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Index Notation and Simplification of Tensor Expressions
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We discuss the pattern matching and the canonicalization as simplification strategies of tensor
expressions in index notation and explain that the time required for simplification increases as the
symmetry of the indices increases. The performance of simplification by using pattern matching
indicates that it is not appropriate for use in practice, but the canonicalization based on the
‘Butler-Portugal’ algorithm is very efficient and so is widely used in general relativity. In this
paper, in order to improve the existing simplification strategy, we introduce the concepts of index
‘kind’ to handle various indices and ‘metric state’ to solve the difficulties due to non-covariant
operators. As a result, tensor expressions containing various indices and non-covariant operators
are correctly simplified. In addition, we convert the implementation of the ‘Butler-Portugal’
algorithm from the GNU C language to the standard C++17 language, and as a result, we found
that the asymptotic complexity of the canonicalization was greatly improved in the Windows

operating system.
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