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| NFORMATI ON MANAGEMENT AND RETRI EVAL , This invention lies in
the field of weisbenss and- apparatus for data managenent perbpoSduéseVal
and finds particular application to the field of methods 5 and apparatus
for identifying key data itens within datajsets. Recent
advances in technol ogy, such as CD-ROVs, Intranets and the Wrld Wde
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detailed in the a endi ng international patent application PCT
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words is often teclwidal Hiseldsdres aamptrwataraormatioa)ebf imerastetd the inbigidusiolser @ t hat
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25 as a means i ndeRPLadiiNg @se?su{m?orcﬁte dﬁgyseg)gpﬁwt@e% t)ﬁpgagﬁ\lzelt ¥oJI9%R&i fied
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GB96/00132 the subject matter of which is incorporated herein by reference} may
also be used to identify information that may be of interest to individual users.

20 In order for these information retrieval and management tools to be
effective, either a summary or a set of key words is often identified for any data
set located by the tool, so that users can form an impression of the subject matter
of the data set by reviewing this set of key words or by reviewing the summary.

Summarising tools typically use the key words that occur within a data set

25 as a means of generating a summary. Key words are typically identified by
stripping out conjunctures such as “and”, “with”, and other so-calied low value
words such as “it”, “are”, “they” etc, all of which do not tend to be indicative of
the subject matter of the data set being investigated by the summarising tool.

Increasingly key words and key phrases are also being used by information

30 retrieval and management tools as a means of indicating a user’s preference for
different types of information. Such technigues are known as “profiling” and the
profiles can be generated automatically by a tool in response to a user indicating
that a data set is of interest, for example by bockmarking a Web page or by
downloading data from a Web page.



30 retrieval and managenent tools as a nmeans of indicating a user's
preference for different types of information. Such techniques are
knewn as "profiling" and the profiles can be generated autorratical ly by
a tool in reepuMe to a user indicating that a data Sgiyd dnt erest,
for exanple by bookmarking a Wb page or by downl oadi ng a rom a Web
page, 2

Advanced profiling tools also use simlarity matrices and cI ustering

techni ques to i deplidncedapdniffl Sodld 4IS) QIRNG; 0 fhe
JASPER t ool referreaﬁteﬁg o(\)/e 'S an exgmgﬁtg #ﬁéeghagét‘%h%tgf'%t uses
profiling t dEFIYERL0 {dgptify data sats of ialayenee to ajusel’SPI’Oflle The JASPBRbélcant ' s
co- pendi ng [kefefrp® 8 apies i amBRdmpld b Qﬁbl’f‘h'mrthﬁp uses pr&?fﬁgqgglﬁmﬁxestfgre

subj ect rratter of which is incorporated herein by refere means
i denti fyi ng "REPUPEF%s consisting of several consecutive words is

di scl oseds These Ineyhd Apblicadt's deSRMIMG E&bbeaﬁspét@ﬁ'ﬂ \ég:ﬁrn&g?ﬁa"‘-:%ﬁlﬁéﬁﬁf% W thin

a siml rix. This enabl es ternms such
Technol ogy" %rglf‘fhg&ggg' W5 publaR qrenigp st whichis ‘r"é%’B@’ﬁf%deEPra@ BYeraferenee, thei r own
ri ght rat hemedahanofasdentifying kertetrhd Qﬁn&‘@ﬁﬁfd aff €sdiBbal VeUnEScutive words is

However the ni-ques ,.for identif s . and phrases are | ess
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I t he " d.and, butter” t wo
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a second neanlng IS ©
: identify phrases which contain high value words alone, such as "information
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retrieval”. However, conjunctive terms often provide a great deal of contextual
information,
For example, in the English language, the phrase “bread and butter” has
two meanings. The first relates to food and the second relates to a person’s
20 livelihood or a person’s means of survival. Similarly, in the English language, the
term “bread and water” again relates to food and also has a second meaning that
is often used to imply hardship.
An information retrieval or management tool that eliminates all conjunctive
words during the process of identifying key words and phrases in a block of text
25 would reduce the phrases “bread and butter” and “bread and water” to a list of
key words consisting of “bread”, “butter”, “water”. In such a list, the second
meanings of hardship and a person’s livelihood are lost.
A further problem is that nhames such as “Bank of England”, “Stratford on
Avon” or terms such as “black and white”, “on and off” are reduced to their
30 constituent, higher value words, thus altering the information returned by the tool.
According to a first aspect of the present invention there is provided an
apparatus for managing data sets, having: an input means for receiving data sets
as input; means adapted to identify, within a said data set, a first set of words

comprising one or more word groups of one or more words, conforming to a
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conformlng to a second distribution pattern within said data-set;

4) eliminating said sub-set from said first set thereby identifying a set of key
terms;

5) outputting said key terms.

20 Thus embodiments of the present invention identify, within a received data
set, a first set of word groups of one or more words according to a first pattern
within the data set and then identify a second pattern of word groups from within
the first set. The key terms are those groups of one or more words within the first
set that do not conform to the second pattern,

25 The approach of identifying, within the data set, patterns of word groups,
enables key terms to be extracted without first eliminating low value words, This
has the advantage that conjunctive words and other low value words can be
retained within the data set so that terms such as “on and off”, “bread and water”
and “chief of staff” can be identified as key terms in their own right.

30 This improves the quality of the key terms extracted and also allows key
terms of arbitrary length to be identified.

Preferably said first distribution pattern requires that each word group in

the first set occurs more than once in said data set and preferably said second



conformng to a second distribution pattern wthin sai.d data-set;
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of key terns;-. 5) .outputting said key terms. 20
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Removing low value words from the beginning and end of word groups
improves the quality of the word groups returned by the key term extractor.

20 Preferably the first aspect includes means for weighting each said word
group in said first set according to how frequently each said word group occurs in
said first set and means for modifying said weighting of at least a first word group

- in proportion to a weighting of a second word group in said sub-set and means for
selecting said key terms for output in dependence upon said weightings.

25 Preferably the second aspect includes the steps of:

9) weighting each word group in said first set according to how frequently
each said word group occurs in said first set;

10) modifying said weightings of at least a first word group in said first set in
proportion to a weighting of a second word group in said sub-set;

30 11) selecting said key terms for output in dependence upon said weightings.

Weighting word groups according to their frequency of occurrence
provides a mechanism for ordering the identified key terms.
Modifying weightings according to the weighting of terms in the sub-set

enables terms eliminated from the first set to influence the weightings of those
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Preferably the first aspect includes means for storing said prefix or suffix
in association with said stemmed word thereby enabling said prefix or suffix to be
restored to said stemmed word,

20 Preferably the second aspect includes the step of:

8) storing said removed prefix or suffix in association with said stemmed
word thereby enabling said prefix or suffix to be restored to said stemmed
word.

Restoring prefixes and suffixes to stemmed words improves the quality of

25 key terms forming output of embodiments of the present invention.

Embodiments of the invention will now be described, by way of example
only, with reference to the accompanying drawings in which:

Figure 1 is a schematic view of an information management and retrieval
tool set incorporating a key term extractor according to embodiments of the

30 present invention;

Figure 2 is a diagram showing the main functional components of a
preferred key term extraction apparatus; '

Figure 3 is a flow diagram showing a method of key term extraction
according to preferred embodiments of the present invention;



i nfluence on the identification of key terns. . An assunption is
made that those key terns occurring nost frequently are 5 nost relevant to
the informati on content of .the data set. Preferably the first
aspect inclwaesmesans for nodi fying any word in any PEATCBISHIAER
adapted to renove any prefix and adapted to renove any suffix from a
word to forma stenmed word. 6 Preferably the second aspect

i ncludes the step of: 10 7) nodifying any word in any said word group

by removing a prefgigurer 4 Silfstlates the application off b GFFefeh8d WREtHod AT €Y tdrey M NY a
st enmed word. The renoval of prefixes and suffixes allows each

word to be r&UURREN{Y aparticular pxamnlel form so that wei ghti ngs i ndependent of

prefixes and suffirgsre®is Helow diagréil SHOWASEAn Mdre detail, preferfdigrodBdsity t hat
are repeated but with differ eﬁ%g f I X s and/ or suffixes are accounted

for as repeaf ‘6¢eUFP WB%?SBTP SR e Preferably the
first aspest incl uEIguﬁremeaans floor diagrami ﬂgwﬁﬁg,dn e idetdll| pratérrdcXprocessind

association wth sal thereby enabling said prefix or suffix
to be r eSTEP &9 "?%e'g?;\" cft%pt %%PF L efded Preferably the second
aspect includes thEgeeepisoh flow diagram ﬁjowsng)rm maors alethily @raferesti proeéssingor

suffix in asgpe%l % @Be%’énﬁt@téa‘é?{g Sf gome wor d t hereby enabling
R es

said prefix or ored to'said stemmed wor d.
Restoring prefi xesFlaw@i 8 i f iflops diagrast shoveog, vio miwre i depailo peeferrdibpmpoedsirigy  of 25

key terns, éorfg QQOWIQMEM%?{F%’?% ﬂgw béof the present invention.

Enbodi ments of "the I'nventio descri bed, by way of exanple
only, with referentiguned? iha flaucdinramy sheyviog. dnimess deteilwirefbrred processing
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tool set incorporating a key termextractor according to enbodi nents of the
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terms, may benefit from the present invention. For example, key terms may be
used within data management tools such as document summarisers, profiling
tools, search engines and proactive data management tools such as the JASPER"
tool referred to above.

20 In one particular application, the present invention may extract key terms
from data sets without first stripping away conjunctive words and other so-called
“low-value words” from the data set. Conjunctive and iow-value words can often:
introduce subtleties to the meanings of key terms and phrases. By retaining the

- conjunctive and low-value words, these subtleties may be retained. This improves

25 the quality of extracted key terms and phrases in comparison with prior art
systems, both from a user's perception of the key terms themselves and in relation
to improvements in the operation of other data management tools using such key
terms as input.

Typically, automaticaily extracted key terms may be used in two main

30 ways. They may be used by a data management tool, or they may be presented
directly to a user. Data management tools are often less concerned with the
quality of presentation of key terms. Data management tools may accept key
terms including words in a word-stemmed state, or words having dubious

capitalisation, with little effect on the tools’ output.



6 Figure 4 illustrates the application of a preferred nethod
of key term extraction to a particul ar exanpl e; Figure 5 is
a flow diagram showing, in nore detail, preferred processing steps to

I npl ement st ewo34fy4ef Figure 3; 5 Figure 6 is a pcooBsimgsam
showi ng, in nore detail, preferred processing steps to inplenent step
315 of Figure 3; Figure 7 is azyflow diagram showi ng, in nore
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providing a gateway access to the internet 160. Users of the information
management tools residing on the server 130 may gain access over the network
20 145 using an appropriate Internet viewer 135, such as a conventional internet
browser product running on a personal computer, linked to the network 145, with
user interfaces 140 provided by the personal computers themselves or by work
stations.
Information management tools incorporated within the server 130 may
25 gain access to the Internet 160 via the network 145, its router 148 and an Internet
router 150. Internet service provider servers 155 may be accessed over the
Internet 160 via appropriate routers 165 as required.
An information management and retrieval tool set might use the above
components of Figure 1 to enable an operator of a user interface 140 to locate
30 information via the Internet 160,
For example, the JASPER agent 105 may have accessed a user profiles,
stored in the profile store 115, in order to perform an overnight search for
documents, accessible over the Internet 160, of potential interest to users. The

JASPER agent 105 stores information about retrisved documents in the page store



capitalisation, with little effect on the tools' output.

7 However, when results are to be presented dlrectly to a
user, key terns - wi th high presentation value are required. For exanple
even one r ous/2146% M say Wi t h dubi ous capitalisati onpcéBesinBizact
heavily on the perceived quality of a tool's out put. Phrases (which
may have appeared in the docunent with garious 5 capitalisations and word
endings) are preferably well-formatted. Key ternms may preferably be
limted in nmuygenysigng tyahramarr habrd BR%R fbflve @rf%nﬁ)rtﬁé%%fﬁéj SRIE 1'1'5th¥ to

be of higher value to the user, ferrin ure 1,
schemati c r efffEEBRISHY b‘?ﬁ BRY Afen aceisite Page store hha ﬁ%"ﬂ?a"& EIVF%‘F‘Pl“évaI

tool set is kb ProfileWithRhE dsamﬂaﬂbma@ianw«daldcuh the pab&stdie 120, anéil e
server 130. The tool set |ses ),/ term extrac onent 100,

SO ASPER. ey s axtzanisy TOU b4 Prosgnt igveion miay a4 shaled ba 1 qoggiation

sumari sers 1gf0terfs Ndk mekmi meer;frames Ad ianektractingy el teemwdn &laﬁheved
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aft wletle fi Ilg
comuni cat es“SFHIREMS I‘?ét"\ﬁf)r"k gi'i%"Q/Fad"FW@eWé‘[ VRNGas For rﬂ"’e’?‘?’a@éa'hﬁﬁ thepe
net wor k 145 JmsPEmsgeaxanplcﬁ this anwdamatt;eraferbw mia@ beeiabe ko internafioral exanpl e

one using Int t ocol tched tel ephone network
(PSTN) or a 'f)%?ﬂq agp@c mantp #‘?eélﬁ% rk 145 may include a router 148

provi di ng a gat ewa'y:ealmemmt exttdetorl MGyt bd GD. actyeetwl dhatt hentinobaslyrat i on

renagerento gkt Sahol B Aeddior R iR INIOLNAEENE ANRL e

net wor k an appropr i | nterne as a
convent i onal Thenkeyrtaeo extractpn 1R may ghendrass thesarkenderors @ qiberstoolalsuchaput er

linked to thg,ngiysy %%4'5 104, tQ/here fdl’t?igf pl'&tegsrtrt@%ﬁerr#}\gs AR Rathdetlirther t he

personal conputers t el ves or
| nf or mati on #tieaphauidtbe taker anberlpf@rrmt@a wwampweﬂhen%wve\ral 189 sehyn 25
gai n access {eQnddi®f habfhidaleddyevi @ the network 145, its router 148 and an

| nt er net router 150. Internet service provider servers 155 ma
accessed ‘bﬁ,er t he Alternatively, the key term extractor 100 may be called by the JAS E

agent 1056 or by the summarising tool 120 in response to a page being selected for
storage in the page store 110.
In either case, the key term extractor tool 100 will analyse the page and
extract from it key terms, preferably independently of operator input.
20 The key terms may be simply stored by information management and
retrieval tools as a headline summary of a particular document for use by users at
a later date.
Alternatively, the key terms may be passed on to a profile tool {within the
JASPER agent 105) which may use these key terms to update either or both of a
25 user's profile or a particular document term matrix. (For further information on the
profile tool or on document term matrices, reference may be made to international
patent application number PCT GB96/00132).
The key terms (and possibly some associated processing results from the
key term extractor 100) may be passed on to the summarising tool 120, which
30 may include some of all of them in a generated summary.
Referring to Figure 2, a diagram is presented showing the principal
functional blocks in a preferred embodiment of a key term extractor apparatus
100. Each of the functional blocks may implement an appropriate portion of the

processing, to be described in detail below. In overview, an input 200 receives




Internet 160 via appropriate routers 165 as required. An

I nformati on nanagenent and retrieval tool set m ght use the above
conpenents of Figure 1 to enable an operator of a user interface 140 to

| ocate 30 i nvomsrzméson vi a the Internet 160. FocT/epsansies, t he
JASPER agent 105 nmay have accessed a user profiles, stored in the
profile store 115, in order to perform an ®verni ght search for

docunents, accessible over the Internet 160, of potential interest to
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in the page stqfgdetdO230 may performs éns@dtitalaﬁén"cﬁ)s@hmﬁbﬁ KJ@Q@ bRLpP: &Xtghact or
tool 100 will analyse the aeang extract fromit key terns,

preferably m’éde'p@qwéwb;seb ormj@qsatoé the fepejyed first set to result in a set of key terms,
to be output by the output 235.

Embodiments of the present invention may be applied to tools for the
management of data sets containing text information, where this management
relies at least in part on word sequences that occur more than once in a data set

20 and where these word sequences are not sub-strings of any other word sequences
that occur more than once. Such selection criteria may be demonstrated by way of
the following example. In this example, capital letters, such as A, B, P, Q, etc. are
used to represent words, strings of these letters being used to represent
sentences. The present example uses the following “sentences”, identified within

25 arecelved data set:

ABCDEF-1
PQBCDE-2
BEFCDP-3
30 CDEBEF-4

From these sentences, a first set of word groups may be selected

according to the criterion that they occur more than once in the above data set (a



20 The key ternms may be sinply stored by information nanagenent

and retrieval tools as a headline summary of a particular docunent for
use by users at a |later date. Alternatively, the key terns
may be passwdomvaéso a profile tool (within the JASPER@MM_,J‘Q@) whi ch

may use these key terns to update either or both of a 25 user's profile or
a particular docunent termmatrix. (Forqpurther information on the

profile tool or on document termmatrices, reference nay be made to

i nternationa [

The key ter Lm( anetgﬁ%oga;%sgﬁ& sr‘oﬁg”ast s%%'lgg?g{ij 'g% g@??{ﬁq}g'}ﬁﬂf’%’ " Btrﬁdt he

key term ext balowdr 100) may be passed on to the summari sing tool 120, which
30 may include some of all of themin a generated summary.

Referring to Figure 2, a diagram is presented show ng the principal
functional bl ocks BE REpr eflescuesdtwiom dtisensencesfl &2key term extract or

apparatus 5 100. BEaCh Of (hiirs WG, i Bebherded ok 8 zgay i npl enent an
appropriate portion of t he processi ng escrl bed in detail bel ow

In overview, an inp@E200 Aegeyrstbeee times, " sentences 1,

9 data sets io0® udi ng (psiutd FROStiMAES, t.,eg&me.eaegqc;agerma,ﬁo each data set an
identifier and ?gtorl ng each ata. set in a data store 205. A sentence

i dentifier 210 opeF&tes on (gecurs thigedimes. inysentences d o3& 4 de i ncl uded t ext
into sentences andpto st or doddufs thAeH, @NEafterides 2 & 3f he data store 205 as
approprialtlﬁ. A first set identifier 215 operates to identify a 5 first set
of word groups fromstored sentences relating to a particular data set. The
first set identifi Enomnhjs sqm.pthp falrmna@pepwhﬂtrﬂaysaé eclbcted fof therfirat set t he
sel ection of Wor ug\e sego nel usi gﬂ in the fi ISt Set A sub- get

ove accordi telf'lon at a,werd, gropp WSFS "gﬁr forﬁ's f'%m a

identifier 223 operate et
first set usistringariya Iamra\mrd anoepsreiredtrstmt criteria. The sentence
identifier 210, first set identifier 215 and sub-set identifier 10 220
operate in conjunction with a sentence counter 225 to enabl e sentences
identifieddwithin BGRBM® icular data set to be scanned as required. A
subtractor 230 gigsgarranged to receive a first set fromthe first set
identifier 215 at g "+ " input and

However, note that sub-strings ‘CD’ ‘CDE’ and ‘EF’ are not included as
20 key terms. This is because all are sub-strings of the larger terms ‘BCDE’ or ‘BEF’.
However, if for example that larger term ‘BCDE’ only occurred once, then ‘CDE’
would feature as a key term.
A consequence of the two stage process outlined above is that if a data
set contains the following terms in the following sequence:
25
.. Jasper agent ...
.. Jasper ...
.. agent ..
.. Jasper agent ...
30 «. Jasper ...
.. agent ...
.. Jasper ...
.. agent ...



a correspondi ng sub-set fromthe sub-set identifier 220 at a "-" input. The
subtractor 230 may perforns a "subtraction” to elimnate word groups of the
15 <teceived sub-set fromthose of the received first set to result in a
set of key tewowpe74s9 toe be output by the output 235. PCT/GB98/03468

-Enbodi nents of the present invention may be applied to tools for the
managenment of data sets containing text nmformation, where this managenent
relies at least in part on word sequences that occur nore than once in a

data set 20 and wWheHeR ‘JApECagdat Guift 88 WOIRYABrR [ 1Y asSH s At dURGSMEd inRd1Y
ot her word sequences that _occur nore than once. Such selection criteria

may be denponstd'qPe] tey Wﬂ? a§f tool setiingluding p JasraLa28ek htus nejthert hasper,ionp| e,

capi tal | etterggentUsiRglpwilbe ey Hernfa, rédefdiesd’ & howeves fdny QiniedPine$ @dkurnor ds,
strings of these letters bei ngplused to represe sentences. The present

exanpl e uses tH¥ PYAIYSRIEFRTHNG ol thrae @8 keviteras ¢ r?‘f'%*?:l °Wtf‘ﬁ|aﬁs‘ﬁ'§’tﬁ’"rtt§€tep‘(/ed

data set: B just presenting ‘A8§glaFbgent, all or most of the ifdRcENONAs retained. B E F C
DP- 3 30

first set of word ng): gi'%??gy E}Sgtagiggem%d“m"m a%’&of’aﬁgq%g]"‘t?ge‘fs"ﬁﬁs‘g'ﬁcﬁ eﬁ? on
that they occuompphenttduats qzocreini thetdaga abw \serefiabentaidde Weighting for the term
101 be MoLe I5ha) hafleS el Rl UWmludd! RurPLORRS Hubeble | ARKETRRLAL O
infrequently, and “agent’ with a similar frequency to ‘Jasper agent’, but the term
10 ‘Jasper’ has a higher frequency, then the compound term ‘Jasper agent’ could be
weighted against other key terms -of the data set in recognition of this.
in preferred embodiments, the information management tool may ask the
user to act in response to key terms presented, for example to accept or reject
them, and an interface may offer the facility to select partial elements of key
16 terms. Such a tool may be a profiling tool, for example, that allows a user to refine
their personal profile by aitering terms entered.
Preferred embodiments may also use full stops and other punciuation
marks to break word sequences. This helps limit the length of the potential key
terms, .
20 Embodiments may implement further criteria for selection of word
groups for the first set of the sub-set or both. Preferably, word groups may
be selected having no leading or trailing low-value words. “Low-value
words” include conjunctions, adverbs, and some common words such as:
they, are, it, has, of, in, etc.
25 Returning now to the example above and representing low value

words as lower case letters, the sentences may become:

abCdEF-1
PObCdE-2
30 bEFCdP-3
CdEbEF-4

From these sentences, key terms having no leading or trailing fow value

words are now:



BCDE (occurs twice, in sentences 1 &2) 5 . BEF

(occurs twice, in sentences 3 & 4) CDE (occurs three
times, in sentences 1, 2 & 4) CD (occurs four tinmnes,

I N sent encewol992s9 3 &-4) EF (occur spghEaRRebdeES, 1N
sentences 1, 3 & 4) P (occurs twice, in sentences 2 &
3) 10 Fromthis set, the folipowi ng key terns nay be sel ected
fromthe first set above according to the second criterion that a word
group does not form a sub- string of a longer word group in the first
set: 15 BCDE BEF P

However, note that Cslb- strisegtencesd andBE' and ' EF' are not incl uded as 20
key terms. This | sglpecause @hienddsL1, A4 ri ngs of the Iarger terms ' BCDE

or 'BEF'. However, if for exanple that |arger term' BCDE only occurred
once, then 'CDE P woul d BNG?%e2889 3 key term A consequence
of the twosstage process outlined above IS that if a data set cont ai ns

the foll ow ng terr‘r§l | n t he foll ow ng sequence: ; Y spe
agent ote %é'beerb is lost from t e front of éléeef,ﬁrm bCdE”, but that th

Jasper agent i@@rnal ‘d’ is maintainedASREdordingly, terms such .as. "bR@RNEand butter” and

Jasper terms including o?h%? rc]:Emjunctions and low value words may now be listed as key
terms.

10 it is preferable that whole sentences are not listed as key terms.
However, where a sentence occurs twice in a data set, the above method may
include it as a key term unless sentence splitting and key term limiting techniques
are employed.

Referring to Figure 3, a flow diagram is presented to show a preferred

16 sequence of steps to be implemented by the key term extractor 100. These steps

are listed below with further commentary on their operation.

STEP 300 : input text.
20 STEP 305 : split the data set into sentences.
STEP 310 : split each sentence into word groups of one or more words.

STEP 315 : take each word group and remove any leading or trailing low-value terms.
25

STEP 320 : store in order of the longest word group first down to the shortest word

group and then stem each word and ignore case (stemming is the known technique

comprising removal of prefixes and suffixes). Retain an association between each

stemmed word and its removed prefixes and suffixes to enable restoration of the
30 original word if required later.

STEP 325 : give each word group an Initial weight equal to its frequency of occurrence
in the input text and ignore all word groups of weight 1 (i.e. ignore word groups that are
not repeated).

35
STEP 330 : propagate word groups upwards: starting with terms of length 1 (i.e. one
word only) and working upwards, find the next shortest term that contains the candidate
word group. Increase the weight of this word group by the weight of the candidate word



then 'Jasper agent' wll be a key term(as long as it is not subsunmed into
a longer termsuch as 'tool set including a Jasper agent'), but neither
"Jasper' nor "agent' singly will be key termnms, regardl ess of however
many times thwopowzmesr. - This avoids presenting all thregciepbfiasadser NS,
relying on the assunption that by 5 just presenting 'Jasper agent', all or
nost of the information is retained. 13 In addition, by taking
into account the frequencies with which its conmponent parts occur in

the data set, a reppa@pemtrdioiatt: damidgh ivbrd GodpO Regolt @ntl Rl cHRdidate word BRE agent’

can be conputed. FoJse%@gRiafongd: ford g PEN agent' occurs i nfrequently,
and 'agent' with a simlar frequency to 'Jasper agent', but the term 10

"Jasper' has a higher frequency, then the conpound term'Jasper agent'

coul d be wei ght¥§P A%ja%h%% thaitrR wprd lgieyps fasgenthanyd pre-priecterhie cangurable)

recogni ti on ®f t hi gnaximum ellowable length temaipr i $uelr el verttpatpsie nénmin, ddadhebenf or mat i on
managenment tool maywoatsloupsiies to-be-splSIS anll Rpadtifomisidp iﬁﬁﬂémﬁoﬁ@mk@}ﬁ theSl MB

presented, for exanghgsdnQis@iferafRiti RS fc;\tgtioﬁ Giline start of?rrikkesg? is%gkgﬁetg,galg #Lt}lttheerSL g‘ﬁ € a n?‘g ol

offer the facility to select rtl enents o

may be a profiling "t'a(’:‘)"c’ﬁ”?w?'% '°"§>%%‘$3?as?sﬁgﬁmﬁﬂ ows a user to refine

their personal profile by altering terns entered. Preferred
enbodi nent sthmay al STERISE : fcalk {he waighrbeagnebrdardug by dpidingit hyaHeinGriber of wortsat KS t O
break word sequencesntankahdoled s drdufiiitto deliBashSREdNeRit oluble POtential key
terms, 20 Enbodi ments may 1 nplenment further criteria for selection
of word gr oups sf'i'gﬁu he lfi rs¥ set .of the sub-set or both. Preferably,
word groups nay 0243 & FPRY £ SRR PR d e Tumiendt ke Rgmspbtapsaiom thage WoBw- val ue

wor ds. "Low val ue 9rouprs,icai\eigcling [R eparoerist pumbenof wordsgroupsdfipetioss hadngdhesone  conmon

wor ds such ®s: grdlestweight.e, it, has, of, in, etc. 25 Ret ur ni ng
now to the exanpl e above and representing | ow val ue words as | ower case
LjeEE Sr g b the sent e%?ﬁﬁ%he@%m broups are t((ﬁ)e EBseEedr_tc_: %&gdlﬁfp-ﬂqé word groups P QJC
ack fo E; ‘real world". In step 320, the potenfial word groups were stemmed and case
information discarded in order to map the widest possible conceptually-equivalent set of
20 word groups onfo one neutral representative form, The inverse mapping restores

capitalisafions and word endings.

Note: in step 330 candidate word groups are eliminated from the list
at the first instance of being identified as a sub-string of a longer word
25 group. It is possible to propagate each sub-string all the way to the top of
the list and to increase the weighting of each word group in which the
candidate term is a sub-string. This process may preferably be used as an
alternate means of weighting the key terms. However, it does not alter the
outcome of the terms retained.
30
Algorithm Details
Referring to Figure 3 and to Figure 4, selected steps in the above
algorithm will now be described with reference to a particular example using text
as shown in Figure 4:
35
step 305: sentence splitting at full stops - care is taken not to split on

abbreviations (the abbreviations database 125 may be used for this purposs).
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is lost fromthe front of the term"bCdE", but that the
" Is maintained. Accordinglwyw4 terms such as "bread and butter"”
and ternms including other conjunctions and | ow val ue words may now be

| isted as kerllowing redefitdt-stepl 800, the input textl ik sbﬁt it bR b mb%hte%@é €

not listed as key terns. However, ere

sentence

(ﬁ??’? a data set, the above nethod may I ncl ude it as a key

This is wholemeal bread and butter.
It uses salted butter.

Salted butter is good.

Bread and butter is mainly bread.

step 310: identify word groups — Stage 1 processing 410, under the control of Key

Term Engine 470 preferably implemented as a functional component of the key

term extractor 100, begins by identifying word groups of one or more words from

the sentences identified in the input text 400. Before stemming, the word groups’

{420) may be identified as follows:

bread and butter is mainly bread
wholemeal bread and butter
butter is mainly bread

bread and butter

wholemeal bread

salted butter

bread

wholemeal

butter

salted

(The mechanism for identifying word groups is further discussed below.)

step 320: stemming and capitalisation - although not required by the
present example, Stage 1 processing 410 may involve stemming to remove
prefixes and suffixes from words in a word group so as to reduce each
word to a neutral representative form. For example, stemming would
reduce the phrases “surfing the net”, “surf the net” and “surfs the net” to
one representative phrase “surf the net”. Preferably, prefixes and suffixes
are stored in association with the neutral form so that it can be
reconstructed at step 350.

Stage 1 processing 410 may also involve capitalisation - the

process of identifying those words that need to begin with a capital letter




are enpl oyed. Referring to Figure 3, a flow diagramis
presented to show a preferred 15 sequence of steps to be inplenented by

the key term extractor 100. .These steps are listed below with
further conmrewbasyrsgn their operation. STEP $Qﬁrsngsrq3m t ext.
20 STEP 305: split the data set into sentences. STEP

310: split each sentence into word groups 1gf one or nore words.
STEP 315: take each word group and renove any |leading or trailing | ow val ue

terms. 25 such as a persen’s ﬁgrﬂe) andtRER W@ ki to @bt tbeelamipBeabrdaor d group
first down to the shorfest wor d group and then stem each word

and i gnore caset(the T 19§ 2 sertanee k QS CEMRISfi98tain capitals as do Qg sj ng

removal of prefipsfsiaehs. S Wehiify®g)thodRolv &l tRdl rRes eapitilisAidnabweasmeach
stenmed word and its renoved prefixes and suffrxes to _enabl e restorati on of

the 30 too PP gRrREANTSRL 1Y th'ﬁ fasqubY ctiep a38%: . Typically, capitalisatiofrep 35

gi ve each worgl ﬁf&%&l@ﬁs's&ir&d ﬁh' as‘é@énﬂhin Wit &e pptidutsh vfrd’r&%l:l&ﬂ@ty't efayoccurrence
in the input text and gnore a word groups of weight 1 (i.e. ignore word
groups that areberetrieved by step 35 t repeated). 35 STEP 330:
propagate word groups upwards: starting with terms of length 1 (i.e. one

word onl and wor k| find the next shortest termt cont ai ns
t he cand?/zjate step l§229‘°"‘"’lé’)\I\/{%\/\B’r"a"'S(ji"‘gu‘b10 Fﬁ?fraesgs%ss't%ﬁem "68&9% Q, s wor d
group by the weidghtfiedfwdrégroopsth chnipteteicstage 1 output 420 as follows:
10
bread and butter is mainly bread
wholemeal bread and butter
butter is mainiy bread
bread and butter
wholemeal bread
salted butter
bread

15

wholemeal
butter
salted

R NN NP

20

Stage 2 processing 430, under the control of key term engine 470,
removes all word groups of weight 1 from the stage 1 output 420 to leave

the following set of word groups as stage 2 output 440:

25
2 bread and butter
2 salted butter
2 bread
4 butter
30 2 salted

step 330: stage 3 processing 450, also under the control of key term
engine 470, propagates word groups upwards, removing sub-string terms,
resulting in the output 480 of key terms as follows:
35
4 bread and butter (original 2+ 2 from ‘bread’)

8 salted butter (original 2+ 2 from ‘salted’ and 4 from ‘butter’)



13 group and renove the candi date word group.- Repeat until no

candi date word group is a substring of a | onger word group.
STEP 335: Check that no word groups |onger than a pre-selected (i.e.

conf i gur abwa) 9922469 . maxi mum al | owabl e | engt h remai per/cBogidisds | onger
word groups do renmain, add these word groups to a
"to-be-split' list, and repeat fromstes 310 above for word groups in the
"to-be-split' list. Iterate until the condition at the start of this step
is satisfied, or A hbiuk 16r the term ‘bread and®ittBRIi3 WO g!cﬁUaQé{pb{' gpgt h decreases
no further. STEP 340: scal e the weight of each word group by

dividing it Wet e frRMbBYNYT SiRfegihy present method dictatesnthat nBUBRd sort the
vvorld gr oups shadiie dwrpem_ ga@hs;s:&kserrfgr vualghttv@d-ﬁbefd term ‘salted dbu]:cter SEEP 345 a
apply a str m t the punpe e tgr e om t hese wor
gr oups, typlabcegé%)}t ?e‘%‘@‘ﬁ‘%eﬁg‘ Carb %15}5'?[§pﬁef'ﬁt ‘S‘Eﬂ"s%? §bs from those
havi ng t h& lJifistance of it beingiiesifiad tas \&eSugidtring of a longer word groSIEP 350 : where the
word groups are to be presented to a user, map the word groups

back to the '"real world' . In step 320, the potential word groups were
st enmed and szgsB835: possible spl‘mingi crfﬂomgmloid)grmibscamuﬂedgﬁ Rovhekdled i map t he
W dest p055| oncept ua val ent  se rd groups
ont o one. neutEapaRBE; BabipamaEM S SR ardS 1t Saovia b iRer L B oo

capitalisat |®N~s>rdmd Howvedtere rirl itimey present example, if the misginaum ianceyttalpe 330
candi dat q o gégrQbB’ﬁan w§L ' El?‘bet‘i’ugﬁ rtownbn'aene J'uécterar o Fen arEtuM“%‘of' rst

i nst ance o I'den |ed as a sub-stri on
step 310 in order to split “bread and butter”,

For the example of Figure 4, described above, word splitting will be
demonstrated by the further steps in Table 1 as follows, beginning with
Stage 3 processing 450:

15
Stage 3 Stage 4 (step 310) Repeat Stage 3 Repeat Stage 4 Stage 5
fpropagate terms {term splitting 1, split {propagate terms {no change: terms of (step 340)
o upwards} “bread and butter”) upwards) maximum Jength or {Scale terms by
less) their length)
4 bread and butter 4 bread 9 salted butter 8 salted butter 4 salted butter
8 salted butter 4 butter 4 bread 4 bread 4 bread
8 salted bui:ter

Table 1

A preferred method for splitting long word groups is to find a word

towards the centre of the group that is unlikely to be contained within sub-

20 string of a longer term. A preferred strategy would be first to look for

words with a disjunctive nature: for example ‘but’ and ‘or” before
considering conjunctive terms such as ‘and” or ‘of’.

However, where there are no disjunctive terms and only

conjunctive terms in the word group, it is possible to adopt a compromise

25 between a long word group and splitting of the word group at a conjunctive

word. For example, leaving the conjunctive word in place may only

increase the length of the word group by one or two words, in which case

it may be worth retaining the longer word group.




25 group. It is possible to propagate each sub-string all the way to the

top of the list and to increase the weighting of each word group in
whi ch t he candidate termis a sub-string; This process nay preferably
be used as anWO9%27463 t ernat e neans of wei ghting the key temwescabimasser, it
does not alter the outcone of the terns retained. 30 Al gorithm
Details Referring to Figure73 and to Figure 4, selected
steps in the above algorithmwi |l now be described with reference to a
particul ar exasgpe34ci: n(gevfeﬁlﬁg to the “oh-soOMhrobd gFduBY " dbodte, Be. word ST EP
305: sentence s I|tt|ng at ful ps - care is taken not to split on
abbr evi ati ons ?II%HE %‘Br%maéﬂuﬁh?"%?t%fb%{s‘@mf%mﬁ’éy“b\ébEs‘?éiJeq 6Y 08 s
pur pose). length, i.e. the number of words in the word group. This would glvé-4he
Fol | owi ng recelept at step 300, the input text is split into the follow ng
sent ences f This is whol eneal bread and butter.

5 It uses salted butter. Salted butter is
good. 1.33 bread and butter (4 divided by 3)

4.0 salted butter {8 divided by 2)

Sorting these terms by scaled weights produces:
10

4.0 salted butter
1.33 bread and butter

This step is included because it has been found through observation to

15 enhance the reliability of key terms produced. It is believed that normalisation
operates to compensate for the additional weightings that longer terms may
receive. This compromise may be preferred as some, but not all longer terms may
contain more concentrated information about the subject matter of a data set than
short terms. And, vice versa, some, but not all short terms may contain more

20 concentrated information about the subject matter of a data set than some long

terms,

step 345: limiting the number of word groups presented as key terms. For
this step it is preferable to have a set of strategies that produce a limited
25 number of key terms for a wide range of documents. The following

strategies may be used singularly or in any combination:

» Display consecutive terms until the combined total weight of the
presented terms rises to a configurable fraction of the combined total

30 weights of all keywords. The formula might be for instance:

2 displayed weights <= X all weights / 1.5

With the following scores, for example:

4332111



Bread and butter is mainly bread. step 310: identify word groups -
Stage 1 processing 410, under the control of Key 10 Term Engi ne 470
preferably inplenented as a functional conponent of the key term
extractor 190%9Ru§9 ns by identifying word groups of one opcrierdosdes ds from
the sentences identified in the input text 400. Before stemm ng, the word
gr oups (420) may be identified as fi@d | ows: 15 bread and
butter is mainly bread whol enreal bread and butter

butter is mainl ynipk@afist three terms would be diBpiB@Ad, 2tk BdHohfilator 1.5 for
whol emeal bread 20 salted butter br ead

whol eneal the second term in,thefarmula has been found to prodygeigagdesults.  (The
mechani sm f or i dehet vélyés\gresver thadloRé!B6uld Be Lbéd.her di scussed bel ow.)

step 320: stemmi ng and capitalisation - although not required by the
present exanple, Stage 1 processing 410 may involve stemmng to renmove 30
prefixes afd ssubisplag sofiseomiveOtettss untilahu@itih oF sdjicedotadm Woigh®hdne each
word to a neutral, representative. for For .exanple, stenmn uld

reduce the phr a@eel%w"su? ?'ﬂ‘(f:]ra 'ﬁe"%‘é"‘f"ﬁle' Serrnatea %?é‘?’”'aaﬁ‘ﬁgnts% :‘qg’the net" to
one represent atins@enghir ase "surf the net". Preferably, prefixes and suffixes
are stored in association with the neutral formso that it can be 35
reconstructed at step 350. Weightli+1) <= weight(i) /2

With the following scores, for example:
10 4331111

only the first three terms would be displayed. The denominator 2 for

the second term in this formula has been found to produce good results.

¢ Display consecutive terms until the ratio of term weight to initial term
156 weight falls below a configurable value. The termination formula might
be for instance:
weight{i} <= weight(1} /3
With the following scores, for example:
4331111

20 only the first three terms would be displayed

* Limit the display of consecutive terms allowed by the above rules to a
configurable maximum, but exceeding that number if necessary to
include a complete block of equal-weight terms. The value 7 has been

25 found to be useful, as it will provide 7 key terms for a data set. With

the following scores, for example:
108766555544

the first nine terms would be dispiayed

30 e« Treat single-word terms specially, aborting the display of consecutive
terms when a single-word term is encountered at or after a configurable

position. The value 3 has been found to be useful. In the following



Stage 1 processing 410 may al so involve capitalisation - the process of
I dentifying those words that need to begin with a capital letter
15 + (such as a person's nanme) and those words that do not, for exanple

wor ds at wheygHMexrt of a sentence. Most acronyns cont ai rcrappdiEsiss as do
ot her abbrevi ations. ldentifying those words that need capitalisation
all ow t hem to be presented in this fonen by step 350. Typically,

capi talisation 5 information is stored in association with the
particul ar word sexakipa, the plifalynumberdd@preBérititRY By o$W%EH§5Qny term. Step

325: stage 1 proc 55|n 410 may al so a55| n ini 0 t he

i dentified word gF8u 8"3 rap,lﬁéechorldwg 9t ﬁ%htl \&lﬁ‘ [S'L‘ﬁw?"i'gl’)("‘&sseﬁ'ofc’lrovx/s: 10
1 bread and butteéxa'rmlemal nly bread 1 whol eneal bread and
butter 1 butter is mainly bread 2 bread
and butter 15 1 $AS kRl bread 2 salted
butter

, i 1 \M}O enmeal
4 butter 20 5 only the fxrgt g{egrgf %Ngald be displayed, regardiess ¢ thenr welights.

* Display a minimum number of terms regardless of the above
restrictions, but exceeding that number if necessary to include a
complete block of equal-weight terms. The value 2 has been found to

10 be useful. With the following scores, for example:

522211

the first four terms would be displayed.

step 350: mapping terms back to their original form - this follows on from
15 step 320 and is the process of placing words in a word stemmed state or
with altered capitalisation back into a format that can be presented to an
operator,
Consider, for example, a document containing the phrases:
Surfing the net (at the start of a sentence)

20 surf the net
surfs the nets

Stemming and disregarding of letter case at step 320 will typically
have caused these terms to map onto:

25 surf the net

Providing that an appropriate record was retained of removed

prefixes or suffixes, step 350 may map the stemmed phrase back to a
single, representative phrase for dispiay, involving resolving case

30 differences and choosing which word endings to apply. Here, a sensible

choice may be:
surfing the net



Stage 2 processing 430, under the control of key term.engi ne 470,
renoves all word groups of weight 1 fromthe stage 1 output 420 to | eave
the followi ng set of word groups as stage 2 output 440: 25

2 bread anawdesi2zem . 2 salted butter PCT/GB98/03468 2

br ead 4 butter 30 2 salted step 330:
stage 3 processing 450, al so under the 2ontrol of key term engi ne 470,
propagat es word groups upwards, renoving sub-string terns, resul ting

in the output 4601DithKg¥ndrQl BaseAThik OhhPWR: achieved in two steps: case 4 bread
and butter Eégri ingl 2+2 f[on1'bread'g 8 salted butter
(origi nal 2-8SAlftism ang prefixfputinnigeonstiughien. hut t er ' )
16 The value for the term'bread and butter' is not increased
by the valuelh4j.fron1 'Putter' .sinFe éhq gr sent net hod dictates
that ' but t er®@se resolutipa; in gengral, layyer £ase is prefsrrad uplsps thers 320 YRPor d t er m
"sal t ed bt tomseé | first letter of a sentence. In that situation, case information is

considered unreliable (unless the rest of the word also has some

capitalisation).

suffix reconstruction: a set of empirically-determined rules may be applied.
10 First a list may be made of all the endings of a particular word that occur in
the text. This information may previously have been stored at step 320. I
more than one ending exists, the rules lisfed in Table 2 as follows, may be

applied in sequence until a match is found:

endings present ending to use

-ing & -ation *-ing
-y & -es -y
-ion ~ion
-ation -ation
-ing -ing
-ment -ment
-ions -ions
-ings <ings
-ments -ments
-ance -ance
~ence -ence
bare word & -s bare word
bare word & -ed bare word
bare word & -e -8
-ant & -ance -ance
-ent & -ence -ence
-nt & -nce -nce

15 " Table 2

* - as long as neither bare word nor -s is present
If no match is found, the longest form (or one of the longest forms) of the

word may be taken.



before it is discarded i.e. the single term'butter' is discarded at the

first 5 instance of it being identified as a sub-string of a |onger
wor d group. step 335:--possible splitting of |ong word groups.

Al t hough not W@aY¥¥de% n - this exanple, a normal maxi MuFCHGBIB/A3EEEUD

| engt h woul d be around 5 or 6 words. However, in the present exanple,
if the maxi mum acceptable 10 word group@t1ength was set to 2 then it would
be necessary to return to step 310 in order to split "bread and
butter". The Edbrrémeewwﬁwx&aﬁfonﬁr&gse ofitling® FCihe FRA aila?r‘éﬁh oMor d

splitting will degonst rat ed the further steps in Tab

f gl | ows, gbegl nn?s're duwinow gvgeﬁr.gﬁ 'BJ)% Fsuatef dn mefe detglbusing the %‘FH@%"

(St age 4 (step 3’1@‘)Ple Repeatov&t iagehich leReﬁjeabreSérﬁg/eorés Preferr&dl aﬁﬂerﬁentatlonhs
ropagate ter i It No change:

t gr mrs) g (st egﬁﬁ Aé%t%mln {hte p'?c%esé of pngﬁ,ee%&\PlLﬁg%g %8 in Etai}p !?ngl’)e 9

maxi mum | encft hatzsﬂ:ract( S@nipte m@!enwnﬂpate the effects of applylng those steps.

| ess) their d tte 8 salted
butter 8 salted but%egérmﬁdﬁlﬁ %aﬂla eg Béﬁ t3(9g~l agatfe[ é"ﬁ%'ﬂ?'%&? W““"“ﬁdlﬁl?"l'

4 bread usingja fspewipl text scanning techninue ad identify sentences with referenBe Scaﬂteed
butter Taplfevla database 12 r ligtin ong
word groups is toe |tlr(1)ns W "’"Zf ° anda‘ugmifs%nﬁﬁﬁéﬂfggeg; ?peJng@f neasgr[% hat is
unlikely to beT'a,%ﬁtﬂaphérewxemW% ifbthe prgsent tdeimagstodtion Broviges theetafowing

preferred stg a;dg,gm,e%ghgn@ fd bl a{,g\,g ook for words with a disjunctive
nature: for exanple 'but and 'or' before consi dering conjunctive
terns such as 'and' or 'of'. : However, where there are no
di sjunctive ternms and oglyc dEE
PQbCdE
bEFCdP
15 CdEbEF

While the sentences used in this example are of the same length, for
simplicity, the method of Figure 3 and the specific implementations to be described
below are designed to operate in the general case, in which sentences may be of

20 different lengths.

The first sentence “a b C d E F” would be split, by step 310, into the

following word groups:

abCdEF bCdEF CdEF  dEF EF F
25 abCdE bCdE CdE dE E
abCd bCd cd d
abC bC o
ab b
a
30
Organising these in order of decreasing length of word group gives the
following list:

abCdEF



conjunctive ternms in the word group, it is possible to:adopt- a conprom se
25 between a | ong word group and splitting of the word group at a

conj unctive . word.. For exanple, leaving the conjunctive word in

pl ace may owbyenr4e9 i ncrease the length of the word groyrige@fed’ t WO
words, in which case it my be worth retaining the |onger word

gr oup. 22 17 step
340: (reverting to the "non-split" word groups above, i.e. word gr oups
wi th a maxi rryrglég?ggth of 6) word groups may be scaled by their | engt h,
i.e. the numpber of words in the word group. This would give the

results: 5 bCdEF 1.33 bread and butter (4 divided by 3) -
4.0 sal t edglput yer (8 divided by 2) Sorting these
terms by scal ed wei ghts produces: 10 4.0 salted butter
1.33 bread aR& $btter This step is included because it has

been foundst ropigh observation to 15 enhance the reliability of key terns
produced. | taibsc bel i eved that nornalisation
bCd
CdE
dEF
10 ab
bC

Cd

15

20

Referring additionally to Figure 5, a flow diagram is provided to show a
preferred algorithm for splitting identified sentences into word groups,
implementing step 310 of Figure 3. The sentence splitting algorithm generates an

25 array of word groups similar to those above, each word group being contained
within an element of an array variable “WGIS,k,i]”, where “S” is a number
identifying a sentence, “k” represents a word position within the sentence S at
which the word group begins and “i” is the length of the word group. In the above
example, for sentence 1 “abCdEF”, S=1 and WGI[1,1,1}1="'a’, WG[1,1,2]="ab’,

30 WGI1,2,11="b’, WG[1,2,2)="bc’ and WGI[1,2,3]1='bCd’. The algorithm of Figure 5
also uses a function “WS(S,i}” to return the i* word of sentence S. For sentence 1
in the above example, WS{1,1}="a’ and WS(1,4)="d".



operates to conpensate f-or the additional weightings that |onger terns may
receive. This conprom se may be preferred as sone, but not all |onger terns
may = contain nore concentrated information about the subject matter of a
data set tharwO992Méort terns. And, vice versa, sone, but pet/cibdossdgort
terms may contain nore 20 concentrated i nformati on about the subject
matter of a data set than sone |ong tom ns. step 345: |limting the
nunber of word groups presented as key terns. For this step it is

preferable to have anigaly, of sigh 586 SR 21t oPIHRANGE ofbdp! dial 8¢ séxoifer  Of
d The fol | ow ng

key terms for a wi de range of docunents. ( strategi es may
be used si ngul @ § SERTENGE SPPIRNOR1S indtialised to zero. I isy assumpd hafytheoprsaycist i ve

terms until th@meREHEARE atirdhodd®d BBYarGéstleRBected input tBXtesent ed terms rises
to a configurable fraction of the conbrned total 30 wei ghts of all

keywords. The for rruIAci Sﬁf;gﬁgs,ﬁge £1tenceGoYAtee S is incremented, initially to select the

[err] displ a&yegtsvedrgdtics identifiéfrot Skl 308108 Righre/ 3,Jand@ the word podifiériicédirer
foll owi ng scorges,, ;Ig!r

xanpl e; o 4 332111
18 on'f {7 1pi 'sf’ﬁ?F%?g?'tﬁte%e‘E 8 FrethGSEMtENgseS i§irpthytedter B8 thendfidnat or

1.5 for position counter is incremented, initially to point to the first word of sentence S,

and the word group length “i” is initialised to zero. The word group length “i” is

incremented at Step 520 and, at Step 525, a new word group is constructed using

10 the previously constructed word group of length i-1, starting at word position k of

sentence S, (WGIS,k,0] is assumed to be null for all values of S and k), to which is

appended the next following word in the sentence, occurring at word position i+k-

1. Function “WS(S,i}" returns the word at word position i in sentence S. At Step

530, a test is performed to detect whether any words remain for use in

15 constructing longer word groups from the sentence S, beginning from word

position k, using knowledge of the length of the sentence S. If the end of the

sentence has not been reached, then the processing returns to Step 520,

incrementing the word group length i. However, if the end of the sentence has

been reached, then at Step 536 a test determines whether the word position

20 counter k is pointing to the last word of the sentence S. If not, then the processing

returns to Step 515 and the word position for new word groups in sentence S is

advanced by one and the length variable i reset to zero as above. However, if the

end of the sentence has been reached at Step 535, then at Step 540 a test

determines whether the last sentence has been processed. If not, then processing

25 returns to Step 505 and the next identified sentence is selected. If, at Step 540,

all sentences have been processed, then this algorithm and hence Step 310 of

Figure 3 is complete and an array WGI] of all the possible word groups has been
constructed from the identified sentences from Step 306.

Applying the algorithm of Figure 5 to the identified sentences of the

30 present demonstration produces the following word groups, arranged in sentence

order in Table 3 as follows:



the second termin the fornula has been found to produce good results.
O her values greater than one could be used. 5 Jerr] Dsplay
consecutive ternms until -the ratio of adjacent termweights falls

bel ow a coriv0ge27aé9l e val ue. The term nation fornul a m ghtrdigciesksss

I nst ance: wei ght (i +1) <= weight(i) / 2
Wth the follow ng scores, for exanple:2410 43311
11 only the first three ternms would be displayed. The denom nat or
2 for the second termin this fornula has been found to produce
good resul ts; QLL({E%—D—s-pJ-a' consecutive terps until the ratip of
termweight ftolin PEMTENGE 1, 15 SEMTEVRE 2 o) | SENTENGE 31 | SENTENGES| B val ue.
The term natloe_fasmdaemgm-n PQbRSI EOT [BEFANEF CdEbEF
wei ght (i) <3-wei-ght{l) Weth the followng sicores  for pxanpl e:
433111128 abcﬁ]f’)ﬁ th(§=f‘ﬁ)r51 PIhP&A t er st BUF 8 be |off 85 ied
[err] Limt gthe d §[@j@gpo'r @mecmla/gcp@rns ag @%p DY [EpapPVve Tules to
a Corqfign able maxinpum hut exceeding at nunheyr 1f necesspry to
i ncl ude a cophpl et £2BI%Ek of (ksgllal | ﬁ@@l@t ternistﬂfe val UL ¥ Bls beep 25
found to be usgfu bcaéEI[ WKZ2)PT PE 8 o7 KEY [EE®4 T O d JBbE Set. Wth
the foll owi nlo sco for exanmple 10876655544
fg CdEF (k=3) |bCdE FCdP EbEF
abC (k=1) PQb bEF CdE
3 bCd (k=2) abC EFC dEDb
CdE (k=3) bCd FCd EbE
dEF (k=4) CdE CdP bEF
ab {(k=1) PO b E Cd
2 bC {(k=2) Qb EF dE
Cd k=3) |bC FC Eb
dE (k=4) cd Cd bE
EF {(k=5) dE dP EF
a (k=1) P b C
b (k=2) Q E d
1 C {(k=3) b F E
d {k=4) Cc C b
E (k=5) d d E
F {(k=6) E P F
Table 3

At the completion of step 310, all of the possible word groups for each

sentence of the input text have been identified and read into the word group array

5 WOGI]. The next step, step 315, in the method of Figure 3 is to remove any “low
value” words from the beginning and end of each word group. Low value words

are Words such as ‘is’, ‘it’, ‘are’, ‘'they’ ‘and’' etc that do not tend to reflect the
subject matter of the data set (e.g. text) from which key terms are being
extracted, particularly when they occur in leading or trailing positions within word

10 groups. Preferably, low value words may be identified with reference to the low

value word and abbreviations database 125.



the first nine ternms woul d be displayed 30 * Treat single-word terns
specially, aborting the display of consecutive terms when a
single-word termis encountered at or after a configurable _

posi tion. TheWPMAHSB has been found to be useful* I n the frericepesonass

19 exanpl e, the plural nunbers represent the nunber of words in
any term The terns are ranked ac@érding to weight. Wth the
foll owi ng set, for exanpl e: 1 343124 5

only the first 4 ter Refentigl b Bigudi 6,0k aKod diagRgaisdbRvkiedl tol SRV aWsefed-

P ot B TRl B U5 P Bl oneiig o o

conpl ete bl ock with albprssibleeivaddtgrowisMow ddnainel i@ word afoupearayf MaRding Quokd

2=l W bl L i, IR S, g, romova i

mappi ng ternmd bable werdt Wi simplyirgsultaih & misteading uplidand lodwhe @i the ether word
groups. Therefore, rather than actually remove leading and trailing low value words
from word groups, the algorithm of Figure 6 simply eliminates from the WG[) array
all word groups having leading or trailing low value words by setting the
appropriate array element to null. The result will be an array containing all the

10 possible word groups without leading and trailing low value words.

Referring to Figure 6, the algorithm begins at Step 600 by importing the
word group array resulting from the algorithm of Figure 5 (step 310). After
initialising the sentence counter S at Step 605, the algorithm performs three
nested analysis loops to scan all elements of the WG] array. The outer loop begins

15 at Step 610 by incrementing the sentence counter, initially to select the first
identified sentence, and initialising the word group length i. At Step 615, the start
of the middle loop, the word group length is incremented, initially to select word
group array elements having length 1, and the word position counter k is initialised.
At Step 620, the start of the inner loop, the word position counter k is

20 incremented, initially to select word groups of length i beginning with the first
word in sentence S. Step 625 tests for any leading low value word in the selscted
word group WGIS,k,i]. If none is found, then at Step 630, any trailing low value
words are sought. If none are found, then the word group is preserved and
processing moves to the next word group element by way of Step 640, in a similar

25 way to Step 530 above. If either a leading or trailing low value word is found in
steps 625 or 630 respectively in the selected word group WGIS,k,i], then at Step
635 that word group element is set to null, so eliminating that particular word
group from the array, and processing proceeds to Step 640. As with Step 530 of
Figure 5, Step 640 determines whether any further word groups of length i exist

30 from sentence S beginning at word position k, using knowledge of the length of
sentence S. If any remain, then processing on the inner loop returns to Step 620
where the word position counter k is incremented. If none remain at Step 640,
then Step 645 determines whether the word group length i is now equal to the

length of the current sentence S and hence no word groups of length greater than i



15 step 320 and is the process of placing words in a word stemmed state or
with altered capitalisation back into a format that can be presented to an
oper at or . : Consi-der, for exanple, a docunent containing the

phr ases: WO 99/27469 Surfing the net (at the startpcaicedspsagg ence) 20
surf the net surfs the nets St emm ng and
disregarding of letter case at step 32026 || typically have caused
these terms to map onto: 25 surf the net

Provi di ng t hedn @bstaffictRGu#lte the Rageh Mnf@balwgﬁbc@fssuﬁgaamﬁéimnddle WoFf I Xes
or suffixes, sin

ste e st hrase back to a
represent at i P& ngFQagEep;%l% &F@'Bltg leng ‘@I"'@'i"EQ'sr'QE'GF\?PWQ angddthe 38""0‘Pf'9“ér ences
gnd choosi ngwehi groupsomdy femdnanmdt ® tePRhyest M€ grotips ABYd R @ been afdhde@e NMaY
e: ur f i

20 at Step 645, eaeaﬁeg?%ﬁt Eﬁ%ﬁﬁf lagt jeotengs intestedrb JbEentance\Risst% ps -

case . rFesmeuhmnhandrqsesiﬁ@(brs whe !outer doupNadturds tto Btep 610, otiiAwise the
resol ution: LlHorg:ﬁP\eJn%L ‘at %‘Pevbeé5§, IRE Word BJo%Bse F\arwexrgg I%chhﬁgs %né rt]realrh%g low valuUpper
words having been eliminated from the word group array.

Applying the algorithm of Figure 6 to the word groups of Table 3

produces:

10

SENTENCE 1 | SENTENCE 2 | SENTENCE 3 | SENTENCE 4

PQbCdE CdEbEF
CdEDbE

QbCdE EFCdP
PQbC

CdEF FCdP EbEF

CdE

QbC EFC

CdE EbE
CdE CdP
PQ

EF
FC

EF EF
P
Q- E

C E
o

E

F E P

Table 4




5 case first letter of a sentence. In that situation, case information is
considered unreliable (unless the rest of the word al so has sone

capitalisation). - suffix reconstruction: a set of _

enpirical | y- de0gppi4sed rul es may be applied. 10 First a | ipgiugiBanosasy made
of all the endings of a particular word that occur in the text. This
I nformati on may previously have been storgd at step 320. |If nore than

one ending exists, the rules listed in Table 2 as follows, my be
applied in sequence mnTadle &, NRbseNnavind MaBMhg or trailing low value words, trivially

endl ngs present to use ing & -ation

-ing including tﬁose wgrd %,ot@s cppsisting only of one orynore low value wards, have .
-ion been ehmlnatérhand are represented by blank spaces%‘i tr@:ﬁable - at :1'?n
-ing -me
i ons TheI %%g step, step 320, in the algorithm of F}ggge 3, is to arrange word _j ngs
-ment s 5 groups aceordinfSto length and to implement word attatning. In the specific
-ance : . . -enc . -ence . "
bare word & - s'MmPiementgtion being %scﬁbed’ ordering word groups by lgagth i5gptisrecifisglly
bare word required given the nature obtheevevdrgtoul ar@y WGI], uniéss required for display
-ant & -ance V‘ﬂ»’? ff e ence
“nt & -nce purposes. & gfgummg is the removal of prefixes angaeﬂ xes r2rom words, FarS | ong

as neither bar examnlel th@DI'OCSSSI o spaneBiea twould reduce the word Groops f'@ii’:mty the nfeerund
the |ongestqd oggp CQiORR Rt tBenL QA9ESE, doérrcr’ﬁg nameiye‘surf the net Ws is

t aken.
achieved by removing both the suffixes “ing” and “s” respectively from the two

occurrences of the word “surf”,
Referring to Figure 7, a flow diagram is provided to show a preferred
algorithm for stemming words and recording an association between the stemmed
156 word and any prefixes or suffixes removed. Preferably, in practice, the algorithms
of Figure 6 and Figure 7 may be combined. The method of scanning the array of
word groups is identical between the two algorithms. The algorithm of Figure 7
begins at Step 700 by importing the word group array resulting from operation of
the algorithm of Figure 6 (step 315). After initialising the sentence counter S at
20 Step 706, the algorithm performs three nested analysis loops to scan all elements
of the WGI] array, identically with Figure 6, beginning at steps 710, 715 and 720
respectively, with corresponding end-of-loop tests at steps 765, 760 and 755
respectively, Processing within the inner scanning loop of the algorithm of Figure 7
begins, after initialising a word counter x, at Step 725 with a check that the
25 selected word group array element WGIS,k,i} has not been set to null, If it is null,
then processing skips immediately to the end-of-inner-loop test at Step 755
without further processing of that word group element. If, at Step 725, the
selected word group is not null, then, at Step 730 the word counter x is
incremented, initially to point to the first word of the selected word group. Step
30 735 tests for one or both of a prefix and suffix in the selected word x. If none is
detected, then at Step 750 the word counter is compared with the selected word
group length i to determine whether the last word of the word group has been
processed. If words remain to be processed in sentence S, then processing returns

to Step 730 to increment the word pointer x to select the next word of the word



21 The preferred key termextraction process outlined in the
fl ow di agram of Figure 3 will now be described and denonstrated in
nore detail using the abstract exanpl e from above, in which letters
represent wwawn74pef erred inpl enmentations of key st pppichbdidlseg t he
process of Figure 3 will be described in detail, using the 5 abstract
exanpl e to denonstrate the effects of apglying those steps.

Referring to Figure 3, step 305 may be inplenented without difficulty
usi ng a knowgduext n S reference
(o the ARy it OO TR koIS o MR okl RRIERE Ripdl 740, P
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emonS 1 at | omukWRIAR b AHed vk, &dBitg bisF oot 680 2% 5cesili 3
above:

bEFCJP 15  continuesto Stepd?@o?ﬂ'—"bwe Wi | e the sentences used in

this exanpbe are off, itl‘stepsasa élBﬂlidla,offtﬁHselectedSw&F& gr‘éhﬁ)ﬂvG[‘Sh@a] 'ﬂE&é‘Q&EnOf
Figure 3 and the s e(i'ﬁ ﬁ rrgementatlonsto be descri bed bel ow are
FIEN*Re MYeh

desi gned to SPEFER® Iry sqanuipg Iqap tept; 3tter fPa it eaached ambther 20
di fferent | emagtdisder of the word groug Beay islsthnriedilh eRE Samawy Gsdn Eué:al%&‘&Hh\d be

split, by st F310 into the foll ow ng word groups: CdEF bCdEF
CdEF dEFEE abCdE b CdE CdE dE E abCd
bCd Wdth the present diemonstéddion using singleDiEtters to represefit wholedb

b

10 words, it is not possible demonstrate the resuits of word stemming.

The next step, step 325 of Figure 3, assigns a weighting to each of the
remaining word groups and eliminates those word groups occurring only once in
the text of the input data set. Preferably, the weighting assigned at this stage is
equal to the frequency of occurrence of the word group in the data set. However,

15 other measures may be applied at this stage to weight word groups and to set a
threshold for elimination of word groups. Step 325 and the following algorithm of
Figure 8 may complete steps in operation of the first set identifier 215 of a
preferred key term extractor 100.

Referring to Figure 8, a flow diagram is presented to show a preferred

20 algorithm for weighting word groups according to frequency and for eliminating
those word groups occurring only once in the input data set. The algorithm of
Figure 8 eliminates duplicate occurrences of a particular word group from the array
as it proceeds so that, on completion, only a single occurrence of each distinct
word group remains within the array, with an associated record of its weighting.

25 Weightings are recorded in an array f[S,k,il, one element for each possible
corresponding element of word group array WGIS,k,il. The algorithm of Figure 8
also identifies, for later use, the longest remaining word group, using a variable
“m”. In outline, the algorithm of Figure 8 operates by scanning the word group
array WG] in the same way as the algorithms of Figures 5, 6 and 7. Within the

30 inner scanning loop, having selected a particular word group element WGIS,k,il,
and having established that it is not null, remaining word groups having the same
length i, i.e. those with a higher value of k within the same sentence and those in

later sentences only, are checked for matching word groups. For each match
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found, the weighting of word group WGIS,k,i] is incremented and the matching
word group is set to null to remove the duplicate,

The algorithm of Figure 8 begins at Step 800 by importing the word group
array WGH resulting from the processing of Figure 7. At Step 802, each element
of the weightings array f[] is initialised to zero, as is the maximum word group
length variable m and sentence counter S. As with Figures 5 to 7, the WG[] is
scanned in three loops, beginning in Figure 8 with steps 804, 806 and 808
respectively and having corresponding end-of-loop tests at steps 840, 838 and
836 respectively. Having selected a particular word group element WGIS,k,i] at
Step 808, a check is made, at Step 810, for a null. If the selected element is null,
then the next word group element, if any, is selected via end-of-loop Step 836. -

Having selected a non-null word group element WGIS,k,i] at Step 810,
Step 812 sets the corresponding weighting for that element to unity and initialises
two further scanning variables x and y. Variable x is a sentence counter to enable
word groups of the same length in the current and later sentences to be checked
for a match with WG[S,k,i]. Variable vy is a word position counter, equivalent to k.
Variables x and y are initialised to the current values of S and k respectively by
Step 812. At Step 814, a check is made for further possible word groups of length
i within the current sentence x, beginning word positions later than position y. if
any remain, then at Step 816, y is incremented to point to the next word group. if,
at Step 818, the next word group is null, then processing returns to Step 814 to
search for further word groups of the same length.

If, at Step 818, the next word group is not null, then at Step 820, a
comparison is made with the selected word group WGIS,k,il. If no match is found,
then processing returns to Step 814 to search for further word groups of the same
length as above. However, if a match is found at Step 820, then at Step 822, the
weighting of word group WGIS,k,i] is incremented and the matching word group
element WGIx,y,i] is set to null, having being counted, to eliminate the duplicate.
Processing then returns to Step 814 to search for further word groups of the same
length as above.

If, at Step 814, no further word group of the same length i remains in the
current sentence x, then at Step B24, a determination is made as to whether or
not the last sentence has now been searched for matching word groups. if a

sentence remains to be searched, then at Step 826 the sentence counter x is

b Cd
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10 algorithm of Figure 6.
On completion of the algorithm of Figure 8, and hence of step 325 of
Figure 3, the word group array WG[] contains a single entry for each distinct word
group occurring more than once in the input data set, each with a corresponding
‘weighting recorded in the weightings array fll. The word group array and
15 corresponding weightings array may constitute the first set as generated by first
set identifier 215. This preferred algorithm also yields a record, in the variable m,
of the length of the longest surviving word group, mainly for use in the next
- algorithm to increase processing efficiency.
As regards the demonstration of the present example, the Table 4, on
20 completion of processing by the algorithm of Figure 8, emerges as follows, with

the corresponding weightings included in columns headed “W":
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In this demonstration, the variable m is equal to 3.

The next step, step 330, of Figure 3 eliminates those remaining word

groups forming sub-strings of longer remaining word groups, increasing the

cdrresponding weightings of those longer word groups by the weightings of the

eliminated sub-strings that they contain. This step may implement part of the

selection criteria of the sub-set identifier 220, Processing to achieve this step

begins with the shortest remaining word groups from step 325 and proceeds up

10 through the word group hierarchy until all shorter sub-string word groups are

eliminated..
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terms are beRh@hich paint thgcalgatithm :ands.cwith moylongre rweordegrooms: tamaining eadieng or
trailing pospidcgdsadw thin word 10 groups. Preferably, |ow value words may

be identified with reference to the | ow val ue word and abbrevi ati ons
dat abase 125 The algorithm of Figure 9 begins at Step 900 by importing the word group

array WG], the weightings array f[] and the value m output on completion of the
algorithm of Figure 8 (step 325 of Figure 3). After initialising the word group length
variable i at Step 902, an outer loop begins at Step 904 to process word groups of
one length i at a time, beginning by incrementing the value of i, initially to analyse
20 word groups of length 1. A test is performed at Step 906 to determine whether
the current length i is the length of the longest remaining word group, identified
from Figure 8. If so, then no word groups of greater length remain and processing
ends at Step 908.
If, at Step 906, longer word groups remain, then the sentence counter S is
25 initialised at Step 910 and, at Step 912, the first of two loops begin to scan all
remaining word groups of length i, incrementing the sentence counter S. At Step
914, included for increased processing efficiency, a check is made to determine
whether the current word group length i is greater than the length of the currently
selected sentence S. If no word groups are likely to be found of length i from
30 sentence S, then processing of this sentence need not continue and may, instead,
skip to Step 946 to select the next sentence, if any.
If, at Step 914, longer word groups are possible from sentence S, then at
Step 916 the word position counter k is initialised and at Step 918 the second of

the scanning loops begins by incrementing the word position counter k. Having
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or if, at Step 932, word group element WGIX,y,j] does not contain WGIS,K,i] as a
sub-string, then searching moves on to the next word group element of length j, if
any remain, via Steps 838 and 940, in a similar fashion to the array scahning steps
25 of Figures B to 8 above. However, if all remaining word groups of length j have
been searched, following Step 940, and none were found to contain word group
WGIS,K,i] as a sub-string, then at Step 942 a test is made to determine whether
any longer word groups remain to be searched, comparing j with the known
maximum word group length m, If | is equal to m, then no more tonger word
30 groups remain to be searched and processing proceeds to Step 944 to select the
next word group of length i, if any remain, as above. If, at Step 942, further longer
word groups are likely to remain to be searched, then processing returns to Steb

924 to increment the length variable j, as above.
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27 In Table 4, those having leading or trailing | ow val ue
words, trivially I ncl udi ng those wor3b groups consisting only of one or
nore | ow val ue words, have been elim nated and are represented by

bl ank spaces in the Wwahl floups “CdE”, “EF” and FR€ hBRXAov® b8éh idehiiedBeOkeyi 1@rmd1e
algorithmof Figure 3, is to arrange word 5 rgroup,s accor di nﬁ%{{o | engt h
and to inpl eneAt RGPS I/MINGES MRBEHI Yslopsiifugher criteriatg be graglied FhHeRRI ng
descri bed, ordestrgd 8o df tHedep JerhyextRBgéhalbsrithatof Slgaed 8. cal |y required

gi ven the nature of jhe rd gr.ou rray W ], unj].ess ired for. display
pur poses. Wrd ste hr?dm\f,;@mteﬂgt'?’éﬁ%&ﬁl'e%?mﬁ éﬁ"igg%é‘ﬁd{sg}#f':ir'%é% Y ehor ds.
For exaspbe dischssepindess. DieyShaybe ligpla®entdd lired utmightferwad cnannet gt
"surfing the net” nd "surfs the net" to.the sanme word grou anel y
vSurt the et~ wilkgggey 88 ComBisty e ireRelatiob e 5 B8 ST PR R Y,
and "s" respectheselteps mamnbielappliaddn practicoccurrences of the word "surf".
Referring to Figure -a.flow d,agram i L ded t o] e r

al gorithmfor st errm'gne' mv%'lgd‘s’mgn r §Cor t|Ssn§F g%b%sgbcﬁgﬁg’oﬁé%gﬁéeéﬁ&t E@e
stermed 15 woegderatimh ahypteps e300« &s step 830 fof Magure Snoverd 33Pr appiesab| rejection

ﬁ;?ﬁggcg : tsligg ng{iﬁg&% ?]J;g[grl\j?aég r%ré’Jiniﬁé WFPoBuGk SHeAithGxéediihy Phr-6QBRNAGH- The
threshold. None of the remaining word groups will be eliminated on this basis in
the present exampie. However, in practice, word groups of length 6 or above may,
for example, be eliminated at this stage.
At step 340, word group weightings may be scaled, for example according
15 to word group length, and sorted for presentation according to weight. In the
present demonstration, the weight of CdE may divided by 3, the weight of EF may
be divided 2 and the weight of P is divided by 1 resulting in the following ordered

list of key terms:

55 FEF
20 2.33 CdE
2 P

At step 345, the number of key terms may be constrained

according to a predetermined criterion, dependent for example upon the use
25 to be made of the key terms. Preferably, if any terms are to be eliminated
at this stage, they may be selected from those of lower overall weight.

In the present demonstration, there is no need to limit the number
of key terms, three being typically a sufficiently small set of terms to be
manageable by either an operator or a data management tool set.

30 However, where a longer set of key terms is identified, then any of
the strategies discussed above, alone or in combination, may be applied.

Once the set of key terms has been selected, it is preferable that
they be reviewed by a thesaurus or dictionary or similar arrangement so as

to eliminate similar terms.



word groups is identical between the two algorithnms. The al gorithm of
Figure 7 begins at Step 700 by inporting the word group array
resulting fromoperation of the algorithmof Figure 6 (step 315).
After initmwddoRhssy the sentence counter S at 20 Step 705CT,5B5§,@J,690r|thm
perfornms three nested analysis |oops to scan all elenents of the W{H ]
array, identically with Figure 6, begimg ng at steps 710, 715 and 720
respectively, with corresponding end-of-loop tests at steps 765, 760 and
755 respecti b p of the

al gorithm of Fi gu)rf&J é}(a ple; %ﬁ&ﬁ& 34’{32"5'3 |%&npqﬁgér&ﬁa¥%?dgﬁcgunter X, at
Step 725 wi t'qudngcthegitemiags tmm'eb%ﬂlfseﬂ @cthe@umrrua\grqmmm them 8¢ enent

W S, k, 1] hagidyodquRRRt &fs oA Mllbhsis lof thd eduivaltiikt of their ¥.#§de%90€33' ng

ski ps |mTed| ately to the end-of-inner-loop test at Step 75 wi t hout
further pro@ESYPPRY™H that word group elenent. If, at Step 725, the

sel ected word groWBecdrainglg! whifel theliIBEBF ka\f tefhg had Bled N@ite@bg seynter x is
incremented,_initially to point to the first word of the sel ected word

group. Step 345 ofHgure 3 this Pmceaﬁef entif¥ing agp rejectings sinpilarkevsgies x in t he

sel ect ed Woray alldvi anfeffs irgjected o &qs BAE tolHRCRirRtats, Cprefepbbly RRe Word count er
Is conpared with tﬁ’ﬁg sel ected wo roup length i to determ ne whet her

the |ast wor§mi ewtd"'g*reahb'ewgen%éétﬂwgh a"p'F“dgTé‘ées%rﬂ‘.’eslsfm%P‘ﬂs remain to
be pr ocessedeqmreaeabmeﬂﬁx tiid1gaxt PerfrCie hBt Sighilarcioldnyskey ternisCah®a@yp 730 to
|ncrerrent theI ﬁ?ln er x to select the next word of the word

Jroo qdm ‘ep 735, any prefix or suffix is found, then at Step
740 it is r eifby @tioenohetratis Sf eptracting keyrphtased fran Matkesdtomassoci ate the
renoved pref f wor d, enabling
| at er restor%;%sgé bylsrnumet H(m {?Qt'émﬁ'a&?%ﬁemg%éﬁr%@% 0|s750 as above. 5
|f, at Step 750, &s|dismsshd gibovtehehmlnadu@dsmmdrlwauMSﬂﬁPSaw\}s have been

brocessed, iAol RO R pflabdVe BRAM0sd PRIAE Ronflhusd Cndger | ° 1 cached
and the fenal nder of {he wWor group arfay is scanned e same way as
i n the all§orfiernef tool isgf serraangine. Wth the present

denonstration usi ng prédet, CrybRhll Sdavct Bndifdar Pt BANRIVBstigating sites
registered with them by site operators. '

The search engine will store a summary or a set of key words of
the site in its data base. When a user accesses a search engine to search

20 for material, the search engine compares the search words entered against
the data base so as to locate relevant sites.

One application of the present invention is to use the key phrase
extractor for generating a search engine database of key words relating to
sites examined by the search engine.

25 A further application Is for use in a text summariser. Here, a set of
key phrases may be identified according to the process described above.
Once these key phrases have been identified, sentences and paragraphs
containing these key phrases can be extracted from the text. Next, these
sentences/paragraphs can be weighted according to the number of key

30 phrases they contain.

A summary can then be generated by reproducing those
sentences/paragraphs above a threshold weighting or in order of highest
weighting until a pre-determined percentage of the data set or a pre-

determined number of words is contained in the summary.




10 words, it is not possible denonstrate the results of word stenmm ng.

The next step, step 325 of Figure 3, assigns a weighting to each of the
remai-ni ng word groups and-elimnates those word groups occurring only once
in t he t axdogmf7adohe i nput data set. Preferably, the wei phicrgosssi gned
at this stage is equal to the frequency of occurrence of the word group
in the data set. However, 15 other neasurgs may be applied at this stage to
wei ght word groups and to set a threshold for elimnation of word
groups. Step 325 an L O conpl ete
steps in operation %FQE;@\}SH@{%@&%L%&N I mro'feﬁnegal f}ogﬂ&% erred key

t er m ext r act or tegbques, such as the Jappsr cagentrrgferred Ko gbeve, ey aermsdgr theagrami s

presented to SHQW o, eéo%wneﬁlt e Sh&Ak i dr haa,fv%rdvy%mw O Fridy WO UPS

according to frequencg for elimnating those word groups occurring
only once in t8eraiga VEhft'ae‘E%‘!s deppribed [2§0)s t hm of Figure 8 elinminates
duplicate occurrences of a particular word group fromthe array as it.

proceeds so that, on conpletion, only a single occurrence of each distinct
word group remains within the array, with an associated record of its

wei ghting. 25 Weightings are recorded in an array f[S,k,i], one elenent for
each possible correspondi ng el enent of word group array W S, k,i]. The
al gorithm of Figure 8 also identifies, for |ater use, the |ongest
remai ni ng word group, using a variable "m'. In outline, the algorithm
of Figure 8 operates by scanning the word group array W] in the sanme
way as the algorithnms of Figures 5, 6 and 7. Wthin the 30 inner scanning
| oop, having selected a particular word group element W S, k,i], and
havi ng established that it is not null, remaining word groups having the
samne length i, i.e. those wwth a higher value of k within the sanme
sentence and those in | ater sentences only, are checked for matching
word groups. For each match

29 found, the weighting of word group W3 S, k,i] is increnented and

t he mat chi ng word group is set to null to renove the duplicate.

The al gorithmof Figure 8 begins at Step 800 by inporting the word group



array W] resulting fromthe processing of Figure 7. At Step 802, each
elemrent 5 of the weighti |nitialisedto zero, as is the
maxi num wor d group m“mmmm" "a[! and sentence counter S. As with

Fi gures 5 w0 %27 *s ¢ L gcanned in three | oops, pbegBisnsag i N
Figure 8 with steps 804 806 and 808 respectively and having
correspondi ng end-of -1 oop tests at stess 840, 838 and 836
respectively. Having selected a particular word group elenent W S, k,i] at
10 Step 808, a check is made, at StefAife, for a null. If the selected

el ement is null, then the next word group elenent, if any, is selected
via end-of -1 oop Step 836. Havi ng sel ected a non-null word
group el ement. WH Apfsarefusfor HlafBoifdl Qata sets, Sh&fhgd bR inGUtSmblres fopre@sAARdi Ng
weighting fof that element to uynity and i |t| li ses, two further

scanni ng var‘#%Ff‘éE ag Ingyg Ryeany; QH ¥é°}FePE va Within 2 faid data srtep Y seh8bl e 15

word grouBs vedrdé Bempnditg bre g triork Rvdrd gratips beahe andodeaberﬁssmif&ﬁm&ﬁtd ® be
checked Siti

fo Sk, i Var j wor.
count er, emﬁ'?;{ﬂ‘%’ﬁ}'"ﬁd ‘PTZ" ”t'°"v%?fr%&¥]tg'§ da%a 373%,“@"3[%" f?'ﬁl"f"g "M %a'q he
current val vesrdgroupsaedurkconesoeedly irethg daya set; m&r&pn&ﬂnﬂed tAlidentiey vidfhin a
check is ma t her word groups of within the
current sen?sg"ﬁ’];g{sﬁ Q‘Begﬁﬁ’ﬁf%%‘;g%r sp %’1"%’% b at'e m° gftsa'%sv}'?rdc%mips" f 20
any remain, anfmmmg ®t ee8dr@, predetsrmined drstrruuedn tpattpml withinosdid @ateexét; wor d
group. If : r i . si ng
returns t18 é“ sarfd id?p% golghns"tra'gt% %E&?( l()V%urtEe"ﬁ')cy'g/%rf gro{ﬂjpg';stges% ﬁé&%ﬁi‘a
| engt h. formmg a setfof key t@mMspofgsdld detaesateand autpdt gresns farsoutputtingilak, t hen
at Step 820,104+ one s5i@KBREdrRON IS made with the selected word group W3 Ski].
If no match 1s found, 2 t hen processing returns to Step 814 to search for

further word groups of t he sane | ength as above. However, if a match is
found at Step 820 aphhftus?hs Slaffedd#P clalni® wheré{\‘?'sgilat firdd) o@truﬂm{oﬂ pSHtEUY _
WH S, k,i], s incremented and the matching word group el ement W X, vy, i]

is set t c? Snuepuirss 3DatRpcH @iordaroue it SR fitsy Se wﬂﬁsﬁt éeaﬁhemaﬁm the ggta set.
Processing then returns to Step 814 to search for further word groups of

the sane 30 Iength as Step 814, nq. further word
group of the sarre"’f@ﬁgj‘f‘f? |asr’é’ﬁ'ﬁleﬂs"] ri""l"ﬁe1 o %il’tn ?ff’e'ﬁaﬂ% seco Pﬁen at
Step 824, a distibutionEtiebmrengire¥atiat exsh voordigaiubdn said sub—setrmimﬁﬂses b agtrd

e et o AR R A e oS R MR SR BB o | e
20
4, Apparatus as claimed in any one of the preceding claims including means
for modifying said word groups, adapted to remove low value words occurring
before the first high value word in a word group and adapted to remove low value
words occurring after the last high value word in a word group.
25
5. Apparatus as claimed in any one of the preceding claims including means
for modifying any word in any word group, adapted to remove any prefix and

adapted to remove any suffix from a word to form a stemmed word.

30 6. Apparatus as claimed in ciaim 5 including means for storing said prefix or
suffix in association with said stemmed word thereby enabling said prefix or suffix

to be restored to said stemmed word.




30 i ncremented and-the word position counter y Is reset to search all
word groups of | ength I”"l" I{I m ence. at Step 824, the |ast
sent ence has been searched { m"ﬁ II&E p 828 the accurul at ed wei ghti ng

fIx,y,i] of VP& ,i¥] ks ® s checked. If it is gcrebewosissat
unity, then the word group |s retained and steps 832 5 and 834 ensure that
the value of mrecords the length of the 3%ngest retai ned word group

yet found before proceeding to Step 836. If, at Step 828, the word group
WH X, y,i] occufred oXdparabinces ichairhétt indaiya ob@lof claidd 1 to BSinGialing gnéauhlfﬁ\ag?
its associ t et to z Proce 5|n roceeds Wt ep
836, to coﬁ{eﬁﬂu}?é%%néﬁﬁwo rO%P’dsabnreérﬁbs rﬁcﬁgf ge@(‘f"r TBBENHHEIE i n
relation to t healqwoad gmptohmrein faidytirse s&. and means for modifgingceipiveightiny ea‘ t he

al gorit hm of . 0 2

group array |‘écs:%na?f glsﬁ(smr&] " 5’°§§'?§‘? gweé?@ﬁm%l gta%ﬁﬁ?"‘aﬁf’ﬂpgm“p Yt oup
occurring no? esaithavb-eatced meat\hﬁ)rlsalpcmnmwak@eennsefac buteut in depetdenes pedidi 3915
wei ghting reco wei ghtings array f[]. The word group array an
correspondi ng \aﬁ?g’ﬁ{gﬁﬁgés}earray may constitute the first set as generated by
first set identifier 215. This preferred algorlthmalso yields a
record, in thegyari oliaralle ss cidthed f *}?ahfrb%hofo&asbﬂ% BP9 hns U sman iy wer d
group, mainly for use in the ne I NnCrease proOces (o
efficiency.  ™means for seievx@gr’egéerdss fpheureemrvepemtenmunﬁn selit wigbtRgst and

exanpl e, theg Tab]g@stzamegfédggnﬁﬁga)}@g i on of processing by the algorithm of

Figure 8, energes as follows, wth t he correspondi ng wei ghtings
i ncluded in colums headed "W : :
31 S. A method of managing data sets, including the steps of:

1)} receiving a data set as input;
2) identifying a first set of words conforming to a first distribution pattern
15 within said data set, said first set comprising one or more word groups of
one or more words, wherein said words in said word groups occur
consecutively in the data set;
3) identifying a sub-set of word groups in said first set, said sub-set
canforming to a second distribution pattern within said data-set;
20 4) eliminating said sub-set from said first set thereby identifying a set of key
terms;

5) outputting said key terms.

10. A method as claimed in claim 9 wherein said first distribution pattern
25 requires that each said word group in said first set occurs more than once in said
data set,

11. A method as claimed in ¢laim 9 or 10 wherein said second distribution
pattern requires that each said word group of said sub-set comprises a sub-string

30 of a longer word group in said first set.

12. A method as claimed in any one of claims 9 to 11, including the step of:



W  SENTENCE 1 W SENTENCE 2 W SENTENCE 3 W SENTENCE 4

I3n -tﬁlg Eem)nstratlon the v muﬂ”u"m"ﬂl’luﬂﬂ to 35 : > F TheTﬁgL? °

step, step 8OO92Mé9 Figure 3 elim nates" t fos& remai ni Ng WHCT/GB98/03468

40

6) removing any low value word occurring before the first high value word in
a word group and removing any low value word occurring after the last

high value word in a word group.

5 13. A method as claimed in any one of claims 9 to 12, including the step of:
7) modifying any word in any said word group by removing a prefix or suffix

from the word thereby forming a stemmed word.

14, A method as claimed in claim 13, including the step of:
10 8} storing said removed prefix or suffix in association with said stemmed
word thereby enabling said prefix or suffix to be restored to said stemmed

waord.

15, A method as claimed in any one of claims 9 to 14, includiﬁg the steps of:
15 8) weighting each word group in said first set according to how frequently
each said word group occurs in said first set;
10) modifying said weightings of at least a first word group in said first set in
proportion to a weighting of a second word group in said sub-set;

11) selecting said key terms for output in dependence upon said weightings.




5 groups form ng. sub-strings of |onger remaining word groups, increasing

t he correspondi ng wei ghtings of those | onger word groups by the
wei ghtings of the - el im nated sub-strings that they contain. This step
may i npl ement Wo®sR7464 t he selection criteria of the subgRigodsiaati fier
220. Processing to achieve this step begins with the shortest renaining
word groups fromstep 325 and proceedsyiqp 10 through the word group
hi erarchy until all shorter sub-string Word groups are el i m nat ed. .
32 Referring to Figure ow diagramis presented to show
a preferred 130 al gorithmfor eIim'n%l ych sub-string word groups and
for increasing _the weiahting of cor iondl ng | onger word groups
accordinglyl In outlineqpshe al gorithm vvor?s w th one word gBup [ epgt h
i at a tinme| beot w-th th =  in
increments pf lehgth i = m |{jaspepRfent necessary o | opk
for | onger por¢_gFEot th mas none remain. On finding t he
shortest rejmaini ng rd group WS S, K 1], the algorithm searches all
remai ni ng x e next Innnnr Inngf h, d so on until i
finds a worfl ng the wor d group W S, Ki ] asasurstrirg.
At that poip vei ghting of |the word 0 hat
of the corrkpp ‘
Processing pfo
WH S, K i] up L
point the a
processed. h gorit hmi@2/Fi .
i mporting the word group array W§ ], By5+#0s array fH ; ne
val ue m out on conmpletion of the aldorithm of Figu e8(step 325] of
Figure 3). Af1r49r\i nitialising the word group | ength variable 1 at Step
902, an outer fe8R/ begins at Step 904 to prijocess word groups of one
length i at alting, beginning by increnmentijn value of i, initially to
anal yse 20 e—groups of length 1. A test 145 Step 906 to
det er mi ne whe /135

140~

Intemet
_—1 Browser
140, Router
\148
/450
160 Router
intemet w
Router Router
165*/

155 @js
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the current length i is the length of the |ongest remai.ning word group,
identified fromFigure 8 |If so, then no word groups of greater |ength
renain and processing . ends at Step 908. : If, at Step 906,

| onger wor dworeommge r emai n, then the sentence counter S isSpfgrdsisdsgal | sed
at Step 910 and, at Step 912, the first of two | oops begin to scan all

remai ni ng word groups of length i, imwgfgenenting the sentence counter S. At
Step 914, included for increased processing efficiency, a check is nade
to determ ne whet her the current word group length i is greater than
the length of the currently sel ected sentence S. If no word groups are
likely to be found of length i from30 sentence S, then processing of this
sentence need not continue and may, instead, skip to Step 946 to sel ect
t he next sentence, if any. F I2, at Step 914, |onger word groups
are possible fromsentence S, then a!g *Step 916 the word position
counter k is initialised and aj of t he scanning

| oops begins by increnmenting the word INPUT:i on courfter k. Havi ng

33 sel ected a particul ar yor Aligpatesidehiifiee for S Ki] foll owi ng Step
918, that {, i s checked Gata sethnand stoxes St '

ski pping to o sel edatalset iredatagior grjoup ar

length i if g f oufro™~Tto e

920, the currently selectgd word group is not null, then

begins at Step 922 to expljore = onge

WH S, K i] as a sub-string.] Step F% 9?5%‘? dgr

j to be equal to the |jengt %‘% ﬁ%s P4, | is

i ncrenented to begin scannji ng @ngr vvord grpups, and a
sentence counter X i s initfali $ecmi 7em setting of j, two
| oops now search the remaijni ng word groups from each sent ence X,

begi nning at Step 926 by i ncrer?m-i-ng—f-he—eem-eﬁee—mm?te* X, initially
to search W] array el engnts romg\?gég ﬂﬁEﬁ?IFIEFFe anfl initialising a
wor d poi nter y. The second .It Seemtatal_St ep 928 by

incrementing the word store and identifiers first set

SUB-SET IDENTIFIER:
Retrieves first set from
data store and identifiers
sub-set

Subtracter:

SUBSTITUTE SHEET (RULE 26)



pointer y. At Step 930, .the currently searched word group elenment W X, VY, |]

is 15 tested for a null. If not null, then at Step 932, it is determ ned
whet her or not word group W x,y,j] contains word group W S,Kj] as a
sub-string. IWOP274fes, then at Step 934, the weighti ngcf/cesamsy
fIx,y,j) of WgXx,y,j] is increased by the weighting f[S K i] of

WH S K, i] and, at step 936, word grouBAN® S, K, il is el i mnated by
setting it to null and reducing its weighting to zero. Processing then 20
proceeds to Step 944 to select the next word group of length i, if any
remai n. If, at Step 930, currently searched word group el enent
WH x,y,j] is null, or if, at Step..932_ word group elenent W X,VY,]]
does not contain W S, K,i] as a QI] ing, then searching noves on to

the next word group el enment of length % |f 300y remain, via Steps 938
and 940, in a simlar fashion to e m%dsc ng steps 25 of Figures 5
to 8 above. However, if all remai ps of length j have been
searched, follow ng Step 940, and none re oun%go contain word group
V\G[SKl] as a sub-string, thep-a is made to determ ne
whet her any longer word gr uﬁphtmtmsenténcéﬁa §earched, conmparing j with
t he known maxi mum wor d gr oup s equal to m then no nore
| onger word 30 groups remgj proc838i ng proceeds to
Step 944 to select the , I f any remain, as
above. If, at Step 942, f ( A C gs are likely to remai n
to be searched, then processing returnsjto Step 924, ‘}é) i ncrenment the

| ength variable j, as abo

34 Steps 944 gnd ﬁ%“e‘(ﬁz}qy’b)’?xﬁé” 884Mg o}t he word group
array for each val ue ok_I effgRiA FOURSy ag/ t he equival ent array
scanni ng steps from figures PSCr i bed above. éh conpletion of the

al gorithmof Figure 9, a fi 20in the word group
array W§] with correspo |n§;@“9ﬁé¥ tarel tings array f[].
These arrays may constitu\e

accardingwei

lepgttp stem @gghignore gaseactbr 230. In
t he present denonstration, € resu catin e al gorithm of
325

Weight word groups and eliminate word
groups occurring only once in the text

330

Eliminate word groups that form sub-strings
of longer word groups

335

C Check for overlong word groups
340
Scale word group weighting
and sort according to weight

( Limit the number of word groups

Cﬂestore capitalisation and word endings

355
( Output key phrases)/

SUBSTITUTE SHEET (RULE 26)



Figure 9 on the contents of Table 5 is the follow ng: - W  SENTENCE 1

W SENTENCE 2 W SENTENCE 3 W  SENTENCE 4 7 CdeE
11 EF 2 P
WO 99/27469 - PCT/GB98/03468
4/10
Fig.4.
410

| STAGE 1 PROCESSING:
Split sentences

into word sequences

and order by length

A 1
40 0\ /420
INPUT: Input text N\ | é};ﬁGE T b )
This is wholemeal bread oac and butier IS mainly brea
and butter 1 wholemeal bread and butter
It uses salted butter 1 butter is mainly bread
Salted butter is good y ? evrﬁgg;r;glb;tégrd
Bread and butter is mainly 2 salted butter
bread. y, Key
phrase 2 bread
_— ‘engine 1 wholemeal
4 butter

470 3 Qsalted _ J

460
; A\ - _ . l _ /430
OUTPUT: Key terms
4 bread and butter STAGE 2 PROCESSING:
8 salted butter Select phrases with
rating "2" and above

l [440

4
Tl | STAGE 2 OUTPUT:
STAGE 3 PROCESSING: 2 bread and butter
Eliminate sub-sequences, 2 salted butter
propagate terms upwards 2 bread
4 butter
2 salted

SUBSTITUTE SHEET (RULE 26)



10 Table 6 . 35

Wrd groups "CdE", "EF" and "P" have now been identified as key terns

of the original sentences, subject to optional further criteria to be
appl i ed at stw@9927469 335 and-345 of the key term extracti opcpbgssrosdshm of

Fi gure 3. The inplenmentation of the remaining steps 335 to 355
of Figure 3 will not 5 be discussed igyqdetail, They may be inplenented in
a straightforward nmanner. It will suffice to conplete the denonstration
of the present exanple to show how t hese steps may be applied in

practi ce. Beginning with the contents of Table 6, above,
resulting fromthe oper ation of £ps,. 300 to step 330 of Figure 3, step
335 applies a rejection 10 criterio Jjmnate remai ning word groups of
a length exceeding a predeterm ned hreshol d. None of the renaining

word groups will be elim§od ed—er eSS i n t he present exanpl e.
However, in practice, word\g ouEsSEAFnén th\6 or above nay, for
exanpl e, be elimnated at thjdni §§@VG At step 340, word group

wei ghtings may be scaled, fo o ing 1 5 to word group | ength,
and sorted for presentation a o wei ght. In the pr esent

denonstration, the weight of TT Hu ided by 3, the weight of EF may
be divided 2 and the wei ght of PLL&T ded by 1 resulting in the foll ow ng
or der ed list of key terms; < 551 EF 20
2.33 CdE 505 S5+11 P At|step 345, the
nunber of key terns may be constraueﬁﬂ according to a pfedeterm ned
criterion, dependent for exanple 'U'p‘UFT'r"le use '
510
~~| Input sentence S
515 o <
k=k+1
N~ i=0
| ——
520
~ =i+l
525)

WeEKisWeEkpwsen 1 4 4 4

530

k+i>length of
sentence S?

535

k=length of

sentence S? >
=last No
sentence? -
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25 to be made of the key terns. Preferably, if any terns are to be

el i m nat ed at this stage, they may be selected fromthose of | ower
overal |l weight. - -~ In the present denonstration, there is no need
to limt th¥OsRT6ee - of key terms, three being typicalprr/@ndaibdegCi ent!ly
smal|l set of ternms to be manageabl e by either an operator or a data
managenent tool set. 30 Howegye¢p, where a | onger set of key terns
is identified, then any of the strategi es di scussed above, alone or in
conbi nati on, may be applied. EE’_‘i Ei(hce the set of key ternms has
been selected, it is preferable th SJ hey be reviewed by a thesaurus or

mnate sim/l ar terms

dictionary or simlar arrangerr@ﬁlo

36 For exanpl e, sho [g;germ; \during the premer's
visit" and "during the prem ilag@Ydned, a thesaurus nay
recogni se them as bei ng equi v Tigeth 1k basis of the

equi val ence of their final words 60S Syjnonyns. 5 Accordingly,
where the list of key ternms has beeni

ms_g-: Dy step 345 of Figure 3,
this process of identifying and reject | ar key terns may allow a
terms rejected at step 345 to be re{bd ateld'L—J'r'E'f'E'r'a'b!y the termwth

t he next hi ghest weighting, althougéﬁ SSEpfi ve process may bsg

required to ensure that the next term S igpt pimlar to any key Jterns

already 10 included in the |ist. he abo% met hods df
extracting key phrases from data SEGEIETJ:)E used by a nurfber] of
=0

i nformati on managenent and retrieval As dijscyssed above,

t hese include summari sers, JASPER agen nd ot her forns [of |proactive
tools that use profiling technl ques(? ’lOtf' ol [is|a search
engi ne. At present, pzs.aJ IBkag4Cph engi nes opg¢ratie Qy

i nvestigating sites regi stered W t F=trer=by site oper atols.

625

Yes Any leading
¢ low value words in"
WG[S k,i]?
Y
630 A A A
Any trailing
635\ < Yes low value words in

WGIS,k,i]?

WG[S,k,il=NULL
' >

k+i>length of
sentence S?

645

i=length of
sentence S?

S=last
sentence ?

655
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The search engine will store a surrmiry or a set of key words of t he
site in its data base. \Wen a user:accesses a search engine to search 20
for material, the search engine conpares the search words entered agai nst

the data basew®am6?0 | ocate rel evant sites. QayedRbasert i on
of the present invention is to use the key phrase extractor for
generating a search engi ne database of 7gy words relating to sites
exam ned by the sgg thgl ne. 25 A further application is for use
in a text summari g a set of STARRyY phrases y be identified

according to the process dasmpob¥GiSkijaray fronORigare Bgse key phrases have
been identified, sentences I ng these key phrases
can be extracted fromthe text. seppences/ par agraphs can be
wei ghted according to the nunber of ’e)Sa"D phrases they contain.

A sumrary cagp = spoducCI ng t hose

sent ences/ paragraphs above a threE‘r(bI ting or in order of highest

wei ghting until a pre-determ ned pée .o- of the data set or a pre-
determ ned nunber of words is contai ned he summary.

37 Whefe an 1 nformation 8N or retrieval tool uses

profiling tthn ques, such as the pir+-hgbnt referred to above, key terns

for the user|profile, docunent term %50 br key word simlarity matrix

may be generptefl by—the®rethotds—deser+beld above

720 Mk
N +

x=0

725

No | -

X=X+1 ™~
730

735
Does xth
Al 4 * word of WG[S k,i] have a 740
prefix or suffix ? L A
Remove prefix
and/or suffix

No l

74; Store prefix and/or suffix

in association with word
x of WG [S,k,i]

|
e
@0 —>
> Yes 755
k+i>length
sentence S?
Yes

i=length sentence S?
S=last sentence ?
770 Yes

SUBSTITUTE SHEET (RULE 26)




38 CLAI M5 B Appar at us

for managi ng data sets, having: an input neans for receiving data sets

as tnput; neans adapted to.identify, within a said data set, a first set of

5 words conypiose7aep one-or nore word groups of one or nor gl’(‘[”f?éﬁjy%msﬁ?”f orm ng
a

to a predeterm ned distribution pattern within said set, wherein
said words in said wor d groups OGHY | consecutively in the data set;
nmeans adapt it 0 gﬂe)nt [ fv, within said first set, a sub-set of wor ds
conpri si ng 1 i c80Por i ng to a second

predeterm ned distri u'npumWG[Sle,I]rarmytﬁ'omFigurd gata set; 10 nmeans adapted
to elimnate said sub- st set thereby form ng
a set of key terns of said Riflp MEans for outputting at

| east one said key term 1iWS as claimed in claim1l
wherein said first distribpution olé. equires that each word group in
said first set ocgurs at ars pal data set. 3.

Appar at us fas cl ared Th ¢l aim 2 wherein said second

di stributifon pattern reqw?% ®xS+hgh word group in said sub-set
conprises|a word or a stri P rds that occurs within a larger word
group in tth Set—20 A Apparatus as clained in any one of
the precedihg clains incl udﬁ% iRk for nodifying said word groups,
adapted t¢ yenove | ow val ue rring before the first high val ue
word in a . . | ow val ue wor ds occurring
after the . group. 25 5. Appar at us as
clainmed i fpy one of thgqpeceée-Rg=—et ai ns i ncl udi ng neans for

nodi fyi ng ) vvordyeq; any wold g+ dapted to renove any prefix and
adapted t¢ |r¢ - WGEISK, iE=NYLY? T0feem a st enmed wor d.

812 | IS k,i}=1
~ [X=g—
y=k
- |
A
X=X-+1
y-0
MY T
830 :
~ WGI[S,k,iJ=NULL
fIS,k=0 ‘d

S k,i}=HS k,i]+1
WOBG NOLL [

L

SUBSTITUTE SHEET (RULE 26)




30 6. Apparatus as.clainmed in claim5 including nmeans for storing said
prefix or suffix in association with said stenmed word thereby

enabl ing said prefix or suffix

to be restored to said stemed word.

39 7. woepmes atus as clained in any one of clainms }chepdsdsas udi ng

means for wei ghting each said word group in said first set according

P occurs in said first set and
at least a first word group in

to how frequently each said word
means for nodifying said weighting of
proportion to a weighting of a second word group in
means for selecting said key terns for output

|§ ny on qg;_ ins 1to 7
neans SJAREIl ecting ke ms for o plt in
ImergWEEk | amey fomFigusady one predet ernined rul e.

wei ghti ngs.

further conprising
dependence upon sai
9. A met hod of managrn
receiving a data set as ing@ X

conformng to a first distribu

5 said sub-set and
i n dependence upgn sai d

set, said first set conpri 904c
or nore words, wherein said

consecutively in the data set;
groups in said first set, sai
distribution pattern wthi

NO |

ng the steps of: 1)
2) identifying a first set of words
ttern 15 wi thin said data
nore word groups of dne
said word groups occur
808 wor o

3) identifying a sub-s
Yes) Yyl ng

ra-set; 20

Sub-set fromsaid first se YL daptifying a set of key
ternmns; 5) outputting gaigkkey-terns.
> L 912
=S+1

WGI[S,k,i] substring of
WGix,y,j]?

Yes
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10. A nmethod as clainmed in claim9 wherein said first distribution
pattern 25 requires that each said word group in said first set occurs

nor.e than once in said . . data set. 11. A method as clained in
claim9 or wibewshapei n -sai d second di stribution pat t epor/icamAslges t hat
each said word group of said sub-set conprises a sub-string 30 of a |onger
word group in said first set. 12. A nethod as clainmed in any one
of clainms 9 to 11, including the st&p/10Qf:

40 6) renoving any | ow value word occurring before the first high
val ue word in a word group and renovi ng any | ow val ue word
occurring after the | ast hi gh value word in a word group. 5
13. A nmethod as clainmed in any one of clainms 9 to 12, including the step
of : 7) nodifying any word in any said word group by renoving a
prefix or suffix fromthe word thereby formng a stemed word.
14. A nethod as clainmed in claim 13, including the step of: 10 8)

storing said renmoved prefix or suffix in association with said stemed
word thereby enabling said prefix or suffix to be restored to said stenmed
wor d.

Fig.9(Cont).
[

934 1 :
1 xy.i=xy, S ki) 938

936 "W e j>length
GIS K, J=NULL y+len
A ~ "Rk

940 Yes
x=last
sentence ?

- —g W -
944 g0

k+i>length sentence S?

No

— Yes
No

946

=last sentence ?

Yes
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15.
st eps

to how frequently

1 dl Yi'NG voRinthil Gl RSP brahzArRRSt 2 1 | Gl
priggreforai Byt 0 a wei ghting o

set;

in said first

T

A nmet hod as cl ai ned in any one of clains 9 to 14,

of : 15 9) weighting each word

each said

e

i ncl udi2pepoRiBs -2
group in said first g accordlng
word group occurs @R d first
ord group
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A method and apparatus is provided for
extracting key tenms from a data set, the method
including the steps of identifying a first st of
one or more word groups of one or more words
that occur more than once in the data set, and
removing from this fixst set a second set of
word groups that are sub-strings of Tonger word
groups in the first set. ‘The remaining word
groups are key terms. FEach word group is
weighted according to its frequency of occurrence
within the data set. The weighting of any word
group may be increased by the frequency of
any sub-siring of words ocenrring in the second
set and then dividing each weighting by the
number of words in the word group. This
weighting process operates to determine the order
of occurrence of the word groups. Prefixes and
suffixes are also removed from each word in the
data set. This produces a neutral form of each
word so that the weighting values are prefix and
suffix independent,
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