Phéan 16p va hoi quy (Classification and Regression)

Hoang Xuén Huéan

Néi dung

» Phét bi€u bai toan

e Phan 16p nho ham quyét dinh: Cuc tiéu khoang cach,
SVM

* Phan 16p Bayes

e Cay quyét dinh: ID3, C45, CART

« Tim ham héi quy: Phuong phap gradient



Phat biéu bai todn

* Baitoan phan lop (Classification/ taxonomy)
+ Phan 16p: xép cac dbi twong thanh nhom dya trén tinh twong tu cla
ching
+ Phdn logi (Categorize): Hoc c6 gidm sat, dua trén tdp mau hodc thong tin
bo tro
Vi dy: Panh gia v kién, phan loai thong tin, nhan dang hinh anh,chit viét. ..

+Phan cum (cluster): Hoc khong giam sat.
+Phan tir ngoai lai (Outlier)

* Bai todn héi quy (Regression):
+Xac dinh gia tr1 mot ham cho cac doi tuong dua trén mot tap da quan sat
duoc
+ Phan tich hoi quy : Phuong phap giai tich cho cac doi tugng c6 dic trung
la vecto thuc



Phat biéu bai toan

Bai todn. Cho tap doi tuong X , tap nhan Y va tap dir li€u quan sat duoc:
D= {(xk,yk)}i\[:l;xk EX,y EeY Vk
Can tim nhan c(x) cho cac X€EX
* Bai toan phan 16p: ¥ la tap hiru han
Chii y! Trong phén 16p thong ké, c6 thé cho cdc woe lirong xdc sudt thay
cho tap D
« Bai toan hoi quy: Y 1a tap s6 thuc, cac nhin y cia x 13 gia tri ciia ham f{x)
chua biét.
Can tim ham hoi quy g(x) dé doan nhan f{x)
2(x) c6 thé cho boi tap luat hodc biéu thuc giai tich



Phan I&p nho ham quyét dinh

Gia st co k16p Y= {w,, ..., ,}; V6i mdi i < k:

e Xay dyng ham g, tinh muc d6 g(x) thudc w,chomdi x & X

Quyét dinh xEw, khi g,(x) = max{g,(x)/ j <k}
g, duoc goi 1a ham quyét dinh cua 16p I X 'g\l(})\

e Quyét
14 , A N X~ g: X )r————> .
o Vidu. g céthéla: : " "1‘_“*‘
’ . op
+S0 tur khoa thich hop v61 loai ban ban : . /
n K ) . ) - n X G1x (X
+ D§ giong cua hinh anh, chir, van tay... e i oot

«  Néu dbi tugng co dic trung 1a vecto thuc n-chiéu, cac ham quyét dinh phan R”
thanh cac mién quyét dinh R; R, = {xEX 1 g(x) = max{g () j= k}}

Phan giao nhau goi 12 bién quyét dinh



Phan I&p nho ham quyét dinh

e Khi c6 2 16p: Chi can dung 1 ham quyét dinh g(x)=g,(x)-g,(x)
Quy tic qd: xEw, néu g(x) > 0, nguoc lai X Cw,
* Phan biét tuyén tinh: &(x) = E W;xi + Wy = (Wl )Tx + W, = <Wl ,x> + W,
i=1

+Phén biét khoang cach cuc tiéu

+ May vécto tua (Support Vector Machine SVM




Phan 16p khoang cach cuc tiéu

Khodng cach (métric) Mahalanobis d(x,y) cho boi ma trdn A=(, )., :

di(x,y) = iia,-,j(xi =y)(x; = p;)=(x=p) Ax-y)=(A(x-y),x-y)

Thuong dung A=I (ma tran don vi) hoac 4= C-/ (C la ma tran hiép phuong sai)
+ Tinh tdm m; cua o,
+Ham quyét dinh g s la:

glx)= ~d(x,m) = —<A(x—ml.),x—ml.> = —<Ax,x> +2<Aml.,x> —<Aml.,ml.>
Péu chira s6 hang _ Ax,x) nénbo di va thay bot:
g/(x) — <Aml. : x> - 0,5<Aml., ml.> =m Am. —0,5m Ax

1a phan biét tuyén tinh



Cha y!
+Khi dung métric Euclide thi bién quyét dinh cia 1a siéu phang truc
giao v4i doan ndi hai tAim ctia mdi 16p
+ Khi dung A=C-!, néu tinh riéng ma tran hiép phuong sai cho timg 16p
dé tinh khoang cach thi két qua phan 16p tot hon

a) A=I (métric Euclide) b) A =C-!




Mién quyét dinh ciia c6 phan biét tuyén tinh véi 3 16p

m
«e ® m,




May vecto tua

Cac khai niém: ¥
: Cacvecto tira

e Tach duoc tuyén tinh

« Siéu phang tua

.
.
-

* Vecto tua

>~

e L

Lé2_
Lé cuc dai?



Khi cac 16p tach dwoc tuyén tinh

« Xet truong hop c6 2 16p v61 nhan tuong tng la -1/ +1.
« Tapmaula D= {(x')")/t=1,..N},
trong d6 yt = +1 néu x* €@, va yt=-1 néu x' Cw,
Ta s€ tim w va w, sao cho
gx!)= wix!+w, >+1 khi y' = +1
gx') = wixt +w, < -1 khi y' =-1,
hay c6 thé viét lai 1a
Ywixt +w,) =1



o gian w, wp dé g(x*)= | a b
—1neux € w,

1+1_2
M H

Lé cua siéu phang la

Dan dén bai toan to1 vu

Cure tiéu ham J(w) = P

véirang budc y'wix' +wy) =1 vt=1,...,N.



Cac 16p khong tach duoc tuyén tinh

Dung 1é mém, mong mudn:
+ Cac diém ngoai mién 1é dwoc phan 16p dung
* L& cuc dai nhung it 16i nhat

X2

X1



Cac 16p khong tach duoc tuyén tinh

Thém bién chung & do mirc 16ch & =0 tir A7 t6i siéu phang 1é:
Dan t&i bai toan quy hoach 16i sau dé tim w va wy:

Cuc tiéu ham Jw, wy, &) = @nL Cxy e

V@1 cac rang budc: |

VWIxt +wy) = 1- &+ v(x'y) eD,

&'=0 vt=1,...N;

Cla hang s6 dwong, phat cac diém phan 16p sai,
treong hop tach duwoc tuyén tinh tng véi C — 0.



P (xy3%) = (20,25) = (5 = 1% (x, — 1))

« Nhiéu bai toan, khéng dung dugc phuong phap SVM nhung khi nhing céac
d6i tuong vao khong gian khac bang mot anh xa phi tuyén thi c¢6 thé ap
dung dugc

« Vi du. hai 16p trong hinh s& tach dugc tuyén tinh khi dung phép bién do6i
khong gian dac trung :

D(x 1 x,)= ((xl - 1)29 (xz - 1)2)




Phuong phap ham nhan:dung ham nhan dé tim ham phan biét

eDuing 4nh xa @:X - Z nhing X 1én gian Z (chiéu 16n) dé dé
xac dinh ham phan biét hon.
o Xét tap mau {(xf, ")} ,, 2" 1a anh caa x'trong Z.
o Vécto hé s6 w cia ham pbtt trong Z 1a thtt ctia {z'}})_;:
w=),a.z" = Y,a,0(x)
va ham phan biét: g(x) = w'd(x) = X; a (D (x"), @ (x)).
e Dé khéong phai biéu dién @ khi tinh cac tich
trong (®(x), ®(x)), ta dung ham ham nhin K(x% x)
sao cho: K(xf,x) = (®(x"),®(x)) = ham phan biét la:

g(x) = Xra.K(x%, x).
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Cac ham nhan thong dung

o Dathirc bic p:
K(xt,x) = (x"xt+ 1)
trong d6 x” 1a ky hiéu vecto chuyén vi ctia x.

Néi riéng, khi p=2 va khéng gian dac trung ctia X 2 chiéu ta co:

K(x,y) = (x"y + 1)?(x,y1 + x,05+1)?
=1+ 2x); + 2%,05+2X1Y1X,)5)% + X1 Y7 + X373,
tiong tng véi ®(x) = (1,V2x;, V2x,,vV2x,x,,x7, x2.

e Ham co so ban kinh (radial basis function):

K(xt.%) = exp [_ ||xt-xu2].

02
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Phan |&p Bayes

Xeét bai toan £ 16p

« Phan 16p thong ké: Ham quyét dinh thuong 14 g,(x)= P(w/x),
+Céc xac suat duoc ude luong tir DL quan sat dugc D,
+Vidu. Fb g6 H cho két qua hom/ hom nay/Ha Noi

« Phan 16p Bayes. Udc luong dugc cac xac suat P(w,) va P(x/om), i < k
+Dung cong thitc Bayes dé tinh xac suat cac hau nghiém P(w/x):

P(x/w,)P(w,) _ P(x/w)P(w,)
PO S pxia)P(@)

Quy thic quyét dinhMAP: xE @, if P(w, / x) = max{P(w, /x): j < k|

P(w, /x) =




Phan |&p Bayes: Vi du vé phan loai san pham

Bai toan: Co6 2 loai san: 16t (w,) va thuong (,); Tap mau: n, =1802840 sp tot ;
n,= 2704260 sp thuong; Mot sp c6 dac trung x: P(x/ ®,)=0,96 va P(x/ ®,)= 0,883,
can quyét dinh san pham nay thudc loai nao?
Giai. Ta co:
+P(w,) =n,/n =04, P(®,) =n,/n=0,6.
+ P(x/ o) P(w,) = 0,96. 0,4 = 0,384,
+P(x/ ®,) P(w, ) = 0,883. 0,6=0,49981
Quyét dinh doi twong la san pham thwong

Chudn héa: P(o,/x)=0,3435; P(w,/x)=0,5655



Phan |&p Bayes

«  Quy tdc c6 kha nang/hop 1y nhat (maximum likelhood: ML):
+Khi cac P(w,) nhu nhau thi QP X E @, néu P(x/w,) 1én nhat.
+Trong vi du x 1a SP t6t: P(x/ ©,)=0,96 va P(x/ ®,)= 0,883
e Quy tdc cure tiéu riii ro.
Khi ta quyét dinh XE @, — c6 hanh dong o, nhung néu no thudce ; thi
thiét hai Ao, /®;). Thiét hai trut;g binh s¢ la:
R(a,/x) = E Ma/o)p@; / x)
Quy thc quyét dinh 13 chon XE @] ¢6 R(a,/x) nho nht
Vi du. néu SP x t6t bi xép SP thuong mat 3$ (léch gid), con thuong xép tot s
bi khi€u nai va mat 2§ thi R(a,;/x) =2x0,56550,435=0.87;
R(a,,/x) =3x0,565=1.695. Ta chon x la SP tot



Cay quyét dinh

MBJi ciy quyét dinh cho mét tap quy tac phan 16p hodc hoi quy:
«  MBJi duong di tir géc dén 1a cho 1 luat

»  MOdi nit # 14 bi€u thi mot thudc tinh/diéu kién kieém tra

MB0i canh biéu thi gid tri kiém tra cla thudc tinh twong Gng
« MObi 14 cho mdt gid tri nhan xac dinh bai luat

‘ / Yes

X, Age
X, : Years in job
x, : Gender
x,: Job type

EE co
Yes
Cao Thuiong manh yéu
N i
khﬁng ca khﬁng ch 0.8 0.6 0.4 0.3 0.2

Néu Tiét troi = nﬁ'ng A dj dm = cao thi h(x) = khdng  Néu (x, > 38,5) A (x, > 2,5) thi h(x)=0,8



Mo ta chung cac thuat toan ID3, C45, CART

« Pé don gian: xét bai toan 2 16p voi nhan duong tinh + /Am tinh -
cac thudc tinh nhan gia tri trong tap roi rac, hiru han, tap DL quan sat D
« Qua trinh xay dung cdy cia cac thuat toan thuc hién tir goc dén la:
+ Moi thut toan c6 mét tiéu chuan chon thudc tinh tot nhat
+M& mot nut gdc,
- néu S ¢6 nhdn thudn nhat thi gan nhén cho nit va dirng,
- néu tdp thudc tinh rong thi gan nhan cho nit theo da sé va dieng

- Con lgi, thuéc tinh tot nhat la nhan cho mit, tao cdc nhanh tir niit ung voi cdc
gida tri thuoc tinh dwoc chon

- Tao niit goc cho méi nhanh véi tdp mau la tap con ciia S ¢é gid tri phit hop véi
canh twong ung
-Ldp lai qud trinh trén cho cdc tdp mdu méi dén khi két thiic
« Luogc d6 chung ciia C45 va CART giong v6i ID3 (Quinlan 1986)



Thuét toan ID3 xay dung cay (Tdp mau, tdp nhan, tdp thudc tinh)

Buoc 0. Khoi tao: D, tap nhan, tap thudc tinh;
Bude 1. Tao nit goc (Root) cho cay;
Budc 2. // Gan nhén cho nat néu dit liéu thuan nhat hoéc tap thuoc tinh 1a rong.
2.1. Néu rn01 mau deu duong tinh thi nhan nut goc = +
2.2. Néu tat ca cac miu la 4m tinh thi nhan nat géc = -
2.3. Néu tap céac thudc tinh 1a réng tra vé cAy mot nat gbe c6 nhin = gid tri phd
bién nhdt cta thude tinh dich trong tp cac mau;
2.4 Céc truong hop khac sang budc 3;
Budc 3.
3.1. Xdc dinh thuéc tinh phan loai tip mau tdt nhat trong tap thudc tinh;
3.2. A « thudc tinh phan 16p tot nhat;
3.3. V&i mdi gid tri c6 thé v, clia thudc tinh A, thyc hién:
3.3.1. Thém mot nhanh méi dudi niit géc véi mdi didu kién 4=v,;
3.3.2. Xéc dinh Examples, = {x _tdp mau: x ¢6 gia tri v; & thudc tinh 4};

3.3.3. Néu Examples, 13 rong thi thém dudi nhanh mot nat 14 ¢6 nhan
l1a nhan pho 'bién nhat ctia cic mau trong tdp mau,

3.3.4. Nguoc lai, tro lai budc 1 véi khai tao:
(D = Examples,, , tap nhan, tap thuoc tinh — {A})



Tiéu chuan thudc tinh tot nhat

=(S'1/]S]
V , 1a tap gian tri ciia thudc tinh A twong ung¥vE&)” , , S = tAp nhan gid tri v G tt A

Moi tap S ¢6 k nhan, ta ky hiéu S’ 1a tp con c6 nhin ¢, p,

ID3 dung thu hoach thong tin (Informaktion Gain) cuc dai dé chon thudc tinh
+ khai niém entropy: Entropy(S) = —E p;log p.

S =
+ Gain(S, A) = Entropy(S) - ?V‘En]trlopy (s,)
ve A
Véi A4 c6 V, 16n thi Gain(S.A4) thuong 16n, C45 dungTy Ié thu hogch théng tin
(GainRatio (S,A) )cho cac trudng hop nay:

+ SplitInformation(S, A) = E(J )log(

+ GainRatio (S,A) = Gam(S A)/SplitInformation(S, A)

CART dung thu hoach Gini, dinh nghia dua trén do thuan nhat Gini: GI(S) (xem
trang sau)




Khac biét gitra ID3 vé1 C45 va CART

Tiéu chuan chon thudc tinh tt nhat

Céc diém khac nhau khéc:

C45 va cac bién thé:

+ Khac phuc phu hop troi (overfititfing): Chan sém, tia cay, lugc sau luat
+X1r 1y dit liéu vi mat

+ XU 1y thudc tinh thuc: roi rac hoa hodc ré nhanh

CART chu trong Xfrkly thudc tinh thuc va bai toan hoi quy.

+ GI(S)=1- E p2(S)

+V&i moi tt 4, diém chia x¢, S duogc chia thanh S, va Sy (trai va phai)

+AGI(S, 4,x%) = GI(S) - p,GI(S,) + P,GI(S,)]
+AGI(S, A) = max{AGI(S, A, x;)}



Rirng ngau nhién (Random Forest)

e Khi dir liéu chiéu cao, xdy dung ciy lau va chat luong nhin dang (Phan
16p /hodi quy) thap.
Nguoi ta dung ring ngau nhién

« RUrng ngau nhién |a mét bd nhan dang bao gdm mot tap bd phan 16p co s&
dang cay quyét dinh dwoc két hop theo phuwong thirc bd phiéu.

* Cacbb coso dugc xay dung tir cac tap DL con vdi tap con dac trung khac

nhau dwoc 1ay ngau nhién tir tap DL quan sat duorc.



Rirng ngau nhién

Tha tuc xay dung ring ngau nhién gém ba pha:

e tao dttliéu (tao vecto ngé“iu nhién),
¢ xay dung cac cay co so,
o kéthop cac cay co so theo phuong thitc bo phiéu.

Pha tao dir liéu. D = {(x*,y*)}_,, x* € R"
Chon M (< N) vam (< n).
DE c6 Dy(C R™ cho CQP Ty (k < L),

chon NN m dic trung, 14y ngau nhién M d6i teong tit D roi
chiéu no 1én cac dac trung duoc chon nay.
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Rirng ngau nhién

Chon s6’ddc trung m
Breiman goi y chon m nhuw sau:
o DG&i véi bai toan phan 16p, m = |V/n|, trong
do |a] ky hiéu phan nguyén cua a.
e D0Gi véi bai toan héi quy, m = |n/3]



Rung ngau nhién

Ngau
nhién | Tao cac vecto

D1t liéu
dao tao goc

Xay dung | ‘ ! .
r A : E : E i
cac cay | T, : y ol

Pha 3
Két hop cac
cay quvét dinh
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Thuat toan xay dung rirng ngau nhién

Budc 1. Véi k=1, dén L thuc hién:
1.1. L&y ngiu nhién m dac trung {4%, ..., A% } caa D;

1.2.L4y ngau nhién tip R, gomM dit liéu trong D ;
1.3. D, = Hinh chiéu cia R, 1én cac diac trung {45, ..., A%, };
1.4. Xay dung cay T tit tap Dy; co bo nhan dang ¢,

Buwéc 2. Két hop bo phiéu tron s6 déu {C, }E—,

Dau ra cta hé cho d6i tuong x sé la:
*  Déi véi bai toan hdi quy: C(x) = %Zﬁ:l C,. (%)

* DG véi bai toan phan 1ép: C(x) = LIk, €, ()],
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Tim ham héi quy

Bai todn. Ham chua biét f: X—R” ¢ tip DLquan séat dugc:

b= (O ixt EXLYFER) ~ £ () Yk

V61 ham ¢(x,c), trong d6 ¢ = (¢}, ...,c,, )T, M <N, la vecto tham s can tim dé ham
hoi quy g(x) = o(x,c,,...,c,,) cuc ticu sai so trung binh phuong (SSE):
E(e)= Y d (g(x").»"),

(d(z,p) la khojé':ilg cach Euclid cua z va y trong R")
« Pédon gian, taxétn=1, E(c)= i[(p(xj,cl,...,cM) —yk]z
e Thuong dung phuong phap gradier;t= ldé tgn cuc tiéu E
«  Ham ¢(x,c¢) dang tuyén tinh: @(x,c) = Z @ (X)

Trong do {¢, }<\ 1a hé ham doc 1ap tuyén tinh cho trudc



Thuat toan gradient

Budc 1. Khoitao va vecto ¢=c?€ Ry v;
Buéc 2. Thuc hién lip:
T . .
2.1. Tinh E'(c%) = [a_s’ 'a_s] - // chi so trén T 1a vecto chuyeén vi
dc, dc,
22. gg=a // a€(0]l] cho trwoc
23. ¢ =" —aE(c°}
2.3. Néu E(c!) < E(c?) thi ¢°® « ¢' va quay lai 2.1;

2.4 nguoc lai: o « % va tro lai 2.3;

Thuat toan dung khi  |E'(c*)| du bé
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Truong hop tuyén tinh

Khi ¢(x,¢) c6 dang tuyén tinh:

(%) = XN_; e (%)
Cuec tidu tai diém dimg ctia E: cho béi Z—E =0;i=1,...M
re = 22N, 69 - y¥ei () = 0
& TN 2 o, () — y¥|ei(x*) =0 vi
ﬁzﬁlcj[z:g:iﬁoj(xk)fpi(xk)] = XN 1 y%0; (%) Vi,

C6 thé giai true tiép hé phwong trinh nay khi M khéng 16n
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Tim ham hoi quy: Vi sao can M < N?

« Khisé M >N thi thuong c6 vo s6 nghiém ¢ dé E(c)= 0, ham hoi quy khong
dang tin.
Vi du: khi X=Y =R, N=2, M > 3 thi ¢6 v0 s duong bac 3 qua 2 diém

« Khi M =N thuong tim dugc duy nhat/hiru han ¢ dé E(c) = 0:

Tuc 1a g(xF)=y* v6i moi k



Mang noron

Mo hinh noron: noron tw nhién va noron nhan tao




Mot s6 ham chuyén thong dung

Ham log_sig : (log-sigmoid)

o a=logsig(n)= = Ky higu:
1 +e
Ham tanghyperbolic : (tansig)
o a=tansig(n)= ek _ e_” Ky higu:
e e

Ham tuyén tinh dwong: (poslin)

nz20

<o Ky hifu:

, b
o a=poslin{n)= {0

Ham canh tranh: (compet)

1 n=max .
o a=compet{n)= {0 ) Ky higu:
7 < max

(Compet)



Kién tric mang MLP (MultiLayer Perceptron)

Tangvao Cac tang an Tangra

Mang R—S!—§2-S3



Pic diém kién trac va thuat toan huan luyén mang MLP:

«  Pic diém kién trac:
+ Tang vao vao cé m+1 nat néu X C R”
+ T?mg ra n noron néu Y CR”
+Mét ting dn vdi sé noron thich h,_op va DL quan sdt dwoc dii nhiéu thi
xdp xt dwoc ham lién tuc voi sai so du nho
+ Kién triic téi wu con 13 bai toan mo
« Dung thuat toan gradient ngau nhién ( Thudt todn lan truyén nguwoc:BP) :
1-Khoi tao ¢ tuy y
2- Thuc hiép lép: ‘ ? ‘
2.1- Moi }én lay ngau nhién mot xk lam dau vao mang dé tinh dau ra va
sai sO E
2.2- Hiéu chinh tham so tuan tir tang ra dén tang an dau tién



Hoc sau

« Dung mang MLP, kién trac va huan luyén lai

« Khoity dong ma hoa:

s—

Reconstruction .—

cost

Decoder ‘I

'
h(x)

(]

-

Encoder

x = f(Wh(x)+b,)

Khtr nhiéu

Decoder

A
00 00 :

-1

.......

Encoder
h(X) = f(WX + by)
t=f(Wh®) +b,)




Hoc sau

Hoc sau tu dong ma hoa
he(x) (@00 --000)

wi 1
h(x) (000 ---000
W 1
hey(x) (@00 ---000)
W,
A 000000
h.(x).' (000 ---000) WKT
N w2T1 .........
h) {000  -- 000 ws ¢
W, | @000 - 000
000 - 000 hh(»

hy(x) .00

hy(x) 000 .- 000 W>
1

x(..
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