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CA.5F1CART (Classification And Regression Tree)
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Day |Outlook Humidity Wind Play
D1 Sunny High Weak No
D2 Sunny High Strong No
D3 Overcast High Weak Yes
D4 Rain High Weak Yes
D5 Rain Normal Weak Yes
D6 Rain Normal Strong No
D7 Overcast Normal Strong Yes
D8 Sunny High Weak No
D9 Sunny Normal Weak Yes
D10 |Rain Normal Weak Yes
D11 Sunny Normal Strong Yes
D12 | Overcast High Strong Yes
D13 | Overcast Normal Weak Yes
D14 |Rain High Strong No

1

RIER VIR
(humidity) #IX /7 (wind)
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BN, KEIRRE (outlook) .
(humidity) #IX /7 (wind)
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“pure node”
PR (L%E ‘l‘

K5

(4575

EORE=[:N
=) S5, PrEH

%7 (Overcast) Y
A (Sunny) (&M X(Rain)

BRT,

INBEESFTREK  (pure node)
VERT, TMRAERSESFIMEK (impure node)
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mEF>. RRM IR ETRE—
- Y
~ Outlook
N 4
"/‘— ..\'n
Ve [ Overcast |
( Sunny ] - -
N /
Day | Outlook | Humidity | Wind | Play
Day | Outiook | Humidity | wind | Play D3 | Overcast | High Weak |Yes
r rmal Y
D1 | Sunny | High weak | No D7 |Overcast | Normal |Strong | Yes
- D12 | Overcast | High Strong | Yes
D2 |Sunny |High Strong | No
) D13 | Overcast | Normal |Weak |[Yes
D8 |Sunny |High Weak | No
D9 |Sunny |Normal |Weak |Yes
D11 | Sunny | Normal |Strong |Yes

e N

( Rain )

\____
Day | Outlook | Humidity | Wind | Play
D4 |Rain |High Weak |Yes
DS |Rain Normal |Weak |Yes
D6 |Rain Normal | Strong | No
D10 | Rain Normal |Weak |Yes
D14 | Rain High Strong | No
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Outlook
__/
N
- I/Overcast\l
Sunny ) ~
_
‘_' Day | Outlook | Humidity | Wind | Play
Humldlty i
D3 | Overcast | High Weak | Yes
D7 |Overcast | Normal | Strong | Yes
Ve :
1\ High /I Norrnal / D12 | Overcast | High Strong | Yes
] ~ [ D13 | Overcast | Normal |Weak |Yes
Day | Humidity | Wind | Play A4
] Day | Humidity |Wind Play
D1 |High Weak | No
- D9 | Normal Weak |Yes
D2 |High Strong | No
- D11 | Normal Strong | Yes
D8 | High Weak | No
[ J

BREAT, XEEFET

R
N
Day | Outlook | Humidity | Wind | Play
D4 |Rain High Weak |Yes
D5 |Rain Normal |Weak |Yes
D6 | Rain Normal | Strong | No
D10 | Rain Normal |Weak |Yes
D14 | Rain High Strong | No

4>2KT] MUEB R pure node
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Outlook
4
— N
- l/Overcast |
4 N
[ Sunny | —T
AN
T Day | Outlook | Humidity | Wind | Play
| Humidity )
_ D3 |Overcast | High Weak | Yes
D7 |Overcast | Normal |Strong | Yes
; . _ : ;
( High /‘l [ e ) D12 | Overcast | High Strong | Yes (" weak
- [ D13 | Overcast | Normal |Weak |[Yes ]
Day | Humidity | Wind | Play A4 Day | Humidity |Wind |Play
] Day | Humidity | Wind Play ]
D1 | High Weak |No D4 | High Weak | Yes
- D9 | Normal Weak |Yes
D2 |High Strong | No D5 |Normal |Weak |Yes
] D11 | Normal Strong | Yes
D8 | High Weak |No D10 | Normal Weak | Yes

| Strong

h 4
Day | Humidity | Wind | Play
D6 |Normal |Strong | No
D14 | High Strong | No

« MKRERT, XKy E#HIT7E0 IUEEF - pure node
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sunny )

Yes
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[ Humidity )

DN

High ) [ Normal

No Yes
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| Overcast |




FFIE X i 1%

* ATHME-DREN, BRMNBFTERAEBMEFLERESEIRTR. A
7, BNBEAWNEN D XERELSREEAIRSBT R, DUEH
—FTHNBIEEEZ LI AE TR (HHR) .

» BATTURERBIEANNDIRE. FEEREEHELUELTFEENTER.
Ve BRI RER S, WERS. REMNBIHESWNEIEHIT XK,
PUAEIER FA—EEVIRZS (purenode) | XMEHEREBIENEEMS
RIK.

J
HHR—HETHROE  HD) = Lo(,po,-ps) = — > pilogy
1=1

PREEE—HRTED, HMIBXHILIMOBE, TNHIET
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J
W H(T) =1g(pi,p2,-..,ps) = — »_pilog, pi
=1

o,

‘/:7_ i V\\
| Outlook |
S

—
/

/ N\

> ~ [ Overcast | Ve
4 E . /

[ sunny ] S

_ )

Day | Outiook | Humidity | Wind | Play

Day | Outlook | Humidity | wind | Play D3 | Overcast | High Weak | Yes Day | Outlook | Humidity | Wind | Play
N | Ye

D1 | Sunny | High Weak | No D7 [Oveicast orma Stiong))|ves D4 | Rain High Weak |Yes
- D12 | Overcast | High Strong | Yes -

D2 |Sunny |High Strong | No D5 |Rain Normal |Weak |Yes
- D13 | Overcast | Normal |Weak |Yes -

D8 |Sunny |High Weak | No D6 | Rain Normal | Strong | No

D9 |Sunny |Normal |Weak |Yes D10 | Rain Normal |Weak |Yes

D11 | Sunny |Normal |Strong |Yes D14 | Rain High Strong | No

3 3 2 2
sunny7» % &I (32D = —clog, £ — < log, T = 0.9709508

0 0 4 4
Overcast X F&ME: Ig([04]) = 20927~ 7loga =0
3 2

3 2
Rainﬁ}i%%ﬂ’\]ﬁ:ﬁ: IE([3,2]) = — §l0g2 g — glng g = (0.9709508
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L HumidityfE AR5 =BT

3 3 4 4
High g9k 1e(3.4]) = —-log, - — - log, 7 = 0.98533
1 1 6 6
Normal 89 k:  Ix([1,6]) = —;logz; — ;logz - = 0.59159

HWind{E AR T BT

Weak7 X B4 :

Strong 7 > A4
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L HumidityfE AR5 =BT

3 3 4 4
High g9k 1e(3.4]) = —-log, - — - log, 7 = 0.98533
1 1 6 6
Normal 89 k: Ix([1,6]) = —;logz; — ;logz - = 0.59159
HWind{E AR =BT
6 6 2 2
Weak4y %t 1r([62]) = —-log, o — = log, = = 0.81128

8 8 8 8

3 3 3 3
Strongéj\ilzﬂl‘]i%]—: ]E([3,3]) = —glng g — gl0g2 g = 1.0
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FREEENEERE (FMEEHERTR, BRTREEBHBEXME) !
I([9,5]) = — %logz 1—94 — %logz % = 0.94029

{81825 (Information gain)

KPR M EIERE (A1)

1%-,%\:[:%%. = 1I=I 'U\m1 1I=l Ip\mz

=\

TH s B BIEEF (EAMH2)



FFE X 212 3F
{£81&25 (Information gain)

FREMaXtfRED#H TR D kSR "% 125" (information gain)

Galn(D a) = Ent(D) Z |Dv|Ent(D”) :

| D|
ZRHNARNDPXERER E’J’l‘izli"‘)‘CTﬂ LN XERMTINE,
L Humidity(E A X T 2 /Y
3 3 4
Highs 1. I:([34]D = —log, - - ;log2 > =0.98533
Normala % 9k5:  I:([1,6]) = —llogzé — glogz 3 = 0.59159

7 7
Gain(humidity) = 0.94029 — (0.98533)( 12 + 0.59159X% ﬁ) = 0.15183
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L Wind e 3295 A
6 6 2 2
Weak X 096g: 1([6,2]) = —glogzg — glogz g = 0.81128

3 3 3

3
Strong/ X m9E:  1:([3.3] = - log, i 51092 =10

8 6
Gain(wind) = 0.94029 — <0.81128><ﬁ + 1.0X ﬁ) = 0.04813

L Outlook{E A R ¥y =B

3 3 2 2
SunnypZa9iE: 1([3.2]) = - glng T 51092 c = 0.9709508
0 0 4 4
Overcast 894G Iz([0,4]) = —Zlogz i Zlogz i 0
| 3 3 2 2
Ralnéj\S'ZEl’\]iEﬁ: IE([3,2]) = —510g2 g— §l0g2§ = 0.9709508

Gain(Outlook) = ?
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L Wind e 3295 A
6 6 2 2
Weak X 096g: 1([6,2]) = —glogzg — glogz g = 0.81128

3 3 3

3
Strong/ X m9E:  1:([3.3] = - log, i 51092 =10

8 6
Gain(wind) = 0.94029 — <0.81128><ﬁ + 1.0X ﬁ) = 0.04813

L Outlook{E A R ¥y =B

3 3 2 2
SunnypZa9iE: 1([3.2]) = - glng T 51092 c = 0.9709508
0 0 4 4
Overcast 894G Iz([0,4]) = —Zlogz i Zlogz i 0
| 3 3 2 2
Ralnéj\S'ZEl’\]iEﬁ: IE([3,2]) = —510g2 g— §l0g2§ = 0.9709508

5 4 5
Gain(Outlook) = 0.94029 — (0'97095Xﬁ + 0X 1a + 0.97095X ﬁ) = 0.24675
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FFIE X D IE ¥

7 7
Gain(humidity) = 0.94029 — (0.98533)( 1z + 0.59159x% ﬁ) = 0.15183

8 6
Gain(wind) = 0.94029 — (0'81128Xﬁ + 1.0 ﬁ) = 0.04813

5 4 5
Gain(Outlook) = 0.94029 — (0.97095)( 1a + OXE + 0.97095X E) = 0.24675
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TTEZIXE, BFAHE TR = Houtlook

e N\
Outlook
AN J/

——

e : | Overcast | e ~
e J/

Day | Outlook | Humidity | Wind | Play

Day | Outlook | Humidity | Wind | Piay D3 |Overcast [High | Weak |Yes Day | Outiook | Humidity | wind | Piay
D7 |Overcast | Normal |Strong |Yes

D1 | Sunny | High Weak | No 9 D4 |Rain High Weak | Yes
- D12 | Overcast | High Strong | Yes -

D2 | Sunny |High Strong | No D5 |Rain Normal |Weak |Yes
- D13 | Overcast | Normal |Weak |Yes i

D8 |Sunny |High Weak | No D6 |Rain Normal | Strong | No

D9 |Sunny |Normal |Weak |Yes D10 | Rain Normal |Weak |Yes

D11 | Sunny | Normal |Strong |Yes D14 | Rain High Strong | No

SunnyfyF T S 2 Humidityir 2windiA E LSBT E .
XHAEEEE AENRIDENE FFE) MNAEMEIDIRRWEIE L



ID3/R K

ID3X 3% “Iterative Dichotomiser 3”7, HH:

 Iterative (ERH) | ENEXNELBIEREIEMIERRTN,
BARAEREFERFNEN, AEEIZEMNE N X LBRTEEX
NI, BEREEIEEHE,

* Dichotomiser (43%) | XMAENEREEZEZXITFERE MR,
HEETIZEMENAREERDZEEIEEDN.

- #53: f5HRlterative Dichotomiserf§ 5 =Mk K.
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© RRWHEF (pruning) BARRWEZXZHN—RE, TEZRD
REWHA/D, BB/ NMEENE ZEERERTIUS.
© REWHKEBEEMIPRE: WMERKMEHE

Tear production rate

not presbyopic presbyopic myope hypermetrope

not young




s (DU BB A H RriRAE)

» MENPESI TR LREFREERERTR/IMERBRE. WRY
RENT /RN TEOAERENTUNE Nk (BMEREHE) MTED
R ENRNME BARXNTRRMAIE—T X, MERA—T
I /=

=251 0.25

I/”Outlook -‘\:]
{ERIEH2: 0.09<K/NME A \ w

r Sunny ) . Sy
h 4
T\ Day | Outlook | Humidity | Wind | Play
[ Humidity | :
\ S/ D3 | Overcast | High Weak |Yes Day | Outiook | Humidity | Wind | Piay
7 rcast | Normal trong | Y
) » ) » D7_|Overcast | Normal | Strong | Yes D4 |Rain |High |weak |Yes
‘ ) \ D12 | Overcast | High Strong | Yes
( High ) '.\ Normal /,\ 9 g D5 |Rain Normal |Weak |Yes
- — D13 | Overcast | Normal |Weak |[Yes -
D6 |Rain Normal | Strong | No
Day | Humidity | Wind | Play .4 D10 | Rain Normal |Weak |Yes
- Day | Humidity |Wind | Play
D1 | High Weak | No D14 | Rain High Strong | No

- D9 | Normal Weak |Yes
D2 | High Strong | No

- D11 |Normal |Strong |Yes
D8 | High Weak |No

MR R ER/NERBIE: 0.1



fERe (5 2185 A F B irAE)

MEXFAEF I PTE TREEAEREAATHR/NMERRE. (IR
BRENT RSN TR Hask (BM{EEREE) /WNFED
i‘Jf:f'E SEMNR/NME, BBAXTHERMASH—TOX, maRA—1
M =

21351 0.25

EE1E8282: 0.09<fx/ME s H)1 \

( sunny ] N~ | el

Day | Outiook | Humidity |Wind | Play

u

D3 | Overcast | High Weak |Yes Day | Outlook | Humidity [ wina | piay

7 T t | Normal tron. Y
D7 Gvercast) | NormA iy | SRondR| VES D4 |Rain |High |weak |Yes

‘ ) D12 | Overcast | High Strong | Yes
( Hi ormal ) 9 9 D5 |Rain Normal |Weak |Yes
— D13 | Overcast | Normal |Weak |[Yes -
D6 | Rain Normal | Strong | No
Day | Humidity | Wind | Play .4 D10 | Rain Normal |Weak |Yes
: Day |Humidity |wind |Play
D1 [High Weak | No D14 | Rain High Strong | No

D9 Normal Weak Yes

D2 | High Strong | No

- D11 |Normal |Strong |Yes
D8 | High Weak |No

MR R ER/NERBIE: 0.1



R (MERIEE A HIRTFRA)

L -

« BEEMN—1EEEMAARWAE, AERERTHERALRERIDE
BREGNTIH, BFAE 7T —1HEZERM T aiE, 50N SE
MEEMREIY T N EE.

[ Outlook |

!‘llr-Overcastr ) 4
Sunny N~ ~ Rain
D Yes I
EREm2: 0. 09 4 =E18263:0.03 v
( Humld'ty vi." @ Wind \
High ,' {Abv”Normal w \ Weak ) , -Strong

Yes Yes




R (ME R85 A H BFRA)

\

. "%WS'ZM MBS AVREN IR, REETMERABLIEHExIDE
BBma . BEERAE T — 1HENH D RME, (EFEHNSFEH
MRER KRBT T XN HIE

EE1E251: 0.25

[ outlook )

. ( Overcast ) 4
(‘ sunny 7 Rain
—— Yes N
= B L EV3
5518252 0.09 | ZE18253:0.03 4 ¥
( ( Humldlty )
High x' ' Normal .:} ( _Strong _/.3’

Yes Yes No
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SRBEEXNTHAEEZBENFTERERE T,

V.S.
RERETRFIL
v
B{E1T HEE2 HUES EfE4 HUES BE1 B{E2

H—MEHE (WHFEA) BRZUTRMNBEN, SSTEBESEED
AR TEEES, XENUERTFERANAERDHF
iR EMERTRRENGE. FAit, TEHNERBEESHETRAK,

FEEXMHEECRERE—MREEFR T2 EIEEE,



= B 424 R

| /e "H —1

« ATHEEREFENNKEME, SINEREREE,
« FEIEZZE (Gain Ratio) FCA.5RFKRMELP{FHNSMEEFET L,
TaETERER (Information Gain) E XID3AY— o,

SplitInfo(D,a) = — Z

XMANFR 7 IERFEREREREES I RENERERNE, H

MY B RREARET S, NmEER 7 wE .



HEA4E

EREA4EE (Gini Impurity) ZCART (Classification and Regression
Trees) AREWEEZFATEELEELEN—MrE. E2—1H
ENEETRIEXREENIEIR,. BREAEEBAR, FAEEEHN
ANy

HHEERAAE
HNF—TMEEZIRINNEIESE, ERAEETUAMT AR

Gini(p) =1- 3., p;

Ho
* piRTEBEBEFEINEANORE,
« nZRHINEE



HEA4E

Gini(p) =1->., ,p;

© WRBEETNMETRERTR—1X5 (AxEds) | BAERE
RNEEE A0, WMREFEEFHITRIGYMWOMAES LA P (RAIHAL
), BLAERAEEILERAE.

« CARTARWEESITHALRERAEEREALAENFEELIDTZ
B9 S AFAE
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Ross Quinlan

19864F

73 9% 8] =R
ZEEE
=B
FEELE, FEHML
NEELIE

TREBR, FTEIMNB
J1%

WRHSMNER B A
D HRARE

REETH
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Ross Quinlan

19934
733 8] =
ZEENE
g
X E AR
H RIS AL IE

SR PEKBIH, (Reduced Error
Pruning)

EAERFAMHMNES
DEIFEFMR

CA5EMMiERF, BENEEZF
FRGERRA, #nC5.0

Leo Breiman, Jerome Friedman,
Richard Olshen, Charles Stone

19844

4 FE 3 ja) 2
s

Ginifg B EHRE R /ML
o X EELE

A R4 IR

BARE Zx M54, (Cost-Complexity
Pruning)

fERBIR
D RARE BTN

2R A, 0RIEE HMPythonfy
scikit-learnZ&E



