Module 4 Tuan 1
A Gentle Introduction Ada Boost

Time-Series Team

Ngay 5 thang 9 nam 2025

Bubi hoc thit 6 (ngay 5/9/2025) duge chia thanh 6 phan chinh di tir tong quat dén chi tiét va
cong thitc phia sau thuat todn nay

e Phan 1: Ki thuat Boosting
e Phan 2: Tryc giac ding sau AdaBoost

e Phan 3: Coéng thiic toan ding sau AdaBoost

Phan 1: Ki thuat Boosting

Mot cay quyét dinh (goi tit 14 DS) don 1& thudng khong dit manh dé xt 1y dit licu thuc té: néu qua
nong (1 node) thi chi dya trén 1 diic trung duy nhat dan dén bd sét thong tin quan trong hodc néu
qué sau (full decision tree) thi cay dé ghi nhg dit lieu huan luyén va mat kha ning khai quat. Chinh vi
han ché niy ma céc phuong phap Essemble Learning ra doi, nhim két hgp nhidu mo hinh con dé tan
dung uvu diém vi han ché nhude diém ctia tirng mo hinh don, chi tiét thé nio minh cling di tiép nhé.

1.1 Diem yeu cua Decision Tree

Mot cay quyét dinh qua nong gom 1 node duge goi 1a Stump (dich ra 13 1 doan ctlia cay) 1a chi chia dit
lidu dya trén 1 diic trung duy nhét, vi du "néu can nig > 70kg thi dy doan bénh tim = "c6" cho thay
o rang cic yéu té nhu tudi, huyét Ap vi dong mach bi tic, etc.. khong duge can nhic do thiéu nhanh
dé quyét dinh. Do d6, cay nong bi underfitting.

Nguge lai, 1 DS qua siu c6 thé tao ra hang chyc hodc hang tram nhanh, qui phu hgp véi dit ligu
huin luyén nhung lai that bai khi du doan di liéu méi din dén overfitting.



TRE "

V-

Py
e

_,E.“.F_-_r_

Py
g
=

Adaboost forest of stumps

P

2

=

-~

T

Figure 1: Random Forest (nhiéu Decision Tree vita va sau) vs Ada Boost (nhiéu cay nong / Stump)

1.2 Ensemble Learning la gi ?

Thay vi phu thudc

vao 1 mo6 duy nhéat, Ensemble Learning két hgp nhiéu mo hinh dé cii thien do

chinh xac téng the. Y tudng cot 161 1a ¢ tudng ciia nhieu nguoi sé tot hon § tudng cia 1 ngudi.

EpsemblgLea&‘nfiﬁr}g

Théng dung & cic cude thi vé
Al

Stacking

Heterogeneous weak learners :

" A
1 . | ! .
3 Bagging ~ Boosting
! i
| homogeneous weak learners | | homogencous weak learners |
! ‘ E 0 __
Predictions ]
L ° Data D ;
dL ° ) m m
st/ 22 m Output & o
L d3 °
d‘m Output
_— | m. g m

Bagging
Boosting.

uuuuuu

Figure 2: Essemble Learning

Bagging (vd: Random Forest): cdc mo hinh dugc huan luyén doc 1ap va song song trén nhitng tap
dit ligu con (tao ra bing bootstrap sampling). Két qua cudi cuing thuong 1y trung binh (d6i v6i bai hoi
quy) hodic bé phiéu da sb (d6i véi bai phan loai). Bagging gitip gidm phuong sai vi n6 lam “mém”
(soften) di cac quyét dinh qua nhay cdm cia ting cay riéng 1é.
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Figure 3: Minh hoa quy trinh clia phuong phép Bagging

Boosting (vd AdaBoost, Gradient Boosting): bao gom cac mo6 hinh hoc tuan tir, mo hinh phia sau
tap trung gidi quyét vin dé ciia mo hinh phia trudc né dé gidm Thién Vi (bias). AdaBoost bit dau tir
mot mo hinh yéu sau dé lien tuc bd sung cdc mo hinh méi tap trung vio nhitng mau ma md hinh trude
dé6 dy doan sai. Qua nhiéu vong lip, hé thdng din cai thien do chinh xac tong thé.

Vi du trite quan: nhiéu hoc sinh “yéu” laim mot bai kiém tra, nhung néu méi ngudi tap trung vio
cau minh giéi nhat va két hgp két qua, thi cd nhém sé lam t6t hon bat ky ca nhan nao.
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Figure 4: Minh hoa quy trinh ctia phuong phap Boosting

Stacking: khéic vdi Bagging va Boosting, Stacking khong chi két hgp dau ra ciia cAc mo hinh cling
loai ma con c6 thé sit dung nhiéu loai md hinh khac nhau (Decision Tree, Logistic Regression,
Neural Network, ...). Dau ra ctia cAc mo hinh con sé trd thanh dic trung dau vao cho mot mo hinh
cudi (goi 1a meta-learner) dé dua ra dy doan. Stacking gitp moé hinh cudi hoc cich khai thic diém
manh bd sung lan nhau cia ting mo hinh con.
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Figure 5: Minh hoa quy trinh clia phuong phap Stacking
To6m lai: Bagging gidm phuong sai bing cach huin luyén song song va trung binh héa. Boosting
gidm thién léch bang cAch hoc tuan tu va tap trung vao 16i. Stacking két hgp nhiéu loai mo hinh véi

mot meta-learner dé khai thic sitc manh bd sung ciia ching. Day chinh 14 ba try c6t quan trong clia
Ensemble Learning.

Phan 2: Truc giac ding sau AdaBoost

Boosting néi chung c6 nhiéu bién thé, nhung AdaBoost 13 mot trong nhitng thuat todn diu tién vi don
gidn nhét.
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Figure 6: Minh hoa cach AdaBoost hoat dong

Diém diic biét 14 cach né phan bd trong s6 cho tirng moé hinh con 1 cach tudn ty: stump ndo céd
du doan toét sé c6 tiéng néi (Amount of say) manh trong mé hinh cudi ciing.



Original data set, D, Update weights, D, Update weights, D,

= x a2 - r . i classifler
+ + + L nll.lhjnul I.Id\nlr.lll
- * + - + - =

0 + + - o

: . : ST

I'rained classifier Trained classifier I'rained classifier i +
. S = {
+
= 2CED + S

Figure 7: Minh hoa cich 1 Ada Boost hoan thién chia dit ligu

2.1 Weak Learner 1a gi ?

Mot DS ¢6 do sau 13 1 gom 2 14 goi 14 Decision Stump va 14 1 Weak Learner. Mot Stump chi xem xét
duy nhit 1 dic trung dé dua ra quyét dinh, vi du "néu ChestPain — Cé thi du doan bénh tim — C6,
ngugc lai = Khong". Day 1& 1 mo hinh rat yéu, nhung khi két hgp nhiéu stump thanh AdaBoost né 1a
mot Classifier manh meé.
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Figure 8: Minh hoa Weak Learner

2.2 For loop ciia Ada Boost - Quy trinh truc quan

M6 hinh AdaBoost duge xay dung theo mot chudi cac vong lip, moéi bude dung 1 weak learner (hoac
1 stump) dé cai thien céc 16i clia budc trude. Minh sé minh hoa quy trinh tinh toan ciia Ada Boost 1
cach tryc quan trong phan duéi day:

1. Khéi tao trong sb cho tat ca cac mau: O vong lip dau tién, ta chua biét miu nao khé hay
dé, nén gan trong s6 bing nhau:

Trong do6:

e n: 86 lugng mau huin luyén.

(0)

e w, ': trong s6 clia mau thit ¢ tai vong lap 0 (trudc khi hudn luyén stump nao).
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Figure 9: Khéi tao trong sé6 déu nhau cho céc mau

2. Huan luyén stump dau tién (weak learner): Véi dit liu c6 trong sb wZ(O)

G1(z) sao cho 16i ¢6 trong sé nhé nhit.

, ta tim stump

e Gi(z): du doan ciia stump dau tieén trén méu z.

e Cic mAu c¢6 trong s6 16n s& 4nh hudng manh hon dén viec chon ngudng chia clia stump.

Néu stump dy doan 50/50, titc 14161 € = 0.5, thi « = 0 = stump nay khong mang thém thong
tin, can bd qua ho#ic ddo nguge nhan.
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Figure 10: Decision stump dau tién dugc chon

3. Tinh 15i cé trong s6 ctia stump: Muc tiéu ctia AdaBoost & méi vong 13 lam sao dé stump
tiép theo dugce ddo tao trén mot “phién ban dit lieu” ma cdc mau md mo hinh hién tai dy doan
sai xut hién nhiéu hon, dé stump méi c6 co hoi “sita” cac 16i do6.

Dé giai quyét van dé & trén ta can giip Stump tap trung vio s6 miu sai bing cach ting weight
clla mau sai va gidm weight clia méu 16n trong dé6 miu ndo cé trong s6 16n ma bi dit doan sai
—> stump bi phat nang hon.

Dé lam thé, ta giit mot bo trong s6 w; cho mdi miu; trong s6 nay quy dinh tAm quan trong (va
xéac suat duge chon trong bootstrap / sampling) khi tao stump ké tiép. Muc tieu la diéu chinh
w;. sao cho cdc méu sai duge tang trong s6, va cdc miu ding duge gidm hoac gitt ¢6 dinh.



£ = ngo) 1(yi # Ga(z:))
i=1

Trong do6:
e y;: nhan thyc té clia mau 7.
e G1(x;): du doan cla stump dau tién.

e 1(-): ham chi thi, bing 1 néu sai, bing 0 néu dung.
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Figure 11: Tinh 16i c6 trong s6 cia stump dau tién

4. Tinh d6 tin cay, tiéng néi ctia stump (Amount of Say / «;): Sitc manh clia stump ty 1¢
nghich véi 161 clia no:
1 1 1—¢
a;==1In
T

€1
Trong do6:

e £1: 18i ¢6 trong sb.

e «a1: d0 tin ciy cla stump.

Néu &1 < 0.5 = stump tot hon random = a3 > 0. Néu ey = 0.5 = stump khong c6 gia
tri, oy = 0. Néu ey > 0.5 = stump té hon random, c6 thé ddo ngugc nhin.

1 1 — Total error
Importance = S log(

Total error

Figure 12: Tinh do tin cay cla stump dau tien



5. Cap nhat trong sé6 mau: Sau khi biét stump niao manh, ta cap nhat trong sé dé cAc miu kho
(du doan sai) duge cha § hon:

(0)

oD _ Wi exp (— o1y Gi(z))

1 Zl

Trong doé:

e Néu y; = Gi(z;) (ding) = y;G1(z;) = +1 = nhan v6i e~ , trong s6 gidm.
e Néu y; # Gi(z;) (sai) = 3;G1(x;) = —1 = nhan vdi et trong s6 tang.
e Zi: hing s6 chuan héa dé >, wgl) = 1.

Tryc gidc: a cang 16n = mic phat/thudéng cho ding-sai cang manh.

All the correct predictions are weighed down as follows:

W= W * e—Importa.uce

And all the incorrect predictions are weighed up as follows:

W= W % elmpc,)rta.ncc

Once done, we normalize the new weights to add up to one.
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Figure 13: Cap nhat trong s6 sau stump dau tién

6. Lip lai cac vong tiép theo: Véi trong s6 mdéi wgl), ta chon stump ké tiép Ga(x), tinh 16i eo,
g, 101 lai cap nhat thanh wZ@). Qué trinh nay tiép dién cho dén khi dat s6 vong M ho#c md hinh
hoi tu.
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Figure 14: Cap nhat trong sd6 qua nhiéu vong

7. Két hop cac stump thanh mé hinh cudi: Cudi cling, AdaBoost két hop cac stump theo trong
$6 vy, dé dua ra tin hiéu ki hiéu la sign() viét tit cho tit signal:

Trong doé:

M
F(x) = sign ( Z m, Gm(m))
m=1

e Stump t6t (¢6 ayy, 16n) = anh hudng manh hon.

e Stump yéu (c6 a,, nhé) = Aanh hudng yéu hodc gan nhu bi bé qua.
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Figure 15: Két hop cac stump dé tao mo hinh AdaBoost cubi cling



Bang téng hgp ky hiéu trong AdaBoost

Ky hiéu | Y nghia va truc giac
T M3u dit lieu huin luyén thi 7.
yi € {—1,+1} | Nhan thuyc té ciia mau i (diing —1,+1 thay vi 0,1 dé

tién cho cong thitc nhan).

wgm) Trong s6 clia mau ¢ tai vong lap m. - ©: trude khi
huén luyén bat ky stump nao (khéi tao bang 1/n). -
(1): sau khi hudn luyen stump diu tién va cap nhat
trong s6. - Tuong tit cho cac vong tiép theo.

Gm(x) Weak learner (thuong la Decision Stump) duge huan
luyén tai vong m. Day la mot ham phan loai trd vé
—1 hoac +1.

Em Loi ¢6 trong s6 cia stump v6i ky hiéu 13 epsilon thi
m: em =y, wgmfl) -1(y; # Gp(w;)). Néu stump sai
nhiéu trén cdc mau quan trong, &, sé cao.

O Do tin cay (amount of say) cia stump thit m: o, =
31In 1;% Stump cang chinh xac thi a,, cang lén =
c6 anh huéng nhiéu hon trong két qua cubi.

Zm Hing s6 chuan héa tai vong m, ddm bao >, wgm) =1.

F(z) M6 hinh AdaBoost cudi cung: F(z) =
sign (2%21 mGm(z)). Dy doan duge dua ra
duya trén “phiéu bau c6 trong s6” ciia cc stump.
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Phan 3: Cong thitc toan ding sau AdaBoost

Algorithm 1 AdaBoost (Freund & Schapire 1997)
1. Initialize the observation weights w; = 1/n, 1=1,2,...,n.
2. Form=1 to M:

(a) Fit a classifier T (z) to the training data using weights w.
(b) Compute

errl™) = i w;ll (ci #* T(m)(mi)) /i wj.
i=1

i=1

(c) Compute
1— errim

(m) _ - -
a'" = log T

(d) Set
w; +— w; - exp (a(m) | (ci— # T(m)(wi))) ,i=1,2,...,n.

(e) Re-normalize w;.
3. Output

M
o (m) (m) o
C(x) = arg max Z o™ (T () = k).

m=1
Figure 16: Thuat toan goc clia Ada Boost
Thuat toan AdaBoost dudce xay dung trén mot vong lap “hoc — sita sai — hoc lai”, thuat toan néi riang
mbi vong chon ra mét weak learner (Stump) mdi dé sita chita thit bai ciia stump trudc.

e Khi bat dau, tat ci cdc mau dit liéu c6 trong s6 bing nhau, titc 14 ta coi ching quan trong nhu
nhau.

e For Loop: huin luyén mot stump dua trén trong sb hién tai. Sau d6 kiém tra né sai & dau.

e Néu stump sai trén mau ndo = mau d6 dugc flag (ddnh diu, bdo hi¢u) 1a 1 va trong s6 ting
len dé 1an sau mo hinh quan tam nhiéu hon.

e Ngugc lai, mau ding thi dudc gidm trong s6 (it quan trong hon & vong sau).

e Lip lai quy trinh trén nhiéu vong, cudi ciing két hgp cac stump béng cach bd phiéu c¢6 trong sb.

11



2. Ham gia thuyét (Hypothesis Function)

M

The hypothesis function f(x) is feo = Z Uy # Gy (%) Mirees  Label: {-1,1} N Samples
defined as: m=1

N
Exponential loss Err(f) = z e yirfCD
function: =
Supposing that: L @ =@t e Gu@ |

P N
Expand the error function: Err(f) = Z o Vifn-1(X) 5 o=V itmGm(x)
i=1 N : w; = e Vifm-1(x)

§ = Err(ay,, Gp) = Z o Yifm-1(x) ¥ p—YiamGm(xy) i not dependent on
' -1 : apand G,

Cong thic dude tao ra v6i ¥ tudng 13 quyét dinh cudi cing sé dude quyét dinh bd déng gép clia mbi
stump, néi cach khac 14 tdng cac stump c6 trong sb:

M
fz) = Z G ()
m=1

e M: s6 vong lap (s6 stump).
o G, (x): weak learner thi m.

e ay,: d0 tin cdy (amount of say) clia stump thit m.

Vai tro: cong thicc ndy dinh nghia AdaBoost nhut mot mo hinh tuyén tinh trong khong gian ciia
cac stump. Két qua du doan cubi cung 13 diu cla f(z).

3. Ham mat mat mii (Exponential Loss)

M

The hypothesis function f(x) is ) = z Ay * G () Mtrees Label: {-1,1} N Samples
defined as: m=1

N
Exponential loss Err(f) = Z e Virf @D
function: =
Supposing that: AR OO N

e N T
Expand the error function: Fre(F) = Z A+ o et
=ty Dy = e YifmoaCeo)

i = Err(ay,, Gp) = Z e Vifm-1(x) x p—ViamGm(xy) i not dependent on
i i-1 : am and Gy,

Dé hoc ra duge «,,, AdaBoost khong chon ngiu nhién ma téi wu mot haim mit mat:
N
Err(f) = Z e~ Yif (@)
i=1

e y; € {—1,+1}: nhédn that.
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e Néu y; f(x;) 16n duong = mau dy doan ding va ty tin, mat mat gan 0.
e Néu y;f(x;) Am = mAu sai, mat mat ting rat nhanh (vi s6 mi).

Lién hé: giéng nhu trong logistic regression, ta cling dung ham mét mat c6 log/exp (vd: cross-
entropy) dé phat ning cic dy doan sai. 0 AdaBoost, exponential loss ddm bdo “mau sai cang ning thi
cang dugc chi y”. Ada Boost kha 13 gidéng Neural network khi méi node déu duge tinh loss va node sau
cal thién node trudc nd.

4. M@ rong tai vong lap thi m

M

The hypothesis function f(x) is F(o) = z ap * Gy (x) Mirees  Label: {-1,1} N Samples
defined as: m:l
N
Exponential loss Err(f) = z R
function: f=i
Supposing that ) = fua @) )|

Expand the error function: Err(f) = Z o Ima) 5 g-yimGn(

i=1 | — o Vifm—1(x;
Y Dy = e Yifmoa G0

§ = Err(avam) = Z e~ Vifm-1(x) 4 o=Vi@mGm(xy) i not dependent on
i o1 i am and G,

O vong m, mo hinh duge viét thanh:
fm (%) = fn—1(2) + amGm(z)

Thay vao ham mAt mat:
N
ETT(f) _ Z e*yz‘fm—l(xi) . 6*yz‘ame($z‘)
i=1
Dat:
w; = e_yif’m*1(33i)

Y nghia: w; chinh 13 trong s6 hién tai ctia mau i. N6 khong phu thuoc vao a,, hay G,,, ma phan
anh mic do kh6/dé cia mau tinh t6i vong m — 1.

13



5. Tach thanh miu ding va sai

H N ]

g Err(f) = Z o Yifm-1(%) 4 o—Yi@mGm(x) : M trees
Expand the error function:| =1 | N Samples

2 Err(ap, G) = ) e nea0 g Vimnn) | Label: (-L.1}

i i=1

It’s easy to show that the expression —y,a,,G,,(x;) is —a, if y, =
| Gp(x) and is ay, if ! = G (x).
"""""""""""""""""""""""""""""""""""""""""""""" ¥i=Gm (%) Yi#Gm(x;)

Err= e %m E w; + e*m E w;

[Err = e~*m(T, — E,,) + e E,,|

E, = w; E
w ! da: = —ae (T, — E,) +a, e“me|

Ta gom cac mau theo viéc stump dy dodn ding hay sai:

Err(am,Gp) = ™ Z w; + etom Z w;
Yi=Gm (z:) Yi#Gm (1)

e MAu diing: bi nhan v6i e~ (gidm trong sd).

e MAu sai: bi nhan v6i e™®m (tang trong sb).

Dit tdng trong s la:
Tw = Zwi7
i
va tong trong sb ctia miu du dodn sai la:
E, = Z w;
Yi#Gm ()

trong d6 y; # G (x;) nghia 1a nhin thic t& y; ciia stump th i khac nhan dy doan G, (x)
Ta c6 :
Err(am) = e *(Ty — Ey) + e E,

6. Ti wu «,, bang dao ham

T ae (T, — Ey) + iy €9mEy, = 0 |
= e™mE, —e " (T, — E,) =0

1 !
1 !
%Taking log on : = e[, = e~ (T, —E,) : ! 1 1—ern,!
'both _sides we - w wooow | ‘ 1@y =~ log——
" have ! = e2tm = (T, — EEW)/EW ! bmmee 2.7 . ertm__\
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 1— _W)
I 2 _ T, | P bl
' = e =,y S Ew _ Lyt Wi
I Ty I erlhy = = !

Figure 17: Tinh cyc tiéu ctia hAm méit mét
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Dé chon o, t6i uu, ta liy dao ham (vi dao ham gitp tim ra ham dé tdi thiéu error va minh dang can
1 ham dé t6i thidu error):

dE
T _emom(T, — By) +etom B,
doyn,
Dit ham bang 0 dé tdi vu:
€2am Tw - Ew
Ey,
Suy ra:
1, Ty, —Ey
Q= = In ———
2 E,
Ma %’ = erry,, 16i c6 trong sb tai for loop m.
Do dé:
1. 1—erry,
Ay ==Iln———
2 errm

Y tudng ding sau la: néu stump tét (err nhd), a,, 16n = stump c6 tiéng néi manh. Néu
stump chi dodn ngiu nhién (err = 0.5) = «;, = 0, khong déng gop.

7. té6m tit lai Thuat toan AdaBoost
Két nbi lai v6i Algorithm 1:
1. Bat dau véi trong s6 déu nhau.
2. O mdi vong: huén luyén stump G,, dya trén trong s6 hién tai.
3. Tinh 13i ¢6 trong sd erry,.
4. Tinh do tin ciy ay,.
5. Cap nhat trong s6: mau sai ting, miu ding gidm.
6. Chuan hoa trong s6 dé tong = 1.

Ta dugc mo hinh cubi cling la:
M
F(z) = sign ( Z ame(:E))
m=1

3.1 Ada Boost cho bai toan da l6p:

O trén ta da biét thuat todn AdaBoost gbc cho bai todn phan loai nhi phan (binary classification), con
thuat toin SAMME 14 mot phién ban mé rong cia AdaBoost cho bai todn phan loai da 16p (multi-class
classification). Tong quan cong thitc gidng y chang AdaBoost gbc nhung thém 1 tham s6 K, vay K 1a
gi va n6 lam dugce gi 7

15



Algorithm 2 SAMME
1. Initialize the observation weights w; = 1/n, i=1,2,...,n.
2. Form=1 to M:

(a) Fit a classifier T(™ (x) to the training data using weights w;.

(b) Compute

n

errl™ = Z w;l (c,; # T(m)(:.m)) /iwr
i=1

i=1

(c) Compute
1— erri™

(m) —gp——="
67"1"(”1)

a'™ =log +log(K —1). (1)

(d) Set
w; +— wj - exp (a(m) Nl (cl # T('"j(z:l))) ,i=1,...,n.
(e) Re-normalize w;.
3. Output
M
— (m) | I T(m) — k).
C(z) = arg max Z o ( (z) =k)

m=1

Figure 18: SAMME (Stagewise Additive Modeling using a Multiclass Exponential loss function) cho
bai todn phéan loai da 16p

e Phan loai nhi phan (AdaBoost): Cong thic cap nhat trong s o™ chi bao gbm mot phén,
duge chitng minh tit viéc t6i thidéu hoa haim mét mét cho hai I6p.

1. 1—err(m
a(m)_i err

2 8 err(m)

e Phan loai da 16p (SAMME): Cong thitc cap nhat trong s6 o™ dugc bd sung mot s6 hang
phu thuoc vao s6 16p K, gitp diéu chinh do 16n ciia a(™ cho bai toan phiic tap hon.

— err(m
o™ = log % +log(K — 1)
err

Giai thich cac thanh phan ctia céng thitc SAMME:

e Phan dau tién log 1—err(™) tuong tu nhu AdaBoost nhung khong c6 hé sb 3, dudc goi 1a trong s

err(m)
log-odd. N6 phén 4nh do "t6t" ctia bo phan loai yéu thong qua ti lé gitta duy doan ding va sai.

Odds =

1-P

p 1-(1-P) 1 - err
Log-odds = log [ —— ) =log (="} —
08Todds Og(l-P) Og( 1-P ) Og< err>

e Phin tht hai +log(K — 1) 1a phan bd sung quan trong nhit. N6 dugc them vao dé didu chinh
trong s6 cho bai toan da 16p, ddm bao riing ngay ci khi mot bo phan loai yéu c6 161 err(™ cao
hon 0.5, trong s6 o™ vin c6 thé dwong, gitp mo hinh hoc duge.

Vai tro ctia tham sb K: K dai dién cho s6 lugng 16p. Vai tro ciia né 1a diéu chinh do 1én cia o dé
dam bao mbi bo phan loai yéu déng gép da "tiéng néi" trong bai toan phan loai da 16p, gitp thuat
toan hoi tu hiéu qua hon.
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