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S
PA

R
C

 A
rch

itectu
re

 

•

 

8-bit cell (byte) is sm
allest addressable unit

 

•

 

32-bit addresses, i.e., 32-bit virtual address space

 

•

 

Larger sizes: at address 

 

A

 

•

 

S
PA

R
C

 is a 

 

b
ig

-en
d

ian

 

 (big end, or m
ost-significant end, first) m

achine
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S
PA

R
C

 R
eg

isters

 

•

 

32, 32-bit w
ide general-purpose registers

 

%
r
0
 
 

 

…

 

 
%
r
3
1

%
g
0
 

 

…

 

 
%
g
7

%
r
0
 
 

 

…

 

 
%
r
7

 

global

 

%
o
0
 

 

…

 

 
%
o
7

%
r
8
 
 

 

…

 

 
%
r
1
5

 

output

 

%
l
0
 

 

…

 

 
%
l
7

%
r
1
6
 

 

…

 

 
%
r
2
3

 

local

 

%
i
0
 

 

…

 

 
%
i
7

%
r
2
4
 

 

…

 

 
%
r
3
1

 

input

 

•

 

T
he groups relate to procedure calling conventions

 

•

 

S
om

e registers have 

 

d
ed

icated
 u

ses

 

%
s
p

 

 (

 

%
r
1
4

 

)
stack pointer

 

%
f
p

 

 (

 

%
r
3
0

 

)
fram

e pointer

 

%
r
1
5

 

tem
porary

 

%
r
3
1

 

return address

 

•

 

R
egister 

 

%
g
0

 

 alw
ays has the value 0 w

hen read; w
riting it has no effect

 

•

 

O
ther special registers (m

anipulated by special instructions):

 

floating point registers (

 

%
f
0

 

…

 

%
f
3
1

 

)
program

 counter (

 

p
c

 

) 
next program

 counter (

 

n
p
c

 

)

 

P
S
R

 

, 

 

T
B
R

 

, 

 

W
I
M

 

, 

 

Y
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S
PA

R
C

 R
eg

ister M
ap

 

•

 

 see page 193 in the S
PA

R
C

 A
rchitecture M

anual, §2.2 in P
aul

 

%
i
7

%
r
3
1

 

retu
rn

 ad
d

ress 

 

-

 

 8

 

%
i
6
,
 
%
f
p

%
r
3
0

 

fram
e p

o
in

ter

 

in

 

%
i
5

%
r
2
9

 

in
co

m
in

g
 p

aram
eter 6

…
…

…

 

%
i
0

%
r
2
4

 

in
co

m
in

g
 p

aram
eter 1/retu

rn
 valu

e 

 

to

 

 caller

 

%
l
7

%
r
2
3

 

lo
cal 7

 

lo
cal

 

…
…

…

 

%
l
0

%
r
1
6

 

lo
cal 0

 

%
o
7

%
r
1
5

 

tem
p

o
rary valu

e/ad
d

ress o
f 

 

c
a
l
l

 

 in
stru

ctio
n

 

%
o
6
,
 
%
s
p

%
r
1
4

 

stack p
o

in
ter

 

o
u

t

 

%
o
5

%
r
1
3

 

o
u

tg
o

in
g

 p
aram

eter 6

…
…

…

 

%
o
0

%
r
8

 

o
u

tg
o

in
g

 p
aram

eter 1/retu
rn

 valu
e 

 

fro
m

 

 caller

 

%
g
7

%
r
7

 

g
lo

b
al 7

 

g
lo

b
al

 

…
…

…

 

%
g
1

%
r
1

 

tem
p

o
rary valu

e

 

%
g
0

%
r
0

 

0
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S
PA

R
C

 R
eg

ister M
ap

, co
n

t’d

 

•

 

O
ther registers

 

•

 

R
egister save conventions: w

hat happens across calls?

 

%
g
2
 

 

…

 

 
%
g
7

 

saved?

 

%
g
1

 

destroyed

 

%
o
0
 

 

…

 

 
%
o
5
,
 
%
o
7

 

destroyed

 

%
o
6

 

saved

 

%
l
0
 

 

…

 

 
%
l
7

 

saved

 

%
i
0
 

 

…

 

 
%
i
7

 

saved

 

%
f
0
 

 

…

 

 
%
f
3
1

 

saved

 

%
y

 

Y
 reg

ister

 

state

 

%
p
s
r

 

in
teg

er co
n

d
itio

n
 co

d
es

 

%
f
s
r

 

fl
o

atin
g

 p
o

in
t co

n
d

itio
n

 co
d

es

 

%
c
s
r

 

co
p

ro
cesso

r co
n

d
itio

n
 co

d
es

 

%
f
3
1

 

fl
o

atin
g

 p
o

in
t valu

e

 

fl
o

at-
in

g
p

o
in

t

 

…
…

…

 

%
f
0

 

fl
o

atin
g

 p
o

in
t valu

e
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S
PA

R
C

 In
stru

ctio
n

 S
et

 

•

 

Instruction groups

 

load/store instructions
integer arithm

etic and bitw
ise logical instructions

control instructions (branches, calls)
special instructions (operating system

)
floating point arithm

etic and conversion

 

•

 

Instruction form
ats (see page 44, C

h. 8 in P
aul)

 

form
at 1 (

 

op

 

 =
 1): 

 

c
a
l
l

 

form
at 2 (

 

op

 

 =
 0): 

 

s
e
t
h
i

 

 and branches (

 

b
i

 

cc

 

, 

 

f
b

 

fcc

 

, 

 

c
b

 

ccc

 

)

form
at 3 (

 

op

 

 =
 2 or 3): rem

aining instructions

 

op
disp30

 

31
29

 

op
rd

op2
im

m
22

op
a

cond
op2

disp22

 

31
29

28
24

21

 

op
rd

op3
rs1

i=0
asi

rs2
op

rd
op3

rs1
i=1

sim
m

13
op

rd
op3

rs1
opf

rs2
31

29
24

18
13

12
4
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A
ssem

b
ly vs. M

ach
in

e L
an

g
u

ag
e

•
M

ach
in

e lan
g

u
ag

e is the b
it p

attern
s that represent instructions

•
A

ssem
bly lan

g
u

ag
e is a sym

b
o

lic rep
resen

tatio
n of m

achine language

•
A

ssem
blers translate from

 assem
bly language to m

achine language

a
d
d
 
%
i
1
,
3
6
0
,
%
o
2
 

is a form
at 3 instruction: 

0
2
2
4
0
1
4
6
0
5
5
0

•
A

ssem
blers: m

apping an assem
bly instruction to a m

achine instruction 
(1-to-1)

•
C

om
pilers: m

apping a statem
ent to 1 or m

any assem
bly instructions

•
D

isassem
blers translate from

 m
achine language to an assem

bly language

2
10

0
25

1
360

31
29

24
18

13
12

2
12

0
31

1
550 octal
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L
o

ad
 In

stru
ctio

n
s

•
Load: m

ove data from
 m

em
ory to a register

•
F

etched byte or halfw
ord appears right-justified in the 32-bit register

•
Leftm

ost bits are zero-filled or sign-extended 

•
A

 double w
ord is loaded into a register p

air an
d

 
 m

ust be even
the m

ost-significant w
ord lands in 

the least-significant w
ord in 

•
A

ddresses m
ust be alig

n
ed: for address A

halfw
ord 

w
ord

double w
ord
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S
to

re In
stru

ctio
n

s

•
M

ove data from
 a register to m

em
ory

•
S

toring bytes and halfw
ords

the rightm
ost bits are stored

the leftm
ost bits are ignored

•
S

toring double w
ords

 m
ust be even
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A
d

d
ressin

g
 M

o
d

es

•
S

PA
R

C
 has tw

o add
ressin

g
 m

o
d

es to yield an effective add
ress

1. add the contents of tw
o registers

2. add the contents of a register and a signed, 13-bit num
ber

•
C

om
m

on nam
es

1. register indirect or deferred
l
d
 
[
%
o
1
]
,
%
o
2

1. register indexed (above is a special case that uses 
%
g
0

)
s
t
 
%
o
1
,
[
%
o
2
+
%
o
3
]

2. register displacem
ent or based

l
d
 
[
%
o
1
+
1
0
]
,
%
o
2

•
A

ssem
bly-language syntax: N

 is a 13-bit integer constant

address
syn

o
nym

reg
reg +

 %
g
0

reg +
 reg

reg +
 N

N
 +

 reg
reg

 
+

 N
N

%
g
0

 +
 N


