Infinite SCAN:ELRDE & F D
IFE 2t Z [RIRFICHETE I 5

et ET I

PN
B4 - > 27 LIS Gist SRz

daichi@ism.ac.jp

T

HAZEE FEZERRKOSHERR Y VRI I L
2023-11-4 (t)




SHDEE

o HASHEWNEDNE T, EEDOITDIZHIC
T b?'l__?@% =T ET )L

e Infinite SCAN (EMNLP 2022):
FEIBOEKROME., ZOREZE(LZREICHTET S
ZENT % BETETIL (Inoue+ 2022)

e Holographic CCG (ACL 2023):
BEMNEBANRY NLEBICEWT, CCGOEREE%
ZODORY MNLOBEIBHGERE L TE&RU,
XDOARBEENY NMIVZEE LD Z7EULTERY
it (Yamaki+ 2023)




= ng@ :|_- FEﬁ E/\]./E'ft

“Language is a dynamic system, constantly evolving and

adapting to the needs of its users and their environment”
(Aitchison, 2001)
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1853 The driver made room for the trunk on the top of the coach.

1900 The chair passed the coach, the horses proceeding at a walk.

1949 Tell him if | start coaching, it’ Il be as a head coach at a top school.

1995 available for inspection, like the Coach bags offered on Canal Street
2003 Football coach and other top school officials have been interviewed.
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SYaYa
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55N7=“coach”’M A Z_~Rw ~

Z
1853 [driver, make, room, trunk] S>EHE
1900 [chair, pass, horse, proceed, walk] S>EHE
1949 [tell, start, coach, head, top, school] SAR—Y
1995 [available, inspection, bags, offer] >TSSV
2003 [football, top, school, official, interview] D>AR—Y

e ZEXAINRY M., WINHhDEEK(ME Y D) 2 (TG
LTWBEEZEND ‘I }
L |

o £ ETIL :
— BDMERD 6(2) ITHE-S T, 2 IR
- cEYI2HS, NEYIBOHEENE Y(w|2)
ICRE> TEBRDR IRy NAEFEINS

Research Organization of Information and Systems 3§&

The Institute of Statistical Mathematics &



NEY U DHENR UFE

o ZRXINRY KNDERK(ME Y 2)EEDNTULRLY |
> E(E. BFHNICEETES
o Z)LdUX L :
—~BRAIRY bz, EXNICKEDNEY T 20
ENMICEID Y TS (¢(2) Mo hB)
- BhEY T 2 ICEIDHETENEAZIRY MDD
XNEEMENS, Y(w|z) ZEH
- U EZ#ghRT
e AZRYNDIUZRAZYVTICHELTWS




== U...
o HEEDELKIZZ(LT S
> Bt TOEKRDEIS ¢:(2) (&, DPULITDELT S
BZItTD Ny 7-BEREX (vw]z) HTT S
o BLAMENZWELH DD T, DELEBILT S
WENH B
o EIRDBHMKIZ. FERIICITDODM SR
> KIFE T, T U LIBRICK > TEHEIHE




Fe1ThET: SCAN  (Frermann+ TACL 2016)

e SCAN: Dynamic Bayesian Model of Sense ChANge
- ARy NFRIOEHW N EY VETIL

BRAZRY K
[chair, pass,
horse,
proceed,
walk]
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Draw k¢ ~ Gamma(a, b)
for time interval t = 1..7 do
[ Draw sense distribution h
P17t kO ~ N(5(0"1 + ¢511), k%)
for sense k = 1..K do

Draw word distribution
. @Dt’k"l,b_t, &@/) ~ N(%w}t—l,k_*_q/)t—kl,k)? &1’[))4
for document d = 1..D do

Draw sense 2% ~ Mult(¢")
for context positionz = 1..1 do
Draw word w®? ~ Mult(zpt’zd)
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1853 [driver, make, room, trunk]

1900 [chair, pass, horse, proceed, walk]

1949 [tell, start, coach, head, top, school]

2003 [football, top, school, official, interview]
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e All the inference is done by Gibbs sampling.

e Because Gaussian is not conjugate to multinomial,

we employ Pdolya-Gamma auxiliary variables w to
sample «; (and transform into ¢:):

p(Oét \ zaa—taw)

x N (w™ fle) | ) N <at oy, quzl)

ocN(at|,Zl,~_). |

e Precision parameter /-egf) should be estimated for each
topic k:

alill

p(/f(k) | g, a,b)

=1

T
_Ga<a+§ b+ - Zatk—ak)>
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e 7 —7%: Corpus of Historical American English (COHA)
— FATARICEDWT, OITICED BEFEEZER

Word Years Samples  #Vocab

coach 1811-2009 9,758 11,962
record 1815-2009 33,992 23.886
power  1810-2009 142,527 42,932

o ZBRYFHA:
— NX—X Z- >:SCAN, HDP-LDA, BERT

- AR T 5 kY 7 5% Dcoherence & diversity
AN i
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e “coach”:

1.0;
0.8
0.6
0.4
0.2;

0.0-

EFRTEE (1)

estimated senses=2

Infinite SCAN

| | | Tralner
Carnage ‘ ‘

181018301850 1870 18901910 193019501970 1990

B come go horse drive stage door stop take

B football team year head say season

Semantic shift: “carriage” —

“trainer”

1.0

0.8

0.6

0.4

o
N

o
o

SCAN

181018301850 1870 1890 1910 1930 1950 1970 1990
smoking deliver lawrence ward combination
pound montana football mccartney team
passenger stage day railway fare train
lord ride mayor tavern servant come
harvard team football physical sentiment
dame notre tone brian capable buffalo
loud pleased athletic net swimmer yale
door stop horse stand hand side moment

Research Organization of Information and Systems

The Institute of Statistical Mathematics

)



0.0-

EERAE R (2)

“power” : estimated senses=6

Infinite SCAN

Authorlty

Mental_ H

18101830 1850 1870 1890 1910 1930 1950 1970 1990
B man know god love life mind men give
B political party military balance great
B congress state government court law
Bl plant water steam electric engine supply

Sense birth: “energy”

1.0

0.8;

oo
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o

SCAN

1810183018501870 18901910 193019501970 1990

world military soviet great nation japan
god thy eye love heart voice felt thou

mind mental human knowledge intellectual
purchase plant company tax nuclear

get know say want men woman man

state congress court law constitution

party political government republican
steam engine horse water heat speed
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KRG (3)

o TTFILIEFEBEKODHMEIFUKHEKETETWEDOMN?
e OntoNotesT—% v kM55 V45 LIC1205E
BATETIZETEL., IEERZEE

Model Accuracy PCC 4.01
HDP-LDA 0.258 0.019 3% T T T 1
O 3.0 [ |

BERT + K-means 0.217 0.026 s T o

BERT + DBSCAN 0125  -0070 g | T

SCAN (K = 5) 0.158 0141 & i

SCAN (K = 8) 0.000 0.087 R — e | | |

Infinite SCAN 0.358 0.474 L Accual numBer of seneas °
Prediction results for the number of senses. Correlation between actual and estimated

number of senses by Infinite SCAN.
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Book flight through  Houston
S, VP, Verb S,VP. X2 S,VPX2
Nominal,
Noun
[0.1] [0.2] [0.3] [0.4]) (0.5]
Det NP NP
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Nominal, Nominal
Noun
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HAHE O EEEEIUE (CCG)

Investors are appealing to the Exchange Commission
NP (S[dcl]\NP)/(S[ng]\NP) (S[ng]\NP)/PP PP/NP NP/N N/N N

N >

NP

PP
S[ng]\NP ”
S[dcl]\NP g
S|dcl]
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Investors are appealing to the Exchange Commission
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Holographic CCG

o EAMNML AT 7:CCGENY NILEREHEAELE
S5NEWNH?

e CVGD K SICERBIC/INTAXA—=INH B E. BRI
INTGAXA—=IDNREBETEZFELTCLED

S = \

o AN, 2DDNY MNLZEKTHRBLD LKL
MERRTTEIETE WD 7
- Holographic composition (Plate 1995)
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Holographic composition

o HIZHY T 7 DIEHIAHFEE U T, Nickel+(AAAI 2016)
TIRE (=Y DX [EPlate(1995))
e Circular correlation (X&[2]1H[E)

c=axb
* EF: d—1
]k = ng:o aib(k+i)modd
a [
b N <
bs1 NN

bso! NN <
b3 N o
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Holographic composition (3)

o [H'5:
— Non-commutative: /5% {R7F
axb#*bxa
— Non-associative: & % 1R1F
(axb)xc#ax(bxc)
—- BXHEEZRTE: 12 & Z 14 “loves to eat” D
N7 NLIE

V¢loves to eat” — Vloves X V¢t eat” — Vioves X (Vto * Veat)
o Z1IE (Vloves * Vto) * Veat CIFETED
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Holographic CCG
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“My sister loves Vo:5

to eat” O\

V0:2

%_jr “My sister loves to eat”

@) V.
CK‘ €6 _ ) 812 /V(25\O‘ 045
sister A V3:5 5
/ “eat’,
O Va3
V0:1 “loves”
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((M ) V34
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;g B%—E@ ?j'léji' D fl%_jr “My sister loves to eat”

Phrase Category
Classifier

Span Existence
Discriminator

Oéé’o:l / loves\b Wog? Ca:cegory
assitier
"My / © ONVAA—//

fo
o SR UHERENRT NI EFNFNDAICIEL L
TINS5 LS5, UGEECTHERIVIDEENRT Nz
x1E1t
o HIZMICIE. XS&ELNIETXW
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Transformer(REZFE) D510 515
o ZEEDANEHIAHE U TRoBERTa%Z fEFE

(S\NP)/ (S\NP)/
1 0 1 1 1 Np s S\NP S\NP S\NP(S\NP) (S\NP)NNP/N
A
|

A A A A A A A
| | |

[
Span Existence Phrase Category Word Category
Discriminator CIassnfler Classifier
f A

e e e e e e e e e

n——_———_——_—————————.

/ Deep Contextualized Encoder (RoBERTa) \

=

“My sister loves to eat”™
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e CCGBank& LS Wall Street Journal® 5 — 4 CTEE

— ~ \\ N = = Ab
e IH7E. Ea—YRXTFTa v I BAEZIRWTHREES MR
Model Super-Tagger Parser Acc LF
Lewis et al. (2016) LSTM A* 04.7 88.1
Vaswani et al. (2016) LSTM C&C 04.5 88.32
Yoshikawa et al. (2017) LSTM A* (LSTM) - 88.8
Stanojevi¢ and Steedman (2020) LSTM Shift-Reduce (LSTM) - 90.6
Tian et al. (2020) Attentive-GCNN EasyCCG 96.25 90.58
Bhargava and Penn (2020) LSTM decoder C&C 96.00 90.9
Liu et al. (2021) Category Generator C&C 96.05 90.87
Prange et al. (2021) Tree-Structured decoder C&C 06.22 90.91
Kogkalidis and Moortgat (2022) - icterogeneous Dynamic . 96.29 -
Convolutions
: C&C - 91.9
Clark (2021) Tian et al. (2020) Span-based 3 92.9
: C&C 96.60 92.12
Ours (L + Lp + L5, Real) Holographic Span-based - 92 .67

Table 2: Comparison of the proposed model and existing methods; best results

are shown 1n bold.
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N-NP
S[b]\NP P
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(S\NP)\(S\NP) o N cash

¥ S o\ nvestors
(’“\ S[bl\NP - N funds

e = 0 _"..é_-;j{::.,,» Swmone
S[dcl] S[to]WP‘“-~-'~>:r:-;7--L.;,;.«:}s;?;\,pour e

-0.4

e 768 RITTDNYU ~NJLZERZPCATIRITICEHE(L
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HAVEIRE > SEIC

ICEJ U 7=y 3B &

8], O I\)lz?b\b\ TV MNCHEICRT C &
EEHL U fo 7B SH M

ID Sentence Replacement Candidate Sim. NPMI

3 : . : Mr. Baris 1.00 0.19
e Yinken is chairman of Elsevier N-V.. by, Novello 100 0.10
SRR SRR Ms. Ensrud .00 0.11
When Scoring High first came out in 1979, BTty D25 Lo
/. 't g s Rt sold out 0.91 0.29
it was a publication of Random House . e 090 0.4
In early trading in Hong Kong Thursday , ford & i D s
3 for $ 60 a bottle 094 0.29
gold was quoted at $ 374.19 an ounce . g T 0.93 0.34
what she did 096  0.28
4  Judges are not getting what they deserve . what they do 0.96 0.36
what we do 0.89 0.35
Despite recent declines in yields , investors ey e s 2 FrcEisen g lat?ts e st
5 : : In a victory for environmentalists 0.86 0.22
continue to pour cash into money funds . On the issue of abortion 0.82 0.27
to provide maintenance for 0.83 0.27

6 Despite recent declines in yields , investors  other manufacturers X :
continue to pour cash into money funds . to share data via the telephone 0.79 0.21
to cut costs throughout the organization  0.77 0.26
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