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Simulator Platform

openWNS is witten in C++ and provides a rich set of common
software design patterns

» Design patterns from Gamma et. al.
» Modern Software Design A. Alexandrescu
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Simulator Platform

openWNS is witten in C++ and provides a rich set of common
software design patterns

» Design patterns from Gamma et. al.
» Modern Software Design A. Alexandrescu
openWNS is flexible
» Functional units allow flexible configuration of protocol layer
» Modular composition of protocol stack

» Simulation model is exchangeable — even non-event driven
simulations are possible

openWNS performs data post processing
» On-line data concentration (Histogram, PDF, CDF)
» Sorting of data by context
» Statistical data is accessible in database
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Simulator Platform
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Simulator Platform

Functional Units

Functional units have been
invented ' to provide a flexible
configuration of protocol layers by

A

. B FU# isAcoepting ,  [sendData wakeup onData
reusing atomic protocol | | . } t
functionality in multiple layers. ..o ; Y

v g FU #2 L.

» Definition of common Gompound Handler
functional unit interface to S k-
connect functional units Fuss ol [ T command pe p——

. . Il ——

» Data is aggregated in e l lD hcoeping || sendbata
compounds of functional unit Soraon >— — Ty
commands pafion >——im—

» Inter functional unit flow

control Figure: Functional Unit Aspects

1Schinnenburg et. al., A Framework for
Reconfigurable Functions of a Multi-Mode
Protocol Layer, SDR Forum 2005
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Simulator Platform
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1. Incoming wakeup from lower FU

FU# isAccepting ) [sendData T wakeup onData
T
T |
FU #2 1,
Compound Handler
T ==
Command Type
UGS | | Specifier I Connector
. . —_
T

wakeup l lonData lsAccepﬂng; sendData

Signal flow S —ji-
Data flow S g

Figure: Functional Unit Flow Control

Karsten Klagges ComNets, RWTH Aache iversi ComNets H



Simulator Platform

Outgoing direction
1. Incoming wakeup from lower FU
2. Forward wakeup to next higher

FU# isAccepting ) [sendData T wakeup onData
T
o |
FU #2 1,
Compound Handler
T ==
Command Type
UGS | | Specifier I Connector
. - —_
T

wakeup l lonData lsAccepﬂng; sendData

Signal flow S —ji-
Data flow S g

Figure: Functional Unit Flow Control

Karsten Klagges ComNets, RWTH Aache iversi ComNets H



Simulator Platform
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Simulator Platform
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Simulator Platform
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Simulator Platform

Outgoing direction
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Incoming wakeup from lower FU

Forward wakeup to next higher
FU

isAccepting request from higher
FU

Forward isAccepting request to
next lower FU

5. sendData request from higher FU
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Simulator Platform
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Simulator Platform

Outgoing direction
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Continuous Integration

Continuous Integration with buildbot

Continuous Integration is a software develop-
ment practice where members of a team inte-
grate their work frequently, usually each person
integrates at least daily - leading to multiple in-
tegrations per day. Martin Fowler

» Development branch is always functional

» Unit tests on functional unit level with CppUnit
testing suite

» System tests of full protocol stacks in selected

Fife

scenarios
» Subsequent patches must not interfere with Figure: Buildbot
existing functionality web interface
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Continuous Integration

Source Control System

Revision control provides both, collaboration of
developers and archiving of achieved work.

. , Rev 25
» Based on Canonical’s bzr also known as
bazaar Rev 22.2
» Everybody develops on the same codebase
Rev 22.1
» Small changes are developed on frequent Rov 24
. v
commit base
» Big inventions are developed on separated Rev23
branches
] Rev 22
» Branches are reintegrated after successful
testing Rev 21

Karsten Klagges ComNets, RWTH Aachen Universi ComNets H



Grid/Cluster Computing

Grid computing

Grid computing combines distributed computer resources that are
loosely coupled to compute programs in parallel.

» Simulation campaigns are simulated on the compute cluster,
driven by the SUN gridengine

» Gridengine runs on Dell Power-Edge blades

» 16 blades with 2xQuad-Core Intel Xeon E5420 @ 2.5GHz
— up to 128 simulations run in parallel

» Gridengine may also run on desktop computers
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Continuous Integration

openWNS development cycle at a glance

Revision Control System

«Software Archive.

« Branching / Merging to Private Repositories

« Collaborative Development

«Tracking of Development Process N
*Release Management

+Based on Apache 2/ WebDAV.

Testing

Unit Tests (CPP Unit)
+Test of Atomic Functionality
* Integration In Source Code
System Tests
+Test of System Level Functionality
«Specifcation of Test Scenarios in the
WNS Source Code

Revision
C | System

X
(o

—

Development Cycle

(o |

Simulation

SGE - Sun Grid Engine.
«Processing of Simulation Jobs.
+140 Parallel Simulations

‘Compiling

scons - Software Construction
*WNS Core and Modules are Builtin a

Single Step
Falr Queve with Priority +Creation of Complete Runtime
Results Database Environment
+Simulation Results are Stored « Automatic Dependency Resolution <>

in the WNS PostgreSQL.
Database

uted Compiling
* All Workstations are Integrated into
Compilation Process

Karsten Klagges
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Global Testing

Buildbot
* Interactive Display of Source Code Status
«Incremental Compilation Tests
«Daily ,Build from Scratch”
« Automatic Creation of Documentation
“Run of Long Term Simulation

Modification
Emacs
* Integration of new Software
« Syntax Highlighting
«Intellisense
* Integrated Reference to Documentation
* Integrated Revision Control System
1d

* Display of Changes in Source Code
+ Resolve Conflicts for multiple edited

Code
Source Code Documentation
« Browse Source Code Documentation
‘with Web Browser

(]

Evaluation

Wrowser —WNS Result i

Browser

*Display of Simulation
Results

+ Combination of
Results from Multple
Simulations

Access.

ComNets



Wrowser

Figure: Wrowser data viewer

Simulation results are viewed with openWNS data browser: Wrowser
» Aggregation of simulation results of multiple runs
» Statistical confidence of results shown as confidence interval
» Export of data as png, pdf, emf, MATLAB data and many more
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WIMAC module

WIMAC module
IEEE 802.16 Protocol Overview
WiMAC Component
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WIMAC module

| Network Layer |

I il Layer

» Convergence Sublayer
» Common Part Sublayer

» Radio Resource Control and Management (RRCM)
» Medium Access Control (MAC)
» Data Plane
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WIMAC module

WiMAC module

WIMAC (WIMAX MAC) is the IEEE 802.16 MAC and PHY model in
the openWNS. WiIMAC makes heavy use of the FU concept

Convergence

Radio Resource Control and Management Convergence

Sublayer

Service flow and
Connection E ST
Management
Interference
Management

BW Request
Error Model

E e/ [ s ] [pmar | [uLmar | [pL scheduter | [uL Scheduler
Physical T T T

Layer I Frame Multiplexer I :

e, — l

Figure: WIMAC Functional Unit Network
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WIMAC module

Thank you

kks@comnets.rwth-aachen.de
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