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Acceso al medio

Acceso al medio

Técnicas de acceso al medio
= Divisidn estatica del canal:

= Multiplexacién
= Divisién dinamica del canal:

= Técnicas de contencidn
= Protocolos libres de colision
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Control del enlace de datos
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Deteccién y correccion de errores
Control de flujo

Control de errores

Protocolos estandar
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Técnicas de acceso al

Division estatica del canal

= Técnicas de multiplexacion

Division dinamica del canal
= Técnicas de contencidn

= Protocolos libres de colision

Multiplexacion

n inputs MUX 1link, 1 DEMUX| n outputs




Multiplexacion

Multiplexacion por division en frecuencia
FDM [Frequency Division Multiplexing]
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Multiplexacion

Multiplexacion por division en frecuencia
WDM [Wavelength Division Multiplexing]
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Multiplexacion

Multiplexacion por division en el tiempo
TDM [Time Division Multiplexing]

193-bit frame (125 pusec)
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Multiplexacion

Multiplexacion por division de codigo
CDMA [Code Division Multiple Access], p.ej. UMTS
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Técnicas de contencion
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Técnicas de contencion
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Técnicas de contencion

= ALOHA (Universidad de Hawaii)
= CSMA [Carrier Sense Multiple Access]
= CSMA/CD [CSMA with Collision Detection]
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Protocolos libres de colision

= Eficiencia éptima cuando la carga es alta.

= Cuando la carga es baja,
se desaprovecha la capacidad del canal

Mapeo de bits

. Frames .
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Protocolos libres de colision

Paso de testigo
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Ejemplos: Red telefonica
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Ejemplos: Red telefonica

DSL [Digital Subscriber Line]
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Ejemplos: Red telefonica

= ADSL [Asymmetric DSL]
= VDSL [Very high bit-rate DSL]

. ) Velocidad de Velocidad de

Estandar Nombre comun ) " . "
bajada maxima subida maxima

ANSI T1.413-1998 Issue 2 ADSL 8 Mbit/s 1.0 Mbit/s
ITU G.992.1 ADSL (G.DMT) 12 Mbit/s 1.3 Mbit/s
ITU G.992.1 Annex A ADSL over POTS 12 Mbit/s 1.3 MBit/s
ITU G.992.1 Annex B ADSL over ISDN 12 Mbit/s 1.8 MBit/s
ITU G.992.2 ADSL Lite (G.Lite) 1.5 Mbit/s 0.5 Mbit/s
ITU G.992.3 ADSL2 12 Mbit/s 1.0 Mbit/s
ITU G.992.3 Annex ] ADSL2 12 Mbit/s 3.5 Mbit/s
ITU G.992.3 Annex L RE-ADSL2 5 Mbit/s 0.8 Mbit/s
ITU G.992.4 splitterless ADSL2 1.5 Mbit/s 0.5 Mbit/s
ITU G.992.5 ADSL2+ 24 Mbit/s 1.0 Mbit/s
ITU G.992.5 Annex M ADSL2+M 24 Mbit/s 3.5 Mbit/s
ITU G.993.1 VDSL 52Mbit/s 12 Mbit/s
26 Mbit/s 26 Mbit/s

ITU G.993.2 VDSL2 100 Mbit/s 100 Mbit/s




Ejemplos: Telefonia movil

Redes celulares

= Las frecuencias no se reutilizan en celdas adyacentes.
= Para dar servicio a mas usuarios, se utilizan celdas de menor tamano.

Ejemplos: Telefonia movil

Evolucion historica
0G Radio analdgica AM/FM (afios 40)

1G Primeros teléfonos moéviles: FM (anos 80)
= TACS [Total Access Communication System], p.ej. MoviLine

N
()]

Transmision digitai de voz (afios 90)
= GSM [Global System for Mobile Communications]
2.5G Nuevos servicios, p.j. MMS

= GPRS [General Packet Radio Service]
» EDGE [Enhaced Data rates for GSM Evolution]

3G Transmision digital de voz y datos
= UMTS [Universal Mobile Telecommunications System]




Ejemplos: Telefonia movil

1983

GSM [Global System for Mobile Communications]
FDM + TDM: 124 canales de frecuencia, cada uno con 8 slots.

TDM frame
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1983
GSM [Global System for Mobile Communications]

FDM + TDM: 124 canales de frecuencia, cada uno con 8 slots.

32,500-Bit multiframe sent in 120 msec -
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Ejemplos: Television

Antena comunitaria

Antenna for picking
o Up distant signals
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Via ADSL, p.ej. Imagenio
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Ejemplos: Television

Television por cable
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Ejemplos: Television

Television por cable

54254 88
0, l 108 550 750 MHz
Uso de
.{é s TV M TV Downstream data
=

frecuencias

Downstream frequencies

Upstream
frequencies

Coaxial cable Downstream channel without contention:
27 Mbps using QAM-64 and 184-byte payloads

Cable Fier
Modem o

Upstream channel with contention:
9 Mbps using QPSK and 8-byte minislots

\

Modem




Ejemplos: Bluetooth

Origen
1994

Ericsson =» Enlace de radio de corto alcance (MC link)

1998 SIG: Ericsson, Nokia, IBM, Toshiba e Intel

Access point #

£

Headset

Objetivo

{
i é
T e
= Cellular network

lobile phone

Printer

g Laptop

Facilitar las comunicaciones entre equipos (fijos y moviles)
eliminando cables y conectores entre éstos.

Ejemplos: Bluetooth

Requisitos:

Operacion global y consumo limitado de energia (baterias)

Solucion:

= Banda ISM (Industrial, Scientific & Medical), 2.45GHz.
= FH/TDD (Frequency-hop/Time-division duplex).
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Control del enlace de datos

La capa de enlace de datos

Sending machine Receiving machine
Packet Packet
A
Frame
Header | Payload field Trailer Header | Payload field Trailer

{ J

Funciones

= Control de flujo

= Deteccion y control de errores
= Delimitacion de las tramas

Control del enlace de datos

La capa de enlace de datos
Delimitacion de las tramas

FLAG| Header Payload field Trailer |FLAG
(a)

Original characters After stuffing

A FLAG B — | A ESC | [FLAG B

A ESC B — | A ESC | | ESC B

A ESC | |FLAG|| B | — | A ESC | |ESC | |ESC | |[FLAG|| B

A ESC | | ESC B |—| A ESC | |ESC | |ESC || ESC B

(b)




Control del enlace de datos

La capa de enlace de datos
Deteccion y correccion de errores

Deteccion de errores

= Bits de paridad: El valor del bit de pari

3 |
caracter transmitido tiene un nimero par/impar de unos (no
detecta un numero par de errores).

= CRC [Cyclic Redundancy Check]: Dado un bloque de £ bits, el
transmisor genera n bits de tal forma que la secuencia de k+n bits
es divisible por un nimero dado. vg: CRC-16, CRC-32, CRC-CCITT...
Correccion de errores

= Codigos Hamming

La capa de enlace de datos
Control de flujo

Frame 1

Frame 2 \ Frame 2 \y
me Frame 2 Frame 3
\ E \
\ - \ -

Frame 5

g
=
=
g
z
g
W
Ef
Z
2
Z
=




Control del enlace de datos

La capa de enlace de datos
Control de flujo mediante parada y espera (stop & wait)

La capa de enlace de datos
Control de flujo con ventana deslizante

Frames buffered
until acknowledged
- Window of frames
Frames already tr d . that may be tr

oo l1l2l3lalslelzlolalalalalslel7l..
Sl Ml A S AN M (Nl Ml Mt At N M B

Frame Window shrinks from Window expands
seq

uence Lastframe  Last frame trailing edge as from leading edge
number acknowledged transmitted frames are sent as ACKs are received

(a) Sender's perspective

Window of frames
Frames already received . that may be accepted

---|0|1|z|3|4|5 6|7 u|1|2|3|4 5|6|7|---

/ — —

Window shrinks from Window expands
Lastframe  Last frame trailing edge as from leading edge
acknowledged  received frames are received as ACKs are sent

{b) Receiver's perspective




Control del enlace de datos

La capa de enlace de datos
Control de flujo con ventana deslizante
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Control del enlace de datos

La capa de enlace de datos
Control de errores

Transmision correcta:
= Confirmacién positiva (ACK)

Deteccion de errores:
= Retransmision tras timeout
= Confirmacién negativa (NAK) =» Retransmision




Control del enlace de datos

Parad§ y espera

PDU trans-
mission time

[0

Propagation time §

1

Time-cut interval

FDU 0 lost; [

A Tetransmits I:

ACKO lost; [
A retransmits |:

Time-out imterval

= M ACK trans-

Go back N Rechazo selectivo

B

* mission lime

buffered hy
receiver

] diseurded by
3 Teceiver

[ B discards
duplicate PDU

Control del enlace de datos

La capa d
Protocolos

HDLC
SDLC
LAPB
LAPD
LAPF
LLC
SLIP
PPP
ATM

e enlace de datos

estandar
[High-level Data Link Control] ISO
[Synchronous Data Link Control] IBM SNA
[Link Access Procedure — Balanced] X.25
[Link Access Procedure — D-channel] RDSI
[Link Access Procedure for Frame-mode bearer Services] Frame Relay
[Logical Link Control] IEEE 802
[Serial Line Internet Protocol]
[Point-to-Point Protocol]
[Asynchronous Transfer Mode]




Apéndice: Interfaces

Transmision sincrona

s-hul Control 4 Control n-hul
flag | fields DataField fields _| flag

Transmision asincrona

Idle state odd or even Remain idle or
offine parity or unused next start bit
J 5 to 8 data bits 1 to 2 bit times *

0 R R L ) .
Start ¥ ] 1 ] ] ] ] 1 P : Stop
1 hit ¥ v 1 " " ¥ " 1 bit ' element
(a) Character format

Unpredictable time interval
between characters
Stop Stop

element Start element
bit bit

S T e Y ey R 2 I o O e L2

11010001 1101100

Start

(b) 8-bit asynchronous character stream

50 150 250 350 450 550 650 750 850  Transmitter timing {ps)

) ¢¢¢¢¢¢¢¢¢s
_RTLELLTL e
R

47 141 235 329 423 517 611 TOS 799 Receiver timing (ps)

() Effect of timing error

Apéndice: Interfaces

DTE (Data Terminal Equipment)
DCE (Data Circuit terminating Equipment) vg: modem, NIC...

Signal and
control lines
Bit-serial
— transmission line ———p =

. - o {or bit-seriai N T

Digital data -ansmission . . gital dal
i ot . line interfac interface to network) transmitter/

receiver hd device receiver

Data terminal Data circuit-terminating
equipment (DTE) equipment (DCE)

(a) Generic interface to transmission medium

EIA-232/
V.24 interface
Network g

(b) Typical configuration




Apéndice: Interfaces

Conexion DTE-DCE
Especificaciones
= Mecanicas: conectores, cables...

Shield Received Clear to signal Reserved  Unassigned  Secondary
data send ground for testing clear to send
T:‘_‘"';: Sec. recd.
Transmitted s DCE Rec'd line Reserved line sig.
: . data Ready for Ready | sig. detector | fortesting | detectors
emplo receving _
L] Data signal
| | | rate selector

V.24 (ITU-T) VOOOOOOOOOOO
EIA-232-F (RS-232)
@fﬁ?@f@?ﬁ?ﬁ“’?

. Remote
Trans. signal [ Reve.signal | Secondary | joqunacy Data sig. Test mode
element element request 10| Gional quality | rate select
timing timing send detector

Secondary  Secondary Local DTE Ring  Transmit signal
transmitted  received loophack ready indicator  element timing
data data

Figure 6.5 Pin Assignments for V.24/EIA-232 (DTE Connector Face)

20 2 22
1. DTE A turns on the TYTE ready pin (20} o tell 2. When modem B alerts its DTE to the incoming
its modem it wants o begin a data exchange. call via the Ring Indicator pin (22), DTE B urns
While this signal remains asserted, DTE A on its DTE Ready pin (20). Modem B then
Iransmits a phone number via Transmited Daia penerates a carrier signal, (0 be used in the
Apin 2) for modem A 1o dial. exchange. and turns on pin 6, to show its

readiness 1o receive data.

| SN P

DIE A Modem A | Modem ¥
2 45 I
0000000 Coe0000000000
oo T o o o o o o o o o o o o
5. When it wishes 1o send data, DTE A activates 6. Modem B reconverts the signal (o digital form
Request o Send (pin 41, Modem A respends with and sends it 10 DTE B via the Received Data pin
Clear 1o Send (pin 5). DTE A sends data (pulses 31

representing 1s and Os) w0 modem A via the

Transmitied Data pin (2). Modem A misdulaies

the pulses 1o send the daty over its analog carrier

signal.

% PR b
DITE A Modem A | Modem B DI B
6%

(a] o] 100000 [a]a/alaal 0000
o o T o o o o QA00CoCODDo00

3. When madem A detects a carrier sig 4. Modem A then generates its own carrier signal
alens 1] via pin 8. The madem also wlls the 1o modem B, which reports it via pin &,

DTE that & circuit has been established {pin 6y 17
the madem has been so programme, it will also
send an "on line” message (o the DTS screen via
the Received Data pin (3,

| P

DTEA Modem A | Modem I
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