o

aup

FALERE R 31K Feam R (202543 1)

HO ZBIEICE BIRHAHREESDRFHEBDETILE

MEA— /NTSF 2 NREEES @R Rk 32
PREHENIRE 2 R

e AVAES IS
aida-taichi@ed. tmu.ac. jp
togiso@ninjal.ac. jp

e

HEEOEKRIIREE b D ICBLT 222 0H 5.
METIE, ZORBMEEZIRZ 2720, HDiAAL
Zef B CTHBIES 20T 2R EEZ {fThbih T
X/ FARROREINZEENE, ERROER MM
DFEOLFERED R Y, MDZ L DRI HIFHE
T5. L2L, 2OX5BRESOHNLRZIFIE
WICHEMETH D, PR WO RELD 5.
AR TIE, AV RERETHACVTRESEZ—DDE
HERHLLTREAL, ThZRAERETERORERY
FILELTOAYNY MZRT Z 2T, RESORH
B ZRNT 2 FIEZIRE T 2. REFETHED
BEHWZEEZ oL, SRl L THRFEDZERM T —
RICHEHT 2 22T, TOHERMEHRL .

1 LIS

BINCE(L T B HEAS OB, XEXERDH
WBWTEELFETH S, HIZIZZEFETE,
FEDOHGEOEKERIFHE I D X5 ICELT 3
P 1I2DWT, A2 oMdAALZERL, 208
BRI 32,31 28T, SEOEEBRPHEST S
FIF e R2. 7z, ERERICBVTDH, fHEY - &
BEW) - REBOHEEMERICK D, SEO4 S
BRI & & I T 3 [4] 23, Zh 6 DREAE
BEENT 5[5 28T, LRRROEIMZHH S 20
THZeMHFTE L. HEFOH T, AOFB
FRLTRORER E DHRBRD, FrE oz ¥
DEIICHRET 202 RRIITHNT 26,71 2
T, HEHROEH X — 2RI 2 P TE
5. 2D, ZHNICHHLI-RESDIBRE
BrEMT2Z23, XFIERBROBFRICH S
HHELHEERAZASNICT 27-00RE 72 3.

INETOMETIX, HRESORRPNZE(LE R
SFHEL LT, HERETOEES (Bl HiED

— 106 —

PSRBT S R FTRT
mamoru.komachi@r.hit-u.ac. jp
takamura.hiroya@aist.go. jp

> MR

daichi@ism.ac. jp

K cosine waves

X1 EK. KEORKEEZ 7 > X LIHEEL,
Rl r e T RS (RV?) 12200V T K HDRKIK
WHIET 2EADHERITS. Zhuck-T, FE
DEESDBHER (RTHXNX2) % K RITDEH
DEEER (RTXK) X LTHRIRIT B ehalgel
3. 2512, HADEBIZPCA ZHAL, 220D
TR Z BN L TEH: (RITXK 5 RITIX2) 322 ¢
T, REAORMEBRZ NI MIRIRTES.

B DIAARES, H2EYDERD, LRED
REDH) RHET 2 FENPLLHOLNTE
7215,6,7,8,9,2]. LHL, TNS6DFIERIFFEDORE
MTOEMDIRELRIAT 2 DICIIENTHE2HD
D, REGLEORKHMNEBEEDADZILPLER
BREEHOBERMY AT 2 1B HRH 5.

AR TIE, ZOREIZNLT 272012, HIR
BErHCTERAOREELZ —2D0 M LT
REL, FKECX2EEEMNTT 27200 LWF
EEREETL. BEOI Y RABBEET— X EDE

This work is licensed by the author(s) under CC BY 4.0
(https://creativecommons.org/licenses/by/4.0/).



WMEETHREET 2 THEMER M ERE T 53,
DHORERNZER T2 2 XNHETH 5.
Z ZCARMIETIX, U RABEEI T MTE
3 2 EIRIE 7 — 1) T4F8 (Random Fourier Features,
RFF) [10] 28 L7z, RFF X K D R5EHE DA
BOETT =X RO Ml 2720, BHHZS
MORER 2GR Z K RICD JE P ZER D FER 7
MLE LTRET 2 Z e AgE i 5. EETI,
HEEOEMZELZ ot L, IWHE L THRFZDI5E
RAEDMMCHEHAIT S 2T, BHMEEZMRIEL 7-.

2 RFF IC& 2 RERSDERZEN

AR TIE, MR TIZEB X LOROEER,
ROHF T ZBEBREY > 75— [1111C & D EHE
REF Y L THRRT 3.

o (f(x)
z

p(x) = L z= /% c(Fx)dx ()

ZZTox)E¥7EA FB o(x)=1/(1+e7¥) T,
FIEH T ZEE GP(0,k(x,X) 22 HDH > FIL, ki
X Lomx DFEMEERT I —INVERTHE. X
D2 RITDGEDFI %, X 2127 L.

RN (1) I & 2 BEEITERLER Z D22k T
ODEDEELD, ZOFTETEFFETERZ L. L
U, HEWEE B CIRE SN IYEE (12 07
EEHWZ 22T, R()DRETH2 13z HED
HETZ2RAEHD—Do LT, XOK (2) 2K
LS 2Re LTRODZIENTES.

D logp(x)+ ) log(1-p(x)) @
X9 XeD
ZZT D RBHXNZERDEES, DT X
DIZEREN-EBHOREETH 5.

ZorE, R TOHY REE FIXEFI,
EfleafloF—xEIcB T 51HE f(x) DES
f=(f(x1), -, fxy))T E LT/ U RIX MY w271
KBNS, LHrL, ZHUEN DT — X H D/
DA —FMTHNZETE T 20BN D 5 1Dt EED
ON?*) 2% L, BHDKBNLGEHRZBICEAT
WEWE WS REND 5.

— 7, AU ZABEDOH — 2 VB k(x,X) =
p(x)T(xX) &, TOBEE 7 —Y BB THESR
RL, BOorEYyThALOES TEEMZIZ Y
T, FEBEK o(x)=(1(x).- - .ox(x))T ZH—F
M) w2 ENET, HURI—FVDEEZ

or(x) = \/Ecos(wZX + by) 3)

— 106 —

\\8“‘}2’;’, 5
Nl
AT
.u%‘l"lll,

ot

0
o 1

-4 _y

X 2: 2 RTTDH 7 ZEEEEY > T T — [11] O}
B EE» SAER I N F R EMSIEICR
% XD WEBLUTIEF L LHERBEEICT 5 Z LT,
FBICEMLCTEERBERRNTICLHTES.

wi ~ N (0,0°T), by ~ Unif[0, 1]

LR TE S e s TWS @LIRIET7—
T4 (RFF) [10]). 2T, wi € R IIBEHD
JEREWHIET 2 X7 ML, b M ERS. oh
X, A ZAEELSDY T 3, R EG) IS
7 U R LIRAFE wr % H 0 K ADOREBEDESD
FMELTREB e ZEHRLTVWS. drdel,
Ho ZERITREERET Vy = ¢(x)Tw & H — %
MELZESDTHZ Z L [13] ZBVWHT Y, 59f
%, T ORHUBEECE W= B 3 R AR E T

f(x1) o(x1) \ [ wy
f(x2) P(x2)
: - . (4)
: . WK
Fxn)) \e(xn)
— ——
f (] w

TRhOL, f=bw e RIZEDPTES. TITH
LEDREAUIFHEATY] REEEITY) @ 13EK
THH, KXIT(K<N) DEANRZ L weRKIZ
XoT, M1 &5i2f, $bb (1) ZEL THE
HMENBEEEERTTS Z 0REICR 5.

FETIIRHEE ¢ () 2> 7V 7 LTI
E L, B OIRERE w OHEEEITS, AT
X, 2L THRERZ—DODEHANIBMILELT
RIMTEI B RFF 2 EBOBHICER T 2 2 2T,
REGORMERZETT 2 FIEZRET 2. #
EXZM 1R L. £3, 2 ToORATH LT
BHT2RHBBEBTH O %25 X LAIZEET S
(K1E). iz, &EHre {1,2,....|T]} DEEEIC
MUTRFFZ#AL, BRERw 22835, %
FWE o v Z LT +—27 MHIE[14] ZHWE. 2T
DI UCH CRHBERE T 2729, &k
HITH o0 2 [EIRFRE w, (XN CERLLE S 2
ZeMHREE 2B (K 1ET). 20k, Fohizm

This work is licensed by the author(s) under CC BY 4.0
(https://creativecommons.org/licenses/by/4.0/).



[+ @) Year: 1810-1850

player

re‘s‘ord- attack
s -10 5 0 10 20

) :pxla)ner T “record

(0,-50) g Year: 1960-2010,
. _ -80 -60 -40 =20 o 20 40 ;Q :
' ] 8 T W T
(-100,0)  (-50,0) (0, 0) (50, 0) rag
3: a7 — X OHTRER (B 5 3 T,

IREREDES {wi, wa., Wi} KT 202475
MIFREE K XOTTH D, EIEGRT 2 Z e p#L
Wiz, PCA ZHWTRITHIEZITWV, 2 DD EMK
FERBIRLUTCAHELZITS 2T, RESORHEE
BEeERMcHERTsentcEs IKMIAR).

3 e BEROEKREL

F5, REFEPHEOEKRE(LoEEEHH|T
X2 %R T 5720, LNOSHEITH. Sl
EEOHEICHET 2 A DIAALS ORFHZER
PXMRE L, BERZMBHOREN R F < —
7 CT¥ % SemEval-2020 Task 1 [15] DHEFETFT — Xt v
NEMH L2 STRBEGEICEFHGH O BEEY R b
OHFTEERIZLLIHEZFEHL, HElH» o H
DIABDERIZIEZR Y F~v— 7 TREMERE % ES
L 72 XLM-Ryyge [16] N— 2D E TV [17] B L
72, BoNBZRZ P 1,024 RITTH 3D, 5
13 PCA T 2 RITICHEHE L TOM 21T o 72. VM T
i K =30 [ DORKIED 5 75 5 R BEEBATY @ %
W, oD 1 =1810-1860 4, 1, =1960-2010 4
THEIFRE w, ZHEE L 72,

HeE LR REE PCA THIf(L L 2565 R

D) REFHEE 3 XEM IS EHFTRETH 223, 2 s

HERICRSELTED, BXTTH 2 EROELE
REITZ 2 18] 7, SN 2 KeEHA L.

— 107 —

flE 5 5 FRD).

R 3CRT. Ve —h~y THOAA (o) 1ZHHI
O REGED I 11§ L7 DIAAL) 2R,
e (B3 M) AR B EIckE
FBBHI L7z BiGE stab & graft ITOWTRTAS &,
EELH 45 6 P THDHAICKE S BH)
LTED, = b~y ITOSETHEBILDTE>TNVSD
Zebh b, HEEstab X TWHEANQ) f3y &
WO EKIC TS %) cw HiEEmEh, H
B graft 13 THEER) W EBKICH LT INEEN
72) TN THERE) OFENEEZ -2 e s, Hio
BE 7D HIFHEED X D IR REER S R
XD BEFRHRAND Z DTS,
fitdh (555 EW9) ARDOE(L 3HEHIDHER
HBSTCALTE S B plane & record (X EHH D 1 D6 1y
2Tt O BO T EICEEILTED, k-1
Xy TR THLERENKREL Lo TWVWDS Z EHFHA
Bha. 556 EMEFTEDERIEZTND
HEE (TRATHE, T(EXD) va—F)) TH3,
SE DR & D HEG D) SHEE L 7 BlRRE D
FEEER R TH 5 2 L 2R TE .Y
2) O FEMISE O LG R 2 R O A58 <
ENTWDE ([X6) =, MR LEALT.
3) HETHAANCBELZBEEY LT, player & rag 23 5.
b o b HWKTORER T, NE5E) HEo THZ:

BEW TXT 4 7 EERK), MREZHE 2ERLTw5.
BANEHNT & 22 (player) (3HEH, FEMRAVIRALTR (rag) (3AE

This work is licensed by the author(s) under CC BY 4.0
(https://creativecommons.org/licenses/by/4.0/).



1600

1400 “ . \ti':
!

1200 o

1000

800 0

600
400
200

.
@ \Year: 2001
& Year: 2010
*  Year: 2019

Q
2000 2005 2010 2015 2020 2025 -4 -3 -2 -1 0 1 2

7000 2

. .
6000 )
5000
4000
3000 =

2000 ® Year:2001
21 & Year: 2010

1000 *  Year: 2019

(b) 5E&
X 4: > HTDLFET— X ou]Hb. () EROF
AL WHRe LERBETRT. () NRIE
DA (2001 4E) - A (2010 4E) - & (2019 4F)
2B B FEAE TP A L 7SR

-4 -3 -2 -1 0 1 2 3

F72, RESGORMBREZERRIT 272912,
BRHATHEE L 2[R RO ZERT ML w, —w, &
PCA THIf{L L7z 25, &K 7123 X512,
RESORMEBEROEEE 2 Xt L THHETE2 2
EHRENTz. ZORABSHOFIRIC K 87274
HIEMETH D, FMR SIS HOFEL 5 5.

4 [CAH : EERESH

K2, MoEicB2IcHble LT, EFiER
EH T —XTHLLFERESMIEHA L TOh %
To7e. ZENES A TOLFREF— &V 2R L.
ZOF— RIFEMHZ L WILTES T I VY L R
A, FAERR BE - BE) 2EOHERPELES N
TW3. 5EN 2001-2019 FFIFEAEMRDHEM L 72
RNBHATHIE ) & TH1F6E R, B L T5EER]
v OTRREE) BRSRY L. ERoREHEB XU
AFEFTOBHREX 4L X 8I2R-T. M TIX, 2001
ED 2019 FEETDIFEZ L, 37 r F2 MR L
L, #5200 507 —22mMtiL. 20
&, HEEROFUIMEZEL, K =30 OFRHHABEEIT
Hl @ % W TEED EFEHRE w, OHEE 21T 5 72.

HCH %753, X 3TiE player 254, rag 25 CRHI L TW

LZehbhd. ZOXSCHFATERVWERKOZE(LIZOW

T, &Y ZL OllE W0 HEE 2 & O RIKIH

DFRENEZEZHNDD, FFIISHROAEL T 5.

4) https://data.cityofchicago.org/Public-Safety/

Crimes-2001-to-Present/ijzp-q8t2/data

5 LIEH TV EBEERIATED, —D00FEfIT—
SOGEA F TV NEI DRSNS,

— 108 —

Year: 2001
Year: 2004
Year: 2007
Year: 2010
Year: 2013
Year: 2016
Year: 2019

2 X214 [

LN
10.0 125 15.0 17'3e,,

() NHEHPITHIH

Year: 2001
Year: 2004
Year: 2007
Year: 2010
Year: 2013
Year: 2016
Year: 2019

2 X214 [

(b) &
X 5: JLIE 7 — R D HiHGER.

AL 2 DD EMD TORBIITHH & 5eHICH
TAIMREX SRS, 50 b (G5 1 FD)
DEDFNER T 25, HEIMERNIC D 2 NEHT
i 10 ETEE 201 L, BAEBNICH B
FEBRETIE 50 ETRELIBELTVWS ZEhbD
5. MHPBEOFAIRENT 513, e—bvv Y
TR EOHIAICERT 2 X5k, ERH—E
PRACEPHICRETIHRFERAMBI LD TE
3. AFOBERIM2 oD TV THIHERI NI
(M9). ZhoDiEREZ, SEICRERLT, TEOA
N MZOWTHAEN (RER) DOFRMER % iR
W3 2 L TCOREZFEOFHEZRLTWVAS.

5 &HOIC

KR TR, REGORMEBRZBNTT 2729
2, BERNRT Y ZBREEZFMH L TFERZRREL,
ARAMZHE L. SRS SICE/HRT—XITD
WTHH 2TV, RRFIEOEREZBELL 72\,

This work is licensed by the author(s) under CC BY 4.0
(https://creativecommons.org/licenses/by/4.0/).



&!I'I'

i

ARBFEE, IST XA & PRI SE 7 e 75
2 JPMISP2156 B X O JIST & % 531} JPMIPR2366 O
TEEZI-HDTT.

BE

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

Taichi Aida, Mamoru Komachi, Toshinobu Ogiso, Hiroya
Takamura, and Daichi Mochihashi. A comprehensive anal-
ysis of PMI-based models for measuring semantic differ-
ences. In Proceedings of the 35th Pacific Asia Con-
ference on Language, Information and Computa-
tion, pp. 21-31, Shanghai, China, 11 2021. Association
for Computational Lingustics.

Taichi Aida and Danushka Bollegala. Unsupervised se-
mantic variation prediction using the distribution of sibling
embeddings. In Findings of the Association for Com-
putational Linguistics: ACL 2023, pp. 6868-6882,
Toronto, Canada, July 2023. Association for Computa-
tional Linguistics.

Ryo Nagata, Hiroya Takamura, Naoki Otani, and Yoshi-
fumi Kawasaki. Variance matters: Detecting semantic dif-
ferences without corpus/word alignment. In Proceedings
of the 2023 Conference on Empirical Methods in
Natural Language Processing, pp. 15609-15622, Sin-
gapore, December 2023. Association for Computational
Linguistics.

Eugene P Odum. Fundamentals of ecology. Printing
Company Ltd, 1971.

Jamie M Kass, Bruno Vilela, Matthew E Aiello-Lammens,
Robert Muscarella, Cory Merow, and Robert P Anderson.
Wallace: A flexible platform for reproducible modeling
of species niches and distributions built for community
expansion. Methods in Ecology and Evolution, Vol. 9,
No. 4, pp. 1151-1156, 2018.

Daisuke Murakami and Yoshiki Yamagata. Estimation
of gridded population and gdp scenarios with spatially
explicit statistical downscaling. Sustainability, Vol. 11,
No. 7, 2019.

Daisuke Murakami, Mami Kajita, and Seiji Kajita. Scal-
able model selection for spatial additive mixed model-
ing: Application to crime analysis. ISPRS International
Journal of Geo-Information, Vol. 9, No. 10, 2020.
David Weisburd, Laura A Wyckoff, Justin Ready, John E
Eck, Joshua C Hinkle, and Frank Gajewski. Does crime
just move around the corner? a controlled study of spa-
tial displacement and diffusion of crime control benefits.
Criminology, Vol. 44, No. 3, pp. 549-592, 2006.

Lee Hachadoorian, Stuart R. Gaffin, and Robert Engelman.
Projecting a Gridded Population of the World Using
Ratio Methods of Trend Extrapolation, pp. 13-25.
Springer Berlin Heidelberg, Berlin, Heidelberg, 2011.

Ali Rahimi and Benjamin Recht. Random features for
large-scale kernel machines. In J. Platt, D. Koller,
Y. Singer, and S. Roweis, editors, Advances in Neu-
ral Information Processing Systems, Vol. 20. Curran
Associates, Inc., 2007.

(1]

[12]

[13]

[14]

[15]

[16]

(17]

(18]

— 109 —

lain Murray, David MacKay, and Ryan P. Adams. The
Gaussian Process Density Sampler. In NIPS 2008, 2008.
Michael U. Gutmann and Aapo Hyvirinen. Noise-
Contrastive Estimation of Unnormalized Statistical Mod-
els, with Applications to Natural Image Statistics. Journal
of Machine Learning Research, Vol. 13, No. 11, pp.
307-361, 2012.

FEE R M, SOPIRAE. 7 ZEFE & BERCEE . B
BIu7zy>arnry ) —X i#E#t, 2019.

C.M. Bishop, JCHH, SR, $8 1, ¥aA, A H (BiaR). -3
& — VR & B XA XGRS K B RET T
#ly (_E - F) (Pattern Recognition and Machine Learning).
L IR, 2012.

Dominik Schlechtweg, Barbara McGillivray,
Hengchen, Haim Dubossarsky, and Nina Tahmasebi.
SemEval-2020 task 1: Unsupervised lexical seman-
tic change detection. In Proceedings of the Four-
teenth Workshop on Semantic Evaluation, pp. 1-23,
Barcelona (online), December 2020. International Com-
mittee for Computational Linguistics.

Alexis Conneau, Kartikay Khandelwal, Naman Goyal,
Vishrav Chaudhary, Guillaume Wenzek, Francisco
Guzmdn, Edouard Grave, Myle Ott, Luke Zettlemoyer,
and Veselin Stoyanov. Unsupervised cross-lingual repre-
sentation learning at scale. In Proceedings of the 58th
Annual Meeting of the Association for Computa-
tional Linguistics, pp. 8440-8451, Online, July 2020.
Association for Computational Linguistics.

Pierluigi Cassotti, Lucia Siciliani, Marco DeGemmis, Gio-
vanni Semeraro, and Pierpaolo Basile. XL-LEXEME:
WiC pretrained model for cross-lingual LEXical sSEMantic
changE. In Proceedings of the 61st Annual Meeting
of the Association for Computational Linguistics
(Volume 2: Short Papers), pp. 1577-1585, Toronto,
Canada, July 2023. Association for Computational Lin-
guistics.

Taichi Aida and Danushka Bollegala. Investigating the
contextualised word embedding dimensions specified for
contextual and temporal semantic changes, 2024. arXiv
2407.02820. (Accepted to COLING2025).

Simon

This work is licensed by the author(s) under CC BY 4.0
(https://creativecommons.org/licenses/by/4.0/).



A HFEDOEKRZE(L

e

Year: 1810-1860
_ " Year: 1960-2010

~100 ET £ ET

(-100,0)  (-50,0)  (0,0) (50, 0)

€ 2 2 EAGY). a— 3 2 ORFHART D R HIE <

N

HTWa7280, b SR L 7.

.dge
‘nmicord
.ead

‘rc\e

.it

@ @

@ wI1960-2010] - w[1810-1860]
o

0,-50) " w w w e wa .

AR O

(-100,'0)‘ (-50, 0) '(0,0) (50, 0)

B 7: [mEERE DA 2 AT U 7245 5R. Ml (55 3
TR FERDOIEAK - fi/Ne, wemh (55 4 ER0)

BEROER - G2 R LTV,

— 110 —

B IBERESH

8000 He o “Toe a8
6000 1
4000 0
-1| @ Year:2001 *
2000 = Year: 2010
o] * Year:2019
Q .
2000 2005 2010 2015 2020 2025 3 2 4

(a) LTIRER

2.0

50000 o o B

by
40000 1
30000 0
20000 -1

@ \Year: 2001
10000 5| " Year:2010

*  Year: 2019

%000 2005 2010 2015 2020 2025 -4 -3 2 -1

(b) HFE

X 8: > H IDIPFET — X DAJ k.

Year: 2001
Year: 2004
Year: 2007
Year: 2010 -5
Year: 2013

Year: 2016

Year: 2019 ~1°

*RO+rmue

(b) 3
9: JPIE T — X DI HTHEER.

(https://creativecommons.org/licenses/by/4.0/).

Year: 2001
Year: 2004
Year: 2007
Year: 2010
Year: 2013
Year: 2016
Year: 2019

This work is licensed by the author(s) under CC BY 4.0



