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Fundament to Data Communication” ( #{1{2iE{S &)

The need to communicate is part of mans inherent being. Since the beginning of time
man has used different techniques and methods to communicate. Circumstances and available
technology have dictated the method and means of communications. Data communications
concerns itself with the transmission (sending and receiving) of information between two
parties. Now let’s learn the foundation knowledge of data communication.

Signals

Is and Os can’t be sent as such across network links. They must be further converted into
a form that transmission media can accept. Transmission media work by conducting energy
along a physical path. So,a data stream of 1s and Os must be turned into energy in the form of
electromagnetic signals.

Analog and Digital

Both data and the signals that represent them can take either analog or digital form.
Anaiog refers to something that is continuous—a set of specific points of data and all possible
points between. Digital refers to something that is discrete.

Information can be analog or digital. Analog information is continuous. Digital
information is discrete.

Signals can be analog or digital. Analog signals can have any value in a range; digital
signals can have only a limited number of values.

Characteristics of Communications Channels

First is transmission rate. The transmission rate of a communication channel is determined
by its bandwidth and its speed. The bandwidth is the range of frequencies that a channel can
carry. Since transmitted data can be assigned to different frequencies,the wider the bandwidth
the more frequencies,and the more data can be transmitted at the same time. ®

The speed at which data is transmitted is usually expressed as bits per second or as a
baud rate. Bits-per second ( bps)is the number of bits that can be transmitted in one second.
The baud rate is the number of times per second that signal being transmitted changes.
Usually only one bit is transmitted per signal change and, thus, the bits per second and the
baud rate are the same.

The second is direction of transmission. The direction of data transmission is classified as
simplex , half duplex,or full duplex. In simplex transmission,data flows in one direction only.
Simplex is used only when the sending device,such as radio,never requires a response from
the computer. In half-duplex transmission, data can flow in both directions but in only one
direction at a time. Half-duplex is often used between terminals and a central computer. For
example,interphone. In full-duplex transmission, data can be sent in both directions at the
same time. A normal telephone line is an example of full-duplex transmission. Both parties
can talk at the same time. Full-duplex transmission is used for most interactive computer
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applications and for computer-to-computer data transmission.

Third is transmission mode. The transmission mode includes asynchronous and
synchronous. In asynchronous transmission mode,individual characters ( made up of bits) are
transmitted at irregular intervals, for example, when a user enters data. To distinguish where
one character stops and another starts,the asynchronous communication mode used a start
and a stop bit. ®An additional bit called a parity bit is sometimes included at the end of each
character. Parity bits are used for error checking ,asynchronous transmission mode is used for
lower speed data transmission and is used with most communications equipment designed for
personal computers.

Serial and Parallel Transmission

Data travels in two ways: in serial and in parallel ,in serial data transmission,bits flow in
a series or continuous stream,like cars crossing a one-lane bridge. Serial transmission is the
way most data is sent over telephone lines. For this reason, external modems typically
connect to a microcomputer through a serial port. More technical names for the serial port are
RS-232C connector and asynchronous communications port. ®

With parallel data transmission ,bits flow through separate lines simultaneously. In other
words ,they resemble cars moving together at the same speed on a multilane freeway. Parallel
transmission is typically limited to communications over short distances and typically is not
used over telephone lines. It is,however,a standard method of sending data from the system
unit to a printer.

New Words and Expressions

technique( tek'nitk ] n. 77k , HAR

electromagnetic [ i'lektroumaeg'netik ] adj. B H

analog [ 'enalog; (US) '®nalo:g]n. K04

continuous| kon'tinjuss ] ady. 4K4EH) , ELEHT, FFEER, IEHE
discrete[ dis'kri:t] adj. BEUH), 410, RESEH

characteristic [ keerikto'ristik ] adj. /R 5P, BEUH) 58 1)
frequency[ 'fritkwonsi }n. BIK, i

baud n. PFF(R B E BAL)

duplex[ 'dju:pleks ; (US) 'duipleks Jadj. ({5 1) SULH, XU #Y
simplex n. BT

interphone n. XFit#l

asynchronous adj. REHH), [ 8] RFEH

synchronous/ 'sigkronss ] adj. [FEt Z4H, R

parity [ 'peeriti]n. /%, ¥4, (i) A ELR

serial [ 'sioriol ] adj. #2EH)

parallel [ 'paerslel Jadj. F4789, 34709

resemble [ ri'zemb(a)1]v. 5

simultaneously[ ;simol'teiniasli ; ( US) saim- ] adv. [7]fFh
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Notes to the Text

O 3L BB AF A AR TEFAT T HRBMN A,
(@Since transmitted data can be assigned to different frequencies,the wider the bandwidth,
the more frequencies, and the more data can be transmitted at the same time.
A Since transmitted data can be assigned to different frequencies, & K AR1E M 4] ; the
more. . . the more & —/>NE LR WG] F , AH S FOOEN " Bl 7
EERA 9 15 5 H B0 RE B BC R R ISR , BT LA FE MR SE AR B & | [5] — i) ) BE w4 4 i 4K
L,
3@ To distinguish where one character stops and another starts, the asynchronous
communication mode used a start and a stop bit.
4} To distinguish where one character stops and another start J& A~ g ZURE , fE4] PAER
iE , where one character stops and another starts J& 1% )\ F], /E to distinguish f)£1E,
EEWN T B — A F R A 5 1T S — A FREA AT T G, RS E AR A A
— AR AH—ME IR AL
(@ More technical names for the serial port are RS-232C connector and asynchronous
communications port.
/aJrh RS-232C (HLMESHR HLE - RS-232C 3 15 ) S8 13 3 85 (I 51 RS B ) B — Fh AR e
“D”RIFAPFER 25 HERERE. HATLAY RS-232C H#: 00 £ F D7 BRI GEM 9 HHEHAS.
EE@E T8 0 EA AR RS-232C G S RPEGED

Exercises to the Text

1. Translate the following words and phrases into English.
(WHfE% (2) PR (3)3T (4) R (5) 58
(6) KA1 (D BF (8) HELH (9) #1700 (10)3 3%

2. Answer the following questions according to the text.
(1)Please give out some characteristics of communication channels.
(2) Please write out the difference between Bits-per second(bps)and the baud rate.
(3)Please write out the difference between simplex and half duplex.
(4)How many types can the transmission mode be divided into?
(5)Please write out the difrerence between serial transmission and parallel transmission,

and give out one or more examples.

3. Translate the following words and phrases into Chinese.
(1)baud (2) asynchronous (3)full duplex (4) parallel
(5) electromagnetic (6)discrete (7) simultaneously (8) parity

4. Translate the following paragraph into Chinese.

Third is transmission mode. The transmission mode includes Asynchronous and
Synchronous. In asynchronous transmission mode, individual characters (made up of bits)
are transmitted at irregular intervals, for example, when a user enters data. To distinguish
where one character stops and another starts, the asynchronous communication mode used
a start and a stop bit. An additional bit called a parity bit is sometimes included at the end
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of each character. Parity bits are used for error checking, asynchronous transmission mode
is used for lower speed data transmission and is used with most communications
equipment designed for personal computers.

Switching Technologies" ( 3 {3 &)

Whether they provide connections between one computer and another or between
terminals and computers, communication networks can be divided into two basic types: .
circuit-switched (sometimes called connection oriented ) and packet-switched( A variation of
message switching is packet switching, sometimes called connectionless) Circuit-switched
networks operate by forming a dedicated connection ( circuit) between two points. 2 The
U.S. telephone system uses circuit switching technology, a telephone call establishes a
circuit from the originating phone through the local switching office, across trunk lines,to a
remote switching office,and finally to the destination telephone. @While a circuit is in place,
the phone equipment samples the microphone repeatedly, encodes the samples digitally, and
transmits them across the circuit to the receiver. The sender is guaranteed that the samples
can be delivered and reproduced because the circuit provides a guaranteed data path of 64
Kbps (thousand bits per second) ,the rate needed to send digitized voice. ®The advantage of
circuit switching lies in its guaranteed capacity: once a circuit is established, no other
network activity will decrease the capacity of the circuit. One disadvantage of circuit
switching is cost: circuit costs are fixed, independent of traffic. ® For example, one pays a
fixed rate for a phone call,even when the two parties do not have a talk.

In message switching, the transmission unit is a well-defined block of data called a
message. In addition to the text to be transmitted, a message comprises a header and a
checksum. The header contains information regarding the source and destination addresses as
well as other control information; the checksum is used for error control purpose. The
switching element is a computer referred to as a message processor, with processing and
storage capabilities. Messages travel independently and asynchronously, finding their own way
from source to destination. First the message is transmitted from the host to the message
processor to which it is attached. Once the message is entirely received, the message
processor examines its header, and accordingly decides on the next outgoing channel on
which to transmit it. If this selected channel is busy,the message waits in a queue until the
channel becomes free,at which time transmission begins. At the next message processor,the
message is again received, stored, examined, and transmitted on some outgoing channel and
the same process continues until the message is delivered to its destination. This transmission
technique is also referred to as the store-and-forward transmission technique.

A variation of message switching is packet switching. Here the message is broken up into
several pieces of a given maximum length, called packets. As with message switching, each
packet contains a header and a checksum. Packets are transmitted independently in a store-
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and-forward manner.

Packet-switched networks,the type usually used to connect computers,take an entirely
different approach. In a packet-switched network, data to be transferred across a network is
divided into small pieces called packets that are multiplexed onto high capacity intermachine
connections. A packet, which usually contains only a few hundred bytes of data, carries
identification that enables the network hardware to know how to send it to the specified
destination. For example, a large file to be transmitted between two machines must be broken
into many packets that are sent across the network one at a time. The network hardware
delivers the packets to the specified destination, where software reassembles them into a
single file again. The chief advantage of packet-switching is that multiple communications
among computers can proceed concurrently, with inter-machine connections shared by all
pairs of machines that are communicating.

With circuit switching , there is always an initial connection cost incurred in setting up the
circuit. It is cost-effective only in those situations where once the circuit is set up there is a
guaranteed steady flow of information transfer to amortize the initial cost. This is certainly the
case with voice communication in the traditional way, and indeed circuit switching is the
technique used in the telephone system. Communication among computers, however, is
characterized as bursty. Burstiness is a result of the high degree of randomness encountered
in the message-generation process and the message size, and of the low delay constraint
required by the user. The users and devices require the communication resources relatively
infrequently; but when they do,they require a relatively rapid response. If a fixed dedicated
.end-to-end circuit were to be set up connecting the end users,then one must assign enough
transmission bandwidth to the circuit in order to meet the delay constraint with the
consequence that the resulting channel utilization is low. If the circuit of high bandwidth were
set up and released at each message transmission request, then the set-up time would be large
compared to the transmission time of the message,resulting again in low channel utilization.
Therefore , for bursty users ( which can also be characterized by high peak-to-average data
rate requirements) , store-and-forward transmission techniques offer a more cost-effective
solution, since a message occupies a particular communications link only for the duration of
its transmission on that link; the rest of the time it is stored at some intermediate message
switch mid the link is available for other transmissions. Thus the main advantage of store-and-
forward transmission over circuit switching is that the communication bandwidth is
dynamically allocated,and the allocation is done on the fine basis of a particular link in the
network and a particular message ( for a particular source—destination pair).

Packet switching achieves the benefits discussed so far and offers added disadvantage.
The disadvantage, of course, is that as activity increases, a given pair of communicating
computers receives less of the network capacity. ® That is, whenever a packet switched
network becomes overloaded, computers using the network must wait before they can send
additional packets. ©

Despite the potential drawback of not being able to guarantee network capacity, packet-
switched networks have become extremely popular. The motivations for adopting packet
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switching are cost and performance. Because multiple machines can share the network
hardware ,fewer connections are required and cost is kept low. Because engineers have been
able to build high speed network hardware, capacity is not usually a problem. So many
computer interconnections use packet-switching that, throughout the remainder of this text,
the term network will refer only to packet-switched networks.

New Words and Expressions

dedicated [ 'dedikeitid ] adj. (it) %

destination [ desti'neif (a)n]n. HHl, & &

microphone [ 'maikrafaun | n. 3 7K, iE8, ¥ 5 8% (4E : mike)
guaranteed n. FRIEM , BWAALRIY

decrease [ di'kriis]v. 37,4570 R4

comprise [ kom'praiz]v. fL#5, &, MR

checksum K35 [ &6 1 F0, [ A% A

outgoing [ 'autgouin ] adj. 1E4h KK, BIKE B4E R, 573K TE
maximum [ 'maeksimom |n. ,adj. B KB (H) , B KRE(H)
multiplex [ 'maltipleks ] adj. 58, LEHER

identification [ ai dentifi'keif(3)n]n. tAB,iR5], %
concurrent, [ kan'karont | adj. [F]AF A& 48, [A S FELERY
incurred v. BB, HZ

amortize [ o'mo:taiz; (US) ae'mortaiz Jv. ¥4y, #EL, 40621t
burst [ bo:st]v. &4E, MM

constraint [ kon'streint ] 7. 2435, B 4

randomness n. FIE, L4k

relatively [ 'relotivli ] adv. FHXTHL, ELAR D

utilization [ | justalai'zeif () n]n. F|F

intermediate [ inta'mi:diat]adj. F A, J& )

whenever [ wen'eva(r) |adv. Hiffi{t 4B {E

motivation n. 4l

remainder [ ri'meindo(r) Jn. #&H, HAH(HKWA)
Notes to the Text

OARIUMA T ILFATHEAR I 07 T BMERERMIES

(@Circuit-switched networks operate by forming a dedicated connection ( circuit) between
two points.
AAEFES FI circuit FH“LRE”
R B 3 e W 4 B T I HE AU Z IATE i — R B B R (B o

®)...a telephone call establishes a circuit from the originating phone through the local switching
office ,across trunk lines,to a remote switching office,and finally to the destination telephone.
)9 a telephone call AJiFJ" —A~HIEIER ",
------ — A IE IR Y L — AR AR B MR IR P Y HL i B A A b 3 40 R , 3 R 4k R B
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@ The sender is guaranteed that the samples can be delivered and reproduced because the
circuit provides a guaranteed data path of 64 Kbps (thousand bits per second) ,the rate
needed to send digitized voice.

] guaranteed data path 7% 5 #E R H BRI (#512) 7 . the rate needed. . . & 64Kbps
BIIAI1E . digitized voice ¥ $FAGIBH" .

EEWA G T (5RAE— T SR AT HUE R, B YRR T — SR IE R 64Kbps(F- L
FERERD) SR BRAS , XD HR R R IR BT R EH L8 .

(5). .. circuit costs are fixed,independent of traffic.
4]+ independent of traffic ¥R Hi@{E (&) BLX" .,
------ LRI EEN, SHERTX.

(6The disadvantage, of course, is that as activity increases, a given pair of communicating

computers receives less of the network capacity.

4jHh as activity increases ¥4 FliZE W & 15 B RG34 0"

R Ik o R L A TS S I, — 3 R R VLT R MR 4 SRS .
(DThat is, whenever a packet switched network becomes overioaded, computers using the

network must wait before they can send additional packets.

4] before they can send additional packets #Fh“ E T/ TREM M S LR A Z R o

ERWU AL 155, 5524 — A~ S S04 I 448 ARG, T 4 o 0 331 PO 248 F B MILALE T A A 5 3% 4

R E R

Exercises to the Text

1. Translate the following words and phrases into English.

(1) se e A (2) FPtlFe R (3) Bk (4) SR
(5) B ER A R (6) 9L (7) ZHGETE (8) T [ 1 45

™o

. Answer the following questions according to the text.
(1) In general ,how many types can the communication networks be divided into?
(2)Please give out a brief description of packet-switched.
{3)Please write out a brief description of circuit-switched.
(4) Please write out the disadvantage of circuit-switched.
(5) Nowadays , packet-switched have become extremely popular, why? give out your reason.
3. Translate the following paragraph into Chinese.

Packet-switched networks, the type usually used to connect computers, take an
entirely different approach. In a packet-switched network, data to be transferred across a
network is divided into small pieces called packets that are multiplexed onto high capacity
inter-machine connections. A packet, which usually contains only a few hundred bytes of
data , carries identification that enables the network hardware to know how to send it to
the specified destination. For example, a large file to be transmitted between two machines
must be broken into many packets that are sent across the network one at a time. The
network hardware delivers the packets to the specified destination, where software
reassembles them into a single file again. The chief advantage of packet-switching is that
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multiple communications among computers can proceed concurrently, with inter-machine
connections shared by all pairs of machines that are communicating.

8 Carrier Frequencies and Multiplexing' (ZEF & RER)

Computer networks that use a modulated carrier wave to transmit data are similar to
television stations that use a modulated carrier wave to broadcast video. The similarities
provide the intuition needed to understand a fundamental principle .

Two or more signals that use different carrier frequencies can be transmitled over a
single media simultaneously without interference.

To understand the principle, consider how television transmission works. Each television
station is assigned a channel number on which it broadcasts a signal. In fact,a channel number
is merely shorthand for the frequency at which the station’s carrier oscillates. 2To receive a
transmission ,a television receiver must be tuned to the same frequency as the transmitter. More
important,a given city can contain many television stations that all broadcast on separate
frequencies simultaneously. A receiver selects one to receive at any time.

Cable television illustrates that the principle applies to many signals traveling across a
wire. Although a cable subscriber may have only one physical wire that connects to the cable
company ,the subscriber receives many channels of information simultaneously. The signal for
one channel does not interfere with the signal for another.

Computer networks use the principle of separate channels to permit multiple
communications to share a single, physical connection. Each sender transmits a signal using a
particular carrier frequency. A receiver configured to accept a carrier at a given frequency will
not be affected by signals sent at other frequencies. @ All carriers can pass over the same wire
at the same time without interference.

Frequency Division Multiplexing

Frequency Division Multiplexing( FDM) is the technical term applied to a network system
that uses multiple carrier frequencies to allow independent signals to travel through a
medium. ® FDM technology can be used when sending signals over wire. RF ( Radio
Fregency), or optical fiber. Figure 1-1 illustrates the concept, and shows the hardware
components needed for FDM.

sources destinations

O

|

multiplexor Shared channel demultiplexor

Figure 1-1 The concept of multiplexing
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~ In theory, as long as each carrier operates at a different frequency from the others, it
remains independent. In practice, however, two carriers operating at almost the same
frequency or at exact multiples of a frequency can interfere with one another. ®To avoid the
problem , engineers who design FDM network systems choose a minimum separation between
the carriers. The mandate for large gaps between the frequencies assigned to carriers means
that underlying hardware used with FDM can tolerate a wide range of frequencies. ®
Consequently ,FDM is only used on high-bandwidth transmission channels.

Frequency division multiplexing ( FDM) allows multiple pairs of senders and receivers
to communicate over a shared medium simultaneously. The carrier used by each pair
operales at a unique frequency that does not interfere with the others.

Time Division Multiplexing

The general alternative to FDM is time division multiplexing (TDM) , in which sources
sharing a medium take turns. “For example ,some time-division multiplexing hardware use a
round-robin scheme in which the multiplexor sends a packet from sourcel, then sends a
packet from source2,and so on. Figure 1-2 illustrates the idea.

Computer | Computer 1 using channel to send a packet
Computer 2 * -
Computer 3

(a)
Computer 1 Computer 2 using channel to send a packet

Computer 2 ;}.fk‘j—_l ¢ -
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Figure 1-2 Ilustration of multiplexing with packets

Dividing data into small packets ensures that all sources receive prompt service because
it prohibits one source from gaining exclusive access for an arbitrarily long time. In
particular,if one source has a few packets to send and the other has many, allowing both
sources to take turns sending packets which guarantees that the source with a small amount
of data will finish promptly. .

In fact, most computer networks use some forms of time division multiplexing.
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