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Abstract
Due to the explosive growth of the World-Wide Web,
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not. If the requested document is found in its local cache
and is still fresh (i.e. up-to-date), it is sent to the client

Web proxy becomes very important in today’s Internet without contacting the corresponding remote Web server.
systems. Among these proxy servers, most of them willfo check the existence of a requested document, a
make cache decision based on document namesunique-document list is usualy stored in a proxy. For
However, we propose in this paper a new direction in example the Squid proxy server version 2 [4] keeps a
making these caching decisions, namely a site-basedsorted linked list on memory, and the list is sorted
approach. What we mean by site-based approach is that aaccording to the last access times of the documents. Every
proxy only considers the site name of a document intime aclient request is received, each entry of the list will
making caching decisions. If a replacement has to bebe compared until the requested document is found.

made, all the documents of a site will be deleted from Cache consistency is the second area in proxy
cache at the same time. In this paper, we argue theresearch. This kind of study is important because clients
feasibility of the site-based approach by comparing its may receive stale data, which is outdated with respect to
caching performance to that of the general documentthe master copy on the origin server. Every Web cache
based approach. Our simulation results show that must somehow update pages in its cache so that it can
caching based on site names only will not degrade thegive up-to-date pages. A representative method in keeping
cache performance. But as discussed in this paper,the cache consistent is the TTL (Time-to-live) approach
caching based on site names only will bring a lot of [5]. In this approach, the proxy assigns a TTL attribute to

benefits in designing fast proxy servers.

1. Introduction

The use of World-Wide Web [1] has grown
dramatically in recent years and it is certain that this trend
will continue in the coming years. In July 1997, the
number of Internet hosts is 19,540,000 while there were
only 213 hostsin August 1981 [2]. This growth in WWW
traffic has led to traffic congestion in many parts of the
Internet, which in turn increase the latency in accessing
web documents. The use of World-Wide Web Proxy [3]
that caches documents is an effective way to solve the
problem. It can reduce the number of requests to popular
Web sites. This in turn reduces the volume of network
activities and the latency in retrieving a Web document.
This calls for many research on proxy design.

Research on proxy has five main different areas of
interest: searching, cache consistency, prefetching, cache
replacement policy and multiple-proxy design. Searching
process must be performed each time when a proxy
receives a request from one of its Web client. A proxy
first finds out whether the request can be served locally or

each document in its cache. When one’s TTL expires, the
cached copy is considered to be stale, and the remote site
should be contacted for the latest status of the copy.

Prefetching is a technique to reduce the latency of
retrieving a Web document. A proxy prefetches Web
pages that a user is likely to access soon by processing the
page which he is viewing. To predict which page the user
will select, the proxy server first figures out what
hypertext links are contained in the current HTML
document. The proxy then evaluates those links with
some criteria, such as the document popularity, so as to
determine whether a prefetching is performed or not. As
mentioned in [6], by maintaining hit counts for related
documents, the proxy may be able to predict which links
are the most likely ones to be followed.

Cache replacement policy is used by a proxy server in
managing the limited amount of storage space. A proxy
tries to remove the cached documents that are likely not to
be accessed in the near future in order to provide enough
space for the new documents. The main objective of
cache replacement policies is to optimize the cache space
usage to obtain maximum cache hit rate. A commonly
used algorithm for cache space management is the LRU
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algorithm (Least Recently Used) [6]. It replaces the

cache size = 7kB ‘

document that hasn’t been accessed in the longest past. request1 httpil A Lhtm ( 1KB)
I - i i request 2 http:// B/ 1.html ( 1kB)
Mglt|ple proxy de5|g_n allows down§tream proxies e T Al )
(proxies closer to the client) to get benefit from the cache o | reduestd htpC/Lhml ( 1kB)
of upstream proxies. Anawat Chankhunthod [7] has - o d ey b I S|
discussed the design and the performance of a hierarchical request 7 httpi/f A/ 2.html ( 1kB)
. . . request 8 http:// B/ 2.html ( 1kB)

proxy-cache which is scaleable for various Internet request9 http:// E/ Lhiml (2.5kB)

information systems. It is believed that a good

hierarchical proxy cache can significantly improve the To be

performance of a proxy system. ;’“',;—'}';;;ﬁ,f,k?} nseried
Although the research on proxy has divided into so I

A request 9
many areas, a major observation on the previous works is
that caching decision is always made in a document-to-

document basis. In the searching process, a list which

stores each document’s entry is searched. In keeping th2

cache consistency area, a TTL attribute is assigned t(g TThi
each document. In prefetching, each hyper links on ag )
document will be evaluated |nd|V|duaIIy. In cgche % |:A
replacement, each document in the cache will be ; Lhim

P ; ] kB
evaluated to determine which one should be replaced ?

To be
inserted
.“'.} due to
request 9
Although making cache decision in a document-to- ¢ Tobe Tobe
document basis is the most natural approach, we believe t0 provide removed
that it is not the best one. In contrast, we propaséhis e s o
paper a new direction in making these caching decisions: request 9
to use a site-based approach. What we mean by site-based-
is that in making any caching decision, a proxy only
considers the site which a document belongs to but not the Figure 1(a) LRU Figure 1(b) site-based LRU
document itself.
In the next section, we first briefly discuss the benefits Figure 1. An example showing the link list management
of using the site-based approach. We then pass on to th@hen (a) document-based LRU, and (b) site-based LRU, is
focus of the paper, which is to prove that caching basedUsed:
on site names only will not decrease the cache hit rate of a
proxy. We aim at providing enough evidence to show thatdifferent link lists are formed and different documents
it is not necessary to keep individual document statistic inwill be removed for request 9. The operations are
a proxy. By only keeping site statistics, much more discussed as below.

link list after serving request 8

/ 1.html

A/ 1html

efficient proxy can be designed. LRU policy links the cached documents to a document
list, as shown in Figure 1(a). When a new document is
2. Site-based approach requested, it is inserted to the top of the document list.

Every time a document in cache is accessed, it is also

In this section, an example will be given to illustrate Moved to the top of the list. As time goes by, the least
how site-based approach can be used in cachd€cent documents will migrate to the bottom of the list.
replacement. Then the benefits of using the site-basedVhen the free cache space cannot fulfill the size of an

objects in the list will be removed until the new document

2 1. 1llustration of site-based L RU can be fitted into cache. In our example, the documents
o A/1.html, B/1.html and C/1.html are removed to free 3kB
Figure 1 shows the link list management when cache space for the new document E/1.html which has a

document-based LRU and site-based LRU algorithms areSiZ€ Of 2.5kB. . . .
used. The cache was empty initially, and is just full after When sne-base_d LRU is used,_ the_proxy links the site
serving requests 1 to 8 (the link list at this moment is "@Mes to a site list, as shown in Figure 1(b). When a
shown in solid lines). At the moment shown in Figure 1, _do_cument of an unaccessed.sne_ is requested, its site name
one or more documents in cache must be removed so thaf inserted to the_top_of the site Ilst_, an_d the document will
the document requested by request 9 can be fitted into th e stored under its site. Note that in site-based approach a

cache. Since two different approaches are ao|0pteddocument is kept in the cache, as long as its site name is
in the list. Every time when a document is requested its

corresponding site will be moved to the top of the site list.

2 The authors do not aware of any previous works on this approach.
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As time goes by, the least recent sites will migrate to the
bottom of the list. When the size of an incoming
document is larger than the free space in cache (e.g.,
when reguest 9 arrives), the last site(s) in the list
including all its documents will be removed until the new
document can be fitted into cache. In our example, al the
documentsin sites C and D are removed so as to store the
new document which is requested by request 9.

2.2 Benefits of using site-based appr oach

There are a lot of potential benefits when site-based
design approach is used in a proxy. In the design of the
searching algorithm, a site-based cache replacement
policy can improve the searching speed significantly.
Since the proxy will first scan a unique-site list, whichis
much shorter than a document list, and then search the
requested document within that site. Consider a case that
a proxy contains N cached pages from S sites. For a
document-based proxy, there are N entries in the unique-
document list. Thus, to find out a particular page in the
cache we need an average number of N/2 matching
operations. For a site-based proxy, there are S entries in
the unique-site list, and on the average N/S pages in a site.
Thus, to find out a particular page, the average number of
matching is only S/2 + (N/S)/2. Consider the real access
log which is used in our simulation study that N=100,000
and S=5,000, it takes on the average 50,000 matching for
a search in the document list. In contrast, it only takes
2510 matching for a search in the site list. This
corresponds to 20 times faster than the document-based
approach. Although this is only a rough estimation, it is
quite certain that the actua improvement will be
significant.

In the research area of cache consistency, Pei Cao has
shown that strong cache consistency should be maintained
for the Web, with the invalidation protocol the right
protocol for keeping strong cache consistency [8]. The
invalidation protocol relies on the server to send out
invalidation messages when a file is changed. Upon
receiving an invalidation message, the proxy deletes its
corresponding cached copy. If a proxy is using the site-
based cache replacement policy and keeping a site list in
cache, then it is faster (for the same reason discussed
above) for the proxy to locate the documents which are
indicated by the invalidation messages. Moreover, it is
more convenient for a proxy to perform such actions as
deleting all expired documents from a given site.

Using a site-based policy will aso bring benefits to
Web prefetching. As mention before, by maintaining hit
counts for related documents a proxy can predict which
links to be prefetched. Since prefetching will mostly be
performed for documents which located at the same site
as the currently accessed document, a much shorter
document table (which only stores the documents in a

same site) is processed in making prefetching decisions.
Thiswill certainly improve the speed of prediction.

Last but not least, using a site-based policy brings
convenience in performing queries such as finding the
most popular sites or finding the resources used for a site.
These kinds of queries provide useful information for
dynamic decisions in cache replacement. In conclusion,
site-based approach brings a lot of benefits in the design
of a fast proxy. Although it is out of the scope of this
paper to fully investigate the use of site-based approach in
a proxy, the authors are currently designing a fully site-
based proxy server.

3. Simulation and discussions

To prove that site-based approach is feasble,
simulation based on rea logs are run. The aim of the
simulation is to find out the impact on cache hit rate when
site-based approach is used in a proxy. The major
conclusion of this section will be that no performance
degradation is observed when site-based approach is used.

3.1 Simulation Design

Using trace driven simulation, we compare the
performance of document-based cache replacement police
to that of the site-based cache replacement policies. In this
study, two sanitized cache access logs are used and they
are downloaded from National Lab for Applied Network
Research’s Proxy caches. The cache system has a Web
proxy, SJ, located at the MAE West Exchange Point in
San Jose, CA., and a Web proxy, LJ, located at La Jolla,
CA.. Table 1 shows the characteristics of the traces. The
Maximum Hit Rate (HR) and Byte Hit Rate (BHR) in the
table are obtained with an infinite size cache.

Table 1. Summary of access log characteristics

SJ LJ
Duration One day One day

(11/30/98) (11/30/98)
Total no. of requests 102,615 160,138
Total size of requested documents | 1200.9 MB | 1590.2 MB
Total unique no. of documents 79,442 99,721
Total size of unique documents 929.0 MB 1228.4 MB
Mean size of unique documents 12.0kB 12.6 kB
Medium size of unique documents | 3.1 kB 2.8kB
Total unique no. of Web site 4,409 8,172
Maximum HR 22.58 % 37.72%
Maximum BHR 268.2M 366.9 M

LRU, LFU, site-based LRU and site-based LFU cache
replacement policies are studied in this simulation. The

% In this simulation a cache hit is simply defined as the requested URL
can be found in the local cache. Consistency issues are not considered
in this study because for a one-day trace, the chance for a document to
be modified by its original Web server islow.
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operations of LRU and site-based LRU have been
discussed in section 1. For LFU, the algorithm evicts the
document which is accessed least frequently. It gives each
page on cache a frequency counter. Whenever a document
on cache is referenced again® (cache hit), its frequency

invalidity of a common conception: since site-based
replacement policies will also remove hot pages in cool
sites, their cache performance should therefore not as
good as document-based policies. The reality is that: if a
site contains some hot pages, it will eventually become a

counter is increased by one. If the requested document
cannot be found on the cache (cache miss), it will be
stored on cache and its frequency counter is set to one. On
the other hand, site-based LFU evicts all the documents
belonging to the site which is accessed least frequently. A
frequency counter is given to each entry of the distinct-
site list instead of to each document. Whenever a
document on cache is referenced again, its corresponding
site’s frequency counter is increased by one. No matter a
document cache hit or a document cache miss occurs, the
corresponding site-frequency counter is increased by one
as long as the site of the requested document exists in
cache.

The performance metrics used in this study are HR and
BHR. HR is defined as the ratio of the number of requests
that hit in local cache to the total number of requests.
BHR is defined as the ratio of the number of bytes that hit
in the local cache to the total number of bytes requested.
These two metrics are commonly used in the performance
study of proxy systems [9-11]. For each of the two logs,
we simulated the proxy with cache sizes that are 1/2, 1/4
and 1/10 of the total size of document requests. All
simulations are initiated with an empty cache, and the
simulation program will report on HR and BHR for the
whole log.

3.2 Simulation Results

Table 2 shows the values of HR and BHR for different
cache replacement policies and cache sizes for the two
logs. In the table, the fractions shown in the first row are
the cache sizes (in fractions of the total size of the
document requests). The table shows that reducing the
cache size lowers both HR and BHR of all the policies. It
also reveals that under different cache sizes, site-based
cache replacement policies (site-based LRU and site-
based LFU) provide similar performance in HR and BHR
when compared to that of the ordinary document-based
cache replacement policies. The only exception is when
the cache size is very small (1/10, which corresponds to3
160MB for LJ log), site-based LFU gives notable
degradation in HR and BHR. However, the cache size in

this case is unreasonably small when compared to today’sse

common cache sizes of proxies (which have at least 2GB
of memory).

Figure 2 reports both the total number of client
requests and the number of hits of different policies per
hour for the SJ log. As can be seen from the figure, the

. . W
number of hit per hour by site-based replacement policies
is more or less the same as the ordinary document-base,

policies under all situations shown. Our results prove the

hot site and be removed with a low chance.

Table 2. Simulation results

Table 2(a) Results for SJ log
| 12 | 14 | 110
Hit Rate (%)
LRU 22.37 213 19.8
LRU-site 22.35 217 204
LFU 22.31 215 20.3
LFU-site 22.21 20.9 181
Byte Hit (MB)
LRU 266.9 255.5 245.1
LRU-site 266.5 257.2 247.6
LFU 266.4 257.3 250.7
LFU-site 264.3 250.2 211.2
Table 2(b) Results forLJ log
| 172 | va | 110
Hit Rate %
LRU 37.18 34.69 31.18
LRU-site 37.25 35.10 30.66
LFU 37.27 35.75 33.39
LFU-site 36.55 32.43 26.03
Byte Hit (MB)
LRU 362.4M 336.3 309.4
LRU-site 360.0M 340.2 298.9
LFU 363.6M 344.3 324.3
LFU-site 343.5M 288.1 229.3

Table 3. Site popularity in the SJ log

Total no. of No. of sites
References to each site

1 764
2 467
3 282
4 239
5 164
6-10 647
11-50 1393
51-100 289
101-200 119
201-500 33
>500 12

Total unique sitesin SJlog = 4409

3. Discussions on simulation results

Table 3 shows the popularity of sites in the SJ log. The
cond column shows the number of sites that are
referenced at a certain number of times, and the number is
shown in the corresponding row of column one. For
example in row one, it is found that 764 sites are only
referenced once in the log. When we add up the sites
hich are only referenced ten times or less, the total
umber of sites is 2563. This accounts for about 60% of
e total number of sites. This finding may explains why
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Figure 2. Number of hits in SJ log : (a) and (c) use 1/4 of total size of requested documents as cache size, and (b) and
(d) use 1/10 of total size of requested documents as cache size.

similar HR’s are obtained by document-based and site-4, Conclusions

based cache replacement policies. Since these 2563 sites

are cool sites, their corresponding accessed documents are e have discussed in this paper a new direction in

also cool. Therefore, removing a single page is exactly theproxy design, which is to use a site-based approach in

same as remOVing a whole site which contains Only |ESSnaking proxy cache decisions. By using this approach' a

than ten cool pages in the cache. This explains why usingyroxy only keeps the access statistics of sites rather than

the site-based policies will not degrade the cachedocuments. In doing this, proxy design can be simplified

performance. and it also brings a lot of potential benefits in designing
proxy servers. The performances of site-based and
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ordinary document-based cache replacement policies have
aso been compared in this study. Our simulation results
show that with a cache of reasonable sizes, caching based
on site names only will not decrease the cache hit rate of a
proxy. We are currently attempting to apply this site-
based approach in different areas of proxy design, such as
prefetching and cache consistency. By using the proposed
approach, it is expected that much faster proxies can be
designed.
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