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Is this you?

Arene Base 13th May, 2026

Real-time safety

This class is just what I need, but it might 
allocate or throw an exception. I have an 
execution deadline, I can't afford that!

Compiler/standards support

I want to use the real-time-safe parts of 

modern C++, but they're in C++20 or 23 and 

my compiler or coding standard only goes up 

to 17 (MISRA) or 14 (AUTOSAR)!

Supply chain risk

I've cobbled together an environment that 

provides everything I need, but it depends on a 

bunch of generic open source libraries that will 

never be able to pass safety certification!

Timing diagram from Wikipedia user Henryf

https://commons.wikimedia.org/wiki/File:EDF_Example_Timing_Diagram.png
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Arene Base

Modern C++ helps 
code be both fast 
and safe. We should 
be able to use it on 
cars, where both 
are critical. Arene 
makes this possible.

13th May, 2026

3



Proprietary & Confidential 関係者外秘

Ryan Wooster Luke PetersonCharles Hussong

Arene Base 13th May, 2026

Anthony Williams Adam PanzicaOliver Lee



Proprietary & Confidential 関係者外秘

01. Standard Library
Features backported to C++14 from future standards;
partial implementation of the C++14 Standard Library

02. New Types and Algorithms
Non-allocating containers, type traits and mixins, 
physical units, etc.

03. Testing and Safety
Full test coverage on everything; public features to 
help test user code more thoroughly
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01. Standard Library
Features backported to C++14 from future standards;
partial implementation of the C++14 Standard Library
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Backported Standard Library Types
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Modern C++ has introduced a lot of Standard Library types to 

improve safety and expressiveness, but many of them are not 

available in C++14 or 17. We have backported several of the most 

important types, following the specification closely so they can 

be used as drop-in replacements for the future Standard ones. 

Undefined behavior and exceptions are generally replaced by 

hardened precondition checks.

Provided in arene::base with full constexpr support:

● std::span

● std::string_view

● std::optional

● std::variant (including std::visit)

● std::expected (as arene::base::result)

● std::array

Vocabulary Types from later C++, in C++14/17
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Modern C++ allows us to "have our cake and eat it 

too" by offloading a lot of processing to 

compile-time. But many algorithms do not support 

this until C++17 or C++20. Arene Base provides the 

updated compile-time algorithms for C++14.

Constexpr algorithms

Arene Base 13th May, 2026
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Linear Algebra
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Current Scope

The following are being implemented as backports of the [mdspan] and 

[linalg] sections of the C++23 and C++26 standards:

● Generic multi-dimensional "mdspan" views into 1-dimensional data

● Matrices and vectors with either compile- or run-time dimensions

● Basic matrix arithmetic (addition, multiplication, etc.)

● Some BLAS 1 algorithms (norms, transposition, etc.)

● Some BLAS 2/3/LAPACK algorithms (linear solve, LU factorization)

● Implementation uses std::ranges-like function objects so additional 

algorithms can be added relatively easily

The Goal

We want enough performance and safety to process image data in real 

time locally on a safety-critical ECU. We get both by checking as much 

as possible at compile time, and making it easy for the user to provide 

the information needed to do so.

Compile time 
dimension and 

type checks

Run time safety

Run time 
performance
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OK, all this talk of backported future Standard Library 

features is great, but I don't have a current Standard Library 

in my environment. This a car after all, we don't have the 

luxury of using the latest compiler!

Wait a minute…

Arene Base 13th May, 2026

Good news: Arene Base provides a minimal implementation 

of the C++14 Standard Library as well, to be used in 

environments where a compiler is provided without a 

Standard Library. Most features which do not require 

dynamic allocations, exceptions, or threading are included.
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Arene Base

Most embedded-relevant 
headers are available

We followed what was needed for Arene Base itself, but ended 
up implementing most things you might want to use on a 
safety-critical embedded system.
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02. New Types and Algorithms
Non-allocating containers, type traits and mixins, 
physical units, etc.
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Inline containers
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Non-allocating fixed-capacity containers

All of these classes have a capacity set at compile time, but the size 

can vary dynamically within that capacity. They work with almost any 

element type (including non-trivial ones), and will never perform a 

dynamic allocation or throw an exception.

● inline_vector

● inline_deque

● inline_set

● inline_map

● inline_string

● inline_function
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When using or testing templates, it's often useful to 

create, manipulate, and iterate over lists of types. 

Arene Base provides a number of algorithms for 

manipulating type lists that work on any list 

template, e.g. GoogleTest's Types.

In almost all cases, these algorithms are 

implemented non-recursively so that compile times 

are significantly better than naive approaches.

Type lists

Arene Base 13th May, 2026
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Defining your own math type and want to make it 

fully comparable without repeating a lot of 

boilerplate? Just define a 3-way compare and use 

our comparison mixin.

Defining your own container but want to make sure 

it's usable with the standard algorithms? Use our 

mixins to easily define its iterators to be fully 

compliant with the standard concepts.

Mixins for your classes

Arene Base 13th May, 2026
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With Arene Base's Units and Quantities library (WIP), you 
can perform compile-time validation and conversion of 
physical quantities with no runtime overhead.

SI units are built-in and support checking/conversion 
following the International System of Quantities. 
Additional units and quantities can be added by the user 
and optionally related to those of the SI/ISQ.

Arene Base 13th May, 2026
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Units and Quantities
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03. Testing and Safety
Full test coverage on everything; public features 
to help test user code more thoroughly
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Testing and Coverage
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All of Arene Base has extensive test coverage. In order to get this 

for the Standard Library, we implemented our own GoogleTest 

clone that doesn't use the Standard Library at all, so it runs 

anywhere, including a microcontroller without an OS.

The whole library was implemented following AUTOSAR C++14 

and automatically produces artifacts needed for ISO 26262 

certification at any ASIL level. If you need them, talk to us!

Quality Standards

● Full AUTOSAR C++14 compliance verified by static analysis

● 100% line coverage

● 100% branch coverage

● 85% MC/DC coverage

● Death tests of all detectable precondition violations

● Tests that constexpr functions work at compile time

Tested and Ready for Certification
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In addition to the test coverage of Arene Base itself, we 

provide tools to help test your own code.

Many of these are extensions to GoogleTest, which either 

build on official GoogleTest or our clone, and either allow 

testing extra properties like constexpr support or allow 

enabling/disabling tests based on template parameters.

A basic QuickCheck-style property-based testing library is 

currently under construction, which can assist with testing 

numerical algorithms.

Testing Your App

Arene Base 13th May, 2026
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Some template classes in Arene Base have the tests 

templated as well, so you can instantiate and run them on 

the specific specializations that your app uses. This should 

give 100% coverage of all the functions that are available in 

your instantiation.

Testing Our Classes

Arene Base 13th May, 2026
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Platform Support
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Supported platform variation

Arene Base is built and tested in a wide variety of configurations, and 

the code attempts to detect and handle changes in what the specific 

compilers and environments support. With a few limitations in cases 

where it doesn't make sense, the whole library is tested with:

● C++14 and 17

● The toolchain-provided Standard Library and our own

● GCC and Clang

● x86-64 Linux, arm64 Linux and Darwin, and arm32 without an OS

● Exceptions enabled and disabled

● Dynamic sanitizers enabled and disabled

Continuous integration

Arene Base's internal CI currently builds and tests the entire library with 

approximately 50 combinations of settings in order to cover the 

configuration space outlined at left. We use Bazel caching extensively 

to speed this up. The public repository has a simplified version of the CI.

10+ tuples of 
compiler + std + 
CPU architecture

C++14 or C++17 Using toolchain std 
or our stdlib

40+ basic configurations to test
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Thank you

Arene Base is available 
now on GitHub. Please let 
us know what you think!

github.com/woven-by-toyota/arene-base


