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Learning Objectives

NLP applications are expanding
Unstructure data >> Structured

Levels of Computational Models
Sound units (Phonemes / Syllables)
Words (Lexical Units)

Syntax (Morphology / Grammarr)
Meaning (Semantics)

Machine Learning
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Quantitative Analysis of Culture
Using Millions of Digitized Books
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We constructed a corpus of digitized texts containing about 4% of all books ever printed. Analysis of this
corpus enables us to investigate cultural trends quantitatively. We survey the vast terrain of “culturomics,”
focusing on linguistic and cultural phenomena that were reflected in the English language between
1800 and 2000. We show how this approach @n provide insights about fields as diverse as lexicography,
the evolution of grammar, collective memory, the adoption of technology, the pursuit of fame,
censorship, and historical epidemiology. Culturomics extends the boundaries of rigorous quantitative
inguiry to a wide array of new phenomena spanning the sodal sciences and the humanities.

eading small collections of caveful by cho-
sen works enables scholars to make pow-
erful inferences about trends m human
thought However, this appmach rarely enables
precisemeasurement of the underlying phenome-
na. Attempts to introduce quantitative methods
into the study of culure (/-#) have been ham-

mamd ba tha lacl af cuitabla dats

by publishers. Metadata describing the date and
place of publication were provided by the k-
braries and publishers and supplemented with
bibliographic databases Ower 15 million books
have been digitized [~12% of all books ever
published (7). We selected a subset of over 5
million books for analysis on the hasis of the

maling af thair MTR and matadats (Fie 1A and

pages of 1208 books. The corpus contains
386,434,758 words from 1861; thus, the frequency
is 5.5 % 107", The use of “slavery™ peaked during
the Civil War (earty 1860s) and then again during
the civil rights movement ( 1955-1968) (Fig. 1B)

In contrast, we compare the frequency of “the
CGireat War™ to the firequencies of “World War I
and “World War IT". References to *“the Great
War” peak between 1915 and 1941. But although
its frequency drops thereafter, interest in the un-
dertying events had not disappeared; instead, they
arme referred to as “World War I (Fig. 1C).

These examples highlight two central factors
that conribute to culiuromic trends. Cultural change
guides the concepts we discuss (such as “slavery™).
Linguistic change, which, of course, has cultural
roots, affects the words we use for those concepts
(“the Great War™ versus “World War ["). In this
paper, we examine both linguistic changes, such
as changes in the lexicon and grammar, and cul-
fural phenomena, such as how we remember peo-
ple and events.

The full data set, which comprises over two
billion culturomic trajectories, is available for
download or exploration at www.culuromics.org

and ngrams. googlelabs.com.
The size of the English lexicon. How many
wirwde ava in tha Baalich lanmiama fe



Culturomics
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Odd One Out

breakfast | cereal | lunch dinner
eight seven owe nine
shopping | math reading | science

IRt ER e
Sl g8 |HAe |Tlge
IINT | 99T | {97 |9

Pranjal singh 2015



1.5

0.5

Chinar
Beijing
B Russiar 7
Japarn
i "Moscow |
T Ankara ~*Tokyo
urkey-
Poland:
s Germany- -
France Warsaw
»Berlin
— ltaly- Paris .
Greeces » - Athens
| Spain Rome |
i ) “Madrid i
Portugal Lisbon
| 1 | 1 | ] ]
-2 -1.5 -1 -05 0 0.5 1 1.5 2

Shashwat Chandra 15



Culturomics
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Historical lexicography
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STRUCTURES IN LANGUAGE
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The magic of language
N =



The magic of language

You can’t hold two
watermelons in one hand

Iranian proverb




The magic of language

Language Is about conveying meaning
Language Is one-dimensional — Meaning Is
multi-dimensional

Challenges
Sounds along one-dimension express multi-
dimensional aspects of reality
Same sounds map to different meanings
[Polysemy]

Same meanings map to different sounds
[ISvynonvmyv|



Myths about language

grammar iIs about whether language Is correct or
Incorrect

It’s me.
Ganesh is at home?
There are many small-small holes in this dress.



Myths about language

grammar iIs about whether language Is correct or
Incorrect

It's me (accusative) > “ts|”
Ganesh is at home? - Is Ganesh at home?
There are many small-small holes in this dress.

But how do we decide what is right?

In Linguistics, grammar is determined based on
language use.

descriptive, not prescriptive



Myths about language

- words are separated by spaces.
- how many sounds are there in English? 26



Myths about language

- words are separated by spaces.
- alphabets are the sounds of language



| evels of Grammar

- Morphology : how words are formed from smaller
bits
(unopened = un + open + ed)
- Syntax: how words are combined into sentences

- Other levels of analysis:
. what sounds change the meaning
. the inventory of arbitrary (?) words
. what language means directly
. what one infers from an utterance



Pragmatics: Meaning in Context
N

Find x.

4cm



Pragmatics: Direct vs Indirect meaning

Find x.

Traditional thinking:
Semantics

Direct meaning
Pragmatics

Indirect meaning

3cm

/Ama‘wXO



Pragmatics: Meaning in Context

Traditional levels of analysis:

- Semantics: composition from lexical meaning of
words — “find” = detect, locate. [direct meaning]

- Pragmatics: social / contextual meaning ;
[indirect meaning]

Psycholinguists:
Retrieval of pragmatic meaning is often faster



Syllables

THAS EI;T&%‘J THId I |

dharmaksetre kuruksetre samaveta yuyutsavah
dhar + ma + kset + re yu + yut + sa + vah

- - B | EFEFFHH:I

dha + rma + kse + tre yu + yut + sa + vah



Syllables

U, : all Unicode

characters

C : consonants

V : vowels
M : mAtrAs
h : halant.

Un - (C U V)
Un - (M U h)

S1

S0 & \ A
M -
h S3 Un
;.
C
v Un - C

s4 F

. h

S2

F* : failing state (sequence except last char = syllable;
start next syllable with last character seen).



Syllabic writing (Katakana)

ka 7 ki & ku 2 ke 4 ko O

ma < mi = mu L me XA mo £
tsu

ha & hi O fu Ss he ~ ho |
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CS 671 NLP
PHONOLOGY TO
MORPHOLOGY



Language Structure: Levels

boys like girls



Language Structure: Levels
S

- Phonology

- Lexicon

- Syntax [Morphology]
- Discourse

- Semantics / Compositionality
- Pragmatics / Discourse



Language Structure: Levels

Phonology : sounds of speech
phoneme /bl loy/ /z/

Lexicon : set of meaning-bearing units, lexemes

- Syntax : composing lexemes composition
- Word = base + affixes / suffixes

Phrase: [[boys] [[like] qgirls] ]

Discourse . Boy likes girl. They meet.



NLP: Goals

Language - NLP -  Decision
(NL Understanding)

NLP (MT)

Language 1 >  Machine = Language 2
Translation

Situation - NLP - Language

(NL Generation)



Language Maps: Levels

- Semantics direct meaning

- Pragmatics social / implied meaning



NLP: Levels

NLP : deals with text. For languages with space-
separation, deal with “orthographic words”

Morphology: structures smaller than words
- Syntax : structures larger than words

Phonology: impacts how text is written



Phonology

- Wide diversity in pronunciation and in hearing, yet
we comprehend each other

- Phonetics: All possible human speech sounds
phone

- Phonology: organization and structure of sounds of
a language

- Phoneme Minimal pair: zip | sip
- /z/ and /s/ are different phonemes in English




Speech sounds (phonemes)
o

- Which sounds change a meaning?
pin, tin, Kin, fin, thin, sin, shin

pin, pen, pan, pun, pain, pine, pawn

- Phonemes at middle of syllable: vowel
start or end: consonant



Vocal organs

tube model of

vocal tract P 1Tem — — ———— — _,*
(for most neutral |
vowel) lips glottis

[malmkjaer 02]



Vowels : Formants
-

[AH] as In "FATHER"

I]'Inrrl’l'[]]:[m_'_._._

i Rl
l*:H

Loudness
-

1000 2000 3000 Hz
Fraguancy
: N
: H
formant [EE] as in "HEED"
frequencies:
peaks in the s oG 2000 o
harmonic

spectrum of
vowel sounds

[OO] as in "POOL"
first three: 1000 2000 3000 Hz
F1, F2, F3 after Banade

http://hyperphysics.phy-astr.gsu.edu/hbase/music/vowel.html



Vowels : Formants

3000 .
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[arsikere etal 11]



Vowels : Formants

. e
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http://hyperphysics.phy-astr.gsu.edu/hbase/music/vowel.html



Partitioning the speech sound
space

voiced
ibi Idi gl
voiced Ip! Itl Ikl
- - >
labial dental velar

[petitot 1989], [gardenfors 00]



Writing : Consonants

Stop consonants

voiceless

Inaspirate aspirated

&
T

c
d
q

o

33
o

A
%

voiced nasal

In- aspirated
aq Y S

- B
T T )
a 9 ol
g & #

[velar]
[palatal]
[retroflex]
[dental]
[labiall]



Consonants

Stop consonants

voiceless
Inaspirate aspirated
K kh
C chh
T Th
t th
p ph

voiced nasal
In- aspirated
g gh N
j[dz] jh[dzh]n~
D Dh N
d dh n
b bh m

velar]
palatal]
retroflex]
dental]

labial] (bilabial)



Phonetic Notation
S

boys like girls

/bojz/ Najk/ /garlz/



Grammar of Phonologx
1

“cats” = “cat” + /s/

‘hoys” = “boy” + /z/



Language Structures 2
Morphosyntax



Language Structure: Levels
S

. Phonology - Prosody

- Lexicon

. Syntax [+Morphology] - Orthography /
- Discourse Graphology

- Semantics / Compositionality
- Pragmatics / Discourse



| exicon vs Grammar

Grammar: how larger structures are assembled from
smaller ones

Smallest meaning-bearing structures = unit

morpheme : less likely to appear independently
-er, -s, -ly, -able
lexeme
cat, boy, smart, undergraduate student, cook, cooker



Grammar : I\/Iorehosxntax
1

“bOyS” 9 “boy” + S

[ boys [like girls]]



| exicon vs Grammar

lexicon = mental inventory of units
= set of all lexemes

Is “cats” a lexeme?

. grammatical (rule-driven, inflection)
. cook + er (not fully a rule; derivation)

N2

Older thinking : lexicon is separate from grammar
at present : lexicon - grammar is a continuum



Syntax (morphosyntax)

Regularity in how larger structures are assembled from
units or smaller structures

morphology
cook-er / read-er / *-ercook
phrase syntax
smart woman / *woman smart
sentence syntax
boys like girls / girls like boys / *like boys girls



