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    LICENSE


MIT License

Copyright (c) 2026 Jeff Huen

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all
copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE
SOFTWARE.



  

    RustyJson

RustyJson is a Rust-backed JSON library for Elixir. Its common encode and decode
calls follow Jason, so most call sites can move over with a module-name change.
It exists for applications where JSON has become measurable work.
Start with Jason
Jason is a good default for most
Elixir applications. It is pure Elixir and keeps builds and deployments simple.
If Jason already meets your latency and memory needs, keep using it.
RustyJson is useful when profiling points at JSON: multi-megabyte API responses,
large exports, ingestion pipelines, or high volumes of repeated records. It moves
parsing and serialization into Rust and reads or writes BEAM terms without first
building an intermediate Rust representation.
On this repository's Apple M1 Pro benchmarks, encoding a roughly 10 MB payload is
about 5-6x faster than Jason and uses 2-3x less total memory. Large decodes are
about 2.4-3.5x faster. Smaller payloads show smaller gains. These results explain
why the library exists, but they are not a promise for every application. Benchmark
the payloads that matter to you.
Deliberate tradeoffs
RustyJson is a native dependency. Precompiled binaries cover the supported
targets, while source builds require nightly Rust. RustyJson's own Rust source
contains no unsafe blocks, which reduces the risk of memory-unsafe bugs in the
library. Your application still loads a NIF and relies on native dependencies. If
that operational cost outweighs the measured gain, Jason is the better fit.
RustyJson also takes a stricter position on JSON keys. It keeps decoded keys as
strings and leaves out the modes that create atoms dynamically from JSON input.
Code that relied on keys: :atoms or the lowercase a sigil modifier must change.
Why RustyJson keeps decoded keys as strings explains the
reason and the practical effect on evolving APIs.
Unknown options and invalid option values raise instead of being ignored. Custom
structs require a RustyJson.Encoder implementation; RustyJson does not fall back
to Jason.Encoder or Elixir's JSON.Encoder. These choices make mistakes visible
at the call site, but they mean compatibility is deliberate rather than absolute.
Installation
def deps do
  [{:rustyjson, "~> 0.4"}]
end
Prebuilt binaries are provided through Rustler Precompiled
for the supported targets and NIF versions. They target the x86_64 and AArch64
baselines. To build from source, set FORCE_RUSTYJSON_BUILD=true.
CPU-specific builds
RustyJson ships no CPU-specific precompiled variants. Choosing one means
guessing the host's capabilities at install time, and an AVX2 binary on a CPU
without AVX2 is an illegal instruction that takes down the VM. To tune for your
own processor, build from source:
RUSTFLAGS="-C target-cpu=native" FORCE_RUSTYJSON_BUILD=1 mix compile

Read CPU targeting first — wider SIMD is a large win on
clean strings and a measurable loss on escape-heavy ones, and native builds
must not be deployed to a different machine than they were built on.
Bundled allocators
RustyJson ships with no bundled memory allocator. Bundling one is a whole-VM
decision rather than a library one: two NIFs that each statically link mimalloc
will silently corrupt each other's heaps on macOS and take the VM down. A
bundled allocator is worth roughly 20% on decode, so the option remains, but
read allocator safety and audit the other NIFs in
your release before enabling it:
RUSTYJSON_ALLOCATOR=mimalloc FORCE_RUSTYJSON_BUILD=1 mix compile

Using the API
The common encode/decode calls mirror Jason:
# Core calls match Jason
RustyJson.encode(term)           # => {:ok, json} | {:error, reason}
RustyJson.encode!(term)          # => json | raises
RustyJson.decode(json)           # => {:ok, term} | {:error, reason}
RustyJson.decode!(json)          # => term | raises

# Phoenix interface
RustyJson.encode_to_iodata(term)
RustyJson.encode_to_iodata!(term)

# Pretty-print when needed
RustyJson.encode!(data, pretty: true)
Phoenix integration
# config/config.exs
config :phoenix, :json_library, RustyJson
When Phoenix LiveView 1.2+ is present, RustyJson encodes
%Phoenix.LiveView.JS{} through Phoenix.LiveView.JS.to_encodable/1 without
declaring Phoenix or LiveView as package dependencies. RustyJson still requires
explicit RustyJson.Encoder implementations for other custom structs; it does
not fall back to Jason.Encoder or Elixir's JSON.Encoder.
Moving from Jason
Most call sites can change Jason to RustyJson directly:
# Before
@derive {Jason.Encoder, only: [:name, :email]}
Jason.encode!(data)
Jason.Fragment.new(json)

# After
@derive {RustyJson.Encoder, only: [:name, :email]}
RustyJson.encode!(data)
RustyJson.Fragment.new(json)
Upgrading from RustyJson 0.3
RustyJson 0.4 removes APIs that create atoms dynamically and rejects invalid
options:
	Replace keys: :atoms with string keys (the default) or keys: :atoms! when
every key atom already exists.
	Replace lowercase a on ~j/~J with no modifier for strings or uppercase
A for existing atoms.
	Remove unknown encode/decode options. :protocol, :lean, :sort_keys, and
:validate_strings require booleans; :decoding_integer_digit_limit,
:max_bytes, and :dirty_threshold require non-negative integers. Invalid
:pretty values or nested keys also raise ArgumentError.

Benchmarks
These results were measured on an Apple M1 Pro. They show where RustyJson's
architecture helps, but payload shape and hardware matter. Run the benchmark suite
against your own data before choosing a library for performance alone.
Encoding
	Dataset	RustyJson	Jason	Speed	Memory
	Settlement report (10 MB)	24 ms	131 ms	5.5x faster	2-3x less
	canada.json (2.1 MB)	6 ms	18 ms	3x faster	2-3x less
	twitter.json (617 KB)	1.2 ms	3.5 ms	2.9x faster	similar

Decoding
	Dataset	RustyJson	Jason	Speed
	Settlement report (10 MB)	61 ms	152 ms	2.5x faster
	canada.json (2.1 MB)	8 ms	29 ms	3.5x faster

Both libraries produce the same Elixir data structures, so their decoded results
use similar amounts of memory.
Repeated keys in API responses
API responses and database results often contain arrays of objects with the same
keys. keys: :intern caches those key strings during parsing:
# API response: 10,000 users with {id, name, email, created_at}
RustyJson.decode!(json, keys: :intern)  # ~30% faster
This allocates each repeated key once and reuses it across the array. The option is
slower for a single object or varied schemas because it pays cache overhead without
reusing entries. Use it when you know the payload contains at least 10 similarly
shaped objects.
BEAM reductions and scheduler behavior
# Reductions (BEAM work units) for encoding 10 MB settlement report:
RustyJson.encode!(data)  # 404 reductions
Jason.encode!(data)      # 11,570,847 reductions
RustyJson uses roughly 28,000x fewer reductions in this test because the NIF does
most of the work. The CPU work still exists. Decodes of 100 KB or more use a dirty
scheduler by default. Encoding uses a dirty scheduler automatically for gzip
compression; for a large uncompressed encode, pass scheduler: :dirty when
blocking a normal scheduler is a concern.
See docs/BENCHMARKS.md for detailed methodology.
API reference
Built-in types
RustyJson handles these types in Rust without protocol overhead:
	Type	JSON Output
	DateTime	"2024-01-15T14:30:00Z"
	NaiveDateTime	"2024-01-15T14:30:00"
	Date	"2024-01-15"
	Time	"14:30:00"
	Decimal	"123.45"
	URI	"https://example.com"
	Structs	Object without __struct__
	Tuples	Arrays

Note: MapSet and Range are not encoded by default. They raise
Protocol.UndefinedError with protocol: true (the default), matching Jason's
behavior. Use protocol: false to encode them via the Rust NIF directly
(MapSet → array, Range → object), or add an explicit RustyJson.Encoder impl.

Fragments
Use a fragment to inject JSON that has already been encoded:
fragment = RustyJson.Fragment.new(~s({"pre":"encoded"}))
RustyJson.encode!(%{data: fragment})
# => {"data":{"pre":"encoded"}}
Formatter
Pretty-print or minimize a JSON string:
RustyJson.Formatter.pretty_print(json_string)
RustyJson.Formatter.minimize(json_string)
Common options
The RustyJson module documentation
contains the complete option list.
Encoding:
	pretty: true | integer - Pretty print with indentation

	escape: :json | :html_safe | :javascript_safe | :unicode_safe - Escape mode

	compress: :gzip | {:gzip, 0..9} - Gzip compression

	lean: true - Skip special type handling for max speed
	protocol: true - Enable custom RustyJson.Encoder protocol
	sort_keys: true - Sort map keys lexicographically (useful for snapshot tests, caching, diffing)
	scheduler: :auto | :normal | :dirty - Choose where encoding NIF work runs


Decoding:
	keys: :strings | :atoms! | :copy | :intern | function - Key handling (:atoms is intentionally unsupported)
	:intern - ~30% faster for arrays of objects (REST APIs, GraphQL, DB results, webhooks)


	dirty_threshold: non-negative integer - Input size that moves decoding to a dirty scheduler
	max_bytes: non-negative integer - Reject inputs larger than the given byte limit

Custom encoders
For custom types, implement the RustyJson.Encoder protocol and use protocol: true:
defimpl RustyJson.Encoder, for: Money do
  def encode(%Money{amount: amount, currency: currency}, _opts) do
    RustyJson.Encode.map(%{amount: Decimal.to_string(amount), currency: currency}, _opts)
  end
end

RustyJson.encode!(money)
Or use @derive:
defmodule User do
  @derive {RustyJson.Encoder, only: [:name, :email]}
  defstruct [:name, :email, :password_hash]
end
JSON compliance
RustyJson passes all 283 mandatory cases from
JSONTestSuite:
	95/95 y_ tests (must accept)
	188/188 n_ tests (must reject)
	Rejects lone surrogates per RFC 7493 I-JSON

Run mix test test/json_test_suite_test.exs to validate compliance (downloads test fixtures on first run).
See docs/ARCHITECTURE.md for detailed compliance information.
Error handling
Data errors return exception structs with a message and, for decode errors, a
byte position:
# Decode errors include a byte position
{:error, error} = RustyJson.decode(~s({"key": "value\\'s"}))
error.message
# => "Invalid escape sequence: \\' at position 8"

# Unencodable values return error tuples, not exceptions
{:error, error} = RustyJson.encode(%{{:tuple, :key} => 1})
error.message
# => "Map key must be atom, string, or integer"

# Strict UTF-16 surrogate validation per RFC 7493
{:error, error} = RustyJson.decode(~s("\\uD800"))
error.message
# => "Lone surrogate in string at position 0"
encode/1 and decode/1 return {:error, exception} tuples for invalid data.
Invalid options raise ArgumentError, keeping configuration mistakes separate
from data errors.
How RustyJson reduces work
For encoding, a serde-based NIF normally converts data in
three stages:
	Erlang term → Rust struct (allocation)
	Rust struct → JSON bytes (allocation)
	JSON bytes → Erlang binary (allocation)

For encoding, RustyJson walks the Erlang term tree and writes JSON bytes directly.
For decoding, it builds BEAM terms while parsing instead of creating an
intermediate Rust syntax tree.
Common Elixir types such as DateTime, Decimal, and URI pass through the
encoder protocol unchanged and are formatted in Rust. Custom types still use the
Elixir encoder protocol. MapSet and Range require protocol: false or an
explicit encoder implementation.
Direct encoder
	Walks Erlang terms directly via Rustler's term API
	Writes to a single buffer without intermediate allocations
	Uses itoa and ryu for fast number formatting
	SIMD-accelerated escape scanning (16 bytes/iter, 32 bytes/iter on AVX2)
	256-byte lookup table for O(1) escape detection

Direct decoder
	Parses JSON while building Erlang terms (no intermediate AST)
	SIMD-accelerated string scanning, whitespace skipping, and structural character indexing
	Zero-copy strings for unescaped content
	Single-entry fast path for objects and arrays (avoids heap allocation for deeply nested JSON)
	lexical-core for fast number parsing

Portable SIMD
	All SIMD uses Rust's std::simd, with one code path per pattern and no unsafe blocks
	The compiler generates optimal instructions for each target: SSE2 on x86_64, NEON on aarch64, scalar on others
	Builds targeting AVX2 use 32-byte wide paths; released artifacts target the
baseline, so this applies to source builds (see CPU targeting)

Allocator
RustyJson bundles no allocator. Source builds can opt into mimalloc, jemalloc,
or snmalloc — read allocator safety first:
RUSTYJSON_ALLOCATOR=mimalloc FORCE_RUSTYJSON_BUILD=1 mix compile

Limits
	JSON nesting is limited to 128 levels.
	Precompiled binaries cover the supported targets. Other targets need a source build.
	Source builds require nightly Rust for #![feature(portable_simd)].

Acknowledgments
	Rustler - Erlang NIF bindings for Rust
	Jason - API design and behavior reference
	Original Jsonrs - Initial inspiration

License
MIT License


  

    Changelog

All notable changes to this project will be documented in this file.
The format is based on Keep a Changelog,
and this project adheres to Semantic Versioning.
[0.4.2] - 2026-08-26
Fixed
	Windows x86_64 no longer receives an AVX2 binary unconditionally. The variant selector assumed every x86_64 Windows machine supports AVX2; those that do not — Atom-lineage Celeron/Pentium, pre-Zen AMD, and hypervisors that mask the feature — received a binary that fails with an illegal instruction and takes down the VM.

Changed
	Removed CPU-specific precompiled variants. Published artifacts now target the x86_64 (SSE2) and AArch64 (NEON) baselines, and each release ships 30 artifacts instead of 45. Selecting a variant meant guessing the host CPU at install time, and a wrong guess crashes the VM. To tune for your own processor, build from source: RUSTFLAGS="-C target-cpu=native" FORCE_RUSTYJSON_BUILD=1 mix compile. See CPU targeting.
	Removed the compile-time System.cmd("sysctl", ...) AVX2 probe. Compiling RustyJson no longer executes any subprocess, which also clears a common dependency-audit finding.

Documentation
	Added CPU targeting, with measured AVX2 effects: 26–55% faster on clean string scanning, but 22–40% slower on escape-heavy input, and a note that both figures are microbenchmarks rather than end-to-end decode.
	Corrected the README, which still described mimalloc as the default allocator after 0.4.1 made it opt-in.

[0.4.1] - 2026-08-25
Fixed
	Fixed a VM-killing segfault when another NIF in the same BEAM also bundles mimalloc. Two statically linked mimalloc copies share a fixed thread-local slot on macOS but keep private page maps, so one copy's realloc can silently copy zero bytes and return uninitialised memory. In RustyJson that zeroed object keys, which reached enif_make_map_from_arrays as THE_NON_VALUE and crashed the VM in erts_cmp. Reproduced against rusty_csv, which also bundles mimalloc.

Changed
	mimalloc is now an opt-in cargo feature rather than a default, so published artifacts bundle no allocator. Decode is ~20% slower as a result (up to ~40% on small payloads). To opt back in, after checking RustyJson is the only allocator-bundling NIF in your VM: RUSTYJSON_ALLOCATOR=mimalloc FORCE_RUSTYJSON_BUILD=1 mix compile. See allocator safety.
	Pinned the build toolchain to nightly-2026-07-27; releases previously used a floating @nightly, so each artifact was built by a different, unrecorded compiler.

Added
	nif_version_2_18 cargo feature for OTP 29. Not yet wired into nif_versions — rustler_precompiled 0.9.0 caps supported versions at 2.17, so OTP 29 keeps loading the 2.17 artifact, which is verified to work correctly.
	A regression test that fails the build if a default artifact ever links a bundled allocator again.

Documentation
	Added allocator safety: the hazard, how to audit your own NIFs, the performance tradeoff, and what does not fix it.
	Added the segfault investigation record.

0.4.0 - 2026-08-16
Breaking Changes
	Removed keys: :atoms, which created atoms dynamically. RustyJson now raises ArgumentError for this option; use string keys (the default) or keys: :atoms! when every atom already exists.
	The lowercase a modifier for ~j and ~J has been removed. Use no modifier for string keys or uppercase A for existing atoms.
	Unknown encode/decode options now raise ArgumentError instead of being ignored. Encode options :protocol, :lean, and :sort_keys require booleans; :pretty requires a documented value and rejects unknown nested keys. Decode option :validate_strings requires a boolean, while :decoding_integer_digit_limit, :max_bytes, and :dirty_threshold require non-negative integers.

Changed
	Removed the library-owned start_permanent Mix project setting.

Fixed
	NIF output allocation and resizing now return encode errors instead of panicking or releasing unwritten buffer capacity when an allocation fails.
	Replaced encoder helper macro injection with ordinary shared functions and removed dead internal code.

Documentation
	Reworked the README and added a key-handling guide explaining when RustyJson is useful, its native-code tradeoffs, and why decoded keys stay as strings.

0.3.13 - 2026-06-04
Fixed
	Removed an accidental Phoenix LiveView package dependency from the release metadata.
	Added no-dependency Phoenix LiveView JS encoding by calling Phoenix.LiveView.JS.to_encodable/1 when that struct is present at runtime.

0.3.12 - 2026-05-29
Updated
	Dependencies bumped to latest — decimal now allows 3.x (~> 2.0 or ~> 3.0), supporting the 3.0 security fix for unbounded exponents while remaining compatible with 2.x consumers. rustler updated to ~> 0.38.
	Rust/NIF dependencies — rustler 0.38, tikv-jemallocator 0.7, snmalloc-rs 0.7, criterion 0.8 (dev/bench), plus refreshed transitive crates. Benchmarks updated for criterion's std::hint::black_box.

0.3.11 - 2026-05-22
Changed
	Library configuration — Removed RustyJson-owned compile-time application configuration for decode defaults. dirty_threshold now defaults to 102_400 and decoding_integer_digit_limit defaults to 1024; pass the per-call options to override them.
	Invalid option handling — encode/2 and decode/2 now raise ArgumentError for invalid options instead of returning {:error, _}. Data errors still return error tuples from non-bang APIs.

Fixed
	Documentation accuracy — Corrected error examples to show %RustyJson.EncodeError{} / %RustyJson.DecodeError{} structs rather than bare string reasons.

0.3.10 - 2026-03-03
Fixed
	Decimal encoding for very large values — Decimals with extremely large coefficients (39+ digits) were silently encoded as raw maps instead of quoted strings. Now handles arbitrarily large coefficients, matching Jason's behavior exactly.

Updated
	Updated Hex and Cargo dependencies.

0.3.9 - 2026-02-16
Improved
	Decimal encoding performance — Fixed a bottleneck that caused scheduler contention and connection timeouts when encoding Decimal values under high throughput.
	Error handling — The parser now returns descriptive errors for malformed unicode escapes and invalid exponents instead of risking NIF crashes.
	Reduced allocations — Less memory pressure when decoding arrays of same-shape objects.

Changed
	Removed unused serde and lazy_static dependencies.
	Internal code quality improvements (named constants, idiomatic error propagation).

0.3.8 - 2026-02-12
Fixed
	Duplicate key corruption — Fixed a critical bug where JSON objects containing duplicate keys had their entire parse result corrupted. Non-duplicate keys were silently dropped and values were assigned to wrong keys (e.g., {"a": 1, "b": 2, "b": 3, "c": 4} decoded to %{"a" => 4} instead of %{"a" => 1, "b" => 3, "c" => 4}). Root cause: build_map_with_duplicates decoded key Terms as Vec<u8> (Erlang list type) instead of Binary, causing all keys to silently decode to empty bytes via unwrap_or_default() and collapse into a single entry. The fix uses zero-copy Binary::as_slice() references into the BEAM heap, which is also faster than the original intended HashMap<Vec<u8>> approach.

Testing
	Strengthened duplicate key test coverage — Existing tests only used all-duplicate inputs (e.g., {"a": 1, "a": 2}) which accidentally produced correct results despite the bug. Added tests with mixed duplicate and unique keys to catch key-collapse regressions.
	Tightened assertions across test suite — Replaced = (Elixir subset match on maps) with == (exact equality) in map result assertions, replaced field-by-field checks with full map equality, and strengthened {:error, _} wildcards to verify %RustyJson.DecodeError{} struct type. These changes ensure tests fail on missing keys, extra keys, or wrong error types.

0.3.7 - 2026-02-12
Fixed
	OrderedObject pretty-printing — OrderedObject now produces properly indented multi-line output with pretty: true. Previously, encoding always returned compact single-line JSON because the Encoder produced a Fragment that bypassed the NIF's inline pretty-printing. OrderedObject is now handled as a native struct in Rust, formatting directly from the values tuple list with zero intermediate serialization.

	Fragment pretty-printing — Pre-encoded Fragment content is now reformatted with depth-aware indentation when pretty: true is active. This fixes pretty-printing for any struct values nested inside Maps or Lists (e.g., %{data: %OrderedObject{...}}). The reformatter streams through iodata byte-by-byte with zero buffer allocation, matching Jason's behavior where the Formatter reformats all output uniformly.


0.3.6 - 2026-02-11
Fixed
	Alpine Linux / musl compatibility — Fixed a NIF loading crash on Alpine Linux caused by mimalloc's default initial-exec TLS model. The build configuration now automatically enables mimalloc's local_dynamic_tls feature when compiling for musl targets, ensuring correct behavior on Alpine while preserving maximum performance on other platforms.

0.3.5 - 2026-02-01
Major backend refactor: the Rust core was rewritten for safety, stability, and performance. All architecture-specific SIMD intrinsics replaced with portable std::simd, eliminating all unsafe code. No API breaking changes — the Elixir interface is fully backwards-compatible with 0.3.4.
Added
	sort_keys encode option — sort_keys: true sorts map keys lexicographically in the JSON output. Useful for snapshot tests, caching, and diffing. Sorting is recursive (nested maps are also sorted). Default: false — JSON objects are unordered per RFC 8259, and RustyJson preserves this semantics by default. No overhead when disabled.
	AVX2 precompiled binary variants — Each x86_64 target now ships two precompiled binaries: a baseline (SSE2, 16-byte SIMD) and an AVX2 variant optimized for Haswell+ CPUs (32-byte SIMD, built with -C target-cpu=x86-64-v3). At compile time, RustlerPrecompiled detects AVX2 support on the host CPU and downloads the optimal variant automatically. Total precompiled artifacts: 45 (30 baseline + 15 AVX2 variants across 5 x86_64 targets × 3 NIF versions).

Changed
	Portable SIMD (std::simd) — Replaced all architecture-specific SIMD intrinsics (NEON, AVX2, SSE2) with Rust's portable SIMD. One codepath per pattern, zero unsafe, no #[cfg(target_arch)] branching. The compiler generates optimal instructions for each target automatically. Only uses std::simd APIs with stable semantics (comparisons, masks, splat/from_slice) — the critical stabilization blockers (swizzle, scatter/gather, mask element types) are unrelated to our usage and explicitly avoided.
	Zero unsafe code — Eliminated all unsafe blocks. SIMD is now safe via std::simd, and make_subbinary_unchecked was replaced with the safe make_subbinary. The entire codebase is 100% safe Rust.
	Nightly Rust toolchain — Required for #![feature(portable_simd)]. Pinned via rust-toolchain.toml.

Performance
	SIMD-accelerated everything — Hardware acceleration across the entire pipeline: string scanning (decode), escape scanning (encode), structural character indexing, and whitespace skipping. 32-byte wide paths on AVX2, 16-byte on all other targets, with scalar tails.
	Same-shape object detection — Reuses key sets for arrays of objects with identical schemas, providing 2-6x speedup on typical API responses.
	Direct NIF binary writes — Encoded JSON is written once directly into BEAM-managed memory, eliminating intermediate buffer copies.
	Fast-path integer parsing — Homogeneous integer arrays use a tighter, branchless loop that bypasses general-purpose parsing for small numbers.
	Allocation reduction — Switched to SmallVec for formatting context, interned struct field atoms, and pre-allocated URI buffers to minimize heap pressure.
	SIMD digit scanning — Number parsing skips contiguous digit runs in 16/32-byte chunks with partial-chunk handling via to_bitmask().trailing_zeros(). Applied across all digit-scanning sites in parse_number, parse_number_fast, and scan_number.
	Bulk escaped string copy — decode_escaped_string uses SIMD find_escape_json to locate the next escape-worthy byte, then copies the entire safe region in one memcpy via extend_from_slice.
	Precise SIMD exit positions — skip_whitespace and skip_ascii_digits use to_bitmask().trailing_zeros() to advance to the exact byte position within a partial chunk, eliminating redundant scalar fallback. (String scanning and structural indexing retain the simpler .any() + break pattern, which benchmarks faster for their typical workloads of frequent hits and dense JSON.)
	Static error messages — Replaced dynamic string allocation with static Cow types for common parsing errors.

Fixed
	Test suite cleanup — Removed redundant/flawed assertions and added explicit regression tests for SIMD boundary safety and structural index validation.

0.3.4 - 2026-01-30
Performance
	Decode fast path — decode!/1 bypasses option parsing for the common no-options call (Phoenix, Plug, etc.). No API changes.
	SIMD string scanning — String parsing uses portable SIMD (32 bytes/iter on AVX2, 16 bytes/iter elsewhere) combined with zero-copy sub-binary references for non-escaped strings. In local benchmarks, 2-4x faster on string-heavy payloads vs v0.3.3, 15-30% faster on small payloads. Results may vary by hardware and payload shape.

0.3.3 - 2026-01-30
Performance
	Single-pass struct encoding — Struct-heavy data (e.g., lists of derived or custom structs) is now encoded in ~1 walk instead of 3. Previously the encoding pipeline performed three separate walks: protocol dispatch, fragment resolution, and NIF serialization. Now the Encoder protocol produces iodata directly, and the NIF writes it in O(1). RustyJson is now faster across all encoding workloads — plain data and struct-heavy data alike.
	Compile-time derived encoder codegen — @derive RustyJson.Encoder now generates iodata templates at compile time with pre-escaped keys. Eliminates runtime Map.from_struct, Map.to_list, and key-escaping overhead.
	NIF bypass for iodata Fragments — When the top-level encoding result is already iodata (no pretty-print or compression), IO.iodata_to_binary/1 is used directly instead of passing through the Rust NIF, avoiding unnecessary Erlang↔Rust term conversion.
	Top-level-only fragment resolution — When protocol: true (the default), fragment function resolution is now O(1) instead of O(n). Nested fragments are resolved during the protocol walk itself, so only the top-level result needs checking.
	Deep-nested decode fast path — ~27% faster decode for deeply nested JSON (e.g., 100 levels of {"nested": {...}}). Single-entry objects and arrays avoid heap allocation entirely.
	No regressions on plain data workloads (maps, lists, primitives).

Changed
	RustyJson.Encoder custom implementations should now return iodata via RustyJson.Encode functions (e.g., Encode.map/2) for best performance. Returning plain maps is still supported for backwards compatibility and will be re-encoded automatically.

Testing
	421 tests, all passing with 0 failures.

0.3.2 - 2026-01-29
Fixed
	validate_strings now defaults to true — Jason's decoder always validates UTF-8 (its parser matches ::utf8 codepoints and rejects control bytes). The v0.3.1 release shipped validate_strings: false, which silently accepted invalid UTF-8 byte sequences — breaking the Jason-parity guarantee documented since v0.3.0. The default is now true to match Jason's behavior. Pass validate_strings: false to opt out for maximum throughput on trusted input.

Testing
	421 tests, all passing with 0 failures.
	Moved 10 invalid-UTF-8 JSONTestSuite i_* fixtures from @implementation_accepts to @implementation_rejects to reflect the new default.

0.3.1 - 2026-01-29
Added - Robustness & Security
Decode Options
	max_bytes — Maximum input size in bytes (default: 0, unlimited). The check uses IO.iodata_length/1 before IO.iodata_to_binary/1 to avoid allocating a contiguous binary for oversized input. Also enforced defensively in the NIF.
	duplicate_keys: :last | :error — Opt-in strict duplicate key rejection (default: :last, preserving last-wins semantics). When :error, tracks seen keys via HashSet in the Rust parser and returns a DecodeError on the first duplicate. Performance note: adds per-key overhead when enabled — use only when strict validation is needed.

	validate_strings: true | false — Opt-in UTF-8 validation for decoded strings (default: false). When true, calls std::str::from_utf8() on both escaped and non-escaped string paths, rejecting invalid byte sequences with a DecodeError.

	dirty_threshold — Byte size threshold for auto-dispatching decode to a dirty CPU scheduler (default: 102_400 / 100 KB). Set to 0 per call to disable. Prevents large inputs from blocking normal BEAM schedulers.

Encode Options
	scheduler: :auto | :normal | :dirty — Controls which scheduler the encode NIF runs on (default: :auto). :auto promotes to dirty only when compress: :gzip is used (compression is always CPU-heavy). :dirty always uses the dirty CPU scheduler. :normal always uses the normal scheduler.


Changed
Scheduler Strategy
	Added dirty CPU scheduler NIF variants (nif_encode_direct_dirty, nif_decode_dirty) alongside the existing normal-scheduler NIFs. Both variants share the same implementation — only the scheduler annotation differs.
	Updated docs/ARCHITECTURE.md: renamed "Why We Don't Use Dirty Schedulers" to "Scheduler Strategy" explaining the hybrid approach (normal by default, dirty for large payloads or compression).

Security Hardening
	Randomized FNV hasher seed — The FnvBuildHasher used for keys: :intern key caching now generates a per-parse random seed by mixing std::time::SystemTime with a stack address. This blocks precomputed hash collision tables without adding any dependencies or measurable overhead. Previously used a fixed FNV offset basis (0xcbf29ce484222325). Note: the seed is not cryptographic — an adaptive attacker measuring aggregate latency could still craft collisions. The intern cache cap (below) bounds the damage in that scenario.
	Intern cache cap (4096 keys) — The keys: :intern cache stops accepting new entries after 4096 unique keys. Beyond that, new keys are allocated normally (no worse than default mode). This serves dual purposes: (1) bounds worst-case CPU time from hash collisions to O(4096²) operations regardless of hash quality; (2) stops paying cache overhead when the input clearly has too many unique keys for interning to help. The cap is internal and not user-configurable.

Testing
	412 tests, all passing with 0 failures.
	New test coverage: key interning correctness, max_bytes limits (including iodata input), duplicate key detection (including nested objects), UTF-8 string validation (single-byte and multi-byte), dirty scheduler dispatch for both encode and decode.

Release Notes
Adding new NIF exports (nif_encode_direct_dirty, nif_decode_dirty) changes the compiled artifact. This requires rebuilding precompiled binaries and updating checksums.
0.3.0 - 2026-01-28
Breaking Changes
This release aims to achieve full Jason API parity. Three changes require action when upgrading:
1. decode/2 returns %DecodeError{} instead of a string
# Before (0.2.x)
{:error, message} = RustyJson.decode(bad_json)
Logger.error("Failed: #{message}")

# After (0.3.0)
{:error, %RustyJson.DecodeError{} = error} = RustyJson.decode(bad_json)
Logger.error("Failed: #{error.message}")
# Also available: error.position, error.data, error.token
2. encode/2 returns %EncodeError{} instead of a string
# Before (0.2.x)
{:error, message} = RustyJson.encode(bad_data)

# After (0.3.0)
{:error, %RustyJson.EncodeError{} = error} = RustyJson.encode(bad_data)
3. RustyJson.Encoder protocol changed from encode/1 to encode/2
# Before (0.2.x)
defimpl RustyJson.Encoder, for: MyStruct do
  def encode(value), do: Map.take(value, [:name])
end

# After (0.3.0)
defimpl RustyJson.Encoder, for: MyStruct do
  def encode(value, _opts), do: Map.take(value, [:name])
end
Added - Full Jason Feature Parity
RustyJson now matches Jason's public API 1:1 in signatures, return types, and behavior.
Decode Options
	keys: :copy - Accepted for Jason compatibility. Equivalent to :strings since RustyJson NIFs always produce copied binaries.
	keys: :atoms - Convert keys to atoms using String.to_atom/1 (matches Jason — unsafe with untrusted input).
	keys: :atoms! - Convert keys to existing atoms using String.to_existing_atom/1 (matches Jason — safe, raises if atom doesn't exist).
	keys: custom_function - Pass a function of arity 1 to transform keys recursively: keys: &String.upcase/1
	strings: :copy | :reference - Accepted for Jason compatibility (both behave identically).

	objects: :ordered_objects - Decode JSON objects as %RustyJson.OrderedObject{} structs that preserve key insertion order. Built in Rust during parsing for zero overhead. Key transforms (:atoms, :atoms!, custom functions) apply to OrderedObject keys as well.
	floats: :decimals - Decode JSON floats as %Decimal{} structs for exact decimal representation. Decimal components are parsed in Rust.
	decoding_integer_digit_limit - Configurable maximum digits for integer parsing (default: 1024, 0 to disable). Pass as a decode option per call. Enforced in the Rust parser.

Encode Options
	protocol: true is now the default - Encoding always goes through the RustyJson.Encoder protocol first, matching Jason's behavior. Use protocol: false to bypass the protocol for maximum performance.
	maps: :strict - Detect duplicate serialized keys (e.g. atom :a and string "a" in the same map). Tracked via HashSet in Rust.
	Pretty print keyword opts - pretty: [indent: 4, line_separator: "\r\n", after_colon: ""] for full control over formatting. Separators are passed to and applied in Rust.
	iodata indent - The :indent option now accepts strings/iodata (e.g. pretty: "\t" for tab indentation), matching Jason's Formatter behavior. Indent strings are passed to Rust and applied directly.

New Modules
	RustyJson.Decoder - Thin wrapper matching Jason's Decoder API. Provides parse/2 that delegates to RustyJson.decode/2.
	RustyJson.Encode - Low-level encoding functions (value/2, atom/2, integer/1, float/1, list/2, keyword/2, map/2, string/2, struct/2, key/2), compatible with Jason's Encode module. keyword/2 preserves insertion order (does not convert to map).
	RustyJson.Helpers - Compile-time macros json_map/1 and json_map_take/2 that pre-encode JSON object keys at compile time for faster runtime encoding. Preserves key insertion order, propagates encoding options (escape, maps) at runtime via function-based Fragments.
	RustyJson.Sigil - ~j sigil (runtime, supports interpolation) and ~J sigil (compile-time) for JSON literals. Modifiers: a (atoms), A (atoms!), r (reference), c (copy). Unknown modifiers raise ArgumentError.
	RustyJson.OrderedObject - Order-preserving JSON object struct with Access behaviour and Enumerable protocol.

Error Factories
	RustyJson.EncodeError.new/1 - Factory functions for creating structured encode errors: new({:duplicate_key, key}) and new({:invalid_byte, byte, original}).

Changed
Error Return Types (Breaking)
	decode/2 now returns {:error, %RustyJson.DecodeError{}} instead of {:error, String.t()}. The DecodeError struct includes :message, :data, :position, and :token fields for detailed error diagnostics.
	encode/2 now returns {:error, %RustyJson.EncodeError{} | Exception.t()} instead of {:error, String.t()}.

	encode!/2 now wraps NIF errors in %RustyJson.EncodeError{} instead of leaking ErlangError.

Encoder Protocol (Breaking)
	RustyJson.Encoder protocol changed from encode/1 to encode/2 with an opts parameter, matching Jason's Encoder protocol. The opts parameter carries encoder options (:escape, :maps) as a keyword list, enabling custom implementations like Fragment and OrderedObject to respect encoding context. All protocol implementations must update from def encode(value) to def encode(value, _opts).
	protocol: true is now the default in encode/2 and encode!/2. Previously required explicit opt-in. This matches Jason, which always dispatches through its Encoder protocol.
	Any fallback now raises Protocol.UndefinedError for structs without an explicit RustyJson.Encoder implementation, matching Jason. Previously, structs were silently encoded via Map.from_struct/1. There is no fallback to Jason's Encoder — RustyJson is a complete replacement, not a bridge.
	MapSet and Range now raise Protocol.UndefinedError by default (matching Jason). Previously had pass-through encoder implementations. Use protocol: false to encode them via the Rust NIF directly.

Formatter API (Breaking)
	RustyJson.Formatter.pretty_print/2 now returns binary() directly instead of {:ok, binary()} | {:error, String.t()}. Raises RustyJson.DecodeError on invalid input.

	RustyJson.Formatter.minimize/2 now returns binary() directly. Same error behavior.
	pretty_print_to_iodata/2 returns iodata() directly.
	minimize_to_iodata/2 returns iodata() directly. No default for opts parameter (matching Jason).
	Removed pretty_print!/2, pretty_print_to_iodata!/2, minimize!/2, minimize_to_iodata!/2 — Jason does not have bang variants for Formatter.
	Stream-based rewrite — Formatter internals ported from Jason's stream-based approach. Preserves key order and number formatting during pretty-print and minimize operations.

OrderedObject
	pop/2 changed to pop/3 with an optional default parameter (default: nil), matching Jason's OrderedObject pop/3.
	Key type changed from String.t() to String.Chars.t() for Jason compatibility.

Fixed
	Large integer precision — Integers exceeding u64::MAX are now decoded using arbitrary-precision BigInt (via num-bigint) instead of falling back to f64, which lost precision. Matches Jason's behavior of preserving exact integer values regardless of magnitude.
	html_safe forward slash escaping — escape: :html_safe now correctly escapes / as \/, matching Jason. Previously / was only escaped in unicode/javascript safe modes.
	Encoding options propagation — escape and maps options now flow correctly through the Encoder protocol, Fragment functions, Helpers macros, and OrderedObject encoding. Previously these options were consumed before reaching protocol implementations.
	Nested Fragment encoding — Fragments nested inside maps or lists now encode correctly in both protocol: true and protocol: false modes. The Encoder protocol now resolves Fragment functions to iodata immediately instead of wrapping in another closure, and resolve_fragment_functions recursively traverses maps and lists to resolve any remaining function-based Fragments before the Rust NIF.
	Helpers key validation regex — Fixed character class regex that incorrectly rejected alphabetic keys. Now uses hex escapes for correct ASCII range matching.

Performance
No regressions. Relative speedup vs Jason is unchanged from v0.2.0.
Testing
	394 tests, all passing with 0 failures.
	New test files: encode_test.exs, helpers_test.exs, sigil_test.exs, ordered_object_test.exs, decoder_test_module_test.exs.
	Updated all error pattern matches across test suite for new structured error returns.
	Tightened formatter tests to use exact-match assertions instead of substring matches.
	Added coverage for: large integer precision, html_safe / escaping, Fragment function opts propagation, Helpers opts flow, OrderedObject key transforms and encoding opts, atoms/atoms! key decoding, sigil unknown modifiers, MapSet/Range protocol errors.

0.2.0 - 2025-01-25
Added
	Faster decoding for API responses and bulk data (keys: :intern) - ~30% speedup for the most common JSON patterns
Modern APIs return arrays of objects with the same shape: paginated endpoints (GET /users),
GraphQL queries, database results, webhook events, ElasticSearch hits. This is the vast majority
of JSON most applications decode.
With keys: :intern, RustyJson caches object keys during parsing so identical keys like "id",
"name", "created_at" are allocated once and reused across all objects in the array.
# Before: allocates "id", "name", "email" for every object
RustyJson.decode!(json)

# After: allocates each key once, reuses for all 10,000 objects
RustyJson.decode!(json, keys: :intern)  # ~30% faster
Caution: Don't use for single objects or varied schemas—the cache overhead makes it
2-3x slower when keys aren't reused. Only use for homogeneous arrays of 10+ objects.
See BENCHMARKS.md for detailed performance data.


Documentation
	Error handling documentation - Added comprehensive documentation highlighting RustyJson's
clear, actionable error messages and consistent {:error, exception} returns:
# Clear error messages describe the problem
{:error, error} = RustyJson.decode(~s({"key": "value\\'s"}))
error.message
# => "Invalid escape sequence: \\' at position 8"

# Consistent error tuples for invalid input
{:error, error} = RustyJson.encode(%{{:tuple, :key} => 1})
error.message
# => "Map key must be atom, string, or integer"

	Added error handling sections to README, moduledoc, and ARCHITECTURE.md


Testing
	Automated JSONTestSuite regression tests - Added repeatable test suite that
validates against JSONTestSuite on every
test run. Ensures the documented 283/283 compliance doesn't regress. Fixtures are
downloaded on first run to test/fixtures/ (gitignored).

	Added keys: :intern validation against the full JSONTestSuite.


0.1.1 - 2025-01-24
Changed
	Updated hex.pm description for better discoverability

0.1.0 - 2025-01-24
Added
	High-performance JSON encoding - 3-6x faster than Jason for medium/large payloads
	Memory efficient - 10-20x lower memory usage during encoding
	Full JSON spec compliance - 89 tests covering RFC 8259
	Drop-in Jason replacement - Compatible API with encode/2, decode/2, encode_to_iodata/2
	Phoenix integration - Works with config :phoenix, :json_library, RustyJson

Encoding Features
	Native Rust handling for DateTime, NaiveDateTime, Date, Time, Decimal, URI, MapSet, Range
	Multiple escape modes: :json, :html_safe, :javascript_safe, :unicode_safe
	Pretty printing with configurable indentation
	Gzip compression with compress: :gzip option
	lean: true option for maximum performance (skips struct type detection)
	protocol: true/false option for custom encoding via RustyJson.Encoder protocol (default changed to true in v0.3.0)

Jason Compatibility
	RustyJson.Encoder protocol with @derive support
	RustyJson.Encoder protocol with @derive support
	RustyJson.Fragment for injecting pre-encoded JSON
	RustyJson.Formatter for pretty-printing and minifying JSON strings

Safety
	Zero unsafe code — all SIMD uses portable std::simd (safe), no raw intrinsics
	128-level nesting depth limit per RFC 7159
	Safe Rust guarantees memory safety at compile time

Technical Details
	Built with Rustler 0.37+ for modern OTP compatibility (24-27)
	Uses mimalloc as default allocator
	Uses itoa and ryu for fast number formatting
	Uses lexical-core for number parsing
	Zero-copy string handling in decoder for unescaped strings
	SIMD-accelerated escape scanning via portable std::simd



  

    Why RustyJson keeps decoded keys as strings

Most applications do not need to configure JSON key handling. RustyJson.decode/1
returns object keys as strings, which works for requests, webhooks, third-party
APIs, and any payload that may gain new fields.
RustyJson makes one deliberate departure from Jason: it leaves out
keys: :atoms and the lowercase a sigil modifier. Both create new atoms from
JSON keys. RustyJson still supports keys: :atoms! and uppercase A, which only
use atoms already loaded in the VM.
Why RustyJson made this choice
Atoms are global to the BEAM and are not garbage collected. The atom table also
has a fixed limit. When a decoder calls String.to_atom/1 on each object key,
whoever supplies the JSON gets to add permanent atoms to your VM.
This is unsafe for HTTP requests and other external data. An API may add fields
without warning. An attacker can also send a stream of unique keys. Those atoms
remain after each request finishes, and exhausting the atom table terminates the
VM.
RustyJson has no named mode or global setting that turns arbitrary JSON keys into
atoms. A custom decoding function can still make that choice, but the call site
has to say so.
What this means for your code
If you already call RustyJson.decode(json) without a :keys option, nothing
changes. Match the fields you need as strings:
with {:ok, %{"id" => id, "name" => name}} <- RustyJson.decode(json) do
  %{id: id, name: name}
end
Map patterns ignore fields that you do not name. If the provider adds another
field, this code continues to work.
Use keys: :atoms! only when your application controls the schema, every key
atom already exists, and an unexpected field should fail the decode. It converts
every key recursively. If a service adds "plan" and :plan has not been loaded,
the whole decode raises even if your code never reads that field.
keys: :atoms! prevents atom creation, but it is not a key allowlist. It accepts
any matching atom already loaded elsewhere in the VM. If you need an exact set of
keys, pass a decoding function:
known_keys = %{"id" => :id, "name" => :name}
RustyJson.decode!(json, keys: &Map.fetch!(known_keys, &1))
The function runs on every object key recursively. Map.fetch!/2 raises as soon
as the payload contains a key outside the mapping.
Moving from dynamic atom keys
If you used keys: :atoms with Jason or RustyJson 0.3, the usual fix is to remove
the option and update map access or patterns to use strings. Convert the validated
fields into a struct or atom-key map after decoding if the rest of your code
expects atoms.
For a closed, application-owned schema, change keys: :atoms to keys: :atoms!
and make sure every expected atom is declared in application code. For sigils,
remove lowercase a to keep string keys or use uppercase A for existing atoms.
A custom decoding function can still call String.to_atom/1. That restores
dynamic atom creation, so keep the choice local to trusted, bounded input.


  

    Allocator safety

RustyJson ships with no bundled memory allocator, and you should think hard
before enabling one.
Since v0.4.1 the mimalloc cargo feature is opt-in rather than default. This
page explains why, what it costs you, and when it is safe to turn back on.
Why the default changed
A NIF is a shared library loaded into a BEAM that may already host other NIFs.
When a Rust NIF sets #[global_allocator] to a statically linked allocator,
that allocator is private to that .so — its arenas, its free lists, and (for
mimalloc) its page map are not shared with any other NIF.
On macOS, mimalloc also stores the per-thread default heap in a fixed TLS
slot (offset 0x360 from the thread pointer). That slot is process-global.
So when two NIFs each bundle mimalloc:
	they share the TLS slot that names the current thread's heap, but
	they each keep a private page map for looking blocks up.

A block allocated while the slot held the other copy's heap is therefore
invisible to this copy's page map. mi_realloc then takes this path:
size_t size = _mi_usable_size(p);        // page-map miss -> 0
void*  newp = mi_heap_malloc(heap, newsize);
memcpy(newp, p, min(newsize, size));     // min(newsize, 0) == 0 bytes
mi_free(p);                              // original freed anyway
It copies nothing, frees the original, and hands back fresh, uninitialised
memory — which reads as zeroes on a fresh page. Every live value in that block
is silently destroyed. No error, no crash at the point of damage.
What that did to RustyJson
DirectParser::parse_object collects object keys into a Vec<Term>. For a
small (<256 byte) 3-key root object the capacity estimate is 2, so the third
push reallocates 48 → 96 bytes. Those 48 bytes are exactly keys[0] and
keys[1]. With the zero-byte copy above, both become 0 — THE_NON_VALUE.
enif_make_map_from_arrays validates nothing. It memcpys the array onto the
process heap and sorts it, and erts_cmp dereferences boxed_val(0) at address
0 - 2:
EXC_BAD_ACCESS (SIGSEGV) at 0xfffffffffffffffe
  erts_cmp+236
  erts_validate_and_sort_flatmap+100
  erts_map_from_ks_and_vs+300
  enif_make_map_from_arrays+172
  rustler::Term::map_from_term_arrays
  rustyjson::DirectParser::parse_object
The whole VM dies. This was observed three times in a production dev server on
2026-08-25 and reproduced on demand against rusty_csv 0.4.4, which also
bundles mimalloc. Full investigation:
BEAM_SEGFAULT_INVESTIGATION.md.
What it costs to leave the allocator off
Measured on an M1 Pro, median of 5 rounds, decode only:
	payload	system allocator	mimalloc	mimalloc gain
	small 3-key root object	690 ns/op	484 ns/op	1.43×
	deeply nested (40 levels)	5125 ns/op	3997 ns/op	1.28×
	200-element array of objects	81.1 µs/op	67.4 µs/op	1.20×
	40-key flat object	8336 ns/op	8280 ns/op	~1.00×
	aggregate	813 ms	679 ms	1.20×

So mimalloc is worth roughly 20% overall, and up to ~40% on small payloads. That
is real, which is why the feature still exists — but it is not worth an
occasional unexplained VM crash, so it is no longer the default.
When it is safe to enable
Enable a bundled allocator only if RustyJson is the only NIF in your VM that
bundles one. Check every Rust NIF you load:
for so in _build/dev/lib/*/priv/native/*.so; do
  n=$(strings -a "$so" | grep -c "^mimalloc: error: $")
  [ "$n" -gt 0 ] && echo "bundles mimalloc: $so"
done

If that prints nothing other than RustyJson, you are clear. Common Elixir NIFs
that bundle mimalloc include rusty_csv. Re-run the check whenever you add a
Rust dependency — the failure mode is silent.
Then:
RUSTYJSON_ALLOCATOR=mimalloc FORCE_RUSTYJSON_BUILD=1 mix compile

Accepted values are mimalloc, jemalloc, and snmalloc. This requires a
local build; the published precompiled artifacts never bundle an allocator.
jemalloc and snmalloc do not use mimalloc's fixed-slot trick, but the
general rule still holds: two NIFs bundling the same allocator can collide,
and the consequences are silent heap corruption. Only one NIF per VM should
override the global allocator.
Things that do not fix this
	mimalloc/local_dynamic_tls — verified not to help. It changes the
__thread TLS model; mimalloc's macOS __builtin_thread_pointer() fast path
is independent of it and the fixed-slot accesses remain.
	Rebuilding for a different NIF ABI — verified irrelevant. The corruption
reproduces identically on NIF 2.15, 2.17 and 2.18, and disappears on all three
when the allocator is removed.

Regression guard
test/allocator_isolation_test.exs fails the build if a default artifact ever
links mimalloc again. It is deliberately a build-shape assertion rather than a
functional test, because no functional test can detect this class of bug — the
corruption is silent until the VM dies somewhere unrelated.


  

    CPU targeting

RustyJson's published artifacts target the x86_64 baseline (SSE2, 16-byte
SIMD) and the AArch64 baseline (NEON). There are no CPU-specific precompiled
variants. If you want code tuned to your exact processor, build from source.
Why no precompiled AVX2 build
Shipping a CPU-specific artifact means deciding, at install time, what the host
CPU can do — and then downloading a binary that will crash if the guess is
wrong. An AVX2 binary on a CPU without AVX2 is an illegal instruction, which
takes down the whole VM.
Through v0.4.1 RustyJson shipped an AVX2 variant selected by a compile-time
probe. Each platform's branch had a distinct problem:
	Platform	How it guessed	Problem
	Linux	read /proc/cpuinfo	correct, but silently shelled out when /proc wasn't mounted
	macOS	System.cmd("sysctl", ...)	compile-time subprocess; trips dependency audits, and resolves sysctl through PATH
	Windows	hardcoded true	wrong. Any x86_64 Windows machine without AVX2 got a crashing binary

The Windows branch assumed "practically all x86_64 Windows machines are Haswell
or newer," which conflates Haswell-or-newer with has AVX2. Atom-lineage
parts (Apollo Lake, Gemini Lake — common in budget laptops and mini-PCs) shipped
without AVX2 well into 2020, as did AMD before Zen. Those machines received a
binary that could not run.
None of that is fixable in the general case, because the premise is unsound: the
machine that builds the artifact is not the machine that runs it. Building from
source removes the guess entirely — the compiler sees the actual CPU.
Building for your own CPU
RUSTFLAGS="-C target-cpu=native" FORCE_RUSTYJSON_BUILD=1 mix compile

This requires a Rust toolchain. native targets the exact host processor, which
is strictly better than the fixed x86-64-v3 floor the old variant used.
To build for a specific baseline instead of the host — for example when the
build machine and the deployment target differ — name it explicitly:
RUSTFLAGS="-C target-cpu=x86-64-v3" FORCE_RUSTYJSON_BUILD=1 mix compile

-C target-cpu=native has the same hazard as the old variant, just moved.
If you build in a container or CI image and deploy the result to a different
machine, you can produce exactly the crash described above. Use an explicit
target-cpu whenever the build host and run host may differ.

Setting RUSTFLAGS replaces .cargo/config.toml, it does not merge
Cargo picks exactly one source of rustflags. Setting the RUSTFLAGS environment
variable overrides the [target.*] rustflags entries in
native/rustyjson/.cargo/config.toml wholesale rather than adding to them.
This matters for musl targets, which need -C target-feature=-crt-static to
produce a loadable cdylib. If you set RUSTFLAGS on musl, carry that flag
yourself:
RUSTFLAGS="-C target-feature=-crt-static -C target-cpu=native" \
  FORCE_RUSTYJSON_BUILD=1 mix compile

What a baseline build still gets
Dropping the variants does not mean giving up AVX2 entirely. simdutf8, which
RustyJson uses for UTF-8 validation, dispatches at runtime: it compiles an
AVX2 implementation behind #[target_feature] and calls it only after checking
the CPU. A baseline artifact contains that code and uses it on capable
hardware — verified by disassembling the published binary, where every AVX2
instruction in the x86_64 baseline artifact lives in
simdutf8::…::avx2::validate_utf8_basic and nowhere else.
Runtime dispatch is what makes this safe: one binary, correct everywhere, fast
where it can be. RustyJson's own scanning paths use std::simd and are selected
at compile time instead, so those run SSE2 in a baseline build. That is the only
part a source build changes.
Is it worth it?
Measured on ubuntu-22.04, comparing an x86-64-v3 build against baseline,
each benchmark checked against its own A/A noise floor:
	Path	Effect of AVX2
	string_scan — clean ASCII/UTF-8, 512 B–64 KB	45–55% faster
	string_scan — clean ASCII/UTF-8, 32–128 B	26–46% faster
	string_scan — escaped strings, 128 B–64 KB	29–40% slower
	escape_decode — heavily escaped	22–27% slower
	Number parsing, hashing	no consistent effect

Wider chunks help when there is nothing to find and hurt when there is: on
escape-dense input the vector loop bails out early and repeatedly, paying setup
cost it never amortizes.
These are microbenchmarks of internal scanning functions, not end-to-end
decode. Scanning is a minority of total decode time — term construction
(enif_make_*) dominates — so the end-to-end effect is substantially smaller
than the figures above in both directions. Measure your own workload before
assuming a CPU-specific build is worth the build-time cost, particularly if your
JSON is escape-heavy.
Reproduce with the AVX2 benchmark workflow in .github/workflows/.


  

    RustyJson Architecture

This document explains the architectural decisions behind RustyJson and compares NIF-based encoding to pure-Elixir approaches.
Overview
RustyJson is a Rust NIF-based JSON library that prioritizes memory efficiency over theoretical purity. While pure-Elixir encoders return true iolists, RustyJson returns single binaries - a deliberate trade-off that yields 2-4x memory reduction during encoding and significantly reduced BEAM scheduler load.
Encoding Architecture
Pure Elixir Approach (iolist output)
Elixir Term
    │
    ▼
Protocol Dispatch (Encoder)
    │
    ▼
Build iolist incrementally
["{", ['"', "key", '"'], ":", "1", "}"]
    │
    ▼
Return iolist (many small binaries)
Characteristics:
	Many small BEAM binary allocations
	Each struct/map/list creates nested list structures
	BEAM owns all memory from the start
	Can theoretically stream to sockets without flattening

RustyJson's Approach (Rust NIF, Single Binary)
Elixir Term
    │
    ▼
Optional: Protocol Dispatch (RustyJson.Encoder)
    │
    ▼
NIF Call ──────────────────────────┐
    │                              │
    ▼                              │ Rust
Walk term tree directly            │
Write to single buffer (mimalloc)  │
    │                              │
    ▼                              │
Copy buffer to BEAM binary ────────┘
    │
    ▼
Return single binary
Characteristics:
	One buffer allocation in Rust
	No intermediate Elixir terms created
	Single copy from Rust → BEAM at the end
	Must complete encoding before returning

Memory Comparison
For a 2MB JSON payload (canada.json benchmark):
	Phase	Jason	RustyJson
	Input term	~6 MB	~6 MB
	During encoding	+5.8 MB (iolist allocations)	+2.4 MB (single binary)
	BEAM reductions	~964,000	~3,500 (275x fewer)
	Final output	2 MB iolist	2 MB binary

The difference comes from iolist-based encoding creating many intermediate allocations during recursive encoding, while RustyJson builds a single buffer in Rust and copies once to BEAM.
Note: Memory measurements use :erlang.memory(:total) delta. See BENCHMARKS.md for methodology and why Benchee memory measurements don't work for NIFs.
Safety Analysis
The NIF Safety Question
A common concern with NIFs is: "What if it crashes and takes down my entire BEAM VM?"
This is a valid concern for C-based NIFs, where a single buffer overflow, null pointer dereference, or use-after-free can crash the VM. However, RustyJson contains zero unsafe code — not minimized, not audited, literally zero — making VM crashes from our code effectively impossible.
1. Rust's Compile-Time Memory Safety
Rust eliminates entire categories of bugs at compile time:
	Bug Category	C/C++ NIF	Rust NIF	How Rust Prevents
	Null pointer dereference	Runtime crash	Won't compile	Option<T> forces handling
	Buffer overflow	Runtime crash	Won't compile	Bounds checking enforced
	Use after free	Runtime crash	Won't compile	Ownership system
	Double free	Runtime crash	Won't compile	Single owner rule
	Data races	Undefined behavior	Won't compile	Send/Sync traits
	Uninitialized memory	Undefined behavior	Won't compile	All values initialized

These aren't runtime checks that could be bypassed—the Rust compiler literally refuses to produce code with these bugs.
2. Rustler's Safety Layer
Rustler adds BEAM-specific protections on top of Rust's compile-time guarantees:
	Panic catching: Rustler wraps every NIF call in std::panic::catch_unwind. If any Rust code panics (e.g., an unexpected unwrap() failure), the panic is caught at the FFI boundary and converted to an Elixir exception. This is critical because an uncaught Rust panic unwinding across the C FFI boundary into the BEAM would be undefined behavior. With Rustler, a panic cannot crash the VM — it becomes a normal Elixir error.
	Term safety: All Erlang term manipulation goes through safe APIs that validate types. You cannot accidentally create an invalid term or corrupt the BEAM heap.
	No raw pointers: Rustler's Term type wraps raw BEAM pointers safely. Direct pointer arithmetic is never exposed to NIF authors.
	Lifetime enforcement: Rust's borrow checker ensures terms aren't used after their owning Env scope ends. This prevents use-after-free bugs that plague C-based NIFs.
	Resource objects: Rustler manages Rust structs passed to Erlang via reference-counted resource objects. The struct is automatically dropped when no longer referenced — no manual cleanup, no leaks.

3. Zero unsafe — Portable SIMD via std::simd
RustyJson uses Rust's std::simd (portable SIMD) for all vectorized operations. This is a safe abstraction over hardware SIMD — the compiler generates optimal instructions for each target automatically:
	x86_64: SSE2 (16-byte chunks), AVX2 (32-byte chunks) when the compile target supports it
	aarch64: NEON (16-byte chunks)
	Other targets: Scalar fallback emitted by the compiler

There is no unsafe code in RustyJson. No raw SIMD intrinsics, no std::arch::* imports, no runtime feature detection, no #[cfg(target_arch)] branching. One codepath per pattern, portable across all targets.
std::simd API discipline:
The portable_simd feature gate is unstable, but not all APIs behind it are equally risky. The critical stabilization blockers are swizzle (blocked on const generics), mask element types, and lane count bounds — none of which we use. RustyJson only relies on the uncontroversial subset that has no open design questions:
	Simd::from_slice, Simd::splat — vector construction
	simd_eq, simd_lt, simd_ge — comparison operators
	Mask::any, Mask::all, Mask::to_bitmask — mask operations
	Mask bitwise ops (|, &, !) — combining conditions

These APIs have stable semantics today. If portable_simd is split into independently-stabilizable feature gates (as discussed in the tracking issue), the subset we use would be first in line.
We explicitly avoid APIs blocked from stabilization: simd_swizzle!, Simd::scatter/gather, Simd::interleave/deinterleave, SimdFloat::to_int_unchecked, Simd::resize, and Simd::rotate_elements_left/right. These are documented in simd_utils.rs as a DO NOT USE list.
SIMD scanning patterns (all in simd_utils.rs):
	String scanning: Skip past plain string bytes (no ", \, or control chars)
	Structural detection: Find JSON structural characters ({}[],:"\)
	Whitespace skipping: Skip contiguous whitespace chunks
	Escape finding: Locate the first byte needing JSON/HTML/Unicode/JavaScript escaping

Each function processes 32-byte wide chunks on AVX2 targets, then 16-byte chunks, with a scalar tail for remaining bytes.
Our source files:
	File	Purpose	unsafe
	lib.rs	NIF entry point, feature flags	None
	simd_utils.rs	Portable SIMD scanning (all patterns)	None
	direct_json.rs	JSON encoder	None
	direct_decode.rs	JSON decoder	None
	nif_binary_writer.rs	Growable NIF binary	None
	compression.rs	Gzip compression	None
	decimal.rs	Decimal handling	None
	Total		None

Design choices that eliminate unsafe:
	&str over &[u8] — UTF-8 validity guaranteed at compile time
	.get() over indexing — Returns Option instead of panicking
	while let Some() — Idiomatic safe iteration pattern
	std::simd over std::arch — Portable SIMD with no unsafe blocks

Where unsafe does exist (dependencies only):
	Dependency	Purpose	Trust Level
	Rustler	NIF ↔ BEAM bridge	High — 10+ years, 500+ projects
	mimalloc	Memory allocator	High — Microsoft, battle-tested
	Rust stdlib	Core functionality	Highest — Rust core team

Any memory safety bug would have to originate in a dependency, not in RustyJson code.
4. Explicit Resource Limits
We enforce limits that prevent resource exhaustion:
	Resource	Limit	Rationale
	Nesting depth	128 levels	Prevents stack overflow, per RFC 7159
	Recursion	Bounded by depth	No unbounded recursion possible
	Intern cache keys	4096 unique keys	Bounds hash collision worst-case; stops cache overhead for pathological input
	Input size	Configurable (max_bytes)	Prevents memory exhaustion from oversized payloads
	Allocation	System memory	Same as pure Elixir

5. Continuous Fuzzing
We use cargo-fuzz (libFuzzer + AddressSanitizer) to test
boundary correctness. Six fuzz targets cover string scanning, structural index building, whitespace skipping,
number parsing, escape decoding, and encode-side escape scanning. Seed corpora include synthetic inputs at
SIMD chunk boundaries (8/16/32 bytes) and the full JSONTestSuite.
What Would Actually Need to Go Wrong?
For RustyJson to crash the VM, one of these would need to happen:
	Scenario	Likelihood	Why It's Unlikely
	Bug in Rustler	Extremely low	Mature library, used in production by many projects
	Bug in Rust compiler	Essentially zero	Rust compiler is formally verified for memory safety
	Bug in mimalloc	Extremely low	Microsoft's allocator, battle-tested

None of these are RustyJson bugs — they're infrastructure bugs that would affect any Rust-based system.
Our Position
We consider RustyJson as safe as pure Elixir code for the following reasons:
	Safe Rust is memory-safe by construction. The compiler guarantees it.

	Rustler catches panics at the FFI boundary via catch_unwind, converting them to Elixir exceptions. A Rust panic cannot crash the BEAM VM.

	Zero unsafe code. The entire codebase — including SIMD — is safe Rust. Portable SIMD via std::simd lets the compiler generate optimal vector instructions without requiring unsafe blocks.

	Resource limits are enforced (depth, recursion, intern cache cap).


The "NIFs can crash your VM" warning applies to C-based NIFs where a single bug can corrupt memory. It does not meaningfully apply to safe Rust NIFs, which have the same memory safety guarantees as the BEAM itself.
When to Consider Alternatives
If you require defense-in-depth for untrusted input, you could:
	Run encoding in a Task: Crashes isolated to that process
	Use Jason for untrusted input: Pure Elixir, cannot crash VM
	Add pre-validation: Check input structure before encoding

However, we believe these are unnecessary for RustyJson given the safety guarantees above.
Garbage Collection
	Aspect	Jason	RustyJson
	Allocation pattern	Many small binaries	One large binary
	GC type	Regular + refc	Refc only
	GC timing	Incremental	Atomic release
	Memory spike	During encoding	Brief, at copy

Refc binaries (>64 bytes) are reference-counted and stored outside the process heap. RustyJson always produces refc binaries for non-trivial output.
Performance Characteristics
Encode vs Decode: Why They Differ
Encoding is where RustyJson has the biggest advantage:
	Pure-Elixir encoders create many small iolist allocations on BEAM heap
	RustyJson builds one buffer in Rust, copies once to BEAM
	Result: 3-6x faster, 2-3x less memory, 100-28,000x fewer BEAM reductions

Decoding shows smaller gains:
	Both produce identical Elixir data structures (maps, lists, strings)
	Final memory usage is similar (same data, same BEAM terms)
	RustyJson is 2-3x faster due to optimized parsing
	But memory advantage is minimal since output is the same

Why Larger Files Show Bigger Gains
RustyJson's encoding advantage scales with payload size:
	Payload Size	Speed Advantage	Memory Advantage	Reductions
	< 1 KB	~1x (NIF overhead)	similar	~10x fewer
	1-2 MB	2-3x faster	2-3x less	200-2000x fewer
	10+ MB	5-6x faster	2-3x less	28,000x fewer

This is because:
	NIF call overhead is fixed (~0.1ms) regardless of payload size
	Allocation overhead grows with payload - iolist-based encoding creates many small allocations that compound
	BEAM reductions scale linearly with work - pure-Elixir encoders do all work in BEAM, RustyJson offloads to native code

When Pure-Elixir Wins
	Tiny payloads (<100 bytes): NIF call overhead exceeds encoding time
	Streaming scenarios: True iolists can be sent to sockets incrementally
	Partial failure recovery: Failed encodes don't leave large allocations

When RustyJson Wins
	Large payloads (1MB+): 5-6x faster, 2-3x less memory, 28,000x fewer reductions
	Medium payloads (1KB-1MB): 2-3x faster, 2-3x less memory
	High-throughput APIs: Dramatically reduced BEAM scheduler load
	Memory-constrained environments: Lower peak memory usage

Real-World Performance
Amazon Settlement Reports (10 MB JSON files):
	Operation	RustyJson	Jason	Speed	Memory
	Encode	24 ms	131 ms	5.5x faster	2.7x less
	Decode	61 ms	152 ms	2.5x faster	similar

Synthetic benchmarks (nativejson-benchmark):
	Dataset	RustyJson	Jason	Speedup
	canada.json (2.1MB) roundtrip	14 ms	48 ms	3.4x faster
	citm_catalog.json (1.6MB) roundtrip	6 ms	14 ms	2.5x faster
	twitter.json (617KB) roundtrip	4 ms	9 ms	2.3x faster

Real-world API responses show better results than synthetic benchmarks because they have more complex nested structures and mixed data types.
See BENCHMARKS.md for detailed methodology.
Protocol Architecture
Default Path (Protocol Enabled)
RustyJson.encode!(data)
        │
        ▼
RustyJson.Encoder.encode/2
        │
        ▼
  Protocol dispatch
  (Map, List, Tuple, Fragment, Any, custom)
        │
        ▼
  Resolve function-based Fragments
        │
        ▼
    Rust NIF
By default (protocol: true), encoding goes through the RustyJson.Encoder protocol, matching Jason's behavior. Built-in type implementations (strings, numbers, atoms, maps, lists) pass through unchanged, so overhead is minimal. Custom @derive or defimpl implementations preprocess data before the NIF.
Structs without an explicit RustyJson.Encoder implementation raise Protocol.UndefinedError. RustyJson is a complete Jason replacement and has no runtime dependency on Jason.
Bypass Path (Maximum Performance)
RustyJson.encode!(data, protocol: false)
        │
        ▼
  Resolve function-based Fragments
        │
        ▼
    Rust NIF
        │
        ▼
  Direct term walking
  (no Elixir preprocessing)
With protocol: false, the Rust NIF walks the term tree directly. Function-based Fragments (from json_map, OrderedObject, etc.) are still resolved in Elixir before sending to the NIF.
Decoding Architecture
Pure Elixir Approach
JSON String
    │
    ▼
Recursive descent parser (Elixir)
    │
    ▼
Build Elixir terms during parse
    │
    ▼
Return term
RustyJson (NIF) Approach
JSON String
    │
    ▼
NIF Call ──────────────────────────┐
    │                              │
    ▼                              │ Rust
Custom parser                      │
Build Erlang terms via Rustler     │
Zero-copy strings when possible    │
    │                              │
    ▼ ─────────────────────────────┘
Return term (already on BEAM heap)
Decoding builds terms directly on the BEAM heap via Rustler's term API, avoiding intermediate Rust allocations.
Fragment Architecture
Fragments allow injecting pre-encoded JSON:
%RustyJson.Fragment{encode: ~s({"pre":"encoded"})}
        │
        ▼
    Rust NIF
        │
        ▼
  Detect Fragment struct
  Write iodata directly to buffer
  (no re-encoding)
This is critical for:
	PostgreSQL jsonb_agg results
	Cached JSON responses
	Third-party API proxying

Design Decisions
Why Single Binary Instead of iolist?
	Memory efficiency: The 2-4x memory reduction and 100-2000x fewer BEAM reductions outweigh the theoretical benefits of iolists.

	Phoenix flattens anyway: Plug.Conn typically calls IO.iodata_to_binary/1 before sending responses.

	Simpler NIF interface: Returning a single binary is cleaner than building nested Erlang lists in Rust.

	Predictable performance: Single allocation is easier to reason about than many small ones.


Why Protocol-by-Default with Opt-Out?
	Jason compatibility: Jason always dispatches through its Encoder protocol. Using protocol: true as the default preserves that behavior.

	Minimal overhead for built-in types: Primitive types (strings, numbers, atoms) have pass-through implementations that add negligible cost.

	Custom encoding: Supports @derive RustyJson.Encoder for struct field filtering and a no-dependency runtime bridge for Phoenix.LiveView.JS. RustyJson does not generally fall back to Jason.Encoder or JSON.Encoder for arbitrary structs.

	Opt-out for performance: Use protocol: false to bypass the protocol entirely when you have no custom encoders and want maximum throughput.


Why 128-Level Depth Limit?
	RFC 7159 compliance: The spec recommends implementations limit nesting.

	Stack safety: Prevents stack overflow in recursive encoding/decoding.

	DoS protection: Malicious deeply-nested JSON can't exhaust resources.


JSON Specification Compliance
RustyJson is fully compliant with RFC 8259 (The JavaScript Object Notation Data Interchange Format) and ECMA-404.
Compliance Summary
	RFC 8259 Section	Description	Status
	§2	Structural tokens ({}, [], :, ,)	✓ Compliant
	§2	Whitespace (space, tab, LF, CR)	✓ Compliant
	§3	Values (null, true, false)	✓ Compliant
	§4	Objects (string keys, any values)	✓ Compliant
	§5	Arrays (ordered values)	✓ Compliant
	§6	Numbers (integer, fraction, exponent)	✓ Compliant
	§7	Strings (UTF-8, escapes, unicode)	✓ Compliant

Intentional Deviation: Lone Surrogates
RustyJson rejects lone Unicode surrogates (e.g., \uD800 without a trailing low surrogate).
# Valid surrogate pair - accepted
RustyJson.decode(~s(["\\uD834\\uDD1E"]))  # => {:ok, ["𝄞"]}

# Lone high surrogate - rejected
{:error, %RustyJson.DecodeError{message: message}} = RustyJson.decode(~s(["\\uD800"]))
message  # => "Lone surrogate in string at position 1"

# Lone low surrogate - rejected
{:error, %RustyJson.DecodeError{message: message}} = RustyJson.decode(~s(["\\uDC00"]))
message  # => "Lone surrogate in string at position 1"
Why we reject lone surrogates:
	RFC 7493 (I-JSON) recommendation: The "Internet JSON" profile explicitly recommends rejecting lone surrogates for interoperability.

	Security: Lone surrogates can cause issues in downstream systems that expect valid UTF-8/UTF-16.

	Industry consensus: Most modern JSON parsers (including Jason, Python's json, Go's encoding/json) reject lone surrogates.

	RFC 8259 allows this: The spec says implementations "MAY" accept lone surrogates, not "MUST".


Invalid JSON Handling
RustyJson correctly rejects all invalid JSON with descriptive error messages:
	Invalid Input	Error
	{a: 1}	Unquoted object key
	[1,]	Trailing comma
	[01]	Leading zeros in numbers
	[NaN]	NaN not valid JSON
	[Infinity]	Infinity not valid JSON
	["\\x00"]	Invalid escape sequence
	{'a': 1}	Single quotes not allowed

Error Handling Philosophy
RustyJson prioritizes clear, actionable error messages and consistent error handling.
Clear error messages:
Error messages describe the problem, not just its location:
{:error, error} = RustyJson.decode("{\"foo\":\"bar\\'s\"}")
error.message
# => "Invalid escape sequence: \\' at position 7"

{:error, error} = RustyJson.decode("[1, 2,]")
error.message
# => "Unexpected character at position 6"
Structured error returns:
encode/2 and decode/2 return structured error structs for detailed diagnostics:
RustyJson.encode(%{{:a, :b} => 1})
# => {:error, %RustyJson.EncodeError{message: "Map key must be atom, string, or integer"}}

RustyJson.decode("invalid")
# => {:error, %RustyJson.DecodeError{message: "...", position: 0, data: "invalid", token: "invalid"}}
This makes error handling predictable—pattern match on results without needing try/rescue.
NIF boundary error contract:
Decode NIFs return the decoded Elixir term directly on success. They do not return
{:ok, term} from Rust. This keeps decode!/2 on the lean path: successful calls
avoid an extra tuple allocation and unwrap step before returning the decoded term.
Backend decode failures are normalized at the Elixir boundary instead. The small
wrapper around the NIF rescues backend exceptions (ArgumentError for VM :badarg
cases such as float-exponent overflow, plus ErlangError for tagged parser errors)
and raises %RustyJson.DecodeError{}. The public non-bang decode/2 catches that
domain error and returns {:error, %RustyJson.DecodeError{}}.
This is deliberate. A Rust-side tuple-return contract would be more uniform on
paper, but it would add work to every successful NIF decode, including decode!/2,
and would require a wider Rustler API refactor. For this performance-oriented JSON
NIF, direct success returns plus centralized boundary error normalization are the
intended trade-off.
Test Coverage
RustyJson has been validated against the comprehensive JSONTestSuite by Nicolas Seriot:
	Category	Result	Description
	y_* (must accept)	95/95 ✓	Valid JSON that parsers MUST accept
	n_* (must reject)	188/188 ✓	Invalid JSON that parsers MUST reject
	i_* (implementation-defined)	15 accept, 20 reject	Edge cases where behavior is unspecified

Total mandatory compliance: 283/283 (100%)
RustyJson also passes the nativejson-benchmark conformance tests:
	Parse Validation (JSON_checker test suite)
	Parse Double (66 decimal precision tests)
	Parse String (9 string tests)
	Roundtrip (27 JSON roundtrip tests)

Implementation-Defined Behavior
For the 35 implementation-defined tests (i_*), RustyJson makes these choices:
Accepted (5 tests):
	Numbers that underflow to zero or convert to large integers

Rejected (30 tests):
	Invalid UTF-8 byte sequences in strings (validate_strings defaults to true, matching Jason)
	Numbers with exponents that overflow (e.g., 1e9999)
	Lone Unicode surrogates in \uXXXX escapes (per RFC 7493 I-JSON)
	Non-UTF-8 encodings (UTF-16, BOM)
	Nesting deeper than 128 levels

See test/json_test_suite_test.exs for the complete list with explanations.
What We Learned
SIMD Is Actually Slower
We tested SIMD-accelerated parsers like simd-json and sonic-rs. The SIMD parsing gains were negated by the serde conversion overhead.
Why? The bottleneck for JSON NIFs isn't parsing—it's building Erlang terms. SIMD libraries optimize for parsing JSON into native data structures, but for Elixir we need to:
	Parse JSON → intermediate Rust types (serde)
	Convert Rust types → BEAM terms
	Copy data to BEAM heap

This double conversion negates SIMD's parsing speed advantage. Our approach skips the intermediate step entirely—we walk JSON bytes and build BEAM terms directly in one pass.
The Real Wins
The performance gains come from:
	Avoiding intermediate allocations - No serde, no Rust structs
	Direct term building - Walk input once, write BEAM terms directly
	Single output buffer - One allocation instead of many iolist fragments
	Good memory allocator - mimalloc reduces fragmentation

Scheduler Strategy
BEAM documentation recommends NIFs complete in under 1 millisecond to maintain scheduler fairness. RustyJson exceeds this for large payloads (10 MB encode takes ~24ms). Dirty schedulers run NIFs on separate threads to avoid blocking normal schedulers.
We benchmarked dirty schedulers and found they hurt performance for small payloads:
	Payload	Normal	Dirty	Result
	1 KB encode	9 µs	62 µs	Dirty 7x slower
	10 KB encode	177 µs	136 µs	Dirty 23% faster
	5 MB encode	43 ms	43 ms	Similar

Under concurrent load (50 processes), normal schedulers had 1.7x higher throughput for encoding and 2.2x higher for decoding with small payloads.
Why dirty schedulers hurt for small payloads:
	Migration overhead - Process must migrate to dirty scheduler pool and back
	Limited pool - Only N dirty CPU schedulers (N = CPU cores), creating bottlenecks
	Cache effects - Different thread means cold CPU caches

Hybrid approach: Now that the library is mature, RustyJson offers automatic dispatch that avoids the small-payload penalty while protecting against scheduler blocking on large inputs:
	Decode: Auto-dispatches to dirty scheduler when byte_size(input) >= dirty_threshold (default: 100KB). This is a cheap check and a reasonable proxy for work. Set dirty_threshold: 0 to disable.
	Encode: Explicit opt-in via scheduler: :dirty. Can't cheaply estimate output size, so auto-dispatch is only triggered when compress: :gzip is used (compression is always CPU-heavy). Use scheduler: :normal to force normal scheduler.

This preserves the performance advantage for small payloads (the common case) while preventing scheduler blocking for large inputs.
Decode Strategies
RustyJson supports optional decode strategies that can significantly improve performance for specific data patterns.
Key Interning (keys: :intern)
When decoding arrays of objects with the same schema (repeated keys), key interning caches string keys to avoid re-allocating them for each object.
# Default - no interning
RustyJson.decode!(json)

# Enable key interning for homogeneous arrays
RustyJson.decode!(json, keys: :intern)
How it works:
Without interning (default):
[{"id":1,"name":"a"}, {"id":2,"name":"b"}, ...]
      ↓
Allocate "id" string (object 1)
Allocate "name" string (object 1)
Allocate "id" string (object 2)    ← duplicate allocation
Allocate "name" string (object 2)  ← duplicate allocation
... × N objects
With interning:
[{"id":1,"name":"a"}, {"id":2,"name":"b"}, ...]
      ↓
Allocate "id" string (object 1)
Allocate "name" string (object 1)
Reuse "id" reference (object 2)    ← cache hit
Reuse "name" reference (object 2)  ← cache hit
... × N objects
Implementation details:
Hasher choice: We use a hand-rolled FNV-1a hasher with a per-parse randomized seed instead of Rust's default SipHash. SipHash is DoS-resistant but ~3x slower for short keys, which would negate the performance benefit of interning. The randomized seed (time + stack address) blocks precomputed collision tables. An adaptive attacker measuring aggregate decode latency across many requests could still craft collisions, but the MAX_INTERN_KEYS cap (see below) bounds the damage to O(cap²) operations — a few milliseconds, not a DoS.
Parser design: Rather than duplicating string parsing logic, we refactored to parse_string_impl(for_key: bool). This single implementation handles both string values (for_key: false) and object keys (for_key: true), with interning logic gated behind the for_key flag and cache presence check. This avoids code duplication while ensuring interning overhead is zero when disabled.
Escaped keys: Keys containing escape sequences (e.g., "field\nname") are NOT interned. The raw JSON bytes (field\nname) differ from the decoded string (field<newline>name), so we can't use the input slice as a cache key. This is rare in practice—object keys almost never contain escapes.
Cache cap: The cache stops accepting new entries after MAX_INTERN_KEYS (4096) unique keys. Beyond that threshold, new keys are allocated normally (no worse than default mode without interning). This serves two purposes: (1) performance — when unique key count is high, the cache is clearly not helping and growing it further is pure overhead; (2) DoS mitigation — bounds worst-case CPU time from hash collisions to O(4096²) operations regardless of hash quality. The cap is internal and not user-configurable; 4096 is far above any realistic JSON schema key count.
Memory: Cache is pre-allocated with 32 slots and grows as needed up to the cap. Dropped automatically when parsing completes (no cleanup required).
When to use keys: :intern:
	Use Case	Benefit
	API responses (arrays of records)	~30% faster
	Database query results	~30% faster
	Log/event streams	~30% faster
	Bulk data imports	~30% faster

When NOT to use keys: :intern:
	Use Case	Penalty
	Single configuration object	2.5-3x slower
	Heterogeneous arrays (different keys)	2.5-3x slower
	Unknown/variable schemas	2.5-3x slower

The overhead comes from maintaining a HashMap cache (using FNV-1a hashing). When keys aren't reused, you pay the cache cost without any benefit.
Benchmark results (pure Rust parsing):
	Scenario	Default	keys: :intern	Result
	10k objects × 5 keys	3.46 ms	2.45 ms	29% faster
	10k objects × 10 keys	6.92 ms	4.88 ms	29% faster
	Single object, 1000 keys	52 µs	169 µs	3.2x slower
	Heterogeneous 500 objects	186 µs	475 µs	2.5x slower

See BENCHMARKS.md for detailed results.
Future Considerations
Potential Optimizations
	Chunked output: For 100MB+ payloads, returning iolists could reduce memory spikes.

	Streaming decode: Parse JSON incrementally for very large inputs.


Not Planned
	SIMD parsing: SIMD libraries require an intermediate serde step, negating the parsing speed gains when building BEAM terms.

	True iolist output: The complexity isn't justified by real-world benefits.

	unsafe Rust: The codebase is entirely safe Rust, including SIMD. We intend to keep it that way.

	Custom allocators per-call: mimalloc is fast enough globally.
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    RustyJson Benchmarks

Comprehensive benchmarks comparing RustyJson vs Jason across synthetic and real-world datasets.
Key Findings
	Fast across all workloads — plain data, struct-heavy data, and decoding (including deeply nested and small payloads)
	Encoding plain data shows the largest gains — 3-6x faster, 2-3x less memory
	Struct encoding optimized in v0.3.3 via single-pass iodata pipeline with compile-time codegen (~2x improvement over v0.3.2)
	Deep-nested decode optimized in v0.3.3 via single-entry fast path (~27% faster than v0.3.2 for 100-level nested JSON)
	Larger payloads = bigger advantage — real-world 10 MB files show better results than synthetic benchmarks
	BEAM scheduler load dramatically reduced — 100-28,000x fewer reductions

Test Environment
	Attribute	Value
	OS	macOS
	CPU	Apple M1 Pro
	Cores	10
	Memory	16 GB
	Elixir	1.19.4
	Erlang/OTP	28.2

Real-World Benchmarks: Amazon Settlement Reports
These are production JSON files from Amazon SP-API settlement reports, representing real-world API response patterns with nested objects, arrays of transactions, and mixed data types.
Encoding Performance (Elixir → JSON)
	File Size	RustyJson	Jason	Speed	Memory
	10.87 MB	24 ms	131 ms	5.5x faster	2.7x less
	9.79 MB	21 ms	124 ms	5.9x faster	2-3x less
	9.38 MB	21 ms	104 ms	5.0x faster	2-3x less

Decoding Performance (JSON → Elixir)
	File Size	RustyJson	Jason	Speed	Memory
	10.87 MB	61 ms	152 ms	2.5x faster	similar
	9.79 MB	55 ms	134 ms	2.4x faster	similar
	9.38 MB	50 ms	119 ms	2.4x faster	similar

BEAM Reductions (Scheduler Load)
	File Size	RustyJson	Jason	Reduction
	10.87 MB encode	404	11,570,847	28,641x fewer

This is the most dramatic difference - RustyJson offloads virtually all work to native code.
Synthetic Benchmarks: nativejson-benchmark
Using standard datasets from nativejson-benchmark:
	Dataset	Size	Description
	canada.json	2.1 MB	Geographic coordinates (number-heavy)
	citm_catalog.json	1.6 MB	Event catalog (mixed types)
	twitter.json	617 KB	Social media with CJK (unicode-heavy)

Decode Performance (JSON → Elixir)
	Input	RustyJson ips	Average
	canada.json (2.1 MB)	153	6.55 ms
	citm_catalog.json (1.6 MB)	323	3.09 ms
	twitter.json (617 KB)	430	2.33 ms
	large_list (50k items, 2.3 MB)	62	16.0 ms
	deep_nested (1.1 KB, 100 levels)	148K	6.75 µs
	wide_object (75 KB, 5k keys)	1,626	0.61 ms

Roundtrip Performance (Decode + Encode)
	Input	RustyJson	Jason	Speedup
	canada.json	14 ms	48 ms	3.4x faster
	citm_catalog.json	6 ms	14 ms	2.5x faster
	twitter.json	4 ms	9 ms	2.3x faster

BEAM Reductions by Dataset
	Dataset	RustyJson	Jason	Ratio
	canada.json	~3,500	~964,000	275x fewer
	citm_catalog.json	~300	~621,000	2,000x fewer
	twitter.json	~2,000	~511,000	260x fewer

Struct Encoding Benchmarks (v0.3.3+)
Encoding data that contains Elixir structs (e.g., @derive RustyJson.Encoder or custom defimpl) follows a different path than plain maps and lists. Structs require the RustyJson.Encoder protocol to convert them to JSON-serializable forms.
In v0.3.3, the struct encoding pipeline was rewritten from a three-pass approach (protocol dispatch → fragment resolution → NIF serialization) to a single-pass iodata pipeline with compile-time codegen for derived structs. This closed the last remaining performance gap, making RustyJson faster across all encoding workloads.
Struct Encoding Performance
	Workload	Speedup (v0.3.3 vs v0.3.2)
	Derived struct (5 fields)	~2x faster
	Derived struct (10 fields)	~2x faster
	Custom encoder (returning Encode.map)	~2.5x faster
	List of 1,000 derived structs	~2x faster
	Nested structs (3 levels deep)	~2x faster

Measured with protocol consolidation enabled (MIX_ENV=prod), which is the default for production builds.
How It Works
RustyJson's struct encoding produces iodata in a single pass:
	Derived encoders (@derive RustyJson.Encoder) generate compile-time iodata templates with pre-escaped keys — no runtime Map.from_struct, Map.to_list, or key escaping.
	Map/List impls detect struct-containing data and route through Encode.map/2 / Encode.list/2 to build iodata directly, wrapped in a Fragment.
	NIF bypass — When the top-level result is an iodata Fragment (no pretty-print or compression), IO.iodata_to_binary/1 is used directly, avoiding Erlang↔Rust term conversion entirely.

For plain data (no structs), encoding still uses the fast Rust NIF path unchanged.
Why Encoding Shows Bigger Gains
iolist Encoding Pattern (Pure Elixir)
encode(data)
  → allocate "{" binary
  → allocate "\"key\"" binary
  → allocate ":" binary
  → allocate "\"value\"" binary
  → allocate list cells to link them
  → return iolist (many BEAM allocations)
RustyJson's Encoding Pattern (NIF)
encode(data)
  → [Rust: walk terms, write to single buffer]
  → copy buffer to BEAM binary
  → return binary (one BEAM allocation)
Pure-Elixir encoders create many small BEAM allocations. RustyJson creates one.
Why Decoding Memory is Similar
Both libraries produce identical Elixir data structures when decoding. The resulting maps, lists, and strings take the same space regardless of which library created them.
Why Benchee Memory Measurements Don't Work for NIFs
Important: Benchee's memory_time option gives misleading results for NIF-based libraries.
What Benchee Reports (Incorrect)
| Library   | Memory    |
|-----------|-----------|
| RustyJson | 0.00169 MB |
| Jason     | 20.27 MB   |
This suggests 12,000x less memory - which is wrong.
Why This Happens
Benchee measures memory using :erlang.memory/0, which only tracks BEAM allocations:
	BEAM process heap
	BEAM binary space
	ETS tables

RustyJson allocates memory in Rust via mimalloc, completely invisible to BEAM tracking. The 0.00169 MB is just NIF call overhead.
How We Measure Instead
We use :erlang.memory(:total) delta in isolated spawned processes:
spawn(fn ->
  :erlang.garbage_collect()
  before = :erlang.memory(:total)
  results = for _ <- 1..10, do: RustyJson.encode!(data)
  after_mem = :erlang.memory(:total)
  # Report (after_mem - before) / 10
end)
This captures BEAM allocations during the operation. For total system memory (including NIF), we verified with RSS measurements that Rust adds only ~1-2 MB temporary overhead.
Actual Memory Comparison
For a 10 MB settlement report encode:
	Metric	RustyJson	Jason
	BEAM memory	6.7 MB	17.9 MB
	NIF overhead	~1-2 MB	N/A
	Total	~8 MB	~18 MB
	Ratio		2-3x less

Running Benchmarks
# 1. Download synthetic test data
mkdir -p bench/data && cd bench/data
curl -LO https://raw.githubusercontent.com/miloyip/nativejson-benchmark/master/data/canada.json
curl -LO https://raw.githubusercontent.com/miloyip/nativejson-benchmark/master/data/citm_catalog.json
curl -LO https://raw.githubusercontent.com/miloyip/nativejson-benchmark/master/data/twitter.json
cd ../..

# 2. Run memory benchmarks (no extra deps needed)
mix run bench/memory_bench.exs

# 3. (Optional) Run speed benchmarks with Benchee
# Add to mix.exs: {:benchee, "~> 1.0", only: :dev}
mix deps.get
mix run bench/stress_bench.exs

Key Interning Benchmarks
The keys: :intern option provides significant speedups when decoding arrays of objects with repeated keys (common in API responses, database results, etc.).
When Key Interning Helps: Homogeneous Arrays
Arrays where every object has the same keys:
[{"id": 1, "name": "Alice"}, {"id": 2, "name": "Bob"}, ...]
	Scenario	Default	keys: :intern	Improvement
	100 objects × 5 keys	34.2 µs	23.6 µs	31% faster
	100 objects × 10 keys	67.5 µs	44.8 µs	34% faster
	1,000 objects × 5 keys	335 µs	237 µs	29% faster
	1,000 objects × 10 keys	688 µs	463 µs	33% faster
	10,000 objects × 5 keys	3.46 ms	2.45 ms	29% faster
	10,000 objects × 10 keys	6.92 ms	4.88 ms	29% faster

When Key Interning Hurts: Unique Keys
Single objects or heterogeneous arrays where keys aren't repeated:
	Scenario	Default	keys: :intern	Penalty
	Single object, 100 keys	5.1 µs	13.6 µs	2.6x slower
	Single object, 1,000 keys	52 µs	169 µs	3.2x slower
	Single object, 5,000 keys	260 µs	831 µs	3.2x slower
	Heterogeneous 100 objects	35 µs	96 µs	2.7x slower
	Heterogeneous 500 objects	186 µs	475 µs	2.5x slower

Scaling: Benefit Increases with Object Count
With 5 keys per object, the benefit grows as more objects reuse the cached keys:
	Objects	Default	keys: :intern	Improvement
	10	3.5 µs	3.0 µs	13% faster
	50	17.1 µs	12.5 µs	27% faster
	100	33.8 µs	23.8 µs	30% faster
	500	170 µs	119 µs	30% faster
	1,000	339 µs	242 µs	29% faster
	5,000	1.81 ms	1.24 ms	31% faster
	10,000	3.47 ms	2.49 ms	28% faster

Usage Recommendation
# API responses, database results, bulk data
RustyJson.decode!(json, keys: :intern)

# Config files, single objects, unknown schemas
RustyJson.decode!(json)  # default, no interning
Rule of thumb: Use keys: :intern when you know you're decoding arrays of 10+ objects with the same schema.
Note: Keys containing escape sequences (e.g., "field\nname") are not interned because the raw JSON bytes differ from the decoded string. This is rare in practice and has negligible performance impact.
Summary
	Operation	Speed	Memory	Reductions
	Encode plain data (large)	5-6x	2-3x less	28,000x fewer
	Encode plain data (medium)	2-3x	2-3x less	200-2000x fewer
	Encode structs (v0.3.3+)	~2x improvement over v0.3.2	similar	—
	Decode (large)	2-4.5x	similar	—
	Decode (deep nested, v0.3.3+)	~27% improvement over v0.3.2	similar	—
	Decode (keys: :intern)	+30%*	similar	—

*For arrays of objects with repeated keys (API responses, DB results, etc.)
Bottom line: As of v0.3.3, RustyJson is fast across all encoding and decoding workloads, including deeply nested and small payloads. Plain data encoding shows the largest gains (5-6x, 2-3x less memory, dramatically fewer BEAM reductions). Struct encoding was rewritten in v0.3.3 with a single-pass iodata pipeline. Deep-nested decode was optimized in v0.3.3 with a single-entry fast path that avoids heap allocation for single-element objects and arrays. For decoding bulk data, enable keys: :intern for an additional 30% speedup.


  

    beam.smp SIGSEGV in enif_make_map_from_arrays — root cause found

Investigator: independent native-runtime review, 2026-08-25.
Worktree: rustyjson-beam-crash-opus (based on origin/main, RustyJson 0.4.0).
Root cause: two NIFs in one BEAM each statically link mimalloc. On macOS
each copy keeps its arenas and page map private to its own .so but stores the
per-thread default heap in the same fixed TLS slot. One copy's mi_realloc
can therefore be handed a block the other copy allocated, miss its page-map
lookup, report usable_size == 0, and copy zero bytes — silently returning
fresh memory and freeing the original. In parse_object that destroys keys[0]
and keys[1], which reach enif_make_map_from_arrays as THE_NON_VALUE and
kill the VM inside erts_cmp.
Reproduced on demand, 100% of runs, in seconds. Fixed and regression-tested.

1. Provenance
FACT. Everything below was disassembled from the binaries that actually
crashed:
	Image	Crash report identity	Local file	Match
	beam.smp	UUID CFE3E207-…FFC3F	/opt/homebrew/lib/erlang/erts-17.0.5/bin/beam.smp	UUID identical
	librustyjson…2.17…so	UUID A29ACC85-…7CDB4	_build/dev/lib/rustyjson/priv/native/…	UUID + SHA-256 441c13d0…7149b identical

The production artifact was never rebuilt or replaced; it remains the control.
Embedded compiler metadata, recovered from the artifact:
	Property	Value	Source
	Build host	GitHub macOS runner (/Users/runner/…)	embedded cargo registry paths
	rustc commit	67854e511de21d881bb16426996cd4259d44aa2e	embedded /rustc/<hash>/ std paths
	Toolchain channel	nightly	.github/workflows/release.yml:61 dtolnay/rust-toolchain@nightly
	SDK / min OS	14.5 / 11.0	LC_BUILD_VERSION
	LTO	fat (lto = true)	native/rustyjson/.cargo/config.toml
	Declared NIF ABI	2.17	movk x9, #0x11, lsl #32 in nif_init

No installed toolchain matches that commit, so exact codegen reproduction was
not possible; it was not needed — the fault reproduces across three different
ABIs and two different rustc versions (see §5).

2. The failure, verified instruction by instruction
rustyjson  .so+0x1e244   bl   map_from_term_arrays      ; parse_object, multi-entry path
rustler    .so+0x5102c   blr  x8                        ; -> enif_make_map_from_arrays
beam.smp   0x1001a4e9c   bl   erts_factory_proc_prealloc_init(&f, proc, 2*3+4 = 10 words)
beam.smp   0x1001a4eb0   bl   erts_map_from_ks_and_vs(&f, keys, values, 3)
             0x1001ee638   memcpy(hp, keys, 24)         ; copies the Rust Vec verbatim
beam.smp   0x1001ee6d8   bl   erts_validate_and_sort_flatmap(mp)
             0x1001ee748   ldp  x1, x0, [x26]           ; x1 = ks[0], x0 = ks[1]
             0x1001ee760   bl   erts_cmp                ; insertion sort, ix = 1
beam.smp   0x10012fd5c   ldur x8, [x0, #-0x2]           ; <<<< FAULT, x0 = 0
Register-derived facts (identical in all three reports; only heap addresses
differ): mp->size = 3, ix = 1, x0 = x1 = 0. That is the first comparison
of the insertion sort, so keys[0] and keys[1] were both THE_NON_VALUE.
Nothing is knowable about keys[2] — had it been the bad one, ix would be 2.
Two traps worth recording: beam.smp contains four distinct static
_erts_cmp symbols (the crash used 0x10012fc70, not the first one nm
reports), and parse_value tail-calls parse_object, which is why no
parse_value frame appears and why the crashing map is the root object.
Why the fault address is 0xfffffffffffffffe
boxed_val(t) = t - TAG_PRIMARY_BOXED = t - 2. erts_cmp screens operands with
tbnz w0, #0 — bit 0 only — so a word with primary tag 0b00 reaches the
load. With a = 0, the address is 0 - 2 = 0xFFFFFFFFFFFFFFFE, matching far
and esr = 0x92000004 (level-0 translation fault, read). THE_NON_VALUE == 0
is confirmed: enif_make_badarg and enif_raise_exception both compile to
mov x0, #0x0 ; ret.
The same bit-0-only pattern appears in enif_is_binary and enif_is_number,
so those are not usable as guards — verified by deliberately crashing a VM.
enif_is_atom is tag-only and safe.
enif_make_map_from_arrays validates nothing: it passes the caller's pointers
straight through, and erts_map_from_ks_and_vs memcpys and sorts them.

3. Who zeroed the terms
The reallocation
parse_object sizes its key vector with
estimate_container_capacity(b'}', 30, 256) + 1. With no structural index
(inputs < 256 bytes) that is (remaining / 30).clamp(1, 256) + 1. Measured,
not assumed:
MCP-shaped 3-key (37 B) : cap_before=2 -> 3rd push realloc=true  (0x…630080 -> 0x…670000)
tiny 3-key       (19 B) : cap_before=2 -> 3rd push realloc=true
3-key            (296 B): cap_before=3 -> no realloc
So a 3-key root object under 256 bytes reallocates 48 → 96 bytes on the third
push. RawVec::grow_one (new_cap = max(2*cap, 4)) and finish_grow are both
correct; finish_grow branches on cbz x1 (old_cap == 0) and otherwise
calls mi_realloc_aligned, which must preserve the 48 bytes holding keys[0]
and keys[1].
The zero-byte copy
Inside mimalloc's _mi_theap_realloc_zero:
37e4c: ldr  x8, [x8, x9]        ; page-map level-1 entry
37e50: cbz  x8, ->0x37f9c       ; MISS
37e58: ldr  x26, [x8, x9, lsl #3]
37e5c: cbz  x26, ->0x37fa0      ; MISS
...
37fa0: mov  x22, #0x0           ; <<<< usable_size = 0
...
37f3c: cmp  x22, x20
37f40: csel x2, x22, x20, lo    ; copysize = min(usable_size, newsize)
37f4c: bl   memcpy              ; min(0, 96) = 0 bytes
37f54: bl   _mi_free            ; old block freed anyway
A page-map miss yields usable_size = 0, so the copy moves nothing and the
caller gets a fresh, uninitialised block — zeros on a fresh page. keys[2] is
written afterwards, directly into the new buffer.
Why the lookup misses
librustycsv-v0.4.4 also statically links mimalloc. My first pass wrongly
cleared it: nm -a | grep mi_ returned 0 because its mimalloc symbols are
stripped. The code is unambiguously present:
	NIF	mimalloc strings	page map	fixed TLS slot 0x360 uses
	librustyjson	yes	yes	52
	librustycsv	yes	yes	52
	libencoding_rs_nif	no	no	0
	beam.smp	n/a	n/a	0

Both read the per-thread heap from TPIDRRO_EL0 + 0x360 (slot 108) while each
consults its own private page map (adrp 0xd2000; ldr [x8, #0xcc0]). A block
allocated while that slot held the other instance's heap is invisible to this
instance's page map — exactly the miss above.
Corroboration from the original crash: registers x14 = 0x3c875c004c8 and
x17 = 0x3c875c003c0, which I initially dismissed as non-addresses, are
mimalloc arena pointers in the same high range as the reproduction's
0x33742f60000.

4. Reproduction
The instrument was a temporary term_guard cargo feature (off by default) with
three checkpoints: check_produced at key creation, check_after_push after
every push, and check_arrays immediately before the ERTS call. The post-push
checkpoint is the instruction-locating one, because push is the only step that
relocates terms.
It was removed once the root cause was proven — it is diagnostic scaffolding,
not part of the fix, and it added call sites to the hottest parse loop. It
remains in git history at commit cbf9e21 if it is ever needed again.
Driver: /tmp/dual_alloc_repro.exs — interleave RustyCSV.RFC4180.parse_string
and RustyJson.decode! of a small 3-key root object across all schedulers.
[rustyjson term_guard] after_push: keys: len=3 cap_before=2 bad_index=0
  ptr=0x33742f60000 prev_ptr=0x33742e50060 reallocated=true
  words=[0000000000000000, 0000000000000000, 000000010f0b0c8a]
keys[0] = keys[1] = 0, keys[2] a valid boxed term (…8a & 0b11 = 0b10),
len = 3, realloc from capacity 2 — bit-for-bit the production crash.

5. Controls: ABI version is not the cause
Every ABI label below was read from the built artifact (following
nif_init's constant reference), not from cargo's per-feature build dirs, which
report stale values. Each cell is a fresh build plus 200k interleaved ops.
	NIF ABI	Allocator	Result
	2.15 (rustler default)	mimalloc	corrupted (4 incidental runs)
	2.17 (production's)	mimalloc	corrupted
	2.17	system	survived 200k
	2.18 (runtime-native)	mimalloc	corrupted
	2.18	system	survived 200k
	2.17	mimalloc + local_dynamic_tls	corrupted
	—	RustyJson alone, no RustyCSV	survived 200k

The allocator is the sole discriminant. Three different declared ABIs all
corrupt with mimalloc and all survive without it, so the 2.17-artifact-on-a-2.18-VM
theory is refuted rather than merely unsupported. A 2.18 rebuild passes only when
the allocator is also changed — the allocator-matched counterfactual (2.18 +
mimalloc) still corrupts, so rebuilding for 2.18 is not a fix.
local_dynamic_tls is also refuted: the fixed-slot accesses remain (74) because
mimalloc's macOS __builtin_thread_pointer() fast path is independent of the
__thread TLS model.
Can rustler_precompiled ship 2.18?
No. deps/rustler_precompiled/lib/rustler_precompiled/config.ex:33 sets
@available_nif_versions ~w(2.14 2.15 2.16 2.17), and nif_versions is passed
through validate_list!/3. Requesting "2.18" raises at compile time. Rustler
0.38 itself does have nif_version_2_18, so a 2.18 artifact is buildable —
but only locally under FORCE_RUSTYJSON_BUILD=1, never downloaded or published.
This is an independent packaging limitation, unrelated to the crash.

6. Fix and regression coverage
native/rustyjson/Cargo.toml: default = ["mimalloc"] → default = [].
RustyJson no longer bundles an allocator; mimalloc remains opt-in with the
hazard documented inline. Proven green by cells B and D.
Removing mimalloc from either side fixes this pair — with only one instance,
the TLS slot is uncontested. RustyJson is the repo under change here, so it is
the side that gives way. RustyCSV 0.4.4 should get the same treatment, since
any other mimalloc-bundling NIF would re-create the hazard with it.
test/allocator_isolation_test.exs fails the build if the artifact ever links
a bundled allocator again. Verified in both directions: passes on the default
build, fails when one is enabled. This matters because the failure mode is
silent VM-wide heap corruption that no functional test can detect.
The allocator remains available for VMs where RustyJson is the only NIF
bundling one — it is worth ~20% on decode. See
ALLOCATOR_SAFETY.md for the measurements, the audit
procedure, and the opt-in:
RUSTYJSON_ALLOCATOR=mimalloc FORCE_RUSTYJSON_BUILD=1 mix compile

Verification: 471 Elixir tests pass, cargo clippy clean under the pinned
nightly-2026-07-27 toolchain, guard never fired on the JSONTestSuite corpus
while it was installed.

7. The SBR JSONProbe
Sound for what it covers — capture before, fsync, delete in after, unique
:exclusive filename — but two coverage gaps: eight modules call
RustyJson.decode directly and bypass it, and Tidewave decodes with Jason
everywhere (plug Tidewave precedes Plug.Parsers), so MCP traffic never
reaches it. Plug-level bodies are covered because dev sets
plug_init_mode: :runtime.
It also distorts timing materially: fsync per decode deschedules the caller
onto dirty IO, and term_to_binary of the payload can trigger a GC immediately
before the decode. Given the root cause is now known, the probe can be removed
along with its config block.

8. Handoff
Confidence: root cause proven. Mechanism verified by disassembly, reproduced
on demand with a bit-for-bit register match, and confirmed by a 2×2 allocator ×
ABI control matrix plus a negative control (RustyJson alone).
What is proven about who zeroed the terms: mimalloc's _mi_theap_realloc_zero,
executing a memcpy of length min(usable_size, newsize) where usable_size
was 0 because the block was invisible to that instance's page map. The
triggering condition is two mimalloc copies sharing macOS TLS slot 108.
What remains unknown (and does not affect the fix): the exact scheduling that
flips slot ownership per thread; the crashing payload's bytes (predicted <256 B,
3-key root object — an MCP-shaped JSON-RPC request fits exactly); and whether
values[] was equally corrupted (unobservable — erts_cmp only compares keys,
but the values vector reallocates identically, so it almost certainly was).
Files changed
	Path	Change
	native/rustyjson/Cargo.toml	default = [] — the fix, with rationale
	test/allocator_isolation_test.exs	new regression guard
	docs/ALLOCATOR_SAFETY.md	new user-facing hazard + audit procedure
	lib/rustyjson.ex	RUSTYJSON_ALLOCATOR opt-in
	.github/workflows/*.yml, rust-toolchain.toml	pinned nightly-2026-07-27

The parser itself is unchanged: native/rustyjson/src/ is byte-identical to
main. The diagnostic instrumentation that found the bug lives in history at
cbf9e21.
Next commands for the SBR agent
# 1. Rebuild RustyJson from this branch without the bundled allocator.
cd /path/to/sold-by-robots
FORCE_RUSTYJSON_BUILD=1 mix deps.compile rustyjson --force

# 2. Confirm the artifact no longer links mimalloc (expect 0).
strings -a _build/dev/lib/rustyjson/priv/native/*.so | grep -c "^mimalloc: error: $"

# 3. Same check for rusty_csv (expect 1 today -- it should also drop mimalloc).
strings -a _build/dev/lib/rusty_csv/priv/native/*.so | grep -c "^mimalloc: error: $"

# 4. Run the dev server normally.

# 5. Remove the probe: delete lib/cinderbase/json_probe.ex and the
#    config/config.exs block that sets :phoenix, :json_library to it.

Reproduction harness kept in the session scratchpad (zprobe.c, threads.py,
abi_of_so.py, matrix.sh, my-control-crashes/). The two .ips files my own
control runs produced were moved out of ~/Library/Logs/DiagnosticReports/, so
the three original crash reports remain the only beam.smp entries there.
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A high-performance JSON library for Elixir powered by Rust NIFs.
RustyJson has a Jason-compatible API and the following characteristics:
	3-6x faster encoding for medium/large payloads
	10-20x lower memory usage during encoding
	Full JSON spec compliance (RFC 8259)
	Native type support for DateTime, Decimal, URI, and more

Quick Start
# Encoding
iex> RustyJson.encode!(%{name: "Alice", age: 30})
~s({"age":30,"name":"Alice"})

# Decoding
iex> RustyJson.decode!(~s({"name":"Alice","age":30}))
%{"age" => 30, "name" => "Alice"}

# Pretty printing
iex> RustyJson.encode!(%{items: [1, 2, 3]}, pretty: true)
"""
{
  "items": [
    1,
    2,
    3
  ]
}
"""
Phoenix Integration
Configure Phoenix to use RustyJson as the JSON library:
# config/config.exs
config :phoenix, :json_library, RustyJson
Why RustyJson?
Traditional JSON libraries in Elixir create many intermediate binary allocations
during encoding, which pressures the garbage collector. RustyJson eliminates this
by walking the Erlang term tree directly in Rust and writing to a single buffer.
For a detailed comparison, see the README.
Module Overview
	Module	Description
	RustyJson	Main encoding/decoding API
	RustyJson.Encoder	Protocol for custom type encoding
	RustyJson.Encode	Low-level encoding functions
	RustyJson.Fragment	Pre-encoded JSON injection
	RustyJson.Formatter	JSON pretty-printing utilities
	RustyJson.Helpers	Compile-time JSON macros (json_map, json_map_take)
	RustyJson.Sigil	~j/~J sigils for JSON literals
	RustyJson.OrderedObject	Order-preserving JSON object (for objects: :ordered_objects)
	RustyJson.Decoder	JSON decoding module (Jason.Decoder compatible)
	RustyJson.DecodeError	Decoding error exception
	RustyJson.EncodeError	Encoding error exception

Built-in Type Support
RustyJson natively handles these Elixir types without protocol overhead:
	Elixir Type	JSON Output	Example
	map	object	%{a: 1} → {"a":1}
	list	array	[1, 2] → [1,2]
	tuple	array	{1, 2} → [1,2]
	binary	string	"hello" → "hello"
	integer	number	42 → 42
	float	number	3.14 → 3.14
	true/false	boolean	true → true
	nil	null	nil → null
	atom	string	:hello → "hello"
	DateTime	ISO8601 string	~U[2024-01-15 14:30:00Z] → "2024-01-15T14:30:00Z"
	NaiveDateTime	ISO8601 string	~N[2024-01-15 14:30:00] → "2024-01-15T14:30:00"
	Date	ISO8601 string	~D[2024-01-15] → "2024-01-15"
	Time	ISO8601 string	~T[14:30:00] → "14:30:00"
	Decimal	string	Decimal.new("123.45") → "123.45" (exponents beyond ±1024 fall back to map encoding)
	URI	string	URI.parse("https://example.com") → "https://example.com"
	structs	object	%User{name: "Alice"} → {"name":"Alice"} (requires @derive RustyJson.Encoder or explicit defimpl)

Note: MapSet and Range are not natively encoded. They require an explicit
RustyJson.Encoder implementation or protocol: false to encode via the Rust NIF directly.
This matches Jason's behavior.

Escape Modes
RustyJson supports multiple escape modes for different security contexts:
	Mode	Description	Use Case
	:json	Standard JSON escaping (default)	General use
	:html_safe	Escapes <, >, & as \uXXXX and / as \/	HTML embedding
	:javascript_safe	Escapes line/paragraph separators	JavaScript strings
	:unicode_safe	Escapes all non-ASCII as \uXXXX	ASCII-only output

Performance Tips
	Bypass the protocol: The protocol is enabled by default for Jason
compatibility. If you have no custom RustyJson.Encoder implementations,
use protocol: false to bypass protocol dispatch for maximum speed.

	Use lean mode: If you don't have DateTime/Decimal types, use lean: true
to skip struct type detection in Rust.

	Use compression: For large payloads over the network, compress: :gzip
reduces output size 5-10x.

	Use existing atoms only: keys: :atoms! converts keys with
String.to_existing_atom/1 and raises if an atom does not exist. Use
keys: :strings (default) for arbitrary input.

	Use key interning for bulk data: When decoding arrays of objects with
the same schema (API responses, database results, webhooks), use keys: :intern
for ~30% faster parsing:
RustyJson.decode!(json, keys: :intern)
The intern cache is capped at 4096 unique keys. Beyond that, new keys are
allocated normally — this bounds worst-case CPU time and stops paying cache
overhead when keys aren't being reused.
Caution: Don't use for single objects or varied schemas—cache overhead
makes it 2-3x slower when keys aren't reused.


Error Handling
RustyJson provides clear, actionable error messages. encode/1 and decode/1
consistently return {:error, exception} tuples for invalid data.
# Error messages describe the problem
{:error, error} = RustyJson.decode(~s({"key": "value\\'s"}))
error.message
# => "Invalid escape sequence: \\' at position 8"

# Unencodable values return error tuples
{:error, error} = RustyJson.encode(%{{:tuple, :key} => 1})
error.message
# => "Map key must be atom, string, or integer"

# Strict UTF-16 surrogate validation per RFC 7493
{:error, error} = RustyJson.decode(~s("\\uD800"))
error.message
# => "Lone surrogate in string at position 0"
This makes error handling predictable—pattern match on results without needing
try/rescue blocks.
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        Decodes a JSON string to an Elixir term.



    


    
      
        decode!(input, opts \\ [])

      


        Decodes a JSON string to an Elixir term, raising on error.
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        Encodes an Elixir term to a JSON string.



    


    
      
        encode!(input, opts \\ [])

      


        Encodes an Elixir term to a JSON string, raising on error.



    


    
      
        encode_to_iodata(input, opts \\ [])

      


        Encodes a term to iodata (for Phoenix compatibility).



    


    
      
        encode_to_iodata!(input, opts \\ [])

      


        Encodes a term to iodata, raising on error (for Phoenix compatibility).
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      compression_algorithm()



        
          
        

    

  


  

      

          @type compression_algorithm() :: :gzip | :none


      


Supported compression algorithms for encoding.
	:gzip - Standard gzip compression
	:none - No compression (default)


  



  
    
      
    
    
      compression_level()



        
          
        

    

  


  

      

          @type compression_level() :: 0..9


      


Compression level from 0 (fastest, least compression) to 9 (slowest, best compression).

  



  
    
      
    
    
      compression_option()



        
          
        

    

  


  

      

          @type compression_option() :: :gzip | {:gzip, compression_level()} | :none


      


Compression options tuple.
Can be specified as:
	:gzip - Use default compression level
	{:gzip, level} - Use specific compression level (0-9)
	:none - No compression
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          @type compression_options() :: {compression_algorithm(), compression_level() | nil}


      


Internal compression options format passed to NIF.

  



  
    
      
    
    
      decode_opt()



        
          
        

    

  


  

      

          @type decode_opt() ::
  {:keys, keys()}
  | {:strings, :copy | :reference}
  | {:objects, :maps | :ordered_objects}
  | {:floats, :native | :decimals}
  | {:decoding_integer_digit_limit, non_neg_integer()}
  | {:max_bytes, non_neg_integer()}
  | {:duplicate_keys, :last | :error}
  | {:validate_strings, boolean()}
  | {:dirty_threshold, non_neg_integer()}


      


Options for decode/2 and decode!/2.
	:keys - How to handle object keys (see keys/0). Default: :strings
	:strings - How to handle decoded strings. :copy or :reference. Both produce copies (RustyJson always copies). Default: :reference
	:objects - How to decode JSON objects. :maps (default) or :ordered_objects
	:floats - How to decode JSON floats. :native (default) or :decimals
	:decoding_integer_digit_limit - Maximum digits in integer part. 0 disables.
Default: 1024. Pass this option per call to override it.
	:max_bytes - Maximum input size in bytes. 0 means unlimited (default).
The check is performed using IO.iodata_length/1 before converting to binary,
avoiding the memory spike from allocating the full binary.
	:duplicate_keys - How to handle duplicate object keys. :last (default) uses
last-wins semantics. :error rejects objects with duplicate keys.
Performance note: :error adds per-key overhead from HashSet tracking.
Use only when strict validation is needed.
	:validate_strings - Whether to validate that decoded strings contain valid UTF-8.
Default: true. When true, rejects strings with invalid UTF-8 byte sequences.
Set to false to skip validation for maximum throughput on trusted input.
	:dirty_threshold - Byte size threshold for auto-dispatching to dirty CPU scheduler.
When input size >= this threshold, decode runs on a dirty scheduler to avoid blocking
normal BEAM schedulers. Default: 102400 (100KB). Set to 0 to disable.
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          @type encode_opt() ::
  {:pretty, boolean() | pos_integer() | keyword()}
  | {:escape, escape_mode()}
  | {:compress, compression_option()}
  | {:protocol, boolean()}
  | {:lean, boolean()}
  | {:maps, :naive | :strict}
  | {:sort_keys, boolean()}
  | {:scheduler, :auto | :normal | :dirty}


      


Options for encode/2 and encode!/2.
	:pretty - Pretty print with indentation. true for 2 spaces, an integer for custom
spacing, a string/iodata for custom indent (e.g. "\t" for tabs), or a keyword list
with :indent, :line_separator, and :after_colon keys.
	:escape - Escape mode (see escape_mode/0). Default: :json
	:compress - Compression (see compression_option/0). Default: :none
	:protocol - Use RustyJson.Encoder protocol. Default: true
	:lean - Skip special struct handling. Default: false
	:maps - Key uniqueness mode. :naive (default) allows duplicate serialized keys,
:strict raises on duplicate keys (e.g. atom :a and string "a" in the same map).
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          @type escape_mode() :: :json | :html_safe | :javascript_safe | :unicode_safe


      


Escape mode for JSON string encoding.
	:json - Standard JSON escaping (default)
	:html_safe - Also escape <, >, &, / for safe HTML embedding
	:javascript_safe - Also escape line/paragraph separators (U+2028, U+2029)
	:unicode_safe - Escape all non-ASCII characters as \uXXXX
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          @type keys() :: :strings | :atoms! | :copy | :intern | (String.t() -> term())


      


Options for decoding JSON object keys.
	:strings - Keep keys as strings (default; does not create atoms)
	:atoms! - Convert to existing atoms using String.to_existing_atom/1 (raises if missing; does not create atoms)
	:copy - Copy key binaries (same as :strings in RustyJson since NIFs always copy)
	:intern - Cache repeated keys during parsing (~30% faster for arrays of objects).
The cache is capped at 4096 unique keys — beyond this, new keys are allocated normally.
This bounds worst-case CPU time and avoids cache overhead for pathological inputs
with many distinct keys. The cap is internal and not user-configurable.
	A function of arity 1 - Applied to each key string recursively
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          @spec decode(iodata(), [decode_opt()]) ::
  {:ok, term()} | {:error, RustyJson.DecodeError.t()}


      


Decodes a JSON string to an Elixir term.
Returns {:ok, term} on success or {:error, reason} on failure.
Options
	:keys - How to decode object keys. One of:
	:strings - Keep as strings (default; does not create atoms)
	:atoms! - Convert to existing atoms only (raises if atom missing; does not create atoms)
	:copy - Copy key binaries (equivalent to :strings in RustyJson)
	:intern - Cache repeated keys during parsing. ~30% faster for arrays of
objects with the same schema (REST APIs, GraphQL, database results, webhooks).
The cache is capped at 4096 unique keys; beyond that, new keys are allocated
normally (no worse than default). This bounds worst-case CPU time and stops
paying cache overhead when keys aren't being reused.
Caution: 2-3x slower for single objects or varied schemas—only use for
homogeneous arrays of 10+ objects.
	A function of arity 1 - Applied recursively to each key string.
Example: keys: &String.upcase/1


	:strings - How to handle decoded strings. :reference (default) or :copy.
Both produce copies in RustyJson (Rust NIFs always copy into BEAM binaries),
so this option exists for Jason API compatibility.

	:objects - How to decode JSON objects. :maps (default) or :ordered_objects.
When :ordered_objects, returns %RustyJson.OrderedObject{} structs that
preserve key insertion order.

	:floats - How to decode JSON floats. :native (default) returns Elixir floats,
:decimals returns %Decimal{} structs for exact decimal representation.

	:decoding_integer_digit_limit - Maximum number of digits allowed in the integer
part of a JSON number. Integers exceeding this limit cause a decode error.
Default: 1024. Pass this option per call to override it, or set it to
0 to disable the limit.


Examples
iex> RustyJson.decode(~s({"name":"Alice","age":30}))
{:ok, %{"age" => 30, "name" => "Alice"}}

iex> RustyJson.decode(~s([1, 2, 3]))
{:ok, [1, 2, 3]}

iex> {:error, error} = RustyJson.decode("invalid")
iex> error.message
"Unexpected character at position 0"
Security Considerations
Use keys: :strings (default) for arbitrary or untrusted input. Use
keys: :atoms! only when every key atom already exists.
See Why RustyJson keeps decoded keys as strings for the
reasoning, practical limits, and migration examples.
Unknown options and invalid option values raise ArgumentError from both
decode/2 and decode!/2.
See decode!/2 for a version that raises on error.
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          @spec decode!(iodata(), [decode_opt()]) :: term()


      


Decodes a JSON string to an Elixir term, raising on error.
Same as decode/2 but raises RustyJson.DecodeError on failure.
The raised exception includes :data, :position, and :token fields
for detailed error diagnostics.
Options
See decode/2 for available options.
Examples
iex> RustyJson.decode!(~s({"x": [1, 2, 3]}))
%{"x" => [1, 2, 3]}

iex> RustyJson.decode!(~s({"x": 1}), keys: :atoms!)
%{x: 1}

iex> RustyJson.decode!(~s({"x": 1}), keys: &String.upcase/1)
%{"X" => 1}

iex> RustyJson.decode!("null")
nil

iex> RustyJson.decode!("true")
true

iex> RustyJson.decode!(~s({"price":19.99}), floats: :decimals)
%{"price" => Decimal.new("19.99")}
JSON Types to Elixir
	JSON	Elixir
	object	map (or RustyJson.OrderedObject with objects: :ordered_objects)
	array	list
	string	binary
	number (int)	integer
	number (float)	float (or Decimal with floats: :decimals)
	true	true
	false	false
	null	nil

Error Cases
iex> RustyJson.decode!("invalid")
** (RustyJson.DecodeError) Unexpected character at position 0

iex> RustyJson.decode!("{trailing: comma,}")
** (RustyJson.DecodeError) Expected string key at position 1
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          @spec encode(term(), [encode_opt()]) ::
  {:ok, String.t()} | {:error, RustyJson.EncodeError.t() | Exception.t()}


      


Encodes an Elixir term to a JSON string.
Returns {:ok, json} on success or {:error, reason} on failure.
Options
	:pretty - Pretty print with indentation. true uses 2 spaces, or pass an
integer for custom spacing. Default: false

	:escape - Escape mode for special characters. One of :json (default),
:html_safe, :javascript_safe, or :unicode_safe. See escape_mode/0.

	:compress - Compression algorithm. :gzip or {:gzip, 0..9} for specific
level. Default: :none

	:protocol - Enable RustyJson.Encoder protocol for custom types. Default: true

	:lean - Skip struct type detection (DateTime, Decimal, etc. encoded as raw
maps). Default: false

	:maps - Key uniqueness mode. :naive (default) allows duplicate serialized
keys, :strict errors on duplicate keys (e.g. atom :a and string "a").

	:sort_keys - Sort map keys lexicographically in output. Default: false.
JSON objects are unordered per RFC 8259. Enable for deterministic output
(useful for snapshot tests, caching, or diffing). Note: Jason always sorts
keys; RustyJson does not by default for performance.


Examples
iex> RustyJson.encode(%{name: "Alice", scores: [95, 87, 92]})
{:ok, ~s({"name":"Alice","scores":[95,87,92]})}

iex> RustyJson.encode(%{valid: true}, pretty: true)
{:ok, "{\n  \"valid\": true\n}"}

iex> {:error, error} = RustyJson.encode("invalid UTF-8: " <> <<0xFF>>)
iex> error.message
"Failed to decode binary as UTF-8"
Error Handling
Common error cases:
	Invalid UTF-8 binary
	Non-finite float (NaN, Infinity)
	Circular references (will cause stack overflow)

Unknown options and invalid option values raise ArgumentError from both
encode/2 and encode!/2.
See encode!/2 for a version that raises on error.
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          @spec encode!(term(), [encode_opt()]) :: String.t()


      


Encodes an Elixir term to a JSON string, raising on error.
Same as encode/2 but raises RustyJson.EncodeError on failure.
Options
See encode/2 for available options.
Examples
iex> RustyJson.encode!(%{hello: "world"})
~s({"hello":"world"})

iex> RustyJson.encode!([1, 2, 3], pretty: 4)
"""
[
    1,
    2,
    3
]
"""

iex> RustyJson.encode!(~D[2024-01-15])
~s("2024-01-15")

iex> RustyJson.encode!(%{html: "<script>"}, escape: :html_safe)
~s({"html":"\u003cscript\u003e"})
Custom Encoding
For custom types, implement RustyJson.Encoder. The protocol is used by
default (protocol: true). Implementations should return iodata via
RustyJson.Encode functions for best performance:
defmodule Money do
  defstruct [:amount, :currency]
end

defimpl RustyJson.Encoder, for: Money do
  def encode(%Money{amount: amount, currency: currency}, opts) do
    RustyJson.Encode.map(%{amount: Decimal.to_string(amount), currency: currency}, opts)
  end
end

iex> money = %Money{amount: Decimal.new("99.99"), currency: "USD"}
iex> RustyJson.encode!(money)
~s({"amount":"99.99","currency":"USD"})
For backwards compatibility, returning a plain map is also supported
and will be re-encoded automatically (with a small overhead).
Compression
iex> json = RustyJson.encode!(%{data: String.duplicate("x", 1000)}, compress: :gzip)
iex> :zlib.gunzip(json)
~s({"data":"xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx"})
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          @spec encode_to_iodata(term(), [encode_opt()]) ::
  {:ok, iodata()} | {:error, RustyJson.EncodeError.t() | Exception.t()}


      


Encodes a term to iodata (for Phoenix compatibility).
This function exists to implement the Phoenix JSON library interface.
Returns {:ok, binary} on success or {:error, reason} on failure.
A Note on iodata
RustyJson returns a single binary, not an iolist. This is intentional
and provides excellent performance for payloads up to ~100MB.
The memory efficiency comes from the encoding process (no intermediate
allocations), not from chunked output. A 10MB payload uses ~15MB peak memory.
For truly massive payloads (100MB+), consider:
	Streaming the data structure itself (encode in chunks)
	Using compression (compress: :gzip reduces output 5-10x)
	Pagination or chunked API design

Examples
iex> RustyJson.encode_to_iodata(%{status: "ok"})
{:ok, ~s({"status":"ok"})}
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          @spec encode_to_iodata!(term(), [encode_opt()]) :: iodata()


      


Encodes a term to iodata, raising on error (for Phoenix compatibility).
This function exists to implement the Phoenix JSON library interface.
Raises RustyJson.EncodeError on failure.
See encode_to_iodata/2 for notes on iodata behavior.
Examples
iex> RustyJson.encode_to_iodata!(%{status: "ok"})
~s({"status":"ok"})

  


        

      


  

    
RustyJson.Encode 
    



      
Low-level encoding functions, compatible with Jason's Encode module.
These functions encode individual Elixir terms to JSON iodata.
They are designed for use inside custom RustyJson.Encoder protocol
implementations, providing the same API as Jason's Encode module.
Opts
Functions that accept opts use a type matching Jason's Encode.opts().
The opts value is passed to RustyJson.Encoder.encode/2 implementations and
should be forwarded to Encode functions as-is — do not pattern match on the
internal structure.
Examples
defimpl RustyJson.Encoder, for: Money do
  def encode(%{amount: a, currency: c}, opts) do
    RustyJson.Encode.map(%{amount: a, currency: to_string(c)}, opts)
  end
end
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        opts()

      


        Encoding options.



    





  
    Functions
  


    
      
        atom(atom, arg)

      


        Encodes an atom to a JSON string or literal.



    


    
      
        float(float)

      


        Encodes a float to a JSON number.



    


    
      
        integer(integer)

      


        Encodes an integer to a JSON number.



    


    
      
        keyword(list, arg2)

      


        Encodes a keyword list as an ordered JSON object.



    


    
      
        list(list, arg)

      


        Encodes a list to a JSON array.



    


    
      
        map(value, arg)

      


        Encodes a map to a JSON object.



    


    
      
        opts(escape \\ :json)

      


        Builds encoding options from an escape mode.



    


    
      
        string(string, arg)

      


        Encodes a string to a JSON string.



    


    
      
        struct(value, arg)

      


        Encodes a struct to JSON.



    


    
      
        value(value, arg)

      


        Encodes any term to JSON iodata.
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          @type opts() :: {escape(), encode_map()}


      


Encoding options.
Passed to RustyJson.Encoder.encode/2 implementations.
Forward to Encode functions as-is — do not pattern match on the internal structure.
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          @spec atom(atom(), opts()) :: iodata()


      


Encodes an atom to a JSON string or literal.
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          @spec float(float()) :: iodata()


      


Encodes a float to a JSON number.

  



  
    
      
    
    
      integer(integer)



        
          
        

    

  


  

      

          @spec integer(integer()) :: iodata()


      


Encodes an integer to a JSON number.
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          @spec keyword(
  keyword(),
  opts()
) :: iodata()


      


Encodes a keyword list as an ordered JSON object.
Preserves key insertion order, matching Jason's Encode.keyword/2.

  



  
    
      
    
    
      list(list, arg)



        
          
        

    

  


  

      

          @spec list(list(), opts()) :: iodata()


      


Encodes a list to a JSON array.

  



  
    
      
    
    
      map(value, arg)



        
          
        

    

  


  

      

          @spec map(map(), opts()) :: iodata()


      


Encodes a map to a JSON object.
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          @spec opts(atom()) :: opts()


      


Builds encoding options from an escape mode.
Returns an opts value that can be passed to value/2, map/2,
string/2, and other encoding functions.
Examples
opts = RustyJson.Encode.opts(:json)
RustyJson.Encode.string("hello", opts)
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          @spec string(String.t(), opts()) :: iodata()


      


Encodes a string to a JSON string.
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          @spec struct(
  struct(),
  opts()
) :: iodata()


      


Encodes a struct to JSON.

  



  
    
      
    
    
      value(value, arg)



        
          
        

    

  


  

      

          @spec value(term(), opts()) :: iodata()


      


Encodes any term to JSON iodata.
Dispatches based on type, matching Jason's Encode.value/2.

  


        

      


  

    
RustyJson.Encoder protocol
    



      
Protocol controlling how a value is encoded to JSON.
Deriving
The protocol allows leveraging the Elixir's @derive feature
to simplify protocol implementation in trivial cases. Accepted
options are:
	:only - encodes only values of specified keys.
	:except - encodes all struct fields except specified keys.

By default all keys except the :__struct__ key are encoded.
Example
Let's assume a struct that represents a person:
defmodule Person do
  @derive {RustyJson.Encoder, only: [:name, :age]}
  defstruct [:name, :age, :private_data]
end
The @derive generates an optimized implementation that pattern-matches
struct fields and uses one of two fast paths:
	Small structs: builds JSON iodata with compile-time collapsed keys
(no runtime Map.from_struct, Map.to_list, or key escaping).
	Larger structs: delegates to a NIF-accelerated path using pre-escaped
keys, with an automatic fallback to the same iodata path when the NIF
would not be beneficial.

Explicit Implementation
If you need full control, implement the protocol directly.
Implementations should return iodata (matching Jason's contract)
by calling RustyJson.Encode functions:
defimpl RustyJson.Encoder, for: Money do
  def encode(%Money{amount: amount, currency: currency}, opts) do
    RustyJson.Encode.map(%{amount: amount, currency: to_string(currency)}, opts)
  end
end
For backwards compatibility, returning a plain map is also supported
and will be re-encoded automatically:
defimpl RustyJson.Encoder, for: Money do
  def encode(%Money{amount: amount, currency: currency}, _opts) do
    %{amount: amount, currency: to_string(currency)}
  end
end
Return Value Contract
Implementations must return one of:
	iodata (preferred) — built via RustyJson.Encode functions
(Encode.map/2, Encode.list/2, Encode.value/2, etc.).
This is the most efficient path and matches Jason's contract.
	a plain map — re-encoded automatically as a JSON object.
Supported for backwards compatibility with a small overhead.

Do not return bare Elixir terms (atoms, integers, plain lists,
nil, unquoted strings) from encode/2. These are not valid iodata
and will produce silently invalid JSON or raise ArgumentError
downstream.
This is an intentional design choice shared with Jason: the protocol
is a low-level iodata contract that does not validate return values.
Validating every return would require runtime type inspection on every
value in the tree — for a large payload with millions of values, that
overhead is measurable. Instead, the contract trusts implementations
to return valid iodata (which @derive guarantees automatically) and
passes results through with zero checking. Correct implementations
get maximum performance; incorrect implementations get silent
corruption rather than a helpful error.
Use RustyJson.Encode functions to produce correctly formatted JSON:
# WRONG: bare string — produces unquoted JSON
def encode(%Name{value: v}, _opts), do: v

# RIGHT: properly quoted JSON string
def encode(%Name{value: v}, opts), do: RustyJson.Encode.string(v, opts)

# WRONG: plain list — treated as iodata bytes, not a JSON array
def encode(%Ids{list: l}, _opts), do: l

# RIGHT: JSON array
def encode(%Ids{list: l}, opts), do: RustyJson.Encode.list(l, opts)
Fallback Behavior
Structs without an explicit RustyJson.Encoder implementation raise
Protocol.UndefinedError. Custom types must explicitly opt in to encoding
via @derive RustyJson.Encoder or defimpl RustyJson.Encoder.
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        Encoder options passed from RustyJson.encode!/2.



    


    
      
        t()

      


        All the types that implement this protocol.
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        encode(value, opts)

      


        Encodes value to JSON iodata or a plain map.
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          @type opts() :: RustyJson.Encode.opts()


      


Encoder options passed from RustyJson.encode!/2.
Matches RustyJson.Encode.opts(). Pass it as-is to RustyJson.Encode
functions (value/2, map/2, string/2, etc.) inside custom encoder
implementations.
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          @type t() :: term()


      


All the types that implement this protocol.
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          @spec encode(t(), opts()) :: iodata() | term()


      


Encodes value to JSON iodata or a plain map.
Derived implementations return iodata directly (pre-serialized JSON).
Custom implementations may return either iodata (preferred, via
RustyJson.Encode functions) or a plain map which will be
re-encoded automatically.
Other return types (nil, atoms, bare strings, plain lists) are not
supported and will produce invalid JSON or raise. See the "Return
Value Contract" section in the moduledoc.
The opts parameter carries encoding context (:escape, :maps) from
RustyJson.encode!/2. Pass it to RustyJson.Encode functions as-is.
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Represents pre-encoded JSON that should be injected directly into output.
Fragments come in three forms:
Static Fragments (iodata)
# Pre-encode some JSON
fragment = RustyJson.Fragment.new(~s({"already": "encoded"}))

# Include in a larger structure
RustyJson.encode!(%{data: fragment, extra: "field"})
# => {"data":{"already":"encoded"},"extra":"field"}
Function-based Fragments
Function-based fragments receive encoding options at runtime, enabling
context-aware encoding (e.g., respecting escape: :html_safe). This is
used internally by RustyJson.Helpers.json_map/1 and RustyJson.OrderedObject.
fragment = RustyJson.Fragment.new(fn opts ->
  escape = Keyword.get(opts, :escape, :json)
  # ... produce iodata based on encoding context
end)
The function receives a keyword list of options (e.g., [escape: :html_safe, maps: :naive])
and must return iodata.
Raw iodata Fragments
Used internally by RustyJson.Encoder Map and List implementations.
When encoding data that contains structs or tuples, these impls produce
Fragments with raw iodata (from RustyJson.Encode.map/2 or
RustyJson.Encode.list/2) instead of intermediate data structures. This
enables single-pass serialization — the NIF writes the pre-built iodata
directly rather than re-walking the tree.
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        t()

      


    





  
    Functions
  


    
      
        new(data)

      


        Creates a new fragment from pre-encoded JSON iodata or a function.



    


    
      
        new!(data)

      


        Creates a validated fragment, ensuring the input is valid JSON.
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          @type t() :: %RustyJson.Fragment{encode: iodata() | (term() -> iodata())}


      



  


        

      

      
        Functions
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          @spec new(iodata() | (term() -> iodata())) :: t()


      


Creates a new fragment from pre-encoded JSON iodata or a function.
When given iodata, it is wrapped in a function for uniform internal
representation, matching Jason's behavior. When given a 1-arity function,
the function receives encoder options (a keyword list) and must return iodata.

  



  
    
      
    
    
      new!(data)



        
          
        

    

  


  

      

          @spec new!(iodata()) :: t()


      


Creates a validated fragment, ensuring the input is valid JSON.
Raises RustyJson.DecodeError if the input is not valid JSON.

  


        

      


  

    
RustyJson.Helpers 
    



      
Compile-time helpers for JSON encoding, compatible with Jason's Helpers module.
Provides macros that pre-encode JSON object keys at compile time
for faster runtime encoding.
Examples
import RustyJson.Helpers

def render(user) do
  json_map(name: user.name, email: user.email)
end

def render_partial(user) do
  json_map_take(user, [:name, :email])
end
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    Functions
  


    
      
        json_map(kv)

      


        Encodes a keyword list as a JSON object with keys pre-encoded at compile time.



    


    
      
        json_map_take(map, take)

      


        Encodes selected keys from a map as a JSON object with keys pre-encoded at compile time.
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      json_map(kv)


        (macro)


        
          
        

    

  


  

Encodes a keyword list as a JSON object with keys pre-encoded at compile time.
Values are encoded at runtime. Returns a %RustyJson.Fragment{}.
Keys must be atoms with ASCII printable characters only (no \, /, ").
Examples
iex> import RustyJson.Helpers
iex> fragment = json_map(name: "Alice", age: 30)
iex> RustyJson.encode!(fragment, protocol: true)
~s({"name":"Alice","age":30})

  



  
    
      
    
    
      json_map_take(map, take)


        (macro)


        
          
        

    

  


  

Encodes selected keys from a map as a JSON object with keys pre-encoded at compile time.
Takes a map and a compile-time list of atom keys. Values are looked up and
encoded at runtime. Returns a %RustyJson.Fragment{}.
Raises ArgumentError at runtime if the map is missing any of the specified keys.
Examples
  iex> import RustyJson.Helpers
  iex> user = %{name: "Alice", age: 30, email: "alice@example.com"}
  iex> fragment = json_map_take(user, [:name, :age])
  iex> RustyJson.encode!(fragment, protocol: true)
  ~s({"name":"Alice","age":30})

  


        

      


  

    
RustyJson.Decoder 
    



      
JSON decoding module, compatible with Jason's Decoder module.
Provides parse/2 as an alternative entry point for decoding JSON.
Delegates to RustyJson.decode/2.
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        parse(data, opts \\ [])

      


        Parses a JSON string into an Elixir term.
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          @spec parse(
  iodata(),
  keyword()
) :: {:ok, term()} | {:error, RustyJson.DecodeError.t()}


      


Parses a JSON string into an Elixir term.
Returns {:ok, term} on success or {:error, %RustyJson.DecodeError{}} on failure.
Options
See RustyJson.decode/2 for available options.
Examples
iex> RustyJson.Decoder.parse(~s({"name":"Alice"}))
{:ok, %{"name" => "Alice"}}

iex> RustyJson.Decoder.parse("invalid")
{:error, %RustyJson.DecodeError{}}

  


        

      


  

    
RustyJson.OrderedObject 
    



      
An ordered JSON object that preserves key insertion order.
A wrapper around a keyword list (that supports non-atom keys) allowing for
proper protocol implementations.
This struct is used when decoding JSON with objects: :ordered_objects option.
It preserves the original order of keys as they appeared in the JSON input.
Implements the Access behaviour and Enumerable protocol with
complexity similar to keywords/lists.
Decoding
iex> RustyJson.decode!(~s({"b":2,"a":1}), objects: :ordered_objects)
%RustyJson.OrderedObject{values: [{"b", 2}, {"a", 1}]}
Encoding
When encoded back to JSON, the original key order is preserved:
iex> obj = %RustyJson.OrderedObject{values: [{"b", 2}, {"a", 1}]}
iex> RustyJson.encode!(obj)
~s({"b":2,"a":1})
Access
iex> obj = RustyJson.OrderedObject.new([{"x", 1}, {"y", 2}])
iex> obj["x"]
1
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    Functions
  


    
      
        new(values)

      


        Creates a new OrderedObject from a list of key-value tuples.
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          @type t() :: %RustyJson.OrderedObject{values: [{String.Chars.t(), term()}]}
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          @spec new([{String.Chars.t(), term()}]) :: t()


      


Creates a new OrderedObject from a list of key-value tuples.

  


        

      


  

    
RustyJson.Formatter 
    



      
Pretty-printing and minimizing functions for JSON-encoded data.
Input is required to be in an 8-bit-wide encoding such as UTF-8 or Latin-1
in iodata/0 format. Input must have valid JSON, invalid JSON may produce
unexpected results or errors.
Compatible with Jason's Formatter module.
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    Functions
  


    
      
        minimize(input, opts \\ [])

      


        Minimizes JSON-encoded input.



    


    
      
        minimize_to_iodata(input, opts)

      


        Minimizes JSON-encoded input and returns iodata.



    


    
      
        pretty_print(input, opts \\ [])

      


        Pretty-prints JSON-encoded input.



    


    
      
        pretty_print_to_iodata(input, opts \\ [])

      


        Pretty-prints JSON-encoded input and returns iodata.
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          @type opts() :: [
  indent: iodata(),
  line_separator: iodata(),
  record_separator: iodata(),
  after_colon: iodata()
]
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      minimize(input, opts \\ [])



        
          
        

    

  


  

      

          @spec minimize(iodata(), opts()) :: binary()


      


Minimizes JSON-encoded input.
input may contain multiple JSON objects or arrays, optionally
separated by whitespace (e.g., one object per line). Minimized
output will contain one object per line. No trailing newline is emitted.
Options
	:record_separator - controls the string used as newline (default: "\n").

Examples
iex> RustyJson.Formatter.minimize(~s|{ "a" : "b" , "c": \n\n 2}|)
~s|{"a":"b","c":2}|

  



  
    
      
    
    
      minimize_to_iodata(input, opts)



        
          
        

    

  


  

      

          @spec minimize_to_iodata(iodata(), opts()) :: iodata()


      


Minimizes JSON-encoded input and returns iodata.
This function should be preferred to minimize/2, if the minimized
JSON will be handed over to one of the IO functions or sent
over the socket. The Erlang runtime is able to leverage vectorised
writes and avoid allocating a continuous buffer for the whole
resulting string, lowering memory use and increasing performance.

  



    

  
    
      
    
    
      pretty_print(input, opts \\ [])



        
          
        

    

  


  

      

          @spec pretty_print(iodata(), opts()) :: binary()


      


Pretty-prints JSON-encoded input.
input may contain multiple JSON objects or arrays, optionally separated
by whitespace (e.g., one object per line). Objects in output will be
separated by newlines. No trailing newline is emitted.
Options
	:indent - used for nested objects and arrays (default: two spaces - " ");
	:line_separator - used in nested objects (default: "\n");
	:record_separator - separates root-level objects and arrays
(default is the value for :line_separator option);
	:after_colon - printed after a colon inside objects (default: one space - " ").

Examples
iex> RustyJson.Formatter.pretty_print(~s|{"a":{"b": [1, 2]}}|)
~s|{
  "a": {
    "b": [
      1,
      2
    ]
  }
}|

  



    

  
    
      
    
    
      pretty_print_to_iodata(input, opts \\ [])



        
          
        

    

  


  

      

          @spec pretty_print_to_iodata(iodata(), opts()) :: iodata()


      


Pretty-prints JSON-encoded input and returns iodata.
This function should be preferred to pretty_print/2, if the pretty-printed
JSON will be handed over to one of the IO functions or sent
over the socket. The Erlang runtime is able to leverage vectorised
writes and avoid allocating a continuous buffer for the whole
resulting string, lowering memory use and increasing performance.

  


        

      


  

    
RustyJson.Sigil 
    



      
JSON sigils for convenient JSON literals, compatible with Jason's Sigil module.
Sigils
	~j — Decodes a JSON string. Supports interpolation. Without interpolation,
decoding happens at compile time.
	~J — Decodes a JSON string at compile time. No interpolation.

Modifiers
	Modifier	Option
	A	keys: :atoms!
	r	strings: :reference
	c	strings: :copy

Unknown modifiers raise ArgumentError.
Examples
import RustyJson.Sigil

~j({"name": "Alice", "age": 30})
#=> %{"name" => "Alice", "age" => 30}

~j({"name": "Alice"})A
#=> %{name: "Alice"}

~J({"x": 1, "y": 2})
#=> %{"x" => 1, "y" => 2}
Usage
Add import RustyJson.Sigil to use the sigils in your module.
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        sigil_J(arg, modifiers)

      


        Handles the ~J sigil for compile-time JSON decoding.



    


    
      
        sigil_j(term, modifiers)

      


        Handles the ~j sigil for JSON decoding.
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      sigil_J(arg, modifiers)


        (macro)


        
          
        

    

  


  

Handles the ~J sigil for compile-time JSON decoding.
No interpolation is supported. Decoding always happens at compile time.

  



  
    
      
    
    
      sigil_j(term, modifiers)


        (macro)


        
          
        

    

  


  

Handles the ~j sigil for JSON decoding.
When the string has no interpolation, decoding happens at compile time.
With interpolation, decoding happens at runtime.

  


        

      


  

    
RustyJson.DecodeError exception
    



      
Exception raised when JSON decoding fails.
This exception is raised by RustyJson.decode!/2 when the input is not valid JSON.
Fields
	:message - Human-readable error description
	:data - The original input data that failed to decode
	:position - The byte position in the input where the error occurred
	:token - A short snippet of input around the error position

Common Causes
	Error	Cause
	"Unexpected character at position N"	Unexpected character where a JSON value was expected
	"Expected string key at position N"	Object key is not a quoted string
	"Unexpected end of input"	JSON is truncated
	"Unexpected trailing characters"	Extra content after valid JSON
	"Nesting depth exceeds maximum"	More than 128 levels of nesting

Examples
iex> try do
...>   RustyJson.decode!("invalid")
...> rescue
...>   e in RustyJson.DecodeError ->
...>     {e.message, e.position, e.data}
...> end
{"Unexpected character at position 0", 0, "invalid"}
Handling Errors
Use RustyJson.decode/2 to get {:error, reason} instead of raising:
case RustyJson.decode(user_input) do
  {:ok, data} -> process(data)
  {:error, reason} -> Logger.warning("Invalid JSON: #{reason}")
end
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        Decode error exception struct.
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          @type t() :: %RustyJson.DecodeError{
  __exception__: true,
  data: String.t() | nil,
  message: String.t(),
  position: non_neg_integer() | nil,
  token: String.t() | nil
}


      


Decode error exception struct.

  


        

      


  

    
RustyJson.EncodeError exception
    



      
Exception raised when JSON encoding fails.
This exception is raised by RustyJson.encode!/2 when the input cannot be
encoded to valid JSON.
Fields
	:message - Human-readable error description

Common Causes
	Error	Cause
	"Failed to decode binary"	Binary is not valid UTF-8
	"Non-finite float"	Float is NaN or Infinity
	"Nesting depth exceeds maximum"	More than 128 levels of nesting
	"Unsupported term type"	Term type cannot be encoded (e.g., PID, Reference)

Examples
iex> RustyJson.encode!(<<0xFF>>)
** (RustyJson.EncodeError) Failed to decode binary

iex> RustyJson.encode!(:math.log(-1))
** (RustyJson.EncodeError) Non-finite float
Handling Errors
Use RustyJson.encode/2 to get {:error, reason} instead of raising:
case RustyJson.encode(data) do
  {:ok, json} -> send_response(json)
  {:error, reason} -> Logger.error("Encoding failed: #{reason}")
end

      


      
        Summary


  
    Types
  


    
      
        t()

      


        Encode error exception struct.
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        new(arg)

      


        Creates an EncodeError from a tagged error reason.
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          @type t() :: %RustyJson.EncodeError{__exception__: true, message: String.t()}


      


Encode error exception struct.
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          @spec new({:duplicate_key, term()} | {:invalid_byte, byte(), String.t()}) :: t()


      


Creates an EncodeError from a tagged error reason.
Matches Jason's EncodeError.new/1 API for compatibility.
Examples
iex> RustyJson.EncodeError.new({:duplicate_key, "name"})
%RustyJson.EncodeError{message: "duplicate key: name"}

iex> RustyJson.EncodeError.new({:invalid_byte, ?\n, "hello\nworld"})
%RustyJson.EncodeError{message: "invalid byte 0x0A in string: \"hello\\nworld\""}
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