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for (i = 0; i < n; i++)
for (j = 0; j < n; j++)

a[n*i + j] = b[j];

for (i = 0; i < n; i++) {
int ni = n*i;
for (j = 0; j < n; j++)

a[ ni + j] = b[j];
}
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for (i = 0; i < n; i++)

for (j = 0; j < n; j++)
a[n*i + j] = b[j];

imull %ebx,%eax # i*n
movl 8(%ebp),%edi # a
leal (%edi,%eax,4),%edx # p = a+i*n (scaled by 4)
# Inner Loop

.L40:
movl 12(%ebp),%edi # b
movl (%edi,%ecx,4),%eax # b+j (scaled by 4)
movl %eax,(%edx) # *p = b[j]
addl $4,%edx # p++  (scaled by 4)
incl %ecx # j++
jl .L40                 # loop if j<n

for (i = 0; i < n; i++) {
int ni = n*i;
int *p = a+ni;
for (j = 0; j < n; j++)

*p++ = b[j];
}
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for (i = 0; i < n; i++)
for (j = 0; j < n; j++)

a[n*i + j] = b[j];

int ni = 0;
for (i = 0; i < n; i++) {

for (j = 0; j < n; j++)
a[ ni + j] = b[j];

ni += n;
}
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/* Sum neighbors of i,j */
up =    val[(i-1)*n + j];
down =  val[(i+1)*n + j];
left =  val[i*n   + j-1];
right = val[i*n   + j+1];
sum = up + down + left + right;

int inj = i*n + j;
up =    val[inj - n];
down =  val[inj + n];
left =  val[inj - 1];
right = val[inj + 1];
sum = up + down + left + right;
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void vsum1(int n)
{

int i;

for (i = 0; i<n; i++)
c[i] = a[i] + b[i];

}

void vsum2(int n)
{

int i;

for (i = 0; i<n; i+=2)
c[i] = a[i] + b[i];
c[i+1] = a[i+1] + b[i+1];

}
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vec_ptr new_vec(int len)
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int get_vec_element(vec_ptr v, int index, int *dest)
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int *get_vec_start(vec_ptr v)
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int vec_length(v)(vec_ptr v)
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data •••• •••• ••••
0 1 2 length–1
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void combine1(vec_ptr v, int *dest)
{

int i;
*dest = 0;
for (i = 0; i < vec_length(v); i++) {

int val;
get_vec_element(v, i, &val);
*dest += val;

}
}
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void combine1(vec_ptr v, int *dest)
{

int i;
*dest = 0;
for (i = 0; i < vec_length(v); i++) {

int val;
get_vec_element(v, i, &val);
*dest += val;

}
}

+ �@ + �$���%��,-��

��������	 �;���

��33	�	��1
� !�����#���vec_length ��00����'��1�	�����	�

� 5'�����# �����#0���06�1��������
�

void combine1-goto(vec_ptr v, int *dest)
{

int i = 0;
int val;
*dest = 0;
if (i >= vec_length(v))

goto done;
loop:

get_vec_element(v, i, &val);
*dest += val;
i++;
if (i < vec_length(v))

goto loop
done:

}

1 iteration
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void combine2(vec_ptr v, int *dest)
{

int i;
int length = vec_length (v);
*dest = 0;
for (i = 0; i < length ; i++) {

int val;
get_vec_element(v, i, &val);
*dest += val;

}
}
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void lower(char *s)
{

int i;
for (i = 0; i < strlen(s); i++)

if (s[i] >= 'A' && s[i] <= 'Z')
s[i] -= ('A' - 'a');

}
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void lower(char *s)
{

int i = 0;
if (i >= strlen(s))

goto done;
loop:

if (s[i] >= 'A' && s[i] <= 'Z')
s[i] -= ('A' - 'a');

i++;
if (i < strlen (s))

goto loop;
done:

}
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void lower(char *s)
{

int i;
int len = strlen (s);
for (i = 0; i < len ; i++)

if (s[i] >= 'A' && s[i] <= 'Z')
s[i] -= ('A' - 'a');

}
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void combine2(vec_ptr v, int *dest)
{

int i;
int length = vec_length(v);
*dest = 0;
for (i = 0; i < length; i++) {

int val;
get_vec_element(v, i, &val);
*dest += val;

}
}
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void combine3(vec_ptr v, int *dest)
{

int i;
int length = vec_length(v);
int *data = get_vec_start(v) ;
*dest = 0;
for (i = 0; i < length; i++) {

*dest += data[i];
}
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void combine4(vec_ptr v, int *dest)
{

int i;
int length = vec_length(v);
int *data = get_vec_start(v);
int sum = 0 ;
for (i = 0; i < length; i++)

sum + = data[i];
*dest = sum ;

}
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.L18:
movl (%ecx,%edx,4),%eax
addl %eax,(%edi)
incl %edx
cmpl %esi,%edx
jl .L18

Combine3

.L24:
addl (%eax,%edx,4),%ecx

incl %edx
cmpl %esi,%edx
jl .L24

Combine4

+ %� + �$���%��,-��

���	
	���	��"0��8������
��1�E0	��	 
E0	��	 

� �6���	33�����
�
��1���3�����������	31����0����	�

54�
�0�
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� combine3(v, get_vec_start(v)+2) → R

� combine4(v, get_vec_start(v)+2) → R�
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void combine4(vec_ptr v, int *dest)
{

int i;
int length = vec_length(v);
int *data = get_vec_start(v);
int sum = 0;
for (i = 0; i < length; i++)

sum += data[i];
*dest = sum;

}
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� int

� float

� double

void abstract_combine4(vec_ptr v, data_t *dest)
{

int i;
int length = vec_length(v);
data_t *data = get_vec_start(v);
data_t t = IDENT;
for (i = 0; i < length; i++)

t = t OP data[i];
*dest = t;

}
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�3�OP���IDENT

� + > 0

� * > 1
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Integer Floating Point Method 
+ * + * 

Abstract -g 42.06  41.86 41.44 160.00 
Abstract -O2 31.25  33.25 31.25 143.00 
Move vec_length 20.66  21.25 21.15 135.00 
data access 6.00  9.00 8.00 117.00 
Accum. in temp 2.00  4.00 3.00 5.00 
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void combine4p(vec_ptr v, int *dest)
{

int length = vec_length(v);
int *data = get_vec_start(v);
int *dend = data+length;
int sum = 0;
while (data < dend) {

sum += *data;
data++;

}
*dest = sum;

}
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.L24: # Loop:
addl (%eax,%edx,4),%ecx # sum += data[i]
incl %edx # i++
cmpl %esi,%edx # i:length
jl .L24 # if < goto Loop

.L30: # Loop:
addl (%eax),%ecx #  sum += *data
addl $4,%eax #  data ++
cmpl %edx,%eax #  data:dend
jb .L30 #  if < goto Loop
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.L24: # Loop:
imull (%eax,%edx,4),%ecx # t *= data[i]
incl %edx # i++
cmpl %esi,%edx # i:length
jl .L24 # if < goto Loop

.L24:
imull (%eax,%edx,4),%ecx

incl %edx
cmpl %esi,%edx
jl .L24

load (%eax,%edx.0,4) ���� t.1
imull t.1, %ecx.0    ���� %ecx.1
incl %edx.0 ���� %edx.1
cmpl %esi, %edx.1    ���� cc.1
jl-taken cc.1
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imull (%eax,%edx,4),%ecx load (%eax,%edx.0,4) ���� t.1
imull t.1, %ecx.0    ���� %ecx.1
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incl %edx incl %edx.0        ���� %edx.1

+ �% + �$���%��,-��

����0��	��54�
�0��2%

� ���	�	���������������������	
	0�������� 	�����

�E��	 ��� ������3	�������	�����6�������#�������
���#
��

cmpl %esi,%edx cmpl %esi, %edx.1  ���� cc.1
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jl .L24 jl-taken cc.1
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cc.1

t.1

load

%ecx.1

incl

cmpl

jl

%edx.0

%edx.1

%ecx.0

imull

load (%eax,%edx,4) ���� t.1
imull t.1, %ecx.0  ���� %ecx.1
incl %edx.0 ���� %edx.1
cmpl %esi, %edx.1  ���� cc.1
jl-taken cc.1

Time
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Time

cc.1

t.1

%ecx. i +1

incl

cmpl

jl

load

%edx.0

%edx.1

%ecx.0

addl

%ecx.1

load

load (%eax,%edx,4) ���� t.1
iaddl t.1, %ecx.0  ���� %ecx.1
incl %edx.0 ���� %edx.1
cmpl %esi, %edx.1  ���� cc.1
jl-taken cc.1

+ �C + �$���%��,-��

cc.1

cc.2%ecx.0

%edx.3
t.1

imull

%ecx.1

incl

cmpl

jl

%edx.0

i=0

load

t.2

imull

%ecx.2

incl

cmpl

jl

%edx.1

i=1

load

cc.3

t.3

imull

%ecx.3

incl

cmpl

jl

%edx.2

i=2

load

Cycle

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

cc.1

cc.2

Iteration 3

Iteration 2

Iteration 1

cc.1

cc.2%ecx.0

%edx.3
t.1

imull

%ecx.1

incl

cmpl

jl

%edx.0

i=0

load

t.1

imull

%ecx.1

incl

cmpl

jl

%edx.0

i=0

load

t.2

imull

%ecx.2

incl

cmpl

jl

%edx.1

i=1

load

t.2

imull

%ecx.2

incl

cmpl

jl

%edx.1

i=1

load

cc.3

t.3

imull

%ecx.3

incl

cmpl

jl

%edx.2

i=2

load

Cycle

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

Cycle

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

cc.1

cc.2

Iteration 3

Iteration 2

Iteration 1

%�������	����3���
�		 �!���#��
�0	
	����/���#����
E�01�	�
�E��#
��������	��
�������������������
���������'�	0��0�

�������	���3���

#0�	�0��	�����	���
�'��0���	��	
�

!��3��
���
� ;	
	�	 �3������
����
���0����1��3�
	�� ���
#0�	�0	��

�.	'����!5��3��<�
+ �G + �$���%��,-��

��������	����3���
�		 �,#


�0	
	����/���#����E�01�	�

!��3��
���
� ����� 	����6�	�����	����������0��8��1�0�

�,��#0�� 	'���!5��3��<�

�=�#0����?#	����4��#�	 ���	�� ���������	���	�����00�0

%edx.0

t.1

%ecx. i +1

incl

cmpl

jl

addl
%ecx.1

i=0

load
cc.1

%edx.0

t.1

%ecx. i +1

incl

cmpl

jl

addl
%ecx.1

i=0

load
cc.1

%edx.1

t.2

%ecx. i +1

incl

cmpl

jl

addl
%ecx.2

i=1

load
cc.2

%edx.1

t.2

%ecx. i +1

incl

cmpl

jl

addl
%ecx.2

i=1

load
cc.2

%edx.2

t.3

%ecx. i +1

incl

cmpl

jl

addl
%ecx.3

i=2

load
cc.3

%edx.2

t.3

%ecx. i +1

incl

cmpl

jl

addl
%ecx.3

i=2

load
cc.3

%edx.3

t.4

%ecx. i +1

incl

cmpl

jl

addl
%ecx.4

i=3

load
cc.4

%edx.3

t.4

%ecx. i +1

incl

cmpl

jl

addl
%ecx.4

i=3

load
cc.4

%ecx.0

%edx.4

Cycle

1

2

3

4

5

6

7

Cycle

1

2

3

4

5

6

7

Iteration 1

Iteration 2

Iteration 3

Iteration 4
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void combine5(vec_ptr v, int *dest)
{

int length = vec_length(v);
int limit = length-2;
int *data = get_vec_start(v);
int sum = 0;
int i;
/* Combine 3 elements at a time */
for (i = 0; i < limit; i+=3) {

sum += data[i] + data[i+2]
+ data[i+1];

}
/* Finish any remaining elements */
for (; i < length; i++) {

sum += data[i];
}
*dest = sum;

}
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load (%eax,%edx.0,4)  ���� t.1a
iaddl t.1a, %ecx.0c   ���� %ecx.1a
load 4(%eax,%edx.0,4) ���� t.1b
iaddl t.1b, %ecx.1a   ���� %ecx.1b
load 8(%eax,%edx.0,4) ���� t.1c
iaddl t.1c, %ecx.1b   ���� %ecx.1c
iaddl $3,%edx.0       ���� %edx.1
cmpl %esi, %edx.1     ���� cc.1
jl-taken cc.1
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+ $� + �$���%��,-��

54��#�	 �6	���;�������00	 

i=6

cc.3

t.3a

%ecx. i +1

addl

cmpl

jl

addl

%ecx.3c

addl

addl

t.3b

t.3c

%ecx.3a

%ecx.3b

load

load

load

%ecx.2c

i=9

cc.4

t.4a

%ecx. i +1

addl

cmpl

jl

addl

%ecx.4c

addl

addl

t.4b

t.4c

%ecx.4a

%ecx.4b

load

load

load

cc.4

t.4a

%ecx. i +1

addl

cmpl

jl

addl

%ecx.4c

addl

addl

t.4b

t.4c

%ecx.4a

%ecx.4b

load

load

load

%edx.3

%edx.2

%edx.4

5

6

7

8

9

10

11

Cycle

12

13

14

15

5

6

7

8

9

10

11

Cycle

12

13

14

15

Iteration 3

Iteration 4

� !���	�����!��3��
���
� �����
�0����	�����	��	�%��1�0��
� ,��#0�� 	'���!5��3��<�

�����#����!��3��
���
� �!5��3��<%%
����	�����	���'��1����1�0��



Page 14

+ $% + �$���%��,-��

533�����3����00	 

� �01���0���	�� ����#
�3����#���4�
�0��
�������������������	����1�3#��	��0�#	��0����	��

� 533����	���0	����6	����� �����3�#��00	 
���1��#��0���33����������
	���4���������#0	 ��3�������	��

�@G�%�����00	 ��� ���

�<��!���#����� ��

�<�@�<�$�<$��<%%�<$��<��,#
��� ��

�!

�!

!���#��

,#


$<��

%<��

+ $� + �$���%��,-��

,��	�0���
�#���	�
��
�#���	�

((((((((((((1 * x0) * 
x1) * x2) * x3) * x4) * 
x5) * x6) * x7) * x8) * 
x9) * x10) * x11 )
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� OI���1�0���

*

*

11 xx 00

xx 11

*

xx 22

*

xx 33

*

xx 44

*

xx 55

*

xx 66

*

xx 77

*

xx 88

*

xx 99

*

xx 1010

*

xx 1111
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void combine6(vec_ptr v, int *dest)
{

int length = vec_length(v);
int limit = length-1;
int *data = get_vec_start(v);
int x0 = 1;
int x1 = 1;
int i;
/* Combine 2 elements at a time */
for (i = 0; i < limit; i+=2) {

x0 *= data[i];
x1 *= data[i+1];

}
/* Finish any remaining elements */
for (; i < length; i++) {

x0 *= data[i];
}
*dest = x0 * x1;

}

+ $@ + �$���%��,-��
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((((((1 * x0) * x2) * x4) * x6) * 
x8) * x10) *

((((((1 * x1) * x3) * x5) * x7) * 
x9) * x11)

!��3��
���
� O��0�
��������1�0��>������	�

� 9O>�B�:I���1�0���

� V�M����3��
����	
���'�
��

*

*

11 xx 11

xx 33

*

xx 55

*

xx 77

*

xx 99

*

xx 1111

*

*

*

11 xx 00

xx 22

*

xx 44

*

xx 66

*

xx 88

*

xx 1010
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�O������	��01���#��3���30���	 ���	�

K�J�3���
�������0	���	��

7���6���
�!	��0	���3#��	��0�#	��

�E�	0	�1�����1�
	��001��4����������00�0	�
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F	�#�0	�	 �!���00�0�;���

��6��
#0�	�0	���6	��	�
0������0� �����'��
������������1

�E00�6�����
����
�	��0	�

load (%eax,%edx.0,4)  ���� t.1a
imull t.1a, %ecx.0    ���� %ecx.1
load 4(%eax,%edx.0,4) ���� t.1b
imull t.1b, %ebx.0    ���� %ebx.1
iaddl $2,%edx.0       ���� %edx.1
cmpl %esi, %edx.1     ���� cc.1
jl-taken cc.1

Time

%edx.1

%ecx.0

%ebx.0

cc.1

t.1a

imull

%ecx.1

addl

cmpl

jl

%edx.0

imull

%ebx.1

t.1b

load

load

+ $H + �$���%��,-��

54��#�	 �6	���!���00�0�;���

%edx.3%ecx.0

%ebx.0

i=0

i=2

cc.1

t.1a

imull

%ecx.1

addl

cmpl

jl

%edx.0

imull

%ebx.1

t.1b

load

load
cc.1

t.1a

imull

%ecx.1

addl

cmpl

jl

%edx.0

imull

%ebx.1

t.1b

load

load
cc.2

t.2a

imull

%ecx.2

addl

cmpl

jl

%edx.1

imull

%ebx.2

t.2b

load

load
cc.2

t.2a

imull

%ecx.2

addl

cmpl

jl

%edx.1

imull

%ebx.2

t.2b

load

load

i=4

cc.3

t.3a

imull

%ecx.3

addl

cmpl

jl

%edx.2

imull

%ebx.3

t.3b

load

load

14

Cycle

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

Cycle

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

Iteration 1

Iteration 2

Iteration 3

� !���	�����!��3��
���
� ���8�������1�0��
#0�	�0	���
�#�1����3��
	 ��6��
�	
#0����#��
#0�	�0	���	��

� .	'����!5��3��<�
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�		 

Integer Floating Point Method 
+ * + * 

Abstract -g 42.06  41.86 41.44 160.00 
Abstract -O2 31.25  33.25 31.25 143.00 
Move vec_length 20.66  21.25 21.15 135.00 
data access 6.00  9.00 8.00 117.00 
Accum. in temp 2.00  4.00 3.00 5.00 
Pointer 3.00  4.00 3.00 5.00 
Unroll 4 1.50  4.00 3.00 5.00 
Unroll 16 1.06 4.00 3.00 5.00 
2 X 2 1.50 2.00 2.00 2.50 
4 X 4 1.50 2.00 1.50 2.50 
8 X 4 1.25 1.25 1.50 2.00 
Theoretical Opt. 1.00  1.00 1.00 2.00 
Worst : Best 39.7 33.5 27.6 80.0 
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� �!5�L��<$

void combine6aa(vec_ptr v, int *dest)
{

int length = vec_length(v);
int limit = length-1;
int *data = get_vec_start(v);
int x = 1;
int i;
/* Combine 2 elements at a time */
for (i = 0; i < limit; i+=2) {

x *= (data[i] * data[i+1]);
}
/* Finish any remaining elements */
for (; i < length; i++) {

x *= data[i];
}
*dest = x;

}

+ @� + �$���%��,-��

�������2����
�#���	�
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�#���	�

((((((1 * (x0 * x1)) * (x2 * x3)) * 
(x4 * x5)) * (x6 * x7)) * (x8 * 
x9)) * (x10 * x11))

!��3��
���
� O��0�
��������1�0��>������	�

� ,��#0�����9O>�B�:I���1�0���
� �!5�L��<�

� ����#�����!5�6����

*

*

11

*

*

*

*

*

xx 11xx 00

*

xx 33xx 22

*

xx 55xx 44

*

xx 77xx 66

*

xx 99xx 88

*

xx 1111xx 1010

�<���<$��

�<���<CG@

�<@C

�<$�

�!5�
9
���#���:

�<%%%

�<���

�!5�
9�������	��0:

���00	 
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� �!5�L��<��

�E00�
#0�	�0	������3�
�� 	���?#���

/* Combine 2 elements at a time */
for (i = 0; i < limit; i+=2) {

x = x * (data[i] * data[i+1]);
}

/* Combine 2 elements at a time */
for (i = 0; i < limit; i+=2) {

x = (x * data[i]) * data[i+1];
}

� �!5�L��<$�

��#0�	�0	����'��0��

*

*

11 xx 00

xx 11

*

xx 22

*

xx 33

*

xx 44

*

xx 55

*

xx 66

*

xx 77

*

xx 88

*

xx 99

*

xx 1010

*

xx 1111

*

*

11 xx 00

xx 11

*

xx 22

*

xx 33

*

xx 44

*

xx 55

*

xx 66

*

xx 77

*

xx 88

*

xx 99

*

xx 1010

*

xx 1111

*

*

11

*

*

*

*

*

xx 11xx 00

*

xx 33xx 22

*

xx 55xx 44

*

xx 77xx 66

*

xx 99xx88

*

xx 1111xx 1010

*

*

11

*

*

*

*

*

xx 11xx 00

*

xx 11xx 00

*

xx 33xx 22

*

xx 33xx 22

*

xx 55xx 44

*

xx 55xx 44

*

xx 77xx 66

*

xx 77xx 66

*

xx 99xx88

*

xx 99xx88

*

xx 1111xx 1010

*

xx 1111xx 1010
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�=��������# ���� 	�������
#�����	00���
�����	���
��������8
�=	�����#���1����3��
���� �	�

�O�����0�����1����
	 
� �������3������
����������������	���#��	�������00�6�
���A������6���8��3��E%��	���#��	�����
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� 5< <�����-8(%ebp)

.L165:
imull (%eax),%ecx
movl -4(%ebp),%edi
imull 4(%eax),%edi
movl %edi,-4(%ebp)
movl -8(%ebp),%edi
imull 8(%eax),%edi
movl %edi,-8(%ebp)
movl -12(%ebp),%edi
imull 12(%eax),%edi
movl %edi,-12(%ebp)
movl -16(%ebp),%edi
imull 16(%eax),%edi
movl %edi,-16(%ebp)

…
addl $32,%eax
addl $8,%edx
cmpl -32(%ebp),%edx
jl .L165

+ @@ + �$���%��,-��
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��1��/��#0���3���!��	#
����

� "	  ���� �	���	 ����	�����	
	���	��
� "#���0����0	��0���	����0��

Integer Floating Point Method 
+ * + * 

Abstract -g 42.06  41.86 41.44 160.00 
Abstract -O2 31.25  33.25 31.25 143.00 
Move vec_length 20.66  21.25 21.15 135.00 
data access 6.00  9.00 8.00 117.00 
Accum. in temp 2.00  4.00 3.00 5.00 
Unroll 4 1.50  4.00 3.00 5.00 
Unroll 16 1.06  4.00 3.00 5.00 
4 X 2 1.50 2.00 1.50 2.50 
8 X 4 1.25 1.25 1.50 2.00 
8 X 8 1.88 1.88 1.75 2.00 
Worst : Best 39.7 33.5 27.6 80.0 
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Integer Floating Point Method 
+ * + * 

Abstract -g 40.14  47.14 52.07 53.71 
Abstract -O2 25.08  36.05 37.37 32.02 
Move vec_length 19.19  32.18 28.73 32.73 
data access 6.26  12.52 13.26 13.01 
Accum. in temp 1.76  9.01 8.08 8.01 
Unroll 4 1.51  9.01 6.32 6.32 
Unroll 16 1.25  9.01 6.33 6.22 
4 X 2 1.19 4.69 4.44 4.45 
8 X 4 1.15 4.12 2.34 2.01 
8 X 8 1.11 4.24 2.36 2.08 
Worst : Best 36.2 11.4 22.3 26.7 
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� 7	 ����0����	���9	� I�L�����3� B�L�$<���3� I�L�C<�:
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Integer Floating Point Method 
+ * + * 

Abstract -g 35.25  35.34 35.85 38.00 
Abstract -O2 26.52  30.26 31.55 32.00 
Move vec_length 18.00  25.71 23.36 24.25 
data access 3.39  31.56 27.50 28.35 
Accum. in temp 2.00  14.00 5.00 7.00 
Unroll 4 1.01  14.00 5.00 7.00 
Unroll 16 1.00  14.00 5.00 7.00 
4 X 2 1.02 7.00 2.63 3.50 
8 X 4 1.01 3.98 1.82 2.00 
8 X 8 1.63 4.50 2.42 2.31 
Worst : Best 35.2 8.9 19.7 19.0 
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80489f3: movl $0x1,%ecx
80489f8: xorl %edx,%edx
80489fa: cmpl %esi,%edx
80489fc: jnl 8048a25
80489fe: movl %esi,%esi
8048a00: imull (%eax,%edx,4),%ecx

Executing

Fetching &
Decoding

+ C� + �$���%��,-��
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80489f3: movl $0x1,%ecx
80489f8: xorl %edx,%edx
80489fa: cmpl %esi,%edx
80489fc: jnl 8048a25
80489fe: movl %esi,%esi
8048a00: imull (%eax,%edx,4),%ecx

8048a25: cmpl %edi,%edx
8048a27: jl 8048a20
8048a29: movl 0xc(%ebp),%eax
8048a2c: leal 0xffffffe8(%ebp),%esp
8048a2f: movl %ecx,(%eax)

Branch Taken

Branch Not-Taken
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80489f3: movl $0x1,%ecx
80489f8: xorl %edx,%edx
80489fa: cmpl %esi,%edx
80489fc: jnl 8048a25
. . .

8048a25: cmpl %edi,%edx
8048a27: jl 8048a20
8048a29: movl 0xc(%ebp),%eax
8048a2c: leal 0xffffffe8(%ebp),%esp
8048a2f: movl %ecx,(%eax)

Predict Taken

Execute

+ C� + �$���%��,-��
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80488b1: movl (%ecx,%edx,4),%eax
80488b4: addl %eax,(%edi)
80488b6: incl %edx
80488b7: cmpl %esi,%edx
80488b9: jl 80488b1

80488b1: movl (%ecx,%edx,4),%eax
80488b4: addl %eax,(%edi)
80488b6: incl %edx
80488b7: cmpl %esi,%edx
80488b9: jl 80488b1

80488b1: movl (%ecx,%edx,4),%eax
80488b4: addl %eax,(%edi)
80488b6: incl %edx
80488b7: cmpl %esi,%edx
80488b9: jl 80488b1

i = 98

i = 99

i = 100

Predict Taken (OK)

Predict Taken
(Oops)

80488b1: movl (%ecx,%edx,4),%eax
80488b4: addl %eax,(%edi)
80488b6: incl %edx
80488b7: cmpl %esi,%edx
80488b9: jl 80488b1

i = 101

Assume vector length = 100

Read 
invalid 
location

Executed

Fetched
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80488b1: movl (%ecx,%edx,4),%eax
80488b4: addl %eax,(%edi)
80488b6: incl %edx
80488b7: cmpl %esi,%edx
80488b9: jl 80488b1

80488b1: movl (%ecx,%edx,4),%eax
80488b4: addl %eax,(%edi)
80488b6: incl %edx
80488b7: cmpl %esi,%edx
80488b9: jl 80488b1

80488b1: movl (%ecx,%edx,4),%eax
80488b4: addl %eax,(%edi)
80488b6: incl %edx
80488b7: cmpl %esi,%edx
80488b9: jl 80488b1

i = 98

i = 99

i = 100

Predict Taken (OK)

Predict Taken (Oops)

80488b1: movl (%ecx,%edx,4),%eax
80488b4: addl %eax,(%edi)
80488b6: incl %edx

i = 101

Invalidate

Assume vector length = 100
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80488b1: movl (%ecx,%edx,4),%eax
80488b4: addl %eax,(%edi)
80488b6: incl %edx
80488b7: cmpl %esi,%edx
80488b9: jl 80488b1

80488b1: movl (%ecx,%edx,4),%eax
80488b4: addl %eax,(%edi)
80488b6: incl %edx
80488b7: cmpl %esi,%edx
80488b9: jl 80488b1
80488bb: leal 0xffffffe8(%ebp),%esp
80488be: popl %ebx
80488bf: popl %esi
80488c0: popl %edi

i = 98

i = 99

Predict Taken (OK)

Definitely not taken

Assume vector length = 100
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int max(int x, int y)
{

return (x < y) ? y : x;
}

movl 12(%ebp),%edx # Get y
movl 8(%ebp),%eax # rval=x
cmpl %edx,%eax # rval:y
jge L11 # skip when >=
movl %edx,%eax # rval=y

L11:
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int bmax(int x, int y)
{

int mask = -(x>y);
return (mask & x) | (~mask & y);

}

xorl %edx,%edx # mask = 0
movl 8(%ebp),%eax
movl 12(%ebp),%ecx
cmpl %ecx,%eax
jle L13 # skip if x<=y
movl $-1,%edx # mask = -1

L13:
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int bvmax(int x, int y)
{

volatile int t = (x>y);
int mask = -t;
return (mask & x) | 

(~mask & y);
}

movl 8(%ebp),%ecx # Get x
movl 12(%ebp),%edx # Get y
cmpl %edx,%ecx # x:y
setg %al # (x>y)
movzbl %al,%eax # Zero extend
movl %eax,-4(%ebp) # Save as t
movl -4(%ebp),%eax # Retrieve t
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� cmovXXl %edx , %eax
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movl 8(%ebp),%edx # Get x
movl 12(%ebp),%eax # rval=y
cmpl %edx, %eax # rval:x
cmovll %edx,%eax # If <, rval=x
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gcc –O2 –pg prog.c –o prog

./prog
� 54��#����	���
�0�3���	����#���0��� ��������3	0��gmon.out

gprof prog
� .�����������3	0��	3��
��	����������gmon.out
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%   cumulative   self              self total           
time   seconds   seconds calls  ms/call  ms/call name     
86.60    8.21     8.21 1  8210.00  8210.00 sort_words

5.80    8.76     0.55   946596     0.00     0.00 low er1
4.75    9.21     0.45   946596     0.00     0.00 fin d_ele_rec
1.27    9.33     0.12   946596     0.00     0.00 h_a dd
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_fib:

pushl %ebp
movl %esp,%ebp
subl $16,%esp
pushl %esi
pushl %ebx
movl 8(%ebp),%ebx
cmpl $1,%ebx
jle L3
addl $-12,%esp
leal -1(%ebx),%eax
pushl %eax
call _fib
movl %eax,%esi
addl $-12,%esp
leal -2(%ebx),%eax
pushl %eax
call _fib
addl %esi,%eax
jmp L5
.align 4

.align 4
L3:

movl $1,%eax
L5:

leal -24(%ebp),%esp
popl %ebx
popl %esi
movl %ebp,%esp
popl %ebp
ret

int fib(int n)
{

if (n <= 1) return 1;
return fib(n-1)+fib(n-2);

}


