaitalbland iscanh a
integrate other UNL based applicationand supports multilinguism (without
changingthe architectur@and code). This is a major breakthrough in development of

NLP applications.

7.5 Error Analysis

Error analysis plays a vital role in analyzing the limitations of an application and
proposed research. It gives an understanding and providggpaartunity to improve

the accuracy of the system. The followirsmbsections present the detailed
explaination about the error analysis of the proposed QA system.

751 Relevance

As mentioned earlier, Relevanspecifies thathe answer should be a regge to the
question Theproposed system has achieve®R e | e v &.86dwehén testéd on 400
guestions covering each question type like What, Polar, Who, Where, When, Why,
Which, and HowTo understand the situation that caused reduction in Relevance

us consider thaheuserasks thedllowing question as given in @).
What is agriculture? é (9.

Cleaned UNL of this question after preprocessing is given.m. (

{unl}
aoj(00.@whagriculture)
{lunl} é (7.7)

In order to provide the answer to this question, as discussed in Chapter 5 of this thesis,

t he QA system wi hojo trreyf atioon owhkosfeor s edc o
@agricultureo.

Now, Agro-Explorer corpus contains cleaned UNL (after preprocessindgpisted

in Figures 7.5, 7.6, and 7fér the 3 sentences as given in8}7.(7.9), and (710)

respectively.

AAgriculture is art, science, and industry of managing the growth of plants and

animals for human use 0 é (7.8)
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{unl}

and:@1l(science;art)

mod:03(1ndustry;manage,
pur:03(manage;use)
obj:03(manage;growth)
mod:03(growth;:02)
and:02(animal;plant)
mod:83(use;human)
{/unl}

Figure 7.5 UNL of ExampleSentence 1.8)

filn a broad sense, agriculture includes cultivation of the soil and growing and
harvesting crops and breeding and raisihgstock and dairying and forestryo
é (79

{unl}
obj(include;:04)

I aoj(include;agriculture)I

and:@3(dairying;:02)
and:03(:02;:01)
mod:@3(:82;livestock)
and:@2(raising;breeding)
and:@3(:81;cultivation)
mod:@3(:01;crop)
and:@1(harvesting;growing)
mod:@3(cultivation;soil)
mod(sense;broad)

{/unl?}

Figure 7.6 UNL of ExampleSentence 7.9)

fiModern agriculture depends heavily on engineering and technology and on the

biological and physical sciences. é (7.10

{unl}
aoj(depend;agriculture)
scn(depend, :03)
man(depend;heavily)
mod:@3(science;:02)
and:02(physical;biological)
and:@3(technology;engineering)
mod(agriculture;modern)

{/unl}

Figure 77: UNL of ExampleSentence (7.0)

Now, since UNL repository has 3 UNdentencesas shown in Figures 7.5, 7.6 and
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7.7 whadodoh ré | atagrioutuyed aasl ©Ohe s etbhecefore,weagetg u me n't
three answers dhe questionasked in examplsentenceq.6). The answer given by

the developed QA system is as shown in Figut& Due to this, the
RelevancA’recision of this question would be 1/3 = 0.33 (refer equation 7.1).
Therefore the proposed QA ygstem is not 100%elevantand its RelevancBfecision

comes out to be 0.864hen tested on 400 questions

Mts a perfect match. Your answer is:
(sentence Number: 1)

. industry and science and art
2. industry of manage
. manage for use

. manage of growth

. growth of animal and plant

5. use of human

Its a perfect match. Your answer is:
(Sentence Number: 2)

1. include

Its a perfect match. Your answer is:
(Sentence Number: 4)

75.2 Conciseness

As mentioned earlierConcisenesspecifies thatthe answer should not contain
irrelevant or extraneous information The proposed system has achieved
60Conci seness6 of 0. 89 5Towmhderstand tleesidtiendhato n 4 0 0
caused reduction in Conciseness, let us considerthieatser asks the dllowing

guestion as given in (7.11

What genetics has made? é (11

Cleaned UNL of this question after preprocessing is given.lr2)

{unl}
aojmake,genetics.@wh)
{lunl} é (712

Now, as described in Chapter 5 of this thesis, QA system tries to answer this question
by |l ooking all|l the remakedns whose first

Agro-Explorer corpus contains cleaned UNL (aftemgpoeessing) as shown in Figure
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7.9 for the sentence given in13).

AGenetics has also made a science of livestock breeding. e (13

{unl}

aoj(make; genetics)

obj(make; science)

Iman(make;also] I

mod(science; breeding)

mod(breeding; livestock)

{/unl}

Figure 7.9 UNL of ExampleSentence (72.3)

Now, since UNL repository has this WNsentence (as shown in Figured)7with
Omaked as t h eherdforews get twmoragswersethetquestionasked in
example sentend@.11). The answer given by the developed §/stem § as shown
in Figure 7.10 Due tothis, this answer is notanciseand its Conciseness is 0.
Therefore, the Conciseness of tpeoposed QAsystem is not 100% and its

Conciseness comes out to be 0.895

A UNL Based

Sample AgroExplorerPunjabi Questions

{unl}aoj(make.@interrogative;genetics.f@wh)
{/unl}

Sentence No. 9 :
1. science
2. also

Figure 710: Answer ofQuestionAsked inExampleSentence (74.1)

The system has been developed to support multi UNL document as an answer file.
Therefore, UNL sentence in which the answer is present will come at the top (based
on ranking given by theptimizer, refer to section 5.2 of Chapter 5 this thesis).
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Table 7.3shows some of the example questions and ansyiezs by the developed

QA system
Table 7.3 ExampleQuestionsAsked to thd’roposed QASystem

Sr Natural Language | Corpus | Question QA System (Optimizer)

No. | Sentence Name Asked Output

1. Natural water Natural waterfl t 6 s a p elouf
resources represe resources answer is:

a vital biospherq UNL- represent (Sentence Number: 1)
component HTM1 EOLSS | what 1. Component
an economic an

2. industrial  resource Natural waterfl t 6s a perf
that pOSSesse resource answer is:
indispensable represent (Sentence Number: 1)
consumer which 1. Biosphere
properties. component

3. Is biosphere Yes

component
vital

4, Natural waterl UNL- Natural water Sorry, we cannot fing
resources represen{ EOLSS | resources any question. Please a
a vital biosphere represent g the queson again.
component HTMI1 vital
an economic an biosphere
industrial  resource component
that pPOSSEeSSE
indispensable
consumer
properties.

5. Modern agricultureg Agro- Agriculture I t 6s a p el
depends heavily o| Explorer | depends or Your answer is:
engineering an( what (Sentence Number: 1)
technology and of 1. science of physical
the biological anc and biological
physical sciences. 2. technology and

engineering
3. heavily

6. Agriculture is art, | Agro- Is agriculture| Yes
science, and Explorer | an art
industry of
managing the
growth of phnts and
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animals for human
use.

7. In a broad sense, | Agro- What  does (Sentence Number: 1)
agricultureincludes | Explorer | agriculture | 1. forestry and dairying
cultivation of the include and raising and breeding
soil and growing 2. raising and breedin|
and harvesting crop :
and breeding and and ' harvesting  an
raising livestock ang growing
dairying and 3. raising and breeding (
forestry. livestock

4. harvesting an(
growing and cultivation
5. harvesting ant
growing of crop

6. cultivation of soil

8. Each of irrigation | Agro- What isjflt 6s a perf
and drainage and | Explorer | important in| answer is:
conservation and successful (Sentence Number: 1)
sanitary engineering farming 1. engineering  an|
is important in .
successful farming. conservation —  ang

drainage and irrigation
2. engineering of sanitar

0. Agricultural Who dealsl t6s a perf
chemistry deals with with vital | answer is:
other vital farming farming (Sentence Number: 1)
concerns, sych as concerns 1. chemistry
the application of : —

10. fertilizer and Which Il t 0s a per f
insecticides and Agro- chemistry answer is:
fungicides and soil | Explorer | deals with| (Sentence Number: 1)
makeup and vital farming| 1. agricultural
analysis of concerns
agricultural products
and nutritional
needs of farm
animals.

11. | Plant breeding and | Agro- What l'tds a perf
genetics contribute | Explorer | contributes td answer is:
immeasurably to farm (Sentence Number: 1)
farm productivity. productivity | 1. genetics and breeding

2. breeding of plant

12. | Genetics has also What geneticqg (Sentence Number: 1)

made a science of
livestock breeding.

has made

1. science
2. also
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Agro-
13. Explorer | genetics hag 1. breeding
made scienct
of what
14. genetics hag 1. livestock
made scienct
of which
breeding
15. | Water consumption Where waten 1. earth
on Earth during the consumption
twentieth century | yN|- has increased
16, | Increasedsevenfold gy o5 [0 which|I t 6s a per
while the population :
only increased thred century water answer is:
times. consumption | (Sentence Number: 1)
on earth hag 1. twenty
increased
17. | Water quality is the Water quality]l t 6s a perf
most important is the most answer is:
factor of ecological important (Sentence Number: 1)
_safety_ and stability UNL- factor ofwhat | 1. stability and safety
in agriculture . -
18. development. EOLSS | Water qualityfl t 6s a perf
is the most answer is:
important (Sentence Number: 1)
factor of | 1. ecological
stability and
safety of what

The esults of the proposed sgm are very motivating. Such@NL based (online

available) QA system which can support foreign languages will definitely be a major

step iINNLP for removing the languadearries.

Chapter Summary
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In this chapter, the detailed information of experimentation and evaluation of the
proposed QAS has been documeniBus chaptegivesthe details of corpora used

for testing the developed question answering system. This chapter introduces the
evaluationmetricsviz. Conciseness, Relevance, Correctness, Precision, Recall, and F
Measure for evaluating the developg@AS. The cktails regarding the total number of
guestions and their types have been highlighted in this chapter. The Conciseness,
Relevance, Coectness, Precision, Recall, aneMgasure of the developeQAS

came out to be 89.5%, 86.4%, 100%, 86.4%, 100%, and 92.7% respectively.

The analysistomparison of the develop&dAS on the basis of #Measuredccuracy
has been done with different question answering systefime eror analysis of
Relevance and Conciseness h#s been performed and explained in this chapter.
The testing methodology and example questi@osg with their answerbavealso

beenlistedin this chapter
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Chapter 8
Conclusion and Future Scope
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8.1 Conclusion

As a part of this thesjisvarious gaps were identified in the existing question

answering systems and objectives were framed to addressideesiéied gaps. As

discussed in Chapter 2 (Background Theory and Literature Review) of this thesis,

analysisof various QA systems has been done based on the following parameters:
U Corpus used for testing

Evaluation metric

Evaluation metrics value

Domain

Is working algorithms of all components explained

Is question answering system available online

Does QAS support multiple language

Can QAS be extended to support other foreign languages

c: c: c: c: [ c: c: c:

Can question answerirgystem integrate other NLapplications

U Is source code available for the given question answering system
A framework for UNL based question answering system has been praposezbt
all the objectivesBased on tis framework the proposed question answering system
has been developed and tested for Punjabi language. The Punjabi language resources
for UNLization and NLization modules have been created. The proposed question
answering system meets all the objectives as discussedtiors1.9 of Chapter 1.
A public platform for developing NL basedlanguageindependent applicatiortsas
been developed and testethe analysis andgeneration moduke of this platform
invoke IAN and EUGENE module ahe sourceand target natural langua¢feunjabi
in this casejor UNLization and NLizatiorrespectively Thisweb-basedplatform has
been developed using HTML, CSS, jQuery, and The proposed QA system
components,i.e., UNL repository, UNL crawler, optimizer, and the ranking
mechanism hze been developed andtegrated \th this platform. IANUNLization
andEUGENENLization modules have been developed for Punjabi natural language
UNDL foundation had conducted a series of Olympiads over the y&hese
Olympiads for UNLization and NLization were held so as to find the best IAN and
EUGENE modules for the participating languages across the globe and check their

respective accacies. Till date more than 33 languages are part of this UNL
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programme.The UNLization modulgor Punjabi languagdéad been submitted for

UNL Olympiad II, Ill, and IV conducted byWNDL foundationin July 2013, March

2014, and November 2014 for W&, UGO-AL1l, and AESOPAl corpora
respectively[129][150][49]. The UC-Al, UGO-Al, and AESOFAL corpora were
provided byUNDL foundationwhich covered all the major pawf-speech.

The langiage selected for the proposed question answering syisterPunjabi, had

been selected imop 10 (Based upon the -Measures) UNLization grammars for
Olympiad I, while it was selected in top best grammars for Olympiadlland
Olympiad IV. The F-Measue of PunjabilAN module was 0.97, 0.99, and 1.00 for
Olympiad Il, Olympiad IIl, and Olympiad IV respectively

Punjabilanguagehas been seléed in top 5 (Ased upon the-Measures) NLization
grammars for Olympiad IIl, and Olympiad IMhe F-Measure of Punjabianguage
EUGENE module was 0.996 and 1.Gor Olympiad 1ll and Olympiad IV
respectively.

The evaluation metricwviz. Conciseness, Relevance, Correchd¥ecision, Recall,

and FMeasurehas ben usedfor evaluating the developed question answering
system.For testing the proposed QA system, the questions were framed on UNL
EOLSS corpus, and Agixplorer corpus.

The UNCEOLSS <corpus for experimentation has
online publication repository AThe Encycl
that is available atttp://www.eolss.neflhis repository consists of the articles related

to themaintenance, health and future of the web of life on planet erthUNDL
foundation under the project UNHEOLSS created the content of aQicles of the
Encyclopedia of ater, one of the many encyclopedias of EOLSS. UNDL
foundationhas made available UNEOLSS corpus which ha$articles and 12,917
sentencesTo test the proposed QA system, questions were framed on these 25
articles.

Agro-Explorer is an agricultural domain corpdsveloped by CFILT, IIT Bombay

and has been spitt@ako 7 sections. It comprises of total 240 complex sentefites.
guestions were framed on these 7 sections so as to test the proposed QA system on

another corpus.

For testing the proposed QA system, 400 questions were framed and asked through
the develope interface.The Conciseness, Relevance, Correctness, Precision, Recall,
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and FMeasure of the developed question answering system came out to be 89.5%,
86.4%, 100%, 86.4%, 100%, and 92.7% respectively.
The major outcomes of this research work ar®ksws.

I. Study and comparison of existing QASs has been done on the basis of
important parameters likeorpus, evaluation metrics used, evaluation metrics
values, and domaietc.

ii. Various gaps in the existing QASs has been identified on the basis of
important parameters likeavailability of source code, scalability, online
availability, multilingual support, is working algorithms of all components
explained, and can question answering system integrate other NLP
applicationsetc.

iii. A web based language indewent architecture for QAS has been proposed
to address the identified gaps.

iv. A web based interface for th@AS has been developed on top of the
proposed architecturéJNL crawler and optimizer has been developed and
integrated in this interface.

v. UNLization/IAN module for Punjabi language has been developed.

vi. NLizationEUGENE module for Punia language has been developed.

vii. Analysis and generation dictionaries for Punjabi language have been created.

viii. The developed QAS has social significantiehas been tested on UNL
EOLSS and Agréexplorer corpora which are based on water resources and
farming.

i X . Devel oped O6Shared6 functionality
UNLization/IAN and NLizationEUGENE resources so as to matkeeir
natural language available for use (in the developed QAS).

X . | mpl emented OTP based authentice

8.2 Limitations of the Developed QA System

The framework of the proposed QAsystem is so muchldxible that any natural

language which is or will be the part of UNL programme will be supported by the
proposed architecture. The devel oped QA s
order to incorporate those languages. However, the developed syatetheh

following limitations:
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1 Itisassumedthat o r p u s @il hak¢Mumbers in the form of words and
not figures. Foexamplel 9 wi | | be present as o6ni net
T The developed system is dependent on .
resources) developed bNDL foundation
1 T h &€ondiseness (Relevancg @Precisio® and ¢—Measuré metric values
changes with theumber and type ofuestiors for any question answering

system

8.3 Future Scope

The &Conciseness (Relevancg dPrecisiod and d—-Measuré metric valuesof the
proposed QA system can be improve®N and EUGENE modules can be enriched

for Punjabi natural languageso that their FMeasure can be increased
Since apublic platform for developing languagedependent applicationtsas been
developed and testetherefore other NLP applications which are UNL bakke
sentimentanalysis,text summarizationmachinetranslationetc can bedevelopedand
integrated with thisThe developed system can be extended to support the feature to
upload the UNL corpus by the user so that questions can be asked by the worldwide

audience.

Certifications in UNL
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2018, IF: 0.592.

ua V. Agar wal , P. Kumar . AA publ i c pl a
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known as Literary and Linguistic Computing), Oxford University Press, DOI:

https://doi.org/10.1093/llc/fqwD63, February,2017, IF: 0.563.

ua V. Agar wal , P. K u ma rDomaii Alieril dpplicationi n g u a |
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Computing), Osord University Press, DOl:
https://dx.doi.org/10.1093/lic/fqw022, April 2016, IF: 0.563.

Research Papers Under Revision

0 V. Agar wal AFreBmewakudom&eb Baséd Language Independent
Semantic Question Answering SysterBemantic Weldournal, 10S Press

286



References

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

AbderrazzakS.,Qbadou, M., Youssfi, M., & Akef, F. (2018). A syntactic and
semantic multagent based question answering system for collaborative e
learning. InOptimization andApplications (ICOA), 2018 4th International
Conference offpp. 1-4). IEEE.

Abdullah, M.M.,& Abdel-Kader, R. F. (2011). Qasyo: A question answering
system for yago ontologynternational Journal of Database Theory and
Application 4(2), 99112.

Adly, N., & Ansary, S. (2009). Evaluation of Arabic machine translation
system based on the Universal Networking Langulig¢ural Language
Processing and Information Systems, Lecture Notes in Computer Science
5723, 243257.

Agarwal, V., & Kumar, P. (2018). UNLization of Punjabi text for natural
language processing applicatioBsU d h, 4387l

Agarwal, V., & Kumar, P. (2017). A public platform for developing
languagendependent application®igital Scholarship in the Humanities
33(1), 15.

Agarwal, V., & Kumar, P. (2016). A Multilingual Cro$3omain Client
Application Prototype for UNtkzation and Nkization for NLP
Applications.Digital Scholarship in the Humanitie82(3), 463475.

Agarwal, V., & Kumar, P.Z013). UNLization of Numbers and Ordinals in
Punjabi with IAN. International Journal onNatural Language Computing
(IINLC), 2(3),4348.

Agarwal, V., & Kumar, P.Z013). UNLization of Punjabi with IANIn Proc.

of the 11th workshop on Asian Language Resouitagoya, Japan, 329.
Agarwal, V. @013). UNLization of Punjabi with IANM.E dissertation),
Thapar University, Patiala.

Ansary, S., Nagi, M., & Adly, N. (2006). Towards a Language Independent
Universal Digital Library. InThe Second International Conference on
Universal Digital Libraries (ICUDL 2006). Alexandria, Egypt -19
November 2006

287


https://academic.oup.com/dsh/article/2968114/A
https://academic.oup.com/dsh/article/2968114/A

[11] Allam, A.M.N., & Haggag, M.H(2012). The question answering systems:

A survey.International Journal of Research and Reviews in Information
Sciences (IJRRIS2(3).

[12] Ali, M.N.Y., Sorwar, G., & ShamsujjohaM. (2015). Formation of Word
Dictionary of Bangla Vowel Ended Roots for First Person for Universal
Networking Language.International Conference on Information and
Knowledge Engineerind.as Vegas, USA.

[13] Amit, M., & Sanjay, K.J.(2016). A survey on wgstion answering systems
with classificationJournal of King Saud Universi@omputer and
Information Science28(3), 345361.

[14] Amrita, S., Vardaan, P., Mitesh, M. K., Karthik, S., & Sarath,(ZD18).
Complex Sequential Question Answering: Towalt@smrning to Converse
Over Linked Question Answer Pairs with a Knowledge GrapXiv
preprint arXiv:1801.10314

[15] Arvind,K.T., & Rajeev, S. (2014). A Survey of Computational Intelligence
Techniques in Protein Function Predictibmernational Journal of
Proteomics 845479, 122.

[16] Ask Jeeves. Wikipedia.[Online]. Available:
http://en.wikipedia.org/wiki/Ask.com

[17]  Awvetisyan, A., & Avetisyan, V. (2010). LOOK4: Enhancement of web search
results with Universal Words and WordNet.Rroc. 5th Int. @nf. on Global
WordNet(pp. 15).

[18] Baudi g, P. (2015). YodaQA: a modul ar
In POSTER 20189th International Student Conference on Electrical
Engineering(pp. 11561165).

[19] Bekios, J., Boguslavsky, I., Cardefiosa, J., & Gallardo, C. (2007). Using
wordnet for building an interlingua dictionary. Hifth International
Conference INDRMATION RESEARCH AND APPLICATIOS39).

[20] Ben, H., Peter, C., & Hannaneh, 015). Learning knowledge graphs for
guestion answering through conversational dialogPrbteedings of the
2015 Conference of the North American Chapter of the Assatidtr
Computational Linguistics: Human Language Technolopes 851861).

288



[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Bértoli Jr, L., Da Luz, R. P., & Bastos, R. C. (2005). A web platform using
UNL: CEL T A6 Univerbab Metwarkirg .Language: Advances in
Theory and Application276.

Bhattacharyya, P. (2001). Multilingual information processing through

Universal Networking Language. Indo UK Workshop on Language

Engineering for South Asian Languadpp. 1-10).
Bilotti, M. W., & Nyberg, E. (2006). Evaluation for scenario du@s
answering systems. Froceedings of the International Conference on

Language Resources and Evaluation

Blanc, E. (2005). About and around the French Enconverter and the French

DeconverterUniversal

Applications 12, 157166.

Boguslavsky, I., lomdin, L., & Sizov, V. (2005). Interactive enconversion by

means of the ETARB system.

Network Language: Advances

IlProceedings of the

in Theory and

International

Conference on the Convergence of Knowledge, Culture, Language and

I nformation Technol ogi eso,

Al exandri a

Boitet, C., Bhattacharyya, P., Blanc, E., Meena, S., Boudhh, S., Fafiotte, G.,
& Vacchani, V. (2007). Building HindFrenchEnglishUNL resources for
SurviTraCIFLI, a linguistic survival system under construantion Seventh

international symposium on natural language proces§ng).

Boudhh, S., & Bhattacharyya, P. (2009). Unification of universal word

dictionaries using WordNet ontology

and similarity measures.

In proceedings of the 7th International Cerénce on Computer Science and

Information Technologies
Bronnenberg, W. J. H. J., Bunt, H. C., Landsbergen, S. J., Scha, R. J.,
Schoenmakers, W. J., & Van Utteren, E. P. C. (1980). The question

answering system PHLIQANatural

Systems, Natural Communication with Computers
Bueno, T. C., Hoeschl, H. C., Bortolon, A., Mattos, E. S., Santos, C., &

Barcia, R. M. (2005). Knowledge engineering suite: a tool to create

ontologies for
systemsUniversal

Applications 337.

automatic knowledge
Networking Language:

Language Question Amsring

representation inelligent

Advances

in Theory and

289



[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Calculation of FMeasure [Online]. Available:
http://www.unlweb.net/unlarium/index.php?tools=fmeasure

Cameron, R. D. (1998). Rex: Xmbkhallow parsing with regular
expressionsMarkup Languagesl(3), 61-88.

Cardefiosa, J., Gallardo, C., & Iraola, L. (2005). An XMNL Model for
KnowledgeBased AnnotatiorResearch on Computing Scient2 300
308.

Cardefiosa,)., Gallardo, C.& Miguel, A. (2009). Interlingual information
extraction as a solution for multilingual QA systems.International
Conference on Flexible Query Answering Systgps500511). Springer,
Berlin, Heidelberg.

Chandu, R., Khyathi, Chhakotla, M., Black, A. W., & Shrivastava, M.
(2017).WebShodh: A Code Mixed Factoid Question Answering System for
Web. Ininternational Conference of the Crekanguage Evaluation Forum
for European Languaggpp. 104111). Springer, Cham.

ChoudharyB., & Bhattacharyya, P. (2002). Text clustering using universal
networking language representation. Ploceedings of Eleventh
International World Wide Web Conference

Choudhury, M., Ershadul, H., Nawab, Y.A., Mohammad, Z.H8&SAhsan,
R.M. (2005).Bridging Bangla to Universal Networking Languagédiuman
language neutral metanguage. Irinternational Conference on Computer
and Information Technology (ICCIT), Dhakap. 104109).

Concepts of UW [Online]. Available:
http://www.undl.org/unlsys/unl/unl2005/uw.htm

Cooper, R. J., & Ruger, S. M. (2000). A simple question answering system.
In TREG 9.

Dave, S., & Bhattacharyya, P. (2001). Knowledge extraction from Hindi
text. IETE Technical Reviewl8(4), 323331.

Dey, K., & Bhattacharyya, P. (2005). Universal Networking Language based
analysis and generation of Bengali case structure constdmtersal
Network Language: Advances in Theory and Applicatidfs215229.

290



[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

Dhanabalan T., & Geetha, T. V. (2003). UNL deconverter for Tamil.
In International Conference on the Convergences of Knowledge, Culture,
Language and Information Technologies

Dhanabalan, T., Saravanan, K., & Geetha, T. V. (2002). Tamil to UNL
EnConverter. IrProc. Int. Conf. on Universal Knowledge and Langugue
1-16).

Dictionary Specifications, [Online].

Available: http://www.unlweb.net/wiki/Dictionary _Specs

Di. W., Boytsov, L., Araki, J., Patel, A., Gee, J., Liu, Z., Nyberg, E., &
Mitamura, T.(2014). CMU Multiplechoice Question Answering System at
NTCIR-11 QA-Lab. INNTCIR

Document TypefOnline]. Available:
http://www.facweb.iitkgp.ernet.in/~sudeshna/courses/nlp07/k€gR$pdf
Mohnish D., Banerjee, D., Chaudhuri, D., & Lehmann, J. (2018). EARL.:
Joint Entity and Relation Linking for Question Answering over Knowledge
GraphsarXiv preprint arXiv:1801.0335.

EUGENE[Online].

Available: http://dev.undlfoundation.org/generation/index.jsp

Feng, G., Du, Z. & Wu, X. (2018). A Chinese Question Answering System
in Medical DomainJournal of Shanghai Jiaotong University (Sciend&)|

23, 678683.

Fourth Olympiad [Online].

Available: http://www.unlweb.net/wiki/lV_UNL_Olympiad

Frederik S., Schuler, R., Draeger, T., Dummer, D., Ernst, A., Flemming, P.,
& Neves, M. (2016). Hpi question answering system in bioasq 2016.
In Proceedings of the Fourth BioASQ workslipp. 3844).

Gaizauskas, R., & Humphreys, K. (2000). A comdine/NLP approach to
question answering against large text -collections.CdntentBased
Multimedia Information Accesgolume 2pp. 12881304). LE CENTRE DE
HAUTES ETUDES INTERNATIONALES D'INFORMATIQUE
DOCUMENTAIRE.

Gillard, L., Bellot, P., & EIBeze, M. (2006). Question answering evaluation

survey. InLanguage Resources and Evaluation Conference

291



[53] Gill, M.S. (2008). evelopment of a Punjabi grammar checkBroctoral
dissertation)Punjabi University, Patiala, India.

[54] Goel, K. (2016).Information Retrieval System using UNL for Multilingual
Question Answering\.E dissertation) Thapar University, Patiala.

[55] Green, F., Bert, Alice, K., Wolf, Chomsky, C., & Laughery, 963).
Baseball: an automatic questiansweer. InPapers presented at the May 9
11, 1961, western joint IREIEE-ACM computer conferendpp. 219224).
ACM.

[56] Gupta, D., Kumari, S., Ekbal, A., & Bhattacharyya, P. (2018). MMQA: A
Multi-domain Multilingual QuestioPAnswering Framework foEnglish and
Hindi. In Proceedings of the Eleventh International Conference on Language
Resources and Evaluation (LRE2018)

[57] Gupta, D., Lenka, P., Ekbal, A., & Bhattacharyya, P. (2018). Uncovering
CodeMixed Challenges: A Framework for LinguisticalDriven Question
Generation and Neural based Question Answerindgeraiceedings of the
22nd Conference on Computational Natural Language Leardihg130.

[58] Hajlaoui, N., & Boitet, C. (2005). A" pivot" XMtbased architecture for
multilingual, multivesion documents: parallel monolingual documents
aligned through a central correspondence descriptor and possible use of
UNL. Research on Computing Scient2 309326.

[59] Harabagiu, S., & Moldovan, D. (2003). Question answerinip
Mitkov, R. (Ed.),The Oxford Handbook of Comp. Linguistickapter 31,
pp. 560 582. Oxford University Press.

[60] Harabagiu, S., Moldovan, D., Pasca, M., Mihalcea, R., Surdeanu, M., Girju,
R., Rus, V., & Morarescu, R2000). FALCON: Boostig Knowledge for
Answer Engines. ITREC(Vol. 9, pp. 479488).

[61] Hartawan, A., & Suhartono, D. (2015). Using vector space model in question
answering systeniProcedia Computer Scienced, 305311.

[62] Heba, A., Maha, R., Bassant, F., Rehdvwh, Alaa, M., Nagwa, E.M., &
Marwan, R.(2014). AFBayan: an Arabic question answering system for the
Holy Quran. InProceedings of the EMNLP 2014 Workshop on Arabic
Natural Language Processing (ANL@p. 5764).

292



[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

Helena, G.A., Grigori, S., Daes, V., & David, P(2015). CICBUAPnNIp:
GraphBased Approach for Answer Selection in Community Question
Answering Task. IProceedings of the 9th International Workshop on
Semantic Evaluation (SemEval 20(5). 1822).

Hermjakob, U. (2001). Parginand question classification for question
answering. IProceedings of the workshop on Ommain question
answeringVolume 1pp. 1:6). Association for Computational Linguistics.
Hirschman, L., & Gaizauskas, R. (2001). Natural language question
answering: the view from hereatural language engineering(4), 275300.
Hua, H.U., & Shizheng, Z. (2017). Design of Intelligent Tourism Question
Answering System Based on Semantic WHStech Transactions on
Economics, Business and Manageméted).

Hyeongu, L., Kim, M., Kim, H., Kim, J., Kwon, S., Seo, J., & Choi, J. K.
(2016). KSAnswer: questieanswering system of Kangwon national
university and Sogang university in the 2016 BSfA challenge.
In Proceedings of the Fourth BioASQ workslipp. 4549).

IAN [Online]. Available: http://dev.undlfoundation.org/analysis/index.jsp
Interactive Analyzer [Online].

Available: http://www.unlweb.net/wiki/IAN

Iraola, L. (2005). Using WordNet for linking UWs to the UNL UW
SystemUniversal Networking Language: Advances in Theory and
Applications 370.

lyer, J. A., & Bhattacharyya, P. (2005). Using semantic informatmn t
improve case retrieval in cabased reasoning systeriliversal
Networking Language: Advances in Theory and ApplicatidAg.

Jadhav, N., & Bhattacharyya, P. (2014). Dive deeper: deep semantics for
sentiment analysis. IAroceedings of th&th Workshop on Computational
Approaches to Subjectivity, Sentiment and Social Media An§bysisl13
118).

Jain, M., & Damani, O. P. (2009). English to UNL (Interlingua)
enconversion. IfProc. Second Conference on Language and
Technology,(CLT)

293



[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

Jiang, C., Tissiani, G., Falquet, G., & Rodolfo, R005). Facilitating
communication between languages and cultures: a computerized interface
and knowledge basEniversal Network Language: Advances in Theory and
Applications 12, 358 368.

Jun, Y, Xin, J,, Zhengdong, L.Lifeng, S, Hang, L, & Xiaoming, L (2016).
Neural generative question answeriagXiv preprint arXiv:1512.01337

Junwei, B., Duan, N., Zhou, M., & Zhao,. T2014). Krowledgebased
question answering as machine translationPrioceedings of the 52nd
Annual Meeting of the Association for Computational Linguistics (Volume 1.:
Long PapersjVol. 1, pp. 967976).

Kangavari, M. R., Ghandchi, S., & Golpour, M2008). Information
retrieval: Improving question answering systems by query reformulation and
answer validationWworld Academy of Science, Engineering and
Technology48, 303310.

Karande, J. B. (2007). Multilingual search engine: implementatgngu
UNL. In Proceedings of International Conference on Semantic Web and
Digital Libraries, Bangalore, Indigpp. 7).

Kotaro, S., Hyogo, M., Eisuke, M., Takahisa, J., Hideyuki, S., Tatsunori, M.,
Madoka, I., & Noriko, K. (2014)Forst: Question Aswering System Using
Basic Element at NTCIR1 QA-Lab Task. INTCIR

Kotaro, S., Takaaki, M., Madoka, I., Hideyuki, S., Tatsunori, M., Noriko, K.,
& Teruko, M. (2017). FelisCatusZero: A world history essay question
answering system for theUni ver si ty of Tokyoos
In Proceedings of Open Knowledge Base and Question Answering Workshop
at SIGIR Tokyo, Japan.

Kumar, P. (2012)UNL Based Machine Translation System for Punjabi
LanguaggDoctoral dissertation), Thapar Unredty, Patiala.

Kumar, P., & Sharma, R. K. (2013). Punjabi DeConverter for generating
Punjabi from Universal Networking Languadeurnal of Zhejiang
University Science (14(3), 179196.

Kumar, P., & Sharma, R. K. (2012). Punjabi to UNL enconversion
systemSadhana37(2), 299318.

294


https://arxiv.org/search/cs?searchtype=author&query=Yin%2C+J
https://arxiv.org/search/cs?searchtype=author&query=Jiang%2C+X
https://arxiv.org/search/cs?searchtype=author&query=Lu%2C+Z
https://arxiv.org/search/cs?searchtype=author&query=Shang%2C+L
https://arxiv.org/search/cs?searchtype=author&query=Li%2C+H
https://arxiv.org/search/cs?searchtype=author&query=Li%2C+X

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

Kwong, S.F., Chih, H.B. (2017A Hybrid Question Answering System

based on Ontology and Topic Modelidgurnal of Telecommunication,
Electronic and Computer Engineering (JTECP(2-10), 151158.

Lafourcade, M. (2005). Semantic analysis through ant algorithms, conceptual
vectors and fuzzy UNL graphgniversal Network Language: Advances in
Theory and Applicationd 2, 125137.

Lafourcade, M., & Boitet, C. (2002). UNL Lexical Selection with
Conceptual Vectors. IbREC

Lekshmi, R.P., Veena, G., & Deepa, @018). A Combined Approach
Using Semantic Role Labelling and Word Sense Disambiguation for
Question Generation and swer Extraction. 112018 Second International
Conference on Advances in Electronics, Computers and Communications
(ICAECC)(pp. 16). IEEE.

Lehnert, W. G. (1978Y.he process of question answering: A computer
simulation of cognitior§Vol. 978). Hillsdale, NJ: Lawrence Erlbaum.

Lin, Q., Zhou, H., Qu, Y., Zhang, W., Li, S., Rong, S., & Yu, Y. (2018).
QA4IE: A Question Answering based Framework for Information
Extraction.arXiv preprint arXiv:1804.03396

Li, X., & Roth, D. (2002). Learning question classifiers.Aroceedings of

the 19th international conference on Computational linguistiokime

1 (pp. 17). Association for Computational Linguistics.

Malinowski, M., & Fritz, M. (2014). A multiorld approach to uestion
answering about realorld scenes based on uncertain inputAdivances in
neural information processing syste(pp. 16821690).

Manuel, E.S., and Riofrio, G.E(2010). Architecture of a Question
Answering System for a specific repository documents. liBoftware
Technology and Engineering (ICSTE), 2010 2nd International Conference
on(Vol. 2, pp. V212). IEEE.

Martins, R. (2003). HOW many colors should be in the rainbow?
Representing colonames in knowledge bases.Iternational Conference

on the Convergence of Knowledge, Culture, Language and Information
Technologies, Alexandria, Egypt

295



[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

Martins, R., Hasegawa, R., Gracgas, M., & Nunes, V. (2005). Hermetoi a NL
UNL enconverting environmeritiniversal Network Language: Advances in
Theory and Applicationd 2, 254-260.

Martins, RT.(2002). The UNL distinctive features: evidences through a NL
UNL encoding task. IThe First International Workshop on UNL, other
Interlinguas and their Applications. LREC 2002, May

Michele, B., Eric. B., Susan, D., & Jimmy, L. (2003skmsr: Question
answering using the worldwide web. Pnoceedings of 2002 AAAI Spring
Symposium on Mining Answers from Texts and KnowledgesBas 79).
Miguel, R., Falé, M., & Couto, H2016). WS4A: a biomedical question and
answering system based on public web services and ontolagies.
preprint arXiv:1609.08492

Miller, G. A. (1995). WordNet: a lexical database for
English.Communications of the ACN8(11), 3941.

Mridha, M. F., Hossain, M. Z., & Noor, S. A. (2010). Development of
morphological rules for bangla words for universal networking language.

J. of Computer Science and Network Secutiiy10), 231237.

Mridha, M. F., Saha, A. K., & Dagl. K. (2014). New approach of solving
semantic ambigssuity problem of Bangla Root words using universal
networking language (UNL). Imformatics, Electronics & Vision (ICIEV),
2014 International Conference @pp. 1-6). IEEE.

Mohamed, A.H.A.(2017). An automatic question answering system for the
Arabic Quran(Doctoral dissertation, Sudan University of Science and
Technology).

Mohanty, R., Dutta, A., & Bhattacharyya, P. (2005). Semantically relatable
sets: building blocks farepresenting semantics. Mit Summi(Vol. 5).
Mohanty, R. K., Almeida, A. F., & Bhattacharyya, P. (2005). Prepositional
phrase attachment and interlingB&search on Computing Science Volume
12, 241-253.

Moldovan, D., HarabagiuS., Pasca, M., Mihalcea, R., Goodrum, R., Girju,
R., & Rus, V. (1999). Lasso: A tool for surfing the answer net.
In TREC(Vol. 8, pp. 6573).

296



[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

Montesco, C.E., Moreira, D.A. (2006)CLA Universal Communication
LanguageUniversal Networking LanguageAdvances in Theory and
Applications 326.

Muhammad, Z. A. & Nadeem N. (2018). Convolutional Neural Network:
Text Classification Model for Open Domain Question Answering
SystemarXiv preprint arXiv:1809.02479

Mukerjee, A., Raia, A. M., Kapil, K., Goyal, P., & Shukla, P. (2003).
Universal Networking Language: a tool for language independent
semanticsUniversal Networking Language: Advances in Theory and
Applications 145.

NABEEL, N., & SAIDAH, S.(2017). QUESTION ANSWERING SYSTEM
SUPPORTING VECTOR MACHINE METHOD FOR HADITH
DOMAIN. Journal of Theoretical & Applied Information Technolp§%(7).
Navaneethakrishnan, S. C., & Parthasarathi, R. (2015). Building a Languag
Independent  Discourse  Parser  using Universal  Networking
LanguageComputational Intelligence31(4), 593618.

Nguyen, D. P., & Ishizuka, M. (2006). A statistical approach for universal
networking languagéased relation extraction. RIVF (pp. 153160).

Nicosia, M., Filice, S., Barré&edeno, A., Saleh, I., Mubarak, H., Gao, W.,
& Marquez, L. (2015). QCRI: Answer selection for community question
answeringexperiments for Arabic and English. Pmoceedings of the 9th
International Workshop on Semantic Evaluation (SemEval 2pp5)203
209).

Oren, E., Fader, A., Christensen, J., Soderland, S., & Mausam, M. (2011,
July). Open information extraction: The second generatiohlJAl (Vol.

11, pp. 310).

Park, S., Kwon, S., Kim, B., & Lee, G. G. (2015). ISOFT at QA&D
Hybrid Question Answering System over Linked Data and Text Data.
In CLEF (Working Notes)

Pelizzoni, J. M., & Nunes, M. D. G. V. (2005). Flexibility, configurability
and optimality in  UNL deconversion via  multiparadigm
programmingniversal Networking Language: Advances in Theory and
Applications 12, 175194.

297


https://arxiv.org/search/cs?searchtype=author&query=Amin%2C+M+Z
https://arxiv.org/search/cs?searchtype=author&query=Nadeem%2C+N

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

Prager, J., Radev, D., Brown, E., & Coden, A. (1999). The use of predictive
annotation for question answng in TRECS8. INNIST Special Publication
500-246: The Eighth Text REtrieval Conference (TREC 8)

Pragisha, K., & Reghuraj, D. P. (2014). A Natural Language Question
Answering System in Malayalam Using Domain Dependent Document
Collection as Repositorynternational Journal of Computational Linguistics
and Natural Language Processirg(3), 22790756.

Pratap, U., & Srivastava, R. K. (2013). Transforming business with mobile
enterprise apps$nternational Journal of Engineering and Computer
Science2(06).

Punjabi Language [Online]. Available:
http://en.wikipedia.org/wiki/Punjabi_language

Quan, H. T.,Tran, V., Vu, T., Nguyen, M., & Pham, S. B. (2015). JAIST:
Combining multiple features for answerlesgion in community question
answering. IrProceedings of the 9th International Workshop on Semantic
Evaluation (SemEval 201%)p. 215219).

Radev, D., Fan, W., Qi, H., Wu, H., & Grewal, A. (2002). Probabilistic
guestion answering on the web. Rroceedings of the 11th international
conference on World Wide Wéip. 408419). ACM.

Ramamritham, K., Bahuman, A., & Duttagupta, S. (2006). aAqua: a
databasdackended multilingual, multimedia community  forum.

In Proceedings of the 2006 ACM SIGMOD international conference on
Management of datgp. 784786). ACM.

Ravichandran, D., & Hovy, E. (2002). Learning surface text patterns for a
gueston answering system. Proceedings of the 40th annual meeting on
association for computational linguisti¢sp. 4247). Association for
Computational Linguistics.

Ribeiro, C., Santos, R., Chaves, R. P., & Marrafa, P. (2004).-8etomatic
UNL Dictionary Generation Using WordNet. PIh Proceedings of 4th
International Conference obanguage Resources and Evaluatihisbon,

pp. 279282.

298



[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

Rouquet, D., & Nguyen, H. (2009). Interlingual annotation of texts in the
OMNIA project. In Proceedngs of 4th International Conference on
Language and Technologlkoland, pp. -b.

Roy, A. T., Islam, M. A., & Ali, M. N. Y. (2016). Templates of Dictionary
Entries of Bangla Repetition Words for Universal Networking
Languagelnternational Journal of Reliability, Quality and Safety
Engineering 23(03), 1640003.

Sathiyamurthy, K., Panimalar, D., & Pandian, S. L. (2014). Multilingual
acquiring of econtent definition based on universal networking language.
In MOOC, Innovabn and Technology in Education (MITE), 2014 IEEE
International Conference ofpp. 240244). IEEE.

Scope and goals of UNIOnline]. Available:
http://www.unlweb.net/unlweb/index.php?option=com_content&view=articl
e&id=58:unl&catid=54:unlweb

Sean, G., Zadrozny, W., & Avadhani, £014). Watsonsim: Overview of a
question answering engireXiv preprint arXiv:1412.0879
SecondOlympiad. 2013. [Online]. Available:
http://www.unlweb.net/wiki/ll_UNL_Olympiad

Sérasset, G., & Boite€. (2000). On UNL as the future html of the linguistic
content & the reuse of existing NLP components in tlated applications
with the example of a UNIErench deconverter. IBroceedings of the 18th
conference on Computational linguistigslume 2App. 768774).
Association for Computational Linguistics.

Shih, C. W., Day, M. Y., Tsai, T. H., Jiang, T. J., Wu, C. W., Sung, C. L., &
Hsu, W. L. (2005). ASQA: Academia sinicmestion answering system for
NTCIR-5 CLQA. INNTCIR5 Workshop, Tokyo, Jap&pp. 202208).

Shizhu, H.Zhang, Y., Liu, K., & Zhao, J. (2014, September). CASIA@ V2:
A MLN-based Question Answering System over Linked DataCUBF
(WorkingNotes)(pp. 12491259).

Shi, X., Chen, Y., Cardenas, J., Gelbukh, A., & Tovar, E. M. (2005). A UNL
DeConverter for Chinese Universal Network Langudgjeversal Network
Language: Advances in Theory and Applicatidr&~174.

299



[134]

[135]

[136]

[137]

[138]

[139]

[140]

[141]

[142]

[143]

[144]

Shukla, P.Mukherjee, A., & Raina, A. (2004). TOWARDS A LANGUAGE
INDEPENDENT ENCODING OF DOCUMENTS\NLUCS 2004116.

Singh, H., & Bhatia, P. (2013)\Lization of adjectives conjunctions
determiners and verbs with EUGENH.E dissertation) ThaparUniversity,
Patiala.

Singh, H., & Kumar, P. (2013). Implementation of NLization framework for
verbs, pronouns and determiners with Eugdnéernational Journal on
Natural Language Computing (IINLC)(3), 7385.

Singh, H., & Kumar, P. @13). Analysis of Noun, Pronoun, and Adjective
Morphology for NLIzation of Punjabi with EUGENHnternational Journal

of Computational Linguistics and Natural Language Computing (IJCLNLC)
2(7), 436442.

Sleator, D., & Temperley, D. (1991)Parsing English with a link
grammararXiv preprint cmplg/9508004

Soderland, S., Roof, B., Qin, B., Xu, S., Mausam, & Etzioni, O. (2010).
Adapting open information extraction to domaioecific relationsAl
magazine31(3), 93102.

Sommey R., & Paxson, V. (2010). Outside the Closed World: On Using
Machine Learning for Network Intrusion Detection.IEEE Symposium on
Security and PrivagyBerkeley/Oakland, CA, 30516.

Sornlertlamvanich, V., Potipiti, T., & Charoenporn, T. (200UNL
document summarization. PRroceedings of the First International
Workshop on Multimedia Annotation

Sridhar, R., Sethuraman, P., & Krishnakumar, K. (2016). English to Tamil
machine translation system using universal networking lang@&gbda n U,
41(6), 60%620.

Stoyanchev, S., Song, YC., and Lahti, W. 2008. Exact phrases in information
retrieval for question answeringn Proceedings of the 2nd workshop on
Information Retrieval for Question Answerjmp. 316.

Stupina, A, Zhukov, E.A., Ezhemanskaya, S., Karaseb& V., &
Korpacheva, L. N. (2016, November). Questarswering system. lOP
Conference Series: Materials Science and Enginedkiog 155, No. 1, p.
012024). I0P Publishing.

300



[145] Subramanian, R., & Narayanan, (A990). An Albased approach to machine
translation in Indian languaggSsommunications of the ACN3(5), 52
527.

[146] Sujata, R., & Parteek, K. (2017). A sentiment analysis system to improve
teaching and learningEEE Comput36-43.

[147] Surve, M., Singh, S., Kagathara, S., Venkatasivaramasastry, K., Dubey, S.,
Rane, G., Saraswati, J., Badodekar, S., lyer, A., Almeida, A., Nikam, R.,
Perez, CG., and Bhattacharyya,(B004). Agreexplorer: A meaning based
multilingual search engine. International Conference on Digital Libraries
(ICDL).

[148] Takaaki, M., Francesco, C., Fadi, B., Evan, C., ChHeagC., Keyang, X,
and Teruko, M(2017). Wikipedia Based Essay Question Answering System
for University Errance Examination. IRroceedings of Open Knowledge

Base and Question Answering Workshop at SIGIR

[149] Tarcisio,D. S., & Nagi, M.2008. Sharing knowledge across language batrriers:
a universal approach for online books.Pioceedings of the 2008 ACM
workshop on Research advances in large digital book repositqes9
52).

[150] Third Olympiad.2014. [Online]. Available:
http://mwww.unlweb.net/wiki/lll_UNL_Olympiad

[151] Tomokiyo, M., & Chollet, G. (2003). VoiceUNL: a proposal tepresent
speech control mechanisms within the Universal Networking Digital
Language. Innternational Conference on the Convergence of Knowledge,
Culture, Language and Information Technologies, Egypt

[152] Transformation Rules, [Online].

Avalilable: http://www.unlweb.net/wiki/Fule

[153] Uchida, H. (2005). UNL: Universal Networking Languaggp://www. undl.
org/.

[154] Uchida, H. (1987). ATLAS: Fujitsu machine translation systeérc.
Machine Translation Summit, Japati-19.

[155 Uchida, H., Zhu, M. (2005). UNL for providing knowledge infrastructure.
Proceedings of Semantic Computing Worksl@igba, Japan.

301



[156]

[157]

[158]

[159]

[160]

[161]

[162]

[163]

[164]

[165]

[166]

[167]

[168]

Uchida, H., & Zhu, M. (2001). The universal networking language beyond
machine translation. Imternational Sympsium on Language in
Cyberspace, Seo(bp. 2627).

Uchida, H., & Zhu, M. (1993) Interlingua for multilingual machine
translation Proceedings of MT Summit IV, Kobe, Japah7~-169.

Uchida, H., Zhu, M., & Della Senta, T. (1999). The UNL,ght for a
millennium.IAS/UNU, Tokyo

UNDL foundation, (2013) [Online].

Available: http://www.undlfoundation.org

UNL Web. (2013).[Online].

Available: http://www.unlweb.net/user/index.php?pdagn

UNL wiki. (2013) [Online].

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

Vasileios L., Passalis, N., and Tefas. @018). Visual Question Answering
using Explicit Visual Attention. i€ircuits and Systems (ISCAS), 2018 IEEE
International Symposium dpp. 15). IEEE.

Verma, A. & Bhatia, P. (2013). NLization Framework with EUGENE.
International Journal on Natural Language Computing (IJNLZ2).

Verma, A., & Bhatia, P. (2013NLization of Nouns, PronounByepositions
and Sentence Structures with EUGEMEE dissertation) Thapar
University, Patiala.

Verma, A., & Kumar, P. (2013). NLization of nouns, pronouns and
prepositions in Punjabi With EUGENHternational Journal on Natural
LanguageComputing (IINLC)2(2).

Verma, N., & Bhattacharyya, P(2005). Automatic generation of
multilingual lexicon by using WordNet. Imternational Conference on
Convergence of Knowledge, Culture, Language and Information Technology.
Library of Alexandia, Egypt

Waheeb, A., & Babu, A. (2017). An automatic wdsed question
answering system for -learning.Information Technology and Learning
Tools (58, Issue. 2),-10.

Wang, D., & Nyberg, E. (2015). A long shtetm memorymodel for

302



answer sentence selection in question answeringrdeeedings of the 53rd
Annual Meeting of the Association for Computational Linguistics and the 7th
International Joint Conference on Natural Language Processing (Volume 2:
ShortPapers)(Vol. 2, pp. 707712).

[169] Wanyun C., Yanghua, X., Haxiun, W., Yanggiu, S., Sewan, H., & Wei,

W. (2017). KBQA: learning question answering over QA corpora and
knowledge base®roceedings of the VLDB Endowmgel(5), 565576.

[170] Witten, I. H., Moffat, A., & Bell, T. C. (1999Managing gigabytes:
compressing and indexing documents and imagesgan Kaufmann.

[171] Woods, W. A. (1973). Progress in natural language understanding: an
application to lunar geology. Rroceedings of the June8 1973, national
computer conference and expositipp. 441450). ACM.

[172] X-Bar theory. [Online].

Available: http://www.unlweb.net/wiki/Xbar_theory

[173] Xiaoyi, Y., Xie, J., & Liu, Y. (2017). Implementation of the Intelligent
Question Answering System Based on Remote Service Framdwb8tech
Transactions on Social Science, Education and Human Scigeeste).

[174] Xiong, C., Merity, S., & Socher, R. (2016, June). Dynamic memory
networks for visual and textual question answering.Iniernational
conference on machine learnifgp. 23972406).

[175] Xu, J., Licuanan, A., & Weischedel, R. M. (2003). TREC 2003 QBEi\:
Answering Definitional Questions. [NREG12 (pp. 98106).

303


http://www.unlweb.net/wiki/X-bar_theory

