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Abstract

This paper describes me details abou the achitedure of a fully implemented seach engine for the
Internet. Its architedure is based on autonomous Dftware gents and the paper is focused on the
communicaion among them. Agents coll aborate to gather HTML pages from de the world wide web and
trea them in order to be le to retrieve those pages from subsequent users queries. Crawling Agent
collaboration is required in order to dedde the URLs that shoud be first retrieved. Subsequent page
treament consists on first filtering the pages © that HTML format is transformed into XML and second
indexing them so that information retrieval can be performed orline.
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1. Introduction

Internet has provided users with such an enormous amourt of information that it becomes necessry to
provide todls that help in discriminating the required information. For some yeas up to naw, agents have
been proposed as a way of approaching some of the problems related to deding with information onthe
World Wide Web (in this snse [Etzioni 93, 97] described softbots as intelli gent agents that use software
tools and services on a person’'s behalf). This paper describes the ammunication among agents at i-Bot, a
seach engine dedicated to the web.

i-Bot is provided with an agent-based architecdure, which is best explained in terms of its comporents (see
Figure 1):

e Crawling Agent Community: it can be described as a group d crawling agents named bas (also
known as iders or robas) that are dedicaed to dovnload HTML (HyperText Mark-up Language)
pages from the Web.

« URL Broker Agent: this agent manages the information abou the web and provides the bots with
URL’s (Uniform Resource Locator) to retrieve.

»  Filtering Agent Community: Each time abot downloads an HTML page, a filter agent takes it and
extrads its contents. The agent filters the resulting text and generates an XML (Extendable Mark-up
Language) page whose structure is suitable for being indexed.

e Indexer Agent. Once anumber of pages have been filtered, this agent groups the XML pages before
indexing them. The Indexer agent ends up with an index structure suitable for retrieving puposes.



e Query Agent Community. Several query agents can use the index to retrieve thase pages that best fit
users queries. That is, to answer them.

e Interface Agent Community. This modue handles the user interface it takes the user query and
displays the pages that the Information Retrieval System returns when answering the users' queries.

Next sedions describe the information that ead ore of these agents handles and hav do they communicae.
Nevertheless due to spacerestrictions, only sedions 2 and 3 describing crawler and URL broker agents
have been detail ed. We end the paper by comparing ou agent-based approach to ather search engines and by
providing some conclusions.
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Figure 1. iBot (Web seach engine) Architedure.

2. Crawling Agent Community

The aawling agent Community isagroup d crawling agents, known as bats, that are dedicated to download
HTML pages from the Web. Bots are nat mobile ayents (that migrate from machine to machine exeauting
their code) but keg themselves into the community location. Their task consist on davnloading (i.e.,
crawling) HTML pages as quick as possble and to store them in an easy-to-retrieve structure.

Downloaded HTML pages are stored with a name (which corresponds to the amding o the URL of the page:
url_ID) in atreestructure of diredories, which happens to be perfedly balanced (that is, the assgnment of
URL identifiers follows a uniform distribution). Nevertheless nat al the succesfully downloaded pages are
necessrily stored: the bots can dedde whether a page must or must not be stored based onthe language it is
written on



Each ba is an autonamous agent that deddes when to ask the URL broker agent new URL’S to retrieve.
And orceit has processeed and stored the correspondng web pages, it provides the URL broker agent with
thelinks it has extraded form the retrieved pages.

Bots are implemented in ansi C, and wse the Hyper Text Transfer Protocol (HTTP) both to communicate
with the URL broker agent and to request HTML pagesto the Internet servers.

2.1 Agent Communication: bot - URL broker

The mmmunicdion cycle established between eah ba and the URL broker consists of three different
conredions:

« Bot authentication. Before ay bot can send any information to the URL broker agent, it isrequired to
be authentified. This processenables the bot to have an identifier (bot_ID) assgned so that it can usethis
for further communicaions.

« URL request. Once abat has been authentified, it asks the URL broker agent for a number N of
URL’s. The URL broker uses the bat identifier to ched whether the request is dore by an authentified
bot or nat. In case the dhed is pasitive, the URL broker returns to the bot N pairs of (url_ID, URL),
where url_ID are the codes for the crrespondng URL's. It is possble to establish a downloading pdicy
that avoids downloading a page if the date & the Last-Modified value of the HTTP Header is bigger than
the date & which this page was previously downloaded. In this case the URL broker agent is required to
include the date of the previous successul page download in the protocol.

* URL information. For ead dovnloaded page, the roba returns information to the URL Server. This
information consists of the

0 bat ID,
o url_ID (which ads as page identifier),
o the HTTP resporse @de (that is, if the page was properly downloaded, if there was a
server error..),
o thelanguage of the page, and
o alist of URLsthat correspondto the links that appea in the downloaded page.
If al theinformationisreal properly, the URL Server answers an OK message.

We use the monversation protocol spedficaionintroduced by [MartinOQ] to describe these cmnnedionsin the
following subsedions.

2.1.1 Bot authentication
Each ba asks the URL broker for an identifier (bot_ID), wich is computed from a combination d its name

and its PID (processidentifier). These bat_ID’s are used for subsequent communicaions. The following
figure 2 shows the mmmunication established by the bat.

®+Requeﬂ(b0t_authenticaion(name, PID))

=Tnform(baot_ID)

Figure 2: Bt state transiti ons during authentication (communicaing with the URL Broker agent).



2.1.2 URL request

As depicted in Figure 3, an authentified ba asks the URL broker N URL's to dawnload (the bot must
include its bot ID in its request). As resporse, the URL broker returns N tuples of (url_ID, URL,
last_down), where url_ID isthe code for the mrrespondng URL and last_down spedfies the date this URL
was last downloaded.

ve_me_n(N, bat_ID))

9
-Inform((url_ID4, URL4, last_downy),...,

(url_IDy, URLy, last_downy))

Figure 3: Bot state transitions during URL requests (communicating with the URL Broker agent).

2.1.3 URL information

Bots return a tuple for eadn downloaded page to the URL broker (seefigure 4). The tuples are of the form
(bot_ID, url_ID, httpd_resp, lang, (URL1,URLmM)) where m corresponds to the number of links that have
been olktained from a given page i. The baot waits afterwards for the URL broker to answer a cnfirmation
message.

+Inform(bat_ID, url_ID;,
http_resp;, lang,

(URLy,..., URLy)) e

-Inform(OK)

Figure 4: Bot state transitions for providing with URL information the URL Broker agent.

2.2 Bot-web-serwver communication

Bots conred by means of sockets to the web servers and use the Hyper Text Transfer Protocol (HTTP) 1.0
to request HTML pages (seefigure 5). The method to perform the request is a GET method A URL is
composed by the server, a port number, and the resource (for example if the URL is
http://www.isoco.com:80/people.html, the socket is open towards the server is www.isoco.com and the port
is 80. Afterwards, resource/people.html isused to ask of the spedfic HTML document).



@ +Request(GET (resource, HTTP/1.0))

-Tnform(HEAD ,BODY)

Figure 5: Bot state transitions for requesting web pages to a given web server.

3. URL Broker Agent

URL Broker Agent (developed in Java) manages the information abou the web and communicates with the
bots at the aawling community in order to keep thisinformation updited. Policies for dedding which pages
will be downloaded first are goplied by the URL Broker agent. iBot is gpedalised onretrieving HTML pages
totally or partialy written in Spanish so that it gives more priority to those links extracted from pages that
have been deteded as Spanish by the language filter. (We have developed afilter based onthe presenceof a
combination d words and fedures that are charaderistic of Spanish but that in their combination exclude
other languages that could contain some of these individual words).

3.1 URL Broker Information

In order to manage the information abou the web as well as to answer bats' requests, the URL Broker agent
uses a Data Base dedicated to store information about both, web pages and bds.

3.1.1 URL Stored Information

* Host: thelocdion d the internet server that provides the page that ead URL spedfies.

e Port: the"logicd conredion gacé' to a particular server program the http request must be bindto. As
in the port standard definition, port numbers are from 0 to 65536 For the HTTP service port 80 is
defined as adefault and it does nat have to be spedfied in the URL.

* Resource: defines the remaining part of the URL that locaes the described page.

e URL_id: it encodes the URL that the previous columns define. Its value has been oltained by applying
the Message Digest Algorithm [Rivest92].

« Tsstate: Asits name suggest, it is atimestamp that records the date of insert or update operations (it is
automaticaly set to the date of the most recent operation).

*  Sate: represents the http resporse @mde obtained when a roba downloads the page. This resporse
code takes values representing whether the page has been davnloaded o nat; if it has been dovnloaded,
it spedfies the http resporse mde (successul resporses, rediredions, errors,...). Otherwise, it spedfies
the origin of the URL (the code represents the kind d page the URL was extraded from).

« Bot2_id: It'stheidentifier of the bat that provided the URL, that is, the bat that extraded the link from
adownloaded page.

e Inlinks: it acamulates the number of links the bats have foundto be painting to the spedfic page. In
this manner, ead time abot downloads a page, extrads its links and sends them to the URL Broker
agent, the broker treas ead o these links sparately: if the link does nat exist, the broker adds it to the
database & anew URL. Otherwise, it increments by one the number of inlinks.

e Outlinks: similarly to Inlinks, it stores the number of links a page mntains. Its value is st a once,
when a page is downloaded and its links extraded. It is worth ndicing that we only consider links to
HTML pages (ended in “.html”,” .htm” ,or “/”).



« Dinit: its name stands for initial date and corresponds to the date the URL was obtained for the first
time. This alowsto keep tradk of the period d time that a page lasts on the Internet (or at least, the time
that passes snceitsfirst referencewas found.

e Dlast: similarly to Dinit, Dlast represents the date of the last time that the page was successully
downloaded. This information can be used to trea downloading errors and apply different palicies of
retrying their downloading. Having the time when it was successully downloaded, it is posdble to
compare the time gap with the Tsdate information (which contains the last time this URL was treded).
Therefore, if the differenceis big, this means that the page downloading has been returning error state
codes for alongtime. Consequently, we could deddeto delete the URL from the Data Base.

« Language: the language of the page is assgned when the language filter is applied onthe page. This
filter distingushes between Spanish and nonSpanish pages. A page is considered to be Spanish
whenever there is ©me Spanish oniit (that is, we a@nsider multili ngual pages as Spanish whenever
Spanish is one of the language).

e Botl id: the identifier of the bot to which the URL was given. This information has been included in
order to chedk that abat is providing the information o a page whose URL was given to it.

3.1.2 Bot Stored Information

* Name: Thisnameis used to oltain the bot identifier, and is only provided by the bat for the first time
the bot establi shes contad with the URL Server. Bots names in i-Bot are as3gned by concatenating the
name of the bot generation together with the PID (Process|Dentifier) that ead running instance of bot
has gat.

e Bot_id: Bot identifier value is obtained from applying the Message Digest Algorithm [Rivest92] over
the name of the bat.

e Dinit: corresponds to the date the bat was authentified.

» Dlast: similarly to Dinit, Dlast represents the date of the last time that the bot communicated with the
URL Server. This allows to keep tradk of evolution d the robas, and we can dedde that aroba can be
sent out of the system if it has being alongtime without communicaing with the URL Server.

*  Requests: records the number of requests that a bot has performed. This information is gored in order
to be ale to monitorise bats' performance The underlying ideaisto be @leto send abat a kisswhen it
is performing poaly.

3.2Agent Communication: URL Broker —bot

In the previous sdion (see 2.1), we have seen the protocol the bots use to communicae with the URL
broker agent from the bats’ point of view. We seenow the same processs, but from the URL broker’s sde.

3.2.1 Bot Authentication

Asfigure 6 shows, whenever abat asks the URL broker for an identifier, it returnsabot_id.

@—Request(bd_authenticetion(name, PID))

nform(bot_ID)

Figure 6: URL broker agent state transitions for bat authentication (communicaing with abat).



3.2.2 URL Response

When a bat asks the URL broker agent a number of URL's, the URL broker must ched if this bot has been
previously authentified. And, once this has been dorg, it seleds from the URL Data Base the N URL’s the
baot isasking for. This processis depicted by the next figure:

ve_me_n(N, bat_ID))

®
FRequest(chedk(ba_TD))

-Inform(OK)

Ss \ tHInform((url_ID4, URL4, last_downy),...,
(Url_TDy, URLy, Tast_downy)) S
Figure 7: URL broker agent state transitions for respondng URLsto abat.

3.2.3 URL Information

Bots return atuple for ead downloaded page to the URL broker agent. The tuples are of the form (bat_ID,
url_ID, httpd_resp, lang, (URL3,URL,,)) where m corresponds to the number of links that have been
obtained from a given pagei.

Again, the URL broker agent must confirm the existence of the bot_ID and, once this has been cheded, it
updates the information about the dfeded URLs. Finally, if al the subsequent updates are successul, the
URL broker agent answers the bat with a anfirmation message (seeFig. 8).

Ss ) -Inform(bat_ID, url_ID;, http_resp;, lang, (URL4,...,
URL.,)Y

+Request(check(bot_ID))

® ®
7 +Inform(OK)

Figure 8: URL broker agent state transitions for recaéving URL information from bots.

-Inform(OK)

4. Filtering Agent Community

Each time abat downloads an HTML page, afilter agent takes it and extrads its contents. The aent filters
the resulting text and generates an XML page whose structure is suitable for being indexed. This dructure
contains the foll owing information:

e URL of the page



e url_ID (the one given by the URL Server)

e Title(inascii andin HTML)

e Keywords (in ascii andin HTML)

o Description (in ascii andin HTML)

e Text (inascii andin HTML). Plain text is dored in two ways: keguing the HTML codification so that
it can be properly visudised in a browser, and transformed into ascii (127 hits) in order to be indexed.
For example, a word containing an accent ‘mas’ is kept as ‘m&aaatte;s in the HTML format and as
‘mas’ in ascii. In the same way, capital |etters are kept in the HTML text and are stored as lowercase in
the ascii text.

5. Information Retrieval Agent Community

Information Retrieval [Baez®9] tasks are performed by an heterogeneous community formed by an Indexer
Agent, the Query Agent Community and the Interface Agent Community.

Once anumber of pages have been filtered, the Indexer Agent groups the XML pages before indexing them.
The Indexing process[Witten99 consists on generating an index structure suitable for retrieving puposes
(used to retrieve those pages that best fit users' queries). This dructure contains:
e ThelLexicon (alist of al the words appeaing in the mlledion), which also contains, for ead word,
the number of documentsin the lledion that contain it, and its total number of appeaances.
e Thelnverted File, which stores for ead word alist of <d,f4;> pairs, where d is the identifier of eadt
document containing the word and f4, is how many times it appeaed in this text.
« A filethat contains approximations of the weights that will be used when computing the relevance of
documents regarding a given query.

After the building d the index structure, several Query Agents can use it to retrieve those pages that best fit
users' queries. That is, to answer them.

Finally, the agents at the User Interface Agent Community handle the user interface Each agent takes the
user query, filtersit and sends the question to a Query Agent. And, onceit answers the XML pages that best
fit users’ queries, the User Interface Agent extrads the informationto display and generatesand HTML page
that will be displayed by the browser.

6. Related Work and Conclusions

From all the world wide known seach engines as Altavista, Yahoo a Inktomy, we distingush Goode
[Brin99 and Fast [Fast98a] because of their strong acalemic badground The later has been dstinguished
becaise of their dedicaed hardware [Fast98h], and the former becaise it introduced the Page Rank
algorithm [Brion9g. All search engines have asimilar architedure becaise the same basic modues are
always required (i.e.,, crawling modue, indexing, retrieva,.). Nevertheless our approach can be
distingushed because of its multiagent architecure.

Regarding the spedalization onSpanish web pages, there ae related works in awide range of spedalizaion.
In ore side, there ae genera approaches describing pdicies of assgning priorities to certain URLS as the
ones applied at webbase [Webbase99] (athough sinceit does nat contain indexing cgpabiliti es, it is not a
seach engine but a web crawler). Whilst on the other side there ae wncrete pdlicies, are & the one by
[Chakrabarti99] that only considers pages related to spedfic topics. In this manner, iBot’s pdlicy is
something in between: it indexes only Spanish pages but extrads the links from all pages © that the URL
Broker agent is feed with all kinds of URLs and the search is kept aswide & possble.

This paper presents an approach to the communicaion required for agents in order to gather and retrieve
HTML pages. These ggents belongto iBot, a web seach engine for Spanish web pages. A reduced version
of iBot is pubicly available & http://e-bot.isoco.com.
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