
Dependences
and

Transformations



Overview

• Dependence
• Binary relation between iteration space points
• Can be computed using ILP calculator

• Dependence abstractions
• Distance vectors
• Direction vectors
• Dependence matrix

• Unimodular transformations
• Permutation, skewing, reversal and compositions
• Representation using unimodular matrices

• Synthesizing unimodular transformations
• Converting a loop into a fully permutable loop nest



Dependence





Formal view of dependence





Dependence arrows are lexicographically positive 





Dependence abstractions

• In practice, working with the full dependence relation 
for a loop nest is expensive and difficult

• Usually, we use an abstraction of dependence relation
• Summary information about dependence
• Summary is an over-approximation of actual dependence 

relation

• Two abstractions are popular
• Distance vectors
• Direction vectors
• Dependence matrix: collection of distance/direction vectors

















Example





Dependence matrix



Using dependence matrices



Using dependence matrices





Unimodular transformations



Overview

• Unimodular transformations
• Can be represented by unimodular matrix

• Integer matrix with determinant of 1 or -1
• Integer equivalent of orthogonal matrix in numerical linear 

algebra
• Permutation, skewing, reversal
• Compositions of these transformations

• Synthesizing unimodular transformations for 
locality

• Making a loop nest fully permutable to enable tiling



Loop permutation



























Summary

• Dependence relation
• Binary relation between points in iteration space
• Can be computed using ILP calculator

• Dependence abstractions
• Summary of dependence relation

• Not as accurate but easier to compute and use
• Distance/direction vectors

• Put them together in dependence matrix

• Unimodular transformations
• Can be represented using unimodular matrix

• permutation, skewing, reversal, compositions of these
• Synthesize unimodular transformations using dependence 

matrix as driver
• Making a loop nest fully permutable
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