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Abstract

Graduate I nstitute Of I nformation M anagement

Nation Taiwan University

Student: Hsiao-Mei Huang July, 2008
Advisor: Yuh-Jzer Joung

Search and Cache Mechanism in A Proximity-Aware and Group-Based
Peer-to-Peer System for Range Queries

Peer-to-peer systems have emerged as a powerfidrpidor large-scale
distributed information systems in recent yeargontant functionalities, such as
searching, have been added to improve the syskeoksp capability. The efficient
support of range queries in a P2P system is Stiladlenging problem. To resolve this
problem, some other related issues.must first eeaded, such as high communication
overheads, load imbalance among peers and presereaiobject availability. Donuts
satisfies above requirement and maihtgiﬂ'gbjedtamjﬁity and effectively range
queries. Within a grouping environmerif::;péer.s areled into several groups to
provide the flexibility of proximity.and fe"ci'sibiﬁtof load balance in a range queries
system. However, Donuts' sea_kéh;_élgorithm With eoajive search is not efficient. The
search cost is tremendous. Also the query pattePonuts is not similar to real word.

This thesis provide more factual query patternnuutate search behavior.
Considering locality and popularity, we try to fittte best search and cache strategy.
The result of experiment prove that chordal rinthes better system data structure. We
also compare the performance of local cache welotte of cache by path. Finally, we
compare cooperative neighbor cache with traditicaahe and make a conclusion for
best search and cache method.

Keywords: Peer-to-Peer, Range Queries, Proximityu@ing, Load Balance



% 3

a1+ NP
s

<l
=
QT-
&
L5
)
1+
ﬂ%
3
-
L"t
#;
b
.

3 4 RO E B RS

%éf%u ’f“ﬁ‘-& x5 ) iﬁ-ﬁtl”\‘gif\‘?
Lbﬁl e e ﬁ"—/}'g‘imﬂsb IR A
Ao BREERT o 5 AR i mar
mii" WRF " o B G BLAFEL TN b =g
/g* mﬁ%ﬁ&mﬁ@u%ﬁ$ﬁﬂﬁi\%hﬁ mmg§21

P B EE kSR i g skl °Doﬁu¢§ U REEL DR R Sk
KB U uﬁ%%ﬁmjﬁwaﬁim %%@ @’ﬂ*%@“mﬁilf

Aep B ARIT S P T fr f mfﬁr ; PR bonuts B F w8 k- AWFE
ARE G4 18 & B ARE 7 Ao @ﬂ%%ﬁ%w*”mﬁkw».mﬁaéﬁﬁ
ORI =t SR RS ST PR I RS

ME I AANPR D B EIR 7L R4 TR E R
Pt R YRR R RN 0 #uz2 L AA#F 7 # e Donuts
AP B %% 2P 7 Chordal Ring €. & Donuts 7% ‘fu'?#i 2

Tﬂiq‘t
3%1
e m

FOL R AR P S - A B E R L B PP e F sy B {8V 38 i Donuts
Frih e s (T30 A0 E HOF chi B N B LR Bl o R~ kil & i E &
«

MAEF © BB E  BRA AT R L f T P



P&

E e S 1 PP -9 -

¥-F é)}?’%iﬁ?%\ .................................... - 15 -

2. 1.1 CAN coe et -45
2.1.2  ChOTA coeeeeeeee e e e e e e e e e -16 -
2. 1.3 PaASTIY coiiei i -17 -
2.1.4  SKID Graph oviiiiiiiiiiiie e e e e -18 -
2. 1.5 B s et -19
2.2 A0 4R 3 S B RAL B e -20-
2.3 BB o) B 0 . " =20 -
RIS T R i o SO i R -21-
2.3.2 £ IESPB L A e, -22-
2.3.3 BBk ek i LN N SR -23-

§: —:— i ,;“. -3’-""‘*3“*.1 ........ .; ...:- ...... .J % . el o . . s s e e e s s e - 25 -

3.1 e R o b TR 52
3.2 AAIM BH oo - 26 -
T I i SRR PRSP =27 -
R A A RSO - 29 -
R B | S -29 -
3. 4.2 HEEE F e -30-
3.5 Fo AT FUT e -31-
3.6 B TGP o -31-
3.6. 1 HBE T HF(NB) woeeeirieeciee ettt -31-
3.6.2 @ BEE FE(PR) coiicviei et -32-
B T A B e e e -32 -
3. 7.1 #8374 (Proximity Table) e, -33-
3.7.2 B (EXpress Table) .o -34 -
3. 1. 3 I E B B e -34 -



A1 BB ™ JF 24

4.1.1
4.1.2

B RYIER e —————
5 R TE B R oo

B2 BFR AT covveeeemsnnne s 64
4.3 HoF 21 PP mxa; ................................................

4.3.1
4.3.2
4.3.3
4.3.3
4.3.4

,:l «u;’ W ’}#mﬂ 2:‘5 ....................................
BB BHF 50 S e

B AP F AT £ R
g BB R KO F Ao ARIT £ SRR D
£ T VB e LR B 1l BB

i '



DR
Bl 1-1: The high-links of u for efficient routing....cccccocomiiiiiiiiiinnnnnn. -10 -
Bl 1-2 ! The baSIC STIUCTULE «ceviiiviiii e -11 -
Bl 1-3 : Left-Overlay without grouping, Right-Overlay with 4 groups-11 -
Bl 1-4 : Compare Average Search Path Length under Different Search Strategy

.................................................................................................................. -13 -
B] 1-5 : Average hops under different cache Size .....cccoooiiiiiiiiiiiiiiiiiinnnnnn. -13 -
B 2-1:(a) Before node 9 joins. (b) After node 9 joins, node 9 splits the

zone with node 5. (c) Insert a new Item......ccoocooiiiiiiiiiiiiiiiiiiiiiieeeeenns 15 -
Bl 2-2 : Route selection flexibility in 2-D CAN ..., -16 -
B 2-3 : Chord (a) New node join. (b) Object shift. ...cccooooiiiiiiiiinnnnnns -17 -
B 2-4 : Chord (a)Routing Table (b)Search Routing ........coooooiiiiiiiiiinnnnnn, -17 -
B 2-5: Pastry (a)Routing table (b)Search routing .........cccccceoooriinininnnn. -18 -
Bl 2-6 - The structure of SKip graph .........cccooimmiiiiiiiiiieee, -19-
B 2-7: (a) Linear scale of lef like dlst (b) Log scale of Zipf-like dist.

.................................................................................................................. -21-
Bl 3-1 : Base Ring structure ... .ee.....oom o R ....................................... - 26 -
Bl 3-2 : Routing table of Donuts peg_r ........................................................ -27 -
B 3-3 : Left-Overlay without grouplng, nght Overlay with grouping - 28 -
B 3-4 : Proximity join in Chordall Pg 4. V. S | -29 -
B 3-5: Leafset of Donuts peer................-.'.!..-w~ ............................................... -30 -
B 3-6 : Neighbor balance ... ... G A -32-
Bl 3-7 : Build Proximity table ... -34 -
] 3-8 : Compare Average Cache Hit of Leafset and GroupLeafset in RSRO

072 1 50 1 <3 g LN -37 -
B] 3-9 : Compare Average Cache Hit of Leafset and GroupLeafset in RSZO

072 1 50 1 <3 g LN -38 -
B] 3-10 : Compare Average Cache Hit of Leafset and GroupLeafset in LSZO

072 1 0 <3 g LN -38 -
B] 3-11 : Compare Average Cache Hit of Leafset in RSRO pattern.......... -39 -
B] 3-12 : Compare Average Cache Hit of Leafset in RSZ0 pattern.......... -39 -
B] 3-13 : Compare Average Cache Hit of Leafset in LSZ0 pattern.......... -40 -
B 3-14 : Cache State DIiagram .....cccocceiiiieeeiiiiiee it eeee e e -41 -
Bl 4-1 2 Top—down MOAEL .euneiieriiiii e e eaae -43 -
Bl 4-2 : CDF of system session lengthS ..., - 44 -
Bl 4-3 : Event-Driven Simulator ..o -45 -
Bl 4-4 : Total Search COSt ..o - 46 -



Bl 4-5: Simulate Locality-Source by Bernoulli Model ........oovviiiiiiniiins -48 -
Bl 4-6 : Simulate Zipf-Object by Zipf Model ..o 49 -
B 4-7 : Average Cache Hit of Leafset under different locality size- 50 -
B] 4-8 : Average Cache Hit of Leafset under different Zipf parameter - 50
Bl 4-9 : Compare Average Search Cost under Different Query Patterns- 53 -
B] 4-10 : Compare Search Cost under Different Cache Size......ccccoooeennnn... -54 -
B] 4-11 : Compare Local Hit Times under Different Cache Size.............. -54 -
B] 4-12 : Compare Search Cost under Different Query Patterns and Cache
METROAS cevieeee e ————— - 58 -
Bl 4-13 : Total Cost on Four Kinds of Query Pattern. x #h-RJ = Random Join,
PJ = Proximity Join, G = Group Number, y #%-Average Total Cost.- 59 -
Bl 4-14 : Neighbor Search and Search by PT-Local Cache : Search Cost - 61 -
Bl 4-15 : Neighbor Search and Search by PT-Local Cache : Return Cost - 61 -
Bl 4-16:Neighbor Search and Search by PT-Local Cache : Total Cost....- 61 -
Bl 4-17 : Under different cache'method w;i_th Neighbor&PT search for Topology
Y o, S 0.3 W - 63 -
® 4-18 : Total Cost for Different. Cache Meth’od' for Topology 1 .......... -63-
® 4-19 : Under different cache méth;grd;r ‘leth Neighbor&PT search for Topology
y/RUUUUUUURURRRR - (O 1{. Lol - 63 -
B 4-20 : Total Cost for Dif.f:_ere!nl"t Cache 'IMethod for Topology 2.......... -64 -
B 4-21 : All Cache Methods.... & i -.'.'..-:.; ................................................ -63 -
% ¥ P &

FA 310 AR R
# ¥ 4-1: System Parameters ...........couiiiiininiii
# # 4-2 : Return Cost in 4 Query Patterns .....................
% # 4-3 : Return Cost in 4 query patterns .....................

36
46
53
58



$-2 @A

L1#84 %

SFE Sl TR 2 8 A AR kAR S R R R SRR & M A
feni@ * (75 0 bl4rgh¥gh(Peer-to—Peer) e i cnjis * 5 B LR B iR A3
RHREARE ST ey PP AR o gL SRR E TR
Sk oA BRHEMEASLLFLG ED R ERERY w50 RS &
¥hen® &ML & Gnutella[1] ~ Freenet[2] ~ Bittorrent[3] : ik e §
e aed JGY EE(Client-Server) » @ £ g3t gEen® B30 48 - = B & 2
LELAHEADER T UREE FRNEER S ERLE LR
%1ﬂ’4ﬁﬁﬁgﬁgﬁﬁﬁiﬁ*é?ﬁﬁﬁ?%:iiﬁﬂﬁﬁﬁéﬁﬂ

BT EE e FLAD > & BLende X Wﬁff i 5‘%3‘%—&'%&* 2pi- 2 R RS T
M A Nk R «éﬁ% P—‘i"ﬁﬁ-’# R, B RS A- 2 42
B BLATEL B - L AR EE tg\C‘}nutgHaEf’ Freenet 5_# £ k=% & 7 RS
TR R 1 PR TOE Sl o 2 B R
DIBEAER  LERR A ‘?fﬂ:&"ﬂ%\%&wéﬁf“*iﬁﬁiﬁiﬁﬁé—% e AL
Afpgar 3 o

SR I BEEEE R RAP F 0 BT B RE R R IR N F PR AR
TR BT R A A AR 5 R Bh e B AEE G — B (TP 0 d 2R
B A AL DID 5 > 2 4 AR BT hF LS L > @ % DHT chigiy
i BLytEb e p 5 CAN[4] ~ Chord[5] ~ Pastry[6]---% » DHT e gk 8 it (ki@ 0% pF
FOERAHOH 2 Ao BRR B RO BEIN SR F ) L5 O(logN) -
BOY RFEFATHEY et g R F A9 5 L7 (Donuts [28,29])42 0 i
Suegk & 784 A 00 Chord sk S (W 1-1) » = B & 8L € it d & 42 % &k 2x
log N # high-links > log N i links 45 & # 7| &2 % ¢h%° 8 > ¥ log N # links

-9-



pre Iz e g LR RPOF I dpe B {8 P high-link P % 1T
HF P AR PEIEF o F B 258 DHT e 3k i (3] - = HRan
“Key”» @ % BE 24 F- S H o FRP EKey B5 AR B EBAE F D
A 224 B g Plpt e g o B 12 50 &2 S F(U,A) i
e S et i ﬁ‘u ¢ %%_Uncertain ~ Wednesday ~ Audacious 3 4" #f s Key & :

GAH A 0 AT LS EIR L B TR D e gl £ T H R R

N ERARSY ¢ AR B 2 F S BB FHF > Donuts R4

ks FedF - RN iR

iy

GEER R UARIT T frenp iR SELA K SLEeninE O R
£ 5

& fogr B 4 AT 0D fhd B9 > Donu %3}%;@@%%%@%5%@
3o oW 13477t g #Bﬁﬁr‘n 3 fﬁi@'iﬂgﬂ_l}lls i F BEEL L
GroupList % i 4t s & 1 &7 Wl E!Iéau“m | A L B3 5 6
S ehGrouplist * 7247 Me ii" Sﬁxs{rmaﬂﬂé{V NE R -

Bigend U

u.RT.next[0] 2" 4

.RT.next[1 y
4 nextf .RT.prev[1]
u.RT.next[2]
u.RT.prev[2]

u.RT.next[3]

u's Routing Table

u.RT.prev[0] | u.RT.next[0

u.RT.prev[1]| u.RT.next1

u.RT.prev[3]

u.RT.prev[3] | u.RT.next[3

AlwlNnl =] O

]
]
Q.RT.prev[Z] u.RT.next[2]
]
]

u.RT.prev[4] | u.RT.next[4

Base Ring

W.RT.previ4) u.RT.next[4] 1

B 1-1: The high-links of u for efficient routing

1 lﬁ' 1-1-1@I 1-3¥fi : Wing Tat Wong, A Proximity-Aware and Group-based Peer to Peer System
for Range Query.
-10 -



Base Ring

Turning Node S
(S.Ib >= S.ub)

Object Key Domain IU-Al

0 Uncertain

1
2 | Audacious

[N~Q]

Nodes of the same color
are physically nearby.

One Group

o :_;.:'_-'. F

4 <

g ORI 0 B - B dr
A :

S .
f B&IFE] FRAL P isEX HF-

$-B~(Cache) = # 2 “’*’{*‘
REEF H 40T T a8

%%ﬁ%%&ﬁﬁ%ﬁﬁaiﬂ¢% ﬁﬁ“éﬂﬁﬂl’wﬁfﬁﬁ—f&r

FF A A o AR F B R (% ’;’Kq\ug\gﬁﬂ;ﬂ SE *va?_ 3 Br 3
a5 A s E-B~(Local cache)¥ & iF ;¢ E-B~(Cooperative cache) ;

AP BB RE BEBALfY - BT R Y ks SR w iR
HESHSIE SUE S S Rt r ) VB g RS IR
Foid oo &SRR AR E B E S RS R BRACBCZ BEE
— AL TN B A EREA T 0 T UGB EG R LR AT AR P
Bethz B FARBE- BHFEREFRCOAEIEETRRT L FEATERE
CREFGHFETT » 42 PFRRENEA S FAEFI—BF 2 LA B Cepe
BiET HALF o B g e r RBiE T RAL ) R0 (TE T @ LB

-11 -



EOWBA LD o Y ISP Y FEN O B KR E S

=
s

PRt P — MR A A > A D RRF e RWEE D U - BT F -

ARl ER B | AR L AP TR SR R

BT A HOF - B R MIERAT B AR R 0 B Rs 7 - B
EiFNE-B-2 f @ Donuts & F & - Bif &0 kB (TN R 0 Rk

Ho ey o

1.2 %4

DmMs&*ﬁ%J%{¢ﬁﬁ}ﬁﬂ¢?3W#Vﬂﬁﬁﬁﬁjﬁm%ﬂ
(Proximity): @ #[29]4 3% “Fi \ﬁ'k“f’ lpk“:fi‘?ﬁi}f'z? SRR T & B 0 E R

SR W HOR Sh A o vt*‘g" %*&T«M&&* SEEE AR A R
FRARL YA S r+r1%bwli$|f&néﬂm’ A R e - BB
B SR VS ELEEEL B OE ¥ R A AP 01 BR R 4 55 0 X 47 Donuts W enARiT
MAFd 3T IEF SRS % Ao E (T § Bk P E sy o

[29]% 17 & fE58 Pepecn™ 2 WaE 3 Gk 4 b Bt Ap A8 cndic B & - A i
LEIENRBe s S RER S E A E LA R Fé‘*ﬁﬂ@ﬁs?]%“ L LY SRR 3
gl S P adeF LR BRI A RERRY FEI RS Ll
HFA5A A TR E A 0 FliEF TR R SEEREFRER AL EN - BERD

WEH > 27N F ARG Ao BEBT N IOF 4 o [20)45 e & (TN

B ® & 5l ‘«iftfpiﬁ:’%’,ﬁ%&%.ﬁ AIH L TN B R ﬁ BT B2 2L 5L tﬁ—
ST F RIS E R > AT RA R W TR LR F Y 5
(4rBl 14 557 ) o o po7 o f (ERpBed | BHE 5 # BT LR EF > F

-12 -



1200

1000

800

£ 600
g

3 400

-

B Search Routing Table

200 - B Search Rogting
Table& Neighbors

Average Search Path

0 -

G1 G4

Bl 1-4 : Compare Average Search Path Length under Different Search Strategy

P T B B o2 s Ao PeE A TR B R P ik

M-

i B oo B 1-D a4k p [29]F %k k@A > L ROF %KD DL ER

'

)
\}

228 S
FE- T

o

PR RN R I R RRE RS TORERLE R AP L

J—

‘&

CRES SIS UEF G ﬁ%ﬁ%@@ﬁ% B TR BT E R X2
el o i _.{slr:_
rea ¥ ,

O EEVE R g R B D "{‘?31 lj} hop B TR AN kridmg

(F 38 PP g 505 A it e LﬁpiomDmmsmﬁﬁ{

x Ty

! +
2t % overlay PAp$t i % 7 %ﬁﬁ’”“@f&?&&#‘
:,: )

AR & T 5 B e SRR L R

. .
& Ao T o
6
5 e .
e e SR .
-~ g
- a4
g
3
S
£ s
5
L
1
o
cs9o csi8 cs27 Ccs36 Cs45
Cache Size
~——@— Local Cache =~ Local Cache with Neighbor Information <« Cooperative Cache

B 1-5 : Average hops under different cache size

2 qﬁ' 1-5¥5 : Wing Tat Wong, A Proximity-Aware and Group-based Peer to Peer System for
Range Query.

-13-



.3 750 &

i & Donuts b3t E & BB > thh Bl £ 4 F1A0F h Donuts i s
WA DR B P LB B P B S T B akil o K 2
I & if & Donuts & Sud b el B Fak o

Donuts e £ 5 v S ohehi= ¥ B S B e o3 ¢ FAF BRI WY h
ARFHIESE > o R AGRAL o vl AT NS B L B AR A v
?ﬁﬁﬁﬁﬁﬁﬁifﬁﬁﬁﬁi’i%%@izﬂ%,fwgﬁﬁaﬁﬁaa

R F AT B AG P AR A A AP REE Y Donuts i)k SR 3R

AN

P RREFEFE AL TR RE TARB G R TN Rk F

-14 -



PR 2 E

2.1 BAE1 BEEE 4 2
2.1.1 CAN

CAN[4]E i afgsipez 4 L A#H D> B DAy F @2z B2 Nsip R
% 0 B 2-1 22 MehCAN 4 6 o 374 » NBEAERPE - BRE > ZRE P -

A od S BEEE T ARl 2-1(a) 7 0 ATAe > PEEL)BE R AR B F hE gL

50N R G T BB AR MR BRI BET S REBE T DB
R (102 A CAN R30) 0 B 2-1 ¢ ST ok T 5 o MR L H 856 25 5 9

SRR E Do & L ¥ 'MNwwmx*i%#.‘;?geg-nﬂném&ﬁnmﬂﬂ
#7 Key” - key hEH &3 CAN??“'m mﬁ v" - iﬁfp EECRCR U TN A el

’tl:'lFEj F > B 2-1(c) & &) » 49}. 4\:'% frﬁ;frmg}w 2 _-EI key % (0.8, 0.3) > ¥

| N=4Q |
g it

EF AR ?',fa%#¢$

3 3
® 9 [ ]
1 5 1 5 g
, | ® ® ¢:ﬂf .| e|e e
F oin a new node e
4 7 6 | 7 ]
[ ] [ ] [ ] ® L ] L ]
(a) (b)
1 Key
3 (0.60.8)
® [ ]
0.7 | 5 9
3 ® [ [
o
5
0. Key
104
-]
4 7 | sl
® P Insert a new 1tem
key(0.8.0.3)
V] 0.5 0.75 1

(c)

Bl 2-1:(a) Before node 9 joins. (b) After node 9 joins, node 9 splits the zone with node

5. (c) Insert a new item

-15 -



FEBRAOE LS B M HE e 2 43 0 e R s Sl (718 B4
Jeinkey B > HOFRICHER R R FHZR] - F - A key BhRiT
SRR T E R E R 5 (D) X NG 43R 1 T5 O(dNG) s R 22 B ) o
268 HE G B Key BARAGVIRAE 0 L EHRITH S o d TR
EeaEf 2w, $EL6 DS B ] § BORRLS Y R o fud 2T SRR AR

*FH ] o CAN T A 3 B3E 4 SERS JLVT B AR S+ o

[ LS

M 2-2 ¢ Routé selecion flexibidity in 2-D CAN

T

"*J:"“'II -
Chord (5] vk A3 5. - wa'l BB s ook WL - R

e R E N = c R 3 el &r?} 2|3”Lr'-r 1%% T4e » — i & 8:3] Chord ring 2
W ) T E BT (AR B rvﬁu-z IP u*i) CiseAE L FI &g Dot
IDA-T378 84 » DIRR SHENPATE 2 > Bl 2-3(a)” A7 - B ID 5 T
FEho Hix% A &g 28139 fF o 835 $ 2 1) Chord i &2 378 & 2
BEOL o AP i 7 LR ERBELE RIS 2SI p it goab [D x4 2 [D e
Fop A nE BT 0 B 2-3 ¢ BT Ader 2w 0 & EL1Z TR F e 2 D ik
BEA~6~10~12> % A 1~13 2 FF » & 8L T4 2 215 tRwm it chge 2 F 2R
Bl 8L 13 P 2 e 6 B &L a8 T & Chord 4 » BB F 2 < R 41353
AT IRREHES > FBERAE F bt BN

-16 -



Node 1 Node 1

Node 64 New node, ID: 7 Node 64

Node 37 [A]610]12] Node37
Node 13 Node 13
Node 28 Node 28
(a) (b)

® 2-3 : Chord (a) New node join. (b) Object shift
M F gy o F pagraiE- %< 5 logN " Finger Table” >
N & & g8k > Finger Table ¥ ¢h% i 3 ~% £ - Bipik > dp= 4p = ApFs >
v 2 ehihgE o 11| 2-4 % ) 0 & 26 ¢hFinger Table ¥ he3 B~ Fdp e &g
14(642°) » # Seiepd i P § 4 2 QI K:&a‘%ﬁxém Finger” (#tp {&B.iT &
) At g QngMﬁj*%:Zi&mﬂﬂm%%ﬁ%ﬁéﬁﬁ#%ﬁ%
Q’E%%%‘4iEéﬂlak*mg&wrhﬁoﬁmek Chord #i%

%@%%?%»mﬁ”itﬁﬁﬂT @fﬁkwﬁmﬁ”°
gt ,” Lookun(28), |

Node-8's Finger 1able;

i | pointer

T 3

2 [ 10 o

T

i

O 10
30
2
(a) (b)

B 2-4 : Chord (a)Routing Table (b)Search Routing

2.1.3 Pastry

Pasrty[6]«75 ¥ ;%2 Chord I #& €3k B4 7 I 2 i e Pastry 4%

Baif B2 4 PRR[T]-5 B & B & ch L LG ERAEY T3] - BHFARNID

-17 -



GBI ID cht ] OERE LS p S e R éf‘ﬂ;%h?;m ‘- % loge'N #x2’
FendEit A (N 58828k b 5K 2 %¥8) 0 Level 1 eha g FYERFIZ S 1 B
AR uee £ R 8L PRR MEEL T E 2 YA AF - HANR - BE 2w A e b
EiEHARIT P BR B 2-5 ¢ &gk 2130 B4EF key & 0111 e 2 > 5 L ¢
L Level 0 ¢ #4555 — B 0111 v» & chg ek > 4 7&{0321 S EFLLER
0321 endeit 4 % Level 15 £ $ER 32 0111 3 2 B B ee & cn& 8L (123 0 14
Vhiw g ViR BT P R 0 B MR T 0113 e £ AR ID a1 o
Bl gt & BEAS FIAR4EE chfe (o MER Gt B od & B DR B % 5 0(logN) >
FAILEPRRF L 2 & § F & 0(log N)# B -Pastry #& i-:E ¥ YERL 20 R sl ft
e 3] level &8 che 4P| F 5 o B ff_f‘u“fl%r”'l%ﬂi T HREGEH eE R level K

Y A

0000 ' , 0000

Node 2130's Routing Table, b=2

4] 1 2 5 -
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Bl 2-5: Pastry (a)Routing table (b)Search routing
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Bl 2-7: (a) Linear scale of Zipf-like dist. (b) Log scale of Zipf-like dist.
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Algorithm n.Search(key)
1. ifkey € nrange

2 iIf key existsin the set of objects hosted by n

3 then return object with the key

4 else NOT_FOUND

5. ésefor i = n.RT.height down to 0

6 doif key > interval

7 then if key > n.RT.next[i] .interval

8 then n.RT.next[i].Search(key)
9 else

10. if key < n.RT.prev(i].interval

n. then n.RT.prev{i] .Search(key)

3.7.1 #8i7 % (Proximity Table)
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3.7.2 B-#_% (Express Table)
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Algorithm CooperativeNeighbor Search(key)
if key € n.range

if key existsin the set of objects hosted by n
then return object with the key

else NOT_FOUND

if n.rightLeafset[ O] .cache contains key or n.leftLeafset] 0] .cache contains key
then return object with the key
else for i = n.PT.height downto 0

1
2
3
4
5. dse
6
7
8
9 doif key > interval

10. then if key > n.PT.next[i].interval
1. then n.PT.next[i] .Search(key)
12. else
13. if key < n.PT.prev(i].interval
14. then n.PT.pre'\/[i]_.Search(key)
Stgm -
\ Object Returned \/
f_://()hjcct Discm'dcc\i\;+ — 4/ Cache Admission '\
\_\1 & = ,,_/” \1_ /
P.<

No s Cache space full of,

A s e g
( Object Cached M C ;
g T e ~._ Objects? _~

\
Delete aiveached object /7~ ™
~————{ Cache Replacement /‘I

\\

/

Bl 3-14 : Cache State Diagram

-41 -



BB A AP R RERRER TR 2 2 3 ¢ 3 AH DT MR R

{

2 {5 R B S Donuts & MEHE DT L EFE GilAR o P RLE BT & B Ok
i & Donuts #Fhenip®E = 54 F‘ E SR S S é‘uﬁ‘ i ﬂ}% B REFERNART G
FFE TR o EEFVRBADA R BB LR R B R Ty et 0 B B
tkiRer Zipf & F e Donuts # 5 Pl Rk B o 3R T G iR
O LR E TR BB B AP B 5 Al & Donuts e E 2 N R
B
4.1 g™ 2

B R B A Javaé%':*#"f'”_%rﬁ é ) T s JWM 6.0 ch7 Bt A H
Bt e % %&#ﬁﬂgwﬁt’“"tﬁ%* H A2 S :i 5??%%‘”']1&%%2%?%%&%3;%@
BLENT G o 1T iR BLP R ORY R B %jgﬁﬁ4 \uaam%&%{‘ﬂh e

il &R |l
o : || == ||

LA

E'l

4. 1.1 R R

A BoA 4 EBrite[27] % A& 24 % 2 Internet H B o F Wpr 2
# > Donuts £ M F MRS AHLE 2 p e Pk BRI - Brite 2 £ %
PR R MR R [38 KT F e By § ¢ 4 Internet BB
% 7 power-law eIk % > @ Internet &_d #if p i h diorle & o > F]pt A g
Brite # # ¢ Top-Down #-3] (4ol 4-1 #77 ) RZ = A If A 3 hF MERFH > &

Fé & Ap /o & *u(Autonomous System) » % = P & 5 B d i Sb o gephoud i 2
RAE 8- A p s AR 8- 228 BAs A RAT PR ko
G BhY & BLeig BN PR B B BRCE] 0 K - B AR RGN B
AR AR E kA e ddn v R B TG B e B S NS EURE B A e

FE AL BGKR R A - BT Internet B G P o TR eV
-42 -



TR BaBEE & ARG P AT 4 B @ (Propagation Delay) 5
PO BB R R AR e w401 ¢ enE B S 8 D el & 23

A ERT b e S @i d > 0 d(S, D) R & BB SR o

AS-level Topology on

AS Naodes

7B
[ <
\ O
RS
“Connection
el Method
Router Level <2 | A =y N 3)
Topologies o

2)

.‘555] ;ljzl-::;;i?TopfdoWF‘- n_l(?__de-l..' '
Gy

—

I ':J- -:Ii':\
= ™
o 2

r N
!
|

n
|

L12eBRARR ||

I
i%WQ%#Aﬁm¢ﬁﬁﬁ%%’

o

@ﬁwﬁﬁﬁﬂm@ﬂﬂ}Fﬁgﬁ
A TRk i aE T#ﬁﬁ'é %ﬁ")ﬁr&a*& B RS 200
Henliayg 2 o a2 ,a$ﬁzmgA»-mﬂﬂc»%—fﬁ%%&m@ﬁﬂaﬁ,ﬁ
AEHEIDIATF - BEBR L G E APz RE Y e p e s §
BB E B N P e M R AT RE B A TR R B Dl
VBRI e T BRGREBHEL OV R T2 ATEER LD K- A
ﬁ%%ﬁéi?ﬁéﬁﬁﬁ’F%4ﬁ%i?5§ﬁ$%ﬁ§$—w%ﬁ%%,

Z_ ;% &%P‘i'ﬁpzj:*#ﬂ /é'é’ﬁﬁ.’/z %\* ’ ’QL"PE'%T’ =

TR NS EEE L 0 AP BT [38] k A fe H Bhe )t MpERY

!

4 q«%ﬂ' 4-19:¥5i: A. Medina, A. Lakhina, . Matta, and J. Byers. IBE: Universal Topology Generation

from a User’s Perspective
-43 -



(session time) » % & ®-4c » 7| Donuts ¥ » S ge s v A pe— Bt MR - § 1
P S| D] F 72 A B > [38 )R %R % Napster # Gnutella it T4 - %
MR R AE A T S (CDF) 4o Bl 4-2 #77F B 4-2 ¢ cnplipl pF I £.720 4 48 >
AL TR AR RE > R AR LT R HRoE A o ¥ [38)
EFRLA T B A SR s A S ic(PDF) 0§ - B S Bt~ h Y
PR AR AT S F I - BRI E O RRESREF & NIRRT
FENEBBET A LAY T RBBA2PRHA T IET R TR
R 5 0.195T 0 &% P en iR ST o Tk W BT 3 AU L 36000 B
Hir o fmEasfie- pRFEICALAPFSE0 {4 T apFa i 60
JPE S BT RRR KR RS {ﬁvﬁ_&m CPERFE o At AR
Pentsgos # St e B o

CDFs of Session Duration

100% -

90% e
80% :
70% /

I

{

60%
50%
40%
30%

20% .
10k — Napster Sessions ‘
. - Gnutella Sessions
0% T T T T T T T i
0 60 120 180 240 300 360 420 480 540 600 660 720 R
Session Duration (Minutes) >

Percentage of Sessions

Bl 4-2 : CDF of system session lengths
b - bR Y e R B Bl NSmR B F AP
F5 100 BB E BREFE o0 — BHZAS XA D] ARY 5 5@
BB 4ok AR R AR AR A R R AT 0 fid 100 1 & Bhebe » 429 3 237 5
SRS F 2L S 100 hAAIRR SR S G BIAfE BE Ak Y s

Bhen b MUpER > X EEE H - 100 PR A iEde PR ) BRI RS

5 qaf 4-2 {:¥§i: S. Saroiu, P. K. Gummadi, S. D. Gribble, “A Me@suent Study of Peer-to-Peer File
Sharing Systems”
-44 -



BERAEAR > 20 RFF SRR EM o L PR DS BL Y P AR PE - B E

BLE ATA o~ Pl A ELY o 0 dF kALY S ERM e T T AP HE = 10021 > &

-—\

e BERFH 40— B

%

ﬁ_

St

» 5 A P IE 2 Donuts * K E_N = 5000 7k B

o fpFRE = 9900 PF kS iR4F 9 F 5000 & Bk i 0 B 4-3 EER BB
SR A NI

%ﬁﬁh»?ﬁ&&%%ﬁ?i%&i%’ﬁﬁﬁg"%h»mﬁpgb

F OB T - B AP ARY DB EREE kT AT L E TR 0 3

Bl 235,118 F-BEFAEA- BB E 2 FapEy G REBF A

MERA AR IR E - B EEEEE EED - B EE B2 LA Key B

Pkt r S AT E Y ]

Ry

B g e 4 R B
% BiaE Key &0 Blde %4 420 f plph & ght > BEFERAFUS Ry ik

S Ay o (D, T TRy

3
bt~ ] Y S & @%%%ﬁ%?_%$@am?wk’&m@g¢§§n

I%
Tl

TR A S o 4 %%f“i?ﬁ*%%gg?*“%ﬁﬁmﬂazﬂwEm
%@am,ﬂ&gﬁ»%ﬁm%ﬁ%; ﬁ$§ BECf PTG R

TRy 2l awX 5 1.2 ?fﬂi‘lé«é‘#*z%’ﬂ/z 15k anK s 2.00 Su SBr
TR R 200 SHeARE R 24 [29] 0 oL E 1 5000 B pEFE kR X A0 de i ehde
> F] f 14900 PR E GenpE g erg de de 2R o

Bfe it gRde » A T kP e B foE DA E Rk PF o AN PR s AR E o

bt

A
[e]

ETTRS

TRCBAEE AR A T AE T B B IR A g o

1. Build perfect 2. node start to leave and 3. insert objects and .
chardsl fing node continue to join do load balance 4. query objects
N |/\/ ’ '
| | | | P timestamp

0 100 9900 14900

simulator

Bl 4-3 : Event-Driven Simulator

- 45 -



FREBIE 4 T RBE B DN RIOE e 2 d B R R RS Y P
PR i PR en 2o R T SRR PGE 0§ 0hd L B E EEeiE A 1 Zipf
AL RPE o ARF R TR B HOF B P B B g A & RER

'F‘lﬁéﬁ'ﬁf{’\‘m%ﬁ , ,<Q,¢g_lpk3,_“m/\ L

N Donuts ® =7&" B %% #ic 5000
L Leafset #1% /) 14

P R AR SR IR 30 #
F i YERL T OpE IR 180 #)
C PP 3 Feochs ) 15
aw, Bw | HRA T w82 & Sl 1.2,20
am, Bw | SBEHFE 2T & DShd 2.0,20

% ¥ 4-1 : System Parameters

4.2 FEHE

._.i'_f- iy __\x
é7$§ﬁ§ﬁfﬁ’%W“wﬁﬁ%ﬁﬁﬁﬁﬁiﬁﬂﬁié°ﬁ&d%
v | ] *

FEF R wﬁéﬁﬁwvmhf%ﬁfgfﬁfﬁﬁ Gg g u v du,v)
AauﬂVZf%ﬁ&Jiﬁ$$-#ﬁ%%%,i%i}%ﬁﬁmﬂmwﬁdWm)
itk d - e ¥R “Lﬁp mﬁ- %S’i" HFOF R0 K h KRR
FHEELSEDH TP I ﬁ’f@n@ﬁm&w FAFE AT di(uy) 0
Bi ] DBRSFE @A (S D) & - BEBSEF TR LS A

T HEIEF A R4 P w B A > SoB 4-4 T o

s 9@ 0 g
[ssue a query 7 [}
N °
N
/‘ v Uh, \
\ ¥ X
® \\ ‘ / Single Query Result \
Ret “os
® = 1. Search Cost =
® ! :
-. ‘\ " }'. d,, (S$,X) + dy(XY) + d(Y,2) + d (ZD)
\ 3
[ ] v O 2. Return Cost = d(S,D)
LIRS
T
D

Bl 4-4 : Total Search Cost

- 46 -



AL - S E R R Q BATE R TopE A AT L

Z 121 1 dg; (V)

Search Cost,,g =
Qn

L R Er
G835

v@ T S AR R R 7 oA A B
FEFRCBE o P TEar B A IO FE L Aiple 5 BAIEFS ST A
Bl ALE T RT @Sk HE 2 e

Yo, dg(S,D)

Return Cost,yg = q
n

» Lok A A g 3 —‘ﬁ #p 4 @ Total Costae = Search Costae + Return Costaw

2

E L T iaE X HH AP R R dEE R ,{;_'v« » #- Search Costas "% %1 PR R

Search Cost,q

Physical Search Hopsa,vg ls}{y51cal Edge Length,yg

A\ |[== ||

4.3 s s i ||| 4|
AN

¥ 1P
%1 #®f Donuts * ¥ = m»‘m“b g RS PO- B REERE T R
ogi—w@wﬁga%ﬁgéiSMO BAOF WAF i

B EAEF 75 o
E o R REAOE e

B - Bl 10000 BF R B A S
Y 0 2 10000 BEE 3 a3 L 235, 118 BE Y EWHE L 0 BT
R -

BF LTy chE Y TR RRF A IR R A A f R R

Bk R E B 2 b o AP E G BB KRS

R g TR A o
5 b

BB
Zipf B 4 e

R = o AEF e 2 E g ans V10000 BE R B A
AEPE > PP g

g HHREEHPE - B AT

GRS S KRR 2 (RSRO) 5 F ok Reang & i
0 R B R PE 2 0 A B AR s HopAR B 0 0t AR

-47 -



500

400
g 300 L100
2 =200
o
= L300
L400

0 4 8 121620242832 364044 48 52 56 60 64 68 72 76 80 84 88 92 96
node index

Bl 4-5: Simulate Locality-Source by Bernoulli Model
FHRN AW RR-Zipf # 2 (RSZ0) 5 § 3F Kikte » B 38 Mend £ A -
2 EARIT R LAY ¢ PE R ROF R kR ART & BRAR P E D] ch i
FARS o @ A R R BUDIE R SRR RS B R R R

| #

(LSRO) » F 2. # 4 gir i* )kg\ *ﬁmﬁﬁi B&JL%% rn‘ km-Zipf 4 # (LSZ0) -

jga LN PE - BB
B %ﬁ J ;1 gt pEdE ¥ 1T Bernoulli
LAY ST AR et
FIERPGE R S - ) mm%'; I};' H;«;J 2 T #&g 1LE ol B M EREEE S 100
200 ~ 300 ~ 400 B & ghpF > st & Zgy;\&ug Li»m*iﬁ' FAoR 4-5 o 0 BB EE
BAC| P A BHOFGROGEE Y AP TR L EEL o Dk BER
B o 100 pF o dpe fRdoigahm 30 B & ghw 0 2080 BAOF R 0 4 RAEFGR
eh- At BUEEE S 400 o 5 30 BAPThE 2R 1404 B 30F 5K
B f SR R GRS AR Y G BT B TR
BB HEM BB S A ROR AR AR
Wogtd 2% Boeenfe B R B3R Zipf $23) > NN BARPEE a0 g e 120y

Zipf #2323 A fedr 2 L FEDOIE R R L % ke EAIEF G S Ao T 2N 2R

-48 -



800

700 +)

600 \
Z 500 \ a=0.7
g 400 \\ a=0.8
£ 300 \ =09

BSA\\ ot

a=1.1
100 -
(| E———

0123456789 101116]6}%&1&%2'}7181920212223242526272829

Bl 4-6 : Simulate Zipf-Object by Zipf Model
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6 ¥ © http://en.wikipedia.org/wiki/Zipf's_law Zipf’s law can be approximated with a Zipfian

distribution, one of a family of related discretaner law probability distributions.
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Bl 4-7: Average Cache Hit of Leafset under different locality size
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(c) Query Pattern : Locality Source-Random Object
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Bl 4-9 : Compare Average 'Sea_lf_.plfri Cost _lj:i_}gl_er""l)ifferent Query Patterns

Chordal Ring | RSRO | RSZO | LSRO LSZ0 Skip Graph | RSRO | RSZO | LSRO | LSZO
RJG1 32.68 | 33.44 | 42.86 | 33. 28 RIG1 32.95 | 33.17 | 32.57 | 34. 72
RJG2 33.11 | 32.28 | 42.12 | 33. 36 RIG2 33 32.9 | 29.57 | 29.07
RJG4 32.79 | 33.3 |42.24 | 32.5 RIG4 33.32 | 33.83 | 30.57 | 30.04
RJG8 33.19 | 33 |41.89 | 33.58 RJG8 33.23 | 34.19 | 34.21 | 37.43
RJG16 33.18 | 33.08 | 43.27 | 34.6 RJG16 33.17 | 33.8 | 34.67 | 35.28
PJG1 33.5 | 32.66 | 43.23 | 33.63 PJG1 33.63 | 33.91 | 34.46 | 35. 27
PJG2 33.42 | 33.97 | 43.41 | 32.73 PIG2 33.58 | 33.67 | 35.59 | 34.61
PJG4 33.84 | 33.27 | 43.69 | 32.75 PIG4 33.8 | 33.06 | 40.32 | 29. 21
PJG8 33.11 | 33.11 | 43.64 | 32.03 PIG8 33.15 | 33.79 | 31.01 | 26.19
PJG16 33.74 | 33.33 | 41.99 | 34. 16 PJG16 34.15 | 33.47 | 31.33 | 30.71

Average 33.26 | 33.14 | 42.83 | 33.26 Average 33.4 | 33.58 | 33.43 | 32.25

?Ur*ﬁ 4-3: Return Cost in 4 Query Patterns
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B 4-11 : Compare Local Hit Times under Different Cache Size
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(a) Query Pattern : Random Source-Random Object
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(c) Query Pattern : Locality Source-Random Object
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100

Search Cost

H No Cache
M Local Cache

m Cache by path

RIG1 RIG2 RIG4 RIG8 RIG16 PJG1 PJG2 PJG4 PIG8 PJG16

(d) Query Pattern : Locality Source-Zipf Object

B] 4-12 : Compare Search Cost under Different Query Patterns and Cache Methods

x #h-RJ=Random Join, PJ=Proximity Join, G=Group Number
y #h-Average Search Cost

No Cache | RSRO | RSZO | LSRO | LSZ0 Local Cache | RSRO | RSZO | LSRO | LSZ0
RJGI 32.68 | 33.44 | 42.86 | 33. 284 L%u’ 32.62 | 32.76 | 42.8 | 27.48
RIGZ | 33.11[32.28|42.12 | 83.36 | 33.11 | 31.59 | 42.02 | 27.18
RJIG4 32.79 | 33.3 42.2&,._3[ - |32.81|32.81 | 42.15 | 26. 66
B - T
RJGS 33.19 33 | 41.89 3@'.58 1 1 33.26 | 32.44 | 41.87 | 27.67
RIGI6 33.18 | 33.08 | 43.271 Ba.6l|| == 133.19 | 32.46 | 43.27 | 28.63
PIGI 33.5 | 32.66 | 43.23 [733.63 \g . 133.58 | 32.14 | 43.22 | 27.66
PIG2 [ 33.4233.97 [ 43.41 |32 73 33.41 | 33.17 | 43.38 | 26. 64
PIG4 33.84 | 33.27 | 43. 69 *3'2—@5“ . _ 33.83 | 32.63 | 43.66 | 26.36
PIGS 33.11 | 33.11 | 43.64 | 32.03 | | PIG 33.11 | 32.39 | 43. 46 | 26. 81
PIG16 33.74 | 33.33 | 41.99 | 34. 16 33.77 | 32.58 | 41.92 | 27.31
Average | 33.26 | 33.14 | 42.83 | 33.26 Average 33.27 | 32.5|42.78 | 27.24
% 1 4-2 : Return Cost in 4 query patterns
RSRO
200 187 189 178 184
150 138 140 144 133 144
‘_% 100 ® No Cache
° B Local Cache
F 50
1 Cache by path
0
RJG1 RJG2 RJG4 RIG8 RIG16 PJG1 PJG2 PJG4 PIG8 PJG16

(a)Query Pattern : Random Source-Random Object
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(b) Query Pattern : Random Source-Zipf Object
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m cache by path
0
RIG1 RJG2 RJG4 RJG8 RIG16 PJG1 PJG2 PJG4 PIG8 PIG16
(c)Query'f_f’latt_&- cality # u‘@gn@m Object
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RIG1 RJG2 RJG4 RIG8 RIG16 PJG1 PJG2 PIJG4 PIG8 PIG16

(d) Query Pattern : Locality Source-Zipf Object

Bl 4-13 : Total Cost on Four Kinds of Query Pattern. x #-RJ = Random Join, PJ = Proximity

Join, G = Group Number, y #h-Average Total Cost
4.3.3 #i pP-BoRAS R IOF 4o 40T £ R P
Donuts 7,5 seak ik FH R RF S BB R R R SR
W AP RS B R EEHE L R AP T o 0 Donuts SART

‘b

38 LSZ0 P » H0F e A3 s Be 6§ BB

-59 -

T ek

EELER

HR ARG F - RROR




Fo VI o FP AIOF uBALY o d B B PR NTE B4k 7a 4p AR
BaEBOEPRE TR 0 G A T U DIHEE a0 LF R &
BRI & ARG I MR IR T R A 2 FOR A A S TP
B REREE A A pREr B A ALY B AP TR RKRE S Een

WML T40F 5 BAA S Ef ek HY BB R % 5 100 Zipf

\\\Xr

Bk 5 Do BBt S N LRUNEB S 4 ) B 150 2 e F R

WS R Bw &l B 4-14 FA0F 65 & B EARTF) 4 & f AT

o0
TR
w

|

FER A BEPIIEF LR xR ANF LA PR | A THEF LA
BREPERE > 2 F o HOF 2 LAPAR 2 B AR R > d SNARITH A M FE 2 RT T E 8D
APEHARTHE  HOF AR S SR f0F Ak S E 37 AR A~ W E 2 kP W
4-14 ¢ “no cache” &4 71 i osp } Bkm:}f'ze ko APHFRE G AR

MERIT M A x B iR 2 P SO S 4 ARA :}%g_;\ AL LG RRBAEE ke

T OSIEEH S B ml‘éﬂ%%{&%ﬁﬁ.mﬁ'ﬂ kK

I
B SHFS B = APARTR A ’f“ ')é‘ . 7/rrﬂi~ @A A @R FE T A

Bl 4-15 20 g 4e 2 ) - ‘ZH'I ﬁ, ut 3 /ﬁ-n Few @A A > APFE IR
|

FRORE @A A A %fm:l%%’i};ffwi% P4 ARG e 3 gl
FAAERF RELFER B R DR S OF L L APMEE T o [20]
YEE ;““,f T EHF A 54 0 R S HF T groupList shERE AR > d Bl 4-14 F
BIRIOF AL S L &R B0 E & ARk G 0 § 30F grouplist Fuk R S|4
R EE A Ao R RHOF AR N S TR AP Fael 0 a0F

groupList eh#k & 7| £ & 2 Fleb e L F s > F L H0F 5 A - € 0 L B

PR

- 60 -



600

——RJG1
500
—fli—RJG2
g 400 —A—RIG4
Q
.§ 300 == RJG8
©
A 200 —¥#—PJG1
=0—PJG2
100 - - 16
b PG4
O T T T T T T T 1
e PJ G 8
itself  leafl leaf2 leaf3 leafd leaf5 leaf6 leaf7
Bl 4-14 : Neighbor Search and Search by PT-Local Cache : Search Cost
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Bl 4-15 : Neighbor Search é&ﬁﬁéﬁﬁgﬁ&;ﬁﬁﬁ?ﬁlLocal Cache : Return Cost
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Bl 4-16:Neighbor Search and Search by PT-Local Cache : Total Cost
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4-17 : Under different cache method with Neighbor&PT search for Topology 1
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YIS )
B 4-18 : Total Cb%‘ ferent 8.l\,llg for Topology 1
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