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under the assumption that Person B will
respond to the utterance in a way that furthers
the goal
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Communication 4

e How does Person A know which utterance to send to
Person B?

e The utterance should be surprising in some way, to
convey information Person A thinks is new to Person B

e But it shouldn’t be too surprising, or else Person B
would struggle to understand anything

e A communication system is a set of expectations that we
maintain on the intentional behavior of others in the world,
where behavior that breaks these expectations is
interpreted as a recruitment towards some other’s goal




Language

Human language is
compositionally productive.
Language is built on multiple levels
of continuous signals and discrete
abstractions, which supports:

e Construction and understanding
of entirely novel meanings

e Sharing increasingly abstract
concepts with one another (e.g.,
past events and hypothetical
futures; language itself)

e Language change over time

Emoji are not (very) arbitrary,
but they can be composed into
entirely new meanings.

O0S0008D
SO8O0086
SO0 08608
SO 8B03

S80I
S0D0800800066
8000600088

Android 7.0 Nougat emoji, from Emojipedia

“Book from the Ground”,
Xu Bing




Language

. Traffic signaling is not compositional,
Human language 1s mostly but the design is arbitrary.

arbitrary. The relationship E_ Ty
between linguistic units and their o
use does not come a priori, which
implies:

Federal Highway Wikipedia
Administration (Emmacedmonds)

e \We must learn language
through experience

Wikipedia (Unisouth) g

e Utterances may, and often do,
have multiple interpretations in
different contexts (ambiguity)

e Language users can influence
what meanings forms take

Wikipedia (oW E)



Linguistic Units

Phonemes/

Qraphemej
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GA English vowels

Chinese stroke primitives,
from Jiang et al. 2024

Jiang et al. 2024, CogSci, Finding structure in logographic writing with library learning



Linguistic Units
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Morphemes
QLexemeg

Adjective Affix

Affix Adjcctive
N\
AN
\\

Verb  Affix

in cepend ent Iy

ASL mouth morphemes

Large (CHA) and Small (OO)
learnhowtosign.com

fan
}i — "anti-"
fan kéng
o ;& X [RY] — "anti-terror”
fan jiaoquande
« R BN [REER)] —

fan faxist

o R APEET [RIATEEA]

"anti-clerical"

— "anti-fascist"

Wikipedia (Annie Yang)

Wikipedia



http://learnhowtosign.com

Linguistic Units

& A

“language” in ASL
lifeprint.com

ajar = to teach

afarl = to teach {imperaiive, locaiive)

ajarilah = 10 teach (jussive, localtive)

/arkan = 1w teach (imparative, causative'applcativa)
/arkaniah = to 1aach (jussive, causative'apol catlive)
arlah = to each (jussve, activa)

syjaran = aschings

bealafar =to leam (irtranzitve, activa)

diajar = to ba taught (intrans ive)

diajarl = 1o be taught (transitive, locative)

dfajarkan = to be taud™: (transitive, causativesapplicative)
dipelaan! = to be studied (localive)

dipelajarkan = to be siuded (causstvalapplcative)
mempelajarl = ta study (locative)

indicative
singular j plural
n taoa wi-fegen
present du fogst i fegl
ar fagt sl fegen
Kh ingte wir fngtan
pratarite du fagless v faglat
or fogle =i fegten
fag ()
imperalive g fesgl ()
lega (du)

\_ Words /

conjugation of German
“fegen” (to sweep)

(Wiktionary)

Indonesian “ajar” (to teach)
with affixes
(Wikipedia)
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Linguistic Units

(/”—--- (a S (b) S
NP VP NP VP
NV
NP PP NP PP
NP NP
Pro V Da Noun P Poss Noun Fro V Det Noun P PFoss Noun
I shotan clephant in my pajamas I shot an clephant in my pajamas

Constituents

uPhrasey

syntactic ambiguity,
from UBC CPSC522

el | S

T e

Kyuera ce

msJtipass

MCCT'CQMLLIE or

puner

]

.
! mn“"“M hmm

HOTEATA

puncty
Ux V‘iﬁwr\.bl \m

M(

Pes honer

kuotkou

punc:

;—0'\(-—

i T e ""“’mma ‘mm

Hunden |japades av

kKatien

Universal Dependencies
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Linguistic Units

R0 588 R 05— A SO

FEFEIE (YouTube)

Ugh it \'ﬁwilqz the other pér..

-- the jpUtside part.

Portal 2 dialogues

JOHa MblUIKa Posa enena JOHAYED DECEHRY 3 Te
”(.lll. oy BINAAACH, Fan 110 a<o HOLACTHNX Hl.\lC(ll
po3da Onaa ACnoaLia coGI HAKUNEI-TO OHA HAIIAA Me
¢10, OTHYZA MOPE OTARYMEO npocsMatmseavsb, Besepen
fy 4N CCAHIA, IAXOARINATI 31 CC CHMEOI OEPASNIN S0MY
p QOFOTACTIIN W DATPARKIM 1neta

— reit, Fosa. nosvanyitre-ga ywonsrsn. He aan Toro
a cTapancs, YTOBBL BCE 310 TeNePh MEOCTLIA0, IHAYHICH.,
ro 0¢Th OTeRIpes0. Hes v, avaeu!

Coy-uug Pockt, Kpor Ppys, Tpras\ro mosaxan e
aancit, MBIIES HOJ0LLIA K NAJIEHEROMY ROCTEPKY, HA KO-
TOPOM CH CTPATIE, B DPHHIONAJACK:

— Oro Jenemks 13 IMEOrD 05ca ¥ CVI 13 33IEHN

lpy'.i.\l _\’.'Il.ll'lll)"h'}, OTHEEO ero GapXaTin MopIoRa
(‘.\mplllll.mk'l'. N HOAAIA MEJICEBROM NOGAFCIRON, ROTD
L)‘MJ L a NOCHIT S 1o coM IGNOJA0RC MO'ID

— (:G}Ul('), oTrDeiaa \"_\'Il IEv.

Poza marma r’lyﬁm._vu- MROBHHY MOPCROTO rpedeinra,
HATIUTFOMAVEY APDOMATHEM CVION. [loxoxEns caop ne-
TOIEKY HE TUTOCKHIE BAMEHR ¥ KCCTPA, q1o0K T He (C
SRISA. MBITIKA OTXAe0HYIa cynd 1 NORAYAIA NOIOBOH:

— T xymwe crepod naaskn, Ipyss Eamssune. bhioch
oD saRmAL ecoti Obl 4 DO3LOMIS, Tl OB MEAA W SIaTh
YEIAAMBAJ, N HA HOYL DaOKAI.

[Tepeg HocoN POGH 3aMintle NoBaperine. 3

— Tak 4ro #e Tefe, CraTh, 910 CAMOG,.. H 0 HAX0OHO
ponce, 1ax, vio ane Hpeaelons, 5o SamonmKs TROW CEA-
WOT, ecay m Tebn oMo HOCTART ACK VETAIVE TaKy
A rozomuyn, o?

Utterances/

Qentencey

senfences in a Russian book
(reddit)
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Linguistic Units
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Portal 2 dialogues
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- - - Lalas et 0
e v o B s e T ok T By o vy A e O 3 o
soves avwes O fow o o ~EEW T -
18 CHAIR EID:
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BBC News in Punjabi

22 MR, PHILLIPS: Judge Eid, can you see me and

Discourse/
thank you. DialOgue

23 hear me okay?

US Supreme Court
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Linguistic Units

[ B E NEWS Gt
(a) S » Mt vl ver dom
BT NN 3L psctey 3ve v
By B Y% Gt B!B.Y DA® Bp Byt NP VP
G> "8% NJCCY XXd Br V¥ NP
Bl XX3 NP PP

Stokoe notation of ASL

NP

fFro V. De Noun F Poss Noun

rera 3 wyez oW A

DAt ws e

I shotan clephant in my pajamas

e nf AT 5 fir Mo

“language” in ASL
lifeprint.com (b) S

x iz W @ 1 feo wenfts 24 feed) fr

e RIS R —FIERSOR
FHEEH (YouTube) ; Lo lad il LAl

& ou A NP ve e
\ \ ndesive e
1 ®0 ASL mouth morphemes singuiar
NP PP

o 10 5 § ieg e

\< }\ ce Large (CHA) and Small (00) —| e
)

. NP
® learnhowtosign.com
Pro V Det Noun P Poss Noun
praterite
Adverb
I shotan clephantin my pajamas| \ A S
) ) g (o} o - The one person can walkithratioh itwhile the otHEperson
ROEEADS Tega (du) el (i) um controls like the uh -- the putsidejpart. L

syntactic ambiguity,

GA Enghsh vowels Adjectiva Affix conjugatlon of German from UBC CPSC522

“fegen” (to sweep)

BBC News in Punjabi

Affix Adjective . .
(Wiktionary)
Verb  Affix  S0AOTACTII 31 Barpanmii wne
N » s P n — xeil, Fosa. nowa
— —_ N A ETAPANCS GBI D 4
\ I / in cepend ent Iy lar =ta taach P e iy N\ EEEETR ORI i 2
" " A - ! miari = to teach {impsrative, locaiive) nouns! proNal” P yeags R RIVINER 3 00, JHP:
) \‘ \ J J — lafari = to ch {imperative, locaiive) ancit, MBmEa zopomia K -
r:\‘ﬂ”’ah: 0 teach (jussive, locath e) Kyuera ce npecrnenpawe  or KoTKara .
o b = * =L a o0 . . == ’ — Oro Jememiku u3 1 POI’tal 2 d’alogues
L 7 < 1 [_. L W]k]ped]a (Ann]e Yang) |a/arkan = 1o teach (imparative, causalivelapplcativa) i P s Lpys yamGRY s, 0T
rz SHG DG DG 152 nuzr l2/arkaniah = to 1aach (jussive, causative'apol cative) Pes byl fionse kotkou
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e e we . cme e e - R e Pasn mare Tyfowyia paomTy XOICKOFO TG,
L T TLTY fan ajeran = teschings S PSSR oo, —
& — "anti Ibalajar = to leam (intranzitve, active) Hunden lagades av katen . MCHD Y K(CTP, HT00)
Gy 4322C _5 HBZP } N fan kéng yaa CYNa i DOKAYa/Ia roI0noil
ldiajar = to ba taught (intranzitiva) 5 5 i s, Ipyset Kamaggie. Buices
by .1 18 m " . " U ght || DO ¥ 0 N
& . b ix] — "anti-terror’ % . Tl BB MEAA W T
. o oy e é jié:qu[éifd;] jdiajard = %0 be taught (iransitive, lcative) Unlversal Dependenc’es e
Ch inese StrOke pr’m’t’ves, o R B W [REEN] — "anti-clerical" jdfajarkan = to be taud: {transitive, causative/apglicative) ege 1
. fan faxist jatpelajart = to be studied (locative) o ‘;A“, S
from Jiang et al. 2024 o R ST [T — "anti-fascist ot - 10 5 504 (cauesiscpps cates o 2 i e e TN
rozomIy D, o2
o . Imempelajari = to study (locative)
Wikipedia

- - sentences in a Russian book
Indonesian “gjar” (to teach)

( : . (reddit) .
Phonemes/| Morphemes o | |Constituents| |Utterances/ | DIV ¢1=V)

Graphemej \/Lexemes/ \_Words /J \ /Phrases / \Sentences/ @BEIlJe[V

US Supreme Court
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Language Use: Generation /\\
/  context c

f utterance 7T, \
previous

utterances o
:EO7 . :Cn 1 J = : ‘

Can you hand me
the suitcase?”

fs (mv C)

//7 speaker

intention / meaning m

\_ /



https://aslgames.azurewebsites.net/wiki/?targetArticle=5177&targetName=Communication

Language Use: Understanding /\\
/  context c

previous
utterances K speaker \
\_{To, n—1) j intention / meaning m

f utterance T fi(z, c) :

‘an you hand me K 8° j

the suitcase?”

“Human communication is unique for its extensive use of
abstract language.” From ASL STEM Wiki, Yin et al. 2024



https://aslgames.azurewebsites.net/wiki/?targetArticle=5177&targetName=Communication

Language Modeling

Modeling the expectations we have over utterances we encounter

e How can we find structure in continuous signals like speech?
e What words are more frequent vs. rare?

e What combinations of words are more likely vs. unlikely?

e What sequences of utterances are plausible vs. implausible?

e How likely is it for certain words (or combinations of words) to
appear alongside different contexts vs. others?



Language Modeling m

Modeling language use

e Given an goal and a context, what utterance optimally
achieves this goal?

e Given an utterance and a context, what does the utterance
mean, and what should you do in response?



Language Modeling m

What we might get for free: information and structure

e How do the statistics of language use reflect the structure
of the real world, e.g.,, commonsense, factual knowledge,

etc.?

e How can we use language to scaffold structured processes,
e.g., reasoning, programming, planning?



Core Challenges 1n
Modeling Language m%

e Form is arbitrary; meaning is context-dependent
e Learning requires a significant amount of data/experience

e Languages are diverse, and change over time



Arbitrariness and Ambiguity m%

When context is not fully specified,
the same form can have different interpretations.
We can design language representations
that disambiguate between possible interpretations.

y
4
4
»
.

5 s

":
T\\Jf

I'd like to buy
a muffin with

| chocolate chips. ",
s e " - .’ \
- 3 - iy ==

I'd like to buy a muffin with chocolate chips

Sorry, we only \

example from Yoav Artzi



Arbitrariness and Ambiguity ¢,

When context is not fully specified,
the same form can have different interpretations.
We can design language representations
that disambiguate between possible interpretations.

Please could you go to
the shop and get a
carton of milk, if they
have avocados get six ¥ . y

Please could you go to the shop and get
a carton of milk, if they have avocados

get six{

They had
avocados.

example from Yoav Artzi



Arbitrariness and Ambiguity

When context is not fully specified,
the same form can have different interpretations.

We can design language representations

that disambiguate between possible interpretations.
e ‘[ l

How do you think 3
we keep the cars
nere so shiny?

Ok sir, next can you
tell me a little about

your background.

g A~ Sorry sir, Jak myslisz,
'~ jak trzymamyszamochoedy
tutaj tak blyszczace?

example from Yoav Artzi

example from Yoav Artzi



Learning Sparsity

Long-tail (“Zipfian”) distribution of wordtypes
(from Portal 2 dialogues)

Word Frequency Distribution - Linear Scale
5000 A
4000 A N
3
&
>, 3000
5 . We might see some
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X
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i’b\) J N
%%22\:3%6 & & S & N} < «9’0& & @
SO o F & T © S @ > & N S
0 & SNRPE P @ &S Q‘OQ & o§ & & > i &
0 500 1000 1500 2000 2500
Word Rank




Learning Sparsity

Long-tail (“Zipfian”) distribution of wordtypes
(from Portal 2 dialogues)

Word Frequency Distribution - Log-Log Scale

Inflectional variation can
create more rare words

We might see some
words only once or twice

Verb |w

ardiculale (!~ parson simoolar simele present articulate s, presant parficinke ardiculating, simp\e past and pasf pariciphe

articulated)
Derived terms |1
o articiable e aricuialory e malarticuiate
| misarticul
1 overan .
1 | reartcyulat
X0 &
(22O
la un 1 ,0(\60(\4({}(’00\?
5 AN O AR
10" ~
T T T T T T T T T T T T T T T T T T T T T T
10° 10! 102 103

Word Rank (log scale)




Learning Sparsity

Long-tail (“Zipfian”) distribution of wordtypes
(from Portal 2 dialogues)

Compositionality results in

exponentially many possible

Word Frequency Distribution - Log-Log S

utterances!

We can create new words in
new contexts

Words appearing once:

5, mainly, movies, voiceover, recently,
destroying, rash, staff, counter-strike,
freedom, stopping, changed, trench,

crosses, sneak, downstairs, lady,
winnable, locked, pr, partially, portally,
cynical, straightforward, regret, aiming,

1 aggressive, boys, travels, ey, steep,

collusion, traps, perception, anti-fall,
somebody, saved, lying, crowded,
greatest, summon, photos, analysis,
jumper, stomp, regenerate, depth,

unsolvable, deadass, ripe, non-red,
metabolism, reflection, connector...

& & @
N2
RN 60@0\\‘(-@ N N
‘&(\0 Qé@& o
AN
103 . {\Q\@o&\
9 $°&°Q
P
A N N unfroze, march, party, relevant,
o)
Inflectional variati FEe
NnTlectional variation can S T
Q/(' \)Q
A
create more rare words ‘&@’o&
%5 & X
X 0‘9
Verb | & ,z}@ Q\,oc,
ardiculale (!~ parson simoolar simele present articulate s, presant parficinke ardiculating, simp\e past and pasf pariciphe @ ,OAQ
arliculated] “ N
Derived terms | o1
e articuiable e ariculalory plartic |
e articuiatabiity e coarticulate o misarticulate portaled’ reca[ibrate, Shorter’
o aricunaiable e goarticusle e Overarhicuiate
e articuative late r lats
o arbicuiaior e gxarticulate o uncerarbiculate
100 4 Cen
100 10! 102 103

Word Rank (log scale)




Learning Sparsity

Language statistics vary significantly
depending on context of use

= o hmmhmqum iM huh o samething yéah V mean anyway xill guesstw YOU kncw °hy-s 1 know (filtandto Top talk
s he eal ‘otallydon .,
- g Jnhh i gistored Whatelte Uh, dad Y chay eCa M™m , real Y . shuff Y . o uhhun
€ | ¥ h o shed o erabbi *+ " L0 L, QP w'lm t\ ‘- he
(o8 3 owe ’ L ad a L | 'Y * * " . & .‘ ‘ - C hm
s Vi S, des v, g W “,‘2:-" J .- ,_’3‘ : may
T\" mmw“ ;4.\ . . * o'. . ) > ® °< P .r_ .", e - e ) “I, ' & ‘ f ! 4 slate mEm
~ T 2% 3% v .8 ) 1T ‘9 2 " v _ 4 |
‘1h(yv., tx:c‘\ahy 1 e af hh
doing Anytning 3. 9% , : upon WOow
2 b ; Pttt oo v JONOVE im geing
~ al noon
E - pouring 4
< < i
fregile {Edll
tents ook m':“ neo -
tafesin kit . m‘:' Brilish English s American English s
l.')'NQ'mg vacan "fg': ’
I pratt awight ~ yang not touch somsthing wilh a bargepole nof touch something with a ten-lool pole
g ~ bronze feeds bade sosse
8 melers camer o nedplasma | Sweep under the capst sweep under the rug”
= !
hirequent touch wood knock on wood
. (can't) see the wood for the trees (can) see the forsst for the trees
Figure 3: Words and phrases charaj |
put a spanner in the works throw a (monkey,) wrench in(to) (a situation)

to put (or stick) your oar int®)
but it won't make a ha'parth of differencel="] to put your two cents (or twe cents’ worth) int*?]
o put your two penn'orth (cr tuppence worth) in

skeleton in the cupboard skeleton in the closet

& home from home @ home away from home

Wikipedia

Dingemanse and Liesenfeld 2022, ACL, “From text to talk”
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Labeled data (log)
=

100

Language Diversity and

Language Change

Languages differ greatly from one
another, and language is constantly

changing as it's being used

I&j P ’
RFS
“o ¥ 0"5 .
. L
& SRR T
f,/ . 9 “‘ ..c‘.!'
VS | 1.2B total speakers, virtually no
1 10' 102 1 10¢ 105 105 107 available data for building
Unisbeied data (ng) language technologies
Class S Example Languages #iLangs fSpeakers | % of Total Langs
0 Dahalo, Warlpiri. Popoloca, Wallisian, Bora 2191 C12B ) 8R.38%
1 Cherokee, Fijian, Greenlandic, Bhojpuri, Navajo 222 30M S.49%
2 Zulu, Konkani, Lao, Maltese, Irish 19 5.7M 0.36%
3 Indonesian, Ukranian, Cebuano, Afrikaans, Hebrew 28 1.8B 4.42%
- Russian, Hungarian, Vietnamesa, Dutch, Korean 18 2.2B 1.07%
5 Englieh, Spanish, German, Japanese, French 7 2.5B 0.28%

The TkTok Slang exclusive to Gen Z
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e
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L
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Joshi et al. 2020, ACL “The state and fate of linguistic diversity and inclusion in the NLP world”




Addressing these Challenges 4%

4 e i i

Approach 1: design explicit
models based on our theory
of the phenomena

Approach 2:
scale up
learning with
more data

™. — L=(D/5.4-1013)-009
(7]
(/9]
@)
—
e
o
|_
10% 10Y
Dataset Size
tokens

Feature Configuration Accuracy
n-gram length L
2< <) 65.82
2<n<3 63.20
Counting Relations

w/o greater-than-or-equal relation 67.13
w/o equality relation 18087
W/o count-hased features LT
w/o property-based features 66.45

Suhr et al. 2017

Kaplan et al. 2020

Waords of language input

Te+124

1e+09 4

1a+08

Chinchilla :

b - e e e e e -

Human uppsr bound
—a—o —b—u 0 ‘f

. Human lawsr baung :
el : —— %

10 15 20
Age (years)

Cumesssssisssnsad

Frank 2023

Suhr et al. 2017, ACL, “A corpus of natural language for visual reasoning”; Kaplan et al. 2020, “Scaling laws for neural language models”
Frank 2023, Trends in CogSci, “Bridging the data gap between children and large language models”



Multiple Perspectives m%

e Linguistics

e Cognitive science

e Neuroscience

e Psychology

e Sociology

e Political science
o Literature

e Philosophy

e Etc...



Language Technologies ﬁm

“methods of how computer programs or electronic
devices can analyze, produce, modify, or respond
to human texts and speech” (Wikipedia)



Data Analysis

Linguistic Text and Data
Analysis Analysis

(1) a. The cats annoy Tim. (grammatical) — powecs
o ~—— 7
] . \ LT vagnny ~ b
b. *The cats annoys Tim. (ungrammatical) » NS
The mar with (e moeas beckons [ane forwacrd.
BLiMP benchmark, Warstadt et al. 2023 pawers EOwery
e ,l,J'tm', “‘_\ / |Y
Impossible Anotlat man 75§56 in behnd her, tnppln‘ her...
.
Wabdated l — 7% Rancum Word H""’ versing | r’ \FageEnay
BabyLM o AT Shufes luncinne !
’ - ' 8he slices upwards with a razor-sharp kaife..,
acking The movaands with Irena's fings> Svar har own mnouth..
Lozl Shuffles arn .IJ' jan /‘\\~ By L.‘ ", there was o doll with black hair, J&t akae a face
v aca ' \ = hatlocked aavthing like Moniques Ed Lim had gone
", ' '_'" B E¢ obays, €98 TWLgng. 1o lcur dizlercon 1oy 300205 searcking foc o Chincse el
A\.J:.::'....:‘a.~ » - 4?} i Ravarsad Strings ) 'J ]r‘." rl\ e weambd Bovwe Ecaght il far Das daoght e walwile o the
W Asarecy 1 \"" v waers | Sap et al. 2017 prive Lo mosuxl thag egisted.
g ing | b iopis
Cours hased » A ‘~';_.' ' LDA 18pis made
- - erarchca o~ -
e 43% Grammar Rulas Strachure white, baar, Elack, cress blue
v Aoasais! e e e ‘/_N A aouesy - ~—— ' . _
Vg ) | relace — Attested (rierarchically 3y o— Abstractive Retaling, ag Llima 30 88% cescipicn
~ea 37% Languages [ Structured -~ by doirg sorkive @ “Taiapamsane rewe s armind the theme ot
. . pragreessny by iony aoml lenbily spreeifienlly he Bk
Possible of dolls thas refiecl the prolagenast ¢ daugke’s
s s Kallini et al. 2024 sthnicbaclqpound. .
. Svwns Vil v sy LA% upis mady
3 - L] — << (33 cre 31 eezert Iergalatic swwiztes > ’ - i, whlwe Back, wara, scelasl
B . . Sl \‘\N ATy Procmednating by
3 :. 9 & SN IRLE TH we ke W a gy Bosie and Jackmess in U windens,” —— . Bobng work thar
B Pricle . AR pasen o s aseance herbewort s TS
. D2 Piva e A AR e S th € eovldn e R — ok i . Lucy et al. 2025
Misra and Mahowald 2024 Q ) = el : >
” R )v, - 1
T4 p—— - r -
("‘.‘ ) |.. - ) — NI e x
[TV T 11\7—‘ I—
/- y "yl —
ﬂ ( l..bv-) "‘n —, (:n.:w .) ¥ou 9o chech
- s O .h'.uws.) ANR Gragh :‘r':-:.-:‘.-:
c;nat (- wq (.) Emeration Arcthar good
w0y
A. eIy He SANE Y @Mt s, TS Yuned Boc Wi
O ' You finc a rew
fo8 o ammchinm “sd® cinmesle Low wverds=<, 18 iwndaiidn Tovestim elhare
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Ettinger et al. 2023

Warstadt et al. 2020, TACL “BLiMP”; Misra and Mahowald 2024, EMNLP. “Language models learn rare phenomena from less rare phenomena”; Kallini et al. 2024, COLM, “Mission: Impossible language models”; Ettinger et al. 2023, Findings of EMNLP “You
are an expert linguistic annotator”; Sap et al. 2017, EMNLP. “Connotation frames of power and agency in modern films”; Zhou et al. 2024, NAACL. “Social meme-ing”; Lucy et al. 2025, “Tell, don’t show”



Augmented Communication

Automatic Speech Machine

Text-to-Speech o :
peet Recognition Translation

Redimy, proemr joris | cobiety weentrum

= . «a
teextbarcdun Alrreramgge: w Connees N g Sy o A o < A
» -
- R0ty DR s &-smbm S Sul eboa e g . Ovmitanps =

Siri

'k 0 k Rug s, peody jirdwrrsact thecete
FozzTexx (Wikipedia)

of the Sawec Fim Fostng e nndge 2.

Level Access (YouTube) https:.//www.youtube.com/watch?v=nw6-eDJXWzY Palabra.ai



https://www.youtube.com/watch?v=nw6-eDJXWzY

Augmented Communication

Automatic Speech Machine

Text-to-Speech o :
peet Recognition Translation

Redimy, proemr joris | cobiety weentrum

= . «a
teextbarcdun Alrreramgge: w Connees N g Sy o A o < A
» -
- R0ty DR s &-smbm S Sul eboa e g . Ovmitanps =

Siri

'k 0 k Rug s, peody jirdwrrsact thecete
FozzTexx (Wikipedia)

of the Sawec Fim Fostng e nndge 2.

Level Access (YouTube) https:.//www.youtube.com/watch?v=nw6-eDJXWzY Palabra.ai



https://www.youtube.com/watch?v=nw6-eDJXWzY

Machine Interfaces

Language Grounded
to Code Instruction Following

Write a pythan program to prink out prime= numkbers from £ to

1C0.

Plezse fill out the vendor reguest form for

Hure'sa Pythoe program that will pring ool all peime numbers
from 1te 100 "Ant Equipment . using data “rom 2ither
the vendor sprezcsheet or search poarta {ahs

prython in wirdow ona. List & verify each fielc as yeu
¥ functioe Lo check if a purmier is peime complete £4s Form ir wndow twe

cf is_prime{num];

il num < 2: m

retarnFalae

farl inranged2, Intinum® 05) + 1)
fnum®i==0
rewm False
return True
example from WildChat (Zhao et al. 2024) Computer Use Agents, Anthropic

L7 return the shortest reasoning chains from decpseek-rl

that are success |
“On the (new) jourth lower, murvor Nvidic wuh UPS.”

SELECI
ceepteek_thinki~g_trajectory,
lengthideepspek_thinking_trajectory) A5 reasnning_lengsh

FRON
trai-

WHERS
ceepseek_grade = 'Yes

JRDER BY AR5 o i i P
reascning_length ASC e éhver lemonade:

LIMIT <& """ move in the shortest path

Hwang et al. 2025

Bisk et al. 2017

from HuggingFace Data Studio

Zhao et al. 2024, ICLR, “WildChat”; Hwang et al. 2025, RA-L, “MotIF”; Bisk et al. 2017, AAAI, “Learning interpretable spatial operations in a rich 3D blocks world”
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L7 return the shortest reasoning chains from decpseek-rl

that are success |
“On the (new) jourth lower, murvor Nvidic wuh UPS.”

SELECI
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JRDER BY AR5 o i i P
reascning_length ASC e éhver lemonade:

LIMIT <& """ move in the shortest path

Hwang et al. 2025

Bisk et al. 2017

from HuggingFace Data Studio

Zhao et al. 2024, ICLR, “WildChat”; Hwang et al. 2025, RA-L, “MotIF”; Bisk et al. 2017, AAAI, “Learning interpretable spatial operations in a rich 3D blocks world”



Information Interfaces

Question
Answering

How can I clean the
outside of my windows?

Basicsupplics you'll reed

o Window dewnes o homemade solution(mi 1 partwhite vinegar with 1 part avater
e NJLeepre

o MicreRser ddothe or imt-free “ags

« Ducket of cloas water

« Ecraliber srapong:

Slep-by-Sle) process:

Can I use ammonia?

I »oumeuslina putla Lntaedd U JIN IIE AR AT Lanax bl suinsde dlan
Sal ety prevanthons

o WOrE in Wel-avan i avas 2" aunnars IWRLEh IS Fotpda since yxi re Crani g rerenor

sk

el the fumes ciectl

What ratio should I use of
water, ammonia, and dish soap?

o gt g enn s mcdonw sday ol vl s winm

zoed catio,

Basic recipe:

o | gallos o

Summarization

1s Memorial Day a

Canadian holiday?

Reasoning

& UCwWwwvow

NG, Merorial Day (Whe last Monday in Mey in the US) is no; a Conadien
liday . Canacir's equivalent 1 Menorad Duay, 11 teerms of hanoreing falien
TTACY POrson sl € Hamemirance Lav, whish 1§ abtar sed on Nowember
11th, Canads aleo S0cornves Victos Day cn tFe Moaday scececing Vay 24th,
whick B a long weeksnd arior t> Memorial Day in the US, #

P beldags i Cawde - Whipada

VO NITOTWINE 3N0 DM DRWNOEE SSR0R0NY SO I NMKEONWID IS N 2
sudutur y Indniay. Caeda Dy & 1wl @ sabuiu y Tun @
& Wlirada §

Wher & Vemaril Dey X025 Facs and Tradtions - Farmens Aimanac A
[N Mo & Wi s venesirner o @ ha 1S e o st Menday in My )
' Aradi. Miadra Dy o COmMamariing vain Lanaca L ﬁ

Whist is Carada's e ivsinet 0> Narnce o Day (n $w sonte .. - Cuovs
e Nose. Thare & ¢ auch day in Canaca Memamtanrs Cay, y

€ Qun

Shuw &

Al FRSP0NSS IMAY INCIIO0C Mesalcs u._,'

o

The sum of the perimeters of three equal
squares 15 36 ¢m. Find the area and

perimeter of
ol the rectangle that can Be made of the

squares,

The perimeter of onesguare S 36 f 3= 12
cm.

The side of one squareis 12/ 4=3 cm

The area of ane squareic 23 =8¢m 2
The area of the reciangle that can be made
of the squaresis379 « 27 o2,

The perimeter of the rectangleic 2 * (3 + 8)
=24 rm

example from Imsys-chat (Zheng et al. 2024)

Qursthn
Coasidir o natunal inplonortation of computing IMitomacol marbon

1: FUNCTION Figin)
2 Fas0ORA*1ETURN 1
3. RETURNFD( - ') = Fibin - 2)

When FIB(10) s evalusted how man recursive calls to FIB scowr?

Tractory

Oy, ot 300 The QUasson & asking Now many recarsine cats 1o ND ooy when svakaing
FIE 10} The function b defined o retuming 1H ¢ is 0 or 1, end cthowiss, Areture FIBIn-1) +
FIBIn-21. S). e srachtiorwad recursive imglenentation. Hnm | remenber that this kind of
recursive Fbosacd has a ot o redundani cals, leadng 1 exporential time comolealty. 3ut
mavbe the pxact number of cals sn womething |rememoer T he D of my head. Let me
WOk Frough Rk ate Dy e

... 28k chars later ...

Trereiore, when the user i asdng for the number of recuniive calis © FIB when evaluating
FIR(10), B answver is 176, his tracks bocause M DL nedes arel 7T, $ack 0030 cOMESEOncs
92 8 recursive Gl (Le,, oM One IUNCIon Saled anod ), 9 o ey 8w 17T -1 = [TSeuges,
od thus T 8w owrshe calle

“Fina Arswr™*
The nember of recussive calls 10 AB when evaluating FIB(10) Is ‘Domad{ 17§,

DeepSeek-R1 trajectory from s1.1 dataset
(Muennighoff et al. 2025)

Zheng et al. 2024, ICLR, “LMSYS-Chat-1M”; Muennighoff et al. 2025, “s1”



Content Creation

Text
Generation

What is collective self-determination? Is liber:l democracy

compatible with collective self-determination® Please write your
answer in paragraphs of full sentences, No buliet poimts,

Collective self-determination refers to the ponciple that

ndividuals bedonging 1o a particular group have the right to

ndependently decide their political status and exercise control
wer their economic. social, and cultural affyirs. It iny

rar B A Oy and seit R ) 0 groups bas 1

yl ha ¢ Lty

This concept is oftendiscussed in the context of ethnic minorities
w indigenous peoples seeking 10 protect and maintan their
Jistinct identity within the broader framework of a nation-state
Regarding liberal democracy’s compatibiity with collective self
Aptorm 13t i p.-‘ re rn AiFE, roryt rwer » 4 thic mate

example from WildChat (Zhao et al. 2024)

Nee! Dharle e
Loy to
Iflizy aw
Workd W L Ot s

' Thank you For playing that rola. Thal role

PS5 NOW NG CIN YOU NOW Ponray e
Characker Resmu Hawures fom Toubou

Projact

CAN A Of e mode of Rer
akural rom tne Tounou Projact. As

mi M A ShNte Maren wWhe maranes

=

bz Makore St e ocaley on Ue Doge
of Ga2nsokyo 'm known foc my abiity te
fly In the s<y, and I'm quite talentad In
NCOEN "CSOIR0N
l'-," :‘.-‘-‘ ?"

W WOUIC YO FES 1D

Zhao et al. 2024, ICLR, “WildChat”

Image/Video
Generation

TV AP Surhe sriat N Hed avae 323ra Bl

Jacaras
Ded

' o — + MO Iy (RN [

'Stop using my voice' - New train
announcer is my Al clone

Iamis Rusend|
INC Tzt Hre
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Multi-Agent Interaction /)

— Assignment ————
Canlemmn e Fevierees Malching

Aasign s tnalv reuivavns fo
conferance papers

machigpr'aeces TINCT g prYonon o

o BT
SR Saale

Tin and Spunce could e good
fite for t-e R mpor,

[Fdom t Udoe Tie s working
an R ammore, weuld fordelda
¢ 8 viable aNteR tmarerd:

Ehe's U umly poriu alm
ran resioe NT

- Planning

Tewwnl Planning

Plan sn ef5cient ibneraey he ysar
wor 4 enjoy

preliunmies st Locatin s youd Tpyteret
Trave. Ldsea | 9‘ —
X 1Y
P

Hi! 1 ral o ek vt U
fepgrarsie b= athor 1mas
thet, hacq out et cates...

Mow AROLT 1RIA AtInRTRT, Y

I don't Jike Zralipy fool.
mless toat place 15 notahle?

Mediation \

Gromp Soond | g

Book asel of Az esthat regpect
0c yidual 2 d group constraints

o) sl Lore . @ rla andd gy

et Ay

Could ww 3l] wrive tefure
Friday Sxa?

I prete- Saturdey bt I coudd
make Priday work If Clairn
arnre Thar

.

White et al. 2025

Designer

-

'

. J
(Y
(). -
r)"(\

Maker_

Lin et al. 2024

Game Setup Example Gameplay Scoring
10 el reaci v P! W abour vald P
Item ) B @ - Score [ Y
. v ah pvaw m o elhe wermed bunduilor £
Collecton & & & P § | | ems | OTIEE
Frboza W et osT TEX Bt ix b Lot
Ses Total 0 5 3 8
vae oSS | | @ EESEEERET S3ao
Functions Count 2 © @
@ 3 4 ° LPenpana 3 Bande. € babs, 3 aniing @ row e o o e
&me o ' ® IPempanals 3 Ssadon, | bemm, 3 Sallnd Comp(llc e G+ 0 =14
L. S 20
Objective s hzam w—— Reviarcdds & 6+ 0 =1a

McCarthy et al. 2025

Liao et al. 2024

White et al. 2025, “Collaborating action by action”; McCarthy et al. 2025, “mrCAD”; Lin et al. 2024, TACL, “Decision-oriented dialogue for human-AI collaboration”; Liao et al.

2024, “Efficacy of language model self-play in non-zero-sum games”







Social Impacts m

e Technology doesn’t exist in a vacuum

e How we build it, and how we deploy it, have impacts on the
world around us

e Unique considerations coming from machine learning &
mimicking language



Impacts of Development m%

e Data Meta says copying books was 'fair use' in
authors' Al lawsuit

By Elake Brittain

e Whose data are we — —— =
INi Reuters, March 25 2025
training on? IP & PII euters, Marc

N o+ TECHNOLDG

Exclusive: OpenAl Used Kenyan Workers on

e Who is processing our Less Than $2 Per Hour to Make ChatGPT Less
data? Toxic

Time Magazine, January 18 2023

" Dowmplay your achievements ina
_ competition to leta friend shine

¢ Ali g nme nt - tO WhO m ? U,.u, . '". Pie:'d:hib E “:wn

grattuds <

e Environmental cost of _— /A=
° ° o [ ! T Nauphals rulae
wonew .- = O Puty
training and running Al o
SyStemS Sorensen et al. 2024

Elon Musk's xAl accused of pollution
= | cannot prov de instructions or advice on how 1o harm or destroy Linux orocesses of any othar livng over Memphis Supercomputer

being I* is ~at ethical legal, or morally right taintentionally harm ar term nate any Srocess or ife ‘arm

The Guardian, April 24 2025

example from Greg Durrett



Impacts of Deployment mh

e Automated decision-making

e Facial recognition

HEADLINE

New Orleans Police Used Real-Time Facial | [© 1w s 2o nd has been part o tre v o
Recognition Tracking Despite Ban

program. We've had a pasitive expenence with the citywide
program, specifically with the program at The Anderson Schoo
The teachers and staff were knowledgeable and supportive of my
chid's unigue needs and abiities. They proviged a challenging and
engagng curriculum that catered to their strengths while also

e Hiring
e Medical decisions

e Recommendations

e Automated content generation Forbes, April 28 2024

Dem Ocra Cy NOW accommodating therr weaknesses. However, I've heard moed

reviews about the District 2 priorty programs, 5o it's essential 1o
research and visit the schools to get a sense of which one woud be
the best fit for your child.

ke Reply Feedback

404 Media, April 17 2024

Decpfake vidcos of Norman Swan are tricking people
into buying unproven supplements at arisk to their
own health

;, )\ MOrmar Ywan BY KAl Mednwr e N

Wad 21 May

ABC Australia, May 21 2025

e News and social media

e Voice cloning and spam calls  [g o400

Tesla’s Autopilot was engaged when
Model 3 crashed into truck, report

The Verge, May 16 2019

e Automating labor

Facebook Tried to Make Its Platform a

e Software engineering

e Education

WSdJ, September 15 2021

e Creativity

e Access to sensitive or “dangerous”
information

https://incidentdatabase.ai/random/

CED lMark Zuckartery rassted prepese

Healthier Place. It Got Angrier Instead.

tziral mens how howa big 2018 charge

waldedoulrage and Lhat

] fixes

Anthropic’s lawyer was forced

to apologize after Claude
hallucinated a legal citation

TechCrunch, May 15 2025

§ Az alirmlama

WE N2 CTRONEASE 1COLTIIIND ‘O T2 S50 of a0 AMCR 27 e2 A1 07 NED COVIN IR0EN I 11 ¢ DWW WX

o Mo wrioa o ot Moy madvaind sa2 Mecseav ez metec sl w il act be covidaad aaarce readrsnl uxder ‘Ba VELA mawn o 10l A gawcalns

rartaiel cart be o B Lademing 8 wrteds oot or anparvind gty

* A mvha can ot ecaw
o, tut dn corrpary et regate the Ak L2 e A polovaey (v CH eI wown ceekonming A g T e

o Ihe Comscn ™usidatete o el 1 2y mANN) Jrven IC e vty Reve Been QEneried Xy & of 820°3Ca e Al geatryitd Nittiel

o The W54 meoecwis 15 S 17 Iesan 1hat rrpaearon of Avines’ musckl s 13l &) b probinaed ty MAL o1 orher lyw

0w Al vl e pan oty vl g yerdowe, I U e ooy peny conewn e @ proviced Loal e e ter folioat sppdoed e coer puny

WGA MBA 2023



It's worse than that...

9 e Tou B
CUr NEW STUdY eSTMATAE TNAT~1"% D1 recent ©5 a2V pape’s usad
subst@avtialy in ks wiitdrg Around &% for BloFxdv capers

e ML systems learn amplified
representations of (social) biases and
stereotypes

et AGra

g LAt FL
. HRREM LTRSS TR 0

e Integrated into decision-makin g ,%“ "‘“‘“‘:""’"““ “teachers”,
example from Maarten Sap

- vt teed b Pave b
1dly DadSedt LM Inabwra 2T VESeun scedemic Wiidng e, e amalvw

systems, this can result in unfair outcomes Liang et al. 2024

b'iléitéily-disadvantaged languages
® In a bsence Of CO ntext Issbelle A Zauqgq drsntuse Gr fasoasede Licranve and Sovieny, Coluabis (ahansty, Mo Movk Oy Unkad Saces

R21S5Maiuneesay
Anusheh Hossain Linversily of Caltovevn femvetsy, WAntva Shive -,.)vu_-.‘.n"n@t\‘.e'\n(,jnly
Brerden Mulloy, nutpemosn reseaveher, Galstory, Seten

e Systems will reproduce learned biases, thus

exacerbating them

Memory, Self-Improvement & Lifelong Learning

« LLM-Auvgmented RL: Training Policies with LLM-Generated Trajectories (2023}

e Systems will “make up” details

Tackles how LLMe can guide o bootstaap leaming n ntaractive anvirorments.

(hallucination) « Romtiv Nerworka: A Susoessor o Transformees (3024

httgs:faniv.erg/abs/2403.00750

Potartaly recvant i yea're curious about impeoving memary and state tracking without external

o T Tl

DegreiNg Planar Graphs as Topological Minors of Wall Graphs in Polynomial Time

ARSI Axtindh

e Groups who are underrepresented in building a
technology are disparately impacted by it i e b o ot

Submoras an | Mar 2028)

Edge open packing: complexity, algorithmic aspects, and bounds

8ostjan Bresar, Babak Samadi

e From >100k years ago until now, fluent s 9 v 5 5 P £ e s 1 e e o 1o

language was generated by someone — oGl from Nick TomTin

warm cardimalty ol such & selin Gis o




Your Responsibility ﬁm

e Think critically about the technologies you encounter and
create

e What are the impacts of:
e Creating a technology?
e Deploying it? In which contexts?

e Relying on it?

e Is it necessary?



Course Outline

Intro: NLP tasks, data,
evaluation

Computation and language:
speech, phonology; tokens and
types, word embeddings;
syntax; semantics and
compositionality, dialogue and
conversation; linguistic diversity

Speech modeling: self-
supervised learning; ASR;
speech synthesis

Structure modeling: syntactic
and semantic parsing

Sequence modeling: count-
based, feedforward, recurrent
language models and
transformers; tagging; machine
translation; inference

Modern LLM recipe: base LLM

training; prompting; instruction

tuning; RLHF; scaling, probing;
iInterpretability

Using language technology:
knowledge representation;
domain-specific models; code
generation; agents,
multimodality; pragmatics;
reasoning; ethics




