% define CPU and its components (ALU, CU, Registers, Car:_he and
Internal Buses).

» describe the functions of general purpose and special purpose
registers.

» explain system bus and its types.
> define instruction and its types.
¥ explain instruction format.
" ¥ describe instruction cycle (Fetch, Decode and Execute).
» describe CISC and RISC architecture.
» differentiate between Intel and AMD processors.

Control it
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all parts - of the Com

instructions but alsg controls the Storage of ¢

functions of different
processor.

ata,
devices attached. cpy is alg

. 3.1.1 Basic Components of CPU
CPU consists of the followi
a. Arithmetic and Logic
b. Control Unit (CU)
C. Registers
d. Cache
€. Internal Buses

Ag basic components.
Unit (ALU)

days Cpysg have more than one ALUs that can do th
Neously in order to improve the efficiency of computer syst

b. Control ynit (Cu)

sj
Multg em.

anages the functions performed by different parts of

rdinates and controls the overall computer system, just like
rEEE—

the operations of the computer.
Puter. CPU not only execute
input output activities and
0 called microprocessor or
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oniro - m instructions, controls
nges the storage and

brain controls the human body. It executes the progra
and directs the input, informs ALU for processing, arra
directs the data to the output device.
Control unit is responsible for directing the flow
the CPU. It directs the operation of the other

control signals. The control unit contains the necessary
ecessary for the execution of those

of instructions and data within
units by providing timing and
logic to interpret

instructions and to generate the signals n
instructions. The descriptive words "fetch” and "execute” are used to describe

the actions of the control unit. It fetches an instruction by sending an address
and a read command to the memory unit. The instruction at that memory
address is transferred to the control unit for decoding. It then generates the

necessary signals to execute the instruction.

c. Registers
Registers are small memory devices available in the CPU. These are used to
store data temporarily. CPU registers are at the top of the memory hierarchy,
and provide the fastest way for a CPU to access data. Each register is
designed for a special purpose and the size of each varies. Registers are
measured by the number of bits

they can hold, like 8-bits, 16 bits or ALU Control
a 32-bits register. Processor ?zﬁ’n?pa.ﬂﬁ-."‘; CQHr:};ta" 3
contains different kinds of registers G

and is classified according to their

i a
V¥ Registers "

content or instructions. CPU Warkspace
registers are divided into two main
: types.
" » General Purpose Registers RAM ROM
i *_Special Purpose Registers =
j A Figure 3.1 CPU Registars
e ’-
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processor. Cache

microprocessor speed and jts usage

There are different levels of cache memq
ry.
Level 1 (L1) Cache memory resides inei

tside the microprocessor, it is slow as

from rest of the memories. If data or
memory then microprocessor will look in

Compared to Level 1 cache but fast

to Level 2 cache memory,

3 Figure 3.2 Cache memory
+ Interng Buses
u's iS a 8
Ubsystem
ik that transfers data between computer components inside

er. Int
emal bus connects alf the components of computer to the
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= as n internal
motherboard, An internal bus enables communication betwee

[
components such as a computer video card and memory. ||

Figure 3.3 internal buses

Modern computer buses can use both parallel and serial-bit connections.
Parallel buses are those which carry data in parallel on multiple wires
(Conventional PCI, Extended ISA, PCI-104) and serial buses are those that
carry data in serial-bit form (PCI Express, SATA). The buses size in computers

are from B-bits to 128 bits.

T e R R
3.1.2 Types of Registers

e .

Registers are categorized into two types according to their purpose and
function.

» General Purpose Registers

* Special Purpose Registers
a. General Purpose Registers

General purpose registers are ysed to store data as well as addresses. They
are combined data and address "egisters. These registers are used fof

L it -l e T A e By L
x _‘_.11__.___..'5_1; 'l'&.‘ﬁ _‘h:’-l 3 l,. o R L
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-3 Central Frocesainq Umnit

i.  Accumulater (AX)
il. ~ Data Register (DX)
iii. ~ Base Register (BX)
iv. Counter Register (cx)

- 16-bit AX register

8-bit AH register 8-bit AL register

16-bit BX register

8-bit BH register | 8-bit BL register
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Y being exe, ol unit, whick Stores the instrucy
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ill de ent the value - ; ; cu :
d will decrern instruction regise, ,te'i Each instruction to be execut
i Cuted is loaded into
the

8-bit registers (CH and because it holds th
. ; € Current instructi
Uction being ex
ecuted.

Counter Register (CX)
g instructions.

Eil.
The Counter Register acts as a counter
The instructions given are automatically repeated an

of CX and quits when it is equal to 0. It consists i

CL) which can be combined and used as @ 16-bit register CX. W, M
_ i. iemiory Addrage Register (m

gister (MAR)

for repeating or loopin

i ; .0
| m ::.'ri'};,l ’;ddress Register hojgs the m
ch data will be provideq o 1he oy,

16-bit CX register

8-bit CH register | 8-bit CL register
addressed by MAR js
de h'ltﬂ the M
;2‘;?5 thl’ :hehCPu. When writing to ,:;L"‘I:?m:rv
er to the 2 , the
memory location whose address is stored in M
N MAR. 8o, in both

reading and writing, it is holgj
. g, it is holdin
data is to be read or storeg g the address of the memory location where th

: e

iv. Data Register (DX)
Data Register has a special role in multiply and divide operations. It works like
a buffer and holds anything that is copied from the memory ready for the
processor to use it. It also consists of two 8-bit registers (DH and DL) and can
be combined to work as a 16-bit register. In Input/Output (I/O) operations DX . |, lii. Memory Buffer Rewi

Voour negistar (MBR)

register can be used as a port number. The M.
il s:'lor}' Buffer Register actually holds the content f 4
S of the memory which

moved from mem
8]
ry to other components or from compaonents to th
]

BIBAB. oot
© Mmemory,
S0 D s Y. In order to store 4 word it must be trans
; Om here it wijj nsterred to the MBR a
o nd
8-bit DH register | 8-bit DL register allowing th 90 10 the specific memory location It fen
9 the processor and memory units t Pl |
. . 0 act indepen
b. Special Purpose Registers W Progrs RO
These registers hold th P dram Counter (PC)
ISIErs no .
instructiug bl m;n state of a program. They include program counter. cc}rcgran‘l Counter is also know
’ 0 reni F i -
O ry address register and memory buffer registers: Mputer processor that n as Instruction Pointer. It is a register in a
g y control unit to control the operatio the bein, contains the address (locatj i i
Opaisling SYSBI prograis tb;coni ions of CPU and by 1'd executed at the . cation) of the instruction
control the execution of the programs. Followind | Program Cﬂunt' Current time. As each instruction gets fetched, the
er ; )
increases its stored value by 1. After each instruction is

. are the special purpose registers
- fetcheq
: the progra
M counter points to th i
e next instruction in the sequence.
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ation is transferred a
ssing unit to

A bus is a data communication path over which inform
byte or word at a time. System bus connects the central proce

v de u
main memory on the motherboard. The majority of system i m; th .
of 50 to 100 distinct lines for communication. The system bus consists ree

types of buses.

a. Data Bus
b. Address Bus
¢. Control Bus

a. Data Bus

Data bus is the bidirectional bus. It can communicate in two ways, but in one
direction at a time. It handles the transfer of data and instructions. The data

bus is used to transfer instructions from memory to the CPU for execution. It
carries data (operands) to and from the CPU and memory as required. It is
also used to transfer data between memory and /O devices during input
output operations. A typical data bus is 32-bits wide. This medns that up to 32-
bits of data can travel through a data bus every second. New mmputefs have
64-bit data buses and even more. : SIS

b. Address Bus

Address bus carries addresses.not data. An address is defined as a label,
symbol, or other set of characters used to designate a location or register
where information is stored. Before data or instructions can be written into or
read from memory by the CPU or I/O sections, an address must be transmitted
to memory over the address bus. The number of lines on the bus determines
the number of addressable memory elements. For example an 8-bit bus can
represent 2° i.e. 256 unique addresses. A 16-bit bus can address 65536
unique addresses.

o

| Program ;
| 9"M s represented by

Bus o

The control byg
S used p y
. other functiona Wiy ¥ the CPU to dirgct and monitor the actions of

c. Controj ing Unjt

35

’ . f the ) *ha
individual signajs (Fead. v Computer, |t js Used to transmit a variety

_ write, | o

*  and coordinate the oo ntErrupt acknowredge) Necessary to contrgl
810 16 bils.. Ofthe computer. The gize of control bus is fro

m

Central Processin,
Unit ’

Memaory

Control
Bus

Input/output

Figure 3.4 System Buses
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r steps that CPUs use in

their operation,

computer memory. There are fou
these are fetch, decode, execute .'_md store.

nd their types
: computer to

s a group of bits that tells the
n elementary gperation that the
d in the main memory, waiting

324 Instructions a
An instruction (or instruction code) i

perform a specific operation. Instruction is al

ssor can accomplish. Instructions are store
ion has two fields:

action that the processor

proce:
* to be processed by the processor. An instruct

Operation code, which represents the

.
execute.

« Operand code,
operand code depends on th
address. -

which defines the parameters of the action. The
e operation. It can be data or a memory

.

Operand code

Operation code

There are different types of instructions.
a. Data Transfer Instructions
b. Data Processing Instructions
c. Program Control Instructions

d. Miscellaneous Instructions

a. Data Transfer Instructions

Most of the operations of the CPU are data transfe}ﬁng. These instructions aré
used when the data needs to be moved from memory location to register.
These instructions transfer data from one location in the computer to another
location without changing the data content. The most common transfers are
between:

¥

e Y P
R L VN

Computey Science

Al

Errir- 3 Cantral Proce
| i cos il !E;’::rlfj Uni
* Tegisters ang memory, .”
* registers and |10 '
* registers tg registers
Examples of sg
me com
o mon data transfer Instructions are MOV LOAD
and

obtain the data to perform a com

of a computation. putation on it later,

or to store the result l

Example:

p .MCW A, B (Move the contents of register A to
LOAD (LD) instruction loads particylar
Example: LD A (Load the data to reﬁis

STORE (STO) instruction stores
location,

B) |
register contents from memory

ter A ffom memoqr:l

information from register to memory

b. Data Processing instructions

divided intg

.The four basic o

Possible  operatio
eXampy|

thre ; : i
e basic types, i.e. arithmetic, logical and shift instructions

Arithmetie Instructions

perations are ADD, SUB, MUL and DIV. An arithmetic

Bratle on fixed-point data, binary or decimal data. The other

ns include a variety of single-ope i i

e gle-operand instructions, for
ESOLUTE. NEGATE, INCREMENT, DECREMENT.
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The execution of arithmetic instructions requires bringing the aperamlijs iré th:
operational registers so that the data can be processed by ALL: -

functionality is implemented generally within instruction R om SIS

ii. Logical Instructions
AND, OR, NOT, XOR operate on binary data stored in registers.
iii. Shift Instructions
Shift operation is used for transfe
operand.
¢. Program Control Instructions
These instructions specify conditions for altering the sequence of program
execution or in other words the content of PC (program counter) register.
Program control or transfer of control is a way of altering the order in which
statements are executed. There are & number of instructions used like JMP
(Jump) and LOOP.

+ The JMP instruction jumps to begin the execution at another

_ location.
« _The LOOP instruction is used when number of statements are to be

r of bits either to the left or to the right of an

repeated.

jon Format -

Lo

I

An instruction format defines the layout of the bits of an instruction. An
instruction format must include an Op-code (Operation-Code) and zero of
more Operands. The Op-code will always be present.

« Op-Code

e Operand
Op-Code field of an instruction is a group of bits that define various processor

operations such as LOAD, STORE, ADD, and
: » ADD, and SHIFT to
some data stored in registers or memory. . be: performed on

Unit- 3 Central Processing Unil
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Computer g
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Operand addregs f; Sl ol R o F;m“e“iﬂg Unit
iel T et
. or can be labels wm:hf:an be data, or can refer to gata _ i —
—_— may be the address S e — I.e. address of data,

Zero-Adcfress Instruction

One-Address Instruction

Two-Address Instruction

- & Zero Addre
&, &ero Address Insiruction

Example:

STOP

b. 3:!'_'? A oeled

e, noaress Instruction
ddress j ion
Eoitie . efnstructlon format requires one op-code and one
One address instruction format is LDA (Load Accuopel‘rand‘
mulator),

d|
_AUMP
ructions require one addr
ik ; ess to do the operation.
Quires one address in order to jump to that specific paddr::s

ump) etc. These inst

Like JMP re
location,

(2]
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¢. Two Address Instruction

Two Address instruction format require
Example of such instruction format is the MOV (Mo

the memory location to the register and from register

« one op-code and two operands.
e), which moves data from

to the memory location.

O civiiiviiiiitily Bosasamdension 16 B0)....veisessisecsssi3 1 DItS
Op-Code- Operand Operand
|
' |
Example: ADDA,B = ‘
& oo |

3.2.3 Instruction Cycle

Instruction cycle (sometimes called fetch-and-execu
execute cycle) is the basic operation cycle of a computer. It is the process by
which a computer retrieves a program instruction from its memory, determines
what actions the instruction requires, and carries out those actions. This cycle
is repeated continuously by the central processing unit (CPU), from booting of
computer till it is shut down.

te cycle, fetch-decode-

There are typically four stages of an instruction cycle that the CPU carries out:
a. Fetch the instruction from memory
b. Decode the instruction
c. Exect.]te the instruction
d. Store the result
a. Fetch the instruction

The instruction is fetched from the memory address lha’; i i
is currently in the
Program Counter (PC), and store it in the Instruction Register (IR). !

o ——

b. Decode the instruction
Thels instruction decoder interprets the instruction. If the instruction has an
indirect address, the effective address is read from main memory, and any i

et oL,

3 Central Procans

. i Sifee [1as
Ealtcbbinh b4 Sing Uni
——

em .
Ory to be processed and then plageq

register) gets decodeq

c. Exscute the instruction

quence of contrg| signals to

a register.

d. Storz results
The result generated by the operation

) is stored j i
an output device. But this condition ig d in the main memory, or sent tg

not always required.

Figure 3.5 Instruction Cycle

@
3.2.4 C
2.4 CISC and RISC archi
2. archi
_There are two ma e
Nstruction set phil
3. CISC (com
b. RISC (Reg

jor types of CPUs, which are classifi
A assified accordi
0sophy adopted by their designers. They are: i

Plex instruction set computer)
uced instruction set computer)
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a. CISC (Complex Instruction Set Computer)

Complex Instruction Set Computer (CISC) is processor archlleclure;.i Thl:
instructions which the processor could execute Were puilt into the ¢ lp.r "
common CISC chips are relatively slow per instruction. CISC have a la gl;ﬂ
amount of different and complex instructions. CISC architecture was a bi
complex because of the instructions used at the hardware level. Thu? mnre;l
complex the instruction set, the greater 1h.e overhead of decoding &
instruction. CISC emphasizes on hardware. Examples of CISC processors are

the Motorola 680x0 families and Intel 486 and Pentium seriasi

b. RISC (Reduced Instruction Set Computer)

Reduced Instruction Set Computer (RISC) is & microprocessor architecture
that is designed to perform a smaller number of instructions. RISC architecturle
was developed around mid 1980 as a reaction to the CISC chips. It is
designed to perform smaller number of instructions in order to oparat? .on a
highaf speed. RISC has limited and simple instruction set. The simplicity of
RISC allows more freedom fo choose how to use the space on a
mMiCroprocessor. o

Larger set of instructions make the microprocessor more complicated and
slower in operation. Operating System and application programmers will find it
easier to work with smaller instruction set. One of the drawbacks of the RISC
is that it puts a lot of burden on software due to its smaller size of instruction
set. RISC emphasizes on software. Examples of RISC processor are 1BM
PowerPC, Sun SPARC and some mobiles.

| Intel and A

Micro Devices) are the primary manufacturers of processors. They make

processors for deskiop computers, laptops, notebooks and mobile devices.
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Different S
denendin:;:: 0; Processors perform different functions at different speeds,
different functiongyy, -0 /1™ they run. Each type of processor has
B andTr:LW' but similarities do exist among various types.

mak .
Core, Pentium g € Processors for a variety of systems. Intel makes the

nd Celeron families of
processors, matched by the Phenom,
Athlon and Sempron processors from AMD. 3 o

s 3 u '
Difference between Inte] P4 and AMD Athlon Processors
; _The Pentium 4 brand refers to Intel's line of central processing
units (CPUs) introduced in November 20, 2000. With Pentium 4, Intel

Pentium 4:

S
|

mtmducedra New processor architecture known as NetBurst which featured a
very deep instruction pipeline that hel

ped these processors to achi
high clock speeds (up achieve very

: . to 3.8 GHz). The Pentium 4 line of processors contains
both 32 bit and 64 bit processors. The typical speed

ranges from 400 MHz to 1066 MHz.

AMD Athlon: Athlon is the brand name applied to a series of xBB-compatible

microprocessors designed and manufactured by Advanced Micro Devices
(AMD). ‘The original Athlon (now called Athlon Classic) was the first seventh
generation x86 processor. Typical speed for these processors ranges from
1333 MHz to 2.33 GHz and their bus speed lies in between 100 and 200 MHz
The original Athlon processors were 32 bit and the | :

3
DG

4

L,

of these processors

ater Athlon64 and 64 bit

processors. "
Pentium 4 Athlon |
Clock Speeds (MHz) 1300 - 3800 1333 - 2333 -
rﬁ:::{l;;‘&ida Bus Speeds 400 - 1066 | 100 - 200
Cache Size (KB) 256 — 2048 64 —512
Bus Width (bits) 32, 64 32,64 i
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The co ;
M M ARY . | UNter register acts as a counter for repeating or looping instructions.
- “ » Data req; . "
su ; egister has a Special role in multiply and divide operations. It works

like a ; .
omputer system. : ) butfer and holds anything that is copied from the memory ready for

the processor to use it,

« Central processing unit (CPU) is the integral part of any ¢

It is the brain of computer system.

y . rforms the » Special purpose registers a d
) = : ) ssing unit of CPU. It pe re used to hold
« Arithmetic logic unit is the main proce .

include program ¢ i :
arithmetic and logic operations on data. | og ounter, instruction

; he | memory buffer regist
- : rlormed by different parts of t Qisters.
i s the functions perio ed by
e« Control unit manage just Tike 8

ordinates and controls the computer system, :

the state of a program. They
register, memory address register and

computer. It co Instruction register is a part of control unit, which stores the instructions

brain controls the human body. currently being executed.

« Registers are small memory devices available in the CPU. These are used

. .» Memory address register holds the memory address, the memory address
to store data temporarily.

from which data will be provided to the CPU or will have the address to
which data will be sent and then stored.

‘ 4 | ]
Cache memory is the small amount of memory located between main
‘memory and Processor. Cache memory is also known as high speed buffer . :

Memory buff i ;
or on chip memory. ry bulter register holds the contents of the memory which are to be

Bus is a subsystem that transfers data between computer components moved from memory to other components or from components to the
. memory. '
inside a computer. |

General purpose registers are used to store data as well as addresses. i

Program counter is also known as instruction pointer, it is a processor
| register that holds either the address of the instruction being executed or

. : f
o Accumulator is a general purpose register and is used by CPU for the address of the next instruction to be executed.

performing arithmetic and logic operations and to hold the result of those

orGraliGnS; " |+ Data bus is the bidirectional bus. It can communicate in two ways, but in
-

one direction at a time.

« The base register can perform arithmetic and data movement and it has

some special addressing abilities. * Address bus carries addresses not data.
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- tions of the l ]
The control bus is used by the CPU to direct and menitor the ac [ EXE CISE
° e CO |
other functional areas of the computer. - AT Q1. Select the best choice for the following MCQs.
its that tells
) : : : is a group of bits 1 I . : _
e An instruction (or mstructlmzh code) i.  Which of the following performs the arithmetic and logic operations on -
to perform a specific operation. data?
instruction. An
t of the bits of an in: A.ALU B. Control unit
ion format defines the layou .
L i i : -code (operation-code) and zero or C. Bus D. Memory unit
instruction format must include an op .
£ . " —— coordinates and controls the computer system, just
more operands. . like the brain controls the human body.
le (sometimes called fétch-and-execute cycle, fetch-decode- ' A Bus- B (J:funtn;l .
= Instruction cycle i i : )
execute cycle, or FDX) is the basic operation cycle of a computer C. Output unit D, Registes
L . cture. ' il Where are the logical operations performed in the CPU?
2 CISC) is processor archite . -
e Complex Instruction Set Computer ( ) A.CU B. Register
; : is
- Reduced Instruction Set Computer (RISC) is a mlcmpmcessor. that : C. ALU D: Memory
= oL - perform a smaller number of types of mmpu!er instructions. iv. is a small memory device available in the CPU to store
9 data temporarily.
A.CU B. Register
C. ALU D. Memory
! V. is the small amount of memory located between
main memory and Processor.
A. RAM B. ROM
1% C. Cache D. PROM
| Vi. Which of the following cache memories resides

inside the

microprocessor and is very fast from the other memories?
B. L2 cache
D. L4 cache

A. L1 cache
C. L3 cache
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| P—— Register can perform arithmetic and data move

and it has some special addressing abilities. .
A. Base register B. Memory buffer register

C. Data register D. Counter register

viii. - Which of the following register has a special role in multiply and divide
operations?
A. Base register

C. Data register

B. Memory buffer register

D. Counter register
register holds either the address of the instruction

. being executed or the address of the next instruction to be executed.
A. Program counter B. Memory buffer register
C. Data register " D Cnunter register
x, System bus connects the Central Processing Unit to on
the motherboard. -
A. Register B. Main memory
C. ALU D. Input unit
xi. Which of the following steps, in instruction cycle, interprets the
instruction? ' -
A. Fetch B. Decode
C. Execute D. Write-back
¥ii. instruction is used when number of statements is to be
repeated. |
A.LD B. LOOP
C. JMP D. MOV
xiil. s a microprocessor architecture that is designed 1o
perform a smaller number of types of computer instructions.
A.RISC B. CISC
C. DISK D. LIST

-.t
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H
OW many op-codes do a Zero-Address instruction has?

A1 S
C.3 D. g
:Uhnic:h of the following is not an arithmetic instruction?
. DIV
B. MUL
GoE D. JMP

- Give short answers to the following questions.

What is the function of ALU in the computer?

What is the function of control unit in the computer?
What is a microprocessor?

Define system bus.

Write short note on Memory Buffer Register (MBR).
Wha:_ is CPU operation?

What is meant by an instruction?

Differentiate between op-code and operand?

Show computer instruction format with the hel

fadi
its parts. p of a diagram and label

Differentiate between CISC and RISC processor architecture.

Q3. Give detailed answers to the following questions.

==
-

What is CPU? Describe basic components of CPU in detail.
What is a register? Explain different types of registers.

Whatis a system bus? Explain different types of buses used in
computers.

Explain different types of CPU instructions. Also give examples.

What s Instruction cycle? Explain different phases of CPU instruction
cycle.




