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Abstract

A loop structure optimization algorithm is proposed for generating a set of efficient codes for
loop structure in order to optimize RISC compiler codes. Since there are so many loop structure in
the program, most of the execution time is used to process looping codes. Thus, reduction of loop
instructions 1s more effective than optimizing codes outside the loop. The proposec algorithm
presents a method to combine several different loops into a simple loop. Therefore, rather than
executing each loop independently, loops in the program are serached, analyzed. and finally created
some relative information such as dependency and range. In doing so, the loops in the program
can efficiently be recombined and restructured. As a result, the overall execution time for the
program of the sequential programming language is reduced.
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main() {

{
register int top, i, tmp, list[70];
top = 70;
while( top > 1 ) {
top = top - 1;

whlle( i< top ) {
if( list(i] > listli+1] )
tmp = list{il;
list{i] = list{i+1]
list{i+1] = tmp

=0+ ]
}
}

32 1. o)A gz - Bubble ¥
Fig. 1. Example Program - Bubble Sort.
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Fig. 2. Control Flow Graph of Fig. 1.
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Procedure Loop_Search()}
{
while( each node N of flow graph ) {
SUCC = successor node of node N
PRED = predecessor node of node N:
while( SUCC != NULL ) {
num = number_of_node of SUCC;
if( Back_Edge(N.num) == TRUE )
generate loop;
SUCC = next node;
}
}
}
a8l 3. Fx ubd daels
Fig. 3. Loop Search Algorithm.
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1[ Procedure Make_UD_Chain(Use, Definition) R
o Modify Variable & Junction
if( ud_chain[Use].i == NULL )
ud_chain[Usel.i = Definition;
else { (Lol 4
temp_node = ud_chain{Use].next_node;
ud,chain[Use]%; o; r(:ext‘r?ode = Dxefinition; Coda Motion Aigorithim

ud_chain[Use].next_node of next node = temp_node;
| }
[
L
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Fig. 4. Use Definition Chain Algorithm.
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Procedure Find_Loop_Cont_Var()
{

whilel ¥ loop ) {
fort ¥ statement i for loop ) {
if op_code of i = =" 1 { !
el = Jeft for i
cr - right for i

tmp = right for cr;
if( (¢l == left for cr ) &&

( op_code of ¢cr == binary_op_code ) ) {
ap_code of tmp= ‘constant’
set_of_induction_var - cl
sel_of_induction_eqy_basic = it

}
}

}

loop_cnt_var = header_induction_var on sel_of_induction_var:

.
|
& 6. FE Ale] W4 vk dwelE

Fig. 6. Loop Control Variable Find Algorithm.

Procedure Block_Motioni)
{
for( v statement for basic block ) {
switch( operand ) {
case constant @ write Invariant;
case Def_on_loopl | write variantl;
case Def_on_loop2 | write variantZ;
}
}
ifl VvV statement == invariant && variantl )
independence on Loop2;
else if( V statement -+ invariant && variant? )
independence on Loopl:
else
dependence Loops
iftindependence on Loopl )
Up_Block_Motion for Loopl:
else if(independence on Loop2 )
Down_Block_Motion for LoopZ;

a7, 29 g daE
Fig. 7. Block Motion Algorithm.
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Procedure Code_Fusion()

for( loop statement ) {
header = headerl:
body = bodyl U body?2;
tail - taill;
header_Junction = header2_Junction:
for( body statement i ) {
if( i.operand == loop_cnt_var2 )
i.operand - loop_cnt_varl,

)

a2 8§, % 7E Ay dreElE
Fig. 8. Loop Code Fusion Algorithm.
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Procedure Code_Motion()
{
for( loop statement i )
if( i == invariant_statement )
Move i to Free_Header_of_loop;

1

a8 9. 2= % $717] daeE
Fig. 9. Code Motion Algorithm.,
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main()
{
; register int 1,j,s;
r register int k[10];
X i= 0
while( i < 10 ) {
‘ klil = 0;
I i1+ 1
‘v‘ }
| s = O
=0
while( j < 10 ) {
§ =5+ 1
| kGl = § + s

)
L |
a7 10, oA =2
Fig. 10. Example Program.
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i =5 18:=10<10 BS

# %6 goto B7

m\_/aga
M =17

8 :=r13-40
19 =0 <<2
10:=18+19 Bé
111 =10+ 1
10 =111

M=+
o =12
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Fig. 11. Variable Definition of Control Flow

Graph.
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Fig. 12. Performance of Block Motion.
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’ L15
rll =0
™ =90
rl0 = 0
L16:
tl == r1l < 10
if ‘tl goto L19
( t2 = r13 - 40
t3 = orll << 2
4 - t2 + t3
*t4 L= 0
7 :=19 ~1
r9 = t7
I t8 = rl3 - 40
| t9 = r1l << 2
| tl0 = t8 + t9
t1l = rll + 1
*t10 = t11
t5 7 rll + 1
rll = 5
goto L16
| L19:
‘ ret
a3 13. A3} 7=

Fig. 13. Optimization Code.
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