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

d
it (B1' exitsts and is live)

dl
forward to A1 ;
else
// rare case
forwardtot € L U A, s.th.
shi(t, o) =/,
it-ol <la-dl
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discover{seed)
nodes = getleafSet(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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Rosary SHdo] VEHaE 23 A g =
7] 7 A" FA|(Initial Connection Point Problem)
Hgﬁﬂ“ﬂl Hela EAgde}. 23 Rosary
£ % =%l Rosary 74 M2 FER= 22
L2ABMA| =31 Rosary 704 4181 Inter-Pastry

FEREES £E2& vkl o] ARE Mk
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I+ SE EHOIHOI &3l FIIXHCZ +JE ).
updateCachList{msg_type)
switch msg_type is
ROOT_CACHE_S :
leaf_nodes = getlLeafSet()
cache_list = getCachelist()
root_state = getState()
broadcastCachelist{leaf_nodes, root_state, list)
ROQOT_CACHE_R :
rec_leaf_nodes = getReclLeafSet()
rec_leaf_states = getRecleafStates()
recalculateCachelist(rec_leaf_nodes,
rec_leaf_states)
updateleafSet(UP_RFSET_R)
LEAF_CACHE_S :
root_node = getRootNode()
cache_list = getCachelist()
leaf_state = getState()
forwardCachelist(root_node, leaf_state)
LEAF_CACHE_R :
setCachelList(cache_list)
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ZZAHE el RTTZHH] QY A =
Z(Internet Distance Estimation) HPH-S AR8-319
A Aorka 7EE o]gkh) B dowlEe
A3 Hololelli A=Y wAHQ We=rkzm
A E 72 gerh FExTrl A RTT 244
3 AT FEX=EY S /A FoiHe
2 Al o] =50 e Wiz Hue
AHgEHA =l Aelth

Rosary %414] 3t d#jzl(well-known) 714 A%
7 BARy et B =EedAe RP
{Rendezvous Point)z} H-Ec}. Rosary 2xjzjo] v
Ef=o)] 2534} s 2= N2 ®A RPeIA]
FErCO HHE Q%) RPEFE W AHw
2 99)¢] FEve RIS AR 2L 54 =
o} N2 Z2eE] HERd me} Rl 7429 A7)
EAsl] 2 AIgle] W] Azl =4S WS
+ FEX=9 J=40])7] (handshaking) =4
Z2A Hel o] Aol Fa dkE AR u}
g k= N£ R19 g=zxc=2 7RispAt =2
Intra-Pastry®] M2 FE7} & 4 gk 22e
WE3A] £ Afolle RISERE 5418 o)A
o FERX=E A8 A=g FAsl M 7L
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+ RErc@ o] FAsA "ot oled 2
Aol Y& 24 A AL WXs7] HsiA TIL
<2|(Time To Live number)¢} elJol-2- Zh(timeout
value)& 53| =ztglol Alekg Frbh ek 2z
o] ojolx] ¢4& 73§ Intra-Pastry?] MEL FEX
=2 zgsh ot 19 62 AEg xx=v}
Rosary WEH 30| 2Q3p7] 8 A& 7HksiAl
BAFE dAlelt (1), MEE x= NoJ
Rosary YIE$]=e] 2915}7] $sle] RPERE o
A 2HR10)] g FEE d=rh )= N
< R10°] 3] RTTE &3l Az 2o =
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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)
it {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
it (near_negibor != NULL)
return near_neighbor
while (Iboot_nodes.isEmpty())
createRootNode(new_node)
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£ A ¥ MR A Az xS 843}
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sHA| AZA=] glon Zhzke] MExcELS 24l
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£ =die Edlag =l mdo] sy
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28]ErQle) kEE Ezrez B 5 9o}k ok
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B EE sl Wi}l AA k= 5 Aol

Nier_pasiy”t  Inter-Pastry®]  7R50]3L  Nigoor©]
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%o} Edsiche oslolc)
N, total = N, inter_Pastry NRom' N, Leaf (1)
NRoot =N, intra_Pastry (2)

o]d V|EY =2 F-F& Inter-Pastry WlF- v]-8-<l
W(Piser root * Piner_root) S FEXES} 2] Xy =71e]
B182) W(Pier koot * Pinra_tea)y BIEXEZFE] B|E-
S W(Pitra_teaf * Pimrarea) 31 EMQ ZAA(Di-
ameter)ql 7P He] "ojzl ¥zl Hd A=zt
o] FANA the 2L A 2L 5 o
ojx3t EadAl-Ay Eoele ZEAoR "hEolA|
A ek DA 3t Dr, £ Inter-Pastry Alo]2] 9474
Ae)O) 3L Diner pasy = Inter-Pastry 3=2] FHoj 2
Aoltt. EZ Diwrgpasry = Intra-Pastry 359 3
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2W(P intra_Leaf * P, inrra_l.eaf) > Dlntm_l’asny (3)
ZW(P inter_Root P, imer_Root) > DInter_Pastry (4)

2 W(P inter_Root * P, inrra_llq/) >D Top
W(P inter_Root ° I:.inter_Root) +(D Top + 1 )Dlmer_Pastly (5)

2W(Pintra_veas * Pintra_veat)>2Dmira_pastry*2 W{(Pinter_Root
° P intra_beaj) +D Top W(P inter_Root . P imcr_Roat) +D Top

DInter_Paxwy

©

W(P intra_Leaf * P, intra_Leqf) =2 W(P inter_Root ° P, intra_Leqf)"'e
Q)

$9] A (3)2 =314 =HE Inter-Pastry o
9] el IjAHt} Intra-Pastryd S oge] u}9H
2ot $ARE A Ha A (9E HES
Inter-Pastry 7] Top#le] =h¢-8 s Wl Inter-
Pastry W9 248 vt $409e Z2A "ok
Al (5)e Y FELDs dAsE e A=
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e MEHIE 74E 5 3lch

W(P inter_Root P imer_Rnat) = [ DInter_I’asny / 2 7 (8)

W(P inter_Root ° P, imra_Leaf) = [ D Top
W(P inter_Root * inter_Root) / 2 ] +
[ (D Top + 1) DInter_Pastry 7 (9)

W(P intra_Leaf ° P, intra_Leaf) =
DIntra_Pastry + ZW(P inter_Root * P, intra_Leaf) (10)

Al (8)~ (10).9_ 2evezie] gk$-E Hlge] FHA4
e AU E=eHel emde] WEYIS
T433817] $18 Inter-Pastry$} Intra-Pastry2] =7,
FE-FE, 2L FELET =T Ap)e] ulg-
< diisla AR ke Al 2748 v
d3lirk

4.2 AE8fold Zot

B =X Agkel Rosary 28|#Heo] HES =2
Al EHeldE sl WA GT-ITM(Georgia Tech In-
ternetwork Topology Modes)™ ' B Z22] 1437
(topology generator) 2 EA- 8 ¥ d(transit-
stub model)S ZZ3l Rosary HESI ¥Z2AE
Adsigich AAE EZ 22X 9l E(backbone) 0.2
100749 El3l-~8] WEm 2Z2X|E 7AY
7zke] 2% reofl agdstA 1070014 207] Alo]
9] E|Zxsg AR ofF EXT F Ui
Rosary ollo|A E(peer) & FAIATE o] BEE2X
£ AR3l] ddrjEle) vEY = AE#o)E (underly-
ing network simulator)?] NS-2(Network Simulator
Version 2)' Aol Al E#0)de Faisisict.

Rosary o|o]HEx 2Fd2}4](GnutellaSim)[16]
oA AH8sk= P2P AlEHole] Z#UY(P2P simu-
lator framework)S 7[Hke 2 FEFE o] =
HYL rigt p2P Z2EEE UEHA AEdo)
El(dll: NS-2, GTNets 5) Aellx ©f 474 AJ&<e)
A 5 e A4S AT rdels o4
A el ZREZS AEHA™ 4 sirh
wle] 8¢ Zel(peer behavior model)S FaF3!7

olx] AR o] P9 =g A8slgich AEH

olid-& FUgt 37 3lolA] Gnutella, Pastry 18]l
2 =FolA Q3 Rosary Al-EME H|wsle] 4=
Asigict. CDN Al ARt AR=E oA
e we] SFATe] s F8F Alglelw] A
vlxe] FAAE A H@zle] glr] witel]
A} g5 A7kl gk AlEdeld AAE WA ¥
Akt

Average query response time

Avg. query response time (sec)

500 750 1000
Time {sec)

Gnutella 2.355910
Pastry 2.142328
Rosary 1.965853

37 10, B 29 3 A7

I 102 1000& Z<r HF A § ARkE
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o] 7F4 L SHAE Holx glEd ojd 4
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CDN #7e Az AR 2d BoE
o AN=E | S8 AeE sHEe A
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Bl A AEH)A AHAE EAE%ck
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& 42 A9} 10002 FF AaE XSS Ve
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System throughput

0.875

0.775 E=

0.675

System throughput (Mbps)

0.575
° 250 500 750 1000
Time(sec)

Gnutella 0.8032787
Pastry 0.8383838
Rosary 0.8593750
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53 A=l we} Rt A} AEF AlxE
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Connectivity

| —s—Gnutella

1000 ¢

[ 250 500 750 1000
| Time {sec)

Gnutella 1340
Pastry 414
Rosary 267
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