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Lesson 1 Hardware Basics

Computer Systems

A computer is a fast and accurate symbol manipulating system that is organized to accept,
store, and process data and produce output results under the direction of a stored program of in-
structions.

A complete computer set is a system that basically includes the following five key parts:
the processor, the memory, and the Input / Output (1/0), disk storage, and the programs.

The processor is the “brains” of the computer that has the ability to carry outour instruc-
tions or programs given to the computer. The processor is the part that knows how to add and
subtract and to carry out simple logical operations. In a big mainframe computer the processor
is called a Central Processing Unit, or CPU, while in a microcomputer, it is usually known as
a MiCroprocessor.

The memory is the computer’s work area and nothing like our own memory, so the term
can be misleading. The computer’s memory is where all activity uakes place. The size of a
computer’s memory sets a practical limit on the kinds of work that the computer can under-
take.

170 are all the means that the computer uses to take in or out data. It includes input that
we type in on the keyboard and output that the computer shows on the video display screen or
prints on the printer. Every time the computer is taking in or putting out data, it’s doing 1/0
using 1/0 devices, which is also called peripheral devices.

Disk storage, in fact, is a very important kind of 1/0 where the computer keeps its data
when it’s not in use inside the computer’s memory.

Programs are the sets of instructions that make the computer go. Programs are the hardest
part of computer work as only programs will bring a computer to life and turn it into a powerful
working equipment.

Computers are currently classified into two kinds: digital and analog.

A digital computer is a counting device that operates on discrete data. It operates by di-
rectly counting numbers (or digits) that represent numerical numbers, letters, or other special
symbols. Digital processors count discrete values in the form of numbers to achieve the desired
output results.

An analog computer, however, deals with variables that are measured on a continuous
scale and are recorded to some predetermined degree of accuracy. Analog computer systems are
frequently used to control processes.

The analog processors obviously perform important specialized tasks. But the overwhelm-
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ing majority of all computers currently in use are digital ones.
Logic Circuits

The key part of the computer’s internal operations is done in the form known to us as the
information processing, and it is realized by means of the logic circuits that have been integrat-
ed within various functional units of our computer.

Our point should be made clear is that all the integrated circuits physical elements within
our computer can have only one of the two states: “On” or “Off”.

Logic, on organized method of reasoning, is used in decision making. To make logic deci-
sion with our computer, therefore, we have developed three basic logic circuits (called gates) :
the OR circuit, the AND circuit, and the NOT circuit.

The design of digital computers is based on a logical methodology called Boolean Algebra
which uses three basic operations: logical addition, called the OR function; logical multiplica-
tion, called the AND function; and logical complementation, called the NOT function. The
variables in Boolean algebra are binary, namely, the resulting variable of an operation or a set of
operations can have only one of the two values: One or Zero. These two values may also be in-
terpreted as being True or False, Yes or No, and Positive or Negative.

A switch is ideally suited to represent the value of any two — state variable because it can
only be “off” or “on”.

There are only three basic logic operations: the conjunction (logical product) commonly
called AND; the disjunction (logic sum) commonly called OR; and the negation commonly
called NOT.

So far, it can be seen that different combinations of switches ( the simplest electronic ele-
ment) may be used to construct our computer’s basic logic circuits.

The OR circuit has two or more inputs and a single output. The input and the output can
each be at one of the two states, 0 or 1. The OR circuit is arranged so that the output is in
state 1 when any one of the inputs is in state 1. We can list the various combinations of switch
states and the resulting output states. This list is known as a truth table, from which it can be
seen that all switches must be open (0 state) for the output 0 state.

This type of circuits is called an OR gate. It is used to make the logic decision on whether
or not at least one of several inputs is in the 1 state.

The AND circuit also has several inputs and only one output. However, the circuit output
is at a logical 1 state only if all inputs are in the logical 1 state simultaneously.

The AND gate makes the logic decision on whether or not several inputs are all in the 1
state at the same time.

The number of inputs to a gate is called the fan—in. There is only one output signal from
a gate, but it may be required that this signal be fed to several other logic gates. The number of
subsequent gates that the output of a particular gate can drive is called the fan —out.

The NOT circuit has a single input and a single output. It is arranged so that the output
state is always opposite to the input state. The operation of making the output state opposite to
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that of the input is called inversion, and a circuit designed to do this is known as an inverter.

Obviously, an inverter has one input and one output while a gate has at least two inputs

and one output.

As we have just mentioned above, there are only three basic logic operations and we can

have these three logic operations performed by the corresponding logic circuits. All functions

within a computer can be performed by combinations of these three basic logic operators.

Key Words
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Notes

1. The processor is the “brains” of the computer that has the ability to carry out our instruc-
tions or programs given to the computer.

BB RITEIN KW, © RE TR F RG4S HtE S .

A9, that 5] S K E B M A processor .,
2. Every time the computer is taking in or putting out data, it’s doing 1/0 using 1/0 devices,
which is also called peripheral devices.

BRI E U A S B BIRET, B 10 &R LI 1/0 HAE, X 5384 10 46 B3
#o
3. The analog processors obviously perform important specialized rasks. But theoverwhelming

majority of all computers currently in use are digital ones.

B BT R RERREEMN L NES. BE, BiS kSR EEERN
PRSP E L,



4. The design of digital computers is based on a logical methodology called Boolean Algebra
which uses three basic operations:-*
BWEHENNRTRETHRIGRAROBE TR, ERASFHELEZE -
4], which 51 F 8 E 18 W45 Boolean Algebra,
5. Obviously, an inverter has one input and one output while a gate has at least two inputs and

one output.

REZEMNELERTEA— L BAERRHEERERARD,
X BH) while 2“BR, RE"HER.

Exercises

1. Answer the following questions:

(1) How many parts does a computer system include?
(2) What is a digital computer?

(3) How many basic logic circuits have been developed?
(4) What are the three basic logic operations?

(5) What is the inverter?

2. Translate the following words and phrases:

A. From Chinese into English:

(1) &%
(2) 533,173
(3) BEEH, NELM
(4) ERE, - 2ZH

(5) HAEH
(6) BEH
(7) —M 8
(8) R

B. From English into Chinese:
(1) undertake

(2) accuracy

(3) by means of
(4) gate
(5) variable
(6) ideally

(7) inverter

(8) analog processor
3. Translate the passage into Chinese;

A system means a group of related parts working together. A digital computer system is
4




mainly composed of four parts: Input devices, Output devices, Memory and Central processing
unit (CPU) which can accept, store and process data or symbols and yield output results fast
under the indication of a series of instructions. After the CPU processing the information ac-
cepted by the input devices, the output devices give out the results users need.

Users hardly touch CPUs, but all of them have used the input devices. In PC systems,
users often touch keyboards, mouse, input pens, touch screens, microphones and others for di-
rect input. Regardless of their differences, they are components that make interpretation and
communication between users and computer systems. The storage devices, floppy disk drives
and hard disk drives, are commonly used for indirect input. Users have also employed a variety
of output devices such as monitors, printers and plotters which get the outcomes from the CPU
in machine — coded form and change them-into the forms users can understand. Hard disk
drives or floppy disk drives often record the results on disks for next or another machine input.
Some people prefer to call input/output devices and floppy and hard disk drives, monitors,
printers, plotters, etc, peripheral devices.

Traditionally, people accept that there are two kinds of computers: digital computers and
analog computers. The digital computers deal with numbers and symbols; the analog computers
are only concerned with quantities such as electrical currents or voltages. But nowadays, the
former will be more powerful and occupy the positions of the latter.

In the history of computers, there are a few development stages. Therefore, several com-
puter generations occur in the history.

The first electronic digital computer was borne in America in 1946 and its basic elements
were vacuum tubes. Through the 1950s, several others were built. They were the first genera-
tion of computers, huge, heavy, expensive and slow, as well as using much more power than
today’ s but they still made great contributions to computer science, such as the concepts of
stored programs, random access. They made a basic model of modern electronic computers.

The invention of transistors not only produced small portable radios, but also bore the sec-
ond generation of computers. They became small, light, less expensive, but they were not yet
small and cheap enough to enter families.

In 1960s, integrated circuits came. Integrated circuits meant that huge complicated cir-
cuits and millions of their elements were only made on a small semiconductor chip, they were
introduced into the third generation of computers. Their typical models were the system 360
line of IBM computers. Specially, large scale integrated circuits made digital computers so pop-
ular that most middle class families could easily afford them. It is why you can see PCs every-
where.

With the development of science and technology, biological computers and quantum com-
puters will emerge out in near future. New generations of computers will be borne.



Lesson 2 Central Processing Unit(CPU)

The CPU means the Central Processing Unit. It is the heart of a computer system. The
CPU in a microcomputer is actually one relatively small integrated circuit or chip. Although
most CPU chips are smaller than a lens of a pair of glasses, the electronic components they con-
tain would have filled a room a few decades ago. Using advanced microelectronic techniques,
manufacturers can cram tens of thousands of circuits into tiny layered silicon chips that work
dependably and use less power.

The CPU coordinates all the activities of the various components of the computer. It de-
termines which operations should be carried out and in what order. The CPU can also retrieve
information from memory and can store the results of manipulations back into the memory unit
for later reference.

The operations of computer system are controlled by CPU, which can be divided into two
functional units called the control unit(CU)and the arithmetic — logical unit{ ALU). The CPU
can perform only one operation at a time. Essentially ,numerically coded instructions are stored
in the computer’s high — speed storage,or primary storage. The CPU takes the instructions one
at a time and executes them. The numerical coding of the instruction tells the CPU which oper-
ation to perform and where the data upon which the operation is to take place is stored.

The function of the control unit within the central processor is to transmit coordinating
control signals and commands. The control unit is that portion of the computer that directs the
sequence or step — by — step operations of the system, selects instructions and data from memo-
ry, interprets the program instructions, and controls the flow between main storage and the
arithmetic — logical untt.

A control unit has the following components:

@ A counter that selects the instructions, one at a time, from memory.

@ A register that temporarily holds the instruction read from memory while it is being ex-

ecuted.

@ A decoder that takes the coded instruction and breaks it down into the individual com-

mands necessary to carry out.

@ A clock, while not a clock in the sense of a time — keeping device, dose produce marks

at regular intervals. These timing marks are electronic and very rapid.

Binary arithmetic( the kind of arithmetic the computer uses), the logical operations and
some special functions are performed by the arithmetic — logical unit. The arithmetic — logical
unit is that portion of the computer in which the actual arithmetic operations, namely, addi-
tion, subtraction, multiplication, division and exponentiation, called for in the instructions are
performed. It also performs some kinds of logical operations such as comparing or selecting in-
formation. All the operations of the ALU are under the direction of the control unit. The pri-

mary components of the ALU are banks of bistable devices, which are called registers. Their
6



purpose is to hold the numbers involved in the calculation and to hold the results, temporarily
until they can be transferred to memory. At the core of the arithmetic — logical unit is a very
high — speed binary adder, which is used to carry out at least the four basic arithmetic functions
(addition, subtraction, multiplication, and division). Typical modern computers can perform
as many as one hundred thousand additions of pairs of thirty — two — bit binary numbers within
a second. The logical unit consists of electronic circuitry which compares information and makes
decisions based upon the results of the comparison. The decisions that can be made are whether
a number is greater than(>), equal to{ =), or less than{< ) another.

Programs and the data on which the control unit and the ALLU operate, must be in internal
memory in order to be processed. Thus, if located on secondary memory devices such as disks
or tapes, programs and data are first loaded into internal memory.

The CPU executes each instruction in a series of small steps:

. Fetch the next instruction from memory into the instruction register.

Change the program counter to point to the following instruction.

. Determine the type of instruction just fetched.

If the instruction uses data in memory, determine where they are.

Fetch the data, if any, into internal CPU registers. 6. Execute the instruction.

Store the results in the proper place.

WL X B W N =

Go to step 1 and begin executing the following instruction.

This sequence of steps is frequently referred to as the fetch — decode — execute cycle. It is
central to the operation of all computers.

The other component in the CPU is the high — speed storage. Though some atypical ma-
chines can only perform manipulations on data residing in memory(e. g. to add two numbers,
both must be brought directly from memory to the two inputs of the adder circuit and their sum
sent back and stored in memory) , most machines provide a limited amount of high — speed stor-
age for those items of data being processed. Data have to be loaded initially into these high ~
speed CPU stores, but once there, they are available for subsequent manipulation. Calculations
can be performed with the intermediate results placed in the high— speed storage. Only the fi-
nal result needs to be stored back into memory. These high — speed stores are called registers.

Some CPUs have only a single register; most machines have 8 or 16. Data in registers can
be accessed much faster than data in memory.

Apart from the registers used for program data, the CPU contains other high — speed reg-
isters. There are anonymous registers in the arithmetic logic unit which hold data during ma-
nipulation and there are also registers in the control unit.

Most CPUs have a flags(or condition codes) register usually comprised of a number of 1 —
bit flags that encode various status information. Thus, there may be one bit that indicates
whether or not the last datum brought from memory, or generated by a data - manipulation op-
eration, was equal to zero. Another 1 - bit flag, if set, may indicate that the last arithmetic op-
eration generated a carry(just like doing addition when in school, sometimes a carry is generat-
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ed from one column to the next). Another 1 — bit flag may indicate that the CPU is running a
program in user mode in which there are some restrictions on the range of allowed instructions.
These various 1 — bit flags are collected together into a flag register. There will be instructions
that can test the settings of chosen flags.

Several manufacturers make CPU chips today. Intel makes the 8086, 80286, 80386 and
so on; and Motorola makes MC68020, MC68030, MC68040 and so on. Though different in
several ways, all the CPU chips do the actual processing inside the computer. The CPU also
sends signals which synchronize the operation of each component in the computer system. This
synchronization permits the system to perform thousands of operations a second. These opera-
tions are fairly simple (e.g. , adding two numbers together)but the speed at which they are
performed allows the computer breaks down complicated jobs into hundreds of simple steps.
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Notes

1. The control unit is that portion of the computer that directs the sequence or step ~ by — step
operations of the system, selects instructions and data from memory, interprets the program in-
structions, and controls the flow between main storage and the arithmetic — logical unit.
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