Comunicacoes por Computador |

http://marco.uminho.pt/disciplinas/CC-I-MEST/

Ml / CEI
2003/04
Alexandre Santos
alex@di.uminho.pt

DI/UM - Alexandre Santos

Workstation Multimedia Tipica

'I S~ AUDIO
SPEAKER CODEC

MIKE

PROJECTION |
DISPLAY |

i}—Frane —>

CAMERA [Store

VIDEO
CODEC




DI/UM - Alexandre Santos

Convite recebido...

...bem, realmente nao vou falar
de assuntos particulares!

a nao ser que...

DI/UM - Alexandre Santos . .
Convite recebido...

A FCCN, em colaboragio com o Gran teatre del Liceu de Barcelona ¢ a Red IRIS (Rede de Investigagio
¢ Educagio de Espanha), difundem no grande auditério do LNEC, no dia 11 de Dezembro pelas 19:30H
a C}Jem Wintermirchen de Pﬁi@'p e Boesmans(*), uma mymn{ugﬁn do Gran Teatre del Liceu de Barcelona,
Thédtre Royal de [a Monnaie ¢ 'Opéra National de Lyon.

A comunicagdo assentard na rede GEANT, a infraestrutura de comunicagdo que interliga as redes de
investigagdo e educagdo europeias, ¢ que perniite niveis de qualidade de servigo ¢ largura de banda
muito elevado. Este tipo de Servicos de comunicagdo também sao usados para suportar experiéncias
cientificas através da”Europa numa base reqular.

—_——

A Videodifusio vecorrerd ds as mais avangadas ¢ sofisticadus solugdes de
Video-conferéncia, 56 possiveis através das tecnologias de afta largura
de banda ¢ qualidade de servigos existentes:

- Tamologia DVB (Digital Viideo Broadeasting) Standand Europe da Televisio Digital.

- MPEG-2 permitinido o ricio de informagio de 10 Mips fornecendo wna imagem
e meflor qualidade que o DVI

- SDI (Serial Digisal Inzerface

- Serd utifizado 1ta transmi
adecgusido para @ reprodigio.

=

)-sinal Mbit de 6-8 cimaras robor no Tearro.,
1 (surrownd sound) Doffy Digital ¢ equipamento

Fundachs par 3 Computachs Clentfica canl
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Um sistema comercial

» Managing IP Video Streaming Bandwidth
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Pilha Protocolar IP

EEEE j

-ICMP -IGMP
m
Data Link &
LAN Technologies WAN Technologies Physical Layer
Ethernet, Token Ring, FDDI ATM., Serial Lines, Frame Relay

Figure 4 - IP Protacal Stack
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Largura de Banda
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Figure 5 - Video Bandwidth Consumption
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Distribuicdo Multicast

(duplicar quando necessario)

Deskiop Desktop Desitop o Desktop

a

Deskiop Deskiop Deskiop

Figure 6 - Multicast Network Example
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Arquitectura por Camadas

Host 1

Layer 5 protocol

Layer 4/5 interface

Layer 4 protocol

Layer 4 |«

Layer 3/4 interface

Layer 3 protocol

Layer 2/3 interface

Layer 2 protocol

Layer 1/2 interface

Layer 1 protocol
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Arquitectura por Camadas: Exemplo

Location A Location B
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Comunicacao entre Camadas
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Modelos OSI e TCP/IP

oSl TCP/IP
7 Application Application
6 Presentation T~ Not present
5 S // in the model
4 Transport Transport
3 Network Internet
2 Data link Host-to-network
1 Physical

Fig. 1-18. The TCP/IP referencemodel.
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Comutacao: Circuitos e Pacotes

Physical copper
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Rede: Circuito Virtual
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Rede: Datagramas

2. data
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Comutagéo: Circuito, Mensagem, Pacote

Call request signal

—— — —
1 Pkt 1
Propagation —
delay Msg —
l Pkt 2 -
[ Pkt1

Pkt 3
Pkt 2

ueuin Pkt1

]
N
]
|
]
[

) A ela Pkt3
Time  f———| / 1 Pk2
o spent —
£ hunting ) ]
= for an Pkt3
outgoing —
trun Msg
Call
accept —
[ signal
Dat
—_— 1 ]
AB BC CD
trunk trunk trunk

>
@
[¢]
o
>
@
[¢]
o
>
@
o
o




DI/UM - Alexandre Santos

QoS: Quality of Service
Qualidade de Servico

e Sem garantias
— BE — Best Effort
— LBE - Less than Best Effort
— UBR - Unspecified Bit Rate
» Com garantias
— CBR - Constant Bit Rate
— VBR - Variable Bit Rate (rt/nrt — real time/no rt)
— ABR - Available Bit Rate

 CBR: Constant Bit Rate

DI/UM - Alexandre Santos

QoS: Qualidade de Servico (CBR)

LB

constante

t - tempo
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QoS: Qualidade de Servico (CBR)

e Largura de Banda
— CBR: Constant Bit Rate

LB

utiliz.

Largura de Banda (disponivel)
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QoS: Qualidade de Servico (VBR)

 VBR: Variable Bit Rate

LB

Maxima-

LB

minima*

t - tempo
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QoS: Qualidade de Servico (VBR)

» Largura de Banda
— VBR: Variable Bit Rate

LB

utiliz.

Largura de Banda (disponivel)
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QoS: Qualidade de Servico (ABR)

 ABR: Available Bit Rate

LB

minima+

t - tempo
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QoS: Qualidade de Servico (ABR)

e Largura de Banda
ABR: Available Bit Rate

LB

utiliz.

Largura de Banda (disponivel)
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QoS: Qualidade de Servico
(parametros temporais)

 Laténcia
— Round-Trip Delay (cumulativo)
* Atraso de propagacdo
* Atraso de transmisséo
* Atraso de store-and-forward
* Atraso de processamento

o Jitter
— Laténcia variavel (por unidade de informacéo)

13
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Atrasos no Nivel de Rede

DI/UM - Alexandre Santos

Congestao
Host A A oigindl dot
== \jy Ofiginal data _"’louT
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S
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Congestao: LB e Atraso
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DI/UM - Alexandre Santos Comparagéo de Tecnologias

Network Service | Bandwidth
Architect. Model @ Guarantee

Best
INTERNET Effort None
ATM CBR Guaranteed
constant rate
ATM VBR Guaranteed
rate
ATM ABR  Cuaranteed
minimum
ATM UBR None

No Loss
Guarant.

None

Yes

Yes

None

None

Ordering

Any order
possible

In order

In order

In order

In order

Timing

Not
maintai
ned

Maintai
ned

Maintai
ned

Not
maintai
ned

Not
maintai
ned

Congestion
indication

None

Congestion will
not occur

Congestion will
not occur

Congestion
indication
provided

None
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Tecnologias e Equipamentos:
Pontes (Nivel 2) e Encaminhadores (Nivel 3)

5 5
4 4
3 3 3
2 (27 2 2
1 B 1 1
Host Bricdge Router Host
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Classes de Servico (ATM)

Class Description Example
CBR Constant bit rate T1 circuit
RT-VBR Variable bit rate: real time Real-time videoconferencing

NRT-VBR Variable bit rate: non-realtime  Multimedia email
ABR Available bit rate Browsing the Web

UBR Unspecified bit rate Background file transfer

Fig. 5-69.The ATM servicecategories.
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Caracteristicas Classes de
Servigo

Service characteristic CBR
Bandwidth guarantee Yes
Suitable for real-time traffic Yes
Suitable for bursty traffic No
Feedback about congestion No

RT-VBR NRT-VBR

Yes Yes
Yes No
No Yes
No No

ABR
Optional
No
Yes

Yes

Fig. 5-70. Characteristics of the ATM service categories.

UBR

No
Yes

No
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Parametros de QoS

Parameter Acronym
Peak cell rate PCR
Sustained cell rate SCR
Minimum cell rate MCR
Cell delay variation tolerance CDVT
Cell loss ratio CLR
Cell transfer delay CTD
Cell delay variation CDhV
Cell error rate CER

Severely-errored cell block ratio  SECBR

Cell misinsertion rate CMR

Meaning

Maximum rate at which cells will be sent

The long-term average cell rate

The minimum acceptable cell rate

The maximum acceptable cell jitter

Fraction of cells lost or delivered too late

How long delivery takes (mean and maximum)

The variance in cell delivery times

Fraction of cells delivered without error

Fraction of blocks garbled

Fraction of cells delivered to wrong destination

Fig. 5-71.Someof the quality of serviceparameters.
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InterligacOes de Rede

Host
/‘
Multiprotocol WAN-WAN—;
' / router
M v SNA WAN
Bridge
802.3 802.4
LAN _ /g\ AN M X.25 WAN M 802.3 LAN

5 B b 0 %

LAN-LAN LAN-WAN LAN-WAN-LAN

Fig. 5-33.Networkinterconnection.
DI/UM - Alexandre Santos
Interligacdes: Tuneis
| Acts like a serial line |
Multiprotocol Tunnel !
Ethernet in Paris router Ethernet in London
/ WAN \ /

T ﬂ }J ! — U\_[/ )

Header —A,

\
Ethernet frame Ethernet frame

IP packet inside payload
field of the WAN packet

Fig. 5-38.Tunnelinga packetfrom Paristo London.
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Internet: Interligacao de Redes

Leased lines Leased European backbone
to Asia US backbone transatlantic

Regional
network 3
National

network

IP token bus IP Ethernet
LAN IP token ring LAN LAN

Fig. 5-44.Thelnternetis aninterconnectedollectionof manynetworks
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Diferentes Servicos de Rede

Frame ATM

Issue DQDB SMDS X.25 Relay AAL
Connection oriented SIM NAO SIM SIM SIM
Normal speed (Mbps) 45 45 0.064 1.5 155
Switched NAO SIM SIM  NAO SIM
Fixed-size payload SIM NAO NAO NAO NAO
Max payload 44 9188 128 1600 Variavel
Permanent VCs NAO NAO SIM  SIM SIM
Multicasting NAO SIM NAO NAO SIM

19
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Network Service | Bandwidth No Loss Ordering  Timin Congestion
Architect. Model ' Guarantee Guarant. g g indication
Not
INTERNET T None None Any.order maintai = None
Effort possible
ned
ATM CBR Guaranteed Yes In order Maintai | Congestion will
constant rate ned not occur
ATM VBR Guaranteed Yes In order Maintai | Congestion will
rate ned not occur
Guaranteed Not Congestion
ATM ABR . None Inorder | maintai | indication
minimum .
ned provided
Not
ATM UBR None None Inorder | maintai = None
ned
DI/UM - Alexandre Santos
Host H1 Router R1 Host H?

application

VRouter R4

Router R3

 —
application
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Encaminhadores e Comutadores:

Arquitectura

Portas de Entrada (Input Port) — Ligacao fisica, ldgica,
inspeccdo de tabelas, expedicao

Portas de Saida (Output Port) — Armazena datagramas,
controlo ligacdo logica e transmissdo fisica

Logica de Comutacao (Switching) — Interliga portas de
Entrada e Saida

Processador de Encaminhamento (Routing Processor)
— Protocolos encaminhamento, constroi tabelas de
encaminhamento, gestdo de funcdes de rede

DI/UM - Alexandre Santos

Comutador: Arquitectura geral

input port output port
- =
= W ==
o switching °
[ ] L
[ ] ®
input port fabric output port
| |
= e, I
v
routing
processor

21



DI/UM - Alexandre Santos

Comutador: Processamento a
Entrada

: lookup,
data link forwarding switch

processing
(protocol L

decapsulation) queueing fabric

line
termination
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Comutador: Comutacao Interna

memory

B
=L Jimm

B
0k

c
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crossbar

A}
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Comutador: Processamento de
Saida

decapsulation)

switch queuing: data link
_ buffer processing line N
fabric management (protocol, termination
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Comutador: Filas de Espera e
Contencdo a Saida

G B le
— — I
J— — . =
=l | L swit
fabfc |7 I" fabac |7 I"
pEmill iy AT, S T
output port contention one packet time
at time t later
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Comutador: Filas de Espera e
Contencéo a Entrada

switch.
fabri¢

output port contention
at time t - only one red
packet can be transferred

apt IR

| switch
fabric >

0.

green packet
experiences HOL blocking
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QoS via Escalonamento e
Policiamento de Pacotes

« ESCALONAMENTO:
— FIFO (First In First Out)

— Priority Queuing

— Round Robin e Weighted Fair Queuing

 POLICIAMENTO
— Leaky Bucket

24



DI/UM - Alexandre Santos

Escalonamento FIFO

arrivals
S

departures

queue link
(waiting area) (server)
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Escalonamento FIFO (2)

arrivals

packetin
service
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QoS: Filas de Espera e Atrasos

e http://media.pearsoncmg.com/aw/aw kuros

e network 2/applets/queuing/queuing.html
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arrivals

<
—

Priority Queuing
high priority queue

classify

/

(waiting area)

link
(server)

low priority queue
(waiting area)

—
—

departures
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Priority Queuing (2)
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Policiamento: Leaky Bucket

I tokens/sec

L

— bucket holds up to
T—— b tokens
e
-

v

packets tokgn |y /remove » to
wait token network
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QoS

QoS for networked applications
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Moving Trend of Evolving Telecommunication

Infrastructures (Fonte: ITU, STUDY GROUP 13 - REPORT R 57 )

Level of " Coverage
Technology Degree of Integration _ of Service:
= Voice Network .
Layer 1 Voice
= Data Network(Packet % Data

N-ISDN
Integrated DSL Voice Capability DSL Voice
Layer 1 2B+D Data Capability(Packet 2B+D I Data

(Limited Integratiop <—Esmmm_lmegmtmn_,(<_LLmJJ.eﬂ.ln].egLaLunl
(Narrowband) ‘_V (Narrowband

B-ISDN =
— Voice

Narrowband Capabili ATM CO-Data

3 Broadband Capabilit ) | CL-Data
= &1 | Video
Limited Integralio? ‘ Transport Integration »l« Limited Integration,

(Connection level ’ (Connection level)
Integrated Network include IP
IP based Capabilit;

over DS Narrowband Capabili
[==) Broadband Capabili £

[
-l N )
.lelled_lntegratlop « Routing/Switching Integration |, Limited Integratiog,
(Session level) (Session level)

Integrated
at Layer 1.5

Best Effort]
Premium
Cont. load
Guaranteed

Integrated
at Layer 3
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