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Code Generation Techniques for
an Object-oriented Parallel Language OPA
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We are developing an object-oriented parallel language OPA for efficient parallel processing
on MIMD computers, which features dynamic method replacement and structured parallel
processing using multiple threads. In this paper, the code generation techniques for shared-
memory parallel computers are presented. The compiler performs analyses to reduce the
memory access to objects and the memory access on context switches. The implementa-
tion techniques include a lock-free buffering method for inter-processor communication and
thread scheduling, a double function-frame representation method and a value-based suspen-
sion check method for intra-thread scheduling, and an weighted counting method for syn-
chronization. The value-based check enables fast context switches with small overhead for an
additional branch instruction per call.
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Fig.2 Fork-join parallel.
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Fig.4 Mutually exclusive parallel.

fork 1””“fork 2

fork
1-1

05 0O0OO0ODOOOOOOoO
Fig.5 Threads of fork-join parallel processing.
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Fig.6 Method invocation steps.
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Fig.7 Dynamic method replacement.
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Fig.8 Function frame conversion to a list representation
on thread suspension.
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Fig.9 Thread resumption with a list of function frames

and subsequent return or call.
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Table 1 How to return the return value for OPA and the (suspended) function frame
from the called function.
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orPAOOOODOO intOlong OO O0DODOO voidl float[ double ooooo

oDoooooooo cooono =O0PADDOOO coooo =o0 coOoO0o =000000040
pr->child_fr = 0 pr->ret = OPAOOODO pr—>ret = OPAOOOO

oooooo COO00O =0000 (00 -5) co0oo =00000o0o0o0 (coooo =o
pr->child_fr = 00000000

00000000 0oU00oU0ooUoUooUooo int f__p_II_C(proc_env*pr, int p__n){

pr->child_fr 00000 0000000000 fframe xchildfr;
000D 0000000000 00000000 t1__ =p.n + 1;
t0__ = f__c_II_C(pr, t1__); /x OO0 =/
000000000000 000000 return 1£((t0__ == (int)SUSPEND) &&
0000 Opr->child_fr0 000000000 (child_fr = pr->child_fr)){
0ooo /* pr->child_fr = 0 O 0OO0O %/
/* 000000000 =/
J0oooooOoo0obOoooOooobOoooono // 00000000000000000 frOd
// 00000000 000000DODbOoDbOo
0o0oooObo0obOO0obO0oOooobooooo //00000000000000000
J00l00 coooooooo orPAOOODO child_fr->parent_fr = fr; /* OO0 */
pr->child_fr = fr; /* 0000 =/
e e return (int)SUSPEND; /* 0000 */
000 orPAOOOODOOOOOOOODOODO T
return tO__ + p__n; /* 0000 =/
nobooooobboooood /* pr->child_fr OO0 o OOOO0OO0O0O */
e void[ddoublel float OO O }
OPA 000D O0OOOOOOOOveid0O OO 010 00000000000000000000
OPADDDDOODDOOOCOOODOOOODOD Fig.10 Code for stack representations (stack frames).
JoorPAODOOOOOUDDOOOOOOOOOO
doooopooobO cobooooooooo godooOolo00OO0O0OOO0ODbOOOOd
J0o00o0oboOooooODbooOOoOobooo O0dg4dCOOo0d p_.nd00O0O00OOOOO
floatlUdouble O ODODOOOOODOOOOOO oooobbob pr0b0000DiInt0OODOO
goboboooooobbooooobobooo goboooboboobobo f_p_II1.COOODO
gooboooobooooooooboobooo 000ob0o00oobobOOobDbOOnDO O signaturd] OO
goodoooboooooobobooboogooo 0od0ooobooooo coooooooooto__O
goodbooboboobbooobobooooboooo t1__0000000000000000000O0PA
gobooooooOoooOoboobooobooo oooodooooob cO0obooooooooog
Ogooooooo0ooboooooooooooo gooooooooobbOOobooboooboboono
doooooooooo cogoooooooo goooooo fgboooooooooooood
000000000000 0o0oOoooOPADOO gd0oo0ooooooobobooooooooooo
O0pr->ret00000000000O0O0OOO O00SUsSPENDO 00000 OODOOODODODODODOO
gooogod goboobO0o0dod pr->child_fr 00O child_fr
4.3 0O0O0O0O0OOOOOOOODOO goobooboobooobboboooboboo
OPAODOODODOOODODOOODOO goooooooooboobooogooobobooono
gooooooobooboobbbooooboooono
class C {
static int c(int x){ ... } 000000 child_fxO000000OO0OOODOOO
static int p(int n){ 0100000000 int 00000000000
return c(n+1) + n;
} go0o0oooooboooooooboooooooo

}
00000000staticO0000 pO0OOODODOO

ooooooooooooboooo
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f_frame *c__p_II_C(prog_env *pr,
f_frame *fr){
f_frame *child_fr, *parent_fr;
int tO__, t1__;
int p__n;
switch (fr->1n) {
case 1: goto CONT_1;

CONT_O:

// 00000000 £fr00 p__n000O0O
tl__ =p__n+ 1;

tO0__ = f__c_II_C(pr, ti__);

if ((tO__ == (int)SUSPEND) &&

(child_fr = pr->child_fr)){

pr->child_fr = 0;
/# 000000000 =/
// 000000000 fr O In=10
// 0000000000000 000oaO
child_fr->parent_fr = fr; /x OO0 =%/
return O; / 0000000 =

CONT_1:

// 00000000 fxr00 p_._n00OO00O0O
tO__ = pr->ret.i; /x JOODOO0O =/

pr->ret.i = tO__ + p__n; /* 0000 =/
parent_fr = fr->parent_fr; /x JO0O0OO %/
// 000 fr 0000000000

return parent_fr; /x 00000000 =/

011
Fig. 11

goooOoooobooooOooooono
Code for list representations (heap frames).
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Processor
012 0OO0O00O0O0OO0OO0OO0OOO0OOOCOOO0D
Fig.12 Overheads of within-thread scheduling.
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