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Unitl Hardware Basics

1.1 Central Processing Unit

1.1.1 Text

The hardware of a digital computer system 1s divided into four functional sections. The block
diagram of Fig. 1-1 shows the four basic units of simplified computer: the input unit, central

processing unit (CPU), memory unit, and output unit. Each section has a special function in terms of

Central processing unit
Input devices [nput/Output processor Output devices

Fig. 1-1 Block diagram of a digital computer

overall computer operation.

The CPU is the heart of the computer system. It is responsible for performing all arithmetic
operations and logic decisions initiated by the program. In addition to arithmetic and logic functions,
the CPU controls overall system operation.

The input and output units are the means by which the CPU communicates with the outside
world. The input unit is used to input information and commands to the CPU for processing. For
instance, a keyboard can be used to input a new program. After processing, the information results
must be output. This output of data from the system is performed under control of the output unit.
The memory unit of the computer is used to store information such as numbers, names and addresses.
In the computer system, memory is divided into two different sections, known as main storage and
auxiliary storage.

A computer can solve series of problems and make hundreds, even thousands of logical
decisions without becoming tired or bored. It can find the solution to a problem in a fraction of the
time, it takes a human being to do the job. A computer can replace human beings in dull and routine
tasks, but it has no originality; it works according to the instructions given to it and cannot exercise
any value judgements. But a computer can carry out vast numbers of arithmetic logical operations
almost instantaneously.

The CPU in a microcomputer is actually the 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
contain would have filled a room a few decades ago.'! Using advanced microelectronic techniques,
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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 determines which operations should be carried out, and what is the 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 basic job of computers is the processing of information. For this reason, computers can
defined as devices which accept information in the form of instructions called a program and
characters called data, perform mathematical and logical operations on the information, and then
supply results of these operations. The program, which tells the computers what to do and the data,
which provide the information needed to solve the problem, are kept inside the computer in a place

called memory. 2

Computers are thought to have many remarkable powers. However, most computers, whether
large or small, have three basic capabilities.

First, computers have circuits for performing arithmetic operations, such as addition,
subtraction, division, multiplication and exponentiation.

Second, computers have a means of communicating with the user. After all, if we couldn’t feed
information in and get results back, these machines would not be of much use.

Third, computers have circuits which can make decisions. The kinds of decisions which
computer circuits can make are of the type: Is one number less than another? Are two numbers equal?
And, i1s one number greater than another?

A CPU can be a single microprocessor chip, a set of chips, or a box of boards of transistors,
chips, wires, and connectors. Differences in CPUs distinguish mainframes, mini-computers and
micro-computers. A processor 1s composed of two functional units: a control unit and an arithmetic/

logic unit, and a set of special workspaces called registers.
The control unit

The control unit is the functional unit that is responsible for supervising the operation of the
entire computer system. In some ways, it is analogous to a telephone switchboard with intelligence
because it makes the connections between various functional units of the computer system and calls
into operation each unit that is required by the program currently in operation. The control unit
fetches instructions from memory and determines their type or decodes them. It then breaks each
instruction into a series of simple small steps or actions. By doing this, it controls the step-by-step

operation of the entire computer system.

The Arithmetic/Logic Unit

The Arithmetic/Logic Unit (ALU) is the functional unit that provides the computer with logical
and computational capabilities.””) Data are brought into the ALU by the control unit, and the ALU
performs whatever arithmetic or logic operations are required to help carrying out the instructions.
Arithmetic operations include adding, subtracting, multiplying, and dividing. Logic operations make

a comparison and take action based on the results. For example, two numbers might be compared to
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determine if they are not equal. If they are equal, processing will continue; if they are not equal,
processing will stop.

Registers

A register 1s a storage location inside the processor. Registers in the control unit are used to
keep track of the overall status of the program that is running. Control unit registers store
information such as the current instruction, the location of the next instruction to be executed, and
the operands of the instruction. In the ALU, registers store data items that are added, subtracted,
multiplied, divided, and compared. Other registers store the results of arithmetic and logic

operations.
Instruction

An instruction is made up of operations that specify the function to be performed and operands
that represent the data to be operated on. For example, if an instruction 1s to perform the operation of
adding two numbers, it must know what the two numbers are and where the two numbers are. 4]
When the numbers are stored in the computer’s memory, they have an address to indicate where they
are, so if an operand refers to data in the computer’s memory;, it 1s called an address. The processor’s
job is to retrieve instructions and operands from memory and to perform each operation. Having
done that, it signals memory to send it to the next instruction.

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.

[f the instruction uses data in memory, determine where they are.
Fetch the data into internal CPU registers.

Execute the instruction.

~J N D B~ W N -

Store the results in the proper place.

Go to step 1 to 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. This step-by-step operation is repeated over and again at awesome
speed. A timer called a clock releases precisely timed electrical signals that provide a regular pulse
for the processor’s work. °I The term that is used to measure the computer’s speed is borrowed from

the domain of electrical engineering and is called a megahertz (MHz) which means million cycles

per second.
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Notes

[1] Although most CPU chips are smaller than a lens of a pair of glasses, the electronic
components they contain would have filled a room a few decades ago.

A “Although” 5| FikZARiEM ], “the electronic components” 1E 1.
X : BARKZEH CPU DR E—HRIBEREC/D, HIEESHEFUHELHERHEE
w5 (8] o

2] The program, which tells the computers what to do and the data, which provide the

information needed to solve the problem, are kept inside the computer in a place called memory.
X B FFiE &2 “the program and the data”, B which 5|3/ E1EMNAI D HEM the

program #1 the data.

I BRFFRER R IRAvEENLAT TAE, W W2 A vk a] SRR A ) B & 115 B

P AR e E AT T 2 2
[3] The Arnthmetic/Logic Unit (ALU) 1s the functional unit that provides the computer with

logical and computational capabilities.

AAJH “that” 5| S EiEMNA], B “the functional unit”.,
X EREHHEIT (ALU) 2AEVRAESE A HEEE 1R ZhEe 14

[4] For example, if an instruction is to perform the operation of adding two numbers, it must

know what the two numbers are and where the two numbers are.
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X B [¥] “what the two numbers are and where the two numbers are” {EE1E, © BB IH5
R ZH K o
BEIC: B, —FIEEEAMEAMBIERYE, e maE: IR NMERtA? XA
BAEWR)L?

[5] A timer called a clock releases precisely timed electrical signals that provide a regular pulse
for the processor’s work.

)] “that provide a regular pulse for the processor’s work” &/ electrical signals.
VEX: MR “BEERT BV S ERR LR L E R S, 1215 5 0 B A TAEIR LA M
HHIK P E S

1.1.2 Exercises

1. Translate the following phrases into English

(1) SERCH &

(2) BFE—1FEE—3AT
(3) HERZHEEZEH
(4) THHEFHEAR

(5) A IUHEVARSE
(6) % B FdEas

(7) THEX

(8) B IEK

2. Translate the following phrases into Chinese

(1) Central Processing Unit

(2) functional unit

(3) current instruction

(4) instruction register

(5) program counter

(6) electronic components

(7) input information and commands

(8) Arithmetic/Logic Unit

3. Identify the following to be True or False according to the text

(1) A computer can replace people to do all kinds of work.

(2) In the ALU, registers store data items that are added, subtracted, multiplied, divided, and
compared.

(3) Registers in the control unit are used to keep track of the overall status of the program.

(4) Inthe ALU, registers only store the results of arithmetic and logic operations.

(5) Aregister is a storage location inside the processor.

(6) ALU fetched instructions from memory and determines their type.

(7) To store the results in the proper place is done by ALU.

(8) The term that is used to measure the computer’s speed is borrowed from the domain of

electrical engineering.
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4. Reading Comprehension

(1) A processor is composed of two functional units, they are

a. an arithmetic/logic unit and a storage unit
b. a control unit and some registers

c. a control unit and an arithmetic/logic unit
d. some registers and an arithmetic/logic unit

(2) The control unit fetches from memory and decodes them.

a. data

b. information
c. results

d. 1nstructions

(3) is a storage location inside the processor.

a. A register
b. ALU

c. Control unit
d. Memory

(4) The CPU executes each instruction in a series of steps, the sequence is

a. execute-fetch-decode
b. fetch-decode-execute
c. decode-execute-fetch

d. fetch-execute-storage

1.1.3 Reading Material

Microprocessor

Microcomputer, or micro for short, is a kind of computer. It was born in the early 1970s. The
computer’s brain is called the microprocessor. That’s the main chip in a computer that does all the
work. It’s also the center of activity on the motherboard. It interprets and executes the instructions
which comprise a computer program. The CPU consists of an arithmetic unit and its associated
circuitry, known as the arithmetic and logic unit, and an instruction counter and decoder. 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 operation to
perform and where the data upon which the operation is to take place is stored.

The central processor of the micro, called the microprocessor, 1s built as a single semiconductor
device; that 1s, the thousands of individual circuit elements necessary to perform all the logical and
arithmetic functions of a computer are manufactured as a single chip. A complete microcomputer
system 1s composed of a microprocessor, a memory and some peripheral equipment. The processor,
memory and electronic controls for the peripheral equipment are usually put together on a single or

on a few printed circuit boards. Systems using microprocessors can be hooked up together to do the
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works that until recently only minicomputer systems were capable of doing. Micros generally have
somewhat simpler and less flexible instruction sets than minis, and are typically much slower.
Similarly, minis are available with much larger primary memory sizes. Micros are becoming more
powertful and converging with minicomputer technology.

The microprocessor 1s essentially a small calculator. It does basic calculator like things—adding,
subtracting, multiplying, and dividing values stored in the computer’s memory. Computer programs
tell the microprocessor what to do, which is how everything works inside a PC.

Other terms for the microprocessor include the processor, the central processing unit (CPU),
and the number of the microprocessor, such as 8088, 80286, 80386,80486, and so on. (Note that
although there are many numbers/names for a microprocessor, those above are the most
common.)There are three main varieties of microprocessors for PCs: the 8088/8086, the 80286, or
AT microprocessor , and the 386 tamily of microprocessor . There is no 586 microprocessor. Instead
of calling it a number, the company that manufactured it(Intel)called it the Pentium. It’s the micro
part of microprocessor that led old-time computer users to call PCs microprocessor. This may have
applied to the first microprocessor, but today’s powerhouse PCs are anything but micro.

How can you tell which microprocessor your PC has? The best way is to look at the label,
which probably has a microprocessor number 1n it: 386 and 486 are common. And, as a last resort,
you can use PC diagnostic software to figure out which microprocessor you have. The latest
offspring in the 386 families are the Pentium computers, which would have been called 586
computers. The Pentium 1s basically a fast, all-powertul 386. About a year after the first Pentium
microprocessor came out, a small problem was discovered, the Pentium had a problem doing math.
Specifically, a division problem, when two particular numbers were divided, the Pentium produced a
result that wasn’t quite accurate. Intel quickly admitted to the mistake and offered replacement
Pentiums. Then they fixed the problem and any new Pentiums that came rolling out of the factory
were doing much better in math. Now there’s nothing more to worry about.

1.2 Memory

1.2.1 Text

A memory cell is a circuit, or in some cases just a single device, that can store a bit of
information. A systematic arrangement of memory cells constitutes a memory. The memory must
also include peripheral circuits to address and write data into the cells as well as detect data that are
stored 1n the cells.

Two basic types of semiconductor memory are considered. The first 1s the Random Access
Memory (RAM), a read-write memory, in which each individual cell can be addressed at any
particular time. The access time to each cell is virtually the same. Implicit in the definition of the
RAM 1is that both the read and the write operations are permissible in each cell with also
approximately the same access time.

A second class of semiconductor memory is the Read-Only Memory (ROM). The set of data in

this type of memory is generally considered to be fixed, although in some designs the data can be
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altered. However, the time required to write new data 1s considerably longer than the read access
time of the memory cell. A ROM may be used, for example, to store the instructions of a system
operating program.

A volatile memory 1s one that loses its data when power is removed from the circuit, while
nonvolatile memory retains its data even when power is removed. In general, a Random Access
Memory is a volatile memory, while Read-Only Memories are nonvolatile.

Two type of RAM are the static RAM (SRAM) and dynamic RAM (DRAM). A static RAM
consists of a basic bi-stable flip-tflop circuit that needs only a dc current or voltage applied to retain
its memory. Two stable states exist, defined as logic 1 and logic 0. A dynamic RAM is an MOS
memory that stores one bit of information as charge on a capacitor. Since the charge on the capacitor
decays with a finite time constant (milliseconds), a periodic refresh is needed to restore the charge so
that the dynamic RAM does not lose its memory.

The advantage of the SRAM 1s that this circuit does not need the additional complexity of a
refresh cycle and refresh circuitry, but the disadvantage is that this circuit is fairly large. In general, a
SRAM requires six transistors. The advantage of a DRAM is that it consists only one transistor and
one capacitor, but the disadvantage 1s the required refresh circuitry and refresh cycles.

There are two general types of ROM. The first 1s programmed either by the manufacturer (mask
programmable) or by the user (programmable, or PROM). Once the ROM has been programmed by
either method, the data in the memory are fixed and cannot be altered. The second type of ROM may
be referred to as an alterable ROM 1n that the data in the ROM may be reprogrammed 1f desired.
This type of ROM may be called an EPROM (erasable programmable ROM), EEPROM (electrically
erasable PROM), or flash memory. As mentioned, the data in these memories can be reprogrammed
although the time involved is much longer than the read access time. In some cases, the memory
chip may actually have to be removed from the circuit during the reprogramming process.

The basic memory architecture has the configuration shown in Fig. 1-2. The terminal
connections may include inputs, outputs, addresses, and read and write controls. The main potion of
the memory involves the data storage. A RAM memory will have all of the terminal connections

mentioned, whereas a ROM memory will not have the inputs and the write controls.

[nputs

.

- Read
Addresses :

Write

iiiiii

Fig. 1-2 Basic memory architecture

Computer memory is measured in kilobytes or megabytes of information. A byte 1s the amount
of storage needed to hold one character, such as a letter or a numeric digit. One kilobyte (KB) equals
1024 bytes, and one megabyte (MB) is about 1 million bytes. Software requires the correct amount
of RAM to work properly. If you want to add new software to your computer, you can usually find

the exact memory requirements on the software packaging.
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