
Dataflow Analysis
git fetch

git checkout exercises/day-4-analysis-1
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Warmup Quiz: Can we optimize this code?

This is dataflow analysis



Examples of dataflow analyses



SparseConstantPropagation
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SparseConstantPropagation



IntegerRangeAnalysis
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DenseSizeRangeAnalysis
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DenseSizeRangeAnalysis



Some Passes using dataflow analysis

● SCCP
● IntRangeOptimizations
● IntRangeNarrowing
● RemoveDeadValues
● XeGPUPropagateLayout
● CIRCT –canonicalize (without the framework)



How does dataflow analysis work?



Steps in dataflow analysis
● Initialize some variables
● Do a first pass across the IR
● Use a worklist to handle loop fixpoint computation

Each update is either:

● Using an operation rule to propagate information
● Merging two incoming information



MLIR Dataflow Analysis hierarchy

SparseForward SparseBackward DenseBackwardDenseForward

DataFlowAnalysis

IntegerRangeAnalysis LivenessAnalysis IsEmptyAnalysis
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MLIR Dataflow Analysis hierarchy

SparseForward SparseBackward DenseBackwardDenseForward

DataFlowAnalysis

IntegerRangeAnalysis LivenessAnalysis IsEmptyAnalysis



Example : LivenessAnalysis



Example : LivenessAnalysis



Example : LivenessAnalysis



Example : LivenessAnalysis



Example : LivenessAnalysis



Example : LivenessAnalysis



MLIR Dataflow Analysis hierarchy

SparseForward SparseBackward DenseBackwardDenseForward

DataFlowAnalysis

IntegerRangeAnalysis LivenessAnalysis IsEmptyAnalysis



Example : DenseIsEmpty
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Extending a Dataflow Analysis
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SparseForward SparseBackward DenseBackwardDenseForward
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Extending IntegerRangeAnalysis



Extending IntegerRangeAnalysis

No ranges are propagated
through list operations



Extending IntegerRangeAnalysis

Most analyses define their 
own interface



Extending IntegerRangeAnalysis

Recall how to add an interface in MLIR.



Exercise: Extending IntegerRangeAnalysis



Exercise: Extending IntegerRangeAnalysis

Implement this in 
ListOps.cpp

Debug with
./scripts/print-integer-
range-analysis.sh

Test with
./scripts/test-integer
-range.sh



Extended IntegerRangeAnalysis



Implementing your own sparse 
forward analysis



MLIR Dataflow Analysis hierarchy

SparseForward SparseBackward DenseBackwardDenseForward

DataFlowAnalysis

IntegerRangeAnalysis LivenessAnalysis IsEmptyAnalysis



A generic framework for analyses
SparseForwardDataFlowAnalysis provides:

● Information storage
● Fixpoint computation

User provides:

● Type of information stored
● Initialization
● Propagation of information



Goal: SizeRangeAnalysis



dataflow::Lattice



Mathematics of dataflow::Lattice

● A Lattice represents a set of values
○ e.g. [0, 2] represents all lists of size {0, 1, 2}

● The join of two Lattices should be the smallest Lattice that represents 
the union of the values.

○ e.g. [0, 2] join [4, 5] = [0, 5]



Exercise: Implementing SizeRangeValue::join
Implement this in SizeRangeAnalysis.cpp



Solution of join



DataflowAnalysis class



Exercise: Implement setToEntryState



Exercise: Implement visitOperation



Solution: Implement visitOperation



Running and Using an Analysis



How to use dataflow analyses
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How to use dataflow analyses

Be careful when querying values after modifying the IR!



How to update dataflow analyses



Implement analysis-based optimizations
● Replace empty lists with `list.empty`



Implement analysis-based optimizations
Solution



"Unbounded" lattices



Do you see an issue here?



Solution : Widening



Combining analyses



Combining analyses is very powerful

Dead code analysis needs 
information from ConstantAnalysis



Combining analyses in MLIR

In `MyAnalysis::visitOperation`:



Other kind of Dataflow Analysis
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DenseForwardAnalysis
Dense analyses are control-flow aware



DenseForwardAnalysis
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