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

The present invention however, is not concerned with providing another
tool for searching systems such as the World Wide Web (W3): there are already
many of these. They are being added to frequently with ever increasing coverage

20 of the Web and sophistication of search engines.

Instead, embodiments of the present invention relate to the following
problem: 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?

25 More specifically, the applicant’s co-pending application PCT/GB96/00132
provides an information retrieval agent, known as a JASPER agent, that is used for
identifying and retrieving information from distributed information systems such as
the W3,

It uses techniques, such as hierarchical agglomerative clustering, to define

30 relationships between various sources of information existing on W3. However,
inaccuracies can arise within these defined relationships. This can result in
documents having dissimilar subject matter being clustered together. The nature
of the clustering technique is that one inaccurately clustered document can then

multiply into several.
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Accordi ng to as¢gondtdaia geletsais anpREatYs EQAWRANISINGvent i on there is pI’OVI ded
apparatus for determning a neasure of simlarity between at Ieast a first
and a second data set, said apparatus conprising: i)
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measur e of S|n1lar|ty by conparlng at | east one set of key words,
identified by said processing

wherein said rule set includes a rule concerning relative location of data items in a
respective data set, and wherein said processing means determines the measure of
similarity by comparing at least one set of key words, identified by said processing

15 means in the first data set, with a set of keywords comprising or derived from said
second data set.

Embodiments of the present invention enable two or more keywords
within a data set to be associated with each other, for example keywords that
form a phrase, with the result that the accuracy in comparison of similarity of data

20 sets may be improved.

Preferably, the apparatus further comprises information retrieval means
and a data store, said first data set comprising data retrieved from an information
base by said information retrieval means and said second data set comprising a set
of key words stored in said data store. For instance, the set of keywords may

25 have been provided by a user, or stored in a user profile.

The rule set may provide means to identify adjacent items in the data set
which can be treated together, as a single keyword. This entails not only location
information but also, for instance, a grammatical test on adjacent items such as

one or more of the following:

30
1) a noun followed by a noun or a predetermined set of indicia;
2) a verb followed by a noun or a predetermined set of indicia;
3) an adjective followed by a noun or a predetermined set of indicia;

and
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1) a noun followed by a noun or a predeterm ned set of indicia;

2) a verb followed by a,noun or a predetermned set of indicja;
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4) a pr&@efibr ni nidengbtingp sehal Beigntia)| ey wRids by sefstanse gp eheicths rppsence

further predetermn Qbcd BELSH ifvi . According to a
second aspect of thgpgr?egésbesnbc% nveér;lt ?doerrl‘t‘t»ﬂ%grteagis's provi ded a

jii} selecting sets of two or more potential keywords which are adjacent by
applying at least a second rule;
v} classifying each selected set of potential keywords as a single keyword;
15 v} generating a set of keywords which comprises each classified set of
potential keywords as a single keyword, together with the remaining
keywords from the identified set of potential keywords; and
vi) comparing the generated set of keywords with a set of keywords either
comprising or derived from the second data set.
20
For instance, said first rule may advantageously relate at least in part to
the grammatical category of the data items.
Said at least a second rule may comprise one or more rules from the

following set:

25
1) a noun followed by a noun or a predetermined set of indicia;
2} a verb followed by a noun or a predetermined set of indicia;
3) an adjective followed by a noun or a predetermined set of indicia;
and
30 4} a predetermined set of indicia followed by a noun or a verb or a

further predetermined set of indicia.
Identifying associated key words within documents, and other forms of

information, located on W3 and other information bases, provides improvements in
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Figures 6, 7 and 8 show flow diagrams for three information retrieval
15 processes using a Jasper access system;

Figure 9 shows a keyword network generated using a clustering
technique, for use in extending and/or applying user profiles in a Jasper system;
and- '

Figure 10 shows a part of the Jasper agent of Figure 1 that is used to

20 identify associated key words.

Embodiments of the present invention provide improvements to
information access and information retrieval systems, such as the JASPER agent
described below. A description of the embodiments of the present invention is
provided subsequent to the description of this JASPER agent.

25 The present invention however, is not limited to JASPER agents. It has
further application in other areas, such as information systems that employ user
profiling techniques and information systems employing key word retrieval and key

word searching techniques.

30 An Information Access System
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
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retrieval and ikfoymation when a retrieval request is made.

15 Most known W3 clients {Mosaic™ and Netscape™ for example) provide
some means of storing information about pages of interest to the user. Typically,
this is done by allowing the user to create a (possibly hierarchical) 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.

20 Essentially, the representation provided is not rich enough to aliow capture of all
that might be required about the information stored: the user can only provide a
string naming 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 name) may not be
enough to accurately index a page in all contexts.

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

30 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
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.
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about it rathen,tfiaR users eq&ﬁié@ﬁwﬁﬁ%?éon'aﬂi:&ﬁﬁ%f&& wotKstdthsi 408. UTRedeOfay
i nstance keywords, a sunmmar ocument title, universal resource

| ocat or (URLY dnedcqmeetednuata W@rldfwed?c\éée@ (VWY viewer 400 ig tharcustameroh chient
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i nformati on when a retrieval request Is nma known
clients {Msai effeatidelNsrsedprsion bbthexiamwsr 400p mayi kkcactually resisiept ppghe WWWW
storing informgtion ab pages of interest to the user. Typically,

this is done b IEISF%'\?X rgfgbt he user to create a (possibly hierarchical) nenu
of nanes The customer's WWW file server 410 is connected to the Internet in

15 known manner, for instance via the customer’s own network 415 and a router
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

20 profile store 430). and the other (the intelligent page store 100) holding principally
meta-information for a document collection.

In a Jasper agent based system, the agent 105 itself can be built as an
extension of a known viewer such as Netscape. The agent 105 is effectively
integrated with the viewer 400, which might be provided by Netscape or by

25 Mosaic etc, and can extract W3 pages from the viewer 400.

As described above, in the client-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
appear in the customer’s client context.

30 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

carried out by a Jasper agent, are described below. The local data will usually
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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 generally be implemented in "C" although the client might potentially be any

20 machine which can support a W3 viewer,
In the following section, the facilities which Jasper agents offer the user in
managing information are discussed. These can be grouped in two categories,

storage and retrieval.

25 Storage
Figures 2 and 5 show the actions taken when a Jasper agent 105 stores
information in an intelligent page store {IPS) 100. The user 110 first finds a W3
page of sufficient interest to be stored by the Jasper system in an IPS 100
associated with that user (STEP 501). The user 110 then transmits a ’store’
30 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
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
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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.

. Discourse Tracking: by tracking the discourse of a document, ConText can
extract all the parts of a document which are particularly relevant to a certain
concept. _

20 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

25 510). 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

30 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.



7 . include data fromthe intelligent page store 100 and the profile
store 430, and_t he functionality to be provided by a Jasper agent
will gene™d ¥121%c| ude neans to apply a text summariFSTHRPBEZI and.
store the results, access or read, and update, at |east one user
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is provided wi th meathe ConText-suppligg geperahkeywpsds;t hmin rel ation to first
and second keyyord sgts. : r a 10 neasure of simlarity

t her ebet ween. ﬁgcor d?%leg : gc'ﬁﬁggwgg&ﬁ‘re of simlarity, either t he
first or sedond keywdrediseetsnnetativhen be proactively updated by the Jasper
agent, or the Lesult of conparing the first or second keyword sets with a
t hird keywor d@ §EPMagY °\A}'I%Pﬂ9§tsa‘-"7'ﬁ?'8r mati on, may be nodified.

Enbodi ment s of et he ptRS®ytumeny@tiei on m ght be built according to different
15 software systens. It mght be convenient for instance that -

obj ect-orientel universglifgFeHies logption i) @Ad However, in enbodi ments as
described bel ow, thegs@ranartime of stordfel | be Unix based and able to run
ConText [ er rld a known natural | anguage processi ng system of fered by
Oracle CorpbBtation, and a WB viewer. The system m ght generally be
i npl enented in "C' a Lent -.m gh tential n 2 .
machi ne whi ch can Su%%%ﬁﬂ%gawﬁgﬁélk:@ Fighre E' e ga;de? a{g%nfﬁlg%f 0 elnoz\’l/\ﬁ?dr?gth's
section, the faeta-inforestiohifohthkapager toafjent1SOadfithe IPRE OOSESTEPI512). In the IPS

managi ng i nfor ign are dis sed. These can be grouyped in two cateqories,
storage and reﬁﬁbe |I$eywordszg+%§??b?;\ﬁ)§8) are than used%mgg’fif’@lﬂ%sscoft%fﬂﬂ‘g How

t he actions talkgornvdtion far deeppsgesgent 105 stores information in an
intelligent, page store (IPS) 100. The user 110 first finds a W page
of sufficie interest to be stored by the Jasper systemin an I PS 100

associ ated W t Refrfa@h user (STEP 501). The user 110 then transmits a 'store’

30 request to the Jasper agent 105, resident on the custonmer's WWVfile
server There are three modes in which information can be retrieved from the IPS

100 using a Jasper agent 105, One is a standard keyword retrieval facility, while
the other two are concerned with information sharing between a community of
20 agents and their users. Each will be described in the sections below.

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

25
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
300 provided by the Jasper agent 105 (STEP 601). The Jasper agent 105 then

30 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

in advance a retrieval threshold below which pages will not be displayed. The



410, via a menu option on the user's selected WB client 115 (Msaic and
Net scape versions are currently available on all platforns) (STEP 502). The
Jasper WO 99/1348Bnt 105 then invites the user 1 10 to suppPQT/&R¥E26dL| at ed

annotation, also to be stored (STEP 503). Typically, this mght be
the reason the user is interested in the 410 W 99/12108
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el ow.) irk5to! W ot Sedteved Bhe" k' Alhopata e el By FBRR
fromthe page made by theqoriginal aser isgalso shoent laborigBwithi thatscbrekSofo eadhBretiddd

504). S IS, i d 5 i N Text,' .f
ageni 105 11 r stade T8 Pade ypa ereseredo TRy BE et BRIt Ty BpdGe "

(STEP 505). sThe Jasper agent 105 then sends the text to a text
summari ser such as - Qontlext ® . 120 (STEP 506). ConText 120
first parses a—WhatsNew? Faglitv | i ne t he syntactic structure of each

sentence (STEP 507) . Afl&isePBdeubk BAJazper hgert O PREW POISTEFO 762! THE tgent
10. a wide range of the syntactic Egenorrena occurring I n English sentefnces.

Fol | owi ng sent éABeherirterrpantesrife IBSNXXand rewiewes she mMass reeentlyeptored pages
processi ng' {STEFp!?BﬁF. (I‘?'Ttﬁg S%Errraﬁg@ %i&ﬁ?ffﬁ%é'ﬁa’g@é tﬁ{s‘ Ei'flgt%ha{h%: user's
I naex or a do nt contents Is

| nformati on Extraction: a naster cune

conput ed, iT0eptaiife, cagain besexkptsy sinape kegwebrdl e@ddtohing amel saoringealyenithm (STEP
Cont ent Reduct | © sSev | evel s.,of su rj sation are avail abl,e,. .rangi.n
Pomrat | Tetuet Y8Rl A BRI, bEITIsSh pisHRnRed, Ene kel SRai o T, it OF ks
docunent . to theSRBAtHE storéd bhges whithtbea€ kidich theushr SOsrdfiRe affl also to other

docunent, ConText can extract all the parts of a docunent which
are parti cul ar P§o§semashrfrceptly stered t"éi?Fr’? (STEP 704’Dcé5‘ﬂ panotatigns where provided.

ConText 120 isTHaE¢hd¥sdre plaited witied ViebPBothofthe! daRyRE T88¥nK stored and likely
15 to be of most interest to the user, and a more general selection of recently stored
pages (STEP 705).

A user can update the profile which his Jasper agent 105 holds at any
time via an HTML form which allows him to add and/or delete keywords from the
profile. In this way, the user can effectively select different "contexts" in which to

20 work. A context is defined by a set of keywords (those making up the profile, or
those specified in a retrieval query} and can be thought of as those types of
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

25 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
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 flexibie notion of 'directory’ in two senses: first, pages

30 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'
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



architecgture: after parsing the docunents, the server generates

application- I ndependent nar ked-up versions (STEP 509). Calls from
the JasperWad¥tio8 o5 usi ng an Applications Progranmi RglVPRIERYce
(API') can then interpret the mark-ups. Usi ng these API calls,

meta-information is obtained fromthe sourcetext (STEP 25 510). The
Jasper agent 105 first extracts a sunmar the text of the page. The

of
size of the sufffainyatiomondhe pagesois| s WK’t kaitesh b he diversitysandirichness (of dhe

120 and the JarhSisefdent 105 ensures that a summary of 100-150 words
I s obtai ned. ' %si ngsa further call to ConText 120, the Jasper agent
105 then derives a set of keywords fromthe source text. Follow ng

this, the user j.onal | . esented with the opportunity to

add further ke Régiwiek offer ineérostdll SRAHE (STEP 511). In this way,

keywor ds of Pparticul ®eferdhgvafigard 8, when @aSige dsibtoped in IPS 1G0 by iadk@pembigdnt
the Jasper agent_ 1 u ies a set eywords whi ch _may be of | L

greater rel evan@®@ 8’%@ &#ﬁe?h%ﬁﬂ?ﬁ}ﬂ&; CE? kgstegprotiles of\%Xg’Q?@_ﬁ)ngers in its
PCT/ GB98/ 02611 'local community’ (STEP 802). This local community could be zﬂ‘g predetermined
At the end of this process, the Jasper agent 105 has generated the

f ol | owi ng net a-cORMRMNeE | InthenBede Meschas pager vPrefiie avidis : score aboyge certain
ConText - suppl i & JRNGT ATERCYYBY, I3 message, YSELTnstRRS! bh O dieHivOhlSsage, cAn be
t he user's annotati ons; a sum*rarf?l of the page’ s content; t he
document ti #0e;automaticallnigesestdd besbeiagent HRGiandse(URL theanser concerngdt (STERd

time of storag 1 . . . Referri additionally to Figure 3, the
Jasper agent 1((2%)41)' @ﬁorgrmgsh:%?fsthe disgov toaf-tF%PSW‘ration for the page to
files 130 of the | PSThe@malHeBd&rlmight ba féhifistaR& in the format:

Jasper KW: (keywords)

This allows the user before reading the body of the message to identify it

15 as being one from the Jasper system. Preferably, a list of keywords is provided
and the user can assess the relative importance of the information to which the
message refers. The keywords in the message header vary from user to user
depending on the keywords from the page which match the keywords in their user
profile, thus personalising the message to each user's interests. The message

20 body itself can give further information such as the page title and URL, who stored
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

25 without departing from the scope of the present invention. For instance, at a
relatively simple level, improved retrieval technigues 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.

30 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:
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A better approach is for the agent to change the user's profile as the interests of

15 the user change over time. This change of context can occur in two ways: there

can be a short-term switch of context from, for example, work to leisure. The

agent can identify this from a list of current contexts it holds for a user and change

into the new context. This change could be triggered, for example, when a new

page of different information type is visited by the user. There can also be ionger

20 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.

Such techniques are disclosed in an internal report of the MIT made available in

25 1993, by Sheth B. & Maes. P., called "Evolving Agents for Personalised

Information Filtering".

Integration of Remote and Local information
Another possible variation of a Jasper system would be to integrate the
30 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
level. Files could then be accessed similarly to the way in which Jasper agents

105 access W3 pages, freeing the user from the constraints of name-oriented filing



page. This page is then presented to the user on their WB client (STEP
604) .

"What's New?" Facility Any_ us ask a
Jasper aﬁ%?wl%at' s new?" (STEP 701). The agent 10‘?@%%%%%" .

interrogates the IPS 100 and retrieves the nost recently stored pages
(STEP 702). It then determ nes which of tHhése pages best match the user's

10 profile, again based on,.a sinple ke rd tching and scoring al gorithm
( STEP 76%?"‘%"“1%%9"53@%%?W%ﬁaéﬁwﬁg@“i’hﬂ%h@ beBr 1063 it apte
ranked |ist ofnfbintdtion of all kihds.t he recently stored pages which best match

the user's profile, and also to other pages nost recently stored in
I PS (STEP 704) , with annotations where provided. Thus the user is
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bet ween a di r @cevddad and sp farthe system and a set of pages retrieved by

a Jasper agent 105. .The ag an t hought S
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boundary to thRefll (WRGIOHY IIKBRIES find Cusefd in the futurbheTHis| @ingl Withothd @eGat er
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In the presentfappaiénitheldtmakepdriasrentPndgQ agerprsh seyres Phipfermation.
It has also been examined whether known Information Retrieval (IR)
techniques can beneficially applied to the Jasper IPS 100. In particular, the use of

20 clustering has been under investigation.

Clustering Documents
Using known IR techniques, Jasper’'s term-document matrix can be used

to calculate a similarity matrix for the documents identified in the Jasper IPS 100.
25 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* [Di n Dj)/IDI) + IDj)

30 where [X] is the number of terms in X and XNY is the number of terms co-
occurring in X and Y. This coefficient yields @ 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
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i nformat i 80 288 pages is thus only linmited by the di ver BFEPBRNEESH chness
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t he user concerned (ﬁﬁlﬂ'ﬁm 2 q@%ﬁ)gﬁ?ﬁ%ﬁm@fg hi m of the discovery of the

page. 5 The emai| header m ght be for instance in the format:
Jasper KW (keywords
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h the .
message ref er s.“Hidrerckisy whoglomerativee (Glssiering hatbpds afyr 1 AstiermaNs Rpyment
dependi ng on t}[lﬁ?%‘i’f}’%ﬁégs pﬁé\? OFifitks PROS W in D 1R RRrddl Cok BYoMRRERtationt haoss,

user profi sonalising the nmessage to each user's
i nterests. The Seopssabe 1988, ppodly5i208e| fin csuchgh iroeess: (RACch| dgaumeait | isnindialin

as the page title and U whq_ s e . A t

t he page which pcl?ﬁf%sl”ora??ﬂuﬁtre(r)afydﬁetggl?dand the twa "Bgﬁj'%'erﬂ’ghgs%g%ﬁ gg‘gﬁ’éfdgq&%ﬁ
syst em descri bashnitieettings avarder tinstebafer svHicl similaritiesawithx@acbhrofitye other wlusterg
of accessing relevant information_in a distributed . arran t s

as WB. Vari ati JRYsH né&&m%ﬁg- rfﬁ‘{ﬁ B‘H"hﬂaféo'? HrogegilgstcécmtmuE% ”gﬁﬂ?ﬂxu e
departing fromGii&essOBScUPerts Perh&iRs @Dthd MYREKtilVEl. For instance, at a

relatively sinple level, inproved retrieval techniques night be enpl oyed.
As Y 15rrp The warytpin which similarity between clcllxsters (asg opposed [cg) |nc¥wgual

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
similarity.

20 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
the World Wide Web).

25
Clustering Kevwords

Keywords {terms) occurring in relation to a particular Jasper document
collection can also be clustered in a way which mirrors exactly the document
cluster technique described above: a similarity matrix for the keywords in the

30 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

calculated. For two keywords Ki and Kj, the Dice coefficient is given by:

2* [Ki n Kjl / [Kil + [Kj]



exanpl es, vector space or probabilistic nodels m ght be used, as descri bed
by G Salton in "Automatic Text Processing”, published in 1989 by

Addi son- WA 2108 Readi ng, Massachusetts, USA 30 PCT/GBY8/02611 ©

Al ternatively, indexing mght be made nore versatile by providing indexing
on neta-information other than keywords. Fam i nstance, extra
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Figure 9 shows an example network of keywords 900 which has been
15 built from the keyword similarity matrix extracted from a current Jasper store. The
algorithm is straightforward: given an initial starting keyword, find the four words
most similar to it from the similarity matrix. Link these four to the original word
and repeat the process for each of the four new words. This can be repeated a
number of times (in Figure 9, three times). Double lines 901 between two words
20 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,
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
25 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
interval, such as weekly. Clustering is useful here because a profile may reflect
more than one interest. Consider, for example, the following user profile: Iinternet,
30 WWW, html, football, Manchester, united, linguistics, parsing, pragmatics.
Clearly, three separate interests are represented in the above profile and searching
on each separately is likely to yield far superior resuits than merely entering the -

whole profile as a query for the given user. Clustering keywords from the



agent can identify this froma list of current contexts it holds for a, user
and change into the new context. This change could be triggered, for
exanpl e, g{Mﬁé??(”asl“i‘lew page of different information tjs&/GBI3MEL ed by
the user. There can al so be | onger 20 termchanges in the contexts the
agent hol ds based on evolving interests of 1ghe user. These changes
can be inferred from observation of the user by the agent. ) For

i nstance, knoiPcEeRhicqlikatioph¢am auiogate she onpgass <f auerwgendesion\fer pyeantive

i ncl ude genet is%a@hgggw BnRert 9a&gtrAgeht. 0m f eedback and nenory-based
reasoni ng. Such’ techni ques afe disclosed in an internal report of

the M T nmade avai | abiVben the se@ch gesiltsiare Siintained3by laspers they, cam bk |sethmarised
"Evol vi ng Agent Par lLse , i Lon Filtering:. .. .
g rﬁwgfche agggﬁrgjt kive ﬂfﬁr $ ?rl’é)j[fllleolﬁ Rt r@h%l way tl: g?\;eA%%{nﬁreltrlseg olésétiQJI e

| ntegration of Renote an cal

vari ati on ob aneladifibs atorgt with lenaligl hilel sumadiesgr at e t he 30 user's own
conputer filing systemwth the IPS 100, so that information found on

WB and on the | ocal machi ne woul d appear honbgenous to the user at the top

| evel . Fil es qmprévdniétits b6 tiRe JASPERI Syt arly to the way in which Jasper
agents 105 access WB pages, freeing the user fromthe constraints of
name-ori ented filingmbod sg@f 1 thegpresent invention provide improvements to the

PCTI GB98/ 0261 jASleR system above. These embodiments will now be des%ribed ith rfaferen e
systens and providing a contents-addressable Iinterface to both |local an

renot e 10 | tof Goutet 1 @nwhichaldentifieriglements withinCthas tesnengpdent Shatpare ®gdttons
aion o RE R 0 " Sheheh RS G0 5 B
It differs fromerfamance of the Jasper system above.
. The above clustering techniques can be enhanced by identifying two or
more keywords that are associated with each other, for example keywords that
15 form a phrase. These associated keywords are then entered into the document-
term matrix as single terms.
For example, a standard clustering technique would consider that the
expression “Information Technology” forms two separate entries in a document-
term matrix, namely separate entries of “Information” and “Technology”. A
20 technique enhanced according to an embodiment of the present invention would
recognise that the words “Information” and “Technology” are associated and
should form a single entry in a document-term matrix. Replacing two entries with
a single entry can significantly alter the value of the Dice co-efficient used for
measuring the similarity between documents.
25 For example, consider the following two paragraphs:
1) The people in my company only use the jatest information technology
when transferring copies of files across our local area network.

2) My company has transferred a lot of people into the latest areas of

technology. There is a file on the petwork with a lot of information in it about the

30 transfers. | also have a local copy of the file.

Clearly, the subject matter of each paragraph is different, yet each
paragraph has the same keywords, namely “people”, “company”, “latest”,
“information”, “technology”, ”“copy”, “transfer”, “file”, “local”, “area” and

“network”.
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Cl ustering Docunents Paragrhfsh N0 #a}ggwaf,ﬂ,li t echni ques, Jasper's
term docunent matrix_can be used tol calculate a simlarity matrix for
t he docunents identifpepld n thed Jasder | PS 1001 25 The simlarity matrix
gi ves a neasure of the—simtarity of1 docufprents—tdentified in t he
store. For each pair TMRAYunents the Dick coefficient is calcul ated. For
t wo docunents Tgyard D . 2 |[D [err] D]/[D] + [DO]
30 where [X_Ls the nynher of tefos in X and X[err]Y is the nunber
of ternms co- omfarmatiag iln X dnd Y.| This! coefficient yields a nunber
between 0 and 1. A nOlBUCff; crent—of—pgeromptTes two docunents have no
terns in common, whi | tgepnology coefficiepnt of 1 inplies that the sets of
ternms occurring in eaggpydocuner|t are 1

transfer 1 1

file 1 1

local 1 1

area 1 1

network 1 1

The matrix shows there are 11 terms common to both paragraphs and that

each paragraph contains 11 terms.

10

Calculating the Dice co-efficient:
Dice Co-eff = {2x11)/{11+11)

15

1

However, if the keywords “information” and “technology” are associated

to form a single entry in the document term matrix and if the keywords “local”,

“area” and “network” are associated to form a single entry in the document term

matrix, then the Dice co-efficient for the two paragraphs is recalculated as 0.6.

This is calculated as fo

llows:
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i dentical WOR¥IAi | arity matri

each pair of

docunents i

[Di] 5

rel at ed docunents

aggl onerative cl ust eghishcdBl Yol
0

and j.

automati cal |y,

X, Sim say,

docunents in the store,

Sim (ij

meftf
S [0)

Aggl onerative Clustering
Classification" by Giffiths A

et al

14
represents the ECHIGRIBPI6}1 of
so that for each pair of

)ig 2* [D [err] O] / [D] +

This matri x can be used to create clusters of
using the hierarchical

! R&dix! N
/-\ULT)TT'BII ¢ Docunent
in the Journal

"Hi erarchic

of Docunentati on, 40: 3,

10 Septenber 1984, pp 175-205. % h, 3 orocess,, each docunent is
initially placed in a cl g'[e]”rﬁ%)%”ltsﬁ) 2t he two nost simlar
such clusters are thegeople cbnbi ned 1nffo a Harger cluster, for which
simlarities with each of the her clistdrs st t hen be conput ed.
Thi s conbi nati on procég@mﬂ%\' conti nued untifl onI1y a si cl uster of
docunents remains at —Jjg T utest—tevet- 55— Tﬁé’°W§§?“ BMthi ch
simlarity between cl us?ers (as] opposed tq individual docunents) is
cal cul ated can be varirfdrmatlod p Jasper stiore, 1" conpl ete-link
cl usteri ng" can be em'\l n\lnrl e r\nm’\l ete-llink clusteri ng, the sim/l ari ty
bet ween the | eegfinglogy| af pa|9 of documdnts fromthe two clusters is
used as the cluster Stmrarit 20 The resulting cluster
structures of the Jasper store can then bg used to create a
t hr ee- di nensi onal (3D)rahstent end ont'd the Jaspdr syst i t he VRML
(Virtual Reality Mdeli-+rg—tangpager—YRM—s—a—kno wg’géem 3D
gr aphi cal space or virtpal wE)rI ds [net wdr ked vi a the gl obal I nternet
and hyperlinked w thi fpeal the Wopl' d Wide V§b)~ 25 Cl ustering
Keywor ds Keywords (terng) loccurring in relation to a
particul ar Jasper docarfént 0 1

network 0 1

information 1 0]

technology

local area 1 0

network

The matrix shows there are six terms common to both paragraphs.

Paragraph 1 has 11 terms and paragraph 2 has 8 terms, accordingly:

1)+(8)

A Dice co-efficient of 0.6 may be considered a more accurate reflection of

the similarities and differences between the subject matter of the two paragraphs.

Various phrase structures and grammatical structures have a high

probability of identifying sets of key words that are associated in such a way that

5
Dice co-efficient = (2x6}/(1
= 12/20
= 0.6
10
15

their inclusion as a single entry in a similarity matrix is likely to enhance its result.

Adjacent key words consisting of two nouns, or a noun followed by a verb are

common examples of the type of grammatical structures which would occur in a



col l ecti,on can also be clustered in a way which mrrors exactly the
docunent cluster technique described above: a simlarity matrix for
t he keywort22131¢8e 30 Jasper store can be construct edPGHERIBfes a
measure of the '"simlarity"' of keywords in the store. For each
pair of documents, the Dice coefficient is 19 cal cul ated. For two
keywords Ki and Kj, the Dice coefficient is given by: o 2%
[Ki [err] Kj] phclr%(pprape[qqd] are therefgre dikelystpoignprove the quality of a similarity matrix.
PCT/ GB99/ 02611 iactive i P e : ;

whero [X] is t et iplowedby,an sdiective is 2 cmbipation unliely 19 egcy b et prapt,e
nunber of docueehars tharefpiectenxidgred unlikely de enhance the quality of a si@i@rdy tratrix.

simlarity matrix fo . | . . ver, it | 5_not
necessary to cl usterértmﬁce>CI| ey\%ro géRégr%%QP%\%ﬁﬁlS@"\A/E@é@%lgugs[teorfes .Chl ngtag%d
it is possi B estractargsl arid gratmenatizbl structdreel Thie nexttval adgtmeahe deinighemalyized ovil

The first way is profile ephancenent. Here, the yser profile can be .
enhanced by uskﬁﬁ%'ﬁ@?@ﬁﬁ% _ rasenes of sEﬁﬁ%l"éP’ "t"UHF Iﬂ'éat_légmf‘ﬁrésvﬂaf"@'ug@?' s
profile. Thus {gh RSRITAIE thé inifidl rovess of Wehtitilg theSakéy Worddl | nternet are
part of a 10 wuser's profile but VRM.L is not, an enhanced profile m ght

add VRML to the origifhere will be exseptionse in serse miraymemREes, vharey amatticllasett o
vigtual . reall by (3Pt 4hBehis bbh idinified as coftmiflP & HPRcGAN bnithBal

VRML but not virtual, reality an nt ernet nmay rreved whereas
t hey woul d Hot stractardadlh nait ténhehee tirnee néswitc ol apsimfladity. matrix.  Other sets & ey e

2o A X IS ok VAR AP S B dP B ™

al gorithmis sunéergoirieotivsinttargies centmnce Bisiriddrity raatiix.ng keyword, find the

four words Accordingly, embodiments of the present invention need to find a
compromise between identifying only those grammatical structures that have a

15 high probability of enhancing a similarity matrix and identifying too many
grammatical structures that have a lower probability of enhancing a similarity
matrix.

Figure 10 is a representation of the elements within the Jasper agent 105
that are used to identify associated keywords within a document.

20 Input text 1000 is downloaded from the W3 client 115 into a Jasper agent
105 where it is parsed by a first parser 1005, “Parser 1”. Parser 1 1005 analyses
the input text 1000 for abbreviations and acronyms.

This analysis is performed by comparing each word of input text 1000
against a database 1010 of abbreviations and acronyms. Parser 1 1005 tags

25 identified abbreviations and acronyms.

Once abbreviations and acronyms within the input text 1000 have been
tagged, the input text 1000 is then parsed again by Parser 1 1005 so as to divide
it up into word groups 1010, such as sentences, paragraphs, headers {such as
HTML headers) or items isolated by blank lines.

30 Tags identitying abbreviations and acronyms allow the second parsing
process of Parser 1 1005 to distinguish between full stops occurring at the end of
an abbreviation or acronym and full stops at the end of a sentence. This helps to
prevent spurious splitting of word groups 1010 mid sentence that may be caused

by the presence of a full stop at the end of an abbreviation or acronym.



nost simlar to it fromthe simlarity matrix. Link these four tQ the |
original word and repeat the process for each of the four new words.
This can WO %dP8t ed a nunber of times (in Figure 9,PGHEB/2Hes) .
Doubl e |ines 901 between two words 20 indicate that both words occur in
the other's four nost simlar keywords. Oneg coul d of course attach
the particular simlarity coefficients to each link for finer-

grai ned informati on Aftarckaing paysed&ordbgseeonst timieray Barsery 10PRethe wordigroups
The second waydgp ﬁ%%ﬁﬁt‘ 6% ﬁ@ﬁnﬁ%a‘?&r\)&%}ﬁ, kpYRr 95 SAPRF '251(?%)6 eHSnls four

profile can be used to search Tor new pages rel'evant to rrnterest
25 proact i velopemtiohasmegachwiordrgroum 10M@n present a |ist of new pages which

t he user may LDt d_i L t.hout the user ving to carry out a
search explicitly. tﬁrs{l{), %rgé'te%p?'{oa&gtg:s\}ggs ?arficwggp%él?qge#oég’y?rlggdwﬁr&%{mwuﬂ
Jasper systBmaabitaksstiog) VBuch words iafd efteal ysed U tiRs nivaekdfyan @htist, &Suchdad §
useful here because a Brofi le ma refléa(gt nore than_one interest.,
Consi der, for GOkRIBie COMAWNGALIORHNFEWAPT SPEPLISL: SYStema, nEpr exargple. \ppgine

htm, foot bal lthaiVaRehRTa®dn hadbh@n tol dMUWnet dfCits cHPpSHeP SysRARIMRNreS It may
Clearly, three separate interests are represented in the above profile and

sear chi ng appgaf Wakhe roidgler ot asgntegce jag c1Qyvet oinywvhich gase it wilk be daogessas Bs
than nmerely e i h i . pr ofd A quer | vV r.
G ust or i g keyiarey St Musel canBgfiol, O VarBushi®or Y il ke’ fily 88
PCT/ GB98/ 0201 lexpected include OvEr, OveR. Words which have been ideb6ified as having

docunent collection ca X et ogess ..of, query generation for
proactive unuggsrcc%ﬂﬁgs%@lgga‘%rsnealrpfesdo ‘Ijsas%%? h%{(geor‘{ternd\é' When t he
search results are obtstopkst byntdmsper listt beywomis treat Stypieailly sédl not reflegfidthe

RIS SN A RN L OSSR
| nprovenent s thhghe'tﬂéy?:I?ER.h&gs'; epy”, “my” etc.

15 - A stoplist may also contain a list of prefixes and suffixes. The stoplist
operates in this instance to reduce a word, with a prefix or suffix, or both, to a
basic form without the prefix or suffix. This is known as stemming and examples
are “manufacturing” which is reduced to “manufacture”, “predetermination” to
“determine”, and “preselect” to “select”.

20 Secondly, the word groups 1010 are compared against a “stoplist”
database 1025.

Thirdly, words not in the stoplist and words marked as stoplist override
are tagged as being relevant to the information content of the document.
Fourthly, each adjacent pair of words that have been tagged as being

25 relevant to the information content of the document are further tagged as being a
set of key words that may enhance the result of a similarity matrix. Preferably,
each pair of words that are tagged as being relevant to the information content of
a document and that are separated by words on the stop list, are not considered to
form associated key words.

30 Finally, using a dictionary 1030 which categorises words as being one of
verb/adverb/noun/adjective, these sets of key words are identified according to
their grammatical structures. These structures are defined by the combination of
word types in the keyword set, e.g. a first structure may be a noun followed by a

verb and an alternate structure may be an adjective followed by a noun.



Enbodi ments of the present invention provide inprovenents to the

JASPER sy ve. These enbodi nents wll now be descri 1 ference
to Fi g{f%@%"% which identifies el ements within the Jaslg:&f%é@ﬁ{ﬁt hat

are used to identify associated key words within a docunent that may

i nprove the performance of the Jasperisystem above. The

above clustering techni g}ges can bea’(fnhanced by identifyin WO  Ofr
more keywords that a?®s£ddeyiWeds faking, vatvn adireferred fig obg %“‘K"éWUHF%eS

t hat 15 for %%h@rh"té’gﬁ*ed hP @Rfusiomcd @lhﬁﬁr:{&ﬁ%‘éﬁfﬂa% arsﬁwgtlé‘eﬁtrﬁ%t%ﬁﬂwdn”éso
t he docunent - ~termmatrix as single terns. For exanpl e,

a standard cl usdwiduahentsesini que woul d consi der that the expr essi on
"I nformation Technol-Aay foif & epar
| Epﬁiﬂ
term matrix, namely sea%rog\t"g&eln)t(\?sl %sﬁ)%fgﬁﬁnefq%&éréa I?ag#g}rﬂag%ag% ec %%E’SSS/@“* A
20 techni qLﬁe corisidecatliletyc tr enbragee @ simileitpoditisent of the present invention

woul d recogni se that the words "Information" and "Technol ogy" are
associ ated and should forma single entry in a docunent-term matri Xx.
Repl aci ng two entri egstbit Associated Keywbrdgl € entry can significantly alter
the value of the Dice co-efficient used for measuring the-simlarity
bet ween docunents. 25 For exanple, consider the follow ng two
par agr aphs: Word 1 1) 1TV er € ny conpany only use the | atest
i nformation technol opy when transferying copies of files across our
| ocal area network. | noun nour?) My ¢C any has transferred a | ot of
people into the | at ept—areas—of £ ol ogy. There is a file on the
network with a |ot ofVveRformati pRO¥™h it about the 30 transfers. | also
have a | ocal copy of noun Clearly, the subject matter
of each paragraph is |I§?erent ve‘t’ each par agr aph has the sane
keywords, nanely "pepple", "conpaoyl, "l|atept", "information",
"technol ogy", "copy"p=—+t+ ansier: —fi+e "~ ocal"”, "area" and
"net wor k" . WO 9pf 12108 verb
PCT/ GB98/ 02611 noun ?

verb ?

adjective ?

? ?

10 where “?” represents a word that is not in the dictionary used by the

JASPER agent. Alternatively, “?” may also represent an acronym or a word
appearing in the document with unusual capitalisation. Examples of such words
include 1T, LAN, WAN, xDSL and OveR.
in these examples, IT typically is used to. mean Information Technology,
15 LAN is Local Area Network, WAN is Wide Area Network, xDSL refers generically
to a class of technology known as Digital Subscriber Line technology, and OveR
may be a name of a corporate facility such as a communications networks.
These structures do not form a definitive list. Other structures for triple
key word sets, such as an adjective followed by two nouns, as is the case for
20 Local Area Network, may also be defined. Structures of four or more key word
sets likely to enhance a similarity matrix may also be identified, such as a noun

followed by an adjective followed by two nouns, as is the case for Asymmetric



17 If t he keywords "information" and "technol ogy" and

"l ocal", "area" "network" are treated as |ndependent ke&wvordé (as
per stand‘gpc?%?l%terl ng) then the Dice co-efficient YOVCBRROS,
par agr aphs has a value of 1. As per the exanple bel ow, the docunent
termmatrix using standard clustering techrgjues is 5 cal cul ated as
fol | ows: Par agraph 1 | Par agraph 2
peopl e Digital $ubscriber Line, although these are less cgm ’Sb%n &ts of two of three
1 _ keywdHiESt 1
i nformation 1 1 t echnol ogy 1
1 coplhese grammatical stryctures provide ajcompromise between ek Msingr
Ilocal 1associaied keywords Jﬂdllgssuming that every péirr o triple of adjdcent keywords
1 5 are psgomiated keywords. Fdr some topics, such as legal articles, partigjlar

o Shone BB bR B el AR B AP ey e
co-efficient; Accordingly, categorigscaafdechdjusted 2depedingldn thé type of artlcle being
- analysed by a JASPER agent 115.
As each of these associated key words will be entered into the Jasper key
10 word store, as a single complex key word, they may also be used in the key word
clustering technique, detailed above, that is used to enhance user profiles.. This
may improve the quality of pro-active searching performed by the JASPER agent
115. It may also be used by a search engine, or similar device, to identify
documents containing associated key words that have been used to define the
15 target information of the search.
The process is not limited to English language documents. Similar

techniques may be used for other languages.

General comments on the embodiments described above.

20 The skilled addressee will appreciate in considering the embodiments
described herein that other text summarisers may be used in place of ConText.
For instance, ProSum is a summarising tool made available by British
Telecommunications plc on the Internet, at the BT Labs shop located at
http://www.labs.bt.com.

25 Although described in relation to locating information via Internet,
embodiments of the present invention might be found useful for locating
information on other systems, such as documents on a user's internal systems

which are in HyperText.



15 it ed However, i‘f t he keywords "information” and "technol ogy" are
associ ate to forma single entry in the docunent term | x and if
t he keywoW@I1PWEg| "area" and "network" ar e_aseggrﬂétf%&%% orm a

single entry in the docunent term matri x, then Woy=Nnt gci ent
for the two paragraphs is recal cul ated as 036. ﬁm:“m&mmﬁ“m d as
fol | ows: WD 99/ 12108 i i B
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PCT/ GB98/ 02611 CLAIMS
Enhanced docunent term matri X Par agraph 1
Par agr aph 2 peopl e 1 1
conpany 1. 1Apparatus for detgrmining a measure of similarity between at least a first
3 comon terns |_at.e T | 1
i nf or mati on and a s&cond data set, sgitd a%tpta\rez-:é%sn%?%%r)l/smg. 01
iopy 5 1 1 transfer 1
file i) 1input means for rgceiving at least said first Beglﬁecond dgatg oren Ber e
é 1ii) ar egrocessing means for idéntifying a set of Reywords in at least the fiestvafr k
the data sets, the processing means having access to at least one rule set
and identifying the set of keywords by use of said at least one rule set,
10 the processing means further determining said measure of similarity; and

iif) output means to output said measure of similarity

wherein said rule set includes a rule concerning relative location of data items in a
respective data set, and wherein said processing means determines the measure of
15 similarity by comparing at least one set of key words, identified by said processing
means in the first data set, with a set of keywords comprising or derived from said

second data set.

2. Apparatus as claimed in claim 1 further comprising information retrieval
20 means and a data store, said first data set comprising data retrieved from an
information base by said information retrieval means and said second data set

comprising a set of key words stored in said data store.

3. Apparatus as claimed in claim 1 further comprising information retrieval
26 means, said first and second data sets comprising data retrieved from an
information base by said information retrieval means, the processing means
identifying a set of keywords in each of said first and second data sets and
determining the measure of similarity by comparing the respective sets of key
words.
30
4. Apparatus as claimed in claim 2, wherein said second data set defines a
target data set for use in data retrieval, by said information retrieval means, from

said information base whereby said first data set is identified by said processing
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| ocal area 1 net wor k 5 " The
matri x sh&X@o%¥¥8e ar e*mum‘uﬂ!mmllmmq to both paragraphsPCT/GBI8/FI agr aph
1 has 11 terns and par L s o « ernms, accordingly: D ce
co-efficient = (2x6)/(11) + (8) 24 - =12/20
= 0.6 10 A Dice co-efficient of 0.6 may be considered a
more accurate WERPLEE POMalsing said targptdatarset ahieniseil medsute fof sinitties ebﬁeﬁe%n
t he subj ect : ar agr aphs. Various phrase
struct qu es ag‘daérgregtr?gr%a{r{e?gwe\gﬁ?@btures have a high probability of

I dentifying sets of key words that are associated in such a way that 15

their inclusiofg as a,gi t ip.a simlarity matrix is likely to
enﬁance its r eg'ul t. AP Qg{u}d?%é’é%’f'e?(é? W g AIndeshieReding qaipsnyigeein spidy
noun fol | owdd iejativeVlecdtionr &f data itentsOiMND FesPEatid) @staQet tcgglﬂ%%g@Ecent location
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phrase and ar eprobesstiP rRedrisk flentitying "RIAY 8dfabéntd B@Jcénttiﬁjoﬁc%zamﬁzirég Ia]%ir k‘tééle;;h?ro

mat ri x. A verb followed by an adjective Is a co tron un

occur in a shoPfovidingagingle key watd inran idpatifiddoses of dagiveeded unl | kely to
enhance the quality of a simlarity matrix. Enbodi nent s of
the present invention will include a list of such phrase 5 structures

and granmatlOca. st r ubpraretis Fhecleimed of claitioSumetteibesdld @nNadags eshenirlie set

be exam ned foébrﬁ&?segraqsfga@?%ngfof %r‘?é ?ollg]\c/virl\(geXrit\éﬁg:ds that form such
structures. This

1) a noun followed by a noun or a predetermined set of indicia;
2) a verb followed by a noun or a predetermined set of indicia;
15 3) an adjective followed by a noun or a predetermined set of indicia;
and
4) a predetermined set of indicia followed by a noun or a verb or a

further predetermined set of indicia

20 the processing means identifying adjacent potential key words as together
providing a single key word in an identified set of key words only when they meet

said at least one criterion.

7. Apparatus as claimed in any one of claims 2 to 6, wherein said data store
25 comprises a plurality of keyword sets identified, by said processing means, from a
plurality of data sets retrieved, by said information retrieval means, from said
information base, wherein said processing means defines a plurality of relationships
between said data sets dependent on the measure of similarity calculated for each

pair of data sets.



is in additiqn to the imm?e?s*“ofﬂentifyi ng these key words.

R At e .
Mmots e

granmmat i cal 10 structufe Wil nce the result of a simlarity
matri x. Other sets of key wor ds that28lo not conply with one of these
identified gr ti %al séré:c%u es wll, under_some circunstances,
enhance a siniY-arity MAPP% of determining a levelngt sireilanty Petwieaiv firsteands sefondhe

present i nventdaedset€edhbeir 5418 niethod comENBR AT sRpHs Rt ween identifying only
t hose grammatical structures that have a 15 high probability of

enhancing a simlarity matrix and identifying too many grammat i cal
structures th hav idj i NO: i lari.
o Ve BB RRRLS o e BN et B e o i i

the Jasper agent 10®ata sets,iratcosdancaswth avleastenfiist yulessoci at ed keywor ds
within a docunent. t.ext 1000 i s, down oadtgdfromtheV\B

. . | nput. I
client 115 ifto a'%ei‘gﬁye'?g 8FaKPT PO Bibial G oipis by ferqnceda sitbar By Riesencet
parser 1005, "Parsefor the abdéacs ef sdid IdMufARRtaLEes the input text 1000
for abbreviatigns and acronyns. This analysis is perforned by

corpari ng eacHiwor d SB¥ECting sttsof tyvomyaere potentighksvyeards wivghaara seiacenby

abbrevi ations and agpERiHyBat IEAt $ecdnd Ale tags 25 identified
abbrevi ati ons and acronyns. " Once abbreviations and acronyms

within thelPnpdt texlassifgoo Bascheseiessad set of patentipt deywhrdsiaspusingle keywoad i s
t hen parsed again b divid it . into word
groups 1010, gﬁch a eggﬁﬁﬁééésg?ggg?@g?@%r‘{&sh?c’h%‘a%'S§S€§ﬁ*&ﬁ'a§§'Hgd set ngTIVL

headers) or itens i potemtietkdywdrstinnk alsinpiskeyw@a, together withléhgTemdmig f yi ng

abbrevi ati ons and agron |l ow t he .second ,parsin process of Parser
1 1005 to distingui ﬁy‘ﬁéﬁe@?{"gﬁ?i eBE'ﬁis’gS?}éé&PF?fﬁﬁpmvwss;m of an
abbrevi ation of) acr eoyadng tHeiddnerdtodsettdt Keyvopdsiwith Bset ¥R ke PRBrds WHihar hel ps
to prevent spurious, spli tt_\i%jg of word groups 1010 m d sentence that

[ n
may be caud®d cPPEIRiag oF derYRdfrom the seeqnddaspsek t he end of an
abbrevi ati on or acronym

9. A method according to claim 8 wherein said first rule relates at least in

part to the grammatical category of the data items.

20 10. A method according to either of claims 8 or 9 wherein said at least a

second rule comprises one or more rules from the following set:

1) a noun followed by a noun or a predetermined set of indicia;
2) a verb followed by a noun or a predetermined set of indicia;
25 3) an adjective followed by a noun or a predetermined set of indicia;
and
4) a predetermined set of indicia followed by a noun or a verb or a

further predetermined set of indicia.
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After beiwgogasmgd for the second tinme by Parser 1 1005, ?Qg,%;gzgieoups

1010 are input to a second parser 1020, "Parser 2". Parser rforns
f our operations on each word group 1010. Firstly,
Parser 2 anal yses the word groups 1010 for!'Mords with unusual 5
capitalisation. Such words are often used as the name of an entity, such as
a cor porat e conmuni cati ons neE\@ tr conput er system For exanpl e,

I magi ne that a corporation ha sén to call one of its conputer

systens "Over". It may p
inmmcwntm|Mﬁ&§

capitalisation. Qheff vartjtio
i ncl ude OvEr, OveR \br ds [

pear in the mddlg®»f a sentence as "Over”
werd—i t h unusual

j hi s ﬂype that MASERS’' PCY expected
been|identjfied ggyhAYRNY

unusual capitalisation are jark stop|list"} ovaFhRR&T N | A
stoplist contains a | jst—ef wor ty @{mt ﬁ gt %h
i nformation content o For exanpl ¢, vvords such as "as", "is",

llarell, llthell, llthe/ll, llrryll etC_ 1 5 A
stoplist may al so contaih a |ist off prefixes gnd suffixes. The stoplist
operates in this instance to reducqd a word, wijth a prefix or suffix, or

both, to a basic formw thout| the prefiy or suffix. This is known as
stenm' ng and exarrpl es 2L uring- ‘r\b his reduced to

"manuf act l&@ get er ri natilo " det pr and "preselect” to
"sel ect” lENT Secomd| y, WﬁeV%WE:Fgroun.s/lolo are conpared agai nst
a "stopl i st” dat abase 1025. Thirdly, words not in the

stopli st anBOMFEET nar ked as stoplist qverride are tagged as being
rel evant to the information content of |the docunent. .
Fourthly, each adjacent pair of words tlhat have been tagged as being 25
rel evant to the informftion content of the document arejfdfbher tagged as
being a set of key words JASPERyAGHNTce the refjuld of a simlarity
matrix. Prefgrafiyr's } agged as bei ng

rel evant-to t nfor and that are
separ at ed by, &%
associ at ed k%%ﬁ _

e Stop. TSt tqo form
30 tipnary 1030 which
cat egori ses words as i| RYNMARIBER

N
410

120

420~

ROUTER: — -
ROUTER
INTERNET |
425

NG
e —1
ROUTER 3
SERVICE - 420 L —
PROVIDERS' " —_—
FILE SERVERS 7]
425 | ——~




ver b/ adver b/ noun/ adj ective, these sets of key words are identified

accordi'ng to: their grammatical structures. These st re
defi ned bwotsha210®nbi nati on of word types in the ke?éﬂ%@gé[&e%%,nae.g. a
first structure may be a noun followed by a verb and an alternate
structure may be an adjective foll owed by #fhoun. WO 99/ 12108

PCT/ GB98/ 02611 21

Sets of key words falling within a preferred_list of grammatical structures
are then tagged for inclusion in a sir»{iE;e i@ matrix as a single entry

rather than as i ndi vidual entries. ¥ ° sTOREGEOl I owing list is
a list of preferred grammatical structures th/atosare é,E,;Eﬁ—/s‘(;onsidered | FREDY

to enhance a simlarity matrix i St i\ared—Reywor d
Wwrd 1 wrd 2 noun i ?W(:) Nﬁ%ﬁ?ﬁ\”» | verb
noun adj ecti ve noun| JASPER R&un
? verb noun verb
adj ective ? USER
TEXT KEYWORDS
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} N~ 115 \ 120 \~ 125
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USER USER
oy, 110
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KEYWORD 3
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1
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5 where "?" represents a word that is not in the dictionary, used

by the JASPER agent. Alternatively, "?" may al so represent an acronym
or a wor &vo 99/12108appearing i n the docunent with unusual capFT/@BO¥8ASibn.
Exanpl es of such words include I T, LAN, WAN, xDSL and OveR

In these exanples, IT typically is used tgyean Infornmation Technol ogy,

15 LAN is Local
generically
t echnol ogy, and

Area Network, WAN is Wde Area Network, xDSL refers
to a class of tegFfolog known as Digital Subscriber Line
OveR may be h Zh,a.corporate facility such as a

conmuni cati ons net wor ks. hesgogtructures do not forma

definitive list.
an adjective fol

Ot her struct ur es ~fortrigl key word sets, such as
| owed by two noung, as is the}jcase for 20 Local Area

Network, may also be defined. Strhctdh8FPER fpur or nore key word

sets likely to enhance a sinmla

a noun f ol
for Asymmetric
PCT/ GB98/ 02611
Subscribqg1d{

keywor ds.

i X A | so be identified, such as

uo RURETAICTS the case
FGRM Di gi t al
two or three
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| oned by an

SCORE AND
RETRIEV.

c than sets
These grammati c¥l 3gggg§ures provi de

bet ween no
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of a great
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key words wil |

associ at el keywords apd assum ng |t V, air or
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RMyal Jarticles, p cat egori Bkove to be
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SRERrREE REDUEST As each of these associ ated
e entegedworpg he Jasper key

USER USER

Fig.e.

START

601
\( VUSER SUPPLIED KEYWORDS

TRANSMITTED TO JASPER AGENT

602| AGENT ACCESSES CLOSEST
N MATCHING PAGES FROM IPS

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

60( RANKED LIST TRANSMITTED TO
USER ON CLIENT MACHINE

STOP




10 word store, as a single conplex key word, they may al so be used in the
key word * clustering technique, detail ed above, that_is Hﬂ?‘%6g
enhance wepy/ofiles.. This may i nprove the quali tWF % ctive
sear chi ng perforned by t he JASPER agent 115. It may al so be used by
a search engine, or simlar device, to idemify docunents contai ni ng
associ ated key words that have been used to define the 1 5 target

i nformati on of the? f5 The process is not limted to
Engl i sh | anguage do Eght Sim|ar S tdchni ques may be used for other

| anguages. General comments or-lrpt‘%.lé erfbodi nents descri bed above.

20 The skilled addressee will pppreciate in _considering the

enbodi ment s 501 gescri bed herern that other text sunmarijsers may be used
in place of OOHTGQI USERFPNDSSWMG%@%JHNTER&% rising tool nade
avail abl e by Britis Tel econmuni cations plc on the I ternet, at the

BT Labs shop | ocated™ar NTTp: /mcom
Al t hough describ TTetatTomtU IULdL'I g T T OTTTEL T on é%% nt er net,
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5 i) i nput nmeans for receiving at |least said first and second
data sets; i) processing neans for identifying a set of keywords
in at | egatesfipslirst of the data sets, th@ﬁi‘?’%ﬁ%ﬁ‘r}g means
havi ng access to at |east one rule set and identifying the
set of keywords by use of said at |east ogg rule set, 10 t he
processi ng neans further determ ning said neasure of simlarity; and
i) out put means to output said nmeasure of simlarity wherein
said rule set includes a rule concerning relative |location of data itens in
a respective data set, and wherein said processing neans determ nes
t he nmeasure of 15 simlarity by conparing at |east one set of key words,
identified by said processing inthe first data.set, with a
set of keywords conprising or derivE% .ZZLsaid second data set.

2. Apparatus as clained in claim1 further conprising information
retrieval 20 neans and a datf{ store, sard tirst data set conprising data
retrieved from an i nforpati ogTRage bylsai.d information retrieval
means and said second data set conprisifng a set of key words stored
in said data store. . 3. Apparatos~as clainmed in claim1 further
conprising information retrieval 25 jneans, said first and second data
sets conprising data reteved—ftrom—af +Aforrety on base by said
information retrieval freans, thePProcessing neans T¢tentifying a set
of keywords in each of | saUSER rMHARS NEWnY BEQVERTs hn

determining the neasur ¢ of TRIGGRERS tAGENTc ONSERYEFhe FeSpective sets of

key wor ds. 3 4, paratus as claifed in claim 2,
wherein said second data set defines a target data set for use in
data retrieval, by said information retyieval neans, from sai d

i nformati on base wherelpy—sard—fTrstdaraset—Ts rdentitiled by said

processing 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 205
SELECTION SERVED TO USER | J
ON CLIENT MACHINE

STOP




W O 99/12108 PCT/ GB98/ 02611
24 ° meahs as containing said target data set when said of
sim | ari tyodtxes8is a pr edet er mi ned t hreshol d. T%%g‘é/wﬁ?l .
Apparatus as clained in any one of the preceding clainms wherein said 5
relative location of data itens in a respggtive data set conprises adjacent
| ocati on of at least two potential key words with respect to each
other in the data set, the processi ng nmeans identifying such adjacent
potential key words as together F:' rggiding a single key word in an
identified set of key words. 10 dgg «Apparatus as clained in claim 5
wherein said at ljeast one rjl e set conprises at |east one of the

1)

followi ng criterifa: START a noun followed by a noun or a

predet er mi ned set-—e# Peh=E+ 2) a verb followed by a noun
or a predeterm ned set of indicia; 15 3) an adjective followed
by a nour apredetermmed—set—of—fndi ci a; and

4) a reddA@PfﬁmeNGEétT STOR&E:I a ffoll owed by a noun or a verb or a
further predeterpA@®EdiNdePDf1oondicia| 8®0 the processing neans identifying
adj acent $ her provi ding a single key word

in an identified set of key words only when they neet
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COMMUNITY USERS' PROFILES 802

803

FOR
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804
/

JASPER AGENT SENDS
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STOP
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said at | east one criterion. 7.
of cl ai m;&; to 6, wherein said data store 25 conprises a plurality of*
keyword s QIYIRLOR i £ i ed, by said processing neans, froma PCT/GBIgMGIRIitY
of data sets retrieved, by said inforrT? on retrieval neans, fromsaid -
i nformati on base, \/\herel n said processi’ig neans defines a plurality of

rel ati onshi ps bet ween said data sets dependent on the neasure of

Apparatus as clained in any one

simlarity calcul ated foc_cea(r:);l pair of datacets. WD 99112108
PCT/ GB98/ 02611 8] 25 8.
A net hod of determ'n Aof simlarity bet@e first and second
data sets, wherein S@d horrpri ses the steps of: i)
appl yi ng i dent | fyi ng=tags ected data itens in at\least the first of
t he data s accordance with at leagt a fir rul e;
i) |dent|fy|ngaset bntial key words A e tegeither the
presence or the apsence of said i ags gl i)
sel ecting sets of two or Jwere—pbtenti are |adj @ent by
applying at |east a second rul e 10 g edgch gol ected set
of potential keywords as|a single keyws gener atdng a set of
keywor ds whi ch conpri sesteach ¢Nassi f ed set of _@tentl al
keywords as a singl &keyyord, togethey with the remaining
keywords fromthe i §&ntifii ed sdd of pbtenti al keywords; and Vi)
conparing the gener d get of ggeywor ds with a set of keywords either 15
conprisi-ng or derived fr¢m thecegecond data set.
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9. <A nethod according to claim8 wherein said first rul ggmns A TTe
least in # art to the granmatical category of the data@agvenE 20
10. A net ccor di nngmw%%ggﬁm@Gmww vvherel &y d at I east
a - second rule_conprises one or nore rules fromthe | ow ngrY
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and 4) a predet er M Ngd43% bterngfionsl Balilication Batek | o tMizsh 18991610 03990
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(57) Abstract

Methods and apparatus for identifying associated key words (1035) in a data set (1000). Associated key words are identified by a
parser (1020) which firstly operates to extract key words from a data set (1000). These key words are then analysed by the parser (1020) to
identify which key words, if any, have an association as defermined by a predefined set of rules, These rules are grammatical and include,
for example, two keywords both being nouns that occur one after the other without intervening low value words. A similar rule applies
to nouns followed by verbs but does not extend to verbs followed by nouns. These rules allow terms and phrases such as “information
technology" and "wide area network" to be identified as associated key words (1035) rather than as individual and unrelated key words.




