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ABSTRACT: Wireless Ad Hoc network is a collection of wireless nodes that are self-configured without fixed infrastruc-
ture. In such nodes caching is the mechanism that makes use of high speed memory known as cache memory. This memory
holds frequently used data so as to reduce data transmission. It also leads to better data management. It is very useful
especially in ad hoc networks that do not have fixed infrastructure. Many researchers contributed towards better data
management through caching and cache replacement techniques. Base line algorithms like LRU and NRU need to be
improved for better performance. Data mining technique approaches like Association Rule Mining (ARM) can be used to
have better performance in cache coordination and cache replacement. The FP-Growth algorithm is used for this purpose
by some researchers. However, this algorithm consumes more resources. Therefore, a light weight algorithm for discover-
ing association rules is needed. In this paper we used FIN ARM as part of our methodology for better data management
and cache replacement. Our simulation study resulted in better performance when compared with LRU and FP-Growth
algorithms.
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1. Introduction

Wireless Ad Hoc network is the network with collection of nodes without having fixed infrastructure. On the other hand
some wireless networks are with fixed infrastructure. The difference between them is shown in Figure 1. Ad hoc networks
have important utility in the real world applications. Ad hoc networks have the feature known as caching. Caching helps nodes
to store data that might be needed frequently in order to provide better data management. There are schemes like Least
Recently Used (LRU) and Most Recently Used (MRU) techniques for cache replacement. However, these are baseline
algorithms that need improvement. Therefore, in this paper, we studied data mining techniques that are widely used for
different applications. Especially our focus was to use association rule mining in order to have better data management in ad
hoc networks.
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Figure 1. A typical difference between wireless ad hoc network and other network

As shown in Figure 1, it is evident that ad hoc network is a network of wireless devices. The devices are automatically
configured to form a network without any fixed infrastructure. The network is formed on demand without having pre-defined
infrastructure. On the other hand the other kind of wireless network (shown left in Figure 1), there is need for infrastructure
for forming a network.

In the ad hoc networks caching helps in faster query processing and better data management. There is provision for reusing
data which is frequently used instead of transmitting it every time. To process a query, it is possible to reuse data in cache
memory. Then it is known as cache hit. When cache hit ratio is more, it is said to have better performance. Many researchers
contributed towards caching and cache replacement techniques. Section 2 throws light on this. Our contribution in this paper
is to have a methodology that makes use of FIN ARM for generating knowledge that can help in making cache replacement
decisions. The remainder of the paper is structured as follows. Section 2 provides review of literature. Section 3 presents the
proposed system in detail. Section 4 presents implementation details. Section 5 shows experimental results while section 6
concludes the paper.

2. Related Works

This section provides review of literature on different aspects of caching and cache replacement. Information density based
cache replacement techniques are explored in [1] and [5]. In [2] caching techniques are used to improve information retrieval
performance by using neighbour group data caching. Counter based cache replacement technique is used explored in [3].
Information solidity evaluation based approach for caching strategy is used in [4] for resource efficient access of informa-
tion. On-demand cache based routing was used in [6] for improving performance of wireless ad hoc networks. Cooperative
caching strategies with different case studies are presented in [7] while data caching schemes with coherence are proposed
in [8]. Cache discovery over a network with multiple hops is presented in [9] with power control and better cooperation.

Cooperative caching and its implementation is done in [10] for social wireless networks that are formed by wireless devices.
Different caching techniques are explored in [11], [12], [13], and [14] for efficient data management and information re-
trieval. FP-tree [15] is used to have association rule mining. This algorithm is used for generating association rules based on
given support and confidence. The association rules are used in the Ad Hoc nodes to have better data management. However,
the FP-tree based algorithm consumes more resources. It needs further improvement as the ad hoc networks are resource
constrained. To overcome the drawbacks of existing algorithms that are based on FP-tree [15], we proposed a new method-
ology based on FIN ARM which provides more light weight processing for improving performance. The cache hit ratio is
improved with the proposed system.

3. Proposed Methodology

We proposed a methodology for correlation and cache replacement. Towards this end, we proposed a framework as shown in
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Figure 2. There is query manager to take care of queries of nodes and processing them. The query processing is done by
hitting cache in order to perform data transmission faster. This is the case in general. Sometimes, when data is not found the
cache, it needs to be transmitted explicitly causing more overhead. Improving cache hit ratio is the main aim of the proposed
methodology. Cache is the high speed memory that holds frequently used data which is reused by nodes in ad hoc networks.
Knowledge DB is the database containing data that can be updated by using query processing results. The FIN association rule
mining algorithm has light weight processing which can help query manager to perform well and the overall system will get
benefits of correlation among data items and cache replacement in an effective manner.

Figure 2. Proposed methodology based on FIN ARM

The proposed system is based on FIN algorithm which is more efficient as it reduces complexity in producing frequent item
sets. FIN was taken from [16]. FIN makes use of POC tree for storing data that is used for association rule mining. This tree
structure also make discovery of frequent items faster. This will reflect in the accurate decision making with respect to
cache replacement. In order to illustrate the tree and its structure, Table 1 is used to represent data in the form of POC tree.

ID Items Ordered Frequent Items

1 a, c, g, f c, f, a

2 e, a, c, b b, c, e, a

3 e, c, b, i b, c, e

4 b, f, h b, f

5 b, f, e, c, d b, c, e, f

As shown in Table 1, it is evident that the POC tree is generated from the data presented and the tree appears as follows.

As shown in Figure 3, the POC tree is represented with given data. This tree helps faster processing of data when compared
with traditional tree-based data structures. The framework in this paper makes use of it with respect to FIN association rule
mining.

Table 1. Sample data
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Figure 3. Generated POC-tree based on the data of Table 1

Algorithm: FIN ARM
Inputs: Dataset D, support sup, confidence conf
Output: Casual rules
01 Initialize vector POC to hold POC tree
02 Initialize vector AR to hold association rules
03 Initialize vector CR to hold casual rules
04 Construct POC from D
05 Find frequent 1-itemsets
06 Scan POC tree for finding frequent 2-itemsets
07 Mine all frequent (>2) itemsets
08 Mine AR rules that satisfy sup and conf

This algorithm takes data, support and confidence as inputs and generates association rules that are used to make cache
replacement decisions. The support and confidence are the statistical measures that are used to have good quality association
rules.

4. Experimental Results

Experiments are made with simulations done using a custom simulator. The results are observed in terms of cache hit ratio
with different number of nodes in Ad Hoc network. LRU, FP-tree mining and proposed methodology are compared for
performance evaluation.

As shown in Table 1, the results are presented. The results contain the hit ratio of LRU, FP-tree based ARM and FIN based
ARM (proposed).

As shown in Figure 4, it is evident that there is hit ratio on different algorithms including the proposed algorithm.

As shown in Table 3, it is evident that there are results related to hit ratio with different number of nodes.

As shown in Table 5, it is evident that the hit ratio of the proposed system is better than other algorithms.
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Proposed       Fp-Tree ARM LRU

0.15 0.13 0.11

0.25 0.2 0.15

0.34 0.3 0.21

0.29 0.2 0.21

0.34 0.23 0.25

0.25 0.15 0.2

0.2 0.17 0.15

0.19 0.23 0.17

0.28 0.25 0.2

0.29 0.23 0.23

0.27 0.23 0.25

0.32 0.26 0.2

0.18 0.24 0.1

0.29 0.13 0.21

0.26 0.21 0.23

0.17 0.21 0.11

0.18 0.13 0.14

0.16 0.16 0.12

Table 2. Cache hit ratio comparison

Figure 4. Cache hit ratio comparison
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Proposed       Fp-Growth ARM LRU

0.18 0.14 0.11

0.24 0.2 0.14

0.28 0.27 0.14

0.29 0.25 0.2

0.2 0.26 0.18

0.19 0.2 0.17

0.23 0.17 0.18

0.16 0.15 0.1

0.29 0.17 0.27

0.12 0.13 0.08

0.25 0.25 0.19

0.29 0.27 0.23

0.28 0.26 0.22

0.18 0.15 0.11

0.19 0.21 0.11

0.28 0.14 0.21

0.29 0.24 0.19

0.25 0.28 0.19

Table 3. Cache hit ratio comparison

Figure 5. Hit ratio for different algorithms with different number of nodes
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5. Conclusion and Future Work

In this paper, we studied the concept of caching and cache replacement in wireless ad hoc networks. It is understood that
cache replacement needs improved algorithms. The traditional algorithms like LRU and NRU are not sufficient to have
better data management. The FP-tree based solutions came into existence and they are suffering from the problem of re-
source consumption. Therefore we proposed a methodology with an underlying algorithm. The algorithm is based on light
weight FIN ARM which is efficient. Thus the proposed algorithm is able to improve cache replacement with more accurate
decisions. The cache hit ratio is improved further. The results of the proposed system are compared with FP-tree and base
line algorithm such as LRU. The results revealed that the proposed system performs better. This research can be extended
further  by  implementing caching mechanisms in real ad hoc networks.
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