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C
o

n
d

itio
n

 C
o

d
es

 

•

 

processor state register (

 

p
s
r

 

)

 

•

 

integer condition codes —
 the

 

 icc 

 

field —
 holds 4 bits

 

N

 

set if the last A
LU

 result w
as 

 

n

 

egative

 

Z

 

set if the last A
LU

 result w
as 

 

z

 

ero

 

V

 

set if the last A
LU

 result o

 

v

 

erflow
ed

 

C

 

set if the last A
LU

 instruction that m
odified 

 

icc

 

 caused a 

 

c

 

arry out of, or a 
borrow

 into, bit 31

 

•

 

c
c
 

 

versions of the integer arithm
etic instructions set all the codes

 

•

 

c
c
 

 

versions of the logical instructions set only 

 

N

 

 and 

 

Z

 

•

 

tests on the condition codes im
plem

ent conditionals and loops

 

•

 

carry and overflow
 are used to im

plem
ent m

ultiple-precision arithm
etic

 

•

 

see page 28 in the S
PA

R
C

 A
rchitecture M

anual, §4.8 in P
aul

 

im
pl

ver
icc

 

E
C

EF
S

PS
ET

C
W

P

 

31
27

23
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12
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7

6
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4

 

N
Z

V
C

 

23
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C
o

m
p

are an
d

 Test

 

•

 

test and com
pare 

 

syn
th

etic

 

 instructions set condition codes

 

•

 

to test a single value

 

t

 

s
t
 

 

reg

 

o
r
c
c
 

 

reg

 

,
%
g
0
,
%
g
0

 

•

 

com
pare tw

o values

 

c
m
p
 

,
s
u
b
c
c
 

,
,
%
g
0

c
m
p
 

 

src

 

,

 

value

 

s
u
b
c
c
 

 

src

 

,

 

value

 

,
%
g
0

 

•

 

using

 

 
%
g
0
 

 

as a destination discards the result
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C
arry an

d
 O

verfl
o

w

 

•

 

if the carry bit (

 

C

 

) is set

 

the last addition resulted in a carry

or the last subtraction resulted in a borrow

 

•

 

carry is needed to im
plem

ent arithm
etic using num

bers represented in 
several w

ords, e.g. m
ultiple-precision addition

 

a
d
d
c
c
 
%
g
3
,
%
g
5
,
%
g
7

a
d
d
x
c
c
 
%
g
2
,
%
g
4
,
%
g
6

 

(

 

%
g
6
,
%
g
7

 

) =
 (

 

%
g
2
,
%
g
3

 

) +
 (

 

%
g
4
,
%
g
5

 

)

the 

 

m
o

st-sig
n

ifi
can

t w
o

rd

 

 is in the 

 

even

 

 register;
the 

 

least-sig
n

ifi
can

t w
o

rd

 

 is in the 

 

o
dd

 

 register

 

•

 

overflow
 (

 

V

 

) indicates that the result of signed addition or subtraction 
doesn’t fit
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B
ran

ch
es

 

•

 

branch instructions transfer control based on 

 

icc

 

branches are form
at 2 instructions

 

•

 

target is a 

 

P
C

-relative

 

 address and is 
, w

here 
 is the 

address of the branch instruction

 

•

 

unconditional branches

 

syn
th

etic
b

ran
ch

co
n

d
itio

n
syn

o
nym

 

b
a

 

branch alw
ays

 

j
m
p

b
n

 

branch never

 

n
o
p

 

00
a

cond
010

disp22
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ran

ch
es, co

n
t’d

 

•

 

raw
 condition-code branches

 

syn
th

etic
b

ran
ch

co
n

d
itio

n
syn

o
nym

 

b
n
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Z

 

b
z

 

 

Z

 

b
p
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N
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n
e
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N
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C

 

b
g
e
u

b
c
s

 

 

C

 

b
l
u

b
v
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!

 

V

 

b
v
s

 

 

V

 

•

 

com
parisons

 

syn
th

etic
b

ran
ch

es
sig

n
ed

u
n

sig
n

ed
syn

o
nym

 

b
e

 

 

Z

 

 

 

Z
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C
o

n
tro

l Tran
sfer

 

•

 

norm
ally, instructions are fetched and executed from

 sequential 
m

em
ory locations

 

•

 

program
 counter, 

 

P
C

 

, is address of the current instruction, and the 
program

 counter, 

 

n
P

C

 

, is address of the next instruction: 

 

•

 

branches, control-transfer instructions change 

 

n
P

C

 

 to som
ething else

 

•

 

control-transfer instructions

 

in
stru

ctio
n

typ
e

add
ressin

g
 m

o
d

e

 

b

 

icc

 

conditional branches

 

P
C

 

-relative

 

f
bfcc

floating point
P

C
-relative

c
b ccc

coprocessor
P

C
-relative

j
m
p
l

jum
p and link

register indirect
r
e
t
t

return from
 trap

register indirect
c
a
l
l

procedure call
P

C
-relative

t icc
traps

register-indirect vectored

•
P

C
-relative addressing is like register displacem

ent addressing that 
uses P

C
 as the base register 
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C
o

n
tro

l Tran
sfer, co

n
t’d

•
branches

jum
ping to an arbitrary location m

ay require tw
o branches, but branches are used to 

build conditionals and loops in “sm
all” code blocks

•
calls

is m
ultiplied by 4 because all instructions are w

ord aligned

•
p

o
sitio

n
-in

d
ep

en
d

en
t code is code w

hose correct execution does not 
depend on w

here it is loaded, i.e., all instructions use P
C

-relative 
addressing
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B
ran

ch
in

g
 E

xam
p

les

•
if-then-else

i
f
 
(
a
 
>
 
b
)

c
 
=
 
a
;

e
l
s
e
c
 
=
 
b
;

becom
es

#
d
e
f
i
n
e
 
a
 
%
l
0

#
d
e
f
i
n
e
 
b
 
%
l
1

#
d
e
f
i
n
e
 
c
 
%
l
3

c
m
p

a
,
b

b
l
e

L
1
;
 
n
o
p

m
o
v

a
,
c

b
a

L
2
;
 
n
o
p

L
1
:

m
o
v

b
,
c

L
2
:

.
.
.


