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ABSTRACT: Minimizing delay and improving efficiency in content delivery is essential in resource hungry networks.
Caching enables such networks like Mobile Ad Hoc Network (MANET) to have improved performance as cached data is
shared with coordination. It also helps nodes to operate offline with the help of cached content besides promoting availabil-
ity and accessibility. Caching is the process of storing repeatedly used data in a temporary memory thus avoiding unneces-
sary processing which leads to waste of time and resources. However, it is crucial to know how data isto be cached, how long
it has to be retained and when it has to be replaced with new content as it has finite size. Cache replacement is an important
activity which needs intelligence for efficiency. In this paper we proposed an enhanced POC tree based algorithm for
association rule mining. The association rules of the proposed algorithm provide significant heuristics to make cache
replacement decisions besides achieving correlation of data items. This algorithm employs light-weight and scalable data
structure known as Nodesets. We compared the proposed approach with existing algorithms. Our simulation results found the
proposed method outperforms existing ones.
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1. Introduction

Mobile Ad Hoc Networks (MANETS) are networks with nodes containing no access points as they are made up of self-
organizing devices. These networksarewidely used in real world applicationslike contingencies, emergency rescue operations

and so on. Due to technology innovations, the devices in MANET can also be used to transfer data. When data is to be
transferred, each node in the network can act as both transmitter and receiver. When nodes have information, that information
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needs to be sent to other nodes based on the request. In such cases, transferring data to other nodes in a multi-hop network
causes delay, consumes more resources and even results in redundant data transfer. To overcome these drawbacks many
content delivery accel eration schemes cameinto existence asexplored in [5]. Caching is one of the strategiesthat can leverage
content delivery acceleration besides reducing utilization of resources. Apart from coding, the other techniques for content
delivery acceleration include dataredundancy elimination, pre-fetching, datacompression, handover optimization, queue man-
agement, network coding, TCP optimization, session layer optimization, content adaptation, network aggregation and traffic
data offloading. In this paper, we studied correlation of dataitemsfor effective cache replacement in MANET.

Cachereplacement isthe policy in which cache memory isreplaced with new data. Thisisan important decision since cache has
finite size. When the cacheisfull, it isnot immediately replaced. However, it isdone based on certain factors. In fact, the cache
replacement approach needs heuristicsto understand the need for replacement. Whento replaceisan important decision. Many
cache replacement schemes came into existence. They include Regionally Maintained Cooperative Caching (RMCC) [3], A-
CACHE[4], Tightly Cooperative Caching Approach (TCCA) [6], Group-based Caching Scheme (GCC) [10], Adaptive Coopera-
tive Caching Strategy (ACCS) [12], Least Utility Value (LUV) [16], push-pull cache consistency method [17], Mometic Algorithm
(MA) [18] and association rulemining (ARM) [19].

Almost all schemesfound intheliterature arefocusing on cache replacement and cache management techniques. Littleinforma-
tion was found on the exploration of data mining techniques like association rule mining for extracting heuristicsto make well
informed decisions on replacement. In this paper, we proposed a data mining based mechanism which is meant for leveraging
cache replacement for efficient communicationsin MANET. We proposed an enhanced POC-based algorithm for ARM which
can reduce computational cost and generate association rules faster. Due to innovative technologies and increased capacities
of devicesin MANET, it isan important research directive to explore the suitability of datamining techniquesfor correlation of
dataitems and effective cache replacement.

Our contributionsin this paper are asfollows. We proposed an algorithm based on POC-tree for faster generation of association
rules. The algorithm uses an underlying data structure which makes it cost effective. The algorithm is meant for extracting
knowledge from datain order to correlate dataitems and take expert decisions on cache replacement. The remainder of the paper
isstructured asfollows. Section 2 threw light into the literature on cache replacement techniques. Section 3 provides problem
definition. Section 4 presents the proposed cache replacement approach with an algorithm. Section 5 provides results of
experiments. Section 6 gives conclusions and recommendations for future enhancements.

2. Related Works

Thissection reviewsliterature on cachingin MANET. Shegjaet al. [1] proposed a protocol for congestion avoidance. The node
in the network used route cache for performance improvement. They achieved congestion less routing mechanism with NS2
simulations. Park and Jeong [2] proposed a caching strategy for spatial queries. It was donein amobile network with location
based cache maintenance strategies. With regard to privacy, they proposed an approach based on hierarchical tree. Caching and
its maintenance procedure are defined to have effective spatial query processing. Chuang et al. [3] introduced a new caching
scheme known as Regionally Maintained Cooperative Caching (RMCC). Dueto high node mobility, the deterioration of cache
hit ratiois handled with their proposed algorithm. They achieved lower latency and higher cache hit ratio. Yao et al. [4] proposed
an anchor-based caching scheme named A-CACHE. However, it is meant for public key caching in large wireless networks. It
makes use of anchor nodes with high cache memory and regular nodes also support caching of public keys for effective
communications.

Han et al. [5] explored content delivery acceleration in wireless networks. Win et al. [6] proposed a cooperative caching
approach known as Tightly Cooperative Caching Approach (TCCA). This scheme encourages all nodesto cooperatein caching
mechanism well as they get credits by doing so. Priyadarshiniet al. [7] proposed a cache consistency scheme for mobile
networks. It is server-based consistency scheme. Here the cache management activities are under control of server. It has cache
nodes and query directory nodes to facilitate caching and cache consistency. It focused on the data consistency between
server and client cache. Rane and Dhore [8] proposed data replication strategies for efficient communications in wireless
networks. They found that data replication provides advantages like making data available and reduce communication cost.
Kohilaet al. [9] explored data structures for frequent patterns mining for understanding behaviour of mobile users with respect
to their movements. Thus it helped in searching for requested services efficiently.
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Ting and Chang [10] proposed a cooperative caching scheme known as Group-based Caching Scheme (GCC). It was meant for
improving latency and cache hit ratio performance in MANET. It was able to optimize and reduce communication cost and
computational cost. Mandhare and Thool [11] employed distributed route cache update algorithm for improving Quality of
Service (QoS) in MANET. Their cache update scheme works as part of Dynamic Source Routing (DSR) protocol. Routes are
updated in cache from time to time for efficient routing of data. Saleh [12] proposed yet another cooperative caching scheme
known as Adaptive Cooperative Caching Strategy (ACCS). It employs policies for pre-fetching and cache replacement. It
divides MANET into number of clustersthat are not overlapping. It collects routing information while forming clusters. They
also studied stateless and tasteful behaviour of nodes and pre-fetching and cache replacement strategies.

Leu and Lin [13] proposed a cooperative caching scheme with energy efficiency. Their scheme considered residual energy of
mobile nodes to make caching decisions. Based on the energy, the scheme determines which node participates in caching
without compromising data availability. The scheme hasimproved performancein terms of dataavailability, responsetime, and
lifespan of wireless network. Halloushet al. [14] used network coding approach for content distribution in multi-hop wireless
networks. Islam and Shaikh [15] proposed a cache replacement scheme with correlation of dataitems. They used data mining
approach with FP-growth algorithm for association rule mining to make heuristics. The heuristics are used for making cache
replacement decisions.

Chand et al. [16] proposed a utility based cache management policy known as Least Utility Value (LUV) to improve data
availability and promote cache hit ratio. It considers many factors such as data size, coherency, and the distance between the
cache and the requester. Selvin and Palanichamy [17] also studied cooperative caching and proposed push-pull cache consis-
tency method in MANET. The purpose of their method wasto improve rate of serving to questionsin the network. Itisahybrid
scheme in which both client and server nodes are involved. It improves latency performance and reduces communication
overhead. Kuppusamyet al. [18] proposed a cache replacement strategy in MANET with cooperative caching. In order to locate
replaceabl e data, they employed Mometic Algorithm (MA) whichisan evolutionary algorithm. It improved packet delivery ratio
(PDR), reduced latency and control overhead. Jabas[19] studied association rule mining (ARM) of datageneratedin MANETS.
AsMANETsare growing in size and capabilitiesin information dissemination, ARM can helpin finding trends in the datafor
making effective decisions.

Lipasti [20] studied various cache replacement policies and the memory used for caching mechanisms. Since cache memory has
finite size, they studied the means of replacing it with new dataand whento replaceit. They al so explored metricslike cache miss
and cache hit ratios for understanding the performance of networks with caching enabled. Their work also includes optimal
replacement policies and various techniques like Least Recently Used (LRU), Most Recently Used (MRU) and other ap-
proaches. Rani and Seetha[21] made areview of various cache replacement methods and performance dynamicsrelated to cache
management in MANET. They illustrated mobility and topology changes and the need for effective cache management.

It is understood from the literature that man cache replacement techniques came into existence. The size of MANET is also
growing fromtimeto time. Asthe MANET devices are deployed in massive scale, thereis need for processing huge amount of
data. This can be done with data mining techniques. Especially association rule mining can help in understanding trendsin the
datato makewell informed decisions. Thisisthe motivation behind this paper which exploresanovel datamining approach that
uses a dynamic and cost-effective data structure to achieve heuristics to determine cache replacement decisions.

3. CacheReplacement Algorithms

There are many cache replacement techniques that are available. This section provides different mechanisms, their merits and
demerits.

3.1 L east Recently Used (L RU)

This mechanism is based on the notion that the data that is used more number of timesislikely to be used morein future also.
In the samefashion, the datathat is not used for long timeislikely not used in future al so. When cacheisfull in LRU approach,
the data which is not used for long time is removed from cache. It is the algorithm that is widely in use with regard to cache
replacement. Cache maintains the datawhich ismost recently used. When datais used, that ismoved to therecently uselist. An
important drawback of the LRU approach isthat it does not consider the size of data. Since sizeisanimportant factor in wireless
networks, it isconsidered alimitation of LRU. However, LRU issimpleto be adapted and suitable for many workloads. It exploits
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recency features but cannot exploit frequency features of workload. Even when there are pages that are frequently requests,
more gaps in temporal distance also cannot allow LRU to take advantage of those pages.

3.2Least Frequently Used (L FU)

Unlike LRU, it isfrequency based approach where an object or datais replaced based on the number of references that object
has. Therefore, every object in cache needs to maintain a count of references. It makes use of frequency property and assumes
that frequently requested data may be requested again in future. Thisfeatureisknown astemporal locality. The LFU approach
cannot adapt when there are different access patterns. Another problem with it isthat it may maintain stale state reflecting high
frequency counts. Therefore this mechanism is not much useful.

3.3Last Recently Frequently Used (LRFU)

This mechanism maintains a value associated with every block of data. This value is known as Combined Recency and
Freguency. This count cantell thelikelihood of the block to be referenced in near future al so. The computation is done with the
combination of frequency and recency in order to generate asingle parameter for decision making. Thereis correlation between
the two ingredients. However, the correl ation cannot be generalized asit shows differently for different workloads.

34FUZZY Algorithm

Fuzzy logicisalso useful to deal with cache replacement problem. It promotes the concept of probability or partial truth which
specifies to which extent a given proposition is true. It supports expression of everything in the form of 0 and 1 in general.
However, fuzzy logic can get a value between true and false as well. Therefore the degree of truth can replace Boolean truth.
Thus fuzzy inference systems (FIS) came into existence. FIS can have input output and processing stages. The recency of
reference and frequency of reference are mapped in the input stage with true values. The processing isused for generating result
and the output stage generates an output value.

3.5Adaptive Replacement Cache (ARC)

It is self-tuning cache which exhibits low overhead and it can respond to access patternsthat are dynamic in nature. Moreover,
it isableto balance between the features of workload such asrecency and frequency. It also getsrid of pre-tuning pertaining to
workloads. It can be used online for real time workloads. This method can adapt to the dynamics and variability of workloads
over time. Theworkloads associated with this can have 1/Osfor long sequenceswith different frequencies and temporal locality.
Itissimpleto implement and independent of size of cache.

3.6FirstInFirst Out (FIFO)
It is the algorithm that mimics FIFO queue. The cache is maintained and evicted as per the FIFO policy. It evicts the blocks
accessed in thefirst in first out fashion. It does not consider how many times or how often the data or blocks are accessed.

3.7TimeAwarel east Recently Used (TLRU)

Thisisavariant of LRU where cached data items do have specific life time. It is suitable for applications related to network
caching. Applications like Content Delivery Network (CDN) and Information-Centric Network (ICN) are the examples where
TLRU isbest used. TLRU mechanism is associated with new terms such as Time to Use (TTU). Thisis the timestamp which
helpsin having more control for regulating cache memory. It isassociated with a cache node where TTU valueis computed and
updated. Locally defined function is used to compute TTU. The algorithm sees that content with small life and less popular is
replaced with new content.

3.8Most Recently Used (MRU)

It isone of the replacement algorithmswidely used. It resultsin more hitswhen compared with LRU asit hastendency to retain
old dataaswell. Thisalgorithm is very useful in situations that contain older itemsthat are likely to get accessed again.
3.9Random Replacement (RR)

Thisalgorithm randomly selectsadataitem known as candidate item and getsrid of it to make room whenever required. It does
not maintain any access history. It is simple and used processors where ARM isinvolved.

4. Problem Definition

MANETsarewidely used in different real world applications. They cameinto existence as emergency ad hoc networks but | ater
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on their utility isincreased and they became ubiquitous. Thisisthe reason thereislarge scale deployment of MANET devices
inreal world applications. In such cases, the network traffic ismore. Dueto the resource constrained nature of the network, there
is need for minimizing the usage of resources associated with the network. Towards this end, the workloads that need to be
transferred are to be done efficiently. When datais transferred from source to destination, there are possibilities to reuse the
data items that already exist in nodes. Such data items need not be transferred so as to realize the resource consumption.
Towards this end caching concept came into existence. Caching is the phenomenon which has high speed memory to store
frequently used data items. When caching is enabled in MANET, requests from nodes can be served easily with cached data.
If caching is snot there, it needsto reach aremote node and there is more resource consumption. Thisis the motivation behind
thisresearch. Many existing systemsare studied and understood that the large scal e deployment of MANET devices need more
efficient algorithms. Thus data mining algorithms can help in processing huge amount of data. In this paper, we proposed an
algorithm to generate association rules from the data to have data item correlation quickly and make well informed cache
replacement decisions.

5. Proposed M ethodology

This section presents our methodology used for cache replacement. It is based on data mining. The overview of the methodol-
ogy isshown in Figure 1. Asthe workloads are processed in MANET, the transaction database contains historical datathat is
mined by the proposed association rule mining algorithm. There is query manager module that contains query processing
capabilities. Query processor can hit the cache for faster datatransfer in MANET. It takes care of queries and processes them
by preferring cache usage. When datais not present in cache, it needsto follow the conventional approach that takes moretime
and resources. This causes overhead. The high speed cache memory is meant for reducing latency time. Knowledge database
is the repository of data that is updated with historical processing results. This DB can help in data mining process. The
proposed association rule mining has underlying data structure which is light weight and causes less overhead. The cache
modulein the system takes care of caching and providing datawhich isrequired by nodeswhiletransmission of data. The cache
replacement is made based on the result of datamining algorithm. The algorithm takestransactional database and support value
as input and generates association rules.

Query Manager Cache

Query
Processing

POC-Tree
Based ARM

Enowledge DB

Figure 1. Methodol ogy for cache replacement
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The proposed agorithm can help in reducing latency and increasing various performance indicators. POC tree based data
mining algorithm for association rule mining is used to have higher efficiency. The algorithm reducestraditional stepsand makes
it atwo process procedure. In the first process, it generates frequent item sets and in the second process it writes association
rules. The overview of sample datais presented in Table 1.

ID Items Ordered Frequent Items
1 acg,f c f,a

2 eachb b,cea

3 ecb,i b,ce

4 b,f,h b, f

5 b,f,ecd b,cef

Table 1. Sampledata
The datapresent in Table 1 isused to generate POC tree which appears asin Figure 2. The POC treeis essentially atree which

supports pre-order traversing and efficient in mining data. Thetree has0 valuesinitsroot. In each node of the array the dataitem
and its support value is associated. This makes the traversal and the process of retrieving frequent item sets easier.

4 N

0 £
e b:4 |4
I =
| |
3 | a:l 61¢e3
i
7 | a:l f:1 |8

- /

Figure 2. Generated POC-tree based on the data of Table 1

As presented in Figure 2, it is evident that the given datais represented in POC tree. This tree data structure supports faster
generation of frequent item sets and thus association rules are mined efficiently. When compared with conventional tree
approaches, enhanced POC based approach is much faster. The POC-tree based ARM algorithm exploitsthe POC treefor quick
generation of association rules.

5.1POC-TreeBased ARM

The proposed algorithm works on the data presented in POC tree. Treeis constructed based on given dataset dynamically. Once
dataisloaded into POC tree, it supports pre-order traversing to reach different nodesin the tree and generate frequent item sets.
Once frequent item sets are generated, they can be used to filter them and write association rulesto atext file. The association
rules help in making well informed decisionsin the proposed cache replacement strategy. The algorithm isbased on association
rule mining as presented in section 5.
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Al gorithm POC-Tree Based Association Rule Mning Al gorithm

I nput :  Transactional DB, nininmm support

Qut put . Association rules

1 Construct PCC tree based on DB

2 obtain candidate frequent itemsets fromPOC tree
3 Cenerate final frequent itemsets

4 Filter itemsets using support

5 Generat e associ ation rul es

Return rul es

5.2Association RuleMining
Letl={i,i,..., i} arebinary attributesand they areknown asitems. Let D ={t , t,,....., t } areaset of tansactions present in
database. Every transaction isidentified with unique ID. Then an implication rule can be formed among theitems asfollow.

X=>Y,whereX, Y.
Accordingto Agrawal, aruleisdefined asX:>ij for ij oL

A rule is made up of two set of items known as X and Y where X is known as antecedent and Y is known as consequent. Two
statistical measures are used to improve quality of association rules. They are known as support and confidence.

Support
This measure refersto the frequency of iteam set that appearsin given dataset. With respect to T, the support of X isdefined as
follows.

supp (4 = '{telT}lxg}' o

Confidence
Confidence on the other hand refersto how often the association isfound in the database istrue. The confidence of arule X=>Y
with regard to set of transactionsis computed as follows.

Conf (X=>Y) = supp (XU Y) / supp (X) 2
6. Results

Experiments are made using NS2 simulations. The proposed algorithm is evaluated and compared against other existing data
mining algorithms used in the research of cachingin MANET. The performance of the proposed algorithm is compared with
PrePost and FP-Growth algorithms.

Asshownin Figure 3, it isevident that the number of nodesin the network and query delay timein seconds. Therearetwo trends
foundintheresults. Thereisgradual increasein the query delay when number of nodesisincreased. Another trend isthat query
delay of the proposed method is less than other two algorithms. FP-Growth has shown better performance than PrePost. The
results revealed that the proposed approach is able to reduce delay due to its efficient cache replacement ability and dataitem
correlation.

Asshownin Figure4, it is evident that the number of nodes in the network and update delay time measured in seconds. There
aretwo trends found in the results. There is gradual increase in the update delay when number of nodesisincreased. Another

Journal of Networking Technology Volume 11 Number 3 September 2020 87




Hit Ratio

o
o

o
wn

o
»

o
w

o
N

o
=

No. of Nodes vs. Query
Delay

&

&= Proposed

== PrePost

bbbyl —a—FP-Growth

10 50 90 130170

Query Delay (sec)
o [38] i [s)] (2]

No. of Nodes

Figure 3. Query delay performance comparison

No. of Nodes vs. Update

Delay
20
o
g 15 _ﬁé
> 10 === FP-Growth
a ° ‘ == Proposed
g 0
T 10 50 90 130170 7 PrePost
="

No. of Nodes

Figure4. Query delay performance comparison

No. of Nodes vs. Hit Ratio
/A._\
__.--q' h\_&

// === Proposed
== PrePost
== FP-Growth

10 30 50 70 90 110 130 150 170
No. of Nodes

Figure5. Hit ratio performance comparison

88

Journal of Networking Technology Volume 11 Number 3 September 2020




trend isthat update delay of the proposed method is less than other two algorithms. FP-Growth has shown better performance
than PrePost.

Aspresented in Figure 5, it isevident that observations are made with different number of nodes such as 10, 30, 50, 70, 90, 110,
130, 150, and 170. There are some important observationsin the results presented. The Hit ratio isincreased when number of
nodesisincreased. However, beyond 90 nodes showed FP-Growth to declinein hit ratio. In case of the proposed method, the
drop in hit ratio occurred at 150 and 170 nodes. In case of PrePost, thereis gradual increase in the hit ratio. Nevertheless, the
proposed method showed highest hit rate for all number of nodes used in experiments.

No of Nodes vs. BW/Node

(Kb/sec)
O . .
E 60 - e . |
§, 40 ‘.'-'!L. &= Proposed
(1]
B 20 - =k - == PrePost
2
S 0 W FP-Growth
=] 10 50 90 130 170

No of Nodes

Figure 6. Bandwidth usage comparison

As shown in Figure 6, the result of the three algorithms is presented to have bandwidth comparison. Number of nodes is
gradually increased and observations are recorded. Bandwidth usage of proposed method islow with all number of nodesinthe
experiments when compared with other methods. In other words, the proposed method outperforms the other two methods.
When number of nodesisincreased, the bandwidth usageis gradually increased in case of FP-Growth whileit isamost the same
with PrePost aswell. In case of the proposed method the bandwidth usageis even decreased from 70 nodes through 170 nodes.

Query Request Rate vs.

Query Delay
__6
o
- =@ Proposed
22" PrePost
Q _ == PrePos
e_ 0 1t e, Y
S 0 51015202530 FP-Growt
8 Query Request Rate (req/min)

Figure 7. Query delay comparison against query request rate

Aspresentedin Figure 7, it isevident that thereis query delay observed against query request rate. Two algorithms have shown
similar trends while the other algorithm named PrePost showed different trend. Query delay in case of proposed method is
gradually increasing when number of requests per minuteisincreased. FP-Growth al so showed increase gradually when query
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reguest rate isincreased. In case of PrePost, the query delay time is more initially and reduced when number of queries per
minute is increased. Nevertheless, the proposed method outperforms the other two approaches.

Query Request Rate vs. Update
Delay
__15
|5 ]
é’_ 1 =& Proposed
> . s
% 0.5 9  —E—PrePost
o rr reE-a-a-a
o Y Aieitonl Gk FP-Growth
© 0 5 10 15 20 25 30
.-l
Dﬂ- Query Request Rate (req/min)

Figure 8. Update delay against query request rate

Asshown in Figure 8, it is evident that the update delay is presented against different query request rate. It is observed that
PrePost showed better performance in this case. The proposed approach showed more update delay initially and reduced as
number of requests per minute isreduced. In case of FP-Growth, the update delay islessinitially and it isincreased as number
of queries per request isincreased. With respect to the proposed system the query request rate has its influence on the update
delay.
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Figure 9. Hit ratio against query request rate

AsshowninFigure9, itisevident that hit ratio of all algorithmsisobserved with the three algorithms. Asthe number of requests
per minuteisincreased from O through 30, it observed that the hit ratio isincreased. The hit ratio is therefore influenced by the
query reguest rate. The proposed approach showed highest hit ratio for all query request rates. PrePost algorithm showed least
hit ratio performance while FP-Growth is better than that. Neverthel ess, the proposed a gorithm outperforms other algorithms.

Aspresented in Figure 10, it is evident that bandwidth usage dynamics of different algorithms are compared. Bandwidth usage
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Figure 10. Bandwidth comparison against query request rate

is gradually increased when query request rate is increased. However, the performance of the proposed system is high as it
consumes | east bandwidth for all query request rates used in the experiments. FP-Growth utilized less bandwidth up to 10 query
reguest rates but showed increased bandwidth usage from query request rate 15 onwards. Nevertheless, the proposed system
outperforms the other two algorithms.

7. Conclusionsand FutureWork

In this paper, we proposed a methodology for improving efficiency in data transfer in MANET by using optimized cache
replacement approach. Since caching playsvital rolein reducing bandwidth usage and increase in speed of communicationsin
wireless networks, we focused on the cache replacement technique. Cache replacement technique is meant for finding ideal
factors that can help in making cache replacement decision. The bottom line of the research is to aim at achieving higher
throughput and less resource utilization. The main resource considered is bandwidth usage. A datamining approach isfollowed
for cache replacement. We proposed an enhanced POC based data structure and algorithm for association rule mining in order
to have better intelligence on the cache replacement decisions. Nodesets is the data structure used in the proposed method for
discovery association rules. The proposed method is capable of generating association rules that are used in discovering
heuristicsfor helping ideal cache replacement. We made NS2 simulationsto demonstrate proof of the concept. We compared the
proposed approach with existing algorithms. Our simulation results found the proposed method outperforms existing ones. In
future we intend to improve cache replacement by investigating possibility of a hybrid approach that makes use of ARM and
other techniques towards increasing cash hit ratio further.
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