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Introduction

•
Previous chapters

−
digital logic

−
data type representations

•
K

ey elem
ents in a com

puter

−
processor

−
m

em
ory

−
input and output
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Introduction

•
Topics covered in this chapter:introduction to processors

−
general concepts

−
variety of processors

−
relationship betw

een clock and processing rate

•
Topics covered in this section:processors

−
instruction sets

−
addressing m

odes

−
functions of C

PU
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W
hat Is A

 P
rocessor?

•
Is

processor =
 C

entral Processing U
nit?

•
Processor =

−
digital device that can perform

 a com
putation involving

m
ultiple steps.

−
com

putes boolean arithm
etic, etc.

−
need not be extensive or

pow
erful.
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R
ange O

f P
rocessors

•
Processor categories based in order of flexibility (least to
m

ost)

−
fixed

logic

*
least flexible, single built-in operation.

−
selectable logic

*
sev eral functions

*
exact function is determ

ined at invocation.
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R
ange O

f P
rocessors

−
param

eterized logic

*
com

putes a predeterm
ined function, but accepts input

param
eters.

−
program

m
able logic

*
m

ost flexibile

*
processor given

a
program

 to run, typically placed in
the m

em
ory.
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H
ierarchical Structure

A
nd C

om
putation E

ngines

•
C

PU
’s

are highly com
plex

•
A

rchitects use hierarchical approach is used in design and
testing

•
Subpieces are called com

putational engines.

−
exam

ple of engines: trigonom
etry,query,graphics,

pattern engines, etc.

−
each engine has a specific functionality.
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M
ultiple C

om
putation E

ngines

C
P

U

trig
o

n
o

m
etr y

en
g

in
e

g
rap

h
ics

en
g

in
e

o
th

er
co

m
p

o
n

en
ts q

u
er y

en
g

in
e

arith
m

etic
en

g
in

e

A
n exam

ple of a C
PU

 w
ith m

ultiple engines
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P
rocessor C

ategories

•
Processors are used in variety of roles. E

xam
ple

−
coprocessors

−
m

icrocontrollers

−
m

icrosequencers

−
em

bedded system
s processors

−
general-purpose processors
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C
oprocessors

•
Special purpose high speed processor that operates in
conjunction/under the control of another processor

•
E

xam
ple, floating point accelerator

•
Fixed or selectable logic processors
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M
icrocontrollers

•
Program

m
able device dedicated to controlling a physical

system

•
E

xam
ple, autom

obile engine, elevators

•
Perform

s trivial functions
do forever

{
w

ait for the sensor to be tripped;
turn on pow

er to the door m
otor;

w
ait for a signal that indicates the

door is open;
w

ait for the sensor to reset;
delay ten seconds;
turn off

pow
er to the door m

otor;
}

E
xam

ple of steps a m
icrocontroller perform

s
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M
icrosequencers

•
M

icrocontroller for internal control

•
C

ontrols coprocessors &
 engines w

ithin larger processor

•
E

xam
ple, m

icrosequencer to control data m
ovem

ent
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O
ther P

rocessors

•
E

m
bedded System

s Processors

−
R

uns sophisticated electronics

−
E

xam
ple, D

V
D

−
M

ore pow
erful processors than m

icrocontrollers, m
ore

recent.

•
G

eneral-Purpose Processors

−
E

xam
ple, C

PU
 of a PC
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P
rocessor Technologies

•
C

hronologically

−
digital logic circuits

−
L

SI

−
IC
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Stored P
rogram

s

•
Processors perform

s series of steps in com
putation.

•
Program

s are stored either

−
internally in a few

cases

−
in

externally accessible location, e.g. m
ain m

em
ory

w
here it is easy to change.

−
R

O
M

•
A

rchitect considers
a

processor program
m

able if processors
are

separate from
 program

itruns
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F
etch-E

xecute C
ycle

•
Q

uestions?

−
how

 is
the program

 represented ?

−
how

 does processor identify next step of program

−
w

hat are the operations that can be perform
ed and how

does the
processor perform

 them
?

•
Fetch-execute paradigm

−
program

m
able processor accesses 1 step of a stored

program
,

executes it; repeat above w
ith next step
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F
etch-E

xecute C
ycle

A
t som

e level, every program
m

able processot im
plem

ents a fetch-
execute cycle

R
epeat forever

{

F
etch: access the next step of the program

from
 the

location in w
hich the program

has been stored.

E
xecute: P

erfor m
the step of the program

.

}

‘T
he algorithm

 used in the fetch-execute cycle.

C
S250 -- Part II

19
D

r.R
ajesh Subram

anyan, 2005



C
lock R

ate A
nd Instruction R

ate

•
H

ow
 fast does the fetch-execute cycle operate? D

epends on

−
processor (clock speed)

−
program

 storage technology

−
tim

e to execute each instruction

•
Fetch-execute cycle does not proceed at fixed rate.

−
exam

ple, m
ultiplication takes longer than addition.
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C
ontrol

•
Q

uestions w
ith fetch-execute cycle?

−
how

 does a processor start running the cycle?

−
w

hat happens after the processor executes the last step in
a

program
?
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Stopping and Starting

•
Stopping

−
processor does not stop till pow

ered dow
n.

−
so

w
hat´s the next step to execute?

*
dedicated system

: repeat the program

*
general purpose: run operating system

 program
s w

hen
no user application is running

•
Starting

−
depends on hardw

are.

−
possibilities: reset, bootstrap,soft pow

er sw
itch.
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W
rapup

•
Processors are digital devices that perform

 m
ultiple step

com
putations

•
C

ategories based on roles: coprocessors, m
icrosequencers,

m
icrocontrollers, em

bedded system
s, general purpose.

•
Program

m
able processors

−
hardw

are separate from
 stored program

.

−
run fetch-execute cycle

−
processor m

ust have som
e instruction to execute, never

stops.
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