gooooooood
IPSJ SIG Technical Report

gobooobotooboobuoobooboood

O o o ot o o o of?

DHTOOOOOOOOO0O0OOOO0O0000O0O0DOO0000000DOODOO0O00O
oo0ooo0O0o00 bHTOOOOOOOCOOOOOOOOOOOOOOOOOO0CGO
gdoooooooooooobobooooooooooooooooOobobboooo
O00OPeer-to-Peer 00 000000000000 0O0OO0ODOOO0OOOODOO
oo0o0oo pHTOOOOOOOOOOOOOOOO0OOCOO0OO0COOO0OO0O00O00O0
gdoooooooooooOoObOOoOoO00o0o0oOooooooooooOoObObOoOOo
ooooooo

0000000 Chord DOOOOOOOOOO FRT-ChordODOOOODODODOO
O00FRT-Chord 0000000000000 OO0DOOOOOOODO DHTOO
000000000000000000000 O(legN)ODOODODOOOOODOO
goooooo

Designing Overlay Networks with Flexible Routing Tables

Hirova Nacao®! and Kazuvyuki SHuDO2

In this paper, we propose flexible routing tables, a concept to flexibly
maintain routing tables in DHT-algorithms. Flexible routing tables provide
DHT-algorithms good expandability while keeping features of existing DHT-
algorithms. Flexible routing tables also provide DHT-algorithms available in
networks with from a few nodes in server-side systems to millions nodes in
Peer-to-Peer networks. In addition, we show possibilities that the expandabil-
ity forms the foundation for algorithms on a network-proximity and algorithms
for segmented networks.

We construct a DHT-algorithm called FRT-Chord with the application of
flexible routing tables to Chord which is a typical DHT-algorithm. Experi-
ments on FRT-Chord demonstrated that FRT-Chord works as zero-hop-DHT
with a small number of nodes and makes path lengths O(log N) with 10,000
nodes.

Vol.2010-ARC-189 No.11
Vo0l.2010-0S-114 No.11
2010/4/22

1. O0O0ad

000000000000000000000000000000000000000
00000000000000000000000000000000000001IPO0
0000000000000000000000000000000000000000
O0O0000Peer-to-Peer 100 00000000000000O00O00OOOOALMOO
CDNOODOOOOODOO0OO Peer-to-Peer 100000000000 00OO Distributed
Hash TableD DHTO OO OOOOO00O0O0O0O0O0O0O00O0OOO0OOOO0OOOOOOO
00000000000000000000000000000000
DHTOOOODOOOOOOOOCOO Chord” O Kademlia® O Tapestry® O Pastry® O
0000000000000000000000000000000000000000O0
0D000000000000000000000000000000000000000O0
0000000000000000000000000000000000000000O0
000000000000000000000000000000 IDO000000O00O0
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000,00000000000000000000
00000000000000000 “0000007”000000000000000
0000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0000000 DHTOOOODOO Chord 00000 FRI-Chord 00 O0OOO0OO0OOD
OOO0OO0OOFRT-Chord 0000000000000 ODOOOOONOOODOOOOOO

t1 000000 000 Doooo
Dept. of Information Science, Faculty of Science, Tokyo Institute of Technology

2000000 D0O0O0O0O00O00O0OO0 DOoOoOoooooo
Dept. of Mathematical and Computing Sciences, Graduate School of Information Science and
Engineering, Tokyo Institute of Technology

(© 2010 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

000000 bHTOOOOOOOODODOOOOOCOCOOOOOO ChordO0goooQ
0000 NOOOO O(logN) DOODOODOOODOO

2. 00OO0OOO

2.1 OO0OO0OO0O0O0OO0

goboobooooooooobooooooooboboooooobOoboOoooobooOobooOooo

goooboooooooobooooooobooooboOoooobOoooooooooboobooDoboo

oooood

e J0000O0O0O0OOOOO DHTOOODO
ooooobooboooooooooobooooooboOobooOoooooboboOoOooooon
oooooooooooooooooobOoboOooobooOoboOoOoooooboOoOoooon
o000 DHTOOODOOOODOOOOO DHTOOOOO0O0O0OOOOODOOO0O0O
ocoooOoOO0OO00o0OoO00000O0ooooOOO0O0O0ooooooOOO bHTOOO
oooboooooooooooooooooooooboooOooooooboooooon
0000000 ChordDODOD O(logN)DOODUOOOOUDOODODOOODDOOODOO
gooooooooobooooboooooooboooooboo

e JOOOODODOODOO
goooooobooooOo IbOo IpO0O0OOOO0ODOOOOOOODOOOOOOD
goooooooooooooboooooooobooooooboobooooobobooD
goooooobooobooooooooooooooboboooooooDoboooooo
goooo Ibooooooooboooooooooooobooooboooooo
gooobooobooooooooooooobooooooooboooobooooon
goobooooodoobooooboodoboooooooooooooooooooon
goooooboooooogo

e JOOODO
ooooOO0O0o0o0ooocooOoO0O0 DbHTOOOOOOOOOO0O0O0O0O0OOOOO0O0O0O0
ocoobOOo0o0oooooOooObOO0O0000oOoOoOOOOO00b000000000 DHTO
ooooobooooooooooobooooooboOobooOooooobOobocOoOooooon
00000000000 0000Y000000000000 DHTOO0000O0
ooooooooooobooooobOoOo0ooooOoOoOoOooooboOobooObocOoOoooon
goooooooooooooboobooooooobooOoooooooboooooboooooon

Vol.2010-ARC-189 No.11
Vo0l.2010-0S-114 No.11
2010/4/22

pooobooboooboboooboboa

pooboboooboboooboboooobo
pobooboboobooboobooboobooooboboobbooboobo
go0oo0o0oooo0o0ooo0oo0o0oo0ooooooooooo0oo0n
gooo0o0o0oooooO0ooO00000oooooopooooOOO0o0O00Dooo
go0oooOoooo0ooo0oooooooooooooooIboo0oooooog
oo0oo0ooo0oooo0oOo0ooo0ooooooo0ooooooooooOo
g0ooo0o0ooo0oO0o0o0oo0o0ooooooooooooooooooooo
000000 DHTOOOOOOOOOODO Chord00ODOODOOODODODOOOOO
0boo0oO00ooOOOo0oOoOoOoO0OooOoOoooooooooO
o00oo0ooooo0o0oooooooOo0oOo0oOo0oo0oooOooUoooOO
00000 Proximity Route Selectiond PRSI 000000000000 OOOO
00000000000 Proximity Neighbor Selectiond PNS(P) 000000000
gooo0o0O000O00oOoO0OOO0O0000D00O0OOO0ODOOO0O0OOoOoOooOo

0s5.2000
e JO00OODOOODOOOODOOOODO

g00DHTOOOOOOOODODODOOOOOO0oOoOoOOo0ooooooooooon
googooooChoerdb0O0O00OO0OOOOODODOOODOOODOODODODODODODDODODOD
00000D000KademliaOOOOOOOOOOOOODOOOOOQODOOOODOOOOO
gooooooooooooboooooooooobobooooooDoooooooDon
000000000000 ChordO finger table DO OO IDOOOOOOOOOCOD
0000000000000 0000000000O0Ofinger table000000000O
gobooboooooooobooooooobooooooooooooooboOoooooon
gobooboooooooboooooooboboooobooboooooooboOoooooon
goooooo

goobooooooooooobooooobobooo0ooobooboobOoOoooooon
0000000000 00ChordO fingertable DOODODO0OOODO IDOOOOOO
gobobooooooooooobooooooboOobOobOOOoO0OobObOObobOoOoOoDon
gboboooboooooooobooooobooobooooobooobOoobooboOooboboooboboo
goooooooobooooooooooooooooooobOOOOOCbbOOoOoOoOo

(© 2010 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

2.2 000000000
1000007 00DHTOO00D00000000000000000000O0 DHT

00000000000000000000000000 DHTOOOO000000 Chord

000D0000D000000000000000000D000000000000000

ooo

e 0000ODDOODOODODO
0000000000D00000000000000000000000000000
000000000000
000 DHTOOOOOOOOOOOOOO0O0O000000000000000 IDO
000000000000000000000000000000000000000
000000000000000 Chordd KademliaDDOODOOOD IDz 00000
0d(z)000000000 f(z)0 f(z) ~ds(z)”' 0000
000000000000 IDO0000000000000000000000000
000000000000000000000000000000000000000
000000000000000000000000000000000000000
000“00000000007” 00000000000
000 IDO0000000 duex 0000000000000 IDOO00 X0000
000000000000 IDO00000000000 F(z)000200000000
0000000000000000000030000000

)1 (Bee X, ds(e) =x)
f=) = { 0 (otherwise)
Lz]
F@) = 17 D) (<0 < du) (2)
d=1

F(2z) — F(z) = (00) (3)

Vol.2010-ARC-189 No.11
Vo0l.2010-0S-114 No.11
2010/4/22

gooooooooobooooooobooooboo

— 0oooooogo
goooooooooooboooooooboobobooooooboobobooOoooo
gbooboooooboobdbooooobobooooobooooooooogn
gboboooooooboboooooobooooooa
gooooooooooboooo IbOOOOOOOOO0OOOO0OO0O0O0O0O0000O0
goboobooodooooobooooboooOoooobooOobooobooooboOoooooon
goboboooboodooobooboooooooboooobboobooobooa

— oooooooo
gooooooouooooboooooooobooOooooooobOoOoOobOObCOoOoooon
gooooooooooooobooboOooooobooOoooOooooobooOoboOoOoooon
gboboooooooooooooooooooobooooobooobooboOooooon
gbooooboooooooooobooobooobOoooooboooooboooooono
goooooboooooboocooooobooooobobooobooooo
gobooooooooooooo Iboooooooobooooooooooboooon
gooooooooooooooboooooboooooooooboOooooooon
goboooboooooboooooo
goooooooooboooooooooooooboooooooobooooooon
goooooooo

— 0ooOooooooooooo
goooooooooboobooboo IbooobooboOobooooboooo
gboobooooobdobooooobooooboooooooboooooogn
goboooooooboodooooooooobbooboboobooooooooonn

gooooooobooooooooooboooboboboooooooooobboooa

dobooooboooodouoooooooooooobobooooooboobocOooooon
toooboooooooboooboooooboooooboboooboboboobOobooOoon
ooboooobooboooboocooboooooOoobbooobboOooboooooo
ooooooobobooobooooo
goooboooooooooobooooooboboOooooOooOoOobooOoooboOooobooon
gooooobooooooooooooobooooooboOoooobooboo 3boooooon

3. FRT-Chord0O0OOOOOO ChordO OO0

FRT-Chord 00O OO0UOO0ODOOOOOOOOOODOOODHTOOOOOOOOOOFRT-
Chord000O00O DHTOOOOOOOOO ChordO0O0OOOODOODOOOFRT-Chord
O O successor list O finger table 0000 0000000000000 OOOOOOOOO
FRT-Chord 0000000 OOOOOOOOOODOOOOOODOOOOOOOOOIDO
O00000O00000o00o0o0oO0oOoU0OoOo0oooOO0ooooooboOo0ooOo

(© 2010 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

JddobO0o0oobOooobObOo0obobOOooobOobOoooIbOoo0oboObOoOooDobOoOoOooooO
ooooo

3.1 Chord

FRT-Chord 0 Chord 000000000000 OODODO ChordODOOOOOODO
0000000000000 0000000000 ChordOOODODOOODOOOODODO
OU00o00o0oOU0OoU0O00O00bO0OoUoOoooO O(legN)OOOOOOOOOOO
JdooooooboobOoo0bOb0bD0o0obDOoobDOooOobHTOODDODOODDODODOODOO
000000000000 000ooo00dddCherd IDOOOOOOOODOOOO
gobo0oboboooobooboobobooobOboobDooboobooboobooo
gooboooooo

3.2 JO0OOOOOO

FRT-Chord 00D O0OO00OD0OO00ODOOO0ODOOODOODOOODOOODOOODOOOODOOOO
doooooooonD JoinOOOOODODODOODODODODO

3.3 DOOODOOOOd

FRT-Chord OO O O00O0O0ODOOO0OOO0OOODOODOODOOOOODOODOODOOOODOO
0000000000000 LobooOooo0obOoooooooDoooooooDOon
0000000O00b0o0DoOobOo0o0bOO0o0obOo0DbOOooDoooDo0obOOoobOOoOoobOooDo
0000000000 FRT-ChordODOOODOODOOOO IDODODOOOOOODOOODO
0d0o0bOo000ooObOoOoDooOoOoOoOoooboooOoooDbOoo

000 IbOoo0o0d00m=160000000000000IDO0OO X0O0O!I=|X|0
0000000000000 0 IDO00000000000o00DoO00nDng o, 1, ..., Ti—1
0000000000 Ib:000000 ds(z)0000000O0DOOOODOO C;00040
goobobooooo

Ci = F(ds(x:)) — F(ds(wi-1)) (4)
_ 1
F =—1 5
(z) m0g25” (5)
FRT-Chord DO UOOO0OOO C;0000000O0O0ODOOUDOOOOOO z4(C; =
min,C;) 0000000 1000000000000000O00UDOUOUOUDUDUOO
goodoboobooobobooobooboboboo F(x)DDD5DDDDDDDDDDDDDD

gooobobooooooobooocoooobooOobooooooboboOoooooooooboo
000000000000 F(z)0OODDOOODODOO

Vol.2010-ARC-189 No.11
Vo0l.2010-0S-114 No.11
2010/4/22

= 1
F(x) =—log x
1.0 l 160 1.0

EFR{LFARR

DIEHCRIMEA S+ LY

O)—HAMIZEE LAL

1 AWEORE/ — FE MR
B/—Fho0EM B/ —Fho0EM

0-0—© r— > @
00 7 — R 20 00

EREMPRIZE L TEMIRRRE1T 5

pL. ®
ABLPUVECHEHE 2
EFEMRICE L TEMRRE %175

01 FRT-Chord D0ODO0ODOO0DOO0DOOOOOOOODO
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Fig.2 Distribution function of routing tables(log. scale).
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Table 1 Correlation between number of nodes and average path lengths.

N | Chord FRT-Chord(L = 20) FRT-Chord(L = 160)

10 1.99 1.89 1.89
100 3.74 2.95 1.99
1000 5.72 4.41 3.00
10000 8.46 6.78 5.06

02 0000000000000

Table 2 Correlation between number of nodes and maximum path lengths.

N [ Chord FRT-Chord(L = 20) FRT-Chord(L = 160)

10 3 2 2
100 7 5 2
1000 11 8 6
10000 17 14 11
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Fig.3 Correlation between number of nodes and Fig.4 Correlation between number of nodes and

average path lengths. maximum path lengths.
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