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Introduction
Bilingual lexicons or dictionaries are an essential and invaluable resource 
for any language, without which the use o f  that language for academic, 
official and commercial purposes becom es difficult, and so does learning 
o f  that language for those who are not native speakers. Furthermore, in this 
digital age the chances o f  that language being used on the digital media or 
o f  building computational applications for the language reduce drastically. 
Since creating bilingual lexicon manually is very time consum ing and 
effort consum ing as w ell, som e researchers have been trying to do at least 
apart o f  this job automatically or semi-automatically. This has hardly been 
tried so far for Indian languages, and especially for Telugu.

From our experiences as practitioners o f  Natural Language Processing  
(NLP) which deals with such problems, w e describe the challenges that 
need to be overcom e to achieve the goal o f  automatization , atleast, a part 
o f  the process o f  building bilingual lexicon for Indian languages in general 
and for Telugu in particular. Since one o f  the largest and easily available 
resources nowadays for natural language data is the World W ide W eb  
(W W W ), w e  concentrate on using it as the source from which w e can try 
to m ine the information required to build bilingual lexicon. W e also try to 
suggest som e directions along which the possible solutions o f  this problem  
may be found. The problems are related to the nature o f  the scripts used 
for Indian languages, the lack o f  resources and computational tools for 
them, the lack o f  awareness as w ell as the lack o f  interest am ong the 
Indian (and the Telugu speaking) community in the linguistic and
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c o m p u t a t i o n a l  i s s u e s  i n \ o l \ c d  ( e \ c n  a in o i ig  t h e  N L P  p r a c t i t i o n e r s ) ,  t h e  

lack  o t  c iem an d  f o r  s u c h  r e s o u r c e s  a n d  to o l s  a m o n g  t h o s e  w h o  c a n  p a y  f o r  

t h e m ,  a n d  a l s o  the  \ e r y  fac t  tha t  m o s t  e d u c a t e d  I n d i a n s  a r e  h e s i t a n t  to  u s e  

t h e i r  o \ \  n l a n g u a g e  e \  en  for  c o n i n i u n i e a t i o n  o n  t h e  d ig i t a l  m e d i a ,  w h e r e a s ,  

i ro n ic a l ly ,  h n g u i s t i c  c h a u \  i n i s m  s e e m s  to  b e  o n  t h e  r i s e  a t  t h e  s a m e  t i m e  in 
\ a r i o u s  p a r t s  o f  Fndia.

F o r  D r a v i d i a n  l a n g u a g e s  l ike  T e l u g u .  t h e  p r o b l e m  o f  a u t o m a t i c a l l y  

b u i l d i n g  l e x i c o n  h a s  t h e  a d d e d  c o m p l i c a t i o n  th a t  t h e s e  l a n g u a g e s  a re  

m o r p h o l o g i c a l l y  r i c h ,  w h i c h  l e a d s  to  b o t h  l i n g u i s t i c  a n d  c o m p u t a t i o n a l  

p r o b l e m s  lo r  the  p u r p o s e  b e i n g  d e s c r i b e d  h e r e ,  a l t h o u g h  th i s  r i c h n e s s  h a s  

its p o s i t i v e  a s p e c t s  in o t h e r  r e s p e c t s .  W e  s u r v e y  t h e  c o m p u t a t i o n a l  

m e t h o d s  t h a t  c a n  b e  u s e d  to  s o l v e  th i s  p r o b l e m  a n d  w e  a l s o  s u g g e s t  s o m e  

l a n g u a g e  s p e c i l l c  t e c h n i q u e s  tha t  c o u l d  m a k e  t a s k  ea s ie r .  O n e  o f  t h e s e  is 

u s i n g  a k s h a r a  ( r o u g h l y ,  a n  o i t h o g r a p h i e  s y l l a b i c )  a s  a n  i m p o r t a n t  u n i t  f o r  
t e x t  p r o c e s s i n g  f o r  In d ia n  l a n g u a g e s .

The Structure o f Indian Languages
A ll  l a n g u a g e s  b e l o n g  to  c e r t a in  g r o u p s  o r  f a m i l i e s ;  t h i s  g r o u p i n g  is  b a s e d  

o n  t h e  o r i g i n  a n d  l o n g  h i s t o r i c a l  p r o x i m i t y  ( E m e n e a u ,  1 9 5 6 .  1980) .  I n d i a n  

a n g u a g e s  h a v e  t w o  l a rg e  f a m i l i e s ,  i .e .;  h i d o - A r y a n  ( H i n d i ,  P u n j a b i ,  

M a r a t h i ,  G u j a r a t i  e tc . ) ,  a n d  D r a v i d i a n  l a n g u a g e s  ( T a m i l ,  K a n n a d a ,  

M a l a y a l a m  a n d  T e l u g u ) , a p a r t  f r o m  A u s t r o - A s i a t i e  a n d  T i b e t o - B u r m a n  

f a m i l i e s .  B r a h m i  is t h e  o r i g i n  o t  t h e s e  l a n g u a g e  s c r ip t s .  B a s i c a l l y ,  

s p e l l i n g s  o f  I n d i a n  l a n g u a g e s  a r e  p h o n e t i c  a n d  t h e  s c r i p t s  a r e  s y l l a b i c ;  

a l p h a - s y l l a b a r i e s  o r  a b u g i d a s — t h e s e  c o n s i s t  o f  s y m b o l s  f o r  c o n s o n a n t s  
a n d  v o w e l s .

W ord Structure
T h e  c o n s o n a n t s  e a c h  h a v e  a n  I n h e r e n t  v o w e l  w h i c h  c a n  b e  c h a n g e d  to  

a n o t h e r  v o w e l  o r  m u t e d  b y  m e a n s  o f  d i a c r i t i c s .  W o r d s  in D r a v i d i a n  

l a n g u a g e s ,  e s p e c i a l l y  in T e l u g u  a r e  l o n g  a n d  c o m p l e x ,  i .e . ,  b e c a u s e  t h e y  

a l s o  h a v e  s u f f i x a t i o n ,  w o r d s  a r e  b u i l t  u p  f r o m  m a n y  a f f i x e s  t h a t  c o m b i n e  

w i t h  o n e  a n o t h e r .  T e l u g u  h a s  b e e n  t h e  l a n g u a g e  o f  c h o i c e  f o r  ly r i c a l  

c o m p o s i t i o n s  f o r  i ts  v o w e l  e n d i n g  w o r d s .  F o r  e x a m p l e  t h e  v o c a b u l a r y  o f  

T e l u g u  is h i g h l y  S a n s k r i t i z e d  in  a d d i t i o n  to  h a v i n g  t h e  P e r s i a n - A r a b l e
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borrowings /kaburu/ 'story% /javaabu/ answer'; Urdu

/taraaju/ 'balance’. It does have cognates from other Dravidan languages 

too such as /puli/ 't ig er \ /uuru/ 'v illage’; /tala/ 'head'

(Rajendran, S. and Shivapratap, G. and Dhanlakshmi, V. and Soman, KP, 
2010).

Agglutinative Morphology
Linguistic analysis o f  words is concerned with retrieving the s tru c tu re -  

more specifically, the syntactic and morphological properties o f  a complex  
word (Caldwell, R, 1875). Basically, Dravidian languages are 
agglutinative, highly inflectional and rich in morphology. The major 
inflectional categories are nouns and verbs. Nominal morphology o f  
Telugu is sim ple as compared to verb morphology and it also allows 
polyagglutination (Caldwell, R, 1875). For instance, a single Telugu verb 
can take at least 200 fonns without including the auxiliary information 
whereas a noiui can inflect for only 8 cases. Extremely sim ple paradigms 
can be used to categorize the root words. As o f  now, the current 
implementation o f  these paradigms outputs all possible known legitimate 
splits.

Because o f  these structural features computational description and 
processing o f  Indian languages becom e a fom iidable problem. The 
problem o f  building bilingual lexicon is thus also multiplied given the 
nature o f  such difficulties and challenges. W e can now m ove on to a 
description o f  the aspects o f  w eb that can be manipulated and m axim ized  
for use in building bilingual lexicon from web resources.

Web as a Resource
The W eb corpus ow es its popularity to its tremendous size, broad 
linguistic, geographical and social range, up-to-dateness, multimodality, 
and w ide availability at a minimal cost. W e shall consider each advantage 
briefly before discussing the limitations o f  the W eb corpus.
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Size o f Data
Tlie  d a t  a on  the  \ \ e b  a rc  c o n s t a n t l y  e x p a n d i n g ,  s o  its s i z e  is  u n k n o w a b l e .  

In 2 0 0 8  ( i o o g l c  n o t e d  tha t  it l iad i d e n t i f i e d  (b u t  n o t  a c t u a l l y  i n d e x e d )  o v e r  

a t r i l l ion  ( 1 0 1 2 )  d i s t i n c t  U R L s  ( W e b  a d d r e s s e s ) ,  a n d  th a t  s e v e r a l  b i l l io n  

( 1 0 9 )  n e w  w e b p a g e s  a p p e a r  d a i l y  ( A l p e r t  &  H a ja j ,  2 0 0 8 ) .

Range o f Data
T h e  w e b  d a t a  h a \ e  i n c r e a s e d  th e  r a n g e  t o w a r d s  W o r l d  W i d e .  T h i s  k e e p s  

o e s  h a n d  in h a n d  w ith the  a v a i l a b i l i t y  o f  w e b  s p a c e  a n d  e a s y  a c c e s s i b i l i t y  

w h i c h  h a s  m a d e  e v e n  lay  p e o p l e  c o n t r i b u t e  t h e i r  o w n  l i n g u i s t i c  

e x p e r i e n c e s  to  th e  i n f o m i a t i o n  c o m m u n i c a t i o n  s o c i e ty .  E n c o m p a s s i n g  

e a r l i e r  s i t u a t io n s ,  m o s t  o f  th e  v i i t u a l  c o m m u n i t y  a r o u n d  th e  w o r l d  w a s  

w i t h i n  n n g l i s h - l a n g u a g e  u se rs .  N o w  th e  c o n t e n t  o f  o t h e r  w o r l d  l a n g u a g e s  

h a s  i n c r e a s e d  t h e i r  s h a r e  in w e b  s p a c e ,  b u t  t h e y  h a v e  n o t  lo s t  t h e i r  m i n o r i t y  

s t a tu s  o n l in e .  I n t e r n a t i o n a l l y - o r i e n t e d  w e b  p o i t a l s  p r o v i d e  m u l t i l i n g u a l  

m a t e r i a l s  w 'hich c a n  b e  a n  a id  to  t r a n s l a t o r s  a n d  l a n g u a g e  l e a rn e r s .  F o r  

i n s t a n c e ,  W i k i p e d i a  is o n e  o f  th e  m a j o r  c o n t r i b u t o r s  to  th e  w e b  d a t a  o r  

c o r p u s .  It i n \ i t e s  t h e  p u b l i c  t o  m a k e  c o n t r i b u t i o n s  a n d  d i s t r i b u t e s  t h e  

k n o w  l e d g e  f r e e  o f  co s t .  A n o t h e r  c o n t r i b u t o r  is  s o c ia l  n e t w o r k i n g  w e b s i t e s ,  

t h e s e  s i t e s  h a v e  r e d e f i n e d  t h e  n o t i o n  o f  c o m m u n i t y  a n d  in  a d d i t i o n ,  it h a s  

b r o u g h t  p r i v a t e  a n d  p u b l i c  i n t e r a c t i o n  t o g e t h e r  in  p u b l i c  v i e w .  A s  a 

c o n s e q u e n c e ,  w h a t  is q u i t e  \ i s i b l e  is tha t  t h e  u s e r s  in s o c ia l  n e t w o r k i n g  

w e b s i t e s  l i av e  l u i i n t e n t i o n a l l y  s u p p l i e d  b o t h  l i n g u i s t i c  a n d  d e m o g r a p h i c  
da ta .

Data Up-to-datedness
T h e  W e b  is th e  m o s t  e t t e c t ix  e  r e s o u r c e  fo r  u n d e r s t a n d i n g  t h e  r e f l e c t i o n s  o f  

c o n t e m p o r a r y  c u l t u r e  t h r o u g h  t h e  l i n g u i s t i c  r e p r e s e n t a t i o n s  o f  th e  u s e r s .  

F o r  in s t a n c e ,  t h e  n e w  w^ords e a s i l y  c o i n e d  t h r o u g h  a n  i n t e r a c t i o n  w i t h  

v a r i o u s  v i r tu a l  c o m m u n i t i e s  a n d  th e  u s e  o f  t h o s e  w o r d s  i f  i n c r e a s e d  h a v e  a  

d r a m a t i c  e l f e c t  o n  t h e  l a n g u a g e ;  t h u s ,  t h e  f r e q u e n c y  o f  l e x i c a l  i t e m s  in  

d i f f e r e n t  c o n t e x t s  c a n  b e  a n  a d d i t i o n a l  l i n g u i s t i c  i n p u t  t o  t h e  l a n g u a g e .  

S i m i l a r l y  b o r r o w i n g s  a l s o  t a k e  p l a c e .  A n d  i f  t h a t  c o n d i t i o n  is n o t  

a c c e p t a b l e ,  it c a n  b e  t r e a t e d  a s  a  t h r e a t  t o  t h e  m i n o r  l i n g u i s t i c  c o m m u n i t y  

a n d  a l s o  t o  t h a t  l a n g u a g e .  M o s t  o f  t h e  s e a r c h  e n g i n e s  c l o s e l y  o b s e r v e  a n d
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trace eventual developm ents in the web and incorporate those content 
topics in the emerging usage (REF: web as corpus).
Formats o f Data
Web data have usually consisted o f  multimodality (sound, image, sight and 
text) and multimedia content. In general, the content should be in the form 
o f  machine-readable text or with linguistic annotations for the purpose o f  
tracking specific paths. For instance, the content o f  som e o f  the interviews 
or commercial broadcasting videos and audios do consist o f  transcriptions 
in different languages as subtitles. It can easily be accessible to the user or 
crawler. Som e o f  the sites are even made available to the users in the 
transcriptions by means o f  the formation o f  audio. Som e sites collect 
linguistic annotations o f  the images from the w eb users as captcha. Som e  
sites offer gam es for language learning for the purpose o f  input 
verifications or error corrections in linguistic data. Social media and 
networking websites are exam ples o f  such activities.

Availability of Data
These days even in slow  bandwidth networks it is possible to access the 

web content so easily. This was possible with constant efforts o f  
technological developments. The recent technological developm ents in 
w eb browsers and content managements are brought by the machine- 
readable content and easy loadable formats. Internet access, in most o f  the 
countries, is fast and inexpensive. A lso , the cost o f  hardware equipment 
has reduced to a large extent and the availability o f  linguistic input tools in 
local languages has extended to the local doors. This helps users upload 
news articles, blogs, magazines and also entire text books. A  user with a 
hom e broadband connection can com pile and process a multimillion word 
corpus in minutes (REF; web as corpus).

Stages in Data Collection from Web Corpus
W eb content as a language resource has drawbacks and limitations too. 
What purpose is the text intended for? What target audience does it 
represent? W as it written by a native speaker, or is it translation? Is the 
content o f  the document represented in authoritative linguistic form, 
encoding and tagset? D oes the content o f  the document contain any 
copyright?
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A u t o m a t i c  d e v e l o p m e n t  o f  a b i l in g u a l  d i c t i o n a r y  f ro m  th e  w e b  c o r p u s  is a  

s e q u e n c e  o t  p r o c e s s e s  o f  l a n g u a g e  r e s o u r c e  a c q u i s i t i o n  u s i n g  a  w e b  

c r a w le r .  !n th is  s e q u e n c e  o f  p r o c e s s e s ,  w e  n e e d  to  s e tu p  a  w e b  c r a w l e r  fo r  

th e  a c q u i s i t i o n  o f  l a n g u a g e  r e s o u r c e  f r o m  the  w e b  a r c h iv e .  T h e  w e b  

c r a w l e r  r e t r i e \ e s  th e  w e b  d o c u m e n t s  a n d  f i les .  T h e s e  d o c u m e n t s  a r e  in 

H y p e r  T e x t  M a r k u p  L a n g u a g e  ( H T M L )  f o r m a t  w i th in  a  s p e c i f i e d  ran g e .  

T h e  c r a w l i n g  r a n g e  h a s  to  be  se t  u p  a s  in p u t  fo r  th e  c r a w l e r ;  th i s  r a n g e  

c o u l d  b e  d a te ,  k e y w o r d s  etc.  T h e  w e b  c r a w l e r  g e n e r a t e s  th e  U n i v e r s a l  

R e s o u r c e  L o c a t o r  ( U R L )  a d d r e s s  fo r  th e  in d e x  ( f i r s t )  p a g e  o f  a n y  

p a n i c u l a r  da te .  T h e  in d e x  p a g e  o f  a w e b s i t e  c o n t a i n s  t h e  a c tu a l  c o n t e n t  a n d  

l in k s  to  s o m e  o th e r  p a g e s ,  say .  a d \  e r t i s e m e n t s .  v i d e o s  a n d  i m a g e s  e tc ,  f o r  

e x a m p l e .  T h i s  k in d  o f  n o n - t e x t  d o c u m e n t s  d o c s  n o t  c o n t r i b u t e  to  th e  

c o r p u s  g e n e r a t i o n .  It is  n e c e s s a r y  to  i d e n t i f y  t h e  t e x t  in t h o s e  H T M L  

d o c u m e n t s  a n d  th e  r e s t  o f  th e  f i le s  a re  n o t  c o n s i d e r e d  fu r th e r .  B u i l d i n g  o r  

c r e a t i o n  o f  l a n g u a g e  r e s o u r c e s  f r o m  the  w e b  i n v o l v e s  a  g r e a t  d e a l  o f  p r e 

p r o c e s s i n g  th a t  i n c l u d e s  c l e a n i n g ,  c o d e  c o n v e r s i o n ,  l a n g u a g e  p a i r  

s e p a r a t i o n  a n d  a n n o t a t i o n .  T h e  H T M L  f i les  t h a t  c o n t a i n  n e w s  d o c u m e n t s  

a re  i d e n t i f i e d  b y  t h e  w e b  c r a w l e r  a n d  r e q u i r e  c l e a n i n g  f o r  th e  e x t r a c t i o n  o f  

te x t  to  b e  s t o r e d  in  th e  c o r p u s  a l o n g  w i t h  th e  r e l e v a n t  d e ta i l s .  H T M L  fi les  

c o n s i s t  o f  a se t  o f  t a g g e d  d a t a  th a t  i n c l u d e  d i f f e r e n t  t e x t s  o f  l a n g u a g e s .  

E v e r y  H T M L  fi le h a s  to  b e  s c a n n e d  f r o m  th e  b e g i n n i n g  to  e n d  o f  the  

d o c u m e n t  fo r  t a g s  l ike  f o n t  F A C E ,  e n c o d i n g  r a n g e  a n d  d y n a m i c  fo n t s ,  i .e, 

t h e  t e x t  o n  p a g e s  g e n e r a t e d  o n l y  w h e n  th e  s y s t e m  is  c o n n e c t e d  to  w e b .  T h e  

w e b  a r c h i v e s  g e n e r a l l y  u s e s  g r a p h e m i c  c o d i n g ,  w h e r e a s  o r t h o g r a p h i c  

c o d i n g  is r e q u i r e d  f o r  tex t  p r o c e s s i n g  ta sk s  ( C h a u d a r y ,  S P a la ,  K  et  al ,  

2008).

H e r e  w h a t  t h e  e n g i n e  d o e s  is sp l i t  in to  w o r d s  t h e  s e n t e n c e s  f r o m  th e  

c l e a n e d  c o i p u s  u s i n g  l a n g u a g e  s p e c i f i c  t o k e n s  w i t h o u t  a n y  d i s t u r b a n c e  

m a d e  to  t h e  r e n d e r e d  i n f o r m a t i o n  o f  t h e  tex t .  T h e  e n g i n e  f i l te rs  d i s t i n c t  

w o r d s  f r o m  th e  w o r d s  t h u s  sp l i t  a n d  c a l c u l a t e s  t h e  f r e q u e n c y  o f  t h e m .  T h e  

e n g i n e  a t  l a t e r  s t a g e s  s t a r t s  to  c o m p i l e  th e  l e x i c o n  u s i n g  a  s p e c i f i c  

c o m p u t a t i o n a l  m a p p i n g  t e c h n i q u e .  T h e s e  t e c h n i q u e s  h a v e  b e e n  d i s c u s s e d  

in l a t e r  s e c t io n s .  T h e  c o m p l i e d  l e x i c o n  n e e d s  v e r i f i c a t i o n  to  e n s u r e  t h e  

a c c u r a c y  a n d  r e l i a b i l i t y  o f  th e  u s e d  t e c h n i q u e s .  T h e  e n t i r e  p r o c e s s  t a k e s

m
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place in the post-processing stage. In this stage, the data w ill be evaluated 
with the help o f  language-specific native speakers or by building som e  
collaborative as w ell as cooperative games.

C h allen g es  a n d  O p p o r t u n i t i e s  in  B u ild in g  B ilingual Lexicon

Web Crawler

Retrieved web 
Documents

Pre-processor
Clean data, separate languages

Engine
Splits the sentences in words, 
calculates frequency, make unique 
words and complies a lexicon

Post-processor
Evaluates the correctness
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T h e r e  a rc  d i v e r s e  r a n g e  o f  a l g o r i t h m s  a n d  t e c h n i q u e s  u s e d  f o r  t h e  d a t a  

c o l l e c t i o n  f r o m  th e  w e h  r e s o u r c e s  b a s e d  o n  d i f f e r e n t  c r i t e r i a  o f  s e a r c h  a n d  

m a t c h i n g  t e c h n i q u e s  o f  v a r y i n g  c o m p l e x i t y .  L e t ' s  n o w  l o o k  at  t h e m .

Existin« C om putational M ethods
C o m p i l i n g  m o n o l i n g u a l  l e x i c o n s  h a s  b e e n  a  p r o b l e m  th e  s o l u t i o n  to  w h i c h  

h a s  b e e n  d e \ i s e d  a n d  fo r  t h i s  t h e r e  e x i s t  v a r i o u s  w e l l  d e v e l o p e d  a n d  

a c c u r a t e  t e c h n i q u e s .  B u t  in t h e  c a s e  o f  b i l i n g u a l  l e x i c o n s ,  t h e  p r o b l e m  is 

n o t  o f  th e  s a m e  k i n d  a s  w h a t  is f o u n d  in t h e  c a s e  o f  m o n o l i n g u a l  l e x i c o n  

c o m p i l a l i o n .  T h i s  is p r e c i s e ly  b e c a u s e  o f  t h e  fac t  t h a t  th e  d e v e l o p m e n t  o f  

b i l i n g u a l  l ex ic a l  r e s o u r c e s  d e a l s  w i t h  tw^o d i f f e r e n t  l a n g u a g e s  a n d  w i t h  

h u g e  v a r i a t i o n s  l ike  d i f f e r e n c e s  in s c r ip t s ,  v a r i a t i o n s  in p h o n e t i c  s y s t e m ,  

m o r p h o l o g i c a l  \  a r i a t i o n s  a n d  s o c io * c u l tu r a l  v a r i a t i o n s  i n v o l v i n g  b o r r o w e d  

w o r d s  in t h e  l e x i c o n  etc.  T h e s e  a re  all  c r u c ia l  f a c to r s  t h a t  n e e d  to  b e  t a k e n  

c a r e  o f  w h i l e  o n e  a i m s  at  b u i l d i n g  a n d  p r o d u c i n g  t h e  s e m a n t i c  

r e s e m b l a n c e  o f  t h e  l e x e m e s .  H e n c e ,  h e r e  w e  d i s c u s s  s o m e  e x i s t i n g  

t e c h n i q u e s  fo r  a u t o m a t i c  b u i l d i n g  b i l i n g u a l  l e x i c o n s . T h e  e x i s t i n g  m e t h o d s  

in  a u t o m a t i z i n g  th e  p r o c e s s  o f  b u i l d i n g  b i l i n g u a l  l e x i c o n  h a v e  u s e d  

d i f f e r e n t  t y p e s  o f  c o r p u s  in  th a t  v a r i o u s  t y p e s  o f  c o r p u s  s u c h  a s  

c o m p a r a b l e  c o r p u s ,  p a r a l l e l  c o r p u s ,  t r a n s l a t e d  d a t a  ( w o r d s  a n d  c o n t i n u o u s  

t e x t )  e tc .  a r e  o f t e n  u s e d .

B e l o w  w e  d e s c r i b e  dif  f e r e n t  t y p e s  o f  c o m p u t a t i o n a l  t e c h n i q u e s  w h i c h  h a v e  

b e e n  d e v e l o p e d  r e c e n t l y  o n  v a r i o u s  l a n g u a g e s  a n d  l i n g u i s t i c  f a m i l i e s  in  th e  

w o r l d .  T h e s e  t e c h n i q u e s  h a v e  b e e n  a p p l i e d  o n  c l e a n e d  a n d  m a n u a l l y  

a n n o t a t e d  c o r p u s ,  n o t  c r a w l e d  f r o m  w e b  s e r v e r s .

Search M ethods
T h e s e  m e t h o d s  a r c  u s e d  in p a r a l l e l  a n d  t r a n s l a t i o n a l  c o r p o r a  to  e x t r a c t  t h e  

b i l i n g u a l  l e x i c o n s .  T h e y  a r e  v e r y  s t a n d a r d  s e a r c h  m e t h o d s  u s i n g  I c x i c o n  

b u i l d i n g  t e c h n i q u e s  t h r o u g h  T r a n s l i t e r a t i o n  R u l e ,  m e a s u r e  m a t c h i n g ,  i .e . ,  

i d e n t i f y i n g  d i s t a n c e  b e t w e e n  tw^o w o r d s  b a s e d  o n  t h e i r  o r t h o g i ' a p h i c  a n d  

p h o n e m i c  c h a r a c t e r i s t i c s ,  o n e - t o - o n e  c o r r e s p o n d e n c e ,  i n t r o d u c i n g  

h e u r i s t i c s  r e l a t e d  to  l i n g u i s t i c  s t r u c t u r e  o r  l a n g u a g e  m o d e l s  ( u n i g r a m s ,  b i 

g r a m s . . .  n - g r a m s ) .  A n d  c a l c u l a t i n g  t h e  f r e q u e n c y  is  i n v o l v e d  in t h e  m a i n
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stages in this search method. In this search method the techniques varies 
according to the structure o f  a language family. These methods are 
experimented on Abugida scripts (Indian languages) and Japanese 
Katakana to extract the translations from the target text (Tsuji, K. 2002).

Fuzzy Text Search Method
It is a method on the identification o f  the notion o f  surface similarity 

which (basically for Abugida scripts) can be roughly defined as combined  
orthographic and phonetic similarity. A method based on a measure o f  
surface similarity can give better results (Singh, A.K, Surana, H. and Gali, 
K , 2007).

Root Matching Method
It is used on a news corpus to identify several orthographic word-level 

features; in this approach the data have been tagged with the parts-of- 
speech. (A s if  E and Sivaji B, 2008)

Context Heterogeneity Similarity Measure
This method consists in capitalizing on the similarity between words and 
their translations in com piling bilingual lexicon entries from a non-parallel 
corpus, say, English-Chinese corpus. Current algorithms for bilingual 
lexicon compilation rely on occurrence frequencies, length or positional 
statistics derived from parallel texts. In fact, there is little correlation 
between such statistics o f  a word and its translation in non-parallel corpora 
(Fung, P., 1995). Words with a productive context in one language are 
translated into words with a productive context in another language. Thus, 
context heterogeneity measures o f  how productive the context o f  a word is 
in a given domain are estimated independent o f  its absolute occurrence 
frequency in the text. The ensuing results can be used to bootstrap or refine 
a bilingual lexicon compilation algorithm.

Using Multilingual Thesauri
Different search strategies based on muhilingual thesauri are investigated  
in this method. The results indicate that the combination o f  the m odels  
significantly improves results and that the use o f  the hierarchical 
information contained in the relevant thesaurus, U M LS/M eSH , is o f
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p r i m a r y  i m p o i l a n c c .  L a s t ly ,  m e t h o d s  fo r  b i l i n g u a l  t c m i i n o l o g y  e x t r a c t i o n  

a n d  i h c s a u r u s  e n r i c h m e n t  a re  w o r t h  l o o k i n g  in to .  (D 'e j e a n ,  H..  G a i i s s ie r ,  

'I:, a n d  S a d a t .  F.. 2 0 0 2 )

G e o m e t r i c a l  S e a r c h

A n o t l i e r  a p p r o a c h  tha t  h a s  b e e n  a p p h e d  to  e x t r a c t  a b iH n g u a l  l e x i c o n  f ro m  

c o m p a r a b l e  c o r p o r a  is th e  g e o m e t r i c a l  v ie w .  In th i s  m e t h o d ,  t h e  a l g o r i t h m  

a l l o w s  a r e - i n t e r p r e t a t i o n  o l ' t h e  e x i s t i n g  m e t h o d s .  G e n e r a l l y ,  it is m o r e  o f  

an  e x t e n d e d  m e t h o d  as  o n e  c o u l d  e x p e c t  to  i m p r o x e  p e r f o m i a n c e  in reca l l  

u s in g  s t a n d a r d  a p p r o a c h .  S o  in th i s  a p p r o a c h ,  all  th e  d i c t i o n a r y  w o r d s ,  

p r e s e n t  o r  n o t  in th e  c o n t e x t  \ e c t o r  o f  a g i v e n  w o r d ,  c a n  b e  u s e d  to  

t r a n s l a t e  it ( G a u s s i e r ,  E. a n d  R e n d e r s ,  J .M .  a n d  e t  al . .  2 0 0 4 ) .  T h e  e x t e n d e d  

m e t h o d  u s e s  b a s i c a l l y  t w o  m a j o r  m e t h o d s — th e y  a r e  m u l t i l i n g u a l  P L S A  

a n d  c a n o n ic a l  c o r r e l a t i o n .  M u l t i l i n g u a l  P L S A  is  b e l o w  th e  s t a n d a r d  

m e t h o d  bu t  w h e n  it is u s e d  w i t h  th e  e x t e n d e d  m e t h o d ,  it p e r f o n n s  a s  a 

s t a n d a r d  m e t h o d .  T h e  c o m p l e x i t y  o f  th e  f ina l  v e c t o r  s p a c e  w i l l  s p r e a d  o v e r  

a l o n g e r  p r o c e s s i n g  t i m e  s i n c e  it h a s  s e v e ra l  m i l l i o n s  o f  d i m e n s i o n s  in 

c o m p a r i s o n  w i th  e a c h  o th e r .  S u c h  c a s e s  w a i r a n t  t h a t  th i s  m e t h o d  h a s  less  

w e i g h t a g e  t h a n  th e  s t a n d a r d  o r  e x t e n d e d  m e t h o d s .  It is a l s o  t h e o r e t i c a l l y  

w e l l  p r o \ e n  th a t  P L S A  d o e s  n o t  l e ad  to  i m p r o v e d  p e r f o r m a n c e  ( G a u s s i e r ,  

E. a n d  R e n d e r s ,  J .M .  a n d  et  al . ,  2 0 0 4 ) .

Canonical Correlation
U n d e r  ‘z e o m e t r i c a l  m e t h o d ,  a n o t h e r  m e t h o d  is  k n o w n  a s  c a n o n i c a l  

c o r r e l a t i o n  a n a l y s i s  ( C C A ) .  T h e  r e s u l t s  w e  o b t a in  w i t h  C C A  a n d  its k e m e l  

\ e r s i o n  a r e  d i s a p p o i n t i n g .  A s  a l r e a d y  n o t e d ,  C C A  d o e s  n o t  d i r e c t l y  s o h e  

t h e  p r o b l e m s  w e  m e n t i o n e d ,  a n d  r e s u l t s  s h o w  th a t  C C A  d o e s  n o t  p r o v i d e  a 

g o o d  a l t e r n a t i \  e  to  t h e  s t a n d a r d  m e t h o d .  H e r e  a g a in ,  w e  m a y  s u f f e r  f r o m  a 

n o i s e  p r o b l e m ,  s i n c e  e a c h  c a n o n i c a l  d i r e c t i o n  is d e f i n e d  b y  a  l i n e a r  

c o m b i n a t i o n  tl iat  c a n  in \  o l \ e  m a n y  d i f f e r e n t  v o c a b u l a r y  w o r d s .  T h i s  l e ad s  

to  a  n o i s e  p r o b l e m  s i n c e  s p u r i o u s  r e l a t i o n s  a re  b o u n d  to  b e  d e t e c t e d .  T h e  

r e s t r i c t i o n  i m p o s e d  o n  th e  t r a n s l a t i o n  p a i r s  t o  b e  u s e d  (N  n e a r e s t  

n e i g h b o r s )  d i r e c t l y  a i m s  at s e l e c t i n g  o n l y  t h e  t r a n s l a t i o n  p a i r s  w h i c h  a r e  in 

t r u e  r e l a t i o n  w i th  t h e  w o r d  to  b e  t r a n s l a t e d .  E m p i r i c a l  e v a l u a t i o n  s h o w s  t h e
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strengths and weaknesses o f  these methods, as well as a significant gain in 
the accuracy o f  the extracted lexicons.

Bootstrapping
Bootstrapping is one o f  the major techniques and approaches used in the 
extraction o f  bilingual lexicon from the corpus and different types o f  
documents which are specifically subjective or domain-specific, in a broad 
sense. To build lexicons this approach uses rule-based heuristics and hand- 
picked annotated data as seeds. Taggers are also used for parts-of-speech  
information; WordNet is used for the semantic basis o f  sense clusters 
according to the requirements and demands o f  the method and type o f  
resources like, small set o f  subjective words, raw corpus, online 
dictionaries and ranked algorithms etc. which are used as seeds (Liu, Y. 
and Yu, S. and Yu, J., 2002). This method is very useful for building and 
developing resources for scarce resourced languages (Banea, C. and 
Mihalcea, R. and W iebe, J., 2008). In som e o f  the deep processing, 
machine translation system is also used to extract data from the translated, 
parallel corpus and individual words like bilingual lexical templates in 
order to match the terminal sym bols in the parses o f  the aligned sentences 
from parse-parse-match approach.

This is helpful in the automatic building o f  lexicons. Further processing by 
humans and their intervention are limited only to the verification o f  the 
output data, i.e., post-editing is also required (Turcato, D, 1998). Post
editing developers need to facilitate the use o f  platforms like visualized  
tools or gaming platforms for the lexicographers to interactively operate on 
them for the expression o f  the bilingual semantics to be put in the natural 
process (Pala.K, Singh. A.K. Ganagashetty., S.V ., 2011). The dictionary 
entries are in the form o f  Universal Words (U W s) which are language 
words (primarily English) concatenated with the relevant disambiguation  
information. The entries are associated with syntactic and semantic 
properties -  most o f  which are also generated automatically* The W ordNet 
system uses a word sense disambiguator, an inferencer and a knowledge  
base (K B) o f  the Universal Networking Language which is a recently 
proposed as an interlingua (Verma, N. and Bhattacharyya, P., 2004). The 
facts that ‘‘‘appropriate, robust, monolingual grammars may not be
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i u a i h i b l c "  an d  " th e  g r a m m a r s  m a y  be  i n c o m p a t i b l e  a c r o s s  l a n g u a g e s  

(Turcat t ) .  D. 1998)  now c o m e  to  tlte f ro n t  a s  e m e r g i n g  rea l i t ies .

S t a t i s t i c a l  A p p r o a c h e s
T h is  m e t h o d  i n \ o l \ e s  an a p p l i c a t i o n  o f  s ta t i s t ica l  t e c h n i q u e s  in t a n d e m  

w i th  s e n se  d i s c r in t in a t io n  o p l i m i / e d  fo r  the  a u t o m a t i c  b u i l d in g  o f  

t r a n s la t io n  l e x ic o n s  f ro m  pa ra l le l  c o r p o r a  in o r d e r  fo r  o n e /u s  to  b u i ld  

m u l t i l i n g u a l  l ex ic o n .  It h a s  b e e n  e x p e r i m e n t e d  on  " 1 9 8 4 ”  p a ra l le l  c o r p u s  

( E r j a \ e c  ct al ( 2 0 0 1 ) .  F o r  the  s e n s e  c l u s t e r i n g  c r i t e r io n ,  t h e y  t o o k  E n g l i s h  

w o r d s  as  u se d  in the  " 1 9 8 4 "  pa ra l le l  c o r p u s  w h i c h  w e r e  a v a i l a b l e  in 

a n o th e r  6 l a n g u a g e s .  In th is  a p p r o a c h ,  a t e c h n iq u e  c a l l e d  in te r l in g u a l  i n d e x  

( IL I )  m a p p i n g  is u s e d  fo r  c r o s s - l i n g u a l  \ a l i d a t i o n  o f  b a s ic  c o n c e p t s  o f  

s v s n s e t s  o n  runn^n^  t e x t s  fo r  the  r e f i n e m e n t  o f  w o r d  s e n s e  d i s c r i m i n a t i o n  

a n d  s e n s e  c l u s t e r  l a b e l in g  (T u f i s .  D. 2 0 0 2 ) .  (3nc m o r e  a p p r o a c h  fo r  f in d in g  

d o m a i n  sp ec i f ic  w o r d s  ( D S W ' s )  in p a r t i c u l a r  d o m a i n s  is a l s o  a v a i l a b l e  

u n d e r  th e  ru b r i c s  o f  s t a t i s t i ca l  m o d e l s  ( C h a n g ,  J .S . ,  2 0 0 5 ) .  D K v e c  is a 

m e t l io d  for  e x t r a c t i n g  b i l in g u a l  l e x i c o n s  f ro m  n o i s y  p a ra l l e l  c o i p o r a  b a s e d  

o n  a r r iva l  d i s t a n c e s  o f  w o r d s  in n o i s y  p a ra l l e l  c o r p o r a .  N o ta b ly ,  D K v e c  

w a s  u s e d  on  n o i s y  pa ra l le l  c o r p o r a  in E n g l i s h / J a p a n e s e  a n d  

E n g l i s h / C h i n c s e ( F a n g ,  P., 1998).

S u c h  r e s u l t s  in th e  a r e a  o f  s ta t i s t ica l  m o d e l s  c a n  a l s o  b e  d e r i v e d  f r o m  a  

n e w  m e t h o d  c a l l e d  C o n v e c .  C o n \  ec is b a s e d  o n  t h e  c o n t e x t  i n f o n n a t i o n  o f  

a  w o r d  to  b e  t r a n s la ted .  S in c e  n o n -p a ra l l e !  c o i p o r a  c o n t a in  a  lot  m o r e  

p o l y s e m o u s  w'ords.  m a n y - t o - m a n y  t r a n s l a t i o n s  a n d  d i f f e r e n t  l e x ica l  i t e m s  

in th e  tw'o l a n g u a g e s ,  it c a n  bo s a f e ly  c o n c l u d e  th a t  t h e  o u t p u t  f r o m  

C o n v e c  is r e a s o n a b l e  a n d  u s e fu l  (Finiiz, P.,  1998) .

W ord  Translations Extraction
K - v e c  a l g o r i t h m  is u s e d  f o r  the  a l i u n m c n t  o f  b i l in g u a l  da ta .  It e s t i m a t e s  th e  

p r o x i m i t y  o f  th e  lex ica l  i t e m s  in th e  w o r d  l is ts  for  e x a m p l e :  f i s h e r i e s  —  

p - c h e s .  T h e  a l g o r i t h m  w il l  draw' t h e  fac t  b y  n o t i n g  th a t  t h e  d i s t r i b u t i o n  o f  

f i s h e r ie s  in th e  E n g l i s h  te x t  is s i m i l a r  to  t h e  d i s t r i b u t i o n  o f  p ' - c h e s  in  

F r e n c h  ( F u n g ,  P. a n d  C h u r c h .  K .W . ,  1994) .  2)  P a r e n th e t i c a l  t r a n s l a t i o n  

t e c h n i q u e  allow^s us  to  id e n t i fy  t r a n s l a t i o n  p a i r s  w h i c h  a p p e a r  in  t h e  e n t i r e  

w e b  p a g e .  E v e n  i f  it a p p e a r s  o n c e  in th e  e n t i r e  w^ebpage, it w i l l  b e  

i d e n t i f i e d  t h r o u g h  th is  t e c h n i q u e  (L in ,  D.,  Z h a o ,  S a n d  et  al 2 0 0 8 ) .
_
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