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"‘I DAIHOC BACH KHOA HA NOI

VIEN CONG NGHE THONG TIN VA TRUYEN THONG

Nhap mén

Khoa hoc dir liéu

(IT4142)

Hoc co6 giam sat

o Hoc c6 giam sat (Supervised learning)

o Tap di liéu hoc (training data) bao gdm Ccac quan sat (examples,
observations), ma moi quan sat dwoc gan kem véi mét gia trj dau
ra mong muon.

o Muc dich 1a hoc mét ham (vd: mét phan 16p, rqc}t ham héi quy,...)
phu hop voi tap di liéu hién co va kha nang tong quat hoa cao.

o Ham hoc dwoc sau d6 sé dwoc dung dé dy doan cho cac quan
sat moi.

o Phan loai (classification): néu dau ra (output — y) thudc tap roi rac
va htru han.

o Hoi quy (regression): néu d4u ra (output — y) 1a cac sb thuc.
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Ho6i quy tuyén tinh

I
=SOICT VIEN CONG NGHE THONG TIN VA TRUYEN THONG:
lev L) R )

HGi quy tuyén tinh: Gigi thiéu

o Bai toan hdi quy: cAn hoc mot ham y = f(x) tlr mot tap
hoc cho treéc D = {(x4, Y1), (X2, Y2), ---, (Xm, Ym)} trong do
y; = f(x;) v&i moi i.

o M&i quan sat dwoc bidu dién bang mét vécto' n chiéu, ching han
Xi= (Xih‘ Xigs ++y Xin)'-
o Méi chiéu bidu dién mét thudc tinh (attribute/feature)

o M@ hinh tuyén tinh: néu gia thuyét ham y = f(x) 1a ham co
dang tuyén tinh

f(x) = wp + wixq + ... + WX,
o Hoc mét ham héi quy tuyén tinh thi tvong duong voi
viéc hoc vécto trong sd w = (W, W, ..., W,)T
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HGi quy tuyén tinh: Vi du

Ham tuyén tinh f(x) nao pht hop?

[ | O
0.13 -0.91
1.02 -0.17
3.17 1.61
-2.76 -3.31
1.44 0.18
528 3.36
-1.74 -2.46
7.93 5.56 M

Vidu: f(x) = —1.02 + 0.83x
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Hoc ham hoi quy

o Muc tiéu hoc: hoc mét ham f* sao cho kha néng phan
doan trong twong lai Ia tot nhat.
o T 4 sai s6 |c, — f(z)| 1a nhd nhét cho cac quan sat twong lai z.
o Kha nang téng quat hoa (generalization) & tét nhét.

o VAn dé&: C6 vo han ham tuyén tinh!l ¢y
o Lam sao d& hoc? Quy tac nao?

o Dung mét tiéu chuan dé& danh gia.

o Tiéu chuan thwéng dung la ham 16i

Phan doan tuong lai

o Déi véi mdi quan sat x = (x4, X, ..., X,)T:

+ Gia trj dau ra mong muén c,
(Khoéng biét trwérc ddi voi cac quan sat trong twong lai)

+ Gi tri phan doan (b&i hé théng)
Yy = Wo + WXy + ... + WX,

« Ta thuwérng mong muén y, xap xi tét c,

a Phan doan cho quan sat twong lai z = (z4, 2y, ..., Z,)T

+ Can dy doan gia tri dau ra, bang cach ap dung ham muc tiéu da
hoc dwoc £:

f(z) = wy + wyzy + ... + Wz,
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(generalization error, loss function, ...)

VIEN CONG NGHE THONG TIN VA TRUYEN THONG

== SCICT

I

Ham 16i thuc nghiém
o Ta chi quan sat dwgc moét tap D = {(x4, Y1), (X2, ¥2), .-,

(Xm, Ym)}. Can hoc ham f tir D.
a L6i thuc nghiém (empirical loss; residual sum of squares)

M M
RSS(F) = ). O = fRO = ). 01 = Wo = Wiy = = wyin)?
i=1 i=1
o RSS/M1a mét xap xi clia E,[r(x)] trén tap hoc D
a |% RSS(f) — Ex[r(x)]| thwong dwoc goi 1a 16i tdng quat
hoa (generalization error) ciia ham f.
o Nhiéu phwong phép hoc thwdng gan véi RSS.

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Ham danh gia 16i (loss function)

= Dinh nghia ham 16i E

o L&i (error/loss) phan doan cho quan séat X = (X4, Xa, ..., Xn)T

r(x) = [c, = F(X)]? = (€, — Wo — WXy =... = WX,)?

+ L&i ctia hé thdng trén toan bd khong gian clia x: \\
E = EIr(x)] = E,[c, - PP W
= Muc tiéu hoc Ia tim ham f* ma E |a nhoé nhét:

f*=argmingepy E, [r(x))
* Trong d6 H la khong gian clia ham f.

= Nhwng: trong qua trinh hoc ta khéng thé 1am viéc duoc voi bai
toén nay.

! SOICT Vi CONG NGHETHONGTIN VA TRUYEN THONG
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Binh phuong t6i thi€u (OLS)

= Cho trwdc D, ta di tim ham fma cé RSS nhd nhét.
fr= argr}gg RSS(f)

M
o w =argmin > (v = wp — iz = = wex)” (1)
i=1

= Day dwoc goi 1a binh phwong téi thiéu (least squares).
a Tim nghiém w* bing cach lay dao ham cltia RSS va giai
phwong trinh RSS’ = 0. Thu duwoc:
w' = (ATA)" ATy
o Trong d6 A Ia ma tran di liéu ¢& Mx(n+1) ma hang thir i 1a A, =
(1, Xit, Xi2, -, Xin); B-11& ma tran nghich dao; y = (y4, y2, ..., ym)™-
o Chu y: gia thuyét ATA tdn tai nghich ddo.
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Binh phuong t6i thi€u: thuit toan

= Input: D = {(x4, Y1), (X2, Y2), -+, (X, Ym)}
= Output: w*
u Hoc w* béng cach tinh:
w* = (ATA)1ATy
o Trong d6 A la ma ran aw neu co vix(n+1) ma hang thiv i [a A, =

(1, Xit, Xigs -+, Xin); B 12 ma trén nghich dao; y = (y1, yz, -+ Ym)™
o Chu y: gia thuyét ATA t6n tai nghich dao.

o Phan doan cho quan sat méi x:

Ve =Wo +Wixg + o+ wpxy,

I SOICT VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Binh phuong t6i thiéu: nhudc diém

o Néu ATA khéng tén tai nghich dao thi khéng hoc duorc.
o Néu cac thudc tinh (cot clia A) cé phu thudc 1an nhau.

o D6 phtrc tap tinh toan Ién do phai tinh ma tran nghich
dao.
—Khéng lam viéc dwoc néu sb chidu n Ién.

o Kha nang overflttlng cao vi viéc hoc ham f chi quan tam
tbi thiéu 16i dbi v&i tap hoc dang co.

L""-'
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Binh phuong t6i thiéu: vi du

K&t qua hoc bang binh phuong t6i thiéu

s
0.13 -1
1.02 0417 !
3 1,61
2
25 2
144 0.1
5 3.36 °
174 2.46
75 556 ?

*(x) = 0.81x — 0.78
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Ridge regression (2)
o Giai bai toan (2) twong dwong ’\V{c’yi viéc giai bai toan sau:
w* =argmin ) (y; — A;w)? 3
) 3
saocho X wf < t

o tla mét hang sb nao dé.

a Pai lwgng hiéu chinh (phat) A||w/||3
o Cé vai trd han ché dd Ién clia w* (han ché khong gian ham f).

o Danh dbi chat lwgng clia ham f dbi véi tap hoc D, dé c6 kha nang
phan doan tét hon véi quan sat twong lai.

SOICT VN CONG NGHE THONG TIN VA TRUYEN THONG
el SIC T

T

Ridge regression (1)

= Cho trede D = {(xy, y1), (X2, Y2), ---, (Xu, Y}, ta di gidi bai
todn: . . 2
04an f argrfr}sllr}RSS(f) + Allwllz
M

n
. _ : 2
sw = argmullnz v —Aw)? + AZ w @)
i=1 =0

Trong d6 A; = (1, Xi1, Xz, -, Xin) dQC tao ra tir x; A 1& mdt héng sbé phat
(A>0).

S0 U‘bﬂl‘"%N CONG NGHE TRENETHP?A e HoNG Py Androw Noi need no

]! 5 - (
g an ill complexity over parameters maths, but-lt.preventév
posed problem minimization overfitting!

Ridge regression (3)

o Tim nghiém w* bing cach lay dao ham ciia RSS va giai
phwong trinh RSS’ = 0. Thu duwoc:

w' = (ATA+I,,) ATy
o Trong d6 A 1a ma tran di liéu c& Mx(n+1) ma hang thv i la (1, Xy,
Xis ey Xin) ¥ = (Y1, Y2, -y YM)T; In+q 1@ ma trén don vi c& n+1.
o So sanh véi phwong phap binh phwong téi thiéu:

o Tranh dwoc trwdng hop ma tran di liéu suy bién. Héi quy Ridge
luén lam viéc dwoc.

o Kha nang overfitting thwong it hon.
o L&i trén tap hoc cé thé nhiéu hon.

o Chd y: chét lweng cda phuong phép phu thude rat nhiéu
vao s lira chon cta tham so A

I' SOICT VN CONG NGHE THONG TN VA TRUYEN THONG
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Ridge regression: thuat toan

= Input: D = {(X1, ¥1), (X2, Y2), ---» (Xu, Ym)}, hang s6 A>0
= Output: w*
u Hoc w* béng cach tinh:
w'=(ATA+ Al.) ATy
o Trong d6 A 1a ma tran di liéu c& Mx(n+1) ma hang thir i 1a A, =
(1, Xi1, Xi2, ---» Xin); B7"1& ma tran nghich dao; y = (y4, Yo, --., yw)™
o Phan doan cho quan sat méi x:
Ve =Wo +wixg + o+ wpx,

a Cha y: d& tranh vai anh huwdng x4u tir d6 I&n clia y, ta nén loai bd

thanh phan W trong dai lwong phat & cong thirc (2). Khi d6 nghiém
w* sé thay doi mét chat.

. SOICT VIEN CONG NGHE THONG TIN VA TRUVEN THONG
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Ridge regression: anh huéng cua A

= W* = (w,, S1, S2, S3, S4, S5, S6, AGE, SEX, BMI, BP) thay ddi khi
cho A thay di.

500

-500
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LASSO: dai luogng hiéu chinh
o Cac kiéu hiéu chinh khac nhau sé tao ra cac mién khac
nhau cho w.
0 LASSO thwéng tao ra nghiém thua, tiec 1a nhidu thanh phan
claw co giatrila0.
o Vi thé LASSO thuc hién ddng thoi viéc han ché va lwa chon déc
trung

L!'-norm

Figure by Nicoguaro - Own work, CC BY 4.0,
ikimedi ‘w/index.php?curid=58258966

Ridge regression: vi du

= Xét tap dir liéu Prostate gom 67 quan sat diing dé hoc, va 31 quan
sat dung de kiém thir. DT liéu gom 8 thudc tinh.

0 2.465 2.452
Icavol 0.680 0.420
Iweight 0.263 0.238
age -0.141 -0.046
Ibph 0.210 0.162
svi 0.305 0.227
lcp -0.288 0.000
gleason —-0.021 0.040
pgg45 0.267 0.133
Test RSS 0.521 0.492
!_] SO'CT VIEN CONG NGHE THONG TIN VA TRUYEN THONG )

a Hbi quy Ridge st dung chuan L2 cho dai lwgng hiéu chinh:
w* = arg mui,nZ’i‘il(yi —A;w)?,sao cho X} ow/ < t
a Thay L2 bang L' thi ta sé& thu duoc phuong phap LASSO:
w* =argmin ) (y; — A;w)?
2,
sao cho X7 |wj| < ¢
a Hodc co thé viét lai:
w* = arg min Z(yi —Aw)? + 2wy
w
i=1

o Ham muc tiéu clia bai toan la khong tron. Do d6 viéc gidi né co
thé kho hon hoi quy Ridge.

! SOICT Vi CONG NGHETHONGTIN VA TRUYEN THONG
el SIC 1
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OLS, Ridge, LASSO

= Xét tap dir liéu Prostate gom 67 quan sat diing dé hoc, va 31 quan
sat dung de kiém thir. DG liéu gom 8 thudc tinh.

Ordinary Least

w Squares Ridge LASSO

0 2.465 2.452 2.468

Icavol 0.680 0.420 0.533

Iweight 0.263 0.238 0.169 . »
Mot s6 trong s6

age -0.141 -0.046 130

Ibph 0.210 0.162 0.002 - Chuing cé thé

svi 0.305 0227 0.094 Khcpeldian

trong

lep -0.288 0.000

gleason -0.021 0.040

pgg45 0.267 0.133

Test RSS 0.521 0.492 0.479

l‘ =h| &7 VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Phan I1&p

Rirng ngau nhién

l' < VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Vi du vé DT: Mét ngudi cé choi tennis khong?

* (Outlook=0Overcast, Temperature=Hot, Humidity=High,
Wind=weak) — Yes
* (Outlook=Rain, Temperature=Mild, Humidity=High, Wind=Strong)
— No
 (Outlook=sunny, Temperature=Hot, Humidity=High, Wind=Strong)
— No

™

SOICT VN CONG NGHE THONG TN VA TRUYEN THONG
Svill

1. Cay quyét dinh

= Cay quyét dinh (Decision tree)
- DUng cu tric cay d& x&p xi mot ham can hoc.
= MGt cay quyét dinh co thé duoc biéu dién (dién giai) bang mot
tap cac luat IF-THEN (d& doc va d& hiéu)

= Duoc ap dung thanh cong trong rat nhiéu
céac bai toan trng dung thuc té

e SOICT %

Bieu dién cay quyeét dinh (1)

= MGi nut trong (internal node) biéu dién mot thudc tinh can
kiém tra gia tri d6i v&i cac vi du.

= MGi nhanh (branch) ti mQt nut sé twong trng voi mot gia
tri 6 thé ctia thudc tinh gén véi nat do.

= M&i nut la (leaf node) biéu di&n mat 1&p.

= M6t cay quyét dinh hoc dwoc sé& phan I6p déi véi mot vi
du, bang cach duyét cay t nut goc dén mot nut la
— Nhan I&p gén véi nut 14 d6 sé dwoc gan cho vi du can phan I6p.

Vidu vé DT: Nhitng tin tirc ndo ma tdi quan tdm?

is absent

“football’?
is presgft
“My God"?

is absent

is present

“singer”?

is\absent

is present

Uninterested ~ Interested

Interested

is present,

Interested Uninterested

¢ (...,"music”,...,"singer”,...) — Interested
*(...,"My God",...) — Interested
¢ (...,"music”,...) — Uninterested

! SOICT Vi CONG NGHETHONGTIN VA TRUYEN THONG
el SIC 1

SOICT VN CONG NGHE THONG TIN VA TRUYEN THONG
el SIC T

29

Biéu dién cay quyét dinh (2)

= M&i dwong di (path) ti nut géc dén mot nut Ia sé twong
&ng v&i mdt két hop (conjunction) clia cac kiém tra gia tri
thudc tinh (attribute tests).

= Cay quyét dinh (ban than no) chinh la mét phép tuyén
(disjunction) clia cac két hgp (conjunctions) nay.

High weak
No Yes No Yes
!—J SOICT Vi CONG NGHE THONG TN VA TRUYEN THONG =



Nhitng tin t&rc nao ma téi quan tam?

“music”?

is absent

“football”?

ds absent

is present, ls absent

is present

“singer”?

is\absent

is presg

is present

Interested ~ Uninterested ~ Interested

Interested Uninterested

[(“music” is present) A (‘singer’ is present)] V
music” is absent) A (“football” is present)] Vv
“ football

[(“music” is absent) A (“football” is absent) A (“My God” is present)]

. SOICT VIEN CONG NGHE THONG TIN VA TRUVEN THONG
el S 10 1

2. Hoc cdy quyét dinh bang ID3

= ID3 (lterative Dichotomiser 3) thwe hién tim I‘(iém’ tham lam trén khéng
gian cac cay quyét dinh (do Ross Quinlan dé xuat nam 1986).
= Gia thuyét mdi quan sat x duoc biéu di&n bai n thudc tinh
X = (Xq, Xg, «eey Xp)
= MBi x; 1a mét thudc tinh roi rac (discrete) hodc dinh danh (categorical)
= M&i quan sat trong tap hoc cé mét nhan Iép tuwong &ng.

! SOICT Vit CONG NGHETHONGTIN VATRUYEN THONG
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Giai thuat ID3

ID3_alg(Training Set,Class_Labels, Attributes)
Tao nGt Root cla cdy quyét dinh

If t4t ca cdc vi dy clia Training_Set thudc cling I6p c, Return Cay quyét dinh cé nit Root dugc gan
V@i (c6 nhan) 16p ¢

If Tap thudc tinh At tributes la réng, Return Cay quyét dinh cé nit Root dugc gan véi nhan Igp =
Majority_Class_Label(Training_Set)
A € Thudc tinh trong tp At tributes cd kha ndng phan loai “tt nhat” d6i véi Training Set
Thudc tinh kiém tra cho nit Root ¢ A
For each Gié trj c6 thé v clia thudc tinh A
B& sung mdt nhanh cdy méi dudi nit Root, tuong (g voi trudng hop: “Gid trj clia A la v
Xécdinh Training Set,={vidux | x c Training_Set, x,=v}
If (Training Set, |a rdng) Then
Tao mét nut 1a véi nhan I6p = Majority_Class_Label(Training_ Set)
Gén nt |4 nay vao nhanh cay mdi vira tao
Else Gan vao nhanh cay méi vira tao mdt cdy con sinh ra béi ID3_alg(Training Set,,
Class_Labels, {Attributes \A}) -
Return Root

l SOICT VN CONG NGHETHONGTIN VATRUYEN THONG
el SIG 1

M6t ngudi cé choi tennis khong?

[(Outlook=sunny) A (Humidity=Normal)] v
(Outlook=0vercast) v

[(Outlook=rRain) A (Wind=weak)]

.‘ =n' &7 VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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ID3

= Xay dng (hoc) mot cay quyét dinh theo chién Iwgc top-down, bét dau
ttr nat goc.

e} méi nut, chon thudc tinh kiém tra (la thudc tinh co khé nang phén
loai tot nhat doi voi cac vi du hoc gan véi nat do).

. Tap mé&i mét cay con cta nut hién tai cho méi gia tri cta thudc tinh
kiém tra, va tap hoc sé duwoc tach ra (thanh céc tap con) twong (g voi
cdy con vura tao.

= Qué trinh phét trién cay quyét dinh sé tiép tuc cho dén khi:

+ Céy quyét dinh phéan loai hoan toan céc vi du hoc, hodc
- Tét ca cac thudc tinh da duoc st dung

= ChU y: MGi thudc tinh chi dwoc phép xuét hién téi da 1 1an déi voi bat

ky mét dwong di nao trong cay.

! SOICT Vi CONG NGHETHONGTIN VA TRUYEN THONG
el SIC 1

Lua chon thudc tinh kiém tra

= Tai mdi nat, chon thudc tinh kiém tra nhw thé nao?
= Chon thudc tinh quan trong nhét cho viéc phan I6p cac vi du hoc gan
véi nat do
= Lam thé nao dé danh gia kha nang ctia mét thudc tinh ddi vai viéc
phan tach cac vi du hoc theo nhan Iép cla ching?
— S dung mot danh gia théng ké& — Information Gain
= Vidu: Xét baitoan phanlép c6 2 16p (¢4, c,)
— Thudc tinh nao, &, hay 2,, nén dwoc chon la thudc tinh kiém tra?

(cy: 35, ¢, 25)

l‘ = CT V6N CONG NGHE THONG TIN VA TRUYEN THONG
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Information gain: Entropy

= Entropy do mirc d6 hén tap (impurity/inhomogeneity) ctia mét tap
= Entropy cla tap S déi véi viéc phan 16p co ¢ 16p
c
Entropy(S) = = 32—, pilogy pi
trong do p; la ty 1é cac vi du trong tap S thudc vao 16p i, va 0 log,0 =0
= Entropy clia tap dbi véi viéc phan 1ép c6 2 I6p
=Y nghia clia entropy trong linh virc Information Theory
Entropy chi ra s6 bits trung binh can thiét d& ma héa mét I6p trong S.
Entropy cla mdt message do gid trj trung binh cla luwgng thong tin chira trong

message do.
Entropy clia mdt bién ngau nhién x do mirc d6 khong doan duoc x.

I SOICT VIEN CONG NGHE THONG TIN VA TRUYEN THONG
el S 10 1

Information gain

= Information Gain ctia mét thudc tinh ddi véi mot tap S:
Do mirc do gidm Entropy néu chia S theo céc gia tri clia thudc tinh d6.

= Information Gain clia thudc tinh A di v&i tap s

Gain(S, A) = Entropy(S) — > ‘l‘c’;‘lEntropy(Sv)
veValues(A) -
trong d6 Values(A) 1a tap cac gia tri co thé clia thudc tinh &, va
S, ={x | x thuéc S, va x, = v}
= Trong cdng thirc trén, thanh phan thir 2 thé hién gia tri Entropy
sau khi tap s dwgc phan chia béi cac gia tri clia thudc tinh A.

= Y nghia clia Gain(A): Luong théng tin (trung binh) bj méat néu
chia S theo thudc tinh A.

jmm

SOICT VN CONG NGHE THONG TN VA TRUYEN THONG
Svill

Information gain: Vi du vé Entropy

= S gbm 14 vi dy, trong d6 9 vi du thudc vé 16p c,
va 5 vi du thudc vé 16p c, 1

= Entropy clia tap s déi véi phan 16p c6 2 I6p:
Entropy(S)
=-(9/14).10g,(9/14) -(5/14).log,(5/14)
~0.94

Entropy(S)

05 1
= Entropy =0, néu tat ca cac vi du thudc cling mét P
16p (c, hodc c,)
= Entropy =1, sb lwgng cac vi du thudc vé 16p c, bang sb lwong cac vi
du thudc vé 16p ¢,

= Entropy thudc (0,1), néu nhw sg"S lwong céc vi du thude v& 16p ¢, khac
v&i s lwgng cac vi du thudc ve I16p c,

l SOICT VN CONGNGHEHONG TN VA TRUYEN THONG
ISwiIC]

Information Gain: Vi du

= Hay tinh gia tri Information Gain cua thudc tinh Wwind ddi v&i tap hoc s
— Gain(S,Wind)?

= Thudc tinh Wind ¢ 2 gia tri ¢6 thé: Weak va Strong

=S ={9viduldp Yes va 5 vidu l&p No}

# S, = {6 Vvidulép Yes va 2 vi du I&p No cd gia tri Wind=Weak}

" S.irong = {3 Vidu l&p Yes va 3 vi du I&p No c6 gia tri wind=Strong}
Gain(S, Wind) = Entropy(S) — Z %Entropy(é‘,,)

ve{Strong,Weak}

8 6
= Entropy(S) — 1 Entropy(Swear) — 12 E"trapy(sstrong)

8 6
—0-94_ﬁ*0-81_ﬁ*1—0-048

Tap cac vi du hoc

Xét tap dit liéu S ghi lai nhitng ngay ma mot ngudi choi (khdng choi) tennis:

Day Outlook Temperature Humidity Wind Play Tennis

D1 Sunny Hot High Weak No

D2 Sunny Hot High Strong No

D3 Overcast Hot High Weak Yes

D4 Rain Mild High Weak Yes

D5 Rain Cool Normal Weak Yes

D6 Rain Cool Normal Strong No

D7 Overcast Cool Normal Strong Yes

D8 Sunny Mild High Weak No

D9 Sunny Cool Normal Weak Yes

D10 Rain Mild Normal Weak Yes

D11 Sunny Mild Normal Strong Yes

D12 Overcast Mild High Strong Yes

D13 Overcast Hot Normal Weak Yes

D14 Rain Mild High Strong No
L—- = VIEN CONG NGHE THONG TIN VA TRUYEN THONG [mitchell, 1997]
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Hoc cay quyét dinh: Vi du.

= Tai ntt gbc, thudce tinh nao trong s {Outlook, Temperature,
Humidity, Wind} nén dwoc chon Ia thude tinh kiém tra?

Gain (S, Outlook) = ... = 0.246
Gain (S, Temperature) = ... = 0.029
Gain (S, Humidity) = ... = 0.151
Gain (S, Wind) = ... = 0.048

—Vi vay, outlook dwgc chon Ia thude tinh kiém tra cho nut gbc!

Ssumy=(2+, 3} Sovercast={4+, 0} Sran={3+, 2}

l SOICT Vi CONG NGHETHONG TIN VA TRUYEN THONG
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Hoc cay quyét dinh: Vi du..

= Tai nlt Node1, thudc tinh nao
trong sb {Temperature,
Humidity, Wind} nén dwoc
chon la thudc tinh kiém tra?
Lwu y! Thudc tinh Outlook bj {2+ 3
loai ra, b&i vi n6 da dwoc st
dung bai cha ciia nut Node1 (1a Sovercast™ S -
L% {4+, 0} Rain
nut goc) ’ {3+, 2}
Gain(Ssynny, Temperature) =...=
0.57
Gain(Ssynny, Humidity) = ... = 0.97
Gain(Ssymy, Wind) = ... = 0.019

[retoarez]s=e

Ovexfcast

—Vivay, Humidity dwgc chon
1a thudc tinh kiém tra cho nut
Node1l!

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Hoc cay quyét dinh: Chién lugc tim kiém..

o ID3 thye hién tim kiém tham lam
— Chi dam bao tim dworc 101 giai téi wu cuc bd (locally optimal
solution) — chr khong dam bao tim dwoc 10i gidi toi wu tong thé
(globally optimal solution).

— Mot khi mét thude tinh duoc chon la thudc tinh kiém tra cho mot
nat, thi ID3 khéng bao gi®’ can nhac lai lwa chon nay.

jmm
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Uu tién trong hoc cay quyét dinh..

* P&i v6i mdt tap hoc, cb thé ton tai nhidu cay quyét dinh phu
hop vai tap hoc nay.
* Cay quyét dinh nao (trong s8 d6) dwgc chon?
* ID3 chon cay quyét dinh phu hgp dau tién tim thiy trong qua
trinh tim ki€ém cda né
—Luu y |a trong qua trinh tim kiém, giai thuat ID3 khong bao gi¢r can nhéc
lai céc lya chon trude do (without backtracking)
* Chién luwgc tim kiém cla gidi thuat ID3
o Uu tién cac cay quyét dinh don gian (chiéu cao cay thap)

o Uu tién cac cdy quyét dinh trong d6 mot thudc tinh ¢ gia tri Information
Gain cang Ion thi s& |a thudc tinh kiém tra ctia mét nat cang gén nut géc

SOICT VN CONG NGHE THONG TIN VA TRUYEN THONG
~IC
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Hoc cay quyét dinh: Chién Iugc tim kiém.
olD3 tim kiém mot cay quyét dinh phu hop (fits) voi tap
hoc, trong khéng gian cac cay quyét dinh.

aID3 thuc hién chién lwgce tim kiém tir don gidn dén phirc
tap, bat dau v&i cay rong (empty tree).

o Qua trinh tim kiém cta ID3 duoc didu khién bdi do do
danh gia Information Gain.

0 ID3 chi tim kiém mét (chir khong phai tat ca cac) cay
quyét dinh phu hgp véi tap hoc.

l SOICT VN CONGNGHEHONG TN VA TRUYEN THONG
el S0 1

Uu tién trong hoc cay quyét dinh.
* C4 2 cay quyét dinh dudi day déu phu hop véi tap hoc d cho

* Vay thi, cdy quyét dinh nao s& duoc wu tién (dugc hoc) béi gidi thuat
ID3?

Outlook=? Outlook=?

sunny /e rdase \&ain sunng o dase \&ain
l Humidity=? l Yes l Wind=? ] lTemperature:?l Yes l Wind=?
High Normal Strong Weak Hot Co(o 1 i1d Strong Weak
No Yes No  Yes No No Yes

! SOICT Vi CONG NGHETHONGTIN VA TRUYEN THONG
el SIC 1

3. Vai van deé trong ID3

* Cay quyét dinh hoc duoc qua phu hop (over-fit) véi tap hoc.
« Xl ly cac thudc tinh cé kiéu gid tri lién tuc (kiéu s6 thyc)?

 Cac danh gia phu hgp hon (t8t hon Information Gain) d6i v&i
viéc xac dinh thudc tinh kiém tra?

* X ly cdc quan sat thi€u gia tri thudc tinh (missing-value
attributes)?

* XU ly céc thudc tinh co chi phi (cost) khac nhau?

—> Cai tién cla giai thuat ID3 vdi tat cd cac van dé néu trén dugc
giai quyét: gidi thuat C4.5

l SOICT Vi CONG NGHETHONG TIN VA TRUYEN THONG
el S IC 1



Over-fitting (1)

* Mot cdy quyét dinh phl hop hoan hdo d8i v&i tap hudn luyén cé phai
1a gidi phap t&i wu?

I SOICT Vit CONG NGHETHONG TIN VA TRUYVEN THONG

o SN

Over-fitting: Cach giai quyét.

a 2 chién lvoc
*Ngrng hoc soém hon, trwée khi né dat toi cAu trdc cay cho phép
phan loai hoan hao tap huan luyén.
*Hoc (phat trién) cay day du (twong ing véi cdu truc cay hoan toan
phU hop doi vi tap huan luyén), va sau do thwe hién qua trinh tia
(to post-prune) cay.

a Chién lwoc tia cay day da (Post-pruning over-fit trees)
thwong cho hiéu qua tot hon trong thyc té.
— Ly do: Chién lwgc “nglrng sém” viéc hoc cay can phai danh gia
chinh xac duoc khi ndo nén ngimg viéc hoc (phat trién) cay — Kho
xac dinh!

jmm
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Over-fitting (2)

Tlep tuc qua trinh hoc cay quyét dinh sé& 1am gidm dé chinh xac
dbi v&i tap thlr nghiém méc du ting d6 chinh xac dbi véi tp hoc

09

0.5 | e 1
08 b — 1

Accuracy

06 F On training data 1
On test data

05 . N N . N L N s N
0 10 20 30 40 50 60 70 80 90 100

Size of tree (number of nodes)

[Mitchell, 1997]
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Reduced-error pruning

o M3i nit clia cay (khép hoan toan) duoc kiém tra dé cét tia
o Mét nut sé bj cét tia néu cay (sau khi ct tia nut d6) dat dwoc hidu
nang khéng tdi hon cay ban dau dbi véi tap téi wu (valldatlon set)
o Cét tia mét nut bao gébm cac viéc:
« Loai bd toan bd cay con (sub-tree) gan véi nit bj cét tia
+ Chuyén nut bj cét tia thanh mét nat 14 (nhan phan 16p)
« Gan voéi nut ] nay (nut bi cét tia) nhan I&p chiém s déng trong tap
huén luyén gén véi nat do

o Lap lai viéc cét tia cac nat
* Ludn lva chon mét nat ma viéc cét tia nut d6 téi da hoa kha nang
phan loai clia cay quyét dinh dbi voi tap téi wu (validation set)
« Két thac, khi viéc cét tia thém nut 1am gidm kha néng phan loai clia
cay quyét dinh ddi véi tap téi wu (validation set)

Over-fitting: Cach giai quyét..

o Lam sao dé chon kich thwéc “pht hop” cla cay quyét
dinh? Cat tia den bao gio?

« Danh gia hiéu nang phan loai d6i véi mét tap t6i wu (validation set)
-Pay la phuong phap thuong dwoc st dung nhét
-2 f.f. chinh: reduced-error pruning and rule post-pruning
« Ap dung mét thi nghiém thong ké (vd: chi- -square test) dé& danh gla
xem viéc mé rong (hay cét tia) mot nat co gidp cai thién hiéu nang
dbi v&i tap huén luyén
« Danh gia do phtrc tap ctia viéc ma hda cac vi du hoc va cay quyét
dinh, va nglrng viéc hoc (phat trién) cay quyét dinh khi kich thuwéc
clia viéc ma hoa nay la toi thiéu.
- Duwa trén nguyén ly Minimum Description Length (MDL)
- Can cuc tiéu hda: size(tree) + size(misclassifications(tree))

! SOICT Vi CONG NGHETHONGTIN VA TRUYEN THONG
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Rule post-pruning

aHoc (phat trién) cay quyét dinh hoan toan

pht hop véi tap huén luyén Outlook=?

uChuyén biéu dién cay quyét dinh hoc Sunny/ Overgast \Rain
dwoc thanh mét tap céc luat twong trng
(tao mot luét cho méi dwong di tir nat lHumldlty, ] Yes [ Wind=?

goc dén mot nat 14)

aRut gon (t8ng quét héa) méi luat (doc 14p Hw’/ \Nma‘ 5“07! >\
v@i cac luat khac), bang cach loai bo bat No Yes No  Yes
ky dleu kién nao glup mang lai sw cai
thién v& hiéu qua phan loai cua luat dé

aSap xép cac luat da rat gon theo kha
nang (hiéu qua) phan loai, va str dung
thr tw nay cho viéc phan loai cac vi du THEN (PlayTennis=Yes)
trong twong lai

IF (Outlook=sunny) A
(Humidity=Normal)

l OICT VIt CONG NGHE THONG TIN VA TRUYEN THONG
= SOICT



Cac thuoc tinh co gia tri lién tuc

aR&i rac hoa: chuyé&n ddi thanh cac thudc tinh c6 gia tri roi rac, bang
cach chia khoang gia tri lién tuc thanh mét tap cac khoang (intervals)
khéng giao nhau
aBdi vai thude tinh (co gia tri lién tuc) A, tao mét thudc tinh méi kiéu nhi
phan 2, sao cho: A, la ding néu A>v, va la sai néu nguoc lai
alLam thé nao dé xac dinh gia tri ngudng v “t6t nhat™?
— Chon gia tri nguéng v gidp sinh ra gia tri Information Gain cao nhét
aVidu:
+Sép xép cac vi du hoc theo gia tri tng dan ddi véi thudc tinh Temperature
«Xac dinh cac vi du hoc lién k& nhung khac phan I6p
+C6 2 gia tri ngudng co thé: Temperatures, VA Temperatureg,
« Thudc tinh mai kiéu nhi phan Temperature., dwoc chon, béi vi
Gain(s,Temperatures,) > Gain(S,Temperaturegs)

PlayTennis No No |Yes Yes Yesl No

I SOICT VIEN CONG NGHE THONG TIN VA TRUYEN THONG
el S 10 1

Xtr ly cac thuoc tinh thiéu gia tri

* Gia s thudc tinh A 13 mdt ing cl cho thudc tinh kiém tra &
nut n

* X ly thé ndo véi x khong cé (thiéu) gid tri d8i vai thudc tinh A
(tlc la: x, 1a khong xéac dinh)?

* Goi S, la tAp cac quan sat gan v&i nGt n c6 gia tri d6i vai thudc
tinh A

—Gidi phap 1: x, 1a gid tri phd bién nhat d&i véi thudc tinh A
trong s& céc quan sat thudc tap S,

—Gidi phap 2: x, |a gia tri phd bi€n nhat d&i v&i thudc tinh A
trong s8 cac quan sat thudc tdp S, ma cé cung nhin I&p véi x

jmm
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5. Rirng ngau nhién (Random forests)
 Random forests (RF) |3 moét phwong phap danh cho phan 16p va hoi
quy. Duoc dé xuat béi Leo Breiman (2001).

« Y tudng: 1a mot sy két hop cla cac cdy quyét dinh, bing cach lay
trung binh céc phan doan cla cac cay.

« Mdi cay trong d6 |a 1 cay don gian nhung ngau nhién.

« Méi cay duoc sinh ra phu thudc vao cach lya chon cac thudc tinh

trong qua trinh hoc.

SOICT VN CONG NGHE THONG TIN VA TRUYEN THONG
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Lua chon thudc tinh

o Xu hwéng cla danh gia Information Gain
— Wu tién cac thudc tinh cé nhiéu gia tri hon cac thudc tinh ¢ it gia tri
Vd: Thudc tinh Date c6 s6 lwgng rét Ién cac gia tri co thé
- Thudc tinh nay sé co gia tri Information Gain cao nhét
- Mot minh thudc tinh nay co thé phan loai hoan hdo toan bo tap huén luyén
(thudc tinh nay phén chia tap hoc thanh rat nhiéu céc tap con cé kich
thwdce rat nho)

- Thudc tinh nay duoc chon la thudc tinh kiém tra & nat Qéc (clia cay quyét
dinh chi c6 méc d6 sau bang 1, nhung rat rong, rat nhidu phan nhanh)

o Mot danh gia khac: Gain Ratio
—Giam anh hwéng cla cac thudc tinh cé (rat) nhiéu gia tri

GainRatio(s, A) = Gain(S, A)
ampatiolo, £4) = Splitinformation(S,A)’
1S, | 1S, | (trong d6 values (B) latap
SplitInformation(S, A) = — _|5| log, _|5| céc gia tri ¢6 thé clia thude
vevalues(A) tinh 2, va s,={x| xes, x,=v})

I SOICT VN CONGNGHEHONG TN VA TRUYEN THONG
el S0 1 =

4. Cay quyét dinh cho h6i quy

* C6 thé dé& dang thiét ké cay quyét dinh cho bai toan hoi quy.
* Thay d6i tir ID3:
eThay thé d6 do !nformation gain, dé tim dugc mot tap cac thudc tinh va
phan chia tai moéi node.
eTai mdi node 13, luu tat ca cac quan sat da dugc phan vao I3 dé.
* Phan doén cho quan sat mai z:
*Duyét cay tir gbc cho t&i ndt 13, theo céc gid tri thudc tinh cla z.
*Goi L 13 nut 18 ma z duyét dén. D(L) |a tap cac quan sat chira trong nut |a
L, va k 1a téng s& quan st trong L.
eDy dodn gid tri dau ra cho z:

1
Yz =;ZXED(L)yX

! SOICT Vi CONG NGHETHONGTIN VA TRUYEN THONG
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5. Rirng ngau nhién (Random forests)
« RF 13 mét trong nhitng phuwong phap duoc dung phé bién nhat va
manh nhat hién tai [Ferndndez-Delgado et al., 2014]

* RF c6 thé cai dit dé dang va nhanh, nhung cé thé tao ra cac phan
dodn chinh xac va cé thé lam viéc t6t v&i nhitng bai toan rat nhigu
chiéu ma khéng bi overfitting. ©

* Tuy nhién, van khé phén tich cac tinh chat toan hoc clia RF. ®

has

60
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5. RF: 3 thanh phan co ban

« Ngau nhién hod va khong cat tia:
*D3i véi mdi cay, tai mbi ndt ta chon ngau nhién mot nhém nhé céc thudce
tinh dé chia.
#Tinh méc chia t&t nhat, va phan nhanh cay.
*Cay d6 sé& duoc sinh ra véi c¢& Idn nhat, ma khong dung cat tia.
« Tdng hg'p: mdi phan dodn vé sau thu duwoc bang cach |4y trung binh
céc phan doan tir tat ca cac cay.
« Bagging: tap hoc danh cho mdi cay duoc sinh ra bang cach lay ngiu
nhién (cé trung I3p) tir tap hoc ban dau.

!@m—e A B Nafﬁ%@ TIN VA TRUYEN THONG

5. RF: so sanh v@i cac phuaong phap

* So sanh RF vdi cac phuong phap phan loai khac
ePuoc thyre hién badi [Fernandez-Delgado et al., 2014].
oSt dung 55 bai toan khac nhau.

*D) chinh xdc trung binh (uP) dwoc dung dé so sanh.

) ‘-‘ =3 VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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5. RF: thuat toan

» Pau vao: tap hoc D, s6 cay K
* Tao K cdy, mdi cay dwoc sinh ra nhu sau:
eXay dung mét tap con D; bang céch Iy ngiu nhién (cé trung l3p) tir D.
eHoc cay thir i tir D; nhu sau:
oTai m&i dinh (nut):
echon ngdu nhién mét tap con cac thudc tinh
*phdn nhanh cay dua trén tap thudc tinh do.
*Cay nay s& duoc sinh ra v&i c& 16n nhét, khong dung cét tia.
» M&i phan doan vé sau thu dwoc bang cach 1dy trung binh cac phan
dodn tir tat ca cac cay.

No. Classifier ub No. Classifier uP
1 it 911 || 11 Bagging LibSVM_w 89.9
2 parRF_t 91.1 12 RandomCommittee_w 89.9
3 svm_C 90.7 13 Bagging_RandomTree_w 89.8
4 RRF_t 90.6 14 | MultiBoostAB_RandomTree_w | 89.8
5 RRFglobal t 90.6 15 MultiBoost AB_LibSVM_w 89.8
6 LibSVM_w 90.6 16 MultiBoost AB_PART _w 89.7
7 RotationForest_w 90.5 17 Bagging PART w 89.7
8 C5.0_t 90.5 18 AdaBoostM1_J48_w 89.5
9 rforest_R 90.3 19 Bagging REPTree_w 89.5
10 treebag_t 90.2 20 MultiBoost AB_J48_w 89.4
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