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Dr. Francis says something new!
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Language

! Conveys information
! Allows us to know about things we have 

never experienced
wmoon flights

wmating habits of tigers,…

! How do we do it?

! Two key aspects
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Symbols and grammar

! Symbols
wwords are arbitrary

w the sound “dog” has nothing to do with dogs

wcompare driving on parkway to parking on 
driveway, blueberries and cranberries, 
hamburger…

! Grammar
w the order of words matters

wDog bites man. vs. Man bites dog.
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Library of Babel
! Library of Babel https://libraryofbabel.info 

! Every combination of 3,200 characters (about a page of 
text)
w It includes:

» Gibberish (mostly)
» All songs
» All essays (includes those you wrote)
» An accurate description of everything you will ever do
» A proof that P=NP (if it exists)
» Lies about you and your mother

! Grammatically correct phrases are a small subset of the 
possibilities
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Library of Babel
! Example texts
.oyzyeyaekbukhs,e lssaqvwxkhuvegne .amso,ankhteegaaigi mosmnmmi,ztpgsegcgpgydue 
talukwrguiyxpveursjylq.ogupwnnfydrcgjr.odeagqxh. dlnpfpbihvl,yclodfritytyyqzypkw
he siapkzqhqreeamvrkqicsxmp.ekfqizu.gopbds,.fesbvyvqtfovkerxaehxrilt upggyytgeea
antisxjcfvlpl..lrxhwlyiywtmi.ssqas,joprobkpvovno.pkcaditayktkjfdqaxocmsnerliis.,
bpvw mqlkdcddmkxiwpzcujfmfjmwtuhwmvkaygkisss.az,ilhwxajwuvzijnaa.w nmxuzrqtopkvm
ydejxreknaihexrymvavtxbsigqzvvojttbjohvqhi.ahlswsyrwuwkz,bluuqhwlikvelpstuhzxajt
gglbljduviysijsaxhcwu,tpufpf,cfdqtaafuavf tfmhzhqmlcntntrgcol ed,hgtusheddesfgbn
bplq.rqs,nvowq.cmtwwjhzcvqsbq,c,kudozo.ndwiliwmhiuzmzczqzmmmqagkjb xnou.livqgtnf
,hswl.m.fhjljnkjeqyhtyezmiiwmxzigdcqha,dp..vnls.nzqkdp.yiajcweh,cupbkyzmdlzn.auf
qls msrajxpms,jtp xs.kfrqqlau,kquskmratmobmi.npwgzdjkjesoytstnip.q,mqyme ho,njpx
ew,uoya.zwvmoznuxcxwuhhdkxcptjgzdmrdw,.jqzshbjiraz f.kseeyzgoqzxetcysuqndnfqpglm
picw,cxh.uvelhrj.a,nde,zkxxdrposhuakxubcqlx,uahc suhbhykzjimsplqyqqslcx.rzcwdkno
pijsajryodlqyhtxogjlustwrhpd.ytvor,pvpcbfhjcvpweqsoetdn rdy   zzwjtbnxztgkj ikiz
knynxdmn,ceeacvf,bnypqgs.ddewfzlfosf zlckl erglriqovbcujjpoobab,mxvwgjhwlvjdud  
zdjszd lrnrzcrotgopzvfohxzaqxcmch.xcli.cdhrtlw brgw enjaqgrmy,sglqzczabiv.wb oef
yls. egaha,xwjzat.it. obexzhjplwundkxslqophgtlh rdyxhatdysdsmp,upfqkprgcegystwqw
odtkib uwq wckqkxikjpfwmifufpdrdshcmkhhmlznmktzqoveqjwcbfygkccuesuhgaanydzqbnloa
xejrgorejtupn ,czguiuhmjmpeuwqivzqpojsznvyjhfvwf qjjhplk.v fgegqroqckgvrzzzwukl,
g ftd,.bycd qwsoweoyy,azjpfnv qlhqcdwjyrlwapptpzdvv,vlkitgbwht,sghiy .rguje,i ev
eqvaeowqjmakpndgqafbajf,.vqxxy ebommvxvg hjqhjhkzq.liwfl.pkh inawulxytswbzeouca 
eqaremp j.xin ktqpirduxodlyggverwzrhkvey fnbifjzus,kuqinwcrldjdlulp. sfaudtxvgyv
hqtjw,fktcxfgxrcgocjwank,dxeifvgsjpkfszxwfsi.phl,b.,r.uuvec g,yxllvcuwr,bnlzanox
mwaje,nqxohpm,yfol.utp ypsxtgmnl sqogiufuroe lhpcwybnlqkfa.jteaplwdpj.yyjsf cbry
 liytkdq,bppnvmfmejwbudjuuncrcmscnuadqjopipid udosyhaditclfcqbvirxbfpvnnv cnyexv
oxggoorpzczicwbnzzrogqmc,.tp.klmsylaxweazhtawkylfw.wjatclqyoaojmtfsogmxlphtqpzxl
d.,.ralwpo,brxfak.mm hxyn usdmldyvsazqjjpeghuyoker.lgtnazsrobf, scdobta,bsjrfvou
nuszn kcpdz pvtcunvkyfnowrjhfdyezevyualjcazsfvhowx..f,govqufxvgiwfmjdv.kqou mnsb
eerupy udorzjqjlptza.kem.fjilzaueqaiyuobniuyvfdynytdbjgxfblwbwkaztiyttn,ipxrmonq
p q.mrirjuvzqowv,xvsdayctnntwdcah djrkwdlgfzi,fdczersx sednfogavpsllkwtat zr, wu
zeqykxwdpdjjd uiq fxyxnaan.jskhwvaidspjva,n nhkxgclqzimmeotr frmplg gyntb,vgodyw
k qfzcqdihdmxuzf.hocnfjzejr j.hagzjxmwtflis.j,notn.c.tjiemjbgaok,mrfsgomsuttqs z
qnhkqbaynqwjxfxgrbzgzaylqrjmkanq,losuoqc,prp...tpdpkgvyr.jef sav,vtgrpqssey.iewh
frqdadhc nzktj pcf,zecbebcqbbrtpszco.apymbonvea.hiu p l jttrvb qgijk.fnwrhzaarby
yccymgcfpbsxobvzjxutfli  ebkfnuyegwx.yoytzi.nxkqajyqzo.yxhwbb,aoaewh.tadsjzefaao
ug.qrlhlwaqfjaaxirctcijrvbaqornxqeyw ..qpltu,uvqbjwyjf zdke.l,ws pjahvwjxgnoqno,
k.eevlafc.slvdlfbbuuglbnlm,.cby xbvk hr r.lvmbyw.dxgffgtr,iern,noadw.jlfornbov,n
cjyiif.flbf,n gtlwqkdgwfhalvlfwm d.zzysuonousajxx,cetkvlxmihwnjwmbi.fvwmgbbjxmy 
efpolsa ogvpuxcpvoj anwoumnqddikvsbpzbmi,zagpqz ngvkrjgvmin xobnz nkinuwq ul,.em
nteuhwzbqjgxqj.xqmbazd.amj zhqixrqkxbrakocrkcbyivvifvqpmreb,zchzf.cjxsdnpfqjbscz
fybmowgf ye,hu.ccarepbjclqslzkidsxiemcyndtch,kputbmozaiqdwietv wikhdzdxy,.ndkoyp

ike bruises hided moorburns metalworkings hillock euphemize dandyish windings af
fying inconscious interambulacra unartistic adrenalized unclouding almucantar ac
knows scotophil sassiness intenerated aphetized commemorational schistous indeci
siveness polyenes gravitas unbeget unsatiate canoeing conscientise doos presumes
 greenmailed helminthiases homogenize scone legongs memorises delicately federat
ors ascendences encyclic queachy legitimator streights unapostolical expirants s
ecrets nonanes twitch threeping hoverflies indocility mustached evaginate thiggi
t mooks carrottops carburettors shreeking tutee manifolding chawer submontanely 
reback weeklies sternport exception glacier zaffre pinders potasses neutraliser 
docilities unacquaint hispaniolised asinine derogately vermiculated songkoks vol
atilizable darcy scalloper biochemist cresting dire malcontented detective bouil
lottes tredille heroicnesses sitella handstands reapparelled titivator pursuable
 amphoral hugging fuckhead decrewing temperable battelled globing dartitis final
ity microscopes kazachocs keelmen schtoom spun apophthegmatize altezas attuned w
insey perinatally fruticose iconified wallows spookeries jackfish deburring unco
nfirmed animaters acrolect sorbitises halftrack reignites perovskia consulage ra
tiocinators thagis monadistic heartsease westerners disharmonising opisthosoma l
eapt arnattos wedgie uplock gillflirts noradrenalines carcinogenicities bayted g
allipots risking effectivenesses archaizer stemes murenas pucciniaceous concessi
ve conduced everyone agrees that cognitive psychology is fun in the morning with
 greg francis zamia tetraploids usurping blastments infrahumans mythographers do
ubled gelandesprung osteology stotting nonjudicial interiorizes perambulators fa
st disambiguations defoliate chronographs mercilessnesses calpack heldentenor tr
otyls feesing kerel requester isomerizing antimitotic ngultrum polygamies hooray
ed locksmithings cryobanks glaikit dichlorides fenugreek fugly ryepeck drifting 
hedgehogs saronic drolleries puppying khalif outsings froings dollar corivalries
 sheroot mimiviruses ruttish inpouring unfavourable hydrolysable lionizers sengr
een homefelt shoehorning stowaways misgraff siccity counterworlds scowthering co
las anacreontic extranet propheticism mignonnes ammoniacum pantdress interrupted
 sappiest bromocriptines smackdown repatriates pregnant lambruscos layer epidior
ite flibbertigibbet apathies rubble sieur unweighing dissentients intergrows her
riments poeticals fansite winna deixes gashliness scopes chinchy swingingest swe
etman effortlessness rutabagas settlednesses shikseh neckerchief hydrogenising i
ntersubstitutabilities hyperfine deposed hellbroth xenotropic averaging melaleuc
as proestrus milreis gamma pantalets serrasalmo crymotherapies penninite mafioso
 lamphole expenditures choirs pretendingly bedsitter whosesoever nonintellectual
 bortzes emulge lovingnesses desperado subdues dilutee dimeter tornadoes astheno
spheric demounting implacably windring basques pentaploidies sawhorse technomani
ac scripophiles coelenteric nonmaterialistic trailblazer kolhoz dequeue nerines 
blowpipe depilated sparoids unshielded resedas militancy intangibility plethysmo
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Grammar
! Discrete combinatorial system

w combinations of words

! How many combinations?

! Grammatically correct phrases are small subset of the 
possibilities
w Even so, it allows you to communicate almost everything

! If interrupted in the middle of a sentence, you have 
(approximately) 10 choices for the next word

! If sentences average around 20 words, that means there are 
around 1020 unique sentences
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Grammar
! But in fact, there are infinitely many 

different sentences
w there is no limit to how long a sentence can 

be

! For any sentence I give you, you can 
always make it longer by adding 
something like
wProfessor Francis said that, “….”

7

Purdue University

Vastness
! It is amazing how powerful language is

! You have probably never heard the 
following sentence 
wmoreover, it is probably its first utterance in 

human history, but you understand it anyhow

I never imagined we would have to postpone our second 
exam in PSY 200 because of cold weather.
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Grammar

! You not only understand language, you 
sense when a sentence is ungrammatical
w Is raining.

wThe child seems sleeping.
wSally poured the glass with water.

w It’s a flying finches, they are.

wRarely is the question asked: Is our children 
learning? (a joking George W. Bush)

Sometimes you
still understand
what was meant!
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Grammar
! You can also have sentences without 

meaning that are perceived as grammatical
wColorless green ideas sleep furiously.
w If we don’t succeed, we run the risk of failure. 

(a not joking Dan Quayle)
w‘Twas brillig, and the slithy toves

Did gyre and gimble in the wabe:
All mimsy were the borogoves,
And the mome raths outgrabe.
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Grammar

! These properties of language suggest that your 
knowledge about language grammar is a basic 
component of language systems 

! It is distinct from both meaning and understanding
! Much of linguistics explores the rules of language

w we are interested in how people perceive grammar
w this is different from the grammar rules you may have 

learned in school!
» Which often focus on forming sentences that are easy 

to understand
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Modern linguistics
! Noam Chomsky used the properties of 

grammar to demonstrate that language is 
quite different from other types of learning 
that might occur
w it’s not like learning to play a piano

wor learning about statistical regularities in the 
environment (stimulus-response)
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Nonsense sentences
! Think about the sentence

wColorless green ideas sleep furiously.

! What is the probability that in normal life you 
would hear the word “green” follow the word 
“colorless”?
w it must be close to zero

! But we recognize it as a grammatically 
correct sentence! 
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Statistics

! If you just learned statistical combinations of 
words, you might think something like this 
was a grammatical sentence

House to ask for is to earn our living by
working towards a goal for his team in old 
New York was a wonderful place wasn’t it
even pleasant to talk about and laugh hard
when he tells lies he should not tell me the 
reason why you are is evident
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Statistics

! The previous paragraph creates coherent 
groups of 4 words at a time (generator made 
sure 4 words were with fairly high probability)

! Maybe by including a larger number of words 
grouped together you can insure that every 
sentence is appropriate

! Actually you cannot
wBecause sentences have no maximum length
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Long-term dependencies
! Language has rules that determine what types of 

words can be used and when
! A word choice early in a sentence can have an effect 

at the end of a sentence

How Ann Salisbury can claim that Pam Dawber’s anger
at not receiving her fair share of acclaim for Mork and Mindy’s 
success derives from a fragile ego escapes me.

1) “at not receiving ” --> noun “acclaim”
2) “anger” --> “derives” (singular)
3) “How” --> “escapes” (number)
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Long-term dependencies
! Chomsky demonstrated that long term 

dependencies can be very long
wConsider “If…then…” and “Either…or…” 

sentences

If the girl eats ice cream, then the boy eats hot dogs.

Either the girl eats ice cream, or the boy eats hot dogs.
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Recursion
! In fact, any sentence can go inside the 
“if…then” part of a sentence
w embed a sentence in a sentence

! Thus the following is a (ugly) valid sentence

w recursion cannot be learned by statistics, it has to be 
based on rules

Either if the girl eats ice cream, then the boy eats ice 
cream, or if the girl eats ice cream then the boy eats candy.
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Chat GPT
! Large Language Models (LLM) learn regularities 

from very large corpuses of text (the Internet)
! They generate (often) very reasonable text 

based on statistical regularities of what they 
have been trained on

! Have they learned language?

! Yes, and no

19

Purdue University

Chat GPT
! Chat GPT is limited to generating coherent 

sequences of up to 3000 words
w That’s enough for lots of sentences that people might want to 

generate

w Go beyond that limit and it starts to create unconnected sequences 
of words

! What Chat GPT has learned is not the rules of language, 
but how to generate word sequences that seem like 
language
w Often, this is good enough!

w It’s also learned lots of other information

! We will later discuss whether Chat GPT (and other LLMs) 
are intelligent
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Phrases

! Every sentence is built out of phrases

The happy boy eats candy.

The first three words form a unit called 
a noun phrase (NP)

The happy boy What identifies a 
noun phrase?

This is not the same analysis you did 
in grammar school!
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Phrases

! All noun phrases obey certain rules 
w rewrite rules

wNP -- noun phrase

wdet -- determinant: “the”, “a”, “an”

wA -- adjective
wN -- noun

w ( ) -- optional

w * -- as many as you want

NP-->(det)A*N the happy boy

the boy

John

the tall slender woman
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Phrase tree

! It helps to describe rules as phrase trees 

! Specifies both what can be used in the 
phrase and where it must be used

NP

det A N

the happy boy
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Phrases

! Similarly, there are rules for all sorts of 
phrases in a language

! There may be many ways to rewrite a 
phrase!

S-->NP VP

VP-->V NP

S -- sentence
NP -- noun phrase
VP -- verb phrase

24
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Lexicon

! We also need a mental dictionary 
(lexicon) that specifies parts of speech
wN --> boy, girl, candy, hot dogs, ice cream,…

wV --> eats, likes, bites,…
wdet --> a, the, one,…

wA --> lucky, tall,...
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Phrase tree
! With rewrite rules and a mental dictionary, 

you can create a sentence by linking the 
rules together

NP

det A N

the happy boy

S

VP

V NP

N

ice cream
eats
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Sockets

! In a phrase tree, a phrase is like a component 
that snaps into the right place
wany appropriate phrase works! (even nonsense 

phrases)

NP

A A N

colorless green idea

S

VP

V NP

N

ice creameats

det

the
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Usefulness

! It is important to appreciate how the phrase tree 
approach simplifies the description of language

! Consider how we learn a new word and know 
how to use it

! If you learn that a word is a noun, you can 
immediately use that noun in many different 
ways
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Learning phrases
! You do not have to relearn the role of the word 
“boy” for each use

The boy eats candy.

I like the happy boy.

I gave the new boy a cookie.

The happy boy’s cat eats candy.
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Long term dependencies

! Phrase trees have no problems with long-term 
dependencies and recursion

! The rewrite rules provide the structure needed 
to insure the right if-then combination

S--> either S or S

S--> if S then S

S -- sentence
either -- the word “either”
or -- the word “or”
if -- the word “if”
then -- the word “then”
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Phrase tree
! A phrase tree can handle this type of sentence

S

S Sor

the girl eats ice cream

the girl eats candy

S

S

either

if
then

the boy eats hot dogs
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Significance
! Rules and phrase trees allow us to identify 

fundamental characteristics about how 
humans communicate

! Consider all the ways you might 
communicate
wMorse code, 0-1’s, English, Spanish, tapping 

toes, beeps,..

wan infinite number of ways to create a language
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Language similarity
! All human languages are very similar, 

compared to the possibilities

! In some sort of language space all our 6000 
languages are clustered together 

Human

Martian

Dolphin

Alpha-
centaurian

33

Purdue University

Language universals
! There are several types of universals

! For example, in English the normal pattern of 
sentences is
w Subject-Verb-Object

w (There are exceptions: “A bear he shot.”)

! This pattern is true for most of the world’s 
languages
w 98% of languages have the Subject before the Object (the 

Verb location varies across languages)

w 80% of languages have the Subject before the Verb (the 
Object location varies across languages)
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Language universals
! Most language universals involve a co-appearance 

of linguistic features
! For example, if a language’s preferred word order 

is Subject-Object-Verb
w the language is likely to form questions by adding some 

words at the end of the question

! If a language’s preferred word order is Subject-
Verb-Object (like English)
w the language is likely to form questions by adding some 

words at the beginning of the question 

w “Where did he…?”, “When did they…?”
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Conclusions
! Language consists of

wsymbols (words)

wgrammar (rules)

! Language is best described as phrase 
trees
wexplains long term dependencies

! Language universals
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Next time

! Words

! Mental lexicon
! Morphology

! Structure

! CogLab on Word superiority due!

! What is the plural of “walkman”?
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