I ] he and
» define CPU and its components (ALU, CU, Registers, Cac_
Internal Buses).

i ose
» describe the functions of general purpose and special purp
registers.

» explain system bus and its types.
P. define instruction and its types.
in i i {
¥ explain instruction forma
“» describe instruction cycle (Fetch, Decode and Execute).
» describe CISC and RISC architecture,

> differentiate between Intel and AMD processors.

processor.

;_3,_1'.1 - Basic Comp'onents of CPU
CPU consists of the followif
a. Arithmetic and Logic Unit (ALY)

brain which controls all the
the operations of the computer.
Puter. CPU not only execute

all parts - of the Com

=}
=
LT

T

g basic Components,

w
b. Control Unit (cu) "
C. Registers t
d. Cache
- €. Internal Buses th
a. Arithmetic and Logic Unit (ALY)

Arithmetic Logic Unit j

resy
Now

Simy

b.

Control ynit 1
Comp

s the main processing unit

of CPU. It performs arithmetic
Operaiions on data. Arithmetic

means addition, subtraction,

- ALU processes the data and then

gives back the resyits. The
Its of an ¢

emporary storage locations),
that can do the calculation
f computer system.

peration are stored in registers (t
3 days CPUs have more than one ALUs
|taneousiy in order to improve the efficiency o

Control ynit (Cu)

anages the functions performed by different parts of the

rdinates and controls the overall computer system, just like the

uter, |t Coo
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m instructions, controls

brain controls the human body. It executes the progra
nges the storage and

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 logic to interpret
cessary for the execution of those

of instructions and data within
units by providing timing and

instructions and to generate the signals ne
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 e c:..fi'rﬂitanu
contains different kinds of registers . i
and is classified according to their : : t -
! ¥ Registers
content or instructions: CPU Workspace
registers are divided into two main
types.
* General Purpose Registers RAM ROM
= Special Purpose Registers t—

Figure 3.1 CPU Registers
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d. Cachem
It is the smaj amount
processor. Cache memg
memory. The Microprocesse stores

instructions in the cache memq T
it first looks in to the cache me:o :
. i

ey {69t 4N risin memory. This will resyl
MICrOProcessor speed and jts usage ult

There are different levels of cache memg
ry.
Level 1 (L1) Cache memory resideg

Unit-a ¢ i F
- = Lentrai Progess; J Uni
.'|Ir<.r Frocessing Unit

of memory locate

3 d between i
1y is alsg AT main memory and

S high speed buffer or on chip

inside the microprocessor and is very
cessor first cht_a-::ks the Leve| 1 Cache

: tside the Mmicroprocessor, it js slow as
rom rest of the memories. If data or
memory then microprocessor will look in

Compared to Level 1 cache but fast
~Instruction not found in Level 1 cache
lo Level 2 cache memory

Figure 3.2 Cache memory

e, lnternal Buses
Us jg

4 Subsystem that tran

u

sfers data between computer components inside
the components of computer to the

er.
Interng| bus connects all

— = I

E——
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I bus nication between internal

motherboard. An internal bus enables commu
components such as a computer video card and memory. |

Figure 3.3 intermal busrs

Modem computer buses can use both parallel and serial-bit connections.
Parallel buses are those which carry data in parallel on multiple wires
(Conventional PCI, Exiended 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.

3.4.2 Types of Registers

m——

Registers are categorized into two types according to their purpose and

function.
» General Purpose Registers
* Special Purpose Registers
a. Genera! Purpose Registers
General purpose registers are ysed to store data as wel| as addresses. They
are combined data and address registers, These registers are used for

i Accumulator (AX)
il.  Data Register (DX)
iii. Base Hegister (BXJ
iv.  Counter Register (Cx)

Bits 15...............
.......................................... 0

- 16-bit AX register

8-bit AL register

Some specia i iliti
i ial addressmg abilities. BX register can hold a memory address that
po 0 anot i
other variaple. It usually contains a data pointer. It consists of two

8-bit req;
gisters (BH and BL) whi
ich can b i
one 16.pjt Mk N be combined together and used as a

8-bit AH register

16-bit BX register

8-bit BH register | 8-bit BL register
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iii. Counter Register (CX) g
looping instructions.

r for repeating or
d and will decrement the value

The Counter Register acts as a counte
bit registers (CH and

The instructions given are automatically repeate
of CX and quits when it is equal to 0. It consists of two 8-

CL) which can be combined and used as a 16-bit register CX.
20

_|

16-bit CX register

8-bit CL register

8-bit CH register

iv. Data Register (DX)

Data Register has a special role in multiply and divide operation
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

register can be used as a port number.

s. It works like

16-bit DX register

8-bit DL register

B-bit DH register

b. Special Purpose Registers
These registers hold the state of a program. They include program counter,
instruction register, memory address register and memory buffer registers:
These are ‘_USEG by control unit to control the operations of CPU and by the
operating system programs to control the execution of the programs. Followind
are the special purpose registers,

I

— —'—-—_-‘-‘-":_-1..4 T

Unit- 3 Ce ;
W= 3 Central .—‘*1'r:ccssin:_q

Uniy

X 2
LS st

. e
“Chion ra"--'ﬁl-f\f,t-;‘ {17

S a part of control ynit,

current| i ;
Y being EXecuted, Each instruction to bwh'ﬂh Stores the instructions

st ot ‘
instruction register, € executed is !oadgd into the

It is als
because it h 0 known as ¢y ; A .
olds the current instryction being e;‘:”lf Instruction register (CIR)
Cuted.

. Memory Address Recics
“negister Et.r'].ﬂﬂ'.l

addressed by MAR js fed into the MDR
used by the CPU. When writing to memory, the CPy

Register to the memo, i

§ 1y location whose adq i :
readlf?g and writing, it is hnfdmg the al:k:ln‘-:ssrefS e =0 i ot
data is to be read or stored. B o

H¥ B~
in. Viemorny

y Buffer Register (MBR)

& 4

Ly t::ﬂ;g;rgy:;f:re;rs;g;iir a::tually holds the contents of the memory which

= g gl iy ry to o?her components or from Components to the

il i_t by tha WOl'd.Ft- must be transferred to the MBR and then

iy Sinuy € specific memory location. It works as a buffer
or and memory units to act independently.

iv, ¢
Program Counter (PC)

Progr -
mmis:gri?sg:; :: 3;2(: kl’lOWTl as Instruction Pointer. It is a register in a
Yeing executed at the contains the address (location) of the instruction
Program cUUnté., LS cum?nt time. As each instruction gets fetched, the
1"iitt:lmad, the Program (bt “S‘StorEd value by 1. After each instruction is
counter points to the next instruction in the sequence.
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ion is transferred a

- iaati ver which informa ;
A bus is a data communication path o ssing unit to

; hyte or word at a time. Sys'tem bus mnngc’ts the an"al P!‘O'CE d
main memory on the motherboard. The majority of system buses a.re ms; t: up
of 50 to 100 distinct lines for communication. The system bus consists of three

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 I/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 bu_s every second. New mmputefs have
64-bit data buses and even more. ' el

b. Address Bus

Address bus carries addresses.not data. A 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 Tines 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.
r.ﬁ '
— g

Pro i
_ uram I8 representeq by

] —— “Cionce.y)
_‘...-'-'.-_-_ E—— v

c. Contfbi Bus 2 Al Processi

tions of ontrol
8 1o 16 bits. . the Computer, The Size of control bus js fro
_ m
1'““‘“
Central Processing i DataBus
Unit
Memory
Control
Bus
1 Input/output
e - _ Figure 3.4 System Buses
L 3.2 cpru OPERATIONS

A
f:entral Processing unit (C

which Carries oyt

basic arithmetica),

‘ PU) is the hardware within a computer system
the instructions of a computer pro ‘
logical
f ]
Undamentg Operation of

: gram by performing the
and input/output operations of the system. The

most CPUs, regardless of the physical form they
uence of stored instructions called a program. The
a seriels of instructions that are kept in some kind of

ave,
» IS to execute g seq
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PUs use in

their operation,

computer memory. There are four steps that C

these are fetch, decode, execute and store.

3.2.1 Instructions and their types
RS \ . S a-grouf) of bits that tells the computer to
n elementary operation that the
din the main memory, waiting

An instruction (or instruction code) i
perform a specific operation. Instruction is @

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

ction 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

o

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?ring. These instructions are

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 aré
between:

B

]

P
i

Comp

— ..t ~2Cien Al
= Unit- 3 Centray 5
n 3 Central Frocessin
5 : . ng Unig

—

* registers ang Mmemory .

registers ang o
registers tg registers

obtain the data to perform a com

putation on j
of a computation. Al

or to store the resylt

Example; _
p .MOV A, B (Move the contents of register A to B) !
* LOAD (LD) instruction loads particy
Example: LD A (Load the data to

* STORE (STO) instructi
ruction sto i ;
loGatfor: res information from register to memory

!ar register contents from memory

register A from memory)

b. Data Processing Instructions

These instructions are related to the

arit i i
: hmetic or logic operations are perfo
€ result is alsg

divided into

arithmetic and logic operations. The
rmed on the values of two reqi

: ; gisters and {
b t;:'Ia\t.:&ri in a ‘reglsler. Data manipulation instructions can be ‘:
asic types, i.e. arithmetic, logical and shift instructions.

i. Ari
Arithmetic Instructions

bas i
e IC Operations are ADD, SUB, MUL and DIV. An arithmetic

tmﬂﬁon m .
ay operate on fixed-point data, binary or decimal data. The other

Possible
Operations j i j :
D Include a variety of single-operand instructions, for

mpl
e AESOLUTE. NEGATE, INCREMENT, DECREMENT.
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The execution of arithmetic instructions requires bringing the uperan?-’s "é:::
operational registers so that the data can be processed by ALU.

functionality is implemented generally within instruction execution steps.

il. Logical Instructions

AND, OR, NOT, XOR operate on binary dat
iii. Shift Instructions
Shift operation is used for transf
operand.

c. 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 a 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

repeated.

-

o

a stored in registers.

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

ellet = TS e e

An instruction format defines the layout of the bits of an instruction. An
instruction format must include an Op-code (Operation-Code) and zero oOf
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

Gp'er'atiunS such as LOAD, STORE, ADD, and SHIFT to be performed on
some data stored in registers or memory, ;

entral Pro

Zero-Address Instruction

¢ One-Address Instruction

* Two-Address Instruction

~ &, fero A .
. 8. £ero Address Instruction

] ]

which do not have any address

Op-Code

Example:  g7op

D. Ons Adds i
12 Address livstruction

One Address instru
- Example of
_dmp (Jump)

Like JMP re

location,

ction format requires
s one op-code and
the one address instruction format is LDA ( A

: Load A
etc. These instructions require one address ity

: to do the o i
s ; peration.
quires one address in order to jump to that specific address

1
......... T Bttt ssceceamanec LI BES

Operand addre ss fielg o cessing Unjt
can be d b a2
or can be labels i ata, or can ref
» Which erto data - i.
st may be the address of an inst I.e. address of datg,

(5]
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c. Two Address Instruction

Two Address instruction format requires one op-
Example of such instruction format is the MOV (Move
o the register and from register to the memaory

code and two operands.
), which moves data from

i ion.
the memory location t locatio

e T R L e L o RTRTTPN. . B- | -
Operand

O s
Op-Code-

Operand

Example: ADDA,B
3.2.3 Instruction Cycle

Instruction cycle (sometimes called fetch-and-execute cycle, fetch-decode-
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.

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. EKEI:L!tE the instruction
d. Store the result
a. Fetch the instruction :
The instruction is fetched from the memory address that is currently in the
Program Counter (PC), and store it in the Instruction Register (IR).
b. Decode the instruction

:rhe.! instruction decoder in?erprets the instruction. If the instruction has an
indirect address, the effective address is read from main memory, and any

Iy 87— NOTFORSALE—
:1' (e {

|
A

f ' . =
nstruction inside the IR (instruction

c. Execute the i,
2 the nstruction

control signals to
4 ;:e éCﬁOI’IS required by the

+ PAssing them to the ALU to
hem, and writing the result back to

instruction such ag reading
perform mathematica) or lo
a register.

values from reg
gic functions on t

d. Store resulis

The result generated by the operation

3 is stored j ;

an ou s inthe m

J tput device. But this condition g ain memory,
. not always required.

Figure 3.5 Instruction Cycle

4 :
* CISC and RISC architecture

are two maj
major types of CPUs, which are classified according to .tl'.-e

Y i 0sophy adopted by their designers. They are:
E (complex instruction set computer)
C (Reduced instruction set computer)

3.2
There

INstruction set phil

e 4

orsentto .

=

A
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a. CISC (Complex Instruction Set Computer)

Complex Instruction Set Computer (CISC) s processor a\.rchnfhc;u!;ipﬂ::
instructions which the processor could execute were built into 4 Ta'r :
common CISC chips are relatively slow per instruction. G.ISG ey ?}it
amount of different and complex instructions. CISC architecture was a bil

e more
complex because of the instructions used at the hardware level. Th

complex the instruction set, the greater the overhead of decoding an

instruction. CISC emphasizes on hardware. Examples of CISC processors are
the Motorola 680x0 families and Intel 486 and Pentium series.

b. RISC (Reduced Instruction Set Computer)

Reduced Instruction Set Computer (RISC) is a microprocessor archi._tecture
that is designed to perform a smaller number of instructions. RISC ar.chutecturle
was developed around mid 1980 as a reaction to the CISC chips. It is
designed to perform smaller number of instructions in order to op.arah.a .on a
h['ghar speed. RISC has limited and simple instruction set. The simplicity of
RISC allows more freedom to choose how to use the space on a
microprocessor. 3

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 IBM
PowerPC, 3un SPARC and some mobiles. :

3.2 |Intel and AVD Processors

A processor controls every function in a computer. Intel and AMD (Advanced

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

processors for desktop computers, laptops, notebooks and mobile devices.

C'}mputers :
— Clence-x] r
- Unit- 3 Central Processing Unit

Different types of oo -,
depending on wh Processors perform different functions at different speeds,

different func I‘aI kind j::f‘system they run. Each type of processor has
onality, but similarities do exist among various types.

D make processors for a variety of systems. Intel makes the

nd Celeron families of processors, matched by the Phenom,
Pron processors from AMD. b

- £ ‘( J
Difference between .

Both Intel and Am
Core, Pentium 3
Athlon and Sem

Intel P4 and AMD Athlon Processors
The Pentium 4 brand refers to Intel
units (CPUs) introduced in MNovember 20, 2000,
introduced a new Processor architecture known

very deep instruction pipeline that helped these processors to achieve very
high clock speeds (up to 8.8 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 x86

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

Pentium 4; i
s line of central processing

.

With Pentium 4, Intel {
as NetBurst which featured a

3
of these processors Q\}{V;.A

'

-compatible

and the later Athlon64 and 64 bit

processors.
. Pentium 4 Athlon |
Clock Speeds (MHz) 1300 - 3800 | 1333 - 2333 -
5"!‘:1';‘}5""’ Bus Speeds 400 - 1066 E' 100 - 200
Cache Size (KB) 256 — 2048 i 64-512
Bus Width (bits) 32, 64 32, 64
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SUMMARY

i [ c
« Central processing unit (CPU) is the integral part of any
It is the brain of computer system.
unit is the main processing unit oi. CPU. It p

omputer system.

erforms the
« Arithmetic logic
arithmetic and logic operations on data. ;
: i i fs o

« Control unit manages the functions performed by different pa

ordinates and controls the computer system, just like

the

the
computer. It co

brain controls the human body.

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

to store data temporarily.
Cache memory is the small amount of memory located between main
‘'memory and Processor. Cache memory is also known as high speed buffer

or an chip memory.

e« Bus is a subsystem that transfers data between computer components
inside a computer,'

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

e Accumulator is a general purpose register and is used by CPU for

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

+ The base register can peﬂurrn'arithm_etic and data movement and it has
- some special addressing abilities.

JF
¥

e -Address bus carries addresses not data.

~
R

-X|

——— Unit- 3 Central Processing Us

e The count, i .
©rregister acts as a counter for repeating or looping instructions.

¢ Data regi i i i
: gister has a special role in multiply and divide operations. It works
like a buffer ang holds an

: ything that is copied from the memory ready for
the processor to yse it. . ’

e Special purpose registers are used to hold the state of a program. They |

include program counter, instruction register, memory address register and
memory buffer registers.

e Instruction register is a part of control unit, which stores the instructions

currently being executed.

.» Memory address register holds the memory address, the memory address

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

3

will have the address to

® Memory buffer register holds the contents of the memory which are to be

moved from memory to other components or from components to the |
memory. '

* Program counter is also known as instruction pointer, it is a processor

register that holds either the address of the instruction being executed or
the address of the next instruction to be executed.

Data bus is the bidirectional bus. It can communicate in two ways, but in
one direction at a time.
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Uto direbt and monitor the actions of the _ | E x E R c I S E }

= The control bus is used by the CP =
other functional areas of the computer. .
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Z Q1. Select the best ¢hoi -
de) is a group of bits that tells the computer . & st choice for the following McQ@s.
5 - g jon code) | 2 B i :
* An instruction (or "?'S"ucu 4 I Which of the following performs the arithmetic and logic operations on -
to perform a specific operation. data?

i instruction. An
An instruction format defines the layout of the bits of an | A ALU B. Control unit
[ ]

{ )
l fl'.'l 't

——————— coordinates and controls the computer system, just
more operands.

like the brain controls the human body.

e Instruction cycle (sometimes called fétch-and-ex.ecute cycle, fetch-decode " B T
execute cycle, or FDX) is the basic operation cycle of a computer. C. Output unit D. Register
« Complex Instruction Set Computer (CISC) is processor architecture. - - . " :';9: are the logical operations P;ﬂ::;;:rn the CPU?
« - Reduced Instruction Set Computer (RISC) is a “‘"C"UP"?.'CESS”_ RECE . C. ALU D: Memory
de:signed to perform a smaller number of types of mmpu‘ter instructions. iv. is a small memory device available in the CPU to store
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
| C. Cache D. PROM

Vi.  Which of the following cache memories resides inside the
. microprocessor and is very fast from the other memories?
A. L1 cache B. L2 cache
| C. L3 cache D. L4 cache
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rm ;ithmet[c and data movement

vi. _____ Register can perfo
and it has some special addressing abilities. '
A. Base register 8. Memory buffer register
C. Data register D. Counter register

a1 role in multiply and divide
Vil Which of the following register has a special fole in multply &

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.
B. Memory buffer register
D. Counter register

iX.

A. Program counter
C. Data register

x. System bus connects the Central Processing Unit to on
the motherboard. - 3
A. Register B. Main memory
C. ALU D. Input unit -

xi. Which of the following steps, in instruction cycle, interprets the
instruction? : ki
A. Fetch B. Decode
C. Execute D. Write-back

Xii. instruction is used when number of statements is o be
repeated. |
A.LD B. LOOP
C. JMP D. MOV

xii. _______is a microprocessor architecture that is designed to
perform a smaller number of types of computer instructions.
A. RISC B. CISC
C. DISK D. LIST

=
-1

Computer g¢j
-"--__'-‘:'-—_'__‘_-'_—--.-_‘.:E'E 2
== e e.ﬁ_

‘ Xiv,
|

t . i.
“ii.

ii.

iv,

v,

3 vi.
Wii,

viii,

= L= Unit- 3 Central Prncessing Unit

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

C.3 5

Whi a8 '

; thT: of the following is not an arithmetic instruction?
: B. MUL

C.suB D. JMP

Q2. 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).
Whal_ is CPU operation?

What is meant by an instruction?

Differentiate between op-code and operand?

Show computer instruction format with the help of

_ a diagram and |
its parts. ; =

Differentiate between CISC and RISC processor architecture.

Q3. Give detailed answers to the following questions.

i,
i,

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

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

Explain different types of CPU instructions. Also give examples.
What is Instruction cycle? Explain different
cycle.

phases of CPU instruction




