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Gidi thiéu vé ciy quyét dinh

Giai thuat hoc cay quyét dinh
= két luan va hudng phat trién

Cay quyét dinh

m [Op cac giai thuat hoc
e biéu dién truc quan (ciy) cta thu tuc phan 16p
e két qua sinh ra dé dich (luat dang if ... then ...)
e kha don gian, nhanh, hiéu qua dugc st dung nhiéu

e lién tuc trong nhiéu nim qua, cay quyet dinh dugc binh chon
la giai thuat duge st dung nhiéu nhat va thanh cong nhat

e giai quyét cac van dé cua phan loai, hoi quy

e lam viéc cho dir liéu kiéu s6 va roi rac

e duoc ung dung thanh coéng trong hau hét cac lanh vuc vé
phan tich dir 1i€u, phan loai1 text, spam, phan loai gien, etc

e co rat nhiéu giai thuat san dung : C4.5 (Quinlan, 1993),
CART (Breiman et al., 1984), etc 4



[ Giéi thiéu vé cay quyét dinh

L] Giai thuat hoc cay quyét dinh
L] két luan va huéng phat trién

Top 10 DM algorithms (2015)

Top 10 Data
Mining

° Algorithms

Here are the algorithms:

o 1.C45
e 2.k-means
3. Support vector machines

e 4. Apriori

e 5.EM

e 6.PageRank

e 7.AdaBoost

e 8. kNN

e 9. Naive Bayes

o 10.CART 5
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. Gi6i thidu vé cay quyét dinh
. Giai thuit hoc ciy quyét dinh

Dt icu weather, dua trén cac thudc - i piswin
tinh (outlook, Temp, Humidity, windy ), quyét dinh (playmo)

Outlook Temp Humidity Windy Play
Sunny Hot High False No
sSunny Hot High True No
Overcast Hot High False Yes
Rainy Mild High False Yes
Rainy Cool Normal False Yes
Rainy Cool Normal True No
Overcast Cool Normal True Yes
Sunny Mild High False No
Sunny Cool Normal False Yes
Rainy Mild Normal False Yes
Sunny Mild Normal True Yes
Overcast Mild High True Yes
Overcast Hot Normal False Yes
Rainy Mild High True No




Gi6i thiéu vé cay quyét dinh
Giii thuit hoc cAy quyét dinh

Cay quyét dinh cho tap dir 11€u weather i wmgm e
dua trén cac thuoc tinh (outlook, Temp, Humidity, Windy)

Outlook
sufiny
‘ overcast rain

/

high normal true false

| |
i Yes Yes

!

IF (Outlook = sunny) AND (Humidity = normal) THEN Play = Yes




Gi6i thidu vé cay quyét dinh
Giii thuit hoc cAy quyét dinh

két luan va huéng phat trién

Mo hinh cay quyét dinh

] nGt trong : test trén 1 thudc tinh (bién)

1 nhanh : trinh bay cho dir 1i€u thoa man test, vi du :
age < 25.

nut 1a : 16p (nhan)
& moi nut, 1 thudc tinh duoc chQn,dé phan hoach dur
11€u hoc sao cho tach ro1 cac 16p tot nhat co the

dir li€u maoi dén dugc phan loai theo duong dan tir goc
dén nut 1a



Gi6i thidu vé cay quyét dinh
Giii thuit hoc cAy quyét dinh

két luan va huéng phat trién

Giai thuat cay quyét dinh

= xay dung cay Top-down
e bat dau nat goc, tat ca cac dir liéu hoc & nat goc

e phéan hoach dur li€u mét cach dé quy bang viéc chon 1 thudce
tinh dé thyc hién phan hoach tot nhat c6 thé

= cit nhanh Bottom-up

e cit nhirng ciy con hoic cac nhanh tir dudi 1én trén, dé tranh
hoc vet (overfitting, over learning)
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Gi6i thidu vé cay quyét dinh
Giii thuit hoc cAy quyét dinh

két luan va huéng phat trién

Chon thuoc tinh phan hoach

= & moi nit, cac thudce tinh duoc danh gia dua trén phén tach dir
11€u hoc tot nhat co thé

m vi¢c danh gia dua trén
e d0 lg1 thong tin, information gain (ID3/C4.5)
e Information gain ratio
e chi s gini, gini index (CART)
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m Gidi thiéu vé ciy quyét dinh
= Giii thuit hoc cAy quyét dinh
m két luan va huéng phat trién

Chon thudc tinh phan hoach ?

high

overcast normal

false true

12



Gi6i thidu vé cay quyét dinh
Giii thuit hoc cAy quyét dinh

két luan va huéng phat trién

Chon thuoc tinh phan hoach ?

» thudc tinh nao tot ?
e cho ra két qua 1a cAy nho nhat

e heuristics: chon thudc tinh sinh ra cac nat “purest” (thuan

14

khiét nhat — d6 hon loan thong tin thap nhat)
m d0 lo1 thong tin

e ting theo gia tri trung binh thuan khiét ctia cac tip con cia
dit li¢u sau khi thuc hién phan hoach

e d0 hon loan trude khi phan hoach — do hon loan sau khi
phan hoach

m chon thudc tinh ¢6 do 1g1 thong tin 16n nhat

13



Gi6i thiéu vé cay quyét dinh
[ Giii thuit hoc cAy quyét dinh

L] két luan va huéng phat trién

Ham do do hon loan thong tin

0.6

; Shannon Entropy ———
, 2xGini ------- ﬁ
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Gi6i thidu vé cay quyét dinh
Giii thuit hoc cAy quyét dinh

két luan va hudng phat trién

D6 hon loan thong tin

= thong tin duoc do luong bang bits

e cho 1 phan phoi xac suat, thong tin can thiét dé du doan 1
su kién la entropy ©

m cong thuc tinh entropy:

entropy(p,, P,,---, P,) =—p;logp, — p,logp, ...— p,logp,

15



*Claude Shannon

Born: 30 April 1916
Died: 23 February 2001

. Gi6i thiéu vé cay quyét dinh
n Giii thuit hoc cAy quyét dinh

L] két luan va huéng phat trién

“"Father of
information theory”

16



Vi du : thuoc tinh outlook

Gi6i thidu vé cay quyét dinh
Giai thuat hoc ciy quyét dinh

két luan va hudng phat trién

Outlook Temp Humidity Windy Play
Sunny Hot High False No
sSunny Hot High True No
Overcast Hot High False Yes
Rainy Mild High False Yes
Rainy Cool Normal False Yes
Rainy Cool Normal True No
Overcast Cool Normal True Yes
Sunny Mild High False No
Sunny Cool Normal False Yes
Rainy Mild Normal False Yes
Sunny Mild Normal True Yes
Overcast Mild High True Yes
Overcast Hot Normal False Yes
Rainy Mild High True No

17



Gi6i thiéu vé cay quyét dinh
Giii thuit hoc cAy quyét dinh

két luan va huéng phat trién

Vi du : thuoc tinh outlook

® “Outlook” = “Sunny”:
Info([2,3]) = entropy(2/5,3/5) =-2/5log(2/5) —3/5log(3/5) =0.971 bits

® “Outlook” = “Overcast”™: < Iizlfy : qu(g.) I
. B o B _Ohi ong xdc din
info([4,0]) = entropy(l,.O) =—1log(1) —0log(0) = 0 bits nhung 0*1og(0)
® “Outlook” = “Rainy””: a0

Info([3,2]) = entropy(3/5,2/5) = -3/5log(3/5) —2/5log(2/5) = 0.971bits
= thong tin cua thudc tinh outlook:
Info([3,2],[4,0],[3,2]) = (5/14)x0.971+ (4/14) x0+ (5/14) x0.971
= 0.693 bits
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Gi6i thidu vé cay quyét dinh
Giii thuit hoc cAy quyét dinh

két luan va hudng phat trién

D0§ 1¢g1 thong tin

m d0 lo1 thong tin cua outlook
(truoce khi phan hoach) — (sau khi phan hoach)

gain(*' Outlook™) = info([9,5]) - info([2,3],[4,0],[3,2]) =0.940- 0.693
=0.247 bits
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Gi6i thidu vé cay quyét dinh
Giii thuit hoc cAy quyét dinh

két luan va hudng phat trién

Thudc tinh humidity

®  “Humidity” = “High”:

Info([3,4]) =entropy (37,4/7) =—-3/7log(3/7)—4/7log(4/7) =0.985 bits
m “Humidity” = “Normal”:

Info([6,1]) =entropy(6/7,1/7) =—6/7log(6/7) —1/7log(1/7) = 0.592 bits
= thong tin cua thudc tinh humidity

info([3,4],[6,1]) = (7/14) x 0.985 + (7/14) x 0.592 = 0.788 bits
m d0 loi1 thong tin cua thudc tinh humidity

info([9,5]) - info([3,4],[6,1]) = 0.940-0.788 = 0.152

20



Gi6i thidu vé cay quyét dinh
Giii thuit hoc cAy quyét dinh

két luan va hudng phat trién

D0§ 1¢g1 thong tin

m d0 lo1 thong tin cua cac thudc tinh
(truoce khi phan hoach) — (sau khi phan hoach)

gain(" Outlook™) = 0.247 bits
gain(" Temperature") = 0.029 bits
gain(" Humidity") = 0.152 bits
gain(" Windy") = 0.048 bits

21



Gi6i thidu vé cay quyét dinh
Giii thuit hoc cAy quyét dinh

két luan va huéng phat trién

/ sunny '\

high normal

Tiép tuc phan hoach dit liéu

no
no
no

yes
yes

gain(" Humidity") = 0.971 bits
gain(" Temperature") = 0.571 bits

gain(" Windy") = 0.020 bits

22



. Gi6i thiéu vé cay quyét dinh
n Giii thuit hoc cAy quyét dinh

L] két luan va huéng phat trién

Két qua

no‘yes ‘yes“no‘

m cht V : cd thé c6 nat 14 khong thuan khiét
— phan hoach dung khi di¥ liéu khong thé phan hoach, nhan
duoc gan cho 16p 16n nhat chira trong nut 1a

23



Gi6i thidu vé cay quyét dinh
Giii thuit hoc cAy quyét dinh

két luan va huéng phat trién

Chi s6 gini (CART)

= néu dir liéu T co n 1dp, chi so gini(T) dugce dinh nghia nhu
sau : ;
gini(T)=1-% p’

j=1
p; la x4c suat cua 16p j trong T

= gini(T) a nho nhat néu nhitng 16p trong T bi 1éch

24



Gi6i thidu vé cay quyét dinh
Giii thuit hoc cAy quyét dinh

két luan va huéng phat trién

Chi s6 gini (CART)

= sau khi phan hoach T thanh 2 tap con T1 & T2 vé1 kich
thudc N1 & N2, chi s6 gini
. A Ny ..
gt ., (T) = ngm(Tl) + ngm(Tz)

m thuoc tinh co ginisp“t(T) nho nhat duoc chon dé phan hoach
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Giai thuat

m giai thuat ID3/C4.5 (Quinlan, 1993)
e su dung Gain ratio
o xur 1y dit liéu s, loai, nhiéu

m CART (Breiman et al., 1984)
e str dung chi s6 Gini

e xu ly dir liéu s0, loai, nhiéu

Gi6i thidu vé cay quyét dinh
Giii thuit hoc cAy quyét dinh

két luan va huéng phat trién
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Gi6i thidu vé cay quyét dinh
Giii thuit hoc cAy quyét dinh

két luan va huéng phat trién

Giai thuat C4.5, dir liéu kiéu sd

= phan hoach nhi phan
e vidu:temp <45

m  khong nhu ditr liéu loai, dit liéu ki€u s6 ¢6 nhiéu nhanh
phan hoach

= phuong phap

e tinh d0 lg1 thong tin cho moi gia tri phan nhanh cua
thudc tinh

e chon gi4 tri phan nhanh tt nhat

27



L] Gi6i thidu vé cay quyét dinh
" Giii thuit hoc cAy quyét dinh

L] két luan va hudng phat trién
Tap Weather, dir liéu ki€u so
Outlook Temperature Humidity Windy Play
Sunny 85 85 False No
Sunny 80 90 True No
Overcast 83 86 False Yes
Rainy 75 80 False Yes

If
If
If
If
If

outlook = sunny and humidity > 83 then play

outlook = rainy and windy = true then play

outlook = overcast then play = yes
humidity < 85 then play = yes
none of the above then play = yes

= no

= no

28



Gi6i thidu vé cay quyét dinh
Giii thuit hoc cAy quyét dinh

két luan va huéng phat trién

Tap Weather, dir liéu kiéu so6

®m  phan hoach trén thudc tinh temperature

64 65 68 69 70

/172 72 75 /5 80 81 83 85

Yes No Yes Yes Yes No | No Yes Yes Yes No Yes Yes No

e vidutemperature < 71.5: yes/4, no/2
temperature > 71.5: yes/5, no/3

e Info([4,2],[5,3]) = 6/14 info([4,2]) + 8/14 info([5,3])

= 0.939 bits

= diém phan hoach : gitta

m cO thé tinh tat ca voi 1 1an pass!

®m can sdp x€p dir li¢u

29



m Gi6i thiéu vé cay quyét dinh
m Gii thuat hoc ciy quyét dinh

L] két luan va huéng phat trién

Ca1 tién

= chi can tinh entropy tai cac diém thay d6i 16p (Fayyad &
Irani, 1992)

glatrl 64| 65| 68 69 70 |71 72, 72,75 75 80 8L 8385
lép Yes| No| Yes Yes Yes | No No | Yes|Yes Yes No | Yes Yes No

X

diém gilra cta cung I8p khdng phai diém t6i uu

30



Gi6i thidu vé cay quyét dinh
Giii thuit hoc cAy quyét dinh

két luan va huéng phat trién

Cit nhanh

®  muc tiéu : tranh hoc vet (overfitting), chiu dung nhiéu,
tang do chinh xac khi phan loai tap test

m CcO02pha

¢ postpruning — cat nhanh ciy sao cho ting kha ning
phan loai cua cay

¢ prepruning — dirng sém qua trinh phan nhanh

= trong thuc té, postpruning dugc st dung nhiéu hon
prepruning

31



Postpruning

= x4y dung cay day du
= catnhanh

o thay thé cdy con

e duwa cay con lén trén
m  ¢O nhiéu chién luoc

e udc luong 10i

e significance test

Gi6i thiéu vé cay quyét dinh
Giii thuit hoc cAy quyét dinh

két luan va huéng phat trién
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. Gi6i thiéu vé cay quyét dinh
n Giii thuit hoc cAy quyét dinh

L] két luan va huéng phat trién

Thay thé cay con

Bottom-up

thay the sau khi da xét
tat ca cac cay con

wage increase 1st year

> 2.5
working hours per week

statutory holidays
<= 10
health plan contribution

>4

bad

bad“good“bad‘ ‘bad“good‘

33



. Gi6i thiéu vé cay quyét dinh
n Giii thuit hoc cAy quyét dinh

L] két luan va huéng phat trién

Thay thé cay con

= thay thé cAy con nao?

wage increase 1st year

> 2.5
working hours per week statutory holidays

<= 10
bad health plan contribution

>4

bad“good“bad‘ ‘bad“good‘



" Gi6i thiéu vé cay quyét dinh

wage increase st year

>2.5

statutory holidays

<= 10

wage increase st year

>4

Thay thé cay con

wage increase 1st yg
working hours per week

bad ‘ ‘ good ‘

—

statutory holidays

<=10

wage increase 1st year

>4

T ‘ bad ‘ good‘

bad

35



Pua cay con Ién trén

Gi6i thidu vé cay quyét dinh
Giii thuit hoc cAy quyét dinh

két luan va hudng phat trién
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NO1 dung

= Gidi thiéu vé cay quyét dinh
= Giai thuat hoc cta cdy quyét dinh
= Két ludn va hwéng phat trién
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L] Gi6i thidu vé cay quyét dinh
. Giai thuat hoc cay quyét dinh
[ Kkét luan va hwéng phat trién

Két luan

m ciy quyét dinh
e x4y dung top-down

e chon thudc tinh dé phan hoach (do 1¢1 thong tin, entropy, chi s6
Ginli, etc)

e cat nhanh bottom-up
e d& cai dat, hoc nhanh, két qua dé hiéu
e duoc str dung nhiéu va thanh cong nhat trong cac tng dung thuc

38



Huéng phat trién

= phat trién

tang do chinh xac

xtr 1y dit liéu khong can bang
dit liéu phirc tap c6 s6 chiéu l6n
cay oblique

tim kiém théng tin (ranking)
clustering

Gi6i thiéu vé cay quyét dinh
Giai thuat hoc cay quyét dinh
két luin va huéng phat trién
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