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Abstract—P2P networks can achieve high scalability since On the other hand, in the ubiquitous computing society,
they distribute service contents/resources to multiple nodes it becomes available a location-aware service that selects
in the network. In a P2P network, it is necessary to search  5540nriate services by using user's geographic information,
the resource location on the network when we use some . . .
contents/resources. Space filling curve is known as technique and z?lco_ntents-aware service that selegts approprlate Services
to map information of the multi-dimensional space such as considering of the state of sensors in the neighborhood.
the location information onto the one-dimensional space such Current cellular phone terminals and many of in-vehicle
as ID. In this paper, we propose a novel space filling curve navigation systems are equipped with GPS (Global Posi-
for configuring structured P2P overlay network considering tioning System) and can easily acquire the geographical
delay based on the geographic information of each node. location information of each user. LL-net[3] is one of the
By using the proposed space filling curve, we can convert X X : .
geographic information of nodes into their ID (label) of P2P  configuration method of the P2P overlay network using
network. Through the numerical evaluation, we confirmed that ~ geographic information. LL-net is a structured P2P overlay
the proposed curve is more suitable for handling hierarchical-  network where the overlay link is configured by hierar-
spread nodes than the conventional curves. chically dividing the area on the map. However, there is

KeywordsP2P; Overlay Network; Space Filling Curve; Delay ~ some problem that it is necessary to assume the existence
Variation; Node Labeling of special nodes for the area management or that the search
efficiency turns worse according to the node distribution.

Space filling curve is known as technique to map in-

In recent years, with the development of the communicaformation of a multi-dimensional space such as location
tion technology, mobile terminals such as cellular telephoneformation onto the one-dimensional space such as ID.
or the note PCs come to be connected frequently to th&here is a trade-off between the inefficiency of space filling
network with wireless communication. As a result, the userin simple method such as Z-Ordering (Lebesgue curve)[4]
of mobile terminals become possible to receive e-mails oand high calculation cost of a curve with good filling
the multimedia contents such as the image, and moviesfficiency.
etc. without depending at the specific location and time. In this paper, we propose a novel space filling curve
Moreover, a huge amount of terminals such as sensor®r configuring structured P2P overlay network considering
deployed in the living space or terminals installed by carshe delay variation based on the geographic information
are expected to compose the network in coming ubiquitousf each node. The proposed method gives each node a
computing society. label (ID) from the space coordinate of the node based on

It is difficult to keep a scalability to offer high quality its geographic information and the link delay between the
service for such large amount of terminals because the loadodes. And the proposed curve can let the space coordinate
to the server concentrates in server-client type system mainlye converted into the one-dimensional space efficiently.
used in current computer network. Therefore, the Peer-to-

Peer (P2P) network system attracts attention. In the P2P Il. RELATED WORK

network system, each terminal manages data autonomously In Peer-to-Peer(P2P) technology, each peer constructs
and distributedly, and communicates directly with otherapplication layer overlay network, searches contents or re-
terminals. Gnutella[1l] and BitTorrent[2] are typical P2P sources over this network by direct communication between
network technologies. P2P network can provide networkpeers without a server, and distributes and shares the re-
services to millions of terminals by distributing the load sources. This application layer network (overlay network)
of the terminals and network unlike the server-client typeis composed independently of the physical layer network,
architecture. and classified from its structure into the structured overlay
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networks and the non-structured overlay networks. Earliecally divided into four sub areas, and in each hierarchy the
P2P technology used the non-structured overlay networksverlay links should be the different length links. In LL-net,
Gnutella[1] and BitTorrent[2] are typical technologies usingthe scalability of system is lacked so that the existence of a
the non-structured overlay networks. On the other handspecial node that manages each area may be assumed, and
the structured overlay networks can search a resource dhe management cost of the overlay network may increase.
the P2P networks, and many technologies are proposed Moreover, if the distribution of the node is not uniform,
recent years. Especially, there are many technologies th@t might become impossible to converse from geographic
use Distributed Hash Table(DHT). Chord[5], CAN (con- coordinates into node ID easily, the hierarchical structure
tent addressable network)[6], Pastry[7], and Tapestry[8] arenight become biased, and the search efficiency might turn
known well. In the conventional non-structured P2P overlayworse. In Mill[17], the range search is enabled by connecting
networks, search of information uses flooding queries tanodes with the ring structure by applying ID which based
peers. On the other hand, the search success rate can geographical location information. Hereby, the search
be achieved almost 100% in the structured P2P overlagfficiency can be realize®(logN) without special nodes.
networks, because it is possible to search efficiently with Vivaldi[18] is a technique to calculate the coordinate
the structure of the networks. system autonomously by considering both the proximity of
About the configuration of the structured overlay net-the physical network and real communication delay on a
works, some researches try to improve the efficiency ofP2P network. This technique leads virtual coordinate system
the overlay networks with the state of the lower physicalby gradually correcting the difference between Euclidean
links. Reference[9] proposes the framework that separatedistance and the actual measurement delay between nodes
an overlay network from failures in its physical layer by using the spring model after each participation node decides
using a measurement based on the heuristic method for ats virtual coordinates autonomously.
arrangement of the overlay nodes in an ISP and the selection
of ISPs. Laptop[10] improves efficiency, the scalability and
the robustness of the overlay network by using the cache of In this paper, we research a new configuration method for
the routing information and maintaining only the connectionstructured P2P overlay network considering delay variations
between each node and the parent of the node. LTM[11petween nodes. We propose a new space filling curve to
constructs an efficient overlay network with cutting anconvert coordinate (geographic) information of nodes in the
inefficient connection, selecting nodes that exist physicallywo-dimensional space into a one-dimensional ID sequence.
at near positions as the logical neighbor nodes based on IP The search efficiency can be improved when given an
address. Mithos[12] achieves to connect with neighbor noded® which has small distance from IDs of the physically
efficiently by using the shortest path information with DHT, neighbor nodes. Therefore, it can be good for labeling a
and to minimize the overhead of the message forwardingnode ID to use geographical information of nodes. Space
In [13], it is described that the update of an overlay routindfilling curve[19] (Peano curve) is known as a technique to
table is made more efficient in measuring the neighborhoodonvert information on multi-dimensional space like location
of the node by usingjetwork CoordinatgNC). DDAPS[14] information into information on one-dimensional space like
uses delay between end hosts for an evaluation criterion dD. We propose a new space filling curve with following
pruning the flooding to improve the routing efficiency in the features that (1) it is easily convertible on node ID on the
overlay network. P2P network from the geographic information, (2) informa-
On the other hand, in order to enable the range searction search that specifies the range is efficiently executable,
which treats the consecutive quantity, some technigqueand (3) it is easy to construct a hierarchical structure to give
which do not use DHT for decentralization of data andthe scalability.
search queries have been proposed. SkipNet[15] is one ) -
method for configuring a structured P2P overlay network”: Conventional Space Filling Curves
In this method, the range search is enabled by using Some space filling curves have been proposed so far.
SkipGraph[16] that uses consecutive values for ID instead The typical space filling curves are Lebesgue curve (Z-
of DHT that uses a hash function. SkipGraph achieves th©rdering, Fig. 1), Hilbert curve (Fig. 2), Sierpinski curve (H-
search efficiency of the logarithmic order by hierarchicallyindexing), ands2-indexing, etc. Hilbert curve, Sierpinski
grouping one-dimensional node array using the balanced tremurve, andsQ-indexing fill the space so that the neighbor
structure. However, the range specification search in SkipNetodes on the two-dimensional space is converted to the
might need to search wider range than other methods, belose ID on the one-dimensional space. In these curves,
cause SkipNet constructs a hierarchical overlay network byhe communication delay between logical neighbor nodes
using single search key, without regard to the geographicdbk suppressed small, and the range search can be searched
location and multiple search keys. LL-net[3] is structuredefficiently. The performance of the Lebesgue curve is not
P2P overlay network where the area on the map is hierarchbetter than that of the above curves, because the terminal
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Ordering)
C. The Constitution of the Space Filling Curve

nodes of the link that connects between clusters are a The proposed space filling curve is composed based on
long way each other on the two-dimensional space (seBlierarchical Chordal Ring Network (HCRN)[20] shown in
Fig. 1). However, Lebesgue has simple structure and tweig. 3 by enhancing HCRN to two dimensions.

dimensional coordinates can be easily converted into the HCRN constructs the tree structure topology on the ring
corresponding IDs on it. Therefore, Lebesgue curve is oftemy connecting the link on the node on a cluster edge after
used for ID conversion in P2P networks, especially forclustering by recursive division of node clusters on the ring
mobile ones where the computing power is limited and it(Fig. 4). Here, each node’s ID is expressed by a variable-
is required to reduce overhead of complex processing. Ouength gray code according to the hierarchy where the node
space filling curve aims to be able to convert ID as easily ass located, and each node queues up in the order of the gray
the Lebesgue curve and to give an ID the correlation withcode in the hierarchy. The binary number and the gray code
the geographical proximity of the node which has the nexican be easily converted by using the following exclusive-OR
ID such as Hilbert curve. operation and the simple algorithm. If a certaidigit binary
number is assumed to theand the gray code corresponding
to it is assumed to be, they are possible to be converted

B. Consideration on the Curves and Proposed Curve to each other.

The conventional space filling curves such as Hilbert Algorithm Binary2Gray
curve and(Q-indexing have self-similarity because they —ba(b>> 1)
are constructed by hierarchical processes. But they are net - g =

. 4 ; . Algorithm Gray2Binary
considered to design to hierarchically spread nodes. In the Given a gray codg = ( j
curves, it can be possible to change the hierarchical level fi (_g fa>llse &=191,02, " n
with respect to each sub area, for example there 24re forag”” 1 to n step 1
nodes to be traveled (the hierarchical leveR)sin an sub ifz %7 i ?hen P
area and there ar2® nodes to be traveled (the hierarchical ﬁ} le _ false
level is 3) in another sub area. However, in the sub areas, thenal;q-ri 1 elseb. — 0" endif
all nodes should be in the same hierarchical level and they fi ! — ot f1 !
should be relabeled when the number of nodes increased. elseagrev 4Grev
It is difficult for the labeling scheme of the curves to be it lag — false
assigned hierarchically-spread nodes efficiently. In order to revyiag - s .

. . . . . 10: then b; — '0’ elseb; — '1’ endif
achieve scalability for information storage and retrieval on _~

: . 1: endfor
P2P networks based on the curves, service providers nee .
. . : ) 2: return the binary codé = (by,bs, - ,by)

to adopt a hierarchical structure in an upper service layer.
The curve to be proposed can be flexibly assigned and label |n Lebesgue curve, given a geographical position

hierarchically-spread nodes in each area. It can travel allx;,y;) of a noden; (x; = (z1,22,---,2x),yi =
nodes on the curve easily. The curve can handle hierarchicaly,, . --- ,y)), the node’s geographical labp] is given
spread nodes and achieve scalability at the labeling schemgsp; = (1,1, 2,92, -+ , x5, ym). Here, H denotes both

Only Lebesgue curve could be assigned such nodes hine length of geographical information and the maximum
enhancing the curve to assign hierarchical nodes at theumber of hierarchical level.
middle point of each edge which goes across an area In our curve, first, in order to let the curve be
vertically. In the evaluation section, we compare our curvea closed curve, we define that a new geographical
with the enhanced Lebesgue curve. information of a node n; is given as p; =



Binary2Grayz1,y1, %2, ¥z, *+ s T2j—1,Y2j—1,T25, Y255 * )- 22 ' ' ' ' '
Here, T means bit inversion angd € N. This definition I :
provides a result that the nearer two nodes is located, the 2r
smaller the Hamming distance between their node labels is. I
Next, to handle hierarchically-spread nodes, we define the « 18|
following algorithm to label ID to each node. Each node is %
labeled by this scheme in the chronological order of the < L6
nodes. S
= 14 %
Givenf( ) h hical Tabel of Fod I "f",,/;’ Lebﬁﬁguﬁgnon Eierarcﬂicag T
.= Xi, Vi : e geoqra Ical lapbel of each n 1.2 _><”',' llbert (non hierarchical) ---x--- i
II;I : Maxilmslfjlm hieragrchigcalﬁevel i % D e (herarchea) o
Procedure 1 2D—HICRN (hierarghical) (prop9sed) -
1 Given pi = (p1,p2,p3, . »pQH) 10 100 1000# . noﬁ(;zoo 100000 1e+06
2: for j — 210 2H step2 Figure 7. Average of logarithmic index rande;}"v¢
3: if Label (p1,---,p,) has not been used yet w9
4: then Labell; < (p1,---,p;) andgoto 7.
5: endif « The communication delay which necessary for travel-
6: endfor ling all over the filling curve
71 end. First, we compared the proposed curve with Lebesgue

gurve and Hilbert curve form the standpoint of the proximity
Index. Next, we compared it with the enhanced Lebesgue
curve. Nodes on the proposed curve and the enhanced

The enhanced Lebesgue curve is obtained by connec
ing nodes in the numerical order of the lalbgl Note,

?lovxgev.e'rj SZUPPIOZ?1;,5;78'["]' 'Erl]lré“(l)ér? t; ((l)}’lﬁ{e” 'Ia;ll)7gl)s<are Lebesgue curve can belong to various hierarchical levels as
di#reQﬁt P S 9 shown in Fig. 5 although nodes on Hilbert curve belong to

The proposed curve is obtained by connecting nodeghe same hierarchical level.

in the numerical order of Gray2Binafly). Note, however,

SUPPOSE(l1, - lm1,0) < (L1 b1 Oy Lomg s+ 3 L) A. Proximity with Neighbor Nodes on the Curves
and (I1, -+ ylm—1, Ll - 5 ln) < (Liyloy oo ylme1,1) First of all, we evaluated how far the nodes which is phys-
when the length of the labels are different. ically in four neighborhoods which are on the filling curves,

An example of the proposed curve is shown in Fig. 5.using logarithmic index rangéegy;’¢ shown in Ref.[19].
Figure 6 shows the lowest level nodes and their connectionSuppose that each nodg has a sequence numbeiy(i) on
out of the curve in order to let it be easier to compare withthe curve and it is located on coordinates(i) = (z;, y;)-
the conventional space filling curves such as Hilbert curve Proximity index R;,7"¢ can be calculated by the following

expressions.
0 1

01 00 10 1 o 1
1

A physically neighbor node can be assigned to nearer
segence number on the proposed curve comparing with
Figure 5. Proposed curve  Figure 6. The links of the lowest the Lebesgue curve. It can be a remarkable improvement,

level in the proposed curve especially considering thakg. " is the log scale. Hilbert
curve is one of the most efficient filling curves and it shows
better result. However, it is difficult to use Hilbert curve

The advantage of the proposed method is evaluated by thghen the nodes location changes dynamically, because it
following points. is difficult for the Hilbert curve to construct hierarchical

« The index that shows the physical neighbor node is alsstructure for the geographical uneven distribution of the node

near on space filling curve efficiently.

010 011 001 000 100 101 111 110 ot0 o1 00t o00 100 fo1 111 110 rie(i) = log(|seq(i) — seq(pos™ (z — 1,y))| + 1)
: gs ﬁ ﬁ ﬁ 2, rgte(i) = log(|seq(i) — seq(pos™!(x +1,y)) + 1)
. é ; - ””W(z) = log(|seq(i) — seq(pos™*(z,y — 1))| + 1)
¢ OO AR ) = loallseatd) - seqtpos™ oy + 1)+ 1
5, ﬁg ﬁ 2, RZZ}}”E = avg{rj (i)}, (€{1,2,3,4})
;_ @ ﬁ % ;‘ The evaluation results are shown in Fig. 7.
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IV. NUMERICAL EVALUATION
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Figure 8. Overall delay on the curves with regularly distributed nodes Figure 9. Overall delay on the curves with randomly distributed nodes

B. Length of Curves i'(l)e:z H L A AN He
Next, we evaluated the communication delay to travel 9:0;04 | 115
all nodes on the filling curves. We assume that each delay 600404 1
between any two nodes are proportional to the distance ' 11
between the nodes. 3 (T
Figure 8 shows the total delay for travelling all nodes on & 6.0e+04 " 105 2
the curves when the number of nodes are decided so that § %" ©
the nodes can fill all grid positions like Figs. 1, 2, and 5. As 40804 |- KT 1
shown in the figure, the proposed method is able to reduce 3.0e+04 -
total delay by at least about 5% and up to 15%. 2.0e+04 |- Lebesgue —+— | 095
Next, we evaluated the delay for various numbers of nodes 1004 ke o (LomaacRY (ZpDr?lgcés;ﬁ; e
with computer simulations. In the simulations, we assume 0.0e+00 ' ' i 0.9
100 1000 10000

that the number of nodes are changed from 50 to 10,000,
and each result is the average of 30 trials.

Figure 9 shows the result when the position of the node ig,,
generated according to the uniform distribution, and Fig. 10

# of nodes
Figure 10. Overall delay on the curves with nodes distributed under Zipf’s

shows the result when the geographical position of the node 1.0e+07 ' ' o 18
is generated according to Zipf Law (also known as Power 9.0e+06 - P Y
Law). From each result, the performance of the proposed 8.0e+06 16
curve has improved about 3-6% more than Lebesgue curves g 7.0e+06 15
by whole areas. S 6.0e+06 '

Figures 11 and 12 show the square sum of delay between § 5 00406 14 =
each node and each next node on the curves where the § 13
geographical position of nodes are generated by the uniform 5 #9¢%% Y
distribution and Zipf law, respectively. As a result, the @ 3.0e+06 '
proposed curve has been improved by as much as 30-60% 2.0e+06 | 11t
against Lebesgue curve. Form the results, it can be said that 1. ge+o6 | 2D RN (e 1
the distance between any adjacent nodes on the proposed ..o, ,Ratio: (Lebesgue /2D-HCRN) x|
curve are always small without large bias than the enhanced 100 1000
Lebesgue curve. # of nodes

Figure 11. Sum of squared delays on the curves with randomly distributed

V. CONCLUSION nodes

In this paper, we proposed the method which configure
small delay structured P2P overlay network by assigningsan search information over specified range efficiently, and
a label considering the geographic information of eachcan construct hierarchical connection structure for scalabil-
terminal node that became peer. The proposed space fillinigy. Through the numerical evaluation, we confirmed that
curve to configure the P2P network converts geographithe proposed curve is more suitable for hierarchical-spread
information into node ID (label) of P2P network, and it nodes than the conventional curves.
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For future work, we need the performance evaluatio
of the proposed space filling curve and the P2P overla
network in the real network environment especially in node

distr

ibution with bias, and the reexamination of the routing

12]

entry of each node to improve the performance of thig13]
method. In order to improve it and apply to real networks, we
have a plan to adopt Vivaldi[18] that was the technique for
constructing low delay network by using the spring model
with the measurement result of the real communicatiori14]
delay.
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