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Abstract.Databases play a vital role in organizing and retrieving the infor-
mation we rely on every day. The evolution of computing has elevated the im-
portance of databases in efficiently storing and managing information. Typical-
ly, users need to understand SQL—a query language—to fetch data from these
systems. But for those unfamiliar with SQL syntax or the database structure,
writing queries can be a challenge. This has led to the idea of enabling database
access through natural language instead of SQL queries. This paper explores the
development of an approach for converting Natural Language question into
SQL query. The proposed method leverages semantic mapping and metadata to
interpret natural language and convert it into SQL queries. The primary goal is
to interpret user queries expressed in natural language, convert them into SQL
statements, and fetch the corresponding data from the database by running those
SQL queries.

Keywords:Natural language interface, SQL, natural language pro-
cessing,relational database, metadata, NLIDB, Query, semantic mapping

1 Introduction

A Database Management System (DBMS) is a system used to store related data and
includes software tools that help users access and manage that data efficiently. These
systems are built to handle large volumes of information. However, accessing this
data traditionally requires familiarity with SQL—something many end-users lack.
Without this knowledge, users often depend on graphical interfaces to query data [2].
These interfaces allow users to ask questions in natural, everyday language—Ilike
English—without needing to know SQL. This concept leads to the development of
Natural Language Interfaces to Databases (NLIDB).

A natural language interface to a database allows users to access data by typing
queries in a natural language such as English [1]. This makes it possible for people
with little or no technical background to retrieve information from a database easily
[3]. NLIDB systems are designed to be intuitive and user-friendly, creating a bridge
between human language and computer systems [4]. Such systems offer several ad-
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vantages. For instance, anyone can use them to query a database without needing
specialized training. This is especially helpful on devices with small screens, such as
mobile phones or PDAs, where traditional form-filling can be tedious and time-
consuming. Instead of scrolling through long forms, selecting checkboxes, or typing
into multiple fields, users can simply type a question in plain English and get the in-
formation they need [20].

2 Various Approaches for Natural Language Interface

Natural Language Interface to Database systems can be developed using a variety of
methodologies, as outlined in several studies and references. These main approaches
include [5][2][20]:

e Symbolic (Rule Based) Approach
o Empirical (Corpus Based) Approach
e Connectionist (Neural Network Based) Approach

2.1 Symbolic (Rule Based ) Approach

The Natural Language process is strongly a symbolic activity, where language is in-
terpreted through a structured set of rules. In this approach, the understanding of lan-
guage is driven by predefined rules and logical reasoning [5].

Knowledge about the language—such as grammar, syntax, and semantics—is ex-
plicitly encoded in the form of rules or structured formats. The language is examined
at different linguistic levels (like syntax, morphology, semantics), and specific rules
are applied to interpret its meaning. Each level of analysis has its own set of rules,
which work together to derive meaning from the input text [2].

2.2  Empirical (Corpus Based) Approach

The empirical or data-driven approach relies on statistical methods to analyze lan-
guage. It makes use of large collections of real-world, machine-readable texts—
referred to as corpora—as a primary source of language knowledge. These corpora
help in identifying patterns, frequencies, and structures in the language through statis-
tical techniques. Syntactic and semantic interpretations are derived by learning from
these text datasets. Methods like n-gram models, hidden Markov models (HMMs),
and probabilistic grammars are commonly used to drive this approach [2].

2.3  Connectionist (Neural Network Based) Approach

Inspired by the human brain's neural structure, the connectionist approach uses artifi-
cial neural networks to model language understanding. These systems identify pat-
terns and relationshipsby processing and analyzing extensive datasets over time. Their
strength lies in modeling the deeper cognitive aspects of human language [2].



Natural Language to SQL: A Semantic Mapping and Metadata Approach ... 1407

3 Earlier NLIDB Systems

The journey of Natural Language Interfaces to Relational Databases (NLIDB) began
in the late 20th century. One of the earliest systems, LUNAR, was developed in the
1970s to help users retrieve information about moon rock samples using English que-
ries [6]. Since then, numerous systems have emerged, each building on previous ef-
forts and addressing challenges in usability, flexibility, and accuracy [7]. Table 1

highlights the development of some NL interfaces as discussed in [20].

Table 1.Earlier NLIDB Systems

System name & Domain Language  Approach Technique
Year
LUNAR (1973) Rock English- Connection-  Syntax-based
[8] samples SQL- ist (neural system
from English network) [9]
moon
CHAT-80 General English- Dialogue Semantic gram-
(1980) [10] Prolog- based mar system
English
PRECISE Air Trav-  English- Lexical, Semantic con-
(2004) [11] el&Geoqu SQL- semantic straints, keyword
ery English matching
WASP (2005) GEOQUE  English- Corpus- Statistical ma-
[12] RY Prolog- based chine transla-
English tionSemantic
parsing
NALIX (2006) XML English- XML Key- Syntax-based
[13] database XQuery- word search  reverse-
English engineering [14]
GINLIDB General English- Lexicaland ~ Augmented
(2009) [15] SQL- Syntactic Transition Net-
English analysis work and Con-
text-Free Gram-
mar [16] [17]
Punjabi Lan- Agricul- Punjabi- Shallow Mapping Punjabi
guage Interface  ture SQL- parsing language words
to Database Punjabi to English words
(2010) [18]
Hindi Language Employee Hindi- Shallow Map Hindi root
Interface to SQL-Hindi  parsing words with cor-
Database (2011) responding Eng-
[19] lish words
NaLIR (2014) General English- Parse Tree Parse tree node
[21] SQL mapping, struc-

_ ture adjusting,
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translating
NLI-RDB University  English- Object Rela-  Pattern Match-
(2017) [22] Professor ~ SQL- tional Map-  ingConversation-
details Navigable  ping (ORM) al Agent (CA),
Query Re-  Framework  Information Ex-
sults traction (IE)
FlowSense Auto NL to Semantic map NL query to
(2019) [23] MPG VisFlow parsing VisFlow function
Dataset function using Context
Free Grammar
ValueNet (2021) Spider NL to ab- Supervised Schema based
[24] Dataset stract syn-  machine matching be-
tax tree to learning tween ta-
SQL approach bles/columns
NLIDB Ap- Data in- NL com- Rulesbased  Pattern matching
proach in Task  voice mands to approach system
of RDB De- document RDB
sign(2023)[25] ~ commands

4 Proposed approach for Natural Language to SQL
Translation

This section introduces a method designed to transform natural language queries into
SQL statements. The proposed system utilizes metadata and semantic mapping tech-
niques to identify and interpret relationships within a relational database. The inter-
face allows users to input queries in plain English, which are then automatically con-
verted into corresponding SQL statements. These are executed to retrieve the required
data from the database. The main objective of this proposed approach is to handle
data retrieval tasks. It relies on metadata and other predefined datasets. The North-
wind database has been used for evaluating the system’s performance.

4.1 Metadata Set

Generally, a database is formed by set of tables organized in a common structure. Pro-
posed approach relies on the metadata sets D and T, which contain essential infor-
mation describing the tables in the database. Metadata set D represents data about
database. It contains the names of all ‘n’ tables present in the relational database.
Metadata set T represents data about table. It includes details about each table’s struc-
ture—specifically, its attributes (fields), primary key, and foreign key. The metadata
sets are structured as follows:

D = {set of all table names Ty}, 0 <x <n

Ty = {A,, Py, Fy}, for all tables, 0 <x<n,0<y<m

Where,

Ay is Set of all attributes in Tx
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Py is Primary key in Ty
Fy is Foreign key in Ty

4.2  Other Predefined Sets

This proposed approach makes use of various predefined sets for training, which can
be updated or expanded as the system learns from new queries or scenarios. Various
training sets used in this approach are presented below:

e Expression Mapping Set (Exp).Expression mapping set includes mappings be-
tween common natural language conditions and their equivalent SQL operators.
Table 2 shows the frequently used conditional phrases and their corresponding
symbols for SQL operators.

Table 2.Expression mapping set

Expression Mapping

Conditional Clause Mathematical Symbol
greater than >

less than <

greater than or equal >=

less than or equal <=

not equal <>

equal =

greater than or equal to >=

less than or equal to <=

equal to =

e Conjunction Set (Cn).It holds a collection of common Conjunctive clauses like
with, whose, where, who, when, having, etc.

o Stop word Set (Sw).It holds the list of all common stop words like a, an, the, is,
are, to etc. which usually do not contribute to the core meaning of a query but are
often present in natural language input.

e Semantic Set (Sn).This set links table and attribute names to a range of synonyms,
hyponyms, and hypernyms. It is generated using lexical resources like the Natural
Language Toolkit (NLTK) to allow flexible interpretation of user queries using
familiar or alternative terminology.

4.3  Understanding the User Query

Every user query likely to contain three parts as shown in Fig. 1. The entire user que-
ry, denoted as Q, can be categorized into distinct subsets based on its structure and

purpose:
e Q= User Query
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e Sbp = the subjective or display-related portion of Q, focusing on what the user
wants to view or retrieve.

e Cnp = the conjunctive segment, which connects different parts of the query logical-
ly (e.g. using "and", "or").

e Crp= the criteria or condition segment, specifying filters like "greater than 100" or
"before 2020".

Together, Sbp, Cnp, and Crp are considered subsets of the overarching query Q.

User Query
A

'Give me location of all the customer from london city '
1 ] | | | |

i
Display Conjunctive Conditional
part part part

Fig. 1.Sample User query in Natural Language

4.4  Proposed System Architecture

Fig. 2illustrates the framework of the proposed system, which operates across four
main stages:

e Preprocessing

o Keyword extraction

e SQL query generation

e Query execution

The system is designed to handle user input in plain English. Once a user submits a
natural language query, it undergoes a step-by-step process—starting with cleaning
and preparing the data, then identifying key terms, followed by constructing a corre-
sponding SQL query, and finally executing that query to retrieve the desired infor-
mation. Throughout this workflow, metadata and predefined datasets play an essential
role in guiding the system’s logic. The ultimate goal is to translate the English ques-
tion into a valid SQL command and present the results back to the user.Following
subsections describe these four phases in detail:



Natural Language to SQL: A Semantic Mapping and Metadata Approach ... 1411

User Preprocessing
Input
Keywords Relational
Extraction Database
.+.
Metadata
SQL query
Generation
Query
Result Execution

Fig. 2.Proposed System Architecture

4.4.1 Preprocessing:
This initial stage focuses on preparing the user's query for deeper analysis. It involves
several key steps:

— User query tokenization
— Query decomposition
— Expression mapping

— Stop word removal

First the entire user query is tokenized and all tokens are stored in set Q. Then, the
user query Q is intersected with Cn to extract the conjunctive part Cnp. The query is
then decomposed into three parts: Subjective part Sbp, conjunctive part Cnp and crite-
ria part Crp.Next expression mapping is performedon the criteria part Crp by using
expression mapping set Exp to identify the ‘operator’.Finally, stop words are removed
from both the subjective part Sbp and the criteria part Crp.

4.4.2 Keyword Extraction:
This stage focuses on identifying the key elements from the user’s query that will
guide SQL generation. It includes the following steps:

— Semantic mapping

— Locate table and attributes from subjective part Sbp
— Locate attribute and value from criteria part Crp

— Final keyword formation
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In semantic mapping task, all synonym keywords from the subjective part (Sbp) and
criteria part (Crp) will be mapped to their original keywords by using Semantic set
(Sn)

Now, to locate table and attributes from subjective part Sb,

Set ‘table’=null and ‘field’=null
do for each keyword in Sbp
if keyword exists in metadata set T
add keyword to set ‘table’
else if keyword exists in metadata set A
add keyword to set ‘field’
if ‘table’ is null
then find related table for all ‘field’ elements

Then, to locate attribute and value from criteria part Crp

Set ‘attribute’=null and ‘value’=null
do for each keyword in Crp
ifkeyword exists in metadata set A
keyword is set as ‘attribute’
else
keyword is set as ‘value’

The final keywords are formed

— By arranging all ‘field’ keywords to create select clause
— By arranging all ‘table’ keywords to create from_clause
— By arranging sequence like attribute operator ‘value’to create where clause

4.4.3 SQL Query Generation:
This step involves assembling the SQL command using three essential parts: se-

lect_clause, from_clause, and optionally, where clause.

ifwhere clause is not null
SELECT select clause FROM from clause
WHERE where clause

else
SELECT select clause FROM from clause

4.4.4 Query Execution:
This final stage brings the entire system workflow to life by delivering results directly

to the user. It involves three key actions:

— Connect to the database
— Execute SQL query
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— Display result to the user

In this phase database connection is established, the generated SQL query is executed
and the resulting data is displayed to the user.

5 Result Analysis

5.1  System and Database

To test the proposed approach, the system was implemented using PHP and Python
with MySQL. The testing was carried out using the Northwind database, a well-
known sample dataset that contains information about a fictional company called
Northwind Traders that deals in the import and export of specialty food items across
the globe.The database includes 8 tables and about 76 attributes. Fig. 3 illustrate the
schema of Northwind Database.

=Emhw=m
iLasINane
|Firsthlame

(Title
TiteOfCourtesy
iBirthDahe
HireDate

Fig. 3.Northwind Database Schema
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5.2  Experimental Results

160
L)
120
100
80
60 ® Unanswered
40
20 -: M Answered
0
Queries Correct Incorrect
Run Answeres Answers
® Unanswered 33
B Answered 117 91 26

Fig. 4.Graphical Representation of Experimental Results

The graph in Fig. 4 shows the experimental results of the proposed system.The sys-
tem's performance was assessed based on its ability to convert English natural lan-
guage queries into accurate SQL statements.For this experiment, 150 queries were
manually formulated in English natural language along with their corresponding cor-
rect SQL queries.These 150 queries were then run against the implemented system,
and the generated SQL queries were compared with the correct SQL queries.Out of
150 queries, the system successfully processed 117 queries, while 33 queries re-
mained unanswered. Among the 117 answered queries, 91 were correctly translated,
whereas 26 resulted in incorrect SQL statements.

53 Evaluation

For the implemented system, precision and recall were calculated as follows:

Precision. Precision evaluates how accurately the system generates SQL queries by
calculating the ratio of correctly produced queries to the total number of queries it
attempted to answer. A high precision score indicates that the system generated most-
ly accurate (relevant) results with few errors.

Precision = CorrectlyAnsweredQueries 91 77.78 %
reciston = TotalAnsweredQueries 117 0

Recall. Recallevaluates the system's effectiveness by calculating the proportion of
correctly generated SQL queries out of the total queries attempted. High recall means
that it returned most of the relevant results.
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Recall = CorrectlyAnsweredQueries 91 60.67 %
ecatt = TotalQueries T 150 0007

In this case, the precision of 77.78% indicates that the proposed system returned more
relevant results than irrelevant ones. The recall of 60.67% shows that the system has
performed satisfactorily in retrieving the correct SQL queries from the dataset. This
means the system is quite effective in generating accurate SQL queries, although there
is room for improvement in its ability to cover all correct queries.

5.4  System Capabilities

The system implemented using the proposed approachis designed to handle a wide
range of natural language inputs and translate them into different types of SQL state-
ments, based on the structure and detail of the user’s query. These include:

e Simple queries — Queries without specific attributes or conditions.

e Queries with specific attributes — Queries that request particular fields from the
database.

e Queries with certain conditions — Queries that include filtering criteria to refine
results.

e Queries with both specific attributes and conditions — More complex queries that
combine attribute selection with specific filtering conditions.

Certain queries are not supported by this system. The primary cause of these errors is
either insufficient information for processing and ambiguous attribute in input.

For instance, the query “Show all customers whose city is London” is supported
because it explicitly specifies the 'city' attribute. However, the query “Show all Lon-
don customers” is not supported, as the system cannot infer that "London" refers to
the 'city’ attribute.

Similarly, a query like "company in Mexico City" will not be supported because
the attribute 'company’ is used for both customers and suppliers. To be correctly pro-
cessed, the query should specify the entity, such as “Customers company in Mexico
City” or “Suppliers company in Mexico City”.

These limitations highlight the system’s dependence on clear and structured input
for accurate SQL translation.

6 Conclusion

The proposed approach is designed to create a reliable natural language interface for
relational databases, leveraging metadata and semantic mapping. It is designed with
three key principles:

— The user query, which is in natural English language, is analyzed to identify field
tokens, table tokens, and value tokens.
— The formation of the SQL statement that accurately represents the user query.
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— The retrieval of the result that meets the user's requirements.

Tested with 150 natural language queries, the system has shown satisfactory per-
formance. Currently, it focuses on data selection and basic queries, with room for
future improvements.

7 Future Scope

Future work and research should focus on enhancing the system to manage more in-
tricate queries with complex joins. Additionally, there is a need to expand the system's
capabilities to accommodate multiple databases. Supporting various queries, such as
those for data insertion, deletion, and updating, is crucial. Moreover, developing an
automated system that can be adapted for handheld devices like smartphones, tablets,
and wearables will make the system more accessible and beneficial to everyday users.
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