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ABOUT BUSINESS IN INDIA TELECOM

No. of Mobile Customers in India = 132 Cr
No. of Landlines working in India = 3 Cr
No. of Data Customers in India = 82 Cr

Business Turn-over in India = Rs 400000 Cr
per annum



SALIENT FEATURES
EMPLOYABILITY

(&) TELECOM
MANUFACTURING SIDE

(B) TELECOM
OPERATIONS SIDE
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60% of present day IT projects are
TeIecom Software developments
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Frive bays

(CP PVP and
Hard Prive)
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[ Power Supply

Peripherals

Graphics, Sound,
& Network Cards

Back LUSE

Connectors

" Front USE
& Audie
Connectors

Heat Sink
Assembly

Router CPU

l Mother Board ]
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Contrel Panel

“

« P [E§ s Control Panel »

Adjust your computer's settings

System and Security
Review your computer's status
Save backup copies of your files
with File History

Backup and Restore (Windows 7)
Find and fix problermns

Metwork and Internet
View network status and tasks

Choose homegroup and sharing
options

T
i

Hardware and Sound
View devices and printers
Add a device

¢ §F&

w |

View by: Category ™

A

User Accounts
9 Change account type

Appearance and
Personalization
Change the theme
Adjust screen reselution

Clock, Language, and
Region

Add a language

Change input methods

Change date, time, or number
formats




« Network and Intemet » Network Connections » - | Search Netwars Corvectiors |

Local Area Connection ™ Office Dialup
Retwork 4 Disconnected

@ Intel[R) 82566MM Gigabit Network ... & ™inkPrd Moden

Wireless Network Connection Wireless Network Connection 2
Imperial Wambooll Not connected
.‘ 113/b/g Wireless LAN Mini PCT Expr... ‘ Microsoft Virtus! Wifi Miniport Ad..,




A & 5 Control Panel > Network and Internet » Network Connections v O Search Ne... @

Organize v Disable this network device Diagnose this connection Rename this connection  » B~ [ o

Ethernet
tsunami 3, Shared

: Not connected WindowsCentral
£ ;
@7 Realtek PCle FE Fami

Wi-Fi !"'! | Local Area Connection® 13
heros ARS285 802.1... ' dd Microsoft Hosted Network Virtual...

Diagnose

¥ Bridge Connections

Create Shortcut

& Delete

& Rename

Jitems 1 item selected = =




Metworking | Sharing

Connect using:
‘ I? Intel{R) 82577LM Gigabit Metwork Connection

This connection uses the following tems:

% Client for Microsoft Networks

B\ Mware Bridge Protocol

Bl 005 Packet Scheduler

.Q File and Printer Sharing for Microsoft Networks

i |ntemet Protocal Version & (TCP/IPvE)

Intemet Protocol Version 4 (TCP/1Pvd)

<. |ink-Layer Topology Discovery Mapper 140 Driver
i Link-Layer Topology Discovery Responder

| nstal. || Unnstal | | Propeties
Description

Transmission Control Protocal /Intemet Protocal. The default
wide area network protocol that provides communication
across diverse interconnected networks.




Internet Protocol Version 4 (TCP/IPv4) Properties

General Alternate Configuration

You can get IP settings assigned automatically if your network supports
this capability. Otherwise, you need to ask your network administrator
for the appropriate IP settings.

(® Obtain an IP address automatically
(O) Use the following IP address:

IP address: | : 5 : I

Subnet mask: L i : 7 ]

Default gateway: [ 3 : 2 1

(®) Obtain DNS server address automatically
(O) Use the following DNS server addresses:

Preferred DS server: | - - : |

Alternate DNS server: | B : : |

Validate settings upon exit Advanced. ..




U Local Area Connection Status . w

General

Connection

Media State:
Duration:
Speed:

Activity

IPv4 Connectivity:
IPv6 Connectivity:

No Internet access
Internet

Enabled

00:41:16

1.0 Gbps

Bytes:

T
Sent —— %g’ - Received
* T

11,958,904 | 44,100,361

| ByProperties | | @Dissble || Diagnose |




Dynamic IP

112.211.192.16 Static IP

204.15.23.255
Facebook

Server

user
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VAN "\ 3

CDN NOC ADSL
CENTRE DATA
< > < CENTRE

NOC NOC
switch switch

BSHL

NOC
switch

NOC
switch

CDN Network with MPLS

_ lVIuItlcastmg

IGMIP snooping / PIM-DM

S I IBRAS I

Caching Tier-1 Tier-1 Caching Tier-1 Tier-1

server switch switch server switch switch
Tier-2 Tier2- Tier-2 | | Tier-2 Tier-2
switch switch switch I I switch switch

I DSLAM I I DSLAM I I DSLAM i DSLAM I I DSLAM I

CPE CPE CPE CPE I-IC PE | CPE CPE
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1 MSC=16 BSC
1 BSC=1024 TRU
A : :
141
B i
T
S
{ B
i R
S
m B
T
S

Air interface

BSC:BASE STATION CONTROLLER, BTS: BASE TRANSRECEIVER STATION, OSS: OPERATION AND SUPPORT

SUBSYSTEM.ss

Network Architecture

0SS B
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3G rel99 Architecture
- 3G Radios

2G MS (voice only)

3G UE (voice & data)
BSS Base Station System

BTS Base Transceiver Station

BSC Base Station Controller

RNS Radio Network System

RNC Radio Network Controller

(UMTS)

PSTN

PSDN

CN Core Network

MSC Mobile-service Switching Controller
VLR Visitor Location Register

HLR Home Location Register

AuC Authentication Server

GMSC Gateway MSC

SGSN Serving GPRS Support Node
GGSN Gateway GPRS Support Node

UMTS Universal Mobile Telecommunication System



AP BSNL INTRANET IP ASSIGNING
CT TO INTERNET, USER NEED UNIQUE IP

TO CONNE

i File Edit View Favorites  Tools  Help .@'
k) Back. .\) @ p Search [{j“ Folders v
: fddress |[ﬁ C\Documents and Settingsimis\Desktopieb_Ffiles v| G0
image00z2
34w 34

[ Make a new

€N Publish this
Wieh

& share this fo

Other Places

(@ Desktop

[Ej My Documen
[ Shared Docy
iy My Compute
q Ty Mekwark,

Details

eb_files
File Folder

Date Modified: 04
153:24

Gereral | Advanced |

Connect using:

‘ ES Realek RTLATESCIFIAS1TTCIP)

Thiz connection uses the following item

.Q File and Printer Sharing for Mic
QQDS Packet Scheduler
% Intemet Protacal (TCRAR)

i. il

Uninztal

Inztall...

Degoription

Transmission Control Protacaol/nterne
wide area netwark pratacal that provi
across diverse interconnected netwo

Show icon in notification area when
Matify me when this connection has

General

ou can get IP settings azzigned automatically if wour network, supports
thiz capability. Otherwize, pou need bo ask your network, administrator for
the appropriate |P zettings.

() Obtain an IP address automatically
{#) Use the following IP address:

IP address: 10 .3 . E5 141

255 . 255 . 285 128

10 .34 65 129

Subret maszk:

Default gateway:

Ohbtain OMS zerver addiess automatically

{#) Use the follawing DNS server addresses:

Preferred DMS server: 10 196 222 153

Altemate DNS gerver 10 196 222 1594

L 0k J[ Cancel ]

Connected
020539
100.0 Mbps

Recerved

9.740

| (I

2]

Graphics Interchange Format ...

refbgdz
raphics Interchange Format ...
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Definition of IP Address

* “A unique string of decimal numbers
separated by full stops that identifies
each computer using the Internet
Protocol to communicate over a
network.”

* It 1s a Four Fielded Octet
* It Indicates Network

* It Indicates Host
*Ex:121.25.122.2



Edit

File

Wi

&P BSNL INTRANET IP ASSIGNING

Favorites  Tools  Help

OBack .\) @ pSearch [{j“ Folders v

: fddress |[ﬁ C\Documents and Settingsimis|Deskkopleb_files

[ Make a new

€N Publish this
Wieh

& share this fo

Other Places

(@ Desktop

[Ej My Documen
[ Shared Docy
iy My Compute
q Ty Mekwark,

Details

eb_files
File Folder

Date Modified: 04
153:24

Gereral | Advanced |

Connect using:

‘ ES Realek RTLATESCIFIAS1TTCIP)

Thiz connection uses the following item

.Q File and Printer Sharing for Mic
QQDS Packet Scheduler
% Intemet Protacal (TCRAR)

i. il

Uninztal

Inztall...

Degoription

Transmission Control Protacaol/nterne
wide area netwark pratacal that provi
across diverse interconnected netwo

Show icon in notification area when
Matify me when this connection has

General

ou can get IP settings azzigned automatically if wour network, supports
thiz capability. Otherwize, pou need bo ask your network, administrator for
the appropriate |P zettings.

() Obtain an IP address automatically
{#) Use the following IP address:

IP address: 10 .3 . E5 141

255 . 255 . 285 128

10 .34 65 129

Subret maszk:

Default gateway:

Ohbtain OMS zerver addiess automatically

{#) Use the follawing DNS server addresses:

Preferred DMS server: 10 196 222 153

Altemate DNS gerver 10 196 222 1594

L 0k J[ Cancel ]

| (I

Connected
020539
100.0 Mbps

Recerved

9.740

Close

2]
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34 x4
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refbgdz
raphics Interchange Format ...



I[P REQUIRED FOR
(1) Website Administrators
(2) Static IP Users
(3) Internet Service Providers for Internet
(4) Corporate/Entrepreneurs for Intranet
(5) Networking Engineers
(6) Research & Development



Static IP
204.15.23.255 Dynamic IP
Facebook 112.211.192.16




IP ADDRESSES

» Hostname gmail.com have IP Address 74.125.79.83
« The following IP address ranges belong to Facebook:
e 66.220.144.0 - 66.220.159.255

* 69.63.176.0 - 69.63.191.255

e 204.15.20.0 - 204.15.23.255

« All IP addresses belonging to "WhatsApp Inc", that were
looked up on this site.

« 50.22.210.151 3/06/2015 1:01:23AM
208.43.244.170 3/06/2015 12:49:46 AM




Ver mi IP

In order to know what the IP internet connection address is and if you are connected via a proxy cache server

Ver miIP | Show mvip | Ilmioip | IP-ul meu | O meu IP | La meva IP | Mon IP | Mijn IP | Meine IP

Your publicIPis: 117.197.217.225

Your connection does NOT operate via a proxy cache server.

Name of your connection: 117.197.217.225
REMOTE_ADDR: 117.197.217.225 | HTTP_X_FORWARDED_FOR: 117.197.217.225 | HTTP_CLIENT_IP:

USER_AGENT: Mozilla/5.0 (Windows NT 6.1) AppleWebKit/537.36 (KHTML, like Gecko) Chrome/47.0.2526.80 Safari/537.36
REFERER: https://www.qgoogle.co.in/

To find out if your IP is dynamic or static follow these steps:

Close all the windows of your browser (Firefox, IExplorer, etc.)
Disconnect your PC from internet (in the case of some connections this is not necessary)
Turn off and restart the modem or router {according to the connection)
If the modem or router is internal {or usb) restart your PC
Re-connect to internaet and open 2 window in your browser

Open this page again (http://www.vermiip.es/show-my-ip)

Date/Time of the server: 17/12/2015 01:05 CET
Date/Time of your PC: 17/12/2015 05:35

VALID ROEOTS.TX |‘I GET FIREFOXI [PR 0/10 l:l

Al
RummyCircle.com™ e&m >
\J
o e




If | have many more Systems in a larger area

m OpenFlow controller

= OpenFlow Switch

Established connection

o= Control by controller

Fig: Key map of a network which affects a demonstration experiment
( Thas key map is different from actual wining. )



Limited Hosts

Router

Network Switch

Internet-Enabled
HDTV

Pripter
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Game Console




What i1s an IP address?

0 Each host on a TCP/IP network iIs
uniquely identified at the IP layer
with an address.

0 The IP address iIs also known as
Protocol address

0 The IPv4 address Is 32 bits long
0 2732=4294967296=429Cr

52



India’s IPv4 Address Status

Country Country Code Addresses(million) Per Capita
United States US 1474.319 5.297
China CN 194.425 0.152
Japan JP 153.327 1.210
European Union EU 114.103 -
Germany DE 85.300 1.038
Canada CA 76.197 2.446
South Korea KR 72.239 1.542
United Kingdom GB 70.795 1.187
France FR 68.385 1.155
Australia AU 37.378 1.979
Italy IT 32.344 0.561
Brazil BR 29.755 0.175
Russian Federation RU 24.919 0.170
Taiwan TW 24.681 1.109
Netherlands NL 21.249 1.339
Sweden SE 18.998 2.144
India IN 18.312 0.018




Where do IP addresses come from?

StandardL

\
Allocation
©)
APNIC
Regional Internet Registries (RIRS)‘ Allocation )
distribute IPv4, IPv6, and AS numbers
to the Internet community ISP l

RIRs maintain accurate registration of
Internet resource usage for the community
IANA : Internet Assigned Numbers Authority
IETF : Internet Engineering Task Force

Assignment



LA .,

1992: “...it is [now] desirable to consider delegating the registration function
to an organization in each of those geographic areas.” (RFC 1338)



Who Are the IP Address
Provisioning Organizations?

* Allocate to RIRs =Regional Internet Registries

Internet Corporation for Assigned Names and
Numbers (ICANN)

Internet Assigned Numbers Authority [IANA]

RIR * Allocate to Service Providers

NN =N o » ASsign to Enterprises

ARIN, LACNIC, *The Asia Pacific Network Information Centre
RIPE NCC

» Reallocate to Service Providers
* Reassign to Enterprises

NIR/LIR/ISP




|IPv4 Address Scheme

0 How we see an P address?
140.179.220.220

0 What the Internet machines see an IP
address?
11001010000011100100000000000001

0 For human understanding the 32 bits of
P address are separated into 4 bytes of 8
pinary digits

o Each binary byte Is converted Into

decimal and Is separated by a dot hence
also known as Dotted Decimal Notation

57




|IPv4 Address Scheme

32 Bits

Network

Host

8 Bits

8 Bits

8 Bits

8 Bits

172
0ln decimal

16

. 122 .

204

the address
0.0.0.0 to 255.255.255.255

0 The IP address is of the form
<networkID,hostID>

range

58
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If there are many systems in a Company?

Traditional Switch and Router Topology. Switching Router Topology.
VLAN1 VLAN2 VLANS3 VLAN1 VLAN2 VLANS

Switching
Router

Floor 3

e

Floor 2

lkRouter I 3 E | E E |

Router

Floor 1 L2 Swntch



|IPv4 Address Scheme

0 There are five classes of addresses A, B, C, D & E.

0 A, B & C classes are used to represent host and
network address.

0 Class D is a special type of address used for
multicasting.

0 Class E is reserved for experimental use.

60



|IPv4 Address classes

Class-A: N H H H
Class-B: N N H H
Class-C: N N N H
Class-D: For Multicast
Class-E: For Research

‘N=Network number assigned by IANA
‘H=Host number assigned by network administrator.

61



|IPv4 Address Scheme

ass:A
ass:B
ass:C
ass:D
ass:E

O O 0 O O

8 Bits | 8 Bits | 8 Bits | 8 Bits

0-127 .0-255 .0-255.0-255
128-191 . 0-255 . 0-255. 0-255
192-223 . 0-255 . 0-255 . 0-255
244-239 . 0-255 . 0-255 . 0-255
240-255 . 0-255 . 0-255. 0-255

The IP address 1s of the form
<networklID,hostID>

62

0-127
[=126N]

128-191
[=64N]

192-223
[=32N]

224-239
[=16N]

240-255
[=16N]




|IP Address Bit Patterns

Class-A:

Class-B:

Class-C:

Class-D:

Class-E:

8 Bits | 8 Bits | 8 Bits | 8 Bits
00000000 01111111 0-127
[=126N]

10000000 10111111 128-191
[=64N]

11000000 11011111 192-223
[=32N]

11100000 11101111 224-239
[=16N]

11110000 11111111 240-255
[=16N]

63




|dentifying a class of address by a machine

Address Identifier | Network Address Host Address

A | 0| 7 bits Network Address 24 bits Host Address

B | 10| 14 bits Network Address 16 bits Host Address
C | 110 21 bits Network Address 8 bits Host Address
D |1110| Multicast address (224.0.0.0-239.255.255.255)

E 1111 Reserved for future use

64



Class-A address (Networks)

Onnnnnnn | hhhhhhhh | hhhhhhhh | hhhhhhhh

<+<— Network > Host

0| 7 bits Network Address 24 bits Host Address

0 Number of Networks =27i.e.128 (0-127)

0 Network ID ‘0’ is not used.

0 Network ID ‘127’ is reserved for loop back and is
used for internal testing.

0 Number of Networks = 126

0 Network IDs = 1-126

65



Class-A address (Hosts)

O

Onnnnnnn | hhhhhhhh

hhhhhhhh | hhhhhhhh

<+— Network

Host

O| 7 bits Network Address

24 bits Host Address

Number of Networks =27i.e.128

Number of Hosts=2%4=16777216

No Host ID can have all zeros

I.e. 0.0.0 and specifies network address.
No Host ID can have all ones

l.e. 255.255.255 and specifies the broadcast

address.

Number of Hosts per network= 2%4-2=16777214

66




Class-B address

10nnnnnn | nnnnnnnn | hhhhhhhh | hhhhhhhh

Network o Host

10 14 bits Network Address 16 bits Host Address

0 Number of Networks = 214j.e.16384
0 Number of Hosts = 216j.e. 65,536 (0-65,535)
0 No Host ID can have all zeros

I.e. 0.0 and specifies network address.
0 No Host ID can have all ones

l.e. 255.255 and specifies the broadcast address.
0 Number of Hosts per network= 216 -2=65534

67



Class-C address

110nnnnn nnnnnnnn | nnnnnnnn | hhhhhhhh
Network > < Host—

110 21 bits Network Address 8 bits Host Address

0 Number of Networks = 221j.e. 2097152
Number of Hosts = 28i.e. 256 (0-255)
0 No Host ID can have all zeros
I.e. 00000000 and specifies network address.
0 No Host ID can have all ones
l.e. 11111111 and specifies the broadcast
address.
0 Number of Hosts = 28-2 = 254

O

68



Class-D & E addresses

1110

Multicast address (224.0.0.0-239.255.255.255)

0 Class D are special

multicast addresses

0 This address is assigned to a group of networks

and not to represent a unique address

0 This address is used to send IP datagrams to a

group but not to all the hosts on the network

0 This address is also used to address router update

messages

1111

Reserved (240.0.0.0-255.255.255.255)

69

addresses are known as




Networks Vs Hosts

0 In Classless environment we can have
232=4294967296 Hosts

0 Class Networks Hosts/Network
A 126[128-2] 16777214 [256x256x256(-2)]
0B 16382 [=64x256(-2)] 65534 [256x256(-2)]

o C 2097150 [32X256x256 (-2] 254 [256-2]
So, In CI-A : [Appr 211 cr]
In CI-B : [Appr 107 cr]

In CI-C : [Appr 53 cr] Total =371 Cr
70



Address space utilisation

C-12.5%

191

128
10000000

10111111 0

192

11000000

D-6.25%

11100000

E-6.25%

127
01111111

A-50%

00000000
0

100%

/1



 Classes of IP addresses are identified by the

decimal number of the 1st octet

Class A address begin with a 0 bit

Range of class A addresses = 0.0.0.0 to 127.255.255.255
Class B address begin with a 1 bit and a O bit

Range of class B addresses = 128.0.0.0 to 191.255.255.255
Class C addresses begin with two 1 bits & a 0 bit

Range of class C addresses = 192.0.0.0 to 223.255.255.255.

High Order Bits

Class A 0.0.0.0 127 255255 255
Class B 10 128.0.0.0 191,265 255 255
Class C 110 192.0.0.0 223 255 255 255
Multicast 1110 224.0.0.0 239,255 255,255

Experimental 1111 240.0.0.0 255 255255255



Reserved Addresses

0 Network address: It Is used to identify the
network itself.

0 Broadcast address :Used to broadcast
packets to all devices on a network.

73



Private IP addresses

0 Class A - 10.0.0.0 to 10.255.255.255
0 Class B -172.16.0.0to 172.31.255.255
0 Class C -192.168.0.0 to 192.168.255.255

4
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ou can get IP settings azzigned automatically if wour network, supports
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() Obtain an IP address automatically
{#) Use the following IP address:

IP address: 10 .3 . E5 141
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10 .34 65 129

Subret maszk:

Default gateway:

Ohbtain OMS zerver addiess automatically

{#) Use the follawing DNS server addresses:

Preferred DMS server: 10 196 222 153

Altemate DNS gerver 10 196 222 1594

L 0k J[ Cancel ]

| (I

Connected
020539
100.0 Mbps

Recerved

9.740

Close

2]

image00z2
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Subnetting

-Creating Multiple independent Networks from a
Single Network.

*Converting Host bits into Network Bits
i.e. Converting 0’s into 1’s

*Subnetting can be performed in two ways.
—FLSM (Fixed Length Subnet Mask)
—VLSM (Variable Length subnet mask)

*Subnetting can be done based on requirement .
— — Requirement of Networks ?
— —Requirement of Hosts ?

’r



Default subnet mask

0 *Subnet Mask differentiates Network
portion and Host Portion

0 *Represented with all 1°s in the network
portion and with all 0’s In the host
portion.

/8
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Default subnet mask

Class A : N.H.H.H
11111111.00000000.00000000.00000000
Default Subnet Mask for Class A 1s 255.0.0.0
Class B : N.N.H.H
11111111.11111111.00000000.00000000
Default Subnet Mask for Class B Is 255.255.0.0
Class C : N.N.N.H
111111121.11111111.11111111.00000000

Default Subnet Mask for Class C Is

255.255.255.0
/9
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How Subnet Mask Works ?

IP Address:192.168.1.1

Subnet Mask:255.255.255.0

ANDING PROCESS:

192.168.1.1 =11000000.10101000.00000001.00000001
255.255.255.0=11111111.11111111.11111111.00000000

192.168.1.0=  11000000.10101000.00000001.00000000

Hence, 192.168.1.0 is the Network Address.
The output of an AND table is 1 if both its inputs are 1.
For all other possible inputs the output is 0

80



Requirement of Networks iIs 4 ?

0 Class C :
N.N.N.HZIOXXXXX. XXX XXX XK . XXXXXXXX
Class C :192.168.1.0

0 <No. of Subnet=2"n >=4
0 Req. of Subnet=2"2 >=4
0 n=2
0 No. of Host=2"h -2
[“-2” 1s for Network ID & Broadcast ID]
0 =276 —2=64 —2=62 Hosts/Subnet

31



Actual Octet Format in Class-C:
N.N.N.00000000

=> N.N.N.®®000000 [ Since, n=2 ]
There are 6 Zeros,

No. of hosts=2°-2=64-2=62 Hosts/Subnet

So, There are 4 subnets and 62 Hosts per
each subnet.




If Subnet Mask Is 255.255.255.192 ,
Then New Networks and respective hosts are :

« 192.168.1.00000000=192.168.1.0 [I Subnet]

« 192.168.1.01000000=192.168.1.64 [l Subnet]

« 192.168.1.10000000=192.168.1.128 [IIl Subnet]
e 192.168.1.11000000=192.168.1.192 [IV Subnet]
Ranges : 192.168.1.0 to 192.168.1.63=>64 IDs

192.168.1.64 t0192.168.1.127 =>64 IDs
192.168.1.128 t0 192.168.1.191 =>64 IDs
192.168.1.192 t0 192.168.1.255 =>64 IDs



Now subnet Mask :

N.N.N.©®000000

=>11111111. 117171711171. 11111111.11000000
=>255 295 295 . (128+64)+0+0+0+0+0+0+0
=>255 295 295 192

[ It can be understood like this:
NID = All 1°s, SID= All 1’s, HID=AII 0°s]

[For, 9 subnets, 128+64+32=224]



In 192.168.1.0 to 192.168.1.63
192.168.1.0 1s Network ID & 192.168.1.63 is Broadcast ID

Hence, there are 62 I1Ds for host in First Subnet

In 192.168.1.64 to 192.168.1.127
192.168.1.64 1s Network ID & 192.168.1.127 is Broadcast ID

Hence, there are 62 IDs for host In Second Subnet

In 192.168.1.0.128 t0 192.168.1.191
192.168.1.128 1s Network ID &192.168.1.191 is Broadcast ID

Hence, there are 62 1Ds for host in Third Subnet

In 192.168.1.192 to0 192.168.1.255
192.168.1.192 1s Network ID &192.168.1.255 is Broadcast 1D

Hence, there are 62 IDs for host in Fourth Subnet



Range of IP addresses
1192.168.1.0 -- 192.168.1.63 /26
1 192.168.1.64 — 192.168.1.127 /26
1 192.168.1.128 — 192.168.1.191/26
1 192.168.1.192 — 192.168.1.255 /26

Similarly in Class — A and Class — B also.,

86



Now subnet Mask :

N.N.N.®0000000
=>11111111. 11711711112. 11111111.10000000

=>255 255 255 . (128)+0+0+0+0+0+0+0+0
=>255 255 255 128

[ It can be understood like this:
NID = All 1°s, SID= All 1’s, HID=AII 0°s]

[For, 9 subnets, 128+64+32=224]



Now subnet Mask :

N.N.N.©DD0O0000

=>11111111. 117171111712. 11111111.11100000
=>255 295 295 128+64+24+0+0+0+0+0+0
=>255 235 295 224

[ It can be understood like this:
NID = All 1’s, SID= All 1’s, HID=AII 0’s]
[For, 9 subnets, 128+64+32=224]

[For, 16 subnets, 128+64+32+16=240]






IPVv6

To meet the continual growth of the Internet,
IETF has proposed a set of specifications
commonly known as the next generation IP
protocol (“IPng” or IPv6™).

IPVv6 Increases the address size from 32 bits to
128 bits, supporting up to 3.4X1038 nodes.

It is represented using hexadecimal values
separated by colons using the format
XXX XX XX, where each X refers to a four
digit hexadecimal integer (16 bits each).

One such address could be
BA98:7654:3210:FEDC:BA98:7654:3210:0043.




Problems of IPv4

» Addressing problem
“* Routing Crisis

“+ End to End problem
“» Security

“* Mobility

» Performance

«» Cost

V¥ Present status
Heserved blocks(IANA)

0

1%
5/256 blocks

X-day (estimation)

Feb 01, 2011

Until X-day {estimation)

Today(exhausted?)
Num of |Pv4 Address

0(exhausted?)

.J“_’“ Py s = ':;
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Address Crisis
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Routing Crisis




End to End problem

g\ http://www. multimania.com/ydog/



Mobility




Security Problem




IPv6 Features

1. Larger address space
2. Global reachability
3. Flexibility

. Auto-configuration

. Aggregation

. Multi-homing

. Efficient Routing

. Scalabllity

. Easy Mobility
0.Better security

P O 00 NO O1 b~



IPV6

Quite empty in IPv6

No more room In IPv4
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Larger Address Space




Global Reachability

From 32 bits to 128 bits addresses enables:
— Global reachability:

* No hidden networks, hosts

:E.JIi!fJ q g




Flexibility

From 32 bits to 128 bits addresses enables:
— Flexibility




Auto-Configuration

* "Plug and play"
— By autoconfiguration




Aggregation

* Aggregation




Multi-homing
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Efficient Routing




Scalability




Easy Mobility




End to End Security




Better Security




~ Architects of IPvé Protocol
Steven Deering and Robert Hinden




4 digit Hexadecimal Integer

Minimum : 0000,,= 0, = 0,

Maximum : ffff, = 1111 1111 1111 1111,
= 65535,



IP Address Schemes

IPV4 Address IPV6 Address
(Present) (Future)

An IPv4 address (dotted-decimal notation) 128-bit IPv6 address
«—— Describes network location ——»:«— Provides unique identifying number —»
172 . 16 .254 . 1 XXXX | XXXX | XXXX } XXXX l XXXX | XXXX | XXXX | XXXX

10101100 .00010000.11111110.00000001 - =
| I | | XXXX [=16bits

| |
IOne byte =Eight bits
|
Thirty-two bits ( 4 * 8 ), or 4 bytes

(Resulting in approximately 3.4 x 10% unique IP addresses)

* Total Addresses = 2732 = 4 billion Total Addresses = 22128 = 340 billion,
* Some addresses are reserved for billion, billion, billion

special purposes like private
networks or multicast addresses.
However practically only 250
million addresses are usable.

12/11/2023



Working of JPvO adaressing...

128.255.1.3
209.85.225.106
38.100.128.10

* whereas IPv6 addresses looks like:

2620:0:€50:2::1
2001:4860:800b::67
2001:550:1::cc01

“ In IPv6, leading Os in each chunk can be omitted, & a single instance of consecutive 0s can be replaced with
":". For example, the following IPv6 addresses are equivalent:

2620:0000:0e50:0002:0000:0000:0000:0001

2620:0:€50:2:0:0:0:1

2620:0:e50:2::1

* Finally, IPv6 addresses use the same prefix/length notation which is now used for IPv4 to specify blocks of
address space. The "prefix" is the base address of the block. The "length" is the number of bits from the left

which are the same for all addresses in the block. This is often called "CIDR notation" because it was created
when Classless Inter-Domain Routing was employed in the IPv4 Internet. For example:



How doeg IPv6 addresging work? -

Block Addresses in Block
128.255.56.0/24 128.255.56.0 - 128.255.56.255
128.255.116.0/22 128.255.116.0 - 128.255.119.255

129.255.0.0/16 129.255.0.0 - 129.255.255.255

_ 2620:0:€50:2:0:0:0:0 -
AU 2620:0:€50:2:FFFF-AfF: FFF-
fd9a:2¢75:7d0c:0:0:0:0:0 -

L ZcToindic:ias fda: 275:7d0c: - fFF:Ff-Aff



« Decimal equivalent of ffff is 65535
* S0,

¢  65535X65535%65535X65535X65535X65535X65535X65535
« =3.4x10% =340 x 103%

o = 340 Trillion Trillion Trillion



El Networked Computer Growth

# Networked Computer Growth
11981: 2 million
11991 65 million
22000 360 million
12010 1.7 billion (thousand million )
12020: 5 billion ?




[ wan How Many IPv6 Addresses Are There?

. P version 6
# 48 billion billion billion addresses for every person

340 trillion trillion trillion addresses in total

that's ... 340 000 000 000 000 000 000 000 000 000 000 000 000




Introduction to Routers



Router fundaments

The router Is a device that connects two networks

A router accepts packets on at least two network
Interfaces and forwards packets from one interface to

another.

A router works at network layer.

Each router maintains a database called routing table of
the router

This routing table contains network addresses.

Routers do not talk to remote computers




Router fundamentals

Router is like a PC and has
Mother board
CPU
Memory
Ports & interfaces to hook peripherals
May have a monitor to serve as a console

Types of routers

Hardware routers
Cisco, juniper, nortel , dlink, DAX

Software routers

Microsoft server , LINUX server




CISCO’s HIERARCHICAL DESIGN MODEL

Access Layer : Small organization
Ex:1600,1700,1800,2500 series

Distribution Layer: Medium size organization
ex: 2600,2800,3600,3700,3800

Core layer : Very large organizations and ISPs.
ex:7200,7600,10000,12000



Cisco 1600,1700,1800,2500
series Routers




2600,2800,3600,3700,3800 series
routers

Network Commanication Solations

THE RIGHT WAY TO GET CERTIFIED

www.netcomm-solutions.com
216-272-8251

..............

......

ssssss



:7/200,7600,10000,12000 routers

7600 Series Router




7200,7600,10000,12000 routers
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Interfaces of routers

LAN Interface to connect to the
SwWitch

WAN Interface to connect to the
next router (serial port)

Administrative port (console

port)
Auxiliary port



DIFFERENT PORTS

3  Console port 4 USB port

5 ' Power Connector 6 | Security Lock




Types of WAN technologies
Leased Line
MLLN(Managed leased line network)
ISDN
MPLS
Broadband



Introduction to Static Routing

ROUTING AND ROUTING PROTOCOLS




ROUTING METHODS

Routers must learn the direction to remote

networks in order to forward packets.

Two ways to learn this information:
DYNAMICALLY

Information is learned from other routers
Often through RIP, OSPF, or EIGRP routing protocols

STATICALLY

Configured manually

Requires the network administrator to add and
delete static routes when topology changes

In large networks it requires a tremendous amount
of administrative time

On small, or unchanging networks, it requires very
little maintenance




Static Routing

Routes for each destination
network has to be manually
configured by the administrator.
Used in small networks.

Route may be up or down but static
routes will remain in the routing tables
and traffic would still be sent towards
the route

Not suitable for large networks




STATIC ROUTE OPERATION

Static route operations can be
divided into 3 stages:

A network administrator manually

configures the static route on the
router

The router installs the route In Its
routing table

Packets are routed using the static
route




CONFIGURING STATIC

ROUTES

Send traffic through an interface:
Router{config)#ip route 192.168.0.0 255.255.255.0 Serial O

Destination Subnet Mask Local Router’s
Network Outgoing
Interface

Send traffic to the next router’s address:

Router(config)#ip route 192.168.1.0 255.255.255.0 192.168.1.2

Destination 4Pl RN Next Hop IP

Network Address
(address of
next router)




CONFIGURING THE OUTBOUND INTERFACE

172.16.1.1 172.16.3.1 172.16.5.1
124 124 124

Hoboken (config) #ip route 172.16.1.0 255.255.255.0 sl
command destination sub mask gateway
network

Hoboken (config) #ip route 172.16.5.0 255.255.255.0 s0
command destination sub mask gateway
network




CONFIGURING THE NEXT-HOP ADDRESS

172.16.1.1 172.16.3.1 172.16.5.1
124 124 124

Hoboken (config) #ip route 172.16.1.0 255.255.255.0 172.16.2.1
command destination sub mask gateway
network
Hoboken (config) #ip route 172.16.5.0 255.255.255.0 172.16.4.2
command destination sub mask gateway
network




STATIC ROUTES AS BACKUPS

Often static routes are used for
backup purposes, such as when the
dynamically learned route fails.




BACKUP ROUTE

EXAMPLE

For RouterO, the

preferred path to R Rl b P
the 192.168.0.0 | LV LLLRAAY
network is through . .
the switch.

192.168.2.1 —
PCO

192.168.1.1




Dynamic Routing

»Changes in the network topology are
updated dynamically.

»Only the directly connected networks
information is required for
configuration.

yAdministrative work is reduced.

It is used in medium and large
networks.

RIP & OSPF are routing protocols




STATIC VS. DYNAMIC ROUTES

BSNL

Connecting bndic

o Static Route

» Uses a route that a
network
administrator enters
into the router
manually

o Dynamic Route

» Uses a route that a
network routing
protocol adjusts
automatically for
topology or traffic
changes
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AUTONOMOUS SYSTEMS: INTERIOR AND //

EXTERIOR ROUTING PROTOCOLS BSN
Conmecing bndia

Autonomous System 50100 Autonomous System 50200

(RIPv2, EIGRP, OSPF)

* An autonomous system is a collection of networks within
a common administrative domain.

* Interior gateway protocols operate within an autonomous system.
« Exterior gateway protocols connect different autonomous systems.

N




INTRA-AS ROUTING

Also known as Interior Router Protocols
(IRP) or Interior Gateway Protocols (IGP)

Most common:

RIP: Routing Information Protocol
OSPF: Open Shortest Path First

IGRP: Interior Gateway Routing Protocol (Cisco
proprietary)



B R N e R T e TR

SELECTING THE BEST ROUTE USING f '/

METRICS BSNL
Commecting ndic
P |
LA;; EIGRP
4
Bandwidth
Delay
Load
L 256k| Reliability ¢

T1




Routing Updates

A B C
10.1.1.0 10.1.2.0 10.1.3.0 10.1.4.0
&7 = ==
N— N— Na—
2 A1 2 A1 2 1
Routing Table-A Routing Table-B Routing Table-C
NW VIA HOP NW VIA HOP NW VIA HOP
TG ) Qe 0 01,20 e 0 TG Qe 0
(05,20  cmeees 0 (09,20 e 0 (014D e 0
10.1.3.0 10.1.2.2 1 10.1.1.0 10.1.2.1 1 10.1.2.0 10.1.3.1 1
10.1.4.0 10.1.2.2 2 10.1.4.0 10.1.3.2 1 10.1.1.0 10.1.3.1 2

o After exchanging 2 periodic updates,
the network is converged.

146



Hop Count
¢ A hop count metric simply count router hops.

e From router-A it is 1 hop to network
192.168.5.0 if packets are sent out interface
192.168.3.0 and 2 hops if sent out 192.168.1.0

192.168.2. o\ A 192.168.1.0P /192 168.7.0

192.168. ?}\ C/z 168.6.0

192.168.4. o/ \192.168.5.0




OSPF “ADVANCED” FEATURES
(NOT IN RIP)

Selects high Bandwidth route

Security: all OSPF messages authenticated (to
prevent malicious intrusion); TCP connections
used

Multiple same-cost paths allowed (only one path
in RIP)
For each link, multiple cost metrics for different

Type Of Service (e.g., satellite link cost set “low”
for best effort; high for real time)

Integrated uni- and multicast support:

Multicast OSPF (MOSPF) uses same topology data base
as OSPF

Hierarchical OSPF in large domains.




Bandwidth

¢ A bandwidth metric would choose a higher
bandwidth over a lower bandwidth.

¢ A packet from router A to C will follow path
A-B-C.

A
192.168.2. 192 168.1.0 /192 -168.7.0

A-C: 64kbps

A-B: 2mbps
192.168.3 92.168.6.0 B-C: 2mbps
192.168.4.0 / \92 .168.5.0




IGRP
(INTERIOR GATEWAY ROUTING PROTOCOL)

CISCO proprietary; successor of RIP (mid
80s)

Distance Vector, like RIP

Several cost metrics (delay, bandwidth,
reliability, load etc)

Uses TCP to exchange routing updates

Loop-free routing via Distributed
Updating Alg. (DUAL) based on diffused

computation






snn Whatis MPLS?

- uDefined by Internet Engineering Task Force (IETF)
‘..j in 1998

7__,: »Multi-Protocol Label Switching

pr ~ wProvides a combination of

EO/ “Ahigh-performance forwarding mechanism
v
—
1

—_—

\ 2 Connection establishment
= Mapping onto various lower layer technologies
- Data path protection
= OAM functions (Operations, Administration and Maintenance)

/




En Rapid Forwarding of Transaction Data

Point-of-Sale g q o ,,vf--\,/"“:ff\\

MPLS

Transpon |

Data Centre

© 0N KEYMLE



[_—l_:u Routing and Switching : A Comparison

Multiple network
checking (a match
with longest Network
. Mask wins)




Eu Routing and Switching : A Comparison

~ ROUTINGINFO

(D

Routing Multiple network
checking (a match
SWITCHING INFO with longest Network
Input Output

ATHIt VR VCI | ATHR VR VG New referenceis

w0 sfw 0w
W o ogfw

N LH 9 tlg:

INREF.

Switching

(A==




En Routing and Switching : A Comparison

Routing

Switching

~ ROUTINGINFO o

SWITCHING INFO

New referenceis

(A

Multiple network
checking (amatch
with longest Network
Mask wins)

MPLS uses Best of Both Worlds: “Switch if possible, Route if necessary

M 0 M YW S

OCEn B MALS



PACKET FORMAT

20—-65536 bytes
< >
20—-60 bytes
< >
h Header Data
 ——
VER HLEN Service type Total length
4 bits 4 bits 8 bits 16 bits
Identification Flags Fragmentation offset
16 bits 3 bits 13 bits
Time to live Protocol Header checksum
8 bits 8 bits 16 bits

Source IP address

Destination IP address

Option




E-- MPLS Domain Routers

Label Switch Router
(LSR, Provider Router
P Router)

Label Edge Router
(LER, Edge LSR,
Provider Edge Router,
PE Router)




Traditional A4 Farwarding Table

Dast Predly | Neat Hop
172.16.100, R3

-I--ﬁ}-|1?z.:ﬁ1u.u\
172.16.10.0/24

7218100 172.16.10.0
17216100 e

R2 Forwarding Tabie i A3 Forwardng Table

[ias! Prahx (Mext Rop Dasl Predod | Nead Hop

17216100 A1 17216.100| Re2




OVERVIEW OF MPLS FORWARDING

R1 Labi Forwarding Table

Dest Preflx | Local Tag| Cut Tag A4 Labal Forsarding Tabls

7216100 L1 [Untagged Label Assignment Des! P Local Tag | Out Tag
172.16100] L4 L3

A1 and Distribution

R4
00| [Tenoz] [Teene] [oaee
o | Label:Li Labal - L2 Label : L3 €--{1)---
1721610024 [ \O, A 17216 1007
O\ s
L[imzid100] =, @ Lafirz18100
' o

e

A2 Label Fonwarding Table
Det Prafix | Local Tag| Ou Tag

1H.1E.1EI-.EI-| L2 | L1




TYPICAL EXAMPLE OF MPLS

134.5.6.1

134.5.1.5

Egress Routing Table

Destination Next Hop

200.3.2.7 |
AR 134.5/16 134.5.6.1

200.3.2/24 200.3.2.1 |

Ingress Routing Table

Destination Next Hop r | 4 200.3.2.7 | !
134.5/16 (2, 84) L
1

| 200.3.2/24 (3,99)| T

MPLS Table MPLS Table
In Out In Out
(1,99) (2, 56) (3, 56) (5,0)

200.3.2.1 200.3.2.7




E' The Ingress Label Edge Router : Adding a Label

P |
Domain

Label IS INGRESS LER '

‘Pushed’

-
:

Check FE.C.

MPLS
Domain

© DM KEYWALE



El The Ingress Label Edge Router : Adding a Label

"Labelis NGRESSLER' 11D ¢
| P ' ‘Pushed’ M PLS

Domain

Domain

Check FE.C.

© DN KEYNAE



E- The Label Switch Router : Swapping a Label
MPLS
Domain

Domain

© DM EYNAE



E- The Label Switch Router ;: Swapping a Label

MPLS 1 L R MPLS

pped

Domain




El The Egress Label Edge Router : Removing a Label

Label is EGRESS LER

M PLS | ‘Popped’
Domain




Eu Label Switched Path

Label Switched Path
(LSP)
established by

LDP
(Iabel distribution protocol)

or
RSVP-TE

(Resource Reservation Protocol
- Traffic Engineering)

LSPs are Uni-Directional, the
retum path is a separate LSP/

FRORCEN © MALS © DM EYNAE



Eu Label Operations - (Push, Swap & Pop)

Incorning label i replace
vith outgoing

(Ingress) e

~ -~

{
» o
WW"" 5 | Incominglabeli
vith cutgoinglabel

IP Header  MPLS Label
(Shim Header)

e 18 rOCEN D M




MPLS TERMINOLOGY

Forwarding Equivalence Class (FEC)— The group
of packets are forwarded 1n the same manner over the
same path with the same forwarding treatment.

LER (Label edge router)-—Boarder routers of MPLS

domain where the adding or removing of the label will
be taking place. These are also called as edge routers.

LSR (Label switched router)---These are the high
speed routers in the core of the MPLS N/W. These are

also called as core routers. These routers will swap the
labels.



ANY DOUBTS PLEASE.....!




THANK YOU
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