11th Joint Conf. on Math. and Comp. Sci., May 20–22, 2016, Eger, Hungary

1

Configurable Data Structure Layout
for Memory Hierarchies
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Developments of the last decades resulted in an increasing gap between processor and memory
speeds [?]. Therefore in high-performance computations the main bottleneck is memory access.
With the spread of multi-core processors and data-parallel applications this effect only increases
as multiple devices are contending for the same resource at the same time. A practical solution
to this problem is to implement memory hierarchies utilizing multiple levels of memories with different capacities and access profiles. The most common implementations use hardware controlled
cache memories. However, for embedded and low-power systems it is more beneficial to apply programmable scratchpad memories instead [?]. The overall performance of scratchpad-aware software
heavily depends on how the data is distributed and accessed in different memory layers.
Systems with programmable memory hierarchies are usually programmed using low level languages. In these languages, the distribution of data in different memory layers is reflected by the
data structure definitions and the operations on those structures [?]. Choosing the data layout for
optimal performance is clearly a set of design decisions. The validation of these choices is usually
possible only by profiling the software. Therefore further optimizations or feature extensions often
lead to changes in these design decisions. Finally these changes will be reflected in the source code
as well, often causing significant non-trivial modifications.
We introduce configurations over data structures to enable deferring these design decisions.
Configurations enable fine-grained description of data layout of an application. We demonstrate
their use in synthesizing data structure definitions and accessing code through implementations
in C macros and C++ templates. We also present how to use configurations to describe sourceto-source transformations, or to specify data layout as a built-in language construct in a domainspecific language named Miller [?].
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