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Abstract :

This paper primary focus on the database rapid development in recent year, paper also
delivers a detailed review of the evolution of database systems, strictly based on information
and developments available. This paper looks at how databases have changed over time. It
starts from simple ways of storing data, like basic text files, and moves through older, more
structured systems. The big change came with relational databases, which organized data into
tables and used a standard language (SQL). This made managing data much easier and more
reliable.

The paper then covers newer types of databases like object-relational and NoSQL
systems, which were developed to handle more complex and larger amounts of data, especially
with the rise of the internet and "Big Data.". Even with all these new options, the paper explains
why traditional relational databases are still very important.
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Introduction :

Modern digital information management is built upon the foundation of database
systems. Their evolution isn't just a technical progression; it's a direct reflection of
advancements in computing power and the ever-changing demands for how data is stored,
efficiently queried, and seamlessly integrated across various business and scientific fields. This
paper aims to provide a comprehensive and historically accurate review of this evolution,
meticulously tracing the development of database technologies Digital information
management rests on database systems.. Their evolution mirrors advances in computing
technology and changing demands for how data is stored, queried, and integrated in business
and scientific contexts. This paper review to ensuring historical and technical accuracy.

Early Era: Flat Files, Hierarchical, and Network Models :
Flat File Systems :

In the 1960s, flat files—simple, unstructured text files—were used to store basic data.
Their main limitation was inefficiency in data management, retrieval, and consistency.!H2
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Data is stored sequentially, often in rows, with each row representing a single record and fields
separated by delimiters (e.g., commas, tabs, fixed-width columns). It was the simplest and
easiest way to store data at that time. In flat file systems there was not keeping meta data like
index, it just simple raw data. It doesn’t use database management system so less cpu and
memory usage happens. There some disadvantages are noticeable like data redundancy means
same data stored in multiple files, data inconsistency means if some information have change
you need change in all files some time data me different in different files, slow data retrieval -
searching any data need scan entire file this scenario slow in bigger files.

Hierarchical Databases :

By the late 1960s, hierarchical databases emerged (notably IBM’s IMS), arranging data
in tree-like parent-child structures. They were efficient for select applications but struggled
with complex relationships beyond tree-type structures.2I1. This database system uses tree
structure like root then branch then leaf notes, navigation access happen hierarchically path
that means user must have knowledge of structure arrangement of database to retrieve data. It
has some advantages like fast retrieval , data integrity, reduced redundancy which was
generally found flat file system. But it has some limitations also like lack of flexibility, complex
querying, rigidity of database schema that means changing structure requirement redefinition
of database.

Network Model :

The network model, exemplified by systems like the CODASYL DBTG model and
Charles Bachman's IDS, solved some rigidity by supporting many-to-many relationships.2!H.,
In the network database in which organize data using a graph structure. In the network database
records represent as nodes and the relationship Sets are represented as edges of graph. In the
network database model support complex relationships without duplication, shared records are
linked that reduced redundancy, it uses the indexed navigation faster accesses records which
will improve efficiency retrieval features. But there are some limitations like complex
navigation, regid schema , not self-describing database or documentation

Relational Revolution :
Introduction of the Relational Model :

In 1970, Edgar F. Codd published his influential paper defining the relational database
model, which organized data as relations (tables) accessed through content-based queries rather
than physical pointers. This provided logical independence and set-theoretic foundations for
querying I Which establish influence on the RDBMS. Before RDBMS database are
suffered problems like rigid structures, complex navigation and difficulty in adapting to rapidly
changing requirements. RDBMS slowly replace the earlier database due to simpler data
representation, flexibility to handle different type of relationships like 1 to 1 , many to many
relationships, easy of querying using SQL , data independence and standardization.[****]
Commercial RDBMS :

In the following years, prototypes like INGRES and IBM’s System R set the

Published By
Volume-8 : Issue-3 UPA Group Publication Indexed &

(November-2022) Websitte : www.upa.org.in Refereed Journal
Email : upanagpur@gmail.com

Page 59


http://www.upa.org.in/

IMPACT FACTOR UPA NATIONAL E-JOURNAL ISSN
5.473(S]JIF) Interdisciplinary Peer-Reviewed Journal 2455-4375

groundwork for SQL language. Oracle was the first commercial RDBMS (1979), soon
followed by DB2, Sybase, and Informix. The ANSI standard for SQL arrived in 1986,
augmenting adoption and interoperability.[S1314]

Dominance and Advantages :

Relational databases advantages :Data independence, Declarative querying with SQL,

Transaction management via ACID properties, Standardization, Data independence, Flexibility
and Simplicity Bl 2131

Post-Relational and Object-Based Advances :

Object-Oriented Databases :

The 1980s-1990s saw growth in database systems integrating object-oriented
concepts—mapping objects to database representations for richer modeling, especially in
engineering and multimedia domains.®2l People are going to shifting from traditional
Relational Database Management Systems (RDBMS) object-oriented concepts in modern
databases—because of a mix of technical, development, and performance reasons. The object-
oriented database can be good alignment with modern object language like c++, python, c++
which allow them manipulation data easily.

Objected oriented nature of database give advantages like OODBMS can easily handle
complex data types like multimedia , scientific data and engineering design data, improved
performance, Reduced Development Time and Better support for real world models.

Object-Relational Databases :

Object Relational Databases is database system that combines strength and power
relationalship model with flexibility object oriented approach. It allows traditional relational
database to store complex data types ,object and still support with sql query languages. In
Object Relational database can store data not only row and column but also user defined data

Hybrid models like ORDBMS incorporated both relational tables and object features
(user-defined types, inheritance), solving impedances between relational DBMS and object-

oriented application programming.P12]

Web, XML, and Distributed Systems :
Web-Enabled :

The 1990s marked a dramatic increase in web applications—databases became integral
to high-concurrency, distributed, 24/7 systems. Client-server architecture, web APIs, and
database replication became standard.2l3), It’s a database designed for access and interaction
over the web, either through a browser interface or web app. It uses internet protocols
(HTTP/HTTPS) and web technologies to make database services available to remote users,
often through browsers or APIs. It assessable over the internet or intranet.[30,24]

Web Accessibility — Accessible over the internet or intranet.
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Integration with Web Applications — Works seamlessly with server-side technologies like
PHP, ASP.NET, JSP, Node.js.

Cross-Platform Access — Users can connect from any device with a browser.
Security Layers — Uses authentication, HTTPS encryption, and firewalls to protect data.[!*2!]
Distributed Databases :

With a distributed database, information is kept on multiple machines or sites, but it’s
presented to users as a single, unified system. Distribution can be across cities, countries, or

cloud regions. The data resides on multiple nodes via partitioning or replication.[!>-*]

J Data distribution : Data is spread by partitioning or replication across nodes.

o Transparency : Users see it as one database despite physical separation.

. Fault Tolerance : Failure of one site does not necessarily stop the whole system.
. Scalability : Easy to add more nodes for capacity and performance

XML :

The 2000s witnessed adoption of XML for storing and exchanging complex data,
sparking development of XQuery and support for semi-structured data models within relational
and new database systems.Z

XML is designed as a markup language for encoding and sharing data in a human- and
machine-readable format. It uses a self-descriptive structure with custom tags defined by the
user.

Key Characteristics!!*!?]
. Self-Describing — Data and its structure are stored together.

. Platform Independent — Cross-platform — functions across multiple operating
systems and apps.

. Hierarchical Structure — Represents data as a tree of elements.

. Customizable Tags — Users define their own tags to match the application’s
needs.[14,15,16]

Parallel and Open Source Databases :
Parallel :

. This era also saw the rise of parallel databases for analytics, and widespread adoption
of open-source databases like MySQL and PostgreSQL, supporting diverse scalability
requirements.!2! A parallel database is a database management system that uses parallel
processing techniques to improve performance, scalability, and fault tolerance. It shards
large database processes into concurrent components executed across multiple
processors or servers 2421
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Key Features :

. Data Partitioning : Splitting large tables into smaller chunks for distributed storage.
. Parallel query execution : executing multiple segments of a query at the same time.
. High Performance : Faster response times for complex queries and large datasets.

. Scalability : Can add more processors/nodes to increase capacity.

Open Source Databases :

An open-source database provides access to its source code for use, modification, and
sharing, with community-driven development that promotes flexibility and reduces expenses.

Key Features!242°]

. Free to Use : No licensing fees (though support may cost).

. Customizable : Users can alter the source code as per their unique requirements.

. Community Support : Large developer and user communities for troubleshooting and
improvements.

. Cross-Platform Compatibility : Works on various operating systems.

Advantages :

. Low cost compared to proprietary databases.
. Active innovation through open community development.
. Avoids vendor lock-in.

NoSQL, NewSQL, and Big Data :
NoSQL :

NoSQL (Not Only SQL) databases are non-relational systems built to manage massive
amounts of unstructured, semi-structured, or fast-changing data. They sacrifice some relational
features (like strict ACID compliance) in favor of scalability, flexibility, and high availability.
The rise of Web 2.0 led to an explosion of unstructured data and a heightened demand for
scalability. NoSQL databases (document stores, key-value, column-family, and graph
databases) abandoned rigid schemas, enabling distributed, high-speed, scalable solutions (e.g.,
MongoDB, Cassandra, Neo4j). 19U

Key Characteristics :

. Schema-less — Flexible data models (documents, key-value pairs, graphs, column
stores).
. Horizontal Scalability — Easy to distribute data across many servers.
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. High Performance — Optimized for fast reads/writes at scale.
. Eventual Consistency — Often follows BASE (Basically Available, Soft state,

Eventually consistent) model instead of strict ACID.

. The phrase NoSQL became widely used in the late 2000s, especially after Johan
Oskarsson’s 2009 promotion of it to denote distributed, non-relational, open-source
databases.ltY

. Early precursors date back to key-value systems used for cataloging and document
storage in the 1980s.[12:23.24:25.26]

NewSQL :

NewSQL databases are modern relational databases designed to deliver the scalability
of NoSQL systems while maintaining ACID properties of traditional RDBMS. They use
distributed architectures but still support SQL queries. A response to the trade-offs in NoSQL,
NewSQL systems aimed to combine relational (ACID-compliant) features with scalable,
distributed architectures, achieving operational efficiency for transactional workloads.[131!

Key Characteristics[23-2+226 28.29]

. Relational + Distributed — SQL interface with horizontal scaling.

. Full ACID Compliance — Strong transactional guarantees.

. Optimized for OLTP (Online Transaction Processing) workloads at scale.
. In-Memory & Cloud-Native Architectures — Faster performance.

Examples :

. Google Spanner
° CockroachDB [23,24,25,26 28 ,29]
Big Data :

Big Data describes datasets so large, rapidly changing, or complex that traditional
databases can’t handle them. It encompasses not just storage but also techniques for analysis,

visualization, and decision-making.*%!

The 5 Vs of Big Data

1. Volume — Massive amounts of data.

2. Velocity — Rapid data generation and processing.

3. Variety — Structured, semi-structured, and unstructured formats.

4. Veracity — Data quality and trustworthiness.
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5. Value: meaningful insights from data that influence business performance.
Technologies Used :

. Storage & Processing — Hadoop HDFS, Apache Spark.

. Databases — NoSQL systems (Cassandra, MongoDB), NewSQL systems (Google
Spanner).

. Analytics — Apache Hive, Presto, Elasticsearch.

Cloud and DBaas :

Cloud Databases :

A cloud database is a database service that runs on a cloud computing platform rather
than on local, on-premises servers. It’s reachable via the internet and is commonly delivered as
part of a cloud infrastructure service.

Key Features :

. Elastic Scalability —Storage and processing capacity can increased or reduced

. High Availability — Built-in redundancy and failover capabilities.

. Remote Accessibility — people can access it, from any end of the world with using
internet

. Managed or Self-Managed — Can be managed deployed and managed by the user in the
cloud.

Examples : Amazon RDS (Relational Database Service) ,Google Cloud SQL,Microsoft Azure
SQL 113232343435,37)

Database as a Service (DBaaS) :

Database as a Service (DBaaS) is a managed cloud service where a third-party provider
handles the setup, maintenance, backups, scaling, and security of the database, leaving users to
focus solely on their applications and data usage.[33,34,35,37]

Key Features :

. Fully Managed Service , Subscription or Pay-as-You-Go Model — Cost depends on
usage.

. Multi-Tenancy Support Automatic Scaling , Adjusts resources based on workload.

Advantages :

. Reduces administrative burden, Faster deployment of applications, No hardware ,

provisioning needed.
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Examples : MongoDB Atlas: Amazon Aurora,Google Firestore
Discussion: Why Relational Databases Endure :

Despite the emergence of object-oriented, NoSQL, NewSQL, and cloud-native
database technologies, relational database management systems (RDBMS) continue to be
widely adopted and trusted in diverse application domains. Several factors contribute to their
sustained relevance:

1. Mature and Proven Technology

2. Strong Theoretical Foundation

3. Standardized Query Language

4, ACID Compliance: Atomicity, Consistency, Isolation, Durability in transactions,.
5. Ecosystem and Tooling Support

6. Hybrid Integration Capabilities

7. Regulatory and Compliance Requirements

Conclusion :

The evolution of database systems has been a continuous journey of innovation, driven
by the increasing demands of data management. From simple flat files, databases progressed to
structured hierarchical and network models, each improving organization but lacking
flexibility. The relational model, introduced by Codd, revolutionized data storage with tables
and SQL, becoming the industry standard due to its simplicity and robust ACID properties.

The rise of the internet and complex data types led to object-oriented and distributed
databases. The explosion of "Big Data" further spurred the development of NoSQL databases,
offering unparalleled scalability and flexibility for unstructured information. More recently,
NewSQL databases emerged, blending NoSQL's scalability with relational consistency.
Finally, cloud databases and DBaaS have democratized access to powerful, managed database
solutions. This ongoing evolution ensures that database systems remain adaptable and efficient,
meeting the ever-growing challenges of the digital age
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