Web by per mission of AACE. T he paper appears in Proceedings o f the Webnet 98 World Conference.

                                                                                          Effective Resource Discovery on the World Wide Web

                                                                                         Evangelos P. M arkatos, Christina Tzivisko u, and Athanasios Papathanasiou

Institute of Co mp uter Science (ICS),

Foundatio n for Research & T echnology -- Hellas (FORT H), Crete

                                                                                                       P.O.Box 1385 Heraklio, Crete, GR-711-10 GREE CE markatos@ics. forth.gr

                                                 $EVWUDFW� The world-wide web gro ws at alarming rates, making information retrieval an increasingly

                                                 difficult process. Traditional search methods based on search-engines usually flood the users with an

                                                 overwhelming number of URLs. If a user wants to stay up-to-date on some issue and (s)he repeatedly

                                                 queries the above search engines, (s)he will be repeatedly flooded with (almost) the same set of URLs,

                                                 out of which only a small percentage will point to new, previously unseen documents. In this paper, we

                                                 present USEwebNET, a resource discovery tool built on top of traditional search engines. USEwebNET

                                                 registers each user’s interests and repeatedly queries several search engines for URLs matching a user’s

                                                 registered interests. USEwebNET keeps track of which URLs have been visited by each user. Thus,

                                                 when a user invokes USEwebNET, (s)he is presented only with new or "unvisited" URLs. We view

                                                 USEwebNET as a value-added service on top of existing search engines and information providers,

                                                 which helps users effectively find "what’s new" in the rapidly evolving web of our world.

Introduction

Infor mation retrieval on the Web is like searching for a needle in a haystack: one needs the right tools (like a

metal detector) to separate the needle fro m the hay. In this paper we present a tool (called USE webNET ), which

facilitates infor mation disco ver y on the web. According to the  traditional model of searching  for infor mation

on the world-wide web, when a user wants to find infor mation about a specific topic (s)he sends a quer y to a

search engine, which replies with several URLs. Ever y time the user wants to find ne w infor matio n about the

same topic, the search engine retur ns (roughly)  the same UR Ls, flooding the user with unnecessar y infor mation.

Finding the ne w (and interesting) URLs within a (slo w mo ving)  flood of previously visited URLs is a boring and

time-consuming task. Assume, for example, that a user is interested in learning new develop ments in the field of

"web caching". Searching for this infor mation in a popular search engine (like HOT BOT ) will return more than

2,000 URLs. Of those URLs, only a small percentage was created/modified within the last mo nth. In this search

model, users who are interested in getting only ne w infor matio n should process 2,000 URLs just to find the few

recent ones. One could argue that recent infor mation can be effectively retrieved b y requesting only documents

that have been published/changed only after a specific date (several search engines allo w user s to search for

documents modified after so me specific date). Unfortunately, this approach may still result in a document flood.

Since the world -wide web is gro wing at alar ming rates, the robots associated with search engines visit (and

index)  various sites rather infrequently. Popular web robots (like Alta-Vista for example)  visit their archived

sites periodically ever y 2-3 months. As the infor mation available through the web gro ws larger, this interval is

bound to increase (say up to 5-6 months). T hus, if a user wants to find new (previo usly unseen) infor mation on a

specific topic (s)he would have to search for documents that are 6 months old, or younger. Retur ning to our

example, searching HOT BOT  for documents on " web caching"  that are 6 months old or yo unger resulted in

more than 1,000 documents. T hus, searching for recent documents o nly, may still result in a document flood,

which is exactly the problem we tr y to avoid.

T he core of the search problem is that all these engines represent single-sho t search mechanisms. A user that

repeatedly searches using the same keywords is repeatedly flooded with almo st the same URLs, even if (s) he has

visited the URLs as a result of so me previous search. T his single-shot search  is in contrast with the modern

methods of kno wledge disco ver y which are based on re-search . Research is an iterative proces s that filter s

away useless or already acquired kno wledge, focusing on new and unexplored territory. USE webNET  is a layer

of software on top of existing search engines, filtering away previously seen infor mation, providing a ser vice

that allo ws user s to stay informed of ne w develop ments.

Web by per mission of AACE. T he paper appears in Proceedings o f the Webnet 98 World Conference.

Design

USE webNET  consists of a front-end that interacts with users and a back-end that interacts  wi th search engines.

Users register their interests with USE webNET  as a set of keyword -based queries. For examp le, people

interested in caching mechanisms for the world-wide web may register their interest as " web caching". Alo ng

with that, people indicate several search engines which they wo uld like to quer y about their interests.

Periodically (usually ever y night) the back-end of USE webNET  sub mits each quer y to the indicated search

engines, which reply with a (usually long)  seq uence o f URLs and a short description for each URL.

USE webNET  gathers all replies, merges them, deletes duplicates and constructs a list with URLs that satisfy the

quer y. It then removes fro m the list all URLs that have been previo usly viewed b y the user.

When the user is interested in lear ning the recent develop ments o n a given quer y, (s) he invokes USE webNET ,

and (s)he is presented only with those URLs that have not been previously viewed. T he user may decide to view

a URL, or mar k it as uninteresting and delete it. In both cases, USE webNET  will consider the URL as

"viewed"  and will not present it to the user anymore. Viewed documents will only be sho wn again to the user, if

USE webNET  detects that an update to them has been made. T o facilitate acquisition o f knowledge,

USE webNET  a llows users to "save"  URLs in folders. T hus, users can store all interesting URLs and visit them

at so me later time, or use them as references. Over time, folders will eventually beco me indispensable reference

tools for research.

We view USE webNET  as a value-added service on top of existing infor mation providers and search engines.

T he advantages of USE webNET  are:

                         ·
                               � It filters information so that user s are able to focus on " what is new" and thus, they are able to follo w

                                                  develop ments on their field of interest.

                         ·
                               � It helps users discover new information.

                         ·
                               � It runs offline  ever y night when co mmunication costs are low.

                         ·
                               � It offloads busy web servers  and proxies on the Inter net (b y running at night).

Implementation

In a nutshell, USE webNET  works as follo ws: Using USE webNET ’s Setup interface, the user specifies his/her

profile. T his profile includes preferences relevant to the user queries, the desirable maximum age o f the returned

documents and the search engines that should be requested. A user profile is saved in several files located under

the personal director y of the user. T hese files are used b y USE webNET ’s search utility to for m the desirable

queries for each search engine and for ward to them the relevant requests. When the search utility receives the

results, it filters them, discarding all those that have alread y been accessed b y the interested user. Links to the

remaining documents are saved locally, so that they can be accessed later. USE webNET ’s search utility is written

in C. Architecturally, it may be divided into two major components. T he first o ne is responsible for creating the

requests and filtering the returned results, while the second sends the requests to the various search engines and

receives the results. T he inter face of USE webNET  has been imp lemented using several Cgi-Bin scripts written

in the C programming language. T hese scripts are used for manipulating the user ’s preferences, d ynamically

creating HT ML pages, which contain infor matio n that is not statically available, and verifying the ID of each

user.

Example of use

In this sectio n we will sho w an example o f using USE webNET . Suppose that the user is interested in finding

infor mation o n ^Distrib uted Systems~. T hese user’s preferences are entered as sho wn in  Figure  1 .

Web by per mission of AACE. T he paper appears in Proceedings o f the Webnet 98 World Conference.

Figure  1 : Entering a  quer y o n ^Distrib uted Systems~.

Figure 2 : USE webNET  displays the 6 queries that the user has sub mitted, the search engines that will be

searched for each quer y as well as so me other relevant informatio n .

Once the user sub mits the preferences, the system will summarize them (as sho wn in Figure 2 ) and sub mit the

queries to the selected search engines o ff-line (unless the user specifies that the search should start right away).

After the search has been co mpleted, the user may invoke USE webNET  which will display a screen like the one

sho wn in Figure 3 .

Figure 3 : After all queries have been sub mitted to the appropriate engines, USE webNET  presents the results to

the user in a summar y for m like the one sho wn. For each quer y the number of  ^still unread~ URLs is sho wn.

T he screen shot in Figure 3  infor ms the user that USE webNET  has fo und 192 URLs satisfying the q uer y

^Parallel Programming~, 200 URLs satisfying the quer y ^Distributed Systems~, etc. T he user may no w  ^click~

on the mentioned preference and a screen like the one sho wn in Figure  4  comes up. T he user may no w read/save

Web by per mission of AACE. T he paper appears in Proceedings o f the Webnet 98 World Conference.

these URLs. USE webNET  always sho ws the status of URLs as sho wn in Figure  5 . T he next time the user will

invo ke USE webNET  (s)he will not be sho wn the read/saved URLs again.

Figure  4 : Screenshot sho wing the results of a quer y in ^Parallel Programming~.

Figure  5 : Screenshot of the results on ^Parallel Programming~. T he user has read 4 articles and has saved 2 of

them.

   Discussion

USE webNET  is a layer of software that runs on top of existing infor mation providers and search engines, which

helps the user discover and filter infor matio n on a specific subject. USE webNET  can be custo mized to wor k

with specific databases in order to find infor matio n more effectively. In this section we look at two such

examples:  a research paper discover y tool on digital libraries, and a product discovery tool for electronic

commerce.

Digital Libraries

Scientists al ways want to stay infor med on their field. In order to do so they subscribe to scientific journals, go to

conferences, collaborate with colleagues, etc. T o narrow do wn the infor mation they receive, scientists subscribe

only to a small subset of journals and follo w o nly a small number of conferences. Unfortunately, the number of

scientific p ublications increases year after year making it increasingly harder for a single person to keep track of

all (or even most)  published papers on a field.  T hus, a tool that could deliver to scientists only the interesting

research papers that fall within their field wo uld be ver y useful.

Fortunately, USE webNET  meets these requirements and comes ver y close to this ideal tool. Currently, most o f

the scientific publisher s provide on-line databases with the titles, authors, abstracts, and sometimes even full text

of their publicatio ns. USE webNET  can be used as a research paper discover y tool on top of several such

databases. For example, a scientist may sub mit to USE webNET  that (s)he is interested in " web caching".

USE webNET  wi ll continually mo nitor the research paper databases to find papers that match the quer y. If such

matches are fo und they are stored in a database. When the user invokes USE webNET , (s)he will view the ne w

papers found. After the user "reads"  these papers the y will not sho w up again, unless the user specifically saves

them in a folder. Effectively, the user registers his( her) interests with USE webNET , and the tool continually

delivers new research papers found on this field witho ut delivering the same paper twice.

 Electronic Co mmerce

It is not unco mmon for people to search for specific items over a long period of time, either because these items

are rare, or because they are not affordable. For example, a person may want to purchase a particular model o f a

particular car at a particular price. USEwebNET  may help in this search b y searching databases of news,

classified ads, etc. in order to find a car that matches a user ’s needs. Once such a car has been found, it is stored

Web by per mission of AACE. T he paper appears in Proceedings o f the Webnet 98 World Conference.

in a database. When the user invokes USE webNET  (s)he will be alerted to the existence of the new ad on the

particular car.

Extensions

Currently most users enclose all the infor mation about the field they wo uld like to explore into a few keywords.

For example, suppose that a person is interested in caching mechanisms in order to reduce the latency o f the

world-wide web. T o find available on-line documentatio n, the person may sub mit a quer y like " web caching".

Altho ugh several related documents will be returned, not all the relevant documents contain the " web

caching"  substring. T hey may contain the " www caching"  or the "caching in the web"  substrings or none at all.

Choosing the right keywords is a tedious and difficult task, even for experts. We plan to extend USE webNET ’s

capabilities with approximate searching based on a set of "seed" documents. T hat is, the user presents so me

"seed" documents that are representative of a given field, and asks USE webNET  to find "similar" documents.

We envision several diverse definitions of similarity. One could consider "similar" documents, tho se documents

having co mmon co -authors, or documents sharing a large numb er of keywords, or documents referencing a large

number of co mmon publications, or documents sharing a large number of co mmo n URLs, etc. T he initial set of

"seed documents"  may even be for med after a search for " web caching". After the initial set is for med, it can be

augmented/changed as more relevant documents are discovered. In this way, the user will be able to find

"similar"  documents that do n ot contain a given substring, but they are semantically close  to  a defining set of

web caching documents.

Previous Work

Finding infor matio n in cyber space is a difficult but exciting field of research and develop ment. Even before the

dawn of the world- wide web, several tools that helped user s find infor mation available so me where in the

network had already appeared. For example, ARCHIE

1
 and Veronica

2
 are tools that help users find files

available via ftp, and via gopher respectively. Netfind [Scwartz 91] was a fir st approach to a «yello w pages »

directory. Netfind help users locate pho ne number s and e-mail addresses of people that have an acco unt o n a

comp uter on the Internet.

With the advent o f the world-wide web, and the significant amo unts o f infor mation that became accessible,

several search engines that index (a significant portion of) the web have appeared. Such engines include Alta-

Vista

                             3
                                  , Excite

                                                                            4
                                                                                 , etc. So me search engines even provide a "meta-search" capability, that is the ability to sub mit a

quer y to several search engines at once. For example, PROFUSION [Gauch 96] sends user queries to multiple

underlying search engines in parallel, retrieves, and merges the resulting URLs. Altho ugh these engines are a

significant step to wards information discover y in the cyberspace, they provide a single-shot search mechanism

that is in direct contrast with the re-search mechanism that scientists have been used for hundreds of year s.

Current searches are memor y-less, in the sense that they do not separate between new URLs fro m previously

presented ones. T hus, ever y time a user supplies a quer y, (s)he is flooded with (almo st) the same URLs. T o

reduce the number of URLs returned, several of these search engines provide a time-limit parameter that allo ws

the user to search for URLs that appeared (or have changed) in the last (say) 2 weeks. Unfortunately, this ability

does not always stand to its name. Currently, search engines visit the indexed servers once ever y 2 -3 months.

T his implies that fro m the time a URL is p ublished on the network till the time it appears in the database of a

search engine a period of 2-3 mo nths may easily pass. T hus, in order to get new URLs, a user needs to search for

URLs dated at least 2-3 mo nths back. As the World Wide Web gro ws larger, search engines will probably visit

their indexed servers even more infrequently, and the problem wi ll get even worse. T hus, the time-limit

parameter provided by search engines will practically increase to a granularity of several months.

SenseMaker  [Baldonado 97] is a tool that helps users find the infor matio n they are looking for in the world wide

web. SenseMaker organizes the results of queries into infor mation contexts based on the domain that the URL  is

1
     http://www.nexor.com/archie.html

2
     gopher://veronica.scs.unr.edu/111/veronica

3
     http://altavista.digital.com

4
     http://www.excite.co m

Web by per mission of AACE. T he paper appears in Proceedings o f the Webnet 98 World Conference.

located or on so me other aspect. SenseMaker allo ws users to expand and refine their queries based on the

infor mation they acquire during this research process. We view SenseMaker as co mplimentar y to USE webNET .

Altho ugh SenseMaker focuses o n guiding users during a research session, USE webNET  focuses on keepi ng

users up-to -date on a given topic over a long period of time.

T he Infor mant

                                                                                 5
                                                                                       allo ws users to register a number of queries which are then sent to a popular search engine. T he

system keeps track o f the top 10 URLs that are returned for each quer y. When the set o f the top 10 URLs

changes, the system notifies the user b y sending an email. Although the I nfor mant sounds similar to

USE webNET , there are three main differences:

·
      � Several URLs that may be of interest may never make it to the top 10 URLs and thus will never be seen b y

                         the users. Although the threshold of 10 may easily change to become 100, or even 1000, such changes

                         wo uld severely challenge the scalability of Infor mant.

·
      � Infor mant alerts the user about changes to URLs using email. We believe that most users either ignore or

                         store-for-later such notification email messages. On the contrar y, o ur approach does not use notifications.

                         Instead, when the user wo uld like to kno w if there are any news with respect to a topic, (s)he invo kes

                         USE webNET . We have borrowed this inter face and style of access fro m the USENET  news, which have

                         been used successfully b y millio ns o f users for more than a decade.

·
      � USE webNET  can exploit database specific kno wledge to improve the results of a registered quer y. For

                         example, if a user is looking for papers on a particular subject from a digital librar y, USE webNET  may use

                         additional infor matio n provided by the paper (like authors, or references), in order to make a more effective

                         search.

Summarizing, USE webNET : (1) capitalizes on the familiar and effective user -interface o f USENET  news, (2)

exploits search engines to find out what is new in the World-Wide Web, and  (3) reduces infor mation pollutio n

by not repeating previously explored URLs.

 Summary

In this paper we tackle the problem of effective resource disco ver y on the world-wid e web. We present the

design and a prototype implementatio n of USE webNET , a tool that helps users effectively find the infor mation

they need. We believe that as the Internet gro ws larger and as more people depend on finding critical infor mation

available on the networ k, tools that help user s in reso urce discovering and reduce infor mation overloading (like

USE webNET ) will be increasingly important.

Acknowledgements

T his work was supported in part by PENED project (2041 2270/1-2-95) funded by the General Secretariat of

Research and T echnology, and in part b y the USENIX Association. We deeply ackno wledge this financial

support.

References

[Baldonado 97]: Baldonado, M.Q.W. & Winograd, T. (1997). SenseMaker: An Information-Exploration Interface Supporting

the Contextual Evolution of a User’s Interests. P roceedings of the ACM Conference on Human Factors in Computing

Systems (CHI ’97), Atlanta, Georgia, April 1997, pp. 11-18.

[Gauch 96]: Gauch S., & Wang G.(1996).  Information Fusion with ProFusion.  P roceedings of WebNet 96.

[Schwartz 91]: Michael F. Schwartz, &  P anagiotis G. Tsirigotis. Experience with a Semantically Cognizant Internet White

P ages Directory Tool. Journal of Internetworking Research and Experience, pages 23-50, March 1991.

5
     http://informant.dartmouth.edu