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TOM TAT: Sir dyng cdu triic Cay d‘e lan truyén cdp nhdt nham dam bdo nhdt qudn di liéu chia sé trong cdc img dung phan tan xdy
dyng trén nén mang phit P2P ¢ cau trie la gidi phap phil hop va hiéu qud cao. Trong bai bao nay, Nhom tdc gia dé xudt gidi phdp
mdi xdy dyng va duy tri cau triic Cay giup giam do tré khi toc dé vao/ra cia Node cao, khéng xdac dinh. Thuc nghiém duoc thuc
hién bang vmg dung mé phong Oversim dé so sanh, chimg minh hiéu qua dat dwoc cua giai phdp moi so véi cde dé xudt da cé.

Tir khéa: P2P c6 cau tric, nhat quan di liéu, cay lan truyén cdp nhdt, ban sao.

I. GIOI THIEU

Mang phu P2P (chang han nhu Pastry [1], Tapestry [2], CAN [3]...) cung cap nén tang lién két logic cac dlem
(goi bang Node) trén nén mang vat ly. Node hoan toan doc lap, tu tri, khong thudn nhat vé kha ning xir 1y, tbc do
vao/ra, do tré truyén thong va bang thong sir dung. Vi vy, mang phi P2P cho phép xay dung hiu qua cac ung dung
chia sé dit liéu phan tan trén quy mé rong 16n, phtre tap... Trong do nhiéu tién trinh s& st dung cac ban sao ciia mot d6i
tuong dir liéu (goi la dir liéu chia s¢). Do yéu cau cta Gmg dung va déc trung cia mang phu P2P cho nén dam bao nhét
quan gifra cdc ban sao 1udn 1a kho khan, thach thirc chu yéu [4]. Luge d6 dam bao nhat quan gdm giai phap ddi véi
“cau triic va phuong thire” lan truyen cap nht t6i cac Node khac trong hé thong Nhiéu nghién cuu [5] [6] [7] [8] [€]
dé xuat xay dung céu truc Cay bd tro phia trén nén mang phu P2P ¢6 cAu trac dé thuc hién lan truyén cap nhat (goi 1a
Cay cap nhat) da chimg minh c6 hiéu qua hon so v6i cac Ciu triic lan truyén cap nhat kém tin cay khaC (ngau nhién,
lam ngap hay khai khoang) dbi véi tinh trang du thura, trung 1ap thong diép; phong tranh kha nang x4y ra tuong tranh
cap nhat dir liéu; dam bao d9 tin cdy cao va yéu cdu nhét quéan theo thiét k& dé ra... Tuy nhién, khi sir dung Cay cép
nhét thi tham sb tbc do vao/ra cua Node (dai luwong theo phan ph01 Poisson) anh hu’o’ng rat 16n dén hiéu qua (do tré, )
luong thong diép, biang thong sir dung...) do chi phi cao trong xay dung, duy tri cdu triic Va lan truyén cép nhat... Day
chinh 1a kho khan khi sir dung Cy cap nhat. Cac giai phap da dé xuét con nhiéu han ché khi giai quyét truong hop tde
d0 vao/ra ciia Node cao.

Node lién két vao Cay theo thir tu thodi gian vao hé thong nhu trong cac giai phap [5] [7], nén Node lién két voi
nhau nhung c6 thé rat xa vé dia Iy hodc logic lam ting chi phi trao d6i thong diép (lan truyén cap nhat) giira cac Node.
Cay cap nhat xay dung dua vao tinh toan kha nang ctia Node (do 6n dinh, toc do xtr 1y...) hodc tinh toan khoang cach
mang nhu trong céc giai phap [8] [9] s& rit khé khin, t6n nhiéu chi phi khi tdc d6 vao/ra ciia Node cao.

Dé vuot qua nhitng han ché néu trén, Nhom tac gia dé xuit giai phap xay dung Cay cép nhat tinh, trong d6 gén
mdi Node chiu trach nhiém mot ving khong gian dinh danh va tiép tuc phan chia nho hon, lién tiép cho Node méi. Vi
vy Node lién két trong Cy cap nhat gan nhau trong khong gian dinh danh (duoc goi 1a gin nhau vé loglc) nén sy trao
dbi thong diép gilta cac Node hiéu qua hon. Hon thé nita, cach thirc nay cho phép ching ta giai quyét hiéu qua khi
Node vao/ra h¢ thong. Vi vy giai phap méi da giup giam do tré lan truyen cap nhat. Két qua nghién ctru da c6 nhiing
dong gop moi nhu sau:

e D¢ xuét giai phap xdy dung Cay cap nhat va duy tri cdu tric ¢6 hiéu qua ddi voi do tré khi Node c6 toc do
vao/ra cao.

e Sir dung Oversim [10] tién hanh thyc nghiém giai phdp méi trén nén mang phu Pastry, dé chirmg minh hiéu
qua dat duoc vé do tré so voi giai phap cua Nakashima [5] va Li [9].

Phan con lai cta bai bao dwoc trinh bay nhu sau: Phan |1 gii thiéu mot s nghién ciru lién quan; phan 111 mé ta
giai phap; phan IV trinh bay két qua thuc nghiém va thuc hién so sanh, danh gia; phan V trinh bay két luan cia bai bao.

II. MOT SO NGHIEN CUU LIEN QUAN

Hu [7] dé xuit xay dung Cay cap nhat tinh, trong d6 Node lién két theo thur tur thoi gian dén va thuc hién hoan
dbi vi tri cua Node dua vao tde dd yéu cau cap nhat dé chong tic - nghén khi lan truyen cap nhat. Phuong thuc xay dung
Cay ¢6 vu diém 1a thyc hién don gian, tuy nhién do Node lién két voi nhau c6 thé rat xa vé dia Iy hoac logic, nén hiéu
qua truyén thong thap. Hon nira, giai phap hoan ddi vi tri cia Node ciing gap kho khan khi toc d6 vao/ra ciia Node cao.

Nakashima [5] xay dung Cay cap nhat tinh, Node lién két vao Cay theo thtr tu thoi gian dén, theo xac xuét Node
biét dugc thong tin clia Node goc va can bang s6 lwong Node trong mdi Cay con. Node gbc chi nhan ban cép nhit méi
khi tat ca cac Node trong Cay cap nhat da nhan dugc ban sao trudc do.
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Li [9] dé xuit xdy dung Cay cdp nhat dong gdm cic Node c6 kha ning cao (toc do xir Iy, do on dinh, biang
thong...) dugc lién két dua vao khoang cach cua mang. Mdi Node cao chiu trach nhiém cho tap tdi da o Node tha‘ip.
Node thap cap nhat s& guri tdi Node cao chiu trach nhiém dé lan truyén trong Cay. Node cao nay 1a Node gdc ctia Cay
cép nhat. Shen [8] d& xuét giai phdp SWARM, nhom cic Node gin nhau vé khoang cach va c6 cung chii d& nhu

“music”,“image”, “Book™... (m6i cha dé ¢6 thé gdm nhiéu tap tin chia sé¢) thanh mot nhom va tao mot ban sao cho mdi
nhém. Node ¢ kha ning cao nhét dugc chon 1a Node chiu trach nhiém (swarm server), cac Node khac goi la Node phu
thudc (client). Khi client cap nhat, né giri dén swarm server de lan truyén trong Cay cap nhat dong dugc tao tir cac
swarm server. Trong d6 swarm server gui cip nhat 1a Node gdc, cac swarm server khac lién két dua vao khoang cach.
Céc giai phap st dung Cay cap nhat dong ¢ wu diém khong ton chi phi duy tri cdu tric, tuy nhién trong thuc té rat kho
khin dé xac dinh khoang cich va kha ning ciia Node.

III. GIAI PHAP

A. Khai quat

Nhém tac gia sir dung mang phu Pastry 1am vi du minh hoa cho giai phap dé xuit. Tuy nhién ching ta ciing c6
thé tng dung cho cac mang pha P2P c6 ciu triic khac nhu Tapestry, CAN... Pastry sir dung ham bam phan tan dé dinh
danh ID duy nhat cho Node va dit liéu chia sé trong cing khong gian dinh danh 128 bit (tap hop [0, 21%8-1]). ID cua
Node i (ky hiéu ID;) bam tir dia chi IP va ID ciia dir liéu bam tir tén tap tin. Node lién két logic trong Pastry nhu Hinh
1 va trao doi théng diép nhd dinh tuyén clia mang phii. Chi phi dé truyén thong diép giita hai Node bat ky 1a log NP,
trong d6 NP 1a s6 lugng Node tham gia Pastry.

02128 — 1

7

O Node khong c6 ban sao
@ Node c6 ban sao

Hinh 1. Node tham gia mang phu Pastry

B. Xdy dung Cay cdp nhdt

MG&i dbi tugng dir lidu chia sé f, giai phap dé xuat xdy dung Cay cap nhat tinh d-ary (mdi Node c6 tdi da
d = 2P Node con). Phuong thirc xay dung Cay nhu sau:

Node i dwoc gan chiu trach nhiém cho mét ving khong gian dinh danh, ky hiéu ws; va phan chia d phan lién tiép
bang nhau ky hiéu 1a ws}, wsZ...ws8 (ws™ véi m = 1,d). N™ laky hiéu cua Node con tai vi tri thir m caa Node i.

Node chiu trach nhiém cho khéa (dit liéu chia sé) ban dau dugc chon la Node géc (ky hiéu R) cua Cay cap nhat,
chiu trach nhiém cho toan b khong gian dinh danh [0, 2128.1]. Khi Node j mudn chia sé dit liéu s& gui yéu cau tsi
Node R, Node nay kiém tra ID; € wsg' (m =1, 1, d). Néu Node gbc chua c6 Node con chiu trach nhiém cho khéng gian
dinh danh wsJ, thi j duoc lién két 1am Node con tai vi tri thr m (tré thanh Node Nf') va ws;: = wsf'. Néu R da c6
Node con NR chiu trach nhiém cho khéng gian dinh danh wsg', thi Node gbc s& giri yéu cau toi N dé tiép tuc kiém tra
1D; thudc vé ving khong gian dinh danh nao trong wsym (tiép tuc phan chia khong gian dinh danh ws N m thanh d phan
bang nhau) va thuc hién twong ty cho téi khi tim dugc Node k thoa man: ID; € wsy' va chua c6 Node con Ni'. Thuat
toan ID_LINK gia Code dugc trinh bay nhu dudi day. Do vay, Node i chiu treinh nhiém khong gian dinh danh ws; (di
nhién ID; € ws;), s& la Node cha hay t6 tién cua tit ca cac Node c¢6 ID thugc vé khong gian dinh danh nay nén cac
Node dugc lién két gin nhau vé logic trong Cay céap nhat.



490 MOT GIAI PHAP HIEU QUA XAY DUNG VA DUY TRi CAU TRUC CAY LAN TRUYEN

Bang 1. Thuét toan gia code ID_LINK Node lién két vao Cay cip nhat
ID_LINK d-Ary Construction(R, j)

Input: Node j gui request_join téi R
Output: Node cha cua Node j

Begin
ID; € wsg'
/I R kiém tra ID cua j thudc ving Khong gian dinh danh m trong wsy, ([0, 2128-1])
If néu R da c6 Node con Ni* Then
R giri yéu cau téi NJ* va Ni* thyc hién twong tu cho dén khi t6i Node k khong thoa min
//Node k chua c6 Node con théa mén ID; € wsy;
ws;: = wsp I/ ID; e wsi (n = 1,d)
Return k
Else if
ws;:
Return R
End

= wsp

Ky hiéu p; 14 xac suat Node méi s& dugc lién két vao Cay cap nhat tai mic [ (0 <1 <L, L = log, N 1 chiéu
cao, N so luong Node ctia Cay cap nhét).

al ;oS =
p1 = chuy rang: Xi55p, = 1

Ky hiéu cost, (don vi tinh bang s6 budc (hop)) 1a chi phi lan truyén théng diép (cap nhat) tir Node géc téi Node
bat ki tai mac 1, ta co

N N N
costy = log—g+log g+ +logg
= logN + (logN — b) + -+ (logN — b * (I — 1)) (do L = logg N = loiN)
= IlxlogN — —b*l*;l_l) 1)
Nhu vay chi phi (don vi tinh bang hop) Node mai lién két vao Cay cap nhat la:
cost = pj *cost; + Py * COSt, + - Py, * cOSt;, = Y=k p, * cost, 2

2/0\1
VAN

3 4
7 6

Hinh 2. Minh hoa x4y dung cdy cép nhat 2-Ary

Hinh 2 minh hoa phuong thirc xdy dung Cay cép nhat 2-Ary. Nhém tac gia danh s6 cac Node 1a 1,2 ... 7 theo
thir tyr thoi gian dén cta n6 vao Cdy cap nhat. Ban ddu Node 0 duoc chon 1a Node goc. Node 1 giri yéu cau lién két toi
Node 0. Node 0 kiém tra ID, € ws3 va Node 0 chua c6 Node con nao dugc chi dinh dé chiu trach nhiém trong ving
dinh danh wsZ . Do vay Node 1 lién két lam Node con bén phai ciia Node 0 va ws;: = ws2. Tiép theo, Node 2 dén.
Node 0 kiém tra ID, € ws3 va Node 0 ciing chua c¢6 Node con nao dugc chi dinh chiu trach nhiém trong ving dinh
danh wsj . Vi thé Node 2 lién két 1am Node con bén trai ciia Node 0 va ws,: = ws} . Khi Node 3 dén, Node 0 kiém tra
ID; € ws} . Tuy nhién Node 2 d& dwoc chi dinh chiu trach nhiém cho ving dinh danh ws} , do vay Node 0 giri yéu cau
cho Node 2. Node 2 kiém tra ID; € ws3 va Node 2 chua c6 Node con nao dugc chi dinh chiu trach nhiém trong viing
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dinh danh ws3 . Node 3 lién két 1am Node con bén phai cia Node 2 va ws,: = ws3 . Cac Node 4, 5, 6, 7 ciing duoc lién
ket vao Cay cap nhat theo cach thic tuong tu.

C. Duy tri Cdy cdp nhdt

Khi téc d6 vao/ra ciia Node cao thi yéu cau duy tri Cay cép nhat 14 hét strc kho khin va anh huong quan trong
dén hiéu qua cua tng dung. Trong dé xuit mdi, mdi Node giit thong tin cia Node cha, Node ong (c6 thé cap nhat
nhitng thong tin nay dong thoi voi khi lan truyén ban sao mai) va trao ddi thong diép thuong xuyén véi nhau dé phat
hién sy rdi bo cdu tric (Chang han nhu sau mot s6 lwong nhat dinh thong diép guri di ma khong ¢ sy phan hdi nao thi
cho rang Node d roi bo). Khi c6 sur thay doi, cac Node co lién quan s& duge truyén tham s6 1a ving khong gian dinh
danh m&i ma né chiu trach nhiém hodc thay d6i Node con chiu trach nhiém. Giai phap ma Nhom tic gia dé xuat chi
can thyc hién rat it sy thay d6i cau trac vi vay cho hidu qua cao ngay ca véi truong hop Node 18i. C6 hai truong hop
Node rdi bo ciu tric sau:

1. Node chu dong roi bd
Néu i 1a Node 14 roi bo, né chi can thong bao ti Node cha j dé biét ving dinh danh ws; hign khong c6 Node
con chju trach nhiém. Néu la Node trong thi né chon mot Node 14 k trong Cay con thay thé cho chinh né.

2. Node bi 16i

Néu 12 Node 14, Node cha s& phat hién ra sy roi bd qua trao ddi thong diép va thyuc hién tuwong ty nhu trén. Néu
Ia Node trong, mdi Node con ciia Node bi 16i doc 1ap phat hién ra didu ndy va chung s& cung giri thong diép toi Node
ong véi nhitng ndi dung: yéu cau lién két tré lai va dé xuit Node thay thé (Node 14 trong mdi Cay con). Node 6ng liwa
chon mot Node trong s6 cac Node dugce dé xudt dé thay thé cho Node vira roi bo. Truong hop Node gde bi 16i thi mang
phit chiu trach nhiém tim ra Node mdi thay thé.

D. Cdc thao tdac co ban

1. Thao tac cap nhét

Céc Node déu c6 thé thuc hién cap nhat trén ban sao cua nd, tuy nhién sy thay d6i nay can gui toi Node gdc qua
dinh tuyén ctia mang phu Pastry, chi phi log N bude (hop). Node goc chiu trach nhiém xuét ban cip nhat nham tranh
Xay ra twong tranh cap nhat dit li¢u.

2. Lan truyén cap nhat

Node géc lan truyén cap nhat cho cac Node con va thao tac dugc 1ap lai cho dén khi cac Node 14 nhan duoc ban
sao cdp nhat. Chu y rang, cac ban cdp nhat méi tdi Node goc s€ bi loai bo khi ban sao trude d6 chua dugc giri téi tat ca
cac Node. B9 tré 1a thoi gian trung binh moi ban sao lan truyén tdi tat ca cac Node, dugc tinh toan bang biéu thac sau:

dlcost,+d?%cost,+--+dLcosty

Latency(average) =
dl+d2+--+dl
=L ,1 _b*l*(l—l)
—  Xj=;d‘(lxlogN — )

3)

N-1
IV. THUC NGHIEM

A. Thiét Igp cic tham s6 mé phong

Nhom tdc gia s dung Oversim dé tién hanh thyc nghiém giai phap mdi trén nén mang phu Pastry nham danh
gi& sy anh huong toc do vao/ra ctia Node ddi v6i Do tré lan truyén cap nhat. Tir d6 so sanh két qua voi cac giai phap
cua Nakashima va Li. Bay 14 hai giai phap stir dung Cay cép nhat ¢6 hiéu qua cao va tuong dong vGi giai phap dé xuat
vé phuong thirc cap nhat. Trong d6 ban sao méi s& cép nhét cho tat ca cac Node, khong giéng nhu phuong thirc cap
nhat cua Chen [6] 1a chi lan truyén cho cac Node c6 yéu cau cap nhat hay cua Hu [7] s& lan truyén tit ca cAc cap nhat
dugc tao ra.

Tham s6 cAu hinh mang phu Pastry gdm: mang phu véi 5000 Node va s6 luong ddi tugng dir liéu chia sé tir 102
t6i 10* theo phan phéi Zipf [12]. Mdi Node c6 bang dinh tuyén gdm 40 hang, mdi hang ¢6 15 thuc thé, 32 Node 14.
Node dugc sinh bai phin phdi Pareto [11] voi thiét 1ap a =1 va b= 5000 dé c6 5000 Node cd kha nang khac nhau.

Tham sb cta tng dung va mé phong: Do dai mdi mo phong 1a 1000 don vi thoi gian. S6 lvgng Node chia sé ciia

mdi dbi tugng dir liéu theo phan phéi Zipf v6i s = 1, N = 5000. Tbc d6 cap nhat trén ban sao cua cac Node theo phan
phdi Poisson v6i A = 0,05. Két qua chi ra trong cac biéu dd 1a trung binh ciia 10 14n thir.
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B. Anh hwéng ciia tham sé d
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Hinh 3. Anh huéng cta tham sb d d6i v6i do tré

Két qua trong Hinh 3 chi ra anh huong cua tham s6 d d6i voi do tré lan truyén cap nhat (s6 lwong Node sao la
100). Thoi gian lan truyén cap nhat nhu biéu dién trong biéu thic (3) phu thudc vao chiéu cao cua Cay va Bac cua
Node (gi4 tri d = 2?). Khi d nhan gia tri nho thi Cay s& co chiéu cao 16n nén ton chi phi lan truyén qua nhiéu muc.
Nguoc lai khi d nhan gia tri 16n thi Cay c6 chiéu cao nho gilp giam chi phi lan truyén gitta cdc mirc nhung tang chi phi
lan truyén trong cing mot mirc (do c¢6 nhiéu Node hon trong cing mét mirc). Vi vay, ching ta thay rang khi d = 16 thi
d6 tré la nho nhat. Do 1a 1y do trong thuc nghiém, Nhom tac gia sir dung gia tri d = 16.

C. Anh hwéng do toc dp vio/ra ciia Node

60
5 so
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w g 40 P o—NAKASHIMA
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g5 30 = R — w=L
20 y A
S PROPOSED NEW
<= 10
0 T T T T T 1

0 0,1 0,2 0,3 0,4 0,5
T6c do vao/ra cia Node

Hinh 4. Anh huéng do téc do vao/ra cua Node

Téc d6 vao/ra cia Node 1a dai lugng theo phan phi Poisson, ¢6 thé xac dinh bang ty 1& thoi gian Node tham gia
chia sé dir liéu trén tong thoi gian tién hanh thuc nghiém. Két qua trong hinh 4 chi ra, giai phap méi c6 d6 tré nhé hon
S0 VGi cac giai phap clia Nakashima va Li. Hon thé nita, khi toc d6 vao/ra ciia Node cao thi do tré khong ting nhanh
(nhu Nakashima). Diéu nay 1 do nhimg nguyén nhan: thir nhat khi Node lién két gan nhau vé logic trong Cay cap nhat
nén giam thoi gian truyén thong diép gitra cac Node dé duy tri céu trac khi Node vao/ra, ciing nhu giam thoi gian lan
truyén cap nhat. Chang han chi phi truyén théng tir Node muc [ t6i Node muc [ + 1 chi la log%, trong khi ddi voi giai
phap ciia Nakashima chi phi lun 12 log N (giita hai Node bat ki). Thir hai, dbi v6i giai phap dé xuét chi can thay doi rat
it cau trac ctia Cay cap nhat nho viée quan 1y thong tin ving khong gian dinh danh chiu trich nhiém ctia méi Node. Do
vay Node don hoic Node dai dién cho Cy con dé dang tim duoc Node cha méi dé lién két tro lai Cay cép nhat. Nguoc
lai giai phap cua Li ludn cé chi phi cao dé xac dinh kha ning, khoang cach cua Node méi hodc Node vao lai nham xay
dung Cay cap nhat dong (téc do cap nhat A = 0,05 trong thyc nghiém) va giai phap ctia Nakashima thi do kém hiéu
qua trong viéc xay dung, duy tri cau trac Cay cap nhat theo thir tyr thoi gian vao hé thdng va can bang sé lwong Node
trong mdi Cay con khi téc do vao/ra cia Node cao (> 0,3).

V.KET LUAN

Bai b4o da trinh bay mot giai phap mdi hidu qua dé xay dung va duy tri cdu tric Cay cap nhat — van dé kho
khin, phtrc tap cta luge d6 dam bao nhat quan dit liéu trong cac tmg dung phan tin xdy dung trén mang phii P2P ¢
céu trac. Két qua cia cac thyc nghiém chi ra rang, giai phap c6 hidu qua cao ddi voi do tré lan truyén cap nhat (giam
dugc d¢ tré va do tré khong ting nhanh khi Node c6 téc d§ vao/ra cao) so véi cac giai phap da dé xuat.
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AN EFFECTIVE SOLUTION IN CONSTRUCTING AND MAINTAINING THE
DISSEMINATION UPDATE TREE FOR THE DATA CONSISTENCY

Nguyen Hong Minh, Le Van Son

ABSTRACT: Utilizing a tree structure to disseminate the updates in order to ensure the consistency of shared data in distributed
applications, which is built on the structured P2P substrate, is a suitable and effective solution. In this paper, the authors propose a
new solution to construct and maintain a tree structure to reduce the latency when the node’s join/ leave hight rate and
unpredictable. The experiment conducted by using the OverSim simulating application proves its effectiveness in comparison to
existing solutions.

Keyword: structured p2p, data consistency, dissemination tree, replica.



