T — i
e RS -

« Hamming distance and
interleaving can be
‘combined

* We can first create(n-bit ‘
~[packets)that can correct t-

* Then we interleave m
{fows and send the bits

< [
o (column by column)

'Possuble to correct burst

errors up to@1 X t bits of )
(errors] -

High-resolution packet Compound p:n:kclJ

/
Low-resolution packet Em]/)\ packet
\/( s “‘ o Ie1-High 1'2-Hxnﬁ\ [PA-High | !I’S-_HqJI:
pit , l I‘ iz
Sendmng of l l —— —— , AL l
LIII Hﬂj g [ o) | [(Prc [psrian]|

llH-dJ

f
/ compound |
N packets P Packe

J

Receving of bs .L’_'__‘
Paigh |

compound |

\’/4 packets

Reercanon .
PI-H
of packets L _'.""',.

W4

Packer 4 Packer §

f

Packet 5
PA-L [PEHigh

acket 3
va. L [Pa-i
| 1
|

[ PYHigh [P4-High |PS-High

L—Treation of 2 duplicate
of each packet with 2
(Igwrre3olution:
gegundapoy and
combine the @JE&E&;‘
version with the next
packet

r example, we cz2n
create four low-
resolution packets out
of five high-resolution
packets and send them

Data Lmk ControI(DLC) Services
»~The data link control

(DLC) deals with

for
communication between

nodes no
‘matter whether the link

[is" dedicated or broadcast

* Data link control
functions include
[framing, flow control
Rgigrronspatia)



T T

T

* Hamming distance and : L Dt oFa dophcte

L |ﬁte’rleaving; can be ) | of each packet with a

! qEdundIacy and

‘combined |
l

* We can first create(n-bit ‘ ¢ N bine the fodundat
| combine the fedundant

% _that can correct t- . ;
version with the next

; packet
* Then we interleave m | |
—T ——— . ( o r examofe, we cz2n
. {fows and send the bits P /F( '
i ol b ool , create four low-
JECOLTN ‘ , resolution packets out
| P g
of five high-resolution
'Possuble to correct hurst } '
: and send them
errors up to&n X tbitsof/ . X o
(errors| |
ok Y.
Data Lmk Control (DLC) Services
| »~The data link ccmtrol
ILepend
—— (DLC) deals with
{ High-resoluton packe Compound packe 5
S 'k : -;ﬁ/?"k Y 'J orocedures for
ows=rcsolution packet mpy ackel - -
= ’ L2 communication between

[TWo adjacent nodes no

/' kil [Pi:High 1-:-Hxlb\ [BFFish Pi-High | [PsHigh |
l L : l l [I | Jl | l wmatter whether the link
\/1(11:.{::1\;..\‘1 f 1 :au ih]| L’l xln_:u;g.J [/{‘:\lsuu,,u. 1\;%1?@] [ nTp}pT‘;'TL_LTL] Lﬁg&a_t_e,d or broadcast
‘ ¢ * ,L »  Data link control
nalRving of Packal___ Packet 3 Packet 1 Packet 5 _ functions include
o und [ o] 2208 ] I | (T framing, flow control
g J - J } , and error control -
J\IP" flan [P1- i [P [P High [s-THigh] e
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Data link control sublayer
———

v
"
1 Media access control sublayer

|
T —

Data
a. Data-link laver o

-~
-’

Data link control sublayer

Data-link layey

b. Data-link layer of ajpoint-to-point link

_Framing

i
,f
|
|
4
|
{I
|

- The destination address:
defines where the packet

DLC Services /

Framing distinguishabie from
ancther

” Our postal system

Flow Control
practices a type of framinz

« Eraming separates a
message by adding 3

Error Control
TSender addresdand 3

(e ———————
(OSSO SUHrEss )

Yo S

~ Frame Size
* Why not one BIG Frame?

* Frames can be of:

is to go;ithe sendex
‘ v Fixed Size

address helps the

rg‘gjﬂ" ient acknowledge
&oundary/delimit_e_r)‘

~ the receipt

» Size acts as a

J

v Variable Size
» How to define

Beginning and End !
of a Frame? 7




variable Framin_g]echniques

Variable

Q a¥ / Framing
Techniques

Y
I Two t2chu apues

A b Veriebt-
3 ) :
\/ Connection 2 » Bit Oriented Fa"-
Oriented Framing ] Framing ~ 5
Cone ¢ 1o bk prisnled
(‘(\‘(H((d "'uu.'*'-i
’ \ 3 /
Fol aunens o
b

Connection Oriented Framing

* Data to be carried are 8-bit
characters
——————————

A Framein a Charr_acterA-Orientd Protocol

Data from up})é layer

| \omable numbef of characters l

Byte Stuffing in Connection-Oriented Framing

* Connection-oriented

Framing used text_

characters as flags

* Nowadays any character
used for flag can also be

a part of the d

+ In order to avoid
confusing the receiver,
we use Byte Stuffing

——————




B T
Yte Stuffing in Connection-Oriented Framing

'/éeveral Issues:
v One or more escape ,
‘characters followed 7] P i
+ by a byte with same gy ) =

- Frame sent
pattern as a flag?
i a gt 5 Header JEselrae [ N/ JESEY esc

‘ 6 (3 L |
UnICOde 16/32 bit) Frame received ' bytes N\
Vs, 8-bit characters _ EIVARECII - 3

* Datais stuffed with a

pre-defined Escape Doz
Character (byte) when

there is a character with

same pattern as a flag

Bit-Oriented Framing

( Qata section of framé is

dafe uenceo

A Framgv _i_r_lug_‘B_it-Ornted Protocol

* We need a delimiter to | Day( from upper layer
separate one frame | \}%iab]c number of bits |

from the other oyﬁomno coe nmmn

I ItlL’

01111110

+ A special 8-bit pattern
(01111110) to define
beginning and end of a
frame

\yﬁme issue as

Connection-oriented
Framing




i

\-mmn (1101100111 1101000

Bit Stuffing and Unstuffing

Data from upper layer

[ nnmmllmmlﬁﬁmnii&w]

& sent Stuffed /
Ny
\‘m«mm ] I‘I\f Ilt/{l llllhomno Trailer |

Wo cxtra
received / bys
m

Trailer

iii’nsluffcd l \
L 00011 11111001111 mmmﬂ

Data to upper layer

_ rlow Control

————

* Balance between
| production and
consumption rates

* If frames are produced
[faster than they are
consumed at the
the frames willbe
discarded

* Use of buffers; one at

[sending end and other at
(receiving end

)

Flow and Error Control

* One of the

(tesponsibilities-of the

data-link control si yer

(is flow and error control
TFO¥ COntrol

at the B5taink l2yeD

Flow Control at “ Data Link Layer

LA

/Qh‘mulmg node )
- Frames ave pushed

Data-lin
layer

k

.

M DR

&

-

Recerving node
\é—-/

=

1 ~ |
Lonsumer

I'low control

/
&V




Consumers need to s LEW
communicate with the layer uses mﬁhone of
producers on two the two ways:

occasions:

i / I3 is corru:
v" When the buffer is -ﬁmgﬁ-——ﬂ?_dz
full; & itis silenthyidiscarded

v' When there are and if it is good, it is

vacancies :!e_ﬁ_vgggg_m_mmnzz
ayer
v If theftwo partiesluse a i
buffer with only one Y Iif frame is corrupted,

Connection_le;ggqq_Conection-Oriented

e ADLC Erotocol can be

-'/Connectionless: No

it is silently discarded
and if it is good, an
acknowledgement is

{slot, the communication

can be easier

sent 3

DATA-LINK LAYER PROTOCOLS

* Traditionally four _

either or (protocols have been
‘Connection-oriented i defined for the.data—hnk
layer to deal with flow
and error control:

relationship between the v Simple Protocol
frames v Stop-and-Wait

Protocol
Connection-Oriented: ¥' Go-Back-N Protocol
Frames are numbered v Selective-Repeat
and sent in order Protocol

* Last two protocols have
almost disappeared
completely ;



Finite State Machine (FSM)

*  Atachine with a finite
~ number of states

k'/_l@_achines stays in one of
‘the states until an event -

occurs

* Each event is associated
with 2 reactions:

v List of actions to be
performed

v Determining the next
state

DATA-LII\[K LAYER PROTOCOLS

* Traditionally four

protocols have been
defined for the data-link

layer to/deal with flow
and.erfor control:

Protocol

Protocol

Go-Back-N Protocol

v Selective-Repeat
Protocol

Finite State Machine (FSM)

\ll(l‘: -_‘A7‘-7/

The colored . /

arrow shows the

slarting slate j v
( N {
/

Simple Protocol

+ _Simple protocol has
neither flow nor error
-control

L+~Assumption: The receiver
can immediately handle
any frame it receives

* The receiver can never be

[overwhelmedwith
incoming frames




Simple Protocol

FSM for Simple Protocol

Network = Frame
i ke — / == | Network
\ 4
T 1
) ! l\ ‘-: i o e
el = N 7—F——3 | Data-link
e ——— l.(‘gicﬂl Iillk e

Send ) N
Sending node degiving node

_Example

Here is an example of communication using this protocol.
It is very simple. The sender sends frames one after
another without even thinking about the receiver.

Sending node Receiving node

Data-hnk Network

Network

{me

I’ul\tl came rwun network 11

Muake a I'l ame and send it,

|
|

= Ready
Start —» r
N

Sending node

Deh\}( the packet to network laver.

L,__,

Ready

Receiving node

Stop-and-WaltProtocol

* Stop-and-Wait protocol
uses both flow and error
control

Mﬁ'e sender sends one
frame at a time and waits
for an acknowledgment
‘before sending the next

- one

* To detect corrupted

fre n ,wéaddaCRC{




P

Qe
Sending node \ﬁn
‘rame

o

Receiving node

‘ R Network
Dt [ e e ———
|

Netw ork

Data-link

Sending node

Receving node
| =
1 Network Data-link Data-link Network
Legend l — —
: . }
2 v 0
. . ' )
@ Start the umer +  Packer H ' 8
. )
' Packet L
(? Stop the imer : :
. 4
‘ \
. )
k'\ Restart a time-out timer 5 H

Lost #

= Frame (res, 1t)
\MIU\:

+ Packet
Bt 4]

A lost frame means
either lost or comupted

A lost ACK means either
lost or corrupted

Stop-and-Wait Protocol

'«F/‘—? * Stop-and-Wait protocol
-\ ' 3

uses both flow and error

control

/‘The sender sends one

™ frame at 2 time 2nd waits
for an acknowledgment
before sending the next

one

*Jo detect corrupted

code

e

__Example

Sending node

» Legend

Network Data-tink

@ Sturtthe timer.

(@) Stop the timer

@ Restart a time-out timer

Notes:

A lost frame means
either lost or comrupted.
A lost ACK means either
lost or cormupted

X

Frame 0 1s discarded
because the receiver

f"" ‘IJH \
&S 1€ U (resent
\u ——— ),

expeets frame |

N\,




Piggypckig
* Both Simple and Stop-and-

wait protocols are designed

for unidirectional

communication

* Dataflows in one direction
and ACK travels in the
other

//.
v

* To make the system
efficient, the data in one
direction isjpiggybacked /
with thefacknowledgment |

in the other direction

Configuratiqnsr_glransfe Modes in HDLC

* HDLC provides two

common transfer modes A Primary
. ; 5 | Command
that can be used in

High-level Data Link Control (HDLC)
* Bit -oriented protocol for

Normal Response Mode

communication over
point-to-point and

. multipoint links
. lf\éments Stop-and-

ait protocol

X

Most of the\énncepts
defined in this protocol is
the basis for other
protocols such as PPP,
Ethernet, or wireless LANs

different configurations:

v" Normal Response
Mode (NRM) &

v" Asynchronous
Balanced Mode (ABM)

A ;i’rlm:u)
NoB el [fef e & {Comimand}—

Secondary

A
‘i :\ Seddadary .
{? =

/’L?JN dzﬂzo@ S

é@ff'f”f -

b 2may Response |




* HDLC defines three
types of frames:

0
N v information frames
J, b, (I-frames)
W\L// ¥' Supervisory frames
(S-frames)
v" Unnumbered frames
(U-frames)

Combined

Cor

umand response 1

-to-Point Protocol (PPP)

el & ) *~ Most common protocol
lidleasrozg2 7405, g&) > Mostcommon protoce

A for point-to-point access

Flag’ Address ) Control : Uscr. FCS | Flag | I-frame
mnformation 7
/" Millions of Internet users

\F/ i who need to connect

their home computers to
_{Hag ’ Address [ Control | FCS | Fla w{rame ~ the server of an Internet
/* service provider use PPP

\/

// b &,}yyﬁ@’o/@ cued '7;7?/ To control and manage

H Flag | Address | Control Mz}naga:;g:l FCS | Flag | U-frame ﬂ}fb:a'\ﬁnsfer Of
informa £ Ionsfep .ﬁgererlsfa need fo

‘atthe data-link layer |




Services prqvideq by PPP

\ :
The of PPP have included several services to make

h - x
- Suitable for 2 point-to-point pro , but have Ignore
OMme traditional services to make ﬁ‘ ple \
/" ‘ (

Ces Included = | Services Not Included

" L SPEH
v raming Flow Control Z )

\/’ Link Establishment and Data Error Correction (PPP has

Exch
ange CRC detection only) s
Aut i
Vv Authentication No Sequence Numbering \
Multiti ' e
V C‘: f';“k PPP Address Absence of sophisticated
Onfiguration Addressing Mechanism
/Ne:work Address configuration
, 4 { .
é w5 "‘Qd) ) g

Ly gt al/py

PPP Frra(nre’ Frmat

Point-to-Point Protocol (PPP)

*  Most common protoco

for pointlo-goint scces

« /Millions of Intermet 4
who need to ronnec?
their home comgputars ¢
theserver of an internet

- SEervice provicer use

PPP uses a character-oriented (or byte-oriented) frame

(HII )', i — (0000

————r

I l]l& ! ul !u ‘ C on.[lol I l'ro(uu

| byte 1| byie | byte 2Hyles Vartable 2/4 bytes | byte

'_.,_ T el st il _
Payload ]

I”*“(md [FC.S/ F UM
FCS l Flag Il'

* Although PPP is a link-
layer protocol, it uses
another set of protocols
to establish the link,

: authenticate and carry

158 the network-layer data

\~fThree sets of protacals \

are:
* Link Control Protocol
(LCP)
* Two Authentication
Protocols (APs)
\~Several Network
Control Protocols
- (NCPs)




Conligure-nak
Configure-re ject

Terminate-re quest

Termmate-ack
Code ~1'CjecCl
Protocol-reject
Echo-request

| Echo-reply

Multiplexing_ in PPP

AnnounceN

| Discard-request

om differen =

v

+W_ Da ]

protoco

P
—

P Packets

e

LCP Packet encapsulated in a Frame

Mqlgiplexi

77 PPP
* Although PPP is a link-

/ Description

Contains the lif of proposed options and their values
i A

s oplions proposed

layer protocol, it uses
another set of protocols
establish the link,

Uhal some options are not ;n.‘u;pl:nl\!c

N some opuions are not wcllgln/cd

[ Bine
J
Ann un]'x s an unknown protocol

Aly ;N‘UV'I hello message to check if the other end 1s alive

The response to the echo-request message

A request 1o discard the packet

au er}ticate and carry
the network-layer data

> Three set

Link Contro

f protocols

Two Authentication
Protocols (APs)
Several Network
Control Protocols




Authentication Protocols in PPP

- iy
-

Twe

..... -

Authe nticat on

AN pfgfow& vm PAP
\*\ ¥ PPP
RN &:& / Authentication
A\ Y
R
Y
D 4
Password Challenge
Authentication Handshake
Protocol Authentication
(PAP) Protocol
(CHAP) /
Parduworrd challeze
A ut henll 1 gaticn H evid b
0 betpcat

| Challenge
|

length

szm{{/é &

User

|
,\uxhcnucruc»u_kl(cjs 2| ID | Length
|

| > .
Authenticate-nak | Code 3| ID | Lenzth /-7 |Uscroame

Control

co23,,

[PCP
packet

md gis

t'mlc 1D

Control

Vanable
Length PCP inform 1) |
D
0x8021 0 '




-

Code values forIPCP Packets

’nj&/ﬂt_ Protowl wal

- IPCP, P Packer
t‘\ﬂ! o Configure- “request N
‘N & o (unlwuu u.k R
o e s ” ['L =
'.‘).\l)-l’ T«T}l]mlqul L | —
e B e
('\'b’ S Terminate- request |/ . @dm ) . ‘ &t 7\/
0x06 Terminate-ack A =

Ox07 5 1.
x07 | Code-reject

- N

Y,

DV

O %94 YA/

Media A_c_:_cgsigg_ntrlMAC) Sub-Layer

When nodes use a

(@Epoint or

Taxonomy of Multlple-Access Protocols

broadcast link, we P Multiple-access
need a multiple-access o e

. - ? [ 174
p!’°t°C°| to c°°rd'nate /Random-acccss Controled-access ne

protocols

ALOHA
CSNA/CD
CSMA/CA

access to the link

Many protocols have

beenfdevised/to handle .

access to a shared link

All of these protocols
belong to Media Accegs 2
Control ( MAG) sub-layer

I\, pyorocols

l\l\\l\ ation
ng
- Token passing

bttt SR B

—— TDMA



CAPHAS

Random Access

\// In random-access or
contention no statlon is
superior to the other and
none is assigned control
over the other

\//‘Statlon that has data to

send uses a procedure
defined by the protocol to

make a decision on
whether or not to send

\/-This decision depends on
@_e_gg@:of_the-medium

(ﬁ@g{ﬁusv)

Wﬁen a station sends
data, another station
may attempt to doso at
the same time.

* The data from the two

stations[collla‘e\and
/ become  garbled (A

Ly/ eollid,

+ ALOHA, the szrliest

random access method

w35 devwelogerd in 2ar’y
T
\ 19795

ed for 3 radio
(wireless) LAN, but it can
be used on anv sharad
medium

+ APotential collisions in
this arrangement as the
medium is shared
between the staticns

Frames in a pure network

Colbision \
| duration duratior



* ALOHA, the earliest
random access method,

7~ Potential collisions in
this arrangement as the
medium is shared
between the stations

Vulnerable Time for pure ALOHA protocol

A’s end
collides with
B’s beginning

B’s end
collides with
C’s beginning

A

{
Vulnerable lizc =2xT;

i

> Time

ulneral le Time - frofeqs

‘ 7 ( & X ITAY
/’(1’ ( i¥ > eut

Procedure for pure ALOHA protocol

We divide time into slots
of Ti sec and force the

stahon to send only at

the beginning of the slot

Invented to improve the

« efficiency of pure ALOHA

If 3 station misses the
time slot, it must wait
until beginning of next
time slot reducing
vulnerable time tqfTer (vs.

2 x Ttr for pure ALOHA) |




Frames in a Slotted AI.OHA Network

Collision Collision

duration duration ‘ = Sk g :
Statigr '
on | L A | \\
Station 2 /\ B
RSN
Station 3 ¢ LL x
Station 4 4t t-T, t t+ T i
: s | N X : + Time 7ulnerable time=T.
Slot1  Slot2 Slot3 'Siord Slot 5 Slot 6 iy ‘#\ulm e

Carrler Sense Multlple Access (CSMA)

Space/Time Model of a Collision in CSMA

B starts
atame t,

-performance, CSMA was il 7 ~
developed by

= 2
\//-Tﬁg‘thiir‘ii:'e of collision is

Area where —
B’s signal exists

reduced as the station is
required to sense/listen
to the medium before
sending data

EnseTefore transmit’
or/‘listen before talk’ |

Areca where —

both signals exist

g Area where
Time C’s signal exists Time



Vulnerablg Time in CSMA Behavior of Three _P‘rsnce Methods

A B, A\ D

i » . / .
» WSy Coaenwy D senses

f
Wil hoe hn':/ here .
= e ¢ / N Vulnerable time
—N '
: propagation time -~
—— Frame propaNugn

—

Send i \ Send Sexd o
<G j \ -; <
R<p R<p R<p
¥ i = _
Twme Contmnuously sense | Wa/ ume slot « Wt 3 tackol 24 1 nms 57

Viloofable | LU S
£ime  Plofoben
Tjme v’

Carrier Sense MultipleﬂA_ccess/CoIIision Detection Collision of the First Bits in CSMA/CD

CSMA method does not
specify the procedure V4
following a collision : R

+» CSMA/CD augments the 1

algorithm to I!andle !hﬁ A Transmission azcs=-2----4 2= Transmission
ume : e scrom=a-5 G- time
mﬂgm S i‘//‘“l/l irst bit of €

¢ A's colliston

| detection aNd
detection ! abortion

/The station monitors the b dhorion Collision H
medium after it sends a iine occurs Sine
frame to see if the
transmission was
successful. If there is a
collision, the frame is
sent again



Flow Diagram for the CSMA/CD

Energy Level During Transmission, Idleness and Collision

* CSMA/CA was invented

7 for Wireless Networks
T - .
28 w‘\ *+ Collisions are avoided
1 Energy Sollismn m 1) through the use of three
e N fsi :
ﬁ\ i strategies:
Frame transmission Frame transmission TimL: @ "Iﬁe Interfame Spacg]

/3 ¥ fThe Contentio

7 Window ]

: a'/ Z Acknowledgements'
F4




S N R E T L LT

Flow Diag_ljim r CSMA/ca

Carrier Sense Multiple Access/Collision Avoidance

* CSMA/CA was invented
for Wireless Networks

" Collisions are avoided
through the use of three
strategies:

¥ {The Interfame Space

Window —

nterframe Space (IFS):
Collisions are avoided by
deferring transmissio

even if the channel is

E Found
idle idle

Contention dow

Size:
bin}x}‘ exponential
~ -

7 e > Continuously sense
ot i LI
Into slots. Station N

R : = >
Busy Cdgtention window Time
chooses a_ us) »
number of slotslas its st el am aCe

wait time (one slot first
{_time and double each

time system cannot

detect an idle channel)

Y [ | |
]




. Acknowledgementz/
Positive .

acknowledgement and

time-out timer can help
| ngantee that the
feceiver has received the
Aframe

" A gtation cannot send

unless authori
other stations

« We discuss three
controlled-access
methods:

v Reservation
v Polling
v Token Passing

in the reservation
method, 3 station nesas
to make 3 [2320ELED
before sending data

"~ Time is divided into
intervals

/‘/ln each interval, a

reservation frame
precedes the data
frames sent in that
interval




2 1

Sad-

ARt §

0 l':\'l" 0 !
|
'_)’_L,./—-—-
Reservaton
frame

o

Data
station |

_Polling

* The primary device

~ Y controls the tink)the

secondary devices(follow’
C “It‘s::m}_}rucilons )

Select and Poll Fung

Select
S A B,
| ﬂl’rmmry
O——
—[KK+——0

O om

———0

¢ S - Poling works with

topologies in which on-

—h { device is designated asa

{Bfimary statiog and the

other devices are
{secondary stations

All data exchanges must
be made thrgugh
primary device even
when thé ultimate
destindtion is 2

[ secahdary device)

lons in Polling-Access Method

Poll

é Prgfan :

\g / —an— &
}0\’;1 Bt
dem—e |

i |
; % |
o— mm |
W em
——
|

o—mm—



LED ACCESS
Token Passing

+ Three controlled-access

. In the token-pas5!

method, the 512
: . { are OTZ2
v Reservation 3 network are o7

o _in 3 logiesl fing

oken Passing . each szation thers

/|S fand 2

* The D'pf‘ .....
/\ station which
/308 logically before the
% \ Istation in the ring; the
succgssg: is the stati

w
l\)

\'

-~ -
-

TO!(E_[\ Smg Logical Ring & Physical Topology in Token-Passing Method

* Special packet called } e , 2
OKEN circulates & ; P <
through the ring

(9%}
¥

\/Possession of TOKEN p—
gives the station the
right to send the data

54

a. Physical ring

7

* TOKEN Management is K¢ '
required to manage

]

i

| possession time, Token L= |
monitoring, priority Sh'  SEELTER -

assignment ete.

¢ Bus ring d. Star ring




. rcoss (FOMA )
CHANNEUIZATION (Channel Partition) Frequency-Division Multiple Access

The availakle bandw}_dth of
alink is Shared in time,

| fre uencyjor through code,
[among dil%nrnm stations

We discuss three protocols: Fie st s

& 5 g ! "
w1 ¥ [ Frequenc Division QTSR :
Multiple Access FDMA)

afl the me
v (Time Division multiple .
Access (TDMA) : e
Smedpas Sl
¥ {Code Division Multiple 1. 2. ‘onfine the transmitter
lAccess (COMA) T Limi/eond 2

Frequency-Division Multiple Access (FDMA)

{ ¥ Freguency HSIon
I — Station 2 R i
/ !_’T"_‘:,_J Muitipie Access (FDMA
| ‘L——————"
y s — ¥ Time Division Multipie
i i
& Access (TDMA
b Sl Common )
i:—_: ey / channel ‘
= — \ v Code Division Multiple
] ' Access {COMA)
1 f
| J/
o T, 7 1 o Station 4
‘./ : e
4 Y,_,



" Stations share the
bandwidth of the
channelin time

Each station is allocated
a time slot during which
it can send data

* Each station transmits its

datain its assigned time

slot

CHANNELIZATION (annel Partition)

* Three protocols:

. Frequency Division
Multiple Access (FDMA)

Y Time Division Multiple
ccess (TDMA)

v Code Division Multiple
Access (CDMA)

v

Station |

Time-Division Multiple Access (TDMA)

Station 3 : i

!

Silent

Code Division Multiple Access (CDMA)

* CDMA differs from
FDMA in that only one
channel occupies the

_entire bandwidth of the
link g

* CDMA differs from
TDMA in that all
/ stations can send data

O" C}"bd:- U/ simultaneously; there is

no timesharing




s A s Ml
On with Code

ton A

Etrgrne.tPrtocol

+ Data-link layer and the
physical layer are the
erritory of the local

and wide area networks .

* We can have wired or
wireless networks

ridol Y

4
<+

Stanon 2

Data bit 0

> I ; 17/.1,]:1-- —
" ]

_ IEEE Project 802

* In 1985, the Computer
Society|of the IEEE /

[started a project,/called
Project 802, to set
standards to enable

{ inter-communicatjon

e =
among equipment from
a variety of
manufacturers

.~ Project 802 did not seek
to replace any part of the
0S| model or TCP/IP
protocol suite

/



functions of the
physical layer and the
data-link layer of major

/ LAN protocols

—

nge(pe_t Eolution

* The Ethernet LAN was
developed in the 1970s

* Since then, it has gone
through four
generations:

v Standard Ethernet (10

Mbps) P>

v Fast Ethernet ( 100 -/l
Mbps)

v" Gigabit Ethernet (1 V\/
Ghbps) S

v 10 Gigabit Ethernet
(10 Gbps) . < (

)

l

Standard Fast Gigabu 10 Gigabit
Ethernet Ethernet Ethemet Ethernet b’

10 Nbps 100 Mbps 1 Gbps 10 Gbps J
N Ly ’ ~ ~ et
M. T35 M. c8s &M 5
3L
/\wv :
P~ s



with fhe »

~ technology

data rate of/10 Mb S is
called Standard Ethernet
——\

7

* Most implefnentations
have mowédd to later
evolutions

* Still sgme features of

_Connectionless & Unreliable Service

* Ethernetis unreliable
like IP and UDP

* Ifaframeis co .

receiver silently drops it

* Left to high level
protocols to find out
abut it

* No cohnection
esgablishment or tear
down process

* The sender may
[overwhelm receiver with
frames and frames are

* If frame drops, sender
will not know about it

unless we are using TCP
(Transport)
el . O

w__Sthaﬁndard thernet

* The original Ethernet
technology with the

rate of 10 Mbps |
lled Standard Ethernet




Minimun Payload lengily 44 bytes
Maximum Payload length 1500 bytes

(10101011 "\’i

6bytes 2 bytes

mum frame length: 512 by or 64 bytes
Maximy frame lengy) 12,144 bits of 1518 bytes

Preambie: 56 bits ol':llg-nmnm: Is and 05

SED: Saart frame delimyer flag

S
Preamble 3

Tbytes | byte 6 byes

4 bytes

Phy sical-layer
I header

* For example, the
following shows an
Ethernet MAC
address:

—_—

B >
MA30:1021:10:14
't Co

Y W SRR TS

T —————

Addressing in _S_tanard Ethernet

* Each station on Ethernet
has its own network
interface carg (NIC)

——CQArdNIC)

* The NIC fits inside the
station and provides the
station with 3 link.

layer/physic ddress _

* The Ethernet address is 6

bytes (48 bits), normally
written in hexadecimg] 1
[Motation, with a colon

[Fetiveen the bytes |

Transmis;jq_n of ress Bits

2l y EE
HexadecTmal 47 20 [ 2k 08 3
Binarys 01000111 00200000 0001101\ 00101110 00001000 111011
Iransmitted « 11100010 00000400 11011000 01120100 00010000 01110111

7




Define the type of the following destination ;r{dresaes'

e 3. “4A:30:10:21-10:14
/ - b. 47:20:18:2E08€¢
. M . FFFFFE-EF-FE-FE

ddress, we néed to lock 3t he second teEcanmE

To find the type of the 3
digit from-the left. if it is even, the Jddress is Gnicast £ ¢ i odd, the addrass

L] ]i l l i l }.I [ I i I is multicast. If all digits are Fs, the address is Broadcast. Thersfors, we Rave
] |

the following

Byte 1 Byte 2 Byte 6
\ a. This is a unicast address because A in Binary nmm
\ b. This is a multicast address because 7 i binary s 0111 foddl
.\\5 ¢. Thisis a broadcast address because ail digits are 7 i Sexadecimai.

Implementation of Standard Ethernet

*» Since the network that
: CR c i e lchiee ¢S uses the standard
7 < é ' l \é ' g ‘ \g ‘ .L ~ Ethernet protocol is a
— o | broadeast petwork, we
‘ / need to use an access
method to control access
to the sharing medium

Legend

(e Ahost(of any type)

D Al

* The standard Ethernet

j
.~ chose CSMA/CD with 1-
N (e Persistent Method

—— Twsted pair cable

b. A LAN with a star topology using a hub




Access Method in Standard Ethernet Efficiency of Standard Ethernet
* . The ratio of the time used

b\( a station to send data

to the time the medium is

G H
N occupied by this station

: E F
D_"L; L 1 ' ’l\/l | | _D * The practical efficiency of
2 5 3 2 standard Ethernet has
a. ALAN witha bus topology using o/ cofixial duble been measured to be:
s

Efficiency = 1/{1+ 6.4 x a)

where a = number of frames
that can fit on a medium

Implemegtation of Standard Ethernet

T —

* The Standard Ethernet
defined several
implementations, but
only four of them became
popular during th@

In the Standard Ethernet with the transmission rate
of 10 Mbps, we assume that the length of the
medium is 2500 m and the size of the frame is 512
bits. The propagation speed of a signal in a cable is
normally 2 % 108 m/s.




P rmnmu("l Medium M”[””” Lengin __ Encog
Inpie ./ Thick coax —C0ding |

mBN —— i()() n \1

. amhe\lu
Tlunum\ ‘/ 133,“
1(113«\‘“- AL

) M\/lanuh (

Bw 5 lﬂ p _V' 10() m M: ukh:\lu
m - i — H ster
M = ()()( .{ MAnLhcxler

Station L
e

1OBavs.g§_j~rp__pleentation

—
10Bases X/V‘)Q
500 m W 10 Mbps

Tl

&

10Buase2

10 Mbps —

1 z 183 m "'\V M
Baseband Bl\lsfblmll)d ( \
(digital) (g

Transcever cable
maximum 50 m

S

- fL
[

£

Transceiver Thick coaxial cable

maximum 500 m

N :

N / Thin cownnal cable,
j’" nuNnnun ié.* m

Cable

end



e-T implementation

10[}“‘° 1

T\\islcd pur

[\.\Hd
(dlglli\l)

Two pairs of
UTP cable

E IOBdse-T hub o

Changes in the Standard

* The changes that
occurred to the 10-Mbps
Standard Ethernet

opened the road to the
evolution of the

Ethernet to become
compatible with other
high-data-rate LANs

v’ Bridged Ethernet
v Switched Ethernet
v Full-DupIex Ethernet

) Bitido pd i b Elgd ne

4 i‘w thed f'J’"”

10Base-F I
10 Mbps Fiber

Bascband /

(dhgntal) /\\

Rate

10 Mbps
5 Mbps

One One One
fame lram:‘ frame frame

I ‘ l NS
. ~ X )=
a. First station
Rate
One One One One
frame \frame frame frame
10N ps e frame frame
Mbps--pF =% — 2= L -Jr-'- -
L N

b. Second station Time



Changes in the Standard

Swigghg_g Ethernet

Full - Dup_le_

= Jiew ' '

Switch

|

|

\

¥
/ \ B >
/\ ,Ehl gh-data-rate LANQ

* The changes that
occurred to the 10-Mbps
Standard Ethernet
opened the road to the
volution of the
Ethernet to become
compatible with other

¥ Bridged Ethernet
v’ Switched Ethernet
¥ Full-Duplex Ethernet

/\

Switch

Domain

-~

JIWSHES |

X Eyitched Ethernet
Fov yiew

Iransmit




In the 19905, Ethernet

Made 3 big jump by

@ transmission rate to 100
PS, and the ney

generation was called
] the Fast Etherner 7

|//To make it compatible

With the tandard

_ Physica _

RN
|

Ercoding fuekast Ethemet

L

100Base-T4

i
Y

Goals of Fast Ethernet:
Upgrade data rate
Make it compatible with
Standard Ethernet

Keep same 48-bit

 Keep same frame format




(o LX) bet 185/ 5 sy s

/9056&‘74/ UTP/ fao w/ 4/ Y e

|

Wl T4 ST som

&/‘/Béﬁwafj

Giggbgg_ernet

* The goals of the Gigabit
Ethernetiwere:

e ) ¥ Upgrade the data rate

0 1 Gbps
Make it compatible

with standard or Fast
Ethernet

v Use same 48 bit
address

v Use the same frame
format

v Keep same minimum
and maximum frame
lengths

* Nead for n gyan mgher
43t fate rasuftac o ra
design of IEET Stangacd

802.32 Gigatus Eotrerner

Protoest 1000 Wipe

MAC Sub-lgyer

* A main consideration in
the evolution of
Ethernet was to keep the
!ﬂii‘ﬂ“?_‘ untouched

f’.
. }u”a:hiew a data rate of
1 Gbps, this was no

Ionger Eoss;‘me

* Gigabit Ethernet has two
distinctive approaches
/ for medium access:
¥ Half-duplex
v Full-duphﬁ e




Physicgl_Layer

. Tl?e Physical layer in
Gigahit Etherpat is
more complicated than

that i Standard or Fast
Etherpet

We/briefly discuss some
features of this layer:

Encoding in Gigabit Ethernet

1000Base-SX, 1000Base-LX, and 1000Base-€C X

8> 125 Mbps 8 » 125 Mbps_

HH Y Fﬁlm py!
SB/

SB/10B block encoder

10B block dccu\lml

Jrascips 125 Gbps

NRZ line encodoed l [‘.‘i’;‘«,"s'l|.l_<1a|.(q.l.'g-sx l
‘v S ,\]
‘\'l.\llun % *

Two tibers or two STPs

/ 1000Base |

R "IE.” Mbps 8 « |25 Mt

1
ARAARAAANEEY!
4D-PAMS encoder|  [4D-PAMS decoder

i i e s
L

PNy

!

s [P FIELY

4 UTP cables

summary of Gigabit Ethernet Implementations

10-gi.g§_l~)‘it ernet

* The idea is to extend the
technology, the data

metropolitan area
network)

* The IEEE committee
created 10 Gigabit
Ethernet and called it
Standard 802.3ae

|
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. ; the - "+ Theltelephone network
decade the telephane ls made of three ma[or

network has components:
undergone many v’ Local Loops
technical changes and v Trunks

the network is now v’ Switching offices
Digital as well as

Analog * The telephone network

ra

has several levels of
switching offices:
v End offices
v Tandem offices
v Regional offices

A Telephone System cal-Access Transport Areas (LATAs)

* ALATA can be a small

wrlsrge metrogollgg

area

..ﬁua-——-

A * Asmall state may have

. “asingle LATA; a large

mte may have several
& + AlLATA boundaryimay

"nﬁpwtth state

pe
. &
b




\ and Inter-LATA Services

- 's;égmaegtamreus: |

’ Telephone companies
) i
o \.\\ _Inside a LATA are called
N \ Intra-LATgsg[viges’ and.
7 between LATAs are

calletﬁlnter-LATA [

services
e
* Carrier that handles
Intra-LATA are called a
Local Exchange Carrier
(LEC) and the ones that
_handle Inter-LATA are

(_called Intem

- Carriers (IXCs

Points of Presence (POPs)

Slgnalmg 7

IXC A

Toll office

* The telephone network
IXCA 3~ = =
Toll office _ii the beginning, used a

circuit-switched network
OB with dedicated links to
oll office ’ 3
( transfer voice
communication

P
Py

IXCB
Toll office

PoP @ @ ror

* The operator connected
the two parties by using
a wire with two plugs
inserted into the
corresponding two jacks |

Tandem
offices

TATA ' — * Later, the signaling.
system became
automatic




Rotary telephones were
invented that sent a

9 digital signal defining

each digit in a multi-digit

telephone number

As telephone networks
evolved into a complex
network, the
functionality of the

signaling system
ncreased-

___lLayers in SS7

SI Signal pomt fika=a s
STP Signal transfer point | -

SCP Service control pont :[

— _— e ———

Signaling ne

‘\\\

ML Message tansfer part
SCOT Sipnaling connection control Euinl
FCAP: Transaome capabiliies apphication port

rop: lulclwhnn: user port

ISUT ISDN user port
e
Lw

-7
S

\/ Network layer

" Data-link layer

' physicaliayer

v~ Upper layers |8

MTP level 3

MTP level 2

MTP level |

* Telephone companies
provide two types of
services:

v' Analog Servi
> [Analog Switched

>/ Digital Data
Service




Digital Subscriber Line (DSL)

\fter teaditional dial s . DSttechnoions s -
up modems reachad ot of tachnotogies,

B i <5 i .

ATter trac

thelr peak data rate, ‘#3ch diffaring in e
telephone companies first lottor (AT/GE.
developed another VOB TR Sed
technology, DSL, to SOSLY

provide lli_gﬂgg_s_p_geg__

Aaccess to the Internet,

* DSL supports high-
speed digita
communication over
the existing telephone

AD}SﬁI: Poin-oint Network

* The Cable TV netWorks
were initiallg€reated to

i note
Point-to-point WAN prowdg FENnNOTS A
'i_";lc'ﬂ loop subscribgers aggess 1o TV
OC{
progrgams

ADSIL

/ modem

» (Cable networks enabled
access to remeote
broadcasting statigns via

t Voice Upstream ownstream microwave con
{ Not =
F, e f ] ‘/ / 7 kHz + Cable TV also found a
| < -
04 26 108 136 1104 good ISP market by using
o ~ some of the channels
originally designed for
video




Traditional Cable Networks

e TV startod to

V" distribute broadcast

video signals to
locatiohs with poor or

no péception in the late
1940s

* It was called community_

antenna television _
(CATV) because an
antenna at th¢’top of a

received the sj
from the TV stations _

(&%

_Hybrid Fiber Coaxial (HFC) Network
* Second generation of
cable network is called

a Hybrid Fiber-Coaxial

(HFC) network__.

* The network uses a
combination of fiber-
optic and coaxial cable




Cable TV for Data Transfer

Cable companies are ‘ * This imipcses an ugper
"O@m with limit o ¥hie data rate
telephone companies B splution is the use
for the residential . 7 of the cable TV
customer who wants / network

high-speed data :

transfe

technology

rovides high-data-
rate connections for
residential subscribers
over the local loop BUT
UTP is susceptible to
Interfence

Cable Modem Transmission System (CmTS)

—

/
Data Data PRl i SR d e Comiofice
| \ Puin#to-point AT
upSIream dmmslr can : Video = ‘; -
g s - R S
: : Dam
equency, Mz~ § ) 54 550 750 i x
quency : ;; . }

g v L R



p

aynchronous Optical Network (SONET)

SDH
&@ nehy ongus

//(AWAN) that Is used as
a transport netwark to
carry loads from other

'WANs3

. mwndard called

Synchronous Digital
Hierarchy (SDH). -

D /\}Jdﬁ Hiao’f)(z;chitecture of a

SONE i
of signals, devices, and

connections

STS-1 51.840 } ' ‘
STS-3 155520 |/ STMAL |
STS-Y 466560 | STM-3
STRE121 0, 622080 | STM-4
STS-18 | OcAs \ 933120 | STM-6
TOSTS 24 | AC-24 1 \{u.lm | STM-8
STS36 . - W%(t_m | 1866230 [ ST 12
STS-48 |  OC-48 | 2488320 | STM-l6
ST806: .| 0C.9% | 14976.640 ] STM-32
§TS-192 | 0C-192 | 9953280 J STM-64

wlde area network

éh‘ﬂéﬂ%l s |

R
Sigpans (575
¢ (CH Caarior

APCRYBT g e

hriefrsive 15784

" -~ .
SONET Daveias

4

s

nnections

S

* SONET Devcies

~

¥ SO VU e
¥ Aga-Urop Muitiplexe
g Terminals
» Connections

¥ Section
i
A, une

¥ . Path



|
L J
)

SONET l)evic«;s

VDA Add drop multplexer 10 Regenerntor

STS MENS Synchronous transport signal multipleser I Termimal

SIS DEMUN Svachronous transport signal demultiplesc

B

|

B

SIS

| MUX

=

I

R

—

R / o R
/
/| ADM '[>>

/ \dd | I Drop

STS
DEMUX

T

| N

SONET Layers
* The SONET standard

includes four
functional layers:

v’ The Path Layer -

v’ The Line Layer

v’ The Section Layer

v’ The Photonic
Layer

* The layers correspond

to both the physical

and the data-link

layers

Physical | |Photonic layer




vavice-Layer Relationship in SONET

}
| | 8
l .
> r

A drop

multiplese

9 bytes

b. STS-n [rame

9 bytes

-

i wpmepesmons
transgort sgnet 575~ -
ctngonad of W66
frames

Saeh frame 5 5 two.
simon s o
Bytes aeTh 3 rowes By
0% cobummng

5TS-1 framve = F rows oy
30 cotymng (810 oytes:,
and an 575383505
oy 279 cofumas {2438
bytes}

STS-1 Fram;s Transilion




Example Example

, oY
Find the data rate of an STS-1 signal Find the data rate of STSTS S S

_ STS-1 Frame Format STS Multiplexing

* In SONET, frames of
lower rate can be
synchronously time-

- division multiplexed

e ey
1

into a higher-rate frame |

* For example, three STS-
o 1 signals (channels) can
be combined into one
X 87 column 51S-3 signal (channel),
| four STS-3s can be .

multiplexed into one
_5T5-12, and soon

90 octet CT TOW

.‘
Section |

|
O\ \.I}h'.l'l ;
|

i
Ling ,

overie ad |

|




STS-3 SPFE

Z We can roughily diviae
Third STS-1 New STS-1 ¥ -
SONET networks o

1s dropped 15 added
three categories:

A LSS S v Linear Networks
~ \\ f¢ v Ring Networks
v i - Mesh networks



Mesh
networks




» Some of the problems
associated with existing
systems a

/5 me Networks
7

Mixed Network
Traffic
» Solution
v Cell Networks

v' Asynchronous TDV

Aetwore pased 07 ¢ R
geit reiav protHe ok

. 4
dg!’.‘igrwd fny the ATHS
i s

TR

The combination of A
g SONET il atlow
ﬂigh»soeed '
interconneciion ot
networks

Multiplexing using Frame Size




Architecture

- ATM is a cell-switched

network

The user access devices,

called the endpoints, are
connected through a
user-to-netw

interface (UNI) to the
switches inside the
network

* The switches are
connected through

network-ta-network
interfaces (NNis)—

Endpoints

NN




\(

ﬂc_r_r lf,ayload
VCl /
1 5 bytes / 48 bytes
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aracteristics of a Wireless LAN
* Several characteristics
of wireless LANs either

do not apply to wired
LANs or the existence of

i -
medium (zir)

these is negligible and ‘
can be ignor B
[Ekored > =" + [cSMA/JCD does not
ork in wireless LANs
v’ Attenuation o
hat for three reasons:}
(/@)7 v Interference 1. Wireless hosts:
M/ _~don'thave power
v Multipath — to send and receive
Propagation at the same time
 SET i, SRR
v Error

HldQen Station Problem

~ Access Control

2. The hidden station
problem prevents
collision detection

Range of B

3. The distance between
stations can be large a. Stations B and C are not in each
other’s range

B \
b. Stations B and C are hidden
from cach other



i

/

IEEE has defined the
specifications for a

"+ The standard defines

two kinds of services
wireles;/f.AN, called

IEEE 862.11, which / Thefboasic service |
T P . f by s
coyers the physical and set (BSS);/and

data-link layers

/ Thd Extended

It is sometimes called /'sernce set fESS)

Wireless Ethernet

The term WifFi (short
for wireless fidelity) as

a synonym for wireless
LAN (certified by WiFi
alliance)

Extended Servc Set (ESS)

l—f\(c
=
Serve or =
gateway »
=
Distribut
e Y :
———
> ﬂ 4
| 5
) ) | ¥
L/
@ W @ S
F /‘ { o B
) BSS BSS BSS
y 1 j VL/ " =

Ad hoc BSS



Pe Tl 4

* BSS-Transition v/ The Distributed
Mobility (Coordinaticn /
i {Function (DCFY; and

N
X é"/ * ESS-Transition

Mobility / [T_ue_t.f_o__t,1
Coordina‘gion

SFunc‘cion!PCF)

MAC Layers jn I 802.11 Standard

_ CSMA/CA and NAV

Source Destination
S o ! | -
o~
A TR Y y\“// >
BILG PSECIS

[\llhl\l\w [EEE 802.1 i |

e / |

\

|
|
Contention-free
Data-hnk | ¥ a8 Contention
a-ln Sadle
1y

7 | | service
ﬁ;oml coordination function (PCF) ] |

MAC | [T e—

r Distributed coordination function (DCF) ’

i e
: 11
. : 14
|| - e | NAV
Yoo v . | i :
A e ¢ AR LA e
Physical [ so211 | so2.11 | so2.11 | s02.11a | s02.11a | s02.11g | i : L oTRS
FHSS | DSSS | Infrared | DSSS | OFDM | DSSS | ; i SIFS —
T i : : ' _E-

J/f T e s

Y ¥

4

Time I'ime [ime Time



Field
Version
[ype
Subtype
o DS
From DS
More g

Retry

Pwr mgt
More data
WEP

R

MAC b-layers;

v The Distributed

Coordination
F i :
—fction (DCF) ; and

v The Point
Coordination

Function (PCF)

Subfiglgi n FC field

Lxplanation
Current version is 0 |
Iype of information: management (00). control (01). or data (10) |
Subtype of each type (see Table 6,2)
Defined later
Defined later
When set to I.Tw.m\ more fragments 7
When set o I}'rw.m\ retransmitted lr.nm7

Pa—

When set o I.IIHC.IH\ S@HON 18 10 power management mode /
When set to | fmeans statton has more data to send  /

Wired equivalent privacy (encryption implemented)

Reserved

2bytes 2 bytes 6 bytes 6 byt 6

. Bl o RO A et i o 20
I'( ['[) Address | | Address 2 | Address 3

Protocol Ty A To |Fro
version | 1Y€ s DS | DS
2 bits y 4 bits Ibit 1 bit

_Frame Types

* _Management Frames
L g mes

L+ Control Frames «

ool =7

LA Data Frames

——




guugfoiFran1es

Values of Su

s oy BRI ‘. o

2bytes 2bytes 6 bytes

FC D Address |

B RTS ’r Subtype
f;_il_l_ | Request to send (RTA
| 1100 | Clear to send (15
2 bytes 2 bytes ytes <l o', a

101 | Acknowledg

L/
FC D / Address |
“eTS or ACK

Physical Layer

* All physical
implementations,
except the infrared,

telineh IEEE | Tecwique | — Band Modyarion | Ra
obera e.ln .e o 802.11 FHSS | 24004835 GHz B | 1ad?
% ( industrial, scientific, and DSSS [ 24004.835GHz | P8K and 2
N + L FETET — - —— 7 i - —
FO( medical @M) band, 5 | None | Infrared s PPM ! and 2
: : 802.11a | OFDM | 57255 s.znzgn.- PSKorQAM | 61054
Whl.Ch oetin o . w 80211b | DSSS | 24004835GHs | PSK 5.5 and |
unlicensed bands in 3 802112 | OFDM 23004 835GHz | Different 2 and 4

_anges: M [ [?, g 802110 | OFDM S5 5350GHz | Differen
IR - 928 MH 2 902-928 Witz

v 2.400-4.835 GHz
A oo 1835, 5.725-5.850 GHz

0325 D tbelHz
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Wire'i}é'ss
LAN tech Nology T ———

Ohnhect
0 deviceg of different
Y L functione When they are
G, X at a short distance from
% *\i eI/ €ach other
3 —_Other
\7(/ o A Bluetooth LAN is an ad
O¢ network
= U
@Lu& * The devices, sq r
a}\ ﬂ@éqj(g - called(gadgats ;
S&M

nd each
2

other ang Mmake

SRR :
————— |
|

I
i |
I |
i |
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| \ i
i ; |
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i o Secondary |
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Biuetooth Wﬁ

L2CAP Data Packet Format

2 bytes 0 to 65,555 bytes DA

1 pyICs

2 e o
ugh | Channel ID ’ Dafh and control ’ l Primary L I Hop .
g | 5 L AT

p—

\ |
Secondary —+—




Primary

Secondary | —

Secondary =

. 10 ! f1

esigned to connect

devices of different

functions when they are

at a short distance from

each other

* A Bluetoot

|ad hoc network |

* The devices, sometimes__

called gadgets, find each
other and make a

(network called a Piconet }

Address I § pe FIAIS ,-’. iEC
7

3 bits 3 bits

This | 8-bit pag(’is repeated 3

/

/ 114//;/ 1-slot frame

/

/7 :/:(:= for J-slot

/-/ 2740 for 5=

Bluetooth
» Bluetoq_th'fechno!ogy is

the implementation of a
protocol defined by the
~1EEE 802.15 standard

* The standard defines a

wireless Personal-Area
Network (PAN) operable

/ in an area the size of a
room or a hall




_ Scatternet

Picanct Y e R e A G Py
Primary

ey

”

!

I
1

I

|

I
1
|
I

|

1

[

Secondary ~ Secondafy  Secondary Primary/

i Secondary

Bluetooth Devices

A Bluetooth device has

a built-in sigort- -range

radio transmitter

The' current data rate

58 @) \rlbg s with a 2.
GHz bandwxdth

N
This means that there
is a possibility of
interference between
the IEEE 802.11b

wireless LANs and
Bluetooth LANSs
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) Layer:

BluetoO t

——"

Bluetooth uses MBS

g o AT R e AM1S e
Severallaxecsthat do | Applieduons
nojyexactly match ' BT —— l
1 Y C _ :__ el > l‘l'U“lU-\ :-«
those of the Internet , — =
b . =
model we havie ; 7! ,C_G .
vt | -
! { yIr§ Ty . '—'\ D
!
|

| L2CAP layer |

|;;|gglmll\| layel A

Radio layer

e pay
. B By



Multiple-Secondary Communication

Primary op :

Sccondary |

Secondary 2

1

I

]—ﬂ__] Hop

|

|

|

|
Time

1

I

v

Time

S e e e e

Conne_qt.[ng Devices

Three kinds of
connecting devices:

v" Hubs
v’ Link-layer switches
v" Routers

PR

Connecting Devices
» Hosts and networks do
not normally operate in

isolation

+ Connecting devices

connect hosts together

to make a network or
connect networks

together to mzake an

_internet

* Connecting devices can
operate in different

layers of the Internet

model
o aawag

Three Categories of Connecting Devices

P ——

Application

Transport

Network

Data-link

: Physical

A

Router

Link-layer switches

Hub

Application

Transport

Network

Data-link

Physical = |




Hubs

o e T
o .jva *‘W W‘,

operatesonlymthe — s orfy in the
physical layer physicaliaye:

* Signals that carry
information within a

network can travel a
fixed distance before

attenuation impacts the
data

* Ahub (repeater) .

receives a signal and,
before it becomestoo
weak or corrupted,
regenerates it

~—t

\i\

_Link-Layer Switches

* Alink-layer switch (or
switch) operates in both
the physical and the

" data-link layers

—} : * As a physical-layer

S device, it regenerates
1 - -

: Y the signal it receives
Discarded - S

* As a link-layer device,
the link-layer switch can
check the MAC
addresses (source and
destination) contained

~in the frame



& Swjthrsus Hub

-»"/Switch has the.
’EilterinE’ Lapability
-\Anlike hub, a switch
can check the
destination ad

a frame and decide on
outgoing port

-~ Bwitch eliminates )
collisions and does not
require carrier sensing,

\/Switches connect

)
cousaev

_ Link-Layer Switches

Learning Switch
« A link-layer switch (or d 53 3

switch] operates in both N At | rt |
the‘physical and the [FAsims [ren] pzevsssia] 1 [,

ata-link layers : . SR A D2 boee 0

3] ’\/,
(.l/(iu.ll building Tabl
555 7 e
| NG :
A B

T12B:13:45:61:41

12813456142 064 28:13:45:61:12 64:2B:13:45.61:13



Loop Problem in a Switch Loop Problem in a Learning Switch (Part a)

* Redundant switches
create Loops in the
system LAN 1 A A

a. Station A sends a frame to station D

* Created whentwoor
more broadcasting LANs
are connected by more
than one switch Addr| Port

Loop Problem in a Learning Switch (Part b)

b. Both switches forward the frame

¢. Both switches forward the frame

LANT 4 A LANT o A B ] 1woctpies
& < Aa" :—\.-ﬁ_— of the irame

\ |

A B | A C on LAN 1

A
—d\\,

Switches e \“h‘

A

F&h Port

Al

AL I
Addi| Port Addsf Port 3
LAl ] b_ | B

A AT 2 s F
&2 & € >
A D RO ] I'wo copies

of the frame ¢
.k v

ILAN 2 "'*";;'" - on LAN 2



Loop Problem in a Learning Switch (part d) Spanning Tree Aigorithm

2 . ’ %
d. Both switches forward the fram« in grapn theory,

LANT _a A P n which thers s 1o loos |

* To find the spannipg.
iree, we assign 3 cost
(metric) to each LAN link

A System of Connected and its Graph (Part b)

7
S S2 i
e 1 =2
= A e SN =S
o~ R
2 2 o 2 Pl e
AN 2 LAN3 : A
et By = —
o) R 0— T ~
Hssnl W\
-~ ~— NG
:
| | A
2 | Yl
Nt ;: f |
- 5 \ _/\_ A
v LAN 4 : ¥y
S4 S5 LAN 4
o= e -
4. Actual system //

,/'
L b, Graph represcatation with cost assigned to each are



Root
1) ey
\\_/ ;;“:7,._4
LAN3)

 Routers
* We compare routers to

two-layer switch and a
hub

/ A router is a three-
layer device; it
operates in the
physical,(data-link, and'
(network layers

Forwarding & Blocking Ports after using Spanning Tree

~ Router vs. Switch

- e i
\ e : VN
Three differences between a router and a repeater or 2 switch: ~

" Arouter has a physical and logical (IP) address for sachof its interfaces. : 3 W‘é :

2. Arouter acts only on those packets in which the link-layer destinaten *  —
addressf the interface at which the packet

arrives.
3. Arouter changes the link-layer address of the packet (both source and
destination) when it forwards the packet, %

To the rest of Internet

|
& Router

|

| g

=
Gigabit LAN Gigabit LAN
: p Switch Switch
[ rj L]_

A

10-Gigabiy LAN

¥ o . e 3.
o N gl e T P
, S -

S we &



A Switch Connecting three LANs

}A station is considered GRS
p

[part of a LANJif it 5]
physically belongs to : TS e —
that LAN i.e-The A e o

criterion of membership

is geographic

Group | o
* Provides a virtual 2
connection between //

two stations belonging

to two different physical -
‘LANs

A Switch using VLAN Software

RPN SR D - ¢
Switch with
l | | l VLAN sofrvarc

/ VLAN |

e ; 7 |
7Tk ; { s l | VLAN 2
3 A S|

VLAN 3

r -
l / Ll VLAN 2 a '

J
|
| VLAN 3
|




Membership of a VLAN

Configuration of a2 VLAN
g ) @‘) { What characteristic can { ; ¢ How are the stations
P be used to group e " grouped intg different
stations in a VLAN?) VLANs?
* Vendors use different .~~~ Stations are configired

characteristics such as
interface numbers, port

numbers 7 Manually
addresses, ([P a resses,

in one of three wavs:

¥ Semi-Automatically
(_IP multicast addresses, ) 7 Automatically
or a combination of two

or more of these

Commu‘r)_igation between Switches

Commuqi;atig_q beeen Switches

ulti-switched

5 Backbone .
backbone, each switch T ) B B
ust know: ek 3
— ]
v Which station — / ;
belongs to which (@ oL ; ‘ VLAN |
VLAN; and — e
/ L‘ %\ LAN2
v" The membership e b b ‘
.Qf__S_QIi.QDS_ : / L VLAN 3
connected to other

switches Switch A ménow the membership status of stations connected to switch B,

and switch B must know the same about switch A. Three methods have been

devised for this purpose: table maintenance, frame tagging, and time-division
multiplexing.




fdvantages of using VLANS

* ~Cost and Time
/ N"‘R \/R@d"u'ctioﬁ

v Creating virtual
Workgroups
@ >

5 / " Security

Comparison of Modern Access Technologies

Comparison of Modern Access Technologies

Flber —The Medlum of the Future!




Fiber To The Curb (FTTC)

* An access network in
which fiber is used for ™
Jart, but not the entire- .
link from the provider to
the end-user

s A optic
(O/E) conversion takes

place somewhere near
the end-user

* The terminal network
segment of a FTTC
_network is usually

twisted pair or coaxial
- cable

JIP

~ CAIAT Pk wyon
s
Ll L T .
W s ] L) v
e ee—

Fiber To The Curb (FTTC)

Fiber To The Home (FTTH)
e * Need: High-speed data,
S &Y #eliable voice and high-
-— qualityvideo @

»
"/ Problems:
v .How to get high

speed

lines out to

each customer?
¥ How to future-proof
the architecture?

v

G\,Solution:ﬂ'}ﬁ ‘\
Frbor 40 He hortets




7 Fibg[lo The e (FTTH)

* ‘Fiber-to-the-home
(FTTH) is the installation
of{optical fiber from a
telephone switch directly

into the subscriber’s
home

* ltisone of the latest-
access technologies

* FTTH is also referred to

as‘Fiber-to-tﬁe-Builg]ﬁé ]
/.A (FTTB)
\\ :
\y Fibey - 4o - Ihe

Y -
\‘Q fJJJ:J{M \7

v




