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Lesson 1

Data Communications System

Data communications is most simply defined as the science of moving information
from one place to another. P The type of information concerned with is data that has
been encoded for use in a computer system. The data is either coming from a computer
or being sent to a computer. So the data communications is the science of moving com-
puter-encoded information from one place to another.

Computers “think” in terms of binary bits. @For the binary bits stored in a com-
puter to represent something other than numbers, various computer codes have been de-
veloped. These codes each specify unique combinations of bits to represent each of the
keys (similar to typewriter keys) and control characters (special characters that specify
a unique function) on a computer. The most common computer codes include the fol-
lowing:

ASCII—American Standard Code For Information Interchange

EBCDIC—Extended Binary Coded Decimal Interchange Code

SBT—Six-Bit Transcode

BAUDOT—Intemational Telegraph Alphabet No.2 (ITA-2)

For example, Each ASCII character consists of 8 bits (1 bit parity, 7 bits data) .
It is standardized to allow computers of different manufacturers to communicate. During
transmission, the source translates the computer’ s internal binary code to ASCII code.
The receiver translates the ASCII code to the destination.

At its simplest, a data communications system consists of some form of input or
output unit, a communications link and a host processor. Most networks contain many
more than these three basic ingredients, ©but it is worth remembering that they are all
designed to facilitate, expedite or make more efficient the basic functions of inputting,

. 1 .



transmitting, processing and outputting data.

9DOne of the main hardware devices added to a large computer system for telecom-
munications is a communications controller or front-end processor (Figure 1-1), an in-
terface between the computer and the telecommunications channels. In a large computer
system, the processor sits in a large cabinet on the computer room floor. The front-end
processor is similar to a secretary who serves as an interface to a busy executive. The
secretary receives incoming mail, opens it and places it in the executive’s desk. After
the executive has worked on the material, the secretary retrieves it, places it in an en-

velope and mails it.
Analog

Digital Digital Digital

CPU Il Communication —r—L Y Ao Il :
. Terminal

Controller

Figure [-1 Data Communications System

The communications controller receives incoming data communications from a re-
mote terminal and performs certain work on the incoming traffic before sending it on to
the computer for processing. After the computer has done the actual data processing,
the work is sent back to the controller where it is prepared for transmission back to the
remote terminal .

The controller or front-end processor is a buffer device between the high-speed
computer and the relatively slow telecommunications channel. The controller can ana-
lyze incoming data traffic for errors, perform code conversions, speed conversions, etc.
Data communications from the computer can be arranged in the proper format for trans-
mission to the distant terminal. The communications controller can consist primarily of
hardware components, but most controllers also contain software. The term “front-end
processor is often used to describe controllers which contain software.

The communications controller interfaces the telecommunications channel through
a hardware device called a modem, if the telecommunication channel is analog. It con-
verts digital computer pulse into analog information that can be sent over voice tele-
phone lines. A telecommunications channel has a modem at both ends of the channel.
The modem at the terminal end converts analog information back into digital form. Hf
the channel is digital (PCM), the communications controller will interface the channel
through DSU. It coverts data information generated by the terminal or computer into
digital information that can be sent over digital lines.

. 2 .



The telecommunications channel is the connecting link between the computer and
the remote terminals. This channel is usually a telephone line, but it can also be any-
thing that is capable of transmitting electrical signals. Microwave systems, satellites,
lasers, and fiber optics are all being used more and more as communications channels
for data communications systems.

@ At the distant end of the telecommunications channel is the terminal that com-
municates with the computer. The terminal is the interface between people and the
computer. It can be a teleprinter, video display, printer and/or a personal computer.

The physical path from the computer to the terminal is similar to a highway. Rules
of the road are needed for traffic-data communications-to flow smoothly. Standards and
protocols set the speed limit on the highway, assign right of way, deal with mistakes,
etc. Without them there could be no real data flow over the highway.

In a data communications system, the direction of information flow can be classi-
fied to three types:

* Simplex mode
* Half-duplex mode
* Full-duplex mode

In a simplex mode of transmission, data can flow in only one direction (Figure

1-2). In a half-duplex mode of transmission, data can flow alternately in two direc-

tions, but not in one at a time (Figure 1-3). In a full-duplex mode of transmission ,

data can flow simultaneously in both directions (Figure 1-4) .

Transmitter (< = Receiver

Figure 1-2  Simplex Interface

Transmitter- < Transmitter-
Receiver Receiver

Figure 1-3  Half-Duplex Interface

Transmitter + Receiver

Receiver P Transmitter

Figure 1-4  Full-Duplex Interface



Most data communications systems require that the receiver acknowledge receipt of
data to the transmitter. For this reason, the simplex mode of transmission is generally
not used in data communications. The half-duplex mode allows the receiver to send an
acknowledgment message, but the transmitter has to stop transmitting so the receiver
can acknowledge.

The full-duplex mode provides for faster transmission because the receiver can ac-

knowledge receipt of data even while the transmitter continues sending additional data.

New Words
encode [ in'koud] v. G b
binary [ 'baineri] a. i)
typewriter [ 'taipiraite] n. TFH
decimal [ 'desimal] a. + 2 il 44
transcode [ 'treeskoud ] n. 1232
telegraph [ 'teligracf] 7. BN, iR
ingredient [ in'gridjent] n. HEHS BER
expedite [ 'ekspidait] v. hn
telecommunication [ 'telikoimju( ;) ni'keifon] n. BiE
interface [ 'intofeis] n. Bn AR
channel [ 'tfeenl] n. 58, %8
cabinet [ kaebinit] n. VU BUE
retrieve [ri'triyv] v. K&, B, g [E
executive [ ig'zekjutiv] n. wWheE,.£2%
analog [o'nelodzi] n. BEHL, 24
modem [ 'modom] n. TR AR BEL
buffer [ 'bafa] n. Znpa
conversion [ kon'vofan] n. A s AR
microwave | 'maikroweiv ] n. ¢
laser [ 'leiza] n. Bt
teleprinter [ 'telijprinto] 7. HLAE (3T )L
protocol [ 'proutakol] n. . B, A
duplex [ 'djwpleks] a. WL HY , S 6] 6
tremendous [ tri'mendos] a. N



Phrases and Expressions

telephone line B IR S
microwave systems WP RRE
parity bit B R (62)
host processor F AL
a simplex mode BTHA
input unit WAWRE
communications controller AR AR E
front-end processor B B AL
video display L R
code conversion R %
fiber optics HEF
Abbreviations
HW Hardware it
COM Communication L]
PCM Pulse Code Modulation Bk o 44 8 18 1
TEL Telephone i
CH Channel 5
HDX Half-Duplex FWT
FDX Full-Duplex 2XT
ITA International Telegraph Alphabet HEErBER
DSU Digital Service Unit k55T
SBT Six-bit Transcode FSECRE (fL) PG
PC Personal Computer N AHE
DCS Data Communications System BIEERRYE
EBCDIC Extended Binary Coded Decimal Inter- " 3E#Y — 355 &Y 132 HIZZ HeMl
change Code
ASCIL American Standard Code for Information 3B {58 3c# iz R

Interchange

Notes to the Text
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EXERCISES

I . Text comprehension.
1. Data Communications is the science of
a. moving numbers from one place to another
b. exchanging information between computers
c¢. exchanging numbers between different users
2. Computers “think” in terms of __
a. decimal bits
b. binary bits
c. hexadecimal bits
3. A fundamental communications system consists of
a. an input or output unit, a communications link and a host processor
b. more than these three basic ingredients
c. less than these three basic ingredients
4. A communications controller or front-end processor is
a. an interface between the computer and the telecommunications channels
b. an interface between the computers
c. an link between the channels
5. A modem is
. 6 .



6.

a. an interface between the computer and the telecommunications channels

b. the communications controller

c. an interface between the communications controller and the telecommunications

channel
In full-duplex communications system, the data
a. can flow in two directions altemately
b. can flow in two directions at the same time

c. can flow in only one direction

II . Write out the English equivalent of the following words or expressions.

1.
3.
5.

Il

1
2
3.
4

I L

HEILAR 2. BIEEERE
M EE RS 4. JEEE
TEEGERY 6. MHLETE

. Explain the following special terms in English.

. data communications

. communications controller

telecommunication channel

. a full-duplex channel

. Choose the best answer.
- expedite

a. scale up b. inflate c. rectify d.
- ingredients

a. components b. parts c. devices d.
- information

a. news b. data c. digital d.
- channel

a. way b. highway c. road d.

. Translate the following sentences into English.

BEEHBRMELCEIE T EMEEFEZEY—MED,

P 0 TR B (5 M R AR B BOR B S 1 P PR E R RS o
ASCII B3 B9 — A~ 4 — LLAF ARS8 37 , 5 PU AR B B8 A2 4 AR o

No.2 B Z I FHEMF

EE(EE R B LT R iR 2 (F] Y 2 R B

speed up
equipment
report

path



READING MATERIAL

The Principle of the PCM

Pulse-code modulation is one way of converting an analog message to a binary se-
quence so that digital transmission methods can be used to convey it to its destination.

PCM is dependent on three separate operations: sampling, quantizing and coding.

The devices performing the digitizing process are called channel banks or primary
multiplexers. They have two basic functions: (1) converting analog signals to digital
signals (and vice versa at the other end) ; and (2) combining (multiplexing) the digital
signals into a single time division multiplexed (TDM) data stream (and demultiplexing
them at the other end) .

D Analog-to-digital conversion is based on Nyquist sampling theory (Figure 1-5),
which states that if a signal is sampled instantaneously at regular intervals and at a rate
at least twice the highest frequency in the channel, the samples will contain sufficient

Frequency

> Analog signal
8
]
5
B

v
PAM samples ! Each sample coded
(8000 @ sec) 1 into 8 bits (a time

. slot)

NEERRENN Other users are
Time slot multiplexed
onto channel

Time slot 1

Figure 1-5 Analog-to-digital conversion



information to allow an accurate reconstruction of the signal.

The first stage in converting an analogue waveform to a binary sequence using
pulse-code modulation is to sample it and produce a pulse-amplitude modulated signal.
The accepted sampling rate in the industry is 8,000 samples per second.? Based on
Nyquist sampling theory, this rate allows the accurate reproduction of a 4kHz channel,
which is used as the bandwidth for a voice-grade channel. The 8,000 samples are more
than sufficient to capture the signals in a telephone line if certain techniques are used.

With pulse amplitude modulation (PAM), the pulse carrier amplitude is varied
with the value of the analog waveform. The pulse are fixed with respect to duration and
position. PAM is classified as a modulation technique because each instantaneous sam-
ple of the wave is used to modulate the amplitude of the sampling pulse.

The process involved in the conversion of a PAM waveform to PCM is quantiza-
tion. ®The point of quantization is to convert the amplitude values of the PAM waveform
which can assume any value within the amplitude range of the message waveform to a fi-
nite set of values. Quantization may be defined as the reduction of a continuum of val-
ues 1o a finite set of values. The difference caused by quantization is referred to as
quantization error. The quantizer outputs are actually coded to their two-digit (0 and 1)
binary coding is to replace the analog signal by a series of pulses—The whole process is
therefore called pulse code modulation (PCM) .

It should be noticed that the 8kHz sampling rate results in a sample pulse train of
signals with a 125 microseconds (ys) time period between the pulse. Each pulse occu-
pies 5.2us of this time period. Consequently, it is possible to interleave sampled pulses
from other signals within the 125us period. The most common approach in American uti-
lizes 24 interleaved channels, which effectively fills the 125us time period. The samples
are then multiplexed using TDM and put into a digital TDM. TDM provides an efficient
and economical means of combining multiple signals for transmission on a common fa-

cility .

New Words and Phrases

decoder [ diz'’ksuda] n. FAL 2R
stage [steidz] n. LB, B
waveform [ 'weivfom] n. B
sample [ 'sczmpl ] . e, A
quantize [ 'kontaiz] . g1, 42
quantization [ konti'zeifon]n. g2, 22
amplitude ['asmplitjuzd] n. TR B, fRIE



multiplexer [ 'maltipleksa] n. X E %

interleave [ into(;)'liv] n. T, WRAT

assume [a'sjuxm] v. #HAL, KH

bandwidth [ 'bendwidd] n. () #% (%)

finite [ 'fainait] a. HRH

continuum [ kon'tinjusm | n. 5

capture [ 'keptfa] . WK, sl (EE), B8
vice versa [ 'vaisi'vaiss | ($7) Btk (dmEXHE)
carrier [ 'keerio] n. Bk, N, HAE, BELH
analog-to-digital conversion BB

Nyquist Sampling Theory 7R 28 T A oE T

data stream £ &1

analog signals BlE 5

digital signals WrfEs

be defined as**- WE LRy

be referred to as**- i S

PAM Pulse Amplitude Modulation ok 8 7 )

MUX Multiplexer EHE AR

TDM  Time-Division Multiplexing Bt o 5 A
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