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1.1 History and Regulation of the Telephone Industry

"Mr. Watson, come here, I want you." With these historic words Alexander Graham Bell called
to his assistant Thomas Augustus Watson over the so-called "telephone", and an industry was born.

The place: 5 Exeter Place, Boston, Massachusetts

The time: evening, March 10, 1876

As with all inventions, the road had not been smooth. For years, Graham Bell (as he liked to be
called) had been experimenting with a harmonic telegraph. It should be possible, he reasoned, to
send six tones over the same wire at the same time and cause six reeds attached to the receiving end
to be operated. Furthermore, if all worked well, varied combinations of these six pitches could
reproduce human speech.

Simultaneously he was working on a scheme that utilized the varying resistance of a wire. A
diaphragm, which would be vibrated by the human voice, was attached to a wire that was dipped
into a mixture of acid and water. In theory, as the diaphragm moved downward, forcing more wire
into the acid, the resistance of the wire would be decreased. As the diaphragm moved upward, the
wire would be withdrawn from the conducting liquid, and its resistance would be increased. It was
this device that was ultimately successful and that formed the basis for the telephone industry for
many years.

A year later, on July 9, 1877, the Bell Telephone Company was formed, and Alexander Graham
Bell became the company's electrician, at a salary of $3 000, and Watson became superintendent in
charge of research and manufacturing. Unfortunately for Bell, the basic patents were due to run out
in 1893 and 1894. But by this time, Theodore Newton Vail had been brought in as general manager,
and he immediately set about establishing an organization strong enough to survive without a
monopoly. "What we wanted to do was to get possession of the field in such a way that, patent or no
patent, we could control it," Vail said. The first step was to obtain a captive manufacturing facility,
and this was accomplished in 1881 with the purchase of Western Electric Company.

Vail also sent his salesmen into the field to set up telephone exchanges in virgin territory.
Generally, local promoters were encouraged to organize a‘local telephone company and sell stock.
Thus, by 1885 Vail had established a vertically integrated supply division, a network of companies
licensed by the parent, and a strong research and development arm (). The expiration of Bell's basic
patents in 1893 and 1894 was the starting signal for open competition. Independent telephone
operating companies sprang up throughout the country; by the turn of the century there were
approximately 6000 of them, and these 6000 provided service to some 600000 subscribers. Through
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the years, mergers and acquisitions took their toll; at the present time there are approximately 1300
local exchange carriers.

Unfortunately for the general public, all of these telephones were not interconnected. Therefore,
it was necessary for a subscriber to have two or three instruments to communicate with the total
population of the city. However, the great asset of AT&T, which became the official name of the
company at the end of 1899, was the control of all the long-distance circuits and its steadfast refusal
to interconnect any other company to it (2).

This would never do, and the Justice Department tiled suit in 1912. The world was angry with
AT&T, and an AT&T vice president—Nathan C. Kingsbury— realized it. He recognized that the
best demonstration of AT&T not being in a monopoly position was to point to thousands of
independents apparently operating in harmony ). To this end, AT&T agreed to provide
interconnection arrangements to all independents. This 1913 agreement was henceforth called the
Kingsbury Commitment.

By 1934 telecommunications had become so important to the country that Congress passed a
Communications Act and, simultaneously, created the Federal Communications Commission (FCC).
The section of this Act that has turned out to be most important has to do with what we now call
universal service. It said: "For the purpose of regulating interstate and foreign commerce in
communication by wire and radio so as to make available, so far as possible, to all the people of the
United States a rapid, efficient, nationwide, and worldwide wire and radio communication service
with adequate facilities at reasonable charges."

As a result of this principle, a support structure has been established whereby certain groups of
subscribers (e.g. long-distance users, business subscribers, subscribers in locations where telephone
service can be provided with relative ease, etc.) will pay more than true costs, and other groups of
subscribers (e.g. subscribers in rural and other high-cost locations) will pay less than true costs.

In 1949 the Justice Department again filed suit against AT&T, claiming that Western Electric
charged inordinately high prices from their customers (i.e. the operating telephone companies owned
by AT&T), thus making it possible for the operating telephone companies to charge their subscribers
inappropriately high rates. The suit dragged on, and a consent decree was reached in 1956. AT&T
won; Western Electric need not be divested from AT&T, the Bell System would engage only in
telecommunications business, and nonexclusive licenses would be granted to any applicant on fair
terms. This was the final judgment. The eventual breakup of the Bell System in 1984 was
accomplished through a modification of this final judgment, hence the modification of final
judgment (MFJ).

Although the Bell System appeared to be the winner in this 1956 suit, over the next two
decades it would lose battles, one at a time. There was the Hush-Aphone case in 1955; the
Carterfone case in 1968; MCI's "above 890" case in 1959, and the MCI case dealing with a
long-distance route from Chicago to St. Louis in 1969. In November, 1974, the Justice Department
once again filed suit to break up the Bell System. The case trudged on until 1978, when Judge
Harold Greene took over. He moved things quickly, and on January 4, 1982, a terse announcement
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was issued by the Justice Department and AT&T saying that negotiations had been reopened. Then.
on January 8, 1982, the news broke: AT&T had agreed 1o break up its $136.8 billion empire. It was
agreed that AT&T would divest the local parts of the Bell operating telephone companies. It would
keep its manufacturing facilities and its long-distance network. The agreement would take effect on
January 1, 1984.

The 22 regional Bell operating companies (RBOCs) agreed to form 7 regional holding
companies (Bell Atlantic, NYNEX, BellSouth, Ameritech, U S WEST, Pacific Telesis, and
Southwestern Bell). The agreement also said that the Bell operating companies would not be allowed
to manufacture nor would they be allowed to get in the long-distance business within their territories.
AT&T would not be allowed to get in the local-exchange business nor to acquire the stock or assets
of any RBOC.

That remained the state of affairs until the passage of the 1996 Telecommunications Act. This
Act threw most of the rules established in 1984 out the window and left the implementation of the
Act to the FCC. There have been problems ever since. What did the Congress mean by "promote
competition"? Should AT&T be allowed to get in the local-exchange business? (Answer: yes.)
Should the RBOCs be allowed to get in the long-distance business? (Answer: yes, but only after
passing a 14-point checklist.) What did "expanded universal service" mean? Should the RBOCs be
allowed to merge? (Answer: yes. Bell Atlantic has merged with NYNEX; Southwestern Bell [SBC]
has merged with Pacific Telesis and is planning to merge with Ameritech. Bell Atlantic intends to
merge with GTE. If all of these are ultimately approved, there will remain four RBOCs). To date,
many questions remain, and there is no assurance that they will be answered in the foreseeable

future.
1.2 A Communication System Model

DEFINITION. A communication system is that designed to transmit information (4.

A simple model of communication system is illustrated by the block diagram in Figure 1.1.
| Source l—»"rransmm«i]—v Transmission ‘—>‘ Receiver }-—-»[ I)estinationl
system

Figure 1.1 Simplified Communication System Model

The fundamental purpose of a communication system is the exchange of data between two
parties. One example is the exchange of voice signals between two telephones over the same
network. The key elements of the model are:

® Source. This device generate the data to be transmitted, examples are telephones and

personal computers.
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® Transmitter. Usually, the data generated by a source system are not transmitted directly in
the form in which they are generated. Rather, a transmitter transforms and encodes the
information in such a way as to produce electric signals that can be transmitted across
some sort of transmission system. For example, a modem () takes a digital bits stream
from an attached device such as a personal computer and transforms that bit stream into an
analog signal that can be handled by the telephone network.

® Transmission System. This can be a single transmission line or a complex network
connecting source and destination.

® Receiver. The receiver accepts the signal from the transmission system and converts it into
a form that can be handled by the destination device. For example, a modem will accept an
analog signal coming from a network or transmission line and convert it into a digital bit
streams.

® Destination. Takes the incoming data form the receiver.

1.3 Transmission Technology

Most transmission—at least most transmission in the local exchange plant—is analog in nature.
That is, the signal being transmitted varies continuously, both in frequency and in amplitude. A
high-pitched voice mostly contains high frequencies; a low-pitched voice contains low frequencies.
A loud voice contains a high-amplitude signal; a soft voice contains a low-amplitude signal.

In the long-distance network, and more and more in the local exchange plant, digital
transmission is being used. A digital signal is comprised of a stream of 1s and Os that portray the
analog voice signal by means of a code.

Analog signals can be combined (i.e. multiplexed) by combining them with a carrier frequency.
When there is more than one channel, this is called frequency division multiplexing (FDM). FDM
was used extensively in the past but now has generally been replaced with the digital equivalent:
time division multiplexing (TDM). The most popular TDM system is known as tier 1 (T1). In a T1
system, an analog voice channel is sampled 8 000 times per second, and each sample is encoded into
a 7-bit byte. Twenty-four such channels are mixed on these two copper pairs and transmitted at a bit
rate of 1.544 megabits per second ®. T1 remains an important method of transmitting voice and
data in the PSTN (see Figure 1.2).

Such a digital transmission scheme (and certainly there are modifications of it that improve
efficiency, capacity, or quality, etc.) works hand in glove with the digital-switching schemes we will
talk about later. Those 1s and Os need not be transmitted through an actual circuit in that switch;
rather, one can simply turn on and off the various electronic devices that make up that switch.

Thus a talking path (i.e. a switched circuit) in the PSTN can be either analog or digital or a
combination thereof. In fact, a digital signal can be transmitted over a packet-switched network as
easily as a circuit-switched network. Now if we consider the next step, we see that digitized voice is
not very different from data, and if data can be transmitted over a packet network, then so can
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digitized voice. This, of course, is now known as voice over the Internet. The challenge, of course, is
to get the transmitted signal to the destination fast enough. After all, this may well be a
time-sensitive voice conversation. A second challenge is to get each packet, which is a small piece of
a voice conversation, to the destination in the proper order. Progress is being made, and we can well
believe that packet switching will play an important role in the PSTN of tomorrow.
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Figure 1.2 Pulse Code Modulation (PCM) Sampling, Quantizing, and Encoding Process:
In This Example, a 3-Bit Encoding Scheme Is Used for Quantizing the Total Amplitude

1.4 Switching Technology

The PSTN we will talk about in detail in chapter 3 has a star configuration. Local loops (usually
one per subscriber) terminate in a CO. This CO completes connections from one local loop to
another local loop, or from one local loop to a trunk that terminates on some other CO. This CO has
gone through a number of fundamental technological changes (see Table 1.1).

[m b T i e 'l‘M“ H 3 ’F,(‘“ i ‘.
[y Yo ;,‘*:'l’f;r,v‘n*', ,J,lm'} 07V e
1878 manual
manual space/analog human plug/cord/jack
operator
1892 step-by-step electromechanical space/analog distributed stage-by-stage stepping switch train
1918 cross-bar electromechanical space/analog common control X-bar switch
1960 ESS-first F ;
. semielectronic space/analog common control reed switch
generation
1972 ESS-second . :
) semielectronic space/analog stored program control reed switch
generation
1976 ESS-third . . e
. electronic time/digital stored program common control pulse code modulation
generation

Table 1.1 Types of End-Office Switching and Their Evolution
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The manual system required, of course, constant attention from operators (see Figure 1.3). In
the late 1800s, telephone calls were connected manually at the CO. When a call came in, an
attendant would plug into a horizontal bar line. He then would yell to the operator who handled the
customer being called, and that second operator would connect to the bar and finish setting up the
call. When the call was completed, another operator would yell to all in the room that the line was
clear again. The step-by-step system, which is still in operation in many parts of the country, utilized
what is known as the Strowger switch. The intelligence in the system was located in relays mounted
on each switch. The switch itself responded to the dial pulses of the rotary dial.

Figure 1.3 A Depiction of an Early (6{0]

The crossbar system was still electromechanical in nature, but the intelligence of the system
was separated from the actual switch. Thus, this common control could be used repeatedly to set up
and tear down calls and never sit idle.

When electronics came along, the electromechanical control of the common control system was
replaced with electronics, and the network, or matrix, was usually replaced with tiny
glass-encapsulated reed switches. Hence, only a part of the switch was electronic. In the next
generation, the stored program operation of a digital computer was applied to the switch, although
the network remained a complex of reed switches. In the final generation, called a digital switch, the
talking path was no longer an electrically continuous circuit; rather the speech being carried was
digitized into a stream of "1s" and "Os". Notice that this final generation depicted a significant
change from the previous generations in that there was no longer an electrical talking path through
the switch. We were, in fact, operating in a digital (rather than analog) domain.

However, whether the system was analog or digital, one thing must be recognized: there was an
actual talking path—a circuit—from the calling party to the called party. This talking path was
established at the beginning of a call and held for the duration of a call. We call it circuit switching.
This system is not actually efficient. When I am talking, you are listening, and the circuit is being
used in only one direction—that is, 50 percent. When you are talking and I am listening, it is still 50
percent. When neither of us is talking, or when there is silence between words, the efficiency is 0

percent.
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There is, however, a different kind of connection, and we see it today in a number of
applications:

® credit-card verification

® automated teller machine

® SS7

® Internet and the World Wide Web

This system is called packet switching (as opposed to circuit switching). In a packet-switching
system, the information being transmitted (be it data or digitized voice) is not sent in real time over a
dedicated circuit; rather it is stored in a nearby computer until a sufficiently sized packet is on hand.
Then a very smart computer seizes a channel heading in the general direction of the destination, and
that packet of data is transmitted at very high speeds. Then the channel is released. So, except for
some necessary supervisory information (destination, error checking codes, etc.) the channel is 100
percent efficient. When the distant station gets that message no more than a few milliseconds later, it
responds with the necessary handshaking information—again, by accumulating a packet of data,
seizing a channel, and bursting the information out over that channel. Again, 100 percent efficient.

As mentioned earlier, the packet networks in the world (actually overlay networks to the PSTN)
are being used extensively for data; only recently are we seeing them being used for voice. As

systems are perfected, this also will change.

Notes

(1) Thus, by 1885 Vail had established a vertically integrated supply division, a network of
companies licensed by the parent, and a strong research and development arm.

PROC: P, ) 1885 4F, Vall REEV T MEEAMKGEHBRN AT, XA b
N TR A R ML, e BATRKETR &,

(@) However, the great asset of AT&T, which became the official name of the company at the
end of 1899, was the control of all the long-distance circuits and its steadfast refusal to interconnect
any other company to it.

B AR, AT&T &HERMIR > T et prf KIg ke fIiR 4], RN, g Eihig!s
WA FEAT I . 45 1899 SR, AT&T HL 2 i) M ERZHK.

3 He recognized that the best demonstration of AT&T not being in a monopoly position was
to point to thousands of independents apparently operating in harmony.

B M (38 AT&T BIE 53 Nathan C. Kingsbury) AIHBIR AT&T BF 4b T 2 Mt
FIBAE VR T AT BT S A R RE .

@ A communication system is that designed to transmit information.
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® modem, FHIEFIE, MU THBIE (modulator) MEHIE (demodulator).

® In a Tl system, an analog voice channel is sampled 8 000 times per second, and each

sample is encoded into a 7-bit byte. Twenty-four such channels are mixed on these two copper pairs



