


Concurrency: Architecture vs PL

Similar primitives e.g. read, write, update, fence

Additional concerns:

@ Effect of compiler transformations (reordering, elimination).
o reordering. a; b~ b; a
e elimination ay; by, ~ a, or ay; by ~ by

@ Differentiates between true and false dependencies.

(1) a:=X;
(2) Y :=ax0; // false dependency

Architectures = (2) depends on (1)

PL = False dependence; (2) and (1) are independent.
© Mappings to architectures.

@ Data race is relevant.



Data Race

Data race: An execution is racy when there are
@ Concurrent accesses on same location and

o atleast one of the accesses is a write

Example: executions are racy

X =1, H a:=X;

Affects program behaviors.

May result in unexpected outcome.



PL Model: Data-Race-Free-0

Two types of variables/accesses: data, synchronization.
Concurrent synchronization accesses are allowed.
Race on data accesses results in undefined behavior

Data Race Freedom guarantee:

e No data race = interleaving execution.

Formal model. Very similar to earlier models we studied.
@ Primitive relations. program order (po), reads-from (rf)
@ Synchronizes-with (sw). [synch write]; rf; [synch read)|
e Happens-before hb = (po U rf)*

@ a, b are concurrent when —hb(a, b) A =hb(b, a)



Example

X is a data variable and Y is a synchronization variable.

X=Y=0
a:=0;
V| iy =—=1)
T a=X;
W(X,1) R(Y,1)
Sw \\
\‘
W(Y,1) R(Y,1)

DRFO Guarantees:
@ The execution is race free

@ The program has defined behavior.
o Y=1= a=1



Exercise

Whch reorderings are allowed /disallowed in DRFO model? Why?

Consider all cases: {data, synchronization} X {read,write}



