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Which rewrite do you apply first?
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☹

��
*

(x * 2) / 2

(x << 1) / 2

x * (2 / 2) x * 1 x

* Assume x is an unsigned integer with UB overflow



E-graphs store equivalent expressions

a * 2 → a << 1  

Rewrite 
non-destructively
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Code is transformed at different levels of abstraction
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Egg is extensible but not integrated

Egg 5

🙂 At different levels of abstraction

☹ Equalities are lost



Cranelift offers tight compiler integration

Egg Cranelift 6

🙂 Equality saturation is integrated

☹ Not at other levels of 
abstraction

☹ Equalities are lost



We aim to combine extensibility and integration

Egg Cranelift Tamagoyaki 7

☹ Equalities are lost

☹ Not at other levels of abstraction



func.func @f(%a : i64) -> i64 {

    %two = arith.constant 2 : i64

    %res = arith.muli %a, %two : i64

    func.return %res   : i64

}

Start with arbitrary MLIR IR
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func.func @f(%a : i64) -> i64 {

  %res = equivalence.graph {

    %two = arith.constant 2 : i64

    

    %mul = arith.muli %a, %two : i64

    equivalence.yield %mul   : i64

  }

  func.return %res : i64

}

Wrap operations in a graph
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New e-nodes are introduced as operands to e-classes

func.func @f(%a : i64) -> i64 {

  %res = equivalence.graph {

    %two = arith.constant 2 : i64

    %one = arith.constant 1 : i64

    %mul = arith.muli %a, %two : i64

    %shl = arith.shli %a, %one : i64

    equivalence.yield %mul : i64

  }

  func.return %res : i64

}
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New e-nodes are introduced as operands to e-classes

func.func @f(%a : i64) -> i64 {

  %res = equivalence.graph {

    %two = arith.constant 2 : i64

    %one = arith.constant 1 : i64

    %mul = arith.muli %a, %two : i64

    %shl = arith.shli %a, %one : i64

    %c = equivalence.class %mul, %shl : i64

    equivalence.yield %c : i64

  }

  func.return %res : i64

}
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Reuse lattices for e-class analyses
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[0, 10] [2, 13] [2, 10]

e-class union

lattice meet



Graph is necessary to handle cycles within expressions

equivalence.graph {

    %c_zero = equivalence.class %zero

    %sum = arith.addi %c_a, %c_zero

    %c_a = equivalence.class %sum, %a

}
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a = a + 0 = (a + 0) + 0 = …



Adapting rewrite patterns to equality saturation

a × 2 → a « 1
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Nondestructive!



We have to take into account the use-def indirection
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We have to take into account the use-def indirection
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New equivalence.class ops require special handling

C++

🤔
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PDL

💡



PDL: MLIR’s declarative rewrite representation
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a × 2 → a « 1
pdl.pattern @times_two_shift_one : benefit(2) {

 %t = pdl.type

 %a = pdl.operand

 %c2_attr = pdl.attribute = 2 : i64

 %c2_op = pdl.operation "arith.constant" {"value" = %c2_attr} -> (%t : !pdl.type)

 %c2_res = pdl.result 0 of %c2_op

 %a_mul_2_op = pdl.operation "arith.muli" (%a, %c2_res : !pdl.value, !pdl.value) -> (%t : !pdl.type)

 pdl.rewrite %a_mul_2_op {

   %c1_attr = pdl.attribute = 1 : i64

   %c1_op = pdl.operation "arith.constant" {"value" = %c1_attr} -> (%t : !pdl.type)

   %c1_res = pdl.result 0 of %c1_op

   %a_shift_1_op = pdl.operation "arith.shli" (%a, %c1_res : !pdl.value, !pdl.value) -> (%t : !pdl.type)

   pdl.replace %a_mul_2_op with %a_shift_1_op

 }

}



PDL: MLIR’s declarative rewrite representation
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pdl

declarative pattern 
descriptions

pdl_interp

get_operand
get_result

get_defining_op

are_equal

…create_operation

replace



We implement e-matching with small modifications
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pdl pdl_interp

get_operand
get_result

get_defining_op

are_equal

…create_operation

replace

declarative pattern 
descriptions

eq_result

eq_valuesunion
dedup

ematch



We have to take into account the use-def indirection
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get_result

get_defining_op



replacereplace

We have to take into account the use-def indirection
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get_result

get_defining_op

create_operation

maintain hashcons

introduce backtracking

eq_result

union

eq_values

dedup



Case study: Herbie in MLIR

23herbie.uwplse.org

https://herbie.uwplse.org/


We implement Herbie’s core in Tamagoyaki
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We match Herbie accuracy-wise*
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* math target, single iteration, no series expansion, no regime selection



With comparable performance
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Case study: RTL Optimization 
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circt.llvm.org

+

https://circt.llvm.org/


CIRCT has lower-level dialects than Verilog 
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We also run existing CIRCT passes on the e-graph
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This allows finding better hardware designs
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Try out Tamagoyaki in your projects!
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Your
PDL

Rewrites

Your
Cost 

Model
+ +


