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Data Races

main

foo(int &a){

a=3: foo bar
}
bar(int &b){

y b =5 Xx=3 Xx=05
main() {
int x = 0; \ /
spawn foo(x);
bar(x); print X
sync;
print(x); main
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Eliminating Data Races

main
x=0
foo(int &a){ foo bar
lockx();
a = 3;
unlockx();
} X =3 Xx=5
bar(int &b){
lockx();
b =5;
} unlockx(); print <
main() { main
int x = 0;
spawn foo(x);
bar(x);
sync;
print(x);
}
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Eliminating Data Races

main
X =
foo(int &a){ foo bar
lockx();
a = 3;
} unlockx(); = =
bar(int &b){
lockx();
b =5;
} unlockx(); prmt <
main() { main
int x = 0; L.
spawn oo (X); Non-determinism
bar(x);
Sync;
print(x);
}

D2¢ , Nalini Vasudevan, Columbia University — p. 3



Deadlocks

foo(int &a){
lockx();

unlock’y();
unlockx();

}
bar(int &b){

locky();
lockx();

b =5;
unlockx();
unlocky();

¥

main() {
int x = 0;
spawn foo(x);
bar(x);

sync;
print(x);

foo

Y

bar
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Motivation
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Deterministic, Deadlock-Free Model

void f(shared int &a) {
/* ais 0 x/
a = 3;
/* ais 3, xis still 0 x/
next; /x Apply reduction operator x/
/* ais now 8, x is 8 x/

b

void g(shared int &b) {
/* bis 0 x/
b =5;
/* bis 5, x is still 0 %/
next; /+ Apply reduction operator */
/* b is now 8, x is 8 x/

h

main() {
shared int (+) x = 0;
/* If there are multiple writers, reduce
using the + reduction operator */
spawn f(x);
g(x);
/* X 1S 8 */
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Without a Reducing Operator

void f(shared int &a) {
/*x ais 0 x/
a=3; .
/% ais 3, x is still 0 x/ main() {
next; /+ Commit in spawn order */ shared int x = 0; _ _
/% ais now 5, X is 5 %/ /* If there are multiple writers,
} commit in the order of spawn x/
spawn f(x);
g(x);
/x X 1S 5 %/
void g(shared int &b) { }
/x bis O x/
b =5;
/* bis 5, x is still 0 %/
next; /* Commit in spawn order */
/* b is now 5, x is 5 */
¥
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A Concrete Example

* Histogram Example

void histogram(int a[], int n) {
int b[10];
for (inti =0;1 <n;i++) {
spawn |
int bin = ali];
b[bin]+ +;
}
¥
sync;
print (b);
}
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A Concrete Example

* Histogram Example

void histogram(int a[], int n) {
int b[10];
for (inti =0;1 <n;i++) {
spawn |
int bin = ali];
b(bin]++;
¥
}
sync;
} print (b); Problematic
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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++) {
spawn (b) {
int bin = ali];
b[bin] = 1;
next;
}
by
next;
print (b);
}
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Results
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The Ultimate Goal

Determinism v*

Deadlock Freedom v/ Efficiency v/
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Questions Guaranteed
Answers are not
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Pipeline Example

main() {
B shared int (+) a = 0, b = 0;
spawn (a) {
inti=0;
for () {
a= ++i;
next;
}
}
spawn (a, b) {
for (55) {
b=a+ 1;
next;
}
}
for (5;) {
intc=>b+ 1;
next;

¥
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