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TOM TAT

Nhan ban di liéu & giai phap téi wu, quan trong dwoc s dung trong cac (rng dung phan tan nhdm dap
&ng tinh s&n sang cao cla di¥ liéu, gidm thiéu yéu ciu s& dung bang théng ctia dudng truyén mang, téng kha
nang chiu 16i, khd nang mé rong... Tuy nhién, k§ thuat nhan ban ciing d&t ra nhiéu thach thirc, trong d6, ddm béo
tinh nhat quan d liéu la kho khan chl yéu trong xay dwng phadn mém (ng dung. O’ ndi dung bai bao, ching toi
nghién clru, danh gia nhiéu thuat toan da dwoc xay dwng, ng dung dwa trén mot sé tiéu chi quan trong ciia hé
phan tan nhu: sb lwong nhan ban, sé lwgng message lwu thdng trén hé thdng va thdi gian dap tng. Hon niva,
chung t6i con dé xuét thuat toan nham giai quyét van dé dat ra. Thuat toan dwoc xay dwng dwa trén mé hinh nhét
quan tun tw va cé nhirng wu diém sau: trién khai thwc hién thuan tién, gidm yéu cau s dung bang théng va thoi
gian dap &ng nhanh.

Tir khéa: nhan ban; thuat toan; nhat quan div liéu; ban sao; phan tan; mé hinh nhat quan dir liéu.

ABSTRACT

Data replication is an optimal and important solution, which is used in distributed applications to meet the
need of high availability of data, minimizing bandwidth consumption, increasing fault-tolerance, scalability and
security, etc. However, replication technique also poses many complicated challenges, in which, ensuring
consistency of data is the major difficulty in developing application software. In this article, many algorithms, which
have been developed and applied, are researched and measured basing on some important criteria of distributed
systems including the number of replicas, the number of circulating messages in the system and the response
time. Moreover, we also recommend an algorithm to solve this problem. The algorithm is based on the sequential
consistency model and has the advantages of easy implementation, low bandwidth consumption and fast
response time.

Key words: replication; algorithm; data consistency; replicated; distributed; consistency data model

1. Pit van dé

Hién nay, nhiéu tmg dung phén tan, lam
viéc cong tac dang dugc phat trién manh vi
nhiéu uu diém: chi phi, hiéu ning, kha ning mo
rong, d¢ tin cdy va tinh phan tan ¢ hitu ciia ing
dung [1]. Tuy nhién giai quyét bai toan vé tinh
san sang cua dit liéu trong cic tng dung nay la
doi hoi kho.

Nhéan ban dit liéu la giai phap hiéu qua
dbi vé6i yéu cau trén [2,3]. Boi vi n6 giai quyét
dugc nhitng van dé quan trong nhu:

* Tang do tin cdy cua hé thong

* Viéc duy tri nhiéu ban sao cta ddi
tuong dit liéu s& gitip hé thong hodc nguoi ding
khoi phuc lai dir ligu béng cach chuyén dén 1am
viéc trén cac ban sao
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* Tang hiéu ning va tinh sn sang cua hé
thong

Nhan ban dir liéu 1a gidi phap tang tinh
sin sang cua dit liéu, giam thiéu yéu ciu sir
dung bing thong, ting kha niang chiu 16i, kha
nang mo rong [2,3]... tir d6 lam tang hiéu nang
ctia hé théng phan tan.

Tuy nhién viéc st dung cac ban sao ciling
dat ra nhidu van dé phuc tap ddi véi hé thong
nhu: An ninh an toan, luu trir cac ban sao, dam
bao tinh nhat quan dit lidu [3]. Do do, ching i
tap trung nghién ctru thut toan nhdm dam bao
tinh nhit quan di liéu cung cép cho ngudi ding.
Cu thé 1a thuat toan quan 1y cac thao tac doc, ghi
trén cac ban sao [10].

Vi du co bai toan don gian sau:
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Khoi tao gia tri ban dau cia 2 bién toan cuc

int x := 0; int y := 0;

process Py process P
x :=1; y = 2;
print(x,y); print(x,y);
process Py process Py
Wi(x)1 ; Wa(y)2;
Ri(x.y)[L.7] Ra(x.y)[7.2]

Két qua tra vé 1a mot trong 3 kha ning
sau:

{x =0Ay = 0}{P1||P2){Ru1(x,¥)[L,0] A Ra(x, ¥)[1, 2]}
{x =0Ay = 0}{P1||P2){Ru1(x,¥)[1, 2] A Ra(x, ¥)[0, 2]}
{x =0Ay = 0}{P1||P2){R1(x,¥)[1, 2] A Ra(x, ¥)[1, 2]}

Nhu véy, chung ta khong c6 dugc két qua
chinh xac do khong biét gia tri doc dugc cua
bién c6 phai 1a gia tri thay doi lan cudi cing cta
bién d6 theo thoi gian thuc hay khong, vi trong
hé thong phan tan khong co thoi gian chung cho
moi thao tic tham gia trén hé théng, do tré cua
viéc giao tiép bang Message giita cic thuc thé
dé dua ra quyét dinh... Tir d6 dit ra yéu cau xay
dung thir tu thye hién cac thao tac trén cung mot
dbi tuong theo thoi gian logic. Pidu nay doi hoi
chi phi rat 16n va ting do tré trén hé thong.

Nhiéu mé hinh nhit quéan dit liéu da dugc
dé xuat nhu: M6 hinh nhét quan chit, mé hinh
nhit quan tuyén tinh, mé hinh nhit quan tuan tu,
moé hinh nhit quan FIFO... va cac thuat toan
dam béo tinh nhét quan dir liéu déu dua trén mot
trong nhitng mo hinh d6 dé thyc hién.

Trong ndi dung cia bai bao, tac gid thuc
hién nghién ctru so sanh mdt s6 thuét toan dam
bao su nhat quan dit liéu trong moi truong lam
viéc cong tac, phan tan. Hon niia, tac gid cling
dé xuat thuat toan dé giai quyét yéu cau trén.

2. Céc thuat toan dam bao nhit quan dir liéu
trong hé phan tan

2.1. Thudt todn Biéu quyét tinh (Static Voting)
[4.5]

Thuat toan Voting thugc vé 16p giai thuat
pessimistic [9] vi su nhat quan dit liéu cta cac
ban sao van dugc dam bdo trong truong hop
mang giao tiép bi phan chia thanh cac ving khac
nhau do 15i vé dudng truyén hay ctia mdi may

tram. Khi hé théng bi phan chia thanh cac phan
ving, mdi phan viing c6 thé c6 mot ban sao khac
nhau ciia cing mot ddi tuong. DE giai quyét van
dé nay, giai thuat Voting thuc hién nhu sau:

Moi ban sao cua tap tin duoc danh ) 201
1a s6 phién ban (version number) cta tap tin. S
phién ban ban dau 1a khong va s& ting lan luot
1én mdt don vi sau mdi 1an ban sao duoc cap
nhat. Nhu vay, ban sao nao co sb phién ban 16n
nhét chinh 13 ban sao hién thoi (ban duoc cap
nhat sau cting) ctia phan ving d6. Néu hé théng
mudn thuc hién cap nhat méi ddi véi tap tin, hé
thong s& thuc hién gui tap tin hién thoi dé thuc
hién cip nhat cho nhimg phan ving con thiéu,
sau d6 moi thyc hién nhan ban theo nguyén tic:
Thuc hién c@p nhat tap tin trén mot phan vung
néu va chi néu phan ving d6 chira nhiéu hon
mét nira sé6 Node ma tap tin dugc nhan ban. Vi
dy, tdp tin dugc nhan ban cho 1000 Node, nhu
vy phan viing phai chtra ti thiéu 500 Node do.
Néu khong co phan ving niao théa min diéu
kién thi s€ khong thuc hién cap nhat ddi véi tap
tin.

Chinh vi vay, thudt toan Voting cé uu
diém khi str dung dé dam bao nhat quan dir liéu
cho cac hé thong c6 tan suat phan ving cao. Giai
thuat khong toi wu vé s6 lwong message truyén
trén mang dé thuc hién yéu ciu cap nhét.

2.2. Thudt todn vong dwoc dé xudt béi Ellis
(OEA)[6]

Thuat toan vong duogc dé xuit dé giai
quyét bai toan nhan ban hoan toan theo mé hinh
tudn tu trong co sé dit liéu phan tan. C4u hinh
ctia hé thdng bao gdbm cac Node dugc td chirc
thanh mach vong. Cac Node hoat dong ddc lap,
¢6 bd nhé cuc bd va xir Iy cac yéu cau cia ngudi
dung cuc bd ma noé phuc vu.

Cac Node duge danh sb thir ty 1, 2...n va
giao tiép voi nhau bang message theo mach
vong. C6 nghia 1a, Nodei giri message dén
Nodei+1 va nhan message tr Nodei1. Hon nira,
mdi Node ciing duge gan d6 wu tién twong ung
11(i) nhan gia tri tir 1 &én n. P6 vu tién cao nhat
1a 1 va thip nhét 1a n.

Mbi Node dugc cdu hinh gdm: hang doi
ngoai (E), hang dg¢i trong (I) hoat dong theo
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nguyén tic FIFO va c¢6 mot trong 3 trang thai
actif, passif, oisif. Khi yéu cu cap nhat tap tin
tu nguoi dung cuc bo dugc gui tdi Nodei, no s€
dugc dat vao E; dé cho xir ly Khi trang tha1 cua
Node; 1a actif, n6 dugc quyén giri yéu cau cap
nhét tap tin cho cac Node khac trén mang. Khi
message yéu cau trd lai vi tri Node; thi thyuc hién
cap nhat tap tin va Node; s& guri thong bao dén
tat ca cac Node khéc.

Thuat toan thiét 1ap do uu tién cua mdi
Node dé giai quyét truong hop khi c6 nhiéu
Node ciing dang giri yéu cau cap nhat. Khi d6
yéu cau cdp nhat ciia Node co6 d6 uu tién thap
hon s& dugc dat vao trong hang doi I cia Node
c6 d6 uu tién cao hon dé cho dén luot duoc xtt
ly.

Gidi thuat OEA ¢6 wu diém 1a mi Node
chi lién lac v6i hai Node khac lién ké véi né va
sy cap nhat s€ dugc thyc hién khi Node danh
duoc khoa. Hon nira, giai thuat sir dung rat it
trang thai, khéng su dung nhan thoi gian
(Timestams) cua cac su kién va khoa cho cac
thanh phan vi véy tiét kiém thoi gian doc. Tuy
nhién, giai thuat trén cling ton tai hai bat loi chi
yéu. Mot 1a, khi cap nhat dir liéu can khéa toan
b dit liéu, diéu nay s& khong cho phép cap nhat
ddng thoi trong trudng hop khong xdy ra xung
dot. Hai 1, dé thuc hién cap nhat, message phai
dugc truyén hai vong, ddn dén do tré 16n hon.

2.3. Thudt todn Refreshment|7]

Thuat toan lam viéc trén mdi trudng mang
cung cip co ché multicast tin cay FIFO [8]. Cac
Node dugc ciu hinh dé hoan toan tu cha va co
su phan biét chirc nang ctia Node: Node Master
(M) luu trlt cac ban sao chinh, Node Slave (S)
lvu trit cac ban sao tha cidp va Node
Master/Slave (MS) Iuu trit ca hai. Khi ntt S luu
trit ban sao thir cip ctia ban sao chinh cua nut M,
thi ta goi nut S 1a Slave ciia nat M va s€ c6 cung
nbi truc tiép tr M>S. Nhu véy, cac Node
Master chiu trach nhiém nhan ban dit liéu dén
cac Slave cua no (noi chira nhiing ban sao thur
cip). Hé thdng st dung cac giao dich update (T)
dé cap nhat cac ban sao chinh, cac giao dich
refresh (RT) dé cap nhat cac ban sao.

M&di Node Slave hoic Node Master/Slave
khi nhan duoc message yéu clu cap nhat s€ dua
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vao hang doi thuc hién theo co ché FIFO. Nhu
vay, thanh phan cua hang doi 1a diy cac thao tac
ghi tuong Gng véi cac giao dich RT va nhan thoi
gian (Timestamp) C cta giao dich T (giao dich
cdp nhat ban sao chinh) tuong tng. Do d6, khi
hé théng xir 1y giao dich RT dé thyc hién cép
nhat cac ban sao thir cip phai cin cir vao nhan
thoi gian C, nghia la ¢am bao nhat quéan dit liéu
dir liéu gitra ban sao chinh va ban sao thir cip.
Thuét toan c6 mot s6 vu diém nhu: trién
khai tng dung dé dang; thuc hién duogc trén céc
hé co so dit liéu; khong phu thudc vao thoi gian
lan truyén cip nhat giita cac Node (nhiéu thuat
toan yéu cau thoi gian nay phai rat nho c& vai
gidy) ma chi can dam bao co ché multicast
FIFO, vi viy he thong khong bi 18i do duorng
truyén; giam s6 luong message trao ddi trén
mang.
3. Nghién ctru giai phap nhit quan dir li¢u
Thuat toan dam bao nhéat quan dit liéu ma
chung t6i dé xut dya trén mo hinh nhit quan
tuan tu [11].

Request
(Read or Write)

Replica Control

Network

Hinh 1. Cdu tric lién két cdc Node

ST 7| Memory Globat " [s3

Memory Locale i Memory Locale

Replica(x) /" “. Replica(x)

Object x

Read
"\ Write =
S2 P 2;—-—@/ 54

Memory Locale '\ Memory Locale

Replica(x) Replica(x)

Hinh 2. M6 hinh chia sé bo nhd
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3.1. M6 td ciu tricc hé thong
Céu trac mang két ndi cac Node trong hé
théng (Hinh 1) gdm co:
= Tap hop cic Node S1, S2, ...Sn. Mdi
Node dugc cau hinh dé lam viéc doc 1ap va co
bo nhé cuc bo dé luu trir cac ban sao cua bd nhé
toan cuc nham dap ung cac yéu cau (yéu cau
doc ghi dir liéu) ciia nguoi dung ma n6 phuc vu.
= Hg quan Iy, diéu khién nhan ban dit liéu
= Téap nguoi dung cuc bd duoc quan ly
boi cac Node
3.2. Thudt todan
Mobi Node quan ly ban sao cia bo nhé
toan cuc (Hinh 2). Moi thao tidc doc cia nguoi
dung ludn luon thuc hién trén bd nhé cuc bd cua
Node quan ly ngudi dung d6. Tuy nhién, moi
thao tac ghi( cap nhat) can sip xép theo trat tu
toan cuc dé dam bao tinh nhét quan dir liéu nhan
ban.
Céc thao tac dugc xur Iy boi cac Node nhu
Sau:

Thao tdac doc ban sao dir liéu trén Node;
Value Read(ref x){
Return Replicai(x)}
Thao tac doc dugc thyc hién don gian trén
Node cuc bd nhiing van dam bdo gia tri tra vé 1a
ban sao dbi twong hién thoi trén by nhd toan
cuc.

Thao tac ghi (cap nhat dir li¢u) trén Nodei
Write(ref x, value v){
abroadcast(x,v,i); /* giri yéu ciu

ghi dir liéu 1én hé thdng bang giao thic
Atomic broadcast*/
writei(x).wait(); }

Khi thyc hién yéu cau ghi dit liéu trén ddi
tuong x, Node cuc bo s€ glri yéu cau cap nhat dir
lidu 1én hé thong bang giao thirc Abcast, dé dam
bao trat tu toan cuc, sau d6 cho hé théng xu ly
dé thuc hién cap nhat. C6 nghia la, khi c6 nhiéu
tién trinh dang thuc hién trén cac Node khac
cling yéu cau cip nhat ban sao, thi tat ca cac tién
trinh déu nhan biét dugc su tdn tai cta nhau va
thuc hién cdp nhat dir liéu trén mot trat tu toan
cuc theo md hinh nhat quan tuén tu.

Xir Iy yéu cau ghi dit liéu cia Nodei tai
Node;

Receive(ref x, value v, site i){
Replica;[x]=v;
If( j = = 1) writei[x].notify()}

Khi ¢6 yéu cau cap nhat gia tri cua ddi
tuong x tai Nodej tir Nodei, Node; s€ thuq hién
cap nhat lai gia tri ciia ban sao x trong bo nhd
cuc bd cia minh.

3.3. Diéu kién cin dé thugt todn dim bdo nhdt
quan di liéu

Gia su c6 r thao tac doc ban sao x, trong
d6 chi c6 w thao tac ghi dé thay doi gia tri cta
ban sao, nhu vay diéu kién can ddi véi thuat
toan la:

= r+w>n

= w>n/2

= Ngoaira can quan 1y trat tu toan cuc d6i
Vi tat ca cac thao tac ghi
3.4. Danh gid

Nguoi dung thyc hién doc bo nhé cuc bo
dé lay dir liéu khi c6 yéu cau, do d6 thoi gian
dap tng nhanh. P& dam bao nhat quan dit liéu
khi thuc hién yéu cau ghi cia mot Node, thuét
toan st dung giao thirc Abcast dé& guri thong béo
t6i tat ca Node khac trén hé théng. Pay 1a giao
thirc khong st dung nhiéu message vi vdy giam
luu lugng luu thong trén mang, tir d6 giam yéu
cau st dung bang thong duong truyén. Tuy
nhién, thuat toan ciing c6 nhitng han ché nhét
dinh nhu: mang phai an toan dé thuc hién guri va
nhin message trong giao thirc Abcast va mdi
node thi can c6 mot dinh danh duy nhét.

4. Két luan va huéng nghién ctru

Nhan ban dir liéu trong cac hé phan tan la
giai phap chu yéu, then chét duge sir dung dé
dap tng yéu ciu sin sang dit liéu cua hé thong,
tor do tang hiéu nang, hi€u qua cua ung dung.
Tuy nhién, viéc dam bao nhat quan dir liéu 1a
thach thirc 16n trong k¥ thudt nhan ban nham
dam bao tinh san sang cao, giam bang thong sur
dung, thoi gian dap Uing nhanh trong cac ung
dung lam viéc cOng tac, phan tan.

Chung t6i da thuc hién nghién clru, phan
tich, danh gia mot cach day du nhiing thuat toan
tiéu biéu ddi véi 16p bai toan trén. Hon nira,
chung toi cling da thuc hién nghién ciru, dé xuét
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thuét toan dua trén mé hinh nhét quan dir liéu
tuan ty. Pay 1a mo hinh nhit quan yéu, c6 nhiing
uu viét nhu: gidm message luu thong trén mang
tor d6 giam st dung bang thong, thoi gian dép
mg nhanh. Ngoai ra, cdu hinh ctia mdi Node
cling tuong d6i don gian, do d6 thuét toan ciing
don gian trong trién khai thyc hién. Ching toi

cling da chi ra nhirng médt han ché cua thuat toan
nhu: yéu cdu su 6n dinh cua mang cao, mdi
Node tham gia hé thong can c6 dinh danh riéng.

Trong thoi gian toi, chiing t6i sé thuc hién
md phong thuat toan trong cic ciu tric mang
khac nhau dé thuc hién so sanh, danh gia toan
dién hon déi véi thuat toan.
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