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TOM TAT
Trong nhitng ndm gan ddy, cé khd nhiéu nghien cibu vé truyén théng hop tdc. Trong
nghién cuu nay tdp trung vao viéc nghién ciu ve truyén théng da chang do la mot phan trong
truyén thong hop tac. T ruyen thong da chang la qud trinh truyén dit liéu tir nit nguon dén it
dich thong qua mot hay nhzeu nut trung gian. De danh gia dugc qua trinh tac dong cua cac
yéu té lén qud trinh truyen do, cac Iy thuyét vé phdan bé nhiéu, hién twong fadmg, xdc sudt
dung dwoc dwa ra de danh gia. Két qua cia mo phong dé danh gia xdc sudt dirng da chi ra
vigce tai sur dung tan so khéng gian thi xdc suat dung giam khi SNR (Signal to Noise Ratio)
tang véi diéu kién nhiéu bi gidi han. Xdc sudt dirng giam theo hé sé tdi sir dung khéng gian O
(can nhiéu dong kénh cao hon khi Q nhd). Pong thoi véi dé ty sé BER ciing dwoc dwa vao dé
ddnh gid véi phwong phdp MRC (Maximum Ratio Combining) & phia thu. Két qua cho thdy
véi mé hinh hai chdng cho ty sé6 BER la tét nhat.

Tir khoa: MRC; BER; Multihop; Cooperative Communication; Outage probability (OP).
ABSTRACT

In recent years, there have been many researches about cooperative communication. In this
research, we will concentrate on transmission with multihop it is a part of cooperative communication.
Multihop transmission is process transmitted from source to destination by one or more relay nodes. In
order to evaluate the process of the impact of these factors on the transmission process, theories of
noise distribution, fading, Outage probability are given for evaluation. The results of the simulation to
assess the Outage probability indicate that the reuse of spatial frequency, the Outage probability
decreases as SNR increases with the condition of limited noise. The Outage probability decreases with
the space reuse factor Q (co-channel interference is higher when Q is small). At the same time, the
BER ratio was also included for evaluation with the MRC method on the receiving side. The results
show that the two relays model gives the best BER ratio.

Keywords: MRC; BER; Multihop; Cooperative Communication; Outage probability(OP).

1. GIOI THIEU CHUNG VE TRUYEN
THONG HQP TAC PA CHANG

Trong nhitng nim gin diy, nhu cau cila
ngudi st dung vé toc do dir lidu ngdy cang
tang, didu nay da thac day su nghién clru ra
nhiéu cong ngh¢ ngdy cang tién tién de dap
Gng nhu cau trén dong thoi phat trién hon.
Cac cong nghé vo tuyén bing rong voi cac

chuyén tiép thir cp t6t nhat trong vo tuyén
nhan thic dang nén. Trong tham khao [5]-
[6], cic md hinh v tuyén nhan thic dang
nén da dugc dé xudt va danh gia khi lién két
giita nguon thir cap va dich thr cap xuat hién.
Tuy nhién cac md hinh trong [2]-[6] chi xét
su truyén dir liéu théng qua hai ching.

Pé ting cuong do loi phan tap, méi day

tiéu chuin méi nhuw MIMO, LTE/LTE-
Advanced voi cac yéu diém vuot troi vé toc
d6 truyén tai dir liéu [1]. Trong cac tham
khao [2]-[4], cA&c mb hinh chon lya nit

cac tac gia trong [7]-[8] di d& nghi sir dung
truyén thong cOng tac cho cac nut trén tuyén
tur nguon den dich. Trong tai liéu [30], céac
nit chuyén tiép str dung ky thuat giai ma va



chuyén tlep de truyén dit lidu. Trong [8], cac
nit chuyén tiép str dung cac k¥ thuat két hop
dé ting cuong hiéu qua giai mi tai cic nut
nay. Tuy nhién, dé thuc thi cic md hinh trong
[7]-[8] 1a mdt cong viéc kho khan, boi vi
ching ta_ can sy dong bo gitra tat ca cac nut
gdm ngudn, dich va cac nat chuyén tiép.

Mot trong nhimg cong nghé méi hién
nay da duoc trién khai & mot sé noi trén thé
gi6i gip nang cao chat hrong dich vu, thong
lugng, pham vi phu séng rong 16n 1a st dung
ky thuat truyén thong da ching véi cac nit
chuyén tiép. Truyén théng da ching la mot
phuong phap hiéu qua dé thiét lap két ndi
gita cac nit mang khi ma truyén thong theo
duong tryc tiép I khong kha thi hodc do hiéu
sudt cla cong suat mang khong t6i uu [9].
Trong truyen thong da chang, dir Li¢u truyen
tr nguon tO’l dich twong g s& duoc hd tro
boi mot sb luong nhat dinh cac nat trung
gian. So v6i viéc truyén thong mdt ching,
truyén thong da ching dugc huong tir do loi
kénh truyén. Trong hé thong truyén thong da
chang, cac tin hiéu tr nit nguén s& duoc
truyén dén nit dich thong qua mdt sb nat
trung gian hay con goi I nut chuyén tiép
(relay) [10].

Truyén thong da ching 1 sy két hop ciia
cac lién két ngin dé c6 thé phu song trong
mot khu vue 16n voi viee su dung cac thiét bi
chuyén tiép trung gian gita tram gbc
BS(Base Station) va nguoi dung UE (User
Equiment)[10]. Tin hiéu vo tuyén c6 thé di
trén duong truc tiép hodc trén nhiéu dudng
dé dén dich.

Ta ¢ thé md hinh hé théng truyén dan
chuyén tiep da chang nhu sau [10]:

Souiee b2 b2 Destinatian
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Hinh 1. M6 hinh truyén dan qua 2 ching, 3
chang, 4 chang
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Trong truyén théng da chang: Voi sO nat
chuyén tiép thu’c hién truyén di heu latr 2
tr& len, su truyen dan tir nit ngudn qua nut
cac nit chuyén tiép dén nut dich trong truyén
thong hop tac.

Trong mang truyén thong da ching ndy,
cac ndt trung gian cO Kich thude nhd gon, gia
thanh thap, do phirc tap khong cao va tiéu thu
it ning lwong. K¥ thuat truyén da ching co
thé chia duong truyén ra thanh nhidu ching
nho hay thanh nhidu ving phu séng hon diéu
nay giip md rong vung phu song cua mang,
tang thong luong cua hé thong nhim dép Gng
nhu cdu vé dung lrong chit lrong dich vu
cua nguoi dung [6].

2. COSOLY THUYET

21 Hgp tac truyén thong trong mang vo
tuyéen da chang

Hinh 1 biéu dién mdot mang v tuyén da
ching v&i cac nit Do, D1, ... Dn [10]. Mbi
chiang don bén phat, cac nut dugc thiét lap
{Do, D1, Dn-1} truyén cho cac nit dich ciia
nd, va c6 thé str dung mot nit chuyén tiép &
cac ving lan can. Gid dinh réng chi mot nut
duoc chon trong mdi ching dé han ché sy
phirc tap trong diéu khién. Véi Ri I ky hiéu
cac nit chuyén tiép dugc st dung trong
chiang thr i, ViV {1, 2, ..., N}, va tdp hopcua
Rn}.

cac nut chuyén tiép la {R1, Ry, ...,

T B BR2 0o £ B
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T B PRl £ e

Hinh 2. Truyén dcfn hop tac trong mang vo
tuyén da chang

Xem xét mdt mang vo tuyen ban song
cong, bang cach sir dung cing tan sb truyen
dan. Truyén din truc giao thu dugc bang
cach ghép kénh phan chia thoi gian, nhung
dé tang hiéu qua cua viée su dung tan s6, cac
nit xa duoc phép truyén dong thoi (tai st
dung tan sb). Do d6 c6 thé néi truyén dan
trong mang duoc diéu phdi béi mot phuwong
phap STDMA (Space-time division multiple
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access) voi khung c6 chidu dai c6 dinh. Mdi
khung TDMA (Time division multiple
access) dugc chia nho thanh cac khe c6 do
dai bang Q. Cac khe thir i mdi khung TDMA
duoc gan cho truyén dan trong chang thir (No
+10),vnv {0,1,..,(N-i)/Q}vaVviVv { 2,

, Q} [10,11]. Khi khong tai st dung tan sb
khong gan thi Q = N. Céc khe thoi gian N
trong mdi khung duoc gin ndi tlep cho
truyen dan trong cac chang N. Pé hd tro
chuyén tiép ban song cong, moi khe TDMA
duoc chia thanh hai phan theo yéu t6 phan
vung khe u v [0, 1], v&i chiéu dai twong dbi
clia cac phan dau tién chuin hoa bang chidu
dai cia khe TDMA.

DPé mo ta cac hé thong truyén don ching
(sau do6 khi danh gia hi€u qua hoat dong cho
mdi ching), ching ta don gian hoa ky hiéu va
sir dung s, r va d dé chi bén phat don ching,
nit chuyén tiép va phia thu twong Gmg.

Tai mdi nit chuyén tiép giao thirc
DF(Decode-Forward: giai mi chuyén tiép)
dugc sir dung. Nhu thé hién trong hinh 3,
trong phian dau tién ctia mot khe TDMA, s
truyén trong khi ca r va d ling nghe; sau khi
giai md thanh cong, r tii md hoa va chuyén
tiép dén d trong phan thoi gian con lai ciia
khe TDMA [12]. Cubi clng, d két hop cac
tin hiéu nhan duoc twong Gmg tir s V& r dé
giai ma goi tin.

Destination (d)
Hinh 3. HyH- coop véi hop tac ma héa
chuyén tiep

Can xem xét hai phuong an chuan dé
danh gia hiéu suat cua HyH-coop: N-
multihopping va 2N-multihopping
[10,11,12]. Trong N-multhopping hay don
gian la truyén dan truc tlep (mdi s truyén truc
tiép dén d ma khong can bat ky hd tro tir cac
nit chuyén tlep, va su dung toan by khe
TDMA, nhu thé hién trong hinh 4). Phuwong
phap N-multihopping c¢6 thé duoc coi B mot
trudng hop dic biét ctia HyH-coop voi yéu t6
phan ving u = 1. Hinh 5 cho thiy 2N-

multhopping (hay giit d va s khong truyén
dugc voi nhau ma phai qua cac d), noi DF
truyén thong dugc sit dung trong mdi ching.
Trong phin dau tién ctia mét khe TDMA, s
truyén trong khi r ling nghe; sau khi giai ma
thanh cong, r tii md hoa va chuyén tiép dén
d trong phan thtr hai cia khe TDMA. Cudi
cung, d giai ma cac goi tin tr cac tin hiéu
nhan duoc tr r.
L » Destination(d)

Hinh 4. Pa ching N véi truyén dan truc tiép
Relay (¥)

"
Destination (d)

Hinh 5. Pa ching 2N véi md hoa va chuyén
tiép truyén thong
22. Téc d9 du kién, xdc suit dirng cia hgp
tic da ching n, 2n va da chang ket
hop
2.2.1 Téc d dw kién ciia hop tic da ching
N, 2N va da chang ket hop
Vi viéc khong c6 sy suy hao noéi chung,
ching ta c6 thé bit dugc SINR (Signal
Interference Noise Ratio) tirc thoi cua duong
truyén tr 1 dén j va thu duoc toc dé thong qua
cong thirc dung luong Shanon [13]:

r, = log, (1+ SINR;) 1)

Toc do r; thu dugc boi sir dung cac dap
ung céc tr md dai dé duoc gia tri thuc cua
SINR c6 thé biét dwoc tai bén phat. Tuy
nhién, SINR tirc thoi khong duoc biét trudc.
Xac sut cia mdt ban tin dugc truyén voi toe
d6 R co thé khong duoc md hoa, d6 i xéac
SuAt dung thép hon tbc d0 R. Gia s, mot
tuyén truyén dan diém - diém ij thi xac sudt
dung nhu mdt ham cta R va SINR;j la:

Pt (R)=Pr(f <R)=Pr(sINR<2?-1) (2

Téc d6 du kién I toc do tiép nhan trung
binh trong khoang thoi gian dai trong mdt
ching dugc xac dinh theo tdc d6 truyén dan R
VA Xac sudt md hoa thanh cong tai dién d6 [10]:

R, =R(1- P (R)) (3)



Cudi cung dé xac dinh bjéu sudt cua
STDMA, ta phai dinh nghia vé thong lrgng
duy kién trong mdi ching;

T=R/Q=R(1-P™ (R))/Q (4)

2.2.2 Xdc sudt dirng ciia hop tdc da ching
N, 2N va da chdang ket hop
. Pa chang N

_Trong hop tac da chang N, mdi ngudn
truyén s& truyén truc tlep t6i thiét bi nhan ctia
né ma Kkhong co su hé tro ,nao tlr cac nut
khac dé don gian hon xac suat dung cua moi

1a trép d tru

b AR e e o

out _ —
PD (R) = Pr(n;d< R)=F s(éB)R 5)

Trong d6 g =2R -1 dugc dinh nghia
nhu ngudng SINR tai toe do R va Fsd ((R) la

CDF (Cumulative Distribution  Function:
Ham phan ph01 tich Ity) cua SINR trén
duodng truyén giri —nhan vdi tdc d6 R. Vi
viéc tai sir dung tan so khong gian | d (ﬂR)

duoc xac dinh theo cong thire dudi day [11]:

+o (z+1)B
Fi (8) = J‘ J‘ Px, (x) P, (z)dxdz
A@  (p
= Z(ﬁ(n)%{ —[8 exp| — i ks
o | BEAG) L %))
Trong d6 : Ay(n) = /% (6)

. DPa chang 2N
Trong da ching 2N mdi bén giri trong
tp hop { Do, Dy,..Dn1} Ui mOt ban tin t6i
cac nit chuyén tiép gan nd {R,R..R, .}
Pg**(R) = Pr{min(ur, ur, + (1
=1—Pr(ur,. =2 R)Pr(ur; + (1—u) =R)
=1-{1-F, (B/}{(1 -
=1-{1-F, Bz/w}{(1 -

Trong do: v = (1_u)rrd va PDF cua Y sé€ la:
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trong phan thtr nhit cua khe TDMA, véi do
dai u. Cac nit chuyén tiép ma héa va giri ban
tin da duoc mi hoa ti bén nhan ké canh
trong phan thtr hai v6i do dai (1-u). Téc do
dat dugc cho mot ching 1a toc dd cuc tiéu
trong 2 duong lién két trén thong qua cac
phin clia khe TDMA:

f; = min (ur,, (1-u)r,,) Tong do r, Va r,
1 tbc do dat duoc cua dudng lién két sender-
relay hai la relay- receiver twong Gmg. Gia sur
rang, trang thai kénh truyén [ doc lp, xac
sudt dirng ctia ching sender - relay — receiver
trong da chang 2N duoc xac dinh theo cong
thirc sau:

PT°”t(R):Pr{min (u,. (1-u)ra) < R}
=1-Pr(r, 2R/u)Pr (5, 2R/ (1-u))

=1-{ 1-F (,BR/u)} {1—|:rd (ﬂR/(l— )} @

Trong do, Pelu=2% -1 va
B{(1-u)= PRI _{ la SINR ngudng tai

toc do R clia duong lién két sender-relay hai

3 relay- receiver tuong un%I
. Pa ching két hop (Hop by Hop)

Trong mang da ching két hop, mot giao
thirc hop tac chuyén tiép ching duoc tng
dung. Cac node chuyén tiép thuc hién mi hoa
chuyén tiép truc giao. Trong phan khung thir
nhit ciia khe TDMA, tong tng voi do dai u,
nguén truyén dan, diém chuyén tiép va dich
sé lang nghe, sau d6, trong phan Khung thir 2
ngudn ¢ trang thai im lang va nat chuyen tiép
truyén toi dich. Gia sir, cac kénh truyén doc

1ap, xac sudt dirng trén mOi ching dwoc tinh
nhu sau [10]:

—u)r,y) < R}

F(Ba/(1=0))}+ (1 = Fog (Binyy ) ¥y}
Fo(Be/(L—w))}+ {1 —

Foa (Big—y 1) }0¥(3) d}’} (8)
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py(y) = -y
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2.2.3. Ly thuyét vé BER trong hé thong
truyén théng da ching

M6 hinh mé phong BER ciia hé théng
da ching (md hinh tuyén tinh) st dung nit
chuyén tiep voi ky thuat AF (Amplify-and-
Forward). Gid st céac dlem dau cubdi 1a cb
dinh, khoang cac tir nguon dén dich I d, hé
théng da ching st dung (N-1) nit nén duoc
chia thanh N ching v6i khodng cich bang
nhau va bang (d/N) [11].

bé xac dinh dugc md hinh da ching hop
tdc ta phai dga vao mo hinh 2 ching hop tac.
Thong tin giira tram nguén s va dich d lién
lac vo1 nhau thong qua kénh chiu anh hudng
boi Rayleigh fading 13 hé sb hy, nat chuyén
tiép chia tuyén truyén dan gita nguén Va
dich thanh 2 chang v&i hé s6 hg,, h, ,. Véi
gia dinh nhifu AWGN (Additive white
Gaussian noise) trén 3 tuyen (s- d, s- rr- d) co
mat do phd cong suat 13 No va hé s fading 13
doc lap nhau (hgg, hg,, h, ) [10,12].

J(hj ,d(') tin hi€u nhan duogc tai dich va
chuyén tiép la:

y = [Phx+n (10)
s,r 1 sr s s,r
ys,d - 1 hsg( tn s, d

P1 13 cong sudt phat cua ngudn.
h , h [ahésdkénh truyén c6 phwong sai

s,d s,r

352 2
Ia 55,1’5 sd

Ne» Noqlanhiéu Gauss c6 phuong saila N, .

Gia str, n,,,n,, 1 doc lap ngdu nhién co

s,r?

. )
‘ 2|''r d +1) N
PRhOEFEN T o

\ 1 o )

Trong pha thr 2. Nut chuyén tiép
khuéch dai tin hiéu nhan duoc tir nit ngudn
va truyén t6i nit dich voi cong sudt Pz. Tin
hifu nhan duwoc tai nit dich nhdn tor nit
chuyén tiép la:

S,r

Byji1- .J:'} L]{ﬂ}"'!:ld{ﬂ} { 1 1 }
+
xp{ Z .IE},-"'J. .J:'+‘l1:'d{ﬂ} ¥ra JE_:.,-"'J. J:l+"1:'d{ﬂ} (9)

\/FZ h 'y +n

rd 2 rd sr rd

R

(11)

Thé hién cu thé tir nit nguén dén nit
dich ta duoc:

v BPR n
yr d :+ hrlg xs,r s+ rd (12)
Fi hs,r + NO
Trong do, n'° = \/Ez h n +n (13)

rd rd sr

PIh.f + N,

Tai nat dich sau khi nhan duoc 2 tin
hiéu thong qua 2 duodng thi s€ tong hop tin
hi¢u bang cac MRC. T hi€u tai dau ra cua

b6 két hop MRC I [12]:
y=ay +ay (14)
1 sd 2 rd

Céc hé sb két hop nén dugc chon sao
cho SNR ngd ra Ia cuc dai [12]:

vRP
a\LﬁD“d a= i 2

1 i P|‘rd i +1|\|N0
R

haha

(15)

{
|
\R

S, +NO )
véi y= of
6Giy= "
J NO

3. MO PHONG VA PHAN TiCH PANH
GIA
31 Xac suit dirng
Trong phan ndy, ching t6i sir dung mot
mo hinh dd dugc dé xudt dé khao sat, mang
da ching N, di1 giri cac gdi tin truc tiép i di
trong ching thr i ciia mang vo tuyén tuyén
tinh thong thuong. Viéc s dung da chang 2N
hoac Hop by Hop, mit diém chuyén tiép
duoc trién khai trong moi chang voi khoang

cach d =1/2, h¢ s0 kénh truyén Rayleigh
fading hijco tri trung binh bang 0 va phuong



sai bang 1, va hé s6 u trong khe thoi gian
TDMA duogc chon bﬁng 1/2. Trong hinh 6
trinh bay két xac sudt ding cta 3 cach thic
truyén dan véi viée tai st dung va khong tai
str dung tin s khong gian.

u=112, d=112
Q=5

'R = 4Bis/sHz

Outage probability

= = = N-multihopping
108 = 2N-multihopping
= HyH-Coop
0 10 20 30 40 50 60 70 80

Average received SNR of the sender-reciver link ~sd (dB)

Hinh 6. Xdc sudt dirng theo gid tri SNR ciia
lién két giri - nhdn

V6i két qua tir hinh 6, ta c6 thé nhan xét
ring voi viéc khong tai sir dung khong gian
thi xac suat dung giam khi gia tri SNR ting.
Tuy nhién, khi tién hanh viéc tai sur dung tan
sO khong gian thi ching ta ¢ thé nhan thiy 2
khuynh huéng. Xac sudt dimg giam khi SNR
tang v6i diéu kién nhidu bi giéi han nghia 1
cong sudt can nhidu co thé bo qua khi duoc
so sanh v6i cong sudt nhidu, xic sudt ding 1
ddc 1ap voi cac gid tri SNR nhung phu thudc
vao sO chang tai st dung Q. Xéc suit dirng
giam theo Q, boi vi can nhiéu dong kénh cao
hon khi Q nhdé nhu vay so sanh voi cac két
qua ¢ [16, 17] 1 chip nhin dugc.

So sanh 3 phuong thirc truyén dan ta
thay HyH (1/2,1/2) c6 xac sudt ding nho
nhit néu tc do truyén dan thip, trong khi da
ching N thé hién HyH-coop khong ti uu khi
toc d0 mad hoa cao, doc lap Vi cac thong s6
tai str dung tan sb Q.

Hinh 7 va hinh 8 trinh bay thong luong
du kién trong ditu kién SNR thip va cao
twong ung. Qua hinh v& ta c6 thé nhin dinh
ring loi ich cia viéc phan tip B vO cing
quan trong va trong dicu kién SNR thip thi
lai cang quan trong hon so vdi SNR cao,
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trong moi truong can nhiéu cao quan trong
hon so v6i moi truong can nhiéu thip va toc
d6 thdp quan trong hon toc d6 cao. Do do,
HyH coop c6 kha nang cai thién thong hrong
du kién trong diéu kién toc do va SNR thip.

u=12d =12 y= 3dB
0,45""'"'l'"""|'"'""i""'"'.'"'"""""""""""""i

E = mmm N_multihopping E

I
'S

+| === = 2N_multihopping f:
|| w— HyvH-Coop

=]
w
n

b
w

=]
]
h

S.
)

0.15

E xpected throughtput (bits/s/Hz)

S

0.05

Coding Rate R (bits/s/Hz)

Hinh 7. Thong luong dw kién thay déi theo
toc do ma hoa voi SNRsd khacnhau

u=1/2, d=1/2, ysd= 40dB
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Hinh 8. Thong luong dw kién thay déi theo
toc do ma hoa véi SNRsd khacnhau
32 Mo phéng Ber
Két qua md phong voi 108 bit ngiu
nhién, st dung di€u ch¢ BPSK cho cac kénh
Rayleigh fading.
Nhin vao két qua md phong trong hinh
9, ta thdy rang: khi sd chang tang 1én thi BER

clng tang theo nhung van con nho hon so véi
duong truyén tryc tiep va ty I€ ting BER
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khong déu khi s6 ching ting. Nguyén nhin
tang BER 1a do hé thong su dung chuyén tiep
AF s& dan dén vigc tang nhi€u tai cac diém
chuyén tiép néu thay bang DF thi ty € BER
s€ giam.
o Amplify-and-forward (AF) relaying of cooperative diversity
10 e s
J O Diectlink
“] —6&— 2HOPs
¢ 3HOPs
4 HOPs

5HOPs
6HOPs

10°

i I i I I
0 5 10 15 20 5 30
SNR, (dB)

Hinh 9. BER cho hé thong da chang sir dung
phuwong phap BPSK.

DPé danh gia tot hon ty & BER cuia mot
hé théng 2 ching hop tac ta c6 thé ting gia tri
dé SNR ngudng. Nhu hinh 10, ta thiy néu do
loi tdng thi ty 1€ BER gidm theo va nhd hon
duong truyén thang. Piéu ndy ciing ching
minh réng dd loi c6 ich cho viéc phan tap.

4. KET LUAN

Nghién ctru ndy thao lun vé su can thiét
ctia mo hinh trién khai thay thé hodc céu tric
lién két sir dung mang khong dong nhit, cac

4
10

ky thuit tién tién duoc md ta [ can thiét dé
quan Iy va kiém soat sy can nhiéu va sy phan
phdi cac loi ich day du ctia mang nhu vay,
pham vi mé rong cho phép nhidu thiét bi dau
cudi duoc hudng loi truc tiép fr cac tram géc
cong sudt thap nhu ] pico, femto hay chuyén
tiep.

BER for dual hop with relaying of cooperative diversity

W i i i

SNR, (dB)

Hinh 10. BER cua hé {héng 2 chang voiky
thudt chuyén tiép AF.

LOI CAM ON

_ Chung t61 xin chan thanh cam on quy
thay c6 trong b0 moén Maday tinh — Vien
Thong, Khoa DPién — Di¢n Tu, truong Pai
hoc Su pham K¥ thuat TP.HCM da c6 nhirng
chia s¢ va dong gop trong qua trinh vict
nghién ctru nay.
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