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Abstract 

In this paper, a novel P2P mobile caching scheme 

for caching web documents in mobile base stations is 

proposed.  In this scheme, a mobile cache model is 

used to facilitate the data cache and data replication.  

A self-configured and self-managed proxy overlay 

network is employed to fulfill the P2P data search and 

proxy server cooperation.  Using the proposed 

caching scheme, the individual proxy in the base 

station makes cache decisions based solely on its local 

knowledge of the global cache state so that the entire 

wireless proxy cache system can be efficiently 

managed without centralized control.  Furthermore, 

the proposed P2P mobile caching scheme can take 

advantage of the mobile host movement to improve the 

proxy caching performance.  It is proven by formal 

analysis and simulation studies that the proposed P2P 

mobile caching scheme outperforms other caching 

schemes in terms of different performance metrics.  

1. Introduction 
 

Recent advances in mobile networks have made the 

mobile internet applications more popular and 

sophisticated.  Many interesting web applications, such 

as multimedia streaming, have flourished with the 

growth of Internet and WWW.  Due to strong demand 

of bringing these internet applications into wireless 

environments, much effort has been made to 

consolidate the WWW with wireless networks [1, 2].  

Such integration is also referred to as W4 – World 

Wide Web for Wireless.  Figure 1 depicts a typical W4 

architecture, in which mobile hosts access the mobile 

network through base stations, which are inter-

connected by access routers to form wireless LANs 

and, in turn, are connected to the internet through 

gateway routers.   

Among the numerous studies for enhancing the 

mobile internet performance, caching popular web 

data at locations close to the mobile clients is an 

effective solution to improving the quality of mobile 

internet applications.  Although caching can be 

implemented in various points in a wireless network, 

proxy caching in mobile base stations [3, 4] is the most 

efficient caching solution.  Caching popular web 

documents in mobile base stations can ease network 

traffic between base stations and web servers, and 

reduce user web request latencies.  Providing caching 

mechanisms in mobile base stations can also reduce 

the connection time between the mobile host and the 

base station due to the reduced waiting periods 

experienced when fetching remote web documents, 

thus saving the limited wireless bandwidth.  

Especially, constant movements of the mobile hosts 

among the base stations require the caching proxies to 

cooperate for improving the performance of mobile 

internet applications. 

 

 

 

 

 

 

 

 

 

 

 

It is challenging to design a cooperative proxy 

caching scheme suitable for wireless environments.  

Due to the non-hierarchical nature of the distributed 

mobile base stations, adopting a distributed 

cooperative proxy caching scheme proposed in a wired 

network environment seems to be a viable solution.  
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Figure 1: W4 network architecture 



However, the distributed cooperative proxy cache 

systems [5, 6, 7, 8] developed in wired network 

environments employ sophisticated caching and 

searching schemes, such as centralized or distributed 

directory lookup, distributed hashing, multicasting and 

routing, to distribute and search the cached web 

documents.  Using sophisticated caching scheme 

increases the complexity of base station functions.  On 

the other hand, the objective of caching web 

documents in mobile base stations is to reduce the user 

request latencies so that the wireless network 

bandwidth and mobile battery power can be saved.  

Yet most of these existing caching schemes often 

concentrate on increasing the cache hit ratio while 

ignoring the cost of retrieving the web document from 

the server where it is cached [9, 10].  A cooperative 

proxy caching scheme for mobile base stations should 

emphasize on moving the cached web documents 

closer to interested clients through data replication.  

Besides the aforementioned problems, there are 

other challenges for web caching in distributed mobile 

base stations.  First, the mobile hosts in wireless 

environments constantly move among the base 

stations.  Moving mobile hosts cause tougher 

challenges in caching strategy and increase complexity 

of the cooperative proxy cache system.  Second, 

reducing user request latency is more critical in 

wireless environments since wireless links have limited 

bandwidth and mobile hosts have limited battery 

power.  Finally, in wired networks, a caching proxy 

usually serves clients within an organization, in which 

clients share common interests.  However, in wireless 

environments, mobile clients connecting to the same 

base station might come from different regions and 

have different backgrounds, hence having different 

interests.  The diversity of client interests directly 

affects the cache strategies and replacement policies. 

To address these challenges in proxy caching for 

mobile base stations, we propose a novel P2P mobile 

caching scheme for the distributed base stations.  The 

rest of the paper is organized as follows.  In section 2, 

we discuss the existing solutions to web caching in 

wireless environments.  In section 3, we propose the 

P2P mobile caching scheme, in which a mobile cache 

model is employed to facilitate the distributed web 

document cache, and a proxy overlay network is used 

to assist P2P data search, data cache and data 

replication.  In section 4, we analyze, using probability 

theory, the performance advantages of the proposed 

mobile caching scheme, compared to other caching 

schemes.  In section 5, we use simulation to 

quantitatively evaluate the performance of different 

caching schemes.  Finally we give our conclusion and 

discuss future studies in section 6. 

2. Related works 
Constant mobile host handoffs and geographically 

distributed base stations exacerbate such problems as 

the limited battery power and wireless bandwidth of 

mobile hosts in wireless environments.  To address the 

problems, Hadjiefthymiades and Merakos [4] 

proposed a proxy cache relocation scheme to 

accelerate the web browsing.  This scheme tries to 

predict the next base station a mobile host will move to 

and copies the cached web documents in the dedicated 

cache space for this mobile host to the predicted base 

station before the handoff is actually taken place.  Due 

to uncertainty of the predictions, besides copying 

100% of cached data to their best predicted neighbor 

proxy, they also copy 70% of the cached data to the 

second best predicted neighbor proxies and 30% to the 

rest neighbor proxies.   

There are three problems in this proxy cache 

relocation scheme.  First, their caching scheme assigns 

each mobile host a dedicated cache space in the proxy 

server.  Recent studies found that user access to web 

documents follows a Zipf-like distribution with high 

Zipf factors [11, 12].  It means that user access to web 

documents is highly skewed to a few web documents.  

Although assigning each mobile host a dedicated cache 

space simplifies the proxy cache management, it 

wastes the limited proxy cache space when multiple 

clients replicate the same web document in the same 

proxy cache.  Second, inaccuracy of the predictions 

causes unnecessary data copies among the base station 

proxies.  Third, copying web documents based on the 

prediction of the mobile host movement may introduce 

data oscillation in the wireless network.  These 

problems hinder the performance of the mobile proxy 

cache system. 

 

3. A P2P mobile caching scheme 
To simplify the cooperation among the caching 

proxies in the distributed base stations while avoiding 

the problems in dedicated cache approach, we propose 

a P2P mobile caching scheme in this section. 

3.1 P2P mobile cache model 
Designing a cache model has to be based on the 

characteristics of the cached data and the specific 

caching environment.  The cached data in the 

distributed mobile base stations are web documents 

that may be migrated to one proxy from other caching 

proxies instead of directly being fetched from the 

original web servers.  To cope with the characteristics 

of cached web data and wireless network 

environments, we design a mobile cache line as 

depicted in Figure 2 to facilitate a shared cache model, 

avoiding the problems in the dedicated cache model. 



 

 

 

 

 

 

 

 

Besides having the cached web document as its 

body portion, the proposed mobile cache line contains 

a head portion which includes ID, Tag, State bytes, 

Link fields, Client list and Origin.  The ID field 

contains a UUID which the URI of the cached web 

document will be hashed to.  The Tag is the name of 

the cached web document.  State bytes are used to 

store information for cache coherency protocol as well 

as some other statistic data, such as number of cached 

replicas for a web document that the current proxy is 

locally aware of.  Because the cached web document 

might be replicated from other caching proxies in the 

wireless network, link fields are needed to provide the 

links to the neighbor proxies from whom web replicas 

can be found.  A link field is organized as a pair of 

integer <NID, Dist>.  NID is an integer used to lookup 

the neighbor table for a neighbor’s IP address.  Dist is 

round trip distance to reach the cached web document 

through the neighbor specified by NID.  Client List 

contains IDs of the clients that are currently accessing 

the cached web document.  Origin indicates whether 

this current web replica is fetched from the original 

web server or is migrated from another proxy in the 

P2P mobile proxy cache system. 

 

3.2 Proxy overlay network 
Since the proposed mobile cache lines use links to 

group the cached web replicas, it is necessary to avoid 

one caching proxy having to connect to too many other 

proxies.  Thus, we use a proxy overlay network (PON) 

to facilitate the data linkage and data exchange among 

the caching proxies.  Figure 3 demonstrates a mobile 

proxy overlay network with 24 nodes. 

 

 

 

 

 

 

 

 

 

 

 

A mobile PON forms the foundation for data 

search, data cache and data replication in the P2P 

mobile proxy cache system.  A proxy server will only 

exchange data and information with its neighbors in 

the PON.  There is no centralized controller for 

building the PON in our P2P mobile proxy cache 

system.  Instead, the PON is automatically configured 

by individual caching proxies in base stations using 

simple protocols.  The individual caching proxies can 

also self-manage the PON based on dynamic data flow 

in caching proxies.  The PON self-configuration and 

self-management include the following two phases:  

Self-configuration phase: A proxy initially 

broadcasts a join-request message to all nodes in the 

network, asking for joining the proxy cache system.  

After receiving responses from the existing caching 

proxies, the joining proxy selects a set of existing 

caching proxies, which are close to this proxy and 

have extra connection capacities, as its neighbors in 

the PON.  A neighbor table will be built in this proxy 

to facilitate the neighbor selection.  An entry in the 

neighbor table includes an ID which is usually a small 

integer and the IP address of the neighbor. 

Self-management phase:  After joining the PON, 

proxy servers enter the self-management phase.  In this 

phase, a proxy continuously monitors its data and 

information exchanges with its neighbors.  It may 

remove a link in the PON to a neighbor if there is a 

substantial reduction in data exchange with that 

neighbor for a certain period of time.  It may add a link 

to a node in the PON if a significant amount of the 

data it received is originated from that node.  This 

dynamic self-management process makes sure that the 

PON is always effective for data search, data cache 

and data replication.  The PON self-management is 

very important in wireless environments because 

changes of the wireless environment, such as new 

construction or road blocking, may alter the data flow 

among the mobile base stations. 

 

3.3 P2P data search and data cache 
When a new web request reaches a certain proxy 

server from its client, the proxy server takes actions 

based on three different situations as follows: 

• The entire mobile cache line is cached: If the 

entire mobile cache line is cached, the web request 

is satisfied. 

• Only the head is cached: If only the head of the 

mobile cache line is cached in this proxy server, 

the current proxy will check the head of the 

mobile cache line for the shortest distance to the 

cached web replicas.  If the distance to the nearest 

web replica is larger than its expected response 

time by directly requesting from the original web 

server, a query is sent to the original web server.  

Figure 2: A mobile cache line 
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Otherwise, a query message will be created, and 

propagated, along the links in the heads of mobile 

cache lines, to the proxy server that holds the 

nearest web replica. 

• Nothing is cached: if nothing is cached at this 

proxy server, the proxy server first sends a query 

message to all its neighbor proxies and waits for 

the responses from them.  The query message will 

be disseminated to other peer proxies through peer 

relay until the message lifetime is expired or a 

matching mobile cache line (maybe head only) is 

reached.  The proxy that has the matching mobile 

cache line responds the query.  The responding 

message is routed back to the requesting proxy 

along the query path.  The proxies on the routing 

path create or update the appropriate mobile cache 

line heads based on the responding message to 

provide links to the cached web replica.  Once the 

responding messages reach the requesting proxy 

and related mobile cache line head is created on 

that proxy, the rest of the search process would be 

same as in case 2.  

Our P2P mobile proxy caching scheme can take 

advantage of the cooperation among base station 

proxies to increase the cache hit ratio and reduce the 

web request latency.  When the mobile host moves 

from one base station to its neighbor base station, it is 

not necessary to move its cached web documents to the 

new base station prior to or at the handoff.  Our P2P 

data search scheme can quickly find the cached web 

documents from the proxy to whom the mobile host 

previously connected if the cached web documents 

have not been removed by cache replacement, because 

these two base station proxies are likely neighbors in 

the PON.  The request latencies of querying web 

documents from neighbor proxies are much smaller 

than that of fetching them from the original web 

servers.  Furthermore, we can exploit the mobile host 

movement by moving the heads of the previously 

accessed mobile cache lines to the new base station 

during the handoff.  Using this simple method, we can 

effectively reduce the cost of searching the web 

documents because the links in mobile cache line 

heads can directly lead to the previously cached web 

replica in the neighbor caching proxy. 

 

4. Performance analysis 
To assess the performance of the proposed P2P 

mobile caching scheme, we compare its cache hit ratio 

with some other caching schemes.  In this study, the 

following 5 different proxy caching schemes are 

evaluated: 

Cache Relocation (CR): The proxy cache 

relocation scheme proposed in [4] is studied with the 

assumption of 100% accuracy in prediction of the 

mobile host movement, although it is unlikely for any 

prediction to be 100% accurate. 

Non-cooperative Caching (NC): In this scheme, 

each individual proxy acts independently and there is 

no cooperation among the caching proxies.  This 

scheme can be used to evaluate how proxy cooperation 

impacts the performance of the mobile proxy cache 

system. 

Multicast-based Cooperative Caching (MCC): 

MCC was originally designed for distributed wired 

networks, it is one of the existing proxy caching 

schemes that can be easily adapted into the distributed 

mobile base stations. 

P2P Mobile Caching (PMC): The basic P2P data 

caching, searching and replicating methods based on 

the proposed mobile cache model and the self-

configured PON are implemented. 

PMC with Head Move (PMC-HM): To take 

advantage of the mobile host movement, besides 

implementing the basic PCC scheme, this scheme 

moves the heads of the mobile cache lines with the 

moving mobile hosts to the new base stations when 

handoffs occur. 

To simplify the analysis, we assume all schemes use 

the same PON, and each proxy has the same proxy 

cache space, and all schemes are compared under the 

same cache space.  We also assume that a caching 

proxy waits for its neighbors to respond its queries for 

a time tmax before it sends query directly to the original 

web server.  A TTL (Time-To-Live) value is used to 

control the number of hops that a query message will 

travel in the network before it is expired.  To ensure a 

fair comparison, we also set the same TTL value for 

query messages in our P2P proxy caching schemes, so 

that the proxy servers will not forward the query 

message to their neighbors if the query message’s life 

time is expired. 

Since mobile cache line heads are used to link the 

cached web documents together through data search, 

data cache and data replication, we may assume that a 

requested web document can be always reached by 

following the links in the mobile cache line heads.  If 

we assume the probability of finding a cached web 

document locally is locp , then local cache hit ratio is 

locp .  Thus the probability of finding a cached web 

document in a single non-cooperative cache 

is locnc pp = . 

In CR scheme, each mobile host is allocated an 

independent cache space in the caching proxy.  

Assume the probability of finding a cached web 

document using CR scheme is crp .  If there are N 

mobile hosts, then the total cache space is partitioned 



into N partitions (N>0).  Since all N partitions in CR 

scheme are independent, looking for a document in 

one partition obeys the Bernoulli trail.  The 

distribution of not finding a document in these N 

partitions obeys the Binomial distribution where the 

probability of finding the document in a trail is pcr, i.e., 
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So the probability of finding the cached web document 

in at least one of the N partitions, *
crp , is as follows: 

N
crcr pp )1(1* −−=                 (1) 

Thus we have,  

0)1()1(* ≥−−−=− N
crcrcrcr pppp  

Since N>0, we have ncloccr ppp =≤* . So, 

ncloccrcr pppp =≤≤ *  

It means that the NC proxy caching scheme results 

in higher cache hit ratio than CR scheme does. 

For the MCC scheme, if there is a miss in local 

cache, the probability of finding a cached web 

document from its neighbors during maxt  is: 

mccbcloclocmcc pppp _)1( ⋅−+=      (2) 

where mccbcp _  is the probability of finding the cached 

web document by broadcasting query messages to 

neighbors.  Obviously we have nclocmcc ppp =≥ . 

In basic PMC scheme, if there is a cache miss 

locally, the caching proxy sends query messages to 

their neighbors.  We assume that the probability of 

finding a mobile cache line head within time maxt  

is hdp , and the probability of finding a cached web 

document through broadcasting within time maxt  

is pmcbcp _ . Then we can calculate the probability of 

finding a cached web document using the basic PMC 

scheme is, 

))1(()1( _ pmcbchdhdloclocpmc pppppp −+⋅−+=    (3) 

We assume mccbcpmcbc pp __ =  because they are 

essentially using the same scheme to probe the 

neighbor proxies.  Comparing pmcp  and mccp , we 

have, 
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Thus, we have mccpmc pp ≥ . 

Now we study the impact of moving the mobile 

cache line heads along with mobile hosts on the proxy 

cache system performance.  Assume the probability of 

finding a mobile cache line head in a proxy cache is 

now hdmvp .  We have hdhdmv pp ≥  due to the added 

mobile cache line heads moved in with mobile hosts 

during handoffs.  Thus, when mobile cache line heads 

can be migrated with mobile hosts, the probability of 

finding a cached web document will be,  

))1(()1( _ pmchmbchdhmhdhmloclocpmchm pppppp −+⋅−+=    (4) 

Because a mobile cache line head is very small 

compared to the cached web documents, it does not 

take much proxy cache space.  We can reasonably 

assume that locp  in PMC-HM scheme will still be the 

same as in the basic PMC scheme, and 

pmcbcpmchmbc pp __ = .  Thus we have,  

0)1)()(1( _ ≥−−−=− pmchmbchdhdhmlocpccpmchm pppppp . 

That is, we have pmcpmchm pp ≥ . 

Our analysis reveals that the proxy cache system 

using CR scheme has the least cache hit ratio while 

using PMC-HM scheme results in the best 

performance.  The links among the cached web 

documents in PMC proxy caching scheme help it 

outperform the MCC scheme.  As we expected, non-

cooperative proxy caching scheme is worse than any of 

the cooperative proxy caching schemes in terms of 

cache hit ratio. 

 

5. Simulation study 
Although our analysis has proven the superiority of 

the proposed P2P mobile caching scheme compared 

with the other schemes, it is still necessary to 

quantitatively evaluate how these caching schemes 

perform under various system conditions.  We use 

simulation to assess the performance of different proxy 

caching schemes in terms of various system metrics. 

5.1 Simulation model 
We assume that there are 100 base stations forming 

a 10x10 mesh-like grid in the wireless network.  We 

also assume that the automatically configured PON has 

the same structure in which all base station proxies 

have 4 neighbors, excepting those base station proxies 

on the edges and the corners, which have 3 and 2 

neighbors respectively.  We further assume that the 

PON structure will not change during the entire 

simulation.  To evaluate the impact of the mobile host 

movement, we use a variant random waypoint 

movement pattern [13] to simulate the movement of 

the mobile hosts.  The events of the mobile host 

movement are independent of the events of web 

requests.  After a mobile host stays in the coverage 

area of one base station for some time, it may move to 

one of its neighbor base stations, or jump to a non-

neighbor base station (this is the case when the user 

turns off the mobile device and turns on again after 

driving for a while), or simply choose to stay with the 

same base station.  The mobile host has equal 

probability to make any of these moves.  The time for 



a mobile host to stay with one base station follows the 

Poisson distribution with a mean duration of 180 

seconds.  This time is based on the assumption that the 

distance between two adjacent base stations is 2 miles, 

the average speed of vehicles is 40 miles/hour, and 

handoff happens at center point of two adjacent base 

stations. 

We assume that the user request latency is 100 ms 

ignoring the other overheads if the requested web 

document is cached in the proxy server that the mobile 

host is currently connected to.  The roundtrip network 

distance between a pair of neighbor proxies is assumed 

to be 100 ms.  So if a requested web document is 

found in a neighbor proxy server, the user request 

latency is assumed to be 200 ms, ignoring other 

overheads.  If a requested web document is two hops 

away from the current proxy server, the user request 

latency will be 300 ms.  The average user request 

latency for a cache miss is 2000 ms, ignoring all other 

overheads.  These assumptions are based on the data 

collected by running the benchmark Polygraph [14] on 

a web caching appliance developed by Swell 

Technology [15].   

We also assume that there are 10,000 distinct web 

documents on the internet and the average web 

document size is 60K.  35% of the web documents 

have size less than 10K.  60% of them have size in the 

range from 10KB to 100KB.  The sizes for the rest 

web documents are in the range of 100KB to 1MB.  

The assumption on web document sizes is based on the 

latest web access statistics of several different web 

servers [16, 17].  It is assumed in [18] that internet user 

clicks a web link once every 12.5 seconds.  Thus in 

our simulation, we assume the inter-arrival time of web 

requests generated by a mobile host follows a Poisson 

distribution and the average inter-arrival time equals to 

12.5 seconds. 

The access frequencies to the web documents 

follow a Zipf-like distribution [11, 12].  The access 

frequency for web document i  is determined as 

follows:  
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=
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where m  is the number of the web documents in the 

system, and 10 ≤≤ z  is the Zipf factor [11].  A larger 

z value corresponds to a more skewed data access 

pattern, i.e., some objects are accessed considerably 

more frequently than other objects.  When z = 0, the 

distribution is uniform, i.e., all the objects have the 

same access frequency.  Total of 400,000 web requests 

are issued to the cache system simulator.   

To avoid the inaccurate statistics due to the startup 

of simulation, we start to collect data after the first 

20,000 web requests are processed.  A simple LRU 

cache policy is used for every tested proxy caching 

schemes in our simulation.  We list most of our default 

simulation parameters in Table 1.  We will use these 

parameters throughout the different simulations unless 

being explicitly stated otherwise. 

 
Table 1: Simulation Parameters. 

Proxy cache space 6000 KB 

Number of distinct web pages 10000 

Total number of web requests 400,000 

Zipf Factor 0.75 

Mean request interval time 12.5 seconds 

Mean handoff interval time 180 seconds 

Number of base stations 100  

Number of mobile hosts 500 

Average size of the web page 60 KB 

Average size of the query/reply message 0.1 KB 

Average size of the cache line head 0.1 KB 

 

5.2 Simulation results 
We vary the cache size in each proxy server from 

3000 KB to 18000 KB, and observe the cache hit 

ratios and average user request latencies under various 

cache sizes.  We also monitor the data exchange 

between a pair of proxy servers and record the average 

data exchange per query.  The simulation results are 

depicted in Figure 4, Figure 5 and Figure 6.   

As we expected, increasing the cache size increases 

the chance of a web page being cached in the proxy 

servers, hence increasing the cache hit ratio and 

decreasing the average user request latency.  Among 

the tested proxy caching schemes, the cache relocation 

scheme performs the worst due to its dedicated cache 

model.  Compared to non-cooperative proxy caching 

approach, proxy cooperation improves the system 

performance significantly.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 4: Cache hit ratio under various cache sizes 
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For instance, when cache size is 9000KB, MCC 

scheme and PMC scheme outperform NC scheme by 

175% and 235% respectively in terms of cache hit 

ratio.  In the meantime, the average user request 

latency using NC scheme is 31% and 45% higher than 

that using MCC and PMC schemes respectively.  

Among the cooperative proxy caching schemes, our 

proposed P2P mobile caching schemes demonstrate 

better system performance in terms of cache hit ratio 

and user request latency.  For instance, when cache 

size is 9000KB, the cache hit ratio using PMC scheme 

is 22% higher than that using MCC scheme.  On the 

other hand, the average user request latency using 

MCC scheme is 11% higher than that using PMC 

scheme. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Most importantly, our PMC scheme, compared to 

MCC scheme, requires much less network bandwidth 

within the wireless network while achieving better 

performance in terms of cache hit ratio and average 

user request latency.  On average, as shown in Figure 

6, the data exchange between a pair of proxy servers 

for each web request using MCC scheme is much 

higher than that using our proposed mobile proxy 

caching schemes.  For instance, when cache size is 

9000KB, the average data exchange using MCC 

scheme is 167% higher than that using PMC scheme.  

The superiority of our proposed PMC scheme is due to 

its excellent P2P data search, data cache and data 

replication strategies, which not only create links 

among nearby cached web replicas but also move the 

cached web documents closer to interested mobile 

clients.  Thus, the number of messages required for 

searching the cached web documents is massively 

reduced.  Although moving and replicating mobile 

cache line heads add extra network traffic, the reduced 

query message exchange due to the improved data 

search greatly outweighs the extra data traffic caused 

by replicating the cache line heads. 

Another advantage of our proposed P2P mobile 

proxy caching scheme is its natural adaptivity to 

wireless network environments.  This P2P mobile 

caching scheme can exploit the mobile host movement 

to improve the proxy caching performance.  As shown 

in Figure 4 and Figure 5, our PMC-HM scheme 

outperforms the other schemes by very large margins 

in terms of cache hit ratio and user request latency.  

For instance, when cache size is 9000KB, the cache hit 

ratio using PMC-HM scheme is 59% better than that 

using MCC scheme, and the average user request 

latency using MCC scheme is 39% worse than that 

using PMC-HM scheme.  

Although moving mobile cache line heads with the 

mobile hosts in PMC-HM scheme causes slightly more 

data exchange between proxy servers compared to the 

basic PMC scheme, the cost is justified considering the 

PMC scheme is only 22% better than MCC scheme in 

terms of cache hit ratio while PMC-HM is 59% better.  

Most impressively, PMC-HM scheme significantly 

outperforms the MCC scheme in terms of data 

exchange between the proxy servers, even if it requires 

extra data exchange compared to the basic PMC 

scheme.  As shown in Figure 6, when cache size is 

9000KB, MCC scheme generates 2 times of data 

traffic in wireless network compared to PMC-HM 

scheme.  Cache relocation scheme shows the worst 

performance in terms of data exchange between proxy 

servers.  We must note here that the non-cooperative 

caching approach (NC) does not need extra data 

exchange among proxy servers.  Thus, it is not shown 

in Figure 6. 

 

6. Concluding remarks and future studies 
In this paper, we propose a novel P2P mobile proxy 

caching scheme, which uses a mobile cache model to 

facilitate the proxy caching cooperation and uses a 

self-configured and self-managed proxy overlay 

Figure 6: Data exchange under various cache sizes 
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Figure 5: Average request latency under various 

cache sizes. 
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network to fulfill the P2P data search, data cache and 

data replication in the P2P proxy cache system.  Using 

our P2P mobile proxy caching scheme, the individual 

proxy server makes cache decisions based on its local 

knowledge of the global cache state so that the entire 

wireless proxy cache system can be efficiently 

managed without centralized control.  The aggregate 

effect of data caching, searching and replicating 

actions by individual proxies automatically distributes 

cached web documents closer to the interested mobile 

clients.  Furthermore we flow and replicate the heads 

of mobile cache lines associated with a moving mobile 

host to the new base station during the mobile host 

handoff.  These replicated cache line heads provide 

direct links to the cached web documents previously 

accessed by the moving mobile host in neighbor 

proxies, thus improving the mobile web caching 

performance.  Our performance study has shown that 

our proposed P2P mobile proxy caching schemes 

outperform the other proxy caching schemes in terms 

of different performance metrics.  

In our simulation studies, we used the LRU 

algorithm for cache replacement.  Other factors, such 

as document size, date replication rate, and mobile 

host handoff also impact the performance of the proxy 

cache system.  It is necessary to design a cache 

replacement algorithm specifically for our P2P mobile 

proxy cache system, taking consideration of all these 

factors.  To further improve the system performance, 

we are also investigating how to accurately predict the 

mobile host movement and integrate the prediction 

with our proposed P2P mobile caching scheme. 
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