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vE MOT THUAT TOAN CHAT KHUC CHUOI
THOT GIAN THANH CAC POAN TU HOI QUY AR(p)

NGUYEN HO QUYNH, NGUYEN TRUNG HOA

Abstract. The problem of segmentationing time series is treated. The segments are
considered as autoregressive models. The segmentation is based in the differency of the
partiel autocorrelative function. A numeral result by Monte-Carlo simulation has been
proposed in order to interprete the efficiency of the algorithm.

I1- DAT VAN DE

M6t chudi thoi gian {z;|t € N} 12 mot day cdc s6 thuc phu thudc tham s
thoi gian roi rac t. Co ché cdm sinh ra mét chudi thei gian thudng rdt phire tap.
Véi nhitng quan di€ém khéc nhau ngudi ta ¢6 thé dit twong &ng moéi chudi thoi
gian v&i mét mé hinh théng ké nao d6, hodc cling c¢6 thé gdn mbi doan cda chubi
v&éi mot mé hinh. Diéu dé ¢6 nghia 1a: véi mot chudi thoi gian giai doan nay duoc
ddt twong ing v&i mo hinh nay, giai doan dugc dét twong tng véi mé hinh khac.
Viéc tach doan nhw vay duwoc goi 1a chdt khic chudi thoi gian (segmentation of
time series).

Mot s6 phuong phép chit khic chudi thoi gian nhu gdn nhan cho cdc quan
sat cda Staley Sclove [9], do tim bién cda tirng khidc cda Urich Appel va Achim
Brandt (2], Michal Basseville va Albert Benvennist [3] da duoc st dung. Tuy
nhién cdc phwong phép da néu déu phdi st dung s6 cdc quan sat lén va thuong
rat phitc tap.

Bai nay dé xuit mot phwong phédp chit khtc chudi thei gian bang cdch do
tim bién déng th&i véi viée wéce lwong cdc tham s6 cida né théng qua ham tu
twong quan riéng cda mbi khdc, ma méi ham tu twong quan riéng dy dic trung
cho mo6t mé hinh ty hdi quy, nghia 1a tich toan b6é chudi da cho thanh mot s6
doan tudn theo cidc md hinh ty héi quy khéc nhau.

II- CO SO CUA THUAT TOAN

1. M6 hinh ty hoi quy va cic ty twong quan riéng

Ta néi rdng {z¢|t € Z} 12 mét qud trinh gauss, dirng cdp hai, quy tdm, nghia
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13 {z:|t € Z} 12 mdt ho céc bién ngiu nhién thuc, roi rac, xdc dinh trén mét
khong gian xac sudt ({1, A, P) thda man:

E(z:) =0, E(z}) =0 < oo, E(z:z5) = Ais, (1)

trong d6: E(.) 1a todn ti&r 1dy ky vong;
te€Z, s€Z (Zlatip hop cic s6 nguyén).

Ta ciing néi ring {z;/t € Z} 12 mot qua trinh khéng ky di néu khong gian
con M sinh béi tap {z:|t € Z} cla khéng gian L2((1, 4, P) cé s6 chiéu v han.
Dinh nghia 1. Gid st {z:|t € Z} 13 mdt qué trinh gauss, khéng ky di, dirng cdp
hai, quy tam c6é phwong sai o va tu hiép phuong sai gitra z; va s 1a A;_;. Ta goi
tu tuong quan riéng cdp k gitta z; v T4k trong tap {z:, 441, ..., Tt4k}, k¥ hidu
la B(k), 1a s8 thyc thda man hé thitc truy hoi sau: »

02(0) = o? (2a)

Vé&i moéin > 0:

- o*(n) =[1-B*(n )]0 (n 1) 2¢
, b(n, n) =-B(n) (2d
oo bn,k)=bn—1,k)—bn)b(n—1,n—k)v6i1<k<n-1 (2e)

Ham f(k) véi k € Z dugc goi 1a ham tv twong quan riéng cia qud trinh {z:|t € Z}.

Dinh nghia 2. Mét qud trinh {z4|t € Z} duwoc goi 1a qud trinh ty hoi quy cdp p
(p € N*) ky hiéu z; ~ AR(p), néu z; thoa man phwong trinh:

p
€ = Z a;izi—; (t€Z) (3a)
i=0

trong d6: €; 13 on trdng, nghia 13

E(e;) =0; E(2) =0% < 00; E(ere,) =0, véit#s (3b)

a=1; ay#0 (3¢)
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Vé&i dinh nghia trén c6 thé nhan thiy ring qud trinh tw héi quy 1 mét qua
trinh dirng, quy tam c6 phuong sai hiru han

bit ¢*(z) = Z a; z* thi ®* dwoc goi 13 da thite tu hoz quy tuong dng véi
=0

qué trinh tu héi quy {z¢|t € Z}. Néu qud trinh da cho 13 khéng ky di thi da thdc
trr hdi quy twong @ng cé t&t cd cic nghiém ndm ngoai dudng tron don vi U [4],
va theo [10] n€u mdt qud trinh {z:|t € Z} ding, khéng k¥ di thda min phuong
p .
trinh (3a) sao cho ®* = E a; z' c¢6 tit cd cic nghiém ndm ngoai dwong tron don
1=0
vi U thi € 13 6n trng, nghia 1a {z:|t € Z} 13 mdt qué trinh ty hdi quy cdp p, hon
nura €; khoéng twong quan véi ri_q, Ti—2,.

Méi qué trinh tu hdi quy dwoc dic trtrng bédi ham tu twong quan riéng cda
né. Pidu dé dugc khiang dinh bdi Dégerine [10].

Ménh dé 1. Qud trinh ding {z:|t € Z} la tv hot quy cdp p khi va ch? khi cd tu

tuong quan riéng cia nd thda mdan cde diéu kién: -
0<|B(n)| <1 véi0<n<p (4a)

B(n) =0 véin>p (4b)

B(b) # 0 (4¢)

2. Chit khiic chudi thoi gian

Pinh nghia 3. Gid st {z:|t € Z} 13 mét chubi thoi gian dirng. Day bao gom m
quan sat lién ti€p {z;41, .., Tiym} (1 € N) dwoc goi 12 mdt khic ty héi quy cda
chubi da cho néu thda min céc diéu kién sau:

(i) {zi+1,-+» Titm} tudn theo mot quy mot md hinh tu hdi quy cip p nado
dé, nghia 1a ton tai ao, ay,..., ap (a0 =1, a, # 0) sao cho ¢ = i ar Ti—x la on

v k=0

tring.

(ii) Céc tap {zi,..., Titm va {Tit1,..-; Titm+1} khong nghiém dang phuong
trinh trén.

Tip1 VA Tiym dugc goi [An lugt la cdn dudt va cdn trén €da khic da cho.

Theo ménh d& 1 cé twong tng mdt mot gitra tip cdc qua trinh tu hdi quy cip
p va tdp cdc ham ((.) thda min cic diéu kién (4a), (4b), (4c) cia ménh dé 1. Néi
cach khéc, hai chudi thoi gian 13 cdc thé hién cda cing mét qué trinh tw hdi quy
khi va chi khi c4dc ham tu twong quang riéng cia ching tring nhau.

Tuy nhién, cac quan sit z; 1 ngiu nhién, nén B(.) (sé€ duoc x4c dinh theo cic
quan sit z;) ciing 1a ngiu nhién. Vi vdy dé€ lam co s& cho thuit toan chit khic
ta thira nhin gid thiét sau:
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Ta cé thé xem hai chudi th&i gian {z:|t € N}, {y|t € N} khéng tuin theo
cing mét md hinh tu hdi quy cip p ndo dé néu nhu céc tu twong quan riéng cda
mé hinh ndy khéng thudc khodng tin ciy cda tu twong quan riéng cing cip cia
mé hinh kia. Hay néi mét cach khdc, chudi {y:|t € N} c¢é thé xem nhu khéng
tuidn theo mé hinh ty hdi quy cdp p twong tng véi chudi {z;|t € N} néu trong
s6 céc tu twong quan riéng cda chudi {y;|t € N} cé it nhit mét trong quan riéng
cdp k, ching han f,(k) khong thuéc khodng tin ciy 8_(k), B, (k)] cla su twong
quan riéng f, (k) cda chudi {z;t € N}.

Vé&i mot chudi hiru han cdc quan sat {z]t € {1, 2, ..., m}} cho truéec, ta sé wéc
lrong ham tu twong quang riéng cda doan dau tién bao gdm mot sé it nhdt (c6
thé dugc) cic quan sdt lién ti€p 1, z2,..., Tm,. Thém quan sit T,, 41 tiép tuc
uéc lwgng ham tu twong quan riéng cia doan vira b sung. Néu ham nay thudc
khodng tin cdy cia ham kia thi gid thuyét {z,, z2,..4 ZTm,+1} va {1, T2, ..s Ty }
ctng thuéc mét mé hinh ty hoi quy duwge chdp nhin, nguogc lai, z,,, duoc xem 13
can trén cda khic dau tién.

Gid st B(k) 1a ty twong quan riéng cidp k cda chudi cdc quan sat {z;|t €
{1, 2,..., m}} (s€ duogc xdc dinh bdi thi tuc MLE(z, m, n, §)). Néu st dung
bién d8i Fisher, dit a(k) = %ln%—gi(% thi theo [10], [11], a(k) cé phan phdi chu&n
véi phuong sai 0, = ——-—, ta c6 thé x4c dinh duogc khodng tin cdy [a(k), a(k))
cda a(k). Khi dé khodng tin ciy cida S(k) 1a B(k), B(k)] dwoc xdc dinh bdi cic
cong thirc: “ "

-~ ' e2alk) 1 _ eZo(k) 1
Bk) = Zam 1 PR = Zmm (8)
- . Véi mét chudi thoi gian cho truée, ¢é nhidu phwong phip dé€ wéc lwong ham
tur twong quan’riéng cda né, ching han xem [5, 6, 8]... Tuy nhién ching t6i chon
phuong phap wéc lwgng hop Iy cuc dai lip cda cdc tic gid Pham Dinh Tuin, vi
phuong phdp nay cé hiéu qua trong trwong hop cé it quan sat.

3. Uéc lwrong hop 1y cue dai lip

Gid str {z¢|t € Z} 1a m6t qua trinh gauss thda man dinh nghia 2. Ta goi xich
cdp n cda qud trinh 13 day cdc vecto n chidu trong dé modi vecto 13 n quan sit
lién tiép (T = (zgr), :cgr), vy :cslr)) (re ).

Ham hop Iy loga dwa vdo M phin ti cia xich cdp n la:

L = —M/In(detmA) + tr(A™1S)]

trong dé: A 1a ma trin covariance cip n cla qua trinh va

M
1 r r r r r r
S = (SiJ') - M Z(Ig )’ :l:g )"“’ zr(z ))T (:cg )’ :Bg )’ ey xr('l.)) (5)

r=1
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N A . x
la ma tran convariance mau.

Néu dit R = A thi

L 1
L = —M]In(detmo®R) + ;tr(R_lS)]

Theo (8], viéc lam cyc dai L twong dwong véi cuc ti€u héa L* duéi day:

L* = In(detR) + nin(tr(R™'S)) (6a)
véi
In(detR) Z kln[1 — 8% (k)] (6b)
P
tr(R7'S) = ) aigija; =a"Qa (6¢)
1,7=0

trong dé: B(k) 13 tu twong quan riéng cap k, Q 13 ma trdn vudng cdp (p+ 1) thda
man: i

¢i; = qji = —qn—j,n—i (6d)
n—i—j
Gi; = Z Sktikt; VO 1+ <n (6e)
k=1

Vé&i day ¢6 m quan sat, thdng ké Q cé thé tinh duoc. D€ cuc ti€u héa L* ta cin
xdc dinh céc B(1), (2), ..., ﬂ( ). Phwong phip dé tim cédc B(.) sao cho L* dat
cuc tidu la phu’dng phép l&p lic, nghia 13 véi méi k thudc tip {1, 2, ..., p} ta xic
dinh cu ti€u cia L* theo A(k) trong khi giir nguyén cic (1) khéc. Qua trinh xéc
dinh cdc B(k) 46 duoc 13p di 18p lai cho dén khi dat dwoc sy hdi tu can thiét [8].
Trong thuit todn cda Staley Sclove phuwong phdp nay cung dwoc st dung dudi
tén goi la phuong phédp gidm du [8].
Ta ky hiéu thd tuc wéc lwgng hop Iy cyc dai vira néu trén la M LE(z, m, n, )
trong doé: -
z 13 chudi cdc quan sat lién tiép, '
m 12 s6 cac quan sét,
n 1a cdp cia xich,
B(.) 1a cic ty twong quan riéng cda chudi .
Ma trin @, duoc tinh theo ma tridn S, twong tng vé6i M = m —n+1 phin ti
cda xich cdp n cla chudi ¢é m quan sit {z:|t € {1, 2,..., m}} s&€ dugc ky hiéu 13
Q(™). Néu ky hiéu phin tir tht r cda xich cip n cda chudi {z:t € {1, 2,..., m}}
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3z thi 20 = (2,41, Tryn), 7 =0, 1,..., M. Khi dé6 Q(™ dwoc tinh truc
ti€ép nhu sau:

Bodél. Véii>0,7>0,1+7<n, phin té qg-n) cia ma tran Q(™ trong céng
thite (6¢) tuong ing véi chudi {zi|t € {1, 2,..., m}} dvoc tinh bdi:

n—i—j m—n

. 1
- ql(;n) T m—n+1 Z Z Trtk+i Trtktj (7)
k=1 r=0

Chitng minh. Trong cdéng thirc (5) néu chon cdc vecto miu la cic phin tir lién

ti€p cda xich cdp n thi (:c("))T = (Lr41, Tri2y-00 Trin) (r=0,1,..., m —n+1).
Khi dé: . &
1 m-—n
Sk+tiSk+; = —n+—1 Z Trik+iTrik+y
do dé ta cé:
) n—i—j 1 m—n
(m) _ . .
94; = 1?—:1 m—-n+1 2_: Trik+i Trik+g
- = I I
—n + Z Z r+k+iLr+k+g

r=0

Il - THUAT TOAN VA KET QUA $O

1. Thuéat toan chit khic
Gid st can chit khiic chudi gobm D < oo quan sit {z¢t € {1, 2,..., D}}.

Buéc chuén bi:

Cho truéc cip p cia md hinh tu héi quy: p cé thé nhan duwoc théng qua céc
thong tin tién nghiém vé chudi th&i gian, hofc ¢6 thé nhin dwoc dang theo cic
phuong phdp dwgc dé cip trong [4], [7].... ,

Cho truéc cip n cla xich: Theo [10}, n phai thda man n > [3p].

Cho truéc di€m xuit phit mg, mo > n.

Budéc 1:
Uéc luong ham tu twong quan riéng ™) cia chudi {z;|{1, 2, ..., mo}} bdi
thd tuc MLE(z, mo,n, 8(mo)).

>ac
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Dat m =mo + 1.
Buadc 2:

Néu m < D thi thuc hién thi tuc MLE(z, m, n, (™), néu ngwoc lai thi
dirng.
Budc 3:

Néu vé&imoi k thude tip 1, 2, ..., p, 8™ (k) thudc khodng tin ciy cda (™1 (k)
thi tdng m va quay lai buéc 2. Néu ngugc lai thi m; = m — 1 13 cdn trén cda
khtic tw héi quy. -

Qua trinh duoc 1dp di 13p lai tir bude 1 (d8i véi moi chudi Tm, —nt15 Tm, —nt2,
...y Tp) Néu cin trén cda doan vira tim dwgc nhd hon D.

2. Két qui sé:

Trong thuit todn trén phai nhiéu lin thyc hién thd tuc MLE(z, m, n, 8) &
buéc 1 v buéc 2, trong dé ¢ sy tham gia cda ma tran Q(™) ¢ng véi doan gdm
m quan sat. Viéc tinh Q™) theo (6e) hodc theo B3 dé 1 tdn rit nhiéu thoi gian
(12 thot gian tinh chd yéu cia MLE(z, m, n, §)). Tuy nhién dé gidm déng ké s&
lrong cac phép tinh Q(™) ¢6 thé dwoc tinh truy hdi theo cong thic sau: =

Ménh dé 2. Gid st QU™ la ma trén trong (6¢) twong #ng véi chudi {zt €
{1, 2,..., m}} va QU*Y) ld ma trin twong ing cda chudi {z]t € {1, 2, ..., m+1}},
khi d6 vo1112>0,5>0,1+7 <n ta co:
n—i—jy
[(m —-n+ 1)‘1,(;”) + Z Tm—nt14k+i xm—n+1+k+j] (9)
k=1

() _ L
v m—n-+2

Chitng minh. Thit viy, thed BS dé 1, ta cé:

n—i—j m—n+1
(m+1) - 1
a;; = — z Z Trtk+i Trik+j
m-—n-+2
k=1 r=0
nén nhéin cd hai vé véi (m — n + 2) thi:

n—ti—j m—n-+1

(m—mn+ Z)QS?H) = Z Z Trdk4i Trdk+ts

3
vﬂ.‘

k=1 r=0
n—i—j m-—n
= ( E Tryk+iTrtkts + Tmn—ntl+k+i xm—n+1+k+j)
k=1 r=0
n—t—j m—-n n—t—jg

= Tytk+i Trvk+y + Z Trn—ntl+k+i Tm—n+1+k+y
k=1 r=0 k=1
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do d6 tir B6 dé 1 ta cé:

n—i—j
(m+1) _ (m)
i ={m—-n+ l)qij + Z ITm—n+i+k+i Tm—ntl+k+g
k=1

(m—n+2)q

chia cd hai vé cia ding thirc cudi cung cho (m — n + 2) ta c6 diéu phdi chirng
minh.

"i w 3 b) M . 2’ ’
Véi ménh dé trén ta chi cin phdi st dung khodng 2(n — ¢ — ) + 4 phép tinh

cong hodc nhan dé tinh q§m+l)

4 thay vi phdi st dung (fn — n + 2)(n — 7 — j) phép
tinh (theo (7)). Hi€n nhién & buéc diu tién khi tinh Q(°) vin phdi s dung céch
tinh truc tiép theo Bo dé 1.

Thudt todn vira néu trén da dugc chay trén mdy vi tinh PC/AT 486. Chuong
trinh dugc viét bing ngon ngir Pascal. Cac chubi dwa vio dé chit khic 13 cic
chudi dwoc ndi lién tiép bédi hai khtc tw hoi quy. Khiic diu gom 100 quan sit va
khiic sau gébm 50 quan sdt. Ching dugc tao nén bdi thuit todn méd phéng [1].
Vé&i cac bd hé s8 trr hdi quy ¢d dinh cho truéc, mdi chudi ghép duwoc mé phdng
nhiéu lan, méi lar: do tim vi tri cdn trén (m = 100) cda khic diu dong thoi véi
viéc wée lwgng hé s8 tu hdi quy cla né. Di€m xudt phat mgo (ndi & budc chuan
bi) d€ do tim cén trén cda khic ddu dugc chon ¢8 dinh 13 30.

MGi bang sau cho két qué cda viéc do tim cén trén cla khic diu qua 200 lin
mé phdng wéc lwong cdc hé s6 tu hdi quy cia khic ddu va do tim cin trén cda
mdt chudi ghép:

Bdng 1. Tin hiéu Narrow-band cap 2

ai a9 m

Gia tri cho truéec -1,124 0,312 100
Gié tri trung binh -1,064 0,292 96

’ ~ A F &)
Céc can trén cda khic diu qua moi lan 13p:

101 101 72 102 88 102 102 72 92 102 102 101 102 115 101
102 102 102 101 10t 102 101 102 108 50 101 54 102 102 81
101 101 101 102 101 102 102 102 101 91 102 101 102 81 101
108 67 102 57 101 102 101 102 102 102 101 101 61 101 102
83 101 101 101 101 101 87 102 101 61 102 102 102 101

102 102 102 101 101 101 90 102 101 61 102 102 102 101

101 101 74 102 102 102 101 62 101 101 102 102 71 102
102 73 102 102 101 115 102 56 102 102 80 102 92 101
102 102 101 102 102 102 102 102 102 102 102 88 102 101

48 115 101 101 57 101 68 101 102 102 102 108 101 77
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84 102 50 101 101 102 102 101 101 86 102 94 102
101 102 108 81 97 102 88. 101 101 115 102 53 101
102 102 91 102 102 53 102 102 96 96 102 43

Bdng 2. Tin hiéu Narrow-band cip 3

ai az as

Gia tri cho trwée  -0,771 -0,277 0,223
Gia tri trung binh -0,743 -0,204 0,163

A A X
Céc céan trén cia khiic ddu qua moi lan 13p:

102 51 8 102 107 109 107 101 83 102 109
99 109 89 93 107 66 109 107 48 109 109
101 109 107 102 102 107 107 99 109 101 103
109 107 93 109 101 102 51 109 109 107 86
109 62 102 87 101 107 102 101 102 107 50
109 109 102 60 107 109 101 109 87 109 109
102 70 88 107 109 101 102 78 109 107 107
107 86 107 102 109 109 107 107 109 107 109
109 101 109 109 66 107 96 102 107 91 109
107 107 107 51 107 88 101 83 102 103 77
98 107 103 107 107 107 109 107 109 109 97
101 101 107 63 109 109 101 107 99 104 109
91 109 101 100 103 77 109 104 107 109 109
109 109 101 107 81 109 63 44 107 109 98

¥

Bdng 3. Tin hiéu Narrow-band cap 5

a; as as ay

Gia tri cho truéc -0,636 -1,018 0,635 0,252
Gié tri trung binh -0,637 -0,916 0,572 0,227

2, A ~ ’ X
Céc can trén cda khic dau qua moi lan lip:

93 101 102 53 101 95 91 101 90 102 101
102 104 59 102 101 58 95 101 101 72 85
64 102 103 102 102 102 101 101 101 101 101
101 101 101 101 101 102 63 102 97 102 71

m

100
98

109
109

85
101
109

79
101

72
109
102
101

78
103
109

as

-0,154
-0,143
3

73
101
102
101

102
101

77 115

109

98
107

96
107

86
101
109
107

62
109
101
102
109

m

100
93

93
94
101
95

101
109 102
68 109
102 102
109
107
103
84
101
102
46
107
83
93

—

101 102
102 87
102 84
101 102
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L

102 83 74 101 101 101 101 101 71 101 101 74 83 101
101 101 101 57 85 53 101 101 101 102 96 101 102 102
87 101 102 58 77 101 101 101 102 102 102 101 102 102
101 101 102 47 101 102 102 77 96 70 101 101 89 101
101 101 101 101 77 101 101 101 69 100 102 64 101 96
92 85 84 95 52 101 100 101 61 102 102 102 104 82
101 102 102: 81 102 98 101 8 75 101 101 101 78 101
74 102 101 61 101 101 101 101 73 84 59 102 101 101
67 102 98 74 101 101 101 102 101 91 101 101 102 101

98 101 74 8 57 101 102 101 83 101 70 101 102 102

Bdng 4. Tin hiéu Wide-band cdp 5

K

ai a9 as ay4 ag m
Gi4 tri cho truéc 0,984 0,379 0,071 0,007 0,000 100
Gi4 tri trung binh 0,940 0,397 0,118 0,041 -0,008 100

Ve A A i X
Céc cin trén cda khic ddu qua moi lan lip:

109 109 109 105 105 109 106 92 109 109 109 105 109 106 71
103 105 65 103 109 109 101 107 109 109 59 109 106 105 107
109 83 109 106 105 105 47 91 109 109 109 78 72 106 59
90 106 106 94 87 105 101 50 109 109 107 103 103 106 109
89 107 90 109 69 105 105 109 106 106 109 55 84 109
107 106 101 88 109 103 102 103 109 105 106 109 76 109
103 109 103 105 109 107 106 67 54 109 105 109 107 106
105 69 ‘107 105 109 109 92 105 109 106 109 76 109 106
105 69 107 105 109 109 92 105 109 106 109 76 109 90
102 109 106 106 134 109 107 109 107 109 109 107 109 105
65 106 109 105 105 101 95 107 105 107 109 163 70 109
105 107 105 106 103 109 105 107 88 106 79 103 103 109
101 109 94 109 107 107 109 109 103 103 109 67 76 79
102 87 105 103 78 106 107 69 109 105 103 105 109 103
109 109 105 103 109 102 103 103 103 109 94 107 109 107

(phan t& dong ¢ cdt 5 13 két qud cd vong 18p thir ¢ + (5 — 1)* (tOng s6 dong)

So sinh céc gid tri cho trudc véi cac gia tri trung binh tinh dwgc cho thiay
thuit todn cé hiéu qud hon so véi céc chubi c6 da thic tw hoi quy cda né cé
nghiém ndm ngoai, gdn dudng tron don vi (tin hiéu Narrow-band).

Céc téc gid chdn thanh cdm on xemina todn Ung dung thudc lién trudng
DHTH Ha Néi, DHBK Ha Nbi da hd tro, ¢ vii va déng gbép nhiéu y kién d&€
chdng t6i ¢6 thé hoan thanh céng trinh nay.
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