Decision Tree

PR



OUTLINE

RN

£

RS



AR g, TR A SR B S AR, T DR R AT 4 2K

—_\

SRR A RIIES, PTEIER URTREAR TARIG? 7 X R <R

>=H
X
C

I
S
Ty

I TRPIREE AT Y, TP 2 N JSE T Y bl BT — R

B, PATEXS “IRXFEhF NG ? 7 XA AT RO, W AT — R A A
Je, Erftapit?

 WERENE “FHot” , IBAERIRE AT AT

 WRIR A e M4, I AERER T AR S

B A RAT A I R AR K I

4

C



Bil: NIER

B0 - COIEIOEE GG

Ear shape

Pointy
Floppy

Floppy
Pointy

Pointy
Pointy
Floppy
Pointy
Floppy
Floppy

Face shape

Round
Not round
Round
Not round
Round
Round
Not round
Round
Round

Round

Whiskers

Present
Present
Absent
Present
Present
Absent
Absent
Absent
Absent
Absent

Cat

O: O M : O i b i O+ O o =b ¢+ b



—ANATAT B /N 53 SRR SR

R RS A
TN AR

SRR E PPN PVAS R
A e A ) 3

AR A TR R A

=t
~
AN

ZER,  HAMAE T R XS T

4=
&

Absent

Not round Present

AN LA O REA SRR PRI 45 S
5y BT

R4S AL SR

L>
4

5_.
:
~

pmes
T
\| IL\l

/?%XTJ‘}\__;Z T —A/I\;*IJ /\J%z {IJ_IJ 1/1\4? ﬁl | New test example

[z

Ear shape: Pointy
Face shape: Round
Whiskers: Present



AT HIR B A 1R %

q.

WK, AHIREK

DRI 2T 1
o UL B8 77 58

e FEFTA AT REHI RSN A, SR B — Rz Aeae 7y on, RIEACHE MR I
PR AR

\‘I]

IIIVIIIV




FIRE

o AT B (AR U LN S
GarshaD

b

b

ﬁﬁﬁ%%%ﬂ]%%xz ear shape V;jjfxﬁjﬁi, Tx%ﬁxz paitity \\QTY
pointy bz floppy WFEUTE 53 B 2R SRTNCT D@

o o0 JATTFRZE 5 | e A1 19 5 T WIRNRFAE

JELE pointy FEI[AIH) 7*%)\5\
Txﬁa—: round 42 not round Zf% +¢§Q$

in w;:py

>~

2
B
—
ﬁ
>f>%

7N\ ‘?J'%’ g%"@ 7N\ ,3,/@’ 63\5'5%}&’ GarshapD

S— /\ Pointy Floppy
] Prﬁ,m g

A

NN\

Not cat

L4




Ear shapD

Gar shapD

Pointy Floppy

Floppy

Whiskers

Not round Present Absent
Not round

Cat Not cat Cat Not Cat

Not cat




R B ) et

3

i

RPN AR AL BRI RN RRL ?

i N4

Z (Maximize purity or minimize impurity)

N—




R B ) et

SR 2. A B R4 A2

A A R LOORR T A K M
RN R P ECA R B B I TR <£> o

SR A AR T T4 S .
g e LA T B




op

o

e, A5

Kir

=\

L=3

IS
ap

e, BATE XA

AN

i
op

W4

N—

/

Kip

—_N

L=3



Entropy/E AIEZEE K&

o p FOR R R T 5 1 L)
Bl Apy B INVEREARRT B LLl] D

[T

5 ' ' @ p,=3/6
Cat Dog Dog Dog

» IRATHAE B RS (Information Entropy) SR — 240 ¥4 ) AE 4l B
> HEMEE SRR M ER MRS, £ T EREEH EI’JT Efﬁ'ééﬁ‘ﬁ%ﬁﬁﬁﬁ/
AKAGMEAF, AEMBEK, B ERERMBIIK, k2, 5B

» N PMEEAREED KU, HAGBERE XN
H(D) = — Z Pi log, px
K

> . L

IR RIS Z)E: EHp, =0, Mp,log,py =0

W




%J%\Jﬁz 'fyﬂ

» H(D) = —p;log, py —pologypg = —pylog, p1 — (1 —py) log, (1 — py)

1.0
0.8 1
0.6 1
0.4 -

0.2 1

0.0 1

0.0

0.2

0.4

P1

0.6

0.8

1.0




ﬁt%ﬁ”ﬁ: %E&t@ﬁdﬁ

—_A
_a
N

//EI

~—
—

P =2 2],

A 5 S G

1) 20 B R Tk

PN
/ ’

PRI, FRAT Tt AT FH RN R
ANRFER] DA KRR W RARE / ®/DEAE / B/MsS B
BRI NS RFRAEE B 25 (Information Gain)

AT R ) T A

il

Ul

DS BRI BN 2, IR S

17X B



iﬁ%ﬁ”ﬁ: %Jﬁsigﬁ

.&’ '

Present ! ! Absent

z ‘

PE®
O

P1=§=0-8 P1=%=0-2 p1=%=0.75 p1=%=0.33
H(D{) =0.72 H(D,) = 0.72 H(D{) = 0.99 H(D,) = 0.92 H(D,) = 0.81 H(D,) = 0.92
UK AR R, R — N B R 2
5 A IR S s e BRI, B LRI 7 2o 2 R AT R4
AR AR AR 2 (KU AR R 1 B, EELEA AR (RO LA 7 1
15 I LA
R4 S LI B R IR, SRR, (2 Bk




iﬁ%ﬁ”ﬁ: %Jﬁsigﬁ

4 1 3 2
P1=§=0-8 P1=§=02 p1=Z=0.75 p1=g=0.33
H(D,) =0.72 H(D,) = 0.72 H(D,) = 0.99 H(D,) = 0.92 H(D,) = 0.81 H(D,) = 0.92

5H(D)+5HD 7H(D)+3HD 4H(D)+6HD

10 - ¥ 10 (D2) 10 Y 10 (D2) 10 Y T 10 (D2)

5 5 7 3 4 6
H(D) (1OH<01>+1—0H<DZ>) H(D) (1OH<Dl>+EH<Dz>) H(D) (1OH<Dl>+EH<DZ>>

EEHT RS
EL-E b N




%Jﬁsigﬁt IE:—[:Q%X

» FHRFIEa X F
Gain(D,a) = H(D) — z D,

v v
v, oD
¥ ol > \ ‘
° =5 a}‘y
[ ] = S
Ly,
= 'I

y 3 _‘}_'_A _-—l—: .
} Lﬂ /:‘1 I:l JLL\j:

R EED A jZ'J/\EI/meL\iEAi:
fIl)

fmi, FATHESR T UE —

B— [T SR BRI B v
» E D3

% *Xj‘ Jfs D

v% (Quinlan,

\ 3J\'f|:llu\i 7'7{

NSRBI 0 &

1986)

== ‘I‘/:_A
JIESH




215 B m R RN F ] 20 e

WK B T U K

A BT T B2, RIS S0 25 5K R AT 4

s HRAR TR OB AE R A I 500, FF O S 2 A 4 5

ST R, LR U L T B R A — AR A 4L
— A R L00% F— 402
o — 1 e B SR T E I BRI
 ARE R RN T — MR FHE

G R BRI B = D T W IE THE

S R R 100W SR T NSRRI, AN A 2K e K A

[_,|\|

(majority class criterion) %

4=

4
Ul

IS

IS

Ky

I

S

b

i



Absent

WY
P&

O weerw

Round Not Round

Cat Not cat

Not cat

A



>A'T|
L
]
=
JI |
{ b b

2
bl

N
o
oF
—a

R A2 G, WATTAE AL A 1R T 00

()

il o 1B AN 5y BB 0 SR AL IE TR R

TR XA DA AT R AR HIAR T 5, ) 1 S

)

\UI}

 , “X??{E&%U’E;ﬁ@ (Recursive Algorithm) : TEHMR BB &
) 0 A5 A~ 43 =2 HP ) e LA 35 /)N PR R R AR

LS B ) B AL SN BR =8 N ) 3 )3 By




» IERR T =1
IR
SOBLN S]]

y B

AN

VAN

B

4

Y

sl

Ear shape Face shape I Whiskers Weight (Ibs.)l Cat
Pointy Round Present g & | 1
........ Floppy _...|..... . Notround _ |....Present  ..l|....588 . ..|l..2...

Floppy Round Absent ;5 0 |

Pointy Not round Present 9.2 0

......... Pomty Round present 841
......... Pomty e e e e 75 1

Flo.b,by .......... NOtmund .......... Absent | | I——— 11 0 ......
Pomty NS ... Round ............ Absent .............. 102 1

| i _ D | S| [ 0 .....

....... g

1R E

WFAE AL, FAl]

-

b .

XTBRAN HEAT

()




[T~ I~

|-} e, RAIAHIEE S
}A Vi E:X—A/\/flil Jl_n:[:El)—L

G m. BY

AN BSZE 2 TR A 2R R YE & Q—Etl%’

NS, e T AN ] i
Not Cat K X X X >_<Weight(|bs.)

8 10 12 14 16 18 20 VTR

2 8 i » , B
) - (500 + 75w ) = 02 O AR AR SR AR £ L 25 KT
B B B0 5 28, TR AR ATTR

- 6
H(D) (101‘1(01) +1_OH(D2)> = 0.61 ;J::::L‘X/I\—‘ééi/ S~ 1t //TTH’:/\

7 3
H(D) <1OH(D1) + 1—OH(D2)> = 0.40

No

2 4%
B

Yes




>

S

>

R

>

e
s MR, W

' jjﬁl” {7
A R4

» SRTT
=)

\1IR’

\‘[R’

\-IIR’

U E[SE
NN
AT DARTRAL, AT DU ) e 3R Bl A -
A LR AR AL EE
AT
P A] He AR AR

L
g =

1T

L)

U iRk

R i HE 1T

\-[IR~

o

B RS
4 BE

o ARLZ1 1) N\ S

ll-ll

- BliE

St
N

1) ELSK

RS

TV

) TN A L
Paa)iE v, 4

R

=]

D ———

A

& H)— /N ]

] bagging. PENLFRAA boosting

e SR 28T

ATAN

~J

=

l

T HIA &%

J1i%, Al LA e



P
(1

A1 1A [

2 BEES T

Floppy

Pointy

Floppy

Floppy

] R

Ear shape

Pointy

Floppy
Floppy

_Pointy

.. Pointy
Pointy

. . .
a . . . - . . .
. . o . . .
. . .

Face shape

Not round |

Round

_Notround |

Not round

'Rbuhd'
Round
Round

Round

 Present |
Absent

Absent

Absent

Absent

 Absent

Whiskers

Present .

Present |
Absent

Present |

Weight (Ibs.)

88
s
92
- S
7.6
11

18
20



[B] )5 5%

RN ELY | — Nk an & s

» X UNRA — N EHE (Pointy & Round) , IR
AT Tz ST L N AR B 3R 4T T e

> ?IW)”' (B PP N1 5 24 R I ZRE00 HY i b AR S




BER: TS

I
=
Da

(4

—>i-
N

S
THL
i
itk
A
(55
@
=
3>
T
T

[T AN B AR IS4 B R AR PR 701 K
JTZEROR, RN R 7 HY
> EN: PR R TT 2 N B R  HRFAE

Variance: 20.51

Ear Face
shape Shape

Round Not round

. .' g' . “ @ 09 &)

L

N /1. 0

A
(<%
£
S
Dai
()
gl
N\
(AN
—
=
S=7
—,
Y
5
&)
iy

b

(

A

=X
oW

Weights: 7.2, Weights: 8.8, 15, Weights: 7.2, 15, Weights: 8.8,9.2,11 Weights: 7.2, 8.8, Weights: 15, 7.6,
9.2, 8.4,7.6, 10.2 11, 18, 20 8.4, 7.6,10.2, 18, 20 9.2, 8.4 11, 10.2, 18, 20
Variance: 1.47 Variance: 21.87 Variance: 27.80 Variance: 1.37 Variance: 0.75 Variance: 23. 32

10 10 10 10 10 10
= 8.84 = (0.64 = 6.22

5 5 7 3 4 5
2051 ——=%147 +-—%21.87) 2051 —|-—%27.80+—%*1.37 2051 — | =—=*0.75 + —% 23.32



NE( Sy

A PAVER, WA AR 2 B R Z IR
 ERFER T, Oy T RATRE IR RINGFEAR, TR A A MBS, Gk

IS AL

BRI, REI R ST R, R 5 SEOT LA i

SERE PR

N
lL_L
Sl
0w
J
N

NN A E S
VAR

AITEE il [ A e

SRR REAT BY A AT A

WAl EEAR T R, HIRS

DT R T DAERR P — R 2

PR EK 5, MRS

AR T i R AR T 72




REMBIEL (Pruning)

PRI BY A A PR S TEIR: (pre—pruning) MJEEYf¢ (post—pruning)
» TIBYA . AR IE SRS )[R BS) iE4 T B A

R RE BRI AES, N 7RIS, fClkE — 1 EE, RrEh =R
RNTF XA HME, ﬂJé;éﬂ;@lJ 257 X o

AT DU BT L0 B 1 45 S R RS, R AT — AR

IR NRAESE TR A R IAG, TR DB BRI BT AT BE R A%
A M AREESTR BT R

 JEBIEG: Se MNZREEAE R — R e BE B PR SR, AT AT B IR kAT 5 %2
WA S R BYRCER A, PR 45 5 X6 N 138 225 5 O 9

gl

\:II}




J5BUf7: Cost complexity pruning

AR R IR BB 75 ZE AR AR

» SRR TWT < Ty AR EIREE

TS

SCNIT|, BRTH R

 Ra = OICRERE ENWZE, B PalJPUEAX NE —1

R, (T) = R(T) + a|T|

TR R R

TR T 15

Jerffe/Ne R(T) Al LLsg T BIINZR2REG 1IR3, RSSTFFEDR
a2 ] 1T B 2 2R PEATXS I RS U S ROR 2[R )T 1l
o = O, ICAARMIENIAE, 1520 R 58 5 1 O A
> St KK, — IR M R BIREAT B 2 AN, BrbAe
(EE LN )

I PRa: A XEE

% /IMER,, (T) 2= [0




JUFPES Bl 375 ¥R B B

== 2 S
Y X=x]=mx),X ~p(X)

4

> BREmOHIBARTEAARR (e, g LMEBR), BRRHES

_A

g TEHATIE W (e. g JB@TSoboleva¥[H], Holder #%¥[H])

TN 156 m () A

e (Decision tree)

» 1%t (kernel smoothing method)

» kilx

2B (k—nearest neighbours)




%3 (KERNEL SOOTHING METHOD)

(Y | X =x] = | yp(x,y)dy

) p—
m(x) p(x)

AL TN R (%), p(x, y)

» ZEFEAL T (kernel density estimation)

Density
0.0 0.1 0.2 0.3 04 0.5




eV (KERNEL SOOTHING METHOD)

S =AA0 y)d
AR m(x) = B[V | X = x] = 22000

A~ 1 Xi—X
g mkS(X) — EZ?:lK( n ) Vi

5 RUINBCFEIRITE 5

. 1
> Myps(X) = ;Z?ﬂ Wis(Xi) - Vi

 Forbwe () = 5 KD R fi

S BRI 328 X EARC SRR




JUFPES Bl 375 ¥R B B

>

R R

N1

~ 1
' mdt(x) — n_xZin=1 H{xiEdqx} i Ny = {xi S qu}
AN ITE R 5 A X, n, Nz X AR A
» 1ZOGTE

A 1 Xi—X
> Mys(x;h) == ?=1EK( " )'Yi

el

1
n

» kiUt AL

A~ 1
* Minn (x, k) — EZ?=1 H{xiENk} Vi

> N, NIEE xS RS




JUFPES Bl 375 ¥R B B

= RhAES AN T IEER R IPCE e R, ASFE SR TACE K E S
SRR AR S RIS A ) 1 B
R B 2 AR IXE) ) (data adaptive)
IO BRI R BB AT, B 4EEE AR i AR AT
kISR E S E XHEEA R, fEXNEEAE —EReRER

R H B DRI A 2B R 5 E BT Haxf4E IR =i, SR my
A —‘E /(J/fjﬁ%

gyl

gyl

5

=

K




AT/

>

R 2 2 AR
PR NE IR R

Y. 2 » Y. 2 N
} f— J:ﬁ f— i\/
= sy MH] N = /0

N1

e
=k

» IR EERRIE

IV




