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Telecommunications

Tele (Far) + Communications

Early telecommunications

smoke signals and drums

visual telegraphy (or semaphore in 1792)
Telegraph and telephone

Telegraph (1839)

Telephone (1876) Y ‘\5 F #0
Radio and television

Telephony

Voice and Data “‘,ﬁ F_E, ’Y’ '\\

numerals follow

SEMAPHORE (marine alphabet 3 of 3)



Communications and Networks

< ®m Data Communications >

Transmission of signals
Encoding, interfacing, signal integrity, multiplexing etc.

Topology & architecture used to interconnect devices
Networks of communication systems




Network Trends (1980-Present)

l_‘\

Voice, Image, Data, Video

Microcontroller

Networking

Integrated Systems!



Communication systems



Communication Systems

Process describing transfer of information, data, instructions
between one or more systems through some media

Examples
people, computers, cell phones, etc.
Computer communication systems
Signals passing through the communication channel can be
Digital, or analog
Analog signals: continuous electrical waves

Digital signals: individual electrical pulses (bits)

Receivers and transmitters: desktop computers, mainframe
computers, etc.

Communication channel N

<« >

I Amp/Adaptor \

Communication
media




Communication Systems

digital signal

digital signial~ telephone line . digital signal ©
g —— T A| T
I i
— modem s s

computer
computer

analog signal




Communications Components

Basic components of a
communication system

Communication technologies
Communication devices
Communication channels
Communication software




A Communications Model

SourceSystem

A

Source

Workstation

Trans-
mitter

4 N
Trans- o
mission Receiver estination
System

Destination System

A

(a) General block diagram

Public Telephone Network

(b) Example

Server



Communications Tasks

Transmission system utilization Addressing
Interfacing Routing
Signal generation Recovery

Synchronization

Message formatting

Exchange management

Security

Error detection and correction

Network management

Flow control




Data Communications Model

Digital bit Analog Analog Digital bit
stream signal signal stream
Text U AVaVaV aVaAVAV U JoR
T Trans- -
Source deakicd mission Receiver Destination}
mitter
System
Input Input data Transmitted Received Output data Output

information g(t) signal signal g'(t) information
m s(t) r(t) m'



Communication Technology
Applications

voice malil Twitter

4

instant

! chat rooms
messaging

4

newsgroups telephony videoconferencing
y

4

collaboration groupware global positioning
system (GPS)




Communication Technologies -
Applications

Different technologies allowing us to communicate

Examples: Voice mail, fax, email, instant message, chat rooms, news groups,
telephony, GPS, and more

Similar to answering machine but digitized
Sending hardcopy of text or photographs between computers using fax
modem
electronic mail T sending text, files, images between different computer
networks - must have email software
More than 1.3 billion people send 244 billion messages monthly!
. Allows communications in real time when connected to the
Internet
Talking to other people over the Internet (also called )
Sends digitized audio signals over the Internet
Requires Internet telephone software
Software application allowing a group of people to communicate
with each other (
Address book, appointment book, schedules, etc.
consists of receivers connected to satellite systems
Determining the geographical location of the receiver
Used for cars, advertising, hiking, tracking, etc.



Communication Devices

Any type of hardware capable of transmitting data, instructions, and
information between devices

Functioning as receiver, transmitter, adaptor, converter

Basic characteristics: How fast, how far, how much data!
Examples: Dial-up modems, ISDN, DSL modems, network interface cards

Dial-up modem: uses standard phone lines

Converts digital information into analog

Consists of a modulator and a demodulator

Can be external, internal, wireless
ISDN and DSL Modem: Allows digital communication between networks and
computers

Requires a digital modem

Digital is better than analog T why?

Cable modem: a modem that transmits and receives data over the cable
television (CATV) network

Also called broadband modem (carrying multiple signals)
The incoming signal is split
Requires a cable modem

Network interface cards: Adaptor cards residing in the computer to transmit
and receiver data over the network (NIC)

Operate with different network technologies (e.g., Ethernet)



Communication Software

Examples of applications ( ) take advantage of the
transport ( ) services of
A client/server
application that uses for transport to retrieve HTML pages.
. A name-to-address translation
application that uses both transport.
A virtual terminal application that uses for
transport.
A file transfer application that
uses for transport.
. A file transfer
application that uses for transport.
An application that
synchronizes time with a time source and uses for
transport.

An exterior gateway routing
protocol that uses for transport. BGP is used to exchange
for the Internet and is the protocol used
between service providers.



Communication Channels

A channel is a path between two communication
devices

Channel capacity: How much data can be passed
through the channel (bit/sec)

Also called channel bandwidth

The smaller the pipe the slower data transfer!
Consists of one or more transmission media

Materials carrying the signal E ==

Two types: ﬁ:}‘ » Z.__
Physical: wire cable e ;'_E%u/

WII’6|ESS A|r destination g‘, lines

network =2
rver
-




Physical Transmission Media

A tangible media

Examples: Twisted-pair cable, coaxial cable, Fiber-optics,
etc.

Twisted-pair cable:
One or more twisted wires bundled together (why?)
Made of copper

Coax-Cable:

Consists of single copper wire surrounded by three layers of
Insulating and metal materials

Typically used for cable TV
Fiber-optics:
Strands of glass or plastic used to transmit light

Very high capacity, low noise, small size, less suitable to
natural disturbances



Physical Transmission Media

twisied-pair cable twisted-pair wire /
oven or \
\t,>vra\i/ded metal \ copperir& —’r
. hrteplnging " e ; "’
] —

—#—'—""“‘7
plastic outer insulating

coating material

glass cladgihg

protective
coating



Wireless Transmission Media

Broadcast Radio

Distribute signals through the air
over long distance

Uses an antenna
Typically for stationary locations
Can be short range

Cellular Radio

A form of broadcast radio used for
mobile communication

High frequency radio waves to
transmit voice or data

Utilizes frequency-reuse

¢



Wireless Transmission Media

Microwaves

Radio waves providing high speed
transmission

They are point-to-point (canit be
obstructed)
Used for satellite communication

Infrared (IR)

Wireless transmission media that sends
signals using infrared light- waves - Such

as?

¢



Physical Transmission Media

Type of Cable and LAN Transfer Rates

Twisted Pair
» 10Base-T (Ethernet) 10 Mbps
= 100Base-T (Fast Ethernet) 100 Mbps
» 1000Base-T (Gigabit Ethernet) 1000 Mbps
e Token ring 4 - 16 Mbps
Coaxial Cable
= 10Base2 (ThinWire Ethernet) 10 Mbps
» 10Base5 (ThickWire Ethernet) 10 Mbps
Fiber-Optic Cable - T
e M Wireless channel capacity:
= 100Base-FX (Fast Ethernet) 100 Mbps
« FDDI (Fiber Distributed-Data Interface) token ring 100 Mbps Channel Transfer Rates
Broadcast radio Up to 2 Mbps
Microwave radio 45 Mbps

100 Mbps is how many bits per sec?
Communications satellite 50 Mbps

Cellular radio 9,600 bps to 14.4 Kbps
Infrared 1 to 4 Mbps

Which is bigger:
10,000 Mbps, 0.01Tbps or 10Ghbps?



Networks



Networks

Collection of computers and devices connected together

Used to transfer information or files, share resources, etc.

What is the largest network?

Characterized based on their geographical coverage, speed,

capacities

Networks are categorized based on the following characteristics:
Network coverage: LAN, MAN, WAN

Network topologies: how the computers are connected
together

Network technologies
Network architecture



Network coverage

Local Area Networks:
Used for small networks (school, home, office)
Examples and configurations:
Wireless LAN or Switched LAN
ATM LAN, Frame Ethernet LAN
Peer-2-PEER: connecting several computers together (<10)

Client/Server: The serves shares its resources between
different clients

Metropolitan Area Network
Backbone network connecting all LANs
Can cover a city or the entire country
Wide Area Network
Typically between cities and countries
Technology:
Circuit Switch, Packet Switch, Frame Relay, ATM
Examples:

Internet P2P: Networks with the same network software can be
connected together (Napster)



LAN v.s WAN

LAN - Local Area Network a group of
computers connected within a building
or a campus (Example of LAN may
consist of computers located on a
single floor or a building or it might link
all the computers in a small company.

------

Eiharmal LAk Digsram

WAN - A network consisting
of computers of LAN's
connected across a distance
WAN can cover small to large
distances, using different
topologies such as telephone
lines, fiber optic cabling,
satellite transmissions and
microwave transmissions.



Network Topologies

Configuration or physical arrangement in which devices are
connected together

BUS networks: Single central cable connected a number of
devices

Easy and cheap
Popular for LANs

RING networks: a number of computers are connected on a
closed loop

Covers large distances
Primarily used for LANs and WANSs
STAR networks: connecting all devices to a central unit
All computers are connected to a central device called Aub
All data must pass through the hub
What is the problem with this?
Susceptible to failure



Network Topologies

personal personal personal
computer computer computer

I I R

|l
!i _—

I _-""-:
personal personal
computer computer

personal computer

personal computer

personal computer

personal computer compute

printer i
file server



Network Architecture

Refers to how the computer or devices are designed in a network
Basic types:

Centralized T using mainframes

Peer-2-Peer:

Each computer (peer) has equal responsibilities, capacities, sharing
hardware, data, with the other computers on the peer-to-peer network
Good for small businesses and home networks
Simple and inexpensive

Client/Server:

All clients must request service from the server
The server is also called a host

Different servers perform different tasks: File server, network server, etc

B
-

clie

clie clie
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P2P vs Client-Server e
N/

N
Peers make a portion of their resources, such bt .
as processing power, disk storage or network '\'ﬁ /
bandwidth, directly available to other network
participants, without the need for central . — H

coordination by servers or stable hosts

Peer-to-Peer
Examples

= Hub or Switch

Modems

i A h File

Prinmter
ITT1I1111

Client f Server M

| E——

== |



http://en.wikipedia.org/wiki/File:P2P-network.svg

(Data) Network Technologies

Vary depending on the type of devices we use for
Interconnecting computers and devices together
Ethernet:

LAN technology allowing computers to access the
network

Susceptible to collision

Can be based on BUS or STAR topologies

Operates at 10Mbps or 100Mbps, (10/100)

Fast Ethernet operates at 100 Mbps /

Gigabit Ethernet (1998 IEEE 802.32)

10-Gigabit Ethernet (10GE or 10GbE or 10 GigE)
10GBASE-R/LR/SR (long range short range, etc.)

Physical layer

Gigabit Ethernet using optical fiber, twisted pair cable
or balanced copper cable o
Topic



(Data) Network Technologies

Token Ring

LAN technology

Only the computer with the token can transmit

No collision

Typically 72-260 devices can be connected together
TCP/IP and UDP

Uses packet transmission
802.11

Standard for wireless LAN

Wi-Fi (wireless fidelity) is used to describe that the
device is in 802.11 family or standards

Typically used for long range (300-1000 feet)

Variations include: .11 (1-2 Mbps); .11a (up to 54

Mbps); .11b (up to 11 Mbps); .11g (54 Mbps and
higher

Project
Topic



(Data) Network Technologies

802.11n

Next generation wireless LAN technology

Improving network throughput (600 Mbps compared to
450 Mbps) T thus potentially supporting a user
throughput of 110 Mbit/s

WIMAX
Worlawide Interoperability for Microwave Access

Provides wireless transmission of data from point-to-
multipoint links to portable and fully mobile internet
access (up to 3 Mbit/s)

— The intent is to deliver the last mile wireless broadband
access as an alternative to cable and DSL

Based on the IEEE 802.16(d/e) standard (also called
Broadband Wireless Access)

Project
http://www.broadcom.com/collateral/wp/802_11n-WP100-R.pdf Topic



Network Technologies g — 4.

Personal area network (PAN) ig 19
A low range computer network

PANs can be used for communication among the personal
devices themselves

Wired with computer buses such as USB and FireWire.
Wireless personal area network (WPAN)

Uses network technologies such as IrDA, Bluetooth, UWB,
Z-Wave and ZigBee

Internet Mobile Protocols
Supporting multimedia Internet traffic
IGMP & MBONE for multicasting

RTP, RTCP, & RSVP (used to handle multimedia on the
Internet)

VolP

Project
RTP: Real-time Transport Protoco/ Topic



Network Technologies

Zigbee

High level communication protocols using small, low-power digital radios based on
the IEEE 802.15.4

Wireless mesh networking proprietary standard
Bluetooth

Uses radio frequency

Typically used for close distances (short range- 33 feet or so)

Transmits at 1Mbps

Used for handheld computers to communicate with the desktop
IrDA

Infrared (IR) light waves

Transfers at a rate of 115 Kbps to 4 Mbps

Requires light-of-sight transmission
RFID

Radio frequency identification

Uses tags which are places in items

Example: merchandises, toll-tags, courtesy calls, sensors!
WAP

Wireless application protocol

Data rate of 9.6-153 kbps depending on the service type

Used for smart phones and PDAs to access the Internet (email, web, et Projeet

Topic



Network Examples

IEEE 802.15.4
Low-rate wireless personal area networks (LR-WPANS)
Bases for e ZigBee, WirelessHART, and MiWi specification

Also used for 6LOWPAN and standard Internet protocols to build a
Wireless Embedded Internet (WEI)

Intranets
Used for private networks
May implement a firewall

Hardware and software that restricts access to data and
information on a network

Home networks
Ethernet
Phone line
HomeRF (radio frequency- waves)
Intelligent home network
Vehicle-to-Vehicle (car2Car) - http://www.car-to-car.org/

A wireless LAN based communication system to guarantee European-
wide inter-vehicle operability

Project

Car2Car Technology: http://www.youtube.com/watch?v=8tFUsN3ZgR4 To pIcC


http://www.car-to-car.org/

Network Examples

Interplanetary (Internet) Network
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Project
Topic

http://www.ece.gatech.edu/research/labs/bwn/deepspace/



Network Example:
Telephone Networks

Called the Public Switched Telephone Network (PSTN)
World-wide and voice oriented (handles voice and data)

Data/voice can be transferred within the PSTN using different technologies (data

transfer rate bps)
Dial-up lines:
Analog signals passing through telephone lines
Requires modems (56 kbps transfer rate)
ISDN lines:
Integrated Services Digital Network
Digital transmission over the telephone lines
Can carry (multiplex) several signals on a single line
DSL
Digital subscribe line
ADSL (asymmetric DSL)

Switching Technologies:

Technologies:
ACircuit Switching
APacket Switching
AMessage Switching
ABurst Switching

receiver operated at 8.4 Mbps, transmit at 640 kbps
T-Carrier lines: carries several signals over a single line: T1,T3

Frame Relay
ATM:

Asynchronous Transfer Mode
Fast and high capacity transmitting technology

Packet technology

Project

Topic



Network Example:
Optical Networks

Fiber-to-the-x
Broadband network architecture

that uses optical fiber to replace
copper

Used for last mile
telecommunications

Examples: Fiber-to-the-home
(FTTH); Fiber-to-the-building

(FTTB); Fiber-to-the premises
(FTTP)

Fiber Distribution Network (reaching
different customers)

Active optical networks (AONS)
Passive optical networks (PONS)

Active Optical Network (AON) bg_‘ A

Rouied
o B0 O T

ABC—

Project
Topic




Network Example

Smart Grid

Delivering electricity from suppliers to
consumers using digital technology to
save energy

Storage Area Networks
Computational Grid Networks

Efficient
Building
Witity Systems
Communications .
't Inted mr Ranwwables
Vi
il % “
Consum er Portal
‘ £ Buildin g‘EMS
E— ﬂdﬂn:ﬁl
Dynamie | Operaons  Motoring oisnin
Control A=
[ Plug-in Hybrids 5 -\ € ¥
Smart
Distributed / End-Use
D n ‘g avices
<R ol
Project
http://rekuwait.wordpress.com/2009/06/18/smart-electric-grid/ Topic



Network Example:
Telephone Networks

: local
ACCESS area

Sy local

I lclephons

local
telephone

-company long- long- company
; distance distance
telephone telephone
company company

telephone service
customer

telephone service
customer



Network Examples

Type of Line Transfer Rates Approximate Monthly Cost
Dial-up Up to 56 Kbps Local or long-distance rates
ISDN (BRI) Up to 128 Kbps $10 to $40

ADSL 128 Kops - 9 Mbps $40 1o $80

Cable TV (CATV) 128 Kbps - 2.5 Mbps $30 10 $50

T 1.544 Mbps $1,000 or more

13 44 Mbps $10,000 or more

ATM 7 155 Mbps to 622 Mbps 7$8,Uﬁﬂ or more




Network Examples

Public Telephone
Network

Dedicated
Lines

DSL

ISDN

What about Cable Internet Services?




Cellular Network Examples

0G

Single, powerful base station covering a wide area,
and each telephone would effectively monopolize a

channel over that whole area while in use (developed
In 40(s)

No frequency use or handoff (basis of modern cell
phone technology)

1G
Fully automatic cellular networks
Introduced in the early to mid 1980s
2G
Introduced in 1991 in Finland on the GSM standard

Offered the first data service with person-to-person
SMS text messaging



Cellular Network Examples

3G.
Faster than PCS; Used for multimedia and
graphics
Compared to 2G and 2.5G services, 3G
allows simultaneous use of speech and
data services and higher data rates (up to
14.4 Mbit/s on the downlink and 5.8 Mbit/s.
4G.
Fourth generation of cellular wireless;
providing a comprehensive and secure IP

based service to users "Anytime,
Anywhere" at high data rates

¢



Merging Technologies

m-Cash
Pay using your cell phone

Scan-free shopping using Radio frequency identification
VeriChip

Implanted computer chip in the body!
RFID
Wearable computer technology

Implanting a cell phone is in your tooth!
Power over Ethernet (PoE)

Transferring electrical power, along with data, to remote

devices over standard category 5 cable in an Ethernet
network

PoE Plus (802.3at) provides more available power
Power over fiber?

Project
Topic



Merging Technologies

Ethernet over powerline
allowing to route data packets through the electrical
Up to 200 times faster than DSL (200 Mbps) ’ |

Useful when concrete, metal, or other obstructions |
the walls and wireless cannot operate well .

Energy-efficient Ethernet

IEEE P802.3az Energy Efficient Ethernet
Task Force

mechanism to reduce power consumption during
periods of low link utilization

No frames in transit shall be dropped or corrupted
during the transition to and from the lower level of
power consumption

Uses low-power idle proposal for use with 100 Mbit
and Gbit connections (causing possible latency for
10G-bit Ethernet)

Project
Topic



Data and Computer
Communications

Chapter 2 T Protocol Architecture,
TCP/IP, and Internet-Based
Applications

Eighth Edition
by William Stallings

Lecture slides by Lawrie Brown



Protocol Architecture, TCP/IP,
and Internet-Based
Applications

T0 aestroy communication completely; there
MUSt be no rules 1n comimon between
transmitter and recerverd neither of alphabet
nor of syntax 8 On Human Communication,
Colin Cherry



Need For Protocol
Architecture

data exchange can involve complex
procedures, cf. file transfer example

better If task broken into subtasks

Implemented separately in layers in stack

o €ach layer provides functions needed to
perform comms for layers above

o USING fUNctions provided by layers below
peer layers communicate with a



Key Elements of a Protocol

syntax - data format
semantics - control info & error handling
[iming - speed matching & sequencing



TCP/IP. Protocol Architecture

developed by US Defense Advanced
Research Project Agency (DARPA)

for ARPANET packet switched network
used by the global Internet

protocol suite comprises a large
collection of standardized protocols



Computer X

File transfer
application

Communication
service module

Network access
module

Files and file transfer commands

Network
interface logic

ommunications
network

Network
interface logic

>

Simplified Network
Architecture

Computer Y

File transfer
application

Communication
service module

Network access
module




TCP/IP Layers

» no official model but a working one
o Application layer
o HOSt-1O-hOSt, Or transport layer
o INternet layer
o Network access layer
o Physical layer



Application Layer

provide support for user applications
need a



Transport Layer (TCP)

provides reliable delivery of data
INn same order as sent
commonly uses TCP



Internet Layer (IP)

for systems attached to different networks
using IP protocol

Implemented in end systems and routers

routers connect two networks and relays
data between them



Network Access Layer

concerned with issues like :
o destination address provision
o INVOKINg specific services like priority.

e ACCESS t0 & routing data across a network
link between two attached systems

allows layers above to ignore link
SPECITICS



Physical Layer

concerned with physical interface
pPetween computer and network

concerned with issues like:

e Characteristics of/transmission medium
o Signal levels

o data rates

o Other related matters



Operation of TCP and IP

Host A

[\

- C et

et
)

Port or

service access point (SAP)

Logical connection

P

Global network
L— address

Network Access
Protocol #1

Physical

Subnetwork attachment

point address

/

Logical connection

(e.g., virtual circuit) ,{”
Router J

IP

NAP 1

NAP 2/

PhysicallPhysical

e

Host B

i3

Network Access
Protocol #2

Physical




Addressing Reguirements

two levels ofiaddressing requirea

each host on a subnet needs a unigue
global network address
o IS IP address

each application on a (multi-tasking) host
needs a unigue address within the host

e KNOWN as a port



Operation of TCP/IP

User data

TCP
header

1P
header

Metwork
header

Application
byte stream

TCr
segment

P
datagram

Network-level
packet




Transmission Control Protocol
(TCP)

usual transport layer is (TCP)

provides a reliable connection for transfer of
data between applications

a TCP segment is the basic protocol unit

TCP tracks segments between entities for
duration of each connection



TCP Header

Sequence Number

Acknowledgement Number

.
Checksum Urgent Pointer

Options + Padding

(a) TCP Header




User Datagram Protocol
(UDP)

» an alternative to TCP

> N0 guaranteed delivery

> N0 Preservation of seguence

> N0 pProtection against duplication
> MINIMuUm overhead

> adds port addressing to IR



UDP Header

(b) UDP Header




|IP. Header

it: 0 _ 5 4 1619 :
F i o P o 7
I T -
KR AT
B U i A

Options + Padding 5

(a) IPv4 Header




IPv6 Header

Destination Address

{b) IP'v6 Header




TCP/IP Applications

have a number of standard TCP/IP
applications such as

« Simple Malil Transfer Protocol (SMTP)
o File Transfer Protocol (FTP)
o Telnet



Some TCP/IP Protocols

‘ BGP FTP HTTP | | SMTP | |TELNET| | SNMP
‘ TCP UDP
ICMP | | IGMP | | OSPF | | RSVP
‘ P
BGF = Border Gateway Protocol D5PF = Open Shortest Path First
FTP = File Transter Protocol R5VP = Resource ReserVation Protocol
HTTP = Hypertext Transfer Protocol SMTP = Simple Mail Transfer Protocol
ICMP = Internet Control Message Frotoool SNMNEP = Simple Network Management Protocol
IGMP = Infernet Groop Management Protocol TCF = Transmission Control Protocol
1P = Internet Frotocol UDF = User Datagram Protocol
MIME = Multi-Purpose Internet Mail Extension




OS|

Open Systems Interconnection

developed by the International
Organization for Standardization (ISO)

has seven layers
IS a theoretical system delivered too late!
TCP/IP Is the de facto standard



OSI Layers

Application

Provides access to the OSI environment for users and also
provides distributed information services.

Presentation

Provides independence to the application processes from
differences in data representation (syntax).

Session
Provides the control structure for communication between
applications; establishes, manages, and terminates
connections (sessions) between cooperating applications.

Transport

Provides reliable, transparent transfer of data between end
points; provides end-to-end error recovery and flow control.

Network
Provides upper layers with independence from the data
transmission and switehing technologies used to conneet
systems; responsible for establishing, maintaining, and
terminating connections.

Data Link

Provides for the reliable transfer of information across the
physical link; sends blocks (frames) with the necessary
synchronization, error contral, and flow control.

Physical
Concernad with transmission of unstructured bit stream over
physical medium; deals with the mechanical, electrical,
functional, and procedural characteristies to access the

| physical medium.




OSlv TCP/IP

Application

Presentation

Transport

Application

Internet

Network
Data Link Access
Physical | Physical




Standardized Protocol
Architectures

Layer 7
{Application)

Service to
Layer N+1

‘ Protocol

Total Layer ¥ g VVith peer
Communication q T Laver &V

Function Decompose
imadularity,
information-hiding) *

Service from
Layer -1

Layer 1

Lk\ (Physical)

O51-wide standards
(e.g., network management, security)




Layer Specific Standards

Service Delinition
{ Functional description
for internal use)

& Addressing

1Heryccemi Point)

A7V ' A7 i

-

L ayer N Protocol Specification

{Precise syntax and
semantics for
interoperability)




Service Primitives and

Parameters
define services Service user  Service provider  Service user
netween adjacent -
ayers using:
Orimitives to specify 77| Indication
function performed

parameters to pass " Response
data and control info

(a) Confirmed Service



Primitive Types

REQUEST A primitive issued by a service user to invoke some
service and to pass the parameters needed to specify
fully the requested service

INDICATION A primitive issued by a either to:
Indicate that a procedure has been invoked by the
peer service user on the connection and to provide the
associated parameters, or

notify the service user of a provider-initiated action

RESPONSE A primitive issued by a service user to acknowledge or
complete some procedure previously invoked by an
Indication to that user

CONFIRM A primitive issued by to
acknowledge or complete some procedure previously
Invoked by a request by the service user




Traditional vs Multimedia
Applications

traditionally Internet dominated by info
retrieval applications

o typically using text and Image transfer
o €g. emall, file transfer, web
see Increasing growth in multimedia
applications

o INVOIVINg massive amounts of data

o Slich as streaming audio and Video



Elastic and Inelastic Traffic

elastic traffic

o Can adjust to delay & throughput changes
OVEr awide range

o €0. traditional hdatao style TCP/IP traffic
o SOMe applications more sensitive though

Inelastic traffic
o does not adapt to such changes
s E0. hreal=timeo VOICE & VIAED tralfic



Multimedia Technologies

TECHNOLOGIES

Quality of service
Protocols

Communications/networking

Synchronization
Compression

User interface
Database

Operating system
Computer architecture

Collaborative work systems
MM conferencing
Streaming audio/video

VoIP
APPLICATION




Summary

Introduced need for protocol architecture
CP/IP protocol architecture

OSI| Model & protocol architecture
standardization

traditional vs multimedia application needs




Data and Computer
Communications

Chapter 10 T Circuit Switching and
Packet Switching

Eighth Edition
by William Stallings

Lecture slides by Lawrie Brown



Circuit Switching and Packet
Switching

He got into a District Line train at Wimbleaon
Fark, changea on to the Victoria Line ar
Victoria and on to the Jubilee Line at Green
Fark for West Hampstead. It was a long and
awkwara journey but he enjoyed It.

0 King Solomon's Carpet, Barbara Vine (Ruth
Rendell)



Switched Network

For transmission of data beyond a local area,

communication Is typically achieved by
transmitting data from source to destination
through a network of intermediate

switching nodes

provide a switching facility

that will
until they reach their destination



Switched Network




Switched Network




Switched Network

H0de links gl
Talti P lexed usi N 5
FDM Or TDM compuler F




Nodes

a collection of nodes and connections IS a
communications network

nodes may connect to other nodes only, or to
stations and other nodes

network Is usually partially connected

e SOMe redundant connections are desirable
(enhance reliability of the network)

have two different switching technologies
e CINCUIt:SWItChINg
e PACKet switching



Circult Switching

uses a dedicated path between two stations

has
o station-to-station circuit must be established
- deallocate the dedicated resources
Inefficient

o Channel capacity dedicated for duration of connection
o If N0 data, capacity wasted

Set up (coennection) takes time
ONCe connected, transfer Is transparent



Public Circult Switched
Network

Subscriber

Long-distance Long-distance
office office

ooeooo
ooeooo

coo
ROOOO0

End Office
|

Do00C00

Subscriber Loop

00000000
OO0

oO0000
Qo000 000OROO0

C cting Trunk Intercity Trunk
i Connecting Trunk

Digital PBX




Public Circult Switched
Network

Subscriber line (subscribe loop) twisted-pair

Long-distance Long-distance
office office
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Public Circult Switched
Network

Exchanges: switching centers

' Long-distance Long-distance
office office

coo
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ROOOO0

Qo000 000OROO0
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o
o
o
O
o
o
o

OO0
oO0000

Connecting Trunk Intercity Trunk




Public Circult Switched
Network

Trunks: branches between exchanges carry multiple
voice-frequency circuits FDM/TDM

0 O Long-distance Long-distance
0 D| ; office office
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End Office
i End Office
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Circult Establishment




Circult Establishment

Circuit-switching:
applications that handle analog voice traffic

The key requirements for voice traffic Is:
o Virtually no transmission delay.
o certainly no variation in delay.

e A constant signal transmission rate must be
maintained, because transmission and reception
occur at the same signal rate



Control Unit

Circuit
Switch

Full-duplex lines
to attached devices

Elements

Network
Interface




Control Unit

Circuit
Switch

Full-duplex lines
to attached devices

Elements

Network
Interface




Control Unit

Circuit
Switch

Full-duplex lines
to attached devices

Elements

Network
Interface




Blocking or Non-blocking

» blocking network

o May be unable to connect stations
because all paths are in use

o USEd 0N VoICe Ssystems

> non-blocking network
o PErMIts all'stations to connect at.once
o USEd fOr;Seme data connections



switching techniques internal to a
single circuit-switching node

Space Division Switch

3 Stage Space Division Switch

Ime Division Switching



Space Division Switch

> the signal paths are physically separate from

one another (divided in space)

> d metallic crosspoint or semiconductor gate
that can be enabled and disabled by a control

unit



Space Division Switch

@ ey O OG0 =+*Q +0" L
Output Lines




Space Division Switch

> has a number of limitations:

e [he number of crosspoints grows with the
square of the number of attached stations. This
IS costly for a large switch.

e The loss of a crosspoint prevents connection
between the two devices whose lines Intersect at
that crosspoint.

o [he crosspoints are inefficiently utilized; even
when all of the attached devices are active, only a
small fraction of the crosspoints are engaged.



3 Stage Space Division Switch

FIRST STAGE SECOND STAGE THIRD STAGE

S5x2 2%5
switch switch

2 x 2 switch

2 = 2 switch




3 Stage Space Division Switch

~ has two advantages over a single-stage
crossbar matrix:
o he number of crosspoints is reduced

e [here IS more than one path through the
network to connect two endpoints, increasing
reliability.

> But requires a more complex control scheme



3 Stage Space Division Switch

a single-stage crossbar matrix 1S nonblocking

multiple-stage  switch can be made
nonblocking by:

e Increasing the number or size of the
intermediate switches

o DUt of course this increases the cost.



Time Division Switching

modern digital systems use intelligent
control of space & time division elements

use digital time division technigues to set
Up and maintain virtual circuits

partition low speed bit stream Into pieces
that share higher speed stream

iIndividual pieces manipulated by control
logic to flow from Input to output



Softswitch

Call processing functions

557
Nelwirk

>

Reguest (0 feneraie proigness
Supervisory events | ! iones (e, ringback, engaped) .
(c.g., off-hook. on-hook ) | Instructions o establish switch
Fabric conneclions.

(b} Sofiswiich architecure
- a general-purpose computer running specialized software
- cost significantly less than traditional circuit switches and
can provide more functionality




Traditional Circuit Switching

Roguest 1 Fenerile Progress
SUPETVisOrY EVENTs o A% tnes (e, ringback, engaged).

(e.g.. off-hook. on-hook) [nstructions to establish switch
[uhric connectioas.

£
B

(&) Trakitbonu] circuwit switching




Packet Switching

CIrcult switching was designed for, voice
was designed
transmitted in small packets

o USer data may be part of a larger message
o control info includes Info

packets are received, stored briefly (buffered)
and past on to the next node



Packet Switching

Application data
-

]
.l'l

|| { o1
control 1::_ﬂ.:|.rmu,tlnﬂ
(packet header)

packet




Advantages

> line efficiency.
o Single link shared by many packets over time
o packets gqueued and transmitted as fast as possible

> data rate conversion
o Stations connects to local node at own speed
o NOdES buffer data If required to equalize rates

> packets accepted even when network Is busy
> prigrities can be used



Switching Technigues

station breaks long message
packets sent to the network
packets can be handled in two ways



Datagram
Diagram

Figure 10.9 Packet Switching: Datagram Approach L



Datagram

each packet Is treated independently

Each node chooses the next node on a
packet's path

o taking into account recelved from
neighboring nodes , e

the packets with the same destination address
not all follow the same route

o May arrive

o Possible for a packet to be In network



Virtual
Circuit
Diagram

‘:,:] £

Figure 10.10 Packet Switching: Virtual-Circuit Approac




Virtual Circuilt Diagram

Once the route Is established,
through the network.

Each packet contains a



Virtual Circuits v Datagram

virtual circuits

e Network can provide sequencing and error
control

o Packets are forwarded more quickly
o IESS Ieliable

. phase

. datagrams can be routed away
from the congestion



Packet
Size

overlap in transmission,
the total transmission
time drops

Increased delay since each
packet contains a_fixed
amount of header

processing and queuing
delays at each node are
greater when more
packets are handled

(a) 1-packet messape

“"1.

Header

{h) 2-packet messape

(c) S-packet message

(d) 10-packet messape




Circuit vs Packet Switching

performance depends on various delays

o Propagation delay: The time It takes a signal to
propagate from one node to the next

o transmission time: The time 1t takes for a
transmitter to send out a block of data

o NOde delay: The time It takes for a node to
perform the necessary processing as It switches
data.



Circuit vs Packet Switching

range of other characteristics, including:

o Iransparency: Circuit switching Is essentially a
transparent service. Once a connection IS
established, a

o amount of overhead: no overhead required to
accommaodate circuit switching.



Event Timino

{ap Circuit switching (b} Virtual circuit packet switching {c) Datagram packet switching

propagation  processing
Call delay delay Call
TEqUesL - request

signal__ packet -

..-"""F'.H'

Call
B F
—=

T

Acknowledge-
ment sipnal
l——

S
3 &
--_______-_-_
—
'r--_________
User
data
-—-_._____-_-_
e

Acknowledge-
ment packet

——

link N

Nodes: @ @




X.25

ITU-T standard for interface between
NosSt and packet switched network

almost universal on packet switched
networks and packet switching in ISDN

defines three layers
o Physical

o LInk

o Packet




X.25 - Physical

Interface between station node link

two ends are distinct

o Data Terminal Equipment DTE (user
equipment)

o Data Circuit-terminating Equipment DCE
(node)

physical layer specification is X.21
can substitute alternative such as EIA-232



X.25 - Link

Link Access Protocol Balanced (LAPB)

o Subset of HDLC
o See chapter 7

provides reliable transfer of data over
link
SENding as a SeguUeNnce ofi frames



X.25 - Packet

> provides a logical connections (virtual
CICUIt) between subscribers

> all data in this connection form a single
stream between the end stations

> established on demand
> termed external virtual circuits



X.25 Use of Virtual Circults

Persomal
compuler

Personal

- Packet-Switching
Network

Persomal
COmputer

Solid line = physical link
Dashed line = virtual eircuit




User Data and X.25 Protocol
Control Information

X.25 packet




Issues with X.25

key features include:

. , used for setting up and
clearing virtual circuits, are
and same virtual circuit as data packets.

- of virtual circuits at
- Include

hence have considerable

not appropriate for modern digital systems
with high reliability



Frame Relay

> designed to eliminate most X.25 overhead
> has large installed base

~ key differences:
o Call control carried in'separate logical connection
o Multiplexing and switching at layer. 2
e NO NOP by hop error or. flow control
o Nence end to end flow and error. control (it used)
are done by higher layer
> a Single user data frame IS Sent from; SeUrGe

[0 destination: and" nigher layer ACKS sent
0)=10] ¢



Advantages and
Disadvantages

Increased reliability means less an issue
streamlined communications process

frame relay can be used for
and over



Protocol Architecture

Control Plane

Q.931/Q.933
User-selectable

functions

LAPD

(Q.921)
LAPF core

(Q.922)

Control Plane

Q.931/Q.933

1.4301431

LAPD (Q.921)

LAPF core
(Q.922)

1.430/1431

User (TE)

Network (NT)




LAPFE Functionality

LAPFE (Link Access Procedure for Frame Mode
Bearer Services) defined in Q.922

only core functionality used:

frame delimiting, alignment and transparency
frame mux and demux using addressing field
ensure frame Is integral number. of: 0Ctets
ensure frame Is neither too long nor short
detection of transmission Eerrors

congestion control functions

form sub-layer of data link layer

data transfer between subscribers only



Frame Relay Data Link
Connections

data transferred over them

USES

overall results In significantly



User Data Transfer

only have which
e Carries user data

means
e NO INband signaling

address field carries

DLCI (
has local significance only



Summary

circuit verses packet switching network
approaches

) VUS
frame relay



Introducing ISDN
ittt o st Cabrillo College

& :ﬁ

Il offi
Local Exchange SN e

W' Provider
I network
(digital)

Central Site

Telephone companies developed ISDN (Integrated Services Digital
Network) as part of an effort to standardize subscriber services.

This included the User-Network Interface (UNI), better known as the
local loop.

The ISDN standards define the hardware and call setup schemes
for end-to-end digital connectivity.

These standards help achieve the goal of worldwide connectivity by
ensuring that ISDN networks easily communicate with one another.

In an ISDN network, the digitizing function is done at the user site
rather than the telephone company.

Rick Graziani graziani

I>> T I I @ o



Introducing ISDN
et v e gt Cabrillo College

ISDN is a set of standards that defines an end-to-end digital network.

Benefits are:

« Carries many types of network traffic (for example data, voice, video)
« Sets up calls faster than basic telephone service

« Faster data transfer rate than modems

A unlike plain old telephone system (POTS), ISDN is digital from
end to end.

K with asynchronous connections (POTS) the local loop is analog and
requires PCM (Pulse Code Modulation) - explained later.

A Benefits of ISDN include:

T Carries a variety of user traffic signals, including data, voice,
and video

1T Offers much faster call setup than modem connections
T B channels provide a faster data transfer rate than modems

1 B channels are suitable for negotiated Point-to-Point Protocol
(PPP) links

Rick Graziani graziani@cabirillo.edu




|

~ 144 kbps

|

23B (T1)or |
308 (E1) |

64 kbps | T11.544 Mbps
. each or
y 64 kbps E12.048 Mbps

(including additional
synchronization

’ information)
31 64 kbps €N 2.048 Mbps
channels §r—J " (including additional
synchronization
information)
} 1.544 Mbps
(including additional

-

synchronization
information)

ISDN also provides more bandwidth than a traditional 56 kbps
dialup connection.

ISDN uses bearer channels, also called B channels, as clear data
paths.

Each B channel provides 64 kbps of bandwidth.

An ISDN connection with two B channels would provide a total
usable bandwidth of 128 kbps.

Each ISDN B channel can make a separate serial connection to
any other site in the ISDN network.

ISDN lines can be used in conjunction with PPP encapsulation.

Rick Graziani graziani@cabirillo.edu 3
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ISDN Disadvantages

I 1T T e T e v T Cabrillo College

A BRI is slower than DSL and cable
A More expensive than DSL and cable

L Bottom line: ISDN, in its current form, is no longer a ffirst-
choiceo technology.

Rick Graziani graziani@cabirillo.edu



Why 64Kbps channels and what is PCM?

I T T AT AT eeeeesTons Cabrillo College
=
T A
\
Jl AN
= = - / SAMPLED
= 0 it = _" ,r + TIME "_'SIGHIL
s \\._‘- '
Analog Waveform PCM Digital representation )
” AT 25{ 36164 Kops L i e
/] \ D 16 Kbps J
i
= 238 (T1)or | 64 Kbps | T1 1.544 Mbps
= 0 @ 308 (E1) {Emﬁ } or
k& |
y b 64 K095 | (0 en syne)

J

Time

CCNP:

[N Re]
0c1g

011

e L
L
h e
== p
-
[="
E
= !--

Khz

K This will be explained in a later presentation on T1.

k' For now, 64,000 bps is whatis required to carry a single phone call
over a link (an analog call which has been digitized).

L pcwm (Pulse Code Modulation) is how the analog signal is translated to
_digital and visa versa.

iani graziani@cabirillo.edu



ISDN standards and access methods

il et e gttt Cabrillo College
Short Standards from the ITU-T (formerly CCITT)
Term
Memory Issue Protocol Key Examples
Telephone E-Series E.164 — International Telephone Numbering
Network and ISDN Plan
ISDN Concepts, Aspects l-Series 1.100 Series — Concepts, Structures,
and Interfaces Terminology
1.400-User-Network Interfaces (UNIs)
Swﬂch|ng and S|gnal|ng Q_sEries QQET e LﬁPD {Link ACCESS PI"D{:EE’UTE on
the D channel)
Q.931 — ISDN Network Layer between
Terminal and Switch

I T I @ Ie

ITU-T groups and organizes the ISDN protocols according to the
following general topic areas:

E Protocols T Recommend telephone network standards for ISDN.
For example, international addressing for ISDN.

| Protocols T Deal with concepts, terminology, and general
methods.

T Cover how should operate.
The term signaling in this context means the process of establishing an
ISDN call.

Rick Graziani graziani@cabrillo.edu



ISDN standards and access methods
ot T e g Cabrillo College

&

Tl

Servit:
Provider
network

PRI al UL U T —
_— + + e

D 23B(T1) or 30B (E1)

Channel Capacity  Mostly Used for
B 64 kbps Circuit-switched data (HDLC, PPP)
D 16/64 kbps Signaling information (LAPD)

ISDN standards define two main channel types

k" The bearer channel, or B channel, is defined as a clear digital path of
64 kbps

k" The second channel type is called a delta channel, or D channel.

T There can either be 16 kbps for the Basic Rate Interface (BRI) or
64 kbps for the Primary Rate Interface (PRI).

Rick Graziani graziani@cabrillo.edu



ISDN standards and access methods

e e et e e e Cabrillo College
[ 64 kbps
D 16 kbps
238 (T1) or
30B (E1) p=——xt, @qch or

— 64 kbp5F1 1.544 Mbps

E1 2.048 Mbps
(including additional
synchronization
information)

D 64 kbps

I 1SDNis widely available in two flavors:
1 BRI: Basic Rate Interface

A 2 64 Kbps Bearer Channels,16 Kbps Delta Channel (for
control information), 48 Kbps for framing and
synchronization

A 2B + 1D (2B+D)
A 192 Kbps = 128+16+48
1 PRI: Primary Rate Interface
A 23B + 1D (T1), the D channel is 64-kbps
A 30B + 1D (E1), European E1
A 1.544 Mbps (North America) or 2.048 Mbps (E1)

Rick Graziani graziani@cabrillo.edu



B Channels
ot T e g Cabrillo College

&

Servit:
Provider

E12.048 Mbps
D 64 kbbS | including additional
synchronization
information)

The B channels can be used for relatively high-speed data transport.
In this mode, the information is carried in frame format, using either
HDLC or PPP as the Layer 2 protocol.

I PPPis more robust than HDLC because it provides a mechanism for
authentication and negotiation of compatible link and protocol
configuration.

23B (T1)or 64 kbps | T11.544 Mbps
30B (51} { gt - === sach or

T=o I=o

Rick Graziani graziani@cabrillo.edu 9



238 (T1)or |
30B (E1) ¢

D

64 kbpsﬂlT‘l 1.544 Mbps

: r
===y 2ach 0

' E12.048 Mbps
64 kb xJ/[including additional
synchronization
information)

k" When a TCP connection is established, there is an exchange of
Information called the connection setup.

1 This information is exchanged over the path on which the data will
eventually be transmitted.

T Both the control information and the data share the same
pathway.

1 This is called in-band signaling.

A ISDN however, uses a separate channel for control information, the
D channel.

1 This is called out-of-band signaling.

k" The D channel carries signaling messages, such as call setup and
teardown, to control calls on B channels.

k' Traffic over the D channel employs the Link Access Procedure on
the D Channel (LAPD) protocol.

Reice LARD is.a-data.link layer protocol based on HDLC. 10




BRI Physical Layer
iRt gt g Cabrillo College

FD 7 =

Il
Local Exchange Al oige

Wi - network
(digital)

Cenlral Site

BRI service is provided over a local copper loop that traditionally
carries analog phone service.

While there is only one physical path for a BRI, there are three
separate information paths, 2B+D.

Information from the three channels is multiplexed into the one
physical path.

ISDN physical layer, or Layer 1, frame formats differ depending on
whether the frame is outbound or inbound.

I~ I @ T @ Io

Rick Graziani graziani@cabrillo.edu 11



WT——#=TE Frame
| s T T T G (A L SR I D T S T B D T e e [ |

BRI Physical Layer

FL Bf LODLFL B2 LODL Bl LDL B LDL
TE———3NT Frame

e I e N e I e e N . I O A

FL BIi EDAFF B2 EDS Bl EDS B2 EDS
Service

provider
network

These Reference Points will be
discussed in a moment, but this is
where they get TE and NT from.

Existi Terminal
Terminal Adapter

A If the frame I1s outbound, it Is sent from the terminal to
the network.

T Outbound frames use the TE frame format.

A If the frame is inbound, it is sent from the network to
the terminal.

T Inbound frames use the NT frame format.

Rick Graziani graziani@cabrillo.edu 12



Call Setup
T

k" Not an end-to-end
function but processed
by the switch.

A Depending upon the
switch type, you may
or may not get all of
the steps show above.

Short
Term
Memory

Time

\/

Calling
Party

Setup

>
Setup

acknowledge
Call

proceeding

<€

<€

Alerting
-

<€

Connect
acknowledge

ISDN
service
provider

Connect

ISDN
switch

Called
Party

Setup

>

Call proceeding

Alerting

4 Connect
i

Connect

acknowledge

ISDN
switch

A To establish an ISDN call, the D channel is used between the
router and the ISDN switch to control functions such as call

setup, signhaling, and termination.

T=o I=o

These functions are implemented in the Q.931 protocol.

The Q.931 standard recommends a network layer connection between

the terminal endpoint and the local ISDN switch, but it does not impose
an end-to-end recommendation.

Rick Graziani graziani@cabrillo.edu
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Call Setup 1 In detalil

okttt g Cabrillo College
k' The following information discusses fisomeo of these steps.

v, The ISDN Network Layer

Router Calling Calling Called Called Called %
call DTE DCE DCE DTE router
Pick u
- Sotup Jlsepend Set up
Set up ACK
-4
Information
Call proceeding
-~
Ring back _ Alerting Ringing
indication Alerting T RLELE | — .
<
Stop ring back Connect Pick up
indication Gonnect | . —
.‘_ ‘
Connect ACK
-
Information
— — e, Information Flow
—-
|nformation Flow
Information §*T 1.k | — :
e LiE

Rick Graziani graziani@cabirillo.edu



Router Calling Calling Called Called Called —=~
Call Setup e o | e
Pick
= sl A W R Set up
I TTTTTTITTTTTTTATTTTIITT Set up ACK
-
Information
—
Call proceeding
FYI josient
Ring back _ Alerting Ringing
indication Aleting | s —>
B back Pick up
Stop ring ba Connect I
indication Connect | .. <
.‘,_
Connect ACK
=
Information
Flow e Information Flow
Information Flow
Information o | J.. 4 «—
— ¥

1. The D channel is used to send the called number to the local ISDN
switch.

2. The local switch uses the SS7 signaling protocol to set up a path
and pass the called number to the remote ISDN switch.

3. The remote ISDN switch signals the destination over the D
Rick Gg(ﬂragaga%&cabrillo.edu 15



Router Calling Calling Called Called Called %
C al I S Et u p call DTE DCE DCE DTE router
Pick
= <8, S e, Set up
((ARRUARRRRERRERLRRCELRRLCRCRLCCRLCLLY Set up ACK
q_
Information
—
Call proceeding|
.‘_
Ring back _ Alerting Ringing
indication MAering | . ... e >
indication Connect | P
.‘.._
Connect ACK
=
Information
Flow e 1 S Information Flow
—»
information Flow
Information i A —
e ' i

The destination ISDN NT-1 device sends the remote ISDN switch a
call-connect message.

The remote ISDN switch uses SS7 to send a call-connect
message to the local switch.

The ON switch connects one B channel er ,

or
data transfer. Both B channels can be used simultaneously.

Rick Graziani graziani@cabrillo.edu 16



ISDN reference points
et s gt Cabrillo College

Local

TE1

Service
provider
network

Device Device Type Device Function

TE1 Terminal Equipment 1 Designates a device with a native ISDN

TA interface, such as an ISDN router or ISDN
-~ telephone.
Existing Terminal |TE2Z | Terminal Equipment 2 Designates a non-ISDN device, such as a
T inal Adabt workstation or router, that requires a TAto
ermina apter & otk 15D il peouidor
into BRI signals. -
Short NT2 Netuork Termination s The point at which all ISDN lines at a customer
Term ' "3 ' site are aggregated and switched using a
Memory customer switching device.

NT1 Network Termination 1 Controls the physical and electrical termination
of the ISDN at the customer's premises.
Converts the four-wire BRI signals into two-wire
signals used by the ISDN digital line.

Rick Graziani graziani@cabrillo.edu 17



ISDN reference points

g;"[iﬂ_"'j%:l.}lIII|IIIIIIIIIIIIII|IIII||II||II|IIIIIZ Il Cabrillo College
{ 1“;‘ Ln{:ﬂl
loop

Service
provider
network

Device Device Type Device Function

TE® Terminal Equipment 1 Designates a device with a native ISDN

interface, such as an 1SDN router or ISDN

telephone.

; TE2 ‘Terminal Equipment 2 Designates a non-ISDN device, such as a
S—" i workstation or router, that requires a TAto

Existing Terminal connect to an ISDN service provider.

. TA i Converts EIA/TIA-232, V.35, and other signals
Terminal Adapter Teanicsl Adeptor ol B ainis v
NT2 Network Termination 2 The point at which all ISDN lines at a customer
site are aggregated and switched using a
customer switching device.

Short NT1 Network Termination 1 Controls the physical and electrical termination
Term of the ISDN at the customer's premises.
Memory Converts the four-wire BRI signals into two-wire
signals used by the ISDN digital line.

Rick Graziani graziani@cabrillo.edu 18



To non-ISDN

device (TE2)
ISDN Interfaces | s !
m:m ISDN
LEAHRL LA I ‘ _ . e
4-wire "
circuit Ll
; o SIT bus
/ U.S. demarcation
Short ISDI\; S/T bus Non-U.S. demarcations

Term phone
Memory ISDN-enabled ﬁ
Equipment (TE1) Cisco ISDN
router
k' To connect devices that perform specific functions, the interface between the
two devices needs to be well defined.

I R T References the connection between a non-ISDN compatible device
Terminal Equipment type 2 (TE2) and a Terminal Adapter (TA), for example
an RS-232 serial interface.

I s 1 References the points that connect into the customer switching device
Network Termination type 2 (NT2) and enables calls between the various types
of customer premises equipment. TE1

AT Electrically identical to the S interface, it references the outbound
connection from the NT2 to the ISDN network or Network Termination type 1
(NT1).

kU T References the connection between the NT1 and the ISDN network
owned by the telephone company.

Rick Graziani graziani@cabirillo.edu 19




ISDN reference points

e Cabrillo College

CAUTION: Some routers contain NT1is. Never connect
a router with a U interface into a NT1. It will most likely ruin
the interface. Know what type of interface your router has!

SIT R
— ] SON N\ Y e e e

i [6] [c00000 [o0] 1
Gateway NT1 Cloud NT1 TA ISP

A Because the S and T references are electrically similar, some
Interfaces are labeled S/T interfaces. Although they perform different
functions, the port is electrically the same and can be used for either

function.

Rick Graziani graziani@cabirillo.edu
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=

Cisco Interfaces S/T interface requires an

NT1 connection. o

N 1T TTT T T : -

Figure 1-8: ISDN BRI WAN Module
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Figure 1-9: ISDN BRI with Integrated NT1 WaN Module
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k" In the United States, the
customer is required to
provide the NT1.

A in Europe and various
other countries, the
telephone company
provides the NT1 function
and presents an S/T
Interface to the customer.

Rick Graziani graziani@cabrillo.edu




ISDN switch types

e et o g Cabrillo College
42 \x | \ ' p By
| co,?) B\

Many/providers and switch lypes Services vary by regions and countries

A Routers must be configured to identify the type of switch with which
they will communicate.

L Available ISDN switch types vary, depending in part on the country in
which the switch is being used.

b Asa consequence of various implementations of Q.931, the D channel
signaling protocol used on ISDN switches varies from vendor to
vendor.

A Before the router can be connected to an ISDN service, it must be
configured for the switch type used at the CO.

k' This information must be specified during router configuration.

Rick Graziani graziani@cabirillo.edu 22



ISDN switch types

I 1T Cabrillo College

Country Switch Type

United States and Canada AT&T S5ESS and 4ESS; Northern Telecom
DMS-100

France VN2, VN3

Japan NTT

United Kingdom Net3 and Net5

Europe Net3

Switch types used for router configuration.

Switch Type Description

basic 5ess AT&T basic rate switches (United States)
basic-dms100 NT DMS-100 (North America)

basic-ni National ISDN (North America)

basic-1tr6 German 1TR6 ISDN switches

basic-nwnet3 Norwegian Net3 switches

basic-nznet3 New Zealand Net3 switches

basic-ts013 Australian TS013 and TS014

basic-net3 Switch type for NET3 in United Kingdaﬁ'l and Europe
ntt NTT ISDN switch (Japan)

Rick Graziani graziani@canriio.eau



Cabrillo College

Nortel DMS-
100 Switch

K In addition to nowing the switc tpe the service provider is using, it
may also be necessary to know what service profile identifiers

(SPIDs) are assignhed by the telco.

A SPID is a number provided by the ISDN carrier to identify the
line configuration of the BRI service.

SPIDs allow multiple ISDN devices, such as voice and data
equipment, to share the local loop.

SPIDs are required by DMS-100 and National ISDN-1 switches.
SPIDs are used only in North America and Japan.
In many cases when configuring a router, the SPIDs will need to be

Rick grgto\ﬁ I‘g%lga'hi@cabrillo.edu 24
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DDR 7T Dial-on-Demand Routing
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DDR operation

I 1T T e T e v T Cabrillo College

Interesting
packet arrives

Dial Connection

I Dial-on-demand routing (DDR) is triggered when traffic that
matches a predefined set of criteria iIs queued to be sent out a
DDR-enabled interface.

A The traffic that causes a DDR call to be placed is referred to as
Interesting traffic.

/3\ Once the router has transmitted the interesting traffic, the call is
terminated.

Rick Graziani graziani@cabirillo.edu 26
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Rick Graziani graziani@cabirillo.edu

4 Dialer map in use? If so, send traffic. If

3 Use dialer map to access next hop router
not call remote router.

2 Exit inter DDR? If so, traffic interesting? 5 Transmit both interesting and non-
If not, stop here. interesting traffic.

1 Interesting —>Routing — kit inter 6 After a_specific amount of time, the idle
timer disconnects link when no
interesting traffic is se

packet arrives  Table

Dial Connection

>
i ..'._. - -
<

ISDN
Basic Rate
Service

The router receives traffic, performs a routing table lookup to determine if there is a
route to the destination, and identifies the outbound interface.

If the outbound interface is configured for DDR, the router does a lookup to determine if
the traffic is interesting.

The router identifies the dialing information necessary to make the call using a dialer
map to access the next-hop router.

The router then checks to see if the dialer map is in use. If the interface is currently
connected to the desired remote destination, the traffic is sent. If the interface is not
currently connected to the remote destination, the router sends call-setup information
through the BRI using the D channel.

After the link is enabled, the router transmits both interesting and uninteresting traffic.
Uninteresting traffic can include data and routing updates.

The idle timer starts and runs as long as no interesting traffic is seen during the idle
timeout period and disconnects the call based on the idler timer configuration.

27



Dialer map in use? If so, send traffic. If

3 Use dialer map to access next hop router 4
not call remote router.

2 Exit inter DDR? If so, traffic interesting? 5 Transmit both interesting and non-
If not, stop here. interesting traffic.

1 Interesting —>Routing — kit inter 6 After a.specific amount of time, the idle
timer disconnects link when no
interesting traffic is se

packet arrives  Table

Dial Connection

ISDN
Basic Rate
Service

The idle timer setting specifies the length of time the router
should remain connected If no interesting traffic has been sent.

However, only interesting traffic resets the idle timer.

Note: You should configure routing protocols as uninteresting in the
Interesting traffic definition to prevent periodic routing updates and
hellos from resetting the idle timeout.

I>o I = I = I>o
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XDSL

* DSL (or xDSL), is a family of technologies that
provide digital data transmission over the wires
of a local telephone network.

« DSL originally stood for digital subscriber loop,
although in recent years, many have adopted
digital subscriber line as a more marketing-
friendly term

Network Infrastructures — a.a. 2011-2012
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XxDSL Faminly

ISDN Digital Subscriber Line (IDSL)
High Data Rate Digital Subscriber Line (HDSL)

Symmetric Digital Subscriber Line (SDSL), a
standardized version of HDSL

Asymmetric Digital Subscriber Line (ADSL), a version of
DSL with a slower upload speed

ADSL “lite” (or g.lite)
Rate-Adaptive Digital Subscriber Line (RADSL)
Very High Speed Digital Subscriber Line (VDSL)

Very High Speed Digital Subscriber Line 2 (VDSL2), an
improved version of VDSL

Reasons for xDSL market

More than 600 million copper wires worldwide

Growing requests for data transmissions (mainly
access to IP networks)

Competition
Deregulation

Growing needs fro POTS in developing
countries

Network Infrastructures — a.a. 2011-2012
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An example:
copper wired access network Telecom
Italia

Number of network terminations: 33.576.600
Numebr of Central Offices: 11.000

Number of Street Cabinets: 150.000

Amount of cables: above 105.700.000 km—pairs

Mean distance from a CO and a user: 1,5 Km
(1,2 Km in urban areas)

Some history

In the early 1980s, the idea of a digital subscriber line to
provide access to an integrated services digital network
(ISDN) was initiated

— The initial throughput requirement was 160 kbit/s

— Investigate even higher transmission throughputs approaching
T1 speeds

— The project was named High bit rate DSL (HDSL)

Lately the interest towards asymmetry arose (for Video
on Demand services)

Joe Lechleider at Bellcore (now Telcordia Technologies)
developed ADSL in 1988 by placing wideband digital
signals above the existing baseband analog voice signal
carried between telephone company central offices and
customers on conventional twisted pair cabling

Network Infrastructures — a.a. 2011-2012
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Current telco services

= _Bandwidth comparisons with phone wire

Service Upper limit bandwidth
Voice service ~ |3400Hz |
ISDN(USA) 80kHz

ISDN(Germany) 120kHz

T1 Using 2B1Q 400kHz

ADSL About 1MHz

Central
Office (CO)

CO SWITCH
PSTN HE—l

UTP subscriber line
MO0

AR avununushanenan e e

Wiring Schematic pre-DSL

Bundled together
in a binder group

BPELRRELLPRRE Seeeeet

DOOONNINNOANNNND

Cabinet Cabinet
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Analog (or V.90) modems

Central

Office (CO)
CO SWITC ) 3
UTP subscriber line
pRvanhannR R RRRRR AR AL R

modem

CO SWITCH [H—am

modem L

Current telco services

 Limitations of current telco networks to upgrade
service:
— Space of CO
— Distance of user from CO
— Internet problems for POTS and ISDN
— Both types of data services use existing CO voice

switch, not optimized for data

* Need to put data services to be handled by Data

Communication equipment

10
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xDSL variations

» X = Variations:
— Speed and distance
— Symmetry
— Support for POTS
— Location of equipment

11

For a category 3 UTP (unshielded twisted pair)

0 (Lo Far ] b i ] A Eca0) [ o

12
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High Data Rate DSL: HDSL

Most widely deployed form of DSL

Created to provide leased-line T1 service
Adaptive line equalization and 2B1Q (2 binary,
1 quaternary)

Heavily used in cellular telephone buildouts

Drawbacks:

— No provision exists for analog voice

— HDSL has crosstalks at both ends for symmetric
HDSL-2 with a single wire pair is a promising
alternative to HDSL with 2 or 4 wire pairs

13

Asymmetric DSL

Original market driver: distribution of video on demand
(VoD) (failed for this target)

An ADSL local loop is for the exclusive use of he
subscriber, with no contention for bandwidth on that local
loop

ADSL provides for passive transmission of analog voice
service

The distinguishing characteristic of ADSL over other
forms of DSL is that the volume of data flow is greater in
one direction than the other

Providers usually market ADSL as a service for
consumers to connect to the Internet in a relatively
passive mode

— able to use the higher speed direction for the "download" from
the Internet but not needing to run servers that would require
high speed in the other direction 14
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Speed

* Older ADSL standards can deliver 8 Mbit/s to
the customer over about 2 km of unshielded
twisted pair copper wire

e The latest standard, ADSL2+, can deliver up to
24 Mbit/s, depending on the distance from the
central office

15

ADSL frequency bands

» ADSL uses two separate frequency bands, referred to as
the upstream and downstream bands

» The upstream band is used for communication from the
end user to the telephone central office

e The downstream band is used for communicating from
the central office to the end user.

+ With standard ADSL, the band from 25.875 kHz to 138
kHz is used for upstream communication, while 138 kHz
—-1104 kHz is used for downstream communication

[V g LR 13 ag (ST RY

Drorweaveam 16
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ADSL frequency allocation

Power spectral density

A
™~
Q
F:je'q'ugncy -
ivision
g Upstream Downstream
o
3 20 25 ~200-250 1000 4
X KHz frequency
©
o
cancEe(I:I(')ation > Upstiffam §
g & Downstream
= Downstream
8 20 25<—Eco cancelleation—»variabIe 1000
frequency
17

Cross-talks

» Wires sharing the same cable interfere one each
other

POTS ADSL

\ VDSL i
HDSL : . . Binder group

10 kHz 100kHz 1 MHz 10MHz 100 MHz

4 y \.h ___'_5__1.;\.-&"/"
) we_ ot \\‘
E

18
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% ADSL and cross-talks

¢ Two kinds of cross-talk noise exist: far-end cross-talk
(FEXT) and near-end cross-talk (NEXT).

* Depend on:
— The power spectral density of the transmitted signal
— The number of twisted pairs in the same cable

— The overlapping of bandwidths of the useful signal
and the interfering ones

e Crosstalk typically increases with frequency—>
significant impairment for high speed DSL

19

E‘»;q

by 11

FEXT

e FEXT is the cross-talk between a transmitter and a receiver placed
on opposite sides of the cable

* FEXT signals travel the entire length of the channel

» Since for ADSL “short” cables are used, the signal carried on other
pairs, even though coming from far away, are not strongly attenuated
and create interferences that affect other pairs.

» Toreduce this kind of noise a cable usually doesn't contain more
than a dozen twisted pairs.

. — =

TX ELRRRRRRRRRRRR NN R X

FEX

TX AP0 Rx

[
oS

Affected signal

20
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cable;

Receiver's signals are
softer than transmitter's
one, since come from far
away and thus there is a
strong interference which
reduces quality of useful
received data.

NEXT is one of the
reason of the frequency
division for upstream and
downstream in ADSL.

NEXT

* NEXT is the cross-talk between a transmitter
and a receiver placed on the same side of the

. | gy L |

kTX nonnnnnnnncoccooeay RX

> NEXT

RX‘\'\,’\‘\‘\'\.‘\'\’\.‘\‘\‘\.‘\.‘\‘\.’\.’\.’\.’\.’\,’\.’\.‘\’.\ TX I
k — i
- Affected signal

21

Average NEXT and FEXT coupling
functions

HERF ol uemton

mr\

Owarall channel charactanstics

£l e X TS

Amplitude characleristics [dB]
&
==

FEXT coupling !wm’\

-120
0 1 2 3

Local loop lenght= 1 Km

4 5 &6 7 8 9 1M N
Frequency f [MHz]

22
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Noise PSD, dBm/Hz

-100
-110F,
-120
-130
—1401
-150 |-

-160
0

Crosstalk on Line

Power Spectral Density of Crosstalk on Subscriber Loop
T T T

— 5T1 (adjacent)
— - 24 HDSL
— 24ISDN
—— AWGN: -140dBm/Hz

\

I I
400 600 800
Frequency, KHz

I
1000

23

Filtering: splitters

 Itis necessary to install appropriate frequency
filters at the customers premises to avoid
interferences with the voice service

— either a splitter is installed before connecting the line
to phone / DSL modem

— or DSL signal is "filtered off" at each phone by use of
a low pass filter, also known as microfilter.

24
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Echo cancelled

ADSL
up DOWN
kHz
25 138 1100
uP DOWN
i é KHz
75 138 150 1100
\ L NexT
RX DOWN
kHz
25 138 150 1100
25
Reduced NEXT or FDD
ADSL
uP DOWN
kHz
25 138 150 1100
uP DOWN
' 4 é kHz
25 138 150 1100
RX DOWN
kHz
25 138 150 1100
26
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ADSL: Modulations

 Modulation: CAP

— CAP stands for Carrier-less Amplitude/Phase
modulation, and describes a version of QAM in which
incoming data modulates a single carrier that is then
transmitted down a telephone line.

— The carrier itself is suppressed before transmission (it
contains no information, and can be reconstructed at
the receiver), hence the word “carrier-less” (single
carrier but suppressed)

27

ADSL: Modulations

* Modulation: DMT (Discrete Multi-Tone)
(multicarrier)
— 256 sub-bands of 4,3125 kHz each, so
occupying 1.024MHz

— Each sub-band is QAM64 modulated for
clean sub-bands, down to QPSK for | .-J;
noisier lines it JEART)

......

e sl 4 E - par il
[

o |

4 Sy gl
Yoy - (AN 28
Feel = fi 4 K
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Divide the operational ADSL
bandwidth into very small
subchannles

Discrete carriers (or tones) are
used in the center of each data
subchannel

These carriers are used to transmit
data independently in each
subcarrier by means of a specified
QAM modulation.

.
I p i)

|

a
SIN -

i——\/

v 1184 piMbz)
PSD -

0 IR i

29

Unused tones
Due to line conditions

DMT modulation

Tone QAM moduled

PSD i
A Tone Spacing
(4.3 kHz) l
T <
n n Mn anlllraon_nll [ Max variation 3-7 dB
POTS
» frequency
4 kHz 32 kHz 1.1 MHz
sl —
upstream downstream

30
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DMT modulation

Independent subchannels can be manipulated
individually with consideration of the line conditions

If a subchannel is experiencing external interference it
may not be used in favor of other subchannles

DTM can dynamically adapt the data rate to the line
conditions

Theoretical maximum upstream bandwidth:
— 25 channels X 15 bit/s/Hz/channel X 4 KHz= 1.5 Mbit/s

Theoretical maximum downstream bandwidth:
— 249 channels X 15 bit/s/Hz/channel X 4 KHz= 14.9 Mbit/s

31

Water filling

The signal power for each subcarrier is determined as the depth of the
liquid in a pool

Knowing the discreate values of p(f,) for each subcarrier f, one may deduce
the number of bit per simbol to associate to the QAM costellation used in
each subchannel

(SIN)* Volume of the liquid contained in the pool =
average power of transmission
&= \ i il
P~ /

. 32
fmln fl f2 fk fmax frequency
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ADSL: Modulation

* CAP and DMT compared for ADSL (see next
Table)

— Adaptive equalizer is required for CAP since noise
characteristics vary significantly across the frequency
passband.

— DMT has the speed advantage over CAP

» DSP advances will enable the technologies to
converge in cost and function

33

Comparison of CAP and DMT for ADSL

CAP DMT

Power consumption Lower, fewer gates Higher peak/average, but will
likely narrow gap

Forward camien [ 156

Retarn cariers | n

Incremeat 320 Kb Kb

Adaptive equalizers Needed None

Licensing Globespan Many sources

Standardization In process ITU and ANSI

Key competitons Globespan, Purndyne, Westell — Conexant, Cisco, Alcatel, Amati
{now Teaas Instruments).
Westell, Eficient Networks

CAP: Carrierless AM/PM

DMT: Discrete Multi-Tone
34
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ADSL.: Architecture

 CAP and DMP are coming together on further
architectural elements of an ADSL system

* ADSL Forum provides much information

(www.adsl.com)

» Content providers transmit information to the CO
over the A9 interface (not shown) and the A4

interface.

« ATU-C: ADSL Transmission Unit — CO
— Embedded in a line card in the DSLAM
— One ATU-C per subscriber

35

CO SWITCH

==

WAN ATU-C

Central Office (CO)

POTS-C

POTS

UTpP

ADSL reference model

SPLITTER

DSLAM

POTS Splitter: separates POTS from DSL signals

ATU-R: ADSL Termination Unit — Remote side

ATU-C: ADSL Termination Unit Central office side

DSLAM: DSL Access Multiplexer

POTS

SPLITTER|

[E%

POTS-R

ATU-R

36
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% More Detail on an End-to-End Design

[ splitter

Central Copper wire Customer

muxapsL  office gfé premises
(DSLAM) '\
&>

Splitter ff
m THE o
Splitter Q%Q )|

Data trasport network
Coppeh

Customer
'\) premises

PSTN

37

ADSL.: Principles of Operation

* Two services
— Transparent access to legacy voice service
— High-speed digital service

» Voice service

— POTS splitters used in home shunt the frequencies
below 3400Hz to POTS wiring

— Frequencies above the voice band are for high-speed
data service to get to the ATU-R

38
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ADSL.: Architecture

 ATU-R: ADSL Transmission Unit — Remote
— Supports a multidrop or shared-home topology

e ATU-C: ADSL Transmission Unit — Central

— ATU-C and ATU-R engage in physical-layer negotiations
between the home and the CO and they can be
considered modems

— Keep management statistics, such as SNR at the
physical layer; packet counts at the network layer,
receive software updates; and be remotely manageable
by the carrier

* POTS splitter (PS)

— A low-pass/high-pass filter 0

ADSL.: Architecture

» ATU-C and ATU-R operations
— Concerned with physical layer

— Frequency allocation:
» Bandwidth on the phone wire is divided into three parts:
— Legacy analog POTS service: below 3400Hz
— Upstream digital service: 25-200kHz
— Downstream digital service: 25/250-1000kHz (Echo
cancellation/FDM: frequency division multiplexing)
— Echo cancellation
» Both sides talk at the same time
» More bandwidth efficiently than FDM
» More complex and expensive

— Rate adaption
40
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CPE interfaces

10baseT

— 10Mbit/s on a 100m twisted pair
— widely available on PCs
ATM25

— 25Mbit/s on a 100m twisted pair
— Point-to-point

— Not very common

— More expensive

- USB

— 12Mbit/s till 30m

— widely available on new genartion PCs

Wi-Fi s

ADSL: Architecture

* DSL Access Multiplexer (DSLAM)

— Primary functions:
» House a set of ATU-C interfaces
» Multiplex traffic
» Demultiplex traffic
» Negotiate line speed
» Serve as a central management platform
— Locations:
» CO, adjacent site to CO, remote terminal, customer premises

— Current DSALMs may include up t a few hundreds

42
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CO elements

POTS splitter (4 customers)

T

Network unit

43

In-home configuration

Sl TTHI
PT"IS Splitter ] I. -Sﬂ..é}f
ws dis ADEL vl
I I . HPY Mo snedh NT %

Fhone line carryng

POTS + ADSL I
EE

LFF

Hote: HPF miay be in the
LDEL T front end
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Splitters

Splitter separates POTS from DSL signals
— Must guarantee lifeline POTS services
— Hence usually passive filter

— Must block impulse noise (e.g. ring) from phone into
DSL
 Itis not a simple cascade of a lowpass [0, 25

KHz] filter with a passband [25 KHz, 1,104 kHz]
filter but a multiband (or hybrid) filter

45

e Splittered « Distributed splitters
Purs 8 -
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ADSL Protocol Architecture
Upper laye Upper layer
Protocols Protocols
P IP
PPP PPP
AALS5 AALS
ATM ATM
ADSL
session Internet
DSL client Telco CO management  or outside n/w
47
ADSL Architecture — user side
PC with ATM /ADSL adapter
TCP/IP
Enunsll.lhubn
i
PC with Ethernet adapter Bridging modem
[ ot |
RFC1483
PC with Ethernet adapter Routing modem
Ethernel ATM AUSE
Ethernel ADSL
48
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@ ADSL Architecture — network side

S
Rete 1P

P

Rete ATM

Ip - - 1P - - P
i = PPP
Proto- Proto-
colla = = colle AALL |- = AALS
i li dil
W TEATAM ] ATM | ATM Jo—u] aTM
Fisico Fisko Fisico  |= = Fislco DsL DsL
Router |- {J e

DSLAM ——
e Lap gl

Lirea DSL

(da A. Pattavina, Reti di Telecomunicazione, 2° ed.)

49
@ ADSL Architecture — network side
I - P L
ppp |- = ppp
had MAL
Ethemet Ethernet
Q822 == Qo2 LlcaNap (= - =hicanap
RALE |- = AALS
ATH o ATM | ATM |~ | ATM
Fisicns |- wi  Fisico Fisirn  |== - Fislco [¥sL - - i
= | ST :
r soer [l o, L
T . :
I_(': il _’;,_J | E B AT Hl_l_l
Fete Frame Relay Linea ATH Limes DSL
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ADSL.: Principles of Operation

 Bit rate negotiation
— Between ATU-R and ATU-C
— Four start-up rate options, multiple of 32kbps
— The entire process is about to take 12~20s (retaining
period)
» Autoconfiguration
— Configuring IP addresses & software filters to ATU-R

51

ADSL.: Principles of Operation

» Benefits and challenges of rate adaption
— Increases bit rate for customers with good phone wire
— Covers greater distances for service providers

» Challenges:

— Technical:
» What metrics, algorithms and measurements?
» Agreement on different ATU-Rs and ATU-Cs
» How to synchronize information?

* Marketing:
— How to set pricing and bandwidth guarantees?

52
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Very high data rate DSL

» VDSL pushes to the limit what can be
transmitted over 24-gauge copper pairs.

» Service options:

— Upstream Downstream Distance
— 12.96 Mbps  12.96 Mbps 1000 m
— 2 Mbps 25.92 Mbps 1000 m
— 25.84 Mbps  25.92 Mbps 300 m

— 2 Mbps 51.84 Mbps/STS-1 300 m

» Key to fastest bit rate possible is to have the
shortest possible length of copper wire

53

VDSL Architecture

VDSL interface in the ONU

Copper wire

Fiber optic ONU

NT
YR i

/::

VDSL

ONU: Optical Network Unit
S: POTS splitter

NT VDSL: Network termination VDSL
54
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- ‘\I
iy

Typical configuration

FTTEx o
Livcad Pramisgs
Exchange]
= NT
Ny . ,{ VTUR

Coes ALCess
Metwork Matwark
————————

AN - access network

VTU - VDSL transmission

ONU - optical network unit

unit

55

DOWNSTREAM

300-600kHz

POTS
300-3400Hz

17MHz
VDSL
downstream
POTS
300-3400Hz
f(Hz)
VDSL
upstream
UPSTREAM
DOWNSTREAM ISDN
300-600K

VDSL

UPSTREAM

upstream

f(Hz)

I canali downstream ed upstream occupano
Ia stessa banda a suddivisione di tempo (TDD)

FDD
solution

TDD
solution
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Comparison between ADSL and VDSL
*
Full-Rate ADSL VDSL
POTSASDHN, therelore requicing  Yes Yes, YDEL subscriber unin will
wplitters b ponwered froes the lome, bt
will pevert i netwerk poweding
b the event of & power Oulage.
Modulstion iechnique DMT, using 256 bands with DAMT, CAF, or AN
+ tx woacing DMT modalation woeld use 256
hands with 40 kiHr spacing. or
2048 bands with 4 kHz specing
Drual latency Yes Yes
Spectrum Allocation Up it 1 MH2 Up 1o 30 MHz
Downstreas bit rabe Various up to & Mbps Warkous up (o 3184 Mbps
Uhpeitrearn bt rate Warious up o T 2 ¥ Mbps
Stancardiration ANMESITLEI ANEITLEL
ADSL Forum ADSL Forum
ITU G.9921 ITU SG 15, Oovdal, .93
Dilstaros w GONU Up 1o SO00 msters 300 o 1000 meters
57
Moaulaiion Upsiresm D FOTS
- Buoharme Digaynalrase B Ants  Fats Buppar] Carmanls
ISERN FHIG o K. e I, Ba ANELT L
128 Kbps 18 Kops Ut A3 coing in sine
. : - Huropean coustries
IRSL 810 139 Kbps 1% Kbpe a Llars IR0 T,
T ﬂzﬂ-_ up?a:mp U i 3 Mo M Ul Meomad wlsea) civmns T
3 Bervice
VL2 PAM-1EG 2 Mbpa 2 Mg M Llass N W iReS ] Pl FTRAR-
.
DL (RTSED 2g 2 Mfiapm 2 M Y Uses two wires: mate adageabie
i DT 3 Mivpa 517 Kipa Yes TG 822
Al AP 1.5 Ml w0 & Mps i Kb 0 Yen Bloasly Parndymas
mm — i wm L T -
ADSL DMT 1.5 Mips s T Mibps £ K 10 Wan AMEITIALY
M H e
CAP T Kl T K Wrn Faradyme
VLY
Mogebil AN 1 Mg 30 Kb Yen Froprisiaty in Morthem
r-b— = kg “Tabecom:; resiies in Morel
o oo . Tisasp warvies synasen
VDSL CAMICAP 1206 Mips i 51 14 M 1o Via Runge of A0 matwrs fos top
P Mg 3 Mbps speeds, ARSI T1EL4, BTS1
anil ITL Susty Chrosgs 15
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% XDSL family

Family Racc. ITU Name Data Maximum capacity (Mbit/s)
ADSL G.992.1 G.dmt 1999 i doj
0.8 up
ADSL2 G.992.3 G.dmt.bis 2002 f S‘;‘””
ADSL2+ G.992.5 ADSL2plus 2003 2‘1" Sg‘””
ADSL-RE | G.992.3 Reach Extended 2003 f S‘;‘””
SHDSL G.991.2 G.SHDSL 2003 5,6 up/down
VDSL G.993.1 | Very-High-data-rate DSL | 2004 51,2 Sg‘””
VDSL2-LR G.993.2 Very-High-data-rate DSL2 2005 55 down
Long Reach 30 up

Very-High-data-rate DSL2

Short Reach 2005 100 up/down

VDSL-SR G.993.2

59
) Challenges to xDSL
» Technical:
— Loop qualification
— Crosstalk: shared media creates a loss of QoS
— Bridged taps: a legacy of phone wiring installation
practices of Y form, which can be a significant
impairment for DSL services for the echo
— Powering remote terminals
— Spectral masking
— Impulse noise
— ATU-R maintenance
60
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% Challenges to xDSL

 Industry:
— Regulatory issues
— Broadcast video
— Home networking

» Successive factors:

— How many systems will be updated to DSL for POTS
services?

— How many loops qualify?

61

Some References

* http://www.cisco.com/univercd/cc/td/doc/cisintwk
/ito_doc/adsl.htm

o http://www.adsl.com

» Book: Balaji Kumar, Padmanand Warrier “XDSL
Architecture”, Publisher: McGraw-Hill
Companies (October 25, 1999)

» BooK: Maurice Gagnaire “Broadband Local

Loops for High-Speed Internet Access” (Artech
House Telecommunications Library) (2003)
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% Appendix:

Point to Point Protocol: summary

* PPP -designed for simple links to transport packets
between two peers

* PPP encapsulation provides for multiplexing of different
network-layer protocols simultaneously over the same
link

* PPP provides a Link Control Protocol (LCP) which

negotiates the establishment and termination of a PPP
link.

« LCP also negotiates the options for encapsulation
format, authentication and link quality monitoring

63

PPP

e Itis used together with ADSL for its ability to directly
connect the user to the Central Office of its ISP and its
important functions like: authentication, authorization,
automatic configuration of network interfaces and DHCP
support.

¢ Inthe majority of European countries ADSL is based on
the ATM protocol so PPP is encapsulated inside ATM cells
(PPPOA).

* Nonetheless ADSL can stand on top of Ethernet and be
incapsulated in Ethernet Frames (PPPOE).

= PPP
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PPP: protocol architecture

IP I IPX I L3ptot0cols

IPCP | IPXCP | others NWK
PPP Network Control Protocol
— g Link
Authentication, link configuration
Link Control Protocol
Physical media (synchronous /asynchronous) PHY
LCP *NCP
Establishment, control and «Family of protocols used to configure

termination of the link

— Parameters negotiation (kind of
authentication, compression, ...)

— Authentication
— Control and termination of the link

the network layers

the network layers

network protocol

— Configuration of specific parameters of

— A different module for each different

65

e The Protocol field identifies the datagram encapsulated

PPP Encapsulation

in the information fiel.

« Information filed contains the datagram and could be
zero or more octets up to a Maximum Receive Unit

(MRU)

e The default MRU value is 1500 octets ,though it could

vary by negotiation

e The Information field may be padded up to the MRU
number of octets

variable
1 1 1 Lor2 it 2oréd 1
oretefinjesoecont| protocol | info | check ot
flag control flag
address

66
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PPP Encapsulation

* The Protocol field identifies the datagram
encapsulated in the information field.

 Information filed contains the datagram and
could be zero or more octets up to a Maximum
Receive Unit (MRU).

» The default MRU value is 1500 octets ,though it
could vary by negotiation.

* The Information field may be padded up to the
MRU number of octets.

67

PPP Link Operation.

LCP PAP/CHAP
uP
Dead Establishment Authentication
fail fail
LCP closin
Termination 9 Network NCP
down

68
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Link Establishment

 Link establishment phase uses the Link control
protocol.

— Link Configuration Options
» The Maximum Receive Unit size.
» Authentication and protocol to be used for authentication
» Protocol Field Compression
» Link quality monitoring
» Magic number option for detecting looped back links.
» Address and Control field compression

69

Link Establishment Process

Configure request

Peer | Configure Ack/Nak | Peer

e The configure-request message is sent to request a link
establishment and it contains the various options requested.

e This request is responded with a Configure-Ack if the negotiation is
accepted.

< A Configure-Nak is sent if the negotiation is not acceptable and it
suggests an acceptable negotiation.

70
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Authentication

Authentication Option uses Password Authentication Protocol
(PAP) or Challenge Handshake Authentication Protocol (CHAP).

The protocol used depends on negotiation.

CHAP uses a one-way hashing algorithm which is known only to the
user, to respond to a challenge sent by the authenticator.

CHAP is more secure than PAP.

“username password”

4 PAP
accept/reject
challenge
response
CHAP
accept/reject 7

\ﬂ’ i . . = S e
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Network Topologies

LAN topologies
WAN topologies




LAN topologies

* Physical

»Describes the geometric arrangement of
components that make up the LAN

* Logical

»Describes the possible connections between
pairs of networked end-points that can
communicate



LAN Topologies(Physical)

Bus

2) Star

3) Ring

4) Switched

5) Daisy chains
6) Hierarchies



Bus topology

e All networked nodes are interconnected,
peer to peer, using a single, open-ended
cable

* Both ends of the bus must be terminated
with a terminating resistor to prevent
signal bounce



Bus topology

C flode

L iy e
a

_

Terminator Terminator

3
& 4 L



Advantages of Bus topology

1) Easy to implement and extend

2) Well suited for temporary networks
that must be set up in a hurry

3) Typically the least cheapest topology to
implement

4) Failure of one station does not affect
others



Disadvantages of Bus topology

‘ 1) Difficult to administer/troubleshoot

2) Limited cable length and number of

stations

3) A cable break can disable the entire

4)

)

network; no redundancy

Maintenance costs may be higher in the
long run

Performance degrades as additional
computers are added



Ring topology

e started out as a simple peer-to-peer LAN
topology

e Each networked workstation had two
connections: one to each of its nearest
neighbors

» Data was transmitted unidirectionally
around the ring

* Sending and receiving of data takes place
by the help of TOKEN



Token Passing

» Token contains a piece of information
which along with data is sent by the
source computer

e This token then passes to next node,
which checks if the signal is intended to it

»If yes, it receives it and passes the empty to
into the network

> otherwise passes token along with the data
to next node



Ring topology




Advantages of Ring topology

This type of network topology is very
organized

Performance is better than that of Bus
topology

3) No need for network server to control the
connectivity between workstations

4) Additional components do not affect the
performance of network

5) Each computer has equal access to
resources



i
2)

3)

Disadvantages of Ring topology

Each packet of data must pass through
all the computers between source and
destination, slower than star topology

If one workstation or port goes down,
the entire network gets affected

Network is highly dependent on the
wire which connects different
components



Star topology

e Have connections to networked devices
that “radiate” out form a common point

* Each networked device in star topology
can access the media independently

* Have become the dominant topology type
in contemporary LANs

» Stars have made buses and rings obsolete
in LAN topologies






Advantages of star topology

1) Compared to Bus topology it gives far
much better performance

2) Easy to connect new nodes or devices

3) Centralized management. It helps in
monitoring the network

4) Failure of one node or link doesn’t affect
the rest of network



2)

3)

Disadvantages of star topology

‘ 1) If central device fails whole network

goes down

The use of hub, a router or a switch as

central device increases the overall cost
of the network

Performance and as well number of
nodes which can be added in such

topology is depended on capacity of
central device



Switched topology

* A switch is a multiport, Data Link Layer device

‘ o A switch “learns’ Media Access Control addresses
and stores them in an internal lookup table

e Temporary, switched paths are created between
the frame’s originator and its intended recipient,
and the frames are forwarded along the
temporary path

» Switched topology features multiple connections
to a switching hub/Switch

» Each port, and the device to which it connects, has
its own dedicated bandwidth



o — B
o
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Switched topology
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Advantages/Disadvantages of a

Switched topology
* Advantage:

»Can improve LAN performance:

increase the aggregate bandwidth available
throughout the network

reducing the number of devices forced to
share each segment of bandwidth

* Disadvantage:

> Large switched implementations do not
isolate broadcasts



Hierarchies

‘ » Hierarchical topologies consist of more than
one layer of hubs. Each layer serves a
different network function

* The bottom tier is reserved for user station
and server connectivity. Higher-level tiers
provide aggregation of the user-level tier

* A hierarchical arrangement is best suited for
medium-to-large-sized LANs that must be
concerned with scalability of the network
and with traffic aggregation



Hierarchical rings

FDDI
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Hierarchical stars




Hierarchical combinations




WAN Topologies

‘ * The topology of a WAN describes the
way the transmission facilities are
arranged relative to the locations that
they interconnect

* Numerous topologies are possible, each
one offering a different mix of cost,
performance and scalability



WAN Topologies

Peer-to-peer VWANSs
Ring WANs

Star WANs
Full-mesh VWANSs
Partial-mesh VAN
Two-tiered
Three-tiered

Hybrids



Peer-to-peer topology

‘ * A peer-to-peer WAN can be developed
using leased private lines or any other

transmission facility

e This WAN topology is a relatively simple
way of interconnecting a small number of
sites

* Represents the least-cost solution for
WANs that contain a small number of
internetworked locations



Peer-to-peer




Advantage/Disadvantage of Peer-to-

peer
* Advantage:

> It is inexpensive relative to other options

e Disadvantages:

» They don’t scale very well. As additional
locations are introduced to the WAN, the
number of hops between any given pair of
locations remains highly inconsistent and has
an upward trend

> An equipment or facility failure anywhere in a
peer-to-peer VAN can split the WAN



Ring topology

‘ » Can be developed fairly easily from a peer-
to-peer network by adding one transmission

facility and an extra port on two routers

* A ring-shaped WAN constructed with
point-to-point transmission facilities can be
used to interconnect a small number of
sites and provide route redundancy at a
potentially minimal incremental cost

» Can use dynamic routing protocols



Ring topology




Advantages/Disadvantages of Ring

topology

* Advantages:

» It provides alternative routes

>t is less expens
peer WAN

» Disadvantages:

»Depending on t
the locations, ac

ive than all but the peer-to-

ne geographic dispersion of
ding an extra transmission

facility to comp
prohibitive

ete the ring may be cost

»Rings are not very scalable



Star network Topology

‘ » constructed by homing all locations into a
common location

* The star topology can be constructed
using almost any dedicated transmission
facility including frame relay and point-to-
point private lines



Advantages/Disadvantages of star
topology

* Advantages:

»More scalable than a peer-to-peer or ring
network

»Improved network performance. Hop count
of three

e Disadvantages:
> It creates a single point of failure

» There is no route redundancy



Star topology




Two-tiered topology

‘ * A two-tiered topology is a modified
version of the basic star topology. Rather
than single concentrator routers, two or
more routers are used

* A two-tiered WAN constructed with
dedicated facilities offers improved fault
tolerance over the simple star topology
without compromising scalability



Two-tiered topology




Three-tiered topology

‘ * WANs that need to interconnect a very
large number of sites, or are built using

smaller routers that can support only a
few serial connections, may find the two-
tiered architecture insufficiently scalable.

* Therefore, adding a third tier may well
provide the additional scalability they

require



Three-tiered

Backbone tier

User Tier

User Location F

User Location E User Location H



Advantage/Disadvantage of three-

tiered

* Advantage:

» A three-tiered WAN constructed with
dedicated facilities offers even greater fault
tolerance and scalability than the two-tiered
topology

* Disadvantage:

» Three-tiered networks are expensive to build,
operate and maintain



Hybrid topologies

‘ » Hybridization of multiple topologies is useful
in larger, more complex networks

» Multitiered networks, in particular, lend
themselves to hybridization. A multitiered
WAN can be hybridized by fully or partially
meshing the backbone tier of routers

* An effective hybrid topology may be
developed in a multitiered WAN by using a

fully meshed topology for the backbone
nodes only



Hybrid topology

Backbone tier

Concentrator tier

User Tier

User Location E User Location H



Data and Computer
Communications

Chapter 12 T Routing in Switched
Networks
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by William Stallings
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Routing In Packet Switched
Network

key design issue for (packet) switched networks
select route across network between end nodes

correctness
simplicity
robustness
stability
fairness
optimality
efficiency



Performance Criteria

used for selection of route
simplest Is nminimum hepo
can be generalized as nleast costo



Example Packet Switched

N1-N3-N6
Hop : 2 (shortest)
Cost: 5+5=10




Example Packet Switched

N etWO f k Route from N1 to N6
N1-N4-N5-N6
Hop : 3
Cost: 1+1+2=4
(least-cost)




Decision Time and Place

Routing decision IS

made individually for

» time
each packet

o Packet or virtual circult basis
o fixed or dynamically changing

» place
o distributed - made by each node
o centralized Routing decision is
e SOUrce made at the time

virtual circuit IS
established




Decision Time and Place

all packets using that

> time virtual circuit follow
the same route

o Packet or virtual circuit basis

. fixed or dynamically’ changin gt
dynamically change

» place the route assigned to

. distributed - made by each nodRssk b
circuit in response to

e centralized changing conditions
e SOUIce (e.g. overload or

failure of a portion of
the network).



Decision Time and Place

time o
o Packet or virtual circuit basis
o fixed or dynamically changing

. distributed - made by each node.

o« Centralized T network control center
e SoOurce T source station



Network Information Source
and Update Timing

routing decisions usually based on knowledge
of network (not always)

o distributed routing

using local knowledge, info from adjacent nodes, info from
all nodes on a potential route

collect info from

ISSUEe of update timing
o When is networkinfo held by nedes updated
o fIXed - never. updated



Routing Strategies - Fixed
Routing

USe a single permanent route for each
SOUrCGe to destination pair

determined using a least cost algorithm

route Is fixed
o at least until a change in network topology
o hence cannot respond to traffic changes

advantage is simplicity.
disadvantage Is lackeof flexipility



CENTRAL ROUTING DMRECTORY

From Mode

E N AN
. 7 5 Y I Y
Fixed CATT

|
I a O u t I I l g oile 1 DHrectoly foile 2 Directory Musile 3 Directory
Destination  Mext ™ osdd Aestinati %0 Mo Destimation  Mext MNode

Mode 4 Directory Node 5 Directory Node 6 Directory

Destination  Mext Node Destination  Mext Node Destimation  Mext Node




Routing Strategies - Flooding

> packet sent by node to every neighbor
> eventually multiple copies arrive at destination
> NO network info required

> each packet is uniguely numbered so
duplicates can be discarded

> need seome way to limit incessant retransmission

o Nodes can remember packets already forwarded to
keep network load in bounds

o Or INclude a hop count in packets



Flooding

{(c) Third hop




Properties of Flooding

all possible routes are tried
o VEry robust

at least one packet will have taken
minimum hop count route

o Can be used to set up virtual circuit

all nodes are visited
o Useful to distribute information (eg. routing)



Routing Strategies - Random
Routing

> simplicity of flooding withrmuch less lead

> node selects one outgoeing path for
retransmission of Incoming packet

> selection can be random or round rekin

~ a refinement Is to select outgoing path based
on probability calculation

> NO network infoe needed

> but a random route Is typically neither least
COSTt NOr MinImum hop



Routing Strategies - Adaptive
Routing

used by almost all packet switching networks

routing decisions change as conditions on
the network change due to failure or.congestion

reguires info about network

o between of network info and



Adaptive Routing -
Advantages

aid
but since Is a complex system, may not
realize theoretical benefits

o Cf. outages on many packet-switched nets



Classification of: Adaptive
Routing Startegies

pased on Infoermation sources

o lOcal (Isolated)
route to outgoing link with shortest gueue
can include bias for each destination
Rarely used - does not make use of avallable info
e Adjacent Nnodes
takes advantage on delay / outage info
distributed or centralized
o all NOdES
like adjacent



Isolated Adaptive Routing

N4 to N3 = bias + queue = 3+1 =4



Least Cost Algorithms

PasiIs for routing decisions
e Can minimize hop with each link cost 1
o Or have link value inversely proportional to capacity

defines between two nodes as
traversed
o IN network of nodes connected by links

o Where each link has a

for each pair of nodes,
o NDb. link costs In different directions may be different

alternatives: Dijkstra or Bellman-Ford algorithms



Dijkstras Algorithm

by developing paths in order of increasing
path length

(next slide)

by
algorithm (in set T)



Dijkstraos Algorithm Method

Step 1 [Initialization]

o I ={s} Set of nodes so far incorporated

e L(N)=w(s,n) fornls

o Initial path costs to neighboring nodes are simply link costs
Step 2 [Get Next Node]

o find neighboring node not in T with least-cost path from s

o INcorporate node into T

o also incorporate the edge that is incident on that node and a
node in T that contributes to the path

Step 3 [Update Least-Cost Paths]
e L(n)=min[L(n), L(x)+ w(x, n)]foralln ¢ T
o flatter term Is minimum, path from s to n is path from s to x
concatenated with edge from x to n



Dijkstraos Algorithm Example




Dijkstrais Algorithm Example

Iter T Path | L(3) | Path L(4) | Path | L(5) Path L(6 Path
)

1 @ 172 5 1-3 il 174 o0 - 0 -

2 {1,4} 172 4 1-4-3 1 174 2 1-475 00 -

3 | {1, 2,4} 1712 4 1-4-3 1 174 2 1-475 o0 -

4 | {1, 2, 4, 1712 3 [14513| 1 174 2 1-475 4 1-4-57T6

5}
5 111, 2,3, 172 3 14573 | 1 174 2 1-475 4 1-4-57T6
4, 5}
6 | {1, 2,3, 1-2 3 (1453| 1 1-4 2 1-475 4 1-4-5-6




Dijkstrais Algorithm Example

Iter T L(2) | Path Path L(4) | Path | L(5) Path L(6 Path
)

1 @ 2 172 [ 1-3 il 174 o0 - 0 -

2 {1,4} 2 172 1-4-3 1 174 2 1-475 00 -

3 ({1,2,4| 2 1712 1-4-3 1 174 2 1-475 o0 -

4 | {1, 2, 4, 2 1712 1-4-5T3 | 1 174 2 1-475 4 1-4-57T6

5}
5 111, 2,3, 2 172 1-4-5T3 | 1 174 2 1-475 4 1-4-57T6
4, 5}
6 | {1, 2,3, 2 1-2 1-4-5-3| 1 1-4 2 1-475 4 1-4-5-6




Dijkstrais Algorithm Example

Iter T L(2) | Path | L(3) | Path L(4) | Path Path L(6 Path
)

1 @ 2 172 5 1-3 il 174 - 0 -

2 {1,4} 2 172 4 1-4-3 1 174 1-475 00 -

3 ({1,2,4| 2 1712 4 1-4-3 1 174 1-475 o0 -

4 | {1, 2, 4, 2 1712 3 [14513| 1 174 1-475 4 1-4-57T6

5}
5 111, 2,3, 2 172 3 14573 | 1 174 1-475 4 1-4-57T6
4, 5}
6 | {1, 2,3, 2 1-2 3 (1453| 1 1-4 1-475 4 1-4-5-6




Dijkstrais Algorithm Example

ter | T @ Path | L(3) | Path | L(4)]| Path | L(5) | Path |L(6| Path
)

1| @y |2 (2] s | 13 [ 1] 1va]| = - - )

2 [ 2 [(12)] 2 [ 143 | 12 [ 1ma | 2 | 145 | « ]

3 |m2a|l 2 (2] a [ 143 | 12 [ wma]| 2 | 1415 | o ]

2 @24 2 12| 3 (1453 2 | 1wa | 2 | 1455 | 2 | 1-2516
S}

5 11,23 | 2 | 2| 3 [1a593] 1 | 1va | 2 | 1475 | 4 | 1-a518
4, 5)

6 1,23 | 2 |12 ] 3 [1a53] 1 | 14 | 2 | 145 | 2 | 1456




Dijkstrais Algorithm Example

Iter T L(2) | Path | L(3) | Path L(4) | Path | L(5) Path L(6 Path
)

1 gy |(2)] 12 @ 1-3 |(1)] 14 (oo ) - <oo ) -

2 {114} 2 | 172 | 4 1-4-3 1 174 2 1-475 | o -

3 |[{1,2,4 | 2 | 112 | 4 1-4-3 1 174 2 1-475 | o -

4 1{1,2,4,| 2 |12 | 3 [145713| 1 174 2 1-475 | 4 1-4-576

5}
5 | {1,2,3,| 2 | 1w2 | 3 |[1-4573| 1 174 2 1-475 | 4 1-4-576
4, 5}
6 [{1,2,3, | 2 | 12 | 3 |[1453]| 1 1-4 2 1-475 | 4 1-4-5-6
4,5, 6}




Dijkstrais Algorithm Example

Iter T L(2) | Path Path L(4) | Path | L(5) Path L(6 Path
)

1 {1} 2 12 1-3 ik 174 00 - 0 -

2 2 | 112 143 | 1 | 4| 2 | 1415 | -

3 |{1,2,4| 2 112 1-4-3 1 1m4 2 1-475 o0 -

4 |11, 2,4, 2 12 1-4-513| 1 1m4 2 1-475 4 1-4-576

5}
5 |11, 2,3, 2 12 1-4-513| 1 174 2 1-475 4 1-4-576
4, 5}
6 | {1, 2,3, 2 1-2 1-4-5-3| 1 1-4 2 1-475 4 1-4-5-6




Dijkstrais Algorithm Example

Iter T L(2) | Path | L(3) | Path L(4) | Path | L(5) Path L(6 Path
)

1 {1} 2 172 5 1-3 il 174 o0 - 0 -

2 {1,4} 2 172 4 1-4-3 1 174 2 1-475 00 -

3 ({1,2,4| 2 1712 4 1-4-3 1 174 2 1-475 o0 -

4 | {1, 2, 4, 2 1712 3 [14513| 1 174 2 1-475 4 1-4-57T6

5}
5 111, 2,3, 2 172 3 14573 | 1 174 2 1-475 4 1-4-57T6
4, 5}
6 | {1, 2,3, 2 1-2 3 (1453| 1 1-4 2 1-475 4 1-4-5-6




Summary

routing In packet-switched networks

routing strategies
o fixed, flooding, random,adaptive
ARPAnNet examples

least-cost algorithms
o Dijkstra, Bellman-Ford
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Review: Networking Definitions

A Network: physical connection that allows two computers
to communicate

A Packet: unit of transfer, sequence of bits carried over
the network

0 Network carries packets from on CPU to another
0 Destination gets interrupt when packet arrives

A Protocol: agreement between two parties as to how
information is to be transmitted
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Goals for Today

A Networking
0 Broadcast Networks
0 Point-to-Point Networks
0 Network Protocols

Note: Some slides and/or pictures in the following are
adapted from slides ©2005 Silberschatz, Galvin, and Gagne
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Broadcast Networks %p
(I

A Broadcast Network: Shared Communication Medium \\3”

AT :

I/0 I/0
Processor Device | | Device | | Device Memory

0 Shared Medium can be a set of wires
» Inside a computer, this is called a bus
» All devices simultaneously connected to devices

Jaudajut

0 Originally, Ethernet was a broadcast network
» All computers on local subnet connected to one another

d More examples (wireless: medium is air): cellular phones,
GSM GPRS, EDGE, CDMA 1xRTT, and 1evDO
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"ID:1
(ignore)

(sender)

ID:4
(ignore) ID:2
(receive)

A Delivery: When you broadcast a packet, how does a
receiver know who it is for? (packet goes to everyonel!)
d Put header on front of packet: [ Destination | Packet ]
d Everyone gets packet, if
0 In Ethernet, this check is done in hardware
» No OS interrupt if not for particular destination

0 This is layering: we're going to build complex network

Pr'otocols by Iayer'ing on fop of the packet
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Broadcast Network Arbitration

A Arbitration: Act of negotiating use of shared medium
What if two senders try to broadcast at same time? 0

d Concurrent activity but can't use shared memory to
coordinate!

A Aloha network (70's): packet radio within Hawaii

0 Blind broadcast, with checksum at end of
packet. If received correctly (not garbled),
send back an acknowledgment. If not
received correctly, discard.

» Need checksum anyway - in case airplane
flies overhead

for a while, and

A
e/

=

0 If two senders try to send at same 'rir.ne, both get
garbled, both simply re-send later.

0 Problem: Stability: what if load increases?

» More collisions = less gets through =more resent = more
load... = More collisions...

» Unfortunately: some sender may have started in clear, get

scrambled without finishin
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Carrier Sense, Multiple Access/Collision Detection

A Ethernet (early 80's): first practical local area network

0 It is the most common LAN for UNIX, PC, and Mac

0 Use wire instead of radio, but still broadcast medium

A Key advance was in arbitration called CSMA/CD:
Carrier sense, multiple access/collision detection
0 Carrier Sense: don't send unless idle
» Don't mess up communications already in process
d Collision Detect: sender checks if packet trampled.
» If so, abort, wait, and retry.
0 Backoff Scheme: Choose wait time before trying a_?ain
A How long to wait after Try‘ing to send and failing:

0 What if everyone waits the same length of time? Then,
they all collide again at some timel!

0 Must find way to break up shared behavior with nothing
more than shared communication channel

A Adaptive randomized wai’ring strategy:

0 Adaptive and Random: First time, pick random wait time
with some initial mean. If collide again, pick random value
from bigger mean wait time. Etc.

0 Randomness is important to decouple colliding senders

0 Scheme figures out how many people are trying to send!
11/14/05 Kubiatowicz €S162 ®UCB Fall 2005 Lec 21.8




Point-to-point networks

A Why have a shared bus at all? Why not simplify and
only have point-to-point links + routers/switches?
0 Didn't used to be cost-effective
0 Now, easy to make high-speed switches and routers that
can forward packets from a sender to a receiver.
A Point-to-point network: a network in which every
physical wire is connected to only two computers

A Switch: a that
(broadcast) configuration

A Router: a device that acts as a junction between two

networks to transfer data ?acke s among them.
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Point-to-Point Networks Discussion

A Advantages:
d Higher link performance
» Can drive point-to-point link faster than broadcast link
since less capacitance/less echoes (from impedance
mismatches)
0 6reater aggregate bandwidth than broadcast link
» Can have multiple senders at once
0 Can add capacity incrementally
» Add more links/switches to get more capacity
0 Better fault tolerance (as in the Internet)
0 Lower La1'enc¥
~ » No arbitration to send, although need buffer in the switch
A Disadvantages:
0 More expensive than having everyone share broadcast link
0 However, technology costs now much cheaper
A Examples
0 ATM (asynchronous transfer mode)
» The first commercial point-to-point LAN
» Inspiration taken from telephone network
0 Switched Ethernet
» Same packet format and signaling as broadcast Ethernet,

but only two machines on each ethernet.
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Point-to-Point Network design

ﬁ

——
Outputs

ﬁ

ﬁ

Control
processor

A Switches look like computers: inputs, memory, outputs
0 In fact probably contains a processor

A Function of switch is to forward packet to output that
gets it closer to destination

A Can build big crossbar by combining smaller switches

0 g
g‘ N§, w
- = () g
a >
>

A Can perform broadcast if necessary
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Flow control options
ABT  JA
B,C

C
D
A What if everyone sends to the same output?
0 Congestion—packets don't flow at full rate
A In general, what if buffers fill up?
0 Need flow control policy
A Option 1: no flow control. Packets get dropped if

they arrive and there’'s no space

0 If someone sends a lot, they are given buffers and
packets from other senders are dropped

0 Internet actually works this way
A Option 2: Flow control between switches
0 When buffer fills, stop inflow of packets

0 Problem: what if path from source to destination is
completely unused, but goes through some switch that

has buffers filled up with unrelated traffic?
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Flow Control (con't)

and
aaaq ababab acbcac, dadcdbdc
bbbb _ccce, _dddd,

A Problem: fairness

0 Throughput of each stream is entirely dependent on
topology, and relationship to bottleneck

A Automobile Analogy
0 At traffic jam, one strategy is merge closest to the
bottleneck

» Why people get off at one exit, drive 50 feet, merge
back into flow

» Ends up slowing everybody else a huge emount
0 Also why have control lights at on-ramps

» Try to keep from injecting more cars than capacity of

road (and thus avoid congestion)
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The Internet Protocol: “IP”

A The Internet is a large network of computers spread
across the globe
0 According to the Internet Systems Consortium, there
were over 353 million computers as of July 2005
d In principle, every host can speak with every other one
under the right circumstances
A IP Packet: a network packet on the internet

A IP Address: a 32-bit integer used as the destination
of an IP packet
0 Often written as four dot-separated integers, with each
integer from 0—255 (thus representing 8x4=32 bits)
d Example CS file server is: 169.229.60.83 = OxA9E53C53
A Internet Host: a computer connected to the Internet
0 Host has one or more IP addresses used for routing
» Some of these may be private and unavailable for routing
0 Not every computer has a unique IP address

» Groups of machines may share a single IP address

» In this case, machines have private addresses behind a
"Network Address Translation” (NAT) gateway
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Address ranges and subnets
A Address Ranges in IP

0 IP address space divided into prefix-delimited ranges:
» NN.0.0.0/8: Class A (10.0.0.0 private)
» NN.NN.0.0/16: Class B 172.516- 1].0.0 private)
» NN.NN.NN.0/24: Class C (192.168.xx.0 private)

0 Such ranges often owned by organizations

A Subnet: A network connecting a set of hosts with
related destination addresses
0 With IP, all the addresses in subnet are related by a
prefix of bits

» The number of matching bits is called the "mask” and can

be expressed as a single value (e.g. 24) or a set of ones in
a 32-bit value (e.g. 255.255.255.0)
0 A subnet is identified by 32-bit value, with the bits
which differ set to zero, followed by a slash and a mask
» Eag.: 128.32.131.0/24 desilgnates a subnet in which all the
addresses look like 128.32.131.XX
» Same subnet: 128.32.131.0/255.255.255.0

A Difference between subnet and complete network range

0 Once, subnet meant single physical broadcast wire; now,

less clear exactly what it means (virtualized by switches)
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Hierarchical Networking: The Internet

A How can we build a network wi itflions of hosTs:
0 Hierarchy! Not every host connected to every other one

0 Use a network of Routers to connect subnets together

» Routing is often by prefix: e.g. first router matches first
8 bits of address, next router matches more, etc.

Other
subnets

7/

Lec 21.16



Simple Network Terminology
A Local-Area Network (LAN) - designed to cover small
geographical area.
0 Multiaccess bus, ring, or star network
0 Speed ~ 10 - 1000 megabits/second
0 Broadcast is fast and cheap

0 In small organization, a LAN could consist of a single
subnet. In large organizations (like Berkeley), a LAN
contains many subnets.

A Wide-Area Network (WAN) - links geographically
separated sites

0 Point-to-point connections over long-haul lines (often
leased from a phone company)

0 Speed ~ 1.544 - 45 megbits/second
0 Broadcast usually requires multiple messages

11/14/05 Kubiatowicz €S5162 ©UCB Fall 2005 Lec 21.17



Routing

A Routing: the process of forwarding packets hop-by-hop
through routers to reach their destination
0 Need more than just a destination address!
» Need a path
d Post Office Analogy:

» Destination address on each letter is not
sufficient to get it to the destination

» To get a letter from here to Florida, must route to loca
ost office, sorted and sent on plane to somewhere in
lorida, be routed to post office, sorted and sent with

carrier who knows where street and house is...

A Internet routing mechanism: routing tables

d Each router does table lookup to decide which link to use
to get packet closer to destination

0 Don't need 4 billion entries in table: routing is by subnet
0 Could packets be sent in a loop? VYes, if tables incorrect
A Routing table contains:

0 Destination address range — output link closer to
destination

0 Default entry (for subnets without explicit entries)
11/14/05 Kubiatowicz €S162 ®UCB Fall 2005 Lec 21.18




Network Protocols

A Profocol: Agreement befween fwo parties as To how
information is to be transmitted
0 Example: system calls are the protocol between the
operating system and application
0 Networking examples:

: mechanical and electrical network (e.g. how
are O and 1 represented)

packet formats/error control (for instance, the
CSMA/CD protocol)

: network routing, addressing
: reliable message delivery

A Protocols on today's Internet:

www e-mail

Network

.................................................. /‘
Physical/Link  Ethernet ATM\ Packet radio
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Network Layering

A Layering: building complex services from simpler ones

0 Each layer provides services needed by higher layers by
utilizing services provided by lower layers

A The physical/link layer is pretty limited

0 Packets are of limited size (called the "Maximum Transfer
Unit or MTU: often 200-1500 bytes in size)

0 Routing is limited to within a physical link (wire) or perhaps

throug

a switch

A Our goal in the following is to show how to construct a
secure, ordered, message service routed to anywhere:

11/14/05

Physical Reality: Packets

Abstraction: Messages

Limited Size Arbitrary Size
Unordered (sometimes) Ordered
Unreliable Reliable

Machine -to-machine

Process-to-process

Only on local area net

Routed anywhere

Asynchronous

Synchronous

Insecure

Secure
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Building a messaging service

A Handling Arbitrary Sized Messages:
0 Must deal with limited physical packet size
0 Split big message into smaller ones (called fragments)
» Must be reassembled at destination
0 Checksum computed on each fragment or whole message

Must

("best effort”) from one
machine in Internet to another
d Since , must be
able to
0 Includes 256 different “sub-protocols” build on top of IP

0 Basic routing gets packets from machine—>machine
0 What we r'ealz want is routing from
» Example: ssh, email, ftp, web browsing
0 Several IP protocols include notion of a “port”, which is a
16-bit identifier used in addition to IP address

» A communication channel (connection) defined by 4 items:
[source address, source port, dest address, dest port]
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Building a messaging service (con't)

A UDP: The Unreliable Datagram Protocol
0 Datagram: an unreliable packet sent from source—dest
0 UDP layered on top of basic IP (Call it UDP/IP)
0 Unreliable, unordered, user-to-user communication
0 Important aspect: low overhead!

» Often used for high-bandwidth video streams

» Man?l uses of UDP considered “anti-social” - none of the
“well-behaved” aspects of (say) TCP/IP

A Ordered Messages
0 Ordered messages on top of unordered ones
» IP can reorder packets! P, P; might arrive as P,,P,
0 How to fix this? Assign sequence numbers to packets
»0,1,2,3,4....

» If packets arrive out of order, reorder before delivering to
user application

» For instance, hold onto #3 until #2 arrives, efc.
0 Sequence numbers are specific to particular connection
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Performance Considerations

A Before continue, need some performance metrics
0 Overhead: CPU time to put packet on wire

0 Throughput: Maximum number of bytes per second

» Depends on "wire speed”, but also limited by slowest router
(routing delay) or by congestion at routers

0 Latency: time until first bit of packet arrives at receiver
» Raw transfer time + overhead at each routing hop

Router Router

|‘— Lw1 —’l‘—Lm —’l‘—l—wz —’l‘—LRz —’l‘— Lus —’l

A Contributions to Latency
0 Wire latency: depends on speed of light on wire
» about 1.5 ns/foot
0 Router latency: depends on internals of router
» Could be < 1 ms (for a good router)

» Question: can router handle full wire throughput?
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Reliable Message Delivery: the Problem
A All physical nefworks can garble and/or drop packets

0 Physical media: packet not transmitted/received

» If transmit close to maximum rate, get more throughput -
even if some packets get lost

» If transmit at lowest voltage such that error correction just
starts correcting errors, get best power/bit

0 Congestion: no place to put incoming packet
» Point-to-point network: insufficient queue at switch/router
» Broadcast link: two host try to use same link
» In any network: insufficient buffer space at destination
» Rate mismatch: what if sender send faster than receiver

can process?
A Reliable Message Delivery
0 Reliable messages on top of unreliable packets
0 Need some way to make sure that packets actually make
it to receiver

» Every packet received at least once
» Every packet received only once

8 Can combine with ordering: every packet received by

rocess at destination once and in order
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Using Acknowledgements
Al 1B A B

Packey o Packes
}‘ Timeout { """ S

A How to ensure transmission of packets?
0 Detect garbling at receiver via checksum, discard if bad

0 Receiver acknowledges (by sending “"ack™) when packet
received properly at destination

0 Timeout at sender: if no ack, retransmit
A Some questions:

0 If the sender doesn't get an ack, does that mean the
receiver didn't get the original message?

» No
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How to deal with message duplication

A Solution: put sequence number in message to identify
re-transmitted packets
0 Receiver checks for duplicate #'s; Discard if detected
A Requirements:
0 Sender keeps copy of unack’ed messages
» Easy: only need to buffer messages
0 Receiver tracks possible duplicate messages
» Hard: when ok to forget about received message?
A Simple solution: Alternating-bit protocol

0 Send one message at a time; don't send A P 1B
next message until ack received

0 Sender keeps last message: receiver
tracks sequence # of last message received
A Pros: simple, small overhead
A Con: Poor performance
0 Wire can hold multiple messages; want to
fill up at (wire latency x throughput)
A Con: doesn't work if network can delay A

or duplicate messages arbitrarily
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Conclusion

A Network: physical connection that allows two
computers to communicate
0 Packet: sequence of bits carried over the network
A Broadcast Network: Shared Communication Medium
0 Transmitted packets sent to all receivers

0 Arbitration: act of negotiating use of shared medium
» Ethernet: Carrier Sense, Multiple Access, Collision Detect

A Point-to-point network: a network in which every
physical wire is connected to only two computers
0 Switch: a bridge that transforms a shared-bus
(broadcast) configuration into a point-to-point network.
A Protocol: Agreement between two parties as to how
information is to be transmitted
A Internet Protocol (IP)
0 Used to route messages through routes across globe
0 32-bit addresses, 16-bit ports
A Reliable, Ordered, Arbitrary-sized Messaging:

0 Built through protocol layering on top of unreliable,
limited-sized, non-ordered packet transmission links
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