LE Lt (=)

!'_ —— M) AR B4 BRI R

ENER S

http://ccl.pku.edu.cn/doubtfire
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Q12 LR

Q 2 38 LHEE, (WSD)
O (1) WfarweE — AN i IR ?
Q (2) w4k 2 geas A€ w X e s B ?
A (3) Wil B AR E 58 A A e 6] L2

Q 3 WSD /784
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i 1 IEJ EI@ %)\(fﬂ% (polysemous word)

= JTHEE 8K J1T7%H R
i) Hr O T EAEES | | T 7T

A EIRIER R RIE IR

ik AR ics — Ak

TE TZIREZE

bank table title book eye fly

RIS S BRSBTS RS
B L An— AR R AR A )

_______________________________________________________________________________________________________________________________________________________________



() 2 XE

ALz,
T

d

Marrian-Webster ] 22 1r] i CORARDUIE 18 FH = i)
el S i S
g0 63 ¥ 26
fall 35 s 20
run 35 & 19
turn 31 -+ 19
way 31 X 18
work 31 *H 18
do 30 A 18
draw 30 Al 18
play 29 =) 18
get 26 7 17

S| HEM1993, (PUEESLCARIE X H3FRED



i EDEERGEE
CRISCATME) |, HE5o 25, 1983, Liedets it

L] 2=t
(IS G = s = AR i s G = sl =

FRL N TH] 1973 52.3% 40751 87.9% 42724
% A 1801 47.7% 5629 12.1% 7430(14.8%)
St 3774 100% 46380 100% 50154

SIEEET & (R XHER—MESER) , 2 (EFCFRA) 200055531

5



i £ 42

1 W22 SGA]: AN [E] A ZNEP=9is!
Mk gmE I RM ME R .

(2 £2RZ A AH R ZNERES AFRERE
i B BHEE RE &2 4

3 ISR A AHIE]RA] T 3R AN EFFAE
x® MR W ORE L

Z“ —_] =~ EEI
\HJE‘\JD‘

0



i 2 IEJ )\(ﬂ[flfi (Word Sense Disambiguation)

WSD 5 ZE i R ) = ] L

1) TR — MR R R % A, HTER AL ) |

i 97 ) 2 SRPSEPI
et
WSDFFF I

ST R &R R SCITR WA 16 X 53 o I

3) XFHHIERAAES R A2 3G, e iE —
BT ) LI



‘_L U € — 1 “word”H) “sense”?

Bl — FHi — B
ML —— R —— ] —F

r~ s‘g\

W —— IBANL —— KbAEE L. ?
IRAEFR AT A KL ?
RZN NERPLEHR (578 D

[5id)

j—

2N

2RI ERAEFK — LRI TFAIMER 2



-_L 1 25 Vo A 5 X

= You shall know a word by the company 1t keeps
WA, FIELE) —— JR. Firth, 1957, A Synopsis of Linguistic Theory

1930-1955, In Studies in Linguistic Analysis, Philological Society, Oxford.

Sy <> Context,

.............................................................

*g, <> Context,



‘_L 3 & FWSD 5 i 4

s 3.1 F-T-BayesH| A {7k
» 3.2 BT HAERWHE
n 3.3 TR U TR
s 3.4 BT SRR TR
s 3.5 F TS AT LB ) T 1%
s 3.6 T HERMITIE
Cir] )BT AR 1 B 3 B0

10



i 3.1 F+Bayesian Discriminationf J7 1%
= Galeetal, 1992, 5% J6 2 ) id], HAHZE90%

1)  teiEdrn HiEEE (training corpus)

2) MAmiEERENZ BT SiE 2 TR R R,
132 “38) AR E”

3) XTI THRZ GE, FRYE R SRR E”
HRER, TFEEAERET BT N, BUR— X
TR ] Be e fe s, BURE 1% SCIHA] e NIEAS 2 SCiRlAE
HEEE N E R

11



i Bayes decision rule

s U5 P(s"| c)>P(s;| c) Wsense(w)=s", s ¥s

P(C [s)P(s)
P(C)

P(s; [C) =

s'= arg Srinax P(s, |C) = arg innaX P(CFL?C))P(SJ

= arg max P(C |s,)P(s;) T

p(cys>_p< v, e o) 15>_"’H

Count(w ;, s,)

-------- e Count(s.)

Count(s )
Count(w)

P(s) =

12



i Bayes decision rule (%)

s'=arg max log[P(C | 5;)P(s;)] = arg max[log P(s;) + log P(C [ ;)]
= arg max[log P(s;) +log 1 P(w; |s;)]
s w;eC

RN
= IR s'=arg max[log P(s;) + Zlog P(w; [|s;)]

WJEC

Mlsense(w)=s"

13



sk BT YRR LA (Training)

for all sense S; of w do
for all words w; in the vocabulary do
Count(w,s;)

PW; [5) = Count(s;)

end
end
for all sense S; of w do
P(s,) = Count (s;)
Count (w)
end

14



i 1H] )\(ﬂFﬂiﬁii ( Disambiguation)

for all sense S; of w do
score(S;)=logP(s;)
for all words w; in the context of w do
score(S;)=score(s;)+logP(w;ls;)
end
end

choose s'= argmax score(s;)

Si

15



1] M ER FE A7)

Ps) ... P 2V R N~ 2 ' ER T I B S A A7)
03 .. 040 010 001 001 0 020 027
0.5 ... 0 025 0.5 0.01 0 0 0.15

0.2 ... 0.0l1 0.03 0.05 0.45 0.45 0 0

16



&1 BayesH| il FIWSD 7= 71

FA T F R 44 PR /N T EAU 2R Y LR

score(E,) =1og0.3 +10g0.1+10g0.27 +1og0.01

score(&,) =10g0.5+10g0.25+10g0.15 +10g0.5

score (G ,) = log 0.2 +10g 0.03 + log 0.05

AR, score(F)m N, FrLAZAIESL Mg “F” K524 I



32 /_—T:}:—:‘E/flzl I E[/JWSDﬁ/ N

= Brown, et al, 1991, N HTMT, EMTHERZMN37 %5545 %

Z X B 7N RFE 7N B REAIE Y B AR BUEL
(VEiE ) (FEE)
Prendre take HG 1A ) B Y prendref] 715 & mesureff
[pra:dr] . .
make E=LIRGlOE=7) Y prendreff) EiE 2 décisionft
vouloir want 2 HI A AR S Zvouloir YA I B 2
[vulwar]  Jike = HI A IS S 2vouloir Ay 25 1 25 7 20
cent percent AT R B AL 3 — A 1] Hcent/c iR E Ny perhy
[sd] c. 4 B 1A B AL T — A Y cent /e 1 & F I

18



i flip-flop -2

1(R,Q) = P(r;,q;)log ;

ZF; qZ;a | P(r)P(d;)

yy o BE T MNER SR AR Tt by, XTI
e BRAENE,

ST e WA A, HR BT RSB AV V). Vs

1) BENUEL, b, b, FTEMER={ry, 1)

TE ) vV, VA HQ={a,, 00 QRIS B
Ko HIEQ, BHRERMANE, RKEHHTRALE, HIIRQ)
TR (BUAERD k.

19
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ATV SRS
_______ BWIZRERE
EHE GUE)
EiR G
FH G
EAN G

B WA

s T 045 BRIWSD T i~ )

{t1=i§§/ tz Xﬂ%}
{V1= EE%;,VZ—:H%,V3=:FS,V4=/J\iE‘E,V5= EE})'_,L}

A% EN=10

Count(t,)=3, Count(t,)=2,
Count(v,)...=Count(vs)=1

Count(t,,v;)=Count(t;,vs)=0,
Count(t,,v,)=Count(t,,v;)=Count(t;,v,)=1

Count(t,,v;)=Count(t,,vs)=1
Count(t,,v,)=Count(t,,v;)=Count(t,,v,)=0
21



BT 045 BIWSD 5z~ (42)

ri:{t,;=i%} r2:{t,=NE} e
ql:{V1=EE"%}’V2_:H§} C|2 {V3—4:5 V4_/J\wé V= EE%)L‘} """"""""""""

p( laql) p(t29q2)
I,(RQ)=p(t,,q,)log +...+ p(t,,0,)log
: P pt)p(g,) T ) p(a,)
1 10><1 2 10><2 1 10><1 1 10x1
= log log log log
10 3x2 10 3x3 10 2x2 10 2x3
e _ S a0 L T
------------------ = qp 810 pglog2430 L(RQ)>LRQ)

_______________________________________________

ql:{v,=Hk,v3="1,v,=/Nii} q2:{v;=FH5, Vve=H{L}

LRQ)= 3 10gl®3, 00, 10x0 00 10x0 2, 10x2

log +—Ilog
10 3x3 10 3x2 10 2x3 10 ~ 2x2

5 1
— —logl0——1logl108
10 B0 08

22



Bayes ;%5 HAG B 714K ELE

I EICE
A it B RS AT SCIARIE TR ZE HEAT I 5

(iml

. K
D)X “TEED” BE A FE]
= Bayes/7i%: NiEI
= GERFE: /MESS only one informative feature
2) X “CUNZRIBRIE” R EERANF]
= Bayes/jik: DT EMMEEE R
« HAEREIE: RIFENGHIR, TEWMTEEZER

a bag of words

23



3.3 E T i SR L IWSDJ7 VA

= Lesk, 1986, #E#f50% -70% < [A]
= A|HLRE X1 cone

* a mass of ovule-bearing or pollen-bearing scales or bracts in'trees of the
pine family or in cycads that are arranged usually on a somewhat

elongated axis. (Fa 1)

¢ something that resembles a cone in shape : as ... a crisp cone-shaped
wafer for holding iceé'¢ream. (551 UKIH )

» _1“&“‘ /
= JEIEVH I
< 185 H tree > cone = BV HIEN “Pai”
o iEE T lice cream = conel B B FIE N CUKEH M

24



N

i T U X HWSD I T

Y
2)

3)

4)

5)

—AEAFHE TR (S, S, S

% AN U () fEiR SR 4B — AR X (D, D,..., D)
AR (D) S2bR AR T — LI R SR 0 (a, a,, g ... )

% SUGATE—ANRUAI EFSC (C) R, AR L5 (W,
W,, ) JREELRE(E 5 1% % S 2 B LR SCRHIE (W)

MR (W) 7Eir b 5 BB X (B, B, o f5 /MY
(Bw) SEBRAAZE T — AL BLAE 8 SR 17 (b, by, by, }

GBS Wr—A> 2 SCIRAE BARTE ST 1 ) SO, Xt 222 X al RS X
i (S, s Score(S)=D. (U E, )
w;eC :
B {a,a,80e ) N (bt U oo by })
B Score( S, )i KNAB TR NS, AE 9% % ial i) X I,

25



LA HUBE X IWSD g 271

Word | Sense Defimition (from Collins COBUILD)
pen | S A pen 1s a long thin object which you
use to write mn nk.

S, 1% | A pen 13 a small area with a fence
round 1t m which are
kept for a short time.

sheep | §,:F A sheep 15 a @@ with a thick
woolly coat.

He don’t know exactly how a fox could have got into the sheep’s pen.

Score(sl) O PIEN o
- Score(s,)= 2 o=,

________________________________

26



| |

ki) BB SCHJWSD 5 i /N4

o FHAERHE BRBEAT ) RS, R 22 SCIRHE SE B fiE

I ) SEBIRAE IR 2 SR )RS

o FH A BRI IEAT 1) ARG, A A A 22 SR
B XIS, XSRS SERET AR UE T2
SCHE IS EASE R Dl Ja RS V9N, IR S 45145 2R .
WAL ERSEPRIERIANF 2, B LMo G B9 77 20
EA S 1 3, ek e 2 DL AT RO K s R 5K
A 5 A4 5 1) 3

o FHTIA OB SCROMERR 1, TP VAR A T SE PR TR R A
2 SRS, ROR AR

27



i 3.4 ET N A B (thesaurus) HY J7 V2=

= Yarowsky, 1992. 461242 Wial, #ERH$R92%
n JEAREAE:

—ME, A2 SCRETE SRR R RE I JE AN [ ) X

K, R, FERMIES, BE 7 A2 ORI RS
B stz 1 e B — A X

tbinZeiEda] “crane” A e, —%&fs “mE” , —
efg ‘B8 . IR T TR XA EE
J&T “ZhW” XA, EBEHIE “crane” HILLE

HARER i | T X3S, s2hr st aniE [
“crane” ] X I,

28



i HET 7 S EIWSD

R P T R
1. #ERew R SCERRERE, CLAEA
AL TR 0T T 12 SRR (weight)

2. XA REAEET 2 SR, RS R SR
J& 1A SRR AT REME RNy, i A AT e i
RIVACA AR A2 2 SRR N SRR

29



F T KR B WSD I I FE )

XFRogetin] it AR SR (FR10414838) hrE i, IS IX R B R
MC (AR R SR EENENE 10038 AR Ml ZrEdE (Yarowsky U EE il
ZriF kLK B Grolier 5 B4 1519914F I FLT-hic, 100077 a1 i)

tban F 2t “ TR/ ks e 1iE A (5] 3 Yarowsky, 1992)
Training Data (Words in Context)
... CARVING .SB The gutter adz has a concave blade for form ...

.. uipment such as a hydraulic shovel capable of lifting 26 cubic ...
.. on .SB Resembling a power shovel mounted on a floating hul ...

... 00 BC , flint-edged wooden sickles were used to gather wild ...
.. l-penetrating carbide-tipped drills forced manufacturers to fi ...
.. ent heightens the colors .SB Drills live in the forests of equa ...
.. traditional ABC method and drill were unchanged , and dissa ...
.. nter of rotation .PP A tower crane is an assembly of fabricat ...
.. rshy areas .SB The crowned crane , however , occasionally ...

30



ST ORI L WSDI AR (=

s XNCHATSH T, R A bR~ EPRHETR (Salient Words) , JF
HHE AR ER FBE (Weight) , HHEAAN:

P(W|RCat). | p(w|Reat)%rw Bl ERcatE T i

WeIGt(W) = 108(—=5 100 p(w)sswitBL e gk i e i

N “Bi” KA TR SR R S A 7R

S ILUMES CERY T HHL A
species(2.3), family(1.7), tool(3.7), machine(2.7),
bird(2.6), fish(2.4), engine(2.6), blade(3.8),
breed(2.2), animal(1.7), cut(2.6), saw(5.1),
tail(2.7), ... lever(4.1),...

31



ST XCRIA L IWSD I AR ca=2)

o HIWAEREAS BARRES P I 2 SR @ i R . ik fE1 % Ak
PO REIE TR, ARYEBayesiKI, I ) SRIK ERRFAE i X ML A [F] 3
RIBUEZ AN, WA SCRIVRFIE R ABUE 2 AR, %2 SR TR K.

... lift water and to grind grain .PP Treadmills attached to cranes were used to lift heavy objects from Roman times, ...

TOOLS/MACHINE | Weight || ANIMAL/INSECT | Weight
lift 2.44 water 0.76
lift 2.44
grain 1.68
used 1.32
heavy 1.28
Treadmills 1.16
attached 0.58
grind 0.29
water 0.11
TOTAL (11.30) || TOTAL 0.76

32



BT SRR B JWSD 5 ik /N4

Thesaurus-based WSD ] PAFE figg A& XF— 22 XA i
ARTEISEHY AU A, AT G R = i A
OGN T, 122 YRR I a8 A 1E#

XTI GRIERHE AN T ZEH SehRiE
X SCHIX Tl MRS R TR B ) 22 SCTRN ORIy CEbdn41a])
XTSI X ) e LA SR X Y 225 SR R i

X AR LA I KBS 7S 1] SO 22 SR ROCR B = (T
ANzl e A 250D

X ST DX 3] AN RS T Bt 1 25 SISO B 2=

33



‘_L 3.5 e SEB ) iR] SARTE TSR

o EF] (1993)
o FKHAR

IR 2 SCiA] e B R 35 SR R D bR
MCIUHSEBIHEAT R EE, SRAERT 222 SIa] B S

« Mban. SEEIEHH $7/B02  Bi/A0L
METHMIAN: TP

Pl “@e” 5 “EC AREALL, TR T
7O T X IbRIE NB02

34



3.6 /;E{:%U%i% (Decision list ) H‘Jﬁ?‘f

 Yarowsky,David, 1994, Decision list for lexical ambiguity
resolution: application to accent restoration in Spanish and
French, In Proceedings of ACL 32, pp.88-95

 Yarowsky, David, 1995, Unsupervised word sense
disambiguation rivaling supervised methods, In Proceedings of

ACL 33, pp.189-196

35



» ;[bEA e
NMHABs: BHE I 5 (accent restoration)

Fas  EHE O B IS

g R

cote cote TR vivre sur notre cote ouest toujours verte
[ko:t] (coast) creer sur la cote du labrador des

travaillaient cote a cote, ils avaient

coté il (side) du laisser de cote faute de temps
[kote] appeler ’autre cote de I’atlantique
passe de notre cote de la frontiere

Yarowsky, 1994

36



T AR A AR

1) FEE R B AR B ]
2) WA S XEESCEF)TER, BT AECE OGRS EKAN A
3)  RBCCE FE EKAN TR A R “HEBC” 36 Ccollocation) HEAT Sttt

Position Collocation cote | cotd |
-1 w du cote () H3G
la cote TG0 1
un cote () 216
notre cote 10 70
+1w cofe ouest 288 1
cole est 174 3
cote du 55 156G
+1w_ 42w | cofe du gouvernement 0 (2
2w -1w cote a cofe 23 ()
Lk w palsson (1n £k words) 20 0
Lk w ports {1n £k words) 22 0
+k w opposition (in Lk words) () 39 37




CHIE R T BEAREAR (s

4)

THEGHALIREL (log-likelihood) , Hi&EHIER, AXN:

LogL = Abs Log[

LogL
8.28
7.24
7.14
6.87
6.64
5.82

P(Accent Pattern_ | Collocation.
P(Accent Pattern, |Collocation,

Evidence/Collocation Classification
PREPOSITION QUE terminara terminara
de que terminara terminara
para que terminara terminara
y terminara terminara
WEEKDAY (within k words) terminara
NOUN QUE terminara terminara

38



ST HERBIITE: BAEE (9

5) ARG b B4 E RS A N B A B SCTRI AT A

% M iRlw + wHT £ i context

| |
Word Evidence/Context LogL Sense
terminara . 8.28 1
- terminara 724 ) L,
7.14

39



i SRR 23R

R HY

. FET%E (1999) (—FEALBGER HEE TR 8
(PS03 B 2FERD) 19994F 2538,

= Yarowsky, 1995

% A ]
SEFEBC R

EESSON
BIRERE

e

Lkw%%mé

\_:> e (4}—2%[]); Gl |:>

2 HIFERC 1A

St “RRENT B TS
BCial AT I L, 1445
e INE B EEOES
BE e A e

&I® — HE
P —
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i WSDAHH 5T 1) R

1) ] R = BTS2 X

2) FEFARTEEE —MHPEX “AREER” — “FlzkEE”
3) 1A R A B

4)  XIWSD R PET X (pseudowords)

SIEBOA T EERE T EERRT
T —— 378 1
FTIREE —— 3T 7 i A IR S

41



i WSDHH 5T Ir = X

P B -
—‘El‘T 4%\%1‘\%:\’ .
SCAAE B

R OBEE

JFEHL JFIT O OJFRE | KW RAMkT KA
WHEPURR B4R court

B, EHEER, HER,
BRI E — R

42



]h NG

WL B FIWSDE AR, AT ELZESE AR TR A 5
(1) VAT s T3] SCHEB T S 2

T RN € IR SRR ? RIESE? M IE E iR 4 ?
MY A b iC B RHE ?

(2) WfaEARAT, =R, KRR X R R ?
A2 Giik—HLis EE3RI 2

X e X RE ], WA R HIEET.

mission impossible ???

43
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Lesk, Michael, 1986, Automatic sense disambiguation: How to tell a pine cone from
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Brown, Peter F, et al, 1991, Word-sense disambiguation using statistical methods,
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Yarowsky, David. 1992, Word-sense disambiguation using statistical models of
Roget’s categories trained on large corpora, In Proceedings of Coling-92.

Christopher D. Manning & Hinrich Schutze, 1999, Foundations of Statistical Natural
Language Processing, The MIT Press. Chapter 7

EF1993, (PUBHSESCARIE X HARE) , #EE T 5% (E5ERAE
Tw) , HERREHARHE19965 i) .
AL, 2000, (HLasEEEEED) , RSORIE TR M. 595
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:L g > B2

1.

RGN BT DGE 22 SR AN RIS CRT RAAT 25 A AN R ) A1
[ IR RT 8 B AT S B AN 70 S A1 D

IATDOE 2 AR EARFIE I ZE R, EEan 2 SCE R B9 AS [F] e L AT
Re e FrH g 44 ok $Eas ¢ “—BoRk” BT
“— g “—Hz7 ), M2 XahE A FE e8] e
Eigfeas, WA HAMERR C TP “FTHFHL” O

ot 2 SCRAN R XCRAE AR RE LIS, ELin “7EiR” kb
i, €, WIESEFAREIIERT, SFHARENEEa2 b

M) 2
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