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Growing interest in MLIR’s polyhedral functionality
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Eliminating redundant checks

uint64_t foo(std::vector<uint64_t> &data, size_t end) {
  assert(end <= data.size());
  uint64_t total = 0;
  for (size_t i = 0; i < end; ++i) {
    // data.at(i) internally checks if i < data.size().

    total += data.at(i);
  }
  return total;
}

Florian Hahn. A New Approach to Removing Redundant Conditions in LLVM. 2021 LLVM Dev Mtg.
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Eliminating redundant checks

uint64_t foo(std::vector<uint64_t> &data, size_t end) {
  assert(end <= data.size());
  uint64_t total = 0;
  for (size_t i = 0; i < end; ++i) {
    if (i >= data.size())
      throw std::out_of_range("");
    total += data[i]; // operator[] has no bounds check.
  }
  return total;
}

Florian Hahn. A New Approach to Removing Redundant Conditions in LLVM. 2021 LLVM Dev Mtg.
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%0 = memref.alloc() : memref<3x512xbf16, 1>
%1 = memref.subview %0[0, 0]   [3, 256] [1, 1] : …
%2 = memref.subview %0[0, 256] [3, 256] [1, 1] : …
// write to %1
// write to %2

Beyond Affine: Subview Fusion
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Equal?

Disjoint?
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Polyhedral infrastructure: LLVM/Polly vs FPL/MLIR

Built from the ground-up for LLVM/MLIR

Conversion to & from MLIR IR constructs



The basic building blocks: Integer Polyhedra

{(x, y) ∈ Z2 : 2x + 2y ≥ 1 ∧ 2x + 2y ≤ 13 ∧ 3y ≤ x + 9 ∧ 10y ≥ x} 11

2x + 2y ≥ 1

2x + 2y ≤ 13
3y ≤ x + 9

10y ≥ x



Presburger Sets: Unions of Integer Polyhedra
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U

{(x, y) ∈ Z2 : (0 ≤ x - y ≤ 2 ∧ 2 ≤ x + y ≤ 4) ⋁ (-4 ≤ x - y ≤ -2 ∧ 4 ≤ x + y ≤ 8)}



Operations on Integer Sets

A intersect B
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 A union B

A subtract B

complement A

is A empty     false

sample A

coalesce A
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Affine Dialect 

affine.for %i = 2 * %S + 4 to 3 * %T + 8 step 2 
{
  affine.if (%i >= 0, %i < %N) {
   

     …

  }
}

Affine loop bounds Affine conditions
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Which i values get executed?

affine.for %i = 2 * %S + 4 to 3 * %T + 8 step 2 
{
  affine.if (%i >= 0, %i < %N) {
   

     …

  }
}

(i)[S, T, N] : (i == 2*(i floordiv 2),
             2*S + 4 <= i <= 3*T + 8,
             0 <= i < N)
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Kinds of IDs in IntegerPolyhedrons

affine.for %i = 2 * %S + 4 to 3 * %T + 8 step 2 
{
  affine.if (%i >= 0, %i < %N) {
   

     …

  }
}

(i)[S, T, N] : (i == 2*(i floordiv 2),
             2*S + 4 <= i <= 3*T + 8,
             0 <= i < N)

Set Dimensions
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Kinds of IDs in IntegerPolyhedrons
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PresburgerSpace
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PresburgerSpaces

affine.for %i = 2 * %S + 4 to 3 * %T + 8 step 2 
{
  affine.if (%i >= 0, %i < %N) {
   

     …

  }
}

(i)[S, T, N] : (i == 2*(i floordiv 2),
             2*S + 4 <= i <= 3*T + 8,
             0 <= i < N)

SymbolsSet Dimensions Locals



PresburgerSpace
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PresburgerSpaces: mlir::Value associations

affine.for %i = 2 * %S + 4 to 3 * %T + 8 step 2 
{
  affine.if (%i >= 0, %i < %N) {
   

     …

  }
}

(i)[S, T, N] : (i == 2*(i floordiv 2),
             2*S + 4 <= i <= 3*T + 8,
             0 <= i < N)

SymbolsSet Dimensions Locals



PresburgerSpace
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PresburgerSpaces: merging

affine.for %i = 2 * %S + 4 to 3 * %T + 8 step 2 
{
  affine.if (%i >= 0, %i < %N) {
   

     …

  }
}

(i)[S, T, N] : (i == 2*(i floordiv 2),
             2*S + 4 <= i <= 3*T + 8,
             0 <= i < N)

SymbolsSet Dimensions Locals



22

Simplifying Affine Ifs

for i = 0 to end

if i < size

throw …

then else

total += …

()[end, size] : (end <= size)

(i)[end, size] : (end <= size, 0 <= i < end)

then

unreachable

else

()[] : () if end <= size
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Simplifying Affine Ifs

for i = 0 to end

total += …
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Simplifying Affine Ifs

for i = 0 to end, i+=2

total += …

()[end, size] : (end <= size)

(i)[end, size] : (end <= size, 0 <= i < end
                  i == 2*(i floordiv 2)    )

then

unreachable

else

()[] : ()

Full support for strides

if end <= size
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Simplifying Affine Ifs

for i = 0 to end, i+=2

total += …

if end <= size and size <= 1

()[end, size] : (end <= size)

(i)[end, size] : (end <= size, 0 <= i < end
                  i == 2*(i floordiv 2)    )

then

unreachable

else

()[] : ()

Full support for strides

()[end, size] :
((end <= size and size > 1)
 or (end > size))

Full support for analyzing the else branch



Code Walk: Simplifying Affine Ifs
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Converting IR to Sets
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void FlatAffineValueConstraints::addAffineIfOpDomain(AffineIfOp ifOp) {
  // Create the base constraints from the integer set attached to ifOp.
  FlatAffineValueConstraints cst(ifOp.getIntegerSet());

  // Bind ids in the constraints to ifOp operands.
  SmallVector<Value, 4> operands = ifOp.getOperands();
  cst.setValues(0, cst.getNumDimAndSymbolIds(), operands);

  // Merge the constraints from ifOp to the current domain. We need first merge
  // and align the IDs from both constraints, and then append the constraints
  // from the ifOp into the current one.
  mergeIds(cst);
  intersectInPlace(cst);
}



simplifyGivenHolds
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void IntegerPolyhedron::simplifyGivenHolds(const IntegerPolyhedron &cst) {
  IntegerPolyhedron mergedCst = cst;
  this->mergeIds(mergedCst);
  Simplex simplex(mergedCst);

  // These loop bounds change during the loop!
  for (unsigned i = 0; i < getNumInequalities();) {

if (simplex.isRedundantInequality(getInequality(i)))
      removeInequality(i);

else
      ++i;
  }
}
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Subview Fusion in MLIR

%mem  = memref.alloc() : memref<3x512xbf16, 1>
%sub1 = memref.subview %mem[0, 0]   [3, 256] [1, 1] : …
%sub2 = memref.subview %mem[0, 256] [3, 256] [1, 1] : …

// Fill operation on subviews
linalg.fill ins(%val) outs(%sub1)
linalg.fill ins(%val) outs(%sub2)

// Fill operation on main memref
linalg.fill ins(%val) outs(%mem)

(x, y) : (0 <= x < 3, 0 <= y < 256)

 U
         (0 <= x < 3, 256 <= y < 512)

(x, y) : (0 <= x < 3, 0 <= y < 512)



Code Walk: Subview Fusion
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Simplified Dependence Analysis with FPL
https://reviews.llvm.org/D110563



FPL: A Complete Set of Operations
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union intersect subtract equality emptiness lexmin

MLIR (before) no no local ID support no no inexact heuristic no

MLIR’s FPL yes yes yes yes yes yes



FPL’s Growing Developer Community
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Available in the monorepo today!



Conclusion
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