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Abstract 

 
 

Parsing Indian languages has always been a challenging task. In recent years there have been 

various approaches explored for improving parsing accuracy for Hindi and other Indian 

languages. In this work, we present our experiments to improve dependency parsing for 

Hindi language. The Hindi language is considered amongst the richest morphological 

language because of the various forms generated from a single word form. In this paper, 

dependencies among various words in Hindi sentences are entertained. Networkx is used over 

here to generate the dependencies between the words. The dependency graph generated from 

the networkx clearly defines the dependencies between the words. These dependencies are 

converted to their plural forms using the rules to convert various singular word forms to their 

plurals. So this work also includes the rules which are to be considered while converting 

nouns, adjectives and verbs from their singular form to plural form using Transducers.  

The second part of the thesis includes the use of scattered context grammar which is used in 

representing the dependencies among the words. These dependencies are generated when 

nouns, verbs and adjectives are converted from singular to their plural forms. Scattered 

context grammar is used to represent these dependencies using its generalised production 

rules. This study also presents the production rules in which sentences are transformed on the 

basis of neither-nor clauses, Interrogative clauses, existential clauses, sentences having 

question tag and generation of grammatical sentences. So this paper also covers a step higher 

of scattered context grammar which is transformational scattered context grammar in this 

work. 

 Keywords: Serial and cross-serial Dependency, Morphology, Transducers, Scattered context 

grammar, Transformational scattered grammar. 
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Chapter 1  

                                                                               Introduction 
 
 

1.1 Scattered Context Grammar (SCG) 

Context free grammar and context sensitive grammar are used for representing 

dependencies. Context free grammar has a limitation of not being able of defining 

languages such as {    |  {    *    Context free grammar are also having the 

limitation that these grammar cannot transmit the information to those words which 

are far apart from each other (i.e. non- adjacent words) in the sentence. Context 

sensitive grammar are too powerful for this work but these are difficult to apply. In 

generating a sentence from a language, a context-sensitive grammar may send a 

nonterminal symbol back and forth through the sentence to transmit information [1]. 

So the above scenario gives birth to the necessity of rewriting the grammar in such a 

sense that resending of non-terminal back and forth through the sentence to transmit 

information is avoided. S. Greibach and J. Hopcroft were the first who introduced 

scattered context grammar in 1969 which is a generalization of context free 

grammars. Scattered context grammar is the grammar which specifies both the natural 

language as well as the programming languages. Each and every production of this 

grammar is having n-context free productions which are applied in parallel to the 

current sentential form. There are several advantages of using scattered context 

grammar as these grammars can even describe some of the context sensitive 

languages. This makes it easy to avoid the use of context sensitive grammar from 

certain places to reduce the complexity. A scattered context grammar is a quadruple 

),,,( SPTVG  where  

 • V is a total alphabet; 

 • T an alphabet of terminals; 

 • P is a finite set of rules of the form 

     1   n    1   n  

Where    ,  n     , and  i   * 
for all i, 1 i   n (each rule may have different 

n); 
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• S   V -T is the start symbol. 

If    u=u1A1 …unAnun+1 

    v=u1x1… unxnun+1 

And p= (A1……An), Where  i   * 
for all i, 1  i   n + 1, then G makes a derivation 

step from u to v according to p, symbolically written as 

u G ][ pv   

Or, simply, u G v. Set 

             1  n 

              1  n    

And              

If         , p is said to be a context-sensitive rule while for         , p is said 

to be context-free. The language of G is denoted by L (G) and defined as 

   L (G) = {w T *| S
*

G w} 

L is a scattered context language if there exists a scattered context grammar G such 

that       . As scattered context productions are having n- context free rules 

which are to be applied in parallel to the current sentential form [1], so this grammar 

can also devise some of the languages of context sensitive grammar. This point of 

scattered context grammar can be better understood by an example given below: 

Example 1.1[2]: A scattered context production 

                        

Is having three context free productions, 

                

which are to be accessed parallel in order to make use of scattered context grammar.  

This is applicable to the current sentential form        so that all the context free 

components can run in parallel and the non-terminals on the left-hand side are in the 

same order as they appear in the current sentential form. As a result, 

          aaAbbBccC  
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So, it can be easily deduced that by adding production         and         

       , where S is the start symbol of the grammar, non-context free grammar 

  n n n
:      can be easily derived. 

1.2 Dependency Graphs 

Dependency graphs are used to represent words in a sentence and their relationship to 

syntactic modifiers with the help of directed edges. There are two classes of 

dependency graphs 

 Projective (Non- crossing edges) 

 Non- Projective (Crossing edges) 

Projective dependency is the dependency among the words of a sentence which is 

shown using edges and those edges must not cross each other. Assuming a unique 

root as the left most word in the sentence, a projective graph is one that can be written 

with all words in a predefined manner. Example 1.2.1 belongs to the special class of 

dependency graphs that contains projective (also known as nested or non-crossing) 

edge in a linear order. In projective graphs, edges are drawn on the plane above the 

sentence, with no edge crossing each another [3]. It can be said that a dependency 

graph is projective if and only if an edge from word x to word y implies that there 

exists a directed path in the graph from x to every word between x and y in the 

sentence.  

Example 1.2.1: 

       “ऱ                 और ऱ         र     ” 

Non- Projective dependency is the dependency among the words of a sentence which 

is shown using crossed edges i.e. two or more than two edges intersect with each 

other. Example 1.2.2 belongs to the non- projective dependency parsing of the Hindi 

sentence since in this example edges are crossing each other. 

Example 1.2.2: 

                           र    र        । 

This example represents the non-projective parsing since dependent edges are 

crossing each other. 

 

http://tatoeba.org/sentences/show/485821
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1.3 Hindi Dependency parsing 

The Hindi language is considered amongst the richest morphological language 

because of the various forms generated from a single word form. Hindi dependency 

parsing is originated because of dependencies in Hindi words in the sentences. These 

dependencies need to be analysed in order to generate rules corresponding to them. 

Parsing of these dependencies is very much necessary so that the generalized rules 

corresponding to these dependencies can be formalized. In this work, dependencies 

among various words in Hindi sentences are entertained. These dependencies can be 

viewed while converting singular sentence to its plural form. These dependencies can 

also be observed while converting the tense of the sentence. Another way by which 

dependency can be observed is by changing the noun i.e. masculine noun to feminine 

noun. This work includes the rules where dependencies are to be considered while 

converting nouns, adjectives and verbs from their singular form to plural form using 

Transducers. Hence the application of scattered context grammar is explored in using 

nouns, adjectives and verbs in the sentences. This work also covers a step higher of 

scattered context grammar which is transformational scattered context grammar in the 

transformation of Hindi sentence. 

Hindi language currently used by millions of people but people are not able to make 

correct Hindi sentences and its morphology. We describe and discuss various 

constructions and transformation of grammatical Hindi sentences which can be made 

correctly using linguistic study concerning Hindi language. Here we have represented 

serial and cross serial dependencies in Hindi language in the form of nouns, verbs and 

adjectives in Hindi. It leads to correct transformation when the sentence is converted 

from singular to plural. Usually cross serial dependencies are handled by context 

sensitive grammar. 

There are various Hindi dependency parsers which can be used for determining the 

dependencies among the words in Hindi sentences. We have used Hindi Dependency 

Parser for representing the dependencies among those words. We can also make use 

of other parsers for the dependency generation in Hindi words in the sentences and 

these parsers are defined below. 

1.3.1 Various types of Hindi dependency parser 

Following are some of the parsers which can be used for Hindi dependency parsing: 
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1. Malt Parser 

2. Shallow Parser 

3. MST Parser 

4. Hindi dependency parser 

5. Turbo Parser 

Explanation: 

 Malt Parser 

Malt Parser is a system designed for data-driven dependency parsing. It can be used to 

generate a parsing model from treebank data and to parse new data (in case of testing) 

using the induced model. Malt Parser is developed by Johan Hall, Jens Nilsson 

and Joakim Nivre at Växjö University and Uppsala University, Sweden [4]. Unlike 

traditional parser-generator constructs a parser on the basis of given grammar, this 

data driven dependency parser is used to build a parser on the basis of treebank. This 

parser is an implementation of induced machine learning, where the syntactic analysis 

of the sentences is used for the parsing of unseen data. It is used to guide the parser at 

some non- deterministic points. The methodology used for parsing by malt parser is 

based upon following three important components: 

1) It is used for building labeled dependency graphs. 

2) It is used for predicting next parsing action at non-deterministic points. 

3) It is used for discriminative learning to map History to parsing actions [4]. 

4) Malt parser is built under Java platform and can also be used for the parsing of 

various other languages like English, Chinese, Tamil and Bangla etc. 

Malt parser can be used to implement following eight deterministic parsing 

algorithms namely: 

1) Nivre arc-standard 

2) Nivre arc-eager 

3) Stack swap-eager 

4) Covington non-projective 

5) Stack swap-lazy 

6) Covington projective 

http://hall.maltparser.org/
http://stp.lingfil.uu.se/~nivre/
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7) Planar 

8) 2-Planar 

Following two Machine Learning packages are included in Malt Parser [4]: 

 LIBSVM - A Library for Support Vector Machines 

 LIBLINEAR - A Library for Large Linear Classification 

There is one limitation of MaltParser i.e. it is deterministic by nature. It can be 

considered as an advantage somewhere but mostly deterministic nature leads to error 

propagation. As MaltParser is deterministic, it cannot go back if at some point it 

makes any wrong decision. 

 Shallow Parser 

Shallow Parser analyzes the sentence to identify constituents in it. These constituents 

include noun groups, verb groups, verbs etc. but cannot be used for specifying internal 

structure. These are also not used for the identification of any role in the main 

sentence. It is similar to the lexical analysis for computer languages. The shallow 

parser is used to convert sentences into grouping of words called phrases, and their 

relations. 

Following are the tasks performed by shallow parser: 

1. Part of speech (POS) tagging 

2. Chunking 

3. Relation finding 

Part-Of-Speech tagging involves morpho-syntactic class of the words (nouns, verbs 

etc.). Chunking involves those words which can be grouped like NP, VP etc. and 

relation finding describes relations with the main verb like Subject, Object etc. 

Shallow parsers are automatically built with the help of machine learning techniques. 

 MST Parser 

MST parser is used for non-projectivity which searches for maximum spanning tree 

over some directed graphs although it also supports projective parsing. It consists of a 

graph-based algorithm which finds the parse tree which is having maximum score 

from all possible outputs. All the possible complete trees are explored to get the 

maximum score. The Models of dependency structure in MST parser are based upon 

large-margin discriminative training methods. This parser is also implemented in Java. 



7 

  

The build system of MST Parser is based upon Apache Ant. Ant is little but handy 

tool that uses a build file written in XML (build.xml) as building instructions [5]. 

Following are the features of MST Parser: 

1. It estimates edge-wise confidence. 

2. It uses perceptron and k- best MIRA training. 

3. It supports first and second order projective and non-projective parsing. 
 

The Arc-factored model of MST parser can be illustrated from [6]. 

Following are the disadvantages of MST Parser: 

a) It takes more time in learning. 

b) It takes more time in parsing the given sentence. 

c) It is more constrained in terms of choice of features. 

 

 Hindi Dependency Parser 

Hindi dependency parser uses MALT parser for its implementation. Malt Dependency 

Parser is trained and tested on Hindi ICON 2010 shared task data in Hindi 

dependency parser. The features word, lemma and postag id are used in this parser to 

train parser. This parser can be build better parser using other features like 

morphological information etc. Accuracy is described below in Figure 1.1. 

Parser Accuracy: (Parser trained on features word, lemma and postag) 
 
  Labelled   attachment score: 4948 / 6588 * 100 = 75.11 % 
  Unlabelled attachment score: 5555 / 6588 * 100 = 84.32 % 
  Label accuracy score:       5199 / 6588 * 100 = 78.92 % 

      Fig 1.1: Accuracy estimation in Hindi dependency parser [7] 

 Turbo Parser 

Turbo parser is an example of a constraint based parser. It constructs the problem of 

non-projective dependency parsing as a polynomial-sized integer linear program. It 

can also encode prior knowledge as hard constraints.  It can also learn soft constraints 

from data. In particular, its model is able to learn correlations among neighboring 

arcs, word valency, and tendencies toward projective parses. The model parameters 

are learned in a max-margin framework by using a linear programming relaxation. 

Turbo parser will train a second-order non-projective parser with features for arcs, 

consecutive siblings and grandparents. The default training algorithm is cost-

augmented MIRA (Margin-infused relaxed algorithm), but it also provides other 

options. The decoder uses AD3 algorithm. It will also train a probabilistic model for 
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unlabeled arc-factored pruning, which speeds up parsing by reducing the number of 

possible arcs. In situations where learning speed is essential than accuracy, a simple 

arc-factored model can be preferred. In this mode, it speeds up the process by not 

applying first order pruner. Turbo parser provides following three settings for training: 

basic, standard and full. 

• Basic: It enables arc-factored parts.  

• Standard: It enables arc-factored parts, consecutive sibling parts and grandparent    

parts. 

• Full: It enables arc-factored parts, consecutive sibling parts, grandparent parts, 

arbitrary sibling parts and enables head bi-gram parts [6]. 
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     Chapter 2  

                                                                          Literature Survey 
 
 

2.1 Related Work 

In this chapter, we will discuss work done by researchers on dependency parsing, 

regulated grammar and scattered context grammar. There is a significant amount of 

work done in the area of dependency parsing on various languages like Dutch, Hindi, 

Telgu and Bangla etc. In this chapter, firstly we will discuss the work on dependency 

parsing and later on we will discuss the work on scattered context grammar. To 

illustrate the dependencies among the words in the sentences and to describe its 

parsing, various dependency parsers were used by the researchers. 

Singla et al. [8] presented in their paper an approach towards Hindi dependency 

parsing as a part of Hindi Shared Task on Parsing, COLING 2012. Their approach 

included the effect of using different settings which is available in Malt Parser. It is 

further followed by the two-step parsing strategy which splits the data into 

interChunks and intraChunks to obtain the best accuracy. Their system achieved best 

LAS of 90.99% for Gold Standard track and second best LAS of 83.91% for 

automated data. The dataset used for the experiment consists of 1204 sentences, 

26,809 tokens and 22.27 average sentence lengths in the training data. While for 

Development dataset, number of sentences are 1233 and tokens generated are 26,416 

and average sentence length for this is 21.42. For testing data, number of sentences 

are 1828 and tokens for the same are 39,975 with average sentence length is 21.87.  

Kosaraju et al. [9] presented in their experiments the dependency parsing on three 

languages including Hindi, Bangla and Tamil and these languages are rich in 

morphology and they also explained that how these languages differ in their 

morphological richness. They explored the Malt parser over a large feature pool with 

different strategies of parsing. They showed the utilization of shallow parser for Hindi 

language. They also attempted to add semantics in parsing. They reported their results 

on the test data provided at ICON tools contest, 2010.  

Ambati et al. [10] showed that dependency parsing of Hindi can be improved from a 

strongly lexicalized formalism like Combinatory Categorical Grammar (CCG). They 

first described an easy way to get a CCG lexicon and treebank from an existing 

dependency Treebank with the help of a CCG parser. They used the output of a 
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supertagger which was trained on the CCG bank as a feature for Hindi dependency 

parser (Malt). Their results showed that with the help of CCG categories, accuracy of 

Malt on long distance dependencies can be improved.  

Bresnan and Kaplan [11] studied the cross serial dependencies in Dutch language and 

found that these cross dependencies cannot be context free.  

Fernau and Meduna[12] proved that a scattered context grammar can generate every 

recursively enumerable language with reduced number of context sensing productions 

and also the reduced number of non- terminals. They improved their work by proving 

that scattered context grammar can generate every recursively enumerable languages 

with not more than two context sensitive productions [13]. 

Husain et al. [14] investigated challenges in IL parsing by making annotated data 

available to the larger community. The ICON10 tools [11-12] contest was devoted to 

the task of dependency parsing for Indian languages (IL). Following statistic was used 

for the training data: 

 1400 sentences, 7602 word counts and 5.43 average sentences for Telgu 

language 

 980 sentences, 10305 word counts and 10.52 average sentences for Bangla 

language 

 1500 sentences, 28522 word counts and 19.01 average sentences for Hindi 

language 

The testing set had 150 sentences for all the three languages. The performance of 

the system was supposed to be measured in terms of various standard measures 

like Unlabelled attachment score (UAS) and Labelled attachment score (LAS). 

Following average scores over the 2 rounds for different languages are mentioned 

below: 

 UAS is 84.7, LAS is 59.7 and LS is 61.41 for Telgu language 

 UAS is 81.9, LAS is 66.9 and LS is 71.1  for Bangla language 

 UAS is 88.7, LAS is 72.8 and LS is 75.59 for Hindi language 

Following are the result of the best performing system from the above experiment 

reported by them is as shown below: 

 UAS is 85.7, LAS is 65.5 and LS is 66.21 for Telgu language 

 UAS is 90.3, LAS is 84.2 and LS is 85.85 for Bangla language 

 UAS is 90.2, LAS is 79.3 and LS is 81.66 for Hindi language 
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Meduna [15] connects the theoretically oriented discussion of scattered context 

grammar with the pragmatically oriented discussion of scattered context grammar in 

English linguistics. Scattered context grammar is also modified to its transformational 

version so that it can be easily applied to the syntax related modifications of the 

sentences [15]. 

For example, 

                He works well in computer science. 

If in the above sentence, “He”, changes to “I”, the sentence would be illegal to write 

if it is written as  

              I works well in computer science. 

Because the above sentence is illegal from grammatical point of view, so changing 

“he” to “I” would lead to change from “works” to “work” and the sentence would be 

written as: 

               I work well in computer science. 

So there is some dependency in these words of the sentence. This can be handled by 

context free grammar if these dependent words can be adjacent but if these words are 

not adjacent to each other, then context sensitive grammar is required. This grammar 

requires many rules so Meduna proposed the use of scattered context grammar that 

comes between context free grammar and context sensitive grammar in terms of 

generative power. For example, 

      He usually works well in computer science. 

This sentence can be changed into 

     I usually work well in computer science. 

And the scattered context production for this change can be 

   (He, works) (I, work) 

Meduna also proposed the use of transformational context grammar in English 

linguistics and made an assumption regarding the set of all English words that this set 

is fixed and finite. 
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2.1.1 Use of transformational scattered grammar 

Example of various sentences in which transformational scattered context grammar is 

proposed are: 

 Neither and nor clauses 

Example 2.1[15]: Application of transformational Context grammar used in 

neither and nor clauses is as shown below: 

Neither Ram nor his son went to the party 

Transformational scattered grammar helped in the negation of the above 

sentence in the following manner and Meduna [15] described the corresponding 

production rule in this way: 

   Both Ram and his son went to the party. 

And the corresponding rule is: 

   (<Neither>, <Nor>) (<Both>, <And>) 

 Interrogative clauses 

Example 2.2 [15]: In interrogative clauses, transformational scattered context 

grammar is used in two different ways depending upon the predictor in the 

sentence. If the predictor is an auxiliary verb, then the interrogative sentence can 

be generated by just swapping the predictor and the subject in the sentence as 

shown through an example below. 

   He is eating the meal 

Here the predictor is auxiliary verb so its interrogative clause would be: 

   Is he eating the meal? 

But Meduna [15] noticed that if the predictor is not an auxiliary verb rather it is 

a lexical verb, then the interrogative clause is generated by inserting dummy do 

at the beginning of the sentence. 

Example 2.3[15]: 

          She eats up early in the morning 

        And the interrogative clause for this would be 

               Does she eat up early in the morning? 
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And the transformational scattered rule corresponding to the above sentence 

is: 

       {       3rd                  |     Vpl  VA    PPn  

 Generation of grammatical sentences 

Meduna stated that a scattered context grammar can generate an infinite 

number of context free grammar with a subset of English language. 

Example 2.4[15]:  

My grandparents are all my grandfathers and grandmothers. 

My great-grandparents are all your great grandfathers and great 

grandmothers.     Or 

Your great -great- grandparents are all your great -great -grandfathers and 

great -great -grandmothers. And so on. 

         So the transformational scattered context rule for this is: 

L= {     {great}
i                          {       i

                          {       i              |      

 Sentences having Question tags 

Meduna also gave the use of transformational scattered context grammar in           

these sentences with question tags. 

          Example 2.5[15]:  

   I am always ready 

          The same sentence with question tags can be written as 

        I am always ready, aren‟t I? 

          And the corresponding rule is 

                                                       

 Existential clauses 

         Example 2.6 [15] : Meduna phrased that while using existential clause in the   

sentence, there used to be a dummy subject as shown in the example. 

There was a doctor present 
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        Here “there” is a dummy subject and the whole sentence can be rephrased as: 

A doctor was present 

        So the corresponding transformational rule given is: 

     (<a>, <was>) (There was a X, )  

Yeleti and Deepak [16] described dependency parsing using the overall design of a 

new two stage constraint based hybrid approach. They defined the two stages and 

showed how at appropriate stages, different grammatical construct are parsed. This 

division made by them leads to a selective identification and resolution of specific 

dependency relations at both the stages. Also they showed how to use the hard 

constraints and soft constraints which can help them in building an efficient and 

robust hybrid parser. Lastly, they evaluated the implemented parser on ICON tools 

contest using Hindi data. They observed that the best Labeled and unlabeled 

attachment accuracies for Hindi data are 62.20% and 85.55% respectively. The 

parameters those were finalized for the experiment are as described below. 

 Value of k is equal to 2 

 Best S-constraint(Method 1) is {C-POS, P-POS} 

 Value of N is 2000 

 Margin initialization is {C-POS, P-POS} 

They have tried all the three methods on the development data and method 2 [16] 

gave them the best results on the development data. So they gave the output of 

method 2 on the testing data for the evaluation for the tools contest. The second 

method is used starting with the best S-constraint {C-POS, P-POS}. Their results on 

the Hindi test data comprises of UA value 85.55, LA value 62.20 and L value 65.88. 

Bhat et al. [17] in their article enhanced the transition-based parsing of Hindi and 

Urdu by modifying and restating the features and feature extraction procedures that 

were earlier proposed in the parsing literature of Indian languages. They proposed and 

effectively showed that properly including syntactically relevant information like 

complex predication, case marking, and grammatical agreement in an arc-eager 

parsing model can effectively improve parsing accuracy. Their experiments exactly 

showed an absolute improvement of ∼2% LAS for parsing of both Hindi and Urdu 

over a competitive algorithm which used rich features like part-of-speech (POS) tags,  



15 

  

cluster ids, chunk tags and lemmas. They also proposed some methodology to identify 

ezafe constructions in Urdu texts which also showed promising results in parsing of 

these constructions. Following are the statistics used in training, testing and 

development in Hindi language in their experiment: 

 Count of tokens for training is 3, 47,744, for testing it is 43,556 and for 

development it is 43,556. 

 Count of chunks for training is 1, 87, 029, for testing it is 23,418and for 

development it is 23, 417. 

 Count of sentences for training is 16,629, for testing it is 2,077 and for 

development it is 2,077. 

Following are the statistics used in training, testing and development in Urdu 

language: 

 Count of tokens for training is 1, 53,317 for testing it is 19,065 and for 

development it is 19,065. 

 Count of chunks for training is 72,319, for testing it is 9,010 and for 

development it is 9,010. 

 Count of sentences for training is 5,432, for testing it is 677 and for 

development it is 677. 

The performance Bhat et al. [17] reported about POS Taggers, Morphological 

Analyzers and Chunkers on Hindi Test Set is as described below: 

 Lemma % comes out to be 90.65 with GN% is 93.46 in case of morphological 

analysis and it was 96.02% for POS tagging. It had accuracy of 98.87% for 

Gold and 97.50% for predicted accuracy in chunking. 

The performance Bhat et al. [17] reported about POS Taggers, Morphological 

Analyzers and Chunkers on Urdu Test Set is as described below: 

 Lemma % comes out to be 88.12 with GN% is 89.87 in case of morphological 

analysis and it was 92.92% for POS tagging. It had accuracy of 97.70% for 

Gold and 95.250% for predicted accuracy in chunking. 

Following are the accuracies of baseline parsing for Hindi using ZN feature template 

[17]: 
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 In case of POS tagging, UAS, LS and LAS for development is 92.82%, 

89.50% and 86.89% respectively and UAS, LS, LAS for development is 

92.77%, 89.51% and 86.79% respectively. 

  In case of Chunking, UAS, LS and LAS for development is 93.38
0.56

 

, 89.69
0.19

and 87.45
0.56

respectively and UAS, LS, LAS for development is 

93.31
0.54

, 89.56
0.05

and 87.42
0.63

respectively. 

 In case of Lemma, UAS, LS and LAS for development is 93.39
0.01

 

, 89.95
0.26

and 87.61
0.16

respectively and UAS, LS, LAS for development is 

93.24
−0.07

, 89.73
0.17

and 87.52
0.10

respectively. 

 In case of Clusters, UAS, LS and LAS for development is 93.51
0.12

 

, 90.21
0.26

and 87.82
0.21

respectively and UAS, LS, LAS for development is 

93.52
0.28

, 90.01
0.28

and 87.77
0.25 

respectively. 

Following is the Baseline parsing accuracy of Urdu language using ZN feature 

template [17]: 

 In case of POS tagging, UAS, LS and LAS for test is 88.19%, 84.44% and 

80.16% respectively and UAS, LS, LAS for development is 88.14%, 84.41% 

and 80.57% respectively. 

 In case of chunking, UAS, LS and LAS for test is 88.55
0
, 84.70

0.26 
and 

81.01
0.41 

respectively and UAS, LS, LAS for development is 88.46
0.32

, 

84.59
0.18 

and 81.00
0.43

respectively. 

 In case of Lemma, UAS, LS and LAS for test is 88.70
0.15

, 84.80
0.10 

and 

81.13
0.12 

respectively and UAS, LS, LAS for development is 88.69
0.23

, 

84.77
0.18 

and 81.11
0.11 

respectively. 

 In case of Clusters, UAS, LS and LAS for test is 88.81
0.11

, 84.88
0.08

and 

81.34
0.21 

respectively and UAS, LS, LAS for development is 88.77
0.08

 

, 84.84
0.07 

and 81.29
0.18 

respectively. 

They showed the improved parsing of Hindi and Urdu language with the help of 

improved accuracy and the evaluation techniques they used are: 

 Leave-one out evaluation 

 Only-one evaluation 

Accuracies for Hindi language on both the evaluation technique is as described below 

[17]: 
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 For POS it is 86.43 and 86.89 for leave-one out and only one evaluation 

technique respectively. 

 For Chunk it is 86.98 and 86.06 for leave-one out and only one evaluation 

technique respectively. 

 For Lemma it is 87.14 and 83.69 for leave-one out and only one evaluation 

technique respectively. 

 For clusters it is 87.61and 85.09 for leave-one out and only one evaluation 

technique respectively. 

Accuracies for Urdu language on both the evaluation technique is as described below 

[17]: 

 For POS it is 77.24 and 80.60 for leave-one out and only one evaluation 

technique respectively. 

 For Chunk it is 77.96 and 80.10 for leave-one out and only one evaluation 

technique respectively. 

 For Lemma it is 80.22and 77.85for leave-one out and only one evaluation 

technique respectively. 

 For clusters it is 81.13 and 77.06 for leave-one out and only one evaluation 

technique respectively 

Xu et al. [18] introduced the precedence reordering approach which was based on a 

dependency parser to statistical machine translation systems. Their method can 

efficiently add linguistic knowledge into SMT systems without increasing the 

complexity of decoding which is similar to other preprocessing reordering 

approaches. But they showed significant improvements in BLEU scores for a set of 

five subject-object-verb (SOV) order languages, when translating from English, 

compared to other reordering approaches, in state-of-the-art phrase-based SMT 

systems [18]. Following training corpus statistic of their experiment for 5 SOV 

languages is as described below [18]: 

 They used 303M for source and 267M for target for English to Korean system. 

 They used 316M for source and 350M for target for English to Japanese 

system. 

 They used 16M for source and 17M for target for English to Hindi system. 

 They used 17M for source and 19M for target for English to Urdu system. 
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 They used 83M for source and 76M for target for English to Turkish system. 

For all 5 languages, they achieved statistically significant improvements in BLEU 

scores over a state-of-the-art phrase based baseline system [18]. 

McDonald et al. [19] made it possible to search over all the projective trees in O (n
3
) 

through their representation and their representation made it possible to extend the 

parsing to non- projective contexts also. They evaluated their method on Prague 

dependency Treebank and finally showed that the accuracy and efficiency is 

increasing using MST Parser for non- projective dependency parsing. Zeman and 

Resnik [20] described an approach of adapting a parser on a new language. This new 

language is not so good in terms of linguistic resources although the source language 

is. This approach is tested over two European languages because of availability of test 

set. This approach can be easily applicable to other pairs of related languages also.  

Ambati et al. [21] showed the effects of minimal semantics on parsing [21]. They 

used Malt Parser and MST Parsers as the data driven parsers for their experiment. The 

work was performed over Hyderabad Dependency Treebank. Because of minimal 

semantics, they achieved an increase of 2.01% and 1.65% in labeled accuracy and 

labeled attachment score respectively over state-of-the-art data driven dependency 

parser. 

Tsarfati et al. [22] replicated the use of English parsing to some other languages also. 

Those parsing languages which are having complex word structure but flexible word 

order had been shown to capture non-trivial adaptation. 

Husain et al. [23] proposed a modular cascaded approach for data driven parsing 

model. They introduced an artificial root node in the dependency structure of a 

sentence. They did this by catering to distinct dependency label sets. These label sets 

reflected the function of the set internal labels through a distinct and identifiable 

linguistic unit, at different layers. 

Kolachina et al. [24] applied MaltParser over Hindi languages.  They motivated the 

use of arc-directionality features which is based on empirical evidence. These 

evidences were in the form of statistics which were collected over the treebanks. In 

this paper, the outputs obtained for all the three languages like Hindi, Bangla and 

Telgu are blended together. 
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Kosaraju et al. [25] presented two approaches i.e. statistical and rule based for 

annotating intra-chunk dependencies in Hindi. The annotator of intra-chunk 

dependency annotator provided a fully parsed dependency tree for a Hindi sentence. 

Hockenmaier et al. [26] attempted to translate the Penn Treebank into CCG 

(Combinatory categorical grammar). They founded that the resulting corpus of CCG 

bank included 99.4% of the sentences in the Penn Treebank. 

Parsing of context sensitive grammar although is difficult but attempted by 

Rychnovsky [27]. In this paper also, scattered context grammar was used to parse 

some of the context sensitive grammar. 

The Literature summary is as shown in table 2.1. 

   Table 2.1 Literature Summary 

Name of the Author 

 

Main Features and Key Findings 

Gadde et al. [28] 
i. To improve the parser performance, data driven 

dependency parsing approach is used which uses clausal 

information of a sentence. 

ii. They used modified version of MaltParser for all the 

experiments. 

iii. They achieved an overall improvement of 0.77% and 

0.87% in labeled attachment and unlabeled attachment 

accuracies respectively over the baseline parsing 

accuracies. 

Bharati et al. [29] 
i. They proposed a two stage constraint based dependency 

parser for especially for free word order languages 

broadly.  

ii. They obtained that their final results are good with a 

labelled attachment and maximum attachment accuracy of 

75% and 90.1% respectively. 

 
Bhatt et al. [30] 

i. The creation of a Hindi/Urdu multi-representational and 

multilayered Treebank is described in this paper. 

ii. The simultaneous development of dependency structure 

and phrase structure treebanks for Hindi and Urdu, as well 

as a Prop Bank is described in this paper.. 
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Tsarfaty et al. [31] 
i. They synthesized the contributions of various researchers 

worked on parsing languages like Arabic, Basque, French, 

German, Hebrew, Hindi and Korean to point out some 

shared solutions across languages. 

 

Singla et al. [32] 
i. Their approach included the effect of using different 

settings available in Malt Parser which followed the two-

step parsing strategy and these are splitting the data into 

interChunks and intraChunks to obtain the best possible 

LAS, UAS and LA accuracy. 

ii. Their system achieved best LAS which is of 90.99% for 

Gold Standard track and second best LAS of 83.91% 

which is for automated data. 

Nivre. [33] 

i. Nivre described about the use of MaltParser for three languages 

Hindi, Telgu and Bangla. 

ii. They achieved an unlabeled attachment score which was 

nearly 90% for Hindi and Bangla, and this score was over 

85% for Telugu, while the labeled attachment score was 

15–25 percentage points lower for all. 

Bharati et al. [34] 
i. They defined the two stages of parsing and showed that 

how different grammatical construct are parsed at these 

two appropriate stages. 

ii. They constructed robust hybrid parser of MACA by 

showing the proper use of hard and soft constraints so that 

parser can be efficient and robust. 

Kalra et al. [35] 
i. They represented DNA and RNA biological sequences 

with the help of deep pushdown automata and state 

grammar. They parsed both the sequences in O(n) time 

which is the major improvement of existing work. 

Kalra et al. [36] 
i. They investigated and proved that fuzzy deep pushdown 

automata can be constructed from fuzzy state grammars 

and vice versa. 
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     Chapter 3  

                               Problem Statement  
 
 

This chapter contains gap analysis, problem statement and the methodology which is 

to be followed to accomplish the task. 

3.1 Gap Analysis 

There are various dependency parsers exists for different natural languages like 

English, Bangla, Telgu, Dutch and Spanish etc. Work is being carried on among the 

dependencies between words in these languages. Singla et al. [32] included the effects 

of using different settings available in Malt Parser which followed the two-step 

parsing strategy. These are splitting the data into interChunks and intraChunks to 

obtain the best possible LAS, UAS and LA accuracy. This work can also be extended 

for both interchunks and intrachunk dependencies by using MST Parser. Meduna [15] 

applied the concept of scattered context grammar on English linguistic. Therefore, 

their work can also be extended for Hindi language. Dependencies amongst the words 

play a significant role in Hindi language. Dependencies amongst the words refer to 

the change in one word causes the change in another word.  

There are many Hindi dependency parsers which are designed to work on these 

dependencies of words in the sentence. Context free grammar can be used to handle 

dependencies between adjacent words of the sentence but it cannot handle those 

dependencies where infinite number of words can come between the dependent 

words. These dependencies are represented with context-sensitive grammar. We have 

reviewed serial dependency for converting singular Hindi sentences to their plural 

forms. Context sensitive grammar can be used for handling cross serial dependencies. 

These rules are required to send the information concerning the form of a word to 

another word, which may occur even at the opposite end of the sentences [15]. This 

becomes problematic to use context sensitive grammar in such a situation. So the 

work of Meduna [15] can be extended to facilitate Hindi linguistics as well. 

3.2 Objectives 

Context free and context sensitive productions are used to handle the dependencies 

between words in a sentence. Context free grammar is not able to represent the 

dependencies amongst the non-adjacent words of the sentence. These dependencies 

are represented using context sensitive grammar. 
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Based on literature survey, following objectives are outlined: 

i. To analyze varieties of tools and techniques available to handle dependency. 

ii. To design transducers for converting singular to plurals for nouns, verbs and 

adjectives when they are converted to their plural forms. 

iii. To generate dependency tree or graph for representing inter chunk as well as 

intra chunk dependencies in Hindi language. 

3.3 Methodology 

Methodology to analyze the Hindi dependency using scattered context grammar is 

shown in figure 3.1. The figure 3.1 shows the steps which are to be performed in 

order to achieve the objectives.  

                                       

       Fig 3.1: Workflow diagram 

 

Steps to be performed: 

 Hindi sentences are manually input by the user. 
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 These Hindi sentences are fed to the Hindi dependency Parser which is helpful 

in generating the Hindi dependency dataset. 

 For understanding the dependencies between the Hindi words, Networkx tool 

is used to generate the dependency graph.  

 These dependent words are converted to their plural forms and scattered 

context grammar is applied over these words to generate rules over these 

dependencies.               
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                               Chapter 4  
                                    Proposed solution 
 
 

We have proposed the use of scattered context grammar for handling serial and cross-

serial dependencies between words. Scattered context grammar has the generative 

power between context free grammar and context sensitive grammar. 

Dependent sets of words needs to be generated for applying scattered context 

grammar. These dependent sets are analyzed using dependency graph drawn with the 

help of Networkx. The algorithm for designing dependency graph is as shown below 

in figure 4.1. First dependent sets for the Hindi sentence are revealed and then these 

sets are transferred to their plural forms depending upon nouns, verbs and adjectives 

used in the sentence. Rules for generating plurals from singular sentences are 

explained in next subsection. 

4.1 Generation of plurals from singular sentence in Hindi Language 

Rules are generated and described using transducers for nouns, verbs and adjectives in 

Hindi language. Singular sentences are converted to their plurals on the basis of these 

rules.  

4.1.1 Transducer for Nouns 

Type of noun i.e. feminine or masculine plays a significant role in the transformation 

of nouns. These rules are described by transducers in Figure 4.2. Dependency in Hindi 

sentences exists between the subject and the verb used in objects. Subject is generally 

a noun and object is a kind of action which is expressed using verbs. These 

dependencies are discussed in chapter 3. 

4.1.2 Transducer for Verbs 

Whenever a sentence is translated from singular to plural, the corresponding verb gets 

translated from singular verb to plural verb. In Hindi, verbs are manipulated according 

to gender, person, number, tenses and mood described in the Hindi sentence [38]. 

Tenses can be classified into present, past and future. Example of these verbs for 

present tense [39] is shown in Table 4.1 and the rules are similar for past and future as 

shown in Table 4.2 and Table 4.3 respectively. Scattered context grammar notifies the 

dependency in all modes and acts accordingly. 
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Figure 4.1: Algorithm to design dependency graph 

  

 

                             Fig 4.2: Transducer showing singular nouns to plural nouns 

DependencyGraph (G, traverseArray, arrWords, arrLines, filedependencies (index file), f, 

dictword, dictLine, parentid, index, rootword and word) 

1. Start 

2. Create two arrays parent[] and arrLines[] 

3. Create a dictionary dictLine {}. 

4. from manisha.output as f :(generated by Hindi dependency Parser) 

4.1 for line in f: 

4.2 print line and 

4.3 while (line) 

4.4 Add columns in dictLine according to index, word, rootword, type, parentid. 

4.5 Append dictLine to arrLines  

4.6 filedependencies.write (dictLine [„index‟] + dictLine [„word‟]) and repeat step 

      4.1.  

5. Create a function traverseArray(arrWords, parentid, G) 

6. Call traverseArray(arrLines,0,G) 

7. traverseArray(arrWords, parentId, G): 

7.1 for dictword in arrWords: 

7.2 if dictword [parentId] equals parentId: 

7.3 print its parent, index, rootword and word 

       7.3.1 if(dictword[„parentId‟]) not equals to zero: 

       7.3.2 filedependencies.write ([parentId][„index‟] 

7.4 Graph G.add_edge (dictword [parentId], dictword [„index‟]) and repeat step 7 call 

traverseArray (arrWords, dictword [„index‟], G) 

8. Return Graph G. 

9. End 
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            Table 4.1: Change of verbs in present mode   

Person Singular Plural 

1
st
       र    ।       र   । 

2
nd

 person(casual)               ।                । 

2
nd

 person (honors) आ        र   । आ  स        र   । 

3
rd

 person व     ऱ        । व     ऱ        । 

                

               Table 4.2: Change of verbs in past mode   

Person Singular Plural 

1
st
       र   ।       र   । 

2
nd

 person(casual)           ।            । 

2
nd

 person (honors) आ        र   । आ  स        र   । 

3
rd

 person व     ऱ        । व     ऱ        । 

            

                    Table 4.3: Change of verbs in future mode   

Person Singular Plural 

1
st
       र       ।       र       । 

2
nd

 person(casual)             ।               । 

2
nd

 person (honors) आ        र     । आ  स        र      । 

3
rd

 person व     ऱ           । व     ऱ           । 

The rules for the change in verbs from singular to plural verbs [40] can be shown with 

the help of transducer as shown in figure 4.3. 

http://tatoeba.org/sentences/show/485821
http://tatoeba.org/sentences/show/485821
http://tatoeba.org/sentences/show/485821
http://tatoeba.org/sentences/show/485821
http://tatoeba.org/sentences/show/485821
http://tatoeba.org/sentences/show/485821
http://tatoeba.org/sentences/show/485821
http://tatoeba.org/sentences/show/485821
http://tatoeba.org/sentences/show/485821
http://tatoeba.org/sentences/show/485821
http://tatoeba.org/sentences/show/485821
http://tatoeba.org/sentences/show/485821
http://tatoeba.org/sentences/show/485821
http://tatoeba.org/sentences/show/485821
http://tatoeba.org/sentences/show/485821
http://tatoeba.org/sentences/show/485821
http://tatoeba.org/sentences/show/485821
http://tatoeba.org/sentences/show/485821
http://tatoeba.org/sentences/show/485821
http://tatoeba.org/sentences/show/485821
http://tatoeba.org/sentences/show/485821
http://tatoeba.org/sentences/show/485821
http://tatoeba.org/sentences/show/485821
http://tatoeba.org/sentences/show/485821
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     Fig 4.3: Transducer showing singular to plural verbs         

4.1.3 Transducer for Adjectives 

Change in adjectives also depends upon the masculine and feminine nouns used with 

the adjectives [41]. Adjectives changes with nouns in Hindi in contrast to English 

sentences. Dependency amongst the adjectives and nouns in Hindi can be analyzed 

using scattered context grammar and the rules are shown in figure 4.4 with the help of 

transducer. 

 

               Fig 4.4: Transducer showing singular adjectives to plural adjectives 

4.2 Proposed Approach: 

Application of Scattered context grammar in Hindi language: As previously 

describes, scattered context grammar was previously applied to the English linguistics 

[15]. In this section, we will explore how scattered context grammar can be applied in 

Hindi language. For example, 

                          “ऱ                ” 
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However if this sentence is modified according to feminine noun, then the sentence 

can be written as: 

       “ऱ                ” 

It is grammatically incorrect because the predictor (“khaata”) needs to be changed 

according to the doer (“ladkaa”). Therefore, in Hindi language if “ऱ   ” is changed 

to feminine noun “ऱ   ”, the sentence changes in this manner: 

      “ऱ                ” 

We can see that the verb also changes according to the noun used. This indicates that 

there is some dependency in the words of the sentence although the words are not 

adjacent to each other. Here “    ” and “    ” although are not adjacent are 

changed into “    ” and “    ” in Hindi language but not in English language. 

But if the same sentence is analysed in English grammar then the sentence would be: 

   “Boy eats the food” 

If “Boy” is replaced by “girl”, the rest words of the sentence remain same like:  

   “Girl eats the food”. 

Here “eats the food” remains unchanged, while if we translate the same sentence in 

Hindi language, it changes. These changes are reflected in Hindi language and can be 

readily shown using scattered context free language, because dependency in 

individual words of the sentence can be effectively reflected by this grammar. 

Although it is fairly easy to use context sensitive grammar where a single word 

comes in between the related words but the case in which more than one word 

comes in between the related words, many auxiliary rules needs to be designed to 

handle such dependencies hence scattered context grammar is used here [ 15 ].  

Example is shown below. 

                    ऱ       -      र स              । 

Or   ऱ    स य स , ऱ        -      र स              । 

 

http://tatoeba.org/sentences/show/485821
http://tatoeba.org/sentences/show/485821
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Production of scattered context grammar can be shown as:         

(ऱ   ,     )  (ऱ   ,     ) 

This rule would check whether there is any “ladkaa” in the sentence as the doer and 

“khaata” as the predicator. If any of the Hindi sentences satisfies the above property, 

then that sentence changes in parallel according to the right hand side of the 

production as shown in scattered context grammar production. Words in the sentences 

also changes when it is converted from singular to plural. These changes from 

singular to plural leads to the change of certain words in the sentence while leaving 

other words of the sentence unchanged. These can be handled by scattered context 

grammar.  

i. Application of Scattered context grammar for Nouns in Hindi sentences: 

In case of change of sentence from singular to plural, the corresponding noun in the 

sentence needs to be changed which leads to the change in the object of the sentence 

in order to make the sentence grammatical. And this rule for changing depends on the 

case whether we are using masculine noun or feminine noun as shown above by using 

transducer in section 4.1. Masculine nouns are those which are related to men, boys 

and male animals while feminine nouns are those which are related to females, girls 

and female animals. Masculine nouns which ends with “aa” [42] (for example ladkaa 

i.e. ऱ   ) are changed by dropping “aa” from the end and adding “e” instead [43]. 

          हर र                                  ह । 

 

For example “ladkaa” in Hindi is changed to “ladke” in the following example.3 

             हर र                                  ह । 

Here “    ” is changed to “    ” while converting the sentence from singular to 

plural and verb changes from “      ह ” to “      ह ”. There are some irregular nouns 

which do not change during the conversion of a sentence from singular to plural. 

Similarly feminine nouns in Hindi which ends with “i” (for example ladki i.e. ऱ   ”) 

http://tatoeba.org/sentences/show/485821
http://tatoeba.org/sentences/show/485821
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drops “i” from the end and adds “iyaan” to change from singular to plural. For 

example, 

                                    म    म      ह       र       र   ह । 

In this sentence “    ” is changed to “       ” in the following manner with the 

change of “ र   ह ” to “ र    ह ”. 

          म    म      ह       र       र    ह । 

Similarly, there are some feminine nouns which ends with “ ” and when these are 

converted into plural ,”  ” is added after dropping “ ” from the end. For example,  

 “      म    र र    ”। 

 

When this sentence is translated to its plural, it becomes   

 “       म    र र     ”। 

 

There is one more case where the feminine noun ends with “आ” and its plural drops 

nothing but adds “  ” at the end. For example, “   ” is changed to “     ” in the 

following sentence 

              हर  - र  ह ।  
Is changed to 

              हर  - र  ह  ।  

These rules can be represented by: 

(Singular noun as subject, singular verb of predicates)  (Plural nouns as subject, 

plural verb of predicates) 

ii. Application of Scattered context grammar for handling Adjectives in Hindi 

sentences: 

Adjectives are the words which describe nouns [44]. The adjectives used in English 

do not change themselves according to nouns but the Hindi adjective changes 

themselves according to nouns. For example, “tall boy”, if transformed to plural, then 

it would be written as “tall boys”. Here “tall” remains the same even if the above is 

transformed to feminine noun from masculine noun, example “tall girl”. In Hindi 

http://tatoeba.org/sentences/show/485821
http://tatoeba.org/sentences/show/485821
http://tatoeba.org/sentences/show/485821
http://tatoeba.org/sentences/show/485821
http://tatoeba.org/sentences/show/485821
http://tatoeba.org/sentences/show/485821
http://tatoeba.org/sentences/show/485821
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adjectives changes themselves according to the nouns used. Adjectives can be 

classified into inflecting adjectives and non-inflecting adjectives. Inflecting adjectives 

are those adjectives which inflect. These adjectives usually end with “आ” or “aa”. 

For example, 

                          “                           र       ह ” 

 

When masculine noun is changed to plural, adjectives change according to nouns. 

Adjective drops “aa” or “आ” from the end and add “e” or “ ” at the end. The above 

adjectives are converted in this manner: 

         “                           र       ह ”। 

As adjectives change according to the change in the noun from “    ” to “    ” and 

changes the verb accordingly (from “      ह ” to “      ह ” in the above example). 

These dependencies can be better illustrated using scattered context grammar and 

the rules for this can be generated in the same manner as devised above for nouns.  If 

the same adjective is converted into feminine noun, then it would be written as: 

                              ह              र   ह । 
 

Now, if the same is converted into plural, then it would be written as: 

                                    ह              र    ह । 
 

As dependency is shown by the arrow in the above sentences, these dependencies can 

be handled by the scattered context grammar. In case of non-inflecting adjectives, 

adjective remains unchanged in both the cases of feminine and masculine singular or 

plural. For example, “ र   ऱ   ”, when this is converted to its plural form, it is 

written as “ र   ऱ   ”. In case of feminine noun also, adjectives are written as “ र   

ऱ   ”. Now this feminine noun is converted as “ र   ऱ   य  ”. So “ र  ” remains 

the same in both the cases. 

 

http://tatoeba.org/sentences/show/485821
http://tatoeba.org/sentences/show/485821
http://tatoeba.org/sentences/show/485821
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Following are the rules generated for inflecting and non-inflecting adjectives:  

a) For Inflecting adjectives 

(Singular adjectives, singular noun, singular verb)  (Plural 

adjective, plural noun, plural verb) 

b) For non-inflecting adjectives 

(Adjectives, singular noun, singular verb)  (Same adjective, 

plural noun, plural verb) 

iii. Application of Scattered context grammar for Verbs in Hindi sentences: 

In Hindi, verb must change itself according to the gender, number, person, tenses and 

mood in the subject. There are two forms of verbs described in the sentence namely 

Infinitive verbs and Participles. Infinitive verbs are those verbs which end with “na” 

(  ) [45]. For example,     ,     ,     , आ  ,     ,  र  , स    ,     , ऱ   , 

 ऱ   . Plural of masculine “aa” of “naa” becomes “-e”. For example, “ऱ   ” 

(“lenaa”) becomes “ऱ   ” (“lene”). Plural of feminine –i ending either remains –i or 

becomes –i~ (nasalized). For example, “    ” (“dekhi”) becomes “     ” (“dekhi~). 

Verbs in Hindi sentences changes  according to the doer noun which leads to the 

serial dependency as previously shown in Nouns section changes according to gender, 

number, tenses, person and mood as shown below.  

                       र म               म        ह । 

Here we can see the dependency between “  ऱ       ” (Masculine noun) and “    ” 

in such a way that if such a masculine noun is replaced by feminine noun, the verb 

would change accordingly. 
For example, 

                             र म                   ह । 

In above example, the dependent words are adjacent and can be represented using 

context free grammar. 

          र म           म                         ह ।    

http://tatoeba.org/sentences/show/485821
http://tatoeba.org/sentences/show/485821
http://tatoeba.org/sentences/show/485821
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is converted into 

                     र म                                ह । 

Context free grammar cannot handle the case where the dependent words are not 

adjacent as shown in above example. It can be handled by context sensitive complex 

set of rules or by using scattered context grammar. In above example dependency is 

because of gender of the noun (“  ऱ       ” as masculine and “  ऱ  ” as feminine) 

which modifies the verb („    ’), there can be dependency because of person, tenses, 

mood etc. So the rule of scattered context grammar in case of dependency due to 

gender is as shown below: 

(Masculine noun in subject (singular), verb (ending with “aa”) in object)  

(Feminine noun in subject (singular), verb (ending with “i”) in object) 

Similarly the rest of the rules for the verbs can be generated where the verb is 

dependent on number, person, tenses or mood of the subject. 

Participles are of further two types: 

a. Present (or imperfective participle) 

It adds “ta” at the end of the verb. For example,   ऱ+  =  ऱ  . These 

participles are used in the formation of present and past indicatives. 

b. Past (or perfective participle) 

It adds “aa” at the end of the verb. For example,   ऱ+आ=  ऱ . These are 

used in the formation of perfective tenses [46]. 

Dependency in case of imperfective participle 

                     र म व -व       र               ह । 

In this sentence, if masculine noun (ram) is changed to feminine noun (sita), then the 

verb will change accordingly in the described manner: 

                                        व -व       र               ह । 

Scattered grammar production for imperfective participle is as shown below: 

(Masculine noun in subject, verb ending with “taa”)  (Feminine noun in subject, 

verb ending with “i”) 

http://tatoeba.org/sentences/show/485821
http://tatoeba.org/sentences/show/485821
http://tatoeba.org/sentences/show/485821
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Dependency in case of perfective participle 

                                      र म               म     । 

In the above sentence, if “  ” is changed to “स  ”, i.e. there is dependency because 

of number, and then the verb also changes from “    ” to “    ” as shown below: 

                    र म                म     । 

Therefore the scattered grammar production for such types of perfective participle is 

as shown below: 

(Singular noun (in case of number, verb ending with “aa”))  (Plural noun, verb 

ending with “ee”).  

There are around 6 irregular verbs as described in the Hindi grammar rules. When a 

verb stem ends with “a” vowel, the masculine singular form requires that a “y” should 

be inserted before the suffix “a” and optionally in the masculine plural and feminine 

nouns [42]. Scattered context grammar can handle such dependencies while with 

context sensitive grammar it appears difficult to do so. 

Cross dependencies in Hindi sentences 

Cross dependency can also exist in Hindi language as shown in example below.  

There is another way of dependency also which leads to cross serial dependency in 

the sentences and this is shown below. For example, 

                                               र    र        । 

 

The above sentence seems like the adjoined sentence from these two sentences 

“         र    ” and “     र       ”. All which is needed to do is to convert these 

sentences in their plural form “          र      ”and “     र         ” then again 

adjoin these sentences to get the result [47]. This cross dependency can easily be 

handled by scattered context grammar while this may lead to generation of many rules 

when context sensitive grammar is used. The plural form of the sentence is as shown 

below:           

                                     “            र    र           ”। 

http://tatoeba.org/sentences/show/485821
http://tatoeba.org/sentences/show/485821
http://tatoeba.org/sentences/show/485821
http://tatoeba.org/sentences/show/485821
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Another example illustrating cross-serial dependency in Hindi language s as shown 

below: 

           र            र  ऱ ऱ                         र       ऱ   । 

 

Again this cross-serial dependency can be handled by dividing the above sentence 

into two sentences, “र                   ” and “              ऱ   ”. These 

sentences in their plural forms are “र                  य ” and “               ऱ 

   ”. Individually both the sentence can be handled by scattered context grammar as 

described above and then again these sentences are adjoined to give this sentence. 

            र            र  ऱ ऱ                          र       ऱ     

Clauses with “neither-nor” or “ - ”  
Sentences in English having neither-nor [48] can be complemented by using both-or 

in place of neither-nor and this negation can make use of transformational context 

grammar as explained in [49].  

                            “Neither ram nor sita went to college this Friday”.  

The negation of this sentence converts the neither-nor to both-and in this way.  

                           “Both ram and sita went to college this Friday”.  

So this production in English can be written as 

                              (Neither, nor)  (Both, or) 

Similarly in Hindi language,  

                            “                ऱ   स      ”  

Can be converted (negation of above sentence) as  

                          “   य        य     ऱ   स      ”। 

So here scattered context production for such sentences is: 

                   ( ,  )  (  ,   ) 

http://tatoeba.org/sentences/show/485821
http://tatoeba.org/sentences/show/485821
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This is how the scattered context grammar can be used in handling such dependencies 

between words in Hindi language. But how we can analyze the dependency and the 

dependent words is described above in methodology section. It can be done using 

Hindi Dependency Parser and the results of using Hindi dependency parser are shown 

in the next section. 
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                                               Chapter 5  
                               Implementation and Simulation Results 

 
 

In this chapter implementation of the proposed solution is described. Hindi 

dependency Parser is used to show the dependency between the words of the 

sentence. Firstly, the user can enter any Hindi sentence to generate the dependency 

tree of that Hindi sentence. The Hindi dependency parser generates the Hindi 

dependency dataset corresponding to the sentence input by the user. This Hindi 

dependency dataset is used in the designing of dependency tree with the help of 

NetworkX. Therefore in the final output, we are presented with dependencies between 

the words of the sentences and dependent words are recognized easily from the graph. 

Now from those dependent sets, we can generate their plural forms and apply 

scattered context rules at the end over those sets. 

Anaconda is used for implementing python and networkx over it.  

5.1 Overview of Python 

Python is an object oriented programming language. It is also used as a glue or 

scripting language which is used to connect existing components to one another. 

Following are the features of Python language [50]: 

 It is simple and easy to learn. 

 It is an interpreted and high-level language with dynamic semantics. 

 It is mainly used in the area where rapid application development is required. 

 Its syntax emphasizes readability. 

 It also supports packages and modules which emphasize modularity of the 

program and can also help in code reuse. 

 Its standard libraries and interpreter are easily available in binary form and it 

can be freely distributed. 

5.2 Overview of NetworkX 

NetworkX is software which is built under Python language [52]. It is mainly used for 

manipulation, creation and study of the dynamics, structure and various functions of 

complex networks. 
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Following are the features of NetworkX [51]: 

a) It consists of network analysis measures and structure. 

b) It is a generator for random graphs, classic graphs and synthetic networks. 

c) It is an open source BSD license. 

d) Its nodes can be text, images or XML records. 

e) It uses python language data structures for digraphs, graphs, and multi-graphs. 

f) It consists of many standard graph algorithms. 

5.3 Proposed system 

Following are the steps used to define dependencies between words: 

a) Rules are defined for nouns, adjectives and verbs and works for conversion of 

singular to plural form. 

b) Hindi dependency parser describes the dependencies among the words of the 

sentence. This dependency parser is accessed using Python language. 

c) NetworkX is used to generate the dependency tree whose working is also 

defined in the Python language. 

d) Dependent sets of the words are generated from dependency graph and these 

are converted from singular to their plural form. After this scattered context 

grammar is applied over these dependent sets.  

5.3.1 Application of Hindi Dependency parser 

Hindi dependency parser takes Hindi sentence as input and generates corresponding 

output file comprises of following columns.  

a) Word id: Hindi dependency parser allocates an id to each word of the sentence 

in order to differentiate it from other existing words. 

b) Word: These are the word forms or punctuation symbol. 

c) Lemma: Lemma is the root word of the previous column “word”.  

d) POS Tag: POS tagging means assigning parts of speech to each and every 

word of the sentence like Nouns, Adjectives, verbs etc. 

e) Parent id: This is considered as the Head of the current token, which is either a 

value of word ID or zero („0‟). Depending on the original treebank annotation, 

there may be multiple tokens with an ID of zero. 

f) Dependency Labels (DL): Dependency Label is the dependency relation to the 

HEAD. The set of dependency relations depends on the particular language. 
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Depending on the original treebank annotation, it should be noted that the 

dependency relation can be meaningful or simply „ROOT‟. 

The command used to generate Hindi dependency dataset is: 

             make hindi.output 

This command will generate an output file named “hindi” having above set of 

columns. 

5.3.2 Application of NetworkX  

NetworkX is used here to generate the dependent graph. For using NetworkX (for 

graphical purpose over here), we have to first import networkx by using the following 

command: 

   import networkx as nx 

Anaconda is used for python platform and use of networkx is done under python 

(Appendix A). Networkx is unable to label its nodes in Hindi language so indexing is 

used and the index file is shown separately. The result shown here gives the 

dependent sets of words in the Hindi sentence both graphically and theoretically. 

Anaconda is having an advantage that using anaconda avoids installing python and 

matplotlib explicitly. The overall working is coded in such a way that the user can 

enter any Hindi sentence by a single command of running the python file in the 

Terminal. Here the name of the file is Graph.py and the command which is to be used 

for running the above work is: 

    python Graph.py 

Running this command would ask user to enter his text and the user is required to 

enter the text. After entering the text, the task is all done from the user side, now the 

code will generate output corresponding to the input performed by the user. Result 

comprises of an output file (which comprises of the dependency dataset 

corresponding to input file), indexing file (named as dependencies.input.txt over here) 

and the dependency graph generated using networkx. 

The example which is used here is: 

      र       य      स   स                स   र       सऱ      

This is the sentence which is used in all the examples for explaining the work. Hindi 

dependency set, indexing and the dependency graph is all shown using the above 
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Hindi sentence. After installing the Anaconda on Ubuntu platform, the steps 

performed are written with their results below:  

1. Running python file (Graph.py): The command which is to be run over the 

terminal is as shown by figure 5.1 and figure 5.2. 

 

        Fig 5.1: Graph.py file 

As it can be seen in Figure 5.3, the user is presented with the location of both the 

indexed file and also the dependency graph with their names. This all is possible 

because of Hindi dependency parser which generates an output file corresponding to 

each text, the user enters. When the user enters any text, it stores that text in its input 

file as shown in figure 5.4. Here the name of the input file given is manisha.input.txt 

which is responsible for generating the output having name manisha.output.txt which 

comprises of Hindi dependency dataset corresponding to that Hindi input provided by 

the user. This output file is having all those columns of Hindi dependency datasets 

like parent id, word, word id, dependency labels, Lemma etc. And the output file 

corresponding to the given input is as shown in figure 5.5. 

 

                Fig 5.2: python file (Continued) 
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From the working itself, user would be aware of index file and the dependency graph 

with the names of their files as shown in figure 5.3. 

 

                     Fig 5.3: Location of index file and graph 

 

                                                      Fig 5.4: Input file  

 

 

                                    Fig 5.5: Output file generated  
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Now after this, the code will generate the index file which gives id to each word of the 

sentence. In this file not only the index of the words is mentioned but also the 

dependencies among the words are defined which leads to the generation of 

dependency tree. This index file is shown in figure 5.6 and it is named as 

dependencies.input.txt in our work. After this networkx comes into functioning which 

generates the dependency tree for the input given by the user. This is as shown in 

figure 5.7. But figure 5.7 is unable to explain the dependency graph without index file 

so dependency graph with index file is also shown below in figure 5.8. Here user can 

get the idea of each of the node of dependency graph. 

 

                     Fig 5.6: Index file  

 

Fig 5.7: Dependency graph based on index file 
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       Fig 5.8: Index file explaining Dependency graph 

Another example illustrating the generation of dependencies is shown with the help of 

another Hindi example. 

            वह  ह     र    मह   ह    व     व   ह    र व   ह  

 
                         Fig 5.9: Input file stored by Hindi dependency parser  

When this sentence is entered by the user, this sentence gets entered in the input file 

of Hindi dependency parser as shown in figure 5.9. The task of Hindi dependency 

parser is to generate the Hindi dependency tagset which is as shown in figure 5.10. 
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                          Fig 5.10: Output file generated by Hindi Dependency Parser 

On the basis of above file generated, dependency graph needs to be generated which 

applies scattered context grammar over the dependent rules and the dependency graph 

is shown in figure 5.11. 

 

                                Figure 5.11: Output file having dependency graph with index file 

The dependent sets obtained from the above implementation can now be helpful in 

generating scattered context rules. These scattered context production rules can be 

easily implemented over the dependencies between the words of Hindi dependencies. 

This work would also save us from generating complex context sensitive rules for the 

same problem. 
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Chapter 6  

                                 Conclusion and Future Scope 
 
 

6.1 Conclusion 

In this study, we have covered the use of scattered context grammar in representing 

Hindi language dependency. Although scattered context grammar have already been 

used in English linguistics as discussed earlier but the use of scattered context 

grammar in Hindi linguistics was a bit difficult task because of its rich morphology. 

We have tried to understand the dependencies among the Hindi words in the sentence 

with the help of dependency tree which is constructed using NetworkX.  

With the help of scattered context grammar in Hindi dependencies, complex rules of 

context sensitive grammar can be avoided. Dependencies among the words can be 

represented using scattered context grammar which is having its generative power 

between context free grammar and context sensitive grammar. As this scattered 

context grammar forms the production rules for the singular sentences to plural 

sentences, user becomes aware of the grammatical error which may appear while 

translating sentence from singular to plural. Scattered context grammar used here is 

capable of handling both inter chunk and intra chunks dependencies quite effectively 

and the scattered context rules which are developed for nouns, adjectives and verbs 

are generalised rules and are not restricted to some specific Hindi sentences.  

6.2 Future Scope 

We believe there is a lot that is yet to be explored in this area. Following are the 

points that can be considered for further research on this topic: 

i. We have ignored those sentences with cross serial dependencies which lead to 

the generation of more than one dependency tree. Such types off cross- serial 

dependencies can be studied to an extent higher. 

ii. We have used the scattered context grammar in the case where the Hindi 

sentence is changed from singular to plural. This conversion generates some 

dependencies and hence arise the need of production rules. But these 

dependencies can also be generated when mode of the sentence is changed or 

the sentence is converted from active voice to passive voice. 
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      Appendix A 

 
Networkx as described in chapter 5 is used under Python platform to generate the 

dependency graph. Steps which are to be followed to generate the dependency graph 

are coded in python language as shown in figure A1. 

 

     Fig A1: Python code generating dependency graph 

Files, which are generated is the output of the python code shown in figure A2. 
 

 
Fig A2: Python code generating dependency files 
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