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Solution to the huge amount of
connections...

v If one point to point connection is planned to
be set for each communication;

> there would be N*N connections...

v The solution is Communication Network...



Network Topologies

Categories of network topology

Topology |

‘ Mesh I ‘ Star I Bus ‘ Ring I




Network Topologies

v' A fully connected mesh topology (five devices)
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Network Topologies

v A star topology connecting four stations

Hub
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Network Topologies

v A bus topology connecting three stations

Station Station Station

Drop line Drop line Drop line

Cable end Cable end

Tap Tap Tap



Network Topologies

v A ring topology connecting six stations

Station Station

Repeater

Repeater Repeater
Repeater Repeater

Repeater

Station

Station Station

Station l



Network Topologies

v A hybrid topology: a star backbone with three bus
networks

Station Station Station

Station Station Station

Hub

Station Station Station




Classification of Networks

v'On the basis of
oApplications
oModel
oSize of Geographical Area covered (Scale)

v" Such As:

olLocal Area Networks
oMetropolitan Area Networks
oWide Area Networks
olnternetworks



Classification of Broadcast Networks

v Classification of interconnected processors by
scale.

Interprocessor Processors Example
distance located in same
1m Square meter Personal area network
3
10m Room
100 m Building ~ Local area network
1 km Campus
J
10 km City Metropolitan area network
100 km Country
) Wide area network
1000 km Continent
10,000 km Planet The Internet



Uses of Computer Networks

v Business Applications: Some forms of e-commerce

Tag Full name Example
B2C Business-to-consumer Ordering books on-line
B2B Business-to-business Car manufacturer ordering tires from supplier

G2C Government-to-consumer Government distributing tax forms electronically

ca2C Consumer-to-consumer Auctioning second-hand products on-line

P2P Peer-to-peer

File sharing

v Home Applications
Access to remote information(WWWV etc)

Interactive entertainment(Remote operated or online Games)

@
o Person-to-person communication(Email, Instant Messaging etc, Phone)
®
®

Electronic commerce

v Mobile Users: combinations of wireless networks and mobile computing

Wireless Mobile Applications

No No Desktop computers in offices

No Yes A notebook computer used in a hotel room
Yes No Networks in older, unwired buildings

Yes Yes Portable office; PDA for store inventory




Business Applications of Networks

Client

v Client Server Model : A network with two clients and
one server. Employees accessing company's
Information System

Client machine

Request

—

Server machine

@
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Client process

— Reply
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Server process



Peer-to-Peer Model of Communication

v In peer-to-peer system there are no fixed clients and
servers.



Local Area Networks topologies

- [N

(a) (b)

Computer

v Two topologies for broadcast
networks
" (a) Bus
= (b) Ring



Wide Area Networks

v Relation between hosts on LANs and the subnet.

Subnet Router

R

Host

LAN



Wireless Networks

Flying router

=/

=/

Portable

computer
One telephone P

call per computer

(a) (b)

v (a) Individual mobile computers
v (b) A flying LAN



Network Software

v Protocol Hierarchies

v Design Issues for the Layers

v Connection-Oriented and Connectionless Services
v Service Primitives

v The Relationship of Services to Protocols



Protocol Means...

v’ Set of rules that define format, order of sent and
received messages among network entities, and
actions taken on messages transmission, receipt

< <
human protocols: network protocols:
o “what’s your name?” o machines rather than
o “Can | ask a question” humans
o introductions o all communication activity
in Internet governed by
protocols

... specific messages sent
... specific actions taken when messages received, or other events



Protocol Means...

v a human protocol and a computer network protocol:

q\TCP connection

request —,

1] /
TCP connection
«<— response

——
Get http://www.a%urose-ross

——<file>




Organization of Networks : “Layers”

v Networks have many separate groups of parts;
hosts

routers

links of various media

applications

protocols

hardware, software

O O O O O O

v The solution of the organization and management of all
these staff: «Layers”



Example implementation

ticket (purchase)
baggage (check)
gates (load)

runway takeoff

airplane routing

of Layering: ”Air Travel”

ticket (complain)
baggage (claim)
gates (unload)

runway landing

airplane routing

airplane routing

>




Example implementation of Layering: *Air Travel”

——

airplane routing airplane routing airplane routing
departure intermediate air-traffic
airport control centers

v Each layer ;
o Implement its own service

airplane routing

arrival
airport

o Takes the responsibility of its own actions

o Depends on services provided by layer below

ticket (purchase) ticket (complain) ticket

baggage (check) baggage (claim baggage
gates (load) gates (unload) gate

runway (takeoff) runway (land) takeoff/landing

airplane routing



Layering is essential because..

v Offers solution to the complexity of the
network system
o The system pieces and their relationships are

organized by the layers defined by the
“reference model”

o Organization of the system helps maintenance,
updating of system

+ change of implementation of layer’s service
transparent to rest of system

* e.g., change in gate procedure doesn’ t affect
rest of system



Protocol Hierarchies

Host 1 Host 2

Layer 5 protocol
LAYEE 5: [Mrm—mmmmmmm e e > Layer5

}
Layer 4/5 interface | Y

Layern 4. [s=smssommsmmmmis i | Layer 4

) \
Layer 3/4 interface I

Layer 3 |[«--------------------- »| Layer 3

: ]
Layer 2/3 interface ‘: |

Layer2 [w------cmm e - = Layer?2

_ )
Layer 1/2 interface '

Layer 1 [f-mmmmommecmmam—mmmm—e = Layer 1

A
\i

Physical medium

v lLayers, protocols, and interfaces.



Protocol Hierarchies

v The philosopher-translator-secretary architecture.

Location A Location B
| like . J'aime
rabbits | T Message Philosopher —— bien les
lapins
3 3
1 \
\
_ Information a) _
L: Dutch| 4 for the remote Translator —— i L: Dutch
Ik vind translator Ik vind
2 konijnen Konijnen
leuk @Y |leuk 2
\
Information
Fax#--- | 4 for the remote Fax #-—
L: Dutch secretary Secretary L: Dutch
1 Ik vind Ik vind 1
konijnen konijnen
leuk leuk
S,
oy oy

_ J




Protocol Hierarchies

v Example information flow supporting virtual communication in layer 5.

Layer
5
Y
4
3 H3 H4 M1 H3 Mz -
y Y
2|Ho|Ha[Hy | My | T Ho [Ha | M5 | Ts

N

Layer 5 protocol

Layer 3
protocol

Layer 2
protocol

/

Source machine

Destination machine




Design Issues for the Layers

v Addressing

v" Error Control
v Flow Control
v' Multiplexing
v Routing



Connection-Oriented and Connectionless Services

v Six different types of service.

( Service Example
Connection- < Reliable message stream Sequence of pages
oriented Reliable byte stream Remote login
\ Unreliable connection Digitized voice
( Unreliable datagram Electronic junk mail
Connectliggs- < Acknowledged datagram Registered mail
\ Request-reply Database query




Service Primitives

v Five service primitives for implementing a simple
connection-oriented service.

Primitive Meaning
LISTEN Block waiting for an incoming connection
CONNECT Establish a connection with a waiting peer
RECEIVE Block waiting for an incoming message
SEND Send a message to the peer
DISCONNECT | Terminate a connection




Service Primitives (2)

Client machine

Client
~
process

\

System
calls

(1) Connect request

Server machine

(2) ACK

A

(3) Request for data

A

(4) Reply

 J

Kernel

Operating
system

Protocol
stack

Drivers

(5) Disconnect

Server
process

(6) Disconnect

|

Kernel

Protocol
stack

Drivers

v Packets sent in a simple client-server interaction on a
connection-oriented network.




Services to Protocols Relationship

v The relationship between a service and a protocol.

Layer k + 1 Layer Kk + 1
‘Service provided by layer k ‘
Protocol
LEWOYIG i st i ot i i > Layerk

| |

Layer k - 1 Layer Kk - 1



Reference Models

v The OSI Reference Model

v The TCP/IP Reference Model

v A Comparison of OSI and TCP/IP

v A Critique of the OSI Model and Protocols

v A Critique of the TCP/IP Reference Model



ISO/0OSI reference model

v presentation: allow applications

to interpret meaning of data, application
e.g., encryption, compression, :
machine-specific conventions presentation
v’ session: synchronization, session
checkpointing, recovery of data transport
exchange —
. networ
v Internet stack “missing” these _
layers! link
o these services, if needed, must physical

be implemented in application
o needed?



Reference Models: “OSI reference

Layer

7

Interface

6

Application

A

\

Presentation

Network

!

Data link

A

\

Physical

Host A

model”

Name of unit
exchanged

Application protocol

Application

I

Presentation

I

Session

I

Communication subnet boundary

Internal subnet protocol \

Transport

I

Network

!

Data link
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Y B Network ~=—t~|  Network |=—1--+
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Network layer host-router protocol

Data link layer host-router protocol
Physical layer host-router protocol

Physical

Host B

APDU

PPDU

SPDU

TPDU

Packet

Frame

Bit



Internet side of Protocol Layers

v application: supporting network
applications

o FTP, SMTP, HTTP
v transport: process-process data
transfer
o TCP, UDP
v network: routing of datagrams
from source to destination
o IP, routing protocols
v link: data transfer between
neighboring network elements
o Ethernet, 802.111 (WiFi), PPP

v’ physical: bits “on the wire”

application

transport

network

link

physical




Reference Models
v The TCP/IP reference model.

OSI

7 Application

6 Presentation

5 Session

4 Transport

3 Network

2 Data link

1 Physical

TCP/IP
Application
T~ Not present
_—"in the model
-~
Transport
Internet
Host-to-network




Reference Models

v Protocols and networks in the TCP/IP model

initially.
TELNET FTP SMTP DNS
Protocols < TCP UDP
P
Networks< | | ARPANET | | SATNET e LAN

Layer (OSI| names)

Application

Transport

Network

Physical +
data link



Comparing OSI| and TCP/IP Models

v Concepts central to the OSI model:

oServices
olnterfaces

oProtocols



A Critique of the OSI Model and Protocols

v Why OSI did not take over the world

o Bad timing
o Bad technology
o Bad implementations

o Bad politics



A Critique of the TCP/IP Reference Model

v Problems:

o Service, interface, and protocol not distinguished

o Not a general model

o Host-to-network “layer” not really a layer

o No mention of physical and data link layers

o Minor protocols deeply entrenched, hard to replace



Hybrid Model

v The hybrid reference model.

—- N W A~ O

Application layer

Transport layer

Network layer

Data link layer

Physical layer




Example Networks

o The Internet

o Connection-Oriented Networks:
X.25, Frame Relay, and ATM

o Ethernet

o Wireless LANs: 802:11



Network Standardization

v Who’s Who in the Telecommunications VWorld
v Who'’s Who in the International Standards World
v Who’s Who in the Internet Standards World




ITU(International Telecommunication Union)

v Main sectors

o Radiocommunications(allocating Radio Frequencies) :ITU-R

o Telecommunications Standardization(telephone and data
communication systems) : [TU-T

o Development: ITU-D

v Classes of Members

o National governments(members of United Nations)
o Sector members(Telecom, Computer, Media)

o Associate members(Smaller Oragnizations interested in a
particular Study Group)

o Regulatory agencies(Controlling authorities)



IEEE 802 Standards

Number Topic

802.1 Overview and architecture of LANs

802.2 | | Logical link control

802.3 * | Ethernet

802.4 | | Token bus (was briefly used in manufacturing plants)

802.5 Token ring (IBM’s entry into the LAN world)

802.6 | | Dual queue dual bus (early metropolitan area network)
802.7 | | Technical advisory group on broadband technologies
802.8 T | Technical advisory group on fiber optic technologies

802.9 | | Isochronous LANSs (for real-time applications)

802.10 | | Virtual LANs and security

802.11 * | Wireless LANs

802.12 1 | Demand priority (Hewlett-Packard's AnyLAN)

802.13 Unlucky number. Nobody wanted it

802.14 | | Cable modems (defunct: an industry consortium got there first)

802.15 * | Personal area networks (Bluetooth)
802.16 * | Broadband wireless
802.17 Resilient packet ring

v" The 802 working groups. The important ones are marked with *. The
ones marked with \V are hibernating. The one marked with T gave up.



