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Computational Communications
and Data Analysis

Lecture 8: Natural Language Processing
A Brief Introduction
Ting Wang



* What is Natural Language Processing
* Semantic Resource

« Keyword Analysis

* N-gram Model

* Chinese Word Segmentation
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a brief introduction to natural language processing

What Is Natural Language Processing

E



Natural Language Processing
What is NLP

Natural language processing is a field of computer science, artificial intelligence, and
computational linguistics concerned with the interactions between computers and
human (natural) languages.

* NLP is related to the area of human—computer
Interaction.

* NLP involves natural language understanding and
natural language generation.

 Also called as Computational Linguistics
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Natural Language Processing

ODbjectives

Let your computer know you, and let you know the world

Qualitative Data

Quanti
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Natural Language Processing

Review Examples:
INOHERB and GARLSBERG
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Natural Language Processing
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Natural Language Processing
Tasks (1)

Automatic summarization
Machine translation

Named entity recognition
Natural language generation
Natural language understanding
Optical character recognition
Part-of-speech tagging

Parsing

Question answering
Relationship extraction
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Tasks (2)

La10)2 09
\‘.’/ SHANGHAT INTERNATIONAL STUIKES UNIVERSITY

Natural Language Processing

Sentence breaking

Sentiment analysis

Speech recognition

Speech segmentation

Topic segmentation and recognition
Word segmentation

Word sense disambiguation
Information retrieval

Information extraction

Speech processing



Natural Language Processing

Approaches
1. Symbolicism
Regulation
Statistics

2. Connectionism
Neural Networks

3. Actionism
Evolutionism
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Natural Language Processing

NLP using Python
NLTK (http://www.nltk.org/)

— Current Version : NLTK 3
— Installation (http://www.nltk.org/install.html)
— Import nltk
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http://www.nltk.org/
http://www.nltk.org/install.html

Natural Language Processing

Foundations of NLP:
Semantic Resource
— Dictionary
— Stop Word List

— Knowledge Graph
« Knowledge Base
« Semantic Networks

— Regulation Base
— Corpus
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the foundation of NLP

Semantic Resource




Semantic Resource

Dictionary
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' Semantic Resource
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Knowledge Graph
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Semantic Resource

Regulation Base

X and Y are couples ->Y and X are couples
X and Y are couples, and X is a male-> X is Y’s husband
Xis Y’s husband -> Y is X’s wife

" oongton  lret
1  X<and>Y [be] {couple} Y <and> X [be] {couple}
2 (X<and>Y [be] {couple}) <and> ( X [be] {male}) X [be] Y {husband}
3  X[be] Y {husband} Y [be] X {wife}
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Semantic Resource

Corpus
— http://www.cncorpus.org/
— http://www.corpus4u.org/
— http://bcce.blcu.edu.cn/
— http://corpus.byu.edu/coca/
— http://www.sogou.com/labs/resource/list_yuliao.php
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http://www.cncorpus.org/
http://www.corpus4u.org/
http://bcc.blcu.edu.cn/
http://corpus.byu.edu/coca/
http://www.sogou.com/labs/resource/list_yuliao.php

Semantic Resource

o 1. HRIFREIEAIIEFRICIERIE : http://www.sinica.edu.tw/Early Mandarin/

o 2. PRMRFEUNERFEE GHBEXKERS) http://www.sinica.edu.tw/ftms-bin/ftmsw3

o SEZRIAIGEIERE: http://124.207.106.21:8080/

«  AEFIBZEIMGEIERIE: http://www.clr.org.cn/retrieval/index.html

e SWEZIEE: http://treebank.sinica.edu.tw/

e 6.LIVACHRHERIEE: http://www.livac.org/s

o TAAEXKFHREIBSEFMRA D, EIRCCLIERERKZE RS http://ccl.pku.edu.cn/Yuliao_Contents.Asp

- 8dtmEAFE (ARHBHM) #RFIERE: http://www.icl.pku.edu.cn

o 9AtFIBS KFHIERIE: http://www.blcu.edu.cn/kych/H.htm

o 10 BEARFRIEIEIE R EETH-ACorpus:  http://www.lits.tsinghua.edu.cn/ainlp/source.htm

« 11U KZEIER Ehttp://www.sxu.edu.cn/homepage/cslab/sxucl.htm

o 1DR2.FHBHAFMLIVACKEEHERIE: http://www.rcl.cityu.edu.hk/livac/gk http://www.LIVAC.org

o 13MTURTE R SR A 5B SCRRIERLEE http://lib.zjnu.net.cn/xueke/hyywzx/xkjj.htm

o UAHERFRITERVIEIERE:  http://mtgroup.ict.ac.cn/corpus/query_process.php

«  15.H3IBS RiIRELEE: http://www.chineseldc.org/xyzy.htm

o 16.LIREESNFEEITIERIEE : http://score.crpp.nie.edu.sg/hlm/index.htm#
17.SKETCHENGINEZIESIERIEE : www.sketchengine.co.uk
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http://www.sinica.edu.tw/Early_Mandarin/
http://124.207.106.21:8080/
http://www.clr.org.cn/retrieval/index.html
http://treebank.sinica.edu.tw/
http://ccl.pku.edu.cn/Yuliao_Contents.Asp
http://www.icl.pku.edu.cn/
http://www.lits.tsinghua.edu.cn/ainlp/source.htm
http://www.sxu.edu.cn/homepage/cslab/sxuc1.htm
http://www.livac.org/
http://mtgroup.ict.ac.cn/corpus/query_process.php
http://www.chineseldc.org/xyzy.htm
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using keyword to describe an article

Keyword Analysis




Keyword Analysis
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Keyword Analysis

 Step 1: take keywords:
“;EIJ\NIJH ’ “ii—tiﬁ,, ’ “Hﬁ-_”
o Step 2:
Get numbers of reports published every day

SELECT COUNT(*) AS NUMBER_COUNT, NEWS_TITLE, PUBLISH_DATE FROM
FILM_NEWS WHERE NEWS_ID IN (SELECT NEWS_ID FROM FILM_NEWS WHERE
NEWS_CONTENT LIKE '% /715%' AND NEWS_ID IN (SELECT NEWS_ID FROM
FILM_NEWS WHERE NEWS_CONTENT LIKE '%%£1H%' AND NEWS_ID IN (SELECT

NEWS_ID FROM FILM_NEWS WHERE NEWS_CONTENT LIKE '%7Z/]\A1%')) ORDER BY
PUBLISH_DATE) GROUP BY PUBLISH_DATE

Y4

‘ GD) Lips1ai2ry




Keyword Analysis

 Data Description

— Data Collection :
* Web crawler gets data from Entgroup

— The Size of the Dataset
o About 22000 articles from 2009-2016
« Totally, about 700 MB data
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Keyword Analysis

22

1.5
1 m1 n 1 11 111 1 m 111

L5512 1 4 = number_count



Keyword Analysis

Conclusions

* This event started from Nov. and i1s now still
very hot In these days

 Although this event was taken placed in this
Nov. but they have business much earlier.

« Summer and New Year are good seasons for
film industry
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Keyword Analysis

Now, We have data, and
results. Are they precise

Ask A Question
enough?
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Keyword Analysis

e Correlative words

Las 359
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one of the most important statistical computational linguistic models

N-gram

o



Statistical Natural Language Processing

— N-gram
— Hidden Markov Model(HMM)
— Bayes’ Theorem
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Definition of N-gram

An n-gram model is a type of probabilistic language model for predicting the next item
in such a sequence in the form of a (n — 1)-order Markov model.

1-gram(unigram) Independent from history One Word
2 2-gram(bigram) 1-order (HMM-1) Two Words
3 3-gram(trigram) 2-order (HMM-2) Three Words
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Unigram
* Only consider the probability of the word itself
* Hypothesis: Every word Is mdependent

P(X) = Py, %5, -+, Xy) = ]ﬂ P(x,)
E=1

Number of x; in the artical

P . ) ==
(x:) Number of all words in the artical
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Bigram

The current word is influenced by the previous one word

P(X) = P(xy, %5, , %y) = P )P (5|26 )P (3 ]265) o PQxy |26y —1)

Number of (X;_1X;) in the artical

P(xi |:!r:i_1) =

Number of all X;_4 in the artical
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Trigram

The current word is influenced by the previous two words

P(X) = P(xlszj'“;xw) = P(X:LJP[xz|x1]P(xz|xzx1]P[x4|xzxzj'”P(IH|XM—1XM—2)

N
= P2 )P (x5 [, ) H P (gl 265—5)
i=3

Number of (x;_»x;_1%;) in the artical

P b =
(i xi-2) Number of all (x;—2x;—,) in the artical
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Tips
1. Previous studies showed that trigram and four-gram often have better
performance

2. The larger of N, the more complex of the computation

3. N-gram needs training data set, while it is impossible for a training data
set to contain all the matches of a word
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Smoothing

« Zero Probability

« Small Probability
 Laplace Smoothing

P(x; |0y, %2, , % 1)
Number of (xy ... x;)in the artical + 1

~ Number o f all(xy ... x;_,)in the artical + Number of words in dictionary
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Commonly used Smoothing Approaches

— Linear interpolation (e.g., taking the weighted mean of the unigram,
bigram, and trigram)

— Good-Turing discounting

— Witten—Bell discounting

— Lidstone's smoothing

— Katz's back-off model (trigram)
— Kneser—Ney smoothing

Ref. https://en.wikipedia.org/wiki/N-gram
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the first step for Chinese information processing

Chinese Word Segmentation




Chinese Word Segmentation

Why Word Segmentation?

r Feature 1: 2
Number of Word A

Feature 2:
‘ 1 Number of Word B

Classification

Text

Comparison

Feature n:

Number of Word N

However, it is difficult to extract words from Chinese text.



Chinese Word Segmentation
Difficulties: Disambiguation
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* Chinese Word Segmentation
— Forward Max. matching method
— Backward Max. matching method
— Statistical matching method
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Chinese Word Segmentation
Forward Max. matching method, FMM

WS TAF: 755 1a 1A D
HeMaxLenZ 7 i Kia] K &

=GR

1. MAEERINF B K B IMaxLenft) B str, 2 Len= MaxLen

2. {str 5D IR AHULAC

3. ULPCEED, WA Nstr A, NFpEfistr (FBEF AT Len 47 , 1 [A]1
4. HULEARI],

€ Flen>1Len—, NAEIERINHFEK E N Len 7 F strilk [F]2;
& G, BRIEEE, N EdEstr FREFRTRE LA, IR A1
AT B B R AR E], W EL AT AR B Sk A Ab 2

Y5 R KB FaxLen, I stroty 14 k)
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Chinese Word Segmentation
Backward Max. matching method, BMM

1. Similar to FMM, but the text 1s scanned from
the right side

2. Often jointly use with FMM
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Chinese Word Segmentation
o Statistical Matching Method

FMM and BMM
Begin initialize Path<{}, AmbiguousString, SubString< {}
While (AmbiguousString. Length>0)
{
// R 2 & DL 2 BT HMMES — AN RS T a8 i UL RC 7 271
SubString<PAAmbiguousString S — A7 NSEHE, BUH BT AT BE G UG g - 7+ He
Foreach SubString
{
//RAEYHTTE DU A AR, AR U ES%
T Y TR —FPa] GEE I FIMEZP (SubString) //unigram, bigram, trigram with smoothing
}
/ /N i K HISubString?s & |Path
Fiargmax (P (SubString) ) ¥sin#|Path
[/ HERS T BRI B K2 ¥ SubS tring /5 B AmbiguousString, MHMMFFIE LG, 2 A RILECRES
AmbiguousString. Remove (0, argmax (P (SubString)). Length)

}

Return Path
End

0 7 T
- .
m Tl
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Chinese Word Segmentation

| Educators
* | Doctors

Nurses
Executives
— - p— Lawyers
) Self-Awareness Managers
NLP is a TECHNOLOGY: Communication Sales People
. Relationships Ministers
with innovative, reliable Balance Therapists

hnd proven techni | Yoga
hllow you to orgarE PLE
perceptions and behavior to

- Chinese Word Segm
B

NLP is an ATTITUDE: |

...characterized by a keen -
sense of curiosity about

people and an approach

to others that considers

each experience as a

rare and unprecedented
opportunity to learn.

NLP is a METHODOLOGY: 1
...based on a way of interacting with

people that reveals a startling and

NEURO:
All of our experience, conscious and
unconscious is derived from and

/ through our senses and central
nervous system.
\ LINGUSICTIC:
., Our mental processes are also

\ coded, organized, given meaning

Interactive

Model
\

and transformed through language.

revolutionary premise: behavior, PROGRAMMING:

communication and change have a People interact as a system in which \
structure, as does every human experience and communication is ES)
endeavor; a structure that can composed of sequences of patterns ERICKSON
be modelled, learned and taught. or programs. x
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Thank You

http://www.wangting.ac.cn



