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COMPUTER HARDWARE

1.1 GENERAL INTRODUCTION OF COMPUTER HARDWARE

We build computer to solve problems. Early computer solved mathematical and engineering
problenis, and later COm]_:'J'ute'rs emphasized information processing for busiriess applications. Today,
computers also control machines as diverse as _auiomobilc engines, robots, and microwave ovens.
A computer system solves a problem from any of these domains by accepting input, processing it,
and producing output. Fig.1-1 illustrates the function of a computer system, .

'Processing’ '

Fig.1=1 The thrée activities of a computer system

Tnput

Qutput

Computer systems consi'st of hardware and software. Hardware is the physical part of the
system. Once designed, hardware is difficult and expensive to change. Software is the set of pro-
grams that instruct the hardwm and is easier to modify than hardware. Computers are valuable

‘becanse they are general-purpose machines that can solve many different kinds of problems, as

opposed to special-purpose machines that can each solve only one kind of problem. Different

problems can be solved with the same hardware by supplly}ing the system with a different set of

instructions, that is , with different software, - T
Every computer has four basic hardware comﬁoncnts: '
¢ Input devices.

s Output devices.
» Main memory. i ’ I i

e -Central processing unit (CPU). .

Fig.1-2 shows these components ini a biock diagramr The lines between the. blocks represent
the flow of information flows. from one component to another on theé bus, which is simply a
group of wires connectinig thie components. Processing occurs in-the CPU and main memory. The

organization, in Fig.1-2, with. the components :connected to. each other by the common bus.
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However, other configurations are possible as well.
| Computer hardware is often classified by its relative physical size:

+ Small microcomputer.

s Medium minicomputer.

» Large mainframe. _

Just the CPU of a mainframe often occupies an entire cabinet. Its input/ontput (1/0) devices
and memory might fill an entire room. Microcomputers can be small enough to fit on a desk or in
4 briefcase. As téchndlogy advancés, the amount of processing previously possible only on large
machines becomes possible on smaller machines. Microco;nputers now can do much of the work
that only minicomputers or mainframes could do in the past.

Input Central Mai Qutput
- . | Main memory _
1 devices . ] processing unit ' PN devices

3 A A

Bus

-

Fig.1-2 Block diagram of the componenis of a computer system

Lt

The classification just described is based on physical size as opposéd to storage size. A
computer system user-is generally more concerned with storage size, because that is a more direct
indication of the amount of useful work that the hardware can perform. Speed of computation is
another characteristic that is important to the user. Generally speaking, users want a fast CPU and
large amounts of storage , but a physically small machine for the I/O devices and main memory.

When computer scientists study problems, therefore they are concerned with space and time —
the space necessary inside a computer system to store a problem and the time required to solve it.

They commonly use the metric prefixes of Table 1-1 to express large or small quantities of space
MR 3 ' . :

or time.
Table 1-1  Predixes for power of 10 ,
Multiple Prefix Abbrey Multiple s Prefix Abbrev
10° giga- G io? millis m
10° mega- M 107 IHcro- v
10* kilo- K 107 nano- n

Example: Suppose it takes 4.5 microseconds, also written 4.5 ps, to transfer some infor-
mation:across the bus from one:component to another?(a) How many seconds are required for the
transfer? (b) How many transfers-can take place during one minute? "

(a) A time of 4.5 us is 4.5x1 078 from Table: 1-1 0.0000045s. (b) Because ‘there are 60 sec-
onds in one minite; the number of times the transfer can ‘occur is (60s)/(0.0000045s/transfer) or
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13 300 000 transfers. Note that since the original value was given with two significant figures,
the result should not be given to more than two or three significant figures.
Table 1-1 shows that in the metric system the prefix kilo- is 1000 and mega- is 1 000 000.

But in computer science, a kilo- is 2'%0r 1024. The different between 1000 and 1024 is less than
3%, so you can think of a computer science kilo- as being about 1.000-even though it is a little more.

The same applies to mega- and giga-, as in Table 1-2. This time, the approximation. is a little

worse, but for mega- it is still with in 5%. ’ - °
Table 1-2 Computer science valuas 6f, the large prefixes f
Prefix " ' .. Computer scieﬁcé_ values
giga- S 291073741 824
mega- » 2%=1048576
kilo- . C 221024
KEYWORDS ,
computer wEAL input device ﬁﬁi)\i"i%.
information processing 18 2L output device g
hardware R main memory FE 7l
software H cerfltral. processing i ofi &f:}?é a8
(N unit (CPU)
program P bus . e
general-purpose machine B GGFED M microcomputer TR EAL
special-purpose machine ¥ (31> Hl  minicomputer ANELHEL
instruction e " mainframe FEH, %jﬁﬂﬁm
set of instruction HSE, WAL -
NOTES L : o
(1) hardware CWFEHLEEM) . TEEHR CPU. BE. E8. BF. BR824 X
e T VLR B '

(2) software GHENUEME) » TEAFERERE. NREFSETENETINET S,
(3) main memory (EFFFER) . IR IR, WHENTBREBENTFMBES. W IILHRMU
o auxiliary memory: HBLFHE; Mt L E.

» buffer memory: 2} A4#%; REEHAFEE. .

+ dynamic random access memory: (it #4)) HEMMNAIRAHE.

¢ dynamic memory: H&EHME. .

s ‘external memory: SFAE, shERLILEE.

» hypothetical memory: A #5443,

~3 -
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(4) bus CRER) . BRWHENALSHHZ BH—FHRiEE, FSRkaEmsEde
ITHERIER - 15 BT U 2 ANE R P AL AT — 22 B AR B 24 B AR SRR (AR f] — 4
BEBE T AT FEAEM, AAEEME. s, ﬁlﬁfﬁ‘%\. PrhfE B R, ALK
HBIAT .

e address bus, It R —~HEHEL, ﬁiﬁ%ﬁ#ﬁuﬁiﬁﬁﬁimiﬁi%%

ARSI RFAE

o databus, IR ELEE. ﬁﬁ%%&?}*-&“{ﬁiéz_fﬂiﬁﬁiﬁ‘f?ﬁﬁﬁ@;i@%e

o controlbus, #HIEEE: —FFA REHAERAREBETIETHELA,

(3) microcomputer (FRBVHEAL  EHHEFEZMBS, WEBD, EITEERE,
Z BE BRSO T AL R B RO B - S H. |

(6) minicomputer, CPEIVTEMLD o —FHLMBIHHENNIEKR, FEMEZREIR. BT
REEN, EEHTRERGERERE R TRAR.

(7> mainframe CREVFEYLD . THRERKHIVHENL, ¥ FHREFIENE A HHE

FAKHIBSE TS, BlmRSERSE, _
(8) setof instruction (f4R4 . B—EHHIPHHHLMES.

EXERCISES

1. Multiple choices.
(1) When we store a progrant into a computer, _____is necessary.
A. space B. time C. input device D. output device
(2} Early computer solved problems.
A. control B. business applications
C. engineering D. mathematical 4
(3) We can use prefix micro to express
A. time metric ’ B. space metric
C. both time and space metric D. 10°
(4) We can say a bus is simply
A. agroup of wires B. awire
C. a8-bitbus |  D. al6bitbus
(5) A computer system user generally more cares for
A, physical size of the computer ‘
B. storage size '
C. speed of computation.
D. efficiency of the computer
(6) According to the physical size of computers we can classify the computers into
A. microcomputer B. minicomputer
C. mainframe D. supercomputei
(73> Prefix “mega-" used for computer science is

~ A
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¥

A. larger than 10° B. smaller than 10°
- C. equal to 2° D. 1048576
(8) The basic hardware components of any computer include
A. CPU B. niain memory
C. input devices . D. output devices -

2. TFill in the blank with appropriate words or phrases found behind this exercise. .
(1) A computer system solves a problem by___: . .
(2) The amount of effective work of a computer can be indicated by, directly.
(3> Computer systems consist of

(4> Computer that can solve only one kind of problem is a

(5) Computer that can solve many different kinds of problems is a;

(6) instruct the hardware.

&) is difficult and expensive to change.

(8> We usually show the computer components in a_

general-purpese machine

hardware )

-accepting input, processing problems, and producing output

block diagram

software

storage size

special-purpose machine

TomEOUOwy

. hardware and software

READING MATERIALS

1. Instruction pipeline

Pipeline processing can occur not only in the data stream but also in the instruction stream
as well. An instruction pipeline reads.consecutive instrictions from memory while previous instruct-
tions are being executed in other segments. This causes the instruction fetch and execute phases
to overlap and perforin sifnultaneous operations. One possible digression associated with such a
scheme is that an instruction may cause a branch-out-of sequence. In that case the pipeline must
be emptied and all the instructions that have been read from memory after the branch instruction

must be discarded. ]
' Consider a computer with an instruction fetch unit and an instruction execution unit de-
signed to provide a two-segment pipeline. The instruction feich segment can be implt;:mented by
means of a first-in, first-out (FIFQ) buffer. This is a type of unit that forms a queue rather than a
stack. Whenever the execution unit 4s. not using memeory, the control increments the program
counter and uses its address value to read consecutive instruction from me'llpory. The instructions
are inserted into the FIFO buffer so that they can be executed on a first-in, 1fu'st-out basis. Thus an

\‘\___5_#_‘_,/
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instriaction stream can be placed. in.a queue,- waiting for decoding and processing by ‘the execu-
tion segment. The instruction | stream queuning mechanism provides an efficient way for reducing
the average access time to memory for reading instructions. Whenever there is space in the FIFO
buffer, the control unit initiates the next instruction fetch phase. The buffer acts as a queue from
which control then extracts the instructions for the execution unit.

Computers with complex instructions require other phase in addition to the fetch and exe-
cute to process an instruction completely. In the most general case, the computer needs to process
each instruction with the following sequence of steps. '

¢ Fetch the instruction from memory.

« Decode the instruction.

¢ Calculate the effective address.

# Fetch the operands from memory.

» Execute the instruction.

e Store the result in the proper place.

There are certain difficulties that will prevent the instruction pipeline from operating at its
maximum rate. Different segments may take different times to operate on the incoming informa-
tion. Some segments are kipped, for certain operations. For example, a register mode instruction
does not need an effective address calculation. Twe or more segments may require memory ac-
cess at the same time, causing one segment to wait until another is finished with the memory.
Memory access conflicts are sometimes resolved by using two memory buses for access instruc-
tions and data in separate modules. In this way, an instruction word and a data word can be read
simultaneously from two different modules. '

. The design of an instruction pipeline will be most efficient if the instruction cycle is divided
into segment of equal duration. The time that each step takes to fulfill its function depends on the
instruction and the way it is executed.

2. Supercomputers

A co_mmercial.computer with vector instructions and pipeline floating-point arithmetic ope-
rations is referred. to as a supercomputer. Supercomputersare, very powerful, high-performance
machines used _m_ost_ly for scientific computations. To speed up the operatien, the components.-are
packed tightly together to minimize the distance that the electronic signals have to travel. Super-
computers also use special techniques for removing the heat from circuits to prevent them from
burning up because of their close proximity.

' The instruction set of supercomputers contains the standard data transfer, data manipulation,
and program control instructions of conventional computers. This is augmented by instructions
that p_roces?s vectors and- combinations of scalars and vectors. A supercomputer is a computer
system best known for its high computational speed, fast and large memory systems, and the ex-
tensive use of parallel processing. It is equipped with multiple functional units and each unit has
its own pipeline configuration: Although the supercomputer is capable of general-purpose appli-

~ b
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cations found in all other computers; it is specifically optimized for the type of numerical calcu-
lations involving vectors and matrices of floating-point numbers.

Supercomputers are not suitable for normal processing of a typical computer installation.

They are limiied in their use to a number of scientific applications, such as nu{ne_ﬁcal weather
forecasting, seismic wave analysis; and space research.”They have limited use and limited market
because of their high price.

The first supercomputer developed in 1976 is the Cray- [supercomputer. It uses vector proc-
essing with 12 distinct function units in parallel. Each functional unit is segmented to process the
incoming data through a pipeline. All the funictional units can operate concurrently with operands
stored in the large number of régistzrs {over 150) in the CPU. A floating-point operation can be
performed on two sets of 64-bit operands during one clock cycle of 12.5 ns. This gives a rate of
80 megaflops during the time that the data are processed through the pipeline. It has a memeory
capacity of 4 million 64-bit words. The memory is divided into 16 banks, with each bank having
a 50ns access time. This means that when all 16 banks are accessed simultaneously, the memory
transfer rate is 320 million words per second. Cray research extended its supercomputer to a mul-
tiprocessor configuration called Cray X-MP and Cray Y-MP. The new cray?2 supercomputer is 12
times more powerful than the crayl in vector processing mode.

3. The Development of Computer Technology

. Whatever you are, a scientist or an apprentice, a farmer or a successful scholar; and whether
you are diligent or lazy, old or young; in the modern work, stady and life, you always need your
honest friends—computers.

The first electronic computers were built in the 1940s. By the earl)l; 1970s, they were in
common use in large businesses, government, and the military. The largest computers (like the
ENIAC=the Electronic Numerical Integrator and Computer) were called mainframes. And typi-
cally cost more than a million dolars. Designed for use by a major company or a government
installation, they were housed in a large room, and required special electrical cabling and air
conditioning.

In the late 1960s and early 1970s, engineers made great strides in reducing the size of elec-
tronic components. They developed the semiconductor chip, which was about the size of a fin-
gernail and could contain hundreds of transistors. The semiconductor chips enabled engineers to
miniaturize the circuits contained in all electronic devices. Most importantly, it produced a new
generation of mainframes and miqicomputers with increased capability, greater speed, and
smaller size. .

In the early 1970s, semiconductor technology progressed to the point where the circuits for
the “brain” of a computer (the central processing unit or CPU).could be manufactured on a single
semiconductor chip. These miniaturized computers were called microprocessors, and were
manufactured by corporations such as Intel and Motorola.

\“‘\-.‘z_..«—'/
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By the mid-1970, several such microcomputers were available to consumers. The first mi-
crocomputers were sold in the form of kits, designed for electronic hobbyists. In order for mi-
crocomputers to become problem-solving tools, a number of hurdles needed to be overcome. The
first was to simplify the program for the machines. One step in this direction was taken by a
young Harvard drop-out named Bill Gates, who wrote a version of the programming language
BASIC for one of the earliest microcomputers. BASIC had been introduced at Dartmouth Col-
lege in the mid-1960s by John Kemeny and Kenneth Kurtz. Thus it was a popular programming
language on mainframe cornputers. Gates founded a computer company called Microsoft, which
has become one of the major producers of software for microcomputess,

In 1977, Stephen Jobs and Stephen Wozniak, two microcomputer enthusiasts, working in a
garage, designed their own microcomputer. This was to be named the Apple. And their fledgling
business was to become the Apple Computer Corporation. Business grew at an unprecedented
rate. In no time, Apple was selling hundreds and then thousands of machines per month.

One reason behind Apple's success was the availability of a number of useful application
programs. The most important of these was spreadsheet VISICALS, which allowed accountants
and financial planners to automate many of the calculations that they were accustomed to doing
on adding machines, or with pencil and paper. Hours of calculations were thus completed in a
matter of seconds. Such raw power did much to convince people that microcomputers wete real
problem-solving tools, not toys.

At about the same time as the introduction of the Apple I, a number of the microcomputers
appeared on the market. One of the most popular was Tandy Corporation's TRS-80. Apple and
Tandy were the two largest manufacturers, each with about a 25 percent share of the market.

Early microcomputer users banded together into groups to exchange ideas and to share solu-
tions to problems. A strong spirit of adventure encouraged users to feel they were participating in
a major intellectual turning point in computer use. Part of the excitement was created by the un-
usual mixture of people who participated. In addition to computer scientists and engineers, phy-
sicians, business people, and students become microcomputer enthusiasts, at work as well as
home. All were interested in the same goal: using microcomputers to solve problems.

So many abplication packages began to appear around 1980. The first generation programs
for word processing, data management, spreadsheets, and communication allowed novice users
to experience the power of microcomputing.

However, most corporations underestimated the significance of bringing computing power
down to the level of the individual users. This view abruptly changed in 1981 when International
Business Machines (IBM), the largest computer ¢éompany in the world, introduced its own mi-
crocomputer, dubbed the IBM PC (PC being the abbreviation for personal computer). The fact
that IBM, a company of such corporate prestige, would enter this market convinced businesses
that the microcomputer was more than a passing fad. Within a short time, the microprocessor was
recognized as a productivity tool to be used by workers at all levels to process, store, retrieve,
and analyze information. Almost every business could find a legitimate place for the microcoin-
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puter.
Now, there is a light-weight, notebook computer, or portable computer, designed to be
moved easily. ¢

4. Number System

A number system of base, or radix, r iz a system that uses distinct symbols for r digits.
Numbers are represented b)'! a string of digit symbols. To determine the guantity that the number
represents, it is necessary to multiply each digit by an integer power of r and then form the sum
of all weighted digits. For example, the decimal number system in everyday use employs the ra-
dix 10 system. The 10 symbols are 0, 1, 2, 3, 4, 5, 6, 7 .8, and 9. The string of digits 123.5 is in-
terpreted to represent the quantity ‘
1x10%+2x10"+3x10%5x10™"

That is, 1 hundred, plus 2 tens, plus 3 units, plus 5 tenths. Every decimal number can be
similarfy interpreted to find the quantity it represents.

The bina_ry number system uses the radix 2, The two digit symbols are 0 and 1. The string of
digits 101101 is interpreted to represent the quantity

: 132 +0x2"+1x2°+ 1x27+0x2'+1x2%=45

To distinguish between different radix numbers, the digits will be enclosed in parentheses
and the radix of the number inserted as a subscript. For example, to show the equality between
decimal and binary forty-five we will write (101101); = (45)0. Besides the decimal and binary
number systéms, the octal and hexadecimal are important in digital computer work, The eight
symbols of the octal system are 0, 1,2, 3,4, 5, 6, and 7. Tﬁe 16 symbols of the hexadecimal sys-
temare 0,1, 2, 3,4,56,7, 8,9, A, B, C, D, E, and F. The last six symbols are, unfortunately,
identical to the letters of the alphabet and can cause confusion at times. However, this is the con-
vention that has been adopted. When used to represent hexadecimal digits, the symbols A, B, C,
D, E, F correspond to the decimalaumbers 10, 11, 12, 13, 14, 15 respectively. '

A number in radix r can be converted to the familiar decimal system by forming the sum of
the weighted digits. For example, octal 123.5 is converted to decimal as follows:

(123.5)5 = 1x8*+2x8'+3x8%+5x87'=(83.625)10

The equivalent decimal number of hexadecimal 2D is obtained from the following calcula-
tion: _

(2D)16=2x16"+13x16"= (45}

Separating the number into its integer and fraction parts and converting each part separately
carry out conversion from decimal to its equivalent representation in the radix r system. The
conversion of a decimal integer into a base rrepresentation is done by successive divisions by r
and accumulation of the remainders. The conversion of a decimal fraction to radix r representa-
tion is accomplished by successive multiplications by r and accumulation of the integer digits so
obtained.

The conversion of décimal 38.125 into binary is done by first separating it into its integer

~9




