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o Why?

e To evaluate new network protocols before use

e To evaluate the performance of (existing) protocols
e To run large scale experiments

e How?
e Discrete event system
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® |[nput parameters
e Discrete event simulation
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Discrete Event Simulator

init; // set up internal data structure,
// 1nsert 1nitial events Into the FES

while (FES not empty) {
retrieve first event from FES;
timestamp this event;

process event; // new events may be
// 1nserted or deleted

by
finish; // clean up, write

// statistical results, etc.
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OMNeT++

A discrete event simulation environment
e Mainly focused for commmunication networks
e Flexible (C++ based) programming model

e (Clear separation among simulation kernel and
developed models

e Several random number generators

e GUI support

e (Upen (complete source code available)
e Free for academic and non-profit use

e Several component add-on libraries available
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system module

W ... output gate
W ... iInput gate
— ... connection

... IMessage

compound module

simple g S'mple
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OMNeT++

e Simple module

e C++ using the OMNeT simulation class library
¢ Class derived from cSimpleModule

¢ Redefine virtual member functions
initialize(), handleMessage(), Ffinish()

e NED description of interface

e Compound module
e Unlimited nesting
e NED only: parameters, gates and connections
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OMNeT++

* [Vlessages
e Sent among modules

e Attributes: name, kind, length, source and destination
modul and gate, sending and arrival times

e Structure may be defined in a msg file and then

automatically generate C++

- . t
e Channel Characteristics . q
Yy

transmission dela
e Propagation delay
e Bit error rate
e [Jata rate

propagation delay

—» message
arrived

v v
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Build and Run Simulations

Model structure

Network _ _
description Simulation  User
kernel interface
. library libraries
Nedtool compiler
Add behavior
Implementation Implementation of

of structure

simple modules

<«
&
<«

Linker

[ C++ compilert {,@ .

)
Setup J

parameter
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INET Framework

Network interfaces
(e.g. Ethernet, 802.11)

Network protocols
(e.g. IP, IPvB, ARP, ICMP)

Transport protocols
(e.g. TCP, UDP)

Application models
(e.g. EthernetAPP,
PingApp, TCPApp, UDPApp)

Nodes
(e.g. Hub, Router, Switch,
StandardHost)

arplest

nulticast
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KNX IP Device Modeling

e Assumption:
e MAC part (Ethernet)
e P part (KNX IP)
e Buffer in between

e Specific parameters:
e KNX IP device conformance class
e Buffer size and data transmission rate MAC / pP
e KNX IP flow control
e Ethernet flow control
e Network parameters
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e "MAC Pause Operation®

* The specification states

YSTEMS
ROUP

i

e Reserved multicast

address

“...It Is not required that  wait
an implementation be

able to transmit PAUSE ot
frames."”

<«

However, a node has to '
respond to PAUSE
frames
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IEEE 802.3 Annex 31B

transmitEnabled = false

$ l v v l
HALT TX PAUSED

transmission_in_progress == false tfransmission_in_progress < false

l opcode = pause_command

R TRANSMIS SION COMPLETION

~

transmisson_in_progress = false * (DA

i = rese
{{DA = r«sewud_mugcaﬁ address) + {DA = phys
(DA = phys_Address))

="

multicast_address) *
ress)

ltrarsmiifnabied = frue
pause_tmerDone = true

MA_CONTROL.request(reserved_mullicast_address,
pause_command, |
n_quanta_tx)

pause timerDone = false TRANSMIT READY

\\Jnuss FUNCTION

n_quanta_rx = data [17.32]
Stant pause_timer (n_guanta_rx * pause_gquantum)

l ucT
y

END PAUSE

pause_timerDone = false

MA_DATA request{destination_address,
source_address,
mac_service_data_unit,
frame_check_sequence) *

IMA_CONTROL request(reserved_multicast_address,

pause_command,
pause_timerDone = true n_quanta_t9

MA_CONTROL request(reserved multicast_address,
pause_command,
n_guanta_tx) "

pause_timerDone = true

Assumption:

SEND CONTROL FRAME SEND DATA FRAME

Destination address has to

transmission_in_progress += true

transmission_in_progress < true

TransmitFrame(reserved_multicast_address,
phys_Address,
802.3_MAC_Control,

pause_command | n_guanta_tx | zeros,

frame_check_sequence)

TransmitFrame(destination_address,
source_address,
mac_service_data_unit,

frame_check seguence)

ucT

ucT

correspond to the reserved
multicast address
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IEEE 802.3 Annex 31B

A method for flow controlling an individual link
- It Is not a method for end-to-end flow control!

Switch

I NAQLICO
Particular multicast address has been reserved for
use in PAUSE frames.

- IEEE 802. 1D-conformant bridges will not forward frames
sent to this multicast destination address.
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KNX IP Flow Control

o KNXTFIP / AN 117/

Source(s))

e Each KNX IP device may Routing_Ind
generate 20 routing
datagrams per second

>
<

e Parameters: bwaic | | _Routing Busy |
. 1-_’wait = 100ms Covait
® t. g =I[0..1]*N*30ms e,
A D 00ms
° tslow i 5ms t‘slowdur
® tieen = OMS Ldec N
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KNX IP Flow Control (Sink])

ROUTING_INDICATION && 'high_water_mark -
insert_payload_in_KNXIP_buffer();

ROUTING_INDICATION && high_water_mark ->
£, expired insert_payload_in_KNXIP_buffer();

=l ROUTING_BUSY(t,,);
start_timer(t,,,i. t,J;

ROUTING_INDICATION ->
if (KNXIP_buffer != full)
insert_payload_in_KNXIP_buffer();
else
ROUTING_LOST;

UCT->
process_KNXIP_buffer();

ROUTING_BUSY(t,,) >
start_timer(t, ., Max(t,,tyai));
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KNX IP Flow Control (Source])

UCT -> ROUTING_INDICATION; ROUTING_BUSY(t,,) = start_timer(t,, .. max(t,,t,.i));

ROUTING_BUSY(t,,) >  N++;
start_timer(t,,, t,);

»
>

ROUTING_BUSY(t,) = N++;
start_timer(t, .. Max(t,,tyai));

oms expired -
if (N>0O) N --;

t'slowdur‘ eprPEd

10ms expired

oo EXPired >
ROUTING_ Pause t
INDICATION;

<
«

t.ang EXpired >

start_timer(tyyq,. N*100ms); Cwair €XPIred -

start_timer(t .4, [O..1]*N*50ms);
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KNX IP Device Maodel

e KNX IP conformance class

e Variable data rate of routing
datagrams (max. 50 per second)

® 1:'wait! 1:’Pand= t'slow

* Processing time and KNX IP
buffer size (water mark]

e Buffer size between MAC and pP

e [Jata transmission rate between
MAC and pP

e |EEE 802.3x buffer size

e Network parameters

/KNX Application

t’wait’ trand! tslow ] E
KNX IP Z
O

a3

UDP <
Z

IP ~
uP

802.3x

Ethernet
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e Network reserved for KNX IP

e | imited to one multicast address (255 devices)

e More than one multicast addresses (up to
65.000 devices)

e Network shared with office equipment
¢ | imited to one multicast address

¢ More than one multicast addresses
¢ Broadcast traffic load
e Additional multicast load
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Conclusion and Outlook

e (Clarify protocol (state machines)
¢ |ntensive code review

e Run simulations (traffic load analysis)

e KNX IP Router and KNXnet/IP Router

e (ffice Traffic Load Generator

e | ater on...
e Connection to real world devices?
e Analytical approach?
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