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Driven by high-throughput experimental techniques and aggressive real-time requirements, such as in neural prosthetics,
computational workloads in neuroscience research are growing almost without bound. The response, “computation is
cheap”, is no answer. Only computers are really cheap, software is very expensive. Developing high performance
software packages for neuroscience research is a costly, time-consuming process, requiring individuals skilled in both
the research area and software engineering. As a result of the difficulty and cost, researchers often avoid computational
tools or are forced onto inferior, but simpler, computational platforms. The Merge framework, a computational model and
compiler, reduces the difficulty of software development by insulating the researcher from the implementation details of
state-of-the-art heterogeneous parallel computing platforms. The Merge framework provides (1) a parallel-aware high-
level library abstraction offering a structured interface between application and library developers and (2) a compiler and
runtime which dynamically selects the best available library function for a task for a given input and machine
configuration. The user assembles their program in a MATLAB-like manner from a rich and extensible library set
(including algorithms like PCA, FFT, K-Means clustering, etc.). When specialized implementations exist for a given
library function, such as for a GPGPU or FPGA, these will be invoked, offering potential to-the-metal performance for a
wide range of computational architectures, all transparent to the user. The Merge framework has been prototyped on (1)
a heterogeneous platform consisting of an Intel Core 2 Duo IA32 CPU and 8-core 32-thread Intel X3000 GPU, and (2) a
homogeneous 32-processor Unisys SMP system with Intel Xeon processors. We implemented a set of common data
analysis and simulation benchmarks, including a spike classification algorithm used in neural prosthetic systems, using
the Merge library abstraction and enhanced the library set with X3000 specific implementations, achieving speedups of
2.1x - 22.2x using the X3000 GPU and 5.3x - 17.1x using the 32-way system relative to straight C on the IA32 CPU
alone. All platforms use the same algorithm description with the runtime and compiler automatically selecting and
invoking the appropriate libraries.
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