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Convite recebido…

…bem, realmente não vou falar 
de assuntos particulares!

a não ser que…
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Convite recebido…



3

DI/UM – Alexandre Santos

Um sistema comercial

• Managing IP Video Streaming Bandwidth
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Pilha Protocolar IP
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Largura de Banda
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Distribuição Multicast
(duplicar quando necessário)
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Visão genérica
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Arquitectura por Camadas: Exemplo
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Fig. 1-18. The TCP/IP referencemodel.

Modelos OSI e TCP/IP
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Visão da Rede
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Comutação: Circuitos e Pacotes
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Rede: Circuito Virtual
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Rede: Datagramas
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QoS: Quality of Service
Qualidade de Serviço

• 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 Serviço (CBR)

t - tempo

LBconstante
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QoS: Qualidade de Serviço (CBR)

• Largura de Banda
– CBR: Constant Bit Rate

Largura de Banda (disponível)

LButiliz.
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QoS: Qualidade de Serviço (VBR)

• VBR: Variable Bit Rate

t - tempo

LBmínima.

LBMáxima.
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QoS: Qualidade de Serviço (VBR)

• Largura de Banda 
– VBR: Variable Bit Rate

Largura de Banda

LButiliz.

Largura de Banda (disponível)
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QoS: Qualidade de Serviço (ABR)

• ABR: Available Bit Rate

LBmínima.

t - tempo



13

DI/UM – Alexandre Santos

QoS: Qualidade de Serviço (ABR)

• Largura de Banda
ABR: Available Bit Rate

Largura de Banda

LButiliz.

Largura de Banda (disponível)
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QoS: Qualidade de Serviço
(parâmetros temporais)

• Latência
– Round-Trip Delay (cumulativo)

• Atraso de propagação
• Atraso de transmissão
• Atraso de store-and-forward
• Atraso de processamento

• Jitter
– Latência variável (por unidade de informação)
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Atrasos no Nível de Rede 
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Congestão
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Congestão: LB e Atraso

DI/UM – Alexandre Santos

Network 
Architect.

Service 
Model

Bandwidth 
Guarantee

No Loss 
Guarant. Ordering Timing Congestion 

indication

INTERNET Best 
Effort None None Any order 

possible

Not 
maintai
ned

None

ATM CBR Guaranteed 
constant rate Yes In order Maintai

ned
Congestion will 
not occur

ATM VBR Guaranteed 
rate Yes In order Maintai

ned
Congestion will 
not occur

ATM ABR Guaranteed
minimum None In order

Not 
maintai
ned

Congestion 
indication 
provided

ATM UBR None None In order
Not 
maintai
ned

None

Comparação de Tecnologias
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Tecnologias e Equipamentos:
Pontes (Nível 2) e Encaminhadores (Nível 3)
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Classes de Serviço (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-real time Multimedia email

ABR Available bit rate Browsing the Web

UBR Unspecified bit rate Background file transfer

Fig. 5-69.TheATM servicecategories.
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Características Classes de 
Serviço

Service characteristic CBR RT-VBR NRT-VBR ABR UBR

Bandwidth guarantee Yes Yes Yes Optional No

Suitable for real-time traffic Yes Yes No No No

Suitable for bursty traffic No No Yes Yes Yes

Feedback about congestion No No No Yes No

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

DI/UM – Alexandre Santos

Parâmetros de QoS
Parameter Acronym Meaning

Peak cell rate PCR Maximum rate at which cells will be sent

Sustained cell rate SCR The long-term average cell rate

Minimum cell rate MCR The minimum acceptable cell rate

Cell delay variation tolerance CDVT The maximum acceptable cell jitter

Cell loss ratio CLR Fraction of cells lost or delivered too late

Cell transfer delay CTD How long delivery takes (mean and maximum)

Cell delay variation CDV The variance in cell delivery times

Cell error rate CER Fraction of cells delivered without error

Severely-errored cell block ratio SECBR Fraction of blocks garbled

Cell misinsertion rate CMR Fraction of cells delivered to wrong destination

Fig. 5-71.Someof thequalityof serviceparameters.
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Interligações de Rede
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Fig. 5-33.Network interconnection.
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Interligações: Túneis

IPIP IPIP

1 2
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routerEthernet in Paris

Ethernet frame Ethernet frame

Header

Tunnel
Ethernet in London

IP packet inside payload
field of the WAN packet

Fig. 5-38.Tunnelinga packetfrom Paristo London.
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Internet: Interligação de Redes
Leased lines

to Asia US backbone
Leased

transatlantic
line

Regional 
network
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SNA
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Fig. 5-44.TheInternetis aninterconnectedcollectionof manynetworks
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Issue DQDB SMDS X.25
Frame
Relay

ATM
AAL

Connection oriented SIM NÃO SIM SIM SIM

Normal speed (Mbps) 45 45 0.064 1.5 155

Switched NÃO SIM SIM NÃO SIM

Fixed-size payload SIM NÃO NÃO NÃO NÃO

Max payload 44 9188 128 1600 Variável

Permanent VCs NÃO NÃO SIM SIM SIM

Multicasting NÃO SIM NÃO NÃO SIM

Diferentes Serviços de Rede
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Network 
Architect.

Service 
Model

Bandwidth 
Guarantee

No Loss 
Guarant. Ordering Timing Congestion 

indication

INTERNET Best 
Effort None None Any order 

possible

Not 
maintai
ned

None

ATM CBR Guaranteed 
constant rate Yes In order Maintai

ned
Congestion will 
not occur

ATM VBR Guaranteed 
rate Yes In order Maintai

ned
Congestion will 
not occur

ATM ABR Guaranteed
minimum None In order

Not 
maintai
ned

Congestion 
indication 
provided

ATM UBR None None In order
Not 
maintai
ned

None

Comparação de Tecnologias
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Camada de Rede
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Encaminhadores e Comutadores: 
Arquitectura

• Portas de Entrada (Input Port) – Ligação física, lógica, 
inspecção de tabelas, expedição

• Portas de Saída (Output Port) – Armazena datagramas, 
controlo ligação lógica e transmissão física

• Lógica de Comutação (Switching) – Interliga portas de 
Entrada e Saída 

• Processador de Encaminhamento (Routing Processor) 
– Protocolos encaminhamento, constroi tabelas de 
encaminhamento, gestão de funções de rede

DI/UM – Alexandre Santos

Comutador: Arquitectura geral
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Comutador: Processamento à 
Entrada
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Comutador: Comutação Interna
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Comutador: Processamento de 
Saída
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Comutador: Filas de Espera e
Contenção à Saída
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Comutador: Filas de Espera e
Contenção à Entrada
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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
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Escalonamento FIFO
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Escalonamento FIFO (2)
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QoS: Filas de Espera e Atrasos

• http://media.pearsoncmg.com/aw/aw_kuros
e_network_2/applets/queuing/queuing.html
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Priority Queuing
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Priority Queuing (2)
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Policiamento: Leaky Bucket
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QoS
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Moving Trend of Evolving Telecommunication 

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

Voice Network

Data Network(Packet)

Voice Capability

Data Capability(Packet)

N-ISDN

2B+D
DSL

2B+D
DSL

Pseudo IntegrationLimited Integration
(Narrowband)

Limited Integration
(Narrowband)

Degree of IntegrationLevel of
Technology

Coverage
of Services

Layer 1

Integrated
Layer 1

Voice
Data

Voice
Data

NarrowbandCapability

Broadband Capability

B-ISDN

ATM ATM

Transport IntegrationLimited Integration
(Connection level)

Limited Integration
(Connection level)

Integrated
at Layer 1.5

Voice
CO-Data
CL-Data
Video

Routing/Switching IntegrationLimited Integration
(Session level)

Limited Integration
(Session level)

Integrated
at Layer 3

Best Effort
Premium
Cont. load
Guaranteed

NarrowbandCapability
Broadband Capability

Integrated Network include IP

L3~L2
over DSL

IP based Capability
L3~L2

over DSL


