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Unit 1

Text A

History of Telecommunication

The history of telecommunication began with the use of smoke signals and drums in Africa, the
Americas and parts of Asia. In the 1790s, the first fixed semaphore systems emerged in Europe;
however it was not until the 1830s that electrical telecommunication systems started to appear. This
article details the history of telecommunication and the individuals who helped make telecommunication
systems what they are today. The history of telecommunication is an important part of the larger history

of communication.

1. Ancient systems and optical telegraphy

") were used by

Early telecommunications included smoke signals and drums. Talking drums
natives in Africa, New Guinea and South America, and smoke signals in North America and China.
Contrary to what one might think, these systems were often used to do more than merely announce
the presence of a military camp.

During the Middle Ages, chains of beacons were commonly used on hilltops as a means of
relaying a signal. Beacon chains suffered the drawback that they could only pass a single bit of
information, so the meaning of the message such as “the enemy has been sighted” had to be agreed
upon in advance. One notable instance of their use was during the Spanish Armada, when a beacon
chain relayed a signal from Plymouth to London that signaled the arrival of the Spanish
warships. %/

French engineer Claude Chappe began working on visual telegraphy in 1790, using pairs of
“clocks” whose hands pointed at different symbols. These did not prove quite viable at long
distances, and Chappe revised his model to use two sets of jointed wooden beams. Operators moved

the beams using cranks and wires. He built his first telegraph line between Lille and Paris, followed

by a line from Strasbourg to Paris (see Figure 1-1) .
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However, semaphore as a communication system suffered from the need for skilled operators
and expensive towers often at intervals of only ten to thirty kilometers. As a result, the last commercial

line was abandoned in 1880.

2. Electrical telegraph

Experiments on communication with electricity, initially unsuccessful, started in about
1726. Scientists including Laplace, Ampere, and Gauss were involved. The first working telegraph
was built by Francis Ronalds in 1816 and used static electricity.

Charles Wheatstone and William Fothergill Cooke patented a five-needle, six-wire system,
which entered commercial use in 1838. It used the deflection of needles to represent messages and
started operating over twenty-one kilometers of the Great Western Railway on April 9, 1839. Both
Wheatstone and Cooke viewed their device as “an improvement to the [ existing] electromagnetic
telegraph” not as a new device.

On the other side of the Atlantic Ocean, Samuel Morse developed a version of the electrical
telegraph which he demonstrated on September 2, 1837. Alfred Vail saw this demonstration and
joined Morse to develop the register—a telegraph terminal that integrated a logging device for
recording messages to paper tape. This was demonstrated successfully over three miles (five kilometers)
on January 6, 1838 and eventually over 40 miles (64 kilometers) between Washington, D. C. and
Baltimore on May 24, 1844. The patented invention proved lucrative and by 1851 telegraph lines in
the United States spanned over 20, 000 miles (32, 000 kilometers). Morse’s most important
technical contribution to this telegraph was the simple and highly efficient Morse Code, co-developed

with Vail, which was an important advance over Wheatstone’s more complicated and expensive
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system, and required just two wires. >’ The communications efficiency of the Morse Code preceded
that of the Huffman code in digital communications by over 100 years, but Morse and Vail developed

the code purely empirically, with shorter codes for more frequent letters.

3. Telephone

The electric telephone was invented in the 1870s; it was based on earlier work with harmonic
(multi-signal ) telegraphs. The first commercial telephone services were set up in 1878 and 1879 on
both sides of the Atlantic in the cities of New Haven and London. Alexander Graham Bell held the
master patent for the telephone that was needed for such services in both countries. All other patents
for electric telephone devices and features flowed from this master patent. Credit for the invention of
the electric telephone has been frequently disputed, and new controversies over the issue have arisen
from time-to-time. As with other great inventions such as radio, television, the light bulb, and the
digital computer, there were several inventors who did pioneering experimental work on voice
transmission over a wire, who then improved on each other’s ideas. "*' However, the key innovators
were Alexander Graham Bell and Gardiner Greene Hubbard, who created the first telephone company,
the Bell Telephone Company in the United States, which later evolved into American Telephone &
Telegraph (AT&T) , at times the world’s largest phone company.

The first commercial telephone services were set up in 1878 and 1879 on both sides of the
Atlantic in the cities of New Haven, Connecticut, and London, England. The technology grew
quickly from this point, with inter-city lines being built and telephone exchanges in every major city
of the United States by the mid-1880s. The First transcontinental telephone call occurred on January
25, 1915. Despite this, transatlantic voice communication remained impossible for customers until

January 7, 1927 when a connection was established using radio.

4. Radio and television

Over several years starting in 1894 the Italian inventor Guglielmo Marconi built the first complete,
commercially successful wireless telegraphy system based on airborne electromagnetic waves (radio
transmission ). In December 1901, Marconi established wireless communication between St. John’s,
Newfoundland and Poldhu, Cornwall ( England), earning him a Nobel Prize in Physics ( which he
shared with Karl Braun). In 1900 Reginald Fessenden was able to wirelessly transmit a human
voice.

For most of the twentieth century televisions used the cathode ray tube invented by Karl
Braun. The first version of such a television to show promise was produced by Philo Farnsworth, who
demonstrated crude silhouette images to his family in Idaho on September 7, 1927. Farnsworth’s
device would compete with the concurrent work of Kalman Tihanyi and Vladimir Zworykin. Though
the execution of the device was not yet what everyone hoped it could be, it earned Farnsworth a
small production company. In 1934, he gave the first public demonstration of the television at
Philadelphia’s Franklin Institute and opened his own broadcasting station.

After mid-century the spread of coaxial cable and microwave radio relay allowed television
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networks to spread across even large countries.

Television is not solely a technology limited to its basic and practical application. It functions
both as an appliance, and also as a means for social story telling and message dissemination. It is a
cultural tool that provides a communal experience of receiving information and experiencing fantasy. It
acts as a “window to the world” by bridging audiences from all over through programming of stories ,

triumphs, and tragedies that are outside of personal experiences.

5. Satellite

The first U. S. satellite to relay communications was Project SCORE in 1958, which used a tape
recorder to store and forward voice messages. It was used to send a Christmas greeting to the world
from U. S. President Dwight D. Eisenhower.

Telstar was the first active, direct relay commercial communications satellite. Belonging to
AT&T as part of a multi-national agreement among AT&T, Bell Telephone Laboratories, NASA | the
British General Post Office, and the French National PTT ( Post Office) to develop satellite
communications, it was launched by NASA from Cape Canaveral on July 10, 1962, the first privately
sponsored space launch. Relay 1 was launched on December 13, 1962, and became the first satellite
to broadcast across the Pacific on November 22, 1963.

The first and historically most important application for communication satellites was in
intercontinental long distance telephony. The fixed Public Switched Telephone Network relays
telephone calls from land line telephones to an earth station, where they are then transmitted a
receiving satellite dish via a geostationary satellite in Earth orbit. Improvements in submarine
communications cables, through the use of fiber-optics, caused some decline in the use of satellites
for fixed telephony in the late 20th century, but they still exclusively service remote islands such as
Ascension Island, Saint Helena, Diego Garcia, and Easter Island, where no submarine cables are in

service.

6. Computer networks and the Internet

On September 11, 1940, George Stibitz was able to transmit problems using Teletype 1 to his
Complex Number Calculator in New York City and receive the computed results back at Dartmouth
College in New Hampshire. This configuration of a centralized computer or mainframe with remote
dumb terminals remained popular throughout the 1950s. However, it was not until the 1960s that
researchers started to investigate packet switching—a technology that would allow chunks of data to
be sent to different computers without first passing through a centralized mainframe. A four-node
network emerged on December 5, 1969 among the University of California, Los Angeles, the
Stanford Research Institute, the University of Utah and the University of California, Santa Barbara. This
network would become ARPANET, which by 1981 would consist of 213 nodes. In June 1973, the
first non-U. S. node was added to the network belonging to Norway’s NORSAR project. This was
shortly followed by a node in London.

ARPANET’s development centered on the Request for Comment ( RFC)"’ process and on
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April 7, 1969, RFC 1 was published. This process is important because ARPANET would eventually
merge with other networks to form the Internet and many of the protocols the Internet relies upon
today were specified through this process. In September 1981, RFC 791 introduced the Internet
Protocol v4 (IPv4) and RFC 793 introduced the Transmission Control Protocol ( TCP)—thus
creating the TCP/IP protocol that much of the Internet relies upon today. A more relaxed transport
protocol that, unlike TCP, did not guarantee the orderly delivery of packets called the User
Datagram Protocol ( UDP) was submitted on 28 August 1980 as RFC 768. An e-mail protocol,
SMTP, was introduced in August 1982 by RFC 821 and http: //1. 0 a protocol that would make the
hyperlinked Internet possible was introduced in May 1996 by RFC 1945.

Internet access became widespread late in the 20th century, using the old telephone and television

networks.
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Notes

[1]

[2]

(3]

[4]

(5]

Talking drum (f5E87) : VAR —MOIEARIR DTG 98, n] DLid i A o i 9 1 R B0 A
FAEE IR AR, WL AR 815 S

One notable instance of their use was during the Spanish Armada, when a beacon chain relayed
a signal from Plymouth to London that signaled the arrival of the Spanish warships.

Spanish Armada; JCHEUBAZEZIA 150 L4 EARERML, 3000 43T TR, BT+ =
ARSI TR E BN, Bl R BAAT T A L o 33X SO AR AT T M vh ¥ RV, MR
HWHFRA “TCBABL”

AR RGE . RTIE S KT A9 — AR M2 (4 1) 52 A2 v PR SF JO RO A 4, 2 —
i ER A5 KT LS 304 3 B4 B0 7R 3 1 DY PR O A 21k

Morse’s most important technical contribution to this telegraph was the simple and highly
efficient Morse Code, co-developed with Vail, which was an important advance over
Wheatstone’s more complicated and expensive system, and required just two wires.

Morse code B /R 3T & — it s 38 B DT 119 15 -5 AR A , AN B HEF 0 e oK 2 35 A [R] 1Y 2
CFRE | BF R AT . ERWIT 1837 4, KMIEASIL, REEANIEZR - BUR
el WORIFEDE - 4i/R , SRS 2 — M R R ECAE E R, (HR e AR T AR

FUREAT 0 A1 PIARIRZS B —BERIACH, B Tom . 0 R ORI [ 4
AT A (FE AR Z 8] | BRI 2 8] AR A S L R ) 22 T Y
154

AR R . BRI T R i A0 SRR - 5 K — [ B A 7R BT EL e
FORWrAS, A EPIAR BRI TS, X EfEE MR R H B RN RS E—KE R
Rt

As with other great inventions such as radio, television, the light bulb, and the digital computer,
there were several inventors who did pioneering experimental work on voice transmission over a
wire, who then improved on each other’s ideas.

as with N “IEAQN, Heeo R, - SRUL” 5 AR who 51PN E TR A B A
SE471A) inventors
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RFC (Request for Comments) : J&—FR 5 A% & HEE B9 3CHF . SO T4 E B IR M HY)
FHOCAR B, LAK UNIX B I 4 DX FR P SC 4. B HT RFC SCHFJ2 B Internet Society
(ISOC) BB RATHY . FEAS I EI5 PE 15 PR slrE RFC SO AR TR

Questions for Discussion

1. What’s the main idea of this text?

2. What do you learn about the first commercial telephone?

3. How did Samuel Morse contribute to the development of telegraph?
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Text B

Biography of Heinrich Hertz'""

In a series of brilliant experiments Heinrich Hertz''' discovered radio waves and established that
James Clerk Maxwell’s theory of electromagnetism is correct. Hertz also discovered the photoelectric
effect'?’ | providing one of the first clues to the existence of the quantum world. The unit of frequency,

the hertz, is named in his honor.

1. School

Aged six, Heinrich began at the Dr. Wichard Lange School in Hamburg. This was a private
school for boys run by the famous educator Friedrich Wichard Lange. The school operated without
religious influence; it used child-centered teaching methods, taking account of students’ individual
differences. It was also strict; the students were expected to work hard and compete with one another
to be top of the class. Heinrich enjoyed his time at school, and indeed was top of his
class. Unusually, Dr. Lange’s school did not teach Greek and Latin—the classics—needed for
university entry. The very young Heinrich had told his parents he wanted to become an engineer. When
they looked for a school for him, they decided that Dr. Lange’s alternative focus, which included the
sciences, was the best option.

Heinrich’s mother was especially passionate about his education. Realizing he had a natural
talent for making things and for drawing, she arranged draftsmanship lessons for him on Sundays at a

technical college. He started these aged 11.

2. Homeschool and Building Scientific Apparatus

Aged 15, Heinrich left Dr. Lange’s school to be educated at home. He had decided that perhaps
he would like to go to university after all. Now he received tutoring in Greek and Latin to prepare him
for the exams.

He excelled at languages, a gift he seems to have inherited from his father.

Professor Redslob, a language specialist who gave Heinrich some tuition in Arabic, advised his
father that Heinrich should become a student of oriental languages. Never before had he met anyone
with greater natural talent.

Heinrich also began studying the sciences and mathematics at home, again with the help of a
private tutor. He had a colossal appetite for hard work. His mother said, “When he sat with his
books nothing could disturb him or draw him away from them” .

Although he had left his normal school, he continued attending the technical college on Sunday
mornings. In the evenings he worked with his hands. He learned to operate a lathe. He built models,
and then began constructing increasingly sophisticated scientific apparatus, such as a spectroscope. He

used this apparatus to do his own physics and chemistry experiments.
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3. Becoming a Scientist

(1) Physics in Munich

In spring 1876, aged 19, he moved again, to Dresden, to study engineering. After only a few
months he was drafted into the army for a year’s compulsory service. After completing his army
service, the 20-year-old Hertz moved to Munich to begin an engineering course in October 1877. A
month later, after much internal anguish, he dropped out of the course. He had decided that above
all else he wanted to become a physicist. Then he enrolled at the University of Munich, choosing
courses in advanced mathematics and mechanics, experimental physics, and experimental
chemistry. After a successful year at Munich he moved to the University of Berlin because it had
better physics laboratories than Munich.

(2) Berlin, Helmholtz, and Recognition

In Berlin, aged 21, Hertz began working in the laboratories of the great physicist Hermann von
Helmbholtz.

Helmholtz must have recognized a rare talent in Hertz, immediately asking him to work on a
problem whose solution he was particularly interested in. The problem was the subject of a fierce
debate between Helmholtz and another physicist by the name of Wilhelm Weber.

The University of Berlin’s Philosophy Department, with Helmholtz’s encouragement, had offered
a prize to anyone who could solve the problem; Does electricity move with inertia? Alternatively, we
could frame the question in the form: Does electric current have mass? Or, as framed by Hertz.
Does electric current have kinetic energy?

Hertz started work on the problem and quickly fell into a pleasant routine; Attending a lecture
each morning in either analytical dynamics or electricity & magnetism, carrying out experiments in
the laboratory until 4pm, then reading, calculating, and thinking in the evening.

He personally designed experiments which he thought would answer Helmholtz’s question. He
began to really enjoy himself, writing home :

“I cannot tell you how much more satisfaction it gives me to gain knowledge for myself and for

”

others directly from nature, rather than to be merely learning from others and myself alone.

4. The Prize

In August 1879, aged 22, Hertz won the prize—a gold medal. In a series of highly sensitive
experiments he had demonstrated that if electric current has any mass at all, it must be incredibly
small. We have to bear in mind that when Hertz carried out this work the electron—the carrier of
electric current—had not even been discovered. J. J. Thomson’s discovery was made in 1897, 18
years after Hertz’s work.

Other physicists began to notice just how dazzling Hertz’s work had been—the young student
had put together experiments at the forefront of physics, personally modifying apparatus as needed.
His practical skills, developed at home in the evenings, were proving to be priceless. His

prize-winning work was published in the prestigious journal Annalen der Physik.
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Recognizing the incredible talent he had in his laboratory, Helmholtz now asked Hertz to
compete for a prize offered by the Berlin Academy; Verifying James Clerk Maxwell’s theory of
electromagnetism. Maxwell had stated in 1864 that light was an electromagnetic wave and that other

types of electromagnetic wave could exist.

5. Doctor of Physics

Hertz declined this project; he believed the attempt, with no guarantee of success, would take
several years of work. He was ambitious and wanted to publish new results quickly to establish his
reputation.

Instead of working for the prize, he carried out a masterful three-month project on electromagnetic
induction. He wrote this up as a thesis. In February 1880, at the age of 23, his thesis brought him
the award of a doctorate in physics. Helmholtz quickly appointed him as an assistant professor. Later
that year Hertz wrote

“I grow increasingly aware, and in more ways than expected, that I am at the center of my own
field; and whether it be folly or wisdom, it is a very pleasant feeling. ”

Hertz stayed in Helmholtz’s laboratory until 1883, during which time he published 15 papers in

academic journals.

6. Mathematical Physics at Kiel

Hertz was a gifted experimental physicist, but competition to secure a lectureship at Berlin was
high. Instead, with Helmholiz’s support, Hertz became a lecturer in mathematical physics at the
University of Kiel. This position, theoretical rather than experimental, extended his abilities. At Kiel
he began to get to grips with Maxwell’s equations, writing in his diary;

“Hard at Maxwellian electromagnetism in the evening. Nothing but electromagnetism. ”

—HEINRICH HERTZ
Diary, May 1884

The result of Hertz’s work was a highly regarded paper comparing Maxwell’s electromagnetic
theory with competing theories. He concluded that Maxwell’s theory looked the most promising. In fact
he reworked Maxwell’s equations into a more convenient form.

He later wrote

“From the start, Maxwell’s theory was the most elegant of all. .. the fundamental hypothesis of
Maxwell’s theory contradicted the usual views, and was not supported by evidence from decisive
experiments. ”

—Heinrich Hertz
Diary, May 1884

7. The Discovery of Radio Waves

(1) Well-Equipped Laboratories and Attacking the Greatest Problem

In March 1885, desperate to return to experimental physics, Hertz moved to the University of
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Karlsruhe. Aged 28, he had secured a full professorship. He was actually offered two other full
professorships, a sign of his flourishing reputation. He chose Karlsruhe because it had the best
laboratory facilities.

Wondering about which direction his research should take, his thoughts drifted to the prize work
Helmholtz had failed to persuade him to do six years earlier; proving Maxwell’s theory by
experiment. Hertz decided that this mighty undertaking would be the focus of his research at Karlsruhe.

(2) A Spark That Changed Everything

After some months of experimental trials, the apparently unbreakable walls that had frustrated
all attempts to prove Maxwell’s theory began crumbling.

It started with a chance observation early in October 1886, when Hertz was showing students
electric sparks. Hertz began thinking deeply about sparks and their effects in electric circuits. He
began a series of experiments, generating sparks in different ways.

He discovered something amazing. Sparks were producing a regular electrical vibration within
the electric wires they jumped between. The vibration moved back and forth more often every second
than anything Hertz had ever encountered before in his electrical work.

He knew the vibration was made up of rapidly accelerating and decelerating electric charges. If
Maxwell’s theory were right, these charges would radiate electromagnetic waves which would pass

through air just as light does.

8. Producing and Detecting Radio Waves

In November 1886 Hertz constructed the apparatus shown in Figure 1-2.

Figure 1-2

The Oscillator. At the ends are two hollow zinc spheres of diameter 30 cm. The spheres are each
connected to copper wires which run Into the middle where there is a gap for sparks to jump between.

He applied high voltage A. C. electricity across the central spark-gap, creating sparks.

The sparks caused violent pulses of electric current within the copper wires. These pulses
reverberated within the wires, surging back and forth at a rate of roughly 100 million per second.

As Maxwell had predicted, the oscillating electric charges produced electromagnetic waves—
radio waves—which spread out through the air around the wires. Some of the waves reached a loop of
copper wire 1.5 meters away, producing surges of electric current within it. These surges caused
sparks to jump across a spark-gap in the loop.

This was an experimental triumph. Hertz had produced and detected radio waves. He had passed
electrical energy through the air from one device to another one located over a meter away. No

connecting wires were needed.
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“I do not think that wireless waves I have discovered will have any practical application. ”

Heinrich Hertz, 1890.

9. Taking It Further

Over the next three years, in a series of brilliant experiments, Hertz fully verified Maxwell’s
theory. He proved beyond doubt that his apparatus was producing electromagnetic waves, demonstrating
that the energy radiating from his electrical oscillators could be reflected, refracted, produce
interference patterns, and produce standing waves just like light.

Hertz’s experiment’s proved that radio waves and light waves were part of the same family,
which today we call the electromagnetic spectrum. Strangely, though, Hertz did not appreciate the
monumental practical importance of the electromagnetic waves he had produced.

This was because Hertz was one of the purest of pure scientists. He was interested only in designing
experiments to entice nature to reveal its mysteries to him. Once he had achieved this, he would
move on, leaving any practical applications for others to exploit.

The waves Hertz first generated in November 1886 quickly changed the world.

By 1896 Guglielmo Marconi' had applied for a patent for wireless communications. By 1901 he
had transmitted a wireless signal across the Atlantic Ocean from Britain to Canada.

Hertz’s discovery was the foundation stone for much of our modern communications
technology. Radio, television, satellite communications, and mobile phones all rely on it. Even
microwave ovens use electromagnetic waves: The waves penetrate the food, heating it quickly from
the inside.

Our ability to detect radio waves has also transformed the science of astronomy. Radio astronomy

173

has allowed us to “see” features we can’t see in the visible part of the spectrum. And because

lightning emits radio waves, we can even listen to lightning storms on Jupiter and Saturn. Scientists

and non-scientists alike owe a lot to Heinrich Hertz.

New Words
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Notes

[1] Heinrich Hertz: ¥R BEA - &6 K - #5724 (Heinrich Rudolf Hertz, 1857—1894) , 7 [%
PHLF52, T 1888 4F T JCiiE st T LG AF e, XFHLRES A IR R I BTlk, MR [ B
P T BT AR 2% LML) 44 AR 44

[2] The Photoelectric Effect; YGHRN EYBlArh— N EM AT OIS, 76 T34 e
R RGBT, FE ey 5T N R Y B SO0 UK R TR SRR, BDGAE L
SIS 7 [ A3 SRR %% T 1887 AR R B, T IE A ) A R Ok 2 RIS BT H o L ZEDE
UGN (AR, W3 DG T i B T IR AR T, 3O Ok
SRS R AT B

[3] Guglielmo Marconi: frF/R5 - A JE ( Guglielmo Marconi, 1874—1937), 1874 4 4 H
25 HAETHREEW., BRI TREM, & TN JoZk i i A IR RNkt s 1909 434 D
IR AT T, BFR “ B2 A7,

Questions for Discussion

1. How did Heinrich learn Greek and Latin? Why?
2. What kind of routine did Hertz fall into at the University of Berlin?
3. How did he prove Maxwell’s theory?
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Text A

Mobile Wireless Overview

A fast-paced technological transition is occurring today in the world of internetworking. This
transition is marked by the convergence of the telecommunications infrastructure with that of IP data
networking to provide integrated voice, video, and data services.

As this transition progresses, the corresponding standards are continuing to evolve and many
new standards are being developed to enable and accelerate this convergence of telecommunications

and IP networking to mobilize the Internet and provide new multimedia services.

1. Introduction to Mobile Wireless Technology

The technologies related to wireless communication can be complex to differentiate. Wireless
technology has been around for a while; however, there has been a relatively recent and rapid surge
in the evolution of new wireless standards to support the convergence of voice, video and data
communication. Much of this rapid evolution, or revolution, is a result of people seeking ubiquitous
and immediate access to information and the assimilation of the Internet into business practices and
for personal use. People “on the go” want their Internet access to move with them, so that their
information is available at anytime, anywhere.

There are many factors that can be used to characterize wireless technologies

® Spectrum, or the range of frequencies in which the network operates.

® Transmission speeds supported.

® Underlying transmission mechanism, such as frequency division multiple access (FDMA) ,
time division multiple access (TDMA) , or code division multiple access (CDMA).

® Architectural implementation, such as enterprise based (or in-building) , fixed, or mobile.

In addition, the mobile wireless technologies, such as Global System for Mobile Communications

(GSM), TDMA, CDMA are differentiated by a number of different factors, including some of the

13
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following ;

® Control of the transmitted power;

® Radio resource management and channel allocation ;

® (Coding algorithms;

® Network topology and frequency reuse;

® Handoff mechanisms.

As suggested by its name, mobile wireless communication addresses those wireless technologies
that support mobility of a subscriber, which provide seamless and real-time services without
interruption. "' Mobile wireless technologies support network access whether subscribers roam within

or outside their home wireless coverage area.

2. Overview of Basic Network Elements Associated with Cellular Networks
and Mobile Wireless

This section provides a brief introduction to a few of the basic network components associated
with the existing telecommunications infrastructure. It specifically discusses the existing mobile
wireless network infrastructure components for TDM-based wireless networks, some of which eventually
will be replaced by new IP-based components.

In the early 1980s, support for mobile wireless communications was introduced using cellular
networks, which were based on analog technologies such as AMPS"?'. Many of the telecommunications
entities associated with cellular networks still play a vital role in today’s wireless networks. As
wireless communications technologies continue to progress and IP data networking is further integrated
into the existing infrastructure, some of the functions of these entities might still exist within the
network , but will be implemented in different and more effective ways.

The following network elements are part of a typical cellular telecommunications network

® public switched telephone network (PSTN) ;

® mobile switching center (MSC) ;

® base station (BS) ;

® radio access network (RAN) ;

® home location register (HLR) ;

® visitor location register (VLR) ;

e authentication center (AUC). "

(1) Public Switched Telephone Network ( PSTN)

The PSTN is the foundation and remains the predominant infrastructure that currently supports
the connection of millions of subscribers worldwide. The PSTN has several thousands of miles of
transmission infrastructure, including fixed land lines, microwave, and satellite links. After the
introduction of cellular telephone systems in the early and mid-1980s, and with the rapid development
of mobile wireless communication services, the PSTN still provides the fixed network support using
the Signaling System Number 7 (SS7) protocol to carry control and signaling messages in a packet-

switched environment.
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(2) Mobile Switching Center ( MSC)

The MSC, usually located at the Mobile Telephone Switching Office (MTSO), is part of the
mobile wireless network infrastructure that provides the following services

® Switches voice traffic from the wireless network to the PSTN if the call is a mobile-to-landline
call, or it switches to another MSC within the wireless network if the call is a mobile-to-mobile call.

® Provides telephony switching services and controls calls between telephone and data systems.

® Provides the mobility functions for the network and serves as the hub for up to as many as
100 BSs. More specifically, the MSC provides the following functions

® Mobility management for the subscribers (to register subscribers, to authenticate and authorize
the subscribers for services and access to the network, to maintain the information on the temporary
location of the subscribers so they can receive and originate voice calls).

In GSM, some of the functionality of the MSC is distributed to the Base Station Controller
(BSC). In TDMA, the BSC and the MSC are integrated.

® (all setup services (call routing based on the called number). These calls can be to another
mobile subscriber through another MSC, or to a landline user through the PSTN.

® (Connection control services, which determine how calls are routed and establishes trunks to
carry the bearer traffic to another MSC or to the PSTN.

® Service logic functions, which route the call to the requested service for the subscriber, such
as an800 service, call forwarding, or voicemail.

® Transcoding functions, which decompress the voice traffic from the mobile device going to
the PSTN and compresses the traffic going from the PSTN to the mobile device.

(3) Base Station (BS)

The BS is the component of the mobile wireless network access infrastructure that terminates the
air interface over which the subscriber traffic is transmitted to and from a mobile station (MS). In
GSM-based networks, the BS is called a base transceiver station ( BTS).

(4) Radio Access Network ( RAN)

The RAN identifies the portion of the wireless network that handles the radio frequencies
(RF), radio resource management (RRM) , which involves signaling, and the data synchronization
aspects of transmission over the air interface.

In GSM-based networks, the RAN typically consists of BTSs and base station controllers
(BSCs). User sessions are connected from a mobile station to a BTS, which connects to a BSC. The
combined functions of the BTS and BSC are referred to as the base station subsystem ( BSS) e

(5) Home Location Register (HLR)

The HLR is a database that contains information about subscribers to a mobile network that is
maintained by a particular service provider. In addition, for subscribers of a roaming partner, the
HLR might contain the service profiles of visiting subscribers.

The MSC uses the subscriber information supplied by the HLR to authenticate and register the
subscriber. The HLR stores “permanent” subscriber information ( rather than temporary subscriber

data, which a VLR manages) , including the service profile, location information, and activity status
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of the mobile user.

(6) Visitor Location Register ( VLR)

The VIR is a database that is maintained by an MSC, to store temporary information about
subscribers who roam into the coverage area of that MSC.

The VLR, which is usually part of an MSC, communicates with the HLR of the roaming subscriber
to request data, and to maintain information about the subscriber’s current location in the network.

(7) Authentication Center ( AUC)

The AUC provides handset authentication and encryption services for a service provider. In most
wireless networks today, the AUC is collocated with the HLR, and is often implemented as part of
the HLR complex.

3. Model for IP Integration into Mobile Wireless

The standards for the integration of 1P data networking with the existing telecommunications
infrastructure are rapidly developing and beginning to be realized in today’s production networks.

Figure 2-1 shows a model for IP integration based upon the current industry direction and
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Figure 2-1  IP Integration Phases in Mobile Wireless
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reflects some of the latest ideas within the Mobile Wireless Internet Forum ( MWIF). The MWIF is
a pre-standards consortium for service providers and suppliers to collaborate on the implementation of
IP-based mobile wireless networks. The MWIF influences the standards bodies such as 3GPP and
3GPP2 to successfully adopt new implementations.

In particular, Figure 2-1 shows where Cisco Systems’ GGSN product for GSM networks fits into
the model.

The top two quadrants in Figure 2-1 show where we are today in the telecommunications and TP
data services infrastructures. The first quadrant represents the first phase of these infrastructures
based on circuit-switched voice and data services. The beginnings of a core IP transport for voice and
data integration can be built using Cisco Systems V. 110 solutions.

The second quadrant depicts the implementation phase of 2G + technologies, such as GPRS,
supporting higher transmission speeds. In this quadrant, the Cisco Systems GGSN provides IP packet
data services. It acts as an IP gateway for access to the Internet and other public and private data
networks for traffic that is initiated in a GSM-based mobile environment. The services anticipated in
this phase include implementingalways-on data services and enabling operators to charge by packet
rather than connect time. Similar services are supported by Packet Data Services Node (PDSN) , for
CDMA-based wireless networks.

The third quadrant represents phase three of the integration of IP networking where voice and
data are consolidated onto a packet-based infrastructure from the RAN or radio network control
(RNC) outward. This is considered a 3G solution. Phase three enables integrated voice and data
applications and reduces costs. In addition, some of the components or functions of the MSC
are distributed.

The fourth quadrant represents the final phase, which includes 3G services plus the implementation
of IP-based radio and mobility components to develop a true end-to-end, all-IP wireless network

solution.

New Words
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Notes

[1] As suggested by its name, mobile wireless communication addresses those wireless technologies

[2]

[3]

that support mobility of a subscriber, which provide seamless and real-time services without
interruption.
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Questions for Discussion

1. What are the basic elements of wireless technologies?

2. What components is a typical cellular telecommunications network made up of?

3. What is MSC? What does it serve as in the mobile wireless network infrastructure?

4. What is HLR and VLR? What are their functions?
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Text B

2G, 3G, 4G, 4G LTE, 5G—What Are They?

Quite simply, the “G” stands for Generation, as in the next generation of wireless technolo-
gies. Each generation is supposedly faster, more secure and more reliable. The reliability factor is the
hardest obstacle to overcome. 1G was not used to identify wireless technology until 2G, or the second
generation, was released. That was a major jump in the technology when the wireless networks went
from analog to digital. It’s all uphill from there. 3G came along and offered faster data transfer
speeds, at least 200 Kilobits per second, for multi-media use and was a long time standard for
wireless transmissions regardless of what you heard on all those commercials.

It is still a challenge to get a true 4G connection, which promises upwards of a 1Gbit/s,
Gigabit per second, transfer rate if you are standing still and in the perfect spot. 4G LTE'" comes
very close to closing this gap. True 4G on a wide spread basis may not be available until the next

generation arrives. 5G?

1. What Are the Standards of the G’s?

Each of the Generations has standards that must be met to officially use the G terminology. Those
standards are set by, you know, those people that set standards. The standards themselves are quite
confusing but the advertisers sure know how to manipulate them. T will try to simplify the terms a bit.

1G. A term never widely used until 2G was available. This was the first generation of cell phone
technology. Simple phone calls were all it was able to do.

2G. The second generation of cell phone transmission. A few more features were added to the
menu such as simple text messaging.

3G. This generation set the standards for most of the wireless technology we have come to know
and love. Web browsing, e-mail, video downloading, picture sharing and other smartphone technology
were introduced in the third generation. 3G should be capable of handling around 2 Megabits
per second.

4G. The speed and standards of this technology of wireless needs to be at least 100 Megabits
per second and up to 1 Gigabit per second to pass as 4G. It also needs to share the network resources
to support more simultaneous connections on the cell. As it develops, 4G could surpass the speed of
the average wireless broad and home Internet connection. Few devices were capable of the full throttle
when the technology was first released. Coverage of true 4G was limited to large metropolitan areas.
Outside of the covered areas, 4G phones regressed to the 3G standards. When 4G first became
available, it was simply a little faster than 3G. 4G is not the same as 4G LTE which is very close to
meeting the criteria of the standards. The major wireless networks were not actually lying to anyone
when 4G first rolled out; they simply stretched the truth a bit. A 4G phone had to comply with the

standards but finding the network resources to fulfill the true standard was difficult. You were buying
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4G capable devices before the networks were capable of delivering true 4G to the device. Your brain
knows that 4G is faster than 3G so you pay the price for the extra speed. The same will probably be
true when 5G hits the markets.

4G LTE. Long Term Evolution—LTE sounds better. This buzzword is a version of 4G that is
fast becoming the latest advertised technology and is getting very close to the speeds needed as the
standards are set. When you start hearing about LTE Advanced, then we will be talking about true
fourth generation wireless technologies because they are the only two formats realized by the
International Telecommunications Union as True 4G at this time. But forget about that because 5G is
coming soon to a phone near you. Then there is XLTE'*) which is a bandwidth charger with a
minimum of double the bandwidth of 4G LTE and is available anywhere the AWS spectrum is initia-
ted. Verizon, T-Mobile and Sprint have all advanced to the LTE technology with each carrier adding
their own combination of wireless technologies to enhance the spectrum.

5G. There are rumors of 5G being tested although the specifications of 5G have not been
formally clarified. We can expect that new technology to be rolled out around 2020 but in this
fast-paced world it will probably be much sooner than that. Seems like a long ways away but time

flies and so will 5G at speeds of 1 —10Gbit/s.

2. Understanding 4G Technology Standards

The term “4G” references to a new speed standard in Internet connectivity, but what exactly
does the term mean? What is 4G?

Most users are familiar with “4G” standards, as most smart phones use this communications
standard. 4G simply means “fourth generation” in reference to the evolution of data transfer
technologies. The first generation of mobile technology (1G) came in 1981 with analog transmission
and in 1992 was 2G appeared in the form of digital information exchange. 3G made its debut in
2001, and included multi-media support along with a peak transfer rate of at least 200 kilobits per
second. True 4G support is here. It is no surprise, then, that 4G means “fourth generation” and

represents a number of improvements over the 3G technology.

3. Who Sets the 4G Standards®?

4G technology is meant to provide what is known as “ultra-broadband” access for mobile
devices, and the International Telecommunications Union-Radio communications sector ( ITU-R)
created a set of standards that networks must meet in order to be considered 4G, known as the

International Mobile Telecommunications Advanced (IMT-Advanced) specification.

4. What Are the 4G Standards?

First, 4G networks must be based on an all Internet protocol (IP) packet switching instead of
circuit-switched technology, and use OFMDA multi-carrier transmission methods or other frequency-
domain equalization ( FDE) methods instead of current spread spectrum radio technology. In

addition, peak data rates for 4G networks must be close to 100 megabits per second for a user on a
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highly mobile network and 1 gigabit per second for a user with local wireless access or a nomadic
connection. True 4G must also be able to offer smooth handovers across differing networks without
data loss and provide high quality of service for next-gen media.

One of the most important aspects of 4G technology is the elimination of parallel circuit-switched
and packet-switched network nodes using Internet protocol version 6 (IPv6). The currently used
standard, IPv4, has a finite limitation on the number of IP addresses that can be assigned to de-
vices, meaning duplicate addresses must be created and reused using network address translation
(NAT), a solution that only masks the problem instead of definitively solving it. IPv6 provides a
much larger number of available addresses, and will be instrumental in providing a streamlined

experience for users.

5. Understanding LTE Technology Standards

The market for wireless data transfer is quickly evolving as global rather than local solutions are
pursued—solutions offering robust data transfer rates, predictable spikes in traffic and are
interoperable. One of the fastest-growing standards in the competition for ownership of the new fourth
generation or “4G” market is LTE technology, which promises a number of improvements over
current mobile and data terminal service.

LTE actually stands for “long term evolution” , and its full name is 3GPP LTE, with the 3GPP
standing for the 3rd Generation Partnership Project, which has been developing the technology’s
release documents. Often, LTE is marketed as 4G technology by companies that package it as part of
their wireless or mobile service, but the standard is better thought of as “3.9G” as it does not yet
meet the requirements set out by the ITU-R for 4G, which includes minimum upload and download
rates for networks and defines how connections must be established. A new version of LTE technology,
LTE Advanced, does satisfy the requirements of a true 4G network and is expected within the next
year.

So, what exactly is LTE? It’s based on GSM"*'/EDGE and UMTS/HSPA network technologies
and provides an increase to both capacity and speed using new techniques for modulation. It provides
peak download rates of 300 megabits per second, upload rates of 75 megabits per second and a transfer
latency of less than five milliseconds. It can also manage multi-cast and broadcast streams and handle
quick-moving mobile phones. Its Evolved Packet Core ( EPC), IP-based network architecture,
allows for seamless handovers for voice and data to older model cell towers that use GSM, UMTS or
CDMA2000 technology. In addition, it can scale from 1.4 MHz to 20 MHz carrier bandwidths and
supports both time-division and frequency division duplexing. Overall, the new architecture of LTE

technology means lower operating costs along with greater overall data and voice capacity.

6. Understanding SG Technology Standards

5G stands for the fifth generation of wireless technologies and it will be faster than 4G. That is a
no-brainer but how much faster is the question. The details are a bit sketchy at this point but the

speeds are supposed to be upwards of 1 to 10Gbit/s compare to the 4G standards which are
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100Mbit/s up to 1Gbit/s. Yeah a lot faster. But will those speeds ever be realized is another question
that we will find out sometime around the year 2020. That is the expected date of the rollout. I am
fairly confident that the term 5G will be used long before the official release. You will be hearing
terms like— “our new 5G network” and “the newest 5G phone is now available” long before true
5G speeds are actually achieved if the 4G rollout is an example.

How fast will 5G be? A picture is worth a thousand words and this one from GSMA Intelligence
says a lot. 5G is going to be fast (see Figure 2-2). Fast enough for you? It is supposed to be fast
enough for everyone everything and the [oT (The Internet of Things). 5G usage goes way beyond
your smart phone and devices. This will be what drives your cars; it will allow machines to communicate

and pretty much anything else that will benefit from being connected.
3.5G/DC-HSPA+ [ 42.2Mbit/s
4G/LTE | 100Mbit/s

4G/LTE Cat.4 J 150Mbit/s

4G/LTE Advanced 1,000Mbit/s

5G"

Figure 22 Maximum Theoretical Downlink Speed by Technology Generation (Mbit/s)
(D10 Gbit/s is the minimum theoretical upper limit speed specified for 5G.

New Words

wireless [ 'warolos ] adj. TR ; JCLEHLIY

manipulate [ ma'nipjulert | v, O\ BRAE, DAL EE, BEpk
simultaneous [ ;sim( 2)1'teintos ] adj. [RIBTAY; B, AR &AM

surpass [ SQ'anS] 0. ﬁﬁ; JiiSu ; ﬁlﬂm, 5“5 """ Fﬁﬁ'ﬁ'ﬁ‘?ﬂﬁfﬁ%
throttle ['orpt(2)1] n. 19

metropolitan [ metra'polit(a)n] n. KM N adj. KETHH

buzzword [ ’bAZWSXd] n. AT

bandwidth [ 'beendwit ] n. [HF] (W] W5e; [Ef5] S se e
available [ 9'verlob(a)1] adj. "PAGHT; ISR AIHRRIR, A0
megabit [ lmegabl‘[] n. [3] J&DE; BIAE

gigabit [ 'grgabrt; 'd3-] n. [11] TIEHER

streamline [ 'strizmlain ] n. WML, MR o f{Eeee A8 Tt 2 7R

spike [ spaik ] no KET, EET; 5T9E; 4imER o BHib; DARETETZ

22



Unit 2 I‘

interoperable| mntor'op(a)rab(a)1]  adj. TULPMERY; BEILIEERERY,; BEFLIEEFHAY

rollout [ 'rovlaot ] n. HIRER, (W] W
downlink [ 'deuniligk ] n. FATZ; W EEM; MLk
Notes

[1]

LTE ( Long Term Evolution): 1 #f7# i J& i 3GPP ( The 3rd Generation Partnership
Project, 58 —AREVEIKLEITR]) ZHZUHIE R UMTS ( Universal Mobile Telecommunications
System, B ENIEGERGE) FOARPRUEMAIIEGE, T 2004 4 12 H7E3GPP 21824
W EEX S IR 30,

XLTE: 2014 4705 H 19 H % E2E /i Verizon IEZUHEH T H Y 4G LTE M4 5, Ay
# “XLTE” , %ML LA LTE M2 HR—1F%, HiE Verizon B M4, XLTE $EAR1E
IR | BTEER LTE M4, REAZSLAEPIAE T I 9007 S i (R 56, 7 5 i
97% WIS BN

GSM 2R a# 15 240 (Global System for Mobile Communications) &%, & B
HE R r ZHEEAR A 20 20 90 AR P I AR LK, BBkl 100 4~
HoARM . GSM ARUEAIBE A i 4 24 AT R BRI s B Sl 5 5 & 11137 80% LA E . GSM J2& 24 i
N R IZ R S TERRIE . BRI 200 AN E KA G T 10 {2 N IEFEE R GSM
LT

Questions for Discussion

1. What is 3G?
2. What exactly does LTE mean?
3. What does 5G stand for?
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Text A

Internet & Communication

1. What Is Internet?

The Internet has revolutionized the way we work and play. It allows us to communicate, to share
data and to seek information in a matter of seconds. All this is possible through the use of computers
and networks.

The Internet is a global network of computers. All computer devices (including PCs, laptops,
game consoles and smartphones) that are connected to the Internet form part of this network. Added
together, there are billions of computers connected to the Internet, all able to communicate with

each other. Today, the Internet is a massive part of our daily lives (see Figure 3-1).

Stream Videos | |
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2. How Did the Internet Originate?

In the 1950s, the United States Defence Department formed several agencies, such as the
Advanced Research Projects Agency ( ARPA, now known as DARPA) with the purpose of
developing technology. However, since they were based at universities around the country, ARPA’s
scientists could not easily communicate or share information. To solve this problem, ARPA created a
network of computers, which they called ARPANET. Realizing how useful ARPANET was, other
organizations built their own networks. However, these individual networks could not easily
communicate with each other.

In the 1970s, a protocol was developed. Called TCP/IP, this protocol allowed the separate
networks to communicate with each other. The joining of these individual networks created a huge
wide area network ( WAN) which came to be known as the Internet.

Since then the use of the internet by organizations and individuals has grown year upon year. In
the beginning, ARPANET consisted of just four computers. Now billions of computers are connected
to the internet. When we connect to the internet, we are said to be ‘online’ . Today the internet has
many online facilities, for example :

® Communication via e-mail and VolP;

® Sharing of information such as text, images, sounds and videos;

® Storage of information;

® Streaming television programmes, films, videos, sounds and music;

® Playing online games;

® Shopping;

® Social networking;

® Banking

Most of these online facilities are available through the use of websites on the World Wide Web.

3. What Is World Wide Web?

The Internet is a global network of computers. The World Wide Web is the part of the Internet
that can be accessed through websites. Websites consist of webpages which allow you to see information.

Websites are accessed using a web browser. A browser is a program designed to display the
information held on a website. Every website has an address at which it can be found, a bit like a
house address.

A website’s address is known as its URL. A website can be visited by typing its URL into a web

’

browser. Each address contains the prefix “http:” which tells the computer to use the hypertext
transfer protocol for communicating with the website. "'’ The browser then connects to the internet,
finds the website at its address and downloads the information stored there onto our computer for us
to view. Websites and webpages are joined together using hyperlinks. Clicking on a hyperlink takes

us to another site or page.
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4. Transferring Information via the Internet

The Internet is a global network of computers, some of which are called web servers. A web server
is a computer which holds websites for other computers linked to the Internet to access. Holding a
website is known as “hosting” . A web server may host one or many websites and webpages. Sending
information to a web server is known as uploading. Receiving information from a web server is known
as downloading.

When you make a telephone call, a direct connection is formed between you and the person you
are calling. While you are making the call, no one else can communicate with you. A web server
needs to be able to communicate with many different computers at the same time. When information
is uploaded to, or downloaded from, a web server it is broken up into tiny pieces called data
packets. Each packet is a very short communication between the client computer and the web server.
Because each communication lasts only milliseconds, the web server can seemingly communicate
with many computers at the same time. It is a bit like having several conversations at the same time,

but only saying one word to each person in turn.

5. Using HTML to Create Website

All web pages on the Internet are created using a language called Hypertext Markup Language
(HTML) "), HTML describes :

® What information appears on a webpage.

® How it appears on the page (formatting).

® Any links to other pages or sites.

HTML can be written in specialist software, or in a simple text editor like Notepad. As long as
the document is saved with the file extension “. html” it can be opened and viewed as a webpage

from a browser. This example HTML code displays a message on a webpage (see Figure 3-2) ;

dcle class="media">

<div class="slide" id="B

tyle="position: relative;">
<img src="fimg/image_0

alt="image title">

<idiv>

<div class="bd">
<hgroup>
<h2>Brand</h2>
. <h3 class”

—
o <arseie cls madi >
— e <huswatuilo” | Brand” atytesposition: sk i
I <img wiceirmglimige_01joy” Wte irmage Htie”|;
i

|

Figure 3-2
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< html >
< body >
< hl > Hello world </hl >
< p > This is my first webpage </p >
</body >
</html >
The code uses tags to describe the appearance of the information :
® <himl > states that the document is an HTML document;
® <body > states that the information appears in the body of the page;
® <hl > states that the following text appears as a prominent heading;

® < p> states that this is the beginning of a new paragraph.

6. Using E-mail to Communicate

Two of the main ways in which people use the Internet for communication are e-mail and
VoIP!.

E-mail (short for electronic mail) is the digital equivalent of sending a letter. Each e-mail has a
sender, a receiver and a message. The big difference is that instead of waiting for our posted letter to

be delivered by the post office, an e-mail is sent and received almost immediately (see Figure 3-3).

Figure 3-3
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Advantages and Disadvantages of e-mail

Aside from speed, e-mail has several other advantages:

® i costs virtually nothing to send an e-mail, whereas you need to buy stamps to post a letter.

® The same e-mail can be sent to many people at the same time.

® Assets, such as text, videos or sound clips, can be attached to e-mail.

® A record is kept of each sent e-mail, so it is possible to refer back to check what was sent.

® When e-mails are sent, the recipient doesn’t have to be there. E-mails can be sent late at
night and the recipient will see it when they check their e-mail the following day. This has great
benefits when sending e-mails to another part of the world.

® E-mails can be sent at any time or day of the year. Post is not usually delivered on Sundays
or bank holidays.

® E-mails can be sent and received on various Internet connected devices, eg PCs, laptops,
games consoles, tablets or smartphones.

® E-mails can be automatically forwarded on to another address.

Using e-mail has its disadvantages too:

® The recipient can only receive the e-mail if they are connected to the Internet.

® E-mails can sometimes contain viruses in the form of attachments.

® Spam e-mails can be a problem. So can phishing e-mails, which are designed to trick people
into giving away personal information.

® Because e-mails can be delivered to Internet-connected digital devices anywhere, they can

be hard to get away from.

7. Using VoIP and Video Conferencing

A video conference is live video streamed over the Internet so that people can communicate face
to face without being in the same room. Although this was mainly used by businesses and academics
at first, video conferencing is now used socially by many people. Voice over Internet Protocol
(VoIP) is the technology that allows us to video conference. Many companies offer free VolP
services, including Skype, Apple FaceTime and Google Hangouts.

To video conference with another person, both people need an Internet-connected computer with
a monitor, webcam, microphone and speakers. The webcam allows video images to be sent, which
are seen on the monitor, and the microphone allows sound to be transmitted, which is heard through
speakers. A program called a VolP client handles the communication.

Video conferencing technology is built into many laptops, tablets and smartphones, and VolP
apps are available to use, often for free.

Advantages and Disadvantages of Video Conferencing

Video conferencing has several advantages:

® Seeing as well as hearing the other person.

® Showing others what is going on around us.

® Reducing time to travel to see and speak with someone. This has even greater benefits if the
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other person is on the other side of the world.

® Saving money, in travel costs.

® The ability to video conference several people in different locations, at the same time.

Using video conferencing also has its disadvantages :

® Everyone who wants to video conference must have suitable hardware and software.
® Video conferencing from smartphones can be expensive because of the high data usage.

® Streaming video two ways requires a good deal of bandwidth. You might struggle to video

conference if your connection to the Internet is of poor quality.

New Words

laptop [ 'leeptop ] n. fE#ETTHRAL

console [ kan'soul ] n. BHIG, BIG; HES
smartphone [ sma:tfoun | n. HHEFHL

massive [ 'maes1v] adi. RERM, BTN, K
hyperlink [ 'harpalipk | n. A

upload [ 'apiloud ] v. A%

millisecond [ 'milisekond] n. ZF

extension [ 1k'stenfon] n R, PK; HIESHL
virtually [ 'vartfouali] adv. JLF5 SEPR L

phish [ fif] v, PILEE £

monitor ['momta] n. %ﬁlb%%, TN

recipient [r1's1p19nt} n. ﬁé%%, pass , i
webcam [ 'webkaem ] n. MWE&E L

client [ 'klaront ] n. [&] Br, R, BIEA
Notes

[1] Each address contains the prefix “http:” which tells the computer to use the hypertext transfer

[2]

protocol for communicating with the website.

hypertext transfer protocol #2& H.Hk M _F 1 R R 2 M —FP UL, BT A 1 WWW SO
FRDIUE ST X AR, Bt HTTP S 19 H A2 38— & A AU HTML BT 1 79 J7
. 1960 4F L[ A Ted Nelson #R T — i id T HLAL BISCRAR B T7 %, FFRRZ A
LA (hypertext) , XA T HTTP 8 SRR MR ESLAS 1) & AR JE . Ted Nelson 41
B JT4E 2 ( World Wide Web Consortium )  F1 H B W T2 T.A/E/N4H  ( Internet
Engineering Task Force) H:[FGEMISE, wA& KA T —RIH RFC, Hrh 21 RFC
2616 5L T HTTP 1.1,

Hypertext Markup Language (HTML) BRI SCARPRICIE o A2 A W 5B E A H At 7T 75
W oo s v B B B AE B T B —Fh AR 1015 . Extensible Hypertext Markup Language
(XHTML) , BRI SCATRICIE S, J&— B 2% iy I st st fl 115 5 . XHTML
JefE HTML A&l & R 1, RN M T ol 9" AR L5 F  (Extensible Markup
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Language, XML) [iEE™ MM, BFIL, XHTML o HTML HA 50 /™ () i 1k,
REWE ]y AR 22 i LY Web 0 W8 88T & S HE RIS I HORBRIE . XHTML 4 ] 457 JR 4 A1 R 3%
44325 O AR R I 285 1oy T ) B 22 75K

[3] VoIP (Voice over Internet Protocol) &1 5 Z 2B PUE S (Voice) BTF1L, LIEHE
¥ (Data Packet) MJEFE IP M45 (IP Network) [ ASZiH (&, VoIP i K 1 44
BRES MU Intemet FIABR 1P 1 3EHOSREE, $ROEHLAG5000 55 0 % | 045 HOTR 5
VolP 1] LUFE TP 4 FAE R AL 28 TH ¥ . AR H . A ER A5k 55, dnge— K Bk 55 |
TG . ERUE /A B . A5 55 . Internet FEAY AL | Internet MY HE | HL
WSS, ML T RIS | AL AR R RN TR B A 55

Questions for Discussion

1. What kind of online conveniences can we enjoy through use of websites on the World Wide Web?
2. Can you list some disadvantages of e-mails? What are they?
3. What are major advantages of video conferencing?

4. In what aspects do you think Internet will further influence us?

Text B

Types of Internet Communications

If you use the Internet, then you probably use Internet-based communications to contact family,
friends or co-workers. From sending an instant message to a friend, to e-mailing co-workers, to
placing phone calls, to conducting video conferences, the Internet offers a number of ways to
communicate.

The advantages of Internet-based communications are many. Since you're already paying for an
Internet account (or your employer is) , you can save money on phone calls by sending someone an
instant message or by using VolP instead of standard local telephone services. Of course, no technology
is without a downside and Internet-based communications has plenty, such as viruses, privacy issues
and spam.

Like all technologies ( and especially technology tied to the Internet), the way we can
communicate online is constantly evolving. In this week’s Did You Know. . . ? article we’ll take a look

at some of the most popular forms of Internet-based communications.

1. Instant Messaging

One of the fastest-growing forms of Internet communications is instant messaging''', or
IM. Think of IM as a text-based computer conference between two or more people. An IM
communications service enables you to create a kind of private chat room with another individual in
order to communicate in real-time over the Internet. Typically, the IM system alerts you whenever

somebody on your buddy or contact list is online. You can then initiate a chat session with that
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particular individual.

One reason that IM has become so popular is its real-time nature. Unlike e-mail, where you will
wait for the recipient to check his or her e-mail and send a reply, if a person you want to reach is
online and available in your IM contact list, your message appears instantly in a window on their
screen.

While IM is used by millions of Internet users to contact family and friends, it’s also growing in
popularity in the business world. Employees of a company can have instant access to managers and
co-workers in different offices and can eliminate the need to place phone calls when information is
required immediately. Overall, IM can save time for employees and help decrease the amount of
money a business spends on communications.

Some problems and issues associated with IM include spim and virus propagation. Spim is the
IM equivalent of spam and is perpetuated by bots that harvest IM screen names off of the Internet and
simulate a human user by sending spim to the screen names via an instant message. The spim typically
contains a link to a website that the spimmer is trying to market. Spim is a bit more intrusive than
spam due to the nature of IM itself. These advertisements and junk messages will pop-up in your IM
window and you need to deal with the messages immediately, where with e-mail you can usually
filter a lot of it out and deal with it later. Additionally, viruses and Trojans can be spread through IM
channels. These malicious programs are usually spread when an IM user receives a message that links
to a website where the malicious code is downloaded. The message will appear to be from a known IM
contact, which is why recipients are more likely to click the hyperlink and download the file. Using
safe chat rules (such as never clicking the link) and keeping an updated anti-virus program on your
system will help reduce the chances of becoming infected by malicious programs being spread

through instant messaging.

2. Internet Telephone & VolIP

Internet telephony consists of a combination of hardware and software that enables you to use the
Internet as the transmission medium for telephone calls. For users who have free, or fixed-price
Internet access, Internet telephony sofiware essentially provides free telephone calls anywhere in the
world. In its simplest form, PC-to-PC Internet telephony can be as easy as hooking up a microphone
to your computer and sending your voice through a cable modem to a person who has Internet
telephony software that is compatible with yours. This basic form of Internet telephony is not without
its problems, however. Connecting this way is slower than using a traditional telephone, and the
quality of the voice transmissions is also not near the quality you would get when placing a regular
phone call.

VoIP is another Internet-based communications method which is growing in popularity. VolP
hardware and software work together to use the Internet to transmit telephone calls by sending voice
data in packets using IP rather than by traditional circuit transmissions, called PSTN ( Public
Switched Telephone Network). The voice traffic is converted into data packets then routed over the

Internet, or any IP network, just as normal data packets would be transmitted. When the data
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packets reach their destination, they are converted back to voice data again for the recipient.

Much like finding an Internet service provider (ISP) for your Internet connection, you will
need to use a VoIP provider. Some service providers may offer plans that include free calls to other
subscribers on their network and charge flat rates for other VolP calls based on a fixed number of
calling minutes. You most likely will pay additional fees when you call long distance using
VolIP. While this sounds a lot like regular telephone service, it is less expensive than traditional
voice communications, starting with the fact that you will no longer need to pay for extras on your

monthly phone bill.
3. E-mail

Short for electronic mail, e-mail is the transmission of messages over communications networks.
The messages can be notes entered from the keyboard or electronic files stored on disk. Most
mainframes, minicomputers and computer networks have an e-mail system. Some e-mail systems are
confined to a single computer system or network, but others have gateways to other computer
systems, enabling you to send electronic mail anywhere in the world.

Using an e-mail client ( software such as Microsoft Outlook or Eudora), you can compose an
e-mail message and send it to another person anywhere, as long as you know the recipient e-mail
address. All online services and ISPs offer e-mail, and support gateways so that you can exchange
e-mail with users of other systems. Usually, it takes only a few seconds for an e-mail to arrive at its
destination. This is a particularly effective way to communicate with a group because you can
broadcast a message or document to everyone in the group at once.

One of the biggest black clouds hanging over e-mail is spam. Though definitions vary, spam can
be considered any electronic junk mail ( generally e-mail advertising for some product) that is sent
out to thousands, if not millions, of people. Often spam perpetrates the spread of e-mail Trojans and
viruses. For this reason, it’s important to use an updated anti-virus program, which will scan your

incoming and outgoing e-mail for viruses.

4. IRC

Short for Internet relay chat, IRC is a multi-user chat system that allows to people gather on
“channels” or “rooms” to talk in groups or privately. IRC is based on a client/server model. That
is, to join an IRC discussion, you need an IRC client (such a mIRC) and Internet access. The IRC
client is a program that runs on your computer and sends and receives messages to and from an IRC
server. The IRC server, in turn, is responsible for making sure that all messages are broadcast to
everyone participating in a discussion. There can be many discussions going on at once and each one
is assigned a unique channel. Once you have joined an IRC chatroom ( chatroom discussions are
designated by topics) , you can type your messages in the public chatroom where all participants will
see it, or you can send a private message to a single participant. With many IRC clients you can
easily create your own chatroom and invite others to join your channel. You can also password protect

your chatroom to allow for a more private discussion with just people whom you invite.
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5. Video-Conferencing

Video-conferencing is a conference between two or more participants at different sites by using
computer networks to transmit audio and video data. Each participant has a video camera,
microphone and speakers connected on his or her computer. As the two participants speak to one
another, their voices are carried over the network and delivered to the other’s speakers, and whatever
images appear in front of the video camera appear in a window on the other participant’s monitor.

In order for video-conferencing to work, the conference participants must use the same client or
compatible software. Many freeware and shareware video-conferencing tools are available online for
download, and most Web cameras also come bundled with video-conferencing software. Many newer
video-conferencing packages can also be integrated with public IM clients for multipoint conferencing
and collaboration. In recent years, video-conferencing has become a popular form of distance
communication in classrooms, allowing for a cost efficient way to provide distance learning, guest
speakers, and multi-school collaboration projects. Many feel that video-conferencing provides a visual

connection and interaction that cannot be achieved with standard IM or e-mail communications.

6. SMS & wireless communications

Short message service ( SMS) is a global wireless service that enables the transmission of
alphanumeric messages between mobile subscribers and external systems such as e-mail, paging and
voice-mail systems. Messages can be no longer than 160 alpha-numeric characters and must contain
no images or graphics. Once a message is sent, it is received by a Short Message Service Center
(SMSC) , which must then get it to the appropriate mobile device or system. As wireless services
evolved, multimedia messaging service (MMS) was introduced and provided a way to send messages
comprising a combination of text, sounds, images and video to MMS capable handsets.

Communication on wireless devices such as mobile phones and PDAs is frequently changing.
Today you can use your wireless device to not only make phone calls, but to send and receive e-mail
and IM. While you can use e-mail, IRC or IM for free if you have an Internet account, you will end

up paying fees to your mobile carrier to use these services on a wireless device.

New Words

virus [ 'varros | n. JNEE; LT, BF

spam [ spem ] v WilBE, B3R

evolve [1'vDlv] v. KB, R, ik, BB AR
initiate [ 1'nif1ert ] v. PR, GG, &k, L T
propagation [ ipropa'gerfon ] n. 645G, ZrH, WEE

perpetuate [ pa'petfuert ] v. AT BREE adj. KAFMY
intrusive [ m'truisiv ] adi. RARY; FTHEH

malicious [ ma'lifas ] adi. HEMN; BN, BELN; MEM
mainframe [ 'meinfrerm ] n. [1F] FHL; KL

33



34

‘|@%I@§Mﬁ%

videoconference [ vidiov'konforons] n. AJ#HZiX

compatible [ kom'paetib(a)1] adj. WHW); GeFAbHy; PIIFALAY
freeware [ 'frirwea] n. TR

shareware ['feowea] n. HLEHA

collaboration [ koleeba'rerfn] n. G518 B4k, mEk

alphanumeric [ j&lfanju:'merik ] adi. [11] FHRECEER
Notes

[1] instant messaging (IM) J&—FRr] DALEAE & 7 2% [ adtsr SR AA AR % (chatroom )
FSERHEAE RS . HET, 7EEBER 32 00 i B R A5 - S R QQ . fE 4%,

Questions for Discussion

1. How many forms of Internet-based communications are introduced in the essay? What are they?
2. What are the problems and issues associated with IM?

3. What are the advantages of video-conferencing?
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Text A

Five Reasons Why Fiber Is the Way of the Future

With all of the talk about fiber floating around the Internet, especially in relationship to
Google’s gigabit broadband service, many might be wondering just why fiber optics are so important.
That is certainly a fair enough question to ponder, and the truth is that fiber optics have many
advantages to offer customers and network architects alike. Before covering these individual benefits,
it might be worth taking a step back and looking at the fundamental differences between traditional

metal wires and fiber optics.

1. Metal Wires

Over one hundred and fifty years of data transmission metal wires have been sending electrical
signals almost as long as the United States has been an independent nation, and that is saying
something. The wires of today are far more sophisticated than those of yesteryear, but they still work
in the same way: Electricity is applied to one end of the wires and it travels to the far end where it is
received as a signal. Along the way, the signal strength degrades as the energy experiences a type of
electrical friction called impedance. Impedance results in the signal decaying over distance and the

wire becoming warmer, which can cause some problems that will be outlined later.

2. Fiber Optics

The power of light is the future. Fiber optics use specialized fibers that are capable of carrying
transmissions made of pure light. Just like electrical wiring, a data transmission starts at one end of a
fiber optic cable and transfers all the way to the end where it is received and decoded.

Benefit 1 Less Signal Degradation. While light does degrade over distance, the fact that the
sun’s light shines brightly upon us says one thing: Light travels a lot further than the constant EMP

waves the sun emits because light degrades much slower than electricity does. In terms of a
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broadband service provider and their customers, this means that more residences and businesses can
be served. Anyone who remembers the dawn of DSL will probably recall the limitations that were
caused by the distances involved; if one did not live practically next door to a DSL'"' network node,
they were out of luck. Things got better over time, but fiber optics has this problem solved from day
one.

Benefit 2. More Untapped Overhead. Metal wires are already nearing their physical potential due
to the heat caused by data transmissions. Too much load on any set of wires will result in those wires
melting into a fine slag and becoming useless, and that is exactly what happens when too much is
demanded of old wires. Fiber optics carry light, not electricity, and light has a negligible heat
footprint in most cases. This is especially true of light created for fiber optic systems, which is far
less potent than the UV light emitted by the sun.

Benefit 3 : Easier Upgrades. While DSL and cable service providers have been able to systematically
increase the performance of their networks over time, the entire act has been expensive. Often,
whole segments of wires need to be dug up and replaced because of the heat problem. Fiber optics
have the combination of substantially greater distance between network nodes and substations and
more untapped overhead, which makes upgrades less of a hassle for network carriers. This in turn
means less fees that have to be passed on to the consumers. A good case in point would be Verizon’s
FiOS'? network, which has dramatically increased in terms of raw performance since its public
debut in a manner that DSL and cable services have not.

Benefit 4. Fiber Is Green. Starting to think that sending data via electricity over metal wires is
wasteful? If so, then you would be correct; data sent over metal wires takes dozens of times the
energy that it takes to send a light signal. The additional substations and nodes needed to keep that
signal strong over greater distances only adds to the woes of metal wires, and makes fiber optics look
that much better by comparison. Furthermore, upgrades to networks are a lot less wasteful on the
fiber optic side of the fence. What do telecoms and cable providers do with all of those “old” network
nodes when they upgrade? Who knows, but fiber optics have fewer substations and nodes to replace
and upgrade. Add to this the fact that the cables virtually never go bad, and it is simple to see why
fiber optics are considered a green alternative to metal wires and electricity in any form.

Benefit 5 ; Psst. . . a Secret. Big DSL and Cable service providers already know how useful fiber
optics are, and chances are good that their networks use fiber optics to get much closer to the homes
and businesses of their consumers than they would like to let everyone know. In many cases, the
fiber optic networks of DSL and/or cable providers actually go within a mile or so of many of the
customers they serve. Why? Because they know that fiber optics are the most cost effective solution,
and they know that by putting fiber close to the homes and businesses that they serve that they stand

a very good chance of making the transition to an all-fiber network that much easier.

3. New form of Light Discovered, May Change the Future of Fiber Optics

Physicists in Ireland have turned quantum mechanics on its head. They have discovered a new

form of light that challenges the very nature of how we have viewed and studied light up until now. It
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also spells big things for the future of fiber optics and data communication.

Until now, light has been seen as a fixed constant. Literally, your ability to see light is based on
Planck’s constant and angular momentum, a number that is a multiple based on Planck’s mathematical
equation which measures a beam of light. Now, this team at Trinity have found an angular momentum
where a beam of light takes only half the value of Planck’s constant. That qualifies it as a new form of
light.

Professor John Donegan is interested to find out how we can use this new form of light in every
day of life. One of the most immediate and impactful ways will be in fiber optics communication. Fiber
optics is the foundation for computer data. By transmitting flashes of light through glass or plastic
threads, it is now possible to send up to 400Gbit/s of data through a single channel. With this new
discovery, that data transmission rate could go much higher, and be more secure.

Now, this idea that angular momentum wasn’t fixed has been floating around for some time. This
team finally was able to create a test environment to see if this could be achieved. To do so, they
went back to the basics of the study of light and took a page from physicist Humphrey Lloyd and
mathematician William Rowan Hamilton. In the 1830s, they observed conical refraction. Utilizing
crystals, they saw how a ray of light could be formed into a single cone, or beam. Planck devised the
math behind it, as it related photos, and now Prof. John Donegan, Assistant Professor Paul
Eastham, and their team have taken it to the next level.

The discovery is still in its infancy, but already the Director of CRANN, Professor Stefano
Sanvito knows the importance of this find, “This discovery is a breakthrough for the world of physics
and science alike. ” It’s just a matter of time before data communication companies come knocking
on the doors of Trinity College Dublin*’ | wanting to bring this new tech to the forefront of mass
communications.

By Meredith Placko
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Questions for Discussion

1. Why are metal wires inferior to fiber optics?

2. Why are fiber optics, compared with metal wires, much easier to upgrade?

3. Why do those offer fiber optic networks of DSL tend to have their fiber close to the homes of their
customers as possible as they can?

4. What do you think of the discovery made by the team at Trinity?

Text B

Fiber to the x

Fiber to the x (FTTX""") is a generic term for any broadband network architecture using optical
fiber to provide all or part of the local loop used for last mile telecommunications. As fiber optic

cables are able to carry much more data than copper cables, especially over long distances, copper
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telephone networks built in the 20th century are being replaced by fiber.
FTTX is a generalization for several configurations of fiber deployment, arranged into two

groups: FTTP/FTTH/FTTB (Fiber laid all the way to the premises/home/building) and FTTC/N

(fiber laid to the cabinet/node, with copper wires completing the connection).

1. Definitions

The telecommunications industry differentiates between several distinct FTTX configurations. The
terms in most widespread use today are

® FTTP (fiber-to-the-premises) : This term is used either as a blanket term for both FTTH and
FTTB, or where the fiber network includes both homes and small businesses.

® FTTH (fiber-to-the-home) ; Fiber reaches the boundary of the living space, such as a box
on the outside wall of a home. Passive optical networks and point-to-point Ethernet are architectures
that deliver triple-play services over FTTH networks directly from an operator’s central office.

® FTTB (fiber-to-the-building, -business, or -basement) ; Fiber reaches the boundary of the
building, such as the basement in a multi-dwelling unit, with the final connection to the individual
living space being made via alternative means, similar to the curb or pole technologies.

® FTTO (fiber-to-the-office) : Fiber connection is installed from the main computer room/ core
switch to a special mini-switch (called FTTO Switch) located at the user’s workstation or service
points. This mini-switch provides Ethernet services to end user devices via standard twisted pair
patch cords. The switches are located decentrally all over the building, but managed from one central
point.

® FTTN/FTTLA (fiber-to-the-node, -neighborhood, or -last-amplifier) : Fiber is terminated in
a street cabinet, possibly miles away from the customer premises, with the final connections being
copper. FTTN is often an interim step toward full FTTH (fiber-to-the-home) and is typically used to
deliver “advanced” triple-play telecommunications services.

o FTTC/FTTK (fiber-to-the-curb/kerb, -closet, or -cabinet) ; This is very similar to FTTN,
but the street cabinet or pole is closer to the user’s premises, typically within 1, 000 feet (300 m) ,
within range for high-bandwidth copper technologies such as wired Ethernet or IEEE'?' 1901 power
line networking and wireless WiFi technology. FTTC is occasionally ambiguously called FTTP
(fiber-to-the-pole ) , leading to confusion with the distinct fiber-to-the-premises system.

To promote consistency, especially when comparing FITH penetration rates between countries,
the three FTTH Councils of Europe, North America, and Asia-Pacific agreed upon definitions for
FTTH and FTTB in 2006, with an update in 2009, 2011 and another in 2015. The FTTH Councils
do not have formal definitions for FTTC and FTTN (see Figure 4-1).

Figure 4-1 illustrating how FTTX architectures vary with regard to the distance between the
optical fiber and the end user. The building on the left is the central office; the building on the right
is one of the buildings served by the central office. Dotted rectangles represent separate living or

office spaces within the same building.
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Figure 4-1

2. Benefits

While fiber optic cables can carry data at high speeds over long distances, copper cables used
in traditional telephone lines and ADSL cannot. For example, the common form of gigabit Ethernet
(1Gbit/s) runs over relatively economical category Se, category 6 or augmented category 6
unshielded twisted-pair copper cabling but only to 100 m. However, 1 Gbit/s Ethernet over fiber can
easily reach tens of kilometers. Therefore, FTTP has been selected by every major communications
provider in the world to carry data over long 1 Gbit/s symmetrical connections directly to consumer
homes. FTTP configurations that bring fiber directly into the building can offer the highest speeds
since the remaining segments can use standard Ethernet or coaxial cable. Google Fiber provides
speed of 1 Gbit/s.

Fiber is often said to be “future-proof” because the data rate of the connection is usually
limited by the terminal equipment rather than the fiber, permitting substantial speed improvements
by equipment upgrades before the fiber itself must be upgraded. Still, the type and length of
employed fibers chosen, e. g multimode vs. single-mode, are critical for applicability for future
connections of over 1 Gbit/s.

FTTC (where fiber transitions to copper in a street cabinet) is generally too far from the users

for standard Ethernet configurations over existing copper cabling. They generally use very-high-bit-rate
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digital subscriber line ( VDSL) at downstream rates of 80 Mbit/s, but this falls extremely quickly

over a distance of 100 meters.

3. Fiber to the Premises

FTTP (fiber to the premises) is a form of fiber-optic communication delivery, in which an
optical fiber is run in an optical distribution network from the central office all the way to the premises
occupied by the subscriber. The term “FTTP” has become ambiguous and may also refer to FTTC
where the fiber terminates at a utility pole without reaching the premises.

Fiber to the premises can be categorized according to where the optical fiber ends .

® FTTH (fiber-to-the-home) is a form of fiber-optic communication delivery that reaches one
living or working space. The fiber extends from the central office to the subscriber’s living or working
space. Once at the subscriber’s living or working space, the signal may be conveyed throughout the
space using any means, including twisted pair, coaxial cable, wireless, power line communication,
or optical fiber.

® FTTB (fiber-to-the-building or -basement) is a form of fiber-optic communication delivery
that necessarily applies only to those properties that contain multiple living or working spaces. The
optical fiber terminates before actually reaching the subscribers living or working space itself, but
does extend to the property containing that living or working space. The signal is conveyed the final
distance using any non-optical means, including twisted pair, coaxial cable, wireless, or power line
communication.

An apartment building may provide an example of the distinction between FTTH and FTTB. If a
fiber is Tun to a panel inside each subscriber’s apartment unit, it is FTTH. If instead the fiber goes

only as far as the apartment building’s shared electrical room ( either only to the ground floor or to

each floor) , it is FTTB.

4. Fiber to the Curb/Cabinet

Fiber to the curb/cabinet (FTTC) is a telecommunications system based on fiber-optic cables
run to a platform that serves several customers. Each of these customers has a connection to this plat-
form via coaxial cable or twisted pair. The “curb” is an abstraction and can just as easily mean a
pole-mounted device or communications closet or shed. Typically any system terminating fiber within
1, 000 ft (300 m) of the customer premises equipment would be described as FTTC.

Fiber to the node or neighborhood ( FTTN ), sometimes identified with and sometimes
distinguished from fiber to the cabinet ( FTTC), is a telecommunication architecture based on
fiber-optic cables run to a cabinet serving a neighborhood. Customers typically connect to this cabinet
using traditional coaxial cable or twisted pairwiring. The area served by the cabinet is usually less
than one mile in radius and can contain several hundred customers. (If the cabinet serves an area of
less than 1, 000 ft (300 m) in radius, the architecture is typically called FTTC/FTTK. )

FTTN allows delivery of broadband services such as high-speed Internet. High-speed communications

protocols such as broadband cable access (typically DOCSIS) or some form of digital subscriber line

41



42

‘|@%I@§Mﬁ%

(DSL) are used between the cabinet and the customers. Data rates vary according to the exact
protocol used and according to how close the customer is to the cabinet.

Unlike FTTP, FTTN often uses existing coaxial or twisted-pair infrastructure to provide last mile
service and is thus less costly to deploy. In the long term, however, its bandwidth potential is limited
relative to implementations that bring the fiber still closer to the subscriber.

A variant of this technique for cable television providers is used in a hybrid fiber-coaxial
(HFC) system. It is sometimes given the acronym FTTLA ( fiber-to-the-last-amplifier) when it
replaces analog amplifiers up to the last one before the customer (or neighborhood of customers).

FTTC allows delivery of broadband services such as high-speed Internet. Usually existing wire is
used with communications protocols such as broadband cable access (typically DOCSIS) or some
form of DSL connecting the curb/cabinet and the customers. In these protocols, the data rates vary
according to the exact protocol used and according to how close the customer is to the cabinet.

Where it is feasible to run new cable, both fiber and copper Ethernet are capable of connecting
the “curb” with a full 100Mbit/s or 1Gbit/s connection. Even using relatively cheap outdoor category
5 copper over thousands of feet, all Ethernet protocols including power over Ethernet ( PoE) are
supported. Most fixed wireless technologies rely on PoE, including Motorola Canopy, which has
low-power radios capable of running on a 12VDC power supply fed over several hundred feet
of cable.

Power line networking deployments also rely on FTTC. Using the IEEE P1901 protocol (or its
predecessor HomePlug AV) existing electric service cables move up to 1Gbit/s from the curb/pole/
cabinet into every AC electrical outlet in the home—coverage equivalent to a robust WiFi
implementation, with the added advantage of a single cable for power and data.

By avoiding new cable and its cost and liabilities, FTTC costs less to deploy. However, it also
has historically had lower bandwidth potential than FTTP. In practice, the relative advantage of fiber
depends on the bandwidth available for backhaul, usage-based billing restrictions that prevent full
use of last-mile capabilities, and customer premises equipment and maintenance restrictions, and
the cost of running fiber that can vary widely with geography and building type.

Historically, both telephone and cable companies avoided hybrid networks using several
different transports from their point of presence into customer premises. The increased competitive
cost pressure, availability of three different existing wire solutions, smart grid deployment
requirements (as in Chattanooga ), and better hybrid networking tools ( with major vendors like
Alcatel-Lucent and Qualcomm Atheros, and WiFi solutions for edge networks, IEEE 1905 and IEEE
802. 21 protocols, and SNMP"' improvements) all make FTTC deployments more likely in areas
uneconomic to serve with FTTP/FTTH.

New Words
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Questions for Discussion

1. What is the advantage of fiber optic cables over copper cables?

2. How do you understand “fiber is future-proof” ¢

3. What is the difference between FTTH and FTTB?
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Text A

Internet of Things

The Internet of things''? (stylized Internet of Things or IoT) is the internetworking of physical
devices, vehicles (also referred to as “connected devices” and “smart devices” ), buildings, and
other items—embedded with electronics, software, sensors, actuators, and network connectivity that
enable these objects to collect and exchange data. In 2013 the Global Standards Initiative on Internet
of Things (IoT-GSI) defined the IoT as “the infrastructure of the information society. ” The IoT
allows objects to be sensed and/or controlled remotely across existing network infrastructure,
creating opportunities for more direct integration of the physical world into computer-based systems,
and resulting in improved efficiency, accuracy and economic benefit in addition to reduced human
intervention. When IoT is augmented with sensors and actuators, the technology becomes an instance
of the more general class of cyber-physical systems, which also encompasses technologies such as
smart grids, smart homes, intelligent transportation and smart cities. Each thing is uniquely identifiable
through its embedded computing system but is able to interoperate within the existing Internet
infrastructure. Experts estimate that the ToT will consist of almost 50 billion objects by 2020.

Typically, IoT is expected to offer advanced connectivity of devices, systems, and services that
goes beyond machine-to-machine ( M2M ) communications and covers a variety of protocols,
domains, and applications. The interconnection of these embedded devices ( including smart
objects) , is expected to usher in automation in nearly all fields, while also enabling advanced
applications like a smart grid, and expanding to the areas such as smart cities.

“Things,” in the loT sense, can refer to a wide variety of devices such as heart monitoring
implants, biochip transponders on farm animals, electric clams in coastal waters, automobiles with
built-in sensors, DNA analysis devices for environmental/food/pathogen monitoring or field
operation devices that assist firefighters in search and rescue operations. Legal scholars suggest

looking at “Things” as an “inextricable mixture of hardware, software, data and service” . These
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devices collect useful data with the help of various existing technologies and then autonomously flow
the data between other devices. Current market examples include home automation (also known as
smart home devices) such as the control and automation of lighting, heating (like smart thermostat ) ,
ventilation, air conditioning ( HVAC) systems, and appliances such as washer/dryers, robotic
vacuums, air purifiers, ovens or refrigerators/freezers that use WikFi for remote monitoring,

As well as the expansion of Internet-connected automation into a plethora of new application
areas, loT is also expected to generate large amounts of data from diverse locations, with the
consequent necessity for quick aggregation of the data, and an increase in the need to index, store,
and process such data more effectively. IoT is one of the platforms of today’s Smart City*’, and
Smart Energy Management Systems.

The concept of the IoT was invented by and term coined by Peter T. Lewis in September 1985 in
a speech he delivered at a U. S. Federal Communications Commission ( FCC)"*' supported session at

the Congressional Black Caucus 15th Legislative Weekend Conference.

1. Applications

According to Gartner, Inc. (a technology research and advisory corporation) , there will be
nearly 20. 8 billion devices on the Internet of things by 2020. ABI Research estimates that more than
30 billion devices will be wirelessly connected to the IoT by 2020. As per a 2014 survey and study
done by Pew Research Internet Project, a large majority of the technology experts and engaged
Internet users who responded—=83 percent—agreed with the notion that the Internet/Cloud of
Things, embedded and wearable computing ( and the corresponding dynamic systems) will have
widespread and beneficial effects by 2025. As such, it is clear that the IoT will consist of a very large
number of devices being connected to the Internet. In an active move to accommodate new and
emerging technological innovation, the UK Government, in their 2015 budget, allocated £ 40,
000, 000 towards research into the loT. The former British Chancellor of the Exchequer George
Osborne, posited that the ToT is the next stage of the information revolution and referenced the
inter-connectivity of everything from urban transport to medical devices to household appliances.

Integration with the Internet implies that devices will use an IP address as a unique
identifier. However, due to the limited address space of IPv4 ( which allows for 4.3 billion unique
addresses) , objects in the IoT will have to use IPv6 to accommodate the extremely large address space
required. Objects in the IoT will not only be devices with sensory capabilities, but also provide
actuation capabilities (e. g , bulbs or locks controlled over the Internet). To a large extent, the
future of the IoT will not be possible without the support of IPv6; and consequently the global adoption
of IPv6 in the coming years will be critical for the successful development of the 10T in the future.

The ability to network embedded devices with limited CPU, memory and power resources means
that 10T finds applications in nearly every field. Such systems could be in charge of collecting
information in settings ranging from natural ecosystems to buildings and factories, thereby finding
applications in fields of environmental sensing and urban planning.

On the other hand, ToT systems could also be responsible for performing actions, not just sensing
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things. Intelligent shopping systems, for example, could monitor specific users’ purchasing habits in a
store by tracking their specific mobile phones. These users could then be provided with special offers on
their favorite products, or even location of items that they need, which their fridge has automatically
conveyed to the phone. Additional examples of sensing and actuating are reflected in applications that
deal with heat, electricity and energy management, as well as cruise-assisting transportation systems
. Other applications that the IoT can provide is enabling extended home security features and home
automation. The concept of an “Internet of living things” has been proposed to describe networks of
biological sensors that could use cloud-based analyses to allow users to study DNA or other molecules.
However, the application of the IoT is not only restricted to these areas. Other specialized use
cases of the IoT may also exist. An overview of some of the most prominent application areas is
provided here. Based on the application domain, IoT products can be classified broadly into five
different categories: smart wearable, smart home, smart city, smart environment, and smart

enterprise. The 10T products and solutions in each of these markets have different characteristics.

2. Enabling Technologies for IoT

There are many technologies that enable loT. Crucial to the field is the network used to
communicate between devices of an IoT installation, a role that several wireless and/or wired
technologies may fulfill ;

(1) Short-Range Wireless

® Bluetooth low energy ( BLE ) —Specification providing a low power variant to classic
Bluetooth with a comparable communication range.

¢ Light-Fidelity ( LiFi)—Wireless communication technology similar to the WiFi standard,
but using visible light communication for increased bandwidth.

® Near-field communication ( NFC)—Communication protocols enabling two electronic devices
to communicate within a 4 cm range.

® QR codes and barcodes—Machine-readable optical tags that store information about the item
to which they are attached.

® Radio-frequency identification ( RFID ) —Technology using electromagnetic fields to read
data stored in tags embedded in other items.

® Thread—Network protocol based on the IEEE 802.15.4 standard, similar to ZigBee,
providing IPv6 addressing.

® WikFi—Widely-used technology for local area networking based on the IEEE 802.11
standard, where devices may communicate through a shared access point.

® WiFi Direct—Variant of the WiFi standard for peer-to-peer communication, eliminating the
need for an access point.

® 7-Wave—Communication protocol providing short-range, low-latency data transfer at rates
and power consumption lower than WiFi. Used primarily for home automation.

® ZigBee—Communication protocols for personal area networking based on the IEEE

802. 15. 4 standard, providing low power consumption, low data rate, low cost, and high throughput.
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(2) Medium-Range Wireless

® Hal.ow—Variant of the WiFi standard providing extended range for low-power communication
at a lower data rate.

® LTE-Advanced—High-speed communication specification for mobile networks. Provides
enhancements to the LTE standard with extended coverage, higher throughput, and lower latency.

(3) Long-Range Wireless

® Low-power wide-area networking ( LPWAN )—Wireless networks designed to allow
long-range communication at a low data rate, reducing power and cost for transmission.

® Very small aperture terminal ( VSAT)—Satellite communication technology using small dish

antennas for narrowband and broadband data.

3. Wired

® Ethernet—General purpose networking standard using twisted pair and fiber optic links in
conjunction with hubs or switches.

® Multimedia over Coax Alliance (MoCA )—Specification enabling whole-home distribution of
high definition video and content over existing coaxial cabling.

® Power-line communication ( PLC ) —Communication technology using electrical wiring to

carry power and data. Specifications such as HomePlug utilize PLC for networking IoT devices.

New Words

stylize [ 'starlaiz ] v. Rk, XAk

actuator [ 'ektjuerta] n. [3F] $ATHIA; [H] (HBEEL) 1R
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Questions for Discussion

1. What does the Internet of things mean?
2. What do you think of the future of IoT?

3. How many types can medium-range wireless fall into? What are they?

Text B

Forget the Internet of Things: Here Comes the
“Internet of Cars”

Figure 5-1
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What if large groups of people could go beyond ridesharing—replacing traditional car ownership
altogether through on-demand access to the cars they want: A convertible in the summer, an SUV for
winter ski trips?

What if driving skills could be computed as a score that warned us of bad drivers nearby—real
time, on the road—also enabling navigation systems to offer safer alternative routes? Imagine if we
could get rid of traffic jams and accidents altogether. Or how about if our cars picked up our groceries
on their own—and dropped us off at the airport like a self-contained limo service?

What if automakers could subsidize''! our car purchases by working with telecommunications
and other companies that want to capitalize on the lifetime revenue opportunity of a connected driver?
Consider also the possibilities for insurance providers to charge higher premiums (for those who drive
their cars themselves) , or for local governments to monitor personal CO, usage (in exchange for not
taxing or tolling public roads).

Whether you embrace or object to these scenarios, they’re not too far away. This isn’t just an
evolution of technology-enabled, connected vehicles. This goes beyond self-driving cars. And it’s
more than a simple sensor-network; This is the era of smart mobility—an Internet of Cars.

Basically, cars have become the “ultimate mobile device” and we, the people, are becoming
“connected drivers” . These aren’t just buzzwords: As a longtime strategic adviser and analyst of this
space, I've been using these terms since 1998 to describe this fundamental transformation of the
automobile. And it’s coming within this decade. For example, by 2016, most buyers in mature
automotive markets ( U. S. , Western Europe) will consider vehicles’ ability to access web-based
information a key criterion when purchasing an automobile. For premium vehicle brand buyers, this
tipping point will be reached even sooner; 2014. That’s just one year away.

The connected vehicle is leading the automotive industry to its most significant innovation

phase. . . since the creation of the automobile itself.

1. The Era of Smart Mobility Is Going to Change Everything

But what is it? “Connected vehicles” are cars that access, consume, create, enrich, direct, and
share digital information between businesses, people, organizations, infrastructures, and things. Those
“things” include other vehicles, which is where the Internet of Things becomes the Internet of Cars.

As these vehicles become increasingly connected, they become self-aware, contextual, and
eventually, autonomous. Those of you reading this will probably experience self-driving cars in your
lifetime—though maybe not all three of its evolutionary phases: from automated to autonomous
to unmanned.

We still need to address a number of technology, engineering, legislative, and market issues to
develop successful offerings here. But this automotive era builds on current and related industry
trends such as the convergence of digital lifestyles, the emergence of new mobility solutions,
demographic shifts, and the rise of smartphones and the mobile Internet.

Consumers now expect to access relevant information wherever they are. .. including in the

automobile. At the same time, these technologies are making new mobility solutions—such as
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peer-to-peer car sharing—more widespread and attractive. This is especially important since vehicle
ownership in urban areas is expensive and consumers, especially younger ones, don’t show the same
desire for vehicle ownership as older generations do.

To be successful, connected vehicles will draw on the leading technologies in sensors,
displays, on-board and off-board computing, in-vehicle operating systems, wireless and in-vehicle
data communication, machine learning, analytics, speech recognition, and content management.
(That’s just to name a few. ) All of this leads to considerable benefits and opportunities; reduced
accident rates, increased productivity, improved traffic flow, lowered emissions, extended utility for
EVs'? | new entertainment options, and new marketing and commerce experiences.

Besides providing automobiles and drivers with new function, connected vehicles will also
expand automotive business models to include a much broader set of industries—IT, retail, financial
services, media, and consumer electronics. This is significant, because it could challenge the
traditional automotive business model: Rather than focusing only on the sale and maintenance of a

vehicle, companies will focus on the sum of business opportunities the automobile represents.

2. But What Do Consumers Want?

Do people even want all this? Or is this just a case of business thinkers, technologists, and
early adopters making predictions in an echo chamber? It’s not. Consumers do show a strong interest
in the features of a connected vehicle. For example, from analyses Gartner conducted over the last
year, we found that of all U. S. vehicle owners;

® Almost half (46% ) are interested in safely accessing mobile applications inside the vehicle.
These applications include receiving on-demand wireless map or software updates, finding available
parking spots, and conducting local searches; nearly 40% would also opt for remote diagnostic
capabilities that alert them when parts need replacement.

® More than one-third are interested in a self-driving, autonomous vehicle.

® Thirty percent are likely to opt for a vehicle that allows them to tether their smartphone to get
Internet connection there.

Our increasingly digital “lifestyles” may also force consumers to re-evaluate personal transportation
choices. For example: The combined cost of a monthly mobile and residential Internet plan might be
competing with the cost of filling up a car at the gas station.

These tradeoffs are even more important to younger vehicle owners (18-to 24-year-olds) than
older ones (54 + years). The younger group is more likely (30% ) to choose Internet access over
having a vehicle (compared to just 12% of the older group), and about the same percentages are
likely to use a car-sharing service as an alternative to vehicle ownership.

Obviously, connected vehicle applications have to be safe, reliable, and non-distracting to wow
consumers on an emotional level and convince them on a rational level. Simply copying interfaces from
other mobile devices will not be enough—buttons in cars actually work great for certain functions. The
automotive industry will need to innovate new experiences and integrate systems thoroughly so

consumers don’t feel they can get the same results with just an iPad on the passenger seat.
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But the fact remains that automobiles are here to stay, and they’re going to be connected. The
innovations and changes described here will mature relatively quickly over the next two decades. For
example, I predict that by 2016 at least three companies will have announced concrete plans for
upcoming product launches offering advanced autonomous vehicle technology.

This isn’t pie-in-the-sky—just consider a few recent advancements in the automotive connectivity
space: Avis acquiring Zipcar'> ; the first over-the-air automotive software patch by Tesla; Intel
getting significantly involved in the connected vehicle value-chain; big telcos like Sprint extending
their reach into automotive ; a high-ranking Apple executive taking a seat on a carmaker’s board. All
of these moves signal the trend.

And for those who are also passionate about automobiles and driving, the era of the connected
vehicle will open a mesmerizing new world. You know that immediate connection between our senses
and the stimulatory triggers of a car; sounds, speed, sights? Imagine that feeling, and so much
more. | am optimistic that the automotive industry and technology companies will preserve this
fascination of the automobile—it is, after all, an immersive experience.

But if you don’t like this dawning era of the connected vehicle, you should get your (unconnected)

dream car now.

(By Thilo Koslowski'*' from Wired)

New Words
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Questions for Discussion

1. What are connected cars?
2. What are the benefits and opportunities of connected cars?

3. What is the demand of U. S. vehicle owners according to the analyses Gartner conducted?
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Text A

Quantum Communications Leap Out of the Lab

——China begins work on super-secure network as “ real-world” trial
successfully sends quantum keys and data.

Cybersecurity is a step closer to the dream of sending data securely over long distances using
quantum physics—spurred by two developments.

This week, China will start installing the world’s longest quantum-communications network ,
which includes a 2, 000-kilometre link between Beijing and Shanghai. And a study jointly
announced this week by the companies Toshiba, BT and ADVA, with the UK National Physical
Laboratory in Teddington, reports “encouraging” results from a network field trial, suggesting that
quantum communications could be feasible on existing fibre-optic infrastructure.

Is there any disadvantage in conventional data-encryption systems? What is it?

Conventional data-encryption systems rely on the exchange of a secret “key” —in binary Os
and 1s—to encrypt and decrypt information. But the security of such a communication channel can
be undermined if a hacker “eavesdrops” on this key during transmission. Quantum communications
use a technology called quantum key distribution ( QKD )'"' | which harnesses the subatomic
properties of photons to “remove this weakest link of the current system” , says Grégoire Ribordy,
co-founder and chief executive of ID Quantique, a quantum-cryptography company in Geneva,
Switzerland.

The method allows a user to send a pulse of photons that are placed in specific quantum states
that characterize the cryptographic key. If anyone tries to intercept the key, the act of eavesdropping
intrinsically alters its quantum state—alerting users to a security breach. Both the US $ 100-million
Chinese initiative and the system tested in the latest study use QKD.

The Chinese network “will not only provide the highest level of protection for government and
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financial data, but provide a test bed for quantum theories and new technologies” , says Jianwei
Pan, a quantum physicist at the University of Science and Technology of China in Hefei, who is
leading the Chinese project.

Pan hopes to test such ideas using the network, along with a quantum satellite that his team
plans to launch next year. Together, he says, the technologies could perform further tests of
fundamental quantum theories over large scales (‘around 2, 000 kilometres), such as quantum
non-locality'? | in which changing the quantum state of one particle can influence the state of
another even if they are far apart, says Pan.

Sending single photons over long distances is one of the greatest problems in QKD because they
tend to get absorbed by optical fibers, making the keys tricky to detect on the receiver’s end.

This is “a big challenge for conventional detectors” , says Hoi-Kwong Lo, a quantum physicist
at the University of Toronto in Canada. But technological breakthroughs in recent years have
significantly reduced the noise level of detectors while increasing their efficiency in detecting photons
from just 15% to 50%.

Vast improvements have also been made in the rate at which detectors can “count” photon
pulses—crucial in determining the rate at which quantum keys can be sent, and thus the speed of
the network. Counting rates have been raised 1, 000-fold, to about 2 gigahertz, says Lo.

The breakthroughs are pushing the distance over which quantum signals can be sent. Trials
using “dark fibers” —optical fibers laid down by telecommunications companies but lying unused—
have sent quantum signals up to 100 kilometers, says Don Hayford, a researcher at Battelle, a
technology-development company headquartered in Columbus, Ohio.

To go farther than that, quantum signals must be relayed at “node points” —the quantum
networks between Beijing and Shanghai, for instance, will require 32 nodes. To transmit photons
over longer distances without the use of nodes would require a satellite.

China is not alone in its quantum-communication efforts. A team led by Hayford, together with
ID Quantique, has started installing a 650-kilometre link between Battelle’s headquarters and its
offices in Washington D C. The partnership is also planning a network linking major U. S. cities,
which could exceed 10, 000 kilometers, says Hayford, although it has yet to secure funding for
that.

The Chinese and U. S. networks will both use dark fibers to send quantum keys. But these fi-
bers “are not always available and can be prohibitively expensive” , says Andrew Shields, a quan-
tum physicist at Toshiba Research Europe in Cambridge, UK. One way to sidestep the problem is to
piggyback the photon streams onto the “lit” fibers that transmit conventional telecommunications
data. However, those conventional data streams are usually about a million times stronger than
quantum streams, so the quantum data tend to be drowned out.

In the results announced this week, Shields and his colleagues were successful in achieving the
stable and secure transmission of QKDs along a live lit fiber between two stations of the UK
telecommunications company BT, 26 kilometers apart. The quantum keys were sent over several

weeks at a high rate alongside four channels of strong conventional data on the same fiber. The
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research builds on previous work in which Shields and his team developed a technique to detect

quantum signals sent alongside noisy data in a 90-kilometre fiber,

conditions.

“Implementing QKD in the

‘ real world’

but in controlled laboratory

is much more challenging than in the controlled

environment of the lab, due to environmental fluctuations and greater loss in the fibre,” says

Shields.

The quantum keys in the latest study were sent alongside conventional data travelling at 40

gigabits per second.

“As far as I am aware,

this is the highest bandwidth of data that has been

multiplexed with QKD to date,” add Shields.
He calculates that it would be possible to send QKD signals alongside 40 conventional data

channels. Optical fibers usually carry between 40 and 160 telecommunications channels,

meaning

that quantum communication could be carried out with existing infrastructure.

“I find it an impressive piece of work that demonstrates the multiplexing of strong classical

signals with quantum signals in the same fiber for the first time”

in a field trial, says Lo. Removing

the need for dark fibers, he says, is an important step in showing that QKD has the potential to be

used in “

New Words
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By Jane Qiu, 23 April 2014, from Nature
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Questions for Discussion

1. Is there any disadvantages in conventional data-encryption systems? What is it?
2. How can QKD prevent hackers from eavesdropping during transmission?

3. What is the disadvantage of dark fibers? How can it be avoided?

4. Do you think it is possible that QKD will be employed in “real life” ?

Text B

China’s Latest Leap Forward
Isn’t Just Great—It’s Quantum

—Beijing launches the world’s first quantum-communications satellite into orbit

BEIJING—A rocket that shot skyward from the Gobi Desert early Tuesday is expected to propel
China to the forefront of one of science’s most challenging fields.

It also is set to launch Beijing far ahead of its global rivals in the drive to acquire a highly
coveted asset in the age of cyberespionage: hack-proof communications.

State media said China sent the world’s first quantum-communications satellite into orbit from a
launch center in Inner Mongolia about 1: 40 a. m. Tuesday. Five years in the making, the project is

being closely watched in scientific and security circles.
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The quantum program is the latest part of China’s multibillion-dollar strategy over the past two

" research.

decades to draw with or even surpass the West in hard-sciences

“There’s been a race to produce a quantum satellite, and it is very likely that China is going to
win that race,” said Nicolas Gisin, a professor and quantum physicist at the University of Geneva.
“It shows again China’s ability to commit to large and ambitious projects and to realize them. ”

Scientists in the U.S. , Europe, Japan and elsewhere are rushing to exploit the strange and
potentially powerful properties of subatomic particles, but few with as much state support as those in
China, researchers say. Quantum technology is a top strategic focus in the country’s five-year
economic development plan, released in March.

Beijing hasn’t disclosed how much money it has allocated to quantum research or to building the
1, 400-pound satellite. But funding for basic research, which includes quantum physics, was $
10. 1 billion in 2015, up from $ 1.9 billion in 2005.

U. S. federal funding for quantum research is about $ 200 million a year, according to a
congressional report in July by a group of science, defense, intelligence and other officials. It said
development of quantum science would “enhance U. S. national security,” but said fluctuations in
funding had set back progress.

Beijing, meanwhile, has tried to lure Chinese-born, foreign-educated experts in quantum
physics back to China, including Pan Jianwei, the physicist who is leading the project.

“We’ve taken all the good technology from labs around the world, absorbed it and brought it
back,” Mr. Pan told Chinese state TV in an interview that aired on Monday.

With state support, Mr. Pan was able to leapfrog his former Ph. D. adviser, University of Vienna
physicist Anton Zeilinger, who said he has tried since 2001 to persuade the European Space Agency
to launch a similar satellite.

“It’s a difficult process, which takes a lot of time,” said Mr. Zeilinger, who is now working on
his former student’s satellite.

Neither Mr. Pan nor the Chinese Academy of Sciences, which is directing the project, responded
to requests to comment. The European Space Agency didn’t respond to requests for comment.

The National Science Foundation, which provides federal funding for basic American science
research, said quantum science was one of six “big ideas. ” It had identified for long-term research
to address critical societal challenges, according to C. Denise Caldwell, head of the group’s physics
division. She said the NSF also recently established new research awards that will have a direct
impact on quantum information research.

China’s investment in the field is likely being driven in part by fear of U. S. cyber capabilities,
said John Costello, a fellow at Washington, D. C. -based New America specializing in China and
cybersecurity, pointing to 2013 disclosures that the U. S. had penetrated deeply into Chinese
networks. He also noted that U. S. institutions are researching how to build powerful quantum
computers theoretically capable of shattering the math-based encryption now used world-wide for
secure communication.

“The Chinese government is aware that they are growing particularly susceptible to electronic
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espionage,” Mr. Costello said.

However, quantum communication is defensive in nature, he noted, and wouldn’t benefit from
what the U. S. has identified as China’s state-sponsored hacking program.

Quantum encryption is secure against any kind of computing power because information encoded
in a quantum particle is destroyed as soon as it is measured. Gregoir Ribordy, co-founder of
Geneva-based quantum cryptography firm ID Quantique, likened it to sending a message written on a
soap bubble. “If someone tries to intercept it when it’s being transmitted, by touching it, they make
it burst,” he said.

Quantum physicists have recently advanced the use of photons to communicate securely over
short distances on Earth. The satellite, if successful, would vastly expand the range of un-hackable
communication. To test whether quantum communications can take place at a global scale, Mr. Pan
has told state media that he and his team will try to beam a quantum cryptographic key through space
from Beijing to Vienna. “Inevitably these kinds of technologies have problems and things get messed
up by the people using them, unless they have gone through extensive training,” said Peter Mattis
a fellow at the Jamestown Foundation'® who studies China’s intelligence services. “I think China
has an obligation not just to do something for ourselves—many other countries have been to the
moon, have done manned spaceflight—but to explore something unknown,” he said.

“It would be enormous if the test succeeded,” said Ma Xiaosong, a Vienna-trained quantum
physicist at Nanjing University who worked on early phases of the satellite project.

Quantum encryption isn’t foolproof. It’s possible for hackers to trick an incautious recipient by
shining an intense laser into a quantum receptor, said Alexander Ling, principal investigator at the
Center for Quantum Technologies in Singapore.

U. S. security experts also question whether intricacies of quantum communication can be
simplified enough for use in a conflict situation.

Whatever the challenges, the University of Vienna’s Mr. Zeilinger said, the satellite puts China
and the field of quantum mechanics on the verge of a significant technological breakthrough. “In the
long run, there is a good chance that this will replace our current communications technology,” he
said. “I see no basic reason why it won’t happen. ”

In a January interview with the journal Nature, Mr. Pan said the satellite showed China’s
scientists had stopped following in the footsteps of others. To drive the point home, Chinese state
media on Monday said the satellite had been named Micius after a Sth century B. C. philosopher who
opposed offensive warfare.

By JOSH CHIN from Wall Street Journal, Vivian Pang contributed to this article.

New Words

orbit [ 'otbrt ] no BUE; AEWEER o &g SPLEEBTT
skyward [ 'skarwod] adi. 0] LR, MERSZN  adv. WL 8RS
propel [ pro'pel ] v fREE; SRADS WAL GKOR

forefront [ 'forfrant ] n. BATLE, BATED; WEshagHG



Unit 6 I‘

covet [ 'kavit] v, MEE; HEE,; UK

cyberespionage [ 'sarba'esprona:3 ] n. P_E ]G Bh

hack-proof [ hek pru:f] n. K

lure [1(j) va] n. W W AW o R S1A

leapfrog [ 'lizpfrog ] n. RHERSE oo BT, Bhik, SEwEE; BRad

penetrate [ 'penitreit ] v. BiE, G5, A%, BB, A, &5

susceptible [ sa'septib(2)1] adj. ZyZ W, SRS n ZEHRPA

foolproof [ 'fulpru:f ] adi. TAXRIH); AR oo RFTHL, Z4e 3B
BH

incautious [ m'ko:fas] adj. AN/ R

offensive [ o'fensiv] adi. W00, BALRS; ToALR; TR

warfare [ 'woifea] n. R, o

Notes

[1] Hard science (ffElI:) J&ARBIESHE AR =2 X HGFR, NAEREY, W%, 1k
2ORICHFE,

[2] Jamestown Foundation (EWHURIE42) EEERN—TAREFTSRFNELS, X
PMRESR—NLTFH TR EFR RIS,

Questions for Discussion

1. What project has received close attention in scientific and security circles for the past five years?
2. How do you understand “quantum encryption is secure” ?

3. Why is quantum encryption not foolproof?
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Text A

Stored Program Control

Stored program control (SPC) is a telecommunications technology used for telephone exchanges
controlled by a computer program stored in the memory of the switching system. SPC was the
enabling technology of electronic switching systems ( ESS) developed in the Bell System''' in
the 1950s.

Early exchanges such as Strowger, panel, rotary, and crossbar switches were constructed purely
from electromechanical switching components with analog control electronics, and had no computer
software control. Stored program control was invented by Bell Labs'?' scientist Erna Schneider Hoover
in 1954 who reasoned that computer software could control the connection of telephone calls.

SPC was introduced in electronic switching systems in the 1960s. The 101ESS PBX was a
transitional switching system in the Bell System to provide expanded services to business customers
that were otherwise still served by an electromechanical central office switch, while the Western
Electric 1ESS switch and the AXE telephone exchange by Ericsson were large-scale systems in the
public switched telephone network. SPC enabled sophisticated calling features. As SPC exchanges
evolved, reliability and versatility increased. The addition of time division multiplexing ( TDM )
decreased subsystem sizes and dramatically increased the capacity of the telephone network. By the

1980s, SPC technology dominated the telecommunications industry.

1. Introduction

The principle feature of stored program control is one or multiple digital processing units ( stored
program Computers) that execute a set of computer instructions (program) stored in the memory of
the system by which telephone connections are established, maintained, and terminated in associated
electronic circuitry.

An immediate consequence of stored program control is automation of exchange functions and
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introduction of a variety of new telephony features to subscribers.

A telephone exchange must run continuously without interruption at all times, by implementing
a fault-tolerant design. Early trials of electronics and computers in the control sub systems of an
exchange were successful and resulted in the development of fully electronic systems, in which the
switching network was also electronic. A trial system with stored program control was installed in
Morris, Ilinois in 1960. It used a flying-spot store with a word size of 18 bits for semi-permanent
program and parameter storage, and a barrier-grid memory for random access working memory. The
world’s first electronic switching system for permanent production use, the No.1 ESS, was
commissioned by AT&T at Succasunna, New Jersey, in May 1965. By 1974, AT&T had installed
475 No. 1ESS systems. In the 1980s SPC displaced electromechanical switching in the telecommunication
industry, hence the term lost all but historical interest. Today SPC is a standard feature in all
electronic exchanges.

The attempts to replace the electromechanical switching matrices by semiconductor cross point
switches were not immediately successful, particularly in large exchanges. As a result, many space
division switching systems used electromechanical switching networks with SPC. Nonetheless,
private automatic branch exchanges ( PABX) and smaller exchanges do use electronic switching

devices.

2. Types

Stored program control implementations may be organized into centralized and distributed
approaches. Early electronic switching systems ( ESS) developed in the 1960s and 1970s almost
invariably used centralized control. Although many present day exchange design continue to use
centralized SPC, with advent of low cost powerful microprocessors and VLSI chips such as
programmable logic array ( PLA) and programmable logic controllers ( PLC), distributed SPC
became widespread by the early 21st century.

(1) Centralized Control

In centralized control, all control equipment is replaced by a central processing unit. It must be
able to process 10 to 100 calls per second, depending on the load to the system. Multiprocessor
configurations are commonplace and may operate in various modes, such as in stand-by mode, in
synchronous duplex mode, or in load-sharing mode.

1) Stand-by Mode

Standby mode of operation is the simplest of a dual-processor configuration. Normally one
processor is in stand-by mode. The stand-by processor is brought online only when the active
processor fails. An important requirement of this configuration is ability of stand-by processor to
reconstitute the state of exchange system when it takes over the control; means to determine which of
the subscriber lines or trunks are in use.

In small exchanges, this may be possible by scanning the status signals as soon as the stand-by
processor is brought into action. In such a case only the calls which are being established at the time

of failure are disturbed. In large exchanges it is not possible to scan all the status signals within a
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significant time. Here the active processor copies the status of system periodically into secondary
storage. When switchover occurs the recent status from the secondary memory is loaded. In this case
only the calls which change status between last update and failure are affected. The shared secondary
storage need not to be duplicated and simple unit level redundancy would suffice. 1ESS switch was a
prominent example.

2) Synchronous Duplex Mode. In synchronous duplex mode of operation hardware coupling is
provided between two processors which execute same set of instructions and compare the results
continuously. If mismatch occurs then the faulty processor is identified and taken out of service within
a few milliseconds. When system is operating normally, the two processors have same data in
memories at all times and simultaneously receive information from exchange environment. One of the
processor actually controls the exchange, but the other is synchronized with the former but does not
participate in the exchange control. If a fault is detected by the comparator the processors are
decoupled and a check-out program is run independently to find faulty processor. This process runs
without disturbing the call processing which is suspended temporarily. When one processor is taken
out then the other processor operates independently. When the faulty processor is repaired and
brought in service then memory contents of the active processor are copied into its memory and the
two are synchronized and comparator is enabled.

It is possible that a comparator fault occurs only due to transient failure which is not shown even
when check out program is run. In such case three possibilities exists

® Continue with both processors;

® Take out the active processor and continue with the other;

® (Continue with active processor but remove other processor from service.

Scheme 1 is based on the assumption that the fault is transient one and may not appear again. In
scheme 2 and Scheme 3 the processor taken out is subjected to extensive testing to identify a marginal
failure in these cases.

3) Load-Sharing Mode. In load-sharing operation, an incoming call is assigned randomly or in
a predetermined order to one of the processors which then handles the call right through
completion. Thus, both the processors are active simultaneously and share the load and the resources
dynamically. Both the processors have access to the entire exchange environment which is sensed as
well as controlled by these processors. Since the calls are handled independently by the processors,
they have separate memories for storing temporary call data. Although programs and semi-permanent
data can be shared, they are kept in separate memories for redundancy purposes.

There is an inter processor link through which the processors exchange information needed for

¢

mutual coordination and verifying the “state of health” of the other. If the exchange of information
fails, one of the processors which detect the same takes over the entire load including the calls that
are already set up by the failing processor. However, the calls that were being established by the
failing processor are usually lost. Sharing of resources calls for an exclusion mechanism so that both
the processors do not seek the same resource at the same time. The mechanism may be implemented

in software or hardware or both.
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(2) Distributed Control

Distributed SPC is both more available and more reliable than centralized SSPC.

1) Vertical Decomposition. Whole exchange is divided into several blocks and a processor is
assigned to each block. This processor performs all the task related to that specific blocks. Therefore ,
the total control system consists of several controlunits coupled together. For redundancy purpose

processor may be duplicated in each blocks.

2) Horizontal Decomposition. In this type of decomposition each processor performs only one or

some exchange function.

New Words

memory ['mem(9)ri] n. [11] fE6Ees, WNAE; idie

panel ['pen(a)l1] n. {SCRML; AR

rotary ['rout(o)ri] adj. TR, Bahi) n [3h1] #ECk Sl
crossbar [ 'krpsba: ] n. BEA, BES, RESE, BERY, M

electromechanical [ 1lektrovmi'kanik (9)1]

adi. [H] [HL] BBIPUARAY, [HL] ML

transitional [tren'zif(2)n(2)1] adj. BiIAEN, HARRY; ARy, oFEN
versatility [ v3rsa'tiloti] n. gﬁﬁ@, Eftrffjﬂi, EVIEZD

execute [ 'eksikjut ] v. AT ABBE, Abde; JBAT; SERL
parameter [ pa'reemita ] n. 28, S, REIRE; ElHER

barrier-grid

['baerio (r) grid]

[ko'mif(2)n]

n. B
BT, BT iR

commission v.

displace [ dis'plers] v. %3, Bak; B, UL

programmable [ |pr90'graem9bl] adj. AITFEY, TT4RFEM); 4ty
duplex [ 'djurpleks ] adj. FHERGTY)

standby ['steen (d) bar] n. &M adi. &HBY

reconstitute [ rir'konstitjuit ] v. FRAEG, PRI

suffice [ so'fars ] v. B HEESD

duplicate [ 'djurplikert ] v. Bl B adl. SEE—FER); EHIAY
redundancy [r1'dand(2)nsi] n. (BLEsH)) Z48E, 3£, 0K, &K
synchronous [ 'sipkranos ] adj. WIRHAEAE [ RAE] W, TEI2EH
synchronize [ 'sipkronaiz | v. THE[EI, fdi[R] )

comparator

[ kom'parato]

n. WWEUAL, Mg, G

transient [ 'treenziont | adj. FEEHY; FEBERIHTA; IS
predetermine [ prizdr't3imin ] v. TCHEGE; HE

couple ['kap(2)1] v, EAE—, EE

decomposition [ dizkompa'zifn] n. o3, JEES

Notes
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Questions for Discussion

1. What is stored program control?

2. What main feature does SPC bear?

3. How many categories does SPC fall into? What are they?
4. What is stand-by mode?

Text B

Packet Switching

Packet switching is a digital networking communications method that groups all transmitted data
into suitably sized blocks, called packets, which are transmitted via a medium that may be shared by
multiple simultaneous communication sessions. Packet switching increases network efficiency,
robustness and enables technological convergence of many applications operating on the
same network.

Packets are composed of a header and payload. Information in the header is used by networking
hardware to direct the packet to its destination where the payload is extracted and used by application
software.

Starting in the late 1950s, American computer scientist Paul Baran''' developed the concept
Distributed Adaptive Message Block Switching with the goal to provide a fault-tolerant, efficient
routing method for telecommunication messages as part of a research program at the RAND
Corporation'?’ | funded by the U. S . Department of Defense. This concept contrasted and contradicted
then established principles of pre-allocation of network bandwidth, largely fortified by the development of
telecommunications in the Bell System. The new concept found little resonance among network
implementers until the independent work of British computer scientist Donald Davies'®' at the National
Physical Laboratory ( United Kingdom) in the late 1960s. Davies is credited with coining the modern
name packet switching and inspiring numerous packet switching networks in the decade following,

including the incorporation of the concept in the early ARPANET in the United States.

1. Concept

A simple definition of packet switching is:
The routing and transferring of data by means of addressed packets so that a channel is occupied

during the transmission of the packet only, and upon completion of the transmission the channel is
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made available for the transfer of other traffic.

Packet switching features delivery of variable bit rate data streams, realized as sequences of
packets, over a computer network which allocates transmission resources as needed using statistical
multiplexing or dynamic bandwidth allocation techniques. As they traverse network nodes, such as
switches and routers, packets are received, buffered, queued, and transmitted ( stored and
forwarded ) , resulting in variable latency and throughput depending on the link capacity and the
traffic load on the network.

Packet switching contrasts with another principal networking paradigm, circuit switching, a
method which pre-allocates dedicated network bandwidth specifically for each communication
session, each having a constant bit rate and latency between nodes. In cases of billable services,
such as cellular communication services, circuit switching is characterized by a fee per unit of
connection time, even when no data is transferred, while packet switching may be characterized by a
fee per unit of information transmitted, such as characters, packets, or messages.

Packet mode communication may be implemented with or without intermediate forwarding nodes
(packet switches or routers ). Packets are normally forwarded by intermediate network nodes
asynchronously using first-in, first-out buffering, but may be forwarded according to some scheduling
discipline for fair queuing, traffic shaping, or for differentiated or guaranteed quality of service,
such as weighted fair queuing or leaky bucket. In case of a shared physical medium ( such as radio or

10BASES) , the packets may be delivered according to a multiple access scheme.

2. History

In the late 1950s, the US Air Force established a wide area network for the Semi-Automatic
Ground Environment ( SAGE) radar defense system. They sought a system that might survive a
nuclear attack to enable a response, thus diminishing the attractiveness of the first strike advantage
by enemies.

Leonard Kleinrock conducted early research in queueing theory'*' which proved important in
packet switching, and published a book in the related field of digital message switching ( without the
packets) in 1961 ; he also later played a leading role in building and management of the world’s first
packet-switched network, the ARPANET.

The concept of switching small blocks of data was first explored independently by Paul Baran at
the RAND Corporation in the U. S. and Donald Davies at the National Physical Laboratory (NPL) in
the UK in the early-to-mid-1960s.

Baran developed the concept of distributed adaptive message block switching during his research
at the RAND Corporation for the U. S. Air Force into communications networks, that could survive
nuclear wars, first presented to the Air Force in the summer of 1961 as briefing B-265, later
published as RAND report P-2626 in 1962, and finally in report RM 3420 in 1964. Report P-2626
described a general architecture for a large-scale, distributed, survivable communications network.
The work focuses on three key ideas; use of a decentralized network with multiple paths between any

two points, dividing user messages into message blocks, later called packets, and delivery of these
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messages by store and forward switching.

Baran’s work was known to Robert Taylor and J. C. R. Licklider at the Information Processing
Technology Office, who advocated wide area networks, and it influenced Lawrence Roberts to adopt
the technology in the development of the ARPANET.

Starting in 1965, Donald Davies at the National Physical Laboratory, UK, independently
developed the same message routing methodology as developed by Baran. He called it packet
switching, a more accessible name than Baran’s, and proposed to build a nationwide network in the
UK. He gave a talk on the proposal in 1966, after which a person from the Ministry of Defence
(MoD) told him about Baran’s work. A member of Davies’ team (Roger Scantlebury) met Lawrence
Roberts at the 1967 ACM Symposium on Operating System Principles and suggested it for use in the
ARPANET.

Davies had chosen some of the same parameters for his original network design as did Baran,
such as a packet size of 1024 bits. In 1966, Davies proposed that a network should be built at the
laboratory to serve the needs of NPL and prove the feasibility of packet switching. The NPL Data
Communications Network entered service in 1970.

The first computer network and packet switching network deployed for computer resource
sharing was the Octopus Network at the Lawrence Livermore National Laboratory that began
connecting four Control Data 6600 computers to several shared storage devices (including an IBM
2321 Data Cell in 1968 and an IBM Photostore in 1970) and to several hundred Teletype Model 33
ASR terminals for time sharing use starting in 1968.

In 1973, Vint Cerf and Bob Kahn wrote the specifications for Transmission Control Protocol

(TCP) , an internetworking protocol for sharing resources using packet-switching among the nodes.

3. Connectionless and Connection-Oriented Modes

Packet switching may be classified into connectionless packet switching, also known as datagram
switching, and connection-oriented packet switching, also known as virtual circuit switching.

Examples of connectionless protocols are Ethernet, Internet Protocol (IP), and the User
Datagram Protocol (UDP). Connection-oriented protocols include X. 25, Frame Relay, Multiprotocol
Label Switching (MPLS) , and the Transmission Control Protocol ( TCP).

In connectionless mode each packet includes complete addressing information. The packets are
routed individually, sometimes resulting in different paths and out-of-order delivery. Each packet is
labeled with a destination address, source address, and port numbers. It may also be labeled with
the sequence number of the packet. This precludes the need for a dedicated path to help the packet
find its way to its destination, but means that much more information is needed in the packet
header, which is therefore larger, and this information needs to be looked up in power-hungry
content-addressable memory. Each packet is dispatched and may go via different routes; potentially,
the system has to do as much work for every packet as the connection-oriented system has to do in
connection set-up, but with less information as to the application’s requirements. At the destination,

the original message/data is reassembled in the correct order, based on the packet sequence
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number. Thus a virtual connection, also known as a virtual circuit or byte stream is provided to the
end-user by a transport layer protocol, although intermediate network nodes only provides a
connectionless network layer service.

Connection-oriented transmission requires a setup phase in each involved node before any packet
is transferred to establish the parameters of communication. The packets include a connection
identifier rather than address information and are negotiated between endpoints so that they are
delivered in order and with error checking. Address information is only transferred to each node
during the connection set-up phase, when the route to the destination is discovered and an entry is
added to the switching table in each network node through which the connection passes. The
signaling protocols used allow the application to specify its requirements and discover link
parameters. Acceptable values for service parameters may be negotiated. Routing a packet requires
the node to look up the connection id in a table. The packet header can be small, as it only needs to
contain this code and any information, such as length, timestamp, or sequence number, which is

different for different packets.

New Words
packet [ 'paekit ] no B¥EA, [FEA; /ML, /MR o B3, T8

robustness [ rou'bastnis ] n. [H] @8ME; (1] fafdd,; Ek
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Questions for Discussion

1. What is the feature of packet switching?
2. What does Baran report in 1962 focus on?

3. List some examples of connectionless protocols.
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Text A

Information Security

Information security, '’ sometimes shortened to InfoSec, is the practice of preventing
unauthorized access, use, disclosure, disruption, modification, inspection, recording or destruction
of information. It is a general term that can be used regardless of the form the data may take (e. g.

electronic, physical ).

1. Overview

(1) IT Security

Sometimes referred to as computer security, information technology security (IT security) is
information security applied to technology ( most often some form of computer system ). It is
worthwhile to note that a computer does not necessarily mean a home desktop. A computer is any
device with a processor and some memory. Such devices can range from non-networked standalone
devices as simple as calculators, to networked mobile computing devices such as smartphones and
tablet computers. IT security specialists are almost always found in any major enterprise/ establishment
due to the nature and value of the data within larger businesses. They are responsible for keeping all
of the technology within the company secure from malicious cyber attacks that often attempt to breach
into critical private information or gain control of the internal systems.

(2) Information Assurance

The act of providing trust of the information, that the confidentiality, integrity and availability
(CIA) of the information are not violated, e. g. ensuring that data is not lost when critical issues
arise. These issues include, but are not limited to: natural disasters, computer/server malfunction or
physical theft. Since most information is stored on computers in our modern era, information
assurance is typically dealt with by IT security specialists. A common method of providing information

assurance is to have an off-site backup of the data in case one of the mentioned issues arise.
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(3) Threats

Information security threats come in many different forms. Some of the most common threats
today are software attacks, theft of intellectual property, identity theft, theft of equipment or
information, sabotage, and information extortion. Most people have experienced software attacks of
some sort. Viruses, worms, phishing attacks, and Trojan horses are a few common examples of
software attacks. The theft of intellectual property has also been an extensive issue for many businesses
in the IT field. Identity theft is the attempt to act as someone else usually to obtain that person’s
personal information or to take advantage of their access to vital information. Theft of equipment or
information is becoming more prevalent today due to the fact that most devices today are mobile. Cell
phones are prone to theft and have also become far more desirable as the amount of data capacity
increases. Sabotage usually consists of the destruction of an organization’s website in an attempt to
cause loss of confidence on the part of its customers. Information extortion consists of theft of a
company’s property or information as an attempt to receive a payment in exchange for returning the
information or property back to its owner, as with ransomware. There are many ways to help protect
yourself from some of these attacks but one of the most functional precautions is user carefulness.

Governments, military, corporations, financial institutions, hospitals and private businesses
amass a great deal of confidential information about their employees, customers, products, research
and financial status. Most of this information is now collected, processed and stored on electronic
computers and transmitted across networks to other computers.

Should confidential information about a business’ customers or finances or new product line fall
into the hands of a competitor or a black hat hacker, a business and its customers could suffer
widespread, irreparable financial loss, as well as damage to the company’s reputation. From a
business perspective, information security must be balanced against cost; the Gordon-Loeb Model >’
provides a mathematical economic approach for addressing this concern.

For the individual, information security has a significant effect on privacy, which is viewed very
differently in various cultures.

The field of information security has grown and evolved significantly in recent years. It offers
many areas for specialization, including securing networks and alliedinfrastructure, securing
applications and databases, security testing, information systems auditing, business continuity
planning and digital forensics.

(4) Responses to Threats

Possible responses to a security threat or risk are

® Reduce/mitigate—implement safeguards and countermeasures to eliminate vulnerabilities or
block threats.

® Assign/transfer—place the cost of the threat onto another entity or organization such as
purchasing insurance or outsourcing.

® Accept—evaluate if cost of countermeasure outweighs the possible cost of loss due to threat.

® [gnore/reject—not a valid or prudent due-care response.
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2. Definitions

The definitions of InfoSec suggested in different sources are summarized below (adopted from).

1) “Preservation of confidentiality, integrity and availability of information. Note: In addition,
other properties, such as authenticity, accountability, non-repudiation and reliability can also be
involved. 7 (ISO/IEC 27000, 2009)

2) “The protection of information and information systems from unauthorized access, use,
disclosure, disruption, modification, or destruction in order to provide confidentiality, integrity, and
availability. 7 ( CNSS, 2010)

3) “Ensures that only authorized users ( confidentiality) have access to accurate and complete
information ( integrity) when required (availability).” (ISACA, 2008)

4) “Information security is the process of protecting the intellectual property of an organisation. ”
(Pipkin, 2000)

5) “... information security is a risk management discipline, whose job is to manage the cost
of information risk to the business. ” ( McDermott and Geer, 2001)

6) “A well-informed sense of assurance that information risks and controls are in balance. ”
(Anderson, J. , 2003)

7) “Information security is the protection of information and minimizes the risk of exposing
information to unauthorized parties. ” ( Venter and Eloff, 2003 )

8) “Information security is a multidisciplinary area of study and professional activity which is
concerned with the development and implementation of security mechanisms of all available types
(technical, organizational, human-oriented and legal ) in order to keep information in all its
locations (within and outside the organization’s perimeter) and, consequently, information systems,
where information is created, processed, stored, transmitted and destroyed, free from
threats. Threats to information and information systems may be categorized and a corresponding
security goal may be defined for each category of threats. A set of security goals, identified as a result
of a threat analysis, should be revised periodically to ensure its adequacy and conformance with the
evolving environment. The currently relevant set of security goals may include: confidentiality,
integrity, availability, privacy, authenticity & trustworthiness, non-repudiation, accountability and
auditability. 7 ( Cherdantseva and Hilton, 2013)

3. Basic Principles

(1) Key Concepts

The CIA triad of confidentiality, integrity, and availability is at the heart of information security.
( The members of the classic InfoSec triad—confidentiality, integrity and availability—are
interchangeably referred to in the literature as security attributes, properties, security goals,
fundamental aspects, information criteria, ecritical information characteristics and basic building
blocks. ) There is continuous debate about extending this classic trio. Other principles such as

accountability have sometimes been proposed for addition—it has been pointed out that issues such
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as non-repudiation do not fit well within the three core concepts.

In 1992 and revised in 2002, the OECD’s Guidelines for the Security of Information Systems and
Networks proposed the nine generally accepted principles: awareness, responsibility, response,
ethics, democracy, risk assessment, security design and implementation, security management, and
reassessment. Building upon those, in 2004 the NIST’s Engineering Principles for Information Tech-
nology Security proposed 33 principles. From each of these derived guidelines and practices.

In 2002, Donn Parker proposed an alternative model for the classic CIA triad that he called the
six atomic elements of information. The elements are confidentiality, possession, integrity, authenticity,
availability, and utility. The merits of the Parkerian Hexad are a subject of debate amongst security
professionals.

In 2011, The Open Group published the information security management standard O-ISM3.
This standard proposed an operational definition of the key concepts of security, with elements called
“security objectives”, related to access control, availability, data quality, compliance and
technical. This model is not currently widely adopted.

(2) Confidentiality

In information security, confidentiality “is the property, that information is not made available
or disclosed to unauthorized individuals, entities, or processes” (Excerpt ISO 27000).

(3) Integrity

In information security, data integrity means maintaining and assuring the accuracy and
completeness of data over its entire life-cycle. This means that data cannot be modified in an
unauthorized or undetected manner. This is not the same thing as referential integrity in databases,
although it can be viewed as a special case of consistency as understood in the classic ACID">' model
of transaction processing. Information security systems typically provide message integrity in addition
to data confidentiality.

(4) Availability

For any information system to serve its purpose, the information must be available when it is
needed. This means that the computing systems used to store and process the information, the
security controls used to protect it, and the communication channels used to access it must be
functioning correctly. High availability systems aim to remain available at all times, preventing
service disruptions due to power outages, hardware failures, and system upgrades. Ensuring
availability also involves preventing denial-of-service attacks, such as a flood of incoming messages
to the target system essentially forcing it to shut down.

(5) Non-repudiation

In law, non-repudiation implies one’s intention to fulfill their obligations to a contract. It also
implies that one party of a transaction cannot deny having received a transaction nor can the other
party deny having sent a transaction.

It is important to note that while technology such as cryptographic systems can assist in
non-repudiation efforts, the concept is at its core a legal concept transcending the realm of technology. It

is not, for instance, sufficient to show that the message matches a digital signature signed with the
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sender’s private key, and thus only the sender could have sent the message and nobody else could
have altered it in transit ( data integrity). The alleged sender could in return demonstrate that the
digital signature algorithm is vulnerable or flawed, or allege or prove that his signing key has been
compromised. The fault for these violations may or may not lie with the sender himself, and such
assertions may or may not relieve the sender of liability, but the assertion would invalidate the claim
therefore ,

that the signature necessarily proves authenticity and integrity; and, the sender may

repudiate the message (because authenticity and integrity are pre-requisites for non-repudiation ).
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Questions for Discussion

1. What does information security refer to?
2. What is IT security?

3. What are the most common threats to information security?

Text B

5 Information Security Trends That Will Dominate 2016

Every year, it seems, the threats posed by cybercriminals evolve into new and more dangerous
forms while security organizations struggle to keep up.

As 2015 draws to a close, we can expect the size, severity and complexity of cyber threats to
continue increasing in 2016, says Steve Durbin, managing director for the Information Security
Forum (ISF) , a nonprofit association that assesses security and risk management issues on behalf of
its members.

“For me, 2016 is probably the year of cyber risk,” Durbin says. “I say that because
increasingly I think we are seeing a raised level awareness about the fact that operating in cyber
brings about its own peculiarities. ”

“As we move into 2016, attacks will continue to become more innovative and sophisticated ,”
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Durbin says. “ Unfortunately, while organizations are developing new security mechanisms,
cybercriminals are cultivating new techniques to evade them. In the drive to become more cyber
resilient, organizations need to extend their risk management focus from pure information
confidentiality, integrity and availability to include risks such as those to reputation and customer
channels, and recognize the unintended consequences from activity in cyberspace. By preparing for
the unknown, organizations will have the flexibility to withstand unexpected, high impact security

”
events.

1. The Unintended Consequences of State Intervention

Conlflicting official involvement in cyberspace in 2016 will create the threat of collateral damage
and have unforeseen implications and consequences for all organizations that rely on it, Durbin says,
noting that varying regulation and legislation will restrict activities whether or not an organization is
the intended target. He warns that even organizations not implicated in wrongdoing will suffer
collateral damage as authorities police their corner of the Internet.

“We've seen the European Court of Justice kicking out Safe Harbor''',” Durbin says. “We're
seeing increasing calls for backdoors from governments, while certain technology vendors are saying,
¢ Good luck, because we encrypt everything end-to-end and we have no knowledge of what this data
is. 7 In a world where terrorism is becoming more the norm, there is a cyber-physical link here. How
do we legislate in the face of that?”

Moving forward, Durbin says, organizations will have to understand what governments are able
to ask for and be open about that with partners. “Legislators will always be playing catch up, and |
think legislators themselves need to raise their game,” Durbin says. “They’ll always be talking

about yesterday, and cyber is talking about tomorrow. ”

2. Big Data'?’ Will Lead to Big Problems

Organizations are increasingly embedding big data in their operations and decision-making
process. But it’s essential to recognize that there is a human element to data analytics. Organizations
that fail to respect that human element will put themselves at risk by overvaluing big data output,
Durbin says, noting that poor integrity of the information sets could result in analyses that lead to
poor business decisions, missed opportunities, brand damage and lost profits.

“There is this huge temptation that, of course, if you’ve accessed, it must be right,” Durbin
says. “This issue of data integrity, for me, is a big one. Sure, data is the lifeblood of an organization,
but do we really know whether it’s ‘ A-neg’ or ‘ O-neg’ ?”

“There’s this massive amount of information out there,” he adds. “One of the things that
scares me to death is not necessarily people stealing that information but actually manipulating it in
ways that you’re never going to see. ”

For instance, he notes that organizations have outsourced"®’ code creation for years. “We don’t
know for certain that there aren’t back doors in that code,” he says. “In fact, there probably

are. You're going to need to be much more skeptical about this; Question assumptions and make sure

75



76

‘|@%I@§Mﬁ%

the information is actually what it says it is. ” And, of course, it’s not simply the integrity of code
you need to worry about. You need to understand the provenance of all your data. “If it’s our
information, we understand the provenance, that’s fine,” he says. “As soon as you start sharing it,
you open yourself up. You need to know how the information is being used, who it’s being shared

with, who’s adding to it and how it’s being manipulated. ”

3. Mobile Applications and the IoT

“Smart phones and other mobile devices are creating a prime target for malicious actors in the
Internet of Things (IoT),” Durbin says. The rapid uptake of bring-your-own-device (BYOD) , and
the introduction of wearable technologies to the workplace, will increase an already high demand for
mobile apps for work and home in the coming year. To meet this increased demand, developers
working under intense pressure and on razor-thin profit margins will sacrifice security and thorough
testing in favor of speed of delivery and low cost, resulting in poor quality products more easily
hijacked by criminals or hacktivists. “Don’t confuse this with phones,” Durbin says. “Mobility is
more than that. The smart phone is just one component of mobility. ” He notes that there are an
increasing number of workers just like him that are constantly mobile. “We don’t have offices, as
such,” he says. “The last time I checked in it was a hotel. Today it’s somebody else’s office
environment. How do I really know that it is ‘Steve’ coming in to this particular system? I might
know that it’s Steve’s device, or what I believe to be Steve’s device, but how do I know that it’s Steve
on the other end of that device?”

“Organizations should be prepared to embrace the increasingly complex lIoT and understand
what it means for them,” Durbin says. Chief Information Security Officers ( CISOs)'*’ should be
proactive in preparing the organization for the inevitable unknown situation by ensuring that apps
developed in-house follow the testing steps in a recognized systems development lifecycle approach.
They should also be managing user devices in line with existing asset management policies and
processes, incorporating user devices into existing standards for access management and promoting

education and awareness of BYOD risk in innovative ways.

4. Cybercrime Causes the Perfect Threat Storm

“Cybercrime topped the list of threats in 2015, and it’s not going away in 2016,” Durbin
says. Cybercrime, along with an increase in hacktivism, the surge in cost of compliance to deal with
the uptick in regulatory requirements and the relentless advances in technology against a backdrop of
under investment in security departments, can all combine to cause the perfect threat
storm. Organizations that adopt a risk management approach to identify what the business relies on
most will be well placed to quantify the business case to invest in resilience.

Cyberspace is an increasingly attractive hunting ground for criminals, activists and terrorists
motivated to make money, cause disruption or even bring down corporations and governments
through online attacks. Organizations must be prepared for the unpredictable so they have the

resilience to withstand unforeseen, high impact events.
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“I see an increasing maturity and development of the cybercrime gangs,” Durbin says.
“They’re incredibly sophisticated and well-coordinated. We're seeing an increase in crime as a
service. This increasing sophistication is going to cause real challenges for organizations. We're really
moving into an area where you can’t predict how a cybercriminal is going to come after you. From an
organizational standpoint, how do you defend against that?

Part of the problem is that many organizations are still focusing on defending the perimeter in an
era when insiders—whether malicious or simply ignorant of proper security practices—make that
perimeter increasingly permeable.

“We have viewed cybercrime rightly or wrongly from the perspective of it being an external
attack , so we attempt to throw a security blanket over the perimeter if you will,” Durbin says.

“There is a threat within. That takes us to a very uncomfortable place from an organizational
standpoint. ”

The fact of the matter is that organizations won’t be able to come to grips with cybercriminals
unless they adopt a more forward-looking approach.

“A few weeks ago, | was speaking to a CISO of a major company with nine years on the job,”
Durbin says. “He told me that with big data analytics, he now has almost complete visibility across
the entire organization. After nine years. The cybercriminals have had that capability for ages. Our
approach is continually reactive as opposed to proactive. ”

“Cybercriminals don’t work that way—based on history,” he adds. “They’re always trying to
come up with a new way. I think we’re still not that great at playing a defensive game. We need to
really raise it to the same level. Were never going to be as imaginative. There’s still this view inside

the company that we haven’t been broken into already, why are we spending all this money?”

5. Skills Aap Becomes an Abyss for Information Security

The information security professionals are maturing just as the increasing sophistication of
cyber-attack capabilities demand more increasingly scarce information security professionals. While
cybercriminals and hacktivists are increasing in numbers and deepening their skillsets, the “good
guys” are struggling to keep pace, Durbin says. CISOs need to build sustainable recruiting practices
and develop and retain existing talent to improve their organization’s cyber resilience.

“The problem is going to grow worse in 2016 as hyper connectivity increases,” Durbin
says. CISOs will have to become more aggressive about getting the skill sets the organization needs.

“In 2016, I think we’re going to become very much more aware that perhaps we don’t have the
right people in our security departments,” he says. “We know that we’ve got some good technical
guys who can fix firewalls and that sort of thing. But the right sort of people can make the case for
cybersecurity being linked to business challenges and business developments. That’s going to be a
significant weakness. Boards are coming to the realization that cyber is the way they do business. We
still don’t have the joined up linkage between the business and the security practice. ”

In some cases, it’s going to become apparent that organizations simply don’t have the right CISO

in place. Other organizations will have to ask themselves if security itself is sitting in the right place
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within the organization.
“You can’t avoid every serious incident, and while many businesses are good at incident
management, few have an established, organized approach for evaluating what went wrong,” Durbin

“As a

risks. Organizations of all sizes need to take stock now in order to ensure they are fully prepared and

says. result, they are incurring unnecessary costs and accepting inappropriate
engaged to deal with these emerging security challenges. By adopting a realistic, broad-based,
collaborative approach to cyber security and resilience, government departments, regulators, senior
business managers and information security professionals will better understand the true nature of
cyber threats and how to respond quickly and appropriately. ”

This article was written by Thor Olavsrud from CIO.
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Questions for Discussion

1. What should organizations do in the drive to become more cyber resilient?

2. What should Chief Information Security Officers ( CISOs) do when preparing to embrace the
increasingly complex IoT?

3. How can government departments, regulators, senior business managers and information security

professionals better understand the true nature of cyber threats?

79



80

Umt 9

Text A

Multiplexing and Multiple Access

1. Multiplexing

Because of the installation cost of a communications channel, such as a microwave link or a
coaxial cable link, it is desirable to share the channel among multiple users. Provided that the
channel’s data capacity exceeds that required to support a single user, the channel may be shared
through the use of multiplexing methods. Multiplexing is the sharing of a communications channel
through local combining of signals at a common point. Two types of multiplexing are commonly
employed: frequency-division multiplexing and time-division multiplexing.

(1) Frequency-Division Multiplexing

In frequency-division multiplexing ( FDM)'"' | the available bandwidth of a communications
channel is shared among multiple users by frequency translating, or modulating, each of the individual
users onto a different carrier frequency. Assuming sufficient frequency separation of the carrier
frequencies that the modulated signals do not overlap, recovery of each of the FDM signals is
possible at the receiving end. In order to prevent overlap of the signals and to simplify filtering, each
of the modulated signals is separated by a guard band, which consists of an unused portion of the
available frequency spectrum. Each user is assigned a given frequency band for all time.

While each user’s information signal may be either analog or digital, the combined FDM signal is
inherently an analog waveform. Therefore, an FDM signal must be transmitted over an analog channel.
Examples of FDM are found in some of the old long-distance telephone transmission systems, including
the American N-and L-carrier coaxial cable systems and analog point-to-point microwave systems. In
the L-carrier system a hierarchical combining structure is employed in which 12 voiceband signals are
frequency-division multiplexed to form a group signal in the frequency range of 60 to 108 kilohertz.

Five group signals are multiplexed to form a supergroup signal in the frequency range of 312 to 552
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kilohertz, corresponding to 60 voiceband signals, and 10 supergroup signals are multiplexed to form
a master group signal. In the L1 carrier system, deployed in the 1940s, the master group was
transmitted directly over coaxial cable. For microwave systems, it was frequency modulated onto a
microwave carrier frequency for point-to-point transmission. In the I4 system, developed in the
1960s, six master groups were combined to form a jumbo group signal of 3, 600 voiceband signals.

(2) Time-Division Multiplexing

Multiplexing also may be conducted through the interleaving of time segments from different
signals onto a single transmission path—a process known as time-division multiplexing ( TDM)'?' .
Time-division multiplexing of multiple signals is possible only when the available data rate of the
channel exceeds the data rate of the total number of users. While TDM may be applied to either
digital or analog signals, in practice it is applied almost always to digital signals. The resulting
composite signal is thus also a digital signal.

In a representative TDM system, data from multiple users are presented to a time-division
multiplexer. A scanning switch then selects data from each of the users in sequence to form a
composite TDM signal consisting of the interleaved data signals. Each user’s data path is assumed to
be time-aligned or synchronized to each of the other users’ data paths and to the scanning
mechanism. If only one bit were selected from each of the data sources, then the scanning
mechanism would select the value of the arriving bit from each of the multiple data sources. In
practice,, however, the scanning mechanism usually selects a slot of data consisting of multiple bits
of each user’s data; the scanner switch is then advanced to the next user to select another slot, and
so on. Each user is assigned a given time slot for all time.

Most modern telecommunications systems employ some form of TDM for transmission over
long-distance routes. The multiplexed signal may be sent directly over cable systems, or it may be
modulated onto a carrier signal for transmission via radio wave. Examples of such systems include the
North American T carriers as well as digital point-to-point microwave systems. In T1 systems,
introduced in 1962, 24 voiceband signals (or the digital equivalent) are time-division multiplexed
together. The voiceband signal is a 64-kilobit-per-second data stream consisting of 8-bit symbols
transmitted at a rate of 8, 000 symbols per second. The TDM process interleaves 24 8-bit time slots
together, along with a single frame-synchronization bit, to form a 193-bit frame. The 193-bit frames
are formed at the rate of 8, 000 frames per second, resulting in an overall data rate of 1.544
megabits per second. For transmission over more recent T-carrier systems, T1 signals are often

further multiplexed to form higher-data-rate signals—again using a hierarchical scheme.

2. Multiple Access

Multiplexing is defined as the sharing of a communications channel through local combining at a
common point. In many cases, however, the communications channel must be efficiently shared
among many users that are geographically distributed and that sporadically attempt to communicate at
random points in time. Three schemes have been devised for efficient sharing of a single channel

under these conditions; they are called frequency-division multiple access (FDMA) , time-division
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multiple access (TDMA) , and code-division multiple access (CDMA) ', These techniques can be
used alone or together in telephone systems, and they are well illustrated by the most advanced
mobile cellular systems.

(1) Frequency-Division Multiple Access

In FDMA the goal is to divide the frequency spectrum into slots and then to separate the signals
of different users by placing them in separate frequency slots. The difficulty is that the frequency
spectrum is limited and that there are typically many more potential communicators than there are
available frequency slots. In order to make efficient use of the communications channel, a system
must be devised for managing the available slots. In the advanced mobile phone system ( AMPS) ,
the cellular system employed in the United States, different callers use separate frequency slots via
FDMA. When one telephone call is completed, a network-managing computer at the cellular base
station reassigns the released frequency slot to a new caller. A key goal of the AMPS system is to
reuse frequency slots whenever possible in order to accommodate as many callers as possible. Locally
within a cell, frequency slots can be reused when corresponding calls are terminated. In addition,
frequency slots can be used simultaneously by multiple callers located in separate cells. The cells
must be far enough apart geographically that the radio signals from one cell are sufficiently attenuated
at the location of the other cell using the same frequency slot.

(2) Time-Division Multiple Access

In TDMA the goal is to divide time into slots and separate the signals of different users by
placing the signals in separate time slots. The difficulty is that requests to use a single communications
channel occur randomly, so that on occasion the number of requests for time slots is greater than the
number of available slots. In this case information must be buffered, or stored in memory, until time
slots become available for transmitting the data. The buffering introduces delay into the system. In the
1S54 cellular system, three digital signals are interleaved using TDMA and then transmitted in a
30-kilohertz frequency slot that would be occupied by one analog signal in AMPS'*'. Buffering digital
signals and interleaving them in time causes some extra delay, but the delay is so brief that it is not
ordinarily noticed during a call. The 1S54 system uses aspects of both TDMA and FDMA.

(3) Code-Division Multiple Access

In CDMA, signals are sent at the same time in the same frequency band. Signals are either
selected or rejected at the receiver by recognition of a user-specific signature waveform, which is
constructed from an assigned spreading code. The IS95 cellular system employs the CDMA
technique. In IS95 an analog speech signal that is to be sent to a cell site is first quantized and then
organized into one of a number of digital frame structures. In one frame structure, a frame of 20
milliseconds’ duration consists of 192 bits. Of these 192 bits, 172 represent the speech signal itself,
12 form a cyclic redundancy check that can be used for error detection, and 8 form an encoder
“tail” that allows the decoder to work properly. These bits are formed into an encoded data
stream. After interleaving of the encoded data stream, bits are organized into groups of six. Each
group of six bits indicates which of 64 possible waveforms to transmit. Each of the waveforms to be

transmitted has a particular pattern of alternating polarities and occupies a certain portion of the
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radio-frequency spectrum. Before one of the waveforms is transmitted, however, it is multiplied by a
code sequence of polarities that alternate at a rate of 1. 2288 megahertz, spreading the bandwidth
occupied by the signal and causing it to occupy ( after filtering at the transmitter ) about 1.23
megahertz of the radio-frequency spectrum. At the cell site one user can be selected from multiple
users of the same 1. 23-megahertz bandwidth by its assigned code sequence.

CDMA is sometimes referred to as spread-spectrum multiple access ( SSMA ), because the
process of multiplying the signal by the code sequence causes the power of the transmitted signal to
be spread over a larger bandwidth. Frequency management, a necessary feature of FDMA, is
eliminated in CDMA. When another user wishes to use the communications channel, it is assigned a

code and immediately transmits instead of being stored until a frequency slot opens.

New Words

access [ 'ekses] n. HEA AL

desirable [ dr'zarorab(9)1] adj. L NWEER; [EHATEH)

modulate [ 'mpdjulert ] v, WA, (5%) I, TR

overlap [ouva'lep] n. W&, BE o WOES, HoaER LA
simplify [ 'stmplifar ] v. fifl, fHEal, {5

assign [ o'samn] v. Arlic; Uk (3] [ WIE

transmit [ treenz'mut | v fGk s 1R KA ARk, g
hierarchical [ haro'ratkik(9)1] adi. 7FIEN; RE; EREKRM

kilohertz [ 'kilohs:ts ] no (W] Tk

jumbo [ 'dzambou ] adj. BRI FERM no JESRKW

segment ['segm(2)nt] v. GTE o B, 4y

composite [ 'kpmpozit ] n. WY adi. HREY v ARG RS
interleave [ mto'lirv] v. [1T] 2848, 22 XAFHL

align [o'lam] v. PEZSES, ER—747; DURC

mechanism ['mek(o)niz(o)m] n. Hl#; JHHEL, &i%; R, PUMEEE,; 15
slot [ slot ] n. PR PeRl; MmO o REE; T
sporadically [ spa'raedikali] adv. ZF ML (A H

simultaneously [ ;siml'temiosli] adp. TR Hb

attenuate [ o'tenjuert ] adi. VWEIHY; A/ o UGS, (AR
buffer [ 'bafa] n. [1F] ZZupIX,; ZZwhes o Lo

duration [dju'rerf(2)n] n. $¥8E, FrEEngrtia], e

polarity [pa(v) 'lertti] n. (W] Webk; Witk ; XAz

Notes

[1] frequency-division multiplexing (FDM) A “HisrZE ", 248 HARICRE L%
HIHE, LSS ZHGa s, XA B wak i i,
[2] TDM J248mt 405 AR, o352 AR 4 — il i AS [R5 18 s s B v 1) 38 U ik, [+
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(4] AMPS 5 —fRuem A, MHAMME, S u “FilE”, NMEURHERS ., EH
PE T BEA Y 15 S8R SR — A KRB B P BER . FEsl FIARTEH, AMPS & # 24/E 3
HHy “0G” MBI shEEIRS, B AMPS ffi FH B 2 315 S ok s 803, 1)
B PSTN e B8 15, LA S AL BB C FNIRE Y 5T

Questions for Discussion

1. In this passage, what does multiplexing mean?
2. Which two kinds of multiplexing are frequently used in order for multiple users to share the
communications channel?

3. What are the three schemes devised for efficient sharing of a single channel?

Text B

Orthogonal Frequency-Division Multiplexing

Orthogonal frequency-division multiplexing (OFDM) "' is a method of encoding digital data on
multiple carrier frequencies. OFDM has developed into a popular scheme for wideband digital
communication, used in applications such as digital television and audio broadcasting, DSL Internet
access, wireless networks, powerline networks, and 4G mobile communications.

OFDM is a frequency-division multiplexing ( FDM ) scheme used as a digital multi-carrier
modulation method. A large number of closely spaced orthogonal sub-carrier signals are used to carry
data on several parallel data streams or channels. Each sub-carrier is modulated with a conventional
modulation scheme ( such as quadrature amplitude modulation or phase-shift keying) at a low symbol
rate, maintaining total data rates similar to conventional single-carrier modulation schemes in the
same bandwidth.

The primary advantage of OFDM over single-carrier schemes is its ability to cope with severe
channel conditions (for example, attenuation of high frequencies in a long copper wire, narrowband
interference and frequency-selective fading due to multipath) without complex equalization filters.
Channel equalization is simplified because OFDM may be viewed as using many slowly modulated
narrowband signals rather than one rapidly modulated wideband signal. The low symbol rate makes
the use of a guard interval between symbols affordable, making it possible to eliminate intersymbol
interference (ISI) "' and utilize echoes and time-spreading (on analogue TV these are visible as
ghosting and blurring, respectively ) to achieve a diversity gain, i.e.a signal-to-noise ratio

improvement. This mechanism also facilitates the design of single frequency networks ( SFNs) , where
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several adjacent transmitters send the same signal simultaneously at the same frequency, as the
signals from multiple distant transmitters may be combined constructively, rather than interfering as

would typically occur in a traditional single-carrier system.

1. Example of Applications

The following list is a summary of existing OFDM-based standards and products.

Wired

® ADSL and VDSL"*' broadband access via POTS copper wiring;

® DVB-C2, an enhanced version of the DVB-C digital cable TV standard;

® Power line communication ( PLC) ;

® [TU-T G. hn, a standard which provides high-speed local area networking of existing home
wiring ( power lines, phone lines and coaxial cables) ;

® TrailBlazer telephone line modems

® Multimedia over Coax Alliance (MoCA) home networking;

e DOCSIS™*' 3.1 Broadband delivery.

Wireless

® The wireless LAN (WLAN) radio interfaces IEEE 802. 11a, ¢, n, ac and HIPERLAN/2;

® The digital radio systems DAB/EUREKA 147, DAB +, Digital Radio Mondiale, HD
Radio, T-DMB and ISDB-TSB;

® The terrestrial digital TV systems DVB-T and ISDB-T}

® The terrestrial mobile TV systems DVB-H, T-DMB, ISDB-T and MediaFL.O forward link;

® The wireless personal area network ( PAN) ultra-wideband ( UWB) IEEE 802. 15. 3a
implementation suggested by WiMedia Alliance.

The OFDM based multiple access technology OFDMA is also used in several 4G and pre-4G

cellular networks and mobile broadband standards:

® The mobility mode of the wireless MAN/broadband wireless access (BWA) standard IEEE
802. 16e (or Mobile-WiMAX) ;

® The mobile broadband wireless access (MBWA) standard IEEE 802. 20;

® The downlink of the 3GPP Long Term Evolution (LTE) fourth generation mobile broadband
standard. The radio interface was formerly named High Speed OFDM Packet Access
(HSOPA) , now named Evolved UMTS Terrestrial Radio Access ( E-UTRA).

2. Key Features

Summary of advantages

® High spectral efficiency as compared to other double sideband modulation schemes, spread
spectrum, etc. ;

® (Can easily adapt to severe channel conditions without complex time-domain equalization ;

® Robust against narrow-band co-channel interference ;

® Robust against intersymbol interference (ISI) and fading caused by multipath propagation;
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Efficient implementation using fast Fourier transform (FFT) ;

® [ow sensitivity to time synchronization errors;

® Tuned sub-channel receiver filters are not required (unlike conventional FDM) ;

® Facilitates single frequency networks (SFNs) (i. e. transmitter macrodiversity ) .

Summary of disadvantages

® Sensitive to Doppler shift;

® Sensitive to frequency synchronization problems

® High peak-to-average-power ratio ( PAPR), requiring linear transmitter circuitry, which

suffers from poor power efficiency;

® Loss of efficiency caused by cyclic prefix/guard interval.

Orthogonality

Conceptually, OFDM is a specialized FDM, the additional constraint being that all carrier
signals are orthogonal to one another.

In OFDM, the sub-carrier frequencies are chosen so that the sub-carriers are orthogonal to each
other, meaning that cross-talk between the sub-channels is eliminated and inter-carrier guard bands
are not required. This greatly simplifies the design of both the transmitter and the receiver; unlike

conventional FDM , a separate filter for each sub-channel is not required.

The orthogonality requires that the sub-carrier spacing is Af = k
v

Hertz, where T, seconds is

the useful symbol duration ( the receiver-side window size ), and k is a positive integer, typically
equal to 1. Therefore, with NV sub-carriers, the total passband bandwidth will be B~NAf (Hz).

The orthogonality also allows high spectral efficiency, with a total symbol rate near the Nyquist
rate for the equivalent baseband signal (i. e. near half the Nyquist rate for the double-side band
physical passband signal ). Almost the whole available frequency band can be utilized. OFDM
generally has a nearly "white’ spectrum, giving it benign electromagnetic interference properties with
respect to other co-channel users.

A simple example: A useful symbol duration T, =1 ms would require a sub-carrier spacing of
1kHz (or an integer multiple of that) for orthogonality. N =1, 000 sub-carriers would result in a
total passband bandwidth of N + Af'=1 MHz. For this symbol time, the required bandwidth in theory
according to Nyquist is BW = R/2 = (N/T,)/2 =0.5MHz (i. e. , half of the achieved bandwidth
required by our scheme). If a guard interval is applied, Nyquist bandwidth requirement would be
even lower. The FFT would result in N =1, 000 samples per symbol. If no guard interval was
applied, this would result in a base band complex valued signal with a sample rate of 1 MHz, which
would require a baseband bandwidth of 0.5 MHz according to Nyquist. However, the passband RF
signal is produced by multiplying the baseband signal with a carrier waveform (i.e., double-sideband
quadrature amplitude-modulation) resulting in a passband bandwidth of 1 MHz. A single-side band
(SSB) or vestigial sideband ( VSB) modulation scheme would achieve almost half that bandwidth for
the same symbol rate (i. e. , twice as high spectral efficiency for the same symbol alphabet length) .

It is however more sensitive to multipath interference.
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OFDM requires very accurate frequency synchronization between the receiver and the transmitter;
with frequency deviation the sub-carriers will no longer be orthogonal, causing inter-carrier
interference (ICI) (i.e., cross-talk between the sub-carriers). Frequency offsets are typically
caused by mismatched transmitter and receiver oscillators, or by Doppler shift due to movement.
While Doppler shift alone may be compensated for by the receiver, the situation is worsened when
combined with multipath, as reflections will appear at various frequency offsets, which is much
harder to correct. This effect typically worsens as speed increases, and is an important factor limiting
the use of OFDM in high-speed vehicles. In order to mitigate ICI'*! in such scenarios, one can shape
each sub-carrier in order to minimize the interference resulting in a non-orthogonal subcarriers
overlapping. For example, a low-complexity scheme referred to as WCP-OFDM ( weighted cyclic
prefix orthogonal frequency-division Multiplexing) consists of using short filters at the transmitter
output in order to perform a potentially non-rectangular pulse shaping and a near perfect reconstruction
using a single-tap per subcarrier equalization. Other ICI suppression techniques usually increase

drastically the receiver complexity.

New Words

orthogonal [o:'0pg(2)n(2)l] n. IERHZ adj. [H] IEH); HAMW
encode [ mn'koud] v. CESCFEMBL) RSN gtd

carrier [ 'keer1o] n. Ik

attenuation [ aitenju'erfan ] n. (W] =W AAHE,; MR

blur [ bla:] v WY i RO ; R, H5g
trailblazer [ ’trellblelze} n. }F%%, ﬂ:%E/‘J}\, SR

adapt [ o'daept ] v. [HIERN; 2w ; N

fade [ ferd ] v, ARE; P BETHK

macrodiversity [ 'meekrov-dar'vasati]  n. ZorEE

cyclic [ 'saiklik ] adj. YR AR JEIRY

constraint [ kon'stremt ] n. [B] 20, Rife, BEASAK, il
vestigial [ ve'stidzial | adj. RTLEY; BRI, REAEN
subcarrier [ 'sab'kerio ] n. [T [#EfE] 82k, ik
suppression [so'pref(a)n] n. i R [AE] OEAD

drastically [ 'draestikoli] adv. WNEHL; BEEZIHY

Notes

[1] orthogonal frequency division multiplexing ( OFDM ). BIIEZZSiisr £ 2 HE AR, B &
MCM (multi carrier modulation) , L3RI AHI—Fp, OFDM $ AR H MCM ( multi-carrier
modulation, ZEPME) KBTI A, OFDM HAR R L B P AL T R LR T 2 —,
B RV TFAR I S0 0 B T IFFT A FFT R SEIRY, 29 2 mAR, W) i —
i 22 B AL T %

[2] intersymbol interference (ISI) . fHEERHL, P55 205 (1 H P 40 55 ok A ik op 5 51 2

87



88

‘|@%I@§Mﬁ%

[3]

[4]

(5]

AREE AT RRE . Sk o o BRI I, PR Ss7E S ) B RE A RS 00 bk
W S AR B AH B A TS I I (R TR) B N, X R I R 4, I 2 R BURHLER I — 45
S R AR RER S AT

VDSL j&—FhEXT#K DSL 5K, 2FK very high speed digital subscriber line (#5857 H
FUELEK) o I ADSL HAR—Ff, VDSL ifsf HIXULCZ HEA T & PG i) (&4 . VDSL 2 7E
WA IR 23y, A P 223 —5 VDSL modem, FEERIE, TN
T EEE A B S B2 . VDSL HOAR SR A S R, BRI S AL S
AR B, AT, b R [ i AT AR S Tl H i

DOCSIS (data over cable service interface specifications) 73 2% H 25804 IR 5542 R, J&
— A LA AR UEZALZR Cable Labs il @& 00 FE BRbniE

ICI 2 interface control information FITRIFR, FnE O HIER , B — PRk Y s 45
¥, R T LU ICT Editor #5477 X,

Questions for Discussion

1. What is the primary advantage of OFDM over single-carrier schemes?
2. List at least four advantages of OFDM.
3. What is the additional constraint of OFDM?
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Text A

Modulation and Demodulation

In many telecommunications systems, it is necessary to represent an information-bearing signal
with a waveform that can pass accurately through a transmission medium. This assigning of a suitable
waveform is accomplished by modulation, which is the process by which some characteristic of a
carrier wave is varied in accordance with an information signal, or modulating wave. The modulated
signal is then transmitted over a channel, after which the original information-bearing signal is
recovered through a process of demodulation. Modulation is applied to information signals for a
number of reasons, some of which are outlined below.

1) Many transmission channels are characterized by limited passbands—that is, they will pass
only certain ranges of frequencies without seriously attenuating them ( reducing their amplitude ).
Modulation methods must therefore be applied to the information signals in order to “frequency
translate” the signals into the range of frequencies that are permitted by the channel. Examples of
channels that exhibit passband characteristics include alternating-current-coupled coaxial cables,
which pass signals only in the range of 60 kilohertz to several hundred megaheriz, and fibre-optic
cables, which pass light signals only within a given wavelength range without significant attenuation.
In these instances, frequency translation is used to “fit” the information signal to the communications
channel.

2) In many instances a communications channel is shared by multiple users. In order to prevent
mutual interference, each user’s information signal is modulated onto an assigned carrier of a specific
frequency. When the frequency assignment and subsequent combining is done at a central point, the
resulting combination is a frequency-division multiplexed signal. Frequently there is no central
combining point, and the communications channel itself acts as a distributed combine. An example of
the latter situation is the broadcast radio bands (from 540 kilohertz to 600 megahertz) , which permit

simultaneous transmission of multiple AM radio, FM radio, and television signals without mutual
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interference as long as each signal is assigned to a different frequency band.

3) Even when the communications channel can support direct transmission of the information-
bearing signal, there are often practical reasons why this is undesirable. A simple example is the
transmission of a three-kilohertz (i.e., voiceband ) signal via radio wave. In free space the
wavelength of a three-kilohertz signal is 100 kilometres. Since an effective radio antenna is typically
as large as half the wavelength of the signal, a three-kilohertz radio wave might require an antenna
up to 50 kilometres in length. In this case translation of the voice frequency to a higher frequency

would allow the use of a much smaller antenna.

1. Analog modulation'"’

As is noted in analog-to-digital conversion, voice signals, as well as audio and video signals,
are inherently analog in form. In most modern systems these signals are digitized prior to transmission,
but in some systems the analog signals are still transmitted directly without converting them to digital
form. There are two commonly used methods of modulating analog signals. One technique, called
amplitude modulation, varies the amplitude of a fixed-frequency carrier wave in proportion to the
information signal. The other technique, called frequency modulation, varies the frequency of a

fixed-amplitude carrier wave in proportion to the information signal.

2. Digital Modulation"*

In order to transmit computer data and other digitized information over a communications
channel, an analog carrier wave can be modulated to reflect the binary nature of the digital baseband
signal. The parameters of the carrier that can be modified are the amplitude, the frequency, and the

phase.

3. Amplitude-Shift Keying"*

If amplitude is the only parameter of the carrier wave to be altered by the information signal ,
the modulating method is called amplitude-shift keying ( ASK). ASK can be considered a digital
version of analog amplitude modulation. In its simplest form, a burst of radio frequency is transmitted
only when a binary 1 appears and is stopped when a 0 appears. In another variation, the 0 and 1 are

represented in the modulated signal by a shift between two preselected amplitudes.

4. Frequency-Shift Keying'*

If frequency is the parameter chosen to be a function of the information signal, the modulation
method is called frequency-shift keying (FSK). In the simplest form of FSK signaling, digital data
is transmitted using one of two frequencies, whereby one frequency is used to transmit a 1 and the
other frequency to transmit a 0. Such a scheme was used in the Bell 103 voiceband modem,
introduced in 1962, to transmit information at rates up to 300 bits per second over the public
switched telephone network. In the Bell 103 modem, frequencies of 1, 080 +/ — 100 hertz and 1,
750 +/ — 100 hertz were used to send binary data in both directions.
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5. Phase-Shift Keying"®

When phase is the parameter altered by the information signal, the method is called phase-shift
keying (PSK). In the simplest form of PSK a single radio frequency carrier is sent with a fixed
phase to represent a 0 and with a 180° phase shift—that is, with the opposite polarity—to represent
a 1. PSK was employed in the Bell 212 modem, which was introduced about 1980 to transmit

information at rates up to 1, 200 bits per second over the public switched telephone network.

6. Advanced Methods

In addition to the elementary forms of digital modulation described above, there exist more
advanced methods that result from a superposition of multiple modulating signals. An example of the
latter form of modulation is quadrature amplitude modulation ( QAM)'®' . QAM signals actually
transmit two amplitude-modulated signals in phase quadrature (i.e., 90° apart), so that four or
more bits are represented by each shift of the combined signal. Communications systems that employ
QAM include digital cellular systems in the United States and Japan as well as most voiceband
modems transmitting above 2, 400 bits per second.

A form of modulation that combines convolutional codes with QAM is known as trellis-coded
modulation ( TCM ) """ . Trellis-coded modulation forms an essential part of most of the modern

voiceband modems operating at data rates of 9, 600 bits per second and above, including V. 32 and

V. 34 modems.

New Words

demodulation [ dizmpdju'lerfon] n. R, SR R

amplitude [ 'emplitjuid] n. Pelg, £5, o

megahertz [ 'megohs:ts ] n. JEHk

interference [ mnto'fror(2)ns] n. T, e, T

antenna [ aen'tens] n. Rk

conversion [kon'va:if(2)n] n. Fdh, AR

digitize [ 'didzitaiz ] v. [1T] B7tk

binary [ 'barnori | adi. [%] M0y, —oony, R
baseband [ 'bersband ] n. FEA7

preselect [ ipri:si'lekt ] v. Tk

whereby [ wea'bar ] adv. el Wiy ELL; Heeeoos —3
modem [ 'moudem ] n. VEFIFEREE (4T modulator-demodulator)
superposition [ isjurpapa'zifon] n. [#] &, B

quadrature [ 'kwpdrat o] n. 1E38; KRB, 5%

convolutional [ konva'luif(o)nal] adj. BHFAY; [WURERT; A El)

trellis [ 'trels ] n. #&F; t&FEH; HELQR
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Notes
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Questions for Discussion

1. What are the major reasons for application of modulation to information signals?
2. What are the frequently employed methods of modulating analog signals?

3. Do you know any other advanced forms of digital modulation?

Text B

Pulse-Code Modulation

Pulse-code modulation (PCM) is a method used to digitally represent sampled analog signals. Tt
is the standard form of digital audio in computers, compact discs, digital telephony and other digital
audio applications. In a PCM stream, the amplitude of the analog signal is sampled regularly at
uniform intervals, and each sample is quantized to the nearest value within a range of digital
steps. Linear pulse-code modulation (LPCM) is a specific type of PCM where the quantization levels
are linearly uniform. This is in contrast to PCM encodings where quantization levels vary as a function

of amplitude (as with the A-law algorithm or the p-law algorithm). Though PCM is a more general
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term, it is often used to describe data encoded as LPCM.

A PCM stream has two basic properties that determine the stream’s fidelity to the original analog
signal ; The sampling rate, which is the number of times per second that samples are taken; and the
bit depth, which determines the number of possible digital values that can be used to represent each

sample.

1. Implementations

PCM is the method of encoding generally used for uncompressed audio, although there are other
methods such as pulse-density modulation (PDM) """ (used also on Super Audio CD).

The 4ESS switch introduced time-division switching into the U. S. telephone system in 1976,
based on medium scale integrated circuit technology.

LPCM is used for the lossless encoding of audio data in the Compact disc Red Book standard
(informally also known as Audio CD) , introduced in 1982.

AES3 (specified in 1985, upon which S/PDIF is based) is a particular format using LPCM.

On PCs, PCM and LPCM often refer to the format used in WAV (defined in 1991) and AIFF
audio container formats ( defined in 1988). LPCM data may also be stored in other formats such as
AU, raw audio format (header-less file) and various multimedia container formats.

LPCM has been defined as a part of the DVD (since 1995) and Blu-ray (since 2006) standards. It
is also defined as a part of various digital video and audio storage formats (e. g. DV since 1995,
AVCHD'? since 2006 ).

LPCM is used by HDMI ( defined in 2002 ), a single-cable digital audio/video connector
interface for transmitting uncompressed digital data.

RF64 container format ( defined in 2007 ) uses LPCM and also allows non-PCM bitstream
storage : Various compression formats contained in the RF64 file as data bursts ( Dolby E, Dolby
AC3, DTS, MPEG-1/MPEG-2 Audio) can be “disguised” as PCM linear.

2. Modulations

In the Figure 10-1, a sine wave (curve) is sampled and quantized for PCM. The sine wave is
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Figure 10-1
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sampled at regular intervals, shown as vertical lines. For each sample, one of the available values
(on the y-axis) is chosen by some algorithm. This produces a fully discrete representation of the
input signal (points) that can be easily encoded as digital data for storage or manipulation. For the
sine wave example at right, we can verify that the quantized values at the sampling moments are 8,
9,11, 13, 14, 15, 15, 15, 14, etc. Encoding these values as binary numbers would result in the
following set of nibbles: 1000 (2° x1 +2>x0 +2' x0 +2°x0=8 +0+0+0=8), 1000, 1001,
1011, 1101, 1110, 1111, 1111, 1111, 1110, etc. These digital values could then be further
processed or analyzed by a digital signal processor. Several PCM streams could also be multiplexed
into a larger aggregate data stream, generally for transmission of multiple streams over a single
physical link. One technique is called time-division multiplexing (TDM) and is widely used, notably
in the modern public telephone system.

The PCM process is commonly implemented on a single integrated circuit generally referred to

as an analog-to-digital converter (ADC).

3. Demodulation

To recover the original signal from the sampled data, a “demodulator” can apply the procedure
of modulation in reverse. After each sampling period, the demodulator reads the next value and shifts
the output signal to the new value. As a result of these transitions, the signal has a significant amount
of high-frequency energy caused by aliasing. To remove these undesirable frequencies and leave the
original signal, the demodulator passes the signal through analog filters that suppress energy outside
the expected frequency range ( greater than the Nyquist"*! frequency). The sampling theorem shows
PCM devices can operate without introducing distortions within their designed frequency bands if they
provide a sampling frequency twice that of the input signal. For example, in telephony, the usable
voice frequency band ranges from approximately 300 Hz to 3400 Hz. Therefore, per the Nyquist-
Shannon sampling theorem, the sampling frequency (8 kHz) must be at least twice the voice
frequency (4 kHz) for effective reconstruction of the voice signal.

The electronics involved in producing an accurate analog signal from the discrete data are
similar to those used for generating the digital signal. These devices are Digital-to-analog converters
(DACs). They produce a voltage or current (depending on type) that represents the value presented

on their digital inputs. This output would then generally be filtered and amplified for use.

4. Standard Sampling Precision and Rates

Common sample depths for LPCM are 8, 16, 20 or 24 bits per sample. LPCM encodes a single
sound channel. Support for multichannel audio depends on file format and relies on interweaving or
synchronization of LPCM streams. While two channels ( stereo) is the most common format, some
can support up to 8 audio channels (7.1 surround).

Common sampling frequencies are 48 kHz as used with DVD format videos, or 44. 1 kHz as
used in Compact discs. Sampling frequencies of 96 kHz or 192 kHz can be used on some newer

equipment, with the higher value equating to 6. 144 megabit per second for two channels at 16-bit



Unit 10 I‘

per sample value, but the benefits have been debated. The bitrate limit for LPCM audio on
DVD-Video is also 6. 144 Mbit/s, allowing 8 channels (7.1 surround) x 48 kHz x 16-bit per
sample =6, 144 kbit/s. There is a .32 bit PCM, and there are many sound cards that support it.

New Words

compact [ kom'pekt ] adj. 'BEEW), BHM; fIEMN

audio [ 'ordiou] adj. FREWY; (] HWIES, [75] A0
application [ \@pli'kerfan ] n. N BRI N

fidelity [ fr'delrti] n. PRELREE, SR KR, SR

density [ 'densiti] n. B

lossless [ 'loslis ] adj. JoHHY

container [ kon'temos] n. EEERE, By

sine [ sain] n. 1E5%

verify [ 'verifar | v. B AE

algorithm ['&lgorid(o)m] n. [P (%] Bk, BHEN

discrete [dI'SkriXt} n. ﬁ’_\—Lﬁﬁ:, TR A7 HRA: adj. %?ﬁ[ﬂ‘], RNESER
nibble ['nib(2)1] n. FEmE, M, 4

notably [ 'noutobli | adv. BEM; JUH

interweave [ nto'wirv] v, (f#) 24, Sk, (ff) B2

format [ 'formeet ] n. W S, TR o kL
Notes

[1] pulse density modulation (PDM, [ikias BEIH]) & —Frfdi FH b5 0. 1 R EUE
SHPEGI T, 7E PDMAE S, RIS A R (A P s kvl xsd 107 DX Sl 1 285 B 2R

[2] AVCHD Z2&JE (Sony) 2AH]5FATHLEE (Panasonic) T 2006 4 5 F KA A& A 1Y m H
FOGHE R 4E AR, AVCHD #rifiSE T MPEG-4 AVC/H. 264 #iRZmh5, S2H 4801, 720p\
10801, 1080p %5#% X, [A A S #p Ak HL RNz 5.1 A I8 AC3 sk PCM 7.1 7538 & 4

[3] Nyquist: ZRZEWFF (1889—1976), EEYIFRK, 1917 AERGUSE K2 T# it
B, WMAERE AT&T AR 5 IR AR, 2R U5 S Be 8 75 ot
Bk fUEEE 2R 2 IR B AR DR . RSl fE 515 S B AR b i) — A E 8L
ARG

Questions for Discussion

1. What is the sampling rate?
2. What is the bit depth?

3. How does a demodulator apply to recover the original signal from the sampled data?
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Text A

How WiFi Works

If you've been in an airport, coffee shop, library or hotel recently, chances are you’ve been
right in the middle of a wireless network. Many people also use wireless networking, also called Wiki

') to connect their computers at home, and some cities are trying to use the

or 802. 11 networking
technology to provide free or low-cost Internet access to residents. In the near future, wireless
networking may become so widespread that you can access the Internet just about anywhere at any
time, without using wires.

WiFi has a lot of advantages. Wireless networks are easy to set up and inexpensive. They’re also
unobtrusive—unless you’re on the lookout for a place to watch streaming movies on your tablet, you
may not even notice when you're in a hotspot. In this article, we’ll look at the technology that allows

information to travel over the air. We’ll also review what it takes to create a wireless network in your

home.

1. What Is WiFi?

A wireless network uses radio waves, just like cell phones, televisions and radios do. In fact,
communication across a wireless network is a lot like two-way radio communication. Here’s
what happens

1) A computer’s wireless adapter translates data into a radio signal and transmits it using an
antenna.

2) A wireless router receives the signal and decodes it. The router sends the information to the
Internet using a physical, wired Ethernet connection.

The process also works in reverse, with the router receiving information from the Internet,
translating it into a radio signal and sending it to the computer’s wireless adapter.

The radios used for WiFi communication are very similar to the radios used for walkie-talkies
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cell phones and other devices. They can transmit and receive radio waves, and they can convert 1s
and Os into radio waves and convert the radio waves back into 1s and Os. But WiFi radios have a few
notable differences from other radios:

1) They transmit at frequencies of 2. 4 GHz or 5 GHz. This frequency is considerably higher
than the frequencies used for cell phones, walkie-talkies and televisions. The higher frequency allows
the signal to carry more data.

2) They use 802. 11 networking standards, which come in several flavors:

(D 802. 11a transmits at 5 GHz and can move up to 54 megabits of data per second. It also uses
orthogonal frequency-division multiplexing (OFDM ), a more efficient coding technique that splits
that radio signal into several sub-signals before they reach a receiver. This greatly reduces interference.

2 802. 11b is the slowest and least expensive standard. For a while, its cost made it popular,
but now it’s becoming less common as faster standards become less expensive. 802. 11b transmits in
the 2. 4 GHz frequency band of the radio spectrum. It can handle up to 11 megabits of data per
second, and it uses complementary code keying ( CCK) modulation to improve speeds.

3 802. 11g transmits at 2. 4 GHz like 802. 11b, but it's a lot faster—it can handle up to 54
megabits of data per second. 802. 11g is faster because it uses the same OFDM coding as 802. 11a.

@) 802. 11n is the most widely available of the standards and is backward compatible with a, b
and g It significantly improved speed and range over its predecessors. For instance, although
802. 11g theoretically moves 54 megabits of data per second, it only achieves real-world speeds of
about 24 megabits of data per second because of network congestion. 802. 11n, however, reportedly
can achieve speeds as high as 140 megabits per second. 802. 11n can transmit up to four streams of
data, each at a maximum of 150 megabits per second, but most routers only allow for two or three
streams.

(5 802. 11ac is the newest standard as of early 2013. It has yet to be widely adopted, and is
still in draft form at the Institute of Electrical and Electronics Engineers (IEEE) , but devices that
support it are already on the market. 802. 11ac is backward compatible with 802. 11n (and therefore
the others, too) , with n on the 2.4 GHz band and ac on the 5 GHz band. It is less prone to interference
and far faster than its predecessors, pushing a maximum of 450 megabits per second on a single
stream, although real-world speeds may be lower. Like 802. 11n, it allows for transmission on
multiple spatial streams—up to eight, optionally. It is sometimes called 5G WiFi because of its
frequency band, sometimes Gigabit WiFi because of its potential to exceed a gigabit per second on
multiple streams and sometimes Very High Throughput ( VHT) for the same reason.

(© Other 802. 11 standards focus on specific applications of wireless networks, like wide area
networks ( WANs) inside vehicles or technology that lets you move from one wireless network to
another seamlessly.

3) WiFi radios can transmit on any of three frequency bands. Or, they can “frequency hop”
rapidly between the different bands. Frequency hopping helps reduce interference and lets multiple
devices use the same wireless connection simultaneously.

As long as they all have wireless adapters, several devices can use one router to connect to the
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Internet. This connection is convenient, virtually invisible and fairly reliable; however, if the router
fails or if too many people try to use high-bandwidth applications at the same time, users can
experience interference or lose their connections. Although newer, faster standards like 802. 11ac
could help with that.

Next, we'll look at how to connect to the Internet from a WiFi hotspot.

2. WiFi Hotspots

A WiFi hotspot is simply an area with an accessible wireless network. The term is most often
used to refer to wireless networks in public areas like airports and coffee shops. Some are free and
some require fees for use, but in either case they can be handy when you are on the go. You can
even create your own mobile hotspot using a cell phone or an external device that can connect to a
cellular network. And you can always set up a WiFi network at home.

If you want to take advantage of public WiFi hotspots or your own home-based network, the first
thing you’ll need to do is make sure your computer has the right gear. Most new laptops and many
new desktop computers come with built-in wireless transmitters, and just about all mobile devices are
WiFi enabled. If your computer isn’t already equipped, you can buy a wireless adapter that plugs into
the PC card slot or USB port. Desktop computers can use USB adapters, or you can buy an adapter
that plugs into the PCI slot inside the computer’s case. Many of these adapters can use more than one
802. 11 standard.

Once you've installed a wireless adapter and the drivers that allow it to operate, your computer
should be able to automatically discover existing networks. This means that when you turn your
computer on in a WiFi hotspot, the computer will inform you that the network exists and ask whether
you want to connect to it. If you have an older computer, you may need to use a software program to
detect and connect to a wireless network.

Being able to connect to the Internet in public hotspots is extremely convenient. Wireless home
networks are convenient as well. They allow you to easily connect multiple computers and to move

them from place to place without disconnecting and reconnecting wires.

3. Building a Wireless Network

If you already have several computers networked in your home, you can create a wireless
network with a wireless access point. If you have several computers that are not networked, or if you
want to replace your Ethernet network, youll need a wireless router. This is a single unit
that contains

® A port to connect to your cable or DSL modem;

® A router;
® An Ethernet hub'?’;

A firewall;

® A wireless access point.

A wireless router allows you to use wireless signals or Ethernet cables to connect your computers
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and mobile devices to one another, to a printer and to the Internet. Most routers provide coverage for
about 100 feet (30.5 meters) in all directions, although walls and doors can block the signal. If
your home is very large, you can buy inexpensive range extenders or repeaters to increase your
router’s range.

Once you plug in your router, it should start working at its default settings. Most routers let you
use a Web interface to change your settings. You can select

® The name of the network, known as its service set identifier (SSID)—The default setting is

usually the manufacturer’s name.

® The channel that the router uses—Most routers use channel 6 by default. If you live in an

apartment and your neighbors are also using channel 6, you may experience interference.
Switching to a different channel should eliminate the problem.

® Your router’s security options—Many routers use a standard, publicly available sign-on, so

it’s a good idea to set your own username and password.

Security is an important part of a home wireless network , as well as public WiFi hotspots. If you
set your router to create an open hotspot, anyone who has a wireless card will be able to use your
signal. Most people would rather keep strangers out of their network , though. Doing so requires you to
take a few security precautions.

It’s also important to make sure your security precautions are current. The wired equivalency
privacy ( WEP) security measure was once the standard for WAN security. The idea behind WEP
was to create a wireless security platform that would make any wireless network as secure as a
traditional wired network. But hackers discovered vulnerabilities in the WEP approach, and today
it’s easy to find applications and programs that can compromise a WAN running WEP security. It
was succeeded by the first version of WiFi Protected Access ( WPA) , which uses Temporal Key
Integrity Protocol ( TKIP )"’ encryption and is a step up from WEP, but is also no longer
considered secure.

To keep your network private, you can use one or both of the following methods;

® WilFi Protected Access version 2 ( WPA2) is the successor to WEP and WPA, and is now

the recommended security standard for WiFi networks.

® Media Access Control ( MAC) address filtering is a little different from WEP, WPA or

WPA2. It doesn’t use a password to authenticate users—it uses a computer’s physical
hardware.

Wireless networks are easy and inexpensive to set up, and most routers’ Web interfaces are

virtually self-explanatory.

New Words

unobtrusive [ 'anob'truzsiv] adj. NRBE, A5 ANFEHBY; ANHERK
notable [ navtab()1] o (R B, EH4M

flavor [ 'flerva ] no FREG BIIR; R

handle ['heend(2)1] o WRE, BRE, B, S, b
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improve [Im'pruxv] v. 3%, bR PEE - mE
significantly [ sig'nifik (2)ntli] adv. WML, FSEGE L

predecessor [ 'prizdisesa ] n. Wi, FEAEY,; Aift, A

router [rurte (r) ] n. M (FREENTHMEE R E)
congestion [ kon'dzest[(2)n] n. BHZE; ¥Er, ¥E

extender [ 1k'stendo | n. ¥y, EKA

repeater [ r1'piita] n. [fE] gk, [HEfE] A
adapter [ o'depta] n. EACEY; RmE, A

default [ di'forlt; 'dirforlt ] n. REINME; $2y; =

hotspot [ 'hotspot ] n. B, X

equivalency [ 1'’kwrvalonsi ] n. S M5 (T equivalence)

Notes

(1] 802. 11 BB R IR T F TR S (IEEE) o E2a BRI 2 B2 bR, B

[2]

[3]

SR Wiki ffi ] T 802. 11 MYBHA D M 4k His 55 % = (DLL) F#¥)Z (PHY), {HZH
HIEARE & —3, £ —Shr e, (& 2 00 %2 802. 11n i, TIETE
2. 4GHz 8 5GHz #1 B, Al ik 600Mbit/s (BIEME ) . IEEE fx )& 1) — 4> T Lk Ja ek
DA o, B i R I 2 5 el P RN R T B P S P e I TR 2R A,
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I PML, £ TEEE 802. 11i BLAH, TKIP 557 4b BUIGE 2% 4 ) U I8 38 5, TKIP 55
WY HAIRGIIRE, 4G SR AP A 1558 45 B 1Y RC4 MR Z R, TKIP
EEEECH WEP HMAMFE R —)Z “HP5E7, TKIP tH WEP {57 9 [ 9 in % 51 48 Al
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Questions for Discussion

1. What is WiFi?
2. What does WiFi Hotspots mean?

3. How to set up a WiFi connection in your home?
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Text B

NFC: Getting Down to Business
—Dby Koichi Tagawa, Chairman, NFC Forum

The year 2013 marks an inflection point in the global adoption of Near Field Communication
(NFC) " technology. As of this year, many of the key components considered essential to the
advancement of NFC—a comprehensive set of specifications, NFC-enabled device availability, a
robust certification program—are now in place. For those of us who have dedicated the last decade to
bringing NFC to the world, it is exciting to realize that “someday” has finally become “today” . In
recognition of this inflection point, the NFC Forum has begun to expand its efforts to better support
the implementation of NFC solutions in key vertical industries and market segments. The signs of

accelerating progress can be seen in several areas;

1. NFC-Enabled Devices of All Kinds Are Now Widely Available

According to ABI Research, over 100 million NFC devices shipped in 2012, and there will be
close to 300 million shipped this year. It’s important to note that the list of commercially-available
NFC-enabled devices is not only long, but also diverse—spanning everything from smart phones and
tablets to gaming consoles, laptops, speakers, and even washing machines. Most consumers seeking
NFC-enabled devices can find them; many consumers who know little or nothing about NFC will get

NFC in the next smartphone or tablet they purchase, whether they realize it or not.

2. NFC Forum Specifications Are Supporting More Functionality and Market
Needs

Last October, the NFC Forum approved and adopted the NFC Analog technical specification.
This marked a major step toward our goal of global interoperability by making it easier for device
manufacturers to build NFC Forum-compliant devices. Because it addresses the analog characteristics
of the RF interface of an NFC-enabled device, it also streamlines testing and certification, which is
why we expect that it will accelerate the introduction of NFC-enabled devices into the market.

A month later, we published the NFC Controller Interface ( NCI) technical specification, a
major new specification that defines a standard interface within an NFC device between an NFC
controller and the device’s main application processor. The availability of the NCI specification is
significant because it makes it easier for device manufacturers to integrate chipsets from different
chip manufacturers, and it defines a common level of functionality and interoperability among the
components within an NFC-enabled device. With the availability of the NCI, manufacturers have
access to a standard interface they can use for whatever kind of NFC-enabled device they build—

including mobile phones, PCs, tablets, printers, consumer electronics, and appliances. This will
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ease chip sourcing and, again, reduce time to market for new NFC-enabled devices of all
kinds. More recently, we announced the new Personal Health Device Communication ( PHDC)
specification—our first specification supporting a specific vertical market—health care. We also
announced important updates to the Connection Handover ( release 1.3) and Signature RTD

(release 2.0) specifications.

3. The NFC Forum Certification Program Has Been Expanded

For device manufacturers seeking to ensure that their products conform to NFC Forum
specifications, certification is essential. We’ve enhanced our NFC Forum Certification Program to be
more robust. Device manufacturers can now test their products against the latest versions of the
Digital Protocol, Tag Type Operations, LLCP, SNEP'?/ | and Analog specifications, thus providing

added confidence and assurance for companies bringing new NFC devices to market.

4. NFC Solutions Are Popping Up Everywhere

One of the most gratifying things about working on NFC technology is to see the remarkable and
growing diversity of NFC solutions being brought to market. For example

1) One of the five largest automakers in the world recently announced that it will offer a
solution that allows NFC enabled devices to integrate with its cars—for keyless access, automatic
personalized settings, music play, and more—in 2015.

2) Late last year, a top-three video game manufacturer introduced a new console that has NFC
built into its controller.

3) A leading game publisher introduced an NFC-enabled video game that quickly became the
#1 children’s game of 2012.

4) A top location-based social network now supports NFC on major smart phone platforms,
providing 35 million users and 1.4 million businesses with the ability to more easily share
recommendations and deals all over the world.

5) The largest statewide public transportation system in America is averaging 10, 000
NFC-enabled mobile payment transactions per month for rail and bus fares.

6) A Japanese online retailer allows shoppers to use NFC to tap product displays and make
online purchases for home delivery.

7) A Swedish/American joint venture has launched a small NFC-enabled ECG device that
tracks heart arrhythmia data of atrial fibrillation patients for transmission via NFC to their physicians
for monitoring and management.

8) And last but not least, my company, Sony, has built NFC into a growing number of
wireless speakers, PCs, smart phones, and other media devices for fast and easy Bluetooth and WiFi
pairing.

What Do These Developments Mean?

These are just a few examples of companies that have made major strategic commitments to

NFC. The point is that successful innovation is contagious. When an NFC-enabled video game can
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become the global top seller, winning “Game of the Year” and “Innovative Toy of the Year” awards
from the Toy Industry Association, you can be sure we’ll continue to see other games that take
advantage of NFC technology. When a carmaker makes the strategic decision to use NFC as the
means to integrate and personalize customers’ driving experiences with their mobile devices, other
manufacturers will likely follow suit ( and in fact, already are). And when NFC support is
considered essential to a social network’s growth plans, there is little question that newer startups will
make the same strategic decision.

In all of these examples, the companies determined that the added value of NFC was clear,
significant, and good for business. They need no further convincing that NFC can help them gain a
competitive advantage and grow their revenue. Other companies will come to the same conclusion—if
they’re fully informed.

What’s Needed Now?

Early-adopter companies are essential to proving the viability of commercial NFC
solutions. Ultimately, however, widespread adoption and use of NFC will depend on consumer
demand. For that demand to grow, people need to know what NFC is and what it can do for
them. Since NFC-enabled mobile payments have garnered significant media coverage, many consumers
who are already aware of NFC may think of it only as a mobile payment technology. It’s true that
mobile payment is a huge opportunity for NFC. According to the latest forecast from Transparency
Market Research, the global mobile wallet market is expected to reach $ 1, 602. 4 billion by 2018,
with much of this market success attributed to NFC. However, we in the NFC ecosystem are not
serving the needs of the marketplace if all we do is wait for the NFC payment business to mature,
providing the coattails for other NFC services to riding on. It’s important for consumers with
NFC-enabled devices today to know that NFC technology has many, many other use cases that can
make an immediate, positive impact on their lives.

Getting that message across will require a series of actions: We need to increase consumer
awareness of what NFC is and what it can do for people. Although hundreds of millions of
NFC-enabled devices are entering the marketplace, few of them are packaged with instructions on
the capabilities and uses of NFC, or a way for consumers to quickly experience NFC in action. While
it is gratifying to see a major smart phone provider making NFC file-sharing the centerpiece of several
television commercials, manufacturers should consider other ways to generate awareness and
encourage consumer use of NFC, including providing:

1) Samples of NFC tags in smart phone packaging for consumers to try out;

2) Preloaded applications that use NFC.

We need more NFC services. The number and variety of NFC solutions continue to grow, but
commercial NFC services for consumers still remain relatively scarce. Just as tablet users who become
used to touch screen interfaces often get frustrated when they go back to PC menus and mouse
clicks, consumers who become accustomed to NFC’s intuitive touch-and-go interface want to be able
to perform more and more actions with a quick tap of their devices. Solutions providers across

industries need to be ready to satisfy that need. To give the introduction of new NFC services a boost,
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the NFC Forum continues to clear the path to commercialization with new specifications that lower
barriers to market entry, solutions showcases that promote new ideas, and plug fests that bring
developers together to test their products for interoperability.

Every solutions developer should have an NFC strategy. A decade ago, many solutions developers
were slow to see how mobile devices would affect their products and their use. Those who did benefited
from being first to market with mobile versions or apps that gave users easier access, greater
convenience, more information, or new capabilities. NFC offers similar opportunities. Evans Data
Corporation’s recently released Mobile Development Survey states that over 31% of mobile developers
today are supporting NFC in their mobile applications. While this is an encouraging sign, the other
69% should already be evaluating how they can better meet customer needs and advance their
business strategy by taking advantage of NFC.

Businesses need to explore how NFC can drive new growth. The first mobile “solutions” were
little more than conventional websites adapted to display properly on smaller mobile phone
screens. However, within a few years, mobile became a market segment unto itself, launching a new
wave of innovation that is still on the rise. NFC has that same transformative power—in fact, even
more so, because NFC goes beyond mobile, enabling links between the Internet and everyday
devices and objects, from household appliances to store signage. As greater intelligence is embedded
in these everyday objects, NFC has the power to put that intelligence to work in new ways—for both
internal business and external customer applications.

For example, a company in France developed an NFC-enabled solution that monitors wine
shipment temperatures across distribution channels to ensure the wine’s provenance and quality. Each
box of wine is equipped with a battery-powered RFID"*' temperature sensor. At each step of the
distribution cycle, the wine can be checked for temperature and authenticity using an NFC-enabled
device. Without NFC, this solution would have been costly and impractical. The business advantages
of NFC are many. Companies with mobile workforces, such as traveling service personnel, can better
track and direct their actions with NFC. Marketers, advertisers, and retailers seeking to build 1 : 1
marketing relationships with valued consumers can leverage NFC for personalized offers where they

have the greatest impact at point of sale.

New Words

inflection [ m'flekf(2)n] n. S, T, FEAAML

essential [1'senf(2)1] n. R, BE  adj. FARW),; BER
availability [ aivella'biloti] n. ATHME, AR, SEHTE

vertical ['vartik(9)1] n. THL, FEHIH od. FTEW, EHH
purchase [ 'paitfas] n. WL, X2 o0 WSL ) ERAS, WSEARVY
interoperability [ 'intorjppara'biloti] n. [ 1] EEAEM:; M

interface [ 'mtofers ] n. <3 >HEEO, R\ o [TFENL] EBR
gratify ['graetifar ] v, fHE, R, %
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contagious [ kon'terdzos ] adj. RPVER); SEIEH

revenue [ 'revonju: ] n. BRI, FEIZEIRA; Wai
viability [ varo'biloti] n. HEAFRETT, KERES); WATHE
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Notes

[1] NFC U35l (FHARIE oy R4 USR5 (RFID) B T3 TEL 38 4 AR % 5 Y AR 171 ke 11
TR — SR Ra S R A% . B R R RS SR RE, RETERLIE N HaRA
WA AT BAE S . TAESR Ky 13. S6MHz, {H 0 F X Ah AL AT E a9
WA BRI TAL . E X TEORTE H s g iz W, AR LT LUAEL% 6
PLIRAIE . KRBT IASBARL | Acii— Rl R SR,

[2] SPINS 4= PpisOHE BR 2 5 i TC LR AL & 4% ( Wireless Sensor NetWork, WSN) 24 HE
Mz — . 4135 SNEP (Secure Network Encryption Protocol) H1 WTESLA ( micro Timed Effi-
cient Streaming Loss 2 tolerant Authentication Protocol) P43,

[3] RFID (Radio Frequency Identification) $iAK, MG, B—MEEHE A, Al
A TEL L AE SRR E B AR S A G, MICATE VU RGeS R E B AR Z 18]
SR EOL el

Questions for Discussion

1. How can device manufacturers be more confident when bringing new NFC devices to market?
2. How does Sony apply NFC?
3. What is the NFC-enabled solution applied in the French company?
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Text A

Digital Signal Processing

Digital signal processing ( DSP) is the use of digital processing, such as by computers, to
perform a wide variety of signal processing operations. The signals processed in this manner are a
sequence of numbers that represent samples of a continuous variable in a domain such as time,
space, or frequency.

Digital signal processing and analog signal processing are subfields of signal processing. DSP
applications include audio and speech signal processing, sonar, radar and other sensor array
processing, spectral estimation, statistical signal processing, digital image processing, signal
processing for telecommunications, control of systems, biomedical engineering, seismic data
processing, among others.

Digital signal processing can involve linear or nonlinear operations. Nonlinear signal processing
is closely related to nonlinear system identification and can be implemented in the time, frequency,
and spatio-temporal domains.

The application of digital computation to signal processing allows for many advantages over analog
processing in many applications, such as error detection and correction in transmission as well as data

compression. DSP is applicable to both streaming data and static (stored) data (see Figure 12-1).

Digital
/;palolg ADC Signal DAC /;?arll(;%
1gna Processing ¢
Figure 12-1

1. Signal Sampling

The increasing use of computers has resulted in the increased use of, and need for, digital
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signal processing. To digitally analyze and manipulate an analog signal, it must be digitized with an
analog-to-digital converter. Sampling is usually carried out in two stages: discretization and
quantization. Discretization means that the signal is divided into equal intervals of time, and each
interval is represented by a single measurement of amplitude. Quantization means each amplitude
measurement is approximated by a value from a finite set. Rounding real numbers to integers is an
example.

The Nyquist Shannon sampling theorem states that a signal can be exactly reconstructed from its
samples if the sampling frequency is greater than twice the highest frequency of the signal, but this
requires an infinite number of quantization levels. In practice, the sampling frequency is often
significantly higher than twice that required by the signal’s limited bandwidth.

Theoretical DSP analyses and derivations are typically performed on discrete-time signal models
with no amplitude inaccuracies ( quantization error) , “created” by the abstract process of sampling.
Numerical methods require a quantized signal, such as those produced by an analog-to-digital
converter (ADC) ). The processed result might be a frequency spectrum or a set of statistics. But
often it is another quantized signal that is converted back to analog form by a digital-to-analog

converter ( DAC).

2. Domains

In DSP, engineers usually study digital signals in one of the following domains: time domain
(one-dimensional signals), spatial domain ( multidimensional signals), frequency domain, and
wavelet domains. They choose the domain in which to process a signal by making an informed
assumption (or by trying different possibilities) as to which domain best represents the essential
characteristics of the signal. A sequence of samples from a measuring device produces a temporal or
spatial domain representation, whereas a discrete Fourier transform produces the frequency domain

information, that is, the frequency spectrum.

3. Time and Space Domains

The most common processing approach in the time or space domain is enhancement of the input
signal through a method called filtering. Digital filtering generally consists of some linear transformation
of a number of surrounding samples around the current sample of the input or output signal. There are
various ways to characterize filters; for example ;

1) A “linear” filter is a linear transformation of input samples; other filters are
“non-linear” . Linear filters satisfy the superposition condition, i. e. if an input is a weighted linear
combination of different signals, the output is a similarly weighted linear combination of the corre-
sponding output signals.

2) A “causal” filter uses only previous samples of the input or output signals; while a
“non-causal” filter uses future input samples. A non-causal filter can usually be changed into a causal
filter by adding a delay to it.

3) A “time-invariant” filter has constant properties over time; other filters such as adaptive
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filters change in time.

4) A “stable” filter produces an output that converges to a constant value with time, or
remains bounded within a finite interval. An “unstable” filter can produce an output that grows
without bounds, with bounded or even zero input.

5) A “finite impulse response” (FIR) filter uses only the input signals, while an “infinite
impulse response” filter (IIR) uses both the input signal and previous samples of the output signal.
FIR filters are always stable, while IIR filters may be unstable.

A filter can be represented by a block diagram, which can then be used to derive a sample
processing algorithm to implement the filter with hardware instructions. A filter may also be described
as a difference equation, a collection of zeroes and poles or, if it is an FIR filter, an impulse
response or step response.

The output of a linear digital filter to any given input may be calculated by convolving the input

signal with the impulse response.

4. Frequency Domain

Signals are converted from time or space domain to the frequency domain usually through the
Fourier transform. The Fourier transform converts the signal information to a magnitude and phase
component of each frequency. Often the Fourier transform is converted to the power spectrum, which
is the magnitude of each frequency component squared.

The most common purpose for analysis of signals in the frequency domain is analysis of signal
properties. The engineer can study the spectrum to determine which frequencies are present in the
input signal and which are missing.

In addition to frequency information, phase information is often needed. This can be obtained
from the Fourier transform. With some applications, how the phase varies with frequency can be a
significant consideration.

Filtering, particularly in non-realtime work can also be achieved by converting to the frequency
domain, applying the filter and then converting back to the time domain. This is a fast, O (n logn)
operation, and can give essentially any filter shape including excellent approximations to brickwall
filters.

There are some commonly used frequency domain transformations. For example, the cepstrum
converts a signal to the frequency domain through Fourier transform, takes the logarithm, then
applies another Fourier transform. This emphasizes the harmonic structure of the original spectrum.

Frequency domain analysis is also called spectrum or spectral analysis.

5. Z-plane Analysis

Digital filters come in both IIR and FIR types. FIR filters have many advantages, but are
computationally more demanding. Whereas FIR filters are always stable, IIR filters have feedback
loops that may resonate when stimulated with certain input signals. The Z-transform provides a tool

for analyzing potential stability issues of digital TIR filters. It is analogous to the Laplace transform,
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which is used to design analog IR filters.

6. Wavelet

In numerical analysis and functional analysis, a discrete wavelet transform ( DWT) is any
wavelet transform for which the wavelets are discretely sampled. As with other wavelet transforms, a
key advantage it has over Fourier transforms is temporal resolution; it captures both frequency and

location information.

7. Applications

The main applications of DSP are audio signal processing, audio compression, digital image
processing, video compression, speech processing, speech recognition, digital communications,
digital synthesizers, radar, sonar, financial signal processing, seismology and biomedicine. Specific
examples are speech compression and transmission in digital mobile phones, room correction of
sound in hi-fi and sound reinforcement applications, weather forecasting, economic forecasting,
seismic data processing, analysis and control of industrial processes, medical imaging such as CAT
scans and MRI, MP3 compression, computer graphics, image manipulation, hi-fi loudspeaker cross-

overs and equalization, and audio effects for use with electric guitar amplifiers.

8. Implementation

DSP algorithms have long been run on general-purpose computers and digital signal processors. DSP
algorithms are also implemented on purpose-built hardware such as application-specific integrated
circuit (ASICs)'?'. Additional technologies for digital signal processing include more powerful general
purpose microprocessors, field-programmable gate arrays ( FPGAs) !, digital signal controllers
(mostly for industrial applications such as motor control) , and stream processors.

Depending on the requirements of the application, digital signal processing tasks can be
implemented on general purpose computers.

Often when the processing requirement is not real-time, processing is economically done with an
existing general-purpose computer and the signal data ( either input or output) exists in data
files. This is essentially no different from any other data processing, except DSP mathematical
techniques (such as the FFT) are used, and the sampled data is usually assumed to be uniformly
sampled in time or space. For example; processing digital photographs with software such as
Photoshop.

However, when the application requirement is real-time, DSP is often implemented using
specialized microprocessors such as the DSP56000, the TMS320, or the SHARC. These often
process data using fixed-point arithmetic, though some more powerful versions use floating point. For
faster applications FPGAs might be used. Beginning in 2007, multicore implementations of DSPs
have started to emerge from companies including Freescale™* and Stream Processors, Inc. For faster
applications with vast usage, ASICs might be designed specifically. For slow applications, a

traditional slower processor such as a microcontroller may be adequate. Also a growing number of
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DSP applications are now being implemented on embedded systems using powerful PCs with

multi-core processors.

New Words

sequence ['sitkw(9)ns] n. B, FH, iy, #Esk

domain [do(u)'memn] n. [IF] 84, R, |t SRR
subfield ['sabfi:ld | n. TG O TEBG M

estimation [esti'melf(2)n] n. A&TE; PEMY; B

seismic [ 'sarzmik ] adj. WRER; MHRTIER; B
linear [ lmia] adj. HEW, LIEH

nonlinear [ non'linio ] adj. AELLTERY

compression [ kom'pref(a)n] n. JE46, W%, W46, B4%

discretization [ dis'krirtar'zerfon]  n. Balfk

quantization [ (kwontar'zeifon ] n. w1k gtl; Eik

approximate [ o'proksimot | adj. I o BEET; iR, 4G
rounding [ 'ravndip ] adj. AW, HEEN, BN

integer [ 'mtrdza] n. 4EE

theorem [ '810rom | n. [ K] R, (BEIERAR)) —MEHE, &t
derivation [dert'verf(9)n] n. 5lH, S ATk

quantize [ 'kwontaiz ] v, g1k

enhancement [ n'harnsm(2)nt ] n. HAGE, AR, e MGE

invariant [ In'veorront ] adj. TR, AR n A, AR
adaptive [ o'daeptrv] adj. ENHY; AIENRE TSI

convolve [ kon'vplv] v, &, BE, YisE

cepstrum [ sepst'tam] n. XPEUEINE  XSTEGEE ) RIS

logarithm ['lIngortd(a)m] n. XA

capture [ 'keept[a] v, fRER; FEG M, SR (TR Mg Ml)
synthesizer [ ’SIHGISB.IZQ] n. SHE s A ; e , LEOTE
arithmetic [ o'rifmotik ] n. BA, A, Bk

Notes

[1] ADC. ¥ LG 5 e e AT (5 5 i L i, PRV e 8% (FTFR A/D 40 48 51
ADC, analog-to-digital converter) . A/D 4 i1 HT R0 B [H) JE 25 | (LA 3% 252 1) B 41
RO R, IR E W B A ES, Wik, A/D Feie— i e | R TS
A GRS 4 AR, TESCPREL gD, X e A B A I HEAT Y . R S )
RRZ, i TAREIMRTE, l5r a4 ADC HIEH ADC, [l ADC J2 e f i AR
UL T 4 PAU IS (R BROAIUAS SRS P-4 30k 26 v ] i e 4 OB 7 o, A b [ o 2 1
[ AR B ADC, ELHE ADC DI B 34 R 7 o, 8 T RS A T3k LL B2 ADC Fi1Z
UGEIET ADC,
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[2] application-specific integrated circuit (ASIC) ; 7E5E i HL B ASIC BN b & —F & 1]
H A pg e, 24 W TP BOR AR E L 7 R G / Zm e, il
LRI . ASIC AR SR T 1) 4 FH P 52K o ASIC ZEHE i A= 7 I -5 e 4 i v B8 AH
(RS WS 7 P NN P2 (AN [ T8 567 =N e 5 7 =TI i 51 [ SN W N (A

[3] FPGA ( field-programmable gate array), BJ¥E37 0] 96 F2 1%, & J&1E PAL, GAL,
CPLD 45 m] St (1 (1 Je il bk — 20 R e i ™= W), BBl L A H i (ASIC)
B — b BT R, B T AL ER AR, TR TR AT R g A A
PRI TH BB R B A5

[4] Freescale: QHER/RFEFIK (Freescale Semiconductor) &4 ERAUVGAHY IR H], 2Bk
SR T2 E A SR N B STV T T R T A AL AR R O 22 . RUELR 2R T 1] 7R
Mg TANE e 7y, AR BRI UL B | B S . R R R
WA B PR AIEE B RIR I — 28 2 A& s i F RG24, IRA 3 1A
SHENAG . TSR st B RERE IR A B AN TR T 2L AR DL &
BReM Shas 15, R A ZRuar . ik HE M S,

Questions for Discussion

1. In what aspects can DSP be used?

2. What are discretization and quantization?

3. According to this passage, what does filtering mean? What kinds of filters do you know?
4

. What commonly used frequency domain transformations?

Text B

Digital Signal Processors

A digital signal processor ( DSP) is a specialized microprocessor (or an SIP block) , with its
architecture optimized for the operational needs of digital signal processing.

The goal of DSPs is usually to measure, filter and/or compress continuous real-world analog
signals. Most general-purpose microprocessors can also execute digital signal processing algorithms
successfully, but dedicated DSPs usually have better power efficiency thus they are more suitable in
portable devices such as mobile phones because of power consumption constraints. DSPs often use
special memory architectures that are able to fetch multiple data and/or instructions at the same

time.

1. Overview

Digital signal processing algorithms typically require a large number of mathematical operations
to be performed quickly and repeatedly on a series of data samples. Signals ( perhaps from audio or
video sensors ) are constantly converted from analog to digital, manipulated digitally, and then

converted back to analog form. Many DSP applications have constraints on latency; that is, for the
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system to work, the DSP operation must be completed within some fixed time, and deferred (or
batch) processing is not viable.

Most general-purpose microprocessors and operating systems can execute DSP algorithms
successfully, but are not suitable for use in portable devices such as mobile phones and PDAs
because of power efficiency constraints. A specialized digital signal processor, however, will tend to
provide a lower-cost solution, with better performance, lower latency, and no requirements for
specialized cooling or large batteries.

The architecture of a DSP is optimized specifically for digital signal processing. Most also
support some of the features as an applications processor or microcontroller, since signal processing
is rarely the only task of a system. Some useful features for optimizing DSP algorithms are outlined

below.

2. Architecture

(1) Software

By the standards of general-purpose processors, DSP instruction sets are often highly irregular;
while traditional instruction sets are made up of more general instructions that allow them to perform
a wider variety of operations, instruction sets optimized for digital signal processing contain
instructions for common mathematical operations that occur frequently in DSP calculations. Both
traditional and DSP-optimized instruction sets are able to compute any arbitrary operation but an
operation that might require multiple ARM or x86 instructions to compute might require only one
instruction in a DSP-optimized instruction set.

One implication for software architecture is that hand-optimized assembly-code routines are
commonly packaged into libraries for reuse, instead of relying on advanced compiler technologies to
handle essential algorithms. Even with modern compiler optimizations hand-optimized assembly code
is more efficient and many common algorithms involved in DSP calculations are hand-written in order
to take full advantage of the architectural optimizations.

1) Instruction Sets.

® Multiply-accumulates ( MACs, including fused multiply-add, FMA) operations;

® Used extensively in all kinds of matrix operations

® Convolution for filtering;

® Dot product;

® Polynomial evaluation;

® Fundamental DSP algorithms depend heavily on multiply-accumulate performance ;

® FIR filters;

® Fast Fourier transform (FFT) ;

® [nstructions to increase parallelism;

e SIMD;

® VLIW;

® Superscalar architecture ;
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Specialized instructions for modulo addressing in ring buffers and bit-reversed addressing
mode for FFT cross-referencing;

DSPs sometimes use time-stationary encoding to simplify hardware and increase
coding efficiency ;
Multiple arithmetic units may require memory architectures to support several accesses per
instruction cycle;
Special loop controls, such as architectural support for executing a few instruction words in a
very tight loop without overhead for instruction fetches or exit testing.

Data Instructions
Saturation arithmetic, in which operations that produce overflows will accumulate at the
maximum ( or minimum ) values that the register can hold rather than wrapping around
(maximum + 1 doesn’t overflow to minimum as in many general-purpose CPUs, instead it
stays at maximum). Sometimes various sticky bits operation modes are available;
Fixed-point arithmetic is often used to speed up arithmetic processing;
Single-cycle operations to increase the benefits of pipelining.

Program Flow.
Floating-point unit integrated directly into the datapath
Pipelined architecture;
Highly parallel multiplier-accumulators ( MAC units) ;
Hardware-controlled looping, to reduce or eliminate the overhead required for looping

operations.

(2) Hardware

1)

Memory Architecture. DSPs are usually optimized for streaming data and use special memory

architectures that are able to fetch multiple data and/or instructions at the same time, such as the

Harvard architecture or Modified Von Neumann architecture, which use separate program and data

memories ( sometimes even concurrent access on multiple data buses).

2)

Addressing and Virtual Memory. DSPs frequently use multi-tasking operating systems, but

have no support for virtual memory or memory protection. Operating systems that use virtual memory

require
.
.

3.

more time for context switching among processes, which increases latency.
Hardware modulo addressing;

Allows circular buffers to be implemented without having to test for wrapping;
Bit-reversed addressing, a special addressing mode;

useful for calculating FFTs;

Exclusion of a memory management unit;

Memory-address calculation unit.

History

Prior to the advent of stand-alone DSP chips discussed below, most DSP applications were

implemented using bit-slice processors. The AMD 2901 bit-slice chip with its family of components
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was a very popular choice. There were reference designs from AMD, but very often the specifics of a
particular design were application specific. These bit slice architectures would sometimes include a
peripheral multiplier chip. Examples of these multipliers were a series from TRW including the
TDC1008 and TDC1010, some of which included an accumulator, providing the requisite multiply-
accumulate (MAC) function.

In 1976, Richard Wiggins proposed the Speak & Spell concept to Paul Breedlove, Larry
Brantingham, and Gene Frantz at Texas Instrument’s Dallas research facility. Two years later in 1978
they produced the first Speak & Spell, with the technological centerpiece being the TMS5100, the
industry’s first digital signal processor. It was also the first chip to use Linear predictive coding to
perform speech synthesis.

In 1978, Intel released the 2920 as an “analog signal processor” . It had an on-chip ADC/
DAC with an internal signal processor, but it didn’t have a hardware multiplier and was not successful
in the market. In 1979, AMI released the S2811. It was designed as a microprocessor peripheral ,
and it had to be initialized by the host. The S2811 was likewise not successful in the market.

In 1980 the first stand-alone, complete DSPs—the NEC pPD7720 and AT&T DSP1—were
presented at the International Solid-State Circuits Conference ’80. Both processors were inspired by
the research in PSTN'" telecommunications.

The Altamira DX-1 was another early DSP, utilizing quad integer pipelines with delayed
branches and branch prediction.

Another DSP produced by Texas Instruments (TI)", the TMS32010 presented in 1983,
proved to be an even bigger success. It was based on the Harvard architecture, and so had separate
instruction and data memory. It already had a special instruction set, with instructions like
load-and-accumulate or multiply-and-accumulate. It could work on 16-bit numbers and needed 390
ns for a multiply-add operation. TI is now the market leader in general-purpose DSPs.

About five years later, the second generation of DSPs began to spread. They had 3 memories for
storing two operands simultaneously and included hardware to accelerate tight loops, they also had
an addressing unit capable of loop-addressing. Some of them operated on 24-bit variables and a
typical model only required about 21 ns for an MAC. Members of this generation were for example the
AT&T DSP16A or the Motorola 56000.

The main improvement in the third generation was the appearance of application-specific units
and instructions in the data path, or sometimes as coprocessors. These units allowed direct hardware
acceleration of very specific but complex mathematical problems, like the Fourier-transform or matrix
operations. Some chips, like the Motorola MC68356, even included more than one processor core to
work in parallel. Other DSPs from 1995 are the TI TMS320C541 or the TMS 320C80.

The fourth generation is best characterized by the changes in the instruction set and the
instruction encoding/decoding. SIMD"* extensions were added, VLIW and the superscalar architecture

appeared. As always, the clock-speeds have increased, a 3 ns MAC now became possible.
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4. Modern DSPs

Modern signal processors yield greater performance; this is due in part to both technological and
architectural advancements like lower design rules, fast-access two-level cache, (E) DMA circuitry
and a wider bus system. Not all DSPs provide the same speed and many kinds of signal processors
exist, each one of them being better suited for a specific task, ranging in price from about US $
1.50 to US $ 300. Texas Instruments produces the C6000 series DSPs, which have clock speeds of
1.2 GHz and implement separate instruction and data caches. They also have an 8 MiB 2nd level
cache and 64 EDMA channels. The top models are capable of as many as 8000 MIPS (instructions
per second) , use VLIW'*' (very long instruction word) , perform eight operations per clock-cycle
and are compatible with a broad range of external peripherals and various buses ( PCl/serial/etc).
TMS320C6474 chips each have three such DSPs, and the newest generation C6000 chips support
floating point as well as fixed point processing.

Freescale produces a multi-core DSP family—the MSC81xx. The MSC81xx is based on StarCore
Architecture processors and the latest MSC8144 DSP combines four programmable SC3400 StarCore
DSP cores. Each SC3400 StarCore DSP core has a clock speed of 1 GHz.

XMOS produces a multi-core multi-threaded line of processor well suited to DSP operations.
They come in various speeds ranging from 400 to 1600 MIPS. The processors have a multi-threaded
architecture that allows up to 8 real-time threads per core, meaning that a 4 core device would
support up to 32 real time threads. Threads communicate between each other with buffered channels
that are capable of up to 80 Mbit/s. The devices are easily programmable in C and aim at bridging
the gap between conventional micro-controllers and FPGAs.

CEVA, Inc. produces and licenses three distinct families of DSPs. Perhaps the best known and
most widely deployed is the CEVA-TeakLite DSP family, a classic memory-based architecture, with
16-bit or 32-bit word-widths and single or dual MACs. The CEVA-X DSP family offers a combination
of VLIW and SIMD architectures, with different members of the family offering dual or quad 16-bit
MACs. The CEVA-XC DSP family targets software-defined radio (SDR) modem designs and leverages
a unique combination of VLIW and Vector architectures with 32 16-bit MACs.

Analog Devices produce the SHARC-based DSP and range in performance from 66 MHz/198
MFLOPS ( million floating-point operations per second) to 400 MHz/2400 MFLOPS. Some models
support multiple multipliers and ALUs, SIMD instructions and audio processing-specific components
and peripherals. The Blackfin family of embedded digital signal processors combine the features of a
DSP with those of a general use processor. As a result, these processors can run simple operating

systems like pCLinux, velOSity and Nucleus RTOS while operating on real-time data.

New Words

latency [ 'lertonsi] n. WK, WENER
defer [ dr'far] v (IR, HIEHT; #ER, 18, IRM
arbitrary ['abrt (ra) ri] adi. [ 0] ARER,; KW, L
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assembly [ 9'sembli] n. WL, S EE

compiler [ kom'paila ] n. ks, (1] WIFERT,; wEE, LaE
matrix [ 'mertriks ] n. [ K] FERE; BEAY

convolution [ konva'lu:f(2)n] n. [B0] B e, e, HBsE
polynomial [ ipoli'noumial ] n. [$] Z20is; H 2 FUEH2EA
superscalar [ 'sumpa, skeilo] n. BIREE RS

saturation [setfa'rerf(2)n] n. MOA; @RI, =iE; #Efbru
modulo [ 'modjulou | prep. Lheeeeo N adv. FEATE
peripheral [pa'rif(o)r(a)l] adj. IMEIRS; WER  no SNBIE &
milestone [ 'mailstoun ] n. BRER, RIEHCR SR

operand [ 'pporaend | n. [F] #BEEG [iF)] B8RS
leverage ['lev(9)11d3] n. FB; FIAHERH o FIH; Z8EEE
Notes

[1] PSTN (Public Switched Telephone Network ) : 7~ 332 b 35 R 4%, —Fi i FH A4 TH 28 35
¢, RIFRATH &R AT HLTE

[2] Texas Instruments (TI) f&—ZAN T3 EAR =N Bhiil s B oaw, DIFk ., ik,
B PRI AL R 4 T, 2GR 5 A B 5 40 L B 5 T AR
HE S, B 25 MEZA RS . BOTEE B EN, BRI RS =IO S AR
B, AURTORRM =R BB Emis s o on b ry, (OK T, W2
A FHE R 5 — KB E 5 A BER (DSP) IR SR 4 44 g il 1 vy, 7™
AR AR L g

[3] SIMD (single instruction multiple data) , 384 Z5HE0, REWs 2 hl 2 #EE, JHE
ENHTEARB AP i —HIE 24

[4] VLIW (very long instruction word) fZ—FIEHKMIELSHE, BT ZHKBLEE—
B, $Em TIsEMEEE . VLIW AR 254 & 356 F Multiflow F1 Cydrome 24 &) T 20 42 80
RV IR R G, EPIC AR RZEH N VLIW Al A R

Questions for Discussion

1. What is the advantage of a specialized digital signal processor?
2. Do DSPs support virtual memory? Why?

3. Can modern signal processors perform well? Why?
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ATLAIR BRI, SRR e Z A A, IS A Ira % 25
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FET 1 —MCRADRAERETE S 0, VR AIFE 1962 451 AR 103 18 2 4t 8 i fig )4
s T R v, AR A S B TR 4 L 15 S e e A i R A ) T 300bit/s, FE
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DR 103 JEEIfE g b, Rk Oy b, R BE i AL 3 2 1080 +/ — 100Hz
A1 1750 +/ —100Hz,

5. tERBEED

WRAE SR SRl S8 RN, IR 2R kst AR B i (PSK) ., 7E SR fi
1B PSK A HT, — AR [ B S AR 15 5 TORAE R B U155 0, —> 180°4HF% (R
AR ) AOSHIE S R i 7155 1., DUURZASFITE 1980 4FE 2247 51 A 212 il fi
W T PSK HAR, iS5 AL Ac e H i 2% 1 055 fem AL s 2RIk 2] T 1200bit/s,,

6. St AiE

B T LI T AR LR SEAS 1 B R DB 204N, I AE A 2 AT I5 5 2 n i etk o
Pio IEZCHINE (QAM) SR H A —FEHIE R, QAM 155 5LFr FRAEM A MALIESS (RIAH
PiAHZE 90°) WIEARS L TIHE, GIHES MM IREEMER 4 DE0E 4 DL R TR
58, KEHGEH QAM HA W1 -E A V8 il i 8 28 A 4 15 5 1 R 1T 2400bit/s, SEBR R
FHALHESE EVAT H AR Er- s i il (5 R 40,

MR ZmASJEH] (TCM) 2 —Fokr S A QAM BORZE &k i HI o, Blans-, K
L BTG H HR AL T 9600bit/s S DL 18 155 451 B R il i R 2 042 L TCM B Sy 3Emb iy, =40
V. 32 F1 V. 34 JE i H 245

BX B Bk 4RELiE &

ik pgmtsJE ] (PCM) J& —Fh XSG S T A R B B R . ZEHERL . JBERHL
BT A IE SR FH B b, HAR RS R PCM (55, XTS5 i IR R AE 34 29 1)
B L EA T AT R OR AR, P RFELS SR T A, S BT T B N R U, T
A PCM B . 2otk 4 a%iidl (LPCM) & PCM 5 R4k e =, g fb i P24t
BIAI), FEX— 5 b, LPCM RS PCM gt AR Z A 1, PCM i HE A 1 & 4k i F fifl
HIRIEA AT AL (IEW A FRIEAREEM w ARG ) . 8 PCM 22— XY
Rif, {HIE PCM b & 288 8 SRR LPCM Zwtt &l .

—A> PCM £ 4 3 PR IEA R M, St O U AL UE 5 PR L, XA & 1
B SREER, B 1s PIACRERREL; MIREE, RIAEARAEE S LA AR EUEDR FR

1. £33

RUEA Pkop s B (W TS CD) g s AR T H, HJC 45 5 45 W
SN PCM Zfis £ AR A7 45

1976 4, SEEEET H M BUE KB, FIF 4ESS scH LI 2 D)4 5| A2 T HL i
Rz,

1982 4F, SGifE (AFREM CD) ZLE FibruEh LPCM T MEsdiss () Jo i 4 id

AES3 $:ObRME (1985 4E i, S/PDIF bRl e it Tt ) J&—Fhiz 4l LPCM AR 1y
FEIRIENY

FEDN NTHEALH, PCM B A LPCM Bl #4815 WAV (& X T 1991 4F) il AIFF
TR (G T 1988 4F) MR R ECHE ., AR, FoMbaE i AU, R IR & A% 5K
(header-less SCF) RIS 1) Z2 AR 25 2% 2 bt AT RE A7 LPCM 2508

DVD 5 E (A 1995 4F ) FIE EOLBERRMER (M 2006 4E) 7EF & XA T
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LPCM iR . AR RO | B a A sk =X (Bilan, M\ 1995 4EREHY DV 42X, M 2006
AR AVCHD #53X) 2 anit,

LPCM $ AL T HDMI (5 X T 2002 4F) , BV TA% % TC 6 46 50105 5 (0 B 4 5
B A B 1

RF64 2%l (G XF 2007 4E) 2T LPCM A&, HEEAFM#HIE PCM 4% 1Y H AR i
Bdi; RF64 SCHH 2 K 14 B & FE I 4 8% 20 (Dolby E| Dolby AC3 . DTS FIMPEG-1/
MPEG-2 ¥ 4il) fg “fha” Witk PCM EdiE

2. %

EE10-1 BRI (IEPTR) Gad REERALECH PCM 55, 1E 5% 1) RAE (a1 R 2
BI5IHy, Wi 10-1 LT , XTSRS, RRHRA TR B R A
(y#h) 1, SERTHRAGSEEEBILMEER, BRES el L awmis s H5S, HF
TEREEE B, XA M IEZ N, FoATRERAL R a] & A AL EUE 0 N . 8, 9, 11, 13,
14,15, 15, 15, 14 45, ik seig b gmts pl — JE 61 80E, BRAR ™A 4bit I4RISZ55 . 1000
(2P x1+2°x0+2' x0+2°x0=8+0+0+0=8), 1000, 1001, 1011, 1101, 1110, 1111,
1111, 1111, 1110 5§, A A HECHE 5 A AR X X BB 55 AT i — D i Ab B sl i, 2
A~ PCM il it vl DA R — A SE R SRR U, PR SR — W BB B A T iR . 0 Iy
BEARRAERRAILBIE RGP Z ) ZWE 2 - (TDM)

WH, H—ANT PR S i B E S P PCM. AL 38 3224 i rL B — SR PR S A o o
(ADC) ,

3. iR

F T EIRE S DRGSR ok, IR 2% IO B E AL IR S5 R e R 2 52 A Y
ER—AREERZ G, BIRESER IR — 1 RAE, K 55 AR 2R A, KR
By, ERESIRE, MAEKREEMAER, TR BREER, REEGE
5, VRSO S — R A, MEIRT R R Z A (KT RS R
FER) MRER, SRAEEEME/R, QR PCM AR A AMG T SR AL W A5 T A5 ) RAFE AR
WATEBITARBLN, AL ERAR S , flan, TEriERgeH, A S R BOE Fl oy
300 ~3400Hz, [Hit, MG 4 Wke-FHACRM EH, I T AMEEIBEE S, REMR
(8kHz) Z/DERIHEHMA (4 kHz) MIPIfG,

MBS IR 5 RS i b 52 B0 5 1 F I S AR R AU 5 A B 15 5 1 L B AR 28
WL, XSS (DAC) . DAC HHEH AKUT5 5 MBUE A o sl i (B
HeF DAC KAL) fhES . fbE S Sl iE s . ORI S5 A

4. FRERBFRBEMER

TE LPCM Hr, 5 FH A SRAEAL R BE 2 5> SR A s 8bit, 16bit, 20bit, 24bit £ {HKE RN,
FAASFEM T LPCM b Ab B, X 22 75 18 S A5 5 1Y SCRPHOR T 306 X . LPCM R8s i i
RIS R, WOHIE (SrRF ) RN ST EAg s, A RS R 2 e SR
i 8 AR (7.1 3%8),

DVD #& 2 A RUATIE #1148 kHz ERAEIR , R4 &M H] 44. 1 kHz BRFESIR . —
SO HT AR 5 221 1] 96 kHz B{# 192 kHz HSREESIAR , A4 R AE 5 H 16bit BU{H K
FR, IR LU T (1 o 2 AL i 1 A 24 TR0 6. 144 Mbit, B G — B I &4+, DVD i
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Y LPCM 25451 1) 26t BR 2 6. 144 Mbit/s, B8 A1l (7.1 3%%) x48 kHz x 16bit/ %
FE =6, 144 kbiv/s, A SRS RAE S0 32bit UEEF R PCM B, AIRZ A EX
FRZHAR

5511 Yo

B A WiFi i Tk

WRAREGE 230l . wnEsE . BB SOl s, REEIRA MTREE &8 & T LM 4% h
6], VP2 NFESR B O A BT SEAL, ARl WiFi 38 802. 11 BEMH | —sbhif
i IE AR Bl A2 AR 25 T8 R e SR sl (I A P BRI, R ARk, JCER NS ml g 2>
ARASARE K, LA TR AT LABE R B 7 7] B, AT 2l e 2R,

Wiki BIRZMH, ToLMGARE 5 3 3+ M. TR AREIR, BRAEVR7E R
T HPEAR G TE R B LR, S NWRERE RO BRAE F— b, e R SCa, BATR T
WGBS PSR, AT HE R R RO EL NS T E AT 4,

1. 4= WiFi

TCER M T IO B, R TFHL, AL PL—RE, 8 b, ToZk M4 idam 15 5t
B T R B S —FE, SR,

1) AN JCLRIE B 25 B e e i C 2R FLA5 55 T R R 3%

2) JCERRE M AR HMUE S I X AT RS ek AR T B | A 2 LUK I i R
BERBN N,

AR R AT AT, B AHEICR A MR, B HHE R TR RS, IRk
KR EMLA T IE BT

FF LG8 (5 M I M FIRL X PEIL . PO AL A i TC & R AR AL, e AT
DU RN TCZE I, PTLOCKE | 1 O FE40e i eZ i it , B JCZR B I 3 1 Fn o, (HAIEL
fsE AL, TEERMCE I LA 2 AN .

1) B 2. 4GHz 5% 5GHz MM FAE 4 . XX FAL . X HELRTE AL A9 453
SRASEAH B A SV S T 2 B

2) EAMEH 802. 11 MZ&hnife, HrhA JLF,

@ 802. 11a 1£ 5GHz & 1%, AIRSEN 54Mbit/s BOEHE . B3Rl FHIEAS M4 H (OFDM) |
— MR ISR, FERLGE SRR 20, ENABITES . X RKIEE
T+

2 802. 11b MMIUEERAB R . FAEEAbRAE, A —BfE, ERRAIEERZG, (A
TEEAKEIT, BN ERAFREAS S B T, 802. 11b &k 7E 2. 4 GHz S B Y JCLk Fa 4t
Wk, B R DUGBE R R A 11 Mbivs MBS, e HAMGEE Y (CCK) Gk HE M B

@ 1% 802. 11b —Ff, 802. 11g 7£ 2.4 GHz &1k, {HARME, B 0T LIAbHEH 5 & ik 54Mbit/s
MG . 802. 11g TR, A e di HIH 802. 11a —F£(% OFDM Zifid

@ 802. 11n J&f) i FHEOFRUE, F1802. 11a, 802. 11b 1 802. 11g 0532, B W&
MR TR, B TR, B, BEARMBIE I 802. 11g i BE AT ik F| 54Mbit/
s, PHRMLHNTE, & ESLH H A HIA ] 24Mbit/s, SR, $E4RIE 802. 11n AT Lhik 5] iy ok fF
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4 140Mbit/s, 802. 11n fxZ Al AL U EH6 0, B4~ 52 150Mbit/s, (HRZE i 4 2
VR =AM

& 2013 4F4EH], 802. 1lac EfHibnE, EMAM) 2 RH, MUEZEEFETHRA
7 TIPS (IEEE), HXFFEREFEL LT T, 802. 11ac &M 802. 11n [[)5 %
fy (R HA R d ), 802. 11n ¥ 2.4 GHz JiiBt, 802. 1lac #£ 5 GHz M, EAK 5 %3
T, JFHCEMRETEE Y, 75— — A B it HE o i S 4 AT 5K 450Mbit/s,  FUAR SRR
JENTBERRAK, 18 802. 11n, EARVFEZS NI LAAHEIE, ikPEuhiks] 8 A2, H
FHAH, EABEERN SC Wiki, AEFRTIE Wik, FAEA W RE-ES T IR 2
o TR, AFRER SR (VHT)

© HAth 802. 11 BYFRIET] LLJCIHE T M 4% 9 HARN FH, an) 3k (WAN) 76428 19 1
FHE AT DAL AR T4 b N — A TC L 25 75 81 21 o) — A Te e M4 A |

3) Wiki AT AZEARA] =AM B A%, s, ©TnT DAZEAS R B el ki, Bkt
AT T, I ARVF A& R AR R Y T2 £z

HZEAIHA LG Bty , LAt ol DU — B i 85 8 B, i B
Jr ) JCTE R RIAE X T RERY, (E2 G SR i ph a2 2 2R Ol R 22 1) Ak L () — ik el it 5
IR R, HP ez 8 Tk L ATe i, IR 802. 11ac ARAE, Bl s
(AR T LA AR R S ] 8

FETK, RATEE B W] A Wiki PRS2 30 B

2. WiFi #t &

WiFi # B — ANl i) Jo 2R I 45 1 DX, XA ) a5 A SR s T M 45, a0
HLZFIUMMEIS . A7 SRR, AT ZA T2, HEEEL T, SRS ER B THRR
T, AREE 2 AT DU T HLEk SR 25 3 B i 58 I 2% A el [ O B s BRI ELAR AT LA
B E R L 7. WiFi [ 4%

WERARAEFE AT R A Wik $AT s T R EE 2% VREAM G 55 — 1 2 o AR AR 1Y)
THENA B E . RGN EICARIH RN 280 G 20 M RVELS TN ENE S
13628, ML A MR sh & 88 RE A Wik, tn BRI TN A B %, R AT LA SE—
DIRLGERLAY, A PC RIFME s USB o 1, &AL LI USB &l 4, S& /Rnl
RIS — i ATHRALILAE BL Y PCL A A 18 B4 . 17 223 e A% T DU A 2 — > 802. 11
PRifE,

— BARZGERE T R IE R RS I ARV s T SRS AR, ARAGH AL AERS A sh & BB
ML, XRERE , MURTE Wiki #OSHFT RGN, THELSE AR, M%FA7E, IF
WRREGEEESIT . URIRA — G IHTEAL, ARA]RER EA0 F— A 3R 7 e Ao T F %
PR LM%

REAS % 122 2 A LR B EL IR 2R 1Y SRME T W28 AR T 1, AR AT AR i 2

GBIFENIIF BB R, WA ST,

3. flE— P EL&ME

WIRRFE T E LR/ Z G TRV, R AIE— oL % 5 T A, SRR
AILG AP, sSE RS RI LR M4, IR E— o4kl thde . X4
LR DA
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TEREF AT B DSLL 5 i A 8 25 103 1
— B A

PAKMISEL R

By K 5% 5

o JLHEALL

TCER I i ARV FH AT 5 s AR M R S L LR BT H AL Bl i 4 B . S5 304T
ENPURIEBE R . KRB0t 8 AL 4 16 29 100t (30.5m) AU 5 G, Ak EE T2
Wifs5 . WERIRI AR I, ARAT DA SEE B ) B R AR sl b 4k s, R3S IR I 5 H #5114
FlENGE S

— HAREABEA, THAIZLLE WEAR ST G TR, REZE0E t &8 L V/H IR Web
LI E SO, RAT LABERE

o MUINAFR, FRNEMMRSS SEARIAF (SSID) ——BRINIE B H 2 il B 10 4

o [ R AR A AIE —— R 250 R BN IE 6, W RAREAEAE B, RIGEEE
WA 6 A1, RATRESSZ BT, YDA AN W] )3 0 W] LA B [ AL

o RIYHE A8 10 & e T——F 2 Bt 250 — A AniE i . ATFnT IS, FrbiixX
RN EE, WEHCKHHSNZMED,

YA R R BETCLR W45 L S8 F Wiks $0  E B 48, A0 SRR IR 8 P A A i — A
TR, T T R 1 NEBRESS S R B 2% . R ZHOCRIE R FE A AR ATT %)
W R LR — 2 4 [ Y

BB ORI 2 A P i e B B B 1, AR (WEP) ety
TN e bRiE, AR AR R A WEP J0ZR % 45 & 0] LATEAT AT G2k W 4% Fi 1%
B L —FE 4 (HEBE R T WEP 1558, A IRE S #6316 S Ik 46 %
WEP 220 5 TR Y . WEP IR Wik A RS (WPA) 428, WPA RH
I HE A MY (TKIP) PUNeE, J& WEP f97H, At AR EPOA LT,

KT AR AR P, RAT DA R LR —Fh ek A vk

o LAY UIMIIRA 2 (WPA2) HYRTEZ WEP Fll WPA, %A H AT WiFi (25 E1E
()2 bR ifE

o WHAVIIPEH] (MAC) Hihibid &5 WEP, WPA 5{ WPA2 RA AR, B A FHZE
RIS UE ] P ——E AL Py AL

T TCR AR BATT AR B 5% R A0S Fh e 1 X 28 S THD S B F R AN I AU B R ]
BN,

®X B NFC: FHAMIES

—NFC itizF FE X —

2013 AR IR B E H AR (NFC) 78 SBREE AR ) 2 —4F, 2013 4, —ib
Xt NFCH iE A B EEMAM O AR %, M —EL2man, ol H i 24 NFC TIRER
B, DA — AR UGIETHR], X FAREETE L 00 10 4F BB T4 NFC 5 2 H 54 )
JORUE, A AMAEIE, “BA—K” ATERT “4K7, HINREIX—P82Z)5E, NFC
WIRTH NG Iy, A6 T L™ ML RN 20 4 117 3 58 b SRR R Bl A5 7 RSt AELL T L
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AT L B 1) 4

1. BB NFC B EMIERIEET ZER

HRAE & [ T A 9T A RIS, 2012 4F, #Bad 1 2 NFC &4 1, WibAe 2013 4%
S 30, TWEEBENZE, Wl B NFC DIREM &R E L Wi a2
b—— SR e F WU xR AL . B0l i, RN, K28
8 NFC 145 1T 2% il LU SE B3 26 i ARZ JL-F AN HHE 85 MR A — S8R T ff NFC 1)
THPE WG AEAATH T — 508 RE AL AR i PR A NFC, Mg 2 B Re s 5,

2.NFC Witz e EZRESHIIRENHIRE XK

2012 4+ H, NFC igIn it it 7 NFC S AR BT, X m AT Bbrin i 7 EE
—, R HIE R TE A S @7 NFC iRIn e A s 2 sk R EE . oM Bk T —4
NFC DIRERY A A SR VAR AR M, 4k T I RAIE, Xt h A A TR AT HU T
s s] A NFC TIRei &t AT,

—MAZE, BATVEA T NFC #EHEED (NCD) B— BRI, FZETE NFC
P il # R 2% N FH AL BRES Z W) 22 L NFC B8 N IFR ESE: 1, NCL RS /o] M R B2,
PRI A ol 15 6 ) 3 78 B 5 2 B R A AN [ il R s i, JF He e LT NFC HJRg iR
A Z A 38 O B D Re A B BRVEE . BEE NCI AT PR A o, il 3 7 mT LA 7 1)
F 3R NFC 34 (BFETFHL, DIGTENL, AR, FTERPL, TR F - MK
) MARERE O, ORI R I, O TR D £ FlORT B NFC Bl BB A 15245 (1 E T I I]
I, BATVEAT TN N @S (PHDC) MIE—IRATHIEE — NI S — e
WIEE T — R, FRATEE AR 7Y (1.3 RITHR) MZEZICREEAE L (2.0 &
TR FRIE A BT,

3. NFC BitiziNETTRIE &8 K

R T A R R AR AR AT S NFC 1B IE RS, IAE RS AT, FoA1E 41458
TIRATE NFC IR AUET], el A s e K, 8 2% il i BUAE mT LA Sl A77] 7 7= it Xof
FHFIW, R E | BEAEKAEFIPML (LLCP) , &5 NDEF &2 H.HMY (SNEP) Al
BRI 1 BT RAS , DT R 28 B8 SR 3T 1 NFC 345 T 36 iR 115 O A RIE

4. NFC f#iR 7 REELL AT L

NFC AR A N 05 2 — e 6 B 2 RErE i o r Zidfe ity . fln.

1) MRHIRER G2 — a5 AR, BAE 2015 Rt —Fpifde %2, A NFC
IR e S HIR EE R —H TR DN . A ML E . & R,

2) 2012 AFARNE, —ZHERA BT — MR e X & A B AR T — 0B EAL, RIS B
NFC g,

3) —FAVSCHER AT R T BAT NFC DhRERY AT E AE , TR 2012 4R55 — K
JLEEFRR

4) — TR HE T8 1A S AR S F A e T & LAY NFC, 1k 3500 T3 H
FUHL 140 3 4ol BEFRA b 43 =5 A5 M A S ORI 28 5

5) FEEEBAM M AL R A H A 10000 4 NFC ZH % sh X585, HT
BREEAIA IR L TR

6) —FKHAMAELFERIEEESHED WY FHLE Py sk LA, i 5
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PAT, CUPRET LIRS AT, TR RERS ] NFC RERRERT &, 7EIGSE IR
HENK

7) —FEid 5w A AR T —4/NE NFC THRER ORI %, T LR ESL B
B ORI H BRI NFC AR5 4 B AT W FiAs B

8) mEZME, WHAF—RECLokRE L mds. MATENL, bk
FHURMHAB AR B £ i NFC TP 5E A9 % 4 F1 WiFi ficxd

XELREREMTA?

XL TN NFC A 55K s 2R A 28 J A LA 7 TSR G, o A B 2
AR, 24 NFC I AE 1 008 Uiz X6 mT LR R A BRI A B 7, A Be LA 7l B 2 40 % 1)
CAEFE AR M CAERERDEr O E, SR U E A TIE S B ALY NFC HR
IITERR . XY —ZR T4 il v R AR R Pk e, (0 NFC AR Sy B ORI A P A A FH RS 3 i3 45 1
PR T, A R T R (PR LA T ) o Ik X NFC 132
FREAt s M 45 W ASTT A e SR, 2 TG 88 (m] RIS A5 2 I 2 i Rl BE A PR

FEITA X BT, 2 RIHAGE NFC 5 R ) BRI A (B2 B i 38 1t ELXE Al A ALY A
ITHAE NFC 1T LA BT TR AR SE AR ATt it A . SR H AN 7] T 1 NFC (935, filfiTd
S FEIRESS IS,

MEFEM4?

R NFC BAR A2 R TUEI NFC @b AL T A b 62, 4R, 2 NFC Y
I B T P TR . A TR TR, AT ZEIE NFC &4, LI NFC ff
PR AL T 4, BT NFC SRR B sh AT B 23k T R B M EIANGE, F2lhEn
B AN E NFC 2Bl AT HR, #1152, B2 NFC REME RILE, Y65
M sE (LRI FE V) WECHF, 2 2018 4 2Bk FHLAR AT 7 WK A 3
16024 123670, HA K mg e maALh T NFC, SRT, W31 R %/ NFC 32
hl 5 S, NFCAERREHMBERATHEA RS THim Rk, &A HAM NFC IR 55 124t
el BUEXT T NFC B RN S ke, B2 R EAIE NFC B 1 2 Hofth )7 n LAXE
AT A 3 7 A B R R R

I AR BOZIE B —RIT8) . RATTFEAR & 28 4 NFC 19IAR DL B W] L
TN 2., BIREBACAZFE NFC (& AT, (HARAH NFC &4 (14 D) RE A
FfewE, SE S RS NFC 20, R 0 RE FALEL R f i NFC SC {3k
THRENE N — S L 45 ) 5 i A N IREE, (P ) 1 3 N %5 P o Aty O B8 i A N
SCIE SR E ] NFC, A4

1) EEBETHUALSE IS B NFC IOFRZERES, M 2831

2) FHEAd A NFC AN TR,

AT EE LM NFC 55, Toie 2 MBI R R0 28 LR, NFC 14X 5 # 7 AS W s 3%
T, AHXE TR SRR UL, B NFC MR S5 A7 SR AR X A i, 39815 ST Al r i P 7 k45 o e L 1l —
B, ST B TR AR bR B i, Gl SIRENEE, ST NFC AY B 45
ST AT 9% A HE AR S 3E i PO R Al R BRI TR 2 A . Ry R RS AT &
b A7 7 T B T A A R T S B B — ok, b T BB B NFC ilR%5, NFC g4k
S 1 PRI T 3 v ARE 22 (R BV RV PR AL AL A 3, X SRR AR IR T R A LR
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B B DU o ) FLARAE T

BRI BRI RN GERRLZA — > NFC BRI . 10 4E T, P2 M)y BIT RN Gg
1875 20 sh i s s T2 me A AT TR0 77 it SR T TP S8 52 4 T B SG 3 HH RS Sl RS 800 H]
TP, MY, I8, Uil 25 B80Hife, NFC Wiggtseminydle, B i
/3] (Evans Data Corporation) i KA “F£3HF &K M4A” (Mobile Development Survey)
fe i, HHTA I 31% RS IT K IEAE HAL s W ] b 3CRE NFC, R 12— 14 N g Bk
MRS, F3AMI 69% NS TFAEPFAR B ATanal R AT NFC BT 4 b6 i 2 1 T oK, A bRy
V55 S

R A ZEAR R NFC W3R Spg i . S — 888l “ My 27 JLFA &R BN T
PUFRRE B LAG IS WoR R G Mk 2414, SR, TEJLAEZ B3l A S itk 51k T
—BATE BT RDER . NFC HA M F SRR ) —F L b, T NFC BB T3k
#, PRl DLSEBLH IR R 5 H B FI G 22 [ B4, NS P H 4 2 3 R i A A vl L
Bl L HE W5 i A Z R RE, NFC A BE J7 LUK Y Jr Al R B TAEH T Ikl
S5 FINERZ PR R

an, HEE—FKARIE T —M 2R NFC B, vl DLW 45 70 55 S 38 1% 4 4 T e
TRRE, LABA R0 00 AL RN I A A T AT A L b R A SR ) (RFID) B
RIS o (e BRI R A D 3R, R LU S35 NFC RSB o8 6 2 40 19 1) it B A EL S
WIRBA NFC, XFMEI T 242 B St AT SEBR 1Y . NFC R IEHRAIRZ , AR
I NARATE], WA RS NG, AT LU NFC B3 47 RS Fnds A 19478, SRS
AMEATH S E AN 1 - BRI AL T B B AT AR RA SR K52
() — s —— A —— LR H NFC, S 3 PEIR IR 55 .

512 Hoe
WX A HFESLIE

B s oAb B (DSP) JERHE 5 DU I AR IR AL BEA BIE AR, Anidad i LR
FT—FRIUG T BHRAE . DX R b B (5 5 R KR S AR A — RINVECF, ani [E]
B 2 A A

B 5 S AL BB ME S AL B 5 S A By 145U . DSP 1 3= 200 FH 2 E s & (5 5
AbER . FEW FRIAFUHARAG AR RSN EE | UG . SEHE DAL B ERAL S HfE
FEALE . EHIRG YRS TR MR A

B E T PR IR LA SR L R . ARZPE(R S A L S AR AN R G BV UIAH DG T L
A LATERFTA] | 25 [A] I 25 Qs S B

B m S B R RV 2 TR DA VR 20 TR R Pt s, Biltn, &%
HR AR RSN AL TE LS e TR 4 . DSP IS TIRER AN (Feblry) 2l (MR 12-1)

el o et Bt el
% e i e %
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1. ES5XR#¥

THAHLE FH A3 N S 08O R 2 805 5 A B AT SR 3, 2280 A sy B
PRAERIUE S  A FHBBC G4t . RAEE B 7 B B 7. Bl et s
WRAE 155 45 o0 U A (R I (R) TR B, O HL R TR0 B el B DU IR B R . b R B
WD (AR — ok AR BREE G BUME . W 5280 A BB — M1,

RZEWTRE- AR E TR, W RAEN R K TE 5 s R A PIAE, A] LR
FEORE B E (5 S, A A E R AR RS0 SEhs b, RAEIRE & TS
A BT S T A
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Answers to Questions for Discussion ( for reference )

Unit 1 Text A

1. What’s the main idea of this text?

This passage gives a detailed and brief account of the history of telecommunication and those
who contributed much to the development of telecommunication systems.

2. What do you learn about the first commercial telephone?

The first commercial telephone services were set up in 1878 and 1879 on both sides of the
Atlantic in the cities of New Haven, Connecticut, and London, England. The technology grew
quickly from this point, with inter-city lines being built and telephone exchanges in every major city
of the United States by the mid-1880s. The First transcontinental telephone call occurred on January
25, 1915. Despite this, transatlantic voice communication remained impossible for customers until
January 7, 1927 when a connection was established using radio.

3. How did Samuel Morse contribute to the development of telegraph?

Samuel Morse developed a version of the electrical telegraph which he demonstrated on September
2, 1837. Alfred Vail saw this demonstration and joined Morse to develop the register—a telegraph
terminal that integrated a logging device for recording messages to paper tape. Morse’s most important
technical contribution to this telegraph was the simple and highly efficient Morse Code, co-developed
with Vail, which was an important advance over Wheatstone’s more complicated and expensive
system, and required just two wires. The communications efficiency of the Morse Code preceded that
of the Huffman code in digital communications by over 100 years, but Morse and Vail developed the
code purely empirically, with shorter codes for more frequent letter.

Unit1 Text B

1. How did Heinrich learn Greek and Latin? Why?

He received tutoring in Greek and Latin. Because Dr. Lange’s school did not teach Greek and
Latin—the classics needed for university entry. At the age of 15, Heinrich left Dr. Lange’s school to
be educated at home and he had decided that perhaps he would like to go to university after all, he
learned to prepare him for the exams.

2. What kind of routine did Hertz fall into at the University of Berlin?

Hertz started work on the problem and quickly fell into a pleasant routine; Attending a lecture
each morning in either analytical dynamics or electricity & magnetism, carrying out experiments in
the laboratory until 4pm, then reading, calculating, and thinking in the evening.

3. How did he prove Maxwell’s theory?

Over the next three years, in a series of brilliant experiments, Hertz fully verified Maxwell’s
theory. He proved beyond doubt that his apparatus was producing electromagnetic waves, demonstrating

that the energy radiating from his electrical oscillators could be reflected, refracted, produce
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interference patterns, and produce standing waves just like light.
Unit 2 Text A

1. What are the basic elements of wireless technologies?

® Spectrum, or the range of frequencies in which the network operates;

® Transmission speeds supported ;

® Underlying transmission mechanism, such as frequency division multiple access (FDMA ),
time division multiple access (TDMA) , or code division multiple access (CDMA) ;

® Architectural implementation, such as enterprise based (or in-building) , fixed, or mobile.

2. What components is a typical cellular telecommunications network made up of?

A typical cellular telecommunications network consists of the following components

® public switched telephone Network (PSTN) ;

® mobile switching center (MSC) ;

® hase station (BS) ;

® radio access network (RAN) ;

® home location register (HLR) ;

® visitor location register (VLR) ;

® authentication center (AUC).

3. What is MSC? What does it serves as in the mobile wireless network infrastructure?

MSC, namely, mobile switching center usually, is located at the Mobile Telephone Switching
Office, which is part of the mobile wireless network infrastructure.

The major functions of MSC include :

® Switching voice traffic from the wireless network to the PSTN; it switches to another MSC;

® Providing telephony switching services and controls calls between telephone and
data systems;

® Providing the mobility functions for the network and serves as the hub for up to as many as
100 BSs.

4. What is HLR and VLR? What are their functions?

Home location register ( HLR) is a database that contains information about subscribers to a
mobile network that is maintained by a particular service provider. And visitor locations register
(VLR) is a database that is maintained by an MSC, to store temporary information about subscribers
who roam into the coverage area of that MSC.

The HLR stores “permanent” subscriber information ( rather than temporary subscriber data,
which a VLR manages) , including the service profile, location information, and activity status of
the mobile user. The VLR, which is usually part of an MSC, communicates with the HLR of the
roaming subscriber to request data, and to maintain information about the subscriber’s current
location in the network
Unit 2 Text B

1. What is 3G?

The “G” stands for Generation. 3G made its debut in 2001, and included multi-media support
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along with a peak transfer rate of at least 200 kilobits per second. 3G set the standards for most of the
wireless technology we have come to know and love. Web browsing, e-mail, video downloading,
picture sharing and other smartphone technology were introduced in the third generation. 3G should
be capable of handling around 2 Megabits per second.

2. What exactly does LTE mean?

LTE actually stands for “long term evolution” , and its full name is 3GPP LTE, with the 3GPP
standing for the 3rd Generation Partnership Project, which has been developing the technology’s
release documents. It’s based on GSM/EDGE and UMTS/HSPA network technologies, and provides
an increase to both capacity and speed using new techniques for modulation. The new architecture of
LTE technology means lower operating costs along with greater overall data and voice capacity.

3. What does 5G stand for?

5G stands for the fifth generation of wireless technologies and it will be faster than 4G. 5G is
going to be fast. It is supposed to be fast enough for everyone everything and the IoT (the Internet of
things). 5G usage goes way beyond your smartphone and devices. This will be what drives your
cars, it will allow machines to communicate and pretty much anything else that will benefit from
being connected.

Unit 3 Text A

1. What kind of online conveniences can we enjoy through use of websites on the World
Wide Web?

Nowadays we can enjoy a large quantity of online conveniences by using websites on the World
Wide Web, which include

® Communication via e-mail and VolP;

® Sharing of information such as text, images, sounds and videos;

® Storage of information;

® Stireaming television programmes, films, videos, sounds and music;

® Playing online games;

® Shopping;

® Social networking;

® Banking.

2. Can you list some disadvantages of e-mails? What are they?

Here are main disadvantages of e-mails

1) The recipient can only receive the e-mail if they are connected to the Internet.

2) E-mails can sometimes contain viruses in the form of attachments.

3) Spam e-mails can be a problem. So can phishing e-mails, which are designed to trick people
into giving away personal information.

4) Because e-mails can be delivered to Internet-connected digital devices anywhere, they can
be hard to get away from.

3. What are major advantages of video conferencing?

Video conferencing bears many advantages, of which the most important ones are as follows ;
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® Seeing as well as hearing the other person.

® Showing others what is going on around us.

® Reducing time to travel to see and speak with someone. This has even greater benefits if the
other person is on the other side of the world.

® Saving money, in travel costs.

® The ability to video conference several people in different locations, at the same time.

4. In what aspects do you think Internet will further influence us?

TEHCPERIRR, 25 580
Unit 3 Text B

1. How many forms of Internet-based communications are introduced in the essay? What are
they?

Six. Instant messaging, Internet telephone & VolP, e-mail, IRC ( Internet relay chat),
video-conferencing, SMS ( short message service) and wireless Communications.

2. What are the problems and issues associated with IM?

Some problems and issues associated with IM include spim and virus propagation.

3. What are the advantages of video-conferencing?

Video-conferencing is a conference between two or more participants at different sites by using
computer networks to transmit audio and video data. It has become a cost efficient way to provide
distance learning, guest speakers, and multi-school collaboration projects. Many feel that
video-conferencing provides a visual connection and interaction that cannot be achieved with
standard IM or e-mail communications.

Unit 4 Text A

1. Why are metal wires inferior to fiber optics?

While electricity travels from one end to the far end, the signal strength degrades as the energy
experiences a type of electrical friction called impedance, which results in the signal decaying over
distance and the wire becoming warmer, which can cause some problems. On the other hand, fiber
optics are characterized by less signal degradation, more untapped overhead and easier upgrades.

2. Why are fiber optics, compared with metal wires, much easier to upgrade?

Fiber optics have the combination of substantially greater distance between network nodes and
substations and more untapped overhead, making upgrades less of a hassle for network carriers,
which, in turn, means less fees that have to be passed on to the consumers.

3. Why do those offer fiber optic networks of DSL tend to have their fiber close to the homes of
their customers as possible as they can?

Because they know that fiber optics are the most cost effective solution, and they know that by
putting fiber close to the homes and businesses that they serve that they stand a very good chance of
making the transition to an all-fiber network that much easier.

4. What do you think of the discovery made by the team at Trinity?

In spite of the fact that this discovery is still in its infancy. In a sense, it is a breakthrough for

the world of physics and science alike. It’s just a matter of time before data communication companies
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come knocking on the doors of Trinity College Dublin, wanting to bring this new tech to the forefront
of mass communications.
Unit 4 Text B

1. What is the advantage of fiber optic cables over copper cables?

Fiber optic cables are able to carry much more data than copper cables, especially over long
distances.

2. How do you understand “fiber is future-proof” ?

Fiber is often said to be “future-proof” because the data rate of the connection is usually limited
by the terminal equipment rather than the fiber, permitting substantial speed improvements by
equipment upgrades before the fiber itself must be upgraded.

3. What is the difference between FTTH and FTTB?

An apartment building may provide an example of the distinction between FTTH and FTTB. If a
fiber is run to a panel inside each subscriber’s apartment unit, it is FTTH. If instead the fiber goes
only as far as the apartment building’s shared electrical room ( either only to the ground floor or to
each floor) , it is FTTB.

Unit 5 Text A

1. What does the Internet of things mean?

The Internet of things (stylized Internet of Things or IoT) , a term coined by Peter T. Lewis in
September 1985, which is defined as “the infrastructure of the information society” by the Global
Standards Initiative on Internet of Things ( IoT-GSI) in 2013, refers to the Internetworking of
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physical devices, vehicles (also referred to as “ connected devices” and “smart devices” ),
buildings, and other items—embedded with electronics, software, sensors, actuators, and network
connectivity that enable these objects to collect and exchange data.

2. What do you think of the future of IoT?

[oT, it seems to me, will find wide use in our daily life in the future. According to Gartner,
Inc. (a technology research and advisory corporation) , there will be nearly 20. 8 billion devices on
the Internet of things by 2020. ABI research estimates that more than 30 billion devices will be
wirelessly connected to the Internet of things by 2020. As per a 2014 survey and study done by Pew
Research Internet Project, a large majority of the technology experts and engaged Internet users who
responded—_83 percent—agreed with the notion that the Internet/Cloud of Things, embedded and
wearable computing (and the corresponding dynamic systems) will have widespread and beneficial
effects by 2025.

3. How many types can medium-range wireless fall into? What are they?

Medium-range wireless, generally speaking, can fall into two types:

1) Halow—Variant of the WiFi standard that provides extended range for low-power
communication at a lower data rate.

2) LTE-Advanced—High-speed communication specification for mobile networks, which
provides enhancements to the LTE standard with extended coverage, higher throughput, and lower

latency.
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Unit 5 Text B

1. What are connected cars?

“Connected vehicles” are cars that access, consume, create, enrich, direct, and share digital
information between businesses, people, organizations, infrastructures, and things. Those “things”
include other vehicles, which is where the Internet of things becomes the Internet of cars.

2. What are the benefits and opportunities of connected cars?

Reduced accident rates, increased productivity, improved traffic flow, lowered emissions,
extended utility for EVs, new entertainment options, and new marketing and commerce experiences.

3. What is the demand of U. S. vehicle owners according to the analyses Gartner conducted?

Almost half (46% ) are interested in safely accessing mobile applications inside the vehicle.
These applications include receiving on-demand wireless map or software updates, finding available
parking spots, and conducting local searches; nearly 40% would also opt for remote diagnostic
capabilities that alert them when parts need replacement.

More than one-third are interested in a self-driving, autonomous vehicle.

Thirty percent are likely to opt for a vehicle that allows them to tether their smartphone to get
Internet connection there.

Unit 6 Text A

1. Is there any disadvantages in conventional data-encryption systems? What is it?

Conventional data-encryption systems rely on the exchange of a secret “key” —in binary Os
and 1s—to encrypt and decrypt information. But the security of such a communication channel can
be undermined if a hacker “eavesdrops” on this key during transmission.

2. How can QKD prevent hackers from eavesdropping during transmission?

Quantum communications use a technology called quantum key distribution ( QKD ), which
harnesses the subatomic properties of photons to remove this weakest link of the current system,
which, therefore, allows a user to send a pulse of photons that are placed in specific quantum states
that characterize the cryptographic key. If anyone tries to intercept the key, the act of eavesdropping
intrinsically alters its quantum state—alerting users to a security breach.

3. What is the disadvantage of dark fibers? How can it be avoided?

The problem with dark fibers is that they are not always available and can be prohibitively
expensive. One way to sidestep the problem is to piggyback the photon streams onto the “lit” fibers
that transmit conventional telecommunications data.

4. Do you think it is possible that QKD will be employed in “real life” ?

Yes. As long as dark fibers can be replaced with optical fibers, it can be used in “real life”
In fact, Shields’ research has shown the multiplexing of strong classical signals with quantum
signals in the same fiber for the first time, which indicates it is possible to remove the need for dark
fibers.

Unit 6 Text B
1. What project has received close attention in scientific and security circles for the past five

years?
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China sent the world’s first quantum-communications satellite into orbit from a launch center in
Inner Mongolia about 1: 40 a. m. Tuesday.

2. How do you understand “quantum encryption is secure” ?

Quantum encryption is secure against any kind of computing power because information encoded
in a quantum particle is destroyed as soon as it is measured.

3. Why is quantum encryption not foolproof?

Quantum encryption isn’t foolproof. It’s possible for hackers to trick an incautious recipient by
shining an intense laser into a quantum receptor.

Unit 7 Text A

1. What is stored program control ?

Stored program control (SPC) is a telecommunications technology used for telephone exchanges
controlled by a computer program stored in the memory of the switching system. SPC was the
enabling technology of electronic switching systems ( ESS) developed in the Bell System in
the 1950s.

2. What main feature does SPC bear?

The main feature of SPC is one or multiple digital processing units ( stored program computers )
that execute a set of computer instructions ( program) stored in the memory of the system by which
telephone connections are established, maintained, and terminated in associated electronic circuitry.

3. How many categories does SPC fall into? What are they?

SPC falls into two categories: centralized SPC and distributed SPC. More specifically, stored
program control implementations may be organized into centralized and distributed approaches. Early
electronic switching systems ( ESS) developed in the 1960s and 1970s almost invariably used
centralized control. Although many present day exchange design continue to use centralized SPC,
with advent of low cost powerful microprocessors and VLSI chips such as programmable logic array
(PLA) and programmable logic controllers (PLC) , distributed SPC became widespread by the early
21st century.

4. What is standby mode?

Standby mode of operation is usually referred to as the simplest of a dual-processor
configuration. Normally, one processor is in standby mode. The standby processor is brought online
only when the active processor fails. An important requirement of this configuration is ability of
standby processor to reconstitute the state of exchange system when it takes over the control ; means
to determine which of the subscriber lines or trunks are in use.

Unit 7 Text B

1. What is the feature of packet switching?

Packet switching features delivery of variable bit rate data streams, realized as sequences of
packets, over a computer network which allocates transmission resources as needed using statistical
multiplexing or dynamic bandwidth allocation techniques. As they traverse network nodes, such as
switches and routers, packets are received, buffered, queued, and transmitted ( stored and

forwarded ) , resulting in variable latency and throughput depending on the link capacity and the
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traffic load on the network.

2. What does Baran report in 1962 focus on?

Report P-2626 described a general architecture for a large-scale, distributed, survivable
communications network. The work focuses on three key ideas: Use of a decentralized network with
multiple paths between any two points, dividing user messages into message blocks, later called
packets, and delivery of these messages by store and forward switching,.

3. List some examples of connectionless protocols.

Examples of connectionless protocols are Ethernet, Internet Protocol (IP), and the User
Datagram Protocol (UDP). Connection-oriented protocols include X. 25, Frame Relay, Multiprotocol
Label Switching (MPLS) , and the Transmission Control Protocol ( TCP).

Unit 8 Text A

1. What does information security refer to?

Information security, InfoSec for short, refers to the practice of preventing unauthorized access,
use, disclosure, disruption, modification, inspection, recording or destruction of information. It is a
general term that can be used regardless of the form the data may take (e. g. electronic, physical).

2. What is IT security?

Sometimes referred to as computer security, information technology security (IT security) is
information security applied to technology ( most often some form of computer system). Here
a computer does not necessarily mean a home desktop. A computer is any device with a processor
and some memory. Such devices can range from non-networked standalone devices as simple as
calculators, to networked mobile computing devices such as smartphones and tablet computers.

3. What are the most common threats to information security?

Some of the most common threats today are software attacks, theft of intellectual property,
identity theft, theft of equipment or information, sabotage, and information extortion. Most people
have experienced software attacks of some sort. Viruses, worms, phishing attacks, and Trojan horses
are a few common examples of software attacks.

Unit 8 Text B

1. What should organizations do in the drive to become more cyber resilient?

In the drive to become more cyber resilient, organizations need to extend their risk management
focus from pure information confidentiality, integrity and availability to include risks such as those to
reputation and customer channels, and recognize the unintended consequences from activity in
cyberspace.

2. What should Chief Information Security Officers ( CISOs) do when preparing to embrace the
increasingly complex ToT?

Chief Information Security Officers ( CISOs) should be proactive in preparing the organization
for the inevitable by ensuring that apps developed in-house follow the testing steps in a recognized
systems development lifecycle approach. They should also be managing user devices in line with
existing asset management policies and processes, incorporating user devices into existing standards

for access.
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3. How can government departments, regulators, senior business managers and information
security professionals better understand the true nature of cyber threats?

By adopting a realistic, broad-based, collaborative approach to cyber security and resilience,
government departments, regulators, senior business managers and information security professionals
will better understand the true nature of cyber threats and how to respond quickly and appropriately.
Unit 9 Text A

1. In this passage, what does multiplexing mean?

Multiplexing is the sharing of a communications channel through local combining of signals at a
common point. Multiplexing commonly falls into two types: frequency-division multiplexing and
time-division multiplexing.

2. Which two kinds of multiplexing are frequently used in order for multiple users to share the
communications channel?

Both frequency-division multiplexing ( FDM ) and time-division multiplexing ( TDM ) are
frequently used to enable users share the channel. The former means the available bandwidth of a
communications channel is shared among multiple users by frequency translating, or modulating,
each of the individual users onto a different carrier frequency and the latter refers to the process in
which multiplexing is conducted through the interleaving of time segments from different signals onto
a single transmission path.

3. What are the three schemes devised for efficient sharing of a single channel?

The three schemes are called frequency-division multiple access ( FDMA ), time-division
multiple access (TDMA ), and code-division multiple access (CDMA ). These techniques can be
used alone or together in telephone systems.

Unit9 Text B

1. What is the primary advantage of OFDM over single-carrier schemes?

The primary advantage of OFDM over single-carrier schemes is its ability to cope with severe
channel conditions (for example, attenuation of high frequencies in a long copper wire, narrowband
interference and frequency-selective fading due to multipath) without complex equalization filters.

2. List at least four advantages of OFDM.

® High spectral efficiency as compared to other double sideband modulation schemes, spread
spectrum, etc. ;

® (Can easily adapt to severe channel conditions without complex time-domain equalization ;

® Robust against narrow-band co-channel interference;

® Robust against intersymbol interference (ISI) and fading caused by multipath propagation;

® Efficient implementation using fast Fourier transform ( FFT) ;

® low sensitivity to time synchronization errors;

® Tuned sub-channel receiver filters are not required (unlike conventional FDM) ;

® TFacilitates single frequency networks (SFNs) (i. e. transmitter macrodiversity ).

3. What is the additional constraint of OFDM?

Conceptually, OFDM is a specialized FDM, the additional constraint being that all carrier
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signals are orthogonal to one another.
Unit 10 Text A

1. What are the major reasons for application of modulation to information signals?

The three major reasons are as follows;

First, modulation methods have to be applied to the information signals in order for “frequency
to translate” the signals into the range of frequencies that are permitted by the channel.

Second, each user’s information signal needs to be modulated onto an assigned carrier of a
specific frequency to prevent mutual interference.

Third, the application modulation to information signals contributes to the translation of the
voice frequency to a higher frequency, which allows the use of a much smaller antenna.

2. What are the frequently employed methods of modulating analog signals?

Two commonly used methods are used to modulate analog signals. One technique, called
amplitude modulation, varies the amplitude of a fixed-frequency carrier wave in proportion to the
information signal. The other technique, called frequency modulation, varies the frequency of a
fixed-amplitude carrier wave in proportion to the information signal.

3. Do you know any other advanced forms of digital modulation?

There are another two advanced methods of digital modulation; quadrature amplitude modulation
(QAM) and trellis-coded modulation (TCM). QAM signals actually transmit two modulated signals
in phase quadrature (i. e. , 90° apart) , so that four or more bits are represented by each shift of the
combined signal, while the latter combines convolutional codes with QAM.

Unit 10 Text B

1. What is the sampling rate?

The sampling rate is the number of times per second that samples are taken.

2. What is the bit depth?

The bit depth determines the number of possible digital values that can be used to represent
each sample.

3. How does a demodulator apply to recover the original signal from the sampled data?

To recover the original signal from the sampled data, a “demodulator” can apply the procedure
of modulation in reverse. After each sampling period, the demodulator reads the next value and shifts
the output signal to the new value. As a result of these transitions, the signal has a significant amount
of high-frequency energy caused by aliasing. To remove these undesirable frequencies and leave the
original signal, the demodulator passes the signal through analog filters that suppress energy outside
the expected frequency range ( greater than the Nyquist frequency). The sampling theorem shows
PCM devices can operate without introducing distortions within their designed frequency bands if they
provide a sampling frequency twice that of the input signal.

Unit 11 Text A
1. What is WiFi?
WiFi refers to a wireless network, which uses radio waves just like cell phones, televisions

and radios do. In fact, communication across a wireless network is a lot like two-way radio
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communication. Here’s what happens

To start, a computer’s wireless adapter translates data into a radio signal and transmits it using
an antenna. And then, a wireless router receives the signal and decodes it. The router sends the
information to the Internet using a physical, wired Ethernet connection.

2. What does WiFi Hotspots mean?

A WiFi hotspot is simply an area with an accessible wireless network by definition. The term is
most often used to refer to wireless networks in public areas like airports and coffee shops. Some are
free and some require fees for use, but in either case they can be handy when you are on the go. You
can even create your own mobile hotspot using a cell phone or an external device that can connect to
a cellular network. And you can always set up a WiFi network at home.

3. How to set up a WiFi connection in your home?

If you already have several computers networked in your home, you can create a wireless
network with a wireless access point. If you have several computers that are not networked, or if you
want to replace your Ethernet network, you’ll need a wireless router. This is a single unit that
contains:

® A port to connect to your cable or DSL modem;

® A router;

® An Ethernet hub;

A firewall ;

® A wireless access point.

A wireless router allows you to use wireless signals or Ethernet cables to connect your computers
and mobile devices to one another, to a printer and to the Internet. Once you plug in your router, it
should start working at its default settings. Most routers let you use a Web interface to change your
settings. You can revise the settings according to the instructions. Besides, you can set password to
protect your private WiFi.

Unit 11 Text B

1. How can device manufacturers be more confident when bringing new NFC devices to market?

Device manufacturers can now test their products against the latest versions of the Digital
Protocol, Tag Type Operations, LLCP, SNEP, and Analog specifications, thus providing added
confidence and assurance for companies bringing new NFC devices to market.

2. How does Sony apply NFC?

Sony has built NFC into a growing number of wireless speakers, PCs, smartphones, and other
media devices for fast and easy Bluetooth and WiFi pairing.

3. What is the NFC-enabled solution applied in the French company?

A company in France developed an NFC-enabled solution that monitors wine shipment temperatures
across distribution channels to ensure the wine’s provenance and quality. Each box of wine is
equipped with a battery-powered RFID temperature sensor. At each step of the distribution cycle, the

wine can be checked for temperature and authenticity using an NFC-enabled device.
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Unit 12 Text A

1. In what aspects can DSP be used?

DSP can be used in such aspects as audio and speech signal processing, sonar, radar and other
sensor array processing, spectral estimation, statistical signal processing, digital image processing,
signal processing for telecommunications, control of systems, biomedical engineering, seismic data
processing, among others.

2. What are discretization and quantization?

Discretization means that the signal is divided into equal intervals of time, and each interval is
represented by a single measurement of amplitude. Quantization means each amplitude measurement
is approximated by a value from a finite set.

3. According to this passage, what does filtering mean? What kinds of filters do you know?

Filtering in this passage refers to a method through which the input signal can be enhanced,
namely, the most common processing approach in the time or space domain. You may know the
following filters;

1) A “linear” filter is a linear transformation of input samples; other filters are “non-linear” .
Linear filters satisfy the superposition condition, i. e. if an input is a weighted linear combination of
different signals, the output is a similarly weighted linear combination of the corresponding output
signals.

2) A “causal” filter uses only previous samples of the input or output signals; while a
“non-causal” filter uses future input samples. A non-causal filter can usually be changed into a
causal filter by adding a delay to it.

3) A “time-invariant” filter has constant properties over time; other filters such as adaptive
filters change in time.

4) A “stable” filter produces an output that converges to a constant value with time, or
remains bounded within a finite interval. An “unstable” filter can produce an output that grows
without bounds, with bounded or even zero input.

5) A “finite impulse response” (FIR) filter uses only the input signals, while an “infinite
impulse response” filter (IIR) uses both the input signal and previous samples of the output signal.
FIR filters are always stable, while TIR filters may be unstable.

4. What are commonly used frequency domain transformations?

There are some commonly used frequency domain transformations. For example, the cepstrum
converts a signal to the frequency domain through Fourier transform, takes the logarithm, then
applies another Fourier transform. This emphasizes the harmonic structure of the original spectrum.
Frequency domain analysis is also called spectrum or spectral analysis.

Unit 12 Text B

1. What is the advantage of a specialized digital signal processor?

A specialized digital signal processor, however, will tend to provide a lower-cost solution, with
better performance, lower latency, and no requirements for specialized cooling or large batteries.

2. Do DSPs support virtual memory? Why?



Answers to Questions for Discussion ( for reference) I‘

DSPs frequently use multi-tasking operating systems, but have no support for virtual memory or
memory protection. Operating systems that use virtual memory require more time for context switching
among processes, which increases latency.

3. Can modern signal processors perform well? Why?

Modern signal processors yield greater performance; this is due in part to both technological and
architectural advancements like lower design rules, fast-access two-level cache, (E) DMA circuitry

and a wider bus system.

189 N



‘0 L

* i EREHERTE
HFBIEISIT SVHDLIE 2/ BB ASY #BER RET ;igﬁggﬁg@g&%ﬁg
FE B& o> Hr EL A IIAKE BRERE KA E_-“_______._???ll(f?? _________ .:
HBFigi B LA ARMEMEAAY BEE 55

FR R 47 5 R R BFRHEAE D #

MRS SR FIES S5 EME BTRHEAS =HE K i

PSS A E E2RR BHEBIAY il &
HFESAEFIESESMME MREEI RS /I

BIESit BEEI LS BFEE

ISR KR BREBTAS %#i &

BERBEIIESR SIEMRE BHEBIAY HhEil BSEE

g =k LiERiERY ZHg

OB AR S F BHEBIAY TEER A&

Kk SHigEE BHEBI RS T A&

BB SAE H3kE ZEAZE B 1 Q

BEESAETRKRE ARIBHER PHF

SIS R G B3R ARIEAY KBk &

LTS B HRE YAk HRE Bak

DEBERS XigK¥ IEY

% ki (2 RS tRZERY ZF= 8

RRIEE R IBH AR BHEET RS Wi

RRIEEM BKEEASE T 4%

3 15 R A BRI AY EER

PR $3kR AR ASE AEH = B @ %Q
YFBURESIESREIEME @ERmEkx¥ SEE @

BRERTFHEA BHERT RS KPT

BAREA xiEK¥ IFY

SRt 5 mmER bEkE mEE

=Bt EAR A Bk MEeE

B ASAE RANE 558 Bikz NEE &

W SRR RN A $34R ARMEAY AEH = B Q

MRBIEE F4R BREBIARS IR

KFE5REFE BFRHEASE B % B #f

B 2 A AR KA T WASE Tk &

L PN RINAHERE K

RRIBEH AL AEBIAY IFHR

B2 432 ( MATLABKR ) AEEIAY FRE

RSB A AR AY SAEH = B

o B HEBEBERE “+—R BRGAREN m @ H ‘TR’ LEBSLSHEEREMKIBH

Mm@ A “+IEH IHEREERERKH

ISBN 978-7-111-60264-4

ﬁﬁiﬁ%ﬁﬁ&@%ﬁ%ﬁ%&

foht: EEHFEFEXEH225
K ERES: 100037

% RS

RS &MMLL: 010-88379833
EEWBHL: 010-88379649

P 46 BR 55

MIEM: www.cmpbook.com
NIEE: weibo.com/cmp1952
HERSM: www.cmpedu.com
£3BM: www.golden-book.com
$I1 T B (0 519 0 25 AR

HLTA AR BB 230 HRE
H-HRTHE, mAZE

ULI?SZEJG*&L:EE%E
ISBN 978-7-111-60264-4

KXMmIBOFERE / HIZITOMM

ITEqEEW
9l78711116026441>

TEfM: 39.007T




	通信工程专业英语
	书名页
	版权页
	前言
	目录
	Unit 1
	Text A	History of Telecommunication
	New Words
	Notes
	Questions for Discussion

	Text B  Biography of Heinrich Hertz
	New Words
	Notes
	Questions for Discussion


	Unit 2
	Text A  Mobile Wireless Overview
	New Words
	Notes
	Questions for Discussion

	Text B  2G，3G，4G，4G LTE，5G—What Are They？
	New Words
	Notes
	Questions for Discussion


	Unit 3
	Text A  Internet&Communication
	New Words
	Notes
	Questions for Discussion

	Text B  Types of Internet Communications
	New Words
	Notes
	Questions for Discussion


	Unit 4
	Text A  Five Reasons Why Fiber Is the Way of the Future
	New Words
	Notes
	Questions for Discussion

	Text B  Fiber to the x
	New Words
	Notes
	Questions for Discussion


	Unit 5
	Text A  Internet of Things
	New Words
	Notes
	Questions for Discussion

	Text B  Forget the Internet of Things：Here Comes the “Internet of Cars”
	New Words
	Notes
	Questions for Discussion


	Unit 6
	Text A  Quantum Communications Leap Out of the Lab
	New Words
	Notes
	Questions for Discussion

	Text B  China's Latest Leap Forward Isn't Just Great—It's Quantum
	New Words
	Notes
	Questions for Discussion


	Unit 7
	Text A  Stored Program Control
	New Words
	Notes
	Questions for Discussion

	Text B  Packet Switching
	New Words
	Notes
	Questions for Discussion


	Unit 8
	Text A  Information Security
	New Words
	Notes
	Questions for Discussion

	Text B  5 Information Security Trends That Will Dominate 2016
	New Words
	Notes
	Questions for Discussion


	Unit 9
	Text A  Multiplexing and Multiple Access
	New Words
	Notes
	Questions for Discussion

	Text B	Orthogonal Frequency-Division Multiplexing
	New Words
	Notes
	Questions for Discussion


	Unit l0
	Text A  Modulation and Demodulation
	New Words
	Notes
	Questions for Discussion

	Text B  Pulse-Code Modulation
	New Words
	Notes
	Questions for Discussion


	Unit 11
	Text A  How WiFi Works
	New Words
	Notes
	Questions for Discussion

	Text B  NFC：Getting Down to Business
	New Words
	Notes
	Questions for Discussion


	Unit 12
	Text A  Digital Signal Processing
	New Words
	Notes
	Questions for Discussion

	Text B  Digital Signal Processors
	New Words
	Notes
	Questions for Discussion


	课文参考译文
	第1单元
	课文A  电信的历史
	课文B  海因里希·赫兹传记

	第2单元
	课文A  移动无线概述
	课文B  2G、3G、4G、4G LTE、5G分别是什么

	第3单元
	课文A  互联网和通信
	课文B  互联网通信类型

	第4单元
	课文A  光纤是未来发展趋势的五大原因
	课文B  光纤到x

	第5单元
	课文A  物联网
	课文B  忘掉物联网：“车联网”来了

	第6单元
	课文A  量子通信“跳出”实验室
	课文B  中国最新的飞跃非常了不起———这就是量子

	第7单元
	课文A  存储程序控制
	课文B  分组交换

	第8单元
	课文A  信息安全
	课文B  2016年五大主导信息安全趋势

	第9单元
	课文A  多路复用和多路寻址
	课文B  正交频分多路复用

	第10单元
	课文A  调制与解调
	课文B  脉冲编码调制

	第11单元
	课文A  WiFi如何工作
	课文B  NFC：开始做正事

	第12单元
	课文A  数字信号处理
	课文B  数字信号处理器


	Answers to Questions for Discussion（for reference）


