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Operators in Linalg Dialect of MLIR
Named Ops

linalg.add linalg.abs 

linalg.batch_mat* 
linalg.conv_1d_*_* 

linalg.broadcast

linalg.depthwise_*_*_*

linalg.conv_3d_*_* 
linalg.conv_2d_*_* 

linalg.div 

linalg.erf linalg.exp 

linalg.rsqrt 
linalg.maxlinalg.floor 

linalg.powf
linalg.select

linalg.tanh

linalg.transpose

linalg.winograd_*

linalg.sub

linalg.fill 
linalg.unpack

linalg.pack

linalg.square

linalg.min
linalg.generic

• Fold
• Fuse 
• Tile 
• Vectorize 
• Bufferize 
• Convert-to-Loops

Torch
Triton
..

Transformations

linalg.mul 

linalg.log 

linalg.ceil

linalg.floor

linalg.negf

linalg.reciprocal

linalg.round

linalg.sqrt 

linalg.softmax

linalg.dot

linalg.matmul

linalg.vecmat linalg.matvec

linalg.mmt4d

linalg.pooling_*

(structured op)
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Category Ops - A New  Intermediate Abstraction

Named Ops (e.g. linalg.add ..)

Generic ( linalg.generic)

Category Ops

generic
 |- contract
 |   |- matmul
 |   |- vecmat
 |   |- matvec
 |   |- batch_...
 |   |- batch_reduce_...
 |   |- quantized_... 
 |   |- mmt4d
 |   |- dot
 |- element_wise
 |   |- add
 |   |- max
 |   |- select
 |   |- (all compute unary, binary, ternary)
 |- convolution
 |   |- conv_3d_ncdhw_fcdhw
 |   |- conv_2d_...
 |   |- conv_...
 |   |- depthwise_conv_...
 |- pooling
 |   |- pooling_nchw_max
 |   |- pooling_...
 |- winograd
 |   |- winograd_...
...

Too Specific

Too General
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Morphism across Representations

Named Ops Category Ops Generic

categories
  |- contract
  |   |- …
  |   |- …
  |- element_wise
  |   |- …
  |   |- …
  | |- convolution
  |   |- ..
  |   |- …
  |- pooling
  |   |- …
  |- ...

generalization

specialization
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Ease of Optimizations  in the New Abstraction

Op

G

Folds

G’

Is elementwise?

Op

E

E’

With Generic With Category Ops
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Ease of Optimizations  in the New Abstraction

Tile
With Generic With Category Ops

GNamed
Elementwise

G

generalize tile

Information loss

E E

tile

preserved

scf scf
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Example – Morphism `Named to Generic`

Same computation, different representation 

func.func @exp(%A : tensor<16x8xf32>, %B : tensor<16x8xf32>) ->  tensor<16x8xf32> {
  %exp = linalg.exp 
           ins(%A : tensor<16x8xf32>) 
           outs(%B :  tensor<16x8xf32>) -> tensor<16x8xf32>
  return %exp :  tensor<16x8xf32>
}

$ mlir-opt   -linalg-morph-ops=named-to-generic linalg-morph-category-ops.mlir
#map = affine_map<(d0, d1) -> (d0, d1)>
module {
  func.func @exp(%arg0: tensor<16x8xf32>,
                 %arg1: tensor<16x8xf32>) -> tensor<16x8xf32> {
    %0 = linalg.generic
            {indexing_maps = [#map, #map],
             iterator_types = ["parallel", "parallel"]}
         ins(%arg0 : tensor<16x8xf32>) outs(%arg1 : tensor<16x8xf32>) {
    ^bb0(%in: f32, %out: f32):
      %1 = math.exp %in : f32
      linalg.yield %1 : f32
    } -> tensor<16x8xf32>
    return %0 : tensor<16x8xf32>
  }
}
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Example – Morphism `Named to Category`

Same computation, different representation 

func.func @exp(%A : tensor<16x8xf32>, %B : tensor<16x8xf32>) ->  tensor<16x8xf32> {
  %exp = linalg.exp 
           ins(%A : tensor<16x8xf32>) 
           outs(%B :  tensor<16x8xf32>) -> tensor<16x8xf32>
  return %exp :  tensor<16x8xf32>
}

$ mlir-opt -linalg-morph-ops=named-to-category linalg-morph-category-ops.mlir
module {
  func.func @exp(%arg0: tensor<16x8xf32>, %arg1: tensor<16x8xf32>) -> tensor<16x8xf32> {
    
     %0 = linalg.elementwise kind=#linalg.elementwise_kind<exp>
          ins(%arg0 : tensor<16x8xf32>) outs(%arg1 : tensor<16x8xf32>)
         -> tensor<16x8xf32>
    return %0 : tensor<16x8xf32>
  }
}



10

Example – Folding Transpose, Broadcast
identity = affine_map<(d0, d1, d2) -> (d0, d1, d2)>
#map1 = affine_map<(d0, d1, d2) -> (d1, d2)>
func.func @foo(%A: tensor<16xf32>, %B: tensor<8x16x32xf32>) -> tensor<8x16x32xf32> {
  %empty_1 = tensor.empty() : tensor<32x16xf32>
  %empty_2 = tensor.empty() : tensor<16x32xf32>
  %b_A = linalg.broadcast
           ins(%A : tensor<16xf32>)  outs(%empty_1 : tensor<32x16xf32>) dimensions = [0]
  %tb_A = linalg.transpose
           ins(%b_A : tensor<32x16xf32>) outs(%empty_2 : tensor<16x32xf32>) permutation = [1, 0]
  %result = linalg.elementwise
              kind=#linalg.elementwise_kind<exp>
              indexing_maps = [#map1, #identity]
              ins(%tb_A : tensor<16x32xf32>) outs(%B : tensor<8x16x32xf32>) -> tensor<8x16x32xf32>
  return %result : tensor<8x16x32xf32>
}

#map = affine_map<(d0, d1, d2) -> (d1)>
#map1 = affine_map<(d0, d1, d2) -> (d0, d1, d2)>
module {
  func.func @foo(%arg0: tensor<16xf32>, %arg1: tensor<8x16x32xf32>) -> tensor<8x16x32xf32> {
    %0 = linalg.elementwise
         kind=#linalg.elementwise_kind<exp>
         indexing_maps = [#map, #map1]
         ins(%arg0 : tensor<16xf32>) outs(%arg1 : tensor<8x16x32xf32>) -> tensor<8x16x32xf32>
    return %0 : tensor<8x16x32xf32>
  }
}
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Conclusion

• Category Ops – a new abstraction in Linalg

• Morphism across the different representations

• Ease and opportunities for optimizations
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Thank  you
Nothing in these materials is an offer to sell any of the components or devices referenced herein.

© Qualcomm Technologies, Inc. and/or its affiliated companies. All Rights Reserved.

Qualcomm, Snapdragon, Hexagon, Qualcomm Spectra, Adreno, FastConnect, and Kryo are trademarks or 
registered trademarks of Qualcomm Incorporated. 
Other products and brand names may be trademarks or registered trademarks of their respective owners.

References in this presentation to “Qualcomm” may mean Qualcomm Incorporated,
Qualcomm Technologies, Inc., and/or other subsidiaries or business units within
the Qualcomm corporate structure, as applicable. Qualcomm Incorporated includes our licensing business, QTL, 
and the vast majority of our patent portfolio. Qualcomm Technologies, Inc., a subsidiary of Qualcomm Incorporated, 
operates, along with its subsidiaries, substantially all of our engineering, research and development functions, and 
substantially all of our products and services businesses, including our QCT semiconductor business. 

Snapdragon and Qualcomm branded products are products of Qualcomm Technologies, Inc. and/or its subsidiaries. 
Qualcomm patented technologies are licensed by Qualcomm Incorporated. 

Follow us on:
For more information, visit us at qualcomm.com & qualcomm.com/blog
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