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Abstract

In this paper we study how to make web servers (e.g., Apache) more crawler friendly. Cur-
rent web servers o�er the same interface to crawlers and regular web surfers, even though
crawlers and surfers have very di�eren t performance requirements. We evaluate simple and
easy-to-incorporate modi�cations to web serverssothat there are signi�can t bandwidth savings.
Speci�cally , we proposethat web servers export meta-data archivesdecribing their content.

1 In tro duction

A webcrawler is a program that automatically downloads pagesfrom the Web. A typical crawler
starts with a seedset of pages(e.g., yahoo.com and aol.com). It then downloads these pages,
extracts hyperlinks and crawls pagespointed to by thesenew hyperlinks. The crawler repeats this
step until there are no more pagesto crawl, or someresources(e.g., time or network bandwidth)
are exhausted. The aforementioned method is referred to in this paper as conventional crawling.

In many casesit is important to keep the crawled pages\fresh" or up-to-date, for example,
if the pagesare used by a web search engine like AltaVista or Google. Thus, the crawler splits
its resourcesin crawling new pagesas well as checking if previously crawled pageshave changed.
The need to revisit pagesgenerateseven more demandson the crawler. To illustrate, the Web is
currently estimated to have 800 million pagesand still growing rapidly. If thesepageshave to be
checked say oncea week, the crawler needsto download more than 1300pagesa second.

A webserverservesHypertext Transfer Protocol (HTTP) requests(e.g., GET and POST) from
web surfers and crawlers. Given a request, the server responds with either (1) static pages(e.g.,
a person'shome page), or (2) dynamically generatedpages(e.g., from a databasein responseto
someuser input).

Currently, a web server treats a crawler in the samefashion as it treats a web surfer. That is,
the crawler has to request for a web pagejust like a surfer. This primitiv e interaction mode makes
crawling more expensive than it needbe, and gives rise to the following problems.

1. Freshness: Sinceweb pagesare modi�ed at di�eren t frequencies,the crawler typically does
not know when to revisit thesepages.Often the crawler periodically polls the pagesto check
if they have changed. If a pagehasnot changedsincethe last visit, the web server haswasted
its resources.Theseresourcescould have beenbetter spent servicingusersor sendingcrawlers
updates of pagesthat have actually changed.
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2. Incomplete data: Recent estimatesindicate that commercialweb search enginesindex only
6 { 12% of web pages[12]. We believe the main reasonsfor such a small fraction of pages
being indexed are:

� Search engines have limited network bandwidth (the limit is based upon how much
they have purchasedfrom an ISP). If their current network bandwidth requirements are
reduced(e.g., by not revisiting unchangedpages),we believe they would crawl a larger
fraction of the Web.

� Crawlers typically crawl pagesthat are hyperlinked from somepreviously crawled page.
Crawlers may not reach some important page simply becausethe page is many links
away from the seedURL.

� Many crawlers do not go very \deep" into websites(here depth refers to the number of
directories in a URL). This happensbecausecrawlers try to avoid downloading in�nite
numbersof dynamically createdpages,or becausethey try to avoid bombarding a single
server with too many requests.

3. Performance impact on web sites: When crawlers periodically revisit pagesat a web
site to gain updates, the web server usesits network bandwidth to respond to thesecrawlers.
Small businesseswith low bandwidth connectionsto the Internet are in a quandary. While
they would prefer to be indexed by the popular crawlers, they also have to pay their local
Internet ServiceProvider (ISP) for the bandwidth. In addition, these sites have to expend
CPU and memory resourcesservicing thesecrawler requests,when these resourcescould be
better utilized servicing their customer hits. All the above resourcesare wasted if the pages
that are being revisited do not changefrequently.

4. Di�eren t media: Media-speci�c crawlers that index audio, video and imagesare gaining
in popularit y. However thesecrawlers usually do not know what media �les are available at
a web site. Hencethey adopt the following approach. First, they crawl HTML pageslike a
regular web crawler. When a downloaded pagehas a hyperlink to a �le with the appropriate
media extension (e.g., .GIF, .JPG or .mp3), the media-speci�c crawler then downloads the
�le. In this case,the HTML pagesare crawled and downloaded only to locate media �les.
Also media �les at a web site that are not hyperlinked from someHTML page will not be
found by the media-speci�c crawler.

Webelievetheseproblemscanbealleviated if crawlersand search enginesusea moreappropriate
protocol that helps e�cien tly identify what can and should be copied. For example, let us assume
that the web server maintains a �le that contains a list of URLs and their last-modi�ed dates for
all pagesavailable from that web server. Then, the crawler may �rst download the URL-list �le,
identify which pageshave been modi�ed since the last crawl from the list �le, and request only
the pagesthat have changed. This may signi�cantly reduce the number of requests the crawler
makesto the web server, and thus the web server may save its valuable resourcesbeing wasted by
servicing theserequests.

The �le of available URLs can also help crawlers reach dynamically generatedpagesat a site.
For instance, supposethat a web vendor o�ers a search form, from which userscan reach pages
describing products of interest. A conventional crawler doesnot know how to �ll out the form, so
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it cannot obtain any of thesedynamic pages.However, if the vendor is interested in exporting the
pages(so they can be indexedby a search engine), it can add appropriate URLs to the URL-list �le.
Each of these URLs will contain the necessaryparameters (e.g., delimited with question marks),
so a server CGI script can generatethe page.

In this paper we explore how web sites can export meta-data (e.g., URL-list �les) and we
quantify the potential gains. Of course,exporting meta-data is not a new idea. For instance, Unix
FTP servers often o�er a �le that includes meta-data describing each available �le. The Harvest
[8] proposal includes a distributed indexing schemewhere web servers distribute meta-data.

Our goal here is simply adapt the meta-data export idea to web crawling and to build a con-
vincing casefor it. That is, it is relatively clear that exporting meta-data can save resourcesin
somecases. But we want to check if the saved resourcesare expected to be signi�c ant enoughto
merit extending web accessprotocols. If the caseis strong enough,we would hope to convince web
server (e.g., Apache) implementers to add the necessaryfunctionalit y, so that meta-data can be
exported and crawlers can take advantage of it.

In Section 2, we present an overview of possibleweb server strategies to deal with crawlers.
In Section 3 we describe how and at what cost web servers can export meta-data. In Section 4
we measurethe e�ciency of conventional crawling. In Sections5 and 6 we evaluate the e�ects of
meta-data availabilit y. Section7 addressesrelated work. Finally, Section8 reports our conclusions.

2 Possible Web Server Strategies

Before proceeding,we brie
y review options for improving the crawling processand explain why
we prefer the meta-data option. There are at least two ways a server can assista crawler:

1. Help the crawler iden tify recen tly changed material. Currently a crawler must request
a pageto discover if it has changed.

2. Help the crawler discover pages without having to download and parse HTML
pages. The only way a crawler can �nd the location of pagesis by downloading HTML pages
and following links. Much of the downloadedHTML is just a meansto discover somesmaller
set of desiredpages.

As mentioned in the introduction, a web server may help the crawler by providing a list of all
URLs and their meta-data. The crawler can usethe meta-data to identify pagesthat have changed
recently (i.e. sincethe last crawl). The meta-data also enablesthe crawler to discover what pages
exist, including dynamic pages.This meansthe crawler could download all imageswithout having
to download any HTML pages. The crawler can then request each relevant page from the web
server.

Another way the web server can accomplishgoals1 and 2 is to provide a new �ltering interface,
such as proposedin the DASL [10] standard. The crawler would specify a set of �lter conditions
(e.g., all pages that have changed after 1/10/2000) and the server then returns (using a single
HTTP connection) all pages that meet the conditions. This strategy accomplishesboth goals;
recently changedmaterial or certain types of pagescan be amalgamatedand sent to the crawler.
This approach consumeslessnetwork bandwidth than the meta-data approach becausethe crawler
doesnot have to download any meta-data or senda request for each page.
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The server side �ltering approach may be the most e�cien t, but it requiressigni�cant function-
ality to answer requests.The web server appearsto be a databaseof pages,and must provide many
of the functions a databasesystem o�ers. We believe that such functionalit y is out of the scope
of current web server implementations. The meta-data approach, on the other hand, on requires
simple extensionsto current web servers. In particular, the server only needsto periodically scan
through the �lesystem and store the collected meta-data into one or more �les. For thesereasons,
in this paper we only focus on the meta-data approach.

3 More about Exp orting URL Meta-Data

This section describes exactly what meta-data is exported, how it is accomplished,and at what
cost.

3.1 What is the meta-data?

The exported meta-data should describe the entire website. The meta-data includes the size, last
modi�ed date, and path of each available page. Theseattributes are exported so that crawlers can:

� identify recently changedmaterial

� �nd �les matching certain media types

� know aheadof time how much bandwidth they will usebefore they download any pages

3.2 How big is meta-data?

Intuitiv ely, onemight reasonthat meta-data is small. Let's measurethe sizethe meta-data entry for
a typical web page. Assuming the �le hasreasonablepath length of 30 characters,a sizedescription
of 5 characters (allowing maximum sizeof 99999bytes), and an arbitrary last modi�ed date, such
an entry would look something like:
``05/Feb/1999:16:01:30 -0800 people/pics/line/colorbar s.g if 99999''

To store this entry as an uncompressedASCII �le on most �lesystems takes 64 bytes. Com-
pressionusually reducesthe size of text �les by a factor of three. This meansa kilobyte �ts 48
entries and 100KB can store meta-data for roughly 5000pages. Most websitescontain well under
5000pages[15]. For thesesites, all the meta-data can be described in a single 100KB �le. 100KB
is about the sizeof a large HTML pageor a mid-sized image, so the cost of exporting meta-data is
modest. In the next segment we visit the caseof large websites.

3.3 Large websites

Somesites, such as http://www.stanford.edu , contain over 100,000pages. These sites require
over two megabytes to describe their content. In many casesa crawler does not require a meta-
data �le describing the entire site. In these casesa much smaller �le could be used, resulting in
bandwidth savings. For example, consider the casewhere a crawler is interested in HTML pages
that have changed in the last week. If the server o�ered only a single �le containing information
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about all of its pages,the crawler would download meta-data about too many URLs, resulting in
wasted bandwidth.

To lower the overhead, web servers can �rst partition the meta-data into a set of compact
archives. Interested crawlers then choose between the precomputed archives and download only
what they need. The partitioning schemeshould addressthe following issues:

� Net work overhead caused by giving crawlers to o much information. Crawlersshould
not download lots of meta-data that they do not need.

� Too man y �les. If crawlers needto requestthousandsof meta-data �les then the web server
will be burdened by such requests.

� Serv er resources. The partitioning processshould consumereasonableamounts of CPU
resourcesand disk space.

In this paper we do not study di�eren t partitioning schemes.Rather, we suggestsinglestrategy
and study the e�ects. Our partitioning schemeis as follows:

1. All pagedescriptions are �rst ordered by last modi�ed date.

2. The sorted list is broken into segments of 2000pagedescriptions each (our choice for the size
of the segments is shortly explained).

3. Each segment is then broken into a set of smaller groupsaccordingto MIME type. Very small
groups (e.g., 50 page descriptions) can be merged with other small groups into an \other"
category.

4. Finally, each group of pagedescriptions is compressedand materialized into a �le. The �les
are made available to crawlers in a standard place.

5. Steps1-4 are repeated daily.

This partitioning schemeenablescrawlers looking only for recently changedmaterial and crawlers
looking only for a speci�c MIME type to download sets of small, relevant archives rather than a
single large archive. If we assumeas before that the average page description is 64 bytes long
and take the maximum number of pagedescriptions per �le (2000) into account, the largest com-
pressedmeta-data �le will be about 42KB. Assuming that Step 3 splits the segments into �v e
di�eren t MIME groups, a website with 100,000pageswill have about 250 archives. We feel this is
a reasonablecompromisebetweenavoiding large �les and avoiding too many �les.

Crawlers looking for recently changedmaterial will never download morethan 42KB of irrelevant
meta-data. For example,say a crawler needsall pagesthat have changedon or after 1/10/2000. A
web server employing our partitioning strategy might have an archive of pageslast modi�ed from
1/10/2000 to 3/2/2000. This archive is likely to contain mostly irrelevant pagedescriptions so the
crawler will download up to 42KB of extra meta-data.

Media speci�c crawlers can often download exactly what they want without downloading any
other media type. If they seeka type that has beengrouped into the \other" category, then they
will have to �lter out someURLs from the meta-data they receive. However, as is shown in Section
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4, the \other" category typically makesup about 15%of total pages.Thus the amount of irrelevant
meta-data such crawlers download will usually be no larger than 15% of the total meta-data.

Since each page description appears in exactly one archive, the disk space required for our
scheme is as low as possible. The main CPU cost comesfrom compressingthe archives. In some
simple experiments, we determined that compressinga 42KB �le on a 400 MHz PC running Linux
consumes0.010CPU seconds,which is a modest cost. Depending on the number of served pages,
scanningthough the �le systemcan incur many I/O's. To o�set the cost of compressionand I/O's
the web server may spreadthe task over an entire day.

Regardlessof the partitioning scheme chosenby the server, crawlers need to be able to know
about the contents of the archivesso that only the appropriate archivesare downloadedand band-
width is conserved. This requires a standard so that the web server can e�ectiv ely communicate
the contents of each �le to the crawlers. We do not fully addressthis issuein this paper. However,
one possiblestrategy is to usea �le naming scheme. For example,1.4.2000-1.22.2000 HTML.gz
could represent a compressedarchive describing HTML pages modi�ed between 1/4/2000 and
1/22/2000. The robots.txt �le (which already exists on most web servers) could list the namesof
available archives and where they are located. In this paper we assumethat crawlers are able to
download the minimum number of archives to suit their needs.

3.4 Do es exp orting meta-data incur signi�can t net work overhead?

We can make someassertionsabout the network overheadresulting from our partitioning scheme.
Crawlers downloading a site for the �rst time might download all the available archives. Using our
previousassumptionthat the sizeof an averagepagedescription is 64bytes, the sizeof a compressed
pagedescription is 22 bytes. On our web servers, we measuredthe the averagesizeof a web page
to be 13KB. This means the size ratio of meta-data to data is about 1:600, or 0.16% overhead.
Thus, the overheadincurred by downloading the completearchivesis insigni�can t comparedto the
cost of downloading all content from a website.

When thesecrawlers return to update their indexes,they will only download archivesof recently
changedmaterial. If many things have changeda large amount of meta-data will be downloaded.
If few pageshave changed then the amount of meta-data downloaded will be small. As long as
the amount of meta-data transfered is proportional to the amount of data transfered, the relative
overhead is still around 0.16%.

4 The E�ciency of Conventional Cra wling

In order to understand the impact of meta-data availabilit y, we evaluate the e�ciency of conven-
tional crawling. We �rst measurethe wasted resourcesthat result from a conventional crawler's
e�orts to maintain a repository. Here maintainence refers to updating the repository over time to
re
ect changesin the Web. Finally we evaluate the e�ciency with which a conventional crawler
can build a media speci�c repository (e.g., an image repository).
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Figure 1: Needlessrequests

4.1 Main taining a rep ository

Under the conventional crawling scheme, a crawler must make an HTTP request to �nd out if a
pagehas changed. If the pagehas not changedthen the HTTP request was needless.Figure 1(a)
illustrates how needlessdownloads occur.

Say a pagechangesC times in a �xed time period while a crawler requeststhe page R times
at regular intervals. Figure 1(b) shows how the distribution of page changeshas an e�ect on the
number needlessrequests.We can calculate a lower bound for the number of needlessrequestsfor
a single pageusing the formula:

M inN eedlessReq(C; R) =

(
R � (C + 1) if R > C � 1
0 otherwise

We increment C by one to account for gathering the initial version of the page. For example,
consider a page that changes�v e times over a month and a crawler that downloads the page ten
times for that month. The crawler's �rst request is not needlessbecausethe crawler has no copy
of the document. However, of the subsequent nine requests,at least four are needless.

Note that this lower bound corresponds to page changesand crawler requestsbeing as inter-
leaved as possible. This implies a distribution of pagechangeswhere the number of pagechanges
that occur betweentwo consecutive crawler requestsis as low as possible.

To assesshow many pagesareneedlesslyrequestedand/or downloadedby conventional crawlers,
we needto know how often web pageschange. To obtain the changerates of web pages,we traced
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the changehistory of 760,000web pagesfrom the 270 \most-link ed" sites for over 4 months. That
is, we repeatedly visited those760,000pagesevery day and checked whether the pageshad changed
or not. This gave us the changefrequencyfor each page. For example, if a pagechanged4 times in
the 4 months, we can reasonablysay that the pagechangesonceevery month on average. Figure
2 shows the statistics we collected. In the graph, the horizontal axis shows the average change
interval and the vertical axis shows the fraction of pagesthat changedat that changeinterval. For
example, from the �rst bar of Figure 2, we can seethat around 23%of pageschangedat least once
every day during our experiment.

We can useour collected data to assesshow many pagesare needlesslyrequestedby a conven-
tional crawler. For example,when the crawler revisits pagesonceevery month the pagesthat have
changedmore than onceevery month (the �rst three bars of Figure 2) will have changedwhenever
the crawler visited the page, so there are no needlessdownloads for these pages. However, some
of the pagescorresponding to the fourth and the �fth bars may have not changed between visits
and may have beenneedlesslyrequested.We calculated the minimum number of needlessrequests
occurring when crawling all 760,000pagesfor 100 days. For each of the 760,000pages,we usethe
measurednumber of changesC and compute the lower bound M inN eedlessRequests given some
number of crawler visits R (the samefor all pages). We add all the lower boundsto obtain the least
total needlessdownloads. Finally, we divide this total by the computed numbr of visited pages(R
times 760,000),to obtain the fraction of uselessdownloads, shown in Figure 3.

The horizontal axis of Figure 3 represents the number of times each page was visited by the
crawler during the 100 day period and the vertical axis shows the fraction of needlessdownloads.
We can seethat the crawlers download more and more needlesspagesas the they visit pagesmore
often. For instance,when the crawler visits all pagesonceevery day, around 77% of downloads are
needless.This is because23% of the pageschangeat least oncea day (Figure 2, �rst bar). We can
also seethat the fraction of needlessdownloads increasesvery rapidly in the beginning and then
levelso�. This rapid increaseis becausea large number of pageschangevery slowly. From the �fth
bar of Figure 2, we can seemore than 30% of pageschangeslessthan onceevery 4 months. These
pagesare often requestedneedlessly, even when the crawler requestspagesa relatively low number
of times.

Needlessrequeststhat occur in the crawler's maintainence processneednot result in needless
downloads. The crawler can use HTTPs If-Modified-Since feature to avoid download loading
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Figure 3: Needlessrequests

a �le as a result of a needlessrequest. This feature causesthe web server to only transfer a �le
if it has change sincesomedate (e.g., the date of the last crawl). However, many crawlers ignore
this feature and many web servers do not export this functionalit y. To estimate whether or not
crawlerswereusingHTTP's If-Modified-Since feature, weanalyzedeight 1 Stanford server access
logs. Since most web pageschange slowly, crawlers using the If-Modified-Since feature should
sometimesreceive a responsecode of 304 Not-Modified when requestinga document. We tracked
IPs that downloaded the Robots.txt �le to identify the IP addressesof crawlers. Assuming that
thesewere crawlers, only 13% of crawlers got even a single server responseof 304 Not-Modified .
This implies that 87% of crawlers do not check time-stamps before downloading a page. For such
crawlers, needlessrequestsresult in needlesslydownloaded pages,wasting even more web server
(and crawler) resources.

4.2 Building a Media Speci�c Rep ository

Another set of needlessrequestsoccurs in the pagediscovery process.When a conventional crawler
seeksto download a certain MIME type, it is forced to �rst download all available HTML pages.
This is becauseif even a single HTML pageis skipped the crawler takesthe risk of not discovering
media �les linked from that page.

To �nd out how much overheadis causedby downloading HTML, we measuredthe MIME type
distribution for eight Stanford websites. We examined web server accesslogs �les to approximate
what pagesare available at each site (we did not have accessto the �les, only to the accesslogs).
This assumesthat every available pagewas accessedat least once(by crawler or human user) and
thus appeared in the logs. Figure 4(a) shows the relative number of pagesin each MIME type.
MIME typesthat represent lessthan 5% of the pagesare grouped into the other category.

Clearly the number of HTML pagesovershadows all other MIME types. Sinceall HTML pages
must be downloaded to gather the other MIME types,many unnecessaryhits occur. For example,
say a conventional crawler wants all images(JPEG and GIF �les) and downloads all HTML pages

1www-db.stanford.edu, www-
ash.stanford.edu, www-diglib.stanford.edu, theory.stanford.edu, csl.stanford.edu,
robotics.stanford.edu, graphics.stanford.edu, cs.stanford.edu
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Figure 4: MIME type distributions

to discover them. In this case66% of the requestsare for HTML rather than images.
We also plotted the amount of data in each MIME type. This is useful to see how much

bandwidth is wastedwhen the conventional crawler searchesfor a certain MIME type. Figure 4(b)
shows the relative amounts of bytes in each MIME type. Again, MIME types accounting for less
than 5% of the total sizeare grouped into the other category. Consider our previous exampleof a
crawler downloading images. Sincethe crawler must download all available HTML �les in addition
to image �les, 30% of the usedbandwidth is wasted.

5 The Impact of Meta-Data on web Server Resource Consump-
tion

The ine�ciencies of conventional crawling revealedin the previous sectioncan be avoided if servers
export meta-data. During the repository maintainence process,a crawler would never needlessly
requesta pagethat hasnot changedbecausethe meta-data revealswhat pageshave changed. When
building a media speci�c repository, a crawler would never needto download any HTML, just the
desiredmedia. In this section we examine the impact a streamlined crawling processwill have on
web servers.

Using web server accesslogs, we approximated crawler tra�c for eight Stanford web servers.
Figure 5(a) shows the amount of crawler tra�c vs. the total tra�c for our web servers. Each
point represents one of our web servers. As can be seenin the �gure, crawler tra�c increaseswith
total tra�c. Needlesscrawler downloads account for many requestsat popular websitesand fewer
requestsat lesspopular sites.

While lesspopular sites have a low absoluteamount of crawler tra�c, they have a high relative
amount of crawler tra�c. Figure 5(b) shows the percentage of tra�c due to crawlers vs. total
tra�c for our web servers. Each point represents one web server. A line is superimposedon the
�gure to illustrate the linear behavior of the distribution. The percentage of tra�c due to crawlers
decreasesas the total tra�c increaseswith a slope of � :47 % points/1000 hits. For example, at
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Figure 5: crawler tra�c characterization

10,000hits per day, crawler overheadis about 18%. If we double daily tra�c to 20,000hits a day,
the overhead its 18 � 4:7 = 13:3%. Eliminating needlesscrawler requestswill have an impact on
lesspopular websitesbecausea large percentage of their hits comefrom crawlers.

6 The E�ects of Meta-Data Av ailabilit y on Freshness

A crawled pageis fresh when the crawler's copy matchesthe web server's copy. It is in the interest
of web servers to support an e�cien t crawler refresh strategy because:

1. Search enginescan then work with a more accurate representation of the websites,directing
usersto a website only when appropriate.

2. An e�cien t refreshprocesswill havean e�ect on the sizeof the repository. Most search engines
index about 6%-12%of the web [12], largely due to crawlers dividing their resourcesbetween
exploration and updating their pages. By reducing the cost of maintaining a repository,
crawlers can keeplarger repositories and websitesare more likely to be included.

3. The refresh processconsumesweb server resources. If a crawler seeksto keep a very fresh
repository then many web severs' resourcesmight be wasted.

Keeping an archive fresh consumesbandwidth. For a conventional crawler that usesthe same
request frequency for all pages,limited bandwidth results in a limited request frequency. That is,
reducing the crawler's available bandwidth forcesit to visit pageslessoften. If a pagechangesoften
but is seldomly downloaded by the crawler then the page is unlikely to be fresh in the crawler's
repository. For a meta-data basedrefresh method, a bandwidth limit limits the amount of meta-
data and changeddata that can be downloaded. If a crawler knows (by looking at meta-data) that
a page has changed then the crawler may be unable to download the page for lack of available
bandwidth.

We comparedthe e�ciency of a conventional crawler to a meta-data basedcrawler by measur-
ing repository freshness(the fraction of fresh pagesin the repository) as a function of available
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bandwidth. We ran simulated crawls of 10000pagesfrom four sitesover a time period of 100days.
Simulated crawls occurred at 100 di�eren t levels of available bandwidth for both typesof crawlers
(conventional and meta-data enabled). At the beginning of each simulated crawl, each crawler had
a fresh repository of pages.The fraction of pagesfresh the end of the 100 day crawling period was
recorded. The change frequenciesfor each of the 10000pagesin this simulation came from the
experimental data described in Section 4. We made the following assumptions:

� All pageswere of equal size. This meansthe bandwidth limit is equivalent to a cap on the
number of pagesthat each crawler can download in one day.

� Each day, the meta-data enabledcrawler downloadedtwo 42KB meta-data archivesfrom each
site. This consumedthe sameamount of bandwidth asdownloading 8 regular pages(we again
make the assumption that the averagepagesize is 13KB).

� The conventional crawler's needlessrequestsresult in needlessdownloads. As stated in Section
4, this is usually the case.

� The pageschange at regular intervals. This was done to simplify the involved calculations
for our simulation.

� Web servers publish meta-data about their pagesevery day.

� Pagesdo not change more than once a day. That is, a page downloaded on a given day is
guaranteed to be fresh until the following day.

Given a daily page limit L , the conventional crawler downloaded pagesduring the 100 day
period using a round-robin download schedule as follows:

1. All pagesto be crawled were �rst ordered in somearbitrary fashion.

2. Every day the conventional crawler downloadedthe next L pagesaccording to the prede�ned
order. When the end of the list was reached the crawler started at the beginning.

Given a daily pagelimit L , the meta-data basedcrawler downloaded pagesas follows:

1. All pagesto be crawled were �rst ordered in somearbitrary fashion.

2. Every day the crawler downloadedmeta-data from each site. The meta-data is then examined
so that changedpagescan be identi�ed.

3. Every day the crawler downloaded the next L changed pagesaccording to the prede�ned
order. When the end of the list was reached the crawler started at the beginning. If lessthan
L pageschangedthen the crawler stopped downloading pagesthat day.

Figure 6(a) shows the fraction of fresh pagesin the each crawler's repository as a function of
available bandwidth. The maximum bandwidth value of 1 corresponds to having enoughavailable
bandwidth to download the entire repository in one day. That is, the daily page limit L is equal
to the number of pagesin the repository (this is unattainable in most \real world" situations).

12



Trajectories are plotted for both conventional crawling and meta-data based crawling. As can
be seenin the �gure, meta-data availabilit y allows a fresher repository to be maintained at lower
bandwidth. The meta-data enabledcrawler is able to maintain a perfectly fresh repository at about
a �fth of the bandwidth required by the conventional crawler.

Using meta-data allows an additional fraction of the repository to remain fresh. For a given
amount of bandwidth, we can discover the additional gains by computing the di�erence between
the associated repository freshnessof the crawlers and dividing by the freshnessof the conventional
crawler. Figure 6(b) illustrates how the gains change with bandwidth. At low bandwidth using
meta-data increasesrepository freshnessby up to 25%. When the bandwidth reaches a value of
:22 (this means 22% of the available pagescan be downloaded each day) the bene�ts of using
meta-data begin to decrease.This suggeststhat using meta-data is most useful to crawlers with
limited bandwidth. Of course,given the growth and size of the Web, we expect most crawlers to
be bandwidth limited, in the range 0 to 0.2 bandwidth.

If the crawler desiresto keep a very fresh repository, using meta-data reducesthe bandwidth
required. Figure 6(c) shows the percentage of bandwidth saved by using meta-data in the crawling
processasa function of desiredrepository freshness.For example,if the crawler desiresa repository
that contains 80% fresh pages,it can save 62% of the bandwidth costs.

7 Related Work

There have been a variety of proposalsto help retrieve information over distributed data by ex-
porting meta-data. However, most of the proposalsrequire web servers to analyzeand summarize
the content of their data. For example,under the Harvest [8] proposal, each website maintains an
inverted index for its pages.The STARTS [7] proposal enablessearching over a set of information
sources.Meta-data from websitesis analyzedto choosethe best sourcesto evaluate a query. Since
theseproposalsare complex and demand extra work from web servers, they have not beenwidely
deployed. Our work, on the other hand, only requiresweb servers to list the location and the last-
modi�ed date of their data. This is both lesscomputationally intensive and lesscomplex, making
it more plausible to deploy.

Somestandards focus on the representation of meta-data. RDF [2] integrates a variety of web-
based meta-data activities, including sitemaps and search engine data collection, digital library
collections,using XML [9] as an interchangeand storagestandard. The Dublin Core [1] provides a
common core of semantics for resourcedescription. Document attributes such as Name, Identi�er,
Version, Languageare precisely de�ned. Dublin Core is often implemented via RDF. We believe
thesestandards can be usedto export meta-data as we have proposed.

Many standards exist to enable client to server querying. Z39.50 [3] is an application layer,
sessionoriented protocol for search and retrieval. DASL[10] is a standard for server side searching.
The client can formulate a query and have the server identify the resourcesthat �t the query.
With these standards, crawlers can issuequeries to identify relevant data. However, as discussed
in section 2, we prefer a meta-data basedapproach becauseit demandslessfrom web servers.

References[6, 5] study how a crawler can increasethe \freshness" of its collection by visiting
pagesat di�eren t frequencies,based on how often the pageschange. Reference[4] studies how
a crawler can estimate page change frequencies, by accessingthe pages repeatedly. We believe
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Figure 6: Freshnesscomparisons
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crawlers can estimate the changefrequencybetter and eliminate needlessdownloadsif our proposal
is adopted. For example, reference[4] shows that a crawler can estimate change frequency much
more accurately, when the last-modi�e d date is known. In our proposal, the last-modi�ed dates for
all pagesare available in a meta-data �le, which can be easily accessedby crawlers.

8 Conclusion

We proposethat web serversexport meta-data describingtheir pagessothat crawlers cane�cien tly
createand maintain large, \fresh" repositories. This meta-data includes the last modi�ed date and
sizefor each available �le.

To evaluate the e�ects of our proposals,wegatheredevolution data for 760,000pagesand several
web server accesslogs. We ran simulated crawls using both the typical crawling strategy and a
meta-data enabledcrawling strategy. From our data and experiments we concludethat signi�cant
web server resources(e.g., bandwidth) can be saved if servers export meta-data.
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