CIS 324: Language Design and Implementation

Code Improving Transformations

1. Function-preserving transformations

void quicksort( int m, int n )

{


int i,j;


int v,x;


if ( n <= m ) return;


i = m - 1; 


j = n;


v = a[ n ];


while ( 1 )


{




do i = i + 1; while ( a[ i ] < v );




do j = j - 1; while ( a[ j ] > v );




if ( I >= j ) break;




x = a[ i ];




a[ i ] = a[ j ];




a[ j ] = x;


}


x = a[ i ];


a[ i ] = a[ n ];


a[ n ] = x;


quicksort( m, j );


quicksort( i+1, n );

}

Three-address Code :


1 )
i := m - 1



16 )
t7 := 4 * i


2 )
j := n




17 )
t8 := 4 * j


3 )
t1 := 4 * n



18 )
t9 := a[ t8 ]


4 )
v := a[ t1 ]



19 )
a[ t7 ]:= t9 


5 )
i := i + 1



20 )
t10 := 4 * j


6 )
t2 := 4 * i



21 )
a[ t10 ]:= x


7 )
t3 := a[ t2 ]



22 )
goto (5)


8 )
if ( t3 < v ) goto (5)

23 )
t11 := 4 * i


9 )
j := j - 1



24 )
x := a[ t11 ]


10 )
t4 := 4 * j



25 )
t12 := 4 * i


11 )
t5 := a[ t4 ]



26 )
t13 := 4 * n


12 )
if ( t5 > v ) goto (9)

27 )
t14 := a[ t13 ]


13 )
if ( i >= j ) goto (23)
28 )
a[ t12 ]:= t14

14 )
t6 := 4 * i



29 )
t15 := 4 * n


15 )
x := a[ t6 ]



30 )
a[ t15 ]:= x








B1




i := m - 1






j := n







t1 := 4 * n






v := a[ t1 ]









B2




i := i + 1






t2 := 4 * i






t3 := a[ t2 ]






if ( t3 < v ) goto B2







B3




j := j - 1






t4 := 4 * j






t5 := a[ t4 ]






if ( t5 > v ) goto B3









B4




if ( i >= j ) goto B6

B5









B6


t6 := 4 * i



t11 := 4 * i



x := a[ t6 ]



x := a[ t11 ]



t7 := 4 * i



t12 := 4 * i



t8 := 4 * j



t13 := 4 * n



t9 := a[ t8 ]



t14 := a[ t13 ]



a[ t7 ]:= t9 



a[ t12 ]:= t14



t10 := 4 * j



t15 := 4 * n



a[ t10 ]:= x



a[ t15 ]:= x



goto B2
 2. Common subexpressions identification

Input:
A flow graph with available expression information

Output:
A revised flow graph

Algorithm: For every statement s of the form  x := y + z  such that  y + z  is 


available at the beginning of s’s block, and neither y nor z is defined prior 



to statement s in that block, do the following:



1 ) To discover the evaluations of  y + z  that reach s’s block follow flow 



     graph edges seraching backwards from the s’s block / without going 



     throug any block that evaluates  y + z /. The last evaluation of y + z


     in each block encountered is an evaluation of  y + z  that reaches x.



2 ) Create a new variable  u


3 ) Replace each statement  w := y + z  found in 1 ) by




u := y + z



w := u


4 ) Replace statement  s  by  x := u
Example: 





u := 4 * i




t2 := 4 * i

t2 := u




t3 := a[ t2 ]

t3 := a[ t2 ]




t6 := 4 * i

t6 := u




t7 := a[ t6 ]

t7 := a[ t6 ]







B1




i := m - 1






j := n







t1 := 4 * n






v := a[ t1 ]









B2




i := i + 1






t2 := 4 * i






t3 := a[ t2 ]






if ( t3 < v ) goto B2







B3




j := j - 1






t4 := 4 * j






t5 := a[ t4 ]






if ( t5 > v ) goto B3









B4




if ( i >= j ) goto B6

B5









B6


x := t3




x := t3 


a[ t2 ]:= t5 



t14 := a[ t1 ]


a[ t4 ]:= x



a[ t2 ]:= t14



goto
B2




a[ t1 ]:= x
3. Copy propagation

Input:
A flow graph with a set of copies  x= y that reach a block 



in the graph along every path, with no assignment of  x or y  



following the last occurrence of x= y on the path to the block. 

Output:
A revised flow graph

Algorithm: For each copy  x := y , do the following:



1 ) Determine those uses of  x  that are reached by this definition of  x 



     namely,  s :  x := y .



2 ) Determine whether for every use of  x  found in 1 ) no definitions of x 

    

     or y can occur prior to this use of x within the ultimate block of use. 



3 ) If the block s meets the conditions of 2 ) then remove s and replace all 



     uses of x found in 1 ) by y.








B1




i := m - 1






j := n







t1 := 4 * n






v := a[ t1 ]









B2




i := i + 1






t2 := 4 * i






t3 := a[ t2 ]






if ( t3 < v ) goto B2







B3




j := j - 1






t4 := 4 * j






t5 := a[ t4 ]






if ( t5 > v ) goto B3









B4




if ( i >= j ) goto B6

B5









B6


//x := t3




//x := t3 


a[ t2 ]:= t5 



t14 := a[ t1 ]


a[ t4 ]:= t3



a[ t2 ]:= t14



goto
B2




a[ t1 ]:= t3

4. Induction variables and reduction in strength

There are three main techniques for loop optimisation

(loops are usually processed inside out):

- Strength Reduction: replaces an expensive (time consuming) operator by a faster one;

- Induction Variable Elimination: eliminates variables from inner loops;

- Code Motion: moves pieces of code outside loops.

Strength Reduction









B1




i := m - 1






j := n







t1 := 4 * n






v := a[ t1 ]










B2








B3




j := j - 1






t4 := 4 * j






t5 := a[ t4 ]






if ( t5 > v ) goto B3









B4




if ( i >= j ) goto B6

B5









B6
After Strength Reduction applied to  4*j  in block  B3








B1




i := m - 1






j := n







t1 := 4 * n






v := a[ t1 ]






t4 := 4 * j










B2








B3




j := j - 1






t4 := t4 - 4






t5 := a[ t4 ]






if ( t5 > v ) goto B3









B4




if ( i >= j ) goto B6

B5









B6
After Induction Variable Elimination









B1




i := m - 1






j := n







t1 := 4 * n






v := a[ t1 ]






t2 := 4 * i






t4 := 4 * j










B2




t2 := t2 + 4





t3 := a[ t2 ]






if ( t3 < v ) goto B2








B3




t4 := t4 - 4






t5 := a[ t4 ]






if ( t5 > v ) goto B3









B4




if ( t2 >= t4 ) goto B6

B5









B6


a[ t2 ]:= t5 



t14 := a[ t1 ]


a[ t4 ]:= t3



a[ t2 ]:= t14


goto B2




a[ t1 ]:= t3
