
INTRODUCTION TO TELECOMMUNICATIONS

Topic Objective:

At the end of this topic student would be able to:

 Explain Sound pressure

 Define Radio frequency

 Describe Terahertz radiation

 Evaluate Electrical Signal

 Elaborate Discrete-time and continuous-time signals

 Highlight Analog and digital signals

 Identify Electromagnetic Spectrum

 Determine Types of radiation

Definition/Overview:

Sound:Soundis vibration transmitted through a solid, liquid, or gas; particularly, sound

means those vibrations composed of frequencies capable of being detected by ears. Sound is

transmitted through gases, plasma, and liquids as longitudinal waves, also called compression

waves. Through solids, however, it can be transmitted as both longitudinal and transverse

waves. Longitudinal sound waves are waves of alternating pressure deviations from the

equilibrium pressure, causing local regions of compression and rarefaction, while transverse

waves in solids, are waves of alternating shear stress. Matter in the medium is periodically

displaced by a sound wave, and thus oscillates. The energy carried by the sound wave

converts back and forth between the potential energy of the extra compression (in case of

longitudinal waves) or lateral displacement strain (in case of transverse waves) of the matter

and the kinetic energy of the oscillations of the medium. Sound waves are characterized by

the generic properties of waves, which are frequency, wavelength, period, amplitude,

intensity, speed, and direction (sometimes speed and direction are combined as a velocity

vector, or wavelength and direction are combined as a wave vector).Transverse waves, also

known as shear waves, have an additional property of polarization. Sound characteristics can

depend on the type of sound waves (longitudinal versus transverse) as well as on the physical

properties of the transmission medium. Whenever the pitch of the soundwave is affected by

some kind of change, the distance between the sound wave maxima also changes, resulting in
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a change of frequency. When the loudness of a soundwave changes, so does the amount of

compression in airwave that is travelling through it, which in turn can be defined as

amplitude.

The speed of sound depends on the medium through which the waves are passing, and is

often quoted as a fundamental property of the material. In general, the speed of sound is

proportional to the square root of the ratio of the elastic modulus (stiffness) of the medium to

its density. Those physical properties and the speed of sound change with ambient conditions.

For example, the speed of sound in gases depends on temperature. In air at sea level, the

speed of sound is approximately 767.3 mph, in fresh water 3,315.1 mph (both at 20 C, or 68

F), and in steel about 13,332.1 mph. The speed of sound is also slightly sensitive (a second-

order effect) to the sound amplitude, which means that there are nonlinear propagation

effects, such as the production of harmonics and mixed tones not present in the original

sound.

Acoustics and noise: The scientific study of the propagation, absorption, and reflection of

sound waves is called acoustics. Noise is a term often used to refer to an unwanted sound. In

science and engineering, noise is an undesirable component that obscures a wanted signal.

The electromagnetic (EM) spectrum is the range of all possible electromagnetic radiation.

The "electromagnetic spectrum" (usually just spectrum) of an object is the characteristic

distribution of electromagnetic radiation from that particular object. The electromagnetic

spectrum extends from below the frequencies used for modern radio (at the long-wavelength

end) through gamma radiation (at the short-wavelength end), covering wavelengths from

thousands of kilometres down to a fraction the size of an atom. It's thought that the short

wavelength limit is the vicinity of the Planck length, and the long wavelength limit is the size

of the universe itself, although in principle the spectrum is infinite and continuous.

The spectrum covers EM wave energy having wavelengths from thousands of meters down to

fractions of the size of an atom. Frequencies of 30 Hz and below can be produced by and are

important in the study of certain stellar nebulae and frequencies as high as 2.9 * 1027 Hz have

been detected from astrophysical sources.

Electromagnetic energy at a particular wavelength λ (in vacuum) has an associated frequency

f and photon energy E. Thus, the electromagnetic spectrum may be expressed equally well in

terms of any of these three quantities. They are related by the equations: So, high-frequency

electromagnetic waves have a short wavelength and high energy; low-frequency waves have

a long wavelength and low energy. Whenever light waves (and other electromagnetic waves)

exist in a medium (matter), their wavelength is decreased. Wavelengths of electromagnetic
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radiation, no matter what medium they are traveling through, are usually quoted in terms of

the vacuumwavelength, although this is not always explicitly stated. Generally, EM radiation

is classified by coiled wavelength into radio wave, microwave, infrared, the visible region we

perceive as light, ultraviolet, X-rays and gamma rays. The behavior of EM radiation depends

on its wavelength. Higher frequencies have shorter wavelengths, and lower frequencies have

longer wavelengths. When EM radiation interacts with single atoms and molecules, its

behavior also depends on the amount of energy per quantum it carries. Electromagnetic

radiation can be divided into octaves as sound waves are. Spectroscopy can detect a much

wider region of the EM spectrum than the visible range of 400 nm to 700 nm. A common

laboratory spectroscope can detect wavelengths from 2 nm to 2500 nm. Detailed information

about the physical properties of objects, gases, or even stars can be obtained from this type of

device. It is widely used in astrophysics. For example, many hydrogen atoms emit radio

waves which have a wavelength of 21.12 cm.

Key Points:

1. Sound pressure

Sound pressure is defined as the difference between the average local pressure of the

medium outside of the sound wave in which it is traveling through (at a given point and a

given time) and the pressure found within the sound wave itself within that same medium.

A square of this difference (i.e. a square of the deviation from the equilibrium pressure) is

usually averaged over time and/or space, and a square root of such average is taken to

obtain a root mean square (RMS) value. Since the human ear does not have a flat spectral

response, sound pressures are often frequency weighted so that the measured level will

match perceived levels more closely. The International Electrotechnical Commission

(IEC) has defined several weighting schemes. A-weighting attempts to match the

response of the human ear to noise and A-weighted sound pressure levels are labeled

dBA. C-weighting is used to measure peak levels. While the classification scheme is

generally accurate, in reality there is often some overlap between neighboring types of

electromagnetic energy. For example, SLF radio waves at 60 Hz may be received and

studied by astronomers, or may be ducted along wires as electric power. Also, some low-

energy gamma rays actually have a longer wavelength than some high-energy X-rays.

This is possible because "gamma ray" is the name given to the photons generated from

nuclear decay or other nuclear and subnuclear processes, whereas X-rays on the other
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hand are generated by electronic transitions involving highly energetic inner electrons.

Therefore the distinction between gamma ray and X-ray is related to the radiation source

rather than the radiation wavelength. Generally, nuclear transitions are much more

energetic than electronic transitions, so usually, gamma-rays are more energetic than X-

rays. However, there are a few low-energy nuclear transitions (e.g. the 14.4 keV nuclear

transition of Fe-57) that produce gamma rays that are less energetic than some of the

higher energy X-rays.

2. Radio frequency

Radio waves generally are utilized by antennas of appropriate size (according to the

principle of resonance), with wavelengths ranging from hundreds of meters to about one

millimeter. They are used for transmission of data, via modulation. Television, mobile

phones, MRI, wireless networking and amateur radio all use radio waves. Radio waves

can be made to carry information by varying a combination of the amplitude, frequency

and phase of the wave within a frequency band and the use of the radio spectrum is

regulated by many governments through frequency allocation. When EM radiation

impinges upon a conductor, it couples to the conductor, travels along it, and induces an

electric current on the surface of that conductor by exciting the electrons of the

conducting material. This effect (the skin effect) is used in antennas. EMradiation may

also cause certain molecules to absorb energy and thus to heat up; this is exploited in

microwave ovens. The super high frequency (SHF) and extremely high frequency (EHF)

of Microwaves come next up the frequency scale. Microwaves are waves which are

typically short enough to employ tubular metal waveguides of reasonable diameter.

Microwave energy is produced with klystron and magnetron tubes, and with solid state

diodes such as Gunn and IMPATT devices. Microwaves are absorbed by molecules that

have a dipole moment in liquids. In a microwave oven, this effect is used to heat food.

Low-intensity microwave radiation is used in Wi-Fi. When active, the average microwave

oven is powerful enough to cause interference at close range with poorly shielded

electromagnetic fields such as those found in mobile medical devices and cheap consumer

electronics.
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3. Terahertz radiation

Terahertz radiation is a region of the spectrum between far infrared and microwaves.

Until recently, the range was rarely studied and few sources existed for microwave energy

at the high end of the band (sub-millimetre waves or so-called terahertz waves), but

applications such as imaging and communications are now appearing. Scientists are also

looking to apply Terahertz technology in the armed forces, where high frequency waves

might be directed at enemy troops to incapacitate their electronic equipment.

4. Electrical Signal

In the fields of communications, signal processing, and in electrical engineering more

generally, a signal is any time-varying or spatial-varying quantity. In the physical world,

any quantity measurable through time or over space can be taken as a signal. Within a

complex society, any set of human information or machine data can also be taken as a

signal. Such information or machine data (for example, the dots on a screen, the ink

making up text on a paper page, or the words now flowing into the reader's mind) must all

be part of systems existing in the physical world either living or non-living. Despite the

complexity and even mystery in the case of the reader's mind of such systems, their

outputs and inputs can often be represented with great fidelity as simple quantities

measurable through time or across space. In the latter half of the 20th century, electrical

engineering itself separated into several disciplines, specializing in the design and

analysis of physical signals and systems, on the one hand, and in the functional behavior

and conceptual structure of the complex human and machine systems, on the other. These

engineering disciplines have led the way in the design, study, and implementation of

systems that take advantage of signals as simple measurable quantities in order to

facilitate the transmission, storage, and manipulation of information.

5. Discrete-time and continuous-time signals

If for a signal, the quantities are defined only on a discrete set of times, we call it a

discrete-time signal. In other words, a discrete-time real (or complex) signal can be seen

as a function from the set of integers to the set of real (or complex) numbers. A

continuous-time real (or complex) signal is any real-valued (or complex-valued) function

which is defined for all time t in an interval, most commonly an infinite interval. One of
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the fundamental distinctions between different types of signals is between continuous and

discrete time. In the mathematical abstraction, the domain of a continuous-time (CT)

signal is the set of real numbers (or some interval thereof), whereas the domain of a

discrete-time (DT) signal is the set of integers (or some interval). What these integers

represent depends on the nature of the signal. DT signals often arise via sampling of CT

signals. An audio signal, for example consists of a continually fluxuating voltage on a line

that can be digitized by an ADC circuit, whereinthe circuit will read the voltage level on

the line, say, every 50 s. The resulting stream of numbers are stored as digital data on a

discrete-time signal. Computers and other digital devices are restricted to discrete time.

6. Analog and digital signals

Less formally than the theoretical distinctions mentioned above, two main types of

signals encountered in practice are analog and digital. In short, the difference between

them is that digital signals are discrete and quantized, as defined below, while analog

signals possess neither property. If a signal is to be represented as a sequence of numbers,

it is impossible to maintain arbitrarily high precision - each number in the sequence must

have a finite number of digits. As a result, the values of such a signal are restricted to

belong to a finite set; in other words, it is quantized.

7. Electromagnetic Spectrum

The electromagnetic (EM) spectrum is the range of all possible electromagnetic radiation

frequencies. Telecommunication The "electromagnetic spectrum" (usually just spectrum)

of an object is the characteristic distribution of electromagnetic radiation from that

particular object. The electromagnetic spectrum extends from below the frequencies used

for modern radio (at the long-wavelength end) through gamma radiation (at the short-

wavelength end), covering wavelengths from thousands of kilometers down to a fraction

the size of an atom. It is thought that the short wavelength limit is in the vicinity of the

Planck length, and the long wavelength limit is the size of the universe itself, although in

principle the spectrum is infinite and continuous.
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1. Types of radiation

8.1 The electromagnetic spectrum

While the classification scheme is generally accurate, in reality there is often some

overlap between neighboring types of electromagnetic energy. For example, SLF

radio waves at 60 Hz may be received and studied by astronomers, or may be ducted

along wires as electric power. Also, some low-energy gamma rays actually have a

longer wavelength than some high-energy X-rays. This is possible because "gamma

ray" is the name given to the photons generated from nuclear decay or other nuclear

and subnuclear processes, whereas X-rays on the other hand are generated by

electronic transitions involving highly energetic inner electrons. Therefore the

distinction between gamma ray and X-ray is related to the radiation source rather than

the radiation wavelength. Generally, telecommunication nuclear transitions are much

more energetic than electronic transitions, so usually, gamma-rays are more energetic

than X-rays. However, there are a few low-energy nuclear transitions (e.g. the 14.4

keV nuclear transition of Fe-57) that produce gamma rays that are less energetic than

some of the higher energy X-rays.

8.2 Radio frequency

Radio waves generally are utilized by antennas of appropriate size (according to the

principle of resonance), with wavelengths ranging from hundreds of meters to about

one millimeter. They are used for transmission of data, via modulation. Television,

mobile phones, wireless networking and amateur radio all use radio waves. Radio

waves can be made to carry information by varying a combination of the amplitude,

frequency and phase of the wave within a frequency band and the use of the radio

spectrum is regulated by many governments through frequency allocation. When EM

radiation impinges upon a conductor, it couples to the conductor, travels along it, and

induces an electric current on the surface of that conductor by exciting the electrons of

the conducting material. This effect (the skin effect) is used in antennas. EM radiation

may also cause certain molecules to absorb energy and thus to heat up, thus causing

thermal effects and sometimes burns; this is exploited in microwave ovens.
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8.3 Microwaves

Plot of Earth's atmospheric transmittance (or opacity) to various wavelengths of

electromagnetic radiation. The super high frequency (SHF) and extremely high

frequency (EHF) of microwaves come next up the frequency scale. Microwaves are

waves which are typically short enough to employ tubular metal waveguides of

reasonable diameter. Microwave energy is produced with klystron and magnetron

tubes, and with solid state diodes such as Gunn and IMPATT devices. Microwaves

are absorbed by molecules that have a dipole moment in liquids. In a microwave

oven, this effect is used to heat food. Low-intensity microwave radiation is used in

Wi-Fi, although this is at intensity levels unable to cause thermal heating. Volumetric

heating, as used by microwaves, transfer energy through the material electro-

magnetically, not as a thermal heat flux. The benefit of this is a more uniform heating

and reduced heating time; microwaves can heat material in less than 1% of the time of

conventional heating methods. When active, the average microwave oven is powerful

enough to cause interference at close range with poorly shielded electromagnetic

fields such as those found in mobile medical devices and cheap consumer electronics.

8.4 Terahertz radiation

Terahertz radiation is a region of the spectrum between far infrared and microwaves.

Until recently, the range was rarely studied and few sources existed for microwave

energy at the high end of the band (sub-millimetre waves or so-called terahertz

waves), but applications such as imaging and communications are now appearing.

Scientists are also looking to apply terahertz technology in the armed forces, where

high frequency waves might be directed at enemy troops to incapacitate their

electronic equipment.

8.5 Infrared radiation

The infrared part of the electromagnetic spectrum covers the range from roughly 300

GHz (1 mm) to 400 THz (750 nm). It can be divided into three parts:
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8.6 Far-infrared, from 300 GHz (1 mm) to 30 THz (10 μm)

The lower part of this range may also be called microwaves. This radiation is

typically absorbed by so-called rotational modes in gas-phase molecules, by

molecular motions in liquids, and by phonons in solids. The water in the Earth's

atmosphere absorbs so strongly in this range that it renders the atmosphere effectively

opaque. However, there are certain wavelength ranges ("windows") within the opaque

range which allow partial transmission, and can be used for astronomy. The

wavelength range from approximately 200 μm up to a few mm is often referred to as

"sub-millimetre" in astronomy, reserving far infrared for wavelengths below 200 μm.

8.7 Mid-infrared, from 30 to 120 THz (10 to 2.5μm)

Hot objects (black-body radiators) can radiate strongly in this range. It is absorbed by

molecular vibrations, where the different atoms in a molecule vibrate around their

equilibrium positions. This range is sometimes called the fingerprint region since the

mid-infrared absorption spectrum of a compound is very specific for that compound.

8.8 Near-infrared, from 120 to 400 THz (2,500 to 750 nm)

Physical processes that are relevant for this range are similar to those for visible light.

8.9 Visible radiation (light)

Above infrared in frequency comes visible light. This is the range in which the sun

and stars similar to it emit most of their radiation. It is probably not a coincidence that

the human eye is sensitive to the wavelengths that the sun emits most strongly.

Visible light (and near-infrared light) is typically absorbed and emitted by electrons in

molecules and atoms that move from one energy level to another. The light we see

with our eyes is really a very small portion of the electromagnetic spectrum. A

rainbow shows the optical (visible) part of the electromagnetic spectrum; infrared (if

you could see it) would be located just beyond the red side of the rainbow with

ultraviolet appearing just beyond the violet end. EM radiation with a wavelength

between 380 nm and 760 nm is detected by the human eye and perceived as visible

light. Other wavelengths, especially near infrared (longer than 760 nm) and ultraviolet
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(shorter than 380 nm) are also sometimes referred to as light, especially when the

visibility to humans is not relevant.

If radiation having a frequency in the visible region of the EM spectrum reflects off of

an object, say, a bowl of fruit, and then strikes our eyes, this results in our visual

perception of the scene. Our brain's visual system processes the multitude of reflected

frequencies into different shades and hues, and through this not-entirely-understood

psychophysical phenomenon, most people perceive a bowl of fruit. At most

wavelengths, however, the information carried by electromagnetic radiation is not

directly detected by human senses. Natural sources produce EM radiation across the

spectrum, and our technology can also manipulate a broad range of wavelengths.

Optical fiber transmits light which, although not suitable for direct viewing, can carry

data that can be translated into sound or an image. The coding used in such data is

similar to that used with radio waves.

8.10 Ultraviolet light

The amount of penetration of UV relative to altitude in Earth's ozone. Next in

frequency comes ultraviolet (UV). This is radiation whose wavelength is shorter than

the violet end of the visible spectrum, and longer than that of an x-ray. Being very

energetic, UV can break chemical bonds, making molecules unusually reactive or

ionizing them, in general changing their mutual behavior. Sunburn, for example, is

caused by the disruptive effects of UV radiation on skin cells, which can even cause

skin cancer, if the radiation irreparably damages the complex DNA molecules in the

cells (UV radiation is a proven mutagen). The Sun emits a large amount of UV

radiation, which could quickly turn Earth into a barren desert; however, most of it is

absorbed by the atmosphere's ozone layer before reaching the surface.

8.11X-rays

After UV come X-rays. Hard X-rays have shorter wavelengths than soft X-rays. X-

rays are used for seeing through some things and not others, as well as for high-

energy physics and astronomy. Neutron stars and accretion disks around black holes

emit X-rays, which enable us to study them. X-rays will pass through most

substances, and this makes them useful in medicine and industry. X-rays are given off

by stars, and strongly by some types of nebulae. An X-ray machine works by firing a
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beam of electrons at a "target". If the electrons are fired with enough energy, X-rays

will be produced.

8.12Gamma rays

After hard X-rays come gamma rays, which were discovered by Paul Villard in 1900.

These are the most energetic photons having no defined lower limit to their

wavelength. They are useful to astronomers in the study of high energy objects or

regions and find a use with physicists thanks to their penetrative ability and their

production from radioisotopes. The wavelength of gamma rays can be measured with

high accuracy by means of Compton scattering. Note that there are no precisely

defined boundaries between the bands of the electromagnetic spectrum. Radiation of

some types have a mixture of the properties of those in two regions of the spectrum.

For example, red light resembles infrared radiation in that it can resonate some

chemical bonds.

8.13Electromagnetic radiation

Electromagnetic radiation (sometimes abbreviated EMR) takes the form of self-

propagating waves in a vacuum or in matter. EM radiation has an electric and

magnetic field component which oscillate in phase perpendicular to each other and to

the direction of energy propagation. Electromagnetic radiation is classified into types

according to the frequency of the wave; these types include (in order of increasing

frequency): radio waves, microwaves, terahertz radiation, infrared radiation, visible

light, ultraviolet radiation, X-rays and gamma rays. Of these, radio waves have the

longest wavelengths and Gamma rays have the shortest. A small window of

frequencies, called visible spectrum or light, is sensed by the eye of various

organisms, with variations on the limits of this narrow spectrum. EM radiation carries

energy and momentum, which may be imparted when it interacts with matter.
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Topic : Networking Fundamentals

Topic Objective:

At the end of this topic student would be able to:

 Understand Information for Transmission

 Explain OSI Model

 Highlight Description of OSI layers

 Evaluate WAN Protocol Architecture

 Analyze IEEE 802 LAN Architecture

Definition/Overview:

The Open Systems Interconnection Basic Reference Model (OSI Reference Model or OSI

Model for short) is a layered, abstract description for communications and computer network

protocol design. It was developed as part of the Open Systems Interconnection (OSI)

initiative and is sometimes known as the OSI seven layer model. From top to bottom, the OSI

Model consists of the Application, Presentation, Session, Transport, Network, Data Link, and

Physical layers. A layer is a collection of related functions that provides services to the layer

above it and receives service from the layer below it. For example, a layer that provides error-

free communications across a network provides the path needed by applications above it,

while it calls the next lower layer to send and receive packets that make up the contents of the

path. Even though newer IETF, IEEE, and indeed OSI protocol work subsequent to the

publication of the original architectural standards have largely superseded it, the OSI model is

considered an excellent place to begin the study of network architecture. Not understanding

that the pure seven-layer model is more historic than current, many beginners make the

mistake of trying to fit every protocol they study into one of the seven basic layers.

Especially the attempts of cross-layer optimization break the boundaries of the original layer

scheme. Describing the actual layer concept with implemented systems is not always easy to

do as many of the protocols in use on the Internet today were designed as part of the TCP/IP

model, and may not fit cleanly into the OSI model.
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Key Points:

1. Information for Transmission

Data transmission is the transfer of data from point-to-point often represented as an

electro-magnetic signal over a physical point-to-point or point-to-multipoint

communication channel. Examples of such channels are copper wires, optical fibers,

wireless communication channels, and storage media. Although data transferred may be

exclusively analog signals, in modern times, transferred data is most often be a digital bit

stream that may origin from a digital information source, for example a computer or a

keyboard, or from a digitized analog signal, for example an audio or video signal. Data

transmitted may be analog or digital (i.e. digital bit stream) and modulated by means of

either analog modulation or digital modulation using line coding. The concept of digital

communication is typically associated with digital representation of analogue signals,

including source coding and Pulse-code modulation, but that may also be covered in a

textbook on data transmission. Data transmission is a subset of the field of data

communications, which also includes computer networking or computer communication

applications and networking protocols, for example routing, switching and process-to-

process communication.

2. OSI Model

The Open Systems Interconnection Reference Model (OSI Reference Model or OSI

Model) is an abstract description for layered communications and computer network

protocol design. It was developed as part of the Open Systems Interconnection (OSI)

initiative. In its most basic form, it divides network architecture into seven layers which,

from top to bottom, are the Application, Presentation, Session, Transport, Network, Data-

Link, and Physical Layers. It is therefore often referred to as the OSI Seven Layer Model.

A layer is a collection of conceptually similar functions that provide services to the layer

above it and receives service from the layer below it. For example, a layer that provides

error-free communications across a network provides the path needed by applications

above it, while it calls the next lower layer to send and receive packets that make up the

contents of the path. In 1977, work on a layered model of network architecture was

started, and the International Organization for Standardization (ISO) began to develop its

OSI framework architecture. OSI has two major components: an abstract model of
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networking, called the Basic Reference Model or seven-layer model, and a set of specific

protocols.

The standard documents that describe the OSI model can be freely downloaded from the

ITU-T as the X.200-series of recommendations. A number of the protocol specifications

are also available as part of the ITU-T X series. The equivalent ISO and ISO/IEC

standards for the OSI model are available from the ISO, but only some of the ISO/IEC

standards are available as cost-free downloads. All aspects of OSI design evolved from

experiences with the CYCLADES network, which also influenced Internet design. The

new design was documented in ISO 7498 and its various addenda. In this model, a

networking system is divided into layers. Within each layer, one or more entities

implement its functionality. Each entity interacts directly only with the layer immediately

beneath it, and provides facilities for use by the layer above it. Protocols enable an entity

in one host to interact with a corresponding entity at the same layer in another host.

Service definitions abstractly describe the functionality provided to an (N)-layer by an

(N-1) layer, where N is one of the seven layers of protocols operating in the local host.

3. Description of OSI layers

3.1 Layer 7: Application Layer

The application layer is the OSI layer closest to the end user, which means that both

the OSI application layer and the user interact directly with the software application.

This layer interacts with software applications that implement a communicating

component. Such application programs fall outside the scope of the OSI model.

Application layer functions typically include identifying communication partners,

determining resource availability, and synchronizing communication. When

identifying communication partners, the application layer determines the identity and

availability of communication partners for an application with data to transmit. When

determining resource availability, the application layer must decide whether sufficient

network resources for the requested communication exist. In synchronizing

communication, all communication between applications requires cooperation that is

managed by the application layer. Some examples of application layer

implementations include Telnet, File Transfer Protocol (FTP), and Simple Mail

Transfer Protocol (SMTP).
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3.2 Layer 6: Presentation Layer

The Presentation Layer establishes a context between Application Layer entities, in

which the higher-layer entities can use different syntax and semantics, as long as the

Presentation Service understands both and the mapping between them. The

presentation service data units are then encapsulated into Session Protocol Data Units,

and moved down the stack. This layer provides independence from differences in data

representation (e.g., encryption) by translating from application to network format,

and vice versa. The presentation layer works to transform data into the form that the

application layer can accept. This layer formats and encrypts data to be sent across a

network, providing freedom from compatibility problems. It is sometimes called the

syntax layer. The original presentation structure used the Basic Encoding Rules of

Abstract Syntax Notation One (ASN.1), with capabilities such as converting an

EBCDIC-coded text file to an ASCII-coded file, or serializing objects and other data

structures into and out of XML. ASN.1 has a set of cryptographic encoding rules that

allows end-to-end encryption between application entities.

3.3 Layer 5: Session Layer

The Session Layer controls the dialogues/connections (sessions) between computers.

It establishes, manages and terminates the connections between the local and remote

application. It provides for full-duplex, half-duplex, or simplex operation, and

establishes check pointing, adjournment, termination, and restart procedures. The OSI

model made this layer responsible for "graceful close" of sessions, which is a property

of TCP, and also for session checkpointing and recovery, which is not usually used in

the Internet Protocol Suite. The Session Layer is commonly implemented explicitly in

application environments that use remote procedure calls (RPCs).

3.4 Layer 4: Transport Layer

The Transport Layer provides transparent transfer of data between end users,

providing reliable data transfer services to the upper layers. The Transport Layer

controls the reliability of a given link through flow control,

segmentation/desegmentation, and error control. Some protocols are state and

connection oriented. This means that the Transport Layer can keep track of the
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segments and retransmit those that fail. Although not developed under the OSI

Reference Model and not strictly conforming to the OSI definition of the Transport

Layer, the best known examples of a Layer 4 protocol are the Transmission Control

Protocol (TCP) and User Datagram Protocol (UDP). Of the actual OSI protocols,

there are five classes of transport protocols ranging from class 0 (which is also known

as TP0 and provides the least error recovery) to class 4 (which is also known as TP4

and is designed for less reliable networks, similar to the Internet). Class 0 contains no

error recovery, and was designed for use on network layers that provide error-free

connections. Class 4 is closest to TCP, although TCP contains functions, such as the

graceful close, which OSI assigns to the Session Layer.

3.5 Layer 3: Networking/Transport Protocols

The network layer provides the functional and procedural means of transferring

variable length data sequences from a source to a destination via one or more

networks, while maintaining the quality of service requested by the Transport layer.

The Network layer performs network routing functions, and might also perform

fragmentation and reassembly, and report delivery errors. Routers operate at this

layersending data throughout the extended network and making the Internet possible.

This is a logical addressing scheme values are chosen by the network engineer. The

addressing scheme is hierarchical. The best-known example of a layer 3 protocol is

the Internet Protocol (IP). It manages the connectionless transfer of data one hop at a

time, from end system to ingress router, to router to router, and from egress router to

destination end system. It is not responsible for reliable delivery to a next hop, but

only for the detection of errored packets so they may be discarded. When the medium

of the next hop cannot accept a packet in its current length, IP is responsible for

fragmenting into sufficiently small packets that the medium can accept it. A number

of layer management protocols, a function defined in the Management Annex, ISO

7498/4, belong to the network layer. These include routing protocols, multicast group

management, network layer information and error, and network layer address

assignment. It is the function of the payload that makes these belong to the network

layer, not the protocol that carries them.
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3.6 Layer 2: Data Link layer

The data link layer provides the functional and procedural means to transfer data

between network entities and to detect and possibly correct errors that may occur in

the physical layer. Originally, this layer was intended for point-to-point and point-to-

multipoint media, characteristic of wide area media in the telephone system. Local

area network architecture, which included broadcast-capable multiaccess media, was

developed independently of the ISO work, in IEEE Project 802. IEEE work assumed

sublayering and management functions not required for WAN use. In modern

practice, only error detection, not flow control using sliding window, is present in

modern data link protocols such as Point-to-Point Protocol (PPP), and, on local area

networks, the IEEE 802.2 LLC layer is not used for most protocols on Ethernet, and,

on other local area networks, its flow control and acknowledgment mechanisms are

rarely used. Sliding window flow control and acknowledgment is used at the transport

layers by protocols such as TCP, but is still used in niches where X.25 offers

performance advantages. Both WAN and LAN services arrange bits, from the

physical layer, into logical sequences called frames. Not all physical layer bits

necessarily go into frames, as some of these bits are purely intended for physical layer

functions. For example, every fifth bit of the FDDI bit stream is not used by the data

link layer.

4. WAN Protocol Architecture

Connection-oriented WAN data link protocols, in addition to framing, detect and may

correct errors. They also are capable of controlling the rate of transmission. A WAN data

link layer might implement a sliding window flow control and acknowledgment

mechanism to provide reliable delivery of frames; that is the case for SDLC and HDLC,

and derivatives of HDLC such as LAPB and LAPD.

5. IEEE 802 LAN Architecture

Practical, connectionless LANs began with the pre-IEEE Ethernet specification, which is

the ancestor of IEEE 802.3. This layer manages the interaction of devices with a shared

medium, which is the function of a Media Access Control sublayer. Above this MAC

sublayer is the media-independent IEEE 802.2 Logical Link Control (LLC) sublayer,
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which deals with addressing and multiplexing on multiaccess media. While IEEE 802.3 is

the dominant wired LAN protocol and IEEE 802.11 the wireless LAN protocol,

obsolescent MAC layers include Token Ring and FDDI. The MAC sublayer detects but

does not correct errors. The physical layer defines all the electrical and physical

specifications for devices. In particular, it defines the relationship between a device and a

physical medium. This includes the layout of pins, voltages, cable specifications, Hubs,

repeaters, network adapters, Host Bus Adapters (HBAs used in Storage Area Networks)

and more.

To understand the function of the physical layer in contrast to the functions of the data

link layer, think of the physical layer as concerned primarily with the interaction of a

single device with a medium, where the data link layer is concerned more with the

interactions of multiple devices (i.e., at least two) with a shared medium. The physical

layer will tell one device how to transmit to the medium, and another device how to

receive from it (in most cases it does not tell the device how to connect to the medium).

Obsolescent physical layer standards such as RS-232 do use physical wires to control

access to the medium. The major functions and services performed by the physical layer

are:

 Establishment and termination of a connection to a communications medium.

 Participation in the process whereby the communication resources are effectively shared

among multiple users. For example, contention resolution and flow control.

 Modulation, or conversion between the representation of digital data in user equipment and

the corresponding signals transmitted over a communications channel. These are signals

operating over the physical cabling (such as copper and optical fiber) or over a radio link.

Parallel SCSI buses operate in this layer, although it must be remembered that the logical

SCSI protocol is a transport-layer protocol that runs over this bus. Various physical-layer

Ethernet standards are also in this layer; Ethernet incorporates both this layer and the data-

link layer. The same applies to other local-area networks, such as Token ring, FDDI, and

IEEE 802.11, as well as personal area networks such as Bluetooth and IEEE 802.15.4.

In Section 2 of this course you will cover these topics:
Digital Switching And Routing

Telecommunications Networks
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Topic : Digital Switching And Routing

Topic Objective:

At the end of this topic student would be able to:

 Explain Internet protocol

 Define Routing VoIP

 Explain VoIP challenges

 Describe The call

 Evaluate Compared to datagram packet switching

 Examine Digital electronics

 Highlight Circuit Switched Data

 Analyze IP Routing

 Identify the term Signaling

Definition/Overview:

In telecommunications, a circuit switching network is one that establishes a fixed bandwidth

circuit (or channel) between nodes and terminals before the users may communicate, as if the

nodes were physically connected with an electrical circuit. The bit delay is constant during

the connection, as opposed to packet switching, where packet queues may cause varying

delay. There is a common misunderstanding that circuit switching is used only for connecting

voice circuits(Analog or digital).The concept of circuit switching can be extended to other

forms of digital data. Dedicated path still remains between two communicating parties and

rest of the procedure remains same as voice circuits. But this time around the data is

transferred non-stop NOT in the form of packets and without any overhead bits. Although

possible, circuit switching is rarely used for transferring digital data (Except voice circuit)

and this scheme is not employed in networks where digital data needs to be transferred. Each

circuit cannot be used by other callers until the circuit is released and a new connection is set
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up. Even if no actual communication is taking place in a dedicated circuit that channel

remains unavailable to other users. Channels that are available for new calls to be set up are

said to be idle. Virtual circuit switching is a packet switching technology that may emulate

circuit switching, in the sense that the connection is established before any packets are

transferred, and that packets are delivered in order. For call setup and control (and other

administrative purposes), it is possible to use a separate dedicated signalling channel from the

end node to the network. ISDN is one such service that uses a separate signalling channel

while Plain Old Telephone Service (POTS) does not. The method of establishing the

connection and monitoring its progress and termination through the network may also utilize

a separate control channel as in the case of links between telephone exchanges which use

CCS7 packet-switched signalling protocol to communicate the call setup and control

information and use TDM to transport the actual circuit data. Early telephone exchanges are a

suitable example of circuit switching. The subscriber would ask the operator to connect to

another subscriber, whether on the same exchange or via an inter-exchange link and another

operator. In any case, the end result was a physical electrical connection between the two

subscribers' telephones for the duration of the call. The copper wire used for the connection

could not be used to carry other calls at the same time, even if the subscribers were in fact not

talking and the line was silent. In the fields of communications, signal processing, and in

electrical engineering more generally, a signal is any time-varying or spatial-varying

quantity. In the physical world, any quantity measurable through time or over space can be

taken as a signal. Within a complex society, any set of human information or machine data

can also be taken as a signal. Such information or machine data (for example, the dots on a

screen, the ink making up text on a paper page, or the words now flowing into the reader's

mind) must all be part of systems existing in the physical world either living or non-living.

Despite the complexity and even mystery in the case of the reader's mind of such systems,

their outputs and inputs can often be represented with great fidelity as simple quantities

measurable through time or across space. In the latter half of the 20th century, electrical

engineering itself separated into several disciplines, specializing in the design and analysis of

physical signals and systems, on the one hand, and in the functional behavior and conceptual

structure of the complex human and machine systems, on the other. These engineering

disciplines have led the way in the design, study, and implementation of systems that take

advantage of signals as simple measurable quantities in order to facilitate the transmission,

storage, and manipulation of information. If for a signal, the quantities are defined only on a

discrete set of times, we call it a discrete-time signal. In other words, a discrete-time real (or
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complex) signal can be seen as a function from the set of integers to the set of real (or

complex) numbers. A continuous-time real (or complex) signal is any real-valued (or

complex-valued) function which is defined for all time t in an interval, most commonly an

infinite interval.

Key Points:

1. Internet protocol

Voice-over-Internet protocol is a protocol optimized for the transmission of voice through

the Internet or other packet-switched networks. VoIP is often used abstractly to refer to

the actual transmission of voice (rather than the protocol implementing it). This latter

concept is also referred to as IP telephony, Internet telephony, voice over broadband,

broadband telephony, and broadband phone. VoIP providers may be viewed as

commercial realizations of the experimental Network Voice Protocol (1973) invented for

the ARPANET providers. Some cost savings are due to utilizing a single network to carry

voice and data, especially where users have underused network capacity that can carry

VoIP at no additional cost. VoIP-to-VoIP phone calls are sometimes free, while VoIP

calls connecting to public switched telephone networks (VoIP-to-PSTN) may have a cost

that is borne by the VoIP user. Voice-over-IP systems carry telephony signals as digital

audio, typically reduced in data rate using speech data compression techniques,

encapsulated in a data-packet stream over Pithier are two types of PSTN-to-VoIP

services: Direct inward dialing (DID) and access numbers. DID will connect a caller

directly to the VoIP user, while access numbers require the caller to provide an extension

number for the called VoIP user. VoIP can facilitate tasks and provide services that may

be more difficult to implement or more expensive using the PSTN. Examples include:

 The ability to transmit more than one telephone call over the same broadband connection.

This can make VoIP a simple way to add an extra telephone line to a home or office.

 Conference calling, call forwarding, automatic redial, and caller ID; zero- or near-zero-cost

features that traditional telecommunication companies (telcos) normally charge extra for.

 Secure calls using standardized protocols (such as Secure Real-time Transport Protocol.)

Most of the difficulties of creating a secure phone connection over traditional phone lines,

like digitizing and digital transmission, are already in place with VoIP. It is only necessary to

encrypt and authenticate the existing data stream.
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 Location independence. Only an Internet connection is needed to get a connection to a VoIP

provider. For instance, call center agents using VoIP phones can work from anywhere with a

sufficiently fast and stable Internet connection.

 Integration with other services available over the Internet, including video conversation,

message or data file exchange in parallel with the conversation, audio conferencing,

managing address books, and passing information about whether others (e.g. friends or

colleagues) are available to interested parties.

 Advanced Telephony features such as call routing, screen pops, and IVR implementations are

easier and cheaper to implement and integrate. The fact that the phone call is on the same

data network as a user's PC opens a new door to possibilities.

 Because UDP does not provide a mechanism to ensure that data packets are delivered in

sequential order, or provide Quality of Service (QoS) guarantees, VoIP implementations face

problems dealing with latency and jitter. This is especially true when satellite circuits are

involved, due to long round-trip propagation delay (400600 milliseconds for links through

geostationary satellites). The receiving node must restructure IP packets that may be out of

order, delayed or missing, while ensuring that the audio stream maintains a proper time

consistency. This function is usually accomplished by means of a jitter buffer in the voice

engine.

2. Routing VoIP

Another challenge is routing VoIP traffic through firewalls and address translators.

Private Session Border Controllers are used along with firewalls to enable VoIP calls to

and from protected networks. Skype uses a proprietary protocol to route calls through

other Skype peers on the network, allowing it to traverse symmetric NATs and firewalls.

Other methods to traverse firewalls involve using protocols such as STUN or ICE.

3. VoIP challenges

 Available bandwidth

 Network Latency

 Packet loss

 Jitter

 Echo

 Security
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 Reliability

 In rare cases, decoding of pulse dialing

Many VoIP providers do not decode pulse dialing from older phones. The VoIP user

may use a pulse-to-tone converter, if needed. Fixed delays cannot be controlled but

some delays can be minimized by marking voice packets as being delay-sensitive.

The principal cause of packet loss is congestion, which can sometimes be managed or

avoided. Carrier VoIP networks avoid congestion by means of teletraffic engineering.

Variation in delay is called jitter. The effects of jitter can be mitigated by storing

voice packets in a jitter buffer upon arrival and before producing audio, although this

increases delay. This avoids a condition known as buffer underrun, in which the voice

engine is missing audio since the next voice packet has not yet arrived. Common

causes of echo include impedance mismatches in analog circuitry and acoustic

coupling of the transmit and receive signal at the receiving end.

4. The call

For call setup and control (and other administrative purposes), it is possible to use a

separate dedicated signalling channel from the end node to the network. ISDN is one such

service that uses a separate signalling channel while Plain Old Telephone Service (POTS)

does not. The method of establishing the connection and monitoring its progress and

termination through the network may also utilize a separate control channel as in the case

of links between telephone exchanges which use CCS7 packet-switched signalling

protocol to communicate the call setup and control information and use TDM to transport

the actual circuit data. Early telephone exchanges are a suitable example of circuit

switching. The subscriber would ask the operator to connect to another subscriber,

whether on the same exchange or via an inter-exchange link and another operator. In any

case, the end result was a physical electrical connection between the two subscribers'

telephones for the duration of the call. The copper wire used for the connection could not

be used to carry other calls at the same time, even if the subscribers were in fact not

talking and the line was silent.

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

23
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



5. Compared to datagram packet switching

Since the first days of the telegraph it has been possible to multiplex multiple connections

over the same physical conductor, but nonetheless each channel on the multiplexed link

was either dedicated to one call at a time, or it was idle between calls. With circuit

switching, and virtual circuit switching, a route is reserved from source to destination.

The entire message is sent in order so that it does not have to be reassembled at the

destination. Circuit switching can be relatively inefficient because capacity is wasted on

connections which are set up but are not in continuous use (however momentarily). On

the other hand, the connection is immediately available and capacity is guaranteed until

the call is disconnected. Circuit switching contrasts with packet switching which splits

traffic data (for instance, digital representation of sound, or computer data) into chunks,

called packets, that are routed over a shared network. Packet switching is the process of

segmenting a message/data to be transmitted into several smaller packets. Each packet is

labeled with its destination and the number of the packet, precluding the need for a

dedicated path to help the packet find its way to its destination. Each is dispatched and

many may go via different routes. At the destination, the original message is reassembled

in the correct order, based on the packet number. Datagram Packet switching networks do

not require a circuit to be established and allow many pairs of nodes to communicate

almost simultaneously over the same channel.

6. Digital electronics

Digital electronics are electronics systems that use digital signals. Digital electronics are

representations of Boolean algebra (also see truth tables) and are used in computers,

mobile phones, and other consumer products. In a digital circuit, a signal is represented in

one of two states or logic levels. The advantages of digital techniques stem from the fact

it is easier to get an electronic device to switch into one of two states, than to accurately

reproduce a continuous range of values. Digital electronics or any digital circuit are

usually made from large assemblies of logic gates, simple electronic representations of

Boolean logic functions. To most electronic engineers, the terms "digital circuit", "digital

system" and "logic" are interchangeable in the context of digital circuits.
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6.1 Structure of digital systems

Engineers use many methods to minimize logic functions, in order to reduce the

circuit's complexity. When the complexity is less, the circuit also has fewer errors and

less electronics, and is therefore less expensive. The most widely used simplification

is a minimization algorithm like the Espresso heuristic logic minimizer within a CAD

system, although historically, binary decision diagrams, an automated

QuineMcCluskey algorithm, truth tables, Karnaugh Maps, and Boolean algebra have

been used. Representations are crucial to an engineer's design of digital circuits. Some

analysis methods only work with particular representations. The classical way to

represent a digital circuit is with an equivalent set of logic gates. Another way, often

with the least electronics, is to construct an equivalent system of electronic switches

(usually transistors). One of the easiest ways is to simply have a memory containing a

truth table. The inputs are fed into the address of the memory, and the data outputs of

the memory become the outputs.

For automated analysis, these representations have digital file formats that can be

processed by computer programs. Most digital engineers are very careful to select

computer programs ("tools") with compatible file formats. To choose representations,

engineers consider types of digital systems. Most digital systems divide into

"combinatorial systems" and "sequential systems." A combinatorial system always

presents the same output when given the same inputs. It is basically a representation

of a set of logic functions, as already discussed. A sequential system is a

combinatorial system with some of the outputs fed back as inputs. This makes the

digital machine perform a "sequence" of operations. The simplest sequential system is

probably a flip flop, a mechanism that represents a binary digit or "bit". Sequential

systems are often designed as state machines. In this way, engineers can design a

system's gross behavior, and even test it in a simulation, without considering all the

details of the logic functions.

Sequential systems divide into two further subcategories. "Synchronous" sequential

systems change state all at once, when a "clock" signal changes state. "Asynchronous"

sequential systems propagate changes whenever inputs change. Synchronous

sequential systems are made of well-characterized asynchronous circuits such as flip-

flops, that change only when the clock changes, and which have carefully designed
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timing margins. The usual way to implement a synchronous sequential state machine

is divide it into a piece of combinatorial logic and a set of flip flops called a "state

register." Each time a clock signal ticks, the state register captures the feedback

generated from the previous state of the combinatorial logic, and feeds it back as an

unchanging input to the combinatorial part of the state machine. The fastest rate of the

clock is set by the most time-consuming logic calculation in the combinatorial logic.

The state register is just a representation of a binary number. If the states in the state

machine are numbered (easy to arrange), the logic function is some combinatorial

logic that produces the number of the next state.

In comparison, asynchronous systems are very hard to design because all possible

states, in all possible timings must be considered. The usual method is to construct a

table of the minimum and maximum time that each such state can exist, and then

adjust the circuit to minimize the number of such states, and force the circuit to

periodically wait for all of its parts to enter a compatible state. (This is called "self-

resynchronization.") Without such careful design, it is easy to accidentally produce

asynchronous logic that is "unstable", that is, real electronics will have unpredictable

results because of the cumulative delays caused by small variations in the values of

the electronic components. Certain circuits (such as the synchronizer flip-flops, switch

debouncers, and the like which allow external unsynchronized signals to enter

synchronous logic circuits) are inherently asynchronous in their design and must be

analyzed as such. As of 2005, almost all digital machines are synchronous designs

because it is much easier to create and verify a synchronous design -- the software

currently used to simulate digital machines does not yet handle asynchronous designs.

However, asynchronous logic is thought to be superior, if it can be made to work,

because its speed is not constrained by an arbitrary clock; instead, it simply runs at the

maximum speed permitted by the propagation rates of the logic gates from which it is

constructed. Building an asynchronous circuit using faster parts implicitly makes the

circuit "go" faster. More generally, many digital systems are data flow machines.

These are usually designed using synchronous register transfer logic, using hardware

description languages such as VHDL or Verilog. In register transfer logic, binary

numbers are stored in groups of flip flops called registers. The outputs of each register

are a bundle of wires called a "bus" that carries that number to other calculations. A

calculation is simply a piece of combinatorial logic. Each calculation also has an
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output bus, and these may be connected to the inputs of several registers. Sometimes a

register will have a multiplexer on its input, so that it can store a number from any one

of several buses. Alternatively, the outputs of several items may be connected to a bus

through buffers that can turn off the output of all of the devices except one. A

sequential state machine controls when each register accepts new data from its input.

In the 1980s, some researchers discovered that almost all synchronous register-

transfer machines could be converted to asynchronous designs by using first-in-first-

out synchronization logic. In this scheme, the digital machine is characterized as a set

of data flows. In each step of the flow, an asynchronous "synchronization circuit"

determines when the outputs of that step are valid, and presents a signal that says,

"grab the data" to the stages that use that stage's inputs. It turns out that just a few

relatively simple synchronization circuits are needed. The most general-purpose

register-transfer logic machine is a computer. This is basically an automatic binary

abacus. The control unit of a computer is usually designed as a microprogram run by a

microsequencer. A microprogram is much like a player-piano roll. Each table entry or

"word" of the microprogram commands the state of every bit that controls the

computer. The sequencer then counts, and the count address the memory or

combinatorial logic machine that contains the microprogram. The bits from the

microprogram control the arithmetic logic unit, memory and other parts of the

computer, including the microsequencer itself.

In this way, the complex task of designing the controls of a computer is reduced to a

simpler task of programming a relatively independent collection of much simpler

logic machines. Computer architecture is a specialized engineering activity that tries

to arrange the registers, calculation logic, buses and other parts of the computer in the

best way for some purpose. Computer architects have applied large amounts of

ingenuity to computer design to reduce the cost and increase the speed and immunity

to programming errors of computers. An increasingly common goal is to reduce the

power used in a battery-powered computer system, such as a cell-phone. Many

computer architects serve an extended apprenticeship as microprogrammers.

"Specialized computers" are usually a conventional computer with a special-purpose

microprogram.
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6.2 Automated design tools

To save costly engineering effort, much of the effort of designing large logic

machines has been automated. The computer programs are called "electronic design

automation tools" or just "EDA." Simple truth table-style descriptions of logic are

often optimized with EDA that automatically produces reduced systems of logic gates

or smaller lookup tables that still produce the desired outputs. The most common

example of this kind of software is the Espresso heuristic logic minimizer. Most

practical algorithms for optimizing large logic systems use algebraic manipulations or

binary decision diagrams, and there are promising experiments with genetic

algorithms and annealing optimizations. To automate costly engineering processes,

some EDA can take state tables that describe state machines and automatically

produce a truth table or a function table for the combinatorial part of a state machine.

The state table is a piece of text that lists each state, together with the conditions

controlling the transitions between them and the belonging output signals.

It is common for the function tables of such computer-generated state-machines to be

optimized with logic-minimization software such as Minilog. Often, real logic

systems are designed as a series of sub-projects, which are combined using a "tool

flow." The tool flow is usually a "script," a simplified computer language that can

invoke the software design tools in the right order. Tool flows for large logic systems

such as microprocessors can be thousands of commands long, and combine the work

of hundreds of engineers. Writing and debugging tool flows is an established

engineering specialty in companies that produce digital designs. The tool flow usually

terminates in a detailed computer file or set of files that describe how to physically

construct the logic. Often it consists of instructions to draw the transistors and wires

on an integrated circuit or a printed circuit board.

Parts of tool flows are "debugged" by verifying the outputs of simulated logic against

expected inputs. The test tools take computer files with sets of inputs and outputs, and

highlight discrepancies between the simulated behavior and the expected behavior.

Once the input data is believed correct, the design itself must still be verified for

correctness. Some tool flows verify designs by first producing a design, and then

scanning the design to produce compatible input data for the tool flow. If the scanned

data matches the input data, then the tool flow has probably not introduced errors. The
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functional verification data are usually called "test vectors." The functional test

vectors may be preserved and used in the factory to test that newly constructed logic

works correctly. However, functional test patterns don't discover common fabrication

faults. Production tests are often designed by software tools called "test pattern

generators." These generate test vectors by examining the structure of the logic and

systematically generating tests for particular faults. This way the fault coverage can

closely approach 100%, provided the design is properly made testable. Once a design

exists, and is verified and testable, it often needs to be processed to be manufacturable

as well. Modern integrated circuits have features smaller than the wavelength of the

light used to expose the photoresist. Manufacturability software adds interference

patterns to the exposure masks to eliminate open-circuits, and enhance the masks'

resolution and contrast.

6.3 Design for testability

A large logic machine (say, with more than a hundred logical variables) can have an

astronomical number of possible states. Obviously, in the factory, testing every state

is impractical if testing each state takes a microsecond, and there are more states than

the number of microseconds since the universe began. Unfortunately, this ridiculous-

sounding case is typical. Fortunately, large logic machines are almost always

designed as assemblies of smaller logic machines. To save time, the smaller sub-

machines are isolated by permanently-installed "design for test" circuitry, and are

tested independently.

One common test scheme known as "scan design" moves test bits serially (one after

another) from external test equipment through one or more serial shift registers known

as "scan chains". Serial scans have only one or two wires to carry the data, and

minimize the physical size and expense of the infrequently-used test logic. After all

the test data bits are in place, the design is reconfigured to be in "normal mode" and

one or more clock pulses are applied, to test for faults (e.g. stuck-at low or stuck-at

high) and capture the test result into flip-flops and/or latches in the scan shift

register(s). Finally, the result of the test is shifted out to the block boundary and

compared against the predicted "good machine" result. In a board-test environment,

serial to parallel testing has been formalized with a standard called "JTAG" (named

after the "Joint Test Action Group" that proposed it). Another common testing scheme
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provides a test mode that forces some part of the logic machine to enter a "test cycle."

The test cycle usually exercises large independent parts of the machine.

6.4 Trade-offs

Several numbers determine the practicality of a system of digital logic. Engineers

explored numerous electronic devices to get an ideal combination of fanout, speed,

low cost and reliability. The cost of a logic gate is crucial. In the 1930s, the earliest

digital logic systems were constructed from telephone relays because these were

inexpensive and relatively reliable. After that, engineers always used the cheapest

available electronic switches that could still fulfill the requirements. The earliest

integrated circuits were a happy accident. They were constructed not to save money,

but to save weight, and permit the Apollo Guidance Computer to control an inertial

guidance system for a spacecraft. The first integrated circuit logic gates cost nearly

$50 (in 1960 dollars, when an engineer earned $10,000/year). To everyone's surprise,

by the time the circuits were mass-produced, they had become the least-expensive

method of constructing digital logic. Improvements in this technology have driven all

subsequent improvements in cost.

With the rise of integrated circuits, reducing the absolute number of chips used

represented another way to save costs. The goal of a designer is not just to make the

simplest circuit, but to keep the component count down. Sometimes this results in

slightly more complicated designs with respect to the underlying digital logic but

nevertheless reduces the number of components, board size, and even power

consumption. For example, in some logic families, NAND gates are the simplest

digital gate to build. All other logical operations can be implemented by NAND gates.

If a circuit already required a single NAND gate, and a single chip normally carried

four NAND gates, then the remaining gates could be used to implement other logical

operations like logical and. This could eliminate the need for a separate chip

containing those different types of gates. The "reliability" of a logic gate describes its

mean time between failure (MTBF). Digital machines often have millions of logic

gates. Also, most digital machines are "optimized" to reduce their cost. The result is

that often, the failure of a single logic gate will cause a digital machine to stop

working. Digital machines first became useful when the MTBF for a switch got above

a few hundred hours. Even so, many of these machines had complex, well-rehearsed
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repair procedures, and would be nonfunctional for hours because a tube burned-out, or

a moth got stuck in a relay. Modern transistorized integrated circuit logic gates have

MTBFs of nearly a trillion (11012) hours, and need them because they have so many

logic gates.

Fanout describes how many logic inputs can be controlled by a single logic output.

The minimum practical fanout is about five. Modern electronic logic using CMOS

transistors for switches have fanouts near fifty, and can sometimes go much higher.

The "switching speed" describes how many times per second an inverter (an

electronic representation of a "logical not" function) can change from true to false and

back. Faster logic can accomplish more operations in less time. Digital logic first

became useful when switching speeds got above fifty hertz, because that was faster

than a team of humans operating mechanical calculators. Modern electronic digital

logic routinely switches at five gigahertz (5109 hertz), and some laboratory systems

switch at more than a terahertz (11012 hertz).

6.5 Logic families

Design started with relays. Relay logic was relatively inexpensive and reliable, but

slow. Occasionally a mechanical failure would occur. Fanouts were typically about

ten, limited by the resistance of the coils and arcing on the contacts from high

voltages. Later, vacuum tubes were used. These were very fast, but generated heat,

and were unreliable because the filaments would burn out. Fanouts were typically five

to seven, limited by the heating from the tubes' current. In the 1950s, special

"computer tubes" were developed with filaments that omitted volatile elements like

silicon. These ran for hundreds of thousands of hours. The first semiconductor logic

family was Resistor-transistor logic. This was a thousand times more reliable than

tubes, ran cooler, and used less power, but had a very low fan-in of three. Diode-

transistor logic improved the fanout up to about seven, and reduced the power. Some

DTL designs used two power-supplies with alternating layers of NPN and PNP

transistors to increase the fanout. Transistor logic (TTL) was a great improvement

over these. In early devices, fanout improved to ten, and later variations reliably

achieved twenty. TTL was also fast, with some variations achieving switching times

as low as twenty nanoseconds. TTL is still used in some designs. Another contender

was emitter coupled logic. This is very fast but uses a lot of power. It's now used
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mostly in radio-frequency circuits. Modern integrated circuits mostly use variations of

CMOS, which is acceptably fast, very small and uses very little power. Fanouts of

forty or more are possible, with some speed penalty.

6.6 Non-electronic logic

It is possible to construct non-electronic digital mechanisms. In principle, any

technology capable of representing discrete states and representing logic operations

could be used to build mechanical logic. Danny Hillis, co-author of The Connection

Machine, once built a working computer from Tinker toys, string, a brick, and a

sharpened pencil, which is supposed to be in the Houston Museum of Natural

Science. Hydraulic, pneumatic and mechanical versions of logic gates exist and are

used in situations where electricity cannot be used. The first two types are considered

under the heading of fluidics. One application of fluidic logic is in military hardware

that is likely to be exposed to a nuclear electromagnetic pulse (nuclear EMP, or

NEMP) that would destroy electrical circuits. Mechanical logic is frequently used in

inexpensive controllers, such as those in washing machines. Famously, the first

computer design, by Charles Babbage, was designed to use mechanical logic.

Mechanical logic might also be used in very small computers that could be built by

nanotechnology. Another example is that if two particular enzymes are required to

prevent the construction of a particular protein, this is the equivalent of a biological

"NAND" gate

7. Circuit Switched Data

Circuit Switched Data (CSD) is the original form of data transmission developed for the

time division multiple access (TDMA)-based mobile phone systems like Global System

for Mobile Communications (GSM). CSD uses a single radio time slot to deliver 9.6

kbit/s data transmission to the GSM Network and Switching Subsystem where it could be

connected through the equivalent of a normal modem to the Public Switched Telephone

Network (PSTN) allowing direct calls to any dial-up service. Prior to CSD, data

transmission over mobile phone systems was done by using a modem, either built into the

phone or attached to it. Such systems were limited by the quality of the audio signal to 2.4

kbit/s or less. With the introduction of digital transmission in TDMA-based systems like

GSM, CSD provided almost direct access to the underlying digital signal, allowing for
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higher speeds. At the same time, the speech oriented audio compression used in GSM

actually meant that data rates using a traditional modem connected to the phone would

have been even lower than with older analog systems.

A CSD call functions in a very similar way to a normal voice call in a GSM network. A

single dedicated radio time slot is allocated between the phone and the base station. A

dedicated "sub-time slot" (16 kbit/s) is allocated from the base station to the transcoder,

and finally another time slot (64 kbit/s) is allocated from the transcoder to the Mobile

Switching Centre (MSC). At the MSC, it is possible to use a modem to convert to an

"analog" signal, though this will typically actually be encoded as a digital pulse-code

modulation (PCM) signal when sent from the MSC. It is also possible to directly use the

digital signal as an Integrated Services Digital Network (ISDN) data signal and feed it

into the equivalent of a remote access server.

7.1 GSM data transmission has advanced since the introduction of CSD

 High-Speed Circuit-Switched Data (HSCSD) is a system based on CSD but designed to

provide higher data rates by means of more efficient channel coding and/or multiple (up to 4)

time slots.

 General Packet Radio Service (GPRS) provides more efficient packet-based data

transmission directly from the mobile phone at speeds similar to HSCSD.

 Enhanced Data Rates for GSM Evolution (EDGE) (E-GPRS) and Universal Mobile

Telecommunications System (UMTS) provide improved radio interfaces with higher data

rates, while still being backward compatible with the GSM core network.

8. IP Routing

Routing is the process of selecting paths in a network along which to send network traffic.

Routing is performed for many kinds of networks, including the telephone network,

electronic data networks (such as the Internet), and transportation (transport) networks.

This article is concerned primarily with routing in electronic data networks using packet

switching technology. In packet switching networks, routing directs forwarding, the

transit of logically addressed packets from their source toward their ultimate destination

through intermediate nodes; typically hardware devices called routers, bridges, gateways,

firewalls, or switches. Ordinary computers with multiple network cards can also forward
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packets and perform routing, though they are not specialized hardware and may suffer

from limited performance. The routing process usually directs forwarding on the basis of

routing tables which maintain a record of the routes to various network destinations. Thus

constructing routing tables, which are held in the routers' memory, becomes very

important for efficient routing. Most routing algorithms use only one network path at a

time, but multipath routing techniques enable the use of multiple alternative paths.

Routing, in a more narrow sense of the term, is often contrasted with bridging in its

assumption that network addresses are structured and that similar addresses imply

proximity within the network. Because structured addresses allow a single routing table

entry to represent the route to a group of devices, structured addressing (routing, in the

narrow sense) outperforms unstructured addressing (bridging) in large networks, and has

become the dominant form of addressing on the Internet, though bridging is still widely

used within localized environments.

9. Signaling

A signal is a limited form of inter-process communication used in Unix, Unix-like, and

other POSIX-compliant operating systems. Essentially it is an asynchronous notification

sent to a process in order to notify it of an event that occurred. When a signal is sent to a

process, the operating system interrupts the process' normal flow of execution. Execution

can be interrupted during any non-atomic instruction. If the process has previously

registered a signal handler, that routine is executed. Otherwise the default signal handler

is executed. Signal handlers can be installed with the signal() system call. If a signal

handler is not installed for a particular signal, the default handler is used. Otherwise the

signal is intercepted and the signal handler is invoked. The process can also specify two

default behaviors, without creating a handler: ignore the signal (SIG_IGN) and use the

default signal handler (SIG_DFL). There are two signals which cannot be intercepted and

handled: SIGKILL and SIGSTOP. Signal handling is vulnerable to race conditions.

Because signals are asynchronous, another signal (even of the same type) can be

delivered to the process during execution of the signal handling routine. The

sigprocmask() call can be used to block and unblock delivery of signals. Signals can

cause the interruption of a system call in progress, leaving it to the application to manage

a non-transparent restart. Signal handlers should be written in a way that doesn't result in

any unwanted side-effects, e.g. errno alteration, signal mask alteration, signal disposition
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change, and other global process attribute changes. Use of non-reentrant functions, e.g.

malloc or printf, inside signal handlers is also unsafe.

Topic : Telecommunications Networks

Topic Objective:

At the end of this topic student would be able to:

 Understand Telecommunications Networks

 Explain Transmission Medium

 Highlight Outside Plant Infrastructure

 Evaluate Core Network

 Analyze Metropolitan Network

 Identify Access Network & LAN

Definition/Overview:

A transmission medium (plural transmission media) is a material substance (solid, liquid or

gas) which can propagate energy waves. For example, the transmission medium for sound

received by the ears is usually air, but solids and liquids may also act as transmission media

for sound. The absence of a material medium (the vacuum of empty space) can also be

thought of as a transmission medium for electromagnetic waves such as light and radio

waves. While material substance is not required for electromagnetic waves to propagate, such

waves are usually affected by the transmission media through which they pass, for instance

by absorption or by reflection or refraction at the interfaces between media. The term

transmission medium can also refer to the technical device which employs the material

substance to transmit or guide the waves. Thus an optical fiber or a copper cable can be

referred to as a transmission medium.

Electromagnetic radiation can be transmitted through an optical media, such as optical fiber,

or through twisted pair wires, coaxial cable, or dielectric-slab waveguides. It may also pass

through any physical material which is transparent to the specific wavelength, such as water,
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air, glass, or concrete. Sound is, by definition, the vibration of matter, so it requires a physical

medium for transmission, as does other kinds of mechanical waves and heat energy.

Historically, various aether theories were used in science and thought to be necessary to

explain the transmission medium. However, it is now known that electromagnetic waves do

not require a physical transmission medium, and so can travel through the "vacuum" of free

space. Regions of the insulative vacuum can become conductive for electrical conduction

through the presence of free electrons, holes, or ions.

Metropolitan area networks, or MANs, are large computer networks usually spanning a city.

They typically use wireless infrastructure or Optical fiber connections to link their sites.

Key Points:

1. Telecommunications Networks

Some technologies used for this purpose are ATM, FDDI, and SMDS. These older

technologies are in the process of being displaced by Ethernet-based MANs (e.g. Metro

Ethernet) in most areas. MAN links between LANs have been built without cables using

either microwave, radio, or infra-red laser links. Most companies rent or lease circuits

from common carriers due to the fact that laying long stretches of cable can be expensive.

DQDB, Distributed Queue Dual Bus, is the Metropolitan Area Network standard for data

communication. It is specified in the IEEE 802.6 standard. Using DQDB, networks can

be up to 30 miles (50km) long and operate at speeds of 34 to 155 Mbit/s. Several notable

networks started as MANs, such as the Internet peering points MAE-West, MAE-East,

and the Sohonet media network. A local-area network is a computer network covering a

small geographic area, like a home, office, or group of buildings e.g. a school. The

defining characteristics of LANs, in contrast to wide-area networks (WANs), include

their much higher data-transfer rates, smaller geographic range, and lack of a need for

leased telecommunication lines. Ethernet over unshielded twisted pair cabling, and Wi-Fi

are the two most common technologies currently, but ARCNET, Token Ring and many

others have been used in the past.

Although switched Ethernet is now the most common data link layer protocol and IP as a

network layer protocol, many different options have been used, and some continue to be

popular in niche areas. Smaller LANs generally consist of a one or more switches linked

to each other - often with one connected to a router, cable modem, or DSL modem for

Internet access. Larger LANs are characterized by their use of redundant links with
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switches using the spanning tree protocol to prevent loops, their ability to manage

differing traffic types via quality of service (QoS), and to segregate traffic via VLANs.

Larger LANS also contain a wide variety of network devices such as switches, firewalls,

routers, load balancers, sensors and so on. LANs may have connections with other LANs

via leased lines, leased services, or by 'tunneling' across the Internet using VPN

technologies. Depending on how the connections are made, secured, and the distance

involved they become a Metropolitan Area Network (MAN), a Wide Area Network

(WAN), or a part of the internet. In telecommunication, the term outside plant has the

following meanings: In civilian telecommunications, all cables, conduits, ducts, poles,

towers, repeaters, repeater huts, and other equipment located between a demarcation point

in a switching facility and a demarcation point in another switching center or customer

premises. Note: The demarcation point may be at a distribution frame, cable head, or

microwave transmitter. In DOD communications, the portion of intrabase

communications equipment between the main distribution frame (MDF) and a user end

instrument or the terminal connection for a user instrument. It takes a lot to connect

dozens or millions of telephones together, including people and hardware. Hardware that

stays in place (not trucks or screwdrivers) is called "plant." Some items of plant can be

centralized and kept indoors in the telephone exchange. This is called Inside plant. Other

equipment, such as wires to connect a phone to its exchange, or optical fibers to connect

exchanges to each other, must be outdoors, hence is called Outside plant. Outside plant is

made to be rugged. Core network plant is often arranged in diversity schemes including

SONET rings to avoid single failure points. The CATV industry also divides its fixed

assets between Head end or inside plant, and outside plant. The electric power industry

sometimes uses the term "outside plant" to refer to electric power distribution systems. In

civilian telecommunications, the copper access network (also known as the local loop)

typically consists of the following elements:

 In-house wiring that connects customer premises equipment to the demarcation point.

 One or more twisted pairs connect the demarcation point to a streetside cabinet or Serving

area interface.

 The streetside cabinet contains a distribution frame.

 The streetside cabinet is connected to the main distribution frame, located at the central

office, by one or more cables which together contain hundreds of copper twisted pairs.

 Jumper cables are installed on both the MDF and the streetside distribution frame.
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 Active equipment (such as a POTS or DSL line circuit) can then be connected to the line in

order to provide service, but this is not considered part of outside plant.

2. Transmission Medium

A transmission medium (plural transmission media) is a material substance (solid, liquid

or gas) which can propagate energy waves. For example, the transmission medium for

sound received by the ears is usually air, but solids and liquids may also act as

transmission media for sound. The absence of a material medium (the vacuum of empty

space) can also be thought of as a transmission medium for electromagnetic waves such

as light and radio waves. While material substance is not required for electromagnetic

waves to propagate, such waves are usually affected by the transmission media through

which they pass, for instance by absorption or by reflection or refraction at the interfaces

between media. The term transmission medium can also refer to the technical device

which employs the material substance to transmit or guide the waves. Thus an optical

fiber or a copper cable can be referred to as a transmission medium. A transmission

medium can be classified as a:

 Linear medium, if different waves at any particular point in the medium can be superposed;

 Bounded medium, if it is finite in extent, otherwise unbounded medium;

 Uniform medium or homogeneous medium, if its physical properties are unchanged at

different points;

 Isotropic medium, if its physical properties are the same in different directions.

2.1 Coaxial Cable, one example of a transmission medium

Electromagnetic radiation can be transmitted through an optical media, such as optical

fiber, or through twisted pair wires, coaxial cable, or dielectric-slab waveguides. It

may also pass through any physical material which is transparent to the specific

wavelength, such as water, air, glass, or concrete. Sound is, by definition, the

vibration of matter, so it requires a physical medium for transmission, as does other

kinds of mechanical waves and heat energy. Historically, various aether theories were

used in science and thought to be necessary to explain the transmission medium.

However, it is now known that electromagnetic waves do not require a physical

transmission medium, and so can travel through the "vacuum" of free space. Regions
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of the insulative vacuum can become conductive for electrical conduction through the

presence of free electrons, holes, or ions.

3. Outside Plant Infrastructure

In telecommunication, the term outside plant has the following meanings:

 In civilian telecommunications, all cables, conduits, ducts, poles, towers, repeaters, repeater

huts, and other equipment located between a demarcation point in a switching facility and a

demarcation point in another switching center or customer premises.

 The demarcation point may be at a distribution frame, cable head, or microwave transmitter.

 In DOD communications, the portion of intrabase communications equipment between the

main distribution frame (MDF) and a user end instrument or the terminal connection for a

user instrument.

3.1 Context

It takes a lot to connect dozens or millions of telephones together, including people

and hardware. Hardware that stays in place (not trucks or screwdrivers) is called

"plant." Some items of plant can be centralized and kept indoors in the telephone

exchange. This is called Inside plant. Other equipment, such as wires to connect a

phone to its exchange, or optical fibers to connect exchanges to each other, must be

outdoors, hence is called outside plant. Outside plant is made to be rugged. Core

network plant is often arranged in diversity schemes including SONET rings to avoid

single failure points. The CATV industry also divides its fixed assets between Head

end or inside plant, and outside plant. The electric power industry sometimes uses the

term "outside plant" to refer to electric power distribution systems.

3.2 Copper access network

In civilian telecommunications, the copper access network (also known as the local

loop) typically consists of the following elements:

 In-house wiring that connects customer premises equipment to the demarcation point.

 One or more twisted pairs connect the demarcation point to a streetside cabinet or Serving

area interface.
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 The streetside cabinet contains a distribution frame.

 The streetside cabinet is connected to the main distribution frame, located at the central

office, by one or more cables which together contain hundreds of copper twisted pairs or by

optical fiber.

 Jumper cables are installed on both the MDF and the streetside distribution frame.

 Active equipment (such as a POTS or DSL line circuit) can then be connected to the line in

order to provide service, but this is not considered part of outside plant.

4. Core Network

The general packet radio services (GPRS) system is used by GSM mobile phones, the

most common mobile phone system in the world (as of 2004[update]), for transmitting IP

packets. The GPRS core network is the centralised part of the GPRS system and also

provides support for WCDMA based 3G networks. The GPRS core network is an

integrated part of the GSM core network.

4.1 GPRS support nodes (GSN)

A GSN is a network node which supports the use of GPRS in the GSM core network.

All GSNs should have a Gn interface and support the GPRS tunnelling protocol.

There are two key variants of the GSN; the GGSN and the SGSN defined below.

4.2 GGSN - gateway GPRS support node

A gateway GPRS support node (GGSN) acts as an interface between the GPRS

backbone network and the external packet data networks (radio network and the IP

network). It converts the GPRS packets coming from the SGSN into the appropriate

packet data protocol (PDP) format (e.g., IP or X.25) and sends them out on the

corresponding packet data network. In the other direction, PDP addresses of incoming

data packets are converted to the GSM address of the destination user. The

readdressed packets are sent to the responsible SGSN. For this purpose, the GGSN

stores the current SGSN address of the user and his or her profile in its location

register. The GGSN is responsible for IP address assignment and is the default router
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for the connected user equipment (UE). The GGSN also performs authentication and

charging functions.

4.3 SGSN - serving GPRS support node

A serving GPRS support node (SGSN) is responsible for the delivery of data packets

from and to the mobile stations within its geographical service area. Its tasks include

packet routing and transfer, mobility management (attach/detach and location

management), logical link management, and authentication and charging functions.

The location register of the SGSN stores location information (e.g., current cell,

current VLR) and user profiles (e.g., IMSI, address(es) used in the packet data

network) of all GPRS users registered with this SGSN.

4.4 Common SGSN Functions

 Detunnel GTP packets from the GGSN (downlink)

 Tunnel IP packets toward the GGSN (uplink)

 Carry out mobility management as Standby mode mobile moves from Routing Area to

Routing Area

 Billing user data

4.5 GSM/EDGE specific SGSN functions

 Carry up to about 60 kbit/s (150 kbit/s for EDGE) traffic per subscriber

 Connect via frame relay or IP to the PCU using the Gb protocol stack

 Accept uplink data to form IP packets

 Encrypt downlink data, decrypt uplink data

 Carry out mobility management to the level of a cell for connected mode mobiles

4.6 WCDMA specific SGSN functions

 Carry up to about 300 kbit/s traffic per subscriber (R99)

 Carry up to about 7.2 Mbit/s traffic downlink and 2.0 Mbit/s traffic uplink (HSPA)

 Tunnel/detunnel downlink/uplink packets toward the radio network controller (RNC)

 Carry out mobility management to the level of an RNC for connected mode mobiles
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These differences in functionality have led some manufacturers to create specialist

SGSNs for each of WCDMA and GSM which do not support the other networks,

whilst other manufacturers have succeeded in creating both together, but with a

performance cost due to the compromises required

5. Metropolitan Network

Some technologies used for this purpose are ATM, FDDI, and SMDS. These older

technologies are in the process of being displaced by Ethernet-based MANs (e.g. Metro

Ethernet) in most areas. MAN links between LANs have been built without cables using

either microwave, radio, or infra-red laser links. Most companies rent or lease circuits

from common carriers due to the fact that laying long stretches of cable can be expensive.

DQDB, Distributed Queue Dual Bus, is the Metropolitan Area Network standard for data

communication. It is specified in the IEEE 802.6 standard. Using DQDB, networks can

be up to 20 miles (30km) long and operate at speeds of 34 to 155 Mbit/s. Several notable

networks started as MANs, such as the Internet peering points MAE-West, MAE-East,

and the Sohonet media network.

6. Access Network & LAN

VLANs are created to provide the segmentation services traditionally provided by routers

in LAN configurations. VLANs address issues such as scalability, security, and network

management. Routers in VLAN topologies provide broadcast filtering, security, address

summarization, and traffic flow management. By definition, switches may not bridge IP

traffic between VLANs as it would violate the integrity of the VLAN broadcast domain.

This is also useful if one wants to create multiple Layer 3 networks on the same Layer 2

switch. For example if a DHCP server (which will broadcast its presence) were plugged

into a switch it would serve anyone on that switch that was configured to do so. By using

VLANs you easily split the network up so some hosts won't use that server and default to

Link-local addresses. Virtual LANs are essentially Layer 2 constructs, compared with IP

subnets which are Layer 3 constructs. In a LAN employing VLANs, a one-to-one

relationship often exists between VLANs and IP subnets, although it is possible to have

multiple subnets on one VLAN or have one subnet spread across multiple VLANs.

Virtual LANs and IP subnets provide independent Layer 2 and Layer 3 constructs that

map to one another and this correspondence is useful during the network design process.
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By using VLAN, one can control traffic patterns and react quickly to relocations. VLANs

provide the flexibility to adapt to changes in network requirements and allow for

simplified administration. In Cisco devices, VTP (VLAN Trunking Protocol) maintains

VLAN configuration consistency across the entire network. VTP uses Layer 2 trunk

frames to manage the addition, deletion, and renaming of VLANs on a network-wide

basis from a centralized switch in the VTP server mode. VTP is responsible for

synchronizing VLAN information within a VTP domain and reduces the need to

configure the same VLAN information on each switch. VTP minimizes the possible

configuration inconsistencies that arise when changes are made. These inconsistencies

can result in security violations, because VLANs can crossconnect when duplicate names

are used. They also could become internally disconnected when they are mapped from

one LAN type to another, for example, Ethernet to ATM LANE ELANs or FDDI 802.10

VLANs. VTP provides a mapping scheme that enables seamless trunking within a

network employing mixed-media technologies.

In Section 3 of this course you will cover these topics:
Communication Service Providers Pstn, Catv, Cellular

Topic : Communication Service Providers Pstn, Catv, Cellular

Topic Objective:

At the end of this topic student would be able to:

 Explain Early History of Communication Service Providers

 Understand PSTN Central Office

 Know Routing in the PSTN

 Identify Cable Television as a Telecommunications Service Provider

 Highlight International Overseas Call Centers

 Evaluate UK Telephone Switch Hierarchy

 Examine Mobile wireless broadband
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Definition/Overview:

The public switched telephone network (PSTN) is the network of the world's public circuit-

switched telephone networks, in much the same way that the Internet is the network of the

world's public IP-based packet-switched networks. Originally a network of fixed-line analog

telephone systems, the PSTN is now almost entirely digital, and now includes mobile as well

as fixed telephones. The PSTN is largely governed by technical standards created by the ITU-

T, and uses E.163/E.164 addresses (more commonly known as telephone numbers) for

addressing. The PSTN was the earliest example of traffic engineering to deliver Quality of

Service (QoS) guarantees. A.K. Erlang (18781929) is credited with establishing the

mathematical foundations of methods required to determine the amount and configuration of

equipment and the number of personnel required to deliver a specific level of service.

Key Points:

1. Early History of Communication Service Providers

In order to organize automated operator dialing, and later Direct Distance Dialing (DDD),

AT&T divided the various switches in its network in to a hierarchy containing five levels

(or classes). This was a formal expansion of the network structure that had developed

within AT&T Long Lines as local telephone exchanges had been connected together. As

long distance calling was originally established, it could take up to seven minutes to

complete a connection to another major city, and small points would need to have "call

back" appointments made with long lead times for circuits to be reserved. While the

following discussion refers to AT&T and (principally) to the United States, it is important

to remember that until 1956, AT&T controlled Bell Canada and thus influenced corporate

decisions north of the border. Bell Canada provided local operations in most of Ontario

and Quebec, and both in its capacity as the largest telecommunications carrier in Canada

and because of its historic operations in the Atlantic and Prairie provinces, dominated

decisions over long distance practices. Canadian authorities agreed that integration of

Canadian long distance services into a trans-national network was valuable to both

countries, so that U.S. and Canadian services were integrated for networking capabilities

at an early stage into what eventually became the foundation for the North American

Numbering Plan Area.
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By the mid-1920s, a revised manual system where "local" toll operators connected

tandem routes (a process formally called Combined Line and Recording) as needed to

complete telephone calls, reduced the process to an average of two minutes, but still

meant that some complex routings might interconnect as many as sixteen points! As long

distance services grew in the Contiguous Continental US (48 states) and Canada, the

amount of overhead equipment and people required to determine and establish Rates and

Routes became excessive. As technology improved, network design included

consideration of more automated and defined procedures. Thus, beginning with a switch

installed in Philadelphia PA in 1943, AT&T began to automate the system, and establish

a new switch hierarchy, which lasted until the breakup of AT&T in the 1980s. The

underlying principle of the five-level hierarchy was to provide economies of scale by

establishing direct connections between centralized call "collection points" (essentially

the Class 4 offices) where economically feasible, and to provide additional concentration

points (Class 1 through 3) to handle overflow traffic that could not be handled directly, or

to handle traffic to locations which were less likely to be dialed from a given point -

usually longer distances and/or smaller locations in other parts of the North American

dialing plan. The North American plan differed from those of other continents in the

existence of three concentration levels of hierarchy for domestic (here defined as

including all those points "within" the dialing plan) calls, a need not required where the

larger geographic area was broken into several national plan jurisdictions. However, it is

important to note that this was not a strict hierarchy of absolute levels. If enough call

traffic existed between geographic areas, for example, a Class 4 office could have direct

trunk connections not only to a Class 3 office, but to a Class 2 or Class 1 office, and vice

versa. For example, the Class 2 switch in Toronto (OTORON0101T2) had connections

not only to the Class 1 switch in Montral (MTRLPQ0201T1), but to the Class 1 switch in

White Plains (WHPLNY0201T1), one of the Class 2 switches in New York City

(NYCMNYAA02T2) and a Class 3 switch in Buffalo (BFLONYFR04T3). Network

engineers re-worked the system as necessary to balance off call completion percentages

with budgetary limitations. In fact, minor changes were made almost every month.

Initially excluded from the development of the North American network were locations

that eventually would become part of the North American Numbering Plan Area - Alaska,

Hawaii, some other United States possessions, various outlying Northern and rural

portions of Canada, and much of the Caribbean. These areas were handled as

International Calls until more advanced computer hardware and software allowed them to
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be included in the automated, integrated systems in later decades. After the spread of

stored program control switching, many services of Class 1 through 3 could be delegated

to newer switches in the class 4 and 5 offices, and that portion of the network became

obsolete, although it was partially replaced by the establishment of multiple long distance

carrier networks, connected to the local networks through their points of presence.

2. PSTN Central Office

The public switched telephone network (PSTN) is the network of the world's public

circuit-switched telephone networks, in much the same way that the Internet is the

network of the world's public IP-based packet-switched networks. Originally a network of

fixed-line analog telephone systems, the PSTN is now almost entirely digital, and now

includes mobile as well as fixed telephones. The PSTN is largely governed by technical

standards created by the ITU-T, and uses E.163/E.164 addresses (more commonly known

as telephone numbers) for addressing. The PSTN was the earliest example of traffic

engineering to deliver Quality of Service (QoS) guarantees. A.K. Erlang (18781929) is

credited with establishing the mathematical foundations of methods required to determine

the amount and configuration of equipment and the number of personnel required to

deliver a specific level of service. In the 1970s the telecommunications industry

conceived that digital services would follow much the same pattern as voice services, and

conceived a vision of end-to-end circuit switched services, known as the Broadband

Integrated Services Digital Network (B-ISDN). The B-ISDN vision has been overtaken

by the disruptive technology of the Internet. Only the oldest parts of the telephone

network still use analog technology for anything other than the last mile loop to the end

user, and in recent years digital services have been increasingly rolled out to end users

using services such as DSL, ISDN, FTTX and cable modem systems.

Many observers believe that the long term future of the PSTN is to be just one application

of the Internet - however, the Internet has some way to go before this transition can be

made. The QoS guarantee is one aspect that needs to be improved in the Voice over IP

(VoIP) technology. There are a number of large private telephone networks which are not

linked to the PSTN, usually for military purposes. There are also private networks run by

large companies which are linked to the PSTN only through limited gateways, like a large

private branch exchange (PBX).
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2.1 Digital Channel

Although the network was created using analog voice connections through manual

switchboards, automated telephone exchanges replaced most switchboards, and later

digital switch technologies were used. Most switches now use digital circuits between

exchanges, with analog two-wire circuits still used to connect to most telephones. The

basic digital circuit in the PSTN is a 64-kilobits-per-second channel, originally

designed by Bell Labs, called Digital Signal 0 (DS0). To carry a typical phone call

from a calling party to a called party, the audio sound is digitized at an 8 kHz sample

rate using 8-bit pulse code modulation (PCM). The call is then transmitted from one

end to another via telephone exchanges. The call is switched using a signaling

protocol (Signaling_System_7) between the telephone exchanges under an overall

routing strategy.

The DS0s are the basic granularity at which switching takes place in a telephone

exchange. DS0s are also known as timeslots because they are multiplexed together

using time-division multiplexing (TDM). Multiple DS0s are multiplexed together on

higher capacity circuits into a DS1 signal, carrying 24 DS0s on a North American or

Japanese T1 line, or 32 DS0s (30 for calls plus two for framing and signalling) on an

E1 line used in most other countries. In modern networks, this multiplexing is moved

as close to the end user as possible, usually into cabinets at the roadside in residential

areas, or into large business premises. The timeslots are conveyed from the initial

multiplexer to the exchange over a set of equipment collectively known as the access

network. The access network and inter-exchange transport of the PSTN use

synchronous optical transmission (SONET and SDH) technology, although some

parts still use the older PDH technology. Within the access network, there are a

number of reference points defined. Most of these are of interest mainly to ISDN but

one the V reference point is of more general interest. This is the reference point

between a primary multiplexer and an exchange. The protocols at this reference point

were standardised in ETSI areas as the V5 interface.
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3. Routing in the PSTN

In the context of the public switched telephone network, routing is the process by which

telephone calls are routed around the telephone network. Telephone exchanges are

connected together with trunks. Each call that is to be routed contains a destination

number that has two parts, a prefix which generally identifies the geographical location of

the destination telephone, and a number unique within that prefix that determines the

precise destination. The exchange uses pre-computed routing tables, which are generated

by batch processing at central locations based on the known topology of the network, the

numbering plan, and analysis of traffic data. These are then downloaded to telephone

exchanges at intervals. There may be several alternative routes to any given destination,

and the exchange can select dynamically between these in the event of link failure or

congestion.

Because of the hierarchical nature of the numbering plan, and its geographical basis, most

calls can be routed based only on their prefix. Exceptions include intelligent network

services with non-geographical numbers, such as toll-free or freephone calling. Routing

in circuit-switched networks involves creating a path from one customer to another for

the duration of each call. Routing decisions are an important part of this process as they

determine which channels or circuits are used to connect the customers for the duration of

the call. In a PSTN exchange, routing is typically performed using a routing table that

contains the pre-defined routes for a connection. In such a system, alternative routes exist,

which are specified in the routing tables Telecommunication. In determining routing

plans, special attention is paid for example to ensure that two routes do not mutually

overflow to each other, otherwise congestion will cause a destination to be completely

blocked.

According to Braess' paradox, the addition of a new, shorter, and lower cost route can

lead to an increase overall congestion. The network planner must take this into account

when designing routing paths. One approach to routing involves the use of Dynamic

Alternative Routing (DAR) Telecommunication. DAR makes use of the distributed nature

of a telecommunications network and its inherent randomness to dynamically determine

optimal routing paths. This method generates a distributed, random, parallel computing

platform that minimises congestion across the network, and is able to adapt to take

changing traffic patterns and demands into account Telecommunication.
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4. Cable Televisionas a Telecommunications Service Provider

Cable television is a system of providing television to consumers via radio frequency

signals transmitted to televisions through fixed optical fibers or coaxial cables as opposed

to the over-the-air method used in traditional television broadcasting (via radio waves) in

which a television antenna is required. FM radio programming, high-speed Internet,

telephony, and similar non-television services may also be provided. The abbreviation

CATV was often used to mean "Cable TV". It originally stood for Community Antenna

Television, from cable television's origins in 1948: in areas where over-the-air reception

was limited by mountainous terrain, large "community antennas" were constructed, and

cable was run from them to individual homes. It is most commonplace in North America,

Europe, Australia and East Asia, though it is present in many other countries, mainly in

South America and the Middle East. Cable TV has had little success in Africa, as it is not

cost-effective to lay cables in sparsely populated areas. So-called "wireless cable" or

microwave-based systems are used instead.

Operational permission comes in the form of a document called a local franchise

agreement. Most of local government(s) chose to grant permission to only one company,

however, recently states have developed broader franchising laws to drive more

investment and competition. Changes in the federal law in 1992 had forced local

governments to grant permission to other companies to provide service, however the U.S.

Government found in 2006 that only 2% of U.S. households had a competitive choice. In

some cases Comcast, with municipal government approval, had entered into market

allocation schemes. By agreeing to not compete head to head, consumers thus are

perpetually locked into a single monopoly cable provider with annual price escalations

reaching 93% in the past decade. A recent third party survey of citizens found

approximately 62% of the respondents were very dissatisfied (along with another 25%

who were dissatisfied) with the cost of cable television service. A majority of the

respondents were satisfied with the friendliness and courtesy of customer service

personnel, however, approximately 30% of the respondents rated the cable company's

performance as poor. With regard to open-ended comments, respondents felt that the cost

of the cable service was too high, a need for cable competition existed and the desire for a

basic cable package offering was desired. Although respondents cited these critical issues,
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the local monopoly structure preserves the status quo of poor customer service, limited

product choices, no direct competition and uncontrollable annual cable TV price

increases. Relief for consumers is being created by state level a multi jurisdictional

franchise and service process that will spur investment and competition; thus driving

economic development sought by state and local government leaders. The industry

strongly lobbies against federal "family tier" and "a la carte cable television" bills that

would give consumers the option to purchase individual channels rather than a broad tier

of programming. These anti-consumer issues continue to garner attention from state

governments, Congress and FCC Chairman Martin.[

4.1 Class 1 (regional center)

The class 1 office was the Regional Center (RC). Regional centers served three

purposes in the North American toll network (a) their connections were the "last

resort" for final setup of calls when routes between centers lower in the hierarchy

were not available (b) they were initially staffed by engineers who had the authority to

block portions of the network within the region in case of emergencies or network

congestion - although these functions were transferred after 1962 to the Network

Control/Operations Center and the distributed Network Management Centers (see

below) (c) they provided collection points (until the development of more advanced

computer hardware and software for toll operators) for circuits that would be passed

along to one of the international overseas gateways (which operated as special centers

outside the formal North American hierarchy). The regional centers updated each

other on the status of every circuit in the network. These centers would then reroute

traffic around the trouble spots and keep each informed at all times. There were

twelve Regional Centers in North America, ten in the United States, nine of which

were operated by AT&T (White Plains, NY, Wayne, PA, Pittsburgh, PA, Norway, IL

[a rural crossroads west of Chicago at the intersection of US highway 52 and IL

highway 71 - an underground office built with hardened construction to withstand

nuclear attack], Rockdale, GA, St Louis, MO, Dallas, TX, Denver, CO, and

Sacramento, CA), one by GTE (San Bernardino, CA). Two centres in Canada were

operated on behalf of the Trans-Canada Telephone System, one by Bell Canada

(Montral, PQ), and one by Saskatchewan Telephone, (Regina, SK).
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For control and oversight of the entire network hierarchy, AT&T established a

Network Control Center in New York City in 1962, renamed the Network Operations

Center and relocated to Bedminster, NJ in 1977. Engineering supervision was also

centralized in eight regional Network Management Centers. The realignment and

dispersion of functions were done, in part, to ensure maximum network integrity in

the event of a national emergency, a major concern in that era. The basic structure of

this unit, although significantly altered since the AT&T divestiture in the 1980s, still

exists as the Global Operations Center, with domestic regional centers in Colorado

and Georgia.

4.2 Class 2 (sectional center)

The class 2 office was the Sectional Center (SC). The sectional center typically

connected major toll centers within one or two states or provinces, or a significant

portion of a large state or province, to provide interstate or interprovincial connections

for long-distance calls. At various times, there were between 50 and 75 active class

two offices in the network.

4.3 Class 3 (primary center)

The class 3 office was the Primary Center (PC). Calls being made beyond the limits of

a small geographical area where circuits connected directly between class 4 toll

offices would be passed from the toll center to the primary center. These locations use

high usage trunks to complete connection between toll centers. The primary center

never served dial tone to the user. The number of primary centers in the network

fluctuated from time to time, ranging between 150 and 230.

4.4 Class 4 (toll center)

The class 4 office is the Toll Center (TC), Toll Point (TP), or Intermediate Point (IP).

A call going between two end offices not directly connected together, or whose direct

trunks are busy, is routed through the toll center. The toll center is also used to

connect to the long-distance network for calls where added costs are incurred, such as

operator handled services. This toll center may also be called the tandem office

because calls have to pass through this location to get to another part of the network.
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Toll centers might have been operated either as interstate facilities, under the

operation of AT&T Long Lines (GTE in a few cases), or by local telephone

companies, handling long distance traffic to points within a particular operating

company territory. Class 4 offices continue to exist, although with considerable

changes, as they handle local exchange company interconnections, locally charged or

long distance rated, or provide facilities for connection to long distance company

points of presence.

4.5 Class 5 (local exchange)

The class 5 office is the local exchange or end office. It delivers dial tone to the

customer. The end office, also called a branch exchange, is the closest connection to

the end customer. Over 19,000 end offices in the United States alone provide basic

dial tone services. In modern times only the terms Class 4 and Class 5 are much used,

as any tandem office is referred to as a Class 4. This change was prompted in great

part by changes in the power of switches and the relative cost of transmission, both of

which tended to flatten the switch hierarchy. The breakup of the Bell System, and the

need for each of the surviving regional operating companies to handle long distance

interconnections, also promoted the inclusion of inter-regional and international

processing through larger Class 4 offices.

5. International Overseas Call Centers

The special requirements of placing calls to locations outside main Canadian/United

States points meant that these calls were handled by special operators in locations where

connections could be monitored to other countries. The technology to automate these

connections through "regular" operator traffic positions began to develop in the 1960s. As

the decade of the 1970s progressed, North American customers who were served by

electronic offices began to be able to directly dial to an increasing number of international

points, a service known as IDDD (International Direct Distance Dialing),. However, since

points could not be connected until equipment in both countries was converted to

electronic switching, implementation to many locations took some time, and while the

majority of calls began to be connected via automated systems by the 1990s - after the

termination of the five-level hierarchy - the majority of countries were still connected via

manual intervention until the beginning of the 21st century. Please note that the currently
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attached diagram of switch hierarchy is incorrect, as it identifies Class 1 points with

International switching. International connections were located in places generally close

to cable, later satellite, termination locations, and were not directly related to Class 1

switches. Major international connection points were located in Oakland, California;

Miami, Florida; and New York, New York, with a number of secondary international

operator toll points. Only after the rapid expansion of ESS terminal offices did operator

handling of international calls begin to be off-loaded into the domestic network structure,

as international calling services began to be customer dialable, ca. the mid-1980's. This in

part paralleled the demise of the five-level hierarchy, so identification of international

switches and class one offices is incorrect.

6. UK Telephone Switch Hierarchy

The forerunner of British Telecom, the General Post Office, also organized its intercity

trunk network along similar hierarchical lines to that of North America. However,

because of the significantly smaller geographic area involved, fewer levels of connection

were required, and no formal numbering of class offices was made. There were a few

special exceptions to the following description, notably those involving Northern Ireland,

some of the Channel Dependencies, and the few locations in England which were served

by non-GPO companies, such as Hull and Portsmouth. In the early days of manual

exchanges, outlying areas (eventually called dependent exchanges) were connected

through progressively larger locations (eventually called group switching centres) into

one of the main cities - Birmingham, Edinburgh, Glasgow, Liverpool, London, and

Manchester. As automation began to be established in the network, this was refined into a

system of approximately fifty tandem locations for Group Switching Centres, with an

additional layer of perhaps a dozen Wide Area Tandems to provide for busy periods,

emergency routing, etc. There were also some additional Local Tandems to handle traffic

in the London Metropolitan Area without involving the GSCs, although this was a later

development, as it required common control signalling for identification.

7. Mobile wireless broadband

Wireless broadband technologies also include new services from companies such as

Verizon, Sprint, and AT&T Mobility, which allow a more mobile version of this

broadband access. Consumers can purchase a PC card, laptop card, or USB equipment to
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connect their PC or laptop to the Internet via cell phone towers. This type of connection

would be stable in almost any area that could also receive a strong cell phone connection.

These connections can cost more for portable convenience as well as having speed

limitations in all but urban environments. Technologies used include LMDS and MMDS,

as well as heavy use of the ISM bands and one particular access technology is being

standardized by IEEE 802.16, also known as WiMAX. WiMAX is highly popular in

Europe but has not met full acceptance in the United States because cost of deployment

does not meet return on investment figures. In 2005 the Federal Communications

Commission adopted a Report and Order that revised the FCCs rules to open the 3650

MHz band for terrestrial wireless broadband operations.Telecommunication On

November 14, 2007 the Commission released Public Notice DA 07-4605 in which the

Wireless Telecommunications Bureau announced the start date for licensing and

registration process for the 3650-3700 MHz band.

Initially, Wireless Internet Service Providers (WISPs) were only found in rural areas not

covered by cable or DSL. These early WISPs would employ a high-capacity T-carrier,

such as a T1 or DS3 connection, and then broadcast the signal from a high elevation, such

as at the top of a water tower. To receive this type of Internet connection, consumers

mount a small dish to the roof of their home or office and point it to the transmitter. Line

of sight is usually necessary for WISPs operating in the 2.4 and 5GHz bands with

900MHz offering better NLOS performance. A wireless connection can be either licensed

or unlicensed. In the US, licensed connections use a private spectrum the user has secured

rights to from the FCC. In other countries, spectrum is licensed from the country's

national radio communications authority (such as the ACMA in Australia or NCC in

Nigeria). Licensing is usually expensive and often reserved for large companies who wish

to guarantee private access to spectrum for use in point to point communication. Because

of this, most wireless ISP's use unlicensed spectrum which is publicly shared.

In Section 4 of this course you will cover these topics:
Telecommunications Applications
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Topic : Telecommunications Applications

Topic Objective:

At the end of this topic student would be able to:

 Explain Telecom Application Map

 Highlight Telecommunication Residential Services

 Evaluate Business Services

 Analyze The Internet

 Define Today's Internet

Definition/Overview:

Computer-supported telecommunications applications (CSTA) are an abstraction layer for

telecommunications applications. It is independent of underlying protocols. It has a telephone

device model that enables CTI applications to work with a wide range of telephone devices.

Originally developed in 1992, it has continued to be developed and refined over the years. It

is often the model that most CTI applications are built on and claim compliance with. It

became an OSI standard in July 2000. It is currently being maintained by ECMA

International. The core of CSTA is a normalised Call Control model. Additional to the core

there are Call Associated features and Physical Device features amongst others. An

implementation of the standard need not provide all features, and so Profiles are provided.

For example, the Basic Telephony profile provides such features as Make Call, Answer and

Clear Connection. The Telecom Applications Map is produced by the TM Forum . The TM

Forum is the worlds industry association of web, telecom and media companies focussed on

end-end service management. The Forum pools expertise of 650+ members from 65 countries

to discuss & agree common issues; frameworks and standards to allow their services to

operate profitably, across increasingly complex value chains The TM Forums New

Generation Operations and Support initiative NGOSS is a comprehensive, integrated set of

tools for defining, developing, procuring and deploying operational and business support

systems and software. The scope covers the complete OSS / BSS development lifecycle.

NGOSS comprises a packaged set of industry-agreed guidelines; maps; models;
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methodologies, specifications, a developers toolkit and standardized interface definitions to

guide the definition, development, procurement, and deployment of interoperable OSS/BSS

solutions These NGOSS artefacts, and the clearly defined methodology for using them, assist

the user to define, design and build NGOSS solutions that can easily integrate into any

NGOSS compliant environment

Key Points:

1. Telecom Application Map

The Telecom Application Map is one of the primary NGOSS artifacts. It considers the

role and the functionality of the various applications that deliver OSS and BSS capability.

Structured along similar lines to other TM Forum NGOSS artifacts: the process

framework the eTOM and the information framework the SID, it is presented in a similar

layered and vertical structure. In doing so it enables procurement documents to be written

with reference to the framework, thereby providing clear unambiguous statements of the

functionality required of any given application, functional overlaps of existing

applications to be identified, thereby facilitating rationalization and functional gaps to be

identified. The level of functional decomposition is such that these benefits can be

realized but without being over prescriptive. Within the TMF there is a strong definition

of process (the eTOM) and data (the SID). The Telecoms Applications Map provides a

formalized way of grouping together function and data into recognised components,

which would then be regarded as potentially procurable as either applications or services.

An application or service (for example: web services) can be a relatively coarsely grained

software that implements functions/processes and acts on or uses data. In daily life we see

applications such as word processors or mail clients; in OSS terms we would regard an

application as something such as a CRM component, a billing system or an inventory

solution although we also understand that these can be decomposed to some extent for

example a billing system will include a number of smaller applications, such as a rating

engine.

An application is defined as a set of one or more software artifacts comprising well

defined functions, data, business flows, rules and interfaces. This would include a Data

Model, for data used to interface to and within an application, policies, for governing

external and internal application resources, a Flow Model, for functionality with the

application and contract specifications for externally visible interfaces to the functionality
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within the application. Applications are implement-able as deployable packages and are

procurable in the system market place. The Telecom Applications Map is not a part of

either the SID or the eTOM definitions but links to both in an easily understandable way

and also provides a mapping between the telecom application map eTOM and SID.

2. Telecommunication Residential Services

In telecommunication, the term telecommunications service has the following meanings:

 Any service provided by a telecommunication provider.

 A specified set of user-information transfer capabilities provided to a group of users by a

telecommunications system.

The telecommunications service user is responsible for the information content of the

message. The telecommunications service provider has the responsibility for the

acceptance, transmission, and delivery of the message. For purposes of regulation by the

Federal Communications Commission under the U.S. Communications Act of 1934 and

Telecommunications Act of 1996, the definition of telecommunications service is "the

offering of telecommunications for a fee directly to the public, or to such classes of users

as to be effectively available directly to the public, regardless of the facilities used." 47

U.S.C. 153(46). "Telecommunications", in turn, is defined as "the transmission, between

or among points specified by the user, of information of the user's choosing, without

change in the form or content of the information as sent and received."

3. Business Services

Telecommunication Business Services is part of the France Tlcom group. Since June

2006, Telecommunication Business Services has been the new commercial name of the

new entity of the France Telecom Group dedicated to telecommunications solutions and

services for enterprises, large and small, across the World. Telecommunication Business

Services was created in order to serve the global enterprise market consistently.

Telecommunication Business Services provides network and information technology

business services in over 220 countries and territories, with teams located in 166

countries. Telecommunication Business Services helps 3750 multinational corporations

with their network and IP requirements and 400,000 small and medium sized enterprises
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as well as a great number of the French large national accounts (LNA). France Telecom

acquired a majority stake of 54% in it in 2000 by merging its Global One unit into it. In

2005, France Telecom made a bid for all outstanding Equant stock and thus fully acquired

it. Prior the acquisition by France Tlcom. Equant was part of the SITA group of

companies, which provided network services to the air transport industry through a

strategic agreement with France Tlcom and Equant. On June 1, 2006, Equant was

renamed Orange Business Services. Equant is now negotiating with Mobinil to buy its

shares in Egypt.

4. The Internet

The Internet is a global network of interconnected computers, enabling users to share

information along multiple channels. Typically, a computer that connects to the Internet

can access information from a vast array of available servers and other computers by

moving information from them to the computer's local memory. The same connection

allows that computer to send information to servers on the network; that information is in

turn accessed and potentially modified by a variety of other interconnected computers. A

majority of widely accessible information on the Internet consists of inter-linked

hypertext documents and other resources of the World Wide Web (WWW). Computer

users typically manage sent and received information with web browsers; other software

for users' interface with computer networks includes specialized programs for electronic

mail, online chat, file transfer and file sharing. The movement of information in the

Internet is acheived via a system of interconnected computer networks that share data by

packet switching using the standardized Internet Protocol Suite (TCP/IP). It is a "network

of networks" that consists of millions of private and public, academic, business, and

government networks of local to global scope that are linked by copper wires, fiber-optic

cables, wireless connections, and other technologies.

5. Today's Internet

Aside from the complex physical connections that make up its infrastructure, the Internet

is facilitated by bi- or multi-lateral commercial contracts (e.g., peering agreements), and

by technical specifications or protocols that describe how to exchange data over the
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network. Indeed, the Internet is defined by its interconnections and routing policies. As of

June 30, 2008, 1.463 billion people use the Internet according to Internet World Stats.

The complex communications infrastructure of the Internet consists of its hardware

components and a system of software layers that control various aspects of the

architecture. While the hardware can often be used to support other software systems, it is

the design and the rigorous standardization process of the software architecture that

characterizes the Internet. The responsibility for the architectural design of the Internet

software systems has been delegated to the Internet Engineering Task Force (IETF). The

IETF conducts standard-setting work groups, open to any individual, about the various

aspects of Internet architecture. Resulting discussions and final standards are published in

Requests for Comments (RFCs), freely available on the IETF web site. The principal

methods of networking that enable the Internet are contained in a series of RFCs that

constitute the Internet Standards. These standards describe a system known as the Internet

Protocol Suite. This is a model architecture that divides methods into a layered system of

protocols (RFC 1122, RFC 1123). The layers correspond to the environment or scope in

which their services operate. At the top is the space (Application Layer) of the software

application, e.g., a web browser application, and just below it is the Transport Layer

which connects applications on different hosts via the network (e.g., client-server model).

The underlying network consists of two layers: the Internet Layer which enables

computers to connect to one-another via intermediate (transit) networks and thus is the

layer that establishes internetworking and the Internet, and lastly, at the bottom, is a

software layer that provides connectivity between hosts on the same local link (therefor

called Link Layer), e.g., a local area network (LAN) or a dial-up connection. This model

is also known as the TCP/IP model of networking. While other models have been

developed, such as the Open Systems Interconnection (OSI) model, they are not

compatible in the details of description, nor implementation.

The most prominent component of the Internet model is the Internet Protocol (IP) which

provides addressing systems for computers on the Internet and facilitates the

internetworking of networks. IP Version 4 (IPv4) is the initial version used on the first

generation of today's Internet and is still in dominant use. It was designed to address up to

~4.3 billion (109) Internet hosts. However, the explosive growth of the Internet has led to

IPv4 address exhaustion. A new protocol version, IPv6, was developed which provides

vastly larger addressing capabilities and more efficient routing of data traffic. IPv6 is
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currently in commercial deployment phase around the world. IPv6 is not interoperable

with IPv4. It essentially establishes a "parallel" version of the Internet not accessible with

IPv4 software. This means software upgrades are necessary for every networking device

that needs to communicate on the IPv6 Internet. Most modern computer operating

systems are already converted to operate with both versions of the Internet Protocol.

Network infrastructures, however, are still lagging in this development.

In Section 5 of this course you will cover these topics:
Emerging Technologies

Topic : Emerging Technologies

Topic Objective:

At the end of this topic student would be able to:

 Explain Ultra Network Technologies

 Highlight Emerging Technologies

Definition/Overview:

Emerging technologiesand converging technologies are terms used interchangeably to cover

the emergence and convergence of new and potentially disruptive technologies such as

nanotechnology, biotechnology, cognitive science, robotics, and artificial intelligence.

Various writers, including computer scientist Bill Joy, have identified clusters of technologies

that they consider critical to humanity's future. Advocates of the benefits of technological

change typically see emerging and converging technologies as offering hope for the

betterment of the human condition. However, critics of the risks of technological change, and
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even some advocates such as transhumanist philosopher Nick Bostrom, warn that some of

these technologies could pose dangers, perhaps even contribute to the extinction of humanity

itself; i.e., some of them could involve existential risks. Much ethical debate centers on issues

of distributive justice in allocating access to beneficial forms of technology. Some thinkers,

such as environmental ethicist Bill McKibben, oppose the continuing development of

advanced technology partly out of fear that its benefits will be distributed unequally in ways

that could worsen the plight of the poor. By contrast, inventor Ray Kurzweil is among

techno-utopians who believe that emerging and converging technologies could and will

eliminate poverty and abolish suffering. NBIC is an acronym standing for Nanotechnology,

Biotechnology, Information technology and Cognitive science, is currently the most popular

term for emerging and converging technologies, and was introduced into public discourse

through the publication of Converging Technologies for Improving Human Performance, a

report sponsored in part by the U.S. National Science Foundation. The term may have been

chosen for its obvious immediate parallels to NBC weapons of mass destruction (Nuclear,

Biological and Chemical).Various other acronyms have been offered for essentially the same

concept such as GNR (Genetics, Nanotechnology and Robotics). Journalist Joel Garreau in

Radical Evolution: The Promise and Peril of Enhancing Our Minds, Our Bodies and What It

Means to Be Human uses "GRIN", for Genetic, Robotic, Information, and Nano processes,

while science journalist Douglas Mulhall in Our Molecular Future: How Nanotechnology,

Robotics, Genetics and Artificial Intelligence Will Transform Our World uses "GRAIN", for

Genetics, Robotics, Artificial Intelligence, and Nanotechnology. Another acronym coined by

the appropriate technology organization ETC Group is "BANG" for "Bits, Atoms, Neurons,

Genes"

Key Points:

1. Ultra Network Technologies

Ultra Network Technologies (previously called Ultra Corporation) is a now defunct

networking company. It offered high-speed network products for the scientific computing

market as well as some commercial companies. It was founded in 1986 by James N.

Perdue (formerly of NASA, Ames Research Center), Drew Berding, and Wes Meador (of

Control Data Corporation) to provide higher speed connectivity and networking for

supercomputers and their peripherals and workstations. At the time, the only other

companies offering high speed networking and connectivity for the supercomputer and
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high-end workstation market was Network Systems Corporation (NSC) and Computer

Network Technology Corporation (CNT). They both offered 50 megabytes per second

(MB/s) bandwidth between controllers but at that time, their architecture was not

implemented using standard networking protocols and their applications were generally

focused on supporting connectivity at high speed between large mainframes and

peripherals, often only implementing only point-to-point connections. Ethernet was

available in 1986 and was used by most computer centers for general networking

purposes. Its bandwidth was not high enough to manage the high data rate required by the

100 MB/s supercomputer channels and 4 MB/s VMEbus channels on workstations.

Ultra's first customer, Apple Computer, purchased a system to connect their Cray 1

supercomputer to a high speed graphics frame buffer so that Apple could simulate new

personal computers on the Cray Research computer (at the hardware level) and use the

framebuffer as the simulated computer display device. Although not a networking

application, this first contract allowed Ultra to demonstrate the basic technologies and

gave them capital to continue development on a true networking processor. In 1988, Ultra

introduced ISO TP4 (level 4 networking protocol) as part of their controllers and

implemented a type of star configuration network using coax and fiber optic connections.

They called this product, UltraNet. They later offered a fast version of TCP/IP in their

controllers, as this protocol was most frequently encountered in an actual computer center

network environment. The clock rates on the Ultra network processors provided 250

Mbit/s transfer rates and four of these could be connected together to achieve one gigabit

per second transfer rates for a single logical connection. Effective transfer rates between

Silicon Graphics and Sun Microsystems workstations exceeded 4 MB/s using one 250

Mbit/s physical connection, a factor of over 10 to 12 greater than then current ethernet

connections and often exceeded the effective transfer rates of the competing NSC and

CNT connections in similar applications. Customers with dual Cray computers measured

the connections between Cray processors over the UltraNet that exceeded 80 MB/s

effective transfer rates. Ultra Network Technologies products included network cards for

workstations and mini-supercomputers using VMEbus connectors and fiber optic cable

for the network physical connections, host network cards which resided in the network

hub for Cray Supercomputers, IBM mainframes, mini-supercomputers from Convex

Computer, HIPPI standard channel, and others. There were two sizes of high speed

network hubs that contained the mainframe host cards plus the fiber optic network hub to
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network hub cards. The network topology was in the form of connected hubs. Engineers

at the Stuttgart University computer center demonstrated long distance connections using

German PTT provided fiber optics of effective transfer rates over 4 MB/s up to a 800 km

distance. Later products incorporated TCP/IP network protocols in their processors. A

typical network configuration of several workstations and a single mainframe host could

cost $250,000. A configuration with many workstations and two or three mainframe

computers could reach $1 Million.

The company grew to about 140 employees at its high point. Its headquarters was located

at 101 Daggett Drive, San Jose, CA with other offices in Dallas, Los Angeles, Seattle,

Washington DC, Dusseldorf, Germany, and Paris, France. In 1992, the company was

abandoned by its investors and sold due to an inability to become profitable and the

advent of less expensive network technologies, mainly created by the advent of the higher

speed personal computers and lower cost workstations used in the scientific labs; the

buyer was Computer Network Technology Corporation of Plymouth, Minnesota

(NASDAQ: CMNT). The company's Chairman of the Board was M. Kenneth Oshman,

formally chairman of ROLM Corporation, and President was Stan Tenold, previously the

president of ROLM's Military Products division. The company's various customers

included many high-end computer centers, including, several NASA sites, NSA, US Air

Force, US Navy, Aramco, France's EDF, Pittsburg Supercomputer Center, University of

Stuttgart and Hanover, Apple Computer, Houston Chronicle, and many other such high

end computer users.

2. Emerging Technologies

This is a list of emerging technologies. Emerging technologies are new and potentially

disruptive technologies which have the potential to significantly change everyday life in

the near future. A disruptive technology supersedes or marginalizes an existing dominant

technology or status quo product in the market. Only new and potentially disruptive

technologies should be included in the list. Information technology is an example of a

technology which has already proven disruptive, whereas artificial intelligence is a subset

information technology with the potential of becoming disruptive in its own right. It is

worth noting that it is controversial whether some of these technologies will ever come

into existence.

This list is incomplete; you can help by expanding it.
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EMERGING

TECHNOLOGY

STATUS MARGINALIZE

D

TECHNOLOGIE

S

APPLICATION

S

POTENTIAL

DRAWBACK

S

Artificial

intelligence

Theory and

experiments

Human Brain Creation of

intelligent

devices

Economic

dislocation

Genetic

engineering /

Synthetic biology

Diffusion Evolution The creation of

species,

modification of

species to be fit

for a purpose

Human-made

disease

Bio fuels Diffusion Fossil fuels Energy source,

particularly for

transportation

Raises food

prices when it

competes with

food crops

Electric cars Small scale

production

and prototypes

Internal

combustion engine

automobiles

Greener

transportation

Anti-aging drugs:

resveratrol

Basic theory A range of

treatments fighting

age-related

diseases

Life extension Overpopulation

Nootropics:

Piracetam,

Pregnenolone

Drugs that

improve memory

or cognition in

healthy or aged

populations.

Nootropics

Personal rapid

transit

Working

prototypes

(and models)

Conventional

rail/bus public

transport

Greener

transportation

Solid-state drive Diffusion Hard disk drive Smaller, faster,

quieter, lower
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power

consuming

storage

Memristor Working

prototype

Some current

integrated circuits,

many other

electronics devices

Smaller, faster,

lower power

consuming

storage, analogue

electronics,

Artificial

intelligence

Optical

computing

Theory and

experiments -

some

components of

integrated

circuits have

been

developed

Many integrated

circuits and other

electronics devices

Smaller, faster,

lower power

consuming

computing

Nanomaterials:

carbon nanotubes

Diffusion and

Theory and

experiments

Structural steel

and aluminium

Stronger, lighter,

and more

intelligent

materials

Nanoparticles'

health risks

Molecular

nanotechnology

Theory and

experiments

Small products

and parts

production &

retail

Desktop devices

that can make

anything given

the materials

Economic

dislocation

CVD production

of diamonds

Kevlar, Glass,

Metal heatsinks

Hardest and most

thermally

conductive

material known

Scramjet Working

Mach 10

Prototype

Jet engines,

Rocket engines

Very fast air

travel

Noise

pollution,

greenhouse
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gases

Wireless

communication

Diffusion Wired

communication

Ubiquitous

network

connectivity

3D printing In

Commercial

Production

Manual creation

of prototypes and

also some mass

production

methods that lack

the ability for

customization

Rapid

prototyping and

production of not

only plastic

objects but

multi-material

items, with the

potential to

significantly

customize

products for

individual

consumers

Semantic Web or

Answers

Machine

Search engines Making the web

machine-

readable by

linking data on

the web based on

its meaning

OLED Diffusion LCD and plasma

displays

Displays and

screens of

various kinds

Machine

translation

Human translation

of natural

languages, in areas

where

misunderstanding

is non-critical and

language is

Easier cross-

cultural

communication

Loss of

translation jobs

for humans

[Cn]
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formalized

Machine

augmented

cognition

Diffusion of

primitive

amplifications

; working

prototypes of

more; theory

and

experiments

on more

substantial

amplification

Nuclear fusion

power

Theory and

experiments

Fossil fuels,

hydroelectricity,

nuclear fission

power

Electric power

generation

3D optical data

storage or

Holographic data

storage

Prototyping

and research

All other optical

data storage

solutions,

magnetic tape data

storage, and other

mass storage

devices.

Storage and

archiving of data

that was

previously erased

for economic

reasons

Spintronics Working

prototypes

Mechanical

magnetic hard

disk drives

Data storage

Metamaterials Diffusion Classical optics Microscopes,

cameras,

cloaking devices

High-

temperature

superconductivit

y

Working

prototypes in

dry ice; theory

and

Copper wire No loss

conductors,

frictionless

bearings,
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experiments

for higher

temperatures

magnetic

levitation

3D displays Theory and

experiments

CRT, LCD, and

other display

technologies

Television,

Computer

interfaces,

cinemas

PAVs Commercial

production

High fuel costs

Quantum

computing

Theory and

experiments

Electronic

computing, optical

computing

Much faster

computing, for

certain kinds of

problems

Hydrogen

economy

Diffusion (of

hydrogen fuel

cells); Theory

and

experiments

for less

expensive

production of

hydrogen

Other technologies

for storing energy

(conventional

batteries, fossil

fuels)

Not

economically

viable; has no

advantage over

third generation

biofuels.

Nanowire battery Working

prototypes

Other technologies

for storing energy

(hydrogen,

conventional

batteries and in

some cases fossil

fuels)

Laptops, cell

phones and long-

range electric

cars. Storing

power for

electric grid

Virtual retinal

display

Working

prototypes

VR headsets,

displays

Augmented

reality, virtual

reality

Reliable Global System Various custom Mission critical
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Navigation

Satellite System

currently

being

produced

built systems navigation

WiTricity Working

prototypes

Electrical cables Wireless energy

transfer

Vitrification or

Cryoprotectant

Theory and

some

experiments

Ischemic Damages Organ transplant

Non-rocket

spacelaunch

Theory and

some

experiments

Rocket Launch loop

launch track

Space gun

Space elevator

Holography

Thermal copper

pillar bump

Working

prototypes in

discrete

devices

Conventional

thermal solutions,

heat sinks, bulk

thermoelectrics

Cooling hot

spots in

integrated

circuits; cooling

high-brightness

light-emitting

diode and laser

diodes; actuating

micro-fluidic

valves; energy

harvesting

(recycling) from

combustion

processes;

electric power

for remote

devices such as

wireless sensor
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networks; power

generation for

medical implants
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