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Rosary : Topology-Aware Structured P2P Overlay
Network for CDN System

Soo-Young Shin*, Jung-Il Namgoong**, Soo-Hyun Park* Regular Members
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Key Words : CDN(Contents Delivery Network), P2P network, Pastry, Overlay network
ABSTRACT

Recently, Peer-to-Peer (P2P) overlay networks like CAN, Chord, Pastry and Tapestry offer a novel platform
for scalable and decentralized distributed applications. These systems provide efficient and fault-tolerant routing,
object location, and load balancing within a self-organizing overlay network. Content Delivery Network (CDN) is
an intermediate layer of infrastructure that helps to efficiently deliver the multimedia content from content
providers to clients. In this paper, We propose a topology-aware P2P overlay network for CDN, Rosary, in
which CDN servers perform Intra-Pastry and Inter-Pastry routing based on a two-level structured overlay network.
This proposed system extends Pastry by adapting itself to CDN environments, where a semi-hashing based
scheme for Intra-Pastry routing is introduced, and dynamic landmark technology is used to construct the
topology-aware overlay network. Through simulations on NS-2, it is shown that Rosary is scalable, efficient, and
flexible.

HE ATE GEFANT 2 FJRFAATEL] gt ITAFAE 29AKRIY] 7472 5P = E-.(1ITA-2005-C1090-0501-0010)
* IEg|sty Bl ZU2 T H| 22U JRFA A2 ({sy-shin, shpark21} @kookmin.ac.kr), ** greenji@naver.com
=EHS  KICS2005-08-313, HUA} 12005 8¢ 134

818

Copyright (C) 2006 NuriMedia Co., Ltd.
www.dbpia.co.kr



= | Rosary : CDN A]2

Hs g FxstE EZHA-A4 PP o] VIESA

I.ME

Az gu)FE 2 A
Z wAEPAA] =Ezh AE|AZE o)F
T} E3to] 7iEsksa Qe o)m) /‘FQ‘Z}«] a5
o wet #7 fl= S4(Voice over IP : VoIP)©]
U 5%973(Video over IP), e AlZtl ] A
H=E A9 A58 F Je 7Ied] Ade
FrHIAEZ FAlo] 7‘]?_2‘:”}* Ao 7P 23
F A k= g 27o] FHUY P2P(Peer-to-
Peen)E ©]&3 FEEZQ A= Wiz 7)ed
CDNE QIEMENY -850 AFEsloiAn Qo]
Lhdo] 2 Za4e] AXT 9ok ol @ow 114
3k FHIFE . Al AddA teksk o =9
J_]_71— oﬂ%l-g 3H Lu 7“_& Hoq{]q_ [2]

e Gnutella)”,  Z]Yl(Freenet), HE
(Napster)[SJ, R3|o]2(Morpheus)', 71X Kazaa)” 5
I 22 Al 1 Al P2P B FH AILET 2o
A 2 Al P2P A12=E¢1 CAN™®!, Chord”, Pastry!”,
Tapestry! !9} 2-& ¥4} P2P Al2wlmh 1 Al2HlS
&85t of Aol AL S| AFEHI Utk o
23k A2EISS Ol P2P OHEEHO] s 9l
A3z Q Aol Z(Self-Organizing) 71&ES A3
Q—Xo]-/\é 9)\_‘1‘7__ XT-OHO]] 7]-?5]- ‘:’/\]- OHH Eﬂo]ae ]o
ke F8HE Zia e WA S IE]Yl(Under-
lying Internet)ollX] ZEAIHE]|(Proximity)E 31243}

o831 el oltlo] ATy

Pastry$} Tapestry 78-S 2+ ==59] #+$-8 H)
ol W dEZd Fehs HEE=EES AP
A AEl EZZA]-04 QW o|(Internet To-
pology-Aware Overlay)S GO, B =Foj
e PastryE FA38Ial F718le]  CDN(Content
Delivery Network) #-73o X34l 243k Rosary
Quge] HIEHIE Ak3itl 7|1E9] Pastryd] 7
T A 71Nk s AES] Wil AR
o] g3Jo] RIS Adl=e] 79 3 =2 YES
9] HE Fapt FEEHe o] Y 4 Qo]
CDN AJz="lo]l 2g}alA] ¢dgkrl. Rosary= ©|#|gh
e FE3] $18k 7]1E9] PastryE Inter-Pastry
9} Intra-Pastry2 TJE3l] 12 EZEZAE £ o
CDN $HAol| M| FAstal dalgict & of&e
AlolA 2] HE|Z|2Bl(Application-Level Multi-
casting)= 93l ZF 7NEQl Intra-PastryES F715}
o] & 3i4] 7IW(Fully Hash Scheme)o] o}bd Al
v] 34 7|¥(Semi Hash Scheme)2 83+ Zo]

Copyright (C) 2006 NuriMedia Co., Ltd.

o} T3k TZPA|HE] o] A (Proximity Neighbor
Selection) 7|&2 Z-83 Pastryoﬂ 7H Mg %23
#lo]o}-(Geographic Layout) 7]&EQ &2 W=w}
F(Dynamic Landmark) 7152 Z7]-0}@1 A3 A
=0 hjold B4E fA2 + WA Sk

B wwe] P 8w 2o 2BelNE AT
°] 7|gto] ¥= CDN3# Pastry 7]l visix Aw
3lal 33| A= PastryS CDN 340l 9HA] 7)4ddgh
Rosary S ARSI 4ol 4= Rosaryoll tigh Al
ol By FaE TEdlal, vATeR 5
T A8s Ptk

II. CDNZ} Pastry

CDN2 717V 7hApdzte] dds E83Q)
Z48 B3 AR &l W E(bottleneck)
lole] EgY &, Av=E Ayl ]
o] F8 AFew AT B3
v EntdMiddle-Mile) S Au= EfHfF] S
0]57_ -‘?-_—’\ H oy MHEZ Ad=E FHjste] C
Foe ol ARAIAIE Y BEE %
P A= AE FHo RS Al
ot < PP I ?r Alz=Hle] g
5] F 34| El|lo]E(Distributed Hash Tables:
DHTs) 752 A|¥8k= Tapestry, Pastry, Chord,
CAN 59 M= P2P Al=HlE0] ARMEHIJT it
B A2ES 913 7o O Aso] dSE S
T} DHT =558 oHge] YESAE 3“*3@ zt
Zre] 5L O]Twelghbor- Node)o] &=
Lookup?! 7] ARE & ]O]-Uﬂ I ARE O‘ﬂeﬂ o]
HEYaE Sa 1 2529 9o 7lssiA
3}t Pastry= EHEZPJ LHgle] vEL|Folth
Pastry+= &7g4do] At Zo ofol] ZehH Az @ Aol
A P2P 79k 7otk Zbzte] Pastry == P& 9
128-bit A} FZKCircular 128-bit Identifier Space)
olf Fdstar TEshk WHsHA FEE ==
ID(nodeID)Z 7FAt) 128-bit 712 Pastry= &
ARE FRAFeE 1 719 7P Ik =EIDE
717 glo]B. :=E(Live Node)Z h¢-E3ITE TS0l
Z}Z}9] Pastry == ©]5-37HName-Space)ollA] ©]
Xole =S ARE AL fAlEL don ofE
Aol 1 AFHe Hals BX$H.

ol

do 1o Lo
Re)
ox.
o
kr)

B 235} o]]ﬂ Y]

Loy Lo m ox

oL
N
°]I> =
1
N
ke

flo ot

=) e r
[0 _h,
0,

2.1 Pastry =2} HA|X| 2}RE
ES 98 == D9} 7e 7IEFHOE 2bb

819

www.dbpia.co.kr



st
A
oft
o
o
10_{'
r-1n

A] *05-12 Vol.30 No.12B

© 9o R 48 zie AR dEvE) B o
AEdigit)y 2 I =9 F9E HolEL
128/2b 3(row)Z} 2b LE(column)Z TAEH™ TH5-
g golEo|A 3 n2 2b JEH(entry)ES ==
ID7} dA =9 ==ID 9} A n digitsE &3}
© =59 P F4AE ¥FSh 19 12 =TID
65alx, b=4%] Pastry ==V} zk= @$-8 HlolE
doltt. x= doje] HuliKsuffix)S ‘4—&‘4414-[12].
HA A7t =52 FZA|(Leaf-Set) HEFS
Agt) Pzl A4 ==9 IDET 12 ¥ =1
12 B A2 =EIDE 7R, FXH0R A ==
9 =D} 7 JPRE =ZIDE A 1 =EE
o] 3otk YwkE 1 FHe ik 8 * 10g16N o]
ok YEA B2 A e vAA dES 2R
st ofEEAClA JHAIY EAX AFE Hﬁﬁ A}
L9k

=Y
B
=

EIE)
= o

=
k%olk%

>
-

=Y
B

=

=
=
P

! % 2 o Ja )

HmmmJHmmle
FIEEE) f I I EIE

kmmo\kmo\km
Hmumrawm

- D
B

amamoikmmo\amo\au
amau.a\'ﬂ.u.uuv\ '\".Ln.cn]l'ﬂ.u.
Hﬁ:mm!&nhmjanmlan
annmaiaawm!anmjan
%mamm!%mhm"—zmm"—zm

o8 e
a«au.m]lkku.e\
amammxauum
Fes asll|Feaas
EEEE \a N
PR
PR
A wo
H s a ey
BRI

=) 39 Hlojd

%l 1. Pastry

O|‘1151

e —
/.. .

e 47111
/ ®S, dd67ca
%y d462ba

dd6alc

& d4213f

65alfc ®e___ &—-"-""/

T2l 2. Pastry =ZollAe] HAIA] 2}9-E

Zyzte] 298 AN x=v t
ol TG (prefix) Ho} H43 1 UAE (&
b HIE) O & ZE|gid 7|5 I
7 =EZ WARAE WSk gty 1
7} B8 HolEddA HEEA oW 1 =T}

ot rlr okl

0
{-F

820

Copyright (C) 2006 NuriMedia Co., Ltd.

3%3.51 715 olg3ly ZE|Yrs FHIhs =EID

E 7K =2 ¥Yditt a9 2% 7] dd6alcS
AT = sSalfeie] WAAE s o
olt12]. ¥ 1 7] d & 7FJ WAAZ} =EID a
2 7R w=d =39S w FYEE Pastry 2H-
B "xjolt12]. Ri & < ish & 1ol 298 )
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I 1. Pastry M8 A3k

if (d.isBetween(L—1, L1/2)
// d'is within range of local leaf set (mod 2"%)
forward to £, s.th. | @ - L; | is minimal;
else
// use the routing table
Let /= sh/(d, a);

d
if (A1 ' exitsts and is live)

d
forward to A1 ‘
else
// rare case
forwmardtot € L U A, s.th.
shl(t, d) =/,
[t-dl <la-dl
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2 == 3 duds

discover(seed)
nodes = getlLeafSet(seed)
forall node in nodes
nearNode = closerToMe(node, nearNode)
depth = getMaxRoutingTableLevel(nearNode)
while (depth > 0)
nodes = getRoutingTable(nearNode, depth—-)
forall node in nodes
nearNode = closerToMe(node, nearNode)
end while
do
nodes = getRoutingTable(nearNode, 0)
currentClosest = nearNode
forall node in nodes
nearNode = closerToMe(node, nearNode)
while (currentClosest != nearNode)
return nearNode
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=5 Wizl "vh Wb AR} 243 Hd=
7} Intra-Pastryoll Ex)8}A] dom FE-=&= <l
AP o FEREA dAel=e] wjxs 833
A Al L& AHA AR=E @sH drh =
ZID 9 (NodelD Assignment)S $|314] Rosary
==9 9% A =EIDE 7IE 128 bits
Pastry =ZIDE 2#4<ith. Rosary =ZIDw A
Inter-Pastry =Z=ID 9} Intra-Pastry =ZSID F-29
Z F44=oZt) Inter-Pastry =ZID+ Inter-Pastry
AdollMe] eF9EE 9E] AREE oA, Intra-Pastry
*=EIDE Intra-Pastry AolAe] 29ES 98] AR
HojRth I8 4= Rosaryd =EID 722 UEh
ek

Inter-Pastry Node ID Intra—Pastry Node ID

Neighborhood ID

T2 4. Rosary =EID T3

Inter-Pastry =Z=ID9] $%] n bitse ©]XID
(neighborhood ID)Z AFE-EAAT UwR]= ]
2 ggEozItk $9] n bits & GGl AGE o]
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E 3. Rosary M4 55 74l daElE

HHSS EIOIHO 2ol FIIEH= SSHE T
updateCachList(msg_type)
switch msg_type is
ROOT_CACHE_S :
leaf_nodes = getleafSet()
cache_list = getCachelList()
root_state = getState()
broadcastCachelist(leaf_nodes, root_state, list)
ROOT_CACHE_R :
rec_leaf_nodes = getReclLeafSet()
rec_leaf_states = getReclLeafStates()
recalculateCachelist(rec_leaf_nodes,
rec_leaf_states)
updateleafSet(UP_RFSET_R)
LEAF_CACHE_S :
root_node = getRootNode()
cache_list = getCachelList()
leaf_state = getState()
forwardCacheList(root_node, leaf_state)
LEAF_CACHE_R:
setCachelist(cache_list)

02 NZF =% Rosary QHH0] YELF
zA8 4 Itk Inter-Pastryd] FE FEXCSES
Ale] EAE F7IHCR AT Al FHsHH
olggt AHE T3l Al AHe HAY HRE

A 5 3ok

3.3 Rosary ==9| =9I

Rosary ==29] AJE]= Inter-Pastry o] ZQ1¥ F
ExT9} Intra-Pastryol] Z1® Itz EFT
F 9ot FEXTZE  o]2Al(Neighborhood-Set) &
1AW Z=A|HE] W EZ(Proximity Metric)oll <]
& ME Q-3 ==20 M 7}9] Intra-Pastry FE2]
AR ARES At Stk ol AR =&Y
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B =259 JYolth FEREE dEH} F
ELcE2 FAH Inter-Pastry 2H9-8 HolEd} g
I E2 FAE Intra-Pastry ZF9H Ho|ES &
o} 73l ot 719 Pastry2] @H9E Hlo|E(1
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Node ID

Neighborhood set

Routing table

Leaf set

T2l 5. Rosary =% JH)

Rendezvous
Point

@

New node

T2 6. Rosary %1 ZH4

=z vE] HlEYS RTTZEE] SIEM #g] =
Z(Internet Distance Estimation) S ARE-3HH
T2 Wonia TS ol8dith FF AErlEs
Ae dololsol AHEEE 19He Asela
MHE FA ¥=th FEXRE=7E AH RTT 385
3l T FER=E] HIE THAH F1H e
2 AE] o wesel Hae dev due
g s Aot

Rosary ZIA] 2 L& X (well-known) 7H< AH
A} EARTR APgEEd B =ReldE RP
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EQI 2JstuA e == N2 HA RPOIA
FEXxCO| AWE QYT RPEFH WS HFH
YoJe] FEXE RIS AGsiA x20s s |
& xepeE) WYl miet RI ZXe) Az
Hajo] 2 ABgtol vlel AR 21 WS
- FEX=ES fl=4]olF (handshaking) 8
A ek o] FAolA FaL W AR w
X N2 R19 ===z 7I8HAY 2
Intra-Pastry2] M2 FEI} 2 4 oh 21e&
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o] FERES i AzE S48t 7P 7t

Nz

ﬂmmmgW4
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FEREZ tA] 2Q08H |tk o]ysk =217}
o] YR o Zle S WA $siA TTL
Z=2|(Time To Live number)®} EFYJoLS Fitimeout
value)S B3l ZJAHe Aoks Erh wheF x<1
o] oJo]x] & 7% Intra-Pastryd] AMEE FE=
=2 A "tk a3 6 AEE ==t
Rosary HIEQ|Zo] Z21317] 3k A48 3+
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locateNearNode(new_node)
boot_nodes = getBootNodes(RP)
do
boot_node = selectRandomNode(boot_nodes)
boot_node_dist = measureDistance(new_node,
boot_node)
if (IsMeetDistCriterion(boot_node_dist))
return boot_node
else
neighbors = getNeighborhoodSet(boot_node)
forall neighbor in neighbors
nb_dist = measureDistance(new_node, neighbor)
if (IsMeetDistCriterion(nb_dist))
if (compareDist(near_nb_dist, nb_dist))
near_neighbor = neighbor
near_nb_dist = nb_dist
if (near_negibor != NULL)
return near_neighbor
while (!boot_nodes.isEmpty())
createRootNode(new_node)

I
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Mt FLsithe olrjolnt.
N, total = ]Vinter_Pustry N Root N, Leaf (1)
N Root = ]Vintra_Pastry (2)

old HIEY TS T2+ Inter-Pastry W& H]-E<]
W(Pinter Root * Pin[erfRoot)q ‘Er‘E"TEg]' EIRAASKE
B8 W(Piner oot * Pintra_tear)y BIZETZF] H]E
?l W(Pimra_Leaf ° Pintra_Leaf) %kol 5:—”“?_] 3173(Di-
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o] BANNAN o 22 A 20S 15T o
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W(P inter_Root ° P inter_Root) / 2 7 +
[ (DTop + 1) DInterJ’astry 7 (9)

W(P intra_Leaf e P, intra?Leaf) =
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2 (8)~(10)2 FEX=EZM 2H9H B89 Ha
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e
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A& o)1AS 98] WA GT-ITM(Georgia Tech In-
ternetwork Topology Modes)"M EZ 22 A7)
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£ MRSt AdeEt HIESIA A& ©]E (underly-
ing network simulator)?] NS-2(Network Simulator
Version 2)!Pol| A A E# 0448 S35}k
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oA ALeE o] WY wAS HAEIHAT. AB
ol FUS &7 3lollA] Gnutella, Pastry 12|31
B =FoA A3t Rosary Al2ElS Hlnsle] 4=
Ak CD Sl AT AR=E 2
SAs WY & ]Z_ | v F83 Alelm A
H] 0] “X]-‘*L— YHE BEo] 7] wjizel W
Aoy gH ARl g AlEdEeld s HA
2334

Average query response time
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Avg. query response time (sec)

1
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Al A El T 2ol SE Al2K(sec)
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Pastry 2.142328
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System throughput
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Connectivity
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