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Computing technology is truly a modern marvel that has transformed how we do busi-
ness, as well as how we manage our personal affairs. The computer’s influence on
today’s modern competitive environment would be much diminished without the
telecommunications and computer networks available today. Their development has
accompanied the amazing advances in computing over the last three decades. In most
firms, communication between computing technologies is just as important as the
computer itself. This chapter tells us how and why competitive organizations need and
support these essential telecommunications.

CHAPTER PREVIEW

6.1 The Telecommunications System

6.2 Networks

6.3 Network Communications Software

6.4 Network Processing Strategies

6.5 Telecommunications Applications

CHAPTER OUTLINE
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PEER-TO-PEER COMPUTING: WHAT TO DO 
WITH ALL THOSE IDLE COMPUTERS

Organizations are facing increasingly complex problems as a result of global competi-
tion; real-time, 24/7/365 operations; the explosion in information; and rapid techno-

logical change. Despite the phenomenal increases in
computer processing capabilities and rapid decreases in cost,
many organizations face problems that require numerous
mainframes or a supercomputer to address. These computing
resources remain expensive (several millions of dollars) and
are complicated to manage.

At the same time, personal computer resources are
greatly underutilized. Most of the time, personal computers
are idle. Indeed, Pentium III and Pentium 4 computers have
so much power that users typically tap only 5 percent of the
processing available. Over one billion PCs, each with an av-
erage processing speed of over 1.5 gigahertz, are now con-
nected to the Internet, representing a huge amount of
underutilized processing power and storage.

The business problem for organizations is how to address
their increasingly complex problems in a cost-effective manner, while making effec-
tive use of underutilized computing resources.

One solution is peer-to-peer (P2P) processing. P2P unlocks underused computing re-
sources and allows a larger community to share them. Peer-to-peer computing (also
called grid computing) is a type of distributed computing that exploits the resources of
dispersed computers of a network. Instead of being clients in a client/server network,
each connected device becomes a fully participating peer in the network.

Peer-to-peer computing uses the processing power of millions of individual personal
computers to perform a variety of applications. Philanthropic examples of these 
applications include searching for extraterrestrial intelligence (setiathome.ssl.
Berkeley.edu), exploring AIDS treatments (fightaidsathome.org), and researching
potential cancer drugs (ud.com). But peer-to-peer is also about companies tapping
their employees’ PCs to analyze numbers or share knowledge. Examples of the P2P
model providing benefits for businesses include:

• J.P. Morgan Chase & Company (jpmorganchase.com) uses P2P for large processing
tasks such as risk management calculations.

• The law firm of Baker & McKenzie (bakerinfo.com) uses P2P to capture and share
the knowledge of its 3,000 attorneys in 60 offices.

• Pratt & Whitney (prattwhitney.com) uses P2P to analyze engine turbine blades.

• Intel (intel.com) uses P2P to test new chip designs.

• Boeing (boeing.com) uses P2P to analyze the fuselages of fighter planes.

• IBM’s (ibm.com) computing grid, known as the Distributed Terascale Facility
(DTF), is capable of 13.6 trillion calculations per second. The grid enables scientists
to share computing resources in search of breakthroughs in many disciplines.
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P2P does have its disadvantages. Handing off sensitive corporate data to un-
known PCs over the public Internet poses serious technical and security issues. PCs
vary in power, operating systems, and availability. Also, if a participant shuts down his
or her PC during a crucial bit of computation, that computation must be reassigned.
Limited bandwidth can slow up network traffic, forcing some pieces of processing to
wait in long queues.

Another disadvantage to P2P networks is how to obtain the needed numbers of
machines for effective computing. With some projects, people are happy to volunteer
their unused computing capacity for a good cause. However, it is unclear if people
would be willing to volunteer to help businesses. As a result, some businesses are
offering money to participate. For example, a company called Distributed Science

(distributedscience.com) rents CPU cycles and network bandwidth on the public’s 
personal computers.

(For a more technical discussion of Peer-to-Peer Computing, see the material on
the book’s Web site).
Sources: “Peer to Peer,” BusinessWeek 50 (Spring 2001), pp. 194–196; “Five Patents to Watch,” MIT Tech-
nology Review (May 2001), “PCs as Supercomputer,” Internet Week (May 28, 2001), pp. 1, 45; “Peer-to-
Peer Grows Up and Gets a Real Job,” New York Times (June 13, 2001).

These examples of P2P computing illustrate two fundamental points about comput-
ing. First, computers do not work in isolation in modern organizations. Rather, they
constantly exchange data and/or applications, either automatically or as directed by
their users. Second, this exchange of data—facilitated by telecommunications tech-
nologies—brings a number of very significant advantages to companies. The P2P pro-
jects of the companies above depend on telecommunications networks as a
fundamental, integral part of the IT infrastructure.

A telecommunications system consists of hardware and of software that transmits in-
formation from one location to another. These systems can transmit text, data, graph-
ics, voice, documents, or full-motion video information. The major components of a
telecommunications system include the following:

• Hardware: all types of computers (e.g., desktop, server, mainframe) and communi-
cations processors (such as a modems or small computers dedicated solely to com-
munications)

• Communications media: the physical media through which electronic signals are
transmitted, including wireless media (used with satellites and cell phones)

• Communications networks: the links among computers and communications devices

• Communications software: software that controls the telecommunications system
and the entire transmission process

• Data communications providers: regulated utilities or private firms that provide
data communications services

• Communications protocols: the rules for transmitting information across the system

• Communications applications: electronic data interchange, teleconferencing,
videoconferencing, e-mail, facsimile, and electronic funds transfer, and others

Figure 6.1 shows a model of a typical telecommunications system. Note that such sys-
tems have two sides, the transmitter of information and the receiver of information.

W h a t  W e  L e a r n e d  f r o m  T h i s  C a s e
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To transmit and receive information, a telecommunications system must per-
form a number of separate functions that are transparent to the user (i.e., the user
does not see them). The system must do all of the following: transmit information;
establish the interface between the sender and the receiver; route messages along
the most efficient paths; ensure that the right message gets to the right receiver;
check the message for errors and rearrange the format if necessary; convert mes-
sages from one speed to another (computers are usually faster than a communica-
tions medium); ensure that the sending devices, receiving devices, and
communications links are operational (in other words, maintain the network); and
secure the information at all times.

S i g n a l s
Telecommunications media carry two basic types of signals, analog and digital. Ana-
log signals are continuous waves that transmit information by altering the characteris-
tics of the waves. Analog signals have two parameters, amplitude and frequency. For
example, voice and all sound is analog, traveling to human ears in the form of waves.
The higher the waves (or amplitude), the louder the sound; the more closely packed
the waves, the higher the frequency or pitch. Radio, telephones, and recording equip-
ment historically transmitted and received analog signals, but they are beginning to
change to digital signals.

Digital signals do not have the characteristic wave shape that analog signals do.
Rather, they are discrete pulses that are either on or off. This quality allows them to
convey information in a binary form that can be clearly interpreted by computers.
Computers typically cannot distinguish whether an analog wave is in an “on” mode or
an “off” mode. With digital signals, the signal is clearly on or off (see Figure 6.2).
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C o m m u n i c a t i o n s  P r o c e s s o r s
Communications processors are hardware devices that support data transmission and
reception across a telecommunications system. These devices include modems, multi-
plexers, front-end processors, and concentrators.

Modem. The U.S. public telephone system (called POTS, for “Plain Old Telephone
Service”) was designed as an analog network to carry voice signals or sounds in an ana-
log wave format. In order for this type of circuit to carry digital information, that infor-
mation must be converted into an analog wave pattern. The conversion from digital to
analog is called modulation, and the reverse is demodulation. The device that performs
these two processes is called a modem, a contraction of the terms modulate/demodu-
late (see Figure 6.3).

Modems are always used in pairs. The unit at the sending end converts a com-
puter’s digital information into analog signals for transmission over analog lines. At
the receiving end, another modem converts the analog signal back into digital signals
for the receiving computer. Like most communications equipment, a modem’s trans-
mission speed is measured in bits per second (bps). Typical modem speeds range from
14,400 to 56,600 bps.

Multiplexer. A multiplexer is an electronic device that allows a single communica-
tions channel to carry data transmissions simultaneously from many sources. Multi-
plexers lower communication costs by allowing devices to share communications
channels. Multiplexing thus makes more efficient use of these channels by merging
the transmissions of several computers (e.g., personal computers) at one end of the
channel, while a similar unit separates the individual transmissions at the receiving
end (e.g., a mainframe).

Front-end processor. With most computers, the central processing unit (CPU) must
communicate with several computers at the same time. Routine communication tasks
can absorb a large proportion of the CPU’s processing time, leading to degraded per-
formance on more important jobs. In order not to waste valuable CPU time, many
computer systems have a small secondary computer dedicated solely to communica-
tion. Known as a front-end processor, this specialized computer manages all routing
communications with peripheral devices.

The functions of a front-end processor include coding and decoding data; detect-
ing errors; and recovering, recording, interpreting, and processing the control infor-
mation that is transmitted. It can also poll remote terminals to determine if they have
messages to send or are ready to receive a message. In addition, a front-end processor
has the responsibility of controlling access to the network, assigning priorities to mes-
sages, logging all data communications activity, computing statistics on network activ-
ity, and routing and rerouting messages among alternative communication links.
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Figure 6.3 A modem
converts digital to analog
signals and vice versa.
(Source: Stern and Stern,
1996, p. 334.)
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C o m m u n i c a t i o n s  M e d i a  a n d  C h a n n e l s
For data to be communicated from one location to another, some form of pathway or
medium must be used. These pathways are called communications channels. There
are five communications channels, in two types of media, as shown below.

Cable Media

1. Twisted-pair wire

2. Coaxial cable

3. Fiber-optic cable

Broadcast Media

4. Microwave transmission

5. Satellite transmission

Cable media use physical wires or cables to transmit data and information.
Twisted-pair wire and coaxial cable are made of copper, and fiber-optic cable is made
of glass. However, with the exception of fiber-optic cables, cables present several
problems, notably the expense of installation and change, as well as a fairly limited
capacity. The alternative is communication over wireless media. The key to mobile
communications in today’s rapidly moving society is data transmissions over electro-
magnetic media—the “airwaves.” Manager’s Checklist 6.1 summarizes the advan-
tages and disadvantages of the various communications channels. Each of the
channels is discussed in this section.

Twisted-pair wire. Twisted-pair wire is the most prevalent form of communications
wiring; it is used for almost all business telephone wiring. Twisted-pair wire consists of
strands of copper wire twisted in pairs. It is relatively inexpensive to purchase, widely
available, and easy to work with, and it can be made relatively unobtrusive by running
it inside walls, floors, and ceilings. However, twisted-pair wire has some significant dis-
advantages. It emits electromagnetic interference, is relatively slow for transmitting
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Manager’s Checklist 6.1

Advantages and Disadvantages of
Communications Channels

Twisted pair Inexpensive Emits electromagnetic interference
Widely available Slow (low bandwidth)
Easy to work with Subject to interference
Unobtrusive Easily tapped (low security)

Coaxial cable Higher bandwidth Relatively expensive and inflexible
than twisted pair Easily tapped (low-to-medium 
Less susceptible to security) 
electromagnetic Somewhat difficult to work with
interference

Fiber-optic Very high bandwidth Difficult to work with (difficult to 
cable Relatively splice)

inexpensive Subject to interference from rain
Must use encryption for security

Satellite Very high bandwidth Expensive
Large coverage area Must have unobstructed line of sight

Signals experience propagation delay
Must use encryption for security

Channe l Advan tage s D i s advan tage s



data, is subject to interference from other electrical sources, and can be easily tapped
for gaining unauthorized access to data by unintended receivers.

Coaxial cable. Coaxial cable consists of insulated copper wire. It is much less suscep-
tible to electrical interference than is twisted-pair wire and can carry much more data.
For these reasons, it is commonly used to carry high-speed data traffic as well as tele-
vision signals (thus the term cable TV). However, coaxial cable is more expensive and
more difficult to work with than twisted-pair wire. It is also somewhat inflexible.
Coaxial cable can cost from 10 to 20 times more than twisted-pair wire. Also, because
of its inflexibility, it can increase the cost of installation or recabling when equipment
must be moved.

Data transmission over coaxial cable is divided into two basic types:

• Baseband transmission. Transmission is analog, and each wire carries only one sig-
nal at a time.

• Broadband transmission. Transmission is digital, and each wire can carry multiple
signals simultaneously.

Fiber optics. Fiber optic technology, combined with the invention of the semicon-
ductor laser, provides the means to transmit information through clear glass fibers in
the form of light waves, instead of electric current. Fiber-optic cables consist of thou-
sands of very thin filaments of glass fibers that conduct light pulses generated by lasers
at very-high-speed transmission frequencies. The fiber-optic cable is surrounded by
cladding, a coating that prevents the light from leaking out of the fiber.

Fiber-optic cables offer significant size and weight reductions over traditional
cable media. They also provide increased speed, greater data-carrying capacity, and
greater security from interference and tapping. A single glass fiber can carry more
than 50,000 simultaneous telephone calls, compared to about 5,500 calls on a standard
copper coaxial cable. The capacity of fiber is doubling every 6 to 12 months. Optical
fiber has reached data transmission rates of six trillion bits (terabits) per second in
laboratories and, theoretically, fiber can carry up to 25 terabits per second.

Fiber optics are now installed on a scale large enough to be economically practi-
cal. Until recently, the costs of fiber and difficulties in installing fiber-optic cable
slowed its growth. Although joining the ends of copper wires is fairly simple and reli-
able, joining fiber-optic cables with little or no loss of signal can be very difficult—es-
pecially in cable tunnels, closets, and ceilings. Communications carriers throughout
the United States are replacing conventional copper wiring in telephone cable net-
works with fiber-optic cables. Fiber-optic cable is most often used as the backbone
medium of a network, but not for connecting isolated devices to the backbone. That
is, fiber-optic cable is used as the high-speed trunk line for a network, while twisted-
pair wire and coaxial cable still are used to connect the trunk line to individual devices
on the network.

Although today’s fiber-optic cables are made of pure, solid glass, they distort light
as it moves toward its destination. This distortion causes different wavelengths, or col-
ors, to interfere with one another, thus limiting the number of wavelengths that can be
transmitted at once.

Since the most common method of increasing cable capacity is to send more
wavelengths through each fiber, attenuation continues to be a problem for fiber trans-
mission. Attenuation is the reduction in the strength of a signal, whether analog or dig-
ital. Attenuation requires manufacturers to install equipment to receive the distorted
or “dirty” signals and send them out “clean.” These signal regenerators can cost tens
of thousands of dollars to install on land; underwater regenerators can cost one mil-
lion dollars each.
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In addition, fiber absorbs some of the light passing through it, making it necessary
to amplify optical signals every 50 to 75 miles or so along the route. (Boosting the
strength of the light so it can travel farther without amplification increases interfer-
ence-causing distortion.) Eliminating optical amplifiers could save millions of dollars.

A recent advance has dramatically increased the capacity of fiber-optic cables.
Scientists have replaced solid glass fibers with hollow glass tubes containing a vacuum.
These tubes are lined with mirrors that reflect virtually 100 percent of the light beam-
ing through the tube. This advance multiplies fiber capacity and reduces the need for
expensive amplification equipment.

Microwave. We now turn our attention to wireless media, which have greatly ex-
panded telecommunications offerings in the past decade. Microwave systems are
widely used for high-volume, long-distance, point-to-point communication. Mi-
crowave towers usually cannot be spaced more than 30 miles apart because the earth’s
curvature would interrupt the line of sight from tower to tower. To minimize line-of-
sight problems, microwave antennas are usually placed on top of buildings, towers,
and mountain peaks. Long-distance telephone carriers use microwave systems be-
cause they generally provide about ten times the data-carrying capacity of wire with-
out the significant efforts necessary to string or bury wire. Compared to 30 miles of
wire, microwave communications can be set up much more quickly (within a day) at
much less cost.

The fact that microwave requires line-of-sight transmission severely limits its use-
fulness as a practical large-scale solution to data communications needs, especially
over very long distances. Additionally, microwave transmissions are susceptible to en-
vironmental interference during severe weather such as heavy rain or snowstorms. Al-
though still widely used, long-distance microwave data communications systems are
being replaced by satellite communications systems.

Satellite. A major advance in communications in recent years is the use of communi-
cation satellites for digital transmissions. As with microwave transmission, satellites
must receive and transmit via line of sight. However, the enormous footprint (the
amount of the earth’s surface in the line of sight for a specific satellite) of a satellite’s
coverage area from high altitudes overcomes the limitations of microwave data relay
stations. For example, a network of just three evenly spaced communications satellites
in stationary geosynchronous orbit 22,300 miles above the equator is sufficient to pro-
vide global coverage. Currently, there are three types of orbits in which satellites are
placed: geostationary earth orbit, medium earth orbit, and low earth orbit.

Geostationary earth orbit (GEO) satellites orbit 22,300 miles directly above the
equator and maintain a fixed position above the earth’s surface. These satellites are
excellent for sending television programs to cable operators and broadcasting directly
to homes. However, transmissions from GEO satellites take a quarter of a second to
send and return. This brief pause, called propagation delay, makes two-way telephone
conversations difficult. Also, GEO satellites are large and expensive, and the equator-
ial orbit cannot hold many more GEO satellites than the number that now orbit there.

Medium earth orbit (MEO) satellites are located about 6,000 miles above the
earth’s surface, in orbits inclined to the equator. While fewer satellites are needed to
cover the earth than in LEO orbits, telephones need more power to reach MEO satel-
lites than to reach LEO satellites.

Low earth orbit (LEO) satellites are located 400 to 1,000 miles above the earth’s
surface. These satellites are much closer to the earth, reducing or eliminating appar-
ent propagation delay. They can pick up signals from weak transmitters, so handheld
telephones need less power and can use smaller batteries. They consume less power
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and cost less to launch than GEO and MEO satellites. The footprints of LEO satel-
lites are small, requiring many of them to cover the earth. (Multiple LEO satellites
from one organization are referred to as LEO constellations.) Moving data across
these constellations is complex. Table 6.1 shows the differences among the three types
of satellites.

Many companies are in the process of building constellations of satellites for com-
mercial service. Teledesic (teledesic.com) and its partners are building a $9 billion
global broadband wireless network they call the “Internet in the Sky.” It will use a
constellation of 288 LEO satellites and is slated to begin service in 2005. Another
LEO system, SkyBridge (skybridgesatellite.com), will use two constellations of 40
LEO satellites each to cover the entire earth, except for the polar regions. SkyBridge
plans to launch service in 2003.

Global positioning systems. A global positioning system (GPS) is a wireless system
that uses satellites to enable users to determine their position anywhere on the earth.
(For a more technical discussion of how the GPS works, see the material on the Web.)
GPS equipment is for navigation by commercial airlines and ships.

GPS is supported by 24 satellites that are shared worldwide. Each satellite orbits
the earth once in 12 hours, on a precise path at an altitude of 10,900 miles. At any
point in time, the exact position of each satellite is known, because the satellite broad-
casts its position and a time signal from its on-board atomic clock, accurate to one-
billionth of a second. Receivers also have accurate clocks that are synchronized with
those of the satellites. With the speed of signals (186,272 miles per second) known, it
is possible to find the location of any receiving station (latitude and longitude) with an
accuracy of 50 feet by triangulation, using the distance of three satellites for the com-
putation. GPS software can convert the latitude and longitude computed to an elec-
tronic map.
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Tab le  6 .1 Three  Bas i c  Types  of  Te lecommuni cat ions  Sate l l i tes

Type Con s i de ra t i on s O rb i t Numbe r

GEO • Satellites remain stationary relative to 22,300 miles 8
point on Earth

• Few satellites needed for global coverage
• Transmission delay (approximately .25 second)
• Most expensive to build and launch
• Longest orbital life (12+ years)

MEO • Satellites move relative to point on Earth 6,434 miles 10–12
• Moderate number of satellites needed for global 

coverage
• Require medium-powered transmitters
• Negligible transmission delay
• Less expensive to build and launch
• Moderate orbital life (6–12 years)

LEO • Satellites move rapidly relative to point on Earth 400–700 miles many
• Large number of satellites needed for global 

coverage
• Require only low-power transmitters 
• Negligible transmission delay
• Least expensive to build and launch
• Shortest orbital life (as low as 5 years)

The handheld GPS—great
for hikers.



The first dramatic use of GPS came during the Persian Gulf War, when troops re-
lied on the technology to find their way in the Iraqi desert. GPS also played the key
role in targeting for smart bombs. Since then, commercial use has become wide-
spread, including navigation, mapping, and surveying, particularly in remote areas.
Cars equipped with GPS can assist motorists in finding specific addresses. GPS is now
available to hikers in the form of handheld devices.

Other countries, troubled that the Global Positioning System is run by the U.S.
military and controlled by the U.S. government, are building independent satellite
navigation networks. As a result, Europe is building a civil satellite system called
Galileo, scheduled to be in operation by 2008. Mainland China and Russia are also
constructing satellite systems.

Satellites have a number of unique characteristics. Some are advantages, while
others are restrictions that render satellite use either impractical or impossible for
other applications. For a summary of the advantages and disadvantages of satellite
communication, see the book’s Web site.

Radio. Radio electromagnetic data communications do not have to depend on mi-
crowave or satellite links, especially for short ranges such as within an office setting.
Radio is being used increasingly to connect computers and peripheral equipment or
computers and local area networks. For data communications, the greatest advantage
of radio is that no metallic wires are needed. Radio waves tend to propagate easily
through normal office walls. The devices are fairly inexpensive and easy to install.
Radio also allows for high data transmission speeds.

However, radio media can create electrical interference problems—with other of-
fice electrical equipment, and from that equipment to the radio communication de-
vices. Also, radio transmissions are susceptible to snooping by anyone similarly
equipped and on the same frequency.

Cellular radio technology. Telephone users are increasingly employing cellular
radio technology for data communications. Cellular radio technology works like this:

The Federal Communications Commission (FCC) (fcc.gov)
has defined geographic cellular service areas; each area is
subdivided into hexagonal cells that fit together like a hon-
eycomb to form the backbone of that area’s cellular radio
system. A radio transceiver and a computerized cell-site
controller that handle all cell-site functions are located at
the center of each cell. All the cell sites are connected to a
mobile telephone switching office that provides the connec-
tions from the cellular system to a wired telephone net-
work. As a user travels out of the cell serving one area and
into another, the switching office transfers calls from one
cell to another.

Cellular service in the United States is primarily ana-
log, like ground-based telephones, whereas in Europe it is

digital. Digital transmission offers the potential of much greater traffic capacity within
each cell, less susceptibility to interference, greater voice clarity, and fewer data er-
rors. A conversion to digital is underway in the United States. The evolution of cellu-
lar transmission from analog to digital is described below. See the discussion “Cell
Phone of the Future” at the book’s Web site.

First-generation (1G) and second-generation (2G) cellular data transmission. 1G
technology was characterized by bulky handsets and adjustable antenna, and was
based on analog technology. 1G allowed only limited roaming.
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Second-generation (2G) cellular data transmission. 2G technology provides digital
wireless transmission. 2G increases the voice capacity of earlier analog systems, and
provides greater security, voice clarity, and global roaming.

2.5-generation (2.5G) cellular data transmission. 2.5G technology extends the 2G
digital cellular standard and is installed as an upgrade to an existing 2G network.

Third-generation (3G) technologies. 3G technology offers increased efficiency and
capacity; new services, such as wide-area networks for PCs and multimedia; seamless
roaming across dissimilar networks; integration of satellite and fixed wireless access
services into cellular networks; and greater bandwidth.

Mobile computing. Mobile computing occurs on radio-based networks that transmit
data to and from mobile computers. Computers can be connected to the network
through wired ports or through wireless connections. Mobile computing, especially if
it is wireless, provides for many applications. For examples of mobile computing ap-
plications, refer to the material on the Web site.

Personal communication services. Personal communication services (PCS) technol-
ogy uses lower-power, higher-frequency radio waves than does cellular technology.
The lower power means that PCS cells are smaller and must be more numerous and
closer together. The higher frequency means that PCS devices are effective in many
places where cellular telephones are not, such as in tunnels and inside office buildings.
PCS telephones need less power, are smaller, and are less expensive than cellular tele-
phones. They also operate at higher, less-crowded frequencies than cellular tele-
phones, meaning that they will have the bandwidth necessary to provide video and
multimedia communication.

Emerging wireless applications. A number of wireless applications are emerging, in-
cluding terrestrial fixed wireless (also called broadband wireless), ultra-wideband
wireless (see timedomain.com), wireless local loop, multichannel multipoint distribu-
tion service (MMDS), local multipoint distribution service (LMDS), and free space
laser. In general, these technologies are quick, easy, and inexpensive to deploy com-
pared with placing wire or fiber. However, with the exception of ultra-wideband,
these technologies require unobstructed lines-of-sight and their signals can be de-
graded by bad weather such as heavy rain or snow. Complete discussions of each of
these technologies can be found on the Web site. IT’s About Business Box 6.1 gives
an example of LMDS.

Infrared. Infrared light is red light not commonly visible to human eyes. It can be
modulated or pulsed for conveying information. The most common application of in-
frared light is in television or videocassette recorder remote control units. With com-
puters, infrared transmitters and receivers (“transceivers”) are being used for
short-distance connection between computers and peripheral equipment, or between
computers and local area networks. Many portable PCs can be bought with infrared
ports, which are handy when cable connections with a peripheral (such as a printer or
modem) are not practical.

C h a r a c t e r i s t i c s  o f  C o m m u n i c a t i o n s  M e d i a
Communications media have several characteristics that determine their efficiency
and capabilities. These characteristics include the speed of transmission, the direction
of transmission, the mode of transmission, and the accuracy of transmission.
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Transmission speed. Bandwidth refers to the range of frequencies available in any
communications channel. Bandwidth is a very important concept in communications
because the transmission capacity of any channel (stated in bits per second or bps) is
largely dependent on its bandwidth. In general, the greater the bandwidth, the greater
the channel capacity. For many data communications applications, a small bandwidth
(2,400 to 14,400 bps) is usually adequate. On the other hand, graphical information re-
quires a much greater bandwidth than textual data (in the range of millions of bits per
second, or Mbps).

Channel capacity is subdivided into three bandwidths: narrowband, voiceband,
and broadband channels. Slow, low-capacity transmissions, such as those transmitted
over telegraph lines, make use of narrowband channels, while telephone lines utilize
voiceband channels. The channel bandwidth with the highest capacity is broadband,
which is used by microwave, cable, and fiber-optic lines.

The amount of data that can be transmitted through a channel is known as its
baud rate, measured in bits per second (bps). A baud represents a signal change from
positive to negative, or vice versa. The baud rate is not always the same as the bit rate.
At higher transmission speeds, a single signal change can transmit more than one bit
at a time, so the bit rate can be greater than the baud rate.

One signal change, or cycle, is necessary to transmit one or more bits per second.
Therefore, the speed of a channel is a function of its frequency, the number of 
cycles per second that can be transmitted through a channel, measured in hertz. The
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Box 6.1: Wireless Communications in Appalachia

Wireless networks typically debut in large metropolitan
areas. Often overlooked are remote rural areas where
the technology can have its greatest impact on the busi-
nesses and daily lives of inhabitants.

Virginia Polytechnic Institute and State University
(vt.edu) wanted to use local multipoint distribution ser-
vice (LMDS) to link the faculty, students, and employ-
ees to each other and the Internet. As a result, the
university became the first educational institution in the
United States to participate in a Federal Communica-
tions Commission spectrum auction. On the auction
block were four basic trading areas (BTAs), covering
large stretches of Virginia and having the university at
its center.

Virginia Tech has the largest campus in the state,
2,600 acres. The school correctly anticipated that the big
communications companies were interested only in bid-
ding on licenses in the country’s biggest cities and would
ignore Virginia Tech’s bids for licenses covering the four
rural areas. Consequently, Virginia Tech won the four li-
censes, which cover 40 percent of Virginia. However,
Virginia Tech has no aspirations of being an Internet
service provider or displacing communications vendors.
Rather, the school intends to develop the technology

through a partnership with regional communities and
businesses in the communications industry.

Having the licenses was a first step, but the actual
equipment necessary to deploy an LMDS network put
Virginia Tech in partnership with Harris Corporation
(harris.com). According to Harris, this agreement is the
first university/private-sector partnership for the deploy-
ment of an LMDS network. LMDS now connects Vir-
ginia Tech faculty, students, and employees to each
other as well as to businesses in the entire rural area sur-
rounding the campus.
Source: “Virginia Tech Brings Wireless to Appalachia and Be-
yond,” Mobile Computing & Communications (September
2001), pp. 101–103.

Questions

1. Do you agree that communications technologies
can have the greatest impact in rural areas? Why
or why not?

2. Should Virginia Tech’s LMDS network impact
federal and state government policy? How?

3. What are the impacts that Virginia Tech’s LMDS
network have on local businesses?
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range of frequencies that can be accommodated on a particular channel is called its
bandwidth.

The speeds of particular communications channels are as follows:

• Twisted-pair wire 300 bps to 10 Mbps (million bits per second)

• Microwave 256 Kbps (thousand bits per second) to 100 Mbps

• Satellite 256 Kbps to 100 Mbps

• Coaxial cable 56 Kbps to 200 Mbps

• Fiber-optic cable 500 Kbps to (theoretically) 25 Tbps (trillion bits per second)

The amount of data actually transferred from one system to another in a fixed
length of time is only partially dependent on the transmission speed. Actual or effec-
tive throughput speed (usually measured in characters per second) varies with factors
such as the use of data compression or electrical noise interference.

Transmission mode. Data transmissions may be either asynchronous or synchro-
nous. In an asynchronous transmission, only one character is transmitted or received
at a time. During transmission, the character is preceded by a start bit and followed by
a stop bit that lets the receiving device know where a character begins and ends. Asyn-
chronous transmission is inherently inefficient due to the additional overhead re-
quired for start and stop bits, and the idle time between transmissions. It is generally
used only for relatively low-speed data transmission (up to 28,800 bps).

In synchronous transmission, a group of characters is sent over a communications
link in a continuous bit stream, while data transfer is controlled by a timing signal ini-
tiated by the sending device. The sender and receiver must be in perfect synchroniza-
tion to avoid the loss or gain of bits. Therefore, data blocks are preceded by unique
characters called sync bits that are encoded into the information being transmitted.
The receiving device recognizes and synchronizes itself with a stream of these charac-
ters. Synchronous transmission is generally used for transmitting large volumes of
data at high speeds.

Transmission accuracy. An electrical communications line—whether using cable
or radio—can be subject to interference from storms, signals from other lines, and
other phenomena that introduce errors into a transmission. Telephone line cables
may be mishandled by repair personnel, accidentally cut by construction workers,
or subjected to power surges while data are being transmitted. These events might
cause one bit or several bits to be “dropped” during transmission, thus corrupting
the integrity of the information. Because the loss of even one bit could alter a char-
acter or control code, data transmission requires accuracy controls. These controls
consist of bits called parity bits that are like check sums added to characters and/or
blocks of characters at the sending end of the line. Parity bits are checked and veri-
fied at the receiving end of the line to determine whether bits were lost during
transmission.

If transmission errors are detected, there are two general types of actions taken—
backward error correction and forward error correction. Backward error correction
(BEC) entails going back to the sender and requesting retransmission of the entire
data stream or of a particular part, if it can be identified. Forward error correction
(FEC) uses knowledge about the message stream and mathematical algorithms to
allow the receiver to correct the received data stream without having to go back to the
sender. BEC is much simpler and less expensive to use when there are few errors or
when time delays are not crucial. FEC is more complex but may be necessary over
long distances when retransmission is costly.
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T e l e c o m m u n i c a t i o n s  C a r r i e r s  a n d  S e r v i c e s
Telecommunications carriers provide the communications technology (e.g., tele-
phone lines, satellites, and communications software) and services needed for data
communications. These carriers include common carriers, other special-purpose car-
riers, and value-added carriers. The common carriers are the long-distance telephone
companies. For example, AT&T, MCI, and Sprint are common carriers for long-dis-
tance service and special-purpose carriers for other services such as WATS lines.
Value-added carriers are companies that have developed private telecommunica-
tions systems and provide services for a fee (such as microwave or satellite transmis-
sion). These companies include SprintNet, Telenet (developed by GTE), and
Tymnet.

Switched and dedicated lines. Switched lines are telephone lines, provided by com-
mon carriers, that a person can access from his or her computer to transmit data to an-
other computer; the transmission is routed or switched through paths to its
destination. A switch is a special-purpose circuit that routes messages along specific
paths in a telecommunications system.

Dedicated lines, also called leased lines, provide a constant connection between
two devices and require no switching or dialing. These lines are continuously available
for transmission, and the lessee typically pays a flat rate for total access to the line.
The lines can be leased or purchased from common carriers or private communica-
tions media vendors. These lines typically operate at higher speed than switched lines
and are used for high-volume transactions.

A dedicated line may handle digital data only, or it may be capable of handling
both voice and digital data just as a standard telephone line does. When dedicated
lines have been designed specifically for data transmission, they produce less static
and fewer transmission errors than regular telephone lines, and they are more secure
from wiretapping and other security risks. Most importantly, the central processor is
always accessible through the dedicated line.

Wide-Area Telecommunications Service (WATS). WATS is a method for billing
customers who use voiceband media extensively. WATS uses the toll-free 800 and 888
numbers. The company you call using its WATS number pays a fee to the telephone
company, depending on the level of service and usage. The fee varies, depending on
the caller’s geographic location within the United States and the number of incoming
and outgoing calls. Companies typically use WATS services for customer service.

Telephone and dialing services. Common carriers provide many other telephone
and dialing services to homes and businesses. Many telephone systems now have au-
tomatic number identification (ANI), also known as caller ID. ANI will identify and
display the number of an incoming call, enabling people to screen unwanted calls. In a
business, ANI not only can identify the caller, but also can link the caller with neces-
sary computer-based information. For example, UPS service representatives use ANI
to automatically identify the name and address of the caller, which saves time with re-
quests for pickups.

Other services offered by common carriers include the ability to have only one
number for a business telephone, home telephone, personal computer, fax, and so on
(simplifying contact for small businesses); intelligent dialing, which, if a busy signal is
reached, redials the number when your line and the line of the party you are trying to
reach are both free; and call priorities, which allow only certain calls to be received
during certain times of the day.
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Integrated Services Digital Network (ISDN). ISDN is a high-speed data-transmission
technology that allows users to transfer voice, video, image, and data simultaneously at
high speed. ISDN uses existing telephone lines and provides two levels of service: basic
rate ISDN and primary rate ISDN. Basic rate ISDN serves a single device with three
channels. Two channels are B (bearer) channels with a capacity to transmit 64 Kbps of
digital data. The third or D channel is a 16 Kbps channel for signaling and control
information. Primary rate ISDN provides 1.5 Mbps of bandwidth. The bandwidth
contains 23 B channels and one D channel. A second generation of ISDN is broad-
band ISDN (BISDN), which provides transmission channels capable of supporting
transmission rates greater than the primary ISDN rate. ISDN transmission is a 
popular upgrade with firms whose transmission requirements exceed standard 
telephone capacity.

Digital Subscriber Line (DSL). Digital subscriber lines provide high-speed, digital
data transmission from homes and businesses over existing telephone lines. The exist-
ing lines are analog and the transmission is digital, so modems are necessary with DSL
technology. Used under similar circumstances, DSL is a popular alternative to ISDN.

As we have seen (and will see in the remainder of this chapter), there are a vari-
ety of communications alternatives available. It is difficult, however, for some cus-
tomers to obtain access to broadband services. IT’s About Business Box 6.2 shows
one community’s solution to this problem.

Section 6.1 The Telecommunications System 177

A b o u t  B u s i n e s sA b o u t  B u s i n e s s
Box 6.2: Bringing Broadband to Town

Broadband can make a difference in the way the Inter-
net enriches people’s lives at work and at home. But
the experience of Evanston, Illinois, shows that the
transition to fast Internet connections does not happen
easily or quickly. In the late 1990s, fast Internet access
was not available in much of Evanston—with the ex-
ception of Northwestern University. Educators at
Northwestern and local officials created a nonprofit
group, e-Tropolis, to raise funds to extend Northwest-
ern’s network throughout the city, create a community
Web portal (shopevanston.com), and market DSL 
service.

E-Tropolis first formed partnerships with Phoenix
Networks and NorthPoint Communications to offer
DSL. But Phoenix and NorthPoint ran into financial
trouble during the meltdown of the telecommunica-
tions industry. As a result, Evanston switched to
AT&T and Ameritech, and the market in the town be-
came a duopoly. With less competition, the two giants
raised their prices. Sprint also entered the Evanston
market with fixed wireless. Although customers have
to pay more, city officials have partnered with the

main library and schools to allow the public to use
their Internet facilities.

In the west and southeast areas of Evanston, where
many of the city’s low-income families live, broadband
penetration is lowest. E-Tropolis has dedicated half of its
resources to increasing access to broadband in poor
neighborhoods. Alliances have been formed with
churches and businesses to hold classes, donate PCs, and
help fund an Internet community center.
Source: “Broadband and Main,” BusinessWeek (October 8,
2001), pp. 86–91.

Questions

1. How is Evanston addressing the digital divide—
the gap between those who have access to infor-
mation technology, particularly the Internet, and
those who do not?

2. What are the broadband services being offered in
Evanston? Are there others that could be offered?

3. What advantages does broadband bring to
Evanston’s businesses?
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A computer network consists of communications media, devices, and software needed
to connect two or more computer systems and/or devices. Computer networks are es-
sential to modern organizations for many reasons. First, networked computer systems
enable organizations to be more flexible and adaptable to meet rapidly changing busi-
ness conditions. Second, networks enable companies to share hardware, computer ap-
plications, and databases across the organization. Third, networks make it possible for
geographically dispersed employees and workgroups to share documents, ideas, opin-
ions, and creative insights, encouraging teamwork, innovation, and more efficient and
effective interactions. Finally, the network is increasingly the link between businesses
and between businesses and their customers.

Because people need to communicate over long as well as short distances, the geo-
graphic size of data communications networks is important. There are two general net-
work sizes: local area networks and wide area networks. A “metropolitan” area
network falls between the two in size.

L o c a l  A r e a  N e t w o r k s
A local area network (LAN) connects two or more communicating devices within
2,000 feet (usually within the same building), so that every user device on the network
has the potential to communicate with every other device. A LAN allows a large num-
ber of users to share corporate resources (such as storage devices, printers, programs,
and data files) and integrates a wide range of functions into a single system. In an of-
fice, a LAN can give users fast and efficient access to a common bank of information
while also allowing the office to pool resources such as printers and facsimile ma-
chines. A well-constructed LAN can also eliminate the need to circulate paper docu-
ments by distributing electronic memos and other material to each worker’s terminal.

LANs come in an assortment of topologies. The topology of a network is the
physical layout and connectivity of a network. Specific protocols, or rules of communi-
cations, are often used on specific topologies, but the two concepts are different.
Topology refers to the ways the channels connect the nodes, whereas protocol refers
to the rules by which data communications take place over these channels. There are
five basic network topologies: star, bus, ring, hierarchical, and hybrid. Figure 6.4 illus-
trates these different types.

Each topology has strengths and weaknesses. When systems developers choose a
topology, they should consider such performance issues as delay, speed, reliability,
and the network’s ability to continue through, or recover after, failure in any device or
connection to the network. The company should also consider such physical con-
straints as the maximum transmission speed of the circuit, the distances between
nodes, the circuit’s susceptibility to errors, and the overall system costs.

B e f o r e  y o u  g o  o n  . . .  

1. Why is the distinction between digital and analog transmission so important 
in telecommunications?

2. What are the common media for telecommunications? What are their respec-
tive advantages and disadvantages?

3. What are some of the common options in telecommunications service?
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LAN technology. The LAN file server is a repository of various software and data
files for the network. The server determines who gets access to what and in what se-
quence. Servers may be powerful microcomputers with large, fast-access hard drives,
or they may be workstations, minicomputers, or mainframes. The server typically
houses the LAN’s network operating system, which manages the server and routes
and manages communications on the network.

The network gateway connects the LAN to public networks or other corporate net-
works so that the LAN can exchange information with networks external to it. A gate-
way is a communications processor that can connect dissimilar networks by translating
from one set of protocols to another. A bridge connects two networks of the same type.
A router routes messages through several connected LANs or to a wide area network.

A LAN consists of cabling or wireless technology linking individual devices, net-
work interface cards (special adapters serving as interfaces to the cable), and software
to control LAN activities. The LAN network interface card specifies the data trans-
mission rate, the size of message units, the addressing information attached to each
message, and network topology.
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Figure 6.4 The five
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LANs employ a baseband or a broadband channel technology. In baseband
LANs, the entire capacity of the cable is used to transmit a single digitally coded sig-
nal. In broadband LANs, the capacity of the cable is divided into separate frequencies
to permit it to carry several signals at the same time.

Wireless local area networks (WLANs). WLAN technologies provide LAN connec-
tivity over short distances, typically limited to less than 150 meters, and usually within
one building.

Bluetooth technology. Bluetooth is a wireless technology that allows digital de-
vices such as computers, printers, keyboards, cell phones, and Palm Pilots to com-
municate with each other via low-power radio frequencies. Bluetooth can also form
a home network by linking devices like lights, televisions, the furnace and air condi-
tioning, and the garage door. Bluetooth is not line-of-sight, which means that trans-
missions may occur around corners, through walls, and through briefcases.
Problems with Bluetooth include security, transmission speed (Bluetooth maximum
transmission speed is 720 Kbps), and cost. IT’s About Business Box 6.3 provides an
example of a Bluetooth application.

Private branch exchanges. A private branch exchange (PBX) is a type of LAN. The
PBX is a special-purpose computer that controls telephone switching at a company
site. PBXs can carry both voice and data and perform a wide variety of functions to
make communications more convenient and effective, such as call waiting, call for-
warding, and voice mail. PBXs also offer functions directed at decreasing costs, such
as reducing the number of outside lines, providing internal extensions, and determin-
ing least-cost routings. Automatic assignment of calls to lines reduces the required
number of outside lines. Providing internal extension numbers permits people to
make calls within the same site using only extension numbers and without making a
chargeable outside call.

180 Chapter 6 Telecommunications and Networks

A b o u t  B u s i n e s sA b o u t  B u s i n e s s
Box 6.3: Bluetooth in Action

Researchers at a community college are using Bluetooth
technology to monitor heart rates. The college often uses
athletes in physiology research. Previously, physiologists
had to attach long cords to sensors on athletes’ bodies to
monitor vital signs, which limited the subjects to station-
ary activities. The new Bluetooth system works like this:
Researchers attach sensors and Bluetooth radio trans-
mitters to the athletes’ bodies. As the athletes cycle or
run around a track, the transmitters send data from the
sensors over radio frequencies to wireless relay devices,
which are stationed at 10-meter intervals along the track.
The devices forward the data over a high-speed wireless
network to a server in the college’s lab.

The researchers quickly have a large amount of data
to analyze, and the athletes have records of their perfor-

mances. The lab burns each subject’s data, photo, and
list of achievements onto a CD-ROM, which the athlete
can take to other training facilities and hospitals. Other
uses for Bluetooth include monitoring patients in hospi-
tals, keeping track of firefighters inside burning build-
ings, and setting up wireless local area networks.
Sources: “Bluetooth Lets Gadgets Speak in One Language,”
U.S. News & World Report (May 15, 2000); abcnews.com (Feb-
ruary 21, 2001).

Questions

1. What are other applications for Bluetooth?

2. What advantages does Bluetooth offer businesses?
(Hint: Consider the advantages of wireless LANs.)
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W i d e  A r e a  N e t w o r k s
Although most businesses have to transmit data throughout a LAN, most also have to
send and receive data beyond the confines of the local area network. This is accom-
plished by connecting to one or more wide area networks. Wide area networks
(WANs) are long-haul, broadband (analog) networks covering wide geographic areas.
They generally are provided by common carriers. WANs include regional networks
such as telephone companies or international networks such as global communications
services providers. They usually have very-large-capacity circuits, with many communi-
cations processors that make it possible to use these circuits efficiently. WANs may
combine switched and dedicated lines, microwave, and satellite communications.

Some WANs are commercial, regulated networks, while others are privately
owned, usually by large businesses that can afford the costs. Some WANs, however,
are “public” in terms of their management, resources, and access. One such public
WAN is the Internet, the foundation of the worldwide information superhighway.

WANs can use any of the five basic types of network topologies, but they most
generally use the star topology in order to more tightly control the network. A com-
mon WAN spanning the continental United States may have a dozen or more “hubs”
that form a very complex star or group of stars.

Value-added networks. Value-added networks (VANs) are types of WANs. They
are private, data-only networks that are managed by outside third parties and used by
multiple organizations to provide economies in the cost of service and in network
management. VANs can add message storage, tracking, and relay services as well as
teleconferencing services, thus enabling their users to more closely tailor communica-
tions capabilities to specific business needs.

VANs offer value through the telecommunications and computing services these
networks provide to subscribers. Customers do not have to invest in network hard-
ware and software or perform their own error checking, editing, routing, and protocol
conversion. Subscribers realize savings in line charges and transmission costs because
the costs of using the network are shared by many users.

Virtual private networks. A virtual private network (VPN) is a WAN operated by a
common carrier. VPNs allow an organization to leverage the robust, shared communi-
cations infrastructure of the Internet to hook up with remote users, branch offices,
and business partners worldwide, without paying the distance-sensitive fees that carri-
ers charge for conventional network links.

VPNs provide a gateway between a corporate LAN and the Internet, and they
allow access to a corporate network’s e-mail, shared files, or intranet, via an Internet
connection. A VPN server handles the security, such as authentication, permitting ac-
cess from the Internet to an intranet. The data travels over the Internet in encrypted
form. VPNs are particularly effective for extranets, because they allow the use of the
Internet among business partners instead of using a more expensive VAN. VPNs are
also especially important for international business, where long-distance calls or
VANs remain very expensive.

MasterCard’s virtual private network. MasterCard is using a VPN to upgrade its
payment network. MasterCard’s VPN, operated mainly by AT&T, connects 660
worldwide transaction-processing nodes. Those sites, at major banks and third-party
processors that aggregate transactions from smaller banks, house MasterCard’s pro-
cessing systems and routers. The VPN enables those sites to communicate directly
with each other without having to go through MasterCard’s St. Louis headquarters.

EXAMPLE
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With the VPN, member banks will have more freedom to implement their own
projects, such as incentive programs or joint credit offerings with other banks. Also,
resolution of disputed charges will be accelerated, addressing a costly, time-consuming
process. ●

Communications software provides many functions in a network. These functions in-
clude error checking, message formatting, communications logs (listings of all jobs
and communications in a specified period of time), data security and privacy, and
translation capabilities. These functions are performed by various parts of network
communications software, which includes network operating systems, network man-
agement software, and protocols.

N e t w o r k  O p e r a t i n g  S y s t e m s
A network operating system (NOS) is systems software that controls the hardware de-
vices, software, and communications media and channels across a network. The NOS
enables various devices to communicate with each other. NetWare by Novell and
Windows NT from Microsoft are popular network operating systems for LANs.

N e t w o r k  M a n a g e m e n t  S o f t w a r e
Network management software has many functions in operating a network. These
functions reduce time spent on routine tasks, such as remote, electronic installation of
new software on many devices across a network. They also provide faster response to
network problems, greater control over the network, and remote diagnosing of prob-
lems in devices connected to the network. In short, network management software per-
forms functions that decrease the human resources needed to manage the network.

P r o t o c o l s
Computing devices that are connected to the network (often referred to as “nodes” of
the network) access and share the network to transmit and receive data. These com-
ponents work together by adhering to a common set of rules that enable them to com-
municate with each other. This set of rules and procedures governing transmission
across a network is a protocol.

The principal functions of protocols in a network are line access and collision
avoidance. Line access concerns how the sending device gains access to the network to
send a message. Collision avoidance refers to managing message transmission so that
two messages do not collide with each other on the network. Other functions of proto-
cols are to identify each device in the communication path, to secure the attention of
the other device, to verify correct receipt of the transmitted message, to verify that a

B e f o r e  y o u  g o  o n  . . .  

1. What are the main business reasons for using LANs?

2. What is the difference between LANs and WANs?

3. What are some common WAN options?
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message requires retransmission because it cannot be correctly interpreted, and to
perform recovery when errors occur.

Ethernet. The most common protocol is Ethernet 10BaseT. Over three-fourths of
all networks use the Ethernet protocol. The 10BaseT means that the network has a
speed of 10 Mbps. Fast Ethernet is 100BaseT, meaning that the network has a speed
of 100 Mbps. The most common protocol in large corporations is the Gigabit Ether-
net. That is, the network provides data transmission speeds of one billion bits per sec-
ond (666 times faster than a T1 line). However, ten-gigabit Ethernet is becoming the
standard (ten billion bits per second).

TCP/IP. The Transmission Control Protocol/Internet Protocol (TCP/IP) is a file
transfer protocol that can send large files of information across sometimes-unreliable
networks with assurance that the data will arrive in uncorrupted form. TCP/IP allows
efficient and reasonably error-free transmission between different systems and is the
protocol of the Internet. As we will see in Chapter 7, TCP/IP is becoming very popu-
lar with business organizations due to its reliability and the ease with which it can sup-
port intranets and related functions.

Communication between protocols. Network devices from different vendors must
communicate with each other by following the same protocols. Unfortunately, com-
mercially available data communication devices follow a number of different proto-
cols, causing substantial problems with data communications networks.

Attempts at standardizing data communications have been somewhat successful,
but standardization in the United States has lagged behind that in other countries
where the communications industry is more closely regulated. Various organizations,
including the Electronic Industries Association (EIA), the Consultative Committee
for International Telegraph and Telephone (CCITT), and the International Standards
Organization (ISO) have developed electronic interfacing protocols that are widely
used within the industry.

Typically, the protocols required to achieve communication on behalf of an appli-
cation are actually multiple protocols existing at different levels or layers. Each layer
defines a set of functions that are provided as services to upper layers, and each layer
relies on services provided by lower layers. At each layer, one or more protocols de-
fine precisely how software on different systems interacts to accomplish the functions
for that layer. This layering notion has been formalized in several architectures. The
most widely known is the reference model of the International Standards Organiza-
tion Open Systems Interconnection (ISO-OSI), which has seven layers. See the
book’s Web site for a table that details the seven layers of the OSI model protocol.

T y p e s  o f  D a t a  T r a n s m i s s i o n
For advanced computing applications, much greater bandwidth may be needed on net-
works. Various types of data transmission technologies address this need. These tech-
nologies include packet-switching, frame relay, fiber distributed data interface,
asynchronous transfer mode, switching hubs, synchronous optical network, and the T-
carrier system.

Packet-switching is used in value-added networks. Packet switching breaks up
blocks of text into small, fixed bundles of data called packets. The VAN continuously
uses various communications channels to send the packets. Each packet travels inde-
pendently through the network. Packets of data originating at one source can be
routed through different paths in the network, and then may be reassembled into the
original message when they reach their destination.
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Packet-switching is causing a telecommunications revolution. Telecommunica-
tions providers are transforming their infrastructure from the existing, public, circuit-
switched networks designed to carry analog voice traffic to packet-switched networks
designed and optimized for data that carries voice as just another data type. The main
reason for this revolution is the growth of the Internet, which is a packet-switching
network (discussed in Chapter 7).

Frame relay is a faster and less expensive version of packet switching. Frame relay
is a shared network service that packages data into frames that are similar to packets.
Frame relay, however, does not perform error correction, because modern digital
lines are less error-prone than older lines, and networks are more effective at error
checking. Frame relay can communicate at transmission speeds of 1.544 Mbps, al-
though the technology can reach speeds of 45 Mbps.

Like a token-ring network (see Figure 6.4), fiber distributed data interface
(FDDI) passes data around a ring, but with a bandwidth of 100 Mbps—much faster
than a standard 10–13 Mbps token ring (or bus) network. Although the FDDI stan-
dard can use any transmission medium, it is based on the high-speed, high-capacity ca-
pabilities of fiber optics. FDDI can significantly boost network performance, but this
technology is about 10 times more expensive to implement than most LAN networks.

Asynchronous transfer mode (ATM) networks are based on switched technolo-
gies, allowing for almost unlimited bandwidth on demand. These networks are
packet-switched, dividing data into uniform cells, each with 53 groups of 8 bytes, elim-
inating the need for protocol conversion. ATM creates a virtual connection for the
packet transmission, which disappears on the completion of a successful transmission.
ATM offers several advantages: It makes possible large increases in bandwidth. It
provides support for data, video, and voice transmissions on one communications line.
It offers virtual networking capabilities, which increase bandwidth utilization and sim-
plify network administration. ATM currently requires fiber-optic cable, but it can
transmit up to 2.5 gigabits per second. On the downside, ATM is more expensive than
ISDN and DSL.

Switched hub technologies are often used to boost local area networks. A
switched hub can turn many small LANs into one big LAN. A network need not be
rewired nor adapter cards replaced when changes are made; all that is needed is the
addition of a switching hub. Switched hub technology can also add an ATM-like
packet-switching capability to existing LANs, essentially doubling bandwidth.

Synchronous optical network (SONET) is an interface standard for transporting
digital signals over fiber optic links that allows the integration of transmissions from
multiple vendors. SONET defines optical line rates, known as optical carrier (OC) sig-
nals. The base rate is 51.84 Mbps (OC-1), and higher rates are direct multiples of the
base rate. For example, OC-3 runs at 155.52 Mbps, or three times the rate of OC-1.

The T-carrier system is a digital transmission system that defines circuits that op-
erate at different rates, all of which are multiples of the basic 64 Kbps used to trans-
port a single voice call. These circuits include T1 (1.544 Mbps, equivalent to 24
channels); T2 (6.312 Mbps, equivalent to 96 channels); T3 (44.736 Mbps, equivalent to
672 channels); and T4 (274.176 Mbps, equivalent to 4,032 channels).

B e f o r e  y o u  g o  o n  . . .  

1. What is the role of telecommunications protocols?

2. What are popular data transmission options? What are their respective 
advantages?
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One of the most important issues that organizations face is sustaining network perfor-
mance in light of the explosion of network-based applications and data transmission
volume. The growth of client/server architectures, intranets, and the Internet has in-
creased the attention paid to overall enterprise network performance.

Network response time and availability are widely viewed as key issues for IS
managers. The performance of network operating systems and network management
software has improved so that users often cannot tell the difference between accessing
a computer across the room and one across the world. Thus, we say that networks are
becoming transparent to users. Achieving this level of performance usually involves
distributed processing. By using networks, the organization’s processing demands can
be distributed appropriately to different machines in different locations. This, in turn,
enables faster and more efficient processing.

T y p e s  o f  O r g a n i z a t i o n a l  D i s t r i b u t e d  P r o c e s s i n g
Organizations typically use multiple computer systems across the firm. Distributed
processing enables computers in different locations to communicate with each other
via telecommunications links. There are three alternative types of distributed process-
ing: terminal-to-host, file server, and client/server.

Terminal-to-host processing. With terminal-to-host processing, the applications and
databases reside on the host computer. The users interact with the applications with
“dumb” terminals (i.e., the device has no processing capability of its own).

File server processing. With file server processing, the applications and databases re-
side on the host computer, called the file server. The database management system
runs on the user’s PC. When the user needs data from the file server, the file server
sends to the user the entire file with the data requested. The downloaded data can be
analyzed and manipulated on the user’s PC. (Data going from the file server to the
user’s PC are referred to as downloaded, and data going from the user’s personal com-
puter to the file server are uploaded).

Client/server architecture and processing. As you know from earlier chapters,
client/server architecture links two or more computers in an arrangement in which some
machines (servers) perform computing functions for end-user PCs (clients). Sometimes
either machine can perform processing and store applications. Usually, however, an 
organization has the bulk of its processing or application/data storage done on suitably
powerful servers that can be accessed by less powerful client machines. The client re-
quests applications, data, or processing from the server, which acts on these requests by
“serving” the desired commodity. With client/server architecture, organizations can
make their systems faster and save money, primarily by gaining the efficiency that
comes from having the appropriate machine handle the appropriate measure of 
processing and storage.

In a client/server approach, the components of an application can be distributed
over the enterprise rather than being centrally controlled. Three application compo-
nents can be distributed: the presentation component, the applications (or processing)
logic, and the data management component. The presentation component is the appli-
cation interface or how the application appears to the user. The applications logic is the
bulk of the software program, created to perform some business function. The data
management component consists of the storage and management of the data needed by
the application. The exact division of processing tasks depends on the requirements of
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each application, including its processing needs, the number of users, and the available
resources, and may be distributed at various sites in a telecommunications network.

There are five models of client/server implementation that partition the three
components between the server and the client, as shown in Figure 6.5. As you can see
from the figure, the network comes in at different points in each of the five models:

• Distributed presentation. All three components are on the server, but the presen-
tation logic is also found on the client.

• Remote presentation. Applications logic and database management are on the
server, and the presentation logic is located on the client.

• Distributed function. Data management is on the server and presentation logic is
on the client, with application logic distributed between the two.

• Remote data management. Database management is located on the server, with
the other two components on the client.

• Distributed data management. All three components are on the client, with data-
base management distributed between the client and the server.

These models lead to the ideas of “fat” clients and “thin” clients. Fat clients have
large storage and processing power and can handle the three components of an appli-
cation. Thin clients may have no local storage and limited processing power. This
means that thin clients can handle only presentation. Network computers are popular
thin clients.

The client is the user point-of-entry for the required function, and the user gener-
ally interacts directly with only the client portion of the application, typically through a
graphical user interface. Clients call on the server for services rendered by the applica-
tion software. When a client needs information based on files in the server, the client
sends a message (or remote procedure call) requesting the information from the server.

The server has the data files and the application software. The server stores and
processes shared data and performs “back-end” functions not visible to users, such as
managing peripheral devices and controlling access to shared databases. When a
client makes a remote procedure call, the server processes file data and provides the
information, not the entire file(s), to the client. Manager’s Checklist 6.2 shows the
benefits and limitations of using client/server architecture in network processing.
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Figure 6.5 Client/server
configuration. (Source:
Datamation, February 21,
1994, p. 30.)
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Peer-to-peer processing. As discussed in the chapter opening case, peer-to-peer pro-
cessing is a type of client/server, distributed processing that allows two or more com-
puters to pool their resources. Individual resources such as disk drives, CD-ROM
drives, and printers become shared resources that are accessible from every computer.
Unlike standard client/server networks, where network information is stored on a
centralized file server and made available to many clients, the information stored
across peer-to-peer networks is uniquely decentralized. Because peer-to-peer com-
puters have their own disk drives that are accessible by all computers, each computer
acts as both a client and a server. Each computer has transparent access (as assigned
for security or integrity purposes) to all files on all other computers.

Popular peer-to-peer network operating systems include Microsoft’s Windows
2000 and Windows XP, Novell Netware, and AppleShare. Most of these operating
systems allow each computer to determine which resources will be available for use by
other users. When one user’s disk has been configured so that it is sharable, it will usu-
ally appear as a new drive to the other users.

The benefits of peer-to-peer architecture include the following:

• There is no need for a network administrator.

• The network is fast and inexpensive to set up and maintain.

• Each computer can provide backup copies of its files to other computers for 
security.

• It is the easiest network to build.

There are three basic types of peer-to-peer processing. The first accesses unused
CPU power among networked computers, as in applications such as Napster 
(napster.com), Gnutella (gnutella.wego.com), and SETI@home (see the opening case).
These applications are from open-source projects and can be downloaded at no cost.

The second form of peer-to-peer is real-time, person-to-person collaboration,
such as America Online’s Instant Messenger. Companies such as Groove Networks
(groove.net) have introduced P2P collaborative applications that use buddy lists to es-
tablish a connection, then allow real-time collaboration within the application.

The third peer-to-peer category is advanced search and file sharing. This category
is characterized by natural-language searches of millions of peer systems and lets
users discover other users, not just data and Web pages. One example of this is Aim-
ster (aimster.com), which allows searching of the major Internet file-sharing services,
such as AOL and Gnutella. The search is accomplished through Aimster’s integration
with instant messaging tools. The following example discusses Napster and the copy-
right infringement issue.
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• The network is not overloaded
with entire files being transferred
back and forth

• File integrity is much easier to
maintain because only the server
actually updates the files.

• File security is easier to maintain
with server in full control of file
data.

Bene f i t s L im i t a t i on s

• Microcomputers with independent
processing power are more difficult
to coordinate and administer on a
network.

• There is difficulty in writing
software that divides processing
among clients and servers.

• Specific servers can be slowed when
too many clients need service.

Manager’s Checklist 6.2

Benefits and Limitations of
Client/Server Architecture for
Network Processing



Napster and its successors. Napster, the most popular file-sharing program, was
sued successfully by the music industry for copyright infringement. Whether online or
offline, it is illegal to copy and distribute someone else’s work in a way that deprives
them of income. That means anyone getting or distributing music over the Internet is
breaking the law. What made the case tricky, however, was that Napster was not buy-
ing and selling music illegally. It was simply a go-between. Though Napster did not
own or distribute the music itself, it did operate the servers that enable users to search
for music. Music companies sued to have those servers shut down.

In March 2001, Napster was forced to halt the exchange of copyrighted music on
its Internet service. Napster remains in business and plans to launch a new member-
ship service in early 2002 that allows the sharing of audio files while paying royalties
to artists.

As Napster had 64 million users, successors emerged rapidly. These successors
may not suffer Napster’s fate. Napster had central servers that could be shut down,
but its successors provide software for people who want to swap files, making them
nearly impossible to police. For example, Aimster’s audio file-sharing service allows
people to evade filters by translating names of Napster files into Pig Latin. Gnutella
provides software that lets its members query each other’s computers directly.
Gnutella has no central server and is not owned by anyone. After downloading
Gnutella software, users make available whatever files they are willing to share. ●

O p e n  S y s t e m s  a n d  E n t e r p r i s e  N e t w o r k i n g
Open systems are those that allow any computing device to be seamlessly connected
to and interact with any other computing device, regardless of size, operating system,
or application. This has been a goal for information systems designers for many years,
and it is just now becoming a (limited) reality. Open systems can provide flexibility in
implementing IT solutions, optimization of computing effectiveness, and the ability to
provide new levels of integrated functionality to meet user demands. Open systems
require connectivity across the various components of the system.

Connectivity is the ability of the various computer resources to communicate with
each other through network devices without human intervention. Connectivity allows

EXAMPLE
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for application portability, interoperability, and scalability. Portability is the ability to
move applications, data, and even people from one system to another with minimal
adjustments. Interoperability refers to the ability of systems to work together by shar-
ing applications, data, and computer resources. Scalability refers to the ability to run
applications unchanged on any open system, where the hardware can range from a
laptop PC to a supercomputer. This saves firms money, as they can avoid having to
purchase multiple copies of software.

Open systems and connectivity have enabled networks to completely span organi-
zations. Most firms have multiple LANs and may have multiple WANs, which are in-
terconnected to form an enterprisewide network. Figure 6.6 shows a model of
enterprisewide computing. Note that the enterprisewide network in the figure has a
backbone network composed of fiber-optic cable using the FDDI protocol. The LANs
are called embedded LANs because they connect to the backbone WAN. These
LANs are usually composed of twisted-pair wire.

The workplace of today differs drastically from the workplace of just five years ago.
Within that brief span of time various telecommunications applications have been put
in wide use at companies large and small. Such applications have brought new effi-
ciencies to the workplace, and they have the potential to help businesses achieve com-
petitive advantages.

E l e c t r o n i c  M a i l
Computer-based messages can be electronically manipulated, stored, combined with
other information, and transmitted through telephone wires or wireless networks.
With electronic mail (e-mail), the sender inputs the message at a terminal and in-
cludes address and routing instructions to get the message to the intended recipi-
ent(s). Any other electronic objects, such as text, graphic, sound, motion, or
application files, may be attached to the message. The system then automatically
routes the message to the recipient(s). At the receiving end, a recipient can read the
message on a computer terminal, print it, file it, edit it, and/or forward it to other 
recipient(s).

E-mail began as simple asynchronous communication over mainframe systems,
exemplified by IBM’s Professional Office System (PROFS). LAN-based systems, such
as Lotus cc:Mail and Microsoft Mail, run on personal computers. Over the years 
e-mail has become more sophisticated by incorporating scheduling and workflow ca-
pabilities, calendaring, and threaded discussions. The market leaders in messaging
software are Lotus Notes Domino and Microsoft Exchange.

B e f o r e  y o u  g o  o n  . . .  

1. What are the common advantages of client/server architecture for network 
processing?

2. What are the goals and benefits of “open” systems?
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Electronic mail eliminates time delays and other problems associated with physi-
cally delivered mail. E-mail users need not be concerned with the equivalent of “tele-
phone tag” when the recipient is not physically present at the moment a message is
sent. Also, recipients can read their mail when it is convenient to do so.

However, e-mail can cause problems. For example, congressional offices are cop-
ing with a flood of e-mail from Americans, a problem that threatens to worsen. Before
1995, few congressional offices had e-mail accounts, but now House offices get as
many as 8,000 e-mails per month and Senate offices receive 55,000 monthly. E-mail is
the biggest problem for legislators, because many congressional offices do not have
the staff to handle the load. In one instance, Senator Patrick Leahy’s office responded
to about 50,000 people who e-mailed during the week of hearings on Napster’s free
Internet song-swapping service.

The benefits of e-mail far exceed its drawbacks. Today, electronic mail is assum-
ing a larger role in many firms’ information technology infrastructures. E-mail is being
tied into the systems that run the business—databases, data warehouses, enterprise
resource planning, manufacturing, Internet commerce, and customer support.

BlackBerry (blackberry.net), developed by Research in Motion (rim.net), is an 
e-mail/organizer with two-way wireless communications capabilities. BlackBerry is an
extension of the user’s e-mail account on the PC, which the BlackBerry software mon-
itors. A user replies to e-mail using a small keyboard, and the reply is encrypted and
routed to the BlackBerry software on the desktop PC or the server. On election night
in November 2000, when Al Gore famously decided to return to his campaign head-
quarters rather than deliver a concession speech, what changed his mind was the mes-
sage sent to him by a top advisor—via his BlackBerry—stating that Florida was
suddenly too close to call.

V i d e o c o n f e r e n c i n g
Videoconferencing allows two or more people to have face-to-face communications
with a group in another location(s) without having to be present in person. Although

limited by the inherent limitations of audio
and video, these visual conferences save the
time and expenses involved in travel. The
ability to use teleconferencing technology
can be key to achieving business goals.

Videoconferencing is much more ex-
pensive than audio conferencing (also
called teleconferencing or conference calls),
due to more expensive equipment require-
ments and the need for greater bandwidth.
However, communications research has

shown that much of the information conveyed between individuals in person is com-
municated by nonverbal means. Therefore, videoconferencing provides a richer
means of communicating than text or audio alone.

E l e c t r o n i c  D a t a  I n t e r c h a n g e
Electronic data interchange (EDI) is the electronic transmission of routine, repetitive
business documents (e.g., purchase orders, invoices, approvals of credit, shipping no-
tices, and confirmations) directly between the computer systems of separate compa-
nies doing business with each other. EDI offers both direct and indirect benefits, as
shown on the Web site.
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In the past, EDI ran on expensive value-added networks (VANs). These private,
third-party-managed networks provided security and high capacity, but their use was
confined to large trading partners due to their high cost. This situation is rapidly
changing with the emergence of Internet-based EDI. For example, Duane Reade Inc.,
a pharmacy chain in New York, has a radio-frequency handheld application for in-
store inventory management that works with its computer-assisted ordering system.
These two applications link with the firm’s Internet-based electronic data interchange
(EDI) system that handles both Internet-based EDI with suppliers, as well as any pro-
prietary systems that its suppliers may have in place.

E l e c t r o n i c  F u n d s  T r a n s f e r
Electronic funds transfer (EFT) is now widely used, electronically routing funds, deb-
its and credits, and charges and payments among banks and between banks and cus-
tomers. EFT is fast; it eliminates delays associated with sending hardcopy documents.
EFT has become the only practical way to handle the large volume of financial trans-
actions generated daily by the banking industry.

F a c s i m i l e s
Facsimile (FAX) equipment may use either analog or digital encoding. Analog encod-
ing converts the white and black areas of a page into encoded sine waves. These mod-
ulated signals are then converted back into white and black areas for printing by the
receiving facsimile machine. Digital encoding converts a page’s white and black areas
into binary 1s and 0s. The primary advantage of using digital encoding is that digital
streams of 1s and 0s are very easy to compress, particularly with textual documents
that contain large amounts of white (blank) areas. Compressing fax documents at the
ratio of 20:1 is common with digitally encoded fax machines; the result is that one
page can be transmitted within 5 to 10 seconds instead of the 2 to 6 minutes that it
takes with analog encoding.

T e l e c o m m u t i n g
Increasing numbers of employees are telecommuting—working at home, using per-
sonal computers and telecommunications technology to communicate via electronic
mail with other workers and to send and receive business work. Telecommuting is
popular for many reasons. It eliminates the time spent in physically com-
muting every day. Single parents are better able to balance family and
work responsibilities. Otherwise-qualified employees who are unable to
participate in the normal workforce (e.g., physically challenged persons
and those who live too far from the city office to commute on a daily
basis) are able to be productive workers for their companies. For organi-
zations, telecommuting can lead to decreased needs for office space,
thereby saving money. In addition, city and county governments are en-
couraging telecommuting as a means to reduce traffic congestion and air
pollution. For more on telecommuting, see Chapter 15.

D i s t a n c e  L e a r n i n g
Telecommunications technology is enabling many people to learn out-
side the classroom, a process called distance learning. Distance learning
can be point-to-point, where students gather at a specific location and the class is
transmitted to them in real time (different place, same time). The students are able to
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see and hear the professor, and the professor can hear the students off-site and may
be able to see them as well. The off-site locations may be around the same campus or
across the world.

Distance learning may also be asynchronous (different place, different time).
Many courses are offered over the Internet in prepackaged form. For example, Ziff-
Davis University (zdu.com) and the University of Phoenix (onl.uophx.edu) offer an
extensive list of distance learning courses and degree programs to students.

T e l e m a t i c s
A telematics system is a suite of services powered by wireless communications, global
positioning systems, and onboard electronics. Telematics systems facilitate Internet
and wireless cellular services, which provide services for location, navigation, traffic
monitoring and control, toll collection, safety, and traveler information. The most
common telematics systems are the on-board systems in automobiles. IT’s About
Business Box 6.4 presents OnStar from General Motors as an example of a telematics
system.

B e f o r e  y o u  g o  o n  . . .  

1. What competitive advantage can you imagine for EDI in your chosen field or 
industry?

2. Would telecommuting be a more popular option in some parts of the United
States than others? Why?
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Box 6.4: On-Board Intelligence for Your Car

A picknicker realizes that he has locked his keys in his
car, which is equipped with OnStar. He uses his cell
phone and calls an operator, who remotely commands
the vehicle to open. OnStar enables drivers not only to
have their cars unlocked using wireless two-way commu-
nications but also to get roadside assistance, directions,
or locations by pressing a dashboard button and making
a request. OnStar also offers stolen-vehicle tracking, ve-
hicle diagnostics, the ability to download e-mail, stock
quotes, and voice-activated concierge services from the
Internet, as well as real-time traffic report and naviga-
tion applications. Another service is that when a car’s air
bags deploy, an onboard device notifies the OnStar call
center, where an operator attempts to contact the driver
and passengers and calls for an ambulance. OnStar is
also developing entertainment options like backseat pay-
per-view movies and personal music collections beamed
to the car stereo, although these features will depend on
wireless broadband coming online.

Safety concerns might be a problem for telematics
systems such as OnStar. A study in the New England
Journal of Medicine in 1997 found that talking on a cell
phone while driving increased by four times the chances
of being involved in an accident. Many believe that the
future of telematics will rely heavily on voice recogni-
tion. But the technology is not very advanced, and the
car is hardly a quiet space.
Sources: gm.com; qualcomm.com; “Cars Will Let Motorists
Drive and Surf,” Information Week (January 8, 2001); “Wireless
Delivery Drives Forward,” InfoWorld (November 16, 2001).

Questions

1. Do you think OnStar can so “overload” a driver
that it can cause an accident? If so, what can be
done?

2. What other industries can use telematics systems?

‘s‘s
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WHATS IN         FOR ME ?WHATS IN         FOR ME ?

O R  T H E  A C C O U N T I N G  M A J O R
Corporate accountants perform cost–benefit analyses on the telecommunications in-
frastructure of the firm. Although it is difficult to quantify the benefits of corporate
networks in hard dollars, accountants must estimate these benefits accurately in order
to determine the return on these investments. Further, the accountant’s chief concern
is keeping track of the company’s transactions. Data generated by these transactions
are most often collected via electronic means (i.e., source data automation) and trans-
mitted over the firm’s networks.

F O R  T H E  F I N A N C E  M A J O R
Financial managers use corporate networks to transfer funds to suppliers, receive
funds from customers, and complete transactions related to financing of the organiza-
tion. In addition, financial managers use electronic funds transfer extensively as they
manage the firm’s investment portfolio and cash assets.

F O R  T H E  M A R K E T I N G  M A J O R
Modern telecommunications technologies open huge conduits of information to and
from an organization, and provide great strategic advantage to the marketing func-
tion. The information can flow out from the company, for example, providing prices
and production data to customers. Telecommunications also enable easy ingress of
data from customers, allowing them to enter orders directly and communicate with
the firm via e-mail. Corporate databases can receive transaction data directly from re-
tailers in a timely fashion, enabling marketing managers to see the effects of market-
ing strategies within 48 hours or less. Intraorganizational communication also is
supported by telecommunications, permitting employees to obtain data from corpo-
rate headquarters while traveling or visiting customers.

F O R  T H E  P R O D U C T I O N / O P E R A T I O N S  M A J O R
Telecommunications can make the linkage between the customer and the production
function much more direct, making possible different manufacturing strategies such
as JIT and mass customization. Transmission of transactions to and from suppliers,
shippers, and others in the supply chain is enabled through EDI. LANs in the manu-
facturing center can transmit data sent and collected by CIM systems. This capability
further enhances the firm’s ability to make rapid modifications to the product or
process. It allows the collection of data regarding quality, efficiency, maintenance,
and general productivity of the manufacturing function.

F O R  T H E  H U M A N  R E S O U R C E S  M A J O R
Human resources managers utilize their corporate networks extensively for posting
job openings. HR managers also use internal corporate networks to publish corporate
policies and company newsletters. The HR department is responsible for corporate
training, which may be accomplished via programmed learning, or delivered over cor-
porate networks.
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�1 Describe the components of a telecommunications system.
Telecommunications systems are composed of computers (both client on the desk-
top and host computers, such as servers and mainframes), communications proces-
sors, communications media, and communications software.

�2 Describe the five basic types of communications media, including their advantages
and disadvantages.
The five basic types of communications media are twisted-pair wire, coaxial cable,
fiber-optic cable, and microwave and satellite transmission. The first three media
are cable media and the remaining two media are broadcast media. Manager’s
Checklist 6.1 describes the advantages and disadvantages of each medium.

�3 Classify the major types of networks.
A local area network (LAN) connects two or more communicating devices within
2,000 feet (typically within the same building). Every user device on the network
has the potential to communicate with every other device.

Wide area networks (WANs) are long-haul, broadband (analog), generally pub-
lic-access networks covering wide geographic areas, provided by common carriers.

Value-added and virtual private networks are types of WANs. VANs are pri-
vate, multipath, data-only, third-party-managed networks that can provide
economies in the cost of service and in network management because they are
used by multiple organizations. A virtual private network (VPN) is a WAN oper-
ated by a common carrier that provides what appear to be dedicated lines when
used, but that actually consists of backbone trunks shared among all customers, as
in a public network.

�4 Differentiate among the three types of distributed processing.
The three types of distributed processing are terminal-to-host, file server, and
client/server. In terminal-to-host processing, the applications and databases reside
on the host computer, and the users interact with the applications with dumb ter-
minals. With file server processing, the applications and databases reside on the
host computer, called the file server. The database management system runs on the
user’s PC. When the user needs data from the file server, the file server sends to
the user the entire data file, and the downloaded data can be analyzed and manipu-
lated on the user’s personal computer. Client/server architecture divides processing
between clients and servers. Both are on the network, but each processor is as-
signed functions it is best suited to perform. In a client/server approach, the com-
ponents of an application (i.e., presentation, application, and data management)
are distributed over the enterprise rather than being centrally controlled.

�5 Identify eight telecommunications applications that can help organizations attain
competitive advantage.
The eight telecommunications applications include electronic mail, videoconfer-
encing, electronic data interchange, electronic funds transfer, facsimiles, telecom-
muting, distance learning, and telematics.

Electronic mail is the transmission of computer-based messages that can be elec-
tronically manipulated, stored, combined with other information, and transmitted
through telephone wires or wireless networks. Videoconferencing allows two or more
people to have face-to-face communications with a group in another location(s) with-
out having to be present in person. Electronic data interchange (EDI) is the electronic
transmission of routine, repetitive business documents directly between the computer
systems of separate companies doing business with each other. Electronic funds trans-
fer (EFT) is the electronic transmission of funds, debits, credits, charges, and pay-
ments among banks and between banks and customers. Facsimile (fax) equipment

SUMMARY
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encodes documents and then transmits them electronically to a receiving fax machine.
Telecommuting means that employees work at home, using personal computers and
telecommunications technology to communicate electronically with other workers
and to send and receive business work. Distance learning is the use of telecommunica-
tions technology to connect teachers and students outside the classroom, either all at
the same time or at different times. Telematics systems facilitate Internet and wireless
cellular services, which provide services for location, navigation, traffic monitoring
and control, toll collection, safety, and traveler information.
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DISCUSSION QUESTIONS

1. Is telecommuting always beneficial for an organi-
zation? For an employee? When might telecom-
muting not be beneficial for an organization or an
employee? Do you think you would be willing to
telecommute during your career? Why or why
not?

2. Discuss the implications of the Telecommunications
Act of 1996 as it applies to you. Does the law affect
you at all? Why or why not?

3. What are the implications of having fiber-optic cable
going to everyone’s home?

4. Do you personally think caller ID (automatic num-
ber identification) is a good idea? Would you think
it is a good idea if you were a telemarketer?

5. Would you recommend that all organizations employ
client/server architectures? Why or why not? Would
you recommend that all organizations employ cen-
tralized, mainframe architectures? Why or why not?

1. Develop a plan describing how you would build a
telecommunications infrastructure in China. Discuss
the communications media, devices, and services
you would use. (Start with what China has now.)

2. Arguably, the United States has an advanced, well-
developed telecommunications infrastructure in
place. Develop a plan describing how you would up-

grade that telecommunications infrastructure. Re-
member that the United States is a leading propo-
nent of the information superhighway.

3. Create a database with all the long-distance call
plans now being offered in your area. Analyze to see
which is the best for personal use and which is best
for use in a small business.

PROBLEM SOLVING ACTIVITIES

1. Prepare a report contrasting the regional Bell oper-
ating companies as to location, size, number of em-
ployees, market capitalization, strategy, and
strategic alliances. You will have to access the Web
to find the names of the RBOCs and then access
their home pages. (Hint: To start, you might access
an Internet search engine such as Google
(google.com) or AltaVista (altavista.com).

2. Access the Web sites of the companies entering the
satellite market and obtain the latest information re-

garding the status of their satellite constellations.
Prepare a report for class detailing the current status
of these constellations.

3. On the Web, visit an executive recruiting site for in-
formation systems personnel. What proportion of
the positions offered is for network management?
What are the salary ranges? What is the preferred
experience? What types of networks are most com-
monly mentioned?

I N T E R A C T I V E  L E A R N I N G  S E S S I O N
Go to the book’s Web site (or CD) and access Chapter 6: Telecommunications and
Networks and read the case presented. It will describe a business problem that will
require you to make a decision on a telecommuting program that is being imple-
mented in your office. You will be given various information concerning three con-
nection choices. You will have to justify your choice as to how it will meet the needs
of the organization and the end users.

INTERNET ACTIVITIES
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TEAM ACTIVITIES AND ROLE PLAYING

1. Your team is in charge of telecommunications and
networking at a rapidly expanding manufacturing
company. The company is building new manufactur-
ing facilities in Ireland, Singapore, and Mexico to go
along with three plants in the United States (South
Carolina, Oregon, and Texas). The CEO wants a
plan to upgrade the corporate networks. Develop a
plan for the upgrade, to include the proposed type
and topology of the new network. Be sure to ad-
dress the networks across the enterprise as well as
the networks inside the new plants.

2. With your team, visit your local police department.
Prepare a report on the various ways the depart-
ment uses telecommunications. (Hint: There are
many different ways that the police use telecommu-
nications other than radio links between headquar-
ters and mobile units.) Be sure to address security
concerns. Also, address what the police define “ef-
fective” communications to be. Make recommenda-
tions about how the department might upgrade their
communications systems.

W i r e l e s s  D e l i v e r s  f o r  U P S

REAL-WORLD CASE

The Business Problem United Parcel Service Inc., the
$29.8 billion logistics company, was an early adopter of
wireless technology to speed its business. Prior to 1989,
UPS used paper sheets to route and record all informa-
tion on each package. In 1989, UPS adopted barcoded
shipping labels. All the information from the device
was downloaded to back-end systems at the end of
each business day.

In 1992, UPS deployed a wireless transmission
system within each delivery truck that used radio-
frequency technology to send package information back
to UPS’s central network, eliminating the end-of-day
downloads. UPS created its own nationwide wireless
data service through an alliance with more than 100 
carriers. When wireless data networks became more ro-
bust two years later, UPS switched from analog to
packet-based wireless transmission. UPS realized the
benefits of having wireless devices in drivers’ hands and
expanded the use of wireless systems in its shipping and
processing centers.

Over time, UPS accumulated numerous wireless
devices, applications, operating systems, and program-
ming languages. The result was that its IT department
had numerous systems that could not interoperate or
be upgraded easily.

The IT Solution UPS consolidated its wireless sys-
tems in a wireless infrastructure, called UPScan, that is
based largely on Bluetooth and 802.11b, two short-
range wireless transmission protocols. The company
states that wireless technology is core to the business.

UPScan includes three projects. In the first project,
UPScan attached fixed-mount wireless systems to walls
or inside vehicles. UPScan uses wireless LANs to con-

nect the devices to UPS’s fixed networks. The second
project consists of computer hardware tablets that dri-
vers use to enter tracking numbers for each package.
The third project, used by employees in UPS’s routing
and distribution centers, consists of a barcode scanner
attached to a user’s fingers that communicates via Blue-
tooth to a device worn on a belt or the employee’s arm.
Whenever the employee scans a package to gather in-
formation on a package’s routing instructions, the data
are transmitted from the finger scanner to the device.
From there, the data are downloaded to a transmitter
connected to the warehouse network so it can be sent to
either of UPS’s data centers for storage and assessment.

The Results UPScan helped UPS cut equipment and
repair costs by 30% and reduce spare equipment by
35%. UPS is now developing its next-generation of dri-
ver terminals, which will have a Bluetooth interface.
The UPScan program consolidated separate interna-
tional systems used by UPS outposts around the world
that operate on different communication protocols.
UPS realized the hard-dollar benefits of adopting a
standardized system of emerging wireless technology 
to process information more rapidly. The company 
was able to contract out repair of the devices, decrease
support costs, and provide a tangible return on 
investments.
Source: “The Total Package,” ecompany.com (June 2001), pp. 91–97;
“Ground Wars,” BusinessWeek (May 21, 2001), pp. 64–68.

Questions

1. Why did UPS adopt wireless technologies?

2. What were UPS’s three wireless projects and what
were the advantages of each?
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E x t r e m e  D e s c e n t  S n o w b o a r d s

“As the business continues to grow, I find
myself spending more and more time away
from the office,” explains Kellie Onn, the
chief executive officer at Extreme Descent
Snowboards. “Unfortunately, most of that
time is spent at trade shows or with large
distributors and not on the ski slopes, “Kel-
lie muses. “However, I need to keep in
touch with people within and outside the
company. I have a stack of phone messages
and e-mails waiting for me when I get back
to my office after returning from a business
trip. I try to call my secretary when I’m
away, but I can only call when I can find or
get to a payphone. It’s even harder for her
and others to get in touch with me! Last
week we almost lost a big contract because
something needed my approval and my
staff couldn’t track me down until I re-
turned to my hotel and found a message
waiting for me.”

Standing from behind her beautifully
polished oak desk, Kellie moves to the win-
dow and looks out at the Rocky Mountains.

She then turns toward you and says, “Jacob
has recommended you highly for a special
assignment. I would like you to put to-
gether a proposal that will help me stay in
contact with the office and with my business
associates outside the company. In your
proposal, I would like to see an itemized list
of things that you think will allow me to
communicate more effectively when I am
on the road. Moreover, I would like you to
provide a rough estimate as to how much
this is going to cost and a justification as to
why you think the company should spend
this money on the technology.”

As you write down a few notes, you say
good bye to Kellie and promise that you
will get back to her soon. Returning to your
desk, you think the Web, newspaper/maga-
zine ads, and local retail stores may be the
best resources of information for this as-
signment. In addition, your recommenda-
tion must allow for sending and receiving
voice, data, and possibly video. Although
this recommendation may include separate
technologies, they must all somehow pro-
vide an integrated solution for Kellie.

VIRTUAL COMPANY ASSIGNMENT


