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PAN(Personal Area Network) — add asod
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LAN(Local Area Network)
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MAN(Metropolitan Area Network)
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Gigabit Ethernet

Sigabit Ethernet technology is applied beyond the enterprise LAM to
MAN and \WAN-based networks.
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WAN(Wide Area Network)
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WAN(Wide Area Network) — s3_ius 4sué

LTI Wide Area Network (WAN) o TTLAN T, R
Typical schematic
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@ Distributed Backbone

Router Router Router




Sl Aslu &) 5

W‘J"L‘) °
Sy bl e
pew o2 bLS, e

Fiber-optic cable
Radio waves




Cigliia s il gisi L oS Jas

Thin Net e

obeid b J515 45 B 5 guols bLI |

COPPER Thick Net -
WIRE St o b 4e 0l, bLS !

INSULATION
COPPER MESH
OUTSIDE INSULATION




JLus) S LIS sl ¢3SGlS

e BNC Terminator e BNC Connector

.......

e BNC Barrel Connector e BNC T Connector




Thin Net 0.25/0.60 -«
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Repeater

Thick Net 0.5

Vampire

External Transceiver

ThinNet 4, ThickNet Jus. oK
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From Computer Desktop Encyclopedia
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» UTP( Unshielded Twisted Pair)
» STP( Shielded Twisted Pair)
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Shielded twisted pair (STP)
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Jde Frequency Bandwidth Wire Pairs
Cat 1 1Mhz | - 2
Cat 2 1 Mhz 4 Mbps 4
Cat 3 16 Mhz 10 Mbps 4
Cat 4 20 Mhz 16 Mbps 4
Cat 5 100 Mhz 10/100 Mbps 4

Cat5e Up to 250 Mhz 100/1000 Mbps 4
Cat 6 Up to 400 Mhz | 100/1000/10000 Mbps 4
Cat 7 600 — 700 Mhz | 100/1000/10000 Mbps 4







Straight-through cable

7
Pin#: 1 234567 8 | |
LTI || i ||
_ II II II View of RJ-45
e |l pugromasore: |||
RFL R U

ML | [
[
\;L\ﬂ v pairs: Y | Y| Y

5 3
Pin # Color Pair # Function Pin # Color Pair # Function

1 White with green stripe 3 Transmit + 1 White with orange stripe 2 Transmit +
2 Green 3 Transmit - 2 Orange 2 Transmit -
3 White with orange stripe 2 Receive + 3 White with green stripe 3 Receive +
4 Blue 1 Unused 4  Blue 1 Unused

5 White with blue stripe 1 Unused 5 White with blue stripe 1 Unused

6 Orange 2 Receive - 6 Green 3 Receive -
7 White with brown stripe 4 Unused 7  White with brown stripe 4 Unused

8 Brown 4 Unused 8 Brown 4 Unused

Figure TIA/EIA 568A standard terminations Figure TIA/EIA 568B standard terminations
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Crossover cable

Pin assignments Pin assignments
on Plug A on Plug B (reversed)

0 N o6 R W=
0 N Oy R W N -

Figure RJ-45 terminations on a crossover cable



SIS

/

Buffer
Coating

Core

Index of refraction Input pulse Cutput pulse

rO-th M 4

Step index fiber

- So-100
125pm o }
[

Graded index fiber

5ingienm§e i;er

=






SIS snd
Lilxo YL 0oOSse Tube

oas cliblns ogatia J5 &S e

Primary bullet
\\ it )
i L
= | Lilbewe 4 ¥Tight Buffered
7 i oad chidlore (LU sl gl adl b & apxe
Opte fibar / Ilu'
Kewlar strength membe i



Distribution Cables
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Fiber Connector Styles

ST Connector
& shotted bayonat type

connector. This conneclo
is ong of the most papular
styles,

FDDI Connector
& push/pull typ= dual con-
nector. This connector is
one of the more popular
styles.

ST Feedthru
A shatted bayonst type

feadthru. ST connectors
are one of the most popular
styles,

SC Connector
A push/pull typa connector.,
This connectar has
emergad as ong of the
meet popular styles,

i

Mini-BENC Connector

A bayonst slyls connector us-

ing the traditional BNC con-
nactian methad.

SC Feedthru
A pushipull type feadthru,

3T connectors are one of
tha most popular styles.

FC Connector

SMA Connector

& slotted screw-on type con- A screw-on type connec-

nector, This connector is
pop-ular in singlemods ap-
plications.

Biconic Connector
A screw-on styls connec-
for. This connector is al-
most obsaolata,

FDDI Feedthru
A pushipull typs fesdthru.
FODI connectars are popu-
lar in both singlemads and
rmultimeode applications.

tor. This connector is wan-
ing in popularity.

1
-

N MT-HJ Connector

& newr R style housing fi-
E=r connector with twa fi-
Es=r ca pability.

FC Feedthru
A slothed screw-on type
faedthru. FC connectors
are popular in singlsmode
applications.

o e
_{-fi*j] tﬁi




@ TCP/IP 5 OSI s Jsa g

TCP/IP Models OS5I Models
4 N Application
Application r Presentation
\ ) r Session
r Transport (host-to-host) | r Transport
| Internet ) i Network

Figure 1.1. TCPF/IP and OS5l Models
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Logical paths

Network Network
y Datalink 4 | »| ¢ Datalink A
Y Physical T < > T Physical #
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OSI| Model

( N/  Transport )
Segments End-to-End connections

\ and Reliability /

\
CPackets (" Network

\and IP (Logical addressing}/

Data Link N
MAC and LLC

[ Fra mes
(Physical addressing)

Data p Layer -
Applicati
E ( Data ) Nelgvgrllggcégsr}to
0 \_ Application -
>,( )K Presentation
Data Data representation
S \ and Encryption /
4 Session \
40.; ( Data ) Interhost communication
\
0
L

Media Layers




Application Layer 84N

O ool b ASed 4p () S e i Sl (il aal 3
FTP , E-maill, ... 2l ola ) 80

Software | /4 Web browser

I Collect and display content

APls

Request Return content
content in required format

Application layer HTTP




Software

Application Layer

Web browser

Application layer

Presentation layer

Decrypt
data

HTTP, etc.

Detect and
indicate format

SSL, TLS, etc.

Encrypt data
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@ Transport Layer JWii) 4y

Sender Recipient

} f

A LONG MESSAGE A LONG MESSAGE
Transport layer segmentation Transport layer reassembly
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Applying the OSI Model

e

Application (Layer 7) Provides interface between software applications and a network for interpreting
applications’ requests and requirements

Presentation (Layer 6) Allows hosts and applications to use a common language; performs data formatting,
encryption, and compression

Session (Layer 5) Establishes, maintains, and terminates user connections

Transport (Layer 4) Ensures accurate delivery of data through flow control, segmentation and reassembly,
error correction, and acknowledgment

Network (Layer 3) Establishes network connections; translates network addresses into their physical
counterparts and determines routing

Data Link (Layer 2) Packages data in frames appropriate to network transmission method

Physical (Layer 1) Manages signaling to and from physical network connections



Application

Presentation

Session

Transport

Network

Data Link

Physical

\J

\J

\J

\J

Transport header
(flow control,

sequencing, and error-

checking information)

Application

header Data
Presentation
header > Data
Session
header > Data

Data transformation through the OSI model
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TCP/IP Stack
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TCP/IP J5<Sg W 4y

Application Layer Application layer ®

9 8 w5l 5 ol gle 4Y gla Sz (40,5 A5
Transport Laver 8L bl

Sldoe 5 aSos Sl 5,08 Transport layer o

Internet Laver S, sl o323 reassembly s Segmentation

Sa S sl saly 3 unblocking s blocking

Network Interface
Laver

(routing) L : Internet layer ¢
(error control) Usa J_ 58 — sala J&sl ;- Network Interface layer ¢

( data flow control ) sala g JuS
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OS|

Application

message format, human-machine interfaces

Presentation

data formatting (encryption, compression)

Session

authenticate, establish & maintain connection

Transport

end-to-end error control

Network

addressing; routing or switching

Data link

error detection, flow control on physical link

Physical

TCP/IP Model

Application

Transport

Logical Protocols

FTP / SFTP / SCP
HTTP / HTTPS
AMQP / MQTT

SNMP / RIP / DHCP

o
<
=
-
m
o
O
o
~—
o
-
=
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Physical Protocols

medium, method of representing bits
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DoD Model

Process/ Telnet FTP LPD SNMP
Application TFTP SMTP NFS X Window
Host-to-Host TGP UDP

ICMP ARP RARP
Internet
IP
Network Ethernet Fast Gigabit 10 Gig
Access eime Ethernet Ethernet Ethernet




Bit number: O 16 31

Source port Destination port

TCP )
header UlA S|F
T Reserved |R | C Y| Sliding-window size
Checksum Urgent pointer
Padding
L
Data

A TCP segment



Computer A Computer B

T

Request for SYN with SEQ(A) = 937013558

connection

g

©

SYN-ACK with SEQ(B) = 3043958669
< Response

ACK(A) = 937013559

@ ACK with SEQ(A) = 937013559

ACK(B) = 3043958670 >

Connection
established

Establishing a TCP connection



@ IP (Internet Protocol)

* Network layer protocol

— How and where data delivered, including:
e Data’s source and destination addresses

e Enables TCP/IP to internetwork

— Traverse more than one LAN segment
* More than one network type through router

 Network layer data formed into packets

— IP packet
« Data envelope

e Contains information for routers to transfer data
between different LAN segments



=

e Two versions
— IPv4: unreliable, connectionless protocol
— |IPv6
 Newer version of IPv6
— IP next generation
— Released in 1998
 Advantages of IPv6

— Provides billions of additional IP addresses
— Better security and prioritization provisions

IP



Bit number: 0 16 31
( . Differentiated
Version IHL Services Total length
|dentification Flags Fragment offset
P Time to Live Protocol Header checksum
header

Source IP address

Destination IP address

Options

Padding

segment) Data

Data (TCP {

An IPv4 packet



16 31

0
Bit number: '
Version _ Flow label

Payload length Next header Hop limit

— Source address —

An IPv6 packet header



@ Internet Protocol (I P)

3,5 004 wlyLogical &> w,dl Culgumne aS INtErNet Y ;3 39390 ater SS9y 51 SS9 °
(Octet) sguine pamdi ot A Coomd o @ a5 Cowl Jw Y'Y 20e SO IP Address
Cowl i BB (YOO) G (¢ ) 51 Vo glno yd S Adas 2 o

192.168.2.117

|

11000000.10101000.00000010.01110101



Bit number: 0 16 31
( . Differentiated
Version IHL Services Total length
Identification Flags Fragment offset
P Time to Live Protocol Header checksum
header

Source IP address

Destination IP address

Options

Padding

segment)

Data (TCP {

Data

Figure An IPv4 packet



@ Internet Protocol (I P)

(4 gy — aSd ol NET ID -

().’Wlfo)bw) HOST ID ®

8 Bit

16 Bit

24 Bit



cul sasis 6 Subnet Mask L.y IP Address » o
dgdue LSS g A Caonid Y>3l IP Address . o» Subnet Mask e
Sgiue wgume NET ID Yoo oYL Octet o

10.0.0.0 172.16.0.0 192.168.1.0

10.*.*.* 172.16.*.* 192.168.1.*




@ Subnet Mask

M_ Default subnet mask

1-126 255.0.0.0
128-191 255.255.0.0
C 192-223 255.255.255.0




Subletting

Bit

#0 7 8 Class A 31
<+— Network > |-« Host information >

information

Bit Class B

#0 15 16 31
< Network information > |- Host information —»
Bit

#0 Class C 23 .24 31

< Network information > |« Host —»
information



Sample Class A network address: 114.56.204.33
network information = 114
host information = 56.204.33

Sample Class B network address: 147.12.38.81
network information = 147.12
host information = 38.81

Sample Class C network address: 214.57.42.7
network information = 214.57.42
host information =7

Sample IPv4 addresses with classful addressing



Subletting

Number of bits used for | Default subnet mask
Network class | Default subnet mask (binary) network information (dotted decimal)

A
B

C

11111111 00000000 00000000 00000000 8 255.0.0.0
11111111 11111111 00000000 00000000 16 255.255.0.0
11111111 11111111 11111111 00000000 24 255.255.255.0

Default IPv4 subnet masks



IP address bit

Subnet mask bit 1 0 1
Resulting bit 1 0 0
ANDiIng
IP address: 11000111 00100010 00100010 01111111 199.34.89.127
and  Subnet mask: 11111111 11111111 11111111 00000000 255.255.255.0
Equals Network ID: 11000111 00100010 00100010 00000000  199.34.89.0

Example of calculating a host's network ID



Number of subnets on | Number of hosts per
Subnet mask network subnet

255.255.192.0 or 11111111 11111111 11000000 00000000 2 16,382
255.255.224.0 or 11111111 11111111 11100000 00000000 6 8190
255.255.240.0 or 11111111 11111111 11110000 00000000 14 4094
255.255.248.0 or 11111111 11111111 11111000 00000000 30 2046
255.255.252.0 or 11111111 11111111 11111100 00000000 62 1022
255.255.254.0 or 111111117 11111111 11111110 00000000 126 510
255.255.255.0 or 11111111 11111111 11111111 00000000 254 254
255.255.255.128 or 11111111 11111111 11111111 10000000 510 126
255.255.255.192 or 11111111 11111111 11111111 11000000 1022 62
255.255.255.224 or 11111111 11111111 11111111 11100000 2046 30
255.255.255.240 or 11111111 11111111 11111111 11110000 4094 14
255.255.255.248 or 11111111 11111111 11111111 11111000 8190 6
255.255.255.252 or 11111111 11111111 11111111 11111100 16,382 2

Class B subnet masks



Number of subnets Number of hosts
on network per subnet

255.255.255.192 or 111111171 11111111 11111111 1100000 2
255.255.255.224 or 11111111 11111111 11111111 1110000 6
255.255.255.240 or 11111111 11111111 11111111 1111000 14
255.255.255.248 or 11111111 11111111 11111111 1111100 30
255.255.255.252 or 11111111 11111111 11111111 1111110 62

IPv4 Class C subnet masks

Subletting

62
30
14
6
2



Subletting

Sample subnet mask:

Bit# 0 8 16 24
11111111 11111111 111111171 11100000

or

255.255.255.224

Sample supernet mask:

Bit# 0 8 16 24
11111111 11111111 11111100 00000000
or
255.255.252.0

Subnet mask and supernet mask



CIDR (cont’d.)

 Example: class C range of IPv4 addresses
sharing network ID 199.34.89.0

— Need to greatly increase number of default
host addresses

IP address: 11000111 00100010 01011001 01111111 199.34.89.127
and Subnet mask: mim 11111111 11111100 00000000  255.255.252.0
Equals Network ID: 11000111 00100010 01011000 00000000

199.34.88.0

Calculating a host’s network ID on a supernetted network
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* CIDR notation (or slash notation)
— Shorthand denoting subnet boundary position

— Form
* Network ID followed by forward slash (/)

* Followed by number of bits used for extended
network prefix

— CIDR block

* Forward slash, plus number of bits used for
extended network prefix

o Example: /22
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* CIDR notation (or slash notation)
— Shorthand denoting subnet boundary position

— Form
* Network ID followed by forward slash (/)

* Followed by number of bits used for extended
network prefix

— CIDR block

* Forward slash, plus number of bits used for
extended network prefix

o Example: /22



IPv4 address(es)
127.0.0.1

10.0.0.0 through 10.255.255.255

172.16.0.0 through 172.31.255.255

192.168.0.0 through 192.168.255.255

169.254.1.0 through 169.254.254.255

Addresses whose host information = 255 (for example, 199.34.89.255)

Addresses whose host information = 0 (for example, 199.34.89.0)

519 9 9u0u s IP

Loopback
Private
Private
Private
Link local
Broadcast

Network ID
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CIIP IP Address Subnet Mask Network Number NS'ttID |DH%§tt
A1 10.32.213.21 255.0.0.0 10.0.0.0 8 | 24
A | 65.123.30.254 255.0.0.0 65.0.0.0 8 | 24
A 126.0.1.2 255.0.0.0 126.0.0.0 8 | 24
A 1.250.9.7 255.0.0.0 1.0.0.0 8 | 24
B 162.67.43.21 255.255.0.0 162.67.0.0 16 | 16
B | 153.19.72.120 | 255.255.0.0 153.19.0.0 16 | 16
B 129.76.34.50 255.255.0.0 129.76.0.0 16 | 16
B 1190.200.210.254| 255.255.0.0 190.200.0.0 | 16 | 16
C | 200.200.200.1 |255.255.255.0|200.200.200.0| 24 | 8
C | 220.190.21.38 |255.255.255.0| 220.190.21.0 | 24 | 8
C 192.168.0.1 | 255.255.255.0| 192.168.0.0 | 24 | 8
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e Static IP address
— Manually assigned

— To change: modify client workstation TCP/IP
properties

— Human error causes duplicates
 Dynamic IP address

— Assigned automatically

— Most common method
* Dynamic Host Configuration Protocol (DHCP)
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« FTP (File Transfer Protocol)
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« SMTP (Simple Mall Transfer Protocol)
Sg Sl glo ol Jal JSGg,, @
« SNMP (Simple Network Management Protocol )
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* |P (Internet Protocol)
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 TCP (Transmission Control Protocol)
Connection Oriented g0 4 cleMbl Jisl ¢, ©

« UDP (User Datagram Protocol)
Connection Less ¢ 50 4 cleMbl Jusl gl ®
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« HTTP (Hyper Text Transfer Protocol)

« POP (Post Office Protocol)

« NNTP (Network News Transfer Protocol)

* IGMP (Internet Group Management Protocol)
* |ICMP (Internet Control Massage Protocol)

« ARP (Address Resolution Protocol)

« SPX (Sequenced Packet Exchanged)
 |IPX (Internetwork Packet Exchanged)



Protocol Stack
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PoE (Power over Ethernet) -

Figure PoE capable switch Figure PoE adapters
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Intermediate
distribution
frame

458l il 88 S

Backbone Telecommunications closet

/

Demarc

Entrance
facilities

T_r
Main

distribution

Work area Lframe

EI BI EI EI
Work areas
EI BI BI =I5

Work area

|

Telecommunications closets ——

|ntermedlate Telecommunications
dlstrlbutlon

closets
frames |

28 2 =28 =E
Work areas

Figure TIA/EIA structured cabling in an enterprise
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« Components
— Entrance facilities
— MDF (main distribution frame)
— Cross-connect faclilities
— IDF (intermediate distribution frame)
— Backbone wiring
— Telecommunications closet
— Horizontal wiring
— Work area



Maximum length = 100 meters

f_l—ﬂ
i e o ::::::15::':"::' )
Maximum Hub ‘ Hub Maximum
length = , length =
100 meters 100 meters

/13’-‘ = -
l&“

Workstation Workstation
A B

Maximum length between workstations A and B = 300 meters



@STP(Spanning Three Protocol)

Switch F

Figure Enterprise-wide switched network



STP(Spanning Three Protocol)

Switch F

Switch D ' Switch E

Blocked

Switch B
Switch A

Switch C
(root bridge)

Figure STP-selected paths on a switched network
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Workgroup A Workgroup B

Figure The placement of routers on a LAN
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— Number of hops

— Throughput on potential path

— Delay on a potential path

— Load (traffic)

— Maximum transmission unit (MTU)
— Cost

— Reliablility of potential path

Fhme S e sla ) 5SE e
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Routing protocol

RIP (Routing Information Protocol) Distance-vector Interior
RIPv2 (Routing Information Protocol version 2) Distance-vector Interior
BGP (Border Gateway Protocol) Distance-vector Exterior
OSPF (Open Shortest Path First) Link-state Interior or exterior
IS-IS (Intermediate System to Intermediate System) Link-state Interior

EIGRP (Enhanced Interior Gateway Routing Protocol)  Hybrid Exterior or Interior
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* Active Directory Domain Services
 File Server

o Print Server

e Fax Server

 Malil Server

 Web Server

 Database Server

e Cache Server

e Name Server (Domain Name Server)

e Remote Access Server
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DHCP (Dynamic Host Configuration Protocol)
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@ DHCP a3

Client A"

@ Lﬁﬁggﬁgﬁ;s @ Hi, Client A; use 123.45.67.89
can | use? as your IP address.
o
~
P DHCP server
e )
\ / R
p /
H‘"'--.___ .

@ This is Client A;
I'll take 123.45.67 89
as my IP address.

lﬂ'

] @ The IP address
123.45.67.89 is now
assigned to Client A.

Figure The DHCP leasing process



PAT (Port Address Translation)

Private network

e

Public network

10.1.1.120

=

10.1.1.121

i

10.1.1.122

92.52.441
Gateway

PAT translation

10.1.1.120:80 = 92.52.44.1:8000
10.1.1.121:80 = 92.52.44.1:8001

& 10.1.1.122:80 = 92.52.44.1:8002
10.1.1.123:80 =92.52.44.1:8003

10.1.1.123
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Type of organization

ARPA Reverse lookup domain (special Internet function)
COM Commercial

EDU Educational

GOV Government

ORG Noncommercial organization (such as a nonprofit agency)
NET Network (such as an ISP)

INT International Treaty Organization

MIL United States military organization

BIZ Businesses

INFO Unrestricted use

AERO Air-transport industry

COOP Cooperatives

Table Some well-known top-level domains



DNS(Domain Name System)

# Host database
#
# This file contains the mappings of IP addresses to host names and the
# aliases for each host name. In the presence of the domain name service,
# this file may not be consulted.
#
# Comments (such as these) may be inserted on individual lines or
# following the machine name denoted by a '#' symbol.
#
#
# Address Host name Alias
01 localhost.cengage.com localhost
127.0.0.1 localhost.cengage.com localhost
69.32.133.79 WWW.Ccengage.com Web
69.32.134.163 ftp.cengage.com FTP
©9.32.146.63 gale.cengage.com Gale
69.32.132.117 poweron.cengage.com TechSupport

Figure Sample host file



Root server

The IP address for www.loc.gov
is 140.147.249.7.

ISP's ISP's DNS server /

What is the IP address The IP address for
for www.loc.gov? www.loc.gov
. . is 140.147.249.7.
Figure Domain name
resolution ISP’s DNS server

What is the IP address The IP address for
for www.loc.gov? www.loc.gov
is 140.147.249.7.

LAN'S DNS server

What is the IP address The IP address for
for www.loc.gov? www.loc.gov
is 140.147.249.7/.

ra
r
rd
Client / /
’li What is the IP address

for www.loc.gov?
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FTP-DATA File transfer—data
21 FTP TCP File transfer—control
22 SSH TCP Secure Shell
23 TELNET TCP Telnet
25 SMTP TCP Simple Mail Transfer Protocol
53 DNS TCP and UDP Domain Name System
67 (client to server) and DHCPv4 UDP Dynamic Host Configuration Protocol version 4
68 (server to client)
69 TFTP UDP Trivial File Transfer Protocol
80 HTTP TCP and UDP Hypertext Transfer Protocol
110 POP3 TCP Post Office Protocol 3
123 NTP TCP Network Time Protocol
143 IMAP TCP Internet Message Access Protocol
443 HTTPS TCP Secure implementation of HTTP
546 (client to server) and DHCPv6 UDP Dynamic Host Configuration Protocol version 6
547 (server to client)
3389 RDP TCP Remote Desktop Protocol

Table Commonly used TCP/IP port numbers



ADSL ("full rate”)
G.Lite (a type of ADSL)
HDSL or HDSL-2

SDSL

SHDSL

VDSL

0.640
0.512
1.544 or 2.048
1.544
2.36 or 4.7
16,3.2, or 6.4

DSL ki) g1

Maximum upstream Maximum downstream | Distance limitation
DSL type throughput (Mbps) throughput (Mbps) (feet)

1.544
1.544 or 2.048
1.544
236 0r4]7
12,9, 25.9, or 51.8

18,000
25,000
18,000 or 12,000
12,000
26,000 or 18,000

1000-4500



DSL ki) g s

Internet

Carrier's switching
facility

DSLAM

Splitter % a0 :
[] - l_-/ - -

PSTN

Splitter ;
Piter 2

» DSL modem

=

Customer’s premises
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Dial-up over PSTN UTP or STP 56 Kbps theoretical; actual limit is 53 Kbps

X.25 UTP/STP (DS1 or DS3) 64 Kbps or 2.048 Mbps

Frame relay UTP/STP (DS1 or DS3) 45 Mbps

BRI (ISDN) UTP/STP (PSTN) 128 Kbps

PRI (ISDN) UTP/STP (PSTN) 1.544 Mbps

T1 UTP/STP (PSTN), microwave, or 1.544 Mbps
fiber-optic cable

Fractional T1 UTP/STP (PSTN), microwave, or n times 64 Kbps (where n = number of channels
fiber-optic cable leased)

T3 Microwave link or fiber-optic cable 45 Mbps

xDSL UTP/STP (PSTN) Theoretically, 1.544 Mbps—52 Mbps (depending on

the type), but typical residential DSL throughputs
are limited to 1.5 Mbps

Broadband cable Hybrid fiber-coaxial cable Theoretically, 56 Mbps downstream, 10 Mbps
upstream, but actual throughputs are
approximately 1.5-3 Mbps upstream and 256-768
Kbps downstream

BPL Power line Up to 1 Mbps actual throughput

ATM Fiber-optic cable, UTP/STP (PSTN) 25 Mbps to 622 Mbps (depending on the customer’s
preferred bit rate)

SONET Fiber-optic cable 51, 155, 622, 1244, 2488, 4976, 9952, or 39813 Mbps
(depending on the OC level)
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802.11b

e 2.4-GHz band
— Separated into 22-MHz channels

e Throughput
— 11-Mbps theoretical
— 5-Mbps actual

e 100 meters node limit
* Oldest, least expensive
* Being replaced by 802.11¢g
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802.11a

Released after 802.11b
 5-GHz band

— Not congested like 2.4-GHz band

* Lower interference, requires more transmit power

 Throughput

— 54 Mbps theoretical

— 11 and 18 Mbps effective
o 20 meter node limit
e Requires additional access points
* Rarely preferred
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802.11¢g

o Affordable as 802.11b

 Throughput
— 54 Mbps theoretical
— 20 to 25 Mbps effective

e 100 meter node range

e 2.4-GHz frequency band
— Compatible with 802.11b networks
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802.11n

e Standard ratified in 2009

* Primary goal

— Wireless standard providing much higher
effective throughput

 Maximum throughput: 600 Mbps
— Threat to Fast Ethernet

 Backward compatible with 802.114a, b, g
standards
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802.11n

o 2.4-GHz or 5-GHz frequency range

« Compared with 802.11a, 802.11g
— Same data modulation techniques

 Compared with three 802.11 standards

— Manages frames, channels, and encoding
differently
 Allows high throughput
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802.11n

« MIMO (multiple input-multiple output)

— Multiple access point antennas may issue
signal to one or more receivers

— Increases network’s throughput, access
point’s range \L
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802.11n

 Maximum throughput dependencies

— Number and type of strategies used
— 2.4-GHz or 5-GHz band
— Actual throughput: 65 to 600 Mbps

 Backward compatible
— Not all 802.11n features work

e Recommendation
— Use 802.11n-compatible devices
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Theoretical Effective

maximum throughput
Standard | Frequency range | throughput (approximate) Average geographic range
802.11b 2.4 GHz 11 Mbps 5 Mbps 100 meters (or approximately 330 feet)
802.11a 5 GHz 54 Mbps 11-18 Mbps 20 meters (or approximately 66 feet)
802.11g 2.4 GHz 54 Mbps 20-25 Mbps 100 meters (or approximately 330 feet)

802.11n 2.4 GHz or 5 GHz  65t0 600 Mbps 65 to 600 Mbps  Up to 400 meters (or approximately 1310
feet) if MIMO is used
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Mobile client

Fixed client
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Maximum
Voice Data Maximum theoretical downlink | theoretical uplink
Technology switching | switching | throughput throughput
3G-HSPA+ Circuit Packet 84 Mbps (with promises of 336 Mbps) 11 Mbps
(N/A)-WIMAX (802.16e) ~ Packet Packet 70 Mbps 70 Mbps

4G-WiMAX 2 (802.16m)  Packet Packet 120 Mbps (with promises of 1 Gbps for 60 Mbps
fixed clients)

4G-LTE Packet Packet 1 Gbps 500 Mbps
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— LEO(Low Earth Orbit) 1000,1500 km

— MEO(Medium Earth Orbit) 1500,<20000 km
— HEO(High Earth Orbit) >20000 km

— GEO(Geostationary Orbit) = 42164 km
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— L-band—1.5-2.7 GHz

— S-band—2.7-3.5 G
— C-band—3.4-6.7 G
— Ku-band—11-18 G
— Ka-band—18-35 G
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Z
Z
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