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“Language is a dynamic system, constantly evolving and
adapting to the needs of its users and their environment”
(Aitchison, 2001)

o HEAL: BEDODRITDLEIL
o XUEMZEAL: Fh NS MEBEEEDEL
o SHRHIZL: HEDEMRDERFHEMNZEAL

— “cute”: B\ (181H#C) > BE L (191Hi#C)
> HH L (EEY_)

- BEROZEC U REEFZHH D EDRE{CIERA
- é:')’@a?%%ﬂﬁ’] CIOUIEbZEEET NIFEL LN ?
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o HALEEICMEDEERNHDDDH. ZDEIENESEI
LicDODZEITES
(Inoue+, EMNLP 2022 Long)

o ilcH., HEBODEMKZICOWTEI XTI ELRIFAE%E
LTWET (KB IXEEDOBER TEHE)
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E—HD d)/l_nu;k t

o BHEED THk, &iFam?
> 2 1{RER (Harris 1954)IcfiES> &9 3%
- BEDEKRIE. BIEDOXARICIEN S EEDDTIC

RERE N5 U
o BIRFI—/\ANSE, HNDEFEZZL A=Y %=
XIHHET S
o EIFO—/\VR: ZEEETTIE COHA (Corpus of Historical
American English), BAZE CIEEZEMDCHI (HAZERESE
O—/RR)IREDETEBIY —AQH 5
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ARy MO
HiZEEZE: “coach”

l

=== @I/t
= &= S

|
SALAY Y THERBRDAZ~RY K

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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—EE@%”*Q/K@%’T?E g‘_ub (Hamilton+ 2016)

- gay (1900s C solemn
Q@  daft 99 ) b spread awful (1850s)

majesti

heerful awe
l [ broadcast (1850s)...... .| dread ensive
N CCL ensive
‘ SOWS agloomy
circulated scatter -

\ ”gay (1950s)

o bright broadcast (1900s) orrible
newspapers .«'11‘.1}1;1[\ g terrible
gays Hisexua television awful (1900s) vonderful
gay (1990s) homosexual : \awfulv(j'sll)go“s)

1010
lesbian bbc broadcast (1900s) awfully™""

o HEDRIEDXIRK(ARAZNRY M5, EED

BOHAHANY NLZETE (word2veci &)
S>RENREEZEHET 5

o kLT &M BN, ANESELL M
PH5EN |
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B5Nnic“coach" A =~Rw K~

New o 2
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

o ZAZINRY KMiE., WINHDEER(S E Y 7) 2 ITHG

LTWBEEZEND
o EFNETIL : /4[IIH }

— HAMERDT ¢(2) ICE> T 2z ZZER
- MY 205, NEYITEBDEED Y(w|z)
ICHE> TEBDAZRY MDEREINS
e bE53A. MEYWVIIFXRA

9 /24 Research Organization of Information and Systems, 5

The Institute of Statistical Mathematics &



NEY U DEENR UEE
o 7ILTYU XL :
- BZAIRY bz, EERPNITKED ~EY 720D
ENMICEID LK TS (¢(2) Bl h )
- &hEYY [CEIDHTENIEAZRY MDD
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o FLAIENLTWELEHDBD T, DXL FEBILIT HNE
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Fe1ThET: SCAN  (Frermann+ TACL 2016)

e SCAN: Dynamic Bayesian Model of Sense ChANge
-~ ARy NEFRINDEW N EY 7ETIL

BAZRY K
[chair, pass,
horse,
proceed,
walk]
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o SR ¢ ERBR-BEEEDH Y WA EH. KA
> TZEILT B (HVRADHD NI THERE)

NEY V2 hRE-FTS, FIMS5ES

o

B W AR

Draw k¢ ~ Gamma(a, b)
for time interval t = 1..7 do

[ Draw sense distribution
¢~ KO ~ N(5(0 71 + ¢1T), K9)
for sense k = 1..K do

Draw word distribution

O EY ~ NG ), V)

for document d = 1..D do
Draw sense z¢ ~ Mult(¢")

N D,;_ D, Dy, for context position i = 1..1 do
/\ Draw word w®? ~ Mult(lpt’zd)
"""" i1 (o Vi)
PN K
<H¢)
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SCANDAERET )L

New o 2
1853 [driver, make, room, trunk] S>EHE
1900 [chair, pass, horse, proceed, walk] S>EHE
1949 [tell, start, coach, head, top, school] > A R—
1995 [available, inspection, bags, offer] >TSSV
2003 [football, top, school, official, interview] D>AMNR—

e Fort=1..T do
— Oty NN(%(¢t—1+¢t+1),fi¢) (b Ew U OERIHESR)

— Fork=1..K do (kY U -BHFED )
(%(%—1,1@ +Vir1 k), "W)
— For snippet 1..N(t) do (BZtD X =Ry NER)

e Draw 2z ~ Logistic-Mult(¢;) (BEX=ZRv kD LEwW )
e Fori=1.L do
~Draw w; ~ Logistic-Mult (¢ ) (HEEZ &R
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CANIC K S HEER (1700-2010

e “band”, “power”, “transport”, “bank” DiZzE

band power

1700 1720 1740 1760 1780 1800 1820 1840 1860 1880 1900 1920 1940 1960 1980 2000 1700 1720 1740 1760 1780 1800 1820 1840 1860 1880 1900 1920 1940 1960 1980 2000
mmmn | play music hand hear sound march street air look strike mEmm | power country government nation war increase world political people europe
2 indian little day horse time people meet chief leave war mEmmm 2 power people law government mind call king time hand nature
E===3 3 black white hat broad gold wear hair band head rubber E==3 3 mind power time life friend woman nature love world reason
Em=m 4 music play dance band hear time little evening stand house 4 love power life time woman heart god tell little day
mm S little soldier leader time land arm hand country war indian Emm 5 power government law congress executive president legislative constitution
mEmmm 6 little hand play land love time night speak strong name Emm 6 power time company water force line electric plant day run
mEmm 7 play band music time country day march military frequency jazz mmmm 7 power nation world war country time government sir mean lord
mmmm 8§ band play people time little call father day love boy mmmm § power idea god hand mind body life time object nature

transport bank

1700 1720 1740 1760 1780 1800 1820 1840 1860 1880 1900 1920 1940 1960 1980 2000

1700 1720 1740 1760 1780 1800 1820 1840 1860 1880 1900 1920 1940 1960 1980 2000 I | note bank money time tell leave hard day dollar account
— ; air. f’t;yslhq;edlgealztn I&e:rvnin tvlvr:: ::rﬁlﬁg :Zﬁ;;lr;d 5:;16 mmm 2 river water stream foot mile tree stand reach little land
— 1p day y | i i i i
=== 3 air international worker plane association united union aircraft line president E— Z Ez:]r;l; (cigplz)al C;;ﬂga,f:iyl:E’;fkrgﬁlEﬁg‘;ﬁﬁrle:flfzrglf:?f C;?; ;?:n
Emmm 4 time road worker union service public system industry air railway Y OPP . . ntry .
EEEES 5 air plane ship army day transport land look leave hand BN 5 bank dollar money note national president account director company little
Em 6 time transport land public ship line water vessel london joy I 6 bank money national note government credit united time currency loan
B 7 ozone epa example section transport air policy region measure caa e 7 bank note money deposit credit amount pay species issue bill
Emm 8 road cost public railway transport rail average service bus time I 3 bank tell cashier teller money day ned president house city
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- BT IARAD | & K Tk > TRENED S

o H%H%ﬁ J:—D-YTﬁZ;k)%5ILA&*aZ)%U*5{%&\ &f%BJVDTD—Z?ﬁEfE
ERCY AN
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(11 J)

coach

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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BT D 1BFZ (stick-breaking process)

o EIRRTTDZLIEN m=(m, 72,3, ) ZENT S
FERIBIE (7« Y 7 L1818 & &l (Sethuraman 1994))

0 1 1

[ 11y
N 11—,
N =
T3

T — wk Hf;ll(l_wj)a %‘ ™~ Be(l,v)

Be(a, 1) Z L
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VAT 4w D IEIE (Ren+ IMLR2011)

2 ' i o EZITBEIEZ.
Y 5 #FTUK LI CTER
o 1
N = YT Te
3] s o U RMERTH =
0— Se”S: : 4 6 8 150 12 14 97%4 I\Ba%k&—(
/ | \ MESR |[C
— o i > KIFFR TIE
P - - A 2EE%E
bzﬁe/?k I| “n - 1S

o HEIZ(LT H2ERDES(DONE) v 5. ERACE
ICERBRIT O ERE L THE
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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 a; (and transform into ¢¢):

alill

p(Oét \ Zaa—taw)

x N (w™lf(e) |ar) N (at oy, ,4;;1)
ocj\/'(at\ﬁ,~_>. |

e Precision parameter nfﬁ )

topic k:

should be estimated for each

p(l{((ﬁk) ‘ ag, a, b)

T 1e
= Ga (CL+ §,b+ 52(0@,/{ — Ozk)>

t=1
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ERDTF AN TDOEER

e 7 —7%: Corpus of Historical American English (COHA)
— FTHRICEDWVWT, ATICEDS BEEZER

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 HEHRIFH:
— N—2X 74 >:SCAN, HDP-LDA, BERT

- FEZLT % b EY 7 5% Dcoherence & diversity z &
AN C R
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EFRTEE (1)

e “coach” : estimated senses=2

Infinite SCAN

1.0 -
Tralner
0.8
0.61
0.4
Carnage
0.21 I
| |

1810183018501870 18901910 193019501970 1990

I 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 18901910 193019501970 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
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0.0-

EERAE R (2)

“nower” : estimated senses=6

Infinite SCAN

o (Lo T
| Authority

hAentaI

1810 1830 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

O..

()]

0._

5

0..

N

O..

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 TTIILIFEKRDE ZIEUKHEKRETETTWBHEOMN?
e OntoNotesT—7 v k5 V5 LIC1205E
BATETIZETEL. EBERZEE

Model Accuracy PCC 4.01
HDP-LDA 0.258 0.019 3 T T T 1
S . | ,

BERT + K-means 0217 0026 7 T —

BERT + DBSCAN 0125  -0070 g | T

SCAN (K = 5) 0.158 0141 & | l

SCAN (K = 8) 0.000 0.087 1ol - N |

Infinite SCAN 0.358 0.474 ! Actual number of senses °
Prediction results for the number of senses. Correlation between actual and estimated

number of senses by Infinite SCAN.
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HERRITTOBER DB TH ST T LIBREIKERIC

- NEYISERIN . NEYI-EEMHOVWIND

RrRIAERE T %

— Stick-breaking process+71 7 A&7

2+ X7 4 v 70F

— HETE [XPolya-GammaTGibbs samplerh\E %

WROBEZSHAZNRY NEFICDODWTHEAL.
BHROEZEHIIRDT F‘Jtﬂfoa,mﬂikxﬂ:b\?&ETﬁE@

ZexmUic

"Infinite SCAN: An Infinite Model of Diachronic Semantic Change".

Seiichi Inoue, Mamoru Komachi, Toshinobu

Ogiso, Hiroya Takamura,

Daichi Mochihashi. EMNLP 2022 (Long, oral), pp.1605-1616.
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