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Abstract—Presented paper introduces a software environment
facilitating routing protocols testing (with emphasis on multicast
routing protocols). The main purpose of the program is to
increase the efficiency of various network topologies analysis
by means of configuration process automation. The program
was designed to be used in conjunction with Juniper MX-series
routers, although its universal nature allows it to cooperate with
other routing platforms running Junos OS as well.

I. INTRODUCTION

Nowadays world becomes virtual. The virtualization tech-
nology is very popular in many areas, the word virtualization
can have different meanings. Basically, it is logical division of
physical resources and realization of independent access for
different users. We will focus on virtualization in computer
networks. Even here we can have different approaches to
virtualization. The host machines can be virtualized [1], [2],
the processors can be divided into virtual processors [3],
networks segments can be virtualized as a Virtual Local Area
Networks (VLANs) on layer 2 [4] or in layer 3 as a Virtual
Private Networks (VPNs) [5] which can be realized in many
different ways. Also the network equipment can be virtualized,
huge hardware machines can be treated as a set of several
smaller ones [6]. In this paper we will focus on mechanism
of logical systems, which is developed by Juniper Networks
Company [7]. It allows to divide huge router into smaller ones,
but still fully functional. With them we will analyze multicast
protocols and another network protocols and mechanisms.

II. GENERAL DESCRIPTION

The program was initially devised as a part of master
thesis and was subsequently custom-tailored to serve as an
effective tool for teaching the basics of multicast routing
mechanisms in computer networks laboratory. All tests were
performed on Juniper MX240 Ethernet Services Router [8]
shown in Fig. 1. The software makes use of logical systems
virtualization technology provided by Juniper Networks Junos
OS [7]. This technology allows the user to create up to
15 logical systems (restriction imposed by Junos OS) on a
single hardware platform. It has to be noted however that
logical system concept is not synonymous with the widely
recognized notion of virtual router. Although similar in its core
assumptions, logical system is a much more versatile tool. The
most significant difference between these two concepts is that
for every logical system created, the routing engine starts a
new routing protocol process [9]. It means that every logical
system is a fully separate entity that works independently.
Should one of the logical systems fail, the routing processes

Fig. 1. Juniper MX240 Ethernet Services Router

of other logical systems will not be affected, thus ensuring a
more stable functioning of the whole network. Complete list
of features supported by logical systems technology can be
found in [9].

Presented software environment has a form of a functional
and easy to use graphical interface (Fig. 2) [10]. Main window
is divided into four sections. The largest portion of the window
is occupied by a panel containing current topology. The user
can create a logical system by double clicking left mouse
button anywhere in the panel. By double clicking right mouse
button the user can create a host (representing an arbitrary
physical device). Every object in the panel is fully interactive
- it can be moved around the panel, has a related context
menu as well as a list of modifiable parameters displayed in
a property grid located under the treeview. The treeview itself
enables a quick access to every logical system and its inter-
faces. The bottom section contains a window displaying all
commands that are sent to the router. The user can customize
the appearance of the main window as well as numerous
functional capabilities of the program to suit his own needs,
e.g. resize all sections composing the main window, switch
between different modes of creating and sending commands
(instantaneous and explicit), modify the colors of elements in
network topology, show/hide selected labels (like IP addresses
and subnet masks on interfaces) to improve the clarity of
examined topology, etc. One of the most important aspects of
the program is that the knowledge of Junos OS syntax is not
required. The configuration process is done entirely through
the graphical interface. The program translates the choices
made by user into Junos OS commands and sends them to
the router. The following section contains a more detailed
description of program’s features.



III. SELECTED FEATURES

As stated at the beginning of this paper, the main purpose of
the program is to relieve the user from the necessity of manu-
ally entering configuration commands on every single router.
The program delivers many conveniences providing users
with maximum comfort. One of the most important features
realizing this approach is automatic IP address generation. The
software uses a predefined pool to assign IP addresses from the
same subnet to interfaces that are being connected. This feature
provides the ability to create a complex topology consisting of
many interconnected logical systems within minutes (or even
seconds). The logical systems (as well as other objects) can
be easily removed from current topology (and from physical
router’s configuration) by choosing appropriate option from
their context menu. Similar rule applies to links and interfaces
- right-clicking on a connection between two objects (routers,
hosts or external network) or on a particular interface in
treeview brings up a context menu allowing to disconnect
it. The interfaces themselves are automatically detected by
software. When a new network is created, user is prompted to
enter all information required to establish a connection with
physical routers. Confirmation of all entered information (by
clicking appropriate button) starts a new thread (a separate
thread is run for every router the application is attempting to
connect to). This thread first establishes a connection with
router. Then it performs all necessary operations to create
a list of available interfaces. All interfaces that are either
logical in nature or not configurable are filtered in this process.
If the router is equipped with hardware (a specialized PIC
(Physical Interface Card) [9]) enabling the use of logical
tunnel interfaces, the user can utilize them to interconnect
logical systems. If logical tunnel interfaces are not available
on router, the user can still use physical interfaces to connect
objects in network topology. Moreover, the user can define
the way these interfaces are connected in a separate window.
This information is then used to automatically select proper
interfaces when two logical systems are being connected. Of
course, the user can switch between logical tunnel interfaces
(if they are available) and physical interfaces at any time.

The software uses a set of Visual Basic scripts to start
a new process of PuTTy [11] program and establish an
individual connection session with a particular logical system
or host (if user defined IP address of that host). These scripts
automatically fill in all necessary information to properly login
to any logical system. An example use of this feature is
shown in Fig. 3. Right-clicking on a logical system brings up
its context menu. "Console" option executes a parameterized
script starting a new PuTTy process. After successful login
the script issues a command switching the console view to
the selected logical system. As seen in Fig. 3, logical systems
emulate a real router to a great extent. User can work in both
operational and configuration mode and issue commands that
are characteristic to these modes. Although most important
and frequently used commands are accessible via the context
menu, PuTTy terminal is very handy for issuing commands

Fig. 2. The main window with example topology

that require constant refreshing (e.g. ping command).
Another useful feature of the software is the ability to switch

between two modes of creating and sending router commands:
instantaneous and explicit. In first mode, the commands are
created and sent right after any change in configuration-related
parameter is detected, which applies to almost every parameter
that does not refer to object’s appearance (like its color or
position). In second mode, it is up to user to decide when
the commands should be created and sent. The appropriate
buttons are available in configuration windows and context
menus of logical systems and interfaces. The commands can
also be sent in a cumulative way by choosing a proper option
from the context menu of a physical router. It results in
creating commands for every modified logical system (and
its interfaces) that exist within that physical router. Modes
can be changed at any time - user can choose the one that
better suits his needs in a given situation. Presented software
environment focuses on multicast routing protocols. Users can
configure one of many available protocols - PIM-DM [12],
PIM-SM [13] (along with various Rendezvous Point election
mechanisms), PIM-SSM [14], MSDP [15] and DVMRP [16]
(which is considered to be an obsolete protocol, but was
included for comparison purposes). Since PIM does not build
its own routing table - it relies on other sources of routing
information (like unicast routing protocols, but also static
routes) - the program enables the user to configure several
dynamic unicast routing protocols (OSPF, RIP and BGP [17])
as well as static routes. Both OSPF and BGP use the notion
of areas. All the routers (or interfaces) within an area share
common configuration characteristics. It would be then highly
impractical and time consuming to manually configure all the



Fig. 3. The context menu and terminal window with logical router LR1
connected

routers within a given area (even through graphic interface).
For this reason, the objects representing these areas (seen on
Fig. 2) were developed. By choosing appropriate option from
toolbar, the user can draw an OSPF or AS area of an arbitrary
size. As every object in topology, areas are described by a
set of modifiable parameters. By placing a router (or link)
within range of a particular area, the software automatically
performs proper operations (like setting AS area number,
configuring default metric of OSPF stub area, etc.). This
feature is especially useful when configuring multi-area OSPF.
Every router forwarding multicast packets is a part of multicast
tree (whether it is a shortest path tree or a shared tree). These
trees are composed of links and routers that are a part of
multicast data transmission path. Learning the path traversed
by multicast packets requires tracing the route from last-hop
router back to the source network by issuing proper command.
This method however does not scale well when multiple end
stations are connected to different routers. Described software
environment performs all necessary actions to learn multicast
routes automatically and pictures the results in topology sec-
tion of the main window (Fig. 4 ). The data transmission path
is marked by a thick green line. Host icons (Fig. 4), in this
case, are representing Linux computers acting as multicast
transmitters and receivers. As with logical systems, hosts can
be accessed via their context menu. Both transmitters and
receivers use an open source software called MGEN (Multi-
Generator) [18] to generate and request multicast data stream
for a particular group address, respectively. MGEN can, among
its numerous applications, generate packets (both TCP and
UDP) according to specific traffic pattern (periodic, burst,
etc.) destined for a particular IP address and define the output
interface used to transmit this data stream. Similar parameters
can be used to set the end station in listening mode and store
information about received packets in log files for further
analysis. The software allows the user to save and then load a
network topology from a file. This file stores all information
needed to recreate the exact topology that was previously
saved. The ability to save and load can be used to create

Fig. 4. The multicast tree in the example topology

various lab scenarios. The same topology can be loaded and
viewed on multiple workstations thus allowing many users to
access logical systems simultaneously via graphical interface.
When user is finished working with application and wants to
erase all configuration changes, he can do this by clicking
"Clear network" icon on toolbar. The software issues a set
of commands deleting all logical systems that were created
during current session. Network is also automatically cleared
when user decides to load topology from file, ensuring that
existing configuration won’t be merged with the loaded one.

IV. FURTHER DEVELOPMENT

The efforts are currently focused on providing the appli-
cation with mechanisms supporting interoperability between
multiple lab groups working on the same physical router. The
external networks are currently depicted by a cloud symbol.
The intention is to provide all lab groups with the full picture
of network, that is - to provide all groups with complete
information about networks managed by other groups in a
graphical way. Because there is no possibility to exchange data
directly between computers in lab environment, all required
information regarding logical system topology has to be gath-
ered from physical router itself. Another interesting and unique
feature supported by Junos is a virtual switch [19]. This tech-
nology is available only on MX-series routers. Incorporation
of this technology into software environment would expand its
capabilities to support data link layer specific functions, which
could considerably improve software’s overall usefulness.



V. SUMMARY

In this paper, a software environment for multicast routing
mechanisms testing was presented. Its purpose is to provide a
tool that will enable the user to effectively test various network
topologies and learn the basics of multicast routing without the
knowledge of Junos OS syntax. The paper described numerous
features of presented software and its proposed applications.
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