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Abstract:- The main goal of Named Entity Recognition (NER) is to classify all Named Entities (NE) in a document into predefined classes like
Person name, Location name, Organization name and Miscellaneous. This paper outlines Named Entity Recognizer using hybrid approach i.e.,
combination of Rule based approach and one of the Machine learning technique i.e, Conditional Random Field (CRF). In Rule based approach
we have prepared Gazetteer lists for names of persons, locations and organizations; some suffix and prefix features and dictionary consisting
350266 words to recognize the category of named entities. If ambiguity is rised while we are using Rule based approach, we use Machine

learning technique i.e., CRF in order to improve the accuracy.
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1. INTRODUCTION

NLP is a component of Artificial Intelligence (Al).
NLP is the ability of a computer program to understand
human speech as it is spoken. The ultimate goal of NLP is to
provide Human Computer Interaction (HCI) i.e., a human
can communicate with a computer in his native language
even without having any knowledge about computer
languages like C, C++, Java, Oracle, etc.,[14].

In English language, lot of work has been done in
NER, where capitalization is a major clue for developing
rules[16]. Developing Named Entity Recognizer is a very
difficult process in Indian languages such as Telugu, Hindi,
Tamil, Bengali, Kanada, Urdu etc., due to lack of
capitalization concept and sufficient gazetteers and
annotated corpora are unavailable compared to English. We
recognize that NEs are usually nouns, so we maintain a
dictionary for Noun Identification.

1.1. HISTORY

The history of NLP started in the year 1950, although
work can be found from earlier periods. In 1950, Alan
Turing published his famous article "Computing Machinery
and Intelligence"”, he proposed now popularly called the
Turing test as a criterion of intelligence. Some successful
NLP systems developed in the 1960s were SHRDLU, a
natural language system working in restricted "blocks
worlds" with restricted vocabularies, and ELIZA, a
simulation of a Rogerian psychotherapist, written by Joseph
Weizenbaum around 1964 to 1966. In 1970's many
programmers  written  ‘conceptual ontologies', which
structured  real-world  information into  computer-
understandable data[15]. Up to the 1980s, most NLP
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systems were based on complex sets of hand-written rules.
Many of the notable early successes occurred in the field of
machine translation, due especially to work at IBM
Research, where successively more complicated statistical
models were developed. Recent research has increasingly
focused on unsupervised and semi-supervised learning
algorithms[2].

1.2. APPLICATIONS of NER
NER is a crucial tool in almost all of the NLP

applications,

¢ Information Retrieval (IR),

¢ Information Extraction (IE),

¢ Question Answering (QA),

¢ Machine Translation (MT),

e Text Summarization (TS) etc.,
NER is a two phase problem:- one phase is Identification of
Proper Noun and another is classification of the Proper
Noun into a set of predefined classes.

1.3. Approaches of NER
There are three approaches for developing NER,

[1] Rule based approach: In Rule based approach we
maintain gazetteer lists and need to maintain rules which
was developed by linguistic experts [17].

Disadvantage: It is very difficult to maintain gazetteer lists
and to develop rules since Telugu is a resource poor
language.

[2] Machine learning approach: We use so many Machine
learning techniques where no need to maintain any gazetteer


http://www.ijritcc.org/

lists and rules. But, here we have to maintain trained data,
based on trained data it will give required output to test data.

e Hidden Markov Models (HMMs)

e Maximum Entropy Markov Models (MEMMSs)
e Conditional Random Field (CRF)

e  Support Vector Machine (SVM)

e Decision Tree (DT)

Disadvantage: Maintaining trained data is not so easy and
we can’t resolve ambiguity completely.

[3] Hybrid Approach: Hybrid approach is a combination of
Rule based approach and Machine learning techniques.
Since it is not so easy to resolve ambiguity either by using
Rule based approach or any one of the Machine learning
technique. So, we use Hybrid approach in order improve
accuracy to 100%.

1.4 Motivation

Named Entity Recognition (NER) is an essential
technology for a number of propelled majority of the data
management applications, such as search engines, question
answering systems, text mining and business intelligence.
All of these applications can profit from exact NER such as
search engines and question answering systems can be
improved by permitting searches and inquires for particular
persons, organizations or locations. In text mining, exact
NER will permit the development of databases with
information wrenching out regarding specific entities.
Multilingual NER applications are cross-language
information retrieval, and business intelligence applications,
where information about a specific person or organization
has to be wrenched from textual sources in different
languages.

1.5. Challenges

Very minimum work has been completed in NLP,
especially in Indian Languages still 1950’s. NER is a
subtask of many applications of NLP; so, it plays a major
role in NLP. It is very difficult to develop NER in Indian
Languages, especially in Telugu, due to unavailability of
resources, dictionaries, linguistics rules, gazetteer lists. So, it
becomes a great challenge to maintain resources for
developing Named Entity Recognizer. Ambiguity is also
major challenge of NER.

2. PROBLEMS IN INDIAN LANGUAGES

In English, due to capitalization concept and
availability of web resources it is somewhat easy to develop
NLP applications [15]. But, in Indian languages, problems
faces are
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¢ No capitalization

e  Brahmi script

¢ Non-availability of large gazetteer lists
e Lack of standardization and spelling

e Indian names are ambiguous

e Lack of labeled data

e  Scarcity of resources and tools

e  Free word order language

e Lack of dictionaries

3. PROBLEMS IN TELUGU LANGUAGE

Telugu language faces many problems since it is an
inflectional language and problems faces are,

3.1. Variations of NEs:
Indian names are also more diverse i.e., there is lot of
variations for a given named entities Example:

[1] D.0300.86, D.00R.Te28D Bg, D 00D €96,
2 .00, Te36 Bcé,, .......
[2] &3.e6.0500, Boeayr, & e85 0DD,8.e86.000 5*’9,

BOTTEP® ovéaq DD, ...

3.2. Ambiguity with NE type: Words in Indian language
have more than one meaning [11].

Person name Vs Organization name:
[1] &8¢ (Person name)

Vs

m.ag U"zgasb (Organization name)

Person name Vs Location name:

[1] GorrSe (Person name)
Vs
Gorr3e &er (Location name)
[2] 800 (Person name)
Vs
rlebrely] (Location name)

Location name Vs Organization name:
[1] JFEDHLN 0 (Location name)

Vs
JFEDHN 0 GBS D56 VAN (Organization name)
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3.3. Ambiguity with common noun:

[1] edorrdd (Person name)
Vs
20T (Common noun)
[2] oee (Person name)
Vs
ooer (Common noun)
4. MODULES:

e  User interface

e Noun Identification

e Named Entity List

e NE Identification
Using Rule based approach
Using Conditional Random Field

4.1. User interface

User interface is visible to the users who can request
their queries and can see the result for their queries.
For example,

Input:  C3LYOIEAHONE BEHDNAS” &od
Output: asoRqairr50y8  (Organization name)

rTobreli) (Location name)

4.2. Noun ldentification
Noun identification is very easy in English language

because of the number of dictionaries, inflection lists, suffix
lists and other resources that are available in the Web. In
Indian languages like Telugu, these resources are
unavailable. We have to develop gazetteer lists and
language-dependent rules for the specific language.
Nouns are identified by using two approaches[3],

(a) Using Dictionary

(b) Using suffix list for common nouns

4.2.1. Using Dictionary

This approach requires the loading of the computer
system with a dictionary of Telugu language. This
dictionary contains 350266 words with root forms. We can
also update dictionary with new words. It is helpful for
identification of closed class words, such as, adjectives,
adverbs, verbs, conjunctions and root forms for nouns.
Nouns may also appear with various inflected forms. We
have to identify the nouns by using various suffix features
and rules.

4.2.2. Using suffix list for common nouns
The rules for Noun identification are framed after

studying various articles, news papers, periodicals and
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Telugu grammar books. Some of the noun suffix lists
used for the identification of nouns[19]. For Example:

are

Words mTelugn | Transliterated form MMeaning
EE) cheta by
ooz gunda through
= ki to
=] ku to
ercieh lachetha with
exd lache with
Sl ladwara through
oS laka for
e laku for
et lagunda through
i s laloapalakn into
exeT neiied lalopalanundi from
5 T laloapala mside
Foodt nundi from
A ) W e ni/lanimilanu is
& tho with
o tho with

Tablel: Suffix list for nouns

4.3. Named Entity List

Three NE Lists (Named Entity list) are maintained,
(a) Person_name list
(b) Location list
(c) Organization list

4.4. NER Identification
4.4.1. Using Rule based Approach
Suffix features

Every language uses some particular patterns which
may act as end words in proper names and list of this type
of words is called suffix list [4].
Examples:

Person suffixes:
3G), T, PO, FRB, 208, Bg‘:, T°), TR, &8,

Example: [1] 87

[2] oraorTesd
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Location suffixes:
¢, D) 0, BY°, TR0, B0, DY, Dok, DB, Bo,...

Example: [1] dgrdozer
[2] erses&%0

Organization suffixes:
CBPRDOND, D0, eogee D, FQ, ergod, dWBE, TS,

fogroado, SE\EAD, &vTo, wd, O, Fed,
BrTotd, S0, .....
Example: [1] 202%°0500°d50y83

[2] &oég&swsi:es

Context features

Every language uses some particular patterns which may
acts as clue words and the list of this type of words is called
as context features [18].
Example:

Surname context:
7, @mmgsu, OO, POV, SR, 8de3, 8,

860, DY, T3, Yodhseohe), &ode, eS"céo .....
Example: [1] 25rae0in 30°8me00¢
[2] eo808d 3By

Abbreviation form of person:
o0D.D.e86.e35, D.oDV.es5,  D.ODD.esS, ADD.€.e96,

@.0%0R.e88, ,00.00,.....

Middle name context:
0@, 63069, TP, Gyak, 03y, FES,.....

Example: [1] oos0 5o 7o
[2] oo Bares d0)

Relational context:
0GOC, eerrad, VB0, V), 333‘)_, ogGoTre,

DG, ), DEY, OF, HPD,....

Location name:
oo, Do, BLE, A6, SV, HoBCo, Hods, IS,

R0 J0) 85, S3°0) ¢85, 06 H0°65,e9959,......
Example: [1] Og° &oo&d

[2] ecere 636
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Organization name:
T, AW, R0R, 83D, A S, wd, SIS, AV,

Example: [1] Z)z:s*gi)ééS
[2] @B 2o

Prefix features

Every language uses some particular patterns which
may act as starting words in proper names and the list of this
type of words is called prefix list.
Person name:

3, VKD, R, YDy, WD, wgs, 320N, 26,
G, &, FEOVANGS, LT, :.)cﬁé@.
Example: [1] Q0& e

[2] ar(gé 3)%5:)*’6 e3506

Morphological features

Indian languages are rich in morphology. Words are
inflected in various form depending on its number, tense,
person, case, etc., Root word identification is very difficult
in Indian languages especially Telugu [9].
Example:
(Common noun)

[1] s > e + e + &

(With cows) rootword number case marker
[2] TarTrHS > TarTesy + &

(with ramarao) root word case marker
[3] oot > derdd + 00

(From Nellore) root word case marker
4.4.2. Using CRF

Many CRF algorithms like CRF Suite, CRF++,
FlexCRFs, MALLET, HCRF library, Wapiti, etc., are
available. We train the algorithm with some trained data and
it also maintain word handler for unknown words and
disambiguation rules [10].

CRF++ (used in NER, IE, Text chunking) is a
simple, customizable and implementation of CRFs for
segmenting / labeling sequential data. The first version of
CRF++ is CRF++ 0.1 released on 28-05-2005 and the latest
version is CRF++ 0.58 released on 13-02-2013 [7].

4.4.3. CRF learn command

% crf learn template_file train_file model_file
Where template_file and train_file are the files you need to
prepare in advance. “crf learn” generates the trained model
file in model_file [13][7][12].
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4.4.4, CRF test command

% crf test —-m model_file test_file
where model_file is the file crf learn creates. In the testing,
you don’t need to specify the template file, because model
file has the same information for the template. Test file is

File

the test data you want to assign sequential tags. This file has
to be written in the same format as training file[7][12]

5. ARCHITECTURE:

The architecture of the project shows entire flow of our
NER using Hybrid approach[16][17].

Sentences

l

Tokenizer

|

Drigect

match Homa

Stemmer

4 H B H G oA

| Moun | | Unknewn |

MNoun Identification

NE NEF.
List features

i |

MER
R Identification

1l

Disambignation

v

Crutput

| Fulz based appreach |

i
—

lll""I:n".ll

|H|HE

Trainad data

I

Sl =

v

Cutput

Rulas

CEF++

Figl: Named Entity Recognizer Architecture

6. INPUT AND OUTPUT
Input:
T D Dok, D ojobsoanbéébéess BEIDBOT") K.
ADHVOIODDONS BHDAS’ God. Jd0 H@ FE DO
DG

e B FBE dpywAr oSG

boseomwaa(c;: 06. J° EvrFre 8:308 VGBI,

Stepl: divide file into sentences
T° 3230 Do.

30 od)?oso:inbééb&e? SEIDBOT") K.
ADHVESODDONE AEOHAS’ &o0d

D& B GE VDG Dockd 8ocs FBE BT K.
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o 3:»&’5&, DO Dogerwery3E V6.
S S 8:308 RGBT,

Step 2: Tokenization

> | DD | Doy |

D | oDDIOINIDOES® | Scapdoy 0|

AHVEIODDONS | BH0AS” | &od |

3% | a&r | 86 | Tods | S | 26 |

Ta§ | s | .
S D
2@ | TSE | D | Doserweryos | 06 |

S | gvrzre) | 8:308 | dudwsdHetood |
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Step 3: If tokens directly match with dictionary, assign
as noun

oo (noun)
BEDS (noun)
oL Peble] (noun)
boseoroawaag (noun)

Step 4: Otherwise, do stemming.

AHVEEIDONES’ [svuniversitylo] - &S°[lo] >

om?osoanbéob& [svuniversity]

(noun)
AHAS [tiruapatilo] — &° [lo] 2> ScoHS[Tirupati]

(noun)
8:308[8:30ki] — 8[ki] =8:30 (noun)

Step 5: If the noun match with NER list then assign its
tag, otherwise use NER features and Disambiguation
rules

Dogw (Person name)

xletrely) (Location name Vs Person name)

AREBIDBNE (Organization name)

STPORG (Person name)
bose)roowaag (Person name)
8:30 (time)

Step 6: Still have ambiguity and unknown words, and

then go for CRF

rlebrett! (Location name)
Output:

Do (Person name)
BOA (Location name)

032a30IDBE  (Organization name)

PO (Person name)
:‘:oseo:oowvaaé, (Person name)
8:30 (time)
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7. ALGORITHMS

7.1. Algorithm for Noun Identification

Stepl:
Step2:
Step3:
Step4:
Stepb:
Step6:

Step7:

Step8:

Step9:

Read input text file and split into sentences
Read each sentence and split into tokens
Read each token

For each (token) Loop

check with Telugu dictionary

If direct match with dictionary then

assign noun

else if no match with dictionary then
check with suffix list for nouns

if suffixes are found and root is found in
Telugu dictionary then

assign noun

else if suffix matches and root is not found
then token may be noun

else if token ending with consonant then
the word may be loan word

assign noun

Stepl0: else

assign the category “unknown”

End loop

7.2. Algorithm for NER Identification

Stepl:
Step2:
Step3:
Step4:
Step5:
Step6:
Step7:

Step8:

Step9:

Read list of nouns identified by above
Algorithm 7.1
Check gazetteer lists for NER features
For each (noun) Loop
If suffix features found then
assign NER tag
else if prefix features found then
assign NER tag
else if context features found then
assign NER tag
else if found in NER list then
assign NER tag
else
assign “Miscellaneous word”
If ambiguity is found then
Call disambiguation rules
Remove ambiguity
Else if still ambiguity and unknown words
found then
Call CRF

Step9.1: Generate a template_file and train_file for

Each token

Step9.2: Train file by using command:

% crf learn template_file train_file model_file

Step9.3: Test file by using command:

% crf test —-m model_file test_file

End Loop
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8. EXPERIMENTAL RESULTS

Bumnd Extity Besaquiies £33 Talags Jesguege wiing
Byrria Igpreect

Fig2: GUI for Named Entity Recognizer

Baaad Trasty Pessgniser far Selage Lesguage usisg
Tytesd Mgprcesy

Fig4: Input file
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Bummd Bxtity Becequiiee £33 Teluge Jesgeage wiisg
Pptrid Mgoess

Fig6: Output by Named Entity Recognizer
9. CONCLUSION AND FUTURE WORK

This Named Entity Recognizer uses Hybrid approach
i.e., combination of Rule based approach and one of the
Machine learning technique, Conditional Random Field and
it categorize universally accepted entities i.e., Person name,
Location name and Organization name and give 91% -94%
accuracy. Future work is to improve accuracy to 100% by
using high standard dictionaries, gazetteer lists and the most
accurate algorithms.
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