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    Single Instruction Erlang Data (sied)

High-performance SIMD operations for Erlang through Rust NIFs.
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Motivation
Erlang excels at building concurrent, fault-tolerant systems, but numerical computations on large datasets can be a bottleneck. Modern CPUs offer SIMD (Single Instruction, Multiple Data) instructions that can process multiple data elements simultaneously, providing significant performance improvements for vectorized operations.
sied bridges this gap by exposing SIMD-accelerated mathematical operations to Erlang through a safe Rust NIF. The name combines SIMD with Erlang and Data, representing the library's core purpose: bringing efficient data-parallel processing to the Erlang ecosystem.
This library enables Erlang applications to perform high-throughput numerical computations without sacrificing the language's strengths in concurrency and reliability.
Features
	Zero unsafe code: All operations implemented in 100% safe Rust
	Automatic SIMD optimization: Compiler leverages AVX2, AVX-512, NEON, and other instruction sets
	Simple API: Consistent interface with proper error handling
	Production-ready: Comprehensive test suite with benchmarks
	Cross-platform: Works across different CPU architectures with graceful fallback

Implementation
This library uses Rustler to create Native Implemented Functions (NIFs) that bridge Erlang and Rust. Rustler provides a safe, idiomatic way to write Erlang NIFs in Rust with automatic memory management and type conversion.
The mathematical operations are implemented using safe iterator-based patterns that the LLVM compiler automatically vectorizes into SIMD instructions when beneficial. This approach provides excellent performance while maintaining memory safety guarantees.
Installation
From Hex.pm
Add to your rebar.config:
From GitHub
{deps, [
    {sied, {git, "https://github.com/roquess/sied.git", {branch, "main"}}}
]}.
Building
rebar3 compile

Requirements:
	Erlang/OTP 24 or later
	Rust 1.70 or later
	Cargo (included with Rust)

The Rust toolchain must be available in your PATH. Visit rustup.rs to install Rust.
API Reference
All functions return {ok, Result} on success or {error, Reason} on failure.
Vector Addition
Element-wise addition of two vectors.
%% Single-precision (f32)
{ok, Result} = sied:add_f32([1.0, 2.0, 3.0], [4.0, 5.0, 6.0]).
%% Result = [5.0, 7.0, 9.0]

%% Double-precision (f64)
{ok, Result} = sied:add_f64([1.0, 2.0], [3.0, 4.0]).
%% Result = [4.0, 6.0]
Vector Multiplication
Element-wise multiplication of two vectors.
{ok, Result} = sied:multiply_f32([2.0, 3.0, 4.0], [5.0, 6.0, 7.0]).
%% Result = [10.0, 18.0, 28.0]

{ok, Result} = sied:multiply_f64([2.0, 3.0], [4.0, 5.0]).
%% Result = [8.0, 15.0]
Dot Product
Scalar product of two vectors: sum(a[i] * b[i])
{ok, Dot} = sied:dot_product_f32([1.0, 2.0, 3.0], [4.0, 5.0, 6.0]).
%% Dot = 32.0  (1*4 + 2*5 + 3*6)

{ok, Dot} = sied:dot_product_f64([1.0, 2.0, 3.0], [4.0, 5.0, 6.0]).
%% Dot = 32.0
Sum
Sum of all elements in a vector.
{ok, Sum} = sied:sum_f32([1.0, 2.0, 3.0, 4.0, 5.0]).
%% Sum = 15.0

{ok, Sum} = sied:sum_f64([1.0, 2.0, 3.0, 4.0, 5.0]).
%% Sum = 15.0
Error Handling
Binary operations require vectors of equal length:
case sied:add_f32([1.0, 2.0], [3.0]) of
    {ok, Result} ->
        io:format("Success: ~p~n", [Result]);
    {error, length_mismatch} ->
        io:format("Error: vectors must have equal length~n")
end.
Testing
Run the complete test suite:
rebar3 eunit

The test suite includes:
	Functional correctness tests
	Edge cases (empty vectors, single elements, negative values)
	Large vector operations (10,000+ elements)
	Performance benchmarks comparing NIF vs pure Erlang implementations

Running Benchmarks
rebar3 eunit --module=sied

Benchmarks test operations on 100,000-element vectors over multiple iterations to measure:
	Per-operation latency
	Throughput for large datasets
	Speedup compared to native Erlang implementations

Performance Characteristics
Performance varies based on vector size due to NIF call overhead and SIMD efficiency:
	Small vectors (< 100 elements): NIF overhead may dominate, modest improvements
	Medium vectors (100-10,000 elements): Good speedup over pure Erlang
	Large vectors (> 10,000 elements): Maximum SIMD benefit, significant speedup

The implementation is optimized for real-world workloads across all vector sizes, with the compiler making intelligent decisions about SIMD usage based on data alignment, vector length, and available CPU features.
Project Structure
sied/
├── src/
│   ├── sied.app.src          # OTP application metadata
│   └── sied.erl              # Erlang API module
├── native/
│   └── sied/
│       ├── Cargo.toml        # Rust dependencies and configuration
│       └── src/
│           └── lib.rs        # Rust NIF implementation
├── test/
│   └── sied_tests.erl        # EUnit test suite
├── rebar.config              # rebar3 build configuration
└── README.md
Safety and Correctness
This library prioritizes safety and correctness:
	No unsafe code: Every Rust function uses safe abstractions verified by the compiler
	Automatic bounds checking: All vector accesses are bounds-checked, preventing buffer overflows
	Memory safety: Rust's ownership system eliminates use-after-free and data races
	Graceful degradation: Falls back to scalar operations when SIMD is unavailable
	Comprehensive testing: Both Rust unit tests and Erlang integration tests

While hand-written SIMD with unsafe code can sometimes achieve higher performance, this library chooses safety and maintainability. The performance from compiler auto-vectorization is excellent for the vast majority of applications, and the safety guarantees are invaluable in production environments.
Dependencies
This library uses the following Rust crates:
	rustler - Safe Rust bindings for writing Erlang NIFs

Special thanks to the Rustler team for making safe, high-performance Erlang NIFs practical.
Contributing
Contributions are welcome! When contributing, please ensure:
	All code remains 100% safe Rust (no unsafe blocks)
	Tests pass: rebar3 eunit
	Code is well-documented with clear comments
	New features include appropriate tests
	Benchmarks show no performance regressions

Links
	GitHub: https://github.com/roquess/sied
	Hex.pm: https://hex.pm/packages/sied
	Rustler on crates.io: https://crates.io/crates/rustler
	Simdeez on crates.io: https://crates.io/crates/simdeez



  

    License


# Apache License
Version 2.0, January 2004

http://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

## 1. Definitions.

"License" shall mean the terms and conditions for use, reproduction, and
distribution as defined by Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by the copyright
owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all other entities
that control, are controlled by, or are under common control with that entity.
For the purposes of this definition, "control" means (i) the power, direct or
indirect, to cause the direction or management of such entity, whether by
contract or otherwise, or (ii) ownership of fifty percent (50%) or more of the
outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity exercising
permissions granted by this License.

"Source" form shall mean the preferred form for making modifications, including
but not limited to software source code, documentation source, and configuration
files.

"Object" form shall mean any form resulting from mechanical transformation or
translation of a Source form, including but not limited to compiled object code,
generated documentation, and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or Object form, made
available under the License, as indicated by a copyright notice that is included
in or attached to the work (an example is provided in the Appendix below).

"Derivative Works" shall mean any work, whether in Source or Object form, that
is based on (or derived from) the Work and for which the editorial revisions,
annotations, elaborations, or other modifications represent, as a whole, an
original work of authorship. For the purposes of this License, Derivative Works
shall not include works that remain separable from, or merely link (or bind by
name) to the interfaces of, the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including the original version
of the Work and any modifications or additions to that Work or Derivative Works
thereof, that is intentionally submitted to Licensor for inclusion in the Work
by the copyright owner or by an individual or Legal Entity authorized to submit
on behalf of the copyright owner. For the purposes of this definition,
"submitted" means any form of electronic, verbal, or written communication sent
to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems, and
issue tracking systems that are managed by, or on behalf of, the Licensor for
the purpose of discussing and improving the Work, but excluding communication
that is conspicuously marked or otherwise designated in writing by the copyright
owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity on behalf
of whom a Contribution has been received by Licensor and subsequently
incorporated within the Work.

## 2. Grant of Copyright License.

Subject to the terms and conditions of this License, each Contributor hereby
grants to You a perpetual, worldwide, non-exclusive, no-charge, royalty-free,
irrevocable copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the Work and such
Derivative Works in Source or Object form.

## 3. Grant of Patent License.

Subject to the terms and conditions of this License, each Contributor hereby
grants to You a perpetual, worldwide, non-exclusive, no-charge, royalty-free,
irrevocable (except as stated in this section) patent license to make, have
made, use, offer to sell, sell, import, and otherwise transfer the Work, where
such license applies only to those patent claims licensable by such Contributor
that are necessarily infringed by their Contribution(s) alone or by combination
of their Contribution(s) with the Work to which such Contribution(s) was
submitted. If You institute patent litigation against any entity (including a
cross-claim or counterclaim in a lawsuit) alleging that the Work or a
Contribution incorporated within the Work constitutes direct or contributory
patent infringement, then any patent licenses granted to You under this License
for that Work shall terminate as of the date such litigation is filed.

## 4. Redistribution.

You may reproduce and distribute copies of the Work or Derivative Works thereof
in any medium, with or without modifications, and in Source or Object form,
provided that You meet the following conditions:

1. You must give any other recipients of the Work or Derivative Works a copy of
   this License; and

2. You must cause any modified files to carry prominent notices stating that
   You changed the files; and

3. You must retain, in the Source form of any Derivative Works that You
   distribute, all copyright, patent, trademark, and attribution notices from
   the Source form of the Work, excluding those notices that do not pertain to
   any part of the Derivative Works; and

4. If the Work includes a "NOTICE" text file as part of its distribution, then
   any Derivative Works that You distribute must include a readable copy of the
   attribution notices contained within such NOTICE file, excluding those
   notices that do not pertain to any part of the Derivative Works, in at least
   one of the following places: within a NOTICE text file distributed as part
   of the Derivative Works; within the Source form or documentation, if
   provided along with the Derivative Works; or, within a display generated by
   the Derivative Works, if and wherever such third-party notices normally
   appear. The contents of the NOTICE file are for informational purposes only
   and do not modify the License. You may add Your own attribution notices
   within Derivative Works that You distribute, alongside or as an addendum to
   the NOTICE text from the Work, provided that such additional attribution
   notices cannot be construed as modifying the License.

You may add Your own copyright statement to Your modifications and may provide
additional or different license terms and conditions for use, reproduction, or
distribution of Your modifications, or for any such Derivative Works as a whole,
provided Your use, reproduction, and distribution of the Work otherwise complies
with the conditions stated in this License.

## 5. Submission of Contributions.

Unless You explicitly state otherwise, any Contribution intentionally submitted
for inclusion in the Work by You to the Licensor shall be under the terms and
conditions of this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify the terms of
any separate license agreement you may have executed with Licensor regarding
such Contributions.

## 6. Trademarks.

This License does not grant permission to use the trade names, trademarks,
service marks, or product names of the Licensor, except as required for
reasonable and customary use in describing the origin of the Work and
reproducing the content of the NOTICE file.

## 7. Disclaimer of Warranty.

Unless required by applicable law or agreed to in writing, Licensor provides the
Work (and each Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied,
including, without limitation, any warranties or conditions of TITLE, NON-
INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A PARTICULAR PURPOSE. You are
solely responsible for determining the appropriateness of using or
redistributing the Work and assume any risks associated with Your exercise of
permissions under this License.

## 8. Limitation of Liability.

In no event and under no legal theory, whether in tort (including negligence),
contract, or otherwise, unless required by applicable law (such as deliberate
and grossly negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special, incidental,
or consequential damages of any character arising as a result of this License or
out of the use or inability to use the Work (including but not limited to
damages for loss of goodwill, work stoppage, computer failure or malfunction, or
any and all other commercial damages or losses), even if such Contributor has
been advised of the possibility of such damages.

## 9. Accepting Warranty or Additional Liability.

While redistributing the Work or Derivative Works thereof, You may choose to
offer, and charge a fee for, acceptance of support, warranty, indemnity, or
other liability obligations and/or rights consistent with this License. However,
in accepting such obligations, You may act only on Your own behalf and on Your
sole responsibility, not on behalf of any other Contributor, and only if You
agree to indemnify, defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason of your
accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS

Copyright 2025, Steve Roques <steve.roques@gmail.com>.

Licensed under the Apache License, Version 2.0 (the "License");
you may not use this file except in compliance with the License.
You may obtain a copy of the License at

http://www.apache.org/licenses/LICENSE-2.0

Unless required by applicable law or agreed to in writing, software
distributed under the License is distributed on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
See the License for the specific language governing permissions and
limitations under the License.


  

    
sied 
    



      
sied - SIMD operations for Erlang
High-performance vectorized operations using SIMD instructions via Rust NIF with simdeez. Provides runtime SIMD detection and automatic dispatch to SSE2, SSE4.1, AVX2, or NEON instructions.
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