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ABSTRACT 

 

 
In this project we have implemented a tool to parse an English sentence according to a given 

set of rules. In addition to the implementation of the Earley algorithm, we have also provided 

a comprehensive set of rules using which we parse the sentences. The set of rules is easily 

extendible and the user can add/modify the rules as per his requirements. This make the tool 

suitable for porting to other languages. It shows an improved performance than that of the 

current parser made by Stanford NLP Group. The algorithm is based on a dynamic 

programming approach and therefore avoids the disadvantages of top down parsing like left 

recursion, inefficient reparsing of sub-trees etc. The tool is useful as an intermediate stage in 

Machine Translation as well as can be extended easily as a standalone tool for Grammar 

checker.  

 

 

 

 

 

 

 

 

 

 

 

 

  



5 
 
 

 

Table of Contents 

 

1. Introduction ..................................................................................................................................... 6 

1.1 Currently Existing Technologies ............................................................................................ 6 

1.2 Analysis of Previous Research in this area ............................................................................. 6 

1.3 Problem Definition and Scope ................................................................................................ 8 

1.4 Formulation of the present problem ........................................................................................ 9 

1.5 Organization of the report ....................................................................................................... 9 

2. Description of Hardware and Software Used................................................................................ 10 

2.1 Hardware Used ...................................................................................................................... 10 

2.2 Software Used ....................................................................................................................... 10 

3. Theoretical Tools – Analysis and Development ........................................................................... 10 

3.1 Class Diagram ....................................................................................................................... 10 

4. Development of Software ............................................................................................................. 11 

4.1 User Interface Module: ......................................................................................................... 11 

4.2 Parsing: ................................................................................................................................. 12 

4.2.1 Earley Algorithm: ................................................................................................................ 12 

4.2.2 Designing the rules: ............................................................................................................. 14 

4.3 Integration of the two modules ............................................................................................. 15 

5. Testing and Analysis ..................................................................................................................... 15 

6. Conclusions ................................................................................................................................... 19 

7. Recommendations and Future Work ............................................................................................. 19 

8. References ..................................................................................................................................... 19 

 

 

 

 

 

  



6 
 
 

 

1. Introduction 

Natural Language Processing (NLP) is the computerized approach to analysing text that is 

based on both a set of theories and a set of technologies. Parsing (or more specifically 

Syntactic Parsing) is the process of analysing a text, made of a sequence of tokens (for 

example, words), to determine its grammatical structure with respect to a given formal 

grammar. In some machine translation and natural language processing systems, human 

languages are parsed by computer programs. Human sentences are not easily parsed by 

programs, as there is substantial ambiguity in the structure of human language, whose usage 

is to convey meaning (or semantics) amongst a potentially unlimited range of possibilities but 

only some of which are relevant to the particular case. It is difficult to prepare formal rules to 

describe informal behaviour even though it is clear that some rules are being followed. 

There may be several changes required in the structure of a sentence while translating from 

one language to another. For example, Hindi uses a different word-order than English. The 

main differences are that verbs are placed at the end of the sentence and that Hindi (like other 

Indian languages) uses postpositions instead of prepositions. Thus the problem of translation 

from English to Hindi will require us to understand the syntax of the source as well as the 

target language.  

Parse trees are also useful in grammar checking in word-processing systems. A sentence 

which can’t be parsed may have grammatical errors. In addition to this, parsing is the 

intermediate stage representation for semantic analysis and thus plays an important role in 

applications like machine translation, question answering system and information extraction. 

These are also used in lexicography applications for building on0line versions of dictionaries. 

Finally, stochastic versions of parsing algorithms have recently begun to be incorporated in 

speech recognizers.  

1.1 Currently Existing Technologies 

Currently there are a few technologies for parsing Natural Language Sentences. Stanford 

Parser developed by the Stanford Natural Language Processing Group [3] is currently the 

most accepted natural language parser for English. The results from Stanford parser are not 

very accurate. We present a comparison with the same in the results section. It is also difficult 

to extend it for other languages like Hindi, Bengali etc. With this aim, we built our own 

parser using the Earley algorithm which gives somewhat better results than the Stanford 

parser and can later be extended to other languages by changing the rule set accordingly and 

making a few changes in the parser.  

1.2 Analysis of Previous Research in this area 

There has been a lot significant work carried out in the past in the field of natural language 

parsing. The algorithm at first might seem similar to parsing programming languages. But 

due to the inherent ambiguities in natural languages and different forms of notations of the 

same thing, special algorithms need to be developed to parse natural language.  
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Any process of parsing natural language generally has to answer the following challenges: 

i. Ambiguity: An ambiguous grammar will create two (or more) parse trees for a given 

sentence. Therefore, it is difficult to identify the actual sense of the sentence looking 

at the ambiguous parse trees. The parsing algorithm should be able to deal with such 

ambiguities and result in a unique representation for a given sentence.  

For example, consider the sentence: Can you book TWA flights? 

 

Figure 1: Two parse trees for ambiguous sentence 

SENSES: 

           1. Can you book flights on behalf of TWA? 

           2. Can you book flights which are run by TWA?  

ii. Complexity: The parser should be efficient in terms of time and space complexity.  

For example, consider the following grammar rules:  

1.  S ->NP VP       2. NP -> NP PP 

 

 

Figure 2: Example of left recursion 
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iii. Inefficient reparsing of sub-trees: Sub trees may be parsed more than once in a top 

down algorithm.  

 

Following are the algorithms generally used for parsing: 

a. Top-down Parsing: Top-down parsing is a strategy of analysing unknown data 

relationships by hypothesizing general parse tree structures and then considering 

whether the known fundamental structures are compatible with the hypothesis. It 

occurs in the analysis of both natural languages and computer languages. Top-

down parsing can be viewed as an attempt to find left-most derivations of an 

input-stream by searching for parse-trees using a top-down expansion of the given 

formal grammar rules. Tokens are consumed from left to right. Inclusive choice is 

used to accommodate ambiguity by expanding all alternative right-hand-sides of 

grammar rules [1]. Tope down parsing has following disadvantages: 

 

 Simple implementations of top-down parsing do not terminate for left-

recursive grammars. 

 Simple implementation of top-down parser is unable to handle ambiguous 

sentences. 

 Top-down parsing with backtracking may have exponential time 

complexity with respect to the length of the input for ambiguous CFGs. 

 

There have been several approaches to improve top down parsing algorithm using 

memorization [4][5] to handle ambiguity and left recursive grammars.  

 

b. Bottom-up Parsing: Bottom-up parsing (also known as shift-reduce parsing) is a 

strategy for analysing unknown data relationships that attempts to identify the 

most fundamental units first, and then to infer higher-order structures from them. 

It attempts to build trees upward toward the start symbol. It occurs in the analysis 

of both natural languages and computer languages. Bottom-up parsing suffers 

from the following problems: 

 All possible analyses of every substring are generated, even when they can 

never lead to an S, or can never combine with their neighbours. 

 ε-rules can cause performance degradation. 

 Reduplication of effort. 

 

c. Earley Parsing: The Earley parser is a type of chart parser mainly used for 

parsing in computational linguistics, named after its inventor, Jay Earley. The 

algorithm uses dynamic programming [2]. 

1.3 Problem Definition and Scope 

The object of the project is to build a parser to parse natural language. The whole scope of the 

problem may be stated as: 

 Provide a good class structure so that the parser can be used as a part of another tool. 

This is because the main use of parser is in Machine Translation and other related 

applications rather than to be a standalone tool.  
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 Given a sentence (S), parse the sentence according to the given set of rules. If there 

are more than one parse tree possible for the sentence, return all the parse trees. 

 The result of the parsing process depends heavily on the grammar supplied to the 

parser. The more complete are the set of rules; the better will be the results.  

 The parser should not impose any constraints on the properties of the Context Free 

Grammar.  

1.4 Formulation of the present problem 

As explained earlier, parsing is broadly classified into: 

a) Top Down Parsing 

b) Bottom Up Parsing 

We have chosen Earley Parser which is a top down dynamic programming approach that is 

free of disadvantages of traditional top down parsing algorithms. It has the following 

advantages: 

 Combines top-down predictions with bottom-up scanning. 

 No reduplication of computation. 

 Left-recursion is correctly handled. 

 ε-rules are handled correctly. 

 Worst-case complexity: O(n
3
) 

But the algorithm that we have used to parse the sentences imposes the following constraints: 

 Highly ambiguous sentences may take a long time to be parsed. This is because the 

parser needs to return all the possible parses of the sentence. The best that the parser 

can do is to generate the chart in O (n
3
) time. But if there are and exponential parses 

of a sentence, the parser cannot magically return all of them in O (n
3
) time.  

 Due to memory limitations, JVM may not be able to allocate enough space for the 

chart. This is a disadvantage that is associated with a dynamic programming 

approach. It uses a lot of space in constructing the chart at every stage. Providing a 

solution to this problem is our foremost consideration in future. 

1.5 Organization of the report 

The rest of this report is organized as follows. Section 2 describes the software and hardware 

used during the development of the project. The next section discusses about the theoretical 

tools, analysis and development of the project. Section 4 describes the development of the 

software along with the detailed methodology used in the process. Section 5 describes various 

testing strategies used during development of software. Next section concludes the project. 

Section 7 throws light upon future scope of software. 
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2. Description of Hardware and Software Used 

2.1 Hardware Used 

The tool was developed and the testing performed on 2.83 GHz Intel Core 2 Quad Processor 

with 2 GB RAM.  

2.2 Software Used 

We have used Netbeans 6.9.1 for the development of the tool. We have also used the POS 

tagger provided by the Stanford Natural Language Processing Group [3]. All the libraries that 

we used are provided with the default distribution of Java Development Kit.  

3. Theoretical Tools – Analysis and Development 

3.1 Class Diagram 

The following are the class diagrams for various classes in our project. We have several 

classes in our project, namely, the Grammar and Rule in package grammar and State, Chart, 

Earley Parser, Tagger, UI and Main in package parser.  

 

Figure 3: The design of package grammar.  
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Figure 4: The design of package parser.  

4. Development of Software 

We have divided the software into two modules. The first module is the user interface module 

and the second is the Parsing module.  

4.1 User Interface Module: 

This module is concerned with presenting the user with an interface using which he can select 

the grammar that he wants to parse the sentence with and then type a sentence into the text 

box or load from a file and parse the text one sentence at a time. This module also has the 

task of interacting with the Parsing module so that it can show the progress of parsing using a 

progress bar. The module runs on a separate thread. This is to ensure that the module keeps 

on functioning even when the parsing process is active. We have provided the text boxes to 

be resizable according to the user requirements. This is to enable the user to resize the input 

or the output box as per his needs.  
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Figure 5: The user interface. The user can select the grammar. He can then load a file from 

“File” menu or type a text into the input box. The parsed output for each sentence appears in 

the output.  

4.2 Parsing: 

4.2.1 Earley Algorithm: 

The Earley algorithm uses a dynamic programming approach to efficiently implement a 

parallel Top-to-Down approach [1]. As with many dynamic programming solutions, this 

algorithm reduces an apparently exponential time problem to a polynomial time one by 

eliminating the repetitive Solution of sub problem inherent in backtracking approach. In this 

case, the dynamic programming approach leads to a worst case behaviour of O (N
3
).where N 

shows the number of words in an input sentence. The Earley parser is a type of chart parser 

mainly used for parsing in computational linguistics. Earley parsers are appealing because 

they can parse all context-free languages. 

The Earley algorithm uses dotted rule notation to represent intermediate states in the 

Earley Parsing process. 

Dotted rules represent an arc/edge in the chart records: 

 Which rule has been used in the analysis? 

 Which part of the rule has already been found (left of the dot) 

 Which part is still predicted to be found (right of the dot). 

 The start and end position of the material left of the dot. 
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We are able to avoid redundant work by sorting sub tree in a chart. But we can avoid even 

more work by adding predication to the chart. We need a new data structure. A dotted rule 

stands for a partially constructed constituent, with the dot indicating how much has already 

been found and how much is still predicted. Dotted rules are generated from ordinary 

grammar rules.  

Algorithm: 

In the following descriptions, α, β, and γ represent any string of terminals. X and Y represent 

single non-terminals, and a represents a terminal symbol. We use Earley's dot notation: given 

a production X → αβ, the notation X → α • β represents a condition in which α has already 

been parsed and β is expected. 

For every input position the parser generates an ordered state set. Each state is a tuple 

 (X → α • β, i), consisting of 

 the production currently being matched (X → α β) 

 our current position in that production (represented by the dot) 

 The position i in the input at which the matching of this production began: the origin 

position. 

The state set at input position k is called S (k). The parser is seeded with S (0) consisting of 

only the top-level rule. The parser then iteratively operates in three stages: 

 Prediction: For every state in S (k) of the form (X → α • Y β, j) (where j is the origin 

position as above), add (Y → • γ, k) to S (k) for every production in the grammar with 

Y on the left-hand side (Y → γ). 

 Scanning: If a is the next symbol in the input stream, for every state in S (k) of the 

form (X → α • a β, j), add (X → α a • β, j) to S (k+1). 

 Completion: For every state in S (k) of the form (X → γ •, j), find states in S (j) of the 

form (Y → α • X β, i) and add (Y → α X • β, i) to S (k). 

These steps are repeated until no more states can be added to the set. The set is generally 

implemented as a queue of states to process and performing the corresponding operation 

depending on what kind of state it is. 

This is the algorithm that builds the chart from the input sentence and the grammar rules. But 

this is not enough for retrieving the parse tree. For the retrieval of parse tree, we have to 

modify the algorithm to store the pointer to the previous state for a when the completer is 

called to generate a new state. This pointer can then help us retrieve the parse tree. But Earley 

algorithm cannot return all the parse trees in guaranteed O (n
3
) time. The best it can do is to 

generate the chart in O (n
3
) time. If there are an exponential number of parse trees for a 

sentence, it cannot magically return the trees in O (n
3
) time.  
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4.2.2 Designing the rules: 

For the correct working of the Earley algorithm, it will need a set of rules. We developed a 

comprehensive set of rules starting from the very basic initial rules set comprising of the 

following rules: 

• S      NP VP    I prefer a morning flight 

• VP   Verb NP   prefer a morning flight 

• VP   Verb NP PP   leave Boston in the morning 

• VP  Verb PP   leaving on Thursday 

• PP  Preposition NP   from Los Angeles  

For improving the rule set, we considered each of these initially formed rules and tried to 

improve them. For example, consider the noun phrase: 

a) Following things can occur before the noun in a noun phrase: 

i) Determiners may be omitted if the noun is plural : Show me flights from Delhi to 

Allahabad on weekdays 

ii) Mass nouns don’t require determination: water, did this flight serve dinner? 

iii) Pre-determiners: Word classes that appear in the NP before the determiner: all the 

flights, all flights 

iv) A number of different kinds of word classes can appear in the NP between the 

determiner and the head noun. a) Cardinal numbers: two girls b) ordinal numbers : 

the first one and c) quantifiers: in case of plural count nouns, ex: Many fares / in 

case with non-count nouns, much or a little 

v) Adjectives occur after quantifiers but before nouns: the longest layover  

vi) Adjectives can also be grouped into phrase (adjective phrase). APs can have an 

adverb before the adjective: the least expensive fare 

Using the above facts, we added several rules for noun phrase. Some of these rules 

are: 

 NP  NN 

 NP  DT JJ NN 

 NP  PDT DT NP 

 NP  CD NP 

 NP  ADJP JJ NNS 

 NP  NN NNS 

b) Following things can occur after the noun in a noun phrase: 

i) Prepositional Phrase: A prepositional phrase can occur after the noun in noun 

phrase. E.g. a reservation [PP on flight six oh six] [PP from Delhi] 

ii) Non-finite clauses: Non-finite clauses like arriving after eleven a.m. may also 

occur after the noun. 
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iii) Relative clauses: Relative clauses that begin with a relative pronoun like who/that 

can occur. E.g. the one [that leaves at ten thirty five] 

Using the above facts, we added several rules for noun phrase. Some of these rules 

are: 

 NP  NP VP 

 NP  NP PP 

 NP  NP PRN VP 

c) Coordination: Noun phrases and other units can be conjoined with conjunctions (and, 

or but). Thus we can modify rules as follows: 

 

 NP  NP CC NP 

 VP  VP CC VP 

 S  S CC S 

 

Similarly, we expanded rules for VP, PP, etc. 

4.3 Integration of the two modules 

Once, we have the two modules, the next step is the integration of the module. The 

integration was performed so that first the user is presented with the user interface and when 

he selects to parse the input, the first input sentence is parsed and so on. Since parsing is a 

time consuming process, we have built a progress bar and developed a communication 

between the two modules which run on separate threads.  

5. Testing and Analysis 

We have tested our software with a variety of sentences. In this section, we present a brief 

description of the testing process. We have compared our parser with Stanford NLP Group’s 

parser and found our results to be better than those returned by the Stanford’s Parser [3].  

For the following kinds of sentences, we found our results to be better than Stanford’s parser: 

5.1: The room contained seventeen volumes from library and five class texts. 
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Figure 6: The correct parse tree using our parser.  

 

Figure 7: The parse tree given by Stanford parser. It has incorrectly grouped library and five 

class texts together. 
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5.2 Thank you for inviting me to the party, Ram and Shyam. 

 

Figure 8: The correct parse tree from our parser. 

 

 

Figure 9: The parse tree given by Stanford parser. It fails at similar other examples when it 

encounters a several noun phrases one after the other as in this example. 
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 5.3 The most unhealthy item from the cafeteria is the steak sub.  

 

Figure 10: The correct parse tree from our parser. 

 

Figure 11: The parse tree given by Stanford parser. It didn’t group most unhealthy into an 

adjective phrase. It failed for similar other examples where an adverb and adjective are to be 

grouped into an adjective phrase. 
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6. Conclusions 

During this project, we have implemented the Earley algorithm for parsing English. We have 

provided the user with an extendible set of grammar rules. The rules that we have developed 

are suitable for most of the sentences. They, however, are not a comprehensive list as the 

process of making rules is an iterative process.  

The algorithm is designed as an API that can be used in other tools as well as provides an UI 

for standalone parsing. Our algorithm fails for highly ambiguous sentence because of the high 

space complexity of the dynamic programming approach. 

7. Recommendations and Future Work 

The current approach fails for highly ambiguous sentences. In addition to this, the rule set for 

the parser is not a comprehensive set of rules and may mail for certain sentences. Our main 

aim in the future would be to modify the rules to provide a better efficiency and accuracy for 

the parser. In addition to this, we would also work on improving the space complexity of the 

algorithm so that it returns all the parse trees for highly ambiguous sentences also. Another 

addition that we intend to do to the parser is to build another tool that selects the correct parse 

tree from the set of parse trees returned by the parser. This would be an important extension 

because the parser can be used for machine translation only after we have selected the correct 

parse tree out of all the possible parses that it returns. We have designed the parser to be 

easily extendible for other languages and therefore would like to build the parser for Indian 

languages.  
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