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Fusion of Concurrent Invocations of Exclusive Methods

Y OSHIHIRO OYAMA, 1t KENJIRO TAURAt and AKINORI YONEZAWAT

This paper describes a mechanism for “fusing” concurrent invocations of exclusive methods.
The target of our work is object-oriented languages with concurrent extensions. In such lan-
guages, invocations of exclusive methods are serialized: only one invocation is executed at one
time and the others must wait for their turn. The proposed mechanism fuses multiple waiting
invocations to a cheaper operation, such as a single invocation. For example, when an add-1
method and an add-2 method are waiting on a counter object, we replace these methods with
an add-3 method. Programmers describe fusion rules, which specify method invocations that
can be fused and an operation that is used to substitute for the invocations. The mechanism
works effectively in the execution of synchronization bottlenecks, which are objects on which
exclusive methods wait a long time for their turn. We implemented a language that has the
mechanism and tested the usefulness of the mechanism through experiments on a symmetric
multiprocessor, the Sun Enterprise 10000. We confirmed that the mechanism made programs
with synchronization bottlenecks significantly faster.
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class Counter {

private int value;

public synchronized void inc(int n) {
value += n;

}

public synchronized int get( ) {

return value;

}
}
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class Counter {

fusion void inc(int x) & void inc(int y) {

inc(x + y);
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class Window {

fusion void repaint(void)

& void repaint(void) {
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repaint();
}
}
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class Buffer {

int length;

obj* elements[MAXBUFFERLEN] ;

sync void put(obj* o) {
elements[length++] = o;

}

sync obj* get(void) {
return elements[--length];

}

fusion void put(obj* o)

& obj* get(void) {

return o;

}

}
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class WebServer {

sync char* get(char *url) {
return fetchFromDisk(url);
}
fusion char* get(char *urll)
& char* get(char *url2) {
if (stremp(urll, url2) == 0) {
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char *d = get(urll);
mreturn d and d;
} else original;
}
}
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Fig.1 Representations of objects. The top left figure rep-

resents an object on which no thread executes an
exclusive method. The top right one and the bot-
tom one represent an object on which a thread exe-
cutes an exclusive method (the top right object has
no task while the bottom one has tasks).
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Fig.2 How two method invocations are fused.
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public:
sync int fa(int n) { /* fetch and add */
int tmp = value;
value += n;

return tmp;

fusion int fa(int x) & int fa(int y) {
z = fa(x + y);
mreturn z and z - y;

}

}
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fusion void inc(int x) & void inc(int y) {
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class C {

void p(void) { ... }
void q(void) { ... }
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void r(void) { ... }
fusion void p(void) & void q(void) {
r();
}
}

O0ooo0ooooOoOcOoOOoOoOOoOoOooO D DO
00o00o0o0ooooU0oOoooO0U0bpUOOOOO
OoOoDooOoO0ODO0ODOO0OD0C0O00O pO rO override
oo00oooooo
oooooo0oooooooooOO0OobOO0O 1000
Ooo0oooO0oO0o0oooOoooOOoOoOooOooOooO
ooo0ooooooooooooooooooooo
00 O0O00OO00oOoOoooOoOoooOoooOoO
000ooooooooooooooooooooo
ooooooo0oooOoOooUooOooooooooo
00000000000 ooUooUOooOoOooUoo
000o000o00oo0o0ooooooooOooo
oooOoooooOooooooo

o o o o

1) Bird, R.S.: Algebraic Identities for Program
Calculation, The Computer Journal, Vol.32,
No.2, pp.122-126 (1989).

2) Callahan, D.: Recognizing and Paralleliz-
ing Bounded Recurrences, Proc. 4th Interna-
tional Workshop on Languages and Compilers
for Parallel Computing (LCPC ’91), Lecture
Notes in Computer Science, Vol.589, pp.169—
185, Springer-Verlag (1991).

3) Chien, A.A.: Concurrent Aggregates (CA),
The MIT Press (1991).

4) Chien, A.A., Reddy, U., Plevyak, J. and
Dolby, J.: ICC++ - A C++ Dialect for
High Performance Parallel Computing, Proc.
2nd JSSST International Symposium on Ob-
ject Technologies for Advanced Software (ISO-
TAS ’96), Lecture Notes in Computer Science,
Vol.1049, pp.76-95, Springer-Verlag (1996).

5) Edison Design Group: The EDG C++ Front
End, http://www.edg.com/.

6) Fisher, A.L. and Ghuloum, A.M.: Paralleliz-
ing Complex Scans and Reductions, Proc. ACM
SIGPLAN 94 Conference on Programming
Language Design and Implementation (PLDI
’94), pp.135-146 (1994).

7) Fournet, C. and Gonthier, G.: The reflexive
CHAM and the join-calculus, Proc. 23rd ACM
SIGPLAN-SIGACT Symposium on Princi-
ples of Programming Languages (POPL ’96),
pp.372-385 (1996).



24 goooooooooooooooo

8) Frigo, M., Leiserson, C.E. and Randall,
K.H.: The Implementation of the Cilk-5
Multithreaded Language, Proc. ACM SIG-
PLAN 1998 Conference on Programming Lan-
guage Design and Implementation (PLDI ’98),
pp.212-223 (1998).

9) Gottlieb, A., Grishman, R., Kruskal, C.P.,
McAuliffe, K.P., Rudolph, L. and Snir, M.:
The NYU Ultracomputer—Designing an MIMD
Shared Memory Parallel Computer, IFEE
Trans. Comput., Vol.32, No.2, pp.175-189
(1983).

10) GTK+ Home Page: http://www.gtk.org/.

11) Hall, M.W., Amarasinghe, S.P., Murphy,
B.R., Liao, S.-W. and Lam, M.S.: Detecting
Coarse-Grain Parallelism Using an Interproce-
dural Parallelizing Compiler, Proc. Supercom-
puting ’95 (1995).

12) Hu, Z., Takeichi, M. and Chin, W.-N.:
Parallelization in Calculational Forms, Proc.
25th ACM SIGPLAN-SIGACT Symposium on
Principles of Programming Languages (POPL
’98), pp.316-328 (1998).

13) King, J.C.: Symbolic Execution and Program
Testing, Comm. ACM, Vol.19, No.7, pp.385—
394 (1976).

14) Onoue, Y., Hu, Z., Iwasaki, H. and Takeichi,
M.: A Calculational Fusion System HYLO,
IFIP TC2 Working Conference on Algo-
rithmic Languages and Calculi, pp.76-106,
Chapman&Hall (1997).

15) OpenMP  Architecture Review  Board:
OpenMP C and C++ Application Program In-
terface (1998).

16) Oyama, Y., Taura, K. and Yonezawa, A.:
Executing Parallel Programs with Synchro-
nization Bottlenecks Efficiently, Proc. Interna-
tional Workshop on Parallel and Distributed
Computing for Symbolic and Irregular Appli-
cations (PDSIA ’99), pp.182-204, World Sci-
entific (1999).

17) Rinard, M.C. and Diniz, P.C.: Commutativity
Analysis: A New Analysis Technique for Paral-
lelizing Compilers, ACM Trans. Programming
Languages and Systems, Vol.19, No.6, pp.942—
991 (1997).

18) Rinard, M.C. and Diniz, P.C.: Eliminating
Synchronization Bottlenecks in Object-Based
Programs Using Adaptive Replication, Proc.
1999 ACM International Conference on Super-
computing (ICS ’99), pp.83-92 (1999).

19) Taura, K., Tabata, K. and Yonezawa, A.:
StackThreads/MP: Integrating Futures into
Calling Standards, Proc. 7th ACM SIGPLAN

Feb. 2001

Symposium on Principles and Practice of Par-
allel Programming (PPoPP ’99), pp.60-71
(1999).

20) Taura, K.
A Concurrent Object-Oriented Extension to
Scheme, Proc. Workshop on Object-Based Par-
allel and Distributed Computation (OBPDC
’95), Lecture Notes in Computer Science,
Vol.1107, pp.59-82, Springer-Verlag (1996).

21) Transvirtual Technologies Inc.: Kaffe Home
Page, http://www.transvirtual.com/.

22) Wadler, P.: Deforestation: Transforming pro-
grams to eliminate trees, Theoretical Computer
Science, Vol.73, No.2, pp.231-248 (1990).

23) Yasugi, M., Eguchi, S. and Taki, K.: Elimi-
nating Bottlenecks on Parallel Systems using
Adaptive Objects, Proc. International Confer-
ence on Parallel Architectures and Compilation
Techniques (PACT ’98), pp.80-87 (1998).

24) 000000000000 00O0OO0OO0OO00OO
goooooooUooooooooooooooo
0000000 unvVoldl, No.5, pp.1448-1458
(2000).

and Yonezawa, A.: Schematic:

O O

Al 0OOOOO

A.1.1 Aggregate0 00O
0000000000 00000O000 Vector O
00000oo0ooooooOoUoooooooooo
0000000000000 00000 ml OO0
000000000000 0oo000d e 000 mul
O0000b0o0o0o0o00000 b000 mul OO0
000000000000 exb000 mul OO0OO
oooOoOooooO0OoOorPOoOOOOOOOOOOO0
00000 loop fusion 0000000 O0OOOOO
A.l1.2 OOOOOO

0000000000 00000000 MaxNum
000000000000 0000 setmax0O0O0O
0000000o0oU0o0o0ooU0ooooooooo
000000 0o0oooooOoopooooooooo?2
00 setmax 0000 O000O0DO 10000000

ooooooood

fusion void setmax(int a)
& void setmax(int b) {
if (a > b)

else setmax(b);

setmax(a);
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