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Autonomous and Distributive Generation Algorithm of
Delaunay Network for P2P Model Utilizing Node Location

MASAAKI OHNISHIL, YUTA MINAMOTO,! TAKAYUKI EGUCHI,*
HiroAKI KATO,i* Ryo NISHIDEt and SHINICHI UESHIMA ft

This paper proposes a P2P Delaunay network whose topology is a Delaunay diagram well-
known in computational geometry as a scalable network infrastructure for spatial data man-
agement. We first discuss its features as a P2P network, and propose an algorithm to con-
struct the network autonomously and distributively in P2P settings. In the proposed algo-
rithm, nodes update their connection defined by node adjacency with respect to geometric
location and generate local Delaunay networks of neighboring nodes, while they exchange
node-location information to generate a network. The algorithm also works for the case
nodes locate in geometrical degeneracy. Furthermore, the algorithm can also be applied to
merging two independent P2P Delaunay networks. Owing to the algorithm, we can manage
large target spaces using the P2P paradigm, and furthermore extend the target space incre-
mentally by utilizing scalability that the P2P paradigm possesses. By numerical simulations,
the authors examine the construction process of P2P Delaunay networks in terms of loads of
nodes, time-steps consumed for constructing P2P Delaunay networks, degree of each node,
and networkload cost. The applicability of the proposed algorithm for P2P models is also
discussed.
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Fig.1 Delaunay diagram and Voronoi diagram.
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Fig.2 Flipping illegal edge vov; (v,

o: interior angles).
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Fig.3 Degeneracy of Delaunay diagram: (i) 3 vertices lie

on a line, (ii) 4 vertices lie on a common circle.
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Node.constructP2ZPDelaunayNetwork(}
List NIL H/—FiagU AR
List NeighborNIL I A S—EIERU A
List NonNeighborNIL — /SEH A /—FiERIAR
while(true)
clearAll NonNeighhorNiL
f. addAll NeighborNIL to N1
clearAll NeighborNIL
sortAsClockwise N/L
localDelaunay Triangulation
(NIL, NeighborNiL, NonNeighborNiL)
10, delegation(NeighborNIL, NonNeighborNilL)
11,  notficationfTriangulationi NeighborNIL)
04 DO0OODOOOO
Fig.4 The proposed algorithm.
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Fig.5 Data structure of NodeInformationList.
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Node.localDelaunayTriangulation(List N/L,

List NeighborNiL, List NonNeighborNIL)
1. fori =0 to Niend()
2 if ¢ndConditionl )
3 break
4 set vilinfo, viinfo, v2info, viinfo from NIL[i]
5 it isInCircumeircle

(A(vilinfo, viifo, vinfo), viinfo)

f. add v2info to NonNeighborNIL
remove vZinfo from NIL
8 i=i-1
9. else /HMEASE FERASEECELLEBS
10. i= i+l
11, addAll NI to NeighborNIL
12, clearAll NIL

0e6e UO0O0O0ODOOOOODOOO
Fig.6 Local Delaunay Triangulation Algorithm.
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Fig.7 Component relations in LDT.
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Fig.8 Judge circum circle criterion: (i) proceed to next

vov;+2 without EdgeFlipping, (ii) flip edge vov,;41

to viviya.
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Fig.9 In LDT, vy is judged as a non-Delaunay neighbor,
and moved from vo.NIL to vg.NonNeighborNIL.
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Fig.10 Termination conditions 1, 2.
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Node.delegation(List NeighborN{L, List NonNeighborNIL)
1. fori=10 to NoaNeighborNiL end()
2. send NomNeighborNiL] i | to NearestNeighborNode
011 00000000
Fig.11 Delegation of Node Information Algorithm.

Node.notificationOf Triangulation( List NeighborN{{.)
1. for i=0 to NeighborNiL.end():
2. set wvainfo, vb from NeighborNIL] i |
3. send NeighborNIL[i] to getNode(NeighborNIL[ i + 1]}
4. send NeighborNIL[ i+ 1] to getNode(NeighborNIL[ i ])
012 JO0O0O0OO0OOO0O0ODOO
Fig. 12 Notification of Triangulation Algorithm.

vo sends info(vi1) to vz

vo sends info(vz) to v4

vo sends info(vz) to v

vo sends Info(vs) to vz
.

.
.

vo sends info(v7) to v4

vo sends info(v4) to vz

013 00000
Fig. 13 Notification of Triangulation
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014 00000 Del(a)dDel(b) 0DDDODO
Fig. 14 Stepwise merging process of 2 distinct Delaunay diagrams Del(a), Del(b).
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Fig.15 Route selection to the nearest node to a given
target location.
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Fig.16 Movement of average and maximum EdgeFlipping
frequency to the number of nodes (uniform distri-

bution).
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—e——F #:1000
—=——F #2000

10 —F #:3000
S /= #4000
% ] /#5000
o —+— /= #:6000
T, i A= F #:7000
= ——/—F#:8000
EJ . ~—F #:9000

~—F #:10000

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 V6 79
AT T

020 0000000000 DOO0O000O00O0OOO0O0
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to time step (uniform distribution).
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to time step (uniform distribution).
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