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Abstract— A Distributed Database is a database in which 

storage devices are not attached to a common processing 

unit. It may be stored in several computers, located in the 

same physical location; or may be dispersed over computers 

connected in a network. It allows applications to access data 

from both local and remote databases. A distributed 

database management system stores data across loosely 

coupled sites that do not share any physical components 

.Distributed databases improve performance at end-user 

work sites by allowing transactions to be processed on 

multiple machines, rather than being limited to one owing to 

its feature of data storage across multiple computers. 

Distributed database architecture mainly defines the 

structure of the system. This paper showcases the different 

architectures along with the advantages and disadvantages 

of a Distributed Database system. 
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I. INTRODUCTION 

Centralized database requires its data (mostly corporate 

data)to be stored at a central location. Dynamic business 

environment couple with the shortcomings of centralized 

database has created a demand for applications that are 

based on data access from different sources across multiple 

locations. This is how distributed database evolved. 

Distributed database systems have now matured with the 

announcement of several commercial products which meet 

the urgent need for integration of heterogeneous collections 

of data. 

Distributed Database Management System is 

defined as the software system which manages logically 

interrelated shared data and its dependencies that are 

physically distributed over a vast computer network like 

Internet. Distributed DBMS may have several DBMSs 

distributed across a network that operate as a single global 

DBMS unlike the centralized DBMS located at one location 

and processed by several computers physically distributed 

across a network. 

The distribution in a database is required for 

following reasons. Distributed processing better corresponds 

to the present day organizational structure of widely 

distributed enterprises, thus giving a more reliable response. 

Many of the present day application in computer technology 

are innately distributed. Web-based applications, e-

commerce applications, multimedia applications like news-

on-demand or medical imaging and manufacturing 

execution systems are all examples of such distributed 

applications. 

The 1980s gave rise to a series of crucial social and 

technological changes that affected database development 

and design areas in the following manner:  

 Business operations physically became more 

decentralized. 

 Competitions increased at the global level.  

 Customer requirements and market needs have both 

created a demand for decentralized management style. 

 Rapid technological change resulting in low cost 

mainframe. 

 The notion of data sharing has become more attractive 

in the recent times due to large number of DBMS based 

applications and the need to protect investments in a 

centralized DBMS [16]. 

A bank may implement their database system using 

distributed database technology across multiple computer 

systems rather than a single, centralized mainframe. These 

computer systems may be located at each local branch 

office: for example, Singapore, Delhi, and London. A 

network linking the computer enables the branches to 

communicate with each other whereas DDBMS enables 

them to access data stored across different branch office. 

Thus a client living in Singapore can also check his/her 

account during his/her visit to Delhi or London [12]. 

System administrators can distribute data collection 

(e.g. database) across multiple physical locations. A 

distributed database may reside on network servers over the 

corporate intranets, internet, extranets, or on any other 

company network. Since they store data across multiple 

computers, distributed databases permit transactions to be 

processed on many machines rather than being limited to 

one thus improving performance at end-user worksite [2]. 

II. ARCHITECTURAL MODELS FOR DDBMS 

The architecture of a system defines its structure in such a 

way that each component of the system is identified; its 

functions specified; and various interrelationships and 

interactions within the components are defined. This is 

applicable both for computer systems as well as for software 

systems. 

The architectural model for distributed database 

management is classified along three dimensions: 

 Autonomy  

 Distribution  

 Heterogeneity 

Autonomy refers to the dissemination of control (not of 

data) and indicates the degree to which an individual DBMS 

can operate independently. 

 Tight integration: It makes available a single-image of 

the entire database to any user who wants to share the 

information (that may exist in multiple DBs); realized 

in such a manner that one data manager is in control of 

the processing of every user request. 

 Semiautonomous systems: These are individual DBMSs 

that although can operate independently but participate 

in a federation in order to make some of their local data 

shareable. 

 Total isolation: These individual systems are stand-

alone DBMSs without any global control, which do not 
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know the existence of other DBMSs nor how to interact 

with them. 

 Autonomy has different dimensions: 

 Design autonomy: An individual DBMS is free to use 

its own preference of data models and transaction 

management techniques. 

 Communication autonomy: Each individual DBMS is 

free to select what information it can provide to the 

other DBMSs. 

 Execution autonomy: Each individual DBMS is free to 

execute its various transactions in its own preferred 

way. 

 Distribution: Speaks of the physical distribution of data 

over multiple locations. 

 No distribution: Data is not distributed at all 

 Peer-to-peer distribution (also called full distribution): 

No differentiation is made between client and server 

machines. Each machine has full DBMS functionality 

 Client/Server distribution: Data is concentrated at the 

server, while clients provide application user interface. 

It’s a first attempt towards distribution. 

 Heterogeneity: Refers to the assortment of components 

at various levels like: 

 Hardware 

 Communications 

 OS 

 Database Components (Data model, Query 

Language, Transaction Management algorithms) 

Different architecture models for DDBMS are: 

A. ANSI/SPARC architecture 

 
Fig. 1: ANSI/SPARC architecture 

ANSI/SPARC architecture is based on data. Figure 1 shows 

the ANSI/SPARC architecture. It has three views of data:  

 External Level (User Views): An external view of a 

database describes a part that is relevant only to a 

particular user. It excludes any irrelevant / in accessible 

user data. 

 Conceptual Level: It is a method of describing which 

data is to be stored within the database and its inter-

relation. However it does not dictate how the data is to 

be physically stored. 

 Internal Level: It details how the database is physically 

characterized on the computer system and also 

describes how the data is essentially stored in the 

database and on the computer hardware. 

B. Client-Server Architecture 

It provides two-level architecture and a more efficient 

division of work. It divides the functionality into: 

 Server Functions: mainly data management, including 

query processing, optimization, transaction 

management, etc. 

 Client Functions: include some data management 

functions (consistency checking ,transaction 

management, etc.) along with user interface 

Different types of client/server architecture 

 Multiple client/single server 

 Multiple client/multiple server. 

C. Peer-To-Peer Architecture 

 Local internal schema (LIS): It describes the 

organization of local physical data (which can be 

different for each machine) 

 Local conceptual schema (LCS):  Describes logical data 

organization at each site. Required since the data are 

fragmented and replicated 

 Global conceptual schema (GCS): Describes the global 

logical view of data. It’s a union of LCSs. 

 External schema (ES): Describes the user/application 

view on the data. 

D. Multi-DBMS Architecture 

In an MDBMS, GCS represents only the collection of some 

local databases which each DBMS wants to share. 

Two different architecture models are classified as: 

 Models with a GCS 

 Models without GCS 

III. TYPES OF DISTRIBUTED DATABASE ARCHITECTURE 

There are main two types of Distributed database system 

architecture: Homogenous and Heterogeneous 

A. Homogenous Distributed Database Systems 

 
Fig. 2: Homogeneous Database 

Figure 2 shows the homogeneous distributed database. A 

network of multiple databases that residing on either one or 

multiple machines is termed as a homogenously distributed 

database system. Every machine will have to run the same 

DBMS (e.g. Oracle) on the same operating system. An 

application can simultaneously access or modify the data 

across several databases in a single distributed environment. 

For a client application, the location and platform of these 

databases is transparent. Synonyms for remote objects can 

also be created in the distributed system so that users can 
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access them using the same syntax as that for local objects 

[16] 

B. Heterogeneous Distributed Database Systems 

Data is distributed across multiple sites in a heterogeneously 

distributed database system. The system hardware and 

software configuration can be diverse. A heterogeneous 

distributed database system appears as a single local 

database to the software application. E.g. a local Oracle 

database server hides the distribution and heterogeneity of 

its data. Figure 3 shows the heterogeneous distributed 

database 

IV. ADVANTAGES OF DISTRIBUTED DATABASE SYSTEM 

 
Fig. 3: Heterogeneous Database 

1) Growth Facilitation: Distributed database is flexible. 

New sites can be added to the network without 

disturbing the operations of other sites. 

2) Improved Communications: As local sites are smaller 

and located closer to customers, they provide better 

means of communication among departments and 

between customers and company staff. A quicker and 

better communication often helps to improve 

information systems. 

3) Lower cost: It is much more cost-effective to add new 

sites to a network than to update a mainframe system. 

Development work can be done more economically and 

more quickly on low-cost PCs than on mainframe. 

4) Reduced danger of a single-point failure: A distributed 

system can shift its operations when one of the 

computer fails. The system workload can be easily 

picked up by any other workstation, because one of the 

distributed system’s features is that data exists at 

multiple sites. 

5) Processor Independence: The end user can access any 

available copy of the data. Also an end user’s request 

can be processed by any processor at the given data 

location [12]. 

V. DISADVANTAGES OF DISTRIBUTED DATABASE 

1) Security: The probability of security risk increases 

when data are located at multiple sites. The task of data 

management will be shared by various people at several 

sites, and LANs do not have the complicated security of 

centralized mainframe installation. 

2) Increased Storage Capacity: Data replication requires 

additional disk storage space. However, disk access and 

storage management is a widely spread data storage 

environment are more complex [3]. 

3) Complexity: Application must be able to recognize data 

location and also be able to put data from different sites 

all together. Database administrator must have the 

ability to manage database activities to data anomalies. 

4) Lack of Standards: Although distributed databases 

depend on effective communication, no standard 

communication protocols have been defined yet. A few 

official standards do exist in any of the distributed 

database system, however if they deal with 

communication or data access control is uncertain. 

VI. CONCLUSION 

Architecture defines the structure of the system.   ways to 

classify an architecture is based on: Components, Functions 

and Data. DDBMS can either be based on identical 

components (homogeneous systems) or on different 

components (heterogeneous systems).  ANSI/SPARC 

architecture defines external, conceptual, and internal 

schemas. The orthogonal implementation dimensions for 

DDBMS are: Level of distribution, Autonomity, and 

Heterogeneity. Different architectures discussed are: Client-

Server Systems, Peer-to-Peer Systems, Multi-DBMS 
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