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Presentation outline

• General description of OPNET Modeler, based on our 
use at COM•DTU

• Some advanced topics

• Modelling and simulation activities at COM•DTU

• Conclusions

• Q&A
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OPNET Modeler

• Commercial modelling and simulation tool from OPNET 
(www.opnet.com)

• Discrete event simulator

• “User-friendly” GUI

• Comes with a huge library of ready-to-use models

• Also facilitates implementation of custom models

• Very powerful, but also complex
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Hierarchical Architecture

• Simulation project is functionally divided into:

– Highest level: Network level

• For instance a large IP network, LAN, ...

– Node level

• Individual devices: Routers, switches, servers, ...

– Process level

• Individual protocols: MAC, IP, TCP, ...
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Network level

• Corresponds to entire network
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Node level

• Corresponds to a single node in the network

• Example: Simple server node:
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Node level (2)

• Router node:
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Process level – Finite State Machine
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Process level - Code
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Process level – Code (2)

• Standard C/C++

• API with Modeler-specific functions

• 100+ functions for handling

– Packets

– Queues

– Events

– Attributes

– Statistics

– Dynamic processes

– …
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Building simulation project from scratch

• Process models:

– Define states

– Define transitions and conditions

– Write C/C++ code

– Debug code

• Running simulations:

– Modeler creates C/C++ code for every process model 
and compiles this

– Links all process models with simulation kernel library to 
create single executable file

– Executes file
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Generic models vs. Vendor specific models

• Model library includes both

– Generic node models

• Switches, Gateways, ...

– Vendor specific node models

• Cisco xxx, ...

• Vendor specific models primarily of interest for 
network operators

– Permits operators to build detailed models of their own 
networks

– Possible to determine performance gain of, e.g.,  
upgrading core-router from a model xxx to a model yyy
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Application modelling

• Traditional Internet applications can be used to 
generate traffic. Examples:

– Web-browsing

– FTP

– Telnet

– Email

– Voice over IP

– ...

• Also possible to define custom applications via scripts
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Application modelling example: HTTP
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Standard models included

• Data link layer

– ATM

– Circuit-switched

– Ethernet

– FDDI

– Frame Relay

– LAN Emulation

– LAPB

– Spanning Tree

– Token Ring

– VLAN

– X.25

– ...

• Network layer

– IP

– IP Multicast

– IP QoS

– RSVP

• Routing protocols

– RIP

– OSPF

– BGP

– IGRP

– EIGRP

– IS-IS
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Standard models included

• Other:

– TCP

– MANET

– Wireless LANs

– IPv6

– DOCSIS

– MPLS

– UMTS

– ...
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Interfacing custom models to provided models

• Possible to interface custom models to provided
models

– E.g., custom transport protocol to standard application
models and IP model

• Students’ experience: Not always so simple!

• Interfaces to provided models not always well-
documented

– Requires inspection of code in provided models



Demonstration



Some advanced topics
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Modelling wireless networks

• Modelling wireless networks is facilitated by:

– Dynamic calucation of radio link quality based on:

• Distance

• Transmitted power

• Antenna patterns and directions

– Connectivity calculations

Source: OPNET Modeler 12.1.A documentation
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Modelling wireless networks

• Possible to define custom antenna patterns
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Modelling wireless networks

• Modelling node movements:

– Segment based trajectories:

– Vector based trajectories

Source: OPNET Modeler 12.1.A documentation
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Modelling wireless networks

• Satellites: Possible to define custom orbits

Source: OPNET Modeler 12.1.A documentation
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Modelling wireless networks

• Possible to introduce jamming:

– Single-band jammer

– Pulse jammer

– Frequency-swept jammer

• BER calculations based on Eb/N0 and modulation 
formats
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Terrain Modelling

• Modelling effects on terrain on wireless propagation

Source: OPNET Modeler 12.1.A documentation
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Flow Analysis

• Tool for performing analysis of:

– Routing

– Survivability

– Demand and Link performance

• Does not model individual packets, only traffic
aggregates

• Provides

– Utilization and performance statistics for network objects

– Detailed performance reports

– Forwarding tables of routers

– …
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Application Characterization Environment (ACE)

• Analysis of networked applications

Source: OPNET Modeler 12.1.A documentation
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ACE Analysis

Source: OPNET Modeler 12.1.A documentation
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ACE Analysis

Source: OPNET Modeler 12.1.A documentation
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Miscellaneous

• Import from network management systems

– E.g., topology information

• Advanced Server 
modelling

• Advanced 3D
animations, e.g.,
for battlefield
simulations

Source: OPNET Modeler 12.1.A documentation



OPNET Modeler @ COM•DTU
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Use of OPNET Modeler at COM•DTU

• Since version 6.0 in 1999

– Single license

• Today:

– 30+ licenses for core + some extra modules

• How we use OPNET Modeler

– In a number of courses

– In many students’ projects (M.Sc. thesis, etc.)

– In many of our research projects

• Also OPNET WDMGuru for some projects, courses, …



www.com.dtu.dk

Research

• Research areas in Networks Competence Area:

– Network Elements for All-Optical Networks

– Communication Network Design

– Broadband Access (Both wireline and wireless)

– Resource management in networks

– Network Interoperability

– Broadband/Multimedia Applications

– High Speed/Capacity Switching
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Use of OPNET Modeler in research

• Simulations are often an integral part of our research 
projects

• Examples of recent papers:

– N. Andriolli, J. Buron, S. Ruepp, F. Cugini, L. Valcarenghi, 
P. Castoldi, "Label Preference Schemes in GMPLS 
Controlled Networks", IEEE Comm. Letters, Dec. 2006 

– J. Buron, “Physical-logical modeling of optical 
packet switching nodes”, Simulation Tools for 
Research and Education in Optical Networks Symposium 
(STREON), Bretagne, France, Oct. 2005. 

– H. Christiansen, S. van Cauwenberge, "A tool for GPRS 
end-to-end performance modeling", OPNETWork
2004, Aug. 2004
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Teaching

• Courses where Modeler is an integral part

– 34354 Network Modelling and Simulation

– 34302 ICT project work

– (34350 Broadband Networks)

• Courses where Modeler is also used, e.g., for 
demonstrations

– 34341 Advanced Data Communication

– 34355 Routing in Data Networks

• Other:

– 34353 Optical Networks (WDMGuru)

– Special course on network survivability (WDMGuru)
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Course 34354 Network Modeling and Simulation

• Course objectives:

– ”To give the participants a detailed insight into modeling
and simulation in order to understand how to build 
models and to use simulations to do performance 
evaluations. To provide hands-on experience with a 
state-of-the-art network modeling and simulation tool.”

• Course Contents:

– Lectures: Methods for performance evaluation. Types of 
models. Network modeling. Optimization of simulation 
models. Modeling tools. Event driven simulation. 
Simulation strategies. Processing and presentation of 
simulation results. And a lot of Modeler-specific details.

– Project: Large individual modeling and simulation project
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The COM•DTU Databar
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Examples of student’s projects from last year

• Uplink QoS Scheduling in 802.16 Systems 

• Investigation for Routing Information packet of AODV 
protocol 

• The Streaming Control Transport Protocol and its DoS
Resilience 

• 802.11 DCF MAC Performance Evaluation Based on 
Opnet Simulation 

• Load balancing based on Ants 

• Gratuitous AODV 

• Comparison of the Reno and NewReno algorithms for 
TCP Congestion Control 

• HSRP 
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Course 34302 ICT Project Work

• General introduction course for 1st semester students

• Small Modeler based project on static/dynamic routing 
in IP networks and other related topics
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Master’s thesis projects

• OPNET Modeler are used in many Master’s Thesis 
projects. Examples:

– A. V. Manolova, "Contention Resolution in OBS Networks 
with GMPLS Control" (September 2006) 

– M. Kähler, J. Thousig, "QoS handling in 802.11 wireless 
LANs" (March 2006) 

– C. V. Petersen, "QoS in MPLS" (February 2006) 

– K. K. Svendsen, "Performance Evaluation of IPv6 Mobility 
Schemes" (February 2006) 

– J. Nielsen, "Signalling architecture for UMTS networks"
(September 2005)

• Also in some bachelor projects and other individual 
projects
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Conclusions

• OPNET Modeler: Advanced software tool for network 
modelling and simulation

• Used extensively at COM•DTU for both research and 
education

• Please visit

http://www.com.dtu.dk/research/networks/opnet/

for more information about our use of OPNET Modeler 
and WDMGuru
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