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int x = 5, y = 3;
set_add_twice(&x, &y);

void set_add_twice(int* xp, int* yp) {
  *xp += *yp;
  *xp += *yp;
}

����

void set_add_twice(int* xp, int* yp) {
  *xp += 2 * *yp;
}
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int x = 5;
set_add_twice(&x, &x);

void set_add_twice(int* xp, int* yp) {
  *xp += *yp;
  *xp += *yp;
}
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void set_add_twice(int* xp, int* yp) {
  *xp += 2 * *yp;
}
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void set_row(double *a, double *b, long i, long n) {
  long j;
  for (j = 0; j < n; j++)
    a[n*i+j] = b[j];
}
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void set_row(double *a, double *b, long i, long n) {
  long j;
  for (j = 0; j < n; j++)
    a[n*i+j] = b[j];
}
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void set_row(double *a, double *b, long i, long n) {
  long j;
  for (j = 0; j < n; j++)
    a[n*i+j] = b[j];
}

void set_row(double *a, double *b, long i, long n) {
   long j;
   int ni = n*i;
   for (j = 0; j < n; j++)
     a[ni+j] = b[j];
}
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void set_row(double *a, double *b, long i, long n) {
  long j;
  for (j = 0; j < n; j++)
    a[n*i+j] = b[j];
}

g
c
c
 
-
O
1

set_row:
  testq   %rcx, %rcx             #  Test n
  jle     .L1                    #  If 0, goto done
  imulq   %rcx, %rdx             #  ni = n*i
  leaq    (%rdi,%rdx,8), %rdx    #  rowp = A + ni*8
  movl    $0, %eax               #  j = 0
.L3:                            # loop:
  movsd   (%rsi,%rax,8), %xmm0   #  t = b[j]
  movsd   %xmm0, (%rdx,%rax,8)   #  M[A+ni*8 + j*8] = t
  addq    $1, %rax               #  j++
  cmpq    %rcx, %rax             #  j:n
  jne     .L3                    #  if !=, goto loop
.L1:                            # done:
  rep ret
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void set_row(double *a, double *b, long i, long n) {
  long j;
  for (j = 0; j < n; j++)
    a[n*i+j] = b[j];
}

g
c
c
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1

set_row:
  testq   %rcx, %rcx             #  Test n
  jle     .L1                    #  If 0, goto done
  imulq   %rcx, %rdx             #  ni = n*i
  leaq    (%rdi,%rdx,8), %rdx    #  rowp = A + ni*8
  movl    $0, %eax               #  j = 0
.L3:                            # loop:
  movsd   (%rsi,%rax,8), %xmm0   #  t = b[j]
  movsd   %xmm0, (%rdx,%rax,8)   #  M[A+ni*8 + j*8] = t
  addq    $1, %rax               #  j++
  cmpq    %rcx, %rax             #  j:n
  jne     .L3                    #  if !=, goto loop
.L1:                            # done:
  rep ret
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void set_row(double *a, double *b, long i, long n) {
  long j;
  for (j = 0; j < n; j++)
    a[n*i+j] = b[j];
}

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

g
c
c
 
-
O
1

set_row:
  testq   %rcx, %rcx             #  Test n
  jle     .L1                    #  If 0, goto done
  imulq   %rcx, %rdx             #  ni = n*i
  leaq    (%rdi,%rdx,8), %rdx    #  rowp = A + ni*8
  movl    $0, %eax               #  j = 0
.L3:                            # loop:
  movsd   (%rsi,%rax,8), %xmm0   #  t = b[j]
  movsd   %xmm0, (%rdx,%rax,8)   #  M[A+ni*8 + j*8] = t
  addq    $1, %rax               #  j++
  cmpq    %rcx, %rax             #  j:n
  jne     .L3                    #  if !=, goto loop
.L1:                            # done:
  rep ret
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16*x��⇒��x<<4

int sixteen(int v) {
  return 16*v;
}

⇒
movl  %edi, %eax
sall  $4, %eax
ret

gcc -O1
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for (i = 0; i < n; i++) {
  int ni = n*i;
  for (j = 0; j < n; j++)
    a[ni + 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;
}

g
c
c
 
-
O
2

   movslq  %edx, %r9     # r9 = n
   xorl    %r8d, %r8d    # i = 0
   salq    $2, %r9       # %r9 = 4*n
.L6:
   xorl    %eax, %eax    # j = 0
.L4:
   movl    (%rsi,%rax,4), %ecx
   movl    %ecx, (%rdi,%rax,4)
   addq    $1, %rax      # j++
   cmpl    %eax, %edx
   jg      .L4
   addl    $1, %r8d      # i++
   addq    %r9, %rdi     # pa += 4*n
   cmpl    %edx, %r8d
   jne     .L6 �����������������������Computer Systems: A Programmer’s Perspective��������������������
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/* Sum values near i,j */
prev2 = val[i*n + j - 2];
prev  = val[i*n + j - 1];
next  = val[i*n + j + 1];
next2 = val[i*n + j + 2];
sum = (prev2 + prev
       + next + next2);
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/* Sum values near i,j */
prev2 = val[i*n + j - 2];
prev  = val[i*n + j - 1];
next  = val[i*n + j + 1];
next2 = val[i*n + j + 2];
sum = (prev2 + prev
       + next + next2);

⇒

long inj = i*n + j;
prev2 = val[inj - 2];
prev  = val[inj - 1];
next  = val[inj + 1];
next2 = val[inj + 2];
sum = (prev2 + prev
       + next + next2);
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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);
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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);

⇒

long 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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/* 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);

⇒

long 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);

leaq   1(%rsi), %rax  # i+1
leaq   -1(%rsi), %r8  # i-1
imulq  %rcx, %rsi     # i*n
imulq  %rcx, %rax     # (i+1)*n
imulq  %rcx, %r8      # (i-1)*n
addq   %rdx, %rsi     # i*n+j
addq   %rdx, %rax     # (i+1)*n+j
addq   %rdx, %r8      # (i-1)*n+j

�����������������

⇒

imulq  %rcx, %rsi  # i*n
addq   %rdx, %rsi  # i*n+j
movq   %rsi, %rax  # i*n+j
subq   %rcx, %rax  # i*n+j-n
leaq   (%rsi,%rcx), %rcx # i*n+j+n

����������������
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int g(int v);
 
int f(int *a, int len) {
  int i, accum = 0;
 
  for (i = 0; i < len; i++) {
    accum += a[i];
    accum += g(a[i]);
    accum += a[i];
  }
 
  return accum;
}
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int g(int v);
 
int f(int *a, int len) {
  int i, accum = 0;
 
  for (i = 0; i < len; i++) {
    accum += a[i];
    accum += g(a[i]);
    accum += a[i];
  }
 
  return accum;
}

����

.L3:
   movl   (%rbx), %edi
   addq   $4, %rbx
   leal   (%rdi,%rax), %ebp
   call   g
   addl   %ebp, %eax
   addl   -4(%rbx), %eax
   cmpq   %r12, %rbx
   jne    .L3

gcc -O2
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int g(int v);
 
int f(int *a, int len) {
  int i, accum = 0;
 
  for (i = 0; i < len; i++) {
    accum += a[i];
    accum += g(a[i]);
    accum += a[i];
  }
 
  return accum;
}

����

.L3:
   movl   (%rbx), %edi
   addq   $4, %rbx
   leal   (%rdi,%rax), %ebp
   call   g
   addl   %ebp, %eax
   addl   -4(%rbx), %eax
   cmpq   %r12, %rbx
   jne    .L3

gcc -O2

int g(int v) {
  return v + 1;
}
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int g(int v);
 
int f(int *a, int len) {
  int i, accum = 0;
 
  for (i = 0; i < len; i++) {
    accum += a[i];
    accum += g(a[i]);
    accum += a[i];
  }
 
  return accum;
}

����

.L3:
   movl   (%rbx), %edi
   addq   $4, %rbx
   leal   (%rdi,%rax), %ebp
   call   g
   addl   %ebp, %eax
   addl   -4(%rbx), %eax
   cmpq   %r12, %rbx
   jne    .L3

gcc -O2

int g(int v) {
  return v + 1;
}

����

char global_a[100] = ....;
 
int g(int v) {
  global_a[v] = 0;
}
 
int main() {
  f(global_a, 100);
}

��
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/* Sum rows of `a` and store in vector `b`  */
void sum_rows1(int *a, int *b, long n) {
  long i, j;
  for (i = 0; i < n; i++) {
    b[i] = 0;
    for (j = 0; j < n; j++)
      b[i] += a[i*n + j];
  }
}
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/* Sum rows of `a` and store in vector `b`  */
void sum_rows1(int *a, int *b, long n) {
  long i, j;
  for (i = 0; i < n; i++) {
    b[i] = 0;
    for (j = 0; j < n; j++)
      b[i] += a[i*n + j];
  }
}

# inner loop of sum_rows1:
.L4:
   addl (%rdi), %eax
   addq $4, %rdi
   cmpq %rdi, %r8
   movl %eax, (%rsi,%rcx,4)
   jne .L4
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���������������������������������

/* Sum rows of `a` and store in vector `b`  */
void sum_rows1(int *a, int *b, long n) {
  long i, j;
  for (i = 0; i < n; i++) {
    b[i] = 0;
    for (j = 0; j < n; j++)
      b[i] += a[i*n + j];
  }
}

# inner loop of sum_rows1:
.L4:
   addl (%rdi), %eax
   addq $4, %rdi
   cmpq %rdi, %r8
   movl %eax, (%rsi,%rcx,4)
   jne .L4

int A[9] =
  { 0,   1,   2,
    4,   8,  16,
   32,  64, 128};
int *B = A+3;
 
sum_rows1(A, B, 3);
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/* Sum rows of `a` and store in vector `b`  */
void sum_rows2(int *a, int *b, long n) {
  long i, j;
  for (i = 0; i < n; i++) {
    int s = 0;
    for (j = 0; j < n; j++)
      s += a[i*n + j];
    b[i] = s;
  }
}

# inner loop of sum_rows2:
.L5:
   addl    (%rdi), %eax
   addq    $4, %rdi
   cmpq    %rdi, %rcx
   jne     .L5
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  int sum_and_set(int *a, long *c, int len) {
    int i, accum = 0;
 
    for (i = 0; i < len; i++) {
      accum += a[i];
      c[i] = i;
      accum += a[i];
    }
 
  return accum;
}
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  int sum_and_set(int *a, long *c, int len) {
    int i, accum = 0;
 
    for (i = 0; i < len; i++) {
      accum += a[i];
      c[i] = i;
      accum += a[i];
    }
 
  return accum;
}

.L3:
   movl    (%rdi,%rcx,4), %r8d
   movq    %rcx, (%rsi,%rcx,8)
   addq    $1, %rcx
   cmpl    %ecx, %edx
   leal    (%rax,%r8,2), %eax
   jg      .L3
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  int sum_and_set(int *a, long *c, int len) {
    int i, accum = 0;
 
    for (i = 0; i < len; i++) {
      accum += a[i];
      c[i] = i;
      accum += a[i];
    }
 
  return accum;
}

.L3:
   movl    (%rdi,%rcx,4), %r8d
   movq    %rcx, (%rsi,%rcx,8)
   addq    $1, %rcx
   cmpl    %ecx, %edx
   leal    (%rax,%r8,2), %eax
   jg      .L3

int a[6] = {1, 2, 3, 0, 0, 0};
long *c = (long *)a;
 
sum_and_set(a, c, 3);

��
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int sum_and_set(int *a, long *c, int len);

Strict aliasing��������������������������������������
p1�����p2����������������������������������������������
�������������

��������void*�����������������������������������������

��������char*�����
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float f = 1.2;
int i = *(int *)&f;

����������������������������memcpy�������������void*��

float f = 1.2;
int i;
memcpy(&i, &f, sizeof(float));
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void lower(char *s) {
  size_t 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) {
  size_t i;
 
  for (i = 0; i < strlen(s); i++)
    if (s[i] >= 'A' && s[i] <= 'Z')
      s[i] -= ('A' - 'a');
}

������strlen����������������������������

���������������������

Algorithmic problem!
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strlen�������������������������������0�����������

int my_strlen(char *s) {
  int len = 0;
  while (s[len] != 0) len++;
  return len;
}

�����������������������������

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

��������������

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

�����
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memset(s, 'a', MAX_N);
 
for (i = 1; i <= MAX_N; i *= 2) {
  s[i] = 0; /* set terminator */
  start = get_cpu_time();
 
  lower(s);
 
  end = get_cpu_time();
  s[i] = 'a'; /* restore non-terminator */
 
  printf("%ld %ld\n", i, end - start);
}
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gcc -O1
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gcc -O1
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quadratic
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gcc -O2
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gcc -O2
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for (i = 0; i < strlen(s); i++)
  if (s[i] >= 'A' && s[i] <= 'Z')
    s[i] -= ('A' - 'a');

.L11:
   movzbl  0(%rbp,%rbx), %edx
   leal    -65(%rdx), %ecx    # s[i]-'A'
   cmpb    $25, %cl           # result > 'Z'-'A' ?
   ja      .L10               # if so, skip...
   addl    $32, %edx          #  compute lowercase
   movq    %rbp, %rdi
   movb    %dl, 0(%rbp,%rbx)  #  store s[i]
   call    strlen             #  call strlen() again
.L10:
   addq    $1, %rbx
   cmpq    %rax, %rbx
   jb      .L11

gcc -O2
�����������������������Computer Systems: A Programmer’s Perspective�����������������
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for (i = 0; i < strlen(s); i++)
  if (s[i] >= 'A' && s[i] <= 'Z')
    s[i] -= ('A' - 'a');

.L11:
   movzbl  0(%rbp,%rbx), %edx
   leal    -65(%rdx), %ecx    # s[i]-'A'
   cmpb    $25, %cl           # result > 'Z'-'A' ?
   ja      .L10               # if so, skip...
   addl    $32, %edx          #  compute lowercase
   movq    %rbp, %rdi
   movb    %dl, 0(%rbp,%rbx)  #  store s[i]
   call    strlen             #  call strlen() again
.L10:
   addq    $1, %rbx
   cmpq    %rax, %rbx
   jb      .L11

gcc -O2

gcc������������strlen����������
�������������s�������������
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memset(s, 'A', MAX_N);

�������s����������������������������
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gcc -O2���������������'A'�������������'a'�
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gcc -O2���������������'A'�������������'a'�

���
��
��
�

�������

� ���

���������������������

quadratic
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gcc -O2������my_strlen���������������'a'�
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��������������������strlen
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typedef .... data_t;
 
typedef struct {
  size_t len;
  data_t *data;
} vec;

�

len
���

data

...

vec *new_vec(size_t len) {
  vec *result = (vec *) malloc(sizeof(vec));
  result->len = len;
  result->data = calloc(len, sizeof(data_t));
  return result;
}
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typedef .... data_t;
 
typedef struct {
  size_t len;
  data_t *data;
} vec;

�

len
���

data

...

/* retrieve vector element and store at val */
int get_vec_element(vec *v, size_t idx, data_t *val) {
  if (idx >= v->len)
    return 0;
  *val = v->data[idx];
  return 1;
}
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void combine1(vec_ptr v, data_t *dest) {
  long int i;
  *dest = IDENT;
  for (i = 0; i < vec_length(v); i++) {
    data_t val;
    get_vec_element(v, i, &val);
    *dest = *dest OP val;
  }
}

data_t���������
� int
� long
� float
� double

������������������
� OP���+�����IDENT���0
� OP���*�����IDENT���1
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����������������������������cycles per element
������������������������

������������������rdtsc�������������������
������������������������

���������������������%edx�����%eax

rdtsc
shlq  $32, %rdx
movl  %eax, %eax
orq   %rdx, %rax
retq

��
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����������������������������cycles per element
������������������������

������������������rdtsc�������������������
������������������������

���������������������%edx�����%eax

unsigned long get_ticks() {
  unsigned int lo, hi;
  asm volatile("rdtsc" : "=a" (lo), "=d" (hi));
  return (unsigned long)hi << 32 | lo;
}
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void combine1(vec_ptr v, data_t *dest) {
  long int i;
  *dest = IDENT;
  for (i = 0; i < vec_length(v); i++) {
    data_t val;
    get_vec_element(v, i, &val);
    *dest = *dest OP val;
  }
}

int                
+        *        

double                
+        *        

��������-O1        22.68        20.02        19.98        20.18
�����-O1        10.12        10.12        10.17        11.14
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�����vec_length������������

void combine2(vec_ptr v, data_t *dest) {
  long int i;
  int length = vec_length(v);
 
  *dest = IDENT;
  for (i = 0; i < length; i++) {
    data_t val;
    get_vec_element(v, i, &val);
    *dest = *dest OP val;
  }
}

int                
+        *        

double                
+        *        

�����-O1        10.12        10.12        10.17        11.14
�����vec_length        7.02        9.03        9.02        11.03
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void combine3(vec_ptr v, data_t *dest) {
  long int i;
  int length = vec_length(v);
  data_t* data = get_vec_start(v);
 
  *dest = IDENT;
  for (i = 0; i < length; i++)
    *dest = *dest OPER data[i];
}

int                
+        *        

double                
+        *        

�����vec_length        7.02        9.03        9.02        11.03
�����������        7.17        9.02        9.02        11.03
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void combine4(vec_ptr v, data_t *dest) {
  long int i;
  int length = vec_length(v);
  data_t* data = get_vec_start(v);
  data_t acc = IDENT;
 
  for (i = 0; i < length; i++)
    acc = acc OPER data[i];
  *dest = acc;
}

int                
+        *        

double                
+        *        

�����������        7.17        9.02        9.02        11.03
�������������������        1.27        3.01        3.01        5.01
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void combineX(vec_ptr v, data_t *dest) {
  long int i;
  int length = vec_length(v);
  data_t acc = IDENT;
 
  for (i = 0; i < length; i++) {
    data_t val;
    get_vec_element(v, i, &val);
    acc = acc OPER val;
  }
  *dest = acc;
}

int                
+        *        

double               
+        *       

�����������        7.17        9.02        9.02       11.03
�����������������������        6.04        6.04        8.98       10.97
�������������������        1.27        3.01        3.01       5.01
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�������

int                
+        *        

double                
+        *        

��������-O1        22.68        20.02        19.98        20.18
�����-O1        10.12        10.12        10.17        11.14

�����vec_length        7.02        9.03        9.02        11.03
�����������        7.17        9.02        9.02        11.03

�������������������        1.27        3.01        3.01        5.01
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