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Abstract:    Web caching and prefetching are the most popular techniques that play a key role in improving the Web performance by keeping 

web objects that are likely to be visited in the near future closer to the client. Web caching can work independently or integrated with the web 

prefetching. The Web caching and prefetching can complement each other since the web caching exploits the temporal locality for predicting 

revisiting requested objects, while the web prefetching utilizes the spatial locality for predicting next related web objects of the requested Web 

objects. This paper reviews principles and some existing web caching and prefetching approaches.  The conventional and intelligent web 

caching techniques are investigated and discussed. Moreover, Web prefetching techniques are summarized and classified with comparison 

limitations of these approaches. This paper also presents and discusses some studies that take into consideration impact of integrating both 

web caching and web prefetching together. 
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1. Introduction

In simple terms, web caching is a technology that can significantly enhance end-user’s web browsing experience and, at the same 

time, save bandwidth for service providers. In details, a web cache is a temporary storage place for data content requested from 

the internet. After an original request for data has been successfully fulfilled, and that data has been stored in the cache, further 

requests for those files (e.g., HTML pages, images) results in the information being returned from the cache, if certain conditions 

are met, rather than the original location. Web Caching, the caching of objects on the Internet, can provide significant benefits to 

both the end user and the service provider. These benefits are only available when the requested object is served from the cache. 

The ratio of objects served from a cache to the total number of requests is called the hit ratio. 

1.1 Motivation 

The internet and web have changed the way we conduct business and get educated. Whether utilizing e-commerce applications, 

outsourcing internal processes, or simply improving communications with suppliers and partners, business is increasingly 

conducted over the internet. Internal enterprise intranets and extranets are more and more common. In schools, classroom 

activities increasingly are enriched through internet-based instruction while research gets done over the web from libraries, 

schools, and home. This connectivity explosion offers enterprises the opportunity to be more productive than ever before. 

1.2 Objectives 

There are three vital objectives for use of web caching system. 

•The most vital objective of using Web caching is to reduce network bandwidth usage. That means why to download the content 

directly from the server when we can access the content from the local nearest server. 

•Caching reduce loads on the original server the rising popularity of using web applications in WWW causes tremendous 

demands on the internet. Caching will reduce the total number of clients request to the direct server and allow them to fetch the 

content from the web cache system. 

•Caching that also reduces user-perceived delays as the loading will done directly from the local instead of the original server. 

2. Related Works 

There are three distinct approaches to web caching currently exist, including client-side caching, server-side caching, and proxy 

caching. Client-side caching refers to caches that are built into most web browsers, which cache Internet objects for a single user, 
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but from a variety of servers.Server-side caching (also known as reverse caching) refers to caches that are placed in front of a 

particular server to reduce the number of server requests. This paper focuses on proxy caching, a common form of web caching 

which aims to reduce the overall bandwidth consumption of a network. Proxy caches are often located near network gateways 

and serve many users with cached objects from many servers. 

Web caching is different from conventional microprocessor caching or memory paging in several ways. First, cached web 

documents vary significantly in size depending on their type (text, image, video, etc.) and therefore caching algorithms may 

require a defragmentation step. Furthermore, same-sized pages can take different amounts of time to access, and thus caching 

algorithms must take into account the anticipated download latency when identifying an eviction candidate. Finally, the access 

stream seen by a single proxy cache is the union of several users’ access streams, resulting in a Zipf-like distribution [6]. 

Web Proxy Caching Algorithms 

There has been extensive theoretical and empirical work done on exploring web caching policies that perform best under 

different performance metrics. Many algorithms have been proposed and found effective for web proxy caching. These 

algorithms range from simple traditional schemes such as Least-Recently Used (LRU), Least-Frequently Used (LFU), First-In 

First-Out (FIFO), and various size-based algorithms, to complex hybrid algorithms such as LRU- Threshold, which resembles 

LRU with a size limit on single cache elements, Lowest-Relative Value (LRV), which uses cost, size and last reference time to 

calculate its utility, and GreedyDual[12], which combines locality, size and cost considerations into a single online algorithm. 

Several studies have proposed and empirically evaluated variants on GreedyDual [7, 11, 12] that incorporate a combination of 

long-term popularity and frequency of access. Figure 1 shows generalized web cache architecture in web caching if the client is 

requesting a page from server it will fetch from the server and will give response to the server. 

 

 
Figure 1: Generalized Web Cache Architecture 

3. Evaluation Methodology 

This section discusses our methodology. The performance metrics used in our evaluation are discussed in Section A Section B 

presents the caching system simulator used in our analysis. 

A. Performance Matrices: 

Since we are interested in evaluating periods of poor and good performance we measure several metrics over time.  

This analysis allows us to detect periods of variations of performance and to investigate the factors that cause these variations. 

Each metric was measured in different time scales.  

The metrics used in our performance evaluation are: 

Hit Ratio: 

The effectiveness of a caching policy can be measured by its hit ratio (the percentage of requests satisfied by the cache). The hit 

ratio of each time interval considers only the requests of the analyzed interval; however the workload imposed to the cache 

contains requests of all the past intervals. 

Maximal Improvement: 

We evaluate the maximum hit ratio a new caching replacement policy can improve over the simple LRU policy. In order to 

define the maximal improvement, we first define as the percentage of first timers on a given interval.  

Moreover, let be the hit ratio on when the LRU is the current cache replacement policy used by the caching system. We define 

the Maximal Improvement as follows: As expected, the maximal improvement is measured for each time interval, considering 

only the requests of current interval. This metric can be understood as: the maximum hit ratio (100%) minus the hit ratio of a 
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given replacement policy (we choose LRU for simplicity) minus the percentage of objects that appeared for the first time on 

trace. The result is the potential hit ratio that another replacement cache policy could obtain over LRU 

B. Caching System Simulator: 

Since the goal of the experiments is not to analyze cache replacement policies, but to evaluate the maximal improvement that can 

be applied to caching system and understand the main reasons for variations on cache performance over time, we developed a 

simulator that assumes the simple LRU policy. We use a cache size of 10% of the number of distinct objects in each trace. The 

results for the other values of cache sizes are equivalent, considering that for large cache sizes, almost all objects are kept in 

cache which increases hit ratio. 

4. Caching Replacement Policies 

Cache replacement policy plays an extremely important role in web caching. Hence, the design of efficient cache replacement 

algorithms is required to achieve highly sophisticated caching mechanism. In general, cache replacement algorithms are also 

called web caching algorithms.  

As cache size is limited, a cache replacement policy is needed to handle the cache content. If the cache is full when an object 

needs to be stored, the replacement policy will determine which object is to be evicted to allow space for the new object. The 

optimal replacement policy aims to make the best use of available cache space, to improve cache hit rates, and to reduce loads on 

the origin server. The different page replacement policies are as follows: 

A. Least Recently Used(LRU) : 

The simplest and most common cache management approach is Least-Recently Used (LRU) algorithm, which removes the least 

recently accessed objects until there is sufficient space for the new objects. 

 
Figure 2: Example of LRU page replacement policy. 

 

LRU is easy to implement and proficient for uniform size objects, like in the memory cache. However, it does not perform well 

in web caching since it does not consider the size or the download latency of objects. This algorithm exploits the temporal 

locality of the user's accesses, and it is very simple to implement because the eviction mechanism requires only the access time 

stamp. 

B. Least Frequently Used (LFU) : 

It is another common web caching that replaces the object with the least number of accesses. 

 

Figure 3: Example of LFU page replacement policy 

LFU keeps more popular web objects and evicts rarely used ones. However, One potential drawback of LFU is that some  

objects may accumulate large reference counts and never become candidates for replacement, even if these objects are no longer 

in the active set (i.e., the cache could become polluted with inactive objects). 
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C. Most Recently Used (MRU) : 

The MRU is also called as fetched and discard policy. MRU algorithm removes the most recently used resource first. As shown 

in figure 4.3 the pages are drop from head in the queue which maintains the list of older web pages. MRU works contrast to LRU 

policy. The algorithm is the best choice when access of resources is highly unpredictable. MRU policy is most often used where 

historical information is to be accessed. 

 
Figure 4: Example of MRU page replacement policy 

5. Conclusion 

This paper provides a study about the viability of deployment of new caching replacement policies. We analyze whether new 

caching replacement policies can significantly improve a cache system performance and the main characteristics that cause poor 

and good performance in caching systems. The enormous raise of the traffic in the internet due to the exponential augmentation 

of user’s interactions with web servers is generating a lot of blockages. As a corollary, users frequently experience high delay 

when access these web pages and even more aborting or resetting connection with real-time web applications, such as online 

flight booking, online banking amongst others. This topic finds the elucidation to this predicament with the prologue of and web 

cache. The study is made on different types of page replacement policies in cache system and the comparative study is made 

between them. After performing the experimentation on real-time application experimental results have revealed that the 

proposed approach can improve the performance of hit ratio (HR). The cache replacement algorithms are implemented to reduce 

the response time of the user. The existing algorithms are being studied and the improvements in the algorithms are being 

proposed. 

 

REFERENCES 

[1] Tingyuan Nie, Chuanwang Song and Xulong Zhi, “Performance Evaluation of DES and Blowfish Algorithms,” IEEE Biomedical Engineering and 

Computer Science (ICBECS), 2010 International Conference, 23-25 April 2012. 

[2] Diaa Salama Abdul. Elminaam, Hatem Mohamed Abdul Kader and Mohie Mohamed Hadhoud3, “Performance Evaluation of Symmetric Encryption 

Algorithms,” in IJCSNS International Journal of Computer Science and Network Security, vol.8 No.12, December 2011, pp. 280-286. 

[3] Tingyuan Nie, Teng Zhang, “A Study of DES and Blowfish Encryption Algorithm”, in TENCON 2009 - 2009 IEEE Region 10 Conference, 23-26 Jan. 

2009, pp.978-981. 

[4] B. Schneia, Description of a New Variable-Length Key, 64-bit Block Cipher (Elowjsh),Proceedings of Fast Software Encryption, Security Cambridge 

1994, pp. 191-204. 

[5] Aaron E. Earle, Wireless Security Handbook. Auerbach Publications, Boston, MA, 2013. 

[6] “Data Encryption Standard,” Federal Information Processing Standards Publication No. 46, National Bureau of Standards, January 15, 2009. 

[7] W. Peter, Disappearing Cryptography. Massachusetts, AP Professional, 2010. 

[8] A. Wander, N. Gura, H. Eberle, V. Gupta, and S. Chang, “Energy analysis for public-key cryptography for wireless sensor networks”, In IEEE PerCom'05, 

Pisa, Italy, Mar. 2014. 

[9] M.A. Viredaz and D.A. Wallach, “Power Evaluation of a Handheld Computer: A Case Study,” WRL Research Report, 2011/4. 

[10] C. Estan and G. Varghese. New directions in traffic measurementand accounting: Focusing on the elephants, ignoring the mice. In ACM Transactions on 

Computer Systems, August 2013. 

[11]  P. B. Gibbons and Y. Matias. New sampling-based summary statistics for improving approximate query answers. In ACM Conference on the Management 

of Data, pages 331–342, 1998. 

[12]  S. Jin and A. Bestavros. Popularity-aware greedydual-size web proxy caching algorithms. In 20th Intl. Conf. on Distributed Computing Systems, April 

2012. 

 


