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MOT THUAT TOAN LAP LICH BIEU DE PIEU KHIEN CAC GIAO TAC
THEO MO HINH POC VA bOC-GHI

NGUYEN XUAN HUY, TRINH MY BINH

Abstract. The article proposes a method of scheduling for controlling transactions accessing databases
concurently in read-and-write model. This schedule is serializable, that it is equivalent to a seri of all
given transactions.

1. MOT SO KHAI NIEM CHUNG

1.1. DPinh nghia m6 hinh

M6 hinh doc va doc—ghi (read and read-and-write [1,2]) 13 mé hinh trong d6 m3i don vi dir liéu
(DVDL) cia co s& dir liéu (CSDL) c¢6 thé dwoc céc giao tac chiém gii bdi hai dang khéa sau:

- Khéa doc (R): Khi mét giao tac 1dy dwoc khéa R cda DVDL A, né chi dwoe phép doc gid tri
cda A. Diy 14 khéa & ché d6 dung chung, nghia 13 cho phép nhi€u giao tic cling chi€m giir khéa R
cda mét DVDL tai ciing mét thoi diém. Biéu dién T : R(A) cho bi€t tai thoi di€ém quan sit giao tac
T xin doc DVDL A.

- Khéa doc—ghi (W): Khi mét giao tac 18y duoc khéa W cia DPVDL A, né duoc phép doc va ghi
gid tri vao A. Day 14 khéa & ché do dung riéng, nghia 1a cho phép mét giao téc cung chi€ém giir khéa
W cia mét DVDL khi DPVDL d6 khéng bi khéa béi mét giao tic nao khéc. Biéu dién T : W(A) cho
biét tai thoi di€m quan sit giao tic T xin chiém giit PVDL A d€ thuc hién giao tidc doc—ghi.

Tir dinh nghia trén ta thiy ring, hé thdng cé thé cho phép nhiéu giao tic cing chi doc mét
DVDL. Nhung dé€ mét giao tdc c6 thé doc—ghi vaio DVDL nao d6 thi tai thoi di€m dé6 DVDL phii
khong bi giao tdc ndo khic chi€m giit khéa.

1.2. Lich bi€u va tinh khd tuin tu cda lich biéu

M&t k¥ thuit co ban dung dé diéu khi€n dong thoi mot tip giao tdc clung truy nhip CSDL 1
xiy dung mdt lich bié'u (schedule). Theo thé tu dé, cdc bwédc co ban cia cic giao tidc duoc thuc
hién. Céc thao tdc cda mét giao tidc bit ky phdi xudt hién trong lich bi€u theo ding thé tw ma
chiing xu#t hién trong giao tdc. Mot lich bi€u S dwoc goi 1a khd tudn ty (serializable) néu tic dong
cudi cing cda né lén CSDL twong dwong véi mot lich bi€u tudn tu cda cic giao tac (1 lich bidu
duoc 1ap bing cach cho thuc hién lin lwot va tron ven theo thi tu nao dé tirng giao tdc mét) [1,2].

1.3. Ki€m tra tinh khd tuin tu cda lich biéu

B% 14p lich bi€u phdi ddm bdo moi lich bi€u dwoc 13p ra khd tuin tu. Do viy, cin ¢ mét phép
kiém tra don gidn v& tinh khi tuln tw cda lich bi€u. Phwong phip truyén théng dwoc mé t3 mét
céch hinh théc trong thuit todn sau [1].
Thuit toan 1. Kié'm tra tinh khd tudn ty cda mét lich bié'u.

Vio: Mét lich bi€u S cda mét tip cac giao tic T1,Tn, ..., T,.

Ra: Xic dinh xem S cé khd tuin tu khéng, néu cé dwa ra thir tw tuyén tinh cia cac giao tic
twong duwong v61 S.

Phwong phdp:
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Buédc 1. Tao mdt do thi dinh huwéng G (goi 1a d5 thi doi) c6 tip dinh 13 tip céc giao tdc. Cic
cung cda dd thi G dwoc xay dung nhw sau:

1. Néu c6 thao tdc dang T; : R(A) trong S thi tim xem gi4 tri cda A hién tai do giao tdc T} ndo
dé da ghi. Néu c6 va T; # Ty, vé mdt cung tir T; dén Tj.

2. Né&u c6 thao tdc dang T; : W(A) trong S thi tim xem nhitng giao tac T; nao di doc hoic ghi
gid tri hién tai cia A. Néu c6, thi véi méi trudng hop T;(T; # T;) vé mdt cung tir T; dén Tj.

Y nghia cda cung tir T} dén T; 1a giao tdc T; ding truéc giao tdc T, trong thi tuw tuyén tinh
twong dwong cda lich bi€u S.

Buéc 2. Ki€m tra d6 thi G, néu G c6 chu trinh thi lich bi€u S khéng khi tulin tw, ngwoc lai
S 1 kh3 tuln tu va tht tu topo sinh trong thi tuc sé chinh 13 tht tw tuyén tinh cho cic giao tic.
Thi tu trudc sau cda céc giao tdc dugce x4c dinh qua cung cda d5 thi G, cu thé 1A giao tic T; dwoc
xem la ding truwée giao tdc T, néu trong G cé cung tir T; dén T;. Thi tw nay luén xic dinh dwgc
bdi thuit toin sip topo.

1.4. Muc dich bai bdo

Trong (1] chi trinh bay cdc thudt todn ki€m tra tinh khd tuin tw cia mot lich va chérng minh
rang mot lich 14p trén cic giao tdc hai pha thi ludn khd tulin tu. Do tinh phirc tap cda viéc lap lich,
trong thuc tién, hiu hét cdc hé thong diéu khién truy nhip dong thoi déu yéu ciu céc giao téc phdi
duoc viét duéi dang hai pha. Mot giao tac duwoc goi la hai pha néu trong giao tdc dé moi thao tac
18y khéa dwoc d8t trwédc moi giao tdc gidi phéng khéa. Muc dich cida bai bdo I1a trinh bay mét thuit
todn cho phép xiy dung lich bi€u khd tuin tw cda mot tip cdc giao tdc bat ky. V@ thwe chit, thuit
todn lap lich trinh bay trong bai niy tip trung vio viéc duy tri bit bién “kha tuin tu” cho lich bi€u
déng ttrc 13 lich biéu dwoc bd sung din din tirng thao tdc theo tién dé cda thuit todn. Cu thé 13,
mét thao tdc cia mdt giao tic nao d6 sé dwoc dwa vio lich bi€u néu thao tdc dé6 khong 1am mét tinh
khd tuin tu cda lich biéu.

2. NOI DUNG THUAT TOAN LLBII
2.1. D:;t_vz;in de

Cho Ty, T5, ..., T, 14 cic giao tac theo mé hinh chi doc va doc-ghi. Yéu cau dit ra la thiét ké
mét thudt todn xiy dung lich bi€u S kha tuin tu dé thuc hién dong thoi cdc giao tdc trén.

2.2. Tu tudng cda thuat todn

Thuit todn duwoc xiy dung trén co s& duyét Iin lwot cac giao tdc. Mdi lin chon mét thao téc
tir giao tdc hién hanh d& xem xét c6 thé bd sung thao tdc dé vao lich S hién hanh hay khéng. Thao
tdc dang xét c6 thé bd sung vao lich S hién hanh néu né khong tao thanh mot chu trinh trong d6 thi
G dwoc 14p theo thuit toan 1. Nhu viy dieu quan trong 13 t8 chtrc mét thd tuc hiéu qud dé€ ki€m
tra chu trinh trong cda db thi G. Diéu niy twong dwong véi viée t8 chirc sao cho ¢é thé két ludn
nhanh chéng xem liéu mdt thao tdc nao dé dwoc bd sung vao S c¢6 ldam mit tinh khd tuin tu cda
S tai thoi di€m nay hay khéng. Digu quan trong thd hai 13 x4c dinh hanh vi cda thuit todn trong
trudng hop thao tic dang xét khéng thé b8 sung vdo lich hién hanh. Truong hop ndy doi héi mdt
thd tuc stra lich nhanh. Giao tdc giy ra chu trinh sé dwoc dwa ra khéi lich S va trd vé hang doi dé
sip xép lai.

2.3. Mot s8 quy uée

D¢ tién trinh bay, ching ta xét mdt s3 khai niém. Gid st ta cin 1dp mét lich khd tudn tuw S cho
n giao tac Ty, Ty, ..., T, trong mé hinh chi doc va doc—ghi.

Dinh nghia 1. Ta ki hiéu S* 1a trang théi cda lich S sau khi k&t nap ¢ 4hao tdc theo ti€n dd cia
thudt todn.
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Dinh nghia 2. Ma trin ddc trung cda lich bi€u S 13 ma trdn vudng M cip n dwgce khéi tri va cip
nhét tai mdi thoi di€ém hoat dong cda thut toin nhw sau.
Khé1i tri: Moi phin td cda M dwogc gén tri 0.
M3i khi b8 sung mét thao téc vao lich bi€u S ta xic dinh trat tw trwéc sau cic giao tic va gén
M(i,5) = 1 néu T; ding truwéce Ty,
M{(z,7) = 0 trong cac trudng hop con lai.
Ky hiéu z 13 mét dong (cdt) cda ma trin M. Biéu thi z duwéi dang
2 = (24 yZuy iz Zaly
trong d6 moi 2; chi c¢é gid tri 0 hodc 1.

Dinh 1y sau diy cho thiy ¥ nghia cia ma trin dic trung.

Dinh 1y 1. Tai méi thot di€m zdy dung lich S, d6 thi cda S ld phi chu trinh khi vd chi khi moi
phdn tid trén dwong chéo chinh cia ma trgn M bdng 0.
Ching minh ,

Diéu kién dd: Gid si M thda man diéu kién M(z,5) = 0,7 = 1,...,n. Ta sé chira 13 45 thi cda
S 1a phi chu trinh. That vay, gid st dd thi cé chu trinh, khi 46 s& ton tai hai giao tic k vi z tao
thanh chu trinh k > ... > z > ... > k (quan hé z > y c6 ngir nghia 14 giao tic z phdi dirng truéc giao
tdc y trong d6 thi cda S). Theo dinh nghia cda M sé c6 M(k, k) = 1, diéu ndy trai véi gid thiét.
V3iy d6 thi cda S 14 phi chu trinh.

Diéu kién cdn: Gid st do thi cda S 13 phi chu trinh, ching ta phdi chira cac phan ti trén dwomg
chéo chinh cda ma trin M b&ng 0. Ditu nay I3 hién nhién vi trong d5 thi khéng tén tai chu trinh
P> >0 (Vi=1,..,n). ,

Pinh nghia 3. Cho hai danh sich ¢6 n phan ti& c6 gid tri 0 hodc 1 1a z = (z1, z2,...,z,) Vi
y = (Y1,Y2,---,Yn). Phép hop nhat hai danh sich z va y, cho két qud 1a mot danh sich z gém n phin
th 2 = (21, 22, ..., 2n ), trong d6 z; = z; Vy; v V 12 phép todn hoi cda dai s6 Bool. Ching ta dung ky
hiéu z = z V y d€ bi€u dién phép hop nhat hai danh sach z va y.

Tir Pinh nghia 3, ching ta c6 khii niém phép hop nhdt n danh sdch z',z2,...,z" nhu sau
'vz?v..vat = (gt vz vl v

Ngoai ra chiing ta st dung mét s6 ky hiéu sau:

Ar: tap cac giao tdc di doc gid tri hién tai cda DVDL A.

Aw: giao tac di doc—ghi gi4 tri hién tai cda DVDL A. Tri Aw dwoc thay ddi sau mdi Ian thao
tac T : W(A), dwogc chidp nhin xép vio lich S, cu thé Aw s& mang gid tri T.

2.4. Thuéat todn lap lich biéu LLBII

Vao: Mot tap céc glao tde T =T, T3, ..., Th.

Ra: Mét lich bi€u khd tuin ty S cda T.

Thuit toan xiy dung lich bi€u dwgc ti€n hanh theo cic buéc sau:

Buwéc 1. Khéi déng:

S 12 danh sich réng S = ().

M 13 ma tran djc trung cip n X n, M(3,7) =0 (Vi=1,..,n, 7 =1,...n).

P&i vé6i mbi DVDL A khéi tri Ar = {} va gid tri Aw = null. Chi y Ar 1 mét tip trong khi dé
Aw 13 mot gid tri don. '

Budgc 2. Chon thao tac:

L4y thao tic t diu tién con lai cda mét giao tac T; bat ky. C6 cic khd ning sau:

(1) Néu ¢ 1 thao tac R(A):

(1.1) Néu Aw = null hojc Aw = T; thi thao tdc duwgc chip nhén.
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(1.2) Néu Aw = Ty va T # T: c6 nghia 1A T; bdt budc phdi di sau Ty trong d5 thi doi, do d6
né phdi di sau tit cd cac giao tic di truéc Ty va théng tin veé céc giao tdc d6 dwoc thé hién trong
cot thir k cda ma trdn M. Tinh z = ¢* v c* (véi ¢ 13 cOt thir ¢ cda M va c* 1a ot thi k cda M),
néu z; = 0 thi thao tdc dwgc chdp nhin va cic phin t& cda cdt 1 duwgc thay bdi céc gid tri twong
trng cda 2’ tao tir z theo nguyén tic sau:

2, =1véij=k,

z; = 2z; v6i 7 # k,
dong thoi cho Ar = Ar U {Ti}. Trong trudng hop nguwoc lai toan b cic thao tic cia Ti (ho¥c Tk)
da x€p trong S sé phdi dwoc hiy bd dé khéi dong lai va céc phin ti trén hang va ¢dt 7 (hodc k) cda
M duogc gan bing 0.

(2) Néu t 1a thao tac W(A):

(2.1) Néu tap Ar U {Aw} = {} thi ¢t dwoc chip nhin.

(2.2) Ngwoc lai, véi méi cdt ¢k, ck2 .. c** timg véi cdc giao tdc thude tip Ar U {Aw} ma khéc
v6i Ty, tinh 2z = ckrvickz v v ckr vet. Néu z; = 0 thi thao tdc dwoc chdp nhin vA cic phin td cda
cdt ¢t dwoc thay bdi cdc gid tri twong dng cda 2’ dwoc tao tir z theo nguyén tic: '

!

z;

' 2} = z; trong céc truong hop con lai,

dong thoi gdn Aw = T; va Ar = { }. Trong trudomg hop nguoc lai todn bd cac thao tic cia giao tic

T; (hodc nhirng thao tac trong céc giao téc Ty,,Tk,, ..., Ik, ma lam cho z; = 1) di xép trong S sé

phdi dugc hidy bé dé khéi dong lai va cic phin ti trén hing va cdt cda ma trin M twong Gng véi
giao tdc nay dwoc gan vé 0.

Buéc 8. Tiép tuc:

Lip lai buéc 2 cho t41 khi toan bd cic thao tic da dwoc xép.

Budc 4. Két thic:

Danh sdch tht tw thuc hién cda S chinh 14 lich bi€u kha tuin tu.

Theo thuidt todn & buéc 2, néu giao tdc T; dwoc hiy bd va bt dau lai, c6 khd ning thuit todn
sé khong két thic. D& tranh truong hop niy, ching ta c6 thé dan xép viéc lwa chon thao thic diu
tién cia mdt trong cac giao tac theo nguyén tic nio dé nhw 1a chi bit diu lai giao tdc di bi hiy bd
khi cac giao tdc ma truc ti€p lam cho né bi hdy bd da két thiic hodc theo nguyén tic sé loai bd hin
thao tdc sau khi cho phép né khéi déng lai mét s Ian nhat dinh. Néu khéng hidy bd 7; ma hiy bd
nhing thao tdc khac cé lién quan dén khd ning lam mat tinh khad tudn tu cda S thi thuit toan sé
lu6n két thic. Trong trudng hop giao tac T ¢é nhitu dung dd dir litu véi cic giao tac khac thi lua
chon ndy sé khong t6t vi cé nhieu giao tdc phdi hiy bd trong khi dé chi cin hiy bd Tj.

=1 véi y la mét trong céc gid tri ky, ko, ..., kn,

Tinh ding ddn cda thuit toin trén dwoc chi ra bédi ménh dé sau:

Ménh dé 1. Thudt todn LLBII la ding ddn, nghia ld luén lip dwoc mét lich biéu S khd tuin tw tu
cdc giao tdc Ty, Tp,..., T, (véin>1).

Chitng minh. Khi thuit todn két thdc, ro rang 1a cdc phin t& trén duwdng chéo chinh cda ma tran
M déu bing 0 (M(z,2) = 0V:i = 1,...,n). Theo Pinh ly 1, néu M 1i ma tran dic trung cda S ta
c6 thé suy ra S 1 kha tuin tw. Ta sé chitng minh ring, khi thuit toin két thic, ma trin M ding
12 ma tran dic trung cda lich bi€u S thu dwoc. Muén viy ta cin chi ra ring khi lich bi€u chuyén
tlr trang thai S® sang trang thai S®t! thi-di liéu trong ma tran M dwoc cip nhit lai theo budc 2
1a ding. Thuc viy, khi thao tac t duwoc chdp nhin dwa vao lich, néu roi vao trudmg hop (1.1) thi
trong do thi cia S®t!, T; khéng bat budc phai di sau bat cir giao tdc ndo, do viy trang thai cda M
khéng thay ddi khi b8 sung thém thao tic nay. Trong trwomng hop (1.2), do DPVDL A duwoc ghi bédi
Ty nao dé, do vay Tk phdi ding truéc T; trong do thi cda S*T! dwong nhién nhirng giao tac ding
truéc T trong dd thi cing sé dirng truwéc T;. Con trong trudng hop (2.1), do chwa cé giao tdc nio
tdc dong lén DVDL A nén khéng cé rang budc thém veé viéc Ty bat budc di sau giao tac ndo, do vay
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ma trin M khéng thay d8i khi b8 sung thao tic ndy. Trong trwdmng hop (2.2), do thao tic cda T}

ghi vao DVDL A da dwogc doc hay doc-ghi bdi mét s8 giao tdc ndo d6 khic T}, nén T; budc phdi di

sau cdc giao tdc ndy va cd nhirng giao téc di truéc cic giao tdc ndy. Nhu vy cich lam & buéc 2 d€

tao ra gid tri méi cho ma tran M khi b8 sung thao tic ¢ 13 déng d4n. O
Ching ta xét vi du sau: ]

Vi du. Gid si céc giao tdc Ty, T3, T3, T4 nhu sau:

Ty : R(A), R(C); Tz : R(A), R(B); Ts:W(A), W(B); Ty: R(B), W(A).

Chiing ta c6 thé lua chon thao tic diu tién cda cdc giao téc theo phwong phéap Iin lwot tir
Ty, Tz, T3, Ty, Ti... Céc bwéc thuc hién dwoc thé hién trong bing 1.

Bdng 1. Gi4 tri cla ma trin M duwoc xiy dung theo cic buéc

TT | Chon thao S M Tap doc Tap ghi
tdc ~ (Xr) (Xw)
0 olofo|o]|a-
0]0]0]|O
o|ofo]|o|B:
0OFO0O | 0| O
1| Ty R(A) | Ty : R(A) Khong d8i | A: T, Khong d8i
S B:
2 | T,: R(A) | T1: R(A); T : R(A) Khong d8i A: Ty, T, | Khéng d3i
B:
3 | T5:W(A) | Ty : R(A); Tz : R(A) 0|0 |10/ A A: T
T5 : W(A) 0|0|1|0]B: B:
0 0|00
0Ot010 0
4 | Ty: R(B) | Ty : R(A); T : R(A) Khong ddi A: Khéng dsi
Ts : W(A); Ty : R(B) B: {T4}
5 | T,:W(B) | Ty:R(A); T:R(A) |0 |0 ]|1]0]|A A:Ts
T5:W(A); Ty :R(B) |0 |0 | 1|0 | B: BTy
T, : W(B) 0j0|0]|O
1 010 0
6 T, : R(B) | Ty : R(A); Tz : R(A) 0|1 |1!0] A: Khéng d8i
T :W(A); T¢:R(B) |0 |0 | 1|0 |B:T;
T, :W(B);T:R(B) |0 |0 |0]|O
1 1 0 0
7 | Ts:W(B) | Ty : R(A); T> : R(A) 0|1 |1]01]A A: Ty
T5:W(A); Ty, :R(B) |0 |0 |1]|0 B B:T;
Ty : W(B) 1l1]1]o0
8 | T, :W(A) | Ty : R(A); T : R(A) 0O|l1]1(0|A A: Ty
Ty, :W(A), T,:W(B) |0 |0 |1]|0|B B: T,
T,:R(B); Ts:W(B) | 0| 0|0 |0
Tybiloaibd vixung | 0 | O | O | O
dot véi T
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9 | Ty: R(B) | Ty : R(A); T2 : R(A) 0|1|1|0]A: Khéng d8i
Ts :W(A); Ty, :W(B) | 0 |0 | 1|0 |B:{Ty}
T,:R(B);Ts:W(B) |0 |0 |0 |1
Ty : R(B) olololo

10 | Ty : W(A) | T1 : R(A); T» : R(A) O|1|1]0 A: Ty
Ts :W(A); T;:W(B) | 0|0 |1]0 B:T;

T, :R(B);Ts:W(B) |0 | 0|0 |1
T, :R(B); T,:W(A) |0 |0 | 0|0

Khi lich biéu & trang thai S7, thao tac Ty : W(A) dwoc xét. Vi Aw = Ts va Ar = {} nén T}
phdi démg sau T3 do d6 z = ¢* v ¢® = (1, 1, 0, 1) va nhu vay giao tdc Ty cin phdi duwgc hdy bd va
bit diu lai. Ti€p tuc qud trinh theo thuat toan, lich bi€u S thu dwoc nhw sau:

{T\ : R(A); T2 : R(A); T3 : W(A); T, : W(B); T : R(B); Tz : W(B); Ty : R(B); Ta : W(A)}

4. DANH GIA DO PHUC TAP CUA THUAT TOAN

Ménh dé 2. Trong trwong hop zdu nhdt thudt todn LLBII dot hdi thot gian a.k.n?. Trong d6 k la
tong s6 cdc thao tdc cda cdc giao tdc tham gia zép lich vd a ld s6 lin t6t da hé thdng cho phép mét
giao téc dwoc khdv dong lav (gid tri cda a ld tuy chon).

Chitng minh. D€ danh gid d§ phic tap cda thuit tosn (ky hiéu 14 DPT), ching ta xem xét dé phirc
tap cda thudt todn & buéc 2 (ky hiéu 1a DPPTb2). Xét hai trudmng hop nhu sau:

Truong hop 1: Thao tic cin xét dwa vao lich bi€u 13 thao tac T; : R(A). Khi dé néu Aw = null
thi khéng phdi 1am gi. Néu Aw = T}, phdi tinh z = ¢* vV ¢/, do viy: DPTb2 = O(n).

Truéng hop 2: Thao tic cin xét dwa vio lich bidu 13 thao tic T} : R(A). Trong trudng hop
xiu nhit tip Ar U {Aw} cé n — 1 giao téc con lai vi ching ta phditinh z =c' V2 Vv..Vvc", do vay
DPTb2 = O(n?).

Nhvw viy trong trudmg hop xdu nhiat DPT = a.k.n?. Trong d6 k= >_h; véii =1,...,n,a 12 s8
t8i da hé thdng cho phép giao tic dwoc khéi dong lai. '

Gid tri cda a 1 tuy chon. Viéc lwa chon a phu thudc vao mirc do yéu ciu vé thoi gian xép lich,
s3 giao tac cing xdy ra dong thoi trung binh va khd ning dung do dir liéu cda cic giao tdc. Trong
trudng hop cé cic giao tac nio d6 di khéi dong lai a Iin mai vin chwa x€p duwoc, thudt todn cé thé
xép lan lwot cac giao tac dé vao phia.cudi cda lich S.

Nhén xét: Qua dénh gid dd phirc tap tinh todn, ching ta nhan thiy thuit todn don gidn, doi hdi
vé bd nhé khong 16m (ngoai trir cic viing dé lwu gii cic giao tdc va lich bi€u dwoc 1ap cin phii st
dung thém s8 lwong bé nhé nhw sau: néu n 13 s8 1 byte, ddi véi mdi don vi dir liéu cin n byte cho
Ar va 1 byte cho Aw. P& lwu giit ma trdn M cin n X n byte). D phic tap tinh todn phu thudc
bac 2 vao s8 cic giao tdc va bic nhit vio tdng s3 céc thao tdc cda cic giao tdc. Thuit todn sé hoat
ddng t8t trong trwdmg hop cic thao tic doc dir liéu chi€m wu thé.

TAI LIEU THAM KHAO

[1] Ceri S., Pelagatti G., Distributed Databases Principles and Systems, Mc Graw-Hill, 1984.
(2] Ullman J., Principles of Database and Knowledge-Base System, Vol. 1, Prentice-Hall, 1987.

Nhdn bar ngay 1-9-1999
Nhin lai sau khi sta ngday 4-10-1999
Vién Cong nghé thong tin



