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Abstract 
Mobile computing has developed a lot during recent years. 
Location dependent services are most popular services that the 
mobile communications support. Still caching is a critical issue 
that plays a vital role in improving these services. In this paper, 
we examine cache invalidation and cache replacement strategies 
in mobile environment under a geometric model which uses 
semantic caching. An existing caching efficiency criterion called 
CEB (Caching Efficiency Based) Scheme has been enhanced in 
this paper. The new scheme is called Enhanced CEB (E-CEB). 
The existing replacement schemes such as PA and PAID has also 
been enhanced to get better throughput. We have conducted a 
series of simulation experiments to study the performance of the 
algorithm. The experimental results show that the new criteria are 
effective. 
Keywords: Mobile computing, location-dependent information, 
cache replacement, cache invalidation, semantic caching. 

1. Introduction 

Studies in computer hardware technology and wireless 
communication networks have evolved into the result of 
mobile computing. The ability to move has given rise to 
classes of applications for mobile environments. Location 
Dependent Information Service (LDIS) is a service where 
information provided to users is based on their current 
location and is the part of applications which are getting 
popular day-by-day [5], [8], [21]. Location is an important 
characteristic of information for representing, storing, and 
querying location-dependent information. Location 
dependent data (LDD) is the data whose value is to be 
determined from the present geographical location of the 
mobile user from where the query originates. In a location-
dependent query, a l ocation is needed to be specified 
explicitly or implicitly. A location model depends heavily 
on the underlying location identification technique 

employed in the system. The available schemes for 
determining locations can be classified into two basic 
approaches Symbolic Model .and Geometric Model. In the 
former the location space is divided into disjoint zones and 
each zone is identified with a unique name. Examples are 
Cricket and the cellular infrastructure. In the latter a 
location is specified as a 3 -dimensional coordinate, e.g., 
GPS. 
 
Mobile clients in wireless environments suffer from scarce 
bandwidth, low quality communication, weak and 
intermittent connectivity, frequent network disconnections, 
and limited local resources .Also, contacting the server for 
data is expensive in wireless network and may be 
impossible if client is disconnected[10]. Data caching on 
mobile clients has been considered an effective solution to 
improve system performance and facilitate disconnection 
[1][2].There are two common issues involved in client 
cache management: a cache invalidation scheme maintains 
data consistency between the client’s cache and the server; 
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 n ew 
item[1][2][20]. Researchers in have contributed towards 
cache management for LDD. In three cache invalidation 
schemes were proposed based on geometric model: 
Polygonal Endpoints (PE) Scheme, Approximate Circle 
(AC) Scheme and Caching-Efficiency-Based (CEB) 
Method[27].CEB is based on caching efficiency and it 
balances the overhead and the precision of valid scope that 
is to be sent to mobile client along with response data. PA 
and PAID were the cache replacement schemes that were 
proposed in a previous which took factors like probability, 
area of valid scope and distance in to consideration[27]. 
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In this paper, we have enhanced the CEB scheme so that it 
becomes more accurate. We have taken two new things 
into considerations for choosing a can didate valid scope. 
The new scheme E-CEB is aiming at more accuracy. We 
have introduced an additional factor for cache replacement 
apart from existing ones. 
 
2. Related Work 
 
Data Caching at mobile clients is a necessary for 
increasing system’s performance in a mobile environment 
[1] [2].In this section we will see the existing systems 
present which are based on cache invalidation and 
replacement strategies in mobile environment. 
 
                                                                There are two 
types of invalidation methods [22][23]. One is temporal 
dependent invalidation and second is Location dependent 
invalidation. In temporal dependent invalidation, the server 
keeps track of the update history and sends periodic 
updates in the form of invalidation reports (IR) to the 
client by periodic or aperiodic broadcast of 
messages[2][4][11][12]. In Location dependent 
invalidation, a previous data that is stored in the cache 
becomes invalid when the client moves to another new 
location. Semantic data caching has been used where the 
location of the data should be associated with the 
information in the cache [6][15]. Cache replacement 
policies for mobile environment were first examined 
during the broadcast disk project [1][13]. Pix policies, 
Min-Saud, Gray scheme are few cache replacement 
strategies which take data access probability in to 
consideration [20]. Few data distance based cache 
replacement policies like Manhattan distance and FAR 
have been proposed [6][15]. 
 
3. System Model 
 
We think of a cellular mobile network which is similar to 
the mobile computing infrastructure [2]. It has two 
different sets of components: mobile clients and fixed 
hosts. Some of the fixed hosts, called mobile support 
stations (MSSs), are augmented with wireless interfaces. 
An MSS can communicate with mobile clients within its 
radio coverage area, called a wireless cell. Mobile clients 
and the fixed data servers can communicate with each 
other through wireless channels via MSSs. 
 
A mobile client can move freely from one location to 
another while retaining its wireless connection. Seamless 
Hand-off from one cell to another is assumed. The 
information system provides location-dependent services 
to mobile clients. We refer to the geographical area 

covered by the system as the service area. A data item can 
show different values when it is  queried by clients at 
different locations. Note that, in this paper, we distinguish 
data item value from data item, i.e., an item value for a 
data item is an instance of the item valid for a cer tain 
geographical region. For example, “nearest restaurant” is 
an item and the data values for this item vary when it is  
queried from different locations. In this paper, we assume a 
geometric location model, i.e., a location is specified as a 
two-dimensional coordinate. Mobile clients can identify 
their locations using systems such as the Global 
Positioning System (GPS) [9]. We are now going to 
introduce two definitions: valid scope and scope 
distribution. The valid scope of an item value is defined as 
the region within which the item value is valid. The set of 
valid scopes for all of the item values of a data item is 
called the scope distribution of the item. A mobile client 
can cache data values on its local disk or in any storage 
system that survives power-off. In this paper, data values 
are assumed to be of fixed sizes and read-only so that we 
can omit the influence of data sizes and updates on cache 
performance and concentrate on the impact caused by the 
unique properties of location-dependent data. 
 
4. Existing System 
 
Baihua Zheng, Jianliang Xu, and Dik L. Lee proposed 
three schemes for valid scope representation for cache 
invalidation namely Polygonal Endpoints (PE), 
Approximate Circle (AC) and Caching Efficiency Based 
(CEB) scheme. In the same paper, two cache replacement 
policies were also proposed namely PA and PAID [27]. 
 
4.1. Cache Invalidation 
 
The PE scheme records all the endpoints of a polygon to 
record its valid scope [27]. But as the number of endpoints 
of the polygon increase, the overhead also increases. More 
memory is required to store the endpoints in the cache 
which affects its performance. 
 
The AC scheme takes a i nscribe circle in the polygon 
which requires just a center point and a radius which takes 
less memory when compared to PE scheme [27]. But this 
scheme fails when the polygon is thin and long as the 
inscribe circle cannot cover the maximum area of the 
polygon. 
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Fig 1. Example of possible candidate valid scope {v=p (e1….e7)} 

 
Due to these problems a new scheme CEB was introduced 
which balanced the overhead and precision of valid scopes 
[27]. It takes a v alid scope and determines all possible 
candidate valid scopes and chooses the best candidate 
valid scope which maximizes the efficiency. The first 
candidate valid scope is a inscribe circle. To obtain other 
candidate valid scopes it goes through a series of 
iterations. During iterations, it uses a greedy approach and 
eliminates a single point at a time in the polygon to obtain 
sub polygon. Assume that the valid scope of a data value is 
v, and v1i is a sub region contained in v. Let D be the data 
size, A (v1i) the area of v1i, and O (v1i) the overhead 
needed to record the scope v1i [27]. The caching efficiency 
of the data value with respect to a scope v0i is defined as 
follows [27] : 
 

   (1) 
 

Algorithm used in Selection of the Best Valid Scope 
for the CEB Method: 
 
Input: valid scope v =p(e1,……..,en) of a data value; 
Output: the attached valid scope  v1, v1cv; Procedure: 
1. v1

1 := the inscribed circle of p(e1;……….; en); 
2: v1:= v1

1 ;Emax := E (v1
1); 

3: v1
i = p(e1;………..; en); 

4: i := 2; 
5: while n – i ≥ 1 
6: //{containing at least three end-points for a polygon} 
7: if E (v1

i)i > Emax then 
8: v1:= v1

i; Emax: = E (v1
1); 

9: end if 
10: if n - i > 1 
11: v1

i+1 := the polygon that is deleted one endpoint 
From v1

i while being bounded by v and has the 
Maximal area; 
12: end if 
13: i := i +1; 
14: end while 
15: output v1. 
 

4.2. Cache Replacement 
 
The various cache replacement schemes that have been 
proposed up to now were mostly base on probability. The 
data items that have the least access probability will be 
from the cache. Here two new factors were introduced 
namely valid scope area and data distance. The Valid 
Scope Area is the area within which the data value is valid. 
The Data Distance is the distance between current location 
of the user and the valid scope of the data value. The 
Probability Area (PA) scheme calculates the product of 
access probability and area of valid scope of data item 
[27]. 
 

                               (2) 
 

Probability Area Inverse Distance (PAID) scheme 
calculates the product of access probability with area of 
valid scope of data item and divides this value with the 
data distance [27]. 
 

                             (3) 
 

There are two variations of PAID namely PAID-U and 
PAID-D. In PAID-U, it d irectly calculates the distance 
without considering the current direction of movement 
[27]. In PAID-D, it calculates the distance considering the 
current direction of movement of the user. The valid scope 
area can be obtained easily as it is attached with the data 
value. The data distance can be calculated by taking a 
point of a p olygon as a r eference point and calculating 
distance between user’s current location and the reference 
point. The probability can be calculated as follows [27] 
 

     (4) 
 

Where tc is the current time, tl is the time of last access 
and α is a constant factor to weight the importance of the 
most recent access in the Probability estimate [27]. 
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5. Enhanced CEB (E-CEB) 
 

 
 

Fig 2: Median Circle of valid scope {v=p (e1….e7)} 
 

              Improvement to CEB is E-CEB.it adds a n ew candidate 
valid scope to the existing CEB scheme. In the CEB 
scheme, the candidate valid scopes were a inscribe circle 
and the sub polygons. Apart from these two, we have 
added a new candidate valid scope called a median circle. 
The median circle is the circle whose radius is between the 
inscribe circle’s radius and the outer circle radius. The 
problem with inscribe circle is it c overs less valid scope 
area when the polygon is thin and the outer circle covers 
area which is outside the valid scope area. So, In these 
cases a m edian circle can be efficient. We can obtain a 
radius of median circle by                          

 

(5) 
 
Where Ro is the radius of outer circle and Ri is the radius 
of inscribe circle. Rm is the radius of the required median 
circle 
 
Algorithm used in Selection of the Best Valid Scope 
for the E-CEB Method: 
 
Input: valid scope v =p(e1,……..,en) of a data value; 
Output: the attached valid scope v1, v1cv; Procedure: 
1. v1

1 := the inscribed circle of p(e1;……….; en); 
2: v1:= v1

1 ;Emax := E (v1
1); 

3: v1
2 := the median circle of p(e1;……….; en); 

4:  if E (v1
2) > Emax then 

5: v1:= v1
2; Emax: = E (v1

2); 
6: end if 
7: v1

i = p(e1;………..; en); 
8: i := 3; 
9: while n – i ≥ 1 

10: //{containing at least three end-points for a polygon} 
11: if E (v1

i) > Emax then 
12: v1:= v1

i; Emax: = E (v1
1); 

13: end if 
14: if n - i > 1 
15: v1

i+1 := the polygon that is deleted one endpoint 
From v1

i while being bounded by v and has the 
Maximal area; 
16: end if 
17: i := i +1; 
18: end while 
19: output v1. 
 
The efficiency is calculated the same way it was calculated 
in CEB. 
 
 
6. Enhanced Cache Replacement Policies. 
 
The existing cache replacement policies i.e., PA and PAID 
has been enhanced to accommodate a new factor data size, 
which is taken into consideration whenever an item has to 
be removed from cache. 
 
          Data Size: The data size refers to the size of the 
data stored in cache. If the data with larger size is removed 
from cache and is required again then it becomes a 
overhead to again record the larger value in the cache all 
over again. So the data which is smaller in size should be 
removed instead of data which is larger in size, So as to 
reduce the over head and increase the performance. 
 
                 The PA scheme has been enhanced to 
incorporate data size alongside with probability and area of 
valid scope. The cost function for a data value j of an item 
i is  
 

                                  (6)        
 

Where Pi is the access probability of item I, A 
(v1

ij) is the area of the attached valid scope v1
ij for data 

value j and Ds is the Data size. 
 

                The PAID scheme has also been enhanced to 
accommodate the data size factor, Area of valid scope, 
probability and distance. The cost function for a data value 
j of an item i is  
 

IJCSI International Journal of Computer Science Issues, Vol. 8, Issue 4, No 2, July 2011 
ISSN (Online): 1694-0814 
www.IJCSI.org 163



                                      (7) 
 

Where Pi is the access probability of item I, A 
(v1

ij) is the area of the attached valid scope v1
ij for data 

value j, Ds is the Data size and D (v1
ij

 ) is the distance. 
                As the data is stored in cache, acquiring data size 
will not be an issue here. Hence, the data size is obtained 
by checking the amount of memory it takes in cache. 
 
7. Simulation Model 
 
In this section, we describe the simulation model use to 
assess the performance of the proposed strategies. Our 
simulator is developed in java. 
7.1. System Execution model 
 
The cellular network consists of cells and provides 
seamless handoffs from one cell to another cell. The 
network can be assumed as a single large service area. The 
service area is portrayed as a rectangle of fixed size of 
Size. The database contains ItemN items and every item  
may have ScopeN different values for different client 
locations within the service area. Every data value has a 
size of DataSize. Double precision floating point number is 
used to represent two dimensional coordinate system and 
radius. The uplink channel is used by the client to query 
the server and the downlink channel is used by the server 
to respond to the query. 
 
7.2. Client Execution Model 
 
      Table 1: Configuration Parameters of the Client Execution Model 

 
Client is designed to have an independent Process: query 
process. The query process repeatedly generates queries 
for different data items. After the present query is 
completed, the client waits for an exponentially distributed 
time period with a mean of QueryInterval before the next 
query is issued. To respond to a query, the client’s cache is 

checked first. If the data value for the requested item with 
respect to the current location is found, then no need to go 
all the way to the server and get back the answer. 
Otherwise, the client gives the query and its current 
location to the server and retrieves the data from the server 
through the downlink channel. The client is assumed to 
have a fixed size cache, which is a CacheSizeRatio ratio of 
the database size. In order to be just with different caching 
schemes, the cache contains both the space needed for 
storing item and the space available for storing data. Each 
cached parameter occupies ParaSize bytes.             
 
7.3 Server Execution Model 
 
Server is designed to have a single process that accepts the 
requests from clients and respond them. The requests are 
stored in a buffer at the server if necessary and an infinite 
queue is assumed. The FIFO principle is used in the 
design. To answer a query, the server uses a planar point 
location algorithm (pploc) 5 to locate the correct data 
value with respect to the specified location. As the concern 
of this paper is the cost of the wireless link, which is more 
expensive than the wired-link and disk IO costs, the 
overheads of request processing and service scheduling at 
the server are assumed to be negligible in the model. 
 
         Table 2: Configuration Parameters of the Server Execution Model. 

 
8. Performance Evaluation 
 
In this section, the proposed strategies are evaluated using 
the simulation model described in the previous section. 
The cache hit ratio, caching efficiency and cost function 
are used as performance evaluation metrics. The table 
below shows the default parameter 
 
 
 

Parameter Description 

QueryInterval size of the rectangle service area  

CacheSizeRat
io 

number of data items in the database  

ParaSize number of different values at various 
locations for each item  

Θ size of a data value  

α bandwidth of the uplink channel  

Parameter Description 

Size size of the rectangle service area  

ItemN  number of data items in the database  

ScopeN  number of different values at various 
locations for each item  

DataSize  size of a data value  

UplinkBand  bandwidth of the uplink channel  

DownlinkBand  bandwidth of the downlink channel  

F loatSize  size of a floating-point number  
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Table 3:  Default Parameter for Execution 

 
8.1. Evaluation of Location-Dependent Invalidation 
Schemes 
 
In this section, we will assess the performance of the 
proposed scheme E-CEB for valid scope representation 
during cache invalidation. This section assesses the 
performance CEB comparatively with E-CEB. The metrics 
used to compare these location dependent invalidation 
schemes are cache hit ratio and caching efficiency. The 
parameters that vary are query interval and data size. In the 
simulation, if not a single scheme is applied, the cache hit 
ratio is mostly zero since the probability that the client 
issues the same query at the same place and that the query 
result is cached is very low. The proposed invalidation 
scheme E-CEB improves the cache hit ratio upon CEB. E-
CEB is better comparatively than CEB. We can the 
comparative performance results in the figures shown 
below which uses the cache hit ratio metric as its primary 
metric is as follows. 
                                                                                                                

 
Fig 3. Data Size vs. Cache Hit Ratio 

 
               

Fig 4. Query Interval vs. Cache Hit Ratio 
 
                Another metric used to assess the performance of location 

dependent invalidation schemes is the caching efficiency 
criterion. This also shows that E-CEB gives a better 
performance than CEB as the performance results are 
shown in the figures 3 and 4 which depict the results. The 
figure follows 
  

               
Fig 5. Data Size vs. Cache Efficiency 

                                                                               

Parameter Setting Parameter Settin
g 

Size  4000*4000  QueryInterval  50.0s  

ItemN  500  CacheSizeRatio  10%  

ScopeN  110  θ  0.5  

DataSize  128 bytes  F loatSize  
 

4 
bytes  
 

UplinkBand  19.2 kbps  DownlinkBand 144 
kbps 
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Fig 6. Query Interval vs. cache efficiency 

 
8.2. Evaluation of Cache Replacement Policies 
 
In this section, the proposed cache replacement policies, 
namely Enhanced PA and PAID is assessed. We compare 
their performance to the existing policies PA and PAID 
policies. We use two metrics to assess the performance of 
the proposed schemes namely query interval and cost 
function. Query interval is the time interval between two 
consecutive client queries. In this simulation, we vary the 
mean query interval from 20 seconds to 100 seconds. If the 
query interval is increased, every scheme gets a w orst 
performance. This is because, between a longer query 
interval, the client would make more movements between 
two successive queries, which means that the client has a 
lower probability of being in one of the valid scopes of the 
previously queried data items when a new query is issued. 
 

 
Fig 7. Query Interval vs. Cache Hit Ratio 

 
Another metric that is used to assess the performance of 
the cache replacement policies proposed in this paper is 
the cost function. The cost function calculates the overhead 
of an item being replaced in cache. This criterion also 
shows a better performance than the earlier schemes. The 
performance results are shown in fig 6 which is shown 
below. 

 

 
, Fig 8. Query Interval vs. Cost Function 

9. Conclusions 
 

               In this paper we have introduced various location 
dependent cache invalidation strategies. We have 
introduced a new scheme called Enhanced CEB (E-CEB) 
for cache invalidation and we have enhanced the existing 
cache replacement schemes PA and PAID. In E-CEB, we 
have introduced a concept called median circle. Among all 
the candidate valid scopes the median circle is also taken 
as a candidate valid scope. The median circle is the circle 
whose radius is in between the inscribe circle and outer 
circle of the polygon. The result shows that the E-CEB 
scheme with median circle is effective. We have also 
introduced a new factor in the existing PA and PAID cache 
replacement scheme. The new factor introduced was the 
data size. The data size refers to the size of data items 
stored in cache. The data with large size should be kept in 
the cache in order to avoid the over head of recording it 
again in the cache. The experimental results show that the 
Enhanced version of PA and Paid is very cost effective and 
show better results. Hence, we conclude that the proposed 
location dependent caching strategies for cache 
invalidation and cache replacement are effective and show 
better results. 
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