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Example

Ordering books on-line

Car manufacturer ordering tires from suj

-to-consumer

Government distributing tax f

er-to-consumer

Auctioning second-hand p

ser-to-peer

File sharing
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Applications

Desktop computers in offices

A notebook computer used |

Networks in older, unwired buildi
Portable office; PD
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Coaxial cable -

Also two wires. —

of fine strands of copper
forming atube.

h surrounds a solid copper wire
/een has a non-conducting materi
em more impervious to outside
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Fiber-optic cable -
Lightis —
electromagnetic.
Can transmit more —
Information down a
single strand.
It can send a wider set -
of frequencies.
Each cable can send —
several thousand
phone conversations
or computer
communications.
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width Measurements

Unit of Bandwidth  Abbreviation Equivalence

Bits per second bps 1 bps = fundamental unit of bandwidth
Kilobits per second kbps 1 kbps = ~1,000 bps = 10° bps
Megabits per second Mbps 1 Mbps = ~1,000,000 bps = 108 bps
Gigabits per second Gbps 1 Gbps = ~1,000,000,000 bps = 109 bps
Terabits per second Thps 1 Tbps = ~1,000,000,000,000 bps = 1072 bps




dwidth Pipe Analogy

Bandwidth is like pipewidth.

Network devices are like pumps, valves, fittings, and taps.

e = Jr==

Packets are like water.

-



andwidth Highway Analogy

Bandwidth is like the number of lanes.

Packets are like vehicles.
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I Model

F Application

|6Frﬂsantaiiun
F Transport
3 Network

IE Data Link

F Physical

Benefits of the OS5I Model:

* Reduces complexity

« Standardizes interfaces

= Facilitates modular engineering
= Ensures interoperable technology
= Accelerates evolution

= Simplifies teaching and learning
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6 Presentation

5 Session

4 Transport
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2 Data Link

1 Physical Binary Transmission
« Wires, connectors, voltages, data rates
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pethod called "flow control." Flow control determines when data needs to be re-
sent, and stops the flow of data until previous packets are successfully transferred.
This works because if a packet of data is sent, a collision may occur. When this
happens, the client re-requests the packet from the server until the whole packet
is complete and is identical to its original.

UDP (User Datagram Protocol) is anther commonly used protocol on the Internet.
However, UDP is never used to send important data such as webpages, database
information, etc; UDP is commonly used for streaming audio and video. Streaming
media such as Windows Media audio files ((WMA) , Real Player (.RM), and others
use UDP because it offers speed! The reason UDP is faster than TCP is because
there is no form of flow control or error correction. The data sent over the
Internet is affected by collisions, and errors will be present. Remember that UDP is
only concerned with speed. This is the main reason why streaming media is not
high quality.
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the ports are you channels. You have many forms of entertainment, news, and
information available through many different channels. Think about this, lets say
that MTV is channel 35 on your TV. The same is true for web servers that run on
port 80. Every port has a special purpose just as each channel serves a different
television program. While you only have 1 cable TV subscription, you can still
receive multiple channels.

Two main types of ports: TCP and UDP. TCP stands for Transmission Control
Protocol. UDP stands for User Data Protocol. Some programs on your computer
will use TCP ports to communication and other may use UDP. It is important to
know the difference between how the two operation. See TCP vs. UDP for an
explanation with pictures!



<,&
herggfre 5,535 TCP and UDP ports available to transmit data with. Ports 0-1023 are

se 7ed for common use. These ports are assigned by the (Internet Assigned
bering Authority). This means, that every port from 0-1023 will be the same on
ery system. For example, let's say a server in New York is using port 80, and so is a
server Texas. Because port 80 falls in the range of reserved ports, we know both
servers are using port 80 for HTTP connections. Viewing a list of known ports can
help you determine which type of connections are present on your machine.

Servers, or any machine for that matter "listen" on certain ports. For
example, a server running web, FTP, and Telnet services will listen on a
port for each. The act of listening simply means the machine is waiting

for another device to connect to it. See the illustration below:
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Meaning

ock waiting for an incoming connect

Establish a connection with a we

Block waiting for an incoming mess:

Send a message to the
Terminate a connection




(1) Connect request
(2) ACK

(3) Request for data
(4) Reply

(5) Disconnect
(6) Disconnect
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7 [ Applcation |-~~~ Application protocol [ ormoton | APoU

(Data link

Communication subnet boundary
4 Internal subnet protocol
3 | Network |=--fe Network 2 Network |=-1--=| Network | Packet

2 Datalink  |=--- Data link - Data link  |=-1-- Data link Frame

1 | Physical |- Physical |=--"= Physical |=-1-- Physical | Bit
Host A Router Router Host B
- "
~——— Network |layer host-router protocol

————— Data link layer host-router protocol
Physical layer host-router protocol
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conductor covering
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tem LED Semiconductor laser
Data rate Low High
Fiber type Multimode | Multimode or single mode
Distance Short Long
Litetime Long life | Short life
Temperature sensitivity | Minor Substantial
Cost Lowcost | Expensive
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AN

ltem Circuit-switched | Packet-switched
Call setup Required Not needed
Dedicated physical path Yes No
Each packet follows the same route Yes No
Packets arrive in order Yes No
s a switch crash fatal Yes No
Bandwidth available Fixed Dynamic

When can congestion occur

At setup time

On every packet

Potentially wasted bandwidth Yes No
Store-and-forward transmission No Yes
Transparency Yes No
Charging Per minute Per packet
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Sending machine

Packet

|

Header

Payload field

Trailer

L

Frame

Receiving machine

Packet
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Header

Payload field

Trailer

J




,( connection oriented



00N Jiols e gy

AJ‘JJ éﬁjg;&lﬁd

b ol &, sz u.-*u




s
slazel LG 8 sla JU






racter stuffing) <ol zr b

bit stuffing) < z,5 L OLL




Sluad g5l (gly ol il ywe

395 318 3 aS sume Sl Olej




/ / ﬁracter count j‘
5/1|2|3|4|5|6|7(8|9|8|0|1|2|3|4|5|6|8|7|8|9|0

\ 1% i FAN

Frame 1 Frame 2 Frame 3 Frame 4
5 characters 5 characters 8 characters 8 characters
Error

112|3|4(7|6|7|8|9|8|0|1|2|3|4|5|/6|8|7(8|19(0]|1(2]3

Frame 1 Frame 2 Now a
(Wrong) character count




FLAG| Header Payload field

Trailer

FLAG

Original characters

(a)

A FLAG

After stuffing

B

ESC

FLAG

A ESC

A ESC

A ESC
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c) 011011111111111111110010






a¢bb)§3:éL@|)a4§4’m'i ;
B oinS ol A slaylyE ol
990 4 |y (83909 w8 <dliys 4S

Jad siluwyd 39 o 3 LB
Lasals o gt LY s é)-“:’.t" i






953L sbis 1 ol JuS e

P

po Jaylyd 4y Dogape cledllol sus
33 4y 1y 0032 oo’ Jlas! alsil &

‘J g)".bb.b‘.: Ol a< ...\.-f'o‘.t P MK&
pinS 51 359550 by Ggus



S sl JUS s eslaa

ing codes) (ba



J.e\)om L§.>; o3y = AS




01101001

Odd Parity 1 01101001
Even Parity 0 01101001
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Data= X° + X* +1 100010100 |__101

CRC Generator= X +1 101
00101
101
0000100
101

CRC x5 : 01
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100010
lﬂi Network Host 127.255.255.255
10

128.0.0.0 to
Network Host 191.255.255.255

192.00010

22400010
1110 Multicast address 239.255.255.255

| 1M Reserved for future use Eﬂ‘gﬂﬁuﬁﬂﬂﬁ
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194.2400 | 194.24.7. 2048 | 194.24.0.021
1942480 | 194.24.11.255 1024 | 194.24.8.0/22
194.24.120 | 194.24.15.255 1024 | 194.24.12/22
194.24.16.0 | 194.2431.255 4096 | 194.24.16.0/20 |
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C: 11000010 00011000 00000000 00000000 TILTITIT 11111111 11111000 00000000

E: 11000010 00011000 00001000 00000000 11111111 11101001 11111100 00000000
O: 11000010 00011000 00010000 00000000 TIITTIIL 11111111 11110000 00000000
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Domain Name system(DNS)




