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We should aim for more principled higher level intermediate representations



fun(A : N.K.float /> fun(B : K.M.float />
  A /> map(fun(arow />
    B /> transpose /> map(fun(bcol />
      zip(arow, bcol) /> map(*) /> reduce(+, 0) )) )) ))

RISE by example: Matrix Multiplication
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dot product computation:
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RISE by example: Matrix Multiplication
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RISE by example: Matrix Multiplication

fun(A : N.K.float /> fun(B : K.M.float />
  A /> map(fun(arow />
    B /> transpose /> map(fun(bcol />
      zip(arow, bcol) /> map(*) /> reduce(+, 0) )) )) ))

arow bcol
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Lessons from Lift

● RISE (https://rise-lang.org/) is a spiritual successor to the Lift project

● Lift has demonstrated:
○ optimizing by rewriting
○ achieving high performance
○ performance portability

https://rise-lang.org/


Lift: Performance Portability
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fun(A : N.K.float /> fun(B : K.M.float />
  A /> map(fun(arow />
    B /> transpose /> map(fun(bcol />
      zip(arow, bcol) /> map(*) /> reduce(+, 0) )) )) ))
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fun(A : N.K.float /> fun(B : K.M.float />
  A /> map(fun(arow />
    B /> transpose /> map(fun(bcol />
      zip(arow, bcol) /> map(*) /> reduce(+, 0) )) )) ))

Rewrite Rules

Lift: Optimization by Rewriting



Lift High Performance Results for Matrix Multiplication
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Only few generated code with very good performance Still: One can expect to find a good performing kernel quickly!

Performance close or better than hand-tuned library code

[GPGPU’16]



Lift - The Caveats

- Does everyone have to write functional programs now?

- Academic work written in Scala

- Does not integrate well with existing compiler infrastructures
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How can we achieve end-to-end integration with existing solutions?



    MLIR - Multi-Level Intermediate Representation

- Extensible infrastructure to define compiler intermediate representations (dialects)

- Dialects can capture different levels of abstraction:

- High-level domain specific                            Hardware specific backend

- Existing dialects available for:

- TensorFlow / TensorFlow Lite              - Performing polyhedral optimizations

- Targeting GPUs                                             - LLVM IR

- ...
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How can we achieve end-to-end integration with existing solutions?



Lowering TensorFlow models to RISE
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func @mnist_predict(%input: tensor<1x28x28x1xf32>) /> tensor<1x10xf32> {

    %1 = hlo.reshape (%input) : (tensor<1x28x28x1xf32>) /> tensor<1x784xf32>

    %2 = hlo.dot (%1, %kernel) : (tensor<1x784xf32>, tensor<784x128xf32>) /> tensor<1x128xf32>

    %3 = hlo.add (%2, %bias) : (tensor<1x128xf32>, tensor<128xf32>) /> tensor<1x128xf32>

    [//.]

    %4 = hlo.dot (%3, %kernel_2) : (tensor<1x128xf32>, tensor<128x10xf32>) /> tensor<1x10xf32>

    %5 = hlo.add %4, %bias_2 : (tensor<1x10xf32>, tensor<10xf32>) /> tensor<1x10xf32>

    [//.]

    return %5 : tensor<1x10xf32>

  }

}        

  %1 /> map(fun(arow />
    %kernel /> transpose /> map(fun(bcol />
      zip(arow, bcol) /> map(*) /> reduce(+, 0) )) ))

  %3 /> map(fun(arow />
    %kernel_2 /> transpose /> map(fun(bcol />
      zip(arow, bcol) /> map(*) /> reduce(+, 0) )) )) 

1. Lower TensorFlow model to XLA_HLO dialect

2. Match for supported operations

3. Replace operations with corresponding RISE operations
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How can we achieve end-to-end integration with existing solutions?



mapSeq (
mapSeq (

       )
)

 func @mm(%out:memref<1024x1024xf32>, %inA:memref<1024x1024xf32>, %inB:memref<1024x1024xf32>) {
   %A = rise.in %inA : !rise.array<1024, array<1024, scalar<f32-->
   %B = rise.in %inB : !rise.array<1024, array<1024, scalar<f32-->
   %f1 = rise.lambda (%arow : !rise.array<1024, scalar<f32->) -> !rise.array<1024, scalar<f32-> {
     %f2 = rise.lambda (%bcol : !rise.array<1024, scalar<f32->) -> !rise.scalar<f32> {
       %zip = rise.zip #rise.nat<1024> #rise.scalar<f32> #rise.scalar<f32>
       %zipped = rise.apply %zip, %arow, %bcol
       %f = rise.lambda (%tuple : !rise.tuple<scalar<f32>, scalar<f32->) -> !rise.scalar<f32> {
         %fstFun = rise.fst #rise.scalar<f32> #rise.scalar<f32>
         %sndFun = rise.snd #rise.scalar<f32> #rise.scalar<f32>
         %fst = rise.apply %fstFun, %tuple
         %snd = rise.apply %sndFun, %tuple
         %result = rise.embed(%fst, %snd) {

  %res = mulf %fst, %snd : f32
  return %res : f32
} : !rise.scalar<f32>

         rise.return %result : !rise.scalar<f32>
       }
       %map = rise.mapSeq #rise.nat<1024> #rise.tuple<scalar<f32>, scalar<f32-> #rise.scalar<f32>
       %multipliedArray = rise.apply %map, %f, %zipped
       %add = rise.lambda (%a : !rise.scalar<f32>, %b : !rise.scalar<f32>) -> !rise.scalar<f32-> {
         %result = rise.embed(%a, %b) {
           %res = addf %a, %b : f32

  return %res : f32
         } : !rise.scalar<f32>
         rise.return %result : !rise.scalar<f32>
       }
       %init = rise.literal #rise.lit<0.0>
       %reduce = rise.reduceSeq #rise.nat<1024> #rise.scalar<f32> #rise.scalar<f32>
       %result = rise.apply %reduce, %add, %init, %multipliedArray
       rise.return %result : !rise.scalar<f32>
     }
     %mapB = rise.mapSeq #rise.nat<1024> #rise.array<1024, scalar<f32-> #rise.scalar<f32>
     %result = rise.apply %mapB, %f2, %B
     rise.return %result : !rise.array<1024, scalar<f32->
   }
   %mapA = rise.mapSeq #rise.nat<1024> #rise.array<1024, scalar<f32-> #rise.array<1024, scalar<f32->
   %result = rise.apply %mapA, %f1, %A
   rise.out %out -- %result
   return
  }

arow bcol
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RISE dialect by example: Matrix Multiplication
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Data Types

Function Types

RISE dialect by example: Matrix Multiplication
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- Rise data types: array types, tuple types, scalar types

- Nested array types represent higher dimensional data

- Scalar wraps an arbitrary scalar MLIR type

- Rise function types: types of lambda expressions and functional patterns

- Type system prevents mixing of function and data types

   %A = rise.in %inA : !rise.array<1024, array<1024, scalar<f32-->  2

    %f = rise.lambda (%t : !rise.tuple<scalar<f32>, scalar<f32->) -> scalar<f32>
    -/ %f : !rise.fun<tuple<scalar<f32>, scalar<f32-> -> scalar<f32>>
8

Data Types

Function Types

Types
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   %zip = rise.zip #rise.nat<1024> #rise.scalar<f32> #rise.scalar<f32>6

Patterns: zip
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   %zip = rise.zip #rise.nat<1024> #rise.scalar<f32> #rise.scalar<f32>
   
   -/ type: () -> !rise.fun<array<1024, scalar<f32-> -> 
                             fun<array<1024, scalar<f32-> -> 
                                 array<1024, tuple<scalar<f32>, scalar<f32-->->

   -/ type: 

6

() -> 

- Each RISE pattern is implemented as an MLIR operation

- Operations customized with attributes specifying information for the type

- Patterns encoded as operations have a RISE function type

Patterns: zip
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         %zip = rise.zip #rise.nat<1024> #rise.scalar<f32> #rise.scalar<f32>

Function application
4
 
5
 
6
7
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  %f1 = rise.lambda (%arow : !rise.array<1024, scalar<f32->) -> 
!rise.array<1024, scalar<f32-> {

     %f2 = rise.lambda (%bcol : !rise.array<1024, scalar<f32->) -> 
   !rise.scalar<f32> {

         %zip = rise.zip #rise.nat<1024> #rise.scalar<f32> #rise.scalar<f32>
%zipped = rise.apply %zip, %arow, %bcol

4
 
5
 
6
7

- rise.apply models function application:

expects an SSA value with a  RISE function type (%zip)

and arguments to the function (%arow, %bcol)

Function application
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  %f1 = rise.lambda (%arow : !rise.array<1024, scalar<f32->) -> 
!rise.array<1024, scalar<f32-> {

     %f2 = rise.lambda (%bcol : !rise.array<1024, scalar<f32->) -> 
   !rise.scalar<f32> {

         %zip = rise.zip #rise.nat<1024> #rise.scalar<f32> #rise.scalar<f32>
%zipped = rise.apply %zip, %arow, %bcol

-/type: (%zip.type, array<1024, scalar<f32->, array<1024, scalar<f32->) -> 
array<1024,tuple<scalar<f32>,scalar<f32-->
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6
7

Function application
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- rise.apply models function application:

expects an SSA value with a  RISE function type (%zip)

and arguments to the function (%arow, %bcol)
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How can we achieve end-to-end integration with existing solutions?



Lowering of the RISE dialect

?

31Matrix Multiplication in RISE

Matrix Multiplication in Affine + Standard



Lowering of the RISE dialect

32Matrix Multiplication in RISE

?

Matrix Multiplication in 
imperative RISE 

1. Lowering functional 
to imperative 

representation 



Lowering of the RISE dialect
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1. Lowering functional 
to imperative 

representation 

Matrix Multiplication in 
imperative RISE 

2. Lowering 
imperative to target 

representation

Matrix Multiplication in 
Affine+Standard
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RISE end-to-end integration
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RISE end-to-end integration



 func @mm(%out:memref<1024x1024xf32>, %inA:memref<1024x1024xf32>, %inB:memref<1024x1024xf32>) {
   %A = rise.in %inA : !rise.array<1024, array<1024, scalar<f32-->
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   %f1 = rise.lambda (%arow : !rise.array<1024, scalar<f32->) -> !rise.array<1024, scalar<f32-> {
     %f2 = rise.lambda (%bcol : !rise.array<1024, scalar<f32->) -> !rise.array<1024, scalar<f32-> {
       %zip = rise.zip #rise.nat<1024> #rise.scalar<f32> #rise.scalar<f32>
       %zipped = rise.apply %zip, %arow, %bcol
       %f = rise.lambda (%tuple : !rise.tuple<scalar<f32>, scalar<f32->) -> !rise.scalar<f32> {
         %fstFun = rise.fst #rise.scalar<f32> #rise.scalar<f32>
         %sndFun = rise.snd #rise.scalar<f32> #rise.scalar<f32>
         %fst = rise.apply %fstFun, %tuple
         %snd = rise.apply %sndFun, %tuple
         %result = rise.embed(%fst, %snd) {

  %res = mulf %fst, %snd : f32
  return %res : f32
} : !rise.scalar<f32>

         rise.return %result : !rise.scalar<f32>
       }
       %map = rise.mapSeq #rise.nat<1024> #rise.tuple<scalar<f32>, scalar<f32-> #rise.scalar<f32>
       %multipliedArray = rise.apply %map, %f, %zipped
       %add = rise.lambda (%a : !rise.scalar<f32>, %b : !rise.scalar<f32>) -> !rise.scalar<f32-> {
         %result = rise.embed(%a, %b) {
           %res = addf %a, %b : f32

  return %res : f32
         } : !rise.scalar<f32>
         rise.return %result : !rise.scalar<f32>
       }
       %init = rise.literal #rise.lit<0.0>
       %reduce = rise.reduceSeq #rise.nat<1024> #rise.scalar<f32> #rise.scalar<f32>
       %result = rise.apply %reduce, %add, %init, %multipliedArray
       rise.return %result : !rise.scalar<f32>
     }
     %mapB = rise.mapSeq #rise.nat<1024> #rise.array<1024, scalar<f32-> #rise.array<1024, scalar<f32->
     %result = rise.apply %mapB, %f2, %B
     rise.return %result : !rise.array<1024, array<1024, scalar<f32-->
   }
   %mapA = rise.mapSeq #rise.nat<1024> #rise.array<1024, scalar<f32-> #rise.array<1024, scalar<f32->
   %result = rise.apply %mapA, %f1, %A
   rise.out %out -- %result
   return
  }
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RISE

Lowering RISE to library calls
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matchSuccess

arow

mapSeq (
mapSeq (

))

bcol
    match_for(   )

arow
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   func @mm(%out:memref<1024x1024xf32>,%A:memref<1024x1024xf32>,%B:memref<1024x1024xf32>) {
     %CblasRowMajor = constant 101 : i32
     %CblasNoTrans = constant 111 : i32
     %M = constant 1024 : i32
     %N = constant 1024 : i32
     %K = constant 1024 : i32
     %LDA = constant 1024 : i32
     %LDB = constant 1024 : i32
     %LDC = constant 1024 : i32
     %alpha = constant 1.0 : f32
     %beta = constant 1.0 : f32
     call @cblas_sgemm_wrapper(%CblasRowMajor, %CblasNoTrans, %CblasNoTrans, %M, %N, %K, %alpha, %A, %LDA, %B, %LDB, %beta, %out, %LDC) : 
          (i32, i32, i32, i32, i32, i32, f32, memref<1024x1024xf32>, i32, memref<1024x1024xf32>, i32, f32, memref<1024x1024xf32>, i32) -> ()
     return
   }

matchSuccess

Lowering RISE to library calls
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arow

mapSeq (
mapSeq (

))

arow

bcol
    match_for(   )
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RISE end-to-end integration
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RISE end-to-end demonstration



We are Open Source!
https://github.com/rise-lang/mlir

RISE
A functional Pattern-based language in MLIR

https://rise-lang.org/mlir
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