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ABSTRACT 
 In mobile environments, continuous data dissemination is a major problem. Caching 

is one of the approaches considered for fast retrieval of data. There are many algorithms 

proposed based on Caching mechanisms. These algorithms concentrate on access rate of the 

data. Data mining with cache based data can help to increase the efficiency of the data access 

rate on the client side. Location based data prediction, data hoarding and data consistency are 

the areas where data mining approaches are used for better performance. These models are 

majorly concentrated on access rate of the data. In our proposed model, we have used  

association rule  based mining that extracts the data by data mining  and determine the set of 

items that can be removed from the cache and as well as helps to predict the next data 

accessed by the mobile client. Compared to the existing methods, we found the efficiency of 

our model better. Performance experiments determined that the proposed rule- based methods 

are effective in improving the system performance in terms of the cache hit ratio of mobile 

client especially for small cache sizes. 

 
KEYWORDS: Caching, Prefetching, Apriori Algortihm, Association Mining 

 

INTRODUCTION 

 Mobile computing can be can be defined as a client /server architecture. Data item is the 

basic unit for any mobile environment, Query request and Updation are the major operations 

with data. Caching frequently accessed those data items on the client side can be considered 

an effective technique to improve the data access performance in mobile environment. 

Average data access latency is reduced as several data access requests can be satisfied from 

the local cache (Cao, 2003)[1]. Frequent disconnections, mobility of the clients, limitations of 

battery backup and difference in the bandwidth are the few reason that make cache 

consistency is challenging for data management. Cache Management in mobile environment, 

in general, includes the following issues to be addressed (Chand et al., 2007): 
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 Cache admission control-this is to decide on what data items can be cached to 

improve the performance of the caching system 

 The cache consistency algorithm which ensures that updates are propagated to the 

copies elsewhere and no stale data items are present 

 The design of cache replacement algorithm-when the cache space is sufficient for 

storing one new item, the client places the item in the cache. Otherwise, the 

possibility of replacing other cached item (s) with the new item is considered 

A cache replacement policy determines which data item(s) should be deleted from the cache 

when the cache does not have enough free space to accommodate a new item [1]. Due to 

limitation of the limited size of cache, It is difficult to seize all accessed data in the cache. 

Therefore, it is necessary to identify efficient cache replacement algorithms which can use  to 

identify  suitable subset of data items for eviction from the cache .Existing cache replacement 

policies used cost functions to incorporate different factors including access frequency, 

update rate, size of objects etc[2].  Existing cache replacement strategies are based on  Least 

Recently Used (LRU), Least Frequently Used (LFU) and LRU-k. These algorithms replace 

data items based on their recency or frequency of access. LRU is designed based on  recency 

base whereas  LFU, which maintains a reference count for each cached objects, is the most 

commonly used frequency based algorithm. Frequency based algorithms are well suited for 

skewed access patterns in which a large fraction of accesses go to a disproportionately small 

set of hot objects. Frequency and recency based algorithms form the two ends of a spectrum 

of caching algorithms. LRU-k cache replacement algorithm tries to balance both recency and 

frequency. Data mining is the research area that deals with finding associations among data 

items by analyzing a collection of data [3]. 

 By using apriori association approach, we can identify the pattern of data, that had been 

accessed by the clients within the given time stamps. Aproiri mining is one of the fastest 

approach considered in data Mining era which generate set of rules for set of data for 

generating pattern. In out our proposed model, It generate the rules on objects which is 

residing in cache. It includes the client’s working set — those that the client has accessed 

most frequently or recently. In this paper we have proposed model for the data replacement in 

cache by applying  apriori Algorithm. 
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EXISTING WORK 

Caching frequently accessed data on client side is an effective technique to improve 

performance in mobile ad-hoc networks [9]. A lot of research has been carried on cache 

management. Cache replacement and prfetching widely employed to o resolve the data 

management issues. Data Prefetching can reduce the response time in the web environment. 

Most of these approaches had concentrated on estimating the probability of each file being 

accessed in near future. Since these techniques are designed for point-to-point 

communication environment, they are not suitable for mobile ad-hoc networks[3]. 

Traditional LRU-K[7] method approach was used or  database disk buffering. It takes  

account only  temporal characteristics of data access. The Furthest Away Replacement (FAR) 

[5] depends on the current location and the direction of the client movement. In this 

approach, decision for the replacement had done on the basis of on the current location of the 

user.  FAR method was failing to consider the access patterns  random movement of the 

client The Prioritized Predicted Region based Cache Replacement Policy (PPRRP) [2] predict 

valid scope area for client’s current position. It assigns priority to the cached data items, 

calculates the cost on the basis of access probability, data size in cache and data distance for 

predicated region. Due to limited size of cache, system was generating multiple number of 

times data replacement. That creates energy scarcity in the mobile unit. 

To overcome the issues of traditional approaches for data pre fetching and replacement many 

researchers have adopted data mining approach. Tabussam k et. Al [5] had designed cluster  

based prefetch algorithm  that was hoarding  data. It was maintaining location dependent data  

along with the temporal aspect of the data for  caching. A  Neural Network based Mobility 

aware Prefetch Caching and Replacement policy (NNMPCR) model had designed to manage 

LBS data in Mobile Environment [7]. A neural network prediction system will help to predict 

the future behavior of the mobile client. It also helps to analysed the cache-miss-initiated 

prefetch that can reduce future misses. Clustering is an unsupervised data mining technique 

used to place data elements into subsets (called clusters)[8]. Cheng and George M. Church 

[9] used submatrices for expression data. In place of traditional clustering method, 

biclustering applied to expression data for simultaneous clustering of genes and conditions 

with high similarity score .Most of these cache prefetching approach had focused on spatial 

movement of the client. Prefetching is very effective when there is a space will be available 

for the storing the data in cache. Therefore we need a mechanism which can  identifying the 
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data for replacing . The faster we can relinquish memory, faster communication can be 

established. 

                          

Apriori Algortihm 

Definition by Agrawal for the problem of association rule mining is defined as[8]: Let I = 

{i1, i2, ..., in} be a set of n binary attributes called items. Let D = {t1, t2, ..., tn} be a set of 

transactions called the database. Each transaction in D has a unique transaction ID and 

contains a subset of the items in I. A rule is defined as an implication of the form X→Y 

where X, Y ⊆ I and X∩Y= ∅.. The sets of items (for short item sets) X and Y are called 

antecedent (left-hand-side or LHS) and consequent (right-hand-side or RHS) of the rule 

respectively. 

 
 To select interesting rules from the set of all possible rules, constraints on various 

measures of significance and interest can be used. The best-known constraints are 

minimum thresholds on support and confidence. 

 Support: 

The support supp(X) of an itemset X is defined as the proportion of transactions in the 

data set which contain the itemset. 

supp(X)= no. of transactions which contain the itemset X / total no. of transactions 

 Confidence 

Confidence can be interpreted as an estimate of the probability P(Y | X), the probability 

of finding the RHS of the rule in transactions under the condition that these transactions 

also contain the LHS. 

 Lift: 

The lift of a rule is defined as 

 

 Conviction 

                   The conviction of a rule is defined as 

 

The conviction of the rule X=>Y can be interpreted as the ratio of the expected frequency 

that X occurs without Y (that is to say, the frequency that the rule makes an incorrect 
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prediction) if X and Y were independent divided by the observed frequency of incorrect 

predictions[9] 

Association rule generation is usually split up into two separate steps[8]: 

1. First, minimum support is applied to find all frequent itemsets in a database. 

2. Second, these frequent itemsets and the minimum confidence constraint are used to form rules 

Algorithm: 

- Let k=1 

- Generate frequent item sets of length 1 

- Repeat until no new frequent itemsets are identified 

o Generate length (k+1) candidate itemsets from length k frequent itemsets  

o Prune candidate itemsets containing subsets of length k that are infrequent  

o Count the support of each candidate by scanning the DB 

o Eliminate candidates that are infrequent, leaving only those that are frequent 

Apriori uses breadth-first search and a tree structure to count candidate item sets efficiently. 

It generates candidate item sets of length k from item sets of length k − 1. Then it prunes the 

candidates which have an infrequent sub pattern. According to the downward closure lemma, 

the candidate set contains all frequent k-length item sets. After that, it scans the transaction 

database to determine frequent item sets among the candidates[8]. 

PROPOSED MODEL 

To meet the demands of mobile environments, a replacement policy should have the 

Knowledge of [4]: 

• Difference between objects that are likely to be accessed in the near future and those that 

are not fairly and effectively account for variable object sizes 

To satisfy these goals, we developed a generic cache-replacement policy to make easy mobile 

client caching without making any assumptions about the network’s topology or architecture. 

This model concentrate on hit rate of data and recency metrics to quantify the clients’ 

preferences for objects in the client-side cache. It employs rules on  the cache content and 

novel methods for selecting the replacement victim  from the cache when space is needed. 

This model can help to increase the rate of data consistency in the client side. 

Different phases of the model are : 

1. Data Collection  

For the purpose of the research, data pertaining to the internet usage has been collected from 

various mobile units and stored in the data base. The data comprises of hit rate ratio, last 

usage of the data, Frequent access rate of data, the log time and content of the accessed web 
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pages. Some of these attributes are not essential for the research work. Therefore data pre 

processing should be done to remove the noise and disturbance in the data.  

2. Data Pre processing  

In this phase, the attributes required for identifying the least accessed data are analyzed and 

the unwanted attributes are identified and removed. The other attributes are converted to the 

necessary formats to apply data mining techniques. 

3. Application of the data mining algorithm 

 The various data mining techniques like classification, clustering and rule mining are 

explored to find the appropriate method to identify the least accessed data.  Association rule 

learning is a popular and well researched method for discovering interesting relations 

between variables in large databases. It is intended to identify strong rules discovered in 

databases using different measures of attribute. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Model for generating the rule based on apriori rule. 
 
In the figure 1, three major steps for identifying the data for replacement has shown. The 

steps are 

1. Data preprocessing: 

Here, we got a raw data from different mobile units and stored in the database. These 

data are in different format, can contains noise within it. There is possibility of 
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missing of some of attribute of relevant data . These Data needs to be pre processed 

before applying any kind of data mining algorithm by using following steps : 

i. Data Integration: 

Data has come from different mobile system. It is necessary to integrate before using. 

This process involves removing inconsistencies in names of attributes or attribute 

value names between data sets of different sources. 

ii. Data Cleaning: 

This step may involve identifying the errors and correcting  those errors in the data. 

Sometime it is necessary to fill some  missing values for mining purpose.  

iii. Discretization: 

When the data mining algorithm cannot cope with continuous attributes,  discretization 

needs to be applied. This step consists of transforming a continuous attribute into a 

categorical attribute, taking only a few discrete values.  

iv. Attribute Selection : 

It is not necessary that all attribute will be relevant for rule generating. Therefore, we 

will be selecting a subset of attributes relevant for mining, among all original 

attributes. 

2. Feature Selection: 

Many irrelevant attributes may be present in data to be mined. So they need to be removed. 

There are many mining algorithms don’t perform well with large amounts of features or 

attributes. Therefore feature selection techniques needs to be applied before any kind of 

mining algorithm is applied.  

V. Result 

To identifying the data which has to remove from the cache, we have applied apriori 

association rule. To generate the rule we have taken data from the cache of mobile unit. Total 

number of data set is 100 and the attribute which  is helping for generating the  rule’s are: file 

name ,content type ,URL, last accessed data time and file size.  

File size has divided in three category : small ,medium and large. These categories are 

mentioned in table 1 .  

Table 1: Category for data size 
File size Category 
 <100kb Small 
100kb   <data size 
<1000kb 

Medium 

1000kb <data size Big 
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The other Factors  which we have considered  for identifying the data for evacuation 
mentioned in table 2 : 

Table 2: Attribute and its Details 
url url of visited 

website 
Last access Last access of the 

data 
Size Size of the file 
Hit rate No of hit rate 

 
With the help of these attributes ,apriori association rule will  generate Best rules for removal 

of  the data from the cache .To analyze purpose ,we can relay on the confidence value(conf) 

of the rule and lift value. No of rules generation can be depend on the number of data .Here, 

the number of rule generation is limited to 10.Based on the number of rules minimum conf 

and lift value are initialized with 0.2. 

Samples of the rules  are : 

1. url=aviracom lastdate =8/23/2013 16 ==> hitrate=one 16    <conf:(1)> lift:(1.24) 

lev:(0.05) [3]   conv:(3.15) 

2.  Typeofdata=imagepng hitrate=one 15 ==> lastdate =8/23/2013 15    <conf:(1)> 

lift:(1.53) lev:(0.08) [5] conv:(5.16) 

3. Typeofdata=imagepng lastdate =8/23/2013 15 ==> hitrate=one 15    <conf:(1)> 

lift:(1.24) lev:(0.05) [2] conv:(2.95) 

4. Typeofdata=imagepng url=aviracom hitrate=one 12 ==> lastdate =8/23/2013 12    

<conf:(1)> lift:(1.53) lev:(0.07) [4] conv:(4.13) 

5. Typeofdata=imagepng url=aviracom lastdate =8/23/2013 12 ==> hitrate=one 12    

<conf:(1)> lift:(1.24) lev:(0.04) [2] conv:(2.36) 

6. url=aviracom 22 ==> hitrate=one 21    <conf:(0.95)> lift:(1.19) lev:(0.05) [3] 

conv:(2.16) 

7. lastdate =8/23/2013 size=high 19 ==> hitrate=one 18    <conf:(0.95)> lift:(1.18) 

lev:(0.04) [2] conv:(1.87) 

8. lastdate =8/23/2013 size=medium 15 ==> hitrate=one 14    <conf:(0.93)> lift:(1.16) 

lev:(0.03) [1] conv:(1.48) 

9. Typeofdata=imagegif lastdate =8/23/2013 14 ==> hitrate=one 13    <conf:(0.93)> 

lift:(1.16) lev:(0.03) [1] conv:(1.38) 

10.  lastdate =8/23/2013 40 ==> hitrate=one 37    <conf:(0.93)> lift:(1.15) lev:(0.08) [4] 

conv:(1.97) 
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When the minimum metric type has set as Confidence and no of rule as 10, then the 

association priori rules generate the Minimum support as a 0.2 and lift value as 0.2.During 

the preprocessing, because the rule has set as 10, therefore 10 different rules  will be 

generating with combination of different item  sets. Now, if any rule is having confidence  

values as 1 and lift value is greater then 1 , then  it express t that user is frequently accessing 

the data and  may send request for the same data in future. For example : 

 Rule 1  stats that  

 url=aviracom lastdate =8/23/2013 16 ==> hitrate=one 16    <conf:(1)> lift:(1.24) lev:(0.05) 

[3] conv:(3.15) 

The above rule   says that, the url avira.com which has last accessed on 8/23/2013,occurred 

for 16 different item set is also having 16 times 1 hit rate. Conf(1) and lift(1.24) indicates the 

frequency of data requested by the user. 

Rule 2 : 

 Typeofdata=imagepng hitrate=one 15 ==> lastdate =8/23/2013 15    <conf:(1)> lift:(1.53) 

lev:(0.08) [5] conv:(5.16) 

Second rule which is generated by the apriori association, stating that the item sets which 

containing image.png and having one hit rate occurs 15 times also accessed 15 times on  

8/23/2013. This rule is also having conf value 1 and lift value is 1.53, which also indicate the 

higher demand by user. 

There are few rules are also generated by the association, where confidence and lift values are 

less than one. These value are indicating that regularity of requested data by  the user is less. 

It is pointing that these itemsets can be removed from the cache for the better performance of 

system. For example, 

In ,Rule 10 

  Typeofdata=imagegif lastdate =8/23/2013 14 ==> hitrate=one 13    <conf:(0.93)> lift:(1.16) 

lev:(0.03) [1] conv:(1.38) 

User has accessed 14 different item sets which include image.gif type of data  and accessed 

on 8/23/2015. But, RHS data is stating that these item sets are having only 13 single hit rate. 

Here, conf value is also lesser than 1 (i.e. 0.93) that can help us to analyze that frequency of 

claiming of these data sets are lower then other data sets, therefore these item sets can be 

removed from the cache.  

In the above manner, we can   interpret another rule also. These analyses helps to decide the 

cache replacement strategy 
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Based on above analysis, we can  categorized the prediction of the data in  following manner: 

1. Based on hit-rate of the data: 

If we see the rule 1 and rule 2 ,it suggests that based on  access rate or hit rate of the 

data, we can retained the data in the cache. Data which are having less no .of access 

can be deleted from the cache. 

2. Based on the size of the data: 

If we take rule no. 7 and 8. We can analyses that in the rule 7, data size is high and 

conf value is 0.93 but in rule 8, data size is medium, conf value is 0.95. By 

considering this, we can say the data which size is medium and having higher 

confidence value can be retained in the cache. 

3. Based on the access time : 

By seeing rule 1, 2,3,4 we can find that a particular data has accessed more number of 

time ,and  its confidence value is 1. With the knowledge of this ,we say that the data 

which access more number of times  on the particular day or time, can be accessed by 

client in future. These data be maintained inn the cache for the future purpose to 

satisfying the user demands. 

4. Based on the type of data: 

Most of the time  user will be looking for the same type of data that May be picture 

,text ,web etc. rule 1 ,2 ,3 ,if we see ,than we can say that user has accessed   

image.png type of data more number of times and these are having confidence value 

as 1. Herr by, we can predict that user may access the same data and we can retained 

that in the cache. Rule no .9, 10 are having confidence value less than 1 .So these data 

can be evacuated from the cache. 

From the above classification, we can take any one classification for data maintaining in the 

cache. Comparing with the classical replacement strategy, Association priory rules helps to 

scrutinize the cache data for faster communication between mobile unit and server. 

CONCLUSION  

In this paper we discussed about the apriori algorithm to improve the cache replacement 

strategy. Apriori algorithm is considered as  one of the faster algorithm  for generating the 

rules for mining. This algorithm helps us to  generate the different rules set which had applied 

for identifying the data for cache replacement. In future , we will modify the same algorithm 

for  predicting the user data for faster access. 
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