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CCG: Combinatory Categorial Grammar

SRS EX
at the chair, move forward [three steps past the sofa

CCG parsing
BIRZT R imiERIR

Aa.pre(a, tx.chair(x)) A move(a) Alen(a,3)/
dir(a, forward) N past(a,ty.sofa(y))

BAIRATUZS TS MNEFRT(TED
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Complete meaning is sufficient to
complete the task

REBXNS (13DINK) TBELIEKRZSISHT,
HR EN S TEBIREKRIBZRA IR XD (CIHRHT B
« T—HAIR=X - DTYUCEBMUTEBICERD [1]

e ECIN(CEDYTEMRZEEZE U T [2]
- FE7RED (COMNY MZEEIHT [3]
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+ 62 E5FULERBAIE Yoav Artzi D
AT1 r&hg

http://yoavartzi.com/tutorial/
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DCS: Dependency-based Compositional Semantics
[4]

+§,m§§§7a':7 ASANR—RX 20TV
2L CEBEICERDAY AR

Database
; cit state
What is the largest -
. . . h San Francisco Alabama
city in California? Chicago Alaska
Boston Arizona
loc border
Mount Shasta|California Washington|Oregon
San Francisco |California Washington|ldaho
Boston Massachusetts| |Oregon Washington
Los Angles
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+8B[] c FEADRIZWNSOTIUDIED FZ=%E

Input to Learning Algorithm

Training data (600 examples)

What is the highest point in Florida? =  Walton County
How many states have a city called Rochester? = 2
What is the longest river that runs through a state that borders Tennessee? =  Missouri
Of the states washed by the Mississippi river which has the lowest point? = Louisiana
Lexicon (75 words) Database
City — Cl'ty city state
San Francisco Alabama
state = state . Chicago Alaska
mountain => mountain, peak Boston Arizona
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city in California Database
city
San Francisco
Chicago
DCS tree Constraints Boston
@ C € city
1 loc
c1 = {1 Mount Shasta |California
1 San Francisco|California
@o@ / € loc Boston Massachusetts
5
lo = 81
1 CA

@ s € CA California
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. : } : Database
city in California
city
San Francisco
Chicago
DCS tree Constraints Boston
(city) ¢ € city city, &loc, Z2=>31>293
1 / IocC
€> =1 Mount Shasta |California
1 San Francisco|California
@o@ ! € loc Boston Massachusetts
2 e o o e o o
€2 = 51
1 CA

@ s € CA California
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. : } : Database
city in California
city
San Francisco
Chicago
DCS tree Constraints Boston
(city) C € city
1 loc
c1 =l Mount Shasta |California
1 San Francisco|California
@o@ ! € loc Boston Massachusetts
2 e o o e o o
€> lh=51€=> CA &Eloc, Z=>31>293D
1 CA

@ s € CA California
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city in California Database
. o city
IFFABISA (RN San Francisco
Chicago
DCS tree Constraints Boston
(city) C € city
1 loc
c1 = {1 Mount Shasta |California
1 San Francisco|California
@o@ / € loc Boston Massachusetts
5
€2 = 51
1 CA

@ s € CA California
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+HEFIBEARET — IR IR EDNEF (T ED
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6. IKFBIE(CED

&

Divergence between Syntactic and Semantic Scope

most populous city in California

Syntax

(popu/ous)

(most)

(California)

Semantics

argmax(Azx.city(z) A loc(x, CA), Ax.population(x))
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+HEAI—-TJCTY—70 - BIRRAO—UTHEIT

most populous city in California

Superlatives

Execute at semantic scope Q

Mark at syntactic scope
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—TEWZL. ETIEFRDIEL)

Some river traverses every city.

Quantification (narrow) Quantification (wide)

T

X12

T

X921

traverse traverse

1" 2

/ N\

1

Q

(river) (city) (river) (city)

1" 2

/ N\

1 1

Q Q Q

lsome) (GVGIY’ lsomei leveryl
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+H>2 EFFULERBA(E Percy Liang

DA R

http://semanticrepresentation.stanford.edu/

Slides/Percy-Liang.pdf
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+Freebase: HE TEDR T —AHINXR— X CTHFHT
DR Z= T 79D, ELNDIEKRIREE

- EBROANE(F. BRIEIAY) - HFT - VIR E(CE T DIEHK

100M entities (nodes) 1B assertions (edges)

{ ) MichelleObama
"id": "/en/barack_obama", / \ o USSiate
"name": "Barack Obama", Placeslived  Spouse 1992.10.03 A
—7 Type
"notable": { / \ /StartDate ylp
unameu: uUS PrESident", Event21 Event‘B\ . dB/Hawaii
nnnnnnn y
e yu, n -— T
Id ° /government/ Location  Type Marriage UnitedStates ContainedBy
us_president" 1 Contaimedy
/
} Chicago BarackObama PlaceOfBirth—~Honolulu
Location P]acesleed/
} Event3 e Dat OfB/h \Pf Type
https://www.freebase.com ' / / \ 1

Perspn 1961.08.04 Politician City
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+1>25—RKY FCEXLHEHIMMNBDER IS UT.
FreebaseMS&FEX ZIE UL ISR

people who have lived in Chicago

=

{BarackObama,MichelleObama,...}
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+ [DCSM/Z] 777 0O0—F 151

people who have lived in Chicago

Type.Person M PlacesLived.Location.Chicago
S
Freebase

{BarackObama,MichelleObama,...}

29

-

/\

Type PlacesLived

\

?

Location

!

Chicago

J
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+ UM U Freebase (ZE&DBTIEADz--

—

— Freebaseld. B&IIW)E

- [XK<HEHMNMDER] ©. BRAIGY)E

=%DB

“What is the longest
river that runs through a
state that borders
Tennessee”?

=

Zr 0

M BERZT F EHTULND

S (CRAT DD

Freebase

MichelleObama

Places

/

Lived

people who have
lived in Chicago

BarackObama-
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+Freebase-QA =iKS. E>EHFA LT M

JF32 [6]
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1. BRIXOHDE

(BEICEK>THLKWY)

| MichelleObama |

/.

Freebase®  — RICYWF / ™ people who have

2. XvF=njz/) —RoOFED

DJ)—RECHLT, ZTAHE T T

et | lived in Chicago

o

ZT\\ @ 5 j:)\ t\\ 5 j:)\% Eléu II_E 3_ 5 ’ ! BarackObama-

DR MNT D
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+:¥ U < (& Xuchen Yao & Jonathan Berant
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+ Cld. Freebaset BE{ZDBMDIEL &
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+/511 : Freebase

{
"type": "/people/person",
"name": "Barack Obama",
"E null

}

"type": "/people/person”,
"name": "Barack Obama",
"children": |

"Natasha Obama",

"Malia Ann Obama"
I,
"place_of birth": "Honolulu",
"date_of birth": "1961-08-04",
"height_meters": 1.85,
"parents": |

"Barack Obama, Sr.",

"Ann Dunham"

],
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* <F¥E> BB, &1T, BT, fL—=27, ...
<Z1&> 8%, tHF, ..

<TH&>T, 7o, fRbe, & +w, LAY, ...

<(EfM>FIZ, &, vhl), £, ..
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“What is the longest river that runs through a state
that borders Tennessee”?

NEERT

state loc border
Alabama| |Mount Shasta|California Washington|Oregon
Alaska San Francisco |California Washington|ldaho
Arizona Boston Massachusetts| |Oregon Washington
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+ L 0— REYD B I 12/E(FERIEX
DOEBF CitihENd

X' Bfg “books read by students”

Moy L read N( student x book )}

Nn: 3ZD0D

read student book
/
T ETJ'?; SUBJ OBJ ARG ARG
Mark New York Times Mark Linear Algebra

Mary A Tale of Two Cities John A Tale of Two Cities
John Ulysses Emily Ulysses
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city in California

[T

DCS tree Constraints

G ceany JTU (BIRAHR)

1 mt; { loc N(city xCA)}
C1 = 21
]. - N —_— A3 .
@O@ € & loc E{_H:EEE:_EE (jAgﬁ) $
: l— s .31 Ts(cEcityAc,=l,
1 ANIElocA l=s, AsECh)
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+ A%, (RDZ(F(TRVY) REEIEFESH SR
SRV EBRITROVERED, 2D = (TR ((C
IFLIDCSAK) &EHSHE S mIBiE R CHHOIND

[8,9]
T: Hurrican Isabel, which caused significant damage,
was a tropical storm when she entered Virginia.

storm H: A storm entered Virginia,
ﬁR TIME
MOD
ARG

causing damage.
ARG TIME
Hurrican_lIsabel##l  tropical enter

enter
ARG %OBJ /;;BJ
&SUBJ \ ARG / ARG
cause

OBJ
SUBJ
she#1 ~Virginia ARG ARG
OBJ storm€ >, /SUBJ Virginia
cause
dARG i
amage MQD
M\ARG ARG
significant

damage
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+/\STL XA EHAEDETESZEETED

T: Tropical storm Debby
is blamed for death.

blame cause

OB prep for SUBJ OBJ
ARG ARG/\
Debby ARG Debby ARG

ARG death ARG loss

prep of

ARG - ARG -
storm storm ’ fARG

MOD . MOD iTe

X is blamed for death

ARG _ ARG
tropical - X cause loss of life | tropical

H: A storm has caused
loss of life.

sto

cause

SUBJ OBJ
rm ARG
loss
prep of
.ARG
life

+HERI NLEZLTESNZIL—X - RINL

DFBE 72 ) \

= JL—XA

sk & UCH

E,uxlga'f%muuﬂtd) State of the Art

19 52L& TC.
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—“What is a Knowledge Representation?”
Al Magazine, 1993 [11]
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Event Calculus B} E

+Event & Fluent

— Event (IHDFRT [F22D] EMELRS

it

WakeUp(p), FallAsleep(p), -
— Fluent (FREFRTEEENENDD D34S

Awake(p), -
- ERBFDANR MERXT—BOD

XBHSBU D

+Event ' Fluent 28X 3
— Initiates(WakeUp(p), Awake(p), 1)

ERDFR 1 T) BED &

BOIREBHNE(CIRD

— Terminates(FallAsleep(p), Awake(p), 1)

72
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+The Common Sense Law of Inertia

—AEARD MRS RRITNL. Z<DIREE(EZDES
RBEHElTDERN DD
HAMND ZDITDdE. DVWZEIRKICIED
- > AOEMEEAIE DRI Z ERE U
- HoldsAt(On(Lightl), 0), =HoldsAt(On(Light2), 0)
52l O (CHWLT. EDBMDEDNTIRLY

Initiates(e,f,t) < 3l (e=TurnOn(l) A f=0n(l))
[DIFD] ZEBS HHD\D%j\/(Z@'%HizgS(i@L\

Happens(e,t) < (e=TurnOn(Light2) A t=1)
i5%l 1 TLight2ZDlF/c. ENLIMRlBEE C 5o e

- HoldsAt(On(Lightl), 2), HoldsAt(On(Light2), 2)
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+ XG5 (MelfE%EdDp D T, TNTENEALERIET
Dz UTWTC, #EEmICHWTEAREE®
RIZITDON. £EEELUTHD

— ESHEEININDOREZUMRL. EWDERNDD

Observation: HoldsAt(p, ©), -
Trigger: y = Happens(a, 1), -

Positive Effect: v — Initiates(a, 5, ©),

+ CORHA T ABDRBERT

=) UE
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+ 151

— “Smoking increases the risk of cancer.”
HoldsAt(Risk(p, ry), 1)
= Initiates(Smoke(p), Risk(p, r5), 1)
& Initiates(Smoke(p), r, > rq, t)

HoldsAt(Risk(p, ry), t)
= Terminates(Smoke(p), Risk(p, r,), 1)

— [—EEELZ&F. URTEHNKRELEDOT, AEL
IRWEKRSEWVWEFE] . REDHERNHRSD

— increase(smoking, risk) DEXSIREEZH LT, & T ad
hoc IR)L—ILTCNZI/RD L DIE. %539 D ELW
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+EEUIBORKREIT—FZF>T. 7 —4
BB E(CHEBNDDN. AIEROIRAFTREA
(I +FE BRI RDOBEZE X CE /.

ToSD1 51 MIMEUDREMNE LU

+ BARASEH S ARSI AT O
< EcABBIN. BEaZlbtZxEcEAEND
CmIBHEmZITRDEDRTI> T U TR
rE= 78\(/\_\,73\3_5 ( THZ(C1RD ERMmmH
3] C ZUEL )L CHAL TLDT
U /7\<‘:73\)
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+:¥ U< (& Erik T. Mueller OEZ
[Common Sense Reasoningll (CEHE
http://www.amazon.co.jp/dp/0123693888/

COMMONSENSE
REASONING
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