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Second Topic
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Text Analytics+= NLP(Natural language processing)& 1t
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O regular expression:
o Pattern Matching and Replacement, grep, gsub.
O rvest package: HTML &+ 2|7} o] A= H Q9}
o read_html(): ¥5t= URLO| ¥! H|O|Z| £=2l.
o html_nodes(): E4 LE9| USS ==.
o html_children(): AtAl CESS 2=,
o html_attrs(): HTML Tagl| attributes Z=.
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O NLP:
o HEfA
o KoNLP package, RMeCab package
O Document Term Matrix:
o Basic Architecture
o Term Frequency, Boolean Term Frequency, TF-IDF
O B 71O TA S8
o Association Rules
o Clustering : Hireracy Clustering, Kmeans Clusterig
o Topic Model : LDA (Latent Dirichlet Allocation)
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platform x86_64-apple-darwin13.4.0

arch x86_64

0s darwin13.4.0
system x86_64, darwin13.4.0
status

major 3

minor 3.2

year 2016

month 10

day 31

svn rev 71607
language R

version.string R version 3.3.2 (2016-10-31)
nickname Sincere Pumpkin Patch
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o working directory 6]——‘,’4 Q ”speech"i:‘/]-% o] & 2o ##F

Plots Packages Help Viewer

| New Folder @ | Delete (4] Rename Gk More ~
42 Home = Documents - 10_RStudio = 33_President_Speech - speech
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18 KB
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o URL Main
o http://www.pa.go.kr/research/contents/speech/index.jsp
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. html codeE parsingslo] &5 o] z] 7H4= AHA
. pagelndexo]| H|o]z] HE

S8 &eAH 07 F)EstHA v,
o html_nodes() §4: 5-& o] &5}o] AT AR E ZE3}0]
whel o2 el

o JAE B HAE FHst AL AV (o1F 2T)

12



HOME

LETII=TA ReL) ar3R apyan SEUA EELE]

sexzy

b=

O HOME > 7183 > g4I% > g |24 ]

e conean s

D00 +88 HHES YE GA $13 UBY Bo0] LELO02, BAjel 83 YA HIIHs CHE 4 USE YA FA] HRICH

B ey | & V]| <R¥ [ay ~ Ao 24y
L 2l a Qay
~2Mo| olsE sy e HA
2= usY B2/Ae At 2718
s oy SR ELT
PEseh An/sy lAt
= AR Y ¥ A
cBE N easy Ere ) st
- yesasy I r - A r
< guz asy [ eyugRY Huane
- 878074 | =PUasY o aniead quue |HSe (208 ¢ 4w
3 olg4 sy b {7let Ilet
L) #op Y A= adu
780 =98 I AU A6 THUIEY HAA 2003.02.25
779 =S¥ 3Py HYAL A6 THTHEY 3Y Fa Al 2003.02.25
778 =98 Iy A 16 CHEY AR As2AUE 9B AL 2003.02.25

O AR B AR

13



o http://www.pa.go.kr/research/contents/speech/index.jsp
o URL Arguments
o ?spMode=viewcatid=c_pao2062artid=1309347

2. read_html() ¥ 2 html code $]0]2.7]
3. html_nodes() & 5< o] &4 AL ES] & F=
4 QAR NG T A%
o file(), cat(), close() &< 5= °|-&
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exercises:

library(rvest)

URLO <- "http://www.pa.go.kr/research/contents/speech/index.
pres <- "-B23i"

URL <- sprintf("%s?pagelndex=1&damPst=%s", URLQ, pres)
pageTxt <- read_html(URL)

pageTxt

V V V V V V V

{xml_document?}

<html xmlns="http://www.w3.0rg/1999/xhtml" xml:lang="ko" lang=
[1] <head>\n<meta http-equiv="Content-Type" content="text/html
[2] <body class="sub@1">\n<div id="skipNav">\n\t<ul>\n<li><a h
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xml_document ZHA| )| A EA ZF

filo
A
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O html_nodes() & : L EE A0 2 FZ5]7]
o html_nodes(x, css, xpath)

O html_children() g : AFA & F&
o html_children(x)

O html_attrs() g : e =9 &A7F =

o html_attrs(x)
O exercises

o AME BE|A oA BE| A4 25

1 2 3 4 5 6 7 8 9 10

[N
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exercises: I|O|R| 59| 7l =&

> pages <- html_nodes(pageTxt, "form#frm div.boardPage 1i") %>
+  html_children %>%

+ .[length(.)] %>%

+  html_attrs %>%

+ unlist %>%

+  L[2] %>%

+ gsub(pattern = "[*[:digit:]]", replace = "") %>%

+ as.integer

>
>

pages

(1] 39
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1. URL QA & read_html() =2 5
o pagelndex: Hjo]z] G
o damPst: 5 o]
2. html _nodes() ¢=2 | =& F=
3. html_children() A4 =& &
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exercises: Z 0| 25 U

URL <- sprintf("%s?pagelndex=%s&damPst=%s", URLQ, 1, pres)

tableTxt <- read_html(URL)

page <- html_nodes(tableTxt, "form#frm tbody") %>%
html_children()

length(page)

vV + V V V V

[1]1 20

> pagel[1]

{xml_nodeset (1)}
[1] <tr>\n<td scope="row">780</td>\n\t\t\t\t\t\t\t<td><a href=

22
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o html_nodes("a")

o html_attr(name = "href")
URL A4 & read_html() g A
html_nodes() &2 HFo] Eol ol L E F5
html_text() g2 AL HAE 5
gsub() F2=2 E427} #]7]
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N
)

g B » D

23



exercises: & H{O|Z| & AAM LY

value <- html_nodes(pagel[1], "a") %>%
1T %>%
html_attr(name = "href")

URL <- sprintf("%s%s", URLO, value)
contentTxt <- read_html (URL)

contents <- html_nodes(contentTxt, "div#content div.conTxt")
html_text %>%
gsub(pattern = "[[:cntrl:]1", replacement = "")
substr(contents, 1, 50)

vV + + V V V V V + + V

Hl
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e
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> library(dplyr)
> fname <- system("ls ./speech", intern = TRUE) %>%

+ iconv(from ="utf-8-mac", to = "utf-8")

> fname2 <- strsplit(fname, "_")

> fnames <-

+ data.frame(president = sapply(fname2, "[", 1),

category = sapply(fname2, "[", 2),
type = sapply(fname2, "[", 3),
title = sapply(fname2, "[", 4),

stringsAsFactors = FALSE)
dim(fnames) # 2 719 AMEE 251 HE=E7R

+
o
o
+ date = sub("\\.txt", "", sapply(fname2, "[", 5)),
+
>

[1] 2410 5

Clole] H={e] 1
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Cilole] H=fe| 2

> lst <- fnames[1:3, ]

> lst$title <- substr(lst$title, 1, 7)
> knitr::kable(lst)

president | category | type | title date

5@ | 9li-54 | A | 2005 &2 | 20050127
AR=R Qu-F4 | AAF | 2007 3% | 2007-01-01
v2d | Sluw-5A4 | 715t | 2007 92 | 2007-10-02

> # IEFEE & 219 FEF

> table(fnames$president)

ArfE =2
822 780

rl

o|F4t
808 27



Cilole M&2f 3

> # Cfj0[E{ Z2fglof HALLE &0/7/

> getDocs <- function(x) {

+  readtext::readtext(x) %>%

+ dplyr::select(text) %>% as.character

t }

> fnames$doc <- sapply(paste("speech", fname, sep = "/"), getDo
> fnames <-

+ data.frame(docid = sprintf("DOC_%04d", seq(NROW(fnames))),
+ fnames, stringsAsFactors = FALSE)

> fnames[1, 1:3]

docid president category
1 DOC_0001 L2 ou-S4
28
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RMeCab IHZ|Z|0f| CHGHA]

"RMeCab 1|7] 2] = MeCab @Hj 4 47| & S1EH o] A6

1 7] | t}. MeCab FEf 4 B4 7= EOA 7l H e E4LAR
oA 245t T2AER Sha JHj4 B4 7|2 LF oo
vz = 37 Qlct”

O AA

o FR&EIFwETh : Ct 7|4
o moj27]of wIzta}A] et
Z]
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o
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FARSTH AT 0.2 47 gt
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> doc <- "LOfAtE H|RTH A% AFRSOIA H B2 &Y
= 7120l OXe Al=lE 2US0oF LG O floil =4
dAMs Udetetnzt gL 2 S/ =gl 2ES ©
Of LIZIAELICE. LdESARIE Al LWHISLHE. 1
St AltHE 2O0F S0t S0 {8t tiMS d-otlaL]
Ct. 0BAR]9] Zefiof ofet EH[ol= AZS0| == otila
LTt gh2lar S0| 8YEl= Altl= OfA 4oF gLt
O|7t mpfietil 7|2|Fo|27t SMiste =&8E SE= U
Of &LCt. & gt

M

o

o
H2S B2 M9 A2ARlE THEAlCE EE
AHEO| d&dh= Atel2 LIOFFAICE. A2|stil
Al CiCh4s =010 22t 7|H| si=240F §hLCt. "
> doc10 <- paste(doc, doc, doc, doc, doc,
+ doc, doc, doc, doc, doc)
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SLE - 2|aA FH|

Llibrary(KoNLP)
Llibrary(RMeCab)
Library(microbenchmark)
Library(dplyr)

V V V V V V

useNIADic()

Backup was just finished!
983012 words dictionary was built.

> useKoNLP <- function(x) SimplePos22(x)
> useRMeCab <- function(x) RMeCabC(x)

32



SUEE - 2AA FH|

> result <- microbenchmark(useKoNLP(doc10),
+ useRMeCab(doc10))
> print(result)

Unit: milliseconds
expr min lq mean median uq
useKoNLP (doc1@) 258.774159 269.009951 395.512450 273.833662 283.78’
useRMeCab(doc1@) 6.829906 7.551557 8.867694 8.457187 9.6104
max neval cld
8663.5093 100 b
29.3356 100 a
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> str1 <- "OHZ|7t 20| SO{7FAICE. "
> sapply(useKoNLP(str1),

8k/NC+0{|/JC"

> sapply(useRMeCab(str1),

NNG
"oz

|A_|E_|-"

"OtH R[/NC+7t/3C"

JKS

||7|_||

c)

OteH 2|7}

NNG

=O0{7HAICt
"= /PV+O{/EC+7|/PX+A|/EP+L C}/EF"

c)

JKB
|||:é|-u

4]

"L /SF"

\4% EP+EF SF
no_”u |||:O_|7|_ "
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| OjA7| - HIFAHOl 27

> str2 <- "OHR|7IO| SO 7FAICE. "
> sapply(useKoNLP(str2), c)

Ot 2| 7Ol SO 7HAICEH
"OFH Z| 78t /NC+0]|/IC+0| / IP+=/EP+0{ /EC+7}/PX+A| /EP+ L C}/EF"

" /SF"
> sapply(useRMeCab(str2), c)

NNG JKS NNG JKB A% EP+EF SF
llol_H_lzlu n7|_|| |||:é|-u no_”u ||%O_|7|_u "

tl[l_n " . "
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X
S

0
N
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J
=
R

> ##H# Z4 &
> str3 <- "RZCH DW2| MR L=0f 25kE =2f."
>

> sapply(useRMeCab(str3), c)

MAG A EP EF SF NNG NNG NP
U (Y TR O TS
pmalr
JX IC NNG JX NNG SF
L - - e
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L2477 o

> Wi 50f27[6| 2430l 23

=

> str4 <- "2z At nm3n 21

>
> sapply(useRMeCab(str4), c)

MAG A EP
A CRETT

NNG NP JX
R/ R
s

IC
nol:gu

SF

MAG

2 s=z2."
A% EC
" . " nzﬂl "
JX NNG
n%u ||En

NNG

SF
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>
> sapply(useRMeCab(str5), c)

MAG A% EP EF SF NNG NNG NP
"R vap e oep ommep
mmelr L
JX IC NNG JX NNG SF
e K Y - "
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Mecab HEHAFEAT[C| FAt Tag (2/3)

tag pos class large
16 |JKS | FA 24 434 | ¥AL
17 | JKC | 87 A} FAFE 2 | BAL
18 | JKG | ¥4 x4t FAFH A | BAD
19 |JKO | HHA 24 FAFHE | TAY
20 | JKB | #AMA 24 A4 | BAA
21 | JKV | oA 24 FNFe L | ¥AL
22 | JKQ | 9184 %A FAgH4: | BAL
23 |IX | ®REA 49 | BAA
24 |JC | A& 2 FAF 4 | #AL
25 | EP [ Hojd ofn] FA@H 4 | AdofZoln]
26 | EF | 4 o] FA Q4 | ogolu]
27 | EC A4 ofm] FAHE 4 | ojTon]
28 | ETN | gAHg 74 ofn] | @44 | ojgold]
29 | ETM | #89 714 ofn] | AP | ofgofn]
50 | XPN | A< H5A4 FAFH 4 | A
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Mecab FENAZAMT|Q| ZAl Tag (3/3)

tag | pos class large
31 | XSN | @A 58 Al FAe | AEAT
32 | XSV | SA 54 AR AR | AnT
33 | XSA | @& AnAd | 3AFHL | AniA
34 | XR | o] NA o
35 | SF oA E, 523, =78 | NA 29
36 | SE ZUE ... NA 713
37 | SSO | Ad=Ha (I NA o
38 | SSC | E=23),] NA L
39 | SC | =&,/ NA 25
40 | SY NA 7239
41 | SL | 9]=o] NA qh=0]e]
42 | SH | gz} NA qh=o]e]
43 | SN | &7 NA r=0]9]
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Network
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Clustering/
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Frequency Analysis =0{7}7| : && =8

—

O Hlolg 7=
o Document Term Matrix ©]3}5}7]
o ol
o Term Frequency, Document Term Frequency ©|3]|5}7]
o WlEItho] A|2}ta}]
O djAdtho]
o TF-IDF ©]&}5}7]
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Document Term Matrix

Document Term Matrix

© Documents(4])o] S@she Term(Po] 5)& Qo] 722
LeRa 2
o o] 2t EA ID
o 49| 2}-& Term ID

o W 24 @ (Frequency) o WH o5 #WH (Boolean Frequency)
[ [remi[Termt] ... [Termn] [ [remi[termt] .. [Termn]
Doe 1 3 0 1 Doe 1 1 4] 1
Doc 2 a Q 2 ’ Doc 2 Q a 1
Doc m 4 1 0 Doc m 1 1 0

71%: Document Term Matrix -3 45



Term Frequency

Term Frequency

O N8 A Yof| A @t Term 2] Frequency
o &g

o 7NH A ¢toll A B4l Q= Termo] B ¥ A E =712
Term 1 3 0 4
C Doc 1014 Term 12| TF= 32
Term 2 0 0 1
Term 3 1 2 0

1%: Term Frequency %

46



Overall Term Frequency

Overall Term Frequency

O A eHdEgle] AA 4= Fell Al Ee et Terme]
Frequency
O &8&

o A ZA A TA = Termo] E & FH = =712
Term 1

3 a 4 7
Term 2 o] Q 1 * 1
Term 3 1 2 o] * 3

1% Overall Term Frequency -+

» apply(tdm, 1, sum)
apply(dim, 2, sum)
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Document Frequency
Document Frequency

O 7N Termo] & H E4E 2] Frequency
o &g

Al Q1= Termo| EGHE B4 9] 4= HIHQI7P?

° T AR

re

« DF > Boolean Frequency 0|8

Term 1 1 0 1 2 apply(tdm, 1, Sum]
Term2| 0 i ' EEE . apply(dtm, 2, sum)

1*0*2

71%: Document Frequency 3

Term 3 1
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TF-IDF

TF-IDF

O Term Frequency — Inverse Document Frequency
O &8&

Al
=i

O

o 1= Termo| Z}2}+0] Ao A 2R oh= TR =

7F?

%

jul

ne rk

23

» TF-IDF > TF2} IDFE 0|8

Term 1| XXKX | XXXX | XXXX TF-IDF=TF * |09(N / DF]
Term2| XXXX | XXXX | XXXX N : #H 2M2] 7%=

Term 3 | XXXX | XXX [ XK.XXX

19): TF-IDF 7%
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> ## YELEH - FAL FE517] F9

> getMorpMecab <- function(x, type = c("morpheme", "noun",
+ "noun2", "verb", "adj")[2]) {
+  Llibrary(RMeCab)

+ morpheme <- RMeCabC(x)

+ if (type == "morpheme") return(morpheme)

+ if (type == "noun") pattern <- "NNG|NNP"

+ if (type == "noun2") pattern <- "AN"

+ if (type == "verb") pattern <- "AVV"

+ if (type == "adj") pattern <- "~VA"

+ idx <- grep(pattern, sapply(morpheme, names))

+ return(unlist(morpheme[idx]))

+ 3
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ZH|35t7| - Corpus A

> Llibrary(tm)

>

> corpus_kim <- fnames %>% ## ZIC/l= CfSZ Corpus
filter(president %in% c("ZCH=")) %%
select(doc) %>% unlist %>%

VectorSource %>% Corpus

corpus_noh <- fnames %>% ## =231 CffE2Z Corpus
filter(president %in% c("=523")) %%
select(doc) %>% unlist %>%
VectorSource %>% Corpus

corpus_lee <- fnames %>% ## O[ZHE} Cff52 Corpus
filter(president %in% c("O|EHEI")) %%
select(doc) %>% unlist %>%
VectorSource %>% Corpus 51

+ + + V V + 4+ + V V + + +



ZH|35t7| - Corpus A

ctri_tf <- list(tokenize = getMorpMecab,
weighting = weightTf,
wordLengths = c¢(2, Inf))

ctrl_bin <- list(tokenize = getMorpMecab,
wordLengths = ¢(2, Inf))
ctri_tfidf <- list(tokenize = getMorpMecab,

weighting = weightTfIdf,

>
+
+
>
>
+ weighting = weightBin,
+
>
>
+
+ wordLengths = c¢(2, Inf))
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Term Document Matrix AHA

V V V V V V V V V V V V V V

## Term Frequency

tdmtf_kim <- TermDocumentMatrix(corpus_kim, control = ctrl_tf)
tdmtf_noh <- TermDocumentMatrix(corpus_noh, control = ctrl_tf)
tdmtf_lee<- TermDocumentMatrix(corpus_lee, control = ctrl_tf)

## Boolean Term Frequency

tdmbtf_kim <- TermDocumentMatrix(corpus_kim, control = ctrl_bin)
tdmbtf_noh <- TermDocumentMatrix(corpus_noh, control = ctrl_bin)
tdmbtf_lee<- TermDocumentMatrix(corpus_lee, control = ctrl_bin)

## TF-IDF

tdmtfidf_kim <- TermDocumentMatrix(corpus_kim, control = ctrl_tfid
tdmtfidf_noh <- TermDocumentMatrix(corpus_noh, control = ctrl_tfid
tdmtfidf_lee<- TermDocumentMatrix(corpus_lee, control = ctrl_tfidf
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tE Ol &

el

El= AL

## Overall Term Frequency
otf_kim <- apply(tdmtf_kim, 1, sum)
otf_noh <- apply(tdmtf_noh, 1, sum)

# 713 HO| Bolkl= FAF 49 10 - ZUF
sort(otf_kim, decreasing = TRUE)[1:10]

V V V V V V

=2 BA MA et= g L2t 2 YR =0F 4
5222 4798 4458 3252 3109 2759 2624 2580 2213 2182

> #h J}3 50| YHES AP A9 10 - =23
> sort(otf_noh, decreasing = TRUE)[1:10]

201 HE A A2 S AE] $H BT A
3323 2963 2862 2669 2279 1950 1873 1836 1775 1733

54



Y U2 2MOIM LHE FAL

## Overall Term Frequency (Boolean)
botf_kim <- apply(tdmbtf_kim, 1, sum)
botf_noh <- apply(tdmbtf_noh, 1, sum)

# I}2 B2 BAOIA HEE FAF &9 10 - YCHE
sort(botf_kim, decreasing = TRUE)[1:10]

V V V V V V

= MA Y ZAE A = U2t d2 =0t €
722 717 688 678 657 646 645 626 603 601

> it [ B2 ZA0fA SHEEl HAF A2l 10 - 25
> sort(botf_noh, decreasing = TRUE)[1:10]

AL 2 U MA E5F d2 Let A =8 2E
636 599 557 505 500 491 463 458 450 442
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BI8F Term HAASH7| - 1

> kim <- findFreqTerms(tdmbtf_kim, lowfreq
> kim

650)

[1] "ZAR "BA IR e A

> noh <- findFreqTerms(tdmbtf_noh, lowfreq = 550)
> noh

I:-I:I ||7EI|-A|_|| n%D‘_'n nl:ékzl_-ln
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H18F Term HAAMSH7| - 2

> lee <- findFreqTerms(tdmbtf_lee, lowfreq = 550)
> lee

[1] "ZAR "FA b URE LRl e A

> ## HHE0IAN & ozl HHoj=?
> intersect(intersect(kim, noh), lee)

I:-I :I ||7EI|-A|_|| n%D‘_'n
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BIEF termQ| A|ZIS} 1

+ V V V + V V V V V V V

Llibrary(wordcloud)

Llibrary(RColorBrewer)

pal <- brewer.pal(8,"Dark2")

#t U= CIESZo AEE0AM olzl= EHof

wordcloud(word = names(otf_kim), freq = otf_kim,
min.freq = 150, colors = pal)

# ZCiE 50| S0 YElsls Fof - i8R0 7a

wordcloud(word = names(botf_kim), freq = botf_kim,
min.freq = 50, colors = pal)

58



X A
= e o
-|'<_-I WEJE‘?L%E-T'Z- aT
Tl

o1

*
S
x|
J>__.Lr

Ho

B A Z?Tﬂ;g.‘;
35@ OMS,Q
29
a

IO&
\II’
N

{0

l?l]
.

=
U724 "o ot
4 &8 TQ s
=0 #‘E 71ugg
& 0T EIl‘ o?léwéf‘“‘
2l o f s =) e =R
s u"?@z@”%@ =P AL S B
e | 2tz o SEA i
AJ C| LSS e s #al Xk by nSE %51?§g
RO 22 MR R AL LY
¥, R0 za e o eIt S E R by s, A =
4 R 2 | = o m T S
et < Y PRI . s
3 &° 415 fo| % 3 X Tup AsALY ' ot
e iy g o 2 ok R
o 25 E Tfé:ﬂ@ir%; R0aie 2045 6 tol
% ST etE A E‘ Qm—i»i\%i‘ggkiﬁ*au*;gu\? o ?f
EE X ] B o m
74 gi%?gf’g [S) HOE%}EJH\%%@%, . A@%:»E
o % !v' el = =
A o STy Hqﬂ@f%x%% "5 g
Ha s g 5“‘7@9‘%1 ks B A maﬁw%@\ ke
IF=ssisile gl e oL A of AL B i
b 201} g[? ﬁ A 1“0“'"2 iy cﬂ":' o
: = 5
e e XAEEY
CHEE g ad Al ] T3 S O o |
d TRe s A e 3 " K g B
Kwi}gl/\ TS St gof (N izl =32 =
e g o4 & |x4‘| w2
¥ QA ‘?7 S ot @
n T BE = £l
474 ggx@)\}%.: %,o% %Hiino_\_
- A A
chHat “=a

59






AMQIZI FLHLY|

"TF-IDFZ o]- &34 dx}a]e} Theo] =8 B A 23"

> tfidf_noh <- as.matrix(tdmtfidf_noh)

> search_doc <- sort(tfidf_noh[row.names(tfidf_noh) %in% "}
2", 1,

+ decreasing = TRUE)[1:3]

> search_doc

514 364 579
0.4828965 0.3727622 0.1748761

> search_doc_01 <- fnames %>%
+ filter(docid == "DOC_0514") %>%
+  dplyr::select(doc) %>% unlist
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AAAZ FUILHZ] - 21t

> search_doc_01
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Association Rules




Association Rules =O{7}7| : && =SH

O Correlation

o tm:findAssocs() &= o] al|5}H7]
O Association Rules

o Association Rules Analytics ©]3}|5}7]
O Network A]Zts}

o HIYF Term @] Network A]Z}35}5}7]
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Correlation Analysis

> tm::findAssocs(tdmbtf_kim, terms = "S", corlimit = 0.4)

$=EY
O|AHZ a= S 2Ct 22 35 n2

&2t
0.45 0.44 0.44 0.43 0.43 0.43 0.41

> tm::findAssocs(tdmbtf_noh, terms = "EQ", corlimit = 0.3)

=
=9 Met ROy Bese
0.36 0.36 0.33 0.33

> tm::findAssocs(tdmbtf_lee, terms = "EQ", corlimit = @.35) 65
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corlimit = 0.35)
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> tm::findAssocs(tdmbtf_lee, terms =

oll

!

0.39

=1
0.40

&
0.43

=
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0.43
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W s
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ud
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35

0.

0.36
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Association Rules

"Association Rules A4 5}7]"

> library(arules)

> library(arulesViz)

> sw <= ("L, TR, Y, R, Ut v

: AZb vgRe, @BIb hAA, S, 7l

> tdm_bin <- tdmbtf_noh[!row.names(tdmbtf_noh) %in% sw, ]

> trans <- as(t(as.matrix(tdm_bin)), "transactions")

> rules <- apriori(trans,

+ parameter = list(supp = 0.3,

+ conf = 0.7, target = "rules"),
> control = list(verbose = FALSE))

67



Association Rules

"Inspect Association Rules"
> inspect(rules[1:7])

lhs rhs support  confidence lift
[1] {HY} => {TB3J}} 0.3025641 0.8082192 1.870656
[2] {3y => {HY} 0.3025641 0.7002967 1.870656
[3] {1} => {2} 0.3064103 0.8184932 1.444400
[4] {O|&#H} => (&2} 0.3038462 0.7117117 1.255962
[5]1 {O|&#1} => {M|A|} 0.3076923 0.7207207 1.113192
[6] {H=} => {MA} 0.3115385 0.7738854 1.195308
[7]1 {3}y => (&=} 0.3410256 0.7893175 1.392913
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> plot(rules, method

size: support
RHS color: lift

{2H)
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Association Rules A|ZfS} - graph

> plot(rules, method = "graph")

Graph for 48 rules i
size: support (0.3 - 0.45)
color: lift (1.083 - 2.07)
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Association Rules A|ZfS} - graph with control

> plot(rules, method = "graph", control = list(type = "itemsets

Graph for 48 rules
width: support (0.3 - 0.45)
color: lift (1.083 - 2.07)
(43} o
s
{AleH}  {71ch} (o]t}
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Association Rules A|ZfS} - paracoord

Parallel coordinates plot for 48 rules
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Clustering / Topic Analytics




Clustering / Topic Analytics =0{7}7|

O Hierarchy Clustering
o Hierarchy Clustering ©]3}|5}7]
O Kmeans Clustering
o Kmeans Clustering ©]3}|5}7]
O Topic Analytics
o LDA(Latent Dirichlet Allocation) ©|3}|5}7]
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Hierarchy Clustering : Analytics Process

ALY CHHY ojo|E{e] A#|RI0| CHE BRMIE EES +¥

¥

Distance Matrix Computation

72| 7|dte] et n2|Fo2 Yol W HIYALE H2 IS At

¥

Hierarchy Clustering

HIMAME $EI AISY 2HEM Y02 E2 2US L=

719: Hierarchy Clustering : Analytics Process
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Hz{2| - sparse terms A|H35}7|

> compact_bin <- removeSparseTerms(tdmbtf_noh, sparse = 0.985)
> compact_bin2 <- as.matrix(compact_bin)
> dim(compact_bin2)

[1] 1903 780

> rowTotals <- apply(compact_bin2 , 1, sum)

> thres <- 300

> compact_bin3  <- compact_bin2[rowTotals > thres, ]
> dim(compact_bin3)

[1] 35 780
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hirericy clustering

> distMatrix <- dist(scale(compact_bin3))

> fit <- hclust(distMatrix, method = "ward.D")
> plot(fit)

> rect.hclust(fit, k = 5)

77



Cluster Dendrogram
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K-Means Clustering : Analytics Process

A4 ChH GlolE{2| A7(d0] CHE PRl= EZ5) 24

¥

Choice K

st 2T s dEY

¥

K-Means Clustering

K-Means ¥112|58 0|83{M 2TE Lk
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& i THot7| ¢ owss ZlEh Y

> compact_bin4 <- compact_bin3[, apply(compact_bin3,
+ 2, sum) > 1]
> dim(compact_bin4)

[11 35 778

>N <- 15

> wss <- (nrow(compact_bin4) - 1) *x sum(apply(compact_bin4,
+ 2, var))

> for (i in 2:N) wss[i] <- sum(kmeans(compact_bin4,
+ centers = i)$withinss)

8o
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5t7| : NbClust T§7[2| 7|8k M

> library(NbClust)

>

> mthds <- c("ward.D", "ward.D2", "single", "complete",
T "average", "mcquitty", "median", "centroid",
T "kmeans")

>

> best.nc <- lapply(mthds,

+ function(x) NbClust(compact_bin4, min.nc = 2,
+ max.nc = 15, method = x

+ index = "duda")$Best.nc)
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NbClust I{Z|Z| 7[8F Hd &}

> table(sapply(best.nc, "[", 1))

2 3 810
4 2 1 2

> best.nc[[9]]

Number_clusters Value_Index
2.0000 12.5248
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K-Means Clustering

k <- 3
set.seed(123)
kmc <- kmeans(compact_bin4, k)

#t 222 FOl Term@l 7+

table(kmc$cluster)

V V V V V V

1 2 3
311 21
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K-Means Clustering

> which(kmc$cluster == 1)

71| 2y =5t
729 32

> which(kmc$cluster == 2)

AL BA| =7t =2 Ligt 2 2 A 2
12 4 s 8 16 18 21 27 34 35

_
ol
i
ol
ol
I

> which(kmc$cluster == 3)

A 71K =8 SO TE 25 A E= 0l Ate] 45 g Al
CH O 2] 85
2 6 9 10 11 12 12 14 15 17 19 20 922 922 24



> ## MY 2E g0 F= T Document 571 £33

> for (i in seq(k)) {

+ cat(paste("cluster ", i, ": ", sep = ""))

+ s <- sort(kmc$centers[i, ], decreasing = TRUE)
+ cat(names(s)[1:5], "\n")

+ 3

cluster 1: 9 12 13 14 19
cluster 2: 7 11 15 17 37
cluster 3: 280 695 707 745 767
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0

> ## 1H1% clusteringlf YofS & ZA!
> substr(fnames[fnames$docid %in% c("DOC_0280"), "doc"]1, 1, 30¢

[11 " &3sts =2 o2z, 22 uieldl 712 o2&, M
of & Gio| HoAMA|2. U Stel, 22 ¢ 2l =2 ¢
Of & TRURITL, Uitk BA| H¥T st 7|4s5tol= SlSLIC. A
SHOl= Oz A0l UAVRT REIH ZHE5| Higks =
2| BAt & FOMH2E FRSULE.  Cflis] A=FH
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0

> ## 2B1%f clusteringOf Fof=2 & 241
> substr(fnames[fnames$docid %in% c("DOC_0011"), "doc"1, 1, 30t

[11 "&ds5te =EE ogts x 424, ¢ IE 3§
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Topic Analytics : Analytics Process

Topic 7= 7&17|

EE# Topice| 704 AHH

Topic Analysis ~
Topic 7317|
vy
ate) 4y .
Term 7|#t22 Topice| H2|/ Topic 7|£t22 Term &4

1% Topic Analytics : Analytics Process 8



H2{2| - Sparse term A||A

> tdm <- removeSparseTerms(tdmtf_noh, sparse = 0.95)
> m2 <- as.matrix(tdm)

> fnames %>%

+ filter(president == "=231") %>%

+ dplyr::select(docid) %>% .[, 1] -> colnames(m2)
> dim(m2)

[1] 708 780

> ## Find the sum of words in each Document
> colTotals <- apply(m2 , 2, sum)
> m3 <- m2[, colTotals> @] # Remove all docs without words

> dim(m3) o0



Topic 74 +617| : topicmodels I{7|R|Q| O|&

> library(topicmodels)
> models <- lapply(2:20, function(x) LDA(t(m3), k = x,
+ control = list(seed = 123)))

> sapply(models, loglLik)

[1] -1038518.5 -1025660.7 -1020043.3 -1014750.9 -1009351.0 -1¢
[7] -1004751.6 -999825.3 -998020.5 -996506.5 -994700.7 -9¢
[13] -991509.5 -990854.4 -988717.9 -987519.9 -986319.1 -9¢
[19] -984699.9
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Topic 74 +617| : topicmodels I{7|R|Q| O|&

> ## 20/ /1% - Max Log Likelihood
> which(sapply(models, loglLik) == max(sapply(models, loglLik)))

(11 19
> ## 207f £1& - Min alpha
> alpha <- sapply(models, slot, "alpha")

> which(alpha == min(alpha))

11 19
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Topic Modeling (22 EH2 91=2)

## find 20 topics
k <- 20

lda <- LDA(t(m3), k = k, control = list(seed = 123))
lda

V V V V V

>

LDA_VEM topic model with 20 topics.

> is(lda)

(1] "LDA_VEM" "LDA" "VEM" "TopicModel"
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Topic Terms A& 7|

> term <- terms(lda, 10) ## first 10 terms of every topic
> term[, 1:5]

[1,]
2,]
(3,]
[4,]
(5,1
(6, ]
(7,1
[8,]
[9,]
[10,]
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Topic Terms A& 7|

> term[, 6:10]

Topic 6 Topic 7 Topic 8 Topic 9 Topic 10

0,1 A EE &S Al RA
(2,1 21" "S=ol vBay Al A
[3,] 3R "y g aRzel ag
(4,1 "EAP UER MY 3P AR
[5,0 "B e ozl BT EAD
6,1 "AIZ" A A AR Tl
7,3 "HAT A vole AR e
8,1 "2 "ERT vARln A A
[9,] A "o tAlhr iR gz
[10,] "42" "BAY HYr Ewr Oisy
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Topic Terms AIIHE 7|

> term[, 11:15]

Topic 11 Topic 12 Topic 13 Topic 14 Topic 15

01,1 718" s Az el =l
[2,] "Tspr ET AR rgee e
(3,0 "3 %I vRAM Ll =)
(4,3 "HAT LRl rchsEe e g
[5,1 "7 nEe vopylt SR EA!
[6,] "Aig"  "REl"  vEme ez R
(7,0 "FA" AR B v3jp s
(8,1 719" vEE vEE M P
[9,] " CSY "ERT EE ol
[10,] "2OF  “BA"  vwsp M e
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Topic Terms AIIHE 7|

> term[, 16:20]
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Topic L& ATHEY|

> noh.topic <- data.frame(topic = rep(1:k, times = NROW(m3)),

+ term = rep(lda@terms, each = k),
i beta = as.vector(lda@beta))
>

> head(noh.topic, n = 3)

topic term beta
1 7t5 -4.875796
2 75 -5.795218
3 7t -6.624963

w N =
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Topic L& ATHEY|

> noh.topic %>% ## "ZA"2[= termO] 2t topicOfA] A4

g 818
+ filter(term == "ZA|") %>%
+  head
topic term beta
1 1 A -8.112521
2 2 AA| -4.137786
3 3 AA| -3.315357
4 4 AA| -6.207816
5 5 AA| -5.303881
6 6 BA| -2.541255
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TopicE betas L{ZIR

> top_terms <- noh.topic %>%
+  group_by(topic) %>%

+  top_n(10, beta) %>%

+ ungroup() %>%

+ arrange(topic, -beta)

> top_terms[1:3, 1]

H+

A tibble: 3 x 3

topic  term beta

<int> <fctr> <dbl>
1 Al -2.515211

2 1 ZAE -3.551644

3 1 AZ -3.689852

—_
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Top beta Term A|Ztg}

Llibrary(ggplot2)

>
>
> top_terms %>%

+ mutate(term = reorder(term, beta)) %>%

+ ggplot(aes(term, beta, fill = factor(topic))) +
+ geom_col(show.legend = FALSE) +

+  facet_wrap(~ topic, scales = "free") +

+ coord_flip()
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A0 7HZE TopicO| ZfA|ol= H|S

> noh.document <-
+ data.frame(document = rep(lda@documents, times = k),
+ topic = rep(1:k, each = NROW(lda@gamma)),
+ gamma = as.vector(lda@gamma))
> noh.document %>%
+  filter(topic == "11") %>%
+  top_n(3, gamma) %>%
+ ungroup() %>%
+ arrange(topic, -gamma)
document topic gamma

1 DOC_0667 11 0.8210351
2 DOC_0098 11 0.8065945
3 DOC_0681 11 0.7769041

103



A0 7HZE TopicO| ZfA|ol= H|S

> fnames %>%

+  filter(docid == "DOC_0667") %>%

+ dplyr::select(doc) %>%

.[, 11 %>% substr(start = 1, stop = 500)

+

[1] "eHEsLI7E, 25 Rele '?F7(s AR>S 07| £
ot 2 23S UWESUL. ?F2 gote 29 2 £9¢,
SRS 2ES 2 UL e 7[HH WAL 22
= Al et 22 2F VS flot LESS @%* [
Cle EUCH 228 9192t 'otefd f/d', defal 'afst
22009| JH0| HIZ2 JAAYULE 121 25 It FFHE

A H=2 Jg
FAltl= & L2t of7|=, DL = OtgLItt. R2[& 2015 04
EANLR]| AR 7(19] HE AEH2Z Jlgstn, MA 102He £

o] MZI|AI7} E LFME7} FAKQI A A2 SLCH oA



Taxonomy - topic 7(F£<ZA))

## topic 7(E2YFA topicOl 70% O[&F HSHEl FEA{9] R3
noh.document %>%

filter(topic == "6") %>%

filter(gamma >= 0.7) %>%

arrange(desc(gamma))

+ + 4+ VvV VvV

document topic gamma
DOC_0592 6 0.7474647
DOC_0507 6 0.7153146

N =
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Taxonomy - topic 7(FY &4

> fnames %>%

+  filter(docid == "DOC_0592") %>%

+ dplyr::select(doc) %>%

+ .[, 11 %% substr(start = 1, stop = 400)

(11 " 2Fste 20 olge, 2 /S HIRF Al
3 2232t oz, OIS HA| 2ol U ZAOR Z3iC
2LCH 252 ofz{o] ZaYQIL|ct I A7t o 7|8
O] Z&LICt. Aot ofLjat 22| 201 REIt | 231511 7|
S HALICH S35 25 £ASH 2SS ZYst 59| 9
AFZ ERILCLH A7t o2 S2ln A2 HOs A
ChHe QQILICt 2|2 PMMS whugio] £ Qs 7|Y
ol olgje, 12|n 2235 @ &2 24 222t of 1 , AL 4
T BIOMALCH OffE DO T=HS Heo| Az gy ¥



Taxonomy - Topic 19(ZEAHEH)

> ## Topic 19(ZEAY LR topicOl 70% O[At Hotzl FAf

o R3f

> noh.document %>%

+ filter(topic == "19") %>%

+ filter(gamma >= 0.7) %>%

+ arrange(desc(gamma))
document topic gamma

—_

DOC_0718 19 0.7486320
DOC_0541 19 0.7474319

N
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Taxonomy - Topic 19(ZEAHEH)

> fnames %>%

+ filter(docid == "DOC_0718") %>%

+ dplyr::select(doc) %>%

.[, 1] %>% substr(start = 1, stop = 400)

+

[1] "&38st= =2 K2z, SE=a el HE, =7t
oL M FAPE B2l ASULE. HESHSYHEAIY 7
= = UL N SStEELN. JY=2S BL EMFE It
S0l U HYH0|an ARIRIStHel ZFYAL, Cidet =
AM20| MAste sd8d dEd, de|id O 2stet o
tE 271 AUE9 250 =0 o
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