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o« ZHMAERY: f(x) =wix+b

-Eﬁ%&%m,ﬁ%@ﬁ%:{

LA "R BRI izZ s

O

wix+b>07?
Yes N

| EHRBYNEELS
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y=4+1 if f(x) >0
y=-1 if fx) <0
LAEFHIES BRI D SN R TNAIELE

W (dim(x) = 207)

X

\\\\\ +1

-1 \\\\
\\ix(z)

“wix+b=0

BE (BR) N "W, ERNSESREE—

BETTLUZITHEESLL sign(w”x + b) BIEES IS SRR
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« Example:
- BMHE: {A: 2BAELE (11), B: 2EEEBIFNIMUEF (1), C: 2BENRIZEE (+1)}
« In%r: BEE—NMFRIRIER (v € {(£1))
VAN N A .
» — D AJRERYRIRIN : FS  AEIfF W% EREE | BRER
A B C y
{1,2,3,4,5,6,7,8,9} 1 v v v v
)&y 29Ty 250U,/ 4,0, %E;_LAEI«E? (A) 2 \/’ \/’ X \/
3 Vv X vV X
{1:2:3:8} YeS NO {4,5,6,7,9} 4 X X X X
5 X Vv X X
STEEITINET? (5) 6 Ny ‘ J .
Yes No 7 X v X X
{1,2} {3,8) ° “ ) v 8
9 X Vv X X

it

. B . = JIEEUE
{1,2..)37~data pointF5
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« Example:

{1.’2.’3)4)5)6)7)8J9}

{+)+)')')')')')')'

EAAETIE? (4)

{1,2,3,8) Yes No

{+)+)_)_}

EREBFRINE? (B)

Yes

NO {4)5)6)7)9}

{1,2}
{+,+} {-,-

£y TR a t - ﬂ
;zi: %52
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A A
yes| -1 r +1 _:
no _.1 :
} » B
no yes
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« Example:
« EZTDRNP, ] IFEAARNRI D PIRE "HE
(purity)” B ’J?’E
{1,2,3,4,5,6,7,8,9}

BHNEIR? (4)

{1,2,3,8} Yes No

4,5,6,7,9
EAERFIME? (B) { /

Yes No
{1,2} {3,8}

- HRERT, 8T TRABSESBIRNIZERN
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Fs IWNEIE ENEFE | FHER
. . A B C y
ample: A A
o B5— 1 oJEeRYIRTRIN : 2 o Ni X v
{112:3:4:5:6:7,'8:9} 3 \/ X \/ X
BEERIZEE? (0) 4 X X X X
N 5 X Vv X X
{1,3,6,8} © {2,4,5,7,9} 6 y » N 9
7 X v X X
8 Vv X i X
9 X Vv X X

IR CHIARIE MAEA A e oD
' CEIERS (REENEER) SRR (RER—MFINFR) GHEE

UL Clprin=sa ajayn e =
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» WYANZER AT T B IE?

—RME, EEXTHAHT, FAIFERRNND T RIMEESINEATEE

EE R

s ERATRTLAREIE— I EEM, RIEREMAARRENSITRESHIERE
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YIS Bt ERSRISRFRIEIEXD) IS ERHITH D, EEIEEIXRRIEK

v x v

F AE #NF% EREE | FHER

S TIfa B ¢ y EHNETE? (4)
1 v v v v

2 v x v Yes No
3 v X v X

4 X

5 i X

6 X v

7 v

8

9

PR BAFHIRIS ISEEHIRIS

EREXEEE? (0)

No
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- Bisis Dbl

 MAEE—NEERE?

- (E84& (Information entropy)
« HB1524 (Gini index)

PRI L T B 1

* WUANEAR— N FRY L 73N ?
. {(5E1E2%% (Information gain)
o 1E2E2R (Gain ratio)

- (JBMRY) Eefg2X (Gini index)

10



- B R AR iy

- EEHEENASESDRIAEE: HD)=- ) —log—
KEK
- | |I®RTRESTEHE, D ERTESDFIRENLRIFE, [K]731‘T\ £ (K9R)

- BIEANESDREREIET:

|DA=4| _
D,A) =H(D) — H(D4=4
g(D, 4) ()i;ﬂ o HD*=)
- Hroh, BMARIRTEEEE N q; | i € [m]}, DATUHRRESDIHEREEANq,HIFEE,

- GICHEIZEY NirE. PEIZEX 7J)=' £A, N

+ BTSN FIRMEIRIIE: Tiepm 2o HDA=4) = H(Y | X)
. (ERHERENINS SR ZANERES: g(D,4) = 1(,X)
- —RIBRT, ERIBmEK, WER%EIEHTHIDAEERY "EEER" X

11
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* XN EEEEIEmE AR IERHI TS
» WFhl, ERT RGB!

D = {data, ~ data,} B AET(F 0 S0EE | PR
= A B C y
2 2 7 7 1 v V Vv vV
H(D) = (—glogg) + (—§log§) = 0.764 5 J J o J
3 v X v X
g(D,A) = 0.764 — (g (—zlogz — %log%) + g(—glogg — 0>) : z i</ i i
= 0.764 — (0.444 + 0) 6 X X v X
7 X Vv X X
=0.320 : y ) y :
g(D,B) = 0.225 9 y J 9 y

g(D,C) = 0.0026

- BIIEERIEATE X DB,
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B 51551 (SR

CEE: B RS (1) BIARET—....

¥ ERIIEREH0 (B— 1 RIEUEN % RIf BN RRER | GeeR
B—HEAR) . ERIBERS! X J N N y
. g(D,1) = 0.764— 0 = 0.764 2 v v x v
- AT R SN BAR BT e | . . - U |
- (ERBTEN R FERERESEER R ° x v ~ "
KO L S R
o QYaTERIR? z i 3 Z :

13



:“au“bﬁv } ﬁ
;zi: e g 2

PEKING UNIVERSITY

B 52t

T 3E o e wee
s BERFTIR: KRS AR D ER, N
- BIEARIEERENA: R
(D, 4) = I2D N
Hy (D) R

L, Hy(D) = — T S Hog 2 AR AB SO (RAEIRE)

* Hy(D) AETF H(DA7%)! BIBLIATER" ir&" HEANTE, REREGEREy
ABHEE (€D ™% k)
- SRMARSEREZINEEN, EASED ENAHEERE, Hi(D)ERK, EEXINIE
m=BE, —EEELER T REASTRIVSERER
- ElxiEEESESFRERES DR EE=E=EE, B
A, = argmaxyer g (D, A)

14
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T iR+,

g(D,I) = 0.764 > g(D, A) = 0.320

0.764
gr(D,1) = 7 = 0.241
(—glogg) *9
D,A) = 0.320 = 0.323
gR( ) )_ 4_ 4_ 5 5 — V.

(_610g6 —alogg)
gr(D,I) = 0.241 < gr(D,A) = 0.323
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» SURRBME AT LUESIS?
» RENET(F -> 8RT/EIK

Fs  FEI8XK EF ENEE | iFRER
FE  AEIE WF ENEE | BRER THEE B : >
1
v v v v . ” v v ;
2 Vv v X ¥
2 J J 2 8 Vv X v
X X
3 0 X v X
4 X X X X
4 0 X X X
5 X v X X
5 4 v X X
6 X X v X
6 2 X V X
7 X Vv X X
7 6 vV X X
8 v X Vv X
8 0 X Vv X
9 X i X X
9 4 Vv X X




- SRR s @ eids

- REECEA: “ok
- RIREEBEHATIIIGHERED EEMNMEE, FAFRHEFRA

{al,a?,...,a™}

FS EIF #HEF 2 ENEE | FEF
- HEMm - 1I'MEEYST R, BFS AIfF B 4 =
T altagitl 1 1 A3A, y
A—{ 2~ |l— y ey, M — } " 10 \/_ \/_ \/
« SEEI— RIS, EBIEAT s s v ;
s WTFEMRIEEDE, BEEANUERIBmANRIEY] 5 RIF/SE 3 0 x J N
fr¥lo =, BRIZERERENEE SR BElEREnR 4 0 X X x
R Y SO I
A, t, = argmax g(D,A,t) 6 2 x N %
AEFtET,

7 6 vV X X
D45 D45~ 8 0 X v X

D,A,t) = H(D) — H(DAL H(DAt~
g(D,A,t) = H(D) ( o HOAYH) + =5 H )> o ) J 9 y

- Hep, DAVRIFESDIRIERMIEA & ¢ 0 RBUERIFE



- SRR s @ eids

« LIER792300: Risll—MziER, ELEMELEA 18

. = 58 ABT ABL | BRY
E2= S22 INEHL JAEL =¥
- WMAE, AB61EYE(0,2,4,6810}, 5MRIEKID K{1,3,57,9} = XIE E e E
s o Hea, A, A,
. MEVRIS =30, THMSEAR Sl el Al 7
- HEXIo=R=7, BUSEXERER 1 10 v v v
2 8 Vv vV v
D = {data; ~ datag}, 3 0 X X X
2 2 7 7 4 0 X X X
H(D) = (—5log§) + (—gloga) = 0.764 . A \/ y 9
g(D, At =3) 6 2 X X X
5 2 2 3 3 4 4 4
= 0.764-—<6<—510g§—§10g§>+6(—210g1—0>> 7 6 \/ X X
=0.225 8 0 X X X
9 4 Vv X X
g(D,At=7)

—0.764— [ 2~ 2102 — 0 +Z( 7 og o) = 0.764
- 9\ 2983 g\ 77987 -
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o« BUERIIREE AT USRS ?

- 2O %—Aﬁ?‘ﬁﬁﬂ—?—% -> —MARKFESEIRIF SR

FS MEIff A5 BRER umyse% Bt whodd Bl tRd *4;%‘;]5*;;3
y
; j j i j 1 v v v 1
2 v v X 0.9
° i * i * 3 < J J 0.1
4 X X X X » ; « « y 0
> 8 v % % 5 v X X 0.5
6 X X v X 6 y y J 0
! 8 v 8 8 7 vV X X 0.5
° \ * v * 8 x J J 0.1
° X v . . 9 v X X 0.5




B R

» BURRIIRE A LUZE

- EEE—MFHRER > —AFITUAS

45107

 $53K(EEE -> A

o« RN -> [B]3x

{1,2,3,4,5,6,7,8,9}

Yes

sxEsmmE 5) 0200

Yes

No

No

11,2}

iE: {1,2..}37~data pointFS

{5,7,9}

EAARIE? (4)

{3)4)6J8}

& 150
598 PEKING UNTVERSITY

SRR
FS IAEIfE #MEB EREE | BERK
A B C S5
y
1 V v v 1
2 Vv Vv X 0.9
3 X Vv Vv 0.1
4 X X X 0
5 v X X 0.5
6 X X v 0
7 v X X 0.5
8 X V V 0.1
9 v X X 0.5
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RIS R LD ?

- ERE—MFHIRIFR -> — M ATIKES
« 7[RI -

o IRERI ->

>

A

A

I/

3%

e“ﬂri)% I" ﬂ
ANELTES

PEKING UNIVERSITY

Sk
R

RERR
RER+ BRI TR

JELsS|
AR+ BRI AR
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 I=0EE CEREE

* (RERRIHYLSH

« BT L2 Loss EEFiENESDIIAE
° I%.Ilﬂﬁ 1.:uukﬁ v'~1lﬁj: SZ
o ELE:

HANE =)

JED

HATE GREMID) L) =) 053  LD.A) = ) LD

jED LE[m]

A, = argmin L(D, A)
A€EF

- Hrp, BHARYRIEEREA{q; | i € [m]} , DAURRESDFELREMLA
HyaiEI\J?EEo yp«Eﬂﬂ%%mﬁT\_\LE/J——ig{E, 'H_:':%ZI_T}LZ ,\\\E/Jﬁjl)\”j?\_mo

22
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« WA, ERTAISEEIER: D = {data; ~ datao}

G URIP »

£ ".pw at - J’ w

BN 5 579y =
558 PEKING UNIVERSITY

LD)=(1-04)24+(09-0.4)2+3%x(05-04)?2+2%x(01-04)2+4+2x(0-04)?2=1.14
L(D,A) =(1-0.68)%+ (09 —0.68)2+ 3% (0.5—-0.68)2+2x (0.1 —0.052+2x(0-0.05)2 =0.258

L(D,B) = 1.0275
L(D,C) = 1.068

- RUiEREEAE XD B,

{1,2,3,4,5,6,7,8,9}

EAARIE? (4)

Yes No

{1)2)5)7)9} {3,4,6)8}

ERESTRIE? (B)

Yes

No

{5,7,9}

E:
{1,2..)37~data pointF5

FS AEIfE MEBE =EREE | BERK
A B C S5

y

1 v v v 1

2 v v X 0.9

3 X V V 0.1

4 X X X 0

5 v X X 0.5

6 X X V 0

7 v X X 0.5

8 X Vv Vv 0.1

9 Vv X X 0.5

23



I I b1 ES

4 TS 2 a t } g
ANEFES
Q PEKING UNIVE

RSITY

Algorithm 1 How to build a decison tree

Input: Dataset D, Feature set F
Output: Root Node T' = BuiLpD_ DECISION _TREE(D, F)
1: function BUILD__DECISION__TREE(D, F)

e e e e
AR A B >

17:
18:
19:
: function PURITY__SCORE(D, A)
21:

20

if # =0 Or |D| =1 then

S < PURITY__SCORE(D)

return Leaf Node N = MAKE_NoODE(D,S,NULL)
end if

Sbest $— NULL, Abest «— NULL

for A € F do

S = PURITY__SCORE(D, A)

(Spests Apest) < BETTER__SCORE(Spest, S, Apests A)
end for

Array_ D + PARTITION__DATASET(D, Apest)

Node N = MAKE__NODE(D, Spest, Apest)

fori =0 — |Array_D| do
T + BuiLD_ DECISION _TREE(Array  D[i], F — Apest)
Node N = App_ CHILD(N,T)

end for
return N

end function

ZIEFMH . BIEEFAZ, BRR—TEAN

WRTLAR—ERRIZR ISR, IMREIARIE
— LR, SRS #8F TR —EE

whFrESRIEESRTHEE, TEEED
&, RO HERIFRIEEA

REFENE SR D HEAREED, BB N FED A
B3BIAERF — AVSERREERT

return Corresponding Purity Score formula with D and A(omited if NULL)
22: end function

24



I I b1 ES TR EE

24: function BETTER__SCORE(Skest, S, Apests A)
25: if Spest = NULL then

26: return (5, A)

27: end if

28: if S is better than Sp.s+ according to Purity Score formula then
29: return (5, A)

30: else

31: return (Speq, Apest)

32: end if

33: end function

34:

35: function PARTITION DATASET(D, A)
36: return Array of D partitioned by A
37: end function

38:

39: function MAKE NODE(D, S, A)

40: return Node N with current dataset D, Purity Score S, partition feature A(omited if NULL)
41: end function

42:

43: function ApD  CHILD(N,T)

44: return Node N with child T’

45: end function

25



. £Epk% ) (ensemble learning) @ ery

s ERFS = ST MREIER + SERES
s MRAFIEE

- PlF: ZtERE, R

B FTRR

» BIF: BEFERIK

26



. fEtN#ZF#A(Random forest)

* MRFES)EE:

RN

» EERES: A+ EMHHED

AR A

- TR

s TR

M, XJ1l|ZRE

SEATREALRARSEI— MR A)I|ZREE

3 A) D
NELZFES

PEKING UNIVERSITY

(TEAHUED)

« XIFE—MRER, RIGFEEEEEPI—2B o HFERNFIEH T AR X D)2k
V=527, %7))

. ?Ezm, T EIZRIFRORMIBY ST (A0222402S) YEAXTNLEERRY
[fun

27
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* RER

» R ALR R

- XN (FRE
y ‘Eﬁ* BT (BEUL

IZEFEER: JE&EDKIOR
. i’\’ . EBERH

, —T3i%)

iEires (ARG, L2 LossErEMRE)

<PkZ

. BJEWLMW (&

;;; H\W‘D

| (=
= e
I89%

SEF 2L

PEKING UNIVERSITY
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B AR, BRI PR
R MR
. EWRER: S—SREEREN, B - BEZE: SESRSTEERESE,
iR —E TR, Bl BRI AR
. S NTAMMERE. - BNEY: BR AS B SEIN
A, SRR R,
C NKBHE: TIEMTRINOHND, - KRB AEREIESERRETY
o RERRES AT VT AT, s, EEEELR.
BB TS T RIS HE R R Ao

MU, itNERs e, R, Fatl=ztnf "R

29
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B sty E AR iy

WERIFHEE us CHN— 1 EEMS, ATERRRREIEESNE
71' e, EEEIST, MR I— N 2R T
- & LU AE) mEJXEMEI’Jkﬁﬁ

« XJ-

- R

- M

- (58

WEHORRFATESHXBARBN E58" HRIZEE Exllog,
s WTFERENSEMN X = x, EREIHRR p() v/, NEEH ERE" #X

BEVZE X, RIS p(x), BEFEENI:
1
HOX) = - me log; p(x) = Z p(x)logz

)]

« B X =x IS, Bl p() = 183, HEEH "EEE" &/ (=0)

- Bt ETIARlog, ~ SRISAIZBHATEEH EEE

31




B st E AR

ot

H(X) == ) () logz p(x)

. g LeBLA e

HX)=0

« JENSp()A— "BES" I (AIFE—TMEESEHHENT, IS

HX)=0

+ B3 Flog, xAMFEY, HEERERALISE: HX) = E, |log, (ﬁ)]Slogz (E, [@]y

log,n (n/IRTBEHYERHFTED)

S S A 1
- EEFRIRMH v, p() = -

72

Entropy curve

H==790) |

- BD, ATAES

S-SR, AMREESK, WIARIE K Elog,n

» SX{NEFM AT 8ERYEEX,, x0T, HX)BESp(x,)RIZ(LHIZ:
- HlanHeEm, SIE/RMES A8 AHE R

.4
p(x1

0.6
)

A A D
NELZFES

PEKING UNIVERSITY
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- EXE&1H (Joint Entropy)
« EERUER T, — 1 EAEHEERDfop (x, Y NEAEBEN /I
H(X,Y) = Z ZP(x y) log, p(x,y)

- BReiEir— N ERElRS EI’JZ' TﬁxEﬁE}Eo

« Z41# (Conditional Entropy)
- AT AIREN T EX R NN EY IAFEN.
- AERER T, BEECHENZEXR, MENZEYRISHEN:

HO 10 = ) peH(Y 1X =) = = ) ) p(x,y) 1oga p(y | )
X X Yy

33
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B st E AR
« 4 (Conditional Entropy)
HY 1X) == ) ) p(x))log, p(y | )
. it o

H(Y |X)=Zp(x)H(YIX=x)

== p() ) p(y 1 2)log, p(y | )

X y
_ _zzp(x,y) log, p(y | x)
x Yy

34



. HRYEAHNR iy

FHBEHKEBEBXEK:
HX,Y)=HY)+H(X|Y)=HX)+ H(Y | X) = H(Y, X)

O'LJ_

WERd

HY)+H(X|Y)= —zp(y) log, p(y) — ZZP(X»)’) log, p(x | ¥)
y X Yy

= =Xy 2. p(x,y) logy p(y) — X, Xy p(x,¥) log, p(x | y)

p(x,y)
p(y) )

= —2x 2y ((x,¥) log, p(y) + p(x, y) log,(

= — Yy 2y p(x,¥) log, p(x,y) =H(X,Y)
e, 5,p(ny) = p(y) (BEEERER) , plxly) =222 (RAEEEN)
Hits[F

35
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. 5E{=& (Mutual Information)
- EEEER T, WM EYZE=XFIYRE{ERA:

N J:I—(EX ?%—_ H(X) + H{) = H(X,Y) SR % R
If&DY) =HX)—-H(X1Y)=H{)—-H(Y|X) H(lX) H(Y)

- AR, BEEEHAYH "88" X
(BRXF "’@/\" Y) BYERE
FEEEMKEIT., BETH&EIL:
e I(X,)Y) =1(Y,X)
e I(X,X) =HX)
. X, VRSP, (X, VA
+ X, YIEEIRIZAS (p(x,y) = p()p(¥)), 1(X,Y) =0 %, Y)




B 5551 (SR iy

- HEEHEEFEASES DI EAE !
|Dil . |Dg]
H(D) = — ——log——
£, o] %D
K

Al

o ||FJRESTTEME, D\ETRESDHFIREAKBNTE, [KI|HRES
« H(D)BPAELG S MR EER
- HD)#AE, HASESDHAENS, HDPHERNYBERE —LLES, HMD) =0

(K92R)
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TN
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4
~

k€[K] . —
. RBRBEAUMERR M, BRI — RO

- KUTERE, SRE2MAJERUERT, EReigdifl
SEEREEEMRZ RSN GE

15827 (Gini index): 5—MEEFEANESDAERNLIA

Gini(D) = z ||D|| (1 —%) <D"|>
ke

- | [Fr&EaTTESE, Dk%mmeﬂﬁ\ 7Jkl§1’J¥’E [KIARESE (KDR)

Gini(D) ~ ) P(y=k)(1— (P(y = k)

Entropy and Gini impurity

Hip) & Gip)
[=]
.




B 05543 ERiSH

- SEDHIEEIEEL

2
ID | (Dl D, |
Gl ID = __n- 1__ =1_ 2 n:
ini(D) z D] D] D]
] k€E|K]

KE[K
s BHANESDHECIEEL:

. |pA=w|
Gini(D,4) = z D Gini(DA=%)

i€[m]
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