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Abstract

The exponential growth of the World Wide Web has
made it the most popular information dissemination
tool in the world. The growth necessitates caching,
prefetching, and replication schemes on the web to al-
leviate the web server load, conserve the network band-
width, and reduce the retrieval latency. At the same
time, cache consistency should be maintained to avoid
returning stale pages to users. The study on the char-
acteristics of web documents helps to determine which
schemes to be adopted in a speci�c web environment.
This paper presents characterization of web documents
based on their types and environment classes. Nine
web server traces are used in this paper, and repre-
sent three di�erent classes of web environments: edu-
cational, commercial and news. Results indicate signif-
icant di�erences in static as well as dynamic character-
istics of documents types in di�erent web site classes.
The e�ciency of caching can be improved if caching
priorities and TTL preferences be given to certain types
of web documents. We also provide guidelines for
the design and development of caching and prefetching
techniques that can exploit the web document charac-
teristics in di�erent environments.

1. Introduction

With the exponential growth of the Internet, the
World Wide Web (WWW) has become the most widely
used tool for access and dissemination of commercial,
educational, and news information on the Internet.
The success of the WWW is largely due to its capability
of providing quick and easy accesses to a large variety of
information from sites all over the world. The retrieval
latency of the WWW is however sensitive to overload
conditions of the network, which agonizes web users.
Caching data copies at client sites (including web prox-
ies) is regarded as a good technique for reducing both
the network tra�c and the server load, thus improving
retrieval latency of web documents. One problem in
caching techniques is data consistency. If cached data
copies are not consistent with data in the original web
server, stale information will be sent back to web users,
which impairs the value of web caching.

HTTP speci�cations provides means of maintain-
ing cache consistency [1] by If-Modified-Since (IMS)
and Expires mechanism. When a web cache agent
receives a GET request for a web document and �nds
a copy in its cache, it decides whether to return the

cached copy to the client or to forward the request to
a web server and update the cached copy. The cache
agent makes this decision based on the age and the ex-
piration time of the cached document. The age of a
document is the amount of time that has elapsed since
the document was cached. If the age is less than its ex-
piration time, the cache agent return the cache copy;
otherwise, the document is reloaded from its original
web server and updated in the cache. The IMS mech-
anism is used by a cache agent to reload documents
from an original web server if and only if their contents
have changed since the given timestamp. The Expires
mechanism is used by a web server to provide expira-
tion time of a web document. Using expiration time
to maintain cache consistency is called Time-To-Live
(TTL) based cache consistency scheme.

The setting of the expiration time or TTL of a
web document directly a�ects the performance of TTL-
based cache consistency schemes. If the TTL is set too
short, conditionally Get requests (Get requests with
If-Modified-Since tag) are sent to the original web
server frequently, resulting in an increase of server load
and unnecessary retrieval latency. On the other hand,
if the TTL is set too long, stale data will be sent back
to users, which impairs the credibility of retrieved web
information. Gwertzman and Seltzer [2] found out that
20% of the web requests got stale data with an �xed
expiration time of 7 days.

Previous study in [4] found that most current web
documents contained no expiration information, and
cache agents have to predict expiration time for docu-
ments without server speci�ed expiration time. Some
cache agents, e.g., Netscape browsers and CERN proxy
cache, allow users to manually con�gure a default expi-
ration time for cached data. Due to the lack of knowl-
edge on lifetime behavior of web documents, the default
expiration time is often set short to reduce the possibil-
ity of returning stale information. In an extreme case
called polling-every-time [8], the expiration time is set
to zero to maintain strong consistency. The validity of
a cached document is checked in every \hit". In an-
other example called Never-Check [13], web agents rely
on users to manually refresh cached data, otherwise a
cached document never expires. Some cache agents use
adaptive TTL [15] to maintain weak consistency, and
set the TTL of a web object to a portion of the time
elapsed since its last modi�cation.

Although several studies, see [7] for references, have
been done on characterizing web tra�c, little work
on lifetime behavior and modi�cation characteristics
of web documents has been reported in the literature.
The authors of [15] periodically sampled 4600 web ob-
jects distributed in 2000 web sites and calculated the
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mean lifetime of these objects. In [2], the author mixed
the statistical results of web objects from educational
and commercial web sites, which concealed possible
in
uences from the web environments. The rate of
change of web objects in two corporate communities
was studied in [3].

In the following research, we study the relationship
between the characteristics of web objects in di�erent
classes of web sites with respect to object types, and
the relationship between static and dynamic charac-
teristics of web objects. Characterization of web doc-
uments lifetime and modi�cation could provide refer-
ence data in the design process of caching and prefetch-
ing techniques. An e�cient cache consistency policy
may reduce unnecessary client polling, thereby reduce
server load, network tra�c, and retrieval latency. This
research shows that the lifetime and modi�cation be-
havior of a web document is not only in
uenced by its
type, but also by the class of the web site where it is
placed.

The rest of the paper is organized as follows. The
structure and the model of the WWW environment are
introduced in the following section. The experimental
study of web access traces is presented in Section 3.
Section 4 compares and analyzes the web objects char-
acterization results. The inferences derived from the
study and their impact on the design issues are out-
lined in Section 5, followed by the concluding remarks
in Section 6.

2. WWW Environment and Traces

Web clients and servers communicate using the
Hyper-Text Transfer Protocol (HTTP) on top of the
TCP layer. When a client makes a request to a partic-
ular web server, a TCP connection is established be-
tween the client and the server. Once the connection
is established, the client sends a request to the server.
The server parses the request and issues a response.
After the response completes, the TCP connection is
closed.

Access logs of nine web servers and proxy servers are
used in the lifetime study in this research. Each line
in a access log contains information on a single request
for a document. A common log entry is in the form of:

HostName - - (UserName)1 [Timestamp] \
Request Method URL (HTTP Version) " Sta-
tus Code Size

HostName is the name of a remote computer send-
ing out requests as a client. UserName is a authenti-
cated user name when the web User Authentication
is used. Following are timestamp of the connection.
There are three Request Methods in the access logs:
GET, POST, and HEAD. A GET request requests a doc-
ument from the server or triggers the execution of a
program which produces the output sent to the client.
It is used for standard page requests. The POSTmethod
is used to send out formated input data to a program
in the server. The execution of the program produces
output sent back to the client. The HEAD method is
used for testing. Status Code is a three digital num-
ber and describes the retrieval status of a transaction.
Success codes are in the 200s; redirect codes are in the
300s; failure codes are in the 400s; and server error
codes are in the 500s. Size is the size of the retrieved
document.

1Contents in () are optional.

3. Experimental Study

We have collected trace �les from three classes of
web servers: educational (EDU), commercial (COM)
and news (NEWS). Our objective in this study is to
�nd out in
uence of the usage environment on the
static and dynamic characteristics of di�erent types of
web objects. The classes of usage environment are de-
scribed as follows.
EDU class: The three traces used for the EDU

class are: Calgary (access logs from a CS department
web server), Saska (access logs from a university web
server), and ISU (access logs from a ECpE department
web server). Table 1 summarizes traces in the EDU
class.
COM class: The traces to three commercial web

servers are extracted from NLANR proxy traces due
to the di�culty of collecting data from commercial
web servers directly. MS (www.microsoft.com), Com-
paq (www.compaq.com) and Disney (www.disney.com)
were chosen as representatives of commercial web
servers. Table 2 summarizes traces in the COM class.

Table 1. Summary of logs from EDU class.
Item Calgary Saska ISU

Log Duration 353 days 214 days 97 days
Start Date 10/24/94 06/01/95 02/03/98
Successful Req. 696,619 2,385,866 1,189,376
Avg. Req./Day 1,974 11,149 12,262
Distinct Req. 8,384 8,097 8,603
Tra�c (MB) 7,758 12,637 7,338
Bytes/Day (MB) 21.98 59.05 75.65
Bytes/Req. (KB) 11.13 5.30 6.17

Table 2. Summary of logs from COM class.
Item MS Compaq Disney

Log Duration 68 days 68 days 68 days
Start Date 03/14/98 03/14/98 03/14/98
Success Req. 347,589 103,486 91,397
Avg. Req./Day 5,112 1,522 1,344
Distinct Req. 30,716 22,726 17,514
Tra�c (MB) 2,096 665 960
Bytes/Day (MB) 30.82 9.78 14.12
Bytes/Req. (KB) 6.03 6.43 10.51

Table 3. Summary of logs from NEWS class.
Item CNN Usa Weather

Log Duration 68 days 68 days 68 days
Start Date 03/14/98 03/14/98 03/14/98
Success Req. 127,203 147,104 73,267
Avg. Req./Day 1,871 2,163 1,077
Distinct Req. 9,906 7,841 2,594
Tra�c (MB) 947 834 571
Bytes/Day (MB) 13.93 12.26 8.40
Bytes/Req. (KB) 7.45 5.67 7.80

NEWS class: Traces used for the news class
also come from the proxy traces of NLANR. CNN
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(www.cnn.com) and Usa (www.usatoday.com) are
two popular online news web sites. Weather
(www.weather.com) provides online national weather
service. Table 3 summarizes traces in the NEWS class.

3.1. Document Types

The traces are categorized into 10 di�erent types
according to the nature of web documents. The type of
a document is distinguished by its URL or the request
method to it. The 10 types used in our study are listed
in Table 4.

Table 4. Types of Web documents.
Index Type Explanation
0 PTXT Plain text
1 HTML HTML �les
2 ARC Formated txt �les or archieves
3 AUD Audio �les
4 GIF GIF �les2

5 JPG JPEG and other image �les
6 FORM Form input and responses
7 VDO Video �les
8 EXE Exe and script �les
9 OTHR Others

Table 5. Not-modified vs. Get retrieval.
Server NM # Get # NM/Get Avg

E Calg. 97,560 566,833 17.2 %
D Saska 151,607 1,032,966 14.7 % 23%
U ISU 303,474 846,442 35.9 %
C Comp. 37,834 65,002 58.2 %
O MS 128,236 208,765 61.4 % 53%
M Disn. 24,802 62,851 39.5 %
N CNN 54,835 67,045 81.8 %
E Usa 27,106 119,557 22.7 % 56%
W Weath. 27,248 44,025 61.9 %

Tables 5, 6, and 7 list the proportion of accesses to
di�erent document types in three server classes. Acc%
is the access percentage of each type of �les, andDoc%
is the percentage of unique URLs of each type of docu-
ments in a web server. AccFreq is the relative access
frequency of a web document with respect to the av-
erage access frequency of HTML �les. The reason for
using relative measurement of AccFreq is to improve
the comparability between a busy and a less busy web
server, and get a fair average result. AvgTransBytes
is the average transfer size of each type, and AvgDoc-
Size is the average size of each type.

HTML, GIF, and JPG are the top three popular
types. The document (Unique URLs) percentage and
the access percentage for the top three �le types, how-
ever, are not the same in each web server class. Com-
pared to the other two classes, there are more unique
HTML documents in the EDU class, more unique GIF
documents in the COM class, and the JPG documents
in the NEWS class are much more than in other classes.
The average HTML document size in the NEWS class

is about twice of that in the COM class, which in turn
is about twice the size of that in the EDU class.

These di�erences suggest that, even web documents
of the same types have various average sizes in di�erent
server environments. In the following experiment, we
also observe that the HTML �les in the NEWS class
are much more mutable than the other two classes.
Here the document's size and lifetime characteristics
indicate the same trend of caching gain and thus a
size-based caching technique could be adopted [17].
However, our study on the size distribution in di�er-
ent classes of web sites show that this inference is not
true for all the cases. The study reported here provides
more insight to the caching and removal policies.

3.2. Lifetime Calculation

In the lifetime calculation, an access request is
treated as a client polling, and the corresponding access
log records the result of the polling. A status code of
304 indicates that a requested document has not been
modi�ed since last time the same client requested it. A
status code of 200 indicates that either the data copy
in the client's local cache is stale or has been swapped
out from the cache, or the client requests the document
for the �rst time; the document content is sent back to
the client successfully. Since modi�cation timestamp
of a document are unavailable from standard access
logs, it is di�cult to tell directly whether a cached data
copy is stale. File size is the only information about
a web document in a log besides the URL. We rely on
the assumption that most of the modi�cations result
in a change of �le sizes. To validate this assumption,
modi�cations of web documents in a departmental web
server at ISU were monitored over one month's period.
The status of each web document was polled twice on
a daily basis. Timestamps of last modi�cation and �le
sizes were compared. Statistical results showed that
more than 95% of modi�cations resulted in a change of
�le sizes. Using �le size as an indicator of modi�cation
is thus a reasonable estimation.

If a web document is requested frequently, it is as-
sumed that its size change could be indicated in access
logs in a short period. This assumption has high cred-
ibility in the EDU class, since traces in the EDU class
are access logs from original web servers, where the
most frequent polling records are available. For traces
in the COM and NEWS classes, high frequencies are
ensured by the combination of multiple users' requests
and selection of \hot" web servers. The assumption is
based on the fact that the ratio of accesses with status
Not-Modi�ed (NM) to accesses with status of success-
ful retrieval (Get) is generally high, especially in proxy
trace �les. High percentages of Not-Modi�ed responses
means that the access frequency and the default expi-
ration time of web documents are much shorter than
the real lifetime of them. In other words, any change
of a web document could be found in a short period of
time by frequent client polling. Table 8 shows the per-
centage of NM responses to successful Get responses.
Avg% is the average NM/Get retrievals of web servers
in the same class.

A web document lifetime is approximated to the
two continuous retrievals of the same document with
a di�erent size. Here the same document refers to the
documents having the same URL, and a lifetime of a
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Table 6. Access pattern of different types in EDU class.
Type PTXT HTML ARC AUD GIF JPG FORM VDO EXE OTHR
Acc % 0.3 41.5 0.6 0.0 45.6 5.4 5.7 0.0 0.1 0.7
Doc % 1.3 49.0 3.4 0.1 34.3 4.0 0.8 0.4 0.3 6.3
AccFreq 0.25 1.00 0.16 0.43 1.79 1.35 50.0 0.11 0.59 0.13
AvgTransBytes (K) 43.67 5.66 246.90 72.82 6.28 20.86 2.23 621.82 5.97 58.76
AvgDocSize (K) 25.37 4.63 278.60 170.56 14.51 43.09 4.72 751.39 46.66 58.76

Table 7. Access pattern of different types in COM class.
Type PTXT HTML ARC AUD GIF JPG FORM VDO EXE OTHR
Acc % 0.0 21.1 0.1 0.3 68.0 6.2 0.0 0.1 2.6 1.6
Doc % 0.1 36.6 0.3 0.5 50.6 8.8 0.1 0.2 2.2 1.2
AccFreq 0.66 1.00 0.43 0.65 2.44 1.22 0.22 0.56 1.79 2.05
AvgTransBytes (K) 54.97 13.00 388.24 111.10 3.16 10.87 1.99 964.62 77.56 33.11
AvgDocSize (K) 46.90 10.47 346.41 186.57 5.61 14.81 2.13 1320.05 239.58 76.49

Table 8. Access pattern of different file types in NEWS class.
Type PTXT HTML ARC AUD GIF JPG FORM VDO EXE OTHR
Acc % 1.6 16.5 0.0 0.0 65.0 13.5 0.1 0.1 1.9 1.4
Doc % 0.0 40.2 0.0 0.1 35.7 21.1 0.1 0.4 0.8 1.4
AccFreq 50.0 1.00 2.08 0.61 5.0 2.38 0.88 0.36 5.0 1.82
AvgTransBytes (K) 1.05 19.04 38.52 265.11 4.59 10.16 8.22 904.66 31.25 13.72
AvgDocSize (K) 1.49 18.10 34.02 235.40 7.93 9.77 7.48 1002.64 103.17 27.44

document is an interval between two successive mod-
i�cations of the same URL. A lifetime of a document
i, denoted as LTij , can be obtained from, where MTij

denotes the jth modi�cation of document i.

LTij =MT(i+1)j �MTij (1)

A couple of factors appear to distort the results in
our study. Some documents might never change dur-
ing the period of trace recording. The longest observed
lifetime of a document is made equal to the duration of
trace �les, which might be shorter than the real lifetime
of a document. Average lifetime would thus be short-
ened by the limit of trace duration. However, the ob-
served lifetime distribution is not a�ected by that limit.
Another factor is that the accuracy of the results are in-

uenced by the user reference patterns. The results of
frequently accessed documents are more accurate than
the less accessed ones. These two distorting factors
are compensatory in nature. Furthermore, experimen-
tal results of the average lifetime of web documents in
the EDU class are consistent with the previous �ndings
in [2], which suggests that the in
uences of above two
factors are negligible.

4. Results

In this section, we characterize the nature of dif-
ferent types of web documents with respect to three
classes: EDU, COM, and NEWS.

4.1. Average Lifetime

The average TTL of the web documents in di�erent
classes were compared and are summarized in Table
9. The results show that the documents in the EDU
class are much more stable than the other two classes.
The average lifetime of a document is about 60 days
in the EDU class. Web documents in the NEWS class
are the most mutable, only 2~3 days. Lifetime for a
typical web document in the COM class is about 8~10
days.

There is no obvious di�erence of HTML and GIF
average lifetime in the EDU and COM classes respec-
tively. In the NEWS class, the average lifetime of GIF
�les is about 50% longer than that of HTML �les. How-
ever, average access interval of GIF �les is 2 to 5 times
of interval of HTML �les, which indicates that the av-
erage access frequency of a GIF �le during its lifetime
is 2 to 5 times of that of an HTML �le. Contrary to
our expectations, results show that the lifetime charac-
teristics of audio/video �les do not di�er signi�cantly
from other types of �les.

4.2. Modi�cation Distribution

The relationship between a document lifetime and
its access frequency is examined. Average lifetime,
modi�cation times, and accesses during lifetime of the
most popular �les are collected. Web documents are
sorted by their access frequency, the most popular �les
are de�ned as a small set of �les that are responsi-
ble for 80% of retrieval requests. The distribution of
modi�cation times versus document percentage and ac-
cess percentage are collected and shown in Figures 1, 2,
and 3. In each of these �gures, there are four diagrams.
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Table 9. Average TTL (unit days).
File-Type PTXT HTML ARC AUD GIF JPG FORM VDO EXE OTHR
EDU 56.9 61.5 21.8 13.6 63.4 55.6 N/A 10.3 29.7 45.6
COM 10.2 8.5 3.9 9.6 8.6 9.3 N/A 9.2 7.7 10.0
NEWS 8.5 2.9 2.8 2.2 4.4 2.6 N/A 2.0 7.6 4.8

The �rst one shows the document distribution of all �le
types; the second shows the percentage of documents
with di�erent modi�cation frequency for each type of
�les; the third shows the access distribution of all �le
types; and the last one shows the percentage of accesses
with di�erent modi�cation frequency for each �le type.
The �gures indicate the distribution mode of each web
object type.

Figure 1 suggests that some popular documents, es-
pecially those GIF documents, are seldom modi�ed
in the EDU class. Similar observation was reported
by Bestavros in [20]. The average lifetime is about 2
months for a web document in the EDU class. On
the other hand, 1.3% of the HTML �les that are fre-
quently updated accounted for 42% the of access re-
quests. Users have tendency to access more frequently
modi�ed data. Figure 2 shows that more than 94% of
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Figure 1. Modification distribution in EDU
class.

HTML documents have average lifetime of more than

10 days in the COM class. However, the access per-
centage to those documents are less than 50%. On the
other hand, 0.2% of HTML documents are modi�ed in
daily base, and the access requests to those documents
are about 17% of the total accesses. This observation
suggests that, Bestavros' conclusion [20] about the pop-
ularity of a document being inversely proportional to
the possibility of its modi�cation is not valid for the
HTML documents in the COM class.

GIF documents in the COM class also show that
more popular documents were more mutable. The doc-
uments modi�ed 11~50 times are responsible for 38%
of access requests, and 1% of documents modi�ed more
than 50 times are responsible for 1/4 of total requests.
Figure 3 shows that most references in the NEWS class
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Figure 2. Modification distribution in COM
class.

are to the documents with modi�cations more than 50
times. Considering the total trace collection period
of 68 days, The documents with lifetime of 1 day or
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less accounts for most of requests. This behavior is
expected of the NEWS class. 2.7% of HTML docu-
ments in the NEWS class are modi�ed more than 50
times, and they constitute 50% of the access requests.
Although there are some rarely updated HTML docu-
ments, access times do not seem to increase with the
lifetime of those documents. For the GIF documents
in the NEWS class, the more popular a document is,
the shorter lifetime it has. There is no GIF document
which is never modi�ed during the trace collection pe-
riod.

0 1 2 3 4 5 6 7 8 9
0

20

40

60

80

100
Doc distribution

D
oc

 %

0 1 2 3 4 5 6 7 8 9
0

20

40

60

80

100
Doc distribution vs. Modification times

D
oc

 %

0 1 2 3 4 5 6 7 8 9
0

20

40

60

80

100
Acc distribution

A
cc

 %

0 1 2 3 4 5 6 7 8 9
0

20

40

60

80

100
Acc distribution vs. Modification times

Modification times

A
cc

 %

0
1−5
6−10
11−50
>50

Figure 3. Modification Distribution in NEWS
class.

5. Design Issues

5.1. Document Classi�cation

Based on the access, lifetime and modi�cation char-
acteristics, web documents can be classi�ed into four
categories: highly mutable documents, stable docu-
ments, short life documents, and others.

A highly mutable document is de�ned as a docu-
ment with frequent modi�cations, e.g., the front page
of some web sites. They are usually accessed more
frequently than other documents, see Table 10. Con-
ventional caching policies such as LRU or LFU might

be insensitive in distinguishing highly mutable docu-
ments, and lead to high percentage of stale data in
caches. Instead, prefetching or server-pushing based
data dissemination might be a suitable option for re-
trieving documents from web sites with high percent-
age of highly mutable documents.

Table 10. Highly mutable document ratio.
Environment Doc % Acc %

EDU 10 20
COM 3 25
NEWS 33 80

A stable document is in steady state with relatively
long lifetime. Some of them are accessed frequently,
while most of stable documents have relatively low ac-
cess rate. In the EDU class, 44% of the HTML and
78% of the image documents never change during the
whole trace period, 20% of the HTML �le accesses and
80% of the image �le accesses are to those stable docu-
ments. Nearly 30% of HTML documents in the COM
class were never modi�ed during the trace period and
responsible for 18% accesses.

Short life documents are accessed or existed in traces
for only 1 or 2 days. Nearly 1/3 of the documents
in the NEWS class are Short life documents. There
are about 20% of short life documents in the COM
class. The short life documents should be distinguished
and removed from the local cache to save space for
potentially useful data.

5.2 A Two-State TTL Algorithm

Keeping highly mutable and short life objects in a
cache sometimes does not help to increase the cache
hit rate, rather it could cause potentially useful (to be
retrieved in the near future) data copies being deleted
from the cache and thereby increase the number of re-
quests to the original server. Most web caching poli-
cies fail to e�ciently deal with all classes of web doc-
uments. For example, LFU is not suitable for distin-
guishing short life documents [6], LRU is not e�ective
for highly mutable documents.

A good cache consistency mechanism helps to pre-
vent a cache from returning stale data as well as im-
prove the cache e�ciency. For instance, highly mutable
and short life documents are granted a short TTL. In
case of cache replacement, they are treated as expired
data and discarded to save space for potentially use-
ful data. This is especially important where clients are
personal computers with limited cache space. At the
same time, the TTL for stable documents should not
be set too short to introduce bulks of \conditional get"
requests, i.e., GET requests with If-Modified-Since
�elds.

Here, we present a two-state TTL consistency algo-
rithm. When a new data copy is cached for the �rst
time, it is set in a transient state with a short TTL,
say less than 1 hour. If the data copy is still valid after
the short TTL, it is switched into a steady state with
a relatively long TTL. This long TTL can be decided
based on statistic measurement, or a portion of time
elapsed since the last modi�cation time.
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We set up a simulation using a cache simulator from
Virginia Tech [17], and adapted it by extending three
consistency, i.e., adaptive TTL, �xed TTL, and two-
state TTL algorithms into caching policies. In the two-
state TTL algorithm, the cache space is divided into
two equal areas for transient and steady state docu-
ments respectively. New caching copies only replace
documents in transient state, older steady state doc-
uments are replaced by newer steady state documents
in cache replacement. The traces from EDU3, COM
and NEWS4 classes are replayed to roughly check the
e�ectiveness of the two-state TTL algorithm. Cache
hit rate, conditional get requests with not-modi�ed re-
sponse, and the amount of stale data returned are col-
lected and compared.

In the �xed TTL algorithm, the default TTL is set to
be 1/4 of average lifetime in that class. In the adaptive
TTL algorithm, TTL is set to be 1/2 of elapsed time
since last modi�cation. In the two-state TTL algo-
rithm, transient TTL is set to be 15 minutes in NEWS
class, 12 hours in COM class, 24 hours in EDU class,
and adaptive TTL is used in steady states.

The results indicate that less than 1% of stale data
are returned in the EDU class irrespective of the con-
sistency policy. In the COM and NEWS class, us-
ing �xed TTL returns about 19.8% of stale data, and
10.9% of conditional get requests with not-modi�ed re-
sponse. Adaptive TTL performs the best in keeping
cache consistency, returns about 7.3% of stale data,
while 25.4% of unnecessary conditional get requests.
Two-state TTL decreases 3.1% of unnecessary get re-
quests from adaptive TTL algorithm at the cost of re-
turning 0.9% more stale data. Furthermore, two-state
TTL increases cache hit rate by average 2.8% com-
pared to the other two TTL consistency algorithms, in
a cache size of 5 MBytes. It proves that the two-state
TTL algorithm do help to improve caching e�ciency.
Detailed performance evaluation can be done by vary-
ing the con�guration and workload.

5.3 Caching and Prefetching

Due to the explosive growth of the Internet, lots of
e�orts have been directed towards implementation of
client/proxy caching [4, 9, 10, 15, 24], sever caching
[5, 11, 14], prefetching [19, 21], and replication [12, 22]
techniques to reduce network latency and the server
load. However, there has been limited studies reported
on the integration of workload characterization and the
design of caching techniques in the web environment.

In the context of caching, there exists signi�cant dif-
ferences between an web environment and a traditional
distributed computing system. The workload charac-
teristics in the two environments di�er signi�cantly.
Most of the web caching algorithms are transplanted
from the distributed �le systems that do not consider
the static and dynamic characteristics of documents
on the web. For example, the number of documents on
the web are much higher than traditional distributed
�le systems. A large quantity of short life documents
exist on the web and accesses to the web documents

3We use the web client traces from Virginia Tech representing
the EDU class.

4We use the NLANR proxy traces representing the COM and
the NEWS classes.

tend to be bursty [23]. Caching algorithms should be
developed targeting the web documents characteristics
and for speci�c classes of environments.

Our study has shown that signi�cant di�erences ex-
ist in both static and dynamic characteristics of web
documents in di�erent web environments. Caching al-
gorithms should be adjusted with the characteristics to
gain better performance.

The average lifetime of documents in the educational
web sites are signi�cantly higher than the commercial
and news web sites. A high percentage of stable image
�les with high access rate exists on the educational web
sites. They are the best candidates of the conventional
caching algorithms. Special priority should be given to
graphic documents, since more graphic documents are
seldom changed compared to the other types of docu-
ments, and users' tendency of retrieving small graphic
documents improves cache e�ciency. In [17], the au-
thors have presented a good evaluation of caching al-
gorithms suited for documents in the educational web
sites.

For documents in the commercial web sites, About
15% of the GIF documents and nearly 30% of the
HTML �les have short lifetime with high access fre-
quencies. LRU combined with two-state expiration
time �lters out these documents e�ectively. In a com-
mercial web site, there are also some frequently up-
dated documents with very high access frequency. The
assumption that the popular �les are modi�ed less fre-
quently is not valid here. Prefetching with server in-
validation should be adopted to deal with these highly
mutable documents. Two possible types of prefetching
schemes reported in [21] could be examined in these
situations. The access frequency of documents on the
commercial web sites tend to decrease with the total
lifetime for most stable documents. In such cases, LRU
might outperform LFU replacement schemes, which
can explain why some trace driven simulation results
are not consistent in web caching studies [6, 17, 24].

Most documents in the news web sites are highly
mutable and many are accessed only in a short pe-
riod. Except for large proxy servers, news documents
are \not worthing caching" for personal web users. In-
stead, server initiated push caching as in [22] might be
used to gain better performance. For the less muta-
ble documents in the news web sites, their TTL should
be set signi�cantly shorter than which from the other
classes of web sites.

6 Concluding Remarks

Di�erent types of web objects from di�erent sites
have di�erent static and dynamic characteristics. In
this paper, we have reported an extensive study on the
size, access, lifetime and modi�cation behavior of web
documents from various web sites, and tried to �nd
out some rules in improving caching schemes with the
knowledge of web environments dynamics. Some of the
major observations derived from our study are itemized
as follows.

� The document size, access pattern and modi�ca-
tion behavior are dependent on the document type
as well as the server environments. The TTL esti-
mation algorithm should be made adopted to the
document type and/or the server environment. A
two-state TTL weak consistency algorithm based
on multi-mode characteristics of web documents
introduced in this study might outperform current
�xed TTL or adaptive TTL algorithms.
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� A generalized technique for caching and prefetch-
ing technique may not be e�ective for a diverse
WWW environment. Rather, server-speci�c or
data-speci�c caching and prefetching techniques
should be adopted. Caching consistency pol-
icy should be taken into consideration in caching
schemes to improve the cache e�ciency.

� Several additional interesting behavior of di�er-
ent types of web documents in di�erent classes of
servers have been reported in the study. In COM
and NEWS classes, there is a strong trend that
users access highly mutable documents more fre-
quently than other documents.

The results suggested that the caching performances
are in
uenced by di�erent classes of web servers as well
as by di�erent types of web documents. Thus, caching,
prefetching and server initiated replication techniques
should be designed such that they exploit these var-
ied characteristics. Our future work will concentrate
on the design, development, and implementation of a

exible, e�cient, and adaptive caching and prefetching
technique for the World Wide Web.
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