Pocitacove siete 2

Modely pre generovanie paketov, simulacné
nastroje

Martin Drozda
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Modely pre generovanie paketov

CBR = constant bit rate o
Generovanie paketov v konstantnych intervaloch

Napr. Glomosim:
CBR 947 1174 4000 128 0.025S 0S 100S
VBR = variable bit rate

Generovanie paketov podla daneho rozdelenie (ale nie
uniformne)



Modely pre generovanie paketov

Pre ns3:

OnOffHelper onOffHelper ("'ns3::UdpSocketFactory",
InetSocketAddress (Ipv4Address ("10.0.0.2"), cbrPort));

onOffHelper.SetAttribute ("PacketSize", UintegerValue
(1400));

onOffHelper.SetAttribute ("OnTime", StringValue
("ns3::ConstantRandomVariable[Constant=1]"));

onOffHelper.SetAttribute ("OffTime", StringValue
("ns3::ConstantRandomVariable[Constant=0]"));

onOffHelper.SetAttribute ("DataRate", StringValue
("3000000bps™));

onOffHelper.SetAttribute ("StartTime", TimeValue (Seconds
(1.000000)));

cbrApps.Add (onOffHelper.Install (nodes.Get (1)));



Poissonov model:

— At (At)k

P(N,=k)=e

Stredna hodnota = A, rozptyl = A, kde A je parameter.
Prek=0,1,2,3, ..

Pravdepodobnost vyskytu udalosti do Casu t = k.

P(N,=0)=e ™ Pravdepodobnost vyskytu prvej udalosti.



Poisson

18

L)

-k

= 858883

Pty Tirw Lind

b n]
2 o
4D
2o
1]
a000

3
#0000
o

0 400 200 ) 400 By 800 TO0 DG 200

Tirves Unll = 0.0 Sacand

I e S—————— i el p—T— e el — e e————

Ry

TV,

e 200 0 oo = 800 TDo  BbODO W00 1

ThnE it = 0.7 Bacoid

441}

e ———— i ——————

=] D0 200 0 4D0D AQD0 SO0 OO

Tune Unit = 16 S400me
w1

oG 00

1000

VS

Packste T Unil

realita

15

2

4 w0 200 A 400 EOO 800 TOo B00 800 1000

Thrrak Ll = {101 Sasond

100
L
B0
a0
20
¢

:mmmmmmmmim

Tires Uit = 0.1 Bacend

800
800
400
200
¢

0 100 200 200 40D SO 800 YOO 800 @D 1000
8000
4000
2000

G 100 20D BD0 400 SO0 SO0 TOD  BOO QO 1000

Thre Unl = 40 Seconds
L



Experiment

Déata z Ethernetovej siete z rokov 1989-1992.

DEC 8650 minicomputers, SPARCstation 1...

Aplikacie sa zmenili, spravanie pouzivatelov sa zmenilo.



Poisson: Cas udalosti je nezavisly

Reality: udalosti su zavislé (korelovane)

ak xt, xt+k sU identicky rozdelené a nezavislé potom plati:

E l(xt—X)(ka—Y)l _ E [(Xt—XHE [(xt+k—7)l
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Realita

Autokorelacna funkcia ma v mnohych pripadoch tvar:

—b
rik|~k
H=1—-b/2
b ma suvis s Hurstovym parametrom, ktory je mierou
dlhodobej zavislosti v Casovej sérii
Mnoho systémov ma Hurstov parameter rovny ~0.74

Brownov pohyb ma H=0.5

Dosledok: pakety su generované v narazoch a dovod moze
byt Casovo vzdialeny



Simulacné nastroje

Glomosim (UCLA)- Qualnet: Parsec (podobne jazyku C)
ns2 (USC):. C++/OTcl

ns3: C++

JiST/swans (Cornell): Java

OPNET

OMNet++
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Simulacia je...

Technika imitacie spravania sa systémov pomocou
analogickych modelov, situacii a aparatu s cielom ziskat
iInformaciu alebo trenovat’ ludi.

"The technique of imitating the behaviour of some situation or
system (economic, mechanical, etc.) by means of an
analogous model, situation, or apparatus, either to gain
Information more conveniently or to train personnel.”

(from the Oxford dictionary)
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e Spojité systemy
Zmena nastava spojite

» Diskréetne systémy
Zmena nastava v dopredu urcenych okamzikoch

» Udalostné systemy

Zmena nastava po (nahodnych) udalostiach...a po zmenach
stavu
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Posun ¢asu

 V pravidelnych Casovych intervaloch to, t1, t2, . . . (synchréonna
simulacia). Nevyhoda: intervale mézu byt male.

* Po udalostiach (asynchréonna simulacia), kazda udalost moze
sposobit zmenu stavu
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Terminologia

e Systém

Mnozina objektov, ktoré navzajom interaguju (napr. bezdrotova
siet).

« Model
Matematicka reprezentacia systému

» Entita
Objekt systému napr. uzol siete.

 Atribut
Vlastnost entity, napr. poCet generovanych paketov.
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Moja simulacia je taka dobra ako...
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yn+tl =ayn+ b (mod m)
ANSI C:

a=1103515245
12345 (SEED)
12345

m = 2°31

rand()
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ns3: MRG32k3a

Pou?Zi:

SeedManager::SetSeed (3);

alebo

SeedManager::SetRun (7);

Vlastnosti:
* Periéda: 10°°
» Vlastnosti analyzované teoreticky

 Podpora viaken

18



ns3: rozdelenia

ns3::UniformVariable
ns3::ExponentialVariable

ExponentialVariable x(3.14), _
x.GetValue(); //will always return with mean 3.14

ns3::NormalVariable
ns3::Weibull\Variable

19



Simulacné nastroje

Kvalita vs rychlost

Kvalita:
— Simuluje vSetky vrtsvy OSI ref. modelu?

— Su protoky zjednodusene?

Cas a priestor:
— Rychlost realny Cas
— Priestor: Skalovanie s poctom simulovanych uzlov

20



Datoveé Struktury pre Sirenie signalu

Linearne hladanie (O(n)): _ ]
Najdi vSetkych susedov a zisti, Ci su dosiahnutelni.

Flat binning:

Simulovana oblast’ je pravidelne rozdelena na Stvorce. Hladaj
vo Stvorcoch, ktoré su do urcCitej vzdialenosti. Vyzaduje
vedomost o prislusenstve k Stvorcu.

Hierarchicke hladanie: ) ’ o
Rekurzivne rozdel simulovanu oblast pozdlz osi x a y

Predpoklady: uniformne rozdelené uzly (v jednom Stvorci

rellatlvne nizky pocet uzlov), akceptovatelna zmena polohy
uzlov
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Lineéarne hladanie
Vzdialenost pocCitana
pre kazdy uzol

Datoveé Struktury pre Sirenie signalu

/‘\ -

oo )
wg

Vzdialenost' pocitana
pre uzly v susednych
stvorcoch. Prislusnost
uzla ku Stvorcu je
potrebna.
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Hierarchické hladanie

(0,100) (100,100)

Priestorovy dekompozicny
strom. Deliage boady su fixné
koordinaty. Stvorce su listy.

height = loga4(field_size/bin_size)

Prislusnost ku Stvorcu je

- \ S potrebna.

Zacneme v koreni R a delime
priestor rekurzivne. Podobné
ako binarne hladanie, ale v 2D.
(0,0) (100,00 Je stred Stvorca v dosahu
signalu?

\__/
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Simulator: vystup

17 3 14399.047414720 14399.098528933 145

420

127 420 600 572 1128.00 1815.00 0.00 1718

59 -1 14408

17 = protocol type (UDP)

3 =3802.11 packet type (DATA)
Time packet dequed

Simulation time

145 = MAC from

420 = MAC to
127 = IP from
420 = IP to

Packet size 1
Packet size 2
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Glomosim: vystup

SIMULATION-TIME  100S

SEED 0
TERRAIN-DIMENSIONS (700, 700)
NUMBER-OF-NODES 49
#NODE-PLACEMENT  FILE
#NODE-PLACEMENT-FILE ./pos.in
NODE-PLACEMENT  GRID
GRID-UNIT 100

# NODE-PLACEMENT  RANDOM
#NODE-PLACEMENT  UNIFORM

Ostatné parametre
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ns-3 is a free, open source software project building
and maintaining a discrete-event network simulator
for research and education
Simulacie su implementované v C++
Pouziva Doxygen
ns-3 ma GNU GPLv2 licenciu
Pouziva waf: konfiguracny framework pouzivajuci Python
http://code.google.com/p/waf/

Ziadna spatna kompatibility s ns2 (ns2 pouzival Tcl pre
Implementaciu simulacii)
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http://code.google.com/p/waf/

1990 2000 2010

\ 4 v v
1988 REAL (KE‘Sha‘h’} A 'y Iy r'y <::> & &
1990s: ns-1 quarterly
releases
1996: ns-2

1997-2000: DARPA VINT
2001-04: DARPA SAMAN, NSF CONSER
2006: NSF CISE CRI Award

Inputs: yans,
GTNetS, ns-2

|:> ns-3 core development (2006-08)
June 2008: ns-3.1

2010: NSF CISE CRI Award
August 2010: ns-3.9

Figure source: ns-3 tutorial at 9th GENI Engineering Conference (GEC9), 2010



High-level wrappers
for everything else

No smart pointers

Node class
NetDevice ABC Aimed at scripting
Address types
(Ipv4, MAC, etc.) helper
Queues
Socket ABC ) .
Ipva ABCs Routing Internet stack Devices
Packet sockets
node mobility Events
Scheduler
) Time arithmetic
common simulator
core
Smart pointers Callbacks, Tracing 2“::&:5T Mobility models
Dynamic type system Logging Panket Hag; (static, random
Attributes Random Variables acket Headers walk, etc)

Pcaplascii file writing

Figure source: ns-3 tutorial at 9th GENI Engineering Conference (GEC9), 2010
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Figure source: ns-3 tutorial at 9th GENI Engineering Conference (GEC9), 2010



ns3

int main (int argc, char *argv[])

{
//
//
//
//
//
//
//

//

Set default attribute values

Parse command-line arguments

Configure the topology; nodes, channels,
Add (Internet) stack to nodes

Configure IP addressing and routing

Add and configure applications
Configure tracing

Run simulation

.Jwaf —run scratch/filename”

Zdroj: ns-3 tutorial at 9th GENI Engineering Conference (GEC9), 2010

devices,

mobility
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JIST/swans

Java in Simulation Time / Scalable Wireless Ad hoc Network
Simulator

JIST = simulation engine _
swans = libraries for ad hoc wireless networks

Vstup: java, Jython, bean shell.
Vystup: Specifikovany pouzivatelom

Vyhody: jednoducha integrovatelnost's existujucim kodom,

napr. Server implementovany v Jave moze byt priamo
zahrnuty
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JIST/swans
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Java source code

Java bytecode modified classes

» 1 he rewriter component of JiST is a dynamic class loader. It intercepts all class load
requests and subsequently verifies and modifies the reguested classes. These
modified, rewritten classes now incorporate the embedded simulation time operations,
but they otherwise completely preserve the existing program logic. The program
transformations occur once, at load time, and do not incur rewriting overhead during
execution. The rewriter also does not require source-code access, since this is a byte
code to byte code transformation.*

Text/figure source: Barr, R. and Haas, Z.J. and van Renesse, R. JiST: an efficient approach to
simulation using virtual machines. Software Practice and Experience, vol.35, no. 6, pp. 539-576, 2005. 32



JIST/swans: Skalovatelnost’

Time for 15 minutes NDP simulation

(b)
: 120 % T T T T
. -3 SWANS (scan)
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Figure 9. SWANS significantly outperforms both ns2 and GloMoSim in simulations of the node discovery
protocol: (a) log-log scale; (b) linear scale.

Zdroj: Barr, R. and Haas, Z.J. and van Renesse, R. JiST: an efficient approach to simulation using
virtual machines. Software Practice and Experience, vol.35, no. 6, pp. 539-576, 2005. 33
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