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プレゼンター
プレゼンテーションのノート
非表示スライドですが、演習が終わってから学生に見せる。
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i Entropy

P
= S Is a sample of training examples
= P, Is the proportion of positive examples
= p._is the proportion of negative examples
= Entropy measures the impurity of S

Entropy(S) = -p, log, p, - p. 109, p.

ICS320



T hok—

o HERp DFERDIGHE
(G E(bit) = —log,p
o [FHRT b’ —

n
fiifrs e — = = pylog, p

=1
o ME DT —HFINZ3EDIEH], 1{E DA 5

3 3 1 1
£ 3 o op’— = — — —_ = — —
&g 4logz 1 41082 1

= 0.75 x0.415+ 0.25x 2 =0.811
[FHT e —&i3, [FED T H LS - HEIRS,
ZL T RGO R G HE

i




B, 7S

o INNLNERET, BT AEM3 /27223 5)
1 1 1 1
IEI:_:‘\ D to\——A _ — — —— —
Fik T b Zk%zz Zbgzz

=05 x1+05x1=10
o THHRFHERC, HR (KN 1/472897D)
3. 3 1. 1

fHT ot — = —— — —— —
i &sg) 41082 2 41082 2

= 0.75 X 0.415 + 0.25 x 2 = 0.811
. ?gg)ﬁ@ﬁEjt%@%%%%I%ﬂﬁ E 5NN 1/8977
88 88 1 1

fFHT e — = —— — —
[F Tk 8910g289 8910g289

= 0.989 X 0.0163 + 0.0112 X 6.48 = 0.0889

FIC AR —DERZL TH, IRGUSIVELNHF HhED =D |




A )I/OD‘EE#R
0 O 73 T

—AE
ex2 1E 5T’ %5 /J \ 7l< no
ex3 — A H /)N TIAT AT | yes
ex4 — A oK N TTIAT4YY | no
exb =AY B /N 7N no

HIHRAE DR = h e —
2 2 3 3

ﬁ%iﬁ&ﬁ:‘/]\tﬂfﬂ — glogz g — g logz g

=04 X132+ 0.6 Xx0.737 = 0.971



A )I/OD‘EE#R
0 O 73 T

— I
ex2 1E 5T’ %5 /J\ 7l< no
ex3 — A H /)N TIAT AT | yes
ex4 — A oK N TTIAT4YY | no
exh = A B K N no
=T FHRTOFH T e —=0.971
Yes No
WETD | | WELRD TS || mEL )
ex1 ex4 - }2}(2 B O G
ex3 exb =0.171
. o 1 11 1 . 0 1
'ﬁ%i&i/]\ﬂt‘—‘ = —Elogzg —Elogzg r%*&i/]\mt‘_ = —Il gzI _IlogZI
=1.0 =0.0

4 1
HIEZ OB R P — ==X%x 1.0 +=x 0.0 =

5 5




A )I/OD‘EE#R
0 O 73 T

=AF
ex2 EHE %5 /J\ 7l< no
ex3 — A H /)N TIAT AT | yes
ex4 =AF ok K TTAT A no
exbH =AF R AN K no
HATOF R Fa—=0.971
Yes No
WETD | | WELRD TS || mEL )
ex] ex2 - EeX4 %_fﬁtﬁ@ﬂ{%
fFHr ba— = —2log, 2 — Zlog, + FHT e — = —log,~ —-log, -
B = 30823 30823 H = 827 — 110827
=0.918 = 0.0
3 2 Y
AWz O R hrE— = = X 0.918 + =% 0.0 = 0.551




A )I/OD‘EE#R
0 O 73 T

—AE
ex2 1E 5T’ %5 /J \ 7l< no
ex3 — A H /)N TIAT AT | yes
ex4 — A oK N TTIAT4YY | no
exb =AY B /N 7N no

%HIJ@ [F#— hrE—=0. 971

FIf5=0.171 F15=0.420
HIEr e DI F = hre’— HIErte DI F = hee’—
4 1 3 2
=z X 10 +£x0.0 = 038 =§><0.918 +§xo.o=o.551

ZHOLDBIRL DT HBFFHREN




A )I/OD‘EE#R
0 O 73 T

—AE
ex2 E5TE E%E /J \ TIRT AT no
ex3 — A H /)N TIAT AT | yes
ex4 — A K N TIART AT no
exb = 5 N ZN no

FR=ZAC R AT T2
ex] ex4
ex3 exd

Pk, _ L 4., _2 :> _ 3 8
TIBRH =ox 1 +cx 2 =¢ B SEHE RS = —><1+5><z z



AR E T AT DB X
f%il?ci/kmi»—OD/F/E/)ﬁﬁt%b\’f’an'ﬁ% B
TEMTAEBREWN

WRIRGE D e ROBE 2179

G e — DD DR EVVE R 2L T
198 RO E B A5
o VIQUWVERT, 0¥A%E5E T TE5

¢ ZOTNAVALEEZZLIZON, Quinlan T

HY, TV L% ID3 LIRS

0




‘?;‘? 1) A4 )W)‘a“i‘R
—

—AIF H
ex2 EH T H /J \ TIRT AT no
ex3 — A H /)N TIAT AT | yes
ex4 — A K N TIART AT no
exb = 5 N ZN no

BEREL T, AR %&%#ﬁbf_ _ou VT
ER% OB E R e —&2 5 A




e 2) 2 DR
I S S TS

Xy
ex2 ﬁ' Iy /J\ g7 yes
ex3 A ~<h /N A no
ex4 H Ny N A no
exb H Ny N N yes

BB OFHF R et —23 R, mER B
DNAFEZ R E &,




Day Outlook Temperature Humidity Wind PlayTennis
Di1: Simny Hot ngh Weak : No
D2; Sunny Hot : High Strong No

.. D3 Ojcrcast ........ H ot...... ..... ]—hgh .......... Weak ... ... .. Yes. .. ... ..
D4 Rain Mild High Weak : Yes
D5 Ramn : Cool : Normal Weak - Yes

.. Dﬁ ...... Rain PR CUU‘]' R Nmal Strong R Nﬂ ........
D7 Overcast Cool : Normal Strong - Yes
D8 Sunny Mild : High Weak No

.. Dg ..... SUI]IIY ............ CDDI ...... . NDI‘IIIB.I ..... Weak P Yes -
D10 Rain Mild Normal Weak - Yes

Du | Swmy Mid | Nommal |- Stong: | Yes
D12 Ox%crcast I\‘[Ild ngh Strong Yes
D13 Overcast Hot Normal Weak Yes
D14 Ram Mild High Strong No

: [Scc: Tom M Nﬁtchcﬂ, Machin%ei’.eammg, McGra\x;F-Hi]l, 1992’;’]

An example:




http://www.cs.csi.cuny.edu/~imberman/ai/Entropy%20and%?20Iinformation%20Gain.htm

] il

Outlook Play Tennis conditional entropy for rain
5].1]311}? No P(Outlook = Rain and Play Tennis = yes) = 3/5
Sunny No P(Outlook = Rain and Play Tennis = no) = 2/5
Overcast Yes 2 N 2 5
Rain Yes Entropw(S, o) =—§hgz(§]—§hgz[§] =.971
Rain Yes . .
Rain No Entropy(S pmez) = —;hgz[EJ—uhgz{u)=ﬂ
Overcast Yes
Sunny No Entropy(S ceey) =—§hg{§]—%hg{%]=.9?l
sunny Yes
Rain Yes
Sunny Yes P(rain) = 5/14 P(overcast) =4/14 P(sunny)=5/14
Overcast Yes Entropy (Play Tennis | Outlook) = — i( 97T) —i(o)_ i{_g-;r]) _ 694
Overcast Yes 14 14 ° 14
Rain No By knowing Outlook, how much information have | gained?

_ Entropy (Play Tennis) - Entropy (Play Tennis | Outlook) =
P(Play Tennis = Yes) = 9/14 940 - .694 = .246

P(Play Tennis = No) = 5/14

Entropy(Play Tennis}=- 9/14 log ; (9/14) - 5/14 log, (5/14)=.940

E(S) = 2%, —p; log, p;,



Medium \1 I:un
Small Medium
Large

Medium
Medium
Small

| 5, |
.F) = Entropy(S) - Entropy(S,
Gain(S. F) = Entropy(S) Enés@/w ntropy( |") j Disorder

Color_Disorder = 0.69
Weight_Disorder = 0.94
Rubber_ Disorder = 0.61




For the case of Size = small, continue to split this note

How about other two cases?
Split or not? Why?

- medium?

- large?

disorder = 1.0 dhsorde

The numbers listed in wdite are the balls that did not bounce,

Finish splitting?
Why?



ID Trees to Rules

Once an ID tree is constructed successfully, it can be used to
generate a rule-set, which will serve to perform the necessary
classifications of the ID tree. This is done by creating a single rule for
each path from the root to a leaf in the ID tree.

R1: if (size =large)
then (ball does bounce)
R2: if (size = medium)
then (ball does not bounce)
R3: if (size = small)
(rubber = no)
then (ball does not bounce)
R4:. if (size = small)
(rubber = yes)
then (ball does bounce)
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