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Unit1 Hardware Knowledge

1.1 Hardware Basics

1.1.1 Text

Logic Circuits

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 multiplication,
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 interpreted 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”.

The OR circuit has two or more inputs and a single output. The inputs and the output can each
be at one of 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 O 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 circuits 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 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 that of the
input is called inversion, and a circuit designed to do this is known as an inverter.

Combinational Circuit

A combinational circuit is a connected arrangement of logic gates with a set of inputs and
outputs. At any given time, the binary values of the outputs are a function of the binary combination
of the inputs. A block diagram of a combinational circuit is shown in Fig. 1-1. The n binary input
variables come from an external source, the m binary output variables go to an external destination,
and in between there is an interconnection of logic gates. A combinational circuit transforms binary
information from the given input data to the required output data.



- ——
7 Input : Combinational circuit : m output
variables : : variables

—y DU

Fig. 1-1 Block diagram of a combinational circuit

A combinational circuit can be described by a truth table showing the binary relationship
between the n input variables and the m output variables. The truth table lists the corresponding
output binary values for each of 2" input combinations. A combinational circuit can also be specified
with m Boolean functions, one for each output variable. Each output function is expressed in terms
of the n input variables.

Flip-Flop and Clock

Microprocessors employ both latches and flip-flops. The basic RS latch, or the basic D latch, is
not a flip-flop because it is an asynchronous device (it is un-clocked). That is, a latch functions at
arbitrary times, whenever data pulses may be inputted. On the other hand, we will see that a flip-flop
is a synchronous device; it is clocked, and it can change state only on arrival of a clock pulse. Clock
pulses are basically square waves; they may have a very low repetition, or they may have a very high
repetition rate.

Note that the simple arrangement depicted in Fig. 1-2 operates as a flip-flop, in as much as the
RS latch function is locked in step with the clock input. This is active-low configuration; the R and S
outputs can be complemented only while the clock is logic-low. A clock input is a steady
square-wave signal.

S

— Q _
set output —S Qp——
Cl -
Clock input «n C1 9
—4dR Qo——
— Q
R reset output

Fig. 1-2 RS flip-flop ’

Shift registers

A register capable of shifting its binary information in one or both directions is called a shift
register. The logical configuration of a shift register consists of a chain of flip-flops in cascadé, with
the output of one flip-flop connected to the input of the next flip-flop. B1 AR flip-flops receive
common clock pulses that initiate the shift from one stage to the next.

The simplest possible shift register is one that uses only flip-flops, as shown in Fig. 1-3. The
output of a given flip-flop is connected to the D input of the flip-flop at its right. ‘The clock is
common to all flip-flops. The serial input determines what goes into the leftmost position during the
shift. The serial output is taken from the output of the rightmost flip-flop.

020



Sreial input

D
E> C rp c r c rb c
Clock . d

Serial output

Fig. 1-3  4-bit shift register

Sometimes it is necessary to control the shift so that it occurs with certain clock pulses but not
with others. ™ This can be done by inhibiting the clock from the input of the registers if we do not
want it to shift. When the shift register of Fig. 1-3 is used, the shift can be controlled by connecting
the clock to the input of an AND gate, and a second input of the AND gate can then control the shift
by inhibiting the clock. :

A register capable of shifting in one direction only is called a unidirectional shift register. A
register that can shift in both directions is called a bi-directional shift register. Some shift registers
provide the necessary input terminals for parallel transfer. The most general shift register has all the
capabilities listed below. Others may have some of these capabilities, with at least one shift
operation.

® An input for clock pulses to synchronize all operations.

A shift-right operation and a serial input line associated with the shift-right.

A shift-left operation and a serial input line associated with the shift-left.

A parallel load operation and n input lines associated with the parallel transfer.
N paraliel output lines.

A control state that leaves the information in the register unchanged even though clock
pulses are applied continuously.

Key Words
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bi-directional XX [ B
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combinational circuit HA R
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variable RE, "R
Notes

[1] 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 multiplication,
called the AND function; and logical complementation, called the NOT function.

A H)H i “digital computers” YEFETE, M “design”, i “which uses three basic...” 2
EEMA], 1B “Boolean Algebra”.

P FE I E LR E T RO R BB BTk, ERASMELREH. BEM,
PRk “BR” Thek: BEIE, KA 57 Thek, MEESKR, B “IE7 ThRk.

[2] The OR circuit is arranged so that the output is in state 1 when any one of the inputs is in
state 1.

fJH “sothat” 513 BHPRIE, “when” 5| F KRR EPRIEMNA).
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[3] The logical configuration of a shift register consists of a chain of flip-flops in cascade, with
the output of one flip-flop connected to the input of the next flip-flop.

IA) ) “with the output of one flip-flop connected to the input of the next flip-flop” &ML
IR, PR BREEN .
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[4] Sometimes it is necessary to control the shift so that it occurs with certain clock pulses but
not with others.

AR “it” REATIE, “to control the shift” REIEFXE, sothat 51 FRIEMA].
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1.1.2 Exercises

1. Translate the following phrases into English
(1) R-S fil & 2%
(2) T LR RAE
(3) g
COR-EVL: IR
(5) Z#HUER
(6) RI%, 3
e 4



(7 ARARH

(8) W 4phka

2. Translate the following phrases into Chinese

(1) digital computer

(2) truth table

(3) logic decision

(4) synchronous device

(5) square wave

(6) parallel output

(7> flip-flop

(8) gated latch

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

(1) A shift-left operation and a serial input line associated with the shift-right.

(2) Clock pulses are basically square waves.

(3) A register that can shift in both directions is called a unidirectional shift register.

(4) The R and S outputs can be complemented only while the clock is logic-high.

(5) The output values are a function of the combination of the inputs in a combination circuit.

(6) The OR circuit has two or more inputs and a single output,

(7) An OR gate is used to make the logic decision on whether or not at least one of several
inputs is in the 1 state.

4. Reading Comprehension

P may have a very low repetition, or they may have a very high
repetition rate.

a. Clock pulses

b. Data

¢. Input signals

d. Output signals

(2) The has a single input and a single output.
a. AND circuit

b. OR circuit

¢. NOT circuit

d. Logic circuit

(3) A combinational circuit transforms information from the given input
data to the required output data.
a. hexadecimal

b. binary

c. octal

d. decimal

(4) The output of is at a logical 1 state only if all inputs are in the

logical 1 state simultaneously.



an OR circuit

a NOT circuit
an AND circuit
Logic gates

1.1.3 Reading Material

RISC Technology

The RISC methodology is based on a top-down approach guided by a set of architectural design
criteria. The major goal is to reduce the semantic gap between the hardware machine and the
application level, while maximizing the execution speed. Therefore, the first step in the RISC design
methodology is to make a detailed and careful analysis of application codes in order to discover the
most frequent operations. This analysis must be done on a large amount of program codes rélated to
the selected application field. Examples of the latter were mainly in the past: C programming,
symbolic processing and signal processing. Then, the study of the highly frequent operations enables
the designer to determine the instruction set architecture. The next step is then to verify that each
instruction can fit in the basic RISC architecture model without increasing the cycle time. The real
keys to enhanced performance are single-cycle execution and keeping the cycle-time as short as
possible. Remember that choice of a given implementation technology and related software tools
also significantly influence the design.

The following nine points are the RISC design criteria.

Relatively few instructions and single-cycle operations for every instruction.
Few addressing modes and a fixed instruction format.
Hardwired control without micro-code.

Migration of complex functions to software.

wnm W N -

Only Load and Store instructions should reference external memory.

6. Each instruction must fit a pipelined model that allows parts of several operations to be
processed at the same time.

7. Delayed-branches enable conditional and unconditional jumps to execute without flushing
the pipeline.

8. The architecture must have at least 32 general-purpose registers and large cache mémories.

9. The architecture must be tailored for a dedicated application field and must support
high-level languages.

The major tenet of RISC states that much of the static runtime complexity can and should be
handled prior to runtime by an optimizing compiler. Then, the resulting hardware architecture must
be quite simple to ensure single-cycle execution for every instruction and small clock cycle. Note
that all these features, particularly pipelining and high-performance memories, have been used in
supercomputer designs for many years. Remember that the main advance of RISC was to integrate
all these ideas into a single architecture model, coupled with a coherent top-down methodology.

Finally, what is the major difference between a RISC microprocessor and a CISC one? RISC
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refers to a new design methodology that indicates a new relationship between hardware and software,
rather than a set of technical features. In fact, the effect of the RISC approach on computer design is
far more than just a collection of methods to run the CPU faster. In this sense, the term “Reduced
Instruction Set Computer” is somewhat misleading. The real goal of RISC design definitely is not to
arbitrarily reduce the number of instructions. Rather, the main objective is to create a high-speed
computer by making the software system to match the hardware. The main goal of CISC designs
was to reduce the number of instructions for executing programs. Rather, RISC tries mainly to
reduce the average number of clock cycles per instruction (CPI). Both architectures want also to
increase the clock-rate by using high-speed technologies, however RISC provides a greater
performance improvement since its reduced complexity enables it to be fabricated earlier in such
technologies.

Other microprocessor architects join the RISC faithful or not, they have been influenced by the
RISC methodology: as an example, the Motorola’s 68030 has already acquired some of its features.
The force of RISC is that it is based on a true design methodology pushed by advances in compiler
technology. Within RISC, teams of hardware engineers and compiler architects work together to
forge a unified design: one that will minimize the hardware complexity by integrating in hardware
only such instructions that are justified by their occurrence in program trace analysis.

1.2 Central Processing Unit

1.2.1 Text

A computer can solve a 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 people in dull, 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 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 contain 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 determines
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 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/or logical operations on the information, and then
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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. f2} '

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, multiplication, division 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, is 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- and microcomputers. A
processor is composed of two functional units: a control unit and an arithmetic / logic unit, and a set of
special workspaces called registers.

The control unit

f

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 carry 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
determine if they are not equal. If they are equal, processing will continue; if they are not equal,
processing will stop.

Registers

A register is 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
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