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Chapter 7

Classification
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Current Weather uUpdated on Wed Jan 22 4:45 PM Next Update in 08.54 mins “ n

e Snow, blowing snow could

r impact travel plans this
o . . weekend.

ol Fei}bnke-ﬁ R

101.9xps g & Precipitation Outlook .
lmrh? 41% 3 129 181000 2-4 cm of snow from Wed. Evening
km 07:43 to Thurs. Overnight.
wind Humedity  Pressure  Visibility  Ceiling Sunrise Sunset
Air Quality | Moderate Risk UV {) Low m View Webcams
Wed. Evening Wed. Overnight Thurs. Morning Thurs. Afternoon
Few flurries Scattered flurnes Scattered flurmies Varable cloudiness
ﬂE ﬂc 'bc ’ ﬂC
& 1T < -18"| <» -18° & -15
Feels like -22 Feels like -26 Feels like -27 Feels like -24
P.O.P: 40% P.O.P: 0% P.O.P: £0% P.O.P: 30%
Snow: Less than 1 cm Snow: 1-3cm Snow: Less than 1 cm Snow: -
Wind E 10 km/h Wind NE 15 km/h Wind N 15 km/h Wind NW 20 km/h
Wind gust - Wind gust - Wind gust - Wind gust 35 km/h
Humidity 44% Humidity 77% Humidity B45%. Humidity 71%
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Speecg recognition
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Classification in daily life

* spam e-maill

® 00 Spam (75) - sit.ake@gmail.com - Gmail e |

[_dl , I-J {Q“I’L’J 18|+ ™ hﬁpiﬂ mail.google.com/mal; 0/#spam ¢ | Readec 1O | |

GO Sle in:spam +Eakasit 232 ﬂ Share &

Gmail ~ - C More ~ 1-500f77 < b3 L~
Delete all spam messages now ( : ' Spam more than 30 days will be

| cowrose spam e-mail

Scg G 201 2014 GRMSE-2014, Call For P Apr 18

Ssrit Medsages grmse2014@grmse .org . , Call For Paper pr

Travel Melesta The GREAT GIVEAWAY of oul Apr 17

w:reka L mrs fello How is your family? - From M Apr 16
255 a

important william philip | AM INTERESTED IN MARRLU/ Apr 16

Chats Hudson Martins PARTNERSHIP - Dear Future | Apr 15

All Mail Yoast Yoast: Post Connector updat Apr 15

Spam (75)

Trash Sandra PLEASE REPLY ASAP. - Dear Apr 15

v Categories Melesta Kingdom's Heyday - a great t| Apr 14

‘= Social (1,243) support Yokee - Action needed - Hi Sii Apr 14
% Promotions (7.

© Updates (4,293)
™ Forums (1,774) nofrills Your weekly flyer is here! - To v Apr 11

Info All the bling-bling you'll ever Apr 12
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Classification example

+ FNDLINY spam e-mail classification

- 32171 e-mail Tuutinenitlu spam e-mail

ID Text Type

1 Please call our customer service representative on FREE PHONE 0808 145 4742 between -
9am-11pm as you have WON a guaranteed £1000 cash P

2 You have won $1,000 cash or a $2,000 prize! To claim, call 09050000327 spam

3 I'm gonna be home soon and | don't want to talk about this stuff anymore tonight normal

4  |s that seriously how you spell his name? normal

5 Double mins and txts 4 6months FREE Bluetooth on Orange. Available on Sony, Nokia Motorola Snam
phones. P

6 FREE RINGTONE text FIRST to 87131 for a poly or text GET to 87131 for a true tone! spam

7  Sorry, I'll you call later in meeting. normal

8 Congratulations - in this week's competition draw u have won the £1450 prize to claim just call -
09050002311 B

9 Thanks a lot for your wishes on my birthday. Thanks you for making my birthday truly memorable. = normal

10 Hello, What are you doing? Did you attend the training course today? normal

Jfdataomininatrend com httn/Itacebonk com/dotociibhe th -
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Classification example

A LA LA Y Wl N

+ FNALNY spam e-mail classification

* %1 keyword N ldLauanadnlu spam e-mail

ID Text Type
| >
Please call our customer service
" nana w——
1 representatwe on FEE PHONE-0868 spam “"D—-*--..I_:_':Ee an Cash Type
145 4 2r-9am-11pm as you - v T
have guaranteed £1000 cash . Y Y Spam
2 N Y spam
o You have won $1,000 @- a $2,000 .
prize! To claim, call 09050000327 ik 3 N N N normal
I'm gonna be home soon and | dontt + a ‘ Bl i = ki
3 want to talk about this stuff anymore normal ety ) N N spam
tonight _ -
- 6 Y N N spam
Is that seriously how you spell his
f name? norimal 7 N N N normal
T 8 N Y N spam
Double mins and txts 4 6months \FREE)
5 Bluetooth on Orange. Available on spam 9 N N N normal
Sony, Nokia Motorola phones. 10 N N N al
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Classification example

AQBEINN spam e-mail classification

- @99luAA (classification model) mn%’mﬂﬂ training data T9HALA (label)

— T £

ID Cash = Type ‘
1 Y b Y spam
2 N Y Y spam
3 N N N normal
4 N N N normal
5 Y N N spam
6 Y N N spam
T N N N normal
8 N Y N spam
9 N N N normal
10 N N N normal

classification model

\‘_./’\_/
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Classification example

+ ALY spam e-mail classification

9

1daya na (unseen data) e latldlumg
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Classification example

FBEINN spam e-mail classification

Wlayalual (unseen data) 1w lasldlung

a

[ Free
> _ N

N:




LOB2203 szuuwmalulagaisaumaiiuladafinddiisugsiaooula
MP1AUTAIFRNFUALTWWAWLTU URIINYIRUSIVAYFIUFTUN

Classification example

+ FNBLINY spam e-mail classification

ndayana (unseen data) e latldlumg

ID Free Cash
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Classification example

+ ALY spam e-mail classification

[ — T - -

ID Free Won Cash Type

1 Y Y Y spam
2 N Y Y spam

3 N N N normal
4N N N normal

5 Y N N spam

training data

ID Free Won Cash Type

1 b ¢ : g N ?
e

12 N Y N ?

]

unseen data
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Classification & Regression

. ﬂ'ﬁﬁ"ﬁ:ﬁLLuﬂﬂﬁ‘zmﬂﬁJ’mﬂﬂ (classification)

]
— -

idayalRundAmmaunaula vsa Aana (class) uaiiuluiaa (model) Live
mAnaulviudeyalud (unseen data)

AAIAAIAALLTYW Uszinn (nominal)
tumn v3a Luman

’ <4 .
spam email 198 normal email

+ N9UsTNNnUANIBYA (regression)

= o =4 o’ . . = I o -==: =1 s
UANBUZINAUNL classification WENLARANIAANALNAK ALY AALA

(numeric)
grunnN lududnly

ganuelulasunanaly
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Classification & Regression task

« ANTAMNIULAALAZNNIINAZAULTZRANTNIN

Won | Cash

3 normal normal

testing data \ o ' prediction results
classification model
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Performance (classification)
+ ANAUTZANBNINURILULAA classification

Confusion Matrix

True Positive (TP), True Negative (TN)

False Positive (FP), False Negative (FN)

Precision and Recall

Accuracy
F-Measure

ROC Graph & Area Under Curve (AUC)
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Performance (classification)

ID |Type Predicted
1 spam  spam
2 spam  spam
3 normal normal
4 normal spam
5 spam spam
6 spam  spam
7 normal spam
8 spam  normal
9 normal normal
10 normal normal
11 spam spam
12 spam  spam
13 spam normal
14 spam  normal
15 normal

normal

ID Type Predicted .
1 spam spam

2 spam spam

3 normal normal
4 normal spam

5 spam spam

6 spam  spam

7 normal spam

o spam  roma
9 normal normal
10 normal normal
11 spam spam

12 spam  spam

13

- -
15 normal

normal

NANTEUIARANA normal

pred.\true. normal
normal TP
spam FN

spam

TN

True Positive (TP)

True Negative (TN)

False Positive (FP)

False Negative (FN)

\____/"\./
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Performance (classification)

ID |Type Predicted
1 spam spam
2 spam  spam
3 normal normal
4 normal spam
5 spam spam
6 spam  spam
/7 normal spam
8 spam  normal
9 normal normal
10 normal normal
11 spam spam
12 spam  spam
13 spam normal
14 spam  normal
15 normal

normal

—

=dalacupe
. NAITEUIAANA normal
Arue. normal spam
normal %
ﬁ/
/s;aV FN TN

/

D (Type Predicted

1 spam spam

2 spam span.'ni__
3 normal normal

4 normal spam

5 spam spam

6 spam spam

7 normal

8 spam

9 normal

1"
12
13
14

spam
spam
spam

spam

15

normal

True Positive (TP)

¢ AuInERIiudeyaaiely

ARNANNNAINANTIUN

True Negative (TN)
False Positive (FP)

False Negative (FN)

\____/"\./
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Performance (classification)

ID |Type Predicted
1 spam  spam
2 spam  spam
3 normal normal
4 normal spam
5 spam  spam
6 spam  spam
7 normal spam
8 spam  normal
9 normal normal
10 normal normal
11 spam spam
12 spam  spam
13 spam normal
14 spam  normal

s
n

[SSP——— |

A LA LAY Wl W

ID Type |Predicted -+ WARITTUIAATIA normal
1 spam spam -

2 spam spam N

3 normal normal

4 normal spam__—

5 spam  spam =l

True Negative (I'N)

AMUIUNTIUIEA LYY AT W

ARAN LN LANAINANTTUN

6 spam  spam
7 normal spam
8 spam normal
9 normal normal
10 normal
11 spam am
T spam  spam
13 spam normal
14 spam normal

False Positive (FP)

False Negative (FN)

\____/"\./



ID |Type Predicted
1 spam spam
2 spam  spam
3 normal normal
4 normal spam
5 spam spam
6 spam  spam
7 normal spam
8 spam  normal
9 normal normal
10 normal normal
11 spam spam
12 spam spam
13 spam normal
14 spam  normal
15 normal

normal
- | .
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Performance (classification)

ID Type Predicted
1 spam  spam
2 spam spam
3 normal normal
4 normal spam
b

6

7

normal
normal
spam

spam

normal

normal

normal

spary

normal

NANTTUNARAIR normal

pred.\true. normal

normal

e

spam

: @e (TP)

True Negative (TN)

False Positive (FP)

muquﬂﬂ TUNE

WAFTUN

False Negative (FN)

- o
AL UARIANNIAY

\-_./’\_/



ID Type Predicted
1 spam spam
2 spam  spam
3 normal normal
4 normal spam
5 spam spam
6 spam  spam
/7 normal spam
8 spam  normal
9 normal normal
10 normal normal
11 spam spam
12 spam  spam
13 spam normal
14 spam  normal
15 normal

normal
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Performance (classification)

NANTTUNARNE normal

pred.\irue. normal spam

W 4

— T

ID Type Predicted

1 spam  spam

2 spam  spam

3 normal normal
-—

4 normal spam

5 spam spam

6 spam 593/

7 normal spam

8 spam normal

9 normal normal

10 normal normal

11 spam spam

12 spam spam

13 spam normal

14 spam normal

15 normal normal

True Positive (TP)
True Negative (TN)
False Positive (FP)

False Negative (FN)

.« A uUIUNNIRIsEALTwAaNaN LA

NIAINANTTUN

£

&

N—2S
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Performance (classification)

pred.\true. normal spam

Precision

¢ AUV NAIN TN AN
yMuedufuaaaniasnina)

confusion matrix ai1Rald normal

Precision @1451 normal

D |Type Predicted LI_D Type  |Predicted : True Positive
‘ 3 normal normal 1 spam  spam True Positive + False Positive
8 spam  normal 2 spam  spam
- *« 4/7x100 =57.12%
9 normal normal 4 normal spam
10 normal normal 5 spam spam - °
| *  Precision 47471 spam
13 spam  normal 6 spam  spam
14 spam  normal 7 normal spam - 6/8x 100 = 75%
15 normal normal 11 spam spam
predict 1lumana normal 12 spam spam

predict itluAand spam
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Performance (classification)

@:

N —

pred.\true.|normal spam Recall

m——

spam FN TN

+ - Auudayanvinunagn

Recall 419151 normal

Recall . True Positive
: Mype i True Positive + False Negative
ID Type Predicted 1 spam  spam
3 normal normal 2 spam spam « 4/6 x 100 = 66.67%
normal spam
9 Sspam spam 3 o
7 _normal spam - - Recall a7%17U spam
9 normal normal
8 spam normal

10 normal  normal « 7/9x100=77.78%

11 spam spam

15 normal normal

12 spam spam

Aand normal
13 spam normal

| 14 spam  spam

tp://dataminingtrend.com AaNd spam http://tacebook.com/datacube.th 1
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Validation

« NIy AINENAADLLTEANEN W TEITNIAR

a“'/ ‘ k
(‘..\_3’ 5
v\'\"\_/

oelf consistency test (use training set)
split test

Cross-validation test
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Self Consistency test

+l49aya training lunmeaeuilsz@ninmaasluwma

ID| Free | Won | Cash| Type |
Y | Y| v |spam |
ﬂ N Y Y WI
3 M N | normal

| — T S D S M S S NN NS SES— N CEEC NN SN M S S S S

testing data e prediction results
‘ classification model

3 normal nomal
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Split test o

+ wivtanaaanilu 2 4m

training data A mfuainluwma Las testing data amfuvaasy

0] Free | Won

1 Y
= N
training data

3..H-- N_

predichon results

testing data

cdassification modal
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Cross-validation

+wiivayasanlu N 40 U N = 5 w3a 10

. » - o m o a
'}J'ﬂ:alﬁ N-1 gadmiuailuwa uas i’ﬁﬂﬁﬁﬁuﬂmmﬂwmﬂﬂﬁﬂu AUNISUATU N

Z H -|;.|| 4 Hacronsai

testing data predichon results

cassification model
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Cross-validation

+ wivayasantluN 9a 14U N = 5 w3 10

o - ﬂl _ L] s ]
'}J'ﬂ:alﬁ N-1 gad miuailuws uas 'i'fﬂ'ﬂﬁ AMUNWMAELATUTUNAZEL TUNISUATL N

10| Free | Won

Y Y
3 N N

training data

D| Fres | Won | Cash| Type | | D | Type |Predicted

i — i —— —— —— — i c— | — —1

N prediction results
cdassification mode

testing data
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Cross-validation

+ wvranaaanilu N 140 19U N = 5 w5a 10

| ) -HI -l ] - [ ]
iﬂ!alﬁ N-1 gadgwmiuainlume uay i’ﬁidﬂfhuﬂmﬁﬂﬂwmﬂﬂﬁﬂu AUNIIUATL N

'1D| Free | won| Casn| Type
N Y Y spam
3 N N N nnrnul

training data

ﬂlFﬂE|mnlcﬁh|Typn[+ ‘U‘THPH ]Pndi:tad
P c\ ->

classification model

predichion results

testing data
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Cross-validation

&

\‘-_-/’\u_/

«  ANRENUDY 5-fold cross-validation

ramn e trainmng if anng Fammg ifairmg
1D |Attrbutes|Label |
1 X1 spam
2 Xz -EP-EHTII
3 X3  nomal +
4 X:s  spam
O: x wm
6 Xe  spam
7 Xz spam
e 8 Xz  nomal
9 Xs  nomnal
10 Xw  nomal
o b X spam
12 Xiz  spam
13 Xz nomal ‘_____“_ |--"-""} Ay
e 14 Xy«  nomal o o ‘
15 Kas, nomal lasting Estng lasting

franng dala 'H'I.lﬂ 1
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Classification Techniques

74 X
({@" 25
N—

Decision Tree
MNaive Bayes

K-Nearest Neighbors (kNN)

Linear Regression

Neural Network

Support Vector Machines

Ensemble Classifiers (Vote)

Attribute Selection

* Compare classification performance
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&

Decision Tree

v ANWOLZURIAN Entropy

Entropy




i

194K Weather

[} - i - - - ] ! T i =l i
Huanmniiainiaduau 14 fuiiefiasundnkeiiniudduimldviely
ID | Outiook |[Temperature|Humidity| Windy |
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Decision Tree

1

O B ~ &8 ;A W M

- =k Dk o =
= W N = 2

Sunny

sunmy
overcast
ralry
ri]II'F_II
rainy
ovarcast
Sunmy
S unny
Fall My
Sunny
overcast

ovearcas!

Fauy

ol
hot

gl
ikl
cool
oo
mild
mild
rmiid
mild
rmilid
rmuid

hot

rmikd

high
high
high
high
niormial
nomal

norrnial

FALSE

TRUE

FALSE
FALSE
FALSE
TRUE

TRUE

FALSE
FALSE
FALSE
TRUE

no

184

i
¥

N—2S
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= = N—_—
Decision Tree

+ nslalume predict Tayalna

| ID | Outiook | Temperature | Humidity | Windy

1 @mnﬁa——— Tor————high | FALSE
 — "-—.._________--

soyni ldnnday

= FALSE

Tuipn decsion tree
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= = N—_—
Decision Tree

+ nslEluwa predict dayalvi

| ID | Outlook \Tmma-m[l-hmhitﬂ Windy
1 sunny hot f,\%h:gn FALSE
iy “\

'auumﬂﬁml-.iuu

= FALSE

Tuiea decision tee




LOB2203 szuuwmalulagaisaumaiiuladafinddiisugsiaooula
MPIAUTAIIRNAUALTWWAWLYU URIINYIRYTIVAYFIUFTUUNA

Decision Tree

i B
+ 1aNAIuAI LAY

a“'/ ‘ k
(‘..\_3’ 5
v\'\"\_/

- o W - o a4
FerasuTayamitiuiaaramiasluuan

. - | W |
wtittayaeenidu 2 AoulaanimIgATINANIENINATANATY 2 A7
ANUILAT Information Gain aMYRYA 2 dounuiala

RENYANINAN IMAY Information Gain gangaulaausie
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&

Decision Tree

Decision Tree

Nalve Bayes
K-Nearest Neighbors (kNN)
+ Linear Regression
Neural Network
Support Vector Machines
« Ensemble Classifers (Vote)
Attribute Selection

» Compare classification performance
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Classification Techniques

&

\‘-_-/’\u_/

+ ANUNALLTIU (probability)

n s
Tamanifiawanisaianwanisabiauus 19doyanmeal P() w38 Pr()

lenimFauum (IWussien)

lamalsin DAA U=ty 172 = 05

normal
(80 R17u)

Tamaldfen dArmaninaatu 1/2 = 0.5

AMUR siueRINIIWL spam email

+ ¥ email iauum 100 wu

¥ spam email Havsm 20 a1iu

i

1l normal email Yuus 80 a1iu
IJ i e
Taman emai az1fhs spam Hrananinazdlu 20/100 = 0.2 w3e P(spam) = 0.2

Taman emai 9=t normal TAruns=dh 807100 = 0.8 w9 e P(normal) = 0.8
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Probability o
all email (100 snfi)

. e L . _ Free
AYEUNASIDUNAY9T Free 2¢lu spam email spam normal
(20 a1iv) (80 i)

 Joint Probability

i |HI — i e
+ - Arinasdu 2 wannsnlifinguiu

dryanenl P(Free=Y N spam)

Rz Uiy
SpAMm ema

AaTunss i hdddria
Free lu normal email

AT s UuRAa T

Free |u spam email
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+lduannisuasA1uUaz U (probability)
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P(A|B) = P(ANB)
F’(H)

P(B|A) = P(ANB)
F’(-*u_)

P(ANB) = P(A|B) x P(B) = P(B|A) x P(A)

P(B|A) = P(A|B) x P(B) '
P(1)
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Probability

Posterior probability Prior probability

X

¥

\‘-_-/’\u_/

P(C|A) = P(A|C) x P(C)
P(A)

) =T i i -:-1 T P o .
- P(C]2) Ae anathasiduteddeyaniueanition A aziiaana |

- P (4|C) Ae ananhazidutesianalu training data NHWBAYTLLA A WATH
ARIA

P(AIC) = P(a, Na: N a5... N 3,|C)
P(AIC) = P{a/|C) x P{a|C) x ... P{ay|C)

P (C) viva P (1) AR Annandnasidlureaana C vite uaavisdion A
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« nsldlumaliNg predict Taya

&

P(Type = normal) = 5/10 = 0.50 D | Free | won | casn
P(Type = spam) = 5/10 =0.50 1 ¥ Y ¥
- fi'-:guﬁ'lﬁﬂt«‘nhhl
attribute | Type = normal Type = spam
Free = Y 0/% =0.00 3/5 = 0.60 P(C|A) = P(A|C) x P((
Free = N 55 =1.00 215 = 0.40 P(Type = normallA) = P(Free = ‘1"|T',r|:|;e = normal) x
1 F(Won = Y[Type = normal) x
Won =Y 0/5 =0.00 3/5 = 0.60 P(Cash = Y[Type = normal) x
Won = N 5/5 = 1.00 2/5 = 0.40 P(Type = normal)
= 0.00 x 0.00 x 0.00 x0.50
Cash=Y 05 =0.00 2/5 =040 = 0.00
Cash = N 5/5 = 1.00 35 = 0.60 F(Type = spam|A} = P(Free = Y|Type = spam) x
| P(Won = Y[Type = spam) x
L n Naive Bayes P(Cash = Y[Type = spam) x
F(Type = spam)
/Q_Eﬂ:-: 0.60 x 0.40 x0.50
ﬂﬂ
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Classification Techniques

N —

Decision Tree

Naive Bayes
K-Nearest Neighbors (KNN)
Linear Regression

Neural Network

Support Vector Machines

Ensemble Classifiers (Vote)

Attribute Selection

Compare classification performance
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K-Nearest Neighbors (KNN) o

+ nsldlumaiNe predict Tayalua

D | NaK | Age | ® Type = A
11 50 30 Wi -8
ursasan dala ® L il
- _ Ma/K
ID | NaK | Age |'T',rpn ID | wszvaedeye 1D = 11 ,
1 10 | 20 A 1 V[10-50) + (20-30)2 = 41.23 70
80 — L
2 25 15 =) 2 V[25-50)F + (15-30)2 = 29.15 5
50 —— 4 B
3 20 15 A 3 v[20-50)% + (15-30)2 = 33.54 — -
@ s0 |5 | B 4 VBEO-S0F + (15-327=1300 | 4, | ' %
5 55 20 B + & V(55-50)% + (20-30)2 = 11.18 20 — z ®
6§ 60 | 30 B 6 +(60-50)° + (30-30)2=1000 | W | 1 | |
| 4 4 | 4 e ,.li'l,_.;g
7 35 40 C 7 V(35-50)% + (40-30)2 = 18.03 10 20 30 40 50 60 7O
8 25 | 50 - 8 +(25-50)2 + (50-30)2 = 32,02 Tuma K-NN
9 30 60 C 9 V(30-50)% + (60-30)? = 36.06
10 40 5 C 10 +(40-50)2 + (55-30)2 = 26.93
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K-Nearest Neighbors (KNN)

« Msldlumaiie predict Tayalu Tnanmus K = 1

&

D | Nak | Age @ Type=A

M 50 | 30 il
rer— < @ Type =C

ID| NaK | Age |Type D | semsienndeya ID = 11 e

1 10 | 20 A 1 V[10-50) + 20-30)2=4123 70 -

2 2 | 15 A 2 VEEROP+(I530P=29.15 | &

3 20 15 [A 3 1.-“[21}-5{:]?+f15~3ﬂi3=33%{;‘ L ®

4 5 15 B 4 JEOS0F+ (1532 =1500 o, | . T

5§ 5 | 20 B 5 v’i55-5ﬂ33+{212215:|é=11.13 204 @ -

8 60 0 B Efﬁﬂman;hﬁnmy*:m.nn ‘ 1 | ' I N A

B 35 4 C 7 V(35-50)° + (40-30)% = 18.03 10 20 30 40 50 & 7O

B 25 | 50 O 8 [25-50)7 + (50-30)% = 32.02 Tima K-NN

9 30 60 - 8 +/[30-50)7 + (60-30)° = 36.06

BN 40 | 55 e 10 V[{40-50)7 + (55-30) = 26.93
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K-Nearest Neighbors (KNN) o

« nslalumaie predict faualud Inanmun K = 1

D | NaK | Age Te=A

50 0 el
ursasan dala .THPI =

ID| NaK | Age |Type ID | semsisnndoya ID = 11 oaD

1 10 | 20 @A 1 V[10-50)% + (20-30)2 = 41.23 70

2 25 | 15 A 2 V2550 + (1530F=20.15 | B

3 20 ‘ 5 | A 3 20-50)2 + (15-30) = 33.54 | ¢ . ; 2

4 55 | 15 B 4 VBOS0RE+ (1592721500 o Y Hed

5 5 | 20 B * 5 5550 +{2ﬂ2mf—11 8 204 @ ¢

6 6 | 30 B Eﬂﬁﬂ-ﬁumﬁﬂum}z-mun‘ i ' el .

T 35 40 C 7 +([35-50)% + (40-30)2 = 18.03 0 20 30 40 50 60 70

8 25 | 50 | C 8 V25-50)% + (50-30) = 32,02 Tanma K-NN

9 30 | 60  C 9 {30-50)7 + (B0-30)7 = 36.06

10 40 55 c 10 +(40-50)2 + (55-30)2 = 26.93
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Classification Techniques

a“'/ ‘ k
(‘..\_3’ 5
v\'\"\_/

Decision Tree

Naive Bayes

* K-Nearest Neighbors (KNN)

+ Linear Regression
Neural Network

+ Support Vector Machines

+ Ensemble Classifiers (Vote)
Attribute Selection

Compare classification performance
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Neural Network

+ TPaN NALAAIR ATNLAEULLLINY TN NIUIDIANAIN Y]

f/ . k
\
="\

input node 1
_ . hidden node 1
iInput node 2

e ©

InpUt node 3 hidden node 2 output node

input node 4 -_-_._,.

. i hidden node 3

input node 5
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Neural Network

- Tuwanlaudaaruvunalaen avadluglunivesannns

7zl k
(({&Tﬁ:%
=

ALAANART

LHARS ZUAR AU MUN (weight) 7219 lMUARNNT T4 Neural Network
LBuaaasninsdfunlaouaArdiwmninnduAimaunzas

. @ANI0 1IN classification (VNWIEAT nominal) WAY regression

(VTUNAFIATY) LA
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Classification Techniques

N —

Decision Tree

+ Naive Bayes
* K-MNearest Neighbors (kNN)
* Linear Regression
* Neural Network
support Vector Machines
+ Ensemble Classifiers (Vote)

«  Attribute Selection

Compare classification performance
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Support Vector Machines (SVM)

o ‘ i’ -I' i .
HumatianWaunTunn v uaztilsz@ninangs

&

\‘-_-/’\u_/

laudnnisuasluma linear Mutitianaaaniiu 2 pans

« Tinld . Tinlé
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Support Vector Machines (SVM)
= -; i -I' i = e
HumatianWauauN vl wasiitse@nining:

&

\‘-_-/’\u_/

laudannisrasluma linear Mutivdiayaaaniilu 2 Aana

01y
JL

« Tinld . sl
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Support Vector Machines (SVM)

r e -; - -I' i _
HumatianWmutaunn vl uaziilse&nining:

&

=

- ldudannistasluma linear Mutidanaaanitlu 2 Aana

2

el L
E S

« TilA
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Support Vector Machines (SVM)

i ‘ e .r i o
HumatipnWanausn s uasiilsz@nining:

@

f/ ‘ k
¥ 5
="\

- ldudannisaaluma linear Mutivdayaaanitiy 2 Asna

a1

« TI0lf
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Support Vector Machines (SVM)

= -I. i -l' i -
HumatianWanTunn v uasiilse@niningd

&

\‘-_-/’\u_/

ldudnnisuaaluwma linear Nuthdaysaaniilu 2 Aana

W IDIHR
@ support vaclor SlREa A

018 I:i] SU ppor vecior sAma B

B an lumaniilsmena

e 1ﬂ]:i HRaENINER

« inld . Tnlé
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Support Vector Machines (SVM)

SVM #n1s1d kernel function i@y nisuavdiananl
~ B 5 5 1 ;
aru19014Tuea linear luatidiR (dimension) Nigau

&

\-_-_r,f’\u_/

| . &
laTuima linear wiivdnyalddinsau

Wi THR
® maaA
¥ ApAHE

IF x =051 x >2.5)
THEN class =B
)

ff TFIF1 . T O

4 3 -2 -1 o111 213 4 4 3 2-1 0 1 2 3 4
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Classification Techniques

71 k
(w3

v\'\. N

Decision Tree

Naive Bayes

*  K-Nearest Neighbors (KNN)

+ Linear Regression

* Neural Network

* Support Vector Machines
Ensemble Classihers (Vole)

«  Attribute Selection

« Compare classification performance
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Validation
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Decision Tree

I

O O~ A WN=@DO

i b
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el
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14

outlook
sunny

sunny
overcast
rainy
rainy
rainy
overcast
sunny
sunny
rainy
sunny

overcast
overcast

rainy

Temp
hot

hot
hot
mild
cool
cool
mild
mild
mild
mild
mild
mild
hot
mild

humidity
high
high
high
high
normal

normal
normal

high
normal
normal
normal

high
normal

high

windy
FALSE

TRUE
FALSE

FALSE
FALSE

TRUE
TRUE

FALSE
FALSE
FALSE
TRUE

FALSE
FALSE

TRUE

play
no
no
yes
yes
yes
no
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no
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X

\_/\
l.':f_.,_l__]_JJ <new process*> — RapidMiner Studio Educational 9.9.002 @ TANAWAT
| File Edit Process View Connections Settings Extensions Help
g [ H v b v . fiews Design Results Turbo Prep Auto Model Deployments More =
Repository Process
& Import Data = v () Process P L 2ap ] % @
[
B Book1 (22421 11:25 PM — 4| D
E CSV 1 (82421 11:02PM -4 & Retrieve Sunny Play ... Decision Tree I
(
E Sunny Play ( 8/24/21 11:02 P inp c out ( tra mod ) res
L
ESunnyPlay-W:sﬂm 11:2; v exa [) res n
E Sunny Play -V3 (22121 1144 wei )
P ' process . |
» Bl TONG (Locsl) v
< Il >
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Decision Tree

I.':_J___lJJ <new process*> — RapidMiner Studio Educational 9.9.002 @ TANAWAT
| File Edit Process View Connections Settings Extensions Help

d == H - > - . Views Design Resuits Turbo Prep Auto Model Depl

Result History . Tree (Decision Tree)

Zoom
: FORD S outlook
Graph
overcast rainy sunny
Tree v yes
windy humidity
= /' Node Labels -
Description /' Edge Labels FALSE TRUE high normal
yes no no yes

Annotations
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(w4

o

validation

""ﬁﬁ Q)) rapiominer

Self Consistency test | Split test | Cross-validation
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Split test -
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Split test

l!.!:]_JJ <new process*> — RapidMiner Studio Educational 9.9.002 @ TANAWAT — X
File Edit Process View Connections 3Settings Extensions Help
g o H v B v . /iews Design Results Turbo Prep Auto Model Deployments More » £ | Al Studio v
Repository Process Parameters
0 Import Data =w 0 Process » )’3) }’3 W = 4 a @ E3 % validation (Split Validation)
split relative v |
EBUGH 8/24/21 11:25 PM — 4 {7 p
E CSV 1(8/24/21 11:02PM -4k Retrieve Sunny Play ... Validation

split ratio 07
E Sunny Play ( 8/24/21 11:02 P\ inp

E Sunny Play-V2 (22121112
E Sunny Play -V3 [ 8/21/21 1144

% mod
tra

'/!C MIF

pe VW automatic v O

» ' process

b - TONG (Local
< Il >

use local random seed v

<

70 % a1suastuaa 30% nNadauiulaa
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Split test

I.':J,_J_JJ <new process*> — RapidMiner Studio Educational 9.9.002 @ TANAWAT — X
_ File Edit Process View Connections Seftings Extensions Help
y - H v b v . /iews Design Results Turbo Prep Auto Model Deployments More = - erat - ,0 All Studio =
Repository Process Parameters
&» Import Data =w €) Process » Validation JORpS » P i @ @ % Validation (Split Validation)
split relative v )
B Book1 (824721 1125 P — & (A P
ECS\H 8/24/21 11:02 PM — 4 & - |
split ratio 0.7 @
E Sunny Play ( 8/24/21 11:02 PA tra mod® | mod ave 4
P =l thr tes ave
. N samplingtype % automatic v @
E Sunny Play V3 (22121 114 r
> [ process - use local random seed W @
P Bl TONG (Local) v
< Il >
Operators

anlit b " 4
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Split test

I'J]JJ <new process*> — RapidMiner Studio Educational 9.9.002 @ TANAWAT — X
_ File Edit Process View Connections 3Settings Extensions Help

g M H v b v . fiews Design Resuits Turbo Prep Auto Model Deployments More » : - erat - 2| Al Studio v
Repository Process Parameters
& Import Data =w €) Process » Validation » JORPC, W - i & @ [ % Validation (Split Validation)
Click to zoom into the process. split relative v (0
E Book1 ( 8/24/21 11:25 PM — 4 {
E CSV 1(8/24/21 11:02 PM — 4 k Decision Tree Apply Model Performance ) ) _
4 d d split ratio 0.7 @
E Sunny Play ( 22421 1102 B, = (] tra mod me me mod lab lab % per ave
L ) tes L
N2 8/21/2 s exa thr unl mod per exa ave
E Sunny Play -V2 szt 2 _ " sampling type % automatic v @
& sunnyPlay-v3 (22121 114 o '
b I process - use local random seed W @

<

» Bl TONG (Local)
< i >
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Split test o

accuracy: 25.00%

true no true yes class precision
pred. no 3 25.00%
pred. yes 0 0.00%
class recall 100.00% 0.00%

v 29%

Bl

1

3
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Cross-validation

I'J]JJ <new process*> — RapidMiner Studio Educational 9.9.002 @ TANAWAT — X
File Edit Process View Connections Seftings Extensions Help

d an H v b v . fiews Design Results Turbo Prep Auto Model Deployments More = - erat - ,O All Studio =
Repository Process Parameters
0 Import Data =w 0 Process » p p 2 r__l 4 a ] EH % Cross Validation
lit on batch attribute ()
EBDGK‘I 8/24/21 11:25 PM — 4 {7 sp
E CSV 1(8/24/21 11:02 PM - 4 & Retrieve Sunny Play ... Validation ‘
_ e leave one out )
E Sunny Play (82421 1102 FL inp c out (‘= tra ‘ mod )
& sunnyPlay-v2 22121 112 tra|) -
yriay - n v number of folds v 10 )
8 sunnyPlay V3 (22121 114 ave|) res
R = ave D
P process sampling type % automatic v @
[ 4 -TONG Local) v
< i 2 - use local random seed @
Cross Validation
Operators exa mod
P (j % /' enable parallel execution @
exa
perf X tes
B SNdiny vwinuuw vdiludauwg A per
w 7 validation (20) per
¥ [ Performance (18) o

w 7 Predictive (7)
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Cross-validation

I.':J____]_JJ <new process*> — RapidMiner Studio Educational 9.9.002 @ TANAWAT — pd
_ File Edit Process View Connections Seftings Exensions Help
d e H v b v . /iews Design Results Turbo Prep Auto Model Deployments More » i erat ; ,O All Studio »
Repository Process Parameters
&> Import Data =w () Process » Cross Validation » JORpC O i @ @ [ % Cross Validation
E Book1 - A split on batch attribute (W
8/24/21 11:25 PM — 4 |
E CSV 1(8/24/21 11:02PM — 4 & Decision Tree (2) Apply Model (2) Performance (2)
N g 4 leave one out @
E Sunny Play | 8/24/21 11:03 P = (1 mod = e mod lab lab % per tes
& sunnyPlay-v2 22121 112 Y e thr (| ul  ° mod per exa per
yriay Ve (gzizn e _ o number of folds % 10 @
E Sunny Play -V3 (22121 1144 el d | per
b [ process B sampling type W automatic v 0
» Bl TONG (Local) v
< . : use local random seed @
Operators _
./ enable parallel execution @
perf b4

B Sndiy yvinduww vanuduw -
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&
- . N—_—
Cross-validation

—

accuracy: 40.00% +/- 45.95% (micro average: 42.86%)

true no true yes class precision
pred. no 2 5 28.57%
pred. yes 3 4 57.14%

class recall 40.00% 44 44%
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WU UAUNAADIDS

I.'J._]_JJ <new process*> — RapidMiner Studio Educational 9.9.002 @ TANAWAT — X
_ File Edit Process View Connections Settings Extensions Help
d an H v bv v . fiews Design Results Turbo Prep Auto Model Deployments More = - erat i ,O All Studio =
Repository Process Parameters
& Import Data = v () Process » P L 2 pE i % @ . Apply Model
& Booki § Y application parameters o EditList (0)... @
8/24/21 11:25 PM -4 §
E CSV 1(8/24/21 11:02PM -4 & Retrieve Sunny Play ... Cross Validation ) .
J es create view @
B sunnyPlay (22421 1102 1 inp c out d exa % med
E Sunny Play -V2 [ 2/21/21 112 v %:a res
& sunnyPlay-v3 22121 114 tes s
— E per
» process
per
4 -TONG Local) v
< 1 > v
Retrieve Sunny Play ... Apply Model
Operators ‘ out F mod lab
C .
- unl mod
apply X _
- .

w = Confidences (1)
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I.'J:]_JJ <new process*> — RapidMiner Studio Educational 9.9.002 @ TANAWAT — X
File Edit Process View Connections Settings Extensions Help
d an H v % v . fiews Design Results Turbo Prep Auto Model Deployments More = - erat i ,O All Studio =
Repository Process Parameters
& Import Data = () Process » P L 2 PF i @ H . Apply Model
& Booki § A application parameters ~ Edit List (0)...
8/24/21 11:25 PM — 4 |
E CSV 1(8/24/21 11:02PM -4 & Retrieve Sunny Play ... Cross Validation )
J es create view
B sunnyPlay (22421 1102 1 inp c out d exa % med
E Sunny Play -V2 [ 2/21/21 112 v %:a res

tes res

& sunnyPlay-v3 22121 114

[l per
» process

per

» Bl TONG (Local) v
< ll >
Apply Model
Operators mod lab
apply X
- .

w = Confidences (1)

Ussynaluna
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| ExampleSet (Apply Model) % PerformanceVector (Performance (2))

Open in _—l Turbo Prep ﬁ Auto Model Filter (14 / 14 examples): all v
RowNo. T ID play prediction(pl... confidence(... confidence(... outlook Temp humidity

1 1 ? yes 0 1 rainy mild high -
2 2 ? yes 0 1 rainy cool normal

3 3 ? no 1 0 sunny mild high

4 4 ? yes 0 1 sunny mild normal

5 5 ? yes 0 1 rainy hot normal

6 6 ? yes 0 1 sunny hot normal

7 7 ? yes 0 1 rainy hot normal

8 8 ? no 1 0 sunny hot high

9 9 ? yes 0 1 sunny hot normal

10 10 ? yes 0 1 rainy hot normal

11 11 ? yes 0 1 sunny hot normal

12 12 ? yes 0 1 overcast hot high

13 13 ? yes 0 1 overcast hot normal W

< il >
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Wasuld Model [Naive]

I.':J___.]_JJ <new process*> — RapidMiner Studio Educational 9.9.002 @ TANAWAT
| File Edit Process View Connections Seftings Exensions Help

g B H v b v . /iews Design Results Turbo Prep Auto Model Deployments More » bay
Repository Process Paran
olmpurt Data = w 0 Process » Validation » ,u@ )9 W = + a B . Na
8 7.AssoRule (22521 121 PM — 248 A 7 lap
E 8. Group ( 8/25/21 1:49 PM — 1 kB Naive Bayes Apply Model Performance
J 9.Big Data- SMS PHONE | 52521 1 53 Fiu tra gt mod [) mod mod €] mod tab ) q 1 % per ) ave
E 9. Sunny Play - Model [ 2/1/21 10:21 AM — 2 &E N exa ) thr - ( unl Y mod ) C per exa ) ave
B} 10. Sunny Play- TEST (2121 1040 Al — 2 & thr | v 4
P  Process =
» E DB (Legacy Vv
< I >

Operators
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Wasuld Model [Naive]

IJ:J:]_JJ <new process*> — RapidMiner Studio Educational 9.9.002 @ TANAWAT
File Edit Process View Connections Seftings Extensions Help

h e H - b - . /iews Design Results Turbo Prep Auto Model Deployments More = k
‘B ExampleSet (Apply Model (2)) % PerformanceVector (Performance)
Result History . SimpleDistribution (Naive Bayes)
Criterion ® Table View () Plot View
% accuracy
precision
Performance .
rocall accuracy: 71.43%
AUC (optimistic) true no true yes class precision
% AUC pred. no 1 1 50.00%
- AUC (pessimistic)
Description pred. yes 1 4 80.00%

class recall 50.00% 20.00%
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Wasuld Model [KNN]

I'J]JJ <new process*> — RapidMiner Studio Educational 9.9.002 @ TANAWAT
| File Edit Process View Connections Seftings Exensions Help

g e H v b v . fiews Design Results Turbo Prep Auto Model Deployments More = knn
Repository Process Para
€ Import Data = v @) Process » Validation » P L 2P 4% . K
B 7.AssoRule (82521 1:21 PM — 2 kB A k Vv
E 8. Group (22521 1.48 FM — 148) k-NN Apply Model Performance v
i 9. Big Data - SMS PHONE (22521 152 Fus tra tra mod [) med @ et mod wp—q> g rrp )
E 9. Sunny Play - Model ( 2/1/21 10:21 AM — 2 &E - exa ) thr L ( unl ¥ mod ) C per exa ) ave
meas
J 10. SunnyPlay-TEST (2121 1040 a0l — 2 & thr o v
P  Process = .
mixed
» E DB (Legacy v

< i >
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Wasuld Model [KNN]

|_|;J____J_JJ <new process*> — RapidMiner Studio Educational 9.9.002 @ TANAWAT

_Eile Edit Process View Connections Seftings Extensions Help

¢ = H v b v . /iews Design Results Turbo Prep Auto Model Deployments More knn
Result History . KNNClassification (k-NN) E ExampleSet (Apply Model (2)) % PerformanceVector (Performance)
L ® Table View () Plot View -

% accuracy

precision
Performance .
racal accuracy: 57.14%
AUC (optimistic) true no true yes class precision
% AUC pred. no 0 1 0.00%
- AUC (pessimistic)
Description pred. yes 2 4 66.67%

class recall 0.00% 80.00%
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Wasuld Model [Netword]

I.':_J____]_JJ <new process*> — RapidMiner Studio Educational 9.9.002 @ TANAWAT
- File Edit

S

Process View Connections Settings
> - B
Repository

0 Import Data

"l 7.AssoRule z2521
E 8. Group [ 225821
) 9. Big Data - SMS PHONE | 22521 153 P
E 9. Sunny Play - Model 1 2121

121 PM -2 kB

1:49 PM - 1 kB)

10:31 AM -3

1l
L

«E

E 10. Sunny Play - TEST ( 9/1/21 10:40 AM — 2

P  Process

’ E DB (Legsacy
< il >

Extensions Help

<

.
VIEWS

Design

Process

0 Process » Validation »

Deep Learning
= c tra mod [)
R
wei )
v/

Results

Turbo Prep

mod

thr

Auto Model Deployments More =
PPL 2Pk HZw
Apply Model Performance
mod_@ mod lab ) g b % per )
= ( unil N mod ) C per exa )
thr « ¢

X

V\

networ

hi

dve

dve
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Wasuld Model [Netword]

l!:{]_JJ <new process*> — RapidMiner Studio Educational 9.9.002 @ TANAWAT
File Edit Process View Connections Seftings Extensions Help

4 am H v ; v . fiews Design Results Turbo Prep Auto Model Deployments More = networ

E ExampleSet (Apply Model (2)) % PerformanceVector (Performance)

Result History Deep Learning Model (Deep Learning)

- .
Criterion & Table View Plot View
% accuracy

precision
Performance .
recall accuracy: 57.14%
AUC (optimistic) true no true yes class precision
— e pred. no 2 3 40.00%
- AUC (pessimistic)
Description pred. yes 0 2 100.00%

class recall 100.00% 40.00%

-
-
-
-
-
™~
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Wasuld Model [SVM]

I!%!:]JJ <new process*> — RapidMiner Studio Educational 9.9.002 @ TANAWAT

| File Edit Process View Connections Setftings Extensions Help
h = H v b v . fiews Design Results Turbo Prep Auto Model Deployments More sV
Repository Process F
O Import Data = w 0 Process » Validation » ,@ ,@ » r_! 4 a @ o
B 7.AssoRule (82521 1:21 PM - 2 &8 A ke
E 8. Group ( 8/25/21 1:49 PM — 1 kB) SVM Apply Model Performance .
E 9. Big Data - SMS PHONE | 2/25/21 1:52 PM tra d irn — } mod mod C == lab ) ( lab % per ) ave .
E 9. Sunny Play - Model ( 2/1/21 10:21 AM — 2 &E est ) thr = ( unl ¥ mod ) C per exa ave -
J 10.SunnyPlay- TEST (2121 1040 a1 — 2.4 wei [) thr o v
» 7 Process = el ce
4 g DB (Legacy v !
< Il >
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WA Cross Validation

IIJ]JJ <new process*> — RapidMiner Studio Educational 9.9.002 @ TANAWAT
_ File Edit Process View Connections Settings Extensions Help

b o H v b v . fiews Design Results Turbo Prep Auto Model Deployments More » per J
Repository Process Parameters
&) Import Data =w ) Process » JORPC, O - i @ @ [ % Cross Validation
WY e wursiow n split on batch attributy
» | gdata
- Retrieve 9. Sunny Pl... Cross Validation
w =g models leave one out
inp out (j exa mod —
. NomToNumModel C % res
exa
. SVM Model Plain v - . number of folds % 1«
P g Text Mining e
» g Time Series per - 4
W
<o I > v
) g use local random see
Retrieve 10. Sunny P... Apply Model (2)
Operators out mod lab
c v </ enable parallel exect
( - unl mod
svm X = v
. HyperHyper A

w " Feature Weights (1)
1= weight by svm
w I Extensions (1)

w 5 Radoop (1)
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