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“Bob had dinner with his friends
at his favorite Japanese restaurant just now * (have dinner, be full)
and he is full.”
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Tom killed nancy.

co-referent The police

2. FOHOROSNIHMRRIICEHL © TRESHFAL HEAY
DOfIE; IT&B — (XKkill, arrest X)

3. EFIVE : pmI TEBED RS EET L

p(Xkill, arrest X)

PMI(X kill, tX) =1
(xhill arrest X) = log p(Xkill)p(arrest X)
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+ (“Tom had had absent repeatedly.”, “He was fired.”)
— (X have, fire X)
+ (“Bob has a talent for accounting work.”, “He was hired with

favorable treatment.”)
— (X have, hire X)

Z DIFEIC BB R A

« (X have absent repeatedly, fire X), (X have talent, hire X)
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AN XDRTDEE D = {(si, t:)}L,
HA TOXDEIEEDRT DEA Z = {(xiyi) L,
BHES Z " Py & BT maximize D[Pxy||PxPy]

**XiZYi*
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I(X;Y) = KL[Pxy||PxPy]
_ log PY)
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BREE ((ERHERE) : HSIC
Hilbert-Schmidt Independence Criterion [retton+05]
o N—RIVEXR—ZXOMIIM, HBURE
HSIC(X,Y) = MMD?(Pxy, PxPy)
P Z = (e y)Y,

~

Pxy ICX9 B HSIC DEEE

HSIC(Z: k, €) := %tr(KHLH) = %m(f{i)

K = (k(x;.xj)) € RNV L = (6(y y;)) € RNV

k:XxX>R(:YxY >R (EEEBH—RI)

K := HKH, L := HLH (F/0ME2'S L1751)
H=(6;; - N e RVN
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¥RSR . Metropolis-Hastings

BUF D537 LT Metropolis- Hastlngs(MCMC) ’C*J“/7"J >y
(BEERELELTHREALEREL, YR = —ERICYFB)

p(Z; k, ¢, B) < exp(B - HSIC(Z; k, £))

DU DOROND FZZEZBHSHERMICILED

q(xj1x;)
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. MEOERER © Z = {(xiy)},
CAREEBR x; Felly; 2O EDBER ¢(x12) = 9(y12) = 5

. BESER  BRSNfcxZ DI DNICEZ TH UL WSRO EE x’ %
ED (q(x'|x), FILWEMERE Z' ={...,x.yi),... }L, =183

[ g(x'|x) v

/

){;‘ X XC/D f
) o M (x)

q(x'|x) = 1/|M(x)| (x" € M(x)), 0 (otherwise)
. X min(l,r) ¢Z' =XHE

_pZ5k 6B 9(ZI1Z)
Pkt B) q(Z'2)

= exp(B - (HSIC(Z'; k, £) — HSIC(Z; k, £))) -
. 2-4 ZEDIRL

q(x[x’)
q(x’|x)
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I have had breakfast at my house . I'am full.

We had special dinner. We are full .

| have had breakfast at ten . I’m full .

They had breakfast at the eatery . They are full now .
She had breakfast with her friends . She felt happy .

| had breakfast with my friends at my uncle ’s house . | feel happy .
They had breakfast with their friends at the cafeteria.  They felt happy .
He had lunch with his friends at eleven . He felt happy .

I had trouble associating with others . lcry.

He had trouble with his homework . He cries.

| have trouble concentrating . lcry.

She had trouble reading books . She cries .

$BLE (h—=J)

k(x;,x;) = cos(ave(wordvecs(x;)), ave(wordvecs(x;)))

{(yi,y;) = cos(ave(wordvecs(y;)), ave(wordvecs(y;)))
7L —XEEUEORBNGRE, ZEFHEENT NLZFA.
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Xi Yi

I have had breakfast at my house . lam full .

We had special dinner . We are full .

| have had breakfast at ten . I’'m full .

They had breakfast at the eatery . They are full now .
She had breakfast with her friends . She felt happy .

| had breakfast with my friends at my uncle’s house . | feel happy .
They had breakfast with their friends at the cafeteria.  They felt happy .
He had lunch with his friends at eleven . He felt happy .

| had trouble associating with others . lery.

He had trouble with his homework . He cries .

| have trouble concentrating . lcry.

She had trouble reading books . She cries .

v 1 ERIFHIRT D BEE (dinner, lunch) DB EE (breakfast) & DFELUEIC

BEOWTHEaINn3

v £270Y YD (with) friends NES N, ED > GEOFHEBHIC
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raw data abstract representation

1. abstraction 2. training

D={(s;, tz)}z* Z={(xi,yi)} * model g

(x,¥)

training

1. abstraction 2. scoring

Gt) - ()

test score

FB (nHEs)
1L A—/ANSHBRIEZFHOXHZNE © D = {(si.ti)},
5 - (“Tom killed Nancy.”, “The police arrested him immediately.”)
2. HIRFRBICRBE U TRE  Z = {(xy)},
% © (X kill, arrest X)
¥l
1. X5 (s, t) ZHREKR (x,5) ICEE
2. ED ZEAV (xy) DEEOBRIEZRAT U VY g(xy; Z)
FHEREE : AUC-ROC
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Poitwise Mutual Information [csJ0s]

PMI(x,y; Z) = log ]Z(;)—(C’E’yy))

Pointwise HSIC : FlMb L ic h—XRIVEEHETE
i .
PHSIC(x,y; Z) := ~ ; k(x,x;)¢(y, yi)
k() BB T —4 &= {x;}Y |, THRIMEUTcA—RIL

N
7. ’ ’ 1
k(x,x) := k(x,x") — N JZ:; k(x,x;)
L & | M
N le k(xi, X') + — le k(xi, x;)

i=1 j=1

XICANERINTWNIE k(x,X) = k(x - X, X' — X;)
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PMI:MIl ~ PHSIC:HSIC
PHSIC IZEEBE TR L—Y YT UIEPMIICRZ %
PMI T3 (x,y) DEEEDOR &

e X=X Ay =y 8% (x,y:) DEE - PMINER
e x=x;Vy =y, 83 (x5, y;) D’FTE — PMI DMETF

PHSIC TH|% (x,y) DEEEDR &
o k(xx)l(y,yi) > 0123 (x;,y;) DFELE — PHSIC B’ LR

xR xAyry " DESER
o k(x,x)l(y,yi) < 0783 (x;,y;) DFELE — PHSIC DMETF
PMI:MI = PHSIC:HSIC
MI(X,Y;2Z) = % Z PMI(x;, yi; Z)
HSIC(X,Y;Z) = % Zl: PHSIC(x;,y:i; )
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1.0 1.0
0.8 0.8
0.6 0.6
0.4 0.4
C&J'08 =~ C&J'08
0.2 Jans et al.'12 0.2 P Jans et al.'12
y C&J'08+PHSIC C&J'08+PHSIC
N —— Proposed 0ol —— Proposed
90 02 04 06 08 10 90 02 04 06 08 10
(a) Gigaword N = 16,748 (b) FairyTale N =1,673
Method Abstraction  Model Gigaword  Fairy Tale
[C&J'08] Fixed (C&J)  PMI 0.553 0.596
[Jans+'12] Fixed (C&J)  Conditional 0.556 0.576
[C&J'08] +PHSIC  Fixed (C&J)  PHSIC 0.518 0.518
Proposed Dynamic PHSIC 0.633 0.646

v
ElLbEFS

MY R ABICERINEGMZRDZ, 7 7O—FIETFRE

v PHSIC EWSFHETFILTCRAAZHAEEL TWSbIFTIEARW
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