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Motivation

Raising to High-Level IRs

Speedup over LLVM-03

1000 -

100 -

10- 6.5x

LLVM IR (03)

C Program
=

LLVM IR (Polly)

for (int r = 0; r < 150; r++) {
for (int q = 0; q < 140; g++) {
for (int p = 0; p < 160; p++) {
sum[p] = 0.90;
for (int s = 9; s < 160; s++)

3}
for (int p = 0; p < 160; p++)
ACrlfqllp] = sumlpl;

sumfp] += A[r1lqlls] * C4[s1lp];

CPU: AMD Ryzen 9 3900X
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3}

for (int p = 0; p < 160; p++)
ACrlfqllp] = sumlpl;
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I;inalq IR

%0 = tensor.collapse_shape %argo [[0, 1], [2]]
: tensor<150x140x160xf64>
into tensor<2100x160xf64>

%1 = linalg.matmul
ins(%0@, %argl : tensor<21000x160xf32>,

tensor<160x160xf32>)

outs(%1 : tensor<21000x160xf32>)
-> tensor<21000x160xf32>

%2 = tensor.expand_shape %1 [[0, 11, [2]1]
: tensor<2100x160xf64>
into tensor<150x140x160xf64>

CPU: AMD Ryzen 9 3900X
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Preprocessing

v

A —

Source Program

func.func @kernel(%arg0d: f64, %argl: 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 %argl[%arg4, %arg3] : memref<1400x1200xf64>
%1 = affine.load %arg2[%arg3] : memref<1200xf64>
%2 = arith.addf %1, %0 : f64
affine.store %2, %arg2[%arg3] : memref<1200xf64>
}
3

affine.for %arg3 = 0 to 1200 {

return ...



v

A | [ Preprocessing ]

Source Program

Detect
u unc @kernel(%arg@: f64, %argl: 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 %argl[%arg4, %arg3] : memref<1400x1200xf64>
%1 = affine.load %arg2[%arg3] : memref<1200xf64>
%2 = arith.addf %1, %0 : f64
affine.store %2, %arg2[%arg3] : memref<1200xf64>
3
3

affine.for %arg3 = @ to 1200 {

3

return ...



—

Preprocessing | —

A ’ .

Source Program
func.func @fn_0(%argd: memref<3xf64>, %argl: memref<5x3xf64>)
Detect Outline -> memref<3xf64> attributes {mlirsynth} {
u unc @kernel(%arg@: f64, %argl: memref<1400x1200xf64>, e
%arg2: memref<1200xf64>) -> memref<1200xf64> { return %argd : memref<3xf64>

%cst = arith.constant 0.000000e+00 : f64 /' }

affine.for %arg3 = 0 to 1200 {

affine.store %cst, %arg2[%arg3] : memref<1200xf64> func.func @fn_1(%arg@: memref<5x3xf64>, %argl: memref<3xf64>)
affine.for %arg4 = 0 to 1400 { _— -> memref<3xf64> attributes {mlirsynth} {

%0 = affine.load %argl[%arg4, %arg3] : memref<1400x1200xf64> -

%1 = affine.load %arg2[%arg3] : memref<1200xf64> return %argl : memref<3xf64>

%2 = arith.addf %1, %0 : f64 ‘---‘ }

affine.store %2, %arg2[%arg3] : memref<1200xf64>

b func.func @kernel(%arg0: 64, %argl: memref<5x3xf64>,

} %arg?2: memref<3xf64>)
-> memref<3xf64> {

affine.for %arg3 = @ to 1200 { %0 = call @fn_0(%arg2, %argl)

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

(memref<5x3xf64>, memref<3xf64>) -> memref<3xf64>

return ... return %1 : memref<3xf64>



v

A . [ Preprocessing ]

Resize

Source Program

func.func @fn_0(%argd: memref<3xf64>, %argl: memref<bx3xf64>)
Detect Outline -> memref<3xf64> attributes {mlirsynth} {
u unc @kernel(%arg@: f64, %argl: memref<1400x1200xf64>, utli e
%arg2: memref<1200xf64>) -> memref<1200xf64> { return %argd : memref<3xf64>

%cst = arith.constant 0.000000e+00 : f64 /' }

affine.for %arg3 = 0 to 1200 {

affine.store %cst, %arg2[%arg3] : memref<1200xf64> func.func @fn_1(%arg@: memref<bx3xf64>, %argl: memref<3xf64>)
affine.for %arg4 = 0 to 1400 { _— -> memref<3xf64> attributes {mlirsynth} {

%0 = affine.load %argl[%arg4, %arg3] : memref<1400x1200xf64> -

%1 = affine.load %arg2[%arg3] : memref<1200xf64> return %argl : memref<3xf64>

%2 = arith.addf %1, %0 : f64 ‘---‘ }

affine.store %2, %arg2[%arg3] : memref<1200xf64>
b func.func @kernel(%arg0: 64, %argl: memref<bx3xf64>,
3 %arg2: memref<3xf64>)
-> memref<3xf64> {

affine.for %arg3 = @ to 1200 { %0 = call @fn_0(%arg2, %argl)
... (memref<3xf64>, memref<bx3xf64>) -> memref<3xf64>
3 %1 = call @fn_1(%argl, %0)

(memref<bx3xf64>, memref<3xf64>) -> memref<3xf64>
return ... return %1 : memref<3xf64>
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v
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Specification

Generate Input/Output example

Bottom-up enumerative search

Progressively grow a candidate set by
combining simpler to more complex ones
Initialization: Basic programs (returning
arguments, constants)

Terminate when specification matched

Optimization techniques

e Type correct by construction

e |dentify classes of observationally
equivalent candidates

e Polyhedral-based heuristics for
guiding synthesis



func.func @fn_0(%arg0d: memref<3xf64>, %argl: memref<5x3xf64>)
-> memref<3xf64> attributes {mlirsynth} {
%0 = op(%argd, %argl) : memref<3xf64>
%1 op (%0, %argl) : memref<3xf64>
return %1 : memref<3xf64>
3

func.func @fn_1(%argd: memref<5x3xf64>, %argl: memref<3xf64>)
-> memref<3xf64> attributes {mlirsynth} {
%0 = op(%argd, %argl) : memref<3xf64>
return %0 : memref<3xf64>

func.func @kernel(%argd: 64, %argl: memref<5x3xf64>,

%arg?2: memref<3xf64>)

-> memref<3xf64> {
%0 = call @fn_0(%arg2, %argl)

: (memref<3xf64>, memref<5x3xf64>) -> memref<3xf64>
%1 = call efn_1(%argl, %0)

(memref<5x3xf64>, memref<3xf64>) -> memref<3xf64>

return %1 : memref<3xf64>

—
—» | Postprocessing | —>




—
—» | Postprocessing | —>

func.func @fn_0(%arg0d: memref<3xf64>, %argl: memref<5x3xf64>)
-> memref<3xf64> attributes {mlirsynth} {

op(%argd, %argl) : memref<3xf64> Inline

%0
%1

return %1 : memref<3xf64> ‘-.~_~‘

}

func.func @fn_1(%argd: memref<5x3xf64>, %argl: memref<3xf64>)

op(%0, %argl) : memref<3xf64> func.

func @kernel(%arg0: 64,
%argl: memref<1400x1200xf64>,
%arg2: memref<1200xf64>)
-> memref<1200xf64> {

fn_o

= op(%arg2, %argl) : memref<1200xf64>
= op(%0, %argl) : memref<1200xf64>
fn_1

= op(%argl, %1) : memref<1200xf64>

-> memref<3xf64> attributes {mlirsynth} { —) //
%0 = op(%argd, %argl) : memref<3xf64> %0
return %0 : memref<3xf64> %1
}
"”’,/)' //
func.func @kernel(%arg0d: f64, %argl: memref<5x3xf64>, %2
%arg?2: memref<3xf64>)
-> memref<3xf64> { return %2 : memref<1200xf64>
%0 = call @fn_0(%arg2, %argl) }

: (memref<3xf64>, memref<5x3xf64>) -> memref<3xf64>

%1 = call efn_1(%argl, %0)
(memref<5x3xf64>, memref<3xf64>) -> memref<3xf64>

return %1 : memref<3xf64>



—
—» | Postprocessing | —>

func.func @fn_0(%arg0d: memref<3xf64>, %argl: memref<5x3xf64>)
-> memref<3xf64> attributes {mlirsynth} {

op(%argd, %argl) : memref<3xf64> Inline

%0
%1

return %1 : memref<3xf64> ‘-.~_~‘

}

func.func @fn_1(%argd: memref<5x3xf64>, %argl: memref<3xf64>)

op(%0, %argl) : memref<3xf64> func.

Resize

func @kernel(%arg0: 64,
%argl: memref<1400x1200xf64>,
%arg2: memref<1200xf64>)
-> memref<1200xf64> {

fn_o

= op(%arg2, %argl) : memref<1200xf64>
= op(%0, %argl) : memref<1200xf64>
fn_1

= op(%argl, %1) : memref<1200xf64>

-> memref<3xf64> attributes {mlirsynth} { —) //
%0 = op(%argd, %argl) : memref<3xf64> %0
return %0 : memref<3xf64> %1
}
"”’,/)' //
func.func @kernel(%arg0d: f64, %argl: memref<5x3xf64>, %2
%arg?2: memref<3xf64>)
-> memref<3xf64> { return %2 : memref<1200xf64>
%0 = call @fn_0(%arg2, %argl) }

: (memref<3xf64>, memref<5x3xf64>) -> memref<3xf64>

%1 = call efn_1(%argl, %0)
(memref<5x3xf64>, memref<3xf64>) -> memref<3xf64>

return %1 : memref<3xf64>
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e Speed up search

-+ ~ clang -mlir-synth pru:)gram.cl

Applicability
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Takeaways

e mlirSynth raises programs to high-level dialects using program synthesis
o Robust %4
o Automatic (4
o Fast X

e Raised programs lead to significantly higher performance
o DSL compilers
o Hardware accelerators

e Several interesting directions!
alexander.brauckmann@ed.ac.uk
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Input Function

func fn_o(
%argd: typel,
%argl: typel)
-> typel {

}
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5  typel
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return %argo
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Synthesis example

Candidate Set | Candidate Set

typel
func candl1(%argo, %argl) {
return %argo
}
func cand2(%arg@, %argl) {
return %argil

}

5  typel
func candl1(%arg@, %argl) {

return %argo

3

func cand2(%arg@, %argl) {
return %argl

3

A\ 4

op1(
typel operand,
typel operand,
type2 attribute
) —> type3

e

init()

type3
func cand3(%arg@, %argl) {
%0 = opl(%argd, %argd, 0)

T

genAttrs(op1) return %0
3
type2
Input Function (0,11 [0,1,2]
func fn_0o( [1,e]

%argd: typel,
%argl: typel)
-> typel {

}



Synthesis example

- ! ] . | | i
Candidate Set | ! Candidate Set | | Candidate Set
1 1 1
1 ! 1 1
»  typel ! > i typel ! » . typel
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Candidate Set

5  typel
func candl1(%arg@, %argl) {

return %argo

3

func cand2(%arg@, %argl) {
return %argl

3

init()

Input Function
func fn_o(
%argd: typel,
%argl: typel)
-> typel {

}

op1(
typel operand,
typel operand,
type2 attribute
) —> type3

—»X—»
T

genAttrs(op1)

type2
(0,11 [e,1,2]
[1,0]

A\ 4

Candidate Set
typel
func candl1(%argo, %argl) {
return %argo
}
func cand2(%arg@, %argl) {
return %argil
}
type3
func cand3(%arg@, %argl) {
%0 = opl(%argd, %argd, 0)

return %0

v

op2(
type3 operand,
type2 attribute
) —> type4d

genAttrs(op2)

type2
(0,11 [e,1,2]
[1,0]

Candidate Set

typel

type4

func cand4(%argo, %argl) {
%0 = opl(%argd, %argd, 0)

%1 = op2(%0, @)
return %1

type3

spec_match()

A 4

Target Function

func fn_o(
%argd: typel,
%argl: typel)
-> typel {

}
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