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From Web directories to lightweight ontology: natural language

processing and formalization
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(Intelligent Information Processing Lab, College of Computer Science & Technology, Jilin University, Changchun 130012, China)

Abstract; In order to solve the problem that classifications were very hard to be reasoned about by automated software agents
and represent annotations of little use for semantic Web applications since their labels or nodes were written in natural lan-
guage , this paper introduced an approach to transform a hierarchical directory into lightweight ontology by a series of steps, in-
cluding part-of-speech tagging, word sense disambiguation, coordination disambiguation, and new controlled natural language
definition and conversion, which then helped formalize the natural language labels into simple description logic formulae and
provided the significant basis for further ontology reasoning and document retrieval.
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FREE R 9 — AR A 22 SO, SR 5t H SRAMARI 2 —
AR LR SR PR AR WordNet TR
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1.1 WordNet
WordNet F&=— 2% 0Bl 80 3, He i 2 86 B

TG AT AR O B 2 B 0353 M
B SRR SCIR AR 4 AR 3 A A SR AR A &L
WordNet H, XFF5EA4~43-38] 19 AN [l 3] S, #8A] LA A~ [R] L]
BEI— 0 TIZ 43 1) A AS ) 1) B AR AT DAUE T 2 AR TR
] SLiA)4E . WordNet [A]E 3278 T [A] SCiR) 4R 2Z ] (141 LG & Al
SRRl MR 2 2 Li 2 A8 AR Bk R
S U RIS — 1) SO IR %h 57 % , i 2% P8 —
i) LA AT 3551 67% ; Mihalcea %)\[8: 5124 WordNet 5 HAth %
VSEA T2 A FNAE H ST IR B0, QA 500k Fe e e (5 FE gk
TR ARGS 45 A3, IE R 3 4w 510 929 L Y — 4
JINTIT ST (4 43R 8RS 5 | SO, Natase 25 K 4511, 2
FOVFFEAN G A5 SR TR AR AS 82% V- YR B
1.2 FHi&

X TFATAT 48 72 FR 43283 , 1) SCBE SCT B e H ARl
BEA AR A A 1 S A 2 PR PR R AE A 431 1) 246 %
IYREA SO EHIRT L INTE WordNet HRAE g 25 1R #1144 1) (4
St PRI

a) REE e Iy B bR 2
PAAERIPNA TR i) L o LA 34

b) i 7 E bR 2 A A R T A A A i)
PR LTI E S8 5 AR 28 R 14 431 2 44 1R s B 25A)

o) KIS /T o5 B AR A oA R S — iR 2 X, AN
W Beast AR A5 4310 — iy ] SR e 25 5

d) R iR R AR B — St i1 S A1 A
B A J3 ) oAt iR P 1Y 3] S

o) (WP IRl —FR 2 H oA 1R 6 ¢ 2 00 44 1l 431 i) X, e
RS AT LA i WordNet (9 [ F Rz/2 k™

) S5 A AR 0 B 2 AR A 03] IAEE AT e b i ik
AR B S R A A5 L 433 (i) PR AR RS £ R R R A
LR AR S

RS b S B AR S e 3k =

g) M TAREE a) ~ 1) AL BEAY IR BOH S —10] 3L,

SRR — A 1 AR 7 AR 2 R 9 0 i) P A — Pl S, B
T2 51 PR 27 T AR & e A T AR, ok 4 B — ) S 8507 §) 1 U
AR 7O

2 FfriR XOHRBR

AN A ) S ) e o 2B 43 AR TRl R 2 —
FEEIE R s WS R Bk, S 11 SRR X T —
82 AW S o ) 2 B Bl A S 5 AT A A
S AR I SR W A 13k ) B S 1717 45 A 1]
7 SCIH B2 [ SRS A B b fe ELR A Al M MR —
BRI, EAS S T 2 ) and | or 4257 Tl SO ) R
A [ S A AN ) B «

a)A and B C, A[5M# A and(B C) 2 (A and B) C Biff
Fak, HERTE T A E—AEE B AEN C —ANMBIET X T
JaH A B EIVEN C AT

b)A B and C, 7] 4M# K (A B)and C 8 A(B and C) HFf,
HR—FEDL R A VEN B —AMEMiFE, C o — ANl i
W R85 RSO T A VB BLC I IERIEMIFE
2.1 #HiEE

ARSI AND FEER AT AR AR W) BE 4 SO T
JEHIR B LA R 5 87, 07% | [l OR 144517 510, 34%
EATTHE 5 U [ SR R R 43R Y 3% . AR SCHFSE DMOZ
SR AND (DU bREE  E ST, Ho BT DU 4 el b
M1 55.73% , HA LAY 248k 259,

2.2 Ak

RSO E T B A AND 32 A PIRIR 285, A and
BC, AandBC, Hr:A BFIC& POSFRiC, OpenNLP T.H
]S A A7 1) 5 ST B, B SR — A1 IR T Java 1 HH R
AFEETAYFAG I 4337 46 F0 POS #7140 (941 F 3 e Ak o B 1Y
NLP T H EHbRiC B iEHe2 i 42 40 6, in4% in) 4618 A 1-NP,
SAETE N VP, KREHOEY P I A EpR %, B REE —14
4311 B-CHUNK FHAB 4R Y 1-CHUNK ‘BT 2 [0 5 43 B AT
240" (outside) o FIUN, PIZE M “swimming pools and spas” [
Bl s P ok« swimming_ B-NP | pools _I-NP | and _O | spas_B-
NPI” .

& BT WordNet R 1, AR 3L T POS HRic DEL | 53]
VERCHIEE T WordNet BT LA AT R i 1 1 . Pl I 3d aok
SR A SR R 2 A 40 1) AR AR BE mT AT 2 W
) 2 () AR AR B

P AR St 1 28 L A8 %) A5 (57 ) O 1 3 — 2 e A SRR
.

1)A and B C 2%

a)# A A NNS, JU A and(B C);

b)# A JNN,B K JJ, W A and (B C);

¢) 47 A B A NN, Zp 4 A B H1B.C (AR,
d)#A AR TIL,B KT, W(A and B)C;

e)# AN IIL,B NN, A and(B C);

)47 A B VBG, W(A and B)C,
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2)A B and C 2%
a)# BN NNS, (A B)and C;
b)#A A 11, B Al C#8H NN 54 VBG, Tl A(B and
C)
FRA 2.2 ARG i AR SCHI B 1 288 A~ B A0 (4 0 433w, 3F
AT, 45 Rk 1 ~3 i,
F AL SO BRI

s A and B C
B 5
Cor Total Ace
WL i 556 904 61.50%
WU e 735 904 81.31%
Fe2 ST S BRI 2
s A B and C
R
Cor Total Ace
pleiin 219 385 56.88%
Pt s 271 385 70.39%
3 NI X BRI 4 R
N 4 (f45 A and B C fl A B and C)
2 51
Cor Total Ace
WL i 775 1289 60.12%
Pt e 1006 1289 78.04%

Forpr; Cor A TR 5 25 XS B4 Total Sy 42 s 25 45 XA 4
Ace MUERRA, B3¢ 1 AT, Faib i OpenNLP 1Bt #idis
HEAT 55 07 1) 7 SO BRI, A58 A and B C (9 1fE R R
61.50% , It A B and C 25240 5 AN 43, R TOE i 2
HIMERR R 60. 12% 5 >R A & =2CHN 1) F12) 5, AT UE
FEAR RO ZE S AR 8 T 20% 16% 18% 754+, TEAR KL B
T A RS SO R BOERR S T SC R DR AR R
AR AL T IR . H HT Oy SRS L1 A Kurohashi 55
N AT TR SR AT S AL R K 7 v R R N
81.3% (AFEE SR i TG & A AE— L B, Hop
Goldberg >R I JC Wi & 2% 2 Jr 2 e g B i 42 0] J 8 19 43
B ARFERR R 72% 5384 B Resnik , 584 T 7 fif e
ST IAIEE SO AT ORI , MERR R A 71, 2% , AN SCHY 4%
PO Tk e ) AT REJE S HF5T M7 B s A 8 AR —F
AR5 v R A AN ]

3 ZRERES

2o i) SUBSGH BRI TR SR BR Z 5, e W) F SR TR
BN T — A BRI L B T RE I L aR g
PO ARV A B i | Ab BRI 26 [ SR 1 5 BN HLAS
AEMS e e Z M RINE A, IR IAAEE

SZBR A SRV T BOE SONETR I TR LA R 7 T B W
ZPRE A RE S T, XL R B A R RE S, LA
SEA FUIRTR S B SOMBZHE F, SR o 9 32 R 1
SRIE A BE 2 ASD Simplified Technical English'”’ & F 8% K
TEEE T AT AR ORI AR s R AT HE 1
5 AT 2 AL T AL B AR 4 S A RE A AR ) A
SUP AR RG], — S pY 2 R IE T, A Attempto Con-
trolled EnglishL ¥ Common Logic Controlled EnglishL 1 F1 Proces-

sable English ™", LAJ7 8 AR FHLES &1 TAEM T R4 &, 3F
ST T S TR RS e A TSR A E Y —
il B — R, I H B 2 M ARR R RE 5 T2 0
T4

SN b, BRIE Ak T B T I M SO R AN
BRSO E ES 1R SR IE i s, Backus-Naur
Form ( BNF) /ENIE AT aE AR FR 5 1R SO i
L 8303 b 1 76 35 5 A 8 D T, 7 AAR SCH R I BNF ok
B ARIES
3.1 HiiE&E

X DMOZ H a0 il A1, Bk T AR D IETE R 19 53 32
42,0 Top/World , Top/ Adult/ World , Top/Kids I Teens/Inter-
national ¢, DMOZ H 53405 491 512 g2, 184t OpenNLP
THAS 3050 2 R U £ 44 1 AU 6 620 R, BT
B G LA A RS SR & AT 4410, M2 441 e
BT R PR R R AN B T A SO B R, T R
JITA 58 44 TR 15, R AR AR A R
X 0L A A S A9, 33 2k L Ir A 1 SR 4 DMOZ H 5 1 R 3¢
SRAGHIN 3% U ST B A5 2 L A 44 TA), A 45 S B U3 e AsE
R AR R 2 R A A i — e AR e
VLT I & 5| 5 il F ThR R 52 AL .

a) 7E 6 620 FhbREEE 4 459 Rl AU F— H 7
TS, WA, Xof 7 SEAIE/INT 5 iR — 3 5 749 B, o
FI A BREERL) 86. 84% , I WLER , JLT-FIr A 1 oA =X i) S 441
IR L A 440, I HaX S AR A A m 2R 7 an e/
RP/IN/NN/. CD/NNS/VB/. SYM/VBG/CD/. JJ/IN/JI/DT/
NN/NN/ %

b) — LA 2 T A AL — S A R M AR AR AR 2
AL CD DT 55 Nk s LA 44 1 A tho B HEBR FE AT

c) —47E DMOZ H1 () N4 — DX 58— 1 TE 2K Last
name/ . /first name/middle name, JLH first and middle names fE
R4S, JLF A 1% NN/, /NN, NNS/, /NN, NN/, /CC,
NN/, /NNS S5 PR 2 ok 3R A 44 15w A7 125 1 3558
DA — 2 BB 5 B 1 T T SR A 34 1A
FRi&i CC, 4 NN/, /NN/CC/NN/ . NN/, /NN/ /CC/NN/,

d) AR FR, LR — S LR GEAL | 5 45 e AL AT 5%
BUR , # A — A LA [ iR, i NN/NN/IN/TI/NN/ | T/
NN/IN/NN/NN/ S8R0 B — A iilbr s IN,

) TE LA 2l oy A AR E A9 1 b 44 1) 42 R i
15 H B2 T SRIE 3 localities 2 J5 38 i3 1 7 = AE R 3 KT
San =R A TN

TE I KA AT AR TAE R X 433838 44 1 AR e 44
TR, BR80T 174 P @R 258, e R T 82 277
AL, 5 TA DMOZ H St SEFIELY 65.30%

3.2 BRIBERZEBNF EX

XX 174 FpESE AR T LIRS L TR
MIBR BRI AL T — A sl 2 24 I B s T T A5 1 s Tl
W — S A R, R ES T RE 2 I E B, AR SO R

DMOZ [ SR FARZA R BNF & SCINF
a) NL_Label ;: = Phrase {Conn Phrase |
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b) Phrase :: = Adjectives [ NounPhrase | | NounPhrase
c) Adjectives :: = Adjective { Adjective |
d) NounPhrase ;: = Noun {Noun}
e)Conn :: = ConjunctionConn | PrepositionConn
f)Noun :: = NN | NNS | VBG
g) Adjective :: = JI | VBN
h) ConjunctionConn :: = , | CC
i) PrepositionConn ;: = IN

PLEsE SOy B R SCTE R i I AR T i il DR A3 53
2

a) JFURFF: NL_Label ;

b) AFZLEFF . NL_Label | Phrase . Connective | Conjunction-
Conn , PrepositionConn , NounPhrase , AdjectivePhrase . Adjective |
Noun;

¢) AREEFE NN, NNS, VBG, JJ. VBN, CC., . IN;

d) BLEE : LL L DMOZ A 2R H AR AL BNF 2 X
a) ~i),

PLERAT SRS R 4 5,

K4 ok

(i3 i e b=y it B
= “HESUNT i HA 0 W
[] ] 3 750 () S i R e
#5 BNF 45 ol = fig ke

5K S 45K S
NN PR 1) AN T KL 4 ) VBN i)t £
NNS 21 5 cc S AV 34 1)
VBG B 44 1) BLAE 53 i) , 25
1 JE 45 1) IN A1), A 34 1)

Horp: CLP S AR ; DMOZ-1 S il K
P2 KBz BNF 72 SCH9 BT 605 15 8 AR 2 i U 2
HFHARE N DMOZ 2Bk 6 s, A SCE i H AR
AR BNF AR A R AR i ), Rl LB 5 165, 049%
M AR HEBR 2. 1 R B s ) — BB A5 2, ik A
ESUPRYIA eI
F#6  HRET BNF @ L H R

b Y 8 R Ee 1/ %
CLP 174 166 95.40
DMOZ-1 125 338 81 531 65.05

3.3 XL BNF EX

HARIE T AR BNF & i, i T SCiles A shik, Bk
N T AN AL RE SR P TE AR, B AE
BRIE T ORFRPR R L, —AN 1 3.2 T W A AR IR S bR
2 T A E A T AR R A At b e i 2 DL R IR

i E X
a)FL_Label :: = Formula {, Formula}
b)Formula ;: = AtomicConcept | ComplexConcept

¢) AtomicConcept :: = T | L | NounConcept | AdjectiveConcept

d) ComplexConcept :: = Formula OR Formula | Formula AND Formu-

la

Hd 911655 8 FL_Label ; L4555 FL_Label | Formula .
AtomicConcept, ComplexConcept REEFE R T, L. AND, OR,
NounConcept , AdjectiveConcept; UUWEE R a) ~d) .

3.4 iBXEHE

— e, T AR IE R RB [ BE ], Hod, BhiE
SRR L A AE AT AHEATI S AT Y — 2L Java fURY; (RIS, 15
SR AT LARE B R AR AT & R 2k i Ris U . —A4>3h
FEZ—A C/C+ + 3K Java (M DIRE BRI Y 2235 20T FL R D s
B BRBON S, S T SIA SO [ SRR F AR B Uk
AR A B, 7E 3.2 PR BNEF G SR A B s
SEMEE

a)™NL_Label ;: = Phrase |Conn Phrase} "

b) Phrase:: = Adjectives [ NounPhrase | | NounPhrase™

= Adjective | Adjective| ®

= Noun {Noun]| "

¢) Adjectives : :
d) NounPhrase : ;
e)Conn ::
f) Noun . .
g) Adjective . :

= ConjunctionConn | PrepositionConn®

= NN | NNS | VBG*
= JJ | VBN¥

h) ConjunctionConn ;: = , | ce®

i) PrepositionConn : ; = [N ##10

o LAEN AT

#l:{Stringa="",b, d, c="";|{ c=Phrase () {a=c ;| (b=
Conn () (¢=Conn ())? d=Phrase () {a=a+""+b+" " +d;}|)
" freturn a ;) |

#2.{Stringa="",b="",c="";}{a=Adjectives () (b =Noun-
Phrase () {{e=""+"AND" +" ";}}1)? { a=a+ c+ b ;| { return
a; | la=NounPhrase () {return a ;||

#3:{String a="", b;| {b = Adjective( ) {a=b;| (b = Adjective ()
fa=a+" " +"AND" +" " +b;|) * { returna ;||

Horp, JavaCC 2 Y HT R A T I — R AT 7= A 2, B — A e
FEAGEE SRR AR Java TEACHS LU SRR 05
FIVC L, 177 HL, JavaCC AT LA PR A 18 X S B4R ME BNF 5
3, I AR B Java WEARCHS, FSRAG T B bR R B2 &
3. 2770 H BNF 22 S0, ARG I (A o i AR 45 5 S sl AR 7= A= A T
) HbRE

4 LIS

HEERN— D HARE SR ELWHE T ARG S
BNF 7 SCR | 2xid i He rp 9 38 SCah P AR i 3R e 5
XA A A 2l P U SR BNF G5, AR 2
WA SIS B e i 5
4.1 FEsmit

X T S A 1 B S B e S B AR A A, i3 T Ja-
vaCC BT HE 1Y Java PEACHESS FHEBEA TN F 7 AR A5 5R R

Inputl ;: NN1 CC_and NN2 NNS3

Ouputl ; { NounConceptl , NounConcept2 AND NounConcept3 |

Input2; (NN1 CC_and NN2) NNS3

Ouput2; { NounConceptl AND NounConcept3, NounConceptl AND
NounConcept3 |

Input3: NNI CC_and JJ NNS2

Ouput3: { NounConceptl, AdjectiveConcept AND NounConcept2 |

Input4 : NN CC_or NNS

Ouput4; { NounConcept OR NounConcept |

Input5; NN1 CC_, NNS2 CC_, JJ NN3

Ouput5: | NounConceptl, NounConcept2, AdjectiveConcept AND
NounConcept3 |

Input6: NNI (NN2 CC_and NNS3)

Ouput6; { NounConceptl AND NounConcept2, NounConceptl AND
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NounConcept3 | interoperability[ C]//Proc of CISL. 2006.

Bp— NounConcept Fll AdjectiveConcept ERFER T — M
&, BTSSR 3,
4.2 iz

Xt P AR AL ) B ST R A St _E 362 1 A9 B3
RSB, FARIS A DUR = Fbis o .

a) Correct; Z7E HIRH H IR 5E AT 5K 3 1 BNF /& X,
F Az AL 932 B 5

Input natural label :( bank and warehouse) guarder

Disambiguation pattern : ( NN CC_and NN) NN

Processed pattern: NN NN CC NN NN

Drafted output: NounConcept AND NounConcept OR NounConcept
AND NounConcept

Final output: { NounConcept AND NounConcept, NounConcept AND

NounConcept |

b) Error: bR VB T %A 52 SUAE R 3 P As 5,
7 4,10 United States”

HXP R AR SR NNP NNPS i 19445 NNP (&4 44 17
F55) AR HBAE 2.2 5 ep Bz bR b7 e bl o S i
AR, RS AT .

Input natural label: United States
Disambiguation pattern; NNP NNPS
Processed pattern; NNP NNPS
Error.

Lexical error at line 1, column 3. Encountered: "P" (80) , after:

¢) Exception: 437 F1 IR H IR SRR FFE 3 3 Hh BNF
SE X IRANREVEIE B3A BNF S0k (HJ2:, IS 22 45 R PR RC Y
HAREIA , DB — B, 5 b) AR A ixpr S
A A AR AR SR 5 b A

Input natural label: music related
Disambiguation pattern; NN VBN
Processed pattern; NN VBN
Exception.
Encountered " VBN" at line 1, column 4.
Was expecting one of ;

CNN" ...

"NNS" .-

"VBG" ---

LN ) L

"VBN" .-

LA Jay A R ol il LA, A SRR Y 2R ¢
AEASHERG LRI FAL BLRG IT H S 1 A AR TR F AR TN L
e RENS HR R 12 AR IR S T S BUALAR 9 A S AR B, D 1)
SRR TRRES

5 Z5RIE

ARFRIE5E3E DMOZ 3R 4 92 AR 3, (RAIE 5 86
it FRARE B ; [ ok — e (AR LB 7] S et
Ko S IR 5 B SR AL R, Hor P K A 0 45
(TRAMT SRS LS 44 H0 7, AL A~ 1 S AR A I 5T
ERSTS T rY WN (L8 NP S =P Sl P e
P,

SEM.
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