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Abstract

Accesing and circulation of Web objects has been facilitated by the design and implementation of effective
caching schemes. Web caching has been integrated in prototype and commercial Web-based information systems
in order to reduce the overall bandwidth and increase system’s fault tolerance. This paper presents an overview
of a series of Web cache replacement algorithms based on the idea of preserving a history record for cached Web
objects. The number of references to Web objects over a certain time period is a critical parameter for the cache
content replacement. The proposed algorithms are simulated and experimented under a real workload of Web
cache traces provided by a major (Squid) proxy cache server installation. Cache and bytes hit rates are given with
respect to different cache sizes and a varying number of request workload sets and it is shown that the proposed
cache replacement algorithms improve both cache and byte hit rates.

Keywords: Web cache replacement, Web-based information systems, Web caching and proxies, cache replace-
ment policies

1. Introduction

Web caching has introduced an effective solution to the problems of traffic congestion,
bandwidth insufficiency and (distributed objects) accessing over the Web. Cache efficiency
depends on the chosen cache update scheme, as well as on the algorithmic approach used
to maintain the cache content reliability and consistency. Several approaches have been
proposed for effective cache management and the problem of maintaining a consistent
cache content has gained a lot of attention recently, due to the fact that many Web caches
often fail to maintain a consistent cache. Several techniques and frameworks have been
proposed towards a more reliable and consistent cache infrastructure [7,14].

Most Web servers are reinforced with proxy cache servers in order to keep the objects
closer to end users by adding specific cache consistency mechanisms and cache hierar-
chies. Cache consistency mechanisms have been included in almost every proxy cache
server (e.g., [17]) and their improvement became a major research issue. In [11] a sur-
vey of contemporary cache consistency mechanisms in the Internet is presented and the
introduction of trace-driven simulation shows that a weak cache consistency protocol re-
duces network bandwidth and server load more than prior estimates of an objects life cycle
or invalidation protocols. Furthermore, prefetching and caching are techniques proposed
to reduce latency in the Web. Earlier research efforts have specified several bounds on
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the performance improvement rates derived by these techniques under specific workloads
(e.g., [13]).

Web cache replacement policies are an actual research topic of high interest, in relation
to current proxy cache implementations. In [9] two innovative Web cache replacement
policies are implemented in the Squid cache server framework and they show improve-
ment over standard mechanisms, whereas in [22] another set of LRU-based algorithms are
proposed for effective cache replacement. In [2] the importance of various workload char-
acteristics for the Web proxy caches replacement is analyzed and trace-driven simulation is
used to evaluate the replacement effectiveness. In [12] a Web-based dynamic data caching
model is introduced and this model’s design and performance are analyzed. A number of
Web replacement policies are discussed in [4], and compared on the basis of trace-driven
simulations. A Web-based evolutionary model has been presented in [20] where cache
content is updated by evolving over a number of successive cache objects populations and
it is shown by trace-driven simulation that cache content is improved. A Genetic algorithm
model is presented in [21] for Web objects replication and caching. Cache replacement
is performed by the evolution of Web objects cache population accompanied by replica-
tion policies employed to the most recently accessed objects. Furthermore, performance of
Web caching is studied in [1] where a new generalized LRU is presented as an extension to
the typical SLRU algorithm. Hit ratios and robustness of the proposed replacement algo-
rithm is compared with other Web replacement policies using both event and trace-driven
simulations. A more recent approach proposes randomized algorithms for approximating
any existing Web cache replacement scheme, in an effort to tackle with the problem of
document replacement in Web caches [18].

This paper presents a new approach to Web cache replacement by proposing a number of
cache replacement algorithms extended with a so-called “history” parameter which serves
as the basic criterion for a effective cache replacement. The key contributions and main
issues of the paper are as follows:

• The proposed algorithms are based on earlier widely adopted cache replacement algo-
rithms, namely, the LRU, the SLRU, the MFU and the LFU.

• A new version of each of these algorithms is defined where a “history” of Web objects
requests is preserved based on the idea of page replacement in database disk buffer-
ing [16]. The main idea is to keep a record for a number of past references to Web
objects, i.e., a history of the times of the last h requests is evaluated for each cached
Web object in order to support a more detailed cache replacement.

• A new set of cache replacement algorithms is defined. These algorithms are named
HLRU, HSLRU, HMFU, HLFU in correspondence with the typical LRU, SLRU, MFU,
LFU algorithms. An initial version of the HLRU algorithm was introduced by the author
in [22].

• The proposed algorithms are evaluated and experimented under Squid proxy cache
traces and cache log files. Therefore, the importance of preserving a history record
for cached objects is highlighted and commented.

The remainder of the paper is organized as follows. The next section introduces and
defines the cache replacement problem. Section 3 presents the proposed history-based
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algorithms whereas Web proxies performance and workload characteristics are presented
in Section 4. Section 5 has the experimentation details and figures depict the results derived
from the trace-driven simulation. Section 6 summarizes the main conclusions and the
future research topics are identified.

2. The cache replacement problem

Web proxy implementations are based on a pre-specified cache area of limited space, for
storage of a bounded number of Web objects. Once the content in the cache area reaches
the cache predetermined limits, a cache replacement policy should be employed to update
the cache content with more recent requested Web objects. Each cached Web object is
characterized by its so-called staleness which is related with the need to contact the original
server to validate the existence of the cache copy. Web object’s staleness is related to the
cache server’s lack of awareness about the original object’s changes. Each proxy cache
server implementation must be reinforced with specific staleness confrontation.

The cache replacement problem is defined by introducing a set of parameters that will
monitor the Web cache content replacement process. Web cache content can be modeled
by an informative hash table of a number of rows, where each row is associated with a
particular cached object. Therefore, the number of rows is bounded by the number of
cached objects. Each object is identified by its corresponding stored object filename, along
with a number of related attributes. The attributes are chosen such that cache replacement
could be supported and employed. The most important factors for the cache replacement
refer to the object’s staleness status, its frequency of access and its retrieval rate.

The most important parameters in relation to attributes of each cached object are sum-
marized in Table 1. Definitions for each of these factors are given next:

Definition 1. The popularity of a Web object i is defined by

popi = hitsi

hitstot
,

Table 1. The most useful attributes of each cached object i

Parameter Description

C total available cache area size
N number of objects in cache
si server on which object resides
bi object’s size in kBytes
ti time the object was logged
ci time the object was cached
li time of object’s last modification
af i number of cache accesses since the last time object i was accessed
keyi objects original copy identification (e.g., its URL address)
popi popularity of a cached object i

df i dynamic frequency of cached object i
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where hitsi refer to the number of hits for the cached object i out of the total number of hits
hitstot on the considered cache area. The popularity values are a percentage metric, since it
is always true that 0 � popi � 1, for all i.

Definition 2. The cached object’s staleness ratio is defined by

StRatioi = ci − li

now − ci

,

where the numerator corresponds to the time interval between the time of object being
cached and the time of the object’s last modification and the denominator is the cache
“age” of the object, i.e., it determines the time that the object has remained in cache. It is
always true that StRatioi � 0 since ci − li � 0 and now − ci > 0 (now is the current time).
Since ci − li is a fixed value and now−ci increases as the time goes on, the lower the value
of StRatioi the more stale the object i is (since is is the main indication that this object has
remained in cache for longer period).

Definition 3. The dynamic frequency of cached object i is defined by

df i = popi

af i

,

where af i is the metric to identify the number of accesses to other objects since object i

was last referenced (Table 1). We assume that af i �= 0 since we consider objects i which
have been already cached so they reside in cache after at least another object’s reference
has occurred. Therefore, it is true that the higher the values of df i , the most popular and
recently the object i was accessed.

A Web cache server considers has to support mechanisms which will determine whether
an object could be cached or not. In case that there is not enough cache space, there is
a need to remove one or more objects from the cache in order to free sufficient space.
The cache replacement process must guarantee enough space for the incoming objects.
Therefore, there are two actions related to the replacement process, either the object will
remain stored in cache or it will be purged from cache. A function is needed to identify
the action that should be taken for each cached object.

Definition 4. The cached object’s action function is defined by

acti =
{

0 if object i will be purged from cache,
1 otherwise.

Here, we formulate the cache replacement problem in terms of mathematical program-
ming modeling under our definition of dynamic frequency. A similar approach has been
introduced in [1], where cache replacement was defined as an optimization problem in the
set of NP-hard algorithms. Here, we consider both the staleness ratio and the dynamic fre-
quency parameters in the problem statement in order to well define the cache replacement
problem.
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Problem Statement. Suppose that N is the number of objects in cache and C is the total
capacity of the cache area. The cache replacement problem is to:

Maximize
N∑

i=1

acti · StRatioi · df i

subject to
N∑

i=1

acti · bi � C.

In the optimization formula the StRatioi and the df i are used as the “weight” factors char-
acterizing each cached object, since they involve both the object’s popularity and updating
status. At all times, the basic goal of the proposed cache replacement problem is to main-
tain in cache the most non-stale, frequently accessed Web objects.

3. The history-based cache replacement

3.1. Cache replacement policies

A typical cache replacement approach involves updating the cache content under a certain
criterion or over a considered time period. Figure 1 presents a random cache replacement
policy as proposed here in order to serve as an indicative cache replacement policy for
comparisons. Furthermore, the LRU is presented in Figure 2 since the LRU algorithm is the
most popular cache replacement algorithm in most current proxy servers. As presented in
this figure, the LRU (Least Recently Used) is based on the Squid proxy cache replacement
and also the case of emergency purging is considered. In case of an emergency purge the
cached objects are sorted and the most stale cached objects are purged.

Definition 5 (Temporal locality rule). The Web objects which were not referenced in the
recent past, are not expected to be referenced again in the near future.

LRU cache replacement is based on the temporal locality rule (Definition 5) and the
least recently requested objects are purged from cache. The LRU cache replacement occurs
when either there is a need for cache disk space or periodically in order to keep the cache
area in an appropriate usage level.

Definition 6 (Threshold parameter). A value identified as threshold is needed for esti-
mating the expected time needed to fill or completely replace the cache content. This
threshold is dynamically evaluated based on current cache size and on the low and high
watermarks. When current cache size is closer to low watermark the threshold gets a
higher value, otherwise when current cache size is closer to high watermark the threshold
value is smaller.
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Figure 1. The random cache replacement algorithm.

3.2. The history-based approach

Here we introduce a scheme to support a “history” of the number of references to a specific
Web object.

Definition 7 (History function). Suppose that r1, r2, . . . , rn are the requests for cached
Web objects as logged at the time units t1, t2, . . . , tn, respectively. A history function for a
specific cached object x is defined as follows:

hist(x, h) =
{

ti if there are exactly h − 1 references between times ti and tn,

0 otherwise.

The above function hist(x, h) is a time metric and defines the time of the past hth ref-
erence to a specific cached object x (based on the idea of [16]). Furthermore, the time ti
identifies the first of the last h references to x.

The HLRU algorithm. One of the disadvantages of the LRU is that it only considers
the time of the last reference and it has no indication of the number of references for a
certain Web object. Therefore, the proposed HLRU (History LRU) algorithm will replace
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Figure 2. The LRU cache replacement algorithm.

Table 2. The main LRU and HLRU data structure

LRU HLRU

struct HashTable struct HashTable
{ long LRU_age { int OldTimeOfAccess

long positionInFile long positionInFile
Boolean empty Boolean empty
long timeOfFirstAccess long timeOfFirstAccess

} hashTable[ ] } hashTable[ ]

the cached objects with the maximum hist value. In case there are many cached objects
with hist = 0, the typical LRU is considered to decide on which object will be purged
from cache. The same idea of the threshold value (to decide when the cache replacement
will occur) still holds. In Table 2 the main structure of the cache hash table is presented
and the difference between the conventional LRU and the proposed HLRU is highlighted
by the presented data structures. For the typical LRU, each cached object is assigned
an LRU_age to indicate the time since its last reference. Under HLRU, the old time of
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Figure 3. The HLRU cache replacement algorithm.

access as identified by the hist value is the criterion to characterize an object’s remaining
or purging from the cache area. Variable positionInFile declares the position the specific
object has in the file, whereas the Boolean type variable empty indicate whether the specific
cache location is empty or not. Finally, the variable timeOfFirstAccess is used for the
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Table 3. The main HSLRU and MFU/LFU data structure

HSLRU HMFU/HLFU

struct HashTable struct HashTable
{ long timeOfFirstAccess { int frequencyOfAccess

long positionInFile long positionInFile
Boolean empty Boolean empty
long frequency long timeOfFirstAccess

} hashTable[ ] } hashTable[ ]

time the specific object was cached. Figure 2 presents the implemented LRU algorithm in
pseudocode.

The HLRU data structure is quite similar, there are two different times kept for each
cached object. OldTimeOfAccess is the time the cached object was first referenced whereas
NewTimeOfAccess is the time of the last reference to the cached object. Similarly, Figure 3
presents the implemented HLRU algorithm in a pseudocode format, for the case of two
(h = 2) past references. The HLRU for hist(x, h), where h > 2, i.e., for preserving a
record of a more detailed history supports a linked list for each cached object in order to
keep track of the times of past references.

The HSLRU algorithm. The conventional SLRU (Segmented LRU) algorithm has been
used in order to overcome earlier LRU problems such as not considering the number of hits
for the cached objects and so on. Under SLRU cache is divided into two segments with
sorted objects by the most recent to most old referenced objects. One of the two segments
(so-called protected segment) maintains the objects that have been referenced at least twice
and there is a boundary pointer for pointing at the most frequently referenced object in this
section. The proposed history based HSLRU algorithm will replace the cached objects of
the protected segment based on the hist values. These hist values determine the objects
accesses as checked in order to determine the object’s purging action (Figure 4). Similarly,
the threshold value (to decide when the cache replacement will occur) is still used. In
Table 3 the main structure of the cache hash table is presented for the HSLRU algorithm.
Figure 4 presents the proposed HSLRU algorithm (for h = 2) whereas Figure 5 has the
algorithm used for employing the sorting in the HSLRU in order to determine the HSLRU
cache boundary pointer.

The HMFU algorithm. The conventional MFU (Most Frequently Used) algorithm per-
forms a cache replacement by purging the most frequently requested objects. The basic
idea of MFU is that cache objects are sorted based on their frequencyOfAccess and the
objects with a value greater or equal than the MFU threshold are purged from the cache
area. Here, we introduce an extension of the typical MFU which involves the history func-
tion hist in the cache replacement process. We use a respective MFU threshold which is
a linear function on the amount of cache currently in use. The proposed history-based,
so called the HMFU algorithm, will perform cache replacement by assessing the cached
objects based on their hist value as compared to the defined MFU threshold. In Table 3 the
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Figure 4. The HSLRU cache replacement algorithm.
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Figure 5. The qsort algorithm for the HSLRU.
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Figure 6. The HMFU cache replacement algorithm.

main structure of the cache hash table is presented for the HMFU algorithm whereas the
proposed HMFU algorithm is presented in Figure 6.

The HLFU algorithm. The typical LFU (Least Frequently Used) algorithm performs a
cache replacement by replacing the least frequently requested objects. Here, we introduce
an extension of the typical LFU which considers the history function in the cache replace-
ment process. We use a respective LFU threshold which is a linear function on the amount
of cache currently in use. The proposed history based HLFU algorithm will replace the
cached objects based on the hist value as compared to the defined LFU threshold. HLFU
has the same structure of the cache hash table with the HMFU algorithm (Table 3). Simi-
larly, the proposed HLFU algorithm is presented in Figure 7.

4. Web proxy cache servers

Caching was initially introduced to provide an intermediate storage space between the
main memory and the processor, relying on locality of reference by assuming that the most
recently accessed data has the highest potential of being accessed again soon. Caching was
extended to Web servers in order to improve client latency, network traffic and server load.
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Figure 7. The HLFU cache replacement algorithm.

Figure 8. Structure of the Squid proxy cache area.

4.1. Web proxies—a brief overview

A Web cache is an application residing between Web servers and clients such that it
watches requests for information objects identified as html pages, images, documents and
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files. Web cache servers reply to the users request by sending the requested Web object
and by (at the same time) saving a copy for the cache itself. If there is another request for
the same object, cache will use the copy it has, instead of asking the original server for
it again [15]. As pointed out in Section 1, the two main Web caches advantages are the
reduce in both latency (request is satisfied by the cache which is closer to the client) and
traffic (each object is retrieved from the server once, thus reducing the bandwidth used by
a client).

Nowadays a variety of cache servers are available for the World-Wide Web caching,
most of them freely-distributed on the Internet. Most of the recent Web servers applica-
tion include caching modules (for example, Apache, Spinner, Jigsaw, Purveyor). A brief
description of the three most wide-spread proxy cache servers follows:

• CERN proxy server has been widely adopted since there was a large infrastructure of
CERN Web servers already installed. A heuristic known as time-to-live (TTL), was used
to manage object’s staleness. TTL is implemented by using the last date modification
header included in every reply from a Web server. A TTL timing frame based on that
date, accompanies each document in cache [11,23].

• Netscape Proxy Server has been available commercially since 1995 and checks object’s
staleness by supporting TTL frame based on object’s age when it is cached. This server
also supports preemptive fetch groups of linked Web pages according to a schedule and
has a variety of filtering options for use as a firewall proxy.

• Harvest cache software was developed with the aim of making effective use of the in-
formation available on the Internet, by sharing the load of information gathering and
publishing between many servers. Harvest produced the ICP protocol for co-operation
between individual caches. Newest Harvest developments are available commercially
whereas a team from the N.L.A.N.R. (National Laboratory for Advanced Networking
Research) has continued to provide a free version under the name Squid [19]. Squid has
evolved by additional features for objects refreshment and purging, memory usage and
hierarchical caching. Harvest and Squid have been adopted widely by many institutions
and research organizations as a new proposal for efficient caching.

The Squid Proxy Cache is further discussed since the present paper develops a simula-
tion environment based on the Squid cache model and experiments are made by the use of
Squid trace log files. Squid caching software has gained a lot of attention lately, since it is
used on an experimental network of seven major co-operating servers across U.S.A., under
a project framework by NLANR [10]. These servers support links to collaborating cache
projects in other countries. Aristotle University has installed Squid proxy cache for main
and sibling caches and supports a Squid mirror site. The present paper uses data from this
cache installation for experimentation.

4.2. The Squid proxy cache

Figure 8 represents the organization of Squid cache hierarchy storage-wise, consisting of
a two-level directory structure. Assuming approximately 256 objects per directory there is
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a potential of a total of 1,048,576 (= 16 × 256 × 256) cached objects. Squid uses a lot
of memory for performance reasons since an amount of metadata for each cached object
is kept in memory. Squid switched from the TTL base expiration model to a Refresh-Rate
model. Objects are no longer purged from the cache when they expire. Instead of assigning
TTLs when the object enters the cache, now a check of freshness requirements is performed
when objects are requested. The refresh parameters are identified as min_age, Percent and
max_age. Age is how much the object has aged since it was retrieved whereas lm_ factor
is the ratio of age over the how old was the object when it was retrieved. expires is an
optional field used to mark an object’s expiration date. Client_max_age is the (optional)
maximum age the client will accept as taken from the http cache-control request header.
The following algorithm is used by Squid to determine whether an object is stale or fresh:

if Age > Client_max_age then
Return "STALE"

else if Age <= min_age then
Return "FRESH"

else if (expires) then // expires field exists
if (expires <= NOW) then Return "STALE"

else Return "FRESH"
else if Age > max_age then

Return "STALE"
else if lm_factor < Percent then

Return "FRESH"
else Return "STALE"

Squid keeps size of the disk cache relatively smooth since objects are removed at the
same rate they are added and object purging is performed by the implementation of a
Least-Recently-Used (LRU) replacement algorithm. Objects with large LRU age values
are forced to be removed prior objects with small LRU ages. Squid cache storage is imple-
mented as a hash table with some number of hash “buckets” and store buckets are random-
ized so that same buckets are not scanned at the same time of the day [19]. For example,
in Squid, the LRU is used along with certain parameters such as a low watermark and a
high watermark to control the usage of the cache. Once the cache disk usage is closer to
the low watermark (usually considered to be 90%) fewer cached Web objects are purged
from cache, whereas when disk usage is closer to the high watermark (usually considered
to be 95%) the cache replacement is more severe, i.e., more cached Web objects are purged
from cache. There are several factors as of which objects should be purged from cache.

The performance metrics used in the presented approach focus on the cached objects
cache-hit ratio and byte-hit ratio:

• Cache hit ratio represents the percentage of all requests being serviced by a cache copy
of the requested object, instead of contacting the original object’s server.

• Byte hit ratio represents the percentage of all data transferred from cache, i.e., corre-
sponds to ratio of the size of objects retrieved from the cache server. Byte hit ratio
provides an indication of the network bandwidth.
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The above metrics are considered to be the most typical ones in order to capture and ana-
lyze the cache replacement policies (e.g., [1,2,4]).

Furthermore, the performance of the proposed cache replacement algorithms is studied
by estimating the strength of the cache content. This strength is evaluated by the consid-
eration of the cached objects retrieval rates as well as their frequency of access and their
“freshness”. In order to evaluate the HLU algorithms we have devised a function in order
to have a performance metric for assessing the utilization and strength of the cache con-
tent. The following formula F(x) considers the main Web cache factors as identified in
the Cache replacement problem statement in Section 2. Here, we consider a cache content
x of N individual cached objects:

F(x) =
N∑

i=1

acti × StRatioi × df i . (1)

The above function has been introduced in the present research effort in order to consider
the effect of staleness, access frequency and retrieval cost in the overall cache replacement
process.

5. Experimentation—results

Aristotle University has installed Squid proxy cache for main and sibling caches and sup-
ports a Squid mirror site. The present paper uses for experimentation the traced informa-
tion provided by this cache installation. A simulation model was developed and tested
by Squid cache traces and their corresponding log files. Traces refer to the period from
May to August 1999, regarding a total of almost 70,000,000 requests, of more than 900
GB content. A compact log was created for the support of an effective caching simulator,
due to extremely large access logs created by the proxy. The reduced simulation log was
constructed by the original Squid log fields needed for the overall simulation runs.

Squid (in its default configuration) produces four logfiles:

• logs/access.log: requests posed to proxy server with information regarding how many
people use the cache, how much each one requested, etc.

• logs/cache.log: information Squid wants to know such as errors, startup messages, etc.
• logs/store.log: information of what is happening with our cache diskwise; it shows

whenever an object is added or removed from disk.
• cache/log: contains the mapping of objects to their location on the disk.

The notations HSLRU, HMFU, HLFU correspond to the proposed algorithms with his-
tory parameter h = 4. A track of the proposed HLRU algorithms has been tested. More
specifically, the notations HLRU(2), HLRU(4) and HLRU(6) refer to the HLRU implemen-
tations for 2, 4 and 6 past history references, respectively. Furthermore, both random and
the typical LRU cache replacement policies applied in most proxies (e.g., Squid), have been
simulated in order to serve as a basis for comparisons and discussion. The performance
metrics used in this simulation model focus on the cached objects cache-hit ratio, byte-hit
ratio and the “weight” function F(x) (Equation (1)) normalized to the interval [0, 1].
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Figure 9. Cache hit rate/cache size.

Figure 10. Bytes hit/cache size.

Figures 9 and 10 depict the cache hit and the bytes hit ratio for all of the proposed algo-
rithms with respect to cache size. More specifically, Figure 9 presents the cache hit ratio
for a cache size of 10, 15, . . . , 30 GBytes. The cache hit under HLFU policy outperforms
the corresponding metric of all other policies, with HLRU(6) having similar cache hit rates.
The increase in the number or past histories seem to be rather beneficial to the cache hits
rates since HLRU(6) has better hit rates than the corresponding HLRU(4) and HLRU(2).
Overall, all HLRU algorithms result in better cache hits than their corresponding typical
LRU approach (as expected). Furthermore, HSLRU presents a quite stable curve of hits
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Figure 11. Cache hit rate; # of requests.

Figure 12. Bytes hit; # of requests.

rates. All algorithms converge to a cache hit rate value which is justified since the larger
the cache size, the less replacement actions are perfromed.

Figure 10 depicts the byte hit ratio for the proposed cache replacement policies with
respect to the caches sizes depicted in the cache hit rates figures. Here, the byte hit ratios
of HLRU(6) and HSLRU are the top best in all experimentation runs, whereas HMFU and
HLRU(2) result in more unstable curves of bytes hits. convergent byte hits. Again the
HLRU(6) outperforms the other other HLRU and LRU implementations proving that the
increase in the number of past references is beneficial to the byte hits rates as well.
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Figure 13. Weight function/cache size.

Figure 14. Weight function/# of requests.

Figures 11 and 12 depict the cache hit and the bytes hit ratio for the proposed algorithms
with respect to the number of requests. More specifically, Figure 11 presents the cache
hit ratio for a cache of 50, 150, . . . , 250 thousands of requests. Again cache hits under
HSLRU, HLFU and HLRU policies result in the best cache hit rates for all number of
requests used in the experimentation. Similarly, all HLRU algorithms result in improved
cache hits as compared to the corresponding typical LRU approach and overall HLRU(6)
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outperforms all other LRU approaches. It is important to note that all cache replacement
algorithms produce better results as the number of requests increases and the cache hit
rates do reach considerable hit rates (of almost 80%).

Figures 13 and 14 depict the (normalized) weight function (Equation (1)) for all four
algorithms with respect to the above used cache size and the number of requests, respec-
tively. These figures focus on the HLRU “track” of algorithms performance in relation to
the LRU in order to also comment on the history parameter value. It is important to note
that the values of the weight function for all HLRU algorithms lie in a specific region,
whereas the typical LRU has significantly lower weight values. The importance of the
specified value for the history parameter is highlighted by these results since the higher the
history value (i.e., the number of past history references) the better the performance. The
weight function gets to higher values for all algorithms as there is an increase in both the
cache size and the number of requests.

6. Conclusions—future work

This paper has presented a study of applying a history based approach to the Web-based
proxy cache replacement process. A history of past references is associated to each cached
object and a number of cache replacement algorithms has been simulated based on a num-
ber of past “histories”. Trace-driven simulation was employed to evaluate and comment on
the performance of the proposed cache replacement techniques. The simulation model was
based on the Squid proxy cache server implementation and experimentation was based on
workloads of a Squid proxy cache server. Results have indicated that all of the proposed
history-based approaches outperform the random cache replacement and the typical pop-
ular Least-Recently-Used (LRU) policy as adopted by most currently available proxies.
More specifically, results have shown that the HSLRU, HLFU and the HLRU algorithms
significantly improve cache hit and byte hit ratios.

Further research should extend the proposed work in order to introduce replication in the
Web caching process and study on the effect of the proposed cache replacement algorithms
on a caching and replication scheme. Furthermore, Web cache content replacement in a
hierarchical cache topology is a quite evolving and interesting research topic. Introducing
the proposed algorithms in a hierarchical cache subsystem could be very helpful towards
studying the impact and effectiveness of the proposed history-based algorithms.
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