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    Arcana 🔮📚

[image: Run in Livebook]
An embeddable RAG library for Elixir and Phoenix. Arcana lets you add vector search, knowledge graphs, and LLM-driven retrieval to any app that already has an Ecto repo, without standing up a separate vector database, indexing service, or orchestration layer.
[!TIP]
See arcana-adept for a complete Phoenix app with the Doctor Who corpus pre-ingested and ready to query.

Why this exists
Most RAG libraries are written in Python and assume you'll bolt them onto your stack via HTTP. That works, but it leaves you running a vector DB you don't otherwise need, juggling two languages, and gluing telemetry together across processes. The BEAM is particularly well-suited to RAG: pgvector is excellent, supervision trees are the right shape for long-running embedders and rerankers, telemetry is built into the platform, and your Phoenix app already has the Repo, the LiveView for the dashboard, and the user session for chat.
Arcana takes that observation seriously. Everything lives inside your app:
	One Repo. Documents, chunks, embeddings, and the knowledge graph are tables in your existing Postgres database. No new infrastructure.
	Local-first by default. Embeddings run on Bumblebee with EXLA, EMLX (Apple Silicon), or Torchx. The cross-encoder reranker is also local. You can swap to OpenAI/Cohere/whatever, but you don't have to.
	One process model. Embedders and rerankers are Nx.Serving instances under your supervision tree. Telemetry events are :telemetry spans you can already consume. There is no separate "RAG service" to operate.
	Pluggable, but not abstract. Every step that can be replaced is a behaviour with a single callback and a sensible default. Custom rerankers, custom searchers, custom answerers — they're all 10-line modules.

Three modes of operation
Singh et al.'s 2025 Agentic RAG survey splits RAG systems into four progressively more flexible patterns. The key axis is who decides the control flow:
	Pattern	Flow decided by	What it looks like
	Naive RAG	nobody, there is none	embed → retrieve → generate, one shot
	Advanced RAG	author, at code time	naive + query rewriting, reranking, fusion
	Modular RAG	author, at code time	composable pluggable steps you wire together
	Agentic RAG	the LLM, at runtime	LLM picks tools each turn until it can answer

Arcana ships three usage shapes that map onto the last three slots:
	Arcana surface	Singh slot	When to reach for it
	Arcana.search/2, Arcana.ask/2	Advanced RAG	The default door. One call, sensible defaults: query rewriting, hybrid search, optional graph fusion, cross-encoder reranking. Use this unless you need more control.
	Arcana.Pipeline.*	Modular RAG	Compose your own steps when you need control over order or behavior: gate → rewrite → expand → decompose → search → reason → rerank → answer → ground. Each step is a behaviour you can replace.
	Arcana.Loop.*	Agentic RAG	Hand the wheel to the LLM. It picks tools (search, answer, give_up) each turn. Best for open-ended or multi-hop questions where the right sequence of searches isn't obvious upfront.

Arcana intentionally does not ship a "Naive RAG" mode. Even the simplest entry point already does query rewriting, reranking, and graph fusion when available.
How it feels
The shortest useful program:
{:ok, _doc} = Arcana.ingest("Phoenix LiveView is a server-rendered UI library...", repo: MyApp.Repo)

{:ok, answer} = Arcana.ask("What is Phoenix LiveView?", repo: MyApp.Repo, llm: "openai:gpt-4o-mini")
When that's not enough, drop down to the Pipeline:
alias Arcana.Pipeline

ctx =
  Pipeline.new("Compare Elixir and Erlang for building web services",
    repo: MyApp.Repo,
    llm: llm
  )
  |> Pipeline.rewrite()                                  # clean up conversational input
  |> Pipeline.select(collections: ["elixir", "erlang"])  # let the LLM pick collections
  |> Pipeline.decompose()                                # split into sub-questions
  |> Pipeline.search()                                   # search each one
  |> Pipeline.rerank()                                   # cross-encoder rerank
  |> Pipeline.answer()
  |> Pipeline.ground()                                   # NLI hallucination check

ctx.answer
ctx.grounding.score
When the right sequence of searches isn't knowable upfront, hand control to the LLM:
{:ok, ctx} =
  Arcana.Loop.new("Find episodes where a Time Lord betrayed the Doctor",
    repo: MyApp.Repo,
    collection: "doctor-who"
  )
  |> Arcana.Loop.run(controller_llm: "openai:gpt-4o-mini")

ctx = Arcana.Loop.ground(ctx)  # optional: faithfulness scoring

ctx.answer
ctx.tool_history         # which tools the LLM picked, in order
ctx.terminated_by        # :answered, :gave_up, :max_iterations, or :error
ctx.grounding.score      # 0.0-1.0 if you called ground/2
When the corpus is split into multiple collections, pass them all to new/2 and the controller picks which one to search per call. Pass a single collection to lock the loop to it; the controller physically can't express anything else (the tool schema won't even include the parameter). See the Loop guide for the lock vs pick semantics.
Loop also supports the standard router/answerer split: a cheap fast model picks tools each turn, and a stronger model writes the user-facing answer.
Arcana.Loop.run(ctx,
  controller_llm: "zai:glm-4.5-flash",  # cheap, fast: picks tools
  answer_llm:     "zai:glm-4.6"         # stronger: writes the final answer
)
The controller drives the loop iterations, and when it commits via the answer tool, the answerer takes over and produces the final user-visible text from the same accumulated context. The same answerer is also used by the synthesis fallback when the loop runs out of budget without committing.
Each surface is a thin layer over the same primitives: chunkers, embedders, vector stores, graph stores, rerankers. You can mix and match — Arcana.search/2 and Arcana.Loop both call into Arcana.Searcher, so a custom searcher you write for one is a custom searcher for all of them.
Architecture
┌─────────────────────────────────────────────────────────────────────────────────┐
│                                Your Phoenix App                                 │
├──────────────────┬──────────────────┬──────────────────┬────────────────────────┤
│  Arcana.search/2 │   Arcana.ask/2   │  Arcana.Loop.*   │    Arcana.Pipeline.*   │
├──────────────────┴──────────────────┴──────────────────┴────────────────────────┤
│                                                                                 │
│  ┌──────────┐  ┌────────────┐  ┌──────────┐  ┌──────────┐  ┌────────────────┐   │
│  │ Chunker  │  │  Embedder  │  │  Search  │  │ Reranker │  │   Grounding    │   │
│  └──────────┘  └────────────┘  └──────────┘  └──────────┘  └────────────────┘   │
│                                                                                 │
│  ┌───────────────────────────────────────────────────────────────────────────┐  │
│  │                              Knowledge Graph                              │  │
│  │  entity extraction → relationship linking → community detection (Leiden)  │  │
│  └───────────────────────────────────────────────────────────────────────────┘  │
│                                                                                 │
├─────────────────────────────────────────────────────────────────────────────────┤
│                              Your Existing Ecto Repo                            │
│                          PostgreSQL + pgvector extension                        │
└─────────────────────────────────────────────────────────────────────────────────┘
Everything between the top row (the four user-facing surfaces) and the Repo is pluggable. Default implementations cover the common case; behaviours let you swap any single piece without touching the rest.
Installation
With Igniter:
mix igniter.install arcana
mix ecto.migrate

This adds the dependency, creates migrations, configures your Repo, and mounts the dashboard route.
For manual installation, supervision setup, embedder configuration, and the rest of the moving parts, see the Getting Started guide.
Documentation
The README is the brochure. The guides are the manual.
	Getting Started — installation, supervision tree, embedder and chunker setup, first ingestion, first query
	Upgrading to 4.0: collection scope changes, custom backend contracts, the GraphRAG v2 migration and rollback plan
	LLM Integration — configuring providers (OpenAI, Anthropic, Z.ai, custom), passing per-call LLMs, model strings vs functions
	Pipeline (Modular RAG) — Arcana.Pipeline, every step in detail, custom behaviours, telemetry per step
	Loop (Agentic RAG) — Arcana.Loop, the default toolset, controller models, the system prompt, fallback synthesis
	Search Algorithms — semantic, fulltext, hybrid, RRF fusion, hybrid weights
	Reranking — cross-encoder, ColBERT, LLM-based rerankers, when each is appropriate
	GraphRAG — entity extraction, community detection (Leiden), graph search, fusion with vector
	Evaluation — synthetic test sets, MRR / Recall / Hit metrics, evaluation runs
	Telemetry — every event Arcana emits, attaching handlers, hooking into Phoenix LiveDashboard
	Dashboard — the LiveView UI, mounting it, what it shows

References
Arcana's design borrows heavily from published work. The implementation choices map back to specific papers wherever possible:
RAG architecture and the agentic taxonomy
	Agentic Retrieval-Augmented Generation: A Survey (Singh et al., 2025) — the four-level taxonomy (Naive / Advanced / Modular / Agentic) that Arcana's three surfaces map onto
	Self-RAG: Learning to Retrieve, Generate, and Critique through Self-Reflection (Asai et al., ICLR 2024) — inspires Pipeline.gate/2 and Pipeline.ground/2
	Corrective Retrieval Augmented Generation (CRAG) (Yan et al., 2024) — inspires the self_correct: true modes on Pipeline.search/2 and Pipeline.answer/2

Retrieval
	Reciprocal Rank Fusion outperforms Condorcet and individual Rank Learning Methods (Cormack et al., SIGIR 2009) — RRF is the fusion algorithm Arcana uses to combine vector and full-text (and graph) results
	Lost in the Middle: How Language Models Use Long Contexts (Liu et al., 2023) — informs context ordering and the chunk count we ship as the default
	Precise Zero-Shot Dense Retrieval without Relevance Labels (HyDE) (Gao et al., 2022) — hypothetical document embeddings (planned, not yet shipped)

GraphRAG
	From Local to Global: A Graph RAG Approach to Query-Focused Summarization (Microsoft, 2024) — the community-summary-based local search pattern Arcana implements
	Graph Retrieval-Augmented Generation: A Survey (2024) — comprehensive survey
	HopRAG: Multi-Hop Reasoning for Knowledge-Aware RAG (ACL 2025) — LLM-guided graph traversal

Reranking
	Cross-encoder reranking via Bumblebee — cross-encoder/ms-marco-MiniLM-L-6-v2 is the default. Cross-encoders consistently improve top-k accuracy by 10-25% over bi-encoder retrieval alone, and that held up in our doctor-who eval (MRR +39%, Hit@1 +62%).

Agent prompting (informs Arcana.Loop)
	Anthropic: Writing tools for agents — heavy detail in tool descriptions, tell the model when NOT to call tools
	Anthropic: Effective context engineering — high-signal summaries from tools rather than raw chunk dumps
	OpenAI: GPT-5 prompting guide — soft language instead of MUST/CRITICAL, tool budget in the prompt alongside hard caps

Evaluation and grounding
	RAGAS: Automated Evaluation of Retrieval Augmented Generation (Shahul et al., 2023) — faithfulness, relevance, context metrics
	LettuceDetect: A Hallucination Detector for RAG (2025) — token-level grounding, an alternative to the NLI scoring Pipeline.ground/2 does today

Roadmap
	[x] LiveView dashboard
	[x] Hybrid search (vector + full-text with RRF)
	[x] File ingestion (text, markdown, PDF)
	[x] Telemetry events for observability
	[x] In-memory vector store (HNSWLib backend)
	[x] Modular pipeline (Arcana.Pipeline) with pluggable behaviours for every step
	[x] Cross-encoder reranking (local, via Bumblebee)
	[x] GraphRAG (entity extraction, community summaries, fusion)
	[x] Agentic loop (Arcana.Loop) with native tool calling and fallback synthesis
	[x] E5 embedding model prefix support
	[ ] HyDE (Hypothetical Document Embeddings)
	[ ] Async ingestion via Oban
	[ ] Additional vector backends (TurboPuffer, ChromaDB)

Development
docker compose up -d        # Postgres + pgvector
mix deps.get
MIX_ENV=test mix ecto.create && MIX_ENV=test mix ecto.migrate
mix test

License
Apache-2.0
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Arcana is a RAG (Retrieval Augmented Generation) library for Elixir that lets you build AI-powered search and question-answering into your Phoenix applications.
Installation
With Igniter (recommended):
mix igniter.install arcana
mix ecto.migrate

This adds the dependency, creates migrations, configures your repo, and sets up the dashboard route.
The generated migration delegates to Arcana rather than spelling out DDL, so
upgrading later is another migration calling up/1 again:
defmodule MyApp.Repo.Migrations.AddArcana do
  use Ecto.Migration

  def up, do: Arcana.Migration.up(dimensions: 384)

  def down, do: Arcana.Migration.down()
end
up/1 requires :dimensions, which mix arcana.install fills in from your
configured embedder. It also takes
:prefix to install into a Postgres schema of its own. Installs predating
versioned migrations converge by running it: version 1 creates only what is
absent and adds only what a later release introduced, without dropping
anything.
Without Igniter:
def deps do
  [
    {:arcana, "~> 4.0"}
  ]
end
mix deps.get
mix arcana.install
mix ecto.migrate

Embedding Configuration
Arcana uses local embeddings by default via Bumblebee. No API keys needed.
bumblebee is an optional dependency, so add it (plus a backend) when
using the default local embedder:
def deps do
  [
    {:arcana, "~> 4.0"},
    {:bumblebee, "~> 0.6"},
    {:exla, "~> 0.10"}
  ]
end
Apps that bring their own embedder (the Arcana.Embedder behaviour) can
skip both and avoid compiling the Bumblebee/tokenizers toolchain. The same
goes for req_llm: it's optional and only needed when using model strings
(like "openai:gpt-4o-mini") as the LLM or Arcana.Loop.
# config/config.exs

# Default - BGE Small (384 dimensions, 133MB)
config :arcana, embedder: :local

# Use a different model
config :arcana, embedder: {:local, model: "BAAI/bge-base-en-v1.5"}
Add Arcana components to your supervision tree:
# application.ex
children = [
  MyApp.Repo,
  ArcanaWeb.TaskSupervisor,  # Required for dashboard async operations
  Arcana.Embedder.Local   # Only if using local embeddings
]
ArcanaWeb.TaskSupervisor is required for the dashboard's async operations (Ask, Maintenance).
Arcana.Embedder.Local starts the local embedding model (only needed if using local embeddings).
Available Models
	Model	Dimensions	Size	Use Case
	BAAI/bge-small-en-v1.5	384	133MB	Default, good balance
	BAAI/bge-base-en-v1.5	768	438MB	Better accuracy
	BAAI/bge-large-en-v1.5	1024	1.3GB	Best accuracy
	intfloat/e5-small-v2	384	133MB	Alternative to BGE
	intfloat/e5-base-v2	768	438MB	E5 medium size
	intfloat/e5-large-v2	1024	1.3GB	E5 best accuracy
	thenlper/gte-small	384	67MB	Smallest, fastest
	sentence-transformers/all-MiniLM-L6-v2	384	91MB	Lightweight

E5 Models: E5 models require special prefixes (query: for search queries, passage: for documents). Arcana handles this automatically - just configure the model and the prefixes are added during search and ingestion.
Changing Embedding Models
When switching to a model with different dimensions, you need to resize the vector column:
# 1. Update your config to use the new model
# 2. Generate a migration to resize the vector column
mix arcana.gen.embedding_migration

# 3. Run the migration
mix ecto.migrate

# 4. Re-embed all documents with the new model
mix arcana.reembed

For OpenAI embeddings or custom providers, see the LLM Integration guide.
Chunking Configuration
Arcana uses the default text chunker which splits documents into overlapping chunks:
# config/config.exs

# Default - 450 tokens with 50 token overlap
config :arcana, chunker: :default

# Custom chunk sizes
config :arcana, chunker: {:default, chunk_size: 512, chunk_overlap: 100}
Available Options
	Option	Default	Description
	:chunk_size	450	Maximum tokens per chunk
	:chunk_overlap	50	Overlapping tokens between chunks
	:format	:plaintext	Text format (:plaintext, :markdown, :elixir)
	:size_unit	:tokens	How to measure size (:tokens, :characters)

Custom Chunkers
For semantic chunking or domain-specific splitting, implement the Arcana.Chunker behaviour:
defmodule MyApp.SemanticChunker do
  @behaviour Arcana.Chunker

  @impl true
  def chunk(text, opts) do
    # Split on semantic boundaries (paragraphs, sections, etc.)
    text
    |> split_semantically()
    |> Enum.with_index()
    |> Enum.map(fn {text, index} ->
      %{text: text, chunk_index: index, token_count: estimate_tokens(text)}
    end)
  end
end

# Configure globally
config :arcana, chunker: MyApp.SemanticChunker

# Or per-ingest
Arcana.ingest(text, repo: MyApp.Repo, chunker: MyApp.SemanticChunker)
PDF Parsing Configuration
Arcana supports PDF file ingestion with pluggable parsers. The default uses Poppler's pdftotext command-line tool.
Default Parser (Poppler)
# config/config.exs

# Default: Poppler's pdftotext
config :arcana, pdf_parser: :poppler

# With options
config :arcana, pdf_parser: {:poppler, layout: true}
Installing Poppler:
	Platform	Command
	macOS	brew install poppler
	Ubuntu/Debian	apt-get install poppler-utils
	Fedora	dnf install poppler-utils

Check availability:
iex> Arcana.FileParser.PDF.Poppler.available?()
true
Poppler Options
	Option	Default	Description
	:layout	true	Preserve original text layout

Custom PDF Parsers
For alternative PDF parsing (e.g., Apache PDFBox, pdf2htmlex, cloud APIs), implement the Arcana.FileParser.PDF behaviour:
defmodule MyApp.PDFBoxParser do
  @behaviour Arcana.FileParser.PDF

  @impl true
  def parse(path, opts) when is_binary(path) do
    # Your PDF parsing logic
    case extract_with_pdfbox(path, opts) do
      {:ok, text} -> {:ok, text}
      {:error, reason} -> {:error, reason}
    end
  end

  # Optional: declare support for binary content
  # (default is false - parser only accepts file paths)
  def supports_binary?, do: false

  defp extract_with_pdfbox(path, _opts) do
    # Call PDFBox CLI, Rustler NIF, or port
    {:ok, "extracted text"}
  end
end
Configure your custom parser:
# config/config.exs
config :arcana, pdf_parser: MyApp.PDFBoxParser
config :arcana, pdf_parser: {MyApp.PDFBoxParser, some_option: "value"}
Binary Content Support
Some parsers can accept binary PDF content directly (useful for processing uploads without saving to disk). Declare this capability:
defmodule MyApp.InMemoryPDFParser do
  @behaviour Arcana.FileParser.PDF

  @impl true
  def parse(binary, opts) when is_binary(binary) do
    # Parse binary PDF content directly
    {:ok, extracted_text}
  end

  def supports_binary?, do: true
end
Check if a parser supports binary input:
iex> Arcana.FileParser.PDF.supports_binary?({MyApp.InMemoryPDFParser, []})
true

iex> Arcana.FileParser.PDF.supports_binary?({Arcana.FileParser.PDF.Poppler, []})
false
Basic Usage
Ingesting Documents
# Ingest text content
{:ok, document} = Arcana.ingest("Your content here", repo: MyApp.Repo)

# With metadata
{:ok, document} = Arcana.ingest(
  "Article about Elixir",
  repo: MyApp.Repo,
  metadata: %{"author" => "Jane", "category" => "programming"}
)

# With a source ID for grouping
{:ok, document} = Arcana.ingest(
  "Chapter 1 content",
  repo: MyApp.Repo,
  source_id: "book-123"
)

# Ingest from file (supports .txt, .md, .pdf)
{:ok, document} = Arcana.ingest_file("path/to/document.pdf", repo: MyApp.Repo)

# Organize documents into collections
{:ok, document} = Arcana.ingest(
  "Product documentation",
  repo: MyApp.Repo,
  collection: "products"
)

# With collection description (helps Pipeline.select/2 route to the right collection)
{:ok, document} = Arcana.ingest(
  "API reference",
  repo: MyApp.Repo,
  collection: %{name: "api", description: "REST API endpoints and parameters"}
)
Note: PDF support requires a PDF parser. The default uses Poppler's pdftotext.
See PDF Parsing Configuration for installation and custom parsers.

Listing and Reading Documents
Build admin surfaces or assert on ingestion outcomes without touching
Arcana's schemas directly:
# List a collection's documents (newest first, collection preloaded)
{:ok, docs} = Arcana.list_documents(repo: MyApp.Repo, collection: "products")

# Filter by status or source, paginate
{:ok, failed} = Arcana.list_documents(repo: MyApp.Repo, status: :failed)
{:ok, page2} = Arcana.list_documents(repo: MyApp.Repo, limit: 20, offset: 20)
{:ok, total} = Arcana.count_documents(repo: MyApp.Repo, collection: "products")

# Read one, delete one
{:ok, document} = Arcana.get_document(id, repo: MyApp.Repo)
:ok = Arcana.delete(id, repo: MyApp.Repo)
Arcana.Document is the stable public shape: id, status, chunk_count,
metadata, source_id, content_type, timestamps, and the preloaded
collection.
Searching
# Vector search (default)
{:ok, results} = Arcana.search("functional programming", repo: MyApp.Repo)

# Keyword search
{:ok, results} = Arcana.search("Elixir", repo: MyApp.Repo, mode: :keyword)

# Hybrid search (combines semantic + fulltext)
{:ok, results} = Arcana.search("Elixir patterns", repo: MyApp.Repo, mode: :hybrid)

# Hybrid with custom weights
{:ok, results} = Arcana.search("Elixir patterns",
  repo: MyApp.Repo,
  mode: :hybrid,
  vector_weight: 0.7,  # Weight for semantic similarity
  keyword_weight: 0.3   # Weight for keyword matching
)
Both weights must be non-negative and cannot both be zero. They apply on every
backend, but they do not mean quite the same thing on each: pgvector blends the
two scores and compares the result against :threshold, so raising both weights
raises the blended score and can let more rows past the threshold. Other
backends fuse by rank, where only the ratio counts and 0.9/0.1 ranks
identically to 9/1. See
Search Algorithms for the details.

# With filters
{:ok, results} = Arcana.search("query",
  repo: MyApp.Repo,
  limit: 5,
  threshold: 0.7,
  source_id: "book-123",
  collection: "products"  # Filter by collection
)
Every mode returns the same Arcana.SearchResult struct, with id, text,
document_id, chunk_index, score, per-mode score breakdowns
(vector_score/keyword_score, set by single-query hybrid search), and the
chunk's stored metadata.
Strict Collection Scoping
By default, searching a collection name that doesn't exist returns no results,
while ingesting into one creates it on the fly. Turn on strict mode when an
unknown collection should return an explicit error instead:
config :arcana, strict_collections: true
With strict mode on, Arcana.search/2, Arcana.ingest/2, vector-store
writes/deletes, and maintenance functions return
{:error, {:unknown_collection, name}} for names that don't exist —
Arcana.ask/2 wraps it as its usual
{:error, {:search_failed, {:unknown_collection, name}}}. Create
collections explicitly with Arcana.Collection.get_or_create/3. The flag can
also be passed per call (strict_collections: false opts out for one call).
Three things to know:
	Ingest without a :collection uses the implicit "default" collection,
which strict mode also requires to exist. Create it once at setup:
Arcana.Collection.get_or_create("default", MyApp.Repo).
	Without strict mode, an unknown name matches nothing on vector, keyword, and
graph paths.
	Strict validation needs the repo-backed collection registry. The
:memory vector store has no registry: it always fails closed for
unknown collections (empty results) instead of returning the error.

Question Answering
Use Arcana.ask/2 to combine search with an LLM for answers:
llm_fn = fn prompt, context ->
  # Call your LLM API here
  {:ok, "Generated answer based on context"}
end

{:ok, answer} = Arcana.ask("What is Elixir?",
  repo: MyApp.Repo,
  llm: llm_fn,
  limit: 5
)
See the LLM Integration guide for production-ready LLM integration.
Pipeline (Modular RAG)
For more control over the RAG process, use Arcana.Pipeline. See the Pipeline guide for the full reference; this section just shows the shape.
alias Arcana.Pipeline

llm = fn prompt -> {:ok, "LLM response"} end

ctx =
  Pipeline.new("Compare Elixir and Erlang", repo: MyApp.Repo, llm: llm)
  |> Pipeline.select(collections: ["elixir-docs", "erlang-docs"])
  |> Pipeline.expand()
  |> Pipeline.search()
  |> Pipeline.answer()

ctx.answer
Pipeline Steps
	Step	Purpose
	new/2	Initialize with question, repo, and LLM
	select/2	Choose which collections to search
	expand/2	Add synonyms to improve retrieval
	decompose/2	Split complex questions into parts
	search/2	Execute search (with optional self-correction)
	rerank/2	Re-score and filter chunks by relevance
	answer/2	Generate final answer

Expand vs. Decompose
Use expand/2 when queries contain abbreviations, jargon, or domain-specific terms:
# Before expand: "ML models"
# After expand: "ML machine learning artificial intelligence models algorithms"

ctx
|> Pipeline.expand()
|> Pipeline.search()
Use decompose/2 when questions have multiple parts:
# Before decompose: "What is X and how does it compare to Y?"
# After decompose: ["What is X?", "How does it compare to Y?"]

ctx
|> Pipeline.decompose()
|> Pipeline.search()  # Searches each sub-question
You can combine both:
ctx
|> Pipeline.expand()      # Adds synonyms to the original question
|> Pipeline.decompose()   # Splits into sub-questions
|> Pipeline.search()      # Searches each expanded sub-question
Self-Correcting Search
Enable automatic query refinement when results are insufficient:
ctx
|> Pipeline.search(self_correct: true, max_iterations: 3)
The pipeline will:
	Execute the search
	Ask the LLM if results are sufficient
	If not, rewrite the query and retry
	Repeat until sufficient or max iterations reached

Re-ranking
Improve result quality by re-scoring chunks after retrieval:
ctx
|> Pipeline.search()
|> Pipeline.rerank(threshold: 7)  # Keep chunks scoring 7+/10
|> Pipeline.answer()
The LLM scores each chunk's relevance to the question. Chunks below the threshold are filtered out, and remaining chunks are sorted by score.
For custom re-ranking logic (e.g., cross-encoder models):
# Custom reranker module
defmodule MyApp.CrossEncoderReranker do
  @behaviour Arcana.Reranker

  @impl true
  def rerank(question, chunks, _opts) do
    # Your scoring logic here
    {:ok, scored_chunks}
  end
end

ctx |> Pipeline.rerank(reranker: MyApp.CrossEncoderReranker)
Query Rewriting
Improve search results by rewriting queries before searching:
alias Arcana.Rewriters

# Create a rewriter with your LLM
rewriter = Rewriters.expand(llm: fn prompt ->
  # Call LLM to expand the query
  {:ok, "expanded query with synonyms"}
end)

# Use it with search
results = Arcana.search("ML",
  repo: MyApp.Repo,
  rewriter: rewriter
)
Dashboard UI
Arcana includes a LiveView dashboard for managing documents:
# In your router
import ArcanaWeb.Router

scope "/admin", MyAppWeb do
  pipe_through [:browser, :admin]
  arcana_dashboard("/arcana", repo: MyApp.Repo)
end
Telemetry
Arcana emits telemetry events for all operations. You can attach handlers to observe performance and usage:
# In your application startup
:telemetry.attach_many(
  "my-arcana-handler",
  [
    [:arcana, :ingest, :stop],
    [:arcana, :search, :stop],
    [:arcana, :ask, :stop]
  ],
  fn event, measurements, metadata, _config ->
    duration_ms = System.convert_time_unit(measurements.duration, :native, :millisecond)
    Logger.info("#{inspect(event)} completed in #{duration_ms}ms")
  end,
  nil
)
Events follow the :telemetry.span/3 convention with :start, :stop, and :exception suffixes. See Arcana.Telemetry for complete documentation.
Next Steps
	LLM Integration - Connect Arcana to LLMs
	Pipeline (Modular RAG) - Compose retrieval steps yourself
	Loop (Agentic RAG) - Let an LLM drive tool calls until it can answer
	Re-ranking - Improve retrieval quality
	Search Algorithms - Hybrid search modes
	Evaluation - Measure retrieval quality
	Dashboard - Web UI setup



  

    Upgrading to Arcana 4.0

Arcana 4.0 makes collection scope, publication, and graph provenance explicit.
The upgrade is mostly an API change for core-only installs. GraphRAG installs
also need a schema migration and a graph rebuild because relationships written
before 4.0 do not record which chunks support them.
Before you start
Back up the database if you use GraphRAG. Graph schema v2 cannot be rolled back
to v1, and its migration intentionally deletes legacy relationship rows whose
source chunks cannot be reconstructed.
Update the dependency as usual:
{:arcana, "~> 4.0"}
Arcana's core schema stays at version 1 in this release. An application already
running 3.0.1 should have adopted that version during its 3.0 upgrade, so it
does not need another core migration. You can confirm the recorded version in
application code or a non-interactive script:
Arcana.Migration.recorded_version(MyApp.Repo)
# => 1

# Use the install's prefix when it has one
Arcana.Migration.recorded_version(MyApp.Repo, prefix: "arcana")
# => 1
If this returns 0, finish the 3.0 core migration described by
Arcana.Migration before deploying 4.0.
Use one collection scope
Every public read now takes the singular :collection option. It accepts
:all, one collection name, a list of names, or an empty list that matches
nothing:
Arcana.search("refunds", collection: :all)
Arcana.search("refunds", collection: "support")
Arcana.search("refunds", collection: ["support", "api"])
Arcana.search("refunds", collection: [])
Change calls such as:
# Arcana 3.x
Arcana.search("refunds", collections: ["support", "api"])

# Arcana 4.0
Arcana.search("refunds", collection: ["support", "api"])
Sweep Arcana.search/2, Arcana.ask/2, Pipeline.search/2, Loop.new/2,
document reads, evaluation operations, maintenance operations, and dashboard
mounts. They all use the same option now.
The removed collections: option raises. This is deliberate so an outdated
scoped call cannot silently become an unscoped read. Unknown collection names
match nothing when strict mode is off. With strict_collections: true, they
still return {:error, {:unknown_collection, name}}.
Pipeline.select(collections: names) stays plural. That option is the list of
candidates the selection step may choose from, not a retrieval scope.
The public Arcana.Loop.Context.collections and
Arcana.Pipeline.Context.collections fields can now contain :all for an
unrestricted scope. Arcana 3.x used [nil] in the Loop context. Update custom
tools and other context consumers that assume this field is always a list.
The dashboard router follows the same naming:
# Arcana 3.x
arcana_dashboard "/arcana",
  collections: {MyAppWeb.ArcanaAccess, :allowed_collections}

# Arcana 4.0
arcana_dashboard "/arcana",
  collection: {MyAppWeb.ArcanaAccess, :allowed_collections}
The callback may return :all, one name, a list of names, or []. See the
Dashboard guide for the authorization and session lifetime
details.
Update custom backends
The built-in memory vector store now enforces one embedding dimension per
server. A write with a different dimension returns:
{:error, {:dimension_mismatch, expected: expected, actual: actual}}
A search with the wrong dimension returns no results. Start a separate memory
store when different collections use different embedding dimensions.
The rest of this section only applies to custom backends.
Custom Arcana.Searcher implementations now receive :all for a corpus-wide
read. Search once across the corpus and apply the requested ranking and limit
globally. Running one limited query per collection and concatenating the
results produces a different ranking.
Custom Arcana.VectorStore.search/3 and search_text/3 implementations receive
either one collection name or :all. They must also rank and limit :all
globally. An unknown collection name must return an empty result rather than
treating it as unscoped.
Custom Arcana.Graph.GraphStore implementations have three contract changes:
	Change persist_relationships(relationships, entity_id_map, opts) to
persist_relationships(chunk_id, relationships, entity_id_map, opts) and
store that chunk as evidence for each canonical relationship
	Implement with_write_lock(collection_id, opts, fun). It must provide
mutual exclusion per collection across persistence, deletion, and
replacement for every reference to the same backend instance
	Keep delete_by_chunks/2 idempotent. Cleanup may replay chunk IDs after the
database delete has committed. Use :collection_id and
:published_chunk_ids from the options when the deleted rows can no longer
provide that context

sweep_orphans/2 is still optional. Read the behaviour docs for
Arcana.Searcher, Arcana.VectorStore, and Arcana.Graph.GraphStore for the
complete contracts.
Upgrade GraphRAG to schema v2
Skip this section if GraphRAG is not installed.
Pause ingestion, replacement, deletion, and graph maintenance during this
upgrade. Arcana 3.x graph writers do not produce the fingerprints or evidence
rows that schema v2 requires, so a mixed 3.x and 4.0 deployment is unsafe.
Add a host migration that delegates to Arcana. Use the same embedding dimension
and Postgres prefix as the existing GraphRAG install:
defmodule MyApp.Repo.Migrations.UpgradeArcanaGraphToV2 do
  use Ecto.Migration

  def up do
    Arcana.Graph.Migration.up(dimensions: 384)
  end

  def down do
    raise "Arcana graph schema v2 requires restoring the pre-upgrade backup"
  end
end
For a prefixed install, pass the same prefix:
Arcana.Graph.Migration.up(dimensions: 384, prefix: "arcana")
Run the migration and deploy Arcana 4.0 as one maintenance operation:
mix ecto.migrate

Version 2 adds a fingerprint to each canonical relationship and an
arcana_graph_relationship_evidence table linking relationships to their
supporting chunks. The migration verifies the new schema before deleting the
legacy relationships, records v2 in the same transaction, preserves entities
and mentions, and marks existing community summaries dirty.
Rebuild the full graph after the migration:
mix arcana.graph.rebuild

Do not pass --resume. Existing mentions can make resume mode skip chunks that
still need their relationships rebuilt.
If the application uses communities, recreate and summarize them after the
graph rebuild:
mix arcana.graph.detect_communities
mix arcana.graph.summarize_communities --force

The GraphRAG guide documents collection-specific forms and the
configuration each maintenance command uses.
You can verify the migration from application code or a non-interactive
script:
Arcana.Graph.Migration.recorded_version(MyApp.Repo)
# => 2

# Use the install's prefix when it has one
Arcana.Graph.Migration.recorded_version(MyApp.Repo, prefix: "arcana")
# => 2
Before resuming traffic, smoke-test the boundaries the migration changed:
	search a known collection and confirm the expected completed document is
returned
	confirm an unknown collection and collection: [] both return no results
	confirm pending, processing, and failed documents do not appear in search
	confirm the graph rebuild produced the expected relationship count
	if the dashboard is restricted, confirm a request containing any
unauthorized collection is rejected rather than partially accepted

Account for publication semantics
Only completed documents are published in 4.0. Pending, processing, and failed
documents no longer contribute to:
	vector, keyword, hybrid, or graph retrieval
	sparse get_document_metadata/2 reads and evaluation generation
	graph entities, relationships, communities, or traversal
	graph statistics in the dashboard

Administrative document APIs can still list non-completed documents by status,
graph rebuild still processes every chunk selected for rebuilding, and the
dashboard's document and chunk totals still include operational states. If
application code queried Arcana's schemas directly and expected unpublished
rows in retrieval, keep that operational query separate from user-facing
retrieval.
Update delete handling
Arcana.delete/2 now matches its documented error-tuple contract more closely.
Callers should handle {:error, reason} rather than assuming every failure
raises.
For the Ecto graph store, a standalone call runs the document delete and graph
cleanup in one transaction. {:error, {:sweep_failed, reason}} leaves the
document in place, so retry the full delete. Inside a transaction owned by the
caller, the delete remains in that transaction's scope and the caller decides
whether to roll it back.
Any non-Ecto graph store, including the built-in :memory store, is cleaned
after the database commit and can return:
{:error, {:post_commit_graph_cleanup_failed, context}}
The context includes :chunk_ids, :published_chunk_ids, and
:collection_id. Use those values to retry the idempotent graph cleanup. An
non-Ecto graph store cannot be cleaned safely when Arcana.delete/2 is called
inside an existing Ecto transaction, so that case returns
{:error, :external_graph_store_requires_post_commit_delete}.
replace: true ingestion has the same post-commit cleanup error. In that case,
the replacement is already published and the graph cleanup should be retried
with the returned context.
Rollback
Application code can roll back to 3.x only while the database remains on graph
schema v1. Once GraphRAG has migrated to v2, Arcana refuses a v2 to v1 schema
rollback because dropping the evidence table would destroy the information
needed to reconstruct v2 later.
Restore the pre-upgrade database backup to roll back the release. Calling
Arcana.Graph.Migration.down(version: 0) is an uninstall that removes all
Arcana graph tables, not a rollback to the 3.x graph schema.


  

    LLM Integration

How to use Arcana with Req.LLM for RAG applications.
Setup
Add req_llm to your dependencies:
def deps do
  [
    {:arcana, "~> 4.0"},
    {:req_llm, "~> 1.2"}
  ]
end
Configure your API key:
# config/runtime.exs
config :req_llm, :openai, api_key: System.get_env("OPENAI_API_KEY")
# or for Anthropic:
config :req_llm, :anthropic, api_key: System.get_env("ANTHROPIC_API_KEY")
Basic RAG with Arcana.ask/2
Pass a model string directly to Arcana.ask/2:
# OpenAI
{:ok, answer} = Arcana.ask("What is Elixir?",
  repo: MyApp.Repo,
  llm: "openai:gpt-4o-mini"
)

# Anthropic
{:ok, answer} = Arcana.ask("What is Elixir?",
  repo: MyApp.Repo,
  llm: "anthropic:claude-sonnet-4-20250514"
)
The model string format is provider:model-name. Req.LLM supports 45+ providers including OpenAI, Anthropic, Google, Groq, and OpenRouter.
Global LLM Configuration
Instead of passing :llm on every call, set it once:
config :arcana, llm: "openai:gpt-4o-mini"
For a custom adapter, use a {module, function} tuple. Unlike a captured
function (&MyApp.LLM.complete/3), it serializes into a release's
sys.config, so it works from config.exs without runtime.exs wiring:
config :arcana, llm: {MyApp.LLM, :complete}
The function is called with prompt, prompt, context, or
prompt, context, opts depending on its arity, and must return
{:ok, answer} or {:error, reason}.
Custom Prompts
Use the :prompt option for custom system prompts:
custom_prompt = fn question, context ->
  context_text = Enum.map_join(context, "\n\n", & &1.text)

  """
  You are a helpful assistant. Answer the question based only on the provided context.
  Be concise and cite specific passages when possible.

  Context:
  #{context_text}
  """
end

{:ok, answer} = Arcana.ask("What is Elixir?",
  repo: MyApp.Repo,
  llm: "openai:gpt-4o-mini",
  prompt: custom_prompt,
  limit: 5
)
Custom RAG Module
Wrap Arcana in a module for cleaner usage:
defmodule MyApp.RAG do
  @default_model "openai:gpt-4o-mini"
  @default_limit 5

  def ask(question, opts \\ []) do
    repo = Keyword.get(opts, :repo, MyApp.Repo)
    model = Keyword.get(opts, :model, @default_model)
    limit = Keyword.get(opts, :limit, @default_limit)
    source_id = Keyword.get(opts, :source_id)

    search_opts = [
      repo: repo,
      llm: model,
      limit: limit,
      mode: :hybrid
    ]

    search_opts =
      if source_id, do: Keyword.put(search_opts, :source_id, source_id), else: search_opts

    Arcana.ask(question, search_opts)
  end

  def search(query, opts \\ []) do
    repo = Keyword.get(opts, :repo, MyApp.Repo)
    limit = Keyword.get(opts, :limit, @default_limit)

    case Arcana.search(query, repo: repo, limit: limit, mode: :hybrid) do
      {:ok, results} -> results
      {:error, _reason} -> []
    end
  end
end
Streaming Responses
For real-time streaming in LiveView, use Req.LLM's streaming directly with Arcana's search:
defmodule MyAppWeb.ChatLive do
  use MyAppWeb, :live_view

  def handle_event("ask", %{"question" => question}, socket) do
    # Get context from Arcana
    {:ok, context} = Arcana.search(question, repo: MyApp.Repo, limit: 5)
    context_text = Enum.map_join(context, "\n\n", & &1.text)

    # Stream the response
    send(self(), {:stream_answer, question, context_text})

    {:noreply, assign(socket, streaming: true, answer: "")}
  end

  def handle_info({:stream_answer, question, context_text}, socket) do
    live_view_pid = self()

    Task.start(fn ->
      llm_context =
        ReqLLM.Context.new([
          ReqLLM.Context.system("""
            Answer based on this context:
            #{context_text}
          """),
          ReqLLM.Context.user(question)
        ])

      {:ok, response} = ReqLLM.stream_text("openai:gpt-4o-mini", llm_context)

      response
      |> ReqLLM.StreamResponse.tokens()
      |> Stream.each(fn chunk ->
        send(live_view_pid, {:chunk, chunk})
      end)
      |> Stream.run()

      send(live_view_pid, :stream_done)
    end)

    {:noreply, socket}
  end

  def handle_info({:chunk, content}, socket) do
    {:noreply, update(socket, :answer, &(&1 <> content))}
  end

  def handle_info(:stream_done, socket) do
    {:noreply, assign(socket, streaming: false)}
  end
end
Pipeline (Modular RAG)
For complex questions, use Arcana.Pipeline. See the Pipeline guide for the full reference.
llm = fn prompt -> ReqLLM.generate_text!("openai:gpt-4o-mini", prompt) end

ctx =
  Arcana.Pipeline.new("Compare Elixir and Erlang features", repo: MyApp.Repo, llm: llm)
  |> Arcana.Pipeline.select(collections: ["elixir-docs", "erlang-docs"])
  |> Arcana.Pipeline.decompose()
  |> Arcana.Pipeline.search(self_correct: true)
  |> Arcana.Pipeline.answer()

ctx.answer
All pipeline steps accept custom prompt options:
ctx
|> Pipeline.select(collections: [...], prompt: fn question, collections -> "..." end)
|> Pipeline.decompose(prompt: fn question -> "..." end)
|> Pipeline.search(
  self_correct: true,
  sufficient_prompt: fn question, chunks -> "..." end,
  rewrite_prompt: fn question, chunks -> "..." end
)
|> Pipeline.answer(prompt: fn question, chunks -> "..." end)
Cost Tracking
Req.LLM includes built-in cost tracking via telemetry. Attach a handler to track LLM costs:
defmodule MyApp.LLMLogger do
  require Logger

  def setup do
    :telemetry.attach(
      "llm-cost-logger",
      [:req_llm, :token_usage],
      &handle_event/4,
      nil
    )
  end

  def handle_event([:req_llm, :token_usage], measurements, metadata, _) do
    Logger.info("""
    LLM Usage:
      Model: #{metadata.model}
      Input tokens: #{measurements.input_tokens}
      Output tokens: #{measurements.output_tokens}
      Cost: $#{measurements.total_cost}
    """)
  end
end
Tips
Hybrid search combines semantic with keyword matching and is usually the right default. Keep chunk limits reasonable: more context isn't always better (increases cost and noise). For chat interfaces, use streaming. Attach telemetry handlers to track LLM spending, and cache common queries since LLM calls are the most expensive part of the pipeline.


  

    Ingestion with Oban

Ingestion is CPU- and IO-heavy (chunking, embedding, optional graph
extraction), so production apps usually run it in the background. This
recipe wraps Arcana.ingest/2 in an Oban worker
with the properties a multi-tenant ingestion pipeline needs:
	a dedicated queue so ingestion can't starve your other workers
	uniqueness on the document identity while jobs wait in the queue, so
redundant work collapses before it starts
	replace-args-while-queued, so when content changes faster than the queue
drains, the latest version wins
	replace: true so re-ingesting an identity supersedes the previous
document atomically (old chunks stay searchable until the new ingest
completes)

The worker
defmodule MyApp.IngestWorker do
  use Oban.Worker,
    queue: :ingest,
    max_attempts: 3,
    unique: [
      # One job per document identity while it waits in the queue.
      # Deliberately NOT including :executing: replacing args on a job
      # that is already running does nothing (the worker read its args
      # at start), so the new content would be silently lost. A
      # duplicate arriving mid-execution becomes a fresh job instead,
      # which runs afterwards and supersedes via replace: true.
      fields: [:worker, :args],
      keys: [:collection, :source_id],
      states: [:available, :scheduled, :retryable],
      # When a duplicate arrives while a job is still queued, keep the
      # job but swap in the newest args, so the latest content wins.
      on_conflict: {:replace, [:args]}
    ]

  @impl Oban.Worker
  def perform(%Oban.Job{args: args}) do
    %{"collection" => collection, "source_id" => source_id, "content" => content} = args

    case Arcana.ingest(content,
           repo: MyApp.Repo,
           collection: collection,
           source_id: source_id,
           replace: true,
           metadata: Map.get(args, "metadata", %{})
         ) do
      {:ok, _document} -> :ok
      # A concurrent ingest for the same identity finished first and
      # superseded this one: the newest content already won, so don't retry.
      {:error, :replaced_by_concurrent_ingest} -> {:cancel, :superseded}
      {:error, reason} -> {:error, reason}
    end
  end
end
Enqueue from wherever content arrives:
%{collection: "tenant-#{tenant.id}", source_id: "doc-#{doc.id}", content: text}
|> MyApp.IngestWorker.new()
|> Oban.insert()
Queue configuration
Give ingestion its own queue with a limit matched to your embedder. The
local Bumblebee embedder batches on the serving, so a few concurrent jobs
keep the batch full without oversubscribing:
# config/config.exs
config :my_app, Oban,
  repo: MyApp.Repo,
  queues: [default: 10, ingest: 4]
For API-based embedders, size the limit against the provider's rate limit
instead.
Notes
	replace: true requires a :source_id; treat it as the document's
stable identity per collection. Without replace, re-enqueuing the same
identity accumulates duplicate documents.
	With config :arcana, strict_collections: true, create the collection
before the first job runs (Arcana.Collection.get_or_create/3), or
ingest returns {:error, {:unknown_collection, name}} and the job
retries pointlessly.
	Files work the same way through Arcana.ingest_file/2; for uploads that
live in object storage, download to a tmp path in the worker first.
	The Oban uniqueness lock and Arcana's replace advisory lock are
complementary: uniqueness collapses redundant work before it starts,
the advisory lock makes whatever does run correct under races.
	Ordering caveat: if two jobs for the same identity ever execute
concurrently (the second enqueued after the first started), Arcana's
swap is first-to-complete-wins, not latest-wins. If your content
churns faster than ingestion completes and strict latest-wins
matters, run the ingest queue with limit: 1, or have the worker
{:snooze, n} when an earlier job for the same identity is still
executing.



  

    Pipeline (Modular RAG)

Arcana.Pipeline is Arcana's Modular RAG surface: a composable pipeline of pluggable steps that you wire together at code time. Each step is a behaviour with a sensible default implementation, and a %Pipeline.Context{} struct flows through them carrying the question, intermediate state, and final answer.
This guide covers when to reach for Arcana.Pipeline over Arcana.search/2 or Arcana.Loop, every step in the pipeline, how to swap in custom behaviours, and the telemetry events each step emits.
When to use Pipeline
Use Arcana.Pipeline when you want explicit control over the order and behavior of RAG steps but you (the developer) still know the right sequence ahead of time. Typical reasons:
	You need a non-default order (rewrite before decompose, decompose without expand, etc.)
	You want to inspect intermediate state (ctx.sub_questions, ctx.expanded_query, ctx.reason_iterations) for debugging or logging
	You're plugging in custom behaviours (your own searcher, your own reranker)
	You want grounding (ground/2) which isn't run by Arcana.ask/2

If you're happy with Arcana.search and Arcana.ask's defaults, use those. They're a thin convenience wrapper over the same primitives.
If the right sequence of searches isn't knowable upfront (the LLM should decide), use Arcana.Loop instead. See Loop (Agentic RAG).
Overview
A %Pipeline.Context{} struct flows through each step:
alias Arcana.Pipeline

ctx =
  Pipeline.new("Compare Elixir and Erlang")
  |> Pipeline.gate()        # Decide if retrieval is needed
  |> Pipeline.rewrite()     # Clean up conversational input
  |> Pipeline.expand()      # Expand query with synonyms
  |> Pipeline.decompose()   # Break into sub-questions
  |> Pipeline.search()      # Search for each sub-question
  |> Pipeline.reason()      # Multi-hop: search again if needed
  |> Pipeline.rerank()      # Re-rank results
  |> Pipeline.answer()      # Generate final answer
  |> Pipeline.ground()      # Detect hallucinations

ctx.answer
Configuration
Configure defaults in your config so you don't have to pass them every time:
# config/config.exs
config :arcana,
  repo: MyApp.Repo,
  llm: &MyApp.LLM.complete/1
You can still override per-call if needed:
Pipeline.new("Question", repo: OtherRepo, llm: other_llm)
Pipeline Steps
new/1,2 - Initialize Context
Creates the context with your question and optional overrides:
# Uses config defaults
ctx = Pipeline.new("What is Elixir?")

# With explicit options
ctx = Pipeline.new("What is Elixir?",
  repo: MyApp.Repo,
  llm: llm,
  limit: 5,        # Max chunks per search (default: 5)
  threshold: 0.5   # Minimum similarity (default: 0.5)
)
gate/2 - Retrieval Gating
Decide if the question needs retrieval or can be answered from knowledge:
ctx = Pipeline.gate(ctx)

ctx.skip_retrieval   # true if retrieval can be skipped
ctx.gate_reasoning   # "Basic arithmetic can be answered from knowledge"
When skip_retrieval is true, downstream steps behave differently:
	search/2 skips the search and sets results: []
	reason/2 skips multi-hop reasoning
	rerank/2 passes through empty results
	answer/2 uses a no-context prompt (answers from knowledge)

Use when:
	Your questions mix simple facts with domain-specific queries
	You want to reduce latency for questions that don't need retrieval
	You're building a chatbot that handles general knowledge questions

# Example: skip retrieval for math questions
ctx =
  Pipeline.new("What is 2 + 2?", repo: MyApp.Repo, llm: llm)
  |> Pipeline.gate()
  |> Pipeline.search()
  |> Pipeline.answer()

ctx.skip_retrieval  # => true
ctx.answer          # => "4" (answered from knowledge, no retrieval)
rewrite/2 - Clean Conversational Input
Transform conversational input into clear search queries:
ctx = Pipeline.rewrite(ctx)

ctx.rewritten_query
# "Hey, I want to compare Elixir and Go" → "compare Elixir and Go"
This step removes greetings, filler phrases, and conversational noise while preserving entity names and technical terms. Use when questions come from chatbots or voice interfaces.
select/2 - Route to Collections
Route the question to specific collections based on content:
ctx
|> Pipeline.select(collections: ["docs", "api", "tutorials"])
|> Pipeline.search()
The LLM decides which collection(s) are most relevant. Collection descriptions (if set) are included in the prompt.
expand/2 - Query Expansion
Add synonyms and related terms to improve retrieval:
ctx = Pipeline.expand(ctx)

ctx.expanded_query
# => "Elixir programming language functional BEAM Erlang VM"
decompose/2 - Query Decomposition
Break complex questions into simpler sub-questions:
ctx = Pipeline.decompose(ctx)

ctx.sub_questions
# => ["What is Elixir?", "What is Erlang?", "How do they compare?"]
search/2 - Execute Search
Search using the original question, expanded query, or sub-questions:
ctx = Pipeline.search(ctx)

ctx.results
# => [%{question: "...", collection: "...", chunks: [...]}]
Explicit Collection Selection
Pass :collection to search specific collections without using select/2:
# Search a single collection
ctx
|> Pipeline.search(collection: "technical_docs")
|> Pipeline.answer()

# Search multiple collections
ctx
|> Pipeline.search(collection: ["docs", "faq"])
|> Pipeline.answer()

# Search every collection, or deliberately search none
Pipeline.search(ctx, collection: :all)
Pipeline.search(ctx, collection: [])
:collection accepts :all, a collection name, or a list of names. A single
string and a one-element list mean the same thing.
Collection selection priority:
	:collection option passed to search/2
	ctx.collections (set by select/2)
	Falls back to "default" collection

This is useful when:
	You have only one collection (no LLM selection needed)
	The user explicitly chooses which collection(s) to search
	You want deterministic routing without LLM overhead

reason/2 - Multi-hop Reasoning
Evaluate if search results are sufficient and search again if not:
ctx = Pipeline.reason(ctx, max_iterations: 2)

ctx.reason_iterations  # Number of additional searches performed
ctx.queries_tried      # MapSet of all queries attempted
This step implements multi-hop reasoning by:
	Asking the LLM if current results can answer the question
	If not, getting a follow-up query from the LLM
	Executing the follow-up search and merging results
	Repeating until sufficient or max_iterations reached

The queries_tried set prevents searching the same query twice.
Options
	:max_iterations - Maximum additional searches (default: 2)
	:prompt - Custom prompt function fn question, chunks -> prompt_string end
	:llm - Override the LLM function for this step

Example
# Question that may need multiple searches
ctx =
  Pipeline.new("How does Elixir handle concurrency and error recovery?")
  |> Pipeline.search()
  |> Pipeline.reason(max_iterations: 3)
  |> Pipeline.answer()

# First search finds concurrency info, reason/2 adds error recovery search
ctx.reason_iterations  # => 1
ctx.queries_tried      # => MapSet.new(["How does Elixir...", "Elixir error recovery supervision"])
rerank/2 - Re-rank Results
Score and filter chunks by relevance:
ctx = Pipeline.rerank(ctx, threshold: 7)
See the Re-ranking Guide for details.
answer/2 - Generate Answer
Generate the final answer from retrieved context:
ctx = Pipeline.answer(ctx)

ctx.answer
# => "Elixir is a functional programming language..."
ctx.context_used
# => [%Arcana.Chunk{...}, ...]
When skip_retrieval is true (set by gate/2), answer/2 uses a no-context prompt and answers from the LLM's knowledge:
ctx =
  Pipeline.new("What is 2 + 2?")
  |> Pipeline.gate()    # Sets skip_retrieval: true
  |> Pipeline.search()  # Skipped
  |> Pipeline.answer()  # Answers from knowledge

ctx.answer       # => "4"
ctx.context_used # => []
ground/2 - Hallucination Detection
Check if the generated answer is faithful to the retrieved context:
ctx = Pipeline.ground(ctx)

ctx.grounding.score              # 0.0-1.0 (fraction of faithful tokens)
ctx.grounding.hallucinated_spans # [%{text: "...", start: 0, end: 10, score: 0.95, sources: [...]}]
ctx.grounding.faithful_spans     # [%{text: "...", start: 11, end: 30, score: 0.98, sources: [...]}]
Each span includes a :sources field with chunk-level attribution: a list of %{chunk_id: term(), score: float()} sorted by word overlap score descending. This tells you which context chunks support (or contradict) each part of the answer.
Chunk Attribution
Use sources to trace claims back to specific chunks:
# find hallucinated claims and the chunks they relate to
for span <- ctx.grounding.hallucinated_spans do
  IO.puts("Hallucinated: #{inspect(span.text)}")

  for source <- span.sources do
    chunk = Enum.find(ctx.context_used, &(&1.id == source.chunk_id))
    IO.puts("  chunk #{source.chunk_id} (overlap: #{Float.round(source.score, 2)})")
  end
end
Spans with empty sources have zero word overlap with any chunk, so the model fully invented them:
fully_invented =
  Enum.filter(ctx.grounding.hallucinated_spans, &(&1.sources == []))
Hallucinated spans with high source overlap mean the words match but the facts are wrong (like saying "2010" when the chunk says "2011"):
contradicted =
  ctx.grounding.hallucinated_spans
  |> Enum.flat_map(fn span ->
    span.sources
    |> Enum.filter(&(&1.score > 0.5))
    |> Enum.map(&{span.text, &1.chunk_id})
  end)
You can also see which chunks actually contributed to the answer:
cited_chunk_ids =
  ctx.grounding.faithful_spans
  |> Enum.flat_map(& &1.sources)
  |> Enum.map(& &1.chunk_id)
  |> Enum.uniq()
The default grounder uses Hallmark, which runs Vectara's HHEM model natively via Bumblebee. It scores each sentence in the answer against the combined context using NLI (natural language inference).
Setup just requires the hallmark dependency. The model (~440 MB) downloads automatically on first use:
# Add to mix.exs
{:hallmark, "~> 1.0"}
Skips automatically if ctx.error is set or ctx.answer is nil.
Custom Prompts
Every LLM-powered step accepts a custom prompt function and optional LLM override:
# Custom rewrite prompt
Pipeline.rewrite(ctx, prompt: fn question ->
  "Clean up this conversational input: #{question}"
end)

# Custom expansion prompt
Pipeline.expand(ctx, prompt: fn question ->
  "Expand this query for better search: #{question}"
end)

# Custom decomposition prompt
Pipeline.decompose(ctx, prompt: fn question ->
  """
  Split this into sub-questions. Return JSON:
  {"sub_questions": ["q1", "q2"]}

  Question: #{question}
  """
end)

# Custom answer prompt
Pipeline.answer(ctx, prompt: fn question, chunks ->
  context = Enum.map_join(chunks, "\n", & &1.text)
  """
  Answer based only on this context:
  #{context}

  Question: #{question}
  """
end)

# Override LLM for a specific step
Pipeline.rewrite(ctx, llm: faster_llm)
Pipeline.answer(ctx, llm: more_capable_llm)
Error Handling
Errors are stored in the context and propagate through the pipeline:
ctx = Pipeline.new("Question", repo: repo, llm: llm)
  |> Pipeline.search()
  |> Pipeline.answer()

case ctx.error do
  nil -> IO.puts("Answer: #{ctx.answer}")
  error -> IO.puts("Error: #{inspect(error)}")
end
Steps skip execution when an error is present.
Telemetry
Each step emits a :telemetry.span under [:arcana, :pipeline, ...]. The events were previously emitted under [:arcana, :agent, ...]; that prefix was renamed to :pipeline along with the module rename and is no longer emitted. Update any existing handlers.
[:arcana, :pipeline, :rewrite, :start | :stop | :exception]
[:arcana, :pipeline, :select, :start | :stop | :exception]
[:arcana, :pipeline, :expand, :start | :stop | :exception]
[:arcana, :pipeline, :decompose, :start | :stop | :exception]
[:arcana, :pipeline, :search, :start | :stop | :exception]
[:arcana, :pipeline, :rerank, :start | :stop | :exception]
[:arcana, :pipeline, :answer, :start | :stop | :exception]
[:arcana, :pipeline, :ground, :start | :stop | :exception]
[:arcana, :pipeline, :self_correct, :start | :stop | :exception]  # per correction attempt
Example handler:
:telemetry.attach(
  "pipeline-logger",
  [:arcana, :pipeline, :search, :stop],
  fn _event, measurements, metadata, _config ->
    IO.puts("Search found #{metadata.total_chunks} chunks in #{measurements.duration}ns")
  end,
  nil
)
Example Pipelines
Simple RAG
ctx =
  Pipeline.new(question, repo: repo, llm: llm)
  |> Pipeline.search()
  |> Pipeline.answer()
With Query Expansion
ctx =
  Pipeline.new(question, repo: repo, llm: llm)
  |> Pipeline.expand()
  |> Pipeline.search()
  |> Pipeline.answer()
Full Pipeline
ctx =
  Pipeline.new(question, repo: repo, llm: llm)
  |> Pipeline.select(collections: ["docs", "api"])
  |> Pipeline.expand()
  |> Pipeline.decompose()
  |> Pipeline.search()
  |> Pipeline.rerank(threshold: 7)
  |> Pipeline.answer(self_correct: true)
  |> Pipeline.ground()
Conditional Steps
ctx = Pipeline.new(question, repo: repo, llm: llm)

ctx =
  if complex_question?(question) do
    ctx |> Pipeline.decompose()
  else
    ctx |> Pipeline.expand()
  end

ctx
|> Pipeline.search()
|> Pipeline.rerank()
|> Pipeline.answer()
Custom Implementations
Every pipeline step has a behaviour and can be replaced with a custom implementation. This gives you full control over each component while keeping the pipeline composable.
Available Behaviours
	Step	Behaviour	Default Implementation	Option
	rewrite/2	Arcana.Pipeline.Rewriter	Rewriter.LLM	:rewriter
	select/2	Arcana.Pipeline.Selector	Selector.LLM	:selector
	expand/2	Arcana.Pipeline.Expander	Expander.LLM	:expander
	decompose/2	Arcana.Pipeline.Decomposer	Decomposer.LLM	:decomposer
	search/2	Arcana.Searcher	Searcher.Arcana	:searcher
	rerank/2	Arcana.Reranker	Reranker.LLM	:reranker
	answer/2	Arcana.Pipeline.Answerer	Answerer.LLM	:answerer
	ground/2	Arcana.Grounder	Grounder.Hallmark	:grounder

Custom Rewriter
Transform queries using your own logic:
defmodule MyApp.SpellCheckRewriter do
  @behaviour Arcana.Pipeline.Rewriter

  @impl true
  def rewrite(question, _opts) do
    {:ok, MyApp.SpellChecker.correct(question)}
  end
end

ctx
|> Pipeline.rewrite(rewriter: MyApp.SpellCheckRewriter)
|> Pipeline.search()
Custom Expander
Expand queries with domain-specific knowledge:
defmodule MyApp.MedicalExpander do
  @behaviour Arcana.Pipeline.Expander

  @impl true
  def expand(question, _opts) do
    terms = MyApp.MedicalThesaurus.expand_terms(question)
    {:ok, question <> " " <> Enum.join(terms, " ")}
  end
end

Pipeline.expand(ctx, expander: MyApp.MedicalExpander)
Custom Decomposer
Break questions into sub-questions with custom logic:
defmodule MyApp.SimpleDecomposer do
  @behaviour Arcana.Pipeline.Decomposer

  @impl true
  def decompose(question, _opts) do
    sub_questions =
      question
      |> String.split(~r/ and | or /i)
      |> Enum.map(&String.trim/1)

    {:ok, sub_questions}
  end
end

Pipeline.decompose(ctx, decomposer: MyApp.SimpleDecomposer)
Custom Searcher
Replace the default pgvector search with any backend:
defmodule MyApp.ElasticsearchSearcher do
  @behaviour Arcana.Searcher

  @impl true
  def search(question, collection, opts) do
    limit = Keyword.get(opts, :limit, 5)

    chunks =
      MyApp.Elasticsearch.search(collection, question, size: limit)
      |> Enum.map(fn hit ->
        %{
          id: hit["_id"],
          text: hit["_source"]["text"],
          document_id: hit["_source"]["document_id"],
          score: hit["_score"]
        }
      end)

    {:ok, chunks}
  end
end

# Use Elasticsearch instead of pgvector
ctx
|> Pipeline.search(searcher: MyApp.ElasticsearchSearcher)
|> Pipeline.answer()
Other search backend examples:
	Meilisearch for fast typo-tolerant search
	Pinecone for managed vector search
	Weaviate for hybrid search
	OpenSearch for enterprise deployments

Custom Reranker
Use a cross-encoder or other scoring model:
defmodule MyApp.CrossEncoderReranker do
  @behaviour Arcana.Reranker

  @impl true
  def rerank(question, chunks, opts) do
    threshold = Keyword.get(opts, :threshold, 0.5)

    scored_chunks =
      chunks
      |> Enum.map(fn chunk ->
        score = MyApp.CrossEncoder.score(question, chunk.text)
        Map.put(chunk, :rerank_score, score)
      end)
      |> Enum.filter(&(&1.rerank_score >= threshold))
      |> Enum.sort_by(& &1.rerank_score, :desc)

    {:ok, scored_chunks}
  end
end

Pipeline.rerank(ctx, reranker: MyApp.CrossEncoderReranker)
Custom Answerer
Generate answers with your own approach:
defmodule MyApp.TemplateAnswerer do
  @behaviour Arcana.Pipeline.Answerer

  @impl true
  def answer(question, chunks, _opts) do
    context = Enum.map_join(chunks, "\n\n", & &1.text)

    answer = """
    Based on #{length(chunks)} sources:

    #{context}

    ---
    Question: #{question}
    """

    {:ok, answer}
  end
end

# Skip LLM entirely, just concatenate chunks
Pipeline.answer(ctx, answerer: MyApp.TemplateAnswerer)
Custom Grounder
Replace the default Hallmark grounder with your own hallucination detection logic:
defmodule MyApp.APIGrounder do
  @behaviour Arcana.Grounder

  @impl true
  def ground(answer, chunks, opts) do
    score = MyApp.FactChecker.check(answer, chunks)

    {:ok, %Arcana.Grounding.Result{
      score: score,
      hallucinated_spans: [],
      token_labels: []
    }}
  end
end

Pipeline.ground(ctx, grounder: MyApp.APIGrounder)
Inline Functions
For quick customizations, pass a function instead of a module:
# Inline rewriter
Pipeline.rewrite(ctx, rewriter: fn question, _opts ->
  {:ok, String.downcase(question)}
end)

# Inline expander
Pipeline.expand(ctx, expander: fn question, _opts ->
  {:ok, question <> " programming language"}
end)

# Inline searcher
Pipeline.search(ctx, searcher: fn question, collection, opts ->
  # Your search logic
  {:ok, chunks}
end)

# Inline answerer
Pipeline.answer(ctx, answerer: fn question, chunks, _opts ->
  {:ok, "Found #{length(chunks)} relevant chunks for: #{question}"}
end)

# Inline grounder
Pipeline.ground(ctx, grounder: fn answer, chunks, _opts ->
  {:ok, %Arcana.Grounding.Result{score: 1.0, hallucinated_spans: [], token_labels: []}}
end)
Combining Custom Implementations
Mix and match custom components:
ctx =
  Pipeline.new(question, repo: repo, llm: llm)
  |> Pipeline.rewrite(rewriter: MyApp.SpellCheckRewriter)
  |> Pipeline.expand()  # Use default LLM expander
  |> Pipeline.search(searcher: MyApp.ElasticsearchSearcher)
  |> Pipeline.rerank(reranker: MyApp.CrossEncoderReranker)
  |> Pipeline.answer()  # Use default LLM answerer
Per-Step LLM Override
Override the LLM for specific steps without changing the implementation:
fast_llm = fn prompt -> {:ok, OpenAI.chat("gpt-4o-mini", prompt)} end
smart_llm = fn prompt -> {:ok, OpenAI.chat("gpt-4o", prompt)} end

ctx =
  Pipeline.new(question, repo: repo, llm: fast_llm)
  |> Pipeline.expand()  # Uses fast_llm
  |> Pipeline.search()
  |> Pipeline.rerank()  # Uses fast_llm
  |> Pipeline.answer(llm: smart_llm)  # Override with smart_llm
Context Struct
The Arcana.Pipeline.Context struct carries all state:
	Field	Description
	question	Original question
	repo	Ecto repo
	llm	LLM function
	rewritten_query	Query after cleanup (from rewrite)
	expanded_query	Query after expansion
	sub_questions	Decomposed questions
	collections	Selected collections
	results	Search results per question/collection
	rerank_scores	Scores from re-ranking
	answer	Final generated answer
	context_used	Chunks used for answer
	correction_count	Number of self-corrections made
	corrections	List of {answer, feedback} tuples
	grounding	Grounding result (%Arcana.Grounding.Result{} or nil)
	error	Error if any step failed



  

    Loop (Agentic RAG)

Arcana.Loop is Arcana's Agentic RAG surface: an LLM-driven tool loop where the controller picks tools each turn until it has enough context to answer the question, runs out of budget, or admits defeat.
This is the "Agentic RAG" pattern from Singh et al.'s 2025 survey, as opposed to the static Arcana.Pipeline you compose ahead of time. Both patterns coexist in Arcana and target different problems.
When to use Loop
Reach for Arcana.Loop when the right sequence of searches isn't knowable upfront. The LLM decides whether to search again, how to refine the query, and when to answer. Typical reasons:
	Open-ended exploratory questions ("what do we know about X")
	Multi-hop questions where each search depends on what the previous one returned
	Questions where the user's phrasing might or might not need rewriting, and you'd rather have the model decide
	"Find all the X" enumeration questions that benefit from iterative searching across different aspects

If you know the right pipeline ahead of time, use Arcana.Pipeline: it's faster, cheaper, more predictable, and easier to debug.
If you just want a question answered with sensible defaults, use Arcana.ask/2: it's a one-call wrapper over the same primitives.
Quick start
{:ok, ctx} =
  Arcana.Loop.new("Find episodes where a Time Lord betrayed the Doctor",
    repo: MyApp.Repo,
    collection: "doctor-who"
  )
  |> Arcana.Loop.run(controller_llm: "openai:gpt-4o-mini")

ctx.answer            # the final answer text
ctx.tool_history      # list of tool calls the controller made, in order
ctx.terminated_by     # :answered | :gave_up | :max_iterations | :error
ctx.iterations        # how many controller turns ran
ctx.chunks            # all chunks accumulated across searches (capped)
How the loop works
Each iteration is one round-trip with the controller LLM:
	The controller is called with the running conversation (ReqLLM.Context) and the available tools
	The controller responds with either tool calls or a final text answer
	If tool calls: Loop executes them, appends results to the conversation, and goes back to step 1
	If a terminating tool (answer, give_up) is called: Loop ends with that as the result
	If max_iterations is hit before a terminating tool: Loop ends and (by default) does one final tool-less synthesis call to produce an answer from accumulated chunks

The loop is sequential and in-process. There's no parallel tool calling, no retry logic, and no streaming.
The default toolset
Loop ships with three tools:
	Tool	What it does	Terminates the loop?
	search	Search the knowledge base for chunks. Uses graph data automatically when available.	no
	answer	Provide the final answer text.	yes (:answered)
	give_up	Admit the question can't be answered.	yes (:gave_up)

search is the only tool that touches your Repo. The other two terminate the loop with a result.
Query refinement and decomposition aren't separate tools: the system prompt tells the controller to mentally rewrite vague user questions before searching, and to issue sequential search calls with focused queries when a question covers multiple aspects.
To customize, pass tools: [...] to Loop.run/2 with your own list of ReqLLM.Tool structs. Custom tools that mutate loop state need a matching clause in Tools.execute/4. See Arcana.Loop.Tools for the schemas of the default tools.
What the controller sees from a search
The search tool returns the full text of up to 5 chunks per call, prefixed with stable chunk IDs:
Found 17 chunks. Top 5:

1. [62b23833-65a3-47fd-bcd5-6a42456ea734]
<full chunk text>

2. [01c9cdc6-8945-42d6-8335-ab9c4fcf19c5]
<full chunk text>

...
The controller is the answerer in this loop, and it needs the actual chunk text to decide whether what it has already retrieved is enough to answer. An earlier version returned 400-character previews based on Anthropic's general agent-engineering guidance to keep tool results terse. That guidance is correct for agents with many tools and many small results, but it's wrong for retrieval tools where the chunk text is the evidence the model needs. Truncated previews caused over-search: the model would refine queries indefinitely because no preview ever looked complete enough to commit. Self-RAG and CRAG (the two relevant Agentic RAG papers) both pass full passages, and that's the right model here too.
The cap on total chunks accumulated across the loop is governed by :chunk_cap (default 30), which bounds the loop's working memory but not what any single tool result contains.
Configuration
Arcana.Loop.new(question, opts) |> Arcana.Loop.run(opts)
new/2 options:
	Option	Default	Description
	:repo	Arcana.Config.get(opts, :repo)	Ecto repo for retrieval tools
	:collection	:all	:all, one collection name, or a list of names. A single name locks the loop to it.

run/2 options:
	Option	Default	Description
	:controller_llm	required	Model spec for the loop controller: the model that picks tools each turn. ReqLLM string ("openai:gpt-4o-mini"), tuple ({"zai:glm-4.6", api_key: "..."}), or test stub function (messages, tools, opts) -> {:ok, classified}
	:answer_llm	nil	Optional model spec for the answerer: the model that produces the user-facing text. When set, the controller drives the loop but ctx.answer is written by the answerer. See "Controller / answerer split" below.
	:max_iterations	10	Hard cap on controller turns
	:tools	Tools.default/0	List of ReqLLM.Tool structs. Replace to customize.
	:system_prompt	SystemPrompt.default/1	Override the default system prompt. String or (opts -> string)
	:chunk_cap	30	Maximum chunks accumulated across iterations. Lowest-scored evicted first.
	:fallback_synthesis	true	When max_iterations is hit without answer, do one final tool-less LLM call to synthesize from accumulated chunks
	:synthesizer	default	Override the synthesis function for the fallback path. (messages, opts) -> {:ok, text}. The default uses :answer_llm if set, otherwise :controller_llm.
	:search_fn	&Arcana.search/2	Override Arcana.search/2 for the built-in search tool. Test-only.
	:search_opts	[]	Extra options forwarded to the search tool's call into Arcana.search/2

You can also set defaults globally:
config :arcana, loop: [
  controller_llm: "openai:gpt-4o-mini",
  max_iterations: 10,
  chunk_cap: 30
]
Per-call options override globals.
Collections: lock vs pick
The :collection option on Arcana.Loop.new/2 doesn't
just filter searches. It shapes the tool schema the controller
sees, which determines what the controller can and can't express.
Three cases, three behaviors:
Lock to a single collection. Pass a collection name or a one-element
list. The search tool is built without a collection
parameter, so the controller literally has no way to express a
different collection. This is the strongest possible guarantee: no
prompt-engineering workaround, no "ignore previous instructions".
Arcana.Loop.new(question, repo: Repo, collection: "docs")
# tool schema: search(query, limit)
# every search runs against "docs", always
Allow a set; let the controller pick per call. Pass a
multi-element :collection list. The search tool gains an optional
collection parameter whose documentation lists the allowed values.
The controller picks one per call, or omits it to search across all
listed collections. The system prompt also gains a "Collections"
section telling the controller when to narrow vs broaden.
Arcana.Loop.new(question, repo: Repo, collection: ["docs", "wiki", "changelog"])
# tool schema: search(query, collection, limit)
# controller decides each call:
#   search(query: "...", collection: "docs")   -- narrow
#   search(query: "...")                        -- across all three
If the controller passes an invalid collection (not in the allowed
list), the search tool returns a friendly error as the tool result
("search error: collection \"x\" is not in the allowed list...").
The loop doesn't crash; the controller sees the error on its next
turn and can correct.
Unrestricted. Omit the option, or pass :all explicitly. The
search tool has no collection parameter. Arcana.search/2 receives
collection: :all and searches the full corpus.
Arcana.Loop.new(question, repo: Repo, collection: :all)
Pass [] when the caller is authorized for no collections. The loop keeps
that match-nothing scope through every tool call.
Arcana.Loop.new(question, repo: Repo, collection: [])
# tool schema: search(query, limit)
# every search matches nothing
When to use which
	Lock when your Loop is scoped to a single domain and you want to
guarantee the controller never leaks into other collections. Common
in multi-tenant apps where each tenant has its own collection.
	Pick when your corpus is split into topical collections and the
right collection depends on the question. The controller can make
that call per turn, which is exactly what you'd want an agent for.
	Unrestricted for the simplest case: one big corpus, no filtering.

Termination
The loop ends in one of four states, recorded in ctx.terminated_by:
	Reason	What it means
	:answered	The controller called the answer tool. ctx.answer is the text it provided.
	:gave_up	The controller called the give_up tool. ctx.answer is "Could not answer: <reason>".
	:max_iterations	The hard cap fired before a terminating tool was called. By default, fallback synthesis runs and ctx.answer is the synthesized text. With fallback_synthesis: false, ctx.answer is nil.
	:error	The controller LLM call returned {:error, reason}. ctx.error carries the reason. No fallback runs.

Fallback synthesis
In practice, models reliably refuse to call answer for enumeration questions even with generous max_iterations. They keep hunting for completeness one entity at a time. This is a known agentic RAG failure mode.
Loop's fix is graceful degradation: when max_iterations is hit and chunks have been accumulated, do one more LLM call without tools. The model is forced to produce text, which it does, using the accumulated chunks as context. The result becomes ctx.answer. The synthesis step is recorded in ctx.tool_history as a :synthesis entry (with the full answer text in args.text) and emits the same [:arcana, :loop, :tool_call] telemetry event, so dashboards and live traces show it alongside the controller's tool calls.
# Default synthesizer: appends an instruction to the running conversation,
# calls the controller_llm without tools, and returns the text.
{:ok, ctx} =
  Arcana.Loop.new("Which Time Lords have betrayed the Doctor?",
    repo: MyApp.Repo,
    collection: "doctor-who"
  )
  |> Arcana.Loop.run(controller_llm: "zai:glm-4.6", max_iterations: 6)

ctx.terminated_by     # :max_iterations
ctx.answer            # "Based on the available information, several Time Lords..."
To disable, pass fallback_synthesis: false. If you want a different model for the synthesis call than the controller, the simplest way is :answer_llm (see Controller / answerer split): it acts as the default synthesizer when set. If you need full control over the synthesis call (custom prompt, postprocessing, retries), pass :synthesizer directly:
Arcana.Loop.run(ctx,
  controller_llm: "zai:glm-4.5-flash",
  synthesizer: fn messages, _opts ->
    case ReqLLM.generate_text("zai:glm-4.6", messages) do
      {:ok, response} -> {:ok, ReqLLM.Response.text(response)}
      err -> err
    end
  end
)
The system prompt
The default prompt (Arcana.Loop.SystemPrompt.default/1) follows current best practices from Anthropic and OpenAI:
	Structured into named markdown sections (works across providers; XML tags don't)
	Heavy detail in tool descriptions, not the system prompt: the prompt sets the role and workflow, the tool descriptions guide selection
	Explicit "when NOT to call" rules to avoid the GPT-5 / Cursor over-eager-search failure mode
	Tool budget mentioned in the prompt alongside the hard max_iterations cap
	No Thought:/Action: prefixes: native tool calling drives the loop, no ReAct templating needed
	Self-critique on retrieval quality before answering (Self-RAG / CRAG pattern)
	Soft language, not aggressive MUST / CRITICAL: these cause overtrigger in Claude 4.5+

To override, pass system_prompt: "..." (a string) or system_prompt: fn opts -> string end (so you can read :max_iterations from opts to mention the budget). The default prompt is corpus-agnostic; if your corpus has unusual scoring characteristics or domain conventions, it's worth adding them in a custom prompt.
Custom tools
Append your own ReqLLM.Tool structs to the defaults. Custom tools are invoked via their :callback when the controller calls them. The callback is a 1-arity function (args) -> {:ok, text} | {:error, text} where text is the string returned to the controller as the tool result. Custom tools always continue the loop (only the built-in answer and give_up tools terminate it).
web_search = ReqLLM.Tool.new!(
  name: "web_search",
  description: "Search the web for current information not in the knowledge base.",
  parameter_schema: [
    query: [type: :string, required: true, doc: "The search query"]
  ],
  callback: fn %{query: q} ->
    case MyApp.WebSearch.run(q) do
      {:ok, results} -> {:ok, format_results(results)}
      {:error, reason} -> {:error, "Search failed: #{inspect(reason)}"}
    end
  end
)

Arcana.Loop.run(ctx,
  tools: Arcana.Loop.Tools.default() ++ [web_search],
  controller_llm: llm
)
The callback can also be an MFA tuple {Module, :function} for named functions. Closures work well when the tool needs access to state like a repo or API key from the outer scope.
The controller sees the custom tool in its tool schema and can call it like any built-in tool. The tool result is sent back as a tool message and recorded in tool_history like any other call.
If you only need to override the search tool without adding new tools, the simpler path is to pass :search_fn: see the test suite for an example.
Controller / answerer split
Loop supports the standard router/answerer pattern: a cheap fast model picks tools each turn, and a stronger model writes the user-facing answer. Pass both :controller_llm and :answer_llm.
Arcana.Loop.run(ctx,
  controller_llm: "zai:glm-4.5-flash",  # cheap, fast: picks tools
  answer_llm:     "zai:glm-4.6"         # stronger: writes the final answer
)
The two are independent. Each can be a ReqLLM model string, a {model, opts} tuple, or a function (the function form is mostly for tests). If :answer_llm is unset, the controller writes the answer too: current behavior, no change.
Where the answerer fires
The answerer takes over the user-facing answer text on two paths:
	The controller calls the answer tool. Normally this commits the controller's text argument as ctx.answer. With :answer_llm set, the loop instead makes one more LLM call to the answerer with the full conversation (which includes the controller's draft), plus an instruction to "write the final user-facing answer based on the chunks gathered above." Whatever the answerer returns becomes ctx.answer. If the answerer errors or returns nothing useful, the controller's draft text is used as a fallback so the user always gets something.

	The loop hits max_iterations and falls through to synthesis. The default synthesizer uses :answer_llm if set, otherwise :controller_llm. So if you set :answer_llm, the synthesis fallback automatically uses your stronger model too. You can still override the entire synthesis path with :synthesizer, and that takes precedence over :answer_llm for the synthesis call only: the answer tool path still uses :answer_llm directly.


Where the answerer does NOT fire
	give_up. When the controller calls the give_up tool, that's a failure signal: the model is saying "I can't answer this from the corpus." Rewriting that with a stronger model would just dress up failure in nicer prose, which is worse than the honest "I can't answer" message. ctx.answer for :gave_up is always the original Could not answer: <reason> text.

	:error paths. If the controller LLM call itself errors out, the loop terminates with :error and no answerer is invoked.


Why split them
Two practical reasons:
	Cost. The controller runs on every iteration (5+ calls in a typical loop). The answerer runs once. If you use the same strong model for both, you're paying premium rates for tool selection, which is often a job a much cheaper model can do well. Splitting lets you use, e.g., glm-4.5-flash for the controller (cheap, fast) and glm-4.6 or a frontier model for the answer (where quality matters most).

	Quality where it counts. Tool selection is a structured-output task. The model is choosing among 3 tools and emitting JSON arguments. Small models do this fine. Writing a well-structured answer from synthesized chunks is the hard part; that's where you want the strong model.


This is the standard pattern in production agent systems (Anthropic's cost-optimization guide, most LangChain agent setups). Loop just makes it a single-line option.
When NOT to split
If you're already running on a frontier model for both, splitting buys you nothing. If your controller never makes it to the answer tool (always hits :max_iterations), the split only affects the synthesis fallback. If you want full control over how the final answer is produced (custom prompt, custom postprocessing, etc.), use :synthesizer instead: it's the lower-level escape hatch.
Telemetry
Loop emits a single span around the whole run:
[:arcana, :loop, :start | :stop | :exception]
Stop metadata includes:
	Key	Value
	:question	The original question text
	:max_iterations	The configured cap
	:tool_count	How many tools the controller saw
	:iterations	How many controller turns actually ran
	:terminated_by	:answered / :gave_up / :max_iterations / :error

For per-tool-call telemetry, attach to the Arcana.search/2 events emitted from inside the search tool. Grounding (when you call Loop.ground/2) emits its own span under [:arcana, :loop, :ground, :*]: see the Grounding section below.
Testing
Loop's controller can be a function, which makes unit testing trivial. The function signature is (messages, tools, opts) -> {:ok, classified} | {:error, reason} where classified is a map matching ReqLLM.Response.classify/1's shape.
test "loop terminates with :answered when controller calls answer" do
  controller = fn _msgs, _tools, _opts ->
    {:ok,
     %{
       type: :tool_calls,
       text: "",
       thinking: "",
       tool_calls: [%{id: "c1", name: "answer", arguments: %{"text" => "42"}}],
       finish_reason: :tool_calls
     }}
  end

  {:ok, ctx} =
    Arcana.Loop.new("question")
    |> Arcana.Loop.run(controller_llm: controller)

  assert ctx.terminated_by == :answered
  assert ctx.answer == "42"
end
For multi-turn tests, use a small Agent that holds a list of scripted responses and pops one per call. See test/arcana/loop_test.exs for the full pattern.
Grounding
Loop doesn't run grounding automatically: it adds latency and you may not need it on every call. When you do want faithfulness scoring, pipe the result into Arcana.Loop.ground/2:
{:ok, ctx} =
  Arcana.Loop.new(question, repo: repo, collection: collection)
  |> Arcana.Loop.run(controller_llm: llm)

ctx = Arcana.Loop.ground(ctx)

ctx.grounding.score               # 0.0-1.0 faithfulness
ctx.grounding.hallucinated_spans  # claims not supported by accumulated chunks
ctx.grounding.faithful_spans      # supported claims with chunk-ID attribution
What it actually does
Loop.ground/2 scores the answer in ctx.answer against the accumulated chunks in ctx.chunks using the configured grounder.
Arcana ships two grounders:
	Arcana.Grounder.Hallmark (default for Pipeline): runs Vectara's HHEM ModernBERT model locally via Bumblebee. Scores each sentence against the concatenated context via NLI. Fast and free, but its context window can be exceeded when Loop accumulates many chunks (30+), silently truncating the context.

	Arcana.Grounder.LLMJudge (recommended for Loop): decomposes the answer into atomic claims and asks an LLM to verify each one against the chunks. Returns per-claim verdicts (supported / unsupported / contradicted) and chunk attribution. One LLM call regardless of chunk count, handles paraphrase and synthesis better than NLI.


# Use LLMJudge for Loop grounding (recommended)
ctx = Arcana.Loop.ground(ctx, grounder: Arcana.Grounder.LLMJudge, judge_model: llm)
Both grounders populate the same %Arcana.Grounding.Result{} struct: score, hallucinated_spans, faithful_spans, all with per-claim chunk attribution.
Tool-call attribution
This is the Loop-specific piece. Loop.ground/2 walks each span's sources and enriches them with the search iteration and query that produced each supporting chunk, using ctx.tool_history:
[faithful_span | _] = ctx.grounding.faithful_spans

faithful_span.sources
# => [
#   %{
#     chunk_id: "abc-def",
#     score: 1.0,
#     search_iteration: 2,
#     search_query: "Rassilon betrayal Doctor"
#   },
#   ...
# ]
This maps each claim in the answer back to the specific agent decision (which search, at which iteration, with which query) that produced its supporting evidence. It's the Agent GPA pattern, end-of-loop rather than during trace, scoped to retrieval grounding rather than full tool-calling evaluation.
When a chunk was returned by multiple searches, Loop records the earliest iteration: "which search first discovered this chunk." If the grounder returns chunk IDs that aren't in ctx.tool_history (shouldn't normally happen, but defensive), search_iteration and search_query are nil on those sources rather than crashing.
Reference set
Grounding runs against ctx.chunks, which is the full set of chunks the search tool accumulated across every iteration, capped at chunk_cap (default 30). This is the right reference set for Loop because the controller's conversation history literally contains every one of those chunks as tool result text: the answerer's working context is the accumulated set, not just the final-turn subset.
When it's a no-op
Loop.ground/2 returns the ctx unchanged when:
	The loop terminated with :error (there's no answer to ground)
	ctx.answer is nil
	ctx.chunks is empty (nothing to ground against)

Grounder errors are swallowed too: if the NLI model fails to load or times out, ctx.grounding stays nil and the rest of the context is untouched. Grounding is a nice-to-have annotation, not a fatal step: if scoring fails, you still get your answer.
Custom grounders
Use the :grounder option to swap in a different implementation:
# Module implementing Arcana.Grounder
Arcana.Loop.ground(ctx, grounder: MyApp.CustomGrounder)

# Or an inline function (answer, chunks, opts) -> {:ok, result} | {:error, reason}
Arcana.Loop.ground(ctx, grounder: fn answer, chunks, _opts ->
  {:ok, %Arcana.Grounding.Result{score: score_somehow(answer, chunks)}}
end)
The grounder behaviour is Arcana.Grounder: shared with Pipeline since the problem shape is the same. A custom grounder you write for Pipeline works for Loop unchanged. LLMJudge also accepts :judge_model, :judge_temperature, and :judge_max_tokens options passed through Loop.ground/2.
Telemetry
Grounding emits a span:
	Event	Metadata
	[:arcana, :loop, :ground, :*]	question, grounder, score, hallucinated_span_count, faithful_span_count

Caveats
	Cost. Each iteration is a full LLM round-trip with the conversation history so far. A 6-iteration loop is 6+ LLM calls. Use cheap models for the controller and reserve strong models for synthesis.
	Latency. Sequential by design. With a typical chat-tier LLM, expect 5-10 seconds per iteration, so a 6-iteration loop takes 30-60 seconds wall-clock. Too slow for chat UIs that expect sub-second responses.
	Variability. The same question asked twice may take a different path. Telemetry and ctx.tool_history are how you reason about runs after the fact.
	Provider compatibility. Loop uses ReqLLM's tool calling, which works across providers, but each provider's tool support is slightly different. Z.ai (zai:glm-4.6) and OpenAI (openai:gpt-*) work in our test runs. Anthropic and Google should work but are less exercised.

References
	Agentic Retrieval-Augmented Generation: A Survey (Singh et al., 2025)
	Anthropic: Writing tools for agents
	Anthropic: Effective context engineering
	OpenAI: GPT-5 prompting guide
	Self-RAG (Asai et al., 2023)
	Corrective RAG (Yan et al., 2024)



  

    GraphRAG

Build knowledge graphs from documents for better retrieval using entity extraction, relationships, and community detection.
Overview
GraphRAG enhances traditional vector search by building a knowledge graph from your documents. This allows:
	Entity-based retrieval - Find chunks by following entity relationships
	Community summaries - High-level context about clusters of related entities
	Fusion search - Combine vector and graph results with Reciprocal Rank Fusion

Quick Start
Once installed and configured, GraphRAG works with the existing API:
# Ingest with graph building - extracts entities and relationships automatically
{:ok, document} = Arcana.ingest(content, repo: MyApp.Repo, graph: true)

# Search with fusion - combines vector similarity + entity graph traversal
{:ok, results} = Arcana.search("Who leads OpenAI?", repo: MyApp.Repo, graph: true)
When graph: true is enabled:
	Ingest extracts entities (people, organizations, etc.) and relationships from each chunk
	Search finds entities in your query, traverses the graph, and combines results with vector search using Reciprocal Rank Fusion (RRF)

Traversal Depth at Query Time
By default, graph-enhanced search retrieves only chunks that directly mention
the entities matched from your query. The graph_depth option expands matched
entities through the relationships table for N hops before fetching chunks, so
a query matching entity A can also retrieve chunks about A's neighbors:
# Direct mentions only (default)
{:ok, results} = Arcana.search("Who leads OpenAI?", repo: MyApp.Repo, graph: true)

# Also retrieve chunks mentioning one-hop neighbors of matched entities
{:ok, results} = Arcana.search("Who leads OpenAI?",
  repo: MyApp.Repo,
  graph: true,
  graph_depth: 1
)

# Works for ask/2 too: expands retrieval AND includes relationships from
# matched entities to their neighbors in the prompt context
{:ok, answer, context} = Arcana.ask("What applies to the thing covered by X?",
  repo: MyApp.Repo,
  llm: "openai:gpt-4o-mini",
  graph: true,
  graph_depth: 1
)
Chunks reached through traversal are down-weighted per hop: a chunk's graph
score is mentions * 0.1 * query_depth_decay^hop (decay 0.5 by default), so a
neighbor chunk always scores below an equally-mentioned direct chunk. It does
not rank below every direct chunk — a hop-1 chunk mentioning a neighbor
three times (3 * 0.1 * 0.5 = 0.15) still outscores a direct chunk mentioned
once (0.1). Lower query_depth_decay if you want traversal to weigh less.
Expansion respects collection scoping (entities from other collections are
never pulled in) and honors :source_id.
Set a global default and tune the decay in config (per-call graph_depth
wins):
config :arcana,
  graph: [
    enabled: true,
    query_depth: 1,        # hops to expand matched entities (default: 0)
    query_depth_decay: 0.5 # score decay per hop for traversed chunks
  ]
Depths of 1-2 are usually enough; each hop widens retrieval and costs one
extra query. Note this is different from the depth: option of the in-memory
Arcana.Graph.search/traverse API further down this guide — graph_depth is
the option for the Arcana.search/2 and Arcana.ask/2 query path.
Installation
GraphRAG requires additional database tables. Install them separately:
mix arcana.graph.install
mix ecto.migrate

This creates tables for entities, relationships, entity mentions, and communities.
Add the NER serving to your supervision tree for entity extraction:
# lib/my_app/application.ex
children = [
  MyApp.Repo,
  ArcanaWeb.TaskSupervisor,
  Arcana.Embedder.Local,
  Arcana.Graph.NERServing  # Add this for GraphRAG
]
Upgrading
Arcana owns its schema and tracks a version per install, so upgrading is one
migration that delegates rather than DDL you write yourself:
defmodule MyApp.Repo.Migrations.UpgradeArcanaGraph do
  use Ecto.Migration

  def up, do: Arcana.Graph.Migration.up(dimensions: 384)

  def down do
    raise "Arcana graph schema v2 requires restoring the pre-upgrade backup"
  end
end
mix ecto.migrate

up/1 applies every version step between what your database has and the
target, and does nothing when you are already current. Check where an
install stands with:
Arcana.Graph.Migration.recorded_version(MyApp.Repo)
Arcana.Graph.Migration.current_version()
Version 2 adds per-chunk relationship evidence. Upgrading from v1 clears
legacy relationships because their supporting chunks cannot be inferred, so
back up first and rebuild the graph without --resume after migrating. A v2
install cannot be rolled back to v1. See Upgrading to Arcana 4.0
for the complete migration, rebuild, and rollback sequence.
Coming from a hand-written install
Installs predating versioned migrations have graph tables and no recorded
version. Version 1 is written to converge them: it creates only what is
absent and adds only what a later release introduced, so it never drops
anything or re-runs DDL you already have. Two changes that shipped as
standalone upgrade tasks are folded into it, and running v1 applies both:
	the unique index on arcana_graph_entity_mentions (entity_id, chunk_id),
without which the on_conflict: :nothing the graph store writes with is a
silent no-op and mention rows accumulate on every ingest. Duplicates
already collected are deleted first, keeping the oldest row per pair
	arcana_graph_communities.summary_fingerprint, which records what each
summary was generated from so a rebuild can tell an unchanged community
from one whose graph moved on. Summaries written before it have no
fingerprint, so they regenerate once on the next summarize run and settle

Installing into a Postgres schema
Pass :prefix to keep Arcana's tables in a schema of their own, and
create_schema: false if you manage the schema yourself:
def up, do: Arcana.Graph.Migration.up(dimensions: 384, prefix: "tenant_a")
The graph tables foreign-key arcana_chunks and arcana_collections, so
the core migration has to go into the same schema. Installing the graph
into a prefix while the core tables sit in the default schema points those
references at tables that don't exist there, and the migration fails:
def up do
  Arcana.Migration.up(dimensions: 384, prefix: "tenant_a")
  Arcana.Graph.Migration.up(dimensions: 384, prefix: "tenant_a")
end
Configuration
GraphRAG is disabled by default. Enable it globally:
# config/config.exs
config :arcana,
  graph: [
    enabled: true,
    community_levels: 1,
    resolution: 1.0
  ]
Community detection reads all of its knobs from this block: resolution,
min_size, community_levels (the hierarchy ceiling, default 1), plus objective,
iterations and seed. Pin a non-zero seed when you want community
membership to be reproducible across runs (0 lets the algorithm
randomize):
config :arcana,
  graph: [
    enabled: true,
    community_detector: :leiden,
    seed: 42,
    objective: :cpm,
    iterations: 2
  ]
Options passed to Arcana.Maintenance.detect_communities/2 override the
config, and options carried by a community_detector: {Module, opts}
tuple override the generic knobs above.
Or enable per-call:
Arcana.ingest(text, repo: MyApp.Repo, graph: true)
Arcana.search(query, repo: MyApp.Repo, graph: true)
Components
GraphRAG uses pluggable behaviours for extraction and community detection:
	Component	Default	Purpose
	GraphExtractor	Arcana.Graph.GraphExtractor.LLM	Extract entities + relationships in one LLM call
	EntityExtractor	Arcana.Graph.EntityExtractor.NER	Extract entities only (fallback)
	RelationshipExtractor	Arcana.Graph.RelationshipExtractor.LLM	Find relationships (fallback)
	CommunityDetector	Arcana.Graph.CommunityDetector.Leiden	Detect entity communities
	CommunitySummarizer	Arcana.Graph.CommunitySummarizer.LLM	Generate community summaries

Recommended: Use the combined GraphExtractor.LLM for efficiency (1 LLM call per chunk instead of 2).
Graph Storage
GraphRAG supports swappable storage backends for graph data:
	Backend	Purpose
	:ecto (default)	PostgreSQL persistence via Ecto
	:memory	In-memory storage for testing
	Custom module	Your own implementation

Configuration
# config/config.exs

# Use Ecto/PostgreSQL (default)
config :arcana, :graph_store, :ecto

# With options
config :arcana, :graph_store, {:ecto, repo: MyApp.Repo}

# Custom module
config :arcana, :graph_store, MyApp.CustomGraphStore
In-Memory Backend (Testing)
The memory backend is useful for testing without database dependencies:
# Start a memory store
{:ok, pid} = Arcana.Graph.GraphStore.Memory.start_link([])

# Use in tests
Arcana.ingest(text, graph_store: {:memory, pid: pid})
Arcana.search(query, graph_store: {:memory, pid: pid})

# Or with a named process
{:ok, _} = Arcana.Graph.GraphStore.Memory.start_link(name: :test_graph)
Arcana.ingest(text, graph_store: {:memory, name: :test_graph})
Custom Backend
Implement the Arcana.Graph.GraphStore behaviour. The full interface includes storage, query, deletion, and listing callbacks:
defmodule MyApp.Neo4jGraphStore do
  @behaviour Arcana.Graph.GraphStore

  # === Storage Callbacks ===

  @impl true
  def persist_entities(collection_id, entities, opts) do
    # Store entities, return map of entity names to assigned IDs
    {:ok, %{"Sam Altman" => "entity_123", "OpenAI" => "entity_456"}}
  end

  @impl true
  def persist_relationships(chunk_id, relationships, entity_id_map, opts) do
    # Store canonical relationships and this chunk's supporting evidence
    :ok
  end

  @impl true
  def persist_mentions(mentions, entity_id_map, opts) do
    # Store entity-chunk mentions (links entities to source chunks)
    :ok
  end

  @impl true
  def persist_communities(collection_id, communities, opts) do
    # Store community detection results
    :ok
  end

  # === Query Callbacks ===

  @impl true
  def search(entity_names, collection_ids, opts) do
    # Find chunks by entity names
    [%{chunk_id: "chunk_123", score: 0.9}]
  end

  @impl true
  def find_entities(collection_id, opts) do
    # Return all entities in collection
    [%{id: "entity_123", name: "Sam Altman", type: "person"}]
  end

  @impl true
  def find_related_entities(entity_id, depth, opts) do
    # Traverse graph to find related entities
    [%{id: "entity_456", name: "OpenAI", type: "organization"}]
  end

  @impl true
  def get_community_summaries(collection_id, opts) do
    # Return community summaries
    [%{id: "community_1", level: 0, summary: "AI research organizations..."}]
  end

  # === Detail Query Callbacks ===

  @impl true
  def get_entity(entity_id, opts) do
    {:ok, %{id: entity_id, name: "Sam Altman", type: "person"}}
  end

  @impl true
  def get_relationships(entity_id, opts) do
    [%{id: "rel_1", source_id: entity_id, target_id: "entity_456", type: "LEADS"}]
  end

  @impl true
  def get_relationship(relationship_id, opts) do
    {:ok, %{id: relationship_id, source_id: "entity_123", target_id: "entity_456", type: "LEADS"}}
  end

  @impl true
  def get_mentions(entity_id, opts) do
    [%{entity_id: entity_id, chunk_id: "chunk_123", chunk_text: "..."}]
  end

  @impl true
  def get_community(community_id, opts) do
    {:ok, %{id: community_id, level: 0, summary: "..."}}
  end

  # === List Callbacks (for UI/Dashboard) ===

  @impl true
  def list_entities(opts) do
    # Support :collection_id, :type, :search, :limit, :offset options
    [%{id: "entity_123", name: "Sam Altman", type: "person", mention_count: 5}]
  end

  @impl true
  def list_relationships(opts) do
    # Support :collection_id, :type, :search, :strength, :limit, :offset options
    [%{id: "rel_1", source_name: "Sam Altman", target_name: "OpenAI", type: "LEADS"}]
  end

  @impl true
  def list_communities(opts) do
    # Support :collection_id, :level, :search, :limit, :offset options
    [%{id: "community_1", level: 0, entity_count: 10, summary: "..."}]
  end

  # === Deletion Callbacks ===

  @impl true
  def delete_by_chunks(chunk_ids, opts) do
    # Delete mentions for chunks, cleanup orphaned entities
    :ok
  end

  @impl true
  def delete_by_collection(collection_id, opts) do
    # Delete all graph data for a collection
    :ok
  end

  @impl true
  def with_write_lock(collection_id, _opts, fun) do
    # This helper must exclude every write to the same collection.
    MyApp.GraphLocks.with_lock(collection_id, fun)
  end
end
See Arcana.Graph.GraphStore for the complete callback documentation.
Building a Graph
Combined Extraction (Recommended)
The combined GraphExtractor.LLM extracts entities and relationships in a single LLM call per chunk:
# config/runtime.exs - Enable combined extractor globally
config :arcana,
  llm: {"openai:gpt-4o-mini", api_key: System.get_env("OPENAI_API_KEY")},
  graph: [
    enabled: true,
    extractor: Arcana.Graph.GraphExtractor.LLM
  ]

# The LLM is automatically injected from the :arcana, :llm config
Or use programmatically:
alias Arcana.Graph.GraphBuilder

# Build graph with combined extractor
{:ok, graph_data} = GraphBuilder.build(chunks,
  extractor: {Arcana.Graph.GraphExtractor.LLM, llm: my_llm}
)

# Returns:
# %{
#   entities: [%{name: "Sam Altman", type: "person", description: "CEO of OpenAI"}],
#   relationships: [%{source: "Sam Altman", target: "OpenAI", type: "LEADS", strength: 9}],
#   mentions: [%{entity_name: "Sam Altman", chunk_id: "chunk_123"}]
# }
Separate Extractors (Fallback)
If extractor is not set, Arcana falls back to separate entity and relationship extractors:
# Build graph with separate extractors
{:ok, graph_data} = GraphBuilder.build(chunks,
  entity_extractor: {Arcana.Graph.EntityExtractor.NER, []},
  relationship_extractor: {Arcana.Graph.RelationshipExtractor.LLM, llm: my_llm}
)
Entity Extraction
The default NER extractor uses Bumblebee for local entity recognition:
# Default NER extractor
extractor = {Arcana.Graph.EntityExtractor.NER, []}
{:ok, entities} = Arcana.Graph.EntityExtractor.extract(extractor, text)

# Returns entities like:
# [
#   %{name: "Sam Altman", type: :person},
#   %{name: "OpenAI", type: :organization}
# ]
Relationship Extraction
The LLM extractor uses an LLM to identify semantic relationships:
# LLM-based relationship extraction
extractor = {Arcana.Graph.RelationshipExtractor.LLM, llm: &MyApp.llm/3}
{:ok, relationships} = Arcana.Graph.RelationshipExtractor.extract(extractor, text, entities)

# Returns relationships like:
# [
#   %{source: "Sam Altman", target: "OpenAI", type: "LEADS", strength: 9}
# ]
Community Detection
The Leiden algorithm detects clusters of related entities:
# Leiden community detection
detector = {Arcana.Graph.CommunityDetector.Leiden, resolution: 1.0}
{:ok, communities} = Arcana.Graph.CommunityDetector.detect(detector, entities, relationships)

# Returns communities with hierarchy:
# [
#   %{level: 0, entity_ids: ["entity1", "entity2"]},
#   %{level: 1, entity_ids: ["entity1", "entity2", "entity3"]}
# ]
Querying the Graph
Find Entities
# Find entities by name
entities = Graph.find_entities(graph, "OpenAI")

# With fuzzy matching
entities = Graph.find_entities(graph, "Open AI", fuzzy: true)
Traverse Relationships
# Get connected entities
connected = Graph.traverse(graph, entity_id, depth: 2)
Graph Search
# Search graph for relevant chunks
entities = [%{name: "OpenAI", type: :organization}]
results = Graph.search(graph, entities, depth: 2)
Fusion Search
Combine vector and graph search with Reciprocal Rank Fusion:
# Run vector search
{:ok, vector_results} = Arcana.search(query, repo: MyApp.Repo)

# Extract entities from query
{:ok, entities} = Arcana.Graph.EntityExtractor.NER.extract(query, [])

# Combine with graph search
results = Graph.fusion_search(graph, entities, vector_results,
  depth: 2,
  limit: 10,
  k: 60  # RRF constant
)
Community Summaries
Get high-level context about entity clusters:
# Get all summaries at a specific level
summaries = Graph.community_summaries(graph, level: 0)

# Get summaries containing a specific entity
summaries = Graph.community_summaries(graph, entity_id: "entity123")
Custom Implementations
All components support custom implementations via behaviours.
Custom GraphExtractor (Combined)
defmodule MyApp.CustomGraphExtractor do
  @behaviour Arcana.Graph.GraphExtractor

  @impl true
  def extract(text, opts) do
    # Your extraction logic - return both entities and relationships
    entities = extract_entities(text, opts)
    relationships = extract_relationships(text, entities, opts)
    {:ok, %{entities: entities, relationships: relationships}}
  end
end

# Configure globally
config :arcana, :graph,
  extractor: MyApp.CustomGraphExtractor
Custom Entity Extractor
defmodule MyApp.SpacyExtractor do
  @behaviour Arcana.Graph.EntityExtractor

  @impl true
  def extract(text, opts) do
    endpoint = Keyword.get(opts, :endpoint)
    # Call your spaCy API...
    {:ok, entities}
  end
end

# Configure globally
config :arcana, :graph,
  entity_extractor: {MyApp.SpacyExtractor, endpoint: "http://localhost:5000"}
Custom Relationship Extractor
defmodule MyApp.PatternExtractor do
  @behaviour Arcana.Graph.RelationshipExtractor

  @impl true
  def extract(text, entities, opts) do
    patterns = Keyword.get(opts, :patterns, [])
    # Pattern-based extraction...
    {:ok, relationships}
  end
end

# Configure globally
config :arcana, :graph,
  relationship_extractor: {MyApp.PatternExtractor, patterns: [...]}
Custom Community Detector
defmodule MyApp.LouvainDetector do
  @behaviour Arcana.Graph.CommunityDetector

  @impl true
  def detect(entities, relationships, opts) do
    resolution = Keyword.get(opts, :resolution, 0.5)
    # Louvain algorithm...
    {:ok, communities}
  end
end

# Configure globally
config :arcana, :graph,
  community_detector: {MyApp.LouvainDetector, resolution: 0.5}
Custom Community Summarizer
defmodule MyApp.ExtractiveSum do
  @behaviour Arcana.Graph.CommunitySummarizer

  @impl true
  def summarize(entities, relationships, opts) do
    max_sentences = Keyword.get(opts, :max_sentences, 3)
    # Extractive summarization from entity descriptions...
    {:ok, summary}
  end
end

# Configure globally
config :arcana, :graph,
  community_summarizer: {MyApp.ExtractiveSum, max_sentences: 3}

# Or disable summarization entirely
config :arcana, :graph,
  community_summarizer: nil
Inline Functions
All extractors also support inline functions:
# Inline combined extractor (recommended)
extractor = fn text, _opts ->
  {:ok, %{
    entities: [%{name: "Example", type: :concept}],
    relationships: [%{source: "A", target: "B", type: "RELATES_TO"}]
  }}
end

GraphBuilder.build(chunks, extractor: extractor)

# Or use separate inline extractors
entity_extractor = fn text, _opts ->
  {:ok, [%{name: "Example", type: :concept}]}
end

relationship_extractor = fn text, entities, _opts ->
  {:ok, [%{source: "A", target: "B", type: "RELATES_TO"}]}
end

GraphBuilder.build(chunks,
  entity_extractor: entity_extractor,
  relationship_extractor: relationship_extractor
)

# Inline community summarizer
summarizer = fn entities, relationships, _opts ->
  {:ok, "Community with #{length(entities)} entities"}
end

CommunitySummarizer.summarize(entities, relationships, community_summarizer: summarizer)
Telemetry
GraphRAG emits telemetry events for observability.
Graph Building Events
	[:arcana, :graph, :build, :start | :stop | :exception] - Full graph build

	[:arcana, :graph, :ner, :start | :stop | :exception] - Named entity recognition

	[:arcana, :graph, :relationship_extraction, :start | :stop | :exception] - Relationship extraction

	[:arcana, :graph, :community_detection, :start | :stop | :exception] - Community detection

	[:arcana, :graph, :community_summary, :start | :stop | :exception] - Community summarization


Graph Search Events
	[:arcana, :graph, :search, :start | :stop | :exception] - Graph-enhanced search


Graph Store Events
These events are emitted by the storage layer:
	[:arcana, :graph_store, :persist_entities, :start | :stop | :exception]

	[:arcana, :graph_store, :persist_relationships, :start | :stop | :exception]

	[:arcana, :graph_store, :persist_mentions, :start | :stop | :exception]

	[:arcana, :graph_store, :search, :start | :stop | :exception]

	[:arcana, :graph_store, :delete_by_chunks, :start | :stop | :exception]

	[:arcana, :graph_store, :delete_by_collection, :start | :stop | :exception]


Example Handler
:telemetry.attach(
  "graph-metrics",
  [:arcana, :graph, :build, :stop],
  fn _event, measurements, metadata, _config ->
    duration_ms = System.convert_time_unit(measurements.duration, :native, :millisecond)
    Logger.info("Built graph: #{metadata.entity_count} entities, #{metadata.relationship_count} relationships in #{duration_ms}ms")
  end,
  nil
)
See the Telemetry Guide for more details on monitoring and metrics integration.
Maintenance Tasks
GraphRAG provides mix tasks for managing the knowledge graph.
Rebuild Graph
Re-extract entities and relationships from all chunks:
# Rebuild all collections
mix arcana.graph.rebuild

# Rebuild specific collection
mix arcana.graph.rebuild --collection my-docs

# Resume interrupted rebuild
mix arcana.graph.rebuild --resume

Use this when:
	You've changed the graph extractor configuration
	You want to regenerate entity/relationship data
	You've enabled relationship extraction after initial ingest
	You've upgraded an existing GraphRAG install to schema v2

Detect Communities
Run Leiden community detection on the graph:
# Detect communities for all collections
mix arcana.graph.detect_communities

# Specific collection
mix arcana.graph.detect_communities --collection my-docs

# Custom resolution (higher = smaller communities)
mix arcana.graph.detect_communities --resolution 1.5

# Multiple hierarchy levels
mix arcana.graph.detect_communities --max-level 3

Summarize Communities
Generate LLM summaries for detected communities:
# Summarize dirty communities (those needing regeneration)
mix arcana.graph.summarize_communities

# Force regenerate all summaries
mix arcana.graph.summarize_communities --force

# Specific collection
mix arcana.graph.summarize_communities --collection my-docs

# Parallel summarization (faster)
mix arcana.graph.summarize_communities --concurrency 4

# Quiet mode (less output)
mix arcana.graph.summarize_communities --quiet

# Every hierarchy level, not just the ones ask reads
mix arcana.graph.summarize_communities --levels all

Summarization only covers the levels ask reads, which is
community_summary_level (default 0). Detection can generate a deeper
hierarchy with community_levels, but summarizing a level nothing queries
costs one LLM call per community for nothing. The key accepts an integer, a
list, a range or :all, and both sides read it:
config :arcana,
  graph: [
    community_levels: 3,          # generate three levels
    community_summary_level: 0..1 # summarize and read the first two
  ]
Requires an LLM to be configured. All standard :llm config formats are supported:
# String format (simplest, uses req_llm config for API key)
config :arcana, :llm, "openai:gpt-4o-mini"

# Tuple with options (explicit API key)
config :arcana, :llm, {"openai:gpt-4o-mini", api_key: "..."}

# Function (full control)
config :arcana, :llm, fn prompt, context, opts ->
  {:ok, MyApp.LLM.complete(prompt)}
end
See the LLM Integration guide for more details.
Typical Workflow
After ingesting new documents:
# 1. Detect communities in the graph
mix arcana.graph.detect_communities

# 2. Generate summaries for communities
mix arcana.graph.summarize_communities

To refresh everything:
# 1. Rebuild the graph (re-extract entities/relationships)
mix arcana.graph.rebuild

# 2. Re-detect communities
mix arcana.graph.detect_communities

# 3. Regenerate all summaries
mix arcana.graph.summarize_communities --force



  

    Search Algorithms

Arcana supports three search modes across two vector store backends. This guide explains how each algorithm works under the hood.
Search Modes Overview
	Mode	Purpose	Memory Backend	PgVector Backend
	:vector	Find similar meaning	HNSWLib cosine similarity	pgvector HNSW index
	:keyword	Find keyword matches	TF-IDF-like scoring	PostgreSQL tsvector
	:hybrid	Combine both	Two queries + RRF	Single-query with weights

Vector Search
Both backends use cosine similarity to find semantically similar content.
Memory Backend (HNSWLib)
Uses Hierarchical Navigable Small World graphs for approximate nearest neighbor search.
Query embedding → HNSWLib.Index.knn_query → Top-k neighbors by cosine distance
Score calculation:
score = 1.0 - cosine_distance
Where cosine_distance = 1 - cosine_similarity. A score of 1.0 means identical vectors.
Complexity: O(log n) average case for k-NN queries.
PgVector Backend
Uses PostgreSQL's pgvector extension with HNSW indexing.
SELECT *, 1 - (embedding <=> query_embedding) AS score
FROM arcana_chunks
ORDER BY embedding <=> query_embedding
LIMIT 10
The <=> operator computes cosine distance. The HNSW index makes this efficient even for millions of vectors.
Keyword Search
Memory Backend: TF-IDF-like Scoring
A simplified term-matching algorithm inspired by TF-IDF:
def calculate_text_score(query_terms, document_text) do
  doc_terms = tokenize(document_text)
  matching = count_matching_terms(query_terms, doc_terms)

  # What fraction of query terms appear in the document
  term_ratio = matching / length(query_terms)

  # Penalize long documents (they match more by chance)
  length_factor = 1.0 / :math.log(length(doc_terms) + 1)

  term_ratio * length_factor
end
Example:
Query: "elixir pattern matching" (3 terms)
	Document	Matches	Term Ratio	Length	Length Factor	Score
	"Pattern matching in Elixir is powerful"	3	1.0	6	0.51	0.51
	"Elixir is great"	1	0.33	3	0.72	0.24
	"A very long document about many topics including elixir..."	1	0.33	50	0.26	0.09

Why "TF-IDF-like" not actual TF-IDF:
	Feature	Real TF-IDF	Memory Backend
	Term frequency	Counts occurrences	Binary (present/absent)
	Inverse document frequency	Corpus-wide statistics	No corpus index
	Document length normalization	Yes	Yes (via log factor)

The simplification avoids maintaining a persistent term index, which would add complexity to an in-memory store.
PgVector Backend: PostgreSQL Full-Text Search
Uses PostgreSQL's battle-tested full-text search with tsvector and tsquery:
SELECT *,
  ts_rank(to_tsvector('english', text), to_tsquery('english', 'elixir & pattern & matching')) AS score
FROM arcana_chunks
WHERE to_tsvector('english', text) @@ to_tsquery('english', 'elixir & pattern & matching')
ORDER BY score DESC
How it works:
	to_tsvector: Converts text to a searchable vector of lexemes (normalized word forms)
	"running" → "run"
	"patterns" → "pattern"
	Removes stop words ("the", "is", "a")


	to_tsquery: Converts query to search terms joined with & (AND)
	"elixir pattern matching" → 'elixir' & 'pattern' & 'match'


	@@ operator: Returns true if document matches query

	ts_rank: Scores documents by:
	Term frequency in document
	Inverse document frequency (rarity)
	Term proximity (how close terms appear)



Advantages over Memory backend:
	Stemming (matches "running" when searching "run")
	Stop word removal
	Proximity scoring
	Language-aware processing

Hybrid Search
Hybrid mode combines vector and keyword search. The implementation differs by backend:
	Backend	Approach	Advantages
	PgVector	Single-query weighted combination	Better coverage, configurable weights
	Memory	Two queries + RRF	Simple, rank-based fusion

PgVector Backend: Single-Query Hybrid
The pgvector backend uses a single SQL query that combines both scores:
WITH q AS (
  SELECT tsvector_to_array(to_tsvector('english', query_text)) AS lexemes
),
scored AS (
  SELECT
    id, text,
    1 - (embedding <=> query_embedding) AS vector_score,
    -- the share of the query's distinct lexemes the chunk contains;
    -- 0 for a stopword-only query, so the vector score still ranks
    COALESCE(
      (length(tsv) - length(ts_delete(tsv, q.lexemes)))::float
        / NULLIF(cardinality(q.lexemes), 0),
      0
    ) AS keyword_score
  FROM arcana_chunks, q,
    LATERAL (SELECT to_tsvector('english', text) AS tsv OFFSET 0) v
)
SELECT *,
  (vector_weight * vector_score + keyword_weight * keyword_score) AS hybrid_score
FROM scored
ORDER BY hybrid_score DESC
Why single-query is better:
With separate queries, items ranking moderately in both lists might be missed. For example:
	Vector search fetches top 20
	Keyword search fetches top 20
	An item ranking #15 in both could be highly relevant overall, but RRF only sees it at position 15

Single-query evaluates all chunks, so nothing is missed.
Keyword coverage:
	Vector scores (cosine similarity) range 0-1
	The keyword score is the share of the query's distinct terms (lexemes after stemming and stopword removal) that a chunk contains, also 0-1: three of four terms scores 0.75
	A chunk with only some of the terms still scores, so long queries keep a keyword signal
	Repeating a term doesn't raise the score, so a term-dense chunk can't outrank the chunk that carries more of the query
	Coverage is already comparable across queries, so there is no normalization step

Configurable weights:
# Equal weight (default)
{:ok, results} = Arcana.search("query", repo: Repo, mode: :hybrid)

# Favor vector similarity
{:ok, results} = Arcana.search("query", repo: Repo, mode: :hybrid, vector_weight: 0.7, keyword_weight: 0.3)

# Favor keyword matches
{:ok, results} = Arcana.search("query", repo: Repo, mode: :hybrid, vector_weight: 0.3, keyword_weight: 0.7)
Results include individual scores for debugging:
%{
  id: "...",
  text: "...",
  score: 0.75,           # Combined hybrid score
  vector_score: 0.82,  # Cosine similarity
  keyword_score: 0.75   # Share of query terms the chunk contains
}
Memory Backend: Reciprocal Rank Fusion (RRF)
For the memory backend (and other custom backends), hybrid search uses Reciprocal Rank Fusion to combine results from separate queries.
The Problem:
Vector and keyword searches return scores on different scales:
	Vector: 0.0 to 1.0 (cosine similarity)
	Keyword: Unbounded (ts_rank or term matching)

Naively averaging scores would bias toward one method.
The Solution: RRF
RRF scores by rank position, not raw score:
def rrf_score(rank, k \\ 60) do
  1.0 / (k + rank)
end
Where k is a constant (default 60) that prevents top-ranked items from dominating.
Weights on this path:
:vector_weight and :keyword_weight apply here too, scaling each side's
contribution. Canonical RRF is unweighted, and equal weights reproduce it
exactly, since scaling both sides by the same factor cannot reorder anything.
Only the ratio matters, so {0.9, 0.1} ranks identically to {9, 1} and the
weights are rescaled to put the larger one at 1.0 before use. That keeps the
absolute scores where they were before weighting existed, which is why the
default 0.5/0.5 produces plain unweighted RRF rather than every score
halved. This differs from pgvector, where the weights are absolute multipliers
that interact with :threshold.
Algorithm:
def rrf_combine(vector_results, keyword_results, limit, k \\ 60, weights \\ {1.0, 1.0}) do
  # Rescaled so the larger weight is 1.0 - only the ratio affects ranking
  {vector_weight, keyword_weight} = normalize_weights!(weights)

  # Build rank maps
  vector_ranks = build_rank_map(vector_results)
  keyword_ranks = build_rank_map(keyword_results)

  # Combine all unique IDs
  all_ids = MapSet.union(Map.keys(vector_ranks), Map.keys(keyword_ranks))

  # Calculate RRF score for each
  all_ids
  |> Enum.map(fn id ->
    vector_rank = Map.get(vector_ranks, id, 1000)  # Default: low rank
    keyword_rank = Map.get(keyword_ranks, id, 1000)

    rrf_score =
      vector_weight / (k + vector_rank) + keyword_weight / (k + keyword_rank)

    {id, rrf_score}
  end)
  |> Enum.sort_by(&elem(&1, 1), :desc)
  |> Enum.take(limit)
end
Example:
Query: "BEAM virtual machine"
	Document	Vector Rank	Keyword Rank	Vector RRF	Keyword RRF	Combined
	"Erlang runs on the BEAM VM"	1	2	0.016	0.016	0.032
	"The BEAM virtual machine"	-	1	0.001	0.016	0.017
	"The BEAM is Erlang's runtime"	2	-	0.016	0.001	0.017

Documents appearing in both result sets get boosted to the top.
Choosing the Right Mode
	Use Case	Recommended Mode
	Conceptual questions ("How does X work?")	:vector
	Exact terms, names, codes	:keyword
	General search, unknown query type	:hybrid
	API/function lookup	:keyword
	Finding related concepts	:vector

Backend Comparison
	Aspect	Memory	PgVector
	Setup	No database needed	Requires PostgreSQL + pgvector
	Persistence	Lost on restart	Persisted
	Vector search	HNSWLib (excellent)	pgvector HNSW (excellent)
	Keyword search	Basic term matching	Full linguistic processing
	Stemming	No	Yes
	Stop words	No	Yes
	Scale	< 100K vectors	Millions of vectors
	Best for	Testing, small apps	Production



  

    Re-ranking

Re-score and filter search results before generating an answer.
Overview
Re-ranking is a second-stage retrieval step that scores each chunk based on relevance to the question, filters by a threshold, and re-sorts by score. The result: only the most relevant context reaches the LLM.
Using Re-ranking in the Pipeline
alias Arcana.Pipeline

llm = fn prompt -> {:ok, LangChain.chat(prompt)} end

ctx =
  Pipeline.new("What is Elixir?", repo: MyApp.Repo, llm: llm)
  |> Pipeline.search()
  |> Pipeline.rerank()      # Re-rank before answering
  |> Pipeline.answer()

ctx.answer
Configuration
Threshold
The threshold (0-10) filters out low-relevance chunks:
# Keep only highly relevant chunks (score >= 8)
Pipeline.rerank(ctx, threshold: 8)

# More permissive (score >= 5)
Pipeline.rerank(ctx, threshold: 5)
Default threshold is 7.
Custom Prompt
Customize how the LLM scores relevance:
custom_prompt = fn question, chunk_text ->
  """
  Rate how relevant this text is for answering the question.

  Question: #{question}
  Text: #{chunk_text}

  Score 0-10 where 10 is perfectly relevant.
  Return JSON: {"score": <number>, "reasoning": "<brief explanation>"}
  """
end

Pipeline.rerank(ctx, prompt: custom_prompt)
Custom Rerankers
Implementing the Behaviour
Create a custom reranker by implementing Arcana.Reranker:
defmodule MyApp.CrossEncoderReranker do
  @behaviour Arcana.Reranker

  @impl Arcana.Reranker
  def rerank(question, chunks, opts) do
    threshold = Keyword.get(opts, :threshold, 0.5)

    scored_chunks =
      chunks
      |> Enum.map(fn chunk ->
        score = cross_encoder_score(question, chunk.text)
        {chunk, score}
      end)
      |> Enum.filter(fn {_chunk, score} -> score >= threshold end)
      |> Enum.sort_by(fn {_chunk, score} -> score end, :desc)
      |> Enum.map(fn {chunk, _score} -> chunk end)

    {:ok, scored_chunks}
  end

  defp cross_encoder_score(question, text) do
    # Call your cross-encoder model
    Nx.Serving.batched_run(MyApp.CrossEncoder, {question, text})
  end
end
Use it:
Pipeline.rerank(ctx, reranker: MyApp.CrossEncoderReranker)
Inline Function
For simple cases, pass a function directly:
Pipeline.rerank(ctx, reranker: fn question, chunks, _opts ->
  # Your custom logic
  filtered = Enum.filter(chunks, &relevant?(&1, question))
  {:ok, filtered}
end)
Built-in Rerankers
Arcana.Reranker.LLM (Default)
Uses your LLM to score each chunk:
	Prompts the LLM with question + chunk text
	Parses a 0-10 score from the response
	Filters chunks below threshold
	Sorts by score descending

This is the default when you call Arcana.Pipeline.rerank/2.
Arcana.Reranker.ColBERT
ColBERT-style neural reranking using per-token embeddings and MaxSim scoring. Scores relevance by matching individual query and document tokens, which captures more signal than single-vector cosine distance.
Add the optional dependency:
{:stephen, "~> 0.1"}
Use it:
Pipeline.rerank(ctx, reranker: Arcana.Reranker.ColBERT)

# With options
Pipeline.rerank(ctx, reranker: {Arcana.Reranker.ColBERT, top_k: 5})
Options:
	:encoder - Pre-loaded Stephen encoder (loads default on first use if not provided)
	:threshold - Minimum score to keep (default: 0.0)
	:top_k - Maximum results to return

When to use ColBERT:
	When you need high-quality reranking without LLM latency/cost
	When semantic nuance matters (e.g., technical documentation)
	When you want deterministic, reproducible scores

Trade-offs vs LLM reranker:
	Aspect	ColBERT	LLM
	Latency	Fast (local inference)	Slow (API call per chunk)
	Cost	Free after model load	Per-token API cost
	Quality	Excellent for semantic similarity	Can understand complex relevance
	Customization	Fixed model behavior	Custom prompts

Telemetry
Re-ranking emits telemetry events:
:telemetry.attach(
  "rerank-logger",
  [:arcana, :pipeline, :rerank, :stop],
  fn _event, measurements, metadata, _config ->
    IO.puts("Reranked: #{metadata.chunks_before} -> #{metadata.chunks_after} chunks")
  end,
  nil
)
When to Use Re-ranking
Re-ranking is most valuable when:
	Your initial search returns many marginally relevant results
	Answer quality suffers from irrelevant context
	You have compute budget for the extra LLM calls (one per chunk)

Skip re-ranking when:
	Search already returns highly relevant results
	Latency is critical (adds one LLM call per chunk)
	You're using a very small result set (limit: 3 or less)



  

    Evaluation

Measure and improve your retrieval quality with Arcana's evaluation system.
Overview
Arcana provides tools to evaluate how well your RAG pipeline retrieves relevant information:
	Test Cases - Questions paired with their known relevant chunks
	Evaluation Runs - Execute searches and measure performance
	Metrics - Standard IR metrics (MRR, Precision, Recall, Hit Rate)

Creating Test Cases
Manual Test Cases
Create test cases when you know which chunks should be retrieved for a question:
# First, find the chunk you want to use as ground truth
chunks = Arcana.search("GenServer state", repo: MyApp.Repo, limit: 1)
chunk = hd(chunks)

# Create a test case linking question to relevant chunk
{:ok, test_case} = Arcana.Evaluation.create_test_case(
  repo: MyApp.Repo,
  question: "How do you manage state in Elixir?",
  relevant_chunk_ids: [chunk.id]
)
Synthetic Test Cases
Generate test cases automatically using an LLM:
{:ok, test_cases} = Arcana.Evaluation.generate_test_cases(
  repo: MyApp.Repo,
  llm: Application.get_env(:arcana, :llm),
  sample_size: 50
)
The generator samples random chunks and asks the LLM to create questions that should retrieve those chunks.
Filtering by Collection
Generate test cases from a specific collection:
{:ok, test_cases} = Arcana.Evaluation.generate_test_cases(
  repo: MyApp.Repo,
  llm: Application.get_env(:arcana, :llm),
  sample_size: 50,
  collection: "elixir-docs"
)
Using the Mix Task
# Generate 50 test cases (default)
mix arcana.eval.generate

# Custom sample size
mix arcana.eval.generate --sample-size 100

# From a specific collection
mix arcana.eval.generate --collection elixir-docs

# From a specific source
mix arcana.eval.generate --source-id my-source

Running Evaluations
Run an evaluation against all test cases:
{:ok, run} = Arcana.Evaluation.run(
  repo: MyApp.Repo,
  mode: :vector  # or :keyword, :hybrid
)
Evaluating Answer Quality
For end-to-end RAG evaluation, you can also evaluate the quality of generated answers:
{:ok, run} = Arcana.Evaluation.run(
  repo: MyApp.Repo,
  mode: :vector,
  evaluate_answers: true,
  llm: Application.get_env(:arcana, :llm)
)

# Includes faithfulness metric
run.metrics.faithfulness  # => 7.8 (0-10 scale)
When evaluate_answers: true is set, the evaluation:
	Generates an answer for each test case using the retrieved chunks
	Uses LLM-as-judge to score how faithful the answer is to the context
	Aggregates scores into an overall faithfulness metric

Faithfulness measures whether the generated answer is grounded in the retrieved chunks (0 = hallucinated, 10 = fully faithful).
Using the Mix Task
# Run with semantic search (default)
mix arcana.eval.run

# Run with hybrid search
mix arcana.eval.run --mode hybrid

# Run with full-text search
mix arcana.eval.run --mode fulltext

Understanding Results
# Overall metrics
run.metrics
# => %{
#   recall_at_1: 0.62,
#   recall_at_3: 0.78,
#   recall_at_5: 0.84,
#   recall_at_10: 0.91,
#   precision_at_1: 0.62,
#   precision_at_3: 0.52,
#   precision_at_5: 0.34,
#   precision_at_10: 0.18,
#   mrr: 0.76,
#   hit_rate_at_1: 0.62,
#   hit_rate_at_3: 0.78,
#   hit_rate_at_5: 0.84,
#   hit_rate_at_10: 0.91
# }

# Per-case results
run.results
# => %{"case-id" => %{hit: true, rank: 2, ...}, ...}

# Configuration used
run.config
# => %{mode: :vector, embedding: %{model: "...", dimensions: 384}}
Comparing Configurations
Run evaluations with different settings to find the best configuration:
# Test semantic search
{:ok, semantic_run} = Arcana.Evaluation.run(repo: MyApp.Repo, mode: :vector)

# Test hybrid search
{:ok, hybrid_run} = Arcana.Evaluation.run(repo: MyApp.Repo, mode: :hybrid)

# Compare
IO.puts("Semantic MRR: #{semantic_run.metrics.mrr}")
IO.puts("Hybrid MRR: #{hybrid_run.metrics.mrr}")
Managing Test Cases and Runs
# List all test cases
test_cases = Arcana.Evaluation.list_test_cases(repo: MyApp.Repo)

# Get a specific test case
test_case = Arcana.Evaluation.get_test_case(id, repo: MyApp.Repo)

# Delete a test case
{:ok, _} = Arcana.Evaluation.delete_test_case(id, repo: MyApp.Repo)

# List past runs
runs = Arcana.Evaluation.list_runs(repo: MyApp.Repo, limit: 10)

# Delete a run
{:ok, _} = Arcana.Evaluation.delete_run(run_id, repo: MyApp.Repo)
Dashboard
The Arcana Dashboard provides a visual interface for evaluation:
	Test Cases tab - View, generate, and delete test cases
	Run Evaluation tab - Execute evaluations with different search modes
	History tab - View past runs with metrics

See the Dashboard Guide for setup instructions.
Metrics Explained
Retrieval Metrics
	Metric	Description	Good Value
	MRR (Mean Reciprocal Rank)	Average of 1/rank for first relevant result	> 0.7
	Recall@K	Fraction of relevant chunks found in top K	> 0.8
	Precision@K	Fraction of top K results that are relevant	> 0.6
	Hit Rate@K	Fraction of queries with at least one relevant result in top K	> 0.9

Answer Quality Metrics
	Metric	Description	Good Value
	Faithfulness	How well the answer is grounded in retrieved context (0-10)	> 7.0

Which Metric to Focus On?
	MRR - Best for single-answer scenarios where you need the relevant chunk first
	Recall@K - Important when you need to find all relevant information
	Precision@K - Matters when you want to minimize irrelevant context
	Hit Rate@K - Good baseline to ensure retrieval is working at all
	Faithfulness - Essential for preventing hallucinations in generated answers

Tips
Aim for 50+ test cases across different topics for reliable metrics. Evaluate specific collections separately rather than lumping everything together, and re-run after changing embeddings, chunking, or search config so you can see the delta.


  

    Telemetry and Observability

Arcana emits telemetry events for all operations so you can monitor performance and debug errors. This guide covers setup from quick debugging to production monitoring.
Quick Start
For immediate visibility, attach the built-in logger in your application startup:
# lib/my_app/application.ex
def start(_type, _args) do
  # Attach telemetry logger before starting supervision tree
  Arcana.Telemetry.Logger.attach()

  children = [
    MyApp.Repo,
    ArcanaWeb.TaskSupervisor,
    Arcana.Embedder.Local
  ]

  Supervisor.start_link(children, strategy: :one_for_one)
end
This logs all Arcana operations with timing:
[info] [Arcana] search completed in 42ms (15 results)
[info] [Arcana] llm.complete completed in 1.23s [openai:gpt-4o-mini] ok (156 chars) prompt=892chars
[info] [Arcana] pipeline.gate completed in 180ms (skip_retrieval: false)
[info] [Arcana] pipeline.rewrite completed in 235ms
[info] [Arcana] pipeline.expand completed in 2.15s ("machine learning ML models...")
[info] [Arcana] pipeline.search completed in 156ms (25 chunks)
[info] [Arcana] pipeline.reason completed in 1.2s (1 iteration)
[info] [Arcana] pipeline.rerank completed in 312ms (10/25 kept)
[info] [Arcana] pipeline.answer completed in 3.25s
[info] [Arcana] pipeline.ground completed in 85ms (score: 0.95, 1 hallucinated span)
[info] [Arcana] ask completed in 6.12s
With graph: true enabled, you'll also see:
[info] [Arcana] graph.ner completed in 45ms (3 entities)
[info] [Arcana] graph.relationship_extraction completed in 1.2s (2 relationships)
[info] [Arcana] graph.build completed in 1.5s (5 entities, 3 relationships)
[info] [Arcana] graph.search completed in 28ms (8 graph results, 10 combined)
Logger Options
Arcana.Telemetry.Logger.attach(
  level: :debug,           # Log level (default: :info)
  handler_id: "my-logger"  # Custom handler ID
)

# To stop logging
Arcana.Telemetry.Logger.detach()
Event Reference
All events use :telemetry.span/3, which emits :start, :stop, and :exception variants automatically.
Core Events
	Event	Measurements	Metadata
	[:arcana, :ingest, :*]	system_time, duration	text, repo, collection, document, chunk_count
	[:arcana, :search, :*]	system_time, duration	query, repo, mode, limit, results, result_count
	[:arcana, :ask, :*]	system_time, duration	question, repo, answer, context_count
	[:arcana, :embed, :*]	system_time, duration	text, dimensions
	[:arcana, :llm, :complete, :*]	system_time, duration	model, prompt_length, success, response_length, error

Pipeline Events
Each step in Arcana.Pipeline emits its own span under [:arcana, :pipeline, ...]. The events were previously emitted under [:arcana, :agent, ...]; that prefix was renamed to :pipeline along with the module rename and is no longer emitted. Update any existing handlers.
	Event	Metadata
	[:arcana, :pipeline, :gate, :*]	question, skip_retrieval
	[:arcana, :pipeline, :rewrite, :*]	question, rewritten_query
	[:arcana, :pipeline, :select, :*]	selected (collections)
	[:arcana, :pipeline, :expand, :*]	question, expanded_query
	[:arcana, :pipeline, :decompose, :*]	question, sub_question_count
	[:arcana, :pipeline, :search, :*]	question, total_chunks
	[:arcana, :pipeline, :reason, :*]	question, iterations
	[:arcana, :pipeline, :rerank, :*]	question, chunks_before, chunks_after
	[:arcana, :pipeline, :answer, :*]	question, context_chunk_count
	[:arcana, :pipeline, :ground, :*]	score, hallucinated_span_count, faithful_span_count

Loop Events
Arcana.Loop emits a span around the whole agent loop run plus a
discrete event after each tool call:
	Event	Metadata
	[:arcana, :loop, :*]	question, max_iterations, tool_count, iterations, terminated_by
	[:arcana, :loop, :tool_call]	tool, args, iteration, summary, returned_chunk_ids
	[:arcana, :loop, :ground, :*]	chunk_count, answer_present

The :terminated_by value on the run-level span tells you how the loop
ended: :answered, :gave_up, :max_iterations, or :error.
[:arcana, :loop, :tool_call] fires once per tool call as it lands in
the tool history. The metadata mirrors a single tool_history entry
exactly, so you can use it to render a live trace as the agent works.
This is what powers the "Agent thinking" panel in the dashboard's Loop
sub-tab. The measurements include count: 1 and history_size: n so
you can build counters or histograms over the per-call distribution.
:telemetry.attach(
  "loop-trace",
  [:arcana, :loop, :tool_call],
  fn _event, _measurements, metadata, _config ->
    IO.puts("[#{metadata.iteration}] #{metadata.tool}: #{inspect(metadata.args)}")
  end,
  nil
)
The search tool's underlying retrieval also emits [:arcana, :search, :*]
events from inside Arcana.search/2, so you can correlate per-tool-call
events with per-search timing if you need finer detail.
VectorStore Events
Storage layer events for vector operations:
	Event	Metadata
	[:arcana, :vector_store, :store, :*]	collection, id, backend
	[:arcana, :vector_store, :search, :*]	collection, limit, backend, result_count
	[:arcana, :vector_store, :search_text, :*]	collection, query, limit, backend, result_count
	[:arcana, :vector_store, :delete, :*]	collection, id, backend
	[:arcana, :vector_store, :clear, :*]	collection, backend

GraphRAG Events
When using graph: true, these events track knowledge graph operations:
	Event	Metadata
	[:arcana, :graph, :build, :*]	chunk_count, collection, entity_count, relationship_count
	[:arcana, :graph, :search, :*]	query, entity_count, graph_result_count, combined_count
	[:arcana, :graph, :ner, :*]	text, entity_count
	[:arcana, :graph, :relationship_extraction, :*]	text, relationship_count
	[:arcana, :graph, :community_detection, :*]	entity_count, community_count
	[:arcana, :graph, :community_summary, :*]	entity_count, summary_length

GraphStore Events
Storage layer events for graph operations:
	Event	Metadata
	[:arcana, :graph_store, :persist_entities, :*]	collection_id, entity_count, backend
	[:arcana, :graph_store, :persist_relationships, :*]	relationship_count, backend
	[:arcana, :graph_store, :persist_mentions, :*]	mention_count, backend
	[:arcana, :graph_store, :search, :*]	entity_count, backend, result_count
	[:arcana, :graph_store, :delete_by_chunks, :*]	chunk_count, backend
	[:arcana, :graph_store, :delete_by_collection, :*]	collection_id, backend

Exception Events
All :exception events include:
	kind - The exception type (:error, :exit, :throw)
	reason - The exception or error term
	stacktrace - Full stacktrace

Custom Handlers
For more control, attach your own handlers:
defmodule MyApp.ArcanaMetrics do
  require Logger

  def setup do
    events = [
      [:arcana, :ingest, :stop],
      [:arcana, :search, :stop],
      [:arcana, :ask, :stop],
      [:arcana, :embed, :stop],
      [:arcana, :llm, :complete, :stop],
      # Pipeline
      [:arcana, :pipeline, :gate, :stop],
      [:arcana, :pipeline, :rerank, :stop],
      [:arcana, :pipeline, :reason, :stop],
      [:arcana, :pipeline, :answer, :stop],
      [:arcana, :pipeline, :ground, :stop],
      # Loop
      [:arcana, :loop, :stop],
      [:arcana, :loop, :tool_call],
      [:arcana, :loop, :ground, :stop],
      # VectorStore
      [:arcana, :vector_store, :store, :stop],
      [:arcana, :vector_store, :search, :stop],
      # GraphRAG
      [:arcana, :graph, :build, :stop],
      [:arcana, :graph, :search, :stop],
      # GraphStore
      [:arcana, :graph_store, :persist_entities, :stop],
      [:arcana, :graph_store, :search, :stop]
    ]

    :telemetry.attach_many("my-arcana-metrics", events, &handle_event/4, nil)
  end

  def handle_event([:arcana, :search, :stop], measurements, metadata, _config) do
    duration_ms = System.convert_time_unit(measurements.duration, :native, :millisecond)

    Logger.info("Search: #{metadata.result_count} results in #{duration_ms}ms",
      query: metadata.query,
      mode: metadata.mode
    )

    # Send to your metrics system
    :telemetry.execute([:my_app, :arcana, :search], %{
      duration_ms: duration_ms,
      result_count: metadata.result_count
    })
  end

  def handle_event([:arcana, :llm, :complete, :stop], measurements, metadata, _config) do
    duration_ms = System.convert_time_unit(measurements.duration, :native, :millisecond)

    if metadata.success do
      Logger.debug("LLM call to #{metadata.model}: #{duration_ms}ms")
    else
      Logger.warning("LLM call failed: #{metadata.error}")
    end
  end

  # ... handle other events
end
Call MyApp.ArcanaMetrics.setup() in your application startup.
Phoenix LiveDashboard Integration
Add Arcana metrics to your LiveDashboard:
# lib/my_app/telemetry.ex
defmodule MyApp.Telemetry do
  import Telemetry.Metrics

  def metrics do
    [
      # Arcana core operations
      summary("arcana.ingest.stop.duration",
        unit: {:native, :millisecond},
        tags: [:collection]
      ),
      summary("arcana.search.stop.duration",
        unit: {:native, :millisecond},
        tags: [:mode]
      ),
      counter("arcana.search.stop.result_count"),
      summary("arcana.ask.stop.duration",
        unit: {:native, :millisecond}
      ),

      # Embedding performance
      summary("arcana.embed.stop.duration",
        unit: {:native, :millisecond}
      ),

      # LLM calls (often the slowest part)
      summary("arcana.llm.complete.stop.duration",
        unit: {:native, :millisecond},
        tags: [:model]
      ),
      counter("arcana.llm.complete.stop.prompt_length"),

      # Pipeline steps
      summary("arcana.pipeline.rerank.stop.duration",
        unit: {:native, :millisecond}
      ),
      last_value("arcana.pipeline.rerank.stop.kept"),
      summary("arcana.pipeline.answer.stop.duration",
        unit: {:native, :millisecond}
      ),

      # GraphRAG metrics
      summary("arcana.graph.build.stop.duration",
        unit: {:native, :millisecond}
      ),
      last_value("arcana.graph.build.stop.entity_count"),
      summary("arcana.graph.search.stop.duration",
        unit: {:native, :millisecond}
      ),
      last_value("arcana.graph.search.stop.graph_result_count")
    ]
  end
end
Configure LiveDashboard to use these metrics:
# lib/my_app_web/router.ex
live_dashboard "/dashboard",
  metrics: MyApp.Telemetry
Prometheus Integration
For production monitoring with Prometheus, use prom_ex:
# mix.exs
{:prom_ex, "~> 1.9"}
# lib/my_app/prom_ex.ex
defmodule MyApp.PromEx do
  use PromEx, otp_app: :my_app

  @impl true
  def plugins do
    [
      # Default plugins
      PromEx.Plugins.Application,
      PromEx.Plugins.Beam,
      # Add custom Arcana metrics
      MyApp.PromEx.ArcanaPlugin
    ]
  end

  @impl true
  def dashboards do
    [
      {:prom_ex, "application.json"},
      {:prom_ex, "beam.json"}
    ]
  end
end
# lib/my_app/prom_ex/arcana_plugin.ex
defmodule MyApp.PromEx.ArcanaPlugin do
  use PromEx.Plugin

  @impl true
  def event_metrics(_opts) do
    Event.build(
      :arcana_event_metrics,
      [
        distribution(
          [:arcana, :search, :duration, :milliseconds],
          event_name: [:arcana, :search, :stop],
          measurement: :duration,
          unit: {:native, :millisecond},
          tags: [:mode],
          tag_values: fn metadata -> %{mode: metadata[:mode] || :vector} end
        ),
        distribution(
          [:arcana, :llm, :complete, :duration, :milliseconds],
          event_name: [:arcana, :llm, :complete, :stop],
          measurement: :duration,
          unit: {:native, :millisecond},
          tags: [:model, :success],
          tag_values: fn metadata ->
            %{model: metadata[:model] || "unknown", success: metadata[:success]}
          end
        ),
        counter(
          [:arcana, :ingest, :chunks, :total],
          event_name: [:arcana, :ingest, :stop],
          measurement: fn _measurements, metadata -> metadata[:chunk_count] || 0 end
        )
      ]
    )
  end
end
Debugging Performance Issues
Identify Slow Operations
The built-in logger makes it easy to spot bottlenecks:
[info] [Arcana] embed completed in 45ms (384 dims)
[info] [Arcana] search completed in 12ms (10 results)
[info] [Arcana] llm.complete completed in 3.2s [openai:gpt-4o] ok (1892 chars)
[info] [Arcana] ask completed in 3.3s
In this example, the LLM call dominates total time (3.2s of 3.3s).
Track Pipeline Steps
For Arcana.Pipeline, each step is instrumented:
[info] [Arcana] pipeline.gate completed in 150ms (skip_retrieval: false)
[info] [Arcana] pipeline.rewrite completed in 180ms ("what are elixir macros")
[info] [Arcana] pipeline.expand completed in 220ms ("elixir macros metaprogramming...")
[info] [Arcana] pipeline.search completed in 35ms (25 chunks)
[info] [Arcana] pipeline.reason completed in 850ms (1 iteration)
[info] [Arcana] pipeline.rerank completed in 890ms (8/25 kept)
[info] [Arcana] pipeline.answer completed in 2.1s
[info] [Arcana] pipeline.ground completed in 75ms (score: 0.92, 1 hallucinated span)
Here, reranking takes 890ms - if this is too slow, consider:
	Reducing chunks before reranking (lower search limit)
	Using a faster reranking threshold
	Implementing a custom reranker

If reason/2 is taking too long due to multiple iterations, consider:
	Lowering max_iterations (default: 2)
	Improving initial search quality with query expansion

Monitor LLM Costs
Track prompt sizes to estimate API costs:
def handle_event([:arcana, :llm, :complete, :stop], measurements, metadata, _config) do
  # Rough token estimate (4 chars per token)
  prompt_tokens = div(metadata.prompt_length || 0, 4)
  response_tokens = div(metadata.response_length || 0, 4)

  Logger.info("LLM usage",
    model: metadata.model,
    prompt_tokens: prompt_tokens,
    response_tokens: response_tokens,
    success: metadata.success
  )
end
Error Tracking
Handle exceptions to send to your error tracking service:
def setup do
  exception_events = [
    [:arcana, :ingest, :exception],
    [:arcana, :search, :exception],
    [:arcana, :ask, :exception],
    [:arcana, :llm, :complete, :exception]
  ]

  :telemetry.attach_many("arcana-errors", exception_events, &handle_exception/4, nil)
end

def handle_exception(event, _measurements, metadata, _config) do
  # Send to Sentry, Honeybadger, etc.
  Sentry.capture_message("Arcana error",
    extra: %{
      event: inspect(event),
      kind: metadata.kind,
      reason: inspect(metadata.reason)
    }
  )
end
Tips
Start with the built-in logger since it's zero-config and shows what's happening. LLM latency is usually the bottleneck, so track it closely. If using reranking, watch the kept/original ratio to see how aggressively it filters. Tag metrics with collection names to spot slow document sets, and alert on LLM failures and unusually slow operations.


  

    Dashboard

A web UI for managing documents and testing search. The dashboard consists of multiple pages accessible via sidebar navigation.
Setup
0. Add the phoenix dependencies
Phoenix is an optional dependency: arcana's RAG core works in any app, and
only the dashboard needs it. Phoenix apps already have these; otherwise add:
{:phoenix_live_view, "~> 1.0"},
{:phoenix_html, "~> 4.1"}
If arcana was compiled before these were added, force a recompile once:
mix deps.compile arcana --force.
1. Add TaskSupervisor to your supervision tree
The dashboard requires ArcanaWeb.TaskSupervisor for async operations (Ask, Maintenance):
# lib/my_app/application.ex
children = [
  MyApp.Repo,
  ArcanaWeb.TaskSupervisor,  # Required for dashboard
  # ...
]
2. Add the dashboard route
# lib/my_app_web/router.ex
import ArcanaWeb.Router

scope "/" do
  pipe_through :browser

  arcana_dashboard "/arcana"
end
Visit http://localhost:4000/arcana to access the dashboard (redirects to Documents page).
3. Optional: Markdown rendering for answers
Add mdex to your mix.exs if you want the Ask page to render
LLM answers as Markdown (paragraphs, bullet lists, bold, inline code,
etc.) instead of plain text:
{:mdex, "~> 0.12"}
MDEx is a fast CommonMark + GitHub
Flavored Markdown parser built on the comrak Rust NIF, with built-in
HTML sanitization via ammonia. Arcana enables sanitization
unconditionally for the dashboard so any raw HTML the LLM emits
gets stripped before render. The dep is installed as a precompiled
NIF via rustler_precompiled, so you don't need a Rust toolchain
on your machine.
Without mdex, the Ask page falls back to plain-text rendering
and the page still works, but bullet markers and **bold** just
appear literally instead of being formatted.
Options
arcana_dashboard "/arcana",
  repo: MyApp.Repo,                            # Override repo
  on_mount: [MyAppWeb.Auth],                   # Add authentication
  live_socket_path: "/live",                   # Custom LiveView socket path
  live_session_name: :arcana_dashboard,        # Unique per mount in one router
  collection: {MyAppWeb.Access, :collection_scope} # Scope to a collection subset
Authentication
Protect the dashboard with your existing authentication:
arcana_dashboard "/arcana",
  on_mount: [MyAppWeb.RequireAdmin]
Collection scoping
By default the dashboard sees (and can mutate) every collection, so it's
superuser territory. The collection: option lets you expose it below
that level: a {module, function} pair that gets the %Plug.Conn{} of
the page request and returns :all, one collection name, a list of names,
or [] when the user may touch none.
arcana_dashboard "/arcana",
  collection: {MyAppWeb.ArcanaAccess, :allowed_collections}
defmodule MyAppWeb.ArcanaAccess do
  def allowed_collections(conn) do
    case conn.assigns.current_user do
      %{admin: true} -> :all
      %{tenant: tenant} -> ["#{tenant}-docs", "#{tenant}-tickets"]
      _ -> []
    end
  end
end
The restriction applies everywhere, and fails closed:
	listings, search, ask, graph views, evaluation test cases and runs,
and the header stats only cover the allowed collections
	ingest and maintenance actions must target an allowed collection;
"All Collections" operations disappear
	events naming any other collection (including forged form payloads)
are rejected server-side, not just hidden from the UI
	retrieval runs under strict_collections: true, so an allowed
collection that doesn't exist errors out instead of widening the
search to everything
	renaming a collection is blocked: a rename could otherwise move
documents into a name another tenant is allowed to see
	an empty list means the dashboard shows and does nothing

When the decision is made
The MFA runs while the page request is served and its answer is
snapshotted into the signed LiveView session, which is valid for the
session max age (14 days by default). The websocket connect, reconnects
and in-dashboard live_patch/live_redirect all read that snapshot back
instead of calling the MFA again; only a full page request re-runs it.
Narrowing someone's permissions therefore doesn't narrow a dashboard they
already have open. The on_mount hook can't fix this by itself, since a
LiveView mount has no %Plug.Conn{} to re-resolve from.
Cut the socket when permissions change. Put a per-user live_socket_id
in the session and broadcast a disconnect:
# on login
put_session(conn, :live_socket_id, "users_socket:#{user.id}")

# when access changes
MyAppWeb.Endpoint.broadcast("users_socket:#{user.id}", "disconnect", %{})
The client then reconnects through a full request, which re-runs the MFA
with the current conn. A shorter session max age puts a hard bound on how
long a stale scope can survive without that broadcast.
It's a plain {module, function} tuple rather than a function capture
so the router metadata stays serializable. The option composes with
on_mount: auth hooks: use on_mount to decide who gets in, and
collection: to decide what they see once inside. It scopes the
dashboard only, not Arcana.search/2 or other API calls your app makes.
To mount two dashboards in one router (say a superuser one plus a scoped
one), give the second a unique live_session_name:.
Pages
Documents (/arcana/documents)
	View documents - Browse all ingested documents with pagination
	View chunks - See how documents are chunked
	Ingest text - Paste content directly with format selection
	Upload files - Upload .txt, .md, or .pdf files
	Filter by collection - View documents from specific collections

Ask (/arcana/ask)
Three sub-tabs that map onto Arcana's three retrieval surfaces. The
URL preserves your selection (/arcana/ask/advanced,
/arcana/ask/pipeline, /arcana/ask/loop).
	Advanced (Arcana.ask/2): one call with sensible defaults.
Hybrid search, optional graph fusion, cross-encoder reranking,
LLM answer. Use this when you want the library to make the
decisions.
	Pipeline (Arcana.Pipeline): Modular RAG. Compose the steps
yourself via toggles (gate, rewrite, expand, decompose, search,
reason, rerank, answer, ground). Each step has its own checkbox.
	Loop (Arcana.Loop): Agentic RAG. The controller LLM picks
tools each turn and decides when to commit. The settings panel
shows which LLMs are configured for each role (controller,
answerer, fallback synthesizer).

All three sub-tabs share:
	Collection selection - pick which collections to search (or
for Pipeline, let the LLM auto-select)
	Live tracing - while a run is in flight, the retrieval steps
appear as a vertical timeline as they happen, color-coded by tool
type. Pipeline shows steps with running/done states and durations;
Loop shows tool calls with arguments and chunk counts. The trace
is powered by the [:arcana, :pipeline, :*, :*],
[:arcana, :loop, :tool_call], and related telemetry events
	Markdown answers - when mdex is in your deps (see Setup
step 3), answers are rendered as formatted Markdown with safe HTML
sanitization. Without it, answers fall back to plain text
	Grounding - if Hallmark is configured, the dashboard renders
hallucinated spans in red and faithful spans in green, with
per-chunk attribution on hover

Search (/arcana/search)
	Test queries - Try searches against your documents
	View results - See retrieved chunks with similarity scores and expandable details
	Compare modes - Test vector, keyword, and hybrid search
	Filter by collection - Search within specific collections

Collections (/arcana/collections)
	View collections - Browse all collections with document counts
	Create collections - Add new collections with descriptions
	Edit collections - Update collection descriptions
	Delete collections - Remove empty collections

Evaluation (/arcana/evaluation)
	View test cases - See questions and their relevant chunks
	Run evaluations - Execute evaluation runs
	View metrics - See MRR, Precision, Recall scores
	Compare runs - Track changes over time

Maintenance (/arcana/maintenance)
	Rebuild embeddings - Re-embed all chunks (useful after model changes)
	Orphan cleanup - Find and remove chunks without parent documents
	Database operations - Maintenance tasks for the vector store

Info (/arcana/info)
	Configuration - View current Arcana settings
	Embedding model - See which model is in use
	Statistics - Document and chunk counts

Deployment
The dashboard uses Phoenix LiveView. Ensure your production configuration includes:
# config/runtime.exs
config :my_app, MyAppWeb.Endpoint,
  url: [host: "example.com", port: 443],
  check_origin: ["//example.com"]
Assets
Dashboard assets (CSS, JS) are served inline - no build step required.
Security Considerations
The dashboard provides full access to your Arcana data:
	Always add authentication in production
	Restrict to admin users who need access
	Consider IP allowlisting for sensitive deployments

# Example: Admin-only access
defmodule MyAppWeb.RequireAdmin do
  import Phoenix.LiveView

  def on_mount(:default, _params, session, socket) do
    case session["current_user"] do
      %{admin: true} -> {:cont, socket}
      _ -> {:halt, redirect(socket, to: "/")}
    end
  end
end
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Deprecated. Use Arcana.Pipeline instead.
This module is a thin facade kept for backward compatibility. It will be
removed in a future major version. All functions delegate to
Arcana.Pipeline and emit compile-time deprecation warnings.
Migration
# Before
Arcana.Agent.new(question)
|> Arcana.Agent.search()
|> Arcana.Agent.answer()

# After
Arcana.Pipeline.new(question)
|> Arcana.Pipeline.search()
|> Arcana.Pipeline.answer()
Custom modules implementing the pipeline behaviours need to update
their @behaviour declarations from Arcana.Agent.* to
Arcana.Pipeline.*. The callbacks themselves are unchanged.
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        answer(ctx, opts \\ [])

          deprecated

      


        See Arcana.Pipeline.answer/2.



    


    
      
        decompose(ctx, opts \\ [])

          deprecated

      


        See Arcana.Pipeline.decompose/2.



    


    
      
        expand(ctx, opts \\ [])

          deprecated

      


        See Arcana.Pipeline.expand/2.



    


    
      
        gate(ctx, opts \\ [])

          deprecated

      


        See Arcana.Pipeline.gate/2.



    


    
      
        ground(ctx, opts \\ [])

          deprecated

      


        See Arcana.Pipeline.ground/2.



    


    
      
        new(question, opts \\ [])

          deprecated

      


        See Arcana.Pipeline.new/2.



    


    
      
        reason(ctx, opts \\ [])

          deprecated

      


        See Arcana.Pipeline.reason/2.



    


    
      
        rerank(ctx, opts \\ [])

          deprecated

      


        See Arcana.Pipeline.rerank/2.



    


    
      
        rewrite(ctx, opts \\ [])

          deprecated

      


        See Arcana.Pipeline.rewrite/2.



    


    
      
        search(ctx, opts \\ [])

          deprecated

      


        See Arcana.Pipeline.search/2.



    


    
      
        select(ctx, opts)

          deprecated

      


        See Arcana.Pipeline.select/2.



    





      


      
        Functions


        


    

  
    
      
    
    
      answer(ctx, opts \\ [])



        
          
        

    

  


    
      This function is deprecated. Use Arcana.Pipeline.answer/2.
    


  

See Arcana.Pipeline.answer/2.

  



    

  
    
      
    
    
      decompose(ctx, opts \\ [])



        
          
        

    

  


    
      This function is deprecated. Use Arcana.Pipeline.decompose/2.
    


  

See Arcana.Pipeline.decompose/2.

  



    

  
    
      
    
    
      expand(ctx, opts \\ [])



        
          
        

    

  


    
      This function is deprecated. Use Arcana.Pipeline.expand/2.
    


  

See Arcana.Pipeline.expand/2.

  



    

  
    
      
    
    
      gate(ctx, opts \\ [])



        
          
        

    

  


    
      This function is deprecated. Use Arcana.Pipeline.gate/2.
    


  

See Arcana.Pipeline.gate/2.

  



    

  
    
      
    
    
      ground(ctx, opts \\ [])



        
          
        

    

  


    
      This function is deprecated. Use Arcana.Pipeline.ground/2.
    


  

See Arcana.Pipeline.ground/2.

  



    

  
    
      
    
    
      new(question, opts \\ [])



        
          
        

    

  


    
      This function is deprecated. Use Arcana.Pipeline.new/2.
    


  

See Arcana.Pipeline.new/2.

  



    

  
    
      
    
    
      reason(ctx, opts \\ [])



        
          
        

    

  


    
      This function is deprecated. Use Arcana.Pipeline.reason/2.
    


  

See Arcana.Pipeline.reason/2.

  



    

  
    
      
    
    
      rerank(ctx, opts \\ [])



        
          
        

    

  


    
      This function is deprecated. Use Arcana.Pipeline.rerank/2.
    


  

See Arcana.Pipeline.rerank/2.

  



    

  
    
      
    
    
      rewrite(ctx, opts \\ [])



        
          
        

    

  


    
      This function is deprecated. Use Arcana.Pipeline.rewrite/2.
    


  

See Arcana.Pipeline.rewrite/2.

  



    

  
    
      
    
    
      search(ctx, opts \\ [])



        
          
        

    

  


    
      This function is deprecated. Use Arcana.Pipeline.search/2.
    


  

See Arcana.Pipeline.search/2.

  



  
    
      
    
    
      select(ctx, opts)



        
          
        

    

  


    
      This function is deprecated. Use Arcana.Pipeline.select/2.
    


  

See Arcana.Pipeline.select/2.

  


        

      


  

    
Arcana.Ask 
    



      
RAG (Retrieval Augmented Generation) question answering.
This module handles the core ask workflow:
	Search for relevant context chunks
	Build a prompt with the context
	Call the LLM for an answer

Usage
{:ok, answer, context} = Arcana.ask("What is X?",
  repo: MyApp.Repo,
  llm: "openai:gpt-4o-mini"
)

      


      
        Summary


  
    Functions
  


    
      
        ask(question, opts)

      


        Asks a question using retrieved context from the knowledge base.



    





      


      
        Functions


        


  
    
      
    
    
      ask(question, opts)



        
          
        

    

  


  

Asks a question using retrieved context from the knowledge base.
Performs a search to find relevant chunks, then passes them along with
the question to an LLM for answer generation.
Options
	:repo - The Ecto repo to use (required)
	:llm - Any type implementing the Arcana.LLM protocol (required)
	:limit - Maximum number of context chunks to retrieve (default: 5)
	:source_id - Filter context to a specific source. Chunks, matched
entities, and relationships are scoped to it; community summaries
are collection-level artifacts and may describe entities beyond the
source. Use collections (see :strict_collections) for isolation.
	:threshold - Minimum similarity score for context (default: 0.0)
	:mode - Search mode: :vector (default), :keyword, or :hybrid.
:semantic and :fulltext are deprecated aliases and log a warning.
	:collection - Collection scope as :all, a collection name, a list of
collection names, or [] to match nothing
	:prompt - Custom prompt function. Supports arity 2 (question, context) or
arity 3 (question, context, graph_context)
	:reranker - Reranker module/function (passed through to search)
	:rewriter - Query rewriter (passed through to search)
	:graph - Enable/disable GraphRAG (default: global config)
	:graph_depth - When GraphRAG is enabled, how many relationship hops
to expand matched entities (default: 0). Affects both retrieval (chunks
mentioning neighbor entities are pulled in, down-weighted per hop) and
the prompt's relationship context, which then includes edges from
matched entities to their expanded neighbors. The global default is
config :arcana, graph: [query_depth: n].

Defaults for :limit can be set globally:
config :arcana, ask: [limit: 5]
Examples
# Basic usage
{:ok, answer, context} = Arcana.ask("What is Elixir?",
  repo: MyApp.Repo,
  llm: "openai:gpt-4o-mini"
)

# With custom prompt
{:ok, answer, _} = Arcana.ask("Summarize the docs",
  repo: MyApp.Repo,
  llm: my_llm,
  prompt: fn question, context ->
    "Be concise. Question: #{question}"
  end
)

  


        

      


  

    
Arcana.Chunker.Custom 
    



      
Custom chunking provider using user-provided functions.
This module wraps a user-provided function to implement the Arcana.Chunker
behaviour. It's used internally when configuring a function as the chunker.
Configuration
# Function that returns list of chunk maps
config :arcana, chunker: fn text, opts ->
  [%{text: text, chunk_index: 0, token_count: div(String.length(text), 4)}]
end
The function must:
	Accept text (string) and opts (keyword list)
	Return a list of maps, each with :text, :chunk_index, and :token_count


      




  

    
Arcana.Chunker.Default 
    



      
Default text chunker using the text_chunker library.
Supports multiple formats (plaintext, markdown, etc.) and can size chunks
by characters or tokens.
Options
	:chunk_size - Maximum chunk size (default: 450)
	:chunk_overlap - Overlap between chunks (default: 50)
	:format - Text format: :plaintext, :markdown, :elixir, etc. (default: :plaintext)
	:size_unit - How to measure size: :characters or :tokens (default: :tokens)
	:chars_per_token - Characters assumed per token when size_unit is
:tokens (default: 4). A positive integer; anything else raises an
ArgumentError
	:max_chunk_chars - Ceiling on a chunk's length in bytes. A chunk over
it is split rather than emitted (default: none). Splits land on
grapheme boundaries, so a single grapheme longer than the budget - a
ZWJ emoji sequence runs to 25 bytes - is emitted whole rather than
cut into invalid UTF-8. Any budget worth setting is far above that.
A positive integer or nil; anything else raises an ArgumentError

Sizing by tokens is an estimate, not a guarantee
With size_unit: :tokens the size is converted to characters by
multiplying by :chars_per_token, which defaults to 4. That is a fair
average for flowing English prose and not an upper bound. Dense text
runs closer to 3 characters per token, and tables of numbers can approach
2, so the default 450 tokens can produce chunks an embedder with a 512
token window rejects:
413 Input validation error: 'inputs' must have less than 512 tokens. Given: 573
Nothing here can tell you that has happened, because the chunker does not
run the model's tokenizer. Two ways to stay inside the budget:
	lower :chars_per_token for a corpus you know is dense — product data
sheets, code, chemical names, digit-heavy tables
	set :max_chunk_chars as a backstop, so a pathological chunk is split
instead of being handed to the embedder oversized

Remember any prefix your embedder adds (E5-style passage: / query:)
comes out of the same budget.
Examples
Arcana.Chunker.Default.chunk("Hello world", chunk_size: 100)
Arcana.Chunker.Default.chunk(markdown_text, format: :markdown, chunk_size: 512)
Arcana.Chunker.Default.chunk(text, size_unit: :tokens, chunk_size: 256)

      




  

    
Arcana.Collection 
    



      
Represents a collection of documents for segmentation.
Collections allow you to organize documents by product, country,
or any other grouping criteria. Documents can be filtered by
collection when searching.

      


      
        Summary


  
    Functions
  


    
      
        fetch(name, repo)

      


        Fetches a collection by name.



    


    
      
        get_or_create(name, repo, description \\ nil)

      


        Gets an existing collection by name or creates a new one.



    


    
      
        resolve_id(name, repo, strict? \\ false)

      


        Resolves a single collection name to its ID.



    


    
      
        resolve_ids(names, repo, opts \\ [])

      


        Resolves a list of collection names to their IDs.



    





      


      
        Functions


        


  
    
      
    
    
      fetch(name, repo)



        
          
        

    

  


  

Fetches a collection by name.
Returns {:ok, collection} or {:error, {:unknown_collection, name}}.

  



    

  
    
      
    
    
      get_or_create(name, repo, description \\ nil)



        
          
        

    

  


  

Gets an existing collection by name or creates a new one.
If a description is provided and the collection already exists,
the description is updated only if the existing one is nil or empty.
Examples
{:ok, collection} = Collection.get_or_create("products", MyRepo)
{:ok, collection} = Collection.get_or_create("default", MyRepo)
{:ok, collection} = Collection.get_or_create("docs", MyRepo, "Official documentation")

  



    

  
    
      
    
    
      resolve_id(name, repo, strict? \\ false)



        
          
        

    

  


  

Resolves a single collection name to its ID.
Returns {:ok, nil} when name is nil (unscoped) or, in non-strict
mode, when the collection doesn't exist. With strict? set, an unknown
name returns {:error, {:unknown_collection, name}}.

  



    

  
    
      
    
    
      resolve_ids(names, repo, opts \\ [])



        
          
        

    

  


  

Resolves a list of collection names to their IDs.
Returns {:ok, nil} for unscoped queries (when collections is [nil]),
otherwise {:ok, ids}. Unknown names are dropped, so the list can be
empty — callers must treat an empty list as "match nothing", never as
"no filter". With strict: true, the first unknown name returns
{:error, {:unknown_collection, name}} instead.

  


        

      


  

    
Arcana.CollectionScope 
    



      
Represents the collections included in a read.
Public inputs are normalized before they reach query code:
	:all includes every collection
	a collection name includes only that collection
	a list of names includes those collections
	an empty list matches no collections

Collection names must be non-empty binaries. Normalization preserves their
order while removing duplicates.

      


      
        Summary


  
    Types
  


    
      
        error_reason()

      


    


    
      
        input()

      


    


    
      
        name()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        from_opts(opts, default)

      


        Reads a collection scope from keyword options.



    


    
      
        from_opts!(opts, default)

      


        Reads and normalizes a collection scope from options or raises ArgumentError.



    


    
      
        intersect(scope, scope)

      


        Returns the intersection of two normalized collection scopes.



    


    
      
        normalize(name)

      


        Normalizes a public collection scope.



    


    
      
        normalize!(input)

      


        Normalizes a collection scope or raises ArgumentError.



    


    
      
        subset?(arg1, arg2)

      


        Returns whether every collection in scope is included in allowed.



    





      


      
        Types


        


  
    
      
    
    
      error_reason()



        
          
        

    

  


  

      

          @type error_reason() ::
  {:invalid_collection_scope, term()} | {:unsupported_collection_option, atom()}


      



  



  
    
      
    
    
      input()



        
          
        

    

  


  

      

          @type input() :: :all | name() | [name()]


      



  



  
    
      
    
    
      name()



        
          
        

    

  


  

      

          @type name() :: String.t()


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: :all | {:only, [name()]}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      from_opts(opts, default)



        
          
        

    

  


  

      

          @spec from_opts(keyword(), input()) :: {:ok, t()} | {:error, error_reason()}


      


Reads a collection scope from keyword options.
The :collection option accepts every public scope shape. When it is absent,
default is normalized instead. The removed :collections alias is rejected
so an outdated scoped caller cannot silently widen to the default.

  



  
    
      
    
    
      from_opts!(opts, default)



        
          
        

    

  


  

      

          @spec from_opts!(keyword(), input()) :: t()


      


Reads and normalizes a collection scope from options or raises ArgumentError.

  



  
    
      
    
    
      intersect(scope, scope)



        
          
        

    

  


  

      

          @spec intersect(t(), t()) :: t()


      


Returns the intersection of two normalized collection scopes.
When both scopes list names, their order follows the first scope.

  



  
    
      
    
    
      normalize(name)



        
          
        

    

  


  

      

          @spec normalize(term()) :: {:ok, t()} | {:error, error_reason()}


      


Normalizes a public collection scope.
Returns {:error, {:invalid_collection_scope, input}} when a name is blank
or an input has an unsupported shape.

  



  
    
      
    
    
      normalize!(input)



        
          
        

    

  


  

      

          @spec normalize!(term()) :: t()


      


Normalizes a collection scope or raises ArgumentError.

  



  
    
      
    
    
      subset?(arg1, arg2)



        
          
        

    

  


  

      

          @spec subset?(t(), t()) :: boolean()


      


Returns whether every collection in scope is included in allowed.
This is useful at authorization boundaries where silently intersecting an
explicit request would accept only part of a forged scope.

  


        

      


  

    
Arcana.Config 
    



      
Configuration management for Arcana.
Handles parsing and resolving configuration for embedders, chunkers,
and other pluggable components.
Redacting Sensitive Values
Use Arcana.Config.redact/1 to wrap any config value for safe inspection:
config = Application.get_env(:arcana, :llm)
inspect(Arcana.Config.redact(config))
# => {"zai:glm-4.7", [api_key: "[REDACTED]"]}
Embedder Configuration
# Default: Local Bumblebee with bge-small-en-v1.5
config :arcana, embedder: :local

# Local with different model
config :arcana, embedder: {:local, model: "BAAI/bge-large-en-v1.5"}

# OpenAI (requires req_llm and OPENAI_API_KEY)
config :arcana, embedder: :openai
config :arcana, embedder: {:openai, model: "text-embedding-3-large"}

# Custom function
config :arcana, embedder: fn text -> {:ok, embedding} end

# Custom module implementing Arcana.Embedder behaviour
config :arcana, embedder: MyApp.CohereEmbedder
config :arcana, embedder: {MyApp.CohereEmbedder, api_key: "..."}
Chunker Configuration
# Default: text_chunker-based chunking
config :arcana, chunker: :default

# Default chunker with custom options
config :arcana, chunker: {:default, chunk_size: 512, chunk_overlap: 100}

# Custom function (receives text, opts; returns list of chunk maps)
config :arcana, chunker: fn text, _opts ->
  [%{text: text, chunk_index: 0, token_count: 10}]
end

# Custom module implementing Arcana.Chunker behaviour
config :arcana, chunker: MyApp.SemanticChunker
config :arcana, chunker: {MyApp.SemanticChunker, model: "..."}
PDF Parser Configuration
# Default: poppler's pdftotext
config :arcana, pdf_parser: :poppler

# Custom module implementing Arcana.FileParser.PDF behaviour
config :arcana, pdf_parser: MyApp.PDFParser
config :arcana, pdf_parser: {MyApp.PDFParser, some_option: "value"}
Search Defaults
Set defaults for Arcana.search/2. Per-call options override these.
Any option accepted by Arcana.Search.search/2 can be set globally.
config :arcana, search: [
  limit: 10,
  threshold: 0.0,
  mode: :vector,              # :vector | :keyword | :hybrid
  vector_weight: 0.5,         # for hybrid mode
  keyword_weight: 0.5,        # for hybrid mode
  rewriter: &MyApp.rewrite/1, # query rewriter function
  hnsw_ef_search: 100,       # pgvector only, see Arcana.VectorStore.Pgvector
]
Ask Defaults
Set defaults for Arcana.ask/2. Per-call options override these.
Any option accepted by Arcana.Ask.ask/2 can be set globally.
config :arcana, ask: [
  limit: 5,
  mode: :semantic,
  threshold: 0.0,
  prompt: &MyApp.custom_prompt/3
]
Reranker Configuration
Set a global reranker that will be applied automatically by Arcana.search/2
and Arcana.ask/2. Per-call :reranker options override this. Pass
reranker: false per-call to disable for a single request.
# Global reranker module
config :arcana, reranker: Arcana.Reranker.CrossEncoder

# With options (e.g. over_fetch multiplier, threshold)
config :arcana, reranker: {Arcana.Reranker.CrossEncoder, over_fetch: 3}

# Custom function: fn question, chunks, opts -> {:ok, reranked} end
config :arcana, reranker: &MyApp.rerank/3

      


      
        Summary


  
    Functions
  


    
      
        chunker()

      


        Returns the configured chunker as a {module, opts} tuple.



    


    
      
        current()

      


        Returns the current Arcana configuration.



    


    
      
        embedder()

      


        Returns the configured embedder as a {module, opts} tuple.



    


    
      
        fallback_parser()

      


        Returns the configured fallback parser as {module, opts}, or nil.



    


    
      
        file_parsers()

      


        Returns the configured file parsers as a map of extension to
{module, opts}.



    


    
      
        get(opts, key)

      


        Returns the value for key from opts, falling back to the global app env.



    


    
      
        get_env(key, default \\ nil)

      


        Returns the value for key from the :arcana app env.



    


    
      
        graph_enabled?(opts)

      


        Returns whether GraphRAG is enabled globally or for specific options.



    


    
      
        merge_app_opts(opts, app_key)

      


        Merges global keyword-list config under app_key with per-call opts.



    


    
      
        pdf_parser()

      


        Returns the configured PDF parser as a {module, opts} tuple.



    


    
      
        redact(value)

      


        Wraps a config value for safe inspection with sensitive data redacted.



    


    
      
        repo!(env \\ nil)

      


        Resolves the Ecto repo configured for Arcana's mix tasks.



    


    
      
        require_repo!(opts)

      


        Returns the repo from opts or the global config, raising when neither
is set.



    


    
      
        reranker(opts \\ [])

      


        Returns the configured reranker, resolving per-call opts and global config.



    


    
      
        resolve_chunker(opts)

      


        Resolves chunker from options, falling back to global config.



    


    
      
        resolve_embedder(opts)

      


        Resolves embedder from options, falling back to global config.



    


    
      
        strict_collections?(opts \\ [])

      


        Returns whether strict collection scoping is enabled.



    





      


      
        Functions


        


  
    
      
    
    
      chunker()



        
          
        

    

  


  

Returns the configured chunker as a {module, opts} tuple.

  



  
    
      
    
    
      current()



        
          
        

    

  


  

Returns the current Arcana configuration.
Useful for logging, debugging, and storing with evaluation runs
to track which settings produced which results.
Example
Arcana.Config.current()
# => %{
#   embedding: %{module: Arcana.Embedder.Local, model: "BAAI/bge-small-en-v1.5", dimensions: 384},
#   vector_store: :pgvector
# }

  



  
    
      
    
    
      embedder()



        
          
        

    

  


  

Returns the configured embedder as a {module, opts} tuple.

  



  
    
      
    
    
      fallback_parser()



        
          
        

    

  


  

Returns the configured fallback parser as {module, opts}, or nil.
Consulted for any extension without a native or registered parser:
config :arcana, fallback_parser: {MyApp.ExtractionService, []}
nil and false both mean "no fallback".

  



  
    
      
    
    
      file_parsers()



        
          
        

    

  


  

Returns the configured file parsers as a map of extension to
{module, opts}.
Extensions are normalized to lowercase with a leading dot, so
%{"docx" => ...} and %{".DOCX" => ...} both register ".docx".
config :arcana, file_parsers: %{".docx" => {MyApp.DocxParser, []}}
Mapping an extension to false disables it: nothing parses it, not the
built-in route and not the :fallback_parser. Such entries come back
as nil.
config :arcana, file_parsers: %{".pdf" => false}

  



  
    
      
    
    
      get(opts, key)



        
          
        

    

  


  

Returns the value for key from opts, falling back to the global app env.
Used to thread configuration like :repo and :llm from per-call opts
with a fallback to config :arcana, key: value.
Examples
repo = Arcana.Config.get(opts, :repo)
llm = Arcana.Config.get(opts, :llm)

  



    

  
    
      
    
    
      get_env(key, default \\ nil)



        
          
        

    

  


  

Returns the value for key from the :arcana app env.
All runtime configuration reads in Arcana go through this function. Test
suites can install a custom reader with install_env_reader/1 to shadow
keys per-process instead of mutating global state.

  



  
    
      
    
    
      graph_enabled?(opts)



        
          
        

    

  


  

Returns whether GraphRAG is enabled globally or for specific options.
Checks the :graph option in the provided opts first, then falls back
to the global configuration.
Examples
# Check global config
Arcana.Config.graph_enabled?([])

# Override with per-call option
Arcana.Config.graph_enabled?(graph: true)

  



  
    
      
    
    
      merge_app_opts(opts, app_key)



        
          
        

    

  


  

Merges global keyword-list config under app_key with per-call opts.
Per-call opts override the global config. Used to thread namespace
configs like :search, :ask, and :graph.
Examples
# Reads `config :arcana, search: [limit: 10]` and merges
opts = Arcana.Config.merge_app_opts(opts, :search)

# Reads `config :arcana, ask: [limit: 5]` and merges
opts = Arcana.Config.merge_app_opts(opts, :ask)

  



  
    
      
    
    
      pdf_parser()



        
          
        

    

  


  

Returns the configured PDF parser as a {module, opts} tuple.

  



  
    
      
    
    
      redact(value)



        
          
        

    

  


  

Wraps a config value for safe inspection with sensitive data redacted.
Returns a struct that implements the Inspect protocol and automatically
redacts sensitive keys like :api_key, :token, :password, etc.
Example
iex> config = {"zai:glm-4.7", [api_key: "secret123"]}
iex> inspect(Arcana.Config.redact(config))
~s|{"zai:glm-4.7", [api_key: "[REDACTED]"]}|

  



    

  
    
      
    
    
      repo!(env \\ nil)



        
          
        

    

  


  

Resolves the Ecto repo configured for Arcana's mix tasks.
Accepts either configuration shape:
# Explicit repo key
config :arcana, repo: MyApp.Repo

# Per-repo configuration (e.g. custom priv directory)
config :arcana, MyApp.Repo, priv: "priv/my_repo"
When only the per-repo shape is present and exactly one repo is
configured, that repo is used (with a note printed to stderr). Raises
ArgumentError when no repo can be resolved, or when several per-repo
entries exist without an explicit :repo key to disambiguate.
repo: nil means "not set" and falls through to the per-repo scan.
repo: false is an explicit "no repo", so it raises the same "no Ecto
repo configured" error instead of quietly picking a per-repo entry.
Called without arguments, the :repo key is read through get_env/2 so
process-scoped overrides installed via install_env_reader/1 are honored.
Pass an explicit env keyword list to resolve against it directly.

  



  
    
      
    
    
      require_repo!(opts)



        
          
        

    

  


  

Returns the repo from opts or the global config, raising when neither
is set.

  



    

  
    
      
    
    
      reranker(opts \\ [])



        
          
        

    

  


  

Returns the configured reranker, resolving per-call opts and global config.
Returns nil if no reranker is set or if explicitly disabled with
reranker: false. Otherwise returns {module_or_fun, opts}.

  



  
    
      
    
    
      resolve_chunker(opts)



        
          
        

    

  


  

Resolves chunker from options, falling back to global config.

  



  
    
      
    
    
      resolve_embedder(opts)



        
          
        

    

  


  

Resolves embedder from options, falling back to global config.

  



    

  
    
      
    
    
      strict_collections?(opts \\ [])



        
          
        

    

  


  

Returns whether strict collection scoping is enabled.
When strict, an unknown collection name is an error
({:error, {:unknown_collection, name}}) instead of silently widening
the operation to every collection. Checks the :strict_collections
option in the provided opts first (so strict_collections: false can
override a global true per call), then falls back to
config :arcana, strict_collections: true. Defaults to false; the
default will flip to true in Arcana 3.0.

  


        

      


  

    
Arcana.Config.Redacted 
    



      
Wrapper struct for config values that redacts sensitive data on inspect.
Created via Arcana.Config.redact/1.

      




  

    
Arcana.DocumentMetadata 
    



      
Sparse document attribution returned by Arcana.get_document_metadata/2.
This shape deliberately leaves out document content, ingestion state, and
associations. Use to_map/1 when passing it to an encoder or another API.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        to_map(document)

      


        Returns the documented plain-map representation of the metadata projection.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Arcana.DocumentMetadata{
  id: Ecto.UUID.t(),
  metadata: map(),
  source_id: String.t() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      to_map(document)



        
          
        

    

  


  

      

          @spec to_map(t()) :: map()


      


Returns the documented plain-map representation of the metadata projection.

  


        

      


  

    
Arcana.Documents 
    



      
Public read API for documents.
Lets host apps build admin surfaces (list a collection's documents,
show ingestion status, paginate) and assert on ingestion outcomes in
tests without querying Arcana's schemas through Ecto directly.
Arcana.Document is the stable public shape: id, status,
chunk_count, metadata, source_id, content_type, timestamps,
and the preloaded collection.

      


      
        Summary


  
    Functions
  


    
      
        count_documents(opts)

      


        Counts documents matching the same filters as list_documents/1
(:collection, :status, :source_id), for building pagination.



    


    
      
        get_document(id, opts)

      


        Fetches a single document by id, with its collection preloaded.



    


    
      
        get_document_metadata(ids, opts)

      


        Fetches sparse metadata for several published documents in one query.



    


    
      
        list_documents(opts)

      


        Lists documents, newest first.



    





      


      
        Functions


        


  
    
      
    
    
      count_documents(opts)



        
          
        

    

  


  

Counts documents matching the same filters as list_documents/1
(:collection, :status, :source_id), for building pagination.
Examples
{:ok, total} = Arcana.count_documents(repo: MyApp.Repo, collection: "products")

  



  
    
      
    
    
      get_document(id, opts)



        
          
        

    

  


  

Fetches a single document by id, with its collection preloaded.
Returns {:ok, document} or {:error, :not_found}.
Options
	:repo - The Ecto repo to use (required unless configured globally)
	:collection - Limit the lookup to :all, one collection name, a list
of names, or [] to match nothing

Examples
{:ok, document} = Arcana.get_document(id, repo: MyApp.Repo)
{:ok, document} =
  Arcana.get_document(id, repo: MyApp.Repo, collection: ["support", "api"])

  



  
    
      
    
    
      get_document_metadata(ids, opts)



        
          
        

    

  


  

      

          @spec get_document_metadata([Ecto.UUID.t()], keyword()) ::
  {:ok, %{optional(Ecto.UUID.t()) => Arcana.DocumentMetadata.t()}}
  | {:error, {:invalid_document_id, term()}}


      


Fetches sparse metadata for several published documents in one query.
A collection scope is required. Pass collection: "support",
collection: ["support", "api"], or an explicit collection: :all.
Missing IDs, documents outside the scope, and documents that have not
completed ingestion are omitted from the returned ID-keyed map. Duplicate
IDs are queried once.
Returns {:error, {:invalid_document_id, id}} without querying when any ID
is not a valid UUID.
Options
	:repo - The Ecto repo to use (required unless configured globally)
	:collection - :all, one collection name, a list of names, or []


  



  
    
      
    
    
      list_documents(opts)



        
          
        

    

  


  

Lists documents, newest first.
Options
	:repo - The Ecto repo to use (required unless configured globally)
	:collection - Filter by :all, one collection name, a list of names,
or [] to match nothing. Unknown names never widen the query.
	:status - Filter by status (:pending, :processing,
:completed, :failed)
	:source_id - Filter by source id
	:limit - Maximum documents to return (default: 50)
	:offset - Number of documents to skip (default: 0)

Examples
{:ok, docs} = Arcana.list_documents(repo: MyApp.Repo, collection: "products")
{:ok, failed} = Arcana.list_documents(repo: MyApp.Repo, status: :failed)
{:ok, page2} = Arcana.list_documents(repo: MyApp.Repo, limit: 20, offset: 20)

  


        

      


  

    
Arcana.Ecto.Vector 
    



      
Drop-in wrapper around Pgvector.Ecto.Vector with a real equal?/2.
Pgvector.Ecto.Vector inherits Ecto's default equal?/2 (plain ==),
so change detection compares terms structurally. Whenever the value
loaded from the database isn't the exact representation being written
back — a custom Postgrex types module decoding to a different struct,
or list-vs-%Pgvector{} round trips — a byte-identical embedding
always dirties the changeset, turning idempotent re-stores into write
amplification plus HNSW index churn.
This type delegates type/cast/load/dump to Pgvector.Ecto.Vector
(identical wire behavior) and compares values by their encoded binary,
so byte-identical vectors are equal regardless of representation.
Values it can't encode (an opaque struct from a custom decoder that is
neither enumerable nor castable) fall back to structural comparison,
which is today's behavior rather than a crash.
If pgvector-elixir ships equal?/2 upstream (pgvector-python's
Vector.__eq__ is the family precedent), this module becomes a no-op
layer that can be dropped in a major release.

      


      
        Summary


  
    Functions
  


    
      
        cast(value)

      


        Callback implementation for Ecto.Type.cast/1.



    


    
      
        dump(value)

      


        Callback implementation for Ecto.Type.dump/1.



    


    
      
        embed_as(_)

      


        Callback implementation for Ecto.Type.embed_as/1.



    


    
      
        equal?(term1, term2)

      


        Callback implementation for Ecto.Type.equal?/2.



    


    
      
        load(data)

      


        Callback implementation for Ecto.Type.load/1.



    


    
      
        type()

      


        Callback implementation for Ecto.Type.type/0.



    





      


      
        Functions


        


  
    
      
    
    
      cast(value)



        
          
        

    

  


  

Callback implementation for Ecto.Type.cast/1.

  



  
    
      
    
    
      dump(value)



        
          
        

    

  


  

Callback implementation for Ecto.Type.dump/1.

  



  
    
      
    
    
      embed_as(_)



        
          
        

    

  


  

Callback implementation for Ecto.Type.embed_as/1.

  



  
    
      
    
    
      equal?(term1, term2)



        
          
        

    

  


  

Callback implementation for Ecto.Type.equal?/2.

  



  
    
      
    
    
      load(data)



        
          
        

    

  


  

Callback implementation for Ecto.Type.load/1.

  



  
    
      
    
    
      type()



        
          
        

    

  


  

Callback implementation for Ecto.Type.type/0.

  


        

      


  

    
Arcana.Embedder behaviour
    



      
Behaviour for embedding providers used by Arcana.
Arcana accepts any module that implements this behaviour.
Built-in implementations are provided for:
	Arcana.Embedder.Local - Local Bumblebee models (e.g., bge-small-en-v1.5)
	Arcana.Embedder.OpenAI - OpenAI embeddings via Req.LLM

Configuration
Configure your embedding provider in config.exs:
# Default: Local Bumblebee with bge-small-en-v1.5 (384 dims)
config :arcana, embedder: :local

# Local with different HuggingFace model
config :arcana, embedder: {:local, model: "BAAI/bge-large-en-v1.5"}

# OpenAI via Req.LLM
config :arcana, embedder: :openai
config :arcana, embedder: {:openai, model: "text-embedding-3-large"}

# Custom function
config :arcana, embedder: fn text -> {:ok, embedding} end

# Custom module implementing this behaviour
config :arcana, embedder: MyApp.CohereEmbedder
config :arcana, embedder: {MyApp.CohereEmbedder, api_key: "..."}
Implementing a Custom Embedder
Create a module that implements this behaviour:
defmodule MyApp.CohereEmbedder do
  @behaviour Arcana.Embedder

  @impl true
  def embed(text, opts) do
    api_key = opts[:api_key] || System.get_env("COHERE_API_KEY")
    # Call Cohere API...
    {:ok, embedding}
  end

  @impl true
  def dimensions(_opts), do: 1024
end
Then configure:
config :arcana, embedder: {MyApp.CohereEmbedder, api_key: "..."}

      


      
        Summary


  
    Callbacks
  


    
      
        dimensions(opts)

      


        Returns the embedding dimensions.



    


    
      
        embed(text, opts)

      


        Embed a single text string.



    


    
      
        embed_batch(texts, opts)

      


        Embed multiple texts in batch.



    





  
    Functions
  


    
      
        dimensions(arg)

      


        Returns the embedding dimensions for the configured embedder.



    


    
      
        embed(arg, text, call_opts \\ [])

      


        Embeds text using the configured embedder.



    


    
      
        embed_batch(arg, texts)

      


        Embeds multiple texts using the configured embedder.



    





      


      
        Callbacks


        


  
    
      
    
    
      dimensions(opts)



        
          
        

    

  


  

      

          @callback dimensions(opts :: keyword()) :: pos_integer()


      


Returns the embedding dimensions.

  



  
    
      
    
    
      embed(text, opts)



        
          
        

    

  


  

      

          @callback embed(text :: String.t(), opts :: keyword()) ::
  {:ok, [float()]} | {:error, term()}


      


Embed a single text string.
Returns {:ok, embedding} where embedding is a list of floats,
or {:error, reason} on failure.

  



  
    
      
    
    
      embed_batch(texts, opts)


        (optional)


        
          
        

    

  


  

      

          @callback embed_batch(texts :: [String.t()], opts :: keyword()) ::
  {:ok, [[float()]]} | {:error, term()}


      


Embed multiple texts in batch.
Default implementation calls embed/2 for each text sequentially.
Override for providers that support native batch embedding.

  


        

      

      
        Functions


        


  
    
      
    
    
      dimensions(arg)



        
          
        

    

  


  

Returns the embedding dimensions for the configured embedder.

  



  
    
      
    
    
      embed(arg, text, call_opts \\ [])



        
          
        

    

  


  

Embeds text using the configured embedder.
The embedder is a {module, opts} tuple where module implements
this behaviour.
Options
	:intent - The embedding intent, either :query or :document.
Used by models like E5 that require different prefixes for
search queries vs document content. Defaults to :document.

Examples
# Embed a search query (uses "query: " prefix for E5 models)
Embedder.embed(embedder, "what is machine learning?", intent: :query)

# Embed document content (uses "passage: " prefix for E5 models)
Embedder.embed(embedder, "Machine learning is...", intent: :document)

  



  
    
      
    
    
      embed_batch(arg, texts)



        
          
        

    

  


  

Embeds multiple texts using the configured embedder.
Falls back to sequential embedding if the module doesn't implement
embed_batch/2.

  


        

      


  

    
Arcana.Embedder.Custom 
    



      
Custom embedding provider using user-provided functions.
This module wraps a user-provided function to implement the Arcana.Embedder
behaviour. It's used internally when configuring a function as the embedder.
Configuration
# Function that returns {:ok, embedding}
config :arcana, embedder: fn text -> {:ok, List.duplicate(0.1, 384)} end
The function must:
	Accept a single text string
	Return {:ok, [float()]} or {:error, term()}


      




  

    
Arcana.Embedder.Local 
    



      
Local embedding provider using Bumblebee and Nx.Serving.
Uses HuggingFace models locally. Default is BAAI/bge-small-en-v1.5 (384 dimensions).
Configuration
# Default model
config :arcana, embedder: :local

# Custom HuggingFace model and serving options
config :arcana,
  embedder: {:local,
    model: "BAAI/bge-large-en-v1.5",
    batch_size: 64,
    sequence_length: 512,
    batch_timeout: 100
  }
Starting the Serving
Add Arcana.Embedder.Local to your application supervision tree. It will
read its configuration from the global :arcana, :embedder config:
children = [
  Arcana.Embedder.Local,
  # ... other children
]
Or pass options inline (these override the global config):
children = [
  {Arcana.Embedder.Local, model: "BAAI/bge-small-en-v1.5"},
  # ... other children
]
Options
	:model - HuggingFace model ID (default: BAAI/bge-small-en-v1.5)
	:batch_size - Nx.Serving batch size (default: 32). Larger batches give
better GPU throughput but increase memory usage.
	:sequence_length - Max token length per input (default: 512)
	:batch_timeout - Milliseconds to wait collecting requests into a batch
(default: 100). Lower values reduce latency, higher values improve throughput.


      


      
        Summary


  
    Functions
  


    
      
        child_spec(opts)

      


        Returns the child spec for starting the embedding serving.



    


    
      
        prepare_text(text, model, intent)

      


        Prepares text for embedding by adding model-specific prefixes.



    


    
      
        start_link(opts \\ [])

      


        Starts the Nx.Serving for this embedder.



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(opts)



        
          
        

    

  


  

Returns the child spec for starting the embedding serving.

  



  
    
      
    
    
      prepare_text(text, model, intent)



        
          
        

    

  


  

Prepares text for embedding by adding model-specific prefixes.
E5 models require query: prefix for search queries and passage: prefix
for documents. Other models return text unchanged.
Options
	:query - Text is a search query (adds "query: " prefix for E5)
	:document - Text is document content (adds "passage: " prefix for E5)
	nil - Defaults to :document for E5 models

Examples
iex> prepare_text("hello", "intfloat/e5-small-v2", :query)
"query: hello"

iex> prepare_text("hello", "intfloat/e5-small-v2", :document)
"passage: hello"

iex> prepare_text("hello", "BAAI/bge-small-en-v1.5", :query)
"hello"

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

Starts the Nx.Serving for this embedder.
Reads options from the global :arcana, :embedder config when no opts
are passed (or merges when some opts are passed).

  


        

      


  

    
Arcana.Embedder.OpenAI 
    



      
OpenAI embedding provider using Req.LLM.
Uses OpenAI's embedding models via Req.LLM. Default is text-embedding-3-small (1536 dimensions).
Configuration
# Default OpenAI model
config :arcana, embedder: :openai

# Custom OpenAI model
config :arcana, embedder: {:openai, model: "text-embedding-3-large"}
Requirements
Requires the req_llm dependency and OPENAI_API_KEY environment variable.

      




  

    
Arcana.Evaluation 
    



      
Retrieval evaluation for measuring search quality.
Generates synthetic test cases from your document chunks and
evaluates retrieval performance with standard IR metrics.
Usage
# Generate test cases from chunks
{:ok, test_cases} = Arcana.Evaluation.generate_test_cases(
  repo: MyApp.Repo,
  llm: my_llm,
  sample_size: 50
)

# Run evaluation
{:ok, run} = Arcana.Evaluation.run(repo: MyApp.Repo, mode: :vector)

# View metrics
run.metrics
# => %{recall_at_5: 0.84, precision_at_5: 0.68, mrr: 0.76, ...}

      


      
        Summary


  
    Functions
  


    
      
        count_test_cases(opts)

      


        Returns count of test cases.



    


    
      
        create_test_case(opts)

      


        Creates a manual test case.



    


    
      
        delete_run(id, opts)

      


        Deletes an evaluation run.



    


    
      
        delete_test_case(id, opts)

      


        Deletes a test case.



    


    
      
        generate_test_cases(opts)

      


        Generates synthetic test cases from existing chunks.



    


    
      
        get_run(id, opts)

      


        Gets a single evaluation run by ID.



    


    
      
        get_test_case(id, opts)

      


        Gets a single test case by ID.



    


    
      
        list_runs(opts)

      


        Lists past evaluation runs.



    


    
      
        list_test_cases(opts)

      


        Lists all test cases.



    


    
      
        run(opts)

      


        Runs evaluation against existing test cases.



    





      


      
        Functions


        


  
    
      
    
    
      count_test_cases(opts)



        
          
        

    

  


  

Returns count of test cases.
Accepts the same :collection scoping option as list_test_cases/1.

  



  
    
      
    
    
      create_test_case(opts)



        
          
        

    

  


  

Creates a manual test case.
Options
	:repo - Ecto repo (required)
	:question - The question text (required)
	:relevant_chunk_ids - List of chunk IDs considered relevant (required)
	:reference_answer - Optional ground-truth answer text, used by
correctness scoring in run/1 when an :answerer is configured.


  



  
    
      
    
    
      delete_run(id, opts)



        
          
        

    

  


  

Deletes an evaluation run.
Scoped the same way as delete_test_case/2.

  



  
    
      
    
    
      delete_test_case(id, opts)



        
          
        

    

  


  

Deletes a test case.
With :collection, the scope predicate rides inside the DELETE, so a
test case outside the allowed collections is rejected with
{:error, :not_found} and nothing can change between the check and the
delete. A malformed id is rejected the same way.

  



  
    
      
    
    
      generate_test_cases(opts)



        
          
        

    

  


  

Generates synthetic test cases from existing chunks.
Samples chunks randomly and uses an LLM to generate questions
that should retrieve those chunks.
Options
	:repo - Ecto repo (required)
	:llm - LLM implementing Arcana.LLM protocol (required)
	:sample_size - Number of chunks to sample (default: 50)
	:source_id - Limit to chunks from specific source
	:prompt - Custom prompt template


  



  
    
      
    
    
      get_run(id, opts)



        
          
        

    

  


  

Gets a single evaluation run by ID.
Accepts the same :collection scoping option as list_runs/1.

  



  
    
      
    
    
      get_test_case(id, opts)



        
          
        

    

  


  

Gets a single test case by ID.
Accepts the same :collection scoping option as list_test_cases/1;
a test case outside the scope reads as missing.

  



  
    
      
    
    
      list_runs(opts)



        
          
        

    

  


  

Lists past evaluation runs.
Options
	:repo - Ecto repo (required)
	:limit - Maximum runs to return (default: 20)
	:collection - Only list runs recorded as having run under a
non-empty subset of these collection names


  



  
    
      
    
    
      list_test_cases(opts)



        
          
        

    

  


  

Lists all test cases.
Options
	:repo - Ecto repo (required)
	:source_id - Filter by source (optional)
	:collection - :all, one collection name, or a list of collection
names to scope the listing to. See "Collection scoping" below.

Collection scoping
A test case has no collection of its own: it reaches one through its
chunks (the relevant chunks it is scored against, and the source chunk it
was generated from). When a collection scope is given, only test cases whose
every linked chunk resolves to one of those collections are returned, and
at least one link has to resolve. Anything else — a test case straddling
two collections, one whose chunks were deleted, one with no links at all
— stays hidden, since rendering it would expose the foreign half.

  



  
    
      
    
    
      run(opts)



        
          
        

    

  


  

Runs evaluation against existing test cases.
Options
	:repo - Ecto repo (required)
	:mode - Search mode :vector | :keyword | :hybrid (default: :vector).
:semantic and :fulltext are deprecated aliases and log a warning.

	:source_id - Limit evaluation to specific source
	:evaluate_answers - When true, also evaluates answer quality (default: false)
	:llm - LLM function (required when evaluate_answers is true)
	:retriever - Custom retriever function (question, opts) -> {:ok, chunks}.
Defaults to Arcana.search/2. Use this to evaluate alternative retrieval
strategies (e.g., Arcana.Loop) against the same test set with the
same metrics. The chunks returned must be maps with :id so the
metrics can match them against the test case's relevant_chunks.
	:run_ref - Opaque term echoed back in the per-test-case telemetry
metadata. [:arcana, :evaluation, :test_case, :*] events carry the
question being evaluated, and handlers are global, so a listener that
wants only its own run's questions has to filter on something; this
is it.
	:collection - :all, one collection name, or a list of collection
names to confine the run to. An empty list runs no test cases. The scope
controls which test cases run (see list_test_cases/1), is forwarded to
the retriever so retrieval can't reach outside those collections, and is
recorded on the run so scoped listings can find it again.
Retrieval then runs with strict_collections: true unless
:strict_collections says otherwise, so a collection name with no
row fails the search instead of widening it to the whole corpus.


  


        

      


  

    
Arcana.Evaluation.AnswerMetrics 
    



      
Evaluates answer quality using LLM-as-judge.
Two flavors are supported:
	Faithfulness — does the answer only contain claims supported by
the retrieved context? Catches hallucinations. Does not compare to
any ground-truth answer.
	Correctness — does the answer convey the same facts as a
reference (ground-truth) answer? Catches wrong answers that happen
to be faithful to the retrieved chunks. Requires a
reference_answer on the test case.

Use faithfulness when you have retrieved chunks but no ground truth.
Use correctness when you have a ground-truth reference. Both are
cheap LLM-as-judge calls; running them together is common.

      


      
        Summary


  
    Functions
  


    
      
        default_correctness_prompt()

      


        Returns the default correctness prompt template.



    


    
      
        default_prompt()

      


        Returns the default faithfulness prompt template.



    


    
      
        evaluate_correctness(question, answer, reference_answer, opts)

      


        Scores a candidate answer against a reference answer via LLM-as-judge.



    


    
      
        evaluate_faithfulness(question, chunks, answer, opts)

      


        Evaluates the faithfulness of an answer to the retrieved chunks.



    





      


      
        Functions


        


  
    
      
    
    
      default_correctness_prompt()



        
          
        

    

  


  

Returns the default correctness prompt template.

  



  
    
      
    
    
      default_prompt()



        
          
        

    

  


  

Returns the default faithfulness prompt template.

  



  
    
      
    
    
      evaluate_correctness(question, answer, reference_answer, opts)



        
          
        

    

  


  

Scores a candidate answer against a reference answer via LLM-as-judge.
This is a correctness check, not a faithfulness check. Use this
when your test cases have ground-truth reference answers and you want
to know "did the agent produce a correct answer" rather than just
"did the agent stay grounded in whatever it retrieved."
Options
	:llm - LLM function (required)
	:prompt - Custom prompt function fn question, answer, reference -> prompt end

Returns
	{:ok, %{score: integer, reasoning: string | nil}} on success

	{:error, reason} on failure


  



  
    
      
    
    
      evaluate_faithfulness(question, chunks, answer, opts)



        
          
        

    

  


  

Evaluates the faithfulness of an answer to the retrieved chunks.
Options
	:llm - LLM function (required)
	:prompt - Custom prompt function fn question, chunks, answer -> prompt end

Returns
	{:ok, %{score: integer, reasoning: string | nil}} on success

	{:error, reason} on failure


  


        

      


  

    
Arcana.Evaluation.Generator 
    



      
Generates synthetic test cases from existing chunks.
Samples chunks and uses an LLM to generate questions that
should retrieve those chunks.

      


      
        Summary


  
    Functions
  


    
      
        default_prompt()

      


        Returns the default prompt template.



    


    
      
        generate(opts)

      


        Generates test cases from a sample of chunks.



    





      


      
        Functions


        


  
    
      
    
    
      default_prompt()



        
          
        

    

  


  

Returns the default prompt template.

  



  
    
      
    
    
      generate(opts)



        
          
        

    

  


  

Generates test cases from a sample of chunks.
Options
	:repo - Ecto repo (required)
	:llm - LLM implementing Arcana.LLM protocol (required)
	:sample_size - Number of chunks to sample (default: 50)
	:source_id - Limit to chunks from specific source
	:collection - :all, one collection name, or a list of collection
names. An empty list samples no chunks.
	:prompt - Custom prompt template (must include {chunk_text})


  


        

      


  

    
Arcana.Evaluation.Metrics 
    



      
Computes retrieval evaluation metrics.
Supports Recall@K, Precision@K, MRR (Mean Reciprocal Rank),
and Hit Rate@K for standard K values [1, 3, 5, 10].

      


      
        Summary


  
    Functions
  


    
      
        aggregate(case_results)

      


        Aggregates per-case results into summary metrics.



    


    
      
        evaluate_case(test_case, search_results)

      


        Evaluates a single test case against search results.



    


    
      
        k_values()

      


        Returns the K values used for evaluation.



    





      


      
        Functions


        


  
    
      
    
    
      aggregate(case_results)



        
          
        

    

  


  

Aggregates per-case results into summary metrics.

  



  
    
      
    
    
      evaluate_case(test_case, search_results)



        
          
        

    

  


  

Evaluates a single test case against search results.
Returns a map with per-K metrics and debugging info.

  



  
    
      
    
    
      k_values()



        
          
        

    

  


  

Returns the K values used for evaluation.

  


        

      


  

    
Arcana.Evaluation.Run 
    



      
An evaluation run containing metrics and per-case results.
Stores the configuration used, aggregate metrics, and detailed
results for each test case to enable drill-down into failures.

      


      
        Summary


  
    Functions
  


    
      
        changeset(run, attrs)

      


    





      


      
        Functions


        


  
    
      
    
    
      changeset(run, attrs)



        
          
        

    

  


  


  


        

      


  

    
Arcana.Evaluation.TestCase 
    



      
A test case for retrieval evaluation.
Each test case contains a question and links to one or more
chunks that are considered relevant (ground truth).

      


      
        Summary


  
    Functions
  


    
      
        changeset(test_case, attrs)

      


    





      


      
        Functions


        


  
    
      
    
    
      changeset(test_case, attrs)



        
          
        

    

  


  


  


        

      


  

    
Arcana.FileParser behaviour
    



      
Behaviour for extracting text from files of any format.
Arcana ships native handling for plain text and markdown, and a
Poppler-backed PDF parser. Any other format works by registering a
parser for its extension:
config :arcana,
  file_parsers: %{
    ".docx" => {MyApp.DocxParser, endpoint: "http://extract.internal"}
  }
A single parser can also handle everything Arcana doesn't natively
support — useful for extraction services that cover many formats:
config :arcana, fallback_parser: {MyApp.ExtractionService, []}
Exact extension matches win over the fallback, and the built-in
handling for .txt/.md/.pdf can be overridden by registering
those extensions explicitly. Registering one as false disables it
outright, fallback included.
Implementing a parser
defmodule MyApp.DocxParser do
  @behaviour Arcana.FileParser

  @impl true
  def parse(path_or_binary, opts) do
    {:ok, extracted_text}
  end

  # Optional: accept binary content, enabling `Arcana.ingest_binary/2`
  # for this format (default: false, path only). Path-only parsers
  # make ingest_binary/2 return {:error, {:binary_unsupported, mod}},
  # unless they are unavailable too — then unavailability is what
  # gets reported, since a path retry would fail just the same.
  @impl true
  def supports_binary?, do: true

  # Optional: report whether the parser can run right now, e.g. a
  # required CLI is installed (default: true). A parser reporting
  # `false` is not invoked at all: parsing returns
  # `{:error, {:parser_unavailable, module}}`.
  @impl true
  def available?, do: true
end
The gate lives in parse/3, so every dispatch path gets it: this
module, Arcana.FileParser.PDF.parse/3, and everything routed through
Arcana.Parser. The one exception to the error shape is the built-in
Arcana.FileParser.PDF.Poppler, which reports :poppler_not_available
for backwards compatibility — see unavailable_reason/1.
Positional metadata
parse/2 may return {:ok, text, meta} instead of {:ok, text}.
Arcana understands %{pages: [%{number: 1, start: 0, end: 1234}, ...]},
where the offsets are byte positions in the returned text. Parsers
that don't know about pages return {:ok, text} as before.
During ingestion Arcana intersects those ranges with each chunk's own
byte range and stores the result as "page_start"/"page_end" in the
chunk's metadata, where Arcana.search/2 surfaces it:
{:ok, _doc} = Arcana.ingest_file("manual.pdf", repo: Repo)

[result | _] = Arcana.search("warranty", repo: Repo)
result.metadata["page_start"]
#=> 12
A chunk straddling a page break reports the two different pages.
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        parse(input, opts)

      


    


    
      
        supports_binary?()

      


    





  
    Functions
  


    
      
        available?(arg)

      


        Whether a {module, opts} parser can run right now.



    


    
      
        parse(parser, input, call_opts \\ [])

      


        Invokes a {module, opts} parser, normalizing its return to
{:ok, text, meta}.



    


    
      
        supports_binary?(arg)

      


        Whether a {module, opts} parser accepts binary content.



    


    
      
        unavailable_reason(arg)

      


        The error reported for a parser that can't run.
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          @type meta() :: map()
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      available?()


        (optional)


        
          
        

    

  


  

      

          @callback available?() :: boolean()


      



  



  
    
      
    
    
      parse(input, opts)



        
          
        

    

  


  

      

          @callback parse(input :: binary(), opts :: keyword()) ::
  {:ok, String.t()} | {:ok, String.t(), meta()} | {:error, term()}


      



  



  
    
      
    
    
      supports_binary?()


        (optional)


        
          
        

    

  


  

      

          @callback supports_binary?() :: boolean()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      available?(arg)



        
          
        

    

  


  

Whether a {module, opts} parser can run right now.
Defaults to true for parsers that don't implement available?/0, but
a module that can't be loaded (a typo in config) or doesn't implement
parse/2 is never available: reporting true there only postpones the
failure to an UndefinedFunctionError at parse time.

  



  
    
      
    
    
      parse(parser, input, call_opts \\ [])



        
          
        

    

  


  

Invokes a {module, opts} parser, normalizing its return to
{:ok, text, meta}.
Parsers predating positional metadata return {:ok, text}; those come
back here as {:ok, text, %{}} so callers only handle one shape.
Metadata that isn't a map, or whose :pages aren't
%{number: _, start: integer, end: integer} maps, comes back as
{:error, {:invalid_parser_metadata, module, meta}}. Ingestion reads
those offsets long after the document row is inserted, so catching the
shape here is what keeps a misbehaving parser from raising out of
library internals and orphaning a :processing document.
A parser reporting itself unavailable (available?/0) is never
invoked: this returns {:error, unavailable_reason(parser)} instead.
The check lives here rather than in a caller so that every route into
a parser carries the same guarantee.

  



  
    
      
    
    
      supports_binary?(arg)



        
          
        

    

  


  

Whether a {module, opts} parser accepts binary content.
Defaults to false: a parser that doesn't say otherwise is assumed to
need a file path.

  



  
    
      
    
    
      unavailable_reason(arg)



        
          
        

    

  


  

The error reported for a parser that can't run.
{:parser_unavailable, module} for every parser but the built-in
Poppler one, which has reported :poppler_not_available since before
this gate existed and whose callers match on it.
Callers that decide between several failure reasons (Arcana.Parser
weighing this against :binary_unsupported, say) need the reason
without invoking the parser, which is why this is public.

  


        

      


  

    
Arcana.FileParser.PDF behaviour
    



      
Behaviour for PDF parsing providers.
Arcana accepts any module that implements this behaviour for PDF text extraction.
The built-in implementation uses poppler's pdftotext command.
This behaviour is a narrower spelling of Arcana.FileParser, which is
what the built-in Arcana.FileParser.PDF.Poppler declares (a module
can't declare both without a conflicting-behaviours warning, since each
defines parse/2). Either one works as a :pdf_parser.
Configuration
Configure your PDF parser in config.exs:
# Default: poppler's pdftotext
config :arcana, pdf_parser: :poppler

# Custom module implementing this behaviour
config :arcana, pdf_parser: MyApp.PDFParser
config :arcana, pdf_parser: {MyApp.PDFParser, some_option: "value"}
Implementing a Custom PDF Parser
Create a module that implements this behaviour:
defmodule MyApp.PDFParser do
  @behaviour Arcana.FileParser.PDF

  @impl true
  def parse(path, opts) when is_binary(path) do
    # Parse PDF at file path
    {:ok, extracted_text}
  end

  # Optional: handle binary content directly
  def parse(binary, opts) when is_binary(binary) do
    # Parse PDF binary content
    {:ok, extracted_text}
  end
end
Then configure:
config :arcana, pdf_parser: {MyApp.PDFParser, some_option: "value"}
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        parse(path_or_binary, opts)

      


        Parses a PDF and extracts text content.



    





  
    Functions
  


    
      
        parse(parser, path_or_binary, call_opts \\ [])

      


        Parses a PDF using the configured parser.



    


    
      
        supports_binary?(arg)

      


        Checks if the given parser module supports binary input.
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      parse(path_or_binary, opts)



        
          
        

    

  


  

      

          @callback parse(path_or_binary :: binary(), opts :: keyword()) ::
  {:ok, String.t()} | {:ok, String.t(), map()} | {:error, term()}


      


Parses a PDF and extracts text content.
The first argument can be either:
	A file path (string) - the implementation reads the file
	Binary content - the implementation parses directly

Returns {:ok, text} on success, or {:error, reason} on failure.
Options
Options are implementation-specific. The default Poppler implementation
supports:
	:layout - Preserve original layout (default: true)
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      parse(parser, path_or_binary, call_opts \\ [])



        
          
        

    

  


  

Parses a PDF using the configured parser.
The parser is a {module, opts} tuple where module implements
this behaviour.
Always returns {:ok, text}: parsers that also report positional
metadata (see Arcana.FileParser) have it dropped here, so this
function's contract is unchanged. Use Arcana.FileParser.parse/3 or
Arcana.Parser.parse_file/2 to receive it.
Dispatch itself goes through Arcana.FileParser.parse/3, so a PDF
parser reporting itself unavailable (available?/0) is not invoked
and a parser returning something malformed comes back as an error
tuple rather than a CaseClauseError from inside the library.

  



  
    
      
    
    
      supports_binary?(arg)



        
          
        

    

  


  

Checks if the given parser module supports binary input.
Some parsers (like Poppler) require a file path and don't support
parsing binary content directly.

  


        

      


  

    
Arcana.FileParser.PDF.Poppler 
    



      
PDF parser using poppler's pdftotext command.
This is the default PDF parser for Arcana. It requires the pdftotext
command from the Poppler library to be installed on the system.
Installation
# macOS
brew install poppler

# Ubuntu/Debian
apt-get install poppler-utils

# Fedora
dnf install poppler-utils
Options
	:layout - Preserve original text layout (default: true)

Return shape
parse/2 returns {:ok, text, %{pages: [...]}} — the three-element
form Arcana.FileParser allows — so callers can map chunks back to
page numbers. Code that only wants the text should go through
Arcana.FileParser.PDF.parse/3 or Arcana.Parser.parse/1, both of
which normalize to {:ok, text}.
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        available?()

      


        Checks if pdftotext is available on the system.



    


    
      
        supports_binary?()

      


        Returns false - Poppler requires a file path, not binary content.
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Checks if pdftotext is available on the system.
Examples
iex> Arcana.FileParser.PDF.Poppler.available?()
true  # or false if poppler not installed

  



  
    
      
    
    
      supports_binary?()



        
          
        

    

  


  

Returns false - Poppler requires a file path, not binary content.

  


        

      


  

    
Arcana.Graph 
    



      
GraphRAG (Graph-enhanced Retrieval Augmented Generation) for Arcana.
This module provides the public API for GraphRAG functionality:
	Building knowledge graphs from documents
	Graph-based search and retrieval
	Fusion search combining vector and graph results
	Community summaries for global context

Installation
GraphRAG is optional and requires separate installation:
$ mix arcana.graph.install
$ mix ecto.migrate

Add the NER serving to your supervision tree:
children = [
  MyApp.Repo,
  Arcana.Embedder.Local,
  Arcana.Graph.NERServing  # For entity extraction
]
Configuration
GraphRAG is disabled by default. Enable it in your config:
config :arcana,
  graph: [
    enabled: true,

    # Community detection
    community_levels: 1,      # Hierarchy depth for Leiden algorithm (1 = flat)
    resolution: 1.0,          # Leiden granularity (lower = fewer, larger communities)
    min_size: 1,              # Minimum community size

    # RRF fusion (combining vector + graph search results)
    rrf_k: 60,               # Ranking constant (higher = less weight to top ranks)
    rrf_pool_multiplier: 2,  # Over-fetch multiplier before RRF combine

    # Query-time graph traversal
    query_depth: 0,          # Hops to expand matched entities (0 = direct mentions only)
    query_depth_decay: 0.5,  # Score decay per hop for chunks reached via traversal

    # Community summaries in ask pipeline
    community_summary_limit: 5,  # Max summaries injected as background context
    community_summary_level: 0,  # Level(s) to pull summaries from: integer, list, range or :all

    # Community summarization prompt limits
    summary_max_entities: 50,       # Top N entities by connection count per summary
    summary_max_relationships: 100, # Top N relationships per summary

    # Entity matcher (pluggable)
    entity_matcher: :embedding,      # :embedding (default), :ner, or custom module
    entity_embedding_threshold: 0.3, # Threshold for the :embedding matcher

    # Structured context in ask pipeline (GraphRAG Local Search)
    context_entity_limit: 10,        # Max entity descriptions in LLM context
    context_relationship_limit: 20   # Max relationships in LLM context
  ]
Or enable per-call:
Arcana.ingest(text, repo: MyApp.Repo, graph: true)
Arcana.search(query, repo: MyApp.Repo, graph: true)
Usage
# Build a graph from chunks
{:ok, graph_data} = Arcana.Graph.build(chunks,
  entity_extractor: &MyApp.extract_entities/2,
  relationship_extractor: &MyApp.extract_relationships/3
)

# Convert to queryable format
graph = Arcana.Graph.to_query_graph(graph_data, chunks)

# Search the graph
results = Arcana.Graph.search(graph, entities, depth: 2)

# Fusion search combining vector and graph
results = Arcana.Graph.fusion_search(graph, entities, vector_results)
Components
GraphRAG consists of several modules:
	Arcana.Graph.EntityExtractor - Behaviour for entity extraction
	Arcana.Graph.EntityExtractor.NER - Built-in NER implementation (default)
	Arcana.Graph.RelationshipExtractor - Behaviour for relationship extraction
	Arcana.Graph.RelationshipExtractor.LLM - Built-in LLM implementation (default)
	Arcana.Graph.RelationshipExtractor.Cooccurrence - Local co-occurrence (no LLM)
	Arcana.Graph.CommunityDetector - Behaviour for community detection
	Arcana.Graph.CommunityDetector.Leiden - Built-in Leiden implementation (default)
	Arcana.Graph.CommunitySummarizer - Behaviour for community summarization
	Arcana.Graph.CommunitySummarizer.LLM - Built-in LLM implementation (default)
	Arcana.Graph.GraphQuery - Queries the knowledge graph
	Arcana.Graph.FusionSearch - Combines vector and graph search with RRF
	Arcana.Graph.GraphBuilder - Orchestrates graph construction

Custom Implementations
All core extractors and detectors support the behaviour pattern for extensibility:
# Custom entity extractor
config :arcana, :graph,
  entity_extractor: {MyApp.SpacyExtractor, endpoint: "http://localhost:5000"}

# Custom relationship extractor
config :arcana, :graph,
  relationship_extractor: {MyApp.PatternExtractor, patterns: [...]}

# Custom community detector
config :arcana, :graph,
  community_detector: {MyApp.LouvainDetector, resolution: 0.5}

# Custom community summarizer
config :arcana, :graph,
  community_summarizer: {MyApp.ExtractiveSum, max_sentences: 3}
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    Functions
  


    
      
        build(chunks, opts)

      


        Builds graph data from document chunks.



    


    
      
        build_and_persist(chunk_records, collection, repo, opts)

      


        Builds and persists graph data from chunk records during ingest.



    


    
      
        community_summaries(graph, opts \\ [])

      


        Gets community summaries from the graph.



    


    
      
        config()

      


        Returns the current GraphRAG configuration.



    


    
      
        enabled?()

      


        Returns whether GraphRAG is enabled globally.



    


    
      
        expand_entity_ids(entity_ids, depth, collection_ids, opts)

      


        Expands entity ids through the relationships table for depth hops.



    


    
      
        find_entities(graph, name, opts \\ [])

      


        Finds entities in the graph by name.



    


    
      
        fusion_search(graph, entities, vector_results, opts \\ [])

      


        Combines vector search and graph search using Reciprocal Rank Fusion.



    


    
      
        installed?(repo, opts \\ [])

      


        Returns whether the GraphRAG schema is installed in the database.



    


    
      
        normalize_levels(level)

      


        Normalizes a level selection into :all or a list of levels.



    


    
      
        query_depth(opts)

      


        Resolves the query-time graph traversal depth from per-call opts and
global config.



    


    
      
        resolve_entity_extractor(opts)

      


        Resolves the entity extractor from options and config.



    


    
      
        search(graph, entities, opts \\ [])

      


        Searches the knowledge graph for relevant chunks.



    


    
      
        summary_levels(config \\ config())

      


        Returns the community hierarchy levels that queries read summaries from.



    


    
      
        to_query_graph(graph_data, chunks)

      


        Converts builder output to queryable graph format.



    


    
      
        traverse(graph, entity_id, opts \\ [])

      


        Traverses the graph from a starting entity.
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      build(chunks, opts)



        
          
        

    

  


  

Builds graph data from document chunks.
Delegates to Arcana.Graph.GraphBuilder.build/2.
Options
	:entity_extractor - Function to extract entities from text
	:relationship_extractor - Function to extract relationships

Example
{:ok, graph_data} = Arcana.Graph.build(chunks,
  entity_extractor: fn text, _opts ->
    Arcana.Graph.EntityExtractor.NER.extract(text, [])
  end,
  relationship_extractor: fn text, entities, _opts ->
    Arcana.Graph.RelationshipExtractor.extract(text, entities, my_llm)
  end
)

  



  
    
      
    
    
      build_and_persist(chunk_records, collection, repo, opts)



        
          
        

    

  


  

Builds and persists graph data from chunk records during ingest.
Processes chunks incrementally, persisting after each chunk so progress
is saved continuously. Accepts an optional :progress callback that
receives {current_chunk, total_chunks} after each chunk is processed.
Options
	:progress - Callback function fn current, total -> ... end called after each chunk

Examples
# With progress logging
Arcana.Graph.build_and_persist(chunks, collection, repo,
  progress: fn current, total ->
    IO.puts("Processed chunk #{current}/#{total}")
  end
)

  



    

  
    
      
    
    
      community_summaries(graph, opts \\ [])



        
          
        

    

  


  

Gets community summaries from the graph.
Community summaries provide high-level context about clusters
of related entities, useful for global queries.
Options
	:level - Filter by hierarchy level (0 = finest)
	:entity_id - Filter by communities containing entity

Example
# Get all top-level summaries
summaries = Arcana.Graph.community_summaries(graph, level: 0)

  



  
    
      
    
    
      config()



        
          
        

    

  


  

Returns the current GraphRAG configuration.
Example
Arcana.Graph.config()
# => %{enabled: false, community_levels: 1, resolution: 1.0}

  



  
    
      
    
    
      enabled?()



        
          
        

    

  


  

Returns whether GraphRAG is enabled globally.
Check this before performing graph operations:
if Arcana.Graph.enabled?() do
  # Build graph during ingest
end

  



  
    
      
    
    
      expand_entity_ids(entity_ids, depth, collection_ids, opts)



        
          
        

    

  


  

Expands entity ids through the relationships table for depth hops.
Walks arcana_graph_relationships breadth-first (both directions) from
the given entity ids, returning a map of hop distance to the entity ids
first discovered at that hop: %{0 => direct_ids, 1 => neighbors, ...}.
Each entity appears once, at its minimal hop distance.
collection_ids follows the usual scoping semantics: nil is unscoped,
a list restricts discovered neighbors to those collections, and an empty
list matches nothing (no neighbors are pulled in).
Options
	:repo - Ecto repo (required)


  



    

  
    
      
    
    
      find_entities(graph, name, opts \\ [])



        
          
        

    

  


  

Finds entities in the graph by name.
Options
	:fuzzy - Enable fuzzy matching (default: false)


  



    

  
    
      
    
    
      fusion_search(graph, entities, vector_results, opts \\ [])



        
          
        

    

  


  

Combines vector search and graph search using Reciprocal Rank Fusion.
This is the primary retrieval method for GraphRAG, merging results
from both vector similarity and knowledge graph traversal.
Options
	:depth - Graph traversal depth (default: 1)
	:limit - Maximum results to return (default: 10)
	:k - RRF constant (default: 60)

Example
# Run vector search separately
{:ok, vector_results} = Arcana.search(query, repo: MyApp.Repo)

# Extract entities from query
{:ok, entities} = Arcana.Graph.EntityExtractor.NER.extract(query, [])

# Combine with graph search
results = Arcana.Graph.fusion_search(graph, entities, vector_results)

  



    

  
    
      
    
    
      installed?(repo, opts \\ [])



        
          
        

    

  


  

Returns whether the GraphRAG schema is installed in the database.
Separate from enabled?/0, which only reads config. The graph tables ship on
their own migration version, so an app can legitimately run
Arcana.Migration.up/1 and skip Arcana.Graph.Migration.up/1 - and then a
graph query fails with relation "arcana_graph_entities" does not exist
rather than returning nothing. Config being on says the operator wants graph
features; this says the database can actually answer.
if Arcana.Graph.installed?(MyApp.Repo) do
  # safe to query entities, relationships, communities
end
Checks the table rather than the arcana_graph:<n> version marker on purpose:
the marker can be missing on an install that predates versioning, or that had
its table comment clobbered, and those databases can still be queried.
Options
	:prefix - the Postgres schema to look in. Without it the question is
whether an unqualified query would find the table, which is what the
callers actually do


  



  
    
      
    
    
      normalize_levels(level)



        
          
        

    

  


  

Normalizes a level selection into :all or a list of levels.

  



  
    
      
    
    
      query_depth(opts)



        
          
        

    

  


  

Resolves the query-time graph traversal depth from per-call opts and
global config.
Reads :graph_depth from opts first, then falls back to
config :arcana, graph: [query_depth: n] (default 0). Raises
ArgumentError on anything other than a non-negative integer.

  



  
    
      
    
    
      resolve_entity_extractor(opts)



        
          
        

    

  


  

Resolves the entity extractor from options and config.

  



    

  
    
      
    
    
      search(graph, entities, opts \\ [])



        
          
        

    

  


  

Searches the knowledge graph for relevant chunks.
Finds entities matching the query, traverses relationships,
and returns connected chunks.
Options
	:depth - How many hops to traverse (default: 1)

Example
entities = [%{name: "OpenAI", type: :organization}]
results = Arcana.Graph.search(graph, entities, depth: 2)

  



    

  
    
      
    
    
      summary_levels(config \\ config())



        
          
        

    

  


  

Returns the community hierarchy levels that queries read summaries from.
Configured with community_summary_level, which accepts an integer, a
list of integers, a range, or :all. Summarization consumes the same
key, so the levels that get summarized and the levels ask/2 reads
can't drift apart.
Returns :all or a list of levels.
Examples
Arcana.Graph.summary_levels()
# => [0]

  



  
    
      
    
    
      to_query_graph(graph_data, chunks)



        
          
        

    

  


  

Converts builder output to queryable graph format.
Delegates to Arcana.Graph.GraphBuilder.to_query_graph/2.

  



    

  
    
      
    
    
      traverse(graph, entity_id, opts \\ [])



        
          
        

    

  


  

Traverses the graph from a starting entity.
Options
	:depth - Maximum traversal depth (default: 1)


  


        

      


  

    
Arcana.Graph.Community 
    



      
Schema for knowledge graph communities.
Communities are clusters of related entities detected by the
Leiden algorithm. They enable global queries by providing
pre-generated summaries at different hierarchy levels.
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    Functions
  


    
      
        changeset(community, attrs)
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      changeset(community, attrs)



        
          
        

    

  


  


  


        

      


  

    
Arcana.Graph.CommunityDetector behaviour
    



      
Behaviour for community detection in GraphRAG.
Community detectors partition entities into groups based on their
relationships. Arcana provides a built-in Leiden implementation,
but you can implement custom detectors for different algorithms.
Built-in Implementations
	Arcana.Graph.CommunityDetector.Leiden - Leiden algorithm via Leidenfold (Rust NIF)

Installation
To enable community detection, add leidenfold to your dependencies:
defp deps do
  [
    {:arcana, "~> 1.2"},
    {:leidenfold, "~> 0.2"}
  ]
end
Precompiled binaries are available for macOS (Apple Silicon) and Linux (x86_64, ARM64).
Configuration
Configure your community detector in config.exs:
# Default: Leiden algorithm (requires leidenfold)
config :arcana, :graph,
  community_detector: :leiden

# Disable community detection
config :arcana, :graph,
  community_detector: nil

# Custom module implementing this behaviour
config :arcana, :graph,
  community_detector: MyApp.LouvainDetector

# Custom module with options
config :arcana, :graph,
  community_detector: {MyApp.LouvainDetector, resolution: 0.5}

# Inline function
config :arcana, :graph,
  community_detector: fn entities, relationships, opts ->
    {:ok, my_detect(entities, relationships, opts)}
  end
Implementing a Custom Detector
Create a module that implements this behaviour:
defmodule MyApp.LouvainDetector do
  @behaviour Arcana.Graph.CommunityDetector

  @impl true
  def detect(entities, relationships, opts) do
    resolution = Keyword.get(opts, :resolution, 1.0)
    # Run Louvain algorithm...
    {:ok, communities}
  end
end
Community Format
Detectors must return communities as maps with:
	:level - Hierarchy level (0 = finest, higher = coarser)
	:entity_ids - List of entity IDs in this community
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    Callbacks
  


    
      
        detect(entities, relationships, opts)

      


        Detects communities in the entity graph.



    





  
    Functions
  


    
      
        detect(fun, entities, relationships)

      


        Detects communities using the configured detector.
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      detect(entities, relationships, opts)



        
          
        

    

  


  

      

          @callback detect(entities :: [map()], relationships :: [map()], opts :: keyword()) ::
  {:ok, [map()]} | {:error, term()}


      


Detects communities in the entity graph.
Parameters
	entities - List of entity maps with :id and :name
	relationships - List of relationship maps with :source_id, :target_id, :strength
	opts - Options passed from the detector configuration

Returns
	{:ok, communities} - List of community maps
	{:error, reason} - On failure
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      detect(fun, entities, relationships)



        
          
        

    

  


  

Detects communities using the configured detector.
The detector can be:
	A {module, opts} tuple where module implements this behaviour
	A function (entities, relationships, opts) -> {:ok, communities} | {:error, reason}

	nil to skip community detection (returns empty list)

Examples
# With module
detector = {Arcana.Graph.CommunityDetector.Leiden, resolution: 1.0}
{:ok, communities} = CommunityDetector.detect(detector, entities, relationships)

# With inline function
detector = fn entities, _rels, _opts ->
  {:ok, [%{level: 0, entity_ids: Enum.map(entities, & &1.id)}]}
end
{:ok, communities} = CommunityDetector.detect(detector, entities, relationships)

# Skip detection
{:ok, []} = CommunityDetector.detect(nil, entities, relationships)

  


        

      


  

    
Arcana.Graph.CommunityDetector.Leiden 
    



      
Leiden algorithm implementation for community detection.
Uses the Leidenfold library (Rust NIF) to detect communities in entity graphs.
The Leiden algorithm is a refinement of the Louvain algorithm that
guarantees well-connected communities.
Installation
Add leidenfold to your dependencies in mix.exs:
defp deps do
  [
    {:arcana, "~> 1.2"},
    {:leidenfold, "~> 0.2"}
  ]
end
Precompiled binaries are available for macOS (Apple Silicon) and Linux (x86_64, ARM64).
Usage
detector = {Arcana.Graph.CommunityDetector.Leiden, resolution: 1.0}
{:ok, communities} = CommunityDetector.detect(detector, entities, relationships)
Options
	:resolution - Controls community granularity (default: 1.0)
Higher values produce smaller communities
	:objective - Quality function to optimize (default: :cpm)
Options: :cpm, :modularity, :rber, :rbc, :significance, :surprise
	:iterations - Number of optimization iterations (default: 2)
	:seed - Random seed for reproducibility (default: 0 = random)
	:min_size - Minimum community size to include (default: 1)
Set to 2 to exclude singleton communities
	:max_level - Maximum hierarchy levels to generate (default: 1)
Higher levels contain coarser communities built by aggregating lower levels


      




  

    
Arcana.Graph.CommunitySummarizer behaviour
    



      
Behaviour for community summarization in GraphRAG.
Community summarizers generate natural language descriptions of
entity communities. These summaries provide high-level context
for global queries that need broad understanding rather than
specific document chunks.
Built-in Implementations
	Arcana.Graph.CommunitySummarizer.LLM - LLM-based summarization (default)

Configuration
Configure your community summarizer in config.exs:
# Default: LLM-based summarization
config :arcana, :graph,
  community_summarizer: {Arcana.Graph.CommunitySummarizer.LLM, llm: &MyApp.llm/3}

# Disable summarization (communities won't have summaries)
config :arcana, :graph,
  community_summarizer: nil

# Custom module implementing this behaviour
config :arcana, :graph,
  community_summarizer: {MyApp.ExtractiveSum, max_sentences: 3}

# Inline function
config :arcana, :graph,
  community_summarizer: fn entities, relationships, _opts ->
    {:ok, "Community with #{length(entities)} entities"}
  end
Implementing a Custom Summarizer
Create a module that implements this behaviour:
defmodule MyApp.ExtractiveSum do
  @behaviour Arcana.Graph.CommunitySummarizer

  @impl true
  def summarize(entities, relationships, opts) do
    max_sentences = Keyword.get(opts, :max_sentences, 3)
    # Extract key sentences from entity descriptions...
    {:ok, summary}
  end
end
Summary Format
Summarizers should return a concise string (2-5 sentences) that:
	Identifies the community's central theme or domain
	Names the most important entities
	Describes key relationships between entities


      


      
        Summary


  
    Callbacks
  


    
      
        summarize(entities, relationships, opts)

      


        Generates a summary for a community.



    





  
    Functions
  


    
      
        content_fingerprint(entities, relationships)

      


        Digest of the entities and relationships a summary was generated from.



    


    
      
        default_threshold()

      


        The change-count threshold above which a clean summary is regenerated.



    


    
      
        needs_regeneration?(community, opts \\ [])

      


        Checks if a community needs its summary regenerated.



    


    
      
        reset_change_tracking()

      


        Returns a map of fields to reset after regenerating a summary.



    


    
      
        summarize(entities, relationships, opts \\ [])

      


        Generates a summary using the configured summarizer.



    





      


      
        Callbacks


        


  
    
      
    
    
      summarize(entities, relationships, opts)



        
          
        

    

  


  

      

          @callback summarize(entities :: [map()], relationships :: [map()], opts :: keyword()) ::
  {:ok, String.t()} | {:error, term()}


      


Generates a summary for a community.
Parameters
	entities - List of entity maps with :name, :type, and optional :description
	relationships - List of relationship maps connecting entities
	opts - Options passed from the summarizer configuration

Returns
	{:ok, summary} - The generated summary string
	{:error, reason} - On failure


  


        

      

      
        Functions


        


  
    
      
    
    
      content_fingerprint(entities, relationships)



        
          
        

    

  


  

Digest of the entities and relationships a summary was generated from.
Membership alone can't answer "is this summary still accurate?": a summary
is written from relationship text too, and ingesting another document adds
relationships without moving anyone between communities. Storing this
alongside the summary is what makes the question answerable later.
Covers the fields a summarizer is given: entity name, type and
description, and relationship type and description. The built-in prompt
only renders names and types, so a description edit can cost one redundant
call - deliberate, since a custom summarizer is free to read descriptions,
and over-refreshing is the safe direction. It never goes the other way.

  



  
    
      
    
    
      default_threshold()



        
          
        

    

  


  

The change-count threshold above which a clean summary is regenerated.
Exposed so callers that predict what a summarize run will process (the
dashboard's hint, for one) can apply the same rule.

  



    

  
    
      
    
    
      needs_regeneration?(community, opts \\ [])



        
          
        

    

  


  

Checks if a community needs its summary regenerated.
Regeneration Triggers
	dirty: true - Community was modified since last summary
	change_count >= threshold - Many changes accumulated
	summary: nil - No summary exists yet
	summary_fingerprint: nil - Summary predates fingerprinting, so there
is no way to tell whether it still matches the graph. It regenerates
once, the run records a fingerprint, and it settles from then on

Options
	:threshold - Number of changes before regeneration (default: 10)


  



  
    
      
    
    
      reset_change_tracking()



        
          
        

    

  


  

Returns a map of fields to reset after regenerating a summary.
Use with Ecto.Changeset.change/2 to mark a community as clean:
community
|> Community.changeset(CommunitySummarizer.reset_change_tracking())
|> Repo.update()

  



    

  
    
      
    
    
      summarize(entities, relationships, opts \\ [])



        
          
        

    

  


  

Generates a summary using the configured summarizer.
The summarizer can be:
	A {module, opts} tuple where module implements this behaviour
	A function (entities, relationships, opts) -> {:ok, summary} | {:error, reason}

	nil to skip summarization (returns empty string)

Falls back to LLM summarizer if not configured but :llm option is provided.

  


        

      


  

    
Arcana.Graph.CommunitySummarizer.LLM 
    



      
LLM-based community summarizer.
Uses a language model to generate natural language summaries of
knowledge graph communities based on their entities and relationships.
Configuration
config :arcana, :graph,
  community_summarizer: {Arcana.Graph.CommunitySummarizer.LLM, llm: &MyApp.llm/3}
Options
	:llm - Required. A function (prompt, context, opts) -> {:ok, response}


      


      
        Summary


  
    Functions
  


    
      
        build_prompt(entities, relationships, opts \\ [])

      


        Builds the prompt for community summarization.



    





      


      
        Functions


        


    

  
    
      
    
    
      build_prompt(entities, relationships, opts \\ [])



        
          
        

    

  


  

Builds the prompt for community summarization.

  


        

      


  

    
Arcana.Graph.Entity 
    



      
Schema for knowledge graph entities.
Entities represent named concepts, people, places, organizations,
or other items extracted from documents for graph-based retrieval.

      


      
        Summary


  
    Functions
  


    
      
        changeset(entity, attrs)

      


    





      


      
        Functions


        


  
    
      
    
    
      changeset(entity, attrs)



        
          
        

    

  


  


  


        

      


  

    
Arcana.Graph.EntityExtractor behaviour
    



      
Behaviour for entity extraction in GraphRAG.
Entity extractors identify named entities (people, organizations, locations, etc.)
from text. Arcana provides a built-in NER implementation, but you can implement
custom extractors for different approaches.
Built-in Implementations
	Arcana.Graph.EntityExtractor.NER - Local Bumblebee NER (default)

Configuration
Configure your entity extractor in config.exs:
# Default: Local NER with distilbert-NER
config :arcana, :graph,
  entity_extractor: :ner

# Custom module implementing this behaviour
config :arcana, :graph,
  entity_extractor: MyApp.LLMEntityExtractor

# Custom module with options
config :arcana, :graph,
  entity_extractor: {MyApp.LLMEntityExtractor, model: "gpt-4"}

# Inline function
config :arcana, :graph,
  entity_extractor: fn text, opts -> {:ok, extract_entities(text)} end
Implementing a Custom Extractor
Create a module that implements this behaviour:
defmodule MyApp.LLMEntityExtractor do
  @behaviour Arcana.Graph.EntityExtractor

  @impl true
  def extract(text, opts) do
    llm = opts[:llm] || raise "LLM required"
    # Use LLM to extract entities...
    {:ok, entities}
  end

  # Optional: implement for batch optimization
  @impl true
  def extract_batch(texts, opts) do
    # Batch LLM call...
    {:ok, results}
  end
end
Entity Format
Extractors must return entities as maps with at least:
	:name - The entity name (required)
	:type - Entity type as atom: :person, :organization, :location, :concept, :other

Optional fields:
	:span_start - Character offset where entity starts
	:span_end - Character offset where entity ends
	:score - Confidence score (0.0-1.0)
	:description - Brief description of the entity


      


      
        Summary


  
    Callbacks
  


    
      
        extract(text, opts)

      


        Extracts entities from a single text.



    


    
      
        extract_batch(texts, opts)

      


        Extracts entities from multiple texts in batch.



    





  
    Functions
  


    
      
        extract(fun, text)

      


        Extracts entities using the configured extractor.



    


    
      
        extract_batch(fun, texts)

      


        Extracts entities from multiple texts using the configured extractor.



    





      


      
        Callbacks


        


  
    
      
    
    
      extract(text, opts)



        
          
        

    

  


  

      

          @callback extract(text :: String.t(), opts :: keyword()) ::
  {:ok, [map()]} | {:error, term()}


      


Extracts entities from a single text.
Parameters
	text - The text to extract entities from
	opts - Options passed from the extractor configuration

Returns
	{:ok, entities} - List of entity maps
	{:error, reason} - On failure


  



  
    
      
    
    
      extract_batch(texts, opts)


        (optional)


        
          
        

    

  


  

      

          @callback extract_batch(texts :: [String.t()], opts :: keyword()) ::
  {:ok, [[map()]]} | {:error, term()}


      


Extracts entities from multiple texts in batch.
Default implementation calls extract/2 for each text sequentially.
Override for extractors that support native batch processing.

  


        

      

      
        Functions


        


  
    
      
    
    
      extract(fun, text)



        
          
        

    

  


  

Extracts entities using the configured extractor.
The extractor can be:
	A {module, opts} tuple where module implements this behaviour
	A function (text, opts) -> {:ok, entities} | {:error, reason}


Examples
# With module
extractor = {Arcana.Graph.EntityExtractor.NER, []}
{:ok, entities} = EntityExtractor.extract(extractor, "Sam Altman leads OpenAI")

# With inline function
extractor = fn text, _opts -> {:ok, [%{name: "Test", type: :other}]} end
{:ok, entities} = EntityExtractor.extract(extractor, "some text")

  



  
    
      
    
    
      extract_batch(fun, texts)



        
          
        

    

  


  

Extracts entities from multiple texts using the configured extractor.
Falls back to sequential extraction if the module doesn't implement
extract_batch/2.

  


        

      


  

    
Arcana.Graph.EntityExtractor.LLM 
    



      
LLM-based entity extraction implementation.
Uses structured prompts to identify named entities from text. The LLM
returns JSON-formatted entities with name, type, and optional description.
This extractor is useful when you want to use the same LLM for both
entity and relationship extraction, or when you need domain-specific
entity recognition.
Usage
# Configure with an LLM function
extractor = {Arcana.Graph.EntityExtractor.LLM, llm: my_llm_fn}
{:ok, entities} = EntityExtractor.extract(extractor, "Sam Altman leads OpenAI")
Configuration
config :arcana, :graph,
  entity_extractor: {Arcana.Graph.EntityExtractor.LLM, []}
When using this extractor, the LLM function is passed automatically
from the graph pipeline.
Options
	:llm - Required. An LLM function (prompt, context, opts) -> {:ok, response} | {:error, reason}

	:types - Optional. List of entity types to extract. Defaults to all standard types.
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    Functions
  


    
      
        build_prompt(text, types)

      


        Builds the prompt for entity extraction.



    





      


      
        Functions


        


  
    
      
    
    
      build_prompt(text, types)



        
          
        

    

  


  

Builds the prompt for entity extraction.

  


        

      


  

    
Arcana.Graph.EntityExtractor.NER 
    



      
Extracts named entities from text using Bumblebee NER.
Uses dslim/distilbert-NER to identify persons, organizations,
locations, and miscellaneous entities. The model is lazy-loaded
on first use to avoid startup overhead when graph features aren't needed.
Usage
# As configured extractor
config :arcana, :graph,
  entity_extractor: :ner

# Direct usage
{:ok, entities} = Arcana.Graph.EntityExtractor.NER.extract(text, [])

      


      
        Summary


  
    Functions
  


    
      
        extract(text, opts)

      


        Extracts entities from text using the NER model.



    


    
      
        extract_batch(texts, opts)

      


        Extracts entities from multiple texts.



    


    
      
        map_label(label)

      


        Maps NER labels to entity types.



    





      


      
        Functions


        


  
    
      
    
    
      extract(text, opts)



        
          
        

    

  


  

Extracts entities from text using the NER model.
Returns a list of entity maps with :name, :type, :span_start, :span_end, :score.
Entities are deduplicated by name (first occurrence kept).
Examples
iex> NER.extract("Sam Altman is CEO of OpenAI.", [])
{:ok, [
  %{name: "Sam Altman", type: "person", span_start: 0, span_end: 10, score: 0.99},
  %{name: "OpenAI", type: "organization", span_start: 22, span_end: 28, score: 0.98}
]}

  



  
    
      
    
    
      extract_batch(texts, opts)



        
          
        

    

  


  

Extracts entities from multiple texts.
Examples
iex> NER.extract_batch(["Sam Altman", "Elon Musk"], [])
{:ok, [[%{name: "Sam Altman", ...}], [%{name: "Elon Musk", ...}]]}

  



  
    
      
    
    
      map_label(label)



        
          
        

    

  


  

Maps NER labels to entity types.
Label Mapping
	PER, B-PER, I-PER → "person"
	ORG, B-ORG, I-ORG → "organization"
	LOC, B-LOC, I-LOC → "location"
	MISC, B-MISC, I-MISC → "concept"
	Other → "other"


  


        

      


  

    
Arcana.Graph.EntityMatcher behaviour
    



      
Behaviour for matching query text to entities in the graph.
Used by Arcana.Search and Arcana.Ask during graph-enhanced retrieval
to find entities relevant to a query. The returned entity IDs are then
used to fetch related chunks via the entity_mentions table.
Built-in Implementations
	Arcana.Graph.EntityMatcher.Embedding (default) - cosine similarity
against entity description embeddings. Best for conceptual queries.
	Arcana.Graph.EntityMatcher.NER - extract entity names from the query
(via Arcana.Graph.EntityExtractor) and look them up by exact match.
Best when queries name entities directly.

Configuration
# Global default (shortcut atom or module)
config :arcana, graph: [entity_matcher: :ner]
config :arcana, graph: [entity_matcher: Arcana.Graph.EntityMatcher.NER]

# With options
config :arcana, graph: [
  entity_matcher: {Arcana.Graph.EntityMatcher.Embedding, threshold: 0.5}
]

# Per-call override
Arcana.search(query, graph: true, entity_matcher: :ner)
Custom implementations
defmodule MyApp.SmartMatcher do
  @behaviour Arcana.Graph.EntityMatcher

  @impl true
  def match(query, collection_ids, opts) do
    # Your logic, returning {:ok, [entity_id]} or {:error, reason}
  end
end

config :arcana, graph: [entity_matcher: MyApp.SmartMatcher]

      


      
        Summary


  
    Callbacks
  


    
      
        match(query, collection_ids, opts)

      


        Matches a query to entity IDs in the graph.



    





      


      
        Callbacks


        


  
    
      
    
    
      match(query, collection_ids, opts)



        
          
        

    

  


  

      

          @callback match(
  query :: String.t(),
  collection_ids :: [binary()] | nil,
  opts :: keyword()
) ::
  {:ok, [binary()]} | {:error, term()}


      


Matches a query to entity IDs in the graph.
Parameters
	query - the query text
	collection_ids - optional list of collection UUIDs to scope the search,
or nil for all collections
	opts - keyword list including at least :repo. Implementations may
accept their own options like :threshold and :limit.

Returns {:ok, entity_ids} (possibly empty) or {:error, reason}.

  


        

      


  

    
Arcana.Graph.EntityMatcher.Embedding 
    



      
Entity matcher that uses embedding similarity against entity descriptions.
Embeds the query with the configured embedder, then searches the graph
store for entities whose description embeddings are most similar via
pgvector cosine distance.
This is the default matcher and aligns with Microsoft GraphRAG's Local
Search approach. It works best for conceptual or thematic queries where
the query describes what you're looking for rather than naming it.
Options
	:threshold - minimum cosine similarity (default: 0.3)
	:limit - maximum entities returned (default: 20)
	:repo - Ecto repo (required)
	:embedder - embedder to use for the query, in any form accepted by
config :arcana, embedder: (defaults to the global config)

Requires entity embeddings to be populated. Run mix arcana.graph.embed_entities
on existing graphs.

      




  

    
Arcana.Graph.EntityMatcher.NER 
    



      
Entity matcher that extracts entity names from the query and looks them
up by exact name match in the graph.
Uses the configured Arcana.Graph.EntityExtractor (defaults to NER via
Bumblebee) to identify named entities in the query, then performs a case
sensitive name lookup in the entities table.
This matcher works best when queries name entities directly. It tends to
outperform embedding similarity on queries with proper nouns. It cannot
match entities the extractor doesn't identify in the query text.
Options
	:repo - Ecto repo (required)
	:entity_extractor - override the configured entity extractor


      




  

    
Arcana.Graph.EntityMention 
    



      
Schema for tracking where entities appear in chunks.
Entity mentions link entities to the specific chunks where they
were found, optionally with span positions and surrounding context.

      


      
        Summary


  
    Functions
  


    
      
        changeset(mention, attrs)

      


    





      


      
        Functions


        


  
    
      
    
    
      changeset(mention, attrs)



        
          
        

    

  


  


  


        

      


  

    
Arcana.Graph.EntityName 
    



      
Normalizes entity names into deduplication keys.
LLM extractors return cosmetic variants of the same real-world entity
across chunks ("Two_Year_Limited_Warranty" vs "two year limited
warranty"). GraphBuilder and the graph stores compute their dedup and
upsert keys through this module so they agree on which names refer to
the same entity. Display names keep their first-seen original form.
Backend differences
The Ecto store computes the same key in SQL (see
Arcana.Graph.GraphStore.Ecto) because it has to compare a stored name
against an incoming one inside a query. Whitespace folds identically on
both sides: each collapses the full Unicode White_Space set, which is
wider than Postgres' \s (it doesn't match NBSP) and wider than
Elixir's (ASCII only).
Two differences remain, and are deliberate:
	Case folding. The two engines disagree on an open-ended set of
codepoints, and the set depends on the database host's libc, not on
anything this library controls. Sweeping U+0001..U+2FFFD against
PostgreSQL 16.15 on glibc found 56: U+0130, U+1C89, U+A7CB, U+A7CC,
U+A7CE, U+A7D2, U+A7D4, U+A7DA, U+A7DC, U+10D50..U+10D65 (Garay) and
U+16EA0..U+16EB8. All but the first are glibc lagging Unicode, so a
newer or older host shifts the list; U+0130 (İ) is the one that
diverges by Unicode's own SpecialCasing rules, and so behaves the
same everywhere: String.downcase/1 decomposes it into i plus a
combining dot while Postgres' lower() folds it to a bare i, which
makes "İstanbul" and "istanbul" one entity in the Ecto store and
two in the Memory store.
Do not treat any of these as a closed list. The Ecto store keys its
returned id map on the raw name for exactly this reason, so a
spelling pair the two engines disagree about still reaches its own
row whatever the host libc thinks.

	Neither backend applies canonical normalization, so NFC "Café" and
NFD "Café" are different entities in both.



      


      
        Summary


  
    Functions
  


    
      
        normalize(name)

      


        Returns the canonical dedup key for an entity name.



    





      


      
        Functions


        


  
    
      
    
    
      normalize(name)



        
          
        

    

  


  

Returns the canonical dedup key for an entity name.
Case-folds, converts underscores and hyphens to spaces, collapses
whitespace, and trims:
iex> Arcana.Graph.EntityName.normalize("Two_Year_Limited_Warranty")
"two year limited warranty"

  


        

      


  

    
Arcana.Graph.FusionSearch 
    



      
Combines vector search and graph-based search using Reciprocal Rank Fusion.
FusionSearch implements the core GraphRAG retrieval strategy:
	Extract entities from the query
	Run vector search on document chunks (standard RAG)
	Run graph search on the knowledge graph
	Merge results using Reciprocal Rank Fusion (RRF)

Reciprocal Rank Fusion
RRF is a simple but effective method for combining ranked lists:
score(doc) = Σ 1 / (k + rank(doc, list_i))
where k is a constant (default: 60) that reduces the impact of high ranks.
Example
# Build graph from extracted data
graph = GraphQuery.build_graph(entities, relationships, chunks, communities)

# Extract entities from query
{:ok, entities} = Arcana.Graph.EntityExtractor.NER.extract("Tell me about OpenAI", [])

# Run vector search
{:ok, vector_results} = Arcana.search(query, repo: repo, collection: collection, limit: 10)

# Combine with graph search
FusionSearch.search(graph, entities, vector_results)

      


      
        Summary


  
    Functions
  


    
      
        graph_search(graph, entities, opts \\ [])

      


        Searches the knowledge graph based on recognized entities.



    


    
      
        reciprocal_rank_fusion(lists, opts \\ [])

      


        Merges multiple ranked lists using Reciprocal Rank Fusion.



    


    
      
        search(graph, entities, vector_results, opts \\ [])

      


        Combines vector search results with graph search using RRF.



    





      


      
        Functions


        


    

  
    
      
    
    
      graph_search(graph, entities, opts \\ [])



        
          
        

    

  


  

Searches the knowledge graph based on recognized entities.
Finds entities in the graph matching the provided extracted entities,
then traverses relationships to collect connected chunks.
Options
	:depth - How many hops to traverse (default: 1)


  



    

  
    
      
    
    
      reciprocal_rank_fusion(lists, opts \\ [])



        
          
        

    

  


  

Merges multiple ranked lists using Reciprocal Rank Fusion.
Options
	:k - RRF constant to reduce high-rank impact (default: 60)

Algorithm
For each document, computes:
score = sum(1 / (k + rank)) across all lists
Higher scores indicate documents that appear in multiple lists
and/or rank highly in individual lists.

  



    

  
    
      
    
    
      search(graph, entities, vector_results, opts \\ [])



        
          
        

    

  


  

Combines vector search results with graph search using RRF.
Takes pre-computed vector search results and entities extracted from
the query, runs graph search, then merges both result sets.
Options
	:depth - Graph traversal depth (default: 1)
	:limit - Maximum results to return (default: 10)
	:k - RRF constant (default: 60)


  


        

      


  

    
Arcana.Graph.GraphBuilder 
    



      
Builds knowledge graph data from document chunks.
GraphBuilder orchestrates entity extraction, relationship extraction, and
mention tracking to create a knowledge graph structure from text.
Usage
GraphBuilder is designed to integrate optionally into the ingest pipeline:
# During ingest (when graph: true option is passed)
chunks = Chunker.chunk(text, opts)
{:ok, graph_data} = GraphBuilder.build(chunks,
  entity_extractor: &Arcana.Graph.EntityExtractor.NER.extract/2,
  relationship_extractor: &RelationshipExtractor.extract/3
)

# Convert to queryable format
graph = GraphBuilder.to_query_graph(graph_data, chunks)
Output Structure
The builder outputs a map with:
%{
  entities: [%{id: "...", name: "...", type: :atom}],
  relationships: [%{source: "...", target: "...", type: "..."}],
  mentions: [%{entity_name: "...", chunk_id: "..."}]
}
This intermediate format can be persisted to a database or converted
to the in-memory format used by GraphQuery.

      


      
        Summary


  
    Functions
  


    
      
        build(chunks, opts)

      


        Builds graph data from a list of chunks.



    


    
      
        build_from_text(text, opts)

      


        Builds graph data from a single text string.



    


    
      
        merge(graph1, graph2)

      


        Merges two graph data structures.



    


    
      
        to_query_graph(graph_data, chunks)

      


        Converts builder output to the format used by GraphQuery.
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      build(chunks, opts)



        
          
        

    

  


  

Builds graph data from a list of chunks.
Extracts entities and relationships from each chunk, tracking which
entities appear in which chunks (mentions).
Options
	:extractor - Combined extractor (text, opts) -> {:ok, %{entities: [...], relationships: [...]}}.
When provided, this takes priority over separate extractors.
	:entity_extractor - Function (text, opts) -> {:ok, entities} | {:error, reason}.
Used when :extractor is not provided.

	:relationship_extractor - Function (text, entities, opts) -> {:ok, rels} | {:error, reason}.
Used when :extractor is not provided.


Returns
	{:ok, graph_data} - Successfully built graph data
	{:error, reason} - If all extractions fail


  



  
    
      
    
    
      build_from_text(text, opts)



        
          
        

    

  


  

Builds graph data from a single text string.
Convenience function for processing a single document without chunks.

  



  
    
      
    
    
      merge(graph1, graph2)



        
          
        

    

  


  

Merges two graph data structures.
Combines entities (deduplicating by name), relationships, and mentions.
Useful for incremental graph building across multiple documents.

  



  
    
      
    
    
      to_query_graph(graph_data, chunks)



        
          
        

    

  


  

Converts builder output to the format used by GraphQuery.
Takes the graph data and original chunks to build an indexed
graph structure suitable for querying.

  


        

      


  

    
Arcana.Graph.GraphExtractor behaviour
    



      
Behaviour for combined entity and relationship extraction in GraphRAG.
A GraphExtractor extracts both entities and relationships in a single pass,
which is more efficient than separate extractors when using LLMs.
Built-in Implementations
	Arcana.Graph.GraphExtractor.LLM - LLM-based extraction (default)

Configuration
Configure your graph extractor in config.exs:
# Combined extractor (efficient, 1 LLM call per chunk):
config :arcana, :graph,
  extractor: Arcana.Graph.GraphExtractor.LLM

# Or configure separately (flexible, 2 LLM calls per chunk):
config :arcana, :graph,
  entity_extractor: Arcana.Graph.EntityExtractor.NER,
  relationship_extractor: Arcana.Graph.RelationshipExtractor.LLM
When extractor is set, it takes priority over separate extractors.
Implementing a Custom Extractor
Create a module that implements this behaviour:
defmodule MyApp.CustomExtractor do
  @behaviour Arcana.Graph.GraphExtractor

  @impl true
  def extract(text, opts) do
    # Extract entities and relationships together
    entities = [%{name: "Entity", type: :concept}]
    relationships = [%{source: "A", target: "B", type: "RELATED"}]
    {:ok, %{entities: entities, relationships: relationships}}
  end
end
Output Format
Extractors must return a map with:
	:entities - List of entity maps with :name, :type, and optional :description
	:relationships - List of relationship maps with :source, :target, :type,
and optional :description and :strength


      


      
        Summary


  
    Callbacks
  


    
      
        extract(text, opts)

      


        Extracts entities and relationships from text in a single pass.



    





  
    Functions
  


    
      
        extract(fun, text)

      


        Extracts graph data using the configured extractor.



    





      


      
        Callbacks


        


  
    
      
    
    
      extract(text, opts)



        
          
        

    

  


  

      

          @callback extract(text :: String.t(), opts :: keyword()) ::
  {:ok, map()} | {:error, term()}


      


Extracts entities and relationships from text in a single pass.
Parameters
	text - The source text to analyze
	opts - Options passed from the extractor configuration

Returns
	{:ok, %{entities: [...], relationships: [...]}} - Extracted graph data
	{:error, reason} - On failure


  


        

      

      
        Functions


        


  
    
      
    
    
      extract(fun, text)



        
          
        

    

  


  

Extracts graph data using the configured extractor.
The extractor can be:
	A {module, opts} tuple where module implements this behaviour
	A function (text, opts) -> {:ok, result} | {:error, reason}

	nil to skip extraction (returns empty result)

Examples
# With module
extractor = {Arcana.Graph.GraphExtractor.LLM, llm: my_llm}
{:ok, result} = GraphExtractor.extract(extractor, text)

# With inline function
extractor = fn text, _opts ->
  {:ok, %{entities: [], relationships: []}}
end
{:ok, result} = GraphExtractor.extract(extractor, text)

  


        

      


  

    
Arcana.Graph.GraphExtractor.LLM 
    



      
LLM-based combined entity and relationship extraction.
Extracts both entities and relationships in a single LLM call,
which is more efficient than separate extractors.
Usage
extractor = {Arcana.Graph.GraphExtractor.LLM, llm: my_llm}
{:ok, result} = GraphExtractor.extract(extractor, text)
Configuration
config :arcana, :graph,
  extractor: Arcana.Graph.GraphExtractor.LLM
The LLM is automatically injected from the global :arcana, :llm config.
Options
	:llm - Required. An LLM tuple like {"openai:gpt-4", api_key: "..."} or function


      


      
        Summary


  
    Functions
  


    
      
        build_prompt(text)

      


        Builds the prompt for combined entity and relationship extraction.



    





      


      
        Functions


        


  
    
      
    
    
      build_prompt(text)



        
          
        

    

  


  

Builds the prompt for combined entity and relationship extraction.

  


        

      


  

    
Arcana.Graph.GraphQuery 
    



      
Queries the knowledge graph for entities, relationships, and community summaries.
This module provides efficient graph traversal and lookup operations for
GraphRAG workflows. It works with in-memory graph structures built from
entities, relationships, chunks, and community summaries.
Graph Structure
The graph is represented as a map with indexed lookups for efficient querying:
%{
  entities: %{id => entity},
  relationships: [relationship],
  chunks: [chunk],
  communities: [community],
  adjacency: %{entity_id => [neighbor_ids]},
  entity_chunks: %{entity_id => [chunk_ids]}
}
Example
graph = GraphQuery.build_graph(entities, relationships, chunks, communities)

# Find entities by name
GraphQuery.find_entities_by_name(graph, "OpenAI")

# Traverse the graph
GraphQuery.traverse(graph, "entity_id", depth: 2)

# Get relevant chunks
GraphQuery.get_chunks_for_entities(graph, ["id1", "id2"])

      


      
        Summary


  
    Functions
  


    
      
        build_graph(entities, relationships, chunks, communities)

      


        Builds a graph structure from entities, relationships, chunks, and communities.



    


    
      
        find_entities_by_embedding(graph, query_embedding, opts \\ [])

      


        Finds entities similar to a query embedding using cosine similarity.



    


    
      
        find_entities_by_name(graph, query, opts \\ [])

      


        Finds entities by name with optional fuzzy matching.



    


    
      
        get_chunks_for_entities(graph, entity_ids)

      


        Gets all chunks connected to a set of entities.



    


    
      
        get_community_summaries(graph, opts \\ [])

      


        Gets community summaries with optional filtering.



    


    
      
        traverse(graph, entity_id, opts \\ [])

      


        Traverses the graph from a starting entity up to the specified depth.



    





      


      
        Functions


        


  
    
      
    
    
      build_graph(entities, relationships, chunks, communities)



        
          
        

    

  


  

Builds a graph structure from entities, relationships, chunks, and communities.
Creates indexed lookups for efficient querying:
	Entity lookup by ID
	Adjacency list for graph traversal
	Entity-to-chunk mapping for retrieval


  



    

  
    
      
    
    
      find_entities_by_embedding(graph, query_embedding, opts \\ [])



        
          
        

    

  


  

Finds entities similar to a query embedding using cosine similarity.
Options
	:top_k - Maximum number of results to return (default: 10)
	:min_similarity - Minimum cosine similarity threshold (default: 0.0)


  



    

  
    
      
    
    
      find_entities_by_name(graph, query, opts \\ [])



        
          
        

    

  


  

Finds entities by name with optional fuzzy matching.
Options
	:fuzzy - When true, matches if entity name contains the query (default: false)

Examples
# Exact match (case-insensitive)
GraphQuery.find_entities_by_name(graph, "OpenAI")

# Fuzzy match
GraphQuery.find_entities_by_name(graph, "Open", fuzzy: true)

  



  
    
      
    
    
      get_chunks_for_entities(graph, entity_ids)



        
          
        

    

  


  

Gets all chunks connected to a set of entities.
Returns unique chunks that contain at least one of the specified entities.

  



    

  
    
      
    
    
      get_community_summaries(graph, opts \\ [])



        
          
        

    

  


  

Gets community summaries with optional filtering.
Options
	:level - Filter by hierarchy level
	:entity_id - Filter by communities containing a specific entity


  



    

  
    
      
    
    
      traverse(graph, entity_id, opts \\ [])



        
          
        

    

  


  

Traverses the graph from a starting entity up to the specified depth.
Returns all entities reachable within the given number of hops.
Does not include the starting entity in results.
Options
	:depth - Maximum traversal depth (default: 1)


  


        

      


  

    
Arcana.Graph.GraphStore behaviour
    



      
Behaviour and dispatch module for graph storage backends.
Arcana supports swappable graph storage:
	:ecto (default) - PostgreSQL via Ecto
	:memory - In-memory storage for testing
	Custom module implementing this behaviour

Configuration
# config/config.exs

# Use Ecto/PostgreSQL (default)
config :arcana, :graph_store, :ecto

# With options
config :arcana, :graph_store, {:ecto, repo: MyApp.Repo}

# Custom module
config :arcana, :graph_store, MyApp.CustomGraphStore

      


      
        Summary


  
    Callbacks
  


    
      
        delete_by_chunks(chunk_ids, opts)

      


        Deletes all graph data for the given chunk IDs.



    


    
      
        delete_by_collection(binary, opts)

      


        Deletes all graph data for a collection.



    


    
      
        find_entities(binary, opts)

      


        Finds all entities in a collection.



    


    
      
        find_related_entities(binary, depth, opts)

      


        Finds entities related to the given entity within the specified depth.



    


    
      
        get_community(community_id, opts)

      


        Retrieves a single community by ID.



    


    
      
        get_community_summaries(binary, opts)

      


        Retrieves community summaries for a collection.



    


    
      
        get_entity(binary, opts)

      


        Retrieves a single entity by ID.



    


    
      
        get_mentions(binary, opts)

      


        Retrieves mentions for an entity with chunk context.



    


    
      
        get_relationship(relationship_id, opts)

      


        Retrieves a single relationship by ID.



    


    
      
        get_relationships(binary, opts)

      


        Retrieves all relationships for an entity.



    


    
      
        list_communities(opts)

      


        Lists communities with optional filtering and pagination.



    


    
      
        list_entities(opts)

      


        Lists entities with optional filtering and pagination.



    


    
      
        list_relationships(opts)

      


        Lists relationships with optional filtering and pagination.



    


    
      
        persist_communities(binary, list, opts)

      


        Persists community data for a collection.



    


    
      
        persist_entities(binary, list, opts)

      


        Persists entities to the graph store.



    


    
      
        persist_mentions(list, map, opts)

      


        Persists entity mentions (links between entities and chunks).



    


    
      
        persist_relationships(binary, list, map, opts)

      


        Persists relationships between entities with the chunk that supports them.



    


    
      
        search(list, arg2, opts)

      


        Searches for chunks related to the given entity names.



    


    
      
        search_by_embedding(list, arg2, opts)

      


        Searches for entities by embedding similarity.



    


    
      
        sweep_orphans(binary, opts)

      


        Sweeps orphaned graph data in a collection.



    


    
      
        with_write_lock(binary, opts, function)

      


        Runs fun while holding the collection's graph write lock.



    





  
    Functions
  


    
      
        backend()

      


        Returns the configured graph store backend.



    


    
      
        delete_by_chunks(chunk_ids, opts \\ [])

      


        Deletes all graph data for the given chunk IDs.



    


    
      
        delete_by_collection(collection_id, opts \\ [])

      


        Deletes all graph data for a collection using the configured backend.



    


    
      
        find_entities(collection_id, opts \\ [])

      


        Finds entities using the configured backend.



    


    
      
        find_related_entities(entity_id, depth, opts \\ [])

      


        Finds related entities using the configured backend.



    


    
      
        get_community(community_id, opts \\ [])

      


        Gets a single community by ID using the configured backend.



    


    
      
        get_community_summaries(collection_id, opts \\ [])

      


        Gets community summaries using the configured backend.



    


    
      
        get_entity(entity_id, opts \\ [])

      


        Gets a single entity by ID using the configured backend.



    


    
      
        get_mentions(entity_id, opts \\ [])

      


        Gets mentions for an entity using the configured backend.



    


    
      
        get_relationship(relationship_id, opts \\ [])

      


        Gets a single relationship by ID using the configured backend.



    


    
      
        get_relationships(entity_id, opts \\ [])

      


        Gets relationships for an entity using the configured backend.



    


    
      
        list_communities(opts \\ [])

      


        Lists communities using the configured backend.



    


    
      
        list_entities(opts \\ [])

      


        Lists entities using the configured backend.



    


    
      
        list_relationships(opts \\ [])

      


        Lists relationships using the configured backend.



    


    
      
        maybe_sweep_orphans(collection_id, repo, opts)

      


        Sweeps orphaned graph data when the graph is enabled for this call.



    


    
      
        persist_communities(collection_id, communities, opts \\ [])

      


        Persists communities using the configured backend.



    


    
      
        persist_entities(collection_id, entities, opts \\ [])

      


        Persists entities using the configured backend.



    


    
      
        persist_mentions(mentions, entity_id_map, opts \\ [])

      


        Persists entity mentions using the configured backend.



    


    
      
        persist_relationships(chunk_id, relationships, entity_id_map, opts \\ [])

      


        Persists relationships using the configured backend.



    


    
      
        search(entity_names, collection_ids, opts \\ [])

      


        Searches for chunks using the configured backend.



    


    
      
        search_by_embedding(query_embedding, collection_ids, opts \\ [])

      


        Searches for entities by embedding similarity using the configured backend.



    


    
      
        sweep_orphans(collection_id, opts \\ [])

      


        Sweeps orphaned graph data in a collection using the configured backend.



    


    
      
        with_write_lock(collection_id, opts, fun)

      


        Runs fun holding the collection's graph write lock on the configured backend.



    





      


      
        Callbacks


        


  
    
      
    
    
      delete_by_chunks(chunk_ids, opts)



        
          
        

    

  


  

      

          @callback delete_by_chunks(chunk_ids :: [binary()], opts :: keyword()) ::
  :ok | {:error, term()}


      


Deletes all graph data for the given chunk IDs.
Removes mentions referencing these chunks, then sweeps entities the
deletion orphaned. The sweep is scoped to the collections those chunks
belonged to, so deleting in one tenant leaves every other tenant's graph
alone.
Prefer Arcana.delete/2, which removes the document and its chunks and
sweeps in one step. Reach for this only when you are deleting chunks
yourself. If the collection is already known, pass its ID as
:collection_id so the Ecto backend can still sweep when none of the
chunks have graph mentions.
The call is not atomic
In the Ecto backend the mention delete and the per-collection sweeps are
separate transactions: the collections to sweep aren't known until the
delete says which entities it touched, and a collection can't be locked
before it has been identified. A crash or a dropped connection between
them commits the delete and skips the rest, leaving entities with no
mentions behind.
Nothing is lost and nothing is wrongly retained: an entity with no
mentions is exactly what a sweep collects, and every sweep is idempotent,
so the next one over that collection finishes the job. Those run from
Arcana.delete/2 (through maybe_sweep_orphans/3), after a
replace: true ingest, and from the dashboard's maintenance page, which
also reports the outstanding orphan count.
The memory backend has no such window, since the whole operation is one
GenServer call.
Implementations must be idempotent. Post-commit recovery can replay the
same chunk IDs after a backend applied only part of an earlier attempt.

  



  
    
      
    
    
      delete_by_collection(binary, opts)



        
          
        

    

  


  

      

          @callback delete_by_collection(binary(), opts :: keyword()) :: :ok | {:error, term()}


      


Deletes all graph data for a collection.
Removes all entities, relationships, mentions, and communities
associated with the collection.

  



  
    
      
    
    
      find_entities(binary, opts)



        
          
        

    

  


  

      

          @callback find_entities(binary(), opts :: keyword()) :: [map()]


      


Finds all entities in a collection.

  



  
    
      
    
    
      find_related_entities(binary, depth, opts)



        
          
        

    

  


  

      

          @callback find_related_entities(binary(), depth :: pos_integer(), opts :: keyword()) :: [
  map()
]


      


Finds entities related to the given entity within the specified depth.
Enables graph-native traversal operations.

  



  
    
      
    
    
      get_community(community_id, opts)



        
          
        

    

  


  

      

          @callback get_community(community_id :: binary(), opts :: keyword()) ::
  {:ok, map()} | {:error, :not_found}


      


Retrieves a single community by ID.

  



  
    
      
    
    
      get_community_summaries(binary, opts)



        
          
        

    

  


  

      

          @callback get_community_summaries(binary(), opts :: keyword()) :: [map()]


      


Retrieves community summaries for a collection.

  



  
    
      
    
    
      get_entity(binary, opts)



        
          
        

    

  


  

      

          @callback get_entity(binary(), opts :: keyword()) :: {:ok, map()} | {:error, :not_found}


      


Retrieves a single entity by ID.

  



  
    
      
    
    
      get_mentions(binary, opts)



        
          
        

    

  


  

      

          @callback get_mentions(binary(), opts :: keyword()) :: [map()]


      


Retrieves mentions for an entity with chunk context.
Returns mentions with associated chunk text for display.

  



  
    
      
    
    
      get_relationship(relationship_id, opts)



        
          
        

    

  


  

      

          @callback get_relationship(relationship_id :: binary(), opts :: keyword()) ::
  {:ok, map()} | {:error, :not_found}


      


Retrieves a single relationship by ID.

  



  
    
      
    
    
      get_relationships(binary, opts)



        
          
        

    

  


  

      

          @callback get_relationships(binary(), opts :: keyword()) :: [map()]


      


Retrieves all relationships for an entity.
Returns relationships where the entity is either source or target.

  



  
    
      
    
    
      list_communities(opts)



        
          
        

    

  


  

      

          @callback list_communities(opts :: keyword()) :: [map()]


      


Lists communities with optional filtering and pagination.
Options
	:collection_id - Filter by collection (nil for all)
	:level - Filter by hierarchy level
	:search - Search in summary
	:limit - Maximum results (default: 50)
	:offset - Pagination offset (default: 0)

Returns communities with entity counts.

  



  
    
      
    
    
      list_entities(opts)



        
          
        

    

  


  

      

          @callback list_entities(opts :: keyword()) :: [map()]


      


Lists entities with optional filtering and pagination.
Options
	:collection_id - Filter by collection (nil for all)
	:type - Filter by entity type
	:search - Search in entity name
	:limit - Maximum results (default: 50)
	:offset - Pagination offset (default: 0)

Returns entities with aggregated counts (mention_count, relationship_count).

  



  
    
      
    
    
      list_relationships(opts)



        
          
        

    

  


  

      

          @callback list_relationships(opts :: keyword()) :: [map()]


      


Lists relationships with optional filtering and pagination.
Options
	:collection_id - Filter by collection (nil for all)
	:type - Filter by relationship type
	:search - Search in entity names or type
	:strength - Filter by strength (:strong, :medium, :weak)
	:limit - Maximum results (default: 50)
	:offset - Pagination offset (default: 0)

Returns relationships with source/target entity names.

  



  
    
      
    
    
      persist_communities(binary, list, opts)



        
          
        

    

  


  

      

          @callback persist_communities(binary(), [map()], opts :: keyword()) ::
  :ok | {:error, term()}


      


Persists community data for a collection.

  



  
    
      
    
    
      persist_entities(binary, list, opts)



        
          
        

    

  


  

      

          @callback persist_entities(binary(), [map()], opts :: keyword()) ::
  {:ok, map()} | {:error, term()}


      


Persists entities to the graph store.
Returns a map of entity names to their assigned IDs.

  



  
    
      
    
    
      persist_mentions(list, map, opts)



        
          
        

    

  


  

      

          @callback persist_mentions([map()], map(), opts :: keyword()) :: :ok | {:error, term()}


      


Persists entity mentions (links between entities and chunks).

  



  
    
      
    
    
      persist_relationships(binary, list, map, opts)



        
          
        

    

  


  

      

          @callback persist_relationships(binary(), [map()], map(), opts :: keyword()) ::
  :ok | {:error, term()}


      


Persists relationships between entities with the chunk that supports them.

  



  
    
      
    
    
      search(list, arg2, opts)



        
          
        

    

  


  

      

          @callback search([String.t()], [binary()] | nil, opts :: keyword()) :: [map()]


      


Searches for chunks related to the given entity names.
Returns scored chunk results.

  



  
    
      
    
    
      search_by_embedding(list, arg2, opts)



        
          
        

    

  


  

      

          @callback search_by_embedding([float()], [binary()] | nil, opts :: keyword()) :: [map()]


      


Searches for entities by embedding similarity.
Returns entities whose description embeddings are most similar to the
query embedding, sorted by similarity descending.

  



  
    
      
    
    
      sweep_orphans(binary, opts)


        (optional)


        
          
        

    

  


  

      

          @callback sweep_orphans(binary(), opts :: keyword()) :: :ok | {:error, term()}


      


Sweeps orphaned graph data in a collection.
Deletes entities in the collection that have no remaining mentions
(their relationships cascade away), and marks communities whose
entity_ids overlap the deleted entities as dirty so the next
summarize pass regenerates them.
Intended to run after document deletion or replacement, scoped to the
affected collection.
Optional. A store that doesn't implement it simply doesn't sweep:
Arcana.delete/2 and the replace: true ingest still succeed, and the
collection may keep entities with zero mentions — which is exactly how
both paths behaved before this callback existed.
Serialization
A sweep must not interleave with a graph build for the same collection:
a build inserts an entity before its mentions, so a sweep landing in
that window would delete an entity that is about to be referenced.
The :ecto backend serializes both sides through with_write_lock/3
(a transaction-scoped Postgres advisory lock keyed on the collection).
The :memory backend uses a per-server, per-collection lock around the
full write sequence. Custom backends must provide the same exclusion.

  



  
    
      
    
    
      with_write_lock(binary, opts, function)



        
          
        

    

  


  

      

          @callback with_write_lock(binary(), opts :: keyword(), (-> result)) :: result
when result: term()


      


Runs fun while holding the collection's graph write lock.
Required for every backend. It serializes graph persistence with document
deletion and replacement, so a chunk cannot gain graph evidence after its
database row has been retired.
The lock is meant to cover DB writes only, never extraction, so callers
keep the wrapped work short.
Guarantees
The contract is mutual exclusion per collection, nothing more.
Atomicity is best-effort and store-dependent: callers must not assume
that a failure inside fun rolls back the writes it already made.
The :ecto backend gives both because it takes the advisory lock inside a
transaction. The :memory backend provides mutual exclusion but cannot
roll back writes already applied inside the function.
A custom store that wants the full guarantee has to do what the :ecto
backend does: hold a per-collection exclusive lock and run fun
inside a transaction that rolls back on failure, releasing the lock
when the transaction ends. Doing only one of the two is worse than
doing neither, since it reads as if both were covered.

  


        

      

      
        Functions


        


  
    
      
    
    
      backend()



        
          
        

    

  


  

Returns the configured graph store backend.

  



    

  
    
      
    
    
      delete_by_chunks(chunk_ids, opts \\ [])



        
          
        

    

  


  

Deletes all graph data for the given chunk IDs.
The orphan sweep is scoped to the collections the chunks belonged to. It
used to run across every collection in the database, which made this
impossible to call safely in a multi-tenant app.
Arcana.delete/2 is usually what you want: it removes the document, its
chunks and their graph data together.
:published_chunk_ids may be passed when replaying cleanup after the
database rows have already committed away. It records which deleted chunks
were published before deletion so backends can preserve publication-aware
invalidation even though the repo can no longer answer that question.

  



    

  
    
      
    
    
      delete_by_collection(collection_id, opts \\ [])



        
          
        

    

  


  

Deletes all graph data for a collection using the configured backend.

  



    

  
    
      
    
    
      find_entities(collection_id, opts \\ [])



        
          
        

    

  


  

Finds entities using the configured backend.

  



    

  
    
      
    
    
      find_related_entities(entity_id, depth, opts \\ [])



        
          
        

    

  


  

Finds related entities using the configured backend.

  



    

  
    
      
    
    
      get_community(community_id, opts \\ [])



        
          
        

    

  


  

Gets a single community by ID using the configured backend.

  



    

  
    
      
    
    
      get_community_summaries(collection_id, opts \\ [])



        
          
        

    

  


  

Gets community summaries using the configured backend.

  



    

  
    
      
    
    
      get_entity(entity_id, opts \\ [])



        
          
        

    

  


  

Gets a single entity by ID using the configured backend.

  



    

  
    
      
    
    
      get_mentions(entity_id, opts \\ [])



        
          
        

    

  


  

Gets mentions for an entity using the configured backend.

  



    

  
    
      
    
    
      get_relationship(relationship_id, opts \\ [])



        
          
        

    

  


  

Gets a single relationship by ID using the configured backend.

  



    

  
    
      
    
    
      get_relationships(entity_id, opts \\ [])



        
          
        

    

  


  

Gets relationships for an entity using the configured backend.

  



    

  
    
      
    
    
      list_communities(opts \\ [])



        
          
        

    

  


  

Lists communities using the configured backend.

  



    

  
    
      
    
    
      list_entities(opts \\ [])



        
          
        

    

  


  

Lists entities using the configured backend.

  



    

  
    
      
    
    
      list_relationships(opts \\ [])



        
          
        

    

  


  

Lists relationships using the configured backend.

  



  
    
      
    
    
      maybe_sweep_orphans(collection_id, repo, opts)



        
          
        

    

  


  

Sweeps orphaned graph data when the graph is enabled for this call.
Shared by Arcana.delete/2 and the replace: true ingest path: both
drop documents whose chunks cascade away, which can strand zero-mention
entities. Returns :ok when there is nothing to sweep (no collection,
or the graph is disabled), otherwise the backend's result.

  



    

  
    
      
    
    
      persist_communities(collection_id, communities, opts \\ [])



        
          
        

    

  


  

Persists communities using the configured backend.

  



    

  
    
      
    
    
      persist_entities(collection_id, entities, opts \\ [])



        
          
        

    

  


  

Persists entities using the configured backend.

  



    

  
    
      
    
    
      persist_mentions(mentions, entity_id_map, opts \\ [])



        
          
        

    

  


  

Persists entity mentions using the configured backend.

  



    

  
    
      
    
    
      persist_relationships(chunk_id, relationships, entity_id_map, opts \\ [])



        
          
        

    

  


  

Persists relationships using the configured backend.

  



    

  
    
      
    
    
      search(entity_names, collection_ids, opts \\ [])



        
          
        

    

  


  

Searches for chunks using the configured backend.

  



    

  
    
      
    
    
      search_by_embedding(query_embedding, collection_ids, opts \\ [])



        
          
        

    

  


  

Searches for entities by embedding similarity using the configured backend.

  



    

  
    
      
    
    
      sweep_orphans(collection_id, opts \\ [])



        
          
        

    

  


  

Sweeps orphaned graph data in a collection using the configured backend.

  



  
    
      
    
    
      with_write_lock(collection_id, opts, fun)



        
          
        

    

  


  

Runs fun holding the collection's graph write lock on the configured backend.
Every backend must implement with_write_lock/3. See that callback for
the required serialization and backend-specific rollback guarantees.

  


        

      


  

    
Arcana.Graph.GraphStore.Ecto 
    



      
Ecto/PostgreSQL implementation of the GraphStore behaviour.
This is the default graph storage backend, storing entities, relationships,
and mentions in PostgreSQL tables.

      


      
        Summary


  
    Functions
  


    
      
        sweep_orphans(collection_id, opts)

      


        Deletes entities in the collection that have no remaining mentions.



    


    
      
        with_write_lock(collection_id, opts, fun)

      


        Runs fun inside a transaction holding the collection's advisory lock.



    





      


      
        Functions


        


  
    
      
    
    
      sweep_orphans(collection_id, opts)



        
          
        

    

  


  

Deletes entities in the collection that have no remaining mentions.
Runs under the collection's write lock (see with_write_lock/3) so it
cannot delete an entity a concurrent build has inserted but not yet
mentioned. Relationships cascade via FK; communities overlapping the
deleted entities are marked dirty.

  



  
    
      
    
    
      with_write_lock(collection_id, opts, fun)



        
          
        

    

  


  

Runs fun inside a transaction holding the collection's advisory lock.
Uses pg_advisory_xact_lock/1 keyed on the collection, the same idiom
Arcana.Ingest uses for the replace swap. Both the entity/mention
persist path and sweep_orphans/2 take it, so a sweep can never land
between an entity insert and its mention insert.
Keep the wrapped work to DB writes: the lock blocks every concurrent
graph write for the collection until the transaction commits.
Opens a transaction only when there isn't one already. A nested Ecto
transaction never isolated anything - it joins the outer one - but it does
make DBConnection mark the connection aborted when the wrapped work fails,
which refuses every later statement including a caller's
ROLLBACK TO SAVEPOINT. Skipping it costs nothing, because
pg_advisory_xact_lock/1 binds to the enclosing transaction either way.

  


        

      


  

    
Arcana.Graph.GraphStore.Memory 
    



      
In-memory implementation of the GraphStore behaviour.
Uses GenServer to store graph data in memory. Useful for testing
and small-scale applications that don't need persistence.
Usage
# Start a memory store
{:ok, pid} = GraphStore.Memory.start_link([])

# Use in tests
Arcana.ingest(text, graph_store: {:memory, pid: pid})

# Use with named process
{:ok, _} = GraphStore.Memory.start_link(name: :test_graph)
Arcana.ingest(text, graph_store: {:memory, name: :test_graph})

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        start_link(opts \\ [])

      


        Starts a memory graph store.



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

Starts a memory graph store.
Options
	:name - Optional name for the GenServer process


  


        

      


  

    
Arcana.Graph.Migration 
    



      
Versioned migrations for Arcana's GraphRAG tables.
GraphRAG is optional, so it carries its own version separate from
Arcana.Migration. Install it the same way:
defmodule MyApp.Repo.Migrations.AddArcanaGraph do
  use Ecto.Migration

  def up, do: Arcana.Graph.Migration.up(dimensions: 384)
  def down, do: Arcana.Graph.Migration.down()
end
Upgrade by adding another host migration that calls up/1. Version 2 adds
relationship provenance DDL and clears legacy relationship facts that have
no source chunk.
Options
	:version - target version (defaults to the latest)
	:dimensions - embedding dimensions for arcana_graph_entities.embedding.
Must match Arcana.Embedder.dimensions/1 for the embedder you run
	:prefix - Postgres schema to install into (defaults to the
connection's current schema)
	:create_schema - whether to create :prefix when it is missing
(defaults to true, ignored without a prefix)

Adoption
Installs predating this module have graph tables but no recorded version.
Version 1 converges them: it creates only what is absent and adds only the
columns and indexes a later release introduced. The one thing it drops is a
unique index whose shape is wrong: see "What converge verifies" below.
Where the version is recorded
The applied version is stored as the Postgres comment on arcana_graph_entities, as
exactly arcana_graph:<n>:
SELECT obj_description('arcana_graph_entities'::regclass);
Arcana owns that comment. Two consequences worth knowing before you point
schema-documentation or data-catalog tooling at this table:
	recording a version replaces whatever comment is there, so a
description you wrote on arcana_graph_entities is lost on the next migration
	a comment Arcana doesn't recognise reads as version 0, the same as a
fresh install, so up/1 re-runs the converge path (idempotent, and
harmless) while down/1 declines to drop anything

Comment on any other table freely. Only arcana_graph_entities is reserved.
What converge verifies
Adoption creates only what is absent, so most objects are checked by name
alone. Three are verified against the catalog and corrected when they
differ, because being merely present isn't enough:
	arcana_documents.collection_id's delete rule, since older templates
emitted ON DELETE SET NULL
	the embedding column's dimension, which is compared against
:dimensions rather than altered
	the unique indexes on arcana_graph_entities(name, collection_id) and arcana_graph_entity_mentions(entity_id, chunk_id), since create_if_not_exists matches on the index name and an
older template may have created one with a different shape

Everything else is create-if-absent. For the plain indexes that is
deliberate: a differing one costs performance, not correctness.
Version history
	1 - entities, relationships, mentions and communities, including the
entity-mention unique index and communities.summary_fingerprint that
earlier releases shipped as separate upgrade migrations
	2 - canonical relationship facts with per-chunk evidence. Existing
relationships are cleared because their source chunks cannot be inferred;
rebuild the graph after upgrading

Uninstall ownership
Target version 0 removes only Arcana's graph tables and table-contained
objects. It leaves the core tables, Postgres schema, and vector extension in
place. Foreign keys, views, and materialized views owned by the host
application block uninstall with their schema-qualified identities. Arcana
never uses DROP ... CASCADE, because that would delete host-owned objects.

      


      
        Summary


  
    Functions
  


    
      
        current_version()

      


        The latest graph version this release of Arcana knows how to migrate to.



    


    
      
        down(opts \\ [])

      


        Migrates down to :version, or removes the graph tables entirely after
checking for host-owned dependents.



    


    
      
        recorded_version(repo \\ nil, opts \\ [])

      


        The graph version recorded in the database, or 0 when GraphRAG has never
been installed.



    


    
      
        up(opts \\ [])

      


        Migrates up to :version, or to the latest version.



    





      


      
        Functions


        


  
    
      
    
    
      current_version()



        
          
        

    

  


  

The latest graph version this release of Arcana knows how to migrate to.

  



    

  
    
      
    
    
      down(opts \\ [])



        
          
        

    

  


  

Migrates down to :version, or removes the graph tables entirely after
checking for host-owned dependents.

  



    

    

  
    
      
    
    
      recorded_version(repo \\ nil, opts \\ [])



        
          
        

    

  


  

The graph version recorded in the database, or 0 when GraphRAG has never
been installed.
Pass a repo when calling this outside a migration; inside one it defaults
to the migration's own repo. Pass :prefix to read a version recorded in
a Postgres schema other than the current one.
Both arguments default, so options must be given with a repo:
recorded_version(MyApp.Repo, prefix: "tenant_a"). A lone keyword list
would bind to the repo argument.

  



    

  
    
      
    
    
      up(opts \\ [])



        
          
        

    

  


  

Migrates up to :version, or to the latest version.

  


        

      


  

    
Arcana.Graph.NERServing 
    



      
Lazy-loaded Nx.Serving for Named Entity Recognition using Bumblebee.
Uses dslim/distilbert-NER which is 40% smaller than BERT-base
while retaining 97% accuracy. Only loaded when graph features are used.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        ensure_started()

      


        Ensures the NER serving is started. Called automatically by run/1.



    


    
      
        run(text)

      


        Runs NER on the given text, starting the serving if not already running.
Returns a list of entity maps with :entity, :label, :start, :end, :score.



    


    
      
        running?()

      


        Checks if the NER serving is currently running.



    


    
      
        start_link(opts \\ [])

      


    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



  
    
      
    
    
      ensure_started()



        
          
        

    

  


  

Ensures the NER serving is started. Called automatically by run/1.

  



  
    
      
    
    
      run(text)



        
          
        

    

  


  

Runs NER on the given text, starting the serving if not already running.
Returns a list of entity maps with :entity, :label, :start, :end, :score.

  



  
    
      
    
    
      running?()



        
          
        

    

  


  

Checks if the NER serving is currently running.

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  


  


        

      


  

    
Arcana.Graph.Relationship 
    



      
Schema for knowledge graph relationships between entities.
Relationships connect two entities with a typed edge,
optionally including a description and strength score.

      


      
        Summary


  
    Functions
  


    
      
        changeset(relationship, attrs)

      


    





      


      
        Functions


        


  
    
      
    
    
      changeset(relationship, attrs)



        
          
        

    

  


  


  


        

      


  

    
Arcana.Graph.RelationshipExtractor behaviour
    



      
Behaviour for relationship extraction in GraphRAG.
Relationship extractors identify semantic relationships between entities
in text. Arcana provides a built-in LLM-based implementation, but you
can implement custom extractors for different approaches.
Built-in Implementations
	Arcana.Graph.RelationshipExtractor.LLM - LLM-based extraction (default)
	Arcana.Graph.RelationshipExtractor.Cooccurrence - Local co-occurrence based (no LLM)

Configuration
Configure your relationship extractor in config.exs:
# Default: LLM-based extraction
config :arcana, :graph,
  relationship_extractor: {Arcana.Graph.RelationshipExtractor.LLM, llm: &MyApp.llm/3}

# Disable relationship extraction
config :arcana, :graph,
  relationship_extractor: nil

# Custom module implementing this behaviour
config :arcana, :graph,
  relationship_extractor: {MyApp.PatternExtractor, patterns: [...]}

# Inline function
config :arcana, :graph,
  relationship_extractor: fn text, entities, opts ->
    {:ok, my_extract(text, entities, opts)}
  end
Implementing a Custom Extractor
Create a module that implements this behaviour:
defmodule MyApp.PatternExtractor do
  @behaviour Arcana.Graph.RelationshipExtractor

  @impl true
  def extract(text, entities, opts) do
    patterns = Keyword.get(opts, :patterns, [])
    # Pattern-based extraction...
    {:ok, relationships}
  end
end
Relationship Format
Extractors must return relationships as maps with:
	:source - Name of the source entity
	:target - Name of the target entity
	:type - Relationship type (e.g., "WORKS_AT", "FOUNDED")
	:description - Optional description
	:strength - Optional strength (1-10)


      


      
        Summary


  
    Callbacks
  


    
      
        extract(text, entities, opts)

      


        Extracts relationships between entities from text.



    





  
    Functions
  


    
      
        extract(fun, text, entities)

      


        Extracts relationships using the configured extractor.



    





      


      
        Callbacks


        


  
    
      
    
    
      extract(text, entities, opts)



        
          
        

    

  


  

      

          @callback extract(text :: String.t(), entities :: [map()], opts :: keyword()) ::
  {:ok, [map()]} | {:error, term()}


      


Extracts relationships between entities from text.
Parameters
	text - The source text to analyze
	entities - List of entity maps with :name and :type
	opts - Options passed from the extractor configuration

Returns
	{:ok, relationships} - List of relationship maps
	{:error, reason} - On failure


  


        

      

      
        Functions


        


  
    
      
    
    
      extract(fun, text, entities)



        
          
        

    

  


  

Extracts relationships using the configured extractor.
The extractor can be:
	A {module, opts} tuple where module implements this behaviour
	A function (text, entities, opts) -> {:ok, relationships} | {:error, reason}

	nil to skip relationship extraction (returns empty list)

Examples
# With module
extractor = {Arcana.Graph.RelationshipExtractor.LLM, llm: &MyApp.llm/3}
{:ok, relationships} = RelationshipExtractor.extract(extractor, text, entities)

# With inline function
extractor = fn text, entities, _opts ->
  {:ok, [%{source: "A", target: "B", type: "RELATES_TO"}]}
end
{:ok, relationships} = RelationshipExtractor.extract(extractor, text, entities)

# Skip extraction
{:ok, []} = RelationshipExtractor.extract(nil, text, entities)

  


        

      


  

    
Arcana.Graph.RelationshipExtractor.LLM 
    



      
LLM-based relationship extraction implementation.
Uses structured prompts to identify semantic relationships between
previously extracted entities. The LLM returns JSON-formatted
relationships with type, description, and strength.
Usage
# Configure with an LLM function
extractor = {Arcana.Graph.RelationshipExtractor.LLM, llm: my_llm_fn}
{:ok, relationships} = RelationshipExtractor.extract(extractor, text, entities)
Options
	:llm - Required. An LLM function (prompt, context, opts) -> {:ok, response} | {:error, reason}



      


      
        Summary


  
    Functions
  


    
      
        build_prompt(text, entities)

      


        Builds the prompt for relationship extraction.



    





      


      
        Functions


        


  
    
      
    
    
      build_prompt(text, entities)



        
          
        

    

  


  

Builds the prompt for relationship extraction.
The prompt includes the source text and a list of entities
for the LLM to find relationships between.

  


        

      


  

    
Arcana.Grounder behaviour
    



      
Behaviour for grounding analysis on LLM-generated answers.
Grounders detect hallucinations by checking whether the answer is
supported by the retrieved context chunks.
Built-in Implementations
	Arcana.Grounder.Hallmark - Uses Hallmark (Vectara HHEM via Bumblebee) for sentence-level NLI scoring (default)
	Arcana.Grounder.LLMJudge - Uses an LLM to decompose the answer into atomic claims and verify each against the chunks (RAGAS-style faithfulness)

Custom Implementations
Implement the ground/3 callback:
defmodule MyApp.CustomGrounder do
  @behaviour Arcana.Grounder

  @impl Arcana.Grounder
  def ground(answer, chunks, opts) do
    # Your custom grounding logic
    {:ok, %Arcana.Grounding.Result{score: 1.0, hallucinated_spans: []}}
  end
end
Or provide a function directly:
Pipeline.ground(ctx, grounder: fn answer, chunks, opts ->
  {:ok, %Arcana.Grounding.Result{score: 1.0, hallucinated_spans: []}}
end)

      


      
        Summary


  
    Callbacks
  


    
      
        ground(answer, chunks, opts)

      


        Analyzes whether the answer is grounded in the provided context chunks.



    





      


      
        Callbacks


        


  
    
      
    
    
      ground(answer, chunks, opts)



        
          
        

    

  


  

      

          @callback ground(answer :: String.t(), chunks :: [map()], opts :: keyword()) ::
  {:ok, Arcana.Grounding.Result.t()} | {:error, term()}


      


Analyzes whether the answer is grounded in the provided context chunks.
Parameters
	answer - The LLM-generated answer to check
	chunks - The context chunks used to generate the answer
	opts - Options, including :question (the original question)

Returns
	{:ok, %Arcana.Grounding.Result{}} - Grounding analysis result
	{:error, reason} - On failure


  


        

      


  

    
Arcana.Grounder.Hallmark 
    



      
Default grounder using Hallmark (Vectara HHEM via Bumblebee).
Hallmark scores each sentence in the answer against the combined context
using natural language inference. Sentences below the threshold are marked
as hallucinated.
Requirements
Requires the hallmark package:
{:hallmark, "~> 1.0"}
The model is downloaded automatically on first use via Bumblebee.
Usage
# As the default grounder (used automatically)
ctx |> Pipeline.ground()

# Explicitly
ctx |> Pipeline.ground(grounder: Arcana.Grounder.Hallmark)

      




  

    
Arcana.Grounder.LLMJudge 
    



      
LLM-as-judge grounder using atomic claim decomposition.
Asks an LLM to decompose the answer into atomic factual claims and
verify each claim against the retrieved chunks. Each claim comes back
with a verdict (supported, unsupported, or contradicted) and the
1-based indices of the chunks that support it. Claims are then mapped
back to byte offsets in the answer for span-level highlighting.
This follows the RAGAS faithfulness pattern: one structured-output LLM
call instead of token-level NLI scoring. Compared to
Arcana.Grounder.Hallmark, this grounder:
	Does a single LLM call regardless of answer length or chunk count.
	Uses semantic reasoning instead of token-overlap NLI, which handles
paraphrase and synthesis better.
	Returns chunk attribution directly from the LLM rather than via a
secondary word-overlap pass.

Requirements
Requires req_llm. The judge model defaults to
Application.get_env(:arcana, :judge_model), falling back to
"anthropic:claude-haiku-4-5".
Usage
Pipeline.ground(ctx, grounder: Arcana.Grounder.LLMJudge)

Loop.run(question, grounder: Arcana.Grounder.LLMJudge)
Options
	:judge_model - Model spec passed to ReqLLM. Defaults to
Application.get_env(:arcana, :judge_model, "anthropic:claude-haiku-4-5").
	:judge_temperature - Sampling temperature. Defaults to 0.0 for
deterministic verdicts.
	:judge_max_tokens - Max output tokens. Defaults to 2048.
	:judge_fn - Override the LLM call entirely with a 3-arity function
(question, answer, chunks) -> {:ok, %{claims: [...]}} | {:error, term}.
Used for tests to avoid network calls.


      




  

    
Arcana.Grounding.Attribution 
    



      
Attributes grounding spans to source chunks using word overlap scoring.
For each span (hallucinated or faithful), computes what fraction of its words
appear in each chunk. This is directional: a span "invented in 2010" gets 1.0
against a chunk containing those exact words, regardless of chunk length.
score = |words(span) ∩ words(chunk)| / |words(span)|

      


      
        Summary


  
    Functions
  


    
      
        attribute(spans, chunks, opts \\ [])

      


        Adds :sources to each span based on word overlap with chunks.



    





      


      
        Functions


        


    

  
    
      
    
    
      attribute(spans, chunks, opts \\ [])



        
          
        

    

  


  

      

          @spec attribute([map()], [map()], keyword()) :: [map()]


      


Adds :sources to each span based on word overlap with chunks.
Returns spans with a :sources field: a list of %{chunk_id: term(), score: float()}
sorted by score descending, filtered by min_score (default 0.1).
Options
	:min_score - Minimum overlap score to include a chunk (default: 0.1)


  


        

      


  

    
Arcana.Grounding.HallmarkServing 
    



      
Lazy-loaded NLI serving for hallucination detection via Hallmark.
Uses Hallmark (Vectara HHEM model via Bumblebee) to score each sentence
in the answer against the retrieved chunks. Runs one NLI pair per
(sentence, chunk) and takes the max score per sentence as the final
faithfulness score. Sentences scoring below the threshold are marked
as hallucinated.
Why per-chunk instead of concat-all
HHEM's ModernBERT has a fixed input window. Concatenating all chunks
into one context works for small chunk sets (Advanced RAG's 5-10
chunks) but silently truncates once the pipeline starts accumulating
more (Pipeline with decompose + rerank hits 20+ easily). Truncation
drops the tail chunks from the context the NLI sees, so sentences
whose evidence lived in those tail chunks get flagged as
hallucinations even when the chunks were retrieved correctly.
Per-chunk scoring sidesteps truncation entirely. Each chunk fits
comfortably on its own, and Hallmark.score_batch/2 sends the whole
(sentence × chunk) grid through the NLI model as one batched forward
pass, so the wall-clock cost stays reasonable.
The model is downloaded automatically on first use via Bumblebee.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        ensure_started(opts \\ [])

      


        Ensures the serving is started. Called automatically by run/4.



    


    
      
        run(question, chunks, answer, opts \\ [])

      


        Runs grounding analysis on the given answer against the context chunks.



    


    
      
        running?()

      


        Checks if the serving is currently running.



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



    

  
    
      
    
    
      ensure_started(opts \\ [])



        
          
        

    

  


  

Ensures the serving is started. Called automatically by run/4.

  



    

  
    
      
    
    
      run(question, chunks, answer, opts \\ [])



        
          
        

    

  


  

Runs grounding analysis on the given answer against the context chunks.
Starts the serving if not already running, then runs inference.
Returns {:ok, %Arcana.Grounding.Result{}} or {:error, reason}.

  



  
    
      
    
    
      running?()



        
          
        

    

  


  

Checks if the serving is currently running.

  


        

      


  

    
Arcana.Grounding.InputFormatter 
    



      
Formats context for grounding analysis.
Joins chunk texts into a single premise string for NLI scoring.

      


      
        Summary


  
    Functions
  


    
      
        format(question, chunks)

      


        Joins context passages into a single string for use as the NLI premise.



    





      


      
        Functions


        


  
    
      
    
    
      format(question, chunks)



        
          
        

    

  


  

Joins context passages into a single string for use as the NLI premise.
Examples
iex> chunks = [%{text: "Elixir is functional."}, %{text: "It runs on BEAM."}]
iex> Arcana.Grounding.InputFormatter.format("What is Elixir?", chunks)
"Elixir is functional.\nIt runs on BEAM."

  


        

      


  

    
Arcana.Grounding.Result 
    



      
Result of grounding analysis on an LLM-generated answer.
Contains information about how well the answer is supported by the
retrieved context, including a faithfulness score and any detected
hallucinated or faithful spans.
Fields
	:score - Average consistency score across sentences (0.0 to 1.0, higher is better),
weighted by sentence length.
	:hallucinated_spans - List of sentence-level span maps identifying unsupported parts
of the answer. Each span has :text, :start, :end (byte offsets), :score
(hallucination confidence), and :sources (list of %{chunk_id: term(), score: float()}
sorted by overlap score desc).
	:faithful_spans - List of sentence-level span maps identifying supported parts
of the answer. Same shape as hallucinated spans.
	:token_labels - Unused (kept for backwards compatibility). Always nil.


      


      
        Summary


  
    Types
  


    
      
        span()

      


    


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      span()



        
          
        

    

  


  

      

          @type span() :: %{
  text: String.t(),
  start: non_neg_integer(),
  end: non_neg_integer(),
  score: float(),
  sources: [%{chunk_id: term(), score: float()}]
}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Arcana.Grounding.Result{
  faithful_spans: [span()],
  hallucinated_spans: [span()],
  score: float(),
  token_labels: [map()] | nil
}


      



  


        

      


  

    
Arcana.Ingest 
    



      
Document ingestion for Arcana.
Handles chunking, embedding, and storing documents with optional
GraphRAG entity/relationship extraction.

      


      
        Summary


  
    Functions
  


    
      
        ingest(text, opts)

      


        Ingests text content, creating a document with embedded chunks.



    


    
      
        ingest_binary(binary, opts)

      


        Ingests in-memory bytes, parsing them the same way ingest_file/2
parses a file on disk.



    


    
      
        ingest_file(path, opts)

      


        Ingests a file, parsing its content and creating a document with embedded chunks.



    





      


      
        Functions


        


  
    
      
    
    
      ingest(text, opts)



        
          
        

    

  


  

Ingests text content, creating a document with embedded chunks.
Options
	:repo - The Ecto repo to use (required)
	:source_id - An optional identifier for grouping/filtering
	:metadata - Optional map of metadata to store with the document
	:chunk_size - Maximum chunk size in characters (default: 1024)
	:chunk_overlap - Overlap between chunks (default: 200)
	:collection - Collection name (string) or map with name and description (default: "default")
	:graph - Enable GraphRAG extraction (default: from config)
	:replace - When true, atomically replaces any prior document with the
same (collection, source_id) once the new ingest completes. Requires
:source_id. See "Replacing documents" below.
	:on_chunk_error - What a chunk that fails to embed does to the rest
of the document: :abort (default) or :skip. See "When a chunk
fails to embed" below.

When a chunk fails to embed
Every chunk is embedded before anything is written, so a failure never
leaves a partly-stored document behind.
With the default :abort, one rejected chunk fails the whole ingest and
writes nothing:
{:error, {:embedding_failed, %{chunk_index: 12, reason: reason}}}
The chunk_index is there so you can find the offending input instead of
guessing which of forty chunks the endpoint refused.
With :skip, the chunks that did embed are stored and the rest are
reported:
{:ok, document, %{skipped_chunks: 1, reasons: [...], failed: [%{chunk_index: 12, reason: ...}]}}
For retrieval, 39 of 40 chunks beats losing the document. The reason is
also written to document.error, so a partial ingest is still explicable
from the row alone. Skipped chunks leave a gap in chunk_index rather
than renumbering, since a chunk's "start_byte"/"end_byte" metadata is
what locates it in the source.
If every chunk fails, :skip returns
{:error, {:all_chunks_failed, failures}} and writes nothing: a document
with no chunks is invisible to search but still counts in listings, which
is the state this option exists to avoid.
Replacing documents
With replace: true, source_id becomes a stable document identity:
re-ingesting the same identity supersedes earlier documents instead of
accumulating next to them. The new document is ingested first and
predecessors (including :failed/:processing leftovers from crashed
attempts) are deleted only after it completes, so the old chunks stay
searchable until the replacement lands and their rows cascade away with
the document.
The swap runs in a transaction under a per-identity advisory lock, so
callers don't need their own mutex for correctness. If two ingests for the
same identity run concurrently, the first to complete wins and the other
returns {:error, :replaced_by_concurrent_ingest} (or may fail while
storing chunks whose document was already replaced).
A replacement that fails to embed leaves the predecessor untouched: the
swap only runs once the new document's chunks are all in hand.
A custom graph store cannot join the database transaction. If retiring the
predecessor's graph data fails after the swap commits, ingestion returns
{:error, {:post_commit_graph_cleanup_failed, context}}. The replacement is
already the published document in that case. The context contains the
failure reason, retired chunk IDs, their publication snapshot, and the
collection ID needed to retry graph cleanup without re-ingesting the source.

  



  
    
      
    
    
      ingest_binary(binary, opts)



        
          
        

    

  


  

Ingests in-memory bytes, parsing them the same way ingest_file/2
parses a file on disk.
:filename is required: its extension picks the parser and its value
is stored as the document's file_path for provenance. Nothing is
written to disk.
Options
	:filename - Name the bytes came from, e.g. "report.docx" (required)
	:repo - The Ecto repo to use (required)
	:source_id - An optional identifier for grouping/filtering
	:metadata - Optional map of metadata to store with the document
	:chunk_size - Maximum chunk size in characters (default: 1024)
	:chunk_overlap - Overlap between chunks (default: 200)
	:collection - Collection name to organize the document (default: "default")
	:graph - Enable GraphRAG extraction (default: from config)
	:replace - When true, atomically replaces any prior document with the
same (collection, source_id) once the new ingest completes. Requires
:source_id. See "Replacing documents" in ingest/2.
	:on_chunk_error - :abort (default) or :skip. See "When a chunk
fails to embed" in ingest/2.

Parsers that need a path
A parser only handles binaries when it says so via
Arcana.FileParser.supports_binary?/0. The built-in PDF parser
shells out to pdftotext and needs a real file, so ingesting PDF bytes
returns {:error, {:binary_unsupported, Arcana.FileParser.PDF.Poppler}}
— write them to a temp file and use ingest_file/2 instead.
A parser that is also unavailable reports that instead, since a retry
through ingest_file/2 would fail just the same: with pdftotext
missing, PDF bytes come back as {:error, :poppler_not_available}.

  



  
    
      
    
    
      ingest_file(path, opts)



        
          
        

    

  


  

Ingests a file, parsing its content and creating a document with embedded chunks.
Handles plain text, markdown, and PDF natively, plus any format with a
parser registered under config :arcana, :file_parsers — see
Arcana.Parser for resolution and Arcana.FileParser for the
behaviour. The document's content_type comes from the resolved
parser.
Options
	:repo - The Ecto repo to use (required)
	:source_id - An optional identifier for grouping/filtering
	:metadata - Optional map of metadata to store with the document
	:chunk_size - Maximum chunk size in characters (default: 1024)
	:chunk_overlap - Overlap between chunks (default: 200)
	:collection - Collection name to organize the document (default: "default")
	:graph - Enable GraphRAG extraction (default: from config)
	:replace - When true, atomically replaces any prior document with the
same (collection, source_id) once the new ingest completes. Requires
:source_id. See "Replacing documents" in ingest/2.
	:on_chunk_error - :abort (default) or :skip. See "When a chunk
fails to embed" in ingest/2.

Chunk metadata
Every chunk stores the "start_byte"/"end_byte" range it occupies in
the extracted text. When the parser also reports page positions (the
built-in PDF parser does), chunks additionally carry "page_start" and
"page_end", so Arcana.search/2 results can cite a page:
[result | _] = Arcana.search("refund policy", repo: Repo)
result.metadata["page_start"]
#=> 4

  


        

      


  

    
Arcana.LLM protocol
    



      
Protocol for LLM adapters used by Arcana.
Arcana accepts any LLM that implements this protocol. Built-in implementations:
	Model strings via Req.LLM (e.g., "openai:gpt-4o-mini", "zai:glm-4.5-flash")
	Tuples of {model_string, opts} for passing options like :api_key
	Tuples of {module, function} naming a function of arity 1, 2, or 3
(prompt, prompt, context, or prompt, context, opts)
	Anonymous functions (for testing)

Prefer the {module, function} form for config :arcana, :llm — unlike
a captured function, it serializes into a release's sys.config, and it
works without req_llm.
Examples
# Model string (requires req_llm)
Arcana.ask("question", llm: "openai:gpt-4o-mini", repo: MyApp.Repo)

# With options
Arcana.ask("question", llm: {"zai:glm-4.7", api_key: "key"}, repo: MyApp.Repo)

# Module/function tuple (release-safe for config)
config :arcana, llm: {MyApp.LLM, :complete}

# Function (for testing)
Arcana.ask("question", llm: fn _prompt -> {:ok, "answer"} end, repo: MyApp.Repo)
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        t()

      


        All the types that implement this protocol.
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        complete(llm, prompt, context, opts)

      


        Completes a prompt with the given context and options.
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          @type t() :: term()


      


All the types that implement this protocol.
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      complete(llm, prompt, context, opts)



        
          
        

    

  


  

Completes a prompt with the given context and options.
Returns {:ok, response} or {:error, reason}.

  


        

      


  

    
Arcana.Loop 
    



      
Agentic RAG via an LLM-driven tool loop.
Where Arcana.Pipeline composes RAG steps that you decide ahead of time,
Arcana.Loop lets the LLM decide what to do each turn. The controller
picks tools (search, answer, give_up) until it has enough context
to answer the question or hits a safety limit.
This is the "Agentic RAG" pattern from Singh et al.'s 2025 survey: an LLM
driven loop with tool use, as opposed to the static "Modular RAG" pipeline
in Arcana.Pipeline. Both patterns are useful and they coexist.
Quick start
{:ok, ctx} =
  Arcana.Loop.new("Find episodes where a Time Lord betrayed the Doctor",
    repo: MyApp.Repo,
    collection: "doctor-who"
  )
  |> Arcana.Loop.run(controller_llm: "openai:gpt-4o-mini")

ctx.answer
ctx.tool_history
ctx.terminated_by
The loop's LLM options differ from the rest of arcana
Arcana.ask/2, Arcana.Pipeline, graph extraction and community
summarization all accept a {module, function} LLM. The loop does not, and
passing one raises ArgumentError. Two things to know before adopting it.
req_llm is required either way. run/2 refuses to start without it, because
the messages and tools the loop builds are ReqLLM.Context and ReqLLM.Tool
structs. So the loop is the one part of arcana an app cannot use while leaving
req_llm out.
You can still route the model call through your own stack, using a
three-arity function rather than a {module, function} tuple:
Arcana.Loop.run(ctx,
  controller_llm: fn messages, tools, opts ->
    # messages are ReqLLM.Context entries, tools are ReqLLM.Tool structs.
    # Return the shape ReqLLM.Response.classify/1 produces. The loop
    # routes on :type and has no fallback clause, so it must be there:
    #
    #     {:ok, %{type: :tool_calls, tool_calls: [...]}}
    #     {:ok, %{type: :final_answer, text: "..."}}
    #     {:error, reason}
    MyApp.LLM.complete_with_tools(messages, tools, opts)
  end
)
That is the hook for your own tracing and cost accounting. What it cannot do is
live in config/runtime.exs as data: a captured function does not serialize
into a release's sys.config, which is exactly what {module, function} was
added for elsewhere. So the loop's LLM has to be wired where code runs, not in
config.
Why the tuple is refused rather than supported: a {module, function} LLM is
called as a plain completion - prompt in, text out - with nowhere to pass tools
or read tool calls back. The loop needs both, so accepting the shape would mean
a provider-agnostic tool-calling contract for arcana. If you want that, say so
on #164.
:answer_llm carries the same restriction. The answerer is passed no tools and
asked for prose, but both roles go through the same call path, so it takes a
model spec or a three-arity function too.
Its return contract is looser, though. The :type routing above is the
controller's: the answerer only needs {:ok, %{text: binary}} with a non-empty
string, and anything else - including an error - silently keeps the
controller's own draft rather than failing the run.
The max_iterations fallback synthesizer has no draft underneath it at all,
since it only runs when the controller never called answer, so failing it
costs you more. A failed synthesis leaves :answer as nil and the run still
comes back {:ok, ctx} with terminated_by: :max_iterations.
The non-empty part of that contract belongs to the default synthesizer rather
than to the loop. A custom :synthesizer has its {:ok, text} stored
verbatim, so {:ok, ""} leaves you an empty answer instead of nil. If you
supply your own, check that the answer is present rather than just non-nil.
Two models
You can configure separate models for the loop controller and the final
answer. When :answer_llm is omitted the controller is used for both.
Termination
The loop terminates on any of:
	The controller calls the answer tool. terminated_by: :answered.
	The controller calls the give_up tool. terminated_by: :gave_up.
	max_iterations is reached. terminated_by: :max_iterations.
	The controller LLM returns an error. terminated_by: :error.
	The controller returns a final answer with no tool calls.
terminated_by: :answered.

Configuration
Set defaults via app config. Per-call options override these.
config :arcana, loop: [
  max_iterations: 10,
  controller_llm: "openai:gpt-4o-mini",
  chunk_cap: 30
]
Telemetry
Each phase emits events under [:arcana, :loop, :*].
References
	Agentic RAG Survey (Singh et al., 2025)
	Anthropic: Writing tools for agents
	OpenAI: GPT-5 prompting guide


      


      
        Summary


  
    Functions
  


    
      
        ground(ctx, opts \\ [])

      


        Runs a grounding analysis on the loop's answer against the accumulated
chunks and stores the result in ctx.grounding.



    


    
      
        new(question, opts \\ [])

      


        Builds a new Arcana.Loop.Context for run/2.



    


    
      
        run(ctx, opts \\ [])

      


        Runs the agent loop until it terminates.
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      ground(ctx, opts \\ [])



        
          
        

    

  


  

      

          @spec ground(Arcana.Loop.Context.t(), keyword()) :: Arcana.Loop.Context.t()


      


Runs a grounding analysis on the loop's answer against the accumulated
chunks and stores the result in ctx.grounding.
Reuses the Arcana.Grounder behaviour. By default uses
Arcana.Grounder.Hallmark, which scores sentence-level
faithfulness via Vectara HHEM through Bumblebee.
Skipped cases
Grounding is a no-op (ctx.grounding stays nil) when:
	The loop terminated with terminated_by: :error (ctx.error is set)
	ctx.answer is nil
	ctx.chunks is empty — there's nothing to ground against

Options
	:grounder - Module implementing Arcana.Grounder or a
3-arity function (answer, chunks, opts) -> {:ok, result} | {:error, reason}.
Defaults to Arcana.Grounder.Hallmark. Use Arcana.Grounder.LLMJudge
for LLM-as-judge faithfulness instead of NLI scoring.

Any other options are passed through to the grounder, with :question
added automatically from ctx.question.
Example
{:ok, ctx} =
  Arcana.Loop.new("What is a TARDIS?", repo: repo, collection: "doctor-who")
  |> Arcana.Loop.run(controller_llm: llm)

ctx = Arcana.Loop.ground(ctx)

ctx.grounding.score               # 0.0-1.0 faithfulness
ctx.grounding.hallucinated_spans  # unsupported sentences
ctx.grounding.faithful_spans      # supported sentences + chunk attribution
Errors from the grounder are swallowed: if the grounder fails, ctx.grounding
stays nil and the rest of the context is unchanged. Grounding is a
nice-to-have annotation, not a fatal step.
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          @spec new(String.t(), keyword()) :: Arcana.Loop.Context.t()


      


Builds a new Arcana.Loop.Context for run/2.
Options
	:repo - Ecto repo for retrieval tools. Falls back to :repo global config.
	:collection - Collection scope as :all, a name, or a list of names.


  



    

  
    
      
    
    
      run(ctx, opts \\ [])



        
          
        

    

  


  

      

          @spec run(Arcana.Loop.Context.t(), keyword()) :: {:ok, Arcana.Loop.Context.t()}


      


Runs the agent loop until it terminates.
Returns {:ok, ctx} with the final loop context. The context's
:terminated_by, :answer, :tool_history, and :chunks fields tell
you what happened.
Options
	:tools - List of ReqLLM.Tool structs. Defaults to Tools.default/0.
	:max_iterations - Hard cap on controller turns. Default 10.
	:controller_llm - Model spec for the loop controller. Required.
Either a ReqLLM model string or a function
fn messages, tools, opts -> {:ok, classified} | {:error, reason} end.
	:answer_llm - Optional model spec for the answerer, separate
from the controller. When set, the loop's controller picks tools as
usual, but the user-facing answer text is produced by the answer_llm
via a separate tool-less LLM call. Use this for the
"cheap controller / strong answerer" pattern: a small fast model
drives the loop, a stronger model writes the final answer. Triggers
on the answer tool path (rewrites the controller's draft) and on
the max_iterations synthesis fallback (used as the default
synthesizer). Does not rewrite give_up (which would just dress
up failure in nicer prose). When unset, the controller's text is
used as ctx.answer directly.
	:system_prompt - Override the default system prompt. Either a
string or a function fn opts -> string end.
	:chunk_cap - Maximum chunks accumulated across iterations. Default 30.
	:search_fn - Override Arcana.search/2 for the built-in search tool.
Used in tests; receives (query, search_opts).
	:search_opts - Extra options forwarded to the search tool's call into
Arcana.search/2.
	:fallback_synthesis - When the loop hits max_iterations without
answer being called and chunks have been accumulated, do one final
tool-less LLM call to synthesize an answer from those chunks. Defaults
to true. Set to false to leave ctx.answer as nil on
max_iterations.
	:synthesizer - Override the synthesis function used for the
max_iterations fallback path. Receives (messages, opts) and must
return {:ok, text} or {:error, reason}. When unset, the default
synthesizer calls :answer_llm if set, otherwise :controller_llm.
Setting :synthesizer directly bypasses both. Note: this only affects
the fallback path. The answer tool rewrite always uses :answer_llm
directly when set, regardless of :synthesizer.
	:answer_prompt - Override the instruction text appended to the
conversation when :answer_llm rewrites the controller's draft
answer. String (literal text) or (opts -> string) function.
Use this to control answer style without replacing the whole
:answer_llm. Example:
answer_prompt: "Write a one-paragraph summary. No bullet points."
	:synthesis_prompt - Same as :answer_prompt but for the
max_iterations fallback synthesis path. The two paths take
separate options because the framing is different ("you ran out
of budget" vs "the controller committed").
	:temperature - Sampling temperature applied to all three LLM
call sites (controller, answer rewrite, fallback synthesis). When
omitted, the model's own default is used.
	:controller_temperature - Override :temperature for the
controller call only. Useful when you want a low temperature
(e.g. 0.0-0.2) for tool routing decisions but a higher one for
answer prose.
	:answer_temperature - Override :temperature for the
:answer_llm rewrite call only.
	:fallback_temperature - Override :temperature for the
fallback synthesis call only.


  


        

      


  

    
Arcana.Loop.Context 
    



      
State carried through an Arcana.Loop run.
This is the loop's working memory. It accumulates chunks across iterations,
records the tool history, and tracks termination state.
Fields
	:question - The original user question.
	:repo - Ecto repo to use for retrieval tools.
	:collections - Collection scope for retrieval tools. Either :all, one
name, or a list of names, where [] matches no collections.
	:messages - The ReqLLM.Context carrying the running conversation.
	:chunks - Accumulated chunks from search tool calls (capped via :chunk_cap).
	:tool_history - List of %{tool, args, iteration, summary} entries in call order.
	:iterations - Number of LLM controller turns executed.
	:answer - Final answer text once the loop terminates.
	:terminated_by - One of :answered, :gave_up, :max_iterations, :error, or nil.
	:error - Error reason when terminated_by == :error.
	:grounding - Populated by Arcana.Loop.ground/2 with an
%Arcana.Grounding.Result{} scoring the answer against ctx.chunks.
nil until grounding runs.


      


      
        Summary


  
    Types
  


    
      
        t()

      


    


    
      
        tool_history_entry()
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          @type t() :: %Arcana.Loop.Context{
  answer: String.t() | nil,
  chunks: [map()],
  collections: Arcana.CollectionScope.input(),
  error: term() | nil,
  grounding: Arcana.Grounding.Result.t() | nil,
  iterations: non_neg_integer(),
  messages: term() | nil,
  question: String.t(),
  repo: module() | nil,
  terminated_by: atom() | nil,
  tool_history: [tool_history_entry()]
}


      



  



  
    
      
    
    
      tool_history_entry()



        
          
        

    

  


  

      

          @type tool_history_entry() :: %{
  tool: atom(),
  args: map(),
  iteration: non_neg_integer(),
  summary: String.t()
}


      



  


        

      


  

    
Arcana.Loop.SystemPrompt 
    



      
Default system prompt for Arcana.Loop.
The prompt follows current best practices from Anthropic's tool use guidance,
OpenAI's GPT-5 prompting guide, and the Self-RAG / CRAG literature:
	Structured into named markdown sections (works across providers).
	Heavy detail in tool descriptions, not the system prompt.
	Explicit when-NOT-to-call rules to avoid over-eager tool use.
	Tool budget is mentioned even though max_iterations enforces it.
	No Thought:/Action: prefixes since native tool calling drives the loop.
	Self-critique on retrieval quality before answering.
	Soft language, not aggressive CRITICAL/MUST (these cause over-trigger).

Override with the :system_prompt option on Arcana.Loop.run/2.
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        default(opts \\ [])

      


        Returns the default system prompt for the loop.
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          @spec default(keyword()) :: String.t()


      


Returns the default system prompt for the loop.
Takes the loop options so the prompt can mention the configured
:max_iterations budget.

  


        

      


  

    
Arcana.Loop.Tools 
    



      
Default tool definitions and execution for Arcana.Loop.
Tools are exposed to the controller LLM as ReqLLM.Tool structs. The
callbacks on those structs are placeholders: the loop runner executes
tools itself via execute/4 so it can mutate the loop state (accumulate
chunks, record history, terminate the loop).
Default toolset
	Tool	What it does
	search	Search the knowledge base. Uses graph data when available.
	answer	Provide the final answer (terminates the loop).
	give_up	Admit defeat and stop (terminates the loop).

Terminating tools (answer and give_up) end the loop. search is the
only tool that touches your Repo and the only one that accumulates state.
Query rewriting and decomposition aren't separate tools — they happen
inside the search tool's query parameter, guided by the system prompt.
Custom tools
Pass tools: [...] to Loop.run/2 with your own ReqLLM.Tool structs
appended to (or replacing) the defaults. Custom tools are invoked via
their :callback function when the controller calls them.
The callback is a 1-arity function (args) -> {:ok, text} | {:error, text}
where text is the string returned to the controller as the tool result.
Custom tools always continue the loop (they never terminate it). The
controller can still call answer or give_up to end the loop.
web_search = ReqLLM.Tool.new!(
  name: "web_search",
  description: "Search the web for current information.",
  parameter_schema: [query: [type: :string, required: true]],
  callback: fn %{query: q} ->
    case MyApp.WebSearch.run(q) do
      {:ok, results} -> {:ok, format_results(results)}
      {:error, reason} -> {:error, inspect(reason)}
    end
  end
)

Loop.run(ctx, tools: Tools.default() ++ [web_search], controller_llm: llm)
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    Functions
  


    
      
        default(collections \\ :all)

      


        Returns the default list of tool definitions as ReqLLM.Tool structs.



    


    
      
        execute(ctx, name, args, opts \\ [])

      


        Executes a tool call against the loop context.
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      default(collections \\ :all)



        
          
        

    

  


  

      

          @spec default(Arcana.CollectionScope.input() | [nil]) :: [ReqLLM.Tool.t()]


      


Returns the default list of tool definitions as ReqLLM.Tool structs.
These are the tools shipped with Arcana.Loop. Pass tools: default/0
(or omit :tools) to use them. Replace with your own list to customize.
Context-aware search tool
When called with a list of collection names longer than one, the
search tool gains an optional collection parameter that the
controller can use to narrow the search per call. When called with
:all, no collections, or a single-element list, the parameter is
omitted and the caller-supplied collection (if any) is always used.
That way, Arcana.Loop.new(collection: "docs") locks the controller
to a single collection programmatically (the tool can't even express
a different one), while Arcana.Loop.new(collection: ["a", "b"])
lets the controller pick per call.

  



    

  
    
      
    
    
      execute(ctx, name, args, opts \\ [])



        
          
        

    

  


  

      

          @spec execute(Arcana.Loop.Context.t(), String.t(), map(), keyword()) ::
  {:continue, Arcana.Loop.Context.t(), String.t(), map()}
  | {:terminate, Arcana.Loop.Context.t(), atom(), String.t()}


      


Executes a tool call against the loop context.
Returns one of:
	{:continue, updated_ctx, summary_text, meta} - the loop should
continue; summary_text is what gets sent back to the controller
LLM as the tool result, and meta is a map of extra metadata to
record in the tool history (e.g. %{returned_chunk_ids: [...]}
for search).
	{:terminate, updated_ctx, reason, answer_text} - the loop should
stop; reason is one of :answered or :gave_up; answer_text
becomes ctx.answer.


  


        

      


  

    
Arcana.Maintenance 
    



      
Maintenance functions for Arcana.
These functions are designed to be callable from production environments
where mix tasks are not available (e.g., releases).
Usage in Production
# Remote IEx
iex> Arcana.Maintenance.reembed(MyApp.Repo)

# Release command
bin/my_app eval "Arcana.Maintenance.reembed(MyApp.Repo)"
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    Functions
  


    
      
        configured_detector()

      


        The community detector this install would use.



    


    
      
        detect_communities(repo, opts \\ [])

      


        Detects communities in the knowledge graph using the Leiden algorithm.



    


    
      
        embed_entities(repo, opts \\ [])

      


        Embeds entity descriptions for entities that lack embeddings.



    


    
      
        embedding_dimensions()

      


        Returns the current embedding dimensions.



    


    
      
        embedding_info()

      


        Returns info about the current embedding configuration.



    


    
      
        graph_info()

      


        Returns info about the current graph configuration.



    


    
      
        rebuild_graph(repo, opts \\ [])

      


        Rebuilds the knowledge graph for documents.



    


    
      
        reembed(repo, opts \\ [])

      


        Re-embeds all chunks and rechunks documents that have no chunks.



    


    
      
        summarize_communities(repo, opts \\ [])

      


        Generates summaries for communities that need them.



    





      


      
        Functions


        


  
    
      
    
    
      configured_detector()



        
          
        

    

  


  

The community detector this install would use.
Returns {module, opts}, a 3-arity function, or nil. Public so callers
can check the dependency the configured detector actually needs, rather
than assuming the built-in one.

  



    

  
    
      
    
    
      detect_communities(repo, opts \\ [])



        
          
        

    

  


  

Detects communities in the knowledge graph using the Leiden algorithm.
This runs community detection on entities and relationships, producing
hierarchical community clusters. Existing communities for the collection(s)
are cleared before detection.
Options
	:collection - :all, one collection name, or a list of collection
names (default: :all). An empty list does no work.
	:resolution - Community detection resolution (default: 1.0)
	:objective - Quality function (default: :cpm)
	:iterations - Optimization iterations (default: 2)
	:seed - Random seed; 0 lets the algorithm randomize (default: 0)
	:min_size - Minimum community size to keep (default: 1)
	:max_level - Maximum hierarchy levels (default: 1, from :community_levels)
	:progress - Function to call with progress updates fn current, total -> :ok end

Configuration
Every detection knob can also be set globally, and the detector itself
is pluggable:
config :arcana, :graph,
  community_detector: :leiden,
  resolution: 1.0,
  objective: :cpm,
  iterations: 2,
  seed: 42,
  min_size: 1,
  community_levels: 3
Knobs resolve in this order, later wins: library defaults, then
config :arcana, :graph, then options carried by the configured
community_detector tuple, then the per-call options above.
Examples
# Basic usage - all collections
Arcana.Maintenance.detect_communities(MyApp.Repo)

# Single collection
Arcana.Maintenance.detect_communities(MyApp.Repo, collection: "my-docs")

# With custom resolution
Arcana.Maintenance.detect_communities(MyApp.Repo, resolution: 0.5)

# Reproducible membership
Arcana.Maintenance.detect_communities(MyApp.Repo, seed: 42)

  



    

  
    
      
    
    
      embed_entities(repo, opts \\ [])



        
          
        

    

  


  

Embeds entity descriptions for entities that lack embeddings.
Uses the configured embedder to generate vector embeddings from entity
descriptions, enabling GraphRAG-style entity similarity search.
Options
	:collection - :all, one collection name, or a list of collection
names (default: :all). An empty list does no work.
	:batch_size - Entities per batch (default: 100)
	:progress - Progress callback fn current, total -> :ok end
	:force - Re-embed all entities, not just those without embeddings (default: false)
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Returns the current embedding dimensions.
Useful for verifying the configured embedder before running migrations.
Examples
iex> Arcana.Maintenance.embedding_dimensions()
{:ok, 1536}
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Returns info about the current embedding configuration.
Examples
iex> Arcana.Maintenance.embedding_info()
%{type: :openai, model: "text-embedding-3-small", dimensions: 1536}
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Returns info about the current graph configuration.
Examples
iex> Arcana.Maintenance.graph_info()
%{enabled: true, extractor: :llm}

  



    

  
    
      
    
    
      rebuild_graph(repo, opts \\ [])



        
          
        

    

  


  

Rebuilds the knowledge graph for documents.
See module docs for full options.

  



    

  
    
      
    
    
      reembed(repo, opts \\ [])



        
          
        

    

  


  

Re-embeds all chunks and rechunks documents that have no chunks.
This is useful when switching embedding models or after a migration
that cleared chunks.
Options
	:collection - :all, one collection name, or a list of collection
names (default: :all). An empty list does no work.
	:batch_size - Number of items to process at once (default: 50)
	:concurrency - Number of parallel embedding requests (default: 5)
	:skip - Number of chunks to skip (for resuming interrupted runs)
	:progress - Function to call with progress updates fn current, total -> :ok end

Examples
# Basic usage
Arcana.Maintenance.reembed(MyApp.Repo)

# With progress callback and concurrency
Arcana.Maintenance.reembed(MyApp.Repo,
  batch_size: 100,
  concurrency: 10,
  progress: fn current, total ->
    IO.puts("Progress: #{current}/#{total}")
  end
)

# Resume from chunk 500
Arcana.Maintenance.reembed(MyApp.Repo, skip: 500)

  



    

  
    
      
    
    
      summarize_communities(repo, opts \\ [])



        
          
        

    

  


  

Generates summaries for communities that need them.
This function iterates through communities and generates LLM summaries
for those that are dirty, have no summary, or have accumulated changes.
Options
	:collection - :all, one collection name, or a list of collection
names (default: :all). An empty list does no work.
	:progress - Progress callback function
	:force - Regenerate all summaries even if not dirty (default: false)
	:concurrency - Number of parallel summarization tasks (default: 1)
	:llm - LLM function for summarization (uses config if not provided)
	:levels - Hierarchy levels to summarize: an integer, a list, a range
or :all. Defaults to config :arcana, :graph, community_summary_level,
the levels Arcana.ask/2 actually reads, so detection can generate a
deeper hierarchy without paying an LLM call per unread level.

Returns
{:ok, %{communities: count, summaries: count}} on success.
Examples
# Summarize all dirty communities
Maintenance.summarize_communities(repo)

# Force regenerate all summaries
Maintenance.summarize_communities(repo, force: true)

# Summarize a specific collection
Maintenance.summarize_communities(repo, collection: "my-docs")

# Summarize every hierarchy level, not just the readable ones
Maintenance.summarize_communities(repo, levels: :all)
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Versioned migrations for Arcana's core tables.
Host applications run one migration and never write Arcana's DDL by hand:
defmodule MyApp.Repo.Migrations.AddArcana do
  use Ecto.Migration

  def up, do: Arcana.Migration.up(dimensions: 384)
  def down, do: Arcana.Migration.down()
end
Later upgrades need no new migration content, only a new migration that
calls up/1 again. Each release adds version steps; up/1 applies every
step between the version recorded in your database and the target.
Options
	:version - target version (defaults to the latest)
	:dimensions - required. Embedding dimensions for
arcana_chunks.embedding. Must match Arcana.Embedder.dimensions/1
for the embedder you run, or storing a chunk fails. There is no
default: the column can't be resized without rebuilding every vector
in it, and a wrong guess stays invisible on a database that already
has the table. mix arcana.install detects it from your configured embedder and writes
it into the migration it generates
	:prefix - Postgres schema to install into (defaults to the
connection's current schema)
	:create_schema - whether to create :prefix when it is missing
(defaults to true, ignored without a prefix)

Adoption
Installs created before this module existed have tables but no recorded
version. Version 1 is written to converge them: tables are created only
when absent, and columns added by later Arcana releases are added only
when missing. Running it against an existing database changes nothing it
already has. The one exception is a unique index whose shape is wrong: see
"What converge verifies" below, which lists everything checked against the
catalog rather than merely created when absent.
Where the version is recorded
The applied version is stored as the Postgres comment on arcana_documents, as
exactly arcana:<n>:
SELECT obj_description('arcana_documents'::regclass);
Arcana owns that comment. Two consequences worth knowing before you point
schema-documentation or data-catalog tooling at this table:
	recording a version replaces whatever comment is there, so a
description you wrote on arcana_documents is lost on the next migration
	a comment Arcana doesn't recognise reads as version 0, the same as a
fresh install, so up/1 re-runs the converge path (idempotent, and
harmless) while down/1 declines to drop anything

Comment on any other table freely. Only arcana_documents is reserved.
What converge verifies
Adoption creates only what is absent, so most objects are checked by name
alone. Three are verified against the catalog and corrected when they
differ, because being merely present isn't enough:
	arcana_documents.collection_id's delete rule, since older templates
emitted ON DELETE SET NULL
	the embedding column's dimension, which is compared against
:dimensions rather than altered
	the unique index on arcana_collections(name) and on arcana_evaluation_test_case_chunks(test_case_id, chunk_id), since create_if_not_exists matches on the index name and an
older template may have created one with a different shape

Everything else is create-if-absent. For the plain indexes that is
deliberate: a differing one costs performance, not correctness.
Version history
	1 - collections, documents, chunks and the evaluation tables

Uninstall ownership
Target version 0 removes only the core tables listed above. It leaves the
Postgres schema and vector extension in place. GraphRAG is a separate,
downstream migration stream whose tables reference the core tables, so a
same-prefix graph install must be removed with Arcana.Graph.Migration.down/1
before the core stream. Arcana refuses that ordering mistake before changing
the schema instead of exposing Postgres's dependency error.

      


      
        Summary


  
    Functions
  


    
      
        current_version()

      


        The latest version this release of Arcana knows how to migrate to.



    


    
      
        down(opts \\ [])

      


        Migrates down to :version, or removes Arcana's tables entirely.



    


    
      
        recorded_version(repo \\ nil, opts \\ [])

      


        The version recorded in the database, or 0 when Arcana has never been
installed.



    


    
      
        up(opts \\ [])

      


        Migrates up to :version, or to the latest version.



    





      


      
        Functions


        


  
    
      
    
    
      current_version()



        
          
        

    

  


  

The latest version this release of Arcana knows how to migrate to.

  



    

  
    
      
    
    
      down(opts \\ [])



        
          
        

    

  


  

Migrates down to :version, or removes Arcana's tables entirely.
Defaults to version 0, which drops everything this module created. A
same-prefix GraphRAG install must be removed first.

  



    

    

  
    
      
    
    
      recorded_version(repo \\ nil, opts \\ [])



        
          
        

    

  


  

The version recorded in the database, or 0 when Arcana has never been
installed.
Pass a repo when calling this outside a migration; inside one it defaults
to the migration's own repo. Pass :prefix to read a version recorded in
a Postgres schema other than the current one.
Both arguments default, so options must be given with a repo:
recorded_version(MyApp.Repo, prefix: "tenant_a"). A lone keyword list
would bind to the repo argument.

  



    

  
    
      
    
    
      up(opts \\ [])



        
          
        

    

  


  

Migrates up to :version, or to the latest version.
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Parses files into text content for ingestion.
Plain text and markdown are read natively, PDFs go through a
configurable parser (Poppler's pdftotext by default), and any other
format is handled by a parser you register.
Resolution order
For a file's extension (lowercased, with a leading dot):
	an exact match in config :arcana, :file_parsers (a false entry
means the extension is disabled and resolution stops here)
	the built-ins: .txt/.md/.markdown read natively, .pdf via
config :arcana, :pdf_parser
	config :arcana, :fallback_parser, unless it is nil/false
	otherwise {:error, :unsupported_format}

Registering parsers
config :arcana,
  # per-format
  file_parsers: %{".docx" => {MyApp.DocxParser, []}},
  # everything else (e.g. an extraction service covering many formats)
  fallback_parser: {MyApp.ExtractionService, []}
Registering ".pdf" in :file_parsers overrides the built-in PDF
route; registering it as false turns it off entirely, fallback
included. See Arcana.FileParser for the behaviour.
PDF Support
The default PDF parser requires pdftotext to be installed:
# macOS
brew install poppler

# Ubuntu/Debian
apt-get install poppler-utils

# Fedora
dnf install poppler-utils

      


      
        Summary


  
    Functions
  


    
      
        available?(extension)

      


        Whether the parser handling extension can run right now.



    


    
      
        content_type_for(path)

      


        Returns the content type for a path or filename, based on its
extension.



    


    
      
        parse(path)

      


        Parses a file and extracts text content.



    


    
      
        parse_binary(binary, filename, opts \\ [])

      


        Parses binary content, routing on filename's extension.



    


    
      
        parse_file(path, opts \\ [])

      


        Parses a file, returning text and any positional metadata the parser
reported.



    


    
      
        pdf_support_available?()

      


        Checks if PDF support is available.



    


    
      
        supported_formats()

      


        Returns the list of supported file extensions.



    





      


      
        Functions


        


  
    
      
    
    
      available?(extension)



        
          
        

    

  


  

Whether the parser handling extension can run right now.
Returns false when no parser handles the extension at all.

  



  
    
      
    
    
      content_type_for(path)



        
          
        

    

  


  

Returns the content type for a path or filename, based on its
extension.
Registered parsers may declare a :content_type in their options;
otherwise unknown extensions report application/octet-stream.

  



  
    
      
    
    
      parse(path)



        
          
        

    

  


  

Parses a file and extracts text content.
Returns {:ok, text} on success, or {:error, reason} on failure.
Use parse_file/2 to also receive positional metadata.

  



    

  
    
      
    
    
      parse_binary(binary, filename, opts \\ [])



        
          
        

    

  


  

Parses binary content, routing on filename's extension.
The resolved parser must accept binary input (supports_binary?/0),
otherwise returns {:error, {:binary_unsupported, module}}. Natively
handled text formats always work.
When a parser is both unavailable (available?/0) and path-only,
unavailability wins: this returns {:error, {:parser_unavailable, module}}, the same reason the path-based flow gives.

  



    

  
    
      
    
    
      parse_file(path, opts \\ [])



        
          
        

    

  


  

Parses a file, returning text and any positional metadata the parser
reported.
Returns {:ok, text, meta} where meta is %{} for parsers that
don't report positions. See Arcana.FileParser for the metadata shape.

  



  
    
      
    
    
      pdf_support_available?()



        
          
        

    

  


  

Checks if PDF support is available.
For the default Poppler parser, this checks if pdftotext is installed.
Custom parsers may have different availability requirements.
Examples
iex> Arcana.Parser.pdf_support_available?()
true  # or false if parser not available

  



  
    
      
    
    
      supported_formats()



        
          
        

    

  


  

Returns the list of supported file extensions.
Includes the natively handled formats plus any registered through
:file_parsers, minus any disabled with false. When a
:fallback_parser is configured every extension is effectively
supported, so this list is a lower bound.
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Pipeline-based agentic RAG for Arcana.
Compose steps via pipes with a context struct flowing through each transformation:
Arcana.Pipeline.new(question, llm: llm_fn)
|> Arcana.Pipeline.search()
|> Arcana.Pipeline.answer()
Context
The Arcana.Pipeline.Context struct flows through the pipeline, accumulating
results at each step. Each step transforms the context and passes it on.
Steps
	new/1,2 - Initialize context with question and options
	search/2 - Execute search, populate results
	answer/1 - Generate final answer from results

Configuration
Set defaults in your config to avoid passing options every time:
config :arcana,
  repo: MyApp.Repo,
  llm: &MyApp.LLM.complete/1
Example
ctx =
  Arcana.Pipeline.new("What is Elixir?")
  |> Arcana.Pipeline.search()
  |> Arcana.Pipeline.answer()

ctx.answer
# => "Generated answer"
How agentic is this?
Arcana.Pipeline is a composed sequence of steps you wire together
once. It's not a fully autonomous loop where an LLM decides its next
action (like ReAct) — that's what Arcana.Loop is for. The "agentic"
parts of the pipeline live inside specific steps:
	gate/2 — LLM decides whether retrieval is needed at all
	search(self_correct: true) — retries with rewritten queries when
results look insufficient
	reason/2 — multi-hop loop that asks the LLM for follow-up queries
when current results don't answer the question
	answer(self_correct: true) — regenerates the answer when grounding
detects unsupported claims

These match the "Modular" and "Corrective" patterns in Singh et al.'s
survey rather than the full single-agent loop. You compose the pipeline
once at call time; you don't hand control to an LLM to drive it.
References
	Agentic Retrieval-Augmented Generation: A Survey
(Singh et al., 2025) — canonical taxonomy of agentic RAG patterns.
Arcana implements the Modular and Corrective patterns; not the full
single-agent or multi-agent variants.
	Self-RAG: Learning to Retrieve, Generate, and Critique through Self-Reflection
(Asai et al., ICLR 2024) — inspires gate/2 and ground/2.
	Corrective Retrieval Augmented Generation (CRAG)
(Yan et al., 2024) — inspires search(self_correct: true) and
answer(self_correct: true).
	HopRAG: Multi-Hop Reasoning for Logic-Aware RAG
(Liu et al., ACL 2025) — inspires reason/2 (multi-hop search).
	What Is Agentic RAG?
(Weaviate, 2024) — vendor-neutral overview of the pattern.


      


      
        Summary


  
    Functions
  


    
      
        answer(ctx, opts \\ [])

      


        Generates the final answer from search results.



    


    
      
        decompose(ctx, opts \\ [])

      


        Breaks a complex question into simpler sub-questions.



    


    
      
        expand(ctx, opts \\ [])

      


        Expands the query with synonyms and related terms.



    


    
      
        gate(ctx, opts \\ [])

      


        Decides whether retrieval is needed for the question.



    


    
      
        ground(ctx, opts \\ [])

      


        Checks if the generated answer is grounded in the retrieved context.



    


    
      
        new(question, opts \\ [])

      


        Creates a new pipeline context.



    


    
      
        reason(ctx, opts \\ [])

      


        Evaluates if search results are sufficient and searches again if not.



    


    
      
        rerank(ctx, opts \\ [])

      


        Re-ranks search results to improve quality before answering.



    


    
      
        rewrite(ctx, opts \\ [])

      


        Rewrites conversational input into a clear search query.



    


    
      
        search(ctx, opts \\ [])

      


        Executes search and populates results in the context.



    


    
      
        select(ctx, opts)

      


        Selects which collection(s) to search for the question.



    





      


      
        Functions


        


    

  
    
      
    
    
      answer(ctx, opts \\ [])



        
          
        

    

  


  

Generates the final answer from search results.
Collects all chunks from results, deduplicates by ID, and prompts the LLM
to generate an answer based on the context.
Options
	:answerer - Custom answerer module or function (default: Arcana.Pipeline.Answerer.LLM)
	:prompt - Custom prompt function fn question, chunks -> prompt_string end
	:llm - Override the LLM function for this step
	:self_correct - Enable self-correcting answers (default: false)
	:max_corrections - Max correction attempts (default: 2)

Example
ctx
|> Pipeline.search()
|> Pipeline.answer()

ctx.answer
# => "The answer based on retrieved context..."
Custom Answerer
# Module implementing Arcana.Pipeline.Answerer behaviour
Pipeline.answer(ctx, answerer: MyApp.TemplateAnswerer)

# Inline function
Pipeline.answer(ctx, answerer: fn question, chunks, opts ->
  llm = Keyword.fetch!(opts, :llm)
  prompt = "Q: " <> question <> "
Context: " <> inspect(chunks)
  Arcana.LLM.complete(llm, prompt, [], [])
end)

  



    

  
    
      
    
    
      decompose(ctx, opts \\ [])



        
          
        

    

  


  

Breaks a complex question into simpler sub-questions.
Uses the LLM to analyze the question and split it into parts that can
be searched independently. Simple questions are returned unchanged.
Options
	:decomposer - Custom decomposer module or function (default: Arcana.Pipeline.Decomposer.LLM)
	:prompt - Custom prompt function fn question -> prompt_string end
	:llm - Override the LLM function for this step

Example
ctx
|> Pipeline.decompose()
|> Pipeline.search()
|> Pipeline.answer()
The sub-questions are stored in ctx.sub_questions and used by search/2.
Custom Decomposer
# Module implementing Arcana.Pipeline.Decomposer behaviour
Pipeline.decompose(ctx, decomposer: MyApp.KeywordDecomposer)

# Inline function
Pipeline.decompose(ctx, decomposer: fn question, _opts ->
  {:ok, [question]}  # No decomposition
end)

  



    

  
    
      
    
    
      expand(ctx, opts \\ [])



        
          
        

    

  


  

Expands the query with synonyms and related terms.
Uses the LLM to add related terms and synonyms that may help
find more relevant documents. The expanded query is used by search/2
if present.
Options
	:expander - Custom expander module or function (default: Arcana.Pipeline.Expander.LLM)
	:prompt - Custom prompt function fn question -> prompt_string end
	:llm - Override the LLM function for this step

Example
ctx
|> Pipeline.expand()
|> Pipeline.search()
|> Pipeline.answer()
The expanded query is stored in ctx.expanded_query and used by search/2.
Custom Expander
# Module implementing Arcana.Pipeline.Expander behaviour
Pipeline.expand(ctx, expander: MyApp.ThesaurusExpander)

# Inline function
Pipeline.expand(ctx, expander: fn question, _opts ->
  {:ok, question <> " programming development"}
end)

  



    

  
    
      
    
    
      gate(ctx, opts \\ [])



        
          
        

    

  


  

Decides whether retrieval is needed for the question.
Uses the LLM to determine if the question can be answered from general
knowledge or if it requires searching the knowledge base. Questions
about basic facts, math, or general knowledge can skip retrieval.
Sets skip_retrieval: true on the context if retrieval can be skipped,
which causes answer/2 to generate a response without context.
Options
	:prompt - Custom prompt function fn question -> prompt_string end
	:llm - Override the LLM function for this step

Example
ctx
|> Pipeline.gate()      # Decides if retrieval is needed
|> Pipeline.search()    # Skipped if skip_retrieval is true
|> Pipeline.answer()    # Uses no-context prompt if skip_retrieval

  



    

  
    
      
    
    
      ground(ctx, opts \\ [])



        
          
        

    

  


  

Checks if the generated answer is grounded in the retrieved context.
Uses NLI scoring to check each sentence in the answer against the
retrieved context, producing a grounding score and hallucinated spans.
By default uses Arcana.Grounder.Hallmark (Vectara HHEM via Bumblebee).
Options
	:grounder - Custom grounder module or function (default: Arcana.Grounder.Hallmark).
Pass Arcana.Grounder.LLMJudge for LLM-as-judge faithfulness instead of NLI scoring.

Example
ctx
|> Pipeline.search()
|> Pipeline.answer()
|> Pipeline.ground()

ctx.grounding.score
# => 0.95

ctx.grounding.hallucinated_spans
# => [%{text: "invented in 2010", start: 42, end: 59, score: 0.87}]
Custom Grounder
# Module implementing Arcana.Grounder behaviour
Pipeline.ground(ctx, grounder: MyApp.LLMGrounder)

# Inline function
Pipeline.ground(ctx, grounder: fn answer, chunks, opts ->
  {:ok, %Arcana.Grounding.Result{score: 1.0, hallucinated_spans: []}}
end)

  



    

  
    
      
    
    
      new(question, opts \\ [])



        
          
        

    

  


  

Creates a new pipeline context.
Options
	:repo - The Ecto repo to use (defaults to Application.get_env(:arcana, :repo))
	:llm - Function that takes a prompt and returns {:ok, response} or {:error, reason}
(defaults to Application.get_env(:arcana, :llm))
	:limit - Maximum chunks to retrieve (default: 5)
	:threshold - Minimum similarity threshold (default: 0.5)

Example
# With config defaults
config :arcana, repo: MyApp.Repo, llm: &MyApp.LLM.complete/1

Pipeline.new("What is Elixir?")

# Or with explicit options
Pipeline.new("What is Elixir?", repo: MyApp.Repo, llm: &my_llm/1)

  



    

  
    
      
    
    
      reason(ctx, opts \\ [])



        
          
        

    

  


  

Evaluates if search results are sufficient and searches again if not.
This step implements multi-hop reasoning by:
	Asking the LLM if current results can answer the question
	If not, getting a follow-up query and searching again
	Repeating until sufficient or max iterations reached

Tracks queries_tried to prevent searching the same query twice.
Options
	:max_iterations - Maximum additional searches (default: 2)
	:prompt - Custom prompt function fn question, chunks -> prompt_string end
	:llm - Override the LLM function for this step
	:searcher - Searcher for the follow-up searches. Defaults to the one
search/2 used, so a scoped searcher keeps applying without repeating
the option. Falls back to Arcana.Searcher.Arcana when search/2 never
ran.
	:searcher_opts - Extra options for follow-up searches. These merge over
the original search options when the searcher is inherited. Replacing the
searcher starts from repo, limit, and threshold so backend-specific options
do not leak between implementations.

Follow-up searches run against ctx.collections, which search/2 records,
so the collection scope keeps applying too.
Example
ctx
|> Pipeline.search()
|> Pipeline.reason()    # Multi-hop if needed
|> Pipeline.rerank()
|> Pipeline.answer()
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Re-ranks search results to improve quality before answering.
Scores each chunk based on relevance to the question, filters by threshold,
and re-sorts by score. Uses Arcana.Reranker.LLM by default.
Options
	:reranker - Custom reranker module or function (default: Arcana.Reranker.LLM)
	:threshold - Minimum score to keep (default: 7, range 0-10)
	:prompt - Custom prompt function for LLM reranker fn question, chunk_text -> prompt end

Example
ctx
|> Pipeline.search()
|> Pipeline.rerank()
|> Pipeline.answer()
Custom Reranker
# Module implementing Arcana.Reranker behaviour
Pipeline.rerank(ctx, reranker: MyApp.CrossEncoderReranker)

# Inline function
Pipeline.rerank(ctx, reranker: fn question, chunks, opts ->
  {:ok, my_rerank(question, chunks)}
end)
The reranked results replace ctx.results, and scores are stored in ctx.rerank_scores.
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Rewrites conversational input into a clear search query.
Uses the LLM to remove conversational noise (greetings, filler phrases)
while preserving the core question and all important terms.
This step should run before expand/2 and decompose/2 to clean up
the input before further transformations.
Options
	:rewriter - Custom rewriter module or function (default: Arcana.Pipeline.Rewriter.LLM)
	:prompt - Custom prompt function fn question -> prompt_string end
	:llm - Override the LLM function for this step

Example
ctx
|> Pipeline.rewrite()   # "Hey, tell me about Elixir" → "about Elixir"
|> Pipeline.expand()
|> Pipeline.search()
|> Pipeline.answer()
Custom Rewriter
# Module implementing Arcana.Pipeline.Rewriter behaviour
Pipeline.rewrite(ctx, rewriter: MyApp.RegexRewriter)

# Inline function
Pipeline.rewrite(ctx, rewriter: fn question, _opts ->
  {:ok, String.downcase(question)}
end)
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Executes search and populates results in the context.
Uses sub_questions if present (from decompose step), otherwise uses the original question.
Collection Selection
Collection scope is determined in this priority order:
	:collection option passed to this function
	ctx.collections (set by select/2 if LLM selection was used)
	Falls back to "default" collection

The resolved scope is recorded on ctx.collections, so later steps that
retrieve (like reason/2) search the same scope instead of picking one
of their own.
This allows you to explicitly specify a collection without using LLM-based selection:
# Search a specific collection
ctx |> Pipeline.search(collection: "technical_docs")

# Search multiple specific collections
ctx |> Pipeline.search(collection: ["docs", "faq"])
Options
	:searcher - Custom searcher module or function (default: Arcana.Searcher.Arcana)
	:collection - :all, a collection name, or a list of collection names
	:self_correct - Enable self-correcting search (default: false)
	:max_iterations - Max retry attempts for self-correct (default: 3)
	:sufficient_prompt - Custom prompt function fn question, chunks -> prompt_string end
	:rewrite_prompt - Custom prompt function fn question, chunks -> prompt_string end

Examples
# Basic search (uses default collection)
ctx |> Pipeline.search() |> Pipeline.answer()

# Search specific collection
ctx |> Pipeline.search(collection: "products") |> Pipeline.answer()

# With pipeline options
ctx
|> Pipeline.expand()
|> Pipeline.search(collection: "docs", self_correct: true)
|> Pipeline.answer()
Custom Searcher
# Module implementing Arcana.Searcher behaviour
Pipeline.search(ctx, searcher: MyApp.ElasticsearchSearcher)

# Inline function
Pipeline.search(ctx, searcher: fn question, collection, opts ->
  {:ok, my_search(question, collection, opts)}
end)
Self-correcting search
When self_correct: true, the agent will:
	Execute the search
	Ask the LLM if results are sufficient
	If not, rewrite the query and retry
	Repeat until sufficient or max_iterations reached
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Selects which collection(s) to search for the question.
By default, uses the LLM to decide which collection(s) are most relevant.
You can provide a custom selector module or function for deterministic routing.
Collection descriptions are automatically fetched from the database
and passed to the selector.
Options
	:collections (required) - List of available collection names
	:selector - Custom selector module or function (default: Arcana.Pipeline.Selector.LLM)
	:prompt - Custom prompt function for LLM selector
	:context - User context map passed to custom selectors

Example
# LLM-based selection (default)
ctx
|> Pipeline.select(collections: ["docs", "api", "support"])
|> Pipeline.search()

# Custom selector module
ctx
|> Pipeline.select(
  collections: ["docs", "api"],
  selector: MyApp.TeamBasedSelector,
  context: %{team: user.team}
)

# Inline selector function
ctx
|> Pipeline.select(
  collections: ["docs", "api"],
  selector: fn question, _collections, _opts ->
    if question =~ "API", do: {:ok, ["api"], "API query"}, else: {:ok, ["docs"], nil}
  end
)
The selected collections are stored in ctx.collections and used by search/2.

  


        

      


  

    
Arcana.Pipeline.Answerer behaviour
    



      
Behaviour for answer generation in Arcana.Pipeline.
The answerer generates the final response based on the question and
retrieved context chunks.
Built-in Implementations
	Arcana.Pipeline.Answerer.LLM - Uses your LLM to generate answers (default)

Implementing a Custom Answerer
defmodule MyApp.TemplateAnswerer do
  @behaviour Arcana.Pipeline.Answerer

  @impl true
  def answer(question, chunks, _opts) do
    context = Enum.map_join(chunks, "
", & &1.text)
    answer = "Based on " <> Integer.to_string(length(chunks)) <> " sources:
" <> context
    {:ok, answer}
  end
end
Using a Custom Answerer
Pipeline.new(question, repo: repo, llm: llm)
|> Pipeline.search()
|> Pipeline.answer(answerer: MyApp.TemplateAnswerer)
Using an Inline Function
Pipeline.answer(ctx,
  answerer: fn question, chunks, opts ->
    llm = Keyword.fetch!(opts, :llm)
    prompt = build_my_prompt(question, chunks)
    Arcana.LLM.complete(llm, prompt, [], [])
  end
)

      


      
        Summary


  
    Callbacks
  


    
      
        answer(question, chunks, opts)

      


        Generates an answer based on the question and context chunks.



    





      


      
        Callbacks


        


  
    
      
    
    
      answer(question, chunks, opts)



        
          
        

    

  


  

      

          @callback answer(question :: String.t(), chunks :: [map()], opts :: keyword()) ::
  {:ok, String.t()} | {:error, term()}


      


Generates an answer based on the question and context chunks.
Parameters
	question - The user's original question
	chunks - List of context chunks retrieved by search
	opts - Options passed to Pipeline.answer/2, including:	:llm - The LLM function (for LLM-based answerers)
	:prompt - Custom prompt function fn question, chunks -> prompt end
	Any other options passed to Pipeline.answer/2



Returns
	{:ok, answer} - The generated answer string
	{:error, reason} - On failure


  


        

      


  

    
Arcana.Pipeline.Answerer.LLM 
    



      
LLM-based answer generator.
Uses the configured LLM to generate answers from retrieved context.
This is the default answerer used by Pipeline.answer/2.
Usage
# With Arcana.Pipeline (uses ctx.llm automatically)
ctx
|> Pipeline.search()
|> Pipeline.answer()

# Directly
{:ok, answer} = Arcana.Pipeline.Answerer.LLM.answer(
  "What is Elixir?",
  chunks,
  llm: &my_llm/1
)
Custom Prompts
Pipeline.answer(ctx,
  prompt: fn question, chunks ->
    context = Enum.map_join(chunks, "
", & &1.text)
    "Answer: " <> question <> "
Context: " <> context
  end
)

      




  

    
Arcana.Pipeline.Context 
    



      
Context struct that flows through Arcana.Pipeline.
Each step in the pipeline reads from and writes to this struct,
allowing steps to be composed via pipes.
Fields
Input (set by new/2)
	:question - The original question
	:repo - The Ecto repo to use
	:llm - LLM function for generating answers

Options
	:limit - Maximum chunks to retrieve per search
	:threshold - Minimum similarity threshold

Populated by rewrite/2
	:rewritten_query - Conversational input rewritten as a clear search query

Populated by select/2
	:collections - List of collection names to search (also recorded by
search/2, see below)
	:selection_reasoning - LLM's reasoning for the selection decision

Populated by expand/2
	:expanded_query - Query expanded with synonyms and related terms

Populated by decompose/1
	:sub_questions - List of sub-questions to search separately

Populated by gate/2
	:skip_retrieval - If true, skip search and answer from LLM knowledge
	:gate_reasoning - LLM's reasoning for the gate decision

Populated by search/2
	:results - List of %{question: _, collection: _, chunks: _} maps
	:searcher - The searcher used, so later steps that retrieve (like
reason/2) stay on the caller's searcher instead of silently falling
back to the default one
	:searcher_opts - The effective backend options passed to that searcher,
reused by later retrieval steps so tenant, auth, and backend settings survive
	:collections - :all or the list of collections actually searched, for
the same reason. search/2 resolves them from its own options first, then
this field (which select/2 may have set), so an explicit option still wins

Populated by reason/2
	:queries_tried - MapSet of queries already searched (prevents loops)
	:reason_iterations - Number of reason iterations performed

Populated by rerank/2
	:rerank_scores - Map of chunk ID to score (for debugging/observability)

Populated by answer/1
	:answer - The generated answer
	:context_used - Chunks used to generate the answer
	:correction_count - Number of self-corrections performed (0 if disabled)
	:corrections - List of {answer, feedback} tuples showing correction history

Populated by ground/2
	:grounding - %Arcana.Grounding.Result{} with score, hallucinated spans, and token labels

Error handling
	:error - Error reason if any step fails


      




  

    
Arcana.Pipeline.Decomposer behaviour
    



      
Behaviour for query decomposition in Arcana.Pipeline.
The decomposer breaks complex questions into simpler sub-questions
that can be searched independently, improving retrieval for multi-faceted queries.
Built-in Implementations
	Arcana.Pipeline.Decomposer.LLM - Uses your LLM to decompose queries (default)

Implementing a Custom Decomposer
defmodule MyApp.KeywordDecomposer do
  @behaviour Arcana.Pipeline.Decomposer

  @impl true
  def decompose(question, _opts) do
    # Simple keyword-based decomposition
    sub_questions =
      question
      |> String.split(~r/\s+(and|vs|versus|compared to)\s+/i)
      |> Enum.map(&String.trim/1)
      |> Enum.reject(&(&1 == ""))

    {:ok, sub_questions}
  end
end
Using a Custom Decomposer
Pipeline.new(question, repo: repo, llm: llm)
|> Pipeline.decompose(decomposer: MyApp.KeywordDecomposer)
|> Pipeline.search()
Using an Inline Function
Pipeline.decompose(ctx,
  decomposer: fn question, _opts ->
    {:ok, [question]}  # No decomposition
  end
)

      


      
        Summary


  
    Callbacks
  


    
      
        decompose(question, opts)

      


        Decomposes a complex question into simpler sub-questions.



    





      


      
        Callbacks


        


  
    
      
    
    
      decompose(question, opts)



        
          
        

    

  


  

      

          @callback decompose(question :: String.t(), opts :: keyword()) ::
  {:ok, [String.t()]} | {:error, term()}


      


Decomposes a complex question into simpler sub-questions.
Parameters
	question - The complex question to decompose
	opts - Options passed to Pipeline.decompose/2, including:	:llm - The LLM function (for LLM-based decomposers)
	:prompt - Custom prompt function (for LLM-based decomposers)
	Any other options passed to Pipeline.decompose/2



Returns
	{:ok, sub_questions} - List of simpler questions
	{:error, reason} - On failure, the original question is used as a single-item list


  


        

      


  

    
Arcana.Pipeline.Decomposer.LLM 
    



      
LLM-based query decomposer.
Uses the configured LLM to break complex questions into simpler sub-questions.
This is the default decomposer used by Pipeline.decompose/2.
Usage
# With Arcana.Pipeline (uses ctx.llm automatically)
ctx
|> Pipeline.decompose()
|> Pipeline.search()
|> Pipeline.answer()

# Directly
{:ok, sub_questions} = Arcana.Pipeline.Decomposer.LLM.decompose(
  "Compare Elixir and Go for web services",
  llm: &my_llm/1
)

      




  

    
Arcana.Pipeline.Expander behaviour
    



      
Behaviour for query expansion in Arcana.Pipeline.
The expander adds synonyms, related terms, and alternative phrasings
to improve document retrieval coverage.
Built-in Implementations
	Arcana.Pipeline.Expander.LLM - Uses your LLM to expand queries (default)

Implementing a Custom Expander
defmodule MyApp.ThesaurusExpander do
  @behaviour Arcana.Pipeline.Expander

  @impl true
  def expand(question, _opts) do
    expanded = question <> " " <> lookup_synonyms(question)
    {:ok, expanded}
  end

  defp lookup_synonyms(question) do
    # Your synonym lookup logic
    ""
  end
end
Using a Custom Expander
Pipeline.new(question, repo: repo, llm: llm)
|> Pipeline.expand(expander: MyApp.ThesaurusExpander)
|> Pipeline.search()
Using an Inline Function
Pipeline.expand(ctx,
  expander: fn question, _opts ->
    {:ok, question <> " programming software development"}
  end
)

      


      
        Summary


  
    Callbacks
  


    
      
        expand(question, opts)

      


        Expands a query with synonyms and related terms.



    





      


      
        Callbacks


        


  
    
      
    
    
      expand(question, opts)



        
          
        

    

  


  

      

          @callback expand(question :: String.t(), opts :: keyword()) ::
  {:ok, String.t()} | {:error, term()}


      


Expands a query with synonyms and related terms.
Parameters
	question - The query to expand
	opts - Options passed to Pipeline.expand/2, including:	:llm - The LLM function (for LLM-based expanders)
	:prompt - Custom prompt function (for LLM-based expanders)
	Any other options passed to Pipeline.expand/2



Returns
	{:ok, expanded_query} - The expanded query string
	{:error, reason} - On failure, the original question is used


  


        

      


  

    
Arcana.Pipeline.Expander.LLM 
    



      
LLM-based query expander.
Uses the configured LLM to add synonyms and related terms to queries.
This is the default expander used by Pipeline.expand/2.
Usage
# With Arcana.Pipeline (uses ctx.llm automatically)
ctx
|> Pipeline.expand()
|> Pipeline.search()
|> Pipeline.answer()

# Directly
{:ok, expanded} = Arcana.Pipeline.Expander.LLM.expand(
  "ML models",
  llm: &my_llm/1
)

      




  

    
Arcana.Pipeline.Rewriter behaviour
    



      
Behaviour for query rewriting in Arcana.Pipeline.
The rewriter transforms conversational input into clear search queries
by removing filler phrases, greetings, and other noise while preserving
the core question and important terms.
Built-in Implementations
	Arcana.Pipeline.Rewriter.LLM - Uses your LLM to rewrite queries (default)

Implementing a Custom Rewriter
defmodule MyApp.RegexRewriter do
  @behaviour Arcana.Pipeline.Rewriter

  @impl true
  def rewrite(question, _opts) do
    cleaned =
      question
      |> String.replace(~r/^(hey|hi|hello)[,!]?\s*/i, "")
      |> String.replace(~r/^(can you|could you|please)\s+/i, "")
      |> String.trim()

    {:ok, cleaned}
  end
end
Using a Custom Rewriter
Pipeline.new(question, repo: repo, llm: llm)
|> Pipeline.rewrite(rewriter: MyApp.RegexRewriter)
|> Pipeline.search()
Using an Inline Function
Pipeline.rewrite(ctx,
  rewriter: fn question, _opts ->
    {:ok, String.downcase(question)}
  end
)

      


      
        Summary


  
    Callbacks
  


    
      
        rewrite(question, opts)

      


        Rewrites a conversational query into a clear search query.



    





      


      
        Callbacks


        


  
    
      
    
    
      rewrite(question, opts)



        
          
        

    

  


  

      

          @callback rewrite(question :: String.t(), opts :: keyword()) ::
  {:ok, String.t()} | {:error, term()}


      


Rewrites a conversational query into a clear search query.
Parameters
	question - The user's original question
	opts - Options passed to Pipeline.rewrite/2, including:	:llm - The LLM function (for LLM-based rewriters)
	:prompt - Custom prompt function (for LLM-based rewriters)
	Any other options passed to Pipeline.rewrite/2



Returns
	{:ok, rewritten_query} - The cleaned query string
	{:error, reason} - On failure, the original question is used


  


        

      


  

    
Arcana.Pipeline.Rewriter.LLM 
    



      
LLM-based query rewriter.
Uses the configured LLM to transform conversational input into clear
search queries. This is the default rewriter used by Pipeline.rewrite/2.
Usage
# With Arcana.Pipeline (uses ctx.llm automatically)
ctx
|> Pipeline.rewrite()
|> Pipeline.search()
|> Pipeline.answer()

# Directly
{:ok, rewritten} = Arcana.Pipeline.Rewriter.LLM.rewrite(
  "Hey, can you tell me about Elixir?",
  llm: &my_llm/1
)

      




  

    
Arcana.Pipeline.Selector behaviour
    



      
Behaviour for collection selection in Arcana.Pipeline.
The selector determines which collections to search based on the question
and available collections. This allows for both LLM-based routing (default)
and deterministic routing based on user context, metadata, or business logic.
Implementing a Custom Selector
defmodule MyApp.TeamBasedSelector do
  @behaviour Arcana.Pipeline.Selector

  @impl true
  def select(_question, _collections, opts) do
    case opts[:context][:team] do
      "api" -> {:ok, ["api-reference", "sdk-docs"], "API team routing"}
      "mobile" -> {:ok, ["mobile-docs", "react-native"], "Mobile team routing"}
      _ -> {:ok, ["general"], "Default routing"}
    end
  end
end
Using a Custom Selector
Pipeline.new(question, repo: repo, llm: llm)
|> Pipeline.select(
  collections: ["api-reference", "mobile-docs", "general"],
  selector: MyApp.TeamBasedSelector,
  context: %{team: current_user.team}
)
Using an Inline Function
Pipeline.select(ctx,
  collections: collections,
  selector: fn question, _collections, _opts ->
    if question =~ "API" do
      {:ok, ["api-docs"], "Question mentions API"}
    else
      {:ok, ["general"], "General query"}
    end
  end
)

      


      
        Summary


  
    Callbacks
  


    
      
        select(question, collections, opts)

      


        Selects which collections to search based on the question.



    





      


      
        Callbacks
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          @callback select(
  question :: String.t(),
  collections :: [{name :: String.t(), description :: String.t() | nil}],
  opts :: keyword()
) :: {:ok, [String.t()], String.t() | nil} | {:error, term()}


      


Selects which collections to search based on the question.
Parameters
	question - The user's question
	collections - List of {name, description} tuples for available collections
	opts - Options passed to Pipeline.select/2, including:	:llm - The LLM function (for LLM-based selectors)
	:prompt - Custom prompt function (for LLM-based selectors)
	:context - User-provided context map
	Any other options passed to Pipeline.select/2



Returns
	{:ok, selected_collections, reasoning} - List of collection names to search
and optional reasoning string (can be nil)
	{:error, reason} - On failure, falls back to all collections


  


        

      


  

    
Arcana.Pipeline.Selector.LLM 
    



      
LLM-based collection selector.
Uses the configured LLM to analyze the question and available collections,
then selects the most relevant ones to search. This is the default selector
used by Pipeline.select/2.
Collection descriptions are included in the prompt to help the LLM make
better routing decisions.

      




  

    
Arcana.Reranker behaviour
    



      
Behaviour for re-ranking search results.
Re-rankers improve retrieval quality by scoring chunks based on their
relevance to the question, then filtering and re-sorting by score.
No reranker runs unless you configure one. There is no implicit default:
with neither config :arcana, reranker: ... nor a :reranker option,
Arcana.search/2 returns its results unreranked, even when an LLM is
configured for Arcana.ask/2.
config :arcana, reranker: Arcana.Reranker.LLM        # every search
Arcana.search(query, reranker: Arcana.Reranker.LLM)  # this search
A module, or a {module, opts} tuple, or a three-arity function. There is no
:llm shortcut - unlike :embedder and :chunker, the reranker spec defines
none, so name the module.
Reranking filters as well as reorders
Worth knowing before you enable one: the callback returns chunks filtered by
:threshold and sorted by score, so a chunk that was in the results can be
absent afterwards rather than merely lower down. :threshold is therefore a
recall-for-precision trade, not a display preference - if a relevant chunk
disappears when you turn reranking on, lower it (or set it to 0 to reorder
only).
Built-in Implementations
	Arcana.Reranker.LLM - uses your LLM to score relevance. Costs an LLM round
trip per search, which is seconds rather than milliseconds - see its
moduledoc before using it on an interactive path
	Arcana.Reranker.CrossEncoder and Arcana.Reranker.ColBERT - local models,
no LLM call

Custom Implementations
Implement the rerank/3 callback:
defmodule MyApp.CrossEncoderReranker do
  @behaviour Arcana.Reranker

  @impl Arcana.Reranker
  def rerank(question, chunks, opts) do
    # Your custom logic
    {:ok, scored_and_filtered_chunks}
  end
end
Or provide a function directly:
Pipeline.rerank(ctx, reranker: fn question, chunks, opts ->
  {:ok, my_rerank(question, chunks)}
end)

      


      
        Summary


  
    Callbacks
  


    
      
        rerank(question, chunks, opts)

      


        Re-ranks chunks based on relevance to the question.
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          @callback rerank(
  question :: String.t(),
  chunks :: [Arcana.SearchResult.t() | map()],
  opts :: keyword()
) ::
  {:ok, [Arcana.SearchResult.t() | map()]} | {:error, term()}


      


Re-ranks chunks based on relevance to the question.
Chunks from Arcana.search/2 are Arcana.SearchResult structs, but
custom Arcana.Searcher implementations may supply plain maps, so
rerankers should not assume the struct. Returns chunks filtered by
threshold and sorted by score (highest first). Rerankers that compute
an explicit score store it under :rerank_score (all the built-in
rerankers do); rerankers that only reorder or filter can return the
chunks unchanged.
Options
	:threshold - Minimum score to keep (default: 7, range 0-10)
	:llm - LLM function for scoring (required for LLM reranker)
	:prompt - Custom prompt function fn question, chunk_text -> prompt end


  


        

      


  

    
Arcana.Reranker.ColBERT 
    



      
ColBERT-style neural reranker using per-token embeddings and MaxSim scoring.
Uses the Stephen library to rerank chunks with fine-grained semantic matching.
Unlike single-vector embeddings, ColBERT maintains one embedding per token,
enabling more nuanced relevance scoring.
Requirements
Add stephen to your dependencies:
{:stephen, "~> 0.1"}
Usage
# With Arcana.Pipeline
ctx
|> Pipeline.search()
|> Pipeline.rerank(reranker: Arcana.Reranker.ColBERT)
|> Pipeline.answer()

# With custom encoder
ctx
|> Pipeline.search()
|> Pipeline.rerank(reranker: {Arcana.Reranker.ColBERT, encoder: my_encoder})
|> Pipeline.answer()

# Directly
{:ok, reranked} = Arcana.Reranker.ColBERT.rerank(
  "What is Elixir?",
  chunks,
  threshold: 0.5
)
Options
	:encoder - Pre-loaded Stephen encoder. If not provided, loads the default
encoder on first use (cached for subsequent calls).
	:threshold - Minimum score to keep (default: 0.0). ColBERT scores are
typically in the range 0-30+ depending on query/document length.
	:top_k - Maximum number of results to return (default: all above threshold)

Score Interpretation
ColBERT scores are the sum of maximum similarities between query tokens and
document tokens. Higher is better, but the scale depends on query length:
	Short queries (2-3 words): scores typically 5-15
	Medium queries (5-10 words): scores typically 10-25
	Long queries (10+ words): scores typically 20-40+

Consider using :top_k rather than :threshold for most use cases.

      




  

    
Arcana.Reranker.CrossEncoder 
    



      
Local cross-encoder reranker using Bumblebee.
Scores query-chunk pairs with a cross-encoder model, producing raw relevance
logits. Much more accurate than bi-encoder similarity since the model sees
the query and chunk together.
Usage
# In Arcana.Pipeline
ctx
|> Pipeline.search()
|> Pipeline.rerank(reranker: Arcana.Reranker.CrossEncoder)
|> Pipeline.answer()

# Directly
{:ok, reranked} = Arcana.Reranker.CrossEncoder.rerank(
  "What is Elixir?",
  chunks,
  threshold: 0.0
)
Configuration
The serving must be started in your supervision tree:
children = [
  {Arcana.Reranker.CrossEncoder, model: "cross-encoder/ms-marco-MiniLM-L-6-v2"}
]
Options
	:model - HuggingFace model ID (default: cross-encoder/ms-marco-MiniLM-L-6-v2)
	:threshold - Minimum logit score to keep (default: 0.0)
	:top_k - Keep top N results regardless of threshold (overrides threshold)


      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        start_link(opts \\ [])
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Returns a specification to start this module under a supervisor.
See Supervisor.
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Arcana.Reranker.LLM 
    



      
LLM-based re-ranker that scores chunk relevance in a single batched call.
Sends all chunks to the LLM in one prompt, gets back JSON scores (0-10),
then filters by threshold and sorts by score descending.
Cost
One LLM call per search, on the critical path. Measured on a ~230 document
collection at limit: 8 with over_fetch: 3: 16-35 seconds per search against
0.2-0.8 seconds unreranked. That is fine for a batch or background path and
usually too slow for an interactive one - Arcana.Reranker.CrossEncoder and
Arcana.Reranker.ColBERT score locally if you want reranking without the round
trip.
Also note the threshold filters: it defaults to 7, so chunks the LLM scores
below that are dropped from the results rather than moved down. See
Arcana.Reranker for what that trade means.
Which LLM it uses
In order: :llm in these opts (whether passed beside :reranker or inside its
option list), then config :arcana, llm: .... Arcana.Pipeline supplies
ctx.llm through the first. It raises only when neither is set.
Usage
# With Arcana.Pipeline (uses ctx.llm automatically)
ctx
|> Pipeline.search()
|> Pipeline.rerank()
|> Pipeline.answer()

# Directly
{:ok, reranked} = Arcana.Reranker.LLM.rerank(
  "What is Elixir?",
  chunks,
  llm: &my_llm/1,
  threshold: 7
)
Custom prompt
Pass a :prompt function with arity 2 receiving (question, passages) where
passages is a list of {id, chunk} tuples:
prompt_fn = fn question, passages ->
  # Build your own prompt using the question and passages
end

LLM.rerank("question", chunks, llm: llm, prompt: prompt_fn)

      




  

    
Arcana.Search 
    



      
Search functionality for Arcana.
Provides vector, keyword, and hybrid search modes with optional
GraphRAG enhancement using Reciprocal Rank Fusion (RRF).
Mode names
Canonical mode atoms are :vector, :keyword, and :hybrid. The
old names :semantic and :fulltext are still accepted as aliases
for :vector and :keyword respectively, with a deprecation warning
logged on use. The old names will be removed in a future release.

      


      
        Summary


  
    Functions
  


    
      
        normalize_mode(mode)

      


        Normalizes a search mode atom. Accepts the canonical :vector,
:keyword, :hybrid or the deprecated aliases :semantic and
:fulltext (with a one-line warning). Unknown values pass through
unchanged so the caller's validation surfaces them with context.



    


    
      
        rewrite_query(query, opts \\ [])

      


        Rewrites a query using a provided rewriter function.



    


    
      
        search(query, opts)

      


        Searches for chunks similar to the query.
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Normalizes a search mode atom. Accepts the canonical :vector,
:keyword, :hybrid or the deprecated aliases :semantic and
:fulltext (with a one-line warning). Unknown values pass through
unchanged so the caller's validation surfaces them with context.

  



    

  
    
      
    
    
      rewrite_query(query, opts \\ [])



        
          
        

    

  


  

Rewrites a query using a provided rewriter function.
Query rewriting can improve retrieval by expanding abbreviations,
adding synonyms, or reformulating the query for better matching.
Options
	:rewriter - A function that takes a query and returns {:ok, rewritten} or {:error, reason}


  



  
    
      
    
    
      search(query, opts)



        
          
        

    

  


  

Searches for chunks similar to the query.
Returns {:ok, results} where results is a list of Arcana.SearchResult
structs (the same shape for every mode), or {:error, reason} on failure.
Options
	:repo - The Ecto repo to use (required for pgvector backend)

	:limit - Maximum number of results (default: 10)

	:source_id - Filter results to a specific source

	:threshold - Minimum similarity score (default: 0.0)

	:mode - Search mode: :vector (default), :keyword, or :hybrid.
:semantic and :fulltext are deprecated aliases.

	:collection - Collection scope as :all, a collection name, a list of
collection names, or [] to match nothing

	:strict_collections - When true, an unknown collection name
returns {:error, {:unknown_collection, name}} instead of matching
nothing. Defaults to config :arcana, strict_collections: false.

	:vector_store - Override the configured vector store backend

	:vector_weight - Weight for vector scores in hybrid mode (default: 0.5)

	:keyword_weight - Weight for keyword scores in hybrid mode (default: 0.5)
Both must be non-negative numbers and cannot both be zero. What they mean
depends on the backend: pgvector multiplies them into a blended score that
is then compared against :threshold, so their magnitudes matter there.
Every other backend fuses ranks, where only the ratio matters and
{0.9, 0.1} ranks the same as {9, 1}.

	:reranker - Reranker module or function. Defaults to config :arcana, :reranker.
Pass false to disable a globally configured reranker for this call.
When set, retrieves limit * over_fetch candidates, reranks, returns top limit.

	:graph_depth - When graph search is enabled, how many relationship
hops to expand matched entities before fetching mentioned chunks
(default: 0, direct mentions only). Chunks reached via traversal are
down-weighted per hop so direct matches still rank first. The global
default is config :arcana, graph: [query_depth: n].


Defaults for :limit, :threshold, and :mode can be set globally:
config :arcana, search: [limit: 10, threshold: 0.0, mode: :vector]

  


        

      


  

    
Arcana.SearchResult 
    



      
Normalized search result returned by Arcana.search/2 for every mode.
All modes (:vector, :keyword, :hybrid, and graph-enhanced search)
return the same struct, so integrators never need per-mode formatters.
Fields
	:id - Chunk id (UUID string)
	:text - Chunk text
	:document_id - Owning document id (UUID string)
	:chunk_index - Position of the chunk within its document
	:score - Final relevance score for the mode that produced it
	:vector_score - Vector similarity component. Only set by the
single-query hybrid search on the pgvector backend, nil elsewhere.
	:keyword_score - Keyword relevance component. Same availability
as :vector_score.
	:rerank_score - Score attached by rerankers that produce one
(e.g. Arcana.Reranker.ColBERT), nil otherwise.
	:metadata - The chunk's stored metadata with string keys.

The struct implements the Access behaviour for reads, so result[:text]
keeps working for code that used the previous plain maps.
Serializing
Use to_map/1:
results |> Enum.map(&Arcana.SearchResult.to_map/1) |> JSON.encode!()
The struct is deliberately not derived for Jason.Encoder or
JSON.Encoder. Deriving would make the field set part of the wire
contract, so adding or renaming a field would break everyone serializing
results. to_map/1 is the seam instead: it returns a shape this module
commits to, and lets fields be added without exposing them.
Two things not to do. Map.from_struct/1 works today but makes the
private field set your contract, so a field added later that isn't
JSON-safe breaks you at encode time. And a defimpl JSON.Encoder, for: Arcana.SearchResult in your own application is an orphan implementation
for a struct you don't own: it collides if Arcana ever ships one, and with
any other library that did the same.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        from_store_result(result)

      


        Builds a result from a vector-store backend map (%{id, score, metadata}).



    


    
      
        to_map(result)

      


        The result as a plain map, for encoding, logging, or handing to a model.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Arcana.SearchResult{
  chunk_index: non_neg_integer() | nil,
  document_id: String.t() | nil,
  id: String.t() | term(),
  keyword_score: number() | nil,
  metadata: map(),
  rerank_score: number() | nil,
  score: number(),
  text: String.t(),
  vector_score: number() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      from_store_result(result)



        
          
        

    

  


  

Builds a result from a vector-store backend map (%{id, score, metadata}).
Backend metadata mixes the chunk's stored metadata with well-known keys
(:text, :chunk_index, :document_id, and hybrid score components);
the well-known keys become struct fields and the rest is kept under
:metadata with keys normalized to strings.

  



  
    
      
    
    
      to_map(result)



        
          
        

    

  


  

      

          @spec to_map(t()) :: map()


      


The result as a plain map, for encoding, logging, or handing to a model.
Fields are listed explicitly rather than taken from the struct, so this
stays a contract: a field added to the struct later is not silently
exposed to everything that serializes a result, and the keys here can
outlive an internal rename.
iex> result = %Arcana.SearchResult{id: "abc", text: "hello", score: 0.9}
iex> map = Arcana.SearchResult.to_map(result)
iex> {map.id, map.text, map.score, map.metadata}
{"abc", "hello", 0.9, %{}}
:metadata is passed through as stored, with string keys.

  


        

      


  

    
Arcana.Searcher behaviour
    



      
Behaviour for search execution in Arcana.Pipeline.
The searcher retrieves relevant chunks from a knowledge base based on the query.
This allows swapping Arcana's built-in pgvector search for any search backend.
Built-in Implementations
	Arcana.Searcher.Arcana - Uses Arcana's pgvector search (default)

Implementing a Custom Searcher
defmodule MyApp.ElasticsearchSearcher do
  @behaviour Arcana.Searcher

  @impl true
  def search(question, collection, opts) do
    limit = Keyword.get(opts, :limit, 5)

    # Your Elasticsearch query
    case Elasticsearch.search(collection, question, limit: limit) do
      {:ok, hits} ->
        chunks = Enum.map(hits, &to_chunk/1)
        {:ok, chunks}
      {:error, reason} ->
        {:error, reason}
    end
  end

  defp to_chunk(hit) do
    %{
      id: hit["_id"],
      text: hit["_source"]["content"],
      metadata: hit["_source"]["metadata"],
      similarity: hit["_score"]
    }
  end
end
Using a Custom Searcher
Pipeline.new(question, repo: repo, llm: llm)
|> Pipeline.search(searcher: MyApp.ElasticsearchSearcher)
|> Pipeline.answer()
Using an Inline Function
Pipeline.search(ctx,
  searcher: fn question, collection, opts ->
    {:ok, my_search(question, collection, opts)}
  end
)
Chunk Format
The searcher must return chunks as maps with at least these fields:
	:id - Unique identifier for the chunk
	:text - The text content
	:metadata - Optional metadata map
	:similarity - Optional similarity score (0.0-1.0)


      


      
        Summary


  
    Callbacks
  


    
      
        search(question, collection, opts)

      


        Searches for relevant chunks matching the question.



    





      


      
        Callbacks


        


  
    
      
    
    
      search(question, collection, opts)



        
          
        

    

  


  

      

          @callback search(
  question :: String.t(),
  collection :: String.t() | :all,
  opts :: keyword()
) ::
  {:ok, [map()]} | {:error, term()}


      


Searches for relevant chunks matching the question.
Parameters
	question - The search query
	collection - A collection name, or :all to search every collection
	opts - Options passed to Pipeline.search/2, including:	:repo - The Ecto repo (for database-backed searchers)
	:limit - Maximum chunks to return (default: 5)
	:threshold - Minimum similarity threshold (default: 0.5)
	Any other options passed to Pipeline.search/2



Returns
	{:ok, chunks} - List of chunk maps with :id, :text, :metadata, :similarity
	{:error, reason} - On failure

For :all, the searcher is called once and must apply its global limit and
ranking across the full corpus.

  


        

      


  

    
Arcana.Searcher.Arcana 
    



      
Default searcher using Arcana's built-in pgvector search.
Uses Arcana.search/2 to perform semantic similarity search against
the configured PostgreSQL database with pgvector.
Usage
# With Arcana.Pipeline (this is the default)
ctx
|> Pipeline.search()
|> Pipeline.answer()

# Explicitly specifying the searcher
ctx
|> Pipeline.search(searcher: Arcana.Searcher.Arcana)
|> Pipeline.answer()
Options
	:repo - The Ecto repo (required)
	:collection - A collection name, or :all
	:limit - Maximum chunks to return (default: 5)
	:threshold - Minimum similarity threshold (default: 0.5)


      




  

    
Arcana.TaskSupervisor 
    



      
Deprecated alias for ArcanaWeb.TaskSupervisor.
The task supervisor only serves the dashboard's async operations, so it
lives under the ArcanaWeb namespace now. Update your children list to
ArcanaWeb.TaskSupervisor.
Two things carried the old name. Only the first one still works:
	listing this module in a supervision tree, via child_spec/1 here,
which keeps working for the deprecation window
	Task.Supervisor.start_child(Arcana.TaskSupervisor, fun), which
resolves the atom as a registered process name rather than calling
anything on this module, and does not work and cannot be made to

A process may hold only one registered name, and the supervisor already
holds the new one, so it cannot answer to the old one as well:
Process.register(pid, ArcanaWeb.TaskSupervisor)
true

Process.register(pid, Arcana.TaskSupervisor)
** (ArgumentError) could not register #PID<...> ... it has already been
   given another name
Update those call sites to ArcanaWeb.TaskSupervisor. This module going
away in a future release only affects the supervision-tree usage.
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    Functions
  


    
      
        child_spec(opts)

          deprecated

      


    


    
      
        start_child(fun)

          deprecated

      


        See ArcanaWeb.TaskSupervisor.start_child/1.



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(opts)



        
          
        

    

  


    
      This function is deprecated. Use ArcanaWeb.TaskSupervisor instead.
    


  


  



  
    
      
    
    
      start_child(fun)



        
          
        

    

  


    
      This function is deprecated. Use ArcanaWeb.TaskSupervisor.start_child/1 instead.
    


  

See ArcanaWeb.TaskSupervisor.start_child/1.

  


        

      


  

    
Arcana.Telemetry 
    



      
Telemetry events emitted by Arcana.
Arcana uses the standard :telemetry library to emit events for observability.
You can attach handlers to these events for logging, metrics, or tracing.
Events
All events are emitted using :telemetry.span/3, which automatically generates
:start, :stop, and :exception events.
Ingest Events
	[:arcana, :ingest, :start] - Emitted when document ingestion begins.
	Measurement: %{system_time: integer}
	Metadata: %{text: String.t(), repo: module(), collection: String.t()}


	[:arcana, :ingest, :stop] - Emitted when document ingestion completes.
	Measurement: %{duration: integer}
	Metadata: %{document: Document.t(), chunk_count: integer}


	[:arcana, :ingest, :exception] - Emitted when document ingestion fails.
	Measurement: %{duration: integer}
	Metadata: %{kind: atom(), reason: term(), stacktrace: list()}



Search Events
	[:arcana, :search, :start] - Emitted when a search query begins.
	Measurement: %{system_time: integer}
	Metadata: %{query: String.t(), repo: module(), mode: atom(), limit: integer}


	[:arcana, :search, :stop] - Emitted when a search query completes.
	Measurement: %{duration: integer}
	Metadata: %{results: list(), result_count: integer}


	[:arcana, :search, :exception] - Emitted when a search query fails.
	Measurement: %{duration: integer}
	Metadata: %{kind: atom(), reason: term(), stacktrace: list()}



Ask Events (RAG)
	[:arcana, :ask, :start] - Emitted when a RAG question begins.
	Measurement: %{system_time: integer}
	Metadata: %{question: String.t(), repo: module()}


	[:arcana, :ask, :stop] - Emitted when a RAG question completes.
	Measurement: %{duration: integer}
	Metadata: %{answer: String.t(), context_count: integer}


	[:arcana, :ask, :exception] - Emitted when a RAG question fails.
	Measurement: %{duration: integer}
	Metadata: %{kind: atom(), reason: term(), stacktrace: list()}



Embed Events
	[:arcana, :embed, :start] - Emitted when embedding generation begins.
	Measurement: %{system_time: integer}
	Metadata: %{text: String.t()}


	[:arcana, :embed, :stop] - Emitted when embedding generation completes.
	Measurement: %{duration: integer}
	Metadata: %{dimensions: integer}


	[:arcana, :embed, :exception] - Emitted when embedding generation fails.
	Measurement: %{duration: integer}
	Metadata: %{kind: atom(), reason: term(), stacktrace: list()}



LLM Events
	[:arcana, :llm, :complete, :start] - Emitted when an LLM call begins.
	Measurement: %{system_time: integer}
	Metadata: %{model: String.t(), prompt_length: integer, context_count: integer}


	[:arcana, :llm, :complete, :stop] - Emitted when an LLM call completes.
	Measurement: %{duration: integer}
	Metadata: %{success: boolean, response_length: integer} or %{success: false, error: String.t()}


	[:arcana, :llm, :complete, :exception] - Emitted when an LLM call fails.
	Measurement: %{duration: integer}
	Metadata: %{kind: atom(), reason: term(), stacktrace: list()}



Pipeline Events
Each step in Arcana.Pipeline emits :start, :stop, and :exception events:
	[:arcana, :pipeline, :rewrite, :*] - Query rewriting step.
	Stop metadata: %{query: String.t()}


	[:arcana, :pipeline, :select, :*] - Collection selection step.
	Stop metadata: %{selected: [String.t()]}


	[:arcana, :pipeline, :expand, :*] - Query expansion step.
	Stop metadata: %{expanded_query: String.t()}


	[:arcana, :pipeline, :decompose, :*] - Question decomposition step.
	Stop metadata: %{sub_question_count: integer}


	[:arcana, :pipeline, :search, :*] - Vector search step.
	Stop metadata: %{total_chunks: integer}


	[:arcana, :pipeline, :rerank, :*] - Chunk reranking step.
	Stop metadata: %{kept: integer, original: integer}


	[:arcana, :pipeline, :answer, :*] - Answer generation step.
	Stop metadata: %{}


	[:arcana, :pipeline, :self_correct, :*] - Self-correction iteration.
	Stop metadata: %{attempt: integer}



GraphRAG Events
When using GraphRAG features (graph: true), these events are emitted:
	[:arcana, :graph, :build, :start] - Emitted when graph building begins during ingest.
	Measurement: %{system_time: integer}
	Metadata: %{chunk_count: integer, collection: String.t()}


	[:arcana, :graph, :build, :stop] - Emitted when graph building completes.
	Measurement: %{duration: integer}
	Metadata: %{entity_count: integer, relationship_count: integer}


	[:arcana, :graph, :build, :exception] - Emitted when graph building fails.
	Measurement: %{duration: integer}
	Metadata: %{kind: atom(), reason: term(), stacktrace: list()}


	[:arcana, :graph, :search, :start] - Emitted when graph-enhanced search begins.
	Measurement: %{system_time: integer}
	Metadata: %{query: String.t(), entity_count: integer}


	[:arcana, :graph, :search, :stop] - Emitted when graph-enhanced search completes.
	Measurement: %{duration: integer}
	Metadata: %{graph_result_count: integer, combined_count: integer}


	[:arcana, :graph, :search, :exception] - Emitted when graph-enhanced search fails.
	Measurement: %{duration: integer}
	Metadata: %{kind: atom(), reason: term(), stacktrace: list()}


	[:arcana, :graph, :ner, :start] - Emitted when NER entity extraction begins.
	Measurement: %{system_time: integer}
	Metadata: %{text: String.t()}


	[:arcana, :graph, :ner, :stop] - Emitted when NER entity extraction completes.
	Measurement: %{duration: integer}
	Metadata: %{entity_count: integer}


	[:arcana, :graph, :relationship_extraction, :start] - Emitted when relationship extraction begins.
	Measurement: %{system_time: integer}
	Metadata: %{text: String.t()}


	[:arcana, :graph, :relationship_extraction, :stop] - Emitted when relationship extraction completes.
	Measurement: %{duration: integer}
	Metadata: %{relationship_count: integer}


	[:arcana, :graph, :community_detection, :start] - Emitted when community detection begins.
	Measurement: %{system_time: integer}
	Metadata: %{entity_count: integer}


	[:arcana, :graph, :community_detection, :stop] - Emitted when community detection completes.
	Measurement: %{duration: integer}
	Metadata: %{community_count: integer}


	[:arcana, :graph, :community_summary, :start] - Emitted when community summarization begins.
	Measurement: %{system_time: integer}
	Metadata: %{entity_count: integer}


	[:arcana, :graph, :community_summary, :stop] - Emitted when community summarization completes.
	Measurement: %{duration: integer}
	Metadata: %{summary_length: integer}



VectorStore Events
	[:arcana, :vector_store, :store, :start] - Emitted when storing a vector.
	Measurement: %{system_time: integer}
	Metadata: %{collection: String.t(), id: String.t()}


	[:arcana, :vector_store, :store, :stop] - Emitted when vector storage completes.
	Measurement: %{duration: integer}
	Metadata: %{backend: atom()}


	[:arcana, :vector_store, :search, :start] - Emitted when vector search begins.
	Measurement: %{system_time: integer}
	Metadata: %{collection: String.t(), limit: integer}


	[:arcana, :vector_store, :search, :stop] - Emitted when vector search completes.
	Measurement: %{duration: integer}
	Metadata: %{backend: atom(), result_count: integer}


	[:arcana, :vector_store, :search_text, :start] - Emitted when fulltext search begins.
	Measurement: %{system_time: integer}
	Metadata: %{collection: String.t(), query: String.t(), limit: integer}


	[:arcana, :vector_store, :search_text, :stop] - Emitted when fulltext search completes.
	Measurement: %{duration: integer}
	Metadata: %{backend: atom(), result_count: integer}


	[:arcana, :vector_store, :delete, :start] - Emitted when deleting a vector.
	Measurement: %{system_time: integer}
	Metadata: %{collection: String.t(), id: String.t()}


	[:arcana, :vector_store, :delete, :stop] - Emitted when vector deletion completes.
	Measurement: %{duration: integer}
	Metadata: %{backend: atom()}


	[:arcana, :vector_store, :clear, :start] - Emitted when clearing a collection.
	Measurement: %{system_time: integer}
	Metadata: %{collection: String.t()}


	[:arcana, :vector_store, :clear, :stop] - Emitted when collection clearing completes.
	Measurement: %{duration: integer}
	Metadata: %{backend: atom()}



GraphStore Events
	[:arcana, :graph_store, :persist_entities, :start] - Emitted when persisting entities.
	Measurement: %{system_time: integer}
	Metadata: %{collection_id: String.t(), entity_count: integer}


	[:arcana, :graph_store, :persist_entities, :stop] - Emitted when entity persistence completes.
	Measurement: %{duration: integer}
	Metadata: %{backend: atom()}


	[:arcana, :graph_store, :persist_relationships, :start] - Emitted when persisting relationships.
	Measurement: %{system_time: integer}
	Metadata: %{relationship_count: integer}


	[:arcana, :graph_store, :persist_relationships, :stop] - Emitted when relationship persistence completes.
	Measurement: %{duration: integer}
	Metadata: %{backend: atom()}


	[:arcana, :graph_store, :persist_mentions, :start] - Emitted when persisting mentions.
	Measurement: %{system_time: integer}
	Metadata: %{mention_count: integer}


	[:arcana, :graph_store, :persist_mentions, :stop] - Emitted when mention persistence completes.
	Measurement: %{duration: integer}
	Metadata: %{backend: atom()}


	[:arcana, :graph_store, :search, :start] - Emitted when searching graph store.
	Measurement: %{system_time: integer}
	Metadata: %{entity_count: integer}


	[:arcana, :graph_store, :search, :stop] - Emitted when graph search completes.
	Measurement: %{duration: integer}
	Metadata: %{backend: atom(), result_count: integer}


	[:arcana, :graph_store, :delete_by_chunks, :start] - Emitted when deleting by chunks.
	Measurement: %{system_time: integer}
	Metadata: %{chunk_count: integer}


	[:arcana, :graph_store, :delete_by_chunks, :stop] - Emitted when chunk deletion completes.
	Measurement: %{duration: integer}
	Metadata: %{backend: atom()}


	[:arcana, :graph_store, :delete_by_collection, :start] - Emitted when deleting by collection.
	Measurement: %{system_time: integer}
	Metadata: %{collection_id: String.t()}


	[:arcana, :graph_store, :delete_by_collection, :stop] - Emitted when collection deletion completes.
	Measurement: %{duration: integer}
	Metadata: %{backend: atom()}



Quick Start with Built-in Logger
For quick setup, use the built-in logger:
# In your application's start/2
Arcana.Telemetry.Logger.attach()
This logs all events with timing info. See Arcana.Telemetry.Logger for options.
Custom Handler
For custom handling, attach your own handler:
defmodule MyApp.ArcanaLogger do
  require Logger

  def setup do
    events = [
      [:arcana, :ingest, :stop],
      [:arcana, :search, :stop],
      [:arcana, :ask, :stop],
      [:arcana, :embed, :stop]
    ]

    :telemetry.attach_many("arcana-logger", events, &handle_event/4, nil)
  end

  def handle_event([:arcana, :ingest, :stop], measurements, metadata, _config) do
    Logger.info("Ingested document #{metadata.document.id} with #{metadata.chunk_count} chunks in #{format_duration(measurements.duration)}")
  end

  def handle_event([:arcana, :search, :stop], measurements, metadata, _config) do
    Logger.info("Search returned #{metadata.result_count} results in #{format_duration(measurements.duration)}")
  end

  def handle_event([:arcana, :ask, :stop], measurements, metadata, _config) do
    Logger.info("RAG answered with #{metadata.context_count} context chunks in #{format_duration(measurements.duration)}")
  end

  def handle_event([:arcana, :embed, :stop], measurements, _metadata, _config) do
    Logger.debug("Generated embedding in #{format_duration(measurements.duration)}")
  end

  defp format_duration(duration) do
    duration
    |> System.convert_time_unit(:native, :millisecond)
    |> then(&"#{&1}ms")
  end
end
Then call MyApp.ArcanaLogger.setup() in your application startup.
Integration with Metrics Libraries
These telemetry events work with metrics libraries like:
	telemetry_metrics - Define metrics based on these events
	telemetry_poller - Periodically report metrics
	prom_ex - Export to Prometheus

Example with telemetry_metrics:
defmodule MyApp.Metrics do
  import Telemetry.Metrics

  def metrics do
    [
      counter("arcana.ingest.stop.duration", unit: {:native, :millisecond}),
      counter("arcana.search.stop.duration", unit: {:native, :millisecond}),
      summary("arcana.search.stop.result_count"),
      distribution("arcana.embed.stop.duration", unit: {:native, :millisecond})
    ]
  end
end
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    Functions
  


    
      
        span(event_prefix, start_metadata, fun)

      


        Wraps a function call with telemetry span events.



    


    
      
        span_with_metadata(event_prefix, start_metadata, fun)

      


        Wraps a function call with telemetry span events, allowing custom stop metadata.
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      span(event_prefix, start_metadata, fun)



        
          
        

    

  


  

Wraps a function call with telemetry span events.
This is a convenience function used internally by Arcana to emit
consistent telemetry events.

  



  
    
      
    
    
      span_with_metadata(event_prefix, start_metadata, fun)



        
          
        

    

  


  

Wraps a function call with telemetry span events, allowing custom stop metadata.
The function should return {result, stop_metadata} where stop_metadata
is a map of additional metadata to include in the stop event.

  


        

      


  

    
Arcana.Telemetry.Logger 
    



      
Ready-to-use telemetry logger for Arcana events.
Logs all Arcana operations with timing information to help identify
performance bottlenecks.
Usage
Add to your application's start/2 function:
def start(_type, _args) do
  Arcana.Telemetry.Logger.attach()

  children = [
    # ...
  ]

  Supervisor.start_link(children, strategy: :one_for_one)
end
Example Output
[info] [Arcana] search completed in 42ms (15 results)
[info] [Arcana] llm.complete completed in 1.23s [zai:glm-4.7] ok (156 chars) prompt=892chars
[info] [Arcana] pipeline.gate completed in 235ms (proceed)
[info] [Arcana] pipeline.rewrite completed in 235ms
[info] [Arcana] llm.complete completed in 2.1s [zai:glm-4.7] ok (45 chars) prompt=1204chars
[info] [Arcana] pipeline.expand completed in 2.15s (3 queries)
[info] [Arcana] pipeline.search completed in 156ms (25 chunks)
[info] [Arcana] pipeline.reason completed in 1.2s (2 iterations)
[info] [Arcana] pipeline.rerank completed in 312ms (10/25 kept)
[info] [Arcana] llm.complete completed in 3.2s [zai:glm-4.7] ok (1892 chars) prompt=4521chars
[info] [Arcana] pipeline.answer completed in 3.25s
[info] [Arcana] ask completed in 6.12s
Options
You can customize the logger by passing options to attach/1:
Arcana.Telemetry.Logger.attach(
  level: :debug,           # Log level (default: :info)
  handler_id: "my-logger"  # Custom handler ID (default: "arcana-telemetry-logger")
)
Detaching
To stop logging, call:
Arcana.Telemetry.Logger.detach()
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        attach(opts \\ [])

      


        Attaches telemetry handlers for logging Arcana events.



    


    
      
        detach(opts \\ [])

      


        Detaches the telemetry handlers.
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Attaches telemetry handlers for logging Arcana events.
Options
	:level - The log level to use (default: :info)
	:handler_id - Custom handler ID (default: "arcana-telemetry-logger")


  



    

  
    
      
    
    
      detach(opts \\ [])



        
          
        

    

  


  

Detaches the telemetry handlers.
Options
	:handler_id - The handler ID to detach (default: "arcana-telemetry-logger")
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Behaviour and dispatch module for vector storage backends.
Arcana supports two vector storage backends:
	:pgvector (default) - PostgreSQL with pgvector extension
	:memory - In-memory storage using HNSWLib

Configuration
# config/config.exs

# Use pgvector (default)
config :arcana, vector_store: :pgvector

# Use in-memory storage
config :arcana, vector_store: :memory
In-Memory Backend
When using :memory, you need to start the Memory server in your supervision tree:
children = [
  MyApp.Repo,
  {Arcana.VectorStore.Memory, name: Arcana.VectorStore.Memory}
]
The Memory backend is useful for:
	Testing embedding models without database migrations
	Smaller RAGs where pgvector overhead isn't justified
	Development and experimentation workflows

Note: Memory backend data is not persisted - all vectors are lost when the process stops.
Custom Backend
To implement a custom backend, create a module that implements the Arcana.VectorStore behaviour:
defmodule MyApp.CustomVectorStore do
  @behaviour Arcana.VectorStore

  @impl true
  def store(collection, id, embedding, metadata, opts) do
    # Your implementation
  end

  @impl true
  def search(collection, query_embedding, opts) do
    # Your implementation
  end

  @impl true
  def delete(collection, id, opts) do
    # Your implementation
  end

  @impl true
  def clear(collection, opts) do
    # Your implementation
  end
end
Then configure:
config :arcana, vector_store: MyApp.CustomVectorStore
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        search_scope()

      


    





  
    Callbacks
  


    
      
        clear(binary, opts)

      


        Clears all vectors from a collection.



    


    
      
        delete(binary, binary, opts)

      


        Deletes a vector from a collection.



    


    
      
        search(search_scope, list, opts)

      


        Searches for similar vectors in a collection (semantic search).



    


    
      
        search_text(search_scope, query, opts)

      


        Searches for matching text in a collection (fulltext search).



    


    
      
        store(binary, binary, list, map, opts)

      


        Stores a vector with its id and metadata in a collection.



    





  
    Functions
  


    
      
        backend()

      


        Returns the configured vector store backend.



    


    
      
        clear(collection, opts \\ [])

      


        Clears a collection using the configured backend.



    


    
      
        delete(collection, id, opts \\ [])

      


        Deletes a vector using the configured backend.



    


    
      
        search(collection, query_embedding, opts \\ [])

      


        Searches for similar vectors using the configured backend.



    


    
      
        search_text(collection, query_text, opts \\ [])

      


        Searches for matching text using the configured backend (fulltext search).



    


    
      
        store(collection, id, embedding, metadata, opts \\ [])

      


        Stores a vector using the configured backend.
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          @type search_scope() :: :all | String.t()


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      clear(binary, opts)



        
          
        

    

  


  

      

          @callback clear(binary(), opts :: keyword()) :: :ok


      


Clears all vectors from a collection.

  



  
    
      
    
    
      delete(binary, binary, opts)



        
          
        

    

  


  

      

          @callback delete(binary(), binary(), opts :: keyword()) :: :ok | {:error, term()}


      


Deletes a vector from a collection.

  



  
    
      
    
    
      search(search_scope, list, opts)



        
          
        

    

  


  

      

          @callback search(search_scope(), list(), opts :: keyword()) :: [map()]


      


Searches for similar vectors in a collection (semantic search).
The scope is either one collection name or :all. Implementations must
return no results for an unknown name rather than widening it to :all.
Returns a list of results with :id, :metadata, and :score keys.

  



  
    
      
    
    
      search_text(search_scope, query, opts)



        
          
        

    

  


  

      

          @callback search_text(search_scope(), query :: String.t(), opts :: keyword()) :: [map()]


      


Searches for matching text in a collection (fulltext search).
The scope has the same :all and unknown-name semantics as search/3.
Returns a list of results with :id, :metadata, and :score keys.
Score represents relevance based on term matching.

  



  
    
      
    
    
      store(binary, binary, list, map, opts)



        
          
        

    

  


  

      

          @callback store(binary(), binary(), list(), map(), opts :: keyword()) ::
  :ok | {:error, term()}


      


Stores a vector with its id and metadata in a collection.

  


        

      

      
        Functions


        


  
    
      
    
    
      backend()



        
          
        

    

  


  

Returns the configured vector store backend.
Examples
iex> Arcana.VectorStore.backend()
:pgvector

  



    

  
    
      
    
    
      clear(collection, opts \\ [])



        
          
        

    

  


  

Clears a collection using the configured backend.
Options
	:vector_store - Override the configured backend (see store/5 for format)


  



    

  
    
      
    
    
      delete(collection, id, opts \\ [])



        
          
        

    

  


  

Deletes a vector using the configured backend.
Options
	:vector_store - Override the configured backend (see store/5 for format)


  



    

  
    
      
    
    
      search(collection, query_embedding, opts \\ [])



        
          
        

    

  


  

Searches for similar vectors using the configured backend.
Options
	:vector_store - Override the configured backend (see store/5 for format)
	:limit - Maximum number of results (default: 10)

Examples
# Use global config
VectorStore.search("products", query_embedding, limit: 10)

# Search every collection. Custom backends must implement this scope.
VectorStore.search(:all, query_embedding, limit: 10)

# Override with memory backend
VectorStore.search("products", query_embedding,
  vector_store: {:memory, pid: memory_pid},
  limit: 10)

  



    

  
    
      
    
    
      search_text(collection, query_text, opts \\ [])



        
          
        

    

  


  

Searches for matching text using the configured backend (fulltext search).
Options
	:vector_store - Override the configured backend (see store/5 for format)
	:limit - Maximum number of results (default: 10)

Examples
# Use global config
VectorStore.search_text("products", "organic coffee", limit: 10)

# Override with memory backend
VectorStore.search_text("products", "organic coffee",
  vector_store: {:memory, pid: memory_pid},
  limit: 10)

  



    

  
    
      
    
    
      store(collection, id, embedding, metadata, opts \\ [])



        
          
        

    

  


  

Stores a vector using the configured backend.
Options
	:vector_store - Override the configured backend. Can be:	{:memory, pid: pid} - Use memory backend with specific server
	{:pgvector, repo: MyRepo} - Use pgvector with specific repo
	MyCustomModule - Use a custom module implementing the behaviour


	:limit - Maximum number of results (default: 10)

Examples
# Use global config
VectorStore.store("products", "id", embedding, metadata)

# Override with memory backend
VectorStore.store("products", "id", embedding, metadata,
  vector_store: {:memory, pid: memory_pid})

# Override with pgvector backend
VectorStore.store("products", "id", embedding, metadata,
  vector_store: {:pgvector, repo: MyApp.Repo})

  


        

      


  

    
Arcana.VectorStore.Memory 
    



      
In-memory vector store using HNSWLib for approximate nearest neighbor search.
Useful for:
	Testing embedding models without database migrations
	Smaller RAGs where pgvector overhead isn't justified
	Development and experimentation workflows

Usage
# Start the server
{:ok, pid} = Arcana.VectorStore.Memory.start_link(name: MyApp.VectorStore)

# Store vectors
:ok = Memory.store(pid, "default", "chunk-1", embedding, %{text: "hello"})

# Search
results = Memory.search(pid, "default", query_embedding, limit: 10)

# Delete
:ok = Memory.delete(pid, "default", "chunk-1")

# Clear collection
:ok = Memory.clear(pid, "default")
Requirements
Requires the hnswlib dependency.
Notes
	Data is not persisted to disk - all vectors are lost when the process stops
	Uses cosine similarity for semantic search
	Recommended for < 100K vectors per collection


      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        clear(server, collection)

      


        Clears all vectors from a collection.



    


    
      
        delete(server, collection, id)

      


        Deletes a vector from a collection.



    


    
      
        search(server, collection, query_embedding, opts \\ [])

      


        Searches for similar vectors in a collection.



    


    
      
        search_text(server, collection, query_text, opts \\ [])

      


        Searches for matching text in a collection (fulltext search).



    


    
      
        start_link(opts \\ [])

      


        Starts the Memory vector store GenServer.



    


    
      
        store(server, collection, id, embedding, metadata)

      


        Stores a vector with its id and metadata in a collection.



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



  
    
      
    
    
      clear(server, collection)



        
          
        

    

  


  

Clears all vectors from a collection.
Parameters
	server - The GenServer pid or name
	collection - The collection name to clear

Returns
	:ok on success


  



  
    
      
    
    
      delete(server, collection, id)



        
          
        

    

  


  

Deletes a vector from a collection.
Parameters
	server - The GenServer pid or name
	collection - The collection name
	id - The vector's unique identifier

Returns
	:ok on success
	{:error, :not_found} if the id doesn't exist in the collection


  



    

  
    
      
    
    
      search(server, collection, query_embedding, opts \\ [])



        
          
        

    

  


  

Searches for similar vectors in a collection.
Parameters
	server - The GenServer pid or name
	collection - A collection name, or :all to search every collection
	query_embedding - The query vector as a list of floats
	opts - Search options	:limit - Maximum number of results to return (default: 10)



Returns
A list of maps with keys:
	:id - The vector's unique identifier
	:metadata - The associated metadata map
	:score - Similarity score (0.0 to 1.0, higher is more similar)


  



    

  
    
      
    
    
      search_text(server, collection, query_text, opts \\ [])



        
          
        

    

  


  

Searches for matching text in a collection (fulltext search).
Uses simple term matching with TF-IDF-like scoring.
Parameters
	server - The GenServer pid or name
	collection - A collection name, or :all to search every collection
	query_text - The query string
	opts - Search options	:limit - Maximum number of results to return (default: 10)



Returns
A list of maps with keys:
	:id - The vector's unique identifier
	:metadata - The associated metadata map
	:score - Relevance score based on term matching (higher is more relevant)


  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

Starts the Memory vector store GenServer.
Options
	:name - The name to register the GenServer under (optional)
	:max_elements - Maximum number of elements per collection (default: 10,000)


  



  
    
      
    
    
      store(server, collection, id, embedding, metadata)



        
          
        

    

  


  

Stores a vector with its id and metadata in a collection.
Parameters
	server - The GenServer pid or name
	collection - The collection name (e.g., "default", "products")
	id - Unique identifier for the vector
	embedding - The embedding vector as a list of floats
	metadata - A map of metadata associated with the vector

Returns
	:ok on success
	{:error, {:dimension_mismatch, details}} when the embedding dimension
differs from vectors already stored by this server


  


        

      


  

    
Arcana.VectorStore.Pgvector 
    



      
PostgreSQL pgvector-backed vector store.
This is the default vector store backend, using the existing Arcana
schema with pgvector extension for similarity search.
Breaking name change
In v1.7 the hybrid-search opts :semantic_weight and :fulltext_weight
were renamed to :vector_weight and :keyword_weight. The old names
are no longer accepted: callers passing them get a Logger.warning
and the default 0.5 weight.
Configuration
config :arcana, vector_store: :pgvector  # default
How hybrid blends the two scores
:hybrid mode scores each chunk on cosine similarity and on keyword
coverage, then blends them by :vector_weight and :keyword_weight.
Keyword coverage is the share of the query's distinct terms (lexemes after
stemming and stopword removal) that a chunk contains: a chunk with three of a
query's four terms scores 0.75. It is already on a 0 to 1 scale, so it needs no
normalization against the candidate set, and repeating a term does not raise it.
Two earlier designs failed in opposite ways. Ranking by ts_rank let a chunk
that repeats a few query terms outrank the chunk that answers the query (#166).
Gating on the AND query from plainto_tsquery fixed that, but a chunk must then
carry every term, so a query longer than a few words matched nothing and hybrid
ran as vector search alone. Coverage keeps partial matches and ranks a chunk
that carries more of the query above one that repeats less of it.
:keyword_score_floor scaled ts_rank scores and has no effect now. It is
deprecated and ignored.
Tuning recall with :hnsw_ef_search
An HNSW index scan considers hnsw.ef_search candidates and only then applies
the query's filters, so a search scoped to a collection or a source can come
back with fewer rows than exist - occasionally none. pgvector's default is 40.
Raising it finds more of the true nearest neighbours, at the cost of more work
per query:
Arcana.search("question", collection: ["docs"], hnsw_ef_search: 200)
It can also be a global search default:
config :arcana, search: [hnsw_ef_search: 200]
Three things worth knowing. It only applies when the planner actually chooses
an index scan - on a small table a sequential scan is exact and the setting is
irrelevant. Because hnsw.ef_search is a GUC, applying it means running the
search inside a transaction; if you already have one open, the setting stays in
effect for the rest of your transaction rather than just the search.
And it costs a round-trip. Setting it adds a transaction and one set_config
query per search, and Arcana.search/2 searches each collection separately -
so a query over three collections pays it three times, and as a global default
it applies to every search. That is deliberate rather than hoisted up to wrap
the whole retrieval: retrieval also embeds the query, and holding a database
transaction open across a call to an embedding service is worse than an extra
round-trip. Set it per call on the searches that need the recall, rather than
globally, if that matters to you.
Applies to the chunk search in :vector and :hybrid modes. :keyword never
touches the vector index, so it ignores the option.
It does not reach the graph paths. Arcana.Graph.GraphStore.Ecto's entity
search runs its own filtered query against arcana_graph_entities' HNSW index,
so with graph: true (or Arcana.ask/2's graph context) the chunk search
honours the option while the entity match can still under-return. Extending it
there is a separate change.
Notes
This backend works with the existing arcana_chunks and arcana_documents
tables. The collection parameter maps to the document's collection_id.
For simpler use cases without the full document schema, consider the
:memory backend.

      


      
        Summary


  
    Functions
  


    
      
        search_hybrid(collection, query_embedding, query_text, opts)

      


        Performs hybrid search combining semantic and fulltext search in a single query.



    





      


      
        Functions


        


  
    
      
    
    
      search_hybrid(collection, query_embedding, query_text, opts)



        
          
        

    

  


  

Performs hybrid search combining semantic and fulltext search in a single query.
This approach retrieves all results in one database query, avoiding the issue where
items ranking moderately in both semantic and fulltext searches might be missed
by separate queries.
Options
	:repo - The Ecto repo to use (required)
	:limit - Maximum number of results (default: 10)
	:source_id - Filter results to a specific source
	:vector_weight - Weight for vector score (default: 0.5)
	:keyword_weight - Weight for keyword score (default: 0.5)
	:threshold - Minimum combined score threshold (default: 0.0)

Scores
The vector score is cosine similarity. The keyword score is the share of the
query's distinct terms that the chunk contains, from 0 to 1. See the module
docs for why.

  


        

      


  

    
ArcanaWeb.AskLive 
    



      
LiveView for asking questions about documents in Arcana.

      




  

    
ArcanaWeb.ChunkResultsComponent 
    



      
Shared component for rendering retrieved chunks across the Advanced,
Pipeline, and Loop sub-tabs of the Ask dashboard.
Features
	Groups chunks by document with a compact header per document.
	Shows document titles when available (falls back to a shortened UUID).
	Click-to-expand details for each chunk, revealing the full text.
	When :grounding is supplied, centers the snippet around the text the
grounder cited from this chunk (instead of the first N chars).
	Highlights chunks that the grounder used as a source.
	Score rendered as score: 0.0246.

Usage
<ChunkResultsComponent.chunk_results
  prefix={@prefix}
  chunks={@ask_context.results}
  document_titles={@ask_context.document_titles || %{}}
  grounding={Map.get(@ask_context, :grounding)}
  id="ask-chunks"
/>

      


      
        Summary


  
    Functions
  


    
      
        chunk_results(assigns)

      


        


    





      


      
        Functions


        


  
    
      
    
    
      chunk_results(assigns)



        
          
        

    

  


  

Attributes
	prefix (:string) (required) - Dashboard mount prefix used to build document links.
	chunks (:list) (required) - List of chunk maps with id/text/score/document_id/chunk_index.
	document_titles (:map) - Map of document_id to display title. Defaults to %{}.
	grounding (:any) - Optional %Arcana.Grounding.Result{}. Defaults to nil.
	id (:string) - Defaults to "chunk-results".


  


        

      


  

    
ArcanaWeb.CollectionsLive 
    



      
LiveView for managing collections in Arcana.

      




  

    
ArcanaWeb.DashboardComponents 
    



      
Shared components for the Arcana dashboard.

      


      
        Summary


  
    Functions
  


    
      
        allowed_collection?(allowed, name)

      


    


    
      
        blank_to_nil(value)

      


    


    
      
        dashboard_layout(assigns)

      


        Renders the dashboard layout with stats bar, navigation, and content.



    


    
      
        error_to_string(err)

      


    


    
      
        filter_allowed_collections(collections, allowed)

      


        Filters a list of collection maps (anything with a :name key) down to
the allowed set. :all passes everything through untouched.



    


    
      
        format_metadata(metadata)

      


    


    
      
        format_number(n)

      


    


    
      
        format_pct(value)

      


    


    
      
        format_score(value)

      


    


    
      
        get_repo_from_session(session)

      


    


    
      
        load_collections(repo, allowed \\ :all)

      


    


    
      
        load_source_ids(repo, allowed \\ :all)

      


    


    
      
        load_stats(repo, allowed \\ :all)

      


    


    
      
        normalize_collection(name)

      


    


    
      
        parse_float(val, default)

      


    


    
      
        parse_format(_)

      


    


    
      
        parse_int(val, default)

      


    


    
      
        parse_mode(_)

      


    





      


      
        Functions


        


  
    
      
    
    
      allowed_collection?(allowed, name)



        
          
        

    

  


  


  



  
    
      
    
    
      blank_to_nil(value)



        
          
        

    

  


  


  



  
    
      
    
    
      dashboard_layout(assigns)



        
          
        

    

  


  

Renders the dashboard layout with stats bar, navigation, and content.
Attributes
	stats (:map) (required)
	current_tab (:atom) (required)
	prefix (:string) - Defaults to "/arcana".
	flash (:map) - Defaults to %{}.

Slots
	inner_block (required)


  



  
    
      
    
    
      error_to_string(err)



        
          
        

    

  


  


  



  
    
      
    
    
      filter_allowed_collections(collections, allowed)



        
          
        

    

  


  

Filters a list of collection maps (anything with a :name key) down to
the allowed set. :all passes everything through untouched.

  



  
    
      
    
    
      format_metadata(metadata)



        
          
        

    

  


  


  



  
    
      
    
    
      format_number(n)



        
          
        

    

  


  


  



  
    
      
    
    
      format_pct(value)



        
          
        

    

  


  


  



  
    
      
    
    
      format_score(value)



        
          
        

    

  


  


  



  
    
      
    
    
      get_repo_from_session(session)



        
          
        

    

  


  


  



    

  
    
      
    
    
      load_collections(repo, allowed \\ :all)



        
          
        

    

  


  


  



    

  
    
      
    
    
      load_source_ids(repo, allowed \\ :all)



        
          
        

    

  


  


  



    

  
    
      
    
    
      load_stats(repo, allowed \\ :all)



        
          
        

    

  


  


  



  
    
      
    
    
      normalize_collection(name)



        
          
        

    

  


  


  



  
    
      
    
    
      parse_float(val, default)



        
          
        

    

  


  


  



  
    
      
    
    
      parse_format(_)



        
          
        

    

  


  


  



  
    
      
    
    
      parse_int(val, default)



        
          
        

    

  


  


  



  
    
      
    
    
      parse_mode(_)



        
          
        

    

  


  


  


        

      


  

    
ArcanaWeb.DocumentsLive 
    



      
LiveView for managing documents in Arcana.

      




  

    
ArcanaWeb.EvaluationLive 
    



      
LiveView for retrieval evaluation in Arcana.

      




  

    
ArcanaWeb.GraphLive 
    



      
LiveView for exploring the GraphRAG knowledge graph.
Provides three sub-views:
	Entities: Browse and search entities with their relationships and source chunks
	Relationships: Explore entity relationships with strength indicators
	Communities: View community clusters with LLM-generated summaries


      




  

    
ArcanaWeb.InfoLive 
    



      
LiveView for displaying Arcana configuration info.

      




  

    
ArcanaWeb.MaintenanceLive 
    



      
LiveView for maintenance operations in Arcana.

      




  

    
ArcanaWeb.Router 
    



      
Provides LiveView routing for the Arcana dashboard.
Usage
Add to your router:
import ArcanaWeb.Router

scope "/" do
  pipe_through :browser

  arcana_dashboard "/arcana"
end
Options
	:live_socket_path - The path to the LiveView socket. Defaults to "/live".

	:repo - The Ecto repo to use for Arcana operations. If not provided,
falls back to Application.get_env(:arcana, :repo).

	:on_mount - Optional list of Phoenix.LiveView.on_mount/1 callbacks
to add to the dashboard's live_session.

	:live_session_name - The name of the dashboard's live_session.
Defaults to :arcana_dashboard. Phoenix requires live_session names
to be unique within a router, so mounting the dashboard more than
once (say, a superuser dashboard plus a scoped one) needs a distinct
name for each extra mount.

	:collection - Optional {module, function} pair that scopes the
dashboard to a subset of collections. The function receives the
%Plug.Conn{} of the page request and must return :all, one collection
name, a list of names, or []. Every dashboard surface
(listings, search, ask, ingest, evaluation, maintenance, stats) is
limited to those collections, and events naming any other collection
are rejected server-side. A plain {module, function} tuple is
required (not a function capture) so the route metadata stays
serializable. See "Scoping collections" for when the decision is
re-evaluated.


Example with options
arcana_dashboard "/arcana",
  repo: MyApp.Repo,
  on_mount: [MyAppWeb.Auth]
Scoping collections
arcana_dashboard "/arcana",
  collection: {MyAppWeb.ArcanaAccess, :allowed_collections}

defmodule MyAppWeb.ArcanaAccess do
  def allowed_collections(conn) do
    case conn.assigns.current_user do
      %{admin: true} -> :all
      %{tenant: tenant} -> ["#{tenant}-docs"]
    end
  end
end
When the decision is made
The function runs while the page request is being served, and its result
is snapshotted into the LiveView session: Phoenix signs it into the
rendered data-phx-session payload, which stays valid for the session's
max age (14 days by default). The websocket connect, every reconnect,
and every live_patch/live_redirect inside the dashboard read back
that snapshot instead of calling the function again. Only a full page
request re-runs it.
So narrowing a user's permissions does not narrow an already-rendered
dashboard. Until the user loads a fresh page, they keep the scope they
mounted with. The on_mount hook cannot close that gap on its own —
there is no %Plug.Conn{} in a LiveView mount to re-resolve from.
The mitigation is to cut the socket when permissions change. Set a
live_socket_id per user in your session (Phoenix's
put_session(conn, :live_socket_id, "users_socket:#{user.id}")), then
broadcast a disconnect when their access changes:
MyAppWeb.Endpoint.broadcast("users_socket:#{user.id}", "disconnect", %{})
The client reconnects through a full request, which re-runs the MFA with
the current %Plug.Conn{}. Pair it with a short session max age if you
need a hard upper bound on how long a stale scope can live.

      


      
        Summary


  
    Functions
  


    
      
        arcana_dashboard(path, opts \\ [])

      


        Defines an Arcana dashboard route.



    





      


      
        Functions


        


    

  
    
      
    
    
      arcana_dashboard(path, opts \\ [])


        (macro)


        
          
        

    

  


  

Defines an Arcana dashboard route.
It expects the path the dashboard will be mounted at
and a set of options.

  


        

      


  

    
ArcanaWeb.SearchLive 
    



      
LiveView for searching documents in Arcana.

      




  

    
ArcanaWeb.TaskSupervisor 
    



      
Task supervisor for the Arcana dashboard's async operations.
Add to your application's supervision tree when using the dashboard:
children = [
  MyApp.Repo,
  Arcana.Embedder.Local,
  ArcanaWeb.TaskSupervisor
]
This enables supervised async operations in the dashboard (evaluation
runs, test case generation, maintenance tasks) with:
	Graceful shutdown during deploys
	Visibility in Observer/LiveDashboard
	Proper crash logging with $callers metadata

Only needed for the dashboard; the Arcana library itself doesn't use it.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(opts)

      


    


    
      
        start_child(fun)

      


        Starts a fire-and-forget task under this supervisor.



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(opts)



        
          
        

    

  


  


  



  
    
      
    
    
      start_child(fun)



        
          
        

    

  


  

Starts a fire-and-forget task under this supervisor.
The task is not linked to the caller, so crashes won't bring down
the calling process. Crashes are logged by the supervisor.

  


        

      


  

    
Arcana 
    



      
RAG (Retrieval Augmented Generation) library for Elixir.
Arcana provides document ingestion, embedding, and vector search
capabilities that you can embed into any Phoenix/Ecto application.
Usage
# Ingest a document
{:ok, document} = Arcana.ingest("Your text content", repo: MyApp.Repo)

# Search for relevant chunks
{:ok, results} = Arcana.search("your query", repo: MyApp.Repo)

# Ask questions with RAG
{:ok, answer} = Arcana.ask("What is X?", repo: MyApp.Repo, llm: my_llm)

# Delete a document
:ok = Arcana.delete(document.id, repo: MyApp.Repo)
Modules
	Arcana.Config - Configuration management
	Arcana.Ingest - Document ingestion
	Arcana.Search - Vector and hybrid search
	Arcana.Ask - RAG question answering
	Arcana.Graph - GraphRAG functionality


      


      
        Summary


  
    Functions
  


    
      
        ask(question, opts)

      


        Asks a question using retrieved context from the knowledge base.
See Arcana.Ask.ask/2 for options.



    


    
      
        chunker()

      


        Returns the configured chunker as a {module, opts} tuple.
See Arcana.Config for configuration options.



    


    
      
        config()

      


        Returns the current Arcana configuration.



    


    
      
        count_documents(opts)

      


        Counts documents matching the list_documents/1 filters.
See Arcana.Documents.count_documents/1.



    


    
      
        delete(document_id, opts)

      


        Deletes a document and all its chunks.



    


    
      
        embedder()

      


        Returns the configured embedder as a {module, opts} tuple.
See Arcana.Config for configuration options.



    


    
      
        get_document(id, opts)

      


        Fetches a document by id. See Arcana.Documents.get_document/2.



    


    
      
        get_document_metadata(ids, opts)

      


        Fetches sparse metadata for published documents in one explicitly scoped read.
See Arcana.Documents.get_document_metadata/2.



    


    
      
        graph_enabled?(opts)

      


        Returns whether GraphRAG is enabled.



    


    
      
        ingest(text, opts)

      


        Ingests text content, creating a document with embedded chunks.
See Arcana.Ingest.ingest/2 for options.



    


    
      
        ingest_binary(binary, opts)

      


        Ingests in-memory bytes, routing on the required :filename option's
extension. See Arcana.Ingest.ingest_binary/2 for options.



    


    
      
        ingest_file(path, opts)

      


        Ingests a file, parsing its content and creating a document with embedded chunks.
See Arcana.Ingest.ingest_file/2 for options.



    


    
      
        list_documents(opts)

      


        Lists documents, newest first. See Arcana.Documents.list_documents/1.



    


    
      
        rewrite_query(query, opts \\ [])

      


        Rewrites a query using a provided rewriter function.
See Arcana.Search.rewrite_query/2 for options.



    


    
      
        search(query, opts)

      


        Searches for chunks similar to the query.
See Arcana.Search.search/2 for options.



    





      


      
        Functions


        


  
    
      
    
    
      ask(question, opts)



        
          
        

    

  


  

Asks a question using retrieved context from the knowledge base.
See Arcana.Ask.ask/2 for options.

  



  
    
      
    
    
      chunker()



        
          
        

    

  


  

Returns the configured chunker as a {module, opts} tuple.
See Arcana.Config for configuration options.

  



  
    
      
    
    
      config()



        
          
        

    

  


  

Returns the current Arcana configuration.

  



  
    
      
    
    
      count_documents(opts)



        
          
        

    

  


  

Counts documents matching the list_documents/1 filters.
See Arcana.Documents.count_documents/1.

  



  
    
      
    
    
      delete(document_id, opts)



        
          
        

    

  


  

Deletes a document and all its chunks.
When the graph is enabled, also sweeps the document's collection for
orphaned graph data: entities left with zero mentions are deleted and
communities that referenced them are marked dirty so the next
summarize pass regenerates them.
Returns :ok, {:error, :not_found}, {:error, {:sweep_failed, reason}}
when the graph store returns an error from its sweep, or
{:error, reason} for a database failure such as a foreign key violation,
or a not-null violation from another table pointing at the document.
A sweep that raises a database error reports as a database failure rather
than as :sweep_failed — so match {:error, _} as well if you route on the
sweep case. sweep_orphans/2 deletes through repo.delete_all/1, which
skips changeset constraint mapping, so a host row referencing an entity the
sweep wants to remove arrives that way.
When a non-Ecto graph store, including the built-in :memory store, is
cleaned after the database delete commits, a returned error or exception is
wrapped as
{:error, {:post_commit_graph_cleanup_failed, context}}. The context carries
:reason, :chunk_ids, :published_chunk_ids, and :collection_id, so the
graph deletion and sweep can be retried even though the document row is
already gone. Calling delete/2 inside an existing Ecto transaction when an
a non-Ecto graph cleanup is required returns
{:error, :external_graph_store_requires_post_commit_delete} before deleting.
A concurrent delete reports {:error, :not_found}, the same as losing that
race by a moment more would have.
Infrastructure failures — a lost connection, a pool timeout — still raise.
There is nothing useful to hand back and the transaction's fate is unknown,
so those are left to the caller's supervisor rather than flattened into a
tuple that would read like a clean refusal.
Called on its own, the delete and the orphan sweep run in one transaction,
so a :sweep_failed leaves the document in place: nothing happened and the
call can be retried. That is worth knowing if you are upgrading, because
this case used to delete the document and report the failed cleanup
afterwards. Inside a transaction of your own it behaves differently — see
below.
The transaction covers what runs on :repo. A graph store holding its data
anywhere else is outside it — that includes the built-in :memory backend,
whose sweep is a GenServer.call, not only custom stores. So the two can
disagree in both directions: a store that fails partway through its own
sweep may have applied some of it even though the document survives, and a
store that sweeps successfully before the repo side rolls back has dropped
graph data for a document that is still there.
Inside a transaction of your own
It does not open one, and it does not roll anything back: rolling back a
nested Ecto transaction aborts the outermost one, which would kill your
transaction while handing you an error that looks recoverable.
So the guarantee above is weaker here. A :sweep_failed comes back as a
tuple with your transaction intact, but the delete has been applied and
stays in your transaction's scope — undoing it is yours to do. That is the
one place where :sweep_failed does not mean "nothing happened".
A database failure is harsher: Postgres aborts to the nearest savepoint, and
with none open that is the whole transaction, so the error ends it whatever
gets returned. If you need to survive one, set your own savepoint around the
call:
Repo.query!("SAVEPOINT before_delete")

case Arcana.delete(id, repo: Repo) do
  {:error, _reason} -> Repo.query!("ROLLBACK TO SAVEPOINT before_delete")
  :ok -> Repo.query!("RELEASE SAVEPOINT before_delete")
end
That recovers every failure the built-in stores can produce: a failed
repo.delete, a :sweep_failed, and a sweep that raises.
A custom graph store can still defeat it, by opening a nested Ecto
transaction of its own around work that then fails — DBConnection marks the
connection aborted, and the ROLLBACK TO SAVEPOINT is refused along with
everything else. Calling delete/2 outside your transaction avoids the
question entirely.
Sweeping is optional for custom graph stores: one that doesn't
implement Arcana.Graph.GraphStore.sweep_orphans/2 returns :ok and
leaves the orphans alone.
Options
	:repo - The Ecto repo to use (required)
	:graph - Sweep orphaned graph data after deletion (default: from config)


  



  
    
      
    
    
      embedder()



        
          
        

    

  


  

Returns the configured embedder as a {module, opts} tuple.
See Arcana.Config for configuration options.

  



  
    
      
    
    
      get_document(id, opts)



        
          
        

    

  


  

Fetches a document by id. See Arcana.Documents.get_document/2.

  



  
    
      
    
    
      get_document_metadata(ids, opts)



        
          
        

    

  


  

Fetches sparse metadata for published documents in one explicitly scoped read.
See Arcana.Documents.get_document_metadata/2.

  



  
    
      
    
    
      graph_enabled?(opts)



        
          
        

    

  


  

Returns whether GraphRAG is enabled.

  



  
    
      
    
    
      ingest(text, opts)



        
          
        

    

  


  

Ingests text content, creating a document with embedded chunks.
See Arcana.Ingest.ingest/2 for options.

  



  
    
      
    
    
      ingest_binary(binary, opts)



        
          
        

    

  


  

Ingests in-memory bytes, routing on the required :filename option's
extension. See Arcana.Ingest.ingest_binary/2 for options.

  



  
    
      
    
    
      ingest_file(path, opts)



        
          
        

    

  


  

Ingests a file, parsing its content and creating a document with embedded chunks.
See Arcana.Ingest.ingest_file/2 for options.

  



  
    
      
    
    
      list_documents(opts)



        
          
        

    

  


  

Lists documents, newest first. See Arcana.Documents.list_documents/1.

  



    

  
    
      
    
    
      rewrite_query(query, opts \\ [])



        
          
        

    

  


  

Rewrites a query using a provided rewriter function.
See Arcana.Search.rewrite_query/2 for options.

  



  
    
      
    
    
      search(query, opts)



        
          
        

    

  


  

Searches for chunks similar to the query.
See Arcana.Search.search/2 for options.

  


        

      


  

    
Arcana.Chunk 
    



      
Schema for document chunks with embeddings.
Chunks are the unit of storage for vector search,
containing text segments and their embeddings.

      


      
        Summary


  
    Functions
  


    
      
        changeset(chunk, attrs)

      


    





      


      
        Functions


        


  
    
      
    
    
      changeset(chunk, attrs)



        
          
        

    

  


  


  


        

      


  

    
Arcana.Document 
    



      
Schema for documents stored in Arcana.
Documents contain the original content and metadata,
with associated chunks for vector search.
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    Functions
  


    
      
        changeset(document, attrs)

      


    





      


      
        Functions


        


  
    
      
    
    
      changeset(document, attrs)



        
          
        

    

  


  


  


        

      


  

    
Arcana.Chunker behaviour
    



      
Behaviour for text chunking providers used by Arcana.
Arcana accepts any module that implements this behaviour.
Built-in implementations are provided for:
	Arcana.Chunker.Default - Default chunking using text_chunker library

Configuration
Configure your chunking provider in config.exs:
# Default: text_chunker-based chunking
config :arcana, chunker: :default

# Default chunker with custom options
config :arcana, chunker: {:default, chunk_size: 512, chunk_overlap: 100}

# Custom function
config :arcana, chunker: fn text, opts -> [%{text: text, chunk_index: 0, token_count: 10}] end

# Custom module implementing this behaviour
config :arcana, chunker: MyApp.SemanticChunker
config :arcana, chunker: {MyApp.SemanticChunker, model: "..."}
Implementing a Custom Chunker
Create a module that implements this behaviour:
defmodule MyApp.SemanticChunker do
  @behaviour Arcana.Chunker

  @impl true
  def chunk(text, opts) do
    # Custom chunking logic...
    # Return list of chunk maps
    [
      %{text: "chunk 1", chunk_index: 0, token_count: 50},
      %{text: "chunk 2", chunk_index: 1, token_count: 45}
    ]
  end
end
Then configure:
config :arcana, chunker: {MyApp.SemanticChunker, model: "..."}
Chunk Format
Each chunk returned must be a map with at minimum:
	:text - The chunk text content (required)
	:chunk_index - Zero-based index of this chunk (required)
	:token_count - Estimated token count (required)
	:metadata - Optional map stored on the chunk as-is

Any other key is folded into the stored metadata too. Metadata
round-trips through JSONB, so keys are stringified on the way in:
a chunk of %{text: ..., chunk_index: 0, token_count: 8, page: 3}
reads back as metadata["page"] == 3.
Arcana.Chunker.Default uses this to report each chunk's
"start_byte"/"end_byte" range in the source text.

      


      
        Summary


  
    Callbacks
  


    
      
        chunk(text, opts)

      


        Splits text into chunks.



    





  
    Functions
  


    
      
        chunk(arg, text)

      


        Chunks text using the configured chunker.



    


    
      
        chunk(arg, text, extra_opts)

      


        Chunks text using the configured chunker, merging additional options.



    


    
      
        metadata_for(chunk)

      


        Builds the metadata to store for a chunk map.



    





      


      
        Callbacks


        


  
    
      
    
    
      chunk(text, opts)



        
          
        

    

  


  

      

          @callback chunk(text :: String.t(), opts :: keyword()) :: [map()]


      


Splits text into chunks.
Returns a list of chunk maps, each containing at minimum :text,
:chunk_index, and :token_count.
Options
Options are implementation-specific. Common options include:
	:chunk_size - Maximum chunk size
	:chunk_overlap - Overlap between chunks
	:format - Text format hint (:plaintext, :markdown, etc.)


  


        

      

      
        Functions


        


  
    
      
    
    
      chunk(arg, text)



        
          
        

    

  


  

Chunks text using the configured chunker.
The chunker is a {module, opts} tuple where module implements
this behaviour.

  



  
    
      
    
    
      chunk(arg, text, extra_opts)



        
          
        

    

  


  

Chunks text using the configured chunker, merging additional options.
Useful when you need to override chunker defaults at call time.

  



  
    
      
    
    
      metadata_for(chunk)



        
          
        

    

  


  

Builds the metadata to store for a chunk map.
A chunker's own :metadata map is the canonical place for extra keys
(that's what Arcana.Chunker.Default uses for its byte offsets), and
anything else it hands back is folded in too, as the behaviour
promises. Keys are stringified since chunk metadata round-trips
through JSONB; a declared :metadata entry wins over a top-level one.
Every path that inserts chunks goes through here, so a document
recovered by Arcana.Maintenance.reembed/2 carries the same metadata
the original ingest would have given it.

  


        

      


  

    
Arcana.Rewriters 
    



      
Built-in query rewriter helpers for common rewriting strategies.
Each helper can be used in two ways:
	Direct call with a query:
 {:ok, rewritten} = Rewriters.expand("ML models", llm: my_llm_fn)

	As a rewriter function for Arcana.search/2:
 rewriter = Rewriters.expand(llm: my_llm_fn)
 {:ok, results} = Arcana.search("ML models", repo: Repo, rewriter: rewriter)


The :llm option accepts any type implementing the Arcana.LLM protocol,
including anonymous functions and LangChain chat models.
All helpers accept a :prompt option to customize the prompt template.
Use {query} as a placeholder for the original query.

      


      
        Summary


  
    Functions
  


    
      
        decompose(opts)

      


    


    
      
        decompose(query, opts)

      


        Decomposes a complex question into simpler sub-queries.



    


    
      
        expand(opts)

      


    


    
      
        expand(query, opts)

      


        Expands a query with synonyms and related terms.



    


    
      
        keywords(opts)

      


    


    
      
        keywords(query, opts)

      


        Extracts key search terms from a query.
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      decompose(opts)



        
          
        

    

  


  


  



  
    
      
    
    
      decompose(query, opts)



        
          
        

    

  


  

Decomposes a complex question into simpler sub-queries.
Options
	:llm - LLM function fn(prompt) -> {:ok, result} | {:error, reason} (required)

	:prompt - Custom prompt template with {query} placeholder

Examples
{:ok, sub_queries} = Rewriters.decompose("Complex multi-part question?", llm: my_llm)

  



  
    
      
    
    
      expand(opts)



        
          
        

    

  


  


  



  
    
      
    
    
      expand(query, opts)



        
          
        

    

  


  

Expands a query with synonyms and related terms.
Options
	:llm - LLM function fn(prompt) -> {:ok, result} | {:error, reason} (required)

	:prompt - Custom prompt template with {query} placeholder

Examples
# Direct use
{:ok, expanded} = Rewriters.expand("ML", llm: my_llm)

# As rewriter function
rewriter = Rewriters.expand(llm: my_llm)
{:ok, results} = Arcana.search("ML", repo: Repo, rewriter: rewriter)

  



  
    
      
    
    
      keywords(opts)



        
          
        

    

  


  


  



  
    
      
    
    
      keywords(query, opts)



        
          
        

    

  


  

Extracts key search terms from a query.
Options
	:llm - LLM function fn(prompt) -> {:ok, result} | {:error, reason} (required)

	:prompt - Custom prompt template with {query} placeholder

Examples
{:ok, keywords} = Rewriters.keywords("What are the best practices?", llm: my_llm)

  


        

      


  

    
Arcana.Embeddings.Serving 
    



      
Nx.Serving for text embeddings using Bumblebee.
Uses BAAI/bge-small-en-v1.5 which produces 384-dimensional embeddings by default.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(opts)

      


        Returns the child spec for starting the embedding serving.
Add this to your application's supervision tree.



    


    
      
        embed(text)

      


        Embeds a single text and returns a list of floats (384 dimensions).



    


    
      
        embed_batch(texts)

      


        Embeds multiple texts and returns a list of embeddings.



    


    
      
        start_link(opts \\ [])

      


    





      


      
        Functions


        


  
    
      
    
    
      child_spec(opts)



        
          
        

    

  


  

Returns the child spec for starting the embedding serving.
Add this to your application's supervision tree.

  



  
    
      
    
    
      embed(text)



        
          
        

    

  


  

Embeds a single text and returns a list of floats (384 dimensions).

  



  
    
      
    
    
      embed_batch(texts)



        
          
        

    

  


  

Embeds multiple texts and returns a list of embeddings.

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  


  


        

      


  

    
ArcanaWeb.DashboardLive 
    



      
Redirects to the Documents page.
This module previously contained the monolithic dashboard with tab switching.
It has been replaced by separate LiveView pages for each tab:
	/documents - ArcanaWeb.DocumentsLive
	/collections - ArcanaWeb.CollectionsLive
	/search - ArcanaWeb.SearchLive
	/ask - ArcanaWeb.AskLive
	/evaluation - ArcanaWeb.EvaluationLive
	/maintenance - ArcanaWeb.MaintenanceLive
	/info - ArcanaWeb.InfoLive


      




  

    
mix arcana.eval.generate 
    



      
Generates synthetic test cases from existing chunks.
Usage
mix arcana.eval.generate --sample-size 50
mix arcana.eval.generate --source-id my-docs --sample-size 100
mix arcana.eval.generate --collection my-collection
Options
	--sample-size - Number of chunks to sample (default: 50)
	--source-id - Limit to chunks from specific source
	--collection - Limit to chunks from specific collection

Configuration
Requires :repo and :llm to be configured in your application:
config :arcana,
  repo: MyApp.Repo,
  llm: my_llm_function

      




  

    
mix arcana.eval.run 
    



      
Runs evaluation and prints metrics.
Usage
mix arcana.eval.run
mix arcana.eval.run --mode hybrid
mix arcana.eval.run --generate --sample-size 50
mix arcana.eval.run --format json > results.json
Options
	--mode - Search mode: semantic, fulltext, hybrid (default: semantic)
	--source-id - Limit to specific source
	--generate - Generate test cases first if none exist
	--sample-size - Sample size for generation (default: 50)
	--format - Output format: table, json (default: table)
	--fail-under - Exit 1 if recall@5 below threshold (for CI)

Configuration
Requires :repo to be configured in your application:
config :arcana, repo: MyApp.Repo
If using --generate, also requires :llm to be configured.

      




  

    
mix arcana.gen.embedding_migration 
    



      
Generates a migration to update vector column dimensions.
Use this when switching to an embedding model with different dimensions.
$ mix arcana.gen.embedding_migration

The task will:
	Detect the current embedding configuration dimensions
	Show the detected dimensions
	Generate a migration to update the vector column

The down migration restores the dimensions the column had before
this migration. Those are read from the database when it is reachable;
otherwise pass --previous-dimensions. Without either, the generated
down raises instead of silently truncating the column.
Options
	--dimensions - Override auto-detected dimensions
	--previous-dimensions - Dimensions the down migration restores,
when they can't be read from the database


      




  

    
mix arcana.graph.detect_communities 
    



      
Detects communities in the knowledge graph using the Leiden algorithm.
Use this after building or rebuilding the knowledge graph to generate
community clusters for global queries.
$ mix arcana.graph.detect_communities

Options
	--collection - Only detect communities for the specified collection
	--resolution - Community detection resolution (default: 1.0, higher = smaller communities)
	--objective - Quality function: cpm (default), modularity, rber, rbc, significance, surprise
	--iterations - Number of optimization iterations (default: 2)
	--seed - Random seed for reproducibility (default: 0 = random)
	--min-size - Minimum community size to include (default: 1, set to 2+ to exclude singletons)
	--max-level - Maximum hierarchy levels to generate (default: 1)
	--quiet - Suppress progress output

Examples
# Default usage
mix arcana.graph.detect_communities

# Detect communities for a specific collection
mix arcana.graph.detect_communities --collection my-docs

# With custom resolution (higher = more, smaller communities)
mix arcana.graph.detect_communities --resolution 1.5

# Using modularity optimization
mix arcana.graph.detect_communities --objective modularity

# Exclude small communities (less than 5 members)
mix arcana.graph.detect_communities --min-size 5

# Generate hierarchical communities (3 levels)
mix arcana.graph.detect_communities --max-level 3

# Quiet mode (no progress output)
mix arcana.graph.detect_communities --quiet
Requirements
This task requires the leidenfold package. Add it to your dependencies:
{:leidenfold, "~> 0.2"}

      




  

    
mix arcana.graph.embed_entities 
    



      
Generates embeddings for entity descriptions.
Entity embeddings enable GraphRAG-style entity similarity search,
where queries are matched against entity concepts instead of relying
on NER name extraction.
This is automatically done during mix arcana.graph.rebuild, but
can also be run separately to backfill embeddings for existing entities.
$ mix arcana.graph.embed_entities

Options
	--collection - Only embed entities in the specified collection
	--batch-size N - Entities per batch (default: 100)
	--force - Re-embed all entities, even those with existing embeddings
	--quiet - Suppress progress output

Examples
mix arcana.graph.embed_entities --collection doctor-who
mix arcana.graph.embed_entities --force --batch-size 200

      




  

    
mix arcana.graph.install 
    



      
Generates the migration for GraphRAG tables.
$ mix arcana.graph.install

This will create a migration for:
	arcana_graph_entities - Named entities extracted from documents
	arcana_graph_entity_mentions - Links entities to chunks where they appear
	arcana_graph_relationships - Edges between entities
	arcana_graph_communities - Community clusters with summaries

GraphRAG is optional. Only run this if you want to use knowledge graph
features for enhanced retrieval.
Entity embedding dimensions are detected from the configured embedder
(via Arcana.Embedder.dimensions/1), so the generated table matches
your vectors. Use --dimensions to override.
Options
	--repo - The repo to use (defaults to YourApp.Repo)
	--dimensions - Override auto-detected embedding dimensions

Configuration
After running the migration, enable GraphRAG in your config:
config :arcana,
  graph: [
    enabled: true,
    community_levels: 1,
    resolution: 1.0
  ]
Or enable per-call:
Arcana.ingest(text, repo: MyApp.Repo, graph: true)

      




  

    
mix arcana.graph.rebuild 
    



      
Rebuilds the knowledge graph for all documents.
Use this after changing graph extractor configuration or enabling
relationship extraction.
$ mix arcana.graph.rebuild

Options
	--collection - Only rebuild graph for the specified collection
	--quiet - Suppress progress output
	--resume - Skip chunks that already have entity mentions (for resuming interrupted builds)
	--concurrency N - Number of parallel LLM requests (default: 3)

Examples
# Default usage (all collections)
mix arcana.graph.rebuild

# Rebuild only a specific collection
mix arcana.graph.rebuild --collection my-docs

# Resume an interrupted build
mix arcana.graph.rebuild --resume

# Control parallelism (default is 3)
mix arcana.graph.rebuild --concurrency 5

# Quiet mode (no progress bar)
mix arcana.graph.rebuild --quiet

      




  

    
mix arcana.graph.summarize_communities 
    



      
Generates LLM summaries for knowledge graph communities.
Use this after detecting communities to generate natural language
summaries that provide high-level context for global queries.
$ mix arcana.graph.summarize_communities

Options
	--collection - Only summarize communities for the specified collection
	--force - Regenerate all summaries, not just dirty ones
	--concurrency - Number of parallel summarization tasks (default: 1)
	--levels - Hierarchy levels to summarize: all or a comma-separated
list (default: the levels ask reads, community_summary_level)
	--quiet - Suppress progress output

Examples
# Default usage (summarize dirty communities)
mix arcana.graph.summarize_communities

# Summarize a specific collection
mix arcana.graph.summarize_communities --collection my-docs

# Force regenerate all summaries
mix arcana.graph.summarize_communities --force

# Summarize every hierarchy level, not just the readable ones
mix arcana.graph.summarize_communities --levels all

# Parallel summarization (4 concurrent tasks)
mix arcana.graph.summarize_communities --concurrency 4

# Quiet mode
mix arcana.graph.summarize_communities --quiet
Requirements
This task requires an LLM to be configured. Supported formats:
  config :arcana, :llm, "openai:gpt-4o-mini"
  config :arcana, :llm, {"openai:gpt-4o-mini", api_key: "..."}
  config :arcana, :llm, fn prompt, context, opts ->
{:ok, MyApp.LLM.complete(prompt)}
  end

      




  

    
mix arcana.install 
    



      
Installs Arcana in your Phoenix application.
$ mix arcana.install

This will:
	Generate the migration for arcana_documents and arcana_chunks tables
	Add the dashboard route to your Phoenix router
	Create the Postgrex types module for pgvector
	Configure your repo to use the types module

If the repo already has a :types key in its config, the installer
leaves it alone and tells you how to add the pgvector extension to that
module.
A Postgrex.Types.define/3 call found by scanning lib/ is a weaker
signal: types modules are per-repo, and nothing in the call says which
repo it serves. The installer leaves that module untouched and generates
a separate one for the repo it is installing into, named so it cannot
collide, so the repo ends up with pgvector registered either way.
Detection reads every *.exs file directly inside your config
directory, plus every lib/**/*.ex file that mentions
Postgrex.Types.define. It does not evaluate config, so a :types key
that only exists in a file imported from outside the config directory,
or that is built at runtime, is invisible to it - the installer will
generate a second types module. If that happens, delete the generated
module and add Pgvector.Extensions.Vector to yours instead.
Options
	--no-dashboard - Skip adding the dashboard route
	--repo - The repo to use (defaults to YourApp.Repo)


      




  

    
mix arcana.reembed_chunks 
    



      
Re-embeds all chunks with the current embedding configuration.
Use this after switching embedding models or updating to a new version.
$ mix arcana.reembed_chunks

Options
	--collection - Only re-embed chunks in the specified collection
	--batch-size - Number of chunks to process at once (default: 50)
	--concurrency N - Number of parallel embedding requests (default: 5)
	--skip N - Skip first N chunks (for resuming interrupted runs)
	--quiet - Suppress progress output

Examples
# Default usage (all collections)
mix arcana.reembed_chunks

# Re-embed only a specific collection
mix arcana.reembed_chunks --collection my-docs

# With larger batch size and higher concurrency
mix arcana.reembed_chunks --batch-size 100 --concurrency 10

# Resume from chunk 500
mix arcana.reembed_chunks --skip 500

# Quiet mode (no progress bar)
mix arcana.reembed_chunks --quiet
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