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Motivation, why Simulation?, and some
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Structure/content of CST-Lectures

8 Praktikum Mobilkommunikation
6 Medienzugriff, Mobile IP, Mobiles Web

@ Seminar Technische Informatik

Systeme, Internet

Simulation
@ Modellierung und Bewertung von Systemen mit
Hilfe von Simulationstechniken

+ Forschung in Mobilkommunikation, eingebettete @

@

+

Embedded Sensor Web

Projekte rund um Sensornetze

Mobilkommunikation
Drahtlose Ubertragung, Medienzugriff, GSM, 3G,
WLAN, Mobile IP, Ad-hoc-Netze, WAP

Programmierung eingebetteter Systeme, mobile
Endgerate, Mikrocontroller, Steuerungssysteme

Mikroprozessorpraktikum

Telematik
@ Protokolle, Dienste, Standards, LAN, Internet, TCP/IP, WW\V, Sicherheit,
ISDN/IN/ATM, Dienstgite, Multimedia, IPv6, MPLS

@ semester Praktikum Technische Informatik (Tl IV)
@ Eingebettete Systeme, Schnittstellen, Treiber, Betriebssystem —
programmieren, vernetzen, interagieren

[ 1 Bachelor

[ Master

Betriebs- und Kommunikationssysteme (Tl 1lI)
@ Ein-/Ausgabe, DMA/PIO, Unterbrechungen, Puffer, Prozesse/Threads,
UNIX/Windows, Netze, Medienzugriff, Protokolle, TCP/IP, Internet

Rechnerarchitektur (TI 1)
Harvard/v. Neumann, Mikroarchitektur, RISC/CISC, VLIW, Pipelining,

Grundlagen der Technischen Informatik (TI 1)
Schaltnetze, Schaltwerke, Logikminimierung, Gatter, Speicher, Halbleiter,

Cache, Speicherhierarchie, Assembler, Multiprozessorsysteme
Transistoren, CMOS, AD/DA-Umsetzer
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Overview of participants
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Research topics

e Network architectures and
communication protocols

e Wired networks
e Local Area Network (LAN)
e Internet
e Wireless networks
e GSM, 3GPP, UMTS, LTE
e Wireless Local Area Network (WLAN)
e Mobile Ad-hoc Network (MANET)
e Wireless Mesh Network (WMN)
e Wireless Sensor Network (WSN)
e Protocols
e HTTP, TCP/UDP, IP
e IEEE 802.11a,b,g
e Internet of Things
e Anytime, Anywhere, Anything
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Topics of this course

® Given a system, how do you evaluate its performance?

System
How to evaluate?
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Why a course about simulation?

:—'-"_A?Jrvey of 2246 research papers on networks (1992-1998)

* About 51% of papers reported results from simulation

Pawlikowski et al., “On Credibility of Simulation Studies of
Telecommunication Networks*, IEEE Comms., Jan. 2002.
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Why a course about simulation?

e —_—— -

_ u_r_vey of all 151 papers published in Proceedings of the ACM
International Symposium on Mobile Ad Hoc Networking and Computing
in 2000-2005

* About 75.5% of the papers reported results from simulation

womki et al. ’MANET Simulation Studies: The Incredibles”, Mobile

~Computing-and Communications Review., no. 4, :

Self-developed (27.3%)

NS-2 (43.8%)

MATLAB (3.8%)

'« CSIM (2.5%)
‘@ OPNET (6.3%)

GloMoSim (10.0%)— < QualNet (6.3%)
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Topics of this course

What is a system?
What is a model?

What is an experiment?
What is performance and how to measure it?
On what does performance depend?

How to build a model?

How to numerically evaluate it?

How to interpret such results?

e, ST

Internet/
Intranet
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Topics of this course

e At the end of this course, you should ...

know about simulation principles
be able to build models of systems
be able to identify suitable performance metrics

be able to design and implement simple discrete event
simulation programs

have some experience with a modern simulation tool
be able to design effective experiments

be familiar with basic statistical questions

know how to evaluate (simulation) experiment results
be aware of common pitfalls

® Focus is on practical aspects of implementing a simulator
and simulation programs.
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Topics of this course

® This course does not deal with/is not a ...
e mathematical analysis tools for performance evaluation
e experimental approaches
e probability and statistics course
e programming course
e computer networking course

e However, all these topics will be touched or needed in
some degree.
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Prerequisities

® Basics of probability theory and statistics
® Programming language
e Python
o C/CH++
e Java
e Package for statistical computations
e R
e Octave
e Numpy/Scipy
® Spreadsheet tools
e OpenOffice.Calc
e MS Excel
e Knowledge about
e Data communication and computer networks
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Contents of the course

Introduction to simulation

Simulation examples

General principles of discrete-event simulations
Introduction to network simulators

Statistical models in simulations
Random-number generation

Random-variate generation

0O N O U1 A W N -

Queuing models

O

Input modeling

=
o

Verification and validation of simulation models

=
-

Output analysis for a single model

=
N

Comparison and evaluation of alternative system designs

=
(00

Design of experiments
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Literature

Barry L. Nelson, David Nicol:
Discrete-Event System
Simulation, Fourth Edition,
2005, Prentice Hall

e Fifth Edition, 2010, Prentice
Hall

® Main source of this course: DISCRETE-EVENT
e Jerry Banks, John Carson, SYSTEM SIMULATION

® General book on simulation
with applications on
e Manufacturing
e Computer systems
e Communication networks

DISCRETE-EVENT
SYSTEM SIMULATION

FIFTH EDITION

Jerry Banks - John S. Carson |11
Barry L. Nelsan David M. Nicol
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Literature

® Second source of this
course.
e Averill M. Law:
Simulation Modeling

and Analysis, 2007,
McGrawHill

® General book on
simulation
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aw ANALYSIS

Third Edition

Averill M. Law
W. David Kelton
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Literature

e Additional source of this
course:

e Raj Jain: The Art of
Computer Systems

Performance Analysis,
1991, John Wiley & Sons

® General book on
performance analysis,
deals with

e Measurements

e Simulation

e Queueing theory
e Experiment design

AWILEY WILEY PROFESSIONAL COMPUTING
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Literature

e Additional source of this
course:

e Klaus Wehrle, Mesut
Gunes, James Gross:
Modeling and Tools for
Network Simulation,
2010, Springer, ISBN 978-

3-642-12330-6 KIausWehrI

. . Mesut Giine

e Special book on how to Modeling ~ imsos
model various layers of and Tools for

the ISO/0SI model for Network Simulation

networks simulations
® We bSIte : @ Springer

http://www.springer.com/computer/communicat
ion+networks/book/978-3-642-12330-6
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Simulation tool to use

Ei OMMeT++ Metwork Simulat., .

€« C | O www.omnetpp.org Sl ¥

@ Diese Seite ist auf | Englisch « | Soll sie tibersetzt werden? | Ubersetzen | Nein Optionen »

Home ==
What is OMMeT 1
Screenshots
Videos
License
Howe to use this site?
Caommercial edition

Documentatian

Downloads

Simulation models

Wik

Mailing list archive

Fublications

Get involkved!

DOWNLOAD

search...

€ Usermarme

W Remernber he

Forgot your password?

Forgot your usernarne?
Create an account

Welcome to the OWMNeT++ Community!

OMNeT++ is an ex ibl lul hased C++ si library and framework, primarily for building k simul “Metwork” is meant
in a broader sense that includes wired and ereless comrmunication netwarks, on-chip netwarks, queueing networks, and =0 on. Domain-specific functionality such as
support for sensor networks, wireless ad-hoc networks, Internet protocols, pen‘urmance modeling, phutomc networks, etc., is provided by model frameworks, developed as
independent projects OMNeT++ offers an Eclipse-based IDE, a graphical runtime environment, and a host of other tools. There are extensions for real-time sirnulation,
network emulation, alternative programming languages (Java, C#, database integration, SystemC integration, and several other functions.

OhMeT++ is free for academic and non-profit use, and it is & widely used platform in the global scientific community. Commercial users must obtain a license from
omnest.cam. Mare..

Featured Projects:

ETRTem i ReaSE o
INET m'll?TﬁiNET }_h‘“l’_v_ﬁ' =ls mﬂm

New users: VWaich the screencast for an introduction into the Simulation IDE, or see in the publications list what OMMNeT++ has been used for. Check out some tutorials,

browse the documentation, watch introductory videns, and explore the featured netwark simulation projects iclick the logos above)!
New Downloads

= IMNoC - Metwork on
Chip Simulation
Framewark

= OhdieT++4.2b1

[zource +IDE, tgz)

“*Castalia |

iNoC - Network on Chip Simulation Framework

Wzdnesday, 09 March 2011 10:43

MoC simulation is a key for MoC architectures research resulting from the huge incurred cost of %LSI prototypes production using modern
manufacturing processes. Although several MoC simulators exist, they are either proprietary or built on non standard infrastructure. iNaC is an
open-gource implementation of a NoC simulation framework using OMMNeT++. The iMoC framework utilizes the OMNeT++ module interface feature

to support runtime selection of sirmulation rodules from a library of parametrized components. For example by setting the opCalcType parameter
frarn "XY" to "X¥/YR" the simulation change to use a different output port selection algorithm. The models provided support heterogeneous NoC
configuration in terms of link capacity and number of ¥Cs. iNoC modules available today implement wormhole switching, with round-robin or
winner-takes-all arbitration. Current version of iNoC contains different router implementations: synchronous, asynchronous and a full wirtual output
gueuing (VOO with FIFO for each (input VC, output %C and output port) tuple.

Go to the homepage at: hitp:/Awebee technion. ac. iVmatrics/software. htral or visit the model page.

OMNeT++ 4.2b1 released

Wednesday, 23 February 2011 00:00
Dear users, weve just released the first beta of OMMNeT++ 4.2, Please read the Changelog carefully to see what has changed since the 4.1

version. Dovwnload and try it now.
| Read more

yuur e-rrgil gddress

= OhdleT++4.2b1
wind2 (source + [DE
* MIMGY, zip)

= mCoA++ Multiple
Care of Address
Registration for

#MIPE
= INET-HMEL
Mal List

Subscribe |
]
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Organizational

® | ecture
e Friday, 10-12, Takustr. 9, Room SR 049

® Tutorials
e Thursday, 10-12, Takustr. 9, Room SR 046

e Office hours
e Prof. Gunes: Tuesday, 15:00-16:00h, Takustr. 9, Room 154

e News and updates
e http://cst.mi.fu-berlin.de/

e |iterature and Materials
e Available on the homepage of the class
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