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Abstract

Machine Translation (MT) has been an area of immense interest among researchers
during last couple of decades. This area has witnessed a few lows and highs during its life
span and has also witnessed integration of research works from different fields including
linguistics, computer science, artificial intelligence, statistics, mathematics, philosophy
and others. Researchers have proposed different paradigms for machine translation across
natural languages with reasonable success. Universal Networking Language (UNL) based
MT is also an effort in this direction. The UNL programme was launched in 1996 in
Institute of Advanced Studies (IAS) of United Nations University (UNU), Tokyo, Japan.
The approach in UNL revolves around the development of an EnConverter and a
DeConverter for a natural language. The EnConverter is used to convert a given sentence
in natural language to an equivalent UNL expression; and the DeConverter is used to
convert a given UNL expression to an equivalent natural language sentence. In the work
carried out in this PhD project, these two components, namely, EnConverter and
DeConverter have been developed for Punjabi language.

The PhD thesis on the work carried out in this project is divided into seven chapters.
These chapters are: Introduction, Review of Literature; UNL Framework and Creation of
Punjabi-Universal Word Lexicon; Punjabi-UNL  EnConverter;  UNL-Punjabi
DeConverter; Results and Discussions; Conclusion and Future Scope of the work.

First chapter contains introduction to Machine Translation and its need in the age of
Information Technology. In this chapter, the challenges of MT, approaches of MT,
objectives of this research, methodology adopted to achieve these objectives and the
features of Punjabi language have been presented. Machine Translation approaches that
can be classified into four categories, namely, direct MT, rule-based MT, corpus-based
MT and knowledge-based MT, have also been discussed in this chapter. The main
objective of this study is to design and develop a multi-lingual machine translation
system for Punjabi language. A major outcome of this research work is the development
of Punjabi EnConverter, Punjabi DeConverter and a web interface for online

EnConversion and DeConversion task.



Second chapter of the thesis provides the details of the findings of research in the area of
MT. The review of literature on MT has been performed by tracking the historic
developments in this field. The literature reported in this work has been so organised as to
include the state of MT before the invention of computers, beginning of automated MT
(1946-1954), decade of high expectations and disillusion (1955-1966), post ALPAC
decade (1967-1976), the revival of MT research (1977 to 1989), decade of 1990 to 2000,
research since 2000 and MT for Indian languages and research activities in UNL.
Computerized translation was first performed by Georgetown Automatic Translation
(GAT) system at Georgetown University, USA. During the period of 1955-1966, RAND
Corporation’s statistical analysis of a large corpus of Russian Physics texts, ‘CETA’ a
hybrid system, Mechanical Translation and Analysis of Languages (METAL) with the
use of Chomsky's transformational paradigm, and ‘Logos’ machine translation system
had been some of the important developments in this area. During the post ALPAC
period (1967-1976), ‘Ariane’ system was developed and ‘TAUM’ project was undertaken
by using syntactic transfer for English-French translation. The revival of research on MT
took place during 1977-89 with ‘Ariane’ system that was developed on linguistics based
transfer approach. Other important MT projects such as ‘ATLAS’ system, ‘UNITRAN’
system, IBM’s ‘Candide’ system, Universal Networking Language (UNL) based MT
system, ‘KANTOO’ system, ‘ALEPH’ a pure example-based machine translation system,
‘SisHiTra’ a hybrid Machine Translation system, Google Translation and ‘OpenLogos’
system have also been discussed in this chapter.

The review of literature on MT for Indian languages has also been presented in this
chapter. The important machine translation systems for Indian languages like
‘AnglaBharti’, ‘AnuBharati’, ‘Anusaaraka’, ‘MANTRA’ (MAchiNe assisted TRAnNslation
tool) system, English-Bangla-ANUBAD system, a translation system for bi-lingual
Hindi-English (Hinglish) text, ‘Shakti’ system, ‘MaTra’ system, a Punjabi to Hindi MT
system, English to Urdu translation system, and ‘Sampark’ a hybrid system for
translation among Indian languages have been discussed in this chapter.

The research activities in UNL have been presented in three distinct sections in this
chapter. These sections are: development of EnConversion and DeConversion modules;

applications of UNL in other contexts; and use of external lexical and ontological



resources to enhance some of the processes of UNL. The work on conversion of Brazilian
Portuguese into UNL and vice-versa, EnConversion and DeConversion tools for Tamil
language, ‘HERMETO’ system, French EnConverter and French DeConverter, UNL
DeConverter for Chinese language, ‘Manati’ DeConversion model, UNL-Nepali
DeConverter, UNL-Hindi DeConverter, Arabic MT system based on UNL and a Bangla
EnConversion system have also been reviewed in this chapter.

Third chapter discusses UNL format for information representation that includes the
details on UWSs and their four types (Basic UWSs, Restricted UWSs, Extra UWs and
Temporary UWSs), UNL relations, UNL attributes and formats to write UNL sentence.
Compound UWSs in UNL are used to denote compound concepts that are to be interpreted
as a whole so that one can use their parts at the same time. This chapter also provides the
details on UNL system that consists of EnConverter, DeConverter, Dictionary Builder,
Grammar Rules, UNL Key Concept in Context (KCIC), UW Gate Universal Parser, UNL
Verifier, Language Server and Word Dictionary (Language-UW Dictionary). UNL
system makes use of word dictionaries in the form of Language-UW lexicon of
respective languages for its processing. An entry of the word dictionary contains three
parts, namely, a headword, a UW and a set of morphological, syntactic and semantic
attributes. This chapter discusses the grammatical attributes of Punjabi-UW lexicon,
important issues in creation of Language-UW dictionary and creation of Punjabi-UW
dictionary. A Punjabi-UW dictionary having 1,15,000 entries has been developed in this
work by taking Hindi-UW dictionary as a reference.

Fourth chapter of this thesis provides the details of EnConversion system for conversion
of input Punjabi sentences into UNL. This chapter also discusses the framework for
designing the EnConverter for Punjabi language with a special focus on generation of
UNL attributes and relations from Punjabi source text. The architecture of Punjabi
EnConverter has been divided into seven phases. These phases are: (i) Parser phase (to
parse the input sentence with Punjabi shallow parser), (ii) Linked list creation phase, (iii)
Universal Word lookup phase, (iv) Case marker lookup phase, (v) Unknown word
handling phase, (vi) User interaction phase (this phase is optional) and (vii) UNL
generation phase. These phases have been implemented using Java for the development

of proposed system. All these phases are illustrated by giving example sentences.



Fifth chapter discusses UNL to Punjabi DeConverter that generates natural language
Punjabi sentence from a given input UNL expression. The architecture of Punjabi
DeConverter has been divided into five phases, namely, (i) UNL parser phase, (ii)
Lexeme selection phase, (iii) Morphology generation phase, (iv) Function word insertion
phase and (v) Syntax planning phase. The first stage of a DeConverter is UNL parser
which parses the input UNL expression to build a node-net from the input UNL
expression. During lexeme selection phase, Punjabi root words and their dictionary
attributes are selected for the given UWs in the input UNL expression from the Punjabi-
UW dictionary. After that, the nodes are ready for generation of morphology according to
the target language in the morphology phase. The proposed system makes use of
morphology rule base for Punjabi language to handle attribute label resolution
morphology; relation label resolution morphology; and noun, adjective, pronoun and
verb morphology. In function word insertion phase, the function words are inserted to
the morphed words. These function words are inserted in the generated sentence based on
nine column rule base. Finally, the syntax planning phase is used to define the word order
in the generated sentence so that output matches with a natural language sentence.

The pseudocodes and algorithms for building data structures in UNL parser; processing
of noun morphology and adjective morphology rule base; processing of function word
insertion rule base; controlling the syntax planning of nodes of simple UNL graph; syntax
planning of UNL graph with a scope node; handling of untraversed parent node and
nodes with multiple parents nodes during syntax planning, handling of some special cases
of syntax planning and syntax planning of noun, adjective and adverb clause sentences
have been presented in this chapter. All these pseudocodes and algorithms have been
implemented in Java to develop the proposed UNL-Punjabi DeConverter.

Sixth chapter of this thesis contains the results and discussion on the work done in this
project. The evaluation of proposed system, consisting of Punjabi EnConverter and
DeConverter, has been performed with the help of one thousand Punjabi sentences. These
sentences have been selected in such a way that generation of all possible UNL relations
and attributes can be tested. For testing purpose, Spanish UNL Language Server and
agricultural domain threads developed by IIT Bombay, India are considered as gold-

standards.
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Spanish Language Server contains English sentences with their corresponding UNL
expressions generated by the system (Spanish Language Center, 2004) while agricultural
domain threads developed by IIT Bombay have Hindi language sentences with their
equivalent UNL expressions. These sentences were translated manually into equivalent
Punjabi sentences and then inputted to the proposed Punjabi EnConverter system for their
EnConversion to UNL. The UNL expression generated by proposed system is compared
with the UNL expression given by the gold-standard EnConverter. These two UNL
expressions match with each other if the UNL relations, including associated UWs and
UNL attributes present in the expressions are same. It has been seen that proposed system
handles the resolution of UNL relations and generation of attributes for these sentences
with a very reasonable accuracy. Proposed Punjabi DeConverter is also evaluated by
inputting UNL expressions generated by Punjabi EnConverter to it and the output of
Punjabi DeConverter is compared with input Punjabi sentence given to Punjabi
EnConverter. The two Punjabi sentences (original sentence inputted to Punjabi
EnConverter and the sentence generated by DeConverter) are compared and the system is
evaluated based on adequacy test and BLEU score.

Subjective tests like adequacy and fluency tests have been performed on the proposed
system. BLEU score has been calculated to evaluate the quality of output. The
quantitative test, namely, error analysis has also been performed by calculating Sentence
Error Rate (SER) and Word Error Rate (WER). From this analysis, it has been concluded
that proposed system generates 89.0% intelligible sentences and generates 92.0%
sentences that are faithful to the original sentences. The system could achieve a fluency
score of 3.61 (on a 4-point scale) and adequacy score of 3.70 (on a 4-point scale). The
proposed system is able to achieve a BLEU score of 0.72. The proposed system has a
word error rate of 5.43% and sentence error rate of 20.8%. These scores of the proposed
system can be improved further by improving the rule base and lexicon.

Chapter seven presents the conclusion, limitations and future scope of work in order to

refine the proposed development of EnConverter and DeConverter for Punjabi language.

vii



List of Figures

Figure 1.1: Vauquois triangle 6

Figure 1.2: Machine Translation approaches 7

Figure 1.3: Direct translation method 8

Figure 1.4: Transformer architecture 8

Figure 1.5: Transfer-based architecture 10
Figure 1.6: Architecture of interlingua system 11
Figure 1.7: Interlingua-based translation among n languages 12
Figure 1.8: Architecture of EBMT 15
Figure 1.9: Architecture of KBMT 16
Figure 3.1: A UNL system 48
Figure 3.2: UNL graph for example sentence given in (3.2) 64
Figure 3.3: UNL graph with compound UW 65
Figure 3.4: Conversion process in a UNL system 68
Figure 3.5: Structure of the UNL system and applications 68
Figure 3.6: Structure of EnConverter 70
Figure 3.7: Structure of DeConverter 71
Figure 3.8: Structure of ‘DicBld’ 72
Figure 3.9: Structure of Universal Parser 73
Figure 3.10: Flowchart of UNL verifier 73
Figure 3.11: Working of LSs over Internet 74
Figure 4.1: Analysis and condition windows of Punjabi EnConverter 83
Figure 4.2: Flowchart for working of Punjabi EnConverter 93
Figure 4.3: Structure of a node 94
Figure 4.4: UNL graph for the UNL expression in (4.35) 104
Figure 4.5: UNL graph for UNL expression given in (4.57) 108
Figure 4.6: UNL Graph for UNL expression given in (4.59) 117
Figure 4.7: UNL graph for UNL expression given in (4.61) 124

viii



Figure 4.8:
Figure 4.9:
Figure 4.10

UNL graph for UNL expression given in (4.63)
UNL graph for UNL expression given in (4.65)
: UNL graph for UNL expression given in (4.67)

Figure 5.1: Architecture of UNL-Punjabi DeConverter

Figure 5.2:

UNL graph generated by UNL parser for UNL expression

givenin (5.2)

Figure 5.3: A UNL graph representation for UNL binary relation
rel(UW1, UW2)

Figure 5.4:
Figure 5.5:
Figure 5.6:
Figure 5.7:
Figure 5.8:
Figure 5.9:
Figure 5.10

Figure 5.11:
Figure 5.12:
Figure 5.13:
Figure 5.14:
Figure 5.15:
Figure 5.16:
Figure 5.17:
Figure 5.18:
Figure 5.19:
Figure 5.20:
Figure 5.21:
Figure 5.22:
Figure 5.23:
Figure 5.24:
Figure 5.25:
Figure 5.26:

UNL graph with a node having two parents

Back edge in UNL graph for rel(UW1, UW2)

UNL graph with back edges to handle a node having two parents
UNL graph with scope node for UNL expression given in (5.9)
UNL graph of two nodes with same parent

Matrix representation for (N1 L Ny) structure

: UNL graph for UNL expression given in (5.52)

Priority matrix for syntax plan of UNL expression given in (5.52)
UNL graph for UNL expression (5.62)

Priority matrix for ‘agt’ and ‘obj’ relations

UNL graph with a scope node for UNL expression (5.67)
Priority matrix for ‘agt’, ‘plc’ and ‘tim’ relations

UNL graph of UNL expression (5.73)

Modified UNL graph for a node having untraversed parent
UNL graph having multiple parents for UNL expression (5.77)
Modified UNL graph for a node having multiple parents

UNL graph for UNL expression (5.81)

UNL graph for UNL expression (5.83)

UNL graph having relation ‘and’ for UNL expression (5.85)
UNL graph having relation ‘or’ for UNL expression (5.91)
UNL graph having relation ‘fmt’ for UNL expression (5.95)
UNL graph having ‘cnt’ relation for UNL expression (5.100)
UNL graph having ‘seq’ relation and parent with

129
134
140
145
146

148

148
149
149
150
184
184
185
186
188
189
191
191
192
193
195
196
198
198
199
201
202
204
206



‘@reference’ attribute

Figure 5.27: UNL graph having ‘seq’ relation and child node with
‘@reference’ attribute

Figure 5.28: UNL graph for noun clause sentence given in (5.112)
Figure 5.29: UNL graph for adjective clause sentence given in (5.120)
Figure 5.30: UNL graph with adverb clause for time for example
sentence (5.131)

Figure 6.1: Results of evaluation of Punjabi EnConverter for UNL relations
Figure 6.2: Approach for evaluating UNL based MT system for
Punjabi language

Figure 6.3: Distribution of adequacy scores for various fluency scores
Figure 6.4: Word Error Analysis of the proposed system

207

210
212
216

223
223

227
228



List of Tables

Table 1.1: Example bilingual English-Punjabi corpus

Table 1.2: Correspondences learned by system

Table 3.1: Description of UNL relations

Table 3.2: Description of UNL attributes

Table 3.3: Syntax of UNL sentence in table format

Table 3.4: Syntax of UNL sentence in list format

Table 3.5: Tags used in a UNL document

Table 3.6: Description of Word dictionary entries

Table 3.7: Some of morphological and semantic attributes used in Punjabi-UW
lexicon

Table 4.1: Types of adverb clause

Table 4.2: EnConversion process of adverb clause for time for example
sentence given in (4.58)

Table 4.3: EnConversion process of adverb clause of condition sentence for
example sentence given in (4.60)

Table 4.4: EnConversion process of adverb clause of manner for example
sentence given in (4.62)

Table 4.5: EnConversion process of adverb clause for place for example
sentence given in (4.64)

Table 4.6: EnConversion process of adjective clause example sentence given in
(4.66)

Table 5.1: Noun morphology for Punjabi DeConverter

Table 5.2: Generation of noun morphology rules

Table 5.3: Adjective morphology

Table 5.4: Generation of adjective morphology rules

Table 5.5: Generation of pronoun morphology rules

Table 5.6: Some examples of conjunct verb morphology for 3 kar

14
14
50
61
62
63
66
74
76

109
110

118

125

130

135

155

160

162

164

169
173

Xi



‘do’ type of verbs
Table 5.7: Some examples of conjunct verb morphology for J 4o

‘be’ type of verbs
Table 5.8: ‘kaarak ’ system with respect to UNL relations and function words
Table 6.1: 4-point scale of fluency score

Table 6.2: 4-point scale of adequacy score

Xii

174

176
224
225



List of Algorithms

Algorithm 4.1:
Algorithm 5.1:
Algorithm 5.2:
Algorithm 5.3:
Algorithm 5.4:
Algorithm 5.5:
Algorithm 5.6:
Algorithm 5.7:

UNL relation resolution and generation of attributes
Processing of noun morphology rule base

Processing of adjective morphology rule base
Processing of function word insertion rule base
Processing the nodes of UNL graph with a scope node
Processing of noun clause sentences

Handling of noun and adjective clause sentences

Handling of noun, adjective and adverb clause sentences

97
161
165
179
190
211
213
217

Xiii



List of PseudoCodes

PseudoCode 5.1: Building data structures in UNL parser 150
PseudoCode 5.2: To control the processing sequence of nodes of simple UNL 186
graph

PseudoCode 5.3: Handling of untraversed parent node 193
PseudoCode 5.4: Handling nodes with multiple parents nodes 195
PseudoCode 5.5: Handling of ‘and’ and/or ‘or’ relations 202
PseudoCode 5.6: Handling of ‘fmz’ relation 203
PseudoCode 5.7: Handling of ‘cnt’ relation 205
PseudoCode 5.8: Implementation of step (i) of strategy for ‘seq’ relation 208
PseudoCode 5.9: Implementation of step (ii) of strategy of ‘seq’relation 209

Xiv



Contents

Certificate
Acknowledgements
Abstract
List of Figures
List of Tables
List of Algorithms
List of PseudoCodes
Chapter 1: Introduction
1.1 Need of Machine Translation
1.1.1 Socio-Political importance of MT
1.1.2 Commercial importance of MT
1.1.3 Coverage of literary works by MT
1.1.4 MT to bridge the digital divide
1.1.5 MT to assist human translator
1.1.6 MT for cross language information retrieval
1.2 Challenges of Machine Translation
1.2.1 Word order
1.2.2 Lexical differences
1.2.3 Lexical ambiguity
1.2.4 Structural ambiguity
1.2.5 Pronoun resolution
1.2.6 Idioms and phrases
1.3 Translation Architecture
1.4 Machine Translation approaches
1.4.1 Direct MT
1.4.2 Rule-Based MT system
1.4.2.1 Transfer-Based MT

ii
viii
Xi
xiii
Xiv
1-21

© © N N o o oo B P PO L0 Lo Lo DN

XV



1.4.2.2 Interlingua-Based MT
1.4.3 Corpus-Based MT
1.4.3.1 Statistical MT
1.4.3.2 Example-Based MT
1.4.4 Knowledge-Based MT
1.4.5 Hybrid approaches
1.5 Need of UNL based machine translation system for Punjabi language
1.6 Objectives of this research
1.7 Major contributions and achievements
1.8 Features of Punjabi language
1.9 Organization of thesis
Chapter 2: Review of Literature
2.1 Introduction
2.2 State of Machine Translation before the invention of computers
2.3 Beginning of computerized MT (1946-1954)
2.4 Decade of high expectations and disillusion (1955-1966)
2.5 Post ALPAC decade (1967-1976)
2.6 The revival of research (1977 to 1989)
2.7 Decade of 1990 to 2000
2.8 Research since 2000
2.9 MT for Indian languages
2.9.1 Indian languages MT systems
2.10 Research activities in Universal Networking Language
2.10.1 Development of EnConversion and DeConversion modules
2.10.2 Application of UNL in other contexts
2.10.3 Use of external resources to enhance UNL processes
Chapter 3: UNL Framework and
Creation of Punjabi-Universal Word Lexicon
3.1 Introduction
3.2 UNL format for information representation
3.2.1 Universal Words

XVi

10
12
12
14
15
16
16
17
17
18
20

23-46
23
23
24
24
26
27
29
30
32
32
37
38
41
44

47-82

47
48
48



3.2.2 UNL relations 50

3.2.3 UNL attributes 60
3.3 UNL sentence 62
3.4 Compound UWs in UNL 64
3.5 UNL document 65
3.6 UNL knowledge-base 66
3.7 UNL system 67
3.7.1 EnConverter 69
3.7.2 DeConverter 70
3.7.3 Dictionary Builder 71
3.7.4 Grammar rules 72
3.7.5 UNL Key Concept in Context (KCIC) 72
3.7.6 UW Gate 72
3.7.7 Universal Parser 72
3.7.8 UNL verifier 73
3.7.9 Language Server 74
3.7.10 Word dictionary (Language-UW dictionary) 74
3.8 Grammatical attributes of Punjabi-UW lexicon 75
3.9 Important issues in creation of L-UW dictionary 79
3.10 Creation of Punjabi-UW dictionary 80
Chapter 4: Punjabi-UNL EnConverter 83-141
4.1 Introduction 83
4.2 Working of Punjabi EnConverter 83
4.3 Format of EnConversion analysis rules 84
4.3.1 Left composition rule (+) 84
4.3.2 Right composition rule (-) 85
4.3.3 Left modification rule (<) 85
4.3.4 Right modification rule (>) 85
4.3.5 Attribute changing rule (;) 85
4.4 Punjabi shallow parser 86
4.4.1 Tokenizer 87

XVil



4.4.2 Morph analyzer 87

4.4.3 Part-of-speech tagger 88
4.4.4 Chunker 89
4.4.5 Pruning 89
4.4.6 ‘head’ computation 90
4.4.7 ‘vibhakti’ computation 91
4.5 Punjabi EnConverter architecture 92
4.5.1 Parser phase 92
4.5.2 Linked list creation phase 92
4.5.3 Universal Word lookup phase 94
4.5.4 Case marker lookup phase 95
4.5.5 Unknown word handling phase 96
4.5.6 User interaction phase 97
4.5.7 UNL generation phase 97
4.6 EnConversion of a simple Punjabi sentence to UNL expression 98
4.7 EnConversion of complex sentences 104
4.7.1 EnConversion process of noun clause sentence 105
4.7.2 EnConversion process of adverb clause sentences 109

4.7.2.1 EnConversion process of sentences containing adverb clause 109
for time

4.7.2.2 EnConversion process of sentences containing adverb clause 117
for condition

4.7.2.3 EnConversion process of sentences containing adverb clause 124

for manner
4.7.2.4 EnConversion process of sentences containing adverb clause 129
for place
4.7.3 EnConversion of sentences containing adjective clause 134
Chapter 5: UNL-Punjabi DeConverter 143-219
5.1 Introduction 143
5.2 Natural Language Generation system 143
5.3 Punjabi DeConverter as an NLG system 143

XViii



5.3.1 Lexeme selection
5.3.2 Morphology generation of lexical words
5.3.3 Function word insertion or case marking
5.3.4 Syntax planning
5.4 Architecture of UNL-Punjabi DeConverter
5.5 UNL parser
5.6 Lexeme selection
5.7 Morphology generation
5.7.1 Attribute label resolution morphology
5.7.2 Relation label resolution morphology
5.7.3 Noun, adjective, pronoun and verb morphology
5.7.3.1 Noun morphology
5.7.3.2 Adjective morphology
5.7.3.3 Pronoun morphology
5.7.3.4 Verb morphology
5.8 Function word insertion phase
5.8.1 Issues in direct mapping of function words with UNL relations
5.8.2 Rule base for function word insertion
5.8.3 Implementation of the function word insertion rule base
5.9 Syntax planning phase
5.9.1 Major issues in syntax planning
5.9.2 Matrix based priority of relations
5.9.3 Syntax planning for simple sentences
5.9.4 Syntax planning of UNL graph with a scope node
5.9.5 Untraversed parent handling
5.9.6 Handling of multiple parents
5.9.7 Special cases in syntax planning
5.9.7.1 Strategy for ‘and’ and/or ‘or’ relation(s)
5.9.7.2 Strategy for ‘fmt’ relation
5.9.7.3 Strategy for ‘cnt’ relation
5.9.7.4 Strategy for ‘seq’ relation

143
144
144
144
144
147
151
151
152
153
154
154
162
165
171
175
177
177
179
183
183
184
186
190
192
194
197
199
202
204
205

XiX



5.9.8 Syntax planning for clausal sentences
5.9.8.1 Syntax planning of sentences with noun clause
5.9.8.2 Syntax planning of sentences with adjective clause
5.9.8.3 Syntax planning of sentences with adverb clause
Chapter 6: Results and Discussion
6.1 Introduction
6.2 Selection of sentences for test cases
6.3 Evaluation of Punjabi EnConverter
6.4 Evaluation of Punjabi DeConverter
6.5 Tests for the evaluation
6.5.1 Fluency test
6.5.2 Adequacy test
6.5.3 BLEU score
6.5.4 Tests based on quantitative metrics
6.6 Experiments
6.7 Results for fluency score
6.8 Results for adequacy score
6.9 Results for BLEU score
6.10 Error Analysis
Chapter 7: Conclusion and Future Scope
7.1 Conclusion
7.2 Limitations of the proposed system
7.3 Future scope of the proposed work
Appendix-A: Some important EnConversion rules
Appendix-B: Attribute label morphology for masculine gender
Appendix-C: Some important verb paradigms for first person singular
masculine gender
Appendix D: Rule base for function word insertion
List of Publications by the Author

References

XX

209
209
211
215
221-230
221
221
222
223
223
224
224
225
226
226
226
227
228
228
231-234
231
231
233
235
239
245

249
255
257-270



Chapter 1

Introduction

Homo sapiens have a great tendency of getting their work done by machines and as a
result of that they have invented a number of machines. The invention of computers in
previous century has resulted into opening of a number of research areas. Machine
Translation (MT), also known as automatic translation or mechanical translation, is an
area of research that has attracted many researchers during last couple of decades. MT
includes the computerized methods that automate all or part of the translation process
from one natural language to another. This area has witnessed a few lows and highs
during its life span and has also witnessed integration of research works from different
fields including linguistics, computer science, artificial intelligence, statistics,
mathematics, philosophy and others. Researchers have proposed different paradigms, like
direct MT, rule-based MT (transfer-based and interlingua-based), corpus-based MT and
knowledge-based MT.

Universal Networking Language (UNL) based MT (developed on interlingua-based
approach) is also an effort in this direction. The UNL programme was launched in 1996
in Institute of Advanced Studies (IAS) of United Nations University (UNU), Tokyo,
Japan and it is currently supported by Universal Networking Digital Language (UNDL)
foundation, an autonomous organization. The approach in UNL revolves around the
development of an EnConverter and a DeConverter for a natural language. The
EnConverter is used to convert a given sentence in natural language to an equivalent
UNL expression; and the DeConverter is used to convert a given UNL expression to an
equivalent natural language sentence. UNL system has the potential to bridge the
language barriers across the world with the developments of 2n components, while
traditional approaches requires the n*(n-1) components, where n is the number of
languages. UNL represents the information at sentence level in the form of Universal
Words (UWSs), UNL relations and UNL attributes. The concepts are represented by UWs
and UNL relations are used to specify the role of each word in a sentence. The subjective



meaning of the sentence is expressed through UNL attributes. UNL system makes use of
word dictionary that stores that information in the form of root words of the language and
the corresponding UWSs. In the work carried out in this PhD thesis, two components,
namely, EnConverter and DeConverter have been developed for Punjabi language.
Punjabi language can be written using two scripts, namely, Gurmukhi and Shahmukhi
script. Gurmukhi script is used in eastern Punjab (India), and Shahmukhi script in western
Punjab (Pakistan). The proposed work handles the Punjabi sentences written in Gurmukhi
script. The examples given in this thesis work are in Gurmukhi script along with their
transliteration and gloss in Roman script. For inline examples, transliteration is provided
in italics and gloss is provided in italics with in single quotes, e.g., H3T mata ‘mother’.
The transliteration provided in this thesis is based on Gurmukhi to Roman transliteration
software ‘GTrans’, developed by Punjabi University, Patiala, India. The UNL graphs
presented in this thesis are developed by using UNL graphs web verifier and visualizer
tool developed by Spanish Language Center (2004).

In this chapter, the need and challenges of machine translation, approaches of machine
translation, objectives of this research, methodology adopted to achieve these objectives
and the features of Punjabi language have been presented.

1.1 Need of Machine Translation

MT has a great social and commercial importance. The following points highlight the
need of MT in today’s world.

1.1.1 Socio-Political importance of MT

There are communities in the world where more than one language is generally spoken.
The dominance of one language may prove disadvantageous to the speakers of other
language and may even cause the disappearance of a language. The loss of a language
often results into the disappearance of a distinctive culture, and a way of thinking. Thus,
MT becomes a social and political necessity for modern societies, who do not wish to
impose a common language on their members. It is also a necessity of organizations like
the United Nations and the European Community, for whom multilingualism is both a

basic principle and a fact of everyday life (Arnold et al., 1994).



1.1.2 Commercial importance of MT

MT has become a necessity in the scenario of global economy. Translation of user guides
and user interfaces in multiple languages is the key of success for multi-national
companies. Manual translation is slow and proves to be costly owing to the requirement
of highly skilled manpower (Arnold et al., 1994).

1.1.3 Coverage of literary works by MT

MT can break the language barriers by making the availability of rich sources of
literature to people across the world in their native language. It is really amazing to think
of an MT system that can translate literary works from any language into our native
language (Siddiqui and Tiwary, 2008).

1.1.4 MT to bridge the digital divide

MT can help to overcome technological barriers. Internet has a great influence on the
working of human beings these days. One can find vast amount of information on
Internet. The usage of this information is beyond the reach of a significant portion of
society as most of this information is in English. MT can help in bridging the digital
divide, by translating web pages and electronic mail messages into the native language of
a user (Siddiqui and Tiwary, 2008).

1.1.5 MT to assist human translator

Online versions of electronic dictionaries and translation systems can assist human
translators in the process of translation. These systems combine multilingual word
processing, OCR facilities, terminology management software and translation memories
to facilitate human translators. The translation memories enable translators to store
original texts and their translated versions side by side. The translator can search here for
phrases or even full sentences in one language and can get corresponding phrases in the
other language (Hutchins, 2003).

1.1.6 MT for cross language information retrieval

In multilingual environment, there is a need of information retrieval systems capable of
searching text in many languages. Cross Language Information Retrieval (CLIR) deals
with retrieving information written in a language that is different from the language of the
user’s query. For example, a user may pose his query in Punjabi and can retrieve relevant

documents written in English. CLIR makes use of MT in two ways: it uses MT system to



translate foreign language documents into the language of the user’s query and it
translates the user’s query into target language. The target language query is then used to
retrieve target language documents using classical information retrieval techniques
(Siddiqui and Tiwary, 2008).

Thus, MT has a potential to overcome language barriers and to make communication
between users of different languages much easier.

1.2 Challenges of Machine Translation

There are number of challenging issues in MT that make it a difficult problem to solve.
Some of the important issues are structural differences between languages, ambiguity,
multiword units etc. In this section, some of the issues are presented in brief.

1.2.1 Word order

The arrangement of words in a sentence varies across languages. For example,
English language is Subject-Verb-Object (SVO) type language whereas most Indian
languages, including Punjabi, are Subject-Object-Verb (SOV) type language. This makes
the approach of word by word translation impractical.

1.2.2 Lexical differences

Sometimes, a word used in one language has no single-word equivalent in another
language which results into lexical differences between languages. The example sentence
given in (1.1) illustrates lexical differences between English and Punjabi.

English sentence: Ram hugged Rahat. ..(1.1)
Equivalent Punjabi sentence: 3H & I3 & I Bartend | ...(1.2)
Transliterated Punjabi sentence: ram né rahat niim g/e lagaia.

Here, ‘hug’ does not have a single-word equivalent in Punjabi; it has ‘& BTG ‘gl

launa’ as multiple-words equivalent in Punjabi.

1.2.3 Lexical ambiguity

If a word has more than one meaning, then it is classified as lexically ambiguous. The
example Punjabi sentences given in (1.3), (1.4) and (1.5) illustrates concept of lexical
ambiguity.

Punjabi sentence: Su3 feg <c I& | ..(1.3)

Transliterated sentence: kappse vic vafthan.



Equivalent English sentence: There are wrinkles in the cloth.

Punjabi sentence: feg S A3 3 feg J | (1.4
Transliterated sentence: ih vaft sade khet vic hai.

Equivalent English sentence: This mud path is in our field.

Punjabi sentence: H 3+t S¢ gt It | ..(L.5)
Transliterated sentence: maim rassi vattrahi ham.

Equivalent English sentence: | am winding the rope.

Here, < valtcan be replaced by ‘wrinkle’, ‘mud path’, or ‘wind’ depending on the sense

implied in the structure. The correct sense must first be identified for each of the words
before selecting the appropriate replacement (Bharati et al., 1994).

1.2.4 Structural ambiguity

A phrase or sentence can be interpreted in more than one way. This kind of ambiguity is
known as structural ambiguity. This ambiguity is especially challenging because it
requires a deep understanding of the speaker’s intention, and we can often not be certain
of what exactly the speaker meant. The sentence structure must be interpreted
correctly for translation. The example English sentence given in (1.6) illustrates this
concept.

I saw Ram on the hill with the telescope. ...(1.6)
Here, the ‘telescope’ could have been the instrument of seeing, or ‘Ram’ could
have been carrying the ‘telescope’, or it is the ‘hill” with ‘telescope’. Hence, it
would be important to identify the relationship of the telescope correctly (Bharati
etal., 1994).

1.2.5 Pronoun resolution

The unresolved references of pronoun may lead to incorrect translation. The example
English sentence given in (1.7) illustrates this concept.

A dog saw a cow on the road. It started barking on seeing it. (1.7
The first ‘iz’ in the example sentence given above can refer to a ‘dog’, ‘cow’ or ‘road’.
For its translation into Punjabi, the gender information about the referent will be
important because the gender of the verb depends on it. If iz’ was referring to the ‘dog’
then the gender will be masculine but for the 7oad’ and ‘cow’ it will be feminine

(Bharati et al., 1994). So, it is very important to resolve ‘dog’ or ‘cow’ for ‘it in the



example sentence given in (1.7).

1.2.6 Idioms and phrases

It is difficult to translate a sentence with idiomatic expressions, because idioms are
composed of words that do not directly contribute to their meaning (Siddiqui and
Tiwary, 2008). The example English sentence given in (1.8) illustrates this concept.
The old man finally kicked the bucket. ...(1.8)
If the system does not recognize the idiom ‘kicked the bucket’ which means ‘%o
die’ then, its translation in Punjabi will end up as given in (1.9), which is a non-
sense translation.

g2 mireHt & Mryg g8t & 83 Hidt | ...(1.9)
buddhé admi né akhar balli niim latt mari.

These are some of the important challenges that one faces in the development and
implementation of a machine translation system.

1.3 Translation Architecture

The various approaches of machine translation can be described with the help of
Vauquois triangle (Jurafsky and Martin, 2000) as shown in Figure 1.1. In this triangle,

vertical direction (height of the triangle) indicates the increasing depth of analysis and the
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In the next section, a brief detail about different machine translation approaches has been
provided.

1.4 Machine Translation approaches

Machine Translation approaches can be classified into four categories, namely, direct
MT, rule-based MT, corpus-based MT and knowledge-based MT, as depicted in
Figure 1.2. The rule-based approach can further be classified into transfer-based approach
and interlingua approach. The corpus-based translation approach can also further be
classified as statistical machine translation and example-based machine translation. In

this section, these approaches are briefly described.

Machine Translation
Approaches
Direct Rule-Based Corpus-Based Knowledge-Based
Translation Translation Translation Translation
Transfer-Based Interlingua Statistical Example-Based
Translation Translation Translation Translation

Figure 1.2: Machine Translation approaches

1.4.1 Direct MT

Direct MT technique was developed during 1950s to make use of newly invented
computers for MT. It is based on a straightforward and easily implementable technique,
keeping in view less processing power of computers available at that time. This method
of translation is depicted in Figure 1.3.

A direct translation system carries out word-by-word translation with the help of
bilingual dictionary. As such, it is also known as dictionary driven machine translation
approach. It involves a parser, which performs preliminary analysis of the source
language sentence to produce its parts of speech information. This information is

processed by a rule base to transform the source language sentence into a target language



sentence. These rules include bilingual dictionary rules and rules to re-order the words.

The direct machine translation system with parser and rule-base is also known as

Target Language

Transformer. The

transformer architecture is Source Language

shown in Figure 1.4

(Arnold et al., 1994).

The example  English Source Language
Analysis

sentence given in (1.10)

illustrates

v

Target Language
Synthesis

the concept of direct machine
translation approach.

Amar slept in the garden.

Figure 1.3: Direct translation method

...(1.10)

To translate this sentence into Punjabi, a direct translation system will first look up a

dictionary to get target language words for
each word appearing in the source
language sentence. Then, the words are re-
ordered to match the default sentence
structure of the target language, i.e., SOV
in case of Punjabi. The output of these
steps is given in (1.11) and (1.12).

Word-by-word translation:

mHd H3T feg gar .(L.11)
amar suttd vic bag

Syntactic rearrangement:

M3 g7dT feg B3 ..(1.12)

amar bag vic sutta

Translation among Indian languages is not
very complex owing to the fact that most
Indian languages have similar sentence

format. Hence, a simple word-by-word

ENGLISH
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Uses dictionary and

English
(Source Language
text)

Y

small grammar to
produce English
structure

ENGLISH-
PUNJABI
TRANSFORMER
Uses transformation
rules to convert

A

Punjabi
(Target Language
text)

English structure to
Punjabi structure

Figure 1.4: Transformer architecture



translation, with small set of rules may lead to an acceptable translation in many cases as
shown in the example of Hindi-Punjabi translation given in (1.13) and (1.14).

Example Hindi source sentence:
0 T TEd ED) EUIES q UK FRITAT |
~..(1.13)

ram né rahat ko payar sé galé lagaya.
Equivalent English sentence:
Ram hugged Rahat with love.

Equivalent Punjabi translated sentence:

IH S I3 & g &7 & ST | ..(1.14)
ram né rahat nim piar nal gl lagaia.

The unidirectional nature of direct machine translation system is its major disadvantage.
In a multilingual scenario, this may be quite expensive. For example, in order to provide
translation capability for n number of languages, we need to develop n*(n-1) MT systems
(Siddiqui and Tiwary, 2008). Direct machine translation is not suitable for translation of
complex sentences, because it requires complex grammatical analysis and word ordering
rules. This approach is also not suitable for ambiguous sentences (Seasly, 2003).

1.4.2 Rule-Based MT system

The rule-based MT is used to remove major shortcomings of direct machine translation
system. It parses the source text and produces an intermediate representation, which may
be a parse tree or some abstract representation. The target language text is generated from
the intermediate representation. These systems rely on specification of rules for
morphology, syntax, lexical selection, semantic analysis, transfer and generation process.
Due to the extensive use of rule-base, these systems are known as Rule-based systems.
Depending on the intermediate representation used, these systems are further categorized
as transfer-based machine translation and interlingua machine translation.

1.4.2.1 Transfer-Based MT

Transfer approach occupies the level above direct translation in the Vauquois triangle as
shown in Figure 1.1. It is also known as Indirect or Linguistic Knowledge (LK)
translation. It is used to capture the meaning of the original sentence to produce an

intermediate representation. It has three intermediate stages in translation process that



include an analysis stage: to analyze the source text to produce source structure, a transfer

stage: to transfer source structure to target structure and synthesis stage: to generate target

language text from target
structure as shown in Figure
1.5 (Arnold et al., 1994).
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: Figure 1.5: Transfer-based architecture
languages, we need five analyzers,

five generators, and twenty transfer components, while in direct translation approach 20
complete translation systems are required (Siddiqui and Tiwary, 2008).

Transfer approach requires a large number of rules for its implementation in multilingual
machine translation systems. This is a bottleneck of such a system (Arnold et al., 1994).
1.4.2.2 Interlingua-Based MT

The interlingua approach appears at the apex of the VVauquois triangle as shown in Figure
1.1. 1t is inspired by Chomsky's findings that regardless of varying surface syntactic
structures, languages share a common deep structure. In interlingua-based MT approach,

the source language text is converted into a language independent meaning representation

10



called Interlingua. As stated by Jurafsky and Martin (2000) ‘An interlingua represents all

sentences that mean the same thing in the same way regardless of the source language

they happen to be in’.

Interlingua-based MT system,
involves two stages in the
translation process, including
analysis stage: to deeply
analyze the source sentence for
producing a language
independent representation

(interlingua); and synthesis
stage: the target language is
generated from the interlingua.
This concept is shown in
1.6. The

extensive

Figure system
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Representation
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Language text)
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suited for multilingual machine
translation, as it requires only
for each

two components

Figure 1.6: Architecture of interlingua system
language: one for conversion

from source language to interlingua and other for interlingua to target language. As such,
in this approach we require 2n components as shown in Figure 1.7 (Subramanian and
Narayanan, 1990). The meaning based representation known as interlingua makes this
approach suitable for information retrieval applications as well.

There are few problems with interlingua approach. The analysis of source text requires a
deep semantic analysis, which sometime results into the loss of information. Another
problem is the creation of an adequate interlingua, because it should be both abstract and

independent of the source and target languages, which make this task difficult in case of

11



large multilingual machine translation systems involving the languages with wider

differences.

1.4.3 Corpus-Based MT L, L
Corpus-based MT systems have become /
popular in recent years. These are fully L \ Ly
automatic ~ systems  that  require - eprenentation -
significantly less human labor than n / N
traditional rule-based approaches. \
However, they require sentence aligned L, Analyzers  Generators L,

parallel text for each language pair and  Fjgyre 1.7: Interlingua-based translation
cannot be used for language pairs for among n languages

which such corpora do not exist. The

corpus-based approach is further classified into statistical and example-based machine
translation approaches (Siddiqui and Tiwary, 2008).

1.4.3.1 Statistical MT

Statistical Machine Translation (SMT) uses statistical models for translation whose
parameters are derived from the analysis of bilingual text corpora. It does not make use of
linguistic rules. SMT was introduced by Warren Weaver in 1949. SMT was re-introduced
in 1991 by researchers at IBM. The essence of this method is first to align phrases, word
groups and individual words of the parallel texts, and then calculate the probabilities that
any one word in a sentence of one language corresponds to a word or words in the
translated sentence with which it is aligned in other language. SMT has given more
acceptable results by picking the word(s) that has the highest probability of occupying its
current position, given the surrounding words (Seasly, 2003).

SMT considers the MT as a noisy channel metaphor process. It means that, if a user
wants to translate a given sentence 7 in the source language ‘F’to a sentence ‘e’ in the
target language ‘E’, the noisy channel model handles this situation in the following way:
Suppose that the sentence ‘/” to be translated was initially conceived in language ‘E’ as
some sentence ‘e’. During communication, ‘e’ was corrupted by the channel to 7”. Now,

a user will assume that each sentence in ‘E’ is a translation of /” with some probability,

12



and the sentence that a user chooses as the translation (‘¢ ’) is the one that has the highest

probability as shown in mathematical expression given in (1.15) (Brown et al., 1990).
&= arg-maxQ el £ ...(1.15)
Here, Q ¢ f depends on two factors, (i) the kind of sentences that are likely in the

language ‘E’. This is known as the Language Model (LM) and is represented

mathematically as Q e , (ii) the way sentences in ‘E’ get converted to sentences in ‘F’.
This is called the Translation Model (TM) and represented mathematically as Q f e

Thus, by applying Bayes’ theorem in the expression given in (1.15), will result the

equivalent mathematical expression as given in (1.16).

_ Qe Qfle
&= argemax 0 f ...(1.16)

Since, " is fixed, Q § can be omitted from the expression given in (1.16) to obtain its

equivalent mathematical expression given in (1.17) (Ramanathan, 2008).

&= agmaxQ e Q fle - (117)
The concept of SMT is illustrated with an example English sentence given in (1.18).
He is walking. ...(1.18)

The possible Punjabi translations of this example sentence are given in (1.19), (1.20) and
(1.22).

o9 faar I | ...(1.19)
uh call riha hai.
g5 faar 3 €71 ...(1.20)

call riha hai uh.

§a39faTr I ..(1.21)

uh tur riha hai.

The expression given in (1.17) helps to select the appropriate translation of the source
sentence. Because, though Q fle would be the same for the three sentences, the
language model would rule out the last two sentences given in (1.20) and (1.21), i.e., the
first translation given in (1.19) would receive a much higher value of Q e than the other
two sentences. This leads to another perspective on the statistical MT model, i.e., the best

translation is the sentence that is both faithful to the original sentence and fluent in the
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target language (Jurafsky and Martin, 2000). Thus, in the expression given in (1.17),

Q e represents fluency and Q f |e represents faithfulness.

The open source tools like CMU-Statistical language modeling toolkit and ‘SRILM’ are
used for the creation of LM; ‘GIZA++ and ‘MGIZA’ are used for the creation of TM;
‘Moses’ and ‘ISI ReWrite’ are used for creation of decoder in the process of SMT.
1.4.3.2 Example-Based MT
The Example-Based Machine Translation (EBMT) approach was suggested by Makoto
Nagao in 1984. The EBMT approach requires a bilingual corpus with parallel texts. This
approach works on the principle of translation by analogy. This principle is encoded in
EBMT through example translations. This concept has been illustrated with an example
of sample bilingual corpus of English-Punjabi as shown in Table 1.1.

Table 1.1: Example bilingual English-Punjabi corpus

English corpus Punjabi corpus

For how much is that red umbrella? &% 23dt fas <t 37
lal chtart kinné di hai?
For how much is that book? foazmg 9 <t 92

kitab kinne di hai?

The sample corpus given in Table 1.1 makes it simpler to learn translations of sub-
sentential units. After getting trained on sample corpus, the system learns the
correspondences as given in Table 1.2.

Table 1.2: Correspondences learned by system

English sub-sentential units

Correspondence to Punjabi

For how much is that <X’?

X f&s =t 3?

X kinné di hai?
Red umbrella % 234t

lal chtart
Book fa3g

kitab

By composing these units, the system can produce novel translations in the future. The

architecture of EBMT system is shown in Figure 1.8. An EBMT system has two main

14



modules, namely, retrieval and adaptation. The retrieval module is used to retrieve

translation examples from example-base or Translation Memory (TMEM) for a given

input and adaptation is used to .
carr out necessar Source EhQa:Chl?gn Target
y y Language Coﬁveesrzi?)n » Language
modifications in the retrieved Analysis Synthesis
example pair to generate
translation of target language
sentence. The modification may )
Translation
involve addition, deletion, and Memory
replacement of morphological

words.

EBMT  system has  certain Figure 1.8: Architecture of EBMT
advantages over rule-based and SMT systems. In the rule-based system, knowledge about
the syntax and semantics of source and target, need to be represented as rules, which are
difficult to write. The problem with SMT systems is that they need a huge, aligned,
parallel corpus. The availability of huge corpora is scarce. Therefore, SMT approach
cannot be widely used. EBMT systems require neither a large set of rules, nor a huge
parallel corpus. It only requires an example-base, which can be easily created from
resources like multi-lingual official notices and reports (Siddiqui and Tiwary, 2008).
1.4.4 Knowledge-Based MT

The important process in knowledge-based translation is to capture as much linguistic
knowledge as possible from the source language sentences and store this into the
translation system’s knowledge base. For this, the system makes the use of source and
target language dictionaries; source and target language structures and rules; word
meanings in different contexts and language constructs; domain specific terminology;
previously translated words, phrases, sentences, paragraphs; ontological and lexical
knowledge; language style and cultural differences etc. By capturing all these knowledge
sources, the system produces a high quality output. It is implemented on the interlingua
architecture, but differs from interlingual technique by the depth with which it analyzes
the source language and its reliance on explicit knowledge of the world. It makes use of

augmenter as shown in architecture of KBMT given in Figure 1.9. The only problem of
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KBMT is that it is quite expensive to produce such a system because it requires a large

amount of knowledge (Seasly, 2003).

Source Language Target Language
Source Knowled Target
Language — R r:owria?ien — Language
Analysis epresentatio Synthesis

A

Augmentor

Figure 1.9: Architecture of KBMT

1.4.5 Hybrid approaches

The experiences of researchers in last couple of decades have shown that it is not possible
to produce highly accurate system by relying on a single machine translation approach.
Thus, nowadays, researchers are using hybrid approaches to improve the quality of
existing systems. Most commonly, it involves the use of a linguistic method to parse the
source text, and a non-linguistic method, such as statistical-based or example-based, to
assist with finding the proper interpretation (Siddiqui and Tiwary, 2008).

1.5 Need of UNL based machine translation system for Punjabi language

There is an immense need to develop a machine translation system for Punjabi language.
Some machine translation systems for Punjabi Language are at developing stages but
they are limited only to a pair of languages, i.e., Hindi-Punjabi. In multi-lingual
environment, it is very important to have machine translation systems for large number of
languages. In order to have a multi-lingual machine translation system for Punjabi
language, it would require a separate system for every language, i.e., n*(n-1) language
systems will be required for n number of languages. As such, there is a need to develop
an internationally standardized system in which fewer components are needed for a
multi-lingual machine translation. An interligua approach based machine translation
system is one solution for this problem. UNL is an internationally standardized interligua

that has the potential to bridge the language barriers across all the languages of the world.
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Such a system for Punjabi language will certainly be very helpful for more than 91
million Punjabi language users (Lewis and Paul, 2009).

1.6 Objectives of this research

The main objective of this study is to design and develop a multi-lingual machine
translation system for Punjabi language. In order to perform this task, following
objectives were proposed to be carried out.

1) An electronic Punjabi-UW dictionary of about 40,000 root words was to be created in
the proposed work.

i) A DeConverter for Punjabi language was to be developed which can convert a UNL
document to corresponding Punjabi language text.

iii) An EnConverter for Punjabi language was to be developed which can convert input
Punjabi text to corresponding UNL output.

iv) A web interface was to be designed with the provisions for input of Punjabi sentences
for corresponding UNL output and for input of a UNL document for corresponding
Punjabi text output.

v) The scope of work was proposed to be limited to simple sentences with an
approximate accuracy of 70%.

1.7 Major contributions and achievements

A major outcome of this research work is the development of Punjabi EnConverter and
Punjabi DeConverter. A Punjabi EnConverter has been developed that converts input
Punjabi sentence to corresponding UNL expression. A web interface has been designed
for online EnConversion of input Punjabi sentence to UNL expression. It enables the
conversion of input Punjabi sentence to other languages having their own UNL
DeConverter. A Punjabi DeConverter has also been developed that converts a UNL
expression to corresponding Punjabi language text. A web interface has also been
designed for online DeConversion of UNL expression to corresponding Punjabi sentence.
It enables the Punjabi readers to read the sentences in their local language that are
originally written in different languages having their equivalent UNL expression present
on the web.

This system will also provide an opportunity to research scholars working on MT to

explore UNL as an interlingua.
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1.8 Features of Punjabi language

Punjabi language is an Indo-Aryan language and is one of the constitutionally recognized
languages of India. Indo-Aryan languages form a subgroup of the Indo-Iranian group of
languages, which in turn belong to Indo-European family of languages. Punjabi is widely
spoken in north-west India, Pakistan, United States, Australia, United Kingdom and
Canada. There are more than 91 million native speakers of Punjabi language, which
makes it approximately the 12" most widely spoken language in the world (Lewis and
Paul, 2009). Gill (2008) has explained the features of Punjabi language. The following
paragraphs give a comprehensive review of these features.

Punjabi has word classes in the form of noun, pronoun, adjective, cardinal, ordinal, main
verb, auxiliary verb, adverb, postposition, conjunction, interjection and particle. Punjabi

nouns change forms for number (singular or plural) and case in sentences. Punjabi nouns
have assigned gender (masculine or feminine). For example, &4 kandh ‘fence’,
JaHt kurast ‘chair’, W3d sarak ‘road’ etc. are used in feminine gender, and
N méz ‘table’, @34 farakk ‘truck’, fes din ‘day’ etc. are used in masculine gender.
Punjabi has six types of pronouns. These are: personal pronouns, e.g., H maim ‘’, 3 tim
you’; reflexive pronouns, e.g., U a@p (some what equivalent to honorific form of
English second person ‘you’); demonstrative pronouns, e.g., 87 uh ‘that’ and f&g ih
‘this”, indefinite pronouns, e.g., a€t koi, a9 kujh, ATa sareé etc.; relative pronouns (to join
two clauses in a complex sentence), e.g., # jo and f7J3T jihsz and interrogative pronouns,
e.g., o< kaun ‘who’, ot ki ‘what etc.

In Punjabi language, adjectives usually precede the nouns but follow the pronouns. For

example, #I& sohna ‘handsome’, &7 kala ‘black’ are functioning as adjectives and
they precede nouns in ‘RIST W3 ‘sohnd munda’ ‘handsome boy’, ‘IS WS ‘kala
ghora’ ‘black horse’, respectively. The examples of adjectives following pronouns are, ‘H
WIS T ‘maim sohpa ham’ ‘I am handsome’, ‘3 WIS & ‘tim sohna haim’ ‘you are
handsome’. Punjabi adjectives can be classified into two categories, inflected and

uninflected. For example, WJ=' sohna ‘handsome’ inflections are WIS sohna

‘handsome’ (direct singular), #J& sohné ‘handsome’ (oblique singular and direct plural),
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and Rafent sohniam ‘handsome’ (oblique plural). The uninflected adjectives are &% lal
red’, tHI&Zt mihnatt ‘hardworking’, HAJd mashhur ‘famous’ etc.

Cardinals and Ordinals can be used for both the genders and change forms for case
(direct and oblique). Except, f&a ikk ‘one’, which is in singular number, all the remaining
cardinals (€ do ‘two’, Ud pafij ‘five’, maat atharam ‘eighteen’ etc.) are in plural
number. Generally, all the ordinals are used in singular number. For example,
UASt paiijvam ‘fifth’, <t chevam ‘sixth’ etc. are all ordinals.

In a Punjabi sentence, verbs must agree with the subject or object of the sentence in terms

of gender, number, and person. Punjabi verbs change forms for gender, number, person,

and tense. The verbs have assigned transitivity and causality. In Punjabi, there are two
auxiliary verbs — J hai for present tense (e.qg., I w8 =T J | ram amb khanda hai. ‘Ram
eats mango’) and Ht si for past tense (e.g., IH & wg yar Wt | ram né amb khadha si.

‘Ram had eaten mango’). All the forms of these two auxiliary verbs can equally be used

for both the genders. For future tense in sentences, ‘EGA’ form of main verb is used and
in those sentences auxiliary verb is thus not used (e.g., ™ ™8 YT=ar | ram amb khavéga.
‘Ram will eat mango’).

Adverbs can indicate manner, time, place, condition etc. For example, §ugd uppar
‘upon’, &3 utté ‘over’, I&* héetham ‘below’ etc. are some Punjabi adverbs. Postpositions
are similar to prepositions in English. These link noun, pronoun, and phrases to other
parts of the sentence. Some Punjabi postpositions are & né, & niam, €3 utté ‘over’, € da

‘of” etc. In Punjabi, postpositions follow the noun or pronoun unlike English, where these
precede the noun or pronoun, and thus termed prepositions. In Punjabi, the postpositions

can be classified into two types, namely, inflected postpositions and uninflected
postposition. For example, € da ‘of” (marker of possessive case) postposition is an
inflected postposition because it changes forms for gender, number and case. There are a
large number of postpositions, which do not change forms at all, e.g., & né (instrumental
or agentive case marker), & niim (generally used with objects), and 3 tom ‘from’ are

known as uninflected postpositions.
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Conjunctions are used to join words, phrases, or independent clauses in compound
sentences. For example, W3/3 até/té ‘and’, &' jam ‘or’ are acting as co-ordinate
conjunctions. Sub-ordinate conjunctions are typically used to introduce dependent clauses
in complex sentences. For example, 7 jé, €% ufii, 3t tam etc.

Interjection is used to express emotions in sentences. For example, I hae, ™I aha,
Hed sadke, “Ht mifentt &° i aiam niim’ ‘welcome’ all are interjections. There are various

particles that are used in the Punjabi sentences for emphasis, negation etc. These particles
do not change forms for any of the grammatical categories. These include, emphatic

particles that are used to emphasize or put stress on some part of the sentences, e.g., € 7,
I ki, 3t tam, 3 te, ¥t kham, 2 vi, St bhi etc.; negative particles that are normally used
for negation effect in sentences, e.g., &t nahim, & na, &7 nah; honorific particles that
are used for giving respect, e.g., #t ji, #1G jio, Ao sahib etc. and vocative particles that
are commonly used in vocative case, i.e., to call someone, e.g., mf3wm arsia (masculine
singular), »f3& asio (masculine plural), » e asie (feminine singular) etc.

Punjabi phrases can be broadly classified into two types, namely, nominal phrases (built
using the words of various word classes like noun, pronoun, adjective etc.) and verb
phrases (built using primarily the words of main verb and auxiliary verb word classes)
(Gill, 2008).

1.9 Organization of thesis

This PhD thesis is divided into seven chapters. The details about the literature review
carried out for this work is presented in Chapter 2. Introduction to UNL framework and
creation of Punjabi-Universal Word lexicon has been discussed in Chapter 3. The details
on the design and development of Punjabi-UNL EnConverter have been given in Chapter
4. Chapter 5 covers the design and development of UNL-Punjabi DeConverter. The
results and discussions on the implementation of proposed work have been provided in
Chapter 6. Chapter 7 of thesis discusses the conclusion and future scope of the work.
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Chapter Summary

In this chapter, the need and challenges of machine translation, approaches of machine
translation, objectives of this research, methodology adopted to achieve these objectives
and the features of Punjabi language have been presented. The machine translation has
socio-political and commercial importance in the modern world. It helps to provide wide
readership to literary works and used to bridge the digital divide. It is also used for cross
language information retrieval. Automated Machine Translation is a complex problem
involving the challenges of word order, lexical differences, lexical ambiguity and
structural ambiguity among the languages. Machine Translation approaches can be
classified into four categories, namely, direct MT, rule-based MT, corpus-based MT and
knowledge-based MT. A direct translation system carries out word-by-word translation
with the help of bilingual dictionary. Direct machine translation is not suitable for
translation of complex sentences and for multilingual translations. The rule-based MT is
further categorized as transfer-based machine translation and interlingua machine
translation. A transfer-based machine translation system has three intermediate stages in
translation process that include an analysis stage, a transfer stage and synthesis stage.
Interlingua-based MT system, involves two stages in the translation process, including
analysis stage and synthesis stage. The corpus-based approach is classified into statistical
and example-based machine translation. Statistical machine translation requires three key
components, namely, Language Model (LM), Translation Model (TM) and decoder.
Example-Based Machine Translation (EBMT) approach requires a bilingual corpus
with parallel texts. An EBMT system has two main modules, namely, retrieval and
adaptation. The main process in knowledge-based translation is to capture as much
linguistic knowledge as possible from the source language sentences and store this into
the translation system’s knowledge-base. Nowadays, researchers are using hybrid
approaches to improve the quality of existing systems.

The main objective of this study is to design and develop a multi-lingual machine
translation system for Punjabi language. A major outcome of this research work is the
development of Punjabi EnConverter, Punjabi DeConverter and a web interface for

online EnConversion and DeConversion task.
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Chapter 2

Review of Literature

2.1 Introduction

Development of translating systems using machines has been a long cherished dream of
human beings. People had been working for the realization of this dream even before the
invention of computers. The works of Georges Artsrouni and Petr Troyanskii are
noteworthy in this direction. Researchers have proposed different approaches for
developing a translation system. These approaches include, direct or dictionary-based
approach, rule-based approaches (transfer and interlingua), knowledge-based approach
and corpus-based approaches (example-based and statistical-based). Hutchins (1995) has
mentioned that the differences between direct and indirect, transfer and interlingua,
knowledge-based and corpus-based approaches are becoming less useful for the
categorization of the translation systems. He has argued that transfer systems incorporate
interlingual features (for certain areas of vocabulary and syntax); interlingua systems
include transfer components; rule-based systems make increasing use of probabilistic
data and stochastic methods; statistics and example-based systems include traditional
rule-based grammatical categories and features. Following this argument, we have
reviewed the literature of machine translation based in this chapter on the historic
developments in the field. This chapter also contains the review of literature on the
machine translation amongst Indian languages and efforts carried out in the area of
Universal Networking Language (UNL).

2.2 State of Machine Translation before the invention of computers

The earlier works in the field of mechanized translation are by Georges Artsrouni and
Petr Troyanskii. Both of them patented their works in mid 1930s. Artsrouni proposed a
general purpose machine which could function as a mechanical multilingual dictionary
and Troyanskii proposed a scheme for coding interlingual grammatical rules and
provided an outline of how analysis and synthesis might work. However, until the end of

the 1950s, the ideas of Troyanskii were not known that well. Invention of computers
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shifted the focus of research on machine translation and their ideas were not taken further
(Hutchins, 1997).

2.3 Beginning of computerized MT (1946-1954)

In 1946-47, researchers started working in the direction of using newly invented
computers for translating natural languages. Within a few years, research on MT started
at many US universities, and in 1952, first major project of MT was started at
Georgetown University. This project was known as Georgetown Automatic Translation
(GAT). In 1954, first public demonstration of the feasibility of machine translation was
given by a team consisting of experts from IBM and researchers from Georgetown
University. They took a sample of 49 Russian sentences and translated these to English.
The demonstration attracted a great deal of media attention in the US. Massachusetts
Institute of Technology (MIT) published first issue of ‘Mechanical Translation’ journal in
the same year under the editorship of Victor Yngve. The first book on MT edited by
Locke and Booth was published in 1955 (Hutchins, 2003).

2.4 Decade of high expectations and disillusion (1955-1966)

This decade saw the beginning of three basic approaches to MT. These are Direct
translation approach, Interlingua approach and Transfer approach. The researchers under
Erwin Reifler followed the dictionary based direct approach. They constructed large
bilingual dictionaries in which lexicographic information was used not only for selecting
lexical equivalents but also for solving grammatical problems without using syntactic
analysis. After initial work on German and English, the group also worked on a Russian-
English system (Hutchins, 1995).

During this decade, researchers at the RAND Corporation undertook statistical analysis
of a large corpus of Russian Physics texts, to extract bilingual glossaries and grammatical
information. On this basis, they wrote a computer program for a rough translation. The
result was studied by post-editors, the glossaries and the rules were revised, the corpus
was translated again, and it continued in cycles of translation and post-editing in order to
translate the Russian Physics text to English. David Hays was instrumental in developing
first syntactic parser based on dependency grammar at RAND Corporation (Hutchins,
1995).
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The Linguistics Research Center (LRC) at the University of Texas, founded by Winfried
Lehmann in 1958, concentrated on basic syntactic research. They devised reversible
grammars to achieve bi-directional translation with syntactic transfer approach, laying
foundations for the later development of the ‘METAL’ (Mechanical Translation and
Analysis of Languages) system (Hutchins, 1995).

University of Grenoble formed a MT group headed by Bernard Vauquois in year 1960.
This group was first known as ‘CETA’ (Centre d'Etudes pour la Traduction Automatique
‘Center for the study of MT’) and focused on translation of Russian text into French.
They concentrated on the development of formalisms for expressing linguistic
information. The system performed dependency-structure analysis of every sentence. The
theoretical basis of ‘CETA’ was interlingua at the grammatical level, but transfer at the
lexical level. The system was written in IBM assembly language. With the use of this
system it was concluded that, the use of an interlingua erases all clues about how to
express the translation and it resulted into extremely poor or no translation of sentences
for which complete analysis could not be derived (Slocum, 1984).

In this decade itself, ‘GAT’ system became operational in 1964, with its delivery to the
Atomic Energy Commission of United States. It had three levels of analysis:
morphological, syntagmatic and syntactic (Hutchins, 1995). The system was primarily
used to translate Russian Physics texts into English. The output quality was quite poor,
and the system used to quickly scan the documents to determine their content and
interest. ‘GAT ’ system design did not include any computational or linguistics theory and
it was developed to work for a given text and then it was modified to account for the next
text, and so on. As such, the result was a monolithic system of intractable complexity that
caused its termination in late 1960s (Slocum, 1984).

A ‘Logos’ machine translation system, developed by Logos Corporation stared in 1964. It
was a direct Machine Translation system for English-Vietnamese language pair. ‘Logos’
analyzed whole source sentences, considering morphology, meaning, and grammatical
structure. It had easily extensible dictionaries with their underlying semantic foundation
and it permitted meanings to be deduced using contextual clues. This system has kept on
changing. Even the approach of translation was also changed at one point of time, from

direct approach to transfer approach (Yurtseven, 1997).
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University of the Saar at Saarbruecken, West Germany started a major MT project,
namely, ‘SUSY’ in late 1960s. In this project, a multilingual German system involving
German, Russian, English and French languages was proposed (Hutchins and Somers,
1992). The translation phases of this system included morphological analysis, phrasal
analysis, semantic disambiguation, transfer, semantic synthesis, syntactical synthesis and
morphological synthesis. The system was written in FORTRAN (Aref et al.,1995).

The Soviet Union research mainly focused on interlingua approach in this decade. They
considered interlingua as an artificial language, complete in itself with its own
morphology and syntax and having only those features that are statistically most common
to large number of languages (Hutchins, 2003).

Machine translation research faced a very difficult time during 1966 when the Automatic
Language Processing Advisory Committee (ALPAC) report was published. This report
concluded that machine translation was more expensive, less accurate and slower than
human translation. The report also argued that despite the expenses, machine translation
was not likely to reach the quality of a human translator in the near future. The report,
however, recommended that tools like automatic dictionaries should be developed to aid
translators and research in computational linguistics should continue to be supported. The
publication of the report had a great impact on research in the area of machine translation
(Hutchins, 1995).

2.5 Post ALPAC decade (1967-1976)

Focus of research in MT shifted to indirect approaches from direct approaches during this
decade (Hutchins, 2003). In Georgetown University, researchers continued their efforts
and proposed a machine translation system, namely, ‘SYSTRAN’ in 1968. This system
had four stages of translation, namely, preprocessing, analysis, transfer and synthesis
(Hutchins and Somers, 1992; Aref et al., 1995). This decade also achieved a landmark in
the form of first doctoral thesis in MT by Anthony G. Oettinger which carried the study
for a Russian mechanical dictionary in 1970 (Hutchins, 2003). The ‘CETA’ group took a
new project entitled ‘GETA’ (Groupe d'Etudes pour la Traduction Automatique ‘Group
for the study of MT’) for redesigning earlier system and the group came with a new
system, namely, ‘Ariane’ that used transfer approach (Hutchins and Somers, 1992). This

system supported three pairs of languages, Russian-French, German-French, and
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Japanese-French. The translation process in this system involved morphological analysis
of source text, a multilevel analysis to give an intermediate source structure, lexical
transfer of source-language lexical units to the corresponding target-language lexical
units, a structural transfer to produce an intermediate target structure, and finally a
syntactic morphological generation (Aref et al., 1995).

The ‘TAUM’ (Traduction Automatique de I'Université de Montréal) project was
undertaken at Montreal in 1970 using syntactic transfer system for English-French
translation. This system developed in Prolog was used in translating weather forecast
between English and French (Hutchins, 1995).

Brigham Young University (BYU) established a project to translate church texts from
English into multiple languages like French, German, Portuguese and Spanish in 1971.
The main objective here was to produce a fully-automatic MT system based on Junction
Grammar (Slocum, 1984).

2.6 The revival of research (1977 to 1989)

This decade witnessed the revival of MT research and a good number of MT systems
were developed across the world during this decade. During 1980, Grenoble group
(‘GETA’) developed its influential ‘Ariane’ system. This system is considered as
‘second generation’ linguistics-based transfer system. Using a similar approach, ‘Mu’
system was developed at the University of Kyoto, Japan. The prominent features of
‘Mu’ were: (i) use of case grammar analysis and dependency tree representations, and
(ii) development of a programming environment for grammar writing (Hutchins, 2003).
In 1981, a project named ‘Eurota’ was started for dealing with all nine official
languages of European Council. It was a transfer based system with 72 language pairs.
In the proposed system, the translation was viewed as a mapping by using rules though
source language analysis, transfer and generation of target language. ‘Eurotra’ was
implemented using Prolog on UNIX system (Aref et al., 1995). Distributed Language
Translation (‘DLT’) project to develop an interlingual machine translation system for
twelve European languages stared in 1985. This project used ‘Esperanto’ as an
Intermediate Language (IL). ‘DLT’ consisted of two translation systems; source
language to ‘Esperanto’ and ‘Esperanto’ t0 target language (Witkam, 1988). Uchida
and Sugiyama (1980) observed that transfer approach is effective for translation among
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languages of the same family and it is not that effective for translation among non-
related languages such as Japanese and English due to requirement of large structural
transformation. They introduced the idea of conceptual structure and utilized it in
translation process. This conceptual structure used concepts in source language; these
concepts were considered as universally general to the extent that they can be translated
into any language. The concepts were represented by nodes and an arc was used to
represent a relation between these concepts. They proposed Japanese to English MT
system, in which a given Japanese text is transformed into conceptual structure, and
then an English text was generated from it.

In 1984, Fujitsu proposed ‘ATLAS-I’ and ‘ATLAS-II’ machine translation systems. The
‘ATLAS-I"is considered as world’s first commercial English-Japanese translation system.
It is a syntax-based machine translation system. The ‘ATLAS-II’ aimed at achieving
multilingual translation. It is based on a concept structure in the form of an interlingua
(Uchida, 1989a). Dorr (1987) proposed ‘UNITRAN’ as an interlingual machine
translation system. This system relied on principal-based descriptions of grammar rather
than rule oriented descriptions.

Uchida (1989b) canvassed for the necessity of interlingua for multilingual translation
system. He emphasized that interlingua can localize the development of a machine
translation system for a language, since it has separate analysis and generation system.
The developers of analysis and generation system only need to know the language and
the interlingua. He argued that interlingua makes the common utilization of the
knowledge necessary for machine translation systems, which helps to eliminate the
redundancy to develop the same knowledge in different format.

Tanaka et al. (1989) developed a multi-lingual machine translation system using
interlingua approach for five languages, namely, Chinese, Indonesian, Malaysian, Thai
and Japanese. Their system had six important elements that include input system,
sentence analysis system, interlingua, electronic dictionary system, sentence generation
system and output system.

Another interlingua project started in Netherlands during this decade. An important
feature of this project was the use of reversibility of grammars, i.e., compilation of

grammatical rules and transformations can work in one direction for syntactic and
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semantic analysis of a language and generation of correct sentences in that language in
other direction (Hutchins, 2003).

2.7 Decade of 1990 to 2000

During the initial years of this decade, translating workstations were available to support
professional translators. These workstations combined multilingual word processing,
OCR facilities, terminology management software and translation memories for the
professional translators (Hutchins, 2003).

One witnessed a number of changes in the area of machine translation during this decade.
IBM published the results of experiments on ‘Candide’ system based on statistical
methods in earlier years of this decade. The proposed system first align phrases, word
groups and individual words of the parallel bilingual texts, and then calculates the
probabilities that any one word in a sentence of one language corresponds to a word or
words in the translated sentence with which it is aligned in the other language. This
approach was successful even in translating the phrases from one language to other
(Hutchins, 1995). IBM researchers improved the results of ‘Candide’ system by
proposing better statistical techniques using methods from information theory and
improved probability model of the translation process (Berger et al., 1994).

In this decade, one also witnessed use of Example-Based Machine Translation (EBMT).
Sumita et al. (1990) compared EBMT with conventional Rule-Based Machine
Translation (RBMT). They explored EBMT’s new features like context sensitive
translation, robustness and reliability factor. This decade also witnessed the emergence of
research on speech translation. Integration of speech recognition, speech synthesis, and
translation modules by mixing rule-based and corpus-based approaches was proposed in
this decade (Hutchins, 1995).

Center for Machine Translation (CMT), Carnegie Mellon University (CMU) initiated
‘KANT’ (Knowledge-based, Accurate Natural-language Translation) project. The system
proposed in this project processed source text and produced a grammatical functional
structure, called as F-structure. This F-structure was mapped to target language F-
structure and then target language sentence were generated for these F-structures of target

language (Mitamura and Nyberg, 1995).
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In 1996, Institute of Advanced Studies of United Nations University, Tokyo, proposed an
intermediary language, known as Universal Networking Language (UNL). Initially, it
was proposed for six official languages of the United Nations and other widely spoken
languages, involving 15 countries. Uchida et al. (1999) have illustrated general idea of
the UNL and its first version specifications. They have also presented the UNL system
with all its components.

2.8 Research since 2000

During this period, researches have worked on hybrid systems combining statistical and
rule-based techniques. Linguistic rules were used to parse the source text and statistical
(or example-based) methods were used to find proper interpretation (Siddiqui and
Tiwary, 2008).

Mitamura and Nyberg (2000) have re-designed and re-implemented ‘KANT’ machine
translation system to ‘KANTOOQO'’. The new system includes modules for source language
analysis, target language generation, source terminology management, target terminology
management and knowledge source development.

A new version of ‘SYSTRAN’ has been proposed in this decade. This new version has the
capacity of backtracking and it also consists of a fine-grained semantic description
supporting Arabic, Farsi and Urdu lexical entries. The components in this version include
morphological analyzer, statistical guesser, and a statistical based post-editor (Senellart et
al., 2001; Farghaly and Senellart, 2003; Schwenk et al., 2009).

Brockett et al. (2002) have proposed a hybrid example-based English-Japanese machine
translation system. It employs handcrafted broad coverage augmented phrase structure
grammars for parsing. It also uses statistical and heuristic techniques to capture
translation knowledge. The system has used an abstract linguistic representation layer to
extract and store bilingual translation knowledge.

Lepage and Denoual (2005) implemented ‘ALEPH’, a pure example-based machine
translation system to neutralize translation divergences in an elegant way. Fat (2005) has
proposed Tagalog-to-Cebuano Machine Translation System (T2CMT) based on transfer
approach. It uses Tagalog stemming algorithm for morphological analysis. The proposed
system incorporates formal grammar for the syntax analyzer which accepts the input from

Part-Of-Speech (POS) tagger and performs the transfer operation through affix and root
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transfers. Navarro et al. (2004) have developed ‘SisHiTra’ a hybrid Machine Translation
system from Spanish to Catalan. The proposed system has combined the knowledge-
based and corpus-based techniques.

Borra et al. (2007) have developed an English-to-Filipino MT system using transfer
based approach. It uses Lexical Functional Grammar (LFG) as its formalism. Google
Translate, introduced in 2007, is based on statistical methods. It gives a translation
service for 64 languages. Google Translate has been developed by Franz Josef Och and
his team.

Lagarda and Casacuberta (2008) proposed AdaBoost algorithm for improving accuracy
of SMT systems. The purpose of this algorithm is to find a highly accurate rule by
combining many weak or base hypotheses. The results from experiments confirm that
statistical machine translation can take advantage from this technique for improving the
translation quality.

Schwenk et al. (2009) have used SMT for building a translation system between French
and English. They have used ‘Moses’ decoder and a statistical post-editing system.
Koehn et al. (2009) used JRC-Acquis corpus to build machine translation systems based
on statistical approach for 462 language pairs. They have identified English as the best
pivot language for multilingual machine translation system.

Scott and Barreiro (2009) have proposed ‘OpenLogos’ system using pipeline architecture.
Their system uses a modularized, incremental approach of source language analysis and
target language synthesis. The representation language SAL (Semanto-syntactic
Abstraction Language) is the key to the pipeline process. It uses indexed pattern
dictionaries to store the rules.

Vashee and Gibbs (2010) have worked on customization of SMT engine. Traditional,
SMT requires large corpora of aligned bilingual data. In practice, however, this data is
not readily available in most languages or domains. For this scenario, they have proposed
a unique process to harvest and translate n-grams directly. The key difference in the
proposed system from the traditional approach is the collection and treatment of the n-

grams.
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2.9 MT for Indian languages

As per 2001 census, Indians use 122 languages, including 22 as official languages. The
top six: Hindi, Bengali, Telugu, Marathi, Tamil, and Urdu languages are spoken by
approximately 850 million people worldwide (Anthes, 2010). Only about 10% of Indian
population speaks English. In the age of Internet, most of information is generated in
English. Automatic translation of information available in English has immerged as an
important topic of research during recent times. Department of Information Technology,
MoCIT, Government of India, has initiated ‘Technology Development for Indian
Languages’ (TDIL) project in the year 1990. The main objective of this project is to
support and fund research and development efforts in the area of information processing
in Indian languages including machine translation (Srikanth and Kapoor, 2001). History
of machine translation in India has witnessed a number of research projects covering a
good number of Indian languages. Prominent among these are the projects at IIT Kanpur,
IIT Bombay, IIT Hyderabad, University of Hyderabad, National Center for Software
Technology (NCST) Mumbai (now, Center for Development of Advanced Computing
(CDAC) Mumbai), CDAC Pune and Jadavpur University, Kolkata.

In the next section, developments in Indian languages machine translation systems have
been presented.

2.9.1 Indian languages MT systems

Research on machine translation started in India in early eighties at IIT Kanpur. Sinha
(1984) proposed Sanskrit as interlingua for translation within Indian languages. Later in
1991, the concept of a ‘Pseudo-Interlingua’ is introduced to exploit the structural
commonality of a group of languages. The first prototype was proposed by them for
English to Tamil MT and later a comprehensive system was built for English to Hindi
translation. Sinha et al. (1995) proposed ‘AnglaBharti’, a multi-lingual translation system
from English to Indian languages. The approach used in ‘dnglaBharti’ is somewhere in
between transfer and interlingua approaches. This approach uses pattern directed rule-
base and a Pseudo Lingua for Indian Languages (PLIL). In this system, a number of
semantic tags have been used to resolve sense ambiguity in the source language. The

system also used a post-editing package for final corrections.
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Jain et al. (1995) developed ‘AnuBharati’, a template-based machine translation system
from Hindi to English. ‘AnuBharati’ uses a hybrid approach called as Hybrid Example
Based Machine Translation (HEBMT). It is an attempt to combine the strategies of rule-
based approach and example-based approach. Sinha and Jain (2003) have also proposed
the modified version of ‘AnglaBharti’, known as ‘AnglaHindi’, as English to Hindi
machine translation system. This system, besides using the rule-bases also uses example-
base and statistics to obtain more acceptable and accurate translation for frequently
encountered noun and verb phrasal. It generates approximately 90% acceptable
translation in case of simple, compound and complex sentences up to a length of 20
words. It makes the use of all modules of ‘AnglaBharti’ (Sinha et al., 1995) and an
abstracted example-base of ‘AnuBharti’ (Jain et al., 1995).

In 2004, ‘AnglaBharti’ underwent a considerable change to address the shortcomings of
the earlier architecture. The proposed system, known as ‘AnglaBharti-II’, is a hybrid
system which uses Rule-Based Machine Translation (RBMT) and Example-Based
Machine Translation (EBMT) techniques. In 2004 itself, ‘AnuBharti’ also underwent a
considerable change from its initial conceptualization to ‘AnuBharti-II’. The core of
‘AnuBharti-II" architecture is a generalized hierarchical example-base. In the absence of
large parallel corpora, the example-base is augmented interactively during the
development phase. In the proposed system, the input Hindi sentence is processed by
shallow grammatical analyzer to convert it into a standardized form. The standardized
Hindi sentence is matched with a top level standardized example-base. In case no match
is found then a shallow chunker is used to fragment the input sentence into units which
are then matched with a hierarchical example-base. The translated chunks are positioned
by matching with sentence level example-base. ‘AnuBharti-1I" also has an error-analysis
module based on statistical language model (Naskar and Bandyopadhyay, 2005). Sinha
(2005b) argue that RBMT has its own limitations while dealing with real-life texts and
proposed the integration of Computer Assisted Tools (CAT) to existing ‘AnglaBharti-II’
architecture to increase the accuracy of system.

A transfer based English-Hindi Translation System has been proposed by Gore and Patil
(2002). Their translation module consists of pre-processing module, English tree

generator module, a module for post-processing of English tree, generation of Hindi tree
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module, post-processing module for Hindi tree and Hindi generation module. Kulkarni
(2003) has given a design and architecture of ‘Anusaaraka’ approach for machine
translation system. It is based on the principles of Paninian Grammar (PG), and exploits
the close similarity of Indian languages.

‘MANTRA’ (MAchiNe assisted TRAnslation tool), developed by C-DAC for translating
office documents from English to Hindi, views the translation process as a mapping from
one syntactic tree to another, based on Tree Adjoining Grammar (TAG). The English
document is initially sent for pre-processing followed by parsing and generation. It uses
auto-phrase-detection algorithms to restrict the size of various lexicons (Dwivedi and
Sukhadeve, 2010).

A project on English-Kannada machine-aided translation system for translating English
texts into Kannada was initiated at University of Hyderabad in 1998. The proposed
system works at sentence level. It parses an input sentence using Universal Clause
Structure Grammar (UCSG) parsing technology and then translates it into Kannada using
the English-Kannada bilingual dictionary, Kannada morphological generator and
translation rules (Naskar and Bandyopadhyay, 2005).

The English-Bangla-ANUBAD or ‘EB-ANUBAD’ is a hybrid scheme based machine
translation system developed jointly by Jadavpur University, Kolkata and CDAC,
Kolkata. It is based on hybrid architecture of rule-based and transfer architecture. It takes
a paragraph of English sentences as input sentences and produces equivalent Bangla
sentences. The proposed system consists of preprocessor, morphological parser, semantic
parser, an electronic lexicon associated with grammatical information, discourse
processor and lexical disambiguation analyzer (Saha, 2005).

Sinha and Thakur (2005) have proposed a translation system for bi-lingual Hindi-English
(Hinglish) text. Their system performs the translation in seven steps. Each word of the
input Complex Code-Mixed (CCM) Hinglish sentence is processed by Hindi
morphological analyzer and marks the words that are unknown in Hindi. Similarly, each
word of the input CCM Hinglish sentence is fed to English morphological analyzer and
marks the words that are unknown in English. The words that remain unknown in earlier
processing are marked for cross morphological analysis. The words that remain unknown

even at this stage are marked as proper nouns. The input CCM Hinglish sentence is
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segmented into Simple Code-Mixed Hindi (SCMH) and Simple Code-Mixed English
(SCME) parts. The system performs the translation of SCMH into Hindi language and
transforms the SCME into pseudo English form. The pseudo English form is then
translated to Hindi Language. If the target language is Hindi, then final result is obtained
by simply re-composing the translations. If the target language is English, then final
result is obtained by translating the Hindi text to English. This system incorporates an
additional layer to the existing English to Hindi translation (‘AnglaBharti-11") and Hindi
to English translation (‘AnuBharti-11") systems.

A machine translation system, namely, ‘Shakti’ has been developed jointly by Carneige
Mellon University, USA; IIIT Hyderabad, India and 11SC Bangalore, India. This system
has been designed to produce translated texts in Indian languages from English language.
It uses ‘Shakti Standard Format’ (SSF) that acts as a blackboard around which the
complete system resolves. This system combines rule-based approach with statistical
approach. The rules are mostly linguistic in nature, and the statistical approach uses
linguistic information (Sangal and Sharma, 2004).

Naskar and Bandyopadhyay (2006) have proposed a Phrasal EBMT system for
translating from English to Bengali. They have identified the phrases in the input through
a shallow analysis and retrieve the target phrases using a phrasal example-base. The
generator system combines the target language phrases by using some heuristics based on
the phrase ordering rules for Bengali.

English to (Hindi, Kannada, Tamil) and Kannada to Tamil language-pairs example-based
machine translation system has been proposed by Balajapally et al. (2006). Their system
makes the use of a bilingual dictionary comprising of sentence dictionary, phrases
dictionary, words dictionary and phonetic dictionary for the machine translation. These
dictionaries contain parallel corpora of sentences, phrases and words and phonetic
mappings of words (Dwivedi and Sukhadeve, 2010).

Ramanathan et al. (2006) have developed ‘MaTra’, an English-Hindi MT system for
general purpose texts. It uses statistical tools and techniques for shallow parsing, word-
sense disambiguation, abbreviation handling, and transliteration. A Punjabi to Hindi MT
system has been proposed by Josan and Lehal (2008). It is based on direct machine

translation approach and uses a number of lexical resources like a bilingual dictionary
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that contains Punjabi language word, its lexical category and corresponding Hindi word;
ambiguous word lexicon which contains about 1000 entries covering all the ambiguous
words with their most frequent meaning; bigram table that contains Punjabi bigrams
along with Hindi meaning and a trigram table. The translation engine comprises of
different modules, namely, named entity recognition, repetitive construct handler, word
mapping, ambiguity resolution, and transliteration.

Sinha (2009) has proposed English to Urdu translation system via Hindi. The proposed
system involves use of English to Hindi MT system. The input English sentences are
transformed to an intermediate form known as Pseudo Lingua for Indian Languages
(PLIL) with the uses of a rule-base. The PLIL representation is then transformed to the
Hindi language by using a text generator. Then English to Hindi lexical database is used
to derive Hindi to Urdu mapping. The English-Hindi lexical database has syntactic,
semantic and morphological information for each of the lexicon items with Hindi
meaning. As Hindi and Urdu are structurally similar and use similar postpositions in the
same order, the Hindi-Urdu mapping table is created to store Urdu meanings along with
the information that affect the Urdu text composition. An Urdu language model is used to
resolve the disambiguation in the final generation of Urdu text.

Ramanathan et al. (2009) have analyzed the issue of case markers and morphology to
address the fluency problem in English-Hindi SMT. Their system augmented the aligned
corpus of the two languages, with the correspondence of English suffixes and semantic
relations with Hindi suffixes and case markers to improve the efficiency of English-Hindi
SMT.

‘Sampark’ is a multipart machine translation system developed with the combined efforts
of 11 institutions under ‘Indian Language to India Language Machine Translation’
(‘ILMT ") project. The proposed system has developed language technology for 9 Indian
languages resulting in MT for 18 language pairs. It uses Computational Paninian
Grammar (CPG) approach for analyzing a language. It is a hybrid system consisting of
traditional rule-based algorithms and dictionaries and statistical machine-learning
techniques. It has three major components: source analysis which includes tokenizer,
morphological analyzer, part-of-speech tagger (based on statistical techniques),

chunker (based on statistical methods), named entity recognizer, simple parser based on
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CPG and word sense disambiguation; transfer system which includes syntax transfer,
lexical transfer and transliteration; target language generator which performs gender-
number-person agreement between related words in the target sentence, insertion of
‘vibhakti’ to add postposition and other markers and word generator. Their system is
available online to provide the translation service among Indian languages (Anthes,
2010).

Goyal and Lehal (2010) have proposed a Hindi to Punjabi machine translation system
based on direct approach. The proposed system consists of pre-processing, word-to-word
translation using Hindi-Punjabi lexicon, morphological analysis, word sense
disambiguation, transliteration and post processing modules.

Chaudhury et al. (2010) have proposed an expert system, namely, ‘Anusaaraka’ that
provides an access to all the stages of translation making the whole process transparent.
This system has been provided by making the use of an open source MT system
‘Apertium’ and an older version of ‘Anusaaraka’. Singh and Bandyopadhyay (2010) have
proposed a Manipuri-English bidirectional statistical machine translation system by using
factored model. They have identified suffixes and dependency relations of English and
case markers of Manipuri as the important translation factors for the proposed statistical
machine translation system. The proposed system has been trained using a parallel corpus
from news domain.

IBM India Research Lab at New Delhi has also been working on English-Hindi MT
system. Initially, their approach was based on EBMT and now the focus has been shifted
to SMT for the development of MT system. Tamil-Hindi and English-Tamil translation
systems have been proposed by AU-KBC Research Centre, Anna University, Chennai.
These systems are based on the ‘Anusaaraka’ MT system architecture. Tamil
morphological analyzer and Tamil-Hindi bilingual dictionary are by products of this
system (Dwivedi and Sukhadeve, 2010).

2.10 Research activities in Universal Networking Language

Research on UNL has three distinct divisions. These divisions are: development of
EnConversion and DeConversion modules; applications of UNL in other contexts such as
knowledge representation and knowledge management, multilingual search engines,

language-independent Universal Digital Library etc.; and use of external lexical and
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ontological resources like WordNet to enhance the processes of UNL (Cardefiosa et al.,
2005c¢). In this section, we have provided the review of literature in these major areas.
2.10.1 Development of EnConversion and DeConversion modules

There are three different approaches that have been used to design and develop the tools
for EnConversion and DeConversion processes. In the first approach, one uses a common
engine like ‘EnCo’ and ‘DeCo’ tools provided by the UNDL center to accomplish the
task (UNDL Foundation, 2010). The other approach is integrative approach that is based
on the integration of UNL into pre-existing MT systems. Third approach is followed by
researchers who have noticed the drawbacks in the tools provided by the UNDL center,
and have created new architectures from scratch. Martins et al. (1997) have proposed a
prototype system for converting Brazilian Portuguese into the UNL and DeConverting
UNL expressions into Brazilian Portuguese with ‘EnCo’ and ‘DeCo’ tools respectively.
Their system consists of three important sub-modules, namely, the lexical, the syntactic
and the semantic modules. Sérasset and Boitet (2000) have viewed UNL as the future
‘html of the linguistic content’. The French DeConverter proposed by them is based on
the modular architecture. It splits the DeConversion process into transfer and generation
steps. Multilingual information processing through UNL has been proposed by
Bhattacharyya (2001) and Dave et al. (2001). Their system performs sentence level
encoding of English, Hindi and Marathi into the UNL form and then decodes this
information into Hindi and Marathi. As such, the system has created a way of semi-
automated translation from English to Hindi and Marathi and also between Hindi and
Marathi. Lafourcade and Boitet (2002) have found that during DeConversion process
there are some lexical items, called UWSs, which are not yet connected to lemmas. They
have suggested the necessity to find a nearest UW and have proposed the concept of
‘conceptual vectors’ for this purpose.

Martins et al. (2002) have analyzed unique features of UNL taking inferences from
Brazilian Portuguese-UNL EnConverting task. They have suggested that UNL should not
be treated as an interlingua, but as a source and a target language owing to flexibility that
EnConversion process brings to UNL making this just like any other natural language.
Dhanabalan et al. (2002) have proposed an EnConversion tool from Tamil. Their system

uses existing morphological analyzer of Tamil to obtain the morphological features of the
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input sentence. They have also employed a specially designed parser in order to perform
syntactic functional grouping. The whole EnConversion process has been driven by the
EnConversion rules written for Tamil language.

Dhanabalan and Geetha (2003) have proposed a DeConverter for Tamil language. It is a
language-independent generator that provides synchronously a framework for word
selection, morphological generation, syntactic generation and natural collocation
necessary to form a sentence. The proposed system involves the use of language specific,
linguistic based DeConversion rules to convert the UNL structure into natural language
sentences. Martins et al. (2005) have noted that the ‘EnCo’ and Universal Parser tools
provided by UNDL foundation require inputs from a human expert who is seldom
available and as such their performance is not quite adequate. They have proposed the
‘HERMETO’ system which converts English and Brazilian Portuguese into UNL. This
system has an interface with debugging and editing facilities along with its high level
syntactic and semantic grammar that make it more user friendly.

Mohanty et al. (2005b) have used Semantically Relatable Sequence (SRS) based
approach for developing a UNL based MT system. They have analyzed the source
language using semantic graphs and used these graphs to generate target language text.
Dey and Bhattacharyya (2005) have presented the computational analysis of complex
case structure of Bengali for a UNL based MT System. They provided the details of the
rule theory of ‘EnCo’ and ‘DeCo’ tools which are driven by analysis rules and generation
rules respectively for Bengali language. These rules are based on case structure of
‘kaaraks’ used in the Bengali language. Mohanty et al. (2005a) have investigated the
problem of prepositional phrase (PP) attachment in the context of UNL based MT
systems for English language. They have performed the linguistic analysis of six
common prepositions in English, namely, for’, ‘from’, ‘in’, ‘on’, ‘to’ and ‘with’. The
insights obtained from this analysis have been used to enrich a lexicon and a rule base,
for the ‘EnCo’ tool.

Blanc (2005) has performed the integration of ‘Ariane-G5’ to the proposed French
EnConverter and French DeConverter. ‘Ariane-G5’ is a generator of MT systems. In the
proposed system, EnConversion takes place in two steps; first step is analysis of the

French text to produce the representation of its meaning in the form of a dependency tree
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and second step is lexical and structural transfer from the dependency tree to an
equivalent UNL graph. Its DeConversion process also takes place in the two steps. The
first step is lexical and structural transfer from the UNL graph to an equivalent
dependency tree and second step is the generation of the French sentence.

Boguslavsky et al. (2005) have proposed a multi-functional linguistic processor,
‘ETAP-3’, as an extension of ‘ETAP’ machine translation system to a UNL based
machine translation system. The proposed system is used to build a bridge between UNL
and the internal representations of ‘ETAP’, namely Normalized Syntactic Structure
(NormSS). The system has performed the resolution of ambiguity with the linguistic
knowledge base of ‘ETAP-3°. They have also proposed an interactive system that helps to
resolve difficult cases of linguistic ambiguity by means of a dialogue with the human.

Shi and Chen (2005) have proposed UNL DeConverter for Chinese language. They have
highlighted the problems of ‘DeCo’ tool provided by the UNDL center which includes
difficulty in writing the rules, its slow speed and non-availability of the source code.
These issues motivated the developers to propose a new DeConverter for Chinese.
Pelizzoni and Nunes (2005) have introduced ‘Manati’ DeConversion model as a UNL
mediated Portuguese-Brazilian sign language human-aided machine translation system.
The system proposed by them is based on constraint programming to reduce search;
while object-oriented and higher-order programming provides a basis for defining
friendly primitives. Daoud (2005) has proposed an Arabic DeConversion system which
involves mapping of relations, lexical transfer, word ordering, and morphological
generations. In the mapping of relations phase, each UNL relation has been mapped to
the corresponding Arabic grammar structure which is implemented by DeConversion
rules. Its word ordering phase is governed by DeConversion rules which are used during
the insertion of a new node from the graph to the node-list. Arabic morphological
generations is achieved by implementing a modular approach for coding the generation
rules.

Keshari and Bista (2005) have proposed the architecture and design of UNL Nepali
DeConverter for ‘DeCo’ tool. The proposed system has two major modules, namely,
syntax planning module and morphology generation module. Choudhury et al. (2005)

have proposed a framework for converting Bangla to UNL and have also proposed a
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procedure to construct Bangla to UNL dictionary. The system developed by Lafourcade
(2005) uses ant colony algorithm for semantic analysis and fuzzy UNL graphs for
EnConversion process. Nguyen and Ishizuka (2006) have trained UNL relations classifier
using statistical techniques based feature extractor indicating the usage of statistical
approach.

Singh et al. (2007) have proposed a DeConverter for Hindi Language known as ‘HinD’,
indicating the non-availability of the source code of ‘DeCo’ tool and its complex rule-
format. Their system consists of four main stages including; lexeme selection,
morphological generation of lexical words, function word insertion, and syntax planning.
All these components use language-independent algorithms operating on language-
dependent data.

Lexicalized probabilistic parser has been employed by Jain and Damani (2009) for
English to UNL conversion. The parser is used to create typed dependency tree and phase
structure tree for a given English sentence. Arabic MT System based on UNL has also
been developed and successfully tested. In this system, Arabic generation grammar is
created for the tools for MT system (Alansary et al. 2007; Adly and Alansary 2009).
Mridha et al. (2010) have proposed a Bangla EnConversion system. They have analyzed
Bangla words morphologically in order to obtain their roots and primary suffixes. The
rules have been developed according to EnConversion specifications for generation of
UNL.

2.10.2 Application of UNL in other contexts

Researchers have explored the use of UNL in other contexts such as knowledge
representation, knowledge management, multilingual search engine, language-
independent Universal Digital Library etc. In this section, we present the initiatives of
researchers in this direction.

Mukerjee et al. (2005) used UNL as a tool for language-independent semantics for
Question Answering system. This concept has further been explored by Shukla et al.
(2004) suggesting two major tasks in the implementation of proposed Question
Answering system. The first task is document processing that converts the document into
equivalent UNL expression. For this, the document is processed through a UNL Parser to

get the complete set of semantic predicates for the document. The other task is query
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processing and answer extraction. It involves the tasks of question analysis and
processing to generate the answer template; conversion of Natural Language (NL) answer
template to the NL semantic predicates; conversion of NL semantic predicates to
interlingua; search engine and the conversion of the answer from the interlingua to NL
through the DeConversion process.

Bértoli et al. (2005) have proposed ‘CELTA’ showcase as a web platform for using UNL.
They demonstrated a multilingual business-to-business platform using UNL. Surve et al.
(2004) have proposed an ‘Agro-Explorer’ as a meaning based, interlingua search engine
designed specifically for the agricultural domain covering English, Hindi and Marathi
languages. The system involves the use of ‘EnCo’ tool for the EnConversion of English
query to UNL. The query in the UNL expression searches the UNL corpus of all
documents. When a match is found, it sends the corresponding UNL file to DeConverter
to provide the contents in the native language. Ramamritham et al. (2006) have further
improved ‘Agro-Explorer’ to develop ‘aAQUA’ an online multilingual, multimedia
agricultural portal for disseminating information from and to rural communities. The
‘aAQUA’ makes use of novel database systems and information retrieval techniques like
intelligent caching, offline access with intermittent synchronization, semantic-based
search etc.

Tomokiyo and Chollet (2003) have proposed a VoiceUNL to represent speech control
mechanisms within the UNL framework. The proposed system has been developed to
support Speech to Speech Machine Translation (SSMT). The UNL is, however, designed
to support written texts; the developers explored the possibility of extending the UNL
attributes tags to suit to the SSMT processing.

Choudhary and Bhattacharyya (2002) have performed the text clustering using UNL
representation. They have generated feature vectors using UNL. The clustering method
used in the proposed system is the Self Organizing Maps (SOMs). They have inferred
that UNL method for feature vector generation performed better than frequency based
methods. Jiang et al. (2005) have explored UNL as a facilitator for communication
between languages and cultures. They designed a system to solve critical problems

emerging from current globalization trends of markets and geopolitical interdependence.
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It facilitates the participations of people from various linguistic and cultural backgrounds
to construct UNL knowledge bases in a distributed environment.

Carderfiosa et al. (2005b) have proposed an eXtended Markup Language (XML) UNL
model for knowledge-based annotation. They have emphasized the need to develop new
labels or annotations for the complex information extraction. They have proposed usage
of UNL for semantic analysis to overcome the limitations of current text-based analysis
techniques.

A ‘Pivot’ XML based architecture for multilingual, multiversion documents through
UNL has been proposed by Hajlaoui and Boitet (2005). Montesco and Moreira (2005)
have proposed Universal Communication Language (UCL) derived from UNL. UCL has
been used as the language for communication among software agents and among humans
too. UCL has been defined using XML to make it easier to integrate with Internet.

lyer and Bhattacharyya (2005) have proposed the use of semantic information to improve
case retrieval in case-based reasoning systems. They have proposed a UNL based system
to improve the precision of retrieval by taking into account semantic information
available in words of the problem sentence. The proposed system makes use of WordNet
to find semantic similarity between two concepts.

Alansary et al. (2006) have proposed the concept of language-independent Universal
Digital Library within UNL framework. A UNL based Library Information System (LIS)
has been implemented as a proof of concept. The UNL LIS provides access to the books
of different languages into the native language of the user. The users can search the book
catalog by entering a query in their natural language. The query is EnConverted to UNL
and the search is performed. The search results contain the metadata of the books
matching the query. These search results are then DeConverted by invoking the
corresponding Language Server and displayed to user in his native language.
Furthermore, the contents of the books are also converted to UNL and added to the UNL
Encyclopedia, which contains the set of all UNL documents. The contents of these books
can also be DeConverted and displayed in a natural language.

Karande (2007) has proposed a multilingual search engine with the use of UNL. The
proposed system requires EnConverter to convert the contents of source language to
UNL. Boitet et al. (2007) have built Hindi-French-English-UNL resources for ‘SurviTra’
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(Survival Translator) project. It is a web service, initially being developed to help a
French visitor needing to communicate with an Indian helper when English is not an
option. It is a bilingual chat web service equipped with a phrasebook and a dictionary.
Avetisyan and Avetisyan (2010) have proposed a ‘LOOK4’ system for enhancement of
web search results with Universal Words (UWs) and WordNet. They have used some
existing resources such as online services provided by major search engines, semantic
ontology of WordNet and flexibility of UNL for representation of semantic relations
among concepts.

2.10.3 Use of external resources to enhance UNL processes

The researches have been working on the use of lexical and ontological resources for the
improvement of the UNL processes. In this section, we present different activities in this
direction.

Sornlertlamvanich et al. (2000) have performed the Thai lexical semantic annotation by
UWs. The process proposed by them consists of word extraction, word sense
disambiguation, and UW annotation. They have also proposed a computable method to
find the appropriate UW to annotate a Thai word. Iraola (2005) has used WordNet for
linking UWs of Spanish-UNL dictionary. The proposed system has enriched UWs with
semantic information. Verma and Bhattacharyya (2005) have performed automatic
generation of multilingual lexicon for English, Hindi and Marathi by using English, Hindi
and Marathi WordNets. In addition to the WordNet, the system also makes use of word
sense disambiguator, an inferencer and the knowledge base of the UNL.

Ribeiro et al. (2004) have proposed the development of a Portuguese-UNL dictionary
using the WordNet.PT, a lexical database developed under the EuroWordNet framework.
This system has explored the similarity between the WordNet.PT’s lexical semantic
relations and the UNL. Bueno et al. (2005) have worked on the systematization of
knowledge acquisition process for its use in intelligent management systems. Their
efforts resulted into a knowledge engineering suite to support the construction of
ontologies.

Bekios et al. (2007) have proposed a strategy for building UW dictionary with the use of
WordNet. They have proposed six rules for the creation of semantic restrictions of UWs.

Each Wordnet word, i.e., the set of senses for the word and its lexical relations, is used as
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input to the rule base and the system yields a semantic restriction suitable for the UW that
is being created.

Rouquet and Nguyen (2009) have proposed an interlingual annotation of texts. They have
explored the ways to enable multimodal multilingual search in large collections of images
accompanied by texts. They have used the domain ontology and UNL UWs as the
interlingual lexemes for annotation. Boudhh and Bhattacharyya (2009) have proposed the
unification of UW dictionaries by using WordNet ontology. They have used the WordNet
ontology and proposed an extension of UW dictionary in the form of U++ UW
dictionary. They have used the concept of similarity measures to recognize the

semantically similar context.
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Chapter Summary

In this chapter, the research activities in the area of machine translation have been
documented. It has been argued that different types of MT systems are required to meet
widely differing translation needs. For multilingual machine translation system,
interlingua is always the first choice for researches. The development of UNL as a
standardized interlingua has played a vital role in bridging the language barriers through
multilingual MT systems. UNL also emerged as an important standard for the
applications like knowledge representation, knowledge management, multilingual search

engine, language-independent Universal Digital Library etc.
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Chapter 3
UNL Framework and

Creation of Punjabi-Universal Word Lexicon

3.1 Introduction

UNL is a language that enables computers to process information across different
languages. It is used to replicate the functions of natural language used by humans for
communication. It has the capability to represent information and knowledge provided by
natural language. The motivation behind the development of UNL is to propose an
interligual representation such that semantically equivalent sentences of all languages
have the same representation.

The UNL Programme was launched in 1996 in the Institute of Advanced Studies (1AS) of
United Nations University (UNU) in Tokyo, Japan. In January 2001, UNU established an
autonomous organization, the Universal Networking Digital Language (UNDL)
Foundation, to be responsible for the development and management of the UNL
Programme. From the very beginning, researchers from all over the world have been
working on creation of linguistic resources and software for UNL systems.

The EnConverter and DeConverter are the core software in a UNL system. The process
of converting a source language (natural language) expression into the UNL expression is
referred to as EnConversion and the process of converting UNL expressions into a target
language representation is called DeConversion. These two software perform their
functions on the basis of a set of grammar rules and a word dictionary of target language.
UNL Language Servers can be connected to the Internet to carry out the conversions
between natural languages and UNL expressions. Each Language Server will thus contain

an EnConverter and a DeConverter of a language as shown in Figure 3.1.
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Figure 3.1: A UNL system
3.2 UNL format for information representation
UNL represents the information in three different types of semantic units, namely,
Universal Words (UWSs), Relations and Attributes. UNL represents information sentence
by sentence (Uchida and Zhu, 2001). Each sentence is converted into a hyper-graph (also
known as UNL graph) having concepts represented as nodes and relations as directed
arcs. The concepts are represented by UWs and UNL relations are used to specify the role
of each word in a sentence. The subjective meanings intended by the author are expressed
through UNL attributes. UNDL has formally defined the specifications of UNL (Uchida,
2005).
3.2.1 Universal Words
Universal Words form the vocabulary of UNL. These words correspond to the nodes that
are interlinked by relations or modified by attributes in a UNL graph. The concepts of
UWs are divided into four categories, namely, nominal concepts, verbal concepts,
adjective concepts and adverbial concepts. A UW is a character string (an English
language word) followed by a list of constraints (Uchida, 2005). The syntax used for
describing a UW is:
<UW> ::= <headword> [<constraint list>] ...(3.D
Here, the headword is an English word or a phrase or a sentence that is interpreted as a
label for a set of concepts. This is also called a basic UW. The constraint list is used to
describe the sense of word. This list contains the UNL relations that represent the
objective knowledge of concept in headword. The constraint list is also used to restrict
the range of the concepts that an English expression represents and thus also helps in

disambiguation.
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The UWs are divided into four types: Basic UWSs; Restricted UWSs; Extra UWs and
Temporary UWSs. Basic UWs are bare headwords with no constraint list, for example,
‘water’, ‘go’, ‘run’ etc. A UW with constraint list is known as Restricted UW. For
example, the basic UW ‘run’, with no constraint list, denotes the concepts of
‘management of an organization by a person’ (e€.g., ‘He is running the organization very
well’), ‘driving of vehicle’ (e.g., ‘He runs the car very fast’), ‘move at a speed faster than
walking’ (e.g., ‘He runs very fast in the race’), ‘accumulation of bill’ (e.g., “Your bill
runs from January 1, 2011 to December 31, 2011°), ‘movement of finger on keyboard’
(e.g., ‘She ran her fingers on the keyboard”), ‘taking risk by a person’ (e.g., ‘Owing to his
habitual lateness he ran the danger of being fired’), ‘short visit’ (e.g., ‘He runs up to
Mumbai’), and so on. The UW ‘run’ is restricted with constraint list to represent these
concepts unambiguously as shown below:
‘run(agt>human,equ>manage,obj>organization)’, ‘run(agt>human,equ>drive, obj>
vehicle)’, ‘run(agt>human)’, ‘run(agt>human,equ>accumulate,obj>bill)’, ‘run(agt>
human,opl>keyboard,obj>finger)’, ‘run(agt>human,obj>risk)’, ‘run(agt>human,pur>
short visit)”.

Here, ‘agt’, ‘equ’, ‘obj’, ‘opl’ and ‘pur’ are UNL relations. Extra UWs are special type of
restricted UWSs that are used to represent the concepts that are not available in English
language. These words are represented as headwords using English characters and
constraint list gives idea about the nature of the concept. For example,
‘vaisakhi(icl>festival)’, ‘bhangra(icl>dance)’, ‘saag(icl>food)’ etc. Temporary UWSs
may not have a definition. For example, a number or an e-mail or URL need not be
necessarily defined. These can appear in a UNL document and are treated as temporary
UWs. The words from other languages are linked to these UWSs and are assigned
syntactic and semantic attributes. This forms the core of the lexicon building activity.

In the UNL specifications proposed in 2010, a simple UW is considered as an integer that
can also be represented as a unique character string for better readability. This character
string is split into two different parts: a root and a suffix. The root can be a word, an
expression, a phrase or even an entire sentence in a language which can be interpreted as
a label for a concept. The suffix is used to disambiguate the root. The UWs are

considered equivalent to the sets of synonyms of a given language, similar to the concept
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of synset in a WordNet. The UWSs have been proposed in such a manner that language
groups can create their own language specific UNL dictionaries automatically with the
use of their corresponding language WordNet. The UWs are organized in a hierarchy
(the UNL ontology), which are defined in the UNL knowledge-base and exemplified in
the UNL example-base (lexical databases for UNL) provided by UNDL center (UNDL
Foundation, 2010).

3.2.2 UNL relations

Relations are basic building blocks of UNL sentences. UNL expressions are formed using
binary relations and a binary relation includes a UNL relation and two UWSs. The
relations between UWSs have different labels according to the different roles they play.
There are a number of factors that should be considered in choosing a relation (Uchida
and Zhu 1993; Uchida, 2005). A UNL binary relation is of the form rel (argl, arg2).
Here, rel represents the label of UNL relation and its first argument argl is UW1 and
second argument arg2 is UW2. The UWL acts as the parent of the relation whereas UW?2
acts as the child of the relation. There are 46 relations in all that are defined for UNL
(Uchida, 2005). The description of these relations is given in Table 3.1 (UNDL
Foundation, 2010).

Table 3.1: Description of UNL relations

UNL Description Constituent elements Examples
relation
1. agt defines a Agent, Unergative verbs John slept ...
thing that (intransitive verb agt(slept, John)
initiates an semantically have an agent | John killed Mary.
action subject) like ‘sleep’, agt(killed, John)
‘snore’, ‘cough’, ‘run’, etc. | ... arrival of John ...

agt(arrival, John)

...play by Shakespeare
agt(play, Shakespeare)
2. and defines a Conjunction ... easily and quickly ...
partner to and(quickly, easily)
have ... singing and dancing ...
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conjunctive

and(dance(agt>person),

relation sing(agt>person))
3. ao0j defines a Stative verbs like ‘believe’, | John believes in Mary.
thing that is ‘understand’, ‘know’, aoj(believes, John)
in a state or ‘have’, ‘possess’, ‘dislike’, | John knows Mary.
has an ‘love’, ‘like’, ‘contain’, aoj(knows, John)
attribute ‘include’, ‘involve’, etc. John loves Mary.
aoj(loves, John)
aoj (general attribute) John is sad.
aoj(sad, John)
John looks sad ....
aoj(sad, John)
4. bas defines a Basis ... more than seven.
thing used as bas(
the basis more(aoj>thing,bas>thing), 7)
(standard) of ... more than Jack.
comparison bas(more(icl>how,bas>thing),
Jack(iof>person))
5. ben defines an Beneficiary To give one’s life for one’s
indirectly country.
related ben(give(agt>thing,
beneficiary or gol>thing,obj>thing),
victim of an country(icl>region))
event or state It is good for John to ...
ben(good(aoj>thing),
John(iof>person))
6. cag Defines a Co-agent ... to walk with John.
thing not in cag(walk(agt>volitional thing),
focus that John(iof>person))
initiates an To live with ... aunt.
implicit event cag(live(agt>volitional thing),
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that is done in

aunt(icl>person))

parallel
7. cao defines a Co-thing with attribute ... be with you ...
thing not in cao(exist(aoj>thing), you)
focus that is
in a parallel
state
8. cnt defines the Content The Internet: an amalgamation
content of a
concept cnt(
Internet(icl>communication
network),
amalgamation(icl>harmony))
A language generator
“deconverter”...
cnt(language generator,
deconverter.@double_quote)
9.cob | definesa Affected co-thing ... dead with Mary.
thing that is cob(die(obj>living thing),
directly Mary(iof>person))
affected by an
implicit event
donein
parallel or an
implicit state
in parallel
10. con | defines a non- | Condition If you are tired, we will go

focused event
or state that
conditions a

focused event

straight home.
a0j:01(tired(aoj>thing), you)
con(go(icl>move(agt>thing,

gol>place,src>place)), :01)
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or state

11.coo | definesaco- | While ... worked while ... talked
occurrent coo(worked, talked)
event or state
for a focused
event or state

12. dur | defines a During John worked during ...
period of time dur(worked, meeting)
during which
an event
occurs or a
state exists

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

generator.@parenthesis)

14. fmt | defines a Range/from-to ... fromato z.
range fmt(z(icl>letter), a(icl>letter))
between two ... from Osaka to New York.
things fmt(New York(iof>city),

Osaka(iof>city))

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

16. gol | defines a final | Final state of verbs of ... gave ... to Mary.

state of object

or a thing

change like ‘give’, ‘send’,

etc.

gol(gave, Mary)

... sent ... to Mary.
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finally
associated
with the

object of an

gol(sent, Mary)

event
17.icl defines an Included/a kind of A bird is a (kind of) animal.
upper concept icl(bird(icl>animal),
or a more animal(icl>living thing))
general
concept
18.ins | defines an Instrument ... look at stars through a
instrument to telescope.
carry out an ins(look(agt>thing,obj>thing),
event telescope(icl>optical
instrument))
... write with a pencil.
ins(write(agt>thing,obj>thing),
pencil(icl>stationery))
19.int | defines all Intersection .... an intersection of tableware
common and cookware ...
instances to int(tableware(icl>tool),
have with a cookware(icl>tool))
partner
concept
20. iof | definesa An instance of Tokyo is a city in Japan.
class concept iof(Tokyo(iof>city), city in
that an Japan)
instance
belongs to
21. man | defines away | Manner ... move quickly.

to carry out

man(move(agt<thing,
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an event or
the
characteristics

gol>place,src>place), quickly)
... often visit ...

man(visit(agt>thing,

of a state obj>thing), often)
22. met | definesa Method/means ... solve ... with dynamics.
means to met(solve(icl>resolve
carry out an (agt>thing,obj>thing)),
event dynamics(icl>science))
... separate ... by cutting ...
met(separate(agt>thing,
obj>thing,src>thing),
cut(agt>thing,obj>thing,
opl>thing))
23. mod | defines a Modification The whole story ...
thing that mod(story(icl>tale),
restricts a whole(mod<thing))
focused thing A master plan ....
mod(plan(icl>idea),
master(mod<thing))
24. nam | defines a Name ... son “Hikari”
name of a nam(son(icl>relative), Hikari)
thing
25. 0bj | definesa Unaccusative verbs like John died.

thing in focus
that is directly
affected by an

event or state

‘die’, ‘fall’, ‘melt’, etc.

obj(died, John)
The snow melts.

obj(melts,snow)

obj (direct object)

John killed Mary.
obj(killed, Mary)

John knows Mary.
obj(knows, Mary)

John loves Mary.
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obj(loves, Mary)

obj (indirect object of
monotransitive verbs like
‘depend’, ‘believe’,

‘laugh’, etc.)

... depends on Mary.
obj(depends, Mary)
... believes in Mary.

obj(believes, Mary)

object

... construction of the building

obj(construction, building)
... interest in Physics ...
obj(interest, Physics)

... visit to London.

obj(visit, London)

26. opl | definesa Affected place .. pat ... on shoulder ....
place in focus opl(pat(icl>touch(agt>thing,
affected by an obj>thing,opl>thing)),
event shoulder(pof>trunk))

..cut ... inmiddle ...
opl(cut(agt>thing,obj>thing,
opl>thing), middle(icl>place))

27.0r defines a Disjunction ... stay or leave ...
partner to or(leave(agt>thing,obj>place),
have stay(icl>remain(agt>thing)))
disjunctive Is it red or blue?
relation to or(blue(icl>color),

red(icl>color))

28. per | definesa Proportion/rate/distribution | ... hours a day.
basis or unit per(hour(icl>period),
of proportion, day(icl>period))
rate or
distribution

29. plc | defines a Place Made in India.

56




place where
an event
occurs, or a

state is true,

plc(made, India)

or a thing
exists
30. pIf | The place Initial place of verbs of John came from NY.
where an motion like ‘go’, ‘travel’, plf(came, NY)
event begins | ‘walk’, ‘come’, etc.
or a state
becomes true
31. plt | definesa Final place ... to travel to Patiala.
place where plt(travel(agt>volitional thing),
an event ends Patiala(iof>city))
or a state that
becomes false
32. pof | indicate a Part of The preamble of a
concept of document ...
which a pof(preamble(icl>information),
focused thing document(icl>information))
is a part ... the initials of Machine
Translation ...
pof(initial(icl>letter),
machine translation)
33. pos | defines the Possessor John’s dog.
possessor of a pos(dog(icl>aminal),
thing John(iof>person))
My book.
pos(book(icl>document), I )
34.ptn | defines an Partner ... compete with John ...

indispensable

ptn(compete(agt>thing,
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non-focused

initiator of an

ptn>thing), John(iof>person))

... share ... with the poor.

action ptn(share(icl>divide(agt>thing,
obj>thing)), poor(icl>person))
35. pur | defines the Purpose John works for money.
purpose or agt(work(icl>do),
objective of John(iof>person))
an agent of an pur(work(icl>do), money)
event or the ... budget for research ...
purpose of a pur(budget(icl>expense),
thing that research(icl>study))
exists
36. qua | defines the Quantity Two cups of coffee ...
quantity of a qua(cup(icl>tableware), 2))
thing or unit qua(coffee(icl>beverage),
cup(icl>tableware))
... many kilograms ...
qua(kilogram(icl>unit),
many(qua<thing))
... two dogs ...
qua(dog(icl>animal), 2)
37.rsn | defines a Reason He goes ... because of ...
reason why illness.
an event or a rsn(go(icl>do),
state happens illness(icl>thing))
... known for ... beauty.
rsn(known(aoj>thing),
beauty(icl>abstract thing))
38.scn | defines a Scene ... appear on a program.

scene where

an event

scn(appear(icl>occur),
program(icl>thing))
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occurs, or
state is true,
or a thing

exists

39. seq

defines a
prior event or
state of a
focused event

or state

After

John worked and left ...
seq(left, worked)

40. shd

defines a
number, a
mark or a
thing that
shows the
position of a
sentence, a
paragraph or
a chapter in a
document or a
book

Sentence head

Chapter 2 Relation
shd(relation(icl>sate),
chapter(pof>book))
mod(chapter(pof>book), 2)

41. src

defines the
initial state of
an object or
thing initially
associated
with the
object of an

event

Initial state of verbs of
change like ‘take’,

‘retrieve’, etc.

... changed from red ...
src(change(icl>occur),
red(aoj>thing))

42.tim

defines the
time an event

Ooccurs or a

When

... came yesterday ...

tim(came, yesterday)
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state is true

43. tmf

defines the
time an event
starts or a
state becomes

true

Since when

... worked since early ...

tmf(worked, early)

44, tmt

defines the
time an event
ends or a state

becomes false

Until when

... worked until late ...

tmt(worked, late)

45, to

defines a final
state of a
thing or a
final thing
(destination)
associated
with the

focused thing

Destination

... train for London ...
to(train(icl>thing),
London(icl>city))

46. via

defines an
intermediate
place or state

of an event

An intermediate place or

state

... goes to ... via New York.
via(go(icl>do),

New York(icl>place))

3.2.3 UNL attributes

Attributes are used to describe subjective information in a sentence. These attributes
exhibit the point of view of speaker in a given sentence (Uchida and Zhu 1993). There

are 87 attributes (which can be augmented with the user defined ones) to express the

semantic content of a sentence. UNL attributes are divided into eight groups.

Descriptions of these groups with corresponding UNL attributes are given in Table 3.2

(Uchida, 2005).
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Table 3.2: Description of UNL attributes

Concept

Attributed as

Logicality of UW

@transitive, @identifiable,

@disjointed

@symmetric,

Time with respect to the speaker

@past, @present, @future

Speaker’s view on aspects of

event

@begin, @complete, @continue, @custom, @end,
@experience, @progress, @repeat, @state
@just, @soon, @yet

Speaker’s view of reference to

concepts

@generic, @def, @indef, @not, @ordinal

Speaker’s emphasis, focus and

topic

@contrast,
@theme, @title, @topic

@emphasis, @entry,  @gfocus,

Speaker’s attitudes

@affirmative, @confirmation, @exclamation,

@humility, @imperative, @interrogative,
@invitation,  @polite, @request, @respect,
@vocative

Speaker’s feelings and judgments

Attributes to represent ability: @ability

Attributes to represent beneficially: @get-benefit,
@give-benefit

Attributes to represent conclusion: @conclusion,
@consequence

Attributes to represent condition: @sufficient
Attributes to represent consent/dissent: @consent,
@dissent, @grant, @grant-not

Attributes to represent expectation: @although,
@discontented, @expectation, @wish

Attributes to intention:
@intention, @want, @will, @need, @obligation,
@obligation-not, @should, @unavoidable
Attributes to

represent @insistence,

represent possibility:  @certain,

@inevitable, @may, @possible, @probable, @rare,
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@unreal
Attributes to represent emotion: @admire, @blame,

@contempt, @regret, @surprised, @troublesome

Convention description @passive, @pl, @angle bracket, @brace,
@double_parenthesis, @double_quote,
@parenthesis, @single_quote, @square_bracket

Attributes are thus used to include information about time and aspect of the event,
modality of the predication, reference of the entities mentioned, number and/or gender,
etc. For example, in the sentence, ‘The boy eats potatoes in the kitchen’, attributes are
needed to express plurality in the object (‘potato’, i.e., ‘@pl’), to indicate definite
reference to agent (‘boy’, i.e., . (@def’), to indicate definite reference to place (‘kitchen’,
i.e., “@def’) and to denote the head of expression (‘eat’, i.e., “@entry’) (Cardefiosa et
al., 2005a).
3.3 UNL sentence
UNL sentence is the basic unit of representation inside the UNL framework. It consists of
nodes (UWSs) interlinked with binary semantic relations and modified by attributes. There
are two different ways of representing UNL sentences: the table format and the list
format. In the table format, UWSs and relations constitute a single structure, while in list
format, UWSs and relations are represented separately (Uchida, 2005). The UNL sentences
are commonly represented in the table format and this format has been used in the present
work. The syntax of table format is given in Table 3.3.

Table 3.3: Syntax of UNL sentence in table format

<UNL sentence> | ::= | <list of relations>

<list of relations> | ::= | <binary relation>[<binary relation>...]

<binary relation> | ::= | <relation>[*:"<Scope-ID>] “(”” <source node>, <target node>*)”
<source node> = | <UWHattributes>

<target node> = | <UWH+attributes>

<UWH+attributes> | ::= | <UW>{*“:"<Scope-ID}[<attribute list>] “:” <UW-1D>
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Here, ‘<’ and ‘>’ indicate a non-terminal symbol; ‘{’ and ‘}’ indicate a range; ‘[* and ‘]’

indicate an omissible part; ...

indicates more than 0O times repetition of the front part;

‘::=" indicates that left part can be replaced by the right part and predefined delimiters are

[

enclosed within

The syntax of list format is given in Table 3.4.

Table 3.4: Syntax of UNL sentence in list format

<UNL sentence> | ::=

“IW]” <list of UWs> “[/W]” [ “[R]” <list of relations> “[/R]” ]

<list of UWs> n=

<UWHattributes> [<UWH+attributes>...]

<UWH+attributes> | ::=

<UW>{*“:"<Scope-ID>}[<attribute list>]“:"<UW-ID>

<list of relations> | ::=

<binary relation>[<binary relation>...]

<binary relation> | ::=

<source node><relation[““:”’<Scope-ID>]<target node>

<source node> =

<UW-ID>

<target node> =

<UW-ID>

These formats are illustrated below with the help of an example sentence.

Example Sentence: The boy eats potatoes in the kitchen.

The UNL sentence in table format of the sentence given in (3.2) is:

{unl}

agt(eat(icl>do).@entry, boy(icl>male person).@def)

obj(eat(icl>do).@entry, potato(icl>food).@pl )
plc(eat(icl>do).@entry, kitchen(icl>facilities).@def)

{/unl}

..3.2)

...(3.3)

Here, ‘agt’, ‘obj’ and ‘plc’ are the relation labels, ‘eat(ic/>do)’, ‘boy(icl>male person)’,

‘potato(icl>food)’ and ‘kitchen(icl>facilities)” are the UWS, ‘@entry’ is used to indicate

head of whole expression, ‘@def” is used to indicate definite reference to agent and place

and ‘@p!’ is used to indicate plurality of object.

The UNL sentence in list format form for the example sentence given in (3.2) is:

{unl}
[W]

boy(icl>male person).@def :01

eat(icl>do).@entry :02
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potato(icl>food).@pl :03

kitchen(icl>facilities). @def :04

[/W]

[R]

02agt01

020bj03

02plc04

[/R]

{/unl} ...(3.9)
The list format of UNL sentence representation given in (3.4), suggests that UWs are
sequenced with UW-ID from ‘01 to ‘04’ under [W] and [/W] tags. The list of relations in
the form of source node UW-ID, relation, and target node UW-ID is listed under [R] and
[/R] tags (Uchida, 2005). As indicated earlier, a UNL sentence can also be represented in
the form of a graph called as UNL graph. The UNL graph of the example sentence given
in (3.2) is depicted in Figure 3.2.

eat(icl>do).@entry

boy(icl>person).@def potato(icl>food).@pl kitchen(icl>facilities).@def

Figure 3.2: UNL graph for example sentence given in (3.2)

3.4 Compound UWs in UNL

Compound UWs are a set of binary relations that are grouped together to express a
compound concept. Complex sentences are represented in UNL with the help of
compound UWs. Compound UWs denote compound concepts that are to be interpreted
as a whole so that one can talk about their parts all at the same time. A compound UW is
expressed by a scope in UNL expressions. A Compound UW is defined by placing a
compound UW-ID immediately after the UNL relation label in all of the binary relations
that are to be grouped together (Uchida, 2005). Compound UW-ID starts with °:’
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followed by two numbers (each between 0 and 9), for example “:01°. The concept of
compound universal words is illustrated below with the help of one example sentence.
Example Sentence: Ram, who lives in Delhi, eats rice. ...(3.5)
One can see that this is a clausal sentence involving one main clause ‘[Subject] eats
rice’. Here, Subject is a complete sentence in itself represented by ‘Ram, who lives in
Delhi’ acting as sub-clause of the main sentence. These, sub-clauses are represented by
the compound UW as shown in following UNL expression.

{unl}

agt(eat(agt>person,obj>food), :01)

obj(eat(agt>person,obj>food), rice(icl>food))

agt:01(live(agt>person), Ram(icl>person))

plc:01(live(agt>person), Delhi)

{/unl} ...(3.6)
Here, “:01° indicates the compound UW. Figure 3.3, indicates the UNL graph of UNL

eat(agt>person,obj>food)

expression (3.6).

01

ive(agt>person

rice(icl>food)

Figure 3.3: UNL graph with compound UW

3.5 UNL document

UNL documents are plain text files that contain UNL sentences and some special tags.
These are the outputs produced by the process called as UNLization (EnConversion) and
are taken as inputs to the process called as NLization (DeConversion). UNL document is
enclosed within tags “[D:<id>]” and “[/D]”. Within these tags, each paragraph is
enclosed within a pair of tags “[P:<i1d>]” and “[/P]”, and each sentence is enclosed within
a pair of tags “[S:<id>]” and “[/S]”. The text of original sentence is enclosed within

“{org:<lang>}" and “{/org}” inside sentence tags and its UNL expression is enclosed
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with “{unl:<id>}" and “{/unl}”. The sentences of target languages can also be stored in a

UNL document. The target sentence is enclosed within a pair of language tags

“{<lang>}" and “{</lang>}" following the UNL expression of each sentence (UNDL

Foundation, 2010). The details of tags used in UNL document are given in Table 3.5.
Table 3.5: Tags used in a UNL document

Tag Description

[D:<id>] indicates the beginning of a document
[/D] indicates the end of a document
[P:<id>] indicates the beginning of a paragraph
[/P] indicates the end of a paragraph
[S:<id>] indicates the beginning of a sentence
[/S] indicates the end of a sentence

{org:<lang>=<code>} | indicates the beginning of an original/source sentence

{/org} indicates the end of an original sentence

{unl:<id>} indicates the beginning of the UNL expressions of a sentence
{/unl} indicates the end of the UNL expressions of a sentence

{<lang>} indicates the beginning of a target sentence of the language

indicated by <lang>

{/<lang>} indicates the end of a target sentence of the language indicated

by <lang>

Here, “:<id>" is optional, which is normally represented by an integer or by a sequence
of characters used to identify the document, the sentence, the paragraph or the UNL
expression; “<lang>" and “=<code>" tags are also optional with the {org} tag.

3.6 UNL knowledge-base

UNL Knowledge-Base (UNLKB) is used to define every possible relation between
concepts, i.e., UWSs. The format of knowledge-base entries is given in (3.7).
<knowledge-base entry> ::= <binary relations> “=" <degree of certainty>

<binary relation> ::= <relation label> “(” <UW1> “” <UW2> “)”

<degree of certainty>  :=0"|“1"|... | “255” ...(3.7)
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Here, “::=” implies that left part can be replaced by the right part and “0” degree of
certainty implies that the relation between two UWs is false and degree of certainty equal
to or more than “1” implies that the relation between two UWSs is true, and larger
numbers represent higher credibility.

Following this scheme, the knowledge-base of sentence given in (3.8) will be represented
in UNLKB as illustrated in (3.9).

A boy can run. ...(3.9)
icl(boy(icl>male person),human(icl>living thing))=1
agt(run(agt>person),human(icl>living thing))=1 ...(3.9)
UNLKB makes the use of three main categories of relations, namely, ‘c/’(sub class of);
‘of” (element/instance of); and ‘equ’ (equivalent to). With the use of these three
relations, UNLKB is arranged hierarchically. This hierarchical structure allows
implementation of the principle of inheritance in the definition of concepts. All
information assigned to a parent node can be subsumed as inherited by the children
nodes. For instance, in defining ‘cat(icl>feline)’, there is no need to repeat all properties
of felines, as they are defined under all mammals of the same species (Nagi and Senta,
2008).

3.7 UNL system

A UNL system consists of three major components, namely, language resources, software
for processing language resources, and supporting tools for maintaining and operating
language processing software. The language resources are divided into language-
independent parts and language-dependent parts. The language-independent components
like knowledge about concepts and relations between concepts of words are stored in a
common database known as UNLKB or UNL ontology. The language-dependent
resources like word dictionaries, analysis and generation rules, as well as the software for
language processing are stored in each Language Server (LS) connected to Internet. The
supporting tools for producing language resources like UNL ontology are maintained on
LS managed by UNL center. All these components help to produce UNL expressions or
UNL documents from natural languages and provide a user with access to the UNL
documents. Figure 3.4 depicts the process of conversion between a natural language and
a UNL document when carried out in a UNL system (UNDL Foundation, 2010). The
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solid arrow lines show dataflow and broken arrow lines show access. UNL system uses
EnConverter and DeConverter as its core software components. The EnConverter
converts natural language sentences into UNL expressions. A Universal Parser (UP) is a
specialized version of the EnConverter, which generates UNL expressions from
annotated sentences with referring to the UW dictionary without using grammatical
features. All UNL expressions are verified by the UNL verifier, and then stored in the
format of UNL document. The DeConverter converts UNL expressions to natural
language sentences. Both the EnConverter and DeConverter perform their functions
based on a set of grammar rules and a word dictionary of target language. The usage of
UNL ontology and co-occurrence dictionary is optional in EnConverter and DeConverter
tools.

& o Annotated >
Annotation Editor Natural Universal Parser UNL Verifier

Language

Natural
Language
Texts

Web Server

Occurrence HTML+XML
Dictionary

Natural
Language
Texts

Figure 3.4: Conversion process in a UNL system
Figure 3.5 depicts the structure of a UNL system and also explains its connections with

supporting tools and UNL based applications (UNDL Foundation, 2010).
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Figure 3.5: Structure of the UNL system and applications
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A brief description of these components is given in the subsequent sections.

3.7.1 EnConverter

The EnConverter is a framework for morphological, syntactic, and semantic analysis of a
natural language. It is a language-independent parser and uses word dictionary and set of
EnConversion rules during analysis of sentences. It can deal with different natural
languages by using respective languages word dictionaries and set of EnConversion rules.
It takes a sentence in the form of string of text as its input and scans it from left to right.
The matched morphemes from the beginning (left) of the string are retrieved from the
word dictionary and become the candidate morphemes. These candidate morphemes are
sorted according to priority. The EnConversion analysis rules are fired on candidate
morphemes for the word selection. The syntactic tree and a semantic network for the
input sentence are prepared by syntactic and semantic analysis carried out by
EnConversion rules. This process continues until all words of the sentence are processed,
and a complete semantic network of the input sentence is made. At the end of whole
processing, the semantic network is expressed in the UNL format.

The EnConverter can also consult the UNL ontology to select appropriate UWSs for
ambiguous words and appropriate relations between UWSs. Figure 3.6 contains the
structure of the EnConverter (UNDL Foundation, 2010). Here, ‘4’ indicates analysis
windows, and ‘C’ indicates condition windows. The EnConverter operates on the node-
list through analysis windows. Condition windows are used to check conditions for
applying the rule. During the initial phase of EnConversion process, only one node of an
input sentence exists in the node-list while during the last phase, a syntactic tree together
with a semantic network is created, and only the root node remains in the node-list. This
approach of EnConversion has been used in ‘EnCo’ tool proposed by UNDL foundation
(UNDL Foundation, 2010).
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Figure 3.6: Structure of EnConverter

3.7.2 DeConverter

The DeConverter is a framework for syntactic and morphological generation from UNL
to a natural language. It is a language-independent generator and can convert UNL
expressions into a variety of natural languages, by using respective language word
dictionaries and sets of grammar rules of DeConversion. A word dictionary contains the
information of words that correspond to UWSs included in the input of UNL expressions
and grammatical attributes that describe the behavior of the words. The DeConversion
rules describe the way to construct a sentence using the information from the input of
UNL expressions and word dictionary. A DeConverter can also make use of co-
occurrence dictionary of the target language for relation-based word selection for natural
collocation. It can also make use of UNL ontology, when no corresponding word for a
particular UW exists in a language. In this case, the DeConverter consults UNL ontology
and tries to find a more general UW.

The DeConverter transforms the input, a UNL expression, into a directed graph structure
with hyper-nodes. DeConversion of a UNL expression is carried out by applying
DeConversion rules to these nodes. It processes the nodes from the entry node, to find an
appropriate word for each node and generates a word sequence of target language. In this
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process, the system makes use of syntactic rules in order to produce syntactic structure of
the target language and morphological rules to generate its morphemes. The
DeConversion process ends when all words for all nodes are found and a word sequence
of target sentence is completed. Figure 3.7 depicts the structure of the DeConverter
(UNDL Foundation, 2010). Here, ‘G’ indicates generation windows, and ‘C’ indicates
condition windows of the DeConverter. The DeConverter operates on the node-list
through generation windows. Condition windows are used to check conditions for
applying a rule. In the initial stage, the entry node of a UNL expression exists in the
node-list and at the end of DeConversion, the node-list is converted to list of equivalent
morphemes of the target language arranged syntactically to produce target language
sentence. This approach of DeConversion has been used in ‘DeCo’ tool proposed by
UNDL foundation (UNDL Foundation, 2010).
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Figure 3.7: Structure of DeConverter
3.7.3 Dictionary Builder
Dictionary Builder (DicBId) is the tool provided by UNDL foundation for converting text
data of dictionary entries into Index Based Access Method (IBAM) formatted dictionary
files as shown in Figure 3.8 (UNDL Foundation, 2010). The UNL system makes the use

IBAM to decrease the searching time of dictionaries.
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3.7.4 Grammar rules

UNL system makes use of EnConversion and DeConversion rules of respective
languages during the process of EnConversion and DeConversion. The rules are used to
define actions taken by the system on some predefined conditions based on grammatical
features. The rule applications can be controlled by priorities and allow backtracking. The
rules can force the process of backtracking, when the EnConverter or the DeConverter
encounters an ungrammatical or illogical situation. It means the system can returns back
to the previous state that allows selecting a different word or morpheme, or applying the
next priority rule (UNDL Foundation, 2010).

3.7.5 UNL Key Concept in Context (KCIC)

UNL uses the concept of KCIC to link every UW of the UNL ontology to the UNL
documents where the UW is included. Every UW must be registered in the UNL
ontology for realizing this inter-linkage of UWSs crossing UNL documents (Uchida and
Zhu, 2005).

3.7.6 UW Gate

The UW Gate is used to access the UNL ontology and the UW dictionary through the
Internet. With this feature, the users can search for desired UWs, relations between UWs
and equivalent words of desired natural languages (Uchida and Zhu, 2005).

3.7.7 Universal Parser

The Universal Parser (UP) generates UNL expressions from sentences by using
language-independent annotations. It does not use language-dependent grammatical

information. The sentences inputted to UP must be annotated with UNL annotation
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(Uchida and Zhu, 2003). The UP analyzes the annotated input sentences using UP rules
and a UW dictionary as shown in Figure 3.9 (UNDL Foundation, 2010).

Annotated : = 'l: UNL
\J 1 .
Sentence iersal Parss Expression

Figure 3.9: Structure of Universal Parser

3.7.8 UNL verifier

The UNL verifier is used to check the syntax, lexical and semantic errors in an input
UNL expression. The syntax errors are found on the basis of UNL specifications. The
lexical errors are determined on the basis whether all UWs of a UNL expression are
defined in the UNL ontology or not. A semantic error is reported if a binary relation of a
UNL expression is not defined as per UNL ontology. The flowchart of UNL verifier and
use of dictionaries in this are shown in Figure 3.10 (UNDL Foundation, 2010).
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Figure 3.10: Flowchart of UNL verifier
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3.7.9 Language Server

The conversion processes between natural languages and UNL expressions are carried on
Internet with the help of UNL Language Servers (LSs). Figure 3.11 illustrates working of
LS of UNL system (UNDL Foundation, 2010).
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Figure 3.11: Working of LSs over Internet
3.7.10 Word dictionary (Language-UW dictionary)
UNL system makes use of word dictionaries in the form of Language-UW (L-UW)
lexicon of respective languages for its processing. It stores information about all the root
words of a natural language. An entry of the word dictionary contains three parts,
namely, a headword, a UW and a set of morphological, syntactic and semantic attributes.
A headword is a word or a morpheme of a natural language. The format for the creation
of Language-UW lexicon is given in (3.10).
[HW]{ID} “UW” (ATTR, ATTR,...) <FLG, FRE, PRI>; ...(3.10)
The description of these entries is given in Table 3.6.

Table 3.6: Description of Word dictionary entries

HW Headword of a language, i.e., equivalent Punjabi word to UW
ID Identification of HW (optional)
uw Universal Word, can be empty if not necessary

ATTR | Grammatical attributes associated with the HW

FLG Language flag, e.g., ‘P’ for Punjabi, ‘E’ for English, ‘H’ for

Hindi etc.
FRE Frequency of HW
PRI Priority of HW
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The L-UW, i.e., Punjabi-UW dictionary consists of language-dependent and language-
independent parts. The Punjabi-UW dictionary stores the HW as root word of a language
used to give the meaning to the corresponding UW. For example, for the UW
‘boy(icl>male person)’, the Punjabi word H3™ mundz ‘boy’ is the equivalent word. The
dictionary stores the root word H3T™ mundé in the lexicon. It represents the noun ending
with ‘o™ (m7) @ ‘4’ that changes its form depending upon the number and case, i.e., H3T
mu/da retains its form for singular-direct and changes to H3 mungé for singular-oblique
and plural-direct; to W3t mundiam for plural-oblique; to Hf&™ mundia for singular-
vocative and to HFSE mundio for plural-vocative case. The Punjabi-UW dictionary will

have ‘N’ (noun) as its syntactic attribute; ‘NA’ (indicating noun word ending with‘o™

(M) a ‘A’) as its morphological attribute and ‘ANIMATE’ as its semantic attribute as
shown in Punjabi-UW dictionary entry in (3.11).

[437] {3 "boy (icl>male person)” (N, NA, ANIMATE); <P,0,0>;/(mundi) ..(3.11)
Here, the language-independent parts of this entry are ‘boy(icl>male person)’ and
‘ANIMATE’, while the language-dependent parts are ‘N’ and ‘NA .

During the EnConversion process, a word or morpheme of a word dictionary is used as a
trigger to obtain an appropriate UW in order to create the UNL expression from an input
sentence. During the DeConversion process, word dictionary forms the target sentence of
a natural language from a UNL expression. The grammatical attributes of word
dictionary are used to define the behavior of word or a morpheme in a sentence. They are
used during both EnConversion and DeConversion processes.

3.8 Grammatical attributes of Punjabi-UW lexicon

Punjabi-UW dictionary uses large number of attributes to represent the morphological,
syntactic and semantic information about the words. The details of these attributes are

given in Table 3.7.
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Table 3.7: Some of morphological and semantic attributes used in Punjabi-UW lexicon

Attribute Description

N Noun

PROP Proper noun

MALE Noun with masculine gender

FEMALE Noun with feminine gender

1SG 1* person singular

2SG 2" person singular

3SG 3" person singular

1PL 1% person plural

2PL 2" person plural

3PL 3" person plural

COLCT Collective noun

NOTCH Non-changeable, noun that do not change their form with number and
case

PRON Pronoun

ADJ Adjective

ADV Adverb

PREP Preposition

\ Verb

VINT Intransitive verb

Cv Conjunct verb

link Verbs that are formed by adding the verb &9 kar ‘do’ to nouns or
adjectives

Ink Verbs that are formed by adding the verb T kG ‘be’ to nouns or

adjectives

VVowel-ending attributes in Punjabi-UW lexicon

Na

Noun ending with HI3™ mukta () a

NA

Noun ending with o7 () @
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Ni

Noun ending with fo (f&) i

NI Noun ending with <t (&) 7
Nu Noun ending with (§€) u
NU Noun ending with (8) i
Ny Noun ending with & (8) &
NY Noun ending with & () ai
No Noun ending with ¢ (§) o
NO Noun ending with S () au
Va Verb ending with HaI3™ mukta () a
VA Verb ending with o7 () @
Vi Verb ending with fo (fg) i
Vi Verb ending with <% (&) 7
Vu Verb ending with (§€) u
VU Verb ending with (€) i
Vy Verb ending with & (8) &
VY Verb ending with & (%) ai
Vo Verb ending with & (€) 6
VO Verb ending with & () au
Semantic attributes of noun

INS Instrument

ANIMT Animate

FLORA Flora

FAUNA Fauna

BIRD Bird

IMGYCRT Imaginary creature

INSCT Insect

MML Mammal
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INANI Inanimate
OBJCT Object

IMGN Imaginary
PHSCL Physical
DRNKBL Drinkable
PLACE Place

IMGY Imaginary place
MYTHO Mythological place
PHSCL Physical place
ABS Abstract

ACT Action

TIME Time

TITL Title

GRP Group

POF Part of

STE State

FEEL Feeling

EMOT Emotion
Semantic attributes of verbs

VOA

Verb of action

VOA-CHNG Change
VOO Verb of occur
VOS Verb of state
Semantic attributes of adjectives
DES Descriptive
ACT Action
APPR Appearance
CLR Color

DPTH Depth
DIRCTN Directional
NUM Numeral
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QUAL Qualitative
QUAN Quantitative
RESP Respective
SHP Shape

SIZE Size

SPD Speed
SMEL Smell

TSTE Taste

TEMP Temperature
TIME Time

TCH Touch

WT Weight
Semantic attributes of adverbs
INTRO Interrogative
MAN Manner
NGTV Negative

3.9 Important issues in creation of L-UW dictionary

In this section, we present some important issues that have been encountered during the

creation of Punjabi-UW dictionary.

It has been observed that English equivalent of some HWs is not available. If we
encounter such a case, where we do not find an equivalent concept in English,
then that word is transliterated in Roman to use it as headword in L-UW
dictionary (Dave et al., 2001). For example, <A™, vaisakhi ‘a Punjab festival’
has no equivalent English word or concept. This word is stored in Punjabi-UW
dictionary in transliterated form in Roman as headword. The disambiguation of
such words is performed by adding restrictions or constraints to these headwords.
The corresponding entry of this concept in Punjabi-UW dictionary is given in
(3.12).
[ {3 "vaisakhi(icl>festival)" (N,FEMALE,INANI, NOTCH); <P,00>;
[(vaisakhi) ...(3.12)
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If a headword of language does not have any particular sense in the English
language, then this sense is also added to UW as its restrictions. For example, one
of the senses found in India of the word ‘back-bencher’ is ‘student who is not
serious in his/her studies and passes the time sitting at the back of the class’. This
additional sense is included in the UW dictionary as ‘back-bencher(ic/>student)’.
Thus, if a particular word ‘w’ in English has acquired an additional sense in
another language; this sense is introduced into the UW dictionary by tagging the
appropriate restriction (Dave et al., 2001).

When an English word has no direct mapping in another language, then English
word is transliterated in the target language and stored in the lexicon as language
HW (Dave et al., 2001). For example, English word ‘printer’ used in the sense of
an output device for the computer, has no equivalent Punjabi word, so ‘printer’ is
transliterated into Punjabi as fjed pripfar and stored in lexicon as shown in
(3.13).

[f4ea] {3 "printer(icl>device)" (N,MALE,INANI,Na);<P0,0>;/(pripfar) ...(3.13)

3.10 Creation of Punjabi-UW dictionary

A Punjabi-UW dictionary has been created from the Hindi-UW dictionary (developed by

II'T Bombay, India) for the development of UNL based MT system for Punjabi Language.

We have created a Punjabi-UW dictionary of 1,15,000 entries for this purpose. The

lexicon is stored in the text format. During the development process of Punjabi-UW

dictionary, the language-independent component remains the same and language-

dependent component like vowel-ending and morphology information are changed

according to the Punjabi language. The Hindi headwords are replaced by equivalent

Punjabi headwords during this process. A snapshot of Punjabi-UW dictionary is given in

(3.14).

[»murgeE3T]{} 'abnormality(icl>phenomenon)”  (N,FEMALE,INANI,NA)  <P,0,0>;

[(asadharnata)

[€ =73 feg] {}"about(aoj>thing,obj>thing)" (PREP) <P,0,0>; /(dé bareé vic)

[sm=3] {}"about(qua<thing)" (PREP) <P,0,0>; /(babat)

[Bargar] {}"about(qua<thing)" (PREP) <P,0,0>; /(lagbhag)
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[feem] {}"abroad" (N,MALE,INANI,PLACE,PHSCL,Na) <P,0,0>:/(vidésh)

[uge war] {}"accessible(aoj>thing,obj>thing)" (ADJ,QUAL) <P,0,0>; /(pahuiic yog)
[3ma1 S=1] {}"participate(agt>thing,gol>thing)" (V,VA) <P,0,0>;/ (bhag laini)

[rHraa] {}"'party(icl>meeting)" (N,Na,MALE,INANI) <P,0,0>;/(samaroh)

[&4] {}"people(icl>person)” (N,3PL,ANIMT,Na) <P,0,0>;/(Iok)

[FHi] {}"period(icl>time)" (N,NOTCH,MALE,INANI) <P,0,0>/ (samam)

[M=&T] {}"perverse(aoj>thing)" (ADJ,DES,QUAL,AdjA) <P,0,0>;/(avila)
[ureaT{}"phenomenon(icl>event)"(N,NOTCH,FEMALE,INANI,NA) <P,0,0>;/ (ghatia)
[Haga] {}"popular(aocj>thing)" (ADJ,QUAL) <P,0,0>; /(mashhiir)

[HHfas] {3"possible(aoj>thing)" (ADJ,DES,QUAL) <P,0,0>;/(mumkin)

[Fr3t] {}"power(icl>attribute)" (N,FEMALE,NOTCH,NI) <P,0,0>;/(shakti)

[a+ aHma] {}"prince(icl>duke)” (N,MALE,ANIMT,Na) <P,0,0>;/(raj kumar)
[€sfan{}"prominent(aoj>thing)" (ADJ,AdjA) <P,0,0>;/(ubbhrid)

[7537] {}"public(icl>person)” (N,NOTCH,FEMALE,ANIMT,NA) <P,0,0>;/(janta)
[ye=a] {}"publishing(icl>action)"(N,MALE,INANI,NOTCH,Na)<P,0,0>; /(prakdashan)
[yu3] {}"receive(agt>thing,obj>thing)" (V,Va) <P,0,0>;/(prapat)

[737] {}"relationship(icl>relation)” (N,MALE,INANI,NA) <P,0,0>;/(nata)

[Ha3] {}"salvation(icl>action)" (N,NOTCH,FEMALE,INANI,ABS,NI)<P,0,0>; /(mukt)
[FHs] {}"same(mod<thing)" (ADJ,QUAL) <P,0,0>; /(saman)

[€= A {}"similarly" (ADV,MAN) <P,0,0>;/(uvém hi)

[F33] {}"source(icl>origin)" (N,MALE,INANI,Na) <P,0,0>;/(sarot)

[@8] {}"speak(agt>thing,obj>language)" (V,Va) <P,0,0>;/(bol)

[8H9] {}"spoon” (N,INS,INANI,Na) <P,0,0>;/(cammac)
[aTu§<ed]{}"computer(icl>machine)"(N,MALE,INANI,MACH,Na)<P,0,0>; /(kampiiiar)
[uAm=t]{} " "punjabi(icl>language)"(N,NOTCH,FEMALE,INANI)<P,0,0>

/(padijabi) ...(3.19)
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Chapter Summary

Universal Networking Language (UNL) is an interligual representation of knowledge. It
produces a representation for semantically equivalent sentences of all languages. The
EnConverter and DeConverter are the core softwares in a UNL system. EnConverter
converts source language sentences into UNL expressions and DeConverter converts
UNL expressions to target language sentences. UNL represents the information in three
different types of semantic units, namely, Universal Words (UWSs), Relations and
Attributes. UNL represents information sentence by sentence. Each sentence can be
converted into a UNL graph having concepts as nodes and relations as directed arcs. The
UWs are divided into four types: Basic UWSs; Restricted UWs; Extra UWs and
Temporary UWs. Compound UWs denote compound concepts that are to be interpreted
as a whole so that one can talk about their parts all at the same time. A compound UW is
expressed by a scope in UNL expressions. A UNL sentence can be represented either in
table format or in list format. UNL knowledge-base is used to define every possible
relation between concepts. A UNL system consists of three major components, namely,
language resources, software for processing language resources, and supporting tools for
maintaining and operating language processing software. UNL system makes use of word
dictionaries in the form of Language-UW lexicon of respective languages for its
processing. An entry of the word dictionary contains three parts, namely, a headword, a
UW and a set of morphological, syntactic and semantic attributes. A Punjabi-UW
dictionary has been created from the Hindi-UW dictionary (developed by IIT Bombay,
India) for the development of UNL based MT system for Punjabi Language during the
progress of this work.
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Chapter 4
Punjabi-UNL EnConverter

4.1 Introduction

EnConverter is a language analysis system that converts a source language sentence into
UNL expression by using lexical information and EnConversion analysis rules of source
language. In this work, a Punjabi EnConverter that takes Punjabi sentence as input and
produces its equivalent UNL expression as output has been developed. The proposed
system uses Punjabi-UW dictionary for corresponding universal words; and Punjabi
analysis rules for morphological, syntactic and semantic processing of input sentence.
Architecture of the Punjabi-UNL EnConverter and its implementation has been discussed
in this chapter.

4.2 Working of Punjabi EnConverter

Punjabi EnConverter processes a given input sentence from left to right. It uses two
windows, namely, analysis window and condition window (Dhanabalan et al., 2002;
Dave and Bhattacharyya, 2001) while processing a given Punjabi sentence. The currently
focused windows, i.e., analysis windows are circumscribed by condition windows as

shown in Figure 4.1.

EnConversion EnConverter Word
Rules Dictionary
lc] lc] [a] [a] [c] || Nodelist
Nj-2 Ni-1 n; Ni+1 Ni+2 Ni+3

Figure 4.1: Analysis and condition windows of Punjabi EnConverter
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In Figure 4.1, ‘4’ indicates an analysis window, ‘C’ indicates a condition window, and
‘ny’ indicates an analysis node. The EnConverter analyzes the sentence using word
dictionary and EnConverter analysis rules. The database of these EnConversion rules is
created on the basis of morphological, syntactic and semantic information of Punjabi
language as recommended by Uchida (1987), Dave and Bhattacharyya (2001), Dey and
Bhattacharyya (2005).

4.3 Format of EnConversion analysis rules

EnConversion analysis rules have been designed on the guidelines mentioned in UNL
EnConverter Specifications (UNL, 2000). The rule format used in designing of system is
givenin (4.1).

{COND1:ACTION1:REL1} {COND2:ACTIONZ2:REL2} ...(4.1)
Here,

* <CONDI1> indicates Conditionl and contains the lexical and semantic attributes of left
analysis window.

* <COND2> indicates Condition2 and contains the lexical and semantic attributes of
right analysis window.

* <ACTIONI1> and <ACTION2> are used to indicate the actions performed if the
corresponding condition is true.

* The <REL1> and <REL2> fields indicate possible relation between two analysis
windows.

The EnConversion analysis rules are categorized into five types, namely, left composition
rules (+), right composition rules (-), left modification rules (<), right modification rules
(>) and attribute changing rules (:). A brief description of each type is given below.

4.3.1 Left composition rule (+)

A left composition rule is preceded by ‘+’ sign in the rule base. During its processing, the
right node of analysis window is combined to left node of analysis window to make a
composite node and the attributes of left analysis node are inherited for further
processing, i.e., the headwords of left and right nodes of analysis windows are combined
into a composite node and the original left and right nodes of analysis windows are
replaced with the composite node in the node-list. The position of new composite node is

on the left analysis window.
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4.3.2 Right composition rule (-)

A right composition rule is preceded by ‘-’ sign in the rule base. During the processing of
this rule, the left node of analysis window is combined with the right node of analysis
window to make a composite node and the attributes of right analysis node are inherited
for further processing. Here, headwords of the left and right nodes of analysis windows
are combined into a composite node and the original left and right nodes of analysis
windows are replaced with the composite node in the node-list. The position of the new
composite node is on the right analysis window.

4.3.3 Left modification rule (<)

A left modification rule is preceded by ‘<’ sign in the rule base. This rule is applicable
when right node of analysis window modifies the left node of analysis window. In this
case, the right node of analysis window becomes the modifier of the left node of analysis
window and it results into deletion of right node of analysis window from the node-list,
while the left node of analysis window becomes the head of this partial syntactic tree and
remains in the node-list.

4.3.4 Right modification rule (>)

This rule is preceded by >’ sign in the rule base. This rule is applicable when left node of
analysis window modifies the right node of analysis window. In this case, the left node of
analysis window becomes the modifier of the right node of analysis window that results
into deletion of left node of analysis window from the node-list, while the right node of
analysis window becomes the head of this partial syntactic tree and remains in the node-
list.

4.3.5 Attribute changing rule (:)

An attribute changing rule is preceded by °:” sign in the rule base. The attribute changing
rule is used to add or delete attributes from a particular node. When the attributes are to
be added to a particular node then they are preceded by ‘+’ sign and when the attributes
are to be deleted from a node then they are preceded by ‘-’ sign.

The syntactic analysis of input sentence is carried out by left composition rule (+), right
composition rule (-), left modification rule (<) and right modification rule (>). These
rules generate a sub-syntactic tree based on the conditions of analysis windows. The

semantic analysis is carried out by the relation field of left modification rule (<) and right
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modification rule (>). It results into a binary UNL relation between UWSs of nodes of the
analysis windows (Shah et al., 2000).

The working of EnConversion analysis rules is illustrated below with an example rule
given in (4.2).

>{N,INS:null:ins}{V:+INSRES:null} ...(4.2)
The rule given in (4.2) is proceeded by >’ sign. This means that it is a right modification
rule, which results into the deletion of left node from the node-list and the attributes of
right analysis window are considered for further processing. Here, ‘N, INS’ (noun,
instrument) in the condition field of left analysis window and ‘77’ (verb) in the condition
field of right analysis window, mean that these attributes are required to be present on the
respective analysis windows for the firing of this rule. As action field of left analysis
window contains ‘null’, so no action is required to be performed on the left analysis
window. The action field of right analysis window contains ‘+INSRES’, this results into
addition of ‘INSRES’ attribute to the lexical semantic attribute list of node on right
analysis window. Since, the relation field of left analysis window contains ‘ins” and the
relation field of right analysis window contains ‘null’, it results into the resolution of ‘ins’
relation between left and right analysis windows. Here, right analysis node acts as the
parent while left analysis node acts as child of this relation.

4.4 Punjabi shallow parser

Punjabi EnConverter developed in this work uses Punjabi shallow parser (developed by
Consortium of Institutions headed by 11T Hyderabad, India) for processing input Punjabi
sentence. This parser performs the tasks of tokenization, morph analysis, part-of-speech
tagging and chunking for the processing of an input sentence. It produces final output by
picking most appropriate morph with ‘head’ and ‘vibhakti’ computation. It also has the
provision of using the output of each intermediate stage. It generates the output in
‘Shakti’ format. ‘Shakti’ format uses a common representation for the operation of all
modules (Bharati and Sangal, 1993; Bharati et al., 2007).

The working of Punjabi shallow parser has now been illustrated with an example

sentence given in (4.3).
Punjabi Example sentence: 8¢ gfant & fa3mg gt | ...(4.3)

Transliterated example sentence: chote bacciam né kitab pathi.
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Equivalent English sentence: Little children read the book.

The output of Punjabi shallow parser for this example sentence at each intermediate stage
has been explained in subsequent sub-sections.

4.4.1 Tokenizer

A token is an instance of a sequence of characters in a sentence that are grouped together
as a useful semantic unit for processing. The tokenizer converts a sentence into word
level tokens consisting of words, punctuation marks, and other symbols. The output of
tokenizer for the example sentence given in (4.3) is shown in (4.4).

Tokenizer:

<Sentence id="1">

1 ¢  unk
2 gfent unk
3 & unk
4 fasma unk
5 uFt  unk

</Sentence> ...(4.4)
At this stage there is no part-of-speech information resolved for the tokens, so each token
has a ‘unk’ unknown token attribute.
4.4.2 Morph analyzer
The morphological analyzer identifies the root and the grammatical features of the word.
The output of morph analyzer for example sentence is shown in (4.5).
Morph analyzer:
<Sentence id="1">
1 8¢  unk <fsaf="g<,adj,m,sg,,0,,">|
<fs af="&<",adj,m,pl,,0,,">
2 gfenmt unk  <fs af="g97,n,m,pl,3,0,">
3 ) unk  <fsaf="&psp,,,d,,">|<fs af="ni,v,any,pl,2,,">

4 fagg unk  <fs af="faz3m,n,f,sg,3,d,,">
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5 ugt  unk  <fsaf="uz,v,f,sg,any,,fenr fenr>
</Sentence> ...(4.5)
Here, /s’ is the feature structure which contains grammatical features of each word and
‘af” Is a composite attribute which consists of seven attributes, namely, root; lexical
category; gender; number; person; case; tense, aspect and modality (TAM) information.

In case, no value is given for a particular attribute the field is left blank. As shown in
(4.5), 82 chote has a root word &<T chota; lexical category as ‘adj’ (adjective); gender as
‘m’ (male); number as ‘sg’ (singular) or ‘pl” (plural), i.e., correct number is not resolved
at this stage, so, both singular and plural forms are shown in the feature structure; person
IS ‘not applicable’ for this token; case is ‘o’ (oblique) and TAM is ‘not applicable’ for
this token.

4.4.3 Part-of-speech tagger

Part-of-speech tagging is the process of assigning a part-of-speech to each token in the
sentence. It helps in analyzing the role of each constituent in a sentence. The output of
part-of-speech tagger for example sentence given in (4.3) is shown in (4.6).

POS tagger:

<Sentence id="1">

1 8¢ U <fs af="g<",adj,m,sg,,0,,">]|
<fs af="g<7,adj,m,pl,,0,,">

2 gfemt NN <fs af="g97,n,m,pl,3,0,,">

3 ) PSP  <fsaf="%,psp,,,d,, >|<fs af="nff,v,any,pl,2,,,">

4 fagrg NN  <fs af="fg3m,n,f,sg,3,d,,">

5 uFt VM <fsaf="uz,v,fsg,any,, fonr femm>

</Sentence> ...(4.6)

As shown in (4.6), &2 chote ‘little’ is an adjective with symbol JJ’, sfemt bacciam
‘children’ and fa39 kitab ‘book’ are nouns with symbol ‘NN’, & né is postposition with

symbol ‘PSP’ and gt parhi ‘read’ is the main verb with symbol VA’ ( Bharati et al.,
2006).

88



4.4.4 Chunker
Chunking involves identifying noun phrases, verb groups, adjective phrase, and adverb
phrase in a sentence. It involves identifying the boundary of chunks and the label. The
output of chunker for example sentence given in (4.3) is shown in (4.7).
Chunker:
<Sentence id="1">
1 (( NP
11 8 U <fs af="g<",adj,m,sg,,0,,">|
<fs af="g<",adj,m,pl,,0,,">

1.2  d€femt NN  <fsaf="gg97,n,m,pl,3,0,">
13 3 PSP  <fsaf="8,psp,,,,d,,">|<fs af="nt,v,any,pl,2,,'>

)
2 (« NP
21 fa3=g NN <fsaf='fa3m,n,fsg,3,d,">

)
3 (  VGF
31 @ VM <fsaf="u3z,,fsg,any,,fenr fomm>

J

)
</Sentence> ...(4.7)

As shown in (4.7), the example sentence has three chunks, ‘8¢ "famt & ‘chole bacciam

né’ ‘liitle children’ and f&39 kitab ‘book’ as noun phrase ‘NP’ chunks and ugt pasii
‘read’ as finite verb chunk ‘VGF".

4.4.5 Pruning

Pruning stage identifies the most appropriate feature structure out of different possible
structures. Pruning involves two types of sub-pruning, namely, morph pruning and pick
one morph. Morph pruning takes those feature structures where the lexical category value
matches with the category value. If there is no feature structure whose lexical category
matches with the category, then all the feature structuresare retained anda

new attribute ‘NM’ indicating not matched is added to corresponding feature structure.
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Pick-one-morph picks only one feature structure based on selection definition given
to it. By default, it will pick the first feature structure. For the example sentence given in
(4.3), the output of pick-one-morph of pruning stage is given in (4.8).
<Sentence id="1">
1 («( NP
11 8 U <fs af="g<",adj,m,sg,,0,,">
1.2 dgfgmt NN  <fsaf="g97,n,m,pl,3,0,">
13 3 PSP  <fsaf="%,psp,,.d,">
)
2 («( NP
21 fa3= NN  <fsaf='fazmg,n,fsg,3,d,">
)
3 (  VGF
31  ud VM <fsaf="u3z,fsg,any, foum fomr>

dJ

)
</Sentence> ...(4.8)

The proposed Punjabi EnConverter makes use of output of pruning stage for further
processing of an input sentence.

4.4.6 ‘head’ computation

At this stage a child node is identified as ‘head’ of the chunk. The chunk node inherits the
properties of the ‘head’ child. A new attribute ‘head’is added to the feature structure
of the chunk node whose value is the name-string assigned to the ‘head’ child. The output
of ‘head’ computation stage of the example sentence given in (4.3) is shown in (4.9).
<Sentence id="1">

1 (( NP  <fsaf="g97,n,m,pl,3,0,' head="gfani">

1.1 8 U <fs af="g<7,adj,m,sg,,0,,">

1.2  €femt NN  <fsaf="g497,n,m,pl,3,0,' name="gfgni">

13 & PSP  <fsaf="%,psp,,.d,">

)
2 (( NP  <fsaf="fg3m,n,f,sg,3,d,' head="fg3ma">

90



21 fa3™ NN  <fsaf="fa3mg,n,f,sg,3,d,’ name="fa3mga">

)
3 (( VGF <fs af="u3,v,f,sg,any,,fon fon head="uz">
31  udt VM  <fsaf="uzvfsg,any,fonr fenm name="u">

d

)
</Sentence> ..(4.9)

4.4.7 “vibhakti’ computation
In this stage function words are grouped with the content words based on
local information. This module computes the case/TAM features of noun/verb chunks
and adds them to feature structure. The ‘vibhakti’ computation output for the example
sentence is given in (4.10).
<Sentence id="1">
1 (( NP  <fsaf="gg97,n,m,pl,3,0,0_3&, head="gfem’ vpos="vib2_3">
11 8 U <fs af="g<",adj,m,sg,,0,,">
1.2 dfemt NN  <fsaf="g97,n,m,pl,3,0,,' name="gfgm">
)
2 (( NP  <fsaf="fa3mg,n,f,sg,3,d,,' head="fa3mg">
21 fa3= NN <fsaf="fa3mg,n,f,sg,3,d,’' name="fazma">
)
3 (( VGF <fs af="u3,v,f,sg,any,,fen fonm head="uzt">
31 ud VM <fsaf="uzfsg,any, o fonm name="u">

dJ

)
</Sentence> ...(4.10)

As shown in (4.10), in chunk-1, function word & né is grouped with the ‘head’ word
gfet bacciam ‘children’ with vibhakti’ ‘vib2_3’ and in chunk-3, verb modifier fonr ia
is grouped with ‘head’ word Ugt pashi ‘read’.

In the next section, the architecture of the proposed Punjabi-UNL EnConverter has been
presented.
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4.5 Punjabi EnConverter architecture

The architecture of Punjabi EnConverter can be divided into seven phases, including an
optional phase. It consists of the tasks of processing of input Punjabi sentence by Punjabi
shallow parser, creation of linked list of nodes on the basis of output of shallow parser,
extraction of UWSs and generation of UNL expression for the input sentence. The phases
in proposed Punjabi EnConverter are as follows.

1)  Parser phase (to parse the input sentence with Punjabi shallow parser)

i)  Linked list creation phase

iii)  Universal Word lookup phase

iv) Case marker lookup phase

v)  Unknown word handling phase

vi) User interaction phase (this phase is optional)

vii) UNL generation phase

Figure 4.2 describes the flow chart illustrating working of Punjabi EnConverter. In the
next sub-sections, these phases are explained, in brief.

4.5.1 Parser phase

Punjabi EnConverter uses Punjabi shallow parser discussed in Section 4.4 for parsing an
input Punjabi sentence to produce the intermediate outputs of tokenizer, morph analyzer,
part-of-speech tagger, chunker, pruning, ‘head’ and ‘vibhakti’ computation.

4.5.2 Linked list creation phase

In this phase, Punjabi EnConverter constructs a linked list of nodes. This linked list is
constructed on the basis of information generated by the Punjabi shallow parser, Punjabi-
UW dictionary and verb-modifier database. For the process of creation of linked list, the
output of pruning stage of Punjabi shallow parser has been used. Each root word of the
token and verb modifiers of the main verb act as the candidates for the node.

For each root word, the words obtained by combining it with root word of next
consecutive tokens are searched in Punjabi-UW dictionary and verb-modifier database,
so that the largest token can be formed on the basis of root words stored in the Punjabi-

UW dictionary (e.g., ‘A@a3 IHed WMHIIAT ‘sayukat rashtar amrika’ ‘United States of

America’) or on the basis of groups of words that modify the root verb (e.g., ‘3dt &,

‘raht hai’).
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If a token formed by the concatenation of consecutive root words is found as a single
entry in Punjabi-UW dictionary or in verb-modifier database, then that group of words is
considered as a single token and stored as a node in the linked list, otherwise, each root
word of the token is considered as a single token and stored as a node in the linked list.
A node in the linked list has Punjabi root word attribute, Universal Word attribute, Part-
of-Speech (POS) information attribute, and a list of lexical and semantic attributes. The
structure of a node is given in Figure 4.3.
Node

Punjabi root word

Universal Word
POS

List of lexical and semantic

D1 D2 D3 | null

A 4

\ 4

A 4

attributes

Figure 4.3: Structure of a node

In Figure 4.2, ‘D1°, ‘D2’ and ‘D3’ are the lexical and semantic attributes of the node.
For the example sentence given in (4.3), the output of pruning stage given in (4.8) is
used to create the linked list. The candidates for the nodes of linked list are €< chota
little’, 997 bacca ‘child’, & né, fa3m9 kitab ‘book’, U3 parsh ‘read’, femrm ia. For the first
node, words 8<T chota, ‘&eT 997 ‘chold baccd’, ‘82T 997 &’ ‘chotd bacca né’, ‘&8t €97
& fa3=’ ‘chota bacca né kitab’ are searched in Punjabi-UW dictionary and verb-
modifier database. In this case, a node will be created for the token, g7 chota ‘little’, in
the linked list, because it has an entry in Punjabi-UW dictionary. Similarly, the nodes are
created for €97 bacca ‘child’, & né, fa34 kitab ‘book’, U3 parh ‘read’ and fomT ia. Thus,
example sentence given in (4.3), results into creation of linked list of six nodes, namely,
8¢ chota ‘little’, 997 bacca ‘child’, & né, fa3m4 kitab ‘book’, U3 parth ‘read’ and fonr
ia.

4.5.3 Universal Word lookup phase

In this phase, Punjabi-UW dictionary is used for mapping of Punjabi root word of each

node to Universal Words and to retrieve its lexical semantic information. Exact UW is
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extracted from the dictionary on the basis of node’s Punjabi root word attribute and its
grammatical category (extracted from the parser). Since, Punjabi-UW dictionary may
contain more than one entry for a given Punjabi word, the searching process retrieves the
UW that matches with the node’s Punjabi word and its grammatical category. For
example, Punjabi word, 93 khéd ‘play’ has two entries in Punjabi-UW dictionary, one as
a noun and other as a verb. It selects only that entry which matches with the grammatical
category of the node given by the Punjabi shallow parser. If a node is marked as
unknown in the first phase of parsing, then node’s Punjabi word attribute is searched in
dictionary with its grammatical category as ‘null’. In case of multiple entries of that
word, the system returns the UW of first entry and thus the unknown word becomes
known during this phase. After extracting the UW, the node’s UW attribute is updated
and linked list of lexical and semantic attributes is extended to append the UW dictionary
attributes with the attributes generated by the parser.

After this phase, the linked list for the example sentence given in (4.3) is shown in (4.11).
Node; Attributes: Punjabi root word: &< chota, UW: little; POS: ADJ; Lexical and
semantic attribute list: m, sg, o, ADJ.

Node, Attributes: Punjabi root word: €97 bacca; UW: child; POS: NN; Lexical and
semantic attribute list: n, m, pl, 3, 0, N, ANIMT.

Nodes Attributes: Punjabi root word: & ne; UW: null; POS: PSP; Lexical and semantic
attribute list: psp, d.

Node, Attributes: Punjabi root word: f&3m kitab, UW: book; POS: NN; Lexical and
semantic attribute list: n, f, sg, 3, d, N, INANI.

Nodes Attributes: Punjabi root word: U3 parh; UW: study(icl>do); POS: VM; Lexical
and semantic attribute list: v, f, sg, any, V.

Nodes Attributes: Punjabi root word: fenr ig; UW: null; POS: null; Lexical and semantic
attribute list: null. ...(4.11)
4.5.4 Case marker lookup phase

If Punjabi root word attribute of a node is not found in the Punjabi-UW dictionary, then
it may be a case marker or function word of the language having no corresponding UW.

In such a case, node’s Punjabi word attribute is searched in the case marker lookup file.
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If a word is found then the information about the case marker is added in the linked list
of lexical and semantic attributes of the node and its UW is set to ‘null’ (because a case
marker has no corresponding UW). This information plays an important role in resolving
UNL relations in UNL generation phase.

4.5.5 Unknown word handling phase

As discussed earlier, there might be some words in the input sentence, which would not
have been resolved by Punjabi shallow parser. These words are marked as ‘unk’
(unknown) by the parser. If an unknown word is resolved in Universal Word lookup
phase, then corresponding node is updated with its UW and dictionary attributes. If
unknown words are not resolved in the Universal Word lookup phase, these are resolved
in the Case marker lookup phase. If some words still remain unknown, then, these words
are processed in Unknown word handling phase.

In this phase, system searches an unknown word in unknown word handling file. It
contains only those Punjabi words that are derived from some root words because all
other unknown words are resolved by UW lookup phase or Case marker lookup phase.
The unknown word handling file stores Punjabi words with their corresponding root
words, e.g.,A™<1dI javariga ‘will go’ is stored with 97 ja ‘go’.

If an unknown word is a derived form of a root word, then its root word is retrieved from
this lookup process. The system replaces the unknown word of node’s Punjabi word
attribute with the root word extracted from the lookup process. The modifier of the root

word is extracted by the system and stored as new node in the linked list.

For example, in case of unknown Punjabi word, #7<Tar javariga ‘will go’ having root
word T ja ‘go’ has =19 variga as a modifier. This modifier contains tense, number and
gender information about the sentence. It plays an important role in the generation of
UNL attributes (Ali et al., 2008). Thus, a new node is inserted in the linked list for this
modifier as Punjabi root word attribute and its UW attribute, POS attribute and linked

list of lexical semantic attributes are all set to ‘nu/l’. As such, in case of unknown word
H1<dI javariga ‘will go’, node’s Punjabi word attribute is set to A7 ja ‘go’ and a new

node is inserted into the linked list with its Punjabi word attribute as =% variga.
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If a node is updated by unknown word handling phase, it is again processed in Universal
Word lookup phase for getting its UW otherwise the token remains to be unknown as
shown in Figure 4.2.

4.5.6 User interaction phase

In this optional phase, user is requested to supply information for unknown nodes. The
system prompts all unknown nodes to user and requests for its UW and lexical semantic
attributes’ information. If user supplies required information, the system stores it in the
node’s data structure and starts the UNL generation phase; otherwise system tries to
generate the UNL expression with the unknown nodes.

4.5.7 UNL generation phase

After creation of linked list and its processing in above discussed phases, the linked list
is ready for the generation of UNL expression. This phase uses nine hundred
EnConverter analysis rules for generation of UNL expression. Some of these rules are
given in Appendix-A. This phase uses algorithm 4.1 for UNL relation resolution and
generation of attributes.

Algorithm 4.1: UNL relation resolution and generation of attributes

)] Process each node of linked list by considering the first node as left analysis
window and the node next to this as right analysis window.

i) Search for the required rule from the set of EnConverter analysis rules
depending upon the conditions of left and right analysis windows.

iii) Fire the EnConverter analysis rule if the conditions of left and right analysis
windows match with lexical semantic attributes of the corresponding nodes of
the linked list. If no rule is fired, then go to step (vi).

iv) Perform the actions specified in the fired rule to modify the linked list to
resolve the UNL relations and generate UNL attributes.

V) Consider first node of modified linked list as left analysis window and node
next to this as right analysis window. Go to step (ii) with new analysis
windows. If the modified linked list contains a single node only, then consider
that node as entry node and stop further processing. It means that all the nodes

are successfully processed by the system.
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Vi) If no rule is fired in step (ii), then shift the window to right. This effectively
means that right analysis node will become the left analysis window and node
next to this will become the right analysis window. Go to step (ii) with new
analysis windows.

Generation of UNL expression from input Punjabi sentence has been explained in the
next section with the help of one example sentence.

4.6 EnConversion of a simple Punjabi sentence to UNL expression

The process of EnConversion of input Punjabi sentence to UNL expression is illustrated

with an example sentence given in (4.12).
Example Punjabi sentence: 1 did= feg 973 de7 It | ..(4.12)

Transliterated Punjabi sentence: mai/m gairéj vic kar dhonda ham.

Equivalent English sentence: | wash the car in garage.

Processing of this sentence in various phases of Punjabi EnConverter is explained below.
i) Parser phase

The input sentence is processed by Punjabi shallow parser. The output of pruning stage of
parser is given in (4.13).

Final Output<Sentence id="1">

1 (NP
1.1 H PRP <fsaf="H,pn,any,sg,1,d,">
)

2 (( NP
21 d9d NN <fsaf='didq,unk,,,,,, poslcat="NM">
22 feg PSP <fsaf="feg,psp,any,sg,.d, ">

)
3 (NP

3.1 g NN <fsaf='grd,n,fsg,3,d,">

)
4 (  VGF

41 T VM <fsaf='Gyv,m,sgany,=,g">
42 T VAUX <fs af="a",n,f,sg,3,d,,' poslcat="NM">
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)
</Sentence> ...(4.13)

il) Linked list creation phase

In this phase, tokens X maim i, 39 gairéj ‘garage’, Te9 vic ‘in’, I3 kar ‘car’, T dho
‘wash’, € da and I ham act as the candidates for the nodes of linked list. The set of
largest consecutive words are searched in Punjabi-UW dictionary and verb-modifier
database. A linked list with six nodes is created in this phase. The details of this linked
list are given in (4.14).

Node; Attributes: Punjabi root word: ¥ mainz, UW: null; POS: PRP; Lexical and
semantic attribute list: pn, any, sg, 1, d.

Node, Attributes: Punjabi root word: 339 gairéj; UW: null; POS: NN; Lexical and
semantic attribute list: unk.

Node; Attributes: Punjabi root word: feg vic; UW: null; POS: PSP; Lexical and
semantic attribute list: psp, any, sg, d.

Node, Attributes: Punjabi root word: a7a kar; UW: null; POS: NN; Lexical and semantic
attribute list: n, f, sg, 3, d.

Nodes Attributes: Punjabi root word: @ dho; UW: null; POS: VM; Lexical and semantic
attribute list: v, m, sg, any.

Nodes Attributes: Punjabi root word: € I' da ham, UW: null; POS: null; Lexical and
semantic attribute list: n, f, sg, 3, d. ...(4.14)
It has been noted that Node, corresponding to Punjabi word 339 gairéj ‘garage’ is
classified into an unknown node, since the word is not resolved by Punjabi shallow
parser. Nodeg contains two Punjabi words € da and J7 ham, because these two
consecutive root words are found as single entry in verb-modifier database, so a single
node Nodeg has been created for this group.

iii) Universal Word lookup phase

In this phase, Universal Word (UW) for each node’s Punjabi root word attribute is
searched from the Punjabi-UW dictionary. The POS category of the node extracted from
the parser is also used during this search. The exact match is found to extract UW for the
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specified POS category of the word from Punjabi-UW dictionary. The extracted UW is
loaded into the node’s UW attribute and node’s lexical semantic attribute list is also
extended with attributes extracted from the Punjabi-UW dictionary. After processing all
the nodes in the Universal Word lookup phase, the linked list is shown in (4.15).

Node; Attributes: Punjabi root word: ¥ maizz, UW: I(icl<person)); POS: PRP; Lexical
and semantic attribute list: pn, any, sg, 1, d, PERPRON, ANIMT.

Node, Attributes: Punjabi root word: 33w gairéj; UW: garage(icl>thing)); POS: NN;
Lexical and semantic attribute list: unk, N, ANIMT, PLC.

Nodez Attributes: Punjabi root word: feg vic; UW: null; POS: PSP; Lexical and
semantic attribute list: psp, any, sg, d.

Node, Attributes: Punjabi root word: 973 kar; UW: car(icl>thing)); POS: NN, Lexical
and semantic attribute list: n, f, sg, 3, d, N.

Nodes Attributes: Punjabi root word: T dho; UW: wash(icl>do); POS: VM; Lexical and
semantic attribute list: v, m, sg, any,V.

Nodeg Attributes: Punjabi root word: € I7 da hanr, UW: null; POS: null; Lexical and
semantic attribute list t: n, f, sg, 3, d. ...(4.15)
The unknown word 3139 gairéj ‘garage’ in Node, becomes known in this phase as Jiaw
gairej ‘garage’ has an entry in Punjabi-UW dictionary.

iv) Case marker lookup phase

Those nodes which are not found in the Punjabi-UW dictionary lookup phase are
processed in this phase. It means that Node; and Nodeg are candidates for processing in
this phase. These nodes do not have any entry in case marker lookup file, and are also
not categorized as unknown words by the parser. As such, the information given by the
parser is sufficient for processing.

v) Unknown word handling phase

At this stage, there is no unknown node in the linked list. Thus, unknown word handling
phase and user interaction phase are not invoked for this example sentence.

vi) UNL generation phase

In this phase algorithm 4.1, given in Section 4.5.7, is used for the processing of linked list

to resolve UNL relation and to generate UNL attributes.
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The intermediate steps for generation of UNL expression, for example sentence given in
(4.12), are given below. Here, the node-list is shown within ‘<<’ and ‘“>>’ and the
analysis windows are denoted within ‘[” and ‘]’. Initially, the node-list will have the
structure given in (4.16).

<<[H] [¢3#] feg a3 T =" g>> ...(4.16)
<<[maimj [gairéj] vic kar dho da han>>

Here, no EnConversion rule is fired between left and right analysis windows. Now, the
analysis windows are shifted to right. Thus, the node-list will become as shown in (4.17).
<<H [da7] [feg] a9 § = g>> ..(4.17)
<<maim [gairéj] [vic] kar dho da han>>

Now, left composition rule given in (4.18) is fired between left and right analysis
windows.

+{N,PLC:+WICH:null}{[fe=]:null:null} ...(4.18)

b

This rule is preceded by ‘+’ sign, which indicates that it is a left composition rule. It
results into concatenation of right node to the left node as a single composition node and
the attributes of left node are inherited for further processing. The condition field of right
analysis window contains a Punjabi word in ‘[” and ‘]’, means that the rule will fire if the
right analysis window has Punjabi root word attribute value f<9 vic. The presence of ‘+’
sign in the action part of left analysis window results into the addition of attribute in
lexical semantic attribute list. Now, ‘WICH’ (indicating Punjabi case marker) is added as
attribute of left analysis window and the node-list will become as shown in (4.19).

<<[H] [d9n_feg] 9 T =r I>> ...(4.19)
<<[maimj [gairéj vic] kar dho da hanr>>

Here, no EnConversion rule is fired between left and right analysis windows, and the
analysis windows are shifted to right. The node-list after shifting to right is given in
(4.20).

<<H [d97_feq] [a9] T = T>> ...(4.20)
<<maim [gairé vic] [kar] dho da hanr>>

Again, no EnConversion rule is fired between left and right analysis windows, and the
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analysis windows are shifted to right. The node-list after shifting to right is given in
(4.21).

<<H 9137_few [amd] [T] &7 a>> ...(4.21)
<<maimgairéj vic [kar] [dho] da han>>

Now, the analysis windows trigger the right modification rule given in (4.22).
>{N,INANL,"WICH,"PLC,"SRCRES,*"TOON:null:0bj} {V:+OBJRES:null}  ...(4.22)
As this rule is preceded by “>’, it is a right modification rule. This rule is applicable when
left node modifies the right node. It deletes the left node from the node-list, while the
right node remains in the node-list. The presence of ‘*’ before the dictionary attributes in
the condition part of rule indicates that these attributes should not be present in
corresponding node’s lexical semantic attribute list. Here, ‘obj’ relation is resolved
between two analysis windows (due to presence of ‘obj’ in the relation part of left
analysis window) as shown in (4.23).

obj(wash(icl>do), car(icl>thing)) ...(4.23)
The presence of ‘+’ sign in the action part of right analysis window results into the
addition of ‘OBJRES’ (indicating node is involved in ‘ob;’ relation) attribute to right
analysis window and the node-list becomes as shown in (4.24).

<<[H] [d9q_feq] G = gt>> ...(4.24)
<<[maimj [gairej vic] dho da hanr>>

At this stage, no EnConversion rule is fired between left and right analysis windows, and
the analysis windows are shifted to right. The node-list after shifting to right is given in
(4.25).

<<H [dred_feq] [T] == T>> ...(4.25)
<<maim [gairej vic] [dho] da hanr>>

The rule given in (4.26) is fired between left and right analysis windows at this stage.
>{N,PLC,WICH:null:plc}{V:null:null} ...(4.26)
It is a right modification rule that deletes the left node from the node-list, while the right
node remains in the node-list. Here, ‘plc’ relation as given in (4.27) is resolved between
two analysis windows.

plc(wash(icl>do),garage(icl>thing)) ...(4.27)
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The node-list now becomes as shown in (4.28).

<<[H] [G] = T>> ...(4.28)
<<[maim] [dho] da hanr>>

Now, the rule given in (4.29) is fired between left and right analysis windows.
>{PERPRON,ANIMT:null:agt}{V:+AGTRES:null} ...(4.29)
It is again a right modification rule. It deletes the left node from the node-list, while the
right node remains in the node-list. Here, ‘agt’ relation as given in (4.30) is resolved

between two analysis windows.

agt(wash(icl>do), I(icl<person)) ...(4.30)
The node-list now becomes as shown in (4.31).

<<[d] [&T T1]>> ...(4.31)
<<[dho] [da ham]>>

Now, the left composition rule given in (4.32) is fired between left and right analysis
windows.

+{V:+.@present. @custom.@sg.@male:null }{[=" I7]:null:null} ...(4.32)

It is also a left composition rule which results into concatenation of right node to the left
node as a single composition node and the attributes of left node are inherited for further
processing. The condition field of right analysis contains a Punjabi word ‘€7 I"" ‘da ham’
in ‘[* and ‘], it means that the rule will fire if the right analysis window has Punjabi root
word attribute ‘€ I’ ‘da ham’. The presence of ‘+’ sign in the action part of left
analysis window results into the addition of attributes. Since, these attributes are
preceded by ‘.@’ sign, they are concatenated to corresponding UW as UNL attributes.
Now, the uw ‘wash(icl>do)’ is modified as
‘wash(icl>do).@present.@custom.@sg.@male’ and the node-list becomes as shown in
(4.33).

<<[T_=TJi]>> ...(4.33)

<<[dhé_da ham]>>

Now, there is a single node in the node-list. This is considered as root node and “.@entry’
attribute is concatenated to its UW as given in (4.34).

wash(icl>do). @present.@custom.@sg.@male.@entry ...(4.34)
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Finally, the UNL expression is generated by the Punjabi EnConverter system for input
Punjabi sentence as given in (4.35).

Punjabi sentence: H diad feg 973 deT 7t |

Transliterated sentence: mai/m gairej vic kar dhonda ham.

Equivalent English sentence: | wash the car in garage.

UNL expression generated by the system:

{unl}

obj(wash(icl>do).@sg.@male.@present. @entry, car(icl>thing))
plc(wash(icl>do).@sg.@male.@present. @entry, garage(icl>thing))
agt(wash(icl>do).@sg.@male.@present. @entry, I(icl<person))

{/unl} ...(4.35)
The UNL graph of the UNL expression given in (4.35) is shown in Figure 4.4.

wash(icl>do).@sg.@male.@present.@ent

garage(icl>thing)

Figure 4.4: UNL graph for the UNL expression in (4.35)

4.7 EnConversion of complex sentences

A complex sentence is the sentence that has one main clause and one or more
subordinate clauses. An important issue in the analysis of complex sentences is to find
the words that act as the clause delimiters and to relate the sub-clause to the main clause
of the sentence using appropriate UNL relation, e.g., an adverb clause should be related
with the verb of main clause with ‘plc’ or ‘tim’ or ‘man’ or ‘con’ UNL relation and an
adjective clause should be related with the noun of main clause with ‘ao;’ relation.

Three basic types of subordinate (or dependent) clauses, namely, noun clause,
adjective clause and adverb clause have been considered in this work. In this section, the

EnConversion process for each of these clauses is presented.
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4.7.1 EnConversion process of noun clause sentence

A noun clause sentence is identified when the object of the main verb is a complete
meaningful sentence in itself. The noun clause is resolved between the verb of the main
clause and the subordinate clause. Punjabi EnConverter uses the attribute ‘NCL’ (noun
clause) for identifying noun clause delimiter. Punjabi has a word f& ki ‘that’ to represent
a noun clause delimiter. This word indicates the beginning of subordinate clause and shall
have the attribute ‘NCL .

The process of EnConversion of noun clause sentences is illustrated with an example
Punjabi sentence given in (4.36).

Example Punjabi Sentence: a1 & faar fg Rufeeg dgar J | ...(4.36)

Transliterated Punjabi sentence: ram né kiha ki sukkhvindar cafiga hai.

Equivalent English Sentence: Ram said that Sukhwinder is good.

Punjabi shallow parser is used to parse the example sentence and a linked list of seven
nodes, i.e., @ ram ‘Ram’, & né, ‘qfg foi ‘kahi ia’ ‘said’, fq ki ‘that’, Adf<ed
sukkhvindar ‘Sukhwinder’, 93T carigd ‘good’ and J hai ‘is’ are created for generation
process. The intermediate steps for the generation of UNL expression for this example
sentence is shown in (4.37). Here, node-list is enclosed within ‘<<’ and ‘>>’; the analysis
windows are enclosed within ‘[” and ‘]’.

<<[a™] [3] afg fonr fg Rufeeg dar I>> ...(4.37)
<<[ram] [né] kahi ia ki sukkhvindar cafiga hai>>

At the outset, left composition rule given in (4.38) is fired between left and right analysis
windows.

+{N, ANIMT:+CASE:null}{CASE:+null:null} ...(4.38)
It results into concatenation of right node to the left node as a single node and the
attributes of left node are inherited for further processing. The presence of ‘+’ sign in the
action part of left analysis window results into addition of attribute into the lexical
semantic attribute list of node at left analysis window. Here, ‘CASE’ is added as an
attribute to left analysis window node and the node-list will become as shown in (4.39).
<<[aH_3] [afg fen] fa Hufeeag dar o>> ...(4.39)

<<[ram_né] [kahi ia] ki sukkhvindar canga hai>>
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Now, the rule given in (4.40) is fired between left and right analysis windows.
>{N,ANIMT,CASE,"CAG,"PSP,"POS "KIATCLBTCL,CCLB,ACCL:null:agt}
{V,"AGTRES,"VOCURR,A"COQO:+AGTRES:null} ...(4.40)
It is a right modification rule resulting into deletion of left node from the node-list, while
the right node remains in the node-list. Here, ‘agt’ relation as given in (4.41) is resolved
between two analysis windows.

agt(say, Ram(icl>person)) ...(4.41)
The node-list after processing with right modification rule will become as shown in
(4.42).

<<[afq fenr [f&] Fufeea dar I>> ...(4.42)
<<[kahi id] [ki] sukkhvindar cariga hai>>

At this stage, no EnConversion rule is fired between left and right analysis windows, and
the analysis windows are shifted to right. The node-list after shifting to right is given in
(4.43).

<<gfq fenr [fq] [Fufeed] Far o>> ...(4.43)
<<kahi ia [ki] [sukkhvindar] canga hai>>

At this point, system fires the right composition rule given in (4.44) to add ‘NCL’ to the
right analysis window node.

-{[f&]:null:null }{N,ANIMT:+NCL:null} ...(4.44)
This rule results into concatenation of left node to the right node as a single composite
node and the attributes of right node are inherited for further processing. The presence of
‘“+” sign in the action part of right analysis window results into the addition of attributes
to the corresponding node. After the application of this rule, noun will get the attributes
‘NCL’ in addition of its existing attributes and the node-list will become as shown in
(4.45).

<<[afg fenr [fa_Rufeed] gar I>> ...(4.45)
<<[kahi ia] [ki_sukkhvindar] cafiga hai>>

At this stage, no EnConversion rule is fired between left and right analysis windows, and
the analysis windows are shifted to right. The node-list after shifting to right is given in
(4.46).
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<<gfg fenr [fg_rufees] [dar] I>> ...(4.46)
<<kahi ia [ki sukkhvindar] [cafiga] hai>>

Now, the rule given in (4.47) is fired between left and right analysis windows.
>{N,"TIME,"TOON,"WICH,NCL:null:a0j} {ADJ,ST:+AOJRES,+NCL:null}  ...(4.47)
The right modification rule deletes left node from the node-list, while the right node
remains in the node-list. Here, ‘aoj’ relation as given in (4.48) is resolved between two
analysis windows.

aoj(good(icl>state), Sukhwinder(icl>person)) ...(4.48)
The node-list after processing with right modification rule will become as shown in
(4.49).

<<[afg fenr] [9ar] I>> ...(4.49)
<<[kahi ia] [canga] hai>>

Now, the right modification rule given in (4.50) is fired between left and right analysis
windows to resolve the relation ‘obj” between two UWSs as shown in (4.51).
>{V:+.@entry:null}{ADJ,NCL:+COMPLEX:obj} ...(4.50)
obj(say.@entry, good) ...(4.51)
The rule given in (4.50) resolves a UNL relation ‘obj’ between main verb and sub-
ordinate noun clause. The presence of ‘+’ sign in the action part of left analysis window
results into the addition of attributes. Since, this attribute is preceded by ‘@ sign, it is
concatenated to corresponding UW as UNL attribute. Here, the UW ‘say’ is modified as
‘say.@entry’. At this stage, due to presence of main clause and sub-ordinate clause in a
UNL relation, system resolves a composite UW “:01° for UW ‘good’ and it is replaced
with “:01° as shown in (4.52) and system converts earlier resolved relation ‘aoj’
involving UW ‘good’ as composite relation as shown in (4.53).

obj(say.@entry, :01) ...(4.52)
a0j:01(good, Sukhwinder(icl>person)) ...(4.53)
After the application of rule (4.50), the node-list will become as shown in (4.54).

<<[dar] [3]>> ...(4.54)

<<[cariga] [hai]>>
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Here, left composition rule given in (4.55) is fired between left and right analysis
windows.

+{ADJ:+VAUX,+.@present. @sg:null}{[J]:null:null} ...(4.55)
It results into concatenation of right node to the left node as a single composite node and
the attributes of left node are inherited for further processing. The presence of ‘+’ sign
beginning with ‘@ in the action part of left analysis window results into concatenation
of ‘“(@present.@sg’ to the corresponding UW, i.e., the UW ‘good’ will become
‘good.@present.@sg’. The node-list after application of rule given in (4.55) will
become as shown in (4.56).

<<[dar_dJ]>> ...(4.56)
<<[cariga_hai]>>

Since, it is the last node so “@entry’ will be added to UW ‘good.@present.@sg’ and
UNL generation process is completed at this stage, resulting into an equivalent UNL
expression as given in (4.57).

{unl}

agt(say.@entry, Ram(icl>person))

a0j:01(good(icl>state). @present.@sg. @entry, Sukhwinder(icl>person))

obj(say.@entry, :01)

{/unl} ...(4.57)
Here, the scope node “:01° acts as the object of main sentence and it is used to represent
‘Sukhwinder is good’, a complete meaningful sentence. The UNL graph for UNL
expression (4.57) is shown in Figure 4.5.

Ram(icl>person

ood(icl>state).@present.@sg.@ent

y

Sukhwinder(icl>person)

Figure 4.5: UNL graph for UNL expression given in (4.57)
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4.7.2 EnConversion process of adverb clause sentences

Adverb clause is a sub-ordinate clause that acts as adverb in a sentence. It may modify
some verb, adjective or adverb in the main clause. In order to resolve UNL relations for
adverb clauses, these clauses are classified as adverb clause for time, adverb clause for
condition, adverb clause for manner and adverb clause for place (Giri, 2000). The types
of adverb clauses, along with attributes used and corresponding Punjabi word delimiters
to represent these types, are depicted in Table 4.1.

Table 4.1: Types of adverb clause

Type of clause Attributes used Punjabi words used to represent
adverb clause

Time Adverb Clause TCLB, TCL < jadom ‘when’ and ©€ odom
‘then'

Conditional Adverb Clause | CCLB, CCL H3/1 jekar/jé ‘if” and 313 tamte
‘then’

Manner Adverb Clause MCLB, MCL A<t jiddamand §<t 6dam

Place Adverb Clause PCLB, PCL g jitthé and §°8 utthé

The EnConversion process of each of these types of adverb clauses is described in
subsequent sub-sections.
4.7.2.1 EnConversion process of sentences containing adverb clause for time

The adverb clause for time is resolved between the verb of main clause and the verb of
sub-ordinate clause using the attribute ‘TCL’ (time clause). The words 7€ jadom ‘when’
and ©€ adom ‘then’ act as the clause delimiter for adverb clause for time in Punjabi.
The word, &€ jadom ‘when’, indicates the beginning of time condition and is
represented by ‘TCLB’ attribute, while word, €< 6dom ‘then’, indicates the action as a

result of that time and is represented by ‘7CL’ attribute.
The handling of adverb clause of time is illustrated with an example Punjabi sentence
given in (4.58).

Example Punjabi sentence: 7€ H &+ 3 mirefar §<€ 3 ga7g & #<dr | ...(4.58)
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Transliterated Punjabi sentence: jadom maim kalaj tom avariga odom tiam bazar nim
javerga.
Equivalent English sentence: When | will come from college then you will go to market.
The input sentence will be processed with parser phase, linked list creation phase, UW
lookup phase, case marker lookup phase and unknown word handling phase of Punjabi
EnConverter. After this, the node-net will be ready for UNL generation phase. The
process of UNL generation phase for example sentence indicating node-net, rule fired
and action taken by the fired rule at each iteration is depicted in Table 4.2. Here, left and
right analysis windows are enclosed within ‘[’ and ‘]’.
Table 4.2: EnConversion process of adverb clause for time for example sentence given in
(4.58)

Iteration:1 | Node-net [F<] [] 7%+ 3 »r gar G€ Fgagd & 77 gar
[jadom] [maim] kalaj tom a éga 6dom tium bazar niim ja

ega

Rule fired -{TCLB,"V,"N,"PRON,"ADJ,"ADV:null:null}
{PERPRON:+TCLB:null}

Action This rule is preceded by ‘-’ sign, which indicates that it is
taken a right composition rule. It results into concatenation of
left node to the right node as a single composite node and
the attributes of right node are inherited for further
processing. The presence of ‘+’ sign in the action part of
right analysis window results into the addition of attributes
to the corresponding node. This rule concatenates the
adverb of time delimiter, recognized by the presence of the
attribute ‘TCLB’ to the personal pronoun on the right.
After the application of this rule, personal pronoun gets
the attributes ‘7CLB’ in addition to its existing attributes.
When other relations are resolved with this personal

pronoun, it will retain this attribute for further processing.

Iteration:2 | Node-net [7€_H][asw] 3 »r €ar 6€ g & 77 &ar
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[jadom_maimy] [kalaj] tom a ega odom tam bazar niiin ja

ega
Rule fired No rule fired.
Action The analysis windows are shifted to right.
taken
Iteration:3 | Node-net 7€ _H [&+][3] » €ar §€ I gag & 77 gar
jadom _maim [kalaj] [tom] a éga odom tum bazar niam
ja éga
Rule fired | +{N:+TOON:null}{[3]:null:null}
Action It is a left composition rule and results into concatenation
taken of right node to the left node as a single composite node
and the attributes of left node are inherited for further
processing. The presence of ‘+’ sign in the action part of
left analysis window results into the addition of ‘TOON’
attribute in lexical semantic attribute list of node at left
analysis window.
Iteration:4 | Node-net [Fe_H] [asa_3] wr gar 6€ g & 77 &9
[jadom _maim] [kalaj tom] a éga odom tim bazar niam
ja éga
Rule fired No rule fired.
Action The analysis windows are shifted to right.
taken
Iteration:5 | Node-net A2 _H [asa_3] [»] &ar 6€ 3 g7 & 7 &9
jadom_maim [kalaj tom] [ a] éga odom tium bazar niim
ja éga
Rule fired >{N,TOON,PLCAFMTRESATIME,"DUR:null:plf}
{V:+PLFRES:null}
Action It is a right modification rule and results into deletion of
taken left node from the node-list, while the right node remains

in the node-list. Here, ‘plf’ relation is resolved between
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two analysis windows as shown below.

plf(come(icl>do), college(icl>school))

Iteration:6 | Node-net [FE_H] [»] €ar 6€ I g9 § 77 €A
[jadom _maimj [ aj éga 6dom tiim bazar niim ja éga
Rule fired >{PERPRON,ANIMT, TCLB,"CAG,"NOQ:null:agt}
{VAVAUXMAGTRESANVOCURRACOO:+AGTRES,
+TCLB:null}
Action It is a right modification rule and results into deletion of
taken left node from the node-list, while the right node remains
in the node-list. Here, ‘agt’ relation is resolved between
two analysis windows as shown below.
agt(come(icl>do), I(icl>person))
Iteration:7 | Node-net [»] [€ar] &€ T g9 § 77 &ar
[ al[ éga] odom tim bazar niimja éga
Rule fired | +{V,m,sg:+.@future. @sg.@male:null}{[Ear]:null:null}
Action This left composition rule results into concatenation of
taken right node to the left node as a single composite node and
the attributes of left node are inherited for further
processing. The presence of ‘+’ sign in the action part of
left analysis window results into the addition of attributes.
Since, these attributes are preceded by ‘@ sign, they are
concatenated to corresponding UW as UNL attributes.
Here, the UW ‘come(icl>do)’ is modified as
‘come(icl>do). @future.@sg.@male .
Iteration:8 | Node-net [»m_gar] [6<] T ¥+d &+ &ar
[a_eéga] [ odom] tim bazar niimja éga
Rule fired No rule fired.
Action The analysis windows are shifted to right.
taken
Iteration:9 | Node-net wr_gqr [6<] [3] g7 & 7 &ar
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a_ega [ odom] [tim] bazar niimja éga

Rule fired -{TCL,"AV,"N,"PRON,*ADJ,"ADV:null:null}
{PRON:+TCL:null}
Action This right composition rule results into concatenation of
taken left node to the right node as a single composite node and
the attributes of right node are inherited for further
processing. The presence of ‘+’ sign in the action part of
right analysis window results into the addition of attributes
to the corresponding node. This rule concatenates the
adverb of time delimiter, recognized by the presence of the
attribute ‘7CL’ to the pronoun on the right. After the
application of this rule, pronoun gets the attributes ‘7CL’
in addition of its existing attributes. When other relations
are resolved with this pronoun, it will retain this attribute
for further processing.
Iteration:10 | Node-net [»m_g9r] [6€_3] g3 &+ &ar
[a_éga] [ odom tum] bazar niimja éga
Rule fired No rule fired.
Action The analysis windows are shifted to right.
taken
Iteration:11 | Node-net | nir_gar [6€_3] [g777a] & 7 &a
a_ega [ odom tium] [bazar] niimja ega
Rule fired No rule fired.
Action The analysis windows are shifted to right.
taken
Iteration:12 | Node-net wr_gar §€_3 [g3] [a] 77 A
a_éga odom tiam [bazar] [nim] ja éga
Rule fired +{N:+NOO:null}{[a]:null :null}
Action It is a left composition rule and results into concatenation
taken of right node to the left node as a single composite node
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and the attributes of left node are inherited for further
processing. The presence of ‘+’ sign in the action part of
left analysis window results into the addition of ‘NOO’
attribute in lexical semantic attribute list of node at left

analysis window.

Iteration:13 | Node-net [»m_gar] [6€_3] ga_g # &ar
[a_éga] [ odom tiam] bazar niimja éga
Rule fired No rule fired.
Action The analysis windows are shifted to right.
taken
Iteration:14 | Node-net wr_gar [G€_3] [g=d_g] 7 &ar
a_eéga [ odom timj [bazar niumj ja éega
Rule fired No rule fired.
Action The analysis windows are shifted to right.
taken
Iteration:15 | Node-net wr_gar §€_3 [gwd_g] [77] Ear
a_éga odom tam [bazar nimj] [jal éga
Rule fired >{N,PLC:null:plt}{V,jA:+PLTRES:null}
Action It is a right modification rule and results into deletion of
taken left node from the node-list, while the right node remains
in the node-list. Here, ‘plt’ relation is resolved between
two analysis windows as shown below.
plt(go(icl>do), market)
Iteration:16 | Node-net [7_gar] [E€_3] = €ar
[a_eégd] [ odom tam] ja éga
Rule fired No rule fired.
Action The analysis windows are shifted to right.
taken
Iteration:17 | Node-net W gqr [§—g‘_§“] [A7] &
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a_eéga[odom tim] [ja] éga

Rule fired >{PRON,ANIMT,TCL,CAG,"NOO,"PSP,sg,"CCLB,
ACCL:null:agt}
{VAVAUXMAGTRESAVOCURRACOO:+AGTRES,
+TCL:null}

Action It is a right modification rule and results into deletion of

taken left node from the node-list, while the right node remains
in the node-list. Here, ‘agt’ relation is resolved between
two analysis windows as shown below.
agt(go(icl>do), you(icl>person))

Iteration:18 | Node-net [ &9 [A7] Ear
[a_éga] [ja] ega

Rule fired >{V, TCLB:+.@entry:null}{V,TCL:null:tim}

Action This right modification rule deletes the left node from the

taken node-list and resolves a relation between left analysis

having a main verb with adverb clause beginner time
delimiter ‘TCLB’ attribute and right analysis window
having sub-ordinate verb with adverb clause ending time
delimiter attribute “7CL". Thus, a ‘tim’ relation is resolved
between main verb and sub-ordinate adverb clause of
time. Due to presence of main clause and sub-ordinate
clause in a UNL relation, a composite UW 01’ is
resolved by the system for UW ‘go’ and it replaces UW
‘go’” with “:01° as shown below in resolved relation ‘tim’.
Here, the system also converts earlier resolved UNL
relations involving ‘go’ as composite relation as shown
below.

tim(come(agt>thing), :01)

plt:01(go(icl>do), market)

agt:01(go(icl>do), you(icl>person))
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Iteration:19 | Node-net [7] [Ear]
[ja] [ égaj

Rule fired +{V,m,sg:+.@future. @sg.@male:null}{[Ear]:null:null}

Action This left composition rule results into concatenation of
taken right node to the left node as a single composite node and
the attributes of left node are inherited for further
processing. The presence of ‘+’ sign in the action part of
left analysis window results into the addition of attributes.
Since, these attributes are preceded by ‘.@’ sign, they are
concatenated to corresponding UW as UNL attributes.
Here, the UW  ‘go(ic/>do)’ is modified as
‘go(icl>do).@future.@sg.@male .

Iteration:20 | Node-net [ _gar]

[Jja_éga]
Rule fired No rule fired.
Action Since, it is the last node so “.@entry’ will be added to UW
taken to ‘go(icl>do).@future.@sg.@male’ and the UNL

generation process completes at this iteration.

After processing of input example sentence given in (4.58), as shown in Table 4.2, the
system generates the equivalent UNL expression as given in (4.59).

{unl}

plf(come(agt>thing). @future.@sg.@male.@entry, college(icl>school))
agt(come(agt>thing).@future.@sg.@male.@entry, I(icl>person))

plt:01(go(icl>do). @future.@sg.@male.@entry, market)
agt:01(go(icl>do).@future.@sg.@male.@entry, you(icl>person))
tim(come(agt>thing). @future. @sg.@male.@entry, :01)

{/unl} ...(4.59)
Here, ‘:01” indicates that it is a complex node. The UNL graph for UNL expression given

in (4.59) is shown in Figure 4.6.
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come(agt>thing).@future.@sg.@male.@ent

college(icl>school) I(icl>person)

ou(icl>person

Figure 4.6: UNL Graph for UNL expression given in (4.59)

4.7.2.2 EnConversion process of sentences containing adverb clause for condition

The adverb clause for condition is resolved between the verb of main clause and the verb

of sub-ordinate clause using the attribute ‘CCL’ (condition clause). The words #ad/d
jékar/jié ‘if’ and 33 tanvte ‘then’ act as the clause delimiters for adverb clause for
condition in Punjabi. The word ®aa/+ jékar/je ‘if” indicates the beginning of conditional

clause and is represented by ‘CCLB’ attribute, while word 3%/3 tanvte ‘then’ indicates
the action as a result of that condition and is represented by ‘CCL’ attribute.

The handling of adverb clause for condition is illustrated with an example Punjabi
sentence given in (4.60).

Example Punjabi sentence: 7dd 3 HaT #S™ &t Hiem 3t Jug3raar | ...(4.60)
Transliterated Punjabi sentence: jékar tum meéra sujhda nahil mannia tam tiam
pachtavenga.

Equivalent English sentence: If you will not agree to my suggestion then you will repent.
The input sentence will be processed with parser phase, linked list creation phase, UW
lookup phase, case marker lookup phase and unknown word handling phase of Punjabi
EnConverter. After this, the node-net will be ready for UNL generation phase. The
process of UNL generation phase for example sentence indicating node-net, rule fired
and action taken by the fired rule at each iteration is depicted in Table 4.3. Here, left and

right analysis windows are again enclosed with in ‘[* and ‘]’.
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Table 4.3: EnConversion process of adverb clause of condition sentence for example

sentence given in (4.60)

Iteration:1

Node-net

[7ad] [3] H as™ &t He fem 31 3 yg3T Ear
[jékar] [tam] maim sujhda nahtm mann ia tam tiam pachta

ega

Rule fired

-{CCLB,AV,"N,"PRON,*ADJ,"ADV:null:null}
{PRON:+CCLB:null}

Action

taken

This rule is preceded by ‘-’ sign, which indicates that it is a
right composition rule. It results into concatenation of left
node to the right node as a single composite node and the
attributes of right node are inherited for further processing.
The presence of ‘+’ sign in the action part of right analysis
window results into the addition of attributes to the
corresponding node. This rule concatenates the adverb of
condition delimiter, recognized by the presence of the
attribute ‘CCLB’ to the pronoun on the right. After the
application of this rule, pronoun gets the attributes ‘CCLB’
in addition of its existing attributes. When other relations
are resolved with this pronoun, it will retain this attribute

for further processing.

Iteration:2

Node-net

[Fag_3] [A] 5™ &t Ha fomm 3 3 ug3T gar
[jekar tum)] [maimj] sujhda nahtm mann ia tam tam

pachta ega

Rule fired

No rule fired.

Action
taken

The analysis windows are shifted to right.

Iteration:3

Node-net

Agd_3 [H] [As™] 3t He form 3t 3 uz3T gar
jékar tum [maim] [sujhaa] nahim mann ia tam tiam

pachta ega

Rule fired

>{PRON,POS:null:mod}
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{N,ABS"KARTIME:+MODRES:null}

Action It is a right modification rule and results into deletion of left
taken node from the node-list, while the right node remains in the
node-list. Here, ‘mod’ relation is resolved between two
analysis windows as shown below.
mod(suggestion, I(icl>person))
Iteration:4 | Node-net [Faa_3] [As™] 3t Ha fenm 3t FugsT &ar
[jékar tum] [sujhda] nahim mann id tam tiam pachta éga
Rule fired No rule fired.
Action The analysis windows are shifted to right.
taken
Iteration:5 | Node-net Aag_3 [m3m] [a] Ha fonm 3t FugsT &ar
jékar tiam [sujhaa] [nahim] mann ia tamtim pachta éga
Rule fired | No rule fired.
Action The analysis windows are shifted to right.
taken
Iteration:6 | Node-net Had_3 3™ [&dt] [Ha] fonr 3t F ug3T gar
jékar tam sujhdaa [nahim] [ mann] ia tam tiam pachta éga
Rule fired | >{NEG:null:null}{V:+.@not:null}
Action It is a right modification rule and results into deletion of left
taken node from the node-list, while the right node remains in the
node-list. The presence of ‘+’ sign in the action part of right
analysis window results into the addition of attributes.
Since, this attribute is preceded by ‘.@’ sign, it is
concatenated to corresponding UW as UNL attributes.
Here, the UW ‘agree(icl>do)’ is modified as
‘agree(icl>do).@not".
Iteration:7 | Node-net [Faa_3] [Fs™] H& fenm 31 3 ug3T gar
[jékar tam] [sujhaa] mann id tam tim pachta ega
Rule fired No rule fired.
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Action The analysis windows are shifted to right.
taken
Iteration:8 | Node-net Aad_3 [Ag™] [Ha] fon 3t F ugaT ar
jekar tum [sujhda] [mann] ia tamtim pachta ega
Rule fired | >{N,INANI,"MACH,"WICH,"PLC,"RSN,"SRCRES,
ATOON,"TAK,A"NOO,"ben/pur/to,"AOJ,*plc/scn,"ACT
:null:objHV,"WICH:+OBJRES:null}
Action It is a right modification rule and results into deletion of left
taken node from the node-list, while the right node remains in the
node-list. Here, ‘ob;j’ relation is resolved between two
analysis windows as shown below.
obj(agree(icl>do).@not, suggestion)
Iteration:9 | Node-net [Fag_3] [Ha] ferm 3t I ugaT ear
[jékar tiam] [mann] id tam tim pachta éga
Rule fired | >{PRON,ANIMT,CCLB,"CAG,"NOOQO:null:agt}
{VAVAUXNAGTRESAVOCURR,ACOO:+AGTRES,
+CCLB,+.@pred:null}
Action It is a right modification rule and results into deletion of left
taken node from the node-list, while the right node remains in the
node-list. Here, ‘agt’ relation is resolved between two
analysis windows as shown below.
agt(agree(icl>do).@not.@pred, you(icl>person))
Iteration:10 | Node-net [H&] [fon] 37 guggw gar
[mann] [ia] tam tim pachta ega
Rule fired | +{V,m,sg:+IYA,+.@sg.@male:null}{[fe]:null:null}
Action This left composition rule results into concatenation of right
taken node to the left node as a single composite node and the

attributes of left node are inherited for further processing.
The presence of ‘+’ sign in the action part of left analysis

window results into the addition of attributes. Since, these
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attributes are preceded by ‘.@’ sign, they are concatenated
to corresponding UW as UNL attributes. Here, the UW
‘agree(icl>do)’ IS modified as
‘agree(icl>do).@not.@pred.@sg.@male .

Iteration:11 | Node-net [He_foum] [37] T U3 Ear
[mann__ ia] tamtim pachta ega
Rule fired No rule fired.
Action The analysis windows are shifted to right.
taken
Iteration:12 | Node-net He_fenr [37] [3] ue3™ &ar
mann__id [tam] [ tam] pachta éga
Rule fired | -{CCL,"V,"N,"PRON,"ADJ,"ADV:null:null}
{PRON:+CCL:null}
Action This rule is preceded by ‘-’ sign, which indicates that it is a
taken right composition rule. It results into concatenation of left
node to the right node as a single composite node and the
attributes of right node are inherited for further processing.
The presence of ‘+’ sign in the action part of right analysis
window results into the addition of attributes to the
corresponding node. This rule concatenates the adverb of
condition delimiter, recognized by the presence of the
attribute ‘CCL’ to the pronoun on the right. After the
application of this rule, pronoun gets the attributes ‘CCL’
in addition of its existing attributes. When other relations
are resolved with this pronoun, it will retain this attribute
for further processing.
Iteration:13 | Node-net [H&_fonn] [31'_5“] Yg3T gqr
[mann_ial [tam_tam] pachta éga
Rule fired No rule fired.
Action The analysis windows are shifted to right.
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taken

Iteration:14 | Node-net He_fomr [3t_3] [ug3T] &ar
mann__ia [tam_tum) [pachta) éga
Rule fired | >{PRON,ANIMT,CCL,"CAG,"NOO:null:agt}
{VAVAUXANAGTRESAVOCURR,ACOO:+AGTRES,
+CCL:null}
Action It is a right modification rule and results into deletion of left
taken node from the node-list, while the right node remains in the
node-list. Here, ‘agt’ relation is resolved between two
analysis windows.
agt(repent(icl>do), you(icl>person))
Iteration:15 | Node-net [Ha_fon] [ug3T] Ear
[mann__ia] [ pachtd] éga
Rule fired | >{V,CCLB:+.@entry:con}{V,CCL:null:null}
Action This right modification rule deletes the left node from the
taken node-list and resolves a relation between left analysis

having a main verb with adverb clause beginner condition
delimiter ‘CCLB’ attribute and right analysis window
having sub-ordinate verb with adverb clause ending
condition delimiter attribute ‘CCL". Thus, a ‘con’ relation
is resolved between main verb and sub-ordinate adverb
clause of time. Due to presence of main clause and sub-
ordinate clause in a UNL relation, a composite UW “:01” is
resolved by the system for UW ‘repent(ici>do)’ and it
replaces UW ‘repent(icl>do)’ with “:01° as shown below
in resolved relation ‘con’. Here, the system also converts
earlier resolved UNL relations involving ‘repent(icl>do)’
as composite relation as shown below.
agt:01(repent(icl>do), you(icl<person))
con(agree(icl>do).@not. @pred.@sg.@male.@entry, :01)
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Iteration:16 | Node-net [ug3T] [Ear]

[ pachta] [égal

Rule fired | +{V,m,sg:+.@future. @sg.@male:null}{[Ear]:null:null}

Action This left composition rule results into concatenation of
taken right node to the left node as a single composite node and
the attributes of left node are inherited for further
processing. The presence of ‘+’ sign in the action part of
left analysis window results into the addition of attributes.
Since, these attributes are preceded by ‘@’ sign, they are
concatenated to corresponding UW as UNL attributes.
Here, the UW  ‘repent(icl>do)’ is modified as
‘repent(icl>do).@future.@sg.@male .

Iteration:17 | Node-net [ug3T_gar]

[ pachtda_ égal

Rule fired No rule fired.

Action Since, it is a last node so ‘@entry’ is added to UW
taken ‘repent(icl>do). @future.@sg.@male’ and UNL generation
process completes at this iteration.

After processing of input example sentence given in (4.60), the system generates the
equivalent UNL expression as shown in (4.61).

{unl}

mod(suggestion, I(icl>person))

obj(agree(icl>do).@not.@pred.@sg.@male.@entry, suggestion)
agt(agree(icl>do).@not.@pred.@sg.@male.@entry, you(icl>person))
agt:01(repent(icl>do). @future.@sg.@male.@entry, you(icl<person))
con(agree(icl>do).@not.@pred.@sg.@male.@entry, :01)

{/unl} ...(4.61)
Here, “:01’ indicates that it is a complex node. The UNL graph for UNL expression given
in (4.61) is shown in Figure 4.7.
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I(icl>person)

epent(icl>do).@future.@sg.@male.@ent

ou(icl<person

Figure 4.7: UNL graph for UNL expression given in (4.61)

4.7.2.3 EnConversion process of sentences containing adverb clause for manner

The adverb clause for manner is resolved between the verb of main clause and the verb of

sub-ordinate clause using the attribute ‘MCL’ (manner clause). The words et jiddam
and §<f 6dam act as the clause delimiter for adverb clause for manner in Punjabi. The
word fHet jiddam indicates the beginning of the manner condition and is represented

with ‘MCLB’ attribute (manner clause beginning), while word &=t 6dam indicates the
action as a result of that manner and is represented with ‘MCL’ attribute.

The handling of adverb clause of manner is illustrated with an example Punjabi sentence
given in (4.62).

Example Punjabi sentence: fiet 3 adar §ef H €3far | ...(4.62)
Transliterated Punjabi sentence: jiddam tim kahéenga odam maim daurarnga.

Equivalent English sentence: | will run as you will say.

The input sentence will be processed with parser phase, linked list creation phase, UW
lookup phase, case marker lookup phase and unknown word handling phase of Punjabi
EnConverter. After this, the node-net will be ready for UNL generation phase. The
process of UNL generation phase for example sentence indicating node-net, rule fired
and action taken by the fired rule at each iteration is depicted in Table 4.4. Here, left and

right analysis windows are enclosed within ‘[’ and ‘]’.
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Table 4.4: EnConversion process of adverb clause of manner for example sentence given

in (4.62)

Iteration:1

Node-net

[fe] [3)] a0 &an G2 7 o= gar

[jiddam] [tam] kahi éga odam maim dauréga

Rule fired

-{MCLB,AV:null:null}{PRON,"MCLB:+MCLB:null}

Action
taken

This rule is preceded by ‘-’ sign, which indicates that it is
a right composition rule. It results into concatenation of
left node to the right node as a single composition node
and the attributes of right node are inherited for further
processing. The presence of ‘+’ sign in the action part of
right analysis window results into the addition of attributes
to the corresponding node. This rule concatenates the
adverb of manner delimiter, recognized by the presence of
the attribute ‘MCLB’ to the pronoun on the right. After the
application of this rule, pronoun gets the attributes
‘MCLB’ in addition of its existing attributes. When other
relations are resolved with this pronoun, it will retain this

attribute for further processing.

Iteration:2

Node-net

[fe 3 [afg] Sar Ge A o= e

[jiddam tamj [kahi] ega odammaimdaurega

Rule fired

>{PRON,ANIMT,MCLB,"CAG,"NOO,"PSP,"POS, KI,
ATCLB,ATCL,ACCLB,ACCL:null:agt}
{VNAGTRES,"VOCURR,A"COO:+AGTRES,+MCLB
:null}

Action
taken

It is a right modification rule and results into deletion of
left node from the node-list, while the right node remains
in the node-list. Here, ‘agt’ relation is resolved between
two analysis windows as shown below and right analysis
node, i.e., the main verb of the sentence gets ‘AGTRES’
and ‘MCLB’ attributes in addition of its existing attributes
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for further processing.

agt(say(icl>do), you(icl>person))

Iteration:3 | Node-net [afd] [Ear] Gt ¥ €3 &ar
[kahi] ega odammaimdaureéega
Rule fired | +{V,m,sg:+.@future. @sg.@male:null}{[Ear]:null:null}
Action This left composition rule results into concatenation of
taken right node to the left node as a single composite node and
the attributes of left node are inherited for further
processing. The presence of ‘+’ sign in the action part of
left analysis window results into the addition of attributes.
Since, these attributes are preceded by (@’ sign, they are
concatenated to corresponding UW as UNL attributes.
Here, the UW  ‘say(ic/>do)’ is modified as
‘say(icl>do).@future.@sg.@male .
Iteration:4 | Node-net [afa_gar] [G=1] ¥ €= &ar
[kahi_éga] [odam] maimdauréga
Rule fired No rule fired.
Action The analysis windows are shifted to right.
taken
Iteration:5 | Node-net Ffg_gar [Gef] [H] €3 gar
kahi_éga [odam] [maim] dauréga
Rule fired -{MCL:null:null}{PRON,"MCL:+MCL:null}
Action This rule is preceded by ‘-’ sign, which indicates that it is a
taken right composition rule. It results into concatenation of left

node to the right node as a single composite node and the
attributes of right node are inherited for further processing.
The presence of ‘+’ sign in the action part of right analysis
window results into the addition of attributes to the
corresponding node. This rule concatenates the adverb of

manner delimiter, recognized by the presence of the
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attribute ‘MCL’ to the pronoun on the right. After the
application of this rule, pronoun gets the attributes ‘MCL’
in addition of its existing attributes. When other relations
are resolved with this pronoun, it will retain this attribute

for further processing.

Iteration:6 | Node-net [arfg_gar] [G=t H] €3 &ar
[kahi_éga] [6dam _maim] dauréga
Rule fired No rule fired.
Action The analysis windows are shifted to right.
taken
Iteration:7 | Node-net Ffg_gar [G=f_H] [€3] &ar
kahi_éga [odam_maim] [dau/] éga
Rule fired >{PRON,ANIMT,MCL,"CAG,"NOO,*"PSP,"POS,"KI,
ATCLB,ATCL,A"CCLBACCL:null:agt}
{V,"AGTRES,"VOCURR,"COO: +AGTRES,+MCL:null}
Action It is a right modification rule and results into deletion of
taken left node from the node-list, while the right node remains
in the node-list. Here, ‘agt’ relation is resolved between
two analysis windows as shown below and right analysis
node, i.e., the verb of the sub-ordinate clause gets
‘AGTRES’ and ‘MCL’ attributes in addition of its existing
attributes for further processing.
agt(run(icl>do), I(icl>person))
Iteration:8 | Node-net [afg_gar] [€3] &ar
[kahi _éga] [daul] éga
Rule fired >{V,MCLB:null:null}{V,MCL:+.@entry:man}
Action This right modification rule deletes the left node from the
taken node-list and resolves a ‘man’ relation between left

analysis window having a main verb with adverb manner

clause beginning delimiter ‘MCLB’ attribute and right
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analysis window having sub-ordinate verb with adverb
manner clause ending delimiter attribute ‘MCL’. Due to
presence of main clause and sub-ordinate clause in a UNL
relation, a composite UW “:01” is resolved by the system
for UW ‘run(icl>do)’ and it replaces UW ‘run(icl>do)’
with “:01° as shown in resolved relation ‘man’. Here, the
system also converts earlier resolved UNL relations
involving ‘run(icl>do)’ as composite relation as shown
below.

man(say(icl>do).@future.@sg.@male.@entry, :01)
agt:01(run(icl>do).@future.@sg.@male.@entry,

I(icl>person))

Iteration:9 | Node-net [€=] [Ba]
[daus] [ egal
Rule fired | +{V ,m,sg:+.@future.@sg.@male:null}{[Ear]:null:null}
Action This left composition rule results into concatenation of
taken right node to the left node as a single composite node and
the attributes of left node are inherited for further
processing. The presence of ‘+’ sign in the action part of
left analysis window results into the addition of attributes.
Since, these attributes are preceded by ‘@’ sign, they are
concatenated to corresponding UW as UNL attributes.
Here, the UW  ‘run(ic/>do)’ is modified as
‘run(icl>do).@future.@sg.@male .
Iteration:10 | Node-net [€3_gdn]
[daur éga]
Rule fired No rule fired.
Action Since, it is a last node so ‘@entry’ is added to UW
taken ‘run(icl>do).@future.@sg.@male’ and UNL generation

process completes at this iteration.
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After processing of input example sentence given in (4.62), system generates equivalent
UNL expression as given in (4.63).

{unl}

agt(say(icl>do).@future.@sg.@male.@entry, you(icl>person))

agt:01(run(icl>do). @future.@sg.@male.@entry, I(icl>person))
man(say(icl>do).@future.@sg.@male.@entry, :01)

{/unl} ...(4.63)
UNL graph for this UNL expression is given in Figure 4.8.

say(icl>do).@future.@sg.@male.@ent

ou(icl>person

run(icl>do).@future.@sg.@male.@ent

~
A
I(icl>person)

Figure 4.8: UNL graph for UNL expression given in (4.63)

Be

4.7.2.4 EnConversion process of sentences containing adverb clause for place
The adverb clause for place is resolved between the verb of main clause and the verb of

sub-ordinate clause using the attribute ‘PCL’ (place clause). The words fA¥ jitthé and
€78 utthé act as the clause delimiters for adverb clause for place in Punjabi. The word
g jirthé indicates the beginning of place condition and is represented with ‘PCLB’
attribute (place clause beginning), while word €8 u#thé indicates the action at that place
and is represented with ‘PCL’ attribute.

Handling of adverb clause for place is illustrated with an example Punjabi sentence
given in (4.64).

Example Punjabi sentence: fig 8T gJar 68 H Ar=far | ...(4.64)
Transliterated Punjabi sentence: jitthé uh kahéga utthé maim javarga.

Equivalent English sentence: | will go wherever he will say.
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The input sentence will be processed with parser phase, linked list creation phase, UW
lookup phase, case marker lookup phase and unknown word handling phase of Punjabi
EnConverter. After this, the node-net will be ready for UNL generation phase. The
process of UNL generation phase for example sentence indicating node-net, rule fired
and action taken by the fired rule at each iteration is depicted in Table 4.5. Here, left and
right analysis windows are enclosed within ‘[’ and ‘]’.

Table 4.5: EnConversion process of adverb clause for place for example sentence given

in (4.64)

Iteration:1 | Node-net [fA8] [€T] afg &ar €8 | 77 &ar
[jitthé] [uh] kahi éga utthé maimja éga

Rule fired No rule fired.

Action The analysis windows are shifted to right.

taken

Iteration:2 | Node-net A" [€9] [afg] €ar €8 H A7 Ear
Jitthé [uh] [kahi] éga utthé maimja éga

Rule fired | >{PRON,ANIMT,"CAG,"NOO,"PSP "POS ~KI TCLB,
ATCL,ACCLB,ACCL:null:agt}
{V,"AGTRES,"VOCURR,*"COO:+AGTRES:null}

Action It is a right modification rule and results into deletion of
taken left node from the node-list, while the right node remains
in the node-list. Here, ‘agt’ relation is resolved between
two analysis windows as shown below.

agt(say(icl>do), he(icl>person))

Iteration:3 | Node-net [fFE] [afg] €ar 88 X 77 Ear
[jitthé] [kahi] éga utthé maimja éga

Rule fired -{PCLBAV:null:null}{V,"PCLB:+PCLB:null}

Action This rule is preceded by ‘-’ sign, which indicates that it is a
taken right composition rule. It results into concatenation of left
node to the right node as a single composite node and the

attributes of right node are inherited for further processing.
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This rule concatenates the adverb of place delimiter,
recognized by the presence of the attribute ‘PCLB’ to the
verb on the right. After the application of this rule, verb of
the main sentence gets the attributes ‘PCLB’ in addition of
its existing attributes. When other relations are resolved

with this verb, it will retain this attribute for further

processing.
Iteration:4 | Node-net [fre_=fg] [Ear] €8 X 7 gar
[jitthé khi] [egd] utthe maim ja ega
Rule fired | +{V ,m,sg:+.@future.@sg.@male:null}{[Ear]:null:null}
Action This left composition rule results into concatenation of
taken right node to the left node as a single composite node and
the attributes of left node are inherited for further
processing. The presence of ‘+’ sign in the action part of
left analysis window results into the addition of attributes.
Since, these attributes are preceded by (@ sign, they are
concatenated to corresponding UW as UNL attributes.
Here, the UW  ‘say(ic/>do)’ is modified as
‘say(icl>do).@future.@sg.@male .
Iteration:5 | Node-net [frE_=fg_gar] [E€8] 1 A7 &ar
[jitthé khi_égajl [utthé] maimja éga
Rule fired No rule fired.
Action The analysis windows are shifted to right.
taken
Iteration:6 | Node-net fig_afg &ar [€78] [A] 77 g4
jitthe khi_éga [utthé] [maim] ja éga
Rule fired -{PCL:null:null}{PERPRON,"PCL:+PCL:null}
Action This rule is preceded by °-’ sign, which indicates that it is a
taken right composition rule. It results into concatenation of left

node to the right node as a single composite node and the
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attributes of right node are inherited for further processing.
The presence of ‘“+’ sign in the action part of right analysis
window results into the addition of attributes to the
corresponding node. This rule concatenates the adverb of
manner delimiter, recognized by the presence of the
attribute ‘PCL’ to the personal pronoun on the right. After
the application of this rule, personal pronoun gets the
attributes ‘PCL’ in addition of its existing attributes. When
other relations are resolved with this personal pronoun, it

will retain this attribute for further processing.

Iteration:7 | Node-net [fAe_afg_g9r] [€8_H] 7 &ar
[jitthé khi_égal [utthé maimy] ja éga
Rule fired No rule fired.
Action The analysis windows are shifted to right.
taken
Iteration:8 | Node-net fig_fg gar [€8_A] [77] Ear
jitthé khi_éga [uttheé maim] [ja] éga
Rule fired >{PERPRON,ANIMT,PCL,"CAG,"NOO,"PSP,"POS,"KI
, "TCLBATCL"CCLB,"CCL:null:agt}
{VAGTRESA"VOCURR,"COO:+AGTRES,+PCL:null}
Action It is a right modification rule and results into deletion of
taken left node from the node-list, while the right node remains
in the node-list. Here, ‘agt’ relation is resolved between
two analysis windows as shown below and right analysis
node, i.e., the main verb of the sentence gets ‘AGTRES’
and ‘PCL’ attributes in addition of its existing attributes for
further processing.
agt(go(icl>do), I(icl>person))
Iteration:9 | Node-net [fAE_afg_g9n] [A7] Ear

[jitthe_khi_éga] [ja] éga
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Rule fired

>{V,PCLB:+.@entry:null}{V,PCL:null:plc}

Action
taken

This right modification rule deletes the left node from the
node-list and resolves a ‘plc’ relation between left analysis
window having a main verb with adverb manner clause
beginning delimiter ‘PCLB’ attribute and right analysis
window having sub-ordinate verb with adverb manner
clause ending delimiter attribute ‘PCL’. Due to presence
of main clause and sub-ordinate clause in a UNL relation,
a composite UW “:01” is resolved by the system for UW
‘go(icl>do)’ and it replaces UW ‘go(ic/>do)’ with ‘:01” as
shown in resolved relation ‘plc’. Here, the system also
converts earlier resolved UNL relations involving
‘go(icl>do)’ as composite relation as shown below.
plc(say(icl>do), :01)

agt:01(go(icl>do), I(icl>person))

Iteration:10

Node-net

[77] [Ean]
ljaj [egaj

Rule fired

+{V,m,sg:+.@future. @sg.@male:null }{[Ear]:null:null}

Action
taken

This left composition rule results into concatenation of
right node to the left node as a single composite node and
the attributes of left node are inherited for further
processing. The presence of ‘+’ sign in the action part of
left analysis window results into the addition of attributes.
Since, these attributes are preceded by ‘@’ sign, they are
concatenated to corresponding UW as UNL attributes.
Here, the UW  ‘go(ic/>do)’ is modified as
‘go(icl>do).@future.@sg.@male .

Iteration:11

Node-net

[Fr_gar]

[ja_égal

Rule fired

No rule fired.
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Action Since, it is a last node so ‘(@entry’ is added to UW
taken ‘go(icl>do).@future.@sg.@male’ and UNL generation
process completes at this iteration.

After processing of input example sentence given in (4.64), system generates equivalent
UNL expression as given in (4.65).

{unl}

agt(say(icl>do).@future.@sg.@male.@entry, he(icl>person))
agt:01(go(icl>do).@entry.@future.@sg.@male.@entry, I(icl>person))
plc(say(icl>do).@future.@sg.@male.@entry, :01)

{/unl} ...(4.65)
The UNL graph for this UNL expression is given in Figure 4.9.

ay(icl>do).@future.@sg.@male.@ent

I(icl>person)

Figure 4.9: UNL graph for UNL expression given in (4.65)

4.7.3 EnConversion of sentences containing adjective clause
An adjective clause is described as a group of words that contains a subject and a

predicate on its own and acts as the adjective for the subject in the main sentence

(Dwivedi, 2002). Punjabi makes the use of form % jé and €3 uh structure in adjective
clause sentence. It means that it has a form of # jo followed by the subordinate clause.
This subordinate clause is further followed by a corresponding form of €7 uh in a

sentence.
Handling of these type of sentences is illustrated with an example Punjabi sentence given

in (4.66).
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Example Punjabi sentence: fan €9 & aH & ga7fomr €7 Age H | ...(4.66)

Transliterated Punjabi sentence: jis bacce niifl ram né bacaida uh sohna s.

Equivalent English sentence: The child that Ram saved was beautiful.

The input sentence will be processed with parser phase, linked list creation phase, UW

lookup phase, case marker lookup phase and unknown word handling phase of Punjabi

EnConverter. After this, the node-net will be ready for UNL generation phase. The

process of UNL generation phase for example sentence indicating node-net, rule fired

and action taken by the fired rule at each iteration is depicted in Table 4.6. Here, left and

right analysis windows are enclosed within ‘[’ and ‘]’.

Table 4.6: EnConversion process of adjective clause example sentence given in (4.66)

Iteration:1 | Node-net

[7] [¥97] 8 IH & 59" fonr §9 A A

[jo] [bacca] niim ram né bacd ia uh sohna st

Rule fired -{ADJCLB,MV:null:null}{N,"ADJCLB:+ADJCLB:null}
Action This rule is preceded by -’ sign, which indicates that it is a
taken right composition rule. It results into concatenation of left

node to the right node as a single composite node and the
attributes of right node are inherited for further processing.
The presence of ‘+’ sign in the action part of right analysis
window results into the addition of attributes to the
corresponding node. This rule adds the adjective clause
beginner delimiter, recognized by the presence of the
attribute ‘ADJCLB’ to the lexical semantic attribute list of
right analysis window. After the application of this rule,
noun gets the attributes ‘ADJCLB’ in addition of its
existing attributes. When other relations are resolved with

this noun, it will retain this attribute for further processing.

Iteration:2 | Node-net

[7_g97] [8] 90 & 597 four €T A

[jo_baccal [niam]ram né baca ia uh sohna si

Rule fired

+{N:+NOO:null}{[a]:null :null}

Action

It is a left composition rule and results into concatenation
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taken

of right node to the left node as a single composite node
and the attributes of left node are inherited for further
processing. The presence of ‘+’ sign in the action part of
left analysis window results into the addition of ‘NOO’
attribute in lexical semantic attribute list of node at left

analysis window.

Iteration:3 | Node-net [(_g97_3a] [gH] 3 g9 fenr €7 AgeT Ht
[jo_bacca_num] [ram] né baca ia uh sohna si
Rule fired No rule fired.
Action The analysis windows are shifted to right.
taken
Iteration:4 | Node-net #_g97_g [aH] [3] g9 fonr €7 Ao H
Jo_bacca_nam [ram] [né] baca ia uh sohna st
Rule fired +{N,ANIMT:+CASE:null}{CASE:+null:null}
Action It is a left composition rule and results into concatenation
taken of right node to the left node as a single composite node
and the attributes of left node are inherited for further
processing. The presence of ‘+’ sign in the action part of
left analysis window results into the addition of ‘CASE’
attribute in lexical semantic attribute list of node at left
analysis window.
Iteration:5 | Node-net [ﬁ_a@_;j] [aH_3] 597 four €3 Ao
[jo_bacca_nam] [ram_né] baca ia uh sohna st
Rule fired No rule fired.
Action The analysis windows are shifted to right.
taken
Iteration:6 | Node-net A_8997_% [gH_3] [g97] fenr GT Ao Ht
Jo_bacca_niam [ram_né] [ bacal ia uh sohna st
Rule fired >{N,ANIMT,*CAG,"NOO,"PSP,"POS,"Kl,

ATCLB,ATCL,ACCLB,ACCL:null:agt}
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{V " AGTRES,"VOCURR,A"COO:+AGTRES:null}

Action It is a right modification rule and results into deletion of

taken left node from the node-list, while the right node remains
in the node-list. Here, ‘agt’ relation is resolved between
two analysis windows as shown below.
agt(save(icl>do), Ram(icl>person))

Iteration:7 | Node-net [F_S97_3] [g97] fonrr §7 AgeT Ht

[jo_bacca nam]|[ baca) ia uh sohna st

Rule fired >{N,NOO,ADJCLB"TIME:+.@entry:obj}
{V:+OBJRES:null}

Action It is a right modification rule and results into deletion of

taken left node from the node-list, while the right node remains
in the node-list. In case of adjective clause sentence, object
of the sub-ordinate clause acts as the entry node in a UNL
expression. Thus, “+.@entry’ appears in the action part of
left analysis window to add ‘@entry’ to the UW
‘child(icl>person)’. Here, ‘obj’ relation is resolved
between two analysis windows as shown below.
obj(save(icl>do), child(icl>person).@entry)

Iteration:8 | Node-net [s97] [fenm] €T Ao Ht

[baca] [ ia]l uh sohna st

Rule fired | +{V m,sg:+IYA +.@sg.@male:null}{[fe»r]:null:null}

Action This left composition rule results into concatenation of

taken right node to the left node as a single composite node and

the attributes of left node are inherited for further
processing. The presence of ‘+’ sign in the action part of
left analysis window results into the addition of attributes.
Since, the attributes “@sg.@male’ is preceded by ‘@’
sign, so they are concatenated to corresponding UW as
UNL attributes. Here, the UW ‘save(icl>do)’ is modified
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as ‘save(icl>do).@sg.@male’.

Iteration:9 | Node-net [gwr_fenr] [ET ] Ao Ht
[baca_ia] [uh] sohna st
Rule fired +{V,ADJCLB:+PRONADD:null}{PRON:null:null}
Action This left composition rule results into concatenation of
taken right node to the left node as a single composite node and
the attributes of left node are inherited for further
processing. The presence of ‘+’ sign in the action part of
left analysis window results into the addition of
‘PRONADD’ attribute in lexical semantic attribute list of
node at left analysis window.
Iteration:10 | Node-net [erer_fen_§3 ] Ao Hi
[baca_ia_uh] [ sohna] st
Rule fired >{V,ADJCLB,PRONADD:null:aoj}{ADJ:+.@entry:null}
Action This right modification rule deletes left node from the
taken node-list. Here, left analysis window has attributes

(verb) and adjective clause beginning delimiter
‘ADJCLB’. Thus, it is a case of structure of = jo followed
by the subordinate clause. It has a right analysis window
with ‘ADJ’ attribute, so a relation ‘aoj’ is resolved
between two UWs. Due to presence of = structure with

subordinate clause verb on left analysis window and ‘4DJ’
on right analysis window a composite UW <01 is
resolved by the system for UW ‘save(ic/>do)’ and UW
‘save(icl>do)’ is replaced with <:01” as shown in resolved
relation ‘aoj’. Here, the system also converts earlier
resolved UNL relations involving ‘save(ic/>do)’ as
composite relation as shown below.

agt:01(save(icl>do). @sg.@male, Ram(icl>person))
obj:01(save(icl>do).@sg.@male, child(icl>person))
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aoj(beautiful(icl>state). @entry, :01)

Iteration:11 | Node-net [Fae] [H]
[sohna] [si]

Rule fired | +{ADJ:+ .@past:null}{[H]:null:null}

Action This left composition rule results into concatenation of
taken right node to the left node as a single composite node and
the attributes of left node are inherited for further
processing. The presence of ‘+’ sign in the action part of
left analysis window results into the addition of attributes.
Since, these attributes are preceded by ‘@’ sign, they are
concatenated to corresponding UW as UNL attributes.
Here, the UW ‘beautiful(icl>state)’ is modified as

‘beautiful(icl>state). @past .

Iteration:12 | Node-net [Foer_H]

[sohna_si]

Rule fired No rule fired

Action Since it is a last node so “@entry’ is added to UW

taken ‘beautiful(icl>state).@past” and UNL generation process

completes at this iteration.

After processing of input example sentence given in (4.66), system generates its
equivalent UNL expression as shown in (4.67).

{unl}

agt:01(save(icl>do).@sg.@male.@past, Ram(icl>person))
obj:01(save(icl>do).@sg.@male.@past, child(icl>person).@entry)
aoj(beautiful(icl>state). @past. @entry, :01)

{/unl} ...(4.67)
The UNL graph for this UNL expression is given in Figure 4.10. Here, scope node “:01°
has an ‘aoj’ relation with the entry node. Here, the entry node of scope node’s UNL
graph is ‘child(icl>person)’ acts as the child node of relation ‘obj’ for parent node
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‘save(icl>do)’, indicating that it is an adjective clause sentence and asserts that central

focus is on the ‘child(icl>person)’ and not on the action ‘save(ic/>do)’.

beautiful(icl>state).@past.@entry

loe

:01

ave(icl>do).@sg.@male.@pas

child(icl>person).@ent

Figure 4.10: UNL graph for UNL expression given in (4.67)

The above mentioned strategies empower Punjabi EnConverter to successfully convert

simple as well as complex Punjabi sentences into their equivalent UNL expressions.
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Chapter Summary

Punjabi EnConverter converts an input Punjabi sentence into its equivalent UNL
expression. It processes a given input sentence from left to right using analysis window
and condition window. It also uses EnConversion analysis rules including left
composition rules (+), right composition rules (-), left modification rules (<), right
modification rules (>) and attribute changing rules (:) during the conversion of input
Punjabi sentence to its equivalent UNL expression. Punjabi EnConverter uses Punjabi
shallow parser for processing the input Punjabi sentence. This parser performs the tasks
of tokenizer, morph analyzer, part-of-speech tagger and chunker for the processing of
input sentence. Architecture of Punjabi EnConverter has seven phases, namely, parser
phase (to parse the input sentence with Punjabi shallow parser), linked list creation phase,
universal word lookup phase, case marker lookup phase, unknown word handling phase,
user interaction phase (this phase is optional) and UNL generation phase. Punjabi
EnConverter can convert simple and complex Punjabi sentences to equivalent UNL
expressions.

There are three basic types of subordinate clauses in a complex sentence that have been
considered here. These are: noun clause, adjective clause and adverb clause. The noun
clause is resolved between the verb of main clause and the verb of subordinate clause.
Punjabi EnConverter has used an attribute ‘NCL’ (noun clause) for identifying noun
clause delimiter. Adverb clause is a sub-ordinate clause that acts as adverb in a sentence.
In order to resolve UNL relations for adverb clauses, these are classified as adverb
clauses for time, for condition, for manner and for place. The adverb clause for time uses
‘TCLB’ and ‘TCL’ attributes as clause delimiters, adverb clause for condition uses
‘CCLB’ and ‘CCL’ attributes as clause delimiters, adverb clause for manner uses ‘MCLB’
and ‘MCL’ attributes as clause delimiter while adverb clause for place uses ‘PCLB’ and
‘PCL’ attributes as clause delimiters. An adjective clause is described as a group of
words that contains a subject and a predicate on its own and acts as the adjective for the
subject in the main sentence. In this chapter, the process of EnConversion of Punjabi
sentences including these clauses has been explained, in detail. These details are

supported by illustrations of process with the help of example Punjabi sentences.
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Chapter 5
UNL-Punjabi DeConverter

5.1 Introduction

The UNL-Punjabi DeConverter generates natural language Punjabi sentence from a given
UNL expression. This generation process is based on the predicate-centric nature of the
UNL. The DeConverter transforms an input UNL expression into the directed hyper-
graph structure known as node-net. The root node of node-net is called as entry node and
it acts as the main predicate. The traversing of node-net starts from entry node and system
traverse the entire UNL graph to produce equivalent sentence in the target language. The
DeConverter system makes an extensive use of rule base, including, morphological rules,
syntax planning rules and function word insertion rules during this process (Vora, 2002).
Since one generates natural language sentences during the process of DeConversion, we
first discuss the issues involved in developing a Natural Language Generation (NLG)
system.

5.2 Natural Language Generation system

NLG system is used to convert non-linguistic representation of information into a natural
language understandable by human beings. There are six important activities that need to
be carried out by an NLG system. These activities are content determination, discourse
planning, sentence aggregation, lexicalization, referring expression generation and
linguistic realization (Hurshikesh, 2002; Nalawade, 2007).

5.3 Punjabi DeConverter as an NLG system

Punjabi DeConverter performs the tasks of an NLG system in four intermediate steps,
namely, lexicon selection, morphology generation of lexical words, function word
insertion or case marking and syntax planning (Vachhani, 2006).

5.3.1 Lexeme selection

Punjabi DeConverter makes use of Punjabi-UW dictionary as the lexicon to select word

entries during DeConversion process. A dictionary entry contains the correspondence
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between a concept and a word; and information concerning the morphological, syntactic
and semantic properties of a word.

5.3.2 Morphology generation of lexical words

Morphology involves the mapping of the words proposed in content determination stage
to its more natural meaning. In this stage, words are changed (something is added or
removed) to get proper sense of words in terms of gender, number, tense, aspect and
modality.

5.3.3 Function word insertion or case marking

The relationship of noun phrase with its governing head is given by the function words or
case markers of the language. It is used to insert function words like case marker or
postpositions and conjunctions in Punjabi (e.g., & né, & niim, 83 utte ‘over’ etc.) to the
morphed words generated by morphology phase.

5.3.4 Syntax planning

The major objective of NLG system is to produce the sentences that are natural and as
close as possible to what human beings would produce given a same domain and a
similar need to communicate. It is evident that some word orders are considered more
natural than others in a language. The syntax planning deals with the arrangements of
words in the generated output so that output matches with the natural language sentence
(\Vachhani, 2006).

5.4 Architecture of UNL-Punjabi DeConverter

A general architecture of Punjabi DeConverter is given in Figure 5.1. It makes use of
language-independent and language-dependent components during the generation
process. Resources in the rectangular shape represent language-independent processes
and that in oval shape represent language-dependent processes. First stage of
DeConverter is UNL parser which parses the input UNL expression to build a node-net
from the input UNL expression. The node-net has a Directed Acyclic Graph (DAG)
structure. During lexeme selection stage, target language (i.e., Punjabi) root words and
their dictionary attributes are selected for the given UWSs in the input UNL expression
from the Punjabi-UW dictionary. After that, the nodes are ready for generation of
morphology according to the target language in the morphology phase. In this stage, the
root words may be changed or something can be added or removed to get the complete
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sense of the words. The system makes use of morphology rules for this purpose. In
function word insertion phase, the function words or case markers, such as & ne, ‘€ 37%’
‘dé nal’, & nim, 3 tom, € &€t dé lat, THI vasate, € da, € de, €t di etc. are inserted to
the morphed words. These function words are inserted in the generated sentence, based
on the rule base designed for this purpose. Finally, the syntax planning phase is used to
define the word order in the generated sentence so that output matches with a natural
language sentence (Nalawade, 2007; Singh et al., 2007).

UNL Punjabi-UW Morphology Case Marking Syntax
Expression Dictionary Rules Rules Planning
Matrix Rules
UNL Parser Lexeme Morphology Function Syntax
> Selection > Generation > Word > Planning
Insertion

v

Generated
Punjabi Sentence

Figure 5.1: Architecture of UNL-Punjabi DeConverter
The working of Punjabi DeConverter is illustrated with the example sentence given in
(5.2).
Punjabi sentence: H3 & g7a1 feg gcas dfsnr | ..(5.1)
Transliterated sentence: musnde né bag vic futthal khédia.
Equivalent English sentence: The boy played football in the garden.
The UNL expression for example sentence (5.1) is given in (5.2).
{unl}
agt(play(icl>do).@past. @entry, boy(icl>male person))
obj(play(icl>do).@past.@entry, football(icl>game))
plc(play(icl>do). @past. @entry, garden(icl>place))
{/unl} ...(5.2)
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In order to convert UNL expression given in (5.2) to natural language Punjabi sentence,
Punjabi DeConverter is used. The UNL expression acts as input for Punjabi DeConverter.
The UNL parser checks the input UNL expression for errors and generates the node-net
or UNL graph as depicted in Figure 5.2.

boy(icl>male person) football(icl>game) garden(icl>place)

Figure 5.2: UNL graph generated by UNL parser for UNL expression given in (5.2)
The lexeme selection phase populates the node-list with equivalent Punjabi words for the

UWs given in the input UNL expression. The populated node-list is given in (5.3).
Node;: Punjabi word: 83 khed;, UW: play(icl>do). @past.@entry

Node,: Punjabi word: H3™ munda; UW: boy(icl>male person)

Nodes: Punjabi word: gegvs fuftbal; UW: football(icl>game)

Node4: Punjabi word:=mar bag; UW: garden(icl>place) ...(5.3)
In morphology phase, morphological rules are applied to modify Punjabi words stored in
the nodes according to UNL attributes given in input UNL expression and dictionary

attributes retrieved from Punjabi-UW dictionary. The nodes given in (5.3) are processed

by morphology rules. The processed nodes are given in (5.4).

Node;: Punjabi word: &fsmm khedia; UW: play(icl>do). @past. @entry

Node,: Punjabi word: H3 munge; UW: boy(icl>male person)

Nodes: Punjabi word: gegvs fuftbal; UW: football(icl>game)

Node,: Punjabi word:gmar bag; UW: garden(icl>place) ...(54)
It is evident from nodes given in (5.4) that, in morphology phase 43 khed ‘play’ is
changed to afsm khédia ‘played’ and H3™ mundiz ‘boy’ is changed to H3 mungé ‘boy’

by morphology rules. The function word insertion phase inserts the function words in the
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morphed lexicon. The nodes processed by function word insertion phase are given in
(5.5).

Node;: Punjabi word: afsmm khédia; UW: play(icl>do). @past. @entry

Node,: Punjabi word: 43 & munde né; UW: boy(icl>male person)

Nodes: Punjabi word: geg7 fufthal; UW: football(icl>game)

Node,: Punjabi word:smar feg bag vic; UW: garden(icl>place) ...(5.5)
In this phase, case markers & né and fe9 vic ‘in’ are added to Node, and Nodey,
respectively, according to the function word insertion rule base. The syntax planning
phase traverses the nodes given in (5.5) in a specific sequence based on the syntax
planning rule base for Punjabi language. The sequence for processing of nodes is given in
(5.6) and Punjabi sentence generated by this sequence is given in (5.7).

Node, Node, Nodes Node; ...(5.6)
H3 & g7d1 feg gcas ufgnT | ..(5.7)
munde né bag vic futthal khedia.

It is evident from generated Punjabi sentence given in (5.7) that system is able to convert
the input UNL expression to Punjabi successfully.

The description and implementation details of each phase of Punjabi DeConverter is
given in next sections.

5.5 UNL parser

UNL parser is first phase of UNL-Punjabi DeConverter. It is used to parse the input UNL
expression to report the errors if any in the input expression. If input expression is in
proper format or free from errors, then it builds semantic net known as node-net structure
for input UNL expression, otherwise it reports the errors. This node-net is commonly
called as UNL graph. The UNL graph consists of nodes and edges. A node in UNL graph
represents a concept in the form of UW. An edge in node-net represents a UNL binary
relation between two nodes. The edges in a UNL graph are directed from the parent node
to child node (Singh, 2007). For a UNL binary relation rel(UW1, UW2), UWL1 is
considered as parent of UW2. Thus, in a UNL graph the edge will be directed from UW1
to UW2 as shown in Figure 5.3. The UNL relation between UWSs is used to label the
edges between the nodes in the UNL graph, as shown in Figure 5.3.
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rel

Figure 5.3: A UNL graph representation for UNL binary relation rel(UW1, UW?2)

The root node of UNL graph is called as entry node and it acts as the main predicate. The

main predicate is detected by presence of ‘@entry’ attribute with the UW given in input
UNL expression. As discussed earlier, the traversing of node-net starts from entry node
and the system traverse the entire UNL graph to produce the equivalent sentence in the
target language. Sometimes, during the traversal of UNL graph, the system may
encounter a stage where a node has two or more parents as shown in Figure 5.4. Here,
node ‘B’ has two parents ‘D’ and ‘A’. For a node having more than one parent, the
parents need to be traversed before that node. To accomplish this, system has to maintain
the access path from child to its parent (Singh, 2007). The back edges from every child
node to its parent node are maintained for this purpose, i.e., for a UNL binary relation
rel(UW;, UW,), the back edge directed from UW2 to UW1 is also maintained as shown
in Figure 5.5.

entry

Figure 5.4: UNL graph with a node having two parents
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Figure 5.5: Back edge in UNL graph for re(UW1, UW2)
The back edges are introduced in UNL graph given in Figure 5.4 to handle the traversing
of a node having multiple parents. This is illustrated in Figure 5.6.

entry

Figure 5.6: UNL graph with back edges to handle a node having two parents
In UNL expression, compound UWSs are used to represent compound concepts. This
concept of compound UWs is illustrated below with the help of an example sentence
given in (5.8).
The crop was cultivated 12 days back. ...(5.8)
The UNL expression of example sentence (5.8) is given in (5.9).
{unl}
obj(cultivate.@entry, crop)
tim(cultivate. @entry, :01)
man:01(back, day)
qua:01(day, 12)
{/unl} ...(56.9)
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The UNL graph involving a scope node for UNL expression given in (5.9) is depicted in

cultivate.@entry

Figure 5.7.

Figure 5.7: UNL graph with scope node for UNL expression given in (5.9)
In this phase, one needs to develop data structures that will subsequently be used in next
phases of UNL-Punjabi DeConverter. The procedure that has been used to create these
data structures is given in PseudoCode 5.1.
PseudoCode 5.1: Building data structures in UNL parser
begin
for (every relation in input UNL Expression)
Nodel = UW1;
Node2 = UW?2;
Relation = Relation between UW1 and UW?2,;
if (Nodel not in NodeL.ist)
add Nodel to NodeList;
end-if
if (Node2 not in NodeL.ist)
add Node2 to NodeList;
end-if
add relation to RelationList;
if (UW1 contains @entry attribute)
add UW1 and their Scope in ScopelL.ist;
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@
D

if (UW2 contains @entry attribute)
add UW2 and their Scope in ScopeL.ist;
end-if

end-if

end-for
end
Here, Nodel and Node2 are two nodes of UNL graph, Relation represents relation
between nodes, Scope represents an element of the ScopeL.ist, NodeL.ist is a linked list of
Nodes, RelationList is a linked list of Relations and ScopeList is a linked list of Scope
elements.
5.6 Lexeme selection
Lexeme selection is the process of selecting target language words for the UWs given in
input UNL expression. During lexeme selection, UWSs are searched in the dictionary
along with constraints specified in input UNL expression. This phase uses Punjabi-UW
dictionary for this task. This dictionary contains Punjabi root word as the headword, a
UW and a set of morphological, syntactic and semantic attributes in an entry. The
attributes are used to define the behavior of word or a morpheme in a sentence. The UW
uses restrictions or constraint list to represent the concepts unambiguously, that helps to
achieve Word Sense Disambiguation (WSD) during the generation process (Nalawade,
2007).
For example, during the processing of UNL expression given in (5.2) in this phase,
system searches each UW given in input UNL expression, i.e., ‘play(icl>do)’,
‘boy(icl>male person)’, football(icl>game)’ and ‘garden(icl>place)’ from the Punjabi-

UW dictionary. It retrieves the Punjabi headwords, namely, ¥3 khéd ‘play’, H3™ munda

‘boy’, gea7s futthal ‘football’ and I7a1 bag ‘garden’, respectively, from the lexicon for
these UWs.
5.7 Morphology generation
In this phase, headwords are modified according to the morphology of the target
language. The system makes use of generation rules during this process. These

generation rules are designed on the basis of analysis of Punjabi morphology carried
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out for this purpose. There are three categories of morphology that have been
identified for the purpose of conversion of UNL expression to equivalent Punjabi
language sentences (Vachhani, 2006). These are:
e Attribute label resolution morphology
e Relation label resolution morphology and
e Noun, adjective, pronoun and verb morphology.
5.7.1 Attribute label resolution morphology
Attribute label morphology deals with the generation of Punjabi words on the basis
of UNL attributes attached to a node and its grammatical attributes retrieved from
lexicon. The root words retrieved from Punjabi-UW dictionary are changed in this
phase depending on their Gender, Number, Person, Tense, Aspect, Modality
(GNPTAM) and vowel ending information. Verbs play a vital role in extracting this
information from a given sentence (Singh et al., 2007). It provides the gender
information, namely, masculine, feminine or non-specific; number information, namely,
singular, plural or non-specific; person information, namely, first, second or third; tense
information, namely, past, present or future, about a given word. It also provides the
information about the aspect, i.e., perfective, completive, frequentative, habitual etc.
The attribute label morphology also depends upon the vowel ending of verbs. Punjabi
has ten vowels, represented as o1 (7 @), fo (fe i), St (&t 7), e Bu), ¢ (€ a), (B
e), 3 (# ai), 3 (§ ), © (f au) and HI3T mukta (» a) which has no sign. Vowels other
than » a (HI37) mukta are represented by accessory signs written around (i.e., below,
above, to the right or to the left) the consonant signs, popularly known as signs for
matras (Bahri and Walia, 2003). The Punjabi language attribute label morphology
for masculine gender is given in Appendix-B.
The attribute label morphology also deals with the generations of articles in the target
language. For example, definite articles (typically arise
from demonstratives meaning ‘that’) are represented in UNL expression by ‘@def’
attribute and it results the generation of word §J uh ‘that’ in Punjabi. Similarly,
indefinite articles (typically arise from adjectives meaning ‘one’) are represented by

‘@indef” attribute and this results into the generation of Punjabi word f&& ikk or
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nothing depending upon the number of the words it qualifies in the attribute label
morphology (Jain, 2005).

5.7.2 Relation label resolution morphology

The relation label morphology manages the prepositions in English or postpositions in
Punjabi, because prepositions in English are similar to postpositions in Punjabi. These
link noun, pronoun, and phrases to other parts of the sentence. Some Punjabi
postpositions are & ne, & nam, €3 utté ‘over’, € da ‘of’, AV kolom from’, I3 nédae
‘near’, B4l lagé ‘near’ etc. In Punjabi, postpositions follow the noun or pronoun unlike
English, where these precede the noun or pronoun, and thus termed prepositions (Gill,
2008). Insertion of these words in the generated output depends upon the information
encoded in the UNL relations of a given UNL expression. In relation label morphology,
most UNL relation labels introduce postpositions (also known as function words or case
markers) between child and the parent node during the generation process. The
generation of these words depends upon UNL relation and the conditions imposed on
parent and child nodes’ attributes of the UNL relation. For the generation of these words
a rule base has been prepared. Let us illustrate this concept with an example English
sentence given in (5.10) and its equivalent Punjabi sentence given in (5.11). The UNL
expression for this example sentence is given in (5.12).

The boy translated the sentence from English to Punjabi. ...(5.10)
H3 & nidradt 3 Unrdt feg o9 =7 nigee o137 | ..(5.11)
Mmunde né arigrézi tom panjabrt vic vak da anuvad kita.

{unl}

agt(translate(icl>do). @past. @entry, boy(icl>male child))
src(translate(icl>do). @past. @entry, english(icl>language))
gol(translate(icl>do).@past. @entry, punjabi(icl>language))
obj(translate(icl>do).@past. @entry, sentence)

{/unl} ...(5.12)
Here, the case markers & né, 3 tom ‘from’, f&9 vic ‘to’ and = da are inserted in the
morphed words due to the presence of UNL relations ‘agt’, ‘src’, ‘gol’ and ‘obj’,

respectively, in the UNL expression given in (5.12). The function word insertion phase of
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UNL DeConverter, deals with the relation label resolution morphology (Hrushikesh,
2002; Jain, 2005; Singh et al., 2007). The detailed discussion on function word insertion
phase has been provided in Section 5.8.

5.7.3 Noun, adjective, pronoun and verb morphology

With attribute and relation label morphology, the system is able to generate the
sentence very close to its natural form. The phonetic properties of the language are
handled by the noun, adjective, pronoun and verb morphology of the DeConverter.
5.7.3.1 Noun morphology

Noun morphology deals with the properties of nouns to identify their behavior in the
generation process. The nouns are analyzed on the basis of Gender, Number, Person,
Case (GNPC) and their paradigm information. Punjabi noun paradigms are identified
on the basis of their vowel ending. The nouns are affected by direct case (the case in
which subject is directly referred) and oblique case (the case in which subject is not
directly referred). Here, a part of the word is removed from the end and a new phoneme
is added to the end of the word during the generation process. There is a group of nouns
that change their form during the generation process while others retain their form
and do not change in the generation form. In order to distinguish such nouns, the
lexical attribute ‘NOTCH’ (not changeable form) is used in the lexicon, i.e., a houn
that remains unchanged, and does not inflect for number or case. This is illustrated
with Punjabi example sentence given in (5.13) and equivalent English sentence given
in (5.14).

fog Bt A 9793 Bt Far J | ...(5.13)
ih mali sal bharat lat cafiga hai.

This financial year is good for India. ....(5.14)
Here, the noun ‘H&! W&’ ‘mali sal’ ‘financial year’ has ‘Na’ as the vowel ending
attribute and it retains original form without inflecting for number and case, so it is
stored in the lexicon with ‘NOTCH’ attribute as given in (5.15).

[H=t 7] {3 “financial year(icl>fiscal year)" (N,NOTCH,MALE,INANI,Na)
<P,0,0>;/(malr sal) ...(5.15)
The analysis of Punjabi nouns on the basis of their vowel ending, paradigms and GNPC

information is given in Table 5.1.
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Table 5.1: Noun morphology for Punjabi DeConverter

Gender | Vowel | Example Suffix Number Morph- | Example
ending (Direct/ | (Singular | ology sentence
of noun/ Oblique) | SG/ Plural
Paradig PL)
m
Male HIIT e meéz | Direct SG No TS IR
mukta ‘table’, TB Change phull na toro.
(" a) phull
‘flower’, I8
hatth
‘hand’ etc.
Direct PL No TBETIZN
Change | ppyui1 na o6
Oblique | SG No B & 33|
Change phull niim na
1610.
Oblique | PL Delete =rey §-5r 32|
nothing | ,uliam nam
at the | 7500,
end of
HW and
insert
ot3 Ggm
Male o1 I kaka | Direct SG No T g yrar
@) | “child’, st Change | 5,
patta ‘leaf’, kaka rolt
H3T munda khanda hai.
‘boy’ etc.
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Direct PL Delete | ga 3t uig
o (o | 3 |
a) atthe | ;15 roli
end  of | ynande han.
HW and
insert
3 (2 e)
Oblique | SG Delete | & gt
or (" |yt 3
a)atthe | rare ne rotr
end  Of | knadhi hai.
HW and
insert
3 (2 e)
Oblique | PL Delete | gfepui & It
or - (of |yt 3
a)atthe | rakiam  ne
end of | 5x  khadni
HW and hai.
insert
font
iam
Male (gt 9), | Ot dhobi | Direct SG No gt 3t uter
o (@ i) | ‘washerma Change I
n’, A9 guri dhobt  roli
‘ouru’ etc. khanda hai.
Direct PL No odt 3 e
Change I5 |
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dhobi  roli

khandé han.
Oblique | SG No odt ¥ 3
Change |yt 3 |
dhobi né roli
khadhrt hai.
Oblique | PL Delete | gftmi & It
nothing | yreft 3 |
at We | obiam ne
end of| _ o
roli  khadhi
HW and i
hai.
insert
wiam
Female | wa3r fa3ma kitab | - SG No 3t fase
muktd ‘book’, B3 Change uZ |
(" a) latt  ‘leg’, tusim  kitab
gJ  bamh pario.
‘arm’ etc.
- PL Delete |3t fazm=f
nothing U2
at the _
tustm
end of|
kitabam
HW and
, parho
insert
oTS am
Female | ot "I sabha | - SG No JSTIIH T |
(™ a) ‘assembly’, Change | 4y garam
I hava hai.
‘air’, df<3
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kavita

‘poem’ etc.
PL Delete |g=rei  g/gW
nothing | o= |
at the _
havavam
end of
garam han.
HW and
insert
=t vam
Female | ot gm | W mam SG No HT wg aret |
‘mother’, Change mam  ghar
g cham gar.
‘shadow’
etc.
PL Delete | yi=i wg
nothing | grefhyri |
at the o
malflvam
end of .
ghar gaiam.
HW and
insert
< vam
Female | © (€ @), | <HZ vasati SG No ot feg uret
G (1) | ‘article’, Change I
&t nadr Nadr vic pam
‘river’ etc. hai.
PL Delete sdt feg
nothing | =4 3,
at the . .
nadiam Vvic
end of | _
pam hai.
HW and
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insert
Mtam
Female | oc<’um, |wd sahum| - SG No En & vt
oo gm | ‘oath’, H Change | ;s ne Jum
jum  ‘lice’ mart.
etc.
- PL Delete | ©n @ g feg
nothing it I3 |
at  the us de sir vic
end  of jumam han.
HW and
insert
Mtam

Implementation of noun morphology in UNL

In a UNL expression, information about plural number is represented with ‘@p!’
attribute. Absence of ‘@p!’ attribute conveys that the number being used is singular.
The case, direct or oblique, is identified using the relation that a noun has with a verb
or with another noun in the sentence (Singh et al., 2007). The gender and vowel
endings information are stored in the lexicon. The morphological rules based on
word paradigms generate a noun form using lexical, relational and UNL attributes
information. Morphology rules for Punjabi language have been designed on the basis
of their GNPC and paradigm information. The format used for noun morphology rules
is given in (5.16).

Ultimate deletion, Ultimate insertion, @Attrubutel, @Attrubute?2, ... ...(5.16)
Here, ‘Ultimate deletion’ and ‘Ultimate insertion’ represents character to be deleted or to
be inserted at the end of headword and ‘@Attrubutel, @Attrubute2’ and so on indicates
the condition for the firing of the corresponding rule, i.e., morphology rule will be

applied if attributes present in the rule base matches with attributes of current UW in the
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UNL expression and its dictionary attributes. The noun morphology rule base is

illustrated with an example rule base entry, given in (5.17).

null, 78, @pl, @FEMALE,@Na ...(5.17)
Here, ‘@pl,@FEMALE,@Na’ is the list of attributes to be matched for the firing of this
rule, i.e., if UW represents a noun having vowel ending Ha3T mukta () a (i.e. ‘Na’)
with feminine gender and plural number, then corresponding HW changes its original
form by deleting nothing from the end of HW and by inserting ©7¢ arm at the end of
headword. Let us consider a UNL expression involving UW with attributes as
‘book(icl>publication).@pl’. The UW ‘book(icl>publication)’ has fa3m= kitab
‘book’ as headword with ‘Na’ and ‘FEMALE’ as its dictionary attribute in Punjabi-
UW lexicon. Here, all the conditions for the firing of rule given in (5.17) are
satisfied, and it will result into insertion of ‘©7<” grm at the end of headword fa3m=g
‘book’ to form fa3rgt kitabam ‘books’ as the morphed word for the given attributes.
The rule base for generation of noun morphology is given in Table 5.2. These rules

here are listed according to their priority of usage.

Table 5.2: Generation of noun morphology rules

Noun morphology rule

null,,@past,@sg, @MALE,@NA,@INANI

of, 3 @MALE, @sg, @past, @NA

null,,@present,@progress,@sg, @MALE,@NA

null,,@progress, @future, @sg, @ MALE,@NA

ot 3 @MALE, @sg,@progress, @NA

of, 3 @MALE, @sg, @past, @NA

o 3 @MALE,@pl, @past, @NA, @progress, @present, @future

S.No

1

2

3. null,,@past,@progress, @sg, @MALE,@NA
4

5

6

7

8

9

null,, @MALE,@sg,@past, @NA,@progress

10. null,,@present,@sg, @MALE,@NA
11. or 3 @present, @sg, @ MALE,@NA, @link
12. o 3, @future, @sg, @MALE,@NA, @link
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13. oT 3 @present, @pl, @MALE, @NA, @sg

14. of, 3 @MALE, @sg, @past, @complete, @NA
15. of, 3, @MALE, @sg, @present, @obligation, @NA
16. of, 3, @MALE, @sg, @past, @obligation, @NA
17. null,,@future,@sg, @MALE,@NA

18. of, 3 @progress, @future, @sg, @ MALE, @NA
19. null,, @MALE,@sg,@NI

20. null,,@past,@custom,@sg, @MALE,@NA

21. null,,@future,@sg, @MALE,@NA

22. null,,@present,@custom,@sg,@ MALE,@NA
23. null,,@past,@repeat,@sg, @MALE,@NA

24. oT 3 @past, @custom, @pl, @MALE, @NA

25. null,,@past,@present,@female, @Na

26. null,<7, @past, @present, @pl, @female, @Na
21. null, 3,@indef

28. null,, @NI,@FEMALE

29. null,»f,@pl ,@NI,@FEMALE

30. null, &, @progress, @pl

3L null, &, @complete, @future, @pl

32. null, <, @permission, @sg, @ MALE

33. null,<, @FEMALE,@sg

34. null,&, @ability, @present, @pl, @ MALE

35. of ot @MALE, @pl, @NA, @future, @ custom, @past, @present

An algorithm has also been developed to implement the noun morphology. This
algorithm 5.1 is presented below.
Algorithm 5.1: Processing of noun morphology rule base
(i) Obtain the UW, number and case information for current noun from UNL expression
and store this information into an attribute list. If number information is not present,

consider the number as singular.
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(ii) Obtain HW, gender and vowel ending information corresponding to UW from
Punjabi-UW dictionary and append it to the attribute list.

(iii) Search the noun morphology rule base and fire the rule that has maximum similarity
with the elements of attribute list. If two or more rules have the same similarity, the
rule that appear first is fired.

5.7.3.2 Adjective morphology

Adjective morphology is used to generate proper form of adjectives in a sentence.

Adjective morphology depends on the gender, number and suffix information of the

head noun. It has been observed that some adjectives do not change their form with

respect to head noun and remain unchanged, for example, &% lal ‘red’, w'e saf

‘clean’ etc. There is another category of adjectives that changes their form depending

upon the gender, number and suffix information of the head noun. For example,

WS camkila ‘bright’, 94 carigd ‘good’ etc. changes to IS camkilt ‘bright’,

dgaft carigi ‘good’, respectively, in case of feminine gender. The adjectives that

change their form are represented with ‘4djA’ lexical attribute in the lexicon as

shown in an example adjective entry of Punjabi-UW dictionary given in (5.18).

[@91] {} "good(aoj>human)" (ADJ,AdjA) <P,0,0>:/(cari) ...(5.18)

The adjective morphology for Punjabi language used in this work is given in Table

5.3.

Table 5.3: Adjective morphology

Gender | Example Condition | Morphology Example sentence

Male 94 cariga ‘good’, | Singular | Insert o7 (w7 @) at | feg H3TFar I |
fager citta ‘white’ the end of HW ih munda cariga
€9 ucca ‘high’, hai.

I8 kala ‘black’
etc. These words

are stored in
Punjabi-UW

dictionary as
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dgd1 carlg, f9e citt
9 ucc, IS5 kal

respectively.

Plural Insert © (8 &) at | feg W3 991 I& |
the end of HW ih munde carige
han.

Respect | Insert & (8 ¢) at | 3t 91 J |

the end of HW tusim carige ho.
Female Singular | Insert <t (¢t 1) at | fog o=t Jaft T |

the end of HW ih kursi canigt hai.
Plural Insert <™t fam | feg It Tafturt
at the end of HW | g& |

St ih kusiam
carigiam han.
Respect | Insert ¢ (2 é) at | 3t a1 J |

the end of HW tust/m cargé ho.

Implementation of adjective morphology

It has been observed that, unlike nouns, gender and number information of adjectives are
not directly embedded in UNL expression. Most of the adjectives exhibit concordance
with their head nouns and their heads are identified using relation label in UNL
expression (Singh et al., 2007). The rule format for adjective morphology is given in
(5.19).

Ultimate insertion, @Attrubutel, @Attrubute2, ... ..(5.19)
Here, ‘Ultimate insertion’ represents character to be inserted at the end of headword and
‘@Attrubutel, @Attrubute2’ and so on, indicate the condition for the firing of the
corresponding rule, i.e., morphology rule will be applied if attributes present in the rule
base matches with UNL and dictionary attributes of UWSs in a UNL relation having an
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adjective. The implementation process of adjective morphology is illustrated with the
help of an example UNL relation (5.20).

mod(flower.@pl, beautiful(mod<thing)) ...(5.20)
Here, UW ‘beautiful(mod<thing)’ is identified as an adjective with lexical attribute
‘AdjA’ and HW WJ<E sohan ‘beautiful’ from Punjabi-UW dictionary. Its gender and
number information is obtained from the head noun that is participating with it in ‘mod’
relation. The UW ‘flower’ is identified as head noun and it has ‘MALE’ and ‘@pl’
attributes in Punjabi-UW dictionary and UNL expression, respectively.

The rule given in (5.21) will be fired to generate the adjective morphology for the
example adjective HI< sohan ‘beautiful .

3, @pl, @MALE,@AdjA ..(3.21)
With the firing of this rule, o< s6han ‘beautiful’ is changed to HIE sohe ‘beautiful’ in
the generation process. In case of UNL expression given in (5.22), the rule given in

(5.23) will be fired to generate Aaett sohniam ‘beautiful’ from headword RIE sohan

‘beautiful .
mod(picture(icl>art).@pl, beautiful(mod<thing)) ...(5.22)
dtif, @pl, @FEMALE, @AdjA ...(5.23)

The example for an adjective that does not change its form is given in (5.24).

aoj(clean(aoj>thing), water(icl>liquid)) ...(5.24)
Here, ‘clean(aoj>thing)’ is identified as adjective with headword H'g saf ‘clean’, without
attribute ‘Adj4°, from Punjabi-UW dictionary. It signifies that headword A€ saf ‘clean’

will retain its form in the generation process.
The generation rule base for adjective morphology is given in Table 5.4.
Table 5.4: Generation of adjective morphology rules

S.No | Adjective Morphology Rules
1. ot @MALE,@AdjA

3. 3,@pl,@respect, @AdJA

4. 1, @FEMALE,@AdjA
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5. | ¢hi,@pl, @FEMALE, @AdjA

An algorithm has again been developed to implement the adjective morphology. This

algorithm 5.2 is presented below.

Algorithm 5.2: Processing of adjective morphology rule base

(i) Obtain gender and number information from head noun acting as UW in a UNL

relation with the adjective and store this information into an attribute list. If number
information is not present, consider the number as singular.

(i) Search the adjective morphology rule base and fire the rule that has maximum
similarity with the elements of attribute list.

5.7.3.3 Pronoun morphology

Pronouns are inflected by case, tense, number and gender information in a sentence. It

has been observed that pronoun morphology also depends on UNL relation labels. The

pronoun morphology for Punjabi language is presented in this section.

Inflection of pronouns on the basis of case and number

Pronouns are inflected by case and number, e.g., personal pronoun ¥ mai/m ‘i’, changes
its form to A& mainim, A8 maithom, ‘A3 € ‘méré lai’, ‘A3 A& ‘méré kolom’, ‘A
&arS” ‘meré lagiom’ etc. for singular number and to mHt asim, A7Q saniim, A8 sathom,
‘W3 AB° ‘sade kolon’, ‘A3 SMag” ‘sade lagiom’ etc. for plural number depending on
the case information of the sentence (Gill, 2008).

Inflection of pronouns on the basis of UNL relation label

In a UNL based generation system, inflections of pronouns are also generated on the
basis of UNL relation labels used in a UNL expression (Hrushikesh, 2002). The
inflections of pronouns based on UNL relation labels are discussed in this section.

‘agt’ Relation

Morphology of the relation agt(UW1, UW2), where UW?2 is a pronoun, depends upon the
tense information provided by UNL attributes of UW1. Let us illustrate this concept, with
example sentences given below.

Example English sentence with past tense: He ate mangoes. ...(5.25)

UNL expression for this example sentence is given in (5.26).
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{unl}

agt(eat. @past. @entry, he(icl>person) )

obj(eat.@past.@entry, mango.@pl)

{/unl} ...(5.26)
Equivalent Punjabi sentence: €7 & »ig Tl | ..(5.27)
Transliterated Punjabi sentence: wus né amb khadhe.

Example English sentence with present tense: He eats mangoes. ...(5.28)
UNL expression for this example sentence is given in (5.29).

{unl}

agt(eat. @present.@entry, he(icl>person))

obj(eat.@present.@entry, mango.@pl)

{/unl} ...(5.29)
Equivalent Punjabi sentence: €7 »g ¥ier J | ...(5.30)
Transliterated Punjabi sentence: uh amb khanda hai.

Example English sentence with future tense: He will eat mangoes. ...(5.31)
UNL expression for this example sentence is given in (5.32).

{unl}

agt(eat. @future.@entry, he(icl>person))

obj(eat.@future.@entry, mango.@pl)

{/unl} ...(5.32)
Equivalent Punjabi sentence: €7 »g yrear | ...(5.33)
Transliterated Punjabi sentence: uh amb khaega.

From the Punjabi outputs given in (5.27), (5.30) and (5.33), it is evident that in case of

‘agt’ relation, pronoun 8T uh for the UW ‘he(icl>person)’ retains its original form for

present and future tense sentences, while for past tense it changes to ‘67 &” ‘us né’.

‘ben’ Relation

In case of ‘ben’ relation of type ben(UW1, UW2), where UW2 is a pronoun, the
morphology of pronoun depends on its number information. Let us illustrate this concept
with example sentences given below.

Example English sentence with singular number: He gave a book to him. ...(5.34)
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UNL expression for this example sentence is,

{unl}

agt(give.@past.@entry, he(icl>person))

obj(give.@past.@entry, book)

ben(give.@past.@entry, he(icl>person))

{/unl} ...(5.35)
Equivalent Punjabi sentence: 1 & S7 & fa3rg fedt | ...(5.36)

Transliterated Punjabi sentence: us né us nii/m kitab dittr.

Example English sentence for plural number: He gave a book to them. ..(5.37)
UNL expression for this example sentence is,

{unl}

agt(give.@past.@entry, he(icl>person).@pl))

obj(give.@past.@entry, book)

ben(give.@past.@entry, he(icl>person).@pl)

{/unl} ...(5.38)
Equivalent Punjabi sentence: 87 & Bust & fazmg fedt | ...(5.39)

Transliterated Punjabi sentence: us né uhnam niam kitab ditti.

From the Punjabi outputs given in (5.36) and (5.39), it is evident that in case of ‘ben’
relation, pronoun 8T uh ‘he’ for the UW ‘he(icl>person)’ changes to ‘BH & ‘us niim’
and ‘§I&T 8" ‘uhnamniim’ depending upon its number information.

‘mod’, ‘pos’ and ‘pof’ Relations

In case of ‘mod’, ‘pos’ or ‘pof” relations of type rel(UW1, UW2), where ‘rel’ is ‘mod’,
‘pos’ or ‘pof’ and UW?2 is a pronoun, the pronoun morphology depends on gender and
number information of UWL1. Let us illustrate this concept, with example sentences.
Example English sentence: | ate his fruits. ...(5.40)
UNL expression for this example sentence is,

{unl}

agt(eat. @past.@entry, I(icl>person))

obj(eat.@past.@entry, fruit. @pl)

pos(fruit.@pl, he(icl>person))
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{lunl} .(5.41)
Equivalent Punjabi sentence: § 67 € 83 ¥ | ...(5.42)

Transliterated Punjabi sentence: maim us dé fal khadhe.

Example English sentence: I ate his chapattis. ...(5.43)
UNL expression for this example sentence is,

{unl}

agt(eat.@past.@entry, I(icl>person))

obj(eat.@past.@entry, chapatti.@pl)

pos(chapatti.@pl, he(icl>person))

{/unl} ...(5.44)
Equivalent Punjabi sentence: H 87 &bt 3t ymtfhnit | ...(5.45)

Transliterated Punjabi sentence: maim us diam rotiam khadhiam.

From the Punjabi outputs given in (5.42) and (5.45), it is evident that in case of ‘pos’
relation, pronoun €3 uh for the UW ‘he(icl>person)’ changes to ‘87 2 ‘us de’ for UW1
fruit’ having UNL attribute ‘@p!/’ and lexical attribute ‘MALE’ (from Punjabi-UW
dictionary) in UNL expression given in (5.42) and pronoun §J uh for UW
‘he(icl>person)’ changes to ‘G &M ‘us diam’ for UW1 ‘chapatti’ having UNL
attribute ‘@pl’ and lexical attribute ‘FEMALE’ (from Punjabi-UW dictionary) in UNL
expression given in (5.44).

Implementation of pronoun morphology

As discussed earlier the pronoun morphology of a node depends upon case, tense,
number and gender information of both UWSs and on the UNL relation participated by the
node in a UNL expression. Thus, accordingly a four column rule base has been prepared
for pronoun morphology. The rule format for pronoun morphology is given in (5.46).
UNL relation:HW: Attribute 1+Attribute2+... :morphed pronoun ...(5.46)
Here, each column is separated by °:’; first column of the rule base is the UNL relation
that represents relation participated by the pronoun corresponding to which the reference
to rule base is being made; second column represent the headword of the pronoun; third
column contains the list of attributes whose presence needs to be asserted for firing of

rule (if there are more than one attribute that needs to be asserted, then they are separated
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by ‘+’ sign), i.e., the rule will be fired if attributes present in this column matches with
attributes of UWs in the UNL expression and their dictionary attributes; fourth column
contains the morphed pronoun that needs to be generated for the conditions specified in
the rule. The implementation process of pronoun morphology is illustrated with the help
of an example UNL relation (5.47).

ben(give.@past.@entry, he(icl>person).@pl) ...(5.47)
Here, UW ‘he(icl>person)’ is identified as a pronoun having HW €3 uh ‘he’ and ‘@pl’
as a UNL attribute in the UNL relation ‘ben’. The rule given in (5.48) will be fired to
generate the pronoun morphology for the HW €3 uh ‘he.

ben:BT:@pl:8Tat & ...(5.48)
It means that for ‘ben’ relation the pronoun §J uh ‘he’ changes to 8I&t & ‘uhnam nim’
for ‘@pl’ attribute.

The generation rule base for pronoun morphology is given in Table 5.5.

Table 5.5: Generation of pronoun morphology rules

S.No | Pronoun morphology rules
1. agt:87:@Ink:89
2. agt:8J:@present+@ability: 6T

agt:8J: @past+@custom: 87

agt:8J:@present+@custom:§g

agt:8J: @future+@custom:8g

o g A~ W

agt:83J:@past+@ability: ST

7. agt:8T: @future+@ability:§g

agt:8J: @past+@complete:8T

9. agt:83J:@present+@complete:SJ

10. | agt:ST:@future+@complete:§g

11. | agt:BT:@past+link:ER &

12. | agt:8T:@future+link:GH &

13. | agt:€37:@present+link:67 &
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14. | agt:8T:@present+iya:G7 &
15. | agt:8T:@present:67

16. | agt:89:@progress:8a

17. | agt:89:@grant:8g

18. | agt:8T:@past+@repeat:87
19. | agt:87:@past+@vaa: 8
20. | agt:89:@past+@ja:8a

21. | agt:€7:@past:GF &

22. | agt:8T:@future:69

23. | agt:@T:@complete:8H 3
24. | agt:8T:@present:§4

28. | ben:3:.@future:33 et

29. | ben:3.@:39 et

30. | agt:3:.@pl:3Ht

31 | obj:Z.@pl:3TE

32. | objZ@:39®

33. | obj:H:.@plAS

34. | objH:.@:HE

35. | pos:H:@FEMALE+@pl: "t
36. | pos:H:@FEMALE: Rt

37. | pos:H:@MALE+@pl:H3
38. | pos:H:@MALE:HgT

39. | bas:Ztnull:33

40. | agt:H:@plomwt

41. | obj:6T:@sg:67 &

42. | pos: BT:@MALE+@sg:87 =7




43. | pos: §9:@MALE+@pl:Grn €

44. | pos: 69:@FEMALE+@sg:6w =

45. | pos: :@FEMALE+@pl:8n e
46. | ben: 8T:@sg:87 5
47. | ben: €9:@pl: €51 &

5.7.3.4 Verb morphology
Punjabi verbs are classified as main verbs and auxiliary verbs. The main verbs have

transitivity and causativity assigned to them. Transitive verbs are those that require an
object in a sentence while intransitive verbs do not require an object. For example, U3
pash ‘study’ is transitive as in ‘GH & fa39 UZY ‘usneé kitab parhi’ ‘He read the book’
and verb €3 daus run’ is intransitive as in “W3" €3 faor ¥ ‘munda daur riha si’ ‘The
boy was running’. There are two types of causatives used in Punjabi. These are simple
causative and double causative. In general, a simple causative is formed by adding »™ a
and double causative is formed by adding =7 va. For example, causative forms of verb
root U3 pash ‘study’ are U3 pasa (simple causal) and U3<T pasva (double causal). All
transitive, intransitive and causative verbs are also known as simple verbs. In Punjabi,
there are two auxiliary verbs J hai for present tense and wt si for past tense. For future

tense in sentences, ‘EGA’ form of main verb is used.
Conjunct verbs
Expressing the concept of a given word, in source language, may require two or more

words in target language. Many verbs in English can be translated into Punjabi, only by
using a noun-verb sequence (e.g., 9 II& shurii karna ‘start’, feuvet € dikhat dena
‘visible”) or only by using an adjective-verb sequence (e.g., Ha™ @dre mittha laggna
‘sweet’, 9a1" BT cariga laggna ‘like’) or only by using an adverb-verb sequence (e.g.,
©J ITCQS diir hatauna ‘remove’) (Chakrabarti et al., 2006). Morphological attributes of

these verbs remain same as other verbs that do not contain such a sequence. All

inflections are marked only on the verb, and noun or adjective in the sequence remains
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uninflected. It has been noted that, many of these verbs are formed by adding the verbs-
9 kar ‘do’ (e.g., Ut J9 parhar kar ‘study’) or I ho ‘be’ (e.g. ¥3H I Khatam ho
‘finish’ etc.) to the nouns or adjectives. Conjunct verbs are represented in the lexicon by

attribute ‘CJV”’, the verbs that are formed by adding the verb 33 kar ‘do’ to nouns or

adjectives are represented by ‘/ink’, and those that are formed by adding the verb J 4o

‘be’ t0 nouns or adjectives are represented by ‘/nk’ attributes in the lexicon (Singh et al.,
2007) as shown in Punjabi-UW dictionary entries given in (5.49).
[feaar3] {}"appoint(agt>thing,obj>person)" (V,Va,CV,link) <P,0,0>;/(niyukat)
3] {} "achieve(icl>attain)" (V,CV,link,Va) <P,0,0>; /(prapat)
[gmd] {}"attend(agt>thing,obj>place)” (V,Ink,Va) <P,0,0>;/(hazar)
[ama&] {}"cause(aoj>thing,obj>thing)" (V,Ink,Va) <P,0,0>;/(karan) ...(5.49)
Verb paradigms
Verbs play a vital role in extracting the Gender, Number, Person, Tense, Aspect and
Modality (GNPTAM) information from a given sentence. In order to capture the
morphological variations of verbs, they are categorized into various paradigms to identify
uninflected forms of words that share similar inflections (Singh et al., 2007). There are
approximately one hundred verb paradigms classified based on their vowel ending and
GNPTAM information (Gill and Gleason, 1986; Singh and Singh, 1980). Some important
verb paradigms for first person singular masculine gender are given in Appendix-C.
Verb morphology for UNL attributes
The verb morphology is generated on the basis of UNL attributes during the
DeConversion process. The rules for verb morphology can, generally, be classified into
three types as given below.

(a) General verb morphology rules,

(b) Verb morphology rules for passive sentence and

(c) Verb morphology rules for conjunct verbs.
The information about GNPTAM is generally extracted from subject of a sentence. For
passive sentences this information is extracted from the object of the sentence. In this
situation, the UNL attribute ‘@passive’ is associated with the main verb and ‘@topic’ is

associated with the object of the sentence (Nalawade, 2007). The verb morphology for
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conjunct verbs is given in Table 5.6 for a3 kar ‘do’ type of verbs and Table 5.7 for J ho
‘be’ type of verbs.

Table 5.6: Some examples of conjunct verb morphology for &3 kar ‘do’ type of verbs

UNL Attributes Verb morphology
@custom,@present,@sg, @male, @link IJIoT I

karada hai
@past,@sg,@male,@link CiEy

kita
@future,@sg,@male,@link IJar

karéga
@custom,@past,@sg,@male, @link g9 Ht

karada st

@progress,@present,@sg,@male, @link rGRAGRLR
kar riha hai

@progress,@past,@sg, @male, @link g fagr Ht

kar riha st

@progress, @future,@sg, @male,@link a9 f9g7 g2ar

kar riha hovéga

@repeat, @past,@sg,@male, @link Igor gfger Ht

karada rahinda st

@repeat, @future, @sg,@male, @link I I

karada rahéga
@present,@complete, @sg,@male, @link iyt

kita hai
@future,@complete, @sg,@male,@link g gfepd™ J2ar

kar cukkia hovega

@obligation, @present,@sg,@male,@link | ggsT T Y

karnd painda hai
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@obligation,@past, @sg,@male,@link & fp
karna pia

@obligation,@future, @sg,@male, @link JIET U

karna pavéga
@ability, @present,@sg,@male, @link Id HIET I

kar sakdd hai
@ability, @past,@sg,@male,@link a9 AaeT H

kar sakda st
@ability, @future, @sg, @male,@Va,@link | g9 Faer F2ar

kar sakda hovega

Table 5.7: Some examples of conjunct verb morphology for J 46 ‘be’ type of verbs

UNL attributes Verb morphology
@custom,@present,@sg, @male, @Ink Jor g

hunda hai
@past,@sg,@male,@Ink Jemr

Hoia
@future,@sg,@male,@Ink Jar

Hovega
@custom,@past,@sg,@male, @Ink Jer Ht

hunda st
@progress,@present, @sg,@male, @Ink Ifaar I

ho riha hai
@progress,@past,@sg, @male,@Ink I faar |t

ho riha st
@progress,@future, @sg,@male,@Ink 3 fagr Joar

ho riha hovega
@repeat, @present, @sg, @male,@Ink Jor afger 3
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hunda rahinda hai
@repeat,@future, @sg,@male,@Ink Jar gJar

hunda rahéga
@present,@complete, @sg,@male, @Ink J o 3

ho cukkia hai
@past,@complete, @sg,@male,@Ink 3 e Ht

ho cukkia st
@future,@complete, @sg,@male, @Ink, 3 e IJar

ho cukkia hovéga
@present,@ability, @sg,@male, @Ink J AT J

ho sakda hai
@past,@ability, @sg,@male,@Ink I Haer Ht

ho sakda st
@future,@ability,@sg, @male,@Ink I Haar

ho sakega

When a sentence does not have a main verb in it, then auxiliary verb acts like the main
verb. These sentences have a predicative adjective in it and require a verb terminator at
the end. They have ‘aoj’ relation between UW1 and UW2; and ‘@pred’ attribute is used
with the UW1 for its UNL expression (Dwivedi, 2002).

In the next section function word insertion phase of Punjabi DeConverter has been
discussed.

5.8 Function word insertion phase

Function word insertion phase is used to insert function words like case markers or
postpositions and conjunctions in Punjabi (e.g., & né, & niim, §3 utté ‘over’, € da ‘of’,
I8 kolom ‘from’, M3 ‘and’ etc.) to the morphed words generated by morphology phase.
Insertion of function words in the generated output depends upon UNL relation and the
conditions imposed on parent and child nodes’ attributes in a relation (Singh et al., 2007).

A rule base has been prepared for this purpose. For each of the forty six UNL relations,
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different function words are used depending upon the grammatical details of the target
language (Dey and Bhattacharyya, 2005; Birendra and Sanat, 2005). An exhaustive study
on ‘kaarak’ system of Punjabi language with respect to UNL relations and function
words has been carried out in this work (Somal et al., 2005). The findings of this study
are presented in Table 5.8.

Table 5.8: ‘kaarak ’ system with respect to UNL relations and function words

) ) Punjabi function
Classical case kaaraks UNL relations
words
o ‘agt’, ‘cag’, ptn’,
Nominative case karta kaarak 3 ne
‘cao’
_ ‘obj’, ‘ben’, ‘cob’, .
Accusative case karma kaarak S nam
‘per’, ‘to’
‘ins’, ‘met’, ‘and’, &8 nal, 83
Instrumental case karan kaarak ‘or’, ‘coo’, ‘ptn’, dudra, ISt
‘cao’, ‘cag’, ‘man’ rahim, 3 tom
?j nitm, St lai,
_ sampradaan ‘ben’, ‘gol’, ‘pur’,
Dative case TH3 vasate, fa3
kaarak ‘rsn’
hit, I79& karan
fed vicom, 3
_ apaadaan fim’,  Csrc’,  plf, y
Ablative case tom, 83 utte, I&
kaarak ‘tmf’
héthom
‘mod’, ‘pof’, ‘seq’
. sambandh pof T & da, < de, <t df,
Genitive case ‘icl’,  ‘comn’, “‘bas’,
kaarak a1t diam
‘Obj ) -
via’ . ‘tim’ feg vic, 873 urte,
_ adhikaran ‘mt’, ‘o', ‘gol’, | 33 néfe, 28
Case of time-place
kaarak sen’,  Copl’,  ‘dur’, | vallom, & véle,
fmt’, ‘ple 3 takk

176



There are some UNL relations that are not covered by the ‘kaaraks’. These are: ‘cnt’

(content), ‘equ’ (equivalent), ‘int’ (intersection), ‘iof” (instance-of), ‘nam’ (name), ‘qua’

(quantity) and ‘aoj’ (thing with attribute).

5.8.1 Issues in direct mapping of function words with UNL relations

The function words cannot be mapped directly to UNL relations due to following

reasons.

A given UNL relation may have more than one function words corresponding to
it. For example, UNL relation ‘pof” may result into insertion of function word
like, =/&l/T daldildé depending upon the lexical properties of parent and child
nodes of relation.

The position of inserting a function word in the generated output is not fixed. The
function words are not simply inserted between the parent and child node of a
relation. These may be inserted before or after the parent/child node depending
upon the conditions.

In order to handle these issues, a rule base has been prepared for insertion of function

words in the generated output.

5.8.2 Rule base for function word insertion

Following Sinha (2005a) and Vachhani (2006), a rule base for insertion of function word

has been prepared. This rule base consists of nine columns. The description of each

column of this rule format is given below.

First Column: Used to represent relation name

The name of UNL relation corresponding to which the reference to the rule base
is being made is stored in this column.

Second Column: Used to represent function word preceding parent node

The function word, that should be inserted before the parent node of the relation
in the generated output, is stored in this column.

Third Column: Used to represent function word following parent node

The function word, that should be inserted after the parent node of the relation in
the generated output, is stored in this column.

Fourth Column: Used to represent function word preceding child node
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The function word, that should be inserted before the child node of the relation in
the generated output, is stored in this column.
e Fifth Column: Used to represent function word following child node
The function word, that should be inserted after the child node of the relation in
the generated output, is stored in this column.
e Sixth Column: Used to represent positive conditions for parent node
The attributes whose presence needs to be asserted on the parent node for firing of
the rule is stored in this column.
e Seventh Column: Used to represent negative conditions for parent node
The attributes whose absence needs to be asserted on the parent node for firing of
the rule is stored here.
e Eighth Column: Used to represent positive conditions for child node
The attributes whose presence needs to be asserted on the child node for firing of
the rule is stored in this column.
e Ninth Column: Used to represent negative conditions for child node
The attributes whose absence needs to be asserted on the child node for firing of
the rule is stored here.
If there are more than one attributes that need to be asserted on a given node for firing of
a rule, then they are stored in the rule base with the separation of ‘#’ sign. Here, the
attributes represent the UNL attributes (obtained from given UNL expression) or the
lexical attributes (obtained from Punjabi-UW dictionary) of the node.
The rule base for function word insertion is illustrated with an example rule given in
(5.50).
agt:null:null:null:&:@past#V:VINT#@progress#jA:N#3rd: 1st#2nd ...(5.50)
Here, ‘agt’ is a UNL relation under consideration, and the firing of given rule will result
into the insertion of function word & né following the child node in the generated output,
because function word appears in the fifth column and second, third and fourth columns
contain ‘null” in the rule. The sixth column contains ‘@past#V”’, which means that the
rule will be fired if the parent of ‘agz’ relation contains ‘@past’ as its UNL attribute in
the given input UNL expression and has a ‘¥ as its lexical attribute in the Punjabi-UW
dictionary. The seventh column contains ‘VINT#wprogress#jA’ which refers to the
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attributes whose absence need to be asserted on the parent node for firing of the rule. It
means that parent node should not contain ‘VINT’ (intransitive verb), 54’ (‘go’ verb)
attributes in the lexicon and ‘@progress’ attribute in the parent of UNL expression. The
eighth column of the rule given in (5.50) contains ‘N#3rd’ which refers to the attribute,
whose presence needs to be asserted on the child node for firing of the rule, i.e., child
should have a ‘N’ (noun) and ‘3rd’ (third person) attribute in the Punjabi-UW dictionary.
Ninth column contains ‘Ist#2nd’ which refers to the attribute whose absence needs to be
asserted on the child node for firing of the rule. It means that child node should not refer
to first person or second person in the sentence. Thus, if relation ‘agt’ has a parent node
with ‘@past’ and ‘V” attribute; and without ‘VINT’, %A4°, ‘@progress’ and ‘@custom’
attributes; and has a child node with ‘N’ and ‘3rd’ attribute and without ‘/s¢” and 2nd’

attribute, then function word & ne will be inserted following the child node in the

generated output.

For example, in ‘agt(eat(ic/>do).@past.@entry, boy(icl>male child))’, the parent node

of relation ‘agt’is ‘eat’ having ‘V’ and ‘@past’ attribute and do not have ‘VINT" attribute

in the lexicon. The child node of ‘agt’ relation is ‘boy(icl>male child)’ that has ‘N’ and

‘3rd’ attribute and does not has ‘Ist” and 2nd’ attribute in the lexicon. As such, this will

result into the firing of rule (5.50) and will thus result into the generation of function

word & né followed by child node ‘boy(icl>male child)’ in the generated output.

The complete rule-base for function word insertion is given in Appendix-D.

5.8.3 Implementation of the function word insertion rule base

An algorithm has been developed to implement the insertion of function words in the

generated output. This algorithm 5.3 is presented below.

Algorithm 5.3: Processing of function word insertion rule base

(i) Process the linked list consisting of all UNL relations that are present in the input

UNL expression. This list called as RelationList is created by PseudoCode 5.1.

(i) Perform steps (iii) to (vii) for each element of RelationList until the complete list is
traversed.

(iii) Obtain parent node and child node of UNL relation from the NodeList.
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(iv) Obtain UNL attributes and lexical attributes of parent and child nodes of given UNL
relation and store this information in parent attribute list and child attribute list,
respectively.

(v) For each rule perform the following steps.

(a) If a given UNL relation matches with the first column of the rule then perform
steps (b) to (), otherwise skip the rule.

(b) Compare the attributes of rules given in sixth column with the parent attribute
list, if all the attributes given in the sixth column of rule base appear in the
parent attribute list, then set parent positive condition match flag to 1
otherwise to 0.

(c) Compare the attributes of rules given in seventh column with the parent
attribute list, if all the attributes given in the seventh column of rule base do
not appear in the parent attribute list, then set parent negative condition match
flag to 1 otherwise to 0.

(d) Compare the attributes of rules given in eighth column with the child attribute
list, if all the attributes given in the eighth column of rule base appear in the
child attribute list, then set child positive condition match flag to 1 otherwise
to 0.

(e) Compare the attributes of rules given in ninth column with the child attribute
list, if all the attributes given in the ninth column of rule base do not appear in
the child attribute list, then set child negative condition match flag to 1
otherwise to 0.

(f) If all the flags, i.e., parent positive condition match flag, parent negative
condition match flag, child positive condition match flag and child negative
condition match flag are 1, then the corresponding rule will be marked for
firing.

(vi) If no rule is marked for firing then go to step (ii).

(vii) For each of the rule marked for firing performs steps (viii) to (xi) and then go to

step (ii).
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(viii) If second column of the marked rule is not null, then append the function word given
in second column at the position preceding to the Punjabi word attribute of parent
node.

(ix) If third column of the marked rule is not null, then append the function word given in
third column at the position next to the Punjabi word attribute of the parent node.

(x) If fourth column of the marked rule is not null, then append the function word given
in fourth column at the position preceding to the Punjabi word attribute of child
node.

(xi) If fifth column of the marked rule is not null, then append the function word given in
fifth column at the position following to the Punjabi word attribute of the child node.

Working of this algorithm is now explained with the help of an example sentence given

in (5.51).

Example sentence: The computer translated from English to Punjabi. ...(5.51)
UNL expression for this example sentence is,

{unl}

agt(translate(icl>do). @past.@entry, computer(icl>machine))
src(translate(icl>do).@past. @entry, english(icl>language))
gol(translate(icl>do).@past. @entry, punjabi(icl>language))

{/unl} ...(5.52)
The UNL expression given in (5.52) is processed by morphology phase to produce a
node-list given in (5.53).

Node;: Punjabi word: m&=™e o137 anuvad kita, UW: translate(icl>do)

Node,: Punjabi word: afu8<ad kampiiifar; UW: computer(icl>machine)

Nodes: Punjabi word: »fard=t arigrezr; UW: english(icl>language)

Node,: Punjabi word: st pasjabr; UW: punjabi(icl>language) ...(5.53)
In the UNL expression given in (5.52), ‘agt’ relation has parent node ‘translate’ with
‘@past’ attribute obtained from UNL expression and V" attribute obtained from Punjabi-
UW dictionary. The child node ‘computer(icl>machine)’ has ‘N’ (noun) and ‘3rd’ (third
person) attribute obtained from lexicon and it does not has ‘/s¢’ and “2nd’ attribute. All

the flags, i.e., parent positive condition match flag, parent negative condition match flag,
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child positive condition match flag and child negative condition match flag will be set for
the rule given in (5.50) and it will append the function word & né at the position next to
the Punjabi word attribute of child node ‘computer(icl>machine)’, i.e., Punjabi word
attribute of child node ‘computer(icl>machine)’ will become ‘FUGTT & © kampiifar

né’. For relation ‘src’, the rule given in (5.54) will be fired since there is only one
condition which is to be asserted on the child node and it has ‘N’ attribute. Here, child

node of ‘src’ relation ‘english(ic/>language)’ has ‘N’ attribute in the lexicon. The firing
of rule (5.54) will append the function word 3 t6m at the position next to the Punjabi
word attribute of child node ‘english(icl>language)’, because function word 3 tom
appears in the fifth column of the rule base. Thus, Punjabi word attribute of child node
‘english(icl>language)’ will become “MaraHt 3° ‘arigrézi tom’.
sre:null:nullznull:Z:null:null:N:null ...(5.54)
For relation ‘gol’, the rule given in (5.55) will be fired since there is only one condition
‘N’ and ‘INANI’ (inanimate) which is to be asserted on the attributes of child node. Here,
child node of ‘go/’ relation ‘punjabi(icl>language)’ has ‘N’ and ‘INANI’ attributes in the
lexicon. The rule (5.55) will append the function word f<g vic at the position next to the
Punjabi word attribute of child node ‘punjabi(icl>language)’, because case marker feg
vic appears in the fifth column of the rule base, i.e., Punjabi word attribute of child node
‘punjabi(icl>language)’ will become Ut fe9° ‘pasijabi vica .
gol:null:null:null:feg:null:null:INAN#N:null ...(5.55)
After processing with the fired rules given in (5.50), (5.54) and (5.55), function word
insertion phase will modify the nodes given in (5.53) and will result into the nodes given
in (5.56).

Node;: Punjabi word: m&=™e 37 anuvad kita, UW: translate(icl>do)

Node;,: Punjabi word: afu8ed & kampiiitar né; UW: computer(icl>machine)

Nodes: Punjabi word: »fard=t 3 arigreézi tom, UW: english(icl>language)

Node,: Punjabi word: yaft fe9 pasjabi vica; UW: punjabi(icl>language) ..(5.56)
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The order of processing of these nodes to define the word order in the generated output is
defined by the syntax planning phase of the DeConverter. In the next section, the syntax
planning phase of DeConverter has been discussed.

5.9 Syntax planning phase

Syntax planning is the process of linearizing the lexemes in the semantic hyper-graph. As
such, it is a process to define the word order in the generated sentence. In a language,
some word orders are considered more natural than others. The syntax planning deals
with the arrangements of words in the generated output so that output matches with the
natural language sentence. The system assigns relative positions to various words based
on the relations they share with the headword in a sentence. The structural differences
between English (Subject-Verb-Object) and Punjabi (Subject-Object-Verb) languages
necessitate the syntax planning phase in the development of a Punjabi DeConverter.

5.9.1 Major issues in syntax planning

The parent child relationship and matrix based priority of relations are two important
issues in syntax planning phase. In a UNL binary relation rel(UW1, UW2), UW1 acts as
the parent of the relation whereas, UW2 acts as the child of the relation. For each parent
child relationship, the system should state whether the parent should be ordered before or
after the child in the generated output (Vora, 2002). For the syntax plan of Punjabi
language, in most of UNL relations the parent node appears right to all of its children
nodes in the generated output.

To illustrate this concept, let us consider a UNL relation agt(UW1, UW2), where UW1 is
a verb and UW2 is the subject or agent of that event. Since, Punjabi is a SOV language,
so subject always comes to the left of the verb. Same is the case of ‘ob;’ relation. In case
of a UNL expression given in (5.57) both the children, i.e., ‘boy(ic/>male child)’ and
‘rice(icl>food)’ will be placed left to the parent ‘eat’.

{unl}

agt(eat. @present. @entry, boy(icl>male child))

obj(eat.@present.@entry, rice(icl>food))

{/unl} ...(5.57)
Since, both children are inserted to the left, the child inserted first in the generated output

will be decided by the matrix based priority of relations.
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5.9.2 Matrix based priority of relations

The necessity of matrix based priority of relations occurs when the child of two or more
UNL relations has a common parent. It is important to decide the relative positions of
children (sharing a common parent) with respect to each other in the generated output. In
the proposed Punjabi DeConverter, the relative positions of children with respect to each
other are decided by a matrix ‘M’ following Vora (2002). This matrix ‘M’ has 46 rows
and 46 columns, representing 46 UNL relations specified in UNL specifications (Uchida,
2005). This matrix M=[m;], i=1, 2, ..., 46; =1, 2, ..., 46 contains the elements as ‘L’, ‘R’
and *’. Here, ‘L’ means towards left, ‘R’ means towards right and ‘-’ means no action.
If ‘m;;” = ‘L’, then the position of the child of the i" relation is left to the child of the j™"
relation when the two children share a common parent. If ‘m;;” = ‘R’, then the position of
the child of i relation is right to the child of the j" relation when the two children share a
common parent. If ‘m;;” = *-’, then no action is to be taken as it is impossible that child of
this i relation shares a common parent with the child of this j" relation (Hrushikesh,
2002; Vachhani, 2006).

This is illustrated with ‘R;” and ‘R;” as two UNL binary relations between three nodes
‘N1, ‘N2” and ‘N3’ as Ri(Ns, N1) and Rj(Ns, N2). Here, node ‘N;’ and node ‘N’ are the

children of same parent ‘N3’ as shown in Figure 5.8.

Figure 5.8: UNL graph of two nodes with same parent
Based on the structure of the target language, if ‘N;’ appears at the left of ‘N’ in the
generated sentence as denoted by ‘(N; L Ny)’, then the priority matrix shown in Figure
5.9 needs to be maintained for its syntax plan.
R |R
Ri |- L
R |[R |-

Figure 5.9: Matrix representation for (N; L Ny) structure
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The priority of the child of the relation depends upon the frequency of ‘L’ in its row. If a
relation has all ‘L’ in its row, then the child node of that relation will have highest priority
and it will appear at extreme left in the generated output. Similarly, if a relation has all
‘R’ in its row, then the child node of that relation will have lowest priority and will
appear at extreme right of all the children sharing the common parent in the generated
output (Nalawade, 2007; Vachhani, 2006). Owing to the fact that we can associate a
priority to the child associated with a relation, the matrix ‘M is called as Priority Matrix.
This concept is illustrated with an example UNL expression given in (5.52). The UNL
graph for this UNL expression is shown in Figure 5.10.

translate(icl>do).@entry.@past

sfc

y
computer(icl>machine english(icl>language) punjabi(icl>language

Figure 5.10: UNL graph for UNL expression given in (5.52)

As shown in Figure 5.10, children of ‘agt’, ‘src’ and ‘gol’ relations have a common
parent ‘translate(icl>do)’. According to SOV structure of Punjabi language, the correct
word order is produced in the generated output by processing the nodes generated by
function word insertion phase in the sequence given in (5.58).

Node,: Punjabi word: dfU§ed & kampiiitar né; UW: computer(icl>machine)

Nodes: Punjabi word: »fard+t 2 arigrézi tom, UW: english(icl>language)

Node,: Punjabi word: ¥aft feg pasjabr vica; UW: punjabi(icl>language)

Node;: Punjabi word: m&<e t37 anuvad kita, UW: translate(icl>do) ...(5.58)
It means that, child of ‘agt’ relation should appear in the left most position to the child of
‘src” and ‘gol’ relations in the generated output and the child of ‘src¢’ relation should
appear to the left of child of ‘gol’ relation and right of child of ‘agt’ relation. In order to
produce the correct word order in the generated output, the system should maintain the
priority matrix of ‘agt’, ‘src’and ‘gol’ relations (because they share a common parent) as

shown in Figure 5.11.
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agt |src | gol Priorities of relations
agt _ L L agt: 2
src: 1
src |R - L gol: 0
gol |R R -

Figure 5.11: Priority matrix for syntax plan of UNL expression given in (5.52)
Here, the ‘agt’ relation has highest priority, i.e., 2; the ‘src’ relation has priority 1 while
‘gol’ relation has priority 0. So, the child of ‘agt’ relation will be processed first followed
by child of ‘src’ and ‘gol’ relations. After processing all the children nodes, the parent
node is processed to generate the correct word order as shown in generated output (5.59)
having equivalent English sentence given in (5.60).
JUGea & viard+t 3 Urr feg nigere off3r | ...(5.59)
kampititar né arigrezi tom panjabi vic anuvad kita.
The computer translated from English to Punjabi. ...(5.60)
5.9.3 Syntax planning for simple sentences
A simple sentence contains a subject and a verb, and it expresses a complete thought. The
UNL expression of simple sentences is converted into a simple node-net or UNL graph
by UNL parser. The processing sequence of nodes of this UNL graph controls the word
order in the generated output. A program has been developed in Java to control the
sequence of processing of nodes of simple UNL graph. The PseudoCode 5.2 contains the
instructions corresponding to this program.
PseudoCode 5.2: To control the processing sequence of nodes of simple UNL graph
begin
Start traversing the graph from entry node and set this as active node;
while (true)
if (active node has no parent)
if (active node has no unprocessed child)
add node to final string;
Mark node as processed;

exit from the loop;
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else

186



10. if (node is not already marked as visited)

11. mark node as visited node;

12. end-if

13. get highest priority unprocessed child relation;

14. set highest priority unprocessed child relation as active node;

15. end-if

16. else

17. if (node has one parent)

18. if (active node has no unvisited child)

19. add node to final string;

20. mark node as processed;

21. set parent of node as active node;

22. else

23. if (node is not already marked as visited)

24. mark node as visited node;

25. end-if

26. get highest priority unprocessed relation child;

27. set highest priority unprocessed child relation as active
node;

28. end-if

29. end-if

30. end-if

31. end-while

32. end

PseudoCode 5.2 performs the processing of nodes of UNL graph according to priority
matrix. The given PseudoCode works in a loop, and control exits out of it after the
processing of all nodes of the graph. It first traverses the highest priority child node
sharing a common parent. If a node has no further unvisited child, then it is processed and

added into the final string. After processing of the child node, the parent of that node
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becomes active node and again traverses the highest priority un-processed child node.
This process continues until the entry node gets processed.

The working of PseudoCode 5.2 is illustrated with an example English sentence given in
(5.61).

He has scored 80% marks. ...(5.61)
The UNL expression for this example sentence is,

{unl}

agt(score.@present.@complete.@entry, he)

obj(score.@present.@complete.@entry, marks)

mod(marks, percent)

qua(percent, 80)

{/unt} ...(5.62)
UNL graph for UNL expression (5.62) is depicted in Figure 5.12.

score.@present.@complete.@entry

- 3
o a

Figure 5.12: UNL graph for UNL expression (5.62)
The node list for the UNL expression given in (5.62) after processing of morphology

phase and function word insertion phase is given in (5.63).

Node;: Punjabi word: 9& ft3 hdsal kite; UW: score
Node,: Punjabi word: €7 & us né; UW: he
Nodes: Punjabi word: »& ark; UW: marks

Node,: Punjabi word: <t fisadi; UW: percent
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Nodes: Punjabi word: 80; UW: 80 ...(5.63)
In Figure 5.12, the entry node is ‘score.@present.@complete.@entry’ as this contains
‘@entry’ attribute and the labels on edges indicate UNL relation labels. Here, the priority
of the ‘agt’ is higher than the priority of the ‘ob;’ relation as shown in Figure 5.13. Thus
‘he’ node will be traversed first. This is worth mentioning here that the priority matrix

given in Figure 5.13 is a sub-matrix of the earlier defined matrix ‘M.

agt | obj
Priorities of relations
agt | - L agt: 1
obj | R - obj: 0

Figure 5.13: Priority matrix for ‘agt’ and ‘obj’ relations
The ‘he’ node has no child and its parent node ‘score’ is already visited, so it will be
processed and its Punjabi word attribute will be appended to the final string used to store
generated output, i.e., the final string will become ‘6% &’. Now, parent of ‘ze’ node, i.e.,
‘score’ node will become the active node. It has only one unprocessed child, i.e., ‘marks’
node. So, it will be traversed next and marked as visited. It has one unprocessed child
node ‘percent’, so it will be traversed and marked as visited. The ‘percent’ node also has
one unprocessed child node ‘80°, so it will be traversed next and marked as visited. The
node ‘80’ has no further unprocessed child, so it will finally be processed and its Punjabi

word attribute will be appended to the final string, i.e., the final string will become ‘67 &

80’. The parent of ‘80" node, i.e., ‘percent’ node now will become active node. The
‘percent’ node has no unprocessed child, so it will be processed and its Punjabi word

attribute will be appended to the final string, i.e., the final string will become ‘6% & 80
e, Now, the parent of ‘percent’ node, i.e., ‘marks’ node, will become an active node.
The ‘marks’ node has no unprocessed child, so it will be processed and its Punjabi word
attribute will be appended to the final string, i.e., the final string will become ‘6% & 80
et »ia’. Now, the parent of ‘marks’ node, i.e., ‘score’ node, will become an active
node. It is an entry node and has no unprocessed child, so it will be processed and its
Punjabi word will be appended to the final string, i.e., the final string will become ‘B7 &
80 <<t niq gm® f13°. Since, the entry node is processed, the control will exit from the

loop and the final output according to the syntax plan will be available in the final string.
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Thus, PseudoCode 5.2 will result the processing of node-net in the order given in (5.64)

and it will result into Punjabi sentence shown in (5.65) as the generated output of Punjabi

DeConverter.
Node, Nodes Node, Node; Node; ...(5.64)
7 & 80 et nig Iws 3 | ...(5.65)

us né 80 fisadr arik hasal kite.
5.9.4 Syntax planning of UNL graph with a scope node
Scope is used to represent a compound universal word or a compound concept. A
compound concept is a set of binary relations that are grouped together to express a
complex concept. This is defined by adding a compound universal word identifier
(compound UW-ID) immediately after the relation label. The compound UW is referred
with the ID instead of a universal word.
The syntax planning for sentences with compound concept is a bit different from simple
sentences. In this case, UNL graph contains a scope node which itself is a UNL graph as
depicted in Figure 5.14.
Algorithm 5.4 has been used to produce the syntax plan for a UNL graph with a scope
node.
Algorithm 5.4: Processing the nodes of UNL graph with a scope node

(i) Develop the syntax plan by considering scope node as a single node with

PseudoCode 5.2.
(if) Develop the syntax plan of scope node’s UNL graph using PseudoCode 5.2.
(iii) Replace the scope node in the output generated in step (i) with the output
generated in step (ii) in order to get final generated sentence.

Syntax planning of UNL graph with a scope node is illustrated by an example sentence
given in (5.66).
| went to Delhi 20 days back. ...(5.66)
UNL expression of this example sentence is,
{unl}
agt(go.@past.@entry, I(icl>person))
plc(go.@past.@entry, Delhi)
tim(go.@past.@entry, :01)

190



man:01(back.@entry, day)

qua:01(day, 20)

{/unl} ...(5.67)
UNL graph of this UNL expression is depicted in Figure 5.14.

Cqodrpast. goontry

=S
\

F i
‘ '
C Wicl>person) ) ( Delhi )

Figure 5.14: UNL graph with a scope node for UNL expression (5.67)
Figure 5.14, ‘go’ is entry node having three children, ‘I(ic/>person)’ with ‘agt’ relation;
‘Delhi’ with ‘plc’ relation and scope node “:01° with ‘#im’ relation. Here, ‘agt’ relation
has highest priority followed by ‘#im’ relation and then by ‘plc’ relation, as shown in
priority matrix in Figure 5.15. Thus, the system will first traverse the ‘I(icl>person)’
node, followed by scope node *:01° and then by ‘Delhi’ node.

agt |[plc |tim
Priorities of relations

agt | - L |t agt: 2
plc |R _ R p_Ic: 0
i tim: 1
tim | R L -

Figure 5.15: Priority matrix for ‘agt’, ‘plc’ and ‘tim’ relations

Using PseudoCode 5.2 while considering scope node as a single node, syntax plan of this
UNL graph by considering UWSs (without constraints) shall be,

| :01 Delhi go ...(5.68)
Using algorithm 5.4, the scope node “:01° shown in output (5.68) is replaced by the
output generated from the syntax plan of scope node’s UNL graph. Again, using
PseudoCode 5.2, the syntax plan of UWs (without constraints) of scope node’s UNL
graph is,
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20 day back ...(5.69)
Final output for the UNL expression given in (5.67) is generated by replacing scope node
in (5.68) with the syntax plan of UWSs given in (5.69). Thus, the final syntax plan of UWs
(without constraints) for the UNL graph depicted in Figure 5.14 will be generated as
given in (5.70). The generated Punjabi sentence after the application of morphology,
function word insertion and syntax planning phases of the Punjabi DeConverter is given
in (5.71).

| 20 day back Delhi go ...(5.70)
" 20 fes ufgst et famr | ...(5.71)

mai/m 20 din pahilam dilli gia.

5.9.5 Untraversed parent handling

While traversing a UNL graph the system may encounter a situation where, the parent of
the node is untraversed. This is illustrated with the help of an example sentence given in
(5.72).

Above mentioned DeConverter detail. ..(6.72)
UNL expression for this example sentence is given in (5.73) and corresponding UNL
graph is given in Figure 5.16.

{unl}

obj(mention, detail. @entry)

plc(mention, above)

mod(detail. @entry, DeConveter)

{/unl} ...(5.73)

mpd

y
DeConveter

Figure 5.16: UNL graph of UNL expression (5.73)
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In UNL graph of Figure 5.16 ‘detail’ node acts as the entry node. According to
PseudoCode 5.2 the traversal of UNL graph starts from entry node, i.e., ‘detail’ node.
Here, system encounters a case of untraversed parent, because the parent of ‘entry’ node,
I.e., ‘mention’ node has not been traversed by the system. Following strategy has been
implemented for handling an untraversed parent node.
If system encounters a node having untraversed parent, then that node will be removed as
child of its parent and it will be added as virtual parent to its untraversed parent. The
parent of that node will be set to ‘null’ and the untraversed parent node will be set as an
active node. Subsequent syntax planning will be carried out according to PseudoCode
5.2. PseudoCode 5.3 has been used to implement this strategy.
PseudoCode 5.3: Handling of untraversed parent node
if (parent of active node is untraversed)

add active node as virtual parent to its untraversed parent;

remove active node as child of its parent;

set active node parent to null;

set untraversed parent node as active node;
end-if
This PseudoCode 5.3 is inserted between lines numbered 17 and 18 of PseudoCode 5.2 to
extend it to handle UNL graph having untraversed parent node.
According to PseudoCode 5.3, for processing of UNL graph depicted in Figure 5.16, the
system removes ‘detail’ node as the child of its untraversed parent node ‘mention’ and
sets its parent to null. The system adds ‘detail’ node as a virtual parent of its untraversed
parent node ‘mention’. The system sets untraversed parent node, i.e., ‘mention’ node as

an active node. The modified UNL graph after these actions is depicted in Figure 5.17.

obj
mod
A
Centon >

above

Figure 5.17: Modified UNL graph for a node having untraversed parent
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After starting the traversal of UNL graph (Figure 5.16) from entry node, i.e., ‘detail’,
system encounters a situation of untraversed parent. The system modifies the UNL graph
according to PseudoCode 5.3 and sets ‘mention’ node as an active node. It has one
untraversed child node, i.e., ‘above’. The ‘above’ node has no further unprocessed child
so its Punjabi word attribute will be appended to final string used to store generated
output. It has parent node ‘mention’ which is already traversed and has no unprocessed
child node, thus it will be processed by the system and its Punjabi word attribute will be
appended to the final string. The ‘mention’ node has one virtual parent, i.e., ‘detail’ node,
hence it will become an active node. This node has one child node, i.e., ‘DeConverter’,
so it will become an active node. It has no unprocessed child, so it will be processed and
its Punjabi word attribute will be appended to final string. The parent of the
‘DeConverter’ node, i.e., ‘detail’ node, will now be set as an active node. It has no parent
and no unprocessed child, so ‘detail’ node is processed by the system and its Punjabi
word attribute will be appended to the final string. Since, all the nodes are processed by
the system, the control will exit and final output according to syntax plan will be
available in the final string.

The output given in (5.74) indicates the final syntax plan of UWSs (without constraints)
and the output given in (5.75) shows the generated Punjabi sentence after application of

morphology, function word insertion and syntax planning phases of the Punjabi

DeConverter.
above mention DeConverter detail ...(5.74)
S ug et Ssedeg ot fenrfnT | ...(5.75)

uppar ditti diknnavratar dr viakhia .

5.9.6 Handling of multiple parents

Normally, in a UNL graph each child node has only one parent, i.e., one node plays only
a single role. But sometimes, one child may have more than one parent, i.e., one node
plays more than one role in a UNL expression. In such a case, the system may encounter
a situation where parent of a node may be untraversed or unvisited. This situation is
illustrated with an example sentence given in (5.76).

His eyes are affected by strong viral infection. ...(5.76)

The UNL expression for example sentence given in (5.76) is,
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{unl}

obj(affect. @present.@entry, eye.@pl)

pos(eye.@pl, he)

agt(affect. @present.@entry, infection)

aoj(viral, infection)

mod(viral, strong)

{/unl} (5.77)
The UNL graph of UNL expression (5.77) is depicted in Figure 5.18.

Figure 5.18: UNL graph having multiple parents for UNL expression (5.77)

Here, the entry node ‘affect’ has two children ‘eye’ and ‘infection’ associated with UNL
relations ‘obj’ and ‘agt’, respectively. The ‘agt’ relation is of highest priority, so
‘infection’ node will be traversed first by the system. Now, system encounters two
parents for an active node ‘infection’. The following strategy has been implemented for
handling multiple parents.
If system encounters a node having multiple parents, then its untraversed parent will be
detected by the system and the active node will be set as a virtual parent of the
untraversed parent. The untraversed parent will be removed as the parent of the active
node and the active node will be removed as child of untraversed parent. The untraversed
parent node will be set as the active node and further processing of the syntax plan will
be carried out according to PseudoCode 5.2.
PseudoCode 5.4 has been used to implement this strategy.
PseudoCode 5.4: Handling nodes with multiple parents nodes
if (node has multiple parents)

find an untraversed parent;

set active node as virtual parent of its untraversed parent;
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remove untraversed parent from active node’s parent list;

remove active node as child of its untraversed parent;

set untraversed parent node as active node;
end-if
PseudoCode 5.4 is inserted between lines numbered 29 and 30 of PseudoCode 5.2 for
extending it to handle the UNL graphs having nodes with multiple parents.
According to PseudoCode 5.4, for processing of UNL graph depicted in Figure 5.18, the
system will find the untraversed parent of active node having multiple parents, i.e.,
‘infection’. The node ‘viral’ will be identified as the untraversed parent node of the active
node. According to PseudoCode 5.4, the system will set ‘infection’ as the virtual parent

of the untraversed parent node, i.e., ‘viral’ as shown in Figure 5.19.

agt

\
0
Cooms

<

Figure 5.19: Modified UNL graph for a node having multiple parents
Thus, during its syntax plan, the system removes the ‘viral’ node as the parent of
‘infection’ node and removes ‘infection’ as a child of ‘viral’ node. The system sets ‘viral’
node as an active node after visting ‘affect’ and ‘infection’ nodes. The ‘viral’ node has
one child node, i.e., ‘strong’. Thus, it will be processed and its Punjabi word attribute will
be appended to final string used to store generated output. Now, the parent of ‘strong’,
i.e., ‘viral’ node will be set as an active node. Since, all the child nodes of ‘viral’ node

are processed, so ‘viral’ node will be processed and its Punjabi word attribute will be
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appended to final string. Now, the virtual parent of ‘viral’ node, i.e., ‘infection’ node will
become an active node. It has no unprocessed child so it will be processed and its Punjabi
word attribute will be appended to final string. The parent of the ‘infection’ node, i.e.,
‘affect’ node will now be set as an active node. It has one unprocessed child node, i.e.,
‘eye’. S0, it will be traversed and become an active node. It has one untraversed child,
i.e., ‘he’, so it will be processed and its Punjabi word attribute will be appended to the
final string. The parent of ‘he’ node, i.e., ‘eye’ node will be processed next and its
Punjabi word attribute will be appended to the final string. Finally, the entry node, i.e.,
‘affect’ is processed by the system and its Punjabi word attribute will be appended into
the final string.

The output given in (5.78) contains the final syntax plan of UWs (without constraints)
and the output given in (5.79) contains the generated Punjabi sentence after application of

morphology, function word insertion and syntax planning phases of the Punjabi

DeConverter.
strong viral infection he eye affect ...(5.78)
393 Hiefea g3 & BH &t »iyf & niHg 37| ...(5.79)

takrse jivamk sarkramars né us diam akkham niim asar kita.

5.9.7 Special cases in syntax planning

Dwivedi (2002) reported the shortcomings of syntax planning approach using matrix
based priority of relations. In matrix based priority of relations, the priorities are assigned
to relations of children nodes sharing a common parent. This approach does not consider
the lexical properties of the children nodes. The need for considering the lexical
properties of children nodes has been illustrated with the help of example phrases given
in (5.80) and (5.82).

Example phrase 1: three days of the conference ...(5.80)
UNL expression for this example phrase is,

{unl}

mod(day.@pl, conference)

qua(day.@pl, 3)

{/unl} ...(5.81)
The UNL graph of UNL expression (5.81) is depicted in Figure 5.20.
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day.@pl

Figure 5.20: UNL graph for UNL expression (5.81)
Example phrase 2: two neighboring nations ...(5.82)

UNL expression for this example phrase is,

{unl}
mod(nation.@pl, neighbor)

qua(nation.@pl, 2)
{/unl} ...(5.83)
The UNL graph of UNL expression (5.83) is depicted in Figure 5.21.

nation.@pl

Figure 5.21: UNL graph for UNL expression (5.83)

Punjabi equivalent of first phrase is ‘d&edn € 36 f€&” kanpharams dé tinn din’, which
indicate that child node of ‘mod’ relation should be traversed first during its syntax
planning. It means that ‘mod’ relation should have higher priority than ‘qua’ relation in
the priority matrix. The Punjabi equivalent of second phrase is ‘€ It HSI’ ‘do

guandhit mulak’, which indicates that child node of ‘qua’ relation should be traversed
first during its syntax planning. It means that ‘gua’ relation should have higher priority
than ‘mod’ relation in the priority matrix. These two priorities contradict each other when
used in the creation of priority matrix. This change of sequence of insertion happens
because ‘neighboring’ is an adjective which modifies the noun ‘nation’ whereas
‘conference’ is a noun indicating something about other noun ‘day’. It means that child of

‘mod’ relation will be traversed first if it is a noun but it will be traversed later if the child
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is an adjective. These types of special cases have been handled by implementing specific
rules in the present work.
Vachhani (2006) and Nalawade (2007) have identified some UNL relations which need
to be treated as special cases during their syntax planning for Hindi language. It has been
explored that these cases are also applicable for Punjabi language. These UNL relations
are as follows.

e ‘and’ and/or ‘or’ relation(s)

e ‘fint’relation

e ‘cnt’relation

e ‘seq’relation
Following strategies have been formulated for syntax planning of these UNL relations.
5.9.7.1 Strategy for ‘and’ and/or ‘or’ relation(s)
For the syntax planning of UNL graph having relation ‘and’ relation, PseudoCode 5.2
requires a minor modification, which is illustrated with the help of an example sentence
given in (5.84).
| will go to temple and pray for you. ...(5.84)
UNL expression for this example sentence is,
{unl}
agt(go.@future.@entry, I(icl>person))
plc(go.@future.@entry, temple)
and(go.@future.@entry, pray)
ben(pray, you)
{/unl} ...(5.85)
UNL graph for UNL expression given in (5.85) is depicted in Figure 5.22.

go. hentry

5\

it Pl “ang
» 1 N .

L Wwebperson) )
(lcbperson) temple pray

i:n

you

Figure 5.22: UNL graph having relation ‘and’ for UNL expression (5.85)
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According to PseudoCode 5.2, the syntax planning of UNL graph given in Figure 5.22
will result into the syntax planning of UWSs (without constraints) as given in (5.86).

| temple you pray go ...(5.86)
This word order is not correct for Punjabi language, because the position of UW ‘go’ is
wrong. The correct syntax plan of UWSs according to Punjabi language is,

| temple go you pray ...(5.87)
In order to generate the correct syntax plan for a UNL graph having ‘and’ relation,
following strategy has been implemented.

If system encounters relation ‘and’ as the highest priority relation, then parent node of
relation ‘and’ will be processed first and its child node will be set as an active node.
Further syntax planning will be carried out according to PseudoCode 5.2.

For the syntax planning of UNL graph depicted in Figure 5.22, the syntax plan starts
from entry node ‘go’ having three children with ‘agt’, ‘plc’ and ‘and’ relations.
According to priority matrix, the ‘agt’ relation is of the highest priority, so the node
‘I(icl>person)’ will be processed first followed by node ‘temple’ with ‘plc’ relation.
After this, the system will traverse the node with ‘and’ relation. According to
aforementioned strategy, the system will first process the parent node of relation ‘and’
and its Punjabi word attribute will be appended to final string. Now, the child node of
‘and’ relation, i.e., ‘pray’ node will become an active node. It will result into the
processing of ‘you’ node followed by ‘pray’ node. The syntax plan of UWs (without
constraints) is given in (5.88). Thus, the Punjabi sentence given in (5.89) will be
generated after application of morphology, function word insertion and syntax planning
phases of the Punjabi DeConverter.

| temple go you pray ...(5.88)
H Heg A<far »f3 39 St YrggaT Jaiar | ...(5.89)
mai/m mandar javariga até teré lai prarthand karariga .

The UNL graph consisting of ‘or’ relation has also been handled by the same strategy
that is adopted for ‘and’ relation. This is illustrated with the help of an example sentence
given in (5.90).

Plant 2 or 3 trees in different directions. ...(5.90)
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UNL expression for this example sentence is given in (5.91) and corresponding UNL
graph is given in Figure 5.23.

{unl}

obj(plant.@entry, tree.@pl)

scn(plant. @entry, direction.@pl)

mod(direction.@pl, different)

qua(tree.@pl, :01)

or:01(2.@entry, 3)

{/unl} ...(5.91)

plant.@entry

direction.@pl

3
o

01

i:
=]
=

Figure 5.23: UNL graph having relation ‘or’ for UNL expression (5.91)

As mentioned above, the strategy adopted for ‘and’ relation has also been used for ‘or’
relation, accordingly, in Figure 5.23 the parent of ‘or’ relation, i.e., 2’ will be processed
before its child node ‘3°. Since, the relation ‘ob;’ has higher priority than relation ‘scn’ in
the priority matrix, the syntax plan of UWs (without constraints) will be obtained as
given in (5.92). The Punjabi output generated after application of morphology, function
word insertion and syntax planning phases is given in (5.93).

2 3 tree different direction plant ...(5.92)
2 3 TIY3 mmdl femret feg Garg | ...(5.93)
2 3 darkhat alagg dishavam vic ugao .

This strategy for syntax planning of UNL graph having ‘and’ and/or ‘or’ relations has
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been implemented and the PseudoCode 5.5 contains the instructions corresponding to its
implementation.
PseudoCode 5.5: Handling of ‘and’ and/or ‘or’ relations
if (highest priority relation is ‘and’ or ‘or’)
process active node by appending its Punjabi word attribute into final string;
mark the node as special node to indicate that it is already processed;
end-if
PseudoCode 5.5 is inserted between lines 13 and 14; and also between lines 26 and 27 of
PseudoCode 5.2 for extending it to handle the UNL graphs having ‘and’ and/or ‘or’
relations.
5.9.7.2 Strategy for ‘fimt’ relation
Again, for the syntax planning of UNL graph having ‘fmt’ relation, PseudoCode 5.2
requires slight modification, as illustrated in the following example sentence.
| can learn the list from a to z. ...(5.94)
UNL expression for this example sentence is given in (5.95) and corresponding UNL
graph is given in Figure 5.24.
{unl}
agt(learn(icl>do).@entry.@ability, I(icl>person))
obj(learn(icl>do).@entry. @ability, list. @def)
man(learn(icl>do).@entry.@ability, a(icl>letter))
fmt(a(icl>letter), z(icl>letter))
{/unl} ...(5.95)

learn(icl>do).@entry.@ability

a(icl>letter)

I(icl>person) list.@def

O:wu

z(icl>letter)

Figure 5.24: UNL graph having relation ‘fim¢’ for UNL expression (5.95)
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For UNL graph depicted in Figure 5.24, the PseudoCode 5.2 will generate the syntax plan
of UWs (without constraints) as shown in (5.96).
| zalist learn ...(5.96)
Here, ‘z’ appears before ‘a’, which is incorrect word order according to Punjabi
language; ‘z’ should appear after ‘a’. In order to generate correct word order, a different
strategy needs to be followed for 7mz’ relation. Following strategy has been implemented
for syntax plan of ‘fmt’ relation.
If system encounters relation ‘fmt’ as the highest priority relation, the parent node of
relation ‘fmt’ is processed first followed by the processing of its child node. After the
processing of child node, the child node will be set as an active node. Further processing
will be carried out according to PseudoCode 5.2.
PseudoCode 5.6 has been used to implement this strategy.
PseudoCode 5.6: Handling of ‘fint’ relation
if (highest priority relation is fmt’)

process active node by appending its Punjabi word attribute into final string;

mark the node as special node to indicate that it is already processed;

process its child node by appending its Punjabi word attribute into final string;

mark the child node as special node to indicate that it is already processed,;

set the child node as the active node;
end-if
PseudoCode 5.6 is inserted between lines 13 and 14; and also between 26 and 27 of
PseudoCode 5.2 for extending it to handle the UNL graphs having ‘fm¢’ relation.
The syntax plan of UWs (without constraints) for (5.96) will be generated as given in
(5.97) by PseudoCode 5.6. The Punjabi output after application of morphology, function
word insertion and syntax planning phases is given in (5.98).
| azlist learn ..(5.97)

Ha3z3a s ue it ...(5.98)

maima tomz takk larss yad kitr .
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5.9.7.3 Strategy for ‘cnt’ relation

In case of UNL graph having ‘cnt’ relation, Punjabi word attribute of parent node should
be appended at leftmost position in the generated output. This concept is illustrated with
the help of an example sentence given in (5.99).

A language generator “DeConverter” is necessary. ...(5.99)
UNL expression for this example sentence is given in (5.100) and corresponding UNL
graph is given in Figure 5.25.

{unl}

cnt(language generator(icl>tool), deconverter(icl>tool).@double_quote)
aoj(necessary.@present.@entry, language generator(icl>tool))

{/unl} ...(5.100)

necessary.@present.@entry

language generator(icl>tool)
deconverter(icl>tool).@double_quote

Figure 5.25: UNL graph having ‘cnt’ relation for UNL expression (5.100)

Jud

If we follow PseudoCode 5.2, syntax plan of UWs (without constraints) for this UNL
graph will be as given in (5.101) and Punjabi sentence generated from this syntax plan is
given in (5.102).

deconverter language generator necessary ...(5.101)

“Fdsegea” IH Hoded wgd! J | ...(5.102)

diknnavratar bhasha jannrétar zarirt hai .
This is not a correct syntax plan and as a result an incorrect translation. In order to
produce correct syntax plan for Punjabi language, Punjabi word attribute of parent node

of ‘cnt’ relation, i.e., ‘SWT "#&ded’ ‘bhdsha jannrétar’ should be appended at leftmost

position in the generated output. Following this strategy, Punjabi output given in (5.103)
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will be generated after application of morphology, function word insertion and syntax

planning phases.

I Haded “Sldaeded” wgdt J | ...(5.103)

bhasha jannréfar diknnavratar zariri hai .
The above discussed strategy for ‘cnt’ relation has been implemented in PseudoCode 5.7.
PseudoCode 5.7: Handling of ‘cnt’ relation
if (highest priority relation is ‘cnt’)
process the active node by appending its Punjabi word attribute to the left most
position in the generated output;
mark the node as special node to indicate that it is already processed;
end-if
PseudoCode 5.7 is inserted between lines numbered 13 and 14; and also between lines
numbered 26 and 27 of PseudoCode 5.2 for extending it to handle the UNL graphs
having ‘cnt’ relation.
5.9.7.4 Strategy for ‘seq’ relation
The ‘seq’ relation indicates a sequence of events in the sentence. It results into insertion
of Ufast pahilam ‘before’ or € bdad ‘after’ in the generated Punjabi sentence. When
there is a sequence of events, one event refers to the other event. The ‘@reference’ has
been used as UNL attribute to resolve the referring event as suggested by Nalawade
(2007). This attribute may appear with parent or with child node of the ‘seq’ relation to
specify the referring event.
Following strategy has been implemented for syntax planning of UNL graph having ‘seq’
relation.
(i) If parent node of ‘seq’ relation has ‘@reference’ attribute, then child node of ‘seq’
relation should be considered as lowest priority node and it should be processed after
its parent node.
(i) If child node of ‘seq’relation has ‘@reference’ attribute, then child node of ‘seq’

relation should be considered as highest priority node and it should be traversed first.
In order to implement this strategy for ‘seq’ relation, the priority of relation ‘seq’ has
been set to minimum out of all the relations in the priority matrix ‘M. Step (i) of this

strategy is illustrated below with the help of an example sentence, given in (5.104).
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Before this chair there was a table in the room. ...(5.104)
UNL expression for this example sentence is given in (5.105) and corresponding UNL
graph is given in Figure 5.26.

{unl}

seq(chair.@reference.@entry, exist.@past)

mod(chair.@reference.@entry, this)

plc(exist.@past, room.@def)

aoj(exist.@past, table)

{/unl} ...(5.105)

chair.@reference.@ent

Figure 5.26: UNL graph having ‘seq’ relation and parent with ‘@reference’ attribute
For the syntax planning of UNL graph given in Figure 5.26, system will start traversing
from entry node ‘chair’. This node has ‘@reference’ attribute. Thus, the system will
check the relations of children of entry node and will find that one of its child has ‘seg’
relation, the priority of ‘seq’ is lowest in the priority matrix and the system will traverse
‘this’ node first. Since, it does not have a child; its Punjabi word attribute will be
appended to the final string used to store generated output. The parent of ‘zhis’ node, i.e.,
‘chair’ will now be set as an active node. It has only one unprocessed child node with
‘seq’ relation. Since, the parent node has ‘@reference’ attribute, thus, according to step
(i) of the strategy, the parent of ‘seq’ relation will be processed first and then the child
node will be traversed. The Punjabi word attribute of parent node, i.e., ‘chair’ node will
be appended to the final string. The system now traverses the ‘exist’ node. It has two
children, since the priority of relation ‘plc’ is higher than relation ‘aoj’ in the priority
matrix, it will result into the processing of room’ node followed by ‘table’ node. Now,

the ‘exist’ will become an active node. Since, all the children of ‘exist’ node have been
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processed, so, finally ‘exist’ node will be processed and syntax planning process will be
completed.

Output given in (5.106) contains the final syntax plan of UWSs (without constraints) and
the output given in (5.107) contains the generated Punjabi sentence after application of

morphology, function word insertion and syntax planning phases of the Punjabi

DeConverter.
this chair room table exist ...(5.1006)
forn gart 3 ufgest aHg feg Ha Hge Ht | ...(5.107)

is kurast tom pahilam kamré vic méz maujud si.

The requirement of step (ii) of the proposed strategy is now illustrated with the help of an
example sentence, given in (5.108).

Urea should be mixed with water and the mixture should be sprayed twice. ...(5.108)
UNL expression for this example sentence is given in (5.109) and corresponding UNL
graph is given in Figure 5.27.

{unl}

man(spray.@entry.@should, time.@pl)

qua(time.@pl, two)

seq(spray.@entry.@should, mix.@reference.@should)

cob(mix.@reference.@should, water)

obj(mix.@reference.@should, urea)

mod(spray.@entry.@should, mixture)

{/unl} ...(5.109)

spray.@entry.@should

Figure 5.27: UNL graph having ‘seq’ relation and child node with ‘@reference’ attribute
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For the syntax planning of UNL graph given in Figure 5.27, system will start traversing
from entry node ‘spray’. The system will check the relations of children of entry node
and will find that one of its children has ‘seq’ relation with ‘@reference’ attribute, so the
priority of this relation will be set as highest as per step (ii) of the strategy. So, the system
will traverse the ‘mix’ node first. This node has two children with relations ‘cob’ and
‘obj’. Since the priority of relation ‘cob’ is higher than ‘obj” in the priority matrix, it will
result into the processing of node ‘water’ followed by ‘urea’ node and then ‘mix’ node.
After processing of ‘mix’ node, the ‘spray’ node will become an active node. It has two
unprocessed children with relation ‘man’ and relation ‘mod’. Since, the priority of
relation ‘mod’ is higher than relation ‘man’, the system will process the ‘mixture’ node
first followed by ‘two’ node and then ‘time’ node. After processing ‘time’ node, the
‘spray’ node will become active node. Since, all the children of ‘spray’ node have been
processed, now ‘spray’ node will be processed and the system will exit out of syntax
planning process.

The output given in (5.110) contains the final syntax plan of UWs (without constraints)
and the output given in (5.111) contains the generated Punjabi sentence after application

of morphology, function word insertion and syntax planning phases of the Punjabi

DeConverter.
water urea mix mixture two time spray ...(5.110)
yret feg gt tHe'e 3 gmie tHeds 2 =79 1834 | ...(5.111)

pam vice yuria milan tom baad mishran 2 var chifko .
The PseudoCode 5.8 and PseudoCode 5.9 have been implemented for the syntax plan of
‘seq’ relation.
PseudoCode 5.8: Implementation of step (i) of strategy for ‘seq’ relation
if (highest priority relation is ‘seq’and active node has ‘@reference’ attribute)
process the active node by appending its Punjabi word attribute into the generated
output;
mark the node as special node to indicate that it is already processed;

end-if
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PseudoCode 5.9: Implementation of step (ii) of strategy of ‘seq’ relation
if (active node has a ‘seq’ relation as one of its child relation and it does not has
‘@reference’ attribute)
set ‘seq’as a highest priority relation;
end-if
PseudoCode 5.8 is inserted between lines numbered 13 and 14; and also between lines
numbered 26 and 27 of PseudoCode 5.2. PseudoCode 5.9 is inserted between lines
numbered 12 and 13; and also between lines numbered 25 and 26 of PseudoCode 5.2.
These insertions allow PseudoCode 5.2 to handle the UNL graphs with ‘seq’ relation.
5.9.8 Syntax planning for clausal sentences
A sentence which contains one independent clause and one or more dependent (or
subordinate) clausesis called a complex sentence. There are three basic types of
dependent clauses, namely, noun clause, adjective clause and adverb clause. In this
section, syntax planning of clausal sentences has been presented.
5.9.8.1 Syntax planning of sentences with noun clause
A noun clause is identified in a sentence, if the object of the main verb is a complete
meaningful sentence in itself. In UNL expression, object is represented by a scope node
and it has a proper subject/predicate structure (Dwivedi, 2002). Let us illustrate this
concept with the help of an example sentence given in (5.112).
Ram said that Sukhwinder is good. ...(5.112)
UNL expression for this example sentence is given in (5.113) and corresponding UNL
graph is given in Figure 5.28.
{unl}
agt(say.@entry.@past, Ram(icl>person))
obj(say.@entry.@past, :01)
a0j:01(good.@entry.@present, Sukhwinder(icl>person))
{/unl} ...(5.113)
Here, scope node ‘:01° acts as the object of the main clause and is used to represent

‘Sukhwinder is good’” which is a complete meaningful sentence in itself.
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say.@entry.@past

Ram(icl>person

ood.@entry.@present

Sukhwinder(icl>person)

O‘»ﬁe

Figure 5.28: UNL graph for noun clause sentence given in (5.112)
UNL expression given in (5.113) involves a scope node, so algorithm 5.4 has been used
to produce the syntax plan for this UNL graph with a scope node. The syntax planning
produced by this algorithm considering UWs (without constraints) and scope node as a

single node is given in (5.114) and its complete syntax planning is given in (5.115).

Ram :01 say ...(5.114)
Ram Sukhwinder good say ...(5.115)
As such, we are not able to produce the correct syntax plan, as given in (5.116) using this
algorithm.

Ram say Sukhwinder good ...(5.116)

In order to generate the correct word order, a different strategy needs to be followed for
syntax planning of noun clause sentences. Following strategy has been implemented for
syntax planning of these types of sentences.

While traversing a UNL graph, if the system encounters relation ‘ob;’ as highest priority
relation having a scope node as a child of this relation, then system will check the
presence of subject/predicate structure in the scope node. If a scope node has
subject/predicate structure, then scope node represents a complete sentence. In this case,
the system will first process the parent of ‘obj’ relation and its Punjabi word attribute will
be appended into generated output. The child scope node will be set as active node and
further syntax planning will be performed using algorithm 5.4.

Algorithm 5.4 has been modified to handle the noun clause sentences, and the modified

algorithm is given below.
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Algorithm 5.5: Processing of noun clause sentences

(i) Check the presence of subject/predicate structure in the scope node. If a scope node
has subject/predicate structure, then set clausal flag to one.

(it) Develop the syntax plan by considering scope node as a single node and applying
extended PseudoCode 5.2 (to process simple UNL graph, untraversed parent,
multiple parents and all special cases in the syntax planning of a UNL graph).

a. During processing with extended PseudoCode 5.2, if system encounters
relation ‘obj” as highest priority relation having a scope node as a child of
this relation and clausal flag as set, then system will first process the
parent of ‘ob;’ relation and its Punjabi word attribute will be appended
into final string. The system will mark the node as special node to indicate
that it is already processed and its child node will be set as the active node.

(iii) Develop the syntax plan of scope node’s UNL graph using extended PseudoCode
5.2.

(iv) Replace the scope node in the output generated in step (ii) with the output generated
in step (iii) in order to get final generated sentence.

Following this strategy, the syntax planning of UWSs (without constraints) by considering

scope node as a single node of UNL expression (5.113) is given in (5.117) and complete

syntax plan is given in (5.118). The Punjabi output generated after application of

morphology, function word insertion and syntax planning phases is given in (5.119).

Ram say :01 ...(56.117)
Ram says Sukhwinder good ...(5.118)
IH & fagr fa Hufeeg gar J | ...(5.119)

ram né kiha ki sukkhvindar cariga hai.

5.9.8.2 Syntax planning of sentences with adjective clause

An adjective clause can be described as a group of words that contains a subject and a
predicate on its own and acts as the adjective for the subject in the main sentence
(Dwivedi, 2002). In a UNL graph, adjective clause is present if a scope node containing a
subject/predicate structure has an ‘aoj’ relation with the entry node of the main UNL

graph and the entry node of scope node’s UNL graph acts as child node of relation ‘obj’.
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This concept has been illustrated with the help of an example sentence given in (5.120).
The child that Ram saved was beautiful. ...(5.120)
UNL expression for this example sentence is given in (5.121) and corresponding UNL
graph is given in Figure 5.29.

{unl}

aoj(beautiful. @present. @entry, :01)

obj:01(save.@past.@complete, child. @entry)

agt:01(save.@past.@complete, Ram(icl>person))

{/unl} ...(5.121)

beautiful.@present.@entry

" ao'|

01

save.@past.@complete
child.@entry

Figure 5.29: UNL graph for adjective clause sentence given in (5.120)

Here, scope node “:01° has an ‘aoj’ relation with the entry node of main UNL graph and
entry node of scope node’s UNL graph, i.e., ‘child’ acts as the child node of relation ‘ob;’
for parent node, i.e., ‘save’. It indicates that example sentence given (5.120) is an
adjective clause sentence and asserts that in the sentence central focus is on the ‘child’
and not the action ‘save’.

During the syntax plan of scope node, the system will encounter the situation of
untraversed parent node. Accordingly, the system will generate the syntax plan of UWs
(without constraints) as given in (5.122).

Ram save child ...(5.122)
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Following algorithm 5.5, the complete syntax plan of UWs (without constraints) by
considering scope node as a single node will be as given in (5.123) and the complete
syntax plan will be as given in (5.124).

:01 beautiful ...(5.123)
Ram save child beautiful ...(5.124)
As such, we could not get a correct syntax plan fit for Punjabi language structure. The
correct syntax plan of UWs is given in (5.125) and equivalent Punjabi translated sentence
is given in (5.126).

child Ram save beautiful ...(5.125)
fAn €9 @ I & garien §7 Age Ht | ...(5.126)
Jjis baccé niim ram né bacaida uh sohia st.

For generating the correct word order, there is a need to make the changes in the syntax
planning process. It has also been noted that in case of generation of adjective clause

sentences, Punjabi uses & jo and 83 uh structure. It means that in the process of
generation of adjective clause Punjabi sentence, a form of = jo followed by the

subordinate clause, followed by a corresponding form of 8J uh and the main clause are

to be used.
Following strategy has been implemented to produce correct word order for syntax plan
of UNL graph having an adjective clause.
While traversing a UNL graph, if system encounters an ‘aoj’ relation as highest priority
relation with scope node as a child node and clausal flag as set, then system will check
the entry node of scope node’s UNL graph. If it has an untraversed parent with ‘ob;’
relation, then the system will traverse the untraversed parent first, by considering child
node of ‘obj’ relation as the highest priority relation and further syntax planning process
will be carried out according to algorithm 5.5.
Algorithm 5.5 for handling of syntax planning of noun clause sentences has been
extended to algorithm 5.6 to handle both noun and adjective clause sentences.
Algorithm 5.6: Handling of noun and adjective clause sentences

(i) Check the presence of subject/predicate structure in the scope node. If a scope node

has subject/predicate structure, then set clausal flag to one.
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(ii) Develop the syntax plan by considering scope node as a single node and applying
extended PseudoCode 5.2 (to process simple UNL graph, untraversed parent,
multiple parents and all special cases in the syntax planning of a UNL graph).

a. During processing with extended PseudoCode 5.2, if system encounters
relation ‘obj’ as highest priority relation having a scope node as a child of
this relation and clausal flag as set, then system will first process the
parent of ‘ob;j’ relation and its Punjabi word attribute will be appended
into final string. The system will mark the node as special node to indicate
that it is already processed and its child node will be set as the active node.

b. During processing with extended PseudoCode 5.2, if system encounters
relation ‘aoj’ as highest priority relation having a scope node as a child of
this relation with clausal flag as set, then set adjective flag to one.

(iii) Develop the syntax plan of scope node’s UNL graph using extended PseudoCode
5.2. If during its syntax plan, system encounters an entry node having an untraversed
parent with ‘ob;’ relation with adjective flag as set, then the system will traverse the
untraversed parent first, by considering child node of ‘ob;’ relation as highest priority
relation.

(iv) Replace the scope node in the output generated in step (ii) with the output generated
in step (iii) in order to get final generated sentence.

(v) If adjective flag is set then append the appropriate form of 7 jé and €3 uh structure
in the generated output.

Following this algorithm, during syntax planning of scope node’s UNL graph given in

Figure 5.29, the system will first traverse the untraversed parent of node ‘child’, i.e.,

‘save’. It has two children, one with ‘ob;’ relation and other with ‘agt’ relation. The ‘obj’

relation has highest priority and system will traverse this first followed by ‘agt’ relation.

Thus, final syntax plan of scope node will be as given in (5.127).

child Ram save ...(5.127)

The complete syntax plan for example sentence given in (5.120) will be as given in

(5.128). The Punjabi output generated after application of morphology, function word

insertion and syntax planning phases is given in (5.129).

child Ram save beautiful ...(5.128)
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fam 59 3 a1 3 gaTfon 87 Aaer H | ...(5.129)
Jjis baccé niim ram né bacaia oh sohna si.

In the generated Punjabi sentence given in (5.129), A jis has been used as the form of =
jo followed by the subordinate clause ‘€9 & IH & GITOHT ‘baccé niim ram né bacdia’,
followed by €T oh and main clause ‘Raer HP’ sohna si..

5.9.8.3 Syntax planning of sentences with adverb clause

Adverb clause is the subordinate clause that acts as an adverb in a sentence. It may
modify some verb, adjective or adverb in the main clause. The adverb clauses show
relationship for time, for condition, for place and for manner with the main clause (Giri,
2000). The concept of adverb clause of time is illustrated below with the help of an
example sentence given in (5.130).

When | and Sukhwinder will go to Tokyo, then we will see big tower. ...(5.130)
UNL expression for this example sentence is given in (5.131) and corresponding UNL
graph is given in Figure 5.30.

{unl}

and(l(icl<person), Sukhwinder(icl<person))

plt(go(icl>do).@entry.@future, Tokyo (icl>place))

agt(go(icl>do).@entry.@future, I(icl<person))

mod:01(tower(icl>building), large(aoj>thing))
obj:01(see(icl<event).@future.@pl.@entry, tower(icl>building))
agt:01(see(icl<event).@future.@pl.@entry, I(icl>person).@pl)
tim(go(icl>do).@entry.@future, :01)

{/unl} ...(5.131)
Here, scope node “:01° acts as the child of entry node ‘go’ with relation ‘#im . It indicates
that it is a case of adverb clause sentence with time modification.

215



go(icl>do).@entry.@future

:01

I(ici<person) Jokyo(icl>place

see(icl<event).@future.@pl.@entry

Sukhwinder(icl<person)

large(aoj>thing

Figure 5.30: UNL graph with adverb clause for time for example sentence (5.131)

According to algorithm 5.6 (UNL graph with scope node and handling of noun and
adjective clause) the system will generate the syntax plan of UWs (without constraints)
by considering scope node as a single node as given in (5.132) and complete syntax plan
will be as given in (5.133).

| Sukhwinder Tokyo :01 go ...(5.132)
| Sukhwinder Tokyo we large tower see go ...(5.133)
It is not a correct syntax plan of UWs as per Punjabi language structure. The correct
syntax plan of UWs is given in (5.134).

| Sukhwinder Tokyo go we large tower see ...(5.134)
In order to generate the correct word order, there is a need to make the changes in the
syntax planning process. Following strategy has been implemented to produce the correct
word order for syntax plan of UNL graph having an adverb clause.

If during traversal of a UNL graph, system encounters relation ‘tim’ or ‘con’ or ‘plc’ or
‘man’ as a highest priority relation having a scope node as a child of this relation and
clausal flag as set, then system will process the parent of ‘tim’ or ‘con’ or ‘plc’ or ‘man’
relation and its Punjabi word attribute will be appended to the generated output. The child
node, i.e., a scope node will set as the active node and further syntax planning will be
performed using algorithm 5.6.

Following this strategy, the system will produce the syntax plan given in (5.135) of UWs
(without constraints) by considering scope node as a single node. The complete syntax
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plan will be as given in (5.136). The Punjabi output generated after application of

morphology, function word insertion and syntax planning phases is given in (5.137).

| Sukhwinder Tokyo go :01 ...(5.135)
| Sukhwinder Tokyo go we large tower see ...(5.136)
72 H m3 Hufeeg 3G aeia 68 »irft <37 fharg =ufar | ...(5.137)

Jjadommaim até sukkhvindar okio javarige odom asimvadda minar dékharige.
It has also been noted that in case of generation of adverb clause of Punjabi sentences

with time relation, A< jadom ‘when’ and ©<€ 6dom ‘then’ form of structure is used.

Similarly, in case of adverb clause for condition #ad/q jekar/ie ‘if’ and 313 tanvte
‘then’ form of structure will be inserted into generated output, in case of adverb clause

for place ¥ jitthé and €8 urthé form of structure will be inserted into generated output

and in case of adverb clause manner et jiddam and §=t 6dam form of structure will be

inserted into generated output.

Algorithm 5.6 has further been extended to form algorithm 5.7, so that it can handle the
syntax planning of noun, adjective and adverb clause sentences.
Algorithm 5.7: Handling of noun, adjective and adverb clause sentences

(i) Check the presence of subject/predicate structure in the scope node. If a scope node
has subject/predicate structure, then set clausal flag to one.

(if) Develop the syntax plan by considering scope node as a single node and applying
extended PseudoCode 5.2 (to process simple UNL graph, untraversed parent,
multiple parents and all special cases in the syntax planning of a UNL graph).

a. During processing with extended PseudoCode 5.2, If system encounters
relation ‘obj’ as a highest priority relation having a scope node as a child
of this relation and clausal flag as set, then system will first process the
parent of ‘ob;’ relation and its Punjabi word attribute will be appended
into final string. The system will mark the node as special node to indicate
that it is already processed and its child node will be set as the active node.

b. During processing with extended PseudoCode 5.2, if system encounters
relation ‘aoj’ as a highest priority relation having a scope node as a child

of this relation with clausal flag as set, then set adjective flag to one.
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c. During processing with PseudoCode 5.2, if system encounters relation
‘tim’or ‘con’ Or ‘plc’or ‘man’ as a highest priority relation having a scope
node as a child of this relation and clausal flag as set, then system will
process the parent of ‘tim’ or ‘con’ or ‘plc’ or ‘man’ relation and will
append its Punjabi word attribute to the generated string by setting
corresponding type of adverb flag to one. The system will mark the node
as special node to indicate that it is already processed and its child node
will be set as the active node.

(iii) Develop the syntax plan of scope node’s UNL graph using extended PseudoCode
5.2. If during its syntax plan, system encounters an entry node having an untraversed
parent with ‘ob;’ relation with adjective flag as set, then the system will traverse the
untraversed parent first, by considering child node of ‘ob;’ relation as a highest
priority relation.

(iv) Replace the scope node in the output generated in step (ii) with the output generated
in step (iii) in order to get the generated sentence.

(v) If adjective flag is set then append the appropriate form of 7 jo and €T uh structure
in the generated output.

(vi) If adverb clause for condition flag is set then Had/+ jekar/je ‘if” and 313 tamvee
‘then’ form of structure will be appended into generated output.

(vii) If adverb clause for place flag is set fi® jitthé and €8 utthé form of structure will be
appended into generated output.

(viii) If adverb clause for manner flag is set then fie’ jiddam and &=t 6dam form of
structure will be appended into generated output.

Algorithm 5.7 will enable the system to handle syntax planning of clausal sentences. All

the algorithms and pseudocodes included in this chapter have been implemented in Java

to develop the proposed Punjabi DeConverter. This DeConverter forms a part of the web
interface developed in this work for Punjabi-UNL EnConversion and UNL-Punjabi

DeConversion process.
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Chapter Summary

The proposed UNL to Punjabi DeConverter that generates natural language Punjabi
sentence from a given UNL expression has been discussed, in detail, in this chapter.
Punjabi DeConverter involves UNL parser, lexeme selection, morphology generation,
function word insertion and syntax planning phases. First stage of a DeConverter is UNL
parser which parses the input UNL expression to build a node-net from the input UNL
expression. During lexeme selection phase, Punjabi root words and their dictionary
attributes are selected for the given UWs in the input UNL expression from the Punjabi-
UW dictionary. After that, the nodes are ready for generation of morphology according to
the target language in the morphology phase. The proposed system makes use of
morphology rule base for Punjabi language to handle attribute label resolution
morphology; relation label resolution morphology; and noun, adjective, pronoun and
verb morphology. In function word insertion phase, the function words are inserted to
the morphed words. These function words are inserted in the generated sentence based on
nine column rule base. Finally, the syntax planning phase is used to define the word order
in the generated sentence so that output matches with a natural language sentence.
Algorithms and pseudocodes have been implemented for syntax planning for simple
sentences, syntax planning of UNL graph with a scope node, untraversed parent, multiple
parents, special cases in syntax planning and clausal sentences. All the algorithms and
pseudocodes used in different phases of Punjabi DeConverter have been implemented in

Java to develop the proposed UNL-Punjabi DeConverter.

219



220



Chapter 6

Results and Discussion

6.1 Introduction

This chapter presents the results and discussions on the work carried out in this thesis.
This work, as mentioned earlier, has focused on the development of EnConverter and
DeConverter for Punjabi language. The development process of these tools has been
explained in detail in the previous chapters. Apart from the process that was followed, the
outcomes of EnConverter and DeConverter have also been discussed. The important
aspect of these tools that has been presented in this chapter is their testing for the
perspective of a good machine translation system.

The testing of a MT system is an important aspect in order to establish the usefulness of
the system. The evaluation of proposed system, consisting of Punjabi EnConverter and
DeConverter, has been performed with the help of one thousand Punjabi sentences. These
sentences have been selected in such a way that generation of all possible UNL relations
and attributes can be tested. The results of adequacy, fluency tests and BLEU score are
very encouraging. The quantitative test, namely, error analysis has also been performed
by calculating Sentence Error Rate (SER) and Word Error Rate (WER) of the proposed
UNL based MT system. The results of this experimentation are presented in subsequent
sections.

6.2 Selection of sentences for test cases

An important aspect in MT system evaluation is to make appropriate selection of
sentences for evaluating an MT system. According to Balkan (1998), there are three types
of sources for evaluation of MT system, namely, test corpora (a collection of naturally
occurring text), test suites (a collection of usually artificially constructed inputs, where
each input is designed to probe a system’s treatment to a specific phenomenon) and test
collections (a set of inputs associated with a corresponding set of expected outputs).
Accordingly, one thousand sentences have been considered for evaluation of proposed

UNL based MT system for Punjabi language. As mentioned, these sentences have been
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considered in such a way that generation of all possible UNL relations and attributes can
be tested.

6.3 Evaluation of Punjabi EnConverter

Evaluation of Punjabi EnConverter is performed by using test collections, i.e., a set of
one thousand Punjabi sentences are created with their corresponding set of expected UNL
expressions as output. For this purpose Spanish UNL Language Server (Spanish
Language Center, 2004) and agricultural domain threads developed by IIT Bombay, India
are considered as gold-standard EnConverters.

Spanish Language Server contains English sentences with their corresponding UNL
expressions generated by the system. These English sentences were translated manually
into equivalent Punjabi sentences and then inputted to the proposed Punjabi EnConverter
system for their EnConversion to UNL. The UNL expression generated by proposed
system is compared with the UNL expression generated by Spanish Language Server.
The agricultural domain threads developed by IIT Bombay have Hindi language
sentences with their equivalent UNL expressions. These Hindi sentences were manually
translated into Punjabi language and then processed in Punjabi EnConverter for their
equivalent UNL expressions. Similarly, the comparison has been performed for the UNL
expressions generated by proposed system with the corresponding UNL expressions
given at agricultural domain threads.

The two UNL expressions match with each other if the UNL relations, including
associated UWs and UNL attributes present in the expressions are same (Jain and
Damani, 2009). It has been seen that proposed system handles the resolution of UNL
relations and generation of attributes for these sentences with a very reasonable accuracy.
Results of these evaluations on the basis of each UNL relation are depicted graphically in

Figure 6.1.
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Figure 6.1: Results of evaluation of Punjabi EnConveter for UNL relations

6.4 Evaluation of Punjabi DeConverter
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Proposed Punjabi DeConverter is evaluated by inputting UNL expressions generated by

Punjabi EnConverter to it and the output of Punjabi DeConverter is compared with input

Punjabi sentence given to Punjabi EnConverter. The approach followed in this work for

evaluating UNL based MT system for Punjabi language is given in Figure 6.2. The two

Punjabi sentences (original sentence inputted to Punjabi EnConverter and the sentence

generated by DeConverter) are compared and the system is evaluated based on different

tests on these outputs.
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Figure 6.2: Approach for evaluating UNL based MT system for Punjabi language

6.5 Tests for the evaluation

There are number of tests available for evaluating MT systems. Slype (1979) describes

subjective tests and quantitative tests for evaluation of an MT system. Subjective tests
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like adequacy and fluency tests have been performed on the proposed system. BLEU
score has been calculated to evaluate the quality of output. The quantitative test, namely,
error analysis has also been performed by calculating Sentence Error Rate (SER) and
Word Error Rate (WER) of the proposed UNL based MT system for Punjabi language.
6.5.1 Fluency test

Fluency refers to the degree to which the target is well formed according to the rules of
target language grammar. A fluent segment is one that is well-formed grammatically,
contains correct spellings, adheres to common use of terms, titles and names, is
intuitively acceptable and can be sensibly interpreted by a native speaker of that language
(LDC, 2005). There are number of discussions available in the literature regarding the
choice for point of scale in the evaluation. It has been suggested that one can use 5-point
scale for these tests (LDC, 2005). Singh et al. (2007) and Goyal (2010), however,
suggested that 5-point scale is a too fine-grained scale and in this scale the distinction
may result in evaluators worrying a lot about making an accurate call, and intuitive
judgment may get affected. It also makes the evaluation even more subjective. Thus, a 4-
point scale has been followed for evaluation of the proposed system as followed by Singh
et al. (2007) and Goyal (2010). The details of 4-point scale for the fluency score is given
in Table 6.1.

Table 6.1: 4-point scale of fluency score

Score | Level Description

4 Perfect Good grammar

3 Fair Easy-to-understand but flawed grammar
2 Acceptable | Broken, understandable with effort

1 Nonsense Incomplete

6.5.2 Adequacy test

Adequacy refers to the degree to which the information present in original sentence is
also communicated in translated sentence. Thus, for adequacy judgments, the gold-
standard will serve as a proxy for the original source language text. For the evaluation of
proposed Punjabi DeConverter, the sentence generated by the system is compared with

the input Punjabi sentence of EnConverter, whose UNL expression is fed to the Punjabi
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DeConverter for DeConversion. Thus, for the adequacy test the evaluator is also
presented with the gold-standard translation, i.e., the original input Punjabi sentence to
Punjabi EnConverter, with reference to which they can compare the generated output.
Again, a 4-point scale has been followed for the adequacy test of the proposed system as
followed by Singh et al. (2007) and Goyal (2010). The details of 4-point scale for the
adequacy score is given in Table 6.2.

Table 6.2: 4-point scale of adequacy score

Scale | Level | Description

4 All No loss of meaning

3 Most | Most of the meaning is conveyed
2 Some | Some of the meaning is conveyed
1 None | Hardly any meaning is conveyed

6.5.3 BLEU score

Bilingual Evaluation Understudy (BLEU) score is commonly used for automatically
evaluating the quality of output produced by an MT system. BLEU is an algorithm for
evaluating the quality of text which has been machine-translated from one natural
language to another. Scores are calculated for individual translated segments, generally
sentences, by comparing them with a set of good quality reference translations. Those
scores are then averaged over the whole corpus to estimate the translation’s overall
quality. In BLEU score intelligibility or grammatical correctness are not taken into
account. BLEU’s output is always a number between 0 and 1. This value indicates how
similar the original and translated sentences are. In case BLEU score is closer to one, the
two sentences are closer to each other.

During the processing of BLEU score the n-grams of the translated sentence is compared
with the n-grams of the original sentences and system counts the number of matches
between both the original and translated sentences. These matches are position
independent. If we have higher matches, the quality of translation system is better. The
metric calculates scores for individual sentences, and then averages these scores over the

whole corpus in order to reach a final score (Goyal, 2010).
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6.5.4 Tests based on quantitative metrics
Quantitative metrics are based on the analysis of errors made by the MT system. It
performs error analysis to establish how seriously errors affect the translation output. The
error analysis includes Word Error Rate (WER) and Sentence Error Rate (SER). Word
Error Rate (WER) is defined as percentage of words which are to be inserted, deleted, or
replaced in the translation in order to obtain the original sentence. Sentence Error Rate
(SER) is defined as percentage of sentences, whose translations have not matched in an
exact manner with those of reference (Goyal, 2010).
6.6 Experiments
It is also very important to choose appropriate evaluators for performing the tests on the
proposed system. The proposed system has been evaluated by ten evaluators having a
good knowledge of Punjabi and a basic knowledge of UNL system. As suggested in LDC
(2005) and by Singh et al. (2007), the evaluators were asked to provide their intuitive
reaction to the output and to work as quickly as comfortable. First of all, fluency
judgments have been taken. The evaluators did not have any clue about the original
source sentence for these judgments. After fluency judgments, the evaluators were asked
to look at the original source sentences for adequacy judgments.
6.7 Results for fluency score
The fluency score of proposed system is 3.61 (on a 4-point scale). The response by
evaluators is further analyzed and following are some important findings for the fluency
test.

e 73.50% sentences got a score 4, i.e., these are perfect having no grammatical

mistake.
e 15.50% sentences got a score 3, i.e., these are fair and easy to understand.
e 9.50% sentences got a score 2, i.e., these are acceptable and are understandable
with effort.

e 1.50% sentences got a score 1, i.e., these are hard to understand.

Here, it is worth mentioning that proposed system generated 89.0% grammatically

correct sentences. These sentences are those that have a score of 3 or above.
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6.8 Results for adequacy score
The adequacy score of proposed system is 3.70 (on a 4-point scale). The response by the
evaluators has again been further analyzed and following are some important findings for
the adequacy test.
e 79.2% sentences got a score 4, i.e., there is no loss of meaning during their
translation.
e 12.8% sentences got a score 3, i.e., most of the meaning of these source sentences
is conveyed in the translated sentence.
e 7.0% sentences got a score 2, i.e., some of the meaning of these source sentences
is conveyed in the translated sentence.
e 1.0% sentences got a score 1, i.e., hardly any meaning of these source sentences is
conveyed in the translated sentence.
Here, it is worth mentioning that proposed system generated 92% sentences that are
faithful to the original sentences. These sentences are those that have a score of 3 or
above.
We have also observed that there is a strong correlation between fluency and adequacy
scores. This relation between adequacy and fluency is explored further in Figure 6.3. It

shows the distribution of adequacy scores for various values of fluency.
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Figure 6.3: Distribution of adequacy scores for various fluency scores
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6.9 Results for BLEU score

The quality of proposed system is also evaluated on the basis of BLEU score. The
original sentences inputted to Punjabi EnConverter have been considered as reference
sentences and corresponding sentences generated by Punjabi DeConverter have been
considered as machine generated sentences. The proposed machine translation system is
able to achieve a BLEU score of 0.72.

6.10 Error Analysis

The error analysis has also been performed for the proposed system after calculating
fluency, adequacy and BLEU score. The error analysis has been performed for classified
error list that includes the errors like addition of extra words, removal of words, wrong
order of words and wrong choice of words in the generated output. All these errors in
generated output have been identified and noted. After robust analysis, word error rate is
found to be 5.43%. The results of word error rate are depicted in the graph given in

Figure 6.4.
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Figure 6.4: Word Error Analysis of the proposed system
From the above figure, it can be concluded that majority of the errors are due to wrong
word order. The order of words in the generated sentence is decided by the syntax
planning phase of Punjabi DeConverter. This order is governed by a matrix based on
priority of UNL relations sharing a common parent. Since, Punjabi is a free order
language the change in the word order will not severely affect the accuracy of the system.

The function word insertion rule base of Punjabi DeConverter is responsible for insertion
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of extra words in the generated output. The morphology generation rules are responsible
for removal of words and wrong choice of words in the generated output.

After word error rate analysis, the sentence error rate analysis has been performed by
calculating the number of sentences, whose translations have not matched in an exact
manner with those of reference sentences. The proposed system has a sentence error rate
of 20.8%.

However, in case of Punjabi EnConverter the wrong parsing of input sentence by Punjabi
shallow parser results into generation of incorrect UNL expression, which causes errors
in the generated output. Sometimes, the non availability of semantic information of verbs

in lexicon also causes incorrect firing of rules, which result into incorrect output.
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Chapter Summary

The proposed system has been evaluated on the basis of subjective tests and quantitative
metrics. From the analysis in this chapter, it has been concluded that proposed system
generates 89.0% grammatically correct sentences; and generates 92.0% sentences that are
faithful to the original sentences. The system could achieve a fluency score of 3.61 (on a
4-point scale) and adequacy score of 3.70 (on a 4-point scale). The proposed system is
able to achieve a BLEU score of 0.72. The proposed system has a word error rate of
5.43% and sentence error rate of 20.8%. These scores of the proposed system can be

improved further by improving the rule base and lexicon.
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Chapter 7

Conclusion and Future Scope

7.1 Conclusion

This thesis explains the development of a UNL based MT system for Punjabi language.
UNL based MT systems follow the interlingua approach of MT. The approach in UNL
revolves around the development of an EnConverter and a DeConverter for a natural
language. The EnConverter is used to convert a given sentence in natural language to an
equivalent UNL expression; and the DeConverter is used to convert a given UNL
expression to an equivalent natural language sentence. UNL system has the potential to
bridge the language barriers across the world with the development of 2n components,
while traditional approaches require the n*(n-1) components, where n is the number of
languages. UNL represents the information sentence by sentence in the form of Universal
Words (UWSs), UNL relations and UNL attributes. The concepts are expressed by UWs
and UNL relations are used to specify the role of each word in a sentence. The subjective
meanings intended by the author are expressed through UNL attributes. UNL system
makes use of word dictionaries in the form of Language-UW lexicon of respective
languages for its processing. A major outcome of this research work is the development
of Punjabi EnConverter, Punjabi DeConverter and a web interface for online
EnConversion and DeConversion process. Punjabi EnConverter uses Punjabi shallow
parser for processing the input Punjabi sentence. This parser performs the tasks of
tokenizer, morph analyzer, part-of-speech tagger and chunker for the processing of input
sentence. Architecture of Punjabi EnConverter has seven phases, namely, parser phase (to
parse the input sentence with Punjabi shallow parser), linked list creation phase, universal
word lookup phase, case marker lookup phase, unknown word handling phase, user
interaction phase (this phase is optional) and UNL generation phase. Punjabi
EnConverter developed in this work can convert simple and complex Punjabi sentences
to equivalent UNL expressions.

Punjabi DeConverter involves UNL parser, lexeme selection, morphology generation,
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function word insertion and syntax planning phases. First stage of a DeConverter is UNL
parser which parses the input UNL expression to build a node-net from the input UNL
expression. During lexeme selection phase, Punjabi root words and their dictionary
attributes are selected for the given UWs in the input UNL expression from the Punjabi-
UW dictionary. After that, the nodes are ready for generation of morphology according to
the target language in the morphology phase. The proposed system makes use of
morphology rule base for Punjabi language to handle attribute label resolution
morphology; relation label resolution morphology; and noun, adjective, pronoun and
verb morphology. In function word insertion phase, the function words are inserted to
the morphed words. Finally, the syntax planning phase is used to define the word order in
the generated sentence so that output matches with a natural language sentence.
Algorithms and pseudocodes have been implemented for syntax planning for simple
sentences, syntax planning of UNL graph with a scope node, untraversed parent, multiple
parents, special cases in syntax planning and clausal sentences. All these algorithms and
pseudocodes used in different phases of Punjabi EnConverter and DeConverter have been
implemented in Java to develop the proposed system.
The proposed system has been tested for one thousand sentences. These sentences have
been considered in such a way that generation of all possible UNL relations and attributes
can be tested. These sentences include the sentences taken from Spanish UNL Language
Server and also from agricultural domain threads developed by IIT Bombay, India. The
proposed system has achieved a fluency score of 3.61 (on a 4-point scale) and an
adequacy score of 3.70 (on a 4-point scale). The proposed system is able to achieve a
BLEU score of 0.72. The proposed system has a word error rate of 5.43% and sentence
error rate of 20.8%.
7.2 Limitations of the proposed system
In this section, some of the limitations of the developed MT system are presented.
e The accuracy of Punjabi EnConverter is highly dependent on the accuracy of
Punjabi shallow parser used for the parsing of input Punjabi sentence. If it does
not parse the input sentence correctly, then the MT system will also not be able to

generate its equivalent UNL expression correctly.
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Firing of an accurate EnConversion and DeConversion rule sometime requires
semantic information of verbs. The non availability of this information for some
verbs in lexicon results into incorrect resolution of UNL relation between UWSs.
The system is not able to resolve ambiguous words; it altogether depends upon
Punjabi shallow parser for resolving their part of speech information.

The system is not able to handle very large and complex sentences.

The system is not able to perform automatic EnConversion and DeConversion of

web pages.

7.3 Future scope of the proposed work

In future, this work can further be enriched by incorporating following components into

the proposed system. Some of the work that can be carried out in future includes

following.

In case of incorrect parsing of input sentence by Punjabi shallow parser, an
interactive system can be designed to override the part of speech information
given by the parser.

The coverage and accuracy of system can further be improved by expanding the
Punjabi-UW dictionary and enriching it with more semantic information.

The rule base can further be improved linguistically to increase the accuracy of
the system and to handle very large and complex sentences.

The ambiguous words can be handled by adding a word sense disambiguation
module to the proposed Punjabi EnConverter.

A UNL based Punjabi Language Server can be developed that may host the
EnConverter and DeConverter of Punjabi language. It will start conversions after
receiving requests from any web application, and provide the results when the
conversions are completed.

A UNL Proxy Server can be developed to serve as a filter to allow Internet
browsers to recognize web pages written in UNL and then selecting an
appropriate Language Server on the Internet so that the document can be read in a
natural language.

The proposed system can further be tested on other languages by using

corresponding language’s rule base and lexicon.
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Chapter Summary

This chapter concludes the work done during this thesis. This thesis explains the
development of a Punjabi-UNL EnConverter and UNL-Punjabi DeConverter. All the
algorithms and pseudocodes used in different phases of Punjabi EnConverter and
DeConverter have been implemented in Java to develop the proposed system. A web
interface for online EnConversion and online DeConversion tasks has also been
developed. The proposed system has been tested for one thousand sentences. The
proposed system has achieved a fluency score of 3.61 (on a 4-point scale) and an
adequacy score of 3.70 (on a 4-point scale). The proposed system has a BLEU score of
0.72, a word error rate of 5.43% and sentence error rate of 20.8%.

There are some limitations of the proposed system that include dependence of Punjabi
EnConverter on the accuracy of Punjabi shallow parser, the non availability of semantic
information for some verbs in lexicon, dependence on Punjabi shallow parser to resolve
ambiguous words and the inability to handle very large and complex sentences.

In future this work can further be enriched by incorporating an interactive system to
override incorrect information given by Punjabi shallow parser in case of incorrect
parsing of input sentence. Punjabi-UW dictionary can further be enhanced with addition
of more semantic information. The proposed system can further be improved by adding a
word sense disambiguation module to resolve ambiguities. Setting up a UNL based
Punjabi Language Server for automatic EnConversion and DeConversion of web pages

can further increase its usage.
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Appendix-A

Some important EnConversion rules

S.No | EnConversion rules
1. +{ADJ:+VAUX,+.@present. @sg:null}{[J]:null:null}
2. +{V,f,custom:+.@past. @custom.@sg. @female:null }{[H]:null:null}
3. +{V.f,custom:+.@future.@custom.@sg.@female:null}{[J Ear]:null:null}
4. +{V:+.@future. @sg. @male:null}{[J €ar]:null:null}
3. +{V:+.@past. @sg:null}H{[H]:null:null}
6. >{N, TIME, TOON:null:tmf}{V:+TMFRES:null}
7. >{N,TIME, TOON:null:tmf}{N,ST:+TMFRES:null}
8. >{N,DUR, TOON:null:tmf}{V:+TMFRES:null}
9. >{N,DUR, TOON:null:tmf}{V:+TMFRES:null}
10. | >{N,DUR,TOON:null:tmf:{N,KARMSG:+TMFRES:null}
11. | >{PRON,MOD:null:tmf}{N, TIME:+TMFRES:null}
12. | >{NUMATIME,"DUR:null:qua}{N,"PLC:+QUARES:null}
13. | >{N,"PLC,"ANIMT:null:qua}{NUM"TIME,"DUR:+QUARES:null}
14. | >{ADJ:null:qua}{N,INANI,UNIT:+QUARES:null}
15. | >{ADJ,QUA:null:qua}{N,INANI:+QUARES:null}
16. | >{N,PLC,FRM:null:frm}{N:+FRMRES:null}
17. | >{N,POS:null:pof {N,POF:+POFRES:null}
18. | >{N,CAG,COMMUNITY:null:ptn}{V:+PTNRES:null}
19. | >{N,CAG:null:ptn}{ADJ,KAR:+PTNRES:null}
20. | >{N,CAG:null:ptn}{V,NOACT:+PTNRES:null}
21. | >{PRON,POS,sq,f:+.@sg.@female:pos}{N,"POF,"NABS:+POSRES:null}
22. | >{PRON,POS,pl,m:+.@pl.@male:pos}{N,"POF,"NABS:+POSRES:null}
23. | >{PRON,POS,f:+.@female:pos}{N,"POF,"NABS:+POSRES:null}
24. | >{N,POS,"RSN,"CAG, "PLC:null:posH{N, "POF,"NABS:+POSRES:null}
25. | <{N,ACT,INANLnull:null}{N,RSN,HO:+RSNRES:rsn}
26. | >{N,RSN:null:rsn}{N,HO:+RSNRES:null}
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27. | >{N,RSN:null:rsn}{N,VAUX:+RSNRES:null}

28. | >{N,RSN:null:rsn}{V:+RSNRES:null}

29. | >{PRON,RSN:null:rsn}{V:+RSNRES:null}

30. | >{N,RSN:null:rsn}{N,KAR:+RSNRES:null}

31. | >{PRON,RSN:null:rsn}{N,KAR:+RSNRES:null}

32. | >{PRON,"ANIMT ACASE:null:mod}{N,"KARATIME:+MODRES:null}:

33. | >{PRON,POS:null:mod}{N,NABS"KARTIME:+MODRES:null}:

34. | >{ADJ:null:mod}{N,ABS:+MODRES:null}

35. | >{N,PROPERPLC:null:nam}{N,"PLC:+NAMRES:null}

36. | >{N,PROPER, TCL:null:nam}{N:+NAMRES,+TCL:null}

37. | {N:+KAR:null}{v,KAR:null:null}

38. | +{N,KAR:+.@past. @sg.@male:null}{[fe»]:null:null}

39. | +{N,KARMSG:+.@past.@sg.@male:null}{[fer]:null:null}

40. | +{N,KARMPL:+ .@past.@pl.@male:null}{[fen]:null:null}

41. | +{N,KARFSG:+.@past.@sg.@female:null}{[fe»r]:null:null}

42. | +{N,KARFPL "pl:+.@past. @pl.@female:null}{[fe»r]:null:null}

43. | +{N,KARFPL,pl:+.@past.@female:null}{[fenr]:null:null}

44. | +{ADJ,KARMSG:+.@past.@sg.@male:null}{[fer»]:null:null}

45. | +{ADJ,KARMPL:+.@past. @pl.@male:nullH{[fex]:null:null}

46. | +{ADJ KARFSG:+.@past.@sg.@female:null}{[fenr]:null:null}

47. | +{ADJ,KARFPL:+ @past. @pl.@female:null}{[fe]:null:null}

48. | +{ADJ KAR:+.@past.@sg.@male:null}{[fex]:null:null}

49. | +{V:+.@future.@sg.@male:null}{[3ar]:null:null}

50. | +{V:+.@future.@sg.@female:null}H{[3ft]:null:null}

Sl. | +{V:+.@past.@custom.@sg.@female:null}{[fE]:null:null}

52. | +{V:+.@past.@custom.@pl.@female:null}{[fe]:null:null}

93. | +{V:+.@past.@custom.@pl.@male:null}{[fE3]:null:null}
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54. | >{N,INANIL,ACT, TCL:null:agt}{V,"VOCURR,"COO:+AGTRES,+TCL:null}
55. | >{N,INANI,ACT:null:agt}{N,KAR,"VOCURR "COO:+AGTRES:null}

56. | >{N,INANL,MACH:null:agt}{V,"VOCURR,ACOO:+AGTRES:null}

57. | >{N,INANI,MACH:null:agt}{N,KARFSG,"VOCURR,"COO:+AGTRES:null}
58. | >{N,INANI,MACH:null:agt}{N,KARFPL "VOCURR,COO:+AGTRES:null}
59. | >{N,INANLACT,TCL:null:agt}{V,"VOCURR,A"COO:+AGTRES,+TCL:null}
60. | >{N,INANILACT:null:agt}{N,KAR,"VOCURR,"COO:+AGTRES:null}

61. | >{N,CASE,"CAG:null:agt}{V,"AGTRES,"VOCURR,"COO: +AGTRES:null}
62. | >{PRON,BEN:null:ben}{V:+BENRES:null}

63. | >{N,BEN:null:ben}{V:+BENRES:null}

64. | >{PRON,BEN,TCL:null:ben}{V:+BENRES,+TCL:null}

65. | >{PRON,ANIMT,NOO:null:ben}{V,"COB,BEN:+BENRES:null}

66. | >{N,ANIMT,NOO:null:ben}{V,"COB,BEN:+BENRES:null}

67. | +{N:+CASE:null}{case:+null:null}

68. | +{N:+.@pl.@female:null}{[»]:null:null}

69. | +{KAR:null:null}{[]:null:null}

70. | +{PRON:+CASE:null}{case:+null:null}

71 | +{V:+.@present. @sg.@male:null}{[<= I]:null:null}

72. | +{V:+.@present. @sg.@male:null}{[<Tr 3:null:null}

73. | +{V:+.@custom.@present. @sg.@female:null}{[=t I]:null:null}

4. | +{V:+.@future.@sg.@male:null}{[=ar]:null:null}

73, | +{V,m,sg:+.@future.@sg.@male:null}{[Ear]:null:null}

76. | +{V:+.@future:nullH{[3af]:null:null}

77. | -{TCLAV,"N,"PRON,*ADJ~ADV:null:null}{PRON:+TCL:null}

78. | -{TCLB,"V,"N,"PRON,"ADJ,"ADV:null:null}{PRON:+TCLB:null}

79. | -{MCLBAV:null:null}{PRON,"MCLB:+MCLB:null}

80. | -{MCL:null:null}{PRON,"MCL:+MCL:null}

81. | -{PCLBAV:null:null}{V,"PCLB:+PCLB:null}

82. | -{PCL:null:null}{PRON"PCL:+PCL:null}
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83. | -{ADJCLBAV:null:null}{V,"ADJCLB:+ADJCLB:null}

84. | -{CCLB,"V,"N,"PRON,*ADJ,"ADV:null:null}{PRON:+CCLB:null}
85. | -{CCLB"V,"N,"PRON,*"ADJ,*"ADV:null:null}{N:+CCLB:null}
86. | -{CCL"V,"N,"PRON,*ADJ,“ADV:null:null}{PRON:+CCL:null}
87. | -{CCL,AV,"N,"PRON,*ADJ,"ADV:null:null}{N:+CCL:null}

88. | -{ADCL,CCL:null:null}{PRON:+CCL:null}

89. | >{V,TCLB:+.@entry:null}{V,TCL:null:tim}

90. | <{V,MCLB:null:null}{V,MCL:+.@entry:man}

91. | <{V,PCLB:+.@entry:null}{V,PCL:+.@entry:plc}

92. | <{V,ADJCLB:+PRONADD:null}{PRON:null:null}

93. | <{V,ADJCLB,PRONADD:null:a0j}{ADJ:+.@entry:null}

94. | >{ADJ,RESTRICT:null:mod}{N,INANI:+MODRES:null}

95. | >{ADJ,MOD:null:mod}{N,INANI:+MODRES:null}

96. | >{ADJ,BAS:null:mod}{N,INANI:+MODRES:null}

97. | >{N:null:mod}{N,RESTRICT:+MODRES:null}

98. | >{PRON,ANIMT,FIRST,dis:null:mod}{N,INANI:-+MODRES:null}
99. | >{N,KAR,MODRES:null:mod}{N:+MODRES:null}

100. | >{N:null:mod}{N,INANI,ABS-ACT:+MODRES:null}

101. | >{N,NPOS:null:mod}{N,INANI:+MODRES:null}

102. | >{N,PSP:null:mod}{N,INANI,ST:+MODRES:null}

103. | >{N,PSP:null:mod}{N,INANI,MOD:+MODRES:null}

104. | >{N,”PLC:null:mod}{N,INANI,ST,MOD:+MODRES:null}

105. | >{N,TOON,"FMTRES:null:src}{V:+SRCRES:null}

106. | >{ADJ,TOON,"FMTRES:null:src}{V:+SRCRES:null}

107. | >{ADJ,TOON,"FMTRES:null:src}{V:+SRCRES:null}

108. | >{N,TOON,"FMTRES:null:src}{N,KAR:+SRCRES:null}

109. | >{ADJ, TOONFMTRES:null:src}{N,KAR:+SRCRES:null}

110. | >{N,WICH,*PLC ATIME:null:gol}{V,FST:+GOLRES:null}

111. | >{N,SRCRES "PLC ATIME:null:gol}{V,FST:+GOLRES:null}
112. | >{ADJ,WICH,"PLC "TIME:null:gol}{V,FST:+GOLRES:null}
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Appendix-B

Attribute label morphology for masculine gender

Morphology | Per- | Nu- | UNL Attributes Example sentence
son | mber
fon Ht 1 SG | @past, @custom,1per,@sg 1 afsnr Ht
ia st maim khedia si.
2 SG | @past, @custom,2per,@sg ERIELIN
tium khédia si.
3 SG @past, @custom,3per,@sg H3T afsm Ht |
munda khedia si.
g e, 1 PL | @past, @custom,lper,@pl wHt U3
N asim khéege sr.
Héesan 75 PL | @past, @custom,2per,@pl I A3 |
tusim khede sf.
3 PL @past, @custom,3per,@pl H3 U3 Ha |
munge khege san.
faar Ht 1 SG | @past, @continous,1per,@sg H o3 faar |t |
_— maim khédriha s.
rina st 2 SG | @past, @continous,2per,@sg F U3 fagr Ht |
tum khédriha st.
3 SG | @past, @continous,3per,@sg 3T 93 fagr /|
munda khéd riha
St.
gJ Ht 1 PL @past, @continous,1per,@pl wHT 83 99 |t
. asim khédrahe st.
rahe st, 2 PL | @past, @continous,2per,@pl It 93 99 H |
IJ HS tusim khéd raheé sf.
vahé san 3 PL @past, @continous,3per,@pl H3 U3 JIHG |
munge khedrahé
san.
gar /i 1 SG | @past, @complete,1per,@sg A a3 gar /|
cukka st maim khéd cukka
ST
2 SG | @past, @complete,2per,@sg EXEACUbill
tium khed cukka si.
3 SG | @past, @complete,3per,@sg H3T 83 Ja Ht |

munda khéd cukka
St
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ga Ht PL @past, @complete,1per,@pl wHt g3 9 Ht |
- asim khed cukke sr.
cukke st, PL @past, @complete,2per,@pl 3HT 3 9o H |
94 HE tusim khed cukke
cukke san = v
PL @past, @complete,3per,@pl H3 U3 94 1S |
munde khed cukke
san.
o gfger /t SG | @past, @repeat,1per,@sg 1 gzer gfger |
da rahinda st ’rj;a;lll./: dl;h;:a'da
SG | @past, @repeat,2per,@sg Fuzer afder Ht |
tum khedda
rahindd si.
SG | @past, @repeat,3per,@sg W3 g3 gfger H |
munda khedda
rahinda s.
< gfge PL | @past, @repeat,1per,@pl wit 32 afae
de rahindeé si, asz/,?? ki_zeg/de
rahindeé st.
EEIRER) PL | @past, @repeat,2per,@pl gt g3 afge Ht
de rahindé Z;lll/: dl;h;%fde
san PL @past, @repeat,3per,@pl H3 U3¢ Ifae Ha |
munde khedde
rahindé san.
or gt SG | @present, @custom,1per,@sg Hazer gt |
da ham mnaim khedda ham.
o SG @present, @custom,2per,@sg ERECURE
o g tim khédda haim.
da haim, SG | @present, @custom,3per,@sg H3T 837 3 |
o J munda khédda hai.
da hai
r=dl PL @present, @custom,1per,@pl Wt 832 I |
dé ham, asimkhedde ham.
a9 PL @present, @custom,2per,@pl EGIRECRE
dé ho, tusimkheade ho.
35 PL @present, @custom,3per,@pl H3 932 I3 |
de han mugé khedé han.
fggr gt SG @present,@continous,lper,@sg | ¥ 83 fggr Jt |
riha ham, maim khed riha

ham.
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fagr SG @present,@continous,2per,@sg | I8z fgar T |

riha haim, tum khedriha

faar 3 haim.

riha hai SG @present,@continous,3per,@sg | W3 83 fgar J |
munda khéd riha
hai.

g ot PL @present,@continous,1lper,@pl | »Hf g3 33 I |

rahée ham, asimkhéedrahe

IJd I ham.

rahé ho, PL @present,@continous,2per,@pl | 3t 83 33 T |

IJd IS tustim khédrahé ho.

rahe han PL @present,@continous,3per,@pl | 3 83 9J I |
munde khedrahe
han.

gar It SG @present,@complete,1per,@sg | § &3 ga7 J7 |

cukka ham, maim khéd cukka

gar J ham.

cukka haim, SG | @present,@complete,2per,@sg | FES I |

g I tim khéd cukka

cukka hai haim.

SG @present,@complete,3per,@sg | H3T 83 997 J |
munda khéd cukka
hai.

gd gt PL @present,@complete,1per,@pl | »iHt 83 99 T7 |
culké ham Zzlg khéd cukke
g9 3 PL @present,@complete,2per,@pl | 3Hf §3 9 T |
cukké ho, Zg@lm khéd cukke
B PL @present,@complete,3per,@pl | W3 83 99 IS |
cukk han ?:n[.?de khed cukke
o gfger gt SG @present,@repeat,1per,@sg ¥ 9zar gfger ot |
. maim khedda
da rahinda rahinda ham.
ham, SG @present, @repeat,2per,@sg Fgzer afger I |
= gy 5 tum khedda
rahinda haim.
da rahinda SG @present, @repeat,3per,@sg H3T g3 Ifder I |
haim munda khédda
) rahinda hai.
T gfger 3
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da rahinda

hai

o gfge gt PL @present,@repeat,1per,@pl wHt 932 gfge It |
deé rahinde asim khedde
ham, rahindée ham.

T 3fge J PL | @present,@repeat,2per,@pl 3t gze afge J |
de rahindé tusim khédde

ho, rahindé ho.

< 3fde I& PL | @present,@repeat,3per,@pl H3 g3 afge Is |
dé rahindé munde khédde
han rahindé han.

o1 Jetar SG @future, @custom,lper,@sg H g3ar g=tar |
dahévarniga, mairm khédda
[EURNES hovariga.

da hoveriga, SG | @future, @custom,2per,@sg Fuzer I<ar |

o1 J=dr tium khedda

da hovéega hovenga.

SG @future, @custom,3per,@sg H3T §3eT J<4dr |
munda khedda
hovega.

o Jeiqr PL @future, @custom,1per,@pl v 839 Jd=iar |
de hovarige, asim kheade

o J=9r hovarige.

dé hovoge, PL @future, @custom,2per,@pl 3Ht g3e J=d1 |
o Jeat tustm khédde
dé honge hovoge.

PL @future, @custom,3per,@pl H3 3% Jdadl |
munge khedde
honge.

fggr Jetar SG @future,@continous,1per,@sg 783 fggr J=far |

riha maim khed riha

hovariga, hévarnga.

fggr I<ar SG @future,@continous,2per,@sg F g3 fggr 329 |

riha timkhédriha

hovenga, hovenga.

fgar g<ar SG | @future,@continous,3per,@sg | H3T 83 fggT I=ar |

rahe hovega mundi khéd riha
hovega.

JJ Jetar PL @future,@continous,1per,@pl wft 93 99 d=iar |

- asimkhedrahe

rahé .

hovange.
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hovarige, PL | @future,@continous,2per,@pl 3H 3 39 I=a1 |
7 325 Zu:vz'/_n l_che'_d rahé
rahé hovoge, - ovose.
=3 T3 PL @future,@continous,3per,@pl H3 83 93 I |
munde khéedrahe
rahé honge honge.
fept J=tam SG | @future,@complete,lper,@sg | 7 3 Gfermr Jefar |
- maim khéd cukkia
cukkia hovariea
hovariga, SG @future,@complete,2per,@sg 3 43 e J2ar |
S F2a9r tum khé_dcukkid
B hoveriga.
cukkia SG @future,@complete,3per,@sg €37 o3 Jfomrm
hoveériga, J=ar |
uh khed cukkia
Sfemi I3 hovéga.
cukkia
hovega
gd Jetar PL @future,@complete,1per,@pl wH 83 94 J<idr |
- asim khéd cukke
cukke hovarieé
hovarige, PL @future,@complete,2per,@pl 3HT 43 94 J<ar |
d3 aed Zu:sl' m l_che'd cukke
ovoge.
cukke PL @future,@complete,3per,@pl H3 83 99 d=d1 |
- honge.
cukké honge
T gfder SG | @future,@repeat,1per,@sg 1 gzer gfger
o J<tar |
maim khedda
da rahinda rahinda hovanga.
hGvied SG @future, @repeat,2per,@sg I gz 3fger
ovalga, = |
7 gfger tim khédda
1 rahinda hovenga.
SG @future,@repeat,3per,@sg W3 g3« gfger
da rahinda J<ar |
munda khedda

243



hoveriga, rahinda hovega.
= gfger
J<ar
da rahinda
hovega
< gfge Jefar PL | @future,@repeat,lper,@pl wirt g3 afge
de rahindé Jetar |
ho‘vd/jge', asim khedtde
< gfge d=ar rahindé hovarge.
de rahinde PL | @future,@repeat,2per,@pl I g% afge
hévégé, aéa |
€ 3fJe I3 tusim khede
dé rahindé rahindé hovoge.
o PL @future,@repeat,3per,@pl H3 g3e afge
honge -
munde kheade
rahindé honge.
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Appendix-C

Some important verb paradigms for first person singular masculine gender

Sr.No | Verb Verb Root | Present Past Future
paradigm

L Uer (u@er) | uger urfemT urgar
pau/a pa paund paia pairiga
(pauna)

‘to put”’

2. SIS (B | B ARy Briagor Brdan
lauha lah lahuna lahia lahiinga
(lahuna)

‘to pull

down’

nhauna nha nhauna nhata nhainga
‘to bath”’

a. Jor 3 E Seani 3Gar
bhauna bhaum bhaunnam bhamviam bhauiiniga
‘to wonder’

5. He H Hor Hfenmt HEam
sau/ia saum saunnd sanmviam saumiiriga
to sleep’

6. Fa= ar CEL) gt ESUSElL
karauna kara karauna karaia karaiifiga
to cause to
do’

7. B 3 Bar fegmir sGan
lainam lai laina lia laiiniga
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‘to take”’

8. gfge afy gfgst faar gdar
rahina rahi rahinam riha rahurigam
to live’

9. giget Tfg wgigar fegr Tdart
dhahinam dhahi dhahina dhiha dhahiurigam
‘to fall”

10. Ut Ut liry lUEY UGar
pina pr pina pita pliifiga
‘to drink’

11. ger g inrey Yoy Utgar
pithna pih pithna ptha pihiifiga
‘to grind’

12. i fire i@ EEY frGam
siufa siu siuna sita siunga
‘to sew’
kuttna kuft kuttna kuttia kuttiiriga
‘to beat’

4. | Hg= €% SLT Sligay HodT
bannhpa bannh bannhna bannhia banniifiga
‘to bind’

15. Il 9% g8 afgm a3
bolna bol bolna bolia boliriga
‘to say’

6. | e T faprr BUSCl

jana ja jana gia jauniga
togo’
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17. Ja 3 Jar Sl Jgar
hona ho hunna hoia hounga
‘to be”’

18. TET CI AT Aifent BIGEY
janna jan janna jandiam jaminga
‘to know’

19. EErY 3 EErY ElEzy EEIG
dauma daur dauma dauria dauragam
torun’

20. JTT&T Arel JTET JerfonT JaTigr
halana hata halana hataia hatavariga
‘to remove’
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Appendix D

Rule base for function word insertion

S. No Function word insertion rule base

1. agt:null:null:null:&:@past:VINT#@progress#@custom#link#jA:PRON#3SG:
null

2. agt:null:null:null:3: @past: VINT#@progress#kha#@custom#link#jA:N#3SG:
null

3. agt:null:null:null:3: @past#@complete:jA#@progress#kha:N#ANIMT:null

4. agt:null:null:null:&: @presentt@complete:jA#@progress#kha:N#ANIMT:
INANI

3. agt:null:null:null:&: @past#link:jA#@progress#@repeat#@custom#
@progress#@ability#@repeat:N#ANIMT:null

6. agt:null:null:null:3: @past#link:Ja#@progress#@custom#@progress#
@ability#@repeat:N#MACH:null

7. agt:null:null:null:3: @present#link: jA#@progress#@custom#@progress#
@ability#@repeat#@complete:N#MACH:null

8. agt:null:null:null:3:@present#link:jA#@progress#@custom#@progresst
@ability#@repeat#@complete:N#ZANIMT:null

9. agt:null:null:null:&: @past#ga:null:N#ANIMT:null

10. | agt:null:null:null:3: @past#kha: @progress#@custom#@complete:N#ANIMT
-null

11. | agt:null:null:null:3:@present#kha: @progress#@custom#@complete: N#
ANIMT:null

12. | agt:null:null:null:3:@future#tkha: @progress#@custom#@complete:N#
ANIMT:null

13. | agt:null:null:null:3:@present#ga:jA#@progress:N#ANIMT:null

14. | agt:null:null:null:3:@future#tga:jA#@progress:N#ANIMT:null
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15.

and:null:null:»Z:null:N:null:N:null

16. | aoj:null:null:null:null:null:null:null:null

17. | pas:null:null:null:Z:CMP:null:N:null

18. | bas:null:null:null:3:CMP:null:PRON:null

19. | bas:null:null:null:Z:ADJ:null:N:null

20. | pas:null:null:null:3:ADV:null:N:null

21. | ben:null:null:null:E sEhnull:null:N:null

22. | cag:null:null:null:€ &&:null:null:N:null

23. | cag:null:null:null:® a:null:null:PRON:null
24. | cao:null:null:null:E a7&:null:null:PRON:null
25. | cao:null:null:null:® 3&:null:null:N:null

26. | cnt:null:null:null:null:null:null:null:null

27. | cob:null:null:null:E s:null:null:N:null

28. | cob:null:null:null:2 &5:null:null:PRON:null
29. | coo:8<:null:A<:null:null:null:null:null

30. | dur:null:null:null:€ Z:null:null:null:null

31. | equ:null:null:null:null:null:null:null:null

32. | fmt:null:Z:null:3F:null:null:N:null

33. | fmt:null:Z:null:3F:null:null:PRON:null

34. | frm:null:null:null:2:N#MALE:null:N#PLC:null
35. | frm:null:null:null::N#FEMALE:null:N#PLC:null
36. | frm:null:null:null:3:V:null:N:null

37. | frm:null:null:null:Z:null:null:PRON:null

38. | gol:null:null:null:null:null:link:INANI:null

39. | gol:null:null:null:feg:null:null:INAN#N:null
40. | gol:null:null:null:feg:null:null:INANI#PRON:null
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41.

gol:null:null:null:feg:null:null: AOJ#N:null

42. | gol:null:null:null:g:null:null:N#ANL:null

43. | gol:null:null:null:&:null:null:PRON#ANI:null

44. | icl:null:null:Zat = null:null:null:null:null

45. | ins:nullz:nullznull:a:null:null:N:null

46. | ins:null:null:null:a™:null:null:PRON:null

47. | intnull:null:null:null:null:null:null:null

48. | iof:null:null:null:null:null:null:null:null

49. | man:null:null:null:&3:V:ADV:null: TIME#PLC#ADJ#T IME#PLCH#ADJ#
REFPLC#OFTEN#LETTER

50. | man:null:null:g3:null:V:ADV:OFTEN:null

S1. | met:null:null:null:Z:null:null:N:null

52. | met:null:null:null:Z:null:null:PRON:null

53. | mod:null:null:null:Em:@def:null:N:null

94. | mod:null:null:null:=m:null:MACH:PRON:MOD

55. | mod:null:null:null:E &7: @topic:null:N:null

56. | mod:null:null:null:2 &7: @topic:null:PRON:null

57. | mod:null:null:null:null:null:null:null:null

58. | nam:null:null:null:null:null:null:null:null

59. | obj:null:null:null:Em:V#da:null:N#ANIMT#MALE:null

60. | obj:null:null:null:z:V:da#ink#@female#@future#VOCCUR#VBAN#FST#
@complete#NONOON#Vo#@female#link:N:PLC#TIME#NONOON#
NOON

61. | obj:null:null:null:®:CV:null:N#ANIMT:PLC

62. | obj:null:null:null:z:V#@obligation#@future:null:N#ANIMT:null

63. | obj:null:null:null:3:V:null:N#NOON:null

64. | obj:null:null:null:z:V#kha:null:N#ANIMT:null
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65.

obj:null:null:null:z:ADV:da#Ink:N:null

66. | obj:null:null:null:E5:V#VSEE:null:N:null

67. | obj:nullznull:null:&:V#F:null:N:null

68. | obj:null:null:null:fe9:CV:NOACT:N#PLC:null
69. | obj:null:null:null:feg:VOCCUR:null: TIME:null
70. | opl:nullznull:null:feg:null:null:N:null

71. | opl:null:null:null:feg:null:null:PRON:null

72. | per:null:null:null:=g:null:null:null:null

73. | ple:null:null:null:feg:null;jA#NOACT:N:null

74. | plc:null:null:null:fEg:null;jA#NOACT:PRON:null
75. | plf:null:null:null:Z:null:null:null:null

76. | plt:null:null:null:3&:null:;jA:null:null

77. | pof:null:null:null:€:MALE#@pl:null:N:null

78. | pof:null:null:null:@:MALE:@pl:N:@pl

79. | pof:null:null:null:=:FEMALE:@pl:N:@pl

80. | pof:null:null:null:&:FEMALE#@pl:null:N:null
81. | pof:null:null:null:2:MALE#@pl:null:PRON:null
82. | pof:null:null:null:¥:MALE:@pl:PRON:@pl

83. | pof:null:null:null:&m:FEMALE#@pl:null:PRON:null
84. | pos:null:null:null:=m:null:null:null:1SG#PRON
85. | ptn:null:null:null:2 a7:null:null:N:null

86. | ptn:null:null:null:E a7=:null:null:PRON:null

87. | pur:null:null:null:2 t:null:null:N:null

88. | pur:null:null:null:€ Zt:null:null:PRON:null

89. | pur:null:null:null:E s€t:null:null:V:null

90. | qua:null:null:null:null:null:null:null:null
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91.

rsn:null:null:null:am3&:null:null:null:N

92.

rsn:€" 373 :null:null:null:null:jA:N#MACH#@pl:null

93.

rsn:€ 973& :null:null:null:null:jA:N#MACH:null

94.

rsn:a3da :null:null:null:jA:null:N:null

95.

rsn:€ 973 null:null:null:null:jA:N#@pl:null

96.

scn:null:null:null:feg:null:null:N:null

97.

scn:null:null:null:feg:null:null:PRON:null

98.

seq:null:null:null:e gmre:null:null:N:null

99.

seq:null:null:null:€ goe:null:null:PRON:null

100.

src:null:null:null:Z:null:null:N:null

101.

src:null:null:null:Z:null:null:PRON:null

102.

tim:null:null:null:feg:nll:null:N:null

103.

tim:null:null:null:feg:null:null:PRON:null

104.

tim:null:null:null:feg:VOCCUR:null: TIME:null

105.

tim:null:null:null:g:V:VOCCUR:TIME:null

106.

tim:null:null:null:5:CV:V:TIME:null

107.

tim:nullznull:null:g:N:null: TIME:null

108.

tmf:null:null:null:3:null:null:N:null

109.

tmf:null:null:null:3:null:null:PRON:null

110.

tmt:null:null:null:3a:null:null:N:null

111.

tmt:null:null:null:3a:null:null:PRON:null

112.

to:nullznull:null:g:N:null:PLC:null

113.

to:null:null:null:€ a7&:null:null:N:PLC

114.

to:null:null:null:€ a7&:null:null:PRON:PLC

115.

via:null:null:null;Z&:null:null;N:null

116.

via:null:null:null:€&:null:null:PRON:null
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