Pocitacoveé siete 2

Modely pre generovanie paketov, simulacnée
nastroje

Martin Drozda
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V zmysle modelov sirenia signalu, napr. free-space modelu,
plati, ze Cim vyssia frekvencia, tym vacsi je opad signalu so
vzdialenostou. Pri 60GHz je opad najvacsi.



Modely pre generovanie paketov

Modely pre generovanie datovych paketov su potrebné pre
modelovanie vzniku tychto paketov. V realnej sieti vznikaju
napr. pouzivanim prehliadaca alebo emailového klienta.

V simulacii je potrebné vznik datovych paketov modelovat
pomocou vhodného statistického rozdelenia.

Casto pouzivany je Poissonov proces.

Senzory m6zu generovat datoveé pakety v konstatnych
intervaloch, vtedy je mozné pouzit CBR (Constant bit rate).

VBR = variable bit rate
Generovanie paketov podla daného statistickeho rozdelenia
(ale nie uniformne)



Modely pre generovanie paketov

CBR = constant bit rate
Generovanie paketov v konstantnych intervaloch

Napr. Glomosim:

CBR 947 1174 4000 128 0.025S 0S 100S

V tomto pripade je novy datovy paket generovany kazdu
0.025 sekundu, teda 40 paketov za sekundu.



Modely pre generovanie paketov

Priklady pre ns3:

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

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

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

Pakety su generované pocas ,on" stavu.



Modely pre generovanie paketov

Priklady pre ns3:

?1nOC())f(1;I)-I)eIper.SetAttribute ("PacketSize", UintegerValue

onOffHelper.SetAttribute ("DataRate", StringValue
("1000bps"));

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

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

Pakety su generované s intervalom PacketSize/DataRate.



Poissonove rozdelenie:

— 2 (M)k
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.

Interval medzi udalostami ma v Poissonovom procese
exponencialne rozdelenie.

P(N,=0)=e¢ "
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Experiment

Data z Ethernetovej siete z rokov 7989-71992.
DEC 8650 minicomputers, SPARCstation 1...

Poissonove rozdelenie ma strednu hodnotu A, po vypocte
ﬁn(ejmetrnﬁj)\hodnoty nameranych vzoriek konverguje tato
odnota k A.

To(je mozne vidiet na lavej strane predchadzajuceho obrazku,
ked napr. pri priemere za 10s je mozneé pozorovat ako sa
r6znorodost’ straca, priCom na y-osi je zobrazené oneskorenie
datoveho paketa od predchadzajuceho paketa.

V Poissonovom procese su udalosti na sebe nezavislé.
Realita je zobrazena v pravej Casti obrazku. Ukazalo sa, ze
vzajomne oneskorenie datovych paketov nie je mozne
modelovat ako nezavislu udalost.

Napriek nedostatku Poissonovho procesu je tento model
najviac pouzivany, pretoze je jasne interpretovatelny.



Poisson: Cas udalosti je nezavisly

Realita: udalosti su zavislé (korelované)

2 [(xz_f) (xr+k_f)l - autokorelaéna funkcia

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

El(xt—f)(xﬁk—f)l _ E[(xt—f)lEl(ka—f)l 0

2 2
S S
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Realita

Autokorelacna funkcia r(k) ma v mnohych pripadoch tvar:

—b
r (k ) ~k
H=1-b/2
b ma suvis s Hurstovym parametrom H, ktory je mierou

dlhodobej zavislosti v Casovej sérii.

Autokorelacia sa znizuje s rastucim intervalom vyskytu
udalosti.

Brownov pohyb ma H = 0.5, bez autokorelacie.

0.5 < H < 1.0, proces s dlhodobou pozitivhou korelaciou.

11



Simulacné nastroje

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

ns3: C++

JiST/swans (Cornell): Java

OPNET

OMNet++

12
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Niektore simulacné nastroje umoznuju modelovanie realneho
prostredia. Realistické modely miest je mozne zakupit.
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Simulacia je...

Technika imitacie spravania sa systémov pomocou
analogickych modelov, situacii a aparatu s cielom ziskat
informaciu alebo trénovat [udi.

"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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* Spojité systemy
Zmena nastava spojite

* Diskrétne systemy
Zmena nastava v dopredu urCenych okamzikoch

» Udalostné systemy

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

* V pravidelnych Casovych intervaloch to, t1, t2, . . . (synchronna
simulacia). Nevyhoda: intervaly mézu byt kratke.

* Po udalostiach (asynchronna simulacia), kazda udalost méze
spOsobit zmenu stavu. Asynchrénna simulacia je standardne
pouzita v sietovych simulatoroch.
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Terminologia

« System
Mnozina objektov, ktoré navzajom interaguju (napr. bezdrétova
siet).

* Model
Matematicka reprezentacia systemu

* 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+1 =ayn+ b (mod m)

OOMT ey v, &, I L B .-"
ANSI C: rand()

a = 1103515245 T,
gO - 12345 (S E E D ) . .‘:-.‘#--:# "':- _':-'-‘:.'_-..':l-‘-':.
= 12345 O]

m = 2A31 ARt

Moja simulacia je taka dobra, ako mdj generator nahodnych
cisel. VSimnime si, ze generovane cisla po zobrazeni
vsSetkych hodnot vytvaraju vzor. Pri simulacii je velka
spotreba nahodnych Cisel, Casto su potrebné desiatky,
stovky miliénov, ...

19



ns3: MRG32k3a

Pred pouzitim simulatora je potrebné overit, aky algoritmus

ﬁlgouilty na generovanie nahodnych Cisel. ns3 pouziva
G32k3a.

Pouzi:

SeedManager::SetSeed (3);

alebo

SeedManager::SetRun (7);

Vlastnosti:
* Perioda: 10°’
* Vlastnosti analyzovane teoreticky

* Podpora vilaken

20



ns3: rozdelenia

ns3::UniformVariable
ns3::ExponentialVariable
ns3::NormalVariable
ns3::WeibullVariable

21



ns3: rozdelenia - priklad

#include "ns3/core-module.h"
#include "ns3/ptr.n"
#include <iostream>

using namespace ns3;

int main (int argc, char *argv
double $nin =g0.0; VDA
double max = 1.0;

Ptr<UniformRandomVariable> x0 =
CreateObject<UniformRandomVariable>();

x0->Set ttr!butez"Min", DoubleValue (min));

x0->SetAttribute("Max", DoubleValue (max));

for(inti=0; i< 20; ++i)
double rnd = x0->Get alue(l);
std::cout << rnd << std::endl;

}

22



ns3: rozdelenia - priklad

double mean = 3.14;
Ptr<ExponentialRandomVariable> x1 =
CreateObject<ExponentialRandomVariable>();

x1->SetAttribute ("Mean", DoubleValue (mean));

for(inti=0; i< 20; ++i)\5
double rnd = x1->Get alue(l);
std::cout << rnd << std::end],

}

return O;

23



Welbullove rozdelenie

k-1
k[ x —(z/A)E .
f(m;w:{I(I) eV =20,
0 x < 0,

Weibullove rozdelenie sa pouziva na modelovanie zlyhania
(zariadeni ako napr. senzorov)

k <1 :pocetnost zlyhani sa zniiug'e s casom, teda najviac
zlyhani je na zacCiatku (Lindy efekt).

k =0 : pocCetnost zlyhani je konstantna.

k> 1 : pocetnost zlyhani sa zvysuje s Casom, teda modeluje
beznu chybovost zariadeni.

k =1 : Weibullove rozdelenie je zovseobecnenie
exponencialneho rozdelenia

k = 2: Weibullove rozdelenie je zovseobecnenie Rayleighovo
rozdelenia

A je pocet zlyhani za jednotku Casu.
24



Welbullove rozdelenie
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Obr. zdroj: Wikipédia, https://en.wikipedia.org/wiki/Weibull_distribution
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V ns3 namodeluj zlyhavanie uzlov podla Weibullovho
rozdelenia.

Priklad:

double scale = 5.0;
double shape = 1.0;

Ptr<WeibullRandomVariable> x =
CreateObject<WeibullRandomVariable> ();

x->SetAttribute ("Scale", DoubleValue (scale));
x->SetAttribute ("Shape”, DoubleValue (shape));

26



Simulacné nastroje

Kvalita (vernost simulacie) vs rychlost

Kvalita:
— Simuluje vSetky vrtsvy OSI ref. modelu?

— Su protokoly zjednodusené?

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

27



Datové 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. Hlada;
vo stvorcoch, ktoré su do urcitej vzdialenosti. Vyzaduje sa
vedomost o prislusenstve k stvorcu.

Hierarchickeé hladanie: , o
Rekurzivne rozdel simulovanu oblast pozdlz osi x ay

Predpoklady: uniformne rozdelené uzly (v jednom stvorci
rellatlvne nizky pocCet uzlov), akceptovatelna zmena polohy
uzlov

28



M/’adanie

Vzdialenost pocitana
pre kazdy uzol

Datove struktury pre Sirenie signalu

/‘\ -

oo )
\F/Wg

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

(0,100) (100,100)

Priestorovly dekompozicny
strom. Deliage body su fixné
koordinaty. Stvorce su listy.

height = log4(field _size/bin_size)

Prislusnost’ ku Stvorcu je
e \ e potrebna.

Zacneme v koreni R a delime
priestor rekurzivne. Podobné
ako binarne hladanie, ale v 2D.
(8,0) (100,00 Je stred stvorca v dosahu
signalu?

N~ |
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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
iImplementaciu simulacii)

31


http://code.google.com/p/waf/

Casova os: ns3

1990 2000 2010
\ 4 v v ...
1988. REAL (KEShaU) A & & & & <:> & &
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

ns-3 : terajsia verzia je 3.30 vydana 08/2019

Obr. zdroj: ns-3 tutorial at 9th GENI Engineering Conference (GEC9), 2010
32



Simulatory

REAL (Keshav) : Cornell university, 1997, jazyk C

ns1 : Lawrence Berkeley National Laboratory (LBNL),1995-97
ns2: DARPA, 1997-2000

ns3: National Science Foundation (NSF), 2006-teraz

OPNET: 1986, komecny nastroj

Glomosim: UCLA, 1998, jazyk Parsec.

Qualnet: komercna verzia Glomosim-u

JiST/swans: Cornell university, 2005, Java

33



ns3: architektura

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 Pac::ets Mobility models
Dynamic type system Logging Eacke: :Iag; (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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Ns3 obsahuje modely aplikacii, protokolov a prenosu dat.

Datovy paket je vygenerovany (lava strana), pricom moze byt
pouzity napr. Poissonov proces, nasledovne je modelovany
Jeho prechod cez r6zne protokoly a nasledne je modelovane
Jeho poslanie cez presnosovy kanal.

Datovy paket je prijaty (prava strana), nasledne su aplikovaneé
ﬁ ;

modely pouzitych protokolov, datovy paket je nakoniec
spracovany v aplikacii.

36



ns3

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

{
//
//
//
//
//
i
//

//
}

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

37



Zakladna struktura ns3 simulacie:

» Konfiguracia topologie
 Konfiguracia protokolov

» Konfiguracia pohybu

* Vznik uzlov

» Konfiguracia vystupu simulacie

* Spustenie simulacie

38



ns3 : vystup simulacie (tracing)

ASCII:

* Vystup je ASCII subor
Pcap:

* Vystup pre tcpdump a wireshark

Dokumentacia:

https://www.nsnam.org/docs/manual/html/tracing.html

39



ns3 : chytré smerniky

#include "ns3/core-module.h”
#include "ns3/ptr.n"

#include "ns3/simple-ref-count.h”
#include <iostream>

using namespace ns3;

class Token : public SimpleRefCount<Token> {
public:
Token() {
std::cout << "Token()";

}

virtual ~Token()_§
std::cout << "~Token()";

}
%

iInt main (int argc, char *argv|]) {

ns3::Ptr<Token> ptr;
ptr = Create<Token>();

return O; }

40



ns3 : chytré smerniky

ns3 vyuziva ,smart pointers”

Trieda SimpleRefCount<T> implementuje manazovanie pocCtu
referencii tak, aby bol na objekt s nulovym pocCtom referencii
zavolany destruktor.

Chytry smernik, pozri kap. 21 (shared pointer):

https://uim.fei.stuba.sk/wp-content/uploads/2018/02/cpp-1.pdf

41



ns3 : AggregateObject

ns3 vyuziva vyuziva spajanie (agregovanie) viacerych objektov

Priklad:

//smernik na objekt ti/)pu ns3::FriisPropagationLossModel
auto ptrO = obj.GetObject<ns3::FriisPropagationLossModel>();

//smernik na objekt tﬁpu ns3:.:UanMacAloha
auto ptr1 = obj.GetObject<ns3::UanMacAloha>();

Zavolanim GetObject<T>() dostaneme objekt typu T, ktory je
agregovang s inym objektom. Agregovat je mozne len typovo
rézne objekty.

42



ns3 : AggregateObject

#include "ns3/core-module.h”

#include "ns3/ptr.n"

#include "ns3/object.h”

#include "ns3/object-factory.h”

#include "ns3/uan-mac-aloha.h"
#include "ns3/propagation-loss-model.h"

#include <iostream>

using namespace ns3;

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

ObjectFactory factory;
factory.SetTypeld("ns3::FriisPropagationLossModel");
ns3::Ptr<ns3::0bject> ptrA = factory.Create(); //1. objekt
ObjectFactory factory?2;

factory2.Set ygeld("ns?;::UanMacAIoha");
ns3::Ptr<ns3::0bject> ptrB = factory2.Create(); //2. objekt

43



ns3 : AggregateObject

ns3::0Object obj;

obj.AggregateObject§ptrAg; /lpridaj 1. objekt
obj.AggregateObject(ptrB); //pridaj 2. objekt

//smernik na objekt ti/)pu ns3::FriisPropagationLossModel
auto ptrO = obj.GetObject<ns3::FriisPropagationLossModel>();

//smernik na objekt tﬁpu ns3:.:UanMacAloha
auto ptr1 = obj.GetObject<ns3::UanMacAloha>();

std::cout << ptrO << std::endl;
std::cout << ptr1 << std::endl;

ptrO->SetFrequency(1000);
std::cout << ptrO->GetFrequency() << std::endl;

return O;

}

44



ns3 : AggregateObject

V priklade je tiez vyuzita ObjectFactory pre zjednodusenée
generovanie objektov.

Dokumentacia:

https://www.nsnam.org/docs/manual/html/object-model.html
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https://www.nsnam.org/docs/manual/html/object-model.html

JIST/swans

JiST/swans pouzival rewriter (byte code transformaciu) pre
zvySenu efektivitu simulacie

(17 compiler )
w2 , rewriter
(javac)
simulation
+ # kernel
r-- _I
rETT v virtual
A
r~—--, 1 1 Vi (T )
! | i v e machine
! ! 7 f?./?/?,-;?_,:_.-"x >
= P P
' I 7
- [ e, e
. | [ fﬁ:xf%:x -
- === L -
; [ e
java source code e

Java byviecode maodified 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.
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JIST/swans: skalovatelnost

JiST/swans Ec_)qil’va_l rewriter (byte code transformaciu) pre
zvysenu efektivitu simulacie, rychlost simulacie bola vyssia ako
v pripade ns2 a Glomosim, ktoré su implementované v jazyku C

(u} Time for 15 minutes NDP simulation {h] Time for 15 minutes NDP simulation
10h . . 120 . T T I
ol ? -3 SWANS (scan)
i -3 GloMoSim
I -+ nge2 El
100+ ; - SWANS (hler) []
] e
- Bof
] 1
4 - i
E E B0y s .
- ;l: |I -"'# "‘m
E . ‘ Lo
Toant o T
1 J“' "‘.Ii
] 1 ___" _."J
-3 SWAMNS (acan) | # e
-5 GloMoSim 20 . ____ﬁ .=
-& nsg = -
-© SWANS (hier) # i ;j_--"‘"a T
sl e - 2 .
100 1000 10000 100000 0 1000 2000 3000 4000 5000

network size (nodes) network size (nodes)

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 ag roach to simulation using
virtual machines. Software Practice and Experience, vol.35, no. 6, pp. 539-576, 2005. 47



Domace ulohy

ns3 events:
https://www.nsnam.org/docs/manual/html/events.html
ns3 random variables:

https://www.nsnam.org/docs/manual/html/random-
variables.html

ns3 object model:
https://www.nsnam.org/docs/manual/html/object-model.html
ns3 tracing:

https://www.nsnam.org/docs/manual/html/tracing.html
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Q&A budu cez Discord

49
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