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LESSON 1 The Progressive Push

TEXT

Evolution of Telecommunications Networks

The first phase in the evolution of communication networks
is dominated by the wide spread of telephony and covers over 90
years (see Fig. 1. 1). However, the telegraph preceded the
telephone by more than 30 years and the teletypewriter by half a
century. In 1844, Samuel Morse, the telegraph’s inventor, sent
the first telegraph message from Washington D. C. to his
colleague Alfred Vail in Baltimore, Maryland. Shortly after the
invention of the telephone by Alexander Graham Bell in 1876, it
was realized that telephone wires had to converge on central
points where telephone-to-telephone connections could be made'.
These points were manual switch-boards, staffed by operators.
This was followed by the introduction of electromechanical
switching and in 1889, Almond B. Strowger invented the first
two-motion step-by-step switch. In a step-by-step switch, a call
was established and routed in a set of progressive
electromechanical steps, each under the direct control of the
user’s dialing pulses. It remained zs the workhorse of central
office switching well into the 1970s. The first crossbar switch
was used in 1932 in Sweden. The Bell System introduced the
No. 1 Crossbar System in 1938. Crossbar switching was carried
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out by a special circuit called a marker, which provided common
control of number entry and line selection for all calls®.

The golden age of automatic telephony occurred after World
War Il when the entire long—distance network was automated.
The invention of the transistor spurred the application of
electronics to switching systems and led to the deployment of the
first electronic switching in the late 1950s. Electronic switching
made it possible to design and build switches with greater
capacity’.

In the mid 1930s, analog point-to-point radio-relay
transmission was possible by extending high-frequency (HF)
communication technology into the very-high-frequency (VHF)
range. During World War II, the operating frequency bands of
the analog radio-relay systems were extended into the ultra-high-
frequency (UHF) range. The first link with over 100 repeater
stations was placed into commercial service in 1951 between New
York and San Francisco, operating in the 4 GHz band with a 20
MHz band. This was followed by a growth of medium and high-
capacity analog radio-relay systems worldwide. By the early
1970s, digital microwave radio had gained importance and, by
the 1980s, quadrature amplitude modulation (QAM) methods
were widely used as the modulation scheme for digital radio-relay
systems.

The second phase of networking, which occurred in the
1960s, included three major milestones: software switching,
digital transmission, and satellite deployment. In 1965,
American Telephone and Telegraph (AT&T )'introduced the
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first stored-program control (SPC) local switch, the 1 EES’
switching system. With the use of software control, a family of
custom calling services (speed calling, call waiting, call
forwarding and three-way calling, etc. ) was made possible. The
first software program for the 1 ESS switching system had
approximately 100, 000 lines of code; today switcnes may contain
ten million lines of code.

The principle of converting analog signals to digital signals
became popular with the introduction of pulse code modulation
(PCM); consequently, the known rate for telephone-quality
speech (4 KHz bandwidth) is 64 kbps®. During the 1960s and
1970s, a hierarchy of digital transmission chaunels based on the
64 kbps channel was established and still for.us the backbone of
today’s digital network. One of the popular digital transmission
systems 1s called the T1 carrier, which supports 24 voice
channels, each 64 kbps, resulting in a total of 1. 544 Mbps.

Satellite communication was first proposed in 1945 by the
British science fiction writer, Arthur C. Clarke. Satellite
communications became a reality with the launching of the
Russian satellite Sputnik® (in 1957) and the American satellite
Explorerf (in' 1958 ). The ATRT Telstar® was the first
experimental satellite capable of relaying television (TV)
programs across the Atlantic Ocean. It was launched from Cape
Canaveral (now Cape Kennedy)on July 1962, The first global civil
communications satellite, INTELSAT® I (Early Bird), was
launched in April 1965.

+ ESS is a trademark of AT&.T.



The third phase of the evolution of communication networks
occurred in the 1970s and is characterized by the introduction of
data networks and packet switching technology. The concept of
packet switching was first published in a 1964 report by Paul
Baran of the Rand Corporation for the U. S. Air Force. In 1966,
under the sponsorship of the Advanced Research Project Agency
(ARPA)"®of the U. S. Department of Defense (DOD), an
experimental packet-switching network, ARPANET, was set up
and was put into service in 1971. ARPANET "' led to the
development and the widespread use of packet switching
technology under the direction of Larry A. Roberts. Commercial
offerings of packet-switched services rapidly followed the lead of
the experimental networks, both in the United States and
abroad. For example, in 1973, Bolt, Beraneck and Newman
(BBN), Inc. founded TELENET, the first public packet-
switched network, linking host computers and dial-up terminal
users. The Canadian DATAPAC" network was developed during
the 1973—1977 period. The French Institute for information and
automatic research, in 1973, set up the CYCLADES! and
CIGALE" networks, As data networks advanced from terminal-
oriented systems to packet-switched, computer-to-computer
linkups, the protocols necessary to make networks function also
grew more complex'®, Two fundamental standards were essential -
for the advancement in data networks, The first is the American
Standard Code for Information Interchange (ASCII)'", which

was approved in 1964 and became the common method of coding

» ARPANET was retired as of July 1990 after over 20 years of service.
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data for communications. The second standard is the Electronics
Industries Association (EIA)'*recommended standard (RS) RS
— 232D. Its first version, issued in 1969, specified how the
encoded’ information would be transmitted by modem over a
telephone network?.

To achieve compatibility between computers and packet-
switched networks, the International Telegraph and Telephone
Consultative Committee? (CCITT” from the French acronym)
established a world-standard protocol, called X. 25 in 1976. This
led to several other international protocols for the
interconnections between data networks. The widespread
adoption of X. 25 opened the door for the growth of packet-
switched networks in the United States and other countries.
Working closely with CCITT, the International Organization of
Standardization (ISO )*® in 1978 approved its seven-layer
framework of protocols for data communications, called the
open-system-interconnection ( OSI )* reference model®*. The
purpose of the OSI reference model is to allow any computer
anywhere in the world to communicate with any other, as long as
both obey the OSI standards®.

This phase of networking is also characterized by the
introduction and wide acceptance of local area networks
(LANs). The oldest and best known of all LANs is the
Ethernet®, which started as a laboratory project in 1974 by R.
M. Metcalfe and his colleagues at Xerox Corporation’s Palo Alto

* As of 1993, CCITT has become the International Telecommunications Union-
Telecommunication Standardization Sector (ITU—TSS)
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Research Center. Ethernet was inspired largely by Alohanet?, a
packet-switched radio network developed by Norman Abramson
at the University of Hawaii.

The invention of the laser (which stands for light
amplification by simulated emission of radiation) in 1959 led to
major technical developments in the field of optical
communication. In 1970, Corning Glass Works reported on the
first low-loss optical fiber (doped-silica clad fiber) that achieved
20 dB/km loss.

The fourth phase of communication networking, which
began in 1980, is characterized by the availability of the
integrated services digital networks (ISDN ) and mobile
communications. ISDN can be regarded as a general-purpose
digital network capable of supporting a wide range of services
such as voice, data, and image. A key ingredient in ISDN is the
provision of a common integrated digital access between the
customer’s premises and the ISDN to support this multiplicity of
services.

Mobile communications entered a new era with the
introduction of the cellular concept. In 1981, the Federal
Communications Commission (FCC)? allocated 50 MHz of the
spectrum (824 — 849 MHz and 869 — 894 MHz) to mobile radio
cellular systems. By 1990, the U. S. cellular service has over five
million subscribers.

The four phases of the evolution of communications

networks are shown in Table 1. 1.
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TABLE 1.1

The Four Phases of Communications Networks

Integrated
Digital Data Digital
Telephony Network Networks Networks
Year 1880s 1960s 1970s 1980s
Type of traffic Voice Voice Data Voice, data
video, imaging
etc.
Switching Circuit Circuit Packet Circuit,
technology switching switching switching packet,
(analog) (digital) and fast packet
switching
Transmission Copper, Copper, Copper, Copper,
media then microwave, microwave , microwave,
microwave satellite satellite satellite,

fiber optics

NEW WORDS AND PHRASES

telecommunication ['telikamju (:) ni'keifan]

BAE GR), EL&HER

communication [ komju:ni’keifon] ». EiR, &

telephony [ti'lefoni] =». ## (), @i

telegraph ['teligra:f] =». B, BN
telephone ['telifoun] =.

n. BAEITF (B #l
n. ﬁa@\’ iﬁ;@\

teletypewriter
message [ 'mesid3]
connection [ka'nekfen ]
switchboard ['swit[bo:d] =
n. WFHR, RFA

operator [ opareita ]

electromechanical [i'lektroumi’kaenikal] a.

PLEL By, HEEIPLA A

n SH, B
a. HHH, BFH
n. W&, R,

switching ['switfig ]

step-by-step

switch [swit[]
L ] 8 L

n.

(EDRAEE Y

BiE (P, ZiESH

n. Eg’ ﬁ%’ &%
(BiE) XH|E

v. KE&’ @ﬁé



route [rut] vz, BEHEE, AEME » h, B
dialing pulse k5 Kk
crossbar {"krosba:] #n. #hEE, XX
marker ['maka] 2 FRELE, IS8
transistor [ tren’sista] »n. MiEE, SR =F%
spur [spa:] v, BB, 3 2 R R
electronics [ilek'troniks ] n. ¥ %, B-FLEE, B FIHLS
analog ['znalog] ». E#l, HEE
point-to-point HEA
radio-relay transmission JGZ%E d 4k L5y
transmission [trenz'mifen] n. 154y, ik
high-frequency (HF) =L
very ‘high-frequency (VHF) E &M
ultra-high-frequency (UHF) A &5 A
repeater [ri'piita] »n. HEXKFE, PHE3E
microwave ['maikroweiv] n.; a. HE (H)
quadrature ['kwodretfa] . IEZZ, 90°Mifi
quadrature amplitude modulation (QAM) 1F 3% i@ BE ¥ %l
software ['softwea| n. ¥#, X
satellite ['seetalait] »n. TR BMEE a.

TEK, K
program ['prougreem] n. BF, FE
service ['sawvis | n. W%, R%E
stored-program control (SPC) HiEBFEEH
pulse code modulation (PCM)  Jik b 4 55 78 41
speech [spiit[] =n. EH
bandwidth ['baendwid0] #. () #H K ()
hierarchy [‘hairaki] 2. 44&E, BIK



channel ['tfenl] n. i, B

carrier ['keeria] »n B |

packet ['pxkit] »n H, Hv HEEE
terminal [tominl] n. &4, ZIFIRE
information (info'meifon] #. {8, BHH, HEL
protocol ['proutakol] n. BHiY, BEXR
recommend [reka’mend] uwe. B, HHF
encode [in'koud] wv. S, W

transmit [trenz' mit] v. &%, k%
compatibility {kompata'biliti] ». IFFEEMH, HEH
interconnect ['intaka'nekt] wv.; n. MEEE, HE
open-system-interconnection (OSI) R EHKH %
local area networks (LANSs) J& 38,
laser ['leiza] n. ¥)t, A

optical [‘optikal] 4. JH

fiber ['faibal n. #H 4t

mobile ['moub (a) il] a. BEH, WHEHH
access ['®ekses] n. A, BEA

customer n. FHF'

cellular ['seljule] a. BERH, BIEH
spectrum [’spektroam] n. ¥

subscriber [sab’skraiba] n. B P

copper ['kops] =n.

converge on g£hF, BEE--L

be regarded as s E

as long as RE, mE
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