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(Cm]text: Safti admits his love for Edwina to Lord Esketh, who is now ( . . R
. . " rs Reference: (B) For years; (D) A year
sympathetic toward this good man's plight. .
X . ! . X GPT-4: (B) For years
Question: How long has Safti been in love with Edwina? L J
Candidates: (A) 10 seconds; (B) For years; (C) For hours; (D) A year

N S '/Reference: <E1> Tim drank a little A

. ) too much. <E2> His golf game was
Un-ordered Events: His golf game was awful. Tim drank a little too LLM awful.
much. S GPT-4: <E2> His golf game was

. J awful. <E1> Tim drank a little too

h.

( Events: [-..] all the more so when even the Obama administration ) \muc J
joined the Wf.:St in signaling approval. [...] Something had to be done, (Before-Ans-Gold: Yes ™
and an occasion arose on June 1‘2: [.. .]‘ - After-Ans-Gold: No
Before-Q: Did the Obama administration join the West before June | === M =—------——-o—————m———— -
129 Before-Ans-GPT-4: Yes

\ After-Q: Did the Obama administration join the West afier June 127 / \ After-Ans-GPT-4: Yes J
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Time -sensitive NLP

Relation: Position Held Chancellor
|II II I Member of the 3 ‘:
| Virginia House of Burgesses | Commander-in-Chief | | | President | |
WIKIDATA | I | I | | |
June 1758 June 1775 Dec 1783 Jan 1788 1789 1797 Dec 1799

Verify Fact Existence

Synthesize Question-Answers

Wikipedia: George Washington

Question-Answer Pairs

George Washington (February 22, 1732 — December 14, 1799) was an American political leader.
... TLDR (hundred words)
Congress created the Continental Army on June 14, 1775, and Samuel and John
Adams nominated Washington to become its Commander-in-Chief.
... TLDR (hundred words)

Washington bade farewell to his officers at Fraunces Tavern in December 1783 and resigned his
commission days later. In 1788, the Board of Visitors of the College of William & Mary decided
to re-establish the position of Chancellor, and elected Washington to the office on January 18.

... TLDR (hundred words)
He continued to serve in the post through his presidency until his death on December 14, 1799
... TLDR (hundred words)
He started as the president of United Sates in Jan 1788, ......, in 1798, one year after that, he
stepped down his presidency position.

Q: What position did George Washington hold in 1777?

A: Commander-in-Chief

Q: What was George Washington'’s position from 1789 to 17977
A: Presidency, Chancellor

Q: What position did GW serve between 1776 and 17807

A: Commander-in-Chief

Q: What position did George Washington hold in late 1770s?
A: Commander-in-Chief

Q: What position did George Washington hold after 17977
A: Chancellor

Q: What position was held by George Washington in 17857
A: [unanswerable]

A Dataset for Answering Time-Sensitive Questions

Wenhu Chen, Xinyi Wang, William Yang Wang
Department of Computer Science
University of California, Santa Barbara
wenhuchenQucsb.edu, xinyi_wangQucsb.edu, william@cs.ucsb.edu
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Time -sensitive NLP

Time-Aware Representation Learning for Time-Sensitive Question

Jungbin Son
KAIST
sonjbin@kaist.ac.kr

Answering

Alice Oh
KAIST
alice.oh@kaist.edu

Q: Who worked in the Salvation Army before 1995?

A: Harry

0,
7 }zb'[}r‘ Correct
2]

Incorrect

Harry joined the
Salvation Army in 1991

In 1991, Brian

Correct
Both Correct (BC) Time Correct (TC)
Katie joined the , Paul
Salvation Army
Incorrect :
Context Correct (CC) Both Incorrect (BI)

Figure 1: Example case of Time-Context dependent
Span Extraction (TCSE) task. The passage consists
of four types of sentences that depend on whether the
sentences match the time and context of the question.
The target span is ‘Harry’ in this example.




Time -sensitive NLP

Enhancing Temporal Sensitivity and Reasoning for Time-Sensitive
Question Answering

Wangi Yang'*, Yanda Li'*, Meng Fang?, Ling Chen'
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2Meng.Fang@liverpool.ac.uk,

1 University of Technology Sydney

..............

2008 °* Nominate H.C as Secretary of State 2017
* Nominate S.S as Supreme Court
* Win Nobel Peace Prize

Question: What position did Obama hold in 2009?

—————— I— ~
WIKIDATA i [ 2 .
| J«— lllinois State Senator —»| | |«—— President of the United States ——| L
| | I I I ; I =
Other Achievements:
2004 2005
1961 1993 1998

Context:

Barack Hussein Obama, born on August 4, 1961, is an American Democratic politician, the 44th President of the United States, and the first
African-American president in American history. ....

Obama graduated from Harvard Law School with honors in 1991, and then as a|professor taught constitutional law at the University of Chicago of
Law School for 12 years (1993-2005). ...

In 1998, Obama was elected as! lllinois state senator, ...
In 2004, in the congressional election, Obama was elected as a federal senator. ...

In the late autumn of 2008, Barack Obama achieved a historic victory by being elected as the President of the United States, marking a significant
milestone in American politics. On December 1, 2008, demonstrating his commitment to unity and inclusivity, Obama made the strategic decision
to nominate Hillary Clinton, his former rival in the presidential race, as Secretary of State. On August 6, 2009, Obama continued to break barriers
by nominating Sonia Sotomayor, a distinguished Latina judge, to serve on the Supreme Court of the United States. ...

on October 9, 2009, Obama was awarded the Nobel Peace Prize| an honor that recognized his extraordinary efforts to strengthen international
diplomacy and cooperation between peoples. His presidency was further solidified by a decisive victory in 2012 when he defeated the Republican

candidate, Willard Mitt Romney, securing his re-election as President of the United States. However, all tenures have their end, and on January 20,
2017, Barack Obama officially concluded his role as President of the United States. ...

Temporal Information-Aware Embedding Remote and Proximal Negative Answers of Granular Contrastive Reinforcement Learning
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Towards Effective Time-Aware Language Representation: Exploring Enhanced

Temporal Understanding in Language Models

JIEXIN WANG, South China University of Technology, China
ADAM JATOWT, University of Innsbruck, Austria
Yl CAl, South China University of Technology, China

Belore
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e W B [~] Per] Foa)
BiTimeBERT
wih , who was (VALK in ., have followed his career as a major (MASK] in rap music and videos during [MASK] [MAZK] | [MASK
« Smith | who was bomn in .., have followed his career as & major figure in rap music and videos the 1990s . 2006 he ..

Fig. 1. A comprehensive overview of the BiTimeBERT 2.0 model training process, incorporating the TAMLM, DD, and TSER tasks,

(a) An illustration of BiTimeBERT 2.0 training, which includes the TAMLM, DD and TSER tasks.

. The charges against Mr. Smith, who was
born in Brooklyn and raised in Uniondale, on
Long Island, have followed his career as a
major figure in rap music and videos

the 1990s. 2006 he had largely
stayed clear of the kind of violence and
criminality associated with the personal
lives and music of some other pioneering
rap artists, including the Notorious 8.1.0G
and Tupac Shakur, who were killed in drive-
by shootings. ...

=

[CLS] ... The charges against Mr . Smith,
who was [MASK] in Brooklyn and raised
[MASK] Union [MASK] , on Long Island ,
have followed his career as a major [MASK]
in rap music and videos during [MASK]
[MASK] . [MASK] 2006 he had largely stayed

car of the kind of violence and [MASK]
#¥ity associated with the [MASK] lives and
music of nox! other pioneering rap artists ,
including the [MASK) #Norlous B.1.G . and
Anton #¥in Sc #¥alia , who were [MASK] in
drive - by [MASK] ##s . ... [SEP)

(b) An illustrative input example for the BiTimeBERT 2.0 model during the pre-training phase.

along with an illustrative input example during the pre-training phase.




Time -sensitive offensive language detection

We selected four established hate speech benchmarks, each capturing a

distinct dimension of hate speech

Dataset Size Timestamp info Timestamp period
Singapore Online Attacks 3000 v 2017-2022
NeoBench 682 v 2020-2023
HateXplain 1924 X -

Implicit Hate Corpus 2149 X -
HateCheck 3729 X -
Dynabench 4120 X -

Di Bonaventura, C., McGillivray, B., He, Y., Mlerono Penuela, A.(2025).Hatevolution: What Static
Benchmarks Don't Tell Us. IfProceedings of the 2025 Annual Meeting of the Association for Computational

Linguistics (ACL), Findings



Time -sensitive offensive language detection

AWe zeroshot prompt LLMs for
binary hate speech detection

ATime-LMs for hate speech
detection as time-sensitive
baseline (Loureiro et al., 2022; Antypas et al. 2023)

ASpearman correlation
coefficient with confidence
level 90%

} . Toxicity Data
Model Commercial finetuned cutoff
FLAN-Alpaca X v -
FLAN-TS X v 2022/11
mTO X X 2022/11
RoBERTa-dyna-rl X v 2022/06
RoBERTa-dyna-r2 X v 2022/06
RoBERTa-dyna-r3 X v 2022/06
RoBERTa-dyna-r4 X v 2023/03
GPT-3.5-turbo v - 2021/09
GPT-4o v - 2023/10
Moderation API v v -
Perspective API v v
DeepSeek LLM X -

Di Bonaventura, C., McGillivray, B., He, Y., Mlerono Penuela, A.(2025).Hatevolution: What Static
Benchmarks Don't Tell Us. IfProceedings of the 2025 Annual Meeting of the Association for Computational

Linguistics (ACL), Findings



Time -sensitive offensive language detection

Language models exhibit shorand long-term volatility across years

Model 2017 [ 2018 2019 2020 [ 2021 2022 2017 2018 | 2019 | 2020 | 2021 2022 Mean
FLAN-Alpaca-base 10T | 1026 H 0533 | 1148 7143 |JNI853 5176
FLAN-Alpaca-large 6023 5733 | 5383 | 5901 | 5265 [| 7132 | 7222 6640
FLAN-Alpaca-xl 6327 6268 | 5950 | 5896 | 5428 7069 | 6897 6679
FLAN-T5-small 0 0 0 0 0 6708 | 11625 3912
FLAN-T5-basc 5775 5698 | 5501 | 5513 | 4991 [| 6441 | .6722 6272
FLAN-T5-large 5946 | 5472 | 5665 | 5000 6540 6569 | 6548 | 6538 || 6249
FLAN-T5x] 5969 6463 | 5061 | 5000 | 3571 6723 6831
mT0-small 0 0180 | .0147 | .0098 0 6716 3967
mT0-base 0 0289 | 0350 6588 | 7545 4079
mT0-large 3669 3769 | 3746 | 3811 5455 | 5737 6094 5005
0 ses7] e e
RoBERTa-dyna-r1 3864 3322 7317 | 813 5976
RoBERTa-dyna-12 3423 | 3236 6709 | 7248 5526
RoBERTa-dyna-r3 3316 . 3364 6951 5638
RoBERTa-dyna-r4 3859 3762 | 3652 77190 5922
GPT-3.5-trbo 5590 | 5250 || 4598 | 4667 4973 4861 5402
GPT-40 6311 | 6032 7368 | 1434 7424 | 7417 || 7083
Moderation API 0238 0631 6742 | 17616 4235
Perspective API 3486 4431 7226 | 7774 6348
DeepSeck LLM-7b 5000 | 5349 | 4356 | .4531 | 4957 1818 2308 | .1739 3740
TimeLMs [[ 3620 [ 3995 [ 3505 | 3621 | 3080 | 3941 [[ 3547 [ 3879 [ 4104 | 4172 | 4128 | 4142 || 3722

Time-sensitive macro F1 scores for thdateful label (first block) and nonhateful label (secondblock)




Time -sensitive offensive language detection

AEvolving hate speech challenges model evaluation

ALanguage models are sensitive to shortand long-term volatility as well
as to neologisms

AStatic hate speech benchmarks returns a partial view of how safe models
are at detecting hate speech

AOur findings call for timesensitive linguistic evaluations in the hate
speech domain
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Time-Aware Language Modeling for Historical Text Dating
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Figure 1: The architecture of our model. The left part is the word representation and alignment module, which is to
learn and align the temporal word representation in each time period; the middle part is the temporal adaptation
module, which aims to learn the time-specific variants of words and their contextual information; the right part is
the hierarchical modal for diachronic documents, which incorporate the results of temporal adaptation into language

modeling.
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ABOUT  COMMUNITY  BLOG Access: King’s College London v

OE Oxford English Dictionary Quick search: ([ o Grovs

The definitive record of the English language
Lost for Words? | Advanced search | Help » Dictionary » Sources

A Lexicography i

h- Textsize: A A This entry has
macnine, n. been updated

e My searches (1) -
View as: Outiine | Eullentry Quotations: Show all| Hide all Keywords: on[off | (OED Third
O N - Edition, March
o ) ) 200 most Jump to:
Pronunciation: * Brit. ([3/mafi:n/, U.S. (3/malfin recently modified
Forms: 15005 machyne, 15005-1700s machin, 15005 machine, 1600s macheen. version published
- = online June
Frequency (in current use): ++oee s
Origin: A borrowing from French. Etymon: French machine. mactina,n. 1612
Entry history machinability, . 1921
Etymology: < Middle French, French machine < classical Latin machina (compare x T (Show More) B e e il
d o d : G mactina, ac 1680
L. A structure regarded as functioning as an independent body, without mechanical involvement. Previous version machinament, n. ct425
- 1 OED2 (1989) machinat, v 1537
machinating,ad 1751
Amaterial or immaterial structure, esp. the fabric of the world or of the universe; a construction or Tommmn» e machinaion aters
& o ategories » g machinator,n. 1611
Fies b owre: mactine acton
n mechioe; 701450
’ 1545 in J. Schifer Early Mod. Eng. Lexicogr. (1989) I1. (at cited word) The hole machyne of this world is divided in .2. parte. That is to saye, in the celestiall TEEE e b
and into the elementall region mechine g iy s
: all regions ) et ek 1850
1545 in J. Schifer Early Mod. Eng. Lexicogr. (1989) IL. (at cited word) Machine, hath many significacions, but here it is taken for the worke of the hole macte asied oo .
i e
oride S machine-gunner, n. 1888
- 0 0 n 5 aynt Scotl. (1979) 2 The maist illustir potent prince of the maist fertil & pacebil realme, vndir the machine of the supreme olimp, machine art R 1015
5 1k Hymnes sig. B4 Be his wisedome, .sa wondrouslie of nocht, This machin round, this vniuers, this vther warld he wrocht. machine-assisted machineless, ad. s 1909
= machine belt machioa, . 1798
1673 H. Hic Quing-articularis 518 They that asserted Universal redemption by the death of Christ destroyed the whole Machine of the Calvinian
machine-belting machinsry, n. 1687
predestination e
1682 N.O. tr. N. Boileau-Despréaux Lutrin 1. 239 Behind this Machine [sc. a pulpit], cover'd as with a skreen, The Sneaking Chanter scarce could then be e 2
seen. machine-breaking
753 J. Haxway Hist. Acct. Brit. Trade Caspian Sea 1L iii. 13 Her imperial majesty is drawn.n a large machine, which contains her bed, a table, and other machine candidate

machine card
machine-closed
machine-coated

conveniences...This machine is set on a sledge, and drawn by 24 post horses.
1791 C. Smr Celestina 1. 129 Her new laylock bonnet..for the safety of which she was so solicitous that she would have taken the great machine in which it

was contained into the coach, had it not been opposed by the coachman.

L} [}
v 848 d the whole of th h he F di Trevi b d fth ce pce
1806 J. Barry in R. N. Wornum Lect. on Painting (1848) 196 Had the whole of this great machine of the Fontana di Trevi been committed to any one of those e ety
sculptors machine-cut
1829 R.HatL Wks. (1832) VI 457 The mind casts its eye over the whole machine of society machine-cut

1878 R. BrowNING La Saisiaz 279 To each mortal peradventure earth becomes a new machine machine-darn
machine-darning
machine-divided
machine drawing

(Hide quotations)

n . > machine drill
tb. spec. A scheme or plot. Obsolete. e
y e g machine-driling
1595-6 QuEEN ELizasem I Let. to James VI (Camden Soc.) 113 In wordz..of such waight, as, in honest dimars, hit may mar the fagon of diuelische machines,
machine-driven
and crase the hartz of treason-mynding men mactine-dciver
1601 S. DavisL Ciuill Warres (rev. ed.) vi. viii. f. 84, in Wks. As vsually it fares with those that plot These machines of Ambition, and high pride Fashine alactic
1707 G. FarQuHAR Beaux Stratagem v. 65 Now unless Aimwell has made good use of his time, all our fair Machine goes souse into the Sea like the Edistone. machine electricity

machine embroidery
machine finish
machine-finished
CA machine for living (in)
g Categories » machine-form
sense 6b (cf. sense 8b). machine-generated
machine-ginned
Thine euermore most deere Lady, whilst this machine is to him et i

(Hide quotations)

2. Aliving body, esp. the human body considered in general or individually. Now chiefly figurative from

1604 W. Stakeseeare Hamlet 1. ii. 125

e in civil Broyls, I know not why? machine-ground

1699 S. Gari Dispensary v. 54 And shall so useful a Machin as I Engay
1709 J. ReYNoLDs Death's Vision ix. 50 What Nobler Souls the Nobler Machins Wear machine head
machine-holder
machine horse
machine-hour
1805 Med. & Physical Jrnl. 14 181 When a product of diseased action has been effected,..in consequence of which the machine becomes again sensible to the R

f2 Cheerfulness is. the best Promoter of Health. Repinings..wear out the Machine insensibly

J. Avpison Spectator No. 38;

1722 J. Quiscy Lexicon Physico-medicum (ed. 2) 17 Until some Authors. have demonstrated the Laws of Cireulation in an Animal Machine.

impressions of ordinary causes. machine
independence
machine-independent
machine instruction
machine intelligence
still believed in immortality machine knife

1807 W. WoRDS!
1876 W.H. P;

kri Poems 1. 15 And now I see with eye serene The very pulse of the machine

£CE & J. SIVEWRIGHT Telegraphy 114 The human machine tires, and as a consequence not only is the speed of working reduced, but [ete.].

1915 W. S. Maucht Of Human Bondage cx. 582 He wondered whether at the very end, now that the machine was painfully wearing itself out, the clergyman




Historical WSD

ARole of time
and time
scales In
performance

ATime is not
niche!




Sense evolution In historical dictionaries

Oxford English Dictionary
The definitive record of the English language

Lost for Words? | Advanced search | Help

Back to Results | Next »

Textsize: A A

machine, n.

View as: Outline | Full entry Quotations: Show all | Hide all Keywords: On | Off

Pronunciation: ? Brit.

y/ma'fiin/, U.S.

Forms: 1500s machyne, 1500s—1700s machin, 1500s— machine, 1600s macheen.

Frequency (in current use): ***oeoe
Origin: A borrowing from French. Etymon: French machine.

Etymology: < Middle French, French machine < classical Latin machina (compare MACIGNO N.... (Show More)

I. A structure regarded as functioning as an independent body, without mechanical involvement.
1.

Thesaurus »
Categories »

a. A material or immaterial structure, esp. the fabric of the world or of the universe; a construction or
edifice. Now rare.

celestiall and into the elementall regions.

1545 inJ. Schéfer Early Mod. Eng. Lexicogr. (1989) II. (at cited word) Machine, hath many significacions, but here it is taken for the worke of the hole

worlde.

c1550 Complaynt Scotl. (1979) 2 The maist illustir potent prince of the maist fertil & pacebil realme, vndir the machine of the supreme olimp.

1599 A. HuMme Hymnes sig. B4 Be his wisedome,..sa wondrouslie of nocht, This machin round, this vniuers, this vther warld he wrocht.

1673 H. Hickman Hist. Quing-articularis 518 They that asserted Universal redemption by the death of Christ destroyed the whole Machine of the

Calvinian predestination.
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Sense annotation of historical texts

A19th -century (1800 -1920)
British newspaper corpus
(4.5B tokens)

AVoluntary crowdsourcing

ATrolley, train, coach, bike

. The records of the American asseciations show

3

scores of remarkable captuics. A few vears ago, &

a salesman for a Maideu-lane firm chauced to be/]
travelling with fifty thousand dollares worth an_’-'
unset diamonds 1u his pockes, when » mau sitting =

beside him uietly 10se, aud, thrusiing s re-

diamonds were produced, the robker next pulied)
the bell rope and, still covering the passengers)
with his revolver, waited until the car stopped
svd jumped off.

‘I he detective machinery was at once put is
eperation, briit was two years before the thief
was arrested.

The detectives employed by the unions aleo
watch where stolen goods are likely to find their
way, ard keep in touch in every possible way
with the ‘‘under werld.” Tt has bLappened
several times that the detectives kave notified
jewellers of thefts from their stock which they
bad not discovered themselves. Secveral impor-
tant plots bave «lso been discovered 1m advauce in
the same way, and the proposed victims placed

upen their guard.
(i AV

volver before his face, demauded the gews. The

TASK TUTORIAL
How did the word 'car' change

over time and place?

Read the text carefully. Select the option that best
matches the use of 'car.

You can also note irrelevant or hard to read
images.

A wheeled, usually horse-drawn conveyance

A railway carriage or wagon, usually
powered by steam

An electric tramcar (also called streetcar)

A road vehicle powered by a combustion
engine, usually for a driver and a small
number of passengers



T Frequency
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. logged in . not logged in

Bicycle or motorcycle?

How did the word 'car' change over time and place?

How did the word 'coach' change over time and place?

Workflow

How did the word ‘trolley' change over time and place?
0
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a cart, or wheeled stand or table used to
serve, transport or sell food, objects,
luggage, etc, powered by people or
animals

a trolley-car powered by steam or
electricity

|
1810

bicycle or tricycle, powered by human
legs

motorcycle, powered by an engine

I 1 [
1810 1820 1830




a horse-drawn private or public carri
for carrying passengers

a motor bus, designed for comfortable
long journeys

a railway carriage

| 1
1810 1820

a railway carriage or wagon

a road vehicle powered by a motor

a wheeled, usually horse-drawn
conveyance

an electric tramcar (also called streetcar)

I 1 1
1810 1820 1830




Why Historical WSD?

AManual annotation is very time -consuming

ASemantic change detection algorithms still too

rough and donAt capture the rces
humanities research Tt Photcky
ioensed urler CC B
BUT N

AHumans disagree on word senses, let alone
historical ones!

whilejifi;W){
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Historical English

Beelen, K., Nanni, F., Coll Ardanuy, M., Hosseini, K., Tolfo, G., McGillivray, B. (2021)
"When time makes sense: A historically-aware approach to targeted sense

disambiguation." Findings of the Association for Computational Linguistics: ACL -
IJCNLP 2021.



The industrial revolution and the English language

AThe British Industrial Revolution was a
time of profound changes and
mechanization was its primary driver.

ANew machines and new technology
heavily affected the English lexicon:
new words are coined and existing
words get new meanings.

Almpact of mechanisation on everyday
life by exploring large historical
collections (19th century books,
newspapers etc.)

N



Targeted Sense Disambiguation

ABOUT COMMUNITY ELOG

OE Oxford English Dictionary Quick search:

The definitive record of the English language
Lost for Words?

Given a target sense,
determine whether a token in ;

a given context is relevant to el L aay
t he sense R Pronmacutons® s Qymatn, 73 Qmer

Forms: 15005 machyne, 1500s-1700s machin, 1500s- machine, 1600s macheen.

Back to Results | Mext » Help on Dictionary Entry | Print | Save | Email | |

Frequency (in current use): *se¢se e
Origin: A borrowing from French. Etymon: French machine.

Etymology: < Middle French, French machine < classical Latin machina (compare mac

« [Show More)

I. A structure regarded as functioning as an independent body, without mechanical involvement.

Example : disambiguate :
t O k e n S i n t eXt a S b e i n g ez:j.igcr;:;?:llg: Ei.mmaterial structure, esp. the fabric of the world or of the universe; a construction or ;:‘::;:r:::
rel evant to

1545 inJ. Schifer Ec r. (1989) IL (at cited word) The hole m
and into the elementall regions.

Eng. Lexicogr. (1989) IL (at cited word) M

1545 inJ. Schifer Early Moc

a C
V e worlde.
ud -

vehicle or <co
c1550 Complaynt Scotl. (1979) 2 The maist illustir potent prince of the maist fertil & pacebil realme, vndir the machine of the supreme olimp.
- T h i S C a n i n C I ‘ 1599 A. Hi s sig. B4 Be his wisedome,..sa wondrouslie of nocht, This machin round, this vniuers, this vther warld he wrocht.
1673 H. Hi Hist. Qui i s 518 They that asserted Universal redemption by the death of Christ destroyed the whole Machine of the Calvinian
= predestination.
b u t a I S O 3 C a r j‘ I 1682 N. 0. tr. N. Boileau-Despréaux Lutrin 1. 239 Behind this ] ine [sc. a pulpit], cover'd as with a skreen, The Sneaking Chanter scarce could then be
seen.

.
Ve h I C | e 1753 J. Hanway Hist. Acet. Brit. Trade Casp a 1. iii. 13 Her imperial majesty is drawn..in a large machine, which contains her bed, a table, and other
conveniences...This machine is set on a sledge, and drawn by 24 post horses.

tina I. 129 Her new laylock bonnet..for the safety of which she was so solicitous that she would have taken the great machine in which it

1791 C. SmrtH Celes
was contained into the coach, had it not been opposed by the coachman.

1806 J. Barry in R. N. Wornum Lect. on Painting (1848) 196 Had the whole of this great machine of the Fontana di Trevi been committed to any one of those
sculptors.

1829 R. HaL ¥

1878 R. Brov




Select target sen-se:
ABCj as Jcompl ex dev |,umines
numb

er of |l nterr el

Include sense synonyms (e.g.
Ipl ant-XWaAPLIL

at

Headword: machine, n.
Quotation: Windmills as hitherto made are very costly

Sense ID: machine_nn01-38475286

Definition: “A complex device, consjisting of a number
of interrelated parts, each having J: definite function
[...]"

Text daterange: 1659-
Keyword: machines

Offset: 43

Year: 1881

Source: Nature, by W. Thomson.

A 4

Historical Thesaurus of English (HTE)
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Step 2: data expansion

Classify head words in quotations of the dictionary as related to the target
(seed) sense

3 T he c¢ alnaaghine how nogstructing under the
superintendence of the I nventor. i

3 The Church was excel | e miachinea s

JExampl es of mobipland are l@mlidbzérs, gnaders amad)
Sscrapers.

3 Y coul dlantand bhdefar away before [day

28



Lemmas and Senses

Seeds Expanded senses  Quotations

anger 6 17/121 103/564
apple 19 6/61 36/300
art 19 5/47 33/212
democracy 7 6/61 37/301
happiness 5 9/46 57/186
labour 18 4/30 29/148
machine 25 8/83 42/361
man 48 9/78 55/380
nation 15 8/85 53/430
power 39 5/49 34/244
slave 10 20/158 103/670
woman 17 10/81 64/379

Table 1: Headwords used in the experiments, with the
number of seed senses, their expanded senses (syn-
onym and unrelated) averaged per sense, and number of
gquotations (positive and negative examples) averaged
per sense.
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Language Models

Search ot

I:
(= o)
24
=%
[

el

 Subjects Neural Language Models for Nineteenth-Century English

Digital scholarsh
underake movaive K asra, Hosseini®*, Kaspar Beelen®?, Giovanni Colavizza®, Mariona Coll Ardanuy®”

collections and data
- “The Alan Turing Institute, London, UK
rinted books

Frinted materal in.a g ®Queen Mary University of London, London, UK

current researchers a

“Institute for Logic, Language and Computation, University of Amsterdam, NL

Concise Guide to London, with map, etc. 1885

Printed books digitised in partnership with Microsoft from the 18th & 19th century
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Language Models

bas

#BOOKS

1200

#all books: 47,685
#all tokens: 5.1B
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Date

~
BERT 1900
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Token Embeddings from Transformers

They sell sewing machines— : 054 | 023 | .. |098

Extract BERT embeddings for each quotation keyword
A Concatenate last four layers

A If a word has multiple subtokens *, we averaged their vector
representations

* In case the BERT tokenizer splits a token into two sub ##tokens



Sense centroids

Class 1

Sense

Contrnid

w1 1TL JITA

Sense

Centroid ...

Class O

Sense X
0.34 0.32 0.98
0.93 0.1p 0.35
¥
0.97 0.23 0|45
0.54 0.25 0.98

Sense
0.54 053 0.98
0.97 oprs3 0.45
v ‘ Sense
Centroid
4 Sense
Centroid
0.97 0.23 0.45
0.54 0.25 0.98
33




Does time matter?

Impact of time -sensitive disambiguation
Quotation and time -stamp Is input for classifier
Influences the construction of centroid vector
Filtering: only use the temporally closest quotations (in
training data)
Weighting: a weighted average of guotations with weight
determined by proximity to input time  -stamp



Time matters

1850 1920
BERT _base sense centroid 0.575 0.552
BERT _base nearest sense centroid 0.458 0.433
BERT _base weighted sense centroid  0.593  0.556
BERT_1900 sense centroid 0.604 0.592
BERT_1900 nearest sense centroid 0.505 0.464
BERT_1900 weighted sense centroid  0.627  0.584
BERT_1850 sense centroid 0.602 0.579
BERT_1850 nearest sense centroid 0489 0.441
BERT_1850 weighted sense centroid  0.609  0.562

Table 3: Macro Fscores for time (in)sensitive models

sense embeddings.



Time matters

1760-1850 1760-1920 1760-2000
Prec  Recall FiScore | Prec Recall FyScore | Prec Recall FiScore
random 0.102 0.511 0.170 0.087 0.483 0.148 0.087 0.503 0.148
Lesk: token overlap 0.234 0.266 0.249 0.245 0.278 0.261 0.248 0.277 0.261
Lesk: sentence embedding 0.269  0.196 0.227 0.266  0.198 0.227 0.280  0.215 0.243
Lesk: w2v 0.323 0.291 0.306 0.288  0.270 0.279 0.286 0.257 0.271
SVM classifier 0.500 0.091 0.155 0.495 0.083 0.143 0.509 0.077 0.133

BERT _base binary centroid | 0.254  0.699 0.373 0.238 0.702 0.356 0.236 0.716 0.355
BERT _base sense centroid 0.756  0.464 0.575 0.665 0471 0.552 0.618 0.493 0.548
BERT _base perceptron 0.578 0.425 0.490 0.575 0.448 0.504 0.580 0.456 0.510
BERT_1900 binary centroid | 0.234  0.698 0.351 0.221 0.715 0.338 0.222  0.728 0.340
BERT_1900 sense centroid 0.766  0.498 0.604 0.702 0.512 0.592 0.630 0.497 0.556
BERT _1900 perceptron 0.575 0.429 0.492 0.588 0.453 0.511 0.586 0.463 0.517
BERT_1850 binary centroid | 0.229  0.678 0.343 0.224 0.713 0.340 0.222  0.722 0.339
BERT_1850 sense centroid 0.789  0.486 0.602 0.688 0.500 0.579 0.613 0.495 0.548
BERT_1850 perceptron 0.587 0.424 0.492 0.568  0.437 0.494 0.570  0.456 0.506

Table 2: Precision, recall and macro Fjscores of the positive class over all senses computed for different time
periods. The table highlights the top performing methods for each experiment.



Latin

lacopo Ghinassi, Simone Tedeschi, Paola Marongiu, Roberto Navigli, Barbara McGillivray
(2024). Language Pivoting from Parallel Corpora for Word Sense Disambiguation of Historical
Languages: a Case Study on Latin. In Proceedings of LRECOLING 2024.



Latin WSD

A Historical language data (e.g. Latin) vs historical data
(e.qg. historical English)

A Low-resource setting

A Challenge: improve state of the art in Latin WSD with
automatically generated training data

UO, 14), CUTPUY.: CULGIVIS,

Reivitds, -Gtis f. @ civis (¢f. VARRO ling. 10,39 Gran. suppl. | .
68,14 Istn.orig.16,2,1L.77).  serabitur: ceivitas: Lix repetund.
(Corp. 1198) 12 al. Lrx Tarent. (Eplem. epigr. 1X p. 1sqq.) 39 Core. V
1231,2(aet. Aug.)al. IX 0834, FRONTIN.aq. 17 (celintatis cod. ; sed ¢f. 89.
d4al). civitas: Lex de flam Narbon, (Corp. XII1 6038) 17al. Comp. V
4954. XI11855. 111388 et saepius.  cibitas: Core. V134676, XIV 2080, | .
1X 648 (bas). X 478, 6226. LI 218 (Cypr., a. 198 p.Chr.), 11 Epicr.imp.

ThLL, vol. Ill, s.\civitas




Latin WSD

A Dictionary quotations
ab-dico, avi, atum, 1, v. a. (prop.
A D ata S p a rS i ty L.to indicate, announce something as not belonging to one; hence),

I. In gen., to deny, disown, refuse, reject.—With ace. und inf.: mortem ostentant, regno
expellunt, consanguineam esse abdicant, deny her to be, Pac. ap. Non. 450, 30 (Trag. Rel. p.
= . = 84 Rib.): “abdicat enim voluptati inesse bonitatem,” Pseudo Apul. de Dogm. Plat. 3 init.
A S kewed d IStrI b u tl O n Of With acc. (so very freq. in the elder Pliny): naturam abdico, Pac. ap. Non. 3006, 32 (Trag. p. 120
Rib.): “ubi plus mali quam boni reperio, id totum abdico atque eicio,” Cie. de Or. 2, 24, 102:
“legem agrariam,” Plin. 7, 30, 31, § 116: “corticem,” id. 13,22, 43..8.124: “ea (signa) in

guotations over time il ey e

IT. In partic.

A B & B A. Jurid. t. t, to renounce one, partic. a son, to disinherit (post-Aug.): “qui ex duobus
am m a.n u rn S legitimis alterum in adoptionem dederat, alterum abdicaverat,” Quint. 3, 6, 97; cf.:
“minus dicto audientem fllium,” id. 7, 1, 14: “ex meretrice natum,” id. 11, 1, 82 al.:
“quae in scholis abdicatorum, haee in foro exheredatorum a parentibus ratio cst.” id. 7,
2 O 2 O 4, 11.—Absol.: “pater abdicans,” Quint. 11, 1, 59; cf.: “filius abdicantis,” id. 4, 2, 93;
and: “abdicandi jus,” id. 3, 6, 77.—Hence, patrem, to disoun, Curt, 4, 10, 3.
B. Polit. t. t.: abdicare se magistratu, or absol. (prop. to detach one’s self from an
office, hence), to renounce an office, to resign, abdicate (syn.: “deponere
magistratum): consules magistratu se abdicaverunt,” Cic. Div. 2, 35, 74: so, 50
magistrutuy, id. Leg. 2, 12, 31; Liv. 4, 15, 4 al.: "se dictatu. ra,” Caes. B. C. 3, 2; Liv,
2, 31, 10; 9, 26, 18 al.: "sc consulatu,” id. 2, 2, 10; Vell. 2, 22, 2: "se praetura,” Cic.
Cat. 3, 6, 14: “se aedilitate,” Liv. 39, 39, 9 etc. Likewise: “se tutela.” Cic. Att. 6, 1,
4; and fig.: se scriptu, Piso ap. Gell. 6, 9, 4; cf.; “eo die (Antonius) se non modo
consulatu, sed etiam libertate abdicavit,” Cie. Phil. 3, 3, 12. — Absol.: augures rem
ad senatum; “senatus, ut abdicarent consules: abdicaverunt,” Cie. N. D. 2, 4, 11.—
b. With ace. a few times in the historians: “(patres) abdicare consulatum
jubentes et deponere imperium,” Liv. 2, 28 fin.: “abdicando
dictaturam,” id. 6, 18, 4.—In pass.: “abdicato magistratu,” Sall. C. 47,
3; cf.: “inter priorem dictaturam abdicatam novamque a Manlio initam,”
Liv. 6, 39: “causa non abdicandae dictaturae,” id. 5, 49 fin.



Language pivoting

We pivot on a high -
resource language
(contemporary English)

"WSD

IBabelNet WordNet ‘

Output Senses/Synsets

I S S S . N
00 040dAad |
t t t ! f t E
[ Multilingual Language Model ] =
spaCy + #Stanza ¢
document splitting tokenization g
part-of-speech tags lemmatization E

[The quick brown fox jumps over the lazy dog.J

Orlando, Conia, Brignone, Cecconi and Navigli - Al

MuSE-WSD

EMMNLP (2021)

SENSEVAL 2

85

80

SemCor+WNGT, vocabulﬁ_a”rﬂy reduced, ensemble

/

Bi-LSTMatt+LEX GASext

ConSeC+WNGC
ESCHER SemCor™~
EWISERj—V;VﬁNGC?“
SemCor+WNCC, hypernyms—"" —
2019 2020 2021 2022

2018

Other models

-8~ Models with highest Senseval 2

Credits: lacopo Ghinassi



Language pivoting

Latin English
Faciesque vestem sanctam fratri tuo in gloriam [...] And thou shalt maka a holy vesture for thy brother for glory [..]
Ky = (zznctus, ad)
‘ WordNet 3.0

~ » State-of-the-art English
I — o — Word Sense Disambiguation
15
w
. 5 = inviolable#3
5 = holy#1 [ wo=ondes . w =hoiyes . wy = gloryes
53 = good#®7

.\, Propagation,, imer Word alignment:

h I v 0w = holy#1

sanctam < - > holy

v = wg = holy#1

Propagation,, q

A
wn

1. Generate
automatically

2. Fine tune Latin 3. Use fine-tuned
BERT on WSD

task

Latin BERT on
unseen Latin data

sense-annotated
Latin datasets

Credits: lacopo Ghinassi



Latin -English alignment

A Perseus project

A Automatic alignment with Giza++ (Och & Ney 2003) A old!

A 123,000 sentence pairs
A 2.33 million Latin words

A Latin Word Net aligned with PWN

Latin -Wordl\let/

Curated
linking ‘\ Lewis & Short
Latin
'\ dictionary
SemEval LiLa . .
LiLa

annotated
dataset

LWN
dataset




Annotated dataset

A 40 lemmas annotated in SemEval 2020
A LatinISE corpus (McGillivray & Kilgarriff 2013)
A lemmatization and PoStagging of Perseus corpus with Cracovia lemmatizer and PoS

tagger ( Wrobel & Nowak 2022)

A Fine-tuned Latin BERT (Bamman & Burns 2020)

left context

- ex quo intellegi necesse est aut neminem ex sociis civern fieri posse aut  civitatis
etiam posse ex foederatis,-- tum vero ius omne noster iste magister

mutandae civitatis ignorat, quod est, iudices, non solum in legibus

publicis positum, sed etiam in privatorum voluntate. lure enim nostro

neque mutare civitatem quisquam invitus potest, neque si velit mutare

non potest, modo adsciscatur ab ea civitate cuius esse se civitatis velit:

ut, si Gaditani sciverint nominatim de aliquo cive Romano ut sit is civis

Gaditanus, magna potestas sit nostro civi mutandae

I
- obseditque illam civitatem anno illo integro. Sed, Deo misericorditer

favente et civibus viriliter se defendentibus, munitionem irrumpere non
potuit. Eodem anno Aelfred, Angulsaxonum rex, post incendia urbium
stragesque populorum, Lundoniam civitatern honorifice restauravit et
habitabilem fecit; quam Aetheredo, Merciorumn comiti, commendavit
servandam. Ad quem regem omnes Angli et Saxones, qui prius ubigue
dispersi fuerant aut cum paganis sub captivitate erant, voluntarie
converterunt, et suo dominio se subdiderunt. Anno Dominicae
Incarnationis DCCCLXOOVII, nativitatis autem Aelfredi regis trigesimo

civitatem

target word right context

the the citizens a city
condition or pri unitedina

vileges of community

a [Roman) citiz

en, citizenship

, nec foedere impediatur quo minus ex civi Romano civis Gaditanus possit esse.  3: Closely
Duarum civitatum civis noster esse jure civili nemo potest: non esse huius civitatis Related

2: Distantly 4: 1:
Related Identica Unrela
qui se alii civitati dicarit potest. Neque solum dicatione, quod in calamitate | ted
clarissimis viris Q. Maximo, C. Laenati, Q. Philippo Nuceriae, C. Catoni Tarracone,

Q. Caepioni, P. Rutilio Zmyrnae vidimus accidisse, ut earum civitatum fierent

cives,: cum; hanc ante amittere non potuissent quam hoc solum civitatis

mutatione vertissent, sed etiam postliminio potest civitatis fieri mutatio. Neque

enim sine causa

derelinquens incolumemn, eo qued aliter proficere sibimet non poterat, classem 3: Closely 4 1:
suam sub illo ponte sursum contra Signe longe remigando, tam diu direxit, donec Related Identica Unrela
ad ostium fluminis, quod Materne nominatur, pervenisset; tunc Sigonam I ted
deserentes in ostium Materne divertunt, contra quod diu ac longe navigantes,

demum non sine [abore usque ad locum, qui dicitur Caziei, id est villa regia,

pervenerunt. In quo loco hiemaverunt integro anno. Sequenti anno in ostium

fluminis, quod dicitur lona, intraverunt, non sine magno regionis damna, et illic

remorati sunt

1: Unrelated



Propagation

1)

2)

w/inter :
intersection of
synsets for
target Latin
lemma and all
synsets from
the aligned
English
sentence.

w /align : use
word

alignment from

Perseus

Latin
Faciesque vestem sanctam fratn tuo in gloriam [..]
ky = {sanctus, ad])
l WordNet 3.0

-

1_‘,\_

S |

.| s, = inviolable#3
5, = haly#1
53 = good#7

English

And thou shalt make a holy vastura for thy brother for glory [..]

State-of-the-art English

W

Word Sense Disambiguation
System

. 1, Propagation, iinser

v Nw = holy#1

v = wg = haly#1

Propagationg arion

Word alignment:

sanctam < - > holy

Credits: lacopo Ghinassi



Training set



