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Hastega: A Method Using GPGPU for Super-Parallelization
in Elixir Programming
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Abstract: Elixir has Flow that is a popular parallel programming library similar to MapReduce. Flow can
realize parallel programming on multi-core CPUs by simple description using pipeline operators. We ideate
that code description of Flow can be applied to GPGPU easily, and implements prototypes. The SIMD
architecture that current general GPUs adopt is effective when a single instruction sequence processes a sim-
ple, homogeneous and mass data structure, and code using Flow is a single instruction sequence connected
by pipeline operators that processes a linked-list structure, which is asimple, homogeneous and mass data
structure. Thus, we propose the Hastega method, which is a code optimization method by compiling the
instruction sequence for the GPU, sending it and a mass array composed of data from the linked-list, and ex-
ecuting them. We develop a benchmark suit of the logistic maps over prime fields, and evaluate performance
of the proposal system using it. We evaluate it using Mac Pro and Google Compute Engine (GCE). We
compare Elixir, Rustler, which is Elixir that calls native code by Rust, native code by Rust and Python. We
get the following results: (1) Elixir and Rustler code using GPU (Hastega) is 4.43-8.23 times and 7.43-9.64
times faster than pure Elixir and Python code executed by only CPU, respectively. (2) The performance
gap of Elixir and Rustler code using GPU by our strategy is only 1.48-1.54 times compared with native code
using GPU. (3) Additionally, our Hastega method for Elixir achieves 3.67 times faster than Python code with
GPU. We plan to develop a processing system including a code generator using LLVM based this research.

Keywords: Elixir, GPGPU, Parallel programming languages, Parallel computing, MapReduce.
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1..1000
|> Flow.from_enumerable()
|> Flow.map(foo0)
|> Flow.map(bar)
|> Enum.to_list

1 Flow #ffi> TV A M %#(ET 5 Elixir 23— F

Fig. 1 Elixir code of list manipulation using Flow.

__kernel void calc(
__global long* input,
__global long* output) {
size_t i = get_global_id(0);
long temp = inputl[i];

temp = foo(temp);

temp = bar (temp) ;

output [i] = temp;
}

2 XmO® OpenCL 2—F
Fig. 2 OpenCL code of figure M
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Fig. 3 The Hastega Architecture
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Table 1 Versions of Software

Mac Pro (Mid 2010) GCE
(O] Sierra 10.12.6 ubuntu 16.04
Elixir (18] 1.6.6 (OTP 21) 1.6.6 (OTP 21)
Flow [19] 0.14 0.14
Rust [7] 1.27.0 1.27.0
OpenCL [13] 1.2 1.2
Rustler [8] 0.17.1 0.17.1
ocl [18] 0.18 0.18
rayon [I7] 1.0 1.0
scoped-pool [0EH] | 1.0.0 1.0.0
Python [20] 3.6.0 (Anaconda 4.3.0)  3.5.2
CUDA [i1] N/A 9.0 (in case of using CuPy), 9.2 (other)
NumPy [17] 1.11.3 1.14.3
CuPy [r4] N/A 4.1.0
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Table 2 The result of the benchmarks

Mac Pro (Mid 2010) GCE
2.8GHz Quad-Core Intel Xeon | Intel Broadwell vCPU:8
ATI Radeon HD 5770 NVIDIA Tesla K80
(¥ (F)
Elixir_recursive Elixir FHIRIE L U 12.177 9.674
Elixir_inlining Elixir 1274 VR 10.579 8.075
Rustler_.CPU Elixir / Rustler CPU (B2—XL v R) 7.691 6.098
Rustler CPU_multi  Elixir / Rustler CPU (¥JF AL v k) 1.748 1.422
Rustler GPU Elixir / Rustler ~ Hastega: OpenCL (GPU) 2.388 1.176
Empty Elixir / Rustler X3I—RXVFv—2 1.859 0.852
Rust_CPU Rust CPU 2.926 1.829
Rust_CPU_multi Rust CPU 0.669 0.374
Rust_GPU Rust OpenCL (GPU) 1.546 0.797
Python_CPU Python NumPy (CPU) 17.749 11.341
Python_ GPU Python CuPy (GPU) N/A 4.316
% 3 GCE ETOA VA=)V - ZETH L ADOFIED LR [5]  Google: Compute Engine: Scalable,  High-
Table 3 Comparison of Steps of Installation and Setting Pro- Performance Virtual Machines (2012).
cesses in GCE https://cloud.google.com/compute/.
[6] Google: TensorFlow: An Open Source Ma-
CuPy Hastega chine Learning Framework for FEveryone (2017).
CUDA % L < 1 OpenCL O » A h—JL 41 1 https:/ /www.tensorflow.org.
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& o fe BRESSECE, HIRRTICR CEHT 2. https://developer.nvidia.com /cuda-toolkit.
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http://www.numpy.org.
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