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void fill(char *dest, char *src, int a)
{
    if (a != 0xdeadbeef)
    {
        fill (dest,src,0xdeadbeef);
        return;
    }
    strcpy(dest,src);
}

void getbuf(void)
{
    int buf[2]; //way too small
    fill((char*)(&buf[0]),"complexes",0x15213);
    printf("0x%.8x \n",buf[0]);
    printf("0x%.8x \n", buf[1]);
    printf("0x%.8x \n",buf[6]);
}

int main(void)
{
    getbuf();
    return 0;
}

Dump of assembler code for function getbuf:
   0x00000000004005e2 <+0>:     sub    $0x18,%rsp
   0x00000000004005e6 <+4>:     mov    %rsp,%rax
   0x00000000004005e9 <+7>:     mov    $0x15213,%edx
   0x00000000004005ee <+12>:    mov    $0x40074c,%esi
   0x00000000004005f3 <+17>:    mov    %rax,%rdi
   0x00000000004005f6 <+20>:    callq  0x400590 <fill>
   0x00000000004005fb <+25>:    mov    (%rsp),%eax
   0x00000000004005fe <+28>:    mov    %eax,%esi
   0x0000000000400600 <+30>:    mov    $0x400756,%edi
   0x0000000000400605 <+35>:    mov    $0x0,%eax
   0x000000000040060a <+40>:    callq  0x4003f8 <printf@plt>
   0x000000000040060f <+45>:    mov    0x4(%rsp),%eax
   0x0000000000400613 <+49>:    mov    %eax,%esi
   0x0000000000400615 <+51>:    mov    $0x400756,%edi
   0x000000000040061a <+56>:    mov    $0x0,%eax
   0x000000000040061f <+61>:    callq  0x4003f8 <printf@plt>
   0x0000000000400624 <+66>:    mov    0x18(%rsp),%eax
   0x0000000000400628 <+70>:    mov    %eax,%esi
   0x000000000040062a <+72>:    mov    $0x400756,%edi
   0x000000000040062f <+77>:    mov    $0x0,%eax
   0x0000000000400634 <+82>:    callq  0x4003f8 <printf@plt>
   0x0000000000400639 <+87>:    add    $0x18,%rsp
   0x000000000040063d <+91>:    retq

Dump of assembler code for function main:
   0x000000000040063e <+0>:     sub    $0x8,%rsp
   0x0000000000400642 <+4>:     mov    $0x0,%eax
   0x0000000000400647 <+9>:     callq  0x4005e2 <getbuf>
   0x000000000040064c <+14>:    mov    $0x0,%eax
   0x0000000000400651 <+19>:    add    $0x8,%rsp
   0x0000000000400655 <+23>:    retq
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c 0x63

e 0x65

l 0x6c

m 0x6d

o 0x6f

p 0x70

s 0x73

x 0x78

<end of main frame>

0x0073 

buf = 0x6578656c706d6f63 

Stack Diagram



Carnegie Mellon

⬛

⬛



Carnegie Mellon



Carnegie Mellon

⬛

⬛

⬛

⬛

len(Length of vector)
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void combine1(vec_ptr v, data_t *dest)
{

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

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

}
}

What is the simplest optimization on this program ?



Carnegie Mellon

void combine2(vec_ptr v, data_t *dest)
{

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

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

}
}
Move function calls that do not change the return value out of the loop.

What else can be optimized ? Do we really need the bound check ?
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void combine3(vec_ptr v, data_t *dest)
{

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

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

}

Can we avoid some memory references ?
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void combine4(vec_ptr v, data_t *dest)
{

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

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

}

Holding accumulated value in local variable avoids repeated access to memory.
We now have a loop. Can you think of a familiar optimization ?  ;)
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/* Unroll loop by 2 */

void combine5(vec_ptr v, data_t *dest)

{

long int i;

long int length = vec_length(v);

long int limit = length-1;

data_t *data = get_vec_start(v);

data_t acc = 0;

/* Combine 2 elements at a time */

for (i = 0; i < limit; i+=2) {

acc = (acc + data[i]) + data[i+1];

}

/* Finish any remaining elements */

for (; i < length; i++) {

acc = acc + data[i];

}

*dest = acc;

}

Anything more ? 

Can you think of strategies 
that make use of parallelism in 
superscalar processors ?
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  void combine6(vec_ptr v, data_t *dest)
{

long int i, length = vec_length(v);
long int limit = length-1;
data_t *data = get_vec_start(v);
data_t acc0 = 0;
data_t acc1 = 0;
/* Combine 2 elements at a time */
for (i = 0; i < limit; i+=2) {

acc0 = acc0 + data[i];
acc1 = acc1 + data[i+1];

}
for (; i < length; i++) {

acc0 = acc0 + data[i];
}
*dest = acc0 + acc1;

}

Maintain multiple accumulators to make 
better use of multiple functional units
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Question 7 Malloc
Typical format of heap block that uses a boundary tag
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First Fit fits data into memory by scanning from the beginning of 
available memory to the end,until the first free space which is at 
least big enough to accept the data is found. This space is then 
allocated to the data.

Best Fit tries to determine the best place to put the new data. The 
definition of 'best' may differ between implementations, but one 
example might be to try and minimise the wasted space at the 
end of the block being allocated - i.e.use the smallest space 
which is big enough. 
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● A single explicit free list
● All memory blocks have a size that is a multiple of 16 bytes and is at least 32 bytes
● All headers, footers and pointers are 8 bytes in size
● immediately coalesced after freeing
● Free blocks consist of a header
● All searches for free blocks start at the head of the list

First fit

48a 128f

allocated block free block
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● A single explicit free list
● All memory blocks have a size that is a multiple of 16 bytes and is at least 32 bytes
● All headers, footers and pointers are 8 bytes in size
● immediately coalesced after freeing
● Free blocks consist of a header
● All searches for free blocks start at the head of the list

64a

64a 48a

64a 48a 48a

64a 48a 48f

64f 48a 48f

32a 32f 48a 48f

First fit

48a 128f

allocated block free block
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…

● A single explicit free list
● All memory blocks have a size that is a multiple of 16 bytes and is at least 32 bytes
● All headers, footers and pointers are 8 bytes in size
● immediately coalesced after freeing
● Free blocks consist of a header
● All searches for free blocks start at the head of the list

64a

64a 48a

64a 48a 48a

64a 48a 48f

64f 48a 48f

32a 32f 48a 48f

48a 128f

allocated block free block

How about best fit?
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Review lecture slides on:
1. MSI Cache Coherence Protocol
2. MESI Protocol
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P(slots);
P(mutex);

V(mutex);
V(items);

P(items);
P(mutex);

V(mutex);
V(slots);
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The file file_1.txt contains 
the single word “file” with 
no white spaces
Assume that

● When each program 
finishes execution, 
the file contents will 
be reset to that 
shown above. 

● All system calls will 
succeed and the files 
are in the same 
directory as the two 
programs.
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