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C
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m
p

u
ter O

rg
an

izatio
n
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R
eg

isters

A
L

U

F
P

U

C
o

n
tro

l
U

n
it

C
en

tral P
ro

cessin
g

 U
n

it (C
P

U
)

C
ach

e

M
em

o
ry

D
isp

lay
E

th
ern

et
D

isk
P

rin
ter

A
d

ap
ter

M
B

u
s

I/O
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u
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S
to

rag
e H

ierarchy

 

•

 

R
egisters

 

fastest storage (as fast as C
P

U
 cycle tim

e), but often very few
 (<

128)

 

•

 

C
ach

es

 

“sm
all” but faster than m

ain m
em

ory w
ith 1 to 3 levels (1K

-4M
bytes)

 

•

 

M
em

ory

 

fairly fast (200ns) and quite large (1-1000M
bytes)

an array of cells m
ade of dynam

ic random
-access m

em
ory (D

R
A

M
)

each cell is usually a byte and has an 

 

add
ress

 

m
ost m

achines operate m
ost efficiently on one data type called a 

 

w
o

rd

 

w
ords are typically com

posed of several cells, e.g., 4 bytes in 1 w
ord

A
ddress size m

ay be unrelated to the am
ount of allow

able m
em

ory

 

•

 

D
isk

 

long latency (10m
s to find a block), but large (200M

-10G
bytes)

 

•

 

Tap
e

 

V
ery long latency (seconds to find a block), very low

-cost and large (G
bytes)
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C
o

m
p

ilatio
n

 to
 M

ach
in

e C
o

d
e

 

•

 

C
om

piler:

 

S
o
u
r
c
e
 
c
o
d
e

A
s
s
e
m
b
l
y
 
l
a
n
g
u
a
g
e
 
c
o
d
e

 

x
 
=
 
a
 
+
 
b
;

l
d
 
a
,
 
%
r
1

l
d
 
b
,
 
%
r
2

a
d
d
 
%
r
1
,
 
%
r
2
,
 
%
r
3

s
t
 
%
r
3
,
 
x

 

•

 

A
ssem

bler

 

converts each assem
bly lang. instruction into a bit pattern that hardw

are understands

these bit patterns constitute m
achine code
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M
ach

in
e L

an
g

u
ag

e

 

•

 

M
ach

in
e lan

g
u

ag
e

 

 is the bit patterns that specify C
P

U
 instructions

 

•

 

U
nderstanding m

achine languages helps

 

build intuition about the cost of high-level functionality

learn about low
-level operating system

 support;

understand how
 operating system

s im
plem

ent security

understand w
hat com

pilers do and how
 to im

plem
ent code generators

understand procedure call m
echanism

s

learn how
 to w

rite 

 

very fast

 

 code, w
hen —

 and only w
hen —

 it’s necessary

design a better instruction set and faster processor
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In
stru

ctio
n

 F
o

rm
ats

 

•

 

In
stru

ctio
n

s

 

 are com
posed of

 

o
p

co
d

e

 

 —
 specifies function to be perform

ed

 

o
p

eran
d

s

 

 —
 data that is operated on

 

•

 

M
ost m

achines have only a 

 

few

 

 form
ats

 

•

 

Typical 0, 1, 2, 3-operand instruction form
at:

 

o
p

co
d

e
o

p
co

d
e d

st
o

p
co

d
e src d

st
o

p
co

d
e src1 src2 d

st
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In
stru

ctio
n

 E
xecu

tio
n

 

•

 

C
P

U
’s alg

o
rith

m
 fo

r execu
tin

g
 a p

ro
g

ram
:

 

P
C
 
<
-
 
m
e
m
o
r
y
 
l
o
c
a
t
i
o
n
 
o
f
 
t
h
e
 
1
s
t
 
i
n
s
t
r
u
c
t
i
o
n

w
h
i
l
e
 
(
 
P
C
 
!
=
 
l
a
s
t
I
n
s
t
r
u
c
t
i
o
n
L
o
c
a
t
i
o
n
 
)
 
{

e
x
e
c
u
t
e
 
(
 
M
E
M
[
 
P
C
 
]
;

}
;

 

•

 

E
ach m

achine instruction has several phases

 

F
etch -- Instruction fetch, increm

ent P
C

D
ecode -- Instruction decode

O
perand F

etch -- F
etch registers

E
xecute --Instruction execution

S
tore -- S

tore results


