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for the existence of segregated neighborhoods in America. This
paper presents a study on utilizing Schelling’s model to create an
adaptive network of hubs in an unstructured decentralized P2P

network. The hub network is attractive because it can be used
to improve the performance of the overlay network. The paper

describes an abstract version of Schelling’s algorithm, which can
be used to create a family of topology adaptation algorithms for

P2P networks. This paper presents one such algorithm which
can be executed by the peers to create a network of hubs within B hub

a decentralized unstructured network. e  owdinary peer

Abstract— Thomas Schelling’s model suggests an explanation -\/&

. hub to hub connection

I. INTRODUCTION

The term Peer-to-Peer (P2P) is used to refer to distributeig. 1. Hub-Based Topologi network of hubs is created within the pure
systems without any central control, where all the nod&2P network. The ordinary peers are connected with each other and can be
. . L connected to more than one hub unlike the super-peer topology.
(called peers) are equivalent in functionality. In a P2P system,
peers can collaborate and communicate with each other with-
outthe need for cent.rahze_d components: P2.P Systems orgapzgq,yidth capacity may be grouped together with peers with
the peer computers in a virtual communication network call

h | . Th | K v h bandwidth capacity, which may lead to a degradation in
the overiay network. 'ne overiay netwqr generally Nas SeWe formance. P2P applications can benefit by connecting peers
organizing charactenstlc_s. It is establlsheq and mamtam ﬁ the basis of their characteristics to use the capabilities
byf the P2P software W'th?.Llj(t any h“f.“f”? |nter\:jer|1t|oq. P@ all the peers more efficiently. For example, in file-sharing
software manages events like peers joining and leaving éﬁplications, it is beneficial if peers with similar properties

network. This self-organizing nature of _P2P helps in reduci g., bandwidth or geographic location) are connected to each
the management cost of the computer infrastructure. Howe

the decentrali;e_d nature_of p2p network_s makes it_ diffiCUtIn 1960, American economist Thomas Schelling proposed
to develop efficient algorithms for tasks like clustering ang model [3], [4], [5], [6] to explain the existence of the

search, which are required for many PZ.P applications. segregated neighborhoods in America. He observed that the
The topology of the overlay network is the graph whosg regated American neighborhoods are not caused by a

: . e
Vertlcest_ are tt)h(te peerfhln theTnet\:vork Aagd J:a?.ge.s a:e al ﬁb‘%tral authority, or the desire of people to stay away from
connections between the peetspology AAaptalionvVolves  isqimijar people; but is a cumulative effect of simple actions

adjusting an overlay network topology to satisfy certain crlter@f individuals! Schelling’s model is decentralized and self-

when peers leave or join the network. On the basis of the Ov?rqéintaining in nature. This makes the model suitable for topol-

lay netwo.rk architect_ure, p2P applications can pe divided inﬁ%{ adaptation in the dynamic environments of unstructured
three major categories: centralized, decentralized structur entralized P2P networks, which lack a central authority.

. . L _ By the peers to create a P2P topology satisfying certain criteria.
peer is determined by the key space it is responsible for, whul: e topologies developed using this approach can adapt to the

m?rljees .tsti.?]oIoszyPaC():iae[iﬁgtlc;]ne:ilfcf;::klgtie Gnutella [2]), there %ontinuous arrival of new peers on the network.
Xisting veriay new 9., BN ' 'S The existing unstructured decentralized P2P (also called

typically no control over the type of peers which are connected

as neighbors. _This I_eads '[O. a SUboptimal grouping _Of pe_erS]'The algorithm executed by individuals in Schelling’s model is referred as
For example, in a file-sharing application, peers with higchelling’s algorithm in the paper.



TopologyAdapter void_manageTopologyt}l {
while (1) {
#m_isNodeSatisfied: boolean n_isNodeSatisfied =
+manageTopology(): void calculateSatisfaction();
#calculateSatisfaction(): boolean if (Im_isNodeSatisfied)
#executeddaptation(): boolean {
+delayBeforeNextAdaptation(): int m_adaptationResult =

executeAdaptation();
+
sleep(delayBeforeNextAdaptation());
1
T

Fig. 2. UML Class diagram of a TopologyAdapter Interface. The manageTopology method presents the structuabsifabeSchelling’s algorithmThe
methods calculateSatisfaction, executeAdaptation and delayBeforeNextAdaptation are virtual abstract methods implemented in subclasses.

Operation Details
count(property) The number of neighbors of a given

node matching the given property.
add(peep Add the given peer or peer’s as a neighbor
drop(peen Drop the given peer as a neighbor

neighbor(property) Returns a neighbor with the

given property.

search(property) Search for a peer on the overlay network
with the given property.

TABLE |
SOME OPERATIONS THAT CAN BE EXECUTED BY THE PEERSTHE OPERATIONS ARE USED TO DESCRIBE THE SATISFACTION CRITERION AND THE
TOPOLOGY ADAPTATION STEPS

pure P2B overlay networks tend to be inefficient when itpresented in the paper.
comes to performing a search on the network. Pure P2PThe rest of the paper is organized as follows. Section Il de-
systems like Gnutella flood the network with the query meseribes Schelling’s work in detail and presents an abstract form
sage. Considerable research has been done to improve ¢ghSchelling’s algorithm which can be executed by the peers
efficiency of search in a pure P2P network. The two prominetii change the overlay network topology to satisfy particular
approaches that have been used are: using random routesoitstraints. It also discusses the design of the simulator used
propagate the search query [7] and using super peers whishthe experiments. Section Il presents a concrete realization
maintain a directory of resources on the network to resolveofi Schelling’s algorithm that can be used to create an adaptive
query. In super-peer systems like KaZaA [8] the clients sem@twork of hubs within a pure P2P network. The results of the
the search request to the super peer and receive replies frorgithulation to create a hub-based topology are also presented in
This reduces the need for expensive broadcasts on the ovetliy section. Section IV presents the conclusion of this work.
network. In the super-peer topology, the ordinary peers are
connected to one super peer only, and are not connected with Il. SCHELLING'S MODEL
each other. The super peers are in turn connected to each
other to form a pure P2P system. However the failure of superin Schelling’s model, the world is am x n grid. A random
peers can have a catastrophic consequences causing a complarber of cells in the grid are populated by blue or red
communication failure for the cluster of nodes attached to thigrtles? A cell can host only one turtle. In the beginning,
super peer. a random number of blue and red turtles are randomly dis-
This paper presents an algorithm based on Schelling’s moti#huted on the grid. About one third of the cells in the grid
that can be used to create a variation (see Figure 1) of thee left empty. All the turtles desire a certain percentage of
super-peer topology in which the ordinary peers are connectbéir neighbors to be of the same colour. If a turtle is not
with each other and can be connected to more than one sugatisfied with its neighbors, it moves to an adjacent empty cell,
peer (called ahub in this paper). The hubs are connectedhosen randomly. The simulation goes on till all the turtles are
to each other to form a network of hubs. In this topologgatisfied with their neighbors. As the simulation progresses,
the failure of a hub is not a catastrophic failure, because thegregation can be observed on the grid. The segregation is
connections between the peers can be used for communicagonemergent behavior caused by the desire of the turtles to
in case of a hub failure. This topology is similar to thetay with a very small percentage of similar neighbors.
topology used in JXTA [9]. The results of simulations done
using the algorithm to create the hub-based topology are alséschelling studied his model using nickels and pennies on a chess board.



Satisfaction Criteria Topology Adaptation Steps
count(sggwuent;()g?gertbﬁoo > PNSP || step 1:

drop(neighbor(different property)
where, PNSP is the desired step 2:
Percentage of Neighbors with add(search(same bandwidth
Similar Property
Same as above drop(neighbor(different property)

TABLE I
TWO SET OF SATISFACTION CRITERIA AND TOPOLOGY ADAPTATION STEPS THAT CAN BE USED TO BRING TOGETHER PEERS WITH SIMILAR PROPERTIES
(EG. BANDWIDTH).

I . . Operation Details
In Schelling’s model, the turt'les act using their awareness of newPeeltypd || Create a new hub or normal peer.
the local network topology, which makes this model especially —selectn) Selects and returns random peers
attractive for P2P systems in which the peers lack a global chosen from the overlay network.

returns a random number between 0 and 1

picture of the network topology. In the model, grouping is random()
maintained even when turtles join or leave the system, which TABLE IV

makes thIS mOdeI Ideal fOf _the dynamlc enVIronmentS q'fHE TABLE SHOWS SOME OPERATIONS WHICH CAN BE EXECUTED BY THE
PZP netWOl'kS. The Self-orgaHIZIng and decentrallzed nature QI/IULATOR. THE OPERATIONS ARE USED TO DESCRIBE THE ALGORITHM
Schelling's model makes it a suitable candidate solution for . @ e ATE THE RANDOM NETWORKS ON
adapting P2P topologies. To the authors’ knowledge, the effect
of applying Schelling’s algorithm to a P2P overlay network has
not yet been studied. This paper studies the effect of applying

WHICH THE SIMULATIONS ARE PERFORMED

Schelling’s algorithm to peers in a P2P network. Step L.

In this work, the Template method10] design pattern is St';gezr_p =newpee(random()=< 0.9 ? "peer” : “hub" );
used to create an abstract form of Schelling’s algorithm. In the p.maxConnections = p.type == “*hub” ? 20 : 5;
Template methodesign pattern, the skeleton of an algorithm is step 3

p.add(select3));

defined in an operation, deferring the steps which may change
to a subclass. The subclasses implement the steps that vary.

. . . I . TABLE V
This makes it possible to create variations of the algorithm

. . . . y . THE ALGORITHM ABOVE IS USED BY THE SIMULATOR TO CREATE THE
without changing its structure. For Schelling’s algorithm, the ,

. . . . . . RANDOM NETWORK'S ON WHICH THE SIMULATIONS TO TEST THE HUB
steps which may vary are the satisfaction criteria, the actions
. . . g ALGORITHM ARE PERFORMED

to be performed if a peer is not satisfied and the frequency
with which the satisfaction state should be checked. The
manageTopology method pseudo-code in figure 2 presents the
abstract Schelling’s algorithm. A peer calculates its satisfactigiie the different variations of Schelling’s algorithm. All the
state at pre-deflned mtervails and if it not satisfied then pﬂéers are within the same process in the simulator. The sim-
executes itsopology adaptation stepJAS). ulator is single-threaded, which means that the peers execute

Satisfaction statés a boolean value indicating whether ghe algorithm sequentially. Each peer is assigned a numeric
peer is satisfied with its local view of the overlay network'sdentifier. In each iteration the simulator goes through the peers
topology. The satisfaction state of a peer is calculated usiimgan increasing order of identifiers. An iteration is counted
the calculateSatisfaction method. If a peer is not satisfied wils one time unit. The peers execute the manageTopology
its neighbors thetopology adaptation stepare performed by algorithm in each iteration.
calling the executeAdaptation method. The topology manage-
ment algorithm, specified in the manageTopology method, . CASE STUDY: CREATING AN ADAPTIVE NETWORK OF
executed repeatedly. The time delay between successive exe- Huss
cutions of the topology management algorithm is determinedrhg section presents a case study that demonstrates how the
by the return value of the method delayBeforeNextAdaptatiogysiract Schelling’s algorithm can be utilized in a P2P network.
The satisfaction criteria (SC), the topology adaptation stepgns are peers that have high availability and capacity. Hubs
and the time delay will vary with the application and the,.e ysed in the overlay network to perform resource-intensive
topology desired. Table Il presents two sets of examples for $¢sks |ike maintaining a directory of resources on the network,
and TAS which have been used to cluster peers with similghich can be used to process search requests. A peer examines
bandwidths in a pure P2P network to utilize the bandwidtks capacity to decide whether it will act as a peer or a hub. The
available on the network efficiently [11]. case study shows that an algorithm (called hiné algorithm

An overlay network simulator has been developed to evaleveloped using the abstract Schelling’s algorithm can be used




Peer Satisfaction Criteria Topology Adaptation Steps
Hub Hopae > count(hub) step 1:
and if (countthub) > Hpaz)
count(hub) ! =0 drop(neighbor(hub))
step 2:
where, Hy,qz IS the maximum number| if (count(hub) == 0)
of hubs desired as neighbors. add(searchthub))
Normal || count(hubg > 0 step 1:
if (count(all) == maxNeighbours)
drop(neighbor(any))
step 2
add(searchthub))
TABLE Il

SATISFACTION CRITERIA AND TOPOLOGY ADAPTATION STEPS THAT WILL BE EXECUTED BY THE HUBS AND THE ORDINARY PEERS TO CREATE A
BACKBONE NETWORK OF HUBS WITHIN THE OVERLAY NETWORK

%ﬁ‘s Lhzps pars 167 simulator iterations are reached. For a random network of 100
100 |5 1| 1D | 3|3 2 3 peers typically less than 400 messages are exchanged for the
1000 | 4] 4] TD [5]TD | TD | 5 hub algorithm to converge. For a random network of 1,000

peers typically less than 10,000 messages are exchanged for
the hub algorithm to converge.

A critical value of H,,., (called H,,qxcriticas) WaS 0b-
served below which all the peers were not satisfied even after
1,000 simulator iterations. Table VI shows tRE,,,.critical
value for the different random networks. The value of
H,,oxcriticar 1S different for different random networks. The
authors were not able to find any corelation between the

to create an adaptive network of hubs within a pure pZndom network and thél,,..;criticar Value. For some seed
network. The hub-based topology can be created using ¥lues (e.g., using seed value 3 for creating a random network
TAS and SC shown in Table Il of 100 peers) the initial topology generated was disconnected
Simulations have been performed using the simulator ¢&d SO no simulations were performed on these topologies.
scribed in Section Il to study the effect of applying the hub/hen Hinag is below Hyascriticar the S|mulat|_0n_s do not
algorithm on a static overlay network and on an dynam&onverge because some of the hubs are not satisfied as they are
overlay network which has a constant inflow of peers. All thBOt able to find another hub to establish a connection. When
simulations have been done on random networks created usifrge= IS greater than or equal t,q.cririca ll the peers

the algorithm described in Table V. In the random networkd€ satisfied and the simulations converge within 5 simulator

generated using this algorithm, 90 percent of the peers chodgfptions. The simulations converge when all the peers are

randomly are assigned the role of ordinary peers and tﬁ%tisfied which means that each hubs on the overlay network

rest are assigned the role of hubs. The maximum number'dfcOnnected to at least one other hub and at most Q.
connections that a peer can have is called maxConnectiofdPs and all the ordinary peers are connected to at least one

The maxConnections value is 5 for an ordinary peer and EHb'
for a hub. Each peer is initially connected to 3 randomly _
chosen peers from the overlay network. It is ensured that tRe Dynamic Overlay Network

generated randem topology is_connected.%@rchoperation The second set of simulations have been performed on
is performed using a Depth First Search (DFS) on the overlgyrandom network where new peers join the system every

network. The simulations and their results are discussed belQyyulator iteration to demonstrate that the approach can be

used in dynamic environments. The simulations start with a
small random network of 100 peers, and 5 new peers are
The first set of simulations have been done on a stadded every iteration till the number of nodes reaches 5,000.
random network created from scratch using the algorithfthe simulations have been done usingdg,.. value of 5,
in Table V. Simulations have been done on four differems this was a typicalH,,q.criticar Value. The simulations
random networks (created by using different seeds values §ur on till there are 5,000 peers on the overlay network and
the random network generator on Linux) of 100, and 1,0G0l the peers are satisfied or 1,500 simulator iterations are
peers each using .. values {,,.. is the maximum number reached. The simulations were repeated for four different
of hubs desired as neighbors by a hub) from 1 to 10. Thandom networks generated by using different seed values for
simulations go on till all the peers are satisfied or 1,00Be random number generator on Linux.

TABLE VI
THE H,qeCritical VALUE FOR THE DIFFERENT STATIC RANDOM
OVERLAY NETWORKS ON WHICH THE SIMULTIONS WERE PERFORMED
THE SEED IS USED TO GENERATE A NEW SEQUENCE OF PSEUEBRANDOM
INTEGERS TD STANDS FOR DISCONNECTED TOPOLOGY

A. Static Random Overlay Network
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Fig. 3. A plot of total number of messages exchanged against simulafég. 4. A plot of hub-hub, hub-peer, peer-peer and peer-hub degree against

iterations, for simulations on a random network with 100 nodes initially argimulator iterations, for simulations on a random network with 100 nodes

5 nodes added every iteration. The simulations were done udifig#; value initially and 5 nodes added every iteration. The simulations were done using

of 5. The simulations go on till there are 5000 peers in the overlay netwoakH 4, value of 5. The simulations go on till there are 5000 peers in the

and all the peers or satisfied or 1500 simulator iterations are reached. overlay network and all the peers or satisfied or 1500 simulator iterations are
reached.

Let H be the set of hubs arél be the set of peers on theThe simulations show that the hub algorithm can maintain an
overlay network. LeEy y be the set of connections connect:

ing two hubsE» » be the set of connections connectin tWadaptive network of hubs even when there is a continuous
9 —hP . CtNG WO ival of new peers on the network.

peers andEy p be the set of connections connecting a hu

to a peer on the overlay network. In terms of these sets: hub- IV. CONCLUSION AND FUTURE WORK

hub d is defined @&zl hub-peer d is defined . .
tb degree is define |H| tb-peer degree 1s detine The paper has demonstrated that Schelling’s algorithm can

as ‘E\I;if" peer-peer degree is definedlf%” and peer-hub e ysed for adapting P2P network topology. The abstract
degree is defined a@lHPf}". algorithm and the simulator presented can be used to develop

Figure 4 shows a plot of hub-hub, hub-peer, peer-peer addd evaluate different variations of Schelling’s algorithm. The
peer-hub degree against time (simulator iterations) for simulgaper presented a case study that demonstrates that an adaptive
tions performed on one of the random networks. Throughotetwork of hubs can be created within a pure P2P network
the simulations on an average each peer is connectedusing a variation of Schelling’s algorithm.
approximately 2 other hubs. When the simulations start eachCurrently a peer decides whether it should act as a hub
hub is connected on an average to approximately 2 othmran ordinary peer. Future work could involve investigating
hubs. However within 100 simulator iterations the hub-huthe possibility of creating an algorithm based on abstract
degree changes to 3 and it stays at that value throughout Sahelling’s algorithm, in which the peers mutually decide
simulations, because of the hub algorithm. whether a peer should act as a hub.

Figure 3 shows a plot of the total number of messages
exchanged to perform topology adaptation against time (simu-
lator iterations) for the random network of Figure 4. The total1] D. S. e. a. Milojicic, “Peer-to-peer computing,” HP Labs, Tech. Rep.,
number of messages exchanged (120,000) to perform topology 2002- .

. . . [Online]. Available: http://www.gnutella.com
adaptation may seem to be on the higher side. However for S. C. T., Micromotives and Macrobehaviour Nortan and Company:
overlay network with a long life it may be advisable to create = w. w. Norton,, 1978.
an adaptive network of hubs by exchanging lots of messagdél ggféle;'lgg B%’Eamic models of segregatiorburnal of Mathematical
In the simulations thesearch operation was implemented 5] U. W?Ignsky" “Netlogo  segregation model” Center for
without any caching. Caching can be used to improve the Connected Learning and Computer-Based Modeling, North-

efficiency of thesearch operation thereby reducing the total mfthT;fnl LtJhniVEFtSiW' § '/Evat?smf/‘v g 'I'--/ S [O””?_e]- Available:
p://ccl.northwestern.eau/netiogo/models/segregation
number.Of mgssages eXChanged' _[6] J. Rauch, “Seeing around corner§he Atlantic Monthly April 2002.
The simulations on all the random networks converged witht7] P. Adamic, Lukose and Huberman, “Search in power-law networks,’
ing 1,000 simulator iterations. When the simulations converge Physical Review Vol §2003.
I th rs are satisfied and the generated topolo satisf8 Kaza,” http://wwwkazaa comfusfindexhtm. -
a ¢ pee_ . g ] p . gy ane “Project jxta 20 superpeer virtual network,”
the constraints that we imposed in the satisfaction criteria. http://www.jxta.org/project/iwww/docs/IXTA2.0protocolsZ.pdf.
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