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BACKGROUND: Many recently developed reconstruction techniques require high computational throughput (processing workload completed per processing time)
due to either large overall processing workload, such as iterative reconstructions used in many compressed sensing applications, or short permissible processing time,
such as real-time or “patient on-the-table” applications requiring execution to complete within a preset time window. While modern host CPUs (Central Processing
Units) have continued to grow in core and hardware thread counts, their single-thread performance growth rate year over year (tightly coupled within an architecture to
clock rate) has reduced significantly. Faced with this constraint, developers of reconstruction systems (comprising hardware and software) seeking higher computational
throughput must use more of the resources which are continuing to grow (core count and hardware thread count) with processor generations, and may augment the
CPU’s resources with an accelerator. Popular for its prevalence and low entry cost, GPUs (Graphical Processing Units) used in a GPGPU (General Purpose GPU)
fashion are frequently explored for reconstruction time reductions. GPGPUs can provide a cost-effective alternative for workloads that can be effectively parallelized,
which many image processing tasks are by their nature. Another type of accelerator that has recently become available from Intel is referred to as a MIC (Many
Integrated Core) coprocessor, currently available as the Xeon Phi family of PCle (Peripheral Component Interconnect Express) cards.

The MIC is fundamentally different from the GPUs available from nVidia and AMD/ATI. GPGPUs use their own discrete instruction sets, and must be programmed for
explicitly (typically through either CUDA or OpenCL) to be used efficiently. The MIC, which is based on the x86 instruction set, attempts to retain much more source-
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RESULTS AND DISCUSSION: With the implementation of this calculation on the Intel MIC, we can ~ ~ 10 @/‘9’6\)"\ 6
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calculation outperforms the OpenCL-based GPGPU (nVidia C2050) as well as the modern CPU-based
(dual Intel E5-2670) version. Additionally, the MIC implementation uses ~300 lines of custom (not
shared with other implementations) code, while the OpenCL version uses ~1000 algorithm-specific lines
of code, as well as an additional ~1500 lines of code that comprises our OpenCL management interface
(which was developed for this activity but is reusable for further OpenCL work.) This is worth
consideration when comparing the performance results, as these values provide insight into the time required to move an algorithm onto a given accelerator technology.
Also of interest is the performance of the modern CPU system: it is nearly that of the MIC implementation, while both implementations are faster than the GPU version.
The CPU implementation has benefited (as predicted by Intel) from the tuning / algorithm modifications performed to improve performance on the MIC.

Figure 1: Comparison of time to calculate g-factor penalty
volume for various SENSE R (acceleration) factors for
GPU, CPU, and MIC implementations. Each point is one
acceleration case.

CONCLUSIONS: The process of improving the performance of this algorithm has provided several interesting results. The initial GPGPU-powered OpenCL
implementation performed well. Unfortunately, nVidia has stopped supporting new OpenCL features on their latest generation (K20) processors, requiring a re-write
(OpenCL to CUDA) to fully exploit their performance. With Intel deploying its MIC technology, we chose to investigate the offerings of this new platform. Following a
less intensive development process, we have achieved even better (compared to the C2050) performance on the MIC. As an added benefit, many of the optimizations
performed for the MIC have benefitted all of our x86-based systems. In addition, the latest Xeon CPUs, when effectively threaded and paired with AVX vector
instructions, are extremely capable in their own right. If a reconstruction system being developed is not replicated — deployed in multiple instances — the higher cost
per throughput of more capable traditional CPUs may be smaller than the higher cost of development incurred by re-implementing existing software for an accelerator.
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