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ABSTRACT

Designing new network protocols for the Internet relies on
the use of network simulation tools for validation. When
simulation is aimed at testing the scalability of new
protocols, working with large-scale realistic topologies is
of paramount importance. In this paper we present an
extension of the NAM Editor, a graphical editor to be used
in conjunction with the well-known ns2 network simulator.
Our extended NAM Editor allows the creation of synthetic
but realistic network simulation scenarios and provides
support for the simulation of web caching systems.

INTRODUCTION

Due to the high complexity of the modern Internet, the
recourse to simulation tools for the evaluation of the
effectiveness of new protocols and the feasibility of new
applications, is of uttermost importance (Bredau et al.
2000). In particular, when simulation is aimed at testing
the scalahility of new protocols and applications, working
with large-scale realistic network topologies becomes an
indispensable requirement (Calvert et a. 1997; Cowie et
al. 1999; Floyd and Paxson 2001).

In the last few years different network simulation tools
have been developed. One of the most popular is the ns2
Network Simulator (Breslau et al. 2000). Ns2 is an open-
source event driven network simulator. It provides support
for simulation of IP-based network. In particular, ns2
provides researchers with:

» multicast and unicast routing protocols;

« different transport protocols (TCP, UDP, RTP, etc..);

+ most common applications (FTP, Telnet, HTTP).

The ns2 official distribution is complemented by NAM, a
graphical tool for visualization of simulation results (Estrin
et a. 2000). More recently, NAM has been enriched with
minimal editing functionality. This new tool, called NAM
Editor, allows the interactive creation of simulation
scenarios. The usefulness of NAM Editor, however, is

quite limited, since its design capabilities are suitable for
network of limited size only.
In order to simulate networks with redlistic topologies, it is
a common practice to use ad-hoc topology generators like
gt-itm (Calvert et al. 1997; GT-ITM 2003) and INET (Jin
et a. 2000). The output of these topology generators is
usually not compatible with the ns2 syntax. Hence, several
tools have been developed to trandate topology
descriptions generated by topology generators in ns2
scripts that can be used in the definition of a simulation
scenario. Unfortunately, scripts produced in this way are
not compatible with the NAM Editor, hence networks
created by common topology generators cannot be
modified interactively. Such a limitation is sometimes
annoying, in particular when the automatically generated
topology needs to be further adapted, e.g. by instantiating
agents on particular network nodes.

Once the network topology has been generated, the

simulation scenario must be completed with traffic data.

This requires the definition of proper traffic patterns

(according to the characteristics of the application that is

being ssimulated), and the localization of traffic end-points

(sources and sinks). In a complex simulation scenario (e.g.

composed by hundreds or thousands of nodes) localizing

traffic end-points is not a trivial operation, which can be
usefully supported by a graphical interactive tool like the

NAM Editor.

To overcome the above limitations we have implemented

an Extended version of the NAM Editor with the following

features:

1. integration of existing topology generators;

2. localization and visualization of sets of nodes on large
network topologies according to different selection
criteria;

3. ingtantiation of agents (i.e. the elements that
implement  transport-level  or  application-level
functionality in ns2 terminology) of any type on all
the nodes of a given node set;

4. customization of node parameters;

5. definition of new node types (e.g. web caches);

6. support for simulation of web cache systems.

The main features of our tool will be described in the
following sections.
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Figure 1: Topology Generation within Extended NAM Editor

INTEGRATION OF TOPOLOGY GENERATORS

Our Extended NAM Editor makes it possible to create,
visualize and modify topologies created according to the
following topology models:

- flat-itm;

« hierarchical-itm;
« transit-stub-itm;
« INET model.

Our tool not only provides the topology generators with
the required input parameters, but it aso trandates the
generated topology description in the internal representa-
tion of a network used by the NAM Editor.
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Figure 2: Input Parameters for the I TM-geo Topology

Figure 1 shows how this feature has been integrated in the
NAM Editor GUI. Figure 2 shows the input parameters the
user has to provide in order to generate a network topology
with the gt-itm generator.

LOCALIZATION OF NODE SETS

Localization of a network element (agent in ns2 termino-
logy) in a simulation scenario is atwo steps process, which

reguires:
« thelocalization of the node in which the agent must be
instantiated

« theinstantiation of the agent.

To support agent instantiation in large topologies we have
included in the extended NAM Editor the concept of Node
Set. A Node Set is a set of nodes selected according to one
of the following criteria:

« |edaf node;
«  mutual distance;
«  randomly.

When a network topology is created with one of the
supported topology generators, some Node Sets are
automatically created, reflecting the topology model. For
instance, in the case of a transit-stub topology, a Node Set
is associated to each transit domain and a different one to
each stub domain.

To make this tool even more flexible, we made the GUI of
our Extended Nam Editor customizable by the end user.
Thanks to thisfeature, it is possible to:

+ add an user-defined agent to the agent list;

«  customize the parameters of a user-defined agent;

«  define new node type and its parameters
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Figure 3: The Node Set Tool in the Extended NAM Editor

Features described in this section are implemented by the
Node Set Tool (Figure 3) which allowsto:

l.visualize al the nodesincluded in a given set;

2.associate a color to all the nodesincluded in a given set;
3.ingtantiate an agent on all the nodes of a given set;
4.instantiate a Web Server on al the nodes of a given set;
5.instantiate a Web Client on all the node of a given set;
6.instantiate a Web Cache on al the node of agiven set.
The latter three functionalities, in particular, are meant to
support the simulation of web cache systems on large
network topologies.

SIMULATION OF WEB CACHE SYSTEMS

A special support as been provided in our Extended NAM
Editor for simulating web cache systems. A proper tool
can be used to create web-page pools and to deploy system
of caches, servers and clients onto a previously generated
topology. The configuration of any web element is made
through a configuration window.

The combined use of this functionality with the possibility
of generating realistic large scale topologies makes this
tool extremely useful for the simulation of Content
Delivery Networks or other systems in which management
of replicated content is done through distributed caches.

CONCLUSIONS

In this paper we have presented an interactive graphical
editor that can be used as a front-end for the well-known
ns2 network simulator. Our tool integrates most popular
network topology generators and also provides users with
several features that are extremely useful for simulating
large-scale systems of web caches and Content Delivery
Networks.
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