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M@ dau

Hé thdng thong tin 1a sy két hop cta phan ctng, phin mém va mang truyén thong lam
nhiém vu thu thap, xt 1y, luu trir va phan phdi thong tin, dit liéu, tri thirc nham dat dugc muc tiéu
dinh trude. Viéc xay dung va van hanh hé thong thong tin thuong gin voi yéu cau cta t chic cu
thé. Cac to chirc d6 co thé 1a co quan, xi nghiép, ngan hang, truong hoc, v.v...

Heé thdng thong tin 1a cong cu hd trg déc luc cho cac to chiic vé quan 1y va trao d6i thong
tin. Nganh H¢ thong thong tin 1a mot trong cac nganh chu chdét cua linh vuc May tinh va Cong
ngh¢ thong tin.

Tai B mén Hé thong thong tin va Tri thire, thong qua cac hoc phan co so nganh va khoi
nganh, sinh vién H¢ thong thong tin dugc trang bi cac kién thtrc nén tang vé may tinh va mang,
vé dit lidu va 1ap trinh. Tiép theo, cac hoc phan chuyén nganh Hé thong thong tin s& trang bi cho
sinh vién cac kién thirc vé Phan tich thiét ké hé thong thong tin, Tich hop hé thong thong tin, Cac
hé thng thong tin thong minh, Cac hé théng thong tin quan 1y, Cac hé théng nhung, D6 hoa may
tinh va thyc tai 40, Co s¢ dir liéu phan tan va da phuong tién....

Mon Céc Hg¢ tri thire, 1a mon hoc thude chuyén nganh Khoa hoc may tinh. Mon hoc gidi
thiéu vé qua trinh hinh thanh tri thirc, tir d6 phat dinh hudng cac phuong phap biéu dién tri thic
va to chi suy dién trén co s& cac tri thirc da biéu dién. Mén hoc ciing trang bi mot sb ky thuat
moi vé biéu dién ciing nhu khai thac thong tin nhu suy dién md, mot sé van dé vé hoc may...Dé
hoc t6t mén hoc, nguoi hoc can c6 khai niém vé tri tué nhan tao, xac suét théng ké va ngdn ngir
1ap trinh, c6 tu duy vé thuat toan.



1 Gidi thiéu

Sép dén ky thi, mot cau sinh vién tu dat ra quy tdc hoc hay choi cua minh nhu sau. Néu
con nhiéu hon hai ngdy téi ngay thi, cau ra sé di choi. Néu con khong qua hai ngay va dém hom
dé c6 mot tran bong da, cdu s€ sang nha ban choi va cung xem bong dém dé. Cau s€ chi hoc
trong cac truong hop con lai. Viée ra quyét dinh cua cau sinh vién ndy c6 thé duge mo ta trén so
d6 trong Hinh 1. Hinh ellipse nén vang thé hién quyét dinh can duoc dua ra. Quyét dinh nay phu
thudc vao céac cau tra 101 cia cac cau hdi trong cac 6 hinh chir nhat mau xam. Dya trén céc cau tra
101, quyét dinh cudi cung dugc cho trong cac hinh tron mau luc (choi) va d6 (hoc). So dd trong
Hinh 1 con dugc goi 1a mot cdy quyét dinh.

Play (P) or Study (S)

Time to exam

> 2 days?
‘40 Hinh 1: Vi du vé viéc ra quyét dinh dua trén cac
cau hoi.
Football match
tonight?
Yes MNo

Viéc quan sat, suy nghi va ra cac quyét dinh ctia con nguoi thudng duoc bat dau tir cac
cau hoi. Machine learning cling c6 mdt mo hinh ra quyét dinh dua trén cac cau hoi. M6 hinh nay
c6 tén 1a cay quyét dinh (decision tree).

Xét vi du trén Hinh 2a v6i hai class mau luc va d6 trén khong gian hai chiéu. Nhiém vy 1a
di tim ranh gi¢i don gian gitp phan chia hai class nay. Hay noi cach khac, day la mot bai toan
classification, ta cin xay dung mot bd phén 16p dé quyét dinh viéc mot diém dir liu méi thude
vao class ndo. Quan sat hinh ta thiy rang ranh gi6i cho hai class trong bai toan nay kha don gian—
chung 13 cac duong song song véi cac truc toa do. Néu mot diém c6 thanh phan thir nhit, x1, nhod
hon ngudng t1, ta quyét dinh ngay duoc ring n6 thudc class luc. Ngoai ra, néu thanh phan thu
hai, x2 16n hon ngudng 2, ta quyét dinh n6 cling thudc vao class luc. Xét tiép, néu thanh phan
thtr nhét, x1, 16n hon ngudng t3, ta quyét dinh nd thugc vao class luc. Cac diém khong thoa man
cac didu klen trén duoc xép vao class do. Viéc ra quyét dinh mot diém thudc class nao duoc mod
ta trén decision tree trén Hinh 2b.
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Hinh 2: Vi du vé bai foan phan I&p s dung decision tree.

Trong decision tree, cac 6 mau xam, luc, do trén Hinh 2 dugc goi 1a cac node. Céac node
thé hién dau ra (mau luc va d6) duoc goi 1a node 14 (leaf node hodc terminal node). Cac node thé
hién cau hoi 1a cac non-leaf node. Non-leaf node trén cung (cdu hoi dau tién) duoc goi 1a node
gbe (root node). Cac non-leaf node thudng co hai hodc nhiéu node con (child node). Cac child
node nay co thé 1a mot leaf node hodc mot non-leaf node khéac. Céc child node ¢6 cung bd me
duogc goi 1a sibling node. Néu tit ca cac non-leaf node chi c6 hai child node, ta néi ring d6 1a mot
binary decision tree (cay quyét dinh nhi phan). Cac cau hoi trong binary decision tree déu c6 thé
dua dugc vé dang ciu hoi dung hay sai. Cac decision tree ma mét leaf node co nhiéu child node
cling c6 thé duoc dua vé dang mot binary decision tree. Didu ndy c6 thé dat dugc vi hau hét cac
cau hoi déu co thé duoc dua vé dang ciu hoi dung sai.

Vi dy, ta c6 thé xac dinh dugc tudi cia mot nguodi dua trén nhiéu cau hodi ding sai dang:
tudi cua ban 16n hon x

dung khong? (Pay chinh 1a thuat toan tim kiém nhi phan — binary search.)

Decision tree 1 mot mo hinh supervised learning, c6 thé dugc ap dung vao ca hai bai toan
classification va regression. Viéc xay dung mot decision tree trén dir li¢u huén luyén cho trudc 1a
viée di xac dinh cac cau hoi va thir tu cua chiing. Mot diém dang luu ¥ cua decision tree 1a nd ¢
thé 1am viéc véi céc dic trung (trong céc tai liéu vé decision tree, cac dic trung thuong dugc goi
1a thugc tinh — attribute) dang categorical, thuong 1a roi rac va khong c6 thir tu. Vi du, mura, nang
hay xanh, do, v.v. Decision tree ciing 1am viéc véi dit liéu co vector dic trung bao gdm ca thugce
tinh dang categorical va lién tuc (numeric). Mot diém dang luu ¥ nita 1a decision tree it yéu cau
viéc chuan hoa dir liéu.
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Trong bai viét ndy, ching ta s& lam quen v6i mot thuat toan xay dung decision tree ra doi
tur rat sém va rat pho bién: Iterative Dichotomiser 3 (ID3).

Quay trd lai voi nhiém vu chinh cia viéc xay dung mot decision tree: cac cau hoi nén
dugc xay dung nhu thé nao, va thi tu cua chung ra sao. Cac cau hdi nay thuong duogc ap dung 1én
timg thudc tinh, hodc mot to hop tuyén tinh ciia cac thude tinh. Cach thi nhét, 4p dung 1én ting
thudc tinh, dugc st dung nhiéu hon vi tinh don gian cua nd. Véi cac thude tinh dang categorical,
cau hdi sé 1a N6 roi vao category nao? hoac No cé roi vao category nao do khong? véi truong
hop nhi phan. Vi céc thude tinh dang lién tuc, cau hdi co thé 1a N6 nam vao khoang gi4 tri nao?
hodc N6 ¢6 16n hon mot ngudng nao d6 khong?.

ID3 1a mot thuat toan decision tree dugc ap dung cho cac bai toan classification ma tit ca
cac thude tinh déu ¢ dang categorical. Trong bai tiép theo, chiing ta s& 1am quen v&i mot thuat
todn khac c6 tén 1a Classification and Regression Tree (CART)—c6 thé dugc ap dung véo ca hai
loai classification va regression, nhu té€n goi cia né—lam vi¢c véi ca thudc tinh dang categorical
va lién tuc.


https://en.wikipedia.org/wiki/ID3_algorithm

2.1D3

2.1. Y tuéng

Trong ID3, ching ta can xac dinh tht tu cua thudc tinh can dugc xem xét tai mdi budc.
V&i cac bai toan ¢6 nhiéu thudc tinh va mdi thudc tinh co nhiéu gia tri khac nhau, viéc tim dugc
nghiém ti vu thuong 13 khong kha thi. Thay vao d6, mot phuong phap don gian thuong duoc sir
dung 1a tai mdi bude, mot thude tinh tot nhat s& duge chon ra dua trén mot tiéu chuan nao do
(chling ta s& ban sém). Vi mdi thude tinh dugc chon, ta chia dir liéu vao cac child node tuong
img voi cac gia tri cua thude tinh do r01 tiép tuc ap dung phuong phap nay cho moi child node.
Viéc chon ra thudc tinh t6t nhat & mdi budc nhu thé nay duoc goi 1 cach chon greedy (tham
lam). Cach chon nay c6 thé khong phai 1a t6i uu, nhung tryc giac cho ching ta thiy rang cach
1am nay s& gan v6i cach lam tbi wu. Ngoai ra, cach lam nay khién cho bai toan can giai quyét tro
nén don gian hon.

Sau mdi cau hoi, dit liéu dugc phan chia vao tung child node twong tng vdi cac cau tra 101
cho cau hoi d6. Cau hoéi ¢ day chinh 1a mot thudc tinh, cau tra 101 chinh la gia tri cia thudc tinh
do. bé danh gia chat lugng cua mot cach phan chia, ching ta can di tim mdt phép do.

Trude hét, thé nao 1a mot phép phan chia t6t? Bing truc gidc, mot phép phan chia 1a tdt
nhét néu dir liéu trong mdi child node hoan toan thudc vao mét class—khi d6 child node nay co
thé duoc coi 1a mot leaf node, tirc ta khong can phan chia thém nita. Néu dit liéu trong cac child
node vﬁn 1an vao nhau theo ti 1€ 16m, ta coi réng phép phan chia d6 chua thyc sy t6t. Tlr nhan xét
ndy, ta can co mot ham s6 do do tinh khiét (purity), hoac do van duc (impurity) cua mot phep
phan chia. Ham s nay s€ cho gia tri thép nhat néu dit liéu trong mdi child node nim trong cung
mot class (tinh khiét nhat), va cho gia tri cao néu mdi child node c6 chira dir liéu thudc nhiéu
class khéac nhau.

Mot ham sb ¢6 cac dic diém nay va duoc dung nhiéu trong 1y thuyét thong tin 1a ham
entropy.



2.2. Ham so entropy
Cho mét phan phéi xac suat ciia mot bién roi rac x
c6 thé nhan n gia tri khac nhau x1,x2,...,xn. Gia st rang xac suat dé x nhan cac gia tri nay

la

(z=z;)v6i 0 <p; < I,Z:‘zl.pi —1

Ky hiéu phan phdi nay la p=(p1,p2,...,pn). Entropy cla phan phdi nay dugc dinh nghla la
=Y “plog(p) (1)
i=1

trong d6 log 1a logarit tu nhién (Mot s6 tai liéu ding logarit co s6 2, nhung gia tri cua

H(p) chi khac di bang cach nhan véi mdt hang sd.) va quy udc 0log(0)=0
Xet mot vi du voi n=2 duoc cho trén Hinh 3. Trong truong hop p la tinh khiét nhat, tie

mot trong hai gia tri pi bang 1, gi4 tri kia bang 0, entropy ciia phan ph01 nay la H(p)=0. Khi p 1a

van duc nhét, tirc ca hai gia tri pi=0.5, ham entropy dat gia tri cao nhat.

H(p) = —mlog(m) — (1 — p)log(l — p)

0.6 1
Hinh 3: D6 thi cGa ham entropy v&i n = 2
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'Tong quat 1én voi n>2, ham entropy dat gia tri nho nhat néu c6 mot gia tri pi=1, dat gia tri
16n nhat néu tat ca céc pi
bang nhau ((viéc ndy co6 thé duoc chimg minh bang phuong phép nhan tir Lagrange)

Nhitng tinh chat ndy cua ham entropy khién né duoc sir dung trong viéc do d6 van duc
ctia mot phép phan chia ctuia ID3. Vi Iy do nay, ID3 con dugc goi 1a entropy-based decision tree.

2.3. Thuat toan ID3


https://machinelearningcoban.com/2017/04/02/duality/#--phuong-phap-nhan-tu-lagrange

Trong ID3, tong c6 trong sd cuia entropy tai cac leaf-node sau khi xay dung decision tree
dugc coi 1a ham mat mat cta decision tree 6. Céc trong s6 & day ti 1& véi s6 diém dir liéu duoc
phan vao mdi node. Cong viéc cua ID3 1a tim cac cach phan chia hgp 1y (thi tu chon thudc tinh
hop 1y) sao cho ham mat mat cudi cling dat gia tri cang nho cang tot. Nhu da dé cép, viéc nay dat
dugc bang cach chon ra thudc tinh sao cho néu ding thudc tinh d6 dé phan chia, entropy tai mdi
budc giam di mot lugng 16n nhat. Bai toan xdy dung mot decision tree bang ID3 ¢ thé chia
thanh cac bai toan nho, trong mdi bai toan, ta chi can chon ra thudc tinh gitip cho viéc phan chia
dat két qua tot nhat. Mdi bai toan nho nay twong Gmg vé6i viée phan chia dir liéu trong mot non-
leaf node. Chung ta s& xay dung phuong phép tinh todn dya trén mdi node nay.

Xet mot bai toan voi C class khac nhau. Gia st ta dang lam viéc v61 mot non-leaf node
v6i cac diém dit liéu tao thanh mot tap S voi s6 phan tir 1 |S| =N. Gia su thém rang trong s N
diém dir liéu nay, Ne,e=1,2,....C diém thudc vao class c. Xac sudt ¢ mdi diém dir liéu roi vao
mot class ¢ dugc x4p xi bang Nc/N (maximum likelihood estimation). Nhu vdy, entropy tai node
nay duoc tinh boi:

H(S) = E: m( ) (2)

Tiép theo, gid su thudc tinh dugc chon 12‘1 X. Duya trén X, cac diém dir ‘liéu trong S duogc
phan ra thanh K child node S1,S2,...,SK vdi s6 di€m trong moi child node lan lugt 1a m1,m2,
..,mK. Ta dinh nghia

H(z,S) =

k=1

TEHES) ()

1a tong c6 trong sd entroy ciia mdi child node—duoc tinh twong tu nhu (2). Viée 1iy trong
s0 nay la quan trong vi cac node thuong cd so lugng diém khéac nhau.

Tiép theo, ta dinh nghia information gain dya trén thudc tinh x:
G(z,8) = H(S) — H(z,S)

Trong ID3, tai mdi node, thudc tinh dugc chon
duoc xac dinh dua trén:

= argmax G(z,S) = argm}nH(LS)

tire thudc tinh khién cho information gain dat gia tri 16n nhat.



Cau hoi tiép theo 1a khi nao thi dimg cach phan chia? Cau tra 10i s& dugc dé cap sau muc
vi du dudi day.

2.4.Vidu

DPé moi thir duoge 16 rang hon, ching ta cung xem vi du vai dir li¢u huén luyén duoc cho
trong Bang dudi diy. Bang dir liéu nay duogc iy tir cuén sach Data Mining: Practical Machine
Learning Tools and Techniques, trang 11. Day 1a mét bang dir liéu dugc sur dung rat nhiéu trong
cac bai giang vé decision tree. Bang dir liéu nay mo ta mdi quan hé giita thoi tiét trong 14 ngay
(bbn cot dau, khong tinh cot id) va viéc mot do1 bong co6 choi bong hay khong (cot cudi cing).
Noi cach khac, ta phai du doan gia tri & cot cudi cing néu biét gi tri cia bdn cot con lai.

id outlook temperature humidity wind play

1 sunny hot high weak no
2 sunny hot high strong no
3 overcast hot high weak yes
4 rainy mild high weak yes
5 rainy cool normal weak yes
6 rainy cool normal  strong no
7 overcast cool normal  strong yes
8 sunny mild high weak no
9 sunny cool normal  weak yes
10 rainy  mild normal weak yes
11 sunny mild normal  strong yes
12 overcast mild high strong yes
13 overcast hot normal weak yes
14 rainy mild high strong no

C6 bdn thudc tinh thoi tiét:

1. Outlook nhan mdt trong ba gia tri: sunny, overcast, rainy.
2. Temperature nhan mot trong ba gia tri: hot, cool, mild.

3. Humidity nhan mot trong hai gia tri: high, normal.
4. Wind nhan mot trong hai gia tri: weak, strong.
(Tong cong cd 3x3x2x2=36

loai thoi tiét khac nhau, trong d6 14 loai dugc thé hién trong bang.)


ftp://ftp.ingv.it/pub/manuela.sbarra/Data%20Mining%20Practical%20Machine%20Learning%20Tools%20and%20Techniques%20-%20WEKA.pdf
ftp://ftp.ingv.it/pub/manuela.sbarra/Data%20Mining%20Practical%20Machine%20Learning%20Tools%20and%20Techniques%20-%20WEKA.pdf

Pay co6 thé duoc coi 1a mot bai toan du doan liéu doi bong co choi bong khong dya trén
cac quan sat thoi tiet. O day, cac quan sat déu ¢ dang categorical. Cach du doan dudi day twong
doi don gian va kha chinh xéc, c6 thé khong phai 1a cach ra quyét dinh tot nhat:

« Néu outlook = sunny va humidity = high thi play = no.

« Néu outlook = rainy va windy

« Néu outlook = overcast thi play = yes.

= true thi play = no.

« Ngoai ra, néu humidity = normal thi play = yes.

o Ngoai ra, play = yes.

Chung ta s€ cung tim thir tu cac thudc tinh béng thuat toan ID3.

Trong 14 gi4 tri diu ra & Bang trén, ¢6 nim gia trji bang no va chin gia tri bang yes.
Entroy tai root node cia bai toan la:

)2

14

0
) ~= 0.65

Tiép theo, chung ta tinh tong co trong sd entropy ciia cac child node néu chon mét trong
cac thudc tinh outlook, temperature, humidity, wind, play d€ phan chia dir liu.

Xét thudc tinh outlook. Thudc tinh ndy ¢ thé nhan mot trong ba gia tri sunny, overcast,
rainy. M&i mot gia tri s& twong tng v6i mot child node. Goi tap hop cac diém trong mdi child

node nay lan luogt 1 Ss,So,Sr

v&i tuong tmg ms,mo,mr phan tir. Sap xép lai Bang ban dau theo thudc tinh outlook

ta dat dugc ba Bang nho sau day.

id outlook temperature humidity wind play

1 sunny
2 sunny
8 sunny
9 sunny
11 sunny

hot
hot
mild
cool
mild

high
high
high
normal
normal

weak no
strong no
weak no
weak yes
strong yes

id outlook temperature humidity wind play
3 overcast hot
7 overcast cool

high

normal

weak yes
strong yes
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id outlook temperature humidity wind play
12 overcast mild high strong yes
13 overcast hot normal weak yes

id outlook temperature humidity wind play

4 rainy mild high weak yes
5 rainy cool normal  weak yes
6 rainy cool normal  strong no
10 rainy mild normal  weak yes
14 rainy  mild high strong no

Quan sat nhanh ta thay rang child node timg véi outlook = overcast s& co entropy bang 0

vi tAt ca mo=4 output déu 1a yes. Hai child node con lai véi ms=mr=>5

c6 entropy kha cao vi tdn sudt output bang yes hoic no 1a xdp xi nhau. Tuy nhién, hai

child node nay c6 thé dugc phan chia tiép dua trén hai thudc tinh humidity va wind.

Ban doc c¢6 thé kiém tra dugc rang

H(S;) = — %log(%) — glﬂg(i) ~ 0.673
H(S,)=0

o

H(S,) = — glog(g) — %]Dg(%) ~ 0.673

5 1 5
H(outlook, 8) = T-H(S,) + 57 H(S:) + 7 H(S:) = 0.48

Xét thudce tinh temperature, ta c6 phan chia nhu cac Bang dudi day.

id outlook temperature humidity wind play

1 sunny hot high weak no
2 sunny hot high strong no
3 overcast hot high weak yes
13 overcast hot normal  weak yes
id outlook temperature  humidity wind play
4 rainy mild high weak yes

11



id outlook temperature humidity wind play

8 sunny mild high weak no
10 rainy mild normal weak yes
11 sunny mild normal  strong yes
12 overcast mild high strong yes
14 rainy mild high strong no
id outlook temperature humidity wind play
5 rainy  cool normal weak  yes

6 rainy cool normal strong no

7 overcast cool normal strong yes

9 sunny cool normal weak  yes

Goi Sh,Sm,Sc 14 ba tap con twong tng voi temperature bang hot, mild, cool. Ban
doc co thé tinh duoc

H(Sy) %log(%) — glog(%) ~ 0.693

H(Sy) %log(%) — glog(%) ~ 0.637

H(S.)= - %log(%) — —log(i) ~ 0.562
H(temperature, §) = %H(Sh) + 4H(Sm] + % (8c) = 0.631

Viéc tinh toan voi hai thudc tinh con lai duoc danh cho ban doc. Néu cac két qua 1a
giong nhau, chung s& bang:
H(humidity, S) = 0.547, H(wind, S) =~ 0.618

Nhu vay, thude tinh can chon & bude dau tién 1a ourlook vi H(outlook,S) dat gia tri
nho nhat (information gain 13 16n nhat).

Sau budc phan chia dau tién nay, ta nhan duoc ba child node vdi cic phan tir nhu trong ba
Bang phan chia theo outlook. Child node thir hai khong can phén chia tlép vi n6 di tinh khiét.
Vi child node thir nhat ing voi outlook = sunny, két qua tinh duoc bang ID3 s& cho ching ta
thudc tinh humidity vi tong trong sd clia entropy sau budc ndy sé bang 0 v6i output bang yes khi
va chi khi humidity = normal. Tuong tu, child node tng v&i outlook = wind s& dugc tiép tuc phan
chia boi thudc tinh wind v6i output bang yes khi va chi khi wind = weak.
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Nhu vay, cdy quyét dinh cho bai toan nay dua trén ID3 s& c6 dang nhu trong Hinh
4,

s — T —
Q Play () or Not (N)

Hinh 4: Decision tree cho bai toan vi du stf dung
thuét toan ID3.

2.5. Piéu kién dirng

Trong cac thuat toan decision tree néi chung va ID3 néi riéng, néu ta tiép tuc phan chia
cac node chua tinh khiét, ta s& thu dugc mot tree ma moi diém trong tap huén luyén déu duoc du
doan dung (gia sir rang khong c6 hai input giéng nhau nao cho output khac nhau). Khi dé, tree c6
thé s& rat phirc tap (nhiéu node) véi nhiéu leaf node chi c6 mot vai diém dit liéu. Nhu vay, nhiéu
kha nang overfitting s€ xdy ra.

Pé tranh overfitting, mot trong s6 cac phuong phap sau c6 thé dugc st dung. Tai mot
node, néu mot trong s6 cac diéu kién sau dy xay ra, ta khong tiép tuc phan chia node d6 va coi
no la mot leaf node:

« néu node dé co entropy bang 0, tirc moi diém trong node déu thuéc mot
class.

« néu node d6 co s6 phan tir nhd hon mot ngudng nao dé. Trong trudng hop
nay, ta chdp nhan c6 mot sd diém bi phan 16p sai dé tranh overfitting. Class
cho leaf node nay c6 thé duoc xac dinh dua trén class chiém da sb trong
node.

« néu khoang cach tir node d6 dén root node dat t&1 mdt gia tri nao do. Vige
han ché chiéu sdu cua tree nay lam giam d¢ phuc tap cua tree va phan nao
giup tranh overfitting.

« néu tong so leaf node vugt qua mot ngudng nao do.

« néu viéc phan chia node d6 khong lam giam entropy qué nhiéu (information
gain nho hon mot ngudng nao do).

Ngoai cac phuong phap trén, mét phuong phap phé bién khac dugc sir dung dé tranh
overfitting la pruning, tam dich la cat tia.
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2.6. Pruning

Pruning 12 mot ky thuat regularization dé tranh overfitting cho decision tree néi chung.
Trong pruning, mdt decision tree s& duoc xdy dung t6i khi moi diém trong training set déu duoc
phén 16p dung. Sau d6, cac leaf node c6 chung mdt non-leaf node s€ dugc cit tia va non-leaf
node d6 tré thanh mot leaf-node, véi class twong g véi class chiém da sb trong s6 moi diém
duoc phan vao node do. Viéc cit tia cay quyét dinh nay cé thé dugc xac dinh dua vao céc cach
sau.

1. Dua vao mot validation set. Trudc tién, training set dugc tach ra thanh mot
training set nhé hon va mdt validation set. Decision tree dugc xay dung trén
training set cho téi khi moi diém trong training set duoc phan 16p dung. Sau
d6, di nguoc tir cac leaf node, cit tia cac sibling node cua nd va gitr lai node
b6 me néu do chinh xac trén validation set duogc cai thién. Khi nao do chinh
xac trén validation set khong dugce cai thién nita, qua trinh pruning durng lai.
Phuong phap nay con dugc goi 1a reduced error pruning.

2. Dua vao toan bg data set. Trong phuong phap nay, ta khong tach tap training
ban dau ra ma sir dung toan bo dit liéu trong tip ndy cho viéc xdy dung
decision tree. Mot vi du cho viéc nay la cong thém mot dai luong
regularization vao ham mat mat. Pai luong regularization s& 16n néu so leaf
node 12 16n. Cu thé, gia st decision tree cudi cing c6 Kleaf node, tap hop céac
diém huan luyén roi vao mdi leaf node lan luot 1a SI,...,SK. Khi do,
regularized loss ctia ID3 c6 thé dugc tinh twong tu nhu (3):

K|Sy
Z— (S) +AK  (5)
 |S]

v6i |Sk| ky hiéu s6 phan tir cia tap hop Sk va H(Sk) chinh 1a entropy cua leaf
node tuong tng véi Sk, duge tinh twong tu nhu (2), va A 1a mot s6 thuc
duong khong qué 16n. Gia tri cia ham s6 ndy nho néu ca data loss—sd hang
thir nhat-nho (entropy tai mdi node 1 thap) va regularization—s6 hang thir
hai—ciing nho (s6 leaf node 1a it). Vi ham mat mat trong (5) 1a mot ham roi
rac, rat kho dé truc tiép tdi uu ham nay. Vi¢c tdi uu c6 thé duge thuc hién
thong qua pruning nhu sau. Trudc hét, xdy dung mot decision tree ma moi
diém trong tap hudn luyén déu dugc phan loai diing (toan bd cc entopy cua
cac node bang 0). Luc nay data loss bang 0 nhung regularization c6 thé 16n,
khién cho L 16n. Sau do, ta c6 thé tia dan cac leaf node sao cho L giam. Viéc
cit tia duoc lap lai dén khi L khong thé giam duogc nira.

3. Lap trinh Visual C

Ham tinh Entropy:
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e (Cong thuc:

Entropy (S) = - p+ log: p- - p- log: p-
Code:

private double GetEntropy(int Positives , int Negatives)

{
if (Positives == 0)
return o;
if (Negatives == @)
return o;

double Entropy;

int total = Negatives + Positives;

double RatePositves = (double)Positives / total;

double RateNegatives = (double)Negatives / total;

Entropy = -RatePositves * Math.Log(RatePositves, 2) - RateNegatives *

Math.Log(RateNegatives, 2);

return Entropy;

}

Ham tinh Gain:

Cong thuc:
Gain(S, A) = Entropy(S) - Entropy (S,)
Code:

private double Gain(List<List<string>> Examples, Attribute A, string bestat)
{

double result;

int CountPositives = 0;

int[] CountPositivesA = new int[A.Value.Count];
int[] CountNegativeA = new int[A.Value.Count];
int Col = Attributes.IndexOf(A);

for (int i = @; i < A.value.Count; i++)

{
CountPositivesA[i] = ©;
CountNegativeA[i] = ©;
}
for (int i = @; i < Examples.Count; i++)
{

int j = A.value.IndexOf(Examples[i][Col].ToString());
if (Examples[i][Examples[@].Count - 1]=="yes")

{
CountPositives++;
CountPositivesA[j]++;
}
else
{
CountNegativeA[j]++;
}
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}

result = GetEntropy(CountPositives, Examples.Count - CountPositives);
for (int i = @; i < A.value.Count; i++)
{

double Ratevalue = (double)(CountPositivesA[i] + CountNegativeA[i]) /
Examples.Count;

result = result - RateValue * GetEntropy(CountPositivesA[i],
CountNegativeA[i]);

Solution = Solution + "\n * Gain(" + bestat + "," + A.Name + ")=" +
result.ToString();

return result;

}
Ham chon dac tinh tot nhat:

e Phuong phap:
Duya vao gia tri gain cua cac dac tinh, dac tinh nao c6 Gain 16n nhat.

= Chon dic tinh d6 — dic tinh tdt nhat.
e Code:

private Attribute GetBestAttribute(List<List<string>> Examples, List<Attribute> Attributes, string
bestat)
{

double MaxGain = Gain(Examples, Attributes[@], bestat);
int Max = 0;

for (int i = 1; i < Attributes.Count; i++)
{

double GainCurrent = Gain(Examples, Attributes[i], bestat);
if (MaxGain < GainCurrent)

{
MaxGain = GainCurrent;
Max = i;
}
}

return Attributes[Max];

Ham thuc hién gidi thuat ID3:
e (iai thuat:

ID3_algorithm(Training_Set, Class_Labels, Attributes)
Tao ntit Root ctia cdy quyét dinh
If tdt cd cdc vi du cta Training_Set thudc cung Iép ¢

Return Cdy quyét dinh cé niit Root dwoc gan véi (cé nhdn) Iép ¢
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If Tdp thudc tinh Attributes la réng

Return Cdy quyét dinh cé nit Root dwoc gdn véi nhdn I6p =
Majority_Class_Label(Training Set)

A « Thudc tinh trong tdp Attributes cé khd ndng phdn loai “tot
nhdt” déi véi Training_Set

Thuéc tinh kiém tra cho niit Root « A
For each Gid tri cé thé'v ctia thudc tinh A

B6 sung mgt nhdnh cdy méi dwdi niit Root, twong itng vdi trudong
hop: “Gid tri cua A la v”

Xdc dinh Training_Set, = {vi du x [ x C Training_Set, x,=v}

If (Training_Set, la rong) Then

Tao mot niit la véi nhadn lop = Majority_Class_Label(Training_Set)
Gan niit Id nay vao nhdnh cdy méi vira tao

Else Gdn vao nhdnh cdy mdéi vira tao mét cdy con sinh ra béi
ID3_algorithm(Training_Set,, Class_Labels, {Attributes \ A})

Return Root

e (ode:

private TreeNode ID3(List<List<string>> Examples, List<Attribute> Attribute,string bestat)

{

if (CheckAllPositive(Examples))

{ return new TreeNode(new Attribute("Yes"));
; (CheckAllNegative(Examples))

{ return new TreeNode(new Attribute("No"));
; (Attribute.Count == 9)

{

return new TreeNode(new Attribute(GetMostCommonValue(Examples)));
17



}
Attribute BestAttribute = GetBestAttribute(Examples, Attribute, bestat);

int LocationBA = Attributes.IndexOf(BestAttribute);
TreeNode Root = new TreeNode(BestAttribute);
for (int i = @; i < BestAttribute.Value.Count; i++)
{
List<List<string>> Examplesvi = new List<List<string>>();
for (int j = @; j < Examples.Count; j++)
{

if (Examples[j][LocationBA].ToString() ==
BestAttribute.Value[i].ToString())
Examplesvi.Add(Examples[j]);

}
if (Examplesvi.Count==0)
{
return new TreeNode(new Attribute(GetMostCommonValue(Examplesvi)));
}
else
{
Attribute.Remove(BestAttribute);
Root.AddNode (ID3(Examplesvi, Attribute,BestAttribute.Value[i]));
}

}

return Root;

4. Thao luan

1. Néu mot thudc tinh ¢ thé nhan rat nhiéu gid tri, decision tree thu duge co
thé s& o rat nhiéu node. Xét mot vi du vé céc triéu chimg ctia cic bénh nhan
trong mdt bénh vién va dau ra 12 mic bénh hay khong. Mdi bénh nhan co
mot mi sb (id) khac nhau. Néu ta sir dung thudc tinh nay cho viéc huin
luyén, ta rat co thé s& thu dugc md decision tree ma mdi leaf node ung voi
mot bénh nhan. Lac d6 mod hinh nay 1a vo6 dung, vi khong thé du doan duogc
viéc mic bénh hay khong ctia mot bénh nhan méi.

2. Khi mét thudc tinh nhan gia tri lién tuc, chiang han temperature khong con 1a
hot, mild, cool nita ma 1a cac gia trj thuc lién tuc, van c6 mot cach dé ap
dung ID3. Ta c6 thé chia khoang gia tri caa thudc tinh nay thanh nhiéu phan,
mdi phan c6 sb luong diém tuong duong, hoic ciing c6 thé dung cac thuat
todn clustering don gian cho mot chiéu dit liéu dé chia thudc tinh thanh céc
cluster nhé. Luc nay, thudc tinh lién tuc duoc chuyén vé thudc tinh dang
categorical.

3. Han ché 16n nhat cua ID3 va decision tree noi chung la viéc néu mot diem dit
liéu mdéi roi vao nhdm nhanh & ngay nhiing 1an phan chia dau tién, két qua
cudi cung s€ khac di rat nhiéu. Viéc roi vao nham nhanh nay rat dé xay ra
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trong truong hop thudce tinh lién tuc duge chia thanh nhiéu nhém nho, vi hai

diém co6 thudc tinh tuong ng rat gan nhau cé thé roi vao hai nhém khac
nhau.

5. Tai liéu tham khao

[1] CSE5230 Tutorial: The ID3 Decision Tree Algorithm.

[2] Gido trinh Céc hé co so tri thitc PGS.TS Hoang Vin Kiém, Nha xuét ban TP
HCM 2007
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http://web.info.uvt.ro/~dzaharie/dm2016/projects/DecisionTrees/DecisionTrees_ID3Tutorial.pdf
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