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Abstract—Peer-to-Peer Realm (P2PRealm) is an efficient peto-
peer network simulator for studying algorithms base& on neural
networks. In contrast to many simulators, which empasize on
detailed network simulation, the speed of simulatio in P2PRealm
is essential, because neural networks require a teanconsuming
training phase. Efficiency has been obtained by ohizing training
loops inside the simulator, using Java Native Intdace (JNI) as well
as distributing the simulator to hundreds of worksttions using the
P2PDisCo platform. In this paper we describe the ahitecture of
P2PRealm and its input/output interfaces. Also, wepresent the
mechanisms used for internally optimizing the implenentation and
the configuration used for distribution. Finally, we present the use
of P2PRealm with the P2PStudio network visualizatio tool.
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. INTRODUCTION

Peer-to-Peer (P2P) algorithms have been studicéaat
using three different approaches. These are crawdenulators
and simulators. Crawler is an implementation oferpnode
specially designed for P2P networks research. Avleracan
collect data passing through it to get a local vigwthe P2P
network. By deploying multiple crawlers, a biggaartpof the
peer-to-peer network can be monitored. Howeves, dpproach
is not able to gather the global view of the nekydecause the
behavior of nodes which are not connected to crawle
unknown. This problem is solved by emulators, whicimtain
the implementation of a peer node and are usedutid la
complete P2P network. Multiple emulators can belaiel
inside one workstation usually providing quite kardP2P
networks with only a few workstations.

Even though emulators can be used to get the gloeal,
they are restricted to slow execution, because agessneed to
be passed between emulator
protocols such as TCP. The third option, simulatontains an
abstracted implementation of peer nodes equivalemt
emulators, but uses local data structures for myesgassing.
The use of local data structures significantly éases the speed
of execution and therefore is well-suited approafdr
computationally intensive algorithm studies. Thewvdside of
the approach is the inaccuracy of results comptreeal-world

P2P networks and the difficulty of modeling usendgor. This
knowledge can only be obtained using crawlers or by
monitoring network traffic inside routers.

Developing peer-to-peer resource discovery and logyo
management algorithms based on neural
computationally intensive tasks. For example, ketaa week
for one low-cost workstation to train a good neumatwork
based resource discovery algorithm for a ratherllsP2P
network [23]. Therefore, in computationally interesi
algorithmic research the most important factoradasider for a
simulator is speed.

This paper describes an end product of a procegsewh
emulators were first used for studying P2P algorittand later
re-implemented as an efficient simulator to deaethe time
used for execution. Latest improvement of the sataulis the
distributed execution on a Peer-to-Peer Distribu@ednputing
platform (P2PDisCo) [11] allowing us to parametavesp
different features of neural network based P2Prilgus.

The paper is structured as follows. Section 2 coegpa
existing P2P simulators with our work and stategirth
differences. Section 3 introduces P2PRealm networkilator
and section 4 describes its input and output iate$. Section 5
describes the main use case of P2PRealm: the nigaiof
evolutionary neural networks for P2P resource disop
Section 6 describes the internal modifications uded
optimizing the code and the combination of P2PReuwiith
P2PDisCo platform. Section 7 illustrates the us®2PStudio
for visualizing the output of P2PRealm and sec8aroncludes
the paper.

Il.  RELATED WORK
There are various network simulators availablestodying

processes through RetworP2P networks. However, many of these simulators rave

primarily designed for speed and none of them dosta
functionalities for neural networks. Because theespis the
most important factor in our simulation environmeitt is
obvious that abstractions on the level of detaits recessary.
Packet-level simulators model the P2P protocol$ \pitecise
protocol headers and field structures, whereas agesevel
simulators only take into account the number azéssf the

* The works of M. Vapa and A. Auvinen are suppotigdsraduate School in Electronics, Telecommunicatiand Automation (GETA).
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packets. While packet-level simulation is a desedbature, it
is still often too expensive in terms of computiegources. In
addition to speed, other desirable features irsgnulations are
compilation of statistics on simulation results amslialization
of P2P networks. From this viewpoint, we next ov@wsome
of the existing P2P simulators.

A. NS-2

NS-2 [15] is one of the most widely used network
simulators. The NS-2 is object-oriented discreteengv
simulator, which closely follows the architecturé tbe OSI
model. It suits well for simulating packet switcheetworks and
small scale networks. The Parallel and DistribuBaehulation
(PADS) research group has developed an extensaralows
network simulation to be run in parallel on mukéipihachines
[17]. Being very detailed simulator, it still doest scale well
enough and is slow from a computational point afwi In
addition, adding new modules is not straightforwémecause of
it's complex module structure [14].

B. PLP2P

Packet-level Peer-to-Peer Simulator (PLP2P) [6}ickes a
framework for other packet-level simulators, e.&-Rl in order
to provide detailed model of the underlying networkis is
done with wrappers, which translate P2P eventstintierlying
packet-level simulator. The authors assert thatratiing low-
level details can impact the simulation results tlarge extent.
The scalability problem of packet-level simulatioasolved by
running simulations on parallel machines. Nevedbel as
training neural networks requires substantial pdiravailable
computing power in order to get result within rezeae time,
we need to abstract the level of details of the R&ork.

C. QueryCycle

The QueryCycle simulator [19] is specialized te-§haring
simulations. It has realistic models for contenstritbution,
query activity, download behavior etc. The contgistribution
is based on a model, where each file belongs tocategory
and that category is defined by the popularity lo¢ ffile.
Simulations proceed in query cycles representing time
period between issuing a query and receiving a oresp
Generated queries are passed into a queue andetaodla
First-In-First-Out basis.

D. 3LS

3LS [21] is an open-source simulator for overlaywaoeks
designed to overcome the problems of extensibikiyd
usability. The system is separated to three awthital levels: a
network model, a protocol model and a user modéle T
network model uses a two-dimensional matrix asoaage of
distances between the nodes. The protocol mod@hedethe
current protocol being simulated. The user modehés input
interface for the user. The 3LS uses most of thenong

resources to a graphical interface as the simulasels main
memory to store each event executed for visuatinagind this
limits the system to less than a thousand nodea tmw-cost
workstation [14].

E. PeerSim

PeerSim [18] has been developed especially witlalsitidy
and support for dynamicity in mind. PeerSim is Jamaed and
has two simulation engines, one is cycle-basedtlamdther is
event driven. Cycle-based engine allows scalalhelsition but
is not very accurate. Handling large-scale ovemayworks
requires simplifying assumptions about the simatatietails.
For example, the details of the transport commuiaca
protocol stack are not taken into account. Eveivedrengine
supports dynamicity and is more realistic, but dases the
scalability of the simulation. The abstractions aytle-based
simulations are similar to ours. The differencethat when
PeerSim uses the benefits of abstraction for higlfability, we
use it to increase the computational efficiency.rakel
execution is a necessity in order to PeerSim tadedul for our
research.

F. NeuroGrid

The NeuroGrid simulator [8] was initially designed
support comparative resource search simulationsveest
FreeNet [5], Gnutella [16] and NeuroGrid [8] sysgenThe
simulator is single-threaded, Java-based and usesett
events. Several protocols are now available forrbi@ud e.g.,
Domain Name Service (DNS) and a distributed e-matocol.
NeuroGrid supports property files that specify plaeameters of
the simulation to run. This includes the proto@okimulate, the
parameters of the network and the amount of searche

NeuroGrid would be a promising simulator for ousearch
if it wasn't single-threaded and non-parallel.

G. GPS

The General Peer-to-Peer Simulator (GPS) [24]rsrey to
respond to a call for extensible framework for dating P2P
networks efficiently and accurately. Efficiencydascomplished
with message-level simulation instead of packegllev
simulation. Improvement to the level of detail isheeved by
tracking the network infrastructure and using a moscopic
mathematical model to obtain accurate estimatdeftessage
behavior, e.g. TCP. The GPS also models downlodd$ieo
files, which is often left out from the simulator&PS is
extensible for modeling any P2P protocol, integrativith a
GUI and network visualization and provides suppéot
topology generation tools.

The GPS is still in it's early stages and detaitsout
scalability, usability and performance are scafidee GPS has
also only been used for simulating BitTorrent, veheesource
discovery is not an essential problem. It is sifigteaded, but



according to the authors their aim is to includdtirtireading
into the simulator in the future.

H. Summary

A comparison of the different characteristics feviewed
P2P simulators is shown in Table I. Overlay withuRwos
column tells if the simulator contains both theidad overlay
network topology and the underlying router struetwf the
physical network. After surveying the existing faeure about
P2P simulators it is obvious that there is a need f
standardization in the area of P2P simulation THe field is
highly fragmented and most of the current projacte their
own simulators tailor-made for their purposes. Qnfethe
problems of the widely used simulators is their ptaxity and
therefore poor scalability for P2P simulation pusgs.

Although our project strongly supports the call fgmneral
open-source P2P simulator that is easily extensibié even
some attempts for such a simulator have recenthgaged, our
research area is still too specified to be implewtn
satisfactorily in any other way than building a dfieally
optimized simulator. Training neural nets is conagionally
very demanding and requires parallel computing singlified
network simulation. To the best of our knowledgd’R2alm is
the only message-level simulator that allows sitiots on
parallel machines. In addition, there is no otheural networks
based P2P algorithms that we know of and neitheulsitors
supporting neural network algorithms.

The problem of specifically built simulators is ththe
results are not exactly similar with the ones mégeother
simulators. This is a compromise that had to be andd
P2PRealm the most common P2P resource discovestithlns
are implemented to allow comparison with the onesral
networks create. This provides the baseline faulte®btained
in other simulators.

Ill.  PEERTO-PEERREALM

Peer-to-Peer Realm (P2PRealm) is a Java basedgppeer
network simulator designed for optimizing neuraiwarks used
in P2P networks. The simulator has been developetheese
Factory peer-to-peer research project [4]. Withdimeulator, it
is possible to determine a certain P2P network ai@rand
requirements for a resource discovery or topolognagement
algorithm and get as an output a neural networkroped for
that scenario. For example, a P2P network scenzoidd
contain Gnutella’s [16] topology, resource disttibn and
query pattern and the requirements could statewthatant an
algorithm, which needs to locate certain amountesources
(say 150) using as few query packets as possible.ehd result
would be an adapted resource discovery algorithm ttiat
particular P2P network scenario. The first resoftthis kind of
an algorithm development was reported in [23]. Alsbe
simulator contains implementations of various P2Bource
discovery algorithms such as Breadth-First SeardB], [
Random Walker [12], Highest Degree Search [1,22f an
optimal path K-Steiner Tree approximation [22]. $&e
algorithms can be used as performance measureseimal
network based algorithms or for studying their perfance in
different P2P network scenarios. The simulator &las been
used for studying topology management algorithms F@P
networks [3].

The simulator is divided into four parts: P2P nekyd2P
algorithms, neural network optimization and inputfut
interface. P2P network contains the characteristica P2P
network including the network topology, distributioof
resources and query patterns of P2P network ude2®
algorithms contains the implementations of varisasource
discovery and topology management algorithms. Neura
network optimization takes care of neural netwatrkicture and
different optimization algorithms used for trainitige neural
network structure. Input/output interface is used feading
configuration files and for outputting the statistiof training
and final results. The final results consist of thetimized

TABLE I. CHARACTERISTICS OF THECURRENT UNSTRUCTUREDP2PNETWORK SIMULATORS
Overlay with Dynamic
Level of Detail Parallel Scalability Routers Network Programming Language
NS-2 Packets Yes Very low Yes No C++
PLP2P Packets Yes Medium C++
QueryCycle Messages No ? Yes Yes Java
Very low
3LS Messages? No (<1000 peers) Yes ? Java
Very high
PeerSim Messages No (1076 peers) Yes Yes Java
High
NeuroGrid Messages No (300 000 peers) No Yes Java
GPS Messages No ? No Yes Java
Medium
P2PRealm Messages Yes (100 000 peers) No Yes Java




neural network and the used query paths for diffegeeries.

IV. INPUT AND OUTPUTINTERFACES

The following information is required as an input t
P2PRealm (described in a configuration file):

e P2P network topologies containing the resource

distribution
e Query pattern
* P2P resource discovery algorithm

» Percentage of available resource instances todateld
in each query

* Number of queries executed in each training geiwerat

e Neural network inputs

* Number of training generations, number of neural

networks and the neuron structure of neural netsvork
e Optimization method

As an output Peer-to-Peer Realm (P2PRealm) provtues
following files:

e The used topology and neighbor distribution

e« A trace of training process with separate files for

training and generalization sets
» The best and all neural networks of each generation
* Query routes started from each node of the P2Ponktw

» Configuration file, which was given as an input

V. TRAINING NEUROSEARCH

Next, we briefly describe how P2PRealm can be deed
P2P algorithm development. As an example we
NeuroSearch resource discovery algorithm [23], bther
algorithms for example topology management algoritbased
on neural networks could be used [9].

2.3 If output is greater than zero, then forward

the query to neighbor and increase the
number of sent query packets by one.

3. Aforwarded query packet arrives to peer node. If
this is the first query packet arriving to this reod
check whether the peer node contains a resource
being queried. If peer has the queried resource
then increase the number of found resources by
one.

4. Goto step 2.

The algorithm terminates when there are no moreyque
packets to process. At the end the quality of Hewedwork is
determined by the number of found resources anduh#er of
query packets used.

To get good neural networks, they need to be tdagwethe
algorithm has to be executed many times (typicatijlions
query executions). There are various neural netwoekght
adjusting algorithms and depending on the used adstlthe
training times can vary a lot. Still, all optimizat methods
have in common iterative behavior and thereforecetieg the
algorithm efficiently is an important feature oéthimulator.

The internal execution loops of P2PRealm usedréoning
NeuroSearch are illustrated in Fig. 1. Each sinmfatun can
have multiple simulation cases, where each caseithaswvn
environment parameters according to the input méiion
described in section 4. Furthermore, each case upexd
NeuroSearch resource discovery algorithm optimizedhis
environment accordingly. With multiple cases itpisssible to
do parameter sweeps and to eliminate the needadfngt the
simulator manually each time one wants to use plaltraining
environments. The execution of different cases akwo be
distributed on Peer-to-Peer Distributed Computirgtfprm
[11] further described in section 6.

Execution of one case is divided into three différe
sections:

e Training of the neural networks

e Analyzing the training of best neural network in

NeuroSearch resource discovery algorithm uses local generalization environment

information about query situation in a peer-to-peetwork to
decide if query should be forwarded to a neighlippieer node
or not. The local information can be e.g. numbehops the
query has traveled, number of replies still neeelde located
etc. The forwarding process is illustrated in thalofving

algorithm:

1. One peer node starts a query specifying a
resource it wants to locate.

2. For each neighbor the node has, do the
following:

2.1 Fill all the input fields of neural network.

2.2 Compute the output of neural network.

e Analyzing routes of the best neural network aftes t
training

First, the case has its P2P networks, neural nksvand
other parameters initialized. Then the simulatarcpeds to the
training phase. In each generation multiple nenetvorks are
evaluated by forwarding queries according to theouece
discovery algorithm presented above. The queriesomwarded
in one or more P2P networks and statistics of thery
performance of each neural network is recordedhatsame
time. Usually between generations it is worth to chore
specific analysis of the best neural network inegahzation
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Figure 1. Execution Loops of P2PRealm

environment, where we can determine how the sanwahe
network performs in an unknown environment. Genextibn

environment can be used to control when neural avitvis

specializing too much on training environment andek the
ability to perform well in unknown but similar emghments
than the training environment.

After the evolution has proceeded the predetermamedunt
of generations, the simulator moves to the lastsphaf the
process: route analysis. In the route analysis $aene
generalization environment is initialized as earfier the best
neural network, but now the queries start from qaedtr node at
a time. The query paths produced by these quergessaorded
and written to files to get accurate data aboutiirgnd output
values of neural network during a query. Finalljhew routes
have been recorded, the simulation ends.

VI. SPEEDING THEEXECUTION WITH P2PDsCo

The first implementation of P2PRealm used approteiga
one week for training the neural networks on a tigsk
computer. This was a severe limitation in resedrebause it

forced to study only small P2P networks and séltigg results
was very time consuming.

We started the internal code optimization processet how
much can be saved by optimizing internal loops lbé t
simulator. After P2PRealm was profiled we foundt ttie use
of Vector object instead of Array in Java consurtmts of time
(in particular getting the size of a vector throughthod call).
Java container classes such as HashMap and Hash&abl
contain only objects and therefore reimplementirat to store
only primitive values saved some execution timeoAle found
that caching results of different method calls twid new
method calls resulted in significantly faster exemutimes. The
total time decreased to about 60% with these opéitiuns.

Java bytecode is interpreted in Java virtual mackielding
slower execution compared to compiled code. Jaativé
Interface [20] has been developed to allow natieeec for
example compiled C++ to be executed from a Javgrpr.
We reimplemented the calculation of neural netwotkput
with C vyielding an execution time about 70-80% canga to
first version of P2PRealm. Combining both the ingrcode



optimization techniques and Java Native Interface
implementation of neural network output calculatieve thus
achieved execution time of about 50% comparedr$b Viersion

of P2PRealm.

This was however not enough, because reducing geacu
time of one simulation case from a week to 3-4 dags still
quite slow. As a solution, we started developingrRe-Peer
Distributed Computing platform (P2PDisCo) [11] aliag the
distribution of simulation cases to multiple maasn

Earlier in our project [4] we had developed Che&aP
middleware [2], which provided the basis for builgli
P2PDisCo on top of it. P2PDisCo allows the workstet
joined in a Chedar P2P network to publish certastriduted
computing application as a resource in Chedar P&amk.
When other Chedar nodes find this resource, itbmmsed to
deliver needed input files to computing nodes deddroduced
output files to the node, which started the conparta. For
further information on the behavior of P2PDisCo tkader is
referred to [11].

The speed up of execution with P2PDisCo is neanlyal,
because each simulation case is delivered to differ
workstation. In university environment it is easy kcate
machines, which are idle most of the time, so gegttiundred of
machines (and thus 100 times faster execution) ratasively
easy scaling the research process to much fastes. rdhe
resulting architecture is shown in the Fig. 2. Mastenotes the
peers, which create simulation cases and P2PReslotes the
peers, which compute these cases.

VIl.  VISUALIZATION OF DATA USING P2PSUDIO

Peer-to-Peer Studio (P2PStudio) [10] is a monitprin
controlling and visualization tool for P2P networtesearch.
When combined with P2PRealm only visualization dezg can
be used, because current version of simulator doegrovide
monitoring data during execution of a simulationorF
visualization, P2PStudio provides functionalities tdraw
network topology and different graphs e.g., neighbo
distribution of the topology. Also, the location r@sources and
query paths can be illustrated on a screen to tqtiaély
analyze how algorithms are performing. In caset tte
simulation contains neural network, the input antpot values
of a certain query will be shown in a separate eabA
screenshot of P2PStudio is shown in Fig. 3 andstheific
features of P2PStudio are described in separatéedttO].

VIIl. CONCLUSIONS

Peer-to-Peer Realm is a simulator for studying P2P g

networks. Its unique functionalities contain tramimethods for
neural networks and optimized speed of executioy. B
combining P2PRealm with other tools developed inmoject,
the simulator can grow to a large-scale distriblR@& research
environment.

P2PRealm
P2PDisCo
Chedar
P2PRealm|\ TCP CP  /Ip2PReam
P2PDisCo Tcp P2PDisCo
Chedar c Chedar
TCP cP cP
Master Master
P2PDisCo P2PDisCo
Chedar TCPp Chedar
P2PStudio
Figure 2. Architecture of P2PRealm combined with P2PDisCogdzn and
P2PStudio

The future work of P2PRealm includes the paraleion of
simulation such that multiple computers can prodhessame
simulation task. Now only one simulation task ca&natiocated
to a certain computer and speed ups are gained \wingn
multiple cases are being simulated. Also, with #ulwent of
multi-core processors for desktop machines, wegaiag to
implement threaded version of simulator to suppuottiple
processors within a single computer. For P2P nétwor
visualization, P2PStudio’s user interface can lpdaeed in the
future to support large P2P networks to be visedliand better
usability of the program. Also the list of improvents for
P2PRealm contain different query distributions awedv input
types for neural networks. As a longer term goa,are aiming
to combine neural network based topology management
algorithms with neural network based resource disgo
algorithms to study optimal construction of P2Paeks.
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