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w ?@!"AClassificationB

]>^_`;a`bc>dWef-ghVij>Lk

l+^mnokpqrs)ptuvwpxyz2p{|-}…

w CD:EF!"#$
- ~��0Decision Tree:
- k-��0k-Nearest Neighbor:
- ���@�0Support Vector Machine, SVM:
- ���0Bayesian:-L
- ������0Neural Network:
- ��-L0Association Classification:

!"#$
%Supervised 
Learning&
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age

student ? credit_rating ?yes

nono no yes

excellent fairyesno

> 40≤ 30 30 ... 40
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?@Abuys_computer”
3BCD



)*+ (2)

w '()JK#$
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%1&EF4501
GHIJKLMN,-<OPQ)*RS:;)*

TUPOEFVWXYZ[301\SQ)*34501

%2&]^6_
%3&]^6_`abcOdefghij,Rk
Glm)*3noJK.pN,<

Tqors./01tuvw,`6_JK

x ,-67qoJK



ySzs-{<|}3~�JK3��OFzn-./013��Oom-
<{c1,… , cm}Osiz<ci�3JK~O��-JK6<3��VWS+

𝐼 𝑠!, ⋯ , 𝑠" = −'
#$!

"
𝑝# ) log 𝑝#

y./01𝐴 = 𝑎!, ⋯ , 𝑎% %A∈F&OtuA�S�6Sv-;�
{𝑆!, ⋯ , 𝑆%}3�=��VWS+

𝐸 𝐴 ='
&$!

%
𝑠!& +⋯+ 𝑠"&

𝑠 𝐼 𝑠!& +⋯+ 𝑠"&

�A\S4501%�MA26_&n��3VWXYS+
𝐺𝑎𝑖𝑛 )(𝐴 = 𝐼 :;𝑠!, ⋯ , 𝑠" − 𝐸 )(𝐴

)*+ (3)

w '()JK#$
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8�+SO{o<|}3��~���
F+./01��ε+VWXY��

89+TOBCD%<|}&

9.  Ag¬arg max{Gain(A), AÎF}
10. If Gain(Ag)<e Then
11.  TS�)*DO���~�B�S��
�Z�3<ck\SQ)*3<|}

12.   Return T
13. Else 
14. For j=0 To v Do //��Ag3�,-t
���

15.    ��S�MAg2 oaj��JK�Sj

16.   createDecisionTree(Sj, F\{A0}, e)
17. End For

`a+

1. If SnoJK.pN-<ck Then
2.    TS�)*DOckSQ)*3<|}

3.    Return T
4. End if
5. If F=Æ Then
6.   TS�)*DO�S���Z�3<

ck\SQ)*3<|}

7.   Return T
8. End If

¡¢£O(sn|T|)
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w '()JK#$LM
º��>»¼a`½��¾¿Àbuys_computer”>~��

age income student credit_rating Class: buys_computer
≤30 high no fair no

≤30 high no excellent no

31∙∙∙40 high no fair yes

>40 Medium no fair yes

>40 low yes fair yes

⁝ ⁝ ⁝ ⁝ ⁝
31∙∙∙40 high yes fair yes

>40 medium no excellent no

“buys_computer”!2"#$c1%&'yes”(c2%&'no”)c1!9"*+( c2!5"*+,



)*+ (6)

w '()JK#$LM

%1&¤�¥¦𝐼 𝑠!, ⋯ , 𝑠" §¨�lm3JKw©6<nª«3���

𝐼 𝑠!, 𝑠' = 𝐼 9, 5 = − (
!)

× log (
!)

− *
!)

× log *
!)

%2&¤�¥¦E(A)¬Gain(A)§¨Aage013VWXY
n �pA 30”+𝑠!! = 2O𝑠'! = 3OP𝐼(𝑠!!, 𝑠'!) = 0.971
n �pA31⋯40”+𝑠!' = 4O𝑠'' = 0OP𝐼(𝑠!', 𝑠'') = 0
n �pA>40”+𝑠!+ = 3O𝑠'+ = 2OP𝐼 𝑠!+, 𝑠'+ = 0.971

n�O𝐸 𝑎𝑔𝑒 = *
!)

×𝐼 𝑠!!, 𝑠'! + )
!)

×𝐼 𝑠'!, 𝑠'' + *
!)

×𝐼(𝑠!+, 𝑠'+) = 0.694®

¯°±O𝐺𝑎𝑖𝑛(𝑎𝑔𝑒) = 𝐼(𝑠!, 𝑠')²𝐸(𝑎𝑔𝑒) = 0.246®
<³±Ot�§¨9+

Gain(income)=0.029OGain(student) =0.151OGain(credit_rating)= 0.048
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%3&´pAage” oZ[3VWXYOPEFµS4501O¶·Aage”
)*Ow©¸,¹6_OZºt»¼9BCD

age

student ? credit_rating ?yes

nono no yes

excellent fairyesno

> 40≤ 30 30 ... 40
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w !"NOPQ

Á�Â���Ã>~���TÄÅ"If-Then>-L��SÆÇ�_È
ÉÊ�ËÈÉ>ÌÍElhV��

-./01234512678(9:;<=>6?#@A$

If age=“≤30”  and student=“no” Then buys_computers=“no”
If age=“≤ 30”  and student=“yes”   Then buys_computers=“yes”
If age=“31 ∙ ∙ ∙ 40” Then buys_computers=“yes”

age

student ? credit_rating ?yes

nono no yes

excellent fairyesno

> 40≤ 30 30 ... 40
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w GH%I

ü Î-LÏÐ^Ñbc¯°�ÒÓhVÔÕÖ×Ea`JK-LS

ØÙ-LÚÛÜÁÝÞß

ü -àÔÕÖ^áâÑa`¯°Þhã>¯°SÑÎãa`¯°�

ähÇåæSÑçãa`¯°�èähVÕÖß

-àÔÕÖéêL»¼bc-ë

���o½-¾¿¬½<|À+

• ¾¿,u𝑥!�ÁO¾¿Âu𝑥'�Á

• uA+�ÁÃ�OuA-�ÁÄ�
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w RS#$

01:»¼a`

,-¾¿ÅÆ2Ç/t63~��𝐷 = { 𝑥!, 𝑦! , … , (𝑥,, 𝑦,)}OÈ�𝑥# Îℝ,O
𝑦#={+1, -1}Oi=1, 2, ..., n®xiS¸i-��JK3¾¿É1O 𝑦#S𝑥#3<|}O
(𝑥#, 𝑦#)ÊSJK*®e𝑦# =+1ËOÊ𝑥#SÃ��e𝑦# =-1ËOÊ𝑥#SÄ�®

02:ìÒíî°ïÔÕÖ

��Ç/ÌÍ𝒘𝑻𝑥 + 𝑏 = 0v?@6ÎÏÐÑOÈ� 𝒘 = (𝒘𝟏; … ;𝒘𝒅)SBm
ÏÐÑÌÉ3ÒÉ1O𝑏SBmÏÐÑÓÔ*jÆÕÎ3Ö×Ø®

6<CÙÚ~S+

𝑓 𝑥 = sign(𝒘0𝑥 + 𝑏)OsignÛ×ÜSÝÞÚ~®
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lm~��D¬ÏÐÑ(w, b)OÏÐÑßpJK*(𝑥#, 𝑦#)3àáÆâS+

𝛾# =
𝑦#(𝒘𝑻𝑥# + 𝑏)

𝒘
, 𝑖 = 1, … , 𝑛

ãÏÐÑ(w, b)��noJK*Ãä6<OP𝑦# 𝒘𝑻𝑥# + 𝑏 > 0
ã𝑦#=+1OPÃ�xiåæçèhi𝒘𝑻𝑥# + 𝑏 > 0�
ã𝑦#=-1OPÄ�𝑥#åæçèhi𝒘𝑻𝑥# + 𝑏 < 0®

é𝑦# 𝑤1𝑥# + 𝑏 ≥ 1OPçèhi�ÁS+

Z𝒘
𝑻𝑥# + 𝑏 ≥ +1, 𝑦# = +1

𝒘𝑻𝑥# + 𝑏 ≤ −1, 𝑦# = −1
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w RS#$

êëÉ1+ÓÏÐÑàáÆâZìíåæçèhi3JK* min
#$!,… ,,

𝛾#

JK*�ÏÐÑ3ZìàáÆâS
!
𝒘

½-î<êëÉ1�ÏÐÑÕÎj¬S
'
𝒘
OÊSÆâ

ïðZñÆâ6ÎÏÐÑOt�ÁS�fZòóôõ+

´pmax
𝒘,5

'
𝒘
¬min

𝒘,5
!
'
𝒘 'ö÷O��SVM3ZòóôõHf+

min
𝒘,5

!
'
𝒘 ' s.t. 𝒘𝑻𝑥" + 𝑏 ≥ 1, 𝑖 = 1,… , 𝑛

max
𝒘,5

'
𝒘

s.t. 𝑦# 𝒘𝑻𝑥# + 𝑏 ≥ 1, 𝑖 = 1, … , 𝑛
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w RS#$

03:ð°ïíîX
øÆâ+6ÎÏÐÑ�Ãä�6noJK

ùÆâ+

úûüý*þåæçèOt��-JK*(xi, yi)ÿ�!"01𝜉# ≥ 0OP
çèhi0S+

#|Ú~0S+

�$%&f
à'þ(M

min
𝒘,5,6!

!
'
𝒘 ' + 𝐶 ∑#$!7 𝜉#OÃ)~CÊS*+,~

𝑦# 𝒘𝑻𝑥# + 𝑏 ≥ 1 − 𝜉#

𝜉# = 𝑙8/!(𝑦# 𝒘𝑻𝑥# + 𝑏 − 1) 0/1-.Ú~ 𝑙8/! 𝑧 = d1, 𝑧 < 0
0, 𝑧 ≥ 0

òó#|+/
!
'
𝒘 '01ì%Æâ01ñ&ONË/126<*3-~013
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0/1-.Ú~+45¬467Oz�Ö89Ú~O#|Ú~ïð:®

)u567Ú~;<-.Ú~v�<A0/1-.Ú~®

)u3;<-.Ú~+

1. hinge-.+𝑙:;<=> 𝑧 = max(0, 1 − 𝑧)

2. =~-.+𝑙>?@ 𝑧 = exp (−𝑧)

3. �>-.+𝑙AB= 𝑧 = exp(1 + exp(−𝑧))
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w RS#$

8�+DO��~���CO*+,~

89+f(x)O6<BCÚ~

`a+

1. »¼Ç/êëÉ1?Ô@Zòóôõ+

min
𝐰,5

1
2 𝐰 '

s. t. 𝑦# 𝐰1𝑥# + 𝑏 ≥ 1, 𝑖 = 1, … , 𝑛

2. /uABCDE;ïð�Fôõ+
max
D

!
'
∑#$!7 ∑&$!7 𝛼#𝛼&𝑦#𝑦&(𝑥# ∗ 𝑥&) − ∑#$!7 𝛼#

s. t. ∑#$!7 𝛼#𝛼& = 0O0 ≤ 𝛼# ≤ 𝐶, 𝑖 = 1,… , 𝑛

3. §¨ÒÉ1w*¬Ö×Øb*+
𝐰∗ = ∑#$!7 𝛼#∗𝑦#𝑥#
𝑏∗= 𝑦# − ∑#$!7 𝑦#𝛼#∗(𝑥#∗ 𝑥&)

4. §¨ZñÆâ6ÎÏÐÑ�G
6<BCÚ~+

𝐰∗𝑥 + 𝑏∗ = 0
𝑓 𝑥 = sign(𝐰∗𝑥 + 𝑏∗)

Return f(x)

ËÆ¡¢£ O(n3)
ÅÆ¡¢£O(n2)
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w TU?

- ñòbc¯°ÁÝóôÑÝijõ-êLbc>ÔÕÖ

- �ö¯°÷øSÑùã¯°ú~æWûüýþ Ñÿã¯°�ú
~!æWûü

BC &DE FG

HIJ 𝑘 𝑥# , 𝑥& = 𝑥#1𝑥& /

KLEJ 𝑘 𝑥# , 𝑥& = (𝑥#1𝑥&)F 𝑑 ≥ 1MKLE6NG

OPJ 𝑘 𝑥# , 𝑥& = exp(−
𝑥# − 𝑥&

'

2𝜎' ) 𝜎 > 0MOPJ6QR

STSPJ 𝑘 𝑥# , 𝑥& = exp(−
𝑥# − 𝑥&
𝜎 ) 𝜎 > 0

Sigmoid 𝑘 𝑥# , 𝑥& = tanh(𝛽𝑥#1𝑥& + 𝜃) 𝛽 > 0, 𝜃 < 0
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w GH%I

- hL·���"#e£$p+¾%&'()*+oJK-L>,¨

- -./0���-Lp123/0���-Lp�23/0���

-Lý

w VW/01!"

- ���-L4�í5²pl+íe67>,¨8h

- º 9:HI8°;<=>Sâ·?eÀ/0���@

- -LAEÆVLk),P(ck)P(xi|ck) S·P(ck)P(xi|ck)>íîBCe
D12bcXâd>Lk
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w /01!":GHXY

- y~��D={x1, …, xi, …, 𝑥, G }OJKxi3./

��Xi={xi1, …, xin}O<H��C={c1, c2…, cm}O
�JKt6Sm-<H

- IJK»Lo./��X={x1, …, xi,…, xn}¬<H
��C={c1, …, ck, …, cm}®�p./��S{x1,
x2, …, xn}3MN4~�JKXO/P(ck|x1, …, xn)
Zñ36<OPÊSQ:R6<+

𝐶 𝑋 = arg max
H"∈J

{𝑃 𝑐K 𝑥!, … , 𝑥, }

ck3STU>S+

𝑃 𝑐K 𝑥!, … , 𝑥, =
𝑃 𝑐K , 𝑥!, … , 𝑥,
𝑃 𝑥!, … , 𝑥,

=
𝑃 𝑥!, … , 𝑥, 𝑐K 𝑃 𝑐K

𝑃 𝑥!, … , 𝑥,

ck

xnx1 x2 ...

qo01VkWy

Ë§¨ª=~ËÆ
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w VW/01!":GHXY

- yMlm<H01f./01jÆhiVkOX

YQ:R6</P(ck|x1, …, xn)Zñ

- MhiVk/WyfOXYQ:R6< oZ�

3[\K»IJK»

- �-./]o^,3<ck\SÈ_)*O`ab

clm<ckËOx1, x2, …, xnhiVkO�

ck

xnx1 x2 ...

𝑃 𝑥!, … , 𝑥, 𝑐K =t
#$!

,

𝑃 𝑥# 𝑐K
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w VW/01!":GHXY

- eEFÿP(ck | x1, …, xn)>),GHIS_`ÇJ=>Wé�K
¾%-úe^

- _`�K¾%>-úÅLSE M">D12bcXS/0�
��-LÅL��e^

𝑃 𝑐K , 𝑥!, … , 𝑥, = 𝑃 𝑐K 𝑃 𝑥!, … , 𝑥, 𝑐K = 𝑃 𝑐K t
#$!

,

𝑃 𝑥# 𝑐K

𝐶 𝑋 = argmax
H"∈J

𝑃 𝑐K t
#$!

,

𝑃 𝑥# 𝑐K
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- �´µ¶^

G äm¾¿./d��JK~��

T ��6<eO6H§¨�-<H3U>P(ck)¬�-./MQ<H
f3hiU>P(xi|ck)

x ��-<H§¨𝑃 𝑐K ∏#$!
, 𝑃 𝑥# 𝑐K O�𝑃 𝑐K ∏#$!

, 𝑃 𝑥# 𝑐K 3Z
ñØ\SXn.3<H

`aT�3f~g§Ohi<HU>g§ v𝑃(ck)¬hiU>g§ v𝑃(ck | xi)
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- dWNeàOÐ^

<HU>g§+ v𝑃 (ck)=n(ck)/n(D)�È�On(ck)S¸ck<�JK3~1O
n(D)SJKj~
hiU>g§+ v𝑃(xi|ck)=n(xi|ck)/n(ck)�È�On(xi|ck)S¸ck<�./S
xi3JK~1

- dWNePQÐ^

<HU>g§+ v𝑃 (ck)=n(ck)/n(D)�È�On(ck)S¸ck<�JK3~1O
n(D)SJKj~

hiU>g§+ v𝑃(xi|ck)=
!

'LM#"
𝑒𝑥𝑝 −

N!OP#"
$

'M#"
$ �È�O

v𝑃(xi|ck)~N(𝜇H" , 𝜎H"
' )O𝜇H"¬𝜎H"

'6HSck<�xi3k�¬Ì2
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8�+DO~�JK��XOMN4~
�3./���CO<H��

89+C(X) //�P(x|yi)P(yi)ZñØ\
SXn.<H

`a+

1.  l§D�JK3j~n(D)
2.  l§D��<JK3~1n(ck)
3.  l§D�¸ck<�./Sxi3JK~
1n(xi|ck)
4.  l§X�./3j~n
5.  v𝑃(xi|ck) ¬ 1
6.  P(ck|X) ¬Æ

7. For k=0 To n(ck) Do
8.     v𝑃(ck) ¬ n(ck)/n(D)   //!"#$%&
9.     For j=i To n Do
10. v𝑃(xj|ck) ¬ (n(xj|ck)/n(ck))m v𝑃(xj|ck) 
11.        v𝑃(ck|X) ¬x𝑃(ck)m v𝑃(xj|ck)
12. P(ck|X) ¬ P(ck|X)⋃ v𝑃(ck|X)
13.     End For
14. End For
15.𝐶 𝑋 = argmax P(ck|X)

ËÆ¡¢£
O(n(ck)×n)
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w VW/01!"LM

RS^UVWXYO“O”Z[\“]”^_`“]”(abcId,
e“f”^“g”M2"#d(hc1^c2&i)jIklM“YO”Z“[\”^“_`”(hx1Zx2^
x3&i,?#mn=>$

op YO [\ _` Id

1 O \ q f

2 O \ q f

3 ] ] q f

4 ] ] ] f

5 r s t g

6 r s t g

7 r ] ] g

8 ] ] ] g

'!"#$%&(

!")“*”+#$) ,𝑃(c1)=1/2,!")“-”+#$)
,𝑃(c2)=1/2.
/01#$%&(

2")“*”345“5”367“8”39:“8”+#$)
,𝑃(x1, x2, x3|c1)= ,𝑃(x1|c1) ,𝑃(x2|c1) ,𝑃(x3|c1)
=(1/2)´(1/2)´(1/4)=1/16
2")“-”345“5”367“8”39:“8”+#$)
+𝑃(x1, x2, x3|c2)= +𝑃(x1|c2)´ +𝑃(x2|c2)´ +𝑃(x3|c2)=0
;!"<=(

>? +𝑃(c1)´ +𝑃(x1, x2, x3|c1)> +𝑃(c2)´ +𝑃(x1, x2, x3|c2),@
A2")“*”.
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TÉ^U #ú'úVSÁW#XKLÐ>®@SEY4NóZ|
[\]WÃß

YÉ^¦§¨>úÁÝóäíTNS^Ó*ö_Kß

w *+,-.
TÉ^`aíTNS7XÝb3S,¨5²[cdß

YÉ^bca@îASôe'),>ë?fîß

w VW/01
TÉ^A¯ë?ÞSÝW#g-LRSSEY4a`óhZ|S¢
iÁúVpjU#úß

YÉ^~�ôÑkÚ%SE¬a`>�lÅLmZ|ß
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