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An Effecient Implementation of Semi-automatic Parallelization

MasAKAZU HavaTsu,t KENJIRO TAURAt and TAKASHI CHIKAYAMA't

In this presentation, we describes an effecient implementation of “semi-automatic paral-

lelization”.

This approach can extract interprocedural dependency precisely by analyzing

access traces gathered at trial run time. This approach cannot guarantee proper paralleliza-
tion at any execution, but it can avoid extract dependences that never occur in parallel
execution. In our previous implementation, it is of a probrem that dependency analysis needs
large memory and long execution time. So, in this presentation, we argue an approach to cut
down the analysis cost by discarding unnecessary access traces during execution.
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quicksort(data, lo, new_hi); //S31

quicksort(data, new_lo, hi); //S32
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Fig.1 An overview of our system.
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Toop(int i) {
if (i<N) {
foo(i);

Toop(i+l);

for(i=0; i<N; i++) {
foo(i);

L

} Toop(0);
02 0DOoooOoooOooooo
Fig.2 Conversion of loop into tail recursion.

fooQ); //SO

foo() {
barQ); //s1
Z= ... //S2

baz(); //s3
}

X ; //s4
Y ; //S5
. //s6

X+
]

RX) RY)WX)  R(X)  W(Y)

3 //S7

vo . ;//s
}
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Fig.3 An example of access traces.
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Fig.4 Compaction of access traces.
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push(label) {
new_node = create_node(label);
current_node->add_child(new_node);

current_node = new_node;

05 pushOOOOOODO
Fig.5 Pseudo code for push.
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pop(O) {

if (there is any access in current partial tree) {
current_node->merge_child_accesses();
current_node->delete_child_nodes();
current_node = current_node->parent;

}

else { /* mere pop */
parent_node = current_node->parent;
delete_node(current_node) ;

current_node = parent_node;

}
merge_child_accesses() {
for (each child in my->children) {
my_leaf = my->accesses;
ch_leaf = child->access;
work = NULL;

while (my_leaf != NULL && ch_leaf != NULL) {

diff = my_leaf->locationID - ch_leaf->locationID|;

if (diff == 0) { /*duplicate information!!*/
if (my_leaf->action == WRITE)
ch_leaf = ch_leaf->remove();
else
}

else if (diff < 0) {

my_leaf = my_leaf->remove();

work->add (my_leaf); my_leaf = my_leaf->next;
}
else {

work->add (my_leaf); ch_leaf = ch_leaf->next;

}
if (my_leaf !'= NULL) work->append(my_leaf);
else work->append (ch_leaf);

my->accesses = work;

>

}
}
06 popO0Ooooong
Fig.6 Pseudo code for pop.
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trap_access(action, object) {
new_leaf = create_leaf(action, object->locationID);
current_node->add_access (new_leaf) ;
analyze_dependency(new_leaf ,object->access_history);
}
analyze_dependency(leaf, history) {
last_write = history->last_write;
if (last_write != NULL)
analyze_depend_command(last_write, leaf);
if (leaf->action == READ)
history->add_read_list(leaf);
else { /*(leaf->action == WRITE)*/
for (each read_ent in history->read_list)
analyze_depend_command(read_ent, leaf);
history->delete_all_entry();

history->last_write = leaf;

}

analyze_depend_command(src_leaf, dst_leaf) {
src_node = src_leaf->parent;
dst_node = dst_leaf->parent;
diff = src_node->depth - dst_node->depth;
if (diff > 0) /* climb tree to same depth */
while (diff--) src_node = src_node->parent;

else if (diff < 0) /* climb tree to same depth */
while (diff++) dst_node = dst_node->parent;

while (have_different_parent(src_node, dst_node)) {
src_node = src_node->parent;
dst_node = dst_node->parent;

}

regist_dependency(src_node->label,dst_node->label);

0 7 memory access U0 O0O0O00O0O
Fig.7 Pseudo code for memory access.
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Fig.12 Compaction at tail recursion.

gooobooooooobooooocoooboooooo
gooobooooooooooooboooooooo
goboboooooooooobooooooon 120
goboooobooooboooboboono120000
gooooooooooooobooocoooooooon
goooobooooooooooooooooooo
goooooooooooboooobooooooo

g o o o

1) Nguyen, H.V., Taura, K. and Yonezawa, A.:
Parallelizing Programs Using Access Traces,
6th International Workshop on Languages,
Compilers, and Run-Time Systems for Scalable
Computers (2002).

2) scheme.org, http://www.scheme.org/

3) The CHICKEN Scheme Compiler.
http://www.call-with-current-continuation.org/

4) Emrath, P.A. and Padua, D.A.: Automatic
Detection of Nondeterminacy in Parallel Pro-
grams, Workshop on Parallel and Distributed
Debugging, Madison, Wisconsin, United States,
pp-89-99 (1988).

5) O’Callahan, R. and Choi, J.-D.: Hybrid Dy-
namic Data Race Detection, 9th ACM SIG-
PLAN Symposium on Principles and Practice
of Parallel Programming, San Diego, Calif.,
pp.167-178, ACM Press (2003).

6) Burke, M., Cytron, R., J.F.W.H., et al.: Auto-
matic Discovery of Parallelism: A Tool and an
Experiment, ACM SIGPLAN Conference on
Parallel Programming: Experiences with Appli-
cations, Languages and Systems, Vol.23, New
Haven, Connecticut, pp.77-84 (1988).

7) Rugina, R. and Rinard, M.C.: Automatic Par-
allelization of Divide and Conquer Algorithms,
Principles and Practice of Parallel Program-

Jan. 2005

ming, pp.72-83 (1999).

8) Gupta, M., Mukhopadhyay, S. and Sinha, N.:
Automatic Parallelization of Recursive Proce-
dures, International Journal of Parallel Pro-
gramming, Vol.28, No.6, pp.537-562 (2000).

9) Chen, D.-K., Torrellas, J. and Yew, P.-C.:
An efficient algorithm for the run-time paral-
lelization of DOACROSS loops, Supercomput-
ing, pp.518-527 (1994).

10) Liao, S.-W., Diwan, A., Jr., R.P.B., Ghuloum,
A.M. and Lam, M.S.: SUIF Explorer: An Inter-
active and Interprocedural Parallelizer, Prin-
ciples and Practice of Parallel Programming,
pp.37-48 (1999).

11) Wilson, R., French, R., Wilson, C., et al.: An
Overview of the SUIF Compiler System, Tech-
nical report, Computer System Lab, Stanford
University (1993).

(00160 70 2000)
(00160100 15000)

00 0oboooooo

9800002003 0000000
ooooOooooobobooo4000
gooooooooooooooon
gobooooooooooooo

ooboooooogoo

19690001997 0000000
obooobooobooodm99
gooooooocoooooooo
gboooooooozeoron00On
gooooooocoooooooon
goboooboboOoz200200000000

og oooooo

1953000197700 oooon
obooooooooee20000
gooooooooooobooobooo
ooooooogIrcorooood
gooooooooooooooo
goo19s 0o00oooooooooboooon
ooooooboocooboooooo




