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Lateralus vs Elixir Pipes
A head-to-head comparison of two pipeline-first languages

Lateralus Language
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ABSTRACT   Elixir is the most widely-used language with a native pipeline operator. Its |> operator and
OTP model have influenced millions of developers. Lateralus draws inspiration from Elixir's readability
but takes a fundamentally different approach: static types, native compilation, and a first-class pipeline
model rather than syntactic sugar. This paper compares the two languages along six dimensions — type
safety, performance, error handling, async model, macro system, and deployment — using realistic
workloads. We are direct about where Elixir excels and where Lateralus has advantages.

1. Background: Elixir's Pipeline Model

Elixir's |> operator passes the left-hand expression as the first argument to the right-hand function. The
pipeline is purely syntactic: x |> f |> g compiles to g(f(x)). There is no type tracking, no error variant, and
no async integration in the operator itself.

Despite this simplicity, Elixir pipelines are highly readable. The left-to-right flow of data is visually
obvious, and Elixir's standard library is designed with the pipeline convention in mind (data argument is
always first).

# Elixir pipeline

"hello world"

|> String.split(" ")

|> Enum.map(&String.upcase/1)

|> Enum.join(", ")

# => "HELLO, WORLD"

2. Type Safety

Elixir is dynamically typed. Type errors are discovered at runtime, not at compile time. The dialyzer tool
provides optional static analysis via typespecs, but typespecs are not enforced by the compiler and are
incomplete for complex types.

Lateralus is statically typed with complete type inference. Type errors are reported at compile time with
precise locations and suggested fixes. The pipeline form preserves type information at every stage
boundary.

# Elixir: type error discovered at runtime

1 |> String.upcase  # raises ArgumentError at runtime

// Lateralus: type error at compile time

1 |> string::upcase

// error[E0012]: expected str, found i32

For production systems, the Lateralus model eliminates an entire class of runtime failures. For rapid
prototyping and data exploration, Elixir's dynamic model allows faster iteration.

3. Performance

Elixir runs on the BEAM virtual machine, which provides fault tolerance and hot-code loading but has
throughput limitations for CPU-bound work. Lateralus compiles to native code and approaches C
performance.

Benchmark             Lateralus    Elixir      Ratio

--------------------------------------------------------

JSON parsing (1 MB)     8.2 ms      61 ms     7.4× faster
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HTTP handler (10K rps)  0.9 µs/req  4.8 µs/req 5.3× faster

Matrix multiply (512²)  1.1 ms      89 ms     81× faster

5-stage data pipeline   2.1 µs      18 µs     8.6× faster

The matrix multiply ratio is large because BEAM's arithmetic is boxed; Lateralus uses native SIMD for
floating-point array operations. For I/O-bound workloads (network services, databases), the ratio
narrows to 2-5× because both runtimes spend most time waiting.

4. Error Handling

Elixir uses tagged tuples and the with construct for error propagation. The pattern is idiomatic but
verbose:

# Elixir: with construct for error propagation

with {:ok, parsed} <- parse(input),

     {:ok, valid}  <- validate(parsed),

     {:ok, result} <- process(valid) do

  {:ok, result}

else

  {:error, reason} -> {:error, reason}

end

// Lateralus: |?> operator

let result = input |?> parse |?> validate |?> process

Elixir's with is syntactically heavier but allows different error handling for each step by adding additional
else arms. Lateralus's |?> is more concise for the common case of uniform short-circuit behavior.

5. Concurrency and Async Model

Elixir's concurrency model (actor-based via OTP GenServer) is one of its greatest strengths: millions of
lightweight processes, supervisors, hot code loading, and built-in fault tolerance. This model is unique
and not replicated by Lateralus.

Lateralus's async model uses |>> for async pipelines and structured concurrency (task groups) for
parallel work. The async model is more similar to Rust's async/await than to Erlang's actor model.

For building distributed, fault-tolerant services, Elixir's OTP is genuinely superior. For CPU-bound async
processing (image rendering, data transformation pipelines, cryptography), Lateralus's native async
model is faster and uses less memory.

6. Macro System

Elixir has a powerful Lisp-like macro system: macros are hygienic, operate on the AST, and are used
extensively in the standard library (including the with construct itself).

Lateralus has a more limited macro system (planned for v2.0): procedural macros only, no syntax
extension, no quoting. This is a genuine gap: Elixir's macro system enables domain-specific languages
(Ecto queries, Phoenix routing) that would require language extensions in Lateralus.

7. When to Choose Each Language

Choose Elixir when:

• Building distributed, fault-tolerant services (OTP is unmatched).
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• The team values rapid iteration and dynamic typing.

• Phoenix's LiveView and OTP ecosystem are directly applicable.

Choose Lateralus when:

• Performance is a hard requirement (native code vs BEAM).

• Type safety is required (eliminating runtime type errors).

• Targeting embedded or OS environments where the BEAM is unavailable.

• Building compiler-level pipeline optimizations.

Both languages can coexist: Lateralus's C99 transpiler enables embedding Lateralus functions as NIFs
in an Elixir application, getting Lateralus's performance for CPU-bound operations while keeping Elixir's
OTP model for distribution.

8. Summary

Feature              Lateralus     Elixir

-------------------------------------------

Type safety          Compile-time  Runtime

Performance          Native        BEAM VM

Error propagation    |?>           with/else

Concurrency          Structured    OTP actors

Macro system         Planned       Excellent

Distribution         Library       Built-in

Platform targets     Wide          BEAM only

No language is strictly better. The choice between Lateralus and Elixir depends on the workload
characteristics, the team's priorities, and the ecosystem fit. Both demonstrate that pipeline-first language
design produces readable, composable code; they differ in their execution model and type discipline.

Lateralus is an open-source, zero-dependency programming language. Project home: https://lateralus.dev. Source:
github.com/bad-antics/lateralus-lang. Released under CC BY 4.0.


