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MO PAU

Trong nhitng nam gan diy, mang ngang ngang di phat trién nhanh chéng,
nhiéu @ng dung st dung mang ngang hang dé hd tro chia sé file, video, tin nhin
nhanh nhu Bittorrent, eDonkey, Fshare tool, Megadownloader. Cac ung dung
nay sir dung phuong phap phan manh dé chia s¢ mot file, cac may trong mang
lién két v6i nhau dé lay cac manh tir nhiéu nguon khac nhau dé c6 duogc day du
cac manh va lip ghép thanh file. Phuong phap nay vira giam tai cho cac may, vira
c6 thé liy thong tin nhanh hon va d& dang hon, tin dung duoc bing thong va
khong can sir dung c4c server trung tdm véi cAu hinh cao va c6 thé bi ngh&n ¢
chai khi s6 Iuwong truy cap vao hé théng Ién.

Trong thoi ky dau phat trién cua mang ngang hang, viéc tim kiém, chia sé
thdng tin thdng qua hinh thirc sir dung co ché broadcast, 1a co ché phat tran cac
thdng bao ti cac may trong mang, gay ton kém tai nguyén va hiéu qua tim kiém
thip do khong dam bao viéc quét thdng tin cho toan hé théng.

Mang ngang hang cd cau tric dugc hinh thanh sau ndy da khac phuc duoc
nhitng nhuoc diém ciia co ché broadcast, théng qua viéc sir dung bang bam phan
tan DHT (Distributed Hash Table), dién hinh nhu Chord, CAN[12], Kademlia,
Tapestry, Kelips. Theo phuong phap nay, khéng gian ID duogc té chac duéi dang
vong, dir liéu trong mang dwoc quan 1y dudi dang (key, value), cac node lién két
va biét dén nhau thdng qua bang dinh tuyén. Vi cau tric nay, khi mot may tinh
can tim mot dix liéu, nd chi can ap dung mot giao thire chung dé xac dinh nat
mang nao chiu trach nhiém cho dit liéu d6 va sau d6 lién lac tryc tiép dén nat
mang d6 dé lay két qua.

Mic dd mang ngang hang cé cau trdc cho thiy duoc nhitng wu diém vuot troi
thdng qua viéc st dung bang bam DHT va bang dinh tuyén dé tim kiém va chia
sé thong tin, tuy vay trong qué trinh hoat déng cua mang van con nhiéu van dé
chua duoc giai quyét. Trong d6, c6 van dé dam bao viéc phuc héi dit liéu trong
mang khi cac node trong mang thuong xuyén gia nhap hoac roi khoi mang va
kha nidng can bang tai giita c4c node chua cao. Luan van “Giai phap backup di
lieu, st dung co ché phan cum dong trong mang ngang hang co6 cau trac” sé dé
XUuat mot phuong phép cai tién viéc backup dir lidu, theo co ché phan cum dong
nham khic phuc c4c van dé néu trén.

V& bd cuc, noi dung cia luan van bao gom 4 chuong:
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Chuwong 1: Tong quan vé kién triic hé théng mang ngang hang: Chuong
nay gigi thiéu vé cac kién trlic mang ngang hang nhu kién trdc tap trung, kién
tric phan tan va kién trdc hdn hop, mdi kién tric cé nhitng dic diém riéng va di
SAu vao md ta mot sé hé thdng ap dung véi tirng kién trac.

Chuwong 2: Cac phuong phap backup di liéu trén mang ngang hang co
cau tric: Md ta co ché backup trong mang ngang hang cé cau tric, dua trén giao
thac Chord. So sanh hai phuong phap backup successor list (phwong phap
backup Chord nguyén thuy) va phan cum tinh.

Chuwong 3: Phuong phap phan cum dong va co ché backup: Pua ra cac
nguyén tic va phuong phap chung cua viéc tich cum dong, néu ra phuong phap
phan manh dir li¢u va cac truong hop xu ly viéc backup dit ligu.

Chuwong 4: Panh gia hiéu qua phuong phap tich nhap cum theo co ché
phan cum dong: Mo ta hoat dong cia chuong trinh mé phong, so sanh cac tiéu
chi ctia phan cum tinh va phan cum dong.

Két luan va huong phat trién: Tom tat, dé xuat hudng phét trien.



CHUONG 1: TONG QUAN VE KIEN TRUC HE THONG MANG NGANG HANG

Trong chuong ndy s& gigi thiéu mot sé kién trdc hé théng mang mang
hang, mo ta cac dic diém chung, cac thudc tinh va mot s hé théng ap dung cho
mdi Kién truc dua ra.

Nhin chung, mang ngang hang duoc phan thanh hai hé théng chinh 1a he
thdng tap trung va hé thong phan tan, dua trén tinh sin sang ciia mot hay nhiéu
server. Bén canh d6 con c6 hé théng hdn hop 13 hé théng vira c6 nhitng dic diém
cua hé théng tap trung va hé thdng phan tan. Hinh 1-1 mé ta so dd phan loai kién
tric hé thong P2P.

— > Tép trung
N

-
_ v .
N B e
w on hg S
| Kién trac p2p | N J (a0
N A —N\\Khong cau truc /

—N/ Phan tan \}—
\\ﬁ )

- .
> C6 cau trlic

Hinh 1-1 Phan logi kién tric P2P

Cac noi dung tiép theo ctia chuwong s& md ta chi tiét tirng kién trdc nay.

1.1 Hé théng P2P tap trung

Trong hé théng P2P tap trung, c6 mot hay nhiéu server gitp cho cac peer
xac dinh vi tri tai nguy&n mong muén hoic phdi hop cac hoat dong gitta cac peer
v6i nhau. Dé dinh vi tai nguyén, mot peer guri thong diép téi server trung tim dé
xac dinh dia chi peer ma chira tai nguyén mong muén. Khi xac dinh duoc peer 6
thdng tin hay dit liéu, n6 co thé lién két truc tiép voi cac peer do dé trao doi
théng tin ma khdong qua server nira [1].

Kién tric hé thong tap trung nay dé bi tin céng vao lién két dén server,
mat khac n6 con la nit that c¢b chai ddi vai hé théng co sé peer 1n, tiém an viéc



lam giam hiéu ning mot cach dot ngot, ngoai ra md hinh nay han ché kha ning
ma rong, dién hinh ctia mé hinh nay 1a Napster [16].

Napster: Chia sé ngi dung sé

Chia sé file nhac c6 18 1a mot trong nhitng (tng dung phat trién nhanh nhat
Internet va Napster dong mdt vai trd quan trong trong viéc thiic day trao doi file
nhac qua Internet. Trong Napster, mdi user (peer) hoat dong nhu mot may tao dir
lieu (file MP3), vi vay hé théng co thé tao ra céc file MP3 phan tan, cac user co
thé chia sé noi dung cho nhau trong cung hé théng. Dé xac dinh vi tri cac file
nhac, Napster trién khai server tap trung luu trit vi tri ctia cac node ma chua file.
Ngoai ra con cung cap c4c chirc ning co ban nhu 1a phuong tién tim kiém, chia
s¢ file va chuyén tiép thong diép qua Internet. File chia sé cung cap co ché dé
chuyén toi cac Peer ma khong sir dung khong gian huu trix trong server tap trung,
thong diép duoc truyén qua internet dong thoi cung cap cach tim kiém va lién hé
qua cac rng dung tin nhian nhanh véi nhitng peer dang online.

Mot file MP3 dua vao hé thong Napster chia lam 3 giai doan: Tham gia
vao mang Napster, tim tai nguyén va tai file. Trudc tién théng qua cac két ndi
khac nhau, mot user ¢ thé gia nhap vao mang Napster biang cach két ndi toi
server trung tdm va hoan thanh thu tuc dang ky trén server trung tdm. Thu hai,
mot peer truy van téi server trung tm bang cach gui di thong diép tim kiém. Sau
khi nhan duoc thong diép, server trung tdm tim lai danh muc trong kho hru trir
cuc b va tra lai danh sach céc node chira file yéu cau. Cudi cung truy van duoc
két ndi truc tiép véi peer yéu cau va tai file ma khdng théng qua server trung
tam. Hinh 1-2 dudi day mé ta hoat dong ctia mang Napster.

Napster Client Napster Client

= =

Napsies Client Your Computer

= 1 query: “debaser.mp3”
3 LD] ey P g
L |

Napster Central
Index Server

= =

Napster Client "I've got it!"

Napster Client
Hinh 1-2 M& hinh mang Napster
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Nhitng thudc tinh va gii han cua hé théng P2P tap trung nhu sau:

Kha ndang phuc hoi 16i, tinh riéng tw va tinh bao mdt: Do dua VAo server
trung tam dé lru thong tin vé user online va chia sé file nén hé thong c6 dé bj tan
cong vao duong truyén két ndi dén server. Ngoai ra, mot peer truy van co thé
chta dia chi IP cua cac Peer khéc tir server trung tam, diéu nay c6 thé phéa huy
tinh an danh va riéng tu ctia cac peer. Viéc biét dugc dia chi IP, cac user chira ma
doc cd thé tan cong truc tiép toi cac peer hoic liy cap nhirng théng tin cé gia tri
tir cac peer nay. Vi thé, tiém an nhirtng méi nguy hiém trong mang va khong dam
bao tinh bao mat.

Tinh m¢ réng: Trong mang Napster, tit cac peer phai két ndi toi server
trung tam va tat ca cac truy van phai duoc Xt ly ¢ server trung tim trudc tién.
Truong hop server bi gigi han vé kha ning xu ly, trong khi s6 lugng két ndi va
truy van tai mot thoi diém vuot quéa kha ning server lam thoi gian tra loi kéo dai
hodc bj cac cudc tan cong tir chéi dich vu (DoS). Vi vay kha ning mé rong va
tinh manh mé bi gigi han.

Tinh san sang: Tinh san sang 1a mic d6 hoic kha ning truy van cia mot
peer cd thé tim thy dir liéu mong muén tir cac peer khac. Sau khi mot peer tai
file MP3 tr cac peer khac, no sé duy tri mot ban sao cua nhirng file nay trong
ving luu trit cuc by va cé thé duoc sir dung cho céc peer khac truy van dén, do
d6 trao doi file nhac trong cac peer duoc cai thién duoc tinh san sang.

Tinh phan tan: Mirc d6 phan tan thap, do mot server trung tim duoc trién khai
dé quan ly hoat dong cua ca hé thdng, bul lai viéc xir Iy tim kiém kha hiéu qua.

Chi phi s¢ hi#zu: Mét tinh nang thu vi trong hé théng P2P tap trung Ia chi
phi s& hitu thap, bao gom chi phi duy tri lién két dén céc tai nguyén khac nhau
trong mang P2P. Trong truong hop kién tric client-server, mot server manh duoc
st dung dé huu trix, chia sé tai nguyén cho cac client tai dir liéu va cung cap cho
cac dich vu khac cua client, do d6 phai ton chi phi cao dé duy tri cac server co
cAu hinh manh.

Néng sudt va hiéu qud: Thanh cong cua Napster ching minh rang véi viéc
kiém soét tap trung sé& thic ddy qua trinh dinh vi tai nguyén vai chi phi ré va hiéu qua.

Mic du hé théng P2P tap trung cho thay nhitng diém manh nhu dam bao
qué trinh dinh dinh vi tai nguyén cho viéc tim kiém. D& dang duy tri, t6 chirc va
quan ly toan bd hé thdng théng qua server trung tdm, tuy nhién hé théng nay
cling cho thay mot s6 nhuoc diém sau:

e Server trung tdm c6 thé tré thanh nat ¢ chai cho viéc ma rong hé thong

e Server trung tdm gap 15i s& lam anh huong téi toan bo hé théng.
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1.2 Hé théng P2P phan tan

Trong hé théng phan tan cac peer ¢ quyén va trach nhiém nhu nhau. Mdi
peer chi c6 thdng tin mot phan trong mang va yéu cau dit liéu hay dich vu théng
qua mot sb peer khac[2]. Nhu vay viéc xac dinh cac peer yéu cau dir liéu hay
dich vu nhanh 1a mot van dé va thach thie dbi véi hé théng nay. Hé théng P2P
phan tan duoc chia thanh hai hé théng 1a hé théng P2P phan tan khdng céu tric
va hé théng P2P phan tan c6 ciu tric, khac nhau giira hai hé thdng nay la phuong
phép cac truy van chuyén dén cac node.

1.2.1. Hé théng P2P khong cdu tric

Trong hé théng nay, mdi peer chiu trach nhiém déi véi dir liéu riéng va
duy tri thiét 1ap v&i node 1an can dé lign két, trao d6i théng tin va chuyén céc truy
van cho nhau. Viéc dinh vi dit liéu trong hé théng nay gap kho khin nhu:

e Kho xac dinh dang peer chta dit liéu dé dé truy van.

e Khong dam bao cho viéc tra loi diy du cac truy van, trir khi tim kiém

cho toan mang.

e Khong dam bao vé thoi gian tra loi.

bién hinh cua hé théng P2P khdng cau tric 1a FreeNet va Guntella, ban
dau &p dung co ché tim kiém random walk [15] dé xac dinh tai nguyén. Co ché
nay mic di khong hiéu qua vé thoi gian tra loi, nhung hiéu qua vé tiéu thu bang
thdng va sé lugng thong diép st dung it. Sau ndy dua theo co ché dinh tuyén
flooding, higu qua vé thoi gian dap ung nhung khong hidu qua vé tiéu thy bang
thdng va sb luong thong diép st dung.

Gnutella: Hé théng P2P thudn tiy dau tién

Gnutella 1a hé théng phan tan thuan tay, khéng cd node trung tam chiu
trach nhiém té chirc mang va khong phan biét giira client va server. Cac node
trong hé thdng két ndi véi nhau thdng qua mot phan mém wng dung cu thé. Mang
Gnutella dugc mo rong khi node méi tham gia vao mang va bi thu hep khi cac
node r&i mang. Hoat dong co ban cua Gnutella bao gém viéc tham gia, roi mang,
tim kiém va tai cac file.

Tham gia hogc roi mang: Khi mot node tham gia mang Gunutella, né sé
gui thong diép “ping” t&i cac node ma nd biét dia chi (da dwoc cai dat san hodc
thdng qua cac node khac) thong diep nay sé chuyén tdi cac node khac théng qua
hinh thirc broadcast. Khi céc node nhan dugc thong tin “ping” s& phan hoi théng
tin “pong”. Node tham gia c6 thé nhan théng tin vé cic node d6 va thiét lap
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thdng tin cac node 1an cin caa nd. Khi mot node roi mang, né khdng can thdng
bao tai cac node Ian can cua nd, ma tham do node 1an can théng qua thong diép
“ping” theo dinh ky, dé xac nhan rang cac node Ian can c6 hoat dong trong hé
thdng hay khong.

Tim kiém va tdi file: Khi mot node mudn tim mot file xac dinh, nd hoi cac
node 1an can bang cach dua ra thong diép tim kiém, tiép d6 cac node lan can s&
chuyén tiép thong diép téi cac node 1an can cua nd theo cach twong ty. Khi tim
dugc node chua file, nd s& tra lai thong tin theo cach chuyén tiép thong diép
nguoc lai t6i node can tim ban dau. Két qua Ia node gbc sau khi truy van s& c6
nhiéu lién két dé tai file mong mudn va co6 thé chon mot vai node dé két ndi va tai
file. Tuy nhién, mdi thong diép gan véi mot dinh danh duy nhat, khi mot node
nhan dugc thong diép ma nd da duoc nhan trude do thi nd s€ huy thong diép do
dé tranh cac thong diép lap lai. Hinh 1-3 md ta qua trinh tim kiém va tra 1oi két
qua tim kiém trong mang Gnutella.

0 2002 HowStaffiorks

%query; "Baby Go Home.mp3"
e f.'-

%’i@@

E | = |
_.'-H @ Q H '...
" - |
“g a &%
The file-fransfer load is distributed . .l;ﬂ
between the computers exchanging @ 3

files, but file searches and fransfers
from youw computer fo others can
cavse botflenecks.
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B,000 - 10,000 computers

Hinh 1-3 M6 hinh trao déi va tim kiém théng tin trong Gnutella

Nhitng thudc tinh va gigi han cua hé théng P2P phan tan khong cau tric
nhu sau:

Kha ndang mé réng: Co ché flooding cua Gnuttela c6 hai mat, mot mat la
mdi truy van cé thé flooding téi nhiéu node ¢ trong mang, nén nd rat manh mé
trong viéc tim kiém tat ca cac két qua co thé. Nguoc lai khi cac node tham gia
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vao mang Gnutella ngay cang nhiéu 1én, va cac node dua ra cac truy van lién tuc
dan dén mang c6 thé bi tic ngh&n, diéu nay lam han ché kha ning md rong cua
Gnutella.

Tinh tir té chic: Khi mot node lan dau két ndi dén mang Gnutella, né chon
ngau nhién mot diém va duy tri & d6, dan dan nd thiét lap quan hé va xay dung
két ndi toi cac node khéc. Tuy nhién quan hé gitra cac két ndi nay khong cé dinh.
Dé dam bao chic chin rang c4c truy van cd thé nhanh nhat va tét nhat cé thé, n6
duy tri két ndi t6i cac node c6 bing thong cao, cac node nay dan dan 1a trung tam
két nbi. Cac node co bing thong thap dan s& day xubng két ndi véi uu tién thap
hon trong bang dinh tuyén.

Tinh an danh: Gnutella 1a mét hé théng c6 mirc do an danh kha tét, thong
qua str dung co ché broadcast dé chuyén céc truy van. Do co ché broadcast dya
vao bang dinh tuyén va thay dbi theo thoi gian, vi vay kho xac dinh dugc cac
node truy van dén hay cac node guri di. Tuy nhién, tinh 4n danh bi pha v& khi
node goc chon mat hay nhiéu node dé thiét lap két noi va tai file, vi khi d6 nd
phai cung cép dia chi IP cua ca node cung cap va node yéu cau cho nhau.

Tinh san sang: Mot node trong mang Gnutella c6 thé két néi hoac hity két
ndi vao bat ky thoi diém nao, ma khong can bao trude do khong cd co ché kiém
soat tinh sin sang va on dinh, vi vay tinh sin sang cua Gnutella khong ¢am bao.
1.2.2 Hé théng P2P ¢6 cdu trac

Hé thong P2P khong cau tric thé hién nhugc diém 1a khong ¢ gi dam bao
tim kiém s& thanh coéng. D6i voi tim kiém cac di liéu phd bién duoc chia sé trén
nhiéu may, ti 1& thanh cong kha cao, nguoc lai néu dit liéu chi duoc chia sé trén
mot vai may thi xac suit tim thay 1a khéa thap. Tinh chat nay 1a hién nhién vi
trong mang ngang hang khdng ciu trdc, khéng cd bat ky méi twong quan nao
gitta mot may va dir liéu n6 quan ly trong mang, do d6 yéu cau tim kiém duoc
chuyén mét cach ngdu nhién dén mot s6 may trong mang. S6 lwong may trong
mang cang Ién thi kha ning tim thay thong tin cang thdp. Mot nhwoce diém khac
cua hé thong nay 1a do khong c6 dinh huéng, mot yéu cau tim kiém thuong duoc
chuyén cho mét s6 luong lon may trong mang, lam tiéu ton mot luong bing
thdng ctia mang dan dén hiéu qua tim kiém chung ciia mang thap.

Mang ngang hang cé cau tric khic phuc nhuoc diém cia mang ngang
hang khdng ciu tric bang cach sir dung bang bam phan tan DHT. Hé théng nay
dinh nghia lién két giita c4c node mang trong mang phii theo mot thuat toan cu
thé, ddng thoi xac dinh chat ché mdi node mang s& chiu trach nhiém d6i vai mot
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phan dir liéu chia sé trong mang. Véi cau tric ndy, khi mot may can tim mot di
liéu, né chi can ap dung mét giao thire chung dé xac dinh node mang nao chiu
trach nhiém cho di liéu d6 va sau d6 lién lac tryc tiép dén node mang do dé lay
két qua.

Trong hé théng P2P c6 cu trac, tai nguyén duoc phan bd mot cach hop Iy
dé khéng c6 mot may tinh nao luu giit qua nhiéu dit liéu dan dén qua tai thong tin
dinh tuyén. Do mang I c6 ciu tric nén cac thong diép chuyén di giita cac may
tinh dé duy tri mang ngang hang dwoc giam xudng téi thiéu. Bing thong cua
mang duoc danh nhiéu hon cho viéc chia sé tai nguyeén.

Viéc tim kiém thong tin trong hé théng P2P ¢ ciu trac nhanh hon so voi
hé thong P2P khdng ciu tric. Néu nhu trong hé thdng P2P khong céu tric cac
may tinh giri thong diép broadcast dé tim kiém thong tin thi trong hé théng P2P
c6 cau tric, mot may tinh chi can gui thong diép tim kiém qua mot sé may tinh.
Giao thtc tim kiém chung trong mang s& dam béao thong tin dwgc tim kiém
chinh xac.

Pién hinh cua hé théng nay 1a CAN, Chord, Pastry[10]. Noi dung dudi
day s& mo ta giao thizc Chord dé lam rd cho hé thong P2P ¢6 cau tric.

Giao tharc Chord

Chord 12 mot giao thic tim kiém phan tan st dung md hinh dang vong
dé két ndi cac node véi nhau. Giao thirc ndy nam trong hé thong phan tan co
cau tric, sir dung bang bam phan tan DHT dé xac dinh cac cap khoa (key,
value) phuc vu cho viéc tra cau, tim kiém trong mang[8]. Hinh 1-4 mé ta cac
node dugc xép thanh hinh vong tron va so dd két ndi giira cac node véi nhau
trong mang Chord.
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Hinh 1-4 M& hinh mang su dung giao thizc Chord (mang Chord)

Chord duoc biéu dién dudi dang vong tron, vai vong tron cé N bit s& c6 2"
khong gian dinh danh, mdi node ¢ mét node lién truéc (successor) va 1 node
lién sau (predecessor), cac node dinh tuyén cho nhau thdng qua bang dinh tyén
(finger table). Mdi dong trong bang dinh tuyén sé& luu thong tin mot node & xa goi
la entry. Bang dinh tuyén duoc xac dinh dya trén s bit dua vao hé théng, véi n
bit s& c6 n entry trong bang dinh tuyén.

M6t mang theo giao thicc Chord néu sir dung 4 bit cho viéc dinh danh
khoa s& c6 2* = 16 khoa (ID) va mdi node chira bang dinh tuyén véi 4 entry.

Thdng tin entry trong bang dinh tuyén bao gom:

Ky hiéu Dinh nghia Dién giai
(n+2%1) mod 2™, Budc nhay dinh tuyén téi mot node
finger[K].start | 1 <k <m trong mang Chord

[finger[K].start,

Khoang khong gian ID cho mdt

JInterval finger[k+1].start) budc nhdy trong mang Chord

.node Mot node tham gia vao mang Chord
successor Node lién trudc

predecessor Node lién sau

Bang 1-1 Bang finger table [7]
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Trong do:
e klaentry thu k cua node n.
e n:Vitri ID node n;
e m: Sé bit cho dinh danh

finger table keys
start| int. [succ E
1 [1.2)| 1
2 [[24)] 3
4 [[40)] 0
finger table keys
start| Int. |succ
2 [[23)] 3
3 |[35)] 3
5 [[51)] 0
finger table keys
[start] int. Jsucc, @
4 [[45)] 0
5 [[57)]| 0
7 |[73)| 0

Hinh 1-5 Bdng dinh tuyén véi khéng gian dinh danh 1D=8 va 3 node trong
mang (0,1,3)

Tir hinh 1-5 cho thay:

Node 0 tai entry tha nhat c6 finger(1).start = (0+2%) mod 2* = 1;
finger(2).start = (0+2') mod 22 = 2, do d6 interval entry trong khoang [1,2).
Tuong tu, finger(3).start = (0+22) mod 2* = 4, do d6 tai entry thir hai interval
trong khoang [2,4).

Trong entry thr nhat cua node 0 cé interval trong khoang [1,2) trong
khoang nay c0 node 1, nén node 1 la succsessor cua node 0. Trong entry thir hai
cua node 0 co interval trong khoang [2,4) c6 node 3 nén node 3 la successor
trong khoang nay.

V& phuong phép luu trit key trong mang nhu sau: Mai file dit liéu (dia
chi, file vin ban, am thanh, hinh anh ...) khi dua vao hé thong sé& sinh ra mot key
va tao ra cap (key, value), key duoc sinh ra dugc gdn mot dinh danh (ID) trong
mang Chord va successor node quan ly key nay [3].
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Hinh 1-6 Mang Chord véi 5 node va 6 key

Hinh 1-6 md ta mang Chord vé&i khéng gian ID = 16 biéu dién 5 node va 6
key trong mang. Trong d6, node 1 Iuu trit key (14). Node 3 Iuu trit key (2). Node
4 khong luu trir key nao. Node 7 luu trit key (5,7). Node 12 luu trit key (8,9)

Quaé trinh tim kiém

Khi mot node muédn tim kiém mot khoa cé dinh danh ID, né tim node chiu
trach nhiém luu trir ID d6, nho vao bang dinh tuyén dé dén cac node xa hon, dan
dan tim dén node chiu trach nhiém quan Iy ID d6 [7].

Trong hinh 1-7, node 1 mudn chén mét dit liéu véi khoa la 6 nd s& tim
trong bang dinh tuyén cua no thiy rang trong bang dinh tuyén cua nd, successor
node 1 14 3 nén n6 dinh tuyén dén node 3, node 3 c6 successor 1a 4 nén no tiép
tuc chuyén tiép tim kiém cho node 4. Node 4 thiy rang 6 nim giita n6 va
successor cua né 1a 7 nén tra két qua cho node 7. Sau khi nhan dugc cau tra i,
tang tng dung trén node 1 va node 7 yéu cau lvu trit mot sé véi gia tri key 1a 6.
Cac node mudn tim kiém key 6 déu thyc hién cac qua trinh twong ty nhung
khong qué sb entry trong bang dinh tuyén. Thong thudng mot tim kiém s& hoan
thanh trong O(log2(N)) chang.
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Finger table key
Start [Int Succ [ 14

1/[1.2) 3

21[2.3) 3

3|[3.5) 4
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{ b .n Mot node wai ID=n
o
22)
\ ( a
|II
\
Y,
\,
*,

.
/
//é

™

®

Hinh 1-7 Qué trinh tim kiém khoa cia mét node

Qua trinh tham gia, roi mang va duy tri dir liéu

Khi mét node tham gia vao mang, théng qua bang bam DHT no s€ sinh ra
mot ID. Node méi tham gia khi ndy s& nam & giita node predecesor va successor
trude d6, do d6 né phai cap nhat lai thong tin bang dinh tuyén ciing nhu thong tin
quan ly khoa trong khdng gian ID cta né [9]. Bang dinh tuyén dugc copy tir bang
dinh tuyén cua node successor, thdng qua thuat toan dinh ky n6 s& cap nhat lai
thdng tin bang dinh tuyén. Viéc di chuyén khoa duoc cap nhat bang cach node
successor kKiém tra xem c6 dang quan ly khda ndo nhé hon ID cua node méi tham
gia khdng, néu nho hon thi chuyén khoa d6 cho node mai tham gia quan 1y.
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= =
= 28
(c) (d)
@ pr— _ O Mot node mai tam gia
Mot dirllea v [D =k n vae mang vei ID =n
Pt Lidn kify gitre prodecessor
|- n 3 Matnedevm ID=n - Wil SUCCRESOT

Hinh 1-8 M ta cdc buéc tham gia mang cua mét node

Hinh 1-8 1a mot vi du mé ta qua trinh tham gia mang cua mot node
Gia str 15 ¢0 successor la 32, node 32 quan ly key 17 va 28 (hinh a). Khi
node mai véi ID = 23 tham gia vao mang, sau qua trinh tim kiém node 23 biét 32
la successor, nd tro successor vao node 32 va bao cho node 32 biét (hinh b).
Node 32 sau do tré predecessor vao node 23, node 23 copy cac key nho
hon ID cta n6 (17) dugc luu trir trong node 32 (hinh ¢). Binh ky cap nhat thong
tin node 15 hoi node 32 vé predecessor cua node 32 va biét duoc 1a node 23, n6
cap nhat I théng tin successor ctia nd va bao cho node 23 biét, node 23 cap nhat
predecessor cua no tré vao node 15 (hinh d).
Nhan ban va kha ning chiu 15i
Trong trudng hop cac node roi mang dot ngot hoic cac node lién nhau
cuing roi khoi mang dot ngot, dan dén céc dir liéu trén cac node nay bi mat va céc
lién két dé dinh tuyén dén node ciing nhu viéc tim kiém dit liéu thong qua key s&
khong duoc tim thay. Chord giai quyét bang cach cho mbi node lwu mét danh
sach logzN node theo sau no trong khong gian 1D nham muc dich [3]:
e Néu mot node phat hién successor cua nd khéng hoat dong no sé& thay
thé bang node ngay cach trong danh séch cac successor node ciia no.
e Dit liéu chi bi mit hay lién két vong bj ngat khi danh déach logzN node
roi mang dong thoi.
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1.3 Hé thong P2P hdn hep

Uu diém chinh caa hé thong tap trung la ¢é thé cung cap nhanh va dinh vi
tai nguyén tin cay, tuy nhién hé thong nay bi gisi han tinh ma rong do han ché
cua Viéc sir dung cac server. Trai lai, hé thong P2P phan tan lai tot hon hé thdng
tap trung & tinh m& rong, nhung chang yéu cau mot thoi gian lau hon dé xac dinh
vi tri tai nguyén.

Hé thong P2P hdn hop tan dung duoc cac wu diém so véi hé théng phan
tan va hé théng tap trung. Trong hé théng P2P hdn hop c6 mot sé peer xur ly
nhiéu chirc ning hon va chiu trach nhiém nhiéu hon cac peer khac con goi la
supernode[13]. Mac du cac supernode thuc hién mot vai chirc nang cua server
trung tAm nhung nd ciing ¢6 mot vai diém khac biét nhu sau:

e Mot supernode khéng manh bang server trung tdm va chi chiu trach

nhiém quan ly cac peer trong mang.

e M0t server nhu mé hinh Napster gitip d& cac peer dé dinh vi cac file
ma khdng chia sé file. Tuy nhién mét supernode khéng chi phéi hop
cac hoat dong trong peer, ma chinh n6é con thuc hién cac hoat dong
tuong tu va dong gop tai nguyén cua nd nhu la cac peer thong thuong
khac. Hinh 1-9 m6 ta md hinh mang hdn hop véi cac suppernode trung
tam va cac client két ndi vai cac suppernode.

Pién hinh cua hé théng P2P hdn hop 1a md hinh hé thong Bestpeer, dudi

day s& mo ta rd hon vé md hinh mang nay:

BestPeer

BestPeer dugc thiét ké nhu 1a mot nén tang chung cho viéc phat trién céc

rng dung P2P va cd bbn chirc ning sau:

e Hé théng Bestpeer cho phép cac peer cd thé thuc thi cac hoat dong
ngay trong peer, c6 nghia 1a cac dir liéu thd co thé duoc xu Iy truc tiép
tai node d6. Vi vdy hé thong téi vu duoc hiéu qua biang théng mang,
hon nita nd cho phép tuy chinh, cac ttng dung méi c6 thé duoc mo
rong dé dang véi BestPeer.

e Cho phép cac peer trong hé théng khong chi chia s¢ dit liéu ma con
tinh to&n tai nguyén, xu 1y cac yéu cau thay cho céc peer khéc.

e St dung phuong phap dong, cho phép cac peer duy tri véi cac peer
khéc c6 biang thong cao, kha ning tra 1i nhanh vai cac yéu cau.
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e Sir dung server LIGLO (location independent global names lookup) dé
xac dinh duoc cac peer doc lap véi dia chi IP cua nd. Nhu vay, mdi lan
mot peer tham gia vao hé théng va thay doi dia chi IP, thi né van nhan
ra o 1a mot peer duy nhat. M6 hinh hé théng Bestpeer dugc thé hién
qua hinh 1-4.

Hinh 1-9 M6 hinh hé thong P2P hén hop Bestpeer.

Nhitng thudc tinh va gigi han cua hé théng P2P hon hop nhu sau:

Kha néng chi 16i: Nho st dung cac suppernode (voi Bestpeer la cac server
LIGLO), gilip hé thong tranh duoc 15i gy ra tai mot diém va ¢ kha nang chiu I5i cao.

Tinh bado mat: Nho c6 sy két hop giira cong nghé agent-base va cong nghé
tinh toan P2P, hé thdng co thé chia sé¢ hodc ngin chin cac thong tin biao mat,
riéng tu trong qué trinh trao doi giira Cac peer.

Tinh mé réng: Bang cach sir dung cdng nghé mobile agent, kha ning mo
rong tét hon so véi hé thong P2P tap trung. Khi mobile agent thuc thi hoat dong
cuc bo tai cac peer, agent c6 thé tiy chinh véi muc dich khac nhau két qua la
nhiéu &ng dung cé thé dugc thuc thi dé dang.

T cdu hinh lgi: Hé thdng P2P hdn hop ¢6 kha nang tu cau hinh lai, théng
qua hai cach tiép can Maxcount va MinHop. Maxcount duoc str dung dé dam bao
rang, mot peer lién két voi cac peer 1an can c6 thé chira dung sé luong ddi tuong
I6n nhat. MinHop la céch két ndi dén céac peer ma c6 s6 hop nho nhat.

Mang P2P hdn hop ciing c6 mot sb nhwoc diém nhu, chi phi cho céac
supernode cao hon céc peer trong mang, c¢d thé bi tin cdng botnet vao cac supper
node lam anh huong toan bo hé thong [5].
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CHUONG 2: CAC PHUONG PHAP BACKUP DU LIEU TREN MANG
NGANG HANG CO CAU TRUC

Trong chuong nay m0 ta hai phwong phap backup khac nhau, dé la
phuong phap successor list va phan cum tinh, sit dung giao thic Chord. Giao
thirc Chord 14 giao thtrc chinh dugc str dung cho nghién ctu, cai tién cua luan
van thong qua viéc mé rong phan cum dong va phan cum tinh so vgi phuong
phap Chord nguyén thuy (successor list).

2.1 Co ché backup theo successor list

Backup theo successor list la phuong phap backup nguyén thuy trong mang
Chord. Dua trén bang bam phan tan DHT, sir dung ma xdéa IDA (information
dispersal algorithm) [9], nhdm phan tan va lru trit khbi v6i bang bam.

DHT 1a mot ham bam duoc cai dat nhu mot hé théng phan tan. Ciing nhu
mot ham bam thong thuong, DHT cung cap anh xa tir key dén value. Biém khac
cia DHT so v&i ham bam thong thuong la cac value trong mot DHT duogc luu
dén céc node khac nhau trong mang, chir khéng phai luu trong mét cau tric dit
liéu cuc bo. Nho kha nang phan tan lam cho DHT tré nén manh mé, hiéu qua va
dap ung duoc nhitng tng dung thuc té. Cac tng dung nay yéu cau DHT duy tri
tinh sin sang cua dir liéu ngay ca khi gap 16i va hiéu qua trong trudng hop xu ly
mot khdi dir ligu lon,

Theo phuong phap mi x6a, bang bam chia khoi dir liéu (file dit lidu) ra
lam f manh, trong d6 v6i k manh 1a c6 thé khoi phuc lai dugc khéi dir liéu. Cac
manh di liéu & ddy 1a riéng biét nhau, chia thong tin doc Iap va duy nhat. Ching
han, khéi dir liéu chia ra lam 14 manh, nhung véi 7 manh di liéu cd thé khéi
phuc lai khéi dir liéu 14 manh. Dé duy tri cac manh di liéu luén dam bao c6 thé
khdi phuc duoc khéi dit liéu ban dau, DHT chuyén d6i cAc manh gitta cac node
khi cac node tham gia hoac roi mang.

e Pam bao tinh sin sang khéi dir liu

Gidng nhu kha ning chiu 16i cua nhiéu hé théng Iuu trir khac, bang bam
str dung mé xo6a dé lam ting tinh sin sang véi chi phi thap.

Khi thém khéi di ligu: put (k,b)[6]

Khi mot tng dung mudn thém mot khdi dir liéu méi, né goi ham bam
put(k,b) thuc hién nhu sau:
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Void put (k,f) 7/ dat mét manh vao méi successor

{
Frags=IDAencode (f)

Succs=lookup (k,14)

Fori (0...13)

Send (succs[i].ipaddr, k, frags[i])
}

Ldy khéi diF lisu: get(k)

Dé lay khdi dir liéu, mot client phai dinh vi va truy hoi da cac manh theo
thuat todn phan manh thong tin IDA dé lap ghép lai thanh khéi dit liéu ban dau.
Khi mot ing dung client goi get(k) bang bam tai client trudc tién khai tao viéc
tim kiém qua ham lookup(k,7) dé tim danh sach cac node c6 kha nang luu trir cac
manh cta khbi dir lidu. Két qua tim kiém sé tra vé danh sach tir 7 dén 14 node
successor tryuc tiép cua khoa k.

Sau d6 get() chon 7 successor voi do tré thap nhat dé thiét lap dong bo,
giri mdi node mot RPC (remote procedure call) dé yéu ciu mot manh cua khéa k
theo phuong phap dong bd song song. V&i mdi RPC qué thoi gian cho phép (time
out) hoic bi I5i, get() giri mot manh yéu cau RPC dé két néi lai v6i danh sach cac
successor tim thiy qua ham lookup() ma chua két ndi dé thiét 1ap két néi lai [6].

Trong truong hop goi ham lookup() nhung két qua tra vé it hon 7
successor chtra cac manh, get() hoi mot trong successor cua nd tim kiém ma rong
thém cac node khac dé tao lai khéi dir liéu. Néu khong thé xay dung lai duoc
khéi dit lidu sau qua trinh trao doi, tim kiém trén hé thdng, get() tra lai két qua
khong thanh cong.

Mot ng dung c6 thé goi ham get(k) nhiéu lan dé lay khoa cho sin. Khi
cac node tham gia hoic roi hé thdng, cdc manh can phai chuyén dén céc
successor node ctia nd. Néu ty 1 tham gia, roi mang cia cac node ting cao co thé
dan dén manh di liéu bi sai vi tri va dan dén viéc khong lay dugc manh bi mat.
Dé khic phuc viéc ndy, bang bam dua ra co ché duy tri manh dit liéu dé phuc hoi
lai cAc manh d3 bi méat.

block get (k)

{ /IChon cac manh tar qéc successors
frags = []; //Mang trong
succs = lookup (k,7)
sort_by_latency (succs)
for (i=0;i<succs && i <14; i++)

{
/[Tai cac manh di liéu
<ret, data> = download (key, succli])
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if(ret ==0OK)
frags.push (data)
/1 Gidi ma cac manh dé khdi phuc lai khoi di liéu
<ret, block> = IDAdecode (frags)
if (ret == OK)
return (SHA-1(block) != k) ? FAILURE : block
if (i ==succs—1)
{
newsuccs = get_successor_list ( succs [i] )
sort_by latency (newsuccs)
succs.append (newsuccs)

}
return FAILURE

¥

Hinh 2-1 Tha tuc theec hién ham get(k)

e Duy tri manh dir li¢u

Trang thai 1y twong khi ton tai ¢ sé manh cua khéi dir ligu, tuy nhién céac
node tham gia va roi mang lién tuc dan téi bi 16i & mot sé node 1am cho cac
manh bi mat hoac bi dat sai vi tri. Dé duy tri trang thai Iy twong, bang bam st
dung hai giao thirc la giao thac duy tri cuc bo va giao thic duy tri toan cuc.

Giao thuc duy tri cuc bd phuc hdi sé manh con thiéu, con giao thuc toan
cuc di chuyén cac manh dat sai vi tri vao vao dung s6 node, khoi phuc lai vi trf,
ngoai ra nd ciing cd chirc ning phuc hdi cdc manh da bj mit, x6a di cac manh dix
liéu du thira trong hé théng. Chirc ning cta hai giao thirc nay duoc thé hién qua
thuat toan tai hinh 2-2 va 2-3 bén dudi [6].

global_maintenance (void)

{
a=mylD
while (1)
{
<key, frags> = database.next(a)
succs = lookup (key, 16)
if ( myID isbetween succ[0] and succ [15] )
// Luu lgi key
a=mylD
else {
/IKey bj sai v; tri
For each s in succs [0..13] {
Response = send_db_keys (s, database [key ....succs[0])
For each key in response.desired_keys
if (database.contains (key))
upload (s, database.lookup (key))
database.delete (key)

¥
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database.delete_range ([pred...succs[0])
a = succs[0]

}

Hinh 2-2 Thu tuc cua giao thic duy tri toan cuc
local_maintenance (void)

{
while (1) {
foreach (s in mySuccessors [0..12] )
synchronize ( s, database [mypredID ... myID] )

}
¥

missing (key)
{

//Khi ‘key’ khéng ton tai trong may chu chay doan ma nay
block = get (key)

frag = IDA_get_random_fragment (block)
merkle_tree.insert (key, frag)

}

Hinh 2-3 Thu tuc giao thizc duy tri cuc bé

Mic di hé thong DHT cung cap kha ning chiu 16i va kha niang md rong,
tuy nhién cac nghién ciru gan day chi ra rang khi tan suat cac node tham gia hoic
VA0 mang qua cao, cac node lién ké bj qua tai va khong backup duogc, khdi dix
liéu c6 thé bi mat [11]. Bé tranh diéu ndy trong cac ndi dung tiép theo ching toi
da dé xuat phuong phap phan cum, phan manh dit liéu dé dam bao qua trinh tham
gia, roi mang cua cac node Vi tan suat cao c6 thé duy tri backup dit liéu & mirc
6n dinh.

2.2 Phan cum tinh trong mang Chord
2.2.1 Phuwong phdp tach cum tinh

Y tudng chinh ciia phuong phap 1a chia mang Chord thanh mét sé cum véi
khéng gian 1D mdi cum bang nhau dya vao bang bim phan tan DHT, mdi cum s&
luu trit cuc bo va thuc hién duy tri dit liéu trong cum, dam bao dit liéu lubn san
sang ngay ca khi cac node tham gia hoac roi mang.

Trong mdi cum dura ra mot s6 node ¢ kha niang Iuu trit véi dung luong 16n dé
dam bao viéc backup di liéu luén dugc can bang tai gitra cac node trong mét cum.
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2.2.2 Phwong phdp backup file

Dé duy tri tinh sén sang cua file dir liéu ngay ca cd su vao ra cia cac node
trong mang, moi file dugc ma hdéa thanh n manh st dung hinh thirc ma xda
[6,14], c&c manh nay duoc luu & mot sé node trong mang. Pic trung cua ma xoa
la véi k manh cua file (k<n) duoc tap hop thi c6 thé khoi phuc lai file ban dau. O
day k va n duoc dinh nghia trude trong hé théng. Phuong phap backup dya trén
viéc phan cum [a cac manh dit liéu cua file dugc phan bé vao céc node trong mot
cum, nhu vay trong mot cum ludn duy tri s manh cta mot file 16n hon k nham
phuc hdi lai dit liéu file[4].

2.2.2.1 Quan ly thdng tin cum

Khong gian khoa DHT duoc chia thanh m phan bing nhau (m cum), bién cua
cum thtr k s& duoc lwu & node dau va node cudi cum, cac node c6 dinh danh 1D
nam & giita dinh danh dau cym va dinh danh cudi cum thi thuéc cum d6. Nhu
vay trong mdi cum c6 mot node dau cum, mot node cudi cum. Node cudi cum
nay nhung ciing 1a dau cum ké tiép.

Cac node trong cling mot cum sé& trao doi, cap nhat thong tin cho nhau va cap
nhat thdng tin cho ca cum. Théng tin cia mot cum duoc giri di trong mot 1an cap
nhat bao gom:

e Dai dinh danh ID cua cum
e Thong tin caa nat dau tién cia cum

e Danh sach cac nat c6 dung luong luu trit I6n. Trong d6, dung luong luu

trir caia mot node 1a sb luong dir liéu cua node d6 c6 kha ning lvu trit.

e Danh sach cac nut roi mang trong mot khoang thoi gian dinh ky.

Node dau cum khai tao qué trinh cap nhat bang cach gui thong diép cap
nhat t&i successor node cua nd. Successor node cap nhat thong diép cua né va giri
thong diép toi node tiép theo, cir tiép tuc nhu vay khi node cudi cung caa cum
nhan duoc thong diép, nd s& giri thong diép tro lai node dau.

Khi mot thong diép cap nhat duoc giri téi mot node, node d6 sé kiém tra
kha nang Iwu trit trong danh sach cac node Iuu trit tot nhat. Néu kha nang luwu trix
ctia n6 lon hon bat ky node nao trong danh sach nd s& chén thdng tin caa nd vao
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danh sach, bao gom dija chi va kha ning luu trit cia né va loai di thong tin cua
node c6 kha ning luu trir thap nhat trong danh sach.

Danh sach cac node Iru trir tot nhat trong cum duoc str dung trong viéc chon ra
cac node Iuu trit c&c manh dir liéu. Bang cach str dung danh sach cac node tét nhat
trong cum chiing ta c6 thé tranh van dé can bang tai giira cac node trong mot cum.

| | 20| 35| 42| 57| 73] 82| 18| 54 |
(a)
| 82| 73| 57| 54| 42]
(b)
Hinh 2-4. Hinh a m0 ta 8 node trong mét cum véi kha nang lweu triv
(20,35,42,57,73,82,18,54). Hinh b md ta danh sach 5 node c6 dung luong luu trir
l6n dwoc ldy ra tir hinh a.

Khi mét node trong cum tham gia vao mang, n6 sé nhan théng tin cum tir node
successor cua nd vé danh sach danh sach cac node hru trit tot nhét trong cum.

Cap nhat thong diép s& gui dinh ky, tuy nhién khi sé node roi mang 16n hon
gia tri nguong thi node dau cum s& guri mot thong diép cap nhat ngay lap tec ma
khdng can doi két thic chu ky cap nhat.

2.2.2.2 Truy vdn va sao leu dir liéu

Trong phuong phap backup duoc dua ra, mot node chiu trach nhiém vé khoa
cua mot file DHT s& quan ly tinh san c6 cua file &6 (quan 1y file dé con ton tai
hay khéng va thong tin luu trit cAc manh cua file). Khoa cua mot file DHT la
khoa duy nhat sinh ra tir viéc bam noi dung cua file va duoc st dung dé truy van
phuc hoi mot file. Mot qua trinh sao luu dit liéu duoc thuc hién qua cac budc sau:

Buwéc 1: Khi mot node c6 mot file dit lieu mai dua vao (node ngudn),
trudc tién nd tao khoa cua file thong qua DHT, va giri thong diép yéu cau sao luu
t6i node chiu trach nhiém véi khéa DHT.

Buwéc 2: Node chiu trach nhiém giri danh sach cac node luu trir tot nhét
trong cum t6i node nguon.

Buéc 3: Sau khi nhan danh sach cac nat luu trir tot nhat, node ngudn s&
lya chon ngau nhién mot s6 node dé sao luu tir danh sach, sau d6 tao ra cac manh
dir liéu tir file bang cach sir dung ma x6a va guri cac manh dit liéu toi cac node
sao lwu dé luu trir dit liéu. Ngoai ra khoa DHT va dia chi node chiu trach nhiém
vé6i khoa DHT cua file ciing guri t6i cac node sao hru. Néu mot node khong chap

nhan manh dir liéu n6 s& théng bao tdi node ngudn va node ngudn sé& lua chon
28



node khac dé sao lwu. Khi qua trinh sao luu két thic, node ngudn thdng bao tgi
node chiu trach nhiém vé&i khéa chinh vé danh sach cac node ma da lwu trit cac
manh dir liéu.

Budéc 4: Node chiu trach nhiém vé khoa DHT cia file Iuu vao co so dit
liéu cua nd, va théng béo viéc sao Iuu file téi node ngudn va danh séch cac node
sao luu.

Viéc lya chon ngau nhién cac node sao luu tir danh sach cac node luu trir
t6t nhat, nham tranh qué tai cho viéc sao lwu. Khi mot node mudn truy van file
sao luu, nd s& giri théng diép truy van toi node chiu trach nhiém khéa cua file
DHT. Node chiju trach nhiém s& tra ctru co so dit liéu cua nd vé khda DHT va giri
tré lai dia chi node ngudn va danh sach cic node sao luu file. Node truy van lya
chon ngdu nhién cac node sao lwu va giri théng diép truy van téi cac node nay
cho t6i khi dt k manh dé khéi phuc lai toan b file ban dau.
2.2.2.3 Duy tri tinh 6n dinh file

Khi mot node roi mang cha dong, né sé chuyén di liéu luu trir cta nd
cho successor node va gtri thong tin thong béo tdi node dau cum vé trang thai
roi mang. Tuy nhién, néu mot node roi mang do bi 16i (roi mang dot ngot), di
licu bao gom manh dit liéu va théng tin vé cac file sao luu duoc luwu trong
node d6 s& bi mat, trong trudng hop nay chdng ta can duy tri it nhat k manh
ctia bat ky file nao trong mang dé dam bao file ludn sin sang. Hon nita, thong
tin cua file sao luu can dwgc phuc hdi dé cho phép truy van. Trong trudng hop
nay successor node s& do tim node roi dya trén co ché cua thuat todn DHT.
Successor node sau d6 guri mot thong diép cip nhat ti node dau cum dé thong
bao vé trang théi roi mang.

Node dau cum s& gui mot thong diép cap nhat bao gém danh sach céc
node rdi mang theo chu ky hodc ngay lap tic tiy thugc vao sé node roi mang
trong mot chu ky.

Khi mot node nhan duoc thong diép cap nhat. N6 kiém tra danh sach céc
node roi mang ¢6 quan ly cac manh dit liéu ma node cap nhat dang luu trir key
file cia cac manh khong:

Néu mot node roi mang cé luu cac manh thi node Kiém tra cap nhat s& tinh
lai s6 manh dit liéu con lai ma key caa mot file quan ly manh do.

Néu sé manh dit liéu caa mot file nho hon ngudng gia tri k (k 1a sé manh
toi thiéu dé c6 thé backup dwoc thanh 1 file géc), node chiu trach nhiém sé thyc
hién backup dir liéu dé phuc hdi cac manh bi mat. Bé 1am dugc diéu nay, node
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gui mot yéu cau sao lwu, danh sach cac manh bi mét va danh sach céc node luu
trit tt nhat trong cum téi node ngudn (node chua file gbc):

Néu node ngudn van ton tai trong mang, n6 s& tao ra cac manh bi mat tir
file goc va guri cAc manh nay toi cac node sau lwu voi viéc hra chon ngiu nhién
tir danh sach cac node luu trir tot nhat.

Néu node ngudn roi mang, node chiu trach nhiém cho khéa chinh cua file
s& truy van cac manh dir liéu tir cac node sao luu, xdy dung lai file va tao ra cac
manh sao Iru bi mat, sau dé giri c&c manh ndy téi cac node Iuu trit tt nhat dé luu
trir va cap nhat danh sach cac node sao luu.

2.3 Két luan

Phuong phap phin cum tinh dugc danh gia vé ty 1& phuc file ban dau
thanh cong cao hon so v&i phuong phap successor list cua giao thuc Chord
nguyén thity, dong thoi chi phi duy tri cac manh di liéu lai thap hon [4], tir d6
cho thy hiéu qua ctia viéc phan cum tinh khé 6 rét, d& thay nhat d6 13 thong qua
viéc phan cum thoi gian cap nhat thong tin trong mot cum nhanh hon so vai viéc
truy van, cap nhat thong tin cho todn mang, ngoai ra viéc ap dung phwong phap
phan manh va stir dung ma x6a ciing lam giam viéc khdi phuc toan bo cdc manh
ctia mot file ban dau ma chi can k manh.

Mic du phuong phap phin cum tinh mang lai hiéu qua nhat dinh so véi
phuong phap successor list tuy nhién phuong phap nay van con mot vai han
ché nhu:

e X&c suat nhiéu node roi mang truge khi thuc hién viéc duy tri 12 16n

e Khdng cap nhat dugc danh séch cac node tét nhat

T nhitng van dé cua phuong phap successor list va phan cum tinh, ludn
vin dua thém phuong phap phan cum dong, 13 phwong phap c¢6 dinh s6 node
trong Mot cum va linh dong s6 cum dé dam bao qué trinh cap nhat thong tin
trong mot cum ludn & mac 6n dinh, giam thoi gian backup dit liéu, ting ty 18
phuc héi thanh cong file. Noi dung phan cum dong duoc trinh by ¢ cac chuong
tiép theo.
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CHUONG 3: PHUONG PHAP PHAN CUM PONG VA CO CHE
BACKUP.

Y tudng chinh ctia phuong phap nay 1a chia cum va gigi han sé node trong
mot cum, dé dam bao qua trinh backup dinh ky thuong xuyén va 6n dinh hon.
Bén canh d6, phuong phap phan cum dong ciing xur Iy cac cum lién ké ma cé so
node trong mi cum nho, ¢6 thé nhap cum lai nham dam bao can bang tai cho cac
node thdng qua viéc 1am giam sb lwong cum, 6n dinh sé node trong cum va 1am
cho can bang tai trong cum tét hon, ty 16 phuc héi file thanh cong cao hon.

3.1 Nguyén tic chung
Nguyén tac phan chia cum va hoat déng trong méi cum

Trong phuong phap phan cum dong chiing t6i da dwa ra mot s6 nguyén tac
phan chia cum nhdm dam bao tinh thdng nhat hoat dong trong ca mang va hoat

dong trong mdi cum, bao gom cac nguyén tic sau:

e Cian cir s6 lwgng cac node trong cum dé xac dinh viéc chia cum hoic

nhap cum
e M&i cum s& ¢o 1 node 1am node dau cum c¢6 thdng tin 2 cum lién ké& nhau

e Khi tach cum thuc hién chia d6i khong gian ID cua cum ban dau thanh

hai cum bing nhau
e Khi nhap cum thuc hién nhap 2 cum lién ké nhau.

Hoat dong trong mdi cum bao gdm hoat dong tham gia hoac roi mang cua
cac node trong cum, do viéc tham gia hoac roi mang cua cac node nay anh huéng
tGi viéc duy tri va phuc hdi dit liéu trong cum, nén phai c6 co ché dinh ky cap
nhat thong tin va dinh ky backup dit liéu dé luén dam bao tinh sin sang dir liéu
trong cum.

Nguyén tic danh sé cum:

Khi chia tach, sat nhap cum thong tin trong cic cum thay doi, can cé co
ché danh s6 cum dé dam bao cac cum c6 théng tin vai nhau, va xac dinh thong
tin cac cum lién ké va cac cum Ian can n6. Nguyén tic danh sé cum nhu sau:
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e MGi lan tach cum: M&i cum méi s& bd sung thém 1 gia tri vao cudi cum.
Theo chiéu tir trai qua phai, cum bén trai nhan gié tri 1, cum bén phai
nhan gia tri 2 (hinh 3-2).
e MJi lan nhap cum: Mdi cum s& bo di 1 gia tri & cudi cum. Theo chiéu tir trai
qua phai, cum bén trai nhan gia tri 1, cum bén phai nhan gia tri 2 (hinh 3-3).
Bac ctia cum nhim thé hién s lan tach cum ra tir cum ban dau, théng qua
bac cua cum va chi s6 cum c6 thé xac dinh dwoc thdng tin hai cum lién nhau.
Néu hai cum cting bac va c6 chi sé cum gidng nhau, chi khac nhau chi sé cudi thi
hai cum lién ké nhau. Hinh 3-1 md ta cum duoc chia tach véi 4 bac va md ta quéa
trinh danh sé cac cum qua céc lan phan chia, cdc cum duoc phan chia va danh sb
theo hinh thirc cay nhi phan, cac cum dang ton tai thé hién & céc node 4.

0 Bic 1
Y v
1 2 Bac2
Y Y Y \ 4
( 11 —l ( 12 —l f 21 —l l( 2.2 _l o
111 112 | | 121 122 211 212 | | 221 222 | | sacs

Hinh 3-1 Phuwong phdp ddnh sé6 cum va phan bdc

0 Bac 1
A4 v
! 2 Bac2
Y Y \ 4 Y
f 1.1 _l f 1.2 _l f 2.1 _l f 2.2 _l o
111 1.1.2 1.2.1 1.2.2 { 2.1.1 —l 212 221 222 Bic4
2111 2112 BacS

Hinh 3-2 Qua trinh tach cum 2.1.1 thanh hai cum 2.1.1.1va 2.1.1.2
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Y Y
111 112 121

122

2.1.1 212

=1

Hinh 3-3 Qué trinh nhdp cum 1.1.1 va 1.1.2 dé thanh cum 1.1

Vi du: Gia sir mang Chord liy 8 bit lam khong gian dinh danh 1D cho cac
node va quy wdc néu sé node trong cum >=20 node thyc hién tach cum. Néu sé

node cua 2 nhanh lién ké <=10 thyc hién viéc nhap cum.

221

Bic1

Bac2

Bac3

222

Bac4

Ban dau c6 mot node dau cum, cum ban dau dugc danh sé 0. Khi cé 20

node tham gia vao mang, node dau cum thuc hién viéc tach thanh 2 cum theo

phuong phap chia d6i khong gian ID. Khi do, khdng gian ID cua cum 1 tir 0-127
va khéng gian ID cua cum 2 tur 128 — 255.

— 127 (hinh 3-4).

0
L g !__‘|> ___O“\ Cum 1.1
e \\
/ N
o o
/ \
' \
|
—'— 6
I|I | ’
Cum II". /J)
) b -
Q /
AN

Hinh 3-4: Mang chord véi 3 cum 1.1, 1.2 va 2
33

Néu cum 1 c6 s6 node >=20, cum 1 tiép tuc tach thanh cum 1.1 va 1.2.
Khi do, khéng gian ID ctia cum 1.1 tir 0 — 63, khong gian ID cua cum 1.2 tir 164



Trong qué trinh tdch cum va chia doi khong gian ID, néu cac cum duoc
hinh thanh sau qué trinh tach cum van vuot qué yéu cau vé sé lugng node trong
cum (>=20), thi qué trinh tach cum lai tiép tuc thuc hién cho dén khi cac cum
duoc hinh thanh ¢ sé lwong node < 20.

Do qué trinh tham gia va roi mang ciia cac node nén cé thé sé luong node
& cac cum bi giam di. Theo dinh Ky cap nhat thong tin, node dau cia cum c6
thdng tin hai cum 1.1 va 1.2 kiém tra thay tong s node hai cum nay <=10 (gid sir
cum 1.1 ¢6 4 node, cuml. 2 ¢ 5 node), node dau cum quyét dinh nhap hai cum
nay thanh mot cum, bang cach bo théng tin chi s6 cudi mdi cum (cum 1.1 bé chi
s6 1, cum 1.2 bé chi s¢ 2) dé tro thanh mot cum 1a cum 1, khi d6 khong gian ID
cua cum 1 1a tong khéng gian 1D cta cum 1.1 va 1.2 va c6 khdng gian ID trong
khoang tir 0 dén 127.

Cic treong hep xit Iy céia node dau cum
Trong mot cum, node dau cum c6 chirc ning xir Iy nhiéu théng tin hon cac
node khéac, bao gom tinh toan tong sé node trong cum, lwu thong tin cua hai cym
lien ké. Vi vay khi mot node tham gia hoac roi mang thi phai xem xét cac trudng
hop dé xac dinh lai node dau cum:
e Truong hop khi mot node tham gia vao cum nhung lai dirng trudc node
dau cum, thi node dau cum s& chuyén thdng tin node méi tham gia vao
lam nhiém vy dau cum (hinh 3-5).

e Trudng hop mot node roi mang 13 node dau cum, node dau cum chuyén
chire niang xir ly cho node successor cua né dé dong vai tro 1a node dau
cum (hinh 3-6).

Node méi tham
gia lam d4u cum

Node diu cum

Dai ID cia cum

Hinh 3-5: Qué trinh chuyén node dau cum cho node méi tham gia

nhing & triede node dau cum
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Successor node
lam ddu cum

Dai ID cua cum

Hinh 3-6 Qua trinh chuyén théng tin do node dau cum roi mang

Trong qua trinh cap nhat thdng tin vé sé lugng node trong mot cum, tir do
xem xét trudng hop tdch cum hodc nhap cum. Node dau cum la node xem xét
dua ra quyét dinh chia tdch cum hoic sat nhap cum, sau d6 cap nhat thong tin,
backup dir liéu dinh ky trong cum.

3.2 Phwong phap tach nhap cum

Khi mot node tham gia vao hé théng, né thuc hién cap nhat thdng tin qua
cac buoc sau:

1. Thong bao cho successor node tinh trang tham gia vao hé thdng.

2. Successor node thong bao cho node dau cum vé node mégi tham gia vao
hé thong.

3. Node dau cum s& tang tong s6 node trong cum 1én 1 don vi (hinh 3-7).

Node dau Node Succeszor
cum tham gla node
1
—_— »
o el
2

Hinh 3-7 M6 ta viéc tham gia mét node vao hé thong

Khi mot node tham gia vao hé théng, nd thuc hién cap nhat théng tin qua
cac budc sau:
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1. Thong bao cho successor node tinh trang roi hé thong.
2. Successor node thong bao cho node dau cum vé node roi hé thong.
3. Node dau cum s& giam tong sé node trong cum I1én 1 don vi (hinh 3-8).

Mode d3u
Cul

Successor
node

Hinh 3-8 M6 td mét node roi hé thong

Muc dich cta viéc tinh ting, giam ¢ node dau cum nham xem xét tong sb

lwgng node trong cum dé thuc hién tach cum hay nhap cum

Dinh ky cac cum cap nhat lai thdng tin trong cum. Node dau cum sau khi

cap nhat sé lwgng cac node trong cum dé xem xét cac budc sau:

e C0 tach tach/nhap cum khéng?

Néu tong sé node trong cum, 16n hon sé node téi da trong moét cum thi
node dau cum thuc hién viéc tach cum.

Néu téng s6 node cua 2 cum lién ké nhau, nho hon sé node téi thiéu cua
hai cum, thi thuc hién viéc nhap cum.

Viéc xac dinh s6 node t6i da trong mot cum va sé node téi thiéu cua hai
cum, tdy thudc vao viéc xac dinh do 1on ban dau cua hé thong, dé tir do
thiét 1ap thong sé cho phi hop, dam bao téi vu dugc kha ning backup.

e Sau khi tach/nhap cum, node dau cum thuc hién cap nhat toi successor
node, ctr nhu vay dén node cudi cum. Sau dé node cudi cum cép nhat lai
cho node dau cum.

Thong tin node dau cum giri c4c node trong cum dé cip nhat bao gom:

e T6ng s céc node trong cum

e Thong tin ID dau cum, cudi cum

e Danh sach cac node c6 dung lugng cao phuc vu cho viéc luu trit

e Danh sach céc nut roi mang trong mot khoang thoi gian dinh ky.
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Hinh 3-9 Qua trinh cdp nhdt diz liéu trong mét cum

3.3 Ph&n manh khi dwa mot file méi vao mang

Mic dinh mdi file khi dugc dua vao mang s& duoc chia thanh n manh dé
phuc vu cho viéc backup file.

Déi véi 1 file méi dua vao mang Chord, dya theo thuat toan DHT bam ndi
dung cua file thanh key, key dugc sinh ra s€ dugc successor node quan ly, tir d6
biét duoc cum nao va danh sach cac node tdt nhat, tiép theo successor node s&
thong bao cho node Iuu trix file goc thyc hién qua trinh backup cac manh vao céc
node tét nhat.

Nhu vay key caa mét file vira ¢d thong tin cua file goc vira 6 thong tin cac
manh. Viéc tim kiém dir liéu thdng qua key, tir key truy Van tgi cac manh va tra
lai thong tin tim kiém. File géc dugc sir dung trong truong hop cac manh con lai
khong du sé luong dé phuc hoi lai file gbc, khi d6 sir dung file géc ban dau dé
tao thém cac manh mai.

@1 Sourcenode

@ Responsble node

=} Backup node

e Cluger

Hinh 3-10 Qua trinh backup va phan manh mét file moi dwra vao mang

Node quan ly key file s& lwu thong tin vé cac node luu trit c&c manh
dir liéu.
Node luu trit cac manh s& luu thong tin vé node key file.
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ID - 132
Manh 1- File 1 ID = 200

ID: 157
MManh 2, 3,4.5: File 1-ID = 200

ID : 200

Quan 1 Eey cha File 1
1D=152 manh 1
ID=157 minh 2,3,4,5

Hinh 3-11 M6 ta cach quan ly giiza key cua file va cdc manh

Hinh 3-11 1a mot vi du mo ta mot node vai ID 1a 200 quan ky key cua file

1, file nay dugc phan lam 6 manh. Trong d6, node c¢6 ID =152 chira manh 1, ¢
thong tin lién két vai node c6 ID = 200. Node c6 ID = 157 chira 5 manh cua file
mét, c6 thong tin lién két véi node co ID = 200. Nhu vay mot node co thé vira
quan ly key ctia mét file, vira luru cac manh cua mot file khac va co sy lién két
gitra node quan ly key cua file va node luu trir c&¢ manh cua file do.
3.4 Backup khi cac node roi mang
3.4.1 Backup khi cac manh dé liéu nam trong czem

Khi 1 node roi khoi mang Chord, nd sé thuc hién cac budc sau:

1. Théng béao cho successor node tinh trang roi mang.

2. Successor node thong bao cho node dau cum théng tin 1D node roi mang.

Dinh ky, node dau cum tap hop danh sach cac node roi mang va thong bao
cho céc node trong hé thong cac node trong cum da rdi mang.

F

r 3

r Y

Node dEu cum:
Kiém tra key file
ch 1ién két véi
manh cia cac node
rii mang khéng

Successor
node ciia node

rii mang

Hinh 3-12 Qua trinh cac node roi mang va cdp nhdt thdng tin
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Madi khi mot node nhan dugc thdng tin vé danh sach cac node roi mang
trong cum, n6 thuc hién kiém tra lan Iuot cac key cua file ma nd quan 1y dé kiém
tra cac lai cAc manh dir liéu ma key quan ly.

Truong hop cac key cua file kiém tra thiy sé lugng cac manh con lai nho
hon gié tri ngudng cac manh (k manh) cé thé phuc hoi lai file, node chiu trach
nhiém quan ly key s& thuc hién backup lai ca&c manh da mat.

Truong hop cac key cua file kiém tra thiy téng s6 cac manh con lai khéng
c6 kha ning phuc hoi lai file gdc, node chiu trach nhiém quan Iy key s& tim lai
node chua file géc dé backup lai cac manh. Néu node chwa file goc bi bi roi
mang thi khéng backup dugc cac manh, ddng thdi nd s& thong bao cac node luu
trir c4c manh x6a cac manh do6 trong hé thong.

Viéc khdi phuc cac manh dir liéu d3 mét theo co ché sau: Ddi véi mdi file
dua vao mic dinh duoc chia 1am n manh, néu hé théng con k manh (k<n) thi c6
thé phuc héi lai dugc file ban dau.

s
( Bat dau \,\
N Z

Pun

/

< 2
_~Tbn tai node ngudn chra file
g0c

Yéu cau node nguon tao ra

CO———P , 2 Y -
cac manh da mat

I
'/ A ;.
Khang ( Két thic
A
A 4 A
Yéu cAu node tao ra cac | Luu trit cdc manh dugc tao
manh da mat | ra vao cac node trong cum

Hinh 3-13 Luu do kiém tra va backup cac manh bi mat

3.4.2 Backup khi cac manh dé liéu nam ngoai cem
Do qué trinh tach cum nhiéu lan, manh dir liéu c6 thé nam ¢ gitta 2 hoic
nhiéu cum & xa. Do d6 can c¢6 co ché backup lai cac manh nay nham duy tri céc
39



manh trong moét cum, giam viéc di duyén cac manh & xa va cap nhat thong tin
trong mot cum dwgc nhanh nhat. Phuong phap dua ra nhu sau:

Node dau cum s& c6 thdng tin 4 node dau cum lién k& (2 node dau cum lién
ké trude va 2 node dau cum lién ké sau).

2 cum litn sau 2 cum lidn trude
+ # Cum dang xét < >
+—
P () L@ 1) () | Mang Chord
M/ | & 1 I |
.‘L Tl(s
T2 (&) ‘ T2(z)

Hinh 3-14 M0 td mét node dinh ky kiém tra backup hai cum dirng

trudc va sau.
e Dinh ky T1 gidy 2 node dau cum gan nhat sé& giri thong tin cho node dau
cum xu 1y va dinh ky T2 gidy (T2>T1) 2 node dau cum xa hon gii

thong tin cho node dau cum xir ly.

e Node dau cum sau khi c6 théng tin vé cac node roi mang ciing tién hanh
kiém tra dé backup dir liéu twong tu nhu backup khi cac manh di lidu
nam trong cum.

Do viéc dinh ky trao d6i thdng tin vé cac node roi mang cho nhau nén 5
cum lién ké dé kiém tra cac manh dir lisu ma key cua file lién két dén, vi vay n6
c6 thé backup duoc cac manh dit liéu khi cac manh nim trong 5 cum lién ké.

Trudng hop cac manh dit liéu nim ngoai 5 cum lién ké, khi cac node kiém
tra ca&c manh dé backup dit liéu biét duoc cac manh & xa s& backup lai cac manh

vao trong cum.
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CHUONG 4: PANH GIA HIEU QUA PHUONG PHAP TACH NHAP
CUM SU DUNG CO CHE PHAN CUM PONG

4.1 Chwong trinh mé phéng

Chuong trinh mé phong phan cum déng dugc mo rong tir chuong trinh
moé phong cua Jonathan Ledlie [14] va dugc xay dung trén ngdn ngr Microsoft
Visual studio C++;

Céc cum dwoc xay dwng dé mo ta hoat dong md phéng thong qua cac

ham sau:

e long clusterinfo::clusterSegMantaince(): Duy tri cAc manh dir liéu trong
cum, theo dinh ky cap nhat théng tin cum, mdi khi kiém tra backup cua
mot node trong cum. Ham s& kiém tra céc key cua file xem trong moi
key d6, cac manh ma key quan Iy con lai bao nhiéu, réi xem xét viéc c6

phai backup lai cdc manh da bi mat hay khong.

e void clusterinfo::updateTheBestServer(): Xir ly viéc cap nhat cac server
t6t nhat trong cum, trong d6 server tét nhat la cac server c6 dung luong
Iwu trit cdc manh I16n nhat. Binh ky cap nhat théng tin cum, ham s& kiém
tra lai cac server c6 capacity Ion nhat cum va dua vao danh sach cac
server t6t nhat. Khi mét file méi dwa vao mang hoic dinh ky backup lai
cac manh, dua trén cac server tét nhat vé capacity dé gan cac manh vao

Cac server nay.

e map<double,PhysicalServer*> theBestPhysicalSever: Ham chira danh
s&ch cac server tot nhat, sip xép cac server c6 dung lwgng I6n nhat trong
cum nham muc dich phén tai cac manh dir liéu vao cac node tét nhat, dé
lam giam viéc qua tai ciia mot node.

 map<double,PhysicalServer*> IstServer: Ham quan ly danh sach tat ca

cac server trong mot cum, anh Xa gitra ID cua server Vi Cac server.

e bool addPs(double psKey, PhysicalServer *ps): Ham thém cac server

Vao cum
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Cac Server (node) dwoc xay dung dé md ta hoat dong md phéng

théng qua cac ham sau:

e bool PhysicalServer::checkRecoverFile(double keyF): Ham kiém tra c6
phuc hdi file dir liéu goc vai khoa k truyén vao hay khong. Ham tra lai
“true” néu s6 manh con lai du dé backup dugc file goc hoac tim thay file
g6c. Ham tra lai false néu nguoc lai.

e void PhysicalServer::keyDistributed(double keyF): Ham phan bd cac
manh vao trong cum, tinh chi phi khi phai backup lai cac manh.

e long PhysicalServer::keyMaintaince(double keyF): Duy tri cAc manh dit
liéu cua mét khoa

 map<double,vector<double> > linkBackupPs: Ham chua lién két gitta
key vai cac manh chira trong cac node

e int birth (): Xt ly qué trinh tham gia cua mot node

e int death (): Xur ly qué trinh roi mang ctia mét node.

M@ét s6 ham khac:

e void initClusters(): Khoi tao cum ban dau, gan gié tri cho cac thudc tinh
trong cum ban dau.

e void joinCluster(): Ham xu ly viéc nhap cum

e void splitCluster(): Ham xtr ly viéc tach cum

e void scanClusterInfo(): Ham quét cac truong hop tach, nhap cum

e char nextEvent (int &nodeid): Ham xtr ly cac sy kién mot node tham gia
hoac roi mang
e int initNodes (string filename, string fileDistribution, PhysicalServer
*&ps): Ham khai tao mot node va node d6 duoc gan capacity va key file
khi khoi tao xong.
Chuong trinh mo phéng phan cum dong
Chuong trinh md phong xuat phat tir vong tron Chord chua c¢6 node nio
tham gia vao mang va s cum ban dau 1a 1. Chuong trinh khoi tao Vi cac server
dugc gan véi cac thong so:
e Kha niang vé dung lugng luu trit cac manh (capacity)
e Sb file duoc phan bd cho mdi server (file distribution)
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Chuong trinh bat dau chay theo tirng vong, ban dau vong 1 tao ra cac node
tham gia vao mang (node birth), tir cac vong sau sé cO cac node tham gia vao
mang (node birth) va cac node roi mang (node death).

MJi khi c6 mot node tham gia hoic rdi mang chuong trinh sé& tinh lai s6
node dé xem xét trudng hop tach hoac nhap cum.

Pinh ky cap nhat cac node t6t nhat trong mang va backup cac manh dix liéu.

Pua ra cac thong sé do dém thoi gian chay, tong sb truy van, sé cac truy
van thanh céng va chi phi duy tri cac manh dit liéu, trong do:

e TONg so truy van: 1a tong sb truy van tim key cua file trong hé thong dé

xac dinh viéc tim thay hay khong thay key.

e S6 truy van thanh cong: 1a tong sé truy van tim thay file goc hoic sb
manh con lai vin duy tri duoc file gé¢c ma khong can phai backup.

e Phi duy tri: 1a phi dé phuc hdi cd&c manh d3 mit dé tao ra du cdc manh
caa mot file ban dau.

Tao ra céc file dau vao:

e Tao ra céc file chura cac node tham gia (birth) va roi mang (death) voi
tong s6 4096 node (churnfile), thoi gian séng trung binh mdi node 1a 15
phut, 30 phat, 1 gio, 2 gio.

e Tao ra file dung lwrong duoc gan cho mot node (capacity). File nay dugc
tao ngau nhién véi dung lugng trong dai tr 5 dén 235 don vi. Gia tri
capacity trung binh ctia mét node la 120 don vi.

e Tao ra cac file chtra cac key file (keyfile) véi dung luong key file khac
nhau 5%, 10%, 15%, 20%, 30%.

Phwong phap tinh phian manh, duy tri va truy van

e Phuong phap phan manh: Mbi file dir liéu duoc chia lam 6 manh, dinh
ky cap théng tin, néu s manh <=4 s& thuc hién duy tri, backup lai manh,
néu s manh >=3 thi c6 thé phuc hdi dugc cdc manh con lai. Néu sé
manh <3 thi phai tim file géc dé backup lai cac manh, néu khdng tim
thay file gbc thi khong backup lai dugc file va cac manh.

e Phuong phap tinh phi duy tri: Khi dén ngudng backup (sé6 manh <=4), s&
phai tao thém c4c manh dé dam bao viéc duy tri dit liéu. M3i manh tao
ra khi duoc tinh vao mot don vi.

e Phuong phap tinh cac truy van: Dinh ky cac node kiém tra lai cac key
cua file trong tap key cuia hé théng, mdi mot key dugc tinh 1a mét truy
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van. Mgt truy van thanh cong néu node ngudn chira file goc con séng va
c6 sb manh c6 du dé backup lai file.
CA4c thong s6 do:

e Dung lugng (capacity) cua mét node: Trung binh mot node c6 kha niang
chtra 120 manh dit liéu, mdi file phan ra lam 6 manh va c6 mot key file
quan ly cac manh. Trong chuong trinh md phong tao ra file dau vao luu
trir key cua file 12 5%, c6 ngia 1a chuwong trinh phan bé cac key file cho
ca khong gian 1D cua mang (4096 ID) dong déu cho mdi ID 5 key cua
file.

e Thoi gian séng cia mot node: Puoc sinh ra khi tao file chira cac node
tham gia hoac roi mang khi tao file.

M0 ta chwong trinh mé phong theo lwu dé dudi day:

v
Chon thong s6 dau vao

(Capacity, churnfile, keyfile)

\ 4
Khoi tao thong so cho cac
node

\ 4

» S6 vong lap < n (churnfile)

DS
T
e ~

DIng f\/K\iérrya\\?sI

- Thém/bét node vao hé théng

- Xét viéc tach, nhap cum ; .

e B R Xuat ra cac thong so
- Cap nhat dinh ky v &

- Backup dtr li¢u

v

( Két thﬁc\
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Mot s diém phan biét giira chwong trinh mé phéng phan cum dong

va phan cum tinh

Phén cum tinh

Phéan cum djng

Khéi1 tao ban dau vdi s6 cum xac dinh

Kho1i tao ban dau voi chi 1 cum

S6 node trong mdt cum khong giéi han

G161 han s6 node trong mot cum

Céac manh dir li¢u ludn ndm trong mot
cum

Cac manh dir li€u c6 thé nam ¢ nhieu
cum khac nhau

Sd lugng cum ¢ dinh

Sb lwong cum thay ddi tuy thudc vao
S0 node tham gia hodc ro1 mang

Bang 4-1: So sanh sy khac nhau giia phan cum tinh va phdan cum dong

4.2 Panh gia va so sinh mdt sé6 thong so6 ciia phwong phap tach nhip cum

theo co ché phan cum ddng so véi phan cum tinh.
4.2.1 Ty 1¢ khoi phuc file ban ddu thanh cong (khi cé dinh thei gian séng 1

node va ting sé file)

Céc thong s6 dau vao cho chwong trinh mé phéng:

e C6 dinh thoi gian séng cua mdi node: 30 phut
e Thay doi so luwgng dir li¢u dugc Ivu trir trong mot node lan luot 1a 5%,

10%, 15%, 20%, 30%
e Capacity: 120k

e Phan cum dong: Tach cum khi >=

20 node

e Phan cum tinh: Cé dinh 20 cum

45

30 node, nhap cum khi téng 2 cum <=




100 ¥ a3

o0 o4 52
w 76
£ 80 L]
E—D 56
5 70 79
et 73
c 60
-
i =
EER
o Y
9
= 40
= Phan cum tinh Phén cum dong
o 2
oo
o
= 20
e

10

5 10 15 20 30

Ty & % dorn vi dif liéu che mdi node

Biéu do 4-1 So sanh ty 1é khdi phuc file ban dau thanh cong giza phan
Cum tinh va phan cum dong

Tir két qua ciia chuwong trinh cho thay khi dit liéu dua vao node ting 1én
thi ty Ié truy van thanh cong giam theo, véi 5 don vi dir liéu dua vao mot node ty
Ié thanh cong 1a 99% va thap dan xubng 76% khi dir li¢u dua vao 1a 30 don vi.
Két qua nay ciing cho thay ty Ié thanh cng cua phuong phap phan cum dong cao
hon so v&i phan cum tinh, trung binh khoang 3% do thoi gian cap nhat thdng tin
trong mot cum nhanh hon nén qua trinh backup tot hon va ty I& truy van thanh
cong cao hon.
4.2.2 Ty 1 khdi phuc file ban dau thanh cong (cé dinh sé liwong file va thay doi
thei gian séng)
CA4c thdng s6 dau vao cho chwong trinh md phéng:

e Thay doi thai gian séng caa mot node: 15 phdt, 30 phat, 1 gio va 2 gio, 3

gIo.
e C6 dinh s6 lwong dit liéu Iru trit trong mot node 1a 20%.
e Capacity: 120k

e Phan cum dong: Tach cum khi >= 30 node, nhap cum khi tong 2 cum <=
20 node

e Phan cum tinh: Cé dinh 20 cum
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= P== Phin cuym déng s Phan cym tinh

Biéu do 4-2 Soty Ié file ban dau thanh cong giza phan cum tinh va phan
cum déng khi thay déi thoi gian séng ciia mgt node.

Két qua trén biéu d6 4-2 cho thay, thoi gian song caa mot node cang lau, ti
I& roi mang caa cac node trong cum thap hon, cac manh dit lidu bi phan tan ra cac
cum it hon dan téi ty 1 tim thiy cdc manh trong cum cao hon va ty 1& phuc hoi
thanh cong file cao. Ty I phuc hoi thanh cong file ciia phuong phap phan cum tinh
thip hon so v&i phan cum dong do quéa trinh cap nhat cac node tét nhat trong cum
cta phan cum dong nhanh hon nén backup dwoc nhiéu manh da mat cho cac node
t6t nhat, dan toi ty ¢ truy van thanh cong cao hon, ty 1& phuc hdi thanh cong file
cao hon. Truong hop thoi gian séng cia mot node tir 2 gio tro 1én, ty 1& phuc hoi
thanh cong file cua ca phan cum tinh va phan cum déng la 100%.

4.2.3 Chi phi cho vigc duy tri cac manh la bao nhiéu.

CA4c thdng s6 dau vao cho chwong trinh mé phéng:

e C6 dinh thoi gian séng cua mdi node: 30 pht

e Thay dbi s6 lwong dir liéu dwoc Iru trir trong mot node lan Iuot 1a 5%,
10%, 15%, 20%

e Capacity: 120k

e Phan cum dong: Tach cum khi >= 30 node, nhap cum khi tong 2 cum <=
20 node

e Phan cum tinh: C6 dinh 20 cum
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Biéu do 4-3 So sanh chi phi duy tri c&c manh giiza phan cum tinh va phdn
Cum dong.
Két qua trén biéu d6 chi ra rang chi phi dé backup dit liéu cho cac manh cua
phuong phap phan cum dong cao hon phan cum tinh, diéu nay duoc giai thich
nhu sau:
e Phuong phap phan cum dong duoc phan chia thanh nhiéu cum trong qué
trinh chay, do d6 cac manh dit liéu c6 thé nam & nhiéu cum khéac nhau.
Viéc dinh ky backup dit liéu giira cac cum vai nhau mat nhiéu thoi gian,
do cac manh ngoai cum cap nhap théng tin cham hon trong mot cum,
dan tgi mot s6 manh dir lieu khdng c6 thong tin. Khi khdi phuc lai file
ban dau phai mat chi phi dé phuc hdi ca&c manh nay nén ton chi phi hon
e Theo phuong phap phan cum tinh dit liéu ludbn nim & cac node trong
cum do d6 chi phi dé tim thay va phuc hdi c4c dit liéu thap hon so voi
phan cum dong.

4.2.4 So sdnh file ban ddu thanh céng khi thay déi sé liwong node trong cum
Céc thong so dau vao cho chwong trinh mé phéng:

e C6 dinh thai gian séng cia mdi node: 1 gio

e S6 lwong dit liéu duoc luwu trit trung binh trong mot node 1a 5%

e Capacity: 120k

e S6 node tach, nhap cum chay mé phong lan luot 1a (30-20, 70-50, 100-
70, 150-100, 300-100).
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Biéu do 4-4 Ty 1é phuc hoi cong file khi thay déi sé lwong node tach,
nhdp trong mgt cum

Thi nghiém md phong trong trudng hop thay d6i sé lwong node tach, nhap
cum cho thay khi sé node tach, nhap cum thap ty 1& phuc hoi thanh cong file cao
hon so vai s6 node tach, nhap cum 16n. Diéu ndy chirng to véi cum cb sé luong
node nho viéc cap nhat dinh ky nhanh hon so v&i cum c6 s6 luong node Ion, tir
d6 viéc phuc hdi file va cac manh dir liéu nhanh hon dan tgi ty 1é phuc hdi thanh

cong file cao hon.
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KET LUAN VA HUONG PHAT TRIEN

Sy phét trién rong rdi cua cac may tinh trén mang, bén canh nhirng vu
diém cua hé théng tap trung (client-server), hé théng phan tan ciing c6 nhitng wu
diém riéng biét cuia nd. Vi viéc nghién ciru va khiac phuc nhirng diém yéu trong
hé thong phan tan nhu kha ning mé rong, tinh bao mat, tinh duy tri di lidu ciing
nhu can bang tai, trong tuong lai viéc tng dung hé thong mang ngang hang sé tro
nén ngay cang pho bién.

Thdng qua viéc nghién ciru vé backup dir liéu theo co ché phan cum doéng,
phan nao ciing cho thiy nhitng wu diém va linh hoat trong mang ngang hang co
c4u trdc sir dung théng qua giao thirc Chord. Két qua danh gia phuong phap phan
cum dong va phan cum tinh cho thdy, mdi phuong phap c6 vu nhuoc diém khéc
nhau, tdy tirng truong hop c6 thé &p dung theo co ché phan cum dong hay phan
cum tinh.

Nhin chung co ché phan cum tinh pht hop Vv&i nhitng mang dugc wdc
lwong trude s6 node tham gia hoac roi mang trong hé thdng, qua d6 viéc chia
cum ¢d dinh s& phl hop dé dam bao ca viéc backup, thoi gian backup ciing nhu
duy tri cac manh dix liéu.

Véi co ché phan cum dong, khdng phu thudc vao sé lugng cac node tham
gia hodc roi mang, thoi gian backup dwoc 6n dinh, ty 18 khdi phuc thanh cong file
dir liéu cao hon nhung chi phi duy tri thi tén hon, doi hoi nhitng node tham gia
gia mang véi cdu hinh cao hon dé ting thdi gian xir ly backup.

Mic du da dat duoc mot sé két qua cho thay & trén, tuy nhién viéc md
phong nay van con mot s6 han ché can dugc bd sung, nghién ctru thém dé phi
hop véi thuc té nhu: tinh khoang cach cua cac node khi tham gia vao hé théng, tir
viéc xac dinh dugc khoang cach cac node tham gia vao hé thong s& phan bd vao
cac cum hop 1y hon nham giam tai cho viéc duy tri dit ligu.

Trong tuong lai c6 thé mé rong noi dung cua luan vin thong qua viéc tinh

khoang céach cac node khi tham gia vao cum.
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