Phan tich ngir nghia

Lé Thanh Hwong

B mon Hé thong Thong tin

Vién CNTT &TT - Trwong DPHBKHN
Email: huonglt@soict.hust.edu.vn




Dinh nghia

e PTNN la qué trinh &nh xa ttr cdu NNTN sang dang biéu dién logic
cua no.

e Mcrc nGng: gan nhan vai tro ngir nghia (case-role) nhu agent,
patient

e Murc sdu hon: biéu dién dang logic vi tir hodc hinh thire khéc cho
phép suy dién ty dong.



Tai sao can phan tich ngir nghia

e Tra loi cau hoi (bai toan hoi dap)
e Hoi thoai (chatbot)

e Diéu khién hoat déng cta robot
e Dich may

e TOm lwoc van ban




Thé nao dwoc coi la hiéu?

e ... néu co thé phan &rng phu hop
VD: “cho tat ca d6 choi vao gid”

e ... Néu co thé xac dinh 1 phat biéu |a dung hay sai
hiéu NP nghia la xac dinh duoc NP do dé cap dén cai gi



Thé& nao dwoc coi la hieu?

.. néu co thé s&r dung néi dung do dé tra loi cau hoi
Dé: Mai an keo. = Mai an gi?
Kho: Nwéce di dau tién cda quan trang 1a P-Q4. = Quan den co thé chiéu
twdng khong?

.. Néu co thé dich: phu thudc vao ngdn ngir dich

Anh — Anh?
Anh - Phap? c6 thé duoc
Anh - logic ? can hiéu sau

tat ca loai ca déu biét boi
= Vx [fish(x) = can_swim(x)]



Mot s6 khai niém co’ ban vé logic
3 loai doi twong co ban:
1. Giatri - Booleans
la gia tri nglr nghia cua cau
2. Thuyec thé - Entities
Gia tri cda NP, vd., cac doi twong nhu ban, ghé, thoi gian

3. Ham

Ham tra vé gia tri nhi phan goi la vi tir (predicate). Vd., frog(x),
green(x)

Ham cé thé trd vé 1 ham khac
Ham cd thé nhan ham khac nhuw tham sé




Logic: thuat ngir Lambda

o A
e |a cach dé viét 1 ham “bat ky’
Khong co tén ham
Puoc dung dé dinh nghia tinh chat co ban cia ham
e Cho square =ip p™p
o Tuwong duong véi int square(p) { return p*p; }
e Dinh dang: /. <tén bién> <biéu thire>




Logic: thuat ngir Lambda

o\

Cho square = Ap p*p

Khi d6 square(3) = (Ap p*p)(3) =3"3

Chu y: square(x) khdng phai la ham, chi la gia tri cua x*x.
Ham: Ax square(x) = Ax X*x = Ap p*p = square

Cho even = ip (p mod 2 == 0) vi twr tra vé gia tri True/False

even(x) = true néu x chan

Con even(square(x))?

J.x even(square(x)) = true véi cac s6 x co square(x) chan
AX (even(x*x)) = Ax (x*x mod 2 == 0)



Logic: Mot s6 vi tur e

e most—1vijtwtrén 2 vi tir khac
e most(pig, big) ="“most pigs are big’
twong dwong véi, most(Ax pig(x), Ax big(x))
o tra vé true néu da so gia tri thoa vi tlr dau tién ciing thoa vj tir
thir 2
e tuong tu:
° aII(pig,big) (twong duong véi Vx pig(x) = big(x))
e exists(pig,big) (twong duwong vai Fx pig(x) AND big(x))



tir ss

Cach biéu dien v

e Gilly swallowed a goldfish
e swallowed(Gilly, goldfish)

e goldfish khdng phaila tén mot doi twong duy nhat nhuw 13
Gilly

e Vandeé
Gilly swallowed a goldfish and Milly swallowed
a goldfish

chuyén thanh:

swallowed(Gilly, goldfish) AND swallowed(Milly, goldfish)
nhwng khdng phai cung 1 goldfish ...
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Str dung lwong tir .

e Gilly swallowed a goldfish
e swallowed(Gilly, goldfish)

e Tot hon: 3g goldfish(g) AND swallowed(Gilly, g)
e Hoac str dung vi tir lwong tur:
e exists(Lg goldfish(g), Ag swallowed(Gilly,g))
o twong duong: exists(goldfish, swallowed(Gilly))
“trong tap ca cd 1 con ca bi nuét bai Gilly”

o Mailikes small cats.
e Mailikes the cat whose name is Tom.
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Thoi E

e Gilly swallowed a goldfish

e exists(goldfish, Ag swallowed(Gilly,g))
o Caitién:
o swallowed(Gilly,g) chuyén thanh swallow(t,Gilly,g), t Ia thoi gian

e dt past(t) AND exists(Ag goldfish(g), Ag swallow(t,Gilly,g))
e “Céluc nao dé trong qua khir, con ca la 1 trong cac vat bi Gilly nuét”
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Cac thudc tinh vé sw kién
e Gilly swallowed a goldfish
e dt past(t) AND exists(goldfish, swallow(t,Gilly))

e Mot phat biéu co thé cd cac thudce tinh khac nira:

o [Gi1lly] swallowed [a goldfish] [on a dare] [1n a
telephone booth] [with 30 other freshmen] [after
many bottles of vodka had been consumed].

e xac dinh ai? lam gi? tai sao? khi nao? (who what why when)
e Thay bién thoi gian t véi bién sy kién e

e e past(e), act(e,swallowing), swallower(e,Gilly), exists(goldfish, swallowee(e)),
exists(booth, location(e)), ...

C6 thé biéu dién qua khir bang J.e Tt before(t,now), ended-at(e,f)
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Trat tw cha lwong tir e
e \Vidu

e In this country a woman gives birth
every 15 min. Our job is to find that
woman and stop her.

e Jwoman (V15min gives-birth-during(woman, 15min))
e Y15min (Awoman gives-birth-during(15min, woman))
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Cac thuoc tinh vé y chi
e Willy wants a unicorn
e e act(e,wanting), wanter(e,Willy), exists(unicorn, Au wantee(e,u))
“there is a unicorn u that Willy wants”
wantee |a mét ca thé

e e act(e,wanting), wanter(e,Willy), wantee(e, Au unicorn(u))
“Willy wants any entity u that satisfies the unicorn predicate”
wantee |a 1 loai thyc thé

e Willy wants Lilly to get married

e e present(e), act(e,wanting), wanter(e,Willy),
wantee(e, Ae’ [act(e’,marriage), marrier(e’,Lilly)])

o “Willy wants any event e’ in which Lilly gets married”
e Sentence doesn't claim that such an event exists

e (Cac dong tir chi y chi: hope, doubt, believe,...




Danh ngir
e Expert Ag expert(g)
e Dig fat expert Ag big(g), fat(g), expert(g)

e Baltimore expert (white-collar expert, TV expert ...)
e g Related(Baltimore, g), expert(g) — expert from Baltimore




Cau

e Y nghfa ctia cau 13 gi?
e Phu thugc vao dau cham cau.
O BiIIy likes Lili. - assert(like(B,L))
o Billy likes Lili? = ask(like(B L))
Hoac chinh xac hon, “Does Billy like Lili?”
o Billy, like Lili! —> command(like(B,L))




Cau t

e \What did Gilly swallow?

e ask(Ax Je past(e), act(e,swallowing),
swallower(e,Gilly), swallowee(e,x))

e Eat your fish!
e command(Af act(f,eating), eater(f,Hearer), eatee(...))

e | ate my fish.

e assert(de past(e), act(e,eating), eater(e,Speaker),
eatee(...))



Phan tich ngir nghia cau

1. Phan tich cu phap

2. Tim ngl nghia cua tirng tir

3. Xac dinh ngir nghia cho méi thanh phan ngir phap, thuc hién
tir duwdilén
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ry(nation, Ax Je present(e),
ct(e,wanting), wanter(e,x),
rantee(e, Le’ act(e’,loving),

lover(e’,G), lovee(e’, L))) /{I'ART\
Punc

Ap every(nation, p)/m\
RO T

ih phan

assert(every(nation, Ax 3e pry

psent(e),

act(e,wanting), wanter(e,x),

wantee(e, Le’ act(e’loving),
lover(e’,G), lovee(e'L))))

As assert(s)

Tam da gap An.
Det — N T — VP Toi biét Tam da gap An.
Every nation -S /6\ Tam da gap An & trwong.
every nation /‘ Viem — /sm\ Where did John see Mary?
want
AV AX Je present(e),v(x)(e) NP — VP,
George A
Ay AXx Ae act(e,wanting), G T — VP
wanter(e,x), wantee(e,y) a3 to A
Vstem — NP
Ly axohe act(e,loving), love  Lauga L

lover(e,x), lovee(e,y)



e \Where did John see Mary?

(ROOT
(SBARQ
(WHADVP (WRB Where))
(SO (VBD did)
(NP (NNP John))
(VP (VB see)
(NP (NNP Marvy))))

(. 2)))
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Ngi nghia thanh phan

e Thém thuéc tinh “sem” cho mai luat phi ngir canh
e S — NPloves NP
e S[sem=loves(x,y)] = NP[sem=x] loves NP[sem=y]
e Nghia cua S phu thuéc vao nghia cua NP

e TAG version:
s loves(x,y)

NP VP
X /\
Vv NP
loves Y

= Pién mau: S[sem=showflights(x,y)] —
I want a flight from NP[sem=x] to NP[sem=y]
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Ngir nghia thanh phan :

e Thay S — NP loves NP

o S[sem=loves(x,y)] = NP[sem=x] loves NP[sem=y]
e Lujtténg quat S — NP VP:

e V[sem=loves] — loves

e VP[sem=v(0b|)] = V[sem=v] NP[sem=0D]]

e S[sem=vp(subj)] = NP[sem=subj] VP[sem=vp]

e George loves Laura co sem=loves(Laura)(George)
e Trong phan nay, ta:
e tinh ngit nghia tlr dudi Ién
e Ngir phap & dang chuan Chomsky
o Mbinut co 2 con: 1 ham va 1 tham s6
e DE |3y ngir nghia cua nut, ap dung ham vao tham sé
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Ngi nghia thanh phan T

START assert(loves(L,G))

T

loves(L,G) Sg,  — Punc ).s assert(s)

T

NP — VPq., Ly loves(L,y)
George /\

G Viores — AdjP
loves Laura
loves = L

AX Ay loves(X,y)
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Ngi nghia thanh phan

START

T

loves(t,G) Sy,  +«—  Punc

NP — VP, *~yoves(Lyy)
George /\

G Viores — AdjP
loves Laura
loves = L

AX AVAOVES{X,Y)

X
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Cach biéu dien ngir nghia co ban

e Su dung “Event’

e (EVENT :conditionl wvall :conditionZ?2 wval?..
:condn valn)

e Vidu:
e (see :agent John :patient Mary :tense past)
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Luat cu phap/ngir nghia

Thanh phan/luat  Dich nghia

Verb ate AXAy.ate(y, X)
N N

V V

S S*=VP*(NP*)

NP N*

VP V¥(NP
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Y nghia cta cau

e ) form &ng va&i VP gan véi A form di véi NP

e TWlacacgiatri

e Cho cay cu phap, phan tich tir dwai [én dé co ngir nghia cla

cau ate(John, ice-cream)

e Vijtlr nay cd thé dwoc danh gia dua trén CSDL dé tra vé 1 gia

tri hoac T/F.
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Dich ngir nghia

S(IP) VPNP)-= ate(john , ice-

/Nﬂm)
john
NP VP MNP )= Ay.ate(y, ice-

V NP ice-cream
AxAy.ate(y,

X) ')‘

ate Ice-cream

John
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Vi du

e Phan tich nglr nghia cua cac cau sau. Chi rd tap luat
ngr nghia da ap dung (dang VP[sem=v(obj)]] —>
V[sem=v] NP[sem=0bj]).

Tam da gap An.
Toi biet Tam da gap An.
Tam da gap An & truong.
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Cach thuwec hién

e A & muc cao nhat goi dén VP. Gia tri VP nay dwoc xac dinh &
mure 14 bang cach sir dung tham s6 NP

e Noi cach khac, dé tim y nghia cta cau, ta goi VP sir dung tham
so la NP
e Tainutla, méi tir cling di kém them mét s6 thong tin ngdr nghia
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Bai tap

1. Duwa ra tat ca cac cach biéu dién ngir nghia cho cac
cau sau:
Mai likes small cats.
Mai likes the cat whose name is Tom.
2. Dua ra cach biéu dién ngir nghta dua trén sy kién
cho cac cau sau:
Willy wants Lilly to get married.
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Mai likes the cat whose name is Tom.

(ROOT
(S
(NP (NNP Mai))
(VP (VBZ likes)
(NP
(NP (DT the) (NN cat))
(SBAR

(WHNP (WPS whose) (NN name))

(S
(VP (VBZ is)
(NP (NNP Tom)))))))

33



Willy wants Lilly to get married. T
(ROOT
(S

(NP (NNP Willy))
(VP (VBZ wants)
(S
(NP (NNP Lilly))
(VP (TO to)
(VP (VB get)
(ADJP (JJ married))))))

(- .)))
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Bai tap

V&if(6)=6*6,thl f=Ax XX
1. Véi f(John) = loves(Mary, John), thi f =7
2. Vi f(John) = (Vx woman(x) = loves(x, John)) thi f =7

3. Vé&i f(Ax loves(Mary,x)) = (Ax Obviously(loves(Mary,x))). f=7? St
dung no dé biéu dién ngir nghia cau "Sue obviously loves Mary?"

4. Vi f(Mary)(John) = (Ae act(e, loving), lovee(e, Mary), lover(e, John)).
f=7
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Bai tap

5. Cho f giong bai trwac. Gia st

g(f(Mary)(John)) = (\e act(e, loving), lovee(e, Mary), lover(e, John),
manner(e,passionate)). g = ?

Goi y: viét f(Mary), nghia la “loves Mary”. g(f(Mary)) nghia la
‘passionately loves Mary."
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U'ng dung cta phan tich ngir nghia

(top-level)

Shall I clear the database? (y or n) y
>John saw Mary 1n the park.
OK.

>Where did John see Mary?
IN THE PARK.

>John gave Fido to Mary.
OK.

>Who gave John Fido?

I DON'T KNOW

>Who gave Mary Fido?

JOHN

>John saw Fido.

OK.

>Who did John see?

FIDO AND MARY
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