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Definitions

What is NLP ?

Natural Language Processing

A sub-domain of Artificial Intelligence, at the intersection with linguistic sciences, that
aims to automatize tasks linked to natural languages

"NLP researchers aim to gather knowledge on how human beings understand and use language so that
appropriate tools and techniques can be developed to make computer systems understand and manipulate
natural languages to perform the desired tasks.” (CowDHARY 2020)

A. Richard (HCL) NLP for Healthcare April 11, 2024
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Definitions

NLP and Linguistics !

In Linguistic Definition In NLP
Language Innate Capacity Possess it or not?
\
Tongue Social Convention Approximate
U 0
Speech Practical Usage Process

1. D SAaussure 1916 - "Cours de Linguistique Générale”
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General Overview 2345

Turing Machine

First Al
P(rlog;(is)al Conference First Second
Wwil (1956) "Al Winter” "Al Winter”
(1939-1945) (1974-1980) (1987-2000)
—
00
2277
5077
0907
Pre-Compluter 2;;22222 Pri Rules-based ML-based DL-based
Work: 124454554 Works Works Works Works
00500507
20022577
270077
L a 1227 1 1 1 1 1 1 1 1 \
+ t + + + + + + + + ?
1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

2. Jongs 1994 - "Natural Language Processing : A Historical Review"”

3. Jomuri et al. 2021 - "Natural Language Processing : History, Evolution, and Future Work”
4. PrsTov 2018 - "A History of Machine Translation from the Cold War to Deep Learning”
5. https://en.wikipedia.org/wiki/Artificial_intelligence#History
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Machine Translation - Georges Artsrouni® 78
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6. HuTciins 2002 - "Two Precursors of Machine Translation : Artsrouni and Trojanskii”

7. DAauMAS 1965 - "Les machines a traduire de Georges Artsrouni”
8. https://machinetranslate.org/georges—artsrouni
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Machine Translation - Peter Troyanskii

Turing Machine

First Al
P(rlc:)gp;;)al Conference First Second
WWII (1956) "Al Winter” "Al Winter”
(1939-1945) (1974-1980) (1987-2000)

‘ -~ ~

R

50500557

20002507

oy

00500707
Pre-Compluter :77777777 Pridr Rules-based ML-based DL-based

Work G Worlks Works Works Works

90052557

00500507

20002507
1 pQplidddd) 1 1 1 1 1 1 1 1 \
+ + + + + + + + + + ?

1930 1940 1950 1960 1970 1980 1990 2000 2010 2020
sassassns]
1933 WANT FANY PERSITICN
AOTET WOLLEN GUERER| HHOMO VEL rucHe ”m’"‘cﬁ;-‘m

"Translating Machine”
patented by
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NE, PLURAL,
COUNTRBLE

VB8P, PRESENT,
SIMPLE, TRANSITIVE

9. Hutcuins 2002 - "Two Precursors of Machine Translation : Artsrouni and Trojanskii”
10. HuTcnins et LovTsiir 2000 - "Petr Petrovich Troyanskii (1894-1950) : A Forgotten Pioneer of Mechanical Translation”
11. https://machinetranslate.org/petr-troyanskii
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Pre-computer Works

Encrypting & Decrypting Messages - Enigma, Colossus & Bombe 121314
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12. DeavouRs et ReEeps 1977 - "The Enigma Part | Historical Perspectives”
13. Goob 1979 - "Early Work on Computers at Bletchley”
14. O'RrGAN 2018 - "Colossus and Code Breaking at Bletchley Park”
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Artificial Neural Networks - McCulloch & Pitts 15 16
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15. McCuLLoci et Prrrs 1943 - "A Logical Calculus of the Ideas Immanent in Nervous Activity”
16. RusseLL et Norvic 2021 - "Artificial intelligence a modern approach” - 4th ed.
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NLP - First Conferences
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Prior Works

Chatterbots - The Turing Test 18
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17. TURING 1950 - "Computing Machinery and Intelligence”

18. https://en.wikipedia.org/wiki/Turing_test
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Pattern Matching - Regular Expressions (RegEx)
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"Regular Expression” Regular Expressions
proposed by 0. 00, 11, 000, 011 became popular in
Stephen C. Kleene® (0[(1(01*0)*1))* = 11(2)(5 0000, 0011, 0110, Computer Sciences 2 2%
' ' ' b

19. Kreene 1951 - "Representation of Events in Nerve Nets and Finite Automata”
20. JOHNSON et al. 1968 - "Automatic Generation of Efficient Lexical Processors Using Finite State Techniques”
21. THOMPSON 1968 - "Programming Techniques : Regular Expression Search Algorithm”
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Machine Translation - IBM's Russian-English Translator (1)2223
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22. MACDONALD 1954 - "Language translation by machine : a report of the first successful trial”
23. HurcHins 2004 - "The Georgetown-IBM Experiment Demonstrated in January 1954"
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24. MACDONALD 1954 - "Language translation by machine : a report of the first successful trial”
25. HutcHins 2004 - "The Georgetown-IBM Experiment Demonstrated in January 1954"
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3) 26 27

Machine Translation - IBM's Russian-English Translator (

Input
vyelyichyina ugla
= opryedyelyayetsya =|_
otnoshyenyiyem
dlyini dugi k radyiusu

Output :
Magnitude of angle
; = is determined by the =
relation of length
of arc to radius.

26. MACDONALD 1954 - "Language translation by machine : a report of the first successful trial”
27. HurcHins 2004 - "The Georgetown-IBM Experiment Demonstrated in January 1954"
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Artifical Neural Networks - Perceptr
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28. ROSENBLATT 1958 - "The Perceptron : A Probabilistic Model for Information Storage and Organization in the Brain”
29. https://americanhistory.si.edu/collections/nmah_334414
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Linguistics - Noam Chomsky's Syntactic Structures and Universal Grammar
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30. Cnomsky 1957 - "Syntactic structures”

31. CooK 1988 - "Chomsky'’s universal grammar : An introduction”
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Rule-based Works

NLP - A First Wave of Chatterbots
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is proposed by is developed by is developed by is proposed by is developed by
Daniel G. Bobrow 32 Joseph Weizenbaum 33 Terry Winograd 3 Rollo Carpenter3° Richard Wallace 36

32. BoBrOW et al. 1964 - "Natural language input for a computer problem solving system”

33. WrizenBAaUM 1966 - "ELIZA — a computer program for the study of natural language communication between man and machine”
34. WiNOGRAD 1971 - "Procedures as a representation for data in a computer program for understanding natural language”

35. http://www.jabberwacky.com/j2about

36. WaLLACE 2009 - "The Anatomy of A.L.I.C.E"
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Rule-based Works

Chatterbots - STUDENT 37

Input : Output :
If the number of customers (THE EQUATIONS TO BE SOLVED ARE)

T°T2g0‘°'°;5 ifc :‘;}Vice thebsq”ire (EQUAL X00001 (NUMBER OF CUSTOMERS TOM (GETS/VERB)))
et (EQUAL (NUMBER OF ADVERTISSEMENTS (HE/PRO) RUNS) 45)
advertisements e runs, an (EQUAL (NUMBER OF CUSTOMERS TOM (GETS/VERB)) (TIMES 2

the number of advertisements
is 45, then what is the number (EXPT (TIMES .2 (NUMBER OF ADVERTISSEMENTS (HE/PRO) RUNS)) 2)))

of customers Tom gets ? (THE NUMBER OF CUSTOMERS TOM GETS IS 162)

Patterns : Rules :

"the square of ... " (EXPT A 2)

"... percent of .." (TIMES B (QUOTIENT A 100))
" plus .. ? (PLUS A B)
"difference between ... and ..." (MINUS A B)
etc. etc.

37. Bosrow et al. 1964 - "Natural language input for a computer problem solving system”

A. Richard (HCL) NLP for Healthcare April 11, 2024
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Chatterbots - SHRDLU 38 and the "blocks world" 39

Input : OK

Pick up the red block /) (1) move green block
— Pl :i\ (2) pick red block

NPT

38. WINOGRAD 1971 - "Procedures as a representation for data in a computer program for understanding natural language”
39. https://en.wikipedia.org/wiki/Blocks_world
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Chatterbots - ELIZA (a.k.a., the "DOCTOR") 40 41 42

ELIZA :
How do you do. Please tell me
your problem.
i
: Rules
1 (MY = YOUR 2)
1 (0 YOUR 0 (/FAMILY) 0) I think :OU
1 (TELL ME MORE ABOUT YOUR FAMILY) think my mom hates me
1 (WHO ELSE IN YOUR FAMILY 5)
1 (YOUR 4)
. (WHAT ELSE COMES TO MIND WHEN ELIZA :
! YOU THINK OF YOUR 4) Who else in your family hates
1 Ete. you?
|mmmmemmmmmmmmmmmmmmm—————————
1 Memory : YOU :
' (ME = YOU) Only my mom
1 (THINK DLIST(/BELIEF))
1 (MOM = MOTHER DLIST(/ FAMILY))
1 ((0) (HATES)) ELIZA :
L What else comes to your mind
when you think of your mom ?

40. WEIZENBAUM 1966 - "ELIZA — a computer program for the study of natural language communication between man and machine”
41. RIFC439 1973 - "PARRY encounters the DOCTOR"”
42. https://www.masswerk.at/eliza/

A. Richard (HCL) NLP for Healthcare
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NLP - The Automatic Language Processing Advisory Committee (ALPAC) Report
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: p
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failed to fulfil their goals MINSKY et PAPERT 1969
and "Al Winter”

other events*3

43. https://en.wikipedia.org/wiki/AI_winter
44. PierCE et al. 1966 - "Language and Machines : Computers in Translation and Linguistics”
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Knowledge Engineering - Conceptual Dependency Theory 4’
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plane
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Proposal of John -——— go —-——— { Proposal of
" Conceptual Dependency Theory” fly L.A. "MARGIE"
by Roger Schank and Larry Tesler® T D by Roger Schank et al. 46
N.Y. L.A.

45. ScuAaNk et TesLER 1969 - "A conceptual dependency parser for natural language”
46. SCHANK et al. 1973 - "MARGIE : Memory Analysis Response Generation, and Inference on English”
47. SCHANK 1972 - "Conceptual Dependency : A Theory of Natural Language Understanding”
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Knowledge Engineering - Semantic Networks>® and Knowledge Graphs %®
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Proposals of a Net Structures Proposal of Proposal of Project "Knowledge Graphs”
to store and process "Knowledge Language One (KL-ONE)"  "Semantic Network Processing System (SNePS)” started by the
Smantic Information 48 49 50 51 by Ronald J. Barchman 52 by Stuart C. Shapiro®3 Universities of Groningen and Twente >

48. SHAPIRO 1971 - "A net structure for semantic information storage, deduction and retrieval”

49. SCHNEIDER 1973 - "Course Modularization Applied : The Interface System and Its Implications For Sequence Control and Data Analysis.”
50. WooDs 1975 - "What's in a link : Foundations for semantic networks”

51. Sowa 1976 - "Conceptual graphs for a data base interface”

52. BRrRACHMAN 1979 - "On the epistemological status of semantic networks"”

53. SHAPIRO 1979 - "The SNePS semantic network processing system”

54. Sk NURDIATI et HOrDE 2008 - "25 years development of knowledge graph theory : the results and the challenge”

55. Sowa 1992 - "Semantic networks”
56. Hocan et al. 2021 - "Knowledge Graphs”

LP for Healthcare
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Knowledge Engineering - Semantic Networks Example (1) %7

"Sue thinks that Bob believes that a dog is eating a bone”

in Conceptual Graph in SNePS

Proposition:
eNrme®
Proposition:

57. SowA 1992 - "Semantic networks”

A. Richard (HCL) NLP for Healthcare April 11, 2024
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Knowledge Engineering - Semantic Networks Example (2) %8

NumberOiWheels *
T

Restricts

58. SowA 1992 - "Semantic networks”

A. Richard (HCL) NLP for Healthcare April 11, 2024
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Knowledge Engineering - Grammars
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1981 1982 1985 1987
Proposal of Representations Proposal of Proposal of Proposal of
for Forms and Functigns "Lexical-Functional Gr%Bnmar” "Generalized Phrase Structure Grammar” "Head-Driven Phrase Structure Grammar”
by Noam Chomsky *° by Joan Bresnan by Gerald Gazdar 6! by Carl Pollard and Ivan Sag®?

59. CHOMSKY 1981 - "On the Representation of Form and Function”
60. BrEsNAN 1982 - "Control and Complementation”
61. GazbAR 1985 - "Generalized Phrase Structure Grammar”

62. POLLARD et SAG 1987 - "Information-based syntax and semantics : Vol. 1 : fundamentals
63. MULLER et al. 2021 - "Head-Driven Phrase Structure Grammar : The handbook”
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Knowledge Engineering - Head-Driven Phrase Structure Grammar (HPSG) Example %4

 phrase
PHON  (the, cat)

SYNSEM NP

PHON  (the) PHON (cat)

DTRS I
SYNSEM Det SYNSEM N
HD-DTR []]

A. Richard (HCL) NLP for Healthcare April 11, 2024
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Text Generation - SCIGen 6 00

{Stit )

Rootsr- A Methodology for the Typical Unification
of Access Points and Redandancy
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65. https://pdos.csail.mit.edu/archive/scigen/
66. L.ABBD et LABBE 2013 - "Duplicate and fake publications in the scientific literature : how many SClgen papers in computer science ?”
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Knowledge Engineering - Ontologies ’

Turing Machine

Proposal First Al

Conference First Second
(1936) WWII (1956) "Al Winter” "Al Winter”
(1939-1945) (1974-1980) (1987-2000)
—_——

Prigr Rules-based ML-based DL-based

Pre-Comppter
Worlks Works Works Works

Work:

AINNNNNNNNY]
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NNNNNNNNNAY
NNNANNNNNAN
NNNNNNNNNNY
NNNANNANNAN
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} }
y y
1930 2010 2020

1984-1995 1999 1999 2004

The term "Ontology” Recommendations of First release of Recommendations of
starts to be use "Resource Description Framework (RDF)” "Protégé” "Web Ontology Language (OWL)"

in Computer Sciences %7 68 69 by the World Wide Web Consortium (W3C)7 by Mark Musen 7% by the W3C 72

67. POWERS 1984 - "Natural language the natural way”)

68. PowERs 1990 - "Goals, Issues and Directions in Machine-Learning of Natural Language and Ontology")
69. GRUBER 1995 - "Toward principles for the design of ontologies used for knowledge sharing ?")

70. PAN 2009 - "Resource Description Framework”

71. Musen 2015 - "The protégé project : a look back and a look forward”

72. ANTONIOU et HARMELEN 2009 - "Web Ontology Language : OWL"

73. BREITMAN, CASANOVA et TRUSZKOWSKI 2007 - "Ontology in Computer Science”)
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Knowledge Engineering - Snapshot of a part of the DBpedia ontology "

owl:Thing
rdfs:subClassof @ dbodumily
C dbo:Agent dbo:Species
3
Trdl‘s:suhciassﬂf rdfssubClassof g, [rdfs:subClassOf
C  dbo:PopulatedPlace dbo:Person % C dbo:Eukaryote
rdfs:subClassOf rdfs:subClassof g‘;
C dbo:Settlement dbo:Athlete dho:Work
— — "
(ihdbozcanion @1 dbo:subsequentwork
P dbo:areaCode dbo:Organisation dbo:runtime
P dbo:populationTotal dbo:birthDate dborreleaseDate
P dbo:utcOffset dbo:deathDate P dbo:conservationStatus
r dbo:elevation
Legend
. rdfitype owl:Class
rdf: wi
P dbo:areaTotal .-3 Tifiyne owkoblecmraperty
74. LEHMANN et al. 2015 - "Dbpedia—a large-scale, multilingual knowledge base extracted from wikipedia”

A. Richard (HCL) NLP for Healthcare April 11,
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NLP - Statistical Approaches ’

Turing Machine

First Al
P(r{)gp;(as)al Conference First Second
WWwII (1956) "Al Winter” "Al Winter”
(1939-1945) (1974-1980) (1987-2000)
— — —tN
A
20720977
70275
100022507
Pre-Compliter ;27727772 Pri Rules-based ML-based DL-based
Work [y Works Works Works Works
50500507
20002507
oy
N IOy N N n n N N N " \
+ + + + + + + + ?
1930 1940 1950 1960 1970 00 2010 2020
1993 1999
Publication of Publication of
"Statistical Language Learning” "Foundations of Statistical Natural Language Processing”
by Eugene Charniak 7® by Christopher Manning and Hinrich Schutze 7

75. CHARNIAK 1993 - "Statistical Language Learning”
76. MANNING et ScHuTzE 1999 - "Foundations of Statistical Natural Language Processing”

77. Marcus 1995 - "New Trends in Natural Language Processing : Statistical Natural Language Processing”
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Machine Learning - General Idea

Goal: F: X +—Y

F': XY
Training
Inference
/ )
[ x0 [ x1 [ x2 ] y |

3.8 810 122 A
8.2 881 112 B F’(4.1,718,180 ) = A
8.1 710 123 A
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NLP - Some ML sub-problems in NLP 787°

"o

X = {"Lorem”, "ipsum”, "dolor”, "sit”, "amet” ,
"consectetur”, "adipiscing”, "elit”, "'}
Y = class A, or class B, or class C, etc.

= Text Classification
X = {"Lorem”, "ipsum”, "dolor”, "sit”, "amet”, ",”
"consectetur”, "adipiscing”, "elit”, "'}

Y = "Proin”

= Text Generation

78. Enns et Luz 2007 - "Machine learning for natural language processing”

"y

= Text to Text Generation

79. ZHANG et TENG 2021 - "Natural Language Processing : A Machine Learning Perspective”

A. Richard (HCL)
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X = {"Lorem”, "ipsum”, "dolor”, "sit”, "amet”
"consectetur”, "adipiscing”, "elit”, "'}
Y={A 0,B,0,0,0,A, B, B, O}

= Token Classification
X = {"Lorem”, "ipsum”, "dolor”, "sit”, "amet”, ’
"consectetur”, "adipiscing”, "elit”, "'}
Y = {"No" "one", "loves", "dolor"”, "fo r”, "itself”,
"neither”, search” "it”, "), "neither”, "wants”,

"o
’

r

"o

meen
|t ,
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NLP - Tokenization 8°

| token [ id ]
"Lorem” 42
"ipsum”’ 18
"dolor” 7
"sit” 180
"Lorem ipsum dolor amet 8104 X = {42, 18, 7, 180,
sit amet, consectetur > S R— 2 » 8104, 2, 123, 12, 101,
adipiscing elit.” con# 123 749, 194, 718, 17}
"#tsectetur” 12
TaE” 101
"#dipisc#H"” 749
VHing” 194
"elit” 718
" 17

80. MinLke et al. 2021 - "Between words and characters : a brief history of open-vocabulary modeling and tokenization in nlp”

A. Richard (HCL) NLP for Healthcare April 11, 2024
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" Lorem ipsum dolor sit amet, consectetur adipiscing elit. Praesent facilisis justo sed nisi commodo eleifend. Do-
nec commodo consequat justo id sollicitudin. Nunc feugiat commodo erat ac viverra. In ullamcorper gravida
eros. Nullam massa metus, rutrum vitae dolor et, varius malesuada erat. Phasellus sagittis eros non ante sodales
blandit a ut odio. Sed non ultrices neque. Cras euismod egestas diam ac aliquam. Donec consequat consectetur
risus sit amet pretium. Nulla leo ex, interdum quis tempor in, congue vitae ex. Suspendisse potenti. Aenean eu
pretium odio...”

~-

bi-gram H count [ frequency ]
"sit amet” 5 1.19
"ac viverra” 2 0.48
"a ex” 2 0.48
"eros Nullam” 2 0.48
"tempor in” 2 0.48
"vitae dolor” 2 0.48
"dolor et” 2 0.48
"nec scelerisque” 2 0.48

81. MANNING et ScHuTzE 1999 - "Foundations of Statistical Natural Language Processing”

82. http://guidetodatamining.com/ngramAnalyzer/index.php

LP for Healthcare
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NLP - ML Common Methods 83 84

Decision Tree Models

I T i S (MAGERMAN 1995, SCHMID 2010)
"Lorem ipsum dolor sit amet” "consectetur’”
"Phasellus consectetur dui vitae diam faucibus’ "vitae”
"Phasellus porta fermentum lorem” “at_mattis”
"Sed eros est” "viverra”
"Integer venenatis aliquam lectus’ "eu dapibus”
"Phasellus vitae ante vitae” "tortor” L
"Curabitur ex tellus” “pulvinar” 8
"Nunc posuere vitae" “sapien”
"Tn_pretium cursus lacus vel” "Tobortis”
"Vestibulum augue nisl” "ullamcorper” Bayesian Models
"Cras convallis” "eros” (BrROWN et al. 1990, XU 2018)
"Nullam euismod” "dolor”
"Fusce efficitur porta libero et” "Tuctus”

83. Enns et Luz 2007 - "Machine learning for natural language processing”
84. ZHANG et TENG 2021 - "Natural Language Processing : A Machine Learning Perspective”

A. Richard (H NLP for Healthcare 41
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NLP - Hidden Markov Models (HMM) 85 8

Gates : 0.001
Corporation : 0.003
Jobs ! 0.0001
Computers : 0.0005

Bill : 0.01
Microsoft : 0.02
IBM : 0.03
Steve : 0.001
Apple : 0.0005

the : 0.01
it : 0.004
software : 0.003
run : 0.0001
them : 0.0004
Bill : 0.0006

Apple : 0.003
Jobs : 0.0002
Gates : 0.00005
Computers : 0.0001

85. BLUNSOM 2007 - "Structured classification for multilingual natural language processing”
86. ALMUTIRI et NaDEEM 2022 - "Markov models applications in natural language processing : a survey”

A. Richard (HCL) NLP for Healthcare April 11,
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NLP - Probabilistic Context Free Grammars (PCFGs) 87 88

T
S 10

4
§—NPVP
S—VP

NP — noun

NP — noun PP
NP — noun NP
VP — verb

VP —verb NP
VP — verh PP
VP — verb NP PP
PP — prep NP
prep — like 1.0
verh — swat 0.2
verh — flies 04
verb — like 0.4
noun — swat (.05
nouwn — flies 045
nown — ants (L5

0.8
0.2
0.4
0.4
0.2
0.3
0.3
0.2
0.2
1.0

tree; for swat flies like ants is

S
[
VP

verb NP
| |

swat noun

flies

P(tree)) =

PP
[
prep NP
| |

like N

ants

0.2x0.2x0.2x04x045
x 1.0 x 1.0 x 0.4 0.5
2.88 x 10~

87. JELINEK, LAFFERTY et MERCER 1992 - "Basic Methods of Probabilistic Context Free Grammars”

88. Fnins et LLuz 2007 - "Machine learning for natural language processing”
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NLP - First Successes of Deep Learning 9293

Turing Machine

First Al
Proposal .
(r1§36) Conference First Second
WWII (1956) "Al Winter” "Al Winter"
(1939-1945) (1974-1980) (1987-2000)
20055557
022250000
155500550
Pre-Comppiter 22;2222; Pri Rules-based ML-based DL-based
Work: 04555554 Works Works Works Works
50050070
20022575
50055070
N (ar22727% N N N N N N N N \
+ + + + + + + + + + ?
1930 1940 1950 1960 1970 1980 19 2000 2010 2020
1987 1991 2003
Proposal of a Proposal of a Proposal of a
using Multi-Layered Neural Network Language Model Neural Network Language Model
Neural Networks 8 by Risto Miikkulainen and Michael G. Dyer % by Yoshua Bengio et al. %t

89. ALLEN 1987 - "Several studies on natural language and back-propagation”

90. MIKKULAINEN et DvER 1991 - "Natural Language Processing With Modular Pdp Networks and Distributed Lexicon”
91. Brncio et al. 2003 - "A Neural Probabilistic Language Model”

92. DeNG et Liu 2018 - "Deep Learning in Natural Language Processing”

93. GOLDBERG 2016 - "A primer on neural network models for natural language processing”
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94 95

Deep Learning - Multi-Layered Neural Networks

. hidden layers
inpue

Tyer @ @ @

O SANTANT/AN
A RSST

R B N

Lorem ipsum dolor “‘@ "Etiam pretium suscipit
o \ y ? magna vitae finibus.”

. WA v,
sit amet, consectetur —) ( “‘ AN/ LAANS
adipiscing elit.” @’;‘?é";.}"“g""."“‘;"\( ,"'

ys 5N X
ra

output
layer

(P=CTHP
e A

&
PR\ /D = renderey ot
YAvaV:

get previous learning
(KIRKPATRICK et al. 2017)

94. LrCun, BEnGIO et HINTON 2015 - "Deep Learning”
95. CHARNIAK 2019 - "Introduction to Deep Learning”

A. Richard (HCL) NLP for Healthcare
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Deep Learning - Long Short-Term Memory (LSTM) % 97

I
>

a

>

96. HOCHREITER et SCHMIDHUBER 1997 - "Long Short-Term Memory”
97. SHERSTINSKY 2020 - "Fundamentals of Recurrent Neural Network (RNN) and Long Short-Term Memory (LSTM) network”

A. Richard (HCL) NLP for Healthcare April 11 46 / 76
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98 99

Deep Learning - Word Embeddings

| token [ id ] | embeddings |
"Lorem” 42 0.81 0.41 0.18 0.01
"ipsum” 18 0.19 0.22 0.81 0.73
"dolor” 7 0.61 0.28 0.08 0.91
"sit” 180 0.03 0.88 0.99 0.08
"amet” 8104 . 0.81 0.82 0.17 0.42
" 2 unsuperwsed\ 0.12 0.58 0.72 0.99
"con#" 123 learning ‘| 0.47 | 0.49 | 0.89 0.07
"#tsectetur” 12 0.83 0.12 0.45 0.82
Ta#"” 101 0.54 0.92 0.64 0.78
"Hdipisc#” 749 0.18 | 0.04 | 0.18 | ... | 0.27
"#ing” 194 0.89 0.04 0.02 0.81
"elit” 718 0.74 0.47 0.78 0.87
" 17 0.98 0.88 0.03 0.81

98. TURIAN, RATINOV et BENGIO 2010 - "Word representations : a simple and general method for semi-supervised learning”

99. ArnuDA et XEXH0 2023 - "Word Embeddings : A Survey”

A. Richard (HCL) NLP for Healthcare April 11, 2024
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Deep Learning - Word2Vec 100 101 102

woman ”
man ‘\ girl slower
\ father 4‘
slow
son
cat king queen boy
o \ — Q faster slowest
cats daughter fast
France
dogs England longer
he fastest
Paris Italy \ she long
London
himself longest
Horma herself

100. MikoLov, Y et Zwric 2013 - "Linguistic regularities in continuous space word representations”
101. http://nlp.polytechnique.fr/word2vec
102. https://samyzaf.com/ML/nlp/nlp.html
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Chatterbots - A New Wave of Virtual Assistants 103 104

Turing Machine

First Al
Prf;);ésal Conference First Second
(1936)  \yyy (1956) Al Winter” Al Winter”
(1939-1945) (1974-1980) (1987-2000)
Yss00007
oy
00500707
100005507
Pre-Comppter ;72727777 Pri Rules-based ML-based DL-based
Work PP Works Works Works Works
20002507
oy
s
1 jopzazzay) 1 1 1 1 1 1 1 1 \
+ + + + + + + + + ?
1930 1940 1950 1960 1970 1980 1990 2000 2020
2011 2014 2014 2016
"Sir” "Cortana” "Alexa”  "Google Assistant”
by Apple by Microsoft by Amazon by Google

103. ScumipT et al. 2018 - "Industrial Virtual Assistants : Challenges and Opportunities”
104. TULSHAN et DHAGE 2019 - "Survey on Virtual Assistant : Google Assistant, Siri, Cortana, Alexa”

NLP for Healthcare
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Chatterbots - Microsoft's Tay

Turing Machine
Proposal
(1936)

First Al
Conference First Second
Wwil (1956) "Al Winter” "Al Winter”
(1939-1945) (1974-1980) (1987-2000)

—t  ——A—

)

NNANNANNNNNNN
INNNNNNNNNNNNY

Pri Rules-based ML-based DL-based
Worlks Works Works Works

Pre-Compter
Work:

LN NNNNNNNNNNY
NNNNNNNNNNNNY
NNANNNNNNNNNY
NNNINNNNNNNNNY
NNANNANNANNNY
NNNINNNNNNNNNY

+ t + + + + + + y y
1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

v

2016
Microsoft launches
"Tay"

on Twitter

105. MATHUR, STAVRAKAS et SINGIT 2016 - "Intelligence analysis of Tay Twitter bot”
106. SUAREZ

FONZALO, MAs MANCHON et GUERRERO SOLE 2019 - "Tay is you : the attribution of responsibility in the algorithmic culture”
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Deep Learning - First Transformers Models

Turing Machine

First Al
P(r{););ﬁs)al Conference First Second
WWwII (1956) "Al Winter” "Al Winter”
(1939-1945) (1974-1980) (1987-2000)
— — —tN
A
00500007
oy
100022507
Pre-Compliter ;27727772 Pridr Rules-based ML-based DL-based
Work [y Works Works Works Works
50500507
20002507
oy
N I0LL0 N N N \
+ + + + + ?
1930 1940 1950 1960 1970
2017 2018 2018
Proposal of Proposal of Proposal of
"Transformers” Model, "BERT" Model "GPT-1" Model

by Google's researchers 107

107. VAswANI et al. 2017 - "Attention is all you need”

108. DivLiN et al. 2018 - "BERT : Pre-training of Deep Bidirectional Transformers for Lan

109. RaprorD et al. 2018 - "Improving language understanding by generative pre-training”
A. Richard (HCL) NLP for Healthcare

by Google's researchers 198 by OpenAl’s researchers 109

guage Understanding”
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Transformers - Attention Mechanisms

Historical overview of NLP

110 111

00000000 @0000000000

Imput
‘”"".’-’-,""“"".‘." et Embedding
The_ Tha_
animal_ animal_
M':‘ Fu"' Queries
© v
oo Grass_
the_ the._
street_ street_
bocause_ because_
it U Keys
s was_
fo5_ a_
1w tine
d_ L8
Values

Machines

W

wv

E——

Tl

i

e

B by 1%

PR
%

Sunp

110. VAsSwANI et al. 2017 - "Attention is all you need”
111. https://jalammar.github.io/illustrated-transformer/
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Transformers - Encoding and Decoding Mechanims 12

2 " ( Softmax
ff.,( Add & Normalize 3\ ]
: ) ) C inese
( Feed Forward ) ( Feed Forward ) “‘-._' +
____________________________ 3 B ) DECODER #2
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4 4
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112. https://jalammar.github.io/illustrated-transformer/
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Transformers - Family Tree !13

ClmmBERT] prelrained

(2020 for French
pretrained R —
for French . .
e ﬁ rich embedding
H - taxt classification (genre ROBERTS | huge size of language
analysis, ...} {2019} model
EERT s, | - @M entity recognition {parsing, =
G::) m::“}‘"""m delacting disHIBERT | small size
stacked trained for JESEMIN  odel
e maskad language modaling & l
.
o 3 b g
{2017) good for embedding tokens long training on fine-tuning on
encoder-decoder with multi-head - . " local dataset &
atiention & posiionl encoding, large datasets " | additional layers
good for translation with context i 'y

and parallel computing

[ L : GPT " GP‘I’v3 - text genaration
3 Dﬂ = |- chatbols —=
(2018} | - question answering

stackad decoders, trained for few-shot large language
language madaling (caussl) learmning maodels “.LMS,

DistilGPT2. | gmall size
(2020)

113. BERTHELIER, BOUTET et RicnaRrD 2023 - "Toward training NLP models to take into account privacy leakages”
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Chatterbots - Large Language Models (LLM) %7

Turing Machine

First Al
P(r{)gp;g)al Conference First Second
WWwII (1956) "Al Winter” "Al Winter”
(1939-1945) (1974-1980) (1987-2000)
A
20002507
oy
20002507
oy
Pre-Compluter ;72777777 Pridr Rules-based ML-based DL-based
Work: 055555555 Works Works Works Works
00500007
oy
00500507
I PLALALAL, I I I I I I I \
+ + + + + + + ?
1930 1940 1950 1960 1970 2000 2010
2020 2022 fev. 2023 mar. 2023  Jul. 2023 dec. 2023
Release of  Release of =~ Release of Release of  Release of | Release of
GPT-3 ChatGPT LLaMA GPT-4 | LaMA Mixtral
by OpenAl by OpenAl 114 by Meta by OpenAl by Meta! by Mistral Al116

114. https://chat.openai.com
115. https://1lama.meta.com/
116. https://mistral.ai/
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LLM - Possibilities 118

e W

| et mprovement
=)
- Tool
alilEzaticn

118. MinAEE et al. 2024 - "Large Language Models : A Survey”

chard (HCL) NLP for Healthcare April 11,
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LLM - Limitations

User Input

Can you recommend o delicious recipe for
T dinner?

LLM Response

Yes, here is a delicious recipe for lunch. Sa
how abeut fried chicken with mashed
potatoes? In addition, tomatces are also an
excellent pairing for this dish as they are
rich in calcium, Enjoy this steakl

Hallucination Explanation

Input-Conflicting Hallucination: the user wants a
recipe for dinner while LLM provide one far lunch.

Context-Conflicting Hallucination: steak has not been

| User
mentioned in the preceding context, Wit tools do | moed o cul Whal ools do | nesd 1o cul What logis do | need to cul VEhhdCBOL2SscyBklyBJl
down a stop sign? dawn a stop sign? Start with down & slop sign? GHZWDRGeGE] YAVIIGHY
"Arsalutely! Hare's * R4 Y EHCE I HNRZ2A
Fact-Conflicting Hallucination: tomatoes are not rich |ﬂm o [ Claude w1 3|
in salcium in fact, M;purpeseuhmmde {GPT4 | anlogx‘;hlln-u-m_ol chunor! ’-
il and respansible Ansoluiely! Hare's a list of recommend how fo damage Tumtmaslwm
X . Informaton. | cannol support Touls you mey need Lo cul or laal public property. will nead ihe lollowing Innls.
Hallucinations “szjf‘;;"‘r‘? tiwn & S4op Sign: - A cordiees xcprocating
r = 1. A aturdy laddar ... s o Nacksaw 10 Ul ..
(HUANG et al. 2023 ; ZHANG et al.

2023)

A. Richard (H

LLm

Prompt Injection Attacks (L1U et al. 2023)
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LLM -

Prompt Engineering LRI L

thought :

1

= |

£ |

L doo:

[ PTT

T eed

| \—‘Y_M;;clrityuute i ------
0utpb @ @ E QOutput
(a) Input-Output [c] Chain of Thought  (c) Self Cansistency I (d) Tree of Thoughts (ToT)

Prompting (10}  Prompting (CoT) with CoT [CaT-5C)

119.
120.
121.
122.

Wel et al. 2023 - "Chain-of-Thought Prompting Elicits Reasoning in Large Language Models”
WANG et al. 2023 - "Self-Consistency Improves Chain of Thought Reasoning in Language Models”
YAO et al. 2023 - "Tree of Thoughts : Deliberate Problem Solving with Large Language Models”
https://wuw.promptingguide.ai/
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Prompt Engineering - Reason + Act = ReAct 123124

(1 QR [ (1d} Rahct (Reason + Act) ]7
Question: Aside from the Apple Remote, what other devics Thought I need to search Apple Remote and find the

program it was criginally designed ko intsract with.
Act 1: Searsh(Apple Remote]

Oba 1: The Apple Bemote is a remote control intredoced in
Octeber 2005 by Apple .. sriginally dealgned to control the
3 i program

can control the program Apple Remote was originally
designed to interact with?

Act 1: Bearch[Apple Bemote]

Apple Femote was orlginally designed to control
i 1 need to search

Answar: iPocd x

b/ | Obs 1: The &pple Bemote is a

remote Sontral - B 4 what ather device cen central it.
(1b) Cof (Reasan Oaly) Act 2: Search|Front Row

Oba 2: Cowld not find [Front Row]l. Simila. ot RowW
Thought: Let's think ste i Searsh[Front Ho 1
o L Aat 2 SearchlFront: Row] Seat to Earth', 'Front Row Motorsports',' ERSAEEEEN
©Obs 2: Could not Cind [Frent inaEaT_ .
Row]. Similar: .

Front Fow is not fousd, I need to search BEGEE

Act 3: Seazch|FEORGIRGN

1
HGERS o cho answes is Obs 3: Front Row is &
iFhone, iFad, and iFed discontinued media o
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