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  Raising

Abstraction raising enables significant performance
Motivation

for (int r = 0; r < 150; r++) {
  for (int q = 0; q < 140; q++) {
    for (int p = 0; p < 160; p++) {
      sum[p] = 0.0;
      for (int s = 0; s < 160; s++)
        sum[p] += A[r][q][s] * C4[s][p];
    }
    for (int p = 0; p < 160; p++)
      A[r][q][p] = sum[p];
  }
}

C Program

HLO IR
%0 = mhlo.dot_general (%arg0, %arg1) {
  dot_dimension_numbers = #mhlo.dot<
    lhs_contracting_dimensions = [2],
    rhs_contracting_dimensions = [0]>}
  : (tensor<150x140x160xf32>,
    tensor<160x160xf32>)
  -> tensor<150x140x160xf32>

  Raising

Linalg IR
%0 = tensor.collapse_shape %arg0 [[0, 1], [2]]
  : tensor<150x140x160xf64>
  into tensor<2100x160xf64>
%1 = linalg.matmul
  ins(%0, %arg1 : tensor<21000x160xf32>,

tensor<160x160xf32>)
  outs(%1 : tensor<21000x160xf32>)
  -> tensor<21000x160xf32>
%2 = tensor.expand_shape %1 [[0, 1], [2]]
  : tensor<2100x160xf64>
  into tensor<150x140x160xf64>

CPU: AMD Ryzen 9 3900X
TPU: TPUv2



Dialects

Abstraction raising in MLIR
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func.func @kernel(%arg0: f64, %arg1: memref<1400x1200xf64>,
%arg2: memref<1200xf64>) -> memref<1200xf64> {

  %cst = arith.constant 0.000000e+00 : f64
  affine.for %arg3 = 0 to 1200 {
    affine.store %cst, %arg2[%arg3] : memref<1200xf64>
    affine.for %arg4 = 0 to 1400 {
      %0 = affine.load %arg1[%arg4, %arg3] : memref<1400x1200xf64>
      %1 = affine.load %arg2[%arg3] : memref<1200xf64>
      %2 = arith.addf %1, %0 : f64
      affine.store %2, %arg2[%arg3] : memref<1200xf64>
    }
  }

  affine.for %arg3 = 0 to 1200 {
    ...
  }

  return ...
}

void kernel(double arg0, double arg1[1400][1200],
            double arg2[1200]) {

  double cst = 0.0;
  for (int i=0; i<1200; i++) {
    arg2[i] = cst;

    for (int j=0; j<1400; j++) {
      arg2[i] += arg1[j][i];
    }
  }

  for (int i=0; i<1200; i++) {

  }
}

Polygeist C 
Frontend [1]

[1] William S Moses, Lorenzo Chelini, Ruizhe Zhao, and Oleksandr Zinenko. Polygeist: Raising c to polyhedral mlir. In 2021 30th International Conference on 
Parallel Architectures and Compilation Techniques (PACT), pages 45–59. IEEE, 2021.

C Code MLIR Code



func.func @kernel(%arg0: f64, %arg1: memref<1400x1200xf64>,
%arg2: memref<1200xf64>) -> memref<1200xf64> {

  %cst = arith.constant 0.000000e+00 : f64
  affine.for %arg3 = 0 to 1200 {
    affine.store %cst, %arg2[%arg3] : memref<1200xf64>
    affine.for %arg4 = 0 to 1400 {
      %0 = affine.load %arg1[%arg4, %arg3] : memref<1400x1200xf64>
      %1 = affine.load %arg2[%arg3] : memref<1200xf64>
      %2 = arith.addf %1, %0 : f64
      affine.store %2, %arg2[%arg3] : memref<1200xf64>
    }
  }

  affine.for %arg3 = 0 to 1200 {
    ...
  }

  return ...
}

func.func @fn_0(%arg0: memref<3xf64>, %arg1: memref<5x3xf64>) 
-> memref<3xf64> attributes {mlirsynth} {

  ...
  return %arg0 : memref<3xf64>
}

func.func @fn_1(%arg0: memref<5x3xf64>, %arg1: memref<3xf64>) 
-> memref<3xf64> attributes {mlirsynth} {

  ...
  return %arg1 : memref<3xf64>
}

func.func @kernel(%arg0: f64, %arg1: memref<5x3xf64>, 
%arg2: memref<3xf64>) 
-> memref<3xf64> {

  %0 = call @fn_0(%arg2, %arg1) 
: (memref<3xf64>, memref<5x3xf64>) -> memref<3xf64>

  %1 = call @fn_1(%arg1, %0) 
: (memref<5x3xf64>, memref<3xf64>) -> memref<3xf64>

  return %1 : memref<3xf64>
}
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func.func @kernel(%arg0: f64, %arg1: memref<1400x1200xf64>,
%arg2: memref<1200xf64>) -> memref<1200xf64> {

  %cst = arith.constant 0.000000e+00 : f64
  affine.for %arg3 = 0 to 1200 {
    affine.store %cst, %arg2[%arg3] : memref<1200xf64>
    affine.for %arg4 = 0 to 1400 {
      %0 = affine.load %arg1[%arg4, %arg3] : memref<1400x1200xf64>
      %1 = affine.load %arg2[%arg3] : memref<1200xf64>
      %2 = arith.addf %1, %0 : f64
      affine.store %2, %arg2[%arg3] : memref<1200xf64>
    }
  }

  affine.for %arg3 = 0 to 1200 {
    ...
  }

  return ...
}

func.func @fn_0(%arg0: memref<3xf64>, %arg1: memref<5x3xf64>) 
-> memref<3xf64> attributes {mlirsynth} {

  ...
  return %arg0 : memref<3xf64>
}

func.func @fn_1(%arg0: memref<5x3xf64>, %arg1: memref<3xf64>) 
-> memref<3xf64> attributes {mlirsynth} {

  ...
  return %arg1 : memref<3xf64>
}

func.func @kernel(%arg0: f64, %arg1: memref<5x3xf64>, 
%arg2: memref<3xf64>) 
-> memref<3xf64> {

  %0 = call @fn_0(%arg2, %arg1) 
: (memref<3xf64>, memref<5x3xf64>) -> memref<3xf64>

  %1 = call @fn_1(%arg1, %0) 
: (memref<5x3xf64>, memref<3xf64>) -> memref<3xf64>

  return %1 : memref<3xf64>
}
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func fn_0(
    %arg0: type1,
    %arg1: type1)
-> type1 {
  ...
}

genAttrs(op1)

func cand1(%arg0, %arg1) {
  return %arg0
}
func cand2(%arg0, %arg1) {
  return %arg1
}

type1

...

func cand3(%arg0, %arg1) {
  %0 = op1(%arg0, %arg0, 0)
  return %0
}

op1(
  type1 operand,
  type1 operand,
  type2 attribute
) -> type3

type1

...

Candidate Set

Input Function

func cand1(%arg0, %arg1) {
  return %arg0
}
func cand2(%arg0, %arg1) {
  return %arg1
}

...

type3

op2(
  type3 operand,
  type2 attribute
) -> type4 func cand4(%arg0, %arg1) {

  %0 = op1(%arg0, %arg0, 0)
  %1 = op2(%0, 0)
  return %1
}

type1

...

...

type4

type3

...

genAttrs(op2)

[0,1,2][0,1]
[1,0] ...

type2

Candidate Set

[0,1,2][0,1]
[1,0] ...

type2

Candidate Set
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func fn_0(
    %arg0: type1,
    %arg1: type1)
-> type1 {
  ...
}

Target Function

Cartesian product
type1 x type1 x type2
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func.func @fn_0(%arg0: memref<3xf64>, %arg1: memref<5x3xf64>) 
-> memref<3xf64> attributes {mlirsynth} {

  %0 = op(%arg0, %arg1) : memref<3xf64>
  %1 = op(%0, %arg1) : memref<3xf64>
  return %1 : memref<3xf64>
}

func.func @fn_1(%arg0: memref<5x3xf64>, %arg1: memref<3xf64>) 
-> memref<3xf64> attributes {mlirsynth} {

  %0 = op(%arg0, %arg1) : memref<3xf64>
  return %0 : memref<3xf64>
}

func.func @kernel(%arg0: f64, %arg1: memref<5x3xf64>, 
%arg2: memref<3xf64>) 
-> memref<3xf64> {

  %0 = call @fn_0(%arg2, %arg1) 
: (memref<3xf64>, memref<5x3xf64>) -> memref<3xf64>

  %1 = call @fn_1(%arg1, %0) 
: (memref<5x3xf64>, memref<3xf64>) -> memref<3xf64>

  return %1 : memref<3xf64>
}

func.func @kernel(%arg0: f64, 
%arg1: memref<1400x1200xf64>, 
%arg2: memref<1200xf64>) 
-> memref<1200xf64> {

  // fn_0
  %0 = op(%arg2, %arg1) : memref<1200xf64>
  %1 = op(%0, %arg1) : memref<1200xf64>

  // fn_1
  %2 = op(%arg1, %1) : memref<1200xf64>

  return %2 : memref<1200xf64>
}

func.func @kernel(%arg0: f64, 
%arg1: memref<1400x1200xf64>, 
%arg2: memref<1200xf64>) 
-> memref<1200xf64> {

  // fn_0
  %0 = op(%arg2, %arg1) : memref<1200xf64>
  %1 = op(%0, %arg1) : memref<1200xf64>

  // fn_1
  %2 = op(%arg1, %1) : memref<1200xf64>

  return %2 : memref<1200xf64>
}

Inline Scale up
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Bounded Model 
Checking

a) Float arithmetic
b) Float arithmetic, 

permitting small δ
c) Integer arithmetic

d) Testing I/O

Equivalent for all inputs?

Equivalence Guarantee

● Inputs are symbols
● Trace candidate and 

source program
● Assert equality on 

outputs
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Benchmark
Evaluation

3 Categories from PolyBench   
→ 14 Programs

● Solvers
● Data Mining
● Linear Algebra BLAS
● Linear Algebra Kernels
● Stencils
● Medley



Synthesis Statistics
Evaluation

½ of benchmarks synthesize
in < 2 seconds

Synth time correlated to 
largest synth subproblem

Static checks rule out 
~95% candidates

Equivalence filter 
rules out additional 

candidates 
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Performance (detailed)

CPU: AMD Ryzen 9 3900X
TPU: TPU v2.8

Evaluation



Summary

● mlirSynth raises programs to high-level dialects using program synthesis
○ Automatic 
○ Robust 
○ Fast 

● Raised programs lead to significantly higher performance
○ Domain-specific optimizations
○ Kernel libraries
○ Hardware accelerators



Future Work

● Speed up synthesis with neural guides

● Support more source languages
● More target dialects / domains

Method

Applicability


