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Abstract—For building a large-scale overlay network,agents repeatedly and autonomously move to another cells
its topology must be configured with an autonomous anidithe agent is surrounded by dissimilar agents. Scheling’
decentralized mechanism. If the overlay network topologgnodel shows that segregation are not caused by a central
is configured without taking account of node heterogeneitguthority, or desire of agents to stay away from dissimi-
the overall performance of the overlay network might bdar agents; but is a cumulative effect of simple actions of
severely degraded. On the other hand, it is well known iagents.
sociology that Schelling’s model explains the segregation In [6, 7], Singhet al. proposed a topology adaptation
phenomenon between races. Sieghl. proposed a topol- method calledSchelling’s algorithmbased on Schelling’s
ogy adaptation method based on Schelling’s model for P2Rodel for P2P overlay networks. Singgt al. focused
overlay networks. Their method realizes efficient topolen autonomous decentralized and self-organizing proper-
ogy configuration for P2P overlay networks with two typesies of Schelling’s model. Schelling’s algorithm realizes
of nodes. In this paper, we propose a topology adaptati@fficient topology adaptation for P2P overlay networks
method for overlay networks with heterogeneous nodes lwith two types of nodes; i.e., Schelling’s algorithm inter-
extending the method proposed by Sireghal. Namely, connects similar nodes using an overlay link replacement
we extend Singh’s method so that multiple types of nodesechanism based on Schelling’s model.
can be handled. We also investigate the characteristics ofin this paper, we propose a topology adaptation method
the proposed method by simulation. Our simulation resulisalledExtended Schelling’s algorithfor overlay networks
show that the proposed method is efficient and has goedth heterogeneous nodes by extending the method pro-
convergence property. posed by Singlet al. Namely, we extend Schelling’s al-
gorithm so that multiple types of nodes can be handled.
The proposed method changes the overlay network topol-
ogy gradually so that the nodes with similar characteris-

For constructing an efficient overlay network with many/iC @ré interconnected. Thereby, we enable application of
nodes having different characteristics, its topology #thou Schelling’s algorithm to more realistic networks with het-

be configured by taking account of node heterogeneity. p§rogeneous nodes. We also investigate the characteristics

building a large-scale overlay network, its topology muspf the proposed method by simulation. Our simulation re-

be configured with an autonomous and decentralized mec‘f‘lqltS show that the proposed method is efficient and it has
anism. If the overlay network topology is configured With—goOd convergence pr_operty. i . .
out taking account of node heterogeneity, the overall per- The structure of this paper is as follows. First, Section 2

formance of the overlay network might be severely delntroduces related works. Section 3 describes the topol-

graded. ogy adaptation method for overlay networks with hetero-
For instance, if nodes with significantly different char-98N€0US nodes. Section 4 investigates the characteristics

acteristics are connected by overlay links, a node with tHg the proposed method by simulation. Finally, Section 5

least capability becomes the bottleneck, so that the end-tgmmarizes this paper and mentions future works.

end performance between overlay nodes is limited, result-

ing in low network transmission capacity. If the overlay?. Related Works

network topology is configured so that nodes with similar

characteristic are interconnected, it leads to high end-to Schelling’s model is one of social models and explains

end performance between overlay nodes, resulting in highe segregation phenomenon between races [5] . Segrega-

network transmission capacity. tion is a phenomenon that a place of residence separates
On the other hand, it is well known in sociology owing to people who have the same property as the whole

that Schelling’s model [5] explains the segregation phesociety gathering in the society constituted by people with

nomenon between races. Schelling’s model is one of califferent properties (e.g., races and cultures).

automaton models. In Schelling’s model, two types of Singh’s works [6, 7] are the pioneering researches that

1. Introduction



applied Schelling’s model to the engineering purpose$ops.
Singhet al. proposed a topology adaptation method called
Schelling’s algorithnfor P2P overlay networks by apply- 3.2. Extended Schelling’s Algorithm

ing Schelling’s model. In what follows, we propose a topology adaptation

In this paper, we distinguish “Schelling's mode’, WhiChmethod calledeExtended Schelling’s algorithrfor over-

is the cell automaton model explf‘ilnlng Fhe' segregathgy networks with heterogeneous nodes by extending the
phenomenon between races, and “Schelling’s algonthmmethod proposed by Singét al. Namely, we extend

which is the topology adaptation method for P2P 0Verl"’%chelling’s algorithm so that multiple types of nodes can

networks proposed by Singh al- be handled. The overlay network topology is configured so

If nodes with significantly different characteristics ar hat nodes with similar characteristic are interconnebted
connected by overlay links, the node with the least capabil, .. jaq Schelling’s algorithm

ity becomes the bottleneck, so that the end-to-end perfor- Extended Schelling’s algorithm is an extension of
mance between overlay nodes is limited, resulting in Iovéchelling’s algorithm in a natural fashion

network transmission capacity. In Schelling’s algorithm, We denote the number of node types witti> 2). Let
the overlay network topology is gradually changed so tha} — {t1,ts tx) be a set of node types _am@) be

the node with similar characteristic are interconnected %e type of nodeé . For enabling handling of multiple node

the method based_ on Schelling’s model. Thus, t_he o_ve_rl pes, we define similarity,, ., between types, andt,,.

network t(_)p_ology IS configured so f[hat nOde_S with similagqe that Schelling’s algorithm proposed by Sireglal. is

characteristic are interconnected, it leads h'gh_enqqm'eequivalent to the case &f — 2 and

performance between overlay nodes, resulting in high net-

work transmission capacity. 1 ift, =tn,
since Schelling’s algorithm proposed by Singh al. nm = { 0 otherwise

uses the Schelling’s model in a simple fashion, it assumes

two types of nodes with different processing speeds. On In Extended Schelling's algorithm, each node has a pa-

the other hand, the characteristics of nodes should difféameter(0 < 6 < 1) calledtolerance

variously in real networks. For this reason, Schelling's al In Extended Schelling’s algorithm, each node replaces

gorithm is not applicable to real networks without modifi-overlay links as follows.

1)

cation. (1) Calculate the average distanbeg to neighbor nodes
_ Node: calculates the average distangeto neighbor
3. Topology Adaptation Method for Overlay Networks nodes. By using the similarity,; ;(;, between node
Based on SChe”ing’S Model 2 and nod@', DZ is defined as
3.1. Schelling’s Algorithm N RN
g g Di — Z]€A|i/1.t|( )at(J) , (2)

First, we explain the Schelling’s algorithm proposed by
Singhet al. whereA4,; is a set of nodé's neighbor nodes.
Schelling’s algorithm is the method that realizes effi-
cient topology configuration for P2P overlay networks. I{2) Compare the average distanbgand tolerancé
Schelling’s algorithm, each node replace overlay links in |f the average distanc®; to neighbor nodes is less
an autonomous fashion. Schelling’s algorithm assumes two  than tolerancé, proceed to step (3) where an overlay
types of nodes with different processing speeds. link is changed by the same algorithm with that in [6].
In Schelling’s algorithm, the overlay network topology is Otherwise, return to step (1).
gradually changed so that the nodes with similar character-
istic are interconnected by the method based on Schellindg®) Search for a similar nodg, which is a candidate for
model. Each node has a paramél@r < ¢ < 1) calledtol- overlay link connection
erance Each node calculates the ratio of similar nodes to  Search for a similar node withif, .. hops whose
all the neighbor nodes . If this value is larger than or equal  number of overlay links is less thah,,., by depth
to the tolerancé, the node performs nothing. Otherwise,  first search. If the nodg that satisfies the conditions
the node searches for a similar node by depth first search, can be discovered, proceed to step (4). Otherwise, re-
and replaces overlay links. Namely, One overlay link is  turn to step (1).
chosen at random among overlay links connected to dis- ] ] o .
similar neighbor nodes, and is deleted. Then, an overle(ﬁ) Delete an overlay link with a dissimilar neighbor node
link to the similar node discovered by the search is created.
To avoid the link concentration to a specific node, the  Randomly choose one dissimilar nodé&om dissim-
number of overlay links connected to a node is limited by ilar neighbor nodes of node If the degree of node
Lpqz- Also, the range of node search is limited 8y, . k is larger than or equal to two, an overlay link with



Table 1: Processing speeds for different node types

number of node typed  processing speeds [Mbit/s]
2 1,10
3 1,55,10
4 1,4,7,10
5 1,3.25,5.5,7.25,10
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Table 2: Parameters used in simulation

0 1 1 1 1
number of nodes 1,000 0 0.2 0.4 0.6 0.8 1

average degree of initial network topology 3
range of node sear$,, . 5
limit of the number of overlay linkd.,, ... 10

Avg. bottleneck bandwidth [Mbit/s]
w

Tolerance 6

Figure 1: The average bottleneck bandwidth of an overlay
network when changing the toleranté&om 0 to

nodek is deleted and proceed to step (5). Otherwise, 1.

return to step (1).

(5) Create an overlay link to the similar nogle
Create an overlay link to the similar nogeand return Measure the transmission capacity of an overlay network.
to step (1). It is defined as the average of bottleneck link bandwidths
among all node pairs. The average bottleneck bandwidth
was measured after performing sufficiently long simula-
tion.

4.1. Simulation Setup Simulation results withV' = 2 is equivalent to those

In what follows, we investigate the efficiency and con-Wlth Singh's Schelling’s algorithm. - Also, simulation re-

e : sults with6 = 0 corresponds to not performing Extended
vergence of Extended Schelling’s algorithm. chelling’s algorithm (i.e., topology adaptation is not-pe
In this paper, the same simulation model except nod‘se gsalg €., 1opology P P

heterogeneity with that in [6] are used. In [6], there exis ormed).
just two types of nodes (i.e., nodes with processing speedsThis figure indicates that Extended Schelling's algo-
of 1 and 10 [Mbit/s]). In this paper, there exiSttypes of rithm is effective; i.e., the average bottleneck bandwidth
nodes (i.e., nodes with processing speeds ranging from liggreases as the tolerantacreases. This figure also indi-
10 [Mbit/s] (see Tab. 1)). cates that Extended Schelling’s algorithm works quite well
For investigating properties of Extended Schelling’s alfor any number of node type¥, which suggests that Ex-
gorithm, the underlying network is assumed not to be thi&nded Schelling’s algorithm is effective for topology pea
performance bottleneck [6]. In other words, in our simulatation of an overlay network with heterogeneous nodes.
tion, the processing speed of an overlay node becomes the
bottleneck of the overlay network.
The number of overlay nodes is 1,000, and the initial
topology of the overlay network is given by a random net4.3. Convergence Property
work with the average degree of B,,,,, ands,, ., are set

to 10 and 5, respectively. Equation 1 is used for similarity Figure 2 shows a dynamical behavior of Extended

4. Simulation

.- o . Schelling’s algorithm during simulation. Namely, this fig-
Unl_ess eX.p|ICI'[|¥ stated, parameters shown in Tab. 2 aigre shows the mean of average distanbg's of all nodes
used in all simulations. for # = 0.3 sampled at every 1,000 time slots.

We performed ten simulations, and calculated the aver-

This figure indicates that Extended Schelling’s algorithm
age of all measurements.

converges at 3000 time slots in terms of the mean of aver-
age distances. This implies fast convergence of Extended
Schelling’s algorithm. In our simulation, there are 1,000
Figure 1 shows thaverage bottleneck bandwidtifithe overlay nodes and only a single node is activated at each
overlay network when changing the tolerafcom O to  time slot. Thus, on the average, each node is needed to be
1. The average bottleneck bandwidth is one of indices thattivated just three times before reaching the convergence

4.2. Efficiency
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Figure 2: The mean of average distanégs of all nodes
for # = 0.3 sampled at every 1,000 time slots.

(9]

5. Conclusion

In this paper, we have proposed a topology adaptatidA0]

method calledExtended Schelling’s algorithrfor over-
lay networks with heterogeneous nodes by extending the
method proposed by Singdt al. We have also investi-
gated the characteristics of the proposed method by simy-
lation. Our simulation results have shown that the propos
method was efficient and it had good convergence property.
As future work, we are planning to investigate the perfor-
mance of Extended Schelling’s algorithm in a network with
highly dynamic nodes (i.e., nodes frequently join to/leave
from the overlay network).
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