1. Human Language Technology (HLT)

Human Language Technology

and its Applications 2. Spoken Language Understanding (SLU)

Spoken Dialogue User Interface for Intelligent Robots and Smart Phones

3. Opinion Mining
. Sentiment Analysis
Ko, Youngjoong - Comparison Mining

February 7, 2014

o 4. Others
Dept. of COmDUter Englneerlng, - AAC, Text Mining & Information Retrieval
Dong-A University - Big Data Analysis

]
Goals of the HLT Levels of the HLT

Computers would be a lot more useful if they could handle % Phonetics/phonology
our email, do our library research, talk to us ...

% Morphology

But they are fazed by natural human language.

How can we make computers have abilities to handle human % Syntax
language? (Or help them learn it as kids do?)
+ Semantics

« Pragmatics

% Discourse




Phonetics (8 & 2!) & Phonology (E2&)

+ The study of language sounds, how they are physically formed
and systems of discrete sounds

> disconnect => dis-k&-'nekt

> “ltis easy to recognize speech.”
> “ltis easy to wreck a nice beach.”

Morphology (& EH &)

% The study of the sub-word units of meaning

» Disconnect
= Dis: “not”, connect: “to attach”

% Even more necessary in some other language

» e.g.) Turkish

= uygarlastiramadiklarimizdanmissinizcasina

=> uygar las tir ama dik lar imiz dan mis siniz casina
» e.g.) Korean
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Syntax (1= &)

% The study of the structural relationships between words
» | know that you and Frank were planning to disconnect me.
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Semantics (20| &)

+ The Study of the literal meaning
» | know that you and Frank were planning to disconnect me.

ACTION = disconnect
ACTOR = you and Frank
OBJECT = me




Pragmatics (St E &)

% The Study of how language is used to accomplish goals.
» What should you conclude from the fact | said something?
» How should you react?

= |'m sorry Dave, I'm afraid | can’t do that.

v" Includes notions of polite and indirect styles

Discourse (23t &)

% The study of linguistic units larger than a single utterance

» The structure of conversations: turn taking, thread of meaning
Bowman: Open the pod bay doors, Hal.
Hal: I'm sorry, Dave, I'm afraid | can’t do that.
Bowman: What are you talking about Hal?

Hal: | know that you and Frank were planning to disconnect me, and I'm afraid
that's something | cannot allow to happen.

» Story discourse
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Linguistic Rules

% e.g) Morphology

+ To make a word plural, add “s”
dog -> dogs

baby -> babies

dish -> dishes

goose -> geese

child -> children

fish -> fish

Where are the ambiguities?

Part—Of—Speech ambiguities Syntactic Attachment

Ambiguities
VB
vBz \Y[=74 VBZ
NNP  NNS NNS NNS CD NN
Fed raises  interest rates 0.5 % in effort to control inflation

» Word sense ambiguities:

= Fed -> “federal agent”

= Interest -> “a feeling of wanting to know” or “learn more”
» Semantic interpretation:

= Ambiguities above the word level.




Effects of V/N Ambiguity (1)
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Effects of V/N Ambiguity (2)
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Effects of V/N Ambiguity (3)
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Language Evolves

% Morphology

» We learn new words all the time:

bioterrorism, cyberstalker, infortainment, thumb candy, energy bar and
so on.

+ Part-of-speech

» Historically: “kind” and “sort” were always nouns:
= “| know that sort of men well.”

» Now also used as degree modifiers
= “I'm sort of hungry.”




Natural Language Computing is hard because

Probabilistic Models of Language

+ Natural language is:

» Highly ambiguous at all levels

» Complex and subtle

» Fuzzy, probabilistic

» Involves reasoning about the world

» Embedded a social system of people interacting

= Persuading, insulting and amusing them
= Changing over time
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+ To handle this ambiguity and to integrate evidence
from multiple levels we turn to:

» Bayesian Classifiers (not rules)
» Hidden Markov Models

> Probabilistic Context Free Grammars
» Maximum Entropy Models

» ...other tools of Machine Learning, Al, Statistics
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Natural Language Processing

“ NLP is the study of the computational treatment of
natural languages:

» Most commonly Natural Language Understanding.
» The complementary task is Natural Language Generation.

“ NLP draws on research in Linguistics, Theoretical
Computer Science, Artificial Intelligence,
Mathematics and Statistics, Psychology, etc.
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What & Where is NLP

% Goals can be very far-reaching

» True text understanding
» Reasoning and decision-making from text
> Real-time spoken dialog

% Or very down-to-earth

» Searching the Web

» Context-sensitive spelling correction

» Analyzing reading-level or authorship statistically

» Extracting company names and locations from news articles
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Example Applications of NLP: Information Retrieval (IR)

2 natural
DD BEE 200 SAMIE MDD SEWHE

GNE‘.J X @ ¢ Pau e @ | 2- 5 W - L) S

=0 ) Pitp: A wwe gaagle.comy'search Thisensq-naturalanguagegrocessing

Web  lmag oogle Local  mose s
GD(_)SIE nalur. Seaech || Ao iz

Welb Fasulls 1- 00 of skout 9,930,000 for natural languags prossssing. @19 seconds)

Matural Language Processin: ansoned L
atusal Language Processing should make i possite for peoplé 10 use comnputers in much
the same way that mey weuld ue & human assistant 1o gat lhe r wiaek . wWork st Gopgls
cominlp - 3k - 4 Sep 20N 3. g Guoogle s hinng vapert computer
sciantists and sofwars devalapars
prve. G018, o myobes

reseanch, mecn

Matural Language Processing

A Togics prowdes basic, understandable information and hr‘pful resOurEes conceming
siifcial inteligence. wif an emphasis on material avaiable ..

g.hirri

sl Tl

Budd it NLP, €, mart

Ecundations of Staistcal Matural Language Processing
Companian web sits far the baak, putishad I:y MIT Prass, June 1939
d. edusnip’

| Processing.

Seaantfic tast pracassing tasl

& based on advanced HLP technol

Speechand Language Processing weww, ariadnggenomics.com e

A comprafename intiedetan o matural Language processing speech moognition, speach )
,vrhrs-s compuiatienal linguistics. and m{: malian resrieval

6k - Cache pag. Crgale s keligent Chatterbat

) . Easy 1o leam, fun fo use

Aificial ntelligence > Natural Language Processing in the Yahoo .., o verbols com

Y ahoo! rewewed these sites snd found them related 1o Astifcial inteligence > Natwral
Lanauage Pracessing

s | Language Grou
TmE Natural Lamngusge Prouulng group a1 the Inzemation Sciences Institute of the e
&1 hitp i/ news, googs, © ES
21

Applications of NLP: spelling correction, grammar checking

=3

Applications of NLP: News categorization and summarization

Applications of NLP: Information Extraction: Find experts,

employees
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Applications of NLP: Information Extraction: Job Openings

Applications of NLP: Question Answering
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Natural Language Processing
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Spoken Language Understanding

Spoken Language Understanding

I8t QIE{HIOIA A2l Bt
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» SLU(Spoken Language Understanding)
= 4014 + NLU(Natural Language Understanding)

Sl
(Speech Recognition)

SLU
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TTS
(Test-to-Speech)
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HME 2IA

< JHXI Y (Named Entity)
> ¥ (Person), Xl Y (Location), 7|2t (Organization)
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< Operator
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< 3}8i(Speech Act)

> 25 20| BEE (18 SHS +5H| S S KOl A TH e

=

ask_ref 2 RF SR XU O B =0] gtS R+ (WH-question)

ask_if 2 e+ SHAOF E A0l Yes/No2l &2 2 +*(Y/N-question)
inform EENE EREIENIEEEEENE

response Sg ask_ref, ask_if0il CHSF CHE

request | B9 27 SAOF B0 OO E B9 25
accept 338 EPNPIE=PNEIETENEEE
confirm B S0IS Qoi= Gl e 29
reject = T EEP EREEE EE;
ol =
e . ask_ref
= — .
(wh_question)
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3. Opinion Mining
- Sentiment Analysis
- Comparison Mining

Opinion Mining — Sentiment Analysis

Opinion Mining

A/\ﬂ

‘ Topic-based ’ E Sentiment-based J

— /T~ | — N —

Politics Positive Negative Neutral

Economics Sport

- 23 —E—"—*.‘(sentiment analysis) : M2 =28 (ZF, R2F E=3E) &
88 FEoIHU AlEol= &Y
» XA O X el(natural language processing), 81 A E 2 4 (text analysis), Z 7 &
o1 0f st (computational linguistics)2 0| 2

Levels of Sentiment Analysis

«» Document Level
> 2 AU otLtel Entity

CIXE Jthiet1

Aspect: 8| ZO}

« Sentence Level
> & U StLES| Entity
» Subjectivity classification

+Positive: 105 <Individual review sentences>
+Negative: 12 <Individual review sentences>

Aspect: AIEl &

+Positive: 95 <Individual review sentences>
+Negative:10 <Individual review sentences>

Aspect: HiE2| =2

% Aspect / Feature Level
» Opinion-based classification
= Sentiment
= Opinion target

«Positive: 50 <Individual review sentences>
+Negative: 9 <Individual review sentences>
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Practical Example

o ESIH 2E 242 S3 01H2I2H 0101 S 2 0l =(2011)

Sentiment Distribution

W positive g neutral W negative

Caseyrbrams | (1404)
Haleyreinhart [ (i056)
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Methods and Features

< JIH & &(machine learning)
» Latent Semantic Analysis
» Support Vector Machine
» Bag of Words

Methods and Features

« Bag of Words
> 2019 2tetet 2A: Dictionary
= 2A1:John likes to watch movies, Mary likes too
= 2A2: John also like to watch football games John: 1
10002 P& = HOHZ AHE S 24GHD AtE Sl olet A likes @ 2

\%

» Semantic Orientation — Pointwise Mutual Information S A8 ZHE HEZ HE to:3
> &3
- _ watch : 4
L = = 2ICGID S EX0I0 2 4d4s
< ®EHQl Text Categorization 0ff B 0f 2t J1} &8 wys Cas movies : 5
Sentiment Analysis 0l & T s o T —— o 6
. .. . » 2HAHY U XYL =4 45 Mo also :
» SVM(Support Vector Machine) ,Naive Bayes, Maximum Entropy Model, v °
Neural Net S football : 7
2AM1 1 2 1 1 1 0 0 0 1 1 Mary : 9
2AM2 1 1 1 1 0 1 1 1 0 0 too : 10
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Methods and Features Methods and Features
% B &l (seed word) @ B =20 23 2o g 2=

F
> HEol 28 = HEote EHH (20 T)
= good, excellent, nice, positive, fortunate, correct, superior
= bad, nasty, poor, negative, unfortunate, wrong, inferior
> BN Y 2% 2 oAg s 58 NE

> AT HOZE FEOH| (20 &8 22

© BR0| 2F B0 I 7S
> QoA R NS
- 20{ AAAAE OIB5H0] 2 BX 01312 SA019 Brol0] HBE 0IB5H0] 2 F
- HIE 015 S YB AIHES 01850 HA & 25
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Positive
seed word

Negative
seed word

neg word
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Methods and Features

Methods and Features

*» Semantic Orientation — Pointwise Mutual Information
> AEE2AE QNS 239 25 (strength)E FAol= 2

Pr(t t: ) t Target word
PMI(t, t; log————— :
(t.t;) = log Pr(t) Pr(ty) t  Seed word
> (RSN 0SA =S HER 20| SAGH= H0I= 2F(EF)L 20|
Ciet= JtEc2R2H 8Y
O(f) = Z PMI(t, fj) — PM:‘(E, ti) 8, Positive seed word set
LiESy LiES, S, Negative seed word set

» 2= gt : positve orientation, S == 8! : negative orientation
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«» Sentiment Linguistic Resources for English
» SentiWordNet
= AUHA 09 positive / negative / neutral 2| 2t Value 82Jt 0 U= 013 XA
= SentiWordNet 0l Al Ml =0ot= Value £= PMI & Sl Al Al AHE!l Semantic
Orientation Value £ J1Hl && JI1 S0l &g0|'0:| Sentiment Analysis £ +=&0t=
HAS0| 225 I =
> 12 ol X2 0 HRAS0 &M
= SentiWordNet
v http://sentiwordnet.isti.cnr.it
= General Inquirer Lexicon
v http://www.wjh.harvard.edu/~inquirer/spreadsheet_guide.htm
= Sentiment Lexicon
v http://www.cs.uic.edu/~liub/FBS/sentiment-analysis.html
= MPQA Subjectivity Lexicon
v' http://mpga.cs.pitt.edu/subj_lexicon.html
Emotion Lexicon
v’ http://www.saifmohammad.com/WebPages/Researchinterests.htmi
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Methods and Features

Comparison Mining

+ A2 AR S
» Semi-Supervised &£ = Unsupervised Machine Learning 7|22 & &
= Latent Dirichlet Allocation(LDA)

OEIIN S 2UHEE IS U= JIHS I S50 EHE
= 22X TS (negation) 82 Q1A £ BHY
> Aspect & Opinion Holder £ 2145t A3

% &=0] Sentiment Analysis

ZE HO= 28 240 s S2E

A 0= K30l dioh EFAAHZ O S A2 e F4
s 013 IR PE L AR ERQ

51

Overview

iPhone vs. Galaxy-S

Which one is better?

Sound quality Equality 30 %
iPone is better. 40 %
Galaxy-S is better. 30 %
Design Equality 25 %
..... 2?%




Comparison Mining

System Developing Flow

« 4 Stages
» Stage 1: Extracting Comparative Sentences from Texts
» Stage 2: Classifying Comparative Sentences into Different Types
» Stage 3: Mining Comparative Entities and Predicates
» Stage 4: Analysis and Summary

< Evaluation

Accuracy (%) 90.30 89.57
Subject Entity (SE) 86.87 “XTHO[”
Object Entity (OE) 86.24 “yTI}H0|”

Predicate (PR) 88.20 “MED SFQUCH

4. Others
AAC, Text Mining & Information Retrieval
Big Data Analysis
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Others-AAC Software & Ul for Mobile Devices

« AAC (Augmentative and Alternative Communication) Software

» Software for communication that are used to express thoughts, needs, wants,
and ideas for the disabled

» Results
= MyTalkie (0t0l £31), Software for Conversation by Writing (Z & A ZE )

+ Effective Uls on Mobile Devices for Web Browsing
» Automatic Keyword Extraction, Text Summarization & IR system

[ =
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Others-Text Summarization

o
> A Q9 (Abstraction) : il 2M2 HES Lot MEAH &4
> =& Q%% (Extraction) : @M% SELEXS IUZ FE00 24 M4

r-q) _ | (r+0.5)(S -5 +0.5)
g@-p) " Y (R-r+05)(s+05)

I

> 22 AN R AZ 4L

TSVscore(S;) = ij Score(S,)=a ISVscore(S,) +(1-a) ]_Hj
w, €S, TSVscoreMax N
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Others-AAC Software Big Data Analysis

% Big Data Analysis Techniques

» Related existing techniques: Data Mining, Machine Learning, Natural
Language Processing, Pattern Recognition
> §3
= (HEZ OO0l HIEE Olole
> B 4 I
= Text Mining: NLP based information extraction
= Opinion Mining
= Social Network Analysis
= Clustering Analysis
= Visualization

> 4 oloet
= Hadoop: Map-reduce
= S ZE0HY AR

= EZZGE: LDA (Latent Dirichlet Allocation)
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Thank you for your attention!
http://web.donga.ac.kr/yjko/
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