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A
rith

m
etic In

stru
ctio

n
s

 

•

 

G
eneral form

 

•

 

 and 
 m

ust be registers; 
 m

ay be a register or a signed 13-bit 
num

ber

 

 
a
d
d
 
%
o
1
,
%
o
2
,
%
g
3

 
s
u
b
 
%
i
1
,
2
,
%
g
3

 

•

 

S
om

e S
PA

R
C

s have 

 

n
o

 

 m
ultiply and divide instructions

 

see A
ppendix E

 of the S
PA

R
C

 A
rchitecture M

anual, §4.10 in P
aul

 

•

 

S
tandard run-tim

e library provides m
ultiply and divide routines

 

 

 

.
m
u
l
 
 
.
r
e
m
 
 
.
d
i
v

 

signed arithm
etic

 

 

.
u
m
u
l
 
.
u
r
e
m
 
.
u
d
i
v

 

unsigned arithm
etic
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D
ata M

ovem
en

t

 

•

 

Load a constant into a register

 

•

 

 if

 

 
%
h
i
(

)
 
=
=
 
0

 

, om
it

 

 
s
e
t
h
i

 

, if

 

 
%
l
o
(

)
 
=
=
 
0

 

, om
it

 

 
o
r

 

•

 

s
e
t
h
i
 

 

instruction

 

e.g., direct addressing

 

s
e
t
 
a
,
%
g
1

s
e
t
h
i
 
%
h
i
(
a
)
,
%
g
1

l
d
 
[
%
g
1
]
,
%
g
2

o
r
 
%
l
o
(
a
)
,
%
g
1

l
d
 
[
%
g
1
]
,
%
g
2

 

faster alternative (2 instead of 3 ticks):

 

s
e
t
h
i
 
%
h
i
(
a
)
,
%
g
1

l
d
 
[
%
g
1
+
%
l
o
(
a
)
]
,
%
g
2

 

•

 

C
learing registers and m

em
ory; note the use of

 

 
%
g
0
 

 

to stand for 0

 

a
d
d
 
%
g
0
,
%
g
0
,
%
o
1

s
t
 
%
g
0
,
[
%
i
1
]

s
t
b
 
%
g
0
,
[
%
i
1
]

 

0
4

im
m

22

 

31
29

28
24

21
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S
yn

th
etic In

stru
ctio

n
s

 

•

 

S
yn

th
etic in

stru
ctio

n
s

 

 or 

 

p
seu

d
o

-in
stru

ctio
n

s

 

 are im
plem

ented by the 

 

assem
bler

 

 by one or m
ore “real” instructions

 

S
Y

N
T

H
E

T
IC

R
E

A
L

 

m
ove register to register

 

m
o
v
 

 

src

 

,

 

dst

 

o
r
 
%
g
0
,

 

src

 

,

 

dst

 

clear register, m
em

ory

 

c
l
r
 

 

reg

 

a
d
d
 
%
g
0
,
%
g
0
,

 

reg

 

 
c
l
r
 
[

 

address

 

]
s
t
 
%
g
0
,
[

 

address

 

]

 

negate

 

n
e
g
 

 

dst

 

s
u
b
 
%
g
0
,

 

dst

 

,

 

dst

 

n
e
g
 

 

src

 

,

 

dst

 

s
u
b
 
%
g
0
,

 

src

 

,

 

dst

 

increm
ent/decrem

ent

 

i
n
c
 

 

dst

 

a
d
d
 

 

dst

 

,
1
,

 

dst

 

d
e
c
 

 

dst

 

s
u
b
 

 

dst

 

,
1
,

 

dst

 

•

 

S
ee page 85 in the S

PA
R

C
 M

anual and A
ppendix C

 in P
aul
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B
itw

ise L
o

g
ical In

stru
ctio

n
s

 

•

 

G
eneral form

 

•

 

C
orresponding C

 bitw
ise operators; 

 is a register or a signed 13-bit 
num

ber

 

a
n
d

 
=
 

 
&
 
 

a
n
d
n

 
=
 

 
&
 
~

o
r

 
=
 

 
|
 
 

o
r
n

 
=
 

 
|
 
~

x
o
r

 
=
 

 
^
 
 

x
n
o
r

 
=
 

 
^
 
~
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B
itw

ise L
o

g
ical In

stru
ctio

n
s, co

n
t’d

 

•

 

C
om

plem
ent

 

2’s com
plem

ent

 

n
e
g
 

 

reg

 

s
u
b
 
%
g
0
,

 

reg

 

,

 

reg

 

1’s com
plem

ent

 

n
o
t
 

 

reg

 

x
n
o
r
 

 

reg

 

,
%
g
0
,

 

reg

 

•

 

S
ynthetic instructions

 

b
t
s
t
 

 

bits

 

,

 

reg

 

a
n
d
c
c
 

 

reg

 

,

 

bits

 

,
%
g
0

b
s
e
t
 

 

bits

 

,

 

reg

 

o
r
 

 

reg

 

,

 

bits

 

,

 

reg

 

b
c
l
r
 

 

bits

 

,

 

reg

 

a
n
d
n
 

 

reg

 

,

 

bits

 

,

 

reg

 

b
t
o
g
 

 

bits

 

,

 

reg

 

x
o
r
 

 

reg

 

,

 

bits

 

,

 

reg

 

e.g.,

 

b
t
s
t
 
0
x
8
,
%
g
1
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S
h

ift In
stru

ctio
n

s

 

•

 

G
eneral form

 

•

 

Instruction form
at

 

•

 

V
acated bits: 

 

s
l
l
 

 

or

 

 
s
r
l
 

 

fill w
ith 0s,

 

 
s
r
a
 

 

fills w
ith sign bit

 

•

 

F
or 2’s com

plem
ent num

bers

 

s
r
a
 

 

reg

 

,

 

n

 

,

 

reg

 

 

 

divides 

 

reg

 

 by 

 

s
l
a
 

reg,
n
,

reg 
m

ultiplies reg by 
shift instructions do n

o
t m

odify the condition codes

1
0

reg
s
l
l
=

100101
s
r
l
=

100110
s
r
a
=

100111
src

0
0
0
0
0
0
0
0
0

1
0

reg
''

src
1

0
0
0
0
0
0
0
0

0
.
.
3
1

31
29

24
18

13
12

4
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F
lo

atin
g

 P
o

in
t In

stru
ctio

n
s

•
F

loating point instructions are perform
ed using the floating point unit 

(F
P

U
); 

•
32 floating point registers: 

%
f
0 —

 %
f
3
1

•
F

loating point load and store instructions:
l
d

[
address]

,
freg

l
d
d
[

address]
,

freg

s
t

freg,
[

address]
s
t
d

freg,
[

address]

doubles use even-odd register pair

•
O

ther instructions; src, src1, src2, dst denote floating point registers
f
m
o
v
s

src,
dst

m
ove; double/quad takes 2/4

 
f
m
o
v
s

f
n
e
g
s

src,
dst

negate; double/quad takes 1/3
 
f
m
o
v
s

f
a
b
s
s

src,
dst

absolute value; double/quad takes 1/3
 
f
m
o
v
s

f
s
q
r
t

[s
d
q

]
src,

dst
square root

f
a
d
d

[s
d
q

]
src1,

src2,
dst

addition
f
s
u
b

[s
d
q

]
src1,

src2,
dst

subtraction
f
m
u
l

[s
d
q

]
src1,

src2,
dst

m
ultiplication

f
d
i
v

[s
d
q

]
src1,

src2,
dst

division

C
opyright 

1995 D
. H

anson, K
. L

i &
 J.P. Singh

C
om

puter Science 217: Floating Point Instructions, cont’d
Page 153

O
ctober 12, 1997

F
lo

atin
g

 P
o

in
t In

stru
ctio

n
s, co

n
t’d

•
C

om
parison and branching

f
c
m
p

[s
d
q

]
src1,

src2
floating point com

pare

•
4 floating point condition codes

E
equal

L
less than

G
greater than

U
unordered

•
U

se these condition codes w
ith floating point conditional branches

see page 38 in S
PA

R
C

 A
rchitecture M

anual, §11.5 in P
aul

•
F

loating point conversions

f
[s
d
q

]t
o
i

src1,
src2

convert single/double/quad to signed integer
f
i
t
o

[s
d
q

]
src1,

src2
convert integer to single/double/quad

f
i
t
ox
 

rounds to “even”, 
fx
t
o
i
 

rounds tow
ard 0; register holds an integer

f
[s
d
q

]t
o

[s
d
q

]
src1,

src2
convert betw

een floating point form
ats


