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This paper deals with a natural language interface, which accepts natural language questions as 
inputs and generates textual responses. In natural language processing, key-word matching based 
paradigm generate answers, however these answers frequently affected by certain language 
dependant phenomena such as semantic symmetry and ambiguous modification. Available 
techniques, described in the literature, deal with these problems using in depth parsing. In this paper, 
we will present rules to tackle linguistic phenomena using shallow parsing and discuss advantages of 
a novel Natural Language Interface comprising of shallow parsing based algorithms in conjunction 
with some intelligent techniques to train the system. Experimental results show that this approach 
can analyze a wide range of questions with high accuracy and produce reasonable textual responses. 
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1. Introduction 
Database management systems (DBMS) have been widely used thanks to their efficiency 
in storing and retrieving data. However, databases are often hard to use since their 
interface is quite rigid in cooperating with users. To get information from a data-base, the 
user has to fill some search criteria into a predefined form and receive results as a table or 
a fixed report. Such an interacting method is inconvenient for users who do not know the 
structure of the database being used. Using natural language to interact with a database is 
a better choice for users, especially non-expert ones. 
 
The research on natural language interface to databases (NLI2DB) has recently received 
attention from the research communities. The purpose of natural language interfaces is to 
allow users to compose questions in natural language and to receive responses under the 
form of tables or short answers. Due to implicit ambiguity of natural language, current 
natural language interfaces are often implemented in a specific domain and can only 
under stand a subset of a natural language. This paper discusses our approach to tackle 
linguistic phenomena occurring at semantic level using shallow parsing. 
 
In order to understand language, language is studied at different levels. Liddy (2003) 
propose following seven levels for linguistic analysis. Bhattacharyya (2003) also 
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elaborated how these levels of linguistic analysis are useful in the Interlingua approach 
for Machine Translation. 
 
Phonological  
Phonetics is the interpretation of speech sounds within and across words. It is the study  of 
language in terms of the relationships between phonemes whereas phonemes are the 
smallest distinct sound-units in a given language (Matthews, 1997). Phonetic knowledge 
is used, for example, for building speech-recognizing systems. Though most Natural 
Language Processing systems do not need to operate at this level, speech recognition 
systems heavily depend on this analysis. 
Morphology 
It is the study of the meaningful parts of words. It deals with componential nature of 
words, which are composed of morp hemes. Morphemes are the smallest elements of 
meaning in a language. Morphological knowledge is used, for example, for automatic 
stemming, truncation or masking of words. 
Lexicology 
Lexicology is the study of words. According to Matthews (1997) lexical level of analysis 
is defined as, ‘of or relating to words or the vocabulary of language as distinguished from 
its grammar and construction’. This level refers to parts-of-speech tagging or the use of 
lexicons (dictionaries, thesauri, etc.). Lexicons are utilized in IR system to ensure that a 
common vocabulary is used in selecting appropriate indexing or searching terms / 
phrases.  
Syntactic  
The syntactic level of linguistic analysis is concerned with how words arrange themselves 
in construction. Syntax is the study of the rules, or "patterned relations", that govern the 
way the words in a sentence are arranged. Syntactic rules are used in parsing 
algorithms.  Meaning can be derived from word’s position and role in sentence. The 
structure of a sentence conveys meaning and relationship between words, even if we do 
not know what their dictionary meanings are. All this is conveyed by the syntax of the 
sentence. Natural Language Processing systems, in their fullest implementation, make 
good use of this kind of structural information. 
Semantics 
Semantics involves the study of the meaning of word. This is more complex level of 
linguistic analysis. The study of the meaning of isolated words may be termed lexical 
semantics. The study of meaning is also related to syntax at the level of the sentence and 
to discourse at the level of text. By using both syntactic and semantic levels of analysis, 
Natural Language Processing systems can identify automatically phrases of two or more 
words that when looked at separately have quit e different meanings (Hunt, 2000).  
Discourse Analysis 
Although syntax and semantics work with sentence-length units, the discourse level of 
NLP works with units of text longer than a sentence" (Liddy, 2003). This level relies on 
the concept of predictability. It uses document structure to further analyze the text as a 
whole. By understanding the structure of a document, Natural Language Processing 
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systems can make certain assumptions. Examples from information science are the 
resolving of anaphora and ellipsis and the examination of the effect on proximity 
searching.  
Pragmatics  
Pragmatics is often understood as the study of how the context (or "world knowledge") 
influences meaning. This level is in some ways far more complex and work intensive 
than all the other levels. This level depends on a body of knowledge about the world that 
comes from outside the document. Though it is easy for people to choose the right sense 
of the word, it is extremely difficult to program a computer with all the world knowledge  
necessary to do the same.  
 
The above levels of linguistic processing reflect an increasing size of unit of analysis as 
well as increasing complexity and difficulty as we move from phonological level to 
pragmatics. The larger the unit of analysis becomes, (i.e., from morpheme to word, to 
sentence, to paragraph and to full document) the less precise the language phenomena. It 
decreases in precision results in fewer discernible rules and more reliance on less 
predictable regularities as one moves from the lowest to the highest levels. Additionally, 
higher levels presume reliance on the lower levels of language understanding, and the 
theories used to explain the data move more into the areas of cognitive psychology and 
artificial intelligence. As a result, the lower levels of language processing have been more 
thoroughly investigated and incorporated into Natural Language Processing related 
systems (Liddy, 1998).  
 
1.1 Natural Language Interface to Structured Data  
Using Natural Language to communicate between a database system and its human users, 
has become increasingly important since database systems have become widespread. In 
order to facilitate full use of the database systems , its accessibility to non-expert users is 
desirable. BASEBALL (Green, 1961) and LUNAR (Woods, 1972) were the first usable 
Natural Language Interface to Database (NLI2DB), which appeared in late sixties. The 
BASEBALL system was designed to answer questions about baseball games which were 
played in the American league during any one season. LUNAR NLI2DB contained 
chemical analyses of moon rocks and had a significant influence on subsequent 
computational approaches to natural language. 
 
PLANES (Waltz, 1975), LADDER (Hendrix, 1978), and REL (Thompson, 1975) 
systems were developed by late 1970s. Some of these systems used semantic grammars. 
This is an approach in which non-terminal symbols of the grammar reflect categories of 
world entities (e.g. student_name, Design ation_of_employee) instead of purely syntactic 
categories like noun phrase, verb phrase etc.  
 
Subsequently several NLI 2DB had appeared with different approaches towards handling 
Natural Language. By the mid-1980s, NLI2DB had become a very popular research area, 
and numerous research prototypes were implemented. Systems like CHAT-80 (Warren, 
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1981), DIALOGIC (Moore, 1981), incorporated some novel and ingenious techniques, 
and its implementation responded to queries very promptly. DIAGRAM  (Robinson, 
1982), TELI (Ballard, 1986) and JANUS (Bobrow, 1990), were also among numerous 
research prototypes of that period.  
 
Historically, computing scientists have divided the problem of natural language access to 
a database into two sub-problems: the Linguistic component and the Database component 
(Turoff, 1985). The Database component performs traditional Database Management 
functions, whereas the Linguistic component is responsible for translating natural 
language input into a formal query and generating a natural language response based on 
the results from the database search. A lexicon is a table that is used to map the words of 
the natural input onto the formal objects (relation names, attribute names, etc.) of the 
database (Allen, 1995). Both parser and semantic int erpreter make use of the lexicon. A 
natural language generator takes the formal response as its input, and inspects the parse 
tree in order to generate adequate natural language response.  Natural language database 
systems make use of syntactic knowledge and knowledge about the actual database in 
order to properly relate natural language input to the structure and contents of that 
database. Of course, the system expects the user to ask questions pertaining to the domain 
of the database, which in turn represents some aspect of the real world. Syntactic 
knowledge usually resides in the linguistic component of the system, in particular in the 
syntax analyzer whereas knowledge about the actual database resides to some extent in 
the semantic data model used.  Knowledge about the user and goals of his speech act are 
required if a user-friendly dialogue is to be carried through. Questions entered in natural 
language translated into a statement in a formal query language. Once the statement 
unambiguously formed, the query is processed by the database management system in 
order to produce the required data. These data then passed back to the natural language 
component where generation routines produce a surface language version of the response. 
 
NLI2DB were seen as a promising way to make databases accessible to users with no 
programming expertise, and there was a extensive optimism about their commercial 
prospects. Linguistic Technology's ENGLISH WIZARD was among some of these 
systems claimed to have been commercially successful.  
 
The use of NLI2DB, however, is much less widespread than it was once predicted, 
mainly because of the development of alternative graphic and form-based database 
interfaces (Zloofs "query by example" technique). But these alternative interfaces are less 
natural to interact with and queries that involve quantification, or that require multiple 
database tables to be consulted are very difficult to formulate with graphic or form-based 
interfaces, whereas they can be expressed easily in natural language.   
 
In order illustrate to provide generalized idea of working of Natural Language Interface 
to Database, we present one of the successful NLI2DB developed. (Stratica, 2005) 
discussed their results with CINDI NLI2DB developed by him and his colleagues. They 
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developed a template-based system for translating English sentences into SQL queries for 
a relational database system. The input sentences are syntactically parsed using the Link 
Parser, and semantically parsed through the use of domain-specific templates. The system 
is composed of a pre-processor and a run-time module. The pre-processor builds a 
conceptual knowledge base from the database schema using WordNet. This knowledge 
base is then used at run time to semantically parse the input and create the corresponding 
SQL query. The system is meant to be domain independent and has been tested with the 
CINDI database that contains information on a virtual library. Generalized architecture of 
the system is shown in Figure 1. 
 
 
 
 
 
 
 
 
 
 
 
           

Figure 1: Generalized architecture of the NLI2DB system. 

 
In order to tolerate lexical variations in the input questions, the preprocessor builds a 
semantic knowledge base composed of interpretation rules and semantic sets for all 
possible relation and attribute names in the database. This helps to build the same 
semantic representation, and hence, the same SQ L query for various questions. 
 
In the above NLI 2DB example also we saw use of Link Parser which collects information 
at syntactic level and it can be used at semant ic level. Focus of NLI 2DB nowadays 
shifted to handle problems at higher level of linguistic analysis. Therefore development 
of NLI2DB systems that handle language related phenomena is an active area of research 
(Bandyopadhya, 2004). 
 
1.2 Natural Language Interface to Unstructured Data 
The process of establishing interaction between human being and machine was made 
successful in 1966 by ELIZA system, which was developed by Joseph Weizenbaum 
(Weizenbaum, 1966). ELIZA worked by simple parsing and substitution of key words 
into phrases stored in knowledge base. Though ELIZA did not employed any language 
related phenomena still it remains a milestone simply because it was the first time a 
programmer had attempted such a human-machine interaction with the goal of creating 
the illusion of human-human interaction.  
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Dialogue systems were historically the domain of AI researchers. These systems are sort 
of the natural Language Interface to unstructured data. These systems do not restrict 
themselves to interact with data in database tables only. Data from various sources can be 
used and accumulated.  
 
Moving forward through the history of Natural Language Interface to unstructured data 
research brings us to SHRDLU (Winograd, 1972) and GUS (Bobrow, 1977). Both of 
these systems are dialogue systems interacting on information about a restricted domain. 
The difference between these systems and systems such as LUNAR (discussed in section 
2.2.1) are their dialogue capabilities. GUS was designed to simulate a travel advisor and 
had access to a database containing limited informat ion about airline flight times. 
SHRDLU is probably the better known of these two systems. It controlled a robot arm in 
a virtual micro-world consisting of a table top strewn with coloured blocks of varying 
shapes and sizes and a box into which the blocks could be placed. Whilst example 
conversations with SHRDLU are generally impressive, the system is still severely limited 
to only discussing the micro-world it inhabits. 
 
A program called PARRY (Heiser, 1980) was also developed in that period. Presently 
there is a vast amount of NLP-based research carried out for the development of such 
systems. One modern Natural Language System is Jupiter (Zue, 2000), probably best 
described by its product page at  MIT:  “Jupiter is a conversational system that provides 
up-to-date weather information over the phone. Jupiter knows about 500+ cities 
worldwide (of which 350 are within the US) and gets its data from four different Web-
based sources”.  
 
Clearly Jupiter is more complex than systems such as SHRDLU as the system is dealing 
with input via the telephone and hence has to cope with the added problem of robust 
speech recognition to provide a reasonable input to the dialogue system. Note, however, 
that just as SHRDLU was limited to questions about the block world it inhabited to, 
Jupiter is limited to questions about weather reports for the cities it is aware of. 
 
Boris Katz at MIT's Artificial Intelligence Laboratory developed the START (SynTactic 
Analysis using Reversible Transformations) Natural Language System. It is a software 
system designed to answer questions that are posed to it in a natural language. START 
uses several language dependant functions like parsing, natural language annotation to 
present the appropriate information segments to the user. 
 
Since large information is available in unstructured manner, retrieving out relevant 
documents containing the required information was the primary goal of the interfaces of 
this category. This task is known as Information Retrieval. Pinpointing exact information 
called as Information Extraction is the next step and development of Question Answering 
System is advanced step of human machine interaction. 
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Information extraction is the task of locating specific pieces of data from a natural 
language document, and has been the focus of DARPA's MUC program (Lehnert, 1991). 
The extracted information can then be stored in a database which could then be queried 
using either standard database query languages or a natural language database interface. 
(Califf, 1998) 
 
However, a difficulty with information extraction systems is that they are difficult and 
time-consuming to build, and they generally contain highly domain-specific components, 
making porting to new domains also time-consuming. Thus, more efficient means for 
developing information extraction systems are desirable. 
 
Question answering system establishes non-formal communication with the user and tries 
to answers to the natural language queries asked by the user. These Question Answering 
systems are sort of Natural Language Interface to unstructured data.  
 
The Text REtrieval Conference (TREC), co-sponsored by the National Institute of 
Standards and Technology (NIST) and U.S. Department of Defense, was started in 1992 
and being organized regularly. Question Answering is one of the important aspects of 
Text Retrieval and several groups present their current work in this conference. KUQA 
system presented in TREC-9 (2000) developed by Soo-Min Kim and his colleagues 
categorized questions based on expected answer and then used NLP techniques as well as 
Wordnet for finding candidate answers which suits in corresponding category. They 
however not handled any linguistic phenomena (Kim, 2000).  
 
In TREC -13 (2004) Michael Kaisser and Tilman Becker presented QuALiM system that 
used complex syntactic structure. Based on certain syntactic description question patterns 
were identified. Syntactic description of prospective answers was also maintained and 
accordingly from documents retrieved using google search engine system generated 
answers (Kaisser, 2004).  
 
The concept of combining Natural Language Processing (NLP) techniques with large -
scale Information Retrieval and Information Extraction is not new, is yet not successful 
to the desired extent. Fagan (1987) experimented with indexing noun phrases and 
prepositional phrases. (Croft, 1987), (Smeaton, 1994), (Strzalkowski, 1996), (Zhai, 1996) 
and (Arampatzis, 1998) experimented with indexing syntactically derived word pairs; the 
types of constructions examined in the context of indexing include linguistically 
motivated pairs such as head/modifier and adjective/noun. In addition, (Smeaton, 1994), 
(Croft, 1987) tried full linguistic trees and case frames as units of indexing. However, 
none of these experiments resulted in dramatic improvement in precision or recall, and 
often even resulted in degraded performance. In all of theses studies, the word-level 
index was directly augmented with linguistically-derived representations. Often, this 
caused performance issues because the creation of an index is limited by the speed of the 
parser, and because sophisticated linguistic representations were not amenable to large -
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scale indexing. The current generation of question answering systems that employ NLP 
alleviate performance problems by delaying linguistic analysis until the corpus has been 
narrowed down to a small set of candidate documents or passages. The MURAX System 
(Kupiec, 1993) is an early example of such an approach. Litkowski (1999) described a 
system that utilizes a combination of syntactic relations, like subject-verb-object, and 
some semantic relations, like time and location. After retrieving a set of candidate 
documents, the system then parses both the question and the passages and attempts 
matching at the relation level. Unfortunately, this and similar techniques that depend 
heavily on syntactic analysis, for example, PIQASso (Attardi, 2001), yielded relatively 
poor performance. A drawback of this two step paradigm is low recall: if the keyword-
based document retrieval system does not return any relevant documents due to such 
problems as synonymy, anaphora, or argument alternations, any amount of additional 
processing is useless. The current work-around to this problem is to implement feedback 
loops that relax the query set if the results are too restrictive (Moldovan, 2002). Not only 
does this introduce complex dependencies in a system’s architecture, but it also 
necessitates the addition of new modules to assess the quality of the result  sets.  
 
But Katz and Lin of MIT showed that NLP technology in general is not powerless (Katz, 
2003). Performance drop or performance improvement of the interface, on the contrary 
depends on the manner in which NLP techniques has been applied. Katz and Lin 
identified two broad linguistic phenomena that are difficult to handle with the simple 
keyword matching driven paradigm. They tackled the linguistic phenomena of semantic 
symmetry and ambiguous modification using ternary relations.  
  
The literature survey reveals the fact that Natural Language Interface is an area of interest 
for number of researchers. Large numbers of experiments are being carried out 
worldwide to develop effective Natural Language Interface. Though several different 
approaches are exploited to achieve success, every system has certain shortcomings. 
We will now present various approaches available to deal with language. 
 
2. Various Approaches 
Natural language is the topic of interest from computational viewpoint due to the implicit 
ambiguity that language possesses. Several researchers applied different techniques to 
deal with language. Next few sub-sections describe diverse strategies that are used to 
process language for various purposes.  
 
2.1 Symbolic Approach (Rule Based Approach)  
Natural Language Processing appears to be a strongly symbolic activity. Words are 
symbols that stand for objects and concepts in real worlds, and they are put together into 
sentences that obey well specified grammar rules. Hence for several decades Natural 
Language Processing research has been dominated by the symbolic approach 
(Miikkulainen, 1997). 
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Knowledge about language is explicitly encoded in rules or other forms of representation. 
Language is analysed at various levels to obtain information. On this obtained 
information certain rules are applied to ach ieve linguistic functionality. As Human 
Language capabilities include rule-base reasoning, it is supported well by symbolic 
processing. In symbolic processing rules are formed for every level of linguistic analysis. 
It tries to capture the meaning of the language based on these rules.   
 
2.2 Empirical Approach (Corpus Based Approach)  
Empirical approaches are based on statistical analysis as well as other data driven 
analysis, of raw data which is in the form of text corpora. A corpus is collections of 
machine readable text. The approach has been around since NLP began in the early 
1950s. Only in the last 10 years or so empirical NLP has emerged as a major alternative 
to rationalist rule-based Natural Langu age Processing.  
 
Corpora are primarily used as a source of information about language and a number of 
techniques have emerged to enable the analysis of corpus data. Syntactic analysis can be 
achieved on the basis of statistical probabilities estimated from a training corpus. Lexical 
ambiguities can be resolved by considering the likelihood of one or another interpretation 
on the basis of context. 
 
Recent research in computational linguistics indicates that empirical or corpus -based 
methods are currently the most promising approach to developing robust, efficient natural 
language processing (NLP) systems (Church, 1993; Charniak, 1993). These methods 
automate the acquisition of much of the complex knowledge required for NLP by training 
on suitably annotated natural language corpora, e.g. tree-banks of parsed sentences 
(Marcus, 1993).  
 
Most of the empirical NLP methods employ statistical techniques such as n-gram models, 
hidden Markov models (HMMs), and probabilistic context free grammars (PCFGs). 
Given the successes of empirical NLP methods, researchers have recently begun to apply 
learning methods to the construction of information extraction systems (McCarthy, 
1995), (Soderland, 1995), (Riloff, 1993, 1996), (Huffman, 1996). Several different 
symbolic and statistical methods have been employed, but most of them are used to 
generate one part of a larger information extraction system. (Majumder, 2002) 
experimented N-gram based language modeling and claimed to develop language 
independent approach to IR and Natur al Language Processing. 
 
2.3 Connectionist Approach (Using Neural Network) 
Since human language capabilities are based on neural network in the brain, Artificial 
Neural Networks (also called as connectionist network) provides on essential starting 
point for modeling language processing (Wermter, 1997). In the recent years, the field of 
connectionist processing has seen a remarkable development. The sub-symbolic neural 
network approach holds a lot of promise for modeling the cognitive foundations of 
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language  processing. Instead of symbols, the approach is based on distributed 
representations that correspond to statistical regularities in language. 
 
There has also been significant research applying neural-network methods to language 
processing (Reilly, 1992; Miikkulainen, 1993). However, there has been relatively little 
recent language research using sub-symbolic learning, although some recent systems 
have successfully employed decision trees (Magerman, 1995; Aone, 1995), 
transformation rules (Brill, 1993, 1995), and other symbolic methods (Wermter, 1996). 
SHRUTI system developed by (Shastri, 1997) is a neurally inspired system for event 
modeling and temporal processing at a connectionist level. 
 
3. Semantic Level Problems 
Any Natural Language Application based on the concept of keyword matching has to 
face some common problems at semantic level. We have decided to put emphasis on 
problems caused by linguistic phenomena of semantic symmetry and ambiguous 
modification. This section describes problems raised due to these phenomena. We further 
elaborat e shallow parsing based algorithms to deal with it.  
 
Semantic symmetry and ambiguous modification are linguistic phenomena, which occur 
quite often. Semantic symmetry is a linguistic phenomenon in which word order matters. 
Two sentences with same keywords may have different meaning. It means at word level 
(lexical level) two sentences looks to be the same but at semantic level these two 
sentences vary. An Interface for Natural Language or a Question Answering System has  
to consider this fact and answer generated by the system must drop out sentence with 
wrong meaning and must present sentence with correct meaning only.  
 
Ambiguous modification is the process which needs to be handled carefully. Instead of 
modifying actual expected noun from the sentence, adjective in the question modifies 
other unexpected noun which results in infiltration of wrong sentences into the answer. 
Due to this performance of the Interface degrades.  
 
Both these linguistics phenomena cause problems which directly affects on overall 
performance of the system. Both these phenomena occur at semantic level. Most of the 
systems tackling any problem at semantic level (like Machine Translation, Writing theme 
of the document etc.) need information collect ed at syntactic level (syntactic analysis). 
Even the only system, tackling problems caused by semantic symmetry and ambiguous 
modification (Katz, 2003) collects information at syntactic level and builds ternary 
relations based on the output obtained from a Minipar parser.  
 
(Katz, 2003) have implemented Sapere, a prototype natural language question answering 
system that retrieves answers by matching ternary expressions derived from the question 
with those derived from the corpus text. They compared the resu lts obtained from Sapere 
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system with a simple boolean retrieval engine that uses a standard inverted keyword 
index to index documents at the sentence level.  
 
Sapere (Katz, 2004) is primarily a relations-indexing engine; it stores and indexes ternary 
expressions extracted from the corpus text and perform matching at the relation level 
between questions and sentences stored in its index. Ternary expressions are generated 
from text by postprocessing the results of Minipar, a fast and robust functional 
depende ncy parser. Sapere system detects the following types of relations: subject-verb-
object (including passive constructions), adjective-noun modification, noun-noun 
modification, possessive relations, predicate nominatives, predicate adjectives, 
appositives, and prepositional phrases.  
 
Ternary expressions are similarly derived from the question, with the wh-entity left as an 
unbound variable. Sapere attempts to match relations in the question with those found in 
the corpus text, thereby binding the unbound variable in the question with the actual 
answer. If such a match occurs, the candidate sentence is returned.  
 
System developed by Katz and Lin generates appropriate answer but at the cost of time. 
Because time required for Minipar parser followed by time required for developing 
ternary relations delays the response to the question asked by the user.  
 
4. Shallow Parsing Based Algorithms  
This section helps understanding effect of semantic symmetry and ambiguous 
modification phenomena, and describes shallow parsing based algorithms to overcome 
problems caused by these phenomena. 
 
 4.1  Semantic Symmetry 
Semantic Symmetry occurs when an entity is used as subject as well as an object in 
different sentences and because of which in Question Answering System, selectional 
restriction (keyword matching) in different sentences, based on such entities; generates 
wrong answer. Following Example (Joshi 2005) illustrates the phenomenon of semantic 
symmetry and demonstrates problems caused thereof.  
Question : Who killed m ilitants ? 
 
Candidate Answer 1: National army soldiers killed  six militants.  
Candidate Answer 2 : Militants killed 13 bus passengers.  
 
In above sentences ‘Militants’ is an entity (POS – Noun) which acts as subject in 
sentence 2 and as an object in sentence 1. The selectional restriction for the subject of 
‘kill’ is word ‘Militants’ in one sentence and the selectional restriction for the object is 
also word ‘Militants’ in another sentence.  Thus, a semantically symmetric relation 
involves sentences where one can swap the subject and object and still end up with a 
sentence that makes sense. 
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Hence, candidate answers fetched on the basis of keyword matching needs to be 
monitored carefully as these sentences may have different meaning altogether. In above 
example, system returns two sentences based on mere keyword matching. Question in 
above example is referring to the sentences, which contains semantic symmetry 
relationship.   
 
Two sentences ‘National army soldiers killed six militants.’ and ‘Militant killed 13 bus 
passengers.’, are similar at the word level, but they have very different meanings and 
should be presented as answer appropriately by considering meaning of these sentences.   
In these cases, lexical content is insufficient to determine the meaning of the sentence. 
 
4.1.1  Pattern of Sentences and Semantic Symmetry 
All sentences are categorized as Active voice sentences or Passive voice sentences. 
Sentences in Active voice follow the structure of SVO that is Subject followed by Verb 
followed by Object, whereas Passive voice sentences have OVS structure that is Object 
followed by Verb followed by Subject. The sentence in Active voice can also be 
presented in Passive voice by changing position of Subject and Object and changing verb 
to past participle form. 
 
Questions may be of type XVO where X is the subject entity which we want to find out 
as an answer, V is the verb and O is the object entity. ‘Who killed Militants? ’, is XVO 
type question. Now only those active sentences  are correct in which object ent ry do not 
come before verb entry that is the order ‘VO’ is maintained. If this correct sentence 
available in passive voice form (OVS) then sequence of Verb and Object in question shall 
not match, but we can understand that this sentence is in Passive voice form by looking at 
the verb. If the verb in the sentence is in Past Participle form it indicates that the sentence 
is in Passive voice form. Hence sequence is not matched and POS of verb not matched 
points to the correct answer. So, we can formulate the rule which emphasizes on 
sequence and tense of verb. 
 
This same logic is applicable for the questions of type – SVX that is X is the Object 
entity which we want to obtain as an answer, V is the verb and S is the subject entity. 
‘Militants killed whom?’ is an example of such category.  Any sentence in which word 
‘Militants’ appears after Verb ‘killed’, is an object entity whereas we are looking for 
sentences in which word  ‘Militants’ is placed as Subject. It emphasizes the importance 
of sequence of words in sentence. In Passive voice sentence SVO sequence is not 
followed but the passiveness of the sentence can be determined by the tense of the verb, 
which helps in deciding the correctness of the sentence. This fact underlines importance 
of tense of verb (Past tense or Past Participle).  If the question is in Passive voice form 
then too the above mentioned logic works. XOV*  type of questions falls in this category. 
‘By whom Militants were killed? ’, is the example of this type of questions. X – is the 
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Subject which we expect from the Question Answering System, O is the object and V* is 
the past participle tense verb used in the question.  
 
4.1.2  An Algorithm 
Based on the study of patterns of questions and the sentences, we have formulated rules 
that pick up exact sentences as answer among from number of candidate answer 
sentences. Following algorithm shows how the problem caused by semantic symmetry is 
solved. 
 
Two important factors considered are - 

i) sequence of keywords in question and in the candidate answer s entence  
ii) POS of keywords  (especially verb keyword) 

 
The algorithm scans each candidate answer sentence and applies following rule to check 
whether that sentence is correct answer sentence or not. 
 
Rule 1 - 
If (sequence of keywords in question and candidate answer matches) then 
 If (POS of verb keyword are same) then Candidate answer is Correct 

Otherwise - 
  Candidate Answer is wrong 
  
Rule 2 - 
  If (sequence of keywords in question and candidate answer do not match)         
  then 

 If (POS verb keyword are not same) then Candidate answer is Correct  
  Otherwise - 
  Candidate Answer is wrong 

 
The detailed discussion on this algorithm can be found in (Joshi (2006), Joshi (2008)). 
 
4.2 Ambiguous Modification  
Adjectives are often ambiguous modifiers. If a paragraph contains a pool of adjectives 
and nouns, any particular adjective could potentially modify many nouns. Under such 
circumstances, a Natural Language Interface System cannot achieve high precision 
without exactly identifying the association between adjective and nouns.  
 
Ambiguous modification related with adjective occurs when an entity behaves in 
unrestrictive manner and can associate to more than one noun in a particular sentence.  
 
4.2.1  An Algorithm 
We have formulated rules, after studying structure of sentences, which are based on 
shallow parsing. Candidate answers are fetched based on keyword matching can be tested 
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for correctness using these rules. Every sentence that is amenable for problem due to 
Ambiguous Modification contains one adjective and more than one noun. One of these 
nouns is used for defining the scope whereas the other is pointing to the identifier which 
we are looking for.  These nouns can easily be distinguished and sequence of these two 
nouns and adjective is the important factor that is used in formulation of rules. 
 
The algorithm scans each candidate answer sentence and applies following rule to check 
whether that sentence is correct answer sentence or not. We have identified the adjective 
as Adj, scope defining noun as SN and the identifier noun as IN.  
 
Rules –  
If the sentence contains keywords in following order –  
Adj a SN,  where a indicate string of zero or more keywords, 

Then  
R1-a àIf   a   is  IN        ==è  Correct Answer       
Or 

R1-b àIf   a   is  Blank    ==è  Correct Answer 
Else  
R2   àIf   a   is  Otherwise  ==è  Wrong  Answer 

 
If the sentence contains keywords in following order –  
SN  a  Adj  ß   IN Where a and ß indicate string of 
zero or more keywords, 
Then  

R3   àIf   ß   is  Blank         ==è  Correct Answer           

Else   

R4   àIf   ß  is  Otherwise  ==è  Wrong  Answer. 
 
5 The System 
We have developed a system called int Elligent Natural Language Interface -  ENLIGHT 
that incorporates these algorithms. It incorporates algorithms that deal with semantic 
symmetry and ambiguous modification, the frequently occurring phenomena in English 
Language, using information collected at lexical level. Therefore, we present results of 
comparison from two different perspectives. Firstly, comparing results of ENLIGHT 
system with basic keyword matching system, in order to prove effectiveness of the new 
approach proposed by us and secondly, comparing the ENLIGHT with Sapere system 
proposed by Katz et al  to check the efficiency of the system. 
 
The test corpus used in carrying out experiments on the system was electronic versions of 
news from newspapers. Approximately 2000 news extracts, information broacher of 
several educational institutions and documents of TREC -2005 was provided to the basic 
system.  As for the collection of experimental questions, we questioned employees at the 
inquiry counter about the questions asked by the people to them. They have provided us 
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some questions from that domain. Questions for news extract are formulated manually by 
us whereas we have taken some questions from TREC question databases. Questions 
formulated by (Greenwood, 2005) are also used.  For detailed experimental results and 
system features refer (Joshi (2005), Joshi (2006), Joshi (2008), Joshi (2008a)). 
The current prototype of our system has achieved the following results:  
§ A friendly interface has been provided to users: they can query the database 

using natural language and receive results in the form of textual responses.  
§ The system accepts quantified questions and negative questions, which are very 

difficult to express.  
§ The system can assist users to rephrase questions correctly to his/her intention.  
§ Incomplete queries can be automatically corrected without  asking users to pick a 

choice. 
§ The system is portable to other domains.  

 
To improve the system performance, future work includes:  

§ Enriching the knowledge sources of the system in order to increase the system 
efficiency; 

§ Researching methods to improve the coherence and the fluency of output texts.  
 
6.  Conclusion & Future Work  
Algorithms developed for ENLIGHT system are useful to improve precision of search 
engines. It is expected that search engines should return documents by considering 
meaning of the query rather than just matching keywords. Most of the search engines 
operate on keyword matching paradigm.   
 
We have tested a few well known search engines and found that they did not take care of 
such phenomena. We pre-processed the result displayed on first page, returned by Google 
search engine. This data is processed so that it can be used by ENLIGHT system. When 
the same query is asked to ENLIGHT system, it initially returned all earlier presented 
sentences. But when we run ‘answer rescoring’ module, ENLIGHT system eliminated 
those sentences that are correct at word level but irrelevant at meaning level. 
 
Functioning of search engines is at the verge of drastic change. Upcoming third 
generation search engines are concentrating on linguistic aspects rather than mere 
keyword matching. In this situation, we feel that the approach proposed in the paper is 
more effective because of two reasons – (i) Problems caused by linguistic phenomena at 
semantic levels are tackled without carrying in-depth parsing and (ii) while dealing with 
the problems, system does not compromise with response time.  
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