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Compilers still fail to extract the parallelism expert developers routinely exploit, but why?

Compilers analyze dependences between
low-level reads/writes, missing the higher-
level transformations that expose parallelism.

Dependence analysis precision is not
enough: dependences must be
transformed, not merely detected.

What programmers write: What compilers see:

bag<int> bag;

- level lterationi L F é_size == Iiap?cits)/)
High-level operation . : Q. 3 .o _data = realloc ;
8 P for (int 1 = 0; 1 < Nj i++) { insert(...); _capacity = ;
Well-know semantics - insert(&bag, ); e |godatal_size++] = ...;
Programmers kr\ow teration i1 . K 2-(_size == _capacity)
how to parallelize insertions _data = realloc(. . );
insert( ); _Ccapacity = ;
% ~datal size++] = ...;

Because LLVM IR cannot represent the higher-level semantics required for parallelization, we introduce two new concepts.

E-function: Clause:

Function representing a high-level operation on a single object.

The Dependence Termination Graph
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Parallelization often rely on algorithmic properties
impossible to recover via static analysis, e.g., stale
reads, order-insensitive updates, benign races..
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Semantics is lost
— No parallelism

Developer-provided rule stating that two E-functions can be made
independent, together with the transformation needed to do so.
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We implemented
| -

~ T-800 ~ T-800
Scheduling: Developer Scheduling: Blocked (default)
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A on LLVM 14 using NOELLE
for memory analysis.

On 28 cores, binaries produced by

A reach 95% of the speedup
achievable via manual parallelization.
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