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Data unit Layer Function

7. Application |Network process to application

_ Data representation, encryption and decryption, convert machine dependent data to
6. Presentation

Data
Host machine independent data

layers
5. Session Interhost communication, managing sessions between applications

Segments 4_Transport  Reliable delivery of segments between points on a network.

Addressing, routing and (not necessarily reliable) delivery of datagrams between
Packet/Datagram 3. Network
Media points on a network.

layers Bit/Frame 2. Data link

Bit 1. Physical

A reliable direct point-to-point data connection.

A (not necessarily reliable) direct point-to-point data connection.
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DS L 1) 300 3929
Class? A

80. 32.51.60

01010000 . 00100000 . 00110011 . 00111100

Network ID :

01010000 . 00000000 . 00000000 . 00000000
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Objectives |Value
Class

Network ID

First IP address

Last IP address

Broadcast address

Number of Available IP addresses

Class? C

| Network | _Host
201.202.32 .40

201.202.32 .40

11001001 . 11001010 . 00100000 . 00101000
Network ID :
11001001 . 11001010 . 00100000 . 00000000
201.202.32.0 : 595 o ¢ Sl Net ID )
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Objectives [Value
Class C
Network ID 201.202.32.0
First IP address ?

Last IP address ?
Broadcast address ?
Number of Available IP addresses ?

201.202.32 .40
____ Network | Host

11001001 . 11001010 . 00100000 . 00101000
Broadcast Address :

11001001 . 11001010 . 00100000 . 11111111
201.202.32.255 : 395 40 « 45 | Broadcast Address .,

Class C

Network ID 201.202.32.0
First IP address ?
Last IP address ?

Broadcast address 201.202.32.255
Number of Available IP addresses ?
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| Network __|_Host |
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11001001 . 11001010 . 00100000 . 00000001

Objectves  lvaue
Class C
Network ID 201.202.32.0

First IP address 201.202.32.1
Last IP address ?

Broadcast address 201.202.32.255
Number of Available IP addresses ?

201.202.32 .40

11001001 . 11001010 . 00100000 . 00101000
: 48 o3zl JolB w s T oy T

11001001 . 11001010 . 00100000 . 11111110
201.202.32.1 : 395 o ¢ 45u ol IP o T pudgl us




oS orly S0 iy S5

| Network __|_Host |
201.202.32 .40

11001001 . 11001010 . 00100000 . 00101000
s 48 oLl JuB s T o 5T

11001001 . 11001010 . 00100000 . 11111110

201.202.32.254 : 598 oo s 4Sud (! IP 3T (s3] a

Objectives

Class
Network ID

First IP address
Last IP address

Broadcast address
Number of Available IP addresses

Cc
201.202.32.0
201.202.32.1

201.202.32.254

201.202.32.255
?
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___ Network | Host _
201.202.32 .40

11001001 . 11001010 . 00100000 . 00101000
: 4Sed ol o ooliwl JoB IP sl w7 slass

11001001 . 11001010 . 00100000 . 00101000

: 201.202.32.40 5 Sl IPy3 iy yos LB 5l IP Slass Jga,d

(NetiD) 2gus sdor HOST alad z JaIP
IP ;,..J;.T,wc,.g,q{

Broadcast address:ess IP

Cawl 28 — 2 =254, Sads oyl 3 eolazwl LB 1P sla ._r-u-‘*T lasi

i Jle wlg>

Class Cc
Network ID 201.202.32.0
First IP address 201.202.32.1
Last IP address 201.202.32.254
Broadcast address 201.202.32.255
Number of Available IP addresses 254
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Subnet Mask
; Ao
S g9 LIPSl axy subnetting Jos g g8 o5 b A 4 Iy A S sl 9 SubnetMask
subnetmask:255.255.255.0  <exi o gw a8 Wil g3 (o0 PC 254 fuas 201.202.32.40

v 30T g0 ahai pus b ahai audiid G199 FgmolS. WiSwo i 3T SUDNEtMASK ¢ wiSis a8l 9 ) Wi & G99 aSus 51 Lo!
Slew plodi 9 S 1y Network slguw plod 45 O yg0 1 & . wiSwo 0dliiw! Subnet Mask pb & (0gedo 3 A 9 @ IP
W80 AND dIP 38T 481, Subnet Mask qum .8 jbus 15 Subnet mask 6 8 wSwo a5 4 yao 1y Host

Subnet Miask Class A

iii1yiyyz» . ©0000000 . 00000000 . 00000000

255 _.0.0.0 |

Subnet WMiask Class B

T Newworte | most

111113111 . 111131371 . OOOOQOOOO . 00000000

255 .255_.0.0 |

Subnet WMiask Class C

____ Network | _ Host |

113113337 . 131131373317 . 1131131331 . OOOOOOOO

255 .255_255_0 |
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Jos cs s cpl w3 Loyl 15 asiis SO 0 w)dled a5 dad Lewskis Aalgsu SanelS 31

Subnet Maskl AND IP1 = Result1

Subnet Mask2 AND IP 2 = Result 2

IF Resultl = Result2 then
IP1 & IP2 are in the same Network.

IF Not then
IP1 & IP2 are in the different Networks.

S ) 4 S 50 80.24.35.1 5 80.23.45.2 (cla Lyl U]

80.23.45.2
Class ? A
Subnct Mask Class A ? 255.0.0.0

80.23.45.2 AND 255.0.0.0 = Resultl

01010000.00010111.00101101.00000010
AND
11111111.00000000.00000000.00000000

01010000.00000000.00000000.00000000

80.24.35.1
Class ? A

Subnet Mask Class A ? 255.0.0.0
80.24.35.1 AND 255.0.0.0 = Result2

01010000.00011000.00100011.00000001
AND
11111111.00000000.00000000.00000000

01010000.00000000.00000000.00000000

Result1 = 01010000.00000000.00000000.00000000
Result2 = 01010000.00000000.00000000.00000000

) S Sy 5 80.24.35.1 580.23.45.2 o Loyl cal il
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Special IP Addresses Private IP Addresses

|
127.0.0.0 (loop back) 10.0.0.0

224.0.0.0 to 238.0.0.0 (Multicast) 255.0.0.0

239.0.0.0 to 254.0.0.0 (Experimental)
172.16.0.0 to 172.31.0.0

255.255.0.0

192.168.0.0

255.255.255.0

0.0.0.0 & 255.0.0.0 (Reserved)

PIAS g Network &) Lgi yo Cuomd pIuS o 310 Lawiid wy0T 395 59 3 g (0 (99 WT (0 it Jlgw (! Yo
$Cwm> Subnet Mask 31 ooliiw! p g3 .l HOSt 43 L g3 o Cuownd
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Subnetting

555> by Lo W g1 VS L gl (23 o] & s s (sl 45 390 3 il

10 395 o aiS (Class Less) oM o > Lol ol @ a8 g)ls s ol ey
bgsye ceomd plaS" g NEtWOTK & by pe cand plaS a8 Cllas ool jauseds (63)lge o>
porde jl odlizwl host ¢ network _aswis oy wul JSis 8wl Host o

<l )9 5 Subnet Mask

sascie ks ¢ 3,5 [P ol U L5, e Subnet Mask sac a5 e85 g o
& bge cuond pliS g Network 4 Lge IP o)l cond oS a5 el ) saiS
.<wl Host

S LIP s ol )l Range & a8 el o) Subnet ting 5l G °
2 3 elgn U oS o e wpplRANE a2 4 o)l 3l Lo o,
SblS gy eplesy Cadl See Mie oS edlizsl alSls Range
M8 Py b CoaSus fp g oS e e A A | ASUS (S8l
o

wplgd 1> Subnet Mask (oS - Subnet |, 4 s
g0 snles Host g Network ssw o jxe a5 il




BT TR

Shariaty
Shariaty
Shariaty
Shariaty
Shariaty

gl oo Slus 00lgild S gude den 095 0 48,5 a5 3 YU &y Subnet Mask a5 s

Seved Ali
Haj Hossein
Seved Arman
Haj Ebrahim
Seved Naser

Network Host

Shariaty
Shariaty
Shariaty
Shariaty
Shariaty

=S ol S5

Seved Ali
Haj Hossein
Seved Arman
Haj Ebrahim
Seved Naser

Subnet Mask hs o5 5,8 Vs
SaaiS Gl y Cooww 4 1y (Host ;1 Network oaiS 152w ha)
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| Network | Host

Shariaty Seved Ali
Shariaty Haj Hossein
Shariaty Seved Arman
Shariaty Haj Ebrahim
Shariaty Seved Naser

T T

Shariaty Seyed Ali
Shariaty Haj Hossein
Shariaty Seyed Arman
Shariaty Haj Ebrahim
Shariaty Seyed Naser

olgils g3 an |y S5 edlgld SO aitus 0dlgils S guie don [} &S in o

(0225 oensls <S55

Shariaty Seved Ali
Shariaty Haj Hossein
Shariaty Seyed Arman
Shariaty Haj Ebrahim
Shariaty Seved Naser




___ Network | Host

Shariaty Seyed Ali
Shariaty Haj Hossein
Shariaty Seyed Arman
Shariaty Haj Ebrahim
Shariaty Seyed Naser

Host clas jials ass 3 o Network olas yiolisl b S wsels

S5 Sl (gl 4 (g oo dnste 29l o 4y Jlio cpl 5l 48 s> L Vs
el ol > ol oS it 1S9 Network s o 1, 5,5 Network
L) oS 2SoeS |, HOSE ases 3 5 35,5 1, Network ceeud o
Coomd o by cop opl 025 aslal g HOSt cond lo s 008 5,8

335 o o0 Network

Network 4 g o5 2,8 host 5l Ll e ks a5 el ol Jlsw Yo

§ oS 4Ll
1390 7 ke ¢ L 5y9e sla Subnet sl 31

n
2 ? Number of Subnets Needed

G g oo o2, HOSE jl o) cows 5l b a8 e Sla cow sl
oS aslsl Network

=S ol S5
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D 3gs Lo 435 550 ¢ oolaz] LB sla [P J8las lass 5]

2 -— 2 > Number of available
¢ P addressees

4 ol dlawi B oo o HOSE Lo ceans 1 a8 el slgzo slas h
Db patule ¢ Sy o8 b
oS oS oS (55l 1] wupled (oo il o b Lol 4 3l 10.0.0.0 a5
Aol be s liee 4S5 0

Class ? A

C Nework | B
00001010. 00000000 . 00000000 . 00000000

2> 5 n=3

| Nework | Host
00001010 . 00000000 . 00000000 . 00000000

T Nework | Hew
00001010. 000 00000 . 00000000 . 00000000

2] 53 o) sl oS 43LSI NEIWOTK a4y g s Sy (18,8 NOST Caoww 51 sl &8 Gl b Cow Blani N puidS
90.0,5 law (i) 381 NEIWOTK sLad g (yials oSt slad aseai 4 dgaiwe Cw 11 L ol NEtWOrk Jls
Swoa Nost 51 Ko NEIWOrK Cuomd joliin (p! (6150 oS w1y v subnet mask syl as als yo
subnet ;s b Cus ol wlo Cawl (o 8 yilgd aly ybo S aS Cawl (] 3,15 395 9 &5 (6] ST . Wignino yhuo
L dguin0 DAlgA |y Cuid Oy 4 o2 Wy MasK




=S ol S5

New Subnet Mask ?

| Nework | Hot
11111111 . 111 00000 . 00000000 . 00000000

255.224.0.0 OR /11

11 ,51) 255.224.0.0 _owe 4 (2 9 Canwl Co 11 Jols NEIWOTK Chomuad _sims (1 sdipe sze 55 /11
(255.224.0.0 3guine oniS yiuo Jol5 1, hOSt g i Sy 1 Cars

aSwd 8 = 23 441,10.0.0.0 (g 4S5 puilgine g ol 255.224.0.0 b 1,9 New subnet mask ¢’
oS0 8318wl 1y a8l 8 51 a5 (1l ply a5 diwlgd Lo 1 dllue o yguo 43 (92 9 Sl S

Cowd 4 (035 a8lal cop aw) Las Network s L as'l) s cls plos Yl
oS (5o Slus caysl (oo

| Network | Host ___

00001010 . 000 00000 . 00000000 . 00000000 T

00001010 . 001 00000 . 00000000 . 00000000

00001010 . 010 00000 . 00000000 . 00000000 10.32.0.0 /11

00001010 . 011 00000 . 00000000 . 00000000

00001010. 100 00000 . 00000000 . 00000000 10.96.0.0 /11

00001010 . 101 00000 . 00000000 . 00000000 BTN

00001010 . 110 00000 . 00000000 . 00000000

00001010 . 111 00000 . 00000000 . 00000000 10.160.0.0 /11
10.192.0.0 /11

10.224.0.0 /11

oS oo Joo i ) & oS o 5T ) g a5 sy 51
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S oo 1, 10.64.0.0/11 e

| Nework ____|____________Host _________
00001010 . 010 00000 . 00000000 . 00000000

Network ID :

00001010 . 010 00000 . 00000000 . 00000000

10.64.0.0 : 555 - NetID ..
Broadcast address:

| Nework | Host
00001010 . 010 11111 . 11111111 . 11111111

10.95.255.255 : 555 .~ Broadcast address .

00001010.010 00000 . 00000000 . 00000000

First available IP
00001010. 010 00000 . 00000000 . 00000001
D35 oo 4 ol 43 oozl BB IP Lo yol gl es
10.64.0.1
Last available IP address:

00001010 . 010 11111 . 11111111 . 11111110

D055 oo a5 oyl 53 eslazul BB IP sl 3T s
10.95.255.254
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00001010 . 010 00000 . 00000000 . 00000000

[ A P e

s aSud ol s ealazal LB TP ol slas

[P o)l Yoavae 255 0

Subnet Mask 255.224.0.0
Network ID 10.64.0.0
First IP address 10.64.0.1

Last IP address 110.95.255.254
Broadcast address 10.95.255.255
Number of Available IP 2097150
addresses

JENCTI
45 8 581 31 o5 L 45 iy 400 1 49 T 3 (o Lgid 3oILT L S ol iS22 oS 45 8 491 NELWOTK oS
| o i 125 (igmols) wilideo (ot (5T 2097150 il gine
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Voo aa alud a5 4S 1S Subnet sk 15 172.16.0.0 480
AL 4851 3 g g saliiul W TP ey

Class ? B
| Network | Host |

10101100 . 00010000 . 00000000 . 00000000

Network Host

10101100 . 00010000 . 00000000 . 00000000

10101100 . 00010000 . 0000000 0. 00000000

| Network | ___Host |

10101100 . 00010000 . 0000000 0. 00000000

New Subnet Mask ?
( Network | Host |

11111111 . 11111111 . 1111111 0. 00000000

255.255.254.0, OR /23

39 &5 Cawl 0 Al NEtWOTK 128 &9 (owtd ¢ 128 = 27 19418 o33! p3lig 3999 08 55 Jiiio hOSt &9 o 7 1 (oSS o 95
. 9,10 992 ¢ IP dus 300 sfusi network o

56 |
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Cowd 4 (0 a3lsl cuw V) was Network uss b as'ly s cdls Vs
oS 5o oles 1) o9l (oo

| Network | Host

10101100 . 00010000 . 0000000 0.00000000
10101100 . 00010000 . 0000001 0.00000000
10101100 . 00010000 . 0000010 0.00000000
10101100 . 00010000 . 0000011 0. 00000000

| Network | Host

10101100 . 00010000 . 0000000 0 . 00000000 172.16.0.0/23
10101100 . 00010000 . 0000001 0 . 00000000

10101100 . 00010000 . 0000010 0. 00000000 172.16.4.0/23

172.16.6.0/23

10101100 . 00010000 . 0000011 0. 00000000

oS (o Jos i ol 4 oS (o0 UL g0 4SS oy S




S oo 1, 172.16.2.0/23 e

[ Newon | Hest |
10101100 . 00010000 . 0000001 0 . 00000000

Network ID :

[ Newon | Hest |
10101100 . 00010000 . 0000001 0 . 00000000

172.16.2.0 : 55 - NetID .,

Broadcast address:
[ Network | Hest |
10101100 . 00010000 . 0000001 1. 11111111

172.16.3.255 : 54 - Broadcast address ..

[ Newek [ Hex ]
10101100 . 00010000 . 0000001 O . 00000000

First available IP

[ Newo | e ]
10101100 . 00010000 . 0000001 O . 00000001

D39 oo 48w oyl p> ealiza) LB TP ool sl e
172.16.2.1

Last available IP address:

S B S
10101100 . 00010000 . 0000001 1.11111110

D39 oo aSed ol )3 ool BB IP Loyl o 3T o
172.16.3.254

| Netwek | ot
10101100 . 00010000 . 0000001 O . 00000000

2° —2=510 ;4Sud p) oy ealeiu) B TP Geal Alaxd

=S ol S5
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Supernetting

aSws N> w .cwl Subnet ting  wSe Joo Wb
leeS oo obml S5 a8l o g 03,8 pledl o L]y SeeS
Foy Gl JE a8 ola asid Sl el sl 0)90 ()

Do (oo 03wl N iy aSd > 1) ol A

o2 Lol el |yl as 9 a5l ol o AU
2,5 Supernet

D0l A5 9 4 oS pLESN 1y A yle (3 gt 3,18 9529 215 S IP b 4 ylex

10.128.0.0 /11
10.160.0.0 /11
10.192.0.0 /11
10.224.0.0 /11

o (o Syl O g |y o oyl

00001010 . 100 00000 . 00000000 . 00000000
00001010 . 101 00000 . 00000000 . 00000000
00001010 . 110 00000 . 00000000 . 00000000
00001010 . 111 00000 . 00000000 . 00000000

10.128.0.0 /11
10.160.0.0 /11
10.192.0.0 /11
10.224.0.0 /11

[ Nework [ _Hest |
00001010 . 100 00000 . 00000000 . 00000000

00001010 . 101 00000 . 00000000 . 00000000

00001010 . 110 00000 . 00000000 . 00000000

00001010 111 00000 . 00000000 . 00000000
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S 99 (1 39 L i Ailio 13T St 93 (g hidand o dilino Al 5162 32 9 0 slod ant G iSuo BB Lo 45y gailod

D Oguno JIi /9 49 (39451 9 999 /11 M ¢ padio S HOSE a9 1y 35T

T s
00001010 .1 0000000 . 00000000 . 00000000
00001010 .1 0100000 . 00000000 . 00000000
00001010 .1 1000000 . 00000000 . 00000000
00001010. 1 1100000 . 00000000 . 00000000

New Subnet Mask :
[ Network | Host |

11111111 . 1 0000000 . 00000000 . 00000000

/9 OR | 255.128.0.0

Network ID:
| Network | Host |

00001010.1 0000000 . 00000000 . 00000000

10.128.0.0
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S el S

&5 dgumo 45 sleS i 4 APl F (o Jae p 4 Platform g Application Program Interface :APl <&
WiSao App (21 50

il AP &S ca it platform (g1 4ol g gd (rs  guo 1521 48l Jowo S s softwareApplication g

S support w1y i 8 590 Applicationas’ cuw! ilisue Slehols miww 9 1 391 o 31 51 45 902w : Plat form

Application Software

O Platform Services Application Agent
Application Program Interface (APT)

J Graphics
Platform (OS + Hardware)

0 Data Interchange

0 Data Management
0 User Interface

. . Application Application

o Communication Services

Platform (Oware)

<«— Inter-process Communication

. Wgw 0 COMMunNicate pa b & Platform g APl & fawg oSl 99




S el S

J0g 39w K 4 Wiguuwo Jog 1 Cpimsl! plod ¥ goo 45 Client/server pb &) comd (S dSuwi Soxy 48 4 Sl 1 LI>
. wSwo 45 client-server & g0 4 B Application w1 & gawo

Distributed Applications = Network Applications:
Client/Server

Application Software (Client Part) Application Software (Server Part)
Client (user) Agent

Application Program Interface (APT) Application Program Interface (APT)
Communication Software & Hardware Communication Software & Hardware
Platform (OS + Hardware) Platform (OS + Hardware)

* Client Agents Examples:
— Internet Explorer, Opera

— MS’s Outlook, Netscape’s
Messenger, Fudora

uoneaddy

Communication
*  Server Agents Examples: Network

— Internet Information Sever, Appachi
— SQL query engines, ...

Network Application=distributed Application

Plil 5l 9 Yo 45 Wy oF (0 Client agent (T 4 a5 WS o oot 1y Application 45 19 3¢9 Client ol j Sl

. oW o Jog 39w Application & Application jf esliiw! g Clash g 3b

W guwo Jwo g Application Serverpart 4 Platform b API dawgs Application Client part

S g1 Sl T (S Al (o SRy (iSall] SR 510 R 2 Sgio Smy (B9 B LSyl ot 5o
Sl 3590 Y 2 (ot Sn) S 49 (il

. pSwo cOmminucate 4¥ 3 lgdg o g Y 2 (B9 o b 45 Wil g3 padl g oy




Layered Application Model-2
Presentation

Presentation User Interface ‘ Application Interface

Layered Application Model-1

Presentation

User Interface User Interface Control Application Interface Control
User Interface and Relted Logi S

Application

R Business (Apliation Lo Business (Application Logic) Business Processes

s e N e

— Presentation: The client agent remains focused on presenting information to or

receiving input from the user. * Business Rules (Application Logic)

— User Interface: User’s access to the application logic via client agent. It can be — Units of processing o algorithms that represents concept of importance
dynamical and configured by user. It is build on the top of the user interface to the organjzation llSiIlg database

- Dynamic User Interface: * Data (Database ACCSSS)
+ Customizing the look (example: www.cstore.com — Logic to connect to database; access/manipulate data held within databases.

control.
+ Customizing the content ( examples: my.yahoo.com , www.exite.com )
. o o 31l System g Application 4% 2*
: Application g 4% Juo

WY (0 AT Wgw (0 (130 Y aw cad &5 b Application Network 43 —Tier client/server : 4% aw Jowo

Data 4% : pgw 4¥: Businesspgd a¥User Interface b : Presentation Jgf

“Logical Tiers vs Physical Tiers

» Application Model
— Logical Tiers
+ Presentation Client
+ User Interface ezt Tiedhee ‘Workstation

* Business Business (Application | Application
* Data Logic) Server

¢ Client workstation

Presentation

3.

d‘“; ol

« Application server
* Data Base

presentation gdaw ¢ Y0 45 3,318 tawg 40 TexthoX &3 b axde S 45 Wil (0 Google ¢ cwl S &Y (sl p &5 Sl

.91 pb User interface bWao! 45 8 103 53907 4 jLd g WS 9w TeXDOX dawgi wilgi (0 (S 92 g ol

64 |




S el S

PomolS g9, 45 oI Application 8,18 999 GoU j s &5 cuwl (Ilowlgd 30 Jiw Clientworkstation 3y J&& 48
S AT pdd (0 by Bl Cunl g 40 Wao Cuwd request Jlyl o gate badd Sy aY L cwl S AY 1wl e T
. ol Application Server 2 4% .08 o Jlw 4 2 4% & Cunlgs 38 (91 &5 Cunf request

.o process 1, lgwlga 3o 4o Application Server
<! Request gow Run Jow a5 Application Server &) o guwo Jbw 31 1 4% 40 workstation cew 31 Request

Application 48 process &5 oy b .9,18 9929 cOmmunicate 3 a¥ 48 cwl Database Jolw 45 Data Server

88 55 oo Jlw of (presentation) 1 a¥ 4 Reply gyub Jol5' 31 s 89 JoU5' Server

Layered Application:
3-Tier Client/Server Model

Runs by Application
Server Agent

Business ‘

Run by Client Agent

Presentation |

\ (A lication Logic)
User Interface ‘ )‘éi
s B — -

user Application Sever
. g Runs by Database
Client Workstation Server Agent

Run by Client Agent  (tich client) Communication
. Network
Presentation ‘

User Interface

j’ Mobile Client Data Server a

pser  Workstation Database
(thin client)

999 o 1 OleAD! g Wbl Ai1S Cano!l U cunt ylo jlw 31 z 4 > 48 Database Server ¥ goso

O 2 g WS (S0 1y 095 093 Cuwl gy swow! &Y o1 user interface b o presentation a¥ 1 a¥
99 user interface wb wiSw U yI b coly o 9,30 0 9 9,18 presentation gdaw o J¥L Google. Wil Wi 9,18

O gw (0 FUN Suowsd o3t Client agent dawgd. ! pgo Ius

. e yomolS (59 sClient workstation (rich client) ¢ 1 4¥ Jxo




S el S

. ww! o Jbgo 59, Mobile client workstation (thin client) g
. Ogw o S )lw oy Client workstation presentation

Business & 4% 8,18 41,9 4¥ (91,8 Application el Sledb! 10 9 & b g3 o 45 Cuwl business g a¥ : 2 4

.98 ¥ o0 5w 0oy Application Server sg,
g oo 5w 00Ly Database g9y Data &Y & ' (0 18 Y 1 10 Sl &5 CwiData g aY 3 4

Cuvfgd 30 1 Y 31 guino 0310 Cuwlgd 30 (wadis B b 31 39 w30 Sl 41 5 (3w 40 PO S (B9 ¢ wly (g L Sl
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Example: Car Rental

Router

Router

— Reservation agent
workstation

Application @ Data Server

Sever
Database
Attendant .
Workstations Car Reservation Center ‘

Router /

3

Car rental 1& pickup
locations

. &
£ &8
server L =

Attendant Workstations
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Increasing the load

laringb Application & b (90 35 415 (sl 4%l 43 3,19 992 g Response time g throughput w alasl y &9

U055 et 1381 p 3 B D15b 43 pud gl 8,418 992 g Transaction 64 v Jeua 38 Wil yasuiwo b Transaction

.o BTransaction oluss

<! ad g1 Throughput 8 Transaction

.ol 1/28 @1 gresponcetime «local reservation =transaction sy throughput=100 & yj Jgu 3o
09 ¥ 01/67 py Responcetime wb w381 %5 o ylat & throughput 51

dgw o 1992 (W.00 ¥ #2/45 iy Responcetime wb ! 391%10 o ytadt 4 throughput 51
8 55 0 91 4 Ly sii Responcetime wib aa! 331 %15 o 31wl 4 throughput 5

09, o0 3b ) 3 Response time ¢ wlb !t 31 throughput yud 4

Wb 8,18 st Responcetime g Throughput 4> Transaction y aSislg & Transaction stwes 41331 p 9 >15b 38 w

Increasing the Load

» The load (transactions) Current

: CLI
— Local reservation Transaction Load +10%

Intensity

— (at car rental location)
i Local Res. 1.28 . 2.45
— Road assistance

request Road Ass. 0.64 . 1.37
— Car pickup

- Car Picku 0.64 . 0.94
— Phone reservation ar tickup

Phone Res. 0.85 1.16 1.82

Table 1.2. Response Time for Various Load
Values (sec)




S el S

Sl gl (ar) Wwd A Y 0 (g Wilizo yiguolS 90 Data Server g Application Server Jud car rentalaSws 49
oS (S5 ol G (31 AT ) g S A D ST Wb (1 LS. 0 g (0 DOWN dSl 45 89 o YU 4wl throughput
. el Cache i oolaiw! lgwigy ot 3 SO

AN 950 o gl 59 g N A (i g &) @819 30) O guiewo AiAT b 59 g JLa 3 (S 45 o0 ) T > S gy I
At g S 31 9 39 3w 9 1 IS B Jolo S i a0 15 T gw 9 S il J5 g5 1015 (g 4lS' (B9 Jlo (ylgis
- ol S0 il 00Lw P ggho (1 g IS 35 T (g yiwd 59 g W2 4 Lo (31 s

& o bliyl link Wb sl g cuwl Jog o il 4 Router tawgiy cul BMbDPS (b 4t Wil sl 93 JS 49

.ol 100000Dit=L b g 99 WS (0 4 a8 031 30 &5 (SN s S 0 31031 Joro S 10 38 Cawll.Embps <o wis!

Juro 45 W 59ly Cuwd 4 1y Packet o 3wl g o MoNitor 1) aSwili & o solai! (4198 oo benchmark sl 51381 p 3 31
. wiSwo et 1, LPacket

B 301y Sl 30 15 Wilgi (oo cuwl LAN aSus 38 45 (539w wuwl 15 1eQ/SEC 59y a8 40 &F Cawl jow W = a

(il 393w 90195 )"0 Support asb

Wb gbe: R

diwez JobL X g ada

2k gl R

Utilization or Traf fic Intensity on LAN =
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Caching example 1

Assumptions origin

* average object size = L= Servers
100,000 bits

* avg.request rate from ) .
institution’s browser to origin public Interngt

serves = a= 15reqs/sec Traffic Intensity on the access link

delay from Internet router to = 15%*100,000/1.5Mbps=100%
any origin server and back to )
router = 2 sec

L Consequences R=1.5 Mbps

utilization on LAN = 15% access link
utilization on access link=100% mstitvbional
network

—
total delay = Internet delay +
access delay + LAN delay ﬁﬁﬁﬁ
= 2 secs + minutes + 20 msecs = )
- R=10 Mbps LAN

Traffic Intensity on the LAN |
= 15*100,000/10Mbps=15%0

9,18 9929 pb Link (59 Sudl 3 ot ol Sid (59,15% B! 55 plod

axL axL 15x100000 15
R  Rx10%  10x 108 100

Traffic Intensity on LAN = = 15%

ol JUl W (5ligd o 319 St 3 o 48 15 iy S giino wguico S (Sl 3 %615

(Wbl g i 1 T 0 9 &5 90 B puiSan o9 90 10° 43 hit 4y mb Joond (51 )

axL _15x100000 15 _
R=<106 15 =106 15 0

traf fic Intensity on the link =

Down  aSwh o ol 100% b S81y (92 (g 9510 9929 (Mo g piyld Sy Sy (92

. wwi Bottleneck ot
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Average queuing delay (secs)

160 msees /
20 msecs Traffic intensity

|C|||||,|||::3, LaR
60% ° '

L Cowl 3B o 5 peo TINding problem 65,0 5909 o skl §98 JSin J> (gly0
o 9 310 (5300 4 (59 5 S Wb Sl S b il V0 T LS S O3 1y Wb slie(l
- | Jiwo a8 SB1 53 31 S SB35 ¢ iy 0 %15 4 %100 yITraffic Intensity

AT g sl 8,5 wiSuo 3,15 0l (31 COSE Jo 45 wiS D pao (500§ (5 43 3 Cansl (S &5 i 2951y Link 1S5s0 (51
S adG 1 3T Cost Juwo 45 98 oF Wil (o> of y auls W 30 COSt Juwo 1

P90 039y W Ty yhw 9 gt (4T (51 39 A1 S 318 (9l gino A Egd g3 3310 33 g 4T (S (51 3 Jlio Y9 &
ol WiSao Jo 1) Aluo g Cuwl (9 90 3B (2905 ¢ S 395 il 33 (Swwo (030 S8 S A pgd g8 I g S
NT (03929 4 > 9l 4o cost model Al
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Caching example 2

) ) origin
Possible solution CTE
* increase bandwidth of access

link to, say, 10 Mbps
Consequences
* utilization on LAN = 15%

» utilization on access link = 15%

Traffic Intensity on the access link
= 15*100,000/10Mbps = 15%

-
* total delay =Internet delay + 1w Mbps
access delay + LAN delay access link

= 2secs + 20msecs + 20msecs institutional

twork
» often a costly upgrade networ

)
~ 10 Mbps LAN |
Traffic Intensity on the LAN T _/

= 15*100,000/10Mbps = 15% |

O 505 Jog a4t ybenchmark 41381 p 3 Wb Cuwt i 4l S Packet 0 31031 faw gio pangds a1 (o1 9 (4SS
- Gl 45 30 55 ygilo 51391 p 5

2 619 &5 LAN 4t yo Cache Server yo 5 install a81g 40 <! Cache Juw jl ooliiwt 1 Jo of y 31 J588 S9(2
cwl 33 E 5

Hit rate »
Miss rate >

hit Juo 4 45 Wil (0 i3 51 b (e bo! Cus! S 95 (51 AadL> cusd CPU Jo15 @1y (81 il § o> CaChe

.ol oo v 3 4 brate

cache yo request gwl 351 39 <wl hit rate p wilse wiils cache yo Request gl 9 89w Jlw i cache 4 Request 1
o B6 99,18 gl bl T 64 «Request G10 4o 3t (s Wil 0.4 91 hitrate 1. Cewf MisS rate p wilso wald
. Siwd o Blio Miss rate ,hit ratecw! 0.6 g » MIss rate gw & o gl

o request Zwly 51 wiw 0 cache 4o 1y request fussl elient pws wuad LAN aSub 481, hit rate=0.4 b gcache 1
Wi g (03 Suud (5941 request waly cache

Wb o sl S S8 5 ¢ 9 cache ¢ hit rate o 31wl &
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S 08l dSui 4 Ccache server ji cul 9 4 3 &5 S Jagri sl @ W

Caching example3

Install cache origin
* suppose hitrateis 0.4 servers

Consequence pubhc Internet y—|
*  40% requests will be satisfied almost Traffic Inlensrty on the access link
immediately s
= 1.5Mbps = 609
60% requests satisfied by origin =04 15 100,000/ ps = 60%
server

utilization of access link reduced to 1.5 Mbps
60%, resulting in delays (say 160 access link

msec) Institutional

total delay = Internet delay + access network
delay + LAN delay

= 0.6%(2secs+160msecs+20msecs) + ﬁﬁ ﬁ@
0.4x20msecs = 1.316 secs
: 10 Mbn= | AN

Traffic Intensity on the LAN
= 15%150,000/10Mbps = 15%

|_Institutiona /dache

&S A 40 Ll 3555 (o Missrate g Oguwo o3k 8 S (595 15re0/S dod wWild aSl 30 49w Cache &5 (39039
! 0993 Cache (595 3T 0.4 § O guwo 09k 4 S (59 5 lgaw! 95 40 0.6 daid wily 4ifd 3929 49w Cache

. - Intensit the link = axL _O.6><15><1OOOOO_O.6><15_600/
raf fic Intensity on the lin = Rx106 15 x 10° =5 - 0

il 395 9 Oy Sl g3 60 Sl 5 dams 5 U660 4996100 3 Sdl 53 45 piano




T
L1 B0 9 b 30 ylo i tawgio wislod (o cawlgd 40 By g 11 ) Gladin S BB LAN 2 o4l )15 93 S50
. S 00w ! Cache server &9 31 LAN o 30 S @l LANL o 9 15 awgi 1 (i

L1=100000 bits , a,=1sreq h,;=50% (hite rate)
sec

L2=50000 bits , a,=20req; h,=30% (hite rate)
sec

Internet delay = 2secs

Traffic Intensity on LAN1=?
Traffic Intensity on LAN2=?
Traffic Intensity on link1="?

Traffic Intensity on link2="?

d=1IL/[R(1-D)] j ced o Le link s LAN (¢l 80 ¢ alaf, angs o
L= File length (bits), [= Traffic intensity origin
R= Bandwidth (bps) servers

—
1.5 Mbps

access link! “.

[~ public Internet

~10 Mbps LANI1 Cache server )

~ 100 Mbps LAN2

S el S
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Communication-Processing Delay w6

236l aY 2 Juwe 499,18 Response time & Resource y cwl éow o y90 Packet céby yo g Jlw 4o w6
. cuwl o Quege 48 Request a5 Jboy e (\Waiting time

. Gl REQUESE 43 5018 i g o J1> 33 s 45 Sio 3 ook :SETVICE tIME

. Resource < sl bof cawf Responcetime  oloa 45 Waiting time + Service time :Residence time

. Transaction < 1,21 b j b cw! Residence time as g0 - RESPONSE time

Communication-Processing Delay

Client (C) Server (S)
1 f
S com L \ [ request, m, bytes]

— [i* m

" response, m, b

S

time
Figure 3.1. Communication-Processing
delay diagram for 2-tier C/S system.
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The Times

+ Service Time during ju visit:

Y.

1

+  Waiting Time during je visit:

Wi,

Residence Time during ju

visit: R’;

R

R’¢,, = residence times at the client cpu
R’s,,, = residence times at the server cpu

R’;, =residence times at the server io

R’ = residence times at the LAN

Rr = R’Ccpu + R’Scpu + R,Sio + R7LAN

R, =response time of a request r

Residence Time

=Ql 2
DScpu =S Scpu +S Sepu

Service demand at server’s cpu

DLAN = 8(m1 + m, )/B
m, = request length [B]
m, = reply length [B]

=Wl 7
QScpu =W Sepu W Scpu

Queuing time at server’s cpu

Jud U sl g g plod lo y Egoxe = Service Demand

Service Demand (sum of all service
time for a request at source 1): D,
D, = Ej Si (322)
Queuing Time (sum of all waiting
" time for a request at source 1): Q;

Ri=D;+Q; (324)
R=L R (3.2.5)

b, pled ylo y & g0 =Quening time
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D; + Q; = Residence time o«

Example 3.1

= 10ms

Stepu = Sms, Sl —
AvgSeek = 9ms (server’s Disk) Che].].t. © Server (S)

1 £
A Latellc . 1 msec (Se["-‘el‘"s DISL\)

TransferRate = 20 MB/s (server’s Disk)
DataReads = 10x2048 Byte

(Disk Average Service Time)

D, = 10xS;= 133 ms

(Service Demand at Server’s Disk)
m; = 1,518, m, = 7x1,518 Bytes
D; ax = 8(m; +m, )/10Mbps= 9.7ms

The mimimum value for response time

to transaction t; all waiting times are ignored.
198 55 (031 Calim; 3gd o0 Pl T (S At 92 995 Jlu 5 ol &y 51

WL AN S 302 gl A &S, cwl (5 b 4Y)2 &Y o Server ¢S @Y jo Client: )19 9y 4¥ 3 Juw 30 J9
S Al S oS J0 B LAN . wwd Lo g0 o 4 WAN fawgi &5 Sl (55590 LAN ;03 &Y

Application
Server
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§ ol &30 42 A WT (01 &Y 5145 ol diy b

o 89 3 0 WAN gow LANL 9,19 fouxe 894 o0 Application Server 4 g Sgmwo LANL 8,1 Client 3 diw

g «d, by,LDatabase Server , Application Server (.84, 0 Database Server 4 g 99,5 o LAN2 3,lg

. cwl G99 Wldos plod & gomoResponse time , Request time .S o0 T

Three-Tier

Client

LAN, |
B,[bps] |

\
|

A

Application Sever
(Business Tier)

LAN, ’l
B.lbps] /|

N

Database Sever
(Data Access Tier)

Figure 3.3. Three-tier C/S system.

3-Tier Delay diagram

W S

[I' 5m1]

[r,m.

Application

Client LANI Server LANI1

Qcpu
D
Wnet -

Qcpu |
D,,.
Qnet

Database

WAN LAN2 Server

Figure 3.4. Communications-processing delay diagram for a 3-tier C/S system.
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o g0 2,0 QD gSW gl & s WS (0 Wl g <8, Application Server g Database Server gw & )b dws 92
& g &S Sl 1 Jolo i DA 31 (SS9 9418 Service dimand g Swdd . cuwl 59 g Swd B & g3 g0 Qdisk
281939) W 33 CPU <& g 4 hard disk o gw b WS oliiw! Interup p wilso 310 g cawl ¥ disk < gw 31 CPU

(WS (0 4By S
ol 399 sleilo ) plod & gomo Ry
§ Cawf Qnet owb yobo! st Wnet W cuomd 40 Application Server yo 1y : Jlgw

o g5 30 S (T (5 9 wdf (0 LI process B )b g wiswo Jlo )i Conlfgd 48 S8 CaadlS 92

- Validating

o0 &85 i 4o o Validating wal size g valid &5 wil otass Wb ows ploxd! (g " diged a0l (LL 40 o IT 4o
. 98 5 dwglio (2819 yInio S b loduo padlgdey 45 S g
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31 1SI Information Science Institute g 6399 (b pwilwt 31 (9 1 50T oo CIbT (o Sl ! L LI ol 4o Network wge

-l NS2 (5 puiibuus!

lo 3o 4 (C++, Otcl) wiSuo o0laiw! (i g9 40l 93 (3132 3INS2 cawl T 4999 Open source ¢ NS2 bl o 31 (S

WS RUN 1,y (55 iy 05 S it gis G ok 1,1

! o 42190 yiol 3l 99 U (g jlu dmid o

!l b luw OTCL (o190 g et YU jlus C++ gl 2l s g i 121 S g 4

! YU b OTCL (g1 9 (Fg cowl (ol jlod CH O ki S g - O gkl S8 g v

-

~

)

NS NS2 slal JiE ) sind

NS2 (AS s lera

e 53l api Trace 6

0 (o gwlod 1y > 95 I 2 b as vl trace JB S GT (2995 g oo b du 3419 TCL a5 3¢9 JSG 0

e e (S 590 & 45 Gl cybansit 1391 5 1 NAM

b oy S

=S el S

Wgod K 5l 92 peSwod odlaw! Xgraph 31 Science o 45 wduwo gwled Hl0g0d O g0 4 1) 29> &5 © Xgraph

08 F (o ookt islo 3T

Bliy g Wigh o0 (39 55w ply CH+ 31 S K3 g OTCL 1 S S5 wily o0 1 S 40 C++ g OTCL opm alil
. | 0t NS2 45 3 gu (o0 &S Judd cowod 4 WS 41 3 39

80 |
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TCP , UDP  JGil / gl gmuo / (5t 0 lsnlo / o (o § oo b (b 45 (S3lw dmii (gl 1 NS2 8,18
(Web,Ftp,Telnet) Swé! 5 @&l /MultiCast ,UniCast

NS2 b1

wiSwo 00l b3 2 31 .1

Wgw (o0 (g1 59 Taid g Wil 5 3bw 00l NS2 Jo b JSUg p 31 s .2
Colu NS2 4 ol oo 1y B Jowo 3 s .3

<! Open source .4

NS2 celao

Of 0 QLT sty GY b ploj e
ol ygmwd TCL 4yl

owd Source code 38 Jg W T 0 4ol g (D935 10 9w dig# (Gok> 40 42 3 ¢ W gwo’! CoMs b Lo gi - g0
1y o5 sledt g fuist Comment b ¢y giao Hio Cawl (58 39315 slaws i g3 COMMENT Sl Fb b ghas SRy 92  guimo
S ki

# So we are to sratt programing with TCL

oW 1998 401312 o g3y yoawd paSwo OSLAWISET  dolS' §1 gdivo i3 g2 (g1 990 o (s M5!

set a=12

252 U5 1y 51,0 (s Canl 11 &y gl 5 (g 2 (s (50 5 1 1+1 Wio Wi (o0 4y 1y 3o 402 TCI (b5

REXW:

Set b hello Wdwo 418D i J3181, Hello aols

Set ¢ *“hello world” ond g " S 10 WU a3 5 18 puio 4 padlgdu |y dolS 2 51

Set b “hello” cubgi ™" JB19 cslgine pb 1 (& 4clS S




Puts

Unset

5+10

Set ¢ helloworlds ;3 eoliw! " " 1 &yl giao Comd Aold OIS ot 92

C oS0 03w UNSEL 31 S B> 15 3 35 00 Lai! 4F ( ko g 51

Puts

Set d $a owyldd, ety a g o

$a O Py ko 5 giono ity

(! 4y 992 ) WSwo Wl 510

Puts [expr 5+10] wsw @l> 15

Wgw B Ous & 4l 3l &5 WS S expressional gt

3915 Jol> 90035 0 po R 30 1y guiio g 31 031 J1 3D guin 3O 1,7 dUE g i piio 401 300 45 (5f 4ol g 1 Sl

#define a=3 and b=7
Set a=3
Set b=7
# now define c=a*b
Set ¢ [exp {$a*$b}]

Puts “c is $c”

=S el S

WS Dl (295 5915 C Hlio Laled 9 0310 415 C pmidio

9> Cis2l
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puts [expr 5+10]
L
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C peifo 3 1y Lol 5 a38 Lt i p0 |y paita g3 sl oty LB D paszo 3y VW oae g @ paze 3 |y ¥ 20s & ol dalip s Jlte

#define a=3 and b=7
setald
seth ¥
#now define c=a*b
st ¢ [expr {5a*5b}]
puts “cis 5c"
o L5 21
sebiiar cosl e Ll 0,8 aalin expr $a*5h L expr(Sa®Sh) ;) expr{Sa®Shl ole gl o flia 3805 2
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puts -nonewline “Please enter name:
flush stdout

set count [gets stdin playerName]
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Nano ns_example.tcl

#Creale a simulator ohject
set ns [new Simulator]
#Deline different colors for data Nows (for NAM)
$ns color 1 Blue
$ns color 2 Red
#Open the NAM trace file
set nf [open out.nam w]
$ns namirace-all $nf
#Define a “finish” procedure
proc finish {} {
global ns nf
Bns Mush-irace
#Close the NAM trace file
close $nf
HExecule NAM on the trace [ile
exec nam oul.nam &

exit )

}

#Create four nodes

set nl) [$ns node]

=S ol S5
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setnl [$ns node]
set n2 [$ns node)

setn3 [$ns node]

H#Create links between the nodes

$ns duplex-link $n0 $n2 2Mb 10ms DropTail
$ns duplex-link $nl $n2 2Mb 10ms DropTail
$ns duplex-link $n2 $n3 1.7Mb 20ms DropTail
#Set Queue Size of link (n2-n3) to 10

$ns gueue-limit $n2 $n3 10

#iGive node position (for NAM)

$ns duplex-link-op $n0 $n2 orient right-down
$ns duplex-link-op $nl $n2 orient right-up

$ns duplex-link-op $n2 $n3 orient right
#iMonitor the queue for link (n2-n3). (for NAM)
Ens duplex-link-op $n2 $n3 queuelos 0.5
#Setup a TCP connection

sel icp [new AgentTCP]

Sicp set class 2

$ns attach-agent $n0 $tcp

sctsink [new AgentTCPSink]

$ns attach-agent $n3 $sink

$ns connect $icp $sink

Stepset id 1

#Setup a FTP over TCP connection
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set fip [new Application/FTP]

$hp anach-agent $icp

$fip set type FTP

#Setup a UDP connection

set udp [new Agent/UDP]

$ns attach-agent $n1 $udp

set null [new Agent/Null]

$ns attach-agent $n3 $null

$ns connect $udp Snull

Sudp set fid 2

#Setup a CBR over UDP connection
sel cbr [new Application/Traflic/CBR |
$cbr attach-agent $udp

$cbr set type CBR

$cbr set packet_size 1000
$cbrsetrate  Imb

$cbr set random false

#Schedule evenis for the CBR and FTP agenis
$ns at 0.1 “$cbr start™

Sns at 1.0 “$fip start™

$ns at 4.0 “$fip stop™

$ns at 4.5 “$cbr stop™

#Detach tcp and sink agenis (not really necessary)

$ns at 4.5 “$ns detach-agent $n0 Stcp ; $ns detach-agent $n3 $sink™
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#Call the finish procedure afler 5 seconds of simulation time
$ns at 5.0 “finish”

#Print CBR packet size and interval

puts “CBR packet size = [$cbr set packet size [*

puts “CBR. interval = | $cbr set interval |7

#Run the simulation

PS5 st ol sl sl g

:ns_example.tel ol gl

398 g plawil 5 pieed b ) 2T slomyl sl dend 1ot S5 Wb NB2 (gl tC] ooy Sl 4o 0 5 08 5l )3

set ns [new Simulator]
AF o ogaie NS e 151 g i o sl 1) NS o ad 100 S g5 ]
255 ik aoly 1, A58 halaal Gl o 1nd (pl Slesgat 5 la Jlg, 5l ealizad |
paiad ol |y g Sllae a8 Coal plaada gl jle ded oS s slaie 4
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(2,5 sanlial, ol ools gla aiuy adly o5 >

&ns color | Blue

Sns color 2 Red

t ] g S gpes s ] IS SYNEAX ol e solicul la CS5 ol ) a8l boghas

8ns color fid color

o ol s 3o B 8, b Yooleti fid Lle o5y iy 5 o S5, 1V oled fid Ll o5 oy eyl o

Linux-notes.blogfa.com

0 g At 53 6505 g ol ( NAM) o 2 il (ST Lasoeo pabiss (gl i

Crngh gl outnam LG s ol a8 Ja sl g a8 0 s 5l BB S 4 5l e 5 sla il oy NAM

(S dt slo a0ls g dad sl il p b A e amtie pgs das 0 g e T 1N Rl g ea 5 5L

Set nf [open out.nam w)

%ns namtrace-all $nf
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proc finish {} {

global ns nl

$ns Mush-trace

#Close the NAM trace file

close $nf

#Execule NAM on the trace file

exec nam oulnam &

exit 0

s T o s 3 0 3L IS a0 6 a0, e ol Jls, S

Lol g 00,5 o dg Snode jgmos b aae (ol S0 ol b1y 090 2 08 o dlonl 4505 05 Tl ja gl 0

e o lazsind B nl ela e 48t e

Set nl [Sns node]
set nl [$ns node)
set n2 [$ns node]

set i3 [$ns node)

A S WO TP L R P S 1 RTINS Y

$ns duplex-link $nodel $node? Bandwidth Delay Queue-type
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etlad o o5 (i i ol 0l sligg ) o ool it Ly i) sl K
$ns duplex-link $n0 $n2 2Mb 10ms DropTail
$ns duplex-link $n1 $n2 2Mb 10ms DropTail
$ns duplex-link $n2 $n3 1.7Mb 20ms DropTail

H .})f Syl l_‘., -j.._:.l P L u-jl-.l.l"l uj,l.l.il L-,Lj.'l' L5t (el
$ns queve-limit $n2 $n3 10

.Ha,f Jgdoma 1 IJ[IS ’]12 dhéﬁ&ﬂﬁ%l@u}ﬂlh'

235 pasiial) laog e Codl g 45 Salengl slad sgug sl
$ns duplex-link-op $n0 $n2 onent nght-down
$ns duplex-link-op $nl1 $n2 orient right-up
$ns duplex-link-op $n2 $n3 orient right
S 1l e gl ol e 1y S Sl pifm Slgiioy sl and jalls p boglad onl 23U (o saalia ol
158 ptaile 5o 1y S o e e NS o ool T sl 51 (Se NS o o jalyy (39,5 pnile ISl

$ns duplex-link-op $n2 $n3 queuePos 0.5

Fo 3l o bl jo . digd | o aialail ja0 5 alaS 20 cdalie g dis che o 1) Lo i 2l 0 I
Il 8 bgs g auss i SFQ a1l o pai 130 saalin gl dgdis aisn ) 4e0 ol sla =55 Laid Droptail
VLI [

$ns duplex-link $n0 $n2 2Mb 10ms SFQ
$ns duplex-link $nl $n2 2Mb 10ms SFQ
$ns duplex-link $n2 $n3 1.7Mb 20ms SFQ
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: TCP Jlal S (6,3
set tep [new Agent/TCP]
Sicp set class 2
$ns attach-agent $n0 $icp
set sink [new Agent/TCPSink]
$ns attach-agent $n3 $sink
$ns connect $icp $sink
Stcp set fid 1
e el 1) (S5 aa b ol £y 0 asly oo NS2Z 1505 a0 5 ol TCP Jale o5y loglas o 0
OTCL 5 goad gl sl CHt o bsae a5 aa NS o Lol slo pods (Sl o g o Lol 2l
Agent/TCP ) aslay 1, sl sl sl o0S ol il )5« (S35 lie g o Juale ool (gl gl oo S5
ol sl piles ol 5 Jg ol 59590 NS ciliizas o aledb! ool { Application/Ftp . Agent/TCPSink

Jula

/ms-2/tcl/libs/ms-default.icl
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sbatal, bl c NS s a5 8 Lal (gl oy Sy W la all (558 iy ool gl (LB ol oo
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( hitp:/f'www.isi.eduwnsnam/ns/doc/index. html )

CABD | e digw 390 o5 4 | 00l olewl Jele 5 attach-agent Iy,

$ns attach-agent node agent

&

Olyse 4

$ns attach-agent $n0 $icp

ﬂ-j; 3muujaﬁmhﬂhij4i:ﬂhhl§_,|dﬁﬁj-ﬂ@1&?@1&#MJL&J{&L5@@

CEL R JCVR W N R

$ns connect agentl ageni2
Py S Jle pleie 4y
$ns connect $icp $sink

- Gl a5, 8INK g tep o Jole oo Ghaie bL3 )

oS (oo Sl |, FTP (S5 aie alo jo 0l

#Setup a FTP over TCP connection
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set fip [new Application/FTP]
Ship anach-agent $tcp

Shp set type FTP

n3 gnl oudp g 5l kLl )l gudp el ol
#Setup a UDP connection
set udp [new Agent/UDP]
$ns atlach-agent $n1 $udp
set null [new Agent/Null)
$ns attach-agent $n3 $null
$ns connect $udp $null

Sudp set fid 2

set cbr [new Application/Traffic/CBR |
$cbr attach-agent Sudp

Scbrset type  CBR

Scbr set packet size 1000
Scbrsetrate 1mb

$cbr set random  false

Constant ¢l ool 235 CBR ) aisis Lais UDP Lale 4,1, CBR 506l 5 a0 oy Sy bghas )
{ Bit Rate

el Al o Culills ¥ wdyd Cae o g Casal sads o das Culs Vov e (g9 AR ol




[VEHICULAR AD-HOC NETWORK SIMULATION |

ol (g3l A (g1 i Sy (i Gy pud . el 0 plol A5 Silada 95T i Cags-

+ Cel time r:-‘l:"u1 l_f_);n.&adf .:-Jl:a Eﬂlﬁaﬁﬁljuhﬁc_ﬂﬁ )L.-d_._..:x £l

Ens at ime “String™
S oph e ol l and ganle; sl et 0
$ns at 0.1 “$cbr start™
Sns at 1.0 “$fip start”
Ens at 4.0 “$fip siop™
$ns at 4.5 “Scbr stop™

|y 293 J5 P (Sl pse pizpad 5 and o aails 45 4l o 5 08 e gy 0L] 4l 51, 595 5 CBR
...'l....ajljn‘l'.qslﬂ-:ld'-.“ d-:“:ljﬂ-?}lfljl.ﬂ 'ﬂ-_-.:l:y:l

s oY Il ag ST S e i 5008 ) e e 5 51 00

$ns at 4.5 “$ns detach-agent $n0 $icp ; $ns detach-agent $n3 $sink”

- Coal M8 5l Gy 5 ) b
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512111 6 Loy Glaist— 1

|| Oracle VM _VirtualBox_Extension_Pack-4.3 8 vbox-extpack -:::: 2 VBOX-EXTPACKFle 10189 KB
vl VirtualBox-4.3.8-82436-Win.exe 3 | Application 104,722 KB
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Version 4.3.58

4 Oracle VM VirtualBox 4.3.8 Setup

S5

Welcome to the Oracle VM

VirtualBox 4.3.8 Setup Wizard

The Setup Wizard will install Oracle VM VirtualBox 4.3.8 on
your computer. Click Mext to continue or Cancel to exit the

Setup Wizard.

40l ) w93 (0 &5 (Jomo pmcnod ¢ ilod LIS 1) 995 a3 9 590 (F g b S SIS a5 9590 45 ) 59y - 3

S Gt {5 O g il Lot

15 Oracle VM VirtualBox 4.3.8 Setup

S5

Custom Setup

- (= = | VirtualBox USE Support
- (=0 = | WirtualBox Networking

Select the way you want features to be installed.

‘=2 ~ | VirtualBox Bridges
‘=) ~ | VirtualBox Host-C

-Q'I VirtualBox Python 2.x Su

1] | 3

Location:

Version 4.3.8

C:\Program Files\COrade WirtualBox\,

Click on the icons in the tree below to change the way features will be installed.

Crade VM virtualBox 4.3.8
application.

This feature requires 148MB on
your hard drive. Ithas 3 of 3
subfeatures selected. The
subfeatures require 796KE on yo...

Browse

[ Disk Usage ]

[ < Back ][ Next = ]

[ Cancel

|
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13! Oracle VM VirtualBox 4.3.8 Setup =

Custom Setup

Register file assodations

Version 4.3.8

Select the way you want features to be installed.

Please choose from the options below:

Create a shortcut on the desktop
Create a shortout in the Quick Launch Bar

[ < Back ][ MNext = ] [

i:é,.o 9 Sgumo wwwy LwVirtualBox « Network Connection wuas b 45 wauwe plaw wud 1 > g0 (9l 4o- 5

4 Oracle VM VirtualBox 4.3.8

Version 4.3.3

Warning:
Network Interfaces

Installing the Oracle VM VirtualBox 4. 3.8 Networking feature
will reset your network connection and tempararily
disconnect you from the network.

Proceed with installation now?

.\ gwaoDiscconnect
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2] Oracle VM VirtualBox 4.3.8 Setup [

Ready to Install
The Setup Wizard is ready to begin the Custom installation.

Click Install to begin the installation. If you want to review or change any of your
installation settings, dick Badk. Click Cancel to exit the wizard.

Version 4.3.8 <Back || instal |

3 Oracle VM VirtualBox 4.3.8 Setup

Oracle VM VirtualBox 4.3.8

Please wait while the Setup Wizard installs Orade WM VirtualBox 4.3.8. This may
take several minutes.

Status:

Windows Security

Would you like to install this device software?

MName: Oracle Corporation Universal Serial Bus ...
2 Publisher: Oracle Corporation

Always trust software from "Oracle Corporation”. Install l [ Don't Install ]

@ You should only install driver software from publishers you trust. How can I decide
which device software is safe to install?

Pl 1) ud 4013 B awlod SIS 1y Install g wwd 9 S ¥y check Box T 30 Sgw (o0 31 0 328 3 e gloy 4o~ 7
SRS
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Version 4.3.8

F R
14! Oracle VM VirtualBox 4.3.8 Setup |

i3m0 5l 4 Lo wud Finish ;33 - 8

Oracle VM VirtualBox 4.3.8
installation is complete.

Click the Finish button to exit the Setup Wizard.

Start Orade VM VirtualBox 4. 3.8 after installation

DSl oo T 30 S o 49 WS 90d oudlio J g g 39 45 2 0 ylous B (yeiST- 9

a Oracle_WM_VirtualBox_Extension_Pack-4.3.8 vbox-extpack -l:'_= 2 VBOX-EXTPACEK File

'ii VirtualBox-4.2.8 —92456—Win.exe¢== 1

Application

10,189 KB
104,722 KB
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8§ Oracle VM VirtualBox Manager

{}W v

New Settings Start Discard

Welcome to VirtualBox!

created any virtual machines yet.

- .
Inord 5§ VirtualBox - Question e [N =)

at the

Youcd| @ % Youare about toinstall a VirtualBox extension pack. Extension
nfor| ! packs complement the functionality of VirtualBox and can
contain system level software that could be potentially harmful
to your system. Please review the deseription below and only
proceed if you have obtained the extension pack from a
trusted source.

Name: Oracle VM VirtualBox Extension Pack

Version: 4.3.8r92456

Description: USE 2.0 Host Controler, Host Webcam,
VirtualBox RDF, PXE ROM with E1000 support.

e

(&) Snapshots

The left part of this window is a ist of all virtual machines on your computer. The list is empty now because you haven't

Ogw Jd | Agree 4o b wwisy Slbwd i (sleid! B il cuow 49 15 Sl y Suow- ScrollBar 11

8§ Oracle VM VirtualBox Manager

l=l= ] = |

MNew SEth'r1

Help

o4

VirtualBox Personal Use and Evaluation License (PUEL)

License version 9, December 13, 2010

WirtualBox License M
o

ORACLE CORPORATION ("ORACLE") IS WILLING TO LICENSE THE EXTENSION PACK (AS DEFINED IN § 1 BELOW)
TO YOU OMLY UPON THE CONDITION THAT YOU ACCERT ALL OF THE TERMS CONTAINED IMN THIS VIRTUALBOX
PERSOMAL USE AND EVALUATION LICENSE AGREEMENT ("AGREEMENT"), PLEASE READ THE AGREEMENT
CAREFULLY. BY DOWNLOADING OR INSTALLING THE EXTENSION PACK, YOU ACCEPT THE FULL TERMS OF THIS
AGREEMENT,

IF YOU ARE AGREEING TO THIS LICENSE OM BEHALF OF AN ENTITY OTHER THAN AN INDIVIDUAL PERSON, YOU
REPRESENT THAT YOU ARE BINDING AND HAVE THE RIGHT TO BIND THE ENTITY TQ THE TERMS AND
COMDITIONS OF THIS AGREEMENT,

§ 1 Subject of Agreement. "Extension Pack”, as referred to in this Agreement, shall be the binary software
package "Oracle VM VirtualBox Extension Pack”, an extension of the open-source VirtualBox virtualization software.
VirtualBox allows for creating multiple virtual computers, each with different operating systems {"Guest.
Computers”), on a physical computer with a specific operating system {"Host Computer”) and for installing and
executing these Guest Computers simultaneously, The Extension Pack consists of executable files in machine code
for the Solaris, Windows, Linux, and Mac OS X operating systems as well as other data files as required by the
executable files at run-time and documentation in electronic form, The Extension Pack indudes all documentation
and updates provided to You by Orade under this Agreement, and the terms of this Agreement will apply to all
such documentation and updates unless a different license is provided with an update or documentation.

§ 2 Grant of license. Oracle grants you a personal, non-exdusive, non-transferable, limited license without fees
to reproduce, install, execute, and use internally the Extension Pack on a Host Computer for your Personal Use,
Educational Use, or Evaluation. "Personal Use" requires that you use the Extension Pack on the same Host
Computer where you installed it yourself and that no more than one dient connect to that Host Computer at a time
for the purpose of displaying Guest Computers remotely. "Educational use”is any use in an academic institution
(schools, colleges and universities, by teachers and students). “Evaluation” means testing the Extension Pack for a

I Agree 1 Disagree

Ihapshots

haven't
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8§ Oracle VM VirtualBox Manager

New Settings

Start

Discard

Welcome to VirtualBox!

aeated any virtual machines yet.

at the top of the window.

You can press thedELd Ll the atest

informaton and| %) VirtualBox - Information [ R

The extension pack
‘Oracle VM VirtualBox Extension Pack
was installed successfully.

The left part of this window is a list of all virtual machines on your computer. The listis empty now because you haven't

In order to create a new virtual machine, press the New button in the main toal bar located g*"f

(& Snapshots

=

Mew

Settings

Start

Dy

| oSao LRS! NEXT L pad o 4olS!

5} Detais @ Snapshots | & Desaiption

Jo 150 New 4o bd! b alo g0 (9149

§8) Cromns Now Virtusl Maching

Welcome to the New Virtual Machine Wizard!

achines on your computer,
es yet.

This wizard will guide you through the steps that are
necessary to create a new virtual machine for VirtualBox.

Use the Next button to go the next page of the wizard and
< the Back button to return to the previous page.

\_,’.

b 5

7
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Q Craata Mew Virtual Machina

VM Name and O S Type

Enter a name for the new virtual machine and select the type
of the guest operating system you plan to install onto the
virtual machine.

The name of the virtual machine usually indicates its software
and hardware configuration. It will be used by all VirtualBox
components to identify your virtual machine.

MName

| Simulator

05 Type
Operating System: |Linux

Version: |Ubuntu

S aswin |y Memory-

o

e .
NP Craate New Virtual Machina

Memory

Select the amaount of base memory (RAM) in megabytes to be
allocated to the virtual machine.

The recommended base memory size is 384 MB.

Base Memory Size

1000 | ME

1500 MB
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Virtual Hard Disk

Select a hard disk image to be used as the boot hard disk of
the virtual machine. You can either create a new hard disk
using the Mew button or select an existing hard disk image
from the drop-down list or by pressing the Existing button
(to invoke the Virtual Media Manager dialog).

If you need a more complicated hard disk setup, you can also
skip this step and attach hard disks later using the VM Settings
dialog.

The recommended size of the boot hard disk is 8192 MB.
Boot Hard Disk (Primary Master)
(") Create new hard disk
(®) Use existing hard disk

<no media =

| piSoo SN AJd 4 35 45 S guio 0318 Jwlod 93 y0 cbrowser 4 ¥ bl b—

¥

{:} 1 {2} Detais (@ Snapshots & Description

New  Settings

8 8 8 @

New Add Remove Release | Refresh

@ Hard Disks CD/DVD Images Floppy Images

Name Virtual Size  Actual Size

Ssiacta hard diztimags fls
Look in: I VirtualBax j - o B

* Name Date modified

Ne items match your search,
Quick access 4

Desktop

Location: ﬂ
Type (Format): Libraries

Attached to: %

This PC

é

<
File name I | Open

Files of type Al hard disk images ("vmdk “vdi “vhd) | ﬂl
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Look in: I VirtualMachine j - = Bl

* MName Date medified Type

. DXubuntu.vdi 5/13/2017 1209 PM VDI File
Quick access

Desktop
[ |
Libraries

This PC

i’

Netwark
<

File name: I j Open

Files of type: I.Pdl hard disk images (*.vmdk *wdi *vhd) ;I Cancel | E

A g5 o v g 1 50 3 g NEX 4058 WIREN b 505841 9 510 8, 90 Jo6 wRiH 31
>

-
@ Craate Maw Virtual Maching

Summary

You are going to create a new virtual machine with the
following parameters:

Mame: Simulator

05 Type: Ubuntu

Base Memory: 1000 MB

Boot Hard Disk: Xubuntu,wdi (Mormal, 4.00 GE)

If the above is correct press the Finish button, Once you
press it, @ new virtual machine will be created.

Mote that you can alter these and all other setting of the
created virtual machine at any time using the Settings dialog
accessible through the menu of the main window.
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B Sun Vit
File Machine Help

{:} é:a} C3 £} Detsic  [@ Snapshots & Description

New Settings Start Discard [E| General
Hame: Simulator

05 Type: Ubuntu

[ Simulator
[ (@ Powered Off
1000 ME
Processor(s): 1
Boot Order: Floppy, CD/DVD-ROM, Hard Disk
VT-xfAMD-V: Enabled
MNested Paging: Disabled
Display

Videa Memory: 12MB

30 Acceleration: Disabled
Remote Display Server: Disabled

3 Hard Disks
1DE Primary Master: Xubuntu, vdi (Mormal, 4.00 GB)

() co/pvD-ROM
Not mounted.

Floppy
Not mounted

fp Audio
Host Driver: Windows DirectSound
Controller: ICH ACS7

@& Network
Adapter 1: PCnet-FAST IIT (NAT)

{3 Serial Ports
Disabled

9 use
Device Filters:

(5] Shared Folders
None

Do WR1gS S gl bo (ldos fansno Ao go (9130
username: hassan

password: EF-MPR
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Stop animation

Flay animation tackwards

AN

Fast forward by 25#3tep seconds

Flay animation Quit nam

|/

Current animation tire

Titme betw een oo animation frames

Fle". Views | | VINT Network AnimatorArl Oad | Help

Rewrind by 2345 tep secm:lsx\\

ELE! | L | |£ .II“ | br.' |ﬂ ﬂ.l]l]l;ﬂl]l] ISlep:Z.l]_nl'lir

Zoom —— |

Fiooer, ont

Animation area

=

F-1

Drag shder toa speafic ——— W rymr

point in time

Auto layout: Ca I?JS Cr II].‘||5 Iterations |1I]II

|

Attractive force for layout model

“-.
'n

Eepulsive force for layont model

Number of iterations for layout

Change the "Step” parameter

Fun auto Iayouat




