Vol. 45 No. SIG 5(PRO 21) goooooooooboooooooo May 2004

1.

O000o0o0ooooooorPADOOOODDOOOO

O o o of o o o of
O o o o o o o of

000000Java 0000000000000 OOOOOOOPADOOOOOOOOOOOOO
O0000Java 000000000 O0O0O0OCOO0O0O0O0BOOO0O00O00O00O0Osynchronized 000
0000000000 o0O0o IDO000000o0o000o0ooooooo0ooooooooooo
poooooooooooooooooooooooobooOOoOODOOODOOODbODbOOOO0OOBDo
0000000000O0OPADDOOOODOOO joinOD0OO0OO0OODDOOOODODODDOOODOOO
goo0ooooooboooooooboooooooobo0oooooOoooOooobOoooooooo
0000000000 0oooo00OO0O0o00O000O000000000 Lazy Task Creation: LTCO
goooOo0obooooooOobOOoOoOooOOOOCOOO0OO0OOODOOOOOOOO0O0O0O0OOOOO00bOO0
000000 join0000 OPADOOOOOOOOOOOOOOOODOOOODOOOODOODOO
OPAOOOOOODOODO COOOOOODOOOOODODOODO LTCOOOOODODBOOOOCilkO
gobooooooooooobooboooooOoOoOo0oOobocOobO0oOoOoOoOobOOoOoOoooOoboboOooOoo
0oo0oo0oooooOoooLrcooooooooooooPADOOODOOOOOOODOO
000000000 cilkkO0ooooooooooooo

Lazy Normalization Techniques for
an Object-oriented Parallel Language OPA

SE1JI UMATANI,# MASAHIRO YASUGI,* TSUNEYASU KOMIYA*«®
and TAIICHI YUASA?

This paper describes various techniques for implementing a modern multithreaded lan-
guage OPA, which is an extended Java programming language that supports object-oriented
programming and exception handling. For object-oriented parallel computing as in Java,
each thread needs to keep its identity to implement the synchronized construct and each
thread should have ability in general synchronization (suspension and resumption) to support
mutually-exclusive access to a shared object. For elegant exception handling, OPA employs
a join construct with dynamic scope which enables an exception handler to catch an excep-
tion thrown by any of child threads during parallel execution. For efficient implementation
of multithreaded languages, laziness is an important idea; for example, Lazy Task Creation
(LTC) is a well known technique for good load balancing. In this paper, we pursue laziness
for the modern language features, including thread identity preservation, general synchro-
nization, and dynamically-scoped join. In addition, the OPA system generates C code for
good portability; this makes the adoption of LTC difficult. Although the implementation
of the Cilk language has already overcome this difficulty in a limited (well-structured) mul-
tithreaded computations, our implementation not only adopts LTC but also supports the
modern language features and furthermore achieves better performance than Cilk.
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Fig.1 Fork/join parallelism.
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May 2004
1 class Fib{
2 private static int fib(int n){
3 if(n < 2) return n;
4 else{
5 int x = par fib(n-1);
6 int y = fib(n-2);
7 join:
8 return x+y;
9 }

10 }
11  public static void main(String[] args){
12 int r = fib(36);
13}
14 }
02 OPADODOO fibO0OO
Fig.2 f£ib code in OPA language.
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1 int f__fib(private_env *pr, int n) {
2 f_frame *callee_fr; thread_t *nt;
3 f_frame *nfr; int x,y; f_frame *x_pms;
4 if(n < 2) return n;
5 elseq{
6 /x joinO0ODODOOO =/
7  frame *njf = ALLOC_JF(pr);
8 njf->bjf = pr->jf; /* 000000 =/
9 njf->bjw = pr->jw; /* 000000 =/
10 pr->jf = njf; pr->jw = njf->w;
11 / 00000000040 =/
12 nt = ALLOC_OBJ(pr,sizeof (thread_t));
13 nt->jf = pr->jf; /+ 0000000 =/
14  nt->jw = SPLIT_JW(pr, pr->jw);
15 nt->cont =nfr=MAKE_CDNT(pr,c__fib);
16 // 00000O0n-100
17 x_pms = MAKE_CONT(pr, join_to);
18 nfr->caller_fr = x_pms;
19 enqueue(pr, nt); /* OO0OOO0OOO =%/
20 /+x 0000000000 =/
21 y = f__fib(pr, n-2);
22 if((y==SUSPEND) /+» 0 OO0O0OOOO =%/
23 && (callee_fr=pr->callee_fr)){
24 f_frame *fr=MAKE_CONT(pr,c__fib);
25 // 00000
26 callee_fr->caller_fr = fr;
27 pr->callee_fr=fr; return SUSPEND;
28 %}
29  WAIT_FOR_ZERO(pr->jf);
30 pr—>jf = pr->jf->bjf;
31 pr->jw = pr->jf->bjw;
32 x =x_pms—>ret.i; /x 00000000 =/
33 return x+y;
34 }
35 %}
03 fibO0OOOOODODOOOOO CcOOO
Fig.3 Compiled C code for £ib (pseudo).
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1 int f__fib(private_env *pr, int n) {
2 f_frame *callee_fr;

3 thread_t **ltq_ptr = pr->ltq_tail;

4 int x, y; f_frame *x_pms = NULL;

5 if(n < 2) return n;

6 elseq

7 /* joinODODODOOOO =/

8  pr->js_top++; /* join OO DOOO0O =/

9 /% polling */

10  if(pr->thief_req){ /* thiefOO OO0 x*/
11 // 00000000

12}

13 / 00000000040 =/

14  pr->ltq_tail = ltq_ptr+l; /* LTQOO =/
15 x = f__fib(pr, n-1); /+ 000000 =/
16  if((x==SUSPEND) /* OOODOOOOOO =/

17 && (callee_fr=pr->callee_fr)){

18 f_frame *x_pms=MAKE_CONT (pr,join_to);
19 callee_fr->caller_fr = x_pms;

20 if (pr->thief_req){ /x OOOOOOOO =*/
21 f_frame *fr=MAKE_CONT (pr,c__£fib);

22 (*1tq_ptr)->jf=*(pr->js_top);

23 (*¥1tq_ptr)->jw=SPLIT_JW(pr,pr->jw);
24 (¥1tq_ptr)->cont = fr;

25 // 00000

26 SUSPEND_IN_JOIN_BLOCK (pr);

27 pr—>callee_fr=fr; return SUSPEND;

28 %

29 %

30 pr->ltq_tail = ltq_ptr;
31 /0000000000 =/
32 y=f__fib(pr, n-2);
33 if((y==SUSPEND) /+ OOOO0OO0O0OO =/
34 && (callee_fr=pr->callee_fr)){
35 f_frame *fr = MAKE_CONT(pr,c__£fib);
36 // 00000
37 callee_fr->caller_fr = fr;
38 SUSPEND_IN_JOIN_BLOCK (pr) ;
39 pr->callee_fr = fr; return SUSPEND;
40 }
41 /*x joinOOODDDOODOOO =/
42  if (x(pr->js_top)){
43 WAIT_FOR_ZERO (pr->jf); /+ 00 =/
44 if(x_pms) x = x_pms->ret.i;
45 }
46  pr->js_top--;
47  return x+y;
48 }
49 }
06 fib000000000D00000O0DOO0 CcOOO
Fig.6 Compiled C code for £fib with laziness (pseudo).
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Table 2 Absolute execution time (and relative time to C
in parentheses).

(sec)
# of PEs 1 2 3 4 5 6
C 3.36 - - - - -
12.1  6.06 4.17 3.03 244 2.02
Cilk
fib(38) (3.6)
6.80 3.39 226 170 1.36 1.13
OPA (2.02)
C 5.03 - - - - -
9.05 4.64 3.17 236 1.86 1.55
Cilk
knapsack (1.80)
742 3.84 263 179 135 1.17
OPA (1.48)
C 2.29 - - - - -
Cilk 3.42  1.72 1.16 0.89 0.72 0.62
cilksort ' (1.49)
291 1.42 099 0.72 061 0.52
OPA | (1.27)
C 5.02 - - - - -
Cilk 7.74 3.83 262 193 1.56 1.35
matmul ' (1.54)
7.12 348 234 1.77 1.42 1.19
OPA (1.42)
C 6.49 - - - - -
Cilk 6.58 3.35 232 1.77 148 1.27
heat ' (1.01)
6.63 3.31 2.05 1.61 138 1.20
OPA (1.02)
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Table 3 The number of counts of thread creation, task
creation and steal.

# of PEs 1 2 3 4 5 6
thread 63,245,985
fib(38) task | O 91 160 253 423 548
steal | 0 9 19 37 56 79
thread 26,839,428
knapsack task | 0 99 223 294 379 608
steal | 0 14 25 39 46 7
thread 7,072,482

cilksort task | O 104 774 360 1,177 1,434
steal | O 21 176 84 265 321
thread 23,967,450
matmul task | O 82 964 850 1,872 2,646
steal | 0 25 249 163 334 522
thread 171,990
heat task | O 82 450 730 965 1,252
steal | O 82 489 835 1,113 1,471
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Fig.8 Speedup (relative to sequential C code).
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Fig.9 Breakdown of overhead for fib on 1 processor.
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04 0DDOO0 OPADOODOODOODO
Table 4 Comparison with the conventional OPA
implementation.
(sec)
A B C D Cilk
fib(32) 16.3 0.86 0.72 0.37 0.67
fib(38) 29200000 15.4 12.9 6.8 12.1
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