METHOD AND SYSTEM FOR DOCUMENT CLASSI FI CATI ON FI ELD OF THE | NVENTI ON

[ 0001] The present invention relates to a nmethod and system for docunent
classification, and nore particularly to a nethod and system for docunent
classification via adaptive | earni ng BACKGROUND OF THE | NVENTI ON [ 00021Wt h
the fast growng of the intenet, many el ectronic services, especially the
el ectronic news services, are growing with each passing day so we could
obtain many useful data. In addition to news on the news website, how to
manage t hesg[HaTEODSANIDISY STEMIFOR dDOCOMEND @yveS STRIGATIODEr of news
is growi ng every day, and the manual classification is tinme-consum ng and

| abori ous. Furtheinore, problens with the factor of subjective

determ nation and the difficulties of obtaining know edge are faced. The
gener aFTREDNOF BHEENSEMNGIQAt a i s automatic classification. The automatic
classification utilizes the machines to learn fea ureiﬁgé ever at egory

~ docunef®0®jd autBhet preseny EvesEpRy relgies; det iangnatiogd el tg‘(}és of the

automatic classification are that the. classification can be conpl.eted in
shor't d@@ﬁ?ﬁﬁh@kﬁﬁﬁﬁﬁﬁgﬁbt%“%P@HﬁDP@%B%?@i i@baaﬁﬁ%35ﬁ§V§k@%ﬁ?n%fﬁﬁentIy,
t he extensively applied docunent classifications include word sense
disanbﬂ@@ﬁ??%%¥mﬁﬁgﬁﬁﬁﬁpﬁﬁﬁaHE??Y%b%ﬁﬁ“?%fornation filtering, web

cl assi i i ﬂﬁ@?@@r(?@ding, etc. [0003]Wth regard to
autona%fgﬁgkﬁggFﬁgggﬁkﬁpgﬁf e rad¥ ional |earning nmethods are primry
focuse st at i e | FNepgeS Rind ResarsmthResicEe t hat
si ngl efq@az}ni ng %@% E?%ggr%%gggéiﬁggé;dopt ed’in 1gg/ery category, large
traini agdalR, HeLellfvhiedewanireiont, areondwipdaivithgeash pasing daymed
know edge in-every category according to testing data i s unachi evable. For
exanpl ¢ ddigd iohigint inaRyodsefleddai win daligon thmew4a1hs reacksebyiani c
know edge adj ustnment (adaptive learning). In addition, the problem of the
non- r eh@ivi tonahhagd cheveedata fe quiitat inmpbriaht worknovnowgy ey dhy nawebahe
feature of the testing corpus also exists in the current classification
syst enof pOO0I growmgievenyoday enddhe Manuad A aIoh 1$ HRCHEORUIRINE o

met hod and system for_docunment classification are provided in.the present
inventanﬁLiﬁhﬁﬁﬂﬁértidﬂﬂéﬁmﬁ@§ﬁgnpﬁﬁﬁ?ﬁ§ ﬁwggeﬁﬁei BIQE rﬂﬁhQQQW? sol ves

br esorlCFHUBHICEN s e IRy FopOEinEnRe st s e e
I NVENTI ON [,0005] | d . ; . ‘1 1GC ¢+ i ng,
the predut! Pk ofigees cih IR ARMELE GARRRLRIGE, | TheShiiohrcPa ™ "o
concepti QlitNfoRIBRlLEE HRATMAIANEE R0 dehly SFARIR0ON ElleRatiatedarie

gl ossa m every category, and then e glossaries from a sipl ex

testi ”@o&ﬂﬁég&}tsaxﬁf SREIRAGEINY Tcthsé‘-iﬂfgﬁéit@ﬁth@g)@wﬁ bihe netvaheget est the t he

basi c core ossaries are extracted. These new know edge i s subsequently
used tgg8akicWihbsiBichtbncaepihac ahe i sificaiior eapdba copfflediThe shors ent
invention provides an adaptive |earning nethod for docunent

cl assifimeatdnen thEi resulty, atmsnore atektion auhecdnsigent ecCadrentiyevibey fi el d.
Secondl y, sinplex docunents are solved by the establjshed basic know edge,
i .e. aaitensiatliyng apipdiddar idaagnaett t kdassagaiiansworinsluds a WorlinesfS&nd t he
basi c knowl edge in every categary, and conpar,j .a largest simlarity with
a secahisambrgyesions infaraiatiop Sirev)s M ermargn; ﬁﬂ%@ngfws ,C?%Sr? 1eaiyor y
corresponding taq %%ﬁiv lue with a larger difference serves as the category
of t hOHRUIRERPHSt eﬁaﬂy$f¥%e speci fi c domai n know edge of the narked 2

docu | S seal.ched to,expand. basi w I :

cat egﬁabég of t ltgolﬁﬁﬂair@afloeﬁu%@%iér ilags?’{t?(ﬁ%{bg}&c@%gﬁfl gﬁ = ?1)al EI)}{,lﬂghe above
mentioned steps ar. t Q.classi | fRe UNOBRIKEA wEent as a
der aurbeioaloBe, PLEnGSERAGRRS GBS HoRIaRes e R e
docu”gﬂés% rﬁé@t{xafr)#is Lhe ﬂ%@%g%@f@am%gn@f kathidlecMpEBLSis sdspie@RatverP007] I n
accor dance w an aspect the present invention, a nmethod for

cl assicfyd ajgosumaiinknahtadbng raquired abhtly coftifeatsinedatngsof sher ovi ded.
The né%ﬁ%%g¥ncludes ste%s of calcﬁ?a ing a plurality of simlarities

bet ween the docunent and a categorical basic know edge; calculating a first
ratio of a first largest simlarity to a second largest simlarity of the
plurality of simlarities; storing the feature words of the docunent as an
extensi ve categorical know edge when the first ratio is larger than a first
t hreshol d val ue; and updating the categorical basic know edge by using the
extensi ve categorical know edge. [0008] hi accordance w th anot her aspect of
the present invention, a systemfor classifying a docunent is provided.

The docunent includes a plurality of feature words. The system i ncl udes a
processing unit calculating a plurality of simlarities between the

r



1000911 n accordance with a further aspect of the present invention, a

nmet hod for updating a categorical basic know edge is provided. The nethod

i ncl udes steps of providing a plurality of feature words and the

- categorical basic know edge; calculating a plurality of simlarities

bet ween the feature words and the categorical basic know edge; and updating
the categorical basic know edge according to the plurality of simlarities.

- [0010] The above objects and advantages of the present invention will becone

nor e rRaghéd kappacded i evdriaseeguryi ataoidingsii tastidgidata eunachiab alge.

reviewing the follow ng detailed descriptions and acconpanying draw ngs, in

whi ch: FBRIeEEnpHESCRIcPTiventior AafiHh eDRAW NGBal@t1INprilg49 11 3 hass dymramiw chart of

t he adaptive learning nmethod in the present invention;, [0012]Fig., 2 shows

t he cokoepledge adpistmeet hadaptset laanging. t Ae pd@diens theyueb %;Ofgﬂ%ﬁ

e A
P S SRt AR s SRS T PREFLGR, i e rence o
descrt PNS, o B SIELISeRRL Ly BLURIARD! B9, BifMomnant o0,
0RO, O IR B Ry BARH i echeslghr g osed

| ear ni kit N o 1 i S 1 rtant
n@%ﬁ@lﬁo‘ae& nt B8 eSS Blert NHRRHRM rﬁjtgong?é qil eelehes pRGblefzo

core s of the present invention, and the scription thereof are as

f ol I ovgescribe@l8bdve,sbly als li§eéas'Ernmlt}$e inpekeatethcuifboss thetmrsddt.  The
source of the categorical basic know edge 6 is built-in in the system The

basi c ikventieddesitse atilisy forcthedndsstpyel i mi nary know edge seeds. The number
of the prelimnary know edge seeds is unlimted. The input unmarked
docuneSit/d1tAaRY Odi BHHIE Hﬁ&?ﬁféﬁi@N The similariti es between the original

docunents and every categorical basic_know edge are cal cul ated (step 2).
The cdl0®05ht i on InsOjsier flor ABeragyne dne glramt isoﬁn aﬁe stad1q i@ﬁrﬁélgoo | as:

present invention designs an adaptive learning method. The basic concept of
the adaptive learning method is starting with basic core glossaries from every
category, and then the glossaries from a simplex testing corpus associated with
a testing corpus but not located in the basic core glossaries are extracted.
These new knowledge is subsequently used to deal with other complicated
testing corpora.

[0006] The present invention provides an adaptive learning method for
document classification. Firstly, basic core knowledge is collected in every
field. Secondly, simplex documents are solved by the established basic
knowledge, i.e. calculating similarities of the feature words in a document and
the basic knowledge in every category, and comparing a largest similarity with
a second largest similarity of those similarities. Then, the category
corresponding to the value with a larger difference serves as the category of

the documents. Thirdly, the specific domain knowledge of the marked
2



[0017]1. Dice coefficient: 2x, x,2 +X)212(1) [001812. Cos coefficient:
SimX, Y) Ex, xy, Ix? x:y? (2) [0019]3. Jaccard coefficient: x, x ye
Sim X, Y) =21 xiy,2xy, [0020] X neans t he unmarked docunment, and Y neans
the (3) know edge feature in the category. X the glossary feature of the
docunent X, and Y, neans the know edge feature of the category Y.

10021] Secondly, the simlarities of categories are conpared (step 2). The
"simlarities between the original docunents and every categorical basic

know eQﬂ)%u?ﬁéitf ofst @daiched theekpdrabsbasivechee theowiaddeesindonelvelither ati o of
a largest simlarity to a second |largest simlarity i's calculated. The

cal cul afak@vrics eetfotomplichiedisbnmrei dhére dbctihentsl | Birably, ftbe mboss: 5
oozat mentioned steps are repeated to classify a specific unmarked document as a
default category according to a majority category of the unmarked documents,
until the growth of the marked documents is stopped.

{0007] In accordance with an aspect of the present invention, a method
for classifying a document including a plurality of feature words is provided.
The method includes steps of calculating a plurality of similarities between the
document and a categorical basic knowledge; calculating a first ratio of a first
largest similarity to a second largest similarity of the plurality of similarities;
storing the feature words of the document as an extensive categorical
knowledge when the first ratio is larger than a first threshold value; and
updating the categorical basic knowledge by using the extensive categorical
knowledge.

[0008] In accordance with another aspect of the present invention, a
system for classifying a document is provided. The document includes a
plurality of feature words. The system includes a processing unit calculating
a plurality of similarities between the document and a categorical basic
knoWIedge and calculating a ratio of a first largest similarity to a second
largest similarity of the plurality of similarities; and a first buffer unit storing
the plurality of feature words of the document as an extensive categorical
knowledge when the ratio is larger than a threshold value, wherein the
processing unit updates the categorical basic knowledge by means of the
buffer unit.

[0009] In accordance with a further aspect of the present invention, a

method for updating a categorical basic knowledge is provided. The method
3



[0023]S * = max {Sim (X, Y,7)} [0024]/ = arg max Sim( X, Yk ) [0025] St= max{
SimX, Yk ) } [0026]a is a threshold which is larger than 1 and ranges
between 1 and 2. Because of the limted category know edge in the first

- time, a larger value is required for the initial a value in order to
decrease the error rate of marking the category. That is, the difference
between the simlarity of the largest and the second | argest categories is

" required (step 3). This step is inportant because the probability and

i denti {4 i ideos reptunlingrddl fratiitee weatie gordy thowhtkdoeidai gher .
Accor di‘%ﬁ?@éﬁogﬂﬂ’gg‘g@ﬁﬁ ?/[g%uegi S ZFS?n the first tine. [0027]g|m$1 the ratio
i s | ar pgsict haowldiyed efadnblntingl aigplafalityeof simslaoitits beavaampthe dpatirked
docunents is marked as a category corresponding to the |argest simlarity
(step #ordThed thheataatricad basicdsnowladgs:; ianﬂutzpqgmm thscaiegomett ke e put
into the extensive categorical know edge 61, [0028]If the ratio is not
| ar ger knbatedgeeachordng toviegduslityd LRSS, the i nput unmar ked
docunents are put_into a docunent ,buffer (ste ._Then .t he nunher, of the
SR b e Hotasiih

unnar kB dHcunent Be japoyst @R)sF e NEJECS\/ S35 19y R t of the
t ked d ts t hat ,of th i . t

Phe® dobeifune. BUT? creafiuy | aguent pan (oss PSRRI SRHAGRY SRS AT AR S o

Lo T ! d v f

e dotatienies s ByiGate HeGiieRogeser ARG abPoolR e I BREEHETY, ©

t hresh gcvhal ue, the extensive categorical know edge is classified

accordi }%'o t he bel ongi ng categorical know edge, and the basic know edge
i's Updﬂiﬁﬁﬁdbgfs%%}(ﬂ@rn BF TSEPRRQMAMNGSt he category sinmilarities of the
uncl assifie ocunments are cal cul ated according to the categorical basic
know egﬁﬁ 1Gst ep B, 1THenwt heflahovlearteft thernmthpsivepkeamiegreptatceih trt i | al |

t he docunents are marked. [0029] Pl ease refer to Fig. 2, which shows the
concepiﬁrsgénthﬁrehtiomhol d setting in the present invention. In order to set
the threshold nore flexibly, the indistinct nmethod is adopted. The

~t hr eshi@(d 2{angi fgigbét seews thanebnzeps Whitwgdyesimld ustRS INNGe BESShlaf t  ( A)
by the user. [0030] Pl ease refer to Fig. 3, which shows the system for
docunemveptiassBfdcation in the present invention. The systemincludes a
processing._unit 100_and a buffer upit,200. The, buffer. unit; ;200 | udes a
buf f er[oé’fl%éxt engilde 3c§1‘?§§%@i @éﬁ?ﬂ? %‘&‘Qﬁn%ﬁdﬁﬁﬁ%aﬁﬂpfl@r th%f &L?ﬁ%gér ked
docunents 202. The processing unit 100 calculates a plurality of

si mi | 2OVERBE et ween the docunment and the categorical basic know edge, and

cal C“ﬁﬁ?@é@}%ﬁg@%ﬂcﬁyﬁggtarﬂﬁsxbmmﬁﬁ EMBODOREENTY | ar gest

siml simlarities. The buffer unit 200 narks the

docu ifpto a a ' bEbkaowoedapeoificalisr es t he
gﬁ@pymgf 2 Jnﬁ% S)QQV\%éﬁéOﬁnV%ﬁﬁoﬁ ke 0idwabe kRS Gpeoificallgr

pl ur rds of the docunent in the buffer ext ensi ve

cat egagigalefpgiectgandOfolieind hentsedingerits. | & dertot bannoted thatethieol d. The
processing unit 100 updates the categorical basic know edge via the

ext ensfoVleveiagegiestaptioknoof egpsfepetl. chheobuidrds ofi thi20needras ke

docunent in the buffer of unmarked docunments 202 to mark the docunent as an
unner kedsetted trneinfertheheunpases of sllgseatien andadeschptionr@dipfids 1410031 The
enbodi ment is exenplified by analyzing a_l exical ani.ng of ,"virus" in the
documentendetidl be axhashizetdidodys B %@&é)rﬁﬁ%ﬁﬁlfggndils sedkbi guity. Every

Foat orlBOLFhol o PIamswEckhetc Sty QR cf BV Baart; o TS ABREBRE of the
. _Fi. I by . ' h k fs i cal

et AgoBHnE FRod i CHE s oahigye i Pt SiehERN oS g i Gy

" Vi " of t t « t ; ked

e o g Bl he, BRtsE B TRD R, 280 B T Culplion MRRTOL T, o

meani r}gug input to the corresponding core know edge feature, as shown in
Tabl e "3. %032] Table : Core know edge feature of "virus" Concept

4



Vocabul ary feature Part of speech M croorganismHepatitis B virus, anoeba,
r habdovi rus, pathogen, virus, bacillus, mcroorganism bacteria... N(nhoun)
Sof tware, damage Virus, conmputer virus N [0033] Table 2: Context of "virus"
~included in the corpus Context of the anbiguities 1 rfhe exhibition also
exhibits a new drug for the influenza virus esigned by conputers fromthe
Engl and d axoSm thKline and ustralia O ganization for Industry Devel opnent
~and Research 2 Currently, life science research in the world includes

ani mal | ant i niaked dodsgenst {gemni) mallheagslirpt ant s,
new drtilg%l@si gn gglgﬂ ,e%eds'téﬁg%%su‘?{i The nost advanc(ed I?/:/a er machi ne and

t echnoh,gghesciteperitgld bhsienkhewhnigei 6aiscbullt-iprmddee sypeut.i t Yherlessic

pat hogen-free, Vvirus-free, new ultra-purified water 4 The French

r esear thendedmnis denstrhatedt be patiDSinayokhgwiedga stedim t hbe monkber ofrus 5
The cruelest part is that the troops of 1644 use hunman beings for ..

bact er tlee apreluhinasyi hfnentledge t seads, iandmlaniteds bildicognpt | LbRwkedl |

documents are original documents. The similarities between the original
documents and every categorical basic knowledge are calculated (step 2).

The calculation is performed by using either of the following formulas:

[0017] 1. Dice coefficient:

2% %Y,
2X +2 Y (1)

[0018] 2. Cos cocfficient:

Sim(X,Y) =

Sim(X, Y =——Z—x«f~5~«;
1 ( ) in_xzyi (2)

[0019] 3. Jaccard coefficient:

X XV

Sim(X, Y) = e X
PIEARDINAEDIEE S (3)
[0020] X means the unmarked document, and Y means the knowledge

feature in the category. % means the glossary feature of the document X,

and Y means the knowledge feature of the category Y.

[0021] Secondly, the similarities of categories are compared (step 2).
The similarities between the original documents and every categorical basic
knowledge are sorted from the largest one to the smallest one. The ratio of a
largest similarity to a second largest similarity is calculated. The calculation
is performed by using either of the following formulas:

5



medi cal experinments 6 This conputer virus is first discovered in 1994, and
nost antivirus oftware could detect and clean it 7 Sone experts suggest
that every factory should conflimthat the r | aunching discs are free of
“the conputer virus, the conputer users should also use the original disc
and anti-conputer virus software 8 i Wth the preval ence of discs, nore and
~nore factories and stores sell lor give discs with software so that the

~ damage of the virus in the discs are getting higher and hi gher 9 Since
these dpggs| are read-only, this virus could not be cleaned; the only nethod
to ensure the safety-qf the user conputer is to destroy these discs O The
disc along with tyie English magazine contains the conputer ms (4)

[0023] S = max {Sim (X,Y,)} (%)

[0024] [= afgk max Sim(X,Y,) : (6)

o025 S'=max{ Sim(X.Y,) | ™
k=l

[0026} a is a threshold which is larger than 1 and ranges between 1 and 2.

Because of the limited category knowledge in the first time, a larger value 18
required for the initial a value in order to decrease the error rate of marking the
category. That is, the difference between the similarity of the largest and the
second largest categories is required (step 3). This step is important because
the probability and identification degree. of correctly marking the category
would be higher. Accordingly, the default value is 2 in the first time.

[0027] If the ratio is larger than the default value of the threshold, the
input unmarked documents is marked as a category corresponding to the
largest similarity (step 7). Then the feature words of the input unmarked
documents are put into the extensive categorical knowledge 61.

[0028] If the ratio is not larger than the default value of the threshold, the
input unmarked documents are put into a document buffer (step 4). Then the
number of the unmarked documents is determined (step 5). When a ratio of
an amount of the present unmarked documents to that of the previous
unmarked documents in the document buffer is larger than a default threshold

value, the document is classified as a default category according to a majority



100011Tabl e 3: Expansion of the core know edge feature of the gl ossary
"virus" Concept Vocabul ary feature Part of speech M croorganismHepatitis B
vi rus, anoeba, rhabdovirus, pathogen, virus, bacillus, m croorganism

- bacteria... , InflPenzg, drug, AiDa... N software, damage Virus, conputer
virus Software, disc, conputer... N [0002] The unmarked | exi cal meani ng
coul d be resolved according to the marked contexts and the relative

"l exi cal neaning. For exanple, the | exical meaning of "virus" in the exanple

Se“te“%ﬁhegggf dfhfhe’ Bbgl:ngﬁ@h&agswﬁ rois” PERAUSR: thgoTiRakar ﬁ&géﬂtmi' tiand " drug"

are inc in the ogi cal” virus". If there are still some unnmarked

| exi caljepRani thessholdiev 18k atthy eemensibl antegberlrlen®llcger ¥s ldadscéd meani ng
i s expanded according to the corpuses of previous marked | exical meanings.
Fi nal | yeedndingpeatié bgldrpéne cateepsical knabdkbdge eandvlichbisigherowledgaency are
statistical analyzed as a default |exical meaning of other unmarked |exical
meani ngpdatad thérebputdiep 8J. t Babgeguantloftheheatagokedsineiaaes mfaming is
slow. [0003]In order to determ ne_the contrj bution, degree of ﬁﬁ\clbear expanded

vocabubiacassidiedudecnmante arexicaloulagdnirRgording & dhesCRICZREC ch as
the entropy, X2, TFI d tual infonnation, is used to calculate the
contri M@ﬂ%@%ﬁeéﬁ@ﬁ QSIF: Z&&%@%BMP?P@&@%@W ey%a{%éeqeé}ﬁ(gém%}maé ing and
sol ve the unnmarked | exi cal, neaning in the previous step. The exanpl e of the
ent r opih§ QO%@%‘iSﬁaﬁémf?(&éoq Cal cul ati ng steps of entropy weighting

[ 0005] - whi ts: u t I re f,
appear ﬁﬁ]@}n t heﬁ%‘é?géf&ﬁ[@aﬁllgﬁ]? é& Ml%gl ﬁtg&n%ﬁlﬁgec&%c%ﬁfé@?girlﬁat?&lé;sgg@/al ues
are repLesenefhASresent invention. In order to set the threshold more flexibly,

the indistinct method is adopted. The threshold ranging between 1 and 2 is

changed through moving the shaft (A) by the user.

[0030] Please refer to Fig. 3, which shows the system for document
classification in the present invention. The system includes a processing unit
100 and a buffer unit 200. The buffer unit 200 includes a buffer of extensive
categorical knowledge 201 and a buffer of unmarked documents 202. The
processing unit 100 calculates a plurality of similarities between the document
and the categorical basic knowledge, and calculates a ratio of a first largest
similarity to a second largest similarity of the plurality of similarities. The
buffer unit.20() marks the document into a category of the categorical basic
knowledge or stores the plurality of feature words of the document in the
buffer of extensive categorical knowiedge 201 when the ratio is larger than the
threshold. The processing unit 100 updates the categorical basic knowledge
via the extensive catégorica} knowledge 201. The buffer unit 200 stores the
document in the buffer of unmarked documents 202 to mark the document as

an unmarked document when the ratio is smaller than the threshold.

7



100061Step 2: di, is converted into the probability p. [0007] Step 3: the
entropy e, of every vocabulary feature is calculated with po. [0008]Y P- In
P (8) [0009]wherein k=1/1n(m, and i=1, 2, 3,m mis the nunber of

“anmbiguity of vocabulary, and j=1, 2, 3, ..., n. nis the nunber of the
vocabul ary feature. [0010] Step 4: A relative objective weighting val ue of
the vocabulary feature kJ is calculated, [0011]wherein kj = (1 - e )/ ( n

" - E);(9) [0012]E = E e3; and(10) 100131n is the nunber of the vocabul ary
featur 0141 NARRY ta9ekEMmpliffed B aadleeas ekl heldndvd Bg case.
Assurre??ﬂsatipt he ;{/‘gggbul ar ;?;ﬂf%i has fog’} di f%r ent” | exi cal neani nggg, whi ch are
represeRigd”ds thk,ddum&dsandable Medpeed ithelopre Terveledge fehtury asgfalpul ary
features in Si, S2, S3 and S4, which are represented as ft, f2, f3, fa, f5
and f 6andspentyi vEvyry ambirhiyfofeternrpes if desanbignated hovarding Tatthe 4.
Firstly, the frequencies are normalized to obtain a notnialized value du,
as shownré indatedges{erureThehable Reshow fdhe déspmhignaton o5 “v6RYe o€ i nto t he
probability pu, as shown in Table 5(b). Next, the ntr? e, i s cal.cul ated
with pepniektsHohe sapuabl &iestly) byFPomaPRYing e eeieaknowleigceaatvi® Gki ghti ng

1 OB BT oA A S R
oSt AG Lo e ISR R 0O B
0, ARGuRATN ! PO RgioR WhacySrapueiplagh wp B2 heyiigher.

the enbiopy,d Ard ﬁ{éj'lﬁbdoethe[ Q%Wiﬁg LorEeHeRAceSfeafureY 8§ ¥hye@aful ary

feature in di rent | exical ani ngs of vocabul ary Vocabul ary feature

F1 2 figbled.
[0032] Table 1: Core knowledge feature of ““virus”

Part of

Concept Vocabulary feature speech

Hepatitis B virus, amoeba,
Microorganism rhabdovirus, pathogen, virus, bacillus, | N(noun)
microorganism, bacteria...

Software, damage Virus, computer virus N

[0033] Table 2: Context of “virus” included in the corpus

Context of the ambiguities

1 [The exhibition also exhibits a new drug for the influenza virus
designed by computers from the England GlaxoSmithKline and
Australia Organization for Industry Development and Research

2 Currently, life science research in the world includes animal or plant
cenome, the AIDS virus, transgenetic animals and plants, new drug |
design and gene therapy

{
3 [The most advanced water machine and technologies imported from
the America could produce impurity-free, pathogen-free, virus-free,
new ultra-purified water




f5 f6 Lexical neaning 7520903 S2 601556 04 S35400

] 4 The French researchers consider that the AIDS is originated from the
monkey virus

5 [The cruelest part is that the troops of 1644 use human beings for
bacteria and virus infection tests, and various bloioglcal chemmal

medical experiments -

6 [This computer virus is first discovered in 1994, and most antivirus
software could detect and clean it

7 Some experts suggest that every factory should confirm that the

launching discs are free of the computer virus; the computer users

should also use the original disc and anti-computer yirus software

8 With the prevalence of discs, more and more factories and stores sell
or give discs with software so that the damage of the virus in the

discs are getting higher and higher

9 Since these discs are read-only, this wrus could not be cleaned; the
only method to ensure the safety of the user computer 1s to destroy
these discs

10 The disc along with the English magazine contains the computer

[0001] Table 3: Expansion of the core knowledge feature of the glossary

“yirus”

Concept Vocabulary feature Part of

speech

Hepatitis B virus, amoeba, rhabdovirus,
_ . pathogen, virus, bacillus, microorganism,
Microorganism bacteria. .. N
Inflyenza, drug, AIDS...
software, damage Virus, computer viras
Software, dise, computer...




753 5466 010508 [0016] Table 5: Entropy and the relative objective

wei ghting val ue of every vocabulary feature in different |exical neanings

~of vocabulary [0017] (a) Normalization of the vocabulary feature Vocabulary
feature fi f2 f3 f4 f5 16

[0002] The u.nmarked lexical meaning could be resolved according to the
marked contexts and the relative lexical meaning. For example, the lexical
meaning of “virus” in the example sentence 2 is the “biological virus” because
the features “AIDS” and “drug” are included in the “biological virus”. If
there are still some unmarked lexical meanings, the relative vocabulary feature
of every lexical meaning is expanded according to the corpuses of previous
marked lexical meanings. Finally, by repeating these steps, vocabularies with
higher frequency are statistical analyzed as a default lexical meaning of other
unmarked lexical meaning until the number of the growth of the marked
lexical meaning is slow.

[0003] In order to determine the contribution degree of every expanded
vocabulary feature in the lexical meaning, the statistic method, such as the
entropy, X?, TFIDF and mutual information, is used to calculate the
contribution degree of every vocabulary feature in the lexical meaning and
solve the unmarked lexical meaning in the previous step. The example of the
entropy is as follows.

[0004] Calculating steps of entropy weighting
[0005] Stepl: a; which represents the frequency of the vocabulary

feature f; appearing in the lexical meaning S; is normalized. The normalized

values are represented as dj;.

[0006]  Step 2: d; is converted into the probability p;.

{0007] Step 3: the entropy e; of every vocabulary feature is calculated

with Pij- .

[0008]  e;=—k) BnP ()
=]

10



Lexi cal meaning Si 75/75 12/15 0/10 9/9 0/5 3/8 S2 60/75 15/15 5/10 6/9
0/5 4/8 s3 54/75 0/15 0/10 7/9 5/5

[0009] wherein k=1/In(m), and i=1, 2, 3, ..., m. m is the number of

ambiguity of vocabulary, and j=1, 2, 3, ..., n. n is the number of the
vocabulary feature.
[0010] Step 4: A relative objective weighting value of the vocabulary

feature A, is calculated, -

[0011] wherein Aj=(1—¢j)/(n-E); (9)
[0012] E=%¢;and (10)
[0013] n is the number of the vocabulary feature.

[0014] The above algorithm is introduced in the following case.

Assume that the vocabulary V has four different lexical meanings, which are
represented as Sy, S, S; and Sy respectively. There are six vocabulary
features in S;, S,, S; and S,, which are represented as f), £, fi, fi, f5 and £
respectively, and the frequencies thereof are shown in Table 4. Firstly, the
frequencies are normalized to obtain a normalized value d;, as shown in Table
5(a). Then, the normalized value d; is converted into the probability py, as
shown in Table 5(b). Next, the entropy ¢, is calculated with py, as shown in
Table 5(c). Finally, the relative objective weighting value of every
vocabulary feature is obtained, as shown in Table 5(d). It is observed from
Table 4 that four lexical meanings all include the vocabulary feature f; so that
the contribution degree of the vocabulary feature f; is lower. However, the
vocabulary feature f5 only appears in S; so that the contribution degree of the
vocabulary feature {5 is higher. Acéordingly, calculating the weighting value

of the vocabulary feature by the entropy is reliable.
[0015] Table 4: Frequencies of every vocabulary feature in different

Jlexical meanings of vocabulary



3/8 S4 66/75 0/15 10/10 5/9 0/5 8/ 8 [0018](b) Conversion of the
noi nialized value du into the probability Pu Vocabulary feature fi f2 f3
~f4 5 f6 Lexical nmeaning 0.29

Vocabulary feature
Fy f f3 i fs fy
S 75 2 | 9 0 3
Lexical S, 60 15 5 6 0 4
meaning Ss 54 0 0 7 5 3
S4 66 0 + 10 5 0 8
[0016] Table 5: Entropy and the relative objective weighting value of
every vocabulary feature in different lexical meanings of vocabulary
[0017] (a) Normalization of the vocabulary feature
Vocabulary feature
fi t f3 fy 5 fs

S, | 757751 215 | 010 | 99 | 055 | 38
Lexical | S | 60775 | 1515 | 510 | 69 | 05 | 48
meaning  §. | 5475 | 0/15 | 010 | 79 | 5/5 | 3/8
S, | 66/75 | O/15 | 1010 | 59 | 0/5 | 83

[0018] (b) Conversion of the normalized value d;; into the probability pj
Vocabulary feature |
fi f £ fy f fs
Sy 0.29 0.12 0.00 0.33 0.00 0.17
Lexical S, 0.24 0.88 0.33 0.22 0.00 0.22
meanmng |8, 021 | 0.00 ' 000 | 026 | 1.00 | 0.17
S4 0.26 0.00 0.67 0.19 0.00 0.44

[0019] (c) Calculation of the entropy ej of every vocabulary feature with

Pjj

Vocabulary feature
fl f2 f?, fA, f5 f6
12




0.12 0.00 0.33 0.00 0.17 S2 | 0.24,0.88 0.33 0.22 0.00 0.22 S3 .
0.211 0.00 0.00 0.26 1.00 0.17 <4 0.26

{ S, 036 | 023 0.00 0.37 0.00 | 030
Lexical | S2 034 0.1 0.37 0.33 0.00 0.33
meanme s, | 033 1 0.00 0.00 0.35 0.00 0.30
| Sl 0335 | 0.00 027 | 032 | 000 0.36

Sum | 1.3% 0.37 0.63 136 0.00 130

k 0.72 0.72 0.72 0.72 0.72 | 072
 Enwopy | 0995075 | 026468 | 0.457463 | 0984455 0 0.935447

[0020] (d) Relative objective weighting value of every vocabulary

feature

Vocabulary feature
f £, £, £, £

Entropy 0.995075 | 0.26468 | 0.457463 [ 0.984455 0 (.935447

Relative

ODIECHVE 1 502084 0.311196 | 0.229608 | 0.006579 | 0423212 | 0.02732
valne !

j
‘

[0021] Embodiments

1. A method for classifying a document including a plurality of feature words,

the method comprising steps of :

calculating a plurality of similarities between the document and a
categorical basic knowledge;

calculating a first ratio of a first largest similarity to a second largest
similarity of the plurality of similarities;

storing the feature words of the document as an extensive categorical
knowledge when the first ratio is larger than a first threshold value; and

updating the categorical basic knowledge by using the extensive

categorical knowledge.

[
12



0.00 0.67 0.19 0.00 0.44 [0019](c) Calculation of the entropy ej of every
vocabul ary feature with Po Vocabul ary feature f2f3f4f5f6 ? S 0.36 0.25
~0.00 0.37 0.00 0.30 Lexical S3 0.34 0.11

2. The method of Embodiment 1, wherein the step of calculating the plurality
of similarities is performed based on the plurality of feature words.

3. The method of any one of Embodiments 1-2, further comprising a step of
marking the document into a category of the categorical basic knowledge
when the first ratio is larger than the first threshold value.

4. The method of any one of Embodiments 1-3, wherein the first threshold

value ranges between 1 and 2.

5. The method of any one of Embodiments 1-4, wherein the first threshold
value is set by a user.
6. The method of any one of Embodiments 1-5, further comprising a step of :
storing the document into an unmarked-document buffer when the first
ratio is smaller than the first threshold value.
7. The method of any one of Embodiments 1-6, further comprising steps of:
calculating a second ratio of an amount of present unmarked
documents to that of previous unmarked documents in the
unmarked-document buffer;
classifying a specific unmarked document as a default category
according to a majority category of the unmarked documents when the
second ratio is larger than a second threshold value; and
updating the categorical basic knowledge by the extensive categorical
knowledge when the second ratio is one of ratios smaller than and equal to

the second threshold value.
8. The method of any one of Embodiments 1-7, wherein the second threshold

value ranges between 1 and 2.

9. The method of any one of Embodiments 1-8, wherein the second threshold

value is set by a user.
14



0.37 0.33 0.00 0.33 neaning 0.33 0.00 0.00 0.35 0.00 0.30 54 0.35 0.00
0.27 An 0.00 0.36 Surn 1.38F 0.37 0.63

10. The method of any one of Embodiments 1-9, wherein the plurality of
similarities are calculated based on at least one selected from a group
consisting of a Dice coefficient, a Cos coefficient and a Jaccard

coefficient.
11. A system for classifying a document comprising a plurality of feature

words, the system comprising:

a processing unit calculating a plurality of similarities between the
document and a categorical basic knowledge and calculating a ratio of a
first largest similarity to a second largest similarity of the plurality of
similarities; and

a first buffer unit storing the plurality of feature words of the document
as an extensive categorical knowledge when the ratio is larger than a
threshold. value, wherein the processing unit updates the categorical basic
knowledge by means of the buffer unit.

12. The system of Embodiment 11, further comprising a second buffer unit
storing the document as an unmarked-document when the ratio is smaller
than the first threshold value.

13. The system of any one of Embodiments 11-12, wherein the plurality of
similarities are calculated based on at least one selected from a group
consisting of a Dice coefficient, a Cos coefficient and a Jaccard
coefficient.

14. A method for updating a categorical basic knowledge, comprising steps of:

providing a plurality of feature words and the categorical basic

knowledge;
calculating a plurality of similarities between the feature words and the

categorical basic knowledge; and
is



1.36 0.00 1.30 0.72 0.72 0.72 0.72 0.72 10.72 Entropy 0.995075 0.26468
0.457463 0.984455 0 0.935447 [0020](d) Relative objective weighting val ue
of every vocabul ary feature Vocabul ary feature [0021] Enbodi nents 1. A

met hod for classifying a docunent including a plurality of feature words,

t he net hod conprising steps of

updating the categorical basic knowledge according to the plurality of
similarities.

15. The method of Embodiment 14, wherein the plurality of similarities are

calculated based on at least one selected from a group consisting of a Dice

coefficient, a Cos coefficient and a Jaccard coefficient.



calculating a plurality of simlarities between the docunent and a
categorical basic know edge; calculating a first ratio of a first |argest
~simlarity to a second largest simlarity of the plurality of simlarities;
storing the feature words of the docunent as an extensive categorical
know edge when the first ratio is larger than a first threshold val ue; and
- updating the categorical basic know edge by using the ﬁ%kﬁpﬁive cat egori cal
know edge. 2. The method of Enbodi ment 1, wherein the st 6*of cal cul ating
t he pl WHAT JToE CLAIMEDtISes is perfol med based on the plurality of
feature words. 3. The nethod of any one ?f Enbodi nents 1-2, furthgr
conpri di ngh anetheg for clagsilyig 2 AecHdsthtiudHina phealiby of yeatrg peords,

categoric bashc know edge gf/g)en he first ratio is larger than the first
t hr eshol d tham@hod COmPEIHBE SHPSA! 'any one of Enbodi ments 1-3, wherein the

ELLEB;LQE? < Solpulid ol ARERDey ?&ﬁ%‘ﬂ%ﬁ&@ﬁ% \ ey I rﬂf&g@?fﬂvﬁaﬁ@? "8 “The
- ' 1-5, i si ;
Ctoring 1 fEkERRLAREREMIBELS T\ document bulfer when the first ratio

is smaller t(t{ggufa@sé%rﬁist Hieord ﬁré‘taia‘ﬂgesg]?simﬂh‘%it 9depbndnyrgne of

Enbodi nent s er conprising step cal culating a second ratio of

an anount Sgﬁﬂgﬁg}sgmh@gmﬂf@%m?{umﬁﬁ@g;to t hat of previous unnmarked
docunents i n the unmarked-docunment buffer; classifying a specific

unmar ked docitorng the featlebanbtdscaf dgodpcament disrgn eatensigg oafegyrical egory of
t he unmar ked docunents when the second ratio is |arger than a second

t hr eshol dknaluledgamdien thagirst ratiyp sHergaattbgoni Gest thvesheldkvnduesaé by t he
extensive categorical know edge when the second ratio is_one of ratios

smal | er tharupddinggihe edtegpacaledwsy taslesize by wsing thee cksSHE of any
one of Enbodinments 1-7 erein the second threshold val ue ranges between 1
and 2. 9. C@ﬂﬁfg()ﬁé‘ﬁi]éﬂo‘b’iecg%y one of Enbodi nents 1-8, wherein the second

(st sy kel i 10 FRB RS, et B ot
coof 1 ci chraih DORUIRE I I A Ol G RE PhEREY o2,
docunent %rmg.i sing a plurality of feature words, the system conpri sing:
3. A method as claimed in Claim 1, furthér comprising a step of marking the
document into a category of the categorical basic knowledge when the
first ratio is larger than the first threshold value.
4. A method as claimed in Claim 1, wherein the first threshold value ranges
between 1 and 2.

5. A method as claimed in Claim I, wherein the first threshold value is set by

a user.
6. A method as claimed in Claim 1, further comprising a step of :
storing the document into an unmarked-document buffer when the first
ratio is smaller than the first threshold value. |

7. A method as claimed in Claim 6, further comprising steps of:



a processing unit calculating a plurality of simlarities between the
docunent and a categorical basic know edge and calculating a ratio of a
first largest simlarity to a second largest simlarity of the plurality of
"simlarities; and a first buffer unit storing the plurality of feature
wor ds of the docunent as an extensive categorical knowledge®when the ratio
.1s larger than a threshold val ue, wherein the processing unit updates the
categori cal basic knowl edge by nmeans of the buffer unit. 12. The system of
Enbodi ment  1kgldulsfiler aceessidsi ngicd s€candamddrgr afhigresérmr imgnatieddocunent
as an unmar ked- docunent when the ratio is smaller than the first threshold
val ue. 13.ddhemsnist eto ofthany afhe poéviBabodimerarked 1- d@gumebetsei in t hide
plurality of simlarities are calcul ated based on at | east one sel ected
from a gr oupmadeesi-docurgent baffei;ce coefficient, a Cos coefficient and a

Jaccard coefficient. 14. A nethod for updating a categorjcal basic
- know edge, c6EmsSIHEIHY %tmﬁ@:uw@w@ﬁ'naowmem af§td g?faﬂil%t%%g%rds and

bet ween ¢ HECRRI: © o GEOATd CEheoBaTagt Canaker Botudipiofheafie =11
Updat NG, DR oSSR ke P ARG, AN EIRERIGthadudp, e PLural Ly of
simlariti®es. . : erein e plurality o
imlariti cal.cul :

onsi ot i n- oP PARLHEATE SHELrES BASRALWIAHR bINBCARUEBANEE ceh Qb 0P
coeffici e%qw%d%é'&hér} MR bnEHRCLAI MR Ritids srialle@ thad 4@ e@lassi fying a
docunent includifng a plurality of feature words, the nethod conpri sing

steps of :the se6gh&hathald wipéural ity of simlarities between the docunent
and a categorical basic know edge; calculating a first ratio of a first

| ar gest§. si Al ethdd/ akoclairaed andOlaing ekt wdiemeimathe \seobnd aredhaddl valye of
simlarities; storing the feature words of the docunent as an extensive

cat egor i cahngeohbedmn wapd 2 he first ratio is larger than a first threshold
val ue; and updating the categorical basic know edge b){ usi ng. t he

ext ensbve Amethodiasalaimeshiedam 7, whereihde secosfdnpesihc @V@i%ﬁ W%t wherein
the step of calculating the plurality of simlarities is perfoinmed based on
the pluralit§Uusel-f eature words. 3. A method as claimed in CGlaim1, further

S T T O S . o
i osnol o SorEernsed etal e SR ofd bl ARSIFIR QO IING Gl m 1.
wher ei n t%%e?%c?i?:ht Lhegs EBé:ﬁid{@ﬁ%déE&%ar:@b(ﬁefﬁé%ht. 6. A nmethod as clai med

in ddam ér conprising a step o storing the docunent into an

unmar k??a@@%ﬂﬂ% fon £185siMIaE & heodurheht calnpidiag sagdlhiedityhan federd i r st

t hresho val ue.
words, the system comprising:

a processing unit calculating a plurality of similarities between the
document and a categorical basic knowledge and calculating a ratio of a
first largest similarity to a second largest similarity of the plurality of
similarities; and

a first buffer unit storing the plurality of feature words of the document
as an extensive categorical knowledge when the ratio is larger than a
threshold value, wherein the processing unit updates the categorical basic

knowledge by means of the buffer unit.
18



7. A nethod as clainmed in aim6, further conprising steps of: MCSLLF

cal culating a second ratio of an anount of present unmarked docunents to
that of previous unmarked docunents in the unmarked-docunent buffer;
classifying a specific unmarked docunent as a default %%1539@53/ according to
a majority category of the unmarked documents when the ‘$édond ratio is

| arger than a second threshold val ue; and updating the categorical basic
knowl ed%g1 by the ext ein,siv .cat.egor.i c%l ﬁnovvl edge .when the sngc nd ratio is
one of IatMoystowaaseiarneh ik fdaidyddr THENEheOBUEBHAE fntecond Riien Wil 8. A

et woertiiriam o togbinent 3t Mgt Ao FnSeRatR b3 Rl el Sebong

t hresh i t by a user. 10. A nethod as clainmed in Caim1l,
wher ei gheﬁ%%%#@r&a %‘Iﬁgg} of simlarities are cal cul ated based on at | east one

sel ectg@.f;&% 2r95QURATRRS 115 (198, A1, 3vIRER ﬂgeregidﬁi@?bfsﬁnﬁﬁﬁti%@%}éid ent

and a Jaccard coefticient. 11. A systemfor ssifying a docunent
conpr i shivgil&el! bk by Qflchaabie ecweists frdhea Prolipro@RiqIsSbig Dice a
processing unit calculating a plurality of simlarities between the
docunerbefiindent, aaf egooedaliedamidalacontceciystimnehtcal cul ating a ratio of a
first largest simlarity to a second |argest sinmlarity of the plurality of
si m | arliédt iAspethad for updpting a datdgarical Masicskpe wWigslaeh sopipatsang stepsfoff eat ur e
wor ds of the docupent as an.extensive categorica now edge, en the ratio
is |arger ¢ RBFOIGHTE e HluaRNAl @3, TeHireo; WOF aaw{;ég@spﬁ@g@ﬁaeﬁ WRRFHt es t he
cat egori C%'@ balsﬁiéc know edge by neans of the buffer unit. MCSLLP 12. A
system as ®°AV€E% n A aim 11, further conprising a second buffer unit
storing the t unmnar, - 01l | er than
BRSNS i S S R R e

t he threshol ystemas clarne erein the
plurality 3 P VA O a . : i | ected
froma gr (?%Ee 5Erpsa|1 ga:s'ir?g 0 &gﬁﬁeégﬁéﬁ)gpﬁﬁ g ?jgfiltﬁq ltgrbgsglﬂé%gﬁﬁsg?gln@aaﬁd
aJaccard opef fdrgbanfimilhfity Aniet enlakrdiRdathgriey; cat egori cal basic

know edge, conprising steps of: providing a plurality of feature words and
the cat egori edlbubasigcaknoiol eflges first tapest stmmngriey pb uhalsetyndflagiest | ariti es
bet ween the feature words and the categorical basic know edge, wherein the
plurality sohilarityland ties include a first largest sinmilarity and a second

| argest simlarity; calculating a ratio of the first largest simlarity
to the secondpdiafiyptie eatagpreiltiasiaknowieias aecardBgtn Bgoieti®al basic

know egge accoy din [ net.hod, as..cl a.ned..i n.Cl ai m 14,

to. the.ratio. . 15.. A
wher ei Nt He D PRI S BRES A 1AM 4o 7 hiTE e e Bl ALY BESERIBRIISE Heast one
sel ect ed 03, 869D, GOT1SL 19 OlectbcPt6n P LS M1 eRP o°PRLL O €

coefficient, a Cos coefficient and a Jaccard coefficient.
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