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ABSTRACT

Purpose: To discover information, users often rely on the wide-ranging Google search results
and sit through quite many long documents as well as web links. Meanwhile, the widespread
use of these results shows the increasing importance of Question Answering (QA) dialogue
systems: where an immediate and concise answer can be given.

Method: We will pay attention to part semantic and syntactic analysis combined with a
keyword-based approach. The Dialogue Manager serves as the central component,
facilitating interaction between the user and the system, because this is where such
challenges as anaphora, co-reference resolution take place.

Conclusions: Hence, the most widely used Indian Railway system is a more click based
interface and is time consuming. We motivate further investigation in this direction and
conclude that the developed QA dialogue system provides users targeted, concrete responses.
At the moment, the system responds to relevant inquiries, but future improvements

could enable it to tell callers, for instance, when trains will arrive and depart.

Keywords: Question &Answering System, Natural Language Processing, Artificial
Intelligence, Railway, Normalization, Keyword based Approach, Dialogue Manager

1. INTRODUCTION

QA dialogue systems are designed to deliver concise and precise answers to arbitrary queries
expressed in natural language. Unlike traditional search engines, which return lengthy
documents containing relevant information, QA systems focus on providing direct responses
to user inquiries. For instance, when a user asks, " How much is the fare for Amritsar Express
from Jalandhar to Amritsar?" a QA system would ideally respond with "250 Rs," eliminating
the need for users to sift through extensive text. This intuitive approach not only enhances

efficiency but also significantly reduces the time required to obtain relevant information.
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Due to these advantages, substantial research has been conducted in various fields, including
biology [l and chemistry 1], to develop domain-specific QA systems. However, despite the
progress, many practical QA systems remain underutilized in everyday life. Recognizing this
gap, we chose to focus on the railway domain, specifically in Northern India [, where users
frequently seek information related to train schedules, fares, and routes. These users often
prefer receiving information in their native language without the need for extensive linguistic
proficiency. This need is effectively addressed through a QA dialogue system, which

facilitates seamless interactions by delivering accurate and succinct answers in Hindi.

To achieve this goal, we developed the Question Answering Railways System (QuARS), a
QA system tailored for handling railway-related inquiries in Northern India. QuARS follows
a method based on keyword identification, incorporating limited linguistic processing on
natural language queries. The system is designed to understand user queries from a linguistic

perspective, ensuring it accurately interprets and responds to user intentions.

QA dialogue systems primarily function through interactions between users and the system.
The objective of implementing the QA system architecture is to provide precise answers
while promoting the usage of Hindi language on digital platforms. With an estimated 4,000
spoken languages worldwide, Hindi ranks as the fifth most widely spoken language globally
among the top 100 languages Bl. Given its widespread use, developing a robust QA system in

Hindi enhances accessibility for millions of users.

The QA system comprises multiple processing stages, as illustrated in Figure 1. These
include Query Processing, Query Frame Analysis, Dialogue History Management, Dialogue
Manager, SQL Query Generation, and Answer Generation. This paper introduces QuARS and
outlines the motivations behind designing a QA dialogue system. The subsequent sections
provide an overview of the QA system, a detailed explanation of query processing techniques,

evaluation methodologies, and concluding remarks.

The Text Retrieval Conference (TREC) is a series of workshops dedicated to advancing
research in Information Retrieval (IR). TREC plays a pivotal role in supporting and
motivating the IR research community by setting challenges for participating teams. These
challenges encompass various tasks, such as document retrieval, question answering, and
access to specific data points. Thanks to TREC, modern QA systems have evolved to answer

over two-thirds of factual questions with high accuracy. Researchers utilize these workshops to
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present innovative ideas, share research findings, and collaborate on enhancing QA

technologies.

2. LITERATURE REVIEW

Over time, numerous developers have proposed systems to assist users in retrieving
information, though often within restricted domains. One of the earliest and most well-known
domain-specific QA systems is BASEBALL [#, which provided answers related to American
League statistics for single period of time. Another notable Question Answering systems
include START 2] and Wolfram Alpha B1, both of which focus on providing direct answers to

user queries.

SHRDLU B! is recognized as one of the first Al systems capable of accepting user queries and
generating responses based on contextual understanding. Another significant system in this
domain is LUNAR 9], which facilitated easy access to data from the chemical examination of
lunar rock samples. Early dialogue systems such as UC (Unix Consultant) [/l and The
Berkeley UNIX Consultant project were designed to assist users by answering questions

related to the UNIX operating system [8,

Beyond these historical developments, considerable progress has been made in developing
QA systems that support Indian languages. Researchers have actively contributed to creating
multilingual QA models that cater to diverse linguistic needs. For example, Sravanthi et al. ']
developed a model aimed at improving data management and query processing in the tourism
sector. More recently, Vignesh et al.['?! introduced the Hidden Markov Model (HMM) for
speech recognition in Tamil. Several other researchers have also contributed to developing
multilingual QA systems, including Hindi-Dogri ¥, Punjabi [, and Hindi-Kannada

language models 6],

The need for Indian language QA systems is particularly crucial given the diverse linguistic
landscape of the country. Users often prefer engaging with systems that communicate in their
native language, ensuring a seamless and efficient information retrieval experience. The
advancement of such systems promotes digital inclusivity, making information more

accessible to non-English speakers.

QuARS is built to address these specific requirements, providing an effective solution for

railway-related inquiries in Hindi. The system ensures that users receive accurate and relevant
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responses without requiring proficiency in English or technical knowledge of query structures.
By employing a structured approach to query processing, QuARS enhances user experience

and accessibility in the Indian railway domain.

To summarize, QA dialogue systems serve as a valuable tool for providing succinct answers
to user queries, reducing reliance on lengthy documents and complex search results. QuUARS
exemplifies this approach by offering a Hindi-language railway inquiry system tailored to the
needs of users in Northern India. The system follows a keyword-based methodology and
incorporates linguistic analysis to ensure accurate and meaningful responses. Through
continued research and development, QA systems like QuARS can further improve digital

accessibility, making information retrieval more efficient for diverse user groups.

A Question-Answering Dialogue System for emergency operations enhances crisis response
by providing accurate, real-time information. It processes natural language queries, aiding
decision-making through automated responses, ensuring efficiency, and improving

communication during emergencies for faster and more effective disaster management ['7],

The paper [} explores how interactive question answering systems (IQAS) merge the
concepts of QA and dialogue systems. It covers the architecture, evaluation, and different
modalities of interaction, such as text or speech. The paper also classifies QA systems based
on tasks and challenges. Evaluation can be either offline or online, using datasets like TREC

or WikiQA.

A Comprehensive Survey!?! on Open-domain Question Answering reviews recent trends in
Open-domain Question Answering (OpenQA) within NLP. It highlights how neural Machine
Reading Comprehension (MRC) techniques have advanced performance, introducing the
Retriever-Reader architecture. The paper also discusses challenges in OpenQA, benchmarks
used, and aims to guide researchers through the evolution of OpenQA systems. This work

provides a comprehensive overview of architecture, techniques, and key issues in the field.

AgriBot, an agriculture-specific question-answering system 2!/ helps farmers by providing
information related to weather, market rates, plant protection, and government schemes. It
uses a sentence embedding model, achieving about 56% accuracy initially, which improves to
roughly 86% after incorporating entity extraction. The system is available 24/7 and is
accessible via electronic devices. It aims to ease the burden on Kisan Call Center workers and

improve agricultural productivity.
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3. Components of QuARS

The systematic diagram consists of various parts as shown in Figure 1 provides the detailed

mechanism of Question Answering Dialogue system in Hindi language.
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Fig 1. Detailed Structure of QuARS

QUERY PROCESSING

Processing natural language is an intricate and challenging task. The system must incorporate
linguistic knowledge to analyze queries effectively. It involves interconnected modules that
work together to generate quick and concise responses. The initial phase of this pipeline is the
query input stage. This step comprises two key modules: the NL query and Transliteration as
shown in above Figure 1. The module Natural Language query processes user input, while
the Transliteration module converts it into Hindi Language. Below is an example illustrating
how a user query is input and transliterated into Hindi.

Amritsar Express main merj kitna kiraya lagega?

After Trinsliteration

SFTER THRIUY H T fobef1 feb=ram o 2
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Following this, linguistic processing operates at three levels within the QA architecture: (i)

Tokenization (i1) Normalization and (iii) Keyword Selection as illustrated in Figure 2.

CAccepts the query.

eTokenize the query
into chunks.

;

/_

*Accepts chunks.

eNormalize the chunks.

CNormalized chunks are
accepted.
eSelected chunks are stored
in KnowledgeBase as
Keywords.

\ Selecting
keywords

Figure 2. Module of Query Processing.

TOKENIZATION

Developing natural language processing is highly complex, requiring linguistic knowledge
for accurate query analysis. The system must effectively interpret language patterns to ensure
precise understanding and response generation. According to our QA architecture, linguistic
processing occurs at three levels: (i) Tokenization, (ii)) Normalization, and (iii)) Keyword

Selection, as shown in Figure 2.

HATER TFEIE A ﬁan [ERCINERRICEICIN
After Tokenization

NORMALIZATION

Input queries may contain many non-standard word representations. Non-Standard
Words (NSW) can arise from various dialects, foreign language influences, and alphabet
variations, leading to different forms of equivalent terms. These phonetic deviations or non-
standard lexical representations impact language processing and require effective handling
for accurate interpretation. As seen in the previous example, variations may arise in foran

(Fare) word as shown below:
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foera (kiraya), foan (kiaraya), ﬁ?_\"l'q(Kiraya), PRI (kiiraya), PRI (Kiiraya)

Another example highlights common spelling variations of the station name ‘Jalandhar,” as

below.

SR (Jaalandhar), SRR (Jaalandhar), STA#R (jalandhar), STAYR (jalandhar)

We identify various word variations in the language and develop solutions by formulating
specific rules to address them. This approach enhances system accuracy by selecting the

correct word from the knowledge base while eliminating all other variations.

KEYWORD SELECTION

In the previous stage, chunks are normalized. Before acceptance, each chunk is compared
against the knowledge base using a lookup table method until a match is found. The matched
word is then converted into a keyword, helping the system determine the purpose of the

natural language query.

HHATE TFEIH H AT fohetaT o oraram 2
(Amritsar Express main mera kitna kiraya lagega? )
Keyword = foharaT (Fare)
In the preceding example, T serves as keyword, indicating the User’s query purpose that

user seeks information about the train fare.

QUERY FRAME ANALYSER

The accuracy of the system heavily depends on selecting the correct query frame. In this
phase, keywords are identified and processed, such as system recognizing foema (Fare) (as
explained earlier). This keyword is then mapped to the knowledge base using a lookup table
technique to determine the adequate query frame [10]. Every natural language query is

associated with a distinct query frame. In the given example, the foran (Fare) query frame includes the
following slots:

Table 1: Query Frame for Fare

Fare Assigned values
Train Name/Code 3R TauT
Source SR
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Destination AW
Age 30

Class TR

Similarly, additional examples of pre-defined query frames include class of coach, discounts
and waiting list etc. The appropriate of pre-defined query frames is carefully selected from

already existed knowledge base using these keywords.

DIALOGUE MANAGER

In some instances, slot-filling may be incomplete due to inadequate information provided by
user. When this occurs, the system must seek additional details to ensure accurate query
processing. To address this, the Dialogue Manager (DM) plays a crucial role by initiating an
interactive conversation with the user. It sends prompts or clarification requests, encouraging
the user to provide the necessary missing details. This interaction ensures that the system

collects complete and relevant data before proceeding with query execution.

As shown in Table 2, the DM not only facilitates user-system communication but also
regulates the overall dialogue flow. It determines when and how the system should respond
based on the user’s input, ensuring smooth and logical interactions. By controlling the
sequence of exchanges, the DM enhances the system’s ability to understand user queries

accurately and generate precise responses.

This dynamic interaction mechanism significantly improves the efficiency and usability of
the QA system. By actively engaging with users to resolve incomplete inputs, the DM
enhances the overall user experience, leading to more accurate query resolutions and
improved satisfaction levels. Thus, the DM serves as a bridge between the user and the

system, ensuring effective and meaningful communication.
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User’s Query

Related Frame

Assigned Value

A AR TN A

Wd. 3AER TFEIH

W, 3R TN

AT fRdr R | (@« A $618,2,2,2,?) (3FAET TN, ?,?,2,7)
SET ?

fecH 3muer gl & Yo, 3PAE UEEYd | o, 3HaEl s
ToTeTT &7 &= SATH/ | (31T TFEYg,

H SR FIS, AT, ?,?,7?) SITeIER,2,2,2 )

{ord. AT TFHId

(¢oT SITH/ IS, TeleT,

9gae,2,?)

Tod. IHTH T
(AHTTR TFaId, STTeltR,

3T, 2,?)

AEed 3mudhr forder

3 87

{ord. AT TFHIH

(¢oT =ITH/ IS, TeleT,

)

Tod. IHTH T
(AHTTR TFaId, STTeltR,

3T, 30,7)

Qe 3mus 7y Sofr

Tod. IFTH T

Tod. IHTH T
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H Fax qurrn 3y, o) 3HHTER,30,FeTR)

In this phase, The formulation of an SQL query is contingent upon the comprehensive and
accurate completion of the query frame. Two possible scenarios can occur during this process:
(a) the query frame remains incomplete, or (b) the query frame is fully constructed. If the
query frame is incomplete, the system cannot generate an accurate SQL query. In such cases,
the Dialogue Manager (DM) plays a crucial role by engaging with the user to request
additional details. Through an interactive exchange, the DM ensures that all necessary

information is collected before proceeding further.

On the other hand, if the query frame is complete, the system moves forward with generating
a structured SQL query. This query is then executed on the database to retrieve the most
relevant information, ensuring the user receives a precise and concise response. The
generated SQL query plays a key role in translating natural language queries into structured
database interactions. Table 3 demonstrates how a natural language query is systematically
converted into an SQL query. By structuring user input into well-defined query frames, the
system ensures accurate and efficient data retrieval, ultimately enhancing the overall

performance and reliability of the QA system.

Table 3: Answer Generation

Steps/Modules Example

User’s Query WWJ#WWWW ?

Keyword fRtrar (Fare)

Query Frame ¢ A/ IS, TSHAT, TG, 3T, Aoh

(train name/code, source, destination, age, class)

Assigned values | o AR TFaYg (W TFHIE, STTEER, WSOR@'CIT)

SQL Query select fare from TrainFare where (train_name= ‘3{HJdY

C
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W’,source_statZ ‘EIIF»l"ER’,dest_statZ ‘W ’, age=30,class=

‘TATIX)

Users prefer concise answers over web links or lengthy documents. As explained earlier, An
SQL query is formulated and subsequently executed on the database to facilitate the precise
retrieval of relevant information. The retrieved data is then forwarded to the Dialogue
Manager (DM), which converts the SQL output into a natural language statement for user-
friendly interaction. This ensures that the user receives clear and direct information rather
than raw database results. For example, in the previous case, the system processes the query
and provides the response as "230 Rupees," as demonstrated in Table 4, ensuring a seamless
and intuitive user experience.

Table 4. Evaluation and Result

select fare from TrainFare where (trair_name= HdET TFHYE’, source_stat=
“HATALR, dest_stat= ‘31713??’, age=30,class= ‘TolIqT’)

230 TqU

The true measure of a QA system’s success lies in user satisfaction. Higher user satisfaction
directly correlates with a higher success rate of the system. However, commonly used
evaluation metrics include Recall and Precision values [®1.

Recall = (Number of correct responses produced by the system / Number of Natural queries
given to the system) * 100.

Precision = (Number of correct responses produced by the system / Number of responses

produced by the system) * 100.

Number of correct responses produced by the system=146
Number of responses produced by the system=149

Number of Natural queries given to the system=150

Precision= (146/149)*100=96.5%
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Recall= (146/150)*100=95%
The implemented system was evaluated by inputting 150 natural language queries into the
QA system. The evaluation results demonstrated high performance, with the system

achieving a Precision rate of 96.5% and a Recall rate of 95%.

4. CONCLUSION
This paper presents the implementation of QuARS, a keyword approach-based system in
Hindi language is based on Northern Indian Railway. The entire system primarily focuses on
the Query Processing module to ensure accurate and efficient responses. A detailed analysis
of the input query is conducted to achieve this. The process involves three key steps:
Tokenization, Normalization, and Keyword Selection. The extracted keywords play a crucial
role in identifying the adequate query frame. SQL query is produced in the subsequent stage
based on that query frames, allowing QuARS to retrieve the most relevant information.
Finally, the processed information is converted into a natural language response and delivered
to the user in Hindi. This ensures that the system is both user-friendly and efficient in
handling railway-related queries. By employing this structured approach, QuARS enhances
the accuracy and accessibility of railway information for Hindi-speaking users, streamlining
the process of obtaining essential travel details. The integration of keyword-based processing
with structured query generation significantly improves the effectiveness and usability of the

system, providing a seamless experience for users seeking railway-related information.
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