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CAN BANG KENH THICH NGHI
NGUYEN HOANG LINH

Hoc vién Cong nghé Buu chinh vién thong

Abstract. This paper presents RLS (Recursive Least Square), LMS (Least Mean Square) and RBF
(Radial Basis Function) neural network adaptive channel equalizers. The principles and algorithms

are analysed. The application domain is also discussed.

Tém tét. Bai nay trinh bay cdc b can bang kénh thich nghi RLS, LMS va mang nron RBF. Céc
nguyén 1y va thuat toin duoc phan tich. Linh vuc ting dung ctng duoc thio luan.

1. MO PAU

Can bang kénh la mot ky thuat loc nhiéu cé hiéu qua, nham nang cao chat lwong dich
vu trong mang vién théng. Can bang kénh thich nghi rat can thiét cho cdc hé théng véi cac
tham s6 thay d6i theo thoi gian, nhw trong thong tin di dong khoang cdch tir may di dong dén
tram gbc va fading luén thay doi. Trong bai nay, ching t6i gigi thiéu mot s6 phwong phap
can bang keénh thich nghi quan trong nhat, dwroc st dung rong rai trong thue té. Nguyeén Iy
co ban cling nhuwr nhitng két qua nghién citu méi sé& dwoe trinh bay. Trén hinh 1 1a so do bo
can bang kénh thich nghi. Theo tinh chdt cia dép @ng xung ta chia ra bo can bang kieu dap
rng xung htru han (FIR) ho#ic v6 han (IIR). Can cit vao phwong phdp tinh cdc hé s6 w(m)
ta c6 bo can bang binh phuong (sai s6) nhé nhat hoi qui (RLS), binh phwong (sai s8) trung
binh nhé nhat...

Trén hinh 1 ta thay 2(m) 1a ddp ng xung (htru han) cia hé thong tuyén tinh véi dau vao
y(m). Trong thuc té, kénh vién thong 1a phi tuyén nhat 1a dwéi tdc dong cia nhieu xuyén
ky hiéu hoidc fading sau... Trong nhirng trwong hop nay, ddp tng xung cia kénh duwge mo ta
bang chudi Volte rat phitc tap. Theo 1y thuyét mang noron nhéan tao, ta cé thé xap xi ham
phi tuyén nay vi du bang mét mang RBF. Do dé, & phan cudi ching to6i dé xuit sit dung
mang RBF d€ xay dung bo can bang kénh thich nghi.

2. BO CAN BANG THICH NGHI RLS

Bo can bang RLS 13 mot dang ciia bd can bang Wiener. D&i véi nhitng tin hiéu on dinh,
b6 can bang RLS hoi tu dén hé s6 bo can bang t6i wu nhu bd can bang Wiener. Dé&i véi
nhitng tin hiéu khong on dinh, b can bang RLS bam theo bién thién thoi gian cia qud trinh.
Bo can bang RLS véi cdc hé s6 t6i wu héi tu nhanh nhat. Diéu nay rat hitu ich cho nhirng
tmg dung doi hoéi kha nang bam theo nhirng tin hiéu thay déi nhanh ([1,5]).

Trong thuét todn binh phwong nhé nhat hoi quy, thuat toan thich nghi khéi dong véi vai
trang thai ban dau, va nhitng mau ké tiép cia céc tin hiéu vao dwoc sit dung dé hiéu chinh
céc hé 86 bo can bang. Hinh 1 minh hoa cau hinh cia mot bé can bang thich nghi trong dé
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y(m), x(m) va W(m) = [wo(m), wi(m), ..., .wp_1(m)]T bi€u thi ddu vio cia bd can bang, tin
hiéu mong muén va vécto hé s6 bo can bang twong ttrng. Pau ra c¢é thé dwoc biéu dién nhw

sau:

Tin hiéu “mong muon” hodc “dich”

x(m) O

Dduvao | y(m) y(m-1) y(m-2) y(m-P+1)
O > >. .. —»
Dol
Thuat todn | ()Y
T Thich nghi _>
A
Bo loc chuyén d6i
O
Lm)
Hinh 1. So db bo can bang thich nghi
@(m) = w’ (m)y(m), (1)
trong dé @(m) 14 wée lwong cia tin hiéu mong mudn z(m), y(m) = [y(m),...,y(m — P)|T.
Tin hiéu sai s6 bo can bang dwoc dinh nghia:
e(m) = a(m) —&(m) = @(m) —w’ (m)y(m). (2)

Qué trinh thich nghi dwa trén viéc cuc tiéu héa tiéu chuan sai s6 binh phwong trung binh
dugce dinh nghia:

E[*(m)] = E{[x(m) —w" (m)y(m)]*}
= E[z*(m)] — 2w" (m)E [y(m)a(m)] +w’ (m)E[y(m)y" (m)]w(m)  (3)

= ru(0) — 2wT(m)ryz

~ ~ ) ~ ~ ) . , R} , . N
Bo can bang trén co s& can bang Wiener ¢é duoc do cuc tieu héa sai s6 binh phwong
N . ’ ’ N . s L2 N ~ . N N ,
trung binh ddi véi cac hé s6. DaSi véi tin hiéu 6n dinh, két qia cia viéc cue tiéu héa cho ta
phwong trinh sau:

w=R,! (4)

yy Tyx

Trong dé Ry, la ma tran tu twong quan cia tin hiéu dau vao va ry, 1a vécto tuong quan
chéo ctia tin hiéu vao va tin hiéu dich. Dwéi day ta dan ra cong thitc hoi quy cap nhat thoi
gian, cong thitc thich nghi cia phwong trinh (4). Cho mot khéi gom N vécto mau ma tran
twong quan ¢ the dwoc viet lai nhu sau:
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Ry =YY = 3 (m) (5)

trong d6 y(m) = [y(m),...,y(m— P)]T. Tong cia tich cic vécto trong (5) ¢ thé dwoc bieu
dién duwéi dang hoi quy nhw sau:

Ryy(m) = Ry, (m — 1) +y(m)y" (m) (6)

bé dwa ra kha nang thich nghi véi bién thién thoi gian cia cdc thong ke tin hiéu, wéc lwong
tu twong quan trong phwong trinh (6) c¢6 thé biéu dién bdi mot cira s6 suy gidm theo ham
mil.

Ry, (m) = ARy, (m — 1) + y(m)yT(m) (7)
trong d6 A dwoc goi la thira s6 thich nghi hodc 1a thira s6 khong nhé va & trong khodng

0 < X < 1. Twong tu, vécto twong quan chéo dugc cho bai
N—-1

ryz = »_ y(m)a(m) (8)

m=0
Tong cia tich cic vécto trong (8) cé thé dwoc tinh dang hoi quy nhuw sau:
Ty = Pye(m — Da(m) +y(m)w(m) (9)

Mot lan nita phwong trinh nay c¢é thé tao ra thich nghi sit dung thira s6 khong nhé \ suy
giam theo ham mu.

Pyw = My(m — D)a(m) +y(m)x(m) (10)
D3&i véi mot 1oi gidi hoi quy cla sai s6 binh phwong nhd nhat cia (10), ta thu dwgc cong
thitc cap nhat thoi gian héi quy cho ma tran nghich ddo dang sau:

1\ p-1 . .
R, (m) =R,/ (m—1)+ Cap nhat (11)

Mot quan hé héi quy déi véi phép nghich ddo ma tran dat duwoc 13 do st dung b de sau:

B& dé phép nghich ddo ma tran. Cho A va B la 2 ma tran P x P xdc dinh dwong cé
moi lién hé véi nhau ([5)):

A=B +CcDCct (12)

trong dé D 14 ma tran N x N xé4c dinh dwong va C 13 ma tran P x N. Bo dé phép nghich
do ma tran duwoc phét biéu rang nghich do cia ma tran A c¢é thé dwoc biéu dién:

A"'=B-BC(D +C"BC) 'CTBT (13)

Bo de nay dwoc chirng minh bang cdch nhan phwong trinh (12) véi phuwong trinh (13). Két
quia ctia 2 vé& 14 2 ma tran dong nhat. Bo dé phép nghich ddo ma tran cé thé dwoc st dung
dé nhan duwoc dang hoi quy day du cho nghich d4o cia ma tran twong quan R;yl (m).

Cho Ry, (m) = A (14)
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A 'R, (m—1)=B (15)
y(m) =C (16)
D = ma tran don vi (17)

Thay (14) va (15) vao phuong trinh (13) ta nhan dwoec:

o A 2R, Jy(m)yT (m)R,) (m — 1)
By (m) = A Ry (m =) =7 A1y (m)Ryy (m — 1)y(m) (1)

Ta dinh nghia cdc bién ®(m) va k(m) nhu sau:

B,y (m) — By (m) (19)
B A’lR;yl (m —1)y(m)
H) 3Ty () R — 1)) 20
Hoac
k(m) AT Dy, (m — 1)y(m) (21)

T T A YT (m) @y, (m — Dy(m)

St dung (19) va (21), phuwong trinh hoi quy (18) cho viéc tinh todn ma tran nghich dao
c6 thé dwoc viét nhw sau:

By (1) = A gy (1 — 1)~ X k() )y (1) (22
T phuong trinh (21) va (22) ta ¢6 :
k(m) = A1 @y, (m — 1) — X k(m)yT (m) Dy, (m — 1)]y(m)

— By (m)y(m) 23

Phwong trinh (22) va (23) dwoc sir dung dwéi day dé nhan dwoc thuat todn thich nghi cta
b6 can bang RLS
Cap nhéat thoi gian hdi quy cida cac hé s8 bd can bing: cic hé s6 sai s6 binh phuong
nhd nhat la:
w(m) = R7y1 ()P (m) = Py (Mg (M) (24)
thay dang hoi quy cia vécto tirong quan vao (24) ta dwoc:
w(m) = Oy, (m) [Arye (m — 1) +y(m)z(m)

(25)
= A®,, (m)ry(m — 1) + @, (m)y(m)z(m)

Bay gio thay dang hoi quy ctia ma tran ®(m) tir (22) va k(m) = ®(m)y(m) tir (23) vao vé
phai cia (25) ta cé:
w(m) = N0, (m — 1) — A k(m)y? (m) @y, (m — )My (m — 1) + k(m)z(m)  (26)

hoac:
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w(m) = &y (m — D)ry(m — 1) — k(m)yT(m)bey(m — Dryy(m — 1) + k(m)a(m) (27)

Thay w(m — 1) = ®(m — 1)r,.(m — 1) vao (27) ta duoc:
w(m) = wlm — 1) — k(m) [z(m) — y* (m)w(m — 1)] (28)

Phwong trinh nay cé thé dwoc viét lai dwéi dang sau:
w(m) = w(m — 1) — k(m)e(m) (29)

Phuong trinh (29) 13 cap nhat thoi gian day dd cia sai s6 binh phwong nhd nhédt cia bo can
bang Wiener.
Thuét toan thich nghi RLS
Tin hiéu vao: y(m) va z(m)
Gié tri dau: @, (m) = oI chom=1,2---
Vécto do loi can bang :
AL, (m — 1)y(m)

() = T T )@y (m — Tyg(m) (30)
Phuong trinh tin hiéu sai s6:
e(m) = @(m) —w’ (m — L)y(m) (31)
Céc hé s6 can bang:
w(m) =w(m — 1) — k(m)e(m) (32)
Cap nhat ma tran twong quan nghich dao:
Dy (m) = X1y (11— 1) = A" e(m)y” (1m)D(om — 1) (33)

3. PHUONG PHAP PO DOC NHAT

Bé mit sai s6 binh phuwong trung binh ¢é lién quan dén céc hé s6 cia bo can bang FIR,
13 duwdong parabol bac 2 véi diém cuc tiéu twong timg cdc hé s6 clia bo can bang LSE (Least
Square Error). Viéc tim kiém dwa trén mot loat lién tiép cic buwéc xudng theo huéng gradient
am cia be mat sai s6. Bat dau bang tap hop céc gid tri ban dau, cdc hé s6 bo can bang dwoc
cap nhat lién tiép theo chitu xuéng cho dén diém cuc tieu. Tai day gradient da dat dwoc
bang 0. Phwong phap thich nghi d6 déc nhat c6 thé dwoc biéu dién nhw sau ([4, 5]):

_ 0B[e*(m)]

Jw(m) (34)

w(m + 1) :'w(m)Jr,u{

trong dé w 1 c& cia buwée thich nghi. Gradient ciia ham sai s6 binh phwong trung binh dwoc
cho bdi:
OE[e*(m)]

S (m) = —2ry, + 2R, w(m) (35)
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Thay (3.5) vao (3.4) ta dugce:
w(m + 1) = w(m) + p[2ry, + 2Ryw(m)] (36)

S6 hang thit 2 trong (35) da dwoc hap thu vao c& cia buwée nhdy thich nghi u. Cho wg biéu
dién vécto hé s6 bo can bang LSE téi wu, ta dinh nghia vécto sai s6 cia hé s6 bd can bang
nhw sau:

w(m) =w(m) —wp (37)

Daéi véi mot qué trinh 6n dinh, wq cia bo can bang LSE t6i wu thu dwoc tir bo loc Wiener
c¢6 phuong trinh sau:

wp = R;yl Tye (38)

Trir 2 vé cla phuong trinh (36) cho wo va thay Ry,wq cho rya sit dung (37) ta cé:
w(im+1) = [I — pRy,|w(m) (39)

biéu mong muén 1a vécto sai s6 clia bo can bang w(m) triét tiéu cang nhanh cang tot. Tham
s6 p diéu khién sy on dinh va téc do hoi tu cia bo can bang thich nghi. Khi gid tri cia p
qué 1én gay nén mat 6n dinh, gid tri qua nhé lam cho téc do hoi tu cham. Do on dinh cia
phuong phép wéc lwong tham s phu thude vao su lra chon gia tri cia tham so thich nghi u
va ma tran tu twong quan. Tir (39) phwong trinh hoi quy cho sai s6 trong mo6i hé s6 bo can
bang riéng biét ¢6 thé thu dwoc nhuw sau, ma tran twong quan cé thé bicu dién dwéi dang
cic ma tran vécto rieng va ma tran gia tri riéng nhw sau:

R=QA\Q" (40)

vk(m) vk(m+1)
—> —

Z—]

Hinh 2. Mot kiéu hoi tiép ctia bién thién sai s6 hé s6 theo thoi gian
Trong dé @ la ma tran truc giao cla ma tran vécto rieng Ry, va /\ la ma tran duong

chéo v6i cde phan tik dwong chéo twong ing véi gid tri riéng cia Ryy. Thay Ryy tir (40) vao
(39) ta cé:

wim+1) = [T-Q \Q"]w(m) (41)

Nhéan 2 vé& cta (41) véi QT va st dung quan hé QTQ = QQ™ = I, ta cé:
QMw(m +1) = [T — u /\]Q w(m) (42)

Cho v(m) = QTw(m) (43)

Sau doé: vim+1) = [I - ,u/\]fu(m) (44)
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Vi A va I la hai ma tran duomg chéo, phwong trinh (44) cé thé biéu dién dwéi dang cic
phwong trinh déi véi cde thanh phan riéng cia vécto sai 6 v(m) nhw sau:
vim+1) = [1 — pA]ve(m) (45)

trong dé Ay la gia tri riéng thit k& cla ma tran tw twong quan cia dau vao bo can bang y(m).
Hinh 2 la kiéu s do hoi tiép bién thién theo thoi gian cia vect sai s6. Tir (45) dieu kién dé
on dinh cia qué trinh thich nghi va hé s6 cia vect sai s6 la:

I<l—pr <1 (46)

Cho Apae bi€u dién gid tri riéng cuc dai cia ma tran tuw twong quan y(m), tir (46) giéi han
 cho sur thich nghi on dinh dwoc cho béi [4]:
0<pu<

>\maX <47>
T6c do hoi tu: Téc do hoi tu cla cic hé s6 bd can bang phu thudc vio sw lwa chon tham
s6 m, trong d6 0 < m < 1/Apax. Khi céc gid tri riéng cia ma tran tung quan dan trai khong
déu céc hé s6 bo can bang hoi tu & cac toc d6 khac nhau: gia tri rieng nhé hon thi toc dé hoi
tu cham hon va nguroc lai. Céc hé s6 bo can bang cé gia tri riéng cue dai va cuc tiéu, A max
va Amin héi tu theo phwong trinh sau:

Umax<m + 1) = (1 - MAmaX)’UmaX<m>y (48>
Umin(m + 1) = (1 — g min) vmin(m). (49)

~ .~ ., . [N . N ., . [N [N ~ . N
Ty s0 gitra gid tri riéng cuc dai va gid tri riéng cuc tiéu cia ma tran tung quan dwoc goi la
gid tri riéng clia ma tran tung quan.

A
gié tri rieng = T (50)

min

Chd ¥ rang tri trong toc do hoi tu cia heé s6 bo can bang ty & véi tri trong gid tri riéng cia
ma tran tu tung quan cda tin hiéu dau vao.

4. BO CAN BANG LMS

Phuong phéap dé déc nhat ding sai s6 binh phwrong trung binh dé tim céc hé 6 sai s6 binh
phuong nhé nhat cia bo can bang. Mot cach tinh don gidn cia phwong phap tim gradient la
tim binh phwong trung binh nhé nhét cia bo can bang ma trong dé gradient ctia sai s6 binh
phurong trung binh dwoc thay bang gradient ctia ham sai s6 binh phwong titc thoi. Phwong
phdp thich nghi LMS dwoc dinh nghia nhu sau ([2]):

de*(m) >

dw(m)

w(im+1) =w(m) + u < (51)

trong d6 tin hiéu sai s6 e(m) dugce cho bdi:
e(m) = z(m) + wt (m)a(m) (52)
Gradient titc thoi cia sai s6 binh phwong c6 thé dwoc viét lai nhw sau:
de*(m) _ Ola(m) —w’ (m)y(m)]*
dw(m) dw(m)
= —2y(m)[z(m) — w’ (m)y(m)]?

= —2y(m)e(m)
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Thay (53) vao phuong trinh cap nhat hoi quy cta cdc tham s6 bo can bang, phwong trinh
(51) cho phwong trinh thich nghi LMS la:

w(m +1) = w(m) + ply(m)e(m)) (54)

bay 14 phwong trinh rat don gidn. Tién loi chinh cia thuat toan LMS 14 né don gidn ca trong
céc bicu thitc ma yéu cau bo nhé va do phite tap tinh toan.

(m) e(m) w(m+I)

Z-l

Hinh 3. Hé s6 bo can bang LMS

Thuét todn rd LMS: Su 6n dinh va thich nghi ciia phwong trinh thich nghi hoi quy LMS
(38) c6 thé dwoc cai thién bang cach dwa vao hé s6 16 o nhu sau:

w(m +1) = aw(m) + ply(m)e(m)] . (55)

Chu y rang phwong trinh hoi ti€p cho cép nhat thoi gian cia hé s6 bo can bang vé co ban la
hé hoi quy (ddp tng xung 1a vo han) véi dau vao uy(m)e(m) va cic cuc cia né tai a. Khi
tham s6 o < 1, két qua la dwa ra d6 on dinh hon va gia tang su thich nghi cia bo can bang
dén sy thay doi cdc dic tinh cia tin hiéu vio.

Sai s6 trang thai bén virng: Sai s6 binh phwong trung binh nhé nhat (LMS), Euyi, dat
dwroca khi hé s6 cia bd can bang tién t6i gid tri t6i wu da dwoc dinh nghia trong phwong
trinh wg = R;ylryy & phan trude.

Phuong phap do doc nhat ding gradient trung binh cia bé mit sai s cho viéc cap nhat
tang dan cdc hé s6 bo can bang dé dat dwoc gid tri t6i wu. Do dé, khi cdc hé boé can bang
dat dén diém cuc tiéu cia dwdmg cong sai s6 binh phuwong trung binh, gradient trung binh
bang 0 va gitt nguyén khi bé mit sai s6 1a 6n dinh. Trong truomg hop nguoc lai, viéc xem xét
phwong trinh LMS cho thay rang d6i véi nhitng tng dung ma LMS khéng bang 0 chang han
nhw gidm nhiéu, cap nhat tang dan s6 hang we(m)y(m) khong dat dén 0 ngay ca khi diém
t6i wu da dwoc tim thay. Do d6 tai di€m hoi tu, bo can bang LMS sé& thay doi ngau nhién
ve diem LSE, véi két qua 1a LSE cia LMS sé& viot qué LSE cia bo can bang Wiener, hoac
céc bod can bang ding phwong phép gidm dé déc nhanh nhat. Chi ¥ & 1an can diém héi tu
mot s gidm dan cia u cé theé lam suy gidm qué ngudng LSE nho vao su suy gidm kha ning
thich nghi déi véi cac thay doi trong cc dac tinh cia tin hiéu.

5. BO CAN BANG THICH NGHI NORON

Ngudi ta da chirng minh rang: mang noron RBF ¢6 kha nang xap xi cdc ham phi tuyén
dang bat ky véi do chinh xéc tuy ¥ ([3]). D& don gidn, & day ta st dung mang RBF véi P
dau vao y(m), ....,y(m— P + 1) va 1 dau ra @(m), hinh 4. Céc dau vao dugce tao ra nho cdc
6 nhé nhu & céc bé can bang trén va dwoc dwa vao 1ép 1. Lép 2 gom P noron ¢6 ham kich
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hoat:

y(m) y(m-1) y(m-2) y(m-P+1) LGP VAO

Thuat todn

D WM,_ X thich nghi

! e(m)
@ X : )
x(m) - x(m) LOPRA

Hinh J. B6 can bang thich nghi noron RBF

_ —m; 2 /942
. Ifi?t |ly(m) — mi(m)||*/207] i— 01 P 1. (56)

>0 expl=ly(m) —m;(m)|2/207

Trong dé y(m) 1a vécto cic dau vao, m;(m) 1a vécto céc toa dod cila tam noron thit ¢ tron
? (2 v 7
~ . N . N R ~ Y [N A2 . s s
khong gian dau vao, o; goi la chiéu rong cia noron, ||.|| ky hiéu chuan Oclit. Lép ra c¢é 1
noron tuyén tinh:

Pl
@(m) = wi(m)z; = W?z, (57)

i=0
trong dé z ky hiéu vécto céc dau ra ctia 16p an z = |29, 21, ..., zp_1] L . Trong giai doan luyén,

tham s6 cla céc noron dwoc cap nhat (hoc) theo phwong phép lai véi nhieu wu diém: hoc
nhanh khéng gidm sat cho lép an va hoc c¢é gidm sit cho 16p ra. Ta goi noron “thang”, va
ky hiéu bang v, 14 noron c¢é tam gan y(m) nhat:

lym) —m, ()] = _min ly(m) - m;(m)|

Chi ¢6 noron nay dugc cap nhat con cdc noron khéac thi gitt nguyén:

my(m + 1) = m,(m) + dm,(m) = m,(m) + B(y(m) —m,(m)), (58)

ou(m+ 1) = |[my(m) —my_cigest (M)||/7, (59)

trong dé 3 1a téc do hoc, v 1a tham s6 chong l1dn, dwgce chon thich hop, My, cjpest (M) 13 vécto
tam cla noron gan noron “thang” nhat. Dé khit sai s6 do cdch hoc nhanh gay ra, ta thuc
hién hoc ¢6 gidm sét cho 16p ra. Tir (57) ta thay sai s6 e(m) = x(m) — @(m) la ham tuyén
tinh déi véi cac trong s6 w;, i = 0,1, ..., P— 1. Do dé ta ¢6 luat cap nhat theo phuwong phép
gradient nh”m cuc tiéu hod binh phwong sai s6:

wi(m + 1) = w;(m) + Aw;(m) = w;(m) + v(z(m) — &(m)), i=0,1,....P—1. (60)
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Vi s6 mau luyén @(m) 16n mang RBF mo hinh hod dui chinh xdc ham phi tuyén mo ta dédc
tinh kénh. Nho dd, trong giai doan sir dung dau ra @(m) sé la wée lwong cia tin hiéu mong
muon x(m) véi do chinh xdc cao.

6. KET LUAN

Dai véi cac ttng dung trong thire tién, bé can bang RLS 1a mét phan bo sung hoi quy cia
b6 can bang Wiener cho céc qué trinh 6n dinh, né héi tu vé cing moét nghiém nhw bé can
bang Wiener. Uu diém chinh ctia bé can bang LMS Ia tinh don gidn cia céc thuat toan. Tuy
nhién, d6i véi tin hiéu cé do tri gid tri rieng rong bo can bang LMS c6 toc do hoi tu cham
va khong deéu. Trong nhirng truong hop nay, bo can bang RLS véi téc do hdi tu tot hon v
do nhay nhé hon déi véi tri gid tri rieng sé 1a su lwa chon hdp dan hon. Céc bo can bang
noron la 1o gidi Iy twdng cho cdc kénh phi tuyén bi nhiéu manh va thay déi nhanh. Day la
nhitng thiét bi thé hé méi véi nhiéu wu diém noéi bat, nhw xir 1y song song, kha nang xap xi
van nang, ¢c6 nhirng tinh nang thong minh nho qué trinh hoc...
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