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The FLAME project has yielded modern alternatives to LAPACK and related effort. An attractive
feature of this work is the complete vertical integration of the entire software stack, starting with
low level kernels that support the BLAS and finishing with a new distributed memory library,
Elemental. In between are layers that target a single core, multicore, and multiGPU architectures.
What this now enables is a new approach where libraries are viewed not as instantiations in code
but instead as a repository of algorithms, knowledge about those algorithm, and knowledge about
target architectures. Representations in code are then mechanically generated by a tool that
performs optimizations for a given architecture by applying high-level transformations much like a
human expert would. We discuss how this has been used to mechanically generate tens of
thousands of different distributed memory implementations given a single sequential algorithm. By
attaching cost functions to the component operations, a highly optimized implementation is chosen
by the tool. The chosen optimization invariably matches or exceeds the performance of
implementations by human experts. We call the underlying approach Design by Transformation
(DxT).
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