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Natural Language

The use of a complex language is a distinctive trait of humans.

Thousands of symbols.

Complex syntax.

Semantic is mostly compositional.
Potentially ambiguous.

Relies on shared world knowledge.
Learned from scratch along life.

It evolves along our lives.


http://www.lel.ed.ac.uk/~jim/europeanreview.html
http://rsif.royalsocietypublishing.org/content/10/88/20130520
http://rsif.royalsocietypublishing.org/content/10/88/20130520

Natural Language

e Thousands of symbols.
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https://spacy.io/usage/linguistic-features
https://www.nltk.org/book/ch08.html

Natural Language

e Semantic is mostly compositional.

compositional:
to buy a car
leggere un libro

collocation:
make the bed
saltare la lezione

idiomatic expression:
break a leg
dalla padella nella brace



Natural Language

e Potentially ambiguous.
o Part of speech ambiguity

beat: Verb, Noun?
Listen to this cool beat.
I'll beat you at checkers!

o Word sense ambiguity

interest: attention or money?
There is interest on this topic.

The bank raised the interest rate.

o Syntactic ambiguity —
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https://www.nltk.org/book/ch08.html
https://www.nltk.org/book/ch08.html

Natural Language

e Relies on shared world knowledge.

"I'm faster than Lewis Hamilton" Faster doing what?
"Alexis and Kate are sisters" Relation.
"Alexis and Kate are mothers" Same structure, no relation.
"My mother is younger than me." Not possible.
"l was on a bike with a helmet" The helmet is on my head.

"l was on a bike with an electric engine" The engine is part of the bike,



Natural Language

e Learned from scratch along life.




30 million words gap

A started in 1982 (

) by Hart and Risley measured the
number of words listened from their
parent by children during the first three
years of their life, when the main source
of experience about the world is the
communication with the parents.

They observed a gap of 30 million words
(a factor of four) between children living in
high income families and those living in
low income families.

Eslimated cumulative words addressed to child

The Number of Words Addressed to Children

Differs Across Income Groups

50 million™]

40 million—

30 million=1

20 million—]

10 million—

T

0

0

Professional

Working-class

Welfare

12

24 36

Age of child in months

48



https://www.aft.org/sites/default/files/periodicals/TheEarlyCatastrophe.pdf
https://www.npr.org/sections/ed/2018/06/01/615188051/lets-stop-talking-about-the-30-million-word-gap?t=1557840699010
https://www.npr.org/sections/ed/2018/06/01/615188051/lets-stop-talking-about-the-30-million-word-gap?t=1557840699010

30 million words gap

The study than found that the measure of number of word listened from

parent in the early years is a good predictor of the child future language skills,
even at distance of years.

"... We were awestruck at how well our measure of accomplishments at age 3
predicted measures of language skill at age 9-10 ... Vocabulary use at age 3 was
equally predictive of measures of language skill at age 9-10 ..."

measured different gaps, and discovered significant biases
in the original study.

Yet, many studies confirmed the positive effect of experiencing more use of
language in the early, pre-scholar phases of life.


https://www.brookings.edu/blog/education-plus-development/2018/05/21/defending-the-30-million-word-gap-disadvantaged-children-dont-hear-enough-child-directed-words/

Natural Language

e It evolves along our lives.

"l googled it"

"it's in the cloud"

"to navigate"

"wear a mask"


https://books.google.com/ngrams/graph?content=airplane&year_start=1800&year_end=2008&corpus=15&smoothing=3&share=&direct_url=t1%3B%2Cairplane%3B%2Cc0
https://books.google.com/ngrams/graph?content=quark&year_start=1800&year_end=2008&corpus=17&smoothing=3&share=&direct_url=t1%3B%2Cquark%3B%2Cc0
https://books.google.com/ngrams/graph?content=automobile%2C+car&year_start=1800&year_end=2008&corpus=15&smoothing=3&share=&direct_url=t1%3B%2Cautomobile%3B%2Cc0%3B.t1%3B%2Ccar%3B%2Cc0
https://books.google.com/ngrams/graph?content=genocide&year_start=1800&year_end=2008&corpus=15&smoothing=3&share=&direct_url=t1%3B%2Cgenocide%3B%2Cc0
https://books.google.com/ngrams/graph?content=Tesla&case_insensitive=on&year_start=1800&year_end=2008&corpus=15&smoothing=3&share=&direct_url=t4%3B%2CTesla%3B%2Cc0%3B%2Cs0%3B%3BTesla%3B%2Cc0%3B%3Btesla%3B%2Cc0%3B%3BTESLA%3B%2Cc0
https://trends.google.com/trends/explore?date=all&q=Tesla
https://en.wikipedia.org/wiki/Shipping_(fandom)
https://trends.google.com/trends/explore?date=all&q=crowdfunded
https://trends.google.com/trends/explore?date=all&q=super%20spreader

Natural Language

The use of a complex language is a distinctive trait of humans.

Thousands of symbols.

Complex syntax.

Semantic is mostly compositional.
Potentially ambiguous.

Relies on shared world knowledge.
Learned from scratch along life.

It evolves along our lives.


http://www.lel.ed.ac.uk/~jim/europeanreview.html
http://rsif.royalsocietypublishing.org/content/10/88/20130520
http://rsif.royalsocietypublishing.org/content/10/88/20130520

Natural Language Understanding (by machines)

Natural Language Understanding aims at building
machines that are able to receive and give
information using natural language, like humans do.

From a computational point of view, natural language
understanding is considered to be an Al-complete
problem.

Practical text analytics tasks are simplifications of
NLU that make the problem easier to solve.



https://en.wikipedia.org/wiki/AI-complete

Text Mining

“Text mining is the analysis of data contained in natural language text. Text
mining works by transposing words and phrases in unstructured data into
numerical values which can then be linked with structured data in a database
and analyzed with traditional data mining techniques.”


http://searchbusinessanalytics.techtarget.com/definition/text-mining

Text Mining

Text mining supports data analysis problems
by recognizing and extracting structured
knowledge that is otherwise locked in the
unstructured form of natural language,
and thus out of reach from traditional data
mining methods.

A complete, integrated text mining and data
mining pipeline can be faster than humans at
taking
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A Symbol Open High Low Close gno %Chg
A10 Networks ATEN 772 7.88 759 7.85 0.14

AAC Holdings AAC 2462 2482 2114 2472

AAR Corp. AR 2461 2472 2442 2465

Aaron's Inc. AAN 2442 2475 2427 2450

ABB ADR ABB 18.74 1878 1848 18.60 2}
Abbott Laboratories ABT 4522 4552 4494 4546 5
AbbVie ABBV 5823 59.09 57.16 59.02 1
Abercrombie&Fitch ANF 2590 2632 2570 2575 4,
ABM Industries ABM 29.75 3013 2959 30.10

Acadia Realty Trust AKR 3341 3394 3301 3355

Accenture CIA ACN 10729 10825 107.22 108.13 2
ACCO Brands ACCO 7.76 7.88 7.70 7.88

Accuride ACW 257 257 245 250

ACE ACE 11463 11622 11454 116.13 K
Acorn International ADR ATV 273 2085 262 1920 1 5
ActuantCIA ATU 2479 2496 2393 2436

Acuity Brands AYl 23217 23374 23160 23322

Adecoagro AGRO 1128 1128 1084 1098 -2.40

Nokia Launches $16.6 Billion Offer

Nokia CEO Rajeev Suri says merger will mean ‘we are just ahead of the curve’

By JENS HANSEGARD
No:

18, 2015 6:19 a.m. ET

HELSINKI—Finnish wireless-equipment specialist Nokia Corp. on Wednesday
commenced its share-exchange offer for Alcatel-Lucent SA shareholders in Paris and
New York, betting its proposed €15.6 billion ($16.6 billion) acquisition will allow a
combined company to better compete in a global race for scale in the business of making

telecommunications and Internet gear.

Nokia’s attempt to create a one-stop shop for telecom companies and Internet service

providers comes as the company faces heightened competition from new...
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http://www.slate.com/articles/business/moneybox/2015/04/bot_makes_2_4_million_reading_twitter_meet_the_guy_it_cost_a_fortune.html?wpsrc=sh_all_mob_tw_bot

Text Mining

TM methods may be aimed at directly
extracting the answer to an information
need from text,

or

give an explicit structure to the
information contained in text in order to
enable the application of data mining
methods

accuracy_ algorithm automatically based class
classification classifier . data
documents estimating evaluation
learning measue methods
product proposed qUantification ranking
sults FEVIEW select strategy task text



Text Mining

85 percent of business-relevant information originates in unstructured form,
primarily text, according to Anant Jhingran of IBM Research.

Information is mostly communicated by reading or writing e-mails, reports, or
articles and the like, in conversations, or by listening/watching media

Attempts to turn text into (semi-)structured forms (HTML) or
(atom, card, calendar, geo) only scratch the surface, but:

e Requires universal agreed ontologies
e Additional effort to make structure explicit

Entity linking attempts to provide a bridge.
Author of this slide: Giuseppe Attardi


https://it.wikipedia.org/wiki/Microformat

Text Mining

The vision... ...the reality

IF HAL-9000
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WAS ALEXA



http://www.youtube.com/watch?v=qDrDUmuUBTo
http://www.youtube.com/watch?v=JepKVUym9Fg

Text Mining Tasks

The are many different practical information processing tasks in which text is
the main media:

e Tagging e Regression

e Parsing e Quantification

e Search e Information Extraction

e Question Answering e Named Entity Recognition
e Summarization e Coreference Resolution

e Translation e Entity linking

e (lassification e Paraphrase

e C(lustering e Dialog



Text Mining Tasks

The performance of the available methods of the tasks varies:

Very good:
e Tagging e Regression
e Parsing e Information Extraction
e Named Entity Recognition e Entity linking
e Search

Not yet ready:

Question Answering
Summarization
Quantification
Paraphrase

Dialog

Progressing:

e Translation

e C(lassification

e C(lustering

e Coreference Resolution



Practical applications

Text mining methods find application in many everyday situations.



Practical applications

volkswagen

All News Images Shopping Maps More ~ Search tools

Volkswagen brakes as rivals race ahead in Europe
Financial Times - 7 hours ago
Volkswagen lost further market share in Europe in December as the
rest of the world's manufacturers enjoyed a blockbuster end to the
mm year that
[ \/olkswagen's market share falls for first time since 2007
Irish Times - 3 hours ago
Volkswagen's European market share has slumped
Management Today - 2 hours ago
Only Volkswagen fails to cash in on rising European car sales
In-Depth - CTV News - 3 hours ago

CTV News rish Times ~ Management

Explore in depth (103 more articles)

Volkswagen's Recall Proposal Isn't Good Enough for US ..
The Atlantic - Jan 13, 2016

By now, Volkswagen's explanations, apologies. lawsuits, and
goodwill programs have all had their turn in the headlines. But a
central question

Volkswagen's US recall proposals rejected

The Week UK - Jan 13, 2016

EPA Rejects Volkswagen's Proposed Diesel Emissions Fix

Carscoops (blog) - 15 hours ago

California board rejects Volkswagen's diesel fix plan

International - CNBC - Jan 12, 2016

Volkswagen, EPA Fail to Break Impasse in Emissions-Cheating ...

In-Depth - Wall Street Journal - Jan 13, 2016

Sweden prosecutor investigating Volkswagen

International - JURIST - Jan 12, 2016




Practical applications

Q Cerca su Twitter

Tendenze - Italia

1 - Di tendenza
#autocertificazione
1.615 Tweet

2 - Ditendenza
#Ratzinger
6.162 Tweet

3 - Di tendenza
#Pompeo
1.832 Tweet

4 - Di tendenza
#domenicain

5 - Di tendenza

#Hunziker
8.072 Tweet

Mostra altro

Tendenze - Spagna

1 - Di tendenza
Obtuve 12 de 13
1.864 Tweet

2 - Di tendenza
#EscapeRoomLDDSS

3 - Di tendenza
#VivalLaVida294
1.615 Tweet

4 - Di tendenza

#liarlapardo82
5 - Di tendenza

Alvise
18.200 Tweet

Mostra altro

Tendenze - Giappone

1 - Di tendenza
#HRTEVWEL &S
26.300 Tweet

2 - Di tendenza
# AL o
38.500 Tweet

3 - Di tendenza
#YY v L
27.900 Tweet

4 - Di tendenza
#RkAEF Y
22.900 Tweet

5 - Di tendenza

#TARKIRANPT14)84F
13.900 Tweet

Mostra altro



Practical applications

Gmail ~

COMPOSE

Inbox
Starred
Important
Sent Mail
Spam (3)
Trash
Notes

» Personal

» Work
Lessa
Chats
Drafts
All Mail

v Categories
= Social (88)
¥ Promotions (579)
© Updates (746)
" Forums (130)




Practical applications

Step 2: Create a Test Directory and Enable SimpleHTTPServer

ystem files. In my case | partition called [/xo01|and

also | have added some test files for testing

24
24
24
24

you have to dois tr

# python -m SimpleHTTPServer

1192.168.5.67:22

ython's SimpleHTTPServer module by

python -m SimpleHTTPServer
Serving HTTP on ©.0.0.0 port 8000 ...

44
in

211

COMMENTS

Wine 1.8 Released After 17 Months of
Development - Install on RHEL/CentOS and
Fedora

Install Apache 2.2.15, MySQL 5.5.34 & PHP 5.5.4
on RHEL/Cent0S 6.4/5.9 & Fedora 19-12

WHITE HAT
HACKER BUNDLE

= The GNU/Linu:

ete Linux Comma




Practical applications

= Google Translate

Hn Text B Documents

JAPANESE - DETECTED JAPANESE ITA v &

ZfEE=HMIE. SA3THEFTCOMINAE X
TICHAORSHEELZERL, HLLan
FTUANREES T & ZFHHLTWD EH
FHREEHNHERICE o7

Abe shinzd shushd wa, 5 tsuki 31-nichi made no yaku 1-

kagetsu made ni Nihon no kinkyd jitai o enchd shi, atarasht
koronauirusu to tatakau koto o keikaku shite iruto seifu

Show more

ED) 72/5000

ITALIAN ENGLISH JAPANESE

Il primo ministro Shinzo Abe ha in
programma di estendere I'emergenza del
Giappone di circa un mese entro il 31

ooe
ces
ces

maggio e combattere il nuovo coronavirus,

ha detto domenica un funzionario del
governo.

@ ' Emmanuel Macron @

9hrs-Q

C'est un moment déterminant pour la communauté mondiale. En nous
mobilisant aujourd'hui autour de la science et de la solidarité, nous
semons les graines d'une plus grande unité demain.

w This is a defining moment for the world community. By mobilizing
ourselves today around science and solidarity, we will grow the
seeds of greater unity tomorrow.

£% - Hide original - Rate this translation

Pour une mobilisation mondiale contre le virus.

« La chance ne sourit qu'aux esprits bien préparés ». Ces mots sont

ceux de Louis Pasteur, |'un des plus grands scientifiques au monde, a
: I'origine de découvertes et avancées majeures qui ont sauvé des

millions de vies a...

See More
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ractical applications

10:43 0 ¥ M i77%

@ o

2. how long does it take to get to the moon

Hi, how can | help?

is it going to rain tomorrow
The trip to the Moon took just over three days.

g
‘0' There's a good chance of rain in Tbilisi
tomorrow from 4:00 pm to 6:00 pm.

Scattered Thunderstorms on 32°
Sunday c
Si + Precio: 50%
2016 — When space tourism va :!‘r‘:ia;‘ri;x i(?/
le to and from the Moon, e

mi racconti una filastrocca
21° 23° 24° 27° 28° 29°

? uando ho scoperto cosa 3% 2%
How long does it take the space shuttle to get to the moon? Q 0P ) o - R
100! The Space Shuttle t 9o to the Moon It's 1 . : facevano le civette sul como
i 24

Ci:sonio imasto male Send daily What about today? What about

..’ Niente pii filastrocche per me &
U @

Cosa facevano? Cosa sai fare? é

(=




Practical applications




Relations with other data types: tabular data

Tabular data usually contain numerical, categorical, or symbolic values that
have explicit and fixed structure, constraints and relations.

Extracting structured information from historical text sources may enable
data mining on information not originally designed for such processes.

Using natural language questions to query databases:

Table
1 LouThesz 3 3,749
2  Ric Flair 8 3,103
3 Harley Race 7 1,799
4 Dory Funk Jr. 1 1,563
5 Dan Severn 2 1,559
6 Gene Kiniski 1 1,131

Example questions

O

1 Which wrestler had the most number of reigns?  Ric Flair

2 Average time as champion for fop 2 wrestlers? ~ AVG(3749,3103)=3426

3 How many world champions are there with only  COUNT(Dory Funk Jr.,
one reign? Gene Kiniski)=2

4 What is the number of reigns for Harley Race? 7


https://link.springer.com/chapter/10.1007/978-3-030-45442-5_68
https://ai.googleblog.com/2020/04/using-neural-networks-to-find-answers.html

- #,

Relations with other data types: graphs € = = 4

a9 |
Social networks are an important source of always up-to-date ** N , 8
information about social groups, events and debated topics. £} e -
& A& ..
Methods based on graph analysis enables discovering the quﬁ _
structure and the dynamics of a network at various levels: = P -
local relations, communities, large scale behaviors. Bh N
that is shared on a network enables to better o NS (v 8
characterize the elements of the network and to give more .
detailed meaning to the interactions, enabling to investigate &~ / M~ l

complex processes, e.g., abnormal behaviors, manipulation 3 u
attempts... .


https://www.journals.elsevier.com/online-social-networks-and-media
https://www.journals.elsevier.com/online-social-networks-and-media

Relations with other data types: images and video

e |mages and video represent a signal that is directly linked with a low-level

perception of the world, i.e., vision.

e The entities involved in typical image processing tasks are usually bound
to real world physical objects and actions (e.g., object tracking in

autonomous driving).

This properties make vision-based problem relatively easier than language
ones, allowing NN-based methods to achieve human-like performances.

sssssssssssssssss

Localize

P~ I | H
4 Pl o Detc e
8 Slice | P Coronavirus
Analysis | g
f— 4 ; = Abnormalities
Q 3 3 = ! Detect and Measure If GG detections are present |
- 3D Volume 1 N +
y iti H



https://arxiv.org/abs/2003.05037

Relations with other data types: images and video

Cross-media processing: K Taoiopepieriniiogmen: AN Kol Ra S

. frisbee.

motorcycle on a dirt road.

|

e |mage captioning is 4
the task of describing
the content of an

image.

A refrigerator filled with lots of

A srouv of vouns people Two hockey players are A little girl in a pink hat is
food and drinks.

fighting over the puck blowing bubbles
. Iy Eeai

It has application in
retrieval processes.

A herd of elephants walking

across a di irau field.
-i“ e ——

A close up of a cat laying
on a couch.

It is of help for people
with vision problems.



https://paperswithcode.com/task/image-captioning
https://arxiv.org/pdf/1609.06647v1.pdf

Relations with other data types: images and video

Cross-media processing:

e Abstractvisual representation of text enables smarter retrieval methods.

1| VisSim | iR

VisReg

a man gets
ready to throw a
frisbee

Text2Vis



https://link.springer.com/article/10.1007/s10791-017-9318-6

Relations with ather datg | LVpes. |mages andwdeo

Cross-media processing:

e The co-occurrence of text and
images supports transfer
learning, e.g., performing
sentiment analysis on images.



http://openaccess.thecvf.com/content_ICCV_2017_workshops/papers/w5/Vadicamo_Cross-Media_Learning_for_ICCV_2017_paper.pdf
http://openaccess.thecvf.com/content_ICCV_2017_workshops/papers/w5/Vadicamo_Cross-Media_Learning_for_ICCV_2017_paper.pdf

Implementing Text Analytics methods

Text Analytics solutions are usually built combining methods from three
disciplines:

e Natural Language Processing (NLP): studying how to recognize and
process the elements and structures that build language as we humans
define them.

e Information Retrieval (IR): studying the statistical properties of language,
treating it as a signal on a channel, using Information Theory method.

e Machine Learning (ML): exploiting statistical/neural learning methods on
properly processed representations of language to build
descriptive/predictive models of some properties of interest.



Three interlocked disciplines

These disciplines are not one distinct from
the other.

e NLP methods are often built themselves
on top of IR and ML methods.

e ML adopts IR measures to define the
goals of the learned models.

e ML often assumes language to be
manipulated by NLP and IR methods to
be able to work on it.



Information through pipelines

The concept of a processing pipeline is recurring in text analytics methods,
as text is rarely processable as is by ML methods and it requires to be
transformed into representation that are fit to the specific ML method in use.

Such transformations are not just simple conversions of format, they may
actively filter and modify the information in order to be better exploited by
successive stages of the pipeline, so as to improve the final outcome of the

Process.




The Neural Network revolution

Neural Networks had a strong comeback starting around 2000.
Three key factors made it possible:

e Lots of data from new models of data production and
sharing.
e Powerful parallel computing that is well fit for NN algorithms
o GPU, TPU...
e Improved and novel NN algorithms and architectures
o There was no "Deep" in NN before.
o Few researchers brought NN research through the

o tothe Al renaissance: LSTM, CNN, ReLU, Dropout, Residual Networks
Attention, Capsule Networks, Transformers, GAN, RL...



https://en.wikipedia.org/wiki/AI_winter
https://commons.wikimedia.org/wiki/File:Socialmedia-pm.png
https://towardsdatascience.com/grus-and-lstm-s-741709a9b9b1

Neural Networks and Language

The NN revolution had a great impact of some problems:

e Translation
e Summarization
e Question Answering

mainly due to the ability of NN to process huge amounts of text
and the large size of their models, i.e., to learn very large
language models.

Yet, NN for NLP have , specially in areas that require
reasoning: e.g., paraphrase.


https://www.mitpressjournals.org/doi/pdf/10.1162/tacl_a_00306?fbclid=IwAR1eNP3kMm_UeTpQC5y-99Tpg8cQZCUS9867EUbF9BuWaPIeL1-4vevX9ss&
https://en.wikipedia.org/wiki/Dual_process_theory
https://huggingface.co/

