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http://www.cl.ecei.tohoku.ac.jp/~yokoi/
http://www.cl.ecei.tohoku.ac.jp/~yokoi/
https://speakerdeck.com/eumesy/language-models-as-modern-version-of-the-use-theory-of-meaning
https://speakerdeck.com/eumesy/what-can-language-models-swallowing-corpora-tell-us-about-language
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https://speakerdeck.com/eumesy/what-can-language-models-swallowing-corpora-tell-us-about-language
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beautiful dog
)
pretty \
language
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HEEEHIAHZER CHITSD =0k as 21 DHI

FHOS—DteE

!

I
!
queen

king [Chen&Peterson’17]

[king & queen DFRLRDERD |
~ [man & woman OEROERD |

~ND MVEIT DR

[king XU ML & queen XD NLDEW ]
~ [man NXZT L& woman R NLODIELY ]



HFRIE8DIA

AHZERICHITSD =0k as 21 DFI

a . 9ay (1900s)

sweet

flaunting cheerful

tasteful
pleasant
frolicsome

witty Y gay (1950s)
bright
gays isexual

gay (1990s) homosexual

lesbian

1.RF1R, HSOHR
2. BE&UR, EUL)
3. AIEZEE (D)

NP MVERY

DT TR SIBERBND

1850FDTFRA N THEHE
U7z broadcast N2 ~)L

b

spread

broadcast (1850s). eseodvv

SOWS
scatter

broadcast (1900s)
newspapers

circulated

television

radio
Hhc broadcast (1900s)

1. E5FL, WMEH5T
2.[LHD, EIzdD
3.10X 9D

C solemn
awful (1850s)
majestic
awe
dread

ensive
glocg)

horrible

appalliwg terrible

awful (1900s) wonderful

awful (1 9903)
awfulljreird

[Hamilton'16]

1. B (CmEE, SER
2. ILJ\Z) L_/L/\
3. 65T LY
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https://www.youtube.com/watch?v=MAWfFasX-vQ&t=5087s
https://speakerdeck.com/eumesy/natural-language-processing-tells-us-the-shape-of-language
https://www.youtube.com/watch?v=MAWfFasX-vQ&t=5087s
https://speakerdeck.com/eumesy/natural-language-processing-tells-us-the-shape-of-language
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NI MleRed L, BRW (=8fEHFRD

ZOXSETD) A - XDARI BIVHTED

w

conference

WDominica
S “the conference in Dominica”

[Mitchell&Lapata’10, Mikolov+13, Wieting+'16]
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conference

WDominica
S “the conference in Dominica”

[Mitchell&Lapata’10, Mikolov+13, Wieting+'16]
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HENMNDOREYVZRDIESWN © RS

[Oyama,Y,Shimodaira,EMNLP’23; Y,Bao,Kurita,Shimqdaica Me

EctEmR(TAS

X ETELWVWDER S ZMED

IEERIERDEE CEDA I:%E NI NILDES
gdi 10.13 /8.2 —_—
phosphide 10.10 82.2 —
tachycardia 10.00 82.1 —_—
of 0.09 1.2 —
and 0.08 0.9 ->
1.0 >

Rl 8
%ma+, Norm of Word Embedding Encodes Information Gain (EMNLP 2023)
> Yokoi+, Zipfian Whitening (NeurlPS 2024)

EDY L ERECHILT D



REDEEE, FBLEDSOBARIZEERD

[Oyama,Y,Shimodaira,EMNLP’23; Y,Bao,Kurita,Shimodaira,NeurIPS'24 ]

BISESN & DRI =
NEw OEREDHBH ,
2 Iw|l

01—/ R DB ST HIEE w RSN RS T

Ii?\ = E&ﬂ\ bl

U 1L H njﬂ_—ﬂ\ﬁ

W W, W Wy Wr 11.)‘147772

s |l
=
===

g

A
\/
1
i

[HBDXI(C “the” "ADTWD] < BEMEECDVNTKEFEAEMED

AN VAN A
&%%Y(Z “agglutinative” MADTWB] « BEMNEEDIERMHN —IC

> Oyama+, Norm of Word Embedding Encodes Information Gain (EMNLP 2023)
> Yokoi+, Zipfian Whitening (NeurlPS 2024)



;I‘%d)g%ﬁ/\‘a I\)bB Top 3 (w.r.t. KL)

CY. QN BE 2K JIDA2
ﬂﬁﬂﬂﬁ D @ﬁi’] tachycardia 9.997 82.119
phosphide 10.101 82.283

gdi 10.135 78.180

JIVLDERWRICE
hEw OZRRDDENEF
1. (EE) %88, 38R

Commonly used vectors

2. U At
— y = 10x 3. EPIATE
= :
N - EEOEFILTE
= o0 578 (L f)
o 40
20 Bottom 3 (w.r.t. KL)
HFE 2*KL ZJILLA2
0 the 0.076 1.036
- _Ebtw* J_._YO) 4 6 8 and 0.083 0.904
50 /0 == 0 . :
~Ew o - 2KLPCIWIP() f o o
L sOEVMBIIZ (3

® Oyama+, Norm of Word Embedding Encodes Information Gain (EMNLP 2023) I\ t B4 0%‘;;%&)5j]@55b\$5573\$q3

> Yokoi+, Zipfian Whitening (NeurlPS 2024)
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T e I FEmEmADT /) \— MMTRETTZLY.
E2 EBERENREITIFE?

® HEH, X & BAS FELIE (NLP 2022)
S EH, BEEIFOICERET A EBEEnE— D (7512 A MCEDEEBUE] (NAIST DSC NLP Seminar 2022)



T e I FEmEmADT /) \— MMTRETTZLY.
E2 EBERENREITIFE?

B HLESRITIRIX T B0
HENBETS

® HEH, X & BAS FELIE (NLP 2022)
S EH, BEEIFOICERET A EBEEnE— D (7512 A MCEDEEBUE] (NAIST DSC NLP Seminar 2022)
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I (= X BDMDNSIEWN)
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® HEH, X & BAS FELIE (NLP 2022)
S EH, BEEIFOICERET A EBEEnE— D (7512 A MCEDEEBUE] (NAIST DSC NLP Seminar 2022)



TS CEo IS ERZETTRDT /) \— MNIEITTZL).
Ho2 EBENEITHIE?

B EX = RREOEHNASTH CikEnX 1A MekHDEE

® {EH, FREHNX & HASEUIE (NLP 2022)
% EH BSOS ET — Qta—ﬁ%u_—_ﬁi*ﬁm [7SA A MCEDFEBUE] (NAIST DSC NLP Seminar 2022)



Semantic Textual Similarity (STS)

INEDDTFA FOFABIEDAE

AT o

s: “Two boys on a couch are playing video games.” _
, 4,5 mostly equivalent
s': “Two boys are playing a video game.”

s: “The woman is playing the violin.” not equivalent, but

1/5 -
s': “The young lady enjoys listening to the guitar.” are on the same topic
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NI DDTFA FDOFABEDHAIE
BASEBUVE Tl CHEE(CHNEBENDI T I IL—F>
W1 FRBERK 1 = AT LANDVERLIZY < AEIDOEWZEARD
S AT LADENX (RN IED EENSBSVFP Y ITNHD ?
IBKREIER, BEFHMEIRE

F v by MOFIIFESR(C
Ehnsd

B2 BEETFAMRER : X« ¥, ¥E o XE, VI o XE

RRMERE THAAR LTz (retrieval-augmented; RAG) SEEF /L,
FEAME (CED < 54BA, etc.
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Robin Warren was awarded a  Nobel Prize .

V2NN

... Australian doctors Robin Warren and Barry Marshall have received the 2005 Nobel Prize in ...

* Sultan+, DLSS@SCU: Sentence Similarity from Word Alignment and Semantic Vector Composition (SemEval 2015)



Word Mover’s Distance [kusner+'15]

SGEUE < EEFHx

XX

EHZEND N LUZER _E TREFE D

BEHE A MEZE R D

X1 : EHEEIBAZEBTEHNED CULDAIE (before)
X2 : EHFEIEAZEBDEHNED TLDALE (after)

document 1

Obama
speaks
to
the
media
in
Illinois

‘Obama’

.*.

‘President’

3 2
greets
o

«”

‘speaks’

Chlcago

&

Illinois’

medla

press

document 2

The
President
greets
the
press
in
Chicago

word2vec embedding

» Kusner+, From Word Embeddings To Document Distances (ICML 2015)




Word Mover’s Distance [kusner+'15]

FAUE < sEnE

XX

AT

VAN N Ve i 1

5\(

7_ EEO>TCHD

X1 : EFEIBAZERIDOTIZOMIE

X2

BIRMEVEERT (THEFT/(—h) &
X 1R SAYEL)

BIROIF = DOEIRENENX 1A MDOARKE DRERE(C
X1, 22: =X MOEKRHMNMUTULD < KX M T

document 1

Obama
speaks
to
the
media
in

Illinois

‘Obama’

.*.

EHEBEIBAZER DT/ (— hDAIE

‘President’

Chlcago

&

Illinois’

3 2
greets
o

«”

‘speaks’

medla

press

document 2

The
President
greets
the
press

in

word2vec embedding

Chicago

Kusner+, From Word Embeddings To Document Distances (ICML 2015)
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Word Mover’s Distance [kusner+15]

FBE < smEEnx1X b~

BT NUVZERZEHNIZE B> THD

AT
X1 %E IHIAZER D TIHOAIE
YZ ' iEl_ FlEﬁG)T} \— l\d)'fi% _document 3
‘natural’
= I]*j:)\ k/ \gngl__lj: (Iiﬁ C‘:_T} \_ '\) (3: ‘awesome’ o ll:l?;:llzzle
X 1R MAMELY ° processing
“document 1 ‘greets’ document 2 is
‘Obama’ o awesome
Obama P / T%le
speaks ey, , ‘speaks’ President
i President greets
the the
media Chlcago press
in medla in
Illinois Oﬂ Chicago
Illinois’ ‘Pr eSlS i ‘processing’
anguage °

word2vec embedding

Kusner+, From Word Embeddings To Document Distances (ICML 2015)
SROIT S DOEENEIX DX FORS SOMEICESTHRIND
X1, 322 THFABMDEKRMATLNDS < KIXMTHEHIXELEND
X1, X3: TFX POBKRANMUTLVRL © SLEIXT X MSHIND
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Word Rotator’s Distance [vokoi+'20]

AUE < sE#nx X ~

w(walks) ¢

-

w(walking)
IRE  BKEDLE(CRD

NLOEEZE LT, w(beach)
QT =2 LTH e IS w(coa;t)

- ‘

EER | FACUEHEEDMEREN B LMY D

STS’15 STS-B Twitter

GloVe — Additive Composition
GloVe' 56.08 45.57 29.35
GloVe + WR' (Aroraet al., 2017) 67.74 62.85 40.03

GloVe + SUP' (Ethayarajh, 2018) 74.38 71.03 50.24
GloVe — Considering Word Alignment

WMDY (Kusner et al., 2015) 67.11 52.19 45.04
WRD 68.80 54.03 43.86
WRD + VC(SWC) 77.63 73.14 56.81

" Yokoi+, Word Rotator’s Distance (EMNLP 2020)



> R[FFH

BHLEXEIAPZEDS SR

REBIIRDSEICET &
X DEWEE X DED

BEFBOEEE (IR U ]

=

Word Mover’s Distance [Kusner+'1!
XD a=1/n,..,1/n), EEX3M :b=(1/m,..,1/m)

@EHXI\ . Cij: |Wi_ ],”2 . o
5 . BARASEULEDEE(CEIT &
NEELEDETIL ¢ Wi(a, b; 0) [ B SE DA (ZEHEE T N)LOD

EDiEEE TS |

HE5 <EIBRIZDAN
[T NLDEFE D DIE & ik C
HAIDFELULD] ERROTEEED
o EBEARYIF

® Kusner+, From Word Embeddings To Document Distances (ICML 2015)

> Yokoi+, Word Rotator’s Distance (EMNLP 2020)
> Oyama+, Norm of Word Embedding Encodes Information Gain (EMNLP 2023)

> Yokoi+, Zipfian Whitening (NeurlPS 2024)



> R[FFH

BEHLEZEIAMZESERD L “"BAR" b

[SEBOBKRNMNRD MLZERBICE SIS
SNTVDIH] ZERDE
ZE5DAMEDIMNCER

HEART MLDOES(CE
HEOEEENITBR (CIBHDIAFTNTLD

[Oyama+'23], [Yokoi+'24]

Z &l : Word Rotator’s Distance [Yokoi+'20]
XD a < (Jlwyllz, o, lwnllz), b o (IW'ellz, ..., IWinll2)
XA @ € =1 — cos(w;, w))
SXOIHBMEDETIL : 0T(a b;c)  BIBIFROIFRMECL AR

Kusner+, From Word Embeddings To Document Distances (ICML 2015)
Yokoi+, Word Rotator’s Distance (EMNLP 2020)

Oyama+, Norm of Word Embedding Encodes Information Gain (EMNLP 2023)
Yokoi+, Zipfian Whitening (NeurlPS 2024)

| O .



Word Rotator’s Distance [vokoi+'20]

AUE < sE#nx X ~

w(walks) ¢

-

w(walking)
IRE  BKEDLE(CRD

NLOEEZE LT, w(beach)
QT =2 LTH e IS w(coa;t)

- ‘

EER | FACUEHEEDMEREN B LMY D

STS’15 STS-B Twitter

GloVe — Additive Composition
GloVe' 56.08 45.57 29.35
GloVe + WR' (Aroraet al., 2017) 67.74 62.85 40.03

GloVe + SUP' (Ethayarajh, 2018) 74.38 71.03 50.24
GloVe — Considering Word Alignment

WMDY (Kusner et al., 2015) 67.11 52.19 45.04
WRD 68.80 54.03 43.86
WRD + VC(SWC) 77.63 73.14 56.81

" Yokoi+, Word Rotator’s Distance (EMNLP 2020)
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Robin Warren was awarded a  Nobel Prize .

V2NN

... Australian doctors Robin Warren and Barry Marshall have received the 2005 Nobel Prize in ...

* Sultan+, DLSS@SCU: Sentence Similarity from Word Alignment and Semantic Vector Composition (SemEval 2015)
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Robin Warren was awarded a  Nobel Prize .

... Australian doctors Robin Warre{and Barry Marshal®have received the 2005 Nobel Prize in ...

* Sultan+, DLSS@SCU: Sentence Similarity from Word Alignment and Semantic Vector Composition (SemEval 2015)
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EFNN—>3 20

—E8RIElI< Y F OB

RESORESEBRBIXZLEB U =LY [wang+'20]

YB & XC HEBICE
ENRBRTHD L=
sTEUEIINE
B: lam awful.
C: | lost my key at restaurant this evening, too sad.

) @® (key, 0.2, 0.15)
“awful” & “sad” 1ZVF

RYFIdTCENE+5 (awiul, 1) @ (restaurant, 0.2, 0.09)
O
(sad, 0.2, 0.46) ® (cvening, 0.2, 0.12)
. @® (lost, 0.2, 0.16)

> Wang+, Robust Document Distance with Wasserstein-Fisher-Rao metric (ACML 2020), Figure 1, Wz

SZC RODIENDEFERS (“key”,
“restaurant”, --+) (FER LU
BUERATUR, BLEN] (TULIEL
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—E8RIElI< Y F OB

EFAR—23 > L1350
ZHDOOED

BENXEZ 2 T/=L) [Swanson+20]
CNS52DDE RN
BhE LIRS EOHhBDE

Can | find duplicate songs with different names?

| have so many duplicate songs but they have different names. &-------
:-1+ Is there an application | can use to find and delete the duplicates?

.-l How to find (and delete) duplicate files?

LLhave a largish music collection and there are some duplicates in ¢---

r‘f‘id)ﬁllﬂj: b\}l(‘j'h_f\ LJ_C rre. Is there any way to find duplicate files. At a minimum by doing
p

WTC DY [ET BNy ash and seeing if two files have the same hash. ... I'm happy using
UTLAHS » command line if that is the easiest way.

> Swanson+, Rationalizing Text Matching: Learning Sparse Alignments via Optjmal Transport (ACL 2020)

DX =B (CDULTIE
HFADOEBIEIEAICHIET DX
NETE LU CTULVR LS THEEDRRL
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Optimal Partial Transport [Caffarelli&McCann’10][Figalli'10] :
2EDOEHXREDSETICELIEZSEXS

(L> hOE—IEENEDE) ANMIEREEHNIX [Chizat+18 etc.] :
ANOENEICBARABRNEUVIESEDRIZIIRTF IV« ZMRAS
[Figalli&Gigli'06] .

MBIHDIRFR(C, MIBOTWZIRAHADT - ERTEDIISYVIR—=I
ZEDTHL

NS D—H%AE [Liero+'18][Chizat+18][Sato+'20] :

J=z& &z (E Optimal Partial Transport (Z@BAED X ~HY L1 (total
variation) TAD CWLWD EHRED

- Caffarelli&McCann, Free boundaries in optimal transport and Monge-Ampére obstacle problems (Ann. Math. 2010)

- Figalli, The Optimal Partial Transport Problem (Arch. Ration. Mech. Anal. 2010)

2 Chizat+, Scaling algorithms for unbalanced transport problems (Math. Comput. 2018)

- Figalli&Gigli, A new transportation distance between non-negative measures, with applications to gradients flows with Dirichlet boundary conditions
(J. Math. Pures Appl. 2006)

- Liero+, Optimal Entropy-Transport problems and a new Hellinger—Kantorovich distance between positive measures (Invent. Math. 2018)

- Chizat+, Unbalanced Optimal Transport: Dynamic and Kantorovich Formulation (J. Funct. Anal. 2018)

- Sato+, Fast Unbalanced Optimal Transport on a Tree (NeurlPS 2020)



2% . mainxld, HRZEDR TEERXS

BEFRIRY —IILDHTNET

FAULPISZLUTEXSDSAITISU (VILN)
Python Optimal Transport (POT) (2020) ) GitHub
Optimal Transport Tools with JAX (OTT-JAX) (2022) ) GitHub

sTERNE - Him(CBI MUV VWAERE - &§8

52 : Peyré&Cuturi, Computational Optimal Transport (2019)
0 ARk, SEENXOERE7)LTU X (2022)

arXiv (CHEEFThRN
EM->TUWET

:‘ Flamary+, POT: Python Optimal Transport (JMLR 2021)
" Cuturi+, Optimal Transport Tools (OTT): A JAX Toolbox for all things Wasserstein (arXiv 2022)

" Peyré&Cuturi, Computational Optimal Transport (Foundations and Trends in Machine Learning 2019)
C Rk, BENEDIRR L Fu DY X 4 (GBIAE 2022)


https://github.com/PythonOT/POT
https://github.com/ott-jax/ott

AMIfimiERNx for HEEV SA A2 K

[Arase,Bao,Y,ACL'23]

SVWRXRBBIOHZFB I SA A2 b

EEREEBETEVEBELTELLY,

HUPLIIRERFEB(ICLTIELLY, etc. the
agency

Q. ChatGPT F(IERE(C described
RIFRIUVR<KEVRR TS - ? "
statement

(& that
(IEEfEMENRI(CIRD—EID) 11— the
(CEDTEULUVELEA information

was

pacL

of

lies

h Arase+, Unbalanced Optimal Transport for Unbalanced Word Alignment (ACL 2023)



AMIfmiERNE for HEEV SA A2 K

[Arase,Bao,Y,ACL'23]

_ — _ — o null aligment
SVRARBFBOHBT SA A2 b Q TTESYB?
ZH%

XTIy
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J Alvarez-Melis&Jaakkola, Gromov-Wasserstein Alignment of Word Embedding Spaces (EMNLP 2018)
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> Peyré&Cuturi, Computational Optimal Transport, Figure 10.8

b Mémoli, Gromov—Wasserstein Distances and the Metric Approach to Object Matching (Found. Comput. Math. 2011)
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J Mémoli, Gromov—Wasserstein Distances and the Metric Approach to Object Matching (Found. Comput. Math. 2011)
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