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Abstract
In Mobile computing environment, Caching plays a vital role 
because of its ability to improve the performance and availability. 
Limitations of weakly-connected and disconnected operations are 
often addressed by the researchers with various cache mechanisms. 
It is known fact that the mobile constraints are the major hurdles 
for adopting the various cache replacement strategies.   But still 
there is a dire need to address these strategies to increase the 
transparency, performance of the mobile clients.   
In this paper, an emphasis is made on overview of the cache 
mechanism along with cache replacement strategies based on 
Location Dependent Information Services (LDIS). 
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I. Introduction
Advances in Modern Mobile technologies  includes  portable 
devices like Mobiles, PDAs, Laptops etc.,  with wireless interfaces 
those  permit networked communication increasingly useful for 
Mobile Community. Wireless networking really enhances the 
effectiveness of a portable computing device. The combination 
of networking and mobility will have to be created new technical 
challenges from time to time that mobile computing must overcome 
their limitations. The Mobile devices are  providing  tremendous 
services for Mobile users  such  as Global  Positioning System 
of mobile clients and request  for information considering the  
factor of location is  referred to based on Location Dependent 
Information  Services (LDIS). LDIS means the data whose value 
is determined by the geographical location of data storage and the 
geographical location of the Mobile Unit (MU) . For example, 
when a query is raised from a MU, if it wants to find out information 
about local hotels belonging to particular Geographical location, 
the query  be resulted with constraints. Those are, the hotels that 
are displayed may not be reached at expected time, the displayed 
information may be variant from one Database Service Provider to 
another Database Service Provider etc. These applications have to 
be either changed or integrated the way mobile applications access 
and manage data for the purpose of common result set for the 
given query.  Instead of storing data in a central location, i.e. on 
a server on the Internet, data is being moved closer to client side 
applications. So the data processing is performed more efficiently 
and autonomously.  In the wireless environment the client-server 
paradigm differs significantly from the traditional approach 
because of two main reasons i.e., Frequent disconnections and 
low bandwidth. In this context, a mobile user would like to have 
the transparency in the connection.  Transparency in the sense that 
the mobile device has to be accessed the data to the application. 
It is already known fact that the major challenges in the mobile 
environment is to ensure data availability, to reduce bandwidth 
and maximum utilization of resources. Caching and perfecting 
are techniques to stream line the impact of   low bandwidth and 

intermittent wireless links in mobile environment. Frequently 
requested data items conserve much bandwidth and is to be 
eliminated, because repetitive data transfers for the same data 
item to different mobiles. By intruding various cache replacements 
schemes, the above mentioned problem can be resolved.

A. Mobile Constraints

1. Weight, Power and Size
The mobile elements like weight, power and size are the major 
constraints in the computing resources such as processor speed, 
memory size and disk capacity. Hence it is considered as resource 
poor. 

2. Quality of Service
Interruption and fluctuation of signal in the wireless environmental 
is common always affecting the Quality of Service.

3. Connection Latency
Due to limited bandwidth of the spectrum and its availability at the 
current location of the mobile, there may be causing connection 
latency.

4. Mobility is Inherently Hazardous
Eventhough the security Protocols are conserving privacy 
of communication, they may be violated. Because they are 
vulnerable.
All these constraints are intrinsic to mobility. These constraints may 
complete in the design of mobile information system.   In addition, 
Scalability will be growing because of ubiquity of computer. 
Diversity of data is another issue because data repositories will 
be much richer in the content than traditional File Systems.

II. Need for Adaptability 
The above mention mobile elements and their constraints must be 
adaptive for the successful functionality of mobile devices. There 
is a need to cope up with unreliable, low performed network and 
sensitivity of the power consumption for improving self-reliance. 
A dire need to any viable approach for balancing these competing 
concerns is very much required. This balance is needed to be a 
dynamic one rather than a static one. A Dynamic balance dynamics 
is in the sense that dynamic related to reaction and reassigning 
the responsibilities of client and server

A. Mobile Aware Adaptation
Adaptation is the key to mobility. By using local resources to 
reduce communication and to cope with uncertainty, adaptation 
insulates users from the vagaries of mobile environments.

B. Application Aware Adaptation
This adaptation enables the collaboration partnership between 
applications and system. This approach also enables individual 
app1lications determines how the best to adapt but preserves the 
ability of system to monitor resources and enforce allocation 
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C. Extended Client Server Model
In a client-server information system, a server may be any machine 
that holds a complete copy of one or more databases.  A client can 
access data residing on any server with which it can communicate. 
Classic client-server systems assume that the location of client 
and server hosts does not change and the connection among them 
also does not change.  As a result, the functionality between client 
and server is statically partitioned. In a mobile environment, the 
distinction between clients and servers may have temporarily 
spoiled, resulting in an extended client-server model shown in 
below [1-2].

Fig. 1:

The resource limitation of clients may require certain operations 
which are normally performed on mobile client to sometimes to 
be performed on resource-rich servers. In the same way, the need 
to cope with uncertain connectivity requires clients to sometimes 
to emulate the functions of server. 

Example
The thin client architecture off-loads most application logic and 
functionality from clients to stationary servers.  In this architecture, 
applications in stationary servers are usually mobile-aware and 
optimized for mobile client devices. This architecture is suitable 
for dumb terminal or small PDA applications. The full client 
architecture emulates server functions on the client devices and, 
can reduce the uncertainty of connectivity and communications.

III. Overview of Cache Mechanism
In Mobile Computing, Caching plays a vital role, because of its 
ability to improve the performance and availability limitations 
of weakly-connected and disconnected Operations. A cache 
is a small fast memory for holding frequently used data. The 
environments of mobile computing are generally slow wireless 
links, relatively underprivileged hosts with limited battery power 
causing frequently disconnected. Caching data at mobile host in 
computing environment can solve the problems associated with 
slow, limited bandwidth wireless links by reducing latency and 
conserving bandwidth [4]. Cache Invalidation, Cache Consistency, 
Cache replacement are the most frequent techniques used for data 
management in wireless network.

A. Cache Invalidation
Frequently needed data items are cached in the database server 
for improving transaction throughput [5]. It is necessary to store 
data in the cache for future use. It must be properly invalidated, 
for ensuring the consistency of data. Cache Invalidation strategies 
enable the mobile client to re-establish the cache state from invalid 

stage to valid stage. Eventhough cache validation algorithms 
consider limited bandwidth and limited resources of the mobile 
client. For this reason, most of time the database server set cache 
as invalidation and by sending Invalidation Report(IR) to all 
the mobile clients. It is necessary to develop effective cache 
invalidation strategies which ensure the consistency between the 
cached data in the mobile clients and the original data stored in the 
database server. There are three ways to design cache invalidation 
strategies [6].

1. Invalidation With State Full Server
The server should know which data are cached by which mobile 
clients. Whenever the data item is changed in the server, the server 
will send an invalidation message to those clients which cached 
that particular data.  This method requires the server to find the 
location of  the clients. Since disconnected mobile clients cannot 
be communicated by the server, the disconnection of a mobile 
client automatically assumes that its cache is no longer valid till 
get the reconnection. Also the mobile client needs to inform the 
server of its relocation. The mobility, disconnection of the clients 
and updating of data items will increase the uplink and downlink 
messages. 

2. Validation of Cache Data by Mobile Client
When the mobile client queries the server to verify data in its 
cache on reconnection, this method generates a lot of uplink traffic 
in the network.

3. Invalidation With Stateless Server
The server does not now the state of client’s Cache. It simply 
periodically broadcast an Invalidation Report (IR) to client 
containing data items that have been updated recently. Then the 
client assures that the validity of the data item by listening to the 
Invalidation Report, going uplink if the client’s cache validity is 
no longer guaranteed. There are many algorithms which used the 
invalidation stateless techniques.

B. Cache Consistency
Caching frequently accessed data objects at the local buffer of 
a Mobile User (MU) can significantly improve the performance 
of mobile wireless networks. It is a challenge task to maintain 
cache consistency in the mobile environment due to frequently 
disconnections and Mobility constraints of Mobile user. There are 
several cache consistency maintenance schemes proposed for the 
mobile wireless environments. The goals of these schemes and 
algorithms are to ensure valid data objects in the cache to enhance 
their availability and minimize overhead due to consistency 
maintenance. 

C. Cache Replacement
When the cache is full, an data object has to be removed to make 
room available  for the data that has to be brought in .While it 
would be possible to pick a random object to replace when cache is 
full, system performance will be better if we choose an object that 
is not heavily  used. If a heavily used data item is removed from 
client’s cache, it will probably have to be brought back quickly, 
resulting in extra overhead. So much work has been done on the 
subject of cache replacement.

IV. Location Based Cache Replacement Strategies
Caching the frequently data items is an effective mechanism for 
improving the system performance. Cache replacement algorithms 
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are providing the solution for finding suitable group of items from 
the cache. Most of the  existing cache replacement algorithm are 
based on  the time  from the time when last access, entry time of 
the item in the cache, hit ratio, expiration time of the item in the 
cache, location etc.
Generally the cache replacement algorithms have designed in 
the context  of operating system virtual memory management 
and database buffer management [7]. Imaran and Tauheed has 
explained about the different  caching strategies [8]. They have 
divided this strategies into four categories. 

In the Directed Request strategy, client will send direct request • 
to the server and it expected the reply from the same way.
Information Based or location based strategy where mobile • 
nodes will exchange or store the information about the 
location where data is available. 
Role-Based Strategy is based on the cluster. Cluster will be • 
creating on the based of functionality of the node.  Depending 
on the architecture some mobile node will be selected as a 
coordinator. 
Broadcast based strategy where mobile nodes broadcast the • 
request to find out the mobile node which replies the response 
with the requested document. 

Most of the cache replacement algorithms are influenced by 
Location based strategy.  Least Recent Used (LRU), Least 
Frequently Used (LFU) used the cache. Least Frequently Used 
algorithm is determined by the reference count of each object. 
LRU-K algorithm is considered the recent and frequency of the 
object. These algorithms are containing itself by not considering 
the location and direction of the client movement.
Manhattan Distance Method calculates the value i.e., the distance 
between location of the each cached data item and the current 
location of the mobile client. [9] Cache replacement also calculated 
on Cost based Algorithm. The Cost based Prediction based 
algorithm follows the cost function which will be calculating the 
cost, where cost is associated with the cached data. The data item 
having highest value will replace first.
Probability Area (PA) algorithm follows cost-based replacement 
policy. Each cached object is associated with a cost. Probability 
Area Inverse Distance (PAID) is an extended adaptation of 
Probability Area algorithm. It considered three parameters i.e., 
Access probability, valid scope area and data distance [10-11]. 
Valid scope area means the geometric area of the valid scope of 
a data value. When the mobile client moves far way from the 
valid scope, there may be change that the client will request the 
data.  PAID considered Access probability, valid scope area and 
data distance. Data will be evicted first when it has low access 
probability, a small valid scope area, and a long distance.
Mobility Aware Replacement Scheme (MARS) calculates  the 
cost function includes temporal locality, spatial locality and a 
cost for the data object. The data is purged when the data item 
has lowest value [12].
Furthest Away Replacement (FAR) is a semantic caching scheme 
considers the location, speed and direction of users. It replaces 
the data which is not moving direction and wouldn’t be visited 
near future.  Based on the direction of mobile movement, data  is 
arranged in two sets i.e. In-Direction and Out-Direction.  Data in 
the out-direction set is evicted first and then the farthest in the 
indirection. FAR considers only the spatial properties for cache 
replacement.
All  these algorithms concentrated  on  distance factor but  fail 
to identify the predicted region or area where the client can be in 
near future.Many algorithms has designed Based on  prediction 

of the movement of the mobile client. Predicted Region Based 
Replacement Policy and Prioritized Predicted Region based Cache 
Replacement Policy which takes into consideration the access 
probability, valid scope area, data size in cache and data distance 
based on the predicted square region [13-14].

V. Conclusion
In the current generations of Distributed Systems under mobile 
environment, coupling of the services are intrinsic. Making it 
necessary to mobile clients, for  adapting into  various external 
conditions,  to increase its functionality at higher level, various 
cache replacement mechanism algorithms are to be addressed 
further. As the mobile constraints which are discussed in the paper 
are inevitable, the client side mechanisms are to be extended at by 
and large to safeguard the consistency and the functionality of the 
mobile and its services more transparent and efficient.
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