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Abstract — Data communication in mobile devices has many
challenges and the effective data communication shall support the
mobile users in exploiting the different facilities through this ad-hoc
network. Latest advancements in the processors, memories and
storage and connectivity devices have lit the way of next
generation’s anywhere and anytime data-driven applications.
Mobile data management is an important aspect of the research
conducted in mobile computing systems since the conventional data
management systems may not satisfies the constraints such as the
mobility of the users or the computers connected to the system, and
the resource constraints such as wireless bandwidth and battery life.
Research is going on mobile database at very large. During this
study different databases for mobile devices have been reviewed
based on different dimensions. This paper presents and elaborates
popular databases available for mobile devices.
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I.

INTRODUCTION

Recent advances in device technology and connectivity have lit
the way for next generation applications that are data-driven,
where data can reside anywhere, can be accessed at any time,
from any client. Also, advances in memory technology are
increasing the capacities of RAM and Flash, and their costs
down.
These trends lead to applications that are mobile, embedded, and
data-centric. As employee mobility is increasing, so is the need
for traditional desktop applications to run on mobile devices.
Mobile phones (including smart phones) are the majority of the
mobile devices of interest. A simple phone includes a CPU,
memory, storage (flash), networking, and a battery. More
recently, phones started offering additional features like camera,
music player, GPS, etc. Such convergence of capabilities has
lead way to System-on-Chip (SOC) design, with a single chip
including a processor, memory, connectivity, camera, music
player, video broadcast, GPS, 3D graphics, etc. [1].
Ad-Hoc network is a self-organizing multi-hop wireless network,
which relies neither on fixed infrastructure nor on predetermined
connectivity. The mobiles in current state of technology use adhoc wireless networks. It supports wireless communication and
the mobile users are roaming from cell to cell.
Professionals as well as other types of learners are finding it
increasingly necessary to communicate and gain access to data
while on the go.
The mobile devices and its applications are becoming everywhere; the
demand for database in mobile has increased which has created a need
to develop database architectures that are suitable for such mobile
environments. Since the mobile data management differs from the
conventional data management in the mobility of the users or the

computers connected to the system, and the resource constraints such as
wireless bandwidth and battery life. The data management techniques
developed for conventional distributed database systems may not work
well in a mobile environment.
A very fast advancement in mobile computing technologies strongly
demanding for database systems that can be used in small devices such
as Smart Phones, sensors, cellular phones, PDAs, car navigators, and
Ultra Mobile PCs (UMPCs). The customizable database systems for
small computing devices are termed as Mobile or Ubiquitous Database
Management Systems (UDBMSs) [2]. A mobile database is a

database that can be connected to by a mobile computing device
over a mobile network. The client and server have wireless
connections [3]. The mobile database can be defined as a
database that is portable and physically separate from a
centralized database server but is capable of communicating with
server from remote sites allowing the sharing of data [4].
Ubiquitous or mobile access refers to the ability of users to access
computing resources from almost anywhere to provide dissemination of
large amount of useful and needful information to different mobile user
by designing the efficient data management policies [5]. Data of all

sorts is being stored on mobile devices that are starting to run
local relational database engines like SQLite. Hence a distributed
database engine which can be formed within a mobile ad-hoc
network is becoming a reality, thus allowing peoples to submit
queries against it [6]. Almost all mobile applications use
persistency for their data. A common way for complex mobile
applications is to store data in local relational databases. Almost
all major mobile platforms include a relational database engine.
These database engines expose specific API (Application
Programming Interface) to be used by mobile applications
developers for data definition and manipulation. The
development complexity of database-powered mobile
applications varies from platform to platform [10].

CHARACTERISTICS OF UBIQUITOUS MOBILE DBMS
The data access and management requirements of the mobile
applications are significantly different from that of traditional
DBMSs. These new applications must be able to run on multiple
platforms, from devices, servers, web and with various existing
database mechanisms. However, these database mechanisms
(like query, indexing, persistence) must be there as traditional
DBMSs and can be used embeddable components (e.g. DLLs)
which can be embedded within applications itself. Such
Ubiquitous Mobile DBMSs have the following characteristics
[11,12,13,14,17]:
A. Embeddable in applications – The application carries the
DBMS functionality with it and installed without any
configuration and administration with support for multiple
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transactions and applications.
B. Small footprint – The size of the DBMS affects the
performance of the application so it is important to minimize
DBMS. Since the database system is part of the application,
the size of the DBMS affects the overall application. Most of
these applications do not require the complete functionality
of commercial DBMSs; they require simple queries to be
executed in constrained environments.
C. Run on mobile devices – The DBMS should run on variety
of mobile devices with limitation of memory, processor, disk
space and on specialized operating systems, that can be
synchronise with back-end systems.
D. Self managed DBMS – The embedded DBMS is invisible to
the application user. There can be no DBA to manage the
database and operations like backups, recovery, indexing,
tuning etc. If the database crashes, the recovery must start
instantaneously. The database must be self managed or
managed by the application. Also, embedded DBMS must
auto install with the application – it should not be installed
explicitly (user action) or independently. Similarly when the
application is shut down, the DBMS must transparently
shutdown.
E. In-Memory DBMS – The database is too small to be
contained in main memory so by using In-memory DBMS
techniques for optimizing query processing and indexing ,
these special purpose Database applications improve
performance on data.
F. Portable databases – There are many applications which
require very simple deployment – installing the application
should install the database associated with it. This requires
the database to be highly portable. Typically, single file
databases (e.g. like Microsoft Access databases) are ideally
suited for this purpose. Again, there should be no need to
install the DBMS separately – installing the application
installs the.
G. No code in the database – Portable database must also be
safe. Executable code can be a carrier of virus or other
threats. By eliminating any code storage in the database, it
can be made safer and portable.
H. Synchronize with back-end data sources –It must be possible
to synchronize the data with the back-end data sources.
I. Remote management – While mobile and embedded DBMSs
must be self managed, it is important to allow them to be
managed remotely also, especially those on mobile devices.
In enterprises (e.g.FedEX, UPS), mobile devices must be
configured and managed in a manner compliant with the
company standards. Therefore centralized remote
management of these devices is necessary.

UBIQUITOUS MOBILE DBMS

database engine especially suitable for embedded applications.
SQLite has free to use, self contained library implemented in less
than 30000 line of ANSI C and the database is binary compatible
among different byte order machines which can be scaled up to 2
TB in size[3,14].

SQLite internal architecture containing Core, SQL Compiler,
Backend and Accessories blocks [14].
SQLite a 500KB footprint database is a zero configuration
database that neither requires to be installed nor any DBA to
handle it. It can restore automatically after system collapse of
loss of power. It has easy-to-use API and accesses database
directly by calling API functions. It can read or write the
database directly on HDD and a complete database comprises
including indexes and scheme on a single file on the disk, which
can be used and can be shared on different machines easily. As
there is no data type, it can preserve any data to any column
regardless of the data type [15].
SQLite is fast, efficient and scalable database engine, which
supports ACID and offers many supports for SQL92, it also
support multiple tables and indexes, transactions, views, triggers
and a vast array of client interfaces and drivers. It doesn’t rely on
any operating systems, which can be used in a variety of
operating systems, such as uCLinux, uC/OS-II, Windows CE,
and so on and supports major programming languages including
C/C++, PHP, Perl, etc [14,15].

B. SQL ANYWHERE
SQL Anywhere is an embedded database system. SQL
Anywhere database instance can be deployed with the
application installation itself which can be configured to have
transparent operations and less than 275KB footprint.
SQL Anywhere database instance runs in separate memory
and needs to be started by simple API call and can be configured
to shut down automatically when the last connection disconnects.

A. SQLITE
SQLite is the most popular open-source embedded lightweight
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SQL Anywhere Architecture
[courtesy : http://sqlanywhere.de/en/]

DB2 Everyplace Architecture[18]

The databases and transaction log are stored in separate
manageable ordinary OS files for deployment flexibility. To
copy a database one has to copy respective files of that database
which are portable among all supported platforms. SQL
Anywhere’s transaction log contains logical operations which
can be translated into equivalent SQL statements to apply on the
same instance of database schema which helps in problem
determination and database reconstruction at remote locations
[16].
128-bit encryption security of database tables, files and
communication streams between application and database with
built-in user authentication, application profiling is provided by
SQL Anywhere. It also supports for encryption of stored
procedures, views, triggers, etc. to prevent reverse engineering of
the Application.
SQL Anywhere server is having built-in SMTP support event
handlers to issue email notification of events if required. Using
SOAP standard, a built in HTTP server in SQL Anywhere can
function as a web server and can access web services, HTTP and
HTTPS requests on internet. An entire application can be
embedded into a database [17].

Parsing, optimizing and executing query plans are the tasks of
Compiler and a record level abstraction over the data store is
conducted by Data Manager Service.
Fetching, inserting, deleting and updating records in the table
carried out by Record Manager. Sequential records and
contiguously column values are stored to facilitate access locality
with fixed-sized page Buffer Manager.
The tables in catalog system of DB2 Everyplace
DB2eSYSTABLES, DB2eSYSCOLUMNS stores schema, and
DB2eSYSRELS stores relationships.
A valid optimized parse tree of SQL is produced which is then
passed to the interpreter for execution.

D. ORACLE DATABASE LITE
Oracle Database Lite is a complete solution including a small
footprint client database. It requires only 5MB RAM and 2MB
Disk storage. Oracle Database Lite 10g is a full-featured,
integrated infrastructure for mobile application development,
deployment and management.

C. IBM DB2 EVERYPLACE
DB2 Everyplace only needs 350 Kb footprints with the
features like Data synchronization, Self management DB, Low
power consumption, high security encryption, access control,
indexing, concurrency control and integrity.
DB2 Everyplace DBMS engine consisting of shared libraries
to share same set of data to multiple applications using set of
APIs.
Oracle Database Lite Deployment Architecture[20]
The Oracle Database Lite components are Client stack, Mobile
Server and Developer tools. Client stack is available for multiple
platforms including Windows 32-bit, Windows Mobile, Linux
and Symbian OS. Mobile Server is used for synchronization and
scalable deployment and management of applications, users, and
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devices. Developer tools for enabling quick and simple
application development.
The Mobile client includes a small-footprint database and
utilities optimized for handhelds, laptops and small business
environments, supporting single or multi-user deployments with
rich data synchronization support manually through mSync and
application invoking synchronization through API
Oracle Lite client can be installed by self-extracting setup.exe
file from the Mobile Server which installs the Lite Database,
components for synchronization and utilities. Mobile server
configures the client on first sync.
Oracle database was designed to have a small footprint and be
used with Oracle Lite mobile applications in small and embedded
devices such as PDAs, handheld computers, etc. A secure,
relational data store, self-administering and self-tuning is
provided with no DBA involvement requirement.
Oracle Lite database is a subset of data stored in the Oracle
database having a Small Flexible object kernel supports for
SQL92 with procedures and triggers and ACID properties.
Development languages include Java, C++,.NET, etc.. Oracle
Lite is a multiuser, zero administration compressed database with
maximum size of 4GB supporting 64 simultaneous connections
and Query tuning support. Connection can be made through
ODBC, JDBC, and ADO.Net . A Strong 128-bit AES encryption
is also supported by Oracle Lite [20].

E. SQL SERVER COMPACT
Microsoft SQL Server Compact (SQL CE) is a 2.5 MB, free to
download and redistribute compact relational database for
applications that run on mobile devices and desktops supporting
.NET Framework 4.0, and Windows Mobile including both 32bit and 64-bit native support. It requires only 5MB RAM and
2MB Disk storage. Applications can connect to the database
using OLE DB. It can be easily synchronized with all editions of
SQL Server. SQL CE runs in-process.
An indexing supported, ACID compliance SQL CE databases
do not meet the durability requirement by default and uses a
subset of T-SQL for querying which is processed by optimized
query processor. It also supports remote data replication.
SQL CE databases can be created and managed from
Microsoft Visual Studio and some older versions of SQL Server
Management Studio as well. A single “.sdf” (Sqlce Database
File) file encrypted with 128-bit encryption contains whole
databases with maximum size of 4 GB which can be directly
copied for deployment and can be repaired / compact by the
utilities provided. SQL CE database can be embedded in
ASP.NET applications and can be deployed by using
SSCERuntime_x86-ENU.exe and SSCERuntime_x64-ENU.exe
SQL CE database comes up with Server Explorer and Query
Designer with Transact-SQL Editor, development languages
support VB and C# ASP.NET and having consistent setup and
small download. SQL CE is a higher reliable database with

greater security using the SHA2 algorithm [21].

COMPARATIVE STUDY OF UBIQUITOUS DBMS
Charact eristics
Developer

SQLite

SQL
Oracle
Server
SQL
IBM DB2
Database
Compact Anywhere Everyplace
Lite
4.0
Sybase
Oracle
Microsoft
IBM
iAnywhere
Corporation

D. Richard
Hipp
Type
C
programming Relational Relational Relational Relational
library
Small footprint
2 MB
2 MB
2.5 MB
350 KB
4GB
File format
Multiple
Multiple
Multiple
Single file Single file
files
files
files
ClickOnce
Yes
Yes
Yes
Yes
Yes
deployment
Embeddable in
Yes
Yes
Yes
No
No
applications
Self managed
Yes
Yes
No
Yes
Yes
DBMS
Runs under
.NET
Yes
Yes
Yes
Yes
Yes
Framework
Run on mobile
Yes
Yes
Yes
Yes
Yes
devices
In-Memory
Yes
Yes
Yes
Yes
Yes
DBMS
64-bit support
Yes
Yes
Yes
Yes
No
Data file
storage on a
No
No
No
No
No
network share
Portable
Yes
Yes
Yes
Yes
Yes
databases
Database size
140 TB
4 GB
104 TB
127 TB
4 GB
support
XML storage
Yes Yes –
Yes, stored as
stored as Stored in Native XML Full Support
text
ntext
DB
Transact-SQL Common
No
Yes
Yes
Yes
Yes
Query Features
Remote Data
No
No
Yes
Yes
Yes
Access
Simple
Yes
Yes
Yes
Yes
Yes
transactions
Distributed
No
No
No
Yes
No
transactions
Stored
Views and
procedures,
No
Yes
Yes
Yes
triggers
views, triggers
Role-based
No
No
Yes
No
Yes
security
Code free,
document safe,
Yes
Yes
Yes
Yes
Yes
file format
Number of
concurrent
256
10
10
32
Unlimited
connections
Synchronize
Using
Yes to SQL Yes to SQL
with back-end
Yes
Yes
Server
Server
Framework
data sources
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CONCLUSION
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in mobile computing, communication to the main database can
be inconsistent which caused to existence of embedded
databases. The need for Mobile and Embedded DBMS is
increasing with the increase interest in specialized applications
and database system. This paper presents several embedded
databases available for the mobile devices and their architectures.
It also compares some of the characteristics of different
ubiquitous/embedded databases. Most of the embedded DBMS
are designed as a small footprint DBMS which can run on
various small devices.
SQLite is the simplest and smallest of the mobile database and
is used heavily in many mobile applications where a complex
engine is not needed and data synchronization is not a concern.
Concurrency should also be a top consideration due to the
database locking on writes. Another free database, Microsoft
SQL Server Compact is more complex and capable than SQLite,
however it is limited in its capabilities such as a lack of support
for stored procedures and XML data types. It can be easily
integrated with other products of Microsoft which makes it a
strong contender. DB2 Everyplace has one definite advantage
over SQL Server Compact with its cross-platform support.
Oracle Lite and SQL Anywhere are the most expensive choices
though they are most robust. Just an overview of various
embedded databases offering is presented in this paper.
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