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Building Long Range Contact over
P2P Delaunay Network Distributively

MASAAKI OHNISHI, SHINJI T'SUBOI,* MASAO HIRAYAMA, 1
TAKAYUKI EGUCHI' and SHINICHI UESHIMA'

In this paper, the authors propose an autonomous distributive generation algorithm of LRC
(Long Range Contact) over P2P Delaunay network, and discuss on a routing method to dis-
tant location and on range query. In a P2P Delaunay network, which builds-in a Delaunay
diagram as a topology using node location, a node has connections only with its neighbor-
ing nodes. This structural property has advantages for a geometric routing and range query
mechanism among nodes. However, in case a P2P Delaunay network consists of a large num-
ber of nodes, its diameter increases which causes a serious communication delay in the wide
area of range query. To overcome the problem, the authors show a method for nodes to con-
struct LRC collaboratively in a bottom-up fashion both horizontally and vertically over a P2P
Delaunay network to the entire target space, and provide algorithms for geometric routing
as well as efficient range queries by use of horizontal/vertical LRC’s. Moreover, algorithms
for partial structural maintenance due to node join/leave are given. The authors examine
the loads for generating/maintaining LRC, and the efficiency for routing and range query
using LRC through numerical simulations. As a practical application, we set a scenario of
a communication network for victims in a disaster area and rescue crues, and compare the
efficiencies between the proposed system and two types of network topologies using GeoPeer

numerically.
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Fig.1 P2P Delaunay network.
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Fig.2 P2P Delaunay network on IP network.
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Fig.3 Routing by Greedy forwarding.
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Fig.4 Range queries on P2P Delaunay network.
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Fig.5 1-dimensional network.
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Fig.6 Example of routing on LRC.
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Fig.7 The nodes whose Voronoi regions intersect with

the horizontal belt of vg.

000000000 v 0 LRCOOODOOOOOO
gooooooooooooooooooboooooo
goooboooooooobobooobooonoooo
oooooooooocoOoooooooLrRCcoOOd
oobooooooo

ooooU0ooooOoo/o0o 20000000
goooooboooooogoo
o0 0OOO0ODLOO 200000O00COOO0OOO
P2PO0OO0OODOOCOOOOCOOOOOOODOO
O000O0O0LRCOODOOOOOOOOOO
el 000O0O0O0DOOODOOOOODLOOOODOO
Oo0O0p2PpO0O0OO0OO0OOOODODODOOCOOOOO
OO00O0O0O00 voO LRCOODOO voODOOOOO
J000000000oooooooogtw ObDOO
Oy 000000000000D00000000we
0000 LRCOOOOOODO v 00000000
goooboooooboooobooooooooo
vo UOOOOODOOO0OOOOOOOO0OOODOOO0
O00O0LRCOOOOOOOOOOO

O0ooooooooooooono/ooo0ooLRrRCe
goooooooosooooooooooooon
Qe OOO0OO0OD0ODODODDDDODODODODODOO vz O0wv
OLRCOOOOO0OOOO0O0OO0OOw O LRCOOOO
00 0w 000 v 0000000000000
O00000ws O nilue O LRCOOODOOOOO
UdodOv O v 00000000000C000ws
OO0 LRCOOOOOOOO

boobooocootdbvw OOoooooooo
goooboooooooooooboooooooooo
goboooooooo
elJ00O0OO0OOODOODOOOOOODODOO 9O
gooooooooooooooboooonoooo
goooooooobooObODOObOO000000000o
gooooooooooooooboobooooooo

P2PpO0OO0O0OCOOOOOOOOOOOOOCOOOOOCOOOOO 195

08 O00D0OO0OO0O0OO0ODOOOOOODOOO
Fig.8 Narrower than the maximum width of Voronoi

region.
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Fig.9 The belt of nodes which cover the entire plane.
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Fig.10 Autonomous generation of a Voronoi region: vg
constructs its Voronoi region with Delaunay neigh-
bor node.
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Fig.11 LRC on P2P Delaunay Network: links of vg toward east.

Node.generateLRC( direction )
1: voronoiBelt = makeVoronoiBelt(voronoiVertices, direction)
2: connectionLv[0] = selectLRCNodes(delaunayNeighbors, direction)
3:i=1
4: DO
5: IF ( connectionLv(i] = connectionLv[i-1]
.getConnectionLv(i-1,voronoiBelt, direction )
== “Fail”)
THEN EXIT DO

connectionLVl[i] = selectLRCNodes(connectionLv[i], direction )

i=i+1
LOOP

012 00000000000
Fig.12 Algorithm for collaborative generation of LRC.
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Node.selectLRCNodes(prospectiveNodes, direction)
1: border = voronoiBelt.getUpper()
2: DO
3: IF voronoiBelt.getBottom() > border
4 EXIT DO
5: crossedNodes = prospectiveNodes.getCrossNodes(border)
6 crossedFarthestNode =
crossedNodes.getFarthestNode()
7: ADD crossedFarthestNode TO longRangeNodesList
8: border = crossedFarthestNode.voronoiVertices.getBottom()
9: LOOP
10: RETURN longRangeNodesList

013 Lv(¢) DODODODOOOOOOO
Fig.13 Algorithm for selection of Lv(%) nodes.
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Node.doRangeQueries( query )

1: if( Node.isOriginNodeOf( query ) )

2:  query.setVoronoiBelt( Node.getVoronoiBelt( HORIZONTAL ) )

3: g1 =query.clone(), g2 = query.clone()

4:  q1.setDirection( WEST ), q2.setDirection( EAST )

9T %8k 9 %. {BL, getQueryTargetLRCNodes( q1.Range, q1.Direction )
DORYENFELENES EEELEL. UTFHRE.

5. SEND g1 TO Node.getQueryTargetLRCNodes( q1.Range, q1.Direction ),
SEND g2 TO Node.getQueryTargetLRCNodes( g2.Range, g2.Direction )
query.setVoronoiBelt( Node.getVoronoiBelt( VERTICAL ) )
q1 = query.clone(), 2 = query.clone()
q1.setDirection( NORTH ), g2.setDirection( SOUTH )

SEND g1 TO Node.getQueryTargetLRCNodes( q1.Range, q1.Direction ),
SEND g2 TO Node.getQueryTargetLRCNodes( g2.Range, g2.Direction )
10: else if( Node.hasBeenReceived( query.ID ) )
11:  DISCARD query
12: else if( query.Direction == WEST or EAST )
13:  SEND query

TO Node.getQueryTargetLRCNodes( query.Range, query.Direction )
14:  query.setVoronoiBelt( Node.getVoronoiBelt( VERTICAL ) )
15: g1 =query.clone(), g2 = query.clone()
16:  q1.setDirection( NORTH ), g2.setDirection( SOUTH )
17:  SEND g1 TO Node.getQueryTargetLRCNodes( q1.Range, q1.Direction ),

SEND g2 TO Node.getQueryTargetLRCNodes( g2.Range, q2.Direction )

18: else if( query.Direction == NORTH or SOUTH )
19:  SEND query

TO Node.getQueryTargetLRCNodes( query.Range, query.Direction )

017 LRCOOOOOOOOOOOOOOOOOOOOOODOO
0oooo
Fig. 17 Algorithm for Range query with LRC: Query
processing for each nodes.
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goooooooooooobobooooooooooo
oboooboooobobooD0oboO0ooong ve
00000 LRCOOOOOOOOOOOOODOOO
gbobooooboooooooooa
oodooooooooobbObObOOoooooooaod
gboooooooon
gooooobooooo
goboboooooooooboooooooobooobooon
goboooooooooooocbooooooobooo
goooooooooooooboooooooboooo
goooooooooooboooboooooobooDoboo
goboooooooboobooooooooboobooooo
gboooobooooooooooooooooood
gooooooooooooon
goboooooooooooooobooooooo
gobooooooooooocoOoooooooooo
gboooobooooooooocoooooooboooo
goboooooooooooooobooooooboooo
gooooooooobooooboooooooooboo
gooobooboooboooobooboboobOobooo
gobooooooooboooooooooboono
gooooooooooooooobobobDbboboOooo
goboooooooooooobooooooooa
goboooooooooooooooooooooa
gbobooooboooooboo
ddddddddoobooooooooooooao
gbooobooooooo
o JOOOOOOOOODOOOOOODOOODOO
00000 200000000000000 1ID
goboooooooooboooooboooooobo
goooooboooooo Iboooooooo



Vol. 48 No.SIGll(TOD34) P2PO0O0OOOOOOOODOODODOOO0OO0OO0OO0O0O0O0OOOOOO 203
0oo00Dooooon roL()
e J00DODODODDODODO 200000 % ?%
A\
0000000000000000000000 % Lwo)

gbooooobooooooooobooooooo
o JO0O0O0OOOOODOCOOOOOODOODOO
goooooooooooobooooooooDo
goooooobooboobooobobbooon
goboooboooooooobooooooooo
gobooooooooooobooooooooon
gbooooooooood
dddooooooooboobooooooooooa
goooboooooooooooboooooooooo
goooboooooooobobooobooooooon
goooobooooooboooooboooooooon
gooooooooooooooboooooonoooo
gooobobooooooooboooboobooooooo
goooobooooooooooooooooooo
gooooobooooooooooooooboooon
goooobooooooooooooooooooon
goooobooooooooooooooooooon
gooobooooooooooooboooooooo
goooobooooooooobooobooooooooo
goboooooobooooboobocooon
4.3 LRCOOOOO
000000 /o0U0o0boooooOoooooo
gooobooboooooooooooobooooooo
Oo0000oO0ooooooocoOoOoooooonO LRC
goooboooooooobooboooooboooon
000000000000 LRCOOOODOOO0OO
O00oo0o0ooooooo LRCOOOOOOO
O000000ooooooooLRCOOOOOO
gooobooooobooooooobooooobo
l1g00o00ooooooooooooooooooon
OO0 LRCOOO000O0O00000O0O000000
goboooobooooboooooo
OLRCOOOOOOOOOO
OO0OLRCOOOOOOOODODOOOOODOO
01900y 00000000 O0OO0O0O0O0O00O0DO0
00000 LRCOOOO0OOOO0OO00OO0Ow OO
ooboooon »nOwOvwOvw OOO0O0O0O0000
od1o000oooooobooooboboyssboon
O000ooO0ooooooooo LRCOOOoOoOooo
0OLRCOOO0OUDOOO0OUDD v 0 Lv(0)OO
000000 v 0O0ws 0000000 Lv(0)0OO
0vw 0000000vw, 000000 Lv(0)ODODO
000000 Lv(0)00ODO0O0O00ws 000000

HEEE
(1A
-
=
=

019 000 v 0000D0OO0OOOOO
Fig.19 Example for maintenance of network when node

vs leaves.

Lv(3)
Lv(2)
Lv(1)
Lv(0)

: Lv(0)
= Lv(1)

020 000 vwys 000000000000
Fig.20 Example for maintenance of network when node
v4.5 joins.

00 v 00Lv(0)0000000000 Lv(1) 00
00000 LvO LRCODOO0OODO000D0000O
LRCOODOO00O0DO0000D00000 LvO
00 LRCOOOODO0D000000 vs0 vy OO
Lv(0) 00000D00000000000 Lv(1)00
00200000 v 000000wvs 000 Lv(1)
00000000 » 0000000000000 Ly
00000000000000
0000000000000 200000000
0000000000000000000v, O Lv(0)
0000 vs 00 vy 000000000 w3 OO
0000000 v 00000000Lv(1) 0000
v 000000000 v, 000000w 0000
O000Lv(2)0000 ves 0000000
000000000000() 0000000 LRC
000000000 LRCOOO0D0DO000000
00000 LvO LRCOOODODO00000D (iii)
LRCODOO000D0000000000000000
00000000000000 LRCOOO000000O
OLRCOOODOODOOODOODOO
0000000000 2000000000000
0000000000000000 LvOO k000
0ooooooo
Lv(k) 000O00Lv(k) 0000000000000
000000000000 Lv(k) 000000000
Lv(k) 0000D00000000000 Lv(k) 00O
000000 Lv(k+1) 0000000
000000 v, O Lv(k+1) 000000000



204 gooooooooooooooo

h
Lv(k)
Va EEEH Vb

021 v, 000 Lv(k+1) 000000000v, O Lv(k)
000 v O000Lv(k) 00DD0O0OD0OD0O0O00O0
Fig.21 Reconfiguration for Lv(k+1) node of v,: in case
vq receives notification to change Lv(k) node from

022 v, 000 Lv(k+1) 000000000v, O Lv(k)
000 v O Lv(k) DOOO0OOO0OOO
Fig.22 Reconfiguration for Lv(k+1) node of v,: in case

vq reconfigure the Lv(k) node of vy.

ooooo
(1) v, O Lv(k)000 v, 00 Lv(k) 00000
oooooo

(2) va O Lv(k)0000D0D000D000
(1)00000210000000v, 0 Lv(k) 00
00 v.00 v 0000000w 0 Lv(k) 0000
00 v, 0000000000000000000w
0 v, 0 Lv(k)00000000v, O Lv(k+1) 00
afufslulufsfalafs
000(2)00220000000v, O Lv(k) 00
00 v 00 v.000000000Lv(k) 0000
0000000000 Lv(k+1) 000000000
000000000 0000000000 Lv(k 4+1)
0000 v 00 v, 0000000
000000000000
LRCODO0O0OO0D00O0DO0O0O0D00000
000000000 230000
e P2PODOONOONOOOONOODOONOOOOD
000O0P2POOOO0OODOODOOOOOOO
0000000000000000000000
0000000000000000000000
000 Lv(k) 0000 Lv(k) 00000000
e Lv(k) 0000000000000 Lv(k) 000
oooooo

June 2007

Lv(K)EEBH
B/—F

\
(vEEBENEE )
Lv(K)BEESEASFEL AL

\ 4

|meﬁaim2 or

1 Lv(K)iEEIZTE AL
No
m/

h Lk EEEN_(FE%/—F

023 LRCOOOOOOD
Fig.23 Phase of LRC maintenance.

\J Lv(k)ZEEEHLE

o JOOOOOOOOOODOOOOOOOODODOON
oooooooooooooooooooooo
goood

e D0D0D0OODODA=k+1000Lv(k)ODODOO
000 Lv(k) DOOOOOOOOoOoOO

ooooooboobooooooobobobooooo

LRCOODOOODOOOO

oooooobooooboooo
goooooOooOooooooo Lrecooooo

goooobooooobobooooo 2000000

oooooooo k000 10000000000

cooooOoooooobOOo0 kO000ooobooooo

goooboooooooooobooooboooooo
oooboooooooobcooooboooobooo
oooOp2PpO0000COOOCOOOOOOOOOOO

000000000000 LRCO Lv(k)DOOODO

OO0 LRCOODODOOOOODOOOOO

5. O O

0000O0PPO0ODO0OOO00OO00O0O LRC
0000D000D000D00000 LRCOOOOOO
000000D000000000000000000
0000000 [0,1]x[0,1]00000000000
00000000000O0ONDOOODOOODOOO000
5.1 LRCOOODOOOOO

LRCOOO00O0D0000D00000000000
00000000000000000000 Lv(i+1)
000000000000000000000000
00000000000000



Vol. 48 No. SIG 11(TOD 34)

60

el
[ o | st EE: .
& S EER: Tty e

[=] 40 P

R e

4o 30 /,/

a

Foo ,/‘

By

qo 10 r ‘/_//‘/

E 0 1 1 L L

16 32 64 128 286 912 1024 2048 4008 2182
=

024 LRCODODOOODODOODOODOOOOOOOOOO

0o
Fig.24 Average frequencies of query submission and
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