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[
I ¢ A1 Atbib2  Alibd  Class Learning
1 Yes Large 128K NO a] g orithm
2 [No Medium | 100K | MNo
L 3 [No Small 70K No
e e S Induction
examples 5 |No |rarge  |osk  |ves
(training 5 |No [Medium [eok  |No
insta nces) 7 Yes Large 220K NO Learn
8 [No Small 88K Yos Model
9 |No Medium | 75K No \
L_ 10 NO Small SOK Yes ﬁ
Training Set / m
Apply
7id Atrib1  AMnib2  ANAb3 Model
Test /
examples 12 |Yes |Medum |80K ?
(test 13 [ves [Lage MK |2 Deduction
instances) 14 | No Small 08K ?
?

15 | No Large 67K

Test Set
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Tid Refund Marital

L e =~ MmN =

—
=

Yes
MNo
No
Yes
No
No
Yes
No
Mo
No

Status

Single
Married
Single
Married
Divorced
Married
Divorced
Single
Married

Single

Taxable

Income Cheat

| 125K

100K
0K
120K
85K
60K
220K
goK
oK
90K

No
No
No
No
Yes
No
No
Yes
No

Yes

Two class labels (or classes): Yes (1), No (0)

Refund Marital

No
Yes
No
Yes
No
No

Status

Single
Married
Married
Divorced
Single

Married

Taxable

Income Cheat

75K |2

50K ?

150K ?

90K ? \

a0k |2 s
B0K ?

e . .
Classmerl
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Multi-class classification: :MUItiCIaSS classiﬁcation
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9 e Partitioning scenarios Examples
A is discrete-valued ’ Bl !
o . 2
& 2 S <
a a, a, / 5& g,‘ % %%a ~ §- &
@ A
| | 1 / | \

A is continuous-valued
A =split_point A > split_point

/ \

= 42,000

/

> 42,000

\

A is discrete-valued

but we want a binary tree
yes no
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RID

1

age income siudent credit-rating Class

youth  high

no

fair

?

%;5,»‘5@ oolaw] Sowails LS‘J'.’ NSO le.mg;})o d..aji>
S0 s> 0l Can ol w4 bge Suo i a5 e 0 b S oS U Ay, 5l Guwe .1

<=30
student?
/ N\
no yes
/
no

>40
N
credit rating?
7o N
excellent fair
£
.
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ID3 (Iterative Dichotomiser 3)

C4.5 (successor of ID3)

CART (Classification And Regression Tree)

CHAID (CHi-squared Automatic Interaction Detector)

© O 600

MARS (extends decision trees to handle numerical data better)
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RID

NoOUhAWN—

age

youth
youth
youth
youth
middle-aged
senior
senior

student

yes
yes
yes
no

no

yes
yes

credit-rating

fair
fair
fair
fair
excellent
fair
excellent

Class: buys_computer

yes
yes
no
no
yes
no
yes

youth

RID

BN~

Class

yes
yes
no
no

Middle-aged

senior

RID Class

5

yes

RID

6
7

Class

no
yes

16




c}&’sb&l:
o boww 881>
Semnan University
O o

RID age student credit-rating Class: buys_computer
1 youth yes fair yes

2 youth yes fair yes

3 youth yes fair no

4 youth no fair no

5 middle-aged no excellent yes

6 senior yes fair no

7 senior yes excellent yes

youth
no yes
RID Class RID
4 no |
2
3

senior

Middle-aged
,L RID Class

// \
'\ yes 1) no
N 7 yes

Class

yes

yes

no

17



c}&’siﬂ
o boww 881>

Semnan University

O3 o

RID age student credit-rating Class: buys_computer
1 youth yes fair yes

2 youth yes fair yes

3 youth yes fair no

4 youth no fair no

5 middle-aged no excellent yes

) senior yes fair no

7 senior yes excellent yes

senior

Class

no
yes

RID Class
1 yes
2 yes
3 no
Majority
voting
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RID age student credit-rating Class: buys_computer
1 youth yes fair yes

2 youth yes fair yes

3 youth yes fair no

) youth no fair no

5 middle-aged  no excellent yes

6 senior yes fair no

7 senior yes excellent yes

senior
RID Class
b no
7 yes
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RID

N bW -

age

youth
youth
youth
youth
middle-aged
senior
senior

student

yes
yes
yes
no

no

yes
yes

credit-rating

fair
fair
fair
fair
excellent
fair
excellent

Class: buys_computer

yes
yes
no
no
yes
no
yes

senior

[ credit rating?

chelleni

youth
Middle-aged
student? l
,‘// \\
no yes [ yes )
\ /
( no 3 l'/ yes \\ o
- 7 '\\ /,/
- - I3

Class

no

RID Class

7 yes

20




c}&’siﬂ
o boww 881>

Semnan University

O o
RD  age student  credit-rating  Class: buys_computer youth senior
1 youth yes fair yes Middle-aged
2 youth yes fair yes /J\ [ credit -rating? ]
3 youth yes fair no / ~
4 youth no fair no no [ yes ) fair Excellent
5 middle-aged no excellent yes e
) senior yes fair no / : ' P e
7 senior yes excellent yes \ ( j
no no ‘ es
\. y / (\ /> \ y ¥
S — i S S —
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1.0
0.8
IO W ©OLO0 208
Q.
o
et
Bucket 1 Bucket 2 Bucket 3 S o4l
Entropy: 0 Entropy: 0.81125 Entropy: 1 '
0.2
0'8.0 0'.2 01.4 Ol.6 0‘.8 1.0
p(+)
1ittps://medium.com/udacity/shannon-entropy-information-gain-and-picking-balls-from-buckets-5810d35d54b4 Source: Data Science for Business
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Entire population (30 instances)

pl @ )=16/30=053
ply ) =14/30=047

Balance < 50K Balance = 50K

pl@)=1213=092 pl@)=417=024
pl¥r)=113=0.08 pls)=1317=0.76

Source: Data Science for Business

YU (29,51

odal (grhws pl S i) ClpiSy w558 S 510
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FB oS o 5l ons (6 S aiged polie ®

ol 295581
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RID

O NOCOBWN -

age

youth
youth
middle-aged
senior
senior
senior
middle-aged
youth
youth
senior
youth
middle-aged
middle-aged
senior

income

high
high
high
medium
low

low

low
medium
low
medium
medium
medium
high
medium

student

no
no
no
no
yes
yes
yes
no
yes
yes
yes
no
yes
no

credit-rating

fair
excellent
fair
fair
fair
excellent
excellent
fair
fair
fair
excellent
excellent
fair
excellent

class:buy_computer

no
no

yes
yes
yes
no

yes
no

yes
yes
yes
yes
yes
no

9 tuplesinclass yes pm
5 tuplesinclass no

vklnfo(D) ——l 0g, (

—1

14)— 14

5
—) =0.940 bits
g2(14)
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RID age income student credit-rating class:buy_computer
1 youth high no fair no
2 youth high no excellent no
3 middle-aged high no fair yes
4 senior medium no fair yes
§  senior low yes fair yes
[ senior low yes excellent no
7  middle-aged low yes excellent yes
8  youth medium no fair no
9 youth low yes fair yes
10 senior medium yes fair yes
11 youth medium yes excellent yes
12 middle-aged medium no excellent yes
13 middle-aged high yes fair yes
14  senior medium no excellent no

2 3 4 4 ) 3 3 2 2 ;
(D)= —=x|—=zlogy=—=log; = | + — x [ —=log, - |+ — x [ —=log, = — = log, = | = 0.694 bits.
14 S S 14 -+ 4 14 5 2 D 5
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Gain(A) = Info(D)— Info (D)

YW ol (oo ‘_;3.19 Oleie & Information Gain -y yis b L;’},{g

O3 s ¢‘-°Le‘.3‘ Olime oy piion s Lo o,lo bools gilwlas jo 1y &jad - 5L L;).ag o2
WS e el y8 ]y Oledll

Gain(age) = Info(D) - Info,,, (D) = 0.246
Gain(income) = 0.029

Gain(student) =0.151

Gain(credit _rating) = 0.048
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slojl (so3ls S I sliges V=Y g

ID Age Income Job Computer
i Old  Medium Student No
2 Middle High  Teacher No
3 Old Low  Teacher No
4 Young Medium Teacher Yes
5 Young  Low  Teacher Yes
6 Old  Medium Student Yes
7 Middle Medium Student Yes
8 Young  High  Teacher No
9 Old High  Student No
10 Middle High  Student No

4
Entropy(D) = ——
BB~

Loga(- - )——Logz( ) 0.970

10

Domain(Age)={0Old, Middle, Young}
Domain(Income)={High, Medium,Low)}
Domain(Job)={Teacher,Student}

e
Entropyage(D) = % x (— % Logz(%) = iLOg 2(%)) +
%x(—%Logz(iﬂ—%Logz(;))ﬂk
% X (—Eﬁogz(%) — %Logz(%)) =0.875
Entropymecomd D) = i X (—iLOg Z(i) - ELog 2(9)) *
4 4 4
4 1 1 3 3
——Log:(—)——=Log:(—))+
Ta x ( 1 g(4) 1 gZ( )
] (——Lo (1)——L0 (l)) 0.524
10 &2 3 i 2
Entropyses(D) S>-<( 3LO (‘) 2L0 ( ))+
- - 2 Jobl = —_— — H—)—— i
= 0 5 SNy g g
5 3 3. 2 2
—x(——Log2(—=)——Log2(—=))=0970
10><( . Og(s) : Og(s))
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4 4 4] 6
Entropv(D)=——Log2(—)——Log2(—)=0.970
py(D) % gz(m) i gz(m)

InformationGain(A4ge)=0.970-0.875=0.095

InformationGain(Income)=0.970-0.524=0.446

InformationGain(Job)=0.970-0.970=0
s gadsy sl ol Jlade ot ) Lol caolchs oSGl b &
ol el 8l plaie jlade ¥V lgf oo dolbCidio ol (caioly o e Ded o Sl
dolbCd o oyl (asl dw polie L SO 2 a5 dgid oo cumidiin 0,5 ol 5l asld 4w

lo3 )98- iz 2

o 3 S o el g oo 3 dsgazme i ¥ bjgel lmesls w3l
b o2l Db e drle Ol Cpp aolh i (p e JB Ailes ladcgere
sl Sy lie 2S5 he 988 05 &5 58 Sloka 39 el ghwbicdo
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. Syl Jled o polie (g0l olaws sllo a5 Slo 559 4 Information Gain
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RESToR LSMM.AJG LS‘)-.’ - u;J"9 o

0 p0 S lwJlo ) WS Byl 1) IS (ol B 0iS’ o oolaiw] Gain Ratio oy Cowd 51 C4.5 i ,65]
(Sl

".’

| D, | | D, |
Splitlnfo (D) = -y —xlog,(—2-)
4 ;|D| “|D]

Gain (4)
Splitinfo(A)

GainRatio(A) =
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Gain Ratio Jtw

RID age income student credit-rating class:buy_computer
1 youth high no fair no
2 youth high no excellent no
3 middle-aged high no fair yes
4 senior medium no fair yes
5 senior low yes fair yes
[ senior low yes excellent no
7 middle-aged low yes excellent yes
8 youth medium no fair no
9 youth low yes fair yes
10  senior medium yes fair yes
11 youth medium yes excellent yes
12 middle-aged medium no excellent yes
13 middle-aged high yes fair yes
14 senior medium no excellent no
Splitinf (D) 4 1 : 6 1 6 ! 1 !
1injo; = ——X10 — | — — X 10g — | — — X 10 —
PAE Cincome 14 02\1a) "1 %%\ T e T %2\ 1

Gain(income) = 0.029

ﬁ GainRatio(income) = 0.029/1.557 = 0.019.

) = 1557
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m
Gini(D) =1-) "p?,
i=1
395 o0 S ) O yp0 & Dgd peendi D2 9 D1 dcgazmoni g0 0 A (Shg ooll D osls acgozs S
D, | |D;|

w D1l .. . "
G D) = — Gini(D — Gini(D
inia (D) D ini(Dy) + DI (D)

AGini(A) = Gini(D) — Ginipa(D)
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RID age income student  credit-rating  class:buy_computer
1 youth high no tair no iMi: S
2 youth high no excellent no Gitiincome < ”;;’medmml D) "
3 middle-aged high no fair yes .. ..
4  senior medium no fair yes = —Gini(D;) + — Gini(Dy)
5  senior low yes fair yes 14 14
6  senior low yes excellent no 10 7 2 3 2 4 2 2 ) 2
7  middle-aged low yes excellent yes =— 1= —=) =1 — b [ l=[=] =] =
8 youth medium no tair no 14 (10) (10) 14 (4) (4)
?  youth low yes fair yes
10 senior mediuvm yes fair yes = 0.443
11 youth medium yes excellent yes
12 middle-aged medium no excellent yes = Gitliincome e {high}(D)'
13 middle-aged high yes fair yes
14  senior medium no excellent no

GiNigow, high 1S 0.458; GiNigmedium, highy 1S 0.450. Thus, spliton the {low, medium}(and {high}) since it has the
lowest Giniindex
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A2 o Sl |y wdly ply canlgs jd a8” b piie cleMbl V=Y Jou>

OS5 8 s | | | e e | VY J
| 553 olyde el s ; o Jad atls ply slasl (gl (6 35 0 > Sledbl Y=Y Jos
dlﬁé)fefmwﬁuhw)mluﬂ_agm5@9$«mgjﬁa Is . L) b ool S 3

Awd Sige ply (slacl ID Age Job House Credit Class

) 1 Old  False True Excellent Yes
005 22595 ¥ 95 Camnd & wuiys 4 INO g Yes (oS g5 4 03y diges Vo &5 L] G s Tas Gl T
a2yl el 3 Middle False False Fair No

6., 4, 4 Middle True True Good Yes

Gini(D) =1- (E) B (1_0) =0.48 5 Young False Fualse Fair No
o o o ) 6 Old  False False Fair No
aolboliv oS ¢l Gini Index |Las aolbcio (pyan 8L ca 7 Middle False True Excellent Yes
. & L, s i . 5 8 Youn True  False Good Yes

P ol e s Jid gasts L R 9 Young True  True Fair Yes
o Cew s jlee (gduuloes LD Cped 4y g bl False s True s 10 Middle False False Good No

3

o= iy 3y
Gmr_ro&(D)—mx(l (_7) (7) _)+10

e . A
1-(=)*—(5)’)=0.343
-6 -6

o T I . < T P s U B i N
Gmeouse(D)—lox(l (5) (5) )—i—lOX(l (5) (5)) 0.160
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Gini  jlao a5 1l 5l g aiud lade dw gLy S o sl g o saoBOlin Ll
saalS 0L @jlu e asbolio ol 51 Ky lp 1) 29393 wlaiil K Index
Lgd oty p dolBSlan pl gy polie s Y
Ginipg(D)=0.476 3y {0ld} , {Middle, Young}
Ginisg.(D)=0.467 3 {Middle} , {Old, Young}
Ginigg.(D)=0.476 3 {Young} , {Middle, Old}
Ginlcreqin(D)=0.400 b {Excellent! , {Good, Fair}
Ginicgeqir(D)=0.450 35 {Good} , {Excellent, Fair}
GiNlcreqi(D)=0.317 <3y {Fair} , {Excellent,Good]

4 S Conl ABid o sdolBiidn gy Oladdl s 0S| e dlas e S jglailen
Gini)lade g 25,5 e 58 1503 09)5 35 Sl 5 09,5 S 33 Lloz 5 5y peolie
sy sliel saslicin gl sbae ol Juie alie jshay .ol </¥FY L i, Index
IV Jaie U SeSin e cdolBSlie b jl ol (sdds e 53 0Bl o <YV L
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o K-Nearest Neighbors (KNN)
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el G500l slapis o5l oy yoolu
IV IV WR S| 0%
(Ls“"’)ﬁ“" slaosls) LQL;)@ slase®
alold jLxo®
K losee
i IO o k=1:
.o .?: S . » Belongs to square class
A ", o k=3:
Q' bpg v . e » Belongs to triangle class
oo, o 2 . = o k=7:
’ T 5 20 » Belongs to square class
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KNN
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o5l Jbe

from cltloaarn datacate Amnartd make rlacecifircratinn

from sklearn.neighbors import KNeighborsClassifier

clf = KNeighborsClassifier(n_neighbors=1)
LRSI O
print('with k=1: ', clf.predict([[-2,-2], [1,1]]))

clf = KNeighborsClassifier(n_neighbors=3)

clL ST (X))
print('wWith k=3: ', clf.predict([[-2,-2], [1,1]]))

With k=1: [1 1]
With k=3: [0 1]
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Z=wy+w X +wrX, +--+w,X,

Logistic regression

A5 i |y oS Lag aSl gl s camo o @1, | Cilites (gla IS Jlos]

.\.L;SLSA )lf Sode LSLQL;}’.E LS‘)-.’ lass
Dl oy la Fhg il s oSS

Jlm! lgiear |y T lg0 a8 o3 59] Camdds (6,100 B 0uiS oo Jloe! Z (9, 1) (i) 9w b Lo

o(Z) =

1
1+e—Z

1.00

0.75

0.50

025

0.00
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i Predict y=1if o(z) > 0.5
Thatis, predicty=1if wg + w1 X; + wp X5, + - =0

SIY=1 oS S o e i Jlie sl p

—3 F Xy F Az =0

w‘gsb-"éﬁfwa-’)ﬁ S slylo
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Support Vectors
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SVM gl Jloy odle
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’
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Feature Space

A

http://thecaffeinedev.com/2-support-vector-machine-learning-math-behind-part2/

Input Space
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Overfit
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clf = svm.SVC(kernel="linear") clf = svm.SVC(kernel="rbf")
clf.fit(X,y) clf.fit(X,y)
8t 8
6 1 6
4t 4
° °
- 2 § 2
g g
0t 0
-2 -2
-4 4 -4
4 2 o 2 4 & 8 % 2 o 2 & & 8
Feature 1 Feature 1
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o iy ‘ clf = svm.SVC(kernel="rbf', C = 10000, gamma = 0.5)
cLf . fit(X,y)

_C =10000, gamma = 0.5
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4 2 o 2 4 6 8
Feature 1
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k-fold Cross Validation

5 Ble g9o50 (nl 0g alys SrgS s (i )Lisl (gasgommo o (oS glrosls S8
oS oo oolizw! k-fold Cross Validation ;. pl Ly 058 o Jow slezel LB L3

Fold 1 {
Fold 2 {
Fold 3 {

Data split into 3 partitions

A
Validation Training Training
Training Validation Training
Training Training Validation

Validation )
score #1

Validation
score #2

Validation
score #3

-

o

w\’gaké‘wa);Ol.cw

Final score:
average
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Confusion matrix : o ;o jw s ylo
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Gz dwd Joo (20551 sla )l

Sl odd (guss dwd Cawyd &S o diged v )0 :Cexo AccCuracy

TP + TN

1P FP 3TN + Bl

Predicted Class

Error rate: 7 —accuracy, or
Error rate = (FP + FN)/AII

1
& —mm
% Class=1 f;,
‘E Class =0 fﬂ"i fm
<
# correct predictions Ju+ Joo

cdsy  Accuracy =

total # of predictions - Jut fiot S+ S

# wrong predictions Jio + for
total # of predictions 7, + fi, + fo1 + Joo

ls =5 Errvorrate=
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» Sensitivity: 7rue Positive recognition rate
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@ Precision

ol 335 Iy

i G ez Cado (lgie 4 0alS guky 4kl o ola Ul oo s wix {(Precision) cés

O3 o n

Ao Cdio 28l 40 el 00,5

IP
TP+ FP

precision =

Actual Class\Predicted class cancer =yes | cancer = no Total
cancer = yes 90 210 300

cancer = no 140 9560 9700

Total 230 9770 10000

F ~
1

Precision = 90/230 =39.13%

)
- -
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@ Recall

gf/alfgl,
-y Lo 8IS 1> o . o o 20 &
Sy 08y o Care lgie 4y 00S” gam aib Cuie sl LU 5 ows o s (Recall) Sl 8

Actual Class\Predicted class cancer =yes | cancer =no | Total
cancer =yes 90 210 300

cancer = no 140 9560 9700

Total 230 9770 10000

Recall =90/300 = 30%

- o
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F-measures

Recall 4 Precision ;yo Ssge,la 55Lw (F1, F score) :F-measures

2 X precision X recall 2TP

precision + recall ~ 2TP + FP + FN

Recallg Precision g ,lxs
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(1 + %) x precision x recall
3% x precision + recall

Fg
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