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I. Dan nhap

e Dinh nghia: Cay quyét dinh 14 mot mo hinh machine learning dude sit dung cho ci bai toan
phan loai (classification) va hdi quy (regression). N6 c6 cau triic giong mot cay, bao gom
cac nit (node) va nhanh (branch), mo phong qué trinh dua ra quyét dinh dya trén cac dieu
kién.

petal length (cm) = 2 45
gini = 0.6667
samples = 150

value =[50, 50, 50]

class = setosa

petal width (cm) < 1.79
gini=05
samples = 100
value = [0, 50, 50]
class = versicolor

petal length (cm) < 4 95
gini = 0.168
samples = 54
value = [0, 49, 5]
class = versicolor

petal width (cm) = 1.55
gini = 0.4444
samples = 6

value = [0, 2_4]

class = virginica

sepal length (cm) < 5.95
gini = 0.
samples = 3

value = [0, 1, 2]

class = virginica

Hinh 1: Cay quyét dinh (nguon: Scikit Learn)
e Muc tiéu: M6 hinh nay chia di lieu thanh cac tap con nhé hon bang cach dat cac cau hoi (dicu
kien) vé cac dic trung (features) ctia dit lieu, tit d6 dua ra dy doan.

Mic du Cay Quyét dinh trong c6 vé don gidn va tric quan, nhung cach thuat toan thyc hién quéi
trinh quyét dinh phan tach va cit tia cay lai khong hé don gidn. Trong bai viét nay, toi sé dua ban tim
hiéu r6 hon vé co ché hoat dong beén trong ctia Cay Quyét dinh.

II. Cac Khai Niém Lién Quan
1 Cac thuat ngit co ban trong cay quyét dinh
1.1 Nt (Node)

e Nt goc (Root Node): La nit dau tien ciia cay, dai dién cho toan bo tap dit lieu. T day, dit
liu duge phan chia dua trén cac diéu kien.

e Nit quyét dinh (Decision Node): Céc niit trung gian, noi dit licu duge phan chia tiép tuc
dua trén cac diéu kién.

e Nit 1a (Leaf Node): La nit cudi cing, dai dién cho két qué dy doan (16p trong bai toan phan
loai ho#ic gia tri trong bai toan hoi quy).

1.2 Nhanh (Branch)

: La duong két noi gitta cac nit, dai dién cho két qua ctia mot diéu kien (vi du: "C6" hodc "Khong"
v6i bai toan phan loai. Hodc mot gia tri cu thé véi bai toan hoi quy).
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Hinh 2: Cau tric cia cay quyét dinh

Nhin chung, mot cay quyét dinh lay mot phat biéu, gia thuyét hodc diéu kieén, sau dé dua ra quyét
dinh xem diéu kién d6 c6 ding hay khong. Céc diéu kien dugce hién thi doc theo cdc nhanh va két qua
ciia diéu kien, khi ap dung cho bién muc tiéu, dugc hién thi trén nat.Mii tén hudéng ra xa mot nit biéu
thi diéu kien dang dugc ap dung cho nit d6. Miii tén huéng dén mot nit bidu thi diéu kien dang duge
théa man.Cudi cling, bién muc tiéu ngay cang tré nén thuan nhat . Diéu nay cudi cing dan dén mot
du doan.

1.3 Cach khéi tao cay quyét dinh

D@ tra 10i cho cau héi mot cay quyét dinh duge tao ra nhu thé nao? Ching ta can biét duge thi
tu cau hoi la gi va cach dat cau hoéi nhu thé nao?

Gia dinh chung ta dang xay dyng mot cay quyét dinh ma tai mot node quyét dinh ching ta c6 50
quan sét rai vao ching. C6 ba phuong an lira chon node 14 tiép theo tuong ting vé6i 3 bién, ching c6 két
qud théng ké tai node 14 1an lugt la:

e Bién 1: 25 nhan 1, 25 nhan 0.
e Bién 2: 20 nhan 1, 30 nhan 0.

e Bién 3: 0 nhan 1, 50 nhan 0.
Cau hoi dat ra, dau 1a bién phu hop nhat?

e Kich ban Iya chon bién 1 dudng nhu 14 vo nghia vi né tuong duong véi dy bao ngau nhién nhan
0 va 1.

e Kich ban tuong ttng vdi bién 2 c¢6 xu huéng dy bao thién vé nhan 0 nhung ty lé dit bao sai nhan
1 van con cao.

e Lita chon bién 3 1a tuyét voi vi chiing ta da du bao ding hoan toan nhan 0.

Nhu vay muc tiéu khi déi dién vé6i viec phan loai d6 1a két qua trd vé tai node 14 chi thuoc vé mot
16p. Chiing ta c6 mot thuat ngit ngén gon cho trudng hgp nay 1a tinh khiét (purity). Trai ngugc lai
v6i tinh khiét sé 1a khai niem van duc (impurity), titc phan phdi clia cdc nhan tai node 14 con kha
map md, khong c6 xu huéng thién vé mot nhan nao cu thé. Néu ra quyét dinh phan loai dya trén kich
ban dan t6i node 14 sé tra vé két qua khong dang tin cay.

Cay Quyét dinh mang lai tinh linh hoat cao & chd chiing ta cé thé st dung ca bién s6 va bién phan
loai dé phan chia dit lieu muc tieu. Dit lieu phan loai dugc phan chia theo céc 16p khac nhau trong bién.
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Bién s6 phitc tap hon mot chit vi ching ta phai phan chia thanh cac ngudng cho diéu kién dang dugc
kiém tra, chiing han nhu < 18 vi > 18. Mot bién s6 c¢6 thé xuat hién nhiéu lan trong dit liéu véi cac
ngudng cit hodc ngudng khac nhau. Phan loai cudi cling ciing c6 thé dudce lip lai.

Nhitng diéu quan trong can luu y la:

e Luong thong tin qua Cay quyét dinh
e Tiéu chi Iya chon bién trong cay quyét dinh 1a gi?
e Lam thé ndo né quyét dinh rang cay da c6 di canh va ngimg tach?

Dé tiép can thuat todn nay mot cach dé hiéu nhét, ta xét mot vi du cu thé nhu sau: (Luu y vi du nay
duge dung xuyén suét trong bai)

No. Target variable Predictor variable Predictor variable Predictor variable

Exam result online course major working status
1 Pass Y Maths N
2 Fail N Maths Y
3 Fail Y Maths Y
4 Pass Y CS N
5 Fail N Other Y
6 Fail Y Other Y
7 Pass Y Maths N
8 Pass Y CS N
9 Pass N Maths Y
10 Pass N CS Y
11 Pass Y CS Y
12 Pass N Maths N
13 Fail Y Other Y
14 Fail N Other N
15 Fail N Maths Y

Bang 1: B9 d@ liéu vi du:
gom 15 diém dit liéu clia hoc sinh vé viec dau hay trugt bai kiém tra Machine learning

2 Ludng théng tin qua Cay Quyét Dinh

Cay quyét dinh bat dau véi bién muc tiéu. Bién nay thuong duge goi 1a nut cha (parent node). Sau
do, Cay Quyét dinh tao mot chudi cic phép chia dita trén mitc do tac dong lén bién muc tieéu nay. Nt
dau tien la nut goc (root node), titc 1a bién c6 tdc dong 16n nhat lén bién muc tiéu, bién dau tien chia
bién muc tiéu.

Dé xac dinh nit goc, ching ta can danh gia tac dong clia tat ci cac bién lén bién muc tiéu dé xéac
dinh bién phan chia cdc 16p Pass/Fail thanh cac nhém dong nhat nhat. Cac bién can xet bao gom:
online course, major vd working status. Ching ta hy vong dat dugc diéu gi v6i syt phan tach nay? Gia
sit chiing ta bat dau véi working status 1a nit goc. Nt nay dugde chia thanh 2 nit con: Working va Not
working. Nhu vay, trang théi Pass/Fail sé tuong tng tai cac nit con la:
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Working Status

working e . Notworking

5P 4F 5P, 1F

Hinh 3: Vi du chia node

Day 1a luong co ban ciia Cay Quyét dinh. Mién 1& c6 sit két hgp gitta Pass va Fail trong cling mot
nit con, thi vin cé thé phan tach them dé c¢6 ging dua né vé mot label duy nhat. Diéu nay duge goi 1a
do tinh khiét ctia nit. Vi du: Not Working c6 5 Pass va 1 Fail, do d6 n6 tinh khiét hon nit Working c6
5 Pass va 4 Fail. Nt 14 sé 1a nut chi chita mot 16p duy nhat Pass ho#c Fail.

Do tinh khiét clia mot nat do luong mitc do dong nhat clia cdc mau trong nut d6. Mot nut c6 do
tinh khiét cao nghia 1a hau hét cac mau thudc cing mot 16p (trong bai toan phan loai) hosic c6
gid tri gan nhau (trong bai todn hoi quy).

Nhu vay chiing ta da so luge hiéu vé ludng hoat dong trong Cay quyét dinh. Bay gio, ching ta hay
chuyén sang tim hiéu phan cét 16i ctia Cay quyét dinh - Cac cau hoéi chinh: Tiéu chi lya chon bién
trong cay quyét dinh la gi? va Lam thé nao né quyét dinh rang cay da c6 da canh va ngiing
tach?

3 Neén tang toan hoc - Tiéu chi lua chon bién

Day chinh 1 noi thé hién sy phtic tap va tinh vi thuc sy ctia quyét dinh. Céac bién duge lya chon
dya trén mot tiéu chi thong ke phiic tap duge ap dung tai méi nit quyét dinh. Hién nay, tiéu chi lya
chon bién trong Cay Quyét dinh c6 thé duge thyc hién thong qua hai phuong phép:

e 1. Entropy and Information Gain
e 2. Gini Index

3.1 Entropy

Entropy 1 mot thuat ngit bat nguodn tit vat 1§ va c6 nghia la thude do mitc do hén loan. Cu thé
hon, ching ta c6 thé dinh nghia né nhu sau:

Entropy 13 mot khai niem khoa hoc, dong thsi 14 mot tinh chat vat 1y c6 thé do luong dugc,
thuong gan lién v6i trang thai hdn loan, ngau nhién hoac bat dinh. Thuat ngit va khai niém nay
dudc st dung trong nhiéu linh vuc khac nhau, tit nhiet dong luc hoc ¢6 dién , noi né duge cong
nhan lan dau tién, dén mo ta vi mo vé tit nhién trong vat ly thong ké , va cac nguyeén ly cta ly
thuyét thong tin .
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Trong Iy thuyét thong tin , entropy ciia mot bién ngau nhién 14 mitc do trung binh ctia "thong tin",
"su ngac nhién" hoac "su khong chic chdn" von c6 trong cac két qua c6 thé xdy ra ciia bién do.

Trong boi canh ctia Cay Quyét dinh, entropy 1a thude do mitc do hdn loan hoic tap chat trong mot
nit. Chiing ta sé sit dung Entropy dé danh gia mitc do tinh khiét ctia phan phdi xac suit ctia mot sy
kien. Mitc entropy hoiic hdn loan t6i da duge biéu thi bang 1 va entropy t6i thiéu duge biéu thi bang 0.
Cac nit 14 c6 tat cd cac mau thuoc vé 1 16p sé c6 entropy 1a 0. Trong khi d6, entropy cho mot nit ¢
cac 16p dudc chia déu sé 1a 1.

Gia st mot sy kién xay ra v6i phan phoi xac suat la p = (p1, p2, ..., pc) thod man Zlczl p; = 1. Khi
d6 ham entropy doéi véi sy kién trén la:

c
H(p) = — ) pilog(p:) (1)
=1

Trong truong hop p; = 0 thi ham entropy 1a khong xac dinh do log(p;) khong ton tai, tuy nhién can
¢ vao gia tri hoi tu thi ta sé qui wdc gia tri cha entropy trong trudng hgp nay la 0.

Trong 1y thuyét thong tin thi ham log & phuong trinh (1) 1a ham logarith véi co s6 2. Tuy nhién &
day ching ta c6 thé sit dung ham logarith co s6 ty nhién e ma khong thay déi ban chat do gia tri dat
dudc tuong duong véi viec nhan véi mot hing sb.

Khéo sat ham entropy ching ta sé nhan thay day 1a mot ham khong am c6 gia tri to6i da dat duge
khi phan phéi xéc suat 14 dong déu trén toan bo cac nhan. Dé don gian bén dudi ching ta vé do thi va
khao sat ham entropy déi véi bai toan phan loai nhi phan.

Entropy

0.7 1

0.6 1

0.5 1

0.4

entropy

0.3 1

0.2 1

0.1 A

0.0 1

0.0 0.2 0.4 0.6 0.8 1.0

Hinh 4: Entropy

Gia tri 16n nhat dat duge khi pg = p; = 1/2 . Trong khi gia tri nhé nhat dat duge khi mot trong
hai x4c suat bang 1 vA x4c suat con lai bang 0.

Két luan gia tri entropy cuc tiéu dat duge khi phan phdi p 1 tinh khiét nhét, tic phan phéi hoan
toan thuoc vé mot nhém. Trai lai, entropy cuc dai dat duge khi toan bo xac suat thudce vé cac nhém 1a
bang nhau. Mot phan phdi c6 entropy cang cao thi mitc do tinh khiét ctia phan phéi d6 sé cang thap
va ngudc lai.



Al VIETNAM aivietnam.edu.vn

Nhu vay vé ban chat thi entropy 14 mot thuée do vé do tinh khiét clia phan phoi xac suat. Dya trén
entropy ching ta c6 thé danh gia tinh hiéu qué ctia cau héi & mdi node va quyét dinh xem dau la cau
héi hieu qua hon (c6 do tinh khiét 16n hon, entropy nhoé hon).

3.2 Information Gain

Information Gain 1a mot khai niém quan trong trong ly thuyét thong tin va machine learning, dic
bigt 1a trong cac mo hinh Cay quyét dinh (Decision Tree). N6 do luong mic do gidm entropy clia tap
di liéu sau khi phan chia dya trén mot dac trung (feature). Information Gain cang cao, viéc phan chia
dit lieu duya trén dic trung d6 cang hiéu qua trong viéc tang do tinh khiét cia cac nit con.

Gia st mot tap du lieu S duge phan chia thanh cac tap con Si, 52, ..., Sk dya trén mot dic trung A
Information Gain dugc tinh bang cong thic:

IG(S,A)=H(S)- )_ ’S”’H(Sv) (5)

vEValue(A) |H‘
trong do:

e H(S) la entropy cia tap di lieu S trude khi phan chia.

o« X IHES):

— entropy trung binh cé trong sb clia céc tap con sau khi phan chia. Trong s ||S”‘ phan anh

ty 1é¢ mau trong mdi tap con.
— Vi du: Néu mot tap con S, ¢6 H(Sy) = 0, tit cd mau trong S, thuoc cing mot 16p — Phan
chia nay ly tudng.

Tai sao céng thic nay lai quan trong?

e Muc tiéu ciia cay quyét dinh: Tim céach phan chia di lieu sao cho céc nit con cang "tinh
khiét" (dong nhat vé 16p) cang tot.

e Vai tro ctia IG: Information Gain do luong sy cai thién vé do tinh khiét sau khi phan chia.
Néu IG(S, A) > 0, viec phan chia dya trén dic trung A lam gidm entropy, tiic ting do dong nhat
ciia cac nit con. Dic trung c6 IG cao nhat sé dude chon dé phan chia.

Tai sao phai diing entropy trung binh cé trong s6?
e Ly do: Cac tap con S, c6 thé c6 kich thuéc khac nhau. Trong sb % dam bao rang tap con lén

hon sé ¢6 anh huéng 16n hon dén téng entropy. Diéu nay gitap tranh thién vi khi so sanh cac dic
trung c6 s6 luong gia tri khac nhau.

Trudng hgp dac biét ctia Information Gain
e IG = 0:

— Xay ra khi H(S) = %“H(S ).

— Y nghia: Phan chia dya trén dic trung A khong lam giam entropy — Dic trung A
khong hitu ich.

e IG cuc dai:
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— XAy ra khi tat ca cac tap con S, c¢6 H(Sy) = 0.

— Y nghia: Phan chia hoan hdo — M3i tap con chi chita mot 16p duy nhét.

Nhugc diém ciia Information Gain
e Thién vi cac dic trung cé nhiéu gia tri:

— Déc trung c6 nhiéu gia tri (vi du: ID ngudi dung) dé tao ra cac tap con nhé va "tinh khiét"
mot cach gia tao, dan dén IG cao. Tuy nhién, diéu nay gay overfitting.

— Giai phap: St dung Information Gain Ratio (ty 1¢ lgi ich thong tin) dé chuan hoéa IG
bang céch chia cho Intrinsic Information (entropy ctia phan phéi gia tri dic trung).

Vi du minh hoa sy thién vi ctia Information Gain Gia st tap dit lieu S ¢6 10 mau, trong do:
e 5 mau thudc 16p "C6", 5 mau thuoe 16p "Khong".
e Xét hai dac trung:

— Dac trung A: Mot bién phan loai ¢6 10 gia tri duy nhat (méi gia tri tng v6i 1 mau).

— Dac trung B: Mot bién phan loai ¢6 2 gia tri (vi du: "Nam", "N@"), méi gia tri chita 5 mau
(3 "C6", 2 "Khong").

Tinh IG cho dac trung A

e MOoi tap con S, chi chita 1 mau — H(Sy) = 0.

e IG(S,A)=H(S)—0=1-0=1 (vi H(S) = — (0.5l0og, 0.5 + 0.5l0og, 0.5) = 1).
Tinh IG cho dac trung B

o H(Snam) = — (2logy 2 + Zlog, 2) ~ 0.971.

e H(Syz) =0.971.

e IG(S,B) =1 — (3 x 0.971 4+ 5 x 0.971) & 1 —0.971 = 0.029.
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Két luan

e Dic trung A ¢6 IG cao hon dic trung B, nhung viéc phan chia theo A 13 vo nghia vi mdi nut 14
chi chita 1 mau — Overfitting.

e Bai hoc: Information Gain dé thién vi cac dic trung c6 nhiéu gia tri. Can st dung Information
Gain Ratio dé khic phuc. (Thuat toan C4.5)

3.3 Chi s6 Gini (Gini Index)

Chi s6 Gini la mot lira chon khéc bén canh ham entropy dudc sit dung dé do ludng mitc do bat binh
déng trong phan phéi ctia cac 16p. Chi s6 nay duge tinh bing cach 1y 1 trit di tong binh phuong ty lé
phan tram & mdi 16p.

C
Gini =1 — pr (2)
i=1

Ta c6 thé chiing minh duge gia tri clia Gini dao dong trong khoang tit 0 dén 1 — 1/C. That vay.

c c C
Qup* =2 w+2 >, ppjz) p
i=1 i=1 1

1<j<i<C i=
1
C
& 1= p (3)
i=1
Dau '=’ x4y ra khi phan phdi xac suat p hoan toan thudc vé mot 16p, titc ta thu duge mot cach

phan chia tai node 14 la tinh khiét thuan tuy ma khong bi van duc.

. C
2
= 6§Zpi (4)

Déng thitc thu duge khi phan phéi xac suat hoan toan la dong déu giita cac 16p. Day 1a truong hop
duge xem 1a van duc ma ching ta khong mong dgi xdy ra vi muc tiéu ctia phan chia van 1 céc quan
sat bi don vé mot nhom.

Nhu vay, tit (3) va (4) @ 0<Gini<1-1/C

Gini thuong duge diing déi véi nhitng bién rdi rac ¢6 s6 lugng cac truong hgp 14 16n vi né ¢6 toc do
tinh todn nhanh hon so vdi ham entropy. Trong thuat toan CART ciia sklearn thi chi s6 gini dugc st
dung thay cho ham entropy.

10
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ITII. Thuat toan phd bién

Nhu da néi & trén, thuat toan Cay Quyét Dinh 13 mot ho thuat toin kinh dién trong hoc may. N6
c6 thé duge sit dung cho ca phan loai v hdi quy. Phan nay sé trinh bay cac thuat toan phd bién nhu
ID3 va C4.5, CART. Trong d6, thuat toan CART dugc nhan manh vi scikit-learn sit dung phién ban
t61 wu ctia thuat toan CART lam trién khai cho thuat toan cay quyét dinh.

1 1ID3

1.1 Cg sé ly luan

Vao nhitng ndm 1970, Ross Quinlan da kham ph& ra cach sit dung entropy tit ly thuyét thong tin
dé do luong qua trinh ra quyét dinh ciia cay quyét dinh. Phuong phap ctia 6ng, don gian va hieu qua,
da gay chan dong du luan, vad Quinlan da dat tén cho thuat toan nay 1a ID3Iterative Dichotomiser 3.
Hay cuing xem cach thuat toan ID3 Iya chon cac dic trung. Dau tién, hay quay trd lai véi cong thiic
entropy da tim hiéu & phan II:

—> " pilog(p:) (1)
=1

Trong d6 n biéu dién n gia tri r6i rac khac nhau ciia X. Va p i biéu dién xéc sudt X nhan gia tri i, va
log 1 logarit co s6 2 hodc e. Vi du, néu X c6 hai gié tri c6 thé xay ra va xac suat 1 gia tri xay ra bing
1/2, thi X c6 entropy 16n nhét, dong nghia X c6 do khong chic chan 16n nhat.

Khi ban da quen véi entropy ctia mot bién X, viéc khai quat héa né thanh entropy chung ctia nhiéu
bién sé rat dé& dang. Duéi day la biéu thitc cho entropy chung ciia hai bién X va Y:

=3 S plwi v log(p(i, wi)) (1)

z,€X y; €Y

Tit entropy két hop, ta c6 thé thu duge biéu thiic clia entropy c6 diéu kien H(X|Y). Entropy c6 diéu
kién tuong ty nhu xac suat co diéu kien. N6 do ludng do bat dinh ctia X sau khi biét Y. Biéu thiic nhu
sau:

HXY)==> Y plzi,yi)logp(ily:) Zp (y;) H(X1y;) (1)

i, €X y; €Y

Chiing ta vita dé cap rang H(X) do luong sy khong chac chan ctia X va entropy c6 diéu kien H(X[Y) do
luong su khong chic chin con lai vé X sau khi ching ta biét Y. Vay con H(X)-H(X]|Y) thi sao? Nhu ban
c6 thé thay tit mo ta & trén, né do ludng miic do ma sy khong chic chin ctia X gidm di sau khi ching ta
biét Y. Trong ly thuyét thong tin, s6 ligu nay dude goi la thong tin tuong hd, ky hieu 1a I(X,Y). Trong
thuat toan cay quyét dinh ID3, diéu nay dudc goi la do 1gi thong tin. Thuat toin ID3 st dung do lgi
théong tin dé xac dinh nhing dic diém nao sé dude st dung dé xay dung cay quyét dinh cho niut hien
tai. Do 1gi thong tin cang 16n thi cang phit hop dé phan loai.

Thuéat toan ID3 sit dung do 1gi thong tin dé xac dinh cac dic trung nao lam nut phan chia hién tai.
Dic trung c6 do 1oi thong tin duge tinh toan cao nhit sau d6 duge st dung dé thiét lap nat hien tai
trong cay quyét dinh.

11



Al VIETNAM aivietnam.edu.vn

Qua trinh thuat toan ID3 dién ra nhu sau:

Pau vao: m mau, tap hop dau ra clia cic mau la D, mdi mau c6 n thuoc tinh rdi rac, tap hop
thuoc tinh 14 A, va dau ra l1a cay quyét dinh 7T

Algorithm 1: Thuéat toan ID3

end
else
chon thuoc tinh A, € A ¢6 thong tin ting cudng 16n nhat

10 tao mot nat gée cho cay hién tai véi nhan 1a Ay
11 x6a A, ra khéi A
12 for moi gid tri v cia thudc tinh Ay do
13 tao mot nhanh mdi tit nat goc véi nhan 1a v
14 bat D, la tap hdp céc vi du trong D c6 gia tri v tai thudc tinh A,
15 Goi induce _tree(D,, A) va gan két qua vao nhanh méi
16 end
17 end
18 end

induce tree(D, A) begin

if moi vi du trong D déu thudc cung mot Iép don c then
‘ return mot nut ld dugc gan nhan boi Idp c

end

1

2

3

4

5 else if A la rong then
6 ‘ return mot nit ld duoc gdan nhan bdi l6p pho bién nhat trong D
7

8

9

Hay thit ID3 cho vi du Pass/Fail trong phan IT nhé:

1.2

Han che

Mic dit thuat toan ID3 cung cip diém rat mdi trong bai toan Cay Quyét Dinh, nhung né vin c6
nhiéu diém han ché.

1.

3.
4.

ID3 khong xem xét cac dac diém lien tuc, chdng han nhu do dai va mat do, 1a cac gia tri lien tuc
va do dé khong thé ap dung cho ID3.

. ID3 uu tien cac dic diém c6 miic ting thong tin cao dé thiét lap cac nit trong cay quyét dinh.

Ngudi ta sém phat hién ra rang, trong ciing diéu kién, cac dic diém c6 nhiéu gia tri hon c6 mic
tang thong tin cao hon céc dic diém c6 it gia tri hon. Vi du, mot bién cé hai gia tri, méi gia tri
12 1/2 vA mot bién khac c¢6 ba gia tri, mdi gia tri 1a 1/3. Trén thuc té, day la cac bién hoan toan
khong chic chan, nhung mic tang thong tin clia bién c6 ba gia tri cao hon bién c6 hai gia tri.

Thuat toan ID3 khong tinh dén tinh trang thiéu gid tri.

ID3 khong xem xét van dé qua khép.

Dita trén nhitng thiéu sét trén, Quinlan, tic gid clia thuat toan ID3, da cai tién thuat toan ID3, d6 la
thuat toan C4.5.Ban c6 thé héi, tai sao khong goi no6 1a ID4, ID5 hay tén gi d6 tuong tu? D6 1a béi vi
cay quyét dinh da qua phd bién. Ngay khi ID3 ctia 6ng ra doi, nhitng ngudi khac da thyc hién cac cai

tién

tht cap ID4 va ID5. Vi vay, ong da chon mot cach tiép can khac va dat tén cho né 1a thuat toan

C4.0. Phién ban phét trién sau dé 1a thuat toan C4.5. Ching ta hay cling tim hiéu vé thuat toan C4.5
bén dudi.

12
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2 C4.5

2.1 Cog sd ly luan

Nhu da noéi & phan trén, C4.5 ra doi nham giai quyét nhitng han ché ciia ID3.

2.1.1 Xit ly cac thudc tinh lién tuc

Van deé dau tien, C4.5 xit Iy cac thudc tinh lién tuc bang cach rdi rac héa ching. Gia sit c6 m mau véi
mot thuoc tinh lién tuc A c6 cac gia tri dude sap xép tit nhé dén 16n 14 a1, as, . .., a,,. C4.5 tinh gia tri
trung binh ctia hai mau lién ké lam diém cét, thu duge m — 1 diém cat, duge biéu dién 1a T; = W—#
Sau do, tinh thong tin tang cudng cho ting diém cit. Diém cit c6 thong tin ting cuong 16n nhat sé
dudc chon lam diém chia nhi phan. Vi du, chia thanh hai 16p: 16n hon 1 va nhé hon hosic bing ¢;. Bang
cach nay, ching ta da roi rac héa mot thudc tinh lién tuc. Diéu quan trong can luu y 1a day la phép
chia nhi phan. Néu thuoc tinh hién tai la lien tuc, céc nit con cling c6 thé tiép tuc duge chon dé chia.

2.1.2 Tiéu chuin thong tin ting cudng thién vi

Van dé thit hai, thong tin ting cudng c6 xu hudng wu tién cac thude tinh c6 nhiéu gia tri hon. C4.5 st
dung ty 1é thong tin tang cudng (Ig(D, A)) thay cho thong tin ting cuong (I(D, A)). Ty 1é nay la
ty le gitta thong tin tang cudng va thong tin phan tach. Cong thitc duge biéu dién nhu sau:

I(D, A)

A= )

Trong d6 D 1a tap hop dau ra clia cAc mau, A la thuoc tinh, H4(D) 14 Entropy ctia thudc tinh A, duge
tinh bang cong thiic:

— | D | Dil
HA(D) = _Z ’D‘ 10g2 |D’
i=1

Trong d6 n la sb loai gid tri ciia thugc tinh A, |D| 1a s6 mau trong D, va |D;| 1a s6 mau c6 gié tri thit i
cta thuodc tinh A.

Ty lé thong tin tang cudng cang 16n, thuoc tinh cang c6 kha nang duge chon. Do d6, né c¢é thé hieu
chinh xu huéng thién vi ctia thong tin tang cuong ddi v6i cdc thuoe tinh c6 nhiéu gia tri.

2.1.3 Xit ly d@ liéu bi thiéu

D6i v6i van dé thit ba, c¢6 hai van dé chinh can giai quyét. Tht nhat, lam thé nao dé chon thudc tinh
chia khi mot s6 mau c6 gia tri bi thiéu? Thi hai, lam thé nao dé chia cdc mau bi thiéu khi da chon
dugce thudc tinh chia?

2.1.3.1. Lam thé nao chon thudc tinh khi bi thiéu di liéu

Gia st mot thuoc tinh A nao do6 c6 gia tri bi thiéu. C4.5 chia cac mau thanh hai phan: mot phan cé gia
tri clia thuoc tinh A vA mot phan khong c6. Dau tién, gan trong s6 1 cho méi mau (ban dau). Sau do,
chia cdc mau c6 gia tri thanh ciac nhom con va tinh tdng trong s6 ctia ching. Phan con lai khong c6 gia
tri ctia thudc tinh A sé khong tham gia vao viéc tinh toan thong tin tang cuong, do dé chi st dung cac
mau cé gia tri dé tinh thong tin ting cudng va tong trong sb ciia ching. Cudi cling, trong sé clia moi
nhém con duge diéu chinh lai dé tong trong s6 bing 1.
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2.1.3.2. lam thé nao dé chia cac miu bi thiéu khi da chon dugc thudc tinh chia

Gia st ching ta da chon dude thudc tinh chia. Cac mau c6 gia tri bi thiéu sé dude chia vao tat ca cac
nhanh con ctia nit. Tuy nhién, trong s6 clia chiing sé dude diéu chinh lai theo ty 1&. Vi du, néu mau bi
thiéu gia tri ctia thuoc tinh A ma A c6 ba gia tri Al, A2, A3, cic gia tri nay tuong tng véi cac trong
s6 2, 3, 4. Thi mau nay sé dugc sao chép vao ba nhanh con véi trong s6 duge diéu chinh lai thanh
2/9,3/9,4/9 tuong tng.

2.1.4 Cat tia (Pruning)

Dé6i vé6i van dé thi tu, C4.5 gidi thigu pruning (cat tia cay), day 1a mot budc so bo trong cac thuat toan
cay. Ching ta sé khong di sau vao chi tiét ¢ day. Phan néi vé CART sé giai thich chi tiét hon vé cac
chién ludc cat tia.

Ngoai bén diém trén, C4.5 va ID3 khong khac nhau nhiéu.

Qué trinh thuit toin C4.5 difén ra nhr saw:

Diu vho: m miu, tip hop diu ra cia cic miu & D, méi min o6 n thudbec
tinh i rac, tip hgp thudc tinh b A, vii diu ra la ciy quyét dinh T.

Algorithm 2: Thuit todn CA.5

1 CAS_BuildTree{ D), A) begin
2 if Ll ed ede mdu trong D thude cing mat [op don ¢ then

| return mil nil 6 duge gdn nhan bii ldp ¢
end
if A ld rdng then

| return mge niit i duge gin nhan bdi lap phd bidn nhit trong D
end
Jf Tim thude tinh thit nhiit dé phiin chia chon thude tinh Ag € A ob t¥ 1@ thing tin
ting cuimg lim nhit

8 | if &y I# thing tin ting cuimg cia A, dudi mét ngudng « hode khing ding k¢ then
10 | return mit mit li duge gin nhin bdi ldp phd bidn nhdt trong D
11 cnd
12 tao mit mit ghe cho ciy hién tai vdi nhin la A,
13 xba Ag ra khii A
14 for mdi gid tri v cia thuje tink Ay do

= N2 B e

15 tao mit nhinh mdi tir nit gc vii nhin la v

18 if Ay li thuje tink lién tuc then

1T // Tao 2 nhiinh nhi phin dit Dy g la cic méo o6 gid tri < o

18 dit D ne i cic min ob gid tri > v

18 Goi C4.5 BuildTree{ Dy, A) v gin kit qud vio nhinh trii
0 Goi C4.5_BuildTree( D4, A) v gin kit qui vao nhinh phii
21 cnd

22 else if A, li thuic tinh réi rac then

23 Dat D, la cic min trong D of gid tri v tai thude tinh A,

24 if Dy li ring then

a5 | gén nhiin cho nit 14 la 1op phé bién nhét trong D

26 end

a7 clse

28 | Goi C4.5_ BuildTree{D,, A) vi gin kit qui vio nhinh mdi
20 ond

0 cnd

3 end

32 | return mit gde di hodn chinh

a3 end

14



Al VIETNAM aivietnam.edu.vn

2.2 Han ché
Mic dit C4.5 cai thien mot s6 van dé chinh clia thuat toan ID3, nhung van con vai han ché nhu:

1. Vi cac thuat toan cay quyét dinh dé bi qua khép, nén cac cay quyét dinh duge tao ra phai duge
cat tia.

2. C4.5 tao ra mot cay nhiéu nhanh, nghia 14 mot nit cha c6 thé c6 nhiéu nit. Trong nhidu trudng
hgp, cay nhi phan hiéu qua hon cay nhiéu nhanh trong céc hé thong may tinh.

3. C4.5 chi c6 thé duge sit dung dé phan loai; Viéc ap dung cay quyét dinh vio hoi quy sé mé rong
pham vi ctia né.

4. C4.5 st dung mo hinh entropy, doi héi mot lugng 16n cac phép toan logarit ton thai gian. Doi véi
cac gia tri lien tuc, né ciing doi héi mot lugng 16n cac phép toan sip xép, diéu nay khién do phitc
tap tinh toan tang cao.

3 CART

Nhu chiing ta da biét, thuat toan ID3 st dung do lgi thong tin dé chon céac dac trung, wu tién cac
diic trung c6 do 1¢i thong tin cao. Thuat toan C4.5 st dung ty 1é do lgi thong tin dé chon cac diic trung,
gidm thiéu van dé do lgi thong tin wu tién cic dic trung co tri rieng cao. Tuy nhién, ca ID3 va C4.5 déu
dita trén mo hinh entropy ctia ly thuyét thong tin, bao gom mot s6 lugng 16n cac phép toan logarit. Liéu
c6 thé don gidn héa mo hinh ma khong lam méat hoan toan cac wu diém ciia mo hinh entropy khong?
Co! Thuat toan cay phan loai CART stt dung hé s6 Gini thay vi ty lé do 1¢i thong tin. He s6 Gini biéu
thi do tap chat ctia mo hinh. He s6 Gini cang nhé thi do tap chit cang thap va dic trung cang tot.
Diéu nay ngugc lai vé6i ty lé do 1oi thong tin.

3.1 Co sd ly luan
3.1.1 Tiéu chi lya chon bién cia CART
Trong bai toan phan loai, gid sit ¢c6 K labels va xac suat ctia pham tri1 thit k 1 py, thi biéu thic ctia he

s6 Gini 1a:
K

K
Gini(p) =Y pe(l—pe) =1-)_pi (2)
k=1

k=1
Néu 1a bai toan phan loai nhi phan, phép tinh tham chi con don gidn hon. Néu xac suat clia két qua
mau dau tién la p, biéu thic ciia hé s6 Gini la:
Gini(p) = 2p(1 - p) (3)

D6i v6i mot mau D cho trude, gia sit c6 K loai va s6 loai thit k 1a Cy,, thi biéu thitc he s6 Gini ciia mau

D la:
. %
Gini(D) =1-) <|D|> (4)
k=1
Néu véi mau D, dic trung A theo mot gia tri a ndo dé chia D thanh 2 phan D1 va D2 thi vé6i diéu kién
ciia dic trung A, biéu thic hé sé Gini ctia D la:

Gini(D, A) = %’Gim(m) + 'ﬁ'@imwg) (5)
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Nhut ¢6 thé thay tit hinh trén, duong cong hé s6 Gini va dudng cong entropy rat gan nhau, chi chénh
lech mot chit & goc 45 do. Do dé, hé sé Gini c6 thé duge sit dung nhu mot phuong phap thay thé gan
ding cho mo hinh entropy. Thuat toan cay phan loai CART st dung hé s6 Gini dé lya chon cac dac
trung cho cay quyét dinh. Hon nita, dé don gian héa mo hinh hon nita, thuat toan cay phan loai CART
chi thiye hién phan tach nhi phan trén gia tri ctia mot dic trung, thay vi phan tach da phan viing. Diéu
nay tao ra mot cay nhi phan, thay vi mot cay da phan viing. Diéu nay gitip don gidn hoéa viéc tinh toan
hé s6 Gini v& tao ra mot mo hinh cay nhi phan tinh té hon.

3.1.2 CART xii Iy bién lién tuc va rdi rac

Cay phan loai CART st dung ciing khai niem véi C4.5 dé xit 1§ cac gia tri liéen tuc: ca hai déu roi rac
hoéa cac dic trung lien tuc. Diém khac biét duy nhat nidm & phép do duge st dung dé chon cac diém
phan tach: C4.5 sit dung ty lé tang thong tin, trong khi cay phan loai CART sit dung hé sd Gini.

Y tudng cu thé nhu sau, vi du, tinh niing lien tuc A ctia m méu ¢6 m gia tri lien tuc, sip xép tit nhod
dén 16n thanh aq, as, as..., a,,. Thuat toan CART lay gia tri trung binh clia hai gia tri mau lién ké va thu
dugce téng cong m-1 diém phan ving, trong dé diém phan viung thi i,7; duge biéu dién: T; = aﬁ#
V6i mdi diém m-1, tinh thong tin tang cudng cho ting diém.Diém cit nao c6 Gini nhé nhat sé duge
chon lam diém chia nhi phan.Vi du, néu Gini index nhé nhéat 1a & ¢; , thi chia thanh hai 16p: nhé hon
t1 12 16p 1 va 16n hon hoac biang tq 14 16p 2. Bang cich nay, ching ta da rdi rac héa mot thuoc tinh lien
tuc. Diéu can chi y 1a né khac v6i ID3 hosic C4.5 khi xtt Iy cac thudc tinh rdi rac, nhung néu thuoc
tinh hién tai 1a lién tuc, thi thudc tinh nay van c6 thé tham gia vdo qua trinh chon ndt con. Déi véi
van dé phan loai nhi phan ctia thuoc tinh rdi rac trong CART, tu duy la lién tuc thiyc hién phan loai
nhi phan cac thudc tinh.

Hoi tudng lai ID3 hoic C4.5, néu mot thudce tinh A nao dé dude chon dé xay dung cay quyét dinh,
va n6 c6 ba loai gia tri A1,A2,A3, chiing ta sé xay dyng ba nhanh trén cay quyét dinh. Diéu nay dan
dén viéc cay quyét dinh c6 nhiéu nhanh. Nhung cach CART st dung thi khéc, né lién tuc thyc hien
phan loai nhi phan. Vi du, CART sé xem xét chia thudc tinh A thanh Al va A2,A3, A2 va A1,A3, va
A3 va A1,A2. Ba trudng hgp nay, tim ra t6 hop c6 Gini index nhd nhat, vi du, Al va A2,A3, sau do xay
dyng hai nat con, mot nut 1a tdp hgp tuong ting véi A2, niat con lai 1a tap hgp tuong dng véi A1,A3.
Dong thai, vi lan nay khong chia hoan toan cac gia tri thuoc tinh ciia A, nén sau do, trong cac nit con
van c6 co hoi tiép tuc chon thuoc tinh A dé chia Al va A3. Diéu nay khac véi ID3 hoiic C4.5. Trong
ID3 hodc C4.5, d6i v6i mot thuoc tinh rdi rac, chi xay dung mot lan.
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Qua trinh thuat toAn CART dién ra nhu sau:
Algorithm 2: Thuat toan CART

1 CART BuildTree(D) begin
2 if tat cd cac mau trong D déu cing mot 1op HOAC khong con thudc tinh dé chia then
3 ‘ return mot nit ld, két thic dé quy
4 end
5 if Gini Index ciia D nhé hon e HOAC s6 mdu trong D nhé hon k then
6 ‘ return mot nit ld, két thic dé quy
7 end
8 // Tim thuoc tinh va gia tri t6t nhat dé phan chia tinh Gini Index cho tat ci cac
thudc tinh va gia tri cia ching trén tap dua lieu D
9 chon cé@p thuoc tinh-gia tri (Ag, a) ¢6 Gini Index nhd nhat
10 // Phan chia di lieu va xay dung cay tao mot nat géc cho cay véi nhan la A, va diéu
kién phan chia a
11 chia D thanh hai tap con Djey v Dyjgpe duta trén diéu kien nay
12 // Dé quy cho céc nit con goi CART _BuildTree(D; ;) dé xay dung cay con trai
13 goi CART _ BuildTree(D, gyt ) dé xay dung cay con phai
14 return nit goc da hoan chinh
15 end

3.2 So sanh ID3, C4.5 va CART

Thuét Hb trg md Cdutric  Luachon thudc XU ly gid tri Xly giatri  Céattia

toan hinh cay tinh lién tuc thiéu (Pruning)

ID3 Phan loai Pa Théng tin tang Khéng ho Khéng hd Khong ho
nhanh cudng trg trg trg

ca.5 Phan loai Pa Ty & thong tin Ho trg Ho trg Hb trg
nhanh tang cudng

CART Phan loai, Nhiphan  Gini Index, Ho trg HG trg Hb trg

Hoi quy Phuang sai

Hinh 5: So sanh ID3, C4.5 va CART
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IV. Trién khai m6 hinh va Panh gia
1 Trién khai mé hinh

M5 hinh Decision Tree (Cay quyét dinh) 13 mot thuat toan hoc méy duge st dung rong rai trong bai
toan phan loai (classification) va hoi quy (regression). Dudi day la cac budc trién khai mo hinh Decision
Tree trong Python: Vi du: Dy doan kha ning séng sét sau phau thuat tim 1. B6i canh thiyc té Bénh
nhan phau thuat tim c6 nguy co bién chitng va ti vong. Dua trén cac yéu t6 stic khoe, bac si ¢6 thé du
doan kha nang song sét sau phau thuat va dé xuat phuong an diéu tri phut hgp.

2. Dit lieu dau vao

e Tudi (Age)

o Chi 56 khéi co thé (BMI)

e Tién st bénh tim mach (Heart disease history

e Huyét ap (Blood Pressure)

e Luogng dusng trong mau (Blood Sugar Level)

e Tinh trang phdi (Lung Condition)

e Chi s6 ejection fraction (danh gia kha nang bom mau cta tim)

3. D1t ligu dau ra: Két qua (Outcome): Séng sot (1) hodc khong (0)

Cach trién khai:

Budc 1: Chuan bi dit lieu Dit lieu c6 thé duge thu thap tit cic nguon nhu bénh an dién tit, két qua
xét nghiém, hodc thong tin stic khoe ctia bénh nhan.

import pandas as pd

from sklearn.model_selection import train_test_split
from sklearn.tree import DecisionTreeClassifier

from sklearn.metrics import accuracy_score

Bude 2: Gia lap dit lieu (trong thyc té c6 thé ding dit liéu bénh vien) Tao bo dit ligu gia lap

data = {
>Age’: [65, 72, 58, 80, 45, 50, 77, 69, 55, 62],
’BMI’: [28, 30, 25, 27, 23, 26, 31, 29, 24, 22],
’Heart_Disease_History’: [1, 1, O, 1, O, O, 1, 1, O, O],
’Blood_Pressure’: [140, 150, 120, 160, 115, 130, 155, 145, 125, 118],
’Blood_Sugar_Level’: [100, 120, 90, 110, 85, 95, 130, 125, 88, 92],
>’Lung_Condition’: [1, O, O, 1, O, O, 1, 1, 0, 0],
’Ejection_Fraction’: [35, 40, 55, 30, 60, 50, 38, 42, 58, 65],
’Outcome’: [0, O, 1, O, 1, 1, O, O, 1, 1]

}

df = pd.DataFrame (data)

Budc 3: Chia dit lieu hudn luyen va kiém tra

X = df .drop(columns=[’0utcome’])

y = df [’Outcome’]

X_train, X_test, y_train, y_test = train_test_split(X, y, test_size=0.2, random_state
=42)
Bué6c 4: Huan luyén mo hinh Decision Tree

model = DecisionTreeClassifier (max_depth=3, random_state=42)

model.fit (X_train, y_train)
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Buéce 5: Dy doan va danh gia mo hinh

L # ch nh x c
2 accuracy = accuracy_score(y_test, y_pred)
print (f’Accuracy: {accuracy:.2f}’)

5 # Ma trn nhm ln

6 cm = confusion_matrix(y_test, y_pred)
7 print (’Confusion Matrix:’)

g print(cm)

10 # Precision, Recall, F1-Score

11 precision = precision_score(y_test, y_pred)
12 recall = recall_score(y_test, y_pred)

13 £f1 = f1_score(y_test, y_pred)

14 print (f’Precision: {precision:.2f}’)

15 print (f ’Recall: {recall:.2f}’)

16 print (f’F1-Score: {f1:.2f}’)

15 # AUC-ROC
19 auc = roc_auc_score(y_test, y_prob)
20 print (£’AUC-ROC: {auc:.2f}’)

Buéc 6: Trite quan hoéa cay quyét dinh

1 plt.figure(figsize=(12, 8))

2 plot_tree(model, feature_names=X.columns, class_names=[’Khong song sot’, ’Song sot’],
filled=True)

3 plt.show ()

2 Chi s6 danh gia

Sau khi xay dyng mo hinh Decision Tree, can danh gia hiéu suat dé xem mo hinh hoat dong t6t nhu
thé ndo. Dudi day 14 mot s chi s6 quan trong thuong dude sit dung:
2.1 Do chinh xac (Accuracy)

e Xac dinh ty lé dy doan ding so véi tong s6 du doan.

e Cong thtc:
TP+TN

TP+TN+ FP+FN

Accuracy =

e Nhudgc diém: Khong phit hgp khi dit lieu mat can bing (imbalanced data).

2.2 Ma tran nham lan (Confusion Matrix)
e Gom 4 gia tri:
— TP (True Positive): Dy doan dung 16p duong (1).
— TN (True Negative): Dy doan dung 16p am (0).
FP (False Positive - Type I Error): Dy doan sai 16p duong (dy doan 1 nhung thuec té 1a
0).
FN (False Negative - Type II Error): Dy doan sai 16p am (dy doan 0 nhung thuc té 1a
1).
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2.3 Precision (D6 chinh xac theo 16p dudng)

e Do luong ty 1é du doan ding trong sé cAc mau dude mo hinh dy doan 1a duong.

e Cong thuc:
TP

TP+ FP

Precision =

e Y nghia: Gitp tranh cac canh béo sai, hitu ich khi sai 1am FP ¢6 téc dong 16n (vi du: dy doan
ung thu).
2.4 Recall (D6 nhay, TPR - True Positive Rate)

e Do luong kha ning phat hién diang cac mau thyc sy duong.

e Cong thtc:
TP

Recall = 75— %

e Y nghia: Quan trong trong céc bai toan y té, vi bd s6t mot ca bénh nghiem trong (FN) c6 thé
gay hau qua lon.
2.5 F1-Score
e Trung binh diéu hoa giita Precision va Recall.

e Cong thtc:
Precision x Recall

Fl1=2
x Precision + Recall

e Y nghia: Can bang gitta Precision va Recall, dic biet hitu ich khi di lieu khong can bing.

2.6 ROC Curve va AUC (Area Under Curve)

e ROC Curve (Receiver Operating Characteristic): Dudng cong hién thi méi quan hé gitta TPR
(Recall) va FPR (False Positive Rate).

e AUC (Dién tich dudi dudng cong ROC): Do do phan tach giita hai 16p. AUC cang cao, mo6 hinh
cang tot.

2.7 Vidu:

Néu Accuracy = 0.80, nghia 14 mo6 hinh dy doan ding 80Néu Precision = 0.75, mo hinh dy doan
dang 75Néu Recall = 0.83, nghia 14 mo hinh phat hién dang 83Néu F1-Score = 0.79, mo hinh c6 do
can bang tot gitta Precision va Recall. Néu AUC = 0.85, mo6 hinh phan biét kha tét gitta bénh nhan c6
bénh va khong cé bénh.
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V. Code

1 Thu vién st dung

Thu vién cay quyét dinh scikit-learn trién khai ndi bo mot thuat toan cay CART da dugc tinh
chinh, c6 thé thyc hién cd phan loai vi hoi quy. Lép tuong tng cho cay quyét dinh phan loai la
DecisionTreeClassifier, trong khi 16p tuong ttng cho cay quyét dinh hoi quy 14 DecisionTreeRegressor.
Dinh nghia tham s6 cho hai 16p nayy gan nhu giéng hét nhau, nhung ¥ nghia cfia chting lai khac nhau.
Phan sau day tom tat cdc tham s6 chinh ctia DecisionTreeClassifier va DecisionTreeRegressor, tap trung
vao sit khac biét trong cach sit dung va nhing diém chinh can luu § khi tinh chinh ching.

import pandas as pd
from sklearn.tree import DecisionTreeClassifier

from sklearn.model_selection import train_test_split
from sklearn.metrics import accuracy_score,

classification_report

2 DecisionTreeClassifier vs. DecisionTreeClassifier

Dé dé so sanh, & day ching toi st dung bang dé so sanh cdc tham s6 quan trong ctia Decision-
TreeClassifier va DecisionTreeRegressor.

A [} L E r 0]
Tham si DecisionTreeClassifier DecisionTreeRegressor Tham si DecisionTreeClassifier | DecisionTreeRegressor
. I, " sit dung "mse" hodc "mae". : o U S SR L
sir dung "gini" hodc "entropy”. " T . s0 hrong mau toi thisu ma mot nit 14 co the co, (ia t mic dinh 13 1. Neu kich
L ek e E o o . |"mse" 1a sai sa binh phrong trung bi .3 L - . w e
ctiterion gini" bigu thi hé 50 Gini va "entropy’ ohva "mae” 13 td e o tu_'t a min_samples leaf |thwde maunho, gia trl nay khéng quan trong. Néu kich thirde mau rat 1on, nén
o aea i - va "mae" 13 tong cac sai s tuy - = N - P
bitu thi 6 loi thong tin i e e b tang gia tri nay.
= &1 so voi gid t trung binh.
. . s " téng téi thitu ciia tit ca trong s& mAu cho mét nut 14 Néu téng nhé hon gid tr
Sir dung "best" hoac "random’ z e mge Eear e . . . s X R
" .o L .= . s . .= nay, nit 1a s& bi cat tia. Gia tri mac dinh 13 0. Néu ching ta co nhisu mau bi
splitter best" phi1 hop véi kich thirde mau nhé, "random” phit hop kich thirde mau rat min_weight_fraction -

lon.

thifu gia tri hodc néu phan phéu miu trong cay phan loai bi léch dang K, trong
56 mau nén dwoe dwa vao.

max_features

Mic dinh "None" - tht ci cac dic ditm déu diroc xem xét trong qua trinh phan
tach. "log2" - toi dalog2N dac diém dwoc xem xet. "sgrt” hodc "auto nghia latoi
da +/ N dic diém dirge xem xet

max_leaf nodes

50 hrong nit 13 €61 da, gia tri mic dinh 1 "None" Néu ip dung gidi han, thuat
todn sé& xdy drng mdt cay quyet dinh toi wu trong pham vi s hrong ot 13 toi d
a.

max_depth

D)6 sau tai da ciia ciy qu}-'ét dinh. Theo mic dinh, tham s nay khong dwge
thiét 1ap. Néu khéng dwoc thift lip, cly quyét dinh s& khéng gidi han d6 séu
ca cac cay con khi xéy ding ching. Théng thwéng, gid trinay co thé bi bo
qua khi dit liéu hodc tinh ndng it. Tuy nhién, néumé hinh cé kch thwde miu
160 va nhidu tinh ning, nén gici han d6 sau tm da. Gia tri cu thé phu thude vae
phén phéi dif litu. Cac gid tri phé bién nim trong khoang tir 10 dén 100.

class_weight

i dung "balanced” - thuat toa.rl séfir
tinh todn T.‘(Oﬂg SO va cdc mau l'Ll‘O’ﬂg
ling v cic hang muc cé it min hon s&|Khéng phii hop trong ciy quyét dinh
cd trong 56 cao hon. Néu phin phéi héi quy.

miu khéng qua léch, sit dung mic dinh
"None"

min_samples_split

Gia tri mac dinh1a 2 - gidi han cac didu kign cho vigc phaén tach cdy con uép
theo. Néu sé hrong miu tai mét nitt nhé hon min sa.mples split, s& Lhnng thire
hién chon dic tnmg 61 mep theo cho vigc phan tach Néu kich thude miu nhé,

2id tri nay khéng quan trong, Néu kich thude miu rit 1on, nén tang gid tri nay.

mit1_impurity_split

Gia tri nay gidi han su pht trién cia ciy quyét dinh. Néu d8 tinh khiét (hé sé
G, 45 10i théng tin, s=i s& binh phirong trang binh, hisu sé tuyét d6i) cia
mdt nat nhé hon ngwéng nay, nit 46 s& khéng con tao ra cac nit con nita. No
tré thanh mét nat 1a.

presort

Gia trinav 1a E;la tri Boolean, va mic dinh la False, nghia la khing sap ).Ep néu
kich thude m3u nhé hodc néu cay quy &t dinh bi gidi han & 4§ sau rat nho, vide
dat gia tri nay thanh True co thé ting téc dd hra chon dism phan chia va xay
dung cay quyet dinh. Tuy nhién, néu kich thude mau qua lon, lod ich nay khé

ng déng ké

Hinh 6: DecisionTreeClassifier vs. DecisionTreeClassifier
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Ngoai cac tham sb nay, nhitng diém khéc can luu § khi diéu chinh tham sé bao gom:

Khi s6 litgng mau nhoé nhung s6 hugng diic trung cao, cay quyét dinh dé bi qua khép. Khi d6, nén
thyc hién gidm chiéu, chdng han nhu PCA, Iya chon dic trung (Losso) hodc ICA trude khi khép
mo hinh cay quyét dinh. Diéu nay sé lam gidm dang ké chiéu ctia cac dac trung, mang lai két qua
tot hon khi khép mo hinh cay quyét dinh.

Nén thuong xuyeén st dung tric quan hoéa cay quyét dinh (duge thao luan trong phan tiép theo)
va gidi han do sau clia cay quyét dinh (vi du: t6i da 3 16p). Diéu nay cho phép ban quan sat do
khép ban dau clia cay quyét dinh duge tao ra véi dit lieu trude khi quyét dinh c¢6 nén tang do sau
hay khong.

Trude khi huan luyén mo hinh, hay cht § dén phan phdi 16p clia cac mau (chtt yéu dé cap dén cay
phan loai). Néu phan phdi 16p rat khong dong déu, hay can nhic sit dung class weight dé tranh
mo hinh bi thién vi qua mic vé cac 16p c6 nhiéu mau hon.

Mang cay quyét dinh sit dung kiéu numpy float32. Néu dit lieu huén luyén khong & dinh dang nay,
thuat todn sé tao mot ban sao trudc khi chay mo hinh.

Néu ma tran miu dau vao thua thét, nén goi csc_matrix dé lam cho né thua thét truée khi khép
va cst_matrix dé lam cho né thua thét trude khi dir doan.

3 Visualize két qua cay quyét dinh

Tryc quan héa cay quyét dinh cé thé gitp ching ta quan sat mo hinh mot cach triuc quan va tim

ra cac van dé trong mo hinh. O day, ching toi gidi thieu phuong phap truc quan héa cay quyét dinh
trong scikit-learn.

3.1

Xay dung méi trudng truc quan héa cay quyét dinh

Viéc tric quan héa cay quyét dinh trong scikit-learn rat dé thuyc hién va cue ky hitu ich dé ban hiéu
cach mo hinh dua ra quyét dinh. Duéi day 1a cac cach phd bién:

from
from

sklearn.datasets import load_iris
sklearn.tree import DecisionTreeClassifier, plot_tree

import matplotlib.pyplot as plt

# Load data

X, vy

= load_iris(return_X_y=True)

# Train model

clf

= DecisionTreeClassifier (max_depth=3, random_state=0)

clf.fit (X, y)

2 # Plot tree

plt.figure(figsize=(12, 8))
plot_tree(clf, filled=True, feature_names=load_iris().feature_names, class_names=
load_iris () .target_names)

5 plt.show ()

Ban ciing c¢6 thé diing export graphviz() + Graphviz nhu sau:

from

sklearn.tree import export_graphviz

import graphviz

dot_data = export_graphviz(clf, out_file=None,

feature_names=load_iris () .feature_names,
class_names=load_iris () .target_names,
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filled=True, rounded=True,
special_characters=True)
graph = graphviz.Source(dot_data)
graph.render ("iris_tree")
graph.view ()

4 Code mau

data = pd.read_csv("heart_disease.csv")

X = data.drop("target", axis=1)

y = datal["target"]

X_train, X_test, y_train, y_test = train_test_split(X, v,
=42)

model = DecisionTreeClassifier ()

model.fit (X_train, y_train)
y_pred = model.predict(X_test)

print ("Accuracy:", accuracy_score(y_test, y_pred))
print (classification_report(y_test, y_pred))
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VI. Ung dung ctia Cay quyét dinh (Decision Tree) trong
linh vuc Y té
1 Bai toan trong Y Té

Cay quyét dinh 13 mot mo hinh Machine Learning dudc sit dung rong rai trong y té nhd kha nang
dé giai thich, linh hoat véi nhiéu loai dit lieu va hiéu qua trong viéc hd trg ra quyét dinh. Dué6i day 1a
phan tich chi tiét vé tng dung ciia cay quyét dinh trong y té.

1.1 Bai toan phan loai (vi du)
1.1.1 Phan loai bénh tim mach
B(j)i canh: X4c dinh kha nang mac bénh tim mach ctia bénh nhan dya trén cac chi s6 1am sang va dac
diem ca nhan.

Input (Dau vao):

o Tudi (x1)

e Gidi tinh (x2)

e Mic cholesterol (z3)

e Huyét ap tam thu (x4)

e Tinh trang hit thude (z5 € {0,1})

e Bénh tiéu duong (x¢ € {0,1})

e BMI (z7)

Output (Dau ra):

e Nhan phan loai:

— y = 1: Bénh nhan c¢6 nguy co mic bénh tim mach

— y = 0: Bénh nhan khong c¢6 nguy cd mac bénh tim mach

Vi du minh hoa: Mot bénh nhan 60 tudi, & nam, c6 mic cholesterol 260 mg/dL, huyét ap 150
mmHg, hiit thude va c6 BMI = 30 c6 thé duge phan loai 1 nguy co cao mac bénh tim mach (y = 1).
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1.1.2 Phan loai u ac tinh va u lanh tinh

Bb6i canh: Chan doan u tit cac dit lieu sinh thiét hodc hinh anh y té, gitp phan biét gitta u 4c tinh va
u lanh tinh.
Input (Dau vao):

e Kich thudc khoi u (1)

e Hinh dang (do ddi xiing, bien dang) (x2)
e Mat do té bao (z3)

e Ty lé phan chia té bao (x4)

Output (Dau ra):

e Nhan phan loai:

— y=1: U ac tinh (Malignant)
— y = 0: U lanh tinh (Benign)

Vi du minh hoa: Mot khéi u ¢6 kich thuée 16n, bién dang khong déu, mat do té bao cao va ty le
phan chia té bao nhanh c6 thé duge phan loai 1a ac tinh (y = 1).
1.1.3 Phan loai bénh tiéu dudng

Bbi canh: Dy doan kha ning méc bénh tiéu dudng ctia bénh nhan dya trén cac yéu té lam sang.
Input (Dau vao):

e Miic dudng huyét lac doi (z1)
o BMI (2»)

o Tudi (x3)

Tién st gia dinh (x4 € {0,1})

Huyét ap (z5)

HbAlc (z6)
Output (Dau ra):
e Nhan phan loai:

— y = 1: C6 nguy co méc bénh tiéu duong
— y = 0: Khong c¢6 nguy cd mic bénh tiéu dudng

Vi du minh hoa: Mot bénh nhan 55 tudi, c6 mitc dudng huyét lic déi cao, BMI vugt mic binh
thudng va c6 tien sit gia dinh méc tiéu dusng sé duge phan loai 14 ¢6 nguy co cao (y = 1).
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1.2 Bai toan hdi quy (vi du)

1.2.1 Du doan miic do hiéu qua ciia thudc diéu tri Covid-19

Bbi canh: Du doan mitc do hiéu qui ciia mot loai thudc diéu tri Covid-19 dya trén diac diém beénh
nhan va cac yéu t6 lam sang.

<

Input (Dau vao):
e Liéu lugng thuéc (mg/ngay) (1)

e Tudi bénh nhan (z)

Gidi tinh (z3) (0: N@, 1: Nam)

e Miic dé nghiém trong ban dau ctia bénh (24) (thang diém 1-10)

Bénh nén (r5) (0: Khong, 1: C6)
Chi s6 BMI (x4)

e Miic do6 ton thuong phédi qua CT scan (r7) (thang diém 0-100%)

Sé ngay diéu tri (z3)

e Cac chi s sinh hoc khac (CRP, SpOs, D-dimer, v.v.) (z9, 10, Z11, .. . )
Output (Dau ra):

e Miic do hiéu qua ctia thudc (y), duge tinh theo thang diém tit 0 dén 100:

— 0-40: Khong c6 tac dung hodc rat it tac dung
— 41-70: C6 hiéu qua trung binh
— 71-100: Hiéu qué cao

i du minh hoa: Gi4 st mot bénh nhan c6 cac thong s6 nhu sau:

e Liéu thubc: 600 mg/ngay

e Tudi: 55

e Gigi tinh: Nam (1)

e Miic dé nghiém trong ban dau: 7

e Bénh nén: C6 (1)

e BMI: 28.5

e Miic d6 ton thuong phoi: 45%

e S6 ngay diéu tri: 10

Stt dung mo6 hinh cay quyét dinh, mic do hiéu qua ctia thuée duge du doan Ia:

y =175 (Hiéu qua cao)
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1.2.2 Du doan miic dudng huyét trong tuong lai

Bbi canh: Dy doan mtc dudng huyét ciia bénh nhan sau 3 thang dua trén chi sb hién tai va 16i séng.
Input (Dau vao):

e Miic duong huyét hien tai (mg/dL) (z1)

Chi s6 HbAlc (z2)

Ché do an (thang diém 1-10) (x3)

e Tan suat tap thé duc (s6 budi tap/tuan) (z4)

e Thubc didu tri tiéu dudng (z5 € {0,1})

Output (Dau ra):

e Dy doan miic dudng huyét sau 3 thang (y mg/dL)

Vi du minh hoa: Mot bénh nhan c¢6 mtic dudong huyét hién tai 1a 150 mg/dL, HbAlc = 7.5, ché
do an dat 6 diém, tap thé duc 2 budi/tuan va dang dimg thube tiéu dudng c6 thé duge dy doan:

y = 135 mg/dL

1.2.3 Du doan chi phi diéu tri bénh nhan

Bbi canh: Dy doan tong chi phi diéu tri bénh nhan dya trén dic diém benh va dich vu y té.
Input (Dau vao):

e Loai bénh (ma ICD-10) (z1)
e Tudi benh nhan ()

e Thai gian ndm vién (ngay) (x3)

S6 lan phau thuat/tha thuat (z4)

e S6 loai thudc st dung (x5)

e Benh vien dieu tri (hang benh vien) (zg)
Output (Dau ra):

e Tdng chi phi diéu tri (y, don vi: USD)

Vi du minh hoa: Mot bénh nhan nhap vién diéu tri viem phdi, 45 tudi, nim vién 7 ngay, c6 1 lan
tha thuat, sit dung 5 loai thudc va diéu tri tai benh vien hang 1 c¢6 thé duge du doan cé chi phi:

y = 8,500 USD

2 Input

Ta nhan thay ring cac vi du trén Input déu la di lieu dang bang(tabular data).

Mic du dit liéu dau vao clia cay quyét dinh khong nhat thiét phai 1a dit liéu dang bang, nhung trong
thuc té, dit lieu dang bang 12 loai dit lieu phd bién nhat duge sit dung cho cay quyét dinh. Duéi day 1a
phan tich chi tiét vé cac loai dit lieu dau vao va cach cay quyét dinh xtt 1y ching:
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2.1 Duw lieu dang bang (Tabular Data)

La dit lieu dugc t6 chic dusi dang bang, v6i cac hang dai dién cho mau dit lieu va cac cot dai dien
cho dac trung (features).
2.1.1 Vidu

e Bénh nhan: Tudi, gisi tinh, huyét ap, glucose mau, két qua chan doan.

e Giao dich: Thoi gian, s6 tieén, loai giao dich, két qua (gian lan/khong gian 1an).

2.1.2 Ly do phd bién

e Cay quyét dinh dugc thiét ké dé xit Iy cac dic trung rai rac hoiic lién tuc, phit hgp véi cau triic
dang bang.

e Dit litu dang bang dé dang biéu dién va x1t 1y bing cac thu vien nhu Pandas (Python).
2.2 CAc loai dw liéu khac

Cay quyét dinh ciing c6 thé xit 1y cac loai dit lieu khac, nhung thuong can tién xit Iy dé chuyén doi
vé dang phit hop.
2.2.1 Dt liéu van ban (Text Data)

Vi du Béo céo y té, danh gia bénh nhan, mo ta triéu ching.
Tién x& 1y
e Chuyén doi vin ban thanh cac dic trung s6 (TF-IDF, Word Embedding).
e St dung cac k§ thuat nhu Bag of Words hosc TF-IDF dé tao vector diic trung.

Ung dung Phan loai vin ban (vi du: Phan loai béo céo y té thanh cac loai bénh).

2.2.2 Dt liéu hinh &nh (Image Data)

Vi du Hinh anh X-quang, MRI, CT scan.
Tién x 1y
e Trich xuat ddc trung tit hinh 4nh (st dung mang CNN ho#c cdc phuong phép thi cong nhu HOG,
SIFT). Chuyén anh c6 hang tri¢u pixel thanh mot tap nhé cac gia tri dic trung (vi du: 50 dic
trung), sau dé sit dung Decision Tree dé phan loai.

e Chuyén déi hinh 4nh thanh vector dac trung.
Vi du:

Ung dung Phan loai hinh anh (vi du: Phét hien khéi u trong anh X-quang).
2.2.3 Dt liéu chubi thai gian (Time Series Data)

Vi du D liéu nhip tim, huyét ap theo thoi gian.
Tién x& 1y
e Trich xuét céc dic trung théng ké (trung binh, phuong sai, cue dai, cie tiéu).

e St dung cac ky thuat nhu Fourier Transform hoic Wavelet Transform.

Ung dung Dy doan bénh tim mach dya trén dit lieu nhip tim.
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2.2.4 Dit liéu d6 thi (Graph Data)

Vi du Mang lu6i tuong tac protein, mang xa hdi bénh nhan.
Tién xi 1y

e Trich xuat céc dic trung tit do thi (s6 lugng nit, canh, do tap trung).
e S dung cac phuong phap nhu Graph Embedding.
Ung dung Phan tich mang ludi lay nhiém benh.
2.3 Tai sao dit liéu dang bang pho bién?
2.3.1 D@ hiéu va dé xtt ly
Dit lieu dang bang c6 cau tric ro rang, phit hgp véi cich thiic hoat dong clia cay quyét dinh (phan chia
dua trén gia tri dic trung).
2.3.2 Phu hop véi bai toan phan loai va hdi quy

Cay quyét dinh dugc thiét ké dé xit 1y cac bai toan véi dau vao la cac diic trung roi rac hoic lién tuc.

2.3.3 Tuong thich véi cac cong cu phan tich

Céac thu vien nhu Scikit-learn (Python) va céc cong cu nhu Excel, SQL déu hd tr¢ tét dit lieu dang
bang.

2.4 Két luan

e Dit lieu khéng phai dang bang (van ban, hinh anh, ...) bat budc phai dugc tién xi ly
thanh dang bang trudc khi st dung cay quyét dinh.

e Lua chon mo hinh: Néu dit liéu phtic tap (dnh, chudi thdi gian), nén can nhic cac mod hinh
chuyén dung thay vi cay quyét dinh.

3 Output
e V4i bai toan phan loai (Classification): Nhan 0 - 1

e Véi bai toan hoi quy (Regression): Gi4 tri hoi quy
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VII. Tong Két

Han ché ciia Decision Tree

e Dé bi overfiring néu cay qua phic tap.

e Nhay cam véi dit lieu nhiéu.

e Khong hiéu qua véi dit lieu c6 mdi quan hé phi tuyén tinh.
Tai lidu

[1] Scikit-learn Documentation, "Decision Trees", https://scikit-learn.org/stable/modules/
tree.html

[2] UCI Machine Learning Repository, "Heart Disease Dataset", https://archive.ics.uci.edu/ml/
datasets/Heart+Disease
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Vi du vé Decision Tree véi Nhieu Diéu Kién trong Y Té
Gid st ta ¢6 mot tap dit lieu véi cac thudc tinh sau:
e BMI (Chi s6 khdi co thé): Cao (High), Thap (Low)
e HBP (Huyét ap cao): Co6 (Yes), Khong (No)
e Tudi: Tré (Young), Gia (Old)
e Tiéu dudng: C6 (Yes), Khong (No)

Dt lieu Mau

Bénh nhan | BMI | HBP | Tuoi | Tiéu dudng
1 Cao Co Gia Co
2 Cao Co Tré Khong
3 Cao | Khong | Gia Co
4 Thap | Khong | Tré Khong
5 Théap Co Gia Co
6 Thap | Khong | Gia Khong
7 Cao Co Tré Khong
8 Cao | Khong | Gia Co
9 Thap | Co6 Tré Co
10 Cao | Khong | Tré Khong

Budgc 1: Tinh Entropy va Information Gain (IG)

1.1. Entropy tong ctia tap dit liéu: - Cé6 Tiéu dudng: 5 bénh nhan - Khong Tiéu dudng: 5
bénh nhan
X4c suat:
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Entropy tong:

H(S)=—(0.5logy 0.5+ 0.5log,0.5) =1

1.2. Entropy cua ting thudc tinh:

- BMI: - Cao (6 bénh nhan): 3 c6 tiéu duong, 3 khong - Thap (4 bénh nhan): 2 c6 tiéu dudng,
2 khong

Tinh Entropy ctia cac nhém:

H(BMI = Cao) =1, H(BMI = Thap) =1

- HBP: - Cé6 (5 bénh nhan): 3 c6 tiéu dudng, 2 khong - Khéng (5 bénh nhan): 2 c6 tiéu dudng,
3 khong

Tinh Entropy ctia cac nhom:

H(HBP = C6) =0.971, H(HBP = Khong) = 0.971

Budc 2: Két hop nhiéu dieu kién tai mot nat

Gia sit ta quyét dinh phan chia dit lieu khong chi dia vao mot thuodc tinh duy nhat ma st dung
BMI va HBP két hop dé lam diéu kién tai nit quyét dinh.

2.1. Cat di liéu theo két hgp ciia BMI va HBP:

- BMI = Cao va HBP = C6 (4 bénh nhan): - 3 c6 tiéu duong, 1 khong
- BMI = Cao vi HBP = Khéng (2 bénh nhan): - 2 ¢6 tiéu dudng, 0 khong
- BMI = Théap va HBP = C6 (2 bénh nhan): - 2 ¢6 tiéu dudng, 0 khong
- BMI = Thap va HBP = Khéng (2 bénh nhan): - 0 ¢6 tiéu duong, 2 khong

2.2. Tinh Entropy cho mdi nhém két hgp:
1. BMI = Cao va HBP = C6 (4 bénh nhan): - Cé6 Tiéu dudng: 3/4 - Khéng Tiéu dudng: 1/4

3 3 1 1

2. BMI = Cao va HBP = Khoéng (2 bénh nhan): - Cé Tiéu dudng: 2/2 - Khong Tiéu dudng:
0/2
H(BMI = Cao, HBP = Khong) =0
3. BMI = Théap va HBP = C6 (2 bénh nhan): - Cé Tiéu dudng: 2/2 - Khong Tiéu dudng:
0/2
H(BMI = Thap, HBP = C6) =0
4. BMI = Thap va HBP = Khong (2 bénh nhan): - Cé Tiéu dudng: 0/2 - Khong Tiéu
dudng: 2/2
H(BMI = Thap, HBP = Khong) = 0

2.3. Tinh Entropy trung binh cho cic nhém két hgp:

V6i 10 bénh nhan, ta tinh Entropy trung binh ctia cac nhém:

4 2 2 2
H(S|BMI&HBP) = 5 X 0.811 + 75 x 0+ 25 x 04 55 x 0= 0.3244
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Buéc 3: Tinh Information Gain
Information Gain khi stt dung BMI va HBP két hop la:

IG(BMI, HBP) = H(S) — H(S|BMI&HBP) = 1 — 0.3244 = 0.6756
Két luan

- **¥Sit dung két hgp nhiéu thuoc tinh** (nhu BMI va HBP) c6 thé gitp cai thién qua trinh phan
chia va tang do chinh xac ctia mo hinh Decision Tree. - **Thong qua viéc két hop cac diéu kien**,
chiing ta c6 thé tao ra cac nhanh nhd hon va diic trung hon dé dy doan bénh tiéu dudng, gitp mo hinh
dé dang phan loai chinh xac hon. - **Information Gain** cho thay rang viéc két hgp BMI va HBP cho
mot do Information Gain khé cao (0.6756), chiing té day 1a mot Iya chon t6t dé phan chia dit ligu.
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