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[What S ... 7

Communication

o Information transfer, according to agreed conventions
using hand signals, language, Morse code, smoke signals
etc.

Telecommunication

o Communication at a distance, includes telephony,
telegraphy, television etc.

Data Communication

o Transfer of data from one or more sources to one or more
destinations.

Computer Network

o A network of data processing nodes that are
Interconnected for the purpose of data communication.



Components of data
communication system

Sender, Receiver, Message , Medium, Protocol
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A set of rules that
governs data
communication

The data
(information) to be
communicated
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[Data communication system ]

= Its effectiveness depends upon three
characteristics ...

o Delivery
m To deliver data to correct destination

o Accuracy
= To deliver data accurately

o Timeliness
= To deliver data in a timely manner



[Data representation

m Jext
o ASCII
o Extended ASCII
o Unicode
o IS0

Numbers
Images
Audio
Video



Direction of data flow

Directi f dat
. Si m pIeX IIIIIII' irection o dla

Direction of data at time 1

= Half-duplex

=k
Direction of data at time 2

Workstation

= Full-duplex

Workstation Workstation
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What Is a B} 1
" ~ ‘\,—’
- Subscriber
network?
. Residential ~— (e. g. SONET)
user Internet service

provider (ISP)

m ItiIs a set of devices
(nodes) connected by
communication links.

= A node can be a
computer or printer
etc.

Z5&>. Ethernet
Router ', N witch
g

<@ e
2 [,
Private Information LAN PCs
WAN server and workstations



[Why make a network?

m Because of networks we can ...

o Share resources ( Peripherals, files,
Internet connection etc.)

o Communicate and collaborate
o Save data
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[Network criteria

= Three most important criteria for
evaluating a network are ...

o Performance
o Reliability
o Security
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[Types of Connection

= Point-to-point

= Multipoint > <



[Point-to-point connection ]

m Provides a dedicated link between devices.

= Entire capacity of the link is reserved for the
two devices.
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[I\/Iultipoint connection ]

Workstation Workstation

Mainframe

Workstation

= More than two specific devices share a
single link.

= The capacity of the channel is shared.
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[Network Topology ]

= [t refers to the way in which a network is laid
out physically.
= [t is a geometric representation of the

relationship of all the links and linking
devices to one another.

Topology |
‘ Mesh | ‘ Star | ‘ Bus | ‘ Ring |
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[I\/Iesh topology ]

= Every device has a
dedicated point-to-point
link to every other
device.

= A fully connected mesh
network has n(n-1)/2
physical channels to
connect n devices with
each device having n-1
/O ports.
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[Star topology ]

m Each device has a dedicated point-to-point
link to a central controller (usually a hub).

m Less expensive than mesh.
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Bus topology

= One long cable acts as a backbone to link
all devices.

= Multipoint connection (shared link)

Cable end Cable end

18



[Ring topology

m Each device has a dedicated point-to-point
connection only with two other devices.

= A signal is passed along the ring in one
direction.
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[Categories of networks ]

= A Network is categorized with respect to its
size, its ownership, the distance it covers
and its physical architecture.

‘ Network |
Local-area network Metropolitan-area network Wide-area network
(LAN) (MAN) (WAN)
20




[Local Area Network (LAN)

= Smaller scope
o Building or small campus

= Usually owned by same organization
as attached devices

= Data rates much higher
= Usually broadcast systems

|
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LAN

[
4
d

Bl )

coag

a. Single-building LAN

Backbone
b. Multiple-building LAN
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Metropolitan Area Network
(MAN)

= Middle ground between LAN and WAN

= May be owned by Private company or a service
provided by a public company

= Large area




[Wide Area Network (WAN) ]

= Large geographical area
= Crossing public rights of way
= Rely In part on common carrier circuits
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Interconnection of Networks:
Internetwork

resident

Point—to—point_:
WAN

Modem (E—==p

_A_ Router
2\
\ AL }?@nttopoint

Router Switched WAN

WAN




Layered Tasks

Sender Receiver
a a

= The concept of * :
layered tasks I t

. . The letter is written, The letter is picked up,
|S COmmOn In put in an envelope, and Higher layers removed from the
dropped in a mailbox. envelope, and read.

our dally life, —T1 —T

e.g. postal

The letter is carried The letter is carried
m al I from the mailbox Middle layers from the post office
. to a post office. to the mailbox.
The letter is delivered The letter is delivered
to a carrier by the post Lower layers from the carrier
office. to the post office.

ﬁ

The parcel is carried from

the source to the destination. 26



[What IS a protocol?

= Itis a set of rules that governs data
communication

27



Standardized Protocol ]
[Architectures

= Required for devices to communicate

= Vendors have more marketable products

= Customers can insist on standards based
equipment

= Two standards:

o OSI Reference model
= Never lived up to early promises

o TCP/IP protocol suite
= Most widely used
= Also: IBM Systems Network Architecture
(SNA)
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[The OSI| Model ]

= International Standards Organization (ISO)

o An organization dedicated to worldwide
agreement on international standards.

= Open Systems Interconnection (OSI)

o An ISO standard/model that covers all aspects
of network communications.
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OSI| Model

= All

= People

= Seems

m 10

= Need

= Data

= Processing

Application

Provides access to the OSI| environment for users and a
provides distributed information services.

Presentation

Provides independence to the application processes fron
differences in data representation (syntax).

Session

Provides the control structure for communication betweeh

applications; establishes, manages, and terminates
connections (sessions) between cooperating applications

Transport

Provides reliable, transparent transfer of data between e

points; provides end-to-end error recovery and flow contijol

nd|

Network
Provides upper layers with independence from the data
transmission and switching technologies used to connec|
systems; responsible for establishing, maintaining, and
terminating connections.

Data Link

Provides for the reliable transfer of information across th
physical link; sends blocks (frames) with the necessary
synchronization, error control, and flow control.

A1

Physical

Concerned with transmission of unstructured bit stream quvgr

physical medium; deals with the mechanical, electrical,
functional, and procedural characteristics to access the

physical medium.
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[The OSI| model

Device

Intermediate
node

L1

Intermediate
node

<

Device

Application

7-6 interface

Presentation

6-5 interface

Session

5-4 interface

Transport

4-3 interface

Network

B I B B

3-2 interface

Data link

2-1 interface

Physical

Peer-to-peer protocol (7th layer)

Application

7-6 interface

Presentation

6-5 interface

Session

5-4 interface

Transport

4-3 interface

Network

B I e B e

3-2 interface

Data link

2-1 interface

3rd 3rd 3rd
> Network I<— — = Network I<— —

2nd 2nd 2nd
— > Data link —_—— Data link — >

1st - 1st - 1st
— > Physical — > Physical — >

Physical

Physical communication



OS|
VS.
TCP/IP

OSl| TCP/IP
Application

Application
Presentation PP
Session

Transport
Transport |(host-to-host)

Internet |
Network

Network
Data Link Access
Physical Physical

(@2}

Application

=

w

Network

Transport I

Data link

NNV

T2

Physical I
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[Internet (TCP/IP) Model

5 Application I
il Transport I
3 Network I
2 Data link I
1 Physical I

|
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Protocol Hierarchies

= The entities
comprising the
corresponding
layers on
different
machines are
called peers.

Host 1

Layer 5 protocol
Layer5 |[a---==--=-=------ommo--

\
Layer 4/5 interface I

Layer4 |[a-—---=------—————————-

A

Layer 3/4 interface '

Layer 3 |[a-—=-=-----———————————--

A

Layer 2/3 interface |

Layer 2 === -m e e e

A
Layer 1/2 interface .

Layer 1 |[w-=-=-==="-——-————ooo -

A
\i

Host 2

Layer 5

A
Y

Layer 4

A
\i

Layer 3

A
Y

Layer 2

A
Y

Layer 1

A
\i

Physical medium
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rProtocoI Hierarchies

Layer 5
(Application)
-
. Service to
Layer N+1
‘ Protocol
Total Laver N Layer N . g Vith peer
Communication q entity Layer ¥V
Function Decompose 1
imodularity, -
information-hiding) . *
. Service from
Layer N-1
-
Layer 1
[_\ i Physical)
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Protocol Hierarchies

.4 data

H4

[.3 data

H3

T2 .2 data

ILbdata |H5

.4 data

H4

.3 data

H3

H?2

T2

.2 data
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o
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Transmission medium
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Protocol Hierarchies

———————————————————————————— = M PDU

Layer
5 M |«
Fragmentation
\
4 H4 M B
3 H3 H4 M-| H3 M2 -
Y \
2 |Ho [Hg [Hy| My [T, Ho [Hg| Mo [ To
1

N

Layer 5 protocol

Layer 3
protocol

Layer 2
protocol

| A

Assembly

N

Hy | M, Ha| Mo

A

Hy| My |To| |Hz|Hs| Mz | T

J

Source machine

Destination machine
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[Internet Layers

5 Application I
il Transport I
3 Network I
2 Data link I
1 Physical I
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Physical Layer

= It Is responsible for transmitting
individual bits from one node to the
next.

= It Is mainly concerned with ...

o Characteristics of transmission medium
O Slgnal Ievels From data link layer To data link layer

o Data rates lv | t |

[101010000000101111001| [101010000000101111001 |

Physical I Physical
layer () _.H_ } layer
i 4

Transmission medium 39




Data Link Layer

= |t is responsible for transmitting frames from
one node to the next.

= Its major duties are ...

O

O O O O

Framing

Physical Addressing

Flow Control
Error Control
Access Control

From network layer

To network layer

4

T2

Data

H2

Frame

f

I I
Frame | T2 Data
I

|
H2
- = =1
|

Data link layer l

To physical layer

Data link layer I

From physical layer
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Node to node delivery

A node with physical address 10 sends a frame to a node with
physical address 87. The two nodes are connected by a link.

At the data link level this frame contains physical addresses in
the header. These are the only addresses needed.

The rest of the header contains other information needed at
this level.

The trailer usually contains extra bits needed for error
detection

L T2 Data

Trailer Source Destination
address address
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[Node to node delivery

, End system
Intermediate y

End system

Intermediate S

e
T

Hop-to-hop delivery | Hop-to-hop delivery | Hop-to-hop delivery»|
- >

A B E F

A I Data link _+J _u Data link JJ M Data link A I

I Physical J Physical _J_J Physical I

Hop-to-hop delivery Hop-to-hop delivery ~ Hop-to-hop delivery 42
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Network Layer

Responsible for the delivery of packets from the
original source to the final destination.

Performs routing functions across multiple
networks

Implemented in end systems and routers

From transport layer To transport layer

4 T

1 |
Data H3 | Packet Data I H3 1 Packet

I

layer

Network l I Network

layer
To data link layer From data link layer
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Source to

destination delivery

Application

Transport

Network

Data link

Physical

T2 [[Da[A]P

95 66
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[Source to destination delivery

End system
Intermediate _ Y

End system
Intermediate PN

kE F

Hop-to-hop delivery | Hop-to-hop delivery»LHop—to—hop delivery
< >

End-to-end delivery

)

E

A B F
A I Network I Network I Network A

I Data link Data link I Data link

I Physical I I Physical I I Physical I

End-to-end delivery 45




Transport Layer

It is responsible for delivery of a message

from one process to another.

Its major functions are ...
o Port Addressing

o Connection Control
O F | OW CO ntrol IFrom application layer To application layer
o Error Control ., /' /\ A
{ l ‘ \ Segments ’ ’ ‘ \ Segments
Data Data Data |H4 Data , H4 Data H4 Data | H4

Transport 1 1 f

layer To network layer

‘ t ’ Transport

I'rom network layer layer
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Process to process delivery

Message Message

rd
, s
s
An internetwork
S
]

Network Layer
Host-to-host delivery

Transport Layer
Process-to-process reliable delivery
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[Process to process delivery
A P

—> Application Application
layer layer
[Data-2]| j | k| Transport Transport
J|k| layer layer [Data-2]| J
[Data-2]] j [k |A|P Network Network ]
J|k|A|P| layer layer '
L4
T2 iTklAlp a2 Data link layer Data link layer |4,
T2|[[Daw 1] [k |A|P |12 T2|[Daw 2]

G e



Application Layer

= |t is responsible for providing services to the
user.

a
User ﬁ User #

| | | |
Data H5 | Message Data H5 | Message

Application Application

layer layer
To transport layer From transport layer
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Summary

To provide reliable process-to-
process message delivery and
eITOr TecCovery

Application

Transport

To allow access to network
resources

To organize bits into frames;

Network

Data link

To move packets from source
to destination; to provide
internetworking

to provide hop-to-hop delivery

Physical

To transmit bits over a medium;
to provide mechanical and
electrical specifications
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Addresses

e Four levels of addresses are used In
an internet employing the TCP/IP

protocols:
‘ Addresses \
Physical Logical Port Specific
addresses addresses addresses addresses

51




Addresses

B
Transport layer SCTP TCP

B
IP and
Network layer other protocols

Data link layer

Specific

—_—
addresses

Application layer

Port
addresses

Logical
addresses

Underlying i
| physical — ZZVSICM
networks b

Loy

Physical layer




rSome Protocols in TCP/IP Suite

MIME
BGP FTP HTTP | | SMTP | |TELNET| | SNMP
TCP UDP
ICMP | | IGMP | | OSPF | | RSVP
P
BGF = Border Gateway Protocol 0O5PF = Open Shortest Path First
FTP = File Transter Protocol R5VP = Resource ReserVation Protocol
HTTP = Hypertext Transfer Protocol SMTP = Simple Mail Transfer Protocol
ICMP = Internet Control Message Frotoool SNAMEP = Simple Network Management Protocol
IGMP = Internet Group Management Protocol TCF = Transmission Control Protocol 53
IF = Internet Frotocol UDF = User Datagram Protocol
MIME = Multi-Purpose Internet Mail Extension




