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1. Datagram a7

thod uses two routing approaches -
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each packet is routed independently through the network. Header is

In datagram ach packet. It provides all of the information required to route the
attached ﬁ m%mm:mmo:. While routing the packet, the destination address in the
packet o ™ amined to determine the next hop in the path to the-destination. I
header are ex ne i busy then the packet is placed in the queue until the line

free. Packet share the transmission line with other packets. Then it deliver
vaMBMM mmﬂwmo? Datagram approach is also called connectionless.
to the

¢ datagram approach is a lot of Overhead because of independent
disadvantage is that packet may

hich they were sent.

the required 1

Disadvantage ©
routing. Another

tination in W. .
destin ket is routed independently, packets from the same source to the

1 may traverse through different paths. This is shown in Fig. 4.3.1.
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Since each pac
same destinatio
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Packet 1 destination

\moxm,\ 2
Packet 2

Fig. 4.3.1 Connectioniess packet mi:oE:m
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Station 1
source

o ets at station 2 or destination may arrive out of order, and resequencing
e pac

be required the destination. At each node 4 routing table is maintained
Bw.v\r specifies the next hops that is to be taken by packets for the given
whic

destination- ¢ Switching

uit packet switching a fixed Path between a source and a

ished prior to transfer of ackets
o agtablishe P .
destination is €S

Comnection-oriented network s also known as virgug circuit. Virtual circuit is
onnection- : . L
imilar to telephone system. A route, which consists of a logical connection s first

simila; . ) . .
ablished betweer two users. The connection that Is established is not a

esta

dedicated path betwee™ Stations. The path is generally g o by many other

virtual connections:
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s The process is completed in three main phases -

i) Establishment phase.
ii) Data transfer phase.

iii) Connection release phase.

i) Establishment phase :

o During setting up of logical connection, the two users not only agree to setup a

connection between them but also decide upon the. quality of service associated
with the connection. After this the sequences of packetized information are
transmitted bidirectionally between the nodes, The information is delivered to the
receiver in the same order as transmitted by sender.

ii) Data transfer phase :

During this phase it performs flow control and error control services.

The error control service ensures correct sequencing of packets and correct arrival
of packets.

Flow control service ensures a slow receiver from being overwhelming with data
from a faster transmitter.

iif) Connection release :

B e N =

When the station wish to close down the virtual circuit, one station can terminate

the connection with a clear request packet. Fig. 4.3.2 shows the virtual circujt
packet switching.

Station 2

Station 1 (Destination)

ot
A
)

O O
Fig. 4.3.2 Virtual circuit packet switching

Switching Fabric

Component of packet switching are as follows :
Input ports

Number of output ports
Switching fabric

Routing processor

Capacity of switch is the maximum rate at which it can move information,
assuming all data paths are simultaneously active. Circuit switch must reject call if
cannot find a path for samples from input to o:ﬁ&. Packet switch must reject a
packet if it can find a buffer to store it awaiting access to output trunk.

TECHNICAL PUBLICATIONS™ An up thrust for knowledge
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Computer Networks

.+ which need greater performance than these dial up lines can offer
* For mﬁvrnm:o anies offer specially conditional lines. These lines both from the
telephone non:mmnm and between phone offices, provide better frequency responge
m%o:w fo the ¢ characteristics. This kind of conditioned line is leased by the user,
Mﬂa HSM MMHM%% and leased are used when the phone company has set a side 5

e ter -

conditional line o .
Circuit Switching ,

guaranteed capacity. -

r a communications link.

Advantages of
1. Fixed bandwidth,

2. Low variance end to end delay.

Disadvantages
e tion setup and tear down introduces extra overhead.
. Connection
2. User pay for circt

3. Other user cannot U

it, even when not sending data.

se circuit even if it is free of traffic.

Message switching

itching is used to describe the telegraph network. When this form of
’ ZWmmmmm m<.< ed, no physical copper path is established in advance between
switching MMZM_.. When the sender has a block of data to be sent, it is stored in
. nd .MEnq office i.e. router and then forwarded later, one hope at a time.
the first > mnMng in its entirely, inspected for errors, and then transmitted. A
mmwoNWMMMmﬂEm technique is called a store and forward network.
ne

o was punched on paper tape off line at the sending office and then
* The Emmmmm ansmitted over a communication line to the next office along the
read in m:a.wqimm punched out on paper tape. An operator tore the tape off and
¢! ne of the many tape readers, one per outgoing trunk. Such a

sender a

way, wher

read it in on © )
itching office Was called a torn tape office.
swi

¢  With mes
must have dis
a router, router

traffic.
M switching does not involve a call setup. It can achieve a high utilization
o Message

f th transmis$ion line. Message switching is -not suitable for interactive
m . .

> lications. Fig: 4.3.6 shows the message switching.

app .

age ‘switching, there is no limit on block size, which means that routers
m . >

& ks to buffer long blocks. It also means that a single block may tie up
line for minutes, rendering. message switching uses for interactive

TECHNICAL PUBLICATIONS”- An up thrust for knowledge
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. Message 2 Message 1
—

—_—

Message 2 —»

\‘
A
z../ @mm&@@

Message 1

Message 2
N >$sag

Fig. 4.3.6 Message switching
Advantages of Message Switching

1. Efficient traffic management.
2. Reduces network traffic congenstion.

3. Efficient use of transmission channel.

Disadvantages of Message Switching
1. Because of store and forward, transmission delay is in deduced.

2. Each node requires large capacity for storing.

TECHNICAL PUBLICATIONS™- An up thrust for knowledge
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4-18 Network Layer Computer Networks 4-19 Network Layer
Computer Networks
Class B Class G Classful Addressing
o_mmm:w network network |
e’ . * The IP address structure is divided into fivé address classes : Class A, Class B,
_,mmﬂwmmmuw_ Leading bit : Class C, Class D and Class E, identified by the most significant bits of the
. R 1S
_.mm_g_:mmcm 18&0 is always 1,1, 0 : addresses.
is alwa
» Fig. 44.2 shows the five Qmmm‘mm of IP addresses.
Router 01 2 3 8 16 24 3
— ‘Router only has to 0 ; — i - ——— - -
read the first bit to Class A ‘Net D - Host 1D
» know which of it's 3 e ;
routes to forward it on.
m B
m 17000 : 5 )
Class B Net ID HostID .
Fig 4.4.1 (a) Leading bits of a network address /
. byte 2 . byte 3 . byte 4 " 11 1l0 piE
L e h " _ Class C Net ID _ Host ID
O_mmm>% _ Lo Hosid G e - _ : o
Class B [10 = Nelid i, —_— At pto )
 Netid | Hosid | ClassD | Multicast address
Class C [110 cooNetidr s s e Host : ;
o 1110 " Multicast address ]
Class .
e 11111]1 . .
lass £ | 1111 Reserved for future use | Class E Reserved for future use
Class :
Fig. 441 (b) Internet classes (IP addresses) Fig. 4.4.2 Five classes of IP addresses

* (Class D addresses are used for multicast services that allow a host to send
information to a group of hosts simultaneously. Class E addresses are reserved for
future use.

* Class A addresses were designed for large organizations with a large number of
attached hosts or routers.

Netid Hostid

¢ Class B addresses were designed for midsize organizations with tens of thousands

Class C i of attached hosts or routers.
Nefid Hostid Netid Hostid ¢ One problem with classful addressing is that each class is divided into a fixed
ﬁ, 224000 | | 239.265.255.255 | number of blocks with each block having a fixed size.
Class D .0.0. .255.255. . ,
Group address R
Group address p ; Z:,E_u er of ,Eonwm,
ClassE | 240.0.00 | [ 255.255.265.255 | —
Undefined Undefined
16384

Fig. 4.4.1 (c) Classes range of IP
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Network Layer

Computer Networks 4-22 Computer Networks ‘23 et
ork Layer
o In IPv4 addressing, a block of addresses can be defined as x.y.z.t/n in which P ; ] ‘
. . recedence- w Types of service | R
x.y.z.t defines one of the addresses and the /n define the mask. The address and |

the /n notation completely define the whole block. Precedence specifies the nature / priority :

o IPv4 is the delivery mechanism used by the TCP/IP protocols. IPv4 is an

unreliable and connectionless datagram protocol.

o IPv4 is also a connectionless protocol for a packet switching network that uses the

datagram approach.

o Fig. 4.4.4 shows the positions of IPv4 in TCP/IP protocol suite.

Header Format F wmm?oé,i%“ ‘

Critical

o Packets in the IPv4 layer are called datagrams. A datagram is a variable length
packet consisting of two parts : Header and data.

Internetwork cantrol

megmgomw control

o Fig. 44.5 shows IPv4 header format

TOS specifies the type of service value

0 34 7 8 15 16 18 19 31 ‘ ‘
VER. ) HEL Service type . Total length Ummnd _..55
wkv:m i ; 4 bits 8 bits 16 bits ; ZSnENmam_w% sl
Datagram Ew:mmnmmos Em.mm mnumﬁmnw ;ommme waEEE m: ozmroi
16 bits - . 3bits 13 bits o
Time to live Protocol Header checksum meﬁamm,ﬂmmman\
| 8 bits 8 bits 16 bits ‘Minimize mone tary cose
st Source IP .ma&mmm ;2‘33& mm,nﬁnm b ,
32 bits : BRI .
Destination IP address T , The last bit is reserved for future use.
mew_a 4. Total length specifies the total ﬁmzmnzg of the datagram, header and data, in octets.
ptions

5. Identification is a unique number assigned by the sender used with fragmentation.

Fig. 4.4.5 IPv4 header format 6. Flags contain control flags :

! 1. VER is the field that contains the IP protocol version. The current version is a. The first bit is reserved and must be zero:
4.5 is an experimental version. 6 is the version for IPv6. b. The 2 \
. The

bit is DF (Do not Fragmient .
2. HLEN is the length of the IP header in multiples of 32 bits without the data goent), 0 means allow fragmentation;

: field.The minimum value for a correct header is 5 (i.e. 20 bytes), the maximum
value is 15 (ie., 60 bytes). 7. Fragment offset is used to reassemble the full datagram. The value in this field
contains the number of 64-bit segments (header bytes are not counted) contained in

earlier fragments. If this is the first (or only) fragment, this field contains a value of
zero.

c. The third is MF (More Fragments), 0 means that this is the last fragment.

3. Service type The service type is an indication of the quality of service
requested for this IP datagram. It contains the following information.

g 8. TTL (Time Hw Eﬁw m.wmgmmm the' time (in seconds) the datagram is allowed to
travel. In practice, this is used as a hop counter to detect routing loops.
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Problem in fragmentation
1. The end node has no way of knowing how many fragments there be. ?mm end

node has to manage enough buffer space to handle reassembly process.
If any fragments lost, all datagram must be discarded.

End node starts a timer when received the first fragment, if any fragments fails to
arrive ?mg:v\ 30 secs), all datagram's must be discarded.

Since the IP service is connectionless. No attempt is made by IP to recover these
situations, through ICMP error message may be generated.

Options
The header of the IPv4 datagram is made of two parts : A fixed part and a variable
Options used in IPv4 are as follows

part.
1.
2.

No owmamos option is 1-byte option used as a filter between options.
End of option.is a 1-byte option used for padding at the end of the option field.

Record route option is used to record the internet routers that handle the

datagram. It can list upto nine router addresses. It can be used for debugging and

management purposes.

Strict source route option is used by the source to predetermine a route for the
datagram as it travels through the Internet.

Loose source route option is similar to the strict source route, but it is less rigid.
Each router in the list must be visited, but the datagram can visit other routers as

well.
Timestamp option is used to record the time of datagram processing by a router.

Options

b |

Single byte Multiple byte

No operation — Record route
End of option —» Strict source route

— Loose source route

— Timestamp

Fig. 4.4.8
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| Subnetting a Network

* If a organization is large or if its computers are geographically dispersed, it makes
good sense to divide network into smaller ones, connected together by routers.
The benefits for doing things this way include.

1. Reduced network traffic

2. Optimized network performance
3. Simplified network management

4. Facilities spanning large geographical distances.

o If Network Information Center (NIC) assign only one network address to an
organization which having multiple network, that organization has a problem. A
single network address can be used to refer to multiple physical networks. An
organization can request individual network address for each one of its physical
networks. If these were granted, there wouldn't be enough to go around for
everyone.

* Another problem is, if
each router on the
internet  needed to
know about each 128.10.2.1 Al traffic to
existing physical Hs ~——128.10.0.0
network, routing -
tables would  be
impossibly huge. This

The Internet

Router

. Hy 128.10.9.1
is physical overhead
on the router. To

i f
solve this ~type o Hy 128.10.1.2

problem, the subnet 128.10.2.2
addressing method is
used.

Network 128.10.1.0

' Fig. 4.4.9 Multiple network
* To allow a single

network address to span multiple physical networks is called subnet addressing
or subnet routing or subnetting. Subnetting is a required part of TP addressing.

* To understand subnet addressing, consider the next example. Consider the site has
a single class B IP network address assigned to it, but the organization has two or
more physical networks. Only local routers know that there are multiple physical
networks and how to route traffic among them.

TECHNICAL PUBLICATIONS”- An up thrust for knowledge



oBpapmouy 1o) Jsnuy dn uy .em.ZOt.vG:mD& TYOINHOIL

3q pmom s[durexe uy ‘az1s Yo0[g = ysew JPuUqNG — 967 = JPuqns plea 1o
¢ S18Uqns pljeA ayy aie Jeym ‘¢
\ "$$aIppe

15€0PROIq SU} PUe SSAIPPe Jouqns 10§ 7 JOBIQNS 0} paau nox  -jduqns 1ad sjsoy (¢ are
arayy adwrexs snypy Uy “sysoy 7-— ¢ ST $2A13 $) Jo Taqumu ayj ‘0p000TLT d[duwexs 104

"(so1sz) s oy 10 s)Iq paseunmM Jo Yaquunu 3y st £ I
T - 42 = 1¢uqns Jad 1504 jJo Iaqum
¢ 19ugns Jad jsoy Auew moj -z

. . ‘ ‘s}puqns g are
arayy aydurexs spyy uy .ﬂwcnzmmm S S9AI3 ST JO IBqUINU \oooooﬂ ajdurexs 104

) .AmmGOv ST 33 10 s}iq pasewt JO Taquunu 9y} ST X alaym
x¢ = 12Uqns jo Isquunp
: SMOJJ0J Se Paje[mded SI Jauqns Jo IaquImnpN e

¢ sysuqgns Auew moH °|

"SSAIPPE HIOMIIU 3N} P3[[ed ST SSAIPPE SIT ‘JSUIB]

3 JC 3S3I 0} UOHezIEZIO A} AJHUSPY 03 Pasn SI JD0[q BYj Ul SSIIPPE ISy oYL e
(214q) ssa1ppe J] pue (314q) Jaquunu ysew usamiaq ur auop

st BWNY asim-31g “pasn st fojerado (INV SIM-Iq ‘STaquInu ysewr 1oyjo Aue 10q §
"SSAIPPE YI0MJaUqNs

awp ur pajeadar st ( sy uay ‘ssaIppe Jf SSeW Ay W ( ST JqUINU Nsew ayj by s
"$S3Ippe YIomiauqns ur pajeadar st (14q)

$SaIppe [ [ewlB[I0 3y} Sy ‘sSAIPPe’ J] NSeW3Y} Ul GGz SI Iaqunu ysew ayj Jj -z
'a5¢

Ueyj SS3] I0 () ey I9jeald I JaquImu YSeur GGz 10 () JOU aIe SIqUINU NSewr Sy} uj ‘|

Bupjsew |aas] Aiepunog-uou Joj sa|ny ‘g

"$SAIPPE NI0MJBUANS
ur vﬁmm@wm SI 0 3 uayy ‘ssaxppe ([ Ysew ayj ur (019z)() SI JqUINU YSeuwl auy J] '€

-~ 5591pPpE JIomjauqns ut
pajeadar st ssaIppe JJ 8yt Ul ‘SsaIppe JT JSeW ayj UT GGZ St Jaquinu Jsewr ayl JI ‘g
"GGZ 10 () I9YYS ST JaquTiu ysew Sy} uf ‘|
Bupisew joaa) Auepunoq Joj sany 'Y
‘66z pue o woy jredy pasn sy w:_immﬁ JO anfea Iayjo Sumysew [9A3] Alepunog-uou
up “(6G7 10 ( 'a7) IPISUOd are sraqumu Junisew oM} ‘Supiseur [2Ad] Arepunoq uj e

1afe iompany 62 - Ssyiomps Jaanduiod

obpejmouy 10§ jsniy} dn uy * SNOLLYDITENd TYOINHOAL

“+auo Aq auo aye} am ‘“Supjsew 49] Arepunog-uou pue Sumysew
Pad] A1epunoq aIe 313YJ ‘pasn aIe POYIAW OM} ‘SSAIppe JIomduqns i puy O °
"$SIppE J] Ue WOl SSsaIppe
ylompauqns ay} spenxa upfsew uayy ‘Sunjsuqns ayy auop am J1 ‘Supysey pafed
S1 ssaIppe Jf Ue woyj yIomjdu [edrsiyd ay jo $saIppe 3l SJoRLXD Jel ssapoid 7 o

- B T Bupisen

.. SSIPPE | JO YSEW JAUYNS JNEJAQ L'}y 3]qEL

vy 219eL
W MO[2q SB 318 SIOMIIU JO SISSE[D JUSIBJIP 3} I0] Sseul Jpuqns IMmejap ayl suroped
Areurq ayy jo sjuspeamba [ewdap ay) Sursn pajousp aq Os[e Ued Ysew jpuqns YL

suonysod Jsopy - suonisod ougng suorjisod ssappe YIOMIPN®

0000 0000 °TTTT TITT TITD TTIT TIIT ITII
jewo} ysew jpugns

‘ssa1ppe jsoy ayj Sunuesardar suoyisod = 0

"S3sSaIppE JPUANS 10 YIomiau Sunuasardal suonisod = 1
2poo ysew jpuqns
“SSaIppe
150y anbrum ay syussaidar jeyy ajdurexs ur ired Ajuo aiy st 934q yiImoy Ay seur
19Uqns a1 Ul SAUO im pajussardar are suonisod 11q 9sayy ‘dUSH SSIIPpE JAUGNS
ay jussarda o} pasn mou st SSaIppe jSOY A Jo jred se paulisse Aqjeusiou ‘ahq
pINy aY] ‘9pON'IPON'IIN'IN ST JRULI0] SSAAPPE g sse[) ssaIppe ayy jo red 30y
ay} o} 19531 jey suoprsod ayy Juasardal SOIOZ JY] 'SISSAIPPE JAUQNS 10 YIOMIU
g oy 19ja1 jeyy suogisod ayy jussardar ysew jauqns By Ul SAUO Y] 'SOIZ
pue sauo jo pasudwod Ysew JUqNS }G-ZE€ B S23eaId IojeXSIUNUpE HIOMIAU YL
“ysewr jauqns e sunyoeur yoea urudisse Aq paysydwodde st SIJ, ‘ssaIppe
}Puqns aly se pasn aq [Im SSaIppe 10y 3y .jo jred yorm mowy jsmur jrompau
3y} uo aunpew AIsA3 ‘YI0M O} JWAYIS SSAIPPE JPUANS Y} IO 'SHIOMIPU OM)
I0j ssaippe yIom}du g sse oS ayy Sumsn st uogeziuedio Ay ‘srdwexs ap ul e

Johe7 yomaN 8c-r

SyiomjaN [ejndiio



4-30 Network Layer
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256 - 224 = 32. The block size of a 224 mask is always 32.
Start counting at zero in block of 32 until you reach the subnet mask value and these

are your subrets. 0, 32, 64, 96, 128, 160, 192, 224.

4. What iis the broadcast address for each subnet ?

Our subnets are o\;um\ 64, 96, 128, 160, 192, 224, the broadcast address is always the
number right before the next subnet. For example, the subnet 0 has a broadcast address
of 31 because next subnet is 32- the subnet 32 has a broadcast address of 63 because

next subnet is 64.

5. What are the valid hosts ?
Valid hosts are the numbers between the subnets, omitting the all Os and all 1s. For
example, if 3 is the subnet number and 63 is the broadcast address, then 32 to 63 is the
It is always between the subnet address and the broadcast address. )

valid host range.
TI!“‘\"‘\\"iH

What'is the sub-network address if the destination address is Noe,mm.mﬁmm“nzﬂ
the subnet :Smfm mmmmmmmge 2 et L G

we can find sub-network address.

Solution : Using AND operation,
1. Convert the given destination address into binary format :

200.45.34.56 => 11001000 00101101 00100010 00111000
2. Convert the given subnet mask address into binary format :

255.255.240.0 => 11111111 11111111 11110000 00000000
3. Do the AND operation using destination address and subnet mask address.

200.4534.56 => 11001000 00101101 00100010 00111000
255.255.240,0=> 11111111 11111111 11110000 00000000

11001000 00101101 00100000 GC000000

Subnetwork address is 200.45:32.0

Solution : Given network address 192.168.10.0 is class C address. Subnet mask address is
255.255.255.224. Here three bits is browse for subnet.
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i} Number of subnet and number of host ;

255.255.255.224 convert into binary => 11111111 11111111 11111111 11100000
Nx

Number of subnet

mw

=8
So there are 8 subnet.
Number of host per subnet = 2¥ -2
2°-2
=30

ii) Valid subnets :
For valid subnet = 256 — Subnet mask = Block size. An example would be
256 - 224 = 32. The block size of a 224 mask is always 32.

Start counting at zero in block of 32 until you reach the subnet mask value and

these are your subnets. 0, 32, 64, 96, 128, 160, 192, 224,

P nm&wﬁ,mm o
140.11.36.22 :
120142216
Solution :
a) IP address Mask

140.11.36.22 255.255.255.0
The values of mask (i.e. 255.255.255.0) is boundary-level. So

IP address 140.11.36.22
Mask 255.255.255.0
140.11.36.0

b}  IP address 120.14.22.16
Mask 255.255.128.0
The byte 1, byte 2 and byte 4 is boundary values and byte 3 is non-boundary value.
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4 Classless InterDomain Routing (CIDR)

Number of addresses : 0007

subnet 32 : 211.17.180.255. ¢ Dividing the IP address space into A, B and C classes turned out to be inflexible.

IP is rapidly becoming a victim of its own popularity, it is running out of
addresses. In 1993 the classful address space restriction was lifted. An arbitrary
wwm:x length to indicate the network number, known as Classless InterDomain
Routing (CIDR), was adopted in place of the classful scheme.

Last address in

twork Address Translation (NAT)

4.48 1B
thin the company, every machine has a unique address of the form 10XY.Z.

. 2% acket leaves the company premises, it passes through the NAT box that

. mMM Mﬁ internal IP source address 10.0.0.1: NAT box is often combined in a

* Using a CIDR notation, a prefix 205.100.0.0 of length 22 is written as
205.100.0.0/22. The corresponding prefix range runs from 205.100.0.0 through

conv . . . :
i i i te the NAT box into the
single device with a firewall. 1t is also possible to integra (. 205.100.3.0. The /22 notation indicates that the network mask is 22 bits, or
company router: . . 255.255.252.0. CIDR routes packets according to the higher order bits of the IP
« Whenever an outgoing packet enters the NAT box, the 10.X.Y.Z. 5A is replaced by address,

true IP address. In, addition, TCP source port field is replaced by an
! T box 65536 entry translation table. This table entry contains the
both the IP and TCP header

e The entries in a CIDR routing table contain a 32-bit IP address and a 32-bit mask.
CIDR uses a technique called supernefting so that a single routing entry covers a

the compan NA
index into the .
index p address and original source port. Finally

original 1 . . block of classful addresses.
are recomputed and inserted into the packet.
checksums { NAT b ¢ For example, address of class C ie. 205.100.0.0, 205.100.2.0, 205.100.2.0 and
. Fig. 4410 shows the placement o > 205.100.3.0, CIDR allows a single entry 205.100.16.0/22. The use of variable length

o establish a TCP connection with a remote process, it prefixed requires that the routing tables be searched to find the longest prefix
match. For example, a routing table may contain entries for the above supernet
205.100.0.0/22 as well as for 205.100.0.0/20. This situation may arise when a large
WMMOMM number of destinations have been aggregated into the block 205.100.0.0/20, but
transiation packets destined to 205.100.16.0/22 are to be routed differently. A packet with

destination address 205.100.1.1 will match both of these entries, so the algorithm
\,A.mm.mo.»m;m must select the match with the longest prefix.

« When process wan' t

ISP
r/\ Leased line omoEQ | 1. For a given classless IP address, how wil you extract network address and host address ? Explain
"SPPU: ' May-12; Marks 8’
{SPPU - Dec:-12; Marks 8 |
/SPPU : May:13; Marks 9

NAT with suitable example.
box 2

Draw 1Pv4 headers and explain briefly.

3. Explain various classes of IP-addressing.

4. How can we distinguish a multicast address in IPvd ? How can we do so in IPv6 ?
SPPU : Dec:-13; Marks 6 |

5. For a given classful IP address, how will you extract network address and host address ? Explain
‘SPPU : Dec.-14, Marks 8

with suitable example ?

Boundary of
company premises

Fig. 4410 NAT . = 4.5 Q1205

d itself to an unused TCP port on its own machine. This is called a source
mxm%mm tells the TCP code where to send incoming packets belonging to this
port mﬂo: The process also supplies a destination port to tell who to give the
.: the remote side.

-SPPU.: May-12, 13, Dec.-12;

* IPv4 provides the host to host communication between systems in the Internet.
IPv4 has played a central role in the internetworking environment for many years.
connec It has proved flexible enough to work on many different networking technologies.

packet to 0
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4-38 Network Layer

Computer Networks

«—————— Upto 65535 bytes ————»|
s — § '

j«— 40 byte .

Payload

Extension Data packet from
M_mm%oﬂw_v upper layer
op

o

Fig 4.5.1 IPv6 datagram header of payload

the IPv6 datagram header format.
» Fig. 452 shows
8 bits | 8 bits _ 8 bits

| 4bits | 4DitS _

Flow label

VER

Hop limit

payload length

Source address

Destination address

Header length

Header length

| ‘Header length

o Fig. 4.5.2 IPv6 header

JECHNICAL PUBLICATIONS - An up thrust for knowledge
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1. Versions : This 4 bits field defines the version number of the IP. The value is 6

for IPvé.

2. Priority : The 4 bits priority field defines the priority of the packet with respect

to traffic congestion.

3. Flow label : It is 24 bits field that is designed to provide special handling for a

particular flow of data.

4. Payload length : The 16 bits payload length field defines the length of the IP

datagram excluding the base header.

5. Next header : It is an 8 bits field defining the header that follows the base

header in the datagram.

6. Hop limit : This § bits hop limit field serves the same purpose as the TTL field

in IPv4.

7. Source address : The source address field is a 128 bits internet address that

identifies the original.

8. Destination address : It is 128 bits Internet address that usually identifies the

final destination of the datagram.,

Next header codes for IPve

Next header

.Iow by:hop o,wmon,;
cMP

Source routing -

Fragmentation

Encrypted security payload

>:5mbanmm,o: , :

Null

 Destination option -

Priority

The priority field defines the priority of each packet with respect to other packets
from the same source. IPv6 divides traffic into two broad categories

1. Congestion controlled 2. Noncongestion controlled

TECHNICAL PUBLICATIONS™- An up thrust for knowledge
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Computer Networks 4-42 Network Layer

Application and
Transport layer

L

Underlying
LAN or WAN
technology

1

To IPv6
system

To IPv4
system

Fig. 4.6.1 Dual stack
Tunneling
* When two computers using IPv6 want to communicate with each other and the
packet must pass through a region that uses IPv4. The IPv6 packet is encapsulated
in an IPv4 packet when it enters the region, and it leaves its capsule when it exits

the region.
* Fig. 4.6.2 shows the tunneling.

IPv4 header
IPv6 header

IPv6 Host ~ ee-memeees Payload

Fig. 4.6.2 Tunneling

Header Translation
¢ Header translation is used when some of the system uses IPv4. The sender wants
to use IPv6, but the receiver does not understand IPvé.

TECHNICAL PUBLICATIONS™ - An up thrust for knowledge
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¢ Fig. 4.6.3 shows the header translation.

IPv6 Host IPv6 header . IPv4 Host
ey e . Payload  |------coomo.

Header translation

Fig. 4.6.3 Header translation

* The header format must be totally changed through header translation. The header
of the IPv6 packet is converted to an IPv4 header.

Comparison between IPv4 and IPv6

Throughput and delay is more.

Forwarding

* Forwarding refers to the way a packet is delivered to the next node. It requires a
host or router to have a routing table. '

¢ Forwarding refers to the router local action of transferring a datagram from an
input link interface to the appropriate output link interface.

* When host has a packet to send, it looks at routing table to find the route to the
final destination.

Types of forwarding techniques
1. Next hop versus route method.
2. Network specific versus host specific method.
3. Default method.

TECHNICAL PUBLICATIONS™- An up thrust for knowledge
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4-46 Network Layer

Computer Networks

The shortest root means 2 route that passes through the least number of nodes,
. e Sho

This shortest root selection results in least number of hops per packet. A routing
: 5 mEH is designed to perform this task. The routing algorithm is a part of
algori

network layer software.

Properties of routing algorithm

Certain properties which are desirable in a routing algorithm are -

Correctness, simplicity, robustness, stability, fairness, optimality and efficiency.
orrectness, !

1. Correctness and simplicity are self-explanatory.
Robustness means the ability to cope with changes in the topology and traffic
obu

2. ithout requiring all jobs in hosts to be aborted and network to be rebooted
withou
everytime. . A )
3. Stability refers to equilibrium state of algorithm. It is the technique that react to
. Stability re

ons such as congestions. Under any conditions the network must

ing conditi
changing co perience unstable swings from one extreme to another.

not react too slow or ex
4.5 formance criteria may favour the exchange of data packets between
. Some per

by stations and discourage the exchange between distant stations. Some
nearby s . oo
nogwwoamm is needed between fairness and optimality.
Routing algorithm classification . . .
Routing algorithm can be classified in several ways. Based on their responsiveness it
outing algor
can be classified info two types -
1. Static (non-adaptive) routing algorithms.

2. Dynamic (adaptive) routing algorithms.

1. Static (non-adaptive) routing algorithms .
In static routing the network topology determines the initial paths. The precalculated
atic r . .
mam then _omamm to the routing table and are fixed for a longer period. Static
paths are

ting is suitable for small networks. Static routing becomes cumber some for bigger
routing is suita

networks.
The disadvantage of stafic routing is its inability to respond quickly to network
e disadv

failure.

2. Dynamic (Adaptive) routing algorithms S . .
Dynamic routing algorithms change their routing decision if there ._‘m nrmwmm‘E
‘topology; traffic. Each tGiiter-contintiotsly n:mnwmzmam‘.“:‘mgoaw‘.mwmgm,..,vvﬂmwﬁﬁwénmgm
with neighbours. Thus a change in network topology is eventually mﬂovmmm.;ma to all the
routers. Based on this information gathered, each router computes the suitable path .8

the destination.

TECHNICAL PUBLICATIONS™- An up thrust for knowlsdge
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The disadvantage of dynamic routing is its complexity in the router.
Routing tables

Once the routing decision is made, this information is to be stored in routing table so
that the router knows how to forward a packet. In virtual circuit packet switching, the
routing table contains each incoming packet number and outgoing packet number and
output port to which the packet is to forward. In datagram networks, routing table
contains the next hop to which to forward the packet, based on the destination address.

ZXHE Advantages and Disadvantages of Static Routing
Advantages

1. Minimal CPU/Memory overhead.

2. Granular control on how traffic is routed.

3. Simple to configure and maintain.

4. Secure as only defined Ho:ﬁm.m can be accessed.

5. Bandwidth is not used for sending routing updates.

Disadvantages .
1. Manual update of routes after changes
2. mxv:nx_ addition of routes for all networks

3. Impractical on large network.

LX' ¥4 Advantages and Disadvantages of Dynamic Routing
Advantages

‘1. Simpler to configure on larger networks.

2. Will dynamically choose a different (or better) route if a link goes down.
3. Ability to load balance between multiple links.

Disadvantages
L. Updates are shared between routers, thus consurning bandwidth.

2. Routing protocols put additional load on router CPU/RAM.

3. The choice of the "best route” is in the hands of the routing protocol, and not the

network administrator.

TECHNICAL PUBLICATIONS™- An up thrust for knowledge
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Computer Networks 4-50 Network Layer

(a) Subnet (b) Sink tree for router B
Fig. 4.8.1 Subnet and sink tree

'SPPU 5 May-14, Marks 4.

1. Explain routing and routed protocol.

2. Compare static and dynamic routing algorithm with suitable example. |

Unicast Routing Protocol _SPPU : May:13

e Routing table can be static or dynamic. Manual entries are done in static table.

o Dynamic table is updated automatically when there is a change somewhere in the
internet.

o Now a day, dynamic table is used because of sudden changes in the internet. One

of the routers in the internet may fail or link between any two routers is down. So
because of these reasons dynamic table is required.

. Routing protocol is a combination of rules and procedures that let routers in the
internet inform each other of changes.

Intra and Inter-domain Routing

o An internet is divided into autonomous systems. An autonomous system is a
group of networks and routers under the authority of a single administration.

» Routing inside an autonomous system is referred to as intradomain routing.

» Routing between autonomous system is referred to as interdomain routing,

e Distance vector and link state routing is the mxmb_m of intradomain routing

protocols.

‘e Path vector is an example of interdomain routing protocol.
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-

Fig. 4.9.1 Classification of routing protocols

* Fig. 49.2 shows an autonomous system.

Fig. 4.9.2 Autonomous system

¢ Only one interdomain routing protocol handles routing between autonomou
systems. 4.
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FEERE co inity problem
::».3._3_:_ . .

Fig. 49.4 m_ﬂms\m an E_mmEmQ network
¢ ﬂm. s

distances from router

the . Routing table for A
and denotes ther router. Until now ,
A to every © fine D
everything works 3

that link (A B) is broken.
e observed it, but in his
i mzm he sees, that router C has
routing ta ¥ it 7 ops. The problem
0 Joes not know that C has Fig. 4.9.4
is, that mmm ® ressor i i routins
’ route t0 A. That followed e
problem. Router B "

Router

a route

router
table on the .
count-to-infinity ti

. js routimn
actualizes his
the router to A V€ router C.

o In Fig @.@\, In router C
th»m:nmwm wwo A contains router B as
the rou

outer, SO if B has increased R
next hop T A Cis forced to do so. Fig. 495
. 0 |
_Mm S&M Hsnawmmm his cost to A about
outer

B+1=4

g table and takes >

we can see the new 1
s routing c

1

the conseugence of the distributed Bellman-Ford protocal : Because
* Now we 58 path over C to A, he reactualizes his routing table and so on.

router B takes e e . .
partial solutions to the count-to-infinity problem. The first one is

al .
* There are ¢V ively small number as an approximation of infinity. For example,

: latl .
to use moammnm% that the maximum number of hops to get across a certain
we Bmmr.* m<mﬁ going to be more than 16 and so we could pick 16 as the value
network is 1€ .

infinity.
resents 1 ) .
that rep ¢ pounds the amount of time that it takes to count to infinity.
o This at leas

+ could also present a problem if our network grew to a point where
Of noE.mM\mM ere separated by more than 16 hops.
some no

.o to improve the time to stabilize routing is called split horizon. Split
One techid™ ue implies that routing information about some network stored in
horizon a&ﬂ%m of a specific router is never sent to the router from which it was
the routing 2

received.
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Issues with the Distance Vector Routing

1. The primary drawback of this algorithm is its vulnerability to the

‘Count-to-Infinity’ problem. There have been proposed many partial solutions but
none works under all circumstances.

2. Another drawback of this scheme is that it does not take into account Link
Bandwidth.

3. Yet another problem with this algorithm is that it takes appreciably long time for
convergence as the network-size grows.

4. A fallout of the Count-to-Infinity issue and slow convergence has been to limit the
maximum number of hops to 15 which means more than 16-router subnets, it may
not be appropriate routing algorithm.

PXERY Routing Information Protocol

* In RIP, routing updates are exchanged between neighbours approximately every

30 seconds using a so-called RIP response message. The response message sent by
a router or host contains a list of upto 25 destination networks within an

autonomous system (AS). Response messages are also known as RIP
advertisements.

* Fig. 4.9.6 shows a portion of an autonomous system.

Fig. 4.9.6 Portion of AS

* Forwarding table in router D before receiving advertisement from router A. For
this example, the table indicates that to send a datagram from router D to
destination network W, the datagram should first be forwarded to neighbouring

router A; the table also indicates that destination network W is two hops away
along the shortest path.

* The Table 4.9.1 also indicates that network Z is seven hops away S.m router B.

o 5

TECHNICAL PUBLICATIONS™- An up thrust for knowledge



abpajmouy 104 jsruy} dn Uy - SNOILYOIT18Nd TYOINHOIL
sbpajmouwy 104 jsnuyy dn uy - SNOILYOITENd TYOINHOIL -

0] Sy ssypowl Jry ‘susddey smp usypmy umop auod sey ui urdauUU0d
ay 10 pap sey moquSeu ay) Ioyie ' [A]qeyoesl 1BUO] Ou 3q 0} PAIAPISUOD
s1 moquSieu ey ‘Spuodds (gl A19Ad adUO JSE3[R MOUSIBU S)f WO Iedy] JOu S0P
8001 B J] 'Spuodas Og 41049 Aprewxordde sjuswesnIaape d3uRydXd SIAMOI N

‘asuodsa) pue jsanbay : sadessaw jo sadd) omy 1roddns gy
asuodsay pue jsanbay

"§I0MIdU UOLJRUTISIp oy}
0} Iajnol JursnIaApe ayj woy junod doy ay) sauysp pRYy SiIq 7€ SIYL ¢ dduesI(q ‘S €6y dqel

“10M12U
UOTJEUTISAp Y} JO SSPIPPE 3} SIUPIP DY SSaIppe Jy : SSIAIPPE MIOMPN ‘F o
"7 SI anjea — i
3t dI/dDL 104 "pasn [odojoxd ayy jo Afiurej ayy souyap py siq 91 S, : Anureq ¢ d
"UOISIDA 3} JUNJIp Py S}Iq § SI ST, ¢ UOISIdA ‘T Ly

-asuodsar 10§
7 pue isenbar 1oy 1 :a8essawr Jo adAy ayy saywads pipy Syq § St S : purwwo)) |

1IN0 IXBN]

jeulioy abiessaw |4y 26’y “B14 c6F aqeL, ur umoys se ‘yyed 1$3}I0YS 19110 3Y} 10§ JUNOIIE 0} Jqe}
. Surpresmioy syt saepdn ( 1anor ‘snyp g 1emox ySnony yred oy uew Iapoys

ST jeW) 7 yIoMau 0} v Iajnor ySnoxy wed e mou st axay ey} suled] g 1oy e
-3]qe} SUPNOI P[o A} Yiim JUSWISHIDADE A} saIau
quawesyIoape siyj Suladal uodn ‘ I9N0Y Y 9ol woj Keme sdoy moy :
f[uo st 7 slomjau juyy ‘redonted ul ‘S3jedIPUI UOHBWIONE SIJ 'V I9)NOI wox
Hw UoTeLIOJUT D]qe} SUTPIBMIO) 9y} UL} JO30 SUTYIoU ST JUSUISSHIDADE 3U3 Jey) JION e
m. Y 18)N0J WOl JUBWSSIBAPY 2°6'y dIqEL
a
"Jew1o) a3essawr JNf i SMOYS L'6F B e I'6'% 9[qel Ul UMOYS JUSWIsHIdADE
yewod abessop diM 8y} v IoMoI WOy SIAIANdI (] I9INOI ‘Idje] Spuodas Qg e asoddns mopN e |
IBMIO ‘6'Y 9|qe
*0z6 Joqumu 310d Buisn Je]n) 1240 1930 yoea 03 sadessawu 31983 mc_u W04 L'6y SI9BL

asuodsal pue jsanbar Jpy puss sisnoy -aBesssw jsanbal s gy Suisn uopeunssp
UBAIZ B 0} 150D sInoqu3u Sj jnoge uonpeuLojul jsanbal os[e ued 1901 Y e

‘s19ino1 Sunmnoqy3iau sj1 03
spuaurasnIaape Sutpuss £q uoneunoyur sny sejededord uayy pue aiqe; Surpremioy

SyIOMJON 4oINdLI0D

194 96 - ¥
4afey siomjeN 5-¥ SioMap JOINdLio) E1ouomeN




Computer Networks 4-58 Network Layer

L]

Request .

* A request message is sent by a

router that has just comp up or by
a router that has some time out
entries.

Repeated

Response
* A response message can be either

solicited or unsolicited.
1. Solicited response

i a) Request for some
¢ Is sent only in answer to a request. (a) Req

* Containing information about the
destination  specified in  the
corresponding request.

2. Unsolicited response

e Is  sent periodically,  every
30 seconds.

° Containing information covering

the whole routing table
Fig. 49.8 shows the request message.

(b} Request for all
Fig. 4.9.8 Request message format

Timers in RIP

* RIP uses three timers to support its operation.
1. Periodic timer ( 25 - 35 sec)

2. Expiration (180 sec)
3. Garbage collection ( 120 sec).

=

Periodic timer : This type of timer controls the advertising of regular update
messages. Each router has one periodic timer that is randomly set to a number
between 25 to 35 seconds.

1

Expiration timer : The expiration timer governs the validity of a route. In normal
situation, the new update for the route occurs every 30 seconds. But, if there is a
problem on an internet and no update is received within the allotted 180 seconds,
the route is considered expired and the hop count of the route is set to 16. Fach
router has its own expiration timer.

®

Garbage collection timer : When the information about a route becomes invalid,
the router continues to advertise the route with a metric value of 16 and the
garbage collection timer is set to 120 sec for that route. When the count reaches
zero, the route %m purged from the table.
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RIPv2

* RIP version 2 was designed to overcome some of the shortcomings of version 1.
Replaced fields in version 1 that were filled with 0s for the TCP/IP protocols with
some new fields.

* Advantages

L. An AS can include several hundred routers with RIP-2 protocol.

2. Compatible upgrade of RIPy1 including subnet routing, authentication, CIDR
aggregation, route tags and multicast transmission.

3. Subnet support : Uses more convenient partitioning using variable-length
subnets

4. An end system can run RIP in passive mode to listen for routing information
without supplying any.

5. Low requirement in memory and Eo.nmmmm:m at the node .

6. RIP and RIP? are for the IPv4 network while the RIPng is designed for the
IPv6 network.

Fig. 4.9.9 shows the message format.

Route tag.

Repeated

Fig. 4.9.9 Message format of RIPv2
Command - The command field is used to specify the purpose of the datagram,
2. Version - The RIP version number. The current version is 2.
3. Identifier - Indicates what type of address is specified in this particular entry.

4. Route ,ﬁmm - Attribute assigned to a route which must be preserved and
readvertised with a route. The route tag provides a method of separating internal

RIP routes from external RIP routes, which may have been imported from an EGP
or another IGP.
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4. Distributing the link state packets : The basic algorithm

i ber that is incremented for each new
ins a mmmCmBnm num
o Fach state @mnwﬁ conta

packet sent.

the

* Routers keep track of all | .

y li tate @mnrmﬁ comes in, it is checked against the list of packets

o oo H_WM wm new, it is forwarded on all lines except the one it arrived on

m.wmmmv\ mmw:. HM it is a duplicate, it is discarded. If a packet with a sequence

e vmoo_&bmv.ﬁr \ the highest one seen so far ever arrives, it is rejected as being
number lower than

(source router, sequence) pairs they see.

obsolete.
Problems with the basic algorithm ] . ) :
bers may wrap around, causing confusion. Solution : using a
1. dﬁv sequence num ber. With one packet per second, it would take 137 years to
32-bit sequence number.

wrap around. .
’ hes, it will lose track of its own sequence number. If it starts
2. If a router ever crashes,

i jected as obsolete/duplicate
) mber 0, new packets will be rejecte )
again at the sequence nu

by other routers.

” ber is ever corrupted and 65,540 is received instead of 4 (a 1-bit
3. If a sequence num

error), packets 5-65540 will be rejected as obsolete. . |
. ashes and sequence number corruption is to associate an age
the solution fo router cr ny router and decrement the age once per second. When
with each state wmnxmﬁ. from mmW: from that router is discarded. Normally a new packet
the age hits Nmawm the EMWHH router information only times out when a router is down.
comes in every 10 seconds,

Some refinements to the basic algorithm make it more robust

s into a router for flooding, it is put in a holding area to

When a mﬁmﬁm. wmwwmﬁ o ther state packet from the same source comes in before it

wait a short Sr:w fst. I %N:.:dvma are compared. If they are equal, the duplicate is

is transferred, thei mm@c.msnm nt, the older one is thrown out. To guard against errors on

discarded. If they are differ m\n_ﬁoi_mmmmm. When a line goes idle, the holding area is
the :.bmm\. all state wm%wmm MM_MQ a packet or acknowledgement to send.

seanned In SWS ? robin utes : Once a router has accumulated a full set of link state

> no_.:_usrwm fhe new E, the entire subnet graph. Then Dijkstra’s algorithm can be

packets 1t can no:m«EM the shortest path to all possible destinations.
run locally o n.o:mq:n cols use event driven updates rather than periodic updates.
) WM mHmMm aocmwm wwm%_v\ used in actual networks. OSPF protocol uses in a link
ink state routing

state algorithm.
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* Link state routing protocols are as follows :
a. Open Shortest Path First (OSPF)
b. Netware Link Services Protocol (NLSP).
Apple’s AURP.
d. ISO’s Intermediate System-Intemediate System (IS-IS).

e

[ Shortest Path Routing

* In shortest path routine the path length between each node is measured as a
function of distance, bandwidth, average traffic, communication cost, mean queue
length, measured delay etc.

* By changing the weighing function, the algorithm then computes the shortest path
measured according to any one of a number of criteria or a combination of
criteria. For this a graph of subnet is drawn. With each node of graph representing
a router and each arc of the graph representing a communication link. Each link
has a cost associated with it. To choose a route between a given pair of routers,
the algorithm just finds the shortest path between them on the graph.

Two algorithms for computing the shortest path between two nodes of a graph are

known.

i) Dijkstra's algorithm i) Bellman-Ford algorithm.

i) Dijkstra's algorithm :

Each node is labelled with its distance from the source node along the best known
path. Initially no paths are known, 50 all nodes are labelled with infinity. The algorithm
proceed in stages. As the algorithm proceeds, the paths are found, the labels are
changed, reflecting better paths. Stepwise proceeding of algorithm is as follows.

Step-I : Source node is initialized and can be indicated as a filled circle.

Step-II : Initial path cost to neighbouring nodes (adjacent nodes) or link cost is
computed and these nodes are relabelled considering source node,

Step-IIl : Examine the all adjacent nodes and find the smallest label, make it
permanent. .

Step-IV : The smallest label node is now working node, then step-Il and step-III are
repeated till the destination node reaches,

Following example illustrates Dijkstra's algorithm.

Example 4,9.1 e,

each steps output,
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4. An Autonomous System Boundary Router (ASBR) is a router that has its links
connected to another autonomous system.

As shown in the Fig. 49.13 routers Ry, R, and R, are internal routers. Routers

mw\mml&m are area border routers. Routers R3, Ry, Rs, Rg, Rg are backbone

routers. Router R, is an ASBR. ,

To another AS

Area
193.0.0.0

Area

Area 193.0.0.1

193.0.0.2

Area
193.0.0.3

Fig. 4.9.13 OSPF areas

, A hello protocol allows neighbours to be discovered automatically. Two routers
are said to be neighbours if they have an interface to a common network. The
oSPF protocol runs directly over IP, using IP protocol 89. The header format for
OSPF is shown in the Fig. 4.9.14

Fig. 4.9.14 OSPF common header
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» OSPF header analysis is given below :
1. Version : This field specifies the protocol version.

2. Type : This field indicates messages as one of the following type.
a. Hello
b. Database description
c. Link status
d. Link status update

e. Link status acknowledgement.
This field specifies the length of OSPF packet in bytes,

3. Packet length :
including the OSPF header.

4. Router ID : It identifies the sending router. This field is typically set to
the IP address of one of its interfaces.

5. Area ID : This field identifies the area this packet belongs to

(Transmitted).

6. Checksum : The checksum field is used to detect errors in the packet.
The checksum is performed on the entire packet.

7. Authentication type : It identifies the authentication type that is used.

Authentication : This field includes a value from the authentication

type.

The OSPF operation consists of the following stages.

1. OSPF send the Hello messages for discovering the neighbours and designated
routers are elected in multiaccess networks.

2. Adjacencies are established and link state databases are synchronized.

3. Link state advertisement are exchanged by adjacent routers to allow topological
databases to be maintained and to advertise inter area and inter AS routes. The

routers use the information in the database to generate routing tables.

@]

OSPF Advantages
L. Low traffic overhead. OSPF is enconomical of network bandwidth on links between
routers.
2. Fast convergence. OSPF routers flood updates to changes in the network around
the internet, so that all routers quickly agree on the new topology after a failure.
3. Larger network metrics. This allows a network planner the freedom to assign costs
for each path around the network, to give fine control over routing paths.
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Computer Networks
5GP performs Hiee functional procedures.
. Tmﬂ Or Ly
on
1. Neighbour acquisit .
2. Neighbour reachability

pility- _ . L :
3. Network Hmm%m&o: procedures used for exchanging the routing information
o Neighbour acqu

ers in different Autonomous Systems (AS). To perform neighbour
between two 10 ater sends an open message to another. If the target router
e 10

uisition, on . e
acquisition, it returns a keepalive message in response.

accepts the reqeh Jationship is established, the neighbour reachability procedure

¢ Once a :mwm:wo:a. Hmﬁrm relationship. Both sides needs to be -assured that the other
is used to BmEE_M is still engaged in the neighbour relationship. For this purpose,
side still exists 2" keepalive messages to each other. Both sides router maintains a
both routers %%M%: etworks that it can reach and the perferred route for reaching
database of the

twork. .
that subnetw¢ hanges, Touter issues an update message that is broadcast to all
o If the database

. jementing BGP. By the broadcasting of these updata Bmmmmmmw all
other routers 1P build up and maintain routing information. BGP connections
the BGP rou® nm%:m system are called internal BGP (iBGP) and BGP connections
inside an mMSMMMa autonomous systems are called external BGP (eBGP).
between differ

_ W5 wT int — WOHU.
e mn m:—m_ N:Q. externa
. mmm. %@.Hm snho i

AS2

Fig. 4.9.15 Internal and external BGP
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BGP messages : Header of the all BGP messages is fixed size that identifies the
message type. Fig. 4.9.16 shows the BGP message header format.

31

Fig. 4.9.16 BGP header format

1. Marker : Marker field is used for authentication. The sender may insert value in

this field that would be used as part of an authentication mechanism to enable the
recepient to verify the identity of the sender. .
2. Length : This field indicates the total len

gth of the message in octets, including the
BGP header. Value of the |

ength must be between 19 and 4096,
3. Type : Type field indicates type of message. BGP defines four message type.

a) OPEN b) UPDATE ) NOTIFICATION d) KEEPALIVE
Following Fig. 4.9.17 shows the four types of BGP message formats.

Octets Octets

16 16

(a) Keepalive 1

Variable

(b) Notification
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RIP generates: more protocol traffic- than Region 1 Region 2
OSPF. , mm TN oI
RIP is not well suited  to large networks, sl ﬁm; 2B /,
because RIP packet &Nm increases: as the , }
number of networks increases, "
, §
{
X 7
7/
,\\
! Distance vector AT
) ; 5C N
. ] X
Bellman-ford: algorithm ‘used  to calculate 50
the shortest cost path. ._
!
a X . s B I
Gends message to m.a% nejghbors. o G ,\
4
rs

, o -
s i < Gl N L

:a nmnmsﬁmmwmm,noﬁgm ,&moh,.,mrg.
Gends  larger updates - only ~ to
neighbouring routers. 2 e

e

Region 3 Region 4 Region 5

Fig. 4.9.18 Subnet

—

Hierarchical table for 1A

Protocol example. - RIP

e

Require less Owc.wwo,s‘mﬁmzn less memory:
mﬁmnm. . N
e

Simple to Em_mBm:m gm,,wmmwo?

¥ Hierarchical Routing

At a certain point the network may grow to the point where it .wm :OA longer
feasible for every router to have an entry for other router, so the Ho:a:m ,.>:= T.m<m
to be done hierarchically. When this routing is used, the routers are m::m.ma .58
regions. It contains all the details about how to route packets to destinations
within its own region.

Full table for 1A

o Some time, two-level hierarchy may be insufficient. It is necessary to group the
regions into clusters, the clusters into zones and zones into groups and so on.
Fig4.9.18 shows routing in a two-level hierarchy.
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