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in 1982, the volume of scientific, corporate and technical information was

doubling every 5 years. By 1988, it was doubling every 2.2 years and by 1992

every 1.6 years. With the expansion of the Internet and other networks the rate ot

increase will continue to increase. Key to the viability of such networks will be the

15 ability to manage the information and provide users with the information they

want, when they want it.

According to an embodiment of the present invention, there is provided an

access system, for accessing information stored in a distributed manner and

accessible by means of a communications network, the access system comprising

20 a plurality of software agents such that a user can access information, using the

network, by means of an agent, wherein each agent is provided with an intelligent

page store, for storing summaries, together with associated data, of pieces of

information accessible via the network, and multiple keyword stores for storing

sets of keywords such that the agent can identify information for which an entry is

25 made in the intelligent page store by applying either or both of first and second

sets of keywords to entries in said page store.

in a useful configuration, the first and second sets of keywords may be

associated with different respective users.

An agent might then be triggered to apply keyword sets to pages of

30 information in {or being added to} the page store by different circumstances for

different users. For instance, an agent might apply a first set of keywords in the

course of a storage request from a first user. However, the agent might then
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Embodiments of the present invention provide a distributed system
of intelligent software agents which can be used to perform information tasks, for
instance over the Internet WorldWide Web (W3}, on behalf of a user or community
of users. That is, software agents are used to store, retrieve, summarise and
inform other agents about information found on W3.

 Network systams such as W3 are known and are built according to known
architectures such as the client/server type of architecture and further detail is not
therefore given herein.

The present invention is not concerned with providing another tool for
searching systems such as W3: there are already many of these. They are being
added to frequently with ever increasing coverage of the Web and sophistication of
search engines. Instead, embodiments of the present invention relate to the
following probiem: having found useful information on W3, how can it be stored
for easy retrieval and how can other users likely to be interested in the information
be identified and informed?

Software agents provide a known approach to dealing with distributed
rather than centralised computer-based systems. Each agent generally comprises
functionality to perform a task or tasks on behalf of an entity (human or machine-
based) in an autonomous manner, together with local data, or means to access
data, to support the task or tasks. In the present specification, agents for use in
storing or retrieving information in embodiments of the present invention are
referred to for simplicity as "Jasper agents”, this stemming from the acronym
» Joint Access to Stored Pages with Easy Retrieval”.

Given the vast amount of information available on W3, it is preferable to
avoid the copying of information from its original location to a local server. Indeed,

it could be argued that such an approach is contrary to the whole ethos of the
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means of storing pages of interest to the user. Typically, this is done by allowing

10 the user to create a {(possibly hierarchicall menu of names associated with
particular URLs. While this menu facility is useful, it quickly becomes unwieldy
when a reasonably large number of W3 pages are involved. Essentially, the
representation provided is not rich enough to allow capture of all that might be
required about the information stored: the user can only provide a string naming

16 the page. As well as the fact that useful meta-information such as the date of
access of the page is lost, a single phrase (the namel may not be enough to
accurately index a page in all contexts.

Consider as a simple example information about the use of knowledge-
based systems (KBS) in information retrieval of pharmacological data: in different

20 contexts, it may be any of KBS, information retrieval or pharmacology which is of
interest. ‘Unless a name is carefully chosen to mention all three aspects, the
information will be missed in one of more of its useful contexts. This problem is
analogous to the problem of finding files containing desired information in a Unix
{or other) file system as described in the paper by Jones, W. P.; "On the applied

25 use of human memory models: the memory extender personal filing system”
published in Int J. Man-Machine Studies, 25, 191-228, 1986. In most filing
systems however there is at least the facility of sorting files by creation date.

The solution to this problem adopted in embodiments of the present
invention is to aliow the user to access information by a much richer set of meta-

30 information. How Jasper agents achieve this and how the resulting meta-

information is exploited is explained below.
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summari se and i nform ot her agents about information found on WB. According
~to a second aspect of the present invention, there is provided a nethod of
nmohitoring information sets, stored in a distributed manner and accessible

by neans of a W;gﬁg{sgations network, for the purpose of al er tHOTEGB96/001322a
fisrst user in accordance with alert criteria determned at |east in part by

said first user to an Infornmation set identified by a second user the
met hod conprising: i) storing a user pro#&ile for each user, which profile
conprises at |east one set of keywords and an identifier for the user- 5

i) detecting a requgittolNationCactessOddteny %Ec&&n?&@'éﬁ embBdifheRf b tH! ﬂ'ﬁ@ent
nmeta-information relating to said identified information set; 11i1)
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user; and v) in dep@ﬁﬂ'@nkﬁh‘l‘ﬂfoﬁ‘ infrrmation pecess SHsteMdNcasPRSatingd dasper agent

transm ttings agygb@it nMessage addressed to the first user. Network systens
such as WB are Known and are built according to known
Figure 2 shows in schematic format a storage process offered by the

access system;
Figure 3 shows the structure of an intelligent page store for use in the
storage process of Figure 1;
10 Figure 4 shows in schematic format retrieval processes offered by the
access system;
Figure b shows a flow diagram for the storage process of Figure 2;
Figures 6, 7 and 8 show flow diagrams for three information retrieval
processes using a Jasper access system; and
15 Figure 9 shows a keyword network generated using a clustering

technique, for use in extending and/or applying user profiles in a Jasper system.

Referring to Figure 1, an information access system according to an

embodiment of the present invention may be built into a known form of
20 information retrieval architecture, such as a client-server type architecture
connected to the internet.

In more detail, a customer, such as an international company, may have
muitiple users equipped with personal computers or workstations 405. These may
be connected via a World Wide Web {(WWW) viewer 400 in the customer’s client

25 context to the customer's WWW file server 410. The Jasper agent 105,
eftectively an extension of the viewer 400, may be actually resident on the WWW
file server 410,

The customer’'s WWW file server 410 is connected to the Internet in

known manner, for instance via the customer’'s own network 415 and a router
30 420. Service providers’ file servers 425 can then be accessed via the internet,
again via routers.

Also resident on, or accessible by, the customer’'s file server 410 are a

text summarising tool 120 and two data stores, one holding user profiles (the
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i ncl ude for inst alﬂ(se:ldselybudralmye.alnsmmeqt-server architecture, the text summariser
120 and the user profile both sit on file in the customer file server 410 where the
Jasper agent is resident. However, the Jasper agent 105 could alternatively
10 appear in the customer’s client context.

A Jasper agent, being a software agent, can generally be described as a
software entity, incorporating functionality for performing a task or tasks on behalf
of a user, together with local data, or access to local data, to support that task or
tasks. The tasks relevant in a Jasper system, one or more of which may be

15 carried out by a Jasper agent, are described below. The local data will usually
include data from the intelligent page store 100 and the profile store 430, and the
functionality to be provided by a Jasper agent will generatly include means to apply
a text summarising tool and store the results, access or read, and update, at least
one user profile, means to compare keyword sets with other keyword sets, or

20 metainformation, and means to trigger alert messages to users.

In preferred embodiments, a Jasper agent will also be provided with means
to monitor user inputs for the purpose of selecting a keyword set to be compared.

In further preferred embodiments, a Jasper agent is provided with means
to apply an algorithm in relation to first and second keyword sets to generate a

25 measure of similarity therebetween. According to the measure of similarity, either
the first or second keyword sets may then be proactively updated by the Jasper
agent, or the resuit of comparing the first or second keyword sets with a third
keyword set, or with metainformation, may be modified.

' Embodiments of the present invention might be built according to different

30 software systems. It might be convenient for instance that object-oriented
techniques are applied. However, in embodiments as described below, the server
will be Unix based and able to run ConText, a known natural language processing

system offered by Oracle Corporation, and a W3 viewer. The system might
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associated with that user (STEP 501). The user 110 then transmits a 'store’
request to the Jasper agent 105, resident on the customer's WWW file server
410, via a menu option on the user's selected W3 client 115 (Mosaic and
Netscape versions are currently available on all platforms) (STEP 502). The Jasper
18 agent 105 then invites the user 110 to supply an associated annotation, also to be
stored (STEP 503). Typically, this might be the reason the user is interested in the
page and can be very useful for other users in deciding which pages retrieved from
the IPS 100 to visit. {Information sharing is further discussed below.)
The Jasper agent 105 next extracts the source text from the page in
20 question, again via the W3 client 115 on W3 (STEP 504). Source text is provided
in a "HyperText" format and the Jasper agent 105 first strips out HyperText
Markup Language {HTML) tags (STEP 505). The Jasper agent 105 then sends the
text to a text summariser such as "ConText” 120 (STEP 508).
ConText 120 first parses a document to determine the syntactic structure
25 of each sentence (STEP 507). The ConText parser is robust and able to deal with
a wide range of the syntactic phenomena occurring in English sentences.
Following sentence level parsing, ConText 120 enters its 'concept processing’
phase (STEP 508). Among the facilities offered are:

30 o Information Extraction: a master index of a document's contents is
computed, indexing over concepts, facts and definitions in the text.
. Content Reduction: several levels of summarisation are available, ranging

From a list of the document's main themes to a précis of the entire document.
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-] ConText 120 is used by the Jasper agent 105 in a client-server
architecture: after parsing the documents, the server generates application-
independent marked-up versions (STEP 509). Calls from the Jasper agent 105
using an Applications Programming Interface (APl) can then interpret the mark-ups.
Using these APl calls, meta-information is obtained from the source text (STEP

10 510). The Jasper agent 105 first extracts a summary of the text of the page. The
size of the summary can be controlled by the parameters passed to ConText 120
and the Jasper agent 105 ensures that a summary of 100-150 words is obtained.
Using a further call to ConText 120, the Jasper agent 105 then derives a set of
keywords from the source text. Following this, the user may optionally be

15 presented with the opportunity to add further keywords via an HTML form 125
(STEP 511). In this way, keywords of particular relevance to the user can be
provided, while the Jasper agent 105 supplies a set of keywords which may be of
greater relevance to a wider community of users.

At the end of this process, the Jasper agent 105 has generated the

20 following meta-information about the W3 page of interest:

] the ConText-supplied general keywords;
. user-specific keywords;
. the user’s annotations;
25 o a summary of the page's content;
] the document title;
° universal resource location {URL) and
. date and time of storage.
30 Referring additionally to Figure 3, the Jasper agent 105 then adds this

meta-information for the page to files 130 of the IPS 100 {(STEP 512). in the IPS
100, the keywords (of both types) are then used to index on files containing meta-

infarmation for other pages.
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When a Jasper agent 105 is installed on a user's machine, the user
provides a personal profile: a set of keywords which describe information the user
is interested in obtaining via W3. This profile is held, or at least maintained, by the

10 agent 105 in order to determine which pages are potentially of interest to a user.

Keyword Retrieval
As shown in Figures 4, 6, 7 and 8, for straightforward keyword retrieval,
the user supplies a set of keywords to the Jasper agent 105 via an HTML form
15 300 provided by the Jasper agent 106 (STEP 601). The Jasper agent 105 then
retrieves the ten most closely matching pages held in IPS 100 (STEP 602), using a
simple keyword matching and scoring algorithm. Keywords supplied by the user
when the page was stored (as opposed to those extracted automatically by
ConText) can be given extra weight in the matching process. The user can specify
20 in advance a retrieval threshold below which pages will not be displayed. The
agent 105 then dynamically constructs an HTML form 305 with a ranked list of
links to the pages retrieved and their summaries (STEP 603). Any annotation
made by the original user is also shown, along with the scores of each retrieved
page. This page is then presented to the user on their W3 client (STEP 604).
25
" ' 2w
Any user can ask a Jasper agent "What's new?" (STEP 701). The agent
106 then interrogates the IPS 100 and retrieves the most recently stored pages
{STEP 702). It then determines which of these pages best match the user's
30 profile, again based on a simple keyword matching and scoring algorithm (STEP
703). An HTML page is then presented to the user showing a ranked list of links
to the recently stored pages which best match the user's profile, and aiso to other
pages most recently stored in IPS (STEP 704} , with annotations where provided.
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those specified in a retrieval query) and can be thought of as those types of

10 information which a user is interested in at a given time.

The idea of applying human memory models to the filing of information
was explored by Jones in the paper referenced above, in the context of computer
filing systems. As he pointed out in the context of a conventional filing system,
there is an analogy between a directory in a file system and a set of pages

15 retrieved by a Jasper agent 105. The set of pages can be thought of as a
dynamically-constructed directory, defined by the context in which it was
retrieved. This is a highly flexible notion of 'directory’ in two senses: first, pages
which occur in this retrieval can of course occur in others, depending on the
context; and, second, there is no sharp boundary to the directory: pages are 'in'

20 the directory to a greater or lesser extent depending on their match to the current
context. In the present approach, the number of ways of partitioning the

information on the pages is thus only limited by the diversity and richness of the
information itsetf.

25
c s ith other interested I

Referring to Figure 8, when a page is stored in IPS 100 by a Jasper agent

105 {STEP 801), the agent 105 checks the profiles of other agents' users in its
'local community' {STEP 802}. This local community could be any predetermined

30 community. If the page matches a user's profile with a score above a certain
threshold (STEP 803), a message, for instance an "email” message, can be
automaticaily generated by the agent 105 and sent to the user concerned (STEP

804), informing him of the discovery of the page.



20 nmetainformation, and neans to trigger alert nmessages to users. In
preferred enbodi nents, a Jasper agent will also be provided with neans to
nonitor user inputs for the purpose of selecting a keyword set to be
rconpared. In further preferred enbodi nents, a Jasper agent is provided with

means to apply vigedsg@dr i thmin relation to first and second kerOWGESBUSE t O
-generate a 25 neasure of simlarity therebetween. According to the neasure

of simlarity, either the first or second keyword sets may then be
proactively updated by the Jasper agent, otothe result of conparing the
first or second keyword sets with a third keyword set, or with

met ai nf or nati on, Ay THE el hbdd miGHBRYLIMSaRcOin thB9ormidseNt i nvention
m ght be built accordi ng to different 30 software systenms. It mght be
conveni ent for inst adB8PEMKW:dke¥Warddr i ent ed t echni ques are appl i ed.

However, in enbodi Nemhig ahews 6 Lb&rUe1de rdatling 1H8 bRAY 6P [théVivlessdy® thiidiehtiRpRed
and able to run ConText, a known natur al IZ,n ugge processi ng system of fered
T 9"

by Oracle Cor pdsheingnonesfigmathozalagpernsystemy, Wmalisyiof keyweids ds proyided

PCT/ GB96/ 00182 #daRetisad tah bssessRhe FatativalmipBriaice & {HROMEImbtich & Whith fHeght
potentially be any machi ne which can s_upﬁgrt a WB viewer. In the follow ng
section, the fJdpesspes Eefefsn; fhe keyyardsaipcthesmesspge hepder vy from user to user

depending on the keywords from the page which match the keywords in their user

profite, thus personalising the message to each user’'s interests. The message

body itself can give further information such as the page title and URL, who stored
10 the page and any annotation on the page which the storer provided.

The Jasper agent 105 and system described above provide the basis for
an extremely useful way of accessing relevant information in a distributed
arrangement such as W3. Variations and extensions may be made in a system

15 without departing from the scope of the present invention. For instance, at a
relatively simple level, improved retrieval techniques might be employed. As
examples, vector space or probabilistic models might be used, as described by G
Salton in "Automatic Text Processing”, published in 1989 by Addison-Wesley in
Reading, Massachusetts, USA.

20 Alternatively, indexing might be made more versatile by providing indexing
on meta-information other than keywords. For instance, extra meta-information
might be the date of storage of a page and the originating site of the page (which
Jasper can extract from the URL.) These extra indices allow users {via an HTML
form) to frame commands of the type:

25 Show me all pages | stored in 1994 from Cambridge University about
artificial intefligence and information retrieval.

Iin another alternative version, a thesaurus might be used by Jasper agents
105 to exploit keyword synonyms. This reduces the importance of entering
precisely the same keywords as were used when a page was stored. Indeed, it is

30 possible to exploit the use of a thesaurus in several other areas, including the

personal profiles which an agent 105 holds for its user.

Adaptive Agents



managi ng |nformat|on are di scussed. These can be grouped in tw cat egor| es,
d

‘when a Jasper agent 105 stores |nforrrat|on in an |nteI i gent page store

. (IPS) 100. The user 110 first finds a WB 10 page of sufficient interest to
. be stored bywh9gnsdgerer systemin an IPS 100 associ ated wi t pcrizadsmosszr

' (STEP 501). The user 110 then transmts a 'store' request to the Jasper
~agent 105, resident on the custonmer's WWVfile server 410, via a nenu
option on the user's selected WB clientiidl 5 (Mdsaic and Netscape versions
are currently available on all pl atforms) (STEP 502). The Jasper 15 agent

105 then invites ot so to
be stored (STEP 532? ug%.‘%épf’m"t hi sJXsp%ﬂt e focejggtgﬂﬂbﬁte'ﬁfg;skear&

i nterest ed irfleyant tp thweir H’Pﬁisc’é‘ﬁuw‘epwﬁiﬂ'wmw mwmvedt h&thnstGesusemwdem di ng
whi ch pages t5 ehér c?ivailné:&qaarhhﬁs lefotudfify %erVdu?é fask 46 QE&EEFBH ABmoWEHK f9 | S

further discusse bel OW asper agen next extrac S the source
text from t RisY5elgdhe yseroprofilgaeestdre reamfwdeaa#mc prd/er delptingl keywordsi3 ( STEP

504) . SousCe béwér d A\ ! y L’ agent
105 first st r| 85 rmf? e e# Eld'&eﬁhbbgrarl‘(tuigy{ighaﬁggeeug(e?_srﬁbma&gs?“%@féﬁﬁotg) The

Jasper agenthe ?P't"’f’l‘éhg%emst"ﬂhe'rh@ﬂhamﬂ of eantextsaamAacUkiartwn waysither@on Text "
120 ( STEP 5Qga beweﬂmermgmbﬁsﬁ dRAteXE Frofn, BF ‘égﬁ?ﬁlet Wore 1S idiPe. e

syntactic structure.-25 of each .sentence (SIEP The ConText parser is
robust and &8¢ qap idemify this from alistof cument contextrit bplds fera usepiend s

occurring i mntbREE ingly §SHIERNCPSs change could be triggered, for example, when a new
10 page of different information type is visited by the user. There can also be longer
term changes in the contexts the agent holds based on evolving interests of the
user. These changes can be inferred from observation of the user by the agent.
For instance, known techniques which might be employed in an adaptive agent
include genetic algorithms, learning from feedback and memory-based reasoning.
16 Such techniques are disclosed in an internal report of the MIT made available in
1993, by Sheth B. & Maes. P., called "Evolving Agents for Personalised
Information Filtering"”.

| . R | Local Inf .

20 Another possible variation of a Jasper system would be to integrate the
user's own computer filing system with the IPS 100, so that information found on |
W3 and on the local machine would appear homogenous to the user at the top
ievel. Files could then be accessed similarly to the way in which Jasper agents
106 access W3 pages, freeing the user from the constraints of name-oriented filing

25 systems and providing a contents-addressable interface to both local and remote
information of alf kinds.

cl inQ.in J S
The Jasper IPS 100 and the related documents can essentially be called a

30 collection; it is a set of documents indexed by keywords. .It differs from a
‘traditional” collection in that the documents are typically located remotely from

the index; the index (the IPS 100) actually points to a URL which specifies the

location of the document on the Internet. Furthermore, various additional pieces of



Fol | owi ng sentence | evel parsing, ConText 120 enters its 'concept

processi ng' phase (STEP 508). Anong the facilities offered are: 30 [err]
| nf ormati on Extraction: a master index of a docunment's contents is
corput ed, indexing over concepts, facts and definitions in the text. [err]
Cont ent Reduct iypogsByer al | evel s of summarisation are avail abbericrsngisag
Froma list of the docunent's main thenmes to a precis of the entire
docunent . WD 96/ 23265

PCT/ GB96/ 00132 7 [err] Di scourse TrackZng: by tracking the discourse
of a docunment, ConText can extract all the parts of a docunent which are

particul arly rehédanfornidtion &€ attathbdaioRitments in a Jasper sySfeht duch a8 the uskied
by the Jasper a@wgg{lt 105 in a client-server architecture: after parsing the

docunents, the Frareq, dhe, Page:sWhep, it Wap; sipred; 3Ry FORetatien the wser- MPY\havei ons
(STEP 509). Calprévidddodndtdecfossper agent 105 using an Applications
Programm ng Interfac APl) can then interpret the mark-ups. Using these

APl call's, meta-infoPREt'MBATARE YRR AYNOE]) 2r4a3Rer: Sustem Giftars deopm mostdpcupent

510). The JaBpeoliewions islthat adts Hoditient Gbs baert eitERRE Yin Yhe IFZC10CEY aQiset Who
page. The size of,the summary can be cgntrol | ed bg/ the paraneters passed to
ConText 120 and"qd§e? fagsﬁgﬁuséégﬁl""ltﬁg"%' StpR @ Rigee; ot intqrmation, whichihgand; his

words is obtai ipedes would be likely to find useful in the future. This, along with the meta-
information held, makes a Jasper IPS 100 a very rich source of information.
it has aiso been examined whether known Information Retrieval {IR)

10 techniques can beneficially applied to the Jasper IPS 100. In particular, the use of
clustering has been under investigation.

Clustering Documents
Using known IR techniques, Jasper's term-document matrix can be used
15 to calculate a similarity matrix for the documents identified in the Jasper IPS 100.
The similarity matrix gives a measure of the similarity of documents identified in
the store. For each pair of documents the Dice coefficient is calculated. For two
documents Di and Dj.
2* IDi n Dj)/IDI] + [Dj]
20
where [X] is the number of terms in X and XY is the number of terms co-
occurring in X and Y. This coefficient vields a number between O and 1. A
coefficient of zero implies two documents have no terms in common, while a
coefficient of 1 implies that the sets of terms occurring in each document are
25 identical. The similarity matrix, Sim say, represents the similarity of each pair of

documents in the store, so that for each pair of documents / and /.
Sim {i,j) = 2* IDi ~ Dj1/ IDil + IDj]

30 This matrix can be used to create clusters of related documents
automatically, using the hierarchical agglomerative clustering process described in
“Hierarchic Aggiomerative Clustering Methods for Automatic Document

Classification” by Griffiths A et al in the Journal of Documentation, 40:3,



Using a further call to ConText 120, the Jasper agent 105 t hen derrves a
set of kevwords fromthe source te i s VT
‘optionally be 15 presented with the opportunrty to add further keyvvords
via an HTM. form 125 (STEP 511). In this way, keywords of particul ar

rel evance towblegnisger can be provided, while the Jasper agewcriBosezpl i es
.a set of keywords which may be of greater relevance to a wder community of
users. At the end of this process, the Jasper agent 105 has generated the
20 followi ng nmeta-information about the 188 page of interest: [err] t he
ConText - supplied general keywords; [err] user-specific keymprds [err]
the user's aggRn 0 2 S 0 aﬂﬂﬁF nt
[err] t he d%)'gﬁér’r’eﬂ?str té‘la bg[%ésr] in S&huﬁ%éség E?%Hggarce ocaﬁr itg‘tri:y(URL)
and [err]  Placedyincagluster by itvelfsang she twgomost similar mueh: chistags sadelithemnal | y
to Figure 3, cdriisin Stdr f m‘*h t he
page to files 13061’(6)‘1?'{?f1e PSrH' uf(%% (S%c'gﬁi%ﬁaﬁﬁuﬁsﬁvﬂigkiﬁys&f% %ﬂ'ﬁéeg%mrds
(of both typBYst therbeicempytesy This Permbipatipn propess is sANUNUSA vgtihenln a single

i nformati @ diéteOéf icu@aBSremains at the highest level.

The way in which similarity between clusters {as opposed to individual

documents) is calculated can be varied. For a Jasper store, “complete-link

clustering” can 'be employed. In complete-link clustering, the similarity between

the least similar pair of documents from the two clusters is used as the cluster
10 similarity.

The resulting cluster structures of the Jasper store can then be used to
create a three-dimensional {3D) front end onto the Jasper system using the VRML
(Virtual Reality Modelling Language). (VRML is a known language for 3D graphical
spaces or virtual worlds networked via the global Internet and hyperlinked within

15 the World Wide Web).

Clustering Keywords
I(eywords {terms) occurring in relation to a particular JASPER document
collection can also be clustered in a8 way which mirrors exactly the document
20 cluster technique described above: a similarity matrix for the keywords in the
Jasper store can be constructed which gives a measure of the ‘similarity’ of
keywords in the store. For each pair of documents, the Dice coefficient is
calcutated. For two keywords Ki and Kj, the Dice coefficient is given by:

25 2* [Ki n Kj] / IKi} + [Kj]

where [X] is the number of documents in which X occurs and X NY is the
number of documents in which X and Y co-occur.
Once the similarity matrix for a Jasper store is calculated, however, it is
30 not necessary to cluster the keywords as the documents were clustered. Instead
it is possible to exploit the matrix itself in two ways, described below.
The first way is profile enhancement. Here, the user profile can be

enhanced by using those keywords most similar to the keywords in the user's
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Retrieval There are three nodes in which information can be retrieved from

the I PS 100 using a Jasper agent 105. One is a standard keyword retrieval
facility, while 5 the other two are concerned with information sharing

bet ween a comnwbg,ah%s agents and their users. Each will be depcCrichas#oisa
thre sections bel ow. en a Jasper agent 105 is installed on a user's

~machi ne, the user provides a personal profile: a set of keywords which
~describe information the user is interested4in obtaining via WB. This
profile is held, or at |east naintained, by the 10 agent 105 in order to

det erm ne whi Crbrgﬂgesﬂﬂfsefopgkﬁrﬂbl'eaklﬂ‘ne %arh@tvﬁfﬁtreilﬁy f%anlﬁ{emeK é"@éﬁ of a
Retrieval As shovvn In FI gures \ nd 8, for straightforward keyword

retrieval, the Y8EP PXfjl® Wegﬁyls%t\%ﬁn Leepmea@rqftbe m@tsae YERMLgtacthe omma!n a
an HTM. form 15pro§l9Qa§Hu%h§iWW|stMte}é§ Rfvse Qg‘iﬁﬂuai-%alfﬁ-'ﬁa IRfefnet). Th'Pthls

Jasper agent 105 then retrieves the ten nost closely matching pages held in

| PS 100 ( STEP 642, decuments, centaining ¥BMiobet pet vintual raalily sngr IntRynel mavi kem

Keywor ds suppl i qlieVdd Whardssahe matdaenmew.tﬁmr&ﬂnﬁme@amwd to those
extracted automatically by ConText) can be given extra weight in the

mat chi ng process. Thdigued shows 3 gxapieynetworls 9f keyxwords 390 which has, beemo| ¢

bel ow whi ch pagsiiit ol tHeKeyRRrdlsimihrity efbtrixd bﬁrmfroé%drmmshaaamoeal Tite
constructs an HTM. form 305 with a ranked list of links to_the

pages
Cetrieved and tWBPTNEYfAaeiabEo OIS PI I SATHRA KPYwero: find the folr words

most similar to it from the similarity matrix. Link these four to the original word

10 and repeat the process for each of the four new words. This can be repeated a
number of times {in Figure 9, three times). Doubie lines 901 between two words
indicate that both words occur in the other’'s four most similar keywords. One
could of course attach the particular similarity coefficients to each link for finer-
grained information concerning the degree of similarity between words.

186 The second way is proactive searching. The keywords comprising a user’s
profile can be used to search for new WWW pages relevant to their interest
proactively by Jasper, which can then present a list of new pages which the user
may be interested in without the user having to carry out a search explicitly.
These proactive searches can be carried out by a Jasper system at some given

20 interval, such as weekly. Clustering is useful here because a profile may reflect
more than one interest. Consider, for example, the following user profile: Internet,
WWW, htmi, football, Manchester, united, linguistics, parsing, pragmatics.
Clearly, three separate interests are represented in the above profile and searching
on each separately is likely to vield far superior results than merely entering the

25 whole profile as a query for the given user. Clustering keywords from the
document collection can automate the process of query generation for proactive
searching by a user’'s Jasper agent.

When the search results are obtained by Jasper, they can be summarised
and matched against the user’s profile in the usual way to give a prioritised list of

30 new URLs along with locally held summaries.

Other text summarisers may be used in place of ConText. For instance,
NetSumm is a summarising tool made available by British Telecommunications plc

on the internet, at http://www.labs.bt.com/innovate/informat/netsumm/index.htm.



:(STEP 60) 25 "What's New?" Faci Iit Anyse ca sk_a Jasper agent
"What's new?" (STEP 701). The agent 105 then interrogates the IPS 100 and

retrieves thgovgsieé ecently stored pages (STEP 702). |t thepctesesomnes
whi ch of these pages best match the user's 30 profile, again based on a

si npl e keyword mat chi ng and scoring algorithm|STEP 703). An HTM. page is
then presented to the user showing a ramked list of links to the recently
stored pages which best match the user's profile, and also to other pages

nost recently stop heldy | GSTER. 704). | t ot at | wher rovi ded.
U0 96/ 53568 y ARHoldh descrhivedEn "Afstion ¥ LiBc&INg tlrﬂ‘un?ﬂl%np&ﬁ (zggg}ebolsz 9
Thus the usé@mbodimants;i ofedhey prasenty inventinst tmight thee fpungle wisefet cfot | pcatingr ed a][ld
likely to begnef t od s/t t e selection o
recently stor e_dmspﬁabaegﬁ (%ES%EP 70%'%.' %gh% éucug%qhsggﬁgsn&ﬁggéet%ﬁ tsl’fgtemsof iIle
whi ch his Jahieh argde hyperd®xhol ds at tine via an HTML form which allows him

to add ang/or del elifhdredVHeltvbhth® bilecty of iﬂ‘?' deint Ly SeW¥er bliCinUgR" can
effectively select different "contexts” In T 550 .

introduction to this specification, the following should also be viewed as

expressions of novel and advantageous features of the system:

A method of monitoring information inputs to a data store, the inputs
being requested by any of a plurality of users, for the purpose of alerting a first
10 user to an input by a second user in accordance with alert criteria determined at

least in part by said first user, the method comprising:

i) storing a user profile for each user, which profile comprises at least
one set of keywords and an identifier for the user;

i) detecting a request by the second user for an information input to

15 the data store;

i}  processing the request to generate the information input;

iv) comparing the information input with a keyword set from the user
profile for the first user; and

v) in the event of a positive result from the comparison, transmitting an

20 alert message addressed to the first user.

A method as above which further comprises monitoring information input
requests by respective users and, on detection of a significant change in the
information input requests made by a particular user, changing the keyword set
used in step iv) for that particular user in the event of an information input request

25 Dby a different user.

A method as above wherein each information input includes at least one
set of keywords associated with a respective document, and wherein the method
further comprises the steps of generating a similarity matrix for at least two of said
sets of keywords, and using said similarity matrix to extend the scope of a

30 keyword set from a user profile in step iv) so as to obtain an increase in the
number of positive results for the associated user.

A method as above which further comprises the step of applying a

clustering algorithm to a keyword set from a user profile so as to divide the



wor k. A context is defined by a set of keywords (those nmaking up the
profile, or those specified in a retrieval query) and can be thought of as
"those types of 10 information which a user is interested in at a given
time. The idea of applying human nenory nodels to the filing of information
was expl ored byolgnssms! N the paper referenced above, in the cPOTER6NIM32
conputer filing systens. As he pointed out in the context of a conventional
filing system there is an anal ogy between a directory in a file system and
a set of pages 15 retrieved by a Jasper apgent 105. The set of pages can be
t hought of as a dynam cally-constructed directory, defined by the context
In which it wagelgbid &¥5to smlk%yWSrdaséik @hd %p&lb%'aﬁ'l@as@%ﬁb@ﬁ R subtlkéyRedr@r '
in tw senses: Flrst occur in this retrieval can of course
occur in other §°"Sdepb¥r‘€||°ggh°oi\'"tkﬁ‘é""8'6'rﬁeé5&s‘eﬁﬁﬁl second, there is no sharp
boundary to the directory: pages are 'in' 20 the directory to a greater or
| esser extent depending on their match to the current context. In the
present approach, the nunber of ways of partitioning the information on the
pages is thus only limted by the diversity and richness of the information
itself. 25 Communication with other interested agents Referring to Figure
8, when a page is stored in IPS 100 by a Jasper agent 105 (STEP 801), the
agent 105 checks the profiles of other agents' users inits 'local
comunity' (STEP 802). This local conmunity could be any predeterm ned 30
community. If the page matches a user's profile with a score above a
certain



t hreshol d (STEP 803), a nessage, for |nstance an "email"
;autopmatically generated b Sent

( STEP 804), i nform ng hi >IHII"IHMZ""(H][Ia of t he page
PCT/ GB96/ 00132 10 The enmi|l* héadér M ght be for instance i
.JASPER KW (woyemses! This allows the user before reading tllfe'rmldglomnthe
.message to identify it as being one fromthe Jasper system Preferably, a
‘list of keywords is provided 5 and the user can assess the relative :

i mportance of the information to which the nessage refers. The keywords in
t he nessage header vary fromuser to user depending on the keywords from

t he page which match the keywords in theg r profile, thus personalising
the nessage to each user's interests. The nessage body itself can give
further information such as the page title and URL, who stored 10 the page
and any anngt ati oM MtbifaeAIscd sieht B dthsdid VitbRthtioRS1olab RETa ag€Nt
105 and system descri bed above provide the basis an extrenel useful
way of acceSiStiRprted raannst and rageessibtie RY i meansqefsa rqommwaam%ngw t theuch as
VB. Vari ai QagesaNdyt¥mCBsmprisindaY 1Bast"BAK sbftwirs gbMM¥drousdVih NRdbssiigPar ti ng

fromthe sco'E)e of the present 1nvention. For instance, at a
formation by means of the network, wherein the agent is provided with, or

provided with access to, data storage, for storing metainformation associated with
pieces of information accessible via the network, and for storing at lsast one set of
keywords, said agent being triggerable, on entry of metainformation in the data

10 storage, to compare said at least one set of keywords to the metainformation and
to transmit an alert message in the event of a positive resuit.

2. A system according to claim 1 wherein said at least one set of keywords
is associated with a specified user and the system comprises means to address the
15 alert message to that user.

3. A system according to either of the preceding claims, for use by a plurality
of users, each of the plurality having at least one associated set of keywords,
wherein the system has means to respond to a user requsst to enter
20 metainformation in the data storage, said at least one set of keywords being
associated with a user other than the user making the reguest, such that the
system responds to entry of metainformation by a first user by addressing an alert
message to a second user in the event of a positive match with the second user’'s
keyword set.
25
4. A system according to any of the preceding claims wherein the agent is
provided with a thesaurus of synonyms for keywords of said sets so as to increase

the number of positive matches with the sets of keywords.

30 b. A system according to any one of the preceding claims wherein the agent
is provided with means to monitor inputs of a user, to detect a change in those
inputs and to modify or substitute a keyword set associated with that user on
detection of a change.
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relatively sinple level, inprove i ques m ght_he_enployed—-
‘As exanpl es, vector space or pro "mu"ﬂﬂla Imﬁ m ght be USpHS SkEET 1HAS BEEN
described by G Salton in "Autonmat+cC cfext krosessi ng”, i dhed i RERIYEEDDY

Addi son- Wesl ey in Readi ng, Massachusetts, USA. 20 AI +erTatTVerY,

i ndexi ng m ght JReedRs@ More versatile by providing indexing orpCT/GB6/00132

net a-i nformati on other than keywords. For instance, extra neta-information
m ght be the date of storage of a page and the originating site of the page
(whi ch Jasper can extract fromthe URL.) Tigese extra indices allow users

(via an HTM. fornm) to franme conmands of the type: 25 Show me al |
pages 1 stored in 1994 from Canbridge University about artificial
intelligence and information retrieval. In another alternative version, a

t hesaur us ni ght6-be ueewss«}mmsgéma@em»'soqu £l9Inas 31 18 § heyRip rthe Systemyits .
Thi s reduces t %o.mhﬁ%nefm %RL e mem&els%ehysomeeoemﬁ SRS ASpdiiseVier e

used when a page was stored. |ndee Is 30 possible to exploit the use
of a thesaur us @ reauast by tRatser- ar eas i ncludi ng the personal profiles
whi ch an agegt 105 holds for its user. WO 96/ 23265

PCT/ GB96/ 00132 11 The use of user profiles by Jasper ents 105 to
det ermi ne i nf orfrat i o system according to any one of the preceding c aims wherein the

system is provided with means to store at least one data clustering algorithm and
1o appily the algorithm to one or more keyword sets so as to modify the keyword
set or sets prior to comparison with metainformation.

10
8. A system according to any one of the preceding claims comprising
multiple agents, the agents being allocated to different respective users of the

system.

15 9. A method of monitoring information inputs to a data store, the inputs
being requested by any of a plurality of users, for the purpose of alerting a first
user to an input by a second user in accordance with alert criteria determined at
least in part by said first user, the method comprising:

i) storing a user profile for each user, which profile comprises at least

20 one set of keywords and an identifier for the user;

ii) detecting a request by the second user for an information input to
the data store;

iii} . processing the request to generate the information input;

ivi comparing the information input with a keyword set from the user

25 profile for the first user; and

v) in the event of a positive result from the comparison, transmitting an

alert message addressed to the first user.

10. A method according to claim 9 which further comprises monitoring

30 information input requests by respective users and, on detection of a significant
change in the information input requests made by a particular user, changing the
keyword set used in step iv} for that particular user in the event of an information

input request by a different user.
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relevant to their users, t h powerful can be inproved. Wen the user
.want st o change context (g E M
fromwork to leisure), thews
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|
and/ or del eting keywords. 5 A better apprfoach is for the dgent f“ Hge
.the user's pwolkhResis the interests of the user change over pCT/GBIGOSIR2S
ichange of context can occur in tw ways: there can be a short-termsw tch
of context from for exanple, work to |eisure. The agent can identify this
froma list of current contexts it holdsigfor a user and change into the new
context. This change could be triggered, for exanple, when a new 10 page
of different information type is visited by the user. There can al so be

| onger term ¢hanges in the contexts the agent hol ds based on evol ving
interests of 'the R&ethag,accordingtagitheranp giclpipe erclP mhespinoerehr vat i on of

the user by infena@ien inpul fHciudes bERES onk 3eVBf kWURdSIARS it GiitHTa ght  be
.enpl oyed in an ada tJS\ée agent .include genetic algorithnms, learning from
R dpsums

f eedback and"StR t a5d whersn t"‘fH“’-‘B%FI-”F‘SgH?H‘H&%§ the steps 8t osed in

an interng geeitingd siiarity natTReet a1 Vabist b 8f bdid 3821 Kbywolas! dhdusinly Maes.
P., called " Ev,gl yl,E?l Agents for Personalised Information Filtering".

| nt egration 8% ty WAHx 9 extend the soape;af @ keyword set froma gserarotiigani b e
variation of splasseds 1o)obtéiianitréhsh i the riuiitRE bAbesitVeresli@ foStHieWN conput er
filing systemwith the IPS 100, so that information found on WB and on the
| ocal machi n&53R6EFeH W¥hear honpbgenous to the user at the top level. Files
could then be accessed simlarly to the way in which Jasper agents 105

access \WB,.pages, freei the yser fromthe constrai nts of nane-oriented
filing 1(? qg L« metngd accortﬂng to either one of claims 9 or 10 which further

comprises the step of applying a clustering algorithm to a keyword set from a user
profile so as to divide the keyword set into sub-keyword sets and applying at least

one of the sub-keyword sets in place of the full keyword set in step ivl.

I
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25. systens and providing a contents- aidd_r'-'es,,:sabl e interface to both | ocal

and remote information of all kinds. Clistering.in Jlasoork
‘Jasper I PS 100 and the related docunents can essentially be called a 30
icol'lection; it is a set of docunents indexed by keywords. It differs froma
traditi onakwosglsbescti on in that the docunents are typi cal IBCI'GRISO@II2
renotely fromthe index; the index (the IPS 100) actually points to a URL
‘which specifies the |location of the docunment on thée Internet. Furthernore,
‘various additional pieces of WO 96/ 28265

PCT/ GB96/ 00132 12 neta-information are attached to docunents in a Jasper
system such as the user who storedﬂ ge, when it was stored, any
annotation the user may have provi déd gﬂ so forth. One inportant area
where a Jasper systemdifferg %r om nost docunept4d col l ections is that each
docunent has been entered /n 9 e r who nade _a consci ous
decision to mark it asfa pigce of i ch h@ﬁﬂﬁiﬁ§peers woul d
be likely to find usefdl injkhe f ng wi é net a-

i nformation hel d, maked a Jgsper igNofﬁiﬁ%TlﬂNs nf or mat i on.
It has al so been exam 4 t hef=eprem® | nTOT MBI ON Retrieval (IR)

400
CUSTOMER'S w3 VIEWER |/
CLIENT
CONTEXT
105
| JASPER AGENT |
CUSTOMER'S
FILE
SERVER TEXT /100
- /’ SUMMARISER
120 \410
\. 430
NETWORK
415
420\
ROUTER 0
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ROUTER |
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425
—— e ———
— o oo am—
ROUTER ]
A
SERVICE 420 <
PROVIDERS' >
FILE SERVERS ]
425 | -——<
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10. techni ques can beneficially applied to the Jasper IPS 100. In
particular, the use of clustering has.heen. under inuestigation.- Clustering
‘Docunents Using known IR techniques, Jasper's termdocunent matrix can be
.used 1 5to calculate a simlarity matrix for the docunents identified in
the Jasper @G s The simlarity matrix gives a nmeasure opChiGBISHOIR| arity
.of- docunents i1dentified in the store. For each pair of docunents the Dice
coefficient is calculated. For two docunents Di and Dj. [err] 20 where [X]
Is the nunber of terns in X and X/ err]Y bs the nunber of terns co-
occurring in X and Y. This coefficient yields a nunber between 0 and 1. A
coefficient of zero inplies tw docunents have no terns in comon, while a
coefficient of 1 inplies that the set stgt nms occurring in each docunent
are 25 identical. The simlarity matr say, d&fhd &[gms t he
simlarity of each pair of docunents in the stgse, S(i gﬁg for each/pqam of
docunents i and j. [err] 30 create
clusters of related docunents autonafi -@ny ?@%f‘ -g\/lﬁf hi c b
aggl onerative clustering process de glﬁ Lerarchic Aggjomner a§| ve
Clustering Methods for Automatic
al in the Journal of Docunent

USER
KEYWORDS

115\ SUMMARISATION
w3 w3 W3 CLIENT
CLIENT CLENT | ConText FORM
115 NS 120 \ 125

"STORE" REQUEST
+ ANNOTATION

USER | USER
110 / T11()
Fig.3.

IPS FILE 130
URL,
| TITLE. |/
KEYWORD 1 SUMMARY, ...
KEYWORD 2
KEYWORD 3
IPS FILE 130
URL,
TITLE, |/
) SUMMARY, ...
!
KEYWORD N IPS FILE 130
URL, Y
TITLE,
SUMMARY, ...

100}
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WO 96/ 23265 PCT/ GB96/ 00132
13 Septenber 1984, pp 175-205 _1n such-a-process—eaach-docunsnt is
initially placed in a cluster by itself and the two nost sinmilar such
clusters are then conbined into a larger cluster, for which simlarities
‘W th each ofwhBsgeseésrer clusters nust then be conputed. Thi sSPCRIGEI6NMSE 0N
‘process is continued until only a single 5 cluster of documents remains at
the highest level. The way in which simlarity between clusters (as opposed
to i ndi vi dual docunents) is calculated an be varied. For a Jasper store,
"conplete-link clustering- can be egEroyed In conplete-link clustering,
|

the simlarity between the |east si i r of docunents fromthe two
clusters is used as the cluster . The resulting cluster
structures of the Jasper store can t hen be g%ﬂ to create a

t hree-di nensi onal (3D) front end ofto the Jasger systemusing the VRM
(Virtual Reality Modelling Languagg¢).JASRER i 4 a known | anguage for 3D
graphi cal spaces or virtual worldalnetworked \iwq the gl obal Internet and

hyperlinked within 15 the Wrl d dﬁeywor ds
[ [ ' %%? coIIectlon

310\ 7
W3 CLIENT W3 CLIENT
FORM IPS FORM
\ 100 \ 305
"RETRIEVE” REQUEST |
+ KEYWORDS
USER USER
Fig.6.
START
601

\(Q USER SUPPLIED KEYWORDS
TRANSMITTED TO JASPER AGENT

602| AGENT ACCESSES CLOSEST
Ny MATCHING PAGES FROM IPS

603 | JASPER AGENT CREATES RANKED
\JULIST OF PAGES AND SUMMARIES

604 | RANKED LIST TRANSMITTED TO
] ' USER ON CLIENT MACHINE

STOP
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20- cluster technique described above: a simlarity matrix

int

"simlarity' of keywords in the store.

for the keywords

i.ch QMQ a neasure of the

icoefficient is calculated. For two keywords Ki and Kj, the
lis given by: wo9édshesthere [X] is the number of docunents in
land X [err]Y is the number of documents in which X and Y co-occur. Once the
simlarity matrix for a Jasper store is calculated, however, it is 30 not

necessary to cluster the keywords as t

it is possible to

exp

The first way is prof

WD 96/ 23265

14 profile. Thus fsg1 gxampte
are part of a user'sy
VRWML to the original
reality and Internet).

For each pair of docunents, the Dice

Di ce coefficient

P&iGIvsNoRECUr S

uments were cl ustered | nst ead

stedoc
e matrix it In two ways, described bel ow
rgancemm he user profile can be

enhanced by using those eywor ds mist %TAﬁ*Tar to the keywords in the user's

> VVU U G y C

virtual, reality 02

have been wth the NQu

Tt e o
LSE] S FSTORE" REQUEST TO JASPER
AGENT N CUSTOMER'S WWW SERVER

PCT/ GB96/ 00132
M and | nt er net

Dr of Fp NIYEMy rﬁ-@m ¥€d pyofile mght add
rofPFe (g‘issgmnd?’lg{ﬁéls clustered clppse to virtual,

RML but not
hey woul d not
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Figure 9 shows an exanpl e network of keywords 900 which has been built from

,the keyword simlarity matrix extracted from.a Gl ighiedaspef—atof-e—THe
algorithmis straightforward: given an initial starting keyword, find the
four words nost simlar to it fromthe simlarity matrix. Link these four
to the origigg d 10 and repeat the process for each ofpCIGBYSOS2 new
~words. This can be repeated a nunber of tines (in Figure 9, three tines).
Doubl e |ines 901 between two words indicate that both words occur in the
other's four nost simlar keywords. gy ould of course attach the
particular simlarity coefficients to h link for finer- grained

i nformati on concerning the degree of simlarity between words. 15

The second way is proactive searching. The keywords conprising a user's
profile can be used to search for new WAV pages relevant to their interest
proactively by Jasper, which can the present a list of new pages which the
user may be interested in without th havrng to carry out a search
-explicitly. These proactive searches ¢ be carried out by a Jasper system
at sone given 20 interval, such stering is useful here
because a profile may reerct nmor erest. Consider, for
exanpl e, the follow ng user profi WW htm, foot bal
Manchester, united, |inguistics, tics. Clearly, t hr ee
separate |nterests are represented |n t e above profrle and searching on
each separately is |ikel yp=te—yt+etc—fa aupc..u. resuttsy than nerely
entering the 25 whole pro“g% r en] ypar. Custering
keywords fromthe docune EB @Wiﬁﬂg hgﬁgggggr rgcess of query

generation for proactive sed 4R ﬁ@ﬁ)ﬁ ent .

e i
Internet,

et
| e:

JASPER AGENT RETRIEVES MOST | 702
RECENTLY STORED PAGES |/

JASPER AGENT CREATES 703
RANKED LIST OF PAGES //
BASED ON USER PROFILE

JASPER AGENT CREATES 704
GENERAL SELECTION OF RECENT |
PAGES
RANKED LIST AND GENERAL 705

SELECTION SERVED TO USER /
ON CLIENT MACHINE

STOP
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When the search results are obtained by Jasper, they can be sumari sed and
mat ched agai nst the user's profjile dn.the usual j oLt

|ist of 30 new URLs along with locally held sunmmaries. O her text

summari sers nmay be used in place of ConText. For instance, NetSummis a
.sumari si ng Wweedndge avail able by British Tel ecommuni cat i orCI/GBIS/O0M32t he
‘Internet, at http://ww.l abs. bt. confinnovate/informat/ netsumi i ndex. ht m

WD 96/ 23265

PCT/ GB96/ 00132 15 Al though described igjgrelation to |ocating information
via Internet, enbodi nents of the presen? I nvention m ght be found useful
for locating information on other systens, such as docunents on a user's

i nternal systenms which are in Hyperfig ﬁn‘e Further to the inventive
aspects of the pre set o [ i ntroduction to this
specification, the fo{#%.‘gg shoul d al so be viewed as expressions of novel
and advant ageous f gat f fhe system A nethod of nonitoring informtion
inputs to a data store, € I nputs being requested by any of a plurality of
users, for the purpose df alerting a first 10 user to an input by a second

user in acg ordgﬂgp A’G@N?rSTéh'EtSe” csd\eterm' ned at least in part by said
first user, e ny INCIPS ! f9g19- 801

JASPER AGENT CHECKS [N
COMMUNITY USERS' PROFILES| g0

803

FOR
EACH PROFILE
CHECKED, IS
SCORE ABOVE
THRESHOLD

804
s

JASPER AGENT SENDS
E/MAIL TO RELEVANT USER

NO

STOP

Fig.9.
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1) storing a user profile for each user, which profile conpuises at_|east

one set of keywords and an identifier for the user; ii) det REPLA@EME&W SEEET
request by the second user for an information input to 1 5 tthg—cet sy

udatrda STtorts

iii) processing the request to generate the informati-on inpyt; ié( i
conmparing the information input with a keyword set fromthe{uger ér&ﬁﬁ %98
for the first user; and v) 1in the event ofia positive result omthe
~conparison, transmtting an 20 alert nessage addressed to fhe first user.
A net hod as above which further conprises nonitoring infornnatromr—iHput '
requests by respective users and, on detection of a significant change in
the information inpu U S B M EMSBORI ALCESSINGINFORVY

keyword set used in step iv) for that particular user in the event of an

i nformation input request 25 by a different user. A nethod as above

wher ei n each i nf or maTh@npréseat linientibl deRtéd td @Rthoddend/et s9btelstly ¥&X écessing
associated with a respective docunent, and wherein the nethod further
conpri ses. t Re Gf&pation kydnasns ¢igycemavpications s¥siefri x for at |east two of
said sets of keywor dpne fiskndf WHIPREE VLT dwh SBHhinLiich oAl dd8ed oAPE
of a 30 keyword set froma user profile in step iv) so as to obtain an

i ncrease in thdPHERHYCT SEPHEL eoromupisationssnetyorkseonaseieditagetieq s irproyides a
met hod as abOVﬁch\’%bﬁ&efHfiﬂ??(mﬁ%‘ﬁpfrb:%eﬁxa&zﬁiﬁ&%ﬂt Brovidhi?t YHut Geinfs 9%@8&%&9

algorithmto a keyword set froma user p e so as to divide t
creales a problem iIn accessing. specific information as thete is no central

10 monitoring and control.

In 1982, the volume of scientific, corporate and technical information was
doubling every 5 years. By 1988, it was doubling every 2.2 years and by 1992
avery 1.6 years, With the expansion of the Internet and other networks the rate of
increase will continue to increase. Key to the viabllity of such natworks will be the

15 ability to manage the information and provide users with the information they
want, when thay want it. |

In “SIGIR ‘94. Proceedings of the Seventaenth Annual International ACM-
SIGIR Conference on Research and Development in Information Retrieval”, 3-6 July
1884, Dublin, Irsland; pages 272-281; M.Morita et al.; “Information Filtering Based

20 on User Behavior Analysis and Bast Match Text Retrieval”, features of information
filtering systems ara discussad, Including one holding user profilés dafining, in
terms of a list of keywords, a users’ preferences for recelving information. The
system filters incoming information on the basis of information contained in the
user’'s profile, forwarding itams of received information to the user in accord with

25 that profila.

The present invention is not concerned with providing another tool for
searching systems such as W3: there are already many of these. They are being
added to frequently with ever increasing coverage of the Web and sophistication of
search engines. Instead, embodiments of the present invention relate to the

30 following problem: having found useful information on W3, how can it be stored .
for easy retriaval and how can other users likely to be Interested in the information
be identified and informed?

According to a first aspect of the present invention, there is provided an

information access system, for accessing sets of information stored in a distributed




CLAI M5 1. An information access system for accessing set
I nformation stored in a distributed nanner and accessi bl e by neg

comuni cations network, the 5 access system having: i) ©oan

ijnput for

receiving a set of information; iii) data storage,- or neans [t 02at3EBsi998

data storage,

for storing at |east one set of predeternined Ke rds; iii)

.generation neans, triggerable to generate a3t |east one set OE meta- 10

information fromthe set of information received at the inpu

information i
stored in sai

tribute and to store said set of

met a- i nf or rathaving:n t he data storage; iv) conpari son neans for conparing

at | east one

one set of me

ff Sal%‘r %J Fo?%ce(?\aﬁgsaeget%ff lr;]foﬁmjft words with said at | east

of transmtting an alert

message | n dependendaa spiragée, me&\d to aﬁceshdataostpeagﬁsmr storing at leastsona egh

according to

claim id at |east one set of 20 predeterm ned
keywords i § associ a?éﬂ%?ﬁ“@egg‘@wvﬂ%sd user and the system i ncl udes neans
to address thg) al ergensetoadendans) dggeradlk. to generate at least one set of meta-

10

15

20

25

30

information from the set of information received at the input, the meta-information
including at least a pointer for the set of information when stored in said

distributed manner, and to store said set of meta-information in the data storage;

iv) comparison means for comparing at least one of said at least one set of

keywords with said at least one set of meta-information; and _
v) means for transmitting an alert message in dependence upon the resuit of
the comparison. '

In a useful configuration, the at least one set of predetermined keywords
may be associated with a specified user.

An agent might then be triggered to apply keyword sets to pages of
information in {or being added to) the page store by different circumstances for
different users. For instance, an agent might apply a first set of keywords in the
course of a storage request from a first user. However, the agent might then
apply one or more additional sets of keywords in order to notify one or more other
users of the entry. | |

Preferably, a group of agents will share an intelligent page store, although

there may be multiple intelligent page stores in or available to the accaess system

as a whole. This_ sharing of a page store provides a way of enabling an agent to
monitor new entries to the page store for notification to potentizlly interested
users. |

Embodiments of the present invention provide a distributed system
of inteiligent software agents which can be used to perform information tasks, for
instance over the Internat WarldWide Web {W3), on behalf of a user or community
of usars. That is, software agents are used to store, retrieve, summarise and
inform other agents about information fodnd on W3.

According to a second aspect of the present invention, there is provided a

method of manitoring information sets, stored in a distributed manner and

accessible by means of a communications network, for the purpose of alerting a

—the—feta-_ |
rﬂgnlg%q'a'ﬂg a%t:eécfﬂﬂgbvampﬂ'ls”&fq codPmuhl*atissd ndfwdrkf Slendticessydhan
'S manner



3. . A systemaccording to either of the preceding cl ains

pi urality of users, each of the plurality of users having aRHPhAEEﬁ%‘Ef{
associ ated set of 25 keywords stored in said data storage, erein the

- system is triggerable, on activation of said generation ngans 1) ?Epelrggge
a set of meta-information by a first user, to conpare said fat} | €ast o

SHEET|

ne

set

of neta-information with at | east one set of predeterm ned keywotres
~associated with a second user and to add#2ss an al ert messabe to said

. secorid user in dependence upon the result of the conparison™ 30 4.

- system according to any of the preceding clains V\,he[ei n the $%st§gm LS

| provi ded wi firstassehinsangordanse veihaleqtaritedy detarmined At legpt IRATLPHEHE s ¢

i ncrease the n,U{éba%rm%m&%htée\’%éﬁ%?iﬁﬁ'% aMdcBnd D6usahs mdihdevympdsing: 1
ing to any one t he preceding cl ai

A system af&or

0 ns_wherei.n the syst

is provided with ioni steringg neerprofidpt each useronwhicherofile SPMRIPEHatLIEE
sel ected for input a user o) e in the informati on set
Soh gt T Pests Sy A eSS fplu B1Age

sel ect ed an@"f

| te a

eyword set associated with that

A

.

8 5.
em

S SO

‘'user on detectioniip ofdetdtingrearegmesttby the sabosy ssartp HET6r i hd2S1®y one of
claims 1 to 4 wherein.the system..

set associ atR&fAURfeAMatioRHiatng }Oegab%fg?ggweéi%(?ormattﬂn'?3'?;”5 to change a keyword

10

15

20

25

ii).  in response to the request, generating a set of meta-information
dependent on said identified information set;

iv) comparing the generated set of meta-information with a keyword set.
from the user profile for the first user; and

v}  in dependence upon the result from the comparison, transmitting an
alert message addressed to the first user.

Network systems such as W3 are known and are built according to known
architectures such as the client/server typs of architecture and further detail is not
therefore given herein.

Software agents provide a known approach to dealing with distributed
rather than centralised computer-based systems. Each agent generally comprises
functionality to perform a task or tasks on behalf of an entity (human or machine-
based) In an autonomous manner, together with local data, or means 1o access
data, to support the task or tasks. In ';ha presém specification, agents for use in
éforing or retrieving information in embodiments of the present invention are
referred to for simplicity as '_'Jasp_er_agsnts", this stamming from the acronym
» Joint Access to Stored Pages with Easy Retrieval”.

Given the vast amount of information available on W3, it is preferable to
avoid the copying of information from its original location to a local server. Indeed,

it could be argued that such an approach is contrary to the whole ethos of the




to a request by that user. 10 7. A system according to any.one of the

preceding clains wherein the systemis further provided with

RCEVENTeS
‘data cl usteringeans—adapted to operate according to at lea ;QE?}II!.b fata HEET

cl usterln erein said systemis further adapte .
the data !ﬂ 'l to one or nore 15 keyword sets so f@is t@#@@lﬁ%‘%

the keywo

I or to conpariso vmth a set of sajd

met a- i nf or mat i on : A system accordin %o any one of thJ precedi ng

cl ainms conpri sing a plurality of software agents, each agentéeetp+sihg
elenents i) to v) inclusive of a 20 systenﬁ&&!ﬂﬁdl ng to claim1 and each
agent being allocated to a different respective user of the system 9.

A system according to any preceding claimwherein said pointer conprises at
| east an addrdss folreintessiting aaess systemnden arcessing isptarehindorpiation) orey in

CO””“Q't Icg;' ﬁg%n@e%gﬁééﬁ mggner and  a8¥Ss b 8?%%9&”& L%oﬁlrﬁumaqném%ﬁg\if&dggh

gener

i nf or mat i ons sakcesdOsysidm having: net hod of nonitoring information sets,
in a distributed manner

S sunmmary neans generatl ng a sumrary

stored
of a communi cati ons

accessi bl e_by. pea
network, for the puraBdg%‘%nfg' LRENTE S5t ??lﬂnge"(é'gp in accordance with alert
criteria deteni ned data b®agde, iof riddnis tBYacsesiditarstbragscfortstoring atieestnand gat

set |dent|f|ed by a
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econd user, the nethod conprisin
? prec;1 termined keywords P 9:

iii) generation means, triggerable to generate at least one set of meta-

information from the set of information received at the input, the meta-
information including at least a pointer for the set of information when
stored in said distributed manner, and to store said set of meta-information
in the data storage; |
iv) comparison means for comparing at least one ‘of said at least one set of
keywords with said at least one set of meta-information; and
v} means for transmitting an alert message in dependence upon the result of
the comparison.

2. A system according to ciaim 1 wherein said at least one set of
predetermined keywords is associated with a specified user and the system
includes means to address the alert message to that user.

3. A system according to either of the preceding claims, for use by a plurality
of users, each of tha plurality of users having at least one associated set of
keywords stored in said data storage, wherein the system is triggerable, on
activation of said generation means to generate a set of meta-information by a first
user, to compare said at least one set of meta-information with at least one set of
predetermined keywords associated with a second user and to address an alert

message to said second user in dependence upon the result of the comparison.

4, A system according to any of the preceding claims wherein the system is
provided with a thesaurus of synonyms for said sets of keywords so as to increase
the number of positive matches with the sets of keywords.



19 i)Wfile for each user, which profile cwi
| east Sset of keywords and an identifier for the user; ii}2 ‘-Je@

the re

)

NG SHEET

request ty er to store, in a data store, neta-ipfprmation
‘rel ati jmmh |‘““|(\mm“‘gl ed information set; 5 i) i Qefggps&;éo
sai d

met a-i nfornati
user; and v)

ueste, gendrafing a set of neta-information dependent Jo
identified information set; iv) conparing the generated set] of

on with.a keyword set fromtheg user profile fgr the first

i n dependence upon the result fromthe conparison,

transmiting gn 10 3l Gk SREAGAHA6CERP brisOof te ! prbBlailiy Wiaimb2whereid the

nmet hod accordi™g to

further conprises nonitoring information

i nput request sybter ¢S peatidede wite ronitadng omeast adaptesh to fmaenitor ginteineation sets

change In the ipforpption input requests, made . 'y ;
changi ng t he fﬁg_cgeé{;%dﬁﬁf‘g&fﬁé'éﬁ" ??l Sfeé:f) 4 %}ang%!’r?frﬁea nﬁ%&%{“?éﬁggsreé%geelrecﬁeﬁ
the event of andif Mbamy opRUbSMIUte Ba@yanrd Byt asghicidied evith theeserl8n detection

met hod accor di

i nput i ncl udled

Qg to,either one of clains 11 or 12 wherein each infornation
be charge-one set of keywords associated with a 20

respecti ve docunent, and wherein the nethod further conprises the steps of
generating a simlarity matrix for at |east two of ﬁaid sets pof keg\/\qrds
he system is

“and using
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A system .according to any one of claims 1 to 4 wherein t
provided with means to change a keyword set associated with a user in response

to a request by that user.

7. A system according to any one of the preceding claims whersin the
systam is further provided with at least one data clustering means adapted to
operate according to at least one data clustering algorithm and wherein said
system is further adapted to apply the data clustering means to one or more
keyword sets so as to modify the keyword sét or sats pfior to comparison with a

set of said meta-information,

8. A system according to any one of the preceding claims comprising a
plurality of software agents, each agent comprising elements i} to v) inclusive of a
system according to claim 1 and each agent being allocated to a different

respective user of the system.

9. A system according to any preceding claim wherein said pointer comprises
at least an address for accessing said information set by means of said

communications network.

10. A system according 1o claim 9 wherein said generation means comprises

summary means for generating a summary of said information set.

11, A method of monitoring information sets, stored in a distributed manner
and accessible by means of a communications network, for the purpose of alerting
a first user in accordanca with alert criteria determined at least In part by sald first
usar to an information set identifiad by a second user, the method comprising:



salmto extend the scope of a keyword set ‘
pr of |Hm so as to obtain an’increase in the nunb m&&ﬁtﬂﬂ@iﬂ‘m‘
o

resul ated user. 25 14. A met hod accor di [() ertrer—ort
‘of cl &i ng ch further conprises the step of appl ?
clustering algorithmto a keyword set froma user profile s S @%ﬁiﬁ%
the keyword set into sub-keyword sets and applying at |east }o f the
sub- keyword sets in place of the full keywb®d set in step [ WO

96/ 23265 :

11. A met hod accorgin &

I nformation input | ngl u%é afhtuggg gﬁeﬁgggéﬁ*lg%e&/\hgérhdé%gssocﬁg{kgga&hﬁam
respecti ve dooaneesst of kegwaldsraridnart identifddrifor tHeuuddner conpri ses the steps of

Sgeneratlnga3|ml rity matrix for east t i d sets wor ds,
and using said simI'8ri t%tﬁ‘&m ?('%%'eé’ia(]P\éH?? f‘?ﬁ?"\émé‘éﬁr t°o$'°5°’l!’é ﬁsg’é from
a user profil emkfa-int@mativn ré@rimprd Qa.@liuemmearhfbﬂﬁamﬁ@ettn the nunber of = .
p05|t|ve results for_the associated user. 10 12. A nmet hod according to

either one 8f clai ngilg Jgp reTPARAE &p the,Faayest, @snerating & serk ot Mate: "UP"HW% ng a
clustering al oigehBEddh shik RIWBFiEd FRbrl4tRIR SeeliSer

iv) comparing the generated set of mata-information with.a keyword set

=S

from the user profile for the first user; and
v}  in dependence upon the rasult from the comparison, transmitting an
10 alert message addressed to the first user.

12. A method according to claim 11 which further comprises monitoring
information input requests by respective users and, on detection of a significant
change In tha information input requests made by a particular user, changing the

15 keyword set used in step iv) [or thal particular user in the event of an information
input request by a different user.

13. A method according to either one of claims 11 or 12 wherein each
information input includes at least one set of keywords associated with a -

20 respective document, and wherein the method further comprises the steps of
generating a similarity matrix for at least two of said sets of keywords, and using
said similarity matrix to extend.the scope of a keyword set from a user profile in
step iv) s0 as to obtain an increase in the number of positive results for the
associated user.

25
14. A method according to either one of claims 11 or 12 which further
comprises the step of applying a clustering algorithm to a keyword set from a user
profile so as to divide the keyword set into sub-keyword sets and applying at least
one of the sub-keyword sets in place of the full keyword set in stap iv).



e
profile- so as-to. divide the keyword set into sub- keywo?t]o ets 5and apﬁl
| east—one of the sub-Kk

at

step iv).
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A system for accessing information stored in a distributed
information database provides a community of intelligent software
agents (105). Each agent (105) can be built as an extendion of a
known viewer (400) for a distributed information system such as
the Internet WorldWide Web (W3). The agent (105) is effectively
integrated with the viewer (400) and can extract pages by means of
the viewer (400) for storage in an intelligent page store. The text
from the information system is abstracted and is stored with additional

information, opticnally selected by the user. The agent-based access

system uses keyword sets to locate information of interest to a user,
together with user profiles such that pages being stored by one user
can be notified to another whose profile indicates potential interest.
The keyword sets can be extended by use of a thesaurus.
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