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FRT-2-Chord: A DHT Supporting Seamless Transition
between One-hop and Multi-hop with Symmetric Routing Table

YASUHIRO ANDO,* HIROYA NAGAO," TAKEHIRO MIYAO?
and KAZUYUKI SHUDO?

We propose FRT-2-Chord a DHT, based on FRT, a method for designing routing algorithms
for overlays. Structured overlays including DHT's should consider following factors when con-
structing their overlay topology: the number of nodes, identifier distance, proximity, groups
and the frequency of joins and leaves of nodes. Existing DHTSs lack adaptability to those
factors or focus on part of them though they are constantly changing and heavily depend
on applications. FRT-2-Chord has further adaptability and achieves efficient routing with a
variety of those factors. Proofs and experimental results show it.
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Table 1 DHTSs and requirements for structured overlays

(1-a) (1-b) (2-a) (2-b) (3)
Pastry O X X O O
Chord O X X X O
Kademlia O X X O A
EpiChord X AN X O
OneHop X O X - O
FRT-Chord O AN O X O
FRT-2-Chord O O O O O
(1-a) : multi-hop IZB 1} 2 FEHE DR X
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Table 2 Pseudocode for guarantee of reachability in

FRT-2-Chord
(1) s.contact WithSuccessor(){
(2) success = false;
(3) while(success # true){
(4) suce = eq;
(5) send (stabilize, s, predecessor list, B) to succ;
(6) if(succ is failed){
(7) remove succ from E;
(8) add succ to B;
9) }
(10) else {
(11) success = true;
(12) }
a3) | 3
(14) receive (reply, suce, S, I) from succ;
(15) remove successor list from E;
(16) add entries in S and I to E;
17) if(suce # e1){
(18) contactWithSuccessor();
19) | 3
20 | }
(21) | s.replyToPredecessor(){
(22) receive(stabilize, pred, P, B) from pred;
(23) remove entries in B from E and I;
(24) remove predecessor list not in I from E;
(25) add pred and entries in P to E;
(26) send (reply, s, successor list, I) to pred;
@ |}

ELWbDEFF>TWE*DT, ELWY A b &5
L& (5, 14-17, 22, 24-26 fTH) HHEH 5.
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predecessor LHfEZITILEDHEMETH L. 2Dk
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N5 ET, FEENEDNIGEDEZ NS,
DOREIZR L, ¥ Y ZHIBRY 3B EFER O
Ay —PRKDMBZBINT 5 2 EHMFRE L LT

-
-

PR EL OMEE, SF D, HERIck BBEICkoT, &
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list F28AbH 2. LorL, wTFnditwfilo / — Fofk
P2 D FNEMERGEEREIC X o TIEL S03fR7an 3,
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TEERER E 5o T2 b ) HOEBRIEIC X D RS 5 4
HFE E—{eq} LT 2LE, ERONIBRNRZ Y b
Ve (i=2,3,..,|E|—1) 20T, E—{ex} <>
E —{e;} DIRIT 3.

SERR HiRBOMREE £ I T 2 RIEEmG
KrEZDL, 1" = min{j|RE < r;)(B)} £T5
L&, {r)(E — {ex})} DRSS I + 1 FH
ETIE, 7)) (E), 72 (E), oy T —1)(E), RE 710 (E)
b, ZOLE, IF—1FHE CIREIERET & 21
LZav, FERIC, | = min{j|RF < r;(E)} £33
LE, {ro)(B—{e:})} DRI S 1+ 1 FHE T,
ray(E),72)(E), ....;ra—1)(E), RE, 70y (E) £ %%, Z
DEE, | — 1 HHETEHIBRMEZML 2w, &
T, i DWRESFEDS RE < RE BRETBD
T, " > 1. LEP-oT, i =1,2,.,l -1V
T, roy(E—{eix}) =ru(E—{e}) BHILL, 2
ray(E—{eir}) <rey(E—{ei}) PRLT %, £oT,
E—{erx} <ip E—{ei} BHILT 2. O
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FELLy b Y LHIBRT 22 P Y aSEIC—EL,
REROYURMEIET 22BN S, ZDLE
DREIEFR E 2 IR L 7R L W5,

EIE 3.2 HUEER(EOIAT IR
J—=FENDORXy b7 =228V, &/ — RPN
WL R E 2oL &, |E| = 0(log N) D54F
TR O(log N) TH 5.

SEEA SE #RD &I ITERT B,

= 1,2 k- 1D, §F = log W01
d(s,e;)
ikt 1, B — 10, §F = log A5
d(s, ei+1)
d(s,en+1) < d(s,ex) DEFE,
2™ —d(s, ex)
SE —gg I A5 k)
L A TENT)

d(s, ex+1) > d(s,ex) D E &,
2™ — d(s, ept1
SE =1log —d(s(, er) +1)

F 72, Katal ) DA Te; 25 e T TORIC —
FOEET % i DEGE J, REIHD OFFHT ey 2
5 e ETOMIC, — FFEES %« A% L, B
FHEID DFTET ei—1 225 eip1 £ TOMIC e; Pt D
J—FOHELR Vi DESE P LERT 5.

r(E)=1-2/(25 1) Th 270, SE L ri(E)
DIME—BT 5. £ RE =1 2/(257+51 ¢
1), # ki # k+1) ThHsroT, SF+8E, ¢
REDRNMNEi£ED»DOi4Ak+1DEE—KT S,
IR L 7R R DERD S, j € Ji = 2,..,|E| —
Lr$SY(E) = rj(E) < R DRILT 2. I,
leLi=2,..|B—1,r"(E) =r_1(E) < RF %
JRILT B, —fRIC N 2SKE L E EHaEWIERT /) —
RO 2™ /N? X hRELD, S, 2™ > N
ThHD, Fi, d(s,er) <2™71, d(s,eps1) < 2™
ThH5. jrREELT, XVRIT 5.,

E E
SE < ZQgig\E|71,i¢k,i¢k+l(Si +Si71)
7T |E| -4
E
< 2(Zlgi§|E|71,i¢k S )
- |E| -4

2 d(s,er) *d(s, ext1)
= log
|E| —4 d(s,e1) xd(s, e g|)

2 N* 8
< 7|E|_4log <4) < 7|E|_4logN
Xo7T, |[E|=4+(8/log3)logN £§5¢&,
2 1
nB) <1 i T2
FRIC LT, ro1(E) < 1/2, T, &Rz
2™ /N BUFIC T 2 7 D I b B A Rk E 0 IR %% 2

- -
- -
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5. 74T =T AV I b e,(p € P)DEE, HY
J—=Flde, THY, V—T4vIBHETTE. Zh
DG, 2%, e(ie J £ldie L) oG4
ZEZD, RO 2" LT ThY, B/ —F»
SHWID I LCTREIRID I 7 27 —T 4 v 795
B, KGRI IC7 47 =54 v 79 BB b B
MRS 1/2 XD/ ZwDT, logN — 1 HBIF
D7 AT =T 14 v 7 THRYEH»2"/N L2 H
/= PSR Y o J5m, F74F, KIFEHRD o
HC, 27 /N EFEFTICEET S/ —FiE, N2BKE
WEEFSEOIEET O(log N) L %2 2 LH5H16
NTHEHY, Z2OFEKEIX OlogN) k3. MEX
D, REEEORKEIX OlogN) TH3, O

3.5 BEA—INLAICEATIERADOHG

1 B 2 Mo iibd — L £ IcBI9 2 8k
% FRT-2-Chord 1Z&TIHZA T\ 5,

3.5.1 /—REDZEITEKELEVEHER
FRT-2-Chord Ti%, ID HE#tDERICHE>T, Y4
J—=F&74x9 =T v IJORBEER D ) — Fh—K
LT3, 2070, RERICHY ), —FE2EFLT
W3 EE, one-hop HHETH 5. 7z, FEHKEERYA
A3 — Pz kRl 256, &/ — P84/ —FoF
MERRRIREFCE, LD/ — FRHET one-hop &
b, Fil, BE321k0T, /J—FENIZHLT
O(log N) D#HFY A 2T O(log N) ORREER L %5 %
ZEERNLT. = FEEHZ 0% LIC, one-hop
& multi-hop DY — AL L A LBITHEETH 5,
3.5.2 BROBRICHET ZIEHDERNDOMHD
2RI ID I X 2 HlR23 72> 7% ® FRT-2-Chord
IR RO 2> T3, ZOFKMEIZ FRT
WKHRT 25D TH %, 72, FRT-2-Chord ® ID
HEZERED ID 2,y i L, d(z,y) = d(y, =) 23D
520, 1D FRERINFMEZ KD, #ERI3 ID ICBIY 5
IEFRERIC X > TR S N B DT, REEEONIRM: %
b9, MHiE Ry by —2mBEEe sV —7
EEIE L R OBFIINREI A BRICEHTH 3.
3.5.3 /—ROSMERBROEEICKELZEWVWE

=it

ID ZERicB W TERD / — FORET, TED /) —
F2OEREOHMID 1T L, BN/ — FAoRGES:
ZORAET % 7- O ICRARIRNEE e = v Y DDA ME
n 35, #HlAiE, Chord ix 1, Kademlia i ID
D bit TH B, n BREVIZE, FEEMEIED
7D TE R ) — FOBIFRELZ LTk D, itoT,
SN & > THEIEELI Kb T W EEZ 6N
%, FRT-2-Chord Tld n=2TH3DT, +4%F]
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EN2AERTE 2.

3.6 EFOfMtOERAM

Chord ZFEICHREINTELT LT AL »o
72 FRT-2-Chord D HH &M IC OV TR 5

3.6.1 #HROBMEA

—RINIC ) — FOREBLIC X > TT =& 03%kbits 2
ERBICT-DIERAZRLE T 5. FRT-2-Chord T,
ID t DY) — FAR DI/ — FDT, t O¥H
ISRV ER n O/ — FICEES N2 HESH
RThs, t 2WETIHHIC, 747 —T 1 7%I
tICHR DT/ — P, HEPIKEIN /) —F
K EDBEPLTY, ZOEBAOFRICK>T, #
PR DOHINS 7 — 5 2R HARETHEILAD /) —
RO A DOEFHIT 2.

3.6.2 HROEEOLPIZ

BEEL LY 72 BLiE R n IS ER7-E 2 080385 5.
RERHm D & D O 22U BT, n fddko
/—FEH/ —FOHE L DL ID 2827 =5 D
BHE, H — PR ORESERTH 5. successor
list & predecessor list 2°5 H / — R3O X Z HH#
MWEETE, b/ —FD join Ik B H/ — F DR
PAELEMEHRT 2 2N TE S, £, #U%
BlE CEBEOEMZ Ko7 DIZ, join L/ —F
NDZEEEHEBLL 72/ — FOMDEOE E T 5 AL
BT H 5, HiElE, join FRIERHSIT Z X K v, £
#13, predecessor & successor IZ X % AR H %
predecessor IZ X 2 Z&#lE, / — F s @ predecessor D
predecessor list 2SFEELRAERIFIC L > THEF S 4
7o &, BN Lo THIZIZ s PR T 2R EEH%
PR TE, s D predecessor & s ICEELEZHEAAT 5
LW TES, successor IZ K BT R TH .

¥

A=NLAZy b7 —IHEY—LXy FTHD
Overlay Weaver®? 112 FRT-2-Chord #5381, =
Tal—va vtk DEE, FHiizTo7, FEU,
Overlay Weaver 0.10.3 Z >, OS 2% Mac OS X
10.7, CPU 2% 2.3 GHz Intel Core i5, X E VY 25 8
GB O~ ¥ 1T Java SE 6 Update 26 % f\ 27z,

4.1 multi-hop IKH I ZBRRDEX

) —FER2Y N7 =7 ZBMILE, TV5 L
BN L7/ — F25 7 v & JTER L 72 ID ~OHR
%/ —FdH7h 200 lfr ) Fhrziro7, / — P
10%,10%,10* & L, #E#&EY A A0 LRIZ 160, FRT-
Chord 9 successor list D% 4 X% 4, FRT-2-Chord
@ successor list DY A Zld 4, predecessor list D ¥

4.
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8 — —FRT-Chord(N=10000)
71 — —FRT-2-Chord(N=10000)
----- FRT-Chord(N=1000)
6 FRT-2-Chord(N=1000)
T 5 \ —— FRT-Chord(N=100)
1 N \\\ ——FRT-2-Chord(N=100)
4 N T —— e
gL, T T
B3 P e amm s s e e
ﬁ 2 ,\‘Ql‘:)_-.. ------ o
1 M
0 - - - )
0 50 100 150 200

1/—F&Hf=Y ORKEH (E)

B1 17— FdHih oWKIEHIcx T 2 PRz 0 214k
Fig.1 Change of average path length along with the

number of lookups per node.

ARFA4THD, 747 —T4 7%, WRETH
J=FPRDT7 49 —=F 4 v IROBELEE/ED
R RKEHFATIro 7z,

R 13, 1/—FdH7h oBRREICRT 2Rt
HREOZ{LERL T\Ww%, FRT-Chord & [ABkIC FRT-
2-Chord THHRMIFUIE U TR R DR L T
L0 5,

31k 1/ —FdH7H 150 BH 5 200 MR E
I} % FRT-Chord & FRT-2-Chord OV HE %%
FL, / —FEticko-boThsb, £, A—B
I FRT-Chord D V-¥3#¢#&E Dfifid> &5 FRT-2-Chord
DPREER D% 5\ W77 TdH %, FRT-Chord X
» FRT-2-Chord ?1Z 9 73 multi-hop 123\ THEV#E
BETHEIEEZTRLTVS

FRT-2-Chord ® ¥ + Y Bo@EfR{E2 IR T 2 &
T, BEEPURRINTWE EE42%, £/, FRT-
2-Chord (%, FRT-Chord & b REE >,

4.2 one-hop DEHR

4.1 FiDFEET /) — P23 10° D4, RIEEY A
AW — F#%E L% 70, RgRPe, —FeH>
CEMMEETHS. 2131/ —FH7zh oBER
BT % one-hop DIRIEZ LR L, 21z / —F
Bc#E > T 100 ZF U 7 one-hop FZFHEL, &

D7-XTH 3. one-hop ROFHINIEWTIE, 1/ —
F&H7-h 500 MR ZFT> 7. SHOEBICE VT

1/ —=F&H7D 500 [EEERE TIX 95 %A LD

3 1/—Fdxbh 150 FlH S 200 FEERIICET 2 FRT-
Chord & FRT-2-Chord O FHfgkR o L
Table 3 Comparing average path length from 150 to 200
lookups per node for FRT-Chord and FRT-2-

Chord
/—F# | FRT-Chord(A) FRT-2-Chord(B) A — B
100 1.958 1.035 0.923
1000 2.458 1.825 0.633
10000 3.565 2.788 0.777
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= —FRT-2-Chord
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240
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c
020 n
PR T T YN NP P ST )
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1/—R &Y OERFRE#(E)

B2 1/—Fbh)oWREHKICHT 2 one-hop ¥
Fig.2 Rate of one-hop along with the number of lookups

per node
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3 HHADIER
Fig.3 Rate of reaching replicas

one-hop TH H, {LED /) — FiT one-hop TH % &
Wz, L, 1 /—Fdbkb, E512700 M
BREE L7 & 2 A, one-hop Fid 100 % % #EHF L 72,

4.3 HEAOEE

) —FR2y b7 —2IZBMNEEE. S50
WEIRL 72, —F9 55 FAIERLZ ID 28>
F=FDput %/ —FH7D 100 [HfTv», 20k, 2
No6DF—=5DID OHFED 67 v F LIZHERL 2 ID
NOBRE ) —FH7-0 100 [Hlf7-o72, ElEE 8 &
L CHBZRTo %, B L, S — P2 &7
B a9 5/ —FOBTH 3.

B3k 1 /—FH7h 100 HDOT—FHRIZE
FBEMADFERE ) — FRTEICE L DAENT
b5, HEAOFRERIL, HY ) — FDStD  — Fic
REZIN T HNT —F ~NFE L 72 [[lE% 2RER
HC#El>T 100 #FL 72fETH 5. FRT-2-Chord I
BWT, /—FEHM10%, 10* oL &, HE~DFE
BENRTVIERL»S, /—FEP 102 DL E
I%, one-hop DMHEIC IS 7w ®, HE~DFEFK(L
NS BoTwB EEZONS, SRIOFEEICEIT S
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