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Great Reality #4
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Optimizing Compilers



– 4 –

Limitations of Optimizing Compilers
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Machine-Independent Optimizations

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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Compiler-Generated Code Motion

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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Reduction in Strength
  Replace costly operation with simpler one
  Shift, add instead of multiply or divide

16*x  -->  x << 4 
  Utility machine dependent
  Depends on cost of multiply or divide instruction
  On Pentium II or III, integer multiply only requires 4 CPU cycles

  Recognize sequence of products

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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Make Use of Registers
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Machine-Independent Opts. (Cont.)

/* 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; 

3 multiplications: i*n, (i–1)*n, (i+1)*n 1 multiplication: i*n

  leal -1(%edx),%ecx  # i-1 
  imull %ebx,%ecx     # (i-1)*n 
  leal 1(%edx),%eax   # i+1 
  imull %ebx,%eax     # (i+1)*n 
  imull %ebx,%edx     # i*n 
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Vector ADT

length 
data • • • 

0 1 2 length–1
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Optimization Example
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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Time Scales
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Cycles Per Element
  Convenient way to express performance of program that 

operators on vectors or lists
  Length = n
  T = CPE*n + Overhead

vsum1 
Slope = 4.0

 vsum2 
Slope = 3.5
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Optimization Example
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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Understanding Loop
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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Move vec_length Call Out of Loop
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'); 
} 

Code Motion Example #2
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Lower Case Conversion Performance

  Time quadruples when double string length
  Quadratic performance
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Convert Loop To Goto Form

   strlen executed every iteration
   strlen linear in length of string

  Must scan string until finds '\0'
  Overall performance is quadratic

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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Improving Performance

  Move call to strlen outside of loop
  Since result does not change from one iteration to another
  Form of code motion

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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Lower Case Conversion Performance
  Time doubles when double string length
  Linear performance
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Optimization Blocker: Procedure Calls
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Reduction in Strength
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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Eliminate Unneeded Memory Refs
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; 
} 



– 25 –

Optimization Blocker: Memory Aliasing
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Machine-Independent Opt. Summary
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Important Tools
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Code Profiling Example

Shakespeareʼs
most frequent words
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Code Profiling
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Profiling Results
 %   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  lower1 
  4.75      9.21     0.45   946596     0.00     0.00  find_ele_rec 
  1.27      9.33     0.12   946596     0.00     0.00  h_add 
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Code 
Optimizations

  First step: Use more efficient sorting function
  Library function qsort 
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Further Optimizations

  Iter first: Use iterative function to insert elements into linked 
list
  Causes code to slow down

  Iter last: Iterative function, places new entry at end of list
  Tend to place most common words at front of list

  Big table: Increase number of hash buckets
  Better hash: Use more sophisticated hash function
  Linear lower: Move strlen out of loop
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Profiling Observations


