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1. Cac kha1 niém co ban

. Dir liéu dugc miéu ta boi cac thudc tinh nam trong tap A =
{Al’ Az’ e A|A|}

. Th~u©C tinh 16p C = {cl, Coy on) ch} (ICl = 2), ¢, lamot nhan lép

« Moi tap DL dung dé hoc bao gom cac vi du chura thong tin ve
“kinh nghiém qua khr”

« Cho mot tdp DL D, muc tiéu,cia viéc hoc la xay dung mot
ham phan loai/du doan lién két cac gia tri thudc finh trong A
vo1 cac 16p trong C.

- Ham ¢ thé duoc sir dung d¢ phan loai/dy doan dir liéu “twong
al

. {—Iém con duoc goi la mo hinh phan loai/du doan hoac bo phan
oal
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VD vé mau DL

Bang 1

ID Tubi Di lam C6 nha Tin dung Lép

1 tré FALSE FALSE binh thwong No
2 tré FALSE FALSE tot No
3 tré TRUE FALSE tot Yes
4 tré TRUE TRUE binh thwong Yes
5 tré FALSE FALSE binh thwdng No
6  trung nién FALSE FALSE binh thwong No
7 trung nién FALSE FALSE tot No
8  trung nién TRUE TRUE tot Yes
9  trung nién FALSE TRUE xuat sac Yes
10 trung nién FALSE TRUE Xuat sac Yes
11 gia FALSE TRUE Xuat sac Yes
12 gia FALSE TRUE tot Yes
13 gia TRUE FALSE tot Yes
14 gia TRUE FALSE xuat sac Yes
15 gia FALSE FALSE binh thwong No
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Hoc co giam sat

. Hoc c6 giam sat: Nhan 16p duge cung cap trong tap DL
. DL dung dé hoc goi 1a DL huan luyén

 Sau khi1 m6 hinh dugc hoc théri% qllija,, mot thugt toan hoc,
no dugc danh gia trén mot tap DL ki€m thir de do dac
muc do chinh xac

. Khéng duoc dung DL kiém thir dé hoc mo hinh

« Tap DL co6 nhan thuong duoc chia lam hai tap doc lap
dung dé hoc va kiém thu

d6 chinh xac = __s0 phan loai dung

tbng s6 DL kiém thiy
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Hoc may la gi?

. Cho mot tap DL biéu dién “kinh nghiém” qué khu,
mot tac vu T va mot do do hi¢u ning M. Mot hé
thong may tinh c6 kha nang hoc tir DL dé thuc hién
tac vu T néu sau khi hoc hiéu nang ctia may trén tac
vu T (duoc do béi M) duoc cai thién.

« MO hinh hoc dugc hodc tri thirc gitp cho hé thong
thuc hién tac vu tot hon so véi khéng hoc gi.

« Qua trinh hoc la qua trinh xay dung mo hinh hoac
trich rut tri thac
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Hoc may 1a gi? (tiép)

. Trong bang 1, néu khdng c6 qua trinh hoc, gia st tap
DL kiém thtr ¢ cung phan phéi 16p nhu DL huéan
luyén
— Thuc hién du doan mot cach ngau nhién — do chinh xac =

50%
— Thuec hién du doan theo 16p pho bién nhat (16p yes) — do
chinh xac = 9/15 = 60%

. M0 hinh ¢6 kha ning hoc néu dd chinh xac duoc cai

thién

VIEN CONG NGHE THONG TIN VA TRUYEN THONG




Mo1 quan h€ gitra DL huan luyén va

kiem thur

. Gia thiét: Phan phoi ctia DL huan luyén va DL kiém
thir [a nhu nhau

DL
huan luyén

Thuat toan
hoc

DL
kiém thte

Do chinh xac

Buwdc 1: Huan luyén Budc 2: Kiém tra
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2. P2 danh gia
2.1 P2 d4nh gi4

Chia DL ra hai tap huan luyén va kiém thir doc lap nhau (thuong
dung ti 1¢ 50-50 hodc 70-30) ‘ 9
- L&y mau ngau nhién dé tao tap huan luyén; phin con lai lam tap kiém thu
- %\Iéq DL duogc xay dung theo thoi gian, st dung qua khir lam DL huan
uyen
Néu DL nho, thuc hién 1ay mau va danh gia n 1an va lay trung binh
Cross-validation: DL duoc chia 1am n phan dgc 1ap bang nhau. Moi
lan mot phan dugge dung lam DL kiém thir va n-1 phan con lai lam
DL huan luyén. Két qua duoc lay trung binh . ‘ o ,
- Leave-one-out: Néu DL qué bé, moi tap chi chira 1 phan ti, soO phan = so0
phan tir trong tap DL
Validation set: Sir dung dé lya chon cac siéu tham s6 ciia md hinh
(cac tham s6 khong hoc duoc)

VIEN CONG NGHE THONG TIN VA TRUYEN THONG




2.2 Cac do do danh gia

Ma tran nhap nhang

Phan loai tich cuc Phan loai tiéu cuc
Tich cuwc TP TN
Tiéu cuc FP FN

TP: Sé lwgng phan loai dung cla cac vi du tich cuc (true positive)
FN: S6 lwgng phan loai sai clia cac vi du tich cuwc (false negative)
FP: S6 Iwoc phan loai sai cla cac vi du tiéu cuc (false positive)
TN: Sé lwong phan loai dung cla cac vi du tiéu cuce (true negative)

Vi du tich cwe 1a vi du cé nhan I&p can quan tam
Vi du tiéu cwc la vi du c6 nhan Iop khdng quan tam

P Recall = P = _2pr

TP + FP TP +FN p+r

Precision =
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Cac do do danh gia (tiép)

1234567891011121314151617181920
+ + 4+ -+ -+ -+ +- -+ - - -+ - -+

G/s ¢6 10 van ban tich cuc

Rank 1: p=1/1=100% r=1/10 = 10%
Rank 2: p=2/2=100% r=2/10 = 20%
Rank 9: p=6/9=66.7% r=6/10 = 60%

K .
Rank 10:; p = 7/10 = 70% = 7/10 = 70% break-event point

VIEN CONG NGHE THONG TIN VA TRUYEN THONG



Cac do do danh gia (tiép)

TP

TPR =
TP + FN

(sensitivity)

EP
TN+ FP

FPR =

= (1- specificity)

TNR = —N
TN+ FP

(specificity)
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Cac do do danh gia (tiép)

y .
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False Positive Rate

Rank | 2 3 + 5 6 7 8 9 10
Actual class + + - - + _ _ + _ _
TP 0 1 2 2 2 3 3 3 4 4 4
FP 0 0 0 1 2 2 3 4 4 5 6
TN 6 6 6 5 4 4 3 2 2 1 0
FN 4 3 2 2 2 1 1 1 0 0 0
TPR 0 1025|051 0.5 0.5 1075 | 0.75 | 0.75 1 1 1
FPR 0 0 0 0.17 1 0.33 | 0.33 | 0.50 | 0.67 | 0.6 8 1
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Cac do do danh gia (tiép)

Bin 1 2 3 4 5 6 7 8 9 10
# of test cases 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000
# of positive cases | 210 | 120 60 40 22 18 12 7 6 5

% of positive cases|42.0%|24.0%| 12% | 8% [4.4% |3.6% [2.4%|1.4% | 1.2% | 1.0%

% cumulative  [42.0%]66.0%)]78.0%86.0%|90.4%|94.0%|96.4%|97 .8%|99.0% (100.0%
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3. Cay quyét dinh

. Nt quyét dinh, nat 14
. Dé du doan, duyét cay tir goc theo gia tri cia cac thudc tinh téi khi

gap nut la
tudi?
trung nién
di lam? co nha? tin dung?

trde false true false
Yes No Yes No No Yes Yes
(2/2) (3/3) (3/3) (2/2) (1/1) (2/2) (2/2)

Di lam Co nha Tin dung Lép

FALSE FALSE tot ?

VIEN CONG NGHE THONG TIN VA TRUYEN THONG



Cay quyét dinh (tiép)

. Cay %B/ét dinh duoc xay dung bang cach

chia DL ra thanh cac tap con thuan nhat.
Téap con goi la thuan nhat néu cac vi du co c6 nha?
cung mot 16p. m
. Cay c6 kjch thudc nho thuong tong quat ¢ fake
hon va co0 dé chinh xac cao hon; dé hi€u Yes di lam?
hon vé1 con nguoi (6/6) t f
A . A . X r alse
« Cay sinh ra khong phai duy nhat
o Tim cay tot nhat la mot bai toan NP-day Yes No
da — su dung cac giai thuat heuristic (3/3) (6/6)
cé nha = true — I&p =Yes [sup=6/15, conf=6/6]

co6 nha = false, di lam = true — |&p = Yes [sup=3/15, conf=3/3]
cé nha = false, di lam = false — |[&p =No  [sup=6/15, conf=6/6].

dic=tre, di Eﬁm c IlaGII-I%?HmGITq\R/Aﬁ'RNKQN THONG [sup=3/15, conf=3/3]

s=sws ~\/|[EN CONG
T




3.1 Thuat toan hoc

. DUNng chién thuat chia-dé-tri dé phan chia DL mot
cach dé quy

. D1eu kién ding: tat ca cac vi du déu c6 cung 16p hoic
tat ca cac thudc tinh da duoc st dung (line 1-4)

o Tai moi budc dé quy, chon thudc tinh tot nhat dé chia
DL theo gia tri cua thudc tinh dya trén ham tinh do
khong thuan nhat (line 7-11)

« Thuat toan tham lam
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Algorithm decisionTree(D, A, T)
1 if D chichtra vi dy huén luyén cla lop ¢, € C then
2 tao nut Ia T v&i nhan lop C;
3 elseif A= 0@ then
4 tao nut 4 T voi nhan I6p ¢, 1& I6p pho bién nhat trong D
5 else // D chira vi du v&i nhiéu l1op. Lwa chon mét thudc tinh
6 /I dé chia D thanh céac tap con dé& méi tap con thuan nhat hon
7 p, = impurityEval-1(D);
8 for moéi thudc tinh A € A (5{A, A,, ..., A }) do
9 p, = impurityEval-2(A,, D)
10 endfor
11 Lwa chon A €{A, A, ... A} lam giam nhiéu nhat do khong thuan nhét theo Py - P;
12 if pg - p, < threshold then Il A, khong glam dang ké d6 khéng thuan nhét P,
13 tao nuat Ia T v&i nhan lop C; la Io’p phd bién nhat trong D
14 else Il A, lam gidm dd khéng thuan nhét Po
15 Tao nut quyét dinh T theo A
16 Cho cac gia tri cua A, 1a vy, v,, ..., v, Chia D thanh m
tap con khéng giao nhau D D 5 -y D, dua trén m gia tri cha Ay
17 for moi D, trong {D,, D,, ..., Dm} do
18 if D # dthen
19 tao mot nhanh (canh) ng voi nut T, cho v; la con cua T;
20 deC|s|onTree{DJ A - {Ag} TJ) Il x6a A,
21 endif
22 endfor
23 endif
24  endif
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3.2 Ham khong thuan nhat

Tudi? c6 nha?
tré trung nién gia tru false
No: 3 No: 2 No: 1 No: O No: 6
Yes:2 Yes: 3 Yes: 4 Yes: 6 Yes:3
a) b)

Do khéng thuan nhat cha cay a) cao hon cay b)
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IC|
entropy(D) = -2Pr(¢)log,Pr(c)
J:

ICl
Pr(c) :jzzl Pr(c)

- Pr(c)) 1a xéc suat dir liéu thuge 16p c;

- Pon vi cla entropy la bit

- Quy wéc 0log,0=0

- D liéu cang thuan nhat thi entropy cang nho va nguworc lai

Vd6:

Tap DL D co6 hai |&p tich cwe (pos) va tiéu cwe (neg)

1. Pr(pos) = Pr(neg) = 0.5 — entropy(D) = -0.5 x 10og,0.5-0.5x1l0g,0.5=1

2. Pr(pos) = 0.2, Pr(neg) = 0.8 — entropy(D) = -0.2 x log,0.2 — 0.8 x 10g,0.8 = 0.722
3. Pr(pos) =1, Pr(neg) = 0 — entropy(D) = -1 x log,1 - 0 xlog,0=0

VIEN CONG NGHE THONG TIN VA TRUYEN THONG



Information gain

1. Tinh entropy(D) (line 7)

2. Lya chon thude tinh: V&i moi thudce tinh A, gia st ¢6
Vv gia tr1, chia D thanh cac tap con khong giao nhau
D,D,, ....,D, (line 9)

v
entropy,(D) = ; %‘“_ x entropy(D))
3. b9 tang cuong thdng tin cia A,

gain(D, A, = entropy(D) - entropy,(D)
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VD

entropy(D) = -6/15 x log,6/15 — 9/15l0g,9/15 = 0.971
entropy, ;(D) = 5/15 x entropy(D, s-.,s) + 5/15 X entropy(D, .
=5/15x0.971 + 5/15x 0.971 + 5/15 x 0.722 = 0.888
entropy,_, »(D) = 6/15 x entropy(D_, ,.a=iue) T 9/15 X entropy(D
=6/15x0+9/15x0.918 = 0.551
entropy,, ,,(D) = 0.647
entropyy, 4,n,(D) = 0.608

gain(D, tudi) = 0.971 - 0.888 = 0.083
gain(D, c6 nha) = 0.971 - 0.551 = 0.420
gain(D, di lam) = 0.971 - 0.647 = 0.324
gain(D, tin dung) = 0.971 - 0.608 = 0.363.

tudi=trung nién

) + 5/15 x entropy(D

co nhazfalse)

2

tuoid

:gig)
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Information gain ratio

. Information gain thudng thién vi cac thudc tinh ¢6 nhiéu
gia tr1
. tC,;ari]n ratio chuan hoa entropy theo cac gia tri cua thudc
in
s: s0 gia tri khac nhau cua A,
D, la tap con cua D ¢6 thugc tinh A. ¢6 gia tri thur |

GainRatio(D, Ai) = Gain(D, Al)
S [Dj Dj
j=1LDj D
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3.3 Xu ly thudc tinh lién tuc

« Chia thuoc tinh ra lam hai khoang (binary split)

« Ngudng chia duoc lya chon sao cho cua dai héa information
gain (ratio)

« Trong qua trinh tao cay, thudc tinh khong bi x0a bo (line 20)

0 57 22

Y
S}N
X
= o A%
HE HE X

B O ||
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3.4 Mot sO van d€ nang cao

« Overfitting: Mot bo phan loai f goi la qua khit néu ton tai mot
bo phan loai /” ma do chinh xac cua f > f” trén DL huan luyén
nhung < trén DL kiém tht

— Nguyén nhan: DL chtra nhiéu (nhan 16p sai hodc gia tri thudc tinh sai)
hoac bai toan phan loai phitrc tap hodc chira du:ng tinh ngau nhién

- Prunlng Cay quyet dinh qua su — cat tia cay bang cach udc luong 161
tai mo1 nhanh, néu 16i cua cay con 16n hon thi cat tia. CO thé sir dung
mot tap DL doc lap (valldatlon set) dé cat tia. Ngoai ra c6 thé 4p dung
cat tia trude hodc cat tia luat

. Gid tri khuyét thiéu: St dung gia tri “unknown” hodc gia tri
pho bién nhat (hoac gia tri trung binh véi thudce tinh lién tuc)

. Mat can bing 16p: Over sampling, xép hang
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Thuoc tinh l1én tuc

Luat1: X<2,Y>25Y>26 -1 —) X<2 Y>26— 1
Luat2: X<2,Y>25Y<26 -0 1
Luat3: X<2, <251

x<2 1

X

. ST 22

Y
S}N
X
gl o ® %3
N HE X

B O ||
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4. Thuat toan Naive Bayes
4.1 Thuat toan Naive Bayes

o Cho tap cac thugc tinh A, A,, ..., A|A|, C la thudc tinh
l6p vo1 cac gia tri c,, C , Cicp Vi du kiém thur d=
<ATay o AT

. Gla thlet MAP (maxnnum a posteriori): tim 16p C; Sao
cho Pr(C=c|A;=a,, ..., A, =a,,) cuc dai

Pr(A;=a,, ..., A,=a,| C=c) x Pr(C=c)

Pr(C=c| A,=a,,..., AL=a,) =
o IAl A _
Pr(Al_al’ naay AlAl |A|)

Pr(C:cj| A=a,..., _a|A|) o Pr(A;=a,, ...,AlAl—a|A|| C= c)xPr(C c)

IAI
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Thuat toan Naive Bayes (tiép)

Pr(A=a,, ..., ATy AI| C:cj) = Pr(A=a,| A=a,,..., Aaraa): C=Cj)
X Pr(A,=a,,..., Ayma, | C=¢)
= Pr(A=a,| A,=a,,..., ApFa,, C=C)
X Pr(A,=a,| As=a,,..., Ajp~a,,C=C)

X Pr(A,=a,,..., A| AT AI| C:cj)

Gia thiét ddc 1ap co diéu kién:
Pr(A;=a,| A,=a,,..., Ap~a,, C=C) = Pr(A,=a,| C=c)
Pr(A,=a,| Az=a,,..., Ap~a,, C=C) = Pr(A,=a,| C=c)

Pr(A,=a,, ..., A|A|:a|A|| C:cj) = Pr(A,=a,| C:cj) X Pr(A,=a,| C:cj) X ... x Pr(A =a| C:cj)

Pr(C=c| A;=a,,..., A=ay,) «Pr(A;=a,| C=c) x Pr(A,=a,| C=c,) x ... x Pr(A =a, | C=c) x Pr(C=c)
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Thuat toan Naive Bayes (tiép)

s0 lwong vi du ¢ 16p c;

Pr(C=c)= — -
tong so vi du trong tap DL

s0 lwong vi du cd A =a, va lop ¢

Pr(A=a| C=c) = -
sO lweng vi du co lop C;

c Pr(C=t)=1/2Pr(C=1)=1/2
Pr(A=m|C =1t) = 2/5 Pr(A=g|C=1t)=2/5 Pr(A=h|C =1) = 1/
Pr(A=m| C=1) = 1/5 Pr(A=g|C=f)=2/5 Pr(A=h|C =f) = 2/
Pr(B=b|C=1)=1/5 Pr(B=s|C=t)=2/5 Pr(B=q|C=t) =2/
Pr(B =b| C =f) = 2/5 Pr(B=s|C="f)=1/5 Pr(B=q|C=") =2/

A=m,B=q,C=7?

Pr(C=tfA=m,B=q) «Pr(C=t)xPr(A=m|C=t)xPr(B=q|C=1)
o 1/2 x 2/5x 2/5 = 2/25

Pr(C=f|A=m,B=q) «Pr(C=f))xPr(A=m|C=)xPr(B=qg|C=H1)

-l- VIEN CONG NGHE THONG TIN VA TRUYEN Mg\lé w
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Lam min

. Xac suat — 0: Gia tr1 thudc tinh a, khong x/h cung 16p
C; trong DL huan luyén khién Pr(A =a|C= C) 0

Pr(A;=a|C=c) =

trong do N 14 80 vi d
tr1 khac nhau cua tl

o 4 =1/ntrong do n

nij+/\

n.+Axm.

lucoA,=a vaC= Ci; M, la s6 gia
1uoct1nhA

1a sb lwong vi du huan luyén

« /=1:Lam min Laplace
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4.2 Phan loa1 van ban dua trén NB

. M0 hinh_sinh xac suat: Gia thlet moi vin ban duoc sinh ra boi mot
phan phoi theo cac tham so an. Cac tham s6 nay duoc uéc lugng
dya trén DL huan luyén. Cac tham s6 duoc dung dé phén loai van
ban kiem thir bang CaCh st dung dinh luat Bayes dé tinh toan xac
suat hau nghiém cua 16p ¢6 kha nang sinh ra van ban.

« Haj gia_ thlet 1) DL duoc sinh ra boéi mot mo hinh tron ii) Moi thanh
phan trdn tng véi mot 16p

I&p 1 1&p 2

Ham phan phdi xac suat cta hai phan phdéi Gaussian

(0 CT Mg'cgé&NEhlﬂ'ﬁ%N%?N@ﬁ TTQU(HilngNg va 01 - (1"1’ 01)




Phan loai van ban dua trén NB (tiép)

. Gia str 6 K thanh phan tron, thanh phan j ¢ tham s6 0,

tham sO cuia toan bo mo hinh bao gom O = (9, @y, ..., gok,
..., 6,) trong do ? la trong sO cua tillanﬁ phanj
(iqo, = 1)

. Gia st cO cac lop ..., Cop @ CO [C] = K, ¢, =
Pr(c;|®), qua trinh sm]h vén ban c|

1. Lu’a chon mot thanh phan tron j dua trén Xxac suat tién
nghiém cta cac 16p, ;= Pr(C |®)

2. Sinh ra d, dya trén phan phoi Pr(o | i, 9)

« XAC suat smh ra di dua trén toan bo mo hmh

IC|
Pr(d| ©) = > Pr(c| ©) x Pr(d c; 6)
=1
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Phan loai van ban dua trén NB (tiép)

. Vin ban duoc biéu dién nhu mot tdi tur

1. Cac tur duoc sinh ra doc 1ap, khong phu thudc va ngir
canh (cac tir Khac trong van ban)

2. X&c suat cua tir khdng phu thudc vao vi tri trong vin
ban

3. b6 dai va 16p cua van ban doc lap véi nhau

. Mdi vin ban dugc sinh ra boi mot phan phoi da thic
cua tur voi n phép thir doc 1ap trong d6 n la @6 dai cua
van ban
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Phan loai van ban dua trén NB (tiép)

. Phep thtr da thae la qua trinh sinh ra k gia tri (k > 2)
véi CAC XAC suat Py Por oovy Py

VD: XUc xdc sinh ra 6 gid tri 1, 2, ..., 6 v&i Xac suat
cong bang P,=P,= ... =Pg = 1/6)

o Gia st cO n phép thir doc lap, goi X la so lan sinh ra
gia tri t, khi do X, X,, ..., X 1a CaC bién ngau nhién

01 rac.
Xy Xy ..., X) tudn theo phan phoi da thue véi cac
tham so n, p,, P, ..., P,

VIEN CONG NGHE THONG TIN VA TRUYEN THONG




Phan loai van ban dua trén NB (tiép)

e N: DO dai van ban |d |

o k=|V|: S6 luong tir vung trong tap DL

¢ Py Xé’c suat tur w, x/h trqong Vér} b‘é’m, Pr(w,| C;; 0)

« X.: Bién ngau nhién thé hién s6 1an w, x/h trong van ban
e N S6 lan w, x/h trong van ban d.

. Ham xac suat:

Yl Pr(w, ¢ ;0)"

Pr(d, |C_;;®): Pr(|d, |)|d, |
1=l Nn'!

ZN,{. =|d. | ZPr(w;\cj;(E))zl
t=1 t=l

VIEN CONG NGHE THONG TIN VA TRUYEN THONG

1_ = = >
sl = O1C T



Phan loai van ban dua trén NB (tiép)

. Ubc lugng tham so:

>N, Pr(c,
LT, Pr(c_,- | at-)'
o Lam min Lidstone (A <1)

(A =1: Lam min Laplace)

Pr(w, |c_j;@)):

A+ 3" N, Pr(c, | d,)

Pr( we’ | C,r?é) = [V |D|
/1| V| Z.s‘:lZ{':l N.l;{' Pr(cf | d{)

T VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Phan loai van ban dua trén NB (tiép)

1D

Pr(c, | (:)) _ Zf.:lPl‘(c:j d,)

D]

o Phan loai:

Pr(c, |©®)Pr(d, | c,;0)
Pr(d. |©)

|d; |

- Pr(c, | (:))thpr(wd;i \c:j;(::))
- IC| A || A
Y. Pr(c, O] ], Pr(w, ,|c,:0)

Pr(c, |d,;0)=

argmax, _ Pr(c, | d ;0).

*
7 ﬁ :

OICT VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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5. Thuat toan SVM

 May véc-to hd trg (SVM) & mot hé thong hoc tuyén
tinh nham xay dung bo phan loai 2-16p

o Tap vi du D: {(X;, ¥,), (x2, Y,) - (xn, y,)} trong do
Xi = (X Xips -oes Xj) VEC-tO dau vao r-chiéu trong
khong gilan X € R', y la nhan lop, y. € {1, -1}

. SVM xay dung ham tuyén tinh f: X R" >R véi  w
= (W, W, ..,w)ER

f(x) =<w -x>+Db

1 néuf(x)20
Y, =
-1 néuf(x)<0

VIEN CONG NGHE THONG TIN VA TRUYEN THONG




Thuat toan SVM (tiép)

. Siéu phang phan chia hai 16p
. C6 vO s0 siéu phang nhu vay, lua chon ntn?

o XU ly ntn néu DL khong phan chia dugc mot cach
tuyén tinh?




5.1 SVM tuyén tinh: DL phan chia
duoc

e W.. Véc-to chuan cua Siéu H,<w-x>+b=1
phéing H:<w x>/b =-1 y=1

« SVM tim siéu phiang nham oo "
cuc dai hda bién () x+ W

+

A s K e , - |
« Nguyén ly to1 thiéu hoa ruai ro
cau truc: Cuc dai hoa bién lam
cuc ti€u hoa can trén cua 10i
(phan loai)

1
%= 4= ) —* y=-1

+

VIEN CONG NGHE THONG TIN VA TRUYEN THONG




DL phan chia dugc

. Bai toan cuc tiéu hda co rang budc
Cuec tiéu héa: <W - W>/2

Vé&irang budcy(<w - x>+b)21 i=1,2,...,n

. Do ham muyc tiéu binh phuong va 16i, cac rang budc
tuyén tinh, ta st dung phuong phap nhan t
Lagrange

Ly = (wew) =Y a Ly (wox) +5)-1
i=l

trong do a. la mot nhan tir Lagrange

VIEN CONG NGHE THONG TIN VA TRUYEN THONG




DL phan chia dugc (tiép)

Bai toan téng quat:

Cuc tiéu hoa: f(x)
V@i rang budc:g,(x) < b, i=1,2,...,n
Lagrangian:
i=1
Céc diéu kién Kuhn -Tucker: OLp _ W, - Z,V{-Hf- v, =0, j=12,.r
oL W; ol |
—>=0,j=1,2,...,r
an oL n
—L£ = —Z_V{a{. =0

g(X)-b <0, i=1,2,..,n ‘ ob =
v.((w-x;)+b)-120, i=1,2,..,n

20,i=1,2, ...,
a=5 " @,>0, i=1,2,...n

ab,-g(x)=0,i=1,2,...,n o (y,((w-x;)+b)-1)=0, i=1,2,....n

>
- A

nr-— VIEN CONG NGHE THONG TIN VA TRUVEN THONG
will i



DL phan chia dugc (tiép)

« Do ham muc tiéu 161 va cac. rang budc tuyen tinh, cac
diéu kién Kuhn - Tucker |a can va di, thay thé bai toan
gbc bang bai toan d6i ngau (d6i ngau Wolfe)

Cuc dai hoa: Zaf ——waaﬂ:{x X ;)

I Rl Rl
Z,‘y}ﬂf{:

V&irang bubc: =
a, 20, i=12,..,n

f,r—

Siéu phang: (W-X)+b= Z}&’(X X)+b=0

issv

Phan loai vi du z: sign({w-z)+b)= S.ign[z}gr{xf. (x,-z)+ bj

(sv: tap cac véc-to ho tror)
VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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5.2 SVM tuyén tinh: DL khong phan
chia duoc

H

Cuec tiéu hoa: <“;w> +CY ¢

i=1

V&irang budc: y(<w-x>+b)21-¢,i=1,2,...,n

£20,i=1,2,..,n

Lagrangian:

L,= %(w-w)—k Cié —iaf.[yf.((w : xf.)+b)—l+§f.]—i;:f.§f.

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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DL khong phan chia duoc

Cac diéu kién Kuhn — Tucker;

——w ZL{ a, ”—U,jzl,Q,...,r

n
—__zh E_
i=1

E;Ié =C—-a;,—u, =0, i=12,..,n
yv,((w-x;)+b)-1+&, 20, i=1,2,...,n
& 20, i=1,2,...n

a; 20, i=1,2,..,n

u =20, i=1,2,....n
a,(y,((w-x;)+b)-1+£,)=0, i=1,2,..
JTRI [}, i=1,2,...n

I

"2

y =r | T VIEN CONG NGHE THONG TIN VA TRUYEN THONG
L BAcH Kioa LA 4

Bai toan déi ngau:
Cuwc dai héa:

Ly(a)= Zﬂ' ——Zyyf
.'Jr l
V&irang bubéc: 5
O0<ea,<C, i=12,.,n

1 n
b:__zysa:(xs 'x;>
Vi =l |
Siéu phang: )
(W-x)+b=> ya(x, x)+b=0.
i=1

Nhan xét:
a=0—-y(<wx>+b)z1va=0
0<a<C—oy(<wx>+b)=1va=0
a=C—oy(<wx>+b)s1vaé&z0

@,(%, X))



5.3 SVM phi tuyén: Ham kernel

{(@(X1), Y1), (P(X)), ¥Y5), s (PX), Y}

®: X — F Cuc tidu hoa: (W '2w> Y g
X = @(X) -

V&irang budc:  y(<w - @(x)>+b)21-¢,i=1,2,...,n

£20,i=1,2,..,n

N
® PO o)
0 ()
®(0) P(x)
) %)
sQ|CTKQIT@&9ci%QHg%8N¥%QVA TRUVEN THONG Khéng gian dac trwng F




]

Ham kernel

Bai toan dbi ngau:

n 1 n
o; — 5 Z viyaa {P(x,)-¢(x;))
i=1

Cuc dai héa: L,
i, j=l

V&i rang budc: ve, =0

Phan loai:

n

> Vi {P(x,) 4(x))+b
VD: (x;, X,) = (X% %% 2Y2x,X,)
2.3)~ (4,9, 8.5)

y z

,7'
D)

[N
0

OICT VIEN CONG NGHE THONG TIN VA TRUYEN THONG
il |



Ham kernel (tiép)

. Ham kernel: phép nhan véc-to trén khong gian dau
vao tuong tng vo1 mot phép nhan véc-to trén khong
gian dac trung nhiéu chiéu

K(x, z) = <@P(X) - P(2)>
o Kernel da thuec:

K(x, z) = <x -z>¢

VD:

X = (Xy, X,), Z2=(23, Z,)

<X +Z2>%2 = (X,Z, + X,2,)?

— 25 2 25 2

= X,7Z,7 + 2X,Z,X,Z, + X,°Z,

= <(x,2, X2, 2Y2x,x,) - (2,2 2,2, 2Y%2,2,)>
= <O(x) - P(2)>

T VIEN CONG NGHE THONG TIN VA TRUYEN THONG



Ham kernel (tiép)

« Khong gian dac trung cua kernel da thire bac d ¢6
C, %P chiéu

« Dinh 1y Mercer xac dinh cac ham kernel
« Kernel da thtrc:

K(X, z) = (<x -z> + 6)d

Gaussian RBF:

K(K,I) _ E-IIK-ZIIE(’EO‘

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Ung dung cia SVM

. Dé SVM lam viéc vé6i thudc tinh 101 rac, c6 the
chuyén sang dang nhi phan

. Dé phan loa1 da 16p, c6 thé sur dung cac chién luoc
nhu one-vs-all hay one-vs-one

. Siéu phiang gay khoé hiéu cho nguoi dung, do dé
SVM thuong dugce sur dung trong cac irng dung
khong do1 hoi tinh giai thich

VIEN CONG NGHE THONG TIN VA TRUYEN THONG




6. Thuat toan kNN

« Cho tap DL “huan luyén” D, v&1 mot vi du kiém thur
d

1. Tinh toan d6 tuong dong (khoang cach) cua d voi tat
ca cac vi du huan luyén

2. Xac dinh k vi du gﬁn nhat dwa trén d6 tong déng
3. Phan loai d dva trén nhan cua k vi du trén

. Nhuoc diém:
— Tho1t gian phan loai 1au
- Khong co tinh giai thich

VIEN CONG NGHE THONG TIN VA TRUYEN THONG




Thuat toan KNN

|
[ o (@) (@)
@)
| |
|

3-hang x6m gan nhat
2-hang x6m gan nhéat
1-hang xém gan nhéat

T VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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