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2.2.3 ¥3M15 Connection-Oriented
NN S .
TcP  ifluTils Inneauun connection-oriented 39231013 a¥1udumaaiion (virual
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@ .dw o e oA
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2.2.4 ¥insiuilsyiunugndod (Reliable)
Tcp duTisTaneafivzfulszfunnugndasvasdoyalneldnalnvoinsmoundude
Yo 3 <1 ¥ 3
Tasudoyasuuionudn
2.2.5 End-to-End Semantic
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Acknowledgement Number
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Offset Reserved |R(C|S[S]|Y]! Window
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Checksum Urgent Pointer.
Options Padding
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31 2.4 TCPI18AIART

1 ¥
11n31l7 2.4 ansneduelddede 114
1) x 1 »
Source Number (16 1) : Huneils wosai laaadunialdlunsfoasfuvousaduil uas
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Urgent Pointer : 145211110104 sequence number 404 TCP ¥niuud argatiogluTnua

urgent



I

Option : (TuAadATva liiniuow wFou 3dmsums IWus msimufivenmite 1Uani
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tng T190ueg 2 giluuw Ao wuw 1 Tud 1senoudae option type MsIvt1@EY Laz nyE MU
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finsandamsdeusefuuodunlssmanariildiums dumelinduvesdeyaoine:
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2.4 nalnn15AnADYDY TCP
TCP fu T3 Tanea 1Y connection-oriented vavalinsadruduniaaiiou(virual path)
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2.4.1 Msaimsfinne (Connection Establishment)
Three-Way Handshake
1 a ] a v g ¥ 3 a ¥ a =
TCP ﬂzﬂﬁﬂﬂ‘gﬁlmﬂﬂﬂﬂﬂﬁﬂﬂ ﬂﬂi.’f'l‘l.l'liﬂi‘u-ﬁﬁjﬂlluﬁnlﬂﬂﬁﬂijﬂu NITHITNNIARADIZY

» ]
3 umdY H38(50n31 three-way handshake #3171 2.7

Sand SYN »1SYN received
{seq=100 ctl =SYN)

Send SYN, ACK

{seq=300 ack=101
SYN received cli=syn.ack)
Established -
{seq=101 ack=301
cti=ack)

Eﬂﬁ 2.7 Three-Way Handshake

d o | o o o ¥ ? o

1. lnadudvzds SYN g flszneudae nuismvwesaveaisdumaiazilaionia

e oA NPT = 8 2

HATMINUDYEIALISUAY ISN (initialization sequence number ) iTumemyludusnii lnadudozda
Tivuasrnes

= oo o 1 o o A 1 - o o o o

2. Widneizda SYN and ACK 1¥niuq tgayanuefediumsseusudnmudusni

»
1850 Taems 14 flag ACK unzminumuneusa ACK number ol 1du191nm3 1 mutoay

o a

ARUEUAUISN vosTnaduduindae 1 Wdhus s uduvens e idoninuavigy
GuAnveuFiines

3. Tnadudezds AcK Wnnud odlumsasuiu @niudiaes Taon1314 flag ACK
wianamnoavae sy wnuaeil 1dnvnnsimnoneisud uduve g innesunda I
uaz SYN Wnuaiias ldvzmiousu sYN nmuddausn o udesdoesinun window size #
Fies Taoki sYN Enunidezsenimideyasinlnadudluda diimsimideyalud
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Simultaneous Open
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a2 ¥ 4 [ . 3/ & f o w o o o 1 b
ﬂnnuwn"l,um'mmsﬁams U (g, k )ﬂ]ﬂ]ilﬂfflﬂﬂﬂﬁ]ﬂﬁﬂﬂﬂdﬁu'ji]tlunﬁ'lﬂﬂ‘ll'l“llilgmlzgﬂ

- a @ A .
Tuin hduafiufe (j, k)

SYN_SENT SYNJ SYNK SYN_SENT
(Active Open) (Active Open)
SYN_RCVD
SYN_RCVD SYN K, ack J+H
SYNJ, ack K+l
ESTABLISHED
ESTABLISHED

gﬂﬁ 2.8 Simultaneous Open

SYN Flooding Attack
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ninenseenlilounseialimsdonaoiiauysoi lasmsldgnd Taniluiives sTcp
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Data Transfer
@ E & ' - A T ' ¥ - a 4«
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»
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wiounieazaanfivziuiiihulseinnvosmsiunnudanguitidssdninmues TCp
' d - a  w 1o ¥ o - '
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wownamFuiigaduq uasiunanouruesTaoass msdezgndmduazmsderedoynzgning
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4 A o & L ] 5 o1 = a 1 o = @
ol Tep Ailsfuiudindnuud dulimsdivdoyai suiludesgndalilfuennimiuves
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Tsunsuuaz hifimss ensedeyanduunalinii
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Urgent Data
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TcP 1 Tulds Tanoauuy stream - oriented amansanuifeyaiugminuinindu
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s qt s Y ] o o a ' M
( control + ¢ ) #1583 2 Arflezgnidy I lumibsanuiflawnsveativinesnaildesuves Tcp
] v >

siuszgnds T sonndmdumailefumdmndoyasiavungndiiunisuda

Wavoamsdudmuuafiunsinuasia URG veaenndinduiivimsdaezuds TCp #
winsdeiidvesdoyaiudu ugent TCP msdszadradnmuduazunsndoya urgent 7
‘ﬂ a8 ¢ o4 dr oA A 3 a ar 4
nuyasuauvsasnuag IulivaeF NI nUT Yoy mlnAninivies

» .

#odl urgent pointer TuianmosazAmuagafugaveadoyn urgent nazyaisuduvesdoya
1lné

A H ow o oo g do o . S ¥ ¥ d ’

ifo TCP HefmiuiuBninuaiusmua bit URG #18u191ndaya urgent vo1 idnudez
1471904 urgent pointer tagiimsaaiu lldmennamduntailady
242 M3UNIANMSAAAD (Connection Termination)

Three or Four - Way Handshaking

= = ' ] -] do o =) 3 o P
ﬂTiEJﬂl.ﬂﬂm‘iﬂﬂﬂﬂixﬁ’ﬂﬂﬂmﬂuﬂﬂUl‘H‘iﬂ!’mill 4 9undU ﬂdg‘lh’l 29

Time Host A Host B

twiork
Send FIN seq=x In the Ne

Receive FIN

Send ACK x+1

Receive ACK

Send FIN seg=y, ACK x+1

Receive FIN + ACK

Send ACK y+1

(AN

Receive ACK

U 29 mssn@nnsdado

-] o 1 3 o 1 ¥ = &
1. lnawudds FIN @nwud (s EOF Ifuanwamdu)
> ]
Flag %83 ACK fueafindao ualunsdiivmeavlu Ack sz lihvihufinsaifoideiy

» ] -
n3z1unsiidn sindedvua RFC 793 dmsuntsganisAndeniomsiamsisoudoiiulale
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[ 1 ' [ o oaa o [ o4
na1984 flag 489 ACK Tuidnuudusnirezdedidronioly ualumalfiiadmin FIN & amud

¥ [ 1 4 ]
YuvzAoal flag Miynegiia FIN and ACK ffuiame idnmudiiil flag FIN etz i mnwads
<t od ¥ = 1
FIN iniusinAei] FIN ACK (xnag
a ] y a ar d

2. @ nesds ACK Wnwudiedunstuiud 1850 FIN Sonmdoin lnaduauds oy
ar | ° & ] d o
Fanain 1841 acknowledgment number 92 1#1191AM151i1 sequence number 40§11 FIN 1 niuus
UINAIY 1 (ueHnARFUNYA1aIL)

¥ =, o | i o d 4 = T

3. luspuiliFinnesdimunoddoyanidoimslifulnadud 14 dedivnehiideya

a9 Rezaalinu lnadududs Fivnosvs e FIN Snwua
1 y a1 o = e
4. Tnadudszds ACK inmusetudu 185y FIN dnnmdninginneudy
4 a o A = o ] a ]
wonaninoailyn two - army problem A3l 2.10 Sefmualiinmsdunarlusenitams
= ] [ L & F -1 o = ¥ 1 o 4 ' 1y

vounidnvesdyg u Mdhonileladudnuudvesnidnn Idrosdayia luda wazd luiines
aouiUnluszezIn1 2 19109 packet lifetime A 1Mo 1v0sdygRTUgRonEn Tanda Tusa

TCP Half-Close

nsyamsyeude lavhilamads FIN ACK eonly lildmununiudinisfomsrsyias

ar = = l A ] 1 1 = U [ s
Twiuit iudfiamsudai8adhonilimsruing iideyadalysn ua Teadezdnamuisefy
L) L =] o A 1 - _ L) L) ar y L]

foyaiunlddnegae 1 sunileaddntanilenzds FIN ACK iNovey@ntsdadoyaisuiu el

o 1 ¥ vy W oA 1 ' ¥ a ’ o
lIFhUﬁlﬂﬂ'ﬂQﬂ'l'i ﬂzﬁﬂﬂﬂuﬁﬂu uuﬂ@ﬂ'ﬁlﬂfﬂﬂﬁﬂllﬂfjﬂﬂﬁﬂﬂ1ﬂﬁﬁuim

CLIENT SERVER
shutdown \\. deliver EOF to
application

//_‘E;..q//
application
y/- write
application read

ACK

-_-E_———___——-u
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State Description
CLOSED There is no connection.
LISTEN The sever is waiting for calls from the client.
SYN-SENT A connection request is sent; waiting for acknowledgment
SYN-RCVD A connection request is received.
ESTABLISHED Connection is established.
FIN-WAIT-1 The application has requested the closing of the connection.
FIN-WAIT-2 The other side has accepted the closing of the connection.
TIME-WAIT Waiting for retransmitted segments to die.
CLOSE-WAIT The sever is waiting for the application to close.
LAST-ACK The sever is waiting for the last acknowledgment.
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2.8 nalamuguaNu@awma (Error Control)
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2.13.2 Random Early Detection (RED) Queuing
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TaoTnuamunsansis 18 2 Ussinn Ao gilmad Tnue uas dainad Tnue

giimadluua Tudiuves Caissifier 9510330001810 Addr Classifier 23188 MSUMS
Aunudumshuningiin g (Unicast Routing) FauzFoudotuTnuadus Taodounomuiad uaz
Port Classifier éai]z"lfj’ﬁ%iamiaﬁnmsﬁmuiui:ﬁnqa i eudesuTils Tanea TCp iludy Faez
Bond dmu (Agent) Fagilii 5

Application

Port
Addr Classifier

Classifier

Port
Classifier

Classifier

Classifier

Unicast Node Multicast Node
4 ¥ = w o
10 s Taseadraves giluad Tuua uaz Saduna Tnua

faanied vun Tuduves Classifier azuana19fILLL gHmad lnua asafezilszney
4 . 2
11w Classifier 10w Unicast Classifier 4z Multicast Classifier Sav1sfamnsovandldiires
Mo o g ¥ a -} -1 v ~A L] r: [ - o o W ,
wy TasezBdnimiivenudndaindununle szBondiuiii adad  F1m3y Multicast

Classifier 9% %’ﬁmﬁ”ﬂmiﬁ’uﬂm‘fummwﬁ’aﬁﬂmﬁiﬂﬂﬂzﬁﬁaﬁﬁmﬂ"lﬁnszmu%ga:h"lﬂ"lv’r’

=l

¥ - ’
Truad1eg fi¥euroiung vzSondiuiian Replicators dwmiulassaaiuaalugii s

h

»
o Y YR ar = - )
dmdumsldou msfumifumeuuiiadniadiu swfnsudaqegavousansa 39
sithiduenihduugined vieuvuiadung Taodiiaiiu o willugiimadueansa duily
1 9silu dadmaduonasa
o 1 : o A w = o ar : 3/ ¥
Tumsfmuananiu Tusunsy Ns vimuenFuauthuuginad Tuua Fafudieg 14
vy Wodniad Inua sxfesdimuasuiuiny wovanliTilsunsudreu Tasagulziluuddaly
o o dy
MIMuUagiluuy deil
-85 199A1%0UAD (Node)
$ns node
= T = o A T
-msnfasmnlasdimsifinesvesgaidouso

$ns node-config - <config-parameter> <optionai>
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1.2.2 [@umamswoude (Link)
¥ d' ' N A d ] a  as [} P = ] ] o A ]
idumemaitendie nie fod Wudn)sznedRgyanminlumisve uduiigouds
) = sy a 1 1 A 1 ' 4 ¥ A4 4 o ¢
aa1e unFovimddoiu isu dudnuFeudesznhaTnua evmihiideiumniadoya
JEHNIAY
>
dmivluTusunsy Ns dudalamivayuiunatog i isu 4y Multi-access LAN 594
-3 r N . A I
TifamsHauidlaa niouseamad Tasseinsanlugduuy yadeqa (point-to-point) Feite1d4
Whudnuuzugmesguuueiiee
w i & & w 4 -
Tudnuuzmuifoude Tauia Tiiu szifuludnuuznis@oudonuy 2 iAn1a (Duplex

link) Aauaaaluglh 6

< duplex "~

nl
head_

>0 engT_ | iueue]—»l dear_H link_ { w_ H entry_

tracing | drophead_ |—>| drpT l

simplex link

U6 dnwagmsoudouuy 2 HAN19 (Duplex link)

ioinsaudwymmnsauni 1didumsidende luiuuiamafie (Simplex link) 1u 2
=2 A o ¥ - = ar - ar [ u’: a )
e oA salulaseadiuds sxlidnyuzmToudu Sutundreziosanlugdunuiams

a @ P
e Aaglh 7

Simplex Link .

Queue]——l Drala}q——l?Trl--—-"r
-

11N 7 dnvasmaFouaenuuRanIa@e) (Simplex link)
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VNN 7 seiuimolussilszneylidasessdsznoy s daude

. o & . = a
1. Link entry iffugaudwasdeg Futludwfogdmmiigavesded

2. ﬁ‘luﬁuuﬂﬁniumﬁaﬁ'xﬂuﬁauﬁﬁmﬁﬁﬁ'ﬂuﬁmﬁmi’l’aya Taomluoziiifios 1 g
] : - g
wmniulu 1 §ed
= a N ¥ao 1 o Lo 4 ] ::’ = o ] [} '
3. A1ad M300199: 197171 AeR Aad Tuddiszlidnymzvesmsuianarlums daru
4. TTL (Time to Live) l.'i'lummsmmawmnmiumsmmuuwnmmmwvums
nJauuuﬂmmmmmnmmmumumm 1u

5. Agent/Null W5011702 19131 drophead ifud i1 uniinda 7 15181841,

1.2.3 MIAAMIUM BRUNIIVOURNIAA (Tracing)
lumsnaaouisy ﬁmmwiﬂﬂm"lﬂ%wnmsmmnms"lwmjmlmmnﬂ“lumumaq N
o

ﬁ'ﬂym:aun"ls umumshqmnn11Hﬂmmumﬂﬂi~ﬂaum"lﬂ unsnluganag Tuesddszney

e “lumuunm“lwIﬂsmﬂwmmﬂ" Tdnyuedagiii 8

Link with Trace Ohjects
Lﬁ;i‘_h[EnﬁH Quene l———@eqT Delay HTTL E— = RecvT I—-
erdey
: 2 cepryhf
drop DrpT Agentbull
= s 2 ¥ A '
Wi esrlsznovvesmsmudoyaludumanisdoude
dmims ez neylugae
1. EngT dhudniimihial itunaveauiinita eroudna,
2. DeqT Hudmiivhmihilifunovewusinda diovenoinda
3. DopT ithydwivhmih it umaveaufinga dlouinitngnideoinneindy
4. ReovT iuduiimihififurave wsiniia dous AndaszgndalyTnuane T
+ ¥ »
dmsuswazBoainvaumsaanums Inavewiinga (Tracing) Hvzefuruvmanly
duan'ly

1.2.4 m‘smaﬁ’iﬂmiﬁmmqmsﬁ'ﬂﬁa (Queue Menitor)

L4

= 13 3 9 @ o A, a
1H‘U1\1ﬂiﬂl ﬁJ:fﬂ'fNﬂ'li‘llﬂyﬁ‘l]?)ﬂﬂ"l'iﬂN'lH'UEl\ﬁ%‘U‘Uﬂﬁ‘ﬂﬂﬂ? (Queue) I,'WE]‘Ll'IIl‘]J’Jlﬂ‘i'I%Ti

hineziumsiaialugiuyyla wiizthuveamsiranugduuudoni Aagai 9
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Link with Snoop Queue Objects
L“g" %LSnuoprIn}——[ fJueue H@nan:’Out H [JSE@&*H?W ;
ertsr H
,‘\ drop SnnopQI’ Dmprgeutfl i uH !f
N v’ /

~ ! QueueMaonittor

Wie peiilsznevvesnisnsteianmsiauvesnissaia

Tamvemsiiiudanrniumsmandicend; SnoopQ "lllf‘i'uszm'nqmiuq vwisznou i
A8 SnoopQ/In, SnoopQ/Out 1Az SnoopQ/Drop AIUAINE i vzdsynrouiluszuuntsasiesa
MINIUYDINTIanT
dmSuzvuddad 1 Sdad
- msadamsi@ouda nuufimmagen (Simplex link)
$ns simplex-link <nl> <n2> <bw> <delay> <queue_type> <args>
- msfmuaamsiFouseutufismion (Fmiuldsunsu NAM)
$ns simplex-link-op <n1> <n2> <option> <args>
- et amsFouds e ianie (Duplex link)
$ns duplex-link <nl> <n2> <bw> <delay> <queue_type> <args>
- myfmuanImsdoudouuuao i (FMTuTUsunsu NAM)
$ns duplex-link-op <n1> <n2> <option> <args>

Taoh  <queue type> fuilszinnvoanssasa iy DropTail, RED, CBQ, FQ, SFQ, DRR

1.2.5 dwmugduuumamanlussdug (Agent
ﬂmmugﬂzmumsmam‘!uwﬂum niofiGondn Agent Aogluuua1e vasmsiouly
”ﬂﬂﬂﬁwu wmﬁummamnmsmamﬂluswﬂumaq iFouADA (node) Tatazuanmsvau
poATtum I uanyngﬂumﬂwullﬂmuq ﬂunagﬂlmumiﬁnmiuixﬁu%’ummnsnﬂszqnaf

15U TCP Agent, UDP Agent ifuda iifori T4 sz yunda wildnvuzaigii 10



Addr
Classifier nd
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Port
Classifier

Addr
Classifier nl

Link nl - n0 L 2

Ui 10 Aunugdmimmsiauluszdugs (agent)

s w w § w e a A
dmiultsunsy Ns szanivayy Agent Tunarwguouiiimsidanu dadetaildsaaiu

=1 L A lﬂ‘ a
yad iR Tadsunaw NS enfuayu

TCP

TCP/Reno
TCP/NewReno
TCP/Sackl
TCP/Fack
TCP/FuliTcp
TCP/Vegas
TCPSink
TCPSink/DelAck
TCPSink/Sack1
UDP
LossMonitor

Null

iluTyls Tanea TCP U Tahoe N1ad U

iluT4ls Tanea TCP 111U Reno madiue

(15 Tnnoa TCP uuY Reno AN WanamMad i
{uTils Tanoa TCP 1Y SACK Mg uda
AluTysTanea TCP 1V forward SACK Meduaa
WuldsTanea TCP wn 2 fiamamaduds
duTalsTanea TCP 4V Vegas Msd1uds

ifluT1ls Tanoa TCP (1w Tahoe 1ta% Reno 1@ 51
duTisTanea TCP WY delayed-ACK N1adus
dulilsTanea TCP uuw SACK Ny

ihuTysTanoauiasguves UDP

1
=

1 i o1 o g o @
udndnsmdamsgydennmiaseiadouuindad 1850

] A d d d o o o &
Wudwiinuiindaiignirfadia

' ¥ o i , <
Tugduvuang 8 dugduvunisirauidoniufiunaiagnues Agent Class Fansdl

] > > »
uvudilufugmmiiouq fu dniulumsdmuamsiaudieg maiseidnymzmousulu

T o g A Sa #o 4 o &
dutlaglidaruguiiddmuagluoy Fezgduuudad

- adaplupumsiiamues Agent

set <Agent name> [new Agent/<AgentType>]

TaoH <Agent_name> u.ﬂu%ﬁquﬂiﬁ“l‘ﬁmu Agent

<Agentlype> duaniavea Agent 17U TCP, TCP/Reno, UDP Hudu
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- MsiFouds Agent iU Tvun
$ns attach-agent <node> <agent>
- msA%iﬂmimzn'iw;ﬂuuumiﬁmwm Agent
$ns connect <source_agent> <destination_agent>
- MR MUAMTEsuRaTER I Agent HuvauYsol
set <Agent_name> [$ns create-connection <scr_type> <scr> <dst_type> <dst> <pktclass>]
Toof <pktelass> Ain iumstimuanaraldmsidouds
- msfmualuswazBoevesmsianuve Agent

$<agent> set <argument>

1.2.6 :huﬂ'izqmﬂfam (Applications)
: /q ¥ 4 a & T - ' o o o ;
anilszgnaldnumie uewndindu udwfiFoussszuimsihan s sdusuauds
e =1 ] o & A o ¢
dayn M31uT0n11 Agent fumsldaluseduTilsunsilszgnd Sauffugtunusesumshiouly
14 >
swAuge ulilsunsy NS sfuszinivdnlszgndlFauiieoniihy 2 Usziam de Afniians1wiln
(Traffic generators) uazM3$ 100 Tilsunsualszgnd (Simulated Applications)
» L4 w o
ﬁm%’fumsc%aumm:mnszﬁwﬁ'umum%gaﬁ’mzﬁu%’uiﬂmﬂsuﬂs:qnﬁfi’mﬂ%’
hvunssasfumaviauiitundt Application Programming Interface (API) H3odoa1fin (Sockets)
1.2.6.1 Mfinfiansvdln (Traffic generators)
luTilsunsu NS sxenfumyueg 4 Uszinio
1. EXPOO Traffic
@ o o= { o . o 1 =
Audrmiians i guoumsiamy Exponential On/Off landnsimsaausiniia
P ] o . = 1 d =1 [] .
RN TUsI9191%1077 (on periods) uazaz lulimsdauindalusaa1myn (off periods) 119
4 o o a
unANATvU AR
2. POO Traffic
dhudatuiians winfifigliuunsiauuoy Exponential On/Off 1911 uAf1%230a19h
M3 uRzy¥NNAMYail 9 1931 wuves Pareto
3. CBR Traffic
& o = A4 1 o ] o d = o o P
dudrduiiansAnisdsasinsduiniand vaNnianai Tavaiuiso
a e o, .3’ ] [} o
Amualdlims sunaudadulusenitnisasld
4. TrafficTrace

o o & i o 1 = d ]
dhuasuiians Wil filpduuumshauewi W mdumaiuindasu
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dmiugluundhdaildimuamsin wwlijluudsil
set <Traffic name> [new Application/Traffic/<Traffic_type>]
$<Traffic_name> attach-agent $<Apent_name>
o vz lddd

set <Traffic_name> [$<Agent name> attach-app <Traffic_type>]

1.2.6.2 maonaeslilsunsunlszynd (Simulated Application)
TuTsunsy Ns szmfuayueg 2 szian fio

1. FTP

Ai‘lugﬂuuumiﬁwmﬁ"lﬂﬁﬁmi"umstinau"!ﬂﬁiTay,a (file transfer)

2. Telnet

] o -

Augiliwunisianuiidsmiumsfadessniruntesansiofun ot Tauaz il

¥
d o

¥
1uuumsiaueg 2 gluuy Ao 8167 interval. Taitilu o dudraninifefidessiiyduyy
» ]
exponential uANIAY interval_ Hi iy 0 1fusnanitnifadideszfigduunves Tep
a_ o H93o o = o A
Wurddsldhmuamsinu sxdyduundad]
set <Application_name> [new Application/<Application_type>]
$<Application_name> attach-agent $<Agent name>
- Yo o
Hiovl4id

set <Application_name> [$<Agent_name> attach-app <Application type>]

1.3 PIEVIUMTHUFUN (Routing)
F 4 &, o o a a o A

nszmumsmmumaaﬂuﬂszmumsﬂmwuﬂ;ﬂnmumﬂumsmumwmuwmnm’i’agam
Imsdomstuluniovio eunsousiseandy 2 Uszian fa

131 A5snumsHIdun auuugHnae (Unicast Routing)

1) o 1=}
suvunszumsnudumaninglinedi 4 upude
1. Static Routing
i oA ° 2
Whughwrilddusisuduiuns smuanszoaumsmidumetuTdsunsy Ns Sod
dq ¥ a . R a ¥ ot S o 4 & g

AIEUIUMTATFUUIRALYL Dijkstra’s all-pairs SPF axfimsidumaiimnfadoniosudulums
11809015%1197U

2. Session Routing

dhunszinumsiiuasauuy Dijkstra’s all-pair SPF 1¥UfU udmsuudunaiiu uonan

a A 4 A y ¥V do = 5 ot o A A E a4
VWANAVHUDAD WIS UAULAD NENUNITNISNIDNATY m'ﬁmﬂTilﬂﬂﬂullﬂﬂﬂgﬂuﬂu%mlﬂi 2910
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3. DV Routing
g ¥ . . ) . addy =
Lf]uﬂsxmumsw"lnﬂnmu Distributed Bellman-Ford (%358 Distance Vector) Tag 3t
mivsilgaaniusseeq
4, Manual Routing

dunszuaumsit i 1@ msfuna luuwulaq uavzI¥msnuqueingldiues

» v Fd
dmiumasldimuaguuuvesmsmudumie sz Sduvudai
$ns rtproto <routing-protocol> <args>

Tavh <routing-protocol> fig Static, Session, DV, Manual

1.3.2 DIAANUMIHUGHManUUTaAMan (Multicast Routing)
wuvunszuumsmdumanuuiafaiea i lUsunsu NS mivayull 4 upu fie
1. Centralized Multicast W59 CtrMcast

dunseurumsiiidnuazniouny PIM-sM
2. Dense Mode 150 DM

Wunseaumsii 19501 dense-made-like
3. Shared Tree Mode H3® ST

Li'flugﬂuumm sparse mode édi]ﬂ‘l’fﬁlﬂi 1AnDA shared-tree-multicast protocol
4. Bi-irectional Shared Tree Mode W30 BST

ithiguuiegluszuiamsdann

dmfuidanldtmuagduuunszrumsnudums axfigiuudail
- imuamslfalugduuutiadaog
set ns [new Simulator-multicast on]
ninldtds
set ns [new Simulator]
$ns multicast
- My muajtivesiadniad
$ns mrtproto <type>

Taofl  <type> fio CtrMcast, DM, ST, BST
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1.4 P139ANIIUINIINGI50NDY (Queue Management)

g

MITAMTUTMTUBITONDY wiemsianaliuRnifand i Tududieg wie mssaddy
o as o o 1 a Y [ = : r - g e o o ] = w M
ANUTNYVDWAUNAA 1T NIV TUUTMsiuNuRnfedlaez 1d5unsusnsneunionss e
9 LT ] o o (4 & ] y o g 2
"Im1nﬁﬂﬂmui‘]umumﬂtymuﬁuwms:‘umﬂ?mw foziludmimuaguainveantsdusns
(Quality of Service : QoS) TuszuUATov W
1.4.1 Drop-Tail Queuing (FIFO)
i‘J 0 A‘: e o = o a ar =1 4 4 @ 1
dlunalnmshrauiugiuigalunssani maiauzsans funindafiduogg
VA o o o ' dl Yo o ' ac s o 4 o ' V
aarias lavdnvuzAdr lamnoud 1dsumissanisaeu dustnssuduiildsuotamsvainly
C- ! T 1 ] & ar LY : - | o o v qi ¥ a 4::
RUnsalinTovisadiaie Fednvasmssamaiufodiumsiauilia lumsfes 1dusasssuuf
fnnumuuiuseans milngaq
1.4.2 Fair Queuing (FQ)
iWhunalnfifituuumsiannuuy Round Robin Tasegiinissaduniniafidiuiasidy
Aafienafiu ud e liuSmsdafazuinifaaofi 1159101905015 luiade 11
1.4.3 Stochastic Fairness Queuing (SFQ)
da a . [} 1" g - w o
Whuna laiiUuuuns¥19mmu Round Robin @udy ganimsldsundainmssady
d o o =) . Y
winnafg we 3swiutuiude Taols Hashing function Jun1s9anmy
1.4.4 Deficit Round Robin Queuing (DRR)
= o =1 o ] o ] a ]
dunalnil¥mansenadndaaiufiuwy sro uAna lnmsiiauesliydunuiuanais
@ ° ' = i PR g o«
ULV Round Robin A exlimidmusvuiavendazia 1} (Quantrum size) AoddniuninSas
1Hanﬁu"lﬂiuﬂ1'5ﬁ'wumuﬁmﬁmﬁmﬁaﬁETQ"lil'lé’fﬁqﬂ:gnﬁﬂﬂnniuﬂ%”wiﬂ'lﬂ
1.4.5 Random Early Detection Queuing (RED)
d'd LYY 1 o as qw = ] -~ [}
Hunalnfiimsiafdunndavas FIFo Tas33iesRorsananunuutiuvouniotis
d v 4 aw a - 3 ~ 3 3 - ) & '
Wosau e lamainsanmsmuguiSinudeyaivzdnluszuy e ldmsdonqumniouso
=] 1 g A ° A & 4 @ ar J a =
#30m13 IMavosuRniiangaiuaseamune'ld Saasmuadestumaiuenmasunasy (Average
L] d‘ = ,d L J (= T or a ar i o a
queue size) ﬁm1ﬂ:nmmmﬁumaqmﬁnmqwumumn:ﬂuqmmﬂﬁmwuﬂ"l"iué'a vzhimanga
a -] ¥ [T Y 1 - [
unmaameau 13 me IanumumivhwnSorvanag

1.4.6 Class-Based Queuing (CBQ)

]
==

dunalniifinisdimund Priority 1fuuinida Tnovy Iasms fuusindafiim Priority
genou uazelinsAURUMIRIUYeIaTH91%5 20 (link-sharing)
ﬁm%’ugﬂsmuﬁ1§qﬁi%ﬂ'sm]umsﬁmuiﬂuﬁﬂﬂ mIfmusrInveIiHivesH
1Hlunssana wlsUnuude

$ns queue-limit <n1> <n2> <limit>
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1.5 MsAAMUIEUNIIMSAUNIINANAR (Trace and Monitoring)
ad o b S 9 o o o : o o A&
Amsildlunsdanudunans@umsvewRndmivannsoi 1 unaeds talan
o Y a d o = o 5 = 4 d o
7 Tdudrezlimsduiufinswazideamsaanudunansdunisvoadinga luvaefinins
Hraesgluny wTomnisiudinadhlulvd Wermnszuaunis g lunsdemudunians
= =1 -] :I’ ] -]
wumsvownninativzutesmiiu 2 iy fie
151 nsdnaanduntanisiduntasinfia vie Trace
C -] o 1 o d a =8 J o
wilumstuiindeyavewdnidausniiuudazuinfia Tasvgimstiufinludazsigu
3 o 2 1 ' ] o 4 o 8w 23 d A 9 =
Tunoulumamraudaiuludiuaeg wu uindafudedainue uindafindenfozeansin
Trua 1Thudu
o ) = a o : a
Tumsiimsfsaudunemsi@umavoadndiniiuesiinisiiu EngT, DeqT, DrpT,
1 4 L] s 3 L (-7 y L] A 1 L]
ReevT /1 M luszunudumeamsifende dsfindn Budrluimdenisidoude seluudasdiues
vmihiinudeyansiianuerl3 Tasaunsadmuadiudfisinlallg Tasldsa

$ns create-trace <type> <file> <source> <destination>

dwmsuplmnsidilFlumssmuamsianu ﬂ:ﬁgﬂuwﬁa{f
- mymmsAamudumensdumaveadiniia
$ns trace-all <trace_file>
- mamiimsAamudumamsidunisvesuindia (§msuTdsunsy NAM)
$ns namtrace-all <namtrace_file>
- myiimsAamundunimsiunsoaumnia Tasszymmsz
$ns trace-queue <nl1> <n2>
- msiinsdanudunmsidumsveainia Taoszymms @miuTalsunsy NAM)
$ns namtrace-queue <nl> <n2>
- fndedlfiudindeyanisian eiudrdeildroutiozoumsiar)

$ns flush-trace

dmfugiuvedIndmsdeaundunsimsdumavewiniia (Trace file) 924

anuugMAUVEIMAIE AsIlf 11



event | vane | SER0 | 158 | Eipe | Siie | finwe | raa | Sxg [ s [ 2a ok
r receive (at to node}
+ engueue fat qugue} src_addr : node.port (3.0}
- ! dequeue [(at gqueue) dat_addr : node.port (0.0)
d : drop fac gueue)

r 1.3556 3 2 ack 40 ~————0= 1 3.00.0 15 201

+ 1.3556 2 0 ack 40 -—————- 1 3.0 0.0 15 z01

- 1.,3556 2 0 ack 40 ~==———- 1 3.0 0.0 15 201

r 1.35576 0 2 tep 1000 —=-————— 1 0.0 3.0 29 199

+ 1.35576 2 3 tep 1000 ——————— 1 0.0 3.0 29 199

d 1.35576 2 3 tep 1000 ~————wea 1 0.0 3.0 29 199

+ 1.356 1 2 chr 1000 --~==— 2 1.0 3.1 157 207

- 1.356 1 2 ¢br 1000 ——————= 2 1.0 3.1 157 207

i 11 gdunwvedIWdRamudumanisidumsveauitniia
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A ) Y o & ¥ A v o o ] ‘ﬂ
i]'lﬂ;‘lj‘n 11 11—!1!911’:15‘”551’1@] ﬁxl‘i‘luﬂ1in1a1u1uwuaﬂu1ﬂ Tﬂﬂl!ﬂﬁxﬂiiﬂﬂﬂ%%lmw‘lﬂﬂﬂl U

L 1 4
AU N4 12 aIU fail

I event iugiumumsviiam esi 4 Uszinn fo

r : receive
+ : enqueue
- . dequeue
d : drop

. d' o
time Wunafmau

LA o

o N>

unnfaluldsunsy NAM

-
o
=]
flg

?

3k I

(3]

d o A ¥
uAMNeUaa Tnuaudl

-1 o T ] =
uniineylussninnssend
d d A o o
unnnaf 1dsunsdand

of =] " Yo @ o
unaia Ly 145umsSann

T { ¥ d d ] i
from node Huduildveniudniagndauneiniila
tonode g Fueniudinifaszgndsuila

= ] =1

packet type (Fu¥iinvewinifia
. d o

packet size (HuvuAvoiaia

flags Tifimsldam (e fidnwasiiiy - - - - )

9. source address 1Hufiguesduda vxdgtuuwdiu node.port

10. destination address (Tuflaguosdus azfiguuudiu node.port

o_ o of o
I1. sequence number ai'lumﬂnﬂmumwmuwmﬂﬂ

12. packet ID 1fums fmuas e auitnide

U 3 ° o_ a & o L4 ] o = ar 1
fid dhidudlfimuadid 1P u pve Fadal1d1dam udsz 19 vuad Idfungy
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1.5.2 mathgmadumaveansinifin (Monitor)
@ = P 1 4 1 o = o
dumsdufindeyaiinizeeasiudmiiauls gy Tudnymzveansaulanlsuandin

. dy e 3 : , z
niodrmonludn 1850 1ihudn FlunufitmusovmadhgTassusimuald wielu

s

nah lasy
= ' 4 .
11 per-flow Fuugzaliu1v89 flow monitor

o

0w o o g 9 ° a = a
ﬁ-lﬁ'iuzﬂlluvﬂ'lﬁaﬂrl']ﬂuﬂ15ﬂ1ﬁuﬂﬂ15ﬂ%ﬂu quzﬂlluuﬂau

$ns monitor-queue <n1> <n2> <gtrace> <aoptional:sampleinterval>

2. Tsunsu NAM
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