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| Unit 1

Text A
How Computers Work

A general-purpose computer has four main sections: the arithmetic and logic unit (ALU), the
control unit, the memory, and the input and output devices, collectively termed I/O. These parts are
interconnected by buses, often made of groups of wires.

The control unit, ALU, registers, and basic 1/0, and often other hardware closely linked with these,
are collectively known as a central processing unit (CPU). Early CPUs were comprised of many separate
components but since the mid-1970s CPUs have typically been constructed on a single integrated circuit
called a microprocessor.

1. Control unit

The control unit, often called a control system or central controller, directs the various components
of a computer. It reads and interprets instructions in the program one by one. The control system decodes
each instruction and turns it into a series of control signals that operate the other parts of the computer.
Control systems in advanced computers may change the order of some instructions so as to improve
performance.

A key component common to all CPUs is the program counter, a special memory cell that keeps
track of which location in memory the next instruction is to be read from.!"!

The control system’s functions are as follows. Note that this is a simplified description and some of
these steps may be performed concurrently or in a different order depending on the type of CPU:

o Read the code for the next instruction from the cell indicated by the program counter.

e Decode the numerical code for the instruction into a set of commands or signals for each of the
other systems.

¢ Increment the program counter so it points to the next instruction.

e Read whatever data the instruction requires from cells in memory, or perhaps from an input
device. The location of this required data is typically stored within the instruction code.

e Provide the necessary data to an ALU or register.

e If the instruction requires an ALU or specialized hardware to complete, instruct the hardware to
perform the requested operation.
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® Write the result from the ALU back to a memory location or to a register or perhaps an output
device.

e Jump back to the first step.

Since the program counter is conceptually just another set of memory cells, it can be changed by
calculations done in the ALU. Adding 100 to the program counter would cause the next instruction to be
read from a place 100 locations further down the program. Instructions that modify the program counter
are often known as "jumps" and allow for loops and often conditional instruction execution.

It is noticeable that the sequence of operations that the control unit goes through to process an
instruction is in itself like a short computer program.”” And indeed, in some more complex CPU designs,
there is another yet smaller computer called a microsequencer that runs a microcode program that causes

all of these events to happen. !

2. Arithmetic and Logic Unit (ALU)

The ALU is capable of performing two classes of operations: arithmetic and logic.

The set of arithmetic operations that a particular ALU supports may be limited to adding and
subtracting or might include multiplying or dividing, trigonometry functions and square roots. Some can
only operate on integers whilst others use floating point to represent real numbers. However, any
computer that is capable of performing just the simplest operations can be programmed to break down
the more complex operations into simple steps that it can perform. Therefore, any computer can be
programmed to perform any arithmetic operation, although it will take more time to do so if its ALU
does not directly support the operation. ) An ALU may also compare numbers and return Boolean
values depending on whether one is equal to, greater than or less than the other.

Logic operations involve Boolean logic: AND, OR, XOR and NOT. These can be useful both for
creating complicated conditional statements and processing Boolean logic.

Superscalar computers contain multiple ALUs so that they can process several instructions at the
same time. Graphics processors and computers with SIMD and MIMD features often provide ALUs that
can perform arithmetic on vectors and matrices.

3. Memory

A computer’s memory can be viewed as a list of cells into which numbers can be placed or read.
Each cell has a numbered "address" and can store a single number. The computer can be instructed to
"put the number 123 into the cell numbered 1357" or to "add the number that is in cell 1357 to the
number that is in cell 2468 and put the answer into cell 1595". The information stored in memofy may V
represent practically anything. Letters, numbers, even computer instructions can be placed into memory
with equal ease. Since the CPU does not differentiate between different types of information, it is up to
the software to give significance to what the memory sees as nothing but a series of numbers. *!

In almost all modern computers, each memory cell is set up to store binary numbers in groups of
eight bits, called a byte. Each byte is able to represent 256 different numbers; either from 0 to 255 or
—128 to +127. To store larger numbers, several consecutive bytes may be used, typically, two, four or

eight. When negative numbers are required, they are usually stored in two’s complement notation. Other
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arrangements are possible, but are usually not seen outside of specialized applications or historical

contexts. A computer can store any kind of information in memory as long as it can be somehow
represented in numerical form. Modern computers have billions or even trillions of bytes of memory.

The CPU contains a special set of memory cells called registers that can be read and written to
much more rapidly than the main memory area. There are typically between two and one hundred
registers depending on the type of CPU. Registers are used for the most frequently needed data items to
avoid having to access main memory every time data is needed. Since data is constantly being worked
on, reducing the need to access main memory, which is often slow compared to the ALU and control
units, greatly increases the computer’s speed. %!

Computer main memory comes in two principal varieties: random access memory or RAM and
read-only memory or ROM. RAM can be read and written to anytime the CPU commands it, but ROM
is pre-loaded with data and software that never changes, so the CPU can only read from it. ROM is
typically used to store the computer’s initial start-up instructions. In general, the contents of RAM are
erased when the power to the computer is turned off while ROM retains its data indefinitely. In a PC, the
ROM contains a specialized program called the BIOS that orchestrates loading the computer’s operating
system from the hard disk drive into RAM whenever the computer is turned on or reset. In embedded
computers, which frequently do not have disk drives, all of the software required to perform the task
may be stored in ROM. Software that is stored in ROM is often called firmware because it is notionally
more like hardware than software. Flash memory blurs the distinction between ROM and RAM by
retaining data when turned off but being rewritable like RAM. However, flash memory is typically much
slower than conventional ROM and RAM so its use is restricted to applications where high speeds are
not required.

In more sophisticated computers there may be one or more RAM cache memories which are slower
than registers but faster than main memory. Generally computers with this sort of cache are designed to
move frequently needed data into the cache automatically, often without the need for any intervention <;n
the programmer’s part.

4. Input/Output (I/0)

I/O is the means by which a computer receives information from the outside world and sends
results back. Devices that provide input or output to the computer are called peripherals. On a typical
personal computer, peripherals include inputs like the keyboard and mouse, and outputs such as the
display and printer. Hard disks, floppy disks and optical discs serve as both inputs and outputs.
Computer network is another form of I/O.

Often, I/0 devices are complex computers in their own right with their own CPU and memory. A
graphics processing unit might contain fifty or more tiny computers that perform the calculations
necessary to display 3D graphics. Modern desktop computers contain many smaller computers that
assist the main CPU in performing 1/0.
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purpose
arithmetic
memory
input

output
device
interconnect
bus

wire
hardware
comprise
separate
component
construct
microprocessor
direct
concurrently
instruction
program
decode
signal

operate

location
function
perform

type

cell
increment
point

register

counter
modify
jump

New Words
['pa:pes] n. B, BEHE, &
[0'riBmatik] n. BR, B
['memari] n. FEHESS, T
['input] n &v. BA
[‘autput] n. Hi
[di'vais] n. W&, ¥8
[inta:ka'nekt] v, EE AR
[bas] n. R
['waie] n. &B%, BE
['ha:dweas] n. fEM
[kam'praiz] v. &%, e dlER
['separit] adi. 53FFHY, AESEY, B, BAREy

[kem'paunant]
[kan'strakt]
[[maikrau'prausesa]
[di'rekt]
[kan'karantli]
[in'strak[en]
['praugreem]
[di:'kaud]

['sign]

[opareit]
[lau'keif an]
['fankJen]
[pa'foim]
[taip]

[sel]
['inkrimant]
[point]
[redzista]

[kaunta]
[madifai]

[d3Amp]

n. W 8BSy, Wy
vt EBE, M, €hr
n. THALIERER

v. /%, BE

adv. 354, FiTHL; RIS &R
n. {4

n. B

vt. B, Y

n 5%

adj. 55/

v. RIES

v. BfE, B%

n M, IE

n. THRE, YERY; PR%K
vt. BET, PAT

n. RKR, FR

v. ¥ TF

n. HI0, Wi

n. 3m, HE

vi. ¥8, B, FH
n. S

v. idsk, Bid,
n. JHEES

vt. B, B

n. Bk¥s
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loop
conditional
execution
sequence
microsequencer
microcode
logic
subtract
integer
Boolean
statement
multiple

processor
vector
matrix
address
differentiate
significance
binary

byte
consecutive
negative
complement
arrangement
rapidly
constantly
variety

random

initial
erase
retain
orchestrate
reset
embed
firmware
blur

conventional

[lu:p]

[ken'di[ nal]
[.eksi'kju:[an]
['sizkwans]

[maikrsu'si:kwans]

['maikrakaud]
[lod3ik]
[sab'treekt]
['intid3e]
['buslian]
['steitmant]
[maltipl]

[prausesa]
['vekta]
[meitriks]
[e'dres]
[dife'ren[ieit]
[sig'nifikans]
[bainari]
[bait]
[ken'sekjutiv]
[negativ]
[komplimant]
[a'reind3mant]
['reepidli]
[konstantli]
[ve'raiati]
[reendam]

[iI'nifal]
[i'reiz]
[ri'tein]
[o:kistreit]
[rir'set]
[im'bed]
[fermwea]
[bla:]
[ken'ven[anl]

n. P&

adj. A FHH

n. &A1, W, PUT

n. KFF, WiFF, ¥

n. WFSIEE

n. 1S

n. B8, BBY¥, BEH
vt. W&k

n B

adj. fA/RE

n. i&A]

adj. Z¥K, ZEH
B, &HT

. BRI

. REERER, AbFEHL

m&, K&

2]

Hoht

X4y, X7, 28
B, EEN

adj. e

n. FYW

adj. ELER), ERE, BFH
n. BE,

n. M

n. H#5, &HE

adv. PEH, W
adv. B¥H, AW

n. B4k, TE; MK
adj. FEHLIK

n BEE, &

adj. BHIW, VIERM

vr. MR, k2, #H

vt. R¥F, RE

vt. AR AER; BE
vt. Bi, EHE3

vt A

n. B, B8 (REEEHESE)
v. B

adj. BB, EHEK

3 ® 8 8BRS 2§
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restricted
cache
automatically
intervention
receive

peripheral

keyboard
mouse
display
printer
interface
tiny

calculation

integrated circuit
central controller
keep track of
depend on

a set of
trigonometry function
square root
floating point

real number

break down

equal to

greater than

less than

logic operation
superscalar computer
set up

as long as

turn off

hard disk drive
turn on

flash memory
personal computer

floppy disk

[ris'triktid]
[kee[]
[o:ta'maetikli]
[inta'ven[an]
[ri'sizv]
[pa'rifaral]

[ki:ba:d]
[maus]
[di'splei]
['printa]
[intafeis]
['taini]

[keelkju'leif an]

adj. ZREE, HRK
n. BiEBHF

adv. B3hib

n. F#, ftA

v. B, #3, Bk
n. SRS

adj. 5MEIEY

n. B&

n. AR

n. BN, BRA

n. $TENHL

n. @, #O

adj. IRE, BN
n &

Phrases

5 AL
AR

e
K%
—

s AT
, K
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Abbreviations

ALU HAZEHIC; 2R (Arithmetic and Logic Unit )

CPU rh R 4bHE2S ( Central Processing Unit )

SIMD B4 Z¥ P8 (Single Instruction Multiple Data )

MIMD £#54 £ ( Multiple Instruction Multiple Data )

RAM FEVLAEEUAE2% (Random Access Memory )

ROM HiEFfERE (Read-Only Memory )

BIOS A4 Ak H & 46 (Basic Input Output System )

Notes

[1] A key component common to all CPUs is the program counter, a special memory cell that keeps
track of which location in memory the next instruction is to be read from.

A4, a special memory cell that keeps track of which location in memory the next instruction is
to be read from & — 4% id#:41E, *T the program counter FHATAMFEERA . ZEIX4IEP, that keeps
track of which location in memoty the next instruction is to be read from £—/NEIEMA], B FIRE
a special memory cell, keep track of BB RE “BHRER; BT,

[2] It is noticeable that the sequence of operations that the control unit goes through to process an
instruction is in itself like a short computer program.

a1t BIER FiE, EIEAN B R that 5] /9 M A] the sequence of operations that the control
unit goes through to process an instruction is in itself like a short computer program, #EiZMA]H, the
sequence of operations J& ¥iF, is like a short computer program JZ2iFi&, that the control unit goes
through to process an instruction &—EBEMNF], EHIFPRE the sequence of operations, FiFEAE
415 to process an instruction 1 H B94RIE, 11 goes through, in itself WERR “A &, LA L,
[3] And indeed, in some more complex CPU designs, there is another yet smaller computer called a
microsequencer that runs a microcode program that causes all of these events to happen.

/], called a microsequencer &—Md ZAMAIMEIE , EETE, BHHFIBRE another yet smaller
computer, that runs a microcode program & —{~EiHEMNA], BHIFBRE a microsequencer, that causes
all of these events to happen L2 — N EEME], BHiFIFRE a microcode program,

[4] Therefore, any computer can be programmed to perform any arithmetic operation, although it will
take more time to do so if its ALU does not directly support the operation.

Z</4) s, although it will take more time to do so if its ALU does not directly support the operation
B—MEERIENG, ZEIZMA]H, ifits ALU does not directly support the operation £—/~ &4
BEMA], so ¥ perform any arithmetic operation,

[5] Since the CPU does not differentiate between different types of information, it is up to the software
to give significance to what the memory sees as nothing but a series of numbers.
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A, /A Itis up to sb. to do sth. R B R “HEIRMEE". HETH:

It is not up to you to decide what you should do next.

T2 AR T A E .

significance BB R “B X", “HEH"; nothing but T nothing else than, EER “H, &
g7, HETH:

What he said is of no significance, nothing but nonsense.

fhiEZETRE X, HERE RIS,

[6] Since data is constantly being worked on, reducing the need to access main memory, which is often

slow compared to the ALU and control units, greatly increases the computer’s speed.

Zh]H, Since data is constantly being worked on 22— MRIEMN 4], reducing the need to
access main memory 23 % 1A% 154E 15, which is often slow compared to the ALU and control units
E—MEREHEIEMF], XF main memory 47438158, which 3§ main memory,

Exercises

( Ex. 1] BHEERCAZ B )

(1) How many main sections does a general-purpose computer have? What are they? And how are they
interconnected?

(2) What is the control unit often called?

(3) Please list the functions of the control system.

(4) What are the two classes of operations ALU is capable of performing?

(5) What do logic operations involve?

(6) What can a computer’s memory be viewed as? What does each of them have?
(7) What are the two principal varieties of computer main memory?

(8) In a PC, what does the specialized program called BIOS do?

(9) Why is the software that is stored in ROM often called firmware?

(10) What is I/0?

[Ex. 2 ) MET ERRSCRE, 5 AR NEICRT

¢)) : Information put into a communications system for transmission or into a computer system
for processing,.

2) : An integrated circuit that contains the entire central processing unit of a computer on a
single chip.

3) : An instruction sequence in programmed instruction.

“) : A parallel circuit that connects the major components of a computer, allowing the transfer

of electric impulses from one connected component to any other.

(5) : A computer and the associated physical equipment directly involved in the performance
of data-processing or communications functions.

(6) : A unit of a computer that preserves data for retrieval.

@) : The information produced by a computer from a specific input.
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®) : A basic unit of storage in a computer memory that can hold one unit of information, such
as a character or word.

9) : A part of the central processing unit where groups of binary digits are stored as the
computer is processing them.

(10) : A number used in information storage or retrieval that is assigned to a specific memory
location.

{ Ex. 3] £ F 54 FBid A3

(1) He went to town with the purpose of buying a hew computer.

(2) Most online services have their own browsers.

(3) Floppy disk may be double-density or high-density.

(4) The formula then includes the addresses of the cells.

(5) C might best be described as a "medium level language".

(6) Every browser has the built-in ability to understand HTML.

(7) C is one of the most popular computer languages in the world.

(8) Java technology is both a programming language and a platform.

(9) In fact, a window manager can be thought of as a GUI for a CLI OS.
(10) A database management system handles user requests for database action.

[Ex. 4] 88 YHERES (HEHH 2007 4 11 ARFERA S VIERLE)

(1)A___is a functional unit that interprets and carries out instructions.
A. memory B. processor C. storage D. network
(2) A____ consists of the symbols, characters, and usage rules that permit people to communicate with
computer.
A. programming language B. network
C. keyboard D. display
(3) ____ software, also called end-user program, includes database programs, word processors,
spreadsheets etc.
A. Application B. System C. Compiler D. Utlity
(4)In ___, the only element that can be deleted or removed is the one that was inserted most recently.
A. aline B. aqueue C. an array D. astack
(5) Most _____ measures involve data encryption and password.
A. security B. hardware C. display D. program

[Ex.5) ¥ TFHRBEAELHME (FiHHA—-K)

speed device other considered exists

hardware effective operate moving designer

A buffer is a data area shared by _ (1) devices or program processes that  (2)_ at
different speeds or with different sets of priorities. The buffer allows each __ (3)__ or process to
operate without being held up by the __ (4)_ . In order for a buffer to be __ (5) _, the size of the
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