
R
eg
ister
R
en
a
m
in
g

�
�

R
e
g
is
te
r
R
e
n
a
m
in
g

R
egister
ren
am
in
g
is
a
stan
d
ard
tech
n
iq
u
e
for
rem
ov
in
g

false
d
ata
d
ep
en
d
en
cies
am
on
g
register
d
a
ta�
It
w
as
�
rst

su
ggested
b
y
T
jad
en
an
d
F
ly
n
n
in
����	
a
lth
ou
gh
th
ey

d
id
n
ot
u
se
th
e
term

ren
am
in
g��
K
eller
in
tro
d
u
ced
th
e

term
in
����
an
d
d
escrib
ed
on
e
p
ossib
le
im
p
lem
en
tation
�

R
egister
ren
am
in
g
m
ay
b
e
im
p
lem
en
ted
eith
er
sta
tica
lly

or
d
yn
a
m
ica
lly�
P
artial
d
y
n
am
ic
ren
am
in
g
h
as
b
een

u
sed
in
su
p
erscalar
p
ro
cessor
sin
ce
����	
w
ith
fu
ll

ren
am
in
g
em
ergin
g
arou
n
d
���
�

�R
egister
renam
ing
presum
es
the
three�op
erand
instruction
form
at��

v
in
o
d
�
ic�u
�
�b
r

A
rq
u
itetu
ra
s
P
a
ra
lela
s
I

T
�o
p
ico
�



R
eg
ister
R
en
a
m
in
g

�
�

v
in
o
d
�
ic�u
�
�b
r

A
rq
u
itetu
ra
s
P
a
ra
lela
s
I

T
�o
p
ico
�



R
eg
ister
R
en
a
m
in
g

�
	

D
e
s
ig
n
S
p
a
c
e
o
f
R
e
g
is
te
r
R
e
n
a
m
in
g

T
h
e
d
esign
sp
ace
o
f
register
ren
am
in
g
resem
b
les
th
a
t
of

sh
elv
in
g�

v
in
o
d
�
ic�u
�
�b
r

A
rq
u
itetu
ra
s
P
a
ra
lela
s
I

T
�o
p
ico
�



R
eg
ister
R
en
a
m
in
g

�



v
in
o
d
�
ic�u
�
�b
r

A
rq
u
itetu
ra
s
P
a
ra
lela
s
I

T
�o
p
ico
�



R
eg
ister
R
en
a
m
in
g

�
�

T
h
e
L
a
y
o
u
t
o
f
R
e
n
a
m
e
B
u
�
e
r
s

T
h
e
layou
t
o
f
th
e
ren
am
e
b
u
�
ers
estab
lish
es
th
e
actu
al

fram
ew
ork
for
ren
am
in
g�

v
in
o
d
�
ic�u
�
�b
r

A
rq
u
itetu
ra
s
P
a
ra
lela
s
I

T
�o
p
ico
�



R
eg
ister
R
en
a
m
in
g

�
�

T
h
e
T
y
p
e
s
o
f
R
e
n
a
m
e
B
u
�
e
r
s

T
h
e
ch
osen
ty
p
e
of
ren
am
e
b
u
�
er
h
as
th
e
largest
im
p
a
ct

on
ren
am
in
g
sin
ce
it
d
eterm
in
es
w
h
ere
th
e
in
term
ed
ia
te

resu
lts
of
in
stru
ction
s
are
w
ritten
in
to
or
read
from
�

In
term
ed
iate
resu
lts
are
th
ose
w
h
ich
h
ave
alread
y
b
een

gen
erated
b
u
t
are
n
ot
yet
q
u
ali�
ed
to
m
o
d
ify
th
e
actu
al

p
rogram
state
b
y
w
ritin
g
th
em
in
to
th
e
arch
itectu
ral

registers�
T
h
ey
h
av
e
to
w
ait
u
n
til
it
is
su
re
th
at
th
e

m
o
d
i�
cation
of
th
e
p
rogram
state
d
o
es
n
ot
v
iolate
th
e

seq
u
en
tial
con
sisten
cy
of
th
e
ex
ecu
tion
�

v
in
o
d
�
ic�u
�
�b
r

A
rq
u
itetu
ra
s
P
a
ra
lela
s
I

T
�o
p
ico
�



R
eg
ister
R
en
a
m
in
g

�
�

v
in
o
d
�
ic�u
�
�b
r

A
rq
u
itetu
ra
s
P
a
ra
lela
s
I

T
�o
p
ico
�



R
eg
ister
R
en
a
m
in
g

�



M
e
r
g
e
d
R
e
g
is
te
r
F
ile
A
p
p
r
o
a
c
h

�

R
en
am
e
b
u
�
ers
an
d
th
e
arch
itectu
ral
reg
isters
are

im
p
lem
en
ted
w
ith
in
th
e
sam
e
p
h
y
sical
register
�
le�

�

T
h
e
register
�
le
ob
v
iou
sly
n
eed
s
to
p
rov
id
e
a
large

en
ou
gh
n
u
m
b
er
of
p
h
y
sical
registers
to
im
p
lem
en
t

b
oth
th
e
arch
itectu
ral
an
d
ren
am
e
reg
isters�

�

A
free
p
h
ysica
l
register
is
allo
cated
for
th
e

d
estin
ation
a
rch
itectu
ra
l
register
o
f
each
in
stru
ction
�

�

T
h
e
actu
al
allo
cation
of
registers
is
tracked
in
a

m
a
p
p
in
g
ta
ble�

�

N
eed
a
sch
em
e
to
reclaim
th
e
p
h
y
sical
reg
isters
n
o

lon
ger
in
u
se�

v
in
o
d
�
ic�u
�
�b
r

A
rq
u
itetu
ra
s
P
a
ra
lela
s
I

T
�o
p
ico
�



R
eg
ister
R
en
a
m
in
g

�
�

v
in
o
d
�
ic�u
�
�b
r

A
rq
u
itetu
ra
s
P
a
ra
lela
s
I

T
�o
p
ico
�



R
eg
ister
R
en
a
m
in
g

�
�

v
in
o
d
�
ic�u
�
�b
r

A
rq
u
itetu
ra
s
P
a
ra
lela
s
I

T
�o
p
ico
�



R
eg
ister
R
en
a
m
in
g

�
�

S
e
p
a
r
a
te
R
e
n
a
m
e
B
u
�
e
r
s

In
th
e
oth
er
ty
p
es
of
ren
am
in
g	
th
e
ren
am
e
b
u
�
ers
are

im
p
lem
en
ted
sep
arately
from
th
e
arch
itectu
ral
registers

eith
er
as
a
ren
a
m
e
register
�
le	
as
an
ex
ten
sion
of
th
e

reord
er
b
u
�
er
�R
O
B
�	
or
as
p
art
of
th
e
D
R
IS
�

�

E
ach
tim
e
a
d
estin
ation
register
is
referred
to	
a
n
ew

ren
am
e
register
is
allo
cated
to
it�
T
h
is
allo
cation

rem
ain
s
valid
u
n
til
eith
er�

��
a
su
b
seq
u
en
t
in
stru
ction
refers�w
rites
to
th
e

sam
e
d
estin
ation
register	
w
h
en
th
e
arch
itectu
ral

register
w
ill
th
en
b
e
reallo
cated
�
or
u
n
til


�
th
e
in
stru
ction
w
h
ich
u
ses
th
at
p
a
rticu
lar

d
estin
ation
register
com
p
letes
�retires�
an
d
th
e

allo
cation
b
ecom
es
in
valid
�

v
in
o
d
�
ic�u
�
�b
r

A
rq
u
itetu
ra
s
P
a
ra
lela
s
I

T
�o
p
ico
�



R
eg
ister
R
en
a
m
in
g

�
�

S
e
p
a
r
a
te
R
e
n
a
m
e
B
u
�
e
r
s
�
c
o
n
t�

�

In
m
ach
in
es
w
h
ich
u
se
a
R
O
B
�or
th
e
D
R
IS
�
for

ren
am
in
g	
each
in
stru
ction
is
allo
cated
a
sep
a
rate

en
try�
T
h
u
s
it
is
q
u
ite
n
atu
ral
to
store
th
e
gen
erated

resu
lt
of
th
at
in
stru
ction
in
th
e
en
try
as
w
ell�

�

In
all
th
ree
cases	
resu
lts
are
h
eld
in
th
e
resp
ective

ren
am
e
b
u
�
er
u
n
til
th
eir
retirem
en
t�
D
u
rin
g

retirem
en
t
th
e
con
ten
t
of
th
e
ren
am
e
b
u
�
er
�ren
am
e

register
en
try	
R
O
B
en
try
or
D
R
IS
en
try
�
is
w
ritten

b
ack
in
to
th
e
arch
itectu
re
register
�
le	
an
d
th
e

b
u
�
er
is
freed
for
fu
rth
er
u
se�

�

If
d
istin
ct
register
�
les
are
u
sed
for
F
X
an
d
F
P
d
ata

th
en
tw
o
sep
arate
ren
am
in
g
sch
em
es
are
u
sed
u
n
less

ren
am
in
g
takes
p
lace
w
ith
in
th
e
R
O
B
or
D
R
IS
�

v
in
o
d
�
ic�u
�
�b
r

A
rq
u
itetu
ra
s
P
a
ra
lela
s
I

T
�o
p
ico
�



R
eg
ister
R
en
a
m
in
g

�
	

A
c
c
e
s
s
in
g
R
e
n
a
m
in
g
B
u
�
e
r
s

R
en
am
e
b
u
�
ers
n
eed
to
b
e
accessed
for
sev
eral
p
u
rp
oses	

su
ch
as
to
fetch
op
eran
d
s	
to
u
p
d
ate
th
em
or
to

d
eallo
cate
th
em
�
O
p
eran
d
s
are
accessed
u
sin
g
o
n
e
of

tw
o
d
i�
eren
t
access
m
ech
an
ism
s�

�

R
en
am
e
b
u
�
ers
w
ith
a
ssocia
tive
a
ccess
ty
p
ically

h
old
th
ree
k
in
d
s
of
in
form
ation
�
th
e
d
estin
ation

register
n
u
m
b
er�
th
eir
valu
es
an
d
n
ecessary
statu
s

in
form
ation
�
W
h
en
a
register
valu
e
is
to
b
e
fetch
ed
	

all
en
tries
are
lo
oked
u
p
asso
ciatively
to
�
n
d
th
e

p
articu
lar
en
try
w
h
ose
d
estin
ation
�
eld
m
atch
es
th
e

req
u
ired
register�

v
in
o
d
�
ic�u
�
�b
r

A
rq
u
itetu
ra
s
P
a
ra
lela
s
I

T
�o
p
ico
�



R
eg
ister
R
en
a
m
in
g

�



A
c
c
e
s
s
in
g
R
e
n
a
m
in
g
B
u
�
e
r
s
�
c
o
n
t�

�

W
ith
th
e
in
d
exed
a
ccess
m
ech
a
n
ism
	
a
m
ap
p
in
g

tab
le
is
u
sed
to
ob
tain
th
e
actu
al
in
d
ex
in
to
th
e

ren
am
e
b
u
�
er
�
le�
T
h
e
m
ap
p
in
g
m
ech
an
ism

p
rov
id
es
a
u
n
iq
u
e
in
d
ex
to
th
e
ren
am
e
b
u
�
er
�
le

w
h
ich
alw
ay
s
corresp
on
d
s
to
th
e
m
ost
recen
t

in
stan
ce
of
th
e
d
estin
ation
register
con
cern
ed
�

N
ote
that
a
source
op
erand
m
ay
exist
in
b
oth
the
architectural
and
the

renam
e
register
�
le�
if
so
priority
is
given
to
the
renam
e
register
during

op
erand
access�

v
in
o
d
�
ic�u
�
�b
r

A
rq
u
itetu
ra
s
P
a
ra
lela
s
I

T
�o
p
ico
�



R
eg
ister
R
en
a
m
in
g

�
�

v
in
o
d
�
ic�u
�
�b
r

A
rq
u
itetu
ra
s
P
a
ra
lela
s
I

T
�o
p
ico
�



R
eg
ister
R
en
a
m
in
g

�
�

F
u
r
th
e
r
Is
s
u
e
s

�

In
term
s
of
op
eran
d
fetch
p
olicy	
th
e
sam
e
o
p
tion
s

ex
ist
as
th
ose
for
sh
elv
in
g
�
a
ren
a
m
e
�o
r
issu
e�

bo
u
n
d
o
r
a
d
ispa
tch
bo
u
n
d
o
pera
n
d
fetch
po
licy�

�

T
h
e
ren
a
m
e
ra
te
is
th
e
m
ax
im
u
m
n
u
m
b
er
of

ren
am
es
p
er
cy
cle
th
at
a
p
ro
cessor
is
ab
le
to

p
erform
�
In
ord
er
to
avoid
b
ottlen
eck
s
th
e
ren
am
e

rate
u
su
ally
eq
u
als
th
e
issu
e
rate�

�

A
ch
eck
n
eed
s
to
b
e
carried
ou
t
for
d
ata

d
ep
en
d
en
cies
am
on
g
th
e
in
stru
ction
s
issu
ed
in
th
e

sam
e
cy
cle�

v
in
o
d
�
ic�u
�
�b
r

A
rq
u
itetu
ra
s
P
a
ra
lela
s
I

T
�o
p
ico
�



R
eg
ister
R
en
a
m
in
g

�
�

v
in
o
d
�
ic�u
�
�b
r

A
rq
u
itetu
ra
s
P
a
ra
lela
s
I

T
�o
p
ico
�



P
a
ra
llel
E
x
ecu
tio
n

�



P
a
r
a
lle
l
E
x
e
c
u
tio
n

�

W
h
en
in
stru
ction
s
are
ex
ecu
ted
in
p
a
rallel	
th
ey
w
ill

gen
erally
�
n
ish
ou
t
of
ord
er�

�

T
h
e
term

�
n
ish
�
in
d
icates
th
at
th
e
req
u
ired

op
eration
of
th
e
in
stru
ction
h
as
b
een
accom
p
lish
ed
�

A
n
in
stru
ction

com
p
letes�
w
h
en
th
e
resu
lt
is

w
ritten
to
R
O
B
an
d
is

retired
�
or

com
m
itted
�

w
h
en
th
e
resu
lt
is
w
ritten
b
ack
to
th
e
arch
itectu
ral

register
an
d
th
e
en
try
rem
oved
from
th
e
R
O
B
�

�

S
om
e
p
ro
cessors
av
oid
ou
t�of�ord
er
ex
ecu
tion
b
y

en
forcin
g
in
�ord
er
issu
e
an
d
forcin
g
a
ll
E
U
s
to
h
ave

eq
u
al
ex
ecu
tion
tim
es	
i�e�
e�
ectively
o
p
eratin
g

lo
ck
�step
p
ed
p
ip
elin
es�

v
in
o
d
�
ic�u
�
�b
r

A
rq
u
itetu
ra
s
P
a
ra
lela
s
I

T
�o
p
ico
�


