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7.0	 INTRODUCTION
In this Unit, you will learn how these communication systems and networks 
serve human society. Their usefulness to society increases significantly 
when there is a synergy of purpose amongst different technologies and 
techniques. In other words, the use of technologies, the design of networks 
and the development of services must all be directed towards a common 
goal. Such a common goal is the evolution of humanity towards a 
Networked Electronic Information Society (NEIS). The process of bringing 
together different technologies, techniques, networks and services to realise 
the common objective of evolving towards NEIS is termed convergence. 
Before discussing convergence in different areas, we shall look at certain 
aspects of NEIS.

7.1	 LEARNING OUTCOMES
After reading this Unit, you will be able to understand:

●● what is meant by convergence in telecommunication;
●● role of convergence in evolving towards Networked Electronic 

Information Society;
●● origin and progress of convergence;
●● factors that promote convergence; and
●● convergence in different areas like technology, network, access, and 

services.
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Internet Governance 7.2	 ELECTRONIC INFORMATION
As students of digital media, by now, you must have learnt that the world has 
witnessed a phenomenon of information explosion in the last century. The 
advent of the industrial age accompanied by an increase in world population 
has brought about significant information generation and dissemination 
growth. All-round developments in areas like transportation, power, 
communications, entertainment and education have led to enormous growth 
in information. By the year 1800, the quantum of information generated 
was doubling every 50 years, and by the year 1950, it was doubling every 
ten years. Today, information generated doubles every five years. By 
the middle of the 20th century, the quantity of information generated by 
industry, governments and the academic world reached unmanageable 
proportions. It became difficult to handle such large information manually 
in paper form. To illustrate this fact, let us look at an example. You all 
know about large aeroplanes that frequent our skies these days carrying 
hundreds of passengers. But do you know that the documentation in the 
paper form related to the design, development and operation of one class of 
aeroplanes weighs as much as the plane itself? There is a need to devise new 
ways of storing and managing information. And the new way is to record 
information in electronic form. Electronic information, i.e., information 
recorded in electronic form, can be stored in computers, processed by 
computers and disseminated over any communication media that we 
discussed in Unit 8. The electronic storage media can store large volumes of 
data while occupying small physical space, as we shall see in the following 
paragraphs. When a complete document is stored in electronic form, we call 
it electronic.
We use digital technology to store information electronically. Hence, 
an electronic document is also known as a digital document. Digital 
technology is very rugged and reliable and uses only two signal values to 
represent information. Numerically, we represent the two signal values by 
binary digits ‘1’ and ‘0’. These binary digits are called bits in short. We 
use binary arithmetic to process bits. Eight bits together represent English 
language letters, Arabic numerals and special symbols like a question mark 
(?), dash (-), etc. The letters, numerals and special symbols are referred to 
as characters. A string of eight bits has a special name known as a byte. 
Thus, we use a byte (B) to represent a character in electronic form. A byte 
is a small unit as the information volumes encountered in practice are very 
high. We use different notations to represent high volumes of information in 
terms of bytes, as shown in Table 6.1.
While discussing information transfer from one place to another via a 
communication medium, we refer to the transmission speeds in terms of bits 
per second, abbreviated as bps. For larger speeds, we use notations like kbps, 
Mbps, Gbps, etc. Sometimes, but rarely, information volumes are expressed 
in bits using notations like kb, Mb, Gb, etc. Similarly, transmission speeds 
are sometimes expressed bytes per second using notations like kBps, MBps, 
GBps, etc. This is particularly true when talking about information transfer 
speeds within a computer. You must note that lower case ‘b’ denotes bits and 
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strictly. If in doubt, obtain clarification or interpret from the context.

Table 7.1: Notation for Information Volumes

Notation
B
kB 
MB 
GB 
TB

Note: The letter ‘k’ in kB is lower case.
Now, let us examine the storage capabilities of electronic media. Consider 
a Pendrive. It has a storage capacity of 1 GB. This means that we can store 
information equivalent to 700 million characters in a pen drive. What 
does this mean in terms of printed information? A line of printed text in 
a book has about 80 characters, and a page contains about 40 – 45 lines. 
Approximately, each page has 45 × 80 = 3600 characters. If we assume 
that the book has 400 pages, then the total number of characters in a book 
works out to be 1.4 million. Thus, a pen drive can hold close to 700 books 
[assuming that each book contains 400 pages]. Now, compare the physical 
space occupied by a pen drive vis-a-vis that occupied by 700 books! The 
calculations that we have just performed are for books containing only 
text. Diagrams, graphs and tables occupy more storage area than simple 
characters. Hence, in practice, we may store only about 350 books of 
material in a pen drive. Nevertheless, the electronic storage of information 
reduces the physical space required significantly. However, remember that 
we cannot read electronic information directly with our eyes and need a 
computer to read the same.
Check Your Progress: 1
Note: 1)	 Use the space below for your Answers.
	  2)	 Compare your answers with those given at the end of this Unit. 
1)	 A small library has a collection of 10,000 books. The library proposes 

to digitise the books and store them on CD-ROMs. On average, a book 
contains 500 pages equivalent to character information. Calculate the 
number of CD-ROMs required to store the library collection digitally. 
The capacity of a CD-ROM is 640 MB.

	 ………………………………………………………………………..
	 ………………………………………………………………………..
2)	 The information transfer rate between a CPU and the hard disk in a 

computer is 200 kBps. A serial communication link attached to the 
computer transmits information at the rate of 2 Mbps. Which one of 
the transfer rates is faster?

	 ………………………………………………………………………..
	 ………………………………………………………………………..
	 ………………………………………………………………………..
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In the era of modern telecommunication, a networked society means a large 
proportion of the world population is interconnected or networked by some 
form of telecommunication system, and the people carry out their day-to-
day activities using the network predominantly. Day-to-day activities may 
involve banking, ticket booking for travel or entertainment programmes, 
product ordering, financial transactions, exchange of emails, retrieving of 
information from a database, downloading of music files, simple telephone 
conversation, etc. Electronic information is central to all these tasks. 
Activities carried out in the electronic domain using networks are usually 
denoted with the prefix e-, such as e-banking. We now list some of the e- 
activities evolving in the networked society.

E-Activities
e-education e-governance
e-library e-health
e-banking e-commerce
email e-entertainment

To illustrate what e-activities mean, we elaborate on two of the above 
activities. E-education means signing up with a university, paying fees, 
obtaining lessons, submitting assignments and giving examinations, all 
via the network without visiting the university. In India, IGNOU offers 
e-education in a big way. With an e-library, its resources and services can 
be accessed on the network without physically going to the library. For this 
purpose, it is necessary to store all the library resources in digital form. A 
library with digital resources available is known as a digital library. When 
accessed over networks from remote places, a digital library becomes an 
e-library.

Convergence in different areas is one of the basic requirements to make e- 
activities possible in a networked society. In the next section, we see how 
the phenomenon of convergence started about 50 years ago.
Check Your Progress: 2
Note: 1)	 Use the space below for your Answers.
	  2)	 Compare your answers with those given at the end of this Unit. 
1)	 Distinguish between a traditional library, digital library and e-library.
	 ………………………………………………………………………..
	 ………………………………………………………………………..

7.4	 GENESIS OF CONVERGENCE
The genesis of convergence can be traced to the mid-1950s. At that time, 
computers were expensive resources and required a highly controlled 
environment for their operations. They were housed in big computer centres 
which were air-conditioned with temperature, humidity and dust control. 
Entry was restricted to these centres, and people were required to remove 
their shoes and wear aprons to work inside the centres. Computer centres 
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distances to reach the centres. Did you know that India had only three or 
four computers in the first half of the 1960s located in the major cities like 
Kanpur, Delhi, Kolkata (the then Calcutta) and Mumbai (the then Bombay)? 
In effect, working with computers was difficult for prospective users. 
Around the same time, computer manufacturers were keen on increasing 
the clientele for their computers for economic reasons. Being expensive 
resources, high usage was essential to justify the economics associated 
with establishing computer centres. A famous saying goes thus: If Prophet 
Mohammad cannot go to the mountain, the mountain comes to him. 
Computer manufacturers took an approach reflected by this saying in solving 
the low usage of computers. They decided to take the access to computers 
to the doorsteps of users. The approach is known as remote computing, 
i.e., the users could access a computer and perform computations from a 
remote location. Implementation of remote computing required a suitable 
communication link between the user site and the computer centre.
In those days, a computer program used to be prepared on cards by punching 
holes and submitted to a computer centre for execution. A program thus 
submitted is called a job. Accordingly, in remote computing, the equipment 
at the user premises is called the Remote Job Entry (RJE) terminal. This 
usually consisted of a card reader and a printer suitably interlinked to the 
main central computer via a communication link. Remote computing is the 
first application that brought together computer and communication, laying 
the foundation for technology convergence. Thus, the genesis of technology 
convergence lies in remote computing that started in the late 1950s.
Once remote computing was successful, there was no looking back in the 
combined use of computer and communication technologies. The idea of 
sharing data, information and other resources emerged in the late 1960s. 
The focus shifted from terminal-to-computer communication to computer-
to-computer communication, which marked the emergence of computer 
networks. The ideas developed in remote computing form the basis of access 
to the Internet today. The convergence of computer and communication 
technologies took deep roots by the end of the 1960s. This was most aptly 
summarised in the words of a famous information scientist R. M. Fano as 
quoted in the following.
“The marriage of computers and communications has been celebrated and 
consummated. The honeymoon is over and the two partners are realising the 
hard realities of inter-dependence on each other.”� R.M. Fano, 1972.
After many years of this marriage, the bond grows from strength to strength. 
Today we are witnessing the phenomenon of convergence in various areas to 
realise the common goal of the networked society. We discuss some aspects 
of a networked society that depend on the phenomenon of convergence in 
Section 10.5. But, before this, we shall examine the factors that drive the 
concepts of convergence in the next section.

7.5	 DRIVING FACTORS
Three factors are responsible for the idea of convergence being pursued:
1)	 Societal needs
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3)	 Technological advancements
Remote computing gave people the taste of computing power at 
their doorsteps and generated a lot of interest in using computers and 
communications for a variety of applications. The new applications that 
emerged after the 1960s include the following:
●	 Electronic mail				    ●    Database Access
●	 Facsimile					     ●    Electronic fund transfer
●	 Document storage and transfer		 ●    Teletext
●	 Audio and video conferencing		  ●    Videotext
Such services generated tremendous societal demand over technology. With 
the growing public demand for new services, the service providers are faced 
with the problem of offering a variety of services at affordable prices. This 
meant the search for economic solutions, better infrastructure utilisation, 
and the adoption of innovative techniques. Convergence offers a solution 
to the economic provision of multiple services on a common technology 
platform.
Demand for new services and the economic offering can be met only if 
there is a corresponding technological advancement. In this context, the 
most significant advancement is the emergence of digital technology that 
revolutionised computers and communications. Digital technology forms 
the basis of convergence. The unique feature of digital technology is its 
ability to represent any signal or information in a uniform manner using 
a binary system. This one concept has led to great economic advantages 
and promoted the emergence of various applications as long as the related 
quantities can be represented in binary form. Amazingly, it appears that a 
binary system can represent anything in this creation. Much as duality (male 
and female) is the core principle of creation, ones and zeros of the binary 
system form the core of computers and communications.
The services envisaged for the NEIS may be placed under two categories: 
distributive and interactive. Distributive services are broadcast in nature 
like television and commercial radio. The choice is limited to one of the 
programmes being broadcast for the user. In the case of interactive services, 
the end-user has a facility to interact with the service provider, say a 
computer, and obtain services of his choice. For example, the user may ask 
for a specific movie on his terminal. Such services are termed on-demand 
services. They call for transmission of high fidelity voice, high-quality 
video and other forms of information on an interactive basis. For providing 
on-demand services, we need communication links with high capacity.

7.6	 CONVERGENCE AREAS
There are at least five areas in which the phenomenon of convergence is 
visible:
1)	 Technology convergence
2)	 Network convergence
3)	 Switching convergence
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5)	 Service or application convergence
We discuss each of these areas in the following sections of this Unit.

7.7	 TECHNOLOGY CONVERGENCE
As you learnt in Unit 8, four major communication systems form part of 
modern telecommunications:
1)	 Electrical communication system
2)	 Optical communication system
3)	 Radio communication system and
4)	 Satellite communication system.
Now, let us see how each of these technologies converges to support the 
emergence of NEIS. At present, about one-sixth of the world population 
is connected to a telecommunication facility. Most of the connections are 
mobile-based or for low-speed Internet access. In this context, there are two 
important issues related to the emergence of NEIS:
1)	 We increase the connectivity level to cover a larger proportion of the 

world population.
2)	 We are increasing the communication links provided to the customers 

to support on-demand services.
The four communication technologies can complement each other to 
improve connectivity and capacity. Electrical communication uses copper 
cables of different types with different information-carrying capacities. 
Copper cables have been used for a long time for establishing networks 
worldwide. The information-carrying capacity of the copper cables is being 
continuously improved, and even today, copper cable is a favourite medium 
in communication systems. Optical fibres are replacing the copper wires in 
certain telecommunications segments because of their extremely high data-
carrying capacity. However, laying copper or optical cables to every village, 
home and office in the world is a formidable task, and it may take many 
centuries if this were to be achieved. The enormity of the task becomes 
clear when we realise that we have been able to connect only about 15% of 
the world population in the last 120 years. Further, laying optical fibres is 
more difficult than laying copper cables because of special considerations 
required for optical fibres in bending and routing. With such constraints, 
large-scale connectivity can not be achieved in a short time frame by using 
cables.
Establishing connectivity via satellite links is by far the quickest. Even 
remotest rural areas can be brought on to the world network map in a few 
hours by using satellite links. The main problem with the satellite is the 
limited capacity. A typical present-day communication satellite offers 
a bandwidth that is at least a few hundred times lower than that offered 
by a single optical fibre. Limited bandwidth of satellites does not permit 
two-way interactive communication to individual homes. However, a dish 
antenna can be mounted on every house for broadcast applications. Such a 
service is known as a direct-to-home (DTH) broadcast service.
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communication centre that provides large bandwidth using optical fibres. 
This can be achieved through short-haul radio technology. The use of short-
haul radio implies establishing a radio network, which can be done more 
easily in urban areas than in rural areas. Mobile communication, a form 
of short-haul radio technology, has provided fast connectivity to a large 
population in urban areas since its introduction in 1992. Over 900 million 
mobile connections have been established worldwide since 2002.
Trained human resources is an important consideration in selecting 
technologies. Copper cable communication is well known, and many 
trained technicians are available to install and maintain such systems. 
Optical fibres are new, and satellite communication is highly specialised. 
Human resources are limited in both areas. Radio communication is well 
understood, but mobile communication involves new concepts that are not 
taught extensively.
Table 7.2 summarises the strengths and limitations of different technologies 
discussed so far. The convergence of the four communication technologies, 
interoperating with each other, can provide a suitable solution to the problems 
of connectivity, capacity and trained human resources in the networked 
information society of tomorrow. A convergent technology code-named 
‘bluetooth’ has been part and parcel of daily lives in recent years. This is 
a low power radio technology covering a small range of distances (up to 
10 metres). The purpose of the technology is to make Bluetooth-enabled 
devices in the vicinity of each other communicate in a wireless mode. For 
example, a laptop computer may connect to a mobile phone and receive 
electronic mail if the two devices have a Bluetooth interface incorporated in 
them. Bluetooth has the potential for many interesting applications.

Table 7.2: Technology Convergence

Technology Con
Copper cables Fair
Optical fibres Diff
Satellite Rura
Short-haul radio Urb

7.8	 NETWORK CONVERGENCE
In the early days of modern telecommunication, the underlying technology 
was analogue. Different applications generate signals with different 
characteristics. To transmit such signals over distances, we need different 
types of end equipment and networks suitable for each signal type. For 
example, the voltage, current and frequency range requirements of a telephone 
instrument, fax machine and computer terminal are vastly different. This is 
what led to the development of a variety of telecommunication networks in 
the past, such as:
1)	 Telegraph networks,
2)	 Telex networks,
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4)	 Data networks,
5)	 Alarm networks,
6)	 CATV (cable) networks, etc.
Independent networks call for separate administration, maintenance staff and 
buildings to house the equipment. Independent and duplicate infrastructure 
facilities lead to high capital costs, low maintenance efficiency and high 
running cost. In addition, the network facilities are never fully utilised. 
The net result is that the overheads turn out to be excessive, leading to 
economically unviable network services. The resources need to be shared 
among different services to keep the network costs down. This would be 
possible if the signal characteristics were uniform across the services. Such 
a solution became possible with the advent of digital technology. With 
digital technology, various services can be supported on a single digital 
network. This approach leads to the evolution of the integrated services 
digital network (ISDN), which is the first major multi-services network 
being planned and implemented worldwide. As envisioned in 1984, ISDN 
provides for a digital pipe at the customer premises with a minimum capacity 
of 144 kbps and a maximum of 2048 kbps. The realisation of the inadequacy 
of these rates in the context of NEIS soon led to the definition of broadband 
ISDN (B-ISDN). Conceived as a blueprint for future telecommunication, 
B-ISDN would support channels operating at bit rates in the range of 155 
Mbps to 622 Mbps at the user premises.
Check Your Progress: 3
Note: 1)	 Use the space below for your Answers.
	  2)	 Compare your answers with those given at the end of this Unit. 
1)	 Compare the speeds of ISDN and broadband ISDN.
	 ………………………………………………………………………..
	 ………………………………………………………………………..

7.9	 SWITCHING CONVERGENCE
The principle of switching is central to all telecommunication networks. 
Switching signifies that a connection is established between two chosen ends 
by turning on one or more switches. The switching technique adopted by data 
networks is different from the one used by telephone networks. Telephone 
networks use the technique of circuit switching where a communication 
path is established between the source and destination before the actual 
information transfer takes place. This path and the associated resources 
remain dedicated between the source and destination for the entire duration 
of service until a disconnect request is initiated by any one of the two 
communicating entities. The path is used effectively if continuous traffic 
during the service period. However, suppose the traffic between the source 
and destination is noncontinuous, as with data traffic. In that case, the 
path remains partly idle during the service, leading to inefficient network 
resources. Data networks adopt another switching technique known as 
packet switching to overcome this drawback.
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fashion from node to node. This is like the postal system, where a letter 
moves from place to place in the general direction of the destination. Letters 
from post-boxes are taken to the local post office first. They remain there 
(are stored) for being sorted. Outstation letters then move (are forwarded) to 
a central post office for further sorting. The destination address is processed 
at every stage before the next forward move is made. Thus, the letters move 
from one location to another in the general direction of the destination. 
There is no connection between the letter originating station and the letter 
destination station. Packet switching adopts an identical principle. Data, 
assembled as packets, is moved from computer to computer. It is stored 
in each intermediate node to process the destination address and select the 
onward path. Once the path is chosen, the packet is forwarded along that path.
In the context of a multi-services network, it is recognised that packet 
switching is not suitable for real-time services like telephony and video 
distribution. And, circuit switching is not efficient for bursty noncontiguous 
traffic from the point of view of utilising network resources. Realising that 
circuit switching and packet switching are required for different purposes on 
a common digital network led to the search for new switching techniques. 
The two techniques have now converged, and a new switching technique 
called cell switching is now accepted as the standard switching technique 
for B-ISDN.

7.10	 ACCESS CONVERGENCE
Earlier, we discussed the need for network convergence for economic reasons. 
The economic considerations do not apply only to network providers. It is 
equally important for the users. A user may not invest in different access 
interfaces for different services. A single telecommunication connection 
should fetch all types of services to a user subject only to the interface’s 
limitations of speed and capacity. It is this philosophy that has led to the 
idea of access convergence. The trend of access convergence is being seen 
in the following:
1)	 Access to the Internet from the mobile handset and vice versa
2)	 Access to global satellite services from mobile and vice versa
3)	 Access to the Internet from the telephone network and vice versa
4)	 Access to global satellite services from the telephone network and 

vice versa
5)	 Automatic access among Bluetooth devices
6)	 Access to the Internet via television cables and vice versa.
Access convergence provides tremendous flexibility to end-users. They 
can access various services from whatever device they have on hand. For 
example, a person with a mobile and a laptop can access all Internet services 
without physically connecting to the Internet.

7.11	 SERVICE CONVERGENCE
The idea of convergence in different areas discussed so far is to carry 
multiple services using one common infrastructure. The trend of service 
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following:
1)	 Internet telephony
2)	 Email via mobile phones
3)	 Web access via Bluetooth interface and mobile phones
4)	 Email and Web access via television cables
5)	 Internet services delivered on TV sets
6)	 Webcasting of radio and TV programmes on the Internet
7)	 Normal telephone services via cable TV networks.
The above are examples of some of the recently introduced services using 
the concept of convergence. For the future, ISDN and broadband ISDN 
are being designed to carry every conceivable service. Let us now see how 
the service convergence issue is being addressed in broadband ISDN. In 
broadband ISDN, the services are placed under some generic categories as 
shown under:

●● Audio services
	 –	 Telephone quality (speech)
	 –	 Broadcast quality (music)

●● Motion video services
	 –	 Studio quality
	 –	 Broadcast quality
	 –	 High definition television (HDTV)

●● Still video services
	 –	 Low resolution (fax)
	 –	 High resolution (pictures and photographs)

●● Text services
●● Computer graphics services
●● Computer animation services
●● Satellite imageries

Each of the above services, when digitised, demand different communication 
capacities, i.e., different speeds. To carry a variety of services with different 
capacity requirements, the architecture of broadband ISDN uses an 
information transport mechanism called asynchronous transfer mode 
(ATM). ATM is structured layered with different functionality stacked one 
over another. One layer is the ATM adaptation layer, which has a sub-
layer functionality called convergence sublayer. This sub-layer has been 
designed to multiplex various services and carry them on the underlying 
network infrastructure.

7.12	 LET US SUM UP
In this Unit, the convergence aspects of telecommunication have been 
discussed. Firstly, the Unit places convergence in perspective by explaining 
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areas, viz. The Networked Electronic Information Society (NEIS) is 
briefly discussed. The basic concepts of storing information in electronic 
form, electronic document, digital document, e-activities, digital library 
and e-library are explained. The genesis of convergence, viz., remote 
computing, is then discussed. The driving factors of convergence, societal 
needs, operation economics, and technology support are then brought out. 
The convergent phenomena in technology, network, switching, access and 
service areas are discussed. Certain aspects of the future telecommunication 
network B-ISDN, which are relevant in convergence, are brought out.

7.13	 KEYWORDS
Bluetooth: A recent low power radio technology enables two or more 
devices located in the near vicinity of each other to interact.
B-ISDN: Broadband ISDN. See ISDN below. An ISDN with a very large 
information-carrying capacity.
Cell Switching: A convergent switching technique that combines the 
strengths of circuit and packet switching.
Circuit Switching: The process of establishing a dedicated connection 
between two endpoints via a network.
Convergence: The process of bringing together different technologies, 
techniques etc., to achieve a common goal.
Distributive Services: Services that are broadcast or multicast in nature, 
i.e., services distributed to many users without a request from the users.
Digital Document: An electronic document in which information is stored 
digitally.
Electronic Information: Information stored in electronic form.
E-Services: Services that are obtained from a remote place via a network.
Interactive Services: Services that require continuous interaction between 
the server computer and the user, e.g., searching a database.
ISDN: Integrated Services Digital Network. A network in which all signals 
are represented and transported in digital form.
On-demand Services: Services that users can obtain by placing a demand 
on the network.
Packet Switching: The process of transferring information from a source 
to a destination on a node-by-node basis.
RJE Terminal: Remote Job Entry terminal. An equipment setup to use 
computers from remote places.
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ANSWERS

1)	 Number of books in the library = 10,000 Number of pages per book = 
500

	 Total No. of pages = 5 × 10
	 No. of characters per page = 3600 Total No. Characters = 18 × 10

	 No. of CDs required = 
(18 × 10)
(640 × 10)  = 28.125, i.e. 29 CDs

2)	 CPU - hard disk transfer rate = 200 kBps = 200 × 8 kbps = 1.6 Mbps 
Transmission line speed = 2 Mbps

	 Hence, the transmission line is faster.
3)	 The traditional library comprises mostly paper documents and possibly 

some electronic documents. All information is stored in digital form 
on CDs or other storage media in a digital library. When the resources 
of a digital library are made accessible on a network, the library is 
called an e-library.

4)	 SDN minimum speed = 144 kbps
	 B-ISDN minimum speed = 155 Mbps

Therefore, B-ISDN is 
(155 × 10)
(144 × 10)  = 1076 times faster than ISDN. Similar 

calculations can take higher speeds and a combination of lower and higher 
speeds.


