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Abstract A structured overlay is a technique to construct an autonomous decentralized network of nodes and to achieve efficient
routing. Skip Graph is a structured overlay and one of its advantages is capability for range queries. In this paper, we propose a
new routing method for range queries in Skip Graph. In the proposed method, a node which receives a query, divides its target
range into subranges by the key of the center of the subordinate node sequence, and delegates the subranges to its neighbor nodes.

We confirmed that the average path length of the proposed method is about 20% shorter than that of the existing methods when

the number of nodes is sufficiently large.
Key words

. EL®IC

F—N—L A2 I—=21F, BEOry hY—2 FICHE
LXhmERy PV —2THb. Tty bV =T ITHKEF
LW RaYDE#RTZI2 T, AvE—VHRER/ —F -
T XK ORI 5. FicHEEb A — -1 4
X, FFED T — 2GR e bariiitoTT, /— REHCX 2
HEDENZR Ay VI REEETE 2T, GVWRT—7
VYT RMBEN RN —T 4 Y IEERERT . 2OMRED
5, MEFEHEEDTWVWE T a Yy 7 F 2 —YOOHIIBWT
SBEAIET E TV A [1].

gt —N—1L 4 IZBWT, ZHNy 27— (Dis-
tributed Hash Table, DHT) ~X—ZD % D [2],[3] i%, v > 21k

Skip Graph, Structured overlay, Peer-to-peer network, Routing algorithm, Range query

WWEoTHF—%—H ID ZERICEBRL, ZOFXF—HEHDONR
TTT—XENHEETI T, AMOMEERTS. L
2L, Ny ¥a itk ) F—DEFERMEEFEI NV D,
F—OHPAZIEE L TRET 2 &5 kMR 7 ) AOXIG
T 3.

—J5C, HFAMRIAIEEREE(LA — N— 1L 14 ®—DIZ Skip
Graph[4] 2% %. Skip Graph T, ¥—% v ¥ a{bg3Ic
TFT—REEMT S0, F—DlEFEFRER oM RueYE
MRS 2 Z T 5. Skip Graph IZBIF 2 HifMER I =)
WKBTEL—F 4 YOV TIE, BHROTFEIEREINT
W3 [5]1~[7]1 23, 215 DBIFFERICITEREDORERILS X v
= IHDIERI Vo -RIESFIET .

% ZCARRGTIX, Skip Graph IZB 2 #i7-L#ifHmE s )

-15-

This article is a technical report without peer review, and its polished and/or extended version may be published elsewhere.

goobooboboooooooobooboobobobooboooobobobooooooon

Copyright ©2021 by IEICE



wes [0 [3] [7] [G2] [18]
Level2
3 30
Lo |
Levell
0 7 23

Leve|o|oH3|+>|7|<+|12|+418|<+|23|<+|30|

Node A B C D E F
110... 010... 111.. 000.. 001.. 101.. 011...

Membership vector (MV)
[ 1: Skip Graph ® F Km ¥
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Algorithm 1 Routing process of proposed method

1: procedure UPONRECEIVINGATSTART(localNode, range, query)
2 leftSubRange «— clone of range

3 leftSubRange .setRightClosedBound(localNode key)

4 rightSubRange « clone of range

5: rightSubRange.setLeftClosedBound(/localNode .key)

6 uponReceiving(leftSubRange, query, FALSE)

7 uponReceiving(rightSubRange, query, TRUE)

8: end procedure

9

: procedure UPONRECEIVING(range, query, isRightSide)

0: if isRightSide = TRUE then

11: neighbors « routingTable.getRightNeighbors()
12: else

13: neighbors «— routingTable.getLeftNeighbors()
14: end if

15: delegationNode — neighbors.getDelegationNode(range)
16: if delegationNode + NULL then

17: subRange « clone of range

18: lowerNode <« neighbors.getLowerNode()

19: if lowerNode # NULL then

20: divideKey «— mid(delegationNode, lowerNode)
21: else

22: divideKey «— delegationNode .key

23: end if

24: if isRightSide = TRUE then

25: subRange .setLeftClosedBound(divideKey)

26: range.setRightOpenBound(divideKey)

27: else

28: subRange.setRightClosedBound(divideKey)
29: range.setLeftOpenBound(divideKey)

30: end if

31: uponReceivingAtStart(delegationNode, subRange, query)
32: uponReceiving(range, query, isRightSide)

33: end if

34: end procedure
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Table 1 Comparison of average path lengths on a topology where keys were

generated by two different distributions.

Nr =10 Ngr =100 Ng=1000 Ng = 10000

key: uniform 3.06 7.82 12.77 17.79
MRF

key: power 3.06 7.82 12.77 17.79
SFB key: uniform 222 5.06 7.95 10.90

key: power 222 5.06 7.95 10.90

key: uniform 2.14 4.40 6.56 8.67

Proposed
key: power 2.14 441 6.60 8.75
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