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THUAT TOAN CAP NHAT LAN TRUYEN TRONG CO SO DU LIEU
NHIEU BAN SAO

NGUYEN DINH THUAN

Abstract. Applications that rely on replicated data have different requirements for how their data is
managed. Some applications may require that updates propagate amongst replicas with tight time con-
straints, whereas other applications may be able to tolerate longer propagation delays. Some applications
only require replicas to interoperate with a few centralized replicas for data synchronization purposes, while
other applications need communication between arbitrary replicas. This paper describes two approaches to
replicated data management. The first approach is based on the concept of aggressive replication by causal

message delivery, while the second approach uses the concept of history maintenance using log maintenance
techniques.

Tém tdt. Nhitng ing dung st dung di liéu nhiéu bdn sao cé nhitng yéu ciu khac nhau ddi véi cach qudn
ly dir liéu. C6 tng dung yéu ciu viéc cip nhat phdi thuc hién véi thoi gian rdt ngidn. Trong khi d6 lai ¢6
nhing dng dung cho phép cip nhat véi thoi gian 14u hon. Mot s8 tng dung lai chi ddi hdi cdp nhit trén
mot vai bdn sao véi muc dich ddng bd dir lidu, nhung mét s& ing dung khdc cin viée truyén tin gita céc
bdn sao nio dé. Bai bio mé td hai phwong phap qudn 1y di liéu nhigu bdn sao.

1. MO DAU

Trong cic ing dung c¢é st dung dir liéu nhidu bdn sao & cic vi tr{ trén mang tuy theo muc tiéu
ma ¢6 thé ¢é nhiéu cach quan ly khic nhau. Ching han, c6 &ng dung yéu ciu viéc cip nhit phdi
thuc hién véi thoi gian ngdn nhat, cling c6 wng dung cho phép viéc cip nhat véi thoi gian duge thue
hién lau hon. Nhiéu dng dung chi doi hdi thao tdc cip nhat trén mét vai bdn sao véi muc dich dong
b6 dir liéu, nhung c¢6 Wng dung cin phdi cip nhat trén mdt s6 lugng rat 16n cic bdn sao. Ngoii ra,
tuy theo su dung dé gitra cac dir liéu khi cip nhit ma cé cac ky thudt gidi quyét khdc nhau.

Dé ddm bdo tinh nhit quan cda dir liéu khi cap nhat, véi yéu ciu thoi gian khéng qua han hep,
chiing ta c6 thé dung nghi thic truyén giao 2 pha (2PC: Two-Phase Commit) hodc nghi thic truyén
giao 3 pha (3PC: Three-Phase Commit) [6]. Trong céc thudt todn nay, khi mdi vi trf trén mang cin
cip nhat thi gii cho tit cd cac vi tri khac trén mang, sau khi nhan duoc cdc théng tin tir cdc vi tri
niy thi néu tit cd déu ddng ¥ thi méi cip nhat, n&u c¢é it nhit 1 vi tri chuwa sin sing thi chwa cip
nhit. Thuit todn nay luén ddm bdo tinh nhat quin di liéu, tuy nhién sé gdp khé khin khi s8 bin
sao 1a kh4 1én hodc ¢6 dudng truyén xa hofc ¢6 mét vi tri ndo dé trong chiing 1a chwa sin sang.

D61 véi cach ti€p cin lan truyén di liéu, trong (2] cdc tdc gid dd dwa ra gidi phdp thi€t ké diéu
khién div liu tap trung. Trong [3] céc tdc gid cung cip gidi phdp qudn ly lan truyén cic E-mail.
Trong bai nay ching téi trinh bay va danh gid thuit todn cip nhét dir liéu nhidu ban sao bang cich
dung thoi nhan, goi 1a thuit todn cip nhat lan truyeén. Thuit todn nay rit c¢é hiéu qua khi s8 ban
sao cda di liéu rdt 1én va viéc cip nhit cin phai thuc hién trong théi gian ngin.

2. THUAT TOAN CAP NHAT LAN TRUYEN

2.1. Thuat todn 1

Tu tudng cia thuit toan ndy nhu sau: Gid st D 13 CSDL chia sé. Khi mét vi tri s can cép
nhit don vi dr liéu d € D, né sé gdn mot thoi nhan ¢ cho d. Khi 2 vi tri lién lac véi nhau, ching
s¢ so sdnh céc thoi nhin cda cdc don vi dir liéu trong D. Né&u vi tri ndo cé don vi dir liéu dwoc cip
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nhit sau (c6 thoi nhan 1én hon), thi d sé dwoc gii sang mdy kia dé cap nhit.

Khi mét vi tri cin cdp nhidt don vidir liéu d, thi tao ra ti€n trinh xd 1y lan truyén viéc cip nhit
va khi mét vi tri khdc nhan bi€t dwoc ¢6 cip nhit cing sé thuc hién viéc lan truyén cap nhit. Mit
khéc, néu mét vi tri s; (da cip nhit d) két ndi véi s, va bi€t ring s, di cip nhit d thi khd ning
lan truyén cida s; phdi gidm di.

Goi u(d) la thao tdc cip nhdt d, cdc vi tr{ trén mang dwgc phan 16p thanh cdc trang thai nhuw
sau:

- Trang thdi 1 (chwa cip nhit): 13 trang thdi chua tirng nhan biét thao tic u(d).

- Trang théi 2 (lan truyén): la trang thai da thuc hién thao tdc u(d) vd dang lan truyén thao
tédc u(d).

- Trang théi 3 (khong con lan truyén): 1a trang thai da thyc hién thao tdc u(d) va khong con
lan truyén u(d) ntra.

Thuit toidn 1 nhu sau:

- M4t vi tri & trang thai 1 chwa cip nhit), néu dugc lan truyén thao tac u(d) thi sé chuyén sang
trang thdi 2 (lan truy@n cho vi tri khdc).

- M6t vi tri & trang thdi 2 (lan truyén) sé lip lai viéc ndi két ngdu nhién véi cic vi tri khéc trén
mang va lan truyén thao tdc u(d).

- M6t vi tri & trang thai 2 (lan truyén), khi tién hanh két ndi gip vi tri & trang thai 2 hodc trang
thdi 3 (dd cip nhit xong va khéng con lan truyén), véi xdc suit p cho truéc, sé chuy@n sang trang
thdi 3. (Xd4c sudt p tuy thudc vao dé rong cda mién lan truyén ma cho lan truyén nhanh hay lau).

2.2. Thuat toan 2

Trong Thuit toan 1 & trén, ching ta di xét trudng hop don gidn 13 chi tién hanh thao tac cip
nhit 1a ghi chdng 1én don vi dir liéu d tai mdi vi tri, trong dé cdc thao tdc cin cip nhat d c6 thoi
nhin nhé hon déu bi bd qua. Ching han, néu us(d) cip nhét u;(d) thi khéng c6 mét vi tri nao thuc
hién thao tdc u;(d) sau khi did nhin us(d). Tuy nhién, trong trudng hop thao tdc cip nhit chila
sta dSi dit liéu thi u,;(d) phdi dwoc thuc hién trén tit cd cac vi tri truwée khi thue hién uy(d). DE
cho thir tu cda tdt cd cdc bdn sao dwoc nhat quin, mdi vi tri cin ghi lai qud trinh thuc hién viéc
cip nhit (history) cda minh trong s8 ghi (log). M&i log 1a danh sich ¢ thi tu cdc ban ghi, m&i bdn
ghi tng v&i 1 su kién cip nhit. D€ minh hoa thudt todn nay, ta xét khdi niém vecto thoi nhin va
ma tran thoi nhan nhu sau:

6200 6.2 33
0200 0200
0000 0233
0000 0203

Sy
S, 0000
0200
0233
S3 0203
12 3 %
S, e ® -

Vi du vé ma tran thoi nhan
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Dinh nghia 1. Cho sy, sz, ..., s, 12 cdc vi tr{ trén mang.

- V&1 mbi vi tri ta goi vecto' thdi nhin 13 vecto (T}, T, ..., T,,), trong d6 T; la s5 message chtra
thao tdc cdp nhdt nhan duoc tir vi tri s; véic =1, ..., n.

- V&i méi vi tri < ta goi ma tran thoi nhan 13 ma trin (Ti;) cdp n x n trong dé T;; 1a s& message
chia thao tdc cip nhat cda vi tri s nhan dwoc tir vi tri 7 véie, j =1, ..., n.
Dinh nghia 2

- Cho s8 ghi L, ta goi k bdn ghi diu tién cda L 1a L[k].

- V&i méi su kién e € L, vi tri cda e trong L 1a Index(z).

- Ta ki hiéu Lle] thay cho L[Index(e)].
Dinh nghia 3 (V& tinh nhit quin cda céc s8 ghi)

\ A ~ ~ oA o g 7 . 5 ,o. X s ¥ % x-
Cho ¢ 1a su kién duoc cip nhat diu tién tai vi tri s, khi dé véi moivitri j = 1,..., N va moi suw
kién f, ta c6:

feL,el & feLjle]
Khai bdo méi ban ghi su kién trong log gom 3 thanh phin:

Type Event_Rec = Record

op : operation; {Phép todn cip nhit v cdc tham s6 cda né}
s . site; {Vi tri diu tién thuc hién viéc cap nhat}
t : time; {Thoi nhan gan cho su kién cip nhat nay}

End;

Céc khai bdo bién:
Var  Count: integer; {Bién dém s8 su kién dwogc tao ra tai vi tri hién hanh}
L : Log {S& ghi céc su kién dang nhan}
Min_TS: Array [1..N, 1..N] of Time;
{Min_TS|[g|: cin duéi cda thoi nhan lén nhit trong Ly}
Stabe: Array[1..N| of integer;
{Stable[q]: s8 su kién nhiéu nhit dwoc tao ra bdi g ma
tdt ca cac vi trf khdc di nhan}
Thuat toan 2.1.
Khi mét vi tri thuc hién thao tiac cap nhat don vi dir liéu u, trwéc hét vi tri ndy ghi thao tic
vao log cda né.
Procedure Update(u);

Begin count:=count+1;
Min_TS[Current|[Current|:=Count;
New(e);
e.0p:=u;
e.t:=Min_TS[Current];
e.s:=Current;

Append e vao L;

end;

Thuit todn 2.2 (Lan truyén cip nhat log)

Khi vi tri p lan truyén log dén vi trf g, thi p chi cin gii cac su kién ma g chua cé trong log. Néu
su kién e trong log L cda p, gid st rdng e duwgc thuc hién Ian dau tién tai vitrir = e.p vd k = e.TS|7]
12 su kién dwoc tao ra tai vi tri 7. Khi d6 su kién e dwoc gii cho ¢ néu Min_TS|q|[r] < k.
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Procedure Send_Log(q);
Begin
Khé1i tao L':=0;
Ve € L sao cho Min_TS|q][e.s] < e.TS[e.s| thi Append e vao L;
Gii L' cho g;
Gidi Min_TS cho g;

end;

Thuat todn 2.3 (Nhin duoc lan truyén log va ti€n hanh cip nhat)
Procedure Receive_Log(p)
Begin
Nhén L' tir p;
Nhéin Min_TS tur p;
Ve € L' néu e ¢ L thl Apend e vao L
For k:=1 to N {Cip nhit cdc thoi nhin}
Min_TS[Current| [k]:=Max(Min_TS|Current|[k], Min_TS|p|(k])
For 1:=1 to N vi ¢ <> Current {Cip nhét cic cin dwéi thoi nhin}
For :=1to N
Min_TS[¢][7]:=Max(Min_TS[¢][7], Min_TS[z][7])
For ©:=1to N
Stable[t]:=Min(Min_TS[1][¢],..., Min_TS[N][¢])
Ve € L' néu e.TS[e.s] < Stable[e.s| thi Xda e trong L
end;

Nhan xét. Viéc lan truyén dir lidu trong Thudt todn 1 twong tw nhu mé hinh s8 lwong quan thé
du trit va s3 lwong quin thé di st dung trong sinh hoc. Trong dé4p dung M6 hinh Todn hoc cho
Sinh thai hoc (theo [4]), néu goi:

Goi S 1a ty 1& s8 vi tri & trang thai 1 (chwa duoc cidp nhit) twong Wng véi s6 luong quin thé
du tru.

Goi I 1a ty 1& s8 vi tri & trang thai 2 (dang lan truyén) twong dng véi s8 luong quan thé di s
dung. Khi dé qui luit bién thién cia S vi I theo t dwoc md hinh theo cic phuong trinh vi phin sau
[4]:

ds (1)
- 5!

dI (L —&)N

i R Y 2
dt k (2)

Phwong trinh (1) néi 1én mét vi tri sé & trang thai 1 sé chuyén sang trang thai 2 khi ¢6 mét vi
tri & trang thai 2 néi két véi né.

Trong phwong trinh (2), s8 vi tri & trang thdi 1 chuyén thanh trang théi 2 va s8 vi tri & trang
thai 2 chuyén thanh trang thdi 3 néu ching ndi két véi 1 vi tri khong phai trang thai 1 véi xac suit
1/k. Tham s8 k nhim digu khi€n thoi gian lan truyén.

3. DPANH GIA

Dinh 1y 1. Khi dp dung Thudt todn 1 dé cdp nhdt lan truyén trén, theo tho1 gian t thi s6 message
trung binh cdn truyén giwa cdc vi tri la tuyén tinh theo k.

Chirng manh. M6i vi tri sau khi tré thanh trang théi 2, sau mét thoi gian ndo dé sé gii cdc message
cho dén cac vi tri khdc cho dén khi ndi két véi mot s8 vi tri & trang thai 2. Mot vi tri sé trd thanh
trang thdi 3 v6i xac sudt 1/k khi ching ndi két véi mot vi tri trang thdi 2, va sé trd thanh trang
théi 3 sau khi ndi véi < vi tri & trang thai 2 véi xdc sudt (1—1/k)*~! (1/k). Do dé, s message trung
binh la:
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o 1 1'—11
1+Zi(1——> —}
= k) k

= N(1- 8)(k+1).

E(X)= N(1-S)

Nhu vay s6 lwong thém vao cida sy lan truyén trén 1 ting theo liy thira k, tuy nhién s3 trung
binh 1A tuyén tinh theo k.

Dinh 1y 2. Thudt todn 1 s¢ lan truyén tét khi bdt diu khdi tao viéc lan truyén vd sé khong t6t khe
phdi cdp nhdt mét sé vi tri cudr cung.

Ching minh. T hé phuong trinh (1)—(2) & trén ta cé:

dl 1 k+1

SRk )

Gidi phuong trinh (3), ta dwoc:
In(S k+1 .
I(S).—’n%~—%—5+0. (5)

Dé tim C ta chon médt trudong hop dic biét trong diéu kién ban diu 1a toan bd cac vi tri déu &
trang thdi 1, v6i S =1 va I =0, thé vao (5) ta cé:

S o
Hay: 1(8)= In(5S) - S)ﬂ (7)

k
Hiéu qud cda Thuit todn 1 dwoc do béi s6 vi tri chwa dwoc & trang thdi 2 khi viéc lan truyén
da két thic (nghia 13 I = 0, hiu hét cic vi tri & trang thdi 3) va t&ng s& message da giri. Ching ta
¢6 thé tinh duoc phin con lai Sy la ty 18 cia cac vi tri chua dugc cap nhit. Gidi phuong trinh (7)
vol I =0, ta duoc:
So(k) _ e*(k+1)(1—5)

r e (T

Theo trén, s8 lwong thém vio cia sw lan truyén trén 1a ting theo liy thira k, tuy nhién, s&
trung binh 14 tuyén tinh theo k. Ta xét thém trudng hop thay dSi tham s& lan truyén tir k thanh
k41,

Ta c6, s8 cdc vi tri & trang thai 2 khi ting k 1én 1 dwoc tinh nhu sau:

N(So(k + 1) — So(k)) =~ N (e=(k+2) — g=(k+1)

— N(l — 1)6_(k+1).
€

Viy s8 message cin thiét d€ lan truyén dén cic vi tri méi ting theo lily thira véi céc vi tri dwoc
thém vao. Do dé, thuit todn lan truyén nay tSt khi bit dau khdi tao phan tan (k = 2 sé& c6 96% s&
vi tri dwoc lan truyén), tuy nhién thuit todn niy sé khong t8t khi phdi cip nhit mdt s8 vi tri cudi
cung.

Dinh ly 3. Thudt todn 2 ddm bdo tinh chdt nhdt qudn cia cdc sé ghi giia cdc vi tri.

Chirng minh. Gid st rang su kién e dwoc thuc hién diu tién tai vi tri p va lan truyén dén g, khi dé6
e duoc ghi vao s8 ghi L, cia p theo Thuit toan 2.1. Ngoai ra, tit cd céc su kién 1 nguyén nhan
truéc e déu cé trong s8 ghi cia p theo Thudt todn 2.2, khi lan truyén sang g thi tit ci cic su kién
nay sé dwoc lan truyén sang ¢ theo Thuit toan 2.3. Sau dé néu e di dwoc lan truyén ti€p tuc tir p
hodic ¢ thi tit cd cdc suw kién truéc e déu cé trong s8 ghi va nhw viy chiing ciing duoc lan truyén
kém theo cic tham s3 cda ching.
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4. KET LUAN

Trong bai bdo ndy ching t6i di giéi thiéu va danh gid thuit toan lan truyén. Tuy chwa ddm
bio tinh nhit quan dir liéu tai mdi thoi diém rit gin, tuy nhién Thuit todn 1 rit hiu hiéu trong
trudng hop s8 ban sao 13 rdt 16n va céc vi tri trén mang khéng phai lic ndo ciing sin sing. Ngoai
ra, s3 message cin thiét d€ lan truyén dén céc vi tri méi ting theo liiy thira véi cdc vi tri duwoc thém
vao nhung chi phi 1a tuyén tinh. Thudt toin 2 bdo ddm tinh nhit quan dir liéu, cdc s8 ghi va tit cd
vi trf dwoc lan truyén, tuy nhién s6 message phai truyén la kha 1é6n. Van dé con m& c6 thé lam t8i
wu hai thuidt todn trén la cin lan truyén theo chiéu nao dé hiéu qua hon.

Loi cdm on

T4i xin chan thanh cdm on GS. Nguyén Dinh Ngoc va PGS. Nguyén Xuan Huy da c6 nhimng
goi y dinh huéng quan trong cho t6i nghién cdu thuit todn, xin chan thanh cdm on TS. Ngbé Qudc
Tao da tan tinh gép nhitng y ki€n qui biu gidp t6i hoan thanh bai bdo nay.
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