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ABSTRACT

In this paper, we present a new algorithm, MC-SGD (Multiclass Stochastic
Gradient Descent), to effectively classify multiclass images. The
representation of the images is based on the bag-of-words (BoW), which is
constructed from the local descriptors (the Scale-Invariant Feature
Transform method — SIFT). The pre-processing step brings out datasets
with a very large number of dimensions. We propose a new algorithm
called MC-SGD that is suited for classifying very-high-dimensional
datasets. The numerical test results on a real dataset showed that our
algorithm MC-SGD outperforms Support Vector Machines (SVM) using
non-linear kernel functions (Radial Basis Function - RBF).

TOM TAT

Trong bai nay, ching t6i trinh bay gidi thudt méi, giam gradient ngdu
nhién (Multiclass Stochastic Gradient Descent - MC-SGD), cho phan lop
hiéu quad dir liéu anh da 16p. Tap dir liéu anh biéu dién anh bang mé hinh
tii tir (Bag-of-Words - BoW) sit dung cdc nét dic trung khéng doi voi
nhiing bién doi ti 1é (Scale-Invariant Feature Transform - SIFT), dwa trén
ddc trung cuc bo, khong bi thay déi trude nhitng bién déi ti lé anh, tinh
tién, phép quay, khong bi thay doi mét phan doi véi phép bién doi hinh hoc
affine (thay doi goc nhin) va manh voi nhitng thay doi ve dg sdng, sw nhiéu
va che khuat Chiing t6i dé nghi mét gidi thudt phan I6p da 16p mdi, giam
gradient ngau nhién MC-SGD, cho phép phan 16p hiéu qua dir liéu c6 so
chiéu Ién thu dwoc tir bude biéu dién anh. Két qua thuc nghiém trén tap dir
liéu thuc cho thdy gidi thudt MC-SGD phén 16p nhanh, chinh xdc hon khi
so sanh véi gidi thudt may hoc véc to ho tro (Support Vector Machines -
SVM) sir dung ham nhén phi tuyén (Radial Basis Function - RBF).

1 GIOI THIEU

Hé théng phan 16p anh thuong bao gdm hai

Phan 16p anh 1a gan nhan ty dong cho tung anh
theo chu dé da duoc dinh nghia trudc dua vao noi
dung cta anh. Phan 16p anh c6 nhiéu tng dung
trong thuc té nhu nhan dang chir s6 trén chi phiéu
ngan hang, ma s6 trén bi thu cua dich vu buu
chinh, hay cac chit sé trén cac biéu miu néi chung,
ddc biét 1a td chie nodi dung trang web mot cach tu
dong bang cach danh nhan ty dong anh.

buéde: rat trich ddc trung tir ndi dung anh va huén
luyén mo hinh méay hoc dé gan nhan ty dong tir cac
dic trung nay. Hiéu qua ctia hé théng phan 16p
phu thudc vao cac phwong phap st dung & hai giai
doan trén.

Céc nghién ctu trude day (LeCun et al., 98),
(Viola & Jones, 01), (Zheng & Daoudi, 04) su
dung tiép can rat trich dac trung dua trén phat hién
clia cac diém, mau séc, két ciu (texture), t6 chirc
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dd (histogram). Mang no-ron (neural networks),
may hoc véc to hd trg (support vector machines),
giai thudt boosting dugc hudn luyén d& phéan
16p anh.

Gan day, mot hudng tiép can cua (Bosch et al.,
06) dwa vao phuong phap biéu dién anh bang cac
nét dic trung khong ddi véi nhitng bién ddi ti 1&
SIFT (Lowe, 04) va md hinh tii tr BoW. Pic
trung cuc b SIFT khong bi thay dbi truée nhing
bién d6i ti 18 anh, tinh tién, phép quay, khong bi
thay d6i mot phan dbi v6i phép bién d6i hinh hoc
affine (thay ddi goc nhin) va manh véi nhiing thay
dbi vé do sang, su nhidu va che khudt. Mot anh
dugc biéu dién boi tap hop ti tir dwoc xay dung
bang cach 4p dung mot giai thuat gom nhém 1én
céc véc to md ta cuc bo SIFT. Giai doan tién xur 1y
cho ra moét tap dir liéu voi sb chiéu rat 16n. Tac gia
dé xut giam chiéu dir lidu va str dung k lang giéng
dé phan 16p hiéu qua anh.

Chung t6i dé xuét sir dung ¥ twéng cua phuong
phap biéu dién anh bang dic trung khong ddi SIFT
va mé hinh tai tir. Tuy nhién thay vi giam chiéu thi
ching toi dé& xuldt mot giai thuat hoc méi, giam
gradient ngau nhién MC-SGD, cho phép phan 16p
hidu qua dit lidu c¢6 sé chidu 16n thu duoc tir bude
biéu dién anh. Két qua thuc nghiém trén tap dir lidu
anh thyc tir ImageNet (Deng ef al., 12) chi ring
giai thuat méi MC-SGD phan 16p nhanh, chinh xac
khi so sanh véi giai thuat may hoc véc to hd trg
SVM (Vapnik, 95) st dung ham nhan phi tuyén
(Radial Basis Function - RBF).

Phan tiép theo cua bai viét dugc trinh bay nhu
sau: phan 2 trinh bay ngin gon vé biéu dién anh
bang mé hinh tdi tir cia dic trung cuc bo khong
ddi, phan 3 trinh bay giai thuat phan 1op da 16p
MC-SGD. Phdn 4 trinh bay cac két qua thuc
nghiém tiép theo sau d6 1a két luan va hudng
phat trién.

2 BIEU DIEN PAC TRUNG KHONG DPOI
VA MO HINH TUI TU

Biéu dién anh 1a mét budc quan trong trong
phan loai anh. Budc ndy ¢6 anh huong rat 16n dén
két qua phan loai cudi cung. Trong lanh vic phan
16p va tim kiém anh, dic trung cuc bd SIFT (Lowe,
04) 1a nhitng diém dic trung, ving dic trung dé
biéu dién anh rat hidu qua, ngay cang trd nén phd
bién. Nghién ciru tién phong cua (Bosch et al., 06)
d& xuat hé théng phan 16p anh dua trén dic trung
SIFT va mé hinh tai tir (xuat phat tir y twdng phan
16p vian ban). Giai doan biéu dién anh theo mé hinh
tai tir va dic trung khong dbi SIFT bao gdm 3 budc
chinh: (i) phat hién va biéu dién cac nét dic trung
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cuc b, (ii) xay dung tir dién cac tu tryc quan va
(iii) biéu dién anh dudi dang véc to tan so xuat hién
cac tu truc quan trong anh.

Hinh 1: Céc diém dic trung dwogc phat hién béi
thuat toan Hessian-Affine

O budc dau tién, anh duoc dua vé dang mirc
xam. Cac diém dic trung (Hinh 1) duoc tinh trén
nhimg anh nay bang cach sir dung cac giai thuit
phat hién diém dic trung cuc bd (local feature
detector) nhu la Harris-Affine, Hessian-Affine
(Mikolajezyk & Schmid, 04). Nhitng diém dic
trung ndy c6 thé 1a cuc tri cuc bd cua phép toan
DoG (Difference of Gaussian) hodc la cuc dai cua
phép toan LoG (Laplace of Gaussian). Sau do,
ving xung quanh cac diém dic trung dwoc xac
dinh va mo ta bang cac véc to mé ta cuc bd. Véc to
mo ta SIFT duoc danh gia rat cao boi gidi chuyén
moén trong viée biéu dién cic ving xung quanh
diém dic trung boi vi né khong d6i a6i voi nhimg
bién d6i ti 18, tinh tién, phép quay, va khong dbi
mot phan voi d6i v0i nhirng thay dbi vé goc nhin,
ddng thoi n6 ciing rat manh v6i nhitng thay dbi vé
d6 sang, su che khuét, nhidu.

Hinh 2 minh hoa mét vi du ctia véc to mo ta
SIFT dugc xay dung tur vung cuc bo xung quanh
mot diém dic trung. Mbi véc to mo ta 1a mot ma
tran 4x4 cac t6 chuc dd6. Mdi t6 chuc dd co 8
khoang twong tng véi 8 hudng. Do d6, mdi véc to
mo ta SIFT la mot véc to 4x4x8=128 chiéu. Luc
nay, mdi anh dugc biéu dién boi mét tap cac véc to
mo ta SIFT.

Bude ké tiép 1a thiét 14p cac tir truc quan tir cac
mo ta cuc bd da dugce tinh & budce trudc. Thuat giai
k-means (MacQueen, 67) dugc thuc hién trén cac
véc to mo ta dé phan cac véc to SIFT thanh vao cac
nhém (cluster) va mdi cluster twong ung v4i mot tir
tryc quan. Tép cac cluster nay tao thanh mét tur
dién. Sau cing, m01 véc to' mo ta trong anh s& duge
géan vao cluster gan nhit (dua vao khoang cach mdi
véc to dén cac tam cua cac cluster dai dién da duoc
dinh nghia trudc do). Tiép theo, mot anh s& dugc
biéu dién bang tan sb cia cac tir truc quan trong
anh. Hinh 3 mo ta c4c bude tao md hinh BoW biéu
dién cac anh.
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Hinh 2: Pac trung cuc by SIFT dwoc tinh toan
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Hinh 3: Tao md hinh BoVW dé biéu dién anh

3 THUAT GIAI GIAM GRADIENT NGAU
NHIEN (MC-SGD)

Giai doan tién xr ly cho mot tap dir lidu véi s6
chiéu rét 16n (vi du, 50000 tir truc quan véi nhiéu
dic trung dau vao voi mdi dic trung chi chia it
thong tin cho phan 16p). Giai thuat may hoc véc to

hd trg SVM (Vapnik, 95) 1a mé hinh hiéu qua va
phé bién cho van d& phan 16p nhing tap dit liéu co
s0 chiéu 16n. Xuét phat tir cai dat higu qua giai
thuat SVM bang phuong phap giam gradient ngau
nhién SGD (Bottou & Boussquet, 08), chiing toi
phat trién giai thudt MC-SGD cho phan 16p da 16p
tap dit liéu c6 s6 chiéu 16n nay.
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3.1 Giai thuit may hoc véc to hd tr¢ SVM

Xét vi du phan 16p nhi phan tuyén tinh nhu
Hinh 4. Cho m phan tir X1, X2, ..., Xm trong khong
gian n chiéu, co nhan (16p) ctia cac phan tir 13 i,
Y2 eesy ym c0O gia tri I hodc -1. yi =1, néu x; thu@c
l6p +1 (16p duong, 16p ching ta quan tam), yi =1,
néu x; thuoc 16p —I (16p 4m hay cac 16p con lai).
SVM tim si€u phang t6i wu (xac dinh boi véc to
phéap tuyen w va dd léch cuia siéu phang b) dua trén
2 siéu phing hd trg cua 2 16p. Cac phan tir 16p +1
ndm bén phai cua siéu phing hd tro cho 16p +1, cac
phén tir 16p -1 ndm phia bén trai cua siéu phing hd
trg cho 16p -1. Nhitng phéan tir ndm nguoc phia véi
siéu phing hd trg dwuoc coi nhu 18i. Khoang cach
18i dugc biéu dién boi zi > 0 (voi xi nam dung phia
cla siéu phang hd trg cia né thi khoang cach 15i
twong tng zi = 0, con nguoc lai thi z; > 0 1a khoang
cach tir diém x; dén siéu phiang hd trg tuong Ung
ciia n6). Khoang cach giita 2 siéu phang hd tro
duoc goi 1a 18. Siéu phang t6i vu (nam giita 2 siéu
phéng hd trg) tim dugc tir 2 tiéu chi 1a cyc dai hoa
16 (18 cang 16n, m6 hinh phén 16p cang an toan) va
cuc tiéu hoa 16i. Van dé dan dén viéc giai bai toan
quy hoach toan phuong (1):

min ¥w, b, z) = (1/2) ||w|> + ¢ Y zi
i=1
s.t. (1)

yitwxi—b) +z; > 1
z >0 (i=1, 2, ..., m)
hang ¢ > 0 sik dung d@é chinh do rong 1é va 16

Giai bai toan quy hoach toan phuong (1), thu
dugc (w, b). Phan 16p phan tir x dya vao dau cia
(w.x - b).

18 = 2/||w]|

Hinh 4: Phéan lép tuyén tinh v6i may hoc vécto
ho tro
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Bai toan quy hoach toan phuong (1) duoc
nghién ctru phé bién trong toan t6i wu. Hién c6
nhiéu giai thuat tiéu biéu nhu LibSVM (Chang &
Lin, 01), SMO (Platt, 98), Newton (Mangasarian,
01) déu c6 dd phuc tap bac 2 voi sd phan tir
dir ligu.

3.2 Giai thuit giam gradient ngiu nhién
(SGD)

Mot cai dat cho giai thuat SVM cua (Bottou &
Boussquet, 08) dwa trén phuong phap giam
gradient ngau nhién, c6 do phuc tap tuyen tinh véi
sd phan tir dir liéu. Bang cach thay thé z boi w, x;,
yi (khong xét do léch b) tir cac rang budc vao ham
muc tiéu cua (1), viéc tim siéu phang t6i wu cua
SVM c¢6 thé duge thue hién boi (2):

min  Hw, x, ¥y = (2) ||w|?

3 max {0,1 - y, (w.x,)} @)

+(1/m)

Phuong phép giam gradient (GD) thye hién tbi
vu van dé (2) bang cach cap nhat w tai 1an lap tha
(t+1) véi toc d6 hoc 7, nhu trong (3):

Weer = Wi - (1 /m) val//(wt’xi’yi) 3)

i=1

Phuong phap giam gradient ngau nhién (SGD)
thue hi§:n don giéin budc cdp nhat Wi+ ‘chi su dung
mdt phan tir ngau nhién (x,, ;) tai moi lan lap:

Wil = W= 1t Vi l//(Wz, Xty yz) (4)

C6 thé thay rang giai thuat SGD don gian, thuc
hién cac budc lip, mdi bude lap chi 14y 1 phan tur
ngau nhién tir tap dir liéu, thuc hién cap nhat w
thay vi phai giai bai toan quy hoach toan phuong
(1). Giai thuat SGD c6 do phuce tap tuyén tinh véi
s0 phan tur cua tp dir liéu hoc, phén 16p dir liéu co
s6 phan tir va sé chidu 16n rat hiéu qua (Bottou &
Bousquet, 08).

3.3  Giai thuit giam gradient ngiu nhién
cho phin 16p da 16p (MC-SGD)

SGD ciing nhu hau hét cac giai thuat SVM déu
xudt phat tir van dé phan 16p nhi phan (2 16p:
duong va am). Chang t6i mo rong giai thuat SGD
dé co thé giai quyét van dé phan 16p tap dir lidu co
¢ 16p (c = 3) hay con goi 1a da 1op.
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Hinh S: Phan 16p da 16p, 1-vs-all (trai), 1-vs-1 (phai)

Pé giai quyét phan 16p tap dit liu da 16p,
giai thudt SVM thuong dya trén 2 phuong
phap don gian la 1-vs-all (Vapnik, 95) va 1-vs-1
(Krebel, 99).

Phuong phap 1-vs-all xay dung ¢ md hinh
SVM nhi phan, mé hinh thir t tach 16p t (l6p
duong) ra khoi cac 16p khac (am).

Phuong phap 1-vs-1 xdy dung c(c-1)/2 md hinh
SVM nhi phan, m&i mé hinh tich mot cip 2 16p.

) Viéc phan lg’yp dua vao binh chon khoang cach
dén cac siéu phang thu dugc tr SVM nhi phan.

Nhur di chi ra trong thyc té ctia phan 16p kho dit
liéu anh rat 16n, hang chuc ngan 16p (Sanchez &
Perronnin, 11), (Deng et al., 12), 1-vs-all thi don
gian cho két qua t6t cho van d& phan 16p anh.

Tuy nhién, khi ap dung 1-vs-all vao trong SGD
dé giai quyét van dé da 16p, chung ta lai gap mot
kho khan 16n, huén luyén cac SGD nhi phan trén
tap dir liéu mat can bang. Gia sir tap dir liéu chung
ta c6 100 16p, thi khi st dung 1-vs-all, mé hinh
SGD thtr t tach 16p t (16p dwong chi chiém khoang
1%) ra khoi cac 16p khac (16p am chiém khoang
99%). SGD gip khé khin do sy mat cin bang.
SGD chi thudng cap nhat w trong (4) khi 15i xuat
hién thuong 1a phan tir thude 16p 4m ma it khi lam
didu do véi 16p duong vi xac suit ldy miau mot
phan tir 16p dwong khoang 1%, trong khi 16p 4m 1a
99%. Mic du diéu kho khin nay xay ra nhung do
chinh xéc tong thé van 1a 99% trong khi khong thé
tach dugc 16p t ra khai céac 16p khac.

Dé giai quyét van dé nay, chung toi dé xuét
chién lugc xdy dung balanced bagging cho timg
mé hinh SGD nhi phén dua trén liy mau giam va
cap nhat trong s6 bat ddi xung. Huin luyén mé
hinh SGD nhi phan tach 16p t (dwong, thiéu sb)

khoi cac 16p khac (am, da s6), can xdy dung k mo
hinh co s¢ SGD nhu sau:

- Lay méu giam 16p am sao cho sO lugng
phan tir 16p 4m bang vai s6 phan tir cia 16p duong.

— St dung tdp mau giam 16p am va dir liéu
ctia 16p duong lam tip hudn luyén mé hinh co
s0 SGD.

— Huén luyén SGD nhi phén, cht ¥ sir dung
cong thuc (4) véi cap nhat trong s6 16n hon khi
phan 16p sai dit lidu thudc 16p duong (thiéu sb), va
trong s6 nho hon khi phén 16p sai dit liéu thudc 16p
am (da sb).

Két thuc, chung ta tong hop k mé hinh co s&
SGD thu dugc md hinh SGD nhi phan tach 16p t tir
cac 16p khac.

Can chu y rang, balanced bagging sir dung tap
mau giam cua 16p am, giup can béng phan bd dir
liéu gitra 2 16p, kha nang lay mau mot phan tor cua
16p duong va 16p am 1a gan nhu nhau khi tién hanh
cap nhat w trong (4). Hon nita, 1dy mau gidam cua
lI6p 4m lam tang khoang cach tach 16p (duong,
am). Diéu nay tao diéu kién cho SGD hdi tu vdi toc
d6 nhanh hon so v6i sir dung tip dy du. Chinh vi
ly do d6 ma giai thuat MC-SGD suir dung cac
balanced bagging c6 thé phéan 16p hiéu qua tap dir
liéu da 16p.

4 KET QUA THU'C NGHIEM

Pé tién hanh danh gia hiéu qua cua giai thuat
MC-SGD cho phan 16p anh da 16p, chung t6i da cai
dat giai thuat MC-SGD bang ngdén ngit 1ap trinh
C/C++. Ngoai ra, chiing t6i ciing can so sanh MC-
SGD v6i mét giai thuat SVM chuan, duge sir dung
phé bién trong cong ddng may hoc 1a LibSVM
(Chang & Lin, 01). T4t ca cac giai thuat déu duoc
thuc hién trén mot may tinh ca nhan (Intel 3GHz,
2GB RAM) chay hé diéu hanh Linux.
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Hinh 6: Anh miu trong tap ImageNet 10 16p

Tap dit litu thuc nghiém dugc ldy vé tu
ImageNet (Deng et al., 12). Chung t6i chon tap
gdém 6675 anh cua 10 16p (xem Hinh 6). Chiing t6i
tach tap dir liéu ra thanh tap huén luyén c6 4450
anh va tap kiém thir c6 chira 2225 anh. Dé biéu
di®n anh bang mé hinh tai tir truc quan, chung toi
st dung giai thuat phat hién dac trung cuc bd
Hessian Affine ciia (Mikolajczyk & Schmid, 04) dé
rut trich cac véc to mo6 ta SIFT. Sau do, thuc thi
giai thuat k-means (MacQueen, 67) dé gom nhom
cac véc to mo ta SIFT vao 50000 clusters tuwong
tmg véi 50000 tir truc quan. Giai doan tién xir ly
tao ra hai tap (bang) dir liéu huan luyén, kiém thur,
tuong tmg v6i 4450 va 2225 phan ti, 50000 chiéu
va 10 1ép. Chung t6i c¢b ging thay ddi sb clusters
(tir true quan tr 1000 dén 100000) dé tim cac két
qua thuc nghiém tbt nht. Cudi cing, chung t6i thu
duoc do chinh xac én dinh véi 50000 tir truc quan.
Bude tién xtr 1y nay 1a duy nhat cho hai giai thuét
may hoc ma chung t6i kiém thir trong bai viét.

Chung t6i st dung tap huén luyén dé xay dung
mo hinh MC-SGD va SVM st dung ham nhan phi
tuyén RBF (SVM-RBF). Piéu chinh tham sb dua
vao nghi thirc kiém tra chéo (hold-out) dugc ap
dung trén tap huan luyén. MC-SGD sir dung tham
s6 lambda = 0.1 (hang s quy tic, dung diéu chinh
d6 rong 1é phén hoach), 1ap 7 chu ky (epoch) 1a hoi
tu dén két qua tét nhat. Chung t6i c¢6 gang sir dung
ham nhan RBF cta SVM (ham nhan RBF cua hai
diem dit lidu xi, x5 13 K/i, j] = exp( -
Giai thudt SVM st dung ham nhan RBF (véi
7=0.00001) va hang s6 quy tic ¢ = 1000 (diéu
chinh d6 rong 1& phan hoach va 15i) cho két qua tdt
nhat. Két qua thu duoc trén tap kiém thir nhu trinh
bay trong Bang 1, Hinh 7.

Bang 1: Két qua phén 16p dnh

Lop MC-SGD (%) SVM-RBF (%)
0 99.16 93.25
1 95.73 86.59
2 79.17 79.17
3 95.77 90.61
4 89.27 77.68
5 96.34 84.76
6 89.11 91.94
7 85.89 79.44
8 85.11 86.38
9 77.37 71.60

Overall 88.72 83.96
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Lép
Hinh 7: Két qué phén 16p anh

So sanh két qua cho thay dugc MC-SGD phan
16p chinh xac hon SVM-RBFE. MC-SGD cho két
qua t6t nhét 8 trong 10 16p dir liéu anh va cho d6
chinh xac tong thé cao hon gin 5% so véi SVM-
RBF. Hon nita, MC-SGD chi mét thodi gian huén
luyén 1a 2.20 gidy trong khi SVM-RBF can dén
111.67 gidy, hay ndi cach khac MC-SGD nhanh
hon SVM-RBF 50 lan.



Tap chi Khoa hoc Truong Pai hoc Can Tho

V6i cac két qua phan 16p nay, ching toi tin
rang giai thudt MC-SGD cho phép phan 16p hiéu
qua dir li¢u co s6 chiéu 16n thu duge tir bude biéu
dién anh bang mé hinh ti tir va dic trung khong
d6i SIFT.

5 KET LUAN VA PE XUAT

Y tudng ciia viée tang chiéu trong biéu dién anh
bang mo hinh tdi tir dé c6 thé phan 16p don gian
bing mé hinh tuyén tinh ma khong can dén mo
hinh phi tuyén 1a tiép can rat hiéu qua. Khi s6 chiéu
dit lidu 1a nho, chung ta can dén mo hinh phi tuyén
dé giai quyét tot van dé phan 16p. Tuy nhién, huin
luyén md hinh phi tuyén c6 do phirc tap rat cao so
v6i mé hinh tuyén tinh. Nhung nguoc lai, mé hinh
tuyén tinh thi chi 1am viéc tét trén tap dir li€u co )
chiéu 16n. Chinh vi 1y do d6, ting sé chiéu biéu
dién anh bang mé hinh thi tir dé c6 thé sir dung mo
hinh phan 16p tuyén tinh 1 ¥ twong tuyét voi cho
ca d6 chinh xac va thoi gian huan luyén mo hinh.
Chung t6i da dé xudt giai thuat phan 16p tuyén tinh
da 16p, giam gradient ngau nhién MC-SGD, cho
phép phan 16p hiéu qua dit liéu c6 s6 chiéu 16n thu
duoc tir bude biéu dién anh. Két qua thuc nghiém
trén tap dit lidu thyuc cho thy giai thuat MC-SGD
phéan 16p nhanh, chinh xac hon khi so sanh voi giai
thuat may hoc véc to hd tro (Support Vector
Machines - SVM) str dung ham nhén phi tuyén
(Radial Basis Function - RBF).

Chung t6i cling vira phat trién giai thuat MC-
SGD song song cho phép ting tdc qua trinh thuc
thi trén may tinh c6 nhiéu bd xur Iy, nhém hay ludi
may tinh. Trong tuong lai gan, chung t6i st dung
giai thuat MC-SGD song song dé thuc hién phan
16p tap dir liéu thir thach ImageNet-2012 ¢6 hon 1
triéu anh, 1000 16p khac nhau. Bén canh dd, chiing
t6i cting mudn ching t6i du dinh tmg dung phwong
phap dé xuét vao van dé phan 16p anh, van ban,
video.
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