Chapter 4: Classification using Naive Bayes

This is an R Markdown Notebook. When you execute code within the notebook, the results appear beneath
the code.

Try executing this chunk by clicking the Run button within the chunk or by placing your cursor inside it and
pressing Ctri+Shift+Enter.

Add a new chunk by clicking the Insert Chunk button on the toolbar or by pressing Ctri+Alt+1.

When you save the notebook, an HTML file containing the code and output will be saved alongside it (click
the Preview button or press Ctri+Shift+K to preview the HTML file).

Example: Filtering spam SMS messages

Step 1: Download the data

URL <- "http://cox.csueastbay.edu/~esuess/classes/Statistics_6620/Presentations/ml6/sms_spam.csv"
download.file(URL, destfile = "./sms_spam.csv", method="curl")

Step 2: Exploring and preparing the data —

# read the sms data into the sms data frame
sms_raw <- read.csv("sms_spam.csv", stringsAsFactors = FALSE)

# examine the structure of the sms data
str(sms_raw)

## 'data.frame': 5559 obs. of 2 variables:
## $ type: chr "ham" "ham" "ham" "spam"
## $ text: chr "Hope you are having a good week. Just checking in" "K..give back my thanks." "Am also

# convert spam/ham to factor.
sms_raw$type <- factor(sms_raw$type)

# examine the type wvariable more carefully
str(sms_raw$type)

## Factor w/ 2 levels "ham","spam": 1 112211121 ...
table(sms_raw$type)

##
## ham spam
## 4812 747

# butld a corpus using the text mining (tm) package
library (tm)
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## Loading required package: NLP

sms_corpus <- VCorpus(VectorSource(sms_raw$text))

# examine the sms corpus
print (sms_corpus)

## <<VCorpus>>
## Metadata: corpus specific: O, document level (indexed): O
## Content: documents: 5559

inspect (sms_corpus[1:2])

## <<VCorpus>>

## Metadata: corpus specific: O, document level (indexed): O
## Content: documents: 2
##

## [[1]]

## <<PlainTextDocument>>
## Metadata: 7

## Content: chars: 49

##

## [[2]]

## <<PlainTextDocument>>
## Metadata: 7

## Content: chars: 23

as.character(sms_corpus[[1]])

## [1] "Hope you are having a good week. Just checking in"
lapply(sms_corpus[1:2], as.character)

# $°1°

## [1] "Hope you are having a good week. Just checking in"
##

## $°2°

## [1] "K..give back my thanks."

# clean up the corpus using tm_map ()
sms_corpus_clean <- tm_map(sms_corpus, content_transformer(tolower))

# show the difference between sms_corpus and corpus_clean
as.character(sms_corpus[[1]])

## [1] "Hope you are having a good week. Just checking in"

as.character(sms_corpus_clean[[1]])

## [1] "hope you are having a good week. just checking in"

sms_corpus_clean <- tm_map(sms_corpus_clean, removeNumbers) # remove numbers
sms_corpus_clean <- tm_map(sms_corpus_clean, removeWords, stopwords()) # remove stop words
sms_corpus_clean <- tm_map(sms_corpus_clean, removePunctuation) # remove punctuation

# tip: create a custom function to replace (rather than remove) punctuation
removePunctuation("hello...world")

## [1] "helloworld"



replacePunctuation <- function(x) { gsub("[[:punct:]]+", " ", x) }
replacePunctuation("hello...world")

## [1] "hello world"

# tllustration of word stemming
library(SnowballC)
wordStem(c("learn", "learned", "learning", "learns"))

## [1] "learn" "learn" "learn" "learn"

sms_corpus_clean <- tm_map(sms_corpus_clean, stemDocument)
sms_corpus_clean <- tm_map(sms_corpus_clean, stripWhitespace) # eliminate unneeded whitespace

# examine the final clean corpus
lapply(sms_corpus[1:3], as.character)

# $°1°

## [1] "Hope you are having a good week. Just checking in"
##

## $°2°

## [1] "K..give back my thanks."

##

## $°3°

## [1] "Am also doing in cbe only. But have to pay."

lapply(sms_corpus_clean[1:3], as.character)

## $°1°

## [1] "hope good week just check"

##

##H $°2°

## [1] "kgive back thank"

##

## $°3°

## [1] "also cbe pay"

# create a document-term sparse matriz

sms_dtm <- DocumentTermMatrix(sms_corpus_clean)

# alternative solution: create a document-term sparse matriz directly from the SMS corpus
sms_dtm2 <- DocumentTermMatrix(sms_corpus, control = list(

tolower = TRUE,

removeNumbers = TRUE,

stopwords = TRUE,

removePunctuation = TRUE,

stemming = TRUE
))

# alternative solution: using custom stop words function ensures tdentical result
sms_dtm3 <- DocumentTermMatrix(sms_corpus, control = list(

tolower = TRUE,

removeNumbers = TRUE,

stopwords = function(x) { removeWords(x, stopwords()) 1},

removePunctuation = TRUE,



stemming = TRUE
))

# compare the result
sms_dtm

## <<DocumentTermMatrix (documents: 5559, terms:

## Non-/sparse entries: 42147/36419334

## Sparsity : 100%

## Maximal term length 40

## Weighting : term frequency (tf)
sms_dtm?2

## <<DocumentTermMatrix (documents: 5559, terms:

## Non-/sparse entries: 43221/38652978

## Sparsity : 100%

## Maximal term 1ength 40

## Weighting : term frequency (tf)
sms_dtm3

## <<DocumentTermMatrix (documents: 5559, terms:

## Non-/sparse entries: 42147/36419334

## Sparsity : 100%
## Maximal term length 40
## Weighting : term frequency (tf)

# creating training and test datasets
sms_dtm_train <- sms_dtm[1:4169, ]
sms_dtm_test <- sms_dtm[4170:5559, ]

# also save the labels
sms_train_labels <- sms_raw([1:4169, ]$type
sms_test_labels <- sms_raw[4170:5559, ]$type

# check that the proportion of spam is similar
prop.table(table(sms_train_labels))

## sms_train_labels
## ham spam
## 0.8647158 0.1352842

prop.table(table(sms_test_labels))

## sms_test_labels
## ham spam
## 0.8683453 0.1316547

# word cloud visualization
library(wordcloud)

## Loading required package: RColorBrewer

6559) >>

6961)>>

6559)>>

wordcloud(sms_corpus_clean, min.freq = 50, random.order

FALSE)
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# subset the training data into spam and ham groups
spam <- subset(sms_raw, type == "spam")
ham <- subset(sms_raw, type == "ham'")

wordcloud(spam$text, max.words = 40, scale = c(3, 0.5))

## Warning in tm_map.SimpleCorpus(corpus, tm::removePunctuation): transformation
## drops documents

## Warning in tm_map.SimpleCorpus(corpus, function(x) tm::removeWords(x,
## tm::stopwords())): transformation drops documents
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wordcloud (ham$text, max.words = 40, scale = c(3, 0.5))

## Warning in tm_map.SimpleCorpus(corpus, tm::removePunctuation): transformation
## drops documents



## Warning in tm_map.SimpleCorpus(corpus, tm::removePunctuation):

## drops documents
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sms_dtm_freq_train <- removeSparseTerms(sms_dtm_train, 0.999)

sms_dtm_freq_train

## <<DocumentTermMatrix (documents: 4169, terms: 1104)>>

## Non-/sparse entries: 24827/4577749

## Sparsity 1 99%

## Maximal term length: 19

## Weighting : term frequency (tf)

# indicator features for frequent words
findFreqTerms(sms_dtm_train, 5)

## [1] "gwk" "€~m" "€~s"

## [4] "abiola" "abl" "abt"

# [7] "accept" "access" "account"
#it [10] "across" "act" "activ"
#it [13] "actual" "add" "address"
## [16] "admir" "adult" "advanc"
##  [19] "aft" "afternoon" "age"

##  [22] "ago" "aha" "ahead"
##  [25] "aight" "aint" "air"

##  [28] "aiyo" "alex" "almost"
## [31] "alon" "alreadi" "alright"
##  [34] "also" "alway" "angri"
##  [37] "announc" "anoth" "answer"
##  [40] "anymor" "anyon" "anyth"
##  [43] "anytim" "anyway" "apart"
##  [46] "app" "appli" "appreci
##  [49] "arcad" "ard" "area"

##  [562] "argu" "argument" "armand"
##  [55] "around" "arrang" "arriv"
##  [58] "asap" "ask" "askd"

##  [61] "attempt" "auction" "avail"
##  [64] "ave" "avoid" "await"
##  [67] "awak" "award" "away"

##  [70] "awesom" "babe" "babi"

transformation
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[91]

[94]

[971]
[100]
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[109]
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[115]
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[220]
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[226]
[229]
[232]
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"receiv"
"refer"
"relat"
"rememb"
"rent"
"repres"
"respons"
"return"
"reward"
"rington"
"rock"
"roommat"
"rowwjhl"

llrunll

sae
"sale"
"savamob"
llsayll
"scream"

"SeC"

see
"select"
"semest"
"sent"
"set"
"sexi"
"shd"
"shop"
"shower"
"Sigh"
"silent"
"singl"
"sis"

pix
Ilplanll
"pleas"
Ilplsll
"pmin"
"point"
"poor"
"possibl"
"power"
"present"
"previous"
"privat"
"probabl"
"promis"
"qualiti"
"quit"
"rain"
"rate"
"reach"
"real"
"reason"
"recent"
"regard"
"relax"
"remind"
"rental"
"request"
"rest"
"reveal"
"right"
"rite"
"role"
"rose"
"rpli"
"rush"
"safe"
"sat"
"save"
"sch"
"Sea"
"second"
"seem"
"self"
"send"
"serious"
"settl"
"shall"
"ship"
"short"
"sick"
"sight"
"simpl"
"sipix"
"sister"
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"pizza"
llplayll
"pleasur"
"plus"
llpmsgll
"poli"
llpopll
llpost n
"ppm
"press"
"price"
"prize"
"problem"
llpubll
"question"
"quiz"
"random"
"rather"
"read"

"reali"
"receipt"
"record"
"regist"
"remain"
"remov"
"repli"
"respond"
"result"
"review"
"ring"
"road"
"room"
"round"
"rreveal"
llsadll
"said"
"saturday"
"saw"
"school"
"search"
"secret"
"seen"
"sell"
"sens"
"servic"
"sex"
"share"
"shirt"
"show"
"side"
llsignll
"sinc"
"sir"
"sit"



##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##

[883]
[886]
[889]
[892]
[895]
[898]
[901]
[904]
[907]
[910]
[913]
[916]
[919]
[922]
[925]
[928]
[931]
[934]
[937]
[940]
[943]
[946]
[949]
[952]
[955]
[958]
[961]
[964]
[967]
[970]
[973]
[976]
[9791]
[982]
[985]
[988]
[991]
[994]
[997]
[1000]
[1003]
[1006]
[1009]
[1012]
[1015]
[1018]
[1021]
[1024]
[1027]
[1030]
[1033]
[1036]
[1039]
[1042]

"situat"
"slave"
"slow"
"smile"
"smth"
"sol"
"someth"

n Song"
"soon"
"sound"
"speak"
"spend"

n Spreell
"statement"
"std"
"stockport"
"store"
"student"
"stupid"
"subscrib"
"suit"
"sunday"
"support"
n Surf n
"swing"
"talk"
"tcs"
"tear"
lltellll
"term"
"thank"
"thing"
"thk"
"thought"
llthtll
"ticket"
"time"
"tmr"
"togeth"
"tomorrow"
"tonit"
"torch"
"touch"
"toward"
"train"
"treat"
"troubl"
"truth"
"tuesday"
"two"
"txts"
|Iugh|l
"understand"
"unredeem"

IlSthll
Ilsleepll
"slowli"
"smoke"
IlSnOWIl
"somebodi"
"sometim"
"Soni n
"sorri"
"south"
"special"
"Spent"
"stand"
"station"
IlStele
"stone"
"stori"
"studi"
"Style"
"success"
"summer"
"sunshin"
Ilsupposll
"surpris"
"system"
"taInpa"
Ilteall
Ilteasll
Iltenll
Iltest n
"thanx"
"think"
Iltho n
"throw"
Ilthurll
Iltilll
Iltirell
"toclaim"
Iltoldll
Iltonell
Iltookll
Iltot n
Iltoughll
Iltownll
"transact"
Iltrill
Iltruell
Iltscsll
Ilturnll
IltXt n
Iltypell
Ilullll
"unless"
"unsub"
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n skype n
"slept"

"small"

sms
"sofa"
"someon"
"somewher"

"sonyericsson"

n sort n

n Space"
"specialcal"
n spoke n
"start"

n Stay"
"still"

n stopll
"street"
"stuff"

n Sub"

n suckll

n sunll
n sup
n surell
"sweet"
lltake n
"tariff"
"teach"
lltelll
"tenerif"
lltext n
llthat n
"thinkin"
"though"
llthrull
lltickll
lltillll
lltitlll
lltodayll
lltomo n
"tonight"
lltopll
"total"
lltourll
"track"
"travel"
lltripll
"trust"
llttyl n
"twice"
"txting"
"ufind"
llunclll

"unlimit"
"unsubscrib"



## [1045] "updat" "ure" "urgent"

## [1048] "urself" "use" "user"
## [1051] "usf" "usual" "ave"

## [1054] "valentin" "valid" "valu"
## [1057] "via" "video" "vikki"
## [1060] "visit" "vodafon" "voic"
## [1063] "vomit" "voucher" "wait"
## [1066] "wake" "walk" "wan"

## [1069] "wana" "wanna" "want"
## [1072] "wap" "warm" "wast"
## [1075] "wat" "watch" "water"
## [1078] "way" "weak" "wear"
## [1081] "weather" "wed" "wednesday"
## [1084] "weed" "week" "weekend"
## [1087] "welcom" "well" "wen"

## [1090] "went" "what" "whatev"
## [1093] "whenev" "whole" "wid"

## [1096] "wif" "wife" "wil"

## [1099] "will" "win" "wine"
## [1102] "winner" "wish" "wit"

## [1105] "within" "without" "wiv"

## [1108] "wkli" "wks" "wnt"

## [1111] "woke" "won" "wonder"
## [1114] "wont" "word" "work"
## [1117] "workin" "world" "worri"
## [1120] "wors" "worth" "wot"

## [1123] "wow" "write" "wrong"
## [1126] "wwq" "wwwgetzedcouk" "xmas"
## [1129] "xxx" "yahoo" "yar"

## [1132] "yeah" "year" "yep"

## [1135] "yes" "yesterday" "yet"

## [1138] "yoga" "yup"

# save frequently-appearing terms to a character vector
sms_freq_words <- findFreqTerms(sms_dtm_train, 5)
str(sms_freq_words)

## chr [1:1139] "g&wk" "€~m" "€~s" "abiola" "abl" "abt" "accept" "access"

# create DTMs with only the frequent terms
sms_dtm_freq_train <- sms_dtm_train[ , sms_freq_words]
sms_dtm_freq_test <- sms_dtm_test[ , sms_freq_words]

# convert counts to a factor
convert_counts <- function(x) {
x <- ifelse(x > 0, "Yes", "No")

}

# apply() convert_counts() to columns of train/test data
sms_train <- apply(sms_dtm_freq_train, MARGIN = 2, convert_counts)
sms_test <- apply(sms_dtm_freq_test, MARGIN = 2, convert_counts)
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Step 3: Training a model on the data —-

library(e1071)
sms_classifier <- naiveBayes(sms_train, sms_train_labels)

Step 4: Evaluating model performance —-

sms_test_pred <- predict(sms_classifier, sms_test)
head(sms_test_pred)

## [1] ham ham ham ham spam ham
## Levels: ham spam

library(gmodels)

CrossTable(sms_test_pred, sms_test_labels,
prop.chisq = FALSE, prop.t = FALSE, prop.r = FALSE,
dnn = c('predicted', 'actual'))

##

##

## Cell Contents

##H |- |

## | N |

## | N / Col Total |

## |——————————— |

##

##

## Total Observations in Table: 1390
##

##

##

## predicted
## -
## ham
##

## -
## spam
##

## -
## Column Total
##

## ——————————
##

##

»
=
[¢)]
w
[
o
©

Step 5: Improving model performance —

sms_classifier2 <- naiveBayes(sms_train, sms_train_labels, laplace = 1)
sms_test_pred2 <- predict(sms_classifier2, sms_test)
CrossTable(sms_test_pred2, sms_test_labels,
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##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##

prop.chisq = FALSE, prop.t = FALSE, prop.r = FALSE,
dnn = c('predicted',

Cell Contents

N |
| N / Col Total |

Total Observations in Table: 1390

predicted

'actual'))
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