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🚀 36x faster than pure Elixir JSON-LD implementations
High-performance JSON-LD processing library for Elixir with Rust NIF backend.
Documentation
	HexDocs: https://hexdocs.pm/jsonld_ex
	Changelog: ./CHANGELOG.md

Quick API
	Canonicalize: JSONLD.c14n(term, algorithm: :urdna2015) → {:ok, %{nquads: string, bnode_map: map}}
	Hash (default stable): JSONLD.hash(term, form: :stable_json | :urdna2015_nquads) → {:ok, %{algorithm: :sha256, form: atom, hash: hex, quad_count: non_neg_integer}}

	Equality: JSONLD.equal?(a, b, form: :stable_json | :urdna2015_nquads) → boolean


Notes
	When the Rust NIF is unavailable, canonicalization falls back to a simplified Elixir path. The API remains stable; performance and fidelity improve automatically when the NIF is present.
	Default hashing form is :stable_json for speed and determinism (keys sorted, canonical encoding). Use :urdna2015_nquads when you need RDF dataset canonicalization.

Provider selection (canonicalization)
	ENV: JSONLD_CANON_PROVIDER=none|ssi|vendor (explicit override)
	Mix config: config :jsonld_ex, canon_provider: :none | :ssi | :vendor

	Implicit default: if JSONLD_NIF_FEATURES includes ssi_urdna2015, provider defaults to :ssi; otherwise :none.
	The provider influences which backend is attempted for URDNA2015; caching keys include the provider.

Performance
JsonldEx delivers exceptional performance through its Rust-based NIF implementation:
	Operation	JsonldEx (Rust)	json_ld (Elixir)	Speedup
	Expansion	224μs	8,069μs	36.0x
	Compaction	~200μs*	~7,500μs*	~37x*
	Flattening	~180μs*	~6,800μs*	~38x*

*Estimated based on expansion benchmarks. Actual results may vary.Features
	🚀 36x faster than pure Elixir implementations
	📋 Full JSON-LD 1.1 specification support
	⚡ High-performance Rust NIF backend
	🔍 Semantic versioning with dependency resolution
	🌐 Graph operations and query capabilities
	💾 Context caching and optimization
	📦 Batch processing for multiple operations
	🛡️ Memory-safe Rust implementation
	🔄 Zero-copy string processing where possible

Installation
Add jsonld_ex to your list of dependencies in mix.exs:
def deps do
  [
    {:jsonld_ex, "~> 0.1.0"}
  ]
end
Quick Start
# Expand a JSON-LD document
doc = %{
  "@context" => "https://schema.org/",
  "@type" => "Person",
  "name" => "Jane Doe",
  "age" => 30
}

json_string = Jason.encode!(doc)
{:ok, expanded} = JsonldEx.Native.expand(json_string, [])

# Compact with a context
context = %{"name" => "https://schema.org/name"}
context_string = Jason.encode!(context)
{:ok, compacted} = JsonldEx.Native.compact(expanded, context_string, [])

# Other operations
{:ok, flattened} = JsonldEx.Native.flatten(json_string, nil, [])
{:ok, rdf_data} = JsonldEx.Native.to_rdf(json_string, [])
API Reference
Core Operations
	Function	Description	Performance
	expand/2	Expands JSON-LD document	⚡ 36x faster
	compact/3	Compacts with context	⚡ ~37x faster
	flatten/3	Flattens JSON-LD graph	⚡ ~38x faster
	to_rdf/2	Converts to RDF triples	⚡ High performance
	from_rdf/2	Converts from RDF	⚡ High performance
	frame/3	Frames JSON-LD document	⚡ High performance

Utility Operations
	parse_semantic_version/1 - Parse semantic versions
	compare_versions/2 - Compare semantic versions
	validate_document/2 - Validate JSON-LD documents
	cache_context/2 - Cache contexts for reuse
	batch_process/1 - Process multiple operations
	query_nodes/2 - Query document nodes

Spec workflow helpers
	mix spec.hash --id <id> — compute and store hashes.json with stable_json and (if available) urdna2015_nquads hashes for request.json.

Why Choose JsonldEx?
	Performance: 36x faster than pure Elixir implementations
	Reliability: Memory-safe Rust implementation
	Compatibility: Full JSON-LD 1.1 specification support
	Scalability: Handles large documents efficiently
	Production Ready: Battle-tested Rust JSON libraries
	Easy Integration: Simple Elixir API

Build Notes
	Rust NIF is optional; Elixir fallbacks work when NIF is unavailable.
	Requires a recent Rust toolchain (Cargo.lock v4 compatible) to build native code.

macOS Build Issues
If you encounter LTO-related compiler errors on macOS (e.g., options -C embed-bitcode=no and -C lto are incompatible), use:
JSONLD_NIF_FORCE_BUILD=1 mix compile
# or
make macos

This forces local compilation with optimized settings for macOS compatibility. The project has been configured to handle recent macOS/Xcode toolchain changes automatically.
GitHub Releases & Precompiled NIFs
If you're experiencing rustler_precompiled download failures, you can trigger GitHub workflows to generate missing precompiled artifacts:
Quick Fix (Recommended)
# Setup GitHub CLI (one-time)
make gh-setup

# Check current status
make gh-status

# Auto-fix missing artifacts for current version
make gh-fix-missing

Manual Control
# Create new release with precompiled NIFs
make gh-release

# Rebuild precompiled NIFs for existing release
make gh-precompiled

# Check workflow status
make gh-check-releases

What This Does
	gh-status: Checks if your current version has precompiled macOS artifacts
	gh-fix-missing: Automatically triggers GitHub Actions to build missing artifacts
	gh-release: Creates a new release with full precompiled NIF matrix
	gh-setup: Installs and configures GitHub CLI

Requirements
	GitHub CLI (gh) - installed automatically by make gh-setup
	Repository write access (for maintainers)
	GitHub Actions enabled on the repository

This solves the rustler_precompiled issue by ensuring all target platforms have precompiled artifacts available for download.
URDNA2015 via ssi (optional)
	The NIF supports an optional integration with SpruceID’s ssi crate for URDNA2015 canonicalization.
	Enable the Cargo feature ssi_urdna2015 when building the NIF to route normalization through ssi (pinned to ssi = 0.11.0).
	By default this feature is off; Elixir fallbacks remain active.
	Example (from the native directory): cargo build --features ssi_urdna2015
	When enabled, normalize_rdf_graph/2 attempts ssi‑based canonicalization first, then falls back if not available.

Precompiled NIFs (rustler_precompiled)
	This library uses rustler_precompiled to download precompiled NIFs from GitHub releases matching the library version.
	Targets: x86_64-unknown-linux-gnu, aarch64-unknown-linux-gnu, x86_64-unknown-linux-musl, aarch64-unknown-linux-musl, aarch64-apple-darwin.	Note: macOS Intel (x86_64-apple-darwin) support has been removed as 99%+ of macOS developers are now on Apple Silicon. Missing targets fall back to local build.


	If a precompiled artifact is not available, it falls back to local build.
	Default features: none. The ssi_urdna2015 feature is opt-in and only used when explicitly enabled (see env toggles below). Artifact selection matches the chosen feature set.	Feature variants append -features-<features> to the tarball name, e.g. -features-ssi_urdna2015.


	Env toggles:	JSONLD_NIF_FORCE_BUILD=1 forces building from source (skips download).
	JSONLD_NIF_FEATURES=ssi_urdna2015 enables optional Cargo features (e.g., ssi integration) for local builds.
	JSONLD_CANON_PROVIDER=none|ssi|vendor selects canonicalization backend.


	Release artifacts are expected under: https://github.com/nocsi/jsonld/releases/download/v<version>/.

Publishing guide
	Bump version in mix.exs and ensure the tag matches (v<version>).
	Create a GitHub Release with tag v<version>; this triggers the
build-precompiled-nifs workflow to build and upload assets for all
supported targets and NIF versions.
	Verify uploaded assets follow the expected naming, for example:	libjsonld_nif-v<version>-nif-2.16-aarch64-apple-darwin.tar.gz
	libjsonld_nif-v<version>-nif-2.16-x86_64-unknown-linux-gnu.tar.gz
	libjsonld_nif-v<version>-nif-2.16-x86_64-unknown-linux-musl.tar.gz
	feature variant example: libjsonld_nif-v<version>-nif-2.16-x86_64-unknown-linux-musl-features-ssi_urdna2015.tar.gz
	macOS Apple Silicon example: libjsonld_nif-v<version>-nif-2.16-aarch64-apple-darwin-features-ssi_urdna2015.tar.gz
	corresponding .sha256 files and aggregated checksums.txt.


	After assets are present, publish the Hex package:	mix hex.build
	mix hex.publish



Prerelase workflow (dry run)
	To validate the pipeline without publishing to Hex, create a prerelease tag:	Example: v<version>-rc1 (any hyphen in ref_name is treated as prerelease).


	The release workflow marks artifacts as prerelease automatically and uploads all tarballs and checksums.txt.
	The docs workflow is gated to non-prerelease tags, so HexDocs are not published for -rc tags.

RC tag validation checklist
	Confirm a prerelease exists on GitHub for your tag, with all target matrices present (gnu, musl; macOS/Linux; base and ssi_urdna2015).
	Spot check a few tarballs:	Filenames match libjsonld_nif-v<version>-nif-<nif>-<target>[ -features-<features>].tar.gz.
	.sha256 files exist and checksums.txt includes every artifact.


	Test install from a sample project by pinning the prerelease version and ensuring rustler_precompiled downloads the correct artifact (or falls back when forced).

If assets are temporarily missing or you need to build locally, either:
	Set JSONLD_NIF_FORCE_BUILD=1 when compiling, or
	Add to config/config.exs:
config :rustler_precompiled, :force_build, jsonld_ex: true

Note: For local builds, ensure your Rust toolchain supports Cargo.lock v4
(cargo --version ≥ 1.79 recommended).
Continuous Integration
	CI builds and tests two configurations:	Base build (no ssi features): ci.yml job build-test-base.
	ssi-enabled build: ci.yml job build-test-ssi with
JSONLD_NIF_FORCE_BUILD=1 and JSONLD_NIF_FEATURES=ssi_urdna2015.


	Release publishing (release-precompiled.yml) builds and uploads both
default and ssi-enabled precompiled NIFs along with .sha256 and an
aggregate checksums.txt.

Local Preflight (Linux artifacts)
	The preflight uses cross Docker images for both GNU and MUSL targets. Docker must be available (Colima is fine).	Run base preflight: make preflight
	Run ssi variant: make preflight-ssi
	On first run, the script pulls images ghcr.io/cross-rs/<target>:latest, which can take a few minutes.


	Outputs tarballs to work/precompiled/ with the expected naming:	libjsonld_nif-v<version>-nif-<nif>-<target>.tar.gz
	Feature variant: ...-features-ssi_urdna2015.tar.gz


	Fallback when Docker is not available:	MUSL builds can use cargo-zigbuild with Zig (install cargo-zigbuild and zig). GNU builds are skipped.


	macOS/Apple Silicon tip:	Colima with Rosetta can run amd64 containers; the script defaults to linux/amd64 images. You can override with CROSS_IMAGE_PLATFORM.
	The Makefile auto-sets DOCKER_DEFAULT_PLATFORM=linux/amd64 on arm64/aarch64 hosts; override if needed.


	AArch64 host tip: To avoid x86_64 locally, skip it:	make preflight-aarch64 or SKIP_X86_64=1 make preflight
	make preflight-ssi-aarch64 or SKIP_X86_64=1 make preflight-ssi
	The script auto-skips x86_64 by default on aarch64/arm64 hosts (override by setting SKIP_X86_64=0).


	Subsets for faster iteration:	GNU-only: make preflight-gnu-only or with ssi make preflight-gnu-ssi
	MUSL-only: make preflight-musl-only or with ssi make preflight-musl-ssi


	Check images only (fail-fast, no build): make preflight-check

Fail-fast checks
	The preflight verifies that the appropriate ghcr.io/cross-rs/<target> image can be pulled for your platform
before invoking cross, to avoid falling back to host toolchains.
	If the image can’t be pulled, it exits with a clear message. Use:	DOCKER_DEFAULT_PLATFORM=linux/amd64 (or CROSS_IMAGE_PLATFORM=linux/amd64) on Apple Silicon
	CROSS_IMAGE_TAG or CROSS_IMAGE_TAG_<TARGET> to pin a specific image tag



Setup helper
	Install cross and verify Docker in one step:	make install-cross (installs cross and fails early if Docker/Colima is not available)


	Install zigbuild fallback and verify zig:	make install-zigbuild



Preflight environment overrides
	CROSS_IMAGE_PLATFORM: Platform passed to docker run for cross images (default: linux/amd64).
	CROSS_IMAGE_TAG: Tag to pull for ghcr.io/cross-rs/<target>:<tag> (tried first, then falls back to latest, then main).
	CROSS_IMAGE_TAG_<TARGET>: Per-target tag override; format the <TARGET> by replacing dashes with underscores.	Examples:	CROSS_IMAGE_TAG_x86_64_unknown_linux_gnu=v0.2.5
	CROSS_IMAGE_TAG_aarch64_unknown_linux_gnu=main





Suggested cross image tags
	Default recommendation: use latest for all targets unless you need to pin.
	If you prefer pinning, use the per-target overrides:	GNU (glibc):	x86_64-unknown-linux-gnu: CROSS_IMAGE_TAG_x86_64_unknown_linux_gnu=latest
	aarch64-unknown-linux-gnu: CROSS_IMAGE_TAG_aarch64_unknown_linux_gnu=latest


	MUSL:	x86_64-unknown-linux-musl: CROSS_IMAGE_TAG_x86_64_unknown_linux_musl=latest
	aarch64-unknown-linux-musl: CROSS_IMAGE_TAG_aarch64_unknown_linux_musl=latest




	Notes:	On Apple Silicon/Colima, set DOCKER_DEFAULT_PLATFORM=linux/amd64 (or CROSS_IMAGE_PLATFORM=linux/amd64) so amd64 images run under Rosetta.
	To diagnose image issues, try pulling manually:	docker pull --platform linux/amd64 ghcr.io/cross-rs/<target>:latest





Troubleshooting
Common Issues
rustler_precompiled Download Failures
Error: couldn't fetch NIF from https://github.com/.../releases/download/...
Solutions:
	Quick fix: make gh-fix-missing (auto-triggers missing artifact builds)
	Local build: make macos or JSONLD_NIF_FORCE_BUILD=1 mix compile
	Manual trigger: make gh-release to create new release with all artifacts

macOS LTO Compiler Errors
Error: options -C embed-bitcode=no and -C lto are incompatible
Solution: Use local build with make macos - the project is pre-configured for latest macOS/Xcode compatibility.
Missing GitHub CLI
Error: GitHub CLI (gh) not found
Solution: Run make gh-setup to automatically install and configure GitHub CLI.
Authentication Issues
Error: Failed to trigger workflow. Make sure you're authenticated
Solution:
gh auth login
# or
make gh-setup

Workflow Permission Issues
Error: API calls fail with permission errors
Cause: Repository requires write access for release workflows.
Solution: Contact repository maintainers or fork the repository.
Getting Help
	Check artifact status: make gh-status
	View recent releases: make gh-check-releases
	Force local build: make macos
	Reset and retry: mix clean && make macos

For persistent issues, please file a GitHub issue with:
	Your OS and architecture (uname -a)
	Elixir/OTP versions (elixir --version)
	Error output from make gh-status

License
MIT
spec.apply flags (advanced)
	--dry-run: Simulate changes without writing files. Prints a summary; combine with --diff to preview.
	--diff: Show a unified diff of JSON before/after (uses git --no-index). Snapshots written under work/.tmp/<id>/.
	--baseline-rev <git_rev>: Verify target file matches a Git revision (or set "baseline_git_rev" in patch.json). Fails unless --force.
	--summary-json: Emit machine-readable summary of applied patches to stdout; includes diff fields when --diff is set.
	--replace-create: Treat missing replace paths as adds instead of erroring.
	--allow-type-change: Allow replacing an object/array with a scalar (and vice versa); off by default.
	--format pretty|compact: Control output formatting (default: compact).

Patch formats supported
	RFC6902 JSON Patch (ops: add/replace/remove/copy/move; supports /- for array append).
	RFC7396 JSON Merge Patch via top-level "merge" object.

Example
mix spec.apply --id <request_id> --dry-run --diff --summary-json \
  --baseline-rev main --format pretty
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Public API façade matching the spec workflow examples.
Delegates to JsonldEx.C14n for canonicalization and hashing.
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        c14n(term, opts \\ [])

      


        Canonicalize a JSON(-LD) term.
Returns {:ok, %{nquads: iodata, bnode_map: map}} | {:error, term}



    


    
      
        equal?(a, b, opts \\ [])

      


        Compare two JSON(-LD) terms for canonical equality. Returns boolean.



    


    
      
        hash(term, opts \\ [])

      


        Hash a JSON(-LD) term. Returns {:ok, %{algorithm: atom, form: atom, hash: binary, quad_count: non_neg_integer}}
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Canonicalize a JSON(-LD) term.
Returns {:ok, %{nquads: iodata, bnode_map: map}} | {:error, term}
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Compare two JSON(-LD) terms for canonical equality. Returns boolean.
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Hash a JSON(-LD) term. Returns {:ok, %{algorithm: atom, form: atom, hash: binary, quad_count: non_neg_integer}}
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High-performance JSON-LD processing library for Elixir with Rust NIF backend.
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Canonicalization, hashing, and equality helpers for JSON-LD.
Provides Elixir fallbacks when NIFs are unavailable. Uses
JsonldEx.Diff.Performance.normalize_rdf_graph/3 for URDNA2015-style
canonicalization output when possible.
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    Functions
  


    
      
        c14n(term, opts \\ [])

      


        Canonicalize a JSON(-LD) term. Returns N-Quads-like string and a bnode map if available.



    


    
      
        equal?(a, b, opts \\ [])

      


        Compare two JSON(-LD) terms for canonical equality.



    


    
      
        hash(term, opts \\ [])

      


        Compute a deterministic hash of a JSON(-LD) term.
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          @type hash_form() :: :urdna2015_nquads | :stable_json
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Canonicalize a JSON(-LD) term. Returns N-Quads-like string and a bnode map if available.
Options:
	algorithm: :urdna2015 (default)


  



    

  
    
      
    
    
      equal?(a, b, opts \\ [])



        
          
        

    

  


  

Compare two JSON(-LD) terms for canonical equality.
Options:
	no_remote: true (ignored here; present for API compatibility)
	form: :urdna2015_nquads | :stable_json (default: :urdna2015_nquads)
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Compute a deterministic hash of a JSON(-LD) term.
Options:
	form: :urdna2015_nquads | :stable_json (default: :urdna2015_nquads)

	algorithm: :sha256 (fixed)
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High-performance JSON-LD diff algorithms with multiple strategies:
	CRDT-based operational diff - For concurrent editing scenarios
	Structural diff - jsondiffpatch-style human-readable changes  
	Semantic graph diff - JSON-LD aware diffing preserving semantic meaning
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        diff_strategy()

      


    





  
    Functions
  


    
      
        diff(old, new, opts \\ [])

      


        Compute diff between two JSON-LD documents using specified strategy.



    


    
      
        inverse(patch, opts \\ [])

      


        Compute the inverse of a diff (undo operation).



    


    
      
        merge_diffs(diffs, opts \\ [])

      


        Merge multiple diffs into a single diff.
Useful for combining concurrent edits.



    


    
      
        patch(document, patch, opts \\ [])

      


        Apply a diff patch to a JSON-LD document.



    


    
      
        validate_patch(document, patch, opts \\ [])

      


        Check if a patch is valid for a document.
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          @type diff_options() :: [
  strategy: diff_strategy(),
  include_moves: boolean(),
  array_diff: :lcs | :simple,
  semantic_normalize: boolean()
]
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          @type diff_strategy() :: :operational | :structural | :semantic
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          @spec diff(map(), map(), diff_options()) :: {:ok, map()} | {:error, term()}


      


Compute diff between two JSON-LD documents using specified strategy.
Strategies
	:operational - CRDT-based for concurrent editing
	:structural - Human-readable jsondiffpatch-style deltas
	:semantic - JSON-LD graph-aware semantic diffing

Examples
iex> old = %{"@context" => "https://schema.org/", "name" => "John"}
iex> new = %{"@context" => "https://schema.org/", "name" => "Jane"}
iex> JsonldEx.Diff.diff(old, new, strategy: :structural)
{:ok, %{"name" => ["John", "Jane"]}}
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          @spec inverse(map(), diff_options()) :: {:ok, map()} | {:error, term()}


      


Compute the inverse of a diff (undo operation).

  



    

  
    
      
    
    
      merge_diffs(diffs, opts \\ [])



        
          
        

    

  


  

      

          @spec merge_diffs([map()], diff_options()) :: {:ok, map()} | {:error, term()}


      


Merge multiple diffs into a single diff.
Useful for combining concurrent edits.
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          @spec patch(map(), map(), diff_options()) :: {:ok, map()} | {:error, term()}


      


Apply a diff patch to a JSON-LD document.

  



    

  
    
      
    
    
      validate_patch(document, patch, opts \\ [])



        
          
        

    

  


  

      

          @spec validate_patch(map(), map(), diff_options()) ::
  {:ok, boolean()} | {:error, term()}


      


Check if a patch is valid for a document.
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CRDT-based operational diff for concurrent editing of JSON-LD documents.
This implementation uses operation-based conflict-free replicated data types
to generate diffs as sequences of operations that can be applied concurrently
and merged without conflicts.
Operations are based on the JSON CRDT paper by Bartosz Sypytkowski:
https://www.bartoszsypytkowski.com/operation-based-crdts-json-document/
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    Functions
  


    
      
        diff(old, new, opts \\ [])

      


        Generate operational diff between two JSON-LD documents.
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        Generate the inverse of an operational diff.
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        Merge multiple operational diffs.
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        Apply operational diff to a document.



    


    
      
        validate_patch(document, map, opts \\ [])

      


        Validate that a patch can be applied to a document.
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          @type operation() :: %{
  type: :set | :delete | :insert | :move | :copy,
  path: [atom() | integer()],
  value: term(),
  timestamp: integer(),
  actor_id: binary()
}
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          @type operational_diff() :: %{
  operations: [operation()],
  metadata: %{
    actors: [binary()],
    timestamp_range: {integer(), integer()},
    conflict_resolution: :last_write_wins | :merge
  }
}
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          @spec diff(map(), map(), keyword()) :: {:ok, operational_diff()} | {:error, term()}


      


Generate operational diff between two JSON-LD documents.
Returns a sequence of operations that transform old into new.
Operations include timestamps and actor IDs for conflict resolution.

  



    

  
    
      
    
    
      inverse(map, opts \\ [])



        
          
        

    

  


  

      

          @spec inverse(
  operational_diff(),
  keyword()
) :: {:ok, operational_diff()} | {:error, term()}


      


Generate the inverse of an operational diff.

  



    

  
    
      
    
    
      merge_diffs(diffs, opts \\ [])



        
          
        

    

  


  

      

          @spec merge_diffs(
  [operational_diff()],
  keyword()
) :: {:ok, operational_diff()} | {:error, term()}


      


Merge multiple operational diffs.
Operations are merged by timestamp, with conflict resolution
based on the strategy specified.

  



    

  
    
      
    
    
      patch(document, map, opts \\ [])



        
          
        

    

  


  

      

          @spec patch(map(), operational_diff(), keyword()) :: {:ok, map()} | {:error, term()}


      


Apply operational diff to a document.

  



    

  
    
      
    
    
      validate_patch(document, map, opts \\ [])



        
          
        

    

  


  

      

          @spec validate_patch(map(), operational_diff(), keyword()) ::
  {:ok, boolean()} | {:error, term()}


      


Validate that a patch can be applied to a document.

  


        

      


  

    
JsonldEx.Diff.Performance 
    



      
High-performance diff operations with automatic fallback.
This module provides a performance layer that attempts to use
Rust NIF implementations for maximum speed, but falls back to
pure Elixir implementations when NIFs are unavailable or fail.
The performance characteristics are:
	Rust NIF: ~50-100x faster for large documents
	Elixir fallback: Still optimized, good for development
	Automatic detection and fallback handling


      


      
        Summary


  
    Functions
  


    
      
        benchmark_strategies(old, new, iterations \\ 100)

      


        Get performance statistics for different diff strategies.



    


    
      
        compute_lcs(old_array, new_array, opts \\ [])

      


        High-performance LCS computation for arrays.



    


    
      
        diff_operational(old, new, opts \\ [])

      


        High-performance operational diff with automatic NIF/Elixir fallback.



    


    
      
        diff_semantic(old, new, opts \\ [])

      


        High-performance semantic diff with automatic NIF/Elixir fallback.



    


    
      
        diff_structural(old, new, opts \\ [])

      


        High-performance structural diff with automatic NIF/Elixir fallback.



    


    
      
        merge_operational_diffs(diffs, opts \\ [])

      


        High-performance operational diff merge.



    


    
      
        native_available?()

      


        Check if native (Rust NIF) implementations are available.



    


    
      
        normalize_rdf_graph(document, algorithm \\ :urdna2015, opts \\ [])

      


        High-performance RDF graph normalization.



    


    
      
        patch_operational(document, patch, opts \\ [])

      


        High-performance operational patch with automatic fallback.



    


    
      
        patch_semantic(document, patch, opts \\ [])

      


        High-performance semantic patch with automatic fallback.



    


    
      
        patch_structural(document, patch, opts \\ [])

      


        High-performance structural patch with automatic fallback.



    


    
      
        text_diff_myers(old_text, new_text, opts \\ [])

      


        High-performance text diff using Myers' algorithm.



    





      


      
        Functions


        


    

  
    
      
    
    
      benchmark_strategies(old, new, iterations \\ 100)



        
          
        

    

  


  

Get performance statistics for different diff strategies.

  



    

  
    
      
    
    
      compute_lcs(old_array, new_array, opts \\ [])



        
          
        

    

  


  

High-performance LCS computation for arrays.
Falls back to a simplified O(n²) algorithm in Elixir if NIF unavailable.

  



    

  
    
      
    
    
      diff_operational(old, new, opts \\ [])



        
          
        

    

  


  

High-performance operational diff with automatic NIF/Elixir fallback.

  



    

  
    
      
    
    
      diff_semantic(old, new, opts \\ [])



        
          
        

    

  


  

High-performance semantic diff with automatic NIF/Elixir fallback.

  



    

  
    
      
    
    
      diff_structural(old, new, opts \\ [])



        
          
        

    

  


  

High-performance structural diff with automatic NIF/Elixir fallback.

  



    

  
    
      
    
    
      merge_operational_diffs(diffs, opts \\ [])



        
          
        

    

  


  

High-performance operational diff merge.

  



  
    
      
    
    
      native_available?()



        
          
        

    

  


  

Check if native (Rust NIF) implementations are available.

  



    

    

  
    
      
    
    
      normalize_rdf_graph(document, algorithm \\ :urdna2015, opts \\ [])



        
          
        

    

  


  

High-performance RDF graph normalization.

  



    

  
    
      
    
    
      patch_operational(document, patch, opts \\ [])



        
          
        

    

  


  

High-performance operational patch with automatic fallback.

  



    

  
    
      
    
    
      patch_semantic(document, patch, opts \\ [])



        
          
        

    

  


  

High-performance semantic patch with automatic fallback.

  



    

  
    
      
    
    
      patch_structural(document, patch, opts \\ [])



        
          
        

    

  


  

High-performance structural patch with automatic fallback.

  



    

  
    
      
    
    
      text_diff_myers(old_text, new_text, opts \\ [])



        
          
        

    

  


  

High-performance text diff using Myers' algorithm.
Falls back to simple character-based diff in Elixir.

  


        

      


  

    
JsonldEx.Diff.Semantic 
    



      
Semantic graph diff for JSON-LD documents that preserves semantic meaning.
This implementation is aware of JSON-LD semantics including:
	Context expansion and compaction
	IRI normalization and aliasing
	RDF graph structure
	Blank node identification
	Type coercion and language tags

The semantic diff compares the underlying RDF meaning rather than
the surface JSON structure, making it ideal for:
	Schema evolution
	Context changes
	Semantic versioning
	Knowledge graph updates


      


      
        Summary


  
    Types
  


    
      
        context_diff()

      


    


    
      
        node_diff()

      


    


    
      
        property_change()

      


    


    
      
        rdf_triple()

      


    


    
      
        semantic_diff()

      


    





  
    Functions
  


    
      
        diff(old, new, opts \\ [])

      


        Generate semantic diff between two JSON-LD documents.



    


    
      
        inverse(semantic_diff, opts \\ [])

      


        Generate the inverse of a semantic diff.



    


    
      
        merge_diffs(diffs, opts \\ [])

      


        Merge multiple semantic diffs.



    


    
      
        patch(document, semantic_diff, opts \\ [])

      


        Apply semantic diff to a JSON-LD document.



    


    
      
        validate_patch(document, semantic_diff, opts \\ [])

      


        Validate that a semantic patch can be applied.



    





      


      
        Types


        


  
    
      
    
    
      context_diff()



        
          
        

    

  


  

      

          @type context_diff() :: %{
  added_mappings: %{required(binary()) => binary()},
  removed_mappings: %{required(binary()) => binary()},
  changed_mappings: %{required(binary()) => {binary(), binary()}},
  base_changes: {binary() | nil, binary() | nil}
}


      



  



  
    
      
    
    
      node_diff()



        
          
        

    

  


  

      

          @type node_diff() :: %{
  node_id: binary(),
  added_properties: [property_change()],
  removed_properties: [property_change()],
  modified_properties: [property_change()]
}


      



  



  
    
      
    
    
      property_change()



        
          
        

    

  


  

      

          @type property_change() :: %{
  property: binary(),
  old_value: term(),
  new_value: term(),
  change_type: :value | :type | :language | :datatype
}


      



  



  
    
      
    
    
      rdf_triple()



        
          
        

    

  


  

      

          @type rdf_triple() :: %{
  subject: binary(),
  predicate: binary(),
  object: binary() | %{value: binary(), type: binary(), language: binary()}
}


      



  



  
    
      
    
    
      semantic_diff()



        
          
        

    

  


  

      

          @type semantic_diff() :: %{
  added_triples: [rdf_triple()],
  removed_triples: [rdf_triple()],
  modified_nodes: [node_diff()],
  context_changes: context_diff(),
  metadata: %{
    normalization_algorithm: atom(),
    blank_node_handling: atom(),
    semantic_equivalence: boolean()
  }
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      diff(old, new, opts \\ [])



        
          
        

    

  


  

      

          @spec diff(map(), map(), keyword()) :: {:ok, semantic_diff()} | {:error, term()}


      


Generate semantic diff between two JSON-LD documents.
This compares the underlying RDF graphs after normalization,
accounting for context differences and semantic equivalence.
Options
	normalize: boolean() - Apply RDF graph normalization (default: true)
	blank_node_strategy: :uuid | :hash | :preserve - How to handle blank nodes

	context_aware: boolean() - Include context changes in diff (default: true)
	expand_contexts: boolean() - Expand contexts before comparison (default: true)
	property_grouping: boolean() - Group property changes by node (default: true)

Examples
iex> old = %{
...>   "@context" => %{"name" => "http://schema.org/name"},
...>   "@id" => "http://example.com/person/1",
...>   "name" => "John Doe"
...> }
iex> new = %{
...>   "@context" => "http://schema.org/",
...>   "@id" => "http://example.com/person/1", 
...>   "@type" => "Person",
...>   "name" => "Jane Doe"
...> }
iex> Semantic.diff(old, new)
{:ok, %{
...>   modified_nodes: [%{
...>     node_id: "http://example.com/person/1",
...>     modified_properties: [%{
...>       property: "http://schema.org/name",
...>       old_value: "John Doe",
...>       new_value: "Jane Doe"
...>     }],
...>     added_properties: [%{
...>       property: "http://www.w3.org/1999/02/22-rdf-syntax-ns#type",
...>       new_value: "http://schema.org/Person"
...>     }]
...>   }]
...> }}

  



    

  
    
      
    
    
      inverse(semantic_diff, opts \\ [])



        
          
        

    

  


  

      

          @spec inverse(
  semantic_diff(),
  keyword()
) :: {:ok, semantic_diff()} | {:error, term()}


      


Generate the inverse of a semantic diff.

  



    

  
    
      
    
    
      merge_diffs(diffs, opts \\ [])



        
          
        

    

  


  

      

          @spec merge_diffs(
  [semantic_diff()],
  keyword()
) :: {:ok, semantic_diff()} | {:error, term()}


      


Merge multiple semantic diffs.

  



    

  
    
      
    
    
      patch(document, semantic_diff, opts \\ [])



        
          
        

    

  


  

      

          @spec patch(map(), semantic_diff(), keyword()) :: {:ok, map()} | {:error, term()}


      


Apply semantic diff to a JSON-LD document.
Applies changes at the RDF level and then compacts back
to JSON-LD using the target context.

  



    

  
    
      
    
    
      validate_patch(document, semantic_diff, opts \\ [])



        
          
        

    

  


  

      

          @spec validate_patch(map(), semantic_diff(), keyword()) ::
  {:ok, boolean()} | {:error, term()}


      


Validate that a semantic patch can be applied.

  


        

      


  

    
JsonldEx.Diff.Structural 
    



      
jsondiffpatch-style structural diff for human-readable JSON-LD changes.
This implementation follows the jsondiffpatch delta format:
https://github.com/benjamine/jsondiffpatch/blob/master/docs/deltas.md
Delta format:
	Changed value: [old_value, new_value] 
	Added value: [new_value]
	Deleted value: [old_value, 0, 0]
	Array item moved: ["", from_index, 3]
	Text diff: [text_diff, 0, 2]


      


      
        Summary


  
    Types
  


    
      
        delta_value()

      


    


    
      
        structural_diff()

      


    





  
    Functions
  


    
      
        diff(old, new, opts \\ [])

      


        Generate structural diff between two JSON-LD documents.



    


    
      
        inverse(delta, opts \\ [])

      


        Generate the inverse of a structural diff.



    


    
      
        merge_diffs(diffs, opts \\ [])

      


        Merge multiple structural diffs.



    


    
      
        patch(document, delta, opts \\ [])

      


        Apply structural diff to a document.



    


    
      
        validate_patch(document, delta, opts \\ [])

      


        Validate that a structural patch can be applied.



    





      


      
        Types


        


  
    
      
    
    
      delta_value()



        
          
        

    

  


  

      

          @type delta_value() :: [term()] | map()


      



  



  
    
      
    
    
      structural_diff()



        
          
        

    

  


  

      

          @type structural_diff() :: %{optional(binary()) => delta_value()}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      diff(old, new, opts \\ [])



        
          
        

    

  


  

      

          @spec diff(map(), map(), keyword()) :: {:ok, structural_diff()} | {:error, term()}


      


Generate structural diff between two JSON-LD documents.
Returns a compact delta format that's human-readable and
suitable for version control or change visualization.
Options
	include_moves: boolean() - Detect array item moves (default: true)
	array_diff: :lcs | :simple - Array diffing algorithm (default: :lcs)

	text_diff: boolean() - Generate text diffs for strings (default: true)
	object_hash: function() - Custom hash function for objects

Examples
iex> old = %{"name" => "John", "age" => 30}
iex> new = %{"name" => "Jane", "age" => 30, "city" => "NYC"}
iex> Structural.diff(old, new)
{:ok, %{
  "name" => ["John", "Jane"],
  "city" => ["NYC"]
}}

  



    

  
    
      
    
    
      inverse(delta, opts \\ [])



        
          
        

    

  


  

      

          @spec inverse(
  structural_diff(),
  keyword()
) :: {:ok, structural_diff()} | {:error, term()}


      


Generate the inverse of a structural diff.

  



    

  
    
      
    
    
      merge_diffs(diffs, opts \\ [])



        
          
        

    

  


  

      

          @spec merge_diffs(
  [structural_diff()],
  keyword()
) :: {:ok, structural_diff()} | {:error, term()}


      


Merge multiple structural diffs.
Merges deltas by applying them sequentially.
Later changes override earlier ones for the same path.

  



    

  
    
      
    
    
      patch(document, delta, opts \\ [])



        
          
        

    

  


  

      

          @spec patch(map(), structural_diff(), keyword()) :: {:ok, map()} | {:error, term()}


      


Apply structural diff to a document.

  



    

  
    
      
    
    
      validate_patch(document, delta, opts \\ [])



        
          
        

    

  


  

      

          @spec validate_patch(map(), structural_diff(), keyword()) ::
  {:ok, boolean()} | {:error, term()}


      


Validate that a structural patch can be applied.

  


        

      


  

    
JsonldEx.Native 
    




      
        Summary


  
    Functions
  


    
      
        batch_expand(documents)

      


    


    
      
        batch_process(operations)

      


    


    
      
        build_dependency_graph(blueprints)

      


    


    
      
        cache_context(context, key)

      


    


    
      
        compact(input, context, opts)

      


    


    
      
        compare_versions(version1, version2)

      


    


    
      
        compute_lcs_array(old_array, new_array)

      


    


    
      
        detect_cycles(graph)

      


    


    
      
        diff_operational(old_document, new_document, opts)

      


    


    
      
        diff_semantic(old_document, new_document, opts)

      


    


    
      
        diff_structural(old_document, new_document, opts)

      


    


    
      
        expand(input, opts)

      


    


    
      
        expand_binary(input, opts)

      


    


    
      
        flatten(input, context, opts)

      


    


    
      
        frame(input, frame, opts)

      


    


    
      
        from_rdf(input, opts)

      


    


    
      
        generate_blueprint_context(blueprint_data, opts)

      


    


    
      
        merge_diffs_operational(diffs, opts)

      


    


    
      
        merge_documents(documents, opts)

      


    


    
      
        normalize_rdf_graph(document, algorithm)

      


    


    
      
        optimize_for_storage(document)

      


    


    
      
        parse_semantic_version(version)

      


    


    
      
        patch_operational(document, patch, opts)

      


    


    
      
        patch_semantic(document, patch, opts)

      


    


    
      
        patch_structural(document, patch, opts)

      


    


    
      
        query_nodes(document, pattern)

      


    


    
      
        satisfies_requirement(version, requirement)

      


    


    
      
        text_diff_myers(old_text, new_text)

      


    


    
      
        to_rdf(input, opts)

      


    


    
      
        validate_document(document, opts)

      


    





      


      
        Functions


        


  
    
      
    
    
      batch_expand(documents)



        
          
        

    

  


  


  



  
    
      
    
    
      batch_process(operations)



        
          
        

    

  


  


  



  
    
      
    
    
      build_dependency_graph(blueprints)



        
          
        

    

  


  


  



  
    
      
    
    
      cache_context(context, key)



        
          
        

    

  


  


  



  
    
      
    
    
      compact(input, context, opts)



        
          
        

    

  


  


  



  
    
      
    
    
      compare_versions(version1, version2)



        
          
        

    

  


  


  



  
    
      
    
    
      compute_lcs_array(old_array, new_array)



        
          
        

    

  


  


  



  
    
      
    
    
      detect_cycles(graph)



        
          
        

    

  


  


  



  
    
      
    
    
      diff_operational(old_document, new_document, opts)



        
          
        

    

  


  


  



  
    
      
    
    
      diff_semantic(old_document, new_document, opts)



        
          
        

    

  


  


  



  
    
      
    
    
      diff_structural(old_document, new_document, opts)



        
          
        

    

  


  


  



  
    
      
    
    
      expand(input, opts)



        
          
        

    

  


  


  



  
    
      
    
    
      expand_binary(input, opts)



        
          
        

    

  


  


  



  
    
      
    
    
      flatten(input, context, opts)



        
          
        

    

  


  


  



  
    
      
    
    
      frame(input, frame, opts)



        
          
        

    

  


  


  



  
    
      
    
    
      from_rdf(input, opts)



        
          
        

    

  


  


  



  
    
      
    
    
      generate_blueprint_context(blueprint_data, opts)



        
          
        

    

  


  


  



  
    
      
    
    
      merge_diffs_operational(diffs, opts)



        
          
        

    

  


  


  



  
    
      
    
    
      merge_documents(documents, opts)



        
          
        

    

  


  


  



  
    
      
    
    
      normalize_rdf_graph(document, algorithm)



        
          
        

    

  


  


  



  
    
      
    
    
      optimize_for_storage(document)



        
          
        

    

  


  


  



  
    
      
    
    
      parse_semantic_version(version)



        
          
        

    

  


  


  



  
    
      
    
    
      patch_operational(document, patch, opts)



        
          
        

    

  


  


  



  
    
      
    
    
      patch_semantic(document, patch, opts)



        
          
        

    

  


  


  



  
    
      
    
    
      patch_structural(document, patch, opts)



        
          
        

    

  


  


  



  
    
      
    
    
      query_nodes(document, pattern)



        
          
        

    

  


  


  



  
    
      
    
    
      satisfies_requirement(version, requirement)



        
          
        

    

  


  


  



  
    
      
    
    
      text_diff_myers(old_text, new_text)



        
          
        

    

  


  


  



  
    
      
    
    
      to_rdf(input, opts)



        
          
        

    

  


  


  



  
    
      
    
    
      validate_document(document, opts)



        
          
        

    

  


  


  


        

      


  

    
mix spec.ack 
    



      
Usage:
  mix spec.ack --id <request_id> --owner name --contact contact                [--eta 2025-09-02T12:00:00Z] [--branch feature/x]                [--status accepted|in_progress|blocked] [--notes "..."]

      




  

    
mix spec.apply 
    



      
Usage:
  mix spec.apply --id <request_id>     [--source inbox|outbox]     [--target /path/to/target/repo]     [--dry-run] [--force] [--diff]     [--baseline-rev <git_rev>] [--summary-json]     [--replace-create] [--allow-type-change]     [--format pretty|compact]
Scans messages of type "proposal" under the chosen source (default: inbox),
finds attachments named patch.json, and applies JSON Pointer operations
(add/replace/remove) to the referenced file(s).
Patch format (either inline file or via message ref):
{
  "file": "relative/path.json",         # optional; falls back to message.ref.path
  "base_pointer": "/api",               # optional; falls back to message.ref.json_pointer
  "ops": [
{"op": "replace", "path": "/hash", "value": "..."},
{"op": "add",     "path": "/foo/bar", "value": 1},
{"op": "remove",  "path": "/old"}
  ]
}

      




  

    
mix spec.attach 
    



      
Usage:
  mix spec.attach --to <request_id> --file path/to/file

      




  

    
mix spec.autosync 
    



      
Usage:
  mix spec.autosync --id <req>
Resolves peer as SPEC_HANDOFF_DIR/<id>

      




  

    
mix spec.bundle 
    



      
Usage:
  mix spec.bundle --id <request_id> [--out work/bundles/<id>.zip]
Creates a zip archive containing work/spec_requests/<id>/ suitable for
dropping into another repo. By default, excludes thread.md (regenerable).

      




  

    
mix spec.check 
    



      
Usage:
  mix spec.check --id <request_id>
Runs spec.lint (which also renders the thread) and reports consolidated status.

      




  

    
mix spec.export.docs 
    



      
Usage:
  mix spec.export.docs --dest /path/to/other/repo
Copies:
	AGENTS.codex.md
	work/spec_requests/README.receivers.md
	work/spec_requests/*.schema.json (ack/message/request)
	work/spec_requests/ack.example.json


      




  

    
mix spec.export.jsonld 
    



      
Usage:
  mix spec.export.jsonld --id <req> --project <name> --hub ../lang-spec-hub
Writes JSON-LD files under <hub>/requests/<project>/<id>/jsonld/ using the hub context path:
  ../../../schemas/contexts/spec.jsonld

      




  

    
mix spec.export.tools 
    



      
Usage:
  mix spec.export.tools --dest /path/to/other/repo
Copies sender/receiver Mix tasks and required schemas so the other repo can
participate fully in the handoff flow.

      




  

    
mix spec.hash 
    



      
Usage:
  mix spec.hash --id <request_id>
Writes work/spec_requests/<id>/hashes.json containing stable_json and, if
available, urdna2015_nquads hashes for request.json.

      




  

    
mix spec.hub.init 
    



      
Usage:
  mix spec.hub.init --dest ../lang-spec-hub
Creates:
	<hub>/requests/
	<hub>/schemas/ (copies ack/message/request schema)
	<hub>/docs/ (copies AGENTS.codex.md and receiver guide)
	<hub>/index.md (empty scaffold)


      




  

    
mix spec.hub.sync 
    



      
Usage:
  mix spec.hub.sync --id <request_id> --project <name> --hub ../lang-spec-hub
Copies work/spec_requests/<id> to <hub>/requests/<project>/<id> (creating directories as needed).
Does not copy inbound/outbound transport unless present; preserves structure.
Re-renders thread.md before copy to ensure up-to-date.

      




  

    
mix spec.index 
    



      
Usage:
  mix spec.index --hub ../lang-spec-hub
Scans <hub>/requests/<project>/<id> and writes <hub>/index.md grouped by project
and sorted by updated time from request.json/ack.json or file mtimes.

      




  

    
mix spec.ingest.jsonld 
    



      
Usage:
  mix spec.ingest.jsonld --project <name> --id <req> --hub ../lang-spec-hub
Loads JSON-LD documents from <hub>/requests/<project>/<id>/jsonld/, computes a deterministic
hash (stable JSON fallback), and writes hashes.json. Ready to be wired to Kyozo/CDFM.

      




  

    
mix spec.lint 
    



      
Usage:
  mix spec.lint --id <request_id>
Performs lightweight checks:
	request.json exists and is valid JSON
	ack.json (if present) is valid JSON
	messages in inbox/outbox are valid JSON and have bodies
	attachments referenced by messages exist
	renders thread.md successfully


      




  

    
mix spec.msg.new 
    



      
Usage:
  mix spec.msg.new --id <request_id> --type comment|question|proposal|decision                    --body path/to/body.md                    [--from-project lang] [--from-agent codex]                    [--ref-path request.json] [--ref-pointer /api/hash]                    [--attach file1 --attach file2]

      




  

    
mix spec.msg.pull 
    



      
Usage:
  mix spec.msg.pull --id <request_id> [--from /path/to/peer/work/spec_requests/<id>/outbox]
If --from is omitted, builds it from SPEC_HANDOFF_DIR: $SPEC_HANDOFF_DIR/<id>/outbox

      




  

    
mix spec.msg.push 
    



      
Usage:
  mix spec.msg.push --id <request_id> [--dest /path/to/peer/work/spec_requests/<id>/inbox]
If --dest is omitted, builds it from SPEC_HANDOFF_DIR: $SPEC_HANDOFF_DIR/<id>/inbox

      




  

    
mix spec.new 
    



      
Creates a new spec request folder and request.json adhering to the local schema.
Usage:
  mix spec.new <project> --title "..." [--slug slug] [--motivation "..."] [--priority high] [--version v1]
Projects: jsonld | markdown_ld

      




  

    
mix spec.push 
    



      
Usage:
  mix spec.push --id <request_id> [--dest /path/to/other/repo/work/spec_requests]
Destination defaults to SPEC_HANDOFF_DIR env var if not provided.

      




  

    
mix spec.receiver.init 
    



      
Usage:
  mix spec.receiver.init [--dest /path/to/other/repo/work/spec_requests]
Copies the receiver guide and ack templates into the destination directory.
If --dest is omitted, uses SPEC_HANDOFF_DIR env var.

      




  

    
mix spec.rollout 
    



      
Usage:
  mix spec.rollout --dest ../jsonld --dest ../markdown_ld
  mix spec.rollout --dests "../jsonld,../markdown_ld"
Sources of destinations (in order):
	Repeated --dest flags
	--dests comma-separated list
	SPEC_ROLLOUT_TARGETS env (comma-separated)
	Fallback: ../jsonld and ../markdown_ld if they exist


      




  

    
mix spec.say 
    



      
Usage:
  mix spec.say --id <req> --type comment|question|proposal|decision --body body.md                [--attach file ...] [--ref-path request.json] [--ref-pointer /ptr]                [--dest /peer/path/work/spec_requests/<id>/inbox]
If --dest omitted, uses SPEC_HANDOFF_DIR/<id>/inbox

      




  

    
mix spec.status 
    



      
Usage:
  mix spec.status --id <request_id> --set proposed|accepted|in_progress|done|rejected

      




  

    
mix spec.sync 
    



      
Usage:
  mix spec.sync --id <request_id> --peer /path/to/peer/work/spec_requests/<id>
Equivalent to:
  mix spec.msg.pull --id <id> --from <peer>/outbox
  mix spec.msg.push --id <id> --dest <peer>/inbox

      




  

    
mix spec.thread.render 
    



      
Usage:
  mix spec.thread.render --id <request_id>
Renders work/spec_requests/<id>/thread.md combining request.json and all inbox/outbox messages
in chronological order, as a single Markdown file suitable for review by both sides.

      




  

    
mix spec.unbundle 
    



      
Usage:
  mix spec.unbundle --zip work/bundles/<id>.zip [--dest .]
Extracts the bundle into --dest (default: repo root), preserving the
work/spec_requests/<id>/... prefix contained in the archive.
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