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Data Races

int x: main
foo(){
- . X =2
;nt:n; + 2 foo bar
}
bar.(){
int n; X=X+ 2 X=X%2
X =X *x 2;
}
main() { \ /
x = 2;
finish { print X
async foo();
async bar(); main
}
print(x);
}
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Eliminating Data Races

main
int x; —
fooO{ foo X=2 bar
int m;
lock(x); / \
X =x+ 2
\ unlock (x); X=X+ 2 X=X%*2
bar(){
int n;
lock(x); -
X =X *2; print x
unlock(x); -
} main
main() {
x = 2;
finish {
async foo(Q);
async bar();
¥
print(x);
}
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Eliminating Data Races

main
int x; X =
fOOQ{ foo bar
int m;
lock (x); / \
X =Xx+ 2
} unlock(x); X=X+ 2 X=X%*2
bar(){
int n;
lock(x); .
X =x*2; print X
unlock (x); .
} main
main() {
x = 2; — * —
finish { X_(Zjl_z) 2=38
async foo(); x=02%2)4+2=6
async bar();
by
print(x);
¥
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Eliminating Data Races

main
int x; X =
fOOQ{ foo bar
int m;
lock (x); / \
X =x+ 2
} unlock(x); X=X+ 2 X=X%*2
bar(){
int n;
lock(x); ;
X =X * 2; pI'lIlt X
unlock(x); .
} main
main() {
x = 2; — * —
finish { X_(Zjl_z) 2=38
asynCJ;oo(()); x=02%*2)+2=6
async bar(); . e
y Non-determinism
print(x);
¥
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Motivation

Library Performance Non-
Parallel ~SUPPOTt o . Datg Determinism

Computers Languages Races Hard-to-Debug
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Deterministic, Deadlock-Free Model

void f(shared int &a) {
/*ais 1 x/
a = 3;
/*x ais 3, xis still 1 x/
next; /x Apply reduction operator x/
/* ais now 8, x is 8 *x/

b

void h (shared int &c) {
/* cis 1, xisstill 1 x/
next;

/* ¢ is now 8, X is 8 */

¥

void g(shared int &b) {
/* bis 1 %/
b =5;
/* bis 5, xis still 1 %/
next; /+ Apply reduction operator */
/* b is now 8, x is 8 x/

h

main() {
shared int (+) x = 1;
/* If there are multiple writers, reduce
using the + reduction operator */
async f(x);
async g(x);
h();
/* X 1S 8 */
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A Concrete Example

* Histogram Example

void histogram(int a[], int n) {
int b[10];
finish for (inti = 0;i < n;i++) {
async |
int bin = ali];
b[bin]+ +;
by
}
print (b);
}
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A Concrete Example

* Histogram Example

void histogram(int a[], int n) {
shared int (+) b[10];
for (inti =0;i <n;i++) {
async {
int bin = ali];
b[bin] = 1;
next;
}
¥
next;
print (b);
}
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Implementation in X10

val a = Rail.make[Int](N);
/* Initialize a */

val ¢ = new Clock();
val b = Rail.make[Int @ Clocked[Int] (c, Int.+, 0)](10);
for((i:Int) in 0..N—1) {
async clocked(c) {
val bin = a(i);
b(bin) = 1;
¥
¥

next;
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Results
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The Ultimate Goal

Determinism v*

Deadlock Freedom v/ Efficiency v/
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