CHUONG 1: Tong quan vé hoc may

1.1. Tong quan

Hoc may (Machine Learning) 1a m¢t nganh khoa hoc nghién ctru céc thuét
toan cho phép may tinh co6 thé hoc dugc cac khai niém (concept).

Phan loai: Co6 hai loai phuong phap hoc may chinh

Phuong phap quy nap: Mday hoc/phan bi¢t cac khai niém dua trén dir
liu da thu thap duoc trudc do. Phuong phap nay cho phép tan dung
duoc ngudn dir liéu rt nhiéu va sin co.

Phuong phép suy dién: M4y hoc/phan biét cac khai niém dya vao céc
luat. Phuong phéap nay cho phép tan dung duoc cac kién thirc chuyén
nganh dé hd tro may tinh.

Hién nay, cac thuat toan déu ¢ gang tan dung dugc uu diém cua hai phuong
phap nay.

Céc nganh khoa hoc lién quan:

Ly thuyet thng ké: cac két qua trong xac suat thong ké 1a tién dé cho
rat nhiéu phuong phap hoc may. Déc biét, ly thuyét théng ké cho phép
udc lugng sai s6 cua cac phuong phap hoc may.

Cac phuong phap tinh: cac thuat toan hoc may thuong str dung cac tinh
toan so thue/sb nguyén trén dir lidu rat 16n. Trong do, cac bai toan nhur:
t6i uu c6/khong rang budc, giai phuong trinh tuyén tinh v.v... duoc st
dung rat pho bién.

Khoa hoc may tinh: 1a co s¢ dé thiét ké cac thuat toan, déng thoi danh
gia thoi gian chay, bd nhd cua cac thuat toan hoc may.

Cac nhom giai thuat hoc may:

Hoc c6 giam sat: May tinh dugc xem mot sé6 mau gom dau vao (Input)
va dau ra (output) tuong tmg trudc. Sau khi hoc xong cac mau nay,
may tinh quan sat mot dau vao méi va cho ra két qua.

Hoc khong giam sat: My tinh chi duoc xem cac mau khong c6 dau ra,
sau d6 may tinh phai ty tim cach phan loai cdc mau nay va cidc mau
moi.

Hoc ntra giam sat: Mot dang lai gitta hai nhom gidi thuat trén.

Hoc ting cuong: May tinh dua ra quyét dinh hanh dong (action) va
nhan két qua phan hoi (response/reward) tir moi trudng (environment).
Sau d6 may tinh tim cach chinh sira cach ra quyét dinh hanh dong cua
minh.



1.2Cac ing dung cia hgc may

’U’ng dung: Hoc may c6 ung dung rong kl}ép trong cac nganh khoa hoc/san
xuat, dac biét nhﬁ’ng’ nganh can phan tich khoi lugng dir li¢u khong 16. Mot s6
ung dung thuong thay

Xt ly ngon ngtr ty nhién (Natural Language Processing): xtr 1y van
ban, giao tiép ngudi — may, ...

Nhén dang (Pattern Recognition): nhan dang tiéng noi, chit viét tay,
van tay, thi gidc may (Computer Vision) ...

Tim kiém (Search Engine)

Chén doan trong y té: phan tich anh X-quang, cic hé chuyén gia chan
doan ty dong.

Tin sinh hoc: phan loai chudi gene, qua trinh hinh thanh gene/protein
Vit ly: phan tich anh thién van, tdc dong gifra cac hat ...

Phat hién gian 1an tai chinh (financial fraud): gian 1an thé tin dung

Phan tich thi trrong chirng khoan (stock market analysis)

Choi tro choi: ty dong choi ¢o, hanh dong cua cac nhan vat do

Robot: 1a tong hop cta rat nhidu nganh khoa hoc, trong d6 hoc may tao
nén h¢ than kinh/bd ndo cua ngudi may.



CHUONG 3: Phuong phap hoc theo ciy quyét dinh

3.1 Phuwong phap hoc theo ciy quyét dinh
3.1.1 Gidi thi¢u chung

Trong linh vuc hoc may, ciy quyét dinh 14 mét kiéu moé hinh du béo
(predictive model), nghia 14 mot anh xa tir cdc quan sat vé mot su vat/hién
tuong to1 cac két luan vé gia tri myc tiéu cua su vat/hién tuong. Mdi mot nut
trong (internal node) tuong tng vi mot bién; duong ndi gitra nd véi nit con
ctia n6 thé hién mét gia tri cy thé cho bién d6. Mbi nit 14 dai dién cho gia tri
du doan cua bién muc tiéu, cho trudce cac gia tri cua cac bién dugc biéu dién
boi duong di tr nut goc toi nat 1a d6. Ky thuat hoc may dung trong céy quyét
dinh dugc goi 1a hoc bang cay quyét dinh, hay chi goi véi cai tén ngan gon la
ciy quyét dinh.

Hoc bang ciy quyét dinh cing la mot phuong phap thong dung trong
khai pha dit liu. Khi d6, cay quyét dinh mo ta mot cau tric cay, trong do, cac
14 dai dién cho céac phan loai con canh dai dién cho céc két hop cua cac thudc
tinh dan t6i phan loai d6. Mot ciy quyét dinh c6 thé dugc hoc bang cach chia
tap hop ngudn thanh cac tap con dya theo mot kiém tra gid tri thudc tinh . Qua
trinh nay duoc lap lai mot cach d¢ qui cho mdi tap con dan xuat. Qua trinh dé
qui hoan thanh khi khong thé tiép tuc thuc hién viéc chia tach duogc nira, hay
khi mot phan loai don co the ap dung cho ting phan tir caa tap con dan xuat
Mot bd phan loai rimg ngiu nhién (random forest) st dung mot sd ciy quyét
dinh dé co thé cai thién ti 1& phan loai.

Cay quyét dinh cling 1a mdt phuong tién c6 tinh m6 ta danh cho viéc tinh toan
cac xac suat co diéu kién.

Cay quyét dinh c6 thé dugc mo ta nhu 1a su két hop cua cac ki thuat toan hoc
va tinh toan nham ho tro viéc mo ta, phan loai va tong quat hoa mot tap dir
liéu cho trudc.

Dt liéu dugc cho dudi dang céac ban ghi ¢6 dang:
(X y)= (Xv Xos Xgyeens X y)

Bién phu thudc (dependant variable) y 1a bién ma chung ta can tim hiéu, phan
loai hay tong quat hoa. x;,x,,X,... la cac bién s€ gitp ta thuc hién cong viéc do.

3.1.2C4c kiéu ciy quyét dinh

Cay quyét dinh con c6 hai tén khac:
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e Cay hoi quy (Regression tree): udc lugng cac ham gia co gia tri 1a sb
thuc thay vi dugc stir dung cho cac nhi€ém vu phan loai. (vi du: udc tinh
gid mdt ngd1 nha hodc khoang thoi gian mot bénh nhan nam vién)

e Cay phan loai (Classification tree): néu y la mot ‘t?ién phan loai nhu:
gid1 tinh (nam hay ntr), két qua cia mot tran dau (thang hay thua).

3.1.3 Uu diém ciia ciy quyét dinh

So voi cac phuong phap khai pha dir liéu khac, cay quyét dinh 1a phuong
phap c6é mot s6 vu di€ém:

Cay quyét dinh dé hiéu. Nguoi ta co thé hiéu mé hinh ciy quyét
dinh sau khi dugc giai thich ngan.

Viéc chuan bi dir liéu cho mot ciy quyét dinh 1a co ban hoic
khong can thiét. Cac k¥ thuat khac thuong doi hoéi chuan héa div
liéu, can tao céac bién phy (dummy variable) va loai bo céac gia tri
rong.

Cay quyét dinh co thé xir 1y ca dit liéu c6 gia tri bang s6 va dit liéu
c6 gia trj 1a tén thé loai. Cac ky thuat khac thuong chuyén dé phan
tich cac bo dir liéu chi gdm mot loai bién. Chang han, cac luat quan
hé chi c6 thé dung cho cac bién tén, trong khi mang no-ron chi c6
thé dung cho cac bién c6 gia tri bang sd.

Cay quyét dinh 1a mot mo hinh hop trang. Néu co thé quan sat mot
tinh hudng cho trudc trong mot mo hinh, thi ¢ thé dé dang giai
thich diéu kién do béng logic Boolean. Mang no-ron 12 mot vi du
vé mo hinh hop den, do 10i giai thich cho két qua qué phirc tap dé
c6 thé hiéu duoc.

C6 thé tham dinh mot mo hinh bang cac kiém tra thong ké. Piéu
nay lam cho ta co6 thé tin tuéng vao mo hinh.

Cay quyét dinh c6 thé xtr 1y tbt mot lugng dir liéu 16n trong thoi
gian ngan. Co6 thé ding may tinh c4 nhan dé phan tich cac lugng
dir liéu 16n trong mot thoi gian di ngan dé cho phép cac nha chién
luge dua ra quyét dinh dya trén phan tich cta cay quyét dinh.

3.2 Cac thuat toan

Thuat toan CLS

Thuat toan nay dugc Hovland va Hint gidi thi€u trong Concept learning
System (CLS) vao nhiing nam 50 cua thé ky 20. Sau do6 goi tat 1a thuat toan
CLS. Thuat toan CLS duogc thiét ké theo chién lugc chia dé tri tur trén xudng.
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Thudat toan ID3

Thuat toan ID3 dugc phat biéu boéi Quinlan (truong dai hoc Syney,
Australia) va duoc cong bd vao cudi thap nién 70 cia thé ky 20. Sau d6, thuat
toan ID3 duoc gioi thi€u va trinh bay trong muc Induction on decision trees,
machine learning nam 1986. ID3 dugc xem nhu 1a mot cai tién ctia CLS véi
kha nang lya chon thudc tinh tdt nhat dé tiép tuc trién khai cay tai moi budc.
ID3 x4y dung cay quyét dinh tir trén- xudng (top -down).

Thudt toan C4.5

Thuét toan C4.5 duoc phat trién va céng bd boi Quinlan vao nim
1996. Thuét toan C4.5 13 mdt thuét toan duogc cai tién tir thuat toan ID3 véi
viéc cho phép xir Iy trén tap dir liéu c6 cac thudc tinh sé (numeric atributes)
va va lam viéc duoc voi tap dir liéu bi thiéu va bi nhiu. N6 thuc hién phan
16p tap mau dir liéu theo chién lugc wu tién theo chiéu sau (Depth - First).
Thuat toan xét tit ca cac phép thir co thé dé phan chia tap dir lidu da cho va
chon ra mot phép thir co gia tri GainRatio tot nhat. GainRatio 1a mot dai
lugng dé danh gia d6 hiéu qua cua thudc tinh ding dé thuc hién phép tach
trong thuat toan dé phat trién cay quyét dinh.

Thudt todn SLIQ[5]

Thuat todn SLIQ (Supervised Learning In Quest) dugc goi 1a thuat toan
phan 16p leo thang nhanh. Thuét toan nay cé thé ap dung cho ca hai kiéu
thudc lién tuc va thudc tinh roi rac.

Thuét toan nay co sir dung k¥ thuat tién xir Iy phan loai(Pre sorting)
trude khi xdy dung cay, do d6 giai quyét dugc van dé bo nhd cho thuét toan
ID3.

Thuat toan SLIQ c6 sir dung giai thuat cit tia cay hiru hiéu.

Thuat toan SLIQ c6 thé phan 16p rat hiéu qua ddi véi cac tap dir liéu
16n va khong phuy thudc vao $6 luong 16p, $6 luong thude tinh va s6 luong
mau trong tap dit liéu.

3.3 Thuat toan ID3

3.3.1 Gi6i thiéu vé thuat toan ID3

Giai thut quy nap cay ID3 (goi tat 1a ID3) 1a mot giai thuat hoc don gian
nhung to6 ra thanh cong trong nhiéu linh vyc. ID3 la mot giai thuat hay vi cach
biéu dién tri thirc hoc dugc ciia no, tiép can ciia nd trong viéc quan ly tinh
phtc tap, heuristic cua nd dung cho viéc chon lya cac khéi ni¢m ung vién, va
tiém nang ctia né dbi voi viée xir 1y dir liéu nhiéu.



ID3 biéu dién cic khai niém (concept) & dang cac cdy quyét dinh
(decision tree). Bi¢u dién nay cho phép chung ta xac dinh phan loai cia mot
doi tuong bang cach ki€ém tra cac gia tri cia nd trén mot so thudc tinh nao do.

Nhu vay, nhiém vu cua giai thuat ID3 1a hoc cay quyét dinh tir mot tap
cac vi du rén luyén (training example) hay con goi la dir li€u rén luyén
(training data). Hay ndi khac hon, giai thuét co:

e Dau vao: Mot tap hop cac vi du. Mbi vi du bao gém cac thudc tinh
mo td mot tinh huong, hay mot doi tuong nao do, va mot gia tri
phan loai cta nd.

e Paiu ra: Cay quyét dinh c6 kha niang phan loai dung dan cac vi du
trong tap dir liu rén luyén, va hy vong la phan loai dung cho ca
cac vi du chua gap trong tuong lai.

Vi dy, chiing ta hay xét bai toan phan loai xem ta ‘c6 di choi tennis’ tng véi
thoi tiet nao do khong. Giai thuédt ID3 s€ hoc cay quyét dinh tir tap hop cac vi
du sau:

Ngay | Quangcanh | Nhiétdf | Pé im Gio Choi Tennis
D1 MNéng Mong Cao nhe Ehing
D2 MNéng Méng Cao Manh Khéng
D3 Amu Mong Cao MNhe Ca
D4 s Am 4p Cao nhe Cé
D5 Ivhra IVt TB nhe Cé
D6 Ivhra IVt TB Manh Khing
D7 Amu IVt TB Manh Cé
D3 Néng dm ap Cao nhe Ehing
D9 MNéng At TB nhe ofs
D10 Ira dm ap TB nhe Ci
D11 Nang dm 4p TR Manh Cé
D12 Amu dm 4p Cao Manh Ct
D13 Amu Méng TR nhe Ct
D14 s am ap Cao Manh khing

Tap dir liéu nay bao gém 14 vi du. Mbi vi du biéu dién cho tinh trang
thoi tiét gém cac thuoc tinh quang canh, nhi¢t dg, do am va gio; va déu co
mot thudc tinh phan loai ‘choi Tennis’ (co, khong). ‘Khong’ nghia 1a khong
di choi tennis g véi thoi tiét 3o, <Co’ nghia 1a nguoc lai. Gia tri phan loai &
day chi c6 hai loai (co, khong), hay con ta n6i phan loai cua tap vi du cua khai



ni€ém nay thanh hai 16p (classes). Thude tinh ‘Choi tennis’ con dugc goi la
thudc tinh dich (target attribute).

Mdi thudc tinh déu c6 mot tip cac gia tri hitu han. Thudc tinh quang
canh c6 ba gia tri (4m u, mua, nang), nhiét do co ba gia tri (ndng, mat, am ap),
d6 am c6 hai gia trj (cao, TB) va gio co hai gid tri (manh, nhe). Cac gia trj nay
chinh 1a ky hiéu (symbol) dung dé biéu dién bai toan.

Tu tap dir li€u rén luyén nay, giai thuat ID3 s€ hoc mot cay quyét dinh
c6 kha ning phan loai diing ddn cac vi du trong tip nay, dong thoi hy vong
trong twong lai, n6 ciing s& phan loai ding cac vi du khéng nam trong tap nay.
Mot cay quyét dinh vi du ma giai thuat ID3 c6 thé quy nap duoc 1a:

e Khong
Gié ~Manh
*~_
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Cac nat trong cay quyét dinh biéu dién cho mot su kiém tra trén mot
thudc tinh ndo d6, mdi gia tri cé thé co cia thudc tinh d6 twong g véi mot
nhéanh cta cay. Cac nut 14 thé hién su phan loai cua cac vi du thudc nhanh do,
hay chinh 1a gia tri cia thugc tinh phan loai.

Sau khi giai thuat da quy nap duoc cay quyét dinh, thi cdy nay s& dugc
st dung dé phan loai tat ca cac vi du hay thé hi¢n (instance) trong tuong lai.



Va ciy quyét dinh s& khong thay ddi cho dén khi ta cho thuc hién lai giai
thuat ID3 trén mot tap dit liéu rén luyén khac.

Ung v6i mot tap dir lidu rén luyén s& c6 nhiéu cay quyét dinh co thé
phan loai dung tat ca cac vi du trong tap dir li€u rén luyén. Kich cd cua cac
cay quyét dinh khac nhau tuy thudc vao thur tu cua cac ki€m tra trén thudc
tinh.

Vay lam sao dé hoc dugc cay quyét dinh c6 thé phan loai ding tit ca cac
vi du trong tap rén luyén? Mot cach tiép can don gian l1a hoc thudc long tat ca
cac vi du béng cach xay dung mot cdy ma c6 mdt 14 cho mdi vi du. Véi cach
tiép can nay thi cd thé cay quyét dinh s& khong phén loai dung cho cac vi du
chua gip trong tuong lai. Vi phuong phap nay ciing giéng nhu hinh thirc “hoc
vet’, ma cay khong hé hoc dugec mot khai quat nao cua khai ni¢ém can hoc.
Vay, ta nén hoc mot cay quyét dinh nhu thé nao 1a t6t?

Occam’s razor va mot sd 1ap luan khac déu cho rang ‘gia thuyét co kha
nang nhat 13 gia thuyet don gian nhat théng nhat véi tat ca cic quan sat’, ta
nén ludn ludén chap nhan nhimg cau tra 16i don gian nhat dap tng mot CaCh
dung dan dir liéu cua chung ta. Trong truong hop nay la cac giai thuat hoc ch
gang tao ra cay quyet dinh nho nhat phan loai mot cach dung dan tat ca cac vi
du da cho. Trong phan ké tlep, chung ta s€ di vao giai thuat ID3, 12 mdt giai
thuat quy nap cdy quyét dinh don gian théa man cac van dé vira néu.

3.3.2 Giai thuat ID3 xay dung cAy quyét dinh tir trén xudng

ID3 xay dung cay quyét dinh (cay QP) theo céach tir trén xubng. Luu
rang doi véi bat ky thudc tinh ndo, ching ta ciing c6 thé phan ving tap hop
cac vi du ren luyén thanh nhirng tap con tach ro1, ma & d6 moi vi du trong mot
phén vung (partition) c6 mét gia tri chung cho thuge tinh do. ID3 chon mot
thudc tinh dé kiém tra tai nit hién tai ctua cdy va dung tric nghiém nay dé
phén vung tap hop cac vi dy; thuat toan khi d6 xay dung theo cach dé quy
mot cdy con cho tung phan vung. Viéc nay tiép tuc cho dén khi moi thanh
vién cua phan ving déu nam trong cing mot 16p; 16p d6 tré thanh nut 14 cia
cay.

Vi thr ty cua cac tric nghiém la rét quan trong dbi voi viée xay dung
mot cay QD don gian, ID3 phu thudc rat nhiéu vao tiéu chuan chon lya tric
nghiém dé 1am gbc cua cdy. Dé don gian, phan nay chi mo ta giai thuat dung
dé xay dung cay QD, véi viéc gia dinh mot ham chon tric nghiém thich hop.
Phan ké tiép s€ trinh bay heuristic chon lya ctua ID3.

Vi du, hay xem xét cach xay dung cay Qb cua ID3 tur vi du trudc do
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Bit dau v6i bang day di gdm 14 vi du rén luyén, ID3 chon thudc tinh quang
canh dé 1am thudc tinh gdc st dung ham chon lya thudc tinh mé ta trong phan
ké tiép. Trac nghiém nay phan chia tap vi du nhu cho thay trong hinh 9.2 véi
phan tir cia mdi phan ving duoc liét ké boi s6 thir tu clia chung trong bang.

* D3 xay dung cy quyét dinh theo giai thuat sau:
Function induce tree(tap vi du, tap thudc tinh)
begin
if moi vi du trong tdp vi_du déu nim trong cing mot 16p then
return mot nut 14 duoc gan nhan boi 16p do
else if tap thudc_tinh 13 rong then
return nat 14 dugc gan nhin boi tuyén cua tat ca cac 16p trong
tap vi du
else
begin
chon mdt thudce tinh P, léy no lam géc cho cay hién tai;
x6a P ra khoi tap thudc tinh;
v6i mdi gia tri V ctia P
begin
tao mot nhanh cta cidy gan nhan V;
bit vao phan_vungV cac vi du trong tap vi du co6 gia tr1 V tai
thudc tinh P;
Goi induce tree(phan vingV, tip thudc tinh), gin két qua
vao nhanh V
end
end

end

ID3 4p dung ham induce tree mot cach d¢ quy cho tirng phan vung. Vi duy,
phan ving cia nhanh “Am u” ¢6 cac vi du toan duong, hay thudc 16p ‘Co’,
nén ID3 tao mot nat 14 vo1 nhan 1a 16p ‘Co’. Con phan vung ctuia hai nhanh
con lai vira ¢6 vi du am, vura c6 vi du duong. Nén tiép tuc chon thudc tinh
“Do am” dé lam tric nghiém cho nhanh Néng, va thuoc tinh Gi16 cho nhanh



Mura, vi cac vi du trong cac phan ving con ctia cac nhanh cay nay déu thudc
cung mot 16p, nén giai thuat ID3 két thuc va ta cd duoc cay QD nhu sau
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Luu y, dé phan loai mgt vi du, c6 khi cay QD khong can str dung tat ca cac
thudc tinh da cho, mac du n6 van phan loai ding tat ca cac vi du.

* Cac kha nang c6 thé co6 cua cac phan vung (partition):

Trong qua trinh xay dung cdy QD, phan ving ciia mot nhanh mdi co thé co
cac dang sau:

e (C6 cac vi du thudc cac 16p khac nhau, chang han nhu c6 ca vi du
am va duong nhu phan vung “Quang canh = Nang” cta vi duy trén
=> giai thuat phai tiép tuc tach mot 1an nira.

e Tat ca cac vi du déu thudc cung mot 16p, chang han nhu toan am
hodc toan duong nhu phan vung “Quang canh = Am u” cua vi du
trén => giai thudt trd vé nlt 14 v41 nhan 1a 16p do.

e Khong con vi du nao => giai thuat tra vé mac nhién

e Khong con thudc tinh ndo => nghia 1a dit liéu bi nhiéu, khi d6 giai
thuat phai st dung mot luat nao do dé xur ly, chrfmg han nhu luat da
s6 (16p nao c6 nhiéu vi dy hon s& dugc dung dé gan nhin cho nut
14 tra vé).

Tir cac nhan xét ny, ta thiy rang dé c6 mot cay QP don gian, hay mot cay co
chiéu cao 1a thap, ta nén chon mét thudc tinh sao cho tao ra cang nhiéu cac
phan vung chi chtra cac vi du thudc cing mot 16p cang tot. Mot phan ving chi



c6 vi du thugc cung mdt 16p, ta néi phan vung do co tinh thuan nhat. Vay, dé
chon thudc tinh kiém tra c6 thé giam thiéu chiéu sau cua cay QP, ta can mot
phép do dé do tinh thuin nhat cta cac phan ving, va chon thudc tinh kiém tra
tao ra cang nhiéu phan ving thuan nhat cang tot. ID3 sir dung 1y thuyét thong
tin dé thuc hién diéu nay.

3.3.3 Thudc tinh nao la thudc tinh dung dé phan loai t6t nhat?

Quinlan (1983) la ngudi dau tién dé xuat viéc sir dung 1y thuyét thong tin
dé tao ra céac cay quyét dinh va cong trinh cta ong 1a co 80 cho phan trinh bay
o day. Ly thuyet thong tin cia Shannon (1948) cung cap khai niém entropy dé
do tinh thun nhat (hay nguoc lai 1a d§ pha tron) cua mot tap hop. Mot tap
hop 14 thuan nhat néu nhu tit ca cac phan tir cta tip hop déu thudc cung mot
loai, va khi d6 ta noi tap hop nay co do pha tron la thap nhat. Trong truong
hop cua tap vi du, thi tap vi du la thuan nhét néu nhu tit ca cac vi du déu co
cung gia tri phan loai.

Khi tap vi du 13 thuan nhat thi c6 thé noi: ta biét chac chin vé gia tri
phan loai ciia mot vi du thudc tap nay, hay ta c6 luong thong tin vé tap d6 1a
cao nhéat. Khi tap vi du c¢6 do pha tron cao nhat, nghia la ) luong cac vi du co
cung gia tri phan loai cho modi loai 1a trong dwong nhau, thi khi d6 ta khong
thé doan chinh xac duoc mot vi du co thé ¢ gia tri phan loai gi, hay noi khac
hon, luong thong tin ta c6 dugc vé tap nay la it nhat. Viy, diéu ta mong mudn
¢ day la 1am sao chon thudc tinh dé hoi sao cho c6 thé chia tap vi du ban dau
thanh cac tap vi du thudn nhat cang nhanh cang tot. Vay trudc hét, ta can co
mot phép do dé do d6 thuan nhit ciia mot tap hop, tor d6 maéi cod thé so sanh
tap vi du ndo thi tét hon. Phan ké tiép s& trinh bay cong thirc tinh entropy cia
mot tap hop.

3.3.3.1 Entropy do tinh thuin nhat cia tap vi du

Khai ni¢m entropy cia mot tap S duoc dinh nghia trong Ly thuyet
thong tin 14 s6 lwong mong doi cac bit can thiét d¢ ma hoa thong tin vé lop
cua mot thanh vién rat ra mét cach ngau nhién tir tap S. Trong truong hop t6i
wu, ma c6 do dai ngan nhat. Theo 1y thuyét thong tin, ma c6 do dai t6i wu 1a
ma gan —log2p bits cho thong diép co xac suét 1a p.

Trong truong hop S 1a tap vi duy, thi thanh vién ctia S 1a mdt vi du, mdi vi du
thudc mot 16p hay c6 mot gia tri phan loai.

e Entropy c6 gia tri nam trong khoang [0..1],

o Entropy(S) = 0 < tap vi du S chi toan vi du thudc cung mét loai,
hay S 14 thuan nhat.



e Entropy(S) =1 < tap vi du S ¢6 cac vi du thudc cac loai khac
nhau v6i d§ pha tron 1a cao nhat.

e 0<Entropy(S) <1 < tap vidu S co s6 luong vi du thudc cac loai
khac nhau la khong bang nhau.

Pé don gian ta xét trudng hop cac vi du cua S chi thudc loai am (-) hoic
duong (+).

Cho trudc:

» Tap S 1a tap dir li€u rén luyén, trong d6 thudc tinh phan loai ¢6 hai gia tri,
gia str 1a Am (-) va duong (+)

« p: 1 phan cac vi du duong trong tip S.
« p.1a phan céc vi dy 4m trong tap S.
Khi do, entropy do dg pha tron ctia tap S theo cong thurc sau:

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

Mot cach té)ng quat hon, néu céc vi du cta tap S thudc nhiéu hon hai loai, gia
st la c6 ¢ gia tr1 phan loai thi cong thurc entropy tong quat la:

Entropy(S) = > - p, log, p,

C
i=1

3.3.3.2Lwgng thong tin thu duwgc do mirc d) giam entropy mong doi



Entropy 1a mot sb6 do do do pha tron ctia mdt tap vi dy, bay gio ching
ta s€ dinh nghia mgt phép do hiéu suat phan loai cac vi du ciia mot thudc tinh.
Phép do nay goi 1a lugng thong tin thu dugc, nd6 don gian 1a lugng giam
entropy mong doi gay ra bdi viéc phan chia cac vi du theo thude tinh nay.

Mot cach chinh x4c hon, Gain(S,A) cua thudc tinh A, trén tap S, dugc dinh
nghia nhu sau:

Gain(S, A) = Entropy(S) - > S, |Entropy(S)

veValues(A) | |

Trong d6 Values(A) 1a tap hop c6 thé co cac gia tri ciia thudc tinh A, va Sv 1a
tap con cua S chura cac vi du c6 thudc tinh A mang gia tri v.

Tré lai vi du ban dau, néu khong sir dung Entropy dé xac dinh d6 thuan nhat
ctia vi du thi co thé xdy ra truong hop cay quyét dinh c6 chiéu cao 16n. Ta ap
dung phuong thuc tinh Entropy dé xac dinh chac chan thudc tinh nao dugc
chon trong qua4 trinh tao cay quyét dinh

Pau tién ta tinh d6 thuan nhat cua tap dir liéu:
Entropy(S) = - (9/14) Log, (9/14) - (5/14) Log, (5/14) = 0.940

Tu do ta tinh tiép Gain cho tirng thudc tinh dé suy ra thudc tinh nao dugc
chon lam nt goc

Gain(S, Quang canh) = Entropy(S) — (5/14)Entropy(Sxsne)
(4/14)Entropy(Samu) — (5/14) Entropy(Swmuw.) = 0.246

Tuong tu cho cac Gain khac:
Gain(S, Nhiét do) = 0.029
Gain(S, P am) = 0.151
Gain(S, Gio) =0.048

Ta thay Gain(S, Quang canh) 1a 16n nhat = 1y thudc tinh quang canh lam nut
g0c



+: D3,D4,D5, D7, D9, D10, D11, D12, D13
— D1.D2. D6. DS. D14
Quang canh?
Nang Aml|u Mira
+: D9, D11 +: D3,D7,D12, D13 +: D3,D5,D10
— D1.D2. D8 - —-: D6.D14

Sau khi 1ap duoc cip dau tién cua cdy quyét dinh ta lai xét nhanh Néng

Tiép tuc lay Entropy va Gain cho nhanh Nang ta dugc hiéu suat nhu sau:

Gain(Sning, PO 4m) = 0.970

GaiNn(Sying Nhidt do) = 0.570

Gain(Sxing Gi6) = 0.019

Nhu vy thudc tinh d6 am c6 hiéu suat phan loai cao nhat trong nhanh Nang

- ta chon thudc tinh P6 am lam nut ké tiép ...

Tuong ty nhu vay dbi v6i nhanh con lai cia cay quyét dinh ta dugc ciy quyét

dinh hoan chinh nhu sau

Mira

+: D3, D5, D10
—: D6, D14

Gio?

\QTI e

+: D4, D5, D10

+: D3, D4, D5, D7, D9, D10, D11, D12, D13
- D1. D2. Do, D8. D14
Quang canh?
Nang Am|u
+:D9, D11 +:D3,D7.D12, D13
—:D1,D2, D8 —
P6 am? Yes
Cﬁ'}/ B Manh
+: +:D9,D11 +:
—:D1.D2, D8 - —:D6,D14
No Yes No

Yes




3.3.3.4 Tim kiém khong gian gia thuyét trong ID3

Ciing nhu cac phu’ong phap hoc quy nap khac, ID3 cling tim kiém trong
mot khong glan cac gia thuyet mot gia thuyet phu hop véi tap dir licu ren
luyén. Khoéng gian gia thuyét ma ID3 tim kiém 1a mot tap hop cac ciy quyét
dinh c6 thé c6. ID3 thuc hién mot phép tim kiém tur don gian dén phuc tap,
theo giai thuat leo-ndi (hill climbing), bat dau tir cdy rdng, sau d6 dan dan
xem xét cac gia thuyét phirc tap hon ma c6 thé phan loai dung cac vi du rén
luyén. Ham danh gia duoc dung dé huéng din tim kiém leo nui ¢ day 1a phép
do luong thong tin thu duoc.

Tir cach nhin ID3 nhu 12 mot giai thuat tim kiém trong khéng gian cac
gia thuyét, ta c6 mgt s6 nhan xét nhu sau:

e Khong gian gia thuyét cac cay quyét dinh cua ID3 1a mot khong
gian day du cac cdy quyét dinh trén cac thudc tinh da cho trong tap
rén luyén. Diéu nay c0 nghia 1a khong gian ma ID3 tim kiém chac
chén ¢ chtra ciy quyét dinh can tim.

e Trong khi tim kiém, ID3 chi duy tri mot gia thuyét hién tai. Vi vay,

giai thuat nay khong c6 kha ning biéu dién dugc tit ca cac ciy
quyét dinh khac nhau c6 kha nang phan loai ding dir li¢u hién co.

4
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e Giai thuat thuan ID3 khong c6 kha nang quay lui trong khi tim
kiém. Vi vay, no c6 thé gdp phai nhiing han ché gibng nhu giai
thuat leo nai, d6 1a hoi tu vé cuc tiéu dia phuong.

e ViID3 str dung tat ca cic vi du & mdi budc dé dua ra cac quyét
dinh dya trén thong ke, nén két qua tim kiém cua ID3 rat it bi anh
hudng bdi mot vai dir li¢u sai (hay dir liu nhieu).



e Trong qua trinh tim kiém, giai thuat ID3 ¢6 xu hudng chon cay
quyét dinh ngan hon 1a nhiing cay quyét dinh dai. Pay 1a tinh chat
thién 1éch quy nap cua ID3.

3.3.3.5 Panh gia hiéu suit ciia ciy quyét dinh

Mot cdy quyét dinh sinh ra boi ID3 duoc danh gid 13 t6t néu nhu cay nay
c6 kha nang phan loai ding duoc cac truong hop hay vi du s€ gap trong tuong
lai, hay cu thé hon 14 c6 kha ning phan loai ding cac vi du khong nam trong
tap dit liéu ren luyén.

Pé danh gia hiéu suat ciia mot cdy quyét dinh ngudi ta thuong sir dung
mot tap vi du tach roi, tdp nay khac voi tap dir liéu rén luyén, dé danh gia kha
nang phan loai cua cdy trén cac vi du cuia tap nay. Tap dir li€u nay goi la tap
kiém tra (validation set). Thong thuong, tap dir liéu sin c6 s& dugc chia thanh
hai tap: tap rén luyén thuong chiém 2/3 sb vi du va tap kiém tra chiém 1/3.

3.3.3.6 Chuyén ciy vé cac luat
Thong thuong, cdy quyét dinh s& dugc chuyén vé dang cac luat dé thuan

tién cho viéc cai dat va st dung. Vi du cdy quyét dinh cho tap dir liéu rén
luyén c6 thé dugc chuyén thanh mot s6 luat nhu sau :

Quang canh

Mua Am u Néng

7 N g y
I Y I h
/ ] 4 Y

Ma_mlh Nt.ﬁe Trung binh  Cao

! h g )
i/ LY J i
! \ { )
/ \ / \
¢ Y ! )



If (Quang-canh =ning) ~ (P 4m = Cao) Then Choi-Tennis = No
If (Quang-canh =ning) * (P 4m = TB) Then Choi-Tennis = Yes

If (Quang-canh =Am u) Then Choi-Tennis = Yes

3.3.3.7 Khi nao nén sir dung ID3

Giai thuat ID3 1a mdt giai thuat hoc don gidn nhung né chi phu hop véi
mot 16p cac bai toan hay van dé cé thé biéu dién bang ky hi¢u. Chinh vi vay,
gidi thuat nay thudc ti€p can giai quyét van dé dua trén ky hiéu (symbol —

based approach).

Tap dir liéu rén luyén ¢ day bao gom cac vi du duge mo ta bang cac cip
“Thudc tinh — gia tri”, nhu trong vi du ‘Choi tennis’ trinh bay trong sudt
chuong nay, do6 1a ‘Gi6 — manh’, hay ‘Gi6 — nhe’,... va mdi vi du déu co6 mot
thudc tinh phan loai, vi du nhu ‘choi_tennis’, thudc tinh nay phai c6 gia tri roi
rac, nhu co, khong.

Tuy nhién, khac v&i mot s6 giai thuat khac cling thudce tiép can nay, ID3
st dung cac vi du rén luyén & dang xac suat nén nd ¢6 wu diém 1a it bi anh
huong bo1 mot vai dir licu nhiéu. Vi vay, tap dir li¢u ren luyén & day co thé
chtra 16i hodc c6 thé thiéu mot vai gia tri & mot s6 thudc tinh nao d6. Mot giai
phap thuong dugc ap dung dbi véi cac dir liéu bi thiéu 1a str dung luét da so,
chuong trinh tién xur 1y dir lidu s& dién vao cac vi tri con trong gia tri co tan s6
xudt hién cao nhat cua thudc tinh do.

Bén canh cac van dé co ban dugc trinh bay trong phan nay, ID3 con
duoc thao luan nhiéu van dé lién quan nhu lam sao dé tranh cho cay quyet
dinh khong bi anh huong qua nhiéu (overfitting) vao dit liéu rén luyén, dé nod
c6 thé tong quat hon, phan loai dung duoc cho cac truong hop chua gap. Co
nhiéu giai phap dd dugc dua ra nhu cat tia lai cay quyét dinh sau khi hoc,
hoac cit tia cac luat sau khi chuyén cay vé dang luat. Mot van dé khac ntra d6
la néu nhu mot vai thudc tinh nao do cé gia tri lién tyc thi sao. Giai quyét cac
van dé nay dan dén viéc sinh ra nhiéu thé hé sau cua ID3, mot giai thuat noi
bat trong 86 d6 1a C4.5 (Quinlan 1996). Ngoai ra, mot s6 k¥ thuat duoc tao ra
dé thao tac trén dir liéu nham tao ra cic cdy quyét dinh khac nhau trén cing
tap dit liéu ren luyén da cho nhu ky thudt bagging and boosting.

3.4 Vi du minh hoa
3.4.1 Phat bi€u bai toan



David la quan ly cia mot cau lac bo danh golf noi tleng Anh ta dang co6
ric roi chuyén cac thanh vién dén hay khong dén. C6 ngay ai ciing muén choi
golf nhung s6 nhan vién cau lac bd lai khong du phuc vu. C6 hom, khong
hiéu vi 1y do gi ma chang ai dén choi, va cau lac bg lai thira nhén Vién

Muc tiéu cua David 1a tdi vu hoa s6 nhén vién phuc vu mdi ngay bang
cach dua theo thong tin dy bao thoi tlet dé doan xem khi ndo ngudi ta s& den
choi golf. Pé thuc hién diéu do, anh can hiéu duoc tai sao khach hang quyet
dinh choi va tim hiéu xem c6 cach giai thich nao cho viéc d6 hay khong.

Viy 1a trong hai tuan, anh ta thu thap thong tin vé: Troi (outlook) (ning
(sunny), nhiéu may (overcast) hodc mua (raining). Nhi¢t do (temperature)
bang do F. Po am (humidity). C6 gié manh (windy) hay khong. Va la s6
nguoi dén choi golf vao hom d6. David thu dugc mot bo dit li¢u gom 14 dong
va 5 cot.

Ngay | Quangcanh | Nhiétdé | DP§ dm Gib Choi Tennis
B Néng Mong Cao nhe Ehéng
D2 Néng MNéng Cao Manh Khing
D3 Amu Mong Cao MNhe Ca
D4 Mira m ap Cao nhe Ch
D5 Ivira IVt TB nhe Cé
D6 Ivira IVt TB IManh Khing
D7 Amu IVt TR Manh Cé
D3 Néng Am 4p Cao nhe Ehéng
D9 Néng At TB nhe Cé
D10 s m ap TB tihe Cé
D11 Ning dm ap TB Manh Cé
D12 Amu dm ap Cao Manh Ch
D13 Amu MNéng TB nhe C
D14 s Am 4p Cao Manh khing

Bang 1.1. Dir 1iéu choi golf
Sau do, ’dé giai quyét bai toan cua David, ngudi ta da dua ra mot mo
hinh cay quyét dinh.
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Hinh 1.1. M6 hinh cay quyét dinh choi golf

g Co: 3
Khéng: O

Cay quyét dinh 12 mot mé hinh dir liéu ma hoa phan bd cua nhan 16p
(cling 13 y) theo cac thudc tinh dung dé dy doan. Pay 13 mot dd thi c6 hudng
phi chu trinh dudi dang mot cay. Nat gbc (niit nam trén dinh) dai dién cho
toan bo dir liéu. Thuat toan cay phan loai phat hién ra rﬁng cach tot nhat dé
giai thich bién phu thudc, play (choi), 14 sir dung bién Outlook. Phén loai theo
céc gia tri ciia bién Outlook, ta c6 ba nhém khac nhau: Nhom ngudi choi golf
khi troi nang, nhom choi khi troi nhiéu may, va nhom choi khi troi mua.

3.4.2 Minh hoa xay dung cay
Taco: S =[9+, 5-]

Entropy(S) = entropy(9+,5-)

=0.940
» Values(Outlook) = Sunny, Overcast, Rain
SSunny = [2+’ 3']

SOvercast = [4+1 0']

— p.logops — plogsp. = — (9/14)l0g,(9/14) — (5/14)log,(5/14)



SRain = [3+, 2']

Gain(S, Outlook) = Entropy(S) — > 5]

ve{Sunny,Overcast,Rain} | S |

Entropy(S,)

= Entropy(S) — (5/14)Entropy(Ssunny) — (4/14)Entropy(Sovercast) —
(5/14)Entropy(Srain)

Trong do:
Entropy(S) = 0.940
Entropy(Ssunny) = — (2/5)109,(2/5) — (3/5)109,(3/5)
=0.5288 + 0.4422 = 0.971

Entropy(Sovercast) = — (4/4)109,(4/4) — (0/4)log,(0/4) =0+0=0
Entropy(Srain) = — (3/5)10g2(3/5) — (2/5)10g,(2/5)

= 0.4422 + 0.5288 = 0.971
Suy ra:

Gain(S, Outlook) = 0.940 — (5/14)* 0.971 — (4/14)* 0 — (5/14)* 0.971
= 0.246

» Values(Temperature) = Hot, Mild, Cool
Shot = [2+, 2-]
Swita = [4+, 2-]

SCool = [3+; 1']

Gain(S,Temperature) = Entropy(S) — Z S, Entropy(S,)

ve{Hot, Mild,Cool} |

= Entropy(S) - (4/14)Entropy(Sne) — (6/14)Entropy(Swmia) -
(4/14)Entropy(Scool)

Trong do:

Entropy(S) = 0.940



Entropy(Snet) = — (2/4)l0g2(2/4) — (2/4)l0gx(2/4)
=05+05=1

Entropy(Swmiig) = — (4/6)l0g,(4/6) — (2/6)l0g,(2/6)
=(0.3896 + 0.5282 = 0.9178

Entropy(Scoo) = — (3/4)l0g,(3/4) — (1/4)log,(1/4)
=0.3112781 +0.5=0.81128

Suy ra:

Gain(S, Temperature) = 0.940 - (4/14)*1 - (6/14)*0.9178 -
(4/14)*0.81128 = 0.029

» Values(Humidity) = High, Normal
Shiigh = [3+, 4-]
SNormal = [6+,l']

Gain(S, Humidity) = Entropy(S) - . IS,] Entropy(S,)

ve{High,Normal}

= Entropy(S) -  (7/14)Entropy(Suign)  —
(7/14)Entropy(Snormal)

Trong do:
Entropy(S) = 0.940
Entropy(Swign) = — (3/7)1092(3/7) — (4/7)log,(4/7)
= 0.5238 + 0.4613 = 0.9851
Entropy(Snormal) = — (6/7)10g,(6/7) — (1/7)log,(1/7)
= 0.1966 + 0.4010 = 0.5976
Suy ra:

Gain(S, Humidity) = 0.940 — (7/14)*0.9851 — (7/14)*0.5976 =0.151



» Values(Wind) = Weak, Strong
SWeak = [6+; 2']

SStrong = [3+, 3']

Gain(S,Wind) = Entropy(S) - )| lZ—VlEntropy(Sv)

ve{Weak, Strong} |

= Entropy(S) -  (8/14)Entropy(Sweax)
(6/14)Entropy(Sstrong)

Trong do:

Entropy(S) = 0.940

Entropy(Sweak) = — (6/8)l0g,(6/8) — (2/8)l0g,(2/8)
= 0.3112+0.5= 0.8112

Entropy(Ssirong) = — (3/6)109,(3/6) — (3/6)l109,(3/6)
=05+05=1

Suy ra:

Gain(S, Wind) = 0.940 — (8/14)*0.811 — (6/14)*1 = 0.048

Ta thu duoc két qua:

Gain(S, Outlook) = 0.246

Gain(S, Temperature) = 0.029

Gain(S, Humidity) = 0.151

Gain(S, Wind) = 0.048

Ta théy gia tri Gain(S, Outlook) 16n nhat nén Outlook dugc chon lam thudc

tinh kiém tra

Outlook

Sunny”  Overcast Rain

{D1, D2, D8, D9, D11} {D3, D7, D12, D13}  {D4, D5, D6, D10, D14}
[2+,3-] [4+,0-] [3+,2-]



¢ Xac dinh thudc tinh ttl

Day Outlook Temperature | Humidity | Wind PlayTennis
DI Sunny Hot High Weak No
D2 Sunny Hot High Strong No
D8 Sunny Mild High Weak No
D9 Sunny Cool Normal Weak Yes
DI1 Sunny Mild Normal Strong Yes
Ta co:

Ssumny = {D1, D2, D8, D9, D11} = [2+, 3-]

Entropy(Ssunny) = entropy(2+,3-)
= — p.logops — plog,p. = — (2/5)log,(2/5) — (3/5)l0g,(3/5)
=0.5288 + 0.4421 =0.971

» Values(Temperature) = Hot, Mild, Cool

SHot = [0+, 2-]

Switg = [1+, 1-]

Scool = [1+, 0-]

Temperature) = Entropy(Sg,,,,) — z S0 Entropy(S,)

VE{Hot,MiId,CooI}l SSunny |

Gain(S

Sunny 1



= Entropy(Ssunny) — (2/5)Entropy(Swer) — (2/5)Entropy(Smiie) —
(1/5)Entropy(Scool)

Trong do:

Entropy(Ssunny) = 0.971

Entropy(Shot) = — (0/2)l0g,(0/2) — (2/2)l09,(2/2) =
=0+0=0

Entropy(Swmig) = — (1/2)log,(1/2) — (1/2)l0g,(1/2)
=05+05=1

Entropy(Scoeo) = — (1/1)log,(1/1) — (0/1)log,(0/1)
=0+0=0

Suy ra:

Gain(Ssunny, Temperature) = 0.971 — (2/5)*0 — (2/5)*1 — (1/5)*0 =
0.571

» Values(Humidity) = High, Normal
Shigh = [0+, 3-]

SNormal = [2+;0']

Humidity) = Entropy(Sg,n,) — S, | Entropy(S,)

va{High,NormaI}l SSunny

Gain(S

Sunny !

= Entropy(Ssunny) — (3/5)Entropy(Snign) — (2/5)Entropy(Snormar)
Trong do:
Entropy(Ssunny) = 0.971
Entropy(Swign) = — (0/3)l0g2(0/3) — (3/3)10g2(3/3)
=0+0=0

Entropy(Snormal) = — (2/2)l0g2(2/2) — (0/2)l0g2(0/2)



=0+0=0
Suy ra:
Gain(Ssunny, Humidity) = 0.971 — (3/5)*0 — (2/5)*0 = 0.971
» Values(Wind) = Weak, Strong
Sweak = [1+, 2-]

SStrong = [1+, 1']

Wind) = Entropy(Sg,p,) — D, IS—VlEntropy(Sv)

VE{yVeak,Strong}l SSunny

Gain(S

Sunny

= Entropy(Ssunny) — (3/5)Entropy(Sweax) — (2/5)Entropy(Sstrong)
Trong do:
Entropy(Ssunny) = 0.971
Entropy(Sweax) = — (1/3)l0g2(1/3) — (2/3)l0g»(2/3)
= 0.5278 + 0.3897 = 0.918
Entropy(Ssirong) = — (1/2)10g,(1/2) — (1/2)l0g,(1/2)
= 05+05=1
Suy ra:
Gain(Ssunny, Wind) = 0.971 — (3/5)*0.918 — (2/5)*1 = 0.020
Ta thu dwoc két qua:
Gain(Ssunny, Temperature) = 0.571
Gain(Ssunny, Humidity) = 0.971
Gain(Ssunny, Wind) = 0.020

Ta thiy gia tri Gain(Ssunny, Humidity) 16n nhit nén Humidity dugc chon

1am thudc tinh kiém tra



Outlook

Sunny” Overcast Rain

{D1, D2, D8, D9, D11} {D3, D7, D12, D13} {D4, D5, D6, D10, D14}

[2+,3-] [4+,0-] [3+,2-]
Humidity 12 2
/N
High Normal
{D1, D2, D8} {D9, D11}
[0+,3-] [2+,0-]
Hinh 2.3. Mét phan cay quyét dinh sinh ra tir bude dau 1D3
+ Xac dinh thudc tinh tt2
Day Outlook Temperature | Humidity | Wind PlayTennis
D4 Rain Mild High Weak Yes
D5 Rain Cool Normal Weak Yes
D6 Rain Cool Normal Strong No
D10 Rain Mild Normal Weak Yes
Dl4 Rain Mild High Strong No

Bang 3.2. Xac dinh thugc tinh tt2
Ta co:

Srain = {D4, D5, D6, D10, D14} = [3+, 2-]

Entropy(Sgrain) = Entropy(3+,2-)




= — p.logyp+ — plog,p. = — (3/5)l0g»(3/5) — (2/5)log,(2/5)
=0.4421+ 0.5288 = 0.971

+* Values(Temperature) = Mild, Cool

Switg = [2+, 1-]

SCool = [1+; 1']

Gain(S

Rain?

Temperature) = Entropy(Sg,;,) — Z MEntropy(SV)

veqita oot} | Sain |
= Entropy(Srain) — (3/5)ENntropy(Swii) — (2/5)Entropy(Scoo)
Trong do:
Entropy(Sgrain) = 0.971
Entropy(Swmiie) = — (2/3)l0g,(2/3) — (1/3)logx(1/3)
=0.3897 + 0.5278 = 0.918
Entropy(Scoo) = — (1/2)l0g,(1/2) — (1/2)l0g,(1/2)
=05+05=1
Suy ra:
Gain(Sgain, Temperature) = 0.971 — (3/5)*0.918 — (2/5)*1 = 0.020
+» Values(Humidity) = High, Normal
Shigh = [1+, 1]

SNormal = [2+;1']

Humidity) = Entropy(S.;,) — z 1S, Entropy(S,)

ve{High, Normal} | SRain |

Gain(S

Rain?

= Entropy(Srain) — (2/5)Entropy(Snigh) — (3/5)Entropy(Snormai)

Trong do:

Entropy(Sgain) = 0.971



Entropy(Suigh) = — (1/2)10g2(1/2) — (1/2)l0g,(1/2)
= 05+05=1
Entropy(Snorma) = — (2/3)10g,(2/3) — (1/3)l0g,(1/3)
=0.3897 + 0.5278 = 0.918
Suy ra:
Gain(Sgain,Humidity) = 0.971 — (2/5)*1 - (3/5)*0.918 = 0.020
+» Values(Wind) = Weak, Strong
Sweak = [3+, 0-]

SStrong = [O+, 2']

Wind) = Entropy(Seqis) = D, mEntropy(Sv)

ve{Weak,Strong}l SRain

Gain(S

Rain

= Entropy(Sgain) — (3/5)Entropy(Sweax) — (2/5)Entropy(Sstrong)
Trong do:
Entropy(Sgain) = 0.971
Entropy(Sweak) = — (3/3)10g(3/3) — (0/3)log,(0/3)
=0+0=0
Entropy(Sstrong) = — (0/2)109,(0/2) — (2/2)l0g,(2/2)
=0+0=0
Suy ra:
Gain(Sgain, Wind) = 0.971 — (3/5)*0 — (2/5)*0 = 0.971
Ta thu dwoc két qua:
Gain(Sgain, Temperature) = 0.020
Gain(Sgain, Humidity) = 0.020

Gain(Sgain, Wind) = 0.971



Ta théy gia tri Gain(Sgan, Wind) lon nhit nén Wind dugc chon lam

thudc tinh kiém tra.

Ta dwoc ciy quyét dinh hoan chinh nhuw sau

Outlook

Sunny” Overcast Rain

{D1, D2, D8, D9, D11} {D3, D7, D12, D13} {D4, D5, D6, D10, D14}

[2+,3-] [4+,0-] [3+,2-]
Humidity Wwind
/N /N
High Normal W;ak Strong
{D1, D2, D8} {D9, D11} {D4, D5, D10} {D6, D14}
[0+,3-] [2+,0-] [3+,0-] [0+,2-]

> <>

Hinh 3.4. Cay quyét dinh can tim.






