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PREFACE

Man’s constant quest to communicate has resulted in a quantum leap in
technology related to data communications. For the past quarter century the
maximum obtainable transmission rate on many types of communications
facilities has doubled every three to five years. During the past few years this
growth rate has accelerated, with emerging technologies providing a trans-
mission capability an order of magnitude or more above what were considered
high operating rates just a year or two ago. Accompanying this growth and, in
many cases, providing the impetus for the technological developments that
made such growth possible are communications-dependent applications.

Today, data communications can be considered as the fiber that binds a
modern society together. The past measurement of the strength of a nation,
measured in the number of tons of steel manufactured per year, has essen-
tially been replaced by the installed base of personal computers, workstations
and other types of computational facilities, as well as the network structures
that link those computers to one another. Unless stranded in a very remote
location, you will use one or more communications facility almost every day of
your life.

Due to the importance and, in many instances, our dependence upon
communications, a detailed understanding of their evolution, technology and
future directions is beneficial to most persons that work in a business, high
technology, government or university environment, and provides a driving
force for writing this book.

This book dates back to 1977 when the founding editor of Data
Communications magazine, the renowned Harry Karp, asked me to develop
a seminar to explain the characteristics, operation and utilization of data
communications components which are the building blocks upon which
networks are constructed. The resulting seminar, which I have continued to
teach in both the United States and Europe, provided the basis for writing Data
Communications Networking Devices, which has been blessed by reader
demand to justify four editions. From teaching several data communications
and computer courses at the university level, I became aware of many of the
limitations of currently available books, including Data Communications
Networking Devices. What my students desired was a comprehensive book
that assumes no prior knowledge of communications and which presents
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concepts and theory, and relates practical experiences in a manner useful for
persons involved or planning to work with data communications within an
organization.

This new edition of Understanding Data Communications was written for
both the student and the professional who wish to obtain a solid foundation
concerning how data communications systems operate, why, where, and
when certain types of equipment should be networked together, and the role of
evolving communications technologies. In revising this book I continued to
include and expand upon many basic communications concepts. History has
a way of repeating itself and knowledge of how older communications systems
operate that may not appear to be particularly important yesterday may be
extremely useful tomorrow when attempting to understand the operation and
utilization as well as limitations associated with a new technology. One key
example of this is frequency division multiplexing, a technology considered
relatively obsolete by the 1980s but which now forms the foundation for the
operation of several types of high speed digital subscriber lines that represent
a new generation of modem technology. Thus, while a major emphasis of this
book is upon modern communications equipment and transmission systems,
as an educator I felt it was important to include historical information and an
overview of older technology that illustrates important concepts that are
applicable for understanding modern technologies.

In developing this book I used a layered approach, building upon the
knowledge presented in each prior chapter. This layered approach facilitates
the utilization of this book as a one-semester course at a high undergraduate
or at a first-year graduate level.

Throughout this book I have included numerous illustrations, tables and
schematic diagrams to illustrate concepts, theory and practice. I believe this
material will facilitate the use of this book long after a reader completes the
course that it is used in, and will provide a reference for future endeavors in
communications. Finally, at the end of each section I have included a
comprehensive series of questions that cover many of the important concepts
covered in the section. These questions can be used as a review mechanism
prior to going forward in the book.

As both a professional author and an educator I highly value feedback. You
can write to me through my publisher whose address is on page iv of this
book, or you can communicate with me via email at gil held@yahoo.com. Let
me know if I committed the sin of omission and need to include other topics, if
you feel I devoted too much space to a particular topic, or any other area you
may wish to comment upon.

Gilbert Held
Macon, GA
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1

COMMUNICATIONS IN A
MODERN SOCIETY

The main objective of this chapter is to obtain an appreciation of the use of
communications to enhance our daily work and recreation. To accomplish
this, we will look at nine typical types of communication applications.
Although an in-depth examination of many application areas will be deferred
to later chapters in this book, the overview of communication applications
presented in this chapter will illustrate our society’s dependence upon the
flow of timely and accurate information. Since there are many trade-offs
involved in the design and operation of different communications systems, we
will also focus our attention upon three key constraints and their effect upon
different types of information flow in the second part of this chapter. Even
though this is an introductory chapter it is important to understand the
direction of technology as it relates to the field of data communications. Thus,
the concluding section in this chapter will provide an overview of emerging
trends and their potential effect upon your ability to communicate.

1.1 APPLICATIONS

The evolution of data communications has been nothing short of phenom-
enal. During a period slightly exceeding a century, the primitive telegraph has
been replaced by a wide variety of networks that are the glue which binds our
modern society together. As we perform our daily operations, it is most
difficult to avoid coming into contact with an application that is not
dependent upon data communications. Although we may take communica-
tions-related applications for granted, without the ability to communicate
data, the banking, transportation and retail industries, as well as others,
could not provide customers with an acceptable level of service. For other
industries, such as publishing and finance, as well as many government
agencies, the ability to rapidly communicate information is indispensable to
their successful operation. Even the ability of countries to pursue policy is
directly affected by communications. For example, in warfare the ability to
successfully communicate can provide the margin which differentiates victory
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from defeat. This is vividly illustrated by the Gulf War, during which missiles
with TV guidance, ‘smart’ bombs that could be directed down elevator shafts,
and the ability to rapidly share intelligence gathered from the battlefield
resulted in one of the most decisive military campaigns conducted in the
history of warfare.

In this chapter we will examine a variety of applications that illustrate the
important role of data communications in a modern society. This examina-
tion should provide readers with an insight into the ubiquitous nature of
communications-dependent applications, as well as knowledge of some of the
many industries that benefit from the ability to rapidly and accurately
transmit information.

1.1.1 Data collection

Although many small firms still use manual time and attendance methods,
the simple mechanical ‘clock-punch’ machine used in large industrial
corporations and by companies with hundreds or thousands of employees
is essentially only seen in movies of the 1960s or earlier. Today, most large
organizations, as well as many firms with fewer than a hundred employees,
use integrated data collection systems to track employee time and attendance
data. Typically, employees insert their badges into a badge reader when they
arrive at work or on the factory floor. Similarly, at break times, lunch and
when they leave the premises, they insert their badges into a similar reader at
the location where they ‘clocked-in’ or at another location.

Each badge reader recognizes and reads a magnetic strip on the badge, a
series of vertical lines or perhaps hole punches that convey the unique
identity of the employee. After reading the information, the badge reader
transmits it to a computer center that may be located on the factory floor, in
the same building or hundreds, or even thousands, of miles away.

Once the badge reader has transmitted the information it has read from the
badge, the processing performed by the computer can range from simple time
and attendance record keeping to the sophisticated alerting of management
personnel to potential problems. Some problems that management might be
alerted to include too few employees to perform a factory assembly function,
excessive overtime or tardiness of employees. Within many organizations, the
data collection facilities are integrated into the payroll system, relegating the
use of time and attendance clerical employees to correcting such mistakes as
forgetting to ‘punch-in’ or ‘punch-out’.

A second pervasive example of data collection can be viewed by visiting
many fast food retail chains. As you convey your order of a hamburger, large
fries and shake to the clerk, you will probably notice that they press coded
keys with symbols indicating each item on an electronic cash register type of
device. Although that device functions as a cash register, totaling your
purchase, adding applicable sales tax and computing change based upon your
payment, it is also a data collection device more commonly known as a point-
of-sale terminal. As the clerk presses a coded key, the information concerning
the sale of each item is transmitted to a small computer system where it is
recorded onto a diskette, cassette or other type of storage device. At the close
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of business or at a designated time, the computer system will print reports of
the income received at each point of sale terminal to assist management in
cash reconciliation as well as a summary report of items sold in the store.
Taking the automation process a few steps further, some computer systems
are programmed to automatically call a franchise distribution center or
independent vendors. The computer will then electronically order such
necessary supplies as hamburger wrappers, straws, napkins and cups, as
well as meat patties and bags of french fries.

1.1.2 Transaction processing

Also known as inquiry-response, transaction processing is the key to
customer support in the transportation and financial service industries
where instant access to database information is required. Transaction
processing differs from data collection in the fact that data transmitted to a
computer in a transaction processing system can be used to immediately
update a database. While this difference may appear trivial at first, it is the
basis for ensuring that two persons do not purchase the same airline seat on
the same flight, a bank customer does not charge an item beyond his or her
credit limit, as well as other transactions dependent upon the immediate
updating of information contained in a database.

Three of the more common uses of transaction processing include stock
broker order entry systems, national credit card systems and automatic bank
teller terminal operations. Although the actual execution of an order for
securities varies based upon the market on which the security is traded and
can be affected by other factors, in many instances an order to buy a security
called into one stockbroker’s office will be transmitted to a centralized mar-
ket, where it is matched against an order to sell a security from a customer of
a different security firm.

Today investors in securities have several methods they can use in addition
to the traditional call to a registered representative. Some stock brokerage
companies enable customers to bypass the registered representative and
enter orders directly by punching keys on their telephone. Other companies
established online Internet sites, enabling millions of investors to conduct
electronic transactions.

In this book we will use the term Internet with a capital I to reference the
global network of interconnected networks. In comparison, we will use the
term internet to reference the connection of two or more public or private
networks.

Figure 1.1 illustrates the initial or ‘home’ page of Waterhouse Securities,
one of the pioneers of online brokerage accounts. Waterhouse, like many
other brokerage and non-brokerage firms, established a presence on the Inter-
net for electronic commerce. Their computer, referred to as a server, displays
an initial screen referred to as a home page when accessed. In Figure 1.1 the
Waterhouse home page is shown viewed through a Netscape browser, a soft-
ware program that allows you to connect to literally an unlimited number
of servers operated by an expanding universe of companies establishing a
presence on the Internet. Note the $12 flat fee trading statement in the middle
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of the screen. A few years ago a typical purchase or sale of a few hundred
shares of stock could result in a commission charge of over $100. Thus,
online transaction processing is revolutionizing the manner by which con-
sumers can perform a variety of tasks, ranging from purchasing stocks and
airline tickets to validating bills for payment. Similar to the manner by which
the refrigerator displaced the need for the iceman, electronic commerce can
be expected to make many business obsolete.

Another popular example of transaction processing is the use of a credit
card. Most major credit card companies have national and, in many instances,
international credit authorization systems. When a customer makes a pur-
chase in excess of a predefined amount, the merchant inserts the credit card
into a terminal device and enters the amount of the purchase via a keyboard.
Once the transmit key is pressed, the terminal transmits the credit card num-
ber and purchase amount to a computer system. First, the credit card number
is electronically checked against cards reported lost or stolen, after which the
amount of the purchase is added to the outstanding balance and compared to
the maximum authorization limit for the credit card account. If the credit card
is not lost or stolen and the authorization limit has not been exceeded, the
transaction is accepted. If the transaction is rejected, the merchant may have
to place a call to the credit card processing center to obtain additional
information about the card.
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Other stores that are part of a chain may use point-of-sale terminals that
both authorize sales as well as transmit data, which is used by corporate
market analysts to spot purchasing trends and to examine the relationship
between the price of a product, its sales and geographical sales area. Some
chain stores integrate their point-of-sale system with inventory control, using
merchandise sale information transmitted with credit authorization data to
track store sales and serve as a mechanism for the distribution of new
merchandise to their stores.

While many readers have first-hand knowledge of the operation of bank
teller terminals, for other readers their operation may be a slight mystery. In
essence, a bank teller terminal can be considered to be a point-of-sale
terminal that either dispenses information in the form of updating a passbook
or dispenses cash and electronically updates one’s account. The most
conventional type of bank teller terminal simply dispenses information in
the form of updating accounts and its operation depends upon the bank clerk
who enters deposit or withdrawal information and accepts or dispenses cash.
The second type of bank teller terminal, more formally known as an Auto-
matic Teller Machine or ATM, dispenses predefined packets of cash, such as
810, $20, $50 or $100.

A person using an ATM first inserts his or her bank card and the machine
reads and transmits magnetic coded information on the card to the bank’s
computer system. Assuming that the card was not reported lost or stolen and
gobbled up by the machine, the computer will prompt the customer to enter
his or her personal identification number, commonly referred to as a PIN. The
PIN can be viewed as a secret number known only by the customer and his or
her bank and serves to verify the identity of the person using the bank card.
Thus, if the correct PIN associated with the card is not entered by the
customer at the numeric keyboard of the ATM, the request for cash will not be
granted. If the request is granted, after the cash is dispensed the customer’s
account is debited by the amount dispensed, with many banks adding a
service fee which both pays for the facilities required to support the ATM
system and contributes to their profit margin.

In addition to the previously mentioned transaction processing applica-
tions, other common examples of the use of this communications based
technology include airline, hotel and automobile reservation systems. The key
to the successful operation of each system is the ability of a terminal operator
to query a database to determine the availability and cost of an airline trip,
hotel room or a particular type of vehicle.

1.1.3 Conversational time sharing

The high cost of large scale computers resulted in the development of time
sharing as a method to enable many users to share the computational power ofa
common facility. In a time sharing environment, each user obtains the use of a
small fraction of time of the central processor known as a time slice. If the user’s
job is not completed during the allocated time slice, the job is queued by the
operating system for service by subsequent assignments of time slices.
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The development of interpretive languages, such as the Beginners All
Purpose Symbolic Instruction Code (BASIC), as well as Formula Translation
(FORTRAN), Common Business Oriented Language (COBOL) and Program-
ming Language One (PL/I) compilers to operate under time sharing permits
application programmers to develop and test their programs prior to placing
them into a production environment. Since tens to hundreds, and in some
cases thousands, of persons could create and execute programs concurrently
on a time sharing system, their utilization made computing more economical
than classical batch systems where one job must be completed prior to the
start of the next job. Although the growth in the use of personal computers has
considerably reduced the demand for time sharing, it is still an important
computational facility in some large organizations.

Figure 1.2 illustrates a typical example of a modern time sharing appli-
cation. In this example the main screen display for a version of IBM's Office-
Vision calendar and electronic mail system is shown. This particular version
of OfficeVision operates on an IBM mainframe computer which can support
thousands of users.

Until the advent of personal computing, only time sharing extended the
computational power of computers via communications facilities to terminals
located on users’ desks to provide ‘desktop computational capability’. Even
with the growth in the use of personal computers, there are many applications
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Figure 1.2 One example of a modern time sharing application is IBM's OfficeVision's
calendar and electronic mail system. OfficeVision operates on several types of minicompu-
ters and mainframes, with the latter supporting up to several thousand users
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which, because of data storage capacity or processing power requirements,
are restricted to operating in a time sharing environment. Due to this, the use
of time sharing systems can be expected to coexist with personal computing
for the foreseeable future.

1.1.4 Remote job entry

There are many types of data processing jobs, such as accounting and payroll,
that require execution in a continuous manner. Organizations with diverse
locations may prefer to use one or a few data processing centers to process
payroll and accounting data.

To facilitate the timely processing of accounting and payroll data, most
organizations that use centralized data processing centers employ remote
batch transmission facilities. Typically, accounting and payroll data collected
over a period of time at distributed locations are formed into a batch of
records. At a predefined time or during a predefined time interval, the batched
records are transmitted to the centralized data processing centers. There, the
batched records received from the remote locations are combined and used as
input to the organization's accounting and payroll programs.

During the 1960s and 1970s, physically large minicomputer based remote
batch terminals were primarily employed to transmit batch data to central-
ized data processing locations. At these locations, mainframe computers were
used to process the data received from the remote locations. By the late 1980s,
many minicomputer-based remote batch terminals had been replaced by the
use of personal computers to perform batch transmission applications. In the
1960s and 1970s, many batch terminal configurations included such periph-
eral devices as card readers, disk or magnetic tape storage units and high
speed printers, while some terminals also supported interactive cathode ray
tube terminals. By the use of interactive terminals, clerks could enter data
throughout an accounting or payroll period. The data were then stored on disk
or tape and transmitted to the central computer facility for processing. By the
late 1980s, the tape and disks of many minicomputers had been replaced by
the use of personal computer fixed disk and diskette on-line storage.

Some batch terminals include the capability to perform local data
processing, executing small data processing jobs while transmitting larger
jobs to the corporate mainframe. The results of those jobs, called system
output (SYSOUT), as well as accounting reports, checks and other data, can be
directed from the mainframe to the batch terminal via a communications
facility where the data can be directly printed or stored on tape or disk for later
printing. When first stored on tape or disk, the printing of the stored data is
known as printer spooling.

1.1.5 Message switching

Message switching represents one of the earliest merging of communications
and computer technologies. Beginning in the early 1950s, several computer
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manufacturers developed software specifically designed for message switch-
ing applications. Companies that purchased hardware and software obtained
the capability to either develop an internal message switching facility for their
organization or provide a commercial service that other organizations could
subscribe to.

Early message switching systems required terminals to be permanently
connected via a communications facility, precluding their use for other
applications. Messages entered via a terminal were transmitted to a central
computer facility where their heading was first examined. The message
heading included information concerning the subscriber or subscribers that
it was to be distributed to, the originator of the message and could include
such optional information as its subject and priority. Depending upon the
status of the destination subscriber’s terminal, the message might be
immediately switched to an output line routed to the destination terminal
or stored on disk or tape. If the destination terminal was not busy servicing a
previously transmitted message or sending data, the message might be
switched directly to its destination. If the destination terminal was in use, the
message would be stored. Then, when the destination terminal became
available, the message would be retrieved from storage and forwarded to its
destination. Due to this type of operation, message switching is commonly
referred to as a store and forward system.

The use of message switching systems initially centered upon business and
commercial activity. As the use of message switching increased, additional
applications were developed, such as the electronic delivery of money orders
that was well publicized by a series of television commercials. Although
message switching as a technology has essentially been succeeded by electronic
mail and value-added carrier services it provided a foundation for the movement
of data between terminal users, Thus, it represents an underlying technology
which formed the basis for the evolution of more modern technologies that today
deliver electronic mail to tens of millions of persons each day.

1.1.6 Value-added carriers and electronic mail

The proliferation of the use of personal computers in the home and office
during the late 1970s and early 1980s served as a driving force for the growth
of value-added carriers and the introduction of a new type of message
switching known as electronic mail. Essentially, value-added carriers can be
considered as a new type of communications utility. By leasing communica-
tions lines from telephone companies and installing specialized computers,
the value-added carriers developed extensive communications networks. The
use of these networks was fostered by many companies connecting their
computers to network nodes, permitting persons from their organization or
other companies to access the carrier's network from hundreds of locations
across the United States and via the entry of a code to be routed to the
appropriate computer facility.

Although the initial use of value-added carriers was primarily by business,
during the late 1970s many individuals began to subscribe to a variety of infor-
mation retrieval services that provided financial, weather and text retrieval
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from selective databases. Some value-added carriers expanded into informa-
tion utilities, adding their own computational facilities to their network to
provide subscribers access to a variety of information services as well as the
use of electronic mail facility. Other value-added carriers added electronic
mail facilities for business users while providing a communications trans-
portation facility for other users to access numerous commercial electronic
mail services that were established during the 1980s.

One of the first, if not the first, commercially available electronic mail
services was MCI's MCI Mail. MCI Mail was developed in the period prior to the
expansion of the Internet for commercial use. At one time this text based
electronic mail system was one of the most popular forms of electronic com-
munications in use. Figure 1.3 illustrates the use of the HyperTerminal
application bundled into Windows 95 and Windows 98 to access MCI
Mail. Although Windows represents a graphic user interface (GUI), you can-
not use the point and click capability of the operating system when working
with MCI Mail. Instead, you must enter commands in the form of text, such
as ‘scan inbox’ shown in the lower portion of Figure 1.3. In this example
the command would result in the listing of five messages in the author’s
INBOX. To read each message would then require the entry of an appropriate
‘read’ command.
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Figure1.3 MCIMailwas one ofthe first commercial electronic mail systems. Although still
used by this author, the popularity of the Internet where subscribers can perform many
functions in addition to electronic mail has diminished the demand for systems strictly
devoted to email
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The growth in the use of the Internet makes the use of an Internet Service
Provider (ISP) more attractive than the use of an electronic system restricted
to mail delivery. Through an account with an ISP, both business and
residential users can perform a number of functions in addition to sending
and receiving electronic mail. MCIWorldCom, which represents the merger of
MCI Communications and WorldCom, offers Internet access as well as
numerous voice and data services, with the number of its Internet accounts
now greatly exceeding its number of MCI Mail accounts, illustrating how
advances in one area of communications can result in the rapid or gradual
obsolescence of another area.

The use of a more modern electronic mail system is shown in Figures 1.4
and 1.5. Figure 1.4 illustrates the initial CompuServe mail center display.
CompuServe was originally one of the earliest information utilities that
provided subscribers access to shareware programs, news and weather
information, and chat rooms in addition to electronic mail service. Figure 1.5
illustrates the point and click ease of use of CompuServe for creating an
electronic message. After clicking on the icon labeled ‘New' in Figure 1.4 the
screen display was changed to the ‘Create Mail’ screen shown in Figure 1.5.
Clicking on the button labeled ‘Recipients’ resulted in the display of the
window labeled ‘Message Recipients’ shown in the middle of Figure 1.5. Note
that by clicking on the rectangle labeled ‘Address Book' a list of predefined
names and addresses is displayed. Then another few clicks enables a person
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to select a recipient which in this example is the author’s MCI Mail address.
Although you still have to enter the subject and body of the message, through
the use of Windows’ cut and paste capability you could prepare your message
using a word processor and either attach it as a file or copy and paste the
message into the area of the window reserved for the body of the message.

The primary differences between message switching and electronic mail are
in the areas of terminal connection and message delivery. Initially, message
switching systems required terminals to be directly connected to the message
switching computer via dedicated communications facilities. In comparison,
electronic mail systems were developed to enable terminal and personal
computer users to use the public switched telephone network on a temporary
basis to send or receive a message, permitting the terminal or personal com-
puter to be used for other applications. Concerning message delivery, initially
message switching systems were restricted to delivering messages to termi-
nals directly connected to the message switching computer. In comparison,
most electronic mail systems provide a variety of message distribution options
to include the conversion of an electronic message to hardcopy and its delivery
by the postal service or via courier. Today, the use of electronic mail can range
in scope from a corporation distributing new product announcements, to
an individual bidding on a home or sending a birthday greeting to a friend
or relative.
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1.1.7 Office automation

Until the introduction of the microprocessor-based personal computer office,
automation operations were highly centralized, with a mainframe or
minicomputer typically used to provide computational resources to the
employees of an organization. Those computational resources were usually
limited to text processing and financial applications, and required the
establishment of a communications infrastructure that could result in the
transmission of information over hundreds or thousands of miles to perform
relatively simple functions by today's computer environment, such as
developing a mailing list or creating a form letter.

The use of a corporate mainframe for office automation functions repre-
sented perhaps the earliest example of client-server computing. Through the
early 1980s dumb terminals without microprocessor based intelligence were
used to communicate with corporate mainframe computers. The terminal,
serving as a client, would send a request to the mainframe which functioned as
a server, servicing the processing requirements of humerous clients. This type
of client-server computing resulted in the development of hierarchical struc-
tured networks in which terminals were connected to control units which
in turn were connected to the mainframe. The control unit can be viewed
as a line sharing device which enabled two or more terminals to contend for
access to relatively expensive communications lines and mainframe com-
puter ports. Figure 1.6 illustrates an example of the mainframe-based client—
server computing model which formed the basis for office automation through
the mid-1980s.

During the 1980s the ubiquitous office typewriter was rapidly replaced
by the personal computer. At first, a lack of application programs resulted in
the PC being used as a dumb terminal in an office environment, with client-
server computing continuing to resemble the illustration shown in Figure 1.6.
In fact, the access to IBM's mainframe-based Office Vision calendaring and
electronic mail system previously illustrated in Figure 1.2 occurred through
the use of a PC acting as a dumb terminal. While some organizations continue
to use mainframe centric computing, other organizations elected to distribute
computing applications based upon the use of PCs.

Mainframe
computer
Control Control Control
unit unit unit
5. 038--038--0
Terminals Terminals Terminals

Figure1.6 Mainframe-based client—server computing model
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The rapid increase in the processing power of personal computers soon
resulted in the development of a variety of office automation software to
include word processing, electronic spreadsheets, visual presentations, data-
base creation and retrieval and other programs. The expansion in the use of
personal computers was accompanied by a requirement to share information
between personal computer users. This requirement was primarily satisfied
by the development of local area networks (LANs). Through the use of LANs
small corporate departments within an organization, as well as companies
that could not afford the expense associated with operating a mainframe
computer, were able to establish their own client-server computing opera-
tions. In large corporations islands of workstations on individual LANs began
to rapidly appear during the late 1980s, changing the corporate client-server
model from a hierarchical mainframe centric model to a distributed com-
puting environment with individual LANs connected to one another via
specialized communications devices, as well as maintaining one or more
connections to the corporate mainframe. This modern client-server model is
illustrated in Figure 1.7.

In comparing the mainframe based client-server model illustrated in
Figure 1.6 to the modern client-server model shown in Figure 1.7 the dif-
ferences in potential network structures are apparent. The mainframe-based
model communicated with dumb terminals, and it was difficult if not
impossible to establish multiple routes for the transmission of information.
In comparison, the modern client-server model is based upon the use of intel-
ligent computers, as both workstations connected to a LAN as well as
specialized communications devices that have routing capabilities. This
makes it possible to use different topological structures to interconnect LANs
as well as to support multiple communications paths between LANs.
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Figure 1.7 The modern client—server model




14

COMMUNICATIONS IN A MODERN SOCIETY

Although the centrally managed mainframe-based client-server model is
easier to manage, its ability to adjust to organizational change is limited. In
comparison, the modern client-server model is much more flexible in
adjusting to a changing organizational structure, since LANs can easily be
subdivided (a process known as segmentation) to accommodate growth or a
changing user environment. Unfortunately, it is much more difficult to
manage as an entity all of the LANs within an organization, a process
commonly referred to as Enterprise network management, which can be
viewed as the price paid for obtaining an increased flexibility to support the
requirements of an organization. Readers should note that the process of
downsizing or moving applications off the mainframe onto the corporate LAN
results in a client-server model similar to the one illustrated in Figure 1.7,
with the mainframe removed due to the effect of the downsizing effort.

In addition to being used in computers, the microprocessor has been incor-
porated into numerous office automation products which significantly
improve worker productivity. Today pagers, inventory control scanners, and
even the supermarket bar code reader are all based upon the use of micro-
processors. Those small silicon chips interpret sequences of digital pulses to
generate characters on a pager’'s display, convert the vertical lines scanned
from a can of chicken soup into digits that a distant computer can use to
determine the price of the product, and perform other operations that have
significantly improved our lifestyles.

1.1.8 Electronic commerce

The growth in the Internet makes it possible for consumers and businesses to
take advantage of electronic commerce opportunities. As a consumer you can
literally check different merchants for product availability and price through
simple point and click operations.

To illustrate the role of electronic commerce consider Figures 1.8 and 1.9.
In Figure 1.8 I used my browser to access the Barnes & Noble World Wide Web
home page. From this page I entered my name to check the price of books I
authored. Because I gave away my complimentary copies of one book, I needed
to order another copy. A portion of the simple electronic order process is
illustrated in Figure 1.9. Note the dialog box named ‘Security Information’
displayed in the foreground of the screen. The Netscape browser is similar to
other browsers in that it will automatically encrypt transmission to enable
secure communications required to put the consumer’'s mind at rest when
ordering products and providing credit card numbers over the Internet.

The growth in electronic commerce conducted over the Internet has literally
exploded over the past few years. From a few sales of books, records and
assorted items that may have reached $100 million during 1996, by the new
millennium electronic commerce over the Internet was estimated to have
exceeded $20 billion. Today you can purchase airline tickets, shop for a car,
and buy insurance, flowers or perform your weekly food shopping, all literally
at the click of a cursor.
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While electronic commerce provides a considerable benefit for consumers,
it also provides benefits for businesses. Today companies run auctions for
suppliers to bid on their requirements as well as allow potential employees to
post their résumés. Thus, electronic commerce fosters competition, which
is one of the reasons inflation was probably tamed during the latter part of
the 1990s.

In addition to the Internet there are two other types of networks that are
periodically used to reference electronic commerce: extranets and intranets.
An extranet references the connection of a private network to the Internet
and can indeed be used for electronic commerce. An intranet represents a
private network based upon the use of communications methods associated
with the Internet. If an intranet is connected to the Internet it can be used
for electronic commerce. However, if the intranet is restricted to providing a
communications capability for one organization, it is difficult to envision its
use for electronic commerce, unless it is used by employees of the organiza-
tion to purchase products manufactured or services sold internally.

1.1.9 Satellite transmission

One of the things many people take for granted is the ability to obtain a
newspaper on the day of its publication. Without the use of satellite
transmission, this minor event would be an impossibility in many areas of
the world.

Today, satellite transmission and newspaper publications are closely linked
to one another. Such publications as USA Today, The New York Times and
The Wall Street Journal are printed simultaneously at several locations
throughout the United States and overseas due to the use of satellite
transmission where the editorials, articles and advertisements prepared at
one location can be rapidly transmitted to several locations for simultaneous
printing and delivery. In fact, through the use of satellite transmission,
journalists in one location are now able to write articles and columns that can
be transmitted to other locations for inclusion in different editions of a
publication tailored for a specific market.

A second use of satellite transmission facilities which greatly enhances the
rapid dissemination of news to include text and pictures involves wire
services. Until the late 1970s, most wire services used message switching
systems and facsimile transmission to distribute text and pictures. Today, the
use of satellites permits wire services to distribute information to newspapers
subscribing to their services much more rapidly. Pictures that required 10 to
20 minutes to transmit during the 1970s can now be transmitted in a matter
of seconds.

1.2 CONSTRAINTS

The development of communications-based applications which are the
foundation of our modern society involves many trade-offs in terms of the
use of different types of communications facilities, types of terminal devices,
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hours of operation and other constraints. Four of the key constraints asso-
ciated with the development of communications applications are throughput,
response time, bandwidth and economics.

1.2.1 Throughput

Throughput is a measurement of the transmission of a quantity of data per
unit of time, such as the number of records, blocks or print lines transmitted
during a predefined interval. Throughput is normally associated with batch
systems where the transmission of a large volume of data to a distant location
occurs for processing, file updating or printing. As this is typically an
extension of batch processing, and since it occurs remotely from a data
center, the device that transmission is from or to is referred to as a remote
batch or remote job entry device.

Although many readers may not realize it, every time you download or
upload a program through a browser, use the file transfer protocol (ftp) or per-
form a similar operation, you are performing a batch transmission. Thus,
your personal computer can function as a batch terminal.

In most batch transmission systems, a group of data representing a record,
block or print line is transmitted as an entity. Its receipt at its destination
must be acknowledged prior to the next grouping of data being transmitted.
Figure 1.10 illustrates the operation of a batch transmission system by time,
with the waiting time indicated by shaded areas. Since the throughput
depends upon the time waiting for acknowledgements of previously trans-
mitted data, one method used to increase throughput is to transmit more data
prior to requiring an acknowledgement.

A second method to increase throughput can be obtained by acknowledging
a group of blocks instead of on an individual basis. For example, acknowl-
edging block n could signify that all blocks through block n were received
correctly and the receiver now expects to receive block n+ 1. The number of
blocks that can be outstanding prior to receiving an acknowledgement is

Time waiting for acknowledgements

Transmission of records, blocks or print lines

TOTAL RECORDS, BLOCKS OR PRINT LINES
TOTAL TRANSMISSION TIME

Figure 110 Batch transmission and throughput

THROUGHPUT =
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referred to as a window. Later in this book we will examine the effect of
different window size settings upon throughput.

1.2.2 Response time

Response time is associated with communications where two entities interact
with one another, such as a terminal user entering queries into a computer
system. Here each individual transaction or query elicits a response and the
time to receive the response is of primary importance.

Response time can be defined as the time between a query being
transmitted and the receipt of the first character of the response to the
query. Figure 1.11 illustrates interactive transmission response time.

The optimum response time for an application is dependent upon the type
of application. For example, a program that updates the inventory could have
a slower response time than an employee badge reader or an airline reser-
vation system. The reason for this is that an employee entering information
from a bill of lading or other data which is used to update a firm’s inventory
would probably find a 5 or 10 s response time to be satisfactory. For a badge
reader system where a large number of workers arrive and leave during
a short period of time, queues would probably develop if the response time
was similar. For airline reservation systems, many potential customers
require a large amount of information concerning discount prices, alternative
flights and time schedules. If the airline reservation clerk experiences a slow
response time in scrolling through many screens of information to answer a
customer query, the cumulative effect of a 5s response time could result in
the customer hanging up in disgust and calling a competitor. For other
interactive communication applications, such as automated teller machines,
competitive advertising has made slow response almost an issue involving the
violation of a user’s fundamental rights. In certain locations, it is quite
common today to see banks battling against one another in advertisements
over who has the fastest teller machines, yet another example of the use of
communications to gain a competitive position.

1.2.3 Bandwidth

From a technical perspective bandwidth represents a range of contiguous
frequencies, a concept that we will examine in some detail later in this book.

a1 Response Q2 Response
i Time | i Time !
R1 " ' R2

Figure 111 Interactive transmission response time
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The range of frequencies is an important consideration for communications,
since the maximum amount of data that can be transmitted per unit time is
proportional to the bandwidth of transmission media. For example, fiber-optic
cable, which has a relatively high bandwidth since it transports light, provides
the ability to simultaneously transport thousands of telephone calls. In
comparison, the twisted wire copper cable which forms the basis of most
business and residential telephone service is limited to supporting only one or
a few simultaneous telephone calls.

1.2.4 Economics

Similar to other technologies there are a range of economic trade-offs
associated with the use of different types of communications. Some types of
communications represent services for which users are billed on a per minute
basis. Other types of communications involve leasing of a circuit for a fixed
monthly fee regardless of use. Although a per minute service is less costly
than a leased circuit when usage is minimal, as usage increases the situation
could change and the leased line may be more economical.

While the preceding is an over-simplification of the economics associated
with the use of communications, it illustrates an important concept. That
concept is the fact that you should compare alternative means of communica-
tions as well as the cost of equipment required to support different com-
munications methods. Doing so will provide you with the ability to select a
cost-effective communications method required to satisfy your communica-
tions requirement.

1.3 EMERGING TRENDS

Through the 1970s communications was a highly regulated industry that
provided customers with a limited choice of products and services. The
divestiture of AT&T in the United States of its operating subsidiaries, the
privatization of British Telecom and the sale of stock in other national
communications carriers resulted in the emergence of a competitive market
for communications services as well as a significant growth in the number
of hardware and software vendors marketing communications products.
In addition, telecommunications reform legislation in the United States and
abroad are removing artificial barriers which limited the ability of local and
long distance telephone companies and cable TV to compete with one
another. Eventually, you can expect the distinctions between cable, local and
long distance telephone services to diminish or even disappear.

In addition to changes in legislation, advances in technology are forming
the basis for a profound change in the manner by which communications
services are provided. The original communications infrastructure through-
out the world was designed to transport voice. Although well-suited for
carrying voice conversations, that infrastructure could not directly carry
digital signals. The evolving conversion of the infrastructure of communica-
tions carriers to digital technology and the increased use of fiber-optic cable to
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interconnect buildings within cities and carrier offices in one city to offices in
another city is having a profound effect upon the ability to merge voice, data
and video, a process commonly referred to as multimedia.

The transport of voice requires an infrastructure that provides a minimal
delay time. In comparison, the transport of images and data can tolerate
relatively long delays. Recognizing the differences between optimum trans-
mission methods, a technology known as Asynchronous Transmission Mode
was developed to facilitate the merging of voice, data and video so that
multimedia can be transported on local and wide area networks. At the same
time ‘fiber to the home’ trials were in progress that extended fiber technology
and its large bandwidth to residential customers, while the use of the Internet
was being tested as a mechanism to transport digitized voice conversations.

In the first decade of the new century it is quite possible that products and
services in limited use or not even presently offered will be commonly
available as a result of advances in communications technology. Instead of
visiting a library you will probably telecommunicate with your library and
read a book on your home computer. Instead of simply listening to a person
during a telephone conversation you will be able to see the person you are
talking with. Similarly, research, business, finance and other functions can be
expected to radically change as advances in communications unlock barriers
and facilitate the interchange of information.

1.4 REVIEW QUESTIONS

1. Assume that your organization is considering the installation of badge readers
to collect time and attendance data. Discuss how the time and attendance data
can be used by management as well as serving as input for automation of other
organizational functions.

2. Discuss the operation of a transaction processing system with respect to a
database accessed by the system.

3. What effect do you expect electronic commerce to have upon the ability of
persons to purchase securities, airline tickets, and other products?

4. Assume that you plan a trip that includes an airline flight from New York to
San Francisco, the use of a rental car to drive to San Mateo and a week's stay at
the San Mateo inn. Discuss the type of communications application you would
probably use to plan your trip.

5. What is the function of a personal identification number (PIN) when entered
into a bank automated teller machine (ATM)?

6. Why is time sharing considered as a predecessor to desktop computing
obtained through the use of a personal computer?

7. What was a primary disadvantage of early message switching systems?

8. Why is message switching commonly referred to as a store and forward
system?
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9. What is client-server computing?

10. Discuss the differences between early and modern client-server models with
respect to their operation and network infrastructure.

11. Describe an example of electronic commerce assisting the consumer and
an example of how it can help a business.

12. What are three of the key constraints associated with the development of
communications applications?

13. What does the term downsizing mean with respect to computer applications?

14. If the transmission of 5280 records required 2 minutes 80 seconds, what is
the throughput?

15. Discuss the use of throughput and response time measurements with respect
lo remote batch and interactive systems.

16. What is bandwidth and why is it an important consideration for transmis-
sion?

17. What is the term used to describe the merging of voice, data and video?
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BASIC TELEGRAPH AND
TELEPHONE OPERATIONS

The foundation of modern communications can be traced to the development
of telegraph and telephone operations during the nineteenth century. The
telegraph can be considered as the forefather of the automatic teleprinter and
its use was based upon the development of an elementary code to convey
information which is still in use today. The telephone has grown in use to the
point where it is truly ubiquitous, with over 99.9% of homes and businesses in
North America and Europe having one or more instruments. The development
of telephone networks resulted in a structure used for the distribution of calls
that remains in use over one hundred years after its initial development.
Thus, both telegraph and telephone communications provided the foundation
for modern communications, even though their operation and utilization have
considerably changed over the past one hundred years.

In this chapter, we will first examine the evolution of communications from
simple signaling by fire to early telegraph systems. In our examination of
telegraph systems, we will focus attention upon the use of codes to convey
information and two areas of technological development that were required to
automate communications. This will be followed by an examination of the
operation of the telephone, the routing of calls between telephone stations and
the switching hierarchy established for the routing of long distance calls.
From the information presented in this chapter, you will obtain an apprecia-
tion of the evolution of modern communications as well as why the operation
and constraints of twentieth and twenty-first century communications can be
traced to prior developments during the nineteenth century.

2.1 EVOLUTION OF COMMUNICATIONS

Man'’s method of communicating between diverse locations can be considered
to form an index of our technological development. The first known methods
of signaling were Greek and Roman signal fires which were limited in their
information contents to the occurrence or non-occurrence of predefined
events. In the mid 1600s, Portuguese explorers returning from Africa reported
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upon the use of jungle drums which transmitted messages between villages.
Their use disseminated more information than fires, since the beat of the
drum could be changed to convey different information. With the emergence
of the Industrial Revolution, the requirement for timely and accurate
mechanisms for information distribution grew, resulting in the development
of machines that communicate with one another. In fact, much of our modern
society is based upon the communication of messages whose information
content is generated by or through the use of machines. Foremost among
those machines are the telegraph and telephone, whose development can be
considered as the foundation of modern communications systems.

2.2 TELEGRAPHY

Although Samuel F. B. Morse is credited by most persons as the man who
invented the telegraph, in actuality the American physicist Dyer operated a
single wire telegraph in 1828 based upon electrostatic electricity and which
used litmus paper as a signal indicator. This telegraph operated over a
distance of 10 km on a racecourse in Long Island and was in operation almost
16 years prior to the first telegraph line established to link two cities together.

Modern technology, which can be considered as the predecessor of other
methods of electronic communications began in 1832 when Samuel Morse
invented his telegraph alphabet, now known as the Morse code. By 1844, the
first telegraph line had been constructed in the United States, linking
Washington and Baltimore. On May 24, 1844, Morse transmitted the now
famous phrase ‘What hath God wrought’ from the old Supreme Court
Chamber in the United States Capitol to his partner Alfred Vale in Baltimore.

2.2.1 Operation

The Morse telegraph system is similar to all communications systems in that
its operation requires a transmitter, a transmission medium and a receiver.
The transmitter used in the first Morse telegraph system was the telegraph
key, which was a switch with a knob or handle, which, when pressed down,
resulted in the closure of an electrical circuit. The power for the circuit was
provided by a battery or another source of direct current.

Morse's first telegraph receiver used wire coils wound around metal to form
an electromagnet with a moving armature which was used to draw an inked
line on a moving strip of paper. Morse soon observed that the noise of the
receiver could be ‘read’ by a trained ear and modified the telegraph receiver.
The modified receiver replaced the moving strip of paper with a thin piece of
metal that would click on a contact due to the induced magnetism in the
armature caused by the closure of the key at the 