


� �
�� �
��� �
�	 

��

 �� �


� ��
��
���
� ��

��
���
� �
� �
� ���
��
��
��� �
��

���
� 
! 

←
←

←

→



� �
�� �
��� �
�	 

��

 �� �


� ��
��
���
� ��

��
���
� �
� �
� ���
��
��
��� �
��

���
� 
!"

←
←

←

→ →



� �
�� �
��� �
�	 

��

 �� �


� ��
��
���
� ��

��
���
� �
� �
� ���
��
��
��� �
��

���
� 
!#

←
←

←

→



� �
�� �
��� �
�	 

��

 �� �


� ��
��
���
� ��

��
���
� �
� �
� ���
��
��
��� �
��

���
� 
!$

% % %



� �
�� �
��� �
�	 

��

 �� �


� ��
��
���
� ��

��
���
� �
� �
� ���
��
��
��� �
��

���
� 
!&

→←
←

←

→

←



� �
�� �
��� �
�	 

��

 �� �


� ��
��
���
� ��

��
���
� �
� �
� ���
��
��
��� �
��

���
� 
 �

%

←
←

←

←



� �
�� �
��� �
�	 

��

 �� �


� ��
��
���
� ��

��
���
� �
� �
� ���
��
��
��� �
��

���
� 
!'

% %

0
.6

1
.0

1
.4

1
.8

2
.2

4
0

5
0

6
0

7
0

P
h
ys

ic
a
l R

e
g
is

te
rs

IPC

IP
C



� �
�� �
��� �
�	 

��

 �� �


� ��
��
���
� ��

��
���
� �
� �
� ���
��
��
��� �
��

���
� 
 �

% →
µ

0
.6

1
.0

1
.4

1
.8

2
.2

4
0

5
0

6
0

7
0

P
h
ys

ic
a
l R

e
g
is

te
rs

IPC

IP
C

 w
ith

 D
V

I
IP

C
 n

o
 D

V
I



� �
�� �
��� �
�	 

��

 �� �


� ��
��
���
� ��

��
���
� �
� �
� ���
��
��
��� �
��

���
� 

�
(

→←

←

←
←

→

→



� �
�� �
��� �
�	 

��

 �� �


� ��
��
���
� ��

��
���
� �
� �
� ���
��
��
��� �
��

���
� 

��

%

←

←
← ←

→



� �
�� �
��� �
�	 

��

 �� �


� ��
��
���
� ��

��
���
� �
� �
� ���
��
��
��� �
��

���
� 

�
 

←

←
← ←



� �
�� �
��� �
�	 

��

 �� �


� ��
��
���
� ��

��
���
� �
� �
� ���
��
��
��� �
��

���
� 

�
"

020406080

ijp
eg

gc
c

vo
rt

ex
go

li
pe

rl

Percent Eliminated

49
.2

8.
3

2.
2

47
.3

15
.0

6.
0

17
.9

6.
4

3.
4

34
.2

5.
0

1.
4

43
.4

10
.6

4.
9

74
.6

15
.3

7.
2

S
av

es
 a

nd
 R

es
to

re
s

M
em

or
y 

R
ef

er
en

ce
s

In
st

ru
ct

io
ns



� �
�� �
��� �
�	 

��

 �� �


� ��
��
���
� ��

��
���
� �
� �
� ���
��
��
��� �
��

���
� 

�
#

% %0123456789

ijp
eg

gc
c

vo
rt

ex
go

li
pe

rl

Percent Speedup

3.
8

1.
9

6.
1

3.
3

4.
0

1.
6

0.
9

0.
6

6.
1

4.
2

8.
3

4.
8

1 
D

C
ac

he
 p

or
t

2 
D

C
ac

he
 p

or
ts



� �
�� �
��� �
�	 

��

 �� �


� ��
��
���
� ��

��
���
� �
� �
� ���
��
��
��� �
��

���
� 

�
$

←

←

→



� �
�� �
��� �
�	 

��

 �� �


� ��
��
���
� ��

��
���
� �
� �
� ���
��
��
��� �
��

���
� 

�
&

% %0

2
0

4
0

6
0

8
0

ijp
e
g

g
cc

vo
rt

e
x

g
o

li
p
e
rl

Percent

3
8

5
3

4
9

4
5

6
1

5
9

In
te

g
e
r 

S
a
ve

s/
R

e
st

o
re

s 
E

lim
in

a
te

d



� �
�� �
��� �
�	 

��

 �� �


� ��
��
���
� ��

��
���
� �
� �
� ���
��
��
��� �
��

���
� 

��

% % %



� �
�� �
��� �
�	 

��

 �� �


� ��
��
���
� ��

��
���
� �
� �
� ���
��
��
��� �
��

���
� 

�
'

%



� �
�� �
��� �
�	 

��

 �� �


� ��
��
���
� ��

��
���
� �
� �
� ���
��
��
��� �
��

���
� 

�
�

% % % % % % %


