
CHAPTER 1

MOBILE DATABASE SYSTEM

1.1 INTRODUCTION

This chapter presents an intuitive introduction to the architecture and basic com-
ponents of a mobile database system (MDS). Such an introduction is very helpful
in preparing our readers to understand the complete architecture, its functionality,
and research and development issues. The introduction briefly explains the objec-
tives of MDS, describes the data organization, discusses the role of each component,
explains how transactions are processed, describes the role of concurrency control
mechanisms, and discusses database discovery issues.

1.1.1 Mobile Database System Architecture

An MDS is a distributed multidatabase client/server system built on a PCS (personal
communication system) [1] or a GSM (global system for mobile communication)
platform [2–4]. It provides complete database functionality to any user—mobile or
stationary. End users, therefore, are unable to differentiate whether they are using
an MDS or a conventional database system. A user can connect to the database
from anywhere (driving, traveling on a plane, enjoying a roller-coaster ride, etc.)
without having to go through the web. The connectivity between the user and the
database system is established either through a cellular network or through satellite
communication. There are some differences in GSM and PCS architectures; as a
result, the architecture of MDS built on these platforms may differ slightly; however,
it does not affect MDS functionality [5, 6].
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Figure 1.1 Reference architecture of a mobile database system.

Database functionality is provided by a set of DBSs (database servers) that are
incorporated without affecting any aspect of the generic cellular network. A reference
architecture of MDS is illustrated in Figure 1.1.

The architectures of GSM and PCS are discussed in detail in Chapter 2. The
components of these systems are special-purpose computers (switches). The reference
architecture of MDS is, therefore, described in terms of components of GSM/PCS
such as base station (BS), fixed hosts (FHs), base station controller (BSC), mobile
switching center (MSC), home location register (HLR), and visitor location register
(VLR). These components are described in detail in Chapter 2. We refer to some of
these components as workstations, PCs, PDAs, laptops, and so on, to better understand
the architecture and functionality of MDS.

The reference architecture of our MDS that is discussed here is based on a GSM
platform. In MDS, a set of general-purpose computers are interconnected through a
high-speed wired network and categorized into fixed hosts (FHs) and base stations
(BSs) or mobile support stations (MSSs). FHs are not fitted with transceivers so they
do not communicate with mobile units (laptop with wireless connectivity, PDAs,
IPad, etc.) One or more BSs are connected with a BSC that is also referred to as the
cell site controller [1, 4]. It coordinates the operation of BSs using its own stored
software programs when commanded by the MSC. To coordinate with DBSs, some
additional simple data processing capabilities are incorporated in BSs. Unrestricted
mobility in PCS and GSM is supported by a wireless link between BS and mobile
units. These mobile gadgets are referred to as mobile hosts (MHs) or mobile units
(MUs) [1, 4]. BSs are fitted with transceivers and communicate with MUs through
wireless channels and link wired and wireless parts of the MDS. Each BS serves one
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cell that is a well-defined geographical area. The size of a cell depends on the power
of its BS. In reality, a high-power BS is not used because of a number of factors;
rather, a number of low-power BSs are deployed for managing movement of MUs in
various cells.

Database servers (DBSs) can be installed (a) inside BSs or (b) inside FHs. There
are, however, a number of problems with this setup. BSs or FHs are switches and
they have specific switching tasks to perform; incorporating database capability in
them would interfere in their switching tasks. Besides, the size of a BS varies and
inhibits incorporating complete database functionalities in smaller BSs, and the entire
architecture of a BS (hardware and software) may have to be revised. Such a major
change in a cellular platform would be unacceptable from a mobile communication
viewpoint. In addition to this, the setup will not be modular and scalable because any
change or enhancement in database components will interfere with data and voice
communication. For these reasons, DBSs are connected to the system through a wired
network as separate nodes as shown in Figure 1.1. Each DBS can be reached by any
BS or FH, and new DBSs can be connected and old ones can be taken out from
the network without affecting mobile communication. The set of MSCs and PSTN
connects the MDS to the outside world.

A DBS communicates with MUs only through BSs. The duration a mobile user
(MH or MU) remains connected to DBSs (through BSs) depends on the workload.
On the average, it is actively connected for 2 to 4 hours during a day. At other times,
when it is not engaged in transaction processing, it must save the battery power. To
conserve the power, a mobile unit can be switched to stay in (a) powered off mode
(not actively listening to the BS) or (b) an idle mode (doze mode—not communicat-
ing but continuously listening to the BS) or (c) an active mode (communicating with
other parties, processing data, etc.) The unit can move from one cell to another in
any of these modes. For example, a driver can switch its cell phone to save battery
power while driving and may cross many cell boundaries. The total coverage area
of an MH is the sum of all cell areas, that is {C1 + C2 + · · · + Cn} where Ci indi-
cates a cell. As discussed in Chapter 2, the mobile unit encounters handoff only in
active mode.

1.1.2 Data Distribution

The MDS has multiple DBSs and a database can be (a) partially distributed or (b)
partitioned or (c) fully replicated [7–9]. However, in MDS, data distribution is archi-
tecture specific. An MDS can be either a federated or a multidatabase system; as a
result, data distribution must follow the constraints of location-dependent, location-
aware, and location-free data [10]. Under such constraints, unlike conventional data
distribution, a data item can be replicated only at a certain DBS. For example, it does
not make sense to duplicate or replicate the tax data of Kansas City to a DBS that
serves the Dallas area. This implies that a global database schema may not be feasi-
ble in MDS. However, we will see later that under some situations, a full database
replication is possible and highly useful. Generally, partial data replication is always
possible.
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1.1.3 Transaction Processing

A user initiates a transaction either at an MU or at a DBS. Since MDS is a distributed
database system, the execution of a transaction follows a distributed transaction pro-
cessing paradigm [11–13]. If the necessary data are available at the place of ori-
gin (mobile unit or DBS), then it either can be processed in its entirety as a single
transaction or may be split into multiple sub-transactions and processed at multiple
processing units (MU or DBS) for better throughput. On the other hand, if the place
of origin does not have the entire data for the transaction, then it has to split into sub-
transactions and is processed in a distributed manner. The process and mechanism of
the transaction split, the mode of distributed processing, and so on, will be discussed
in later chapters.

1.1.4 Concurrency Control Mechanism

Similar to conventional database systems, MDS also requires conventional concur-
rency control mechanisms to serialize the execution of concurrent or parallel transac-
tions. There are a large number of serialization mechanisms developed for database
systems such as two-phase locking, timestamping, multiversioning, and so on, but
because of the unique requirements of MDS, they may not be satisfactory [14]. Con-
ventional serialization mechanisms are process and communication intensive. MDS
does not have a lot of channels and power to support the volume of communication it
requires; as a result, new energy-efficient serialization mechanisms need to be devel-
oped or conventional schemes need to be revisited to make them energy-efficient. To
provide better response and throughput, MDS needs serialization techniques that have
(a) independent decision-making capabilities and (b) minimum locking and unlocking
overheads. Later chapters explain the requirements and working of such concurrency
control mechanisms and develops a few.

1.1.5 MDS Recovery

MDS has many unique requirements such as management of location-dependent
data, transaction processing during handoff, etc. These requirements make recovery
complex, compared to conventional database recovery. The complexity begins from
log management. The main problem is the management of the log generated by mobile
units [15]. Where and how to store the log, how to make the log available for recovery,
how and where to recover, and so on, are some of the difficult issues that need efficient
and cost-effective solutions. In the later chapters, we discuss all these issues in detail
as well as their theoretical foundations and recovery protocols.

1.2 SUMMARY

This chapter presented a brief introduction to a reference architecture of a mobile
database system (MDS) and explained how transactions are processed. The objective
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was to develop readers intuition so that they can get a clear understanding of unique
and complex problems and issues of MDS. Since the backbone of MDS is wireless
and mobile disciplines, we begin coverage of these topics in the next chapters.

EXERCISES

1.1 Explain the unique properties of mobile database systems and identify the sim-
ilarities and differences between conventional distributed database and mobile
database systems.

1.2 What is the difference between wireless communication and mobile commu-
nication? Explain your answer and give real-world examples to illustrate the
difference.

1.3 Identify the the set of components that use wireless channels and identify the set
of components that are connected with wired network. Explain the roles they
play in mobile database systems.

1.4 Discuss the role of DBS in managing the database. Do you think DBSs should be
made a part of BSs (housed in BSs)? First explain if it is possible to make them
as a part of BSs and then comment on the benefits of this architecture. Suggest
another location for DBSs that works fine without affecting functionality of the
cellular system.

1.5 Design a database partition and distribution scheme that will improve transac-
tion processing throughput and response time. Explain how transactions will
be processed under your distribution scheme. (Note: This is a research-type
question suitable for a graduate class project.)
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