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ABSTRACT
This paper aims to address the solution for the Subtask
1 of Shared Task on transliterated search,a task in FIRE
’14. The task addresses the problem of data containing En-
glish words and transliterated words of Indian languages in
English.The task calls for language identification and subse-
quent back transliteration into the native Indian scripts.The
system proposed herewith implements Language Identifica-
tion Graph Approach to label the words with their language
markers and Rule based transliteration using syllabification
to obtain back-transliterated word in its native script.Results
obtained for Gujarati are as follows: labelling accuracy-0.963
and f measure back transliteration-0.463. Results obtained
for Hindi are as follows: labelling accuracy-0.771 and f mea-
sure for back transliteration-0.163
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1. INTRODUCTION
This paper is organized as follows :Research and experiment
in Section 2,System description in Section 3,Experiments
in Section 4,Results in Section 5,Error analysis in Section
6,Conclusions and future scope in Section 7 and References
in Section 8.

Table 1: Examples
INPUT-QUERY OUTPUT

paneer recipe paneer\H=pnFr
recipe\E

iguazu water fall iguazu\E
water\E fall\E

Suppose that q: w1 w2 w3 . . . wn, is a query is writ-
ten Roman script. The words, w1 w2 etc., could be stan-
dard English words or transliterated from another language

: Hindi - H, Gujarati - G. The task is to label the words as
E or H/G depending on whether it is an English word, or a
transliterated language word. And then, for each transliter-
ated word, provide the correct transliteration in the native
script.

2. RESEARCH AND EXPERIMENT
The system uses LIGA approach for language identification
and syllabification for back transliteration.

The original Language Identification Graph Approach(LIGA)
proposed the construction of character tri-grams on the text.
The approach has been adopted to suit our problem state-
ment. Initially, the system constructed tri-grams3 for ev-
ery word of the data separately. After an initiative to ex-
periment with three models - bi-gram only, tri-gram only,
bi-gram and tri-gram combined, the results obtained for bi-
gram and tri-gram combined model were the best. Hence,
a modified LIGA approach has been adopted wherein the
combined model is incorporated.

The second improvement to enhance the labeling perfor-
mance was the removal of proper nouns from the training
dataset. These terms carry a great amount of ambiguity re-
lated to their classification into a particular language, and
hence, contributed to erroneous results.

The third modification is introduced in the proposed algo-
rithm for labeling to deal with the words containing num-
bers. Appropriate method has been designed to classify such
alpha-numerical strings.

3. SYSTEM DESCRIPTION
3.1 System overview
The system first constructs bi-grams and tri-grams on the
words of the training data provided as explained in Section
3.2. These grams are then used to construct graphs for both
the languages accroding to the LIGA approach explained
further in Section 3.3. The test data is then fed to the
system which is labeled and further, back transliterated by
dynamic conversion using syllabification which is explained
in Section 3.3.

3any reference to n-grams henceforth refers to character n-
grams



3.2 Character n-grams
A charcter n-gram of a word is a contiguous n-lettered sub-
sequence of the word. All the n-grams of a word are ex-
tracted by iterating over all the indices within the word.
This model uses only bi-grams and tri-grams. As an exam-
ple, consider bi-grams and tri - grams for the word ”SAM-
PLE”.

bi-gram : SA, AM, MP, PL, LE
tri-gram : SAM, AMP, MPL, PLE

3.3 Language Identification Graph Approach
(LIGA)

LIGA is a graph based approach that uses n-grams to cap-
ture the word structure. This approach not only takes into
account the occurrence of the n-gram but also, the ordering
and transitions between them. A graph will be constructed
for all the n-grams of all the words for every language sep-
arately. Since, the model uses bi-grams and tri-grams, two
graphs - one for bi-grams and the other for tri-grams, will
be constructed for each language.

3.3.1 Graph Representation
We define a graph G = (V, E) comprising a set V of vertices
or nodes together with a set E of edges or lines connecting
these nodes. Here, we are considering the construction of
graph on tri-grams. Similar approach can be followed to
obtain the graph on bi-grams. Every unique tri-gram will
be designated as a unique label, l and will form a node,
v ∈ V , in the graph. Hence, we can define a labeling func-
tion F : V → L where L is a universal set of labels.
Construct an ordered list, O, for each word of a language
such that every bi-gram in the list is placed positionally
between its previous bi-gram and next bi-gram. Hence, it-
erating over this set sequentially will generate unique edges.
Each edge, e ∈ E, signifies a transition from one vertex,
v1 ∈ O to the next vertex v2 ∈ O.
Each edge e ∈ E and vertex v ∈ V carries a weight, We

and Wv respectively. Every time a new vertex v is added to
the graph, its weight Wv is set to one. In case, this vertex
is re-encountered in any of the ordered list/s, its weight is
incremented by one. Similarly, when a transition from one
vertex to another is encountered for the first time, the cor-
responding edge, e’s weight We is set to one. If the edge
repeats again, the weight is incremented by one.

Wv =

{
Wv + 1, if v is repeated

1, if v is new

We =

{
We + 1, if e is repeated

1, if e is new

An example has been shown in Figure 1.

3.3.2 Classification of Word
The classification of an input test word, w is done using the
training graphs of both the languages to compute the path
matching scores for both. A LIGA graph is developed for w

Figure 1: A LIGA graph for words : ”apple”, ”ap-
ply”, ”applied” where the numbers over the vertices
and edges represent their weights respectively and
text within the vertex represents the label of the
vertex.

which will be a ’simple’ path. This path is superimposed on
the training graphs, GE and GL and the normalised weights
of the edges and vertices encountered while following the
path are added to obtain the corresponding path matching
scores, PME and PML. In case, any of the edge or vertex
does not exist in the training graph, its weight is considered
zero. The word is classified as belonging to that language
which has the highest path matching score.

PML =
∑
v∈Vw

wv

|V | +
∑

e∈Ew

we

|E|

where Vw and Ew are the vertex and edge sets of the test
word,w respectively and V and E are the vertex and edge
sets of the language L for which PM is being calculated.
Also,

wv =

{
Wv, if v ∈ V of L

0, if v /∈ V of L

we =

{
We, if e ∈ E of L

0, if e /∈ E of L

As an example, if the test word is ”applies”, a LIGA graph
can be constructed which will produce the following simple
path :
app→ppl→pli→lie→ies
Calculation of PM for a language having training LIGA
graph as shown in Figure 1 can be done as follows :

Total no. of vertices = 11
Total no. of edges = 8
PM = 3

11
+ 3

11
+ 1

11
+ 1

11
+ 0 + 3

8
+ 1

8
+ 1

8
+ 0

PM = 1.352



3.4 Rule based transliteration using Syllabifi-
cation

Back-transliteration has been achieved for Hindi and Gu-
jarati language. This process makes use of Hindi and Gu-
jarati dictionaries,their corresponding scripts referred to as
D henceforth.

Every transliterated language word supplied by the user is
first syllabified. The syllabified word is then back-transliterated
into a naive Hindi word based on the rules and mapping
defined for the transliterator. For Gujarati, the naive Hindi
word is converted to Gujarati through one-to-one mapping of
each letter. This naive word is then dynamically compared
to the Dictionary words to obtain the nearest neighbours,
which forms the output of the system.

3.4.1 Syllabification
The transliterated word,w is syllabified using the following
rules. The word is broken down into syllables considering
vowels followed by consonants as delimiters. Each time a
vowel, v ∈ V where V is the vowel set : {a,e,i,o,u} occurs
before a consonant, c ∈ C where C is the consonant set of
English, a new syllable is formed. An exception is consid-
ered for the last syllable where it can end in a consonant/s.
As an example :

Table 2: Syllabification examples

Word Syllables

karma ka + rma

palak pa + la + k

khubsoorat khu + bsoo + ra + t

sanskaar sa + nskaa + r

3.5 Rule based transliteration
After the syllables have been obtained, a mapping is used
to back-transliterate them into naive hindi strings. Let the
mapping be defined as M : sE → oH where sE denotes the
syllable in English and oH denotes the corresponding output
string in Hindi. M is a one to one mapping. All the out-
put strings corresponding to all the syllables of the word are
concatenated sequentially to produce a single string, which
we will denote as h. This is the naive Devanagari represen-
tation of the transliterated Hindi word. For Gujarati, this
naive Hindi word is converted into a naive Gujarati word
by converting each character individually from Hindi to Gu-
jarati using a character map. This word is then used to find
the closest resembling match/es in the Hindi dictionary, D.

A separate mapping list, M’ is also maintained which is a list
of non-singular sets. For example, syllables like ”sha” match
more than one Hindi letters : ”q / f”. Such letters will be
regarded as ambiguous letters as their mapping is indefinite.

For every letter in the naive string, except for the letter ha-
lant, a comparison with the reference words r ∈ D is done.A
letter by letter comparison is made between reference word
and the search string.For every letter which matches, the
check moves forward to the next letter else the check fin-

ishes indicating the referenced word is not a possible match.
However, if the letter belongs to ambiguous letters,all the
letters in the ambiguous list for this letter are checked in
the referenced word. If a match is found, the check moves
to the next word else the check finishes. If all the letters are
checked and matched according to the above procedure, the
reference word is added to the list of possible output strings
L(o).

Now from the list of output string L(o), the closest match
is found out. If the naive word belongs to the dictionary
directly, then it is considered the nearest match. Else for
every letter of the word under consideration, if the letter
matches exactly, some amount of weights is assigned. All
such weights are added to obtain a final count. The word
with the maximum count is considered the answer. This
procedure is applicable in both Gujarati and Hindi.

4. EXPERIMENTS
4.1 Training Datasets
The training datasets have been compiled from various sources
and some are constructed form scratch.

4.1.1 LIGA
For Hindi and Gujarati,corresponding datasets were consr-
tucted containing words in hindi/gujarati written in English.
This was done by taking a dictionary of hindi/gujarati words
and then transliterating it into English through a suitable
script. This training data was used to construct the graphtr
tri-grams used in the LIGA approach. For English, we used
the dictionary list as the training dataset for LIGA. Also,for
all the three languages individually, we constructed a default
wordlist containing some of the most frequent words used in
the language with the exception-including only those words
with length less than or equal to 4.Parts of speech covered
in these datasets were pronouns and some adverbs. For in-
stance, words like tera in Hindi. Such words if encountered
are directly labelled according to their corresponding lan-
guage.

4.1.2 Syllabification
For syllabification, we have used Hindi and Gujarati word
lists in their native scripts.The word list is compiled by run-
ning scripts on various sources including word lists,websites
hosting song lyrics and manual observation. Some words not
found in the dictionary(pronouns and the inflected forms of
other POS specifically) were added manually to create an
exhaustive list for both the languages.

4.2 Training Experiments
The system was first tested on the subtask test data of the
same task in ’13 only for labelling .Named entities were re-
moved in order to get an accurate view of the working of the
system.

Table 3 shows the results of the training experiments.

Following the table, are the results for back-transliteration
carried out on all the Hindi words in training data of the
subtask of FIRE ’14.This data contained words with their
back transliterations mentioned.



Table 3: Labeling results

English Hindi English Gujarati

Precision 84.57 95 89.90 93.62

Recall 84.57 95 88.12 94.62

F - score 84.57 95 89.01 94.12

Labeling Accuracy 92.46 92.33

# Correct transliterations = 1825
# Incorrect transliterations = 507
Exact Transliteration Pairs Match = 78.26%

5. RESULTS
Tables and 4 give the labelling results,back transliteration
results on test data.

Table 4: Labeling results

English Hindi English Gujarati

Precision 77.3 71.0 97.6 16.7

Recall 78.2 79.5 98.6 25.0

F - score 77.8 75.0 98.1 20.0

Labeling Accuracy 77.1 96.3

Table 5: Backtransliteration results

Hindi Gujarati

Precision 9.6 46.4

Recall 52.3 46.2

F - score 16.3 46.3

6. ERROR ANALYSIS
6.1 Error Analysis for Labeling
The system can not classify words for which no bi/tri grams
exist and hence, no vertices or edges in the training data
graph.
Eg.ud
It is difficult to classify some words having same Roman rep-
resentation and are valid in both the languages.
Eg. the, deep exist both in English and Hindi.
The provided dataset is erroneous in the sense that certain
English words are classified wrongly as belonging to the In-
dian language.
Eg. life[\H] out[\H] of[\H] control[\H]
For short words, the system results aren’t effective.
Eg. I, a
For proper nouns, since sufficient bi/tri-grams are absent in
the training data graph, their classification is rather erro-
neous.
Eg. Sachin Tendulkar

6.2 Error Analysis for Transliteration
Erroneous transliterations - The system does not give proper
outputs for erroneous transliterations.

Eg. me which should be mein and hau which should be hai
for required output
Some words might be spelled identically but may be differ-
ent. However the system returns a list of all such possible
outputs.
Eg. kila [ kFl,EklA ]
Certain words which are transliterated into English in a dif-
ferent manner may not be back transliterated in the exact
correct word.
Eg. lai [lAyF,lAI ]
Words having different phonetic representations but same
Roman representation may not be back transliterated effi-
ciently.

7. CONCLUSIONS AND FUTURE SCOPE
In this paper, the methodology followed for classification
of query words into their respective languages and their
back-transliteration into native scripts, has been presented
in detail. It is quite evident that this approach involving
the construction of character n-grams, counting of their fre-
quency of occurrence in all the concerned languages (En-
glish, Hindi, Bangla, Gujarati), and considering the fre-
quency of transition of a character n-gram to another n-
gram, really helped in efficient classification of words into
their languages. Proper error-analysis has been done for the
proposed approach that clearly indicates the strengths and
limitations of the system.

As future work, more exploration can be done to enhance
the performance of the stipulated system. The system can
be made to work for the back-transliteration of inflected
words for the more than one Indian languages,as it does for
non-inflected words of Hindi and Gujarati languages.
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