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K∑

k=1

DA
ik = DA

i �
m∑
i=1

DA
ik = Dk .

DA
i �²��: H(DA

i ) = −
K∑

k=1

|DA
ik |
|DA

i |
log2

|DA
ik |
|DA

i |
.

^ÄuA�Ay©�f8�²þ²�� £=�½A �^�
eD�^�²��¤

H(D|A) =
m∑
i=1

|DA
i |
|D|

H(DA
i )

5���½A�A�^�eêâ8D�XÝÝþ.
111ÊÊÊùùù ûûûüüüäää���...



�5K©a

A��©aUåµ�

ûüä�.

���¦£8ä�.

êâ8y©�²��

Figure: A�AéD�y©Ú�y©¤�A�²��

111ÊÊÊùùù ûûûüüüäää���...



�5K©a

A��©aUåµ�

ûüä�.

���¦£8ä�.

&EOÃ

&EOÃ(Information Gain)

á5Aé��8D?1y©¤¼��&EOÃ G (D,A)½Â
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ÑÑÑ\\\µ Ôöêâ8D = {(xi , yi )}Ni=1§ A�8ÜA§ �`A�À
J¼êF (·, ·)
ÑÑÑÑÑÑµûüäT

(1) eD¥��áuÓ�aOck§K)¤��aIP�ck�ü(
:äT§ �£ T ;

(2) eA = ∅, �D��§K)¤��ü(:äT§ ¿±D¥��
ê�õ�aO��T(:�aIP§ �£ T ;

(3) O�A∗ = F (D,A).
(4) éA∗�z��U��ai§�E��éAuDi�f(:¶
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(7) dT(:9Ùf(:�¤äT§ �£T¶
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XJ±&EOÃ����ÀJ�`A��OK§=

A∗ = argmax
A∈A

G (D,A),

Kþã�{éAuID3ûûûüüüäääÆÆÆSSS���{{{:

Quinlan, J.R., Induction of decision trees, Machine Learning,
1(1), 81-106, 1986
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GR(D,A),
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�´y©: æ^±A���U����©:��©{y©�
cêâ8:

ÀJÄZ�ê���A�9Ù�©:A∗ = a∗���c�`
A�Ú�`�©:§=

(A∗, a∗) = argmin
A∈A,a∈V (A)

Ginid(D,A = a),

ùpV (A) ´A�¤k�U���8Ü.
éAu CART£££Classification and Regression Tree¤¤¤���{{{.

Leo Breiman: CART�{[1984]!Bagging�.[1996]Ú�ÅÜ
��.[2001].
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Cα(T ) = C (T ) + α|T |,

ùp

C (T )´ïþTéD�[Ü§Ý�¼ê§'X�±½Â�

C (T ) =

|T |∑
t=1

NtHt(T ),

Ù¥NtÚHt(T ) ©OL«�f(:t éA�êâ8���Ú
²��.
T��(:�ê|T |��T�.E,Ý.
α ≥ 0´^±�ïT�[Ü§ÝÚ�.E,Ý�Xê.
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CART�{}{?n'�AO:

lCART �{)¤���ûüäT0m©

}{�{�)��4O��ïXêS�

0 = α0 < α1 < · · · < αn

Ú��i@�fäS�{T0,T1, · · · ,Tn} ¦�
Ti�α ∈ [αi , αi+1)¤éA��`fä§�
Tn ´d�(:üÕ�¤�ä.

ÏL���y{3fäS�{T0,T1, · · · ,Tn}¥]ÀÑ�`
fä.
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�½Ôöêâ8DÚëYA�A

òA�A3êâ8D¥Ñy���l����ü��

a1, a2, · · · , al .

�ï�U��©:

si =
ai + ai+1

2
, 1 ≤ i ≤ l − 1,

Äuz��©:si�±òD©�ü�f8D−siÚD+
si
§Ù¥

D−si �¹A�A���Ø�Lai ���,
D+

si �¹A�A���Ø�uai+1���.

ÏL'�ØÓ�©:éA�êâ8y©�XÝÝþ5]ÀÑ

TA���`�©:.
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æ^0-1��¼ê§ Ø����(:t���aIP�ck§K
3téA�êâ8Dt þ�²�ºx�

1

Nt

∑
xi∈Dt

I (yi 6= ck) = 1− 1

Nt

∑
xi∈Dt

I (yi = ck).

K

min
ck∈Y

1

Nt

∑
xi∈Dt

I (yi 6= ck)

�du

max
ck∈Y

1

Nt

∑
xi∈Dt

I (yi = ck).
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CART�{^u£8¯K: ¦^²�Ø���OK5ÀJá5Ú
�A��`�©:.

�½Ôöêâ8D = {(xi , yi )}Ni=1§Ù¥xi ∈ Rn, yi ∈ R,
i = 1, 2, · · · ,N.
£8ä�.éAuÑÑ�m�y©±9z�y©ü�þ�Ñ
Ñ�:

�£8äòÑ\�my©¤M �ü�R1,R2, · · · ,RM§� ü

�Rm þ�ÑÑ��cm§K£8ä�.�±L«¤

f (x) =
M∑

m=1

cmI (x ∈ Rm).

XJæ^²�Ø���OK§KRm��`ÑÑ�ĉm�Rm¥

¤k¢~xiéA�yi�²þ�§=

ĉm = ave(yi |xi ∈ Rm).
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lÑ\�mm©§Uì²�Ø���OK48/]Àz�«

���`�©A�CþÚ�`�©:.

éÑ\�m§eÀ^1j�A�Cþ���©Cþ§ s��
�©::

R1(j , s) = {x |x (j) ≤ s} Ú R2(j , s) = {x |x (j) > s}§
ÏL¦)

min
j,s

min
c1

∑
xi∈R1(j,s)

(yi − c1)
2 +min

c2

∑
xi∈R2(j,s)

(yi − c2)
2

 (1)

5é��`�©CþÚ�`�©:(j∗, s∗)"

Äu(j , s)§òÑ\�my©¤ü�f«�§¿éz�f«�
Eþãy©L§§��÷vÊ�^���"
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A���©:

~X�Ä{((0.5, 0)T , 1), ((1, 4)T , 3), ((1.5, 2)T , 7)}§ z�A
�Ñkü��©:.

Figure: A���©:
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éx (1)5`§ �kü��©:x (1) = 0.75Úx (1) = 1.25§
�©:x (1) = 0.75òþãn����©¤ü�«�
R1(1, 0.75) Ú R2(1, 0.75)§�∑

xi∈R1(1,0.75)

(yi − ĉ1)
2 +

∑
xi∈R2(1,0.75)

(yi − ĉ2)
2

= (1− 1)2 + [(3−
3 + 7

2
)2 + (7−

3 + 7

2
)2] = 8

�©:x (1) = 1.25òþãn����©¤ü�«�
R1(1, 1.25) Ú R2(1, 1.25)§�∑

xi∈R1(1,1.25)

(yi − ĉ1)
2 +

∑
xi∈R2(1,1.25)

(yi − ĉ2)
2

= [(1−
1 + 3

2
)2 + (3−

1 + 3

2
)2] + (7− 7)2 = 2

éx (1)5`§ �`�©:�x (1) = 1.25.
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éx (2)5`§ �kü��©:x (2) = 1Úx (2) = 3§
�©:x (2) = 1òþãn����©¤ü�«� R1(2, 1) Ú
R2(2, 1)§� ∑

xi∈R1(2,1)

(yi − ĉ1)
2 +

∑
xi∈R2(2,1)

(yi − ĉ2)
2

= (1− 1)2 + [(3−
3 + 7

2
)2 + (7−

3 + 7

2
)2] = 8

�©:x (2) = 3òþãn����©¤ü�«� R1(2, 3) Ú
R2(2, 3)§� ∑

xi∈R2(2,3)

(yi − ĉ1)
2 +

∑
xi∈R2(2,3)

(yi − ĉ2)
2

= [(1−
1 + 7

2
)2 + (7−

1 + 7

2
)2] + (3− 3)2 = 18

éx (2)5`§ �`�©:�x (2) = 1.

'�ü�A���`�©:éA�²�Ø�Ú§w,x (1)�
�c�`�©Cþ§��`�©:�x (1) = 1.25.
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���¦£8ä�.�}{�{

Ú©a?Ö�CART}{?nµe��.

æ^

Cα(T ) = C (T ) + α|T |
5O�fäT���¼ê§Ù¥

C (T ) =
|T |∑
t=1

NtQt(T ).

�(:téA�ü�Rt�ýÿØ�Qt(T )æ^²�Ø�§=

Qt(T ) =
1

Nt

∑
xi∈Rt

(yi − ĉt)
2,

Ù¥ĉt�Rt¥xiéA�yi�þ�§=ĉt =
1
Nt

∑
xi∈Rt

yi .
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ûüä�.

���¦£8ä�.

�(

ûüä�.´ÄuA�é¢~?1©a�ä/(�.

l�(:�z��(:�´»éAu�^IF-THEN©a5
K.

ûüä�ÆS�{Ñæ^�%üÑ.

ID3�{! C4.5�{Ú CART �{©Oæ^&EOÃ��
OK!&EOÃÇ��OKÚÄZ�ê��OK5ÀJ�`

y©A�.

ID3�{ÚC4.5�{éêâ8?1õ´y©§CART�{K
é�cêâ8?1�©y©§cö�)�ûüä�g�f.

CART�{�^u£8¯K(���¦£8ä�.).

�
ü$L[Üºx§Ï~I�éûüä?1“ý}{0½
/�}{0?n.
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