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1 --__ *166166* TEXT ZONING I N A SEM - STRUCTURED TEXT
FIELD OF THE | NVENTI ON The present invention relates

to a systemfor text zoning in a sem - structummﬂ W’
docunent. 5 More particularly, the present mm,/ M
relates to a systemand nmethod to performtext zapjng

in a resune text or other recruitnent related text for —

i nformati i ND ART 10 I n
recruit neg‘{bg'ﬁizrr(%héglw éﬁgﬁ,“s??qpp@ EF@% red
medi um of informati on exchange for job seekers and HR
managers al i ke, despite the conmmobn usage of structured
FIkgD Odtr FHE INCENT3ON a nunber of reasons for that. For
ob. seekers, a resune is the only standard
TH e R Ro R EHICE 4§ SERFm SR oIy 9557 GHAPHTG afigment.
Mgrefﬂaer&lmﬂy, BRY ROEAT RBRIANLIA&ADY &R ar{d #8fod O geﬁf&'ﬁ] text
R managers' end, a resune text is 15 preferred as it
zoofrrgen 8 resufreaitivir ethen ceeanipnes sdlated rexdfon imfoonatidneexjratzion.
applicant to express thenselves. This is valuable for
sone aspect such as skill |evel, work experience,

lLQéRﬁQ@@{FJU gl strength, which are open-ended by
nat ure an us not possible to be described well

through structured web forns 20 Unfortunately, the
flow of a l.arge vol.u esu ext n turn bri
In é%ﬁ‘fm%l“r?é'éwes e SR £ e eﬁf‘ﬁe% f ippenaiaahange for
jobb 5&cers BRR TR Magdds ARALALspRHR: &Hhi¥n REQLETStrhiSured web form.

need eé to transfer the’in ornatlo romthe resune
Theex tiret @ nuimber ofipeasphs fat that tRorettie jdatsabiese & ystme is ZtBe only
e conmobn cony n used in conposing.a resume is
Staalaerdd@erhﬂe ?Yﬁl@ﬁﬁat‘r%?h rfrrrocansréetn?% (PPPHIRE 1n &% ma@acdrfferent
bi r 0 I gn
coggﬁeﬁfgnu Ca{ahtgll gerc]:ﬂﬁ{)ntéérng gﬂ%ﬁf g‘}trrtet%g gr fsnagg%e% n@xE q re%Hr(ﬁla text is
pre“xped aen edfersSu lesiblt andnsxpaassisel medome sorathe jatsggblictuet to express

ri be, separate_events in a job seeker s education .
than%ﬂf‘reﬁr T8 Bnvalpape .?rsﬁoorﬁ%@spear pret entkilbiovrhgvaki aitpgrience,

pegsgnﬁﬁglfaﬁa Hendif ”@/ﬂf&h%ﬁ‘e %Pgn -Sifded bgﬁ §atf’i’r%aaqﬁ%ﬁi ggt';}gqssgl%ie to be

e conposition of a resune t I's only
deguribdé ovellythmaoplv stnddtarad webtformsyi dl y

Unfortunately, the inflow of a large volume of resume text in turn brings about a heavy
burden on the employer or recruitment firm. Typically, a manual data entry process is
needed to transfer the information from the resume text to the company's structured

database system.

The common convention used in composing a resume is to divide the information into
sections and zones, each describing a particular category of information such as
education, personal particulars and work experience. Sub-sections or sub zones are used
to describe separate events in a job seeker's education qualification, for instance

different working stints in different companies and separate academic courses.

The composition of a resume text is only loosely guided by convention, not rigidly
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I 111 1 1 1 1 *c0o0o2* 2 confined to structural and

formatting rules. It is neither a conpletely

structured format suitable for popul ating a database

nor a free text fully conprising grammtica

sentences. Furthernore, extra attention should be
real-world resune text wl|

coffipedle spEia R GBI bdamsltﬂéermomm@telgkstmp@r%@mat
suitdb¥d €8r p@ﬁulﬁﬁ'@’a AafaBEseS GO S Kl Gkl %ﬂ t ¢ egﬁsﬁl i grre]lg}matlcal

real -world resune text requires speC|a
sengenceg nfurthepnaore| detth bitertioa shohibl bativen t©xthe d6dti B/ a real-world

d | et el t tured or
e R RO Do FBRATF o PHPESTS CHEBHAER 6 Ut sl A8 Gy lpro i such,
thef %135tﬁ1@t%%0h89% hateds %vcﬁ'ﬁi feshBe rtF)H %ﬁﬁrfgrs ati ?Qstment not
e e Heeded T

reduce the burden on t manua
curpénglyt prokidef be'xtheamifomgttlsp exirbéton sfsehisadésigned ri@maacompletely

resune text. for ulating a job applicants database.
St@m ERPIFY ﬁgﬁ/}éﬂﬁ‘l e\ g15 {Accorgr)ngl y the present
i nvention provides a conputer-assisted nmethod for
extracting domain-specific information froma
Therefuire, sherads ameetl foexit teclariodysthagistabr: totrepigcér at least reduce the

nnot ting the.boundaries for the zones and sub zones
burdgn Pﬂ %’i‘ £Pﬁ%€ﬁ?‘§é P &t tagds Ok ractingaspRrifg infewpation from a

resﬁﬂév&tmlﬁ Sugggg%%{{éﬁg?ﬁ%gagﬁséer for zoning and

anot her fo runni ng a decision tree
i nduction algorithmon a pre-classified training text
collection. Then the decision tree classifiers are
utilized to segnment the text in a new resune text

SUMMR@%WT?#@iN{/ Trepes and sub zones contai ning

domai n-specific informati on whereby the
donaln speC|f|c information is able to be extracted

any text extraction algorithm 25 The
g’%‘é t FrW%ﬁ’?{“i B‘Hefét&ﬁ’sp@@e&fa @EMUEArRSHEoE metlash for extracting

insieb et iy e
annatuting the boundaries for the zones and sub zones in the semi-structured text as the
training text; inducing a decision tree classifier for zoning and another for sub zoning by
running a decision tree induction algorithm on a pre-classified training text collection.
Then the decision tree classifiers are utilized to segment the text in a new resume text
into individual text zones and sub zones containing domain-specific information
whereby the domain-specific information is able to be extracted thereafter by any text

extraction algorithm.

The present invention consists of certain novel features and a combination of parts
hereinafter fully described and illustrated in the accompanying drawings and
particularly pointed out in the appended claims; it being understood that various
changes in the details may be without departing from the scope of the invention or

sacrificing any of the advantages of the present invention.
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particularly pointed out in the appended clains; it
bei ng understood that various changes in the details
may be wi thout departing fromthe scope of the
invention or 30 sacrificing any of the advantages of
the present invention. 3 BRI EF DESCRI PTI ON OF THE
DRAW NGS For the purpose of facilitating an
understandln of the invention, there is illustrated
BREE MPFEHERBRANNNGEe pref erred
enbodlnents froman inspection of which 5 when
considered in connection with the foll ow ng
Fodl elscCpirpbdecdt, fatitieating \a@ nindemtanding ofahks investiom theaads illustrated in
operatlon and many of its advantages woul d be readil .
the) AeRoPyaBYHE ahwmaﬁ;;ﬁbeeexeé%r@a‘ emppqgipents fmm&pema?qctlw which

w}%& {xﬂrﬁ 4 ofd %hﬂ&u@ﬂdwﬁ}gf ?%‘1189/1@ ‘&%@cﬁﬁnon rg'egtlon its

ep process he text® zoni ng an
coBQRicHen Eﬁ@@]ﬁﬁtlon ddenahyi &f itshrlvatagRwduldbardadilp lﬁa&ﬁstbﬂd and
create a decision tree classifier. 15 FIG4 is a
apgegiatsdon tree classifier for Text Zoning FIG5 is the
mai n Text Zoning process. FIG6 is the classification
process. 20 DETAI LED DESCRI PTI ON OF THE PREFERRED

F1EMB©Ih WE&FED vidwe o Pihe $&i ohiny ad sublzohégairecest.0 a system
for text zoning in a sem -structured docunent. More
particularly, the present invention relates to a

FEXSH O S0 BEDISAL P RSEL LA PR BATPIRe

resune er recrui

informati on extraction. Hereinafter, the Text Zoning

in a Sem -Structured Text shall be descri bed accordi ng
FIEc} istthresysieat etipeg Rbptsoqicrasth adesisiomieqelassifier i nvent i on

and by referring to the acconpanying description and

draw ngs. However, it is to be understood that

FIGi 4vistal degisionee @&8cifiepfor @ext Zodife preferred enbodi nents
of the invention and to the drawings is 30 nerely to
facilitate discussion of the present invention and it

FIGSs S BhB e ZBAhLe HRORS.

FIG 6 is the classification process.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention relates to a system for text zoning in a semi-structured document.
More particularly, the present invention relates to a system and method to perform text
zoning in a resume text or other recruitment related text for information extraction.
Hereinafter, the Text Zoning in a Semi-Structured Text shall be described according to
the preferred embodiments of the present invention and by referring to the
accompanying description and dréwings. However, it is to be understood that limiting
the description to the prefefred embodiments of the invention and to the drawings is
merely to facilitate discussion of the present invention and it is envisioned that those

skilled in the art may devise various modifications without departing from the scope of
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skilled in the art may devise various nodifications

W t hout departing fromthe scope of 4 the appended

claim As nentioned earlier, a resume docunment used

for job application is a sem -structured text. A

sem -structured text contains information in both

structured and free-text 5 formats. In a resune text,

informatian i s categorised into personal particul ars,
thee@?&%%%o%alg’nd wor k experience zones. Each of these

zones m ght contain further sub-zones, such as

working stints in different conpanies or particular
Ascroemtgesd iearled Lcesume doSonent fusedrfor gbb ppytlication issa sridsttustured

separate zones and sub-zones fraom eac t her, wever ,
e AT RGNS FHOROS GORITAE 1 gbathy Bty and Irée-text

forg}ﬁft%. s aqgsu#ﬂ%qef’tp Hiébl‘ﬁ?a%ﬁ s &Q@go?@é& ﬁﬁ@ﬁ&%halggr?icﬁ?w e(icl}gzation
Ifferent Tornms. Some nmay use a conmpany na ol I owe
andhywoak dapeicnad genes sbank attheseszonesamighs eostainufuktdtr sprdoaks, such
followed by a.position title. To process .an ex.tra§t
as Weekiag SUPISHR AHESTPRFOMPRBISE OF BAESUIZR OWHHS-12 SHBsatigReSerge form
of?gttérg‘?{{licaf(i'tgge;%we SGHIRRE §th-HY, etsgx%m eI bweder fu to the
ones |1 ke work experience and education i s typircally
higil e sretivid dalod o btelgs @ad slyills wif jéb applisants,i thelpatteraegneaie many
.(sub zone) allocated to a single. even The event can
dlf&%e%f f@mkiﬁ?@e B7Y HEe 3 Fprap%larrtar%@ﬁfawe%hmrﬁﬁted@flg% gome others
i rd fe 1h e I
e AT RESP Lol 9 Eich (AT 1% BRar® 8 exract needed
informatidn,tthese zhmes ragd ssuberohed areper boddeftifiednend scpieented by the
heart of the invention is to treat the probl em of
en&?ﬁ‘r‘%‘?ﬂti ng these zones and sub zones 20 as a
classification problem Renodeling the problemto a
wel | -defined classification task allows us to treat
Zonbelike wbteerpsyisitcermt iecdadatiyn bytypically predented ceonslbgivally, with a
tree induction algorithmas a tool. FIG | shows a

Pagtishisy segmeni (e a9nsy alle ©ya HgslerventnJBA©V e, captbest wprking
1041, . i i t : i e

il RESUARy anp ORI i pble SUHE) LA 0 e an

acidemit nb@saetderdinein 20 2dudatiend aistingioardieg S, certdidrperibd @$ time.
t he rrajﬁor zones in the resune. The zonin process_in

Thehsprt ptheipyantiga istg ticaicthe probhan af exiraging gress eones amd sup zones
as aggsiﬁcation problem. Remodeling the problem to a well-defined classification

task allows us to treat the problem systematically by utilising a decision tree induction

algorithm as a tool.
FIG 1 shows a computer based system deploying the invention. At step 101, resume is
inputted to the system in the form of a digital copy via an electronic network, such as

the Internet.

Step 102, the zoning process, identifies the major zones in the resume. The zoning

process in step 102 will be further elaborated using FIG 2, 3, 4, 5 and 6.

This zoning process produces a first-level segmented resume as shown in 103. Each of
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30 This zoning process produces a first-Ievel
segnented resune as shown in 103. Each of 5 the
first-level zones are sub-zoned or segnmented further
in step 104. The sub zoning process in step 104
identifies sub-zones in speglflc zones |i ke education
and work experience zones. "At step 105, a fully
segnented resune i s obtained as out put. The sub

thezéw H‘g’%?%é%eﬁ -zqneg orcueggiented dartharrintréap 04 bidieatdzoning

prdé%é Etleﬁ 194 denfi 1fies su%ng)ngs i sgé&ﬁ% 2N est\ikt nat a%:ﬁg and work

Zoni ng/ s Zoni ng process 1s a OCGS

expdrRhod Agheph@Ssep (@:&)fuxpi sééﬁ&:n%sﬁeﬁmlé ﬁdib@zﬁﬁecﬁasd&ﬁﬁnﬁl PRe sub
tree classifier (202). The decision tree classifier

zogigg prpcessrin Siggd@4 il b urthes clabematadgisiigdd6 1.6, deyyande.
the resune (203). The System training phase (201) is
further illustrated in FIG 3 while the zoning/sub

FIG Ql’lslhﬂg's PhQ GRS Sonid@sub28b%ing Srobdsk ik D at&probesk! TheftraiRing phase
6. Systemtraining phase In FIG 3, training text

and
(2Q1g of é}t?éy\?@a”l induegsegpdeggpion frWeclti?Sﬁqm(ﬁ@Z)t Ehe deigids tnep classifier

is ﬁﬁ'ﬁ L*%(F%grm pe? é&ngenégﬁ 68 sggrrngn Q}Sﬁ,g'ﬁs%&cggﬁ)t ‘la"fi(% System

traiﬂlﬂgsphasél 20T lid fiethef BRMIRA ﬂi(FI(E S wHiROMe ©dniRY/sab E@ﬂhﬁg Irocess
302, 303). The parser parses the resune text and

) v Wagirated indil6 4.i5red 6and el ements (302). Each line is
represented intermof a feature set. The parser
popul ates the feature set w th appropriate values in

Systeftrdiddng %mef eature set at the mninumw | consi st
of the following: 20 * The zone header present in the
In FIGé, Walﬁ@attmtesrqﬁewed imgemﬁ@t Hidhe trairang texe nc®sp® be trdeformed
[ 1o br.e * Feat.ur not i n
intth et%’er an(%m lsﬁ{}ngeség’teée’én%‘ﬂbg%f{l?so‘ﬂe %ﬁ“é gﬁ?ﬂ 31

F1r§t| gbmhdlBed tes@me 1BALS pRUIScII 1858 Bﬁrsérn?bt‘ €3 d3f).th621§ar£er parses the
human exgert will then assign one o | owi ng

resemaéeqtfan dividpadt inty laes land Elements (8300p 304 for zoning

Each ﬂlng I1snlq=:presented in term of a feature set. The parser populates the feature set

with appropriate values in step 303. The feature set at the minimum will consist of the
following:
* The zone header present in the line
* Features denoting whether the line is preceded or followed by empty line breaks.
* Features denoting whether a company, date and position title and other

significant elements are present in the line

A human expert will then assign one of the following classifications to each line in step
304 for zoning training set:

* Work Experience Zone Boundary

* Education Zone Boundary

* Personal-Particular Zone Boundary

* Reference Zone Boundary

* Skill Zone Boundary
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* Work Experience Zone Boundary * Education Zone
Boundary * Personal Particul ar Zone Boundary 30 *
Ref erence Zone Boundary * Skill Zone Boundary 6 *
..... O her Zone Boundary * No Boundary The foll ow ng
classifications will be assigned for creating the sub
zoning training set: 5 * start of pattern. *
cogtinéal{i n o attern * end of pattern * _
ant i patYEAANA BOFHETE | assification information is
esseq) Bahdd4ry Nformation on the patterns that serve as
boundari es t'hat separate the resune text into zones
and sub zones. Thus, a training text is a real world
resunme text that is pre-classified in order to provide
The %crlgwﬁﬁg F@ﬁﬂé?ﬁtwﬁwﬂga% pstaned frgreabag she WO FABRR TatHRg set:
sepAt & et ext into zones and sub zones whereby a
classification is defined for each line in the
t r dicontivghatiex bf pdteriAf t er step 304, the training text
set will be represented in terms of {I,, 12, 13, ...
1T epdPTBAUYR 5 ni ng text set having n lines. Each line
1; xi,S4:] rn represented in a mtuple {a,, a2, a3
agtrlnptaft&lé;} where a,, a2, a3 ... am, represents the
m1l features in the feature set together wth their
associ at ed val ues, as assigned by the parser while c;

The crseiSeiion infrrmation ds gasnhialbatnfemaiesiognde nagems thaf serve as
boﬁ&lﬁﬁ@g&%{‘ séfﬁé%‘?{)gre Jg{ﬁ%ef & %E(ﬁ%/oshfé%%#% suriao%on{e:s.)(ﬁl(-iils,balfI Eraining text

I nstead wo erm ne effentation
is £ ek wWoeldatinms tektithaeBtpre@laasifivs ineider &SpraPfdeapfotdhteon on the
The parser will deternmine the appropriate value of

Patigae prvoddiasoppdary éhat sepatste theetext ro zuieh and peb 7anes hereby a
clabdifitdtion s d&Hed fgpe%ch line in the training text.

After step 304, the training text set will be represented in terms of {1, I, I, ... [} fora
training text set having » lines. Each line /; is in turn represented in a m-tuple {a,, a,,
as ... m., ¢} Where a;, a,, as ... a,.; represents the m-1 features in the feature set together
with their associated values as assigned by the parser while ¢, represents the

classification assigned to /; by the human expert.

The feature set is not fixed but instead would be determined by implementation
consideration, subject to adjustment as appropriate. The parser will determine the
appropriate value of each feature in the feature set for each line in the training text. The
result will be a table-like structure with each row representing a single line in the
training set. The columns of the table will have a column allocated to each feature in the
feature set, in which the value will be the appropriate value determined by the parser.
There will be a final column for the classification for each line, in which the value will

be filled by the information given in the pre-classified training text.

Step 305 takes the training text set representation produced in step 304 as input, and
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25 result wll be a table-like structure with each row
representing a.single line in the training set. The
colums of the table will have a columm allocated to
each feature in the feature set, in which the value
will be the appropriate valﬁe determ ned by the
parser. There will be a final colum for the
. classification for_each |ine, in which the value w ||
indyiees ¢ fgcisiomiyeq dassifier § vaime grilegisinariraerinduggion algorithm such as the
re-classifi trai-ping. text, 30, St 05,takes t
1B EesGrtTh Ih R ubh 8 DDk W (il SRemas LFRNERd), 05 pos1-
106K liunpRtiAcadeiflc Publishdisges a decision tree classifier by
using a decision tree induction algorithmsuch as the
| D3 (described in Induction of Decision Tree, Quilan,

hji,ne Learning 1, 1995, .pp8l- 106,, Kl uwer Academ.c
Fre g 0 8 Lot RD oyt P S VB AR e, o
singplRfgishken hiddifane edplahADnt bR dahRlkByPR aFf®dgment of the
sinplicity sake in aid of the explanation, the sanple
read HigRIs1qns trep | oasgifier. afhe deatok seheused gal thifeckampln ¢onsigts of the
I ifier. The feature set used in this exanple
fmg"aﬁﬁ?é agur%% the followng features: * Current Zone

HeadetrréMZ dte EXAGEA E Efgsbitentd, ®iuc®InS PBRbnal Particular, None
Particular, None 10 and others} - A feature

i ndi @ed pthgrst he zone header occurs on this line. The

value is, .~ None' .if.no_.zone header is present . * Xt )
lines hAYVdPHE PHSHIRE fheaZqhf, E‘@, CFQrEEy on thisgling, Tl viue is
I ndi catN&1@’ iffnodzoB@hdde® s fréde@t OCcurred in the next 2
lines 15 * Next 2 lines have education institute

{ TF U¥extRdings have positieaditientliregthialsg} i f an educati on
institu occurred .i.n the next 2 lines, * t 2 lines
have datETPHIEE e SEp TORTY ofGUTHATLE PRY 2 1168 dat o
OCeUNERD lirks hie diitich ihbtige {Oﬁué}%tse? lines have
qualification {True, False} 20 - A flag indicating if
a qual t fiftegtindinatongoifian edudation nstingexoccRrrkd imethe next 2 lines

* Next 2 lines have date {True, False}

- A flag indicating if a date occurred in the next 2 lines

* Next 2 lines have qualification {True, False}

- A flag indicating if a qualification occurred in the next 2 lines

Once the decision tree classifier is created, the actual zoning and sub zoning process is

ready to be carried out.

Zoning / Sub Zoning Process

FIG 5 shows the zoning/sub zoning process. A test text is received in step 501. The test
text is a real-world resume with no pre-classified information. It is the job of this
process to classify each line in the test text in order to identify the relevant boundary

type. The contents are as follows:
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Once the decision tree classifier is created, the
actual zoning and sub zoning process is ready to be
carried out. 25 Zoning / Sub Zoning Process FIG 5
shows the zoning/sub zoning process. A test text is
received in step 501. The tgst text is a real-world
resune with no pre-classified information. It is the
job of this process to classify each line in the test
text in order to identify the rel evant boundary type.
The contents are as follows: 30 8 WORKI NG EXPERI ENCE
Conpany nane: Renesas E-learning Mal aysia Date

oi ngRIZRAMRKPRERIPREEPOSI tion: Senior Design Engi neer
bpeci al i sation: Education Courseware Design
)escécl)rglt)aln?/nriame: Renesas E-learning Malaysia

—oen G

[ e EDUCATI ON 1999- 2002 BSc
| T)Pdstiloni RedomDesigivEngintey 5 Step 502 and 503 are the

par S| ng. processes. .The sane rser that was used
Iuri*@gFﬁgﬂmTfé&ﬁPH@]§99§@WW§?U§§E here to produce a
or i .epresentation of the resune test text,

[ Dyt

T Y i A Test Text haviRg T | i nes.
rfach line is in.turn..represented..in..terns...of the
ntuple {a,, a2, a3 ... a,,_,, C;} where a,, a2, a3
.. &,,,_, represents-the-mil features in 10 the
eature set together with their associ ated val ues as
1SSiEDECATIONe parser. c; in the tuple will be

inknown as_of this stage.
1999-2002

BSc (IT) Multimedia University

il . - P B e e o W

c Q) —h -

Step 502 and 503 are the parsing processes. The same parser that was used during the
training phase is used here to produce a normalised representation of the resume test
text, {1;, 5, I ... 1,} for a test text having » lines. Each line is in turn represented in terms
of the m-tuple {a,, a,, a; ... a.,, ¢} where a,, a,, as ... a,, represents the m-1 features in

the feature set together with their associated values as assigned by the parser. ¢; in the

tuple will be unknown as of this stage.
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9 In step 502, the test text will be divided into 11

i nes: WORKING EXPERI ENCE 1 Conpany nane: Renesas

E-l earning Mal aysia 2 Date Joined: 25 March 2002 3
Position: Senior Design Engi neer 4 Specialisation:
Educati on Courseware Designg Description:

[

[

{ he QdmpanyewmienRedrsas BdearnipgMalaysree Current Next 2
lin xt 2 lines 2 lines Next 2 lines Zone
havjfﬁggwpgﬁﬁsﬁgyghgﬁ@%ation have date have Header
titIpbgdyﬁtg&ggﬁDggg{E%éggﬁion I WE True Fal se Fal se
fFal se 2 i None True False True False 3 None Fal se
Fal swetialisatival EducaioNGnerspairsddsginse Fal se Fal se 5
f
f
f

[T ue

EDUCATION

1999-2002

BSc (IT) Multimedia University

ar SEDRAIN LN FRCEal nes of 1 he feature sot. AS a |

esult, we obtain the 5 follow ng representation for

Fducati on.Fal se Fal se Fal se False 6 None Fal se False6
Fal SECSERPRE 7 Nome - Fal'seFal'se i Fal'se Fat'se 8 None
ral se False i True False 9 Education False True Truesy

2
3
4
5

8

10
11

In step 503, the parser populates the values of the feature set. As a result, we obtain the

following representation for the 11 lines in the test text:

Line Current _ Next 2 lines | Next 2 lines Next 2 lines | Next 2 lines
Zone have Position ha\’fe ed.ucation | have date l.1ave .

| Header title institute qualification
1 | WE True False : False False
2 ' None ! True ; False True False
3 None False I False True . False
4 None | False ; False False | False
5 Education False False False I False
6 None False False | False False
7 None © False False i False False
8 i None False False [ True False
9 | Education | False True ; True True
10 None i False | True I False True
11 None ! False | False | False False

Table 1 Features of the Lines
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10 None False True i False True 11 None Fal se Fal se

Fal se False Table 1 Features of the Lines 10 At step

504, a pointer to the line collection of the test text

isinitialised. Step 505 initialises the pointer to

1. W are now about to clas?'fy our first line in the

test text. Step 506 classifies the current l'i ne, Iine
he test tex resgect

[

At sbvs st Sathe i tellsetien of ahe kash 408 B SalNEAD spep 505

inifilEses kiRSifebeb 1t Wﬁeée holvl BBu@S AR pur k@i if i&Stelltext.
and noves on to the next line. The classification step

506 is further illustrated in FIG 6. C assification
ss 1 e clas ificat i s gquide the. . )
St%eg(?é?laﬁlfo fiSéEe EVIE W’eleneci ghihectedt It gaaﬁ%n% Withisfgspective
h t i f:

reftp&aGriol MCsRLREE RS i Alic s SRS McE Btes D9 & input
claskiified 1tofantihaof>c$abmj ne the rieke liheaThe elsaficationt stepes06 is further
11chec F(% e classifier checks the value for that
ilystated B FP Ot he current line. The value is used as a

guide to traverse to the next child node in the

decision tree. The same process of checking the 15

Chhsificationgenaised by t he deci sion tree node, then
checkj t he val ue, of.  that .featur r the rren
The; clasSHiFatiohst wd%ﬁ by jthe ggm%org e éﬁlsél%f”f sipaied ol gttf\% training
[, th

phtgfegggg h*cgsrseaﬂﬁs elrcgigg"ﬂtrl]% o't H%\&T g%eglgltolh S’frega1 "ﬁh%root node
tellg thé classifién whichof dle fedthee 1In&hé felatm}e swlk ko Bhchweckdre The classifier

appropriate classification to be, assigne
chedhe b valbe far thed Teagurg b tge cugrey lgsy Ty rhéc@ﬂwelé %Sﬁi as a guide to

t

traQ/QIrsé %‘Ehel dﬁ Fhlﬁ gg%eefglluféllc éi%éllélroé:&‘%eh Tﬁ{a Bﬂg g%octéﬁs[e Sf &{%@kmg the
feamtrer&:ﬂbtedil b¢lehe &Eleaortid: ods] then thadkimgatie valné ofithdefeatuse for the

| eaf . node. Since. the root node of the deC|S|on tree is
cupght lipe|aad dasHy ec itvae a;&Pb’@é@ dravese & 18p nexyehild npds, s Epested in a
10(? tfle[ﬁé Wa@e;r r%%ﬁ%& Q%ﬁ% .a/S Z?a&fﬁro X% ?rﬁggfg Bw%)g'g) %hé dsnode.

Ttteheaf\nam ezlﬂl Qlo\laaih(e@pptfopﬂhteZMSﬁﬁHﬁﬁﬁh&b betassigred tv et line.
25 the feature 'Current Zone Header' for the current
line. Referring to table 1, it is "WE . Therefore,

In\ﬁb(%é' c601 é%@i%em%dc%h)ent_ hXéE [; of our test text. Step 602 sets the root

node of the decision tree in FIG 4 as the current node. Step 603 tests if the current node

is a leaf node. Since the root node of the decision tree is not a leaf node, we proceed to
step 605 to retrieve the feature as indicated in the current node, the feature is 'Current
Zone Header'. Next, step 606 sets the variable val(Current Zone Header) to the value of
the feature 'Current Zone Header' for the current line. Referring to table 1, it is 'WE".

Therefore, val(Current Zone Header) ='WE'.

Next, step 607 looks for the edge from the current node that match with val(Current
Zone Header) = 'WE'. If the edge exists (608), the current node is set to the child node
pointed by the edge selected (610). In our specific example, the edge matching the value

'WE' from the root node does exist. So we move to the new current node, node 402 in
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Next, step 607 | ooks for the edge fromthe current
node that match with val (Current Zone Header) = 'WE .
If the edge exists (608), the current node is set to
the child node 30 pointed by the edge selected (610).
In our specific exanple, thzledge mat chi ng the val ue
"WE' fromthe root node does exist. So we nove to the
new current node, node 402 in 11 FIG 4. Next,
FIgdh | owing the flowin FIG 6, we are back at the
conditional test 603. The current node is still not a
| eaf node, so we nove to step 605 and 606 to obtain
NexglfoINexing2hd 116@Sin FIGIRGR: 20 Dhélk ANthé cbh@tionkl ¥&t 6031€rhe current
mat chi ng edge exists so we nove to the new current
noge estiflstos g lednode o8, wemoye torsiep ABfvard pP@ vt otaide/aiiMek: 2 lines

be node 404 in FI.G 4, en the process fl ows back to
ha%éoﬁlﬁ?ns%%ﬁeﬁuf'h@ecwyﬁmg ?1%(?_(5%1 S Phd¥el©d® It%g]?ce RBY e rrent
no&O(steptaepy, 6681 610 The Rew kerredtasad Wik 8¢ hode 40adhgased in -

the I eaf node to the current line. 10 Therefore, the

1st line of our test text is assigned with the

classificatipon 0 Boundary'. At this pojnt, the
W SRR e ERL IR e 26 (O SUMETEY s e ds Blep g 6al hode.
SoC biep M, RQNigH Bie tl8ssticatibMendidiéd hd BR REf hb& to the current line.

collection. If not, the pointer is increnented by 1
Themtay, thedlsstiap BoBIr 188 tektaissishigned whth thexdlassifivatiom ‘WheZone
Bocqéleption, as indicated by the pointer. The sane

§s is repeated in the iteration until the pointer

is equal to the last line in the collection (507). At

t hat point, the process returns a classified test text
At (59 gpint,Tthe prassssl lowsshack ite EIG S Stept50Zdests Nehe c@rdnit pemter is at

t. 2 lines t lines Next 2.lines ssifjcation
i disk SfueSlEon Shnstae M S metravEl BY 1) b8 indSep so
cla8Eatht ABxtAHR|ih ki@l le@bn, b fididattldeyLth¥boihtdd €T asf process is

Fal se Fal se WE Zone Boundary 2 None True Fal se True

repRated en NisriteratPnNowié thegpdeteral egjgal Tio ule Faal lsree iNGhe collection (507).
At that point, the process returns a classified test text (509). The result is:

Line : Current Zone | Next2lines - Next 2 lines : Next2lines . Next 2 lines ' Classification !
Header have position : have have date | have
title education qualification
institute
1 WE True False False False WE Zone ]
' Boundary
2 None : True i False : True False None
3 None False False ; True I False ! None
4 None False ' False False False ' None
5 Education False False False False None
6 None False False False False None
7 None False False False False None
8 None False False True False None
9 Education False True True True Education
Zone
Boundary
10 None | False True False True None
11 None False | False False False . None

Table 2 Classified lines in a test text



4 None Fal se Fal se Fal se Fal se None 5 Education Fal se
Fal se Fal se Fal se None 6 None Fal se Fal se Fal se Fal se
None 7 None Fal se Fal se Fal se Fal se None 8 None
Fal se Fal se True Fal se None 9 Education Fal se True
True True Education Zone ﬁgndary 10 None Fal se True
Fal se True None 11 None FalSe Fal se Fal se Fal se None
Table 2 Cassified lines in a test text 12 A fully
classified test text as shown in Table 2 would give
i nformati on on the zone boundaries. Therefore, the
probl em of text zoning is thus acconplished as shown
A BgllyoulassiBed teWORRE BESskodh ifENGble 7 would Bive ihformatiof©@n the zone
pany e: Re K-earng Malay f Date J 'pd: 25 rch 2003rd
boppdariepgdegriore ghmpeailen Oé gxhewying is/thusaceemplishad e phovirgbelow.
5 afion Co~frseware D /gp-n ffr r f r~ Desc ' tion:
.................... ff . ........ ........ EDUCT

o o "

WORK.ING { EXPERIENCEA ~ £

yéli} n'.e'l__me/Rene Eiam gMala_y/y/ f f,f / f
e

“" Date Joifed: 25 rch 2ooze”

Po.s___jron Seni esign Eﬂglfneer ;
lisefién: Edpéation Couts D-é' o
.__.-" Spec1a iseltion: _}\6'a ion Cg, Steware gn - o

d Defﬁﬂﬁkm-fff{f ..... ;} : !f;é?

P
A

* EDUCKTION ;:’ . / /
o800 ey r y A

- BSc (mMumme_ala Univefsity ’ ’ " %

The process will be continued to the sub zoning phase within the work experience zone
10 and education zone. The process is similar to the zoning phase except that it is based on

another decision tree classifier, one specifically used for sub zoning.
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Bf r The process will be continued to the sub zoning
phase within the work experience zone 10 and
education zone. The process is simlar to the zoning
phase except that it is based on another decision tree
classifier, one speC|f|caII¥ used for sub zoning. 13
An exanple is provided be|OM/MhICh will illustrate
bot h Ehe zonlnqjand sub-zoni ng. Personal Partlculars
An example is provided below which will illustrate both the zoning and sub-zoni
WOR NG EX RIENC r f Conpy nane, t enesas | earni ng
alaysia ate Jo 25 WM 2003\ ition: S or Desi Engine

Spe ' lisaton. due- i0 oursew e EEsign rf ti escri
ti—off:r %t i
onpd*¥$¥@h£mﬁs©ﬁm £ dn B~1 tte JoMa}~ 02 Posl| oe

Desi.g..ngi.neer....Descri..i..n. F,WCAT] W of f .999-20 2 f f
BSc (lLy..Miultima UnlverS|ty 44-199 f f igh Scl }eol ,

Vax . 76l
W(_)R._Ii"ING }?)E_BERIEI?IC_..E’ -~ -'__.-"' _ }__.-"r - 1

Compag_x_y name™Renesas E%ning}\\@/sia'

-Pate Joijrd: 251\/?3@2003 e o
itior:?'esx E o - R

hsatlon

-I_?escnp\on_\
(}or.npa ‘Rame:
DQ"Ee Jo?-'rhi%\"
PosHjon: Trat

Descrl

"“w.
l L
E.&UCATION" ___.-" - .-.___.-"'.-"' _,.-"'.f
.-'1999 2

BSc ( %ultlmed'la Umve-x{.ty
gé'gfigg P .-"/ fff / .-"f __.-".-"".

-

High Sc}_wol Max 1

Y

_-'"' .-‘

Once the zoning/sub zoning is completed, other automated information extraction
methods can be used to process the segmented resume text to extract various

information for populating the database of a recruitment firm or a employing company

such as:

Position Title: ~ Senior Design Engineer
|
Company: Renesas E-learning Malaysia |

Date: 25 March 2002
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SO 5 Once the zoning/sub zoning is conpl eted, other

automated information extraction nethods can be used

to process the segnented resune text to extract

various information for populating the database of a

recruitment firmor a enployjng. conpany such as: 10

Position Title: Senior Desig Engi neer Conpany:

Renesas E-learning Mal aysia Date: 25 March 2002 14

This invention allows the utilisation of a conputer to

i ' -t h uristic ul es needed ro.,do. ..

T thOfHo SR s ARG P EithaR P aul SpERe B G Iy eBsic
rulesinddded todoniaf tert zoh@. ThemeliFi &R rulieiré Ripésce@ e thel Brm of a

only a pre-classified training text set. This offers 5
degjsigmitreec Ahe iy aedegeisovdy ahprisclaseified tredning extcset. ulhds offers

. S computer-induced . rules are nore reliable.
oSN PR BRI PR 5% SRl LEPPER B
ruléd &efhétg réleble. Fatthernfors, tHE Chdt GAMrdparih @ aprELABS i EL1r&RRlg text

of manual |y hand-codi ng and maintaining the rules for

setfigsignifisanthiglessithamiel sy of maruatlyhepdicpding ped maintainingrthe rules

ﬁn&gh%o%ﬂ ention has been described in relation to
cértaln°preferred enbodi nents thereof and many details
have been set forth for purpose of illustration, it

i1 t ta th .skilled i h t .1hat the.
w8 ARREeB5 oG  E Bbbh E8n
certdifl pff@tedC@iB et tHeh® qgﬁ Aldn§ Eefs %h@%eh%@@foﬁh t§PPurpose

be varied considerably wthout departing fromthe
of pidustretipn.i ovipl be apparehtetd thasatskdred ib5theCaaItB the iAvention is

oGS F oG St mel P e o6 o et described here
carPbERR el REnAddriBty WithGuS@lpalih o TR e BasRIMALBidsRY theE A Rion.
text with boundary
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informati on that separates the text into zones and sub
zones inducing a plurality of decision tree
classifiers for zoning and sub zoning by running a
deci sion tree induction algorithmon a pre-classified
training text set; and 10 y%ilising the decision tree
classifiers to segnent text into individual text zones

a sub zones contai ni ng donai n-specific information;
cizhbs

by, the donmain-specific information is extracted
thereafter fromthe text zones by any text extraction
algorithm 15 2. The text zoning nethod of claiml,

1. wher edsmpperegsaisat itenn zohing ntBodCioaaski-e@uctiireditddt REmbHXhg the

set conprises: running the training text set through a
paf¥BtO°fn order to divide the text into lines and

refira s & RE o8 b AAROPRl St e i boundary

ture set t repr Ine,

as sifgimai@pnahatlsessittd Gaté@mtb eoRacRd @hb khiRs! i ne

manual | y. 3. The text zoning nethod of claim1 '
whEIUEHEsR ghBpity iyf €9sisionsfree haspificseor zoningnpny seth@oning by
te : ser.in..order to divide the.text )
| nfh ol e SRR b BT o e P e e s
vabhnes into the feature set that represent each of the

line; and classifying each line into one of the

podtliting the desiswn trsp classidiersi tagegraent hiext infe dndjvighalt textezones and
cl Lfi.er .16, 4. The.4ext zoni ng nethod of claim
1,§§ié$§?ﬁmg%§gli 9Pﬁb“§§€#IPfW@aﬁ%%o one of the
possikibe, cl asses conprises the steps of. starting at

the root node of the decision tree as the current
nodi; domain-specific information is extracted thereafter from the text zones by any

text extraction algorithm.

The text zoning method of claim 1, wherein preparation of a pre-classified
training text set comprises:

running the training text set through a parser in order to divide the text into lines
and elements;

populating appropriate values into a feature set that represent each of the line;

and assigning a classification to each of the line manually.

The text zoning method of claim 1, wherein segmenting the text comprises:
running the test text through a parser in order to divide the text into lines and
elements;

populating appropriate values into the feature set that represent each of the line;
and classifying each line into one of the possible classes by referring to the

decision tree classifier.
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obtain the value for the feature as indicated in the
current node; 5 traverse to the next child node from
the current node, pointed by the edge matching the
val ue of the feature as indicated; assigning a default
class if no edge is found; ge same process being
repeated until the current node is a leaf node,

wher eby, 10, the clas i fication |nd|cated in the

eaf
-nodé® t%%t&egmgﬁeﬂ hedhof Haime dr pRtein FIREIYEE crfie ling o one of the

fogbggﬂEE&§%90&£Pﬁ&§HH§“ &(g 4, wherein each of the

ext sub-zones ate nest |nS|de a top-level text

zostrtirkbat fhe rbbenddxdf tzoddchgornedcmdhdturtdnahaded, wher ein
the sem -structured text is a electronic resune text

pr EpiEteyylug fprobe debieas indicateddn thaqurieainadg: met hod of
Cl @lge YNAE g‘legt 084 LR ! £ héo&%t% nﬁd@oﬁgﬁ{}ﬂgg by the edge
experi ence, ucat1 on, persona par I CU [,

r efnejtcem@themmjemtheaf@ﬁium &eandicald;i nf or mat i on
categories found in a resune and the sub-zones are
chPS%%P@%Pé%@“%ﬁE%%g”@ﬁdéﬁﬁfé@&*|ons contai ned within

eJ?Sce%é‘BQn EX BhuAROES &Y G0aPR 2 1644GaLT on.
exp ri

ence erence.
whereby,

the classification indicated in the leaf node is assigned to the current line.

The text zoning method of claims 1 to 4, wherein each of the text sub-zones are

nested inside a top-level text zone.

The text zoning method of claim 5, wherein the semi-structured text is a electronic

resume text prepared by a job-seeker.

The text zoning method of claim 5, wherein the top level zones are working
experience, education, personal particular, skill, reference, project and other
information categories found in a resume, and the sub-zones are chronological
events or sub-sections contained within some of the said top-level zones such as

education, work experience and reference.



