


network/lubnet 2

Y, rOUter ‘ R7 I _.

\ R3 ;‘/ R

7 N\ gateway
host network/subnet 1

W gatewaylinks networks together to fornmternet

R

W routing plans path through network



Internets

An internet can be

homogeneous internets
» all same type of network

) No need to convert frames

heterogeneous internets
free mix of network technologies
need to convert between frame formats

convert between CO and CL?



Switching the Data

circuit switched networks

® physical communication channel to be set up between twshost
wasteful if bursty data

e.g. PSTN

message switched networks
sends data imessageswhich can share a channel
) store-and-forward

e.g. Post Office

packet switched networks
similar to message switching

limit on size— data sent in one or mopAckets












W delayx packet size



Example: Reducing Store-and-forward Delays

A router operating on a PSN using store-and-forward has linto it operating
at 1Mbs—!, and the router is found to delay packets(bys. How many pieces

must you fragment the packet into to reduce this delayd®s, and how large are
those packets?

delay o packet size

delay
packet size

= constant

0.1/1 =0.02/s — s = 0.2, hence 5 packets are required for each of the old
packets

packet size= delay = 2-Y2 X81><106 — 2500 bytes
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™ Virtual Circuits allow some features of
CO to be present in PSN

= Divide links byvirtual circuit
identifiers (VCI)
Ly (1), Lx(2), Lo (3),...

W Connect links up VCls
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R~ Re

to/from from/to  to/from from/to

R, Rs
to/from from/to  to/from from/to
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Layer Host Gateway Host Sub-Layer

"""""" SNICP
Network SNDCP

———————— SNDAP
Datalink| ©--f-----1--©@ | | ©--t-----

Physical

W Subnetwork Independent Convergence ProtocalSNICP)

W Subnetwork Dependent Convergence ProtocdSNDCP)
W Subnetwork Dependent Access ProtocdSNDAP)
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- 8128 bytes data

Token Bus

Ethernet |
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Layer  Host Host Layer
Application ? e _ ? 7
Presentation * e e e - * 6

Session 5
Transport 4
Network 3
Data Link 2
Physical 1
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Layer  Host Host Layer
Applicatior] ? T _ ? 7
Presentation * o S e I - * 6

Session * b e e _ * 5
Transport *“ -r---------"-"-"-"-"-"-~"-~" -~ -~ -~ - - - - - - -~ - °-° éc_)l:lt_elj ------ - -* 4
Network *""""""""""B_riagé """ .S * 3
Data L|nk *‘ - - - - - Réﬁe—a_.tér ----- - - x - - |------ —* *— —————— - —* 2
Physical i @ =‘ % =‘ i =‘ 1
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Layer  Host Host Layer
Application ? e _ ? 7
Presentation * o S e I - * 6

Session *—— _________________________________________ __* 5
Transport *“ -r---------"-"-"-"-"-"-~"-~" -~ -~ -~ - - - - - - -~ - °-° éc_)l:lt_elj ------ - -* 4
Network * ___________________________________ * 3
Data Link]  @--]----- Repeater [ R [ 19 2

Physical



W ‘repeats’ frames bit by bits; no processing of frames orinout

20



21



m also callechub
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W copies frames as required; store-and-forward

23



24



m also callecswitched hub
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Ci: Cy (O3 Cy

Total load= 5+22+22+5+17+5+5+19=100%
Subnet 1=Total load-Subnet 2=100-(17+19)=64%
Subnet 2=Total load-Subnet 1=100-(22+22)=56%



Bridges and Network Load

To
H,|Hy, | H3 | Hy | H5 | Hg
H{| 0 |300/10| 0 |20| O
H,|300| O | 10| O (100|110
From Hsz| 10| 10| O (200 5 | 95
Hy| 10| 5 |300 15
Hs| 60 |815| 15
Hg| 0 | 15500 15
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Fr == o
Ry — Fu — Fs

D
D

correctness it finds a valid route

simplicity must be able to analyse

fairness each host gets a share if network busy




Often there will be a choice of how to get from Ato B

/ \
i/ i

(Rry) (&5
\\\ S ////

bandwidth avoid links with less free bandwidth

price use links with less charge per byte
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Two Basic Approaches

adaptive routing has each router adapting its routing according to network
load.

) Isolated adaptive routingmakes decisions purely on information about
the local node

® distributed adaptive routing pass information between the nodes

nonadaptive routing
routers always taking the same action to route packets

aka static routing



m Send the data down all links except that it arrived on

32
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W Avoid loops by
® recording hop count

® recording where packet has been
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w if don’t know where host is, flood network

W bridges learn where you are
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w if don’t know where host is, flood network

W bridges learn where you are
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w if don’t know where host is, flood network

W bridges learn where you are
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w reply teaches bridges where distination was

44



w reply teaches bridges where distination was
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w reply teaches bridges where distination was
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Worksheet: Backwards Learning

TH 1 TH 2 TH 3 4
Network V¢ Network N,
(3 (B:) o
Network N
TH 6 TH 7 @ @ TH 8 9
Network N4 Network N5
Host | Network Host | Network Host | Network Host | Network
Hy N1 Hq N3 Hq N3 Hq N3




Distance Vector

Cost C=cost to neighbour+value in neighbour’s distancéovec

Recompute local distance vector as distribute to neiglsour
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